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Abstract 

There is a need to address disparities in the underrepresented minority (URM) STEM 

students’ degree attainment and retention, vs. non-URM students. A literature review 

suggests that URM STEM students face barriers related to demographic, academic, and 

social-cognitive factors. The Louis Stokes North Star STEM Alliance (LS-NSSA) seeks 

to address these factors and promote URM student success in STEM disciplines. 

However, there is a gap in knowledge regarding LS-NSSA’s mechanism and outcomes. 

The current study investigates factors influencing URM STEM students’ retention and 

graduation, investigates LS-NSSA program effectiveness, and investigates the path by 

which outcomes are achieved. A theory-based evaluation approach is utilized in an 

explanatory sequential mixed-methods design guided by LS-NSSA’s theory of change. 

The results of three sub-studies suggest the importance of first-semester experience and 

academic outcomes for URM STEM students’ graduation and retention. Participation in 

LS-NSSA is associated with a higher level of academic preparation to pursue a 

bachelor’s degree, compared to URM students not affiliated with the program. URM 

STEM students participating in LS-NSSA’s research mentorship programs have higher 

levels of confidence, interest, science identity, sense of belonging, and commitment to 

STEM. The current study offers evidence supporting LS-NSSA’s theory of change 

regarding student academic and social-cognitive trajectories. The current study suggests 

directions for future evaluative studies of LS-NSSA. 

Keywords: URM STEM students, retention and degree attainment, mixed 

methods, theory-based evaluation, theory of change  
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A Mixed-Methods Theory-based Evaluation of a Program Supporting 

Underrepresented Minority STEM Students 

 

CHAPTER I: INTRODUCTION 

 Evaluation is critical for identifying what works and what does not work in a 

program. Many scholars and evaluators have interpreted evaluation as systematic inquiry 

(e.g., Patton, 1987; Scriven, 1991; Rossi & Freeman, 1993; Short et al., 1996), presenting 

it as a thoughtful, deliberate, structured, and rigorous approach (Davidson, 2004) using 

one or several social science research methods. The purpose of evaluation varies among 

scholars and practitioners in different aspects of the process. Scriven (1991) and 

Davidson (2004) emphasized evaluation’s function of determining value or significance, 

including merit and worth of the evaluand (the object of an evaluation) or the product of 

that process. Merit refers to the absolute, internal value, while worth refers to a relative, 

external value (Scriven, 1991). Therefore, value judgment differentiates evaluation from 

pure scientific research. Chen and Rossi (1980, 1983, & 1987) argued that evaluation 

should achieve scientific credibility and practical worth, taking care of both effectiveness 

and efficiency. Pawson and Tilley (1997) related program mechanisms and results of 

program evaluation to the context. Following a philosophy of pragmatic liberalism, 

Cronbach et al. (1980) favored piecemeal inquiries that provided multifaceted 

perspectives. According to this view, evaluation is not directly responsive to program 

theory or stated goals but responds to stakeholder concerns. Weiss (1997) argued that the 

purpose of an evaluation is to inform the development of policy and practice, thus 

evaluators serve the policy and decision-making based on the evidence of the program’s 
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theory. Patton (1987) suggested that evaluations should include recommendations for 

program improvement, addressing the learning nature of evaluation. Theorists have 

emphasized that evaluation in complicated political contexts is never value-free but 

should serve the aims of social justice, human rights, empowerment, and equity (Greene, 

2006; Howe, 2003; Mertens & Wilson, 2018; MacDonald, 1974). However, these values 

and goals cannot be realized without the effective use of social resources aligned with an 

appropriate purpose. 

 Evaluation is complex, and its process and purpose remain distinctive. In the 

current study, focused on STEM education, evaluation is understood as a multifaceted 

systematic inquiry into an intervention, including its theory of change, activities, outputs 

and outcomes, context, and value. Evaluation enables integrated, evidence-based 

information through the use of qualitative and quantitative methods, tests its theory of 

change, and examines the effectiveness of an intervention. Equally importantly, 

evaluation is performed to determine the value of the evaluands, inform and support 

decision-making, understand the impact on stakeholders, and promote social justice. Such 

as such, evaluation seeks ways to translate the evaluation results into practice. 

In STEM education, evaluation employs rigorous measures to obtain evidence to 

inform educational policies, practices, and interventions. Evaluation is a vital managerial 

and learning tool. instrumentally used to demonstrate the extent to which an intervention 

achieves its goals in responding to students’ needs; improving students’ academic 

performances; institutionalizing existing projects to serve more students; shaping the 

possible strategic directions and approaches to balance the allocation of educational 

resources in STEM disciplines; informing the application of the intervention to other 



3 

populations in other contexts. By involving diverse stakeholder groups into evaluation 

activities, evaluation allows them to define and address issues standing on their grounds. 

This is especially important for historically marginalized populations and 

underrepresented minorities. Therefore, the current study shares the experience of how an 

internal evaluator can apply a mixed-methods theory-based evaluation approach to enrich 

the understanding of a program supporting underrepresented minority STEM Students. 

Problem Statement 

 The topic of the persistence, retention, and graduation of minority students in the 

science, technology, engineering, and mathematics (STEM) fields in the United States has 

been widely discussed, in part owing to the call to increase the size of the STEM workforce 

(National Science Foundation, 2011; National Science Board, 2018). The U.S. Department 

of Labor has predicted a gap of approximately 1.6 million workers with degrees in 

computing sciences between the available employee pool and national demand (Charleston 

et al., 2014). The 2012 report of the President’s Council of Advisors on Science and 

Technology (PCAST) emphasized the need for a STEM-educated workforce prepared to 

enhance the country’s competitiveness in the global marketplace (Olson & Riordan, 2012). 

National efforts have been launched to diversify those working in scientific enterprises, 

such as the Innovate Initiative of the America COMPETES Act of 2007 and 2010, and 

these have all targeted increasing participation in STEM careers (Byars-Winston et al., 

2016). This topic is critical. Over a long period, the number of college students who enroll 

in STEM majors has dropped by 50%, and approximately half of those who do enter STEM 

programs transfer out of their STEM major or their postsecondary institution before 

completing their degrees (Simon et al., 2015). The graduation rates of students in STEM 



4 

majors remain roughly 20% lower than that of their counterparts in non-STEM majors 

(DeAngelo, et al., 2011; Chen, 2013).  

 This is not simply an educational issue, but also an issue related to social justice 

and racial inequality. The disparities between underrepresented-minority (URM) and 

White or Asian-American students in STEM are even more serious. Although the number 

of STEM jobs have grown faster than non-STEM jobs since 2010, and many STEM jobs 

are forecasted to grow continuously in the future decades, this growth has been unevenly 

distributed across racial groups. Underrepresented minority population collectively 

represented 30% of the employed population in the United States but 23% of the total 

STEM workforce (National Science Board, 2022). URM students in STEM attain degrees 

at a much lower rate than non-URM students (NSB, 2018), which is consistent with the 

fact that even though URMs have a lower likelihood of enrolling in college, they 

experience a higher rate of attrition from postsecondary institutions (Xu & Webber, 2016; 

Whitcomb & Singh, 2021). For decades, STEM careers have been described as 

“nontraditional” for women and culturally underrepresented groups, reflecting the fact that 

such individuals show reduced pursuit of relevant occupations, due to perceived barriers 

(Milner et al., 2014). There is, therefore, an extensive mismatch between the cultural 

groups, as found by Byars-Winston, et al. (2016), and it persists despite ongoing efforts to 

increase the participation of URMs in the STEM fields. This argument is supported by the 

statistical evidence: though more than half of freshman URM students report that they 

intend to major in a STEM field (Olson & Riordan, 2012), together they earn only about 

17% of the bachelor’s degrees granted in those fields (National Center for Education 

Statistics, 2018). Because the non-White population is expected to increase, making up 
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over 50% of the U.S. population by 2050, their success in STEM fields is inextricably 

connected to national scientific innovation and economic prosperity (Xu, 2018).  

Statement of the Context 

 In December 2018, the Committee on STEM Education (CoSTEM) of the 

National Science and Technology Council (NSTC) published the federal government’s 

five-year strategic plan for STEM education, calling for a nationwide collaboration with 

learners, families, educators, communities, and employers for the STEM community 

(National Science and Technology Council, 2018). Specifically, one of the plan’s three 

central goals is increasing diversity, equity, and inclusion in STEM, which is key for 

achieving the other two, because diversity in the workforce provides an inclusive 

environment that better retains talent and promotes productivity (NSTC, 2018). In 

October 2019, the Office of Science and Technology Policy (OSTP) issued an annual 

progress report regarding efforts related to this strategic plan. In total, 16 federal agencies 

enacted 125 programs, with an estimated budget of 3,203 million U.S. dollars in fiscal 

year 2019 (OSTP, 2019). Among these agencies, more than one-third of investments 

were funded by the National Science Foundation (NSF), which operated 24 programs in 

2019.  

NSF LSAMP Program 

 NSF has a long history of supporting students’ development and success in STEM 

fields. In 1991, NSF initiated the Louis Stokes Alliances for Minority Participation 

Program (LSAMP), aimed at increasing the quality and quantity of students successfully 

completing STEM baccalaureate degree programs (NSF, n.d.). LSAMP advocates 

innovative, evidenced-based recruitment and retention strategies to support racial and 



6 

ethnic groups historically underrepresented in STEM disciplines. Grant recipients are 

projects conducted through alliances of academic and relevant institutions. These projects 

are expected to implement sustained and comprehensive approaches that facilitate long-

term academic and career achievements among URM STEM students. LSAMP supports 

activities related to critical transition points in STEM education, including secondary to 

postsecondary study, two-year to four-year institutions, undergraduate to graduate study, 

and undergraduate to career at workplaces (NSF, n.d.).  

LS-NSSA: The Target Program 

 The North Star STEM Alliance (LS-NSSA) is a member of LSAMP. Located in 

the University of Minnesota (UMN), this Alliance currently includes four two-year 

colleges, ten four-year universities and campuses (including public colleges and 

universities, private colleges, and tribal colleges), and three community organizations. 

Two institutions will be added in the next grant cycle. This statewide partnership is 

committed to supporting URM STEM students. NSF has renewed the five-year funding 

twice since 2007. The latest grant covers program operations from July 2017 to July 

2023, including a one-year extension. 

The Alliance partnership has been growing numerically and geographically. 

Partners establish cohort and study programs, fund undergraduate research, and support 

students’ attendance at local and national STEM conferences. The signature practices of 

this program include undergraduate research projects, cohorts and community-building 

activities, faculty and peer mentoring programs, academic and financial supports, and 

professional and career development workshops and seminars. To include the voices 

from different STEM disciplines and the STEM community, this program engages co-
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principal investigators and faculty members from partnering institutions’ STEM colleges, 

the UMN Office of Undergraduate Education, the UMN Office for Equity and Diversity, 

and the UMN Office of Academic and Student Affairs. 

 Although retention and graduation in STEM majors has increased in the past ten 

years, there is urgency in the Alliance to improve the experience and retention in STEM 

disciplines. The Alliance’s partnership is an important convener for exploring and 

addressing the complex set of factors that affect URM STEM students’ retention and 

graduation, informing the effectiveness of the program, and understanding and improving 

the experience of URM STEM students. The steering committee of the program holds 

annual site coordinator meetings, transfer program stakeholder meetings, and governing 

board meetings to strengthen the partnership and delve more deeply into concerns about 

URM STEM students’ academic success. 

Program Evaluation Efforts 

 Purpose of Evaluation. As the Alliance has been funded by LSAMP for 16 years 

(three five-year phases plus one year of extension), the program is now recognized by 

NSF as a well-established program grounded in sound programmatic approaches (see 

Appendix A. The Phase 3 Logic Model). For program improvement and evidence 

generation, LS-NSSA’s program evaluation consists of two parts—the internal evaluation 

and the external evaluation, both responding to program goals and objectives (see 

Appendix B. The Phase 3 Evaluation Plan, 2017-2022). An external evaluation has been 

conducted annually. Evaluation specialists from the Center for Applied Research and 

Educational Improvement (CAREI), University of Minnesota conduct annual surveys for 

site coordinators, governing board members, and community partners to investigate 
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opinions regarding program implementation, partnership development and collaboration, 

program outcomes, program progress, institutionalization, and sustainability. 

The purpose of the internal evaluation is to empirically describe the progress and 

outcomes of the program, explore the patterns of URM STEM students’ engagement and 

persistence, and test participants’ achievements. The internal evaluation addresses the 

value of the program from student participants’ perspective and explores students’ 

experiences. The internal evaluation tracks annual benchmarks to measure progress in the 

number of URM STEM graduates, including enrollment data and degree data across the 

Alliance and distinctive interventions developed by partner institutions, and explores 

factors influencing retention and graduation. To assess changes related to diversity and 

inclusion on campus, the internal evaluation measurements focus on the engagement of 

URM STEM students in co-curricular programs and students’ perceived inclusion and 

barriers.  

 Existing Evaluation Efforts. Between 2008 and 2021, the Alliance directly 

supported (i.e., provided financially support in any way) 4,682 URM undergraduate 

students majoring in STEM. To serve these students through multiple opportunities, the 

Alliance engaged about 200 faculties and staff members annually and connected almost 

800 URM students with undergraduate research opportunities. Over 1,400 students 

attended local, regional, and national academic conferences through LS-NSSA’s financial 

support (LS-NSSA, 2020). 

Enrollment and degree attainment trends have been tracked since the beginning of 

this program. The WebAMP data reporting system is used by all partner institutions to 

upload institutional data. Enrollment and degree attainment trends are depicted in 11 
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clusters of STEM disciplines (e.g., Agricultural Science, Biological Sciences, Computer 

and Information Sciences, Engineering, Mathematics, Physical Sciences, etc.) over time, 

by gender, race/ethnicity, and STEM fields. The results showed that the enrollment of 

URM STEM students is on an upward trend, from 907 in 2008 to 2,985 in 2021, with a 

projection of 3,009 in the 2022 academic year. The gains occurred across nearly all 

cultural groups including Native Americans—the least engaged group in previous grant 

periods (Phase 1 and Phase 2). STEM degree attainment also continues to increase. In the 

first five years of the partnership, the Alliance exceeded the goal of doubling the number 

of URM STEM graduates from the baseline of 136 in the academic year 2004–2005 and 

welcomed 326 graduates in the seventh year. In the 2021 academic year, the number 

reached 675 with a projection of 733 in the 2022 academic year. The gains occurred 

across nearly all URM ethnic groups. 

An internal evaluator examined demographic factors related to the graduation of 

URM freshmen who enter with a STEM academic plan (Soria, 2014). The models 

incorporated eligibility for Pell Grants, first-generation status, race/ethnicity, and ACT 

scores. ACT scores were positively associated with URM STEM students’ four- and five-

year graduation rates (p < .001 and p < .05, respectively). Besides, URM STEM students 

enrolled from high schools were more likely to extend one to two years than their non-

STEM counterparts (p < .05). 

  Additional insights into the program’s effectiveness were derived via qualitative 

research. Together with quantitative results, this knowledge informed the development of 

the logic model. In Phase 1 and Phase 2, LS-NSSA’s internal evaluators interviewed 

program participants to explore the components of the program that were most useful to 
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participants; students’ experiences related to campus climate; students’ experiences in 

undergraduate research; students’ interactions with faculty, peers, and graduate students; 

students’ post-graduation career aspirations; measures campus administrators could take 

to increase students’ sense of belongingness; and barriers to students’ participation in this 

program. The results affirmed the value of the program, highlighted the need for a higher 

level of support for first-generation student and students who are eligible for the Federal 

Pell Grant, and the need for strengthening faculty and peer mentorships (Soria, 2014; 

Mixson, 2015; Hornickel, 2016). Regarding undergraduate research activities, some 

evaluation and social science studies led by internal evaluators and UMN faculty 

members clearly showed that many participants have been engaged in a succession of 

research experiences through LS-NSSA, and community college students’ engagement in 

research increased markedly (Cain, 2017). Despite challenges and barriers experienced 

by URM STEM students, LS-NSSA’s research resources and connections mattered for 

students’ success (Jehangir et al., 2022). 

The Current Study 

 Existing evaluation studies and results guided development of a suitable logic 

model. Based on this knowledge, the LS-NSSA program chose to focus on URM college 

students enrolled in STEM disciplines, especially first-generation students and those who 

need financial support. This focus sought to ensure efficient resource allocation. However, 

questions remained about how, and to what extent, the LS-NSSA program worked. There 

was a gap in knowledge regarding program elements that sought to promote successful 

conversion from program activities to the increased URM STEM degree attainment. 
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The current study reports results from internal evaluation studies conducted by the 

author that seek to fill these gaps in knowledge. The current study consists of three sub-

studies. To clarify and enrich the program’s theory of change, the current study starts with 

an inquiry into the theory base of the intervention, probing factors that influence the target 

population’s retention and graduation (sub-study 1). Then, it tests whether and how 

program participants outperform their non-participant counterparts (sub-study 2), followed 

by an exploration of students’ research mentoring experience and their demands regarding 

diversity, equity, and inclusion (sub-study 3). Together, these studies seek to establish a 

better understanding of LS-NSSA’s effectiveness and inform ongoing program 

implementation and development.  

 In addition, the current study seeks to address equity in STEM education utilizing 

an evaluative lens. It applies a theory-based evaluation approach, focusing on LS-NSSA’s 

theory of change, the intervention’s mechanisms, the values perceived by participants, and 

understanding of the program’s specific context. It expands the use of the theory-based 

evaluation approach in a formative internal evaluation by engaging the lens of critical race 

theory and utilizing mixed-methods. 

Research Questions 

The current study addressed the following research questions: 

 1) What are the factors that influence the retention and degree attainment of LS-

NSSA’s target population (URM STEM undergraduate students)? 

2) How do LS-NSSA participants perform on key factors compared with their 

non-participant counterparts? 
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3) How do participants perceive the influence of LS-NSSA, specifically, the 

research mentorship programs? 

a) How does the experience at LS-NSSA influence their confidence, interest, 

belongingness, and commitment in STEM fields? 

b) How do participants perceive LS-NSSA’s influence on diversity, equity, 

and inclusion? 

The research questions and the design of the study are based on the hypothesis 

that (a) undergraduate URM students’ success in the STEM fields is associated with 

multiple factors; (b) understanding of program mechanisms and contextual factors may 

inform future program design to support URM STEM students; (c) URM STEM students 

encounter barriers and difficulties generated by their compound identity and experience, 

which may be different from the identity and experience of non-URM STEM 

counterparts; (d) undergraduate research and faculty mentorship play important roles in 

the target population’s learning experience and retention; (e) experiential knowledge of 

participants is as important as quantitative metrics in exploring and evaluating the 

perspectives and program experiences of culturally diverse individuals; (f) a theory-based 

evaluation approach through a critical race theory lens is appropriate for this task. 

Definition of Terms 

 Alliance – The consortia of 14 participating educational institutions and three 

community organizations. 

DEI – Diversity, equity, and inclusion. 
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Evaluand – The generic term for the object that is being evaluated, including 

person, performance, product, project, program, intervention, policy, and so on (Scriven, 

1991). 

 LSAMP – The Louis Stokes Alliance for Minority Participation (LSAMP) 

program, initiated by the National Science Foundation (NSF) in 1991, which aims at 

increasing the quality and quantity of students successfully completing STEM degrees. 

LS-NSSA – The Louis Stokes North Star STEM Alliance, a member of LSAMP 

in the State of Minnesota. 

MnDRIVE – Minnesota’s Discovery, Research, and InnoVation Economy 

program, a partnership between the University of Minnesota and the State of Minnesota 

that funds research and studies addressing emerging challenges in STEM fields. 

NSF – National Science Foundation. 

Persistence – Students return to college at any institution for the following 

academic year. 

Retention – Students return to college and register at the same institution for the 

following academic year. 

 STEM students – Students who declare a STEM major when they arrive at the 

university. STEM majors are defined by the NSF STEM Classification of Instructional 

Programs Crosswalk (NSF, 2018), consistent with the STEM Designated Degree 

Program list generated from the Department of Education’s Classification of Instructional 

Programs (CIP). 

 URM – NSF defines the underrepresented minority (URM) population to include 

Hispanic/Latino, Black/African American, American Indian and Alaska Native, Native 
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Hawaiian and Other Pacific Islanders, and those of two or more races with at least one 

being underrepresented. Notably, Southeast Asian students are excluded from this 

definition.1  

Virtual Ep. – The Victual Epidemiological Research Program that provides 

spring and summer research opportunities for LS-NSSA’s target population. 

 

Chapter Summary 

URM STEM students’ retention and graduation are critical issues in STEM 

education. The disparities between URM and White students in STEM are serious. There 

is a need to address and solve this issue in the higher education system. LS-NSSA is a 15-

year-old program that supports URM STEM students by connecting students with 

financial resources, mentorships, and professional development opportunities. LS-NSSA 

seeks to respond to the need to promote URM student success in STEM disciplines. 

Phase 1 and Phase 2 evaluation results have provided a broad picture of LS-NSSA’s 

importance, progress, outputs, and outcomes. However, there is a gap in knowledge 

regarding elements that mediate the relationship between program activities and program 

outcomes. There is a need for more information. The current study addresses this need by 

focusing on three research questions regarding the program’s effectiveness and value, 

utilizing a theory-based evaluation approach and mixed methods. 

  

 
1 The Alliance utilizes alternative sources of grant funding to support this population. 
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CHAPTER II:  LITERATURE REVIEW 

The literature review focuses on the background and issues that shape the target 

program and the current study. The four major topics addressed in the current study are 1) 

factors that influence URM STEM students’ retention and success; 2) programming for 

enhancing URM STEM students’ outcomes; 3) application of theory-based program 

evaluation to URM STEM student programming; 4) application of critical race theory to 

the topic of URM STEM student retention and success. This review summarizes existing 

theory and research findings regarding each topic. 

The review of diverse factors that influence the retention and graduation of 

students in STEM disciplines informs the exploration of factors that influence URM 

students in the Alliance context. The exploration of existing programming and 

interventions that support URM STEM students provides context for LS-NSSA’s work. 

The review of literature regarding the theory-based evaluation approach frames the 

rationale for utilizing this approach in the evaluation of LS-NSSA. The review of critical 

race theory and its application in higher education guides the inquiry regarding LS-NSSA 

student participants’ program experience. Together, the literature review informs the 

utilization of the theory-based evaluation approach to identify key metrics for evaluating 

LS-NSSA within a culturally diverse context. The current study seeks to build knowledge 

regarding effective interventions for URM STEM students. 

Factors Influencing the Retention and Graduation of Students in STEM Fields 

 Recent findings indicate that STEM students’ retention and graduation may be 

affected by a variety of factors including: (a) Challenges related to demographic 

characteristics such as gender, race/ethnicity, socioeconomic status, and family education 
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history; (b) academic performance; (c) social-cognitive factors (e.g., participation, 

engagement, identity development, self-efficacy, and belongingness).  

Challenges Related to Demographic Characteristics 

 Quantitative and qualitative studies have explored the relationship between 

demographic characteristics and students’ outcomes in STEM fields. Concern for paying 

for college limits the social and academic adjustment of URM STEM students. 

Socioeconomic status is a significant concern for STEM students, especially for those who 

transfer from community colleges to four-year institutions (Xu, 2018). Anderson and Kim 

(2006) pointed out that at the three-year point, all ethnic groups were almost equally likely 

to continue STEM enrollment, but following the third year, the progress of African 

Americans and Hispanic/Latino students slowed compared with their counterparts. They 

are more likely to work more hours on- and off-campus during college than their 

counterparts, which may inhibit retention (Hurtado, et al., 2010).  

Apart from financial challenges, many URM STEM students recognize that 

characteristics such as gender, race, and ethnic background may be associated with adverse 

experiences that depress graduation rates. Some positive effects are even mediated by 

gender and race factors. For example, although it has been widely known that students who 

engage more frequently in on-campus student services are significantly more likely to have 

aspirational momentum, as Belser et al. (2017) addressed in their study, this relationship is 

weaker among female students and Black or Latinx students, indicating that these groups 

face more challenges in their STEM learning experience (Jackson, 2013; Charleston et al., 

2014; Morganson et al., 2015; Wang et al., 2017). Wang et al. (2017) found that being 

female and being Black is positively associated with a student’s intention to transfer to a 
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non-STEM major after being enrolled as a first-year STEM student. Riegle-Crumb et al.’s 

(2019) study confirms that URM STEM students experience a higher frequency of setbacks 

in pursuing a bachelor’s degree, and the STEM field has disproportionately excluded URM 

students. Across undergraduate disciplines, STEM is the only field where Black and Latinx 

students are significantly more likely than their White peers to either switch directions from 

their original majors to a non-STEM field or drop out from their institutions. This is partly 

because URM students recognized that there were damaging misperceptions, stereotypes, 

and microaggressions about their academic and intellectual abilities as a result of their 

identity (Charleston et al., 2014). In Allen et al.’s (2022) study, Black female participants 

described numerous experiences with sexism and racism in creating a hostile environment 

that discouraged their passion in STEM. 

Racial microaggressions—subtle acts of racism and explicit or implicit messages—

are ingrained in the campus and classroom climate, resulting in social, emotional, and 

health stresses for students of diverse cultural backgrounds (Sue et al., 2008; Lee et al., 

2020; Robinson-Perez et al., 2020; Smith et al., 2022). Lee et al. (2020) found that Black 

students in STEM majors are more likely to experience racial microaggressions when 

interacting with instructors, advisers, and peers than other students of other cultural groups. 

For Latinx students, both male and female students experienced microaggressions, 

especially stereotypes in their intelligence and academic success (Smith et al., 2022). 

Robinson-Perez et al. (2020) found that the level of psychological distress such as anxiety 

and depressive disorders tends to be higher among students of diverse cultural backgrounds 

who were experiencing a low-achieving/undesirable culture. This finding echoes Torres-

Harding et al.’s (2012) argument that students from culturally diverse groups were made 
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to be self-doubted, believing that they were incompetent and low achieving, and any of 

their achievements must result from unfair entitlements and special treatment. 

Psychosocial threats generated from the negative campus and classroom climate contribute 

to the remaining achievement gap between URM students and their White counterparts 

(Jordt et al., 2017). 

Of all students in the United States who finished a four-year degree in the academic 

year 2010–2011, 45% had previously enrolled at a two-year institution (Jackson et al., 2013) 

and 74% had attended a community college to complete credits towards a bachelor's degree 

(Tupper et al., 2010). Community colleges serve as the entry point for many URM students 

to reach postsecondary education (Jackson, 2013).  Transferring from community colleges 

to four-year institutions should have been a promising pathway for students who want to 

pursue a bachelor’s degree in STEM. However, this pathway makes no easy steps for URM 

students. In general, women and students with diverse cultural backgrounds persist in and 

transfer into STEM fields at rates that remain lower than those of their White male 

counterparts (Wang, 2016). Wang et al. (2017) provided an explanation for this disparity: 

many women and students of diverse cultural backgrounds at community colleges have 

obligations to their families and full-time jobs in addition to their academic pursuits, and 

these are major barriers for them, as are financial concerns.  Reyes (2011) and D’Amico et 

al. (2014) listed certain unique challenges for URM transfer students in STEM regarding 

gender and cultural background, including their status as head of household, childcare 

responsibilities, parental educational level, and perceived discrimination based on the 

intersections of gender, ethnicity, and age. As could be expected from the results noted 

previously, being female and being Black/African American are associated with a greater 
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transfer shock—the difference in transfer students’ cumulative grade point average (GPA) 

from the most recent transfer institution and first-semester GPA at the focal institution 

(Lakin & Elliott, 2016; Reyes, 2011; Allen et al., 2022). There are three additional 

demographic characteristics that are negatively associated with URM STEM transfer 

students’ success: 1) being a STEM transfer student of a non-traditional age—younger 

students succeed as transfer STEM students at higher rates; 2) being a first-generation 

college student—the outcomes of first-generation URM students are also more influenced 

by the college environment before and after transfer; and 3) speaking English as a second 

language (Wang, 2016; Crisp & Nuñez, 2014; Dika & D’Amico, 2016; Wang et al., 2017).  

Academic Factors 

Academic performance and achievements reflect students’ learning conditions.  In 

the case of students starting their STEM academics at four-year institutions, Belser et al. 

(2017) provided numerical evidence that supports the importance of major declaration: 

students initially classified as “STEM majors” at entry are 15 times and 18 times more 

likely, respectively, to retain their STEM major in their second year of college, compared 

to students initially classified as “major-undecided.” An early career commitment and the 

effort in developing career readiness also matter. students who participated and completed 

requirements in the career planning course were three times more likely to be retained in 

the second year of college, and every one-unit decrease in the Career Thoughts Inventory 

(CTI) score (i.e., career unreadiness measurement) doubled the odds of being retained in a 

STEM major (Belser et al., 2017). 

For STEM students of all demographic groups, previous research has demonstrated 

the importance of the first semester and first-year GPA on their persistence within six years 
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(Rogulkin, 2011). Beyond the first year, when students’ cumulative GPA is lower than 2.5 

later in college, the probability of dropping out of the institution becomes higher compared 

with students with a GPA of 3.5 or higher (Chen, 2013). Pedraza and Chen (2022) 

examined the relationship between academic predictors and degree attainment. The result 

shows that among various predictors, the highest correlation occurs between students’ 

overall GPA and the degree outcome with a moderate effect size of 0.46, followed by their 

first-year GPA (effect size = 0.38) and internship experience (effect size = 0.34). Other 

predictors display weak correlations with degree attainment, including experience in 

undergraduate research, studying abroad, service-learning, and mentorship involvement. 

Through a case study in a Hispanic-Serving Institution (HSI), Ortiz and Sriraman 

(2015) pointed out that faculty members’ top-selected academic factors that influenced a 

URM student’s retention and persistence in STEM disciplines were: student’s academic 

achievement (e.g., GPA) and their quantitative skills (i.e., computer technic skills and math 

ability). This argument is supported by Simon et al.’s (2015) study, using structural 

equation modeling. They suggested that a higher level of academic achievement is 

associated with a greater likelihood of persistence in the Science domain, mediated by 

students’ self-autonomy and emotional well-being. Regarding academic achievement, 

Dika and D'Amico (2016) had a deeper investigation and suggested that a better first-

semester GPA increases the odds of first-generation URM students’ three-year persistence 

across STEM majors. They also indicated that students’ preparation in math is a significant 

factor in their persistence in Physics, Engineering, Mathematics, and Computer Science 

(PEMC) majors. On the contrary, a lower level of student’s cumulative GPA, together with 

the negatively perceived academic quality and less support from faculty members, is 
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significantly related to students’ intention to drop out of the institution. However, a lower 

cumulative GPA is not associated with the major-changing decision by itself if the quality 

of the academic program and the accessibility of faculty support are guaranteed (Xu, 2018). 

This finding indicates that students’ learning experience is as important as and predicted to 

academic achievements to some extent. For example, students who are struggling in STEM 

majors need to meet with academic advisors and participate in study groups more 

frequently (Gayles & Ampaw, 2014); smaller class sizes and stronger relationships with 

faculty members are considered significant to Black and Latinx students’ STEM 

achievement (Green et al., 2019); engaging students in active learning activities (i.e., 

classroom activities that are meaningful to students’ course or career planning) is 

significantly associated with students’ confidence in persisting in STEM education (Wang 

et al., 2017); URM students can benefit from involvement in STEM-specific academic and 

professional organizations that enhance their academic integration (Chang et al., 2014; 

Espinosa, 2011). 

Quantitative skills such as basic mathematics and science competency are 

fundamental skills required in STEM disciplines. Eris et al.’s (2007) study on Engineering 

students found that students who leave Engineering within two years of enrollment (usually 

women and URM students) have lower levels of competency in their math and science 

skills than students who persist. Lack of preparation for collegiate mathematics and science 

among URM STEM students and the difficulties that they experience in collegiate 

mathematics courses have undermined their enrollment and success (McGee & Martin, 

2011).   
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Regarding URM STEM transfer students, the work of D’Amico et al. (2014) 

suggests that there are a variety of academic factors that predict early integration and 

academic outcomes in transfer students’ first-year grades and retention in the following 

semesters. Significant indicators include the attainment of an associate degree, early major 

declaration, type of the original institution, students’ preparedness in math and writing, 

time since last college enrollment, and GPA prior to transferring. While transfer GPA in 

itself is negatively associated with perceived early academic fit, and every one-point 

increase in GPA at the community college is only associated with a 0.71-point increase in 

academic performance in the four-year institution (Lakin & Elliott, 2016), demonstrating 

a higher transfer GPA does not guarantee complete adjustment to the setting of the new 

university. First-semester GPA at a four-year institution is a vital indicator predicting the 

persistence of STEM transfer students (Dika & D’Amico, 2016). Lakin and Elliott (2016) 

observed an average decline in GPA after a transfer of 0.63 points. In general, a 1-point 

decline in GPA leads to a four percent greater likelihood of leaving the college of 

enrollment and a doubled likelihood of leaving the institution. Tupper et al.’s (2010) 

observations of the Grace Hopper Scholar Program (GHSP) also indicate that the dropout 

rate of part-time students is almost twice that of students enrolled full-time or who have 

mixed status. 

Declaring a STEM major earlier keeps transfer students in STEM fields (Xu, 2018; 

Belser et al., 2017; Crisp & Nuñez, 2014). By contrast, taking more credit hours in the first 

semester after transfer and taking more STEM credits (more than 40%) slightly decreases 

the likelihood of a change in academic major or leaving the institution (Lakin & Elliott, 

2016; Dika & D’Amico, 2016; Wang et al., 2017; Xu, 2018; Ortiz & Sriraman, 2015). 
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Wang’s (2016) research finds that course-taking patterns in math courses during the first 

term in community colleges are not the most frequent factor determining success among 

STEM transfer students. Otherwise, taking likely transferable STEM courses is the most 

viable trajectory for STEM transfer. To accomplish a successful vertical transfer, students 

should successfully complete at least three credits of likely transferable STEM courses and 

complete as many STEM credits as possible to increase the likelihood of success. Research 

shows that women students would only need a minimal amount of math credits to enable 

success in STEM transfer (Wang, 2016).  

Social-Cognitive Factors 

 Research has long suggested that the major causes of first-year attrition are social 

and emotional rather than academic (Miller & Servaty-Seib, 2016), and social-cognitive 

factors affecting students’ behaviors and choices are extensively discussed in the studies 

investigating educational psychology. Persistence, retention, and degree attainment are 

thus associated with cyclical interactions among the educational experiences, 

psychological perceptions, and sociological outcomes of students (Hanauer et al., 2016). 

A number of theory-informed measures have been implemented to assess this interaction 

(Chemers et al., 2011; Estrada et al., 2011; Milner et al., 2014). 

Tinto’s (1975) model of students’ departure, later refined by Tinto in 1997, brought 

students’ interactions with faculty members, peer-group relationships, involvement in 

extracurricular activities, and goal commitment into focus. Students’ integration into the 

formal and informal academic and social life in college were engaged as important social-

cognitive factors regarding their retention and degree attainment. Nowadays, many 

interventions and programs for preventing students’ early dropout in universities and 
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colleges still ground their designs in this model (e.g., Carpi, Ronan, Falconer, Boyd et al., 

2013; Sweeder et al., 2021). In 1990s, social cognitive career theory (SCCT; Lent et al., 

1994) was developed based on Bandura and National Inst of Mental Health’s (1986) 

general social cognitive theory. It connects social-cognitive factors with career 

development and clarifies the psychological process in students’ behavioral choices, 

making it one of the fundamental theories used to address the challenges and retention of 

students in their majors and institutions, including STEM students. Self-efficacy, science 

identity, belongingness, outcome expectations, goal commitments, values, and interests 

have been the main concepts at play here, and they are interrelated with the environmental 

factors, institutional practices, academic factors, and students’ demographic characteristics.  

Self-efficacy and learning experiences are central constructs in exploring how basic 

academic and career interests are developed, educational and career choices are made, and 

academic and career success is obtained (Lent et al., 1994). In detail, four main aspects 

contribute to self-efficacy: performance accomplishments (e.g., personal mastery 

experiences or past successes), vicarious learning (e.g., observing the explicit behaviors of 

role models), social persuasion (e.g., verbal encouragement), and effective or emotional 

arousal experienced while completing a task (e.g., low anxiety and relaxation) (Byars-

Winston et al., 2016). Studies conducted by Hurtado et al. (2010), Chemers et al. (2011), 

Estrada et al. (2011), Byars-Winston et al. (2015), Hanauer et al. (2016), and Syed et al., 

(2019) focuses on the contributions of self-efficacy to the outcomes of STEM majors 

among students of diverse cultural backgrounds. The results show that scientific and 

research-related self-efficacy—confidence in their own ability to successfully perform 

scientific work or conduct research—is the mediator between students’ research and 
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learning experiences and their commitment to a research career. Syed et al. (2019) also 

differentiated the science self-efficacy and the leadership/teamwork self-efficacy and 

demonstrated the combined mediation effects to the STEM career commitment. Some 

STEM students cite their strong supporting networks as helpful for surviving and thriving. 

However, statistical analysis has found the opposite effect of a supportive network for 

students in community colleges. Receiving emotional support from one’s family and 

friends appears to have a negative effect on students’ intention to transfer into bachelor’s 

degree programs in STEM fields, partly explained by a greater sense of belonging in the 

community colleges (Wang et al., 2017). Being a first-generation college student is also 

negatively associated with transfer self-efficacy (Wang et al., 2017). 

 Having a scientific identity strengthens the confidence of STEM transfer students 

in the development of their STEM careers. Higgins et al. (2011) suggested that students in 

science majors should be recognized and treated as scientists instead of technicians. Where 

students are able to view themselves as members of the STEM enterprise, they can commit 

to challenges and overcome the obstacles resulting from their identification within the field 

(Jackson et al., 2013). URM STEM students are more aware of negative psychological 

implications. Byars-Winston et al. (2016) presented a framework of scientific identity, 

consisting of three overlapping dimensions, including competence, performance, and 

recognition. Belongingness is the representation of such identity, and a sense of isolation 

reflects the lack of it. Class belongingness contributes to the engagement in STEM 

coursework most consistently, which is related to the classroom environment including 

connection to instructors and peers (Allen et al., 2022). However, a sense of isolation and 

invisibility, along with the academic pressures of larger classes, often lead women and 
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URMs to switch out of STEM majors (Jackson et al., 2013). Their isolation within the 

academic environment bears a resemblance to the isolation they experience in daily life 

(Charleston et al., 2014; Allen et al., 2022). Yosso et al. (2009) found that institutional 

microaggressions and the lack of racial/ethnic diversity of the faculty have led to feelings 

of isolation and hopeless across Latinx students. For URM transfer students, comfort and 

familiarity with the previous community college slightly limit academic and social 

connections within the first few weeks at the receiving university (D’Amico et al., 2014). 

Interestingly, the perceived social fit is not a significant positive predictor of GPA for them 

than for non-transfer URM STEM students, which supports the argument that transfer 

students’ adjustment on campus is more associated with academics than with the social 

reception. 

 Researchers have also employed theories other than SCCT. The motivational model 

of Simon et al. (2015) and Perez et al.’s (2014) cost-benefit analysis explores personal 

values in-depth as well as the trade-off between perceived costs and benefits, which drives 

the development of self-determination, in contradiction of the assumption that students’ 

choices and behaviors are mandated or solicited by their social environment. Perez et al. 

(2014) concluded that “higher engagement in exploring options before committing to a 

career path was likely to start the academic journey with the feeling of competent, 

perceiving higher value, and believing that investing effort in the STEM major was 

worthwhile” (p. 324). Perceived costs play a primary role in students’ leaving intentions, 

but students weigh the values of their majors against the costs after gaining experience and 

receiving feedback in courses. Morganson et al. (2015) used embeddedness theory 

(Mitchell et al., 2001) to engage a broader community context. They find that solidarity 
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and friendship with peers in STEM majors, role models, and cultural icons are positive 

factors for building up a sense of community embeddedness: passion, challenge, skills, 

aptitude, concrete tasks, real-world applications, and intrinsic outcome expectations are 

positive for major embeddedness. Critical discourse analysis allows for an in-depth 

examination of the language used as a type of social practice that both reflects and 

constructs the social world and affects an individual’s embeddedness process and identity 

development. It has revealed that students of diverse cultural backgrounds find more 

difficulty in being embedded where they are construed as problems—either as being 

underprepared or at risk (Castro, 2014). 

Interventions Enhancing URM STEM Students’ Outcomes 

The resources and activities provided by institutions play a critical role in 

maintaining and boosting students’ success in STEM education. Many programs in 

universities are supported by the National Science Foundation (e.g., Tupper et al., 2010; 

Palmer et al., 2011; Reyes, 2011; Higgins et al., 2011; Olson & Labov, 2012; Kendricks et 

al., 2013; Drew et al., 2016; Cott et al., 2016), and they employ similar evidence-informed 

approaches that are nevertheless distinct. Among these, financial support, course-based 

undergraduate research, peer mentoring, and faculty mentoring have been most widely 

implemented and proven to have a strong positive influence on URM STEM students (e.g., 

Reyes, 2011; Higgins et al., 2011; Olson & Labov, 2012; Kendricks et al., 2013; Drew et 

al., 2016; Cott et al., 2016; Carpi et al., 2017; Syed et al., 2019). 

Financial Support for URM STEM Students 

To overcome barriers related to financial burdens, students rely heavily on technical 

resources and other institutional structures to facilitate an effective learning process. A 
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quasi-experimental research project identifies that, in general, eligibility for need‐based 

financial aid is positively associated with STEM credit completion by 20% to 35% among 

STEM students (Castleman et al., 2018). In addition to federal financial aid such as Pell 

Grant, in recent decades, many four-year institutions and community colleges have 

provided direct financial aid or conditional financial support for alleviating URM STEM 

students’ pressure from outside sources (Wright et al., 2021), encouraging them to stay on 

track, improving their commitment and science identity development (Oseguera, et al., 

2020), and enhancing their academic performance and retention (Jackson et al., 2013; 

Wang, at al., 2017). 

For example, in 1999, Louisiana State University (LSU) initiated the Computer 

Science, Engineering, and Mathematics Scholarships (CSEMS) program—a pure financial 

aid program for high-quality students struggling with finance. Responding to NSF’s 

changing grant requirement, CSEMS evolved into the Scholarships for Science, 

Technology, Engineering, and Mathematics (S-STEM) program in 2004 by integrating 

additional professional development services, advising strategies, and mentorships. 

Research shows that 94% of S-STEM program participants retained in STEM fields, much 

higher than non-participant low-income URM STEM students (34% on average; Wilson, 

Iyengar, et al., 2012). The University of Maryland Baltimore County (UMBC) has sought 

to bridge Black undergraduate students with STEM doctoral programs through its 

Meyerhoff Scholarship Program (MSP). MSP provides integrated services for the target 

population, while in a survey for the first 15 MSP cohorts, respondents rated financial 

scholarship as the most helpful support (Maton et al. 2009; Stolle-McAllister & Carrillo, 

2011). It finds out that MSP program participants are twice as likely to obtain a bachelor’s 
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degree in STEM and five times more likely to pursue a doctoral program in STEM than 

their non-participant counterparts (Maton et al. 2000).  

Some programs are conditional. The SPRING program based in Lyman Briggs 

College at Michigan State University provides student participants with 3,000 dollars, 

6,000 dollars, and 9,000 dollars in their first year, second year, and third year in the 

program, respectively, by completing required STEM preparation courses. Sweeder et al. 

(2021) compared the degree attainment within six years of enrollment between participants 

and non-participants. The result suggests that for Pell-eligible students, participants’ six-

year graduation rate was 11% higher than non-participants (92% vs. 81%); for non-Pell-

eligible students, the gap increased to 23% (95% vs. 72%). The NanoSTEM program at 

Binghamton University, serving economically disadvantaged students and transfer 

students in the sciences and engineering field, attaches more requirements on financial 

support. By fulfilling conditions such as participating in the orientation program, taking 

the STEM seminar class, achieving a 3.0 GPA, involving in research projects, and 

obtaining an undergraduate teaching assistantship, students can receive up to 8,000 dollars 

per academic year and summer tuition benefits (Cott at al., 2016). These requirements push 

students to realize their academic goals and improve their on-campus engagements.  

A few studies have examined interventions within community colleges to inspire 

transfer. To stimulate students’ motivation to take STEM courses, the Grace Hopper 

Scholar Program (GHSP), established at the Community College of Baltimore County in 

Maryland, provided each qualified student with a cash reimbursement for the completion 

of their first mathematics or computer science course for credit in which they received a 

grade of C or better, which helped 30 of 74 (41%) of GHSP participants to successfully 
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transfer to four-year institutions (Tupper et al., 2010). In addition, Crisp and Nuñez (2014) 

found a positive relationship between receiving financial aid and transfer odds. 

Because community colleges have only a limited capacity to offer a broad range of 

high-quality STEM courses and supportive technical programs (Wang et al., 2017), 

cooperation with four-year institutions is important for students’ development. Programs 

supported by LSAMP grant funding have shown examples of collaboration. Program 

alignment between two-year and four-year institutions is key to successful transfer and 

students’ retention in STEM majors, especially for members of underrepresented ethnic 

groups (Jackson et al., 2013). This alignment should be built upon consistent information 

regarding academic requirements or transfer requirements from varying institutional types. 

As Jackson (2013) illustrated, informational asymmetry generates anxiety stemming from 

the transfer out of one institutional culture and into a very different and complex 

institutional culture. 

Undergraduate Research Opportunities 

A considerable number of existing studies have demonstrated that engaging in 

undergraduate research experiences significantly increases students’ understanding of 

science and research, skill and confidence in conducting lab-based research, scientific and 

critical thinking, motivation in STEM education, and interest in pursuing graduate 

programs and the chances of being accepted (Russell et al., 2007; Adedokun et al., 2014; 

Brownell et al., 2015; Olimpo et al., 2016). Byars-Winston et al.’s (2016) report suggests 

that participation in undergraduate research is a central element in increasing the interest 

and persistence of college students in science careers. Hanauer et al. (2016) agreed, 

indicating that course-based research experience directly responds to the need to enhance 
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retention and improve educational outcomes in STEM education. The lengthier the 

undergraduate research experience is and the higher level of consistency of holding a 

position in one research lab, the greater likelihood for STEM students to stay in their majors 

(Cooper et al., 2019). Students who have a positive lab environment and enjoy daily 

research tasks are less likely to have the intention of leaving (Cooper et al., 2019).  

These findings apply to URM STEM students as well. Chang et al. (2014) 

conducted an analysis that involved survey records of 3,670 students at 217 institutions. 

The result suggests that participation in undergraduate research programs is the strongest 

predictor of the likelihood of URM STEM students’ persistence—17.4 percentage points 

more likely to persist in STEM than those who had no undergraduate research experience. 

In terms of the technical aspects of undergraduate research, Ghee et al. (2016) mentioned 

that the use of bibliographic software, statistics software, and quantitative data analysis, 

are considered extremely beneficial. Below are some program examples. 

An evaluation of the Futurebound Program, launched in Arizona, showed that 

students recognized undergraduate research opportunities, together with five other 

activities, as most helpful, and the Futurebound Program indeed raised retention rates 

(Reyes, 2011). By implementing a package of undergraduate research programs (i.e., 

research initiatives for science majors, research symposium, undergraduate research course 

credit) at a public Hispanic-Serving Institution (HSI), students’ one-year retention rate 

increased from 69% to 77%, and STEM graduates’ GPA (3.01 ± 0.05) remained 

significantly higher than that for all other majors at the institution (2.92 ± 0.03), during the 

program period (Carpi et al., 2013). The NSF-funded Research Experiences for 

Undergraduates (REU) program at New York City College of Technology has a focus on 
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Geoscience. It engages URM student participants in the year-round academic program 

(nine weeks of full-time internship in the summer, three weeks in the fall semester, and 

three weeks in the spring semester). Since 2008, REU has successfully supported 39 URM 

students to build up their careers in STEM fields, and the top-rated program features 

include structured preparation, student-centered mentorship, and diversity awareness 

across program networks (Blake et al., 2013). 

The STEM-ENGINES program in the Chicago area embedded the research element 

into the transfer pathway. Students participated in part-time research at a community 

college during the academic year and in full-time research for eight to ten weeks at four-

year institutions in summer sessions (Higgins et al., 2011). Students in the above-

mentioned programs experienced gains in confidence during the transfer process. 

Nevertheless, it should be noted that participation in research opportunities does not 

guarantee successful transfer in all scenarios. For instance, the NanoSTEM Program at 

Binghamton University enrolled only high-quality STEM students who were already 

interested in pursuing a STEM career; however, two students of three ended up leaving the 

program (and the school) for medical reasons, and the third quit after eight weeks after not 

adjusting well to the university (Cott et al., 2016). 

While undergraduate research is important in stimulating strong, positive personal 

and professional developments for URM STEM students, researchers found barriers 

regarding undergraduate research: Sens et al. (2017) noted that not enough research 

opportunities are available on campus; Pierszalowski et al. (2021) argued that it has not 

paid sufficient attention to diversity and inclusion; Mahatmya et al. (2017) surveyed 

students who were never engaged in research projects and found that lacking available 
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mentors and the disproportionate assistantship employment was most frequently 

mentioned barriers. 

Faculty and Peer Mentorships 

Faculty Mentoring. Mentoring relationships are direct personal connections 

between STEM students and faculty members who are familiar with one or more aspects 

of the STEM department, its academics, and possible future careers (Ong et al., 2018; Xu, 

2018). In acknowledgment of the many positive effects of faculty mentoring, many grants 

to colleges have as a condition that an undergraduate mentoring program is created to 

provide students with the support and guidance that they need to persist in STEM education 

(Olson & Labov, 2012). 

Students in the Benjamin Banneker Scholars Program (BBSP) at a Midwestern 

historically Black college perceived that faculty mentoring was the biggest contributing 

factor to their persistence (Kendricks et al., 2013). Student surveys conducted by Kendrick 

et al. (2013) also indicate a strong correlation between students’ academic success and their 

acceptance of mentoring as a positive experience in their learning. This relationship also 

enables underrepresented students to develop a sense of belonging and more positive 

scientific identities (Potvin & Hazari, 2013), which are key for retention and success. In a 

study conducted by Ghee et al. (2016), it was found that the specific quality of the mentor 

had the largest effect on the research skills index. Mandatory monthly advisory meetings, 

diverse instructions, and role models can all improve mentoring quality. On the other hand, 

low-quality (even harmful) mentoring is considered to be deceitful, sabotaging, 

exploitative, and/or harassing (Eby et al., 2000). For URM STEM students, quality 

mentorship, together with research experience, during junior and senior years were 
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positively related to their scientific efficacy, identity, and values. Scientific identity and 

values even continued to be predictive of STEM career pathway persistence for up to four 

years after graduation (Estrada et al., 2018). Even informal supportive faculty members 

can be beneficial, including but not limited to joining faculty members for lunch, 

encountering them in the hallways, being known by name, and being taken care of in a 

close personal way (Nuñez & Yoshimi, 2017).  

 Some researchers observed that demographic similarities between faculty mentors 

and mentees (the so-called minority mentorship) increased the chance of positive 

mentoring experiences and academic success in STEM fields (Blake-Beard et al., 2011; 

Atkins et al., 2020). Developing mentorship with role models of similar cultural 

backgrounds would help provide culturally appropriate learning experiences for URM 

STEM students. It allows the construction of solid racial identity and ultimately improves 

the student’s learning experience. Adequately contributing to psychosocial development 

can enable a mentor to maintain a strong level of racial awareness and an appropriate 

approach to addressing complex racial situations as they may arise. The five progressive 

and complementary achievements through effective minority mentoring include gains in 

the mentee’s professional competence; increased mentee’s confidence and credibility; 

prevention of mentee’s derailment; powerful mentor sponsorship of the mentee; and 

mentor protection of the mentee in unfair or unjust situations, such as racial disparagement 

(Thomas, 2001). Moreover, minority mentoring is not a unidirectional transfer of 

information from the mentor to the mentee but tends to be reciprocal in nature (Higgins & 

Thomas, 2001; Rock & Garavan, 2006). However, Carroll and Barnes (2015) pointed out 

that often, there are not enough senior URM mentors in STEM disciplines to support the 
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number of URM students needing mentorship. They proposed that cross-cultural 

mentoring would facilitate growth if the mentors adopted an infusing broaching style to 

address uncomfortable sensitive racial topics, instead of being colorblind or inconstant in 

their words and actions. This would certainly require a higher level of cultural competency 

and communication skills. However, cultural competency improves by receiving feedback 

from students on their mentoring styles and strategies. In addition, some researchers found 

weak or negligible support for a link between demographic similarity and the quality of 

mentorship (Eby, et al., 2007; Eby et al., 2013). In particular, when mentors and mentees 

have little contact, they tend not to know much of the degree to which they shared similar 

demographic characteristics. The observed and perceived similarity might, therefore, have 

only limited influence on the quality of mentorship early in the faculty mentoring 

relationship (Harrison et al., 2006). 

 Hernandez et al. (2017) suggested that shared values are more responsible for 

mentees perceiving higher mentorship quality than demographic match. Robnett et al. 

(2019) confirmed through an intersectional analysis showing that higher levels of 

instrumental mentoring’s predictions for higher STEM self-efficacy are likely not 

moderated by ethnicity or gender. The amount of mentor-mentee contact is an important 

moderator of the relationship between demographic similarity and the quality of 

mentorship, and relationship satisfaction was the only moderator of the effect of perceived 

similarity. Other reports (Higgins & Kram, 2001; Hernandez et al., 2017; Robnett, et al., 

2019; Atkins et al., 2020) have indicated that compared with weak mentor-mentee ties in 

informal faculty mentoring, mentoring with deeper contact (i.e., with higher interaction 

frequency, longer relationship duration, instrumental plus socioemotional mentoring) will 
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bring greater positive effects, particularly in the context of socioemotional mentoring. In 

an immersive faculty mentoring program, where participants were required to live together 

in an Honors Dormitory and take part in mandatory meetings and research, minority 

student participants perceived that mentoring was the biggest contributing factor to their 

academic success. Mentors in physics and chemistry, mentors observed that corrective 

actions took additional time, and students showed the greatest improvement during the 

final five-week period of the semester (Kendricks et al., 2013). In another example 

described by Zaniewski and Reinholz (2016), faculty mentors provided holistically 

designed near-peer mentoring, which combined psychosocial support (most closely linked 

to identity formation and belonging) and academic support (to promote self-efficacy and 

thus belonging). Students received credits from the mentoring program and caring 

friendships with mentors. As a result, in the population served by the mentoring program, 

the first-to-second-year major persistence rate increased from 59% to 93%. 

 Peer Mentoring. Peer mentoring incorporates peer instruction, small-group 

activities, extra worksheets, practice tests, and other means of interaction between peers. 

Damkaci et al. (2017) found a 48% difference in persistence rates in STEM majors between 

students who participated in a peer-mentored lab course and those who did not. Peer-to-

peer relationships function because they provide a combination of social, academic, and 

emotional support through shared experiences, intersectional identities, and working 

together toward mutual success (Ong et al., 2018). Musah and Ford (2017) argued that peer 

mentoring helps STEM students improve their grades in STEM courses and reach higher 

GPAs in subsequent semesters, although neither of these improvements appeared among 

transfer students who participated in the same program. Morganson et al. (2015) used the 
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embeddedness theory (Mitchell et al., 2001) to incorporate the broader community context 

into their inquiry. They found that solidarity and friendship with peers studying in STEM 

majors, role models, and cultural icons were critical positive factors for building a sense of 

community embeddedness, while passion, challenge, skills, aptitude, concrete tasks, real-

world applications, and intrinsic outcome expectations were positive aspects of major 

embeddedness. 

 The duration of mentoring matters. Anderson and Kim (2006) found that at the 

three-year point, all ethnic groups were almost equally likely to continue STEM enrollment. 

But following the third year, the progress of Black and Latinx students had slowed relative 

to that of their counterparts. Therefore, it is important to continue or develop peer 

mentorships in the junior and senior years of URM STEM students’ undergraduate study. 

Those years are also the right moment to introduce peer mentoring programs for transfer 

students. Brown et al. (2016) focused on matching peer mentors and transfer students. All 

of the participants in their study successfully persisted to the following semester. The 

advantage of the studied program lay in its opt-out rather than opt-in policy: all new 

students were assigned a mentor and had to apply to withdraw from mentoring if they 

wished. In that way, students who did not feel comfortable asking for help or who did not 

initially perceive a need for mentoring could have access to a mentor when the need arose 

(Brown et al., 2016). 

 To improve outcomes, Wilson, Holmes, et al. (2012) introduced a hierarchical 

mentoring strategy requiring that mentees must mentor other peers themselves to reinforce 

the consistency of transformation of survival skills among minority students. They also 

indicated that mentees who entered the mentoring program at the sophomore level had a 
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better chance of completing a STEM degree than those who entered it at the freshman level. 

In addition to that, Packard (2016) proposed that mentoring program should be developed 

based on outcome planning. This intentional mentoring links mentors’ actions, approaches, 

goals, and indicators to improve the effectiveness of peer mentoring. 

A combination of peer mentoring and faculty mentoring has been found to 

effectively support URM STEM students’ persistence. At the University of Wisconsin-

Whitewater, the enrollment persistence to year two for student participants (96%) was 

significantly higher than the expected retention rate (72%) for URM students in the 

university and even exceeded the university’s non-URM rate of persistence to year two 

(80%; Lisberg & Woods, 2018). Some programs even provided multiple peer and faculty 

mentors for each student participant over multiple years. In the Significant Opportunities 

in Atmospheric Research and Science (SOARS) program, managed by the University 

Corporation for Atmospheric Research (UCAR), mentors had functions in different aspects 

of student life, including research, communication, writing, computation, and community 

development. Students joined their mentors over the summer vacations throughout their 

undergraduate years. This repeat mentoring experience was whole-person-oriented and 

resulted in sending over 90% of mentees to graduate schools (Feder, 2019). However, it 

was uncommon to have continuity in this type of mentoring relationship (Robnett et al., 

2019). 

Beyond the interventions mentioned above (i.e., financial support, course-based 

undergraduate research, and faculty and peer mentorships), institutional arrangements, 

including institutional control over key first-year courses’ teaching quality (Xu, 2018), 

hands-on workshops for professional development (Reyes, 2011; Tupper et al., 2010), and 
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networking events (e.g., onsite company visits, job interviews, and career fairs; Tupper et 

al., 2010) have also been discussed in previous studies. However, even after being equipped 

with these activities and resources, institutional barriers and resource disparities still exist 

among URM STEM students (Estrada et al., 2016). 

The Theory-Based Evaluation Approach 

Over the decades, scholars have infused insights into program evaluation. These 

insights help evaluation evolve from an applied social research method to a way of thinking, 

introduce it into the wider social life, and enrich it with alternative models and approaches. 

Evaluation theories have developed from positivist randomized control experiments 

(Campbell & Stanley, 1966) to much more plural perspectives (Guba & Lincoln, 1981; 

Dahler-Larsen, 2011; Schwandt, 2015). The concern shifts from the validity of 

methodologies to utilizable implications and social value. Theory-based evaluation falls 

more in the middle, providing a valuable theoretical framework for evaluators to assess 

both organizational actions and their theory of change. 

Theory-Based Evaluation 

Theory-based Evaluation (TBE) is an evaluation approach that emerged in late 

1970s, responding to the shortage of randomized control trials (RCT) in evaluation 

practices (Weiss, 1997). TBE argues that the traditional experimental methods lack focus 

on the entangled relationships between the intervention and related variables. The 

outcomes from such research-type evaluations often generate oversimplified or even 

distorted understandings of interventions and their impact (Chen & Rossi, 1983, 1987). 

This default hypothesis that the intervention leads to linear and short-term gains indicates 

a lack of understanding of the real trajectory of solving social problems (Woolcock, 
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2009). The overemphasis on the internal validity of the methodologies in evaluation 

impairs the ability to apply the result to real-world practice, let alone informing program 

improvement and policy development (Weiss, 1997). 

Although TBE has no obvious philosophy statement, research shows that the most 

frequently occurring motive for selecting a TBE approach is ideological (Coryn et al., 

2011). It is usually considered to be a critical realism approach that addresses ontological 

realism, epistemological relativism, and judgmental rationality in practice (Bhaskar, 

2008; Brousselle & Buregeya, 2018). Critical realism is one of the most common forms 

of post-positivism, which is situated between positivism and constructivism or relativism 

(Bhaskar et al., 1998). TBE scholars believe that truth exists independent of individual 

subjectivity and experience. The real structures and the actual causal pathways of object 

knowledge cannot always be directly observed but they can be inferred through 

observable events and results. Only when we understand the structure of logical 

relationships and causal chains, which is a necessary precondition for what can be 

observed, can we understand how and why outcomes occur. Therefore, it is important for 

evaluators to intentionally and rationally explore, construct, and examine the program 

theory based on existing knowledge in order to determine the worth and merit of the 

evaluand (Brousselle & Buregeya, 2018). In terms of epistemology, the TBE approach 

recognizes that reality can only be understood fractionally within a particular context, so 

it respects the complexity in the system that nests the intervention. The evaluation 

process, therefore, incorporates subjective values, perceptions, judgments of reality, and 

contextual influences into account to some extent. Meanwhile, one should be aware of 

cognitive limitations and be open to other explanations and unexpected evaluation results 
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that may exist (Pawson & Tilley, 1997; Brousselle & Buregeya, 2018). Regarding 

methodology, TBE's stance is relatively neutral. Any research method that contributes to 

the understanding of the program theory can be used in the evaluation process—provided 

that the method's reliability and validity requirements are met. Therefore, TBE can 

accommodate a variety of social science research methods, data collection methods, and 

data analysis methods. For TBE, quantitative, qualitative, and mixed methods have their 

own merits and are suitable for different evaluation needs and purposes. In TBE 

practices, the use of mixed methods is justified and applied under a program theory 

framework, which is defined as a set of explicit and/or implicit, prescriptive, and 

descriptive assumptions held by stakeholders about what actions are required to solve a 

social problem and why the problem will respond to these actions (Chen, 2006; Coryn et 

al., 2011; Brousselle & Buregeya, 2018). 

In evaluation practice, a logic model is commonly used. TBE can also utilize 

logic models to specify the program theory, especially when program staff members are 

also engaged in the construction of the program theory (Kaplan & Garrett, 2005). 

However, the process recorded in the logic model is simplified. The "arrows" between 

every two parts do not guarantee actual causal connections, and the real mechanism is 

still hidden behind the model. TBE does not aim to report expected linkages between 

resources, courses of action, and outcomes, but to provide a validated model for 

explanation and prediction.  

TBE assists evaluators to investigate the impact of the evaluand (i.e., program, 

project, policy, etc.) and the process by which impacts occur. TBE is sometimes referred 

to as program-theory evaluation or theory-guided evaluation (Coryn, et al., 2011) and it 
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has become an umbrella approach that contains all evaluation strategies that explicitly 

integrate and use program theories generated from stakeholders, social sciences, or any 

other sources in conceptualizing, designing, and conducting an evaluation (Coryn et al., 

2011). It emphasizes the importance of unpacking the “black-box evaluation” (Astbury et 

al., 2010; Chen & Rossi, 1987). The metaphor “black box” has been used to refer to the 

invisible inner logic and program theories of an evaluand, indicating that the process 

between inputs (e.g., resources, activities, knowledge) and outputs/outcomes is usually 

unclear (Astbury et al., 2010). Instead of merely asking whether and to what extent the 

evaluand achieves its goals, providing information about the performance and outcomes, 

or making judgments on the process and results of a program, TBE tries to unpack the 

“black box” by explaining how and why the program achieves the results in order to 

address both scientific credibility and practical worth when serving stakeholders’ 

evaluation needs (Weiss, 1997; Birckmayer & Weiss, 2000; Rogers & Weiss, 2007). 

Through this approach, evaluators can help reason the success or the failure. Sometimes 

the problem may come from program implementation (Chen, 1990), the changing context 

(Pawson & Tilley, 2004), and the complexity in the system (Westhorp, 2012, 2013, 

2014). By understanding the process and factors, the evaluation leads to more targeted 

recommendations to the evaluand.  

Theory-driven evaluation, realist evaluation, contribution analysis, and logic 

analysis are TBE frameworks that are mature in their design and application (Coryn et al., 

2011; Brousselle & Buregeya, 2018). Since the latter two are relatively new and have a 

lot in common with the former two regarding concepts and procedures, this review will 

focus on the former two. Theory-driven was introduced in a series of manuscripts jointly 
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published by Chen and Rossi in the 1980s (1980, 1983, 1987, 1989), in which they 

discussed the concept, method, and limitations of theory-driven evaluation. These 

discussions were eventually integrated into a theoretical framework by Chen in the book 

published in 1990. In the following years, Chen continued to horn his opinions on the 

methodology and its application in different evaluation stages (Chen, 1989, 1997, 2006, 

2014). Realist evaluation, proposed by Pawson and Tilley (1997), has a strong focus on 

the underlying mechanism (i.e., the causal theory) of the evaluand by engaging specific 

contextual factors required for the mechanism to function. The key components in realist 

evaluation are the context within which activities occur (C); the mechanism, which is 

how human actors respond to interventions (M); the outcome created by the mechanism 

(O). The equation C + M = O (CMO) stands for a hypothesis of the interactions among 

these components and tells what works for whom in what circumstances (Pawson & 

Tilley, 1997, p.58). There are usually multiple CMOs contained in one intervention. 

Realist evaluation does not avoid the issue of complexity but decomposes the elements of 

complexity and understands it through hypothesis testing (Westhorp, 2012). 

The Theory-Driven Evaluation Framework 

Chen (1990) defined program theory as “a specification of what must be done to 

achieve the desired goals, what other important impacts may also be anticipated, and how 

these goals and impacts would be generated” (p.43). This definition reflects the TBE 

scholars’ critical realism positioning. In theory-driven evaluation framework, program 

theory consists of two models: an action model and a change model. The action model 

describes a systematic plan of the organizational structure, partnerships, and 

organizational activities that deliver the intervention, plus the influence of internal 
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ecological contexts and external resources. The change model is the logic that describes 

how interventions will finally achieve the goals and outcomes, either wanted or 

unwanted. These two models are connected by the program implementation. Thus, this 

program theory framework demonstrates that the program runs from resources coming 

into action model built up, intervention implemented by the organization, and the 

appearance of the theory of change. The consideration of the theory of change should 

influence the previous steps but it will not be completely formed until the end of the 

program because the explanation of unwanted outcomes is also part of the theory of 

change (Chen & Rossi, 1980; Chen, 1990). A program theory is generally the 

stakeholders’ theory. However, if stakeholders do not systematically clean up and map 

out the program theories, which is usually the case, the evaluators will need to review 

literature, analyze program documents and records, and facilitate interviews with 

stakeholders to clarify or even develop their theories of change before they can 

empirically assess the effectiveness of the program theory. 

 The theory-driven evaluation framework claims that the program system 

synthesizes reductionism and fluid complexity, which is assumed to be stable in the 

evaluation period and reduce the change caused by time and environment (Chen, 2012). 

It argues that the environment surely creates uncertainties that push a program to make 

changes, but a program can and should have proactive measures to reduce uncertainties 

and maintain some level of stability for performing its functions. However, this 

assumption is usually violated in a dynamic open system, within which uncertainties are 

constantly generated by interactions among internal and external program elements. 

Furthermore, the theory-driven evaluation framework explains how it works when 
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evaluators analyze the theory of change, but it becomes vague regarding the knowledge 

transfer from the analysis to the real-world practice, especially when the environment 

changes. As Chen (2012) points out, an effective and efficient program theory does not 

guarantee a good intervention if it is unsuitable for an organization to implement it. In 

addition, theory-driven evaluators deem that the evaluation should have a focus on 

learning from the evaluation that can be generalized to other programs (Sridharan & 

Nakaima, 2012). Therefore, this approach does not aim only to achieve the internal 

validity of research and evaluation designs, but also provide a general framework to deal 

with internal, external, construct, and statistical conclusion validity (Chen & Rossi, 

1987). However, it turns back to relying on the sampling strategies and the statistical 

modeling that limit its strengths in generalization. 

The Realist Evaluation Framework 

In the decades following the presentation of the theory-driven evaluation 

framework, investigators sought to explore various approaches under the TBE umbrella, 

including theory of action, theory of change, program logic, logical frameworks, outcome 

hierarchies, and realist evaluation (Coryn et al., 2011). As a branch of TBE, the realist 

evaluation framework became better known in the late 1990s and early in the 21st 

century. Although new generations of evaluation approaches have taken some of the 

spotlight in the recent decade, continuous practices and discussions around this 

framework are pushing it toward another surge, especially in Australia and European 

countries (Betts, 2013; Holma & Kontinen, 2011; Jagosh et al., 2016; Magnin et al., 

2018; Mansoor, 2003; Manzano, 2016; Pommier et al., 2010; Westhorp, 2012, 2013, 

2014). Realist evaluation moves forward based on the theory-driven evaluation 
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framework in regard to its response to the three advanced, context-based inquiries in 

evaluation: deal with complexity, translate the evaluation results into practices, and apply 

an intervention to other contexts. 

 Pawson and Tilley (1997) saw the purpose of evaluation as informing the 

development of policy and practice. Instead of providing a binary evaluation judgement 

as either a “success” or a “failure”, they developed the realist evaluation framework to 

determine what works for whom in what circumstances, which they extended to what 

works for whom in what circumstances, in what respects, and how in their later work 

(Pawson & Tilley, 2004). Pawson (2013) argued that “[a] program works because of the 

action of some underlying mechanisms, which only comes into operation in [a] particular 

context” (p. 22). Thus, realist evaluation is an applied method that explains the process of 

how interventions or program activities lead to the outcomes through the interactions 

with complex components in the context. This process is called a mechanism. Realist 

evaluators usually consider an evaluation to be a form of research that has a specific 

focus on a complex intervention because it encourages evaluators to dissect the complex 

intervention and find pathways toward both expected and unexpected outcomes (Astbury 

et al., 2010; Pawson & Tilley, 1997). Some scholars have criticized this, saying that it 

goes beyond evaluators’ capability as the role of evaluators is to determine whether 

programs work, not to explain how they work (Scriven, 1998). Stufflebeam and 

Shinkfield (2007) added that finding possible paths is usually not feasible, and failed or 

misrepresented attempts can be highly counterproductive.   

 The realist evaluation’s critical realism ontological foundation responds to the 

latter comments. Critical realism addresses both observable and unobservable contextual 
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situations and tries to offer solutions of identified problems (Bhaskar et al., 1998; Porter 

et al., 2017). Such positioning asserts that the adequate explanation of social phenomena 

should consider the involvement of human factors. It is necessary to identify how 

individuals interacted through the mechanisms contained in the intervention and 

embedded in inter-connected and multi-layered context (Porter et al., 2017; Jamil, 2018). 

Although it recognizes the existence of a mind-independent external reality that science 

can study, it asserts that human beings will never measure and document true reality with 

certainty because we experience and understand it via our senses and brains (Archer et 

al., 2013). Therefore, critical realism holds that all observation is fallible, and that all 

theory is revisable. Human beings’ understanding will always be partial and provisional, 

and evaluators should not be over-ambitious to map out all mechanisms in a program at 

one point in time. However, the limitation in the capability of knowing does not suggest 

that we are forever blind to the mechanisms and consequences of interventions. All the 

trials and errors are valuable in terms of theory refinement and modification, including 

those failed or misrepresented attempts. It is important to keep in mind that a program has 

different levels of success with different participants in different contexts—and even in 

the same context at different times (Greenhalgh et al., 2015). 

 With an intention to inform policy and practice, a realist evaluation differs from 

other types of TBE (e.g., theory of change and contribution analysis) that pay attention to 

the overall program theories. It focuses on the particulars of specific measures in specific 

places relating to specific stakeholders (Pawson & Tilley, 1997), expecting measures to 

be varying in their impact depending on the conditions in which they are introduced. 

Accordingly, this increases its ability to transfer the knowledge pieces into particular 
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policy and practices. Whereas science is concerned with understanding regularities 

(context—mechanism—regularity), program evaluation involves understanding how 

regularities change (context—mechanism—outcome configurations). In this sense, realist 

evaluators are pragmatists as well. As Tilley (2000) mentioned, realists see benefits in 

limited applications of interventions in order to understand their effects before making 

decisions about their extension. 

 Realist evaluation is the process of proposing the hypotheses, analyzing the 

interaction, modifying the equation, and generating a new hypothesis accordingly. This 

conceptual framework connects theories and practices. There is no specific ending point 

as there is no absolute moment at which we reach the truth. In particular, the realist 

evaluation approach advocates that one evaluation should learn from another, supposing 

that evaluation can learn lessons from diverse programs by operating at the middle range. 

A sequence of realist evaluations will lead to more powerful context—mechanism—

outcome configurations (CMOCs), although this has not yet been proven (Mansoor, 

2003; Pawson & Tilley, 1997). 

 As for the broader application of the intervention, the realist evaluation tends to 

maximize external validity by learning across policy, practice, and organizational 

boundaries (Pawson & Tilley, 2004; Tilley, 2000). The conceptual abstraction allows the 

creation of a common language that draws out similarities across different interventions 

(Pawson, 2013). One metaphor is that “programs are theories incarnate” (Pawson & 

Tilley, 2004, p. 256). There are multiple sources of theories, including stakeholders, 

policy makers, social sciences, evaluators’ observations, and even common sense 

(Mansoor, 2003; Westhorp, 2014). Some scholars have suggested that the realist 
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approach should be applied after finishing a Campbell-style systematic review of social 

science theories and topic-related practices (Van der Knaap et al., 2008). In that, the more 

thorough the background knowledge is, the more solid the proposed hypothesis could be. 

A realist evaluation is sensitive to diversity and change in program delivery and 

development, but this does not mean that the intervention could not be implemented to 

other circumstances at all. The CMOCs help understand how an intervention works with 

the mixed components. Thus, the comparisons among CMOCs clarify which ingredients 

change and how this will influence the outcomes. 

Four-Step Process for Undertaking TBE  

Although there are slight differences in the operation process across TBE 

frameworks (White, 2009; Coryn et al., 2011; Brousselle & Buregeya, 2018), in general, 

evaluation applying TBE usually goes through the following four steps: 

Establish a Preliminary Program Theory. The program logic and the expected 

causal chain should be identified to guide evaluation. This can be realized through 

communication with program leadership, administrators, implementers, and experts on 

related issues to understand the resources invested in the program, the action theory, and 

the implementation process; collecting and reviewing program documents (e.g., 

memoranda, grant proposal, meeting minutes, logic model) to understand the nature and 

the context of the evaluand. 

Take Contextual Factors into Account to Hone the Program Theory. In this 

step, evaluators may collect and review academic and non-academic literature related to 

the program-related issue and understand the key factors that have a potential impact on 

the process. Then, evaluators will identify contextual factors (e.g., the socio-economic 
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and political setting, local demographic characteristics, human factors in program 

implementation, program management issues, etc.) and place the causal chain in the 

specific context. If there are multiple sets of contextual factors that influence the 

mechanism, consider establishing separate causal pathways thereby linking the different 

outcomes that the program may end up with where the mechanism works. 

Design An Evaluation Plan and Conduct Theory-Based Data Collection. The 

evaluation plan integrates the causal pathways, their corresponding theoretical 

assumptions, and data collection methods. The data types and the data collection process 

are determined based on the needs. Quantitative and/or qualitative methods are applied 

accordingly. 

Examine the Program Theory and Refine It According to the Results. 

Evaluators can bring the results to stakeholders and discuss the results with the program’s 

leadership, administrators, implementers, and experts on related issues, listening to their 

opinions and questions. Evaluators also pay attention to unwanted or unexpected 

outcomes and adjust the causal chains based on the results and the context. The last two 

steps can be repeated to improve the explanatory power and accuracy of the program 

theory.  

In all, TBE requires the evaluand (1) to have a guiding theory and an action logic; 

(2) to have entered a relatively stable implementation stage and be able to provide a 

certain amount of data supporting for theory examination; (3) to request an evaluation 

that supports the theory-informed decision-making. TBE has a clear focus, and the 

evaluation results provide information that helps understand the theory of change in 

addition to the value judgment. TBE helps stakeholders clarify how and under what 
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conditions program resources are transformed into outcomes and provides evidence to 

inform the generalization and application of intervention in a broader scope of contexts. 

Critical Race Theory Lens 

The quantitative analysis of factors affecting the retention, persistence, and 

graduation of URM STEM students tells only part of the story. It does not tell how power 

dynamics and individual positionality influence students’ experience. These aspects may, 

instead, be investigated through studies employing a Critical Race Theory (CRT) lens. 

Studies that employ CRT offer a perspective that explores the voices of historically 

marginalized individuals. CRT promotes insight into race- and ethnicity-related social 

issues that challenge the ways that racial power is constructed. This is one of the core 

concerns of the current study, focusing on URM students in STEM majors.  

 CRT is a powerful explanatory tool for the sustained inequity that people of color 

experience in education (Ladson-Billings, 1998). Bell (2003) asserted that racism is 

hegemonic and exists permanently in educational institutions, overtly or covertly. Racial 

microaggressions, including interpersonal microaggressions (verbal and nonverbal racial 

affronts), racial jokes, and institutional microaggressions (through university and local 

culture, organizations, informal rules, implicit protocols, and institutional memories) 

create a negative campus racial climate that exacerbates student psychological distress 

(Sue et al., 2008; Yosso et al., 2009). Members of different racial groups have differential 

access to quality education. Hence, an important objective of CRT is to examine social 

and cultural phenomena in diverse settings through critical analyses of race, law, and 

power to show the existing and historical nature of racism at the institutional level (Bell, 

2009). By analyzing the continuance of racism and white privilege in education, CRT can 
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address systematic ways in which students of color are disadvantaged. It highlights the 

profound patterns of exclusion that exist in the existing educational system. CRT is thus a 

vital approach to the study of higher education for resolving racial inequality (Hiraldo, 

2010).  

 CRT scholarship emphasizes personal narratives and advocates the empowerment 

of marginalized individuals to share their experiences themselves: to perform counter-

storytelling (Delgado & Stefancic, 2017; Solórzano et al., 1998; Yosso, 2013). It 

indicates that persons of color do not share a single voice in common. Narrative analysis 

serves to illuminate their individual experiences of racial oppression (Solórzano & Yosso, 

2001). Scholars take personal stories and experienced knowledge as evidence, thereby 

challenging purely quantitative approaches to the documentation of inequity or 

discrimination (Dixson & Rousseau, 2014). CRT insists on a critique of liberalism—

racism requires sweeping changes, but liberalism has no mechanism for such change. 

CRT recognized an aggressive and race-conscious approach to social transformation 

(Delgado & Stefancic, 1993). CRT employs radical activism to explore and challenge the 

prevalence of racial inequality in society, because institutionalized racism is steeped in 

existing social structures and norms, resulting in a range of levels of access to services, 

opportunities, and power for those of different races (Jones, 2002).  

 Harper (2012) indicated that “studying race without racism is unlikely to lead to 

racial equity and more complete understandings of underrepresented populations in 

postsecondary contexts” (p. 15). Scholars have proposed that in examinations of student 

development, it is insufficient to include students of color in research samples. CRT 

theorists call for a paradigm shift, involving efforts to seek out and to discover how social 
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forces and inequities influence self-authorship, including how students view themselves, 

what they believe, and how they construct relationships with others (Hernández, 2016). 

As noted, many programs provide support in a general sense while often ignoring 

individual needs and perspectives relating to cultural characteristics (Byars-Winston et 

al., 2016). Transfer students face challenges related to gender, race, and socio-economic 

characteristics. They may encounter barriers in the transfer pathway that their 

counterparts do not. CRT should be utilized to probe these aspects and help modify the 

design of interventions by taking transfer students’ needs and perceptions into account. 

 In all, CRT offers a framework that engages the voices of historically 

marginalized individuals to investigate inequity, reveal the obvious and hidden 

oppressions and subordination in educational practices, and promote insight into race- 

and ethnicity-related barriers and challenges for URM STEM students (Ladson-Billings, 

1998). 

 

Chapter Summary 

Previous studies have suggested that URM STEM students face both general and 

unique challenges and barriers on account of the intertwined effects of demographic, 

academic, and social-cognitive factors. Four-year and two-year institutions have 

endeavored to narrow the gap by supporting URM STEM students through financial 

support, course-based undergraduate research connections, faculty and peer mentorships, 

and many other interventions. Research and evaluations have shown the effectiveness of 

these interventions in some contexts. Operating for 15 consecutive years, these 

interventions have been implemented at LS-NSSA as well. There is a lack of 
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understanding of the metrics and the effectiveness regarding key factors. It is worth 

examining how and why this program works for the students it serves. 

The theory-based evaluation approach is proposed to be a productive way to 

approach the evaluation. This approach facilitates examination of the program’s theory of 

change. The mechanisms that drive URM STEM students’ retention and graduation are 

explored via social science theories as well as examination of the target program’s theory 

of change. To address systemic inequity in the educational experiences of URM STEM 

students, it is necessary to identify and evaluate culturally appropriate, evidence-based 

interventions. Theory-based evaluation, in combination with critical race theory, can 

serve as a framework to investigate the research questions and ground the methods used 

in the current study. 
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CHAPTER III. METHODS AND PROCEDURES 

An explanatory sequential mixed methods design was applied to answer the 

research questions. Quantitative methods were utilized in two sub-studies. Sub-study 1 

investigated research question 1: What are the factors that influence the retention and 

graduation of LS-NSSA’s target population—URM STEM undergraduate students? Sub-

study 2 investigated research question 2: How do LS-NSSA participants perform on key 

metrics compared with their non-participant counterparts? Sub-study 3 utilized 

qualitative methods to examine research question 3: How do participants perceive the 

importance of LS-NSSA’s research mentorship experience? This chapter describes the 

methods and procedures for three sub-studies. 

The Mixed Methods Design 

Tashakkori and Teddlie (1998, 2021) provided a comprehensive overview of the 

mixed methods approach. They indicated that mixed methods research “combines the 

qualitative and quantitative approaches into the methodology of a single or multiphase 

study (Tashakkori & Teddlie, 1998, p.18)”. The application of different methods realizes 

the methodological triangulation that allows a multi-dimensional understanding of a 

phenomenon (Denzin, 2011). Based on the definition and the discussion of triangulation 

techniques, scholars classified mixed methods designs into several types (Creswell, 1999, 

2010; Plano Clark & Creswell, 2014; Creswell & Plano Clark, 2018) and identified three 

core designs: the convergent design, the explanatory sequential design, and the 

exploratory sequential design (J. W. Creswell & J. D. Creswell, 2017). The convergent 

mixed methods design is a single-phase design in which the same or parallel variables are 

used to collect both qualitative responses and quantitative data. Different data types are 
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integrated into the data analysis or the interpretation process to yield jointly displayable 

results (J. W. Creswell & J. D. Creswell, 2017).  The explanatory sequential design 

contains a two-phase data collection procedure in which quantitative and qualitative data 

are separately collected and analyzed in two distinct phases—the quantitative procedure 

is conducted first, followed by the qualitative procedure. Quantitative results inform the 

plan of the qualitative phase, including research question development, sampling 

arrangements, and data interpretation (J. W. Creswell & J. D. Creswell, 2017). The 

exploratory sequential design consists of three phases. It starts from a qualitative study, 

whose result is used to guide the feature identification, variable selection, measurement 

instrument development, and experiment design (the second phase). Then, a quantitative 

study is conducted to test the model developed in the second phase (J. W. Creswell & J. 

D. Creswell, 2017). In a mixed methods study, qualitative and quantitative data are 

integrated throughout the data collection, analysis, and interpretation procedures to draw 

contextualized perspectives (Johnson et al., 2007). 

The current study applied an explanatory sequential design to investigate the 

target program’s theory of change. Quantitative data was first collected and analyzed, 

identifying the factors influencing URM STEM students’ retention and degree attainment 

(sub-study 1) and testing LS-NSSA’s participants’ performance regarding these factors 

(sub-study 2). Sub-study 2 was informed by sub-study 1 in that sub-study 1 identified the 

variables chosen to be tested in sub-study 2. These two sub-studies led to the need for a 

further explanation of what students experienced at LS-NSSA that resulted in the 

observed performance. Therefore, the follow-up qualitative data collection and analysis 

(sub-study 3) complemented the quantitative inquiry. In this two-phase process (see 
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Figure 1), quantitative data provided a general picture of the outcomes and changes 

regarding URM STEM students’ outcomes; qualitative findings helped explain how these 

changes were linked to each individual’s program experience and why these changes 

occurred. Specifically, this design assessed quantitative (quantified) academic data 

collected from the Office of Undergraduate Education, University of Minnesota, and LS-

NSSA’s program documents; qualitative data were collected from in-depth exit 

interviews with LS-NSSA’s research mentorship program participants. The analytical 

stage involved statistical and content analysis of the data. 

Figure 1 

Two-Phase Explanatory Mixed Methods Design of This Study 

 

The Theoretical Framework: LS-NSSA’s Theory of Change 

 In a theory-based evaluation, the target program’s theory of change is layered on 

top of every evaluation step, which informs the conceptual framework of each sub-study. 

To understand LS-NSSA’s theory of change, the author reviewed LS-NSSA’s program 

documents (e.g., the grant proposal, the goal statements, the logic model, the external and 

internal evaluation plan, the annual reports, and the previous internal evaluation research 

summary). The logic model and the evaluation plan contain the latest information 

regarding the program design, developed by the program director with support from the 

external evaluation team. The logic model illustrates the implementation-level 
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information—the process between inputs, outputs, and outcomes—that reflects the 

strategic-level theory of change (see Figure 2 for the simplified version).  

Figure 2 

LS-NSSA’s Simplified Logic Model for Phase III (2017-2022) 

 

Note. This Logic Model is refined and simplified from the original logic model attached to LS-

NSSA’s 2017-2022 NSF grant proposal (LS-NSSA, 2016). This logic model integrated the 

designs from the program’s Goal 1 (attain 756 underrepresented minority students earning STEM 

bachelor's degrees annually at Alliance institutions by 2022) and Goal 3 (foster institutional 

change toward greater diversity and inclusion on Alliance campuses), which are relevant to the 

internal evaluation’s scope of work. The program’s Goal 2 (deepen Alliance collaborations to 

improve students’ pathways through all stages of transfer from community colleges to degrees at 

four-year institutions) has been primarily evaluated through external evaluation studies. See 

Appendix A for the entire logic model. 

LS-NSSA, with NSF’s funding, intends to provide different types of programs 

and services to support the target population’s needs in various ways (see Figure 3). 

These programs and services connect program staff, stakeholder groups, administrative 

personnel, partnering institutions, STEM professionals, on-campus organizations, and 
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DEI (i.e., diversity, equity, and inclusiveness) initiatives with URM STEM students. 

They convert time, effort, and resources into students’ participation and engagement. In 

the short term (i.e., in one to three years), the programs and services aim to advocate for a 

culturally diverse campus climate, increase URM STEM students’ on-campus 

engagement, improve URM STEM students’ academic performance, promote community 

development among URM STEM students and professionals, and strengthen URM 

STEM students’ intention of retention. In the medium term (i.e., in three to five years), 

URM STEM students’ retention rate and degree attainment are expected to increase 

because of increased confidence, identity, and commitment to the STEM field. In the 

long term (i.e., over five years), the program expects to witness sustaining success in 

URM STEM students’ academic advancement and career development in STEM 

disciplines. 

Figure 3 

The Structure of LS-NSSA’s Programs and Services 
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 However, the logic model does not elucidate the key variables between URM 

STEM students’ participation and their retention and degree attainment. There is a need 

to identify the elements that predict the outcomes of students’ participation. Bandura’s 

(1977) self-efficacy theory, Tinto’s (1975, 1997) theory on STEM students’ drop-off, and 

other studies summarized in Chapter II help shape the framework. The sub-studies aim to 

examine LS-NSSA’s influence on students’ academic achievement and social-cognitive 

development. 

 Figure 4 

LS-NSSA’s Theory of Change 

Note. The theory of change is adapted from Tinto’s (1997) model by integrating LS-NSSA’s 

implementation strategies indicated in the logic model and other program documents.  

Sub-Study 1 Methods  

Sub-study 1 focused on academic factors that affect URM STEM students’ 

retention and degree attainment by controlling demographic characteristics. 

Definitions 

STEM students were defined as students who declared a STEM major at the 

university using NSF’s (2015) STEM Classification of Instructional Programs (also 
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known as CIP Codes). The URM population was characterized as Black/African 

American, Hispanic/Latino, American Indian and Alaska native, native Hawaiian and 

other Pacific islander, and those of two or more races with at least one being 

underrepresented. Traditional students, also called new-high-school students, were the 

ones enrolled in the university right after graduating from high school or had no 

experience in secondary education. Transfer students were the ones who transferred from 

other higher educational institutions, two-year or four-year, to the university. The intra-

university transfer students transferring from one campus to another were counted as 

traditional students because their experiences were like other new-high-school students 

compared with those transferred from other institutions. The three-year window was 

framed for transfer students because, on average, transfer students with an associate 

degree took 0.7 years longer to complete a bachelor’s degree than those who entered the 

four-year institutions directly from high school. For those who entered college at an older 

age, the gap increased to 0.9 years (Shapiro et al., 2016). The data dictionary (see Table 

1) indicates the variables contained in the dataset. 

Table 1 

Data Dictionary: Explanation of Variables 

Variable Name Description 

Degree attainment status Whether or not students graduated within the three-year window 

or four-year window*. 

Likelihood of retention The likelihood of students registering in the following academic 

year within the three-year window or four-year window. 

Total transfer credits** The total number of credits transferred from previous institution 

to the receiving institution. 

Full-time status Whether or not students register to be full-time students at entry. 

First-semester GPA Students’ GPA at the end of the first semester. 

First-semester credit-unit pass 

rate 

Calculated by dividing the number of passed credits by the total 

number of credits registered in the first semester. 

Stop-out records The number of academic years that students have records of 

stop-out for one or more semesters within the year. 

Gender Male/female 
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Ethnicity Students’ recorded ethnicity. 

Pell grant eligibility Whether or not students are eligible for Pell Grant at entry. 

Age Students’ recorded age at entry. 

Housing status Whether or not students live on-campus at entry. 

Home location Students’ permeant residency status. 

First-generation status Whether or not students are the first person in their immediate 

family to attend college. 

 

Note. * The three-year window refers to the common time frame for transfer students; the four-

year window refers to the common time frame for students who arrived directly after high school 

to complete a bachelor’s degree, described here as traditional students. 

** Traditional students’ transfer credits are college credits earned while enrolled in high school. 

Samples 

The dataset came from the Office of Undergraduate Education, the University of 

Minnesota (with IRB approval), the headquarter of LS-NSSA, which owns the majority 

of URM STEM students in the Alliance. The dataset contains seven cohorts enrolled 

between the academic year 2009-2010 to the academic year 2015-2016.  

Across these cohorts, 22,955 STEM students were enrolled in three campuses that 

were LS-NSSA members during these years. Among these students, 1,720 (7%, 1,187 

new-high-school students, and 533 transfer students) belonged to the URM population. In 

general, the URM population had a higher level of Pell grant eligibility and being first-

generation college students in their households, especially for transfer students. URM 

students who were transferring from two-year institutions had a higher average age at 

entry (i.e., 25 years old) and mostly lived off-campus. Transfer students tended to have 

fewer passed credits in the first semester (11 units vs. 14 units) and a lower average first-

semester GPA (2.7 vs. 2.9). Within the six-year window, transfer students had an average 

of almost 1.6 years with stop-out records. It was 0.1 shorter than traditional URM STEM 

students (see Tables 2 and 3). 
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Table 2 

Descriptive Statistics for URM STEM Traditional and Transfer Students 

Variable 
Traditional URM STEM   Transfer URM STEM 

n % n % 

Gender 
    Male 

598 50% 339 64% 

    Female 589 50% 194 36% 

Race/Ethnicity 
    Black/African American 

420 35% 302 57% 

    Hispanic/Latino 424 36% 110 21% 

    American Indian/Alaska Native 343 29% 121 23% 

    Native Hawaiian/Other Pacific Islander 0 0% 0 0% 

Pell Eligibility 
    Pell 

489 41% 353 66% 

    Non-Pell 698 59% 180 34% 

First-Generation Status 
    First-Generation 

716 60% 352 66% 

    Non-First Generation 471 40% 181 34% 

Graduation Status 
    Graduated within the 4- or 3-Year Window 

676 57% 351 66% 

    Not Graduated within the 4- or 3-Year   
Window 

511 43% 182 34% 

Housing Status 
    Live On-Campus in the First Semester 

531 45% 14 3% 

    Live Off-Campus in the First Semester 656 55% 519 97% 

Registration Status 
    Full-Time 

1,186 100% 494 93% 

    Part-Time 1 0% 39 7% 

Home Location 
    Resident of MN Metro Area 

638 54% 382 72% 

    Resident of Greater State Area 261 22% 75 14% 

    Resident of Reciprocal States 116 10% 24 5% 

    Resident of Other US States 169 14% 46 9% 

Total 1,187 100% 533 100% 

Table 3 

Transfer Credits, First-Semester Credits and GPA, Stop-Out Records, and Age at Entry of URM 

STEM Traditional and Transfer Students 

Variable Student Group Mean SD 

Number of Transfer Credits 
URM transfer 71.8 32.3 

URM traditional 13.1 15.6 

Number of Passed First-Semester Credits 
URM transfer 11.0 4.6 

URM traditional 13.9 3.7 
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First-Semester GPA 
URM transfer 2.7 0.9 

 URM traditional 2.9 0.8 

Number of Years with Stop-Out Records 
URM transfer 1.6 2.4 

URM traditional 1.7 2.2 

Age at entry 
URM transfer 24.6 5.6 

URM traditional 18.1 0.5 

Note. In this study, 1,187 traditional and 533 transfer students’ records (enrolled between Fall 

2010 and Fall 2016) were involved in the analysis. 

Models  

Figures 5 and 6 display hypothesized relationships among predictors (i.e., pre-

college credits and college academic achievements), demographic covariates, and 

outcome variables (i.e., the degree attainment status and the likelihood of retention). The 

frameworks were informed by the literature review and LS-NSSA’s previous research 

and evaluation results.  

Figure 5 

Factors Influencing Degree Attainment Status 
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Figure 6 

Factors Influencing Likelihood of Retention 

 
Note. These students might still be working toward the degree or might no longer be pursuing a 

degree. 

The hypothesis was that the better URM STEM students adapted to the new 

environment academically in the first semester, the higher levels of first-semester 

academic performance they would have, and the more likely they were to be retained in 

the STEM disciplines even though they were not able to graduate in an expected time 

frame. Meanwhile, the demographic characteristics, including gender, ethnicity, age, Pell 

grant eligibility, home location/permanent residency, housing status at entry (off-/on-

campus), and first-generation status were included in the models as covariates, 

controlling for the influence of distinctive socioeconomic backgrounds. 

Analysis 

Logistic regression methods have been widely used to analyze the association 

between multiple explanatory variables and educational outcomes, allowing researchers 

to identify explanatory variables related to interventions and services that contribute to 
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students’ outcomes (Peng et al., 2002). Binomial logistic regressions and ordinal logistic 

regressions were conducted. Binomial logistic models regressed students’ degree 

attainment status—a dichotomous outcome variable—on predictors such as first-semester 

GPA, first-semester credit-unit pass rate, stop-out records, and other covariates. The 

ordinal logistic models regressed students’ likelihood of retention—an ordinal dependent 

variable containing four or five values (i.e., zero through three/four years)—on the same 

predictors, not including stop-out records2. 

 Because being both URM and transfer students were assumed to be associated 

with a greater challenge of retention and degree attainment, for a better understanding of 

how and to what extent those predictors affected the URM STEM transfer students, the 

current study differentiated analyses for transfer and traditional students. Four models 

were tested: (a) Model A—binomial logistic regression of the transfer group’s degree 

attainment status on selected predictors (three-year window); (b) Model B—binomial 

logistic regression of the traditional group’s degree attainment status on selected 

predictors (four-year window); (c) Model C—ordinal logistic regression of the transfer 

group’s likelihood of retention on selected predictors (three-year window); (d) Model 

D—ordinal logistic regression of the traditional group’s likelihood of retention on 

selected predictors (four-year window). 

 The home location variable contained four values and dummy coded into four 

categorical variables (i.e., the metropolitan area of the state, the greater state area, the 

 
2 The independent variable Stop-out Records was an adversely coded variable to the retention 

records, which was highly linearly correlated with the outcome variable Likelihood of Retention. 
So, it was not included in the ordinal logistic models. 
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reciprocity states3, and other states in the United States), indicating the distance from 

students’ permanent home locations to the university. The reference group consisted of 

students from the metropolitan area of the state. Observations were independent of each 

other. Variables were approximately normally distributed, though not required in logistic 

regressions. The full likelihood ratio test was conducted to ensure that the proportional 

odds assumption was satisfied. Since multiple variables were included in the regression 

models, multicollinearity analysis was conducted prior to regression analysis. The results 

suggested no collinearity among predictors (see Appendix C). Absolute correlation 

indexes were almost all lower than 0.7 (except for the correlation coefficient between the 

degree attainment status and the stop-out records); the variance inflation factor (VIF) 

values were all lower than 10; the tolerance values were below 0.2. Therefore, all 

selected predictors were retained. All statistical tests were conducted via the statistical 

computing platform R (R Core Team, 2017).  

Sub-Study 2 Methods 

Sub-Study 2 compared LS-NSSA participants’ academic performance (i.e., first-

semester GPA, first-semester credit-unit pass rate, and first-year retention) and that of 

their non-participant and non-URM counterparts. 

Design 

Retention is associated with interactions among students’ educational 

experiences, psychological perceptions, and sociological outcomes (Hanauer et al., 2016). 

Findings in previous studies (D’Amico et al., 2014; Dika & D’Amico, 2016) and sub-

 
3  Reciprocity states are neighboring states sharing a reciprocal agreement with the state of 

Minnesota (i.e., Wisconsin, North Dakota, and South Dakota). Based on the agreement, 
reciprocity students’ non-resident admission fees and tuition are reduced or eliminated when 
attending public colleges and universities in Minnesota. 
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study 1 indicate that the first-year academic outcomes, especially first-semester GPA and 

first-semester credit-unit pass rate, have a significant association with URM STEM 

students’ retention and degree attainment. Therefore, sub-study 2 was designed to 

identify the disparities between LS-NSSA’s program participants and their counterparts 

regarding first-semester academic outcomes and first-year retention rate to address the 

influence of this program. There were two groups of counterparts—one was URM STEM 

students who did not participate in LS-NSSA’s program and were not financially 

supported by LS-NSSA; another one was non-URM (i.e., White and Asian American) 

STEM students who were assumed to be historically privileged in the social and 

educational system4. Table 4 shows the characteristics of these three groups. 

Table 4 

Characteristics of the Three Groups in Sub-Study 2: Target Population and Their Counterparts 

Group 
LS-NSSA 

Participation 
URM Student STEM Student 

Group 1—LS-NSSA Participants √ √ √ 

Group 2—Non-Participant 

Counterparts 

 √ √ 

Group 3—Non-URM Counterparts   √ 

Samples 

For the integrity and representativeness of the data analysis, the current study still 

focused on the three partnering campuses of the University of Minnesota. Being the core 

of the Alliance and serving the majority of participants, the population in this location 

was representative of the Alliance. The dataset of students’ administrative records was 

 
4 Southeast Asian American students have been supported by other grants at LS-NSSA because 

they are not recognized as URM students by NSF’s definition. They were not included in this 
study. 
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the same as used in sub-study 1, which was obtained from the Office of Undergraduate 

Education, containing students’ academic information, demographic information, and 

retention status. Among 14,180 STEM students enrolled in the selected campuses 

between fall 2017 and fall 2020, 12,706 (89%) were Whites and Asian Americans, and 

1,474 (11%) were URM students. LS-NSSA’s participants’ records were obtained from 

LS-NSSA. The dataset contained 80 URM STEM students enrolled between fall 2017 

and fall 2020 who received direct financial support from LS-NSSA’s first-year scholar 

program. The first-year scholar program offered a $500 stipend to members in their first 

year after enrollment with the request for members to participate in program workshops 

and everts and write reflections. Their program records were matched to the institution-

level records using their student identification numbers. The sample size was negatively 

influenced by the COVID-19 pandemic, which reduced the number of students recruited 

in the academic year 2020-2021.  

Since the full dataset contains 90% non-URM, equal sample sizes were pursued 

between Group 1 and the other two groups to avoid type I statistical errors and have 

higher statistical power (Ross & Willson, 2017). Eighty samples were randomly selected 

from the records of non-participant URM STEM students (𝑁2= 1,394) and non-URM 

STEM students (𝑁3= 12,706) enrolled between fall 2017 and fall 2020, respectively. All 

these students had full-time registration status and citizenship in the United States. The 

samples selected in sub-study 2 were different from an exact subsample of sub-study 1. 

But the students from newer cohorts shared similar demographic characteristics and 

learning contexts with previous cohorts. The descriptive statistical analysis displayed 

demographic disparities between program participants (Group 1), non-participant 
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counterparts (Group 2), and non-URM counterparts (Group 3). Table 5 summarizes the 

demographic information of the samples. Since one of LS-NSSA’s goals is to bridge 

partnering institutions and strengthen the transfer pathways for community college 

students, Group 1 consisted of a higher percentage of transfer students (36%, compared 

with 18% and 16% for Group 2 and Group 3). In addition, LS-NSSA supports students 

from low-income families and historically marginalized families. Therefore, Group 1 

contained more individuals who were from Black/African American communities (52%), 

first-generation students (63%, compared with 41% and 15% for Group 2 and Group 3), 

and eligible for the Pell grant (64%, compared with 45% and 15% for Group 2 and Group 

3).  

Table 5 

The Demographic Information of Program Participants and Their Counterparts 

Demographics 
Group 1 (𝒏𝟏 = 𝟖𝟎) Group 2 (𝒏𝟏 = 𝟖𝟎) Group 3 (𝒏𝟏 = 𝟖𝟎) 

Count % Count % Count % 

Gender 

    Male 41 51% 46 58% 51 64% 

    Female 39 49% 34 43% 29 36% 

Non-URM Ethnicity 

    White N/A N/A N/A N/A 74 93% 

    Asian American N/A N/A N/A N/A 6 8% 

URM Ethnicity 

    Black/African American 52 65% 26 33% N/A N/A 

    American Indian/Alaska Native 4 5% 20 25% N/A N/A 

    Hispanic/Latino 24 30% 34 43% N/A N/A 

    Native Hawaiian/Other Pacific 

Islander 
0 0% 0 0% N/A N/A 

Age (Range)             

    ≤ 18 48 60% 57 71% 50 63% 

    19-24 27 34% 23 29% 27 34% 

    ≥ 25 5 6% 0 0% 3 4% 
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Registration Status 

    New-High-School Student 51 64% 66 83% 67 84% 

    Transfer Student 29 36% 14 18% 13 16% 

Housing Status             

    Live On-Campus 35 44% 23 29% 37 46% 

    Live Off-Campus 45 56% 57 71% 43 54% 

Pell Eligibility 
      

    Pell 51 64% 36 45% 12 15% 

    Non-Pell 29 36% 44 55% 68 85% 

First-Generation Status             

    First-Generation 50 63% 33 41% 12 15% 

    Not First-Generation 30 38% 47 59% 68 85% 

Analysis 

A set of t-tests were conducted using the IBM Statistical Package for the Social 

Sciences (SPSS, Version 25; IBM Corp, 2017) to determine whether there were 

statistically significant differences in mean GPA and retention rates across the three 

groups. Specifically, the Independent Samples t-Test and the Two Proportions Test were 

conducted to compare the population mean of Group 1 with the means of Group 2 and 

Group 3. The null hypothesis for these tests was that the population means from each pair 

of unrelated groups were equal. The Independent Samples t-Test allowed for a 

comparison of the overall means of each pair regarding students’ first-semester academic 

outcomes (i.e., first-semester GPA and first-semester credit-unit pass rate), and the Two 

Proportions Test allowed for a comparison of the first-year retention rate across different 

samples (i.e., LS-NSSA program participants vs. non-participant counterparts, and 

program participants vs. non-URM counterparts). VanVoorhis and Morgan (2007) 

suggested that a sample size larger than 30 would be appropriate for the method chosen 

in the current study. 
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Sub-Study 3 Methods 

 Sub-study 1 and sub-study 2 indicated that the early learning experience could be 

critical for URM students in STEM disciplines. The inquiries and the findings led to the 

design of sub-study 3. Sub-study 3 was a qualitative study that explored how LS-NSSA’s 

participants perceived the importance of the research mentorship experience, with 

specific inquiries into the influence of the program on their confidence, interest, 

belongingness, and commitment in STEM fields, and the counterspace that LS-NSSA 

created to enhance the sense of diversity, equity, and inclusiveness. 

The Conceptual Framework 

In LS-NSSA’s theory of change (see Figure 4), URM STEM students’ decision to 

stay in STEM fields is associated with their goals, commitment, and interest in STEM 

learning, which are connected with the levels of students’ self-efficacy. Self-efficacy is 

“the belief in one’s capability to organize and execute the courses of action required in 

order producing given attainments” (Bandura, 1977, p. 2), representing one’s perceived 

capability and expectations for success based on prior achievement. This academic term 

can be interpreted as self-confidence in plain language. LS-NSSA’s programs were 

assumed to improve participants’ self-efficacy by contributing to their academic 

performance, social integration, and a better on-campus climate. This idea is consistent 

with the Social Cognitive Career Theory (SCCT) framework (Lent et al., 1994). SCCT 

was developed based on Bandura’s (1977) Social Cognitive Theory and has been 

frequently used when analyzing STEM students’ retention and success in STEM 

disciplines and four-year institutions. SCCT suggests that students’ learning experiences, 

self-efficacy, and outcome expectations are key variables when exploring the 
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development of primary academic interests, educational and career choices, and how 

academic success is obtained. 

 SCCT indicates that the integrative model fits students from different cultural 

backgrounds at different education levels, including traditional and transfer URM STEM 

students. Lent et al. (2013) found support for the model for students enrolled in 

Historically Black Colleges and Universities (HBCUs) and Predominantly White 

Colleges and Universities (PWCUs). Another research assessed a group of engineering 

students in a Hispanic-serving institution and found the model effective across Latinx 

students (Flores et al., 2014). Self-efficacy/self-confidence and interest in the STEM 

major will contribute to URM students’ retention in the STEM disciplines and long-term 

engagement in the STEM fields. 

The literature in Chapter II suggests the importance of DEI on campus, financial 

support, undergraduate research opportunities, and high-quality mentorships for URM 

STEM students. Within the SCCT framework, contextual factors, such as campus climate 

and mentorship relationships, may affect a person’s career trajectory and may even be the 

key factors in understanding STEM students’ choices. An adverse campus climate creates 

systemic barriers (e.g., overt and covert racism) that turn into psychological barriers, 

affecting entrance and retention in the STEM field via the effects on self-efficacy/self-

confidence and outcome expectations (Fouad & Santana, 2017). If a counterspace5 could 

be available for students who have experienced or are about to experience an unhealthy 

campus climate, the social discomfort and a sense of not belonging could be reduced 

 
5 Counterspace is defined as a setting where historically marginalized and underrepresented 

individuals can promote positive self-concepts and self-development through the “challenging of 
deficit-oriented dominant cultural narratives and representations concerning these individuals” 
(Case & Hunter, 2012; Keels, 2020). 
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(Ong et al., 2018). LS-NSSA aims to create a counterspace for URM STEM students by 

integrating the critical elements. So, based on SCCT and LS-NSSA’s theory of change, 

sub-study 3 investigated the degree to which URM undergraduates’ participation in LS-

NSSA’s research mentorship programs influenced their self-efficacy/confidence level and 

outcome expectations, increased their interest in STEM, and strengthened their 

commitment to STEM education. 

The Research Setting—Research Mentorship Programs 

During the academic years, LS-NSSA connects URM students with different 

undergraduate research and mentorship opportunities throughout on-campus networks 

(e.g., STEM faculty members, student organizations, STEM colleges, and university-

wide internship programs). The Virtual Epidemiological (Virtual Ep.) Research Program 

and Minnesota’s Discovery, Research, and InnoVation Economy (MnDRIVE) Program 

are the two that engage the most significant number of student participants each year, 

both occurring in the summer (the Virtual Ep. program starts to offer twice per year since 

2022, by adding a session in Spring).  

The Virtual Ep. program grew out of Tiny Earth Research Internship (Tiny Earth), 

initiated in 2019 in the Alliance. Tiny Earth originated from the Discovery Institute at the 

University of Wisconsin—Madison, as a course-based research project. The Alliance 

adopted the research protocol and performed it in a condensed format outside the 

classroom. By that time, Tiny Earth offered a part-time paid research internship where 

URM students could learn research methods, practice lab techniques, and perform 

research activities related to antibiotic resistance. Participants receive a 925-dollar 

stipend (contingent on participation and attendance) by growing soil bacteria and 
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studying whether they exhibit antibiotic properties against known bacterial cultures in 

four weeks. The weekday half-day research schedule allowed students to participate in 

Tiny Earth and hold a part-time job or enroll in summer-term courses. In the Summer of 

2020, as the COVID-19 pandemic outbroke and continued, the lab-based Tiny Earth 

program had to be moved online. The research protocol was modified to fit the virtual 

context and renamed to the Virtual Ep. program. In recent years, the online program has 

focused on the global health crisis. Students are engaged in studying epidemiology and 

the spread of infectious diseases with two instructors. Instead of conducting hands-on 

research, students in the Virtual Ep. program are expected to design an epidemiological 

study, review academic articles, summarize findings, create a poster, and present the 

results. The research period is extended to five weeks. The two instructors each guide 

several students and meet with them one on one on a weekly base. 

MnDRIVE has been a partnership between the University of Minnesota and the 

State of Minnesota since 2013. The MnDRIVE projects are the most advanced research 

projects that serve emerging industries to address grand challenges in each STEM area. 

Each year, over 30 research projects are funded through this partnership at the University 

of Minnesota, providing plenty of undergraduate and graduate research opportunities for 

STEM students. In 2017, LS-NSSA started collaborating with the University of 

Minnesota Informatics Institute (UMII) and connecting URM students with the 

MnDRIVE research topics in Robotics, Global Food, Environment, and Brain 

Conditions. MnDRIVE projects are paid research internships that usually take place in 

faculty members’ labs. In an eight-week research period, each LS-NSSA participant is 

guided and mentored by one or more faculty members, collaborates with research team 
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members, completes different research tasks, and produces a research poster. They will 

present the research at the annual NSF Summer Undergraduate Research Exposition 

(SURE) and other local or national research conferences. Student participants receive a 

4,000-dollar stipend funded through financial aid. Students who do not live in the 

metropolitan area will receive a housing stipend or on-campus housing options. 

These Virtual Ep. program and the MnDRIVE program both contain financial 

support, research, and mentorship components for URM STEM students. They are open 

for students of all grades and academic backgrounds to apply. The Virtual Ep. program 

applicants are reviewed and interviewed by LS-NSSA’s assistant director to fulfill the 

program’s capacity. MnDRIVE applicants are matched with faculty members based on 

their research interests. Students meet with matched faculty members prior to program 

implementation. Because some MnDRIVE projects require higher research skills, 

preference may be given to students who have completed 45 or more credits by the end of 

the spring semester. Some faculty members also interview students regarding their needs. 

In the current study, the author recruited participants from the 2022 summer cohort for 

the interviews. This cohort was the largest cohort across all program years. 

Data Collection  

Open-ended, semi-structured interviews have been used to study individuals’ 

experiences, obtain rich and in-depth experiential reflections, collect detailed 

perspectives from program participants, and produce narrative evidence to examine 

program effectiveness (J. W. Creswell & J. D. Creswell, 2017; Patton, 2014). The semi-

structured interview protocol in sub-study 3 was revised based on the Tiny Earth program 

evaluation plan developed by the author in 2019, which was used to evaluate the Tiny 
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Earth program (Summer, 2019) and the Virtual Ep. program (Summer, 2020 - Spring, 

2022). Informed by the framework of Critical Race Theory (CRT)—which inspired 

researchers to recognize and confront racial inequalities permeating the system and 

influencing underrepresented individuals’ success—additional questions were added to 

address the influence of mentorship and DEI-related concerns. The questionnaire 

contained four sections (see Appendix D for the full interview protocol): 

1) The opening question probed students’ expectations and results from the 

research mentorship programs. 

2) The research and mentorship experience section solicited reflections regarding 

mentor-mentee relationships, program challenges, and mentor support. 

3) The diversity, equity, and inclusion section investigated students’ 

understanding of these values and their experiences. 

4) The program influence section investigated changes in levels of student 

confidence, plus their interests, goals, and commitment to STEM education. 

Student participants of the 2022 summer Virtual Ep. program and the 2022 

MnDRIVE program were all involved in the recruitment process. Students were 

instructed by program staff that participation in program evaluation activities was 

recommended but optional. In the kick-off meetings of both programs, the author and LS-

NSSA’s program coordinators presented the evaluation purpose and process. Recruitment 

information was distributed via emails during the final week of program activities; two 

rounds of reminders were sent out in the following two weeks; interviews were scheduled 

and conducted online through Zoom videoconferencing service (Zoom; Zoom Video 

Communications Inc., 2022) within 20 days after the end of each program in early July 
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and August 2022. In total, 14 (100%) Virtual Ep. participants and 16 (94%) MnDRIVE 

participants completed the interviews. Each interview lasted 30 to 40 minutes.  

Samples  

One MnDRIVE participant rejected the invitation but wrote a short reflection. 

This reflection was saved but not included in the data analysis, to maintain uniformity in 

the interview protocol and data collection process across participants. The sample (N = 

30) of sub-study 3 was not a subsample of the dataset used in sub-study 1 and sub-study 2 

but shared demographic similarities. These students were enrolled in their undergraduate 

education programs between fall 2016 and fall 2021. Among these 30 interview 

participants, 15 (50%) were students at the University of Minnesota, and the other half 

belonged to other LS-NSSA partnering institutions (i.e., eight from four-year institutions 

and seven from two-year institutions). Six participants of Southeast Asian descent were 

not recognized as the URM population defined by NSF but made up a large portion of 

Minnesota’s culturally diverse population. About 50% of the overall Asian population, 

which made up about 5% of the state's population, identified as Southeast Asian, ranking 

the highest in the nation (the national average is around 21%; Van Dort, 2018). Southeast 

Asian STEM students, supported by some local funding, were an important cultural 

group in LS-NSSA. They were all included in the interviews because they shared 

identities as underrepresented and underserved students pursuing STEM degrees in the 

higher education system and being LS-NSSA program participants. They contributed to 

understanding program features and the influence from their culturally diverse 

perspectives based on personal experiences. Tables 6 and 7 display interview 
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participants’ demographic and academic information and the program features that they 

experienced. 

Table 6 

The Demographic and Academic Information of Interview Participants 

Item Count % 

Gender     

    Male  15 50% 

    Female 15 50% 

Race/Ethnicity     

    Black/African American 18 60% 

    Hispanic/Latino 6 20% 

    Southeast Asian American 6 20% 

Home Institution Type     

    Four-Year Institution 23 77% 

    Two-Year Institution 7 23% 

Registration Status     

    New-High-School Student 25 83% 

    Transfer Student 5 17% 

First-Generation Status    

    First-Generation 16 53% 

    Not First-Generation 14 47% 

Grade     

    First Year 6 20% 

    Second Year 12 40% 

    Third Year 6 20% 

    Fourth Year 4 13% 

    Fifth Year and More 2 7% 

STEM Major Direction     

    Biological Sciences 18 60% 

    Health Sciences 4 13% 

    Engineering 3 10% 

    Physical Sciences 3 10% 

    Mathematics 1 3% 

    Natural Resources and Conservation 1 3% 

Table 7 

Research and Mentorship Features Experienced by LS-NSSA Program Participants 

Program Feature Count % 

Research Mentorship Program   0% 
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    Virtual Ep. (Virtual, Group-based) 14 47% 

    MnDRIVE (Lab, Team-based) 16 53% 

Research Topic     

    Global Health 14 47% 

    Discoveries for Brain Conditions 9 30% 

    Environment and Conservation 4 13% 

    Global Food Ventures 2 7% 

    Robotics and Advanced Manufacturing 1 3% 

Mentor Gender Likeness   0% 

    Matched 18 60% 

    Unmatched 12 40% 

Mentor Race/Ethnicity Likeness     

    Matched 5 17% 

    Unmatched 25 83% 

Analysis 

The audio conversations were transcribed into written data through Zoom’s voice-

to-text service, and the author corrected mistakenly transcribed content manually. The 

total length of all conversations was around 900 minutes (approximately 15 hours). After 

de-identifying interviewees, the raw transcripts were uploaded into NVivo (Version 12; 

QSR International Pty Ltd., 2020). The author read through all transcripts at first to 

obtain an overall sense of the information. A two-step coding strategy was applied, 

including a Structural Coding process (Guest et al., 2011) and a Focused Coding process 

(Charmaz, 2006, 2014; Saldaña, 2021). 

Structural Coding is a question-based coding approach framed and driven by 

specific research topics and inquiries. It is applied for studies involving multiple 

participants, structured or semi-structured interviews, exploratory investigations, or 

qualitative hypothesis testing (Saldaña, 2021). During the initial coding step, the data 

corpus was reviewed by question topics and labeled into words or short phrases—the 

structural codes. These codes split transcripts into individually coded segments, providing 
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a general picture of the data structure and serving as concepts and sub-concepts that 

would be summarized into higher-level core categories in the second coding cycle. 

Focused Coding is often used as the second-cycle coding approach that categorically 

themes the data (Charmaz, 2014; H. Rubin & I. Rubin, 2011). Structured codes were 

clustered into salient categories and subcategories by their shared common features. 

Then, subcategories and major categories were organized in a hierarchical structure. 

Table 8 shows the four primary categories, sub-categories under each primary category, 

and example structured codes generated from data analysis. 

Table 8 

Major Categories, Sub-Categories, and Structured Codes (Examples) 

Category Sub-Category Structured Code 

General Experience Challenges 
COVID-19 related issues; unclear structure and 
arrangement; Tight timeframe; difficult tasks; 
required; unmatched interest 

 Achievements Learning knowledge; practicing research skills 

 Fulfilled expectations 
Needs in personal development; being 
beginner-friendly; building up resume 

 Unfulfilled expectations 
Lacking hands-on experience; lacking social 
events 

Diversity, Equity, 
and Inclusion 

Definition and value 
statements 

Being accepted and respected; accessing 
opportunities and resources; having culturally 
appropriate support; mutual learning 

 Perceived campus 
climate 

Positive experience on campus; negative 
experience on campus 

 LS-NSSA being a 
counterspace  

Positive program experience; perceived 
difference; feeling belonged; having shared 
identity 

Program Influence 
Confidence/Self-
efficacy in STEM 
research 

Confidence in learning; Confidence in career 

 Scientific knowledge 
and skills 

Reading articles; understanding sciences; 
presenting research findings; communicating 
in scientific languages 

 
Benefits in 
opportunities 

Expanding networks; continuing 
assistantships; being more competitive 

 STEM interest 
Wishing to learn more; exploring STEM 
pathways; looking for graduate school 
information 

Mentorship Quality 
Mentor-mentee 
relationship 

Mutual learning in the research team; role 
modeling; being open and flexible; caring; 
negative encounters 
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Mentor-mentee 
likeness 

Shared backgrounds; no preference in 
demographics; professionality matters; 
sympathy 

 Mentor support 
Instrumental support; emotional support; 
resource connection 

Validity and Accuracy 

A validity issue is that different samples were drawn for each phase of the 

evaluation. It would have been desirable to select the qualitative sample from individuals 

who participated in the quantitative analysis. However, due to unexpected challenges 

encountered by LS-NSSA during the pandemic, such as personnel turnover and 

budgeting issues, the duration of research activities was expanded, and the data collection 

and analysis were completed over an unexpectedly extended period. While samples were 

drawn from different cohorts, they shared demographic characteristics, institutional 

context, challenges, and intervention exposure. 

Data rigor and transparency are two criteria of data quality in mixed methods 

research (O’Cathain, 2010). In the current study, the author sought to address this by 

implementing each method as instructed, being transparent about the sample sources and 

sizes, performing measures of validity and reliability, and documenting procedures 

regarding data collection and analysis. An advantage of a mixed methods design is the 

capacity to triangulate results via evidence from different types of data and analysis (J. 

W. Creswell & J. D. Creswell, 2017). The statistical analysis and the thematic analysis 

produced empirical and experiential evidence that could be utilized to triangulate key 

elements regarding LS-NSSA’s theory of change and investigate factors critical for its 

target population. However, triangulation was not applied within each analysis phase. 

The author sought to strengthen the validity and accuracy of the account via peer 

debriefing. The methods, instruments, and results were reviewed by two doctoral 
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candidates whose research topics were related to culturally appropriate strategies in 

higher education and measurement of student achievement. These two external reviewers 

raised questions and suggestions that helped locate the items to be clarified. The 

dissertation committee’s review of the entire study also served as quality control. 

In terms of external validity, which relates to the generalizability of the 

quantitative research and the transferability of the qualitative research, it should be 

recognized that the current study was performed as an evaluation of the LS-NSSA 

program. The qualitative analysis diversified the voices though, the study limits the 

context to a specific program design at a specific geographical location. The author 

explained the theoretical frameworks of the analysis, provided contextual information, 

and described the characteristics of samples to clarify the transferability of the results and 

help audiences determine the applicability of the findings in future practices or inquiries. 

 

Chapter Summary 

LS-NSSA’s theory of change guided every step in the theory-based evaluation 

and informed the design of three sub-studies in this explanatory sequential mixed 

methods research. The first two sub-studies applied regression analysis and t-tests to 

illustrate the factors that drove URM STEM students’ retention and degree attainment 

and whether LS-NSSA’s participants outperformed their counterparts on these factors. 

These inquiries informed the third sub-study in which LS-NSSA’s participants of two 

summer research mentorship programs were interviewed regarding their perspectives of 

and experiences in program features that might or might not make a difference to their 

self-efficacy, interests, and commitment in STEM disciplines. Statistical analysis and 
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thematic analysis were conducted using the data obtained from the institution, the LS-

NSSA program, and the students. The following chapter reports the results, findings, and 

interpretations from each sub-study to answer the three research questions, demonstrating 

what worked in LS-NSSA’s theory of change for whom and how. 
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CHAPTER IV. RESULTS AND FINDINGS 

In this sequential explanatory mixed methods study, quantitative and qualitative 

data analyses were conducted separately.6 The factors revealed in the quantitative 

analysis were triangulated and deepened through the thematic analysis. This Chapter 

presents the results in the order of the research questions: 

Research question 1: What are the factors that influence the retention and 

graduation of LS-NSSA’s target population (URM STEM undergraduate students)? 

Research question 2: How do LS-NSSA participants perform on key metrics 

compared with their non-participant counterparts? 

Research question 3: How do participants perceive the importance of the research 

mentorship experience? 

• 3a) How does the experience at LS-NSSA influence their confidence (self-

efficacy), interest, belongingness, and commitment in STEM fields? 

• 3b) How do participants perceive LS-NSSA’s influence on diversity, equity, 

and inclusion? 

Factors Associated with URM STEM Students’ Degree Attainment and Retention 

Four logistic regression models examined factors influencing the retention and 

graduation of LS-NSSA’s target population (URM STEM students): (a) Model A—

binomial logistic regression of the transfer group’s degree attainment status on selected 

predictors (three-year window); (b) Model B—binomial logistic regression of the 

traditional group’s degree attainment status on selected predictors (four-year window); 

(c) Model C—ordinal logistic regression of the transfer group’s likelihood of retention on 

 
6 To avoid ontological, epistemological, and methodological conflicts between distinct methods (J. 

W. Creswell & J. D. Creswell, 2017). 
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selected predictors (three-year window); (d) Model D—ordinal logistic regression of the 

traditional group’s likelihood of retention on selected predictors (four-year window). 

Table 9 

Four Models Examined in Sub-Study 1 

Outcome Variable Regression Model 

URM STEM Student 

Transfer 

Student 

Traditional 

Student 

Graduation Status Binary Logistic Regression Model A Model B 

Likelihood of 

Retention 
Ordinal Logistic 

Regression 
Model C Model D 

 

Model Statistics  

Tables 10 and 11 summarize the coefficient-level and model-level statistics of the 

four models. Both tables contain the odds ratios to show the effect sizes generated by the 

logistic regression analyses.  

Table 10 

Relationship between STEM Students’ Likelihood to Graduate and Predictors 

Variable Model A OR Model B OR 

Coefficient-Level Statistics     

First-generation Status * -0.70 0.50 0.00 1.00 

 (0.31)  (0.18)  

Male -0.39 0.69 -0.28 0.76 

 (0.29)  (0.16)  

Age 0.01 1.01 -0.14 0.87 

 (0.03)  (0.16)  

Total Transfer Credits *** 0.04 1.04 *** 0.03 1.03 

 (0.01)  (0.01)  

First-term Credits Pass Rate *** 0.03 1.03 0.01 1.01 

 (0.01)  (0.01)  

First-term GPA 0.23 1.26 *** 0.82 2.27 
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 (0.23)  (0.17)  

Greater MN -0.43 0.65 * -0.52 0.59 

 (0.40)  (0.21)  

Reciprocity States 0.63 1.87 -0.19 0.83 

 (0.73)  (0.31)  

Other States -0.24 0.79 0.02 1.02 

 (0.50)  (0.26)  

Housing On-campus 0.10 1.10 ** 0.55 1.74 

 (0.76)  (0.18)  

Pell Grant Eligibility 0.05 1.05 -0.18 0.84 

 (0.30)  (0.19)  

Full-time Status 0.89 2.43 — — 

 (0.60)  —  

Stop-out years *** -5.51 0.00 *** -4.99 0.01 

 (1.11)  (0.61)  

Constant *** -4.96 — -0.69 — 

 (1.26)  (2.98)  

Model-Level Statistics     

N 533  1,187  

Null Deviance 736.32 (532)  1609.25 (1186)  

Residual Deviance 351.87 (519)  895.05 (1174)  

𝑋2 *** 384.45 (13)  *** 714.2 (12)  

AIC 379.87  921.05  

  Statistical significance levels: * p < .05, ** p < .01, *** p < .001 

Note. 1) The numbers in the parenthesis are standard errors. 2) OR stands for odds ratio, which 

is calculated as the exponentiation of the coefficients. 3) Since 99.9% of URM STEM traditional 

students were registered as full-time students, that variable was not included in Model B. 4) 

Students having permanent residency in the metropolitan area in this state were in the reference 

group for home locations in both models. 
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Table 11 

Relationship between Non-Graduated STEM Students’ Retention and Predictors 

Variables Model C OR Model D OR 

Coefficient-level Statistics         

First-generation Status 0.10 1.11 -0.29 0.74 

  (0.27)   (0.16)   

Male -0.24 0.79 * 0.23 1.26 

  (0.25)   (0.15)   

Age -0.02 0.98 -0.27 0.76 

  (0.02)   (0.13)   

Total Transfer Credits * -0.01 0.99 -0.01 0.99 

  (0.00)   (0.01)   

First-term Credits Pass Rate 0.04 1.00 ** 0.01 1.01 

  (0.46)   (0.00)   

First-term GPA *** 0.65 1.92 *** 0.84 2.32 

  (0.15)   (0.12)   

Greater MN -0.22 0.80  ** -0.48 0.62 

  (0.31)   (0.18)   

Reciprocity States * -1.32 0.27 *** -0.96 0.38 

  (0.55)   (0.23)   

Other States -0.06 0.95 -0.42 0.66 

  (0.40)   (0.23)   

Housing On-campus 0.41 1.51 -0.21 0.81 

  (0.79)   (0.16)   

Pell Grant Eligibility -0.25 0.78 -0.06 0.94 

  0.27   (0.15)   

Full-time Status -0.19 0.83 — — 

  (0.45)   —   

Model-level Statistics         

N 285   697   

Residual Deviance 706.53   1872.95   

AIC 736.53   1902.95   
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  Statistical significance levels: * p < .05, ** p < .01, *** p < .001 

Note. 1) The numbers in the parenthesis are standard errors. 2) OR stands for proportional odds 

ratio, which could be interpreted as for odds ratios in binary logistic regressions. 3) Since 99.9% 

of URM STEM traditional students were registered as full-time students, that variable was not 

included in Model D. 4) Students having permanent residency in the metropolitan area in this 

state were in the reference group for home locations in both models. 

The Results of Model A and Model B 

On the model level, the Chi-squared test shows the goodness of fit of Model A 

and Model B: 𝑋𝐴
2 (13, 𝑁𝐴 = 533) = 384.45, 𝑝 <  .001 and 𝑋𝐵

2 (12, 𝑁𝐵 = 1,187) =

714.2, 𝑝 <  .001. In Model A and Model B, students’ graduation status in the three-year 

or four-year window was regressed on a series of academic performance-related 

predictors by controlling demographic variables. The results indicate that four predictors 

were significantly associated with URM STEM transfer students’ graduation status in the 

three-year window, and five were significantly associated with URM STEM traditional 

students’ graduation status in the four-year window (see Table 10). 

Four variables were significant in Model A. First, the number of years with stop-

out records (i.e., the number of times students suspended their studies) was a significant 

negative predictor. The more stop-out records, the higher odds of transfer students being 

less likely to graduate within the three-year window (p < .001), holding all other variables 

constant. Second, the total number of credits transferred from previous institutions was 

positively associated with the degree attainment. For every one unit increase in transfer 

student’s transfer credits, the odds of being more likely to graduate in three years after the 

transfer was multiplied by 1.04 times (i.e., increased by 4%; p < .001), holding all other 

variables constant. Third, the percentage of credit units passed in the first semester of 
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enrollment was positively related to the likelihood. One percent higher first-semester 

credit-unit pass rate increased the odds by three percent (p < .001), holding all other 

variables constant. Fourth, being a first-generation college student in the family was a 

negative demographic factor. First-generation students were 50% [i.e., (1 - 0.50) * 100%, 

p < .05] less likely than non-first-generation students to graduate within three years, 

holding all other variables constant. 

Five variables were significant in Model B. First, the number of years with stop-

out records was a significant negative predictor. The more stop-out records, the higher 

odds of traditional students being less likely to graduate within the four-year window (p 

< .001), holding all other variables constant. Second, the total number of credits 

transferred from previous institutions was positively associated with the degree 

attainment. For every one unit increase in traditional student’s transfer credits from high 

schools, the odds of being more likely to graduate in four years was multiplied by 1.03 

times (i.e., increased by 3%; p < .001), holding all other variables constant. The third and 

fourth variables were demographic predictors related to where they came from (i.e., home 

location) and where they lived at entry (i.e., housing status). The closer the geographical 

relationship with the campus, the more likely URM STEM traditional students would 

graduate within four years of enrollment. For example, for students who did live on 

campus, the odds of being more likely to graduate in time was 1.74 times (p < .01) that of 

students who lived off campus, holding all other variables constant. Regarding residency, 

students with home locations in the state but outside of the metropolitan area were 41% 

[i.e., (1 - 0.59) * 100%, p < .05] less likely to obtain the bachelor’s degree in time 

compared with students having home locations within the metropolitan area. The fifth 
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variable was an academic predictor—first-semester GPA. For every one-unit increase in 

a student’s first-semester GPA, the odds of being more likely for the student to graduate 

in time was multiplied by 2.27 times (p < .001), holding all other variables constant. It 

had the strongest effect size among all significant variables in Model B. 

The Results of Model C and Model D 

Model C and Model D were ordinal logistic regression models focused on the 

students who did not graduate within the three-year or four-year window. Students’ 

likelihood of retention was regressed on the same series of academic performance-related 

predictors (except stop-out records) and demographic covariates. Of the 533 URM STEM 

transfer students, a total of 285 students could not graduate within three years after the 

transfer; 697 out of 1,187 URM STEM traditional students did not graduate within four 

years of enrollment. The results show that three predictors were significantly associated 

with transfer students’ retention, and five were significantly associated with traditional 

students’ retention (see Table 11). 

Three variables were significant in Model C. First, the higher first-semester GPA 

was associated with the greater likelihood of retaining in the following academic year. 

Specifically, for a one-unit increase in first-semester GPA, there was a 0.65-unit (OR = 

1.92, p < .001) increase in the likelihood of retention among non-graduated transfer 

students, holding all other variables constant. Second, the number of transfer credits 

negatively influenced their retention. For a one-unit increase in the number of transfer 

credits, there would be an 0.01-unit (OR = 0.99, p < .05) decrease in the likelihood of 

registering in the following academic year, in the log odds scale, holding all other 

variables constant. Third, the home location was significantly related to their likelihood 
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of retention. For transfer students from reciprocity states, the odd of registering in the 

following academic year was 73% lower [i.e., (1 -0.27) * 100%, p < .05] than students 

having a home located in the metropolitan area in this state, holding all other variables 

constant. Other demographic characteristics such as gender, age, living on or off campus, 

and socioeconomic index (i.e., first-generation status, Pell grant eligibility) made no 

significant difference to their likelihood of retention. 

Five variables were significant in Model D. First, first-semester GPA was 

positively associated with traditional students’ likelihood of retention. For a one-unit 

increase in first-semester GPA, there was a 0.84-unit (OR = 2.32, p < .001) increase in 

the likelihood of retention among non-graduated traditional students in Model D, in the 

log odds scale, holding all other variables constant. The second and third variable were 

related to students’ home location. The further distance from the home location to the 

institution, the less likely students would retain in the following academic year. 

Compared with students having a permanent home in the metropolitan area, the odd of 

retention was 38% lower [i.e., (1 -0.62) * 100%, p < .01] for students from the areas 

outside of the metropolitan area in this state, and 62% lower [i.e., (1 -0.38) * 100%, p 

< .001] for students from reciprocity states, holding all other variables constant. Fourth, 

male traditional URM STEM students were 26% (OR = 1.26, p < .05) more likely to 

retain than female students. Last, in terms of academic predictors, first-semester credit-

unit pass rate was statistically significant for traditional students. For a one-unit increase 

in the credit-unit pass rate, it was expected to have a 1.01-unit (OR = 0.01, p < .01) 

increase in the likelihood of retention on the log odds scale, holding all other variables 

constant. 
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The Threshold of First-Semester GPAs 

To better understand how first-semester GPA was related to URM STEM 

students’ retention, a sub-test was conducted by coding first-semester GPA into four 

dummy variables based on quartile statistics. For transfer students, the lowest level of 

GPA ranged from 0 to 2.33; the second to the lowest level ranged from 2.34 to 2.90; the 

second to the highest level ranged from 2.91 to 3.29; the highest level ranged from 3.30 

to 4.00. For traditional students, the lowest level of GPA ranged from 0 to 2.59; the 

second to the lowest level ranged from 2.60 to 3.06; the second to the highest level 

ranged from 3.07 to 3.48; the highest level ranged from 3.49 to 4.00. Model E and Model 

F were ordinal logistic regressions of the likelihood of retention on four dummy variables 

without adding additional predictors. The result (see Table 12) shows that for transfer and 

traditional students having the lowest levels of GPAs (i.e., lower than 2.33 and 2.59, 

respectively), the odds of retention was 73% (OR = 0.27, p < .001) and 71% (OR = 0.29, 

p < .001) lower than students having the highest GPAs. It suggests that 2.33 and 2.59 

could be the thresholds to have a higher likelihood of retention for transfer and traditional 

students, respectively. 

Table 12 

Relationship between Non-Graduated STEM Students’ Retention and First-Semester GPA Levels 

Variables Model E OR Model F OR 

Coefficient-level Statistics     

First-Semester GPA [LOW] *** -1.29 0.27 *** -1.25 0.29 

  (0.31)   (0.21)  

First-Semester GPA [MID_1] 0.04 1.04 0.04 1.04 

  (0.36)   (0.22)  

First-Semester GPA [MID_2] 0.12 1.13 0.28 1.33 
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  (0.27)   (0.23)  

Model-level Statistics 
    

  

N 285   697  

Residual Deviance 729.57   1961.58  

AIC 741.57   1975.58  

  Statistical significance levels: * p < .05, ** p < .01, *** p < .001 

Note. 1) The numbers in the parenthesis are standard errors. 2) OR stands for proportional odds 

ratio. 3) The groups with the highest first-semester GPA were the reference group. 

Conclusion 

The first semester of admission for traditional students and the first semester after 

the transfer for transfer students were critical for their retention and degree attainment. 

The foundation of the undergraduate study (reflected by the relative credit units earned in 

previous institutions), the living situations (reflected by the housing status and the home 

location), and first-semester academic achievement (reflected by the GPA and credit-unit 

pass rate) had significant implications regarding URM STEM students’ decision-making 

in the following three or four academic years. Retention did not guarantee success 

regarding degree attainment but less stop-out records predicted the bachelor’s degree 

attainment. I.e., transfer students with inconsistent registration records were less likely to 

graduate in the three-year window; and traditional students with inconsistent registration 

records were less likely to graduate in the four-year window, as shown in the analyses. 

Comparing LS-NSSA Participants and Their Counterparts on Key Metrics 

Group comparisons through t-tests responded to research question 2. Samples 

engaged in the study were LS-NSSA participants (Group 1) and two counter-groups—the 

URM STEM students not affiliated with LS-NSSA (Group 2) and non-URM STEM 

students (Group 3). Group 3 was not the target population of LS-NSSA. 
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Descriptive Statistics 

Descriptive statistics summarize first-semester academic information of the three 

groups (see Table 13). Figures 7 and 8 display the boxplots that visualized the mean, 

maximum, minimum, first and third quartiles, and extreme cases of each group’s total 

transfer credits and first-semester GPAs. Apart from the variables mentioned above, the 

analysis added the first-year retention record (dummy coded as 0 and 1) because it was 

the first checkpoint of students’ retention. LS-NSSA expects participants to achieve a 3.0 

GPA—equivalent to a B letter grade on a 4.0 GPA scale, and to avoid a GPA lower than 

2.0—equivalent to a C letter grade and lower than the threshold for retention. A 2.0 and 

lower GPA would make it difficult for URM students to go through the STEM 

disciplines. Therefore, the table also displays the counts and percentage of students 

having GPAs above 3.0 or below 2.0. In general, LS-NSSA served more transfer 

students. Thus, the average number of transfer credits at entry was higher than the other 

two groups. LS-NSSA participants’ performance on all these metrics was better than their 

non-participant URM counterparts and close to their non-URM STEM counterparts. 

Table 13 

Transfer Credits, First Semester GPA and Credit Pass Rate, and First Year Retention of Program 

Participants and Their Counterparts 

Academic Information 

Group 1 Group 2 Group 3 

Mean 
Std. 

Deviation 
Mean 

Std. 
Deviation 

Mean 
Std. 

Deviation 

Average Transfer Credits at 
Entry 40.77 32.70 26.29 29.89 28.30 25.09 

Average First-Semester GPA 3.14 0.62 3.01 0.84 3.31 0.53 
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Count % Count % Count % 

First-Semester GPA ≥ 3.0 52 65% 50 63% 61 76% 

First-Semester GPA < 2.0 2 3% 11 14% 1 1% 

First-Semester Credit-Unit 
Pass Rate N/A 89% N/A 90% N/A 95% 

First-Year Retention 77 96% 63 79% 76 95% 

Figure 7 

Boxplot of the Total Number of Transfer Credits by Group 

 

Figure 8 

Boxplot of First-Semester GPA by Group 
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Comparison between Group 1 and Group 2 

Descriptive statistics show that, compared with non-participant counterparts 

(Group 2), program participants had a higher level of average first-semester GPA (3.14 

vs. 3.01); a slightly higher percentage of students receiving a first-semester GPA equal to 

or over 3.0 (65% vs. 63%); a much lower percentage of students obtaining first-semester 

GPA below 2.0 (3% vs. 14%); a slightly lower level of first-semester credit-unit pass rate 

(89% vs. 90%); a much higher level of first-year retention rate (96% vs. 79%). The 

Independent Samples t-Test of program participants and their non-participant 

counterparts shows that the differences between their mean GPAs and their credit-unit 

pass rates were not statistically significant (see Table 14). However, the Two Proportions 

Test suggests that the difference in the first-year retention rate was statistically significant 

(p < .001; see Table 15). 

Table 14 

T-Tests Comparing Group1 and Group 2 on First-Semester Credit-Unit Pass Rate and First-

Semester GPA 

Academic Outcomes 

  
  

Levene's Test 
for Equality of 

Variances 
t-Test for Equality of Means 

Mean 
Std. 

Deviation F 

  

df 

Sig.           
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Sig. 

First-
Semester 
Unit Pass 
Rate 

Program 
Participants 89.2% 19.2% 

0.036 0.850 158 0.851 -0.006 0.303 Non-
participant 
Counterparts 

89.8% 19.2% 

            Mann-Whitney Test 

First-
Semester 
GPA 

Program 
Participants 

3.14 0.62 

7.611 0.006** Asymp. Sig. (2-tailed): 0.787 
Non-
participant 
Counterparts 

3.01 0.84 

  Statistical significance levels: * p < .05, ** p < .01, *** p < .001 
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Table 15 

T-Test Comparing Group1 and Group 2 on the First-Year Retention Rate 

Academic Outcome 
Program 

Participants 

Non-
Participant 

Counterparts 

2 Proportions Test (Chi-Square) 

Sig. (Pearson) 
Sig. 

(Fisher's) 

First-Year Retention 

Yes 77 63 

0.001*** 0.001*** 
No 3 17 

Statistical significance levels: * p < .05, ** p < .01, *** p < .001      

 

Comparison between Group 1 and Group 3 

Descriptive statistics show that, compared with non-URM STEM counterparts 

(Group 3), program participants had a lower average first-semester GPA (3.14 vs. 3.31); 

a lower percentage of students obtaining first-semester GPA equal to or over 3.0 (65% vs. 

76%) and a slightly lower percentage of students receiving first-semester GPA below 2.0 

(3% vs. 1%); a lower level of first-semester credit-unit pass rate (89% vs. 95%). 

However, in the case of being relatively weak in these key indicators, program 

participants still maintained a slightly higher first-year retention rate (96% vs. 95%). The 

Independent Samples t-Test of Group 1 and Group 3 shows that there was a statistically 

significant difference regarding the average first-semester credit-unit pass rate (p < .05). 

There was no statistically significant difference regarding first-semester GPA (see Table 

16). Also, according to the Two Proportions Test, the difference in first-year retention 

between these two groups was not statistically significant (see Table 17).  

Table 16 

T-Tests Comparing Group1 and Group 3 on First-Semester Credit-Unit Pass Rate and First-

Semester GPA 
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Academic Outcomes 

  

  

Levene's 
Test for 

Equality of 
Variances 

t-Test for Equality of Means 

Mean 

Std. 
Deviati

on F Sig. df 

Sig.           
(2-

tailed) 

Mean 
Differen

ce 

Std. 
Error 

Differen
ce 

First-
Semester 
GPA 

Program 
Participants 

3.14 0.62 
0.49

5 
0.483 

15
8 

0.072 -0.164 0.091 
Non-URM 
Counter-
parts 

3.31 0.53 

          Mann-Whitney Test 

First-
Semester 
Unit Pass 
Rate 

Program 
Participants 

89.2
% 

19.2% 

7.40
2 

0.007
** 

Asymp. Sig. (2-tailed): 0.012* 
Non-URM 
Counter-
parts 

94.5
% 

15.0% 

Statistical significance levels: * p < .05, ** p < .01, *** p < .001  
          

Table 17 

T-Test Comparing Group1 and Group 3 on the First-Year Retention Rate 

Academic Outcome 
Program 

Participants 
Non-URM 

Counterparts 

2 Proportions Test (Chi-Square) 

Sig. (Pearson) 
Sig. 

(Fisher's) 

First-year Retention 

Yes 77 76 

0.699 0.500 
No 3 4 

Conclusion 

These results suggest that LS-NSSA may have improved URM STEM participants 

first-year retention rate, contributing to students’ consistent enrollment at the beginning of 

the undergraduate study. Since having a fewer stop-out records was associated with a 

higher probability of STEM degree attainment for transfer students in the three-year 

window and for traditional students in the four-year window, it appeared that participation 

in LS-NSSA program activities may have improved students’ academic commitment to 
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pursue STEM bachelor’s degrees, compared to URM students not affiliated with the 

program. Although program participants’ mean first-semester GPA was not significantly 

different from that of their non-participant counterparts, a lower percentage of LS-NSSA 

participants obtained the GPA lower than 2.0, which has been assumed to be a bottom-line 

for retention. LS-NSSA participants’ academic performance measured in the current study 

was on par with White and Asian American STEM students. Although the average first-

semester GPA and first-semester credit-unit pass rate were lower for program participants, 

the differences were not all statistically significant. This suggests that observed differences 

may have occurred by chance (p > 0.05). 

The results support a portion of LS-NSSA’s theory of change (see shaded portion 

of Figure 9). LS-NSSA program activities, especially the first-year scholar program, 

appeared to benefit student participants by improving their first-semester achievement and 

first-year academic integration, which would be expected to translate into improved 

retention and degree attainment. 

Figure 9 

Academic Integration Trajectory Evaluated by Quantitative Analysis 
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The qualitative results suggest that improvements in social integration (i.e., self-

efficacy/confidence, belongingness, interest, and goal commitment) may be traced to LS-

NSSA program participation. 

LS-NSSA Participants’ Experience in Research Mentorship Programs 

Semi-structured interviews were conducted with 30 LS-NSSA participants in two 

featured research mentorship programs in the summer of 2022. The results were 

characterized by four themes: 

1. Students’ general research experience in research mentorship programs. 

2. The quality and influence of mentorship activities. 

3. Social-cognitive changes that occurred across student participants. 

4. The counterspace created in the research mentorship programs that enhanced 

the sense of diversity, equity, and inclusion. 

Theme 1: Fulfillment and Challenges in the Research Experience 

 Among the 30 interviewees, 14 participated in the Virtual Epidemiological 

Research Program, and 16 participated in the MnDRIVE program. The numbers of male 

and female students were even. More than half came from a Biological Sciences 

background (60%). First-generation college students counted 53%. Three-fourths were 

studying at four-year institutions. Five participants were transfer students, and six were 

Southeast Asian American students. For the Virtual Ep. program, students completed 

scientific research literature reviews related to each person’s interests. The MnDRIVE 

program sought to match students with projects according to learning interests and focus, 

in lab settings with varied research tasks. 



102 

A Beginner-Friendly Experience. LS-NSSA seeks to comply with NSF grant 

requirements regarding the demographic characteristics of the target population. 

Otherwise, LS-NSSA program participation is open to all individuals who fall within the 

target population, with emphasis on individuals with strong need (i.e., first-generation 

college students, Pell-eligible students, etc.). Unlike other on-campus research internship 

programs or undergraduate research assistantships that are usually merit-based, and 

highly competitive, LS-NSSA’s research mentorship programs seek to provide URM 

students with research opportunities that would otherwise be unavailable. Of these 30 

interviewees, 27 (90%) indicated that they had no research experience prior to program 

participation. This included some second-year community college and advanced 

university students. Participants appreciated the beginner-friendly accessibility: 

The most valuable experience would be to be in a setting where you are able to 

reach out to professors and faculty about research and they do not expect you to 

know everything. I feel that [in other situations] when you go up to professors or 

ask them stuff, they might expect you to know so many things, but this program 

was made with the intention that you do not know. So, I appreciate that. (SA, 

Virtual Ep., July 5, 2022) 

 Since the spring of 2020, the COVID-19 pandemic has resulted in different levels 

and aspects of changes in many students’ lives. The “stay at home” order, social 

(physical) distancing policies, and distance learning guidance reduced on-campus 

research opportunities, making it harder for STEM students to obtain hands-on research 

experience. Fourteen (47%) interviewees admitted that they were negatively influenced 

by the pandemic and lacked research skills due to this unexpected event. Under such 
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circumstances, LS-NSSA helped students who intended to be reconnected with the 

STEM research realm through these entry-level opportunities. As participant EI 

mentioned:  

Since the year and the year before COVID-19, I did not really have the chance to 

do anything like research over the summer. So, this summer I wanted to do 

something different and something where I'll be able to gain from it basically. (EI, 

MnDRIVE, Zoom interview, August 2, 2022) 

 The early research experience would be especially beneficial for first-year 

students enrolled in STEM colleges who have yet to settled in a particular major 

direction. They would be able to experience research projects as a beginner, explore 

available paths, and identify their interests via early mentoring experiences: 

I think this was the best position for me, for my first year, because it was my first 

ever research experience and I really appreciated having a position where I did 

not need to know a lot or understand a lot of jargon in order to fully participate. 

(BN, Virtual Ep., Zoom interview, July 6, 2022) 

I'm a freshman in college. I really wanted to do something like research or 

[have] some enrichment opportunity. I applied to a lot of them, but they all ended 

up rejecting me because they preferred upperclassmen. (SA, Virtual Ep., Zoom 

interview, July 5, 2022) 

Expectations Fulfillment and Challenges. Because the majority of participants 

were beginners regarding STEM research, their expectations were exploratory: to see 

how things work in a lab, to learn the process of conducting research—from literature 

review to data presentation, to connect with faculty and peers and additional resources, 



104 

and to try out the research-based career path. Most participants acknowledged fulfillment 

of their expectations. Still, the extent of fulfillment varied due to two significant reasons: 

(a) Whether or not they were matched with a project that matched their precise research 

interests or demands, and (b) whether or not they received structured instruction. For 

example, participant CV (August 6, 2022) mentioned that the work contained a lot of 

chemistry practice, which did not align with CV’s level of math and data science 

background. Participant FS (August 3, 2022) was initially interested in brain science 

research, but FS was matched to a global food research team. However, many students 

still appreciated the value of the research projects that were different from their initial 

interests: 

I’m a Mechanical Engineering major, and I’m going on to my second part of 

junior year, so, quiet a way into my college career already. This research was 

actually about Geology Engineering, very different from what I am studying. But 

there are things it does help me a ton with problem solving in general. (KHV, 

MnDRIVE, Zoom interview, August 9, 2022) 

 The second factor was related to the quality of mentorship. These two part-time 

summer research mentorship programs had more intensive schedules than semester-long 

assistantships or full-time summer internship programs. Students were required to 

complete a study within five and eight weeks and deliver a poster presentation on the last 

day. Time was too intense to make back-and-forth modifications to the research plan. 

Although most projects worked smoothly, five (17%) were bothered by unstructured 

research plans. For example: 
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The plan was not complete… I was changing what I was doing those weeks [the 

first three weeks]. Then, all those weeks passed by, and then you need to get some 

results. So, in the final weeks [from the fifth week], I was pushed to focus on one 

thing, which was challenging. I could have just focused on one thing the first 

week. Maybe that is what research is about. (WA, MnDRIVE, Zoom interview, 

August 5, 2022) 

 Except for the challenges brought by the unmatched academic background (n = 5) 

and the intense research and schedules (n = 6), participants also experienced difficulties 

due to (a) limited knowledge and skills in research (n = 8); (b) the need to balance 

between family responsibilities, other job responsibilities, and program activities (n = 4); 

(c) language barriers (either scientific language or the English language; n = 4); (d) 

technical and logistical issues brought by external collaborators (e.g., government 

departments, equipment suppliers; n = 2); and (e) students’ physical health problems (n = 

1). However, unfulfilled expectations and challenges experienced in programs would 

only sometimes lead to inferior benefits. It largely depended on the quality of the 

mentorship, the gains obtained from experience, and the social-emotional needs satisfied 

through diversity, equity, and inclusion, as the following parts explained. 

Theme 2: Relationships, Similarities, and Interactions Defined the Quality of 

Mentorship 

 The mentorships in the Virtual Ep. program and the MnDRIVE program were 

different. In the Virtual Ep. program, students were assigned into two groups, and one 

instructor instructed each. The instructor was recognized as a mentor for the group 

members because the group size was small (seven per group), and there were weekly 
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one-on-one meetings between the instructor and each student. The closeness between the 

Virtual Ep. program instructors and their students was strong. Therefore, students’ 

mentorship experience was not analyzed separately by program. The results show that the 

helpfulness of the mentorship was not defined by the program design. The genuine care 

from the mentor, a structured mentoring style, and the combination of instrumental and 

emotional support from the mentor mattered, especially when challenges occurred. 

The Mentor-Mentee Relationship. Among all participants, two explicitly 

expressed their dissatisfaction with their mentorships—one for the sense of alienation, the 

other for the mentor’s unpreparedness to deal with cultural differences. Participant EM 

(August 3, 2022) described how busy the mentor was. During the eight-week experience, 

the mentor could not deliver support effectively and did not assign a co-mentor (usually a 

graduate assistant of a mentor) to help with EM’s project. EM hesitated to reach out to 

the mentor because “[the mentor] was going to be very busy” (EM, August 3, 2022). This 

situation generated a sense of alienation and isolation. KT (August 3, 2022) also said that 

“I did not really talk to [my mentor] that much because I knew [my mentor] was busy” 

(KT, August 3, 2022). Insufficient communication generated additional issues when there 

was a culture shock for both the mentor and the mentee, as perceived by KT. Being the 

first MnDRIVE mentee on the team, “[the research team] was not quite ready for me, and 

they did not have things quite set up the right way,” said KT (August 3, 2022). There was 

a longer mutual learning process than other participants experienced because of a cultural 

difference between KT, the mentor, and the research team. The different cultural and 

educational backgrounds generated communication issues—partly due to the English 

language, partly due to different communication styles, and partly due to the unmatched 



107 

expectations. KT felt it difficult to “succeed in [my mentor’s] eyes, as well as my eyes” 

because “there was a lot of pressure on the individual to have everything together and 

know everything, instead of being able to rely on the group” (KT, August 3, 2022). 

The Mentor-Mentee Similarities. KT’s experience indicates that different cultural 

backgrounds between a mentor and a mentee could influence the effectiveness and 

closeness of the mentorship. However, this argument did not receive additional support 

from other interviewees’ experiences. About 18 (60%) participants shared their gender 

identities (i.e., male or female) with their mentors, and five (17%) shared their ethnic and 

cultural backgrounds with their mentors. When asked whether gender and ethnic 

disparities negatively influenced the mentor-mentee relationship, neither did participants 

who shared demographic similarities with mentors nor those who did not agree on it. For 

mentees, a mentor’s professionality in the research area mattered, and the importance of 

the similarity in research interests exceeded the demographic similarities. Some 

participants even saw demographic disparities as a benefit: 

I think [sharing cultural background] would help with the comfortability, but at 

the end of the day, I would say to me that does not really matter, because once I 

really go into the workforce or the career path, I will be meeting people with 

different backgrounds, and I should start getting used to interacting with people 

outside of my culture and outside of my comfort zone. (CV, MnDRIVE, Zoom 

interview, August 6, 2022) 

The demographic disparity was not on the list when talking about the expected 

characteristic that a future mentorship would better have. As participant EC (July 13, 

2022) indicated, mentees cared about a mentor’s “knowledgeable about the things that 
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[mentees] would like to do and to study in the future.” A mentor’s passion for the 

research study, curiosity about a research problem, and excitement in solving a problem 

could inspire the sense of “similarity” with mentees. As KZ (August 9, 2022) shared: “I 

shared that excitement when I got those results and [the mentor] was also very interested 

in it. That was something that we could with easy for us to connect on.” 

Also, sharing research interests and career goals could help picture a role model 

for mentees to have a preview of their chosen profession— “A mentor is at a point in 

your career where you want to be in the future, and you will learn from them,” said NA 

(August 4, 2022). In these research mentorship programs, not only faculty mentors 

became role models for participants but also their graduate assistants. Usually, when 

faculty mentors were busy, the graduate assistants provided instructions, answered 

questions, helped with technical issues, and shared resources with undergraduate 

mentees. They understood the challenges a student researcher might encounter, and they 

would share tips based on personal experiences. Some participants might even have 

MnDRIVE alumni as co-mentors: 

[One of the co-mentors] was actually part of MnDRIVE last summer, who 

completed the research project, and we did meet a few times that talk about the 

experiment that [the co-mentor] did, which was very helpful and so I had an 

additional contact person. (SH, MnDRIVE, Zoom interview, August 10, 2022) 

This co-mentorship, or peer mentorship, added another layer to the sense of 

similarity between mentors and mentees. 

The Mentor-Mentee Interactions. Regarding the qualities that mentees 

appreciated in the mentorship, the most frequently mentioned were mentors being 
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“supportive” (73%), “flexible” (67%), “responsible/approachable” (53%), and “open” 

(33%). These qualities were highly related to the meeting frequency between mentors and 

mentees. Participants EM and KT, as mentioned above, felt isolated and insufficiently 

supported because of their mentors’ unavailability. On the contrary, 22 participants who 

were satisfied with their mentors’ support and 16 who appreciated their mentors’ being 

responsible and approachable usually had more frequent meetings with mentors (i.e., 

once or more than once a week). The meeting format was usually diverse (i.e., individual 

sessions, small group meetings, and formal lab meetings). For example, participants such 

as CU and CHV kept continual connections with their mentors: 

We would have meetings every once in a while, when we had something to share, 

if not at a formal lab meeting. We would schedule independent meetings with just 

a couple of us, and we would talk about the things that we want to do or things 

that we want to try. Those were super helpful. (CU, MnDRIVE, Zoom interview, 

August 9, 2022) 

[My mentor] was always available whenever I needed help or whenever I 

had questions. I know that [my mentor] had a very busy schedule but would 

always made time for me. Almost we met two times a week… [My mentor] 

described the busy schedule to me yet [my mentor] still had a lot of time to help 

me out. (CHV, MnDRIVE, Zoom interview, August 5, 2022) 

Participants having positive mentor-mentee interactions described more positive 

learning experiences and personal development plans than EM and KT did. Table 18 

presented some examples of participants’ experiences regarding positive mentor-mentee 

interactions, by mentorship quality types. 
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Table 18 

Qualities that Mentees Appreciated in the Mentorship in Zoom Interviews 

Mentorship 

Quality Example Quotation 

Being Supportive 

(i.e., deliver 

instructions and 

resources) 

My mentor was really good about getting one-on-one time outside of class. if 

we needed help and then [the mentor] would come around towards your rooms 

and asked [how to help]. (ML, Virtual Ep., July 7, 2022) 

        I feel very comfortable going to [my mentor] and communicate. I would 

say we have a good communication. We make sure to set time aside for us to 

check up, go through tough questions, and explain things. (SZ, MnDRIVE, 

August 2, 2022) 

Being Flexible 

(i.e., with 

schedules, 

arrangements, 

research content, 

etc.) 

I got so many other things going on, personal and medical, that I always get 

the times confused. But [my mentor] was gracious enough to accommodate 

me and allow us to meet anyway when [my mentor] was able to do that. (BN, 

Virtual Ep., July 6, 2022) 

        [My mentor] was able to accommodate to what I was interested in, and 

the lab was able to offer things like that. So, [my mentor] switched [the setting] 

around to be more of a biological lab component for me, and it worked 

perfectly. I think I just got lucky. (FS, MnDRIVE, August 3, 2022) 

        I also worked part time outside of this. So, there was flexibility according 

to my own schedule and there was time throughout the week to set up 

meetings and for me to come into labs and go over things. I do feel lucky. (RZ, 

MnDRIVE, August 5, 2022) 

Being 

Responsible/ 

Approachable 

(i.e., to meet, talk, 

listen, and help) 

[My mentor] does not push me off to somebody else. I can go directly to [my 

mentor] and [my mentor] is more than happy to help and especially if there is 

something that is not necessarily what I am focusing on with my project. (KZ, 

MnDRIVE, August 3, 2022) 

         The instructor did a really great job at keeping touch with every single 

person and it feels that [then instructor] more of a teacher or an instructor. [The 

instructor] was for sure a one-on-one mentor. (RC, Virtual Ep., July 6, 2022) 
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Being Open (i.e., 

to ideas, opinions, 

explorations, and 

interests) 

My mentors asked me what I wanted to do. I did have a list of options, and I 

could choose any of them that I felt comfortable with. (SH, MnDRIVE, August 

10, 2022) 

        There were different things you could have done in the lab. So, we do a 

lot of experiments and behavioral tasks, but then there were other aspects like 

coding or building stuff, knowing how different instruments work. There was 

imaging data and there was a lot of different parts of what we do in the lab. So, 

I was just able to try those things. (SZ, MnDRIVE, August 2, 2022) 

        Anytime when I came up with an idea, [my mentor] would always be 

willing to try it out. Sometimes [my mentor] knows it would not work, but [my 

mentor] just wants me to get some experience. So, if I come up with an idea, 

[my mentor] lets me do it anyways without saying anything. (KHV, MnDRIVE, 

August 9, 2022) 

As quoted from participants in Table 18, formal interactions on research projects 

and informal interactions outside the classroom or the lab developed positive mentor-

mentee relationships. Sometimes, a positive informal interaction would promote formal 

interactions. For example, knowing about “[team members’] kids and their pets and the 

things they like” made MB (August 11, 2022) more comfortable to reach out to the 

mentor and co-mentor and ask questions about work and life; the “small community” 

built in the lab brought the sense of trust towards the mentorship to SZ (August 2, 2022); 

apart from the communication on research projects, WA also received advice in “general 

academic and professional development issues” from the mentor (August 5, 2022), which 

strengthened the mutual understanding. 

Support Obtained from Mentors. Previous research has examined different 

types of faculty mentorship, including the instrumental mentoring approach (i.e., with a 

focus on knowledge and skills development, improving mentee’s competencies, and 

supporting mentees to pursue and achieve academic goals) and developmental/emotional 

mentoring approach (i.e., with the focus on the emotional bond between mentors and 
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mentees by spending time together and increasing closeness; Eby et al., 2007; Schenk et 

al., 2020). The current study also investigates the types of support mentees received from 

LS-NSSA mentors.  

Instrumental Support. Within the five and eight weeks of these research 

mentorship programs, primarily, mentors delivered project-based instrumental support, 

including: helping mentees select and shape research topics; teaching mentees about 

research methods and tools; guiding mentees through the research process; providing 

academic and technical support required to complete the projects; suggesting poster 

development and presentation. All participants reflected that their knowledge and skills in 

STEM research improved—from different aspects and to a different extent. It depended 

on what research tasks they completed with the research team.  

For Virtual Ep. participants, their capabilities in raising research questions, 

reviewing research literature, summarizing research arguments, and presenting results 

improved. They learned to use scientific language to communicate epidemiological 

research projects. Since the topics were decided by participants—with suggestions from 

mentors—based on their study and career interests, the knowledge and skills obtained 

from experience directly benefited their academic goals and career path development. For 

MnDRIVE participants, their development in STEM research-related knowledge and 

skills was multidimensional, from literature review to experiment design. Their 

experiences were more hands-on and contextualized, with more training in 

troubleshooting and problem-solving skills. Structured research plans contributed to more 

effective instrumental support, perceived by participants. 
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Developmental/Emotional Support. Considering that participants lacked research 

experience and had diverse challenges during the programs, there was a need for 

developmental and emotional support. Sometimes, a word of encouragement could 

comfort participants in a stressful situation. Nine mentors were available emotionally, 

perceived by participants. As some participants shared: “[My mentor] was always telling 

me how good I was doing, and how well the project is going to come, and we are going 

to complete it on time” (BM, August 4, 2022); “[My mentor] was really proud of what I 

did” (KZ, August 3, 2022); “they made me feel that my ideas were very well valued” 

(KHV, August 9, 2022); “they would say, ‘do not worry about it and we can just help you 

out with this’” (NA, August 4, 2022). Though experiencing cultural shock in the lab, KT 

appreciated the emotional effort that the mentor made to ease the tension: 

One day we got really upset and really frustrated, but then the next day, we came 

in and [my mentor] started really saying, “Good job. Good job” about a lot of 

stuff, which I felt like [my mentor] was restating the position and finding a place 

and bringing down the frustration, just so we can get to a better spot and so I felt 

that the relationships were slowly built. (KT, MnDRIVE, Zoom interview, August 

3, 2022) 

Resource connection set between instrumental support and developmental 

support. On the one hand, it allowed mentees to upgrade their toolkits and expand their 

networks in the STEM fields when approaching their goals, while on the other hand, it 

strengthened the bond between mentors and mentees through a sharing and learning 

process. Resource connection was built upon a mutual understanding and based on 

caring, which was out of a research mentor’s obligation. However, the two Virtual Ep. 
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mentors shared campus-wide academic resources (e.g., library access, faculty members, 

administrative resources) with participants. They offered to connect participants with 

anything they would request in the future. Five MnDRIVE mentors actively connected 

mentees with other faculty members, online educational resources, and ongoing research 

projects of the mentee’s interest. Participants FS’ and KZ’s experiences serve as 

examples: 

[My mentor] would literally just stop by the lab and say, “Hey! I am going down 

to donuts and coffee. You should come with me, and I will introduce you to some 

people,” and really giving me the networking opportunity, and I would just be 

talking to those people, and they would ask, “Hey, what are you interested in?” 

“What do you want to do?” … It was not quite uncommon, but I definitely got an 

introduction to many people around the labs… [My mentor] really built that 

connection and trust. (FS, MnDRIVE, Zoom interview, August 3, 2022) 

        [My mentor] was more than happy to have me come and take a look at other 

people's projects in the labs and what they were working on, to get familiar with 

equipment, for example, using the specific microscopes we have. So, that was 

fun. [My mentor] also introduced me to other labs. There was a larger lab setting 

with [Professor C’s] lab as well as [Professor B’s] lab, and there was a bunch of 

other different professors, and I got to sit down and watch other labs presenting 

what they were doing. That was very helpful. [KZ, MnDRIVE, Zoom interview, 

August 3, 2022] 

Theme 3: Changes in Participants’ Confidence, Interest, and Commitment in STEM 
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As a result of the positive experience in research and mentorship, participants 

reflected that their confidence, interest, and commitment to STEM education and career 

increased, which were critical elements connecting URM STEM students’ participation 

with their retention and degree attainment. 

Improved Knowledge and Skills-Based Confidence. Twenty-seven (90%) 

participants described their improvement in research knowledge and skills as the top gain 

from the research mentorship programs. For entry-level student participants, their self-

reflected improvement lay in micro aspects, such as understanding what research is, 

searching for and filtering research topic-related articles, getting more familiar with 

scientific writing rules, creating PivotTables to analyze worksheet data, putting a 

presentation PowerPoint together, becoming more skillful in using microscopes, and 

managing time in a lab-setting. Upper-class participants obtained advanced skills, such as 

starting and concluding an experiment, using appropriate analytical programs (e.g., JMP 

Statistical Software) and codes to deal with clinical data, making complex graphs to 

present research results, getting a study design approved by the institutional review 

boards, and handling techniques such as PCR (i.e., polymerase chain reaction for DNA 

analysis). 

“I felt that I was not as good because I did not really have the experience” (BM, 

August 4, 2022)—a bunch of participants felt self-questioned as BM did beforehand. 

While after the program, participants’ minds changed to that— “I was really good at 

working there!” (KZ, August 3, 2022) In the end, 13 out of 14 Virtual Ep. participants 

indicated that they become more confident in coming up with research questions, 

communicating a research idea to an audience, creating a research poster, and reviewing 
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scientific literature. Sixteen out of 17 MnDRIVE participants gained confidence in 

dealing with challenges in STEM education and employment, collaborating with STEM 

scholars and practitioners, recognizing their talent in STEM, and so on. 

Participants became confident by learning to appreciate and admire themselves. 

RZ (August 5, 2022) realized that everyone got their own pace in learning. Thus “not 

everything is going to come out perfectly; not everything is going to come as everyone 

wants.” Therefore, it became essential to recognize what they have achieved, appreciate 

the efforts taken towards it, and step out for another triumph. As SY (July 7, 2022) said, 

“I researched something I was really curious about, and I was really proud of what I was 

able to create at the end and that definitely boosted my confidence.” Self-appreciation 

was particularly important for participants who experienced an untraditional pathway to 

their current place. NG (July 5, 2022) was one of them: 

I watched my presentation video over and I am like, “Wow! You did a good job! 

You stay straight to the facts!” Because Lord knows, I wanted to go on a 

tangent… The data that I got, I built my own brand and started throwing out my 

own numbers and I was like, “Girl, you could really do this!” … My confidence 

went up 100 times more than when I first walked in because I did not know what 

to expect. (NG, Virtual Ep., Zoom interview, July 5, 2022) 

Increased Interest in STEM Exploration. No matter which grade participants 

were in, these two programs invited those who were “outside the room” to get “inside the 

room” (BN, July 6, 2022). 

In the Virtual Ep. program, 13 out of 14 interviewees demonstrated their 

increased interests in epidemiological research and other learning opportunities: NG (July 
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5, 2022) described the literature review process as “a train of thought” that stirred up the 

interest in exploring more ideas and writing up a research proposal; JS (July 5, 2022), a 

transfer student who was about to start the university life soon, would like to “take some 

science courses in the first semester”; MM (July 15, 2022), preparing for the transfer, felt 

prepared to apply for other research programs, such as MnDRIVE, in the university; NT 

(July 5, 2022) started thinking about transferring because only four-year institutions 

could provide what NT wanted to focus on—the Environmental Science. The program 

exposed ZI (July 5, 2022) to the scientific work that many people had been working on, 

which made ZI realize that “how [scientific research] affects people’s long-term life.” 

MnDRIVE connected participants with more near-future opportunities that 

matched their research interests. “Once this summer was coming to an end, [my mentor] 

talked about the chance of having me continue with them,” said EI (August 2, 2022). The 

contract extension went to six other MnDRIVE participants. For participants who were 

not going to continue the work in the previous labs, they also benefited from connections 

and resources from the program. Six of them indicated that they had a plan for additional 

explorations. For example, FS (August 3, 2022) had an interest in Medicine, and through 

connections and opportunities fostered in MnDRIVE, FS would start another research 

project at the Mayo Clinic. Such continuous affiliation with research opportunities 

reinforced participants’ sense of worth and turned an exploratory interest into a 

commitment to STEM. 

Strengthened Commitment to Degree Attainment. Among 30 interviewees, 16 

(53%) firmly expressed that they were more determined to study and work in STEM. 

Another nine (30%) had a goal of pursuing a pre-medical program or a medical degree—
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which contained STEM-related knowledge, skills, and experiences but were not counted 

as STEM disciplines for now. Another five (17%) participants, either had no solid plan in 

their first year or planned on a career with an associate degree in a two-year partnering 

institution. 

The 16 STEM students showed commitment to STEM fields. These programs 

showed the pathways in specific areas, envisioned a higher degree in STEM, and inspired 

them to pursue a more significant influence in society. BM (August 4, 2022) felt “meant 

to be in STEM” and “meant to pursue something there”; SZ (August 2, 2022) confirmed 

that the research mentorship experience had a “huge influence” on the decision to stay in 

the science field and solidified what could do; FO (July 8, 2022) aimed at working in the 

health field, and the Virtual Ep. program helped narrow the focus to “something as an 

epidemiologist” and to study on diseases; After hearing about the life in graduate 

programs and working with graduate students in the labs, CU (August 9, 2022) added 

graduate school into the post-graduation planning and before that, a bachelor’s degree 

would be a necessity; with a STEM degree, “you would advance yourself, and then to 

impact the community around you” (WA, August 5, 2022). 

 For some participants, a commitment to degree attainment might not lead to a 

commitment to a STEM career path. EO (July 6, 2022) was “definitely motivated and 

driven to get a bachelor's degree,” but in terms of careers, EO would “keep the horizon 

broad.” However, early exposure to STEM research would help first-year URM students 

to “get a head start” and “make it easier to decide on a major” and then “think about the 

career after that” (EO, July 6, 2022). 

Theme 4: Diversity, Equity, and Inclusion—Counterspace Created by LS-NSSA 
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 Recognizing disparities and inequities, discussing them, and not avoiding 

discussing them is the core advocacy of applying the Critical Race Theory (CRT) lens in 

research (Ladson-Billings, 1998). Serving historically underrepresented populations and 

aiming at a greater scope of change on and off campus, LS-NSSA has been addressing 

inequity issues in its efforts, including the research mentorship programs. BN (July 6, 

2022) mentioned a scenario when a guest speaker was invited to present. The speaker 

shared personal experiences and showed transparency as many others did: 

[The speaker] talked about the mental illness challenges, how he grew up in a 

very privileged community in the New England area… those type of things really 

was impressive to me because you do not really have to share those things, not 

disclose who you really are. But their ability to disclose was really helpful 

because it is nothing that you do without sacrificing something if you want to go 

into research. (BN, Virtual Ep., Zoom interview, July 6, 2022) 

Participants’ Understanding and Expectation of DEI. The interviews inquired 

about the interviewees’ understanding of diversity, equity, and inclusion from their 

experiences and explored what they valued the most when discussing DEI—considering 

it as a whole concept. “Having equal access to opportunities and resources” ranked as the 

first aspect that popped out of participants’ minds in interviews (see Figure 10), 

indicating that elements that promoted academic success and professional development 

were mainly cared about by students of all backgrounds. Especially for URM students, 

“when you did not get resources, it would be so difficult to succeed” (KT, August 3, 

2022). 
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Regarding “equal access,” some of the participants described it as “making sure 

that everyone was on the same playing field” (EO, July 6, 2022) because they believed 

that “anything one person could do, another person could also do equally as well” (KZ, 

August 3, 2022). But more importantly, there should be additional consideration of the 

environment, allowing resources to lean towards the ones who were underserved 

historically—to “give a chance to people that were less deserving” (BM, August 4, 2022), 

“helping those who were a minority to reach those positions” (SZ, August 2, 2022), and 

“providing everyone with what they needed” (SH, August 10, 2022). Because being 

historically underserved and looked down upon, URM students had been “trying to keep 

up with everything” (MB, August 11, 2022); thus, they “needed different things to reach 

the same place” (SH, August 10, 2022). 

Figure 10 

Frequency of the Aspects that Interviewees Addressed Regarding DEI 
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Figure 10 displays other aspects regarding participants’ understanding of diversity 

and inclusion. “Receiving acceptance and respectfulness” sets the tone for the rest. Some 

participants pointed out that acceptance should be generated from an understanding that 

people “were all different, in a way” (SH, August 10, 2022)—in some ways, things could 

change; in other ways, things such as identity, religion, and race could not change. 

Therefore, acceptance was not about the agreement but respecting the differences. 

Moreover, participants believed that being diverse was more than accepting differences. 

It was important for URM students to “see someone of the same color and background 

working and learning in the same field” (FO, July 8, 2022), but it was equally important 

to see “not just people who looked like us but people who looked different” (KT, August 

3, 2022). A healthy campus climate should consist of these two layers of acceptance. 

However, the current campus climate did not live up to that expectation. SA (July 

5, 2022) talked about what was observed and what should be achieved from a culturally 

diverse perspective: 

Diversity comes from having the people that you see outside to be inside. If you 

were to go outside in the community, the people that you see out there should be 

reflected where you go in higher education. [However], if you look like the 

majority of their students, they do not reflect the [city’s demographics]. They are 

completely different. It is because higher education is so unattainable for certain 

groups. So, I feel that diversity is trying to reflect the best that you can and 

represent what you see outside. (SA, Virtual Ep., Zoom interview, July 5, 2022) 

Negative Campus Climate Experienced by URM STEM Students. About half 

of the participants (n = 13) described negative experiences that they had experienced on 



122 

campus in the forms of microaggressions, disproportionate representation, limited 

exposure to resources, and being forced to be self-dependent. Their lived experiences 

were better shaped through their language than the author could. The stories are presented 

in Table 19.  

Table 19 

Adverse Campus Climate Experienced by URM STEM Students 

Type of Issue Example Lived Experiences 

Microaggressions 

I took lab for chemistry classes, and sometimes I felt that I was being 

undermined. Just because of the way I look, my knowledge or my capability was 

being underestimated, for any reason. I also talked to people who are, like me, a 

Black Muslim girl, who were in those chemistry classes, and they said they felt 

the same thing too. So, it was a collective experience. (EO, July 6, 2022) 

        some people will say things like, “Oh, you must have had such a hard 

upbringing. It is so powerful where you are today!” But I think that they do not 

understand that there is a lot of dualities in people just because you look a 

certain way, does not mean you experience a certain thing… Sometimes, just 

because I am a female, and I am Black, and I am Muslim, that I have had a hard 

life, but I am grateful for the life I had. (SA, July 5, 2022) 

Disproportionate 

Representation 

Sometimes I do feel a bit awkward in classes. In my major, it is very dominated 

by White males. So, me being one of the only girls, not White, sometimes it does 

make you feel a bit uncomfortable and a bit awkward. (EC, July 13, 2022) 

        I do go to a predominantly White school, so it was really hard maneuvering 

around it for the last four years. I have been in that institution. So, there was 

multiple occasions where things were just very uncomfortable for me or I just did 

not feel like I wanted to continue, especially in the biology field in that school 

because most of the people in that field are predominantly White individuals. So, 

I didn't really see many people me or. And it was harder for me to work with 

people that did not feel related to me. For a lot of people of color, they do not 

really know exactly where to go to get the [research program] information. (FO, 

July 8, 2022) 
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Limited Exposure 

to Resources 

Sometimes I wish there was more for people to do during the summer or even 

after the summer, during the school year. (EI, August 2, 2022) 

        It just makes it especially difficult. Financial resources are very difficult to 

find. Opportunities are pretty difficult to find, especially Minnesota is very 

cliquey. (KT, August 3, 2022) 

        I am new to the country—well, I have been here almost about four years 

and not having the knowledge of where is where, and not being able to go to 

high school here and there… All the resources that are available, you have to 

look for them in a sense. They are not like, “Hey, the school offers this!” There 

are no outreach programs to show you [the resources]. You have to go look 

around and find those resources. (NA, August 4, 2022) 

Being Forced to 

Be Self-Dependent 

When you grew up in a certain family and all the women in the family are strong, 

nobody is around here talking about their feelings. They do not have time. My 

mom did not have time to do that. She was raising two kids by herself. My 

grandma was the same where she basically raised her kids by herself, too. 

Talking about feelings and making sure everything is okay—it is just not 

something I was raised doing. So, I just deal with things on my own because 

everybody got stuff going on, and I cannot depend on someone to pick up my 

problems when they are going through there… If I want to be a part of 

something, I put myself in a position. I am not depending on anyone to give it to 

me or make room for me. It is just not a conversation I have in my head. I show 

up to school and even if I am the only Black person in my class. (NG, July 5, 

2022) 

 

Belongingness Generated from the Counterspace. Participants perceived that 

LS-NSSA’s research mentorship programs created a counterspace for URM STEM 

students where they felt safe with people of rich cultural backgrounds, felt accepted and 

respected by faculty members and peers, developed stronger connections with mentors 

and expanded social networks, obtained freedom and support to explore what they were 

interested in, felt empowered to express their ideas and opinions, built academic 

confidence by viewing the success of similar others, and generated belongingness and 

science identity in STEM fields (see Figure 11).  
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Figure 11 

Frequency of the Elements in the Counterspace that Fostered URM STEM Students’ 

Belongingness 

 
 
 Trusting relationships with the research teams strengthened participants’ science 

identity and belongingness. They were not treated as an outsider but engaged, trusted, 

and respected as anyone else who should be with STEM competencies. Such an 

“empowering” environment stimulated participants’ sense of membership/ownership and 

granted them stronger self-confidence in STEM education: 

They [the mentor and co-mentors] were really taking me in their meeting 

streaming like I had been one of them, and I was working alongside them that I 

had done graduate research also… I was never looked down upon. (FS, 

MnDRIVE, Zoom interview, August 3, 2022) 

        They merely gave me the idea, and then I ran with any idea, and I made an 

experiment out of it, and they supported me through the whole way. They gave 

the input; they gave me advice; they criticized things. I was expecting to be given 
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a project and do as instruct but, instead, they said, “Here is your idea. Let us go 

with it and see what happens.” It was a much more interesting experience for 

sure. (CU, MnDRIVE, Zoom interview, August 8, 2022) 

 The small size of each research group helped with a better atmosphere, 

mentioned by many participants, in terms of mutual learning (i.e., between mentors and 

mentees and among peers), receiving encouragement and suggestions, and spending 

more time together. Compared with traditional large classroom settings, the Victual Ep. 

program’s two research groups contained seven students each, and the size of the 

research teams of MnDRIVE projects were varied but smaller. Increased focus on 

individuals, individualized instructions, concentrated resources to support personal 

interests, close relationships due to mutual understanding, and community-based 

workspace—all these features gave participants a distinctive learning experience that 

most had not experienced elsewhere. The sense of community (i.e., in the research 

group/team as well as in LS-NSSA) led to the change in participants’ science identity 

and the sense of belonging: 

I did see many different kinds of people, definitely not strictly one type of 

gender, race, ethnicity, or background, and I do think everyone had a very good 

opportunity and they had their own time [to do the research] … Before I was like, 

am I the right person for STEM? I was not really sure, but now I think I 

definitely do enjoy the science, technology, engineering, math area more than 

other fields. I do definitely feel more like I belong it. (EC, Virtual Ep., Zoom 

interview, July 13, 2022) 
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        I felt like I was there [in the academic program] but not really part of 

anything, I was just continuing what I was hoping to do. But now that I become a 

Louis Stokes scholar. I feel that I am part of something, and I can see other 

people that are also trying to do their own things like me and be able to relate to 

the troubles and challenges that they are going through as well. (EI, MnDRIVE, 

Zoom interview August 2, 2022) 

 LS-NSSA created a counterspace for URM STEM students where they felt 

comfortable and empowered to contribute to research and share creative ideas. It 

provided opportunities and resources for URM students with specific attention to the 

ones who had the least access to them from other venues. However, outside of this 

counterspace, students still faced oppression and inequities on campus and in society. As 

KT (August 3, 2022) shared: 

A lot of times, you do not feel certain careers or certain environments are for you, 

even being in this STEM environment, even having Black and Brown people 

around, people who are from different countries, I still felt that maybe I do not 

belong there. So, I think that just shows the strength of social conditioning and 

things that we grew up with them—things that we live with in society… The 

program experience is really helpful because that can change your mindset, 

change what is you are accustomed to, and show you different ways, and then 

fund you to do it… In my prospects, especially as a Black woman, I just feel that 

the world is against me to succeed. So, just having these small things could 

possibly help lead me to success… To take advantage—that is really a big thing. 
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I was pretty much trying to take advantage of what I can have. (KT, MnDRIVE, 

Zoom interview, August 3, 2022) 

Conclusion 

Within a diverse and inclusive counterspace, participants perceived benefits from 

LS-NSSA’s research mentorship programs (i.e., intellectually and emotionally) and were 

positively influenced by the research mentorship experiences. With increased 

opportunities in STEM fields, improved knowledge and skills in STEM research, and 

interactions with faculty and graduate students, there were positive changes in 

participants’ confidence (i.e., self-efficacy), STEM interest, science identity 

development, and belongingness. These changes further promoted their commitment to 

STEM degree attainment. Some participants firmly committed more to postgraduate 

education in STEM disciplines and career pathways. Figure 12 displays the program 

theory of the research mentorship programs by integrating the SCCT framework and the 

contextual elements addressed through a CRT lens. Figure 13 shows the general theory of 

change elements addressed by the qualitative analysis (as shaded), focusing on the social-

cognitive trajectory. 

Figure 12 

Sub-Theory of LS-NSSA’s Research Mentorship Program 
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Note. (a) The solid arrows are relationships observed from sub-study 3; the dashed arrows (e.g., 

from “Confidence and Interest in STEM Research” to “Commitment in STEM Careers/Graduate 

School”) have not been fully supported by the results. (b) The diamond-shaped items are 

negative factors in the trajectory; the rectangle items are first-level categories, indicating the main 

program elements and major outcomes; the oval items are second-level categories, indicating the 

intermediate elements contained in or generated from program activities. 

Figure 13 

Social Integration Trajectory Evaluated by Qualitative Analysis 

 

 

Chapter Summary 

 The three research questions were answered by the three sub-studies, respectively. 

The results show that first-semester experience and academic outcomes influenced 

transfer students’ graduation and retention in the three-year window and affected 

traditional students’ graduation and retention in the four-year window. Through the 

comparisons between LS-NSSA participants and their counterparts (i.e., URM STEM 

non-participants and non-URM STEM students) on critical first-semester metrics and the 

first-year retention rate, the study shows that LS-NSSA made participants more 

academically prepared to pursue a bachelor’s degree than URM students not affiliated 
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with this program. Participants became competitive with White and Asian American 

STEM undergraduate students. Beyond the academic trajectory addressed by the 

quantitative analysis, the qualitative inquiry explains the social-cognitive trajectory 

through interviews with participants of two research mentorship programs. At LS-NSSA, 

URM STEM students had the opportunities and resources to enrich their undergraduate 

research experiences and strengthen their connections with STEM mentors. The 

increased confidence, interest, identity, and belongingness contributed to their 

commitment to STEM. 
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CHAPTER V. DISCUSSION AND IMPLICATIONS 

 This chapter interprets and discusses the results and findings. The current study 

investigated the effects of LS-NSSA participation on the retention and degree attainment 

of URM STEM students. A quantitative analysis investigated academic integration, and a 

qualitative analysis investigated social integration. The results are consistent with 

previous studies regarding factors and interventions that influence and support retention 

and degree attainment of URM STEM students. As part of LS-NSSA’s internal 

evaluation, the results inform the effectiveness of this program by clarifying the key 

factors, comparing URM STEM students’ academic outcomes with those of their 

counterparts, and describing the gains, challenges, and experiences of the target 

population from their culturally diverse perspectives. In this chapter, the main results and 

findings are reviewed, the contribution and limitations of the current study are discussed, 

and the implications for future research are proposed. 

The Main Results and Findings 

With reference to the hypotheses addressed in Chapter 1, the current study 

suggests that: (a) URM students’ academic success in the STEM fields requires systemic 

effort, as it is associated with a range of distinctive factors (i.e., family background, 

individual academic background, individual social-cognitive factors, academic 

performance, campus climate, intervention and resources); (b) URM STEM students 

encounter systemic barriers and difficulties along their academic pathways, which are 

compounded by factors associated with their cultural identities; (c) undergraduate 

research and faculty mentorship have played critical roles in URM STEM students’ 

learning experience and academic choices; (d) program mechanisms and their contextual 
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factors can be understood through a mixed-methods theory-based evaluation approach; 

and (e) participants’ reflections on their experience of the program is as essential a source 

of knowledge as statistical analysis for exploring, explaining, and evaluating the program 

from culturally diverse perspectives, primarily in relation to a critical race theory lens. 

Significant Demographic and Academic Factors 

Consistent with previous research, the results of the statistical analysis reported 

here suggest that URM STEM students’ challenges and outcomes relate to (a) their 

demographic characteristics, such as their gender and family education background 

(Soria, 2014; Crisp & Nuñez, 2014; Dika & D’Amico, 2016; Wang, 2016; Belser et al., 

2017; Wang et al., 2017), and (b) their academic performance, as measured by GPA 

(Rogulkin, 2011; Dika & D’Amico, 2016; Pedraza & Chen, 2022), especially during the 

first semester. The current study differentiates between transfer students and traditional 

students regarding factors affecting their retention and degree attainment across the three-

year and four-year time frames. The results specifically address the importance of first-

semester academic performance for transfer and traditional URM STEM students. Table 

20 summarizes the direction of influential factors on transfer and traditional URM STEM 

students’ retention and degree attainment, as generated from four models.  

Table 20 

Positive and Negative Factors Related to Transfer and Traditional URM STEM Students’ Degree 

Attainment and Retention 

Significant Factor 

Transfer Student  Traditional Student 

Degree 
Attainmen

t 

Retentio
n 

 Degree 
Attainme

nt 

Retentio
n 

Demographic Factor 

    First-Generation Status (-)     
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    Gender (male)     (+) 

On-Campus Housing Status at Entry    (+)  

Distance of Home to the Metro Area  (-)  (-) (-) 

Academic Factor 

    Number of Transfer Credits (+) (+)  (+)  

    First-Semester GPA  (+)  (+) (+) 

    First-Semester Credit-Unit Pass Rate (+)    (+) 

    Stop-Out Records (-)   (-)  

Note. (a) The green and red colors are used to indicate the positive and negative factors, 

respectively. (b) The results are generated from four different models. The tables are used to 

visualize the results, not to compare results across models. 

Demographic Factors. For transfer students, being the first college student in a 

household brings additional challenges and reduces their likelihood of graduating within 

the three-year window. This attribute deserves attention because a significant proportion 

of first-generation and transfer students have been engaged in LS-NSSA’s programs. A 

gender disparity has been observed among traditional students regarding their likelihood 

of retention, in that females experience more barriers than males. Traditional students are 

also influenced by their living conditions upon arrival. Relative to those who live off 

campus, on-campus residential options help enhance traditional students’ early 

engagement and benefit their academic outcomes, which has also been suggested by 

previous studies (LaNasa et al., 2007; Schudde, 2011; Graham et al., 2018).  

The location of the permanent residence is associated with traditional students’ 

retention and degree attainment in the four-year window. Understandably, families play a 

critical role in traditional students’ personal development. Family members who are closer 

to campus can deliver needed financial, emotional, and physical support to first-year 

college traditional students, which promotes their general well-being and sense of 
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belonging. For transfer students, who have a higher average age at entry, their own 

households may have more of an influence than that of their parents. Thus, the location of 

the permanent residence may not be related to transfer students’ degree attainment in the 

three-year window. However, transfer students with residences outside of the state are less 

likely to be retained (if not graduated in time) relative to those who have permanent home 

addresses in the metropolitan area of the state. This indicates that family support is still 

important for those transfer students who experience more challenges on the way to 

graduation. 

Academic Factors. The number of transfer credits is positively associated with 

transfer students’ retention and degree attainment in the three-year window. Having more 

credits transferred from the previous institution appears to strengthen the knowledge base 

of transfer students in STEM studies and reduces their university course load. This assists 

transfer students to complete the degree requirement in the expected time frame. The 

number of transfer credits is associated with traditional students’ degree attainment in the 

four-year window. Although the university allows students who enroll directly from high 

school to declare a major no later than the spring semester of the second year, an early 

determination to elect a STEM major and taking more related advanced placement (AP) 

courses in high school can accelerate traditional students’ pace toward degree attainment. 

However, having taken fewer AP courses in high schools does not affect traditional 

students’ retention in STEM education. 

First-semester GPA is positively associated with traditional students’ retention 

and degree attainment in four years. For traditional students who cannot graduate within 

four years of enrollment, a higher percentage of credit units passed in the first semester is 
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associated with a greater likelihood of their retention in STEM. For transfer students, 

first-semester GPA is associated with retention among those who do not graduate in three 

years. A higher percentage of credit units passed in the first semester enhances the 

possibility of transfer students’ degree attainment in three years. 

The Importance of First-Semester Academic Performance. Regardless of how 

the factors described above are associated with transfer and traditional students’ 

academic outcomes, statistically significant variables tend to describe first-semester 

performance, including first-semester GPA, first-semester credit-unit pass rate, on-

campus residential status, and total number of transfer credits accepted by the STEM 

program at entry. 

Previous studies identified transfer shock among transfer students in STEM 

disciplines when they encounter a different campus climate, altered achievement 

expectations, and a higher level of competitiveness (Reyes, 2011; Lakin & Elliott, 2016; 

Allen et al., 2022). Therefore, the first semester after the transfer is critical, and suggests 

a need for interventions to smooth transfer students’ integration into their institution and 

support them academically, socially, and emotionally. The current study also shows that, 

for students of underrepresented racial/ethnic groups, first-semester academic 

performance is important for traditional students’ choices and outcomes throughout their 

academic careers. Even though new high school students are not expected to claim their 

major directions of study at entry, their academic performances on first-semester courses 

tend, to a certain extent, to be connected with their paths and outcomes of the 

undergraduate learning experience in STEM disciplines. 

LS-NSSA Enhances URM STEM Students’ Academic Integration  
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LS-NSSA’s influence on URM STEM students’ academic integration is observed 

through group comparisons. The comparison between LS-NSSA’s participants and their 

non-participant URM STEM counterparts seeks to control for differences attributable to 

demographic disparities. The comparison between LS-NSSA’s participants and their non-

URM (i.e., White and Asian American) STEM counterparts highlights these demographic 

disparities and seeks to examine whether LS-NSSA helps narrow the achievement gap. 

Compared with White and Asian-American STEM students, although LS-NSSA’s 

participants have a lower first-semester GPA (i.e., 3.14 vs. 3.31), this difference is not 

statistically significant. In addition, LS-NSSA’s participants’ first-year retention rate is one 

percent higher than that of non-URM students (i.e., 96% vs. 95%) and significantly higher 

than URM STEM non-participants (i.e., 96% vs. 79%). These results are an essential 

recognition of LS-NSSA’s effort because the first-year retention is a critical step toward 

the consistent registration and degree attainment for URM STEM students. It appears that 

the achievement gap between URM STEM students and historically privileged groups may 

be narrowed through effective programs that improve participants’ first-semester academic 

performance. 

LS-NSSA provides early intervention to support target populations’ learning 

experiences. This involves financial support (e.g., the First Year Scholar Program that 

provides a maximum $1,000 stipend for participation, as well as conference travel support), 

research opportunities (e.g., faculty-sponsored research projects and research mentorship 

programs), and professional development workshops. These programs have engaged first-

year traditional URM STEM students and newly enrolled transfer students, offering 

resources and opportunities that those students may not be able to obtain from other sources. 
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The qualitative results suggest the benefits that URM STEM students can obtain 

from their early affiliation with LS-NSSA. Because the research mentorship programs are 

open to students with entry-level research knowledge and skills, first-year students and 

students who intend to transfer to the university are all welcomed and engaged, either 

virtually or in a laboratory setting. This allows participants to understand STEM research 

and career pathways, improve their STEM knowledge and skills, and build connections 

with faculty mentors. These changes are positively related to their academic performance, 

intellectual development, and learning experiences in academic settings. 

LS-NSSA Enhances URM STEM Students’ Social Integration 

Tinto (1975, 1997) defined social integration as students’ positive relationship with 

peers, affiliation with on-campus organizations, and involvement in extracurricular 

activities. The current study uses this concept, adding students’ perceived diversity, equity, 

and inclusion, which are presumed to influence historically underrepresented populations’ 

engagement, belongingness, and success in the higher education system. 

As previous studies have suggested, social-cognitive factors such as self-

efficacy/confidence, STEM interest, goal commitment, and belongingness are critical 

elements in a program’s mechanisms targeting URM STEM students’ retention and degree 

attainment (e.g., Lent et al., 1994; Tinto, 1997; Estrada et al., 2011; Potvin & Hazari, 2013; 

Byars-Winston et al., 2015; Syed et al., 2019; Wang et al., 2017; Allen et al., 2022). The 

current study provides additional evidence to support these findings. At LS-NSSA, positive 

mentorship experiences and undergraduate research experiences appear to reinforce each 

other in a culturally sensitive environment. The positive mentor-mentee interactions and 

research practices led to increased research opportunities, expanded academic and social 
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networks, a sense of belonging, science identity, confidence, and learning interests. They 

contributed to a stronger on-campus affiliation across URM STEM participants, thus 

generating a more substantial commitment to bachelor’s degree attainment in STEM 

disciplines (see Figure 12 in Chapter IV). 

LS-NSSA provided mentor and mentee training at the beginning of the research 

mentorship programs to enhance positive mentor-mentee interactions. The topics covered 

culturally appropriate instruction, learning, communication, and problem-solving 

strategies. The training helped address the importance of mutual learning in diverse 

contexts. Mentors were aware of potential mentor-mentee disparities related to cultural 

identities and cultural values. Although program participants did not expect that mentors 

would share their demographic backgrounds, positive experiences were usually associated 

with open, supportive, flexible, responsible, and approachable mentorships. A key mentor 

quality reported by students was caring and balancing of mentor expectations with their 

mentees’ needs. Students in advanced courses may lack adequate experience and skills to 

conduct scientific research. This is especially common among URM students studying in 

STEM disciplines, taking into account the difficulties and challenges that they have 

experienced in higher education. They need programs that allow them to be comfortable 

despite gaps in knowledge, encouraging them to build up their resumes, and giving them a 

chance to take action. 

Participants’ social integration is promoted by positive relationships with mentors, 

but more importantly, perceived levels of acceptance, respect, comfort, and representation. 

The participants described having experienced microaggressions, disproportionate 

representation, and limited exposure or accessibility to resources on campus, which 
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exacerbated barriers to their advancement in STEM. However, LS-NSSA creates a 

counterspace for URM STEM students where they can experience diversity and inclusion, 

stronger peer connection, culturally diverse social networks, empowerment, and autonomy 

in learning. Being systemically underserved, URM STEM students require greater 

attention and resources to promote academic success. LS-NSSA plays this role, 

complementing the unbalanced financial, research, and mentoring resources for URM 

STEM students. This counterspace, to a certain extent, balances negative encounters with 

the larger system and promotes positive URM STEM student outcomes.  

The Contribution of the Current Evaluative Study 

The current study is a part of the internal evaluation of LS-NSSA. It contributed 

an improved understanding of how LS-NSSA works and investigated the program’s 

theory of change and the influence of LS-NSSA’s activities. It also contributed to 

research on evaluation by applying a theory-based evaluation approach to a culturally 

sensitive intervention and illustrated how qualitative and quantitative evidence can be 

integrated into an explanation of a program’s theory of change. 

The Value and Use of the Evaluation Results 

 Program evaluation is applied research. Evaluators systematically collect 

information on an evaluand’s inputs, activities, characteristics, outputs, and outcomes to 

determine its merit and worth (Scriven, 1991), support decision-making (Weiss, 1988), 

and promote organizational learning and improvement (Patton, 2008). A theory-based 

evaluation approach serves these purposes by understanding the impact of the evaluand 

and specifying its route to the desired goals (Chen, 1990; Coryn, et al., 2011). The current 
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theory-based evaluative study generated an understanding of LS-NSSA and promoted the 

utilization of evaluation results. 

Knowledge Generation. After 15 years of program activities, over 700 URM LS-

NSSA undergraduates obtain STEM bachelor’s degrees every year across the Alliance. 

The current study represents the first theory-based internal evaluation investigating 

linkages between program inputs/activities and participants’ retention and graduation. 

The current study utilized Tinto’s (1975, 1993) student dropout model, in combination 

with Lent et al.’s (1994) Social Cognitive Career Theory framework, to investigate 

student academic and social integration trajectories. This integrated model was adapted to 

the context of LS-NSSA’s program, accounting for DEI factors (i.e., campus climate and 

counterspace), and probing the program’s influence on student trajectories. 

The current study contributed an investigation of LS-NSSA’s theory of change 

and sub-theory of research mentorship programs. Rather than focusing on inputs and 

outputs via a logic model, the program theory was investigated with respect to changes in 

URM STEM students’ academic performance and psychology as a consequence of 

program participation. This theory of change focused on key predictors and moderating 

factors and their relationships with the key outcomes of URM STEM students’ retention 

and degree attainment. Attention focused on investigation of LS-NSSA research 

mentorship programs to explain the influence of specific elements (i.e., mentorship and 

research experience) on one of the key moderating factors—participants’ social 

integration. The analysis illustrated how program features may be explored and explained 

through a theory-based evaluation approach. The results provide guidance regarding 

program elements that contribute to improved outcomes. 
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Evaluation Utilization. The utilization of evaluation results refers to how “an 

evaluation and information from the evaluation impacts the program that is being 

evaluated” (Alkin & Taut, 2003, p. 1). LS-NSSA’s internal evaluation plan articulated in 

the program’s 2016 grant proposal specified monitoring activities and objective-focused 

sub-studies (see Appendix B). These internal efforts sought to provide continuous support 

for program implementation and improvement. The current study sought to explain the 

impact of the LS-NSSA program and to inform the next five years of implementation and 

evaluation.  

The results clarified the importance of URM STEM students’ first-semester 

learning outcomes. The results reinforced LS-NSSA’s focus on first-year scholars. 

Additional efforts to promote first-semester academic performance through study groups, 

academic tutoring, and peer mentoring may be beneficial. The results identified qualities 

of mentorships that promote URM STEM students’ success.  

The results suggest that mentor training should focus on providing 

developmentally appropriate emotional support, maintaining consistent and frequent 

interactions, being flexible and open, and promoting URM student empowerment.  

The results clarified the paths by which LS-NSSA improves URM STEM 

students’ social integration and academic integration. LS-NSSA may utilize this 

information to institutionalize program activities that promote social and academic 

integration.  

Finally, the results may be useful to LS-NSSA as a model of theory-based 

evaluation that may be used as an evaluation approach to investigate additional LS-NSSA 

program elements and activities. 
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The Application of Theory-Based Evaluation in Internal Evaluation 

The evaluation that was conducted was an internal evaluation. Typically, an 

internal evaluation focuses on planning, monitoring, and judging the process of program 

implementation and service delivery. Internal evaluators typically focus on utilization 

studies, satisfaction assessment, quality assurance activities, cost-benefit analysis, and 

self-study practices (Love, 1991).  

In contrast, the current study contributed a theory-based internal evaluation. A 

theory-based evaluation approach is well-aligned with LS-NSSA’s needs. First, LS-

NSSA is rationalized in terms of theory that is directly applicable to URM STEM 

students (i.e., Tinto’s model, 1993) but the theory had not previously been tested via a 

program evaluation at LS-NSSA. Second, LS-NSSA has been recognized as a mature 

program aiming for broad statewide influence across a network of higher education 

institutions. The current study sought to articulate and investigate the theory of change to 

inform program improvement.  

A theory-based internal evaluation approach seeks to balance scientific credibility 

with practical recommendations to support decision-making and program improvement. 

The current study illustrated how a theory-based evaluation approach can be utilized to 

investigate relationships among program elements, moderating factors, and outcomes, 

and to identify problematic linkages that require attention. 

The Integration of Mixed Methods in the Program Context. In a theory-based 

evaluation, the evaluand’s theory of change is the theoretical framework of the evaluation, 

and the mixed-methods design is embedded within it. The current study illustrated how 

quantitative and qualitative evidence generated from an integrated mixed-methods 
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approach can be used to develop a theory of change. The results informed an understanding 

of URM STEM students’ challenges, focusing on factors, attributes, characteristics, and 

experiences that influenced persistence, retention, and progress toward graduation. DEI 

issues were addressed via the theoretical framework and contextualized interpretation of 

the results. The results suggest the importance of LS-NSSA’s influence on the campus 

climate experienced by URM STEM students. 

Limitations 

The current study has three main limitations. First, its scope was limited to a single 

institutional source of data regarding the Alliance. Although the University of Minnesota 

has the largest portion of program participants and two-thirds of URM STEM graduates, 

the representativeness of this study would be improved by engaging Alliance-wide samples. 

The University of Minnesota is a predominantly White institution (PWI) with 65% White 

students. Its campus climate may be different from some Alliance partners serving more 

diverse populations. Partners with lower percentages of White student enrollment include 

Augsburg University and Carleton College (42% and 58%, respectively; College Factual, 

n.d.). Partners such as the Bemidji State University have been promoting Indigenous STEM 

students’ engagement and outcomes, which was disproportionately represented in the 

current samples. The existing Alliance-wide evaluation system tracks institutional 

outcomes, such as URM STEM students’ enrollment and degree attainment information. 

Beyond that, program participants’ academic information, engagement information, and 

experiential knowledge have yet to be shared across the Alliance. These factors prevented 

an in-depth Alliance-wide investigation. 
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Second, the current theory of change addresses the trajectories of URM STEM 

students enrolled at four-year institutions, including transfer students and traditional 

students. However, the Alliance includes several community colleges. These are feeder 

institutions that connect transfer students with four-year partners. Students pursuing 

transfer opportunities and STEM-related careers in community colleges are also the targets 

of LS-NSSA. Increased enrollment and retention of transfer students would contribute to 

overall outcomes in the URM population in STEM. The program theory does not provide 

information regarding program elements that influence these students’ choices and actions.  

Third, in terms of evaluation methods, the theory-based evaluation approach 

addressed the links between the program elements and the outcomes, but these links were 

associative, not causal. The interpretation of the theory of change was contextualized in the 

current program, depending on program implementation and program-system interactions. 

It may not work for similar programs in other contexts. Applying the evaluation results to 

other situations would require additional investigation. In addition, the current mixed 

methods approach was partially triangulated within the theoretical framework. For instance, 

social integration involves various social-cognitive factors that should be tested through 

statistical modeling to improve confidence in the results. Student academic trajectories are 

likely influenced by environmental factors related to campus climate and informal learning 

experiences, which have yet to be probed.  

Future Studies 

With respect to these limitations of this study and the gap of knowledge that 

remains, future evaluative studies may wish to focus on three aspects. 
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First, it is necessary to enlarge the scope of the evaluative study to engage Alliance-

wide data analysis in relation to the key elements in the theory of change. The dataset may 

also involve the pre-entry attributes of the target population (e.g., course patterns in high 

schools or community colleges, pre-entry cumulative GPAs) that may be associated with 

students’ first-semester experience. This information can also support an improved 

understanding of barriers in transfer pathways. 

Second, the internal evaluator may undertake a quantitative analysis using self-

reported survey data to validate the influence of the program on URM STEM students’ 

social integration trajectory. The author and colleagues developed a participation survey 

and disseminated it across the Alliance over the past two years. The response rate was low 

during the pandemic but has increased with Alliance-wide efforts. The survey contains 

constructs that measure social-cognitive factors and students’ experiences with distinctive 

program features. Data collection is ongoing. The sample is expected to cover participants 

from partnering institutions, enhancing Alliance-wide evidence regarding the theory of 

change. 

Third, additional evaluation activities may probe the program’s influence on 

campus climate, with a focus on cultural aspects. This study has touched on this topic by 

discussing students’ perspectives and experiences on campus and in the program. However, 

it is difficult to examine the assumptions and values embedded in the culturally diverse 

community where LS-NSSA operates. Campus climate is treated as an element of the 

context, rather than a key element of the program’s mechanism. Further studies are needed 

to investigate the implications with respect to program institutionalization. 
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Appendix A 

North Star STEM Alliance: The Logic Model (Phase III) 
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Appendix B 

North Star STEM Alliance: The Internal Evaluation Plan (Phase III) 
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Appendix C 

The Correlation Matrix of Predictors and Covariates Involved in the Process of Analysis 

 

 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. Graduation Status 1.000

2. First-generation Status *** -0.065 1.000

3. Male ** -0.022 *** -0.024 1.000

4. Age * 0.013 *** 0.167 *** 0.081 1.000

5. Total Transferred Credits *** 0.117 *** 0.076 *** 0.069 *** 0.586 1.000

6. First-Semester Credits Pass Rate *** 0.286 *** -0.100 *** -0.035 *** -0.131 *** -0.03 1.000

7. First-Semester GPA *** 0.337 *** -0.147 *** -0.063 *** -0.104 *** 0.044 *** 0.666 1.000

8. Greater state area *** -0.038 *** 0.083 0.006 *** -0.028 *** -0.023 ** -0.019 *** -0.051 1.000

9. Reciprocity States *** 0.025 *** -0.034 *** -0.043 *** -0.059 *** -0.066 *** 0.038 *** 0.044 *** -0.238 1.000

10. Other States 0.003 *** -0.096 *** -0.024 *** -0.053 *** 0.018 *** 0.037 *** 0.055 *** -0.206 *** -0.132 1.000

11. Housing Status *** 0.087 *** -0.229 *** -0.051 *** -0.313 *** -0.182 *** 0.161 *** 0.249 *** -0.166 *** 0.133 *** 0.231 1.000

12. Pell Grant Eligibility *** -0.051 *** 0.301 -0.009 *** 0.212 *** 0.112 *** -0.108 *** -0.127 *** 0.055 *** -0.036 *** -0.076 *** -0.210 1.000

13. Full-time Status *** 0.040 *** -0.055 -0.007 *** -0.301 *** -0.196 *** 0.072 *** 0.075 0.008 *** 0.025 *** 0.030 *** 0.108 -0.014 1.000

14. Stopout Years *** -0.895 *** 0.093 * 0.011 *** 0.027 *** -0.086 *** -0.358 *** -0.424 *** 0.060 *** 0.036 -0.008 *** -0.130 *** -0.690 *** -0.056 1.000

Note.  Statistical Significance: * p<.05, ** p<.01, ***p<.001
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Appendix D 

Research Mentorship Programs Interview Protocol 

Introduction and Purpose 

Welcome and thank you for being here today. The interview aims to learn about your 

experience in the research mentorship program, as well as your opinions on related 

issues. Your sharing is unique and valued by LS-NSSA. Your input will help us 

understand participants’ perspectives on program features. It will inform LS-NSSA’s 

program development to better serve our students. I will lead the conversation by asking 

questions, but my role is mainly to support you in expressing your opinions and 

experiences. Please let me know if you have any questions before we start the 

conversation. 

Consent and Confidentiality Disclaimer 

• Confidentiality of information: Your personal information will not be released in 

any format. All the direct quotes in any report will be deidentified and coded. 

This discussion will be recorded for narrative analysis. Only the researcher 

would have access to these materials. If you feel uncomfortable showing your 

face, please feel free to turn off your camera anytime during the conversation. 

• The willingness to participate: Your participation is entirely voluntary. You may 

end the interview at any time. Your choices and participation will not affect your 

affiliation with the LS-NSSA program in any way. 

• Comfortableness in sharing: There is no right or wrong answer, and no 

judgment will be attached to your opinions, thoughts, and experiences. It is 

always fine to skip any questions that do not make sense to you. 
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• The length of your participation: Our conversation will last about 30-40 minutes 

today. 

Opening Question 

• What did you expect to obtain from the research/mentorship?  

o Do you think you have achieved your initial expectations through the 

research/mentoring program? 

Research and Mentoring Experience 

• Who was you mentor? How well do you know about him or her? 

• How do you describe the mentorship’s influence on your learning experience? 

o What has helped you most from the mentorship? 

o What do you think the mentor could have done better to improve your 

experience? 

• What challenge(s) have you experienced during the program? How did you feel? 

o What did your mentor do to support you and help you get through the 

challenge(s)? 

o Besides academic support, did you receive emotional support from your 

mentor? 

• How would you perceive/describe the similarity between you and your mentor (In 

terms of ethnicity, gender, personal experience, goals, etc.)? 

o would you feel more comfortable or helpful to have a mentor that has a 

higher level of demographic similarity? 

• What mentor qualities would you like to see from your future mentors, if there 

could be any? 



184 

Diversity, Equity, and Inclusion 

• What do diversity, equity, and inclusion mean to you? 

• In general, how would you describe on-campus diversity, equity, and inclusion 

that have influenced your learning experience in STEM? 

o Do you feel that you have equal access to the resources that you need? 

o If any, could you please describe the moment when you were challenged 

by a situation where others were behaving in a culturally inappropriate 

way (e.g., being racially offensive, unequal, exclusive, harmful, 

disrespectful, etc.)? 

o How would you compare the atmosphere in this research & mentorship 

program with the general class/lab environment? What makes a 

difference? 

• Being a STEM student from a rich cultural background, can you comment and 

share your insights on the research/mentoring program from that perspective? 

o How did it feel interacting with co-workers? 

o Did you feel belonged? Did you feel comfortable? Did you feel 

empowered? 

o How do you describe your role in the workspace? 

Program Influence on STEM Education 

• How does this research/mentorship program influence your major direction, 

career choice, or next steps in the STEM discipline? 

o Do you feel more confident to pursue what you expect to achieve? 

o How does it help you shape your science identity? 
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• What plan do you have in the next semester/year to enhance your personal 

development in STEM? 

Ending Question 

• Do you have any other comments on this program or LS-NSSA if I have not 

covered yet? 


