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This study longitudinally tracks students participating in a STEM-focused intervention program to investigate workforce participation patterns and their association with degree completion in a STEM field. Using longitudinal data from the University of Houston's Education Research Center, this study examines the extent to which students participating in a STEM intervention program require additional work to fund tuition and other life expenses. Findings demonstrated a negative effect of workforce participation on college completion and showed that minority students were more likely to participate in the workforce while also receiving financial support from the STEM program compared to peers from other racial backgrounds. Results inform institutional and financial aid policies, as well as admission criteria as it relates to broadening access of under-represented students in STEM.

Keywords: STEM education, persistence, under-represented minorities, intervention, financial aid


INTRODUCTION

The topic of broadening access to STEM fields has prompted several national efforts to address the need to diversify and expand STEM participation at the undergraduate level (Smyth and McArdle, 2004; Baber, 2015). Disparities in STEM degree attainment across race and socio-economic status present a prevalent and significant concern for the nation's ability to maintain and promote a competitive, diverse STEM workforce (Chapa and De La Rosa, 2006; Carnevale et al., 2011; Xie et al., 2015). These concerns are especially relevant in the current higher education landscape, where rising tuition costs and funding limitations stifle the role of post-secondary education in improving social and economic upward mobility (Fenske et al., 2000).

The potential value of receiving an undergraduate degree, particularly in a STEM major is significant and associated with increased future earnings (Thomas, 2000; Xie and Killewald, 2012). However, limitations to the amount of funding students receive for their education, coupled with the recent stagnation in earnings, affects the ability of today's racially and economically diverse student population to reap the benefits of attaining a degree in a STEM field (Mitchell et al., 2019). Several additional reasons, along with the financial struggles associated with STEM degree attainment, contribute to the lower rates of degree attainment and enrollment of low-income minority students. These include, but are not limited to, the continuous pattern of rising tuition costs above the cost of living, decreases in state funding for higher education, and the increasing institutional shifts from need-based to merit-based aid (Bowen et al., 2009; Ma and Matea, 2021). Furthermore, recent data trends indicate that even with the support of financial and institutional aid, students from low-income backgrounds face an increased likelihood of incurring debt to afford college compared to their peers (Ma and Matea, 2021). Similarly, studies highlight the significance of financial aid in assisting students to devote their time fully to their studies, as minority students often have to work extra hours to finance their education, causing their study time to suffer (Gardner and Broadus, 1990; Curs and Harper, 2012).

The continuous pattern of attrition and drop-out rates among under-represented students has spurred several national intervention efforts aimed toward improving retention and persistence rates among this subpopulation of students (Riegle-Crumb and King, 2010; National Center for Science and Engineering Statistics, 2018). STEM intervention programs, in recent years, have become an important conduit through which students from under-represented backgrounds can access and complete under-graduate degrees in STEM (Walker et al., 2010; Estrada, 2014; Carpi et al., 2017). Primarily through providing academic assistance and financial aid, such programs assist in bridging persistent gaps in STEM degree attainment, wage gaps across race, gender and economic status (Carnevale et al., 2011). Despite supporting evidence of the success of STEM intervention programs at increasing academic performance, collegiate success and retention of under-represented minorities in STEM fields (e.g., Lee and Harmon, 2013; Jackson and Winfield, 2014; Ghee et al., 2016; Ghazzawi et al., 2021a,b), less is known about the sufficiency of the financial aid offered to students through these programs, as well as its association with persistence and graduation rates of URM students. Access to adequate financial aid is among the top five factors associated with minority persistence in STEM fields of study, yet recent studies demonstrate that institutional barriers to financial aid, as well as increasing tuition costs, has caused insufficiencies in the financial aid awarded to low-income students, causing them to struggle (Mitchell et al., 2019). In addition, a substantial body of research highlights the various barriers under-represented students face to enroll in, access and succeed in their higher education journey. These include inadequate academic preparation, financial struggles, recruitment policies and unwelcoming campus climates (May and Chubin, 2003; Crisp et al., 2009; Espinosa, 2011; Dika and D'Amico, 2016; Lisberg and Woods, 2018).


The Houston-Louis Stokes Alliance for Minority Participation

As part of the significant national intervention efforts to reduce racial disparities in STEM degree achievement, the Houston-Louis Stokes Alliance for Minority Participation was established in 1998 as an effort to improve graduation and persistence rates among under-represented minority students in STEM fields. The alliance includes five higher education institutions that rely on empirical research on collaborative learning techniques, peer led team learning, and faculty mentorship to guide program components most beneficial to minority student success in STEM (Treisman, 1992; Ghazzawi et al., 2021b). Through offering financial aid and academic support, the program has successfully graduated 2,044 students with bachelor degrees since the first graduating cohort of 2004, 92% of which were in STEM fields of study, to a majority-minority student body (Ghazzawi et al., 2021a).

In terms of student recruitment, the H-LSAMP program pays particular attention in targeting students from low-performing high-schools through a special review process, yet also recruits high-performing minority students (Ghazzawi et al., 2021b). Funding levels for H-LSAMP participants is primarily obtained from institutional funds and grant funding through the National Science Foundation. During the 2020–2021 academic year, 152 students were supported by NSF funds with an average award of $2,954 per student, and 469 students were supported by institutional funds averaging at $1,571 per student (Bonsangue and Drew, 2021). Taking into consideration the increase in cost of living and stagnant wage earnings, the sufficiency of these funds, as well as the extent to which recruitment initiatives target those most in need, requires further examination.




PURPOSE OF THE STUDY

Given the importance of financial aid in the success of under-represented student success and the significance of STEM intervention programs in boosting the academic success of URM students, this paper seeks to investigate the extent to which financial aid offered through STEM intervention programs contributes to the successful graduation of URM students in STEM. Specifically, this study examines the degree to which students enrolled in a STEM intervention program join the workforce while enrolled in their undergraduate degree to develop a deeper understanding of the external, socio-economic factors that could affect students' decision to enroll, succeed and successfully matriculate into the STEM workforce or a graduate degree in STEM. In response to the many concerns to broaden and diversify access to STEM fields, this study aims to strengthen the body of research regarding the funding practices of STEM intervention programs, particularly as these programs affect students from under-represented backgrounds' ability to enter and persist in STEM fields (Rincón and George-Jackson, 2016). Specifically, this paper addresses the following research questions:

1) What are the socio-demographic, pre-college and academic characteristics of students enrolled in the Houston-Louis Stokes Alliance for Minority Participation program?

2) To what extent does participation in the workforce while enrolled in the H-LSAMP program associate with successful graduation in STEM?

Findings from this study will inform institutional and financial aid policy as it pertains to undergraduate success and persistence of URM students in STEM. On a broader level, this study aims to contribute to the understanding of the degree to which STEM intervention programs, and their funding priorities, support national efforts to diversify and expand access to STEM fields. Given that STEM intervention programs are primarily designed to improve access and success of this subpopulation of students, results from this study also aim to highlight the degree to which such programs truly support equity and diversity in higher education to traditionally under-served populations and offer legitimacy for increased financial support of these students.


Literature Review

A substantial body of research highlights the multiple barriers faced by under-represented students throughout K-12 and into their matriculation to college (Chen and Weko, 2009; National Assessment of Educational Progress, 2011; Institute For Broadening Participation, 2014). These barriers are varied and multi-faceted, yet contribute to a persistent pattern of attrition and drop-out among this sub-population of students (May and Chubin, 2003; Xie and Killewald, 2012; Institute For Broadening Participation, 2014). Reasons pertaining to the high drop-out rates among URM students include, but are not limited to, a lack of adequate pre-college academic preparations, college admission criteria, and financial aid (May and Chubin, 2003; Aschbacher et al., 2010; Walker et al., 2010). URM students are less likely to have access to rigorous high school curriculum, specifically in the areas of math and science, which in turn negatively impacts their chances of enrolling in, and succeeding in a STEM field of study (Riegle-Crumb and King, 2010; Engberg and Wolniak, 2013). These patterns are particularly prevalent among economically disadvantaged students, who are considerably less likely to enter in and complete a STEM degree (Trent et al., 2006). Along those lines, the collective disadvantage of inadequate pre-college preparation at the school level restricts whether under-represented minority students will consider and enroll into post-secondary education as a whole (Rincón and Lane, 2017).

Barriers to the access, enrollment and collegiate success of URM students in STEM exemplify the role that systemic racism plays in reinforcing inequitable admission policies, beliefs, and distribution of resources among minority students (Edge, 2020; McGee, 2020; O'Hara, 2020). Efforts to reform and diversify STEM education, thus far, have perpetuated inherent racist structures rather than addressing mechanisms through which institutions can challenge the discriminatory foundation of STEM programs and policies (McGee, 2020). In response to national calls to broaden and diversify the STEM undergraduate population, STEM intervention programs were established, in part, to provide academic support and financial aid to students from disadvantaged, minority backgrounds (Walker et al., 2010; Estrada, 2014; Carpi et al., 2017). Many of these programs offer students a collaborative learning environment, including faculty support, mentorship, and peer group learning which assist in promoting sense of belonging and academic integration among students, particularly from historically under-served backgrounds (Chang et al., 2014). Despite evidence of the positive role of STEM intervention programs at increasing the persistence, academic integration, and graduation of minority students in STEM fields (e.g., Duncan and Dick, 2000; Lane, 2016; Ghazzawi et al., 2021b), less is known about the role that financial aid plays in assisting program participants from disadvantaged backgrounds successfully graduate in a STEM field.

Literature emphasizes the importance of financial aid in helping students dedicate their time fully to their studies, as minority students often have to work extra hours to afford their education, negatively impacting their study time and academic achievement (Gardner and Broadus, 1990; Curs and Harper, 2012). Discourse in financial aid and economic literature examines the impact of financial aid policies on student success measures, particularly with the recent increase in the proportion of students receiving merit-based aid, as opposed to need-based aid (Doyle, 2006; Curs and Harper, 2012). One of the major criticisms of these trends is that financial aid is more likely to benefit students from middle and upper-income classes to a greater extent than those with increased socio-economic need (Cabrera et al., 1993). Alon and Tienda (2007) expand on these criticisms by discussing the notion of meritocracy in higher education, whereby students' individual talent and academic ability, measured by test scores and pre-college academic performance, take precedence over ascribed measure such as the need for academic and financial support. As a consequence, the role of STEM intervention programs in expanding opportunities for those traditionally under-represented students contrasts with the basic premise of meritocracy in higher education. The reliance on standardized test scores and competitive admission policies, in essence, contributes to the increasing social and economic inequities inherent in today's society (Walker et al., 2010; Rincón and Lane, 2017). With this evidence in mind, this study contributes to the existing body of literature on financial aid policies and their impact on the collegiate success of URM students by investigating longitudinal patterns of workforce participation among students from varying degrees of financial need.



Methodology

This study uses longitudinal data from the University of Houston's Education Research Center, a rich data repository that combines data from various state-level sources, including the Texas Education Agency (TEA), Texas Higher Education Coordinating Board (THECB), and the Texas Workforce Commission (TWC). Such expansive data sources lend this study the ability to track students' educational trajectory over time, from high school into post-secondary education and, subsequently, into the workforce. The sample included in this study were undergraduate participants of the H-LSAMP intervention program admitted between the years 1999–2015 (n = 1,767). Student-level characteristics, such as pre-college admission criteria, age, racial background, and SAT scores were examined, as well as the proportion of students participating in the workforce during their undergraduate degree program.



Data Analysis

Data analysis for this study consisted of both descriptive and inferential statistics. First, cross-tabulations and chi-square tests were used to investigate the proportion of students participating in the workforce across racial background, admission standards, and degree completion. Such descriptive data offered insight into the significance of differences between students participating in the workforce during their time in college across various socio-demographic and pre-college characteristics associated with persistence and graduation in STEM (Curs and Harper, 2012; Rincón and George-Jackson, 2016). Subsequently, a logistic regression model was conducted to measure the effect of workforce participation on degree completion for H-LSAMP participants. Control variables, including race, gender, admission standards, and time to graduation, were used in the analysis to examine the interplay between socio-demographic and pre-college factors, in association with workforce participation, and their influence on degree completion among historically under-served students.



Variables
 
Dependent Variable

The dependent variable of interest in this analysis was degree completion, a dichotomous variable representing whether students graduated in the specific time-frame of the study, or have not yet graduated.



Independent Variables

Supported by research studies that associate socio-demographic and pre-college variables with student success, particularly for students of color, independent variables included in this analysis consisted of racial/ethnic background, pre-college SAT scores, gender, age, as well as workforce participation and industry.




Limitations

There are a few limitations to this study that warrant discussion. Firstly, data on the specific amount of aid awarded to students, as well as the socio-economic status of students, was not available to use in the current study. Although this data would add valuable information on the relationship between socio-economic status, and financial aid rewarded, on the likelihood of working while studying and degree completion rates, this study used HLSAMP participation, and the increased likelihood of HLSAMP scholars being from economically disadvantaged backgrounds, as a proxy for socio-economic status and financial need. One of the major objectives of STEM intervention programs, particularly the program we focus on in this study, is to provide academic support and financial assistance to historically under-represented students without the financial resources or pre-college academic preparation needed to pursue an undergraduate degree in STEM (Chang et al., 2014; Carpi et al., 2017; Lisberg and Woods, 2018). In addition, specific information concerning the level of unmet financial need was not available for the purposes of this study. Despite the limitations in data availability, this study uses empirical research and HLSAMP recruitment objectives to discern the financial need of students participating in the program.

In addition, while the results of the study offer program administrators of intervention programs a breadth of information on the association between workforce participation during the HLSAMP fellowship and degree completion rates, it is important to note that these results are limited to the HLSAMP program and the efforts of participating institutions in Texas. The racial/ethnic composition of students graduating from the HLSAMP program thus far closely resembles that of the population demographics in Houston for Black students, as 26.9% of HLSAMP graduates were Black, compared to 22.6% of the Houston population (Cheeseman Day and Martinez, 2021; Ghazzawi et al., 2021b). However, Hispanic graduates are significantly less compared to population demographics (23.4 vs. 45%). Therefore, given the scope of this study, interpreting analysis results with caution is warranted, as they may not be applicable to other STEM intervention programs across the nation.




RESULTS


Characteristics of H-LSAMP Participants

Descriptive results of the socio-demographic and pre-college characteristics for the 1,767 H-LSAMP scholars included in the sample are presented in Table 1. Approximately 36% of H-LSAMP participants in the sample were Black and 18.8% were Hispanic. The sample contained a higher proportion of male students (54.6%) compared to female (45.4%). Students who participated in the workforce while pursuing their undergraduate degree comprised 34% of the sample. The average total SAT score for students in the sample was nearly 681. There were approximately 500 missing values for standardized test scores, therefore these results should be interpreted with caution as not all students' SAT scores were included in the data available for this study.


Table 1. Descriptive statistics–H-LSAMP scholars.
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Approximately 42% of students in the sample were admitted into college based on merit status, including the top 10% and top 25% admission criteria. Students accepted based on other criteria comprised the majority of the sample (51%), while students who met the basic requirement for admission represented the smallest percentage of HLSAMP scholars (6.2%).

Table 2 demonstrates the proportion of students participating in the workforce while active in the H-LSAMP program across race/ethnic background. Black students represented the highest proportion of students simultaneously participating in the workforce and the H-LSAMP program (37.6%), while Hispanic students represented 17.6% of simultaneous workforce participation.


Table 2. Workforce participation across race/ethnic background.
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Table 3 presents chi-square test results measuring the significance of differences across students who participated in the workforce while studying, and graduation. Results indicated a significant Pearson chi-square value (p < 0.005), demonstrating that a considerably lower proportion of students participating in the workforce during the H-LSAMP program graduated (59.2%), compared to students who did not work (98.1%). It is important to note that a proportion of students in the sample, specifically those graduating in 2015, may not have yet graduated given the six-year graduation timeframe.


Table 3. Chi-square test – differences in workforce participation and graduation among H-LSAMP participants.
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Workforce Participation Effects on Graduation

Table 4 presents results from the logistic regression model measuring the effect of workforce participation on graduation across H-LSAMP participants, along with corresponding coefficients and confidence intervals. Results indicated a statistically significant model with a pseudo R2 value of 0.467, indicating a considerable amount of variance in graduation rates among H-LSAMP participants (46.7%) could be explained by the independent variables included in the model. Generally, findings from the model showed that race, workforce participation and admissions criteria had significant associations with the graduation rates of H-LSAMP participants. Specifically, results showed that Black students had a significantly lower chance of graduating compared to their White peers (p < 0.05). Students accepted under other criteria had a significantly lower probability of graduating compared to those accepted under the 10% plan (p < 0.005). Finally, model results indicated a significant negative association between workforce participation while studying and graduation rates among H-LSAMP participants (p < 0.005).


Table 4. Logistic regression results–effect of workforce participation on graduation of H-LSAMP scholars.
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DISCUSSION

Findings from this analysis corroborate previous research studies that underscore the effect of financial aid on college completion in STEM, particularly for under-represented students. In particular, results imply that workforce participation during the H-LSAMP program, despite the financial aid provided for taking part in this STEM success initiative, is negatively associated with the successful graduation of H-LSAMP scholars. In addition, our findings demonstrate that Black students participate in the workforce during their H-LSAMP participation to a greater extent than their peers and are significantly less likely to graduate compared to peers from other racial backgrounds. These results suggest that students from historically under-served backgrounds, specifically Black students who participate in the H-LSAMP program, face a greater need to find other sources of income to fund their education. As referenced in prior studies (e.g., Gardner and Broadus, 1990; Curs and Harper, 2012), minority students are often at a greater disadvantage to succeed in a STEM degree given the financial strain of affording their college education.

The financial concerns of this subpopulation of students, in addition to the cumulative disadvantage they already face due to inadequate schooling and barriers to access higher education, deter their chances of succeeding in an undergraduate STEM field of study (Blustein et al., 2013; Mitchell et al., 2019). Along those lines, results from this study support the notion that the financial aid offered through STEM intervention programs may not be sufficient to overcome the level of financial need these students face, leaving them less time to overcome the gaps in their academic preparation as they engage in the workforce to attend college. Given that one of the objectives of STEM intervention programs is to expand and diversify access of historically under-served students into STEM fields, these results offer evidence to revisit the level of financial aid provided to students and institutional policies that essentially run counter to efforts to broaden access into STEM. As prior scholars have highlighted, findings from the current study provide evidence for policy makers to strengthen need-based aid programs, rather than merit-based programs, that would be most beneficial to students with high financial need, as well as create funding formulas centralizing on capacity building for students with the least resources to pursue a degree in higher education (Mitchell et al., 2019). Particularly as it relates to decreases in higher education funding, along with tuition increases and the recent stagnation in earnings, these recommended shifts in policies would have a profound effect on reducing racial disparities in higher education attainment (Dynarski, 2003; Stater, 2009; Curs and Harper, 2012). In addition to the recommended changes to financial aid policy, both high schools and higher education institutions are encouraged to work with low-income minority students and their families to assist them in understanding the costs associated with pursuing a degree and the amount of expected financial aid they would receive upon acceptance into the HLSAMP program (Melguizo and Chung, 2012). Given the increased likelihood of low-SES students to undergo debt and pursue employment to cover their education costs, an increased understanding of the costs involved throughout their degree would be helpful in terms of managing expectations related to degree affordability (Grodsky and Jones, 2007). This is particularly helpful in an era where public institutions are struggling with decreased funding and a loss of endowments, which reduces the probability of stronger financial aid packages for low-income students (Melguizo and Chung, 2012). To the extent that the current role of higher education centralizes on creating a level playing field for students from disadvantaged backgrounds, our findings offer legitimacy for STEM intervention programs, and the institutions running such programs, to re-evaluate their admission criteria in ways that offer expanded opportunities for students most in need, both academically and financially. Re-evaluation criteria should include enhanced academic support for those students from disadvantaged backgrounds, particularly in introductory math and science courses, in order to strengthen their foundational academic skills that will enable them to successfully complete a degree in STEM. Furthermore, admission criteria should offer expanded access to this subpopulation of students, particularly through a shift in institutional admission criteria from merit-based to need-based aid. Such shifts will bolster the financial aid offered to disadvantaged students, and create a more balanced playing field where these students are offered equitable access to higher education as their peers from more affluent financial backgrounds.


Directions for Future Research

In light of the evidence presented in this study that demonstrate the significant negative association between work-study and degree completion rates, an area for future research could build on this these findings and investigate differentiating effects of various occupations on degree completion. For instance, the degree to which working in a STEM field, vs. a non-STEM field, while studying effects graduation. In addition, examining the extent to which on-campus vs. off-campus employment affects degree completion rates could also provide valuable information to program leaders on whether providing paid on-campus job opportunities as an option could benefit the academic success of HLSAMP students. This level of detail could offer program administrators recommendations on guided career preparation and career resources that enable them to pursue an occupation that is relevant to their degree and could potentially promote higher graduation rates among URM students. Given the lack of research available in the area of workforce participation and its association with degree completion, such analyses would contribute to the discourse on the need for further financial support of students from disadvantaged/under-represented backgrounds (Alon and Tienda, 2007; Curs and Harper, 2012).
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