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NSF HBCU-UP Implementation Program: Enhancing STEM Education for 1 
Underrepresented Students through Course-Based Undergraduate Research at 2 

HBCUs 3 
 4 
Abstract: This paper presents the development and implementation of a 5 
transformative engineering curriculum at Tennessee State University (TSU), designed 6 
to improve retention and graduation rates among underrepresented students in Science, 7 
Technology, Engineering, and Mathematics (STEM). Central to this initiative are 8 
Course-Based Undergraduate Research Experiences (CUREs), which aim to enhance 9 
student engagement, develop visual-spatial skills, and promote learning outcomes. 10 
These efforts are crucial, especially at Historically Black Colleges and Universities 11 
(HBCUs) like TSU, which play a vital role in providing underrepresented students 12 
with authentic research opportunities. Over two semesters, the CURE program 13 
yielded significant findings, including increased student interest in STEM, shifts in 14 
degree aspirations, and positive changes in self-concept and relationship with science. 15 
Quantitative assessments and qualitative evaluations through surveys and interviews 16 
will further explore the impact of CUREs on students' academic success, 17 
empowerment, and self-efficacy. The study highlights the potential of such initiatives 18 
to bridge gaps in research exposure, foster academic and professional growth, and 19 
build confidence among underrepresented students. Further research will explore the 20 
long-term effects of CURE participation on academic trajectories and career decisions 21 
in STEM fields. 22 
Keywords: Curriculum-Based Undergraduate Research Experience (CURE); STEM 23 
Education; Historically Black Colleges and Universities (HBCUs) 24 

Introduction 25 

STEM (Science, Technology, Engineering, and Mathematics) education plays a 26 
critical role in driving innovation, fostering economic growth, and enhancing global 27 
competitiveness in the United States. Academic institutions nationwide are pivotal in 28 
preparing the next generation of scientists, engineers, and technologists. However, the 29 
persistent underrepresentation of minority students in STEM disciplines poses a 30 
significant challenge, underscoring the urgent need for inclusive educational strategies 31 
that promote diversity (Yan et al., 2024). Historically Black Colleges and Universities 32 
(HBCUs) are uniquely positioned to address this disparity by offering equitable 33 
access to quality STEM education for underrepresented minority (URM) students, 34 
particularly African Americans. 35 

HBCUs have been central to diversifying the STEM workforce, producing a 36 
substantial proportion of Black professionals in science, technology, engineering, and 37 
mathematics fields. Despite their significant contributions, HBCUs face challenges 38 
such as limited funding and resource constraints, which can negatively impact 39 
educational quality and student support services. These systemic barriers, combined 40 
with insufficient pre-college STEM preparation, limited access to mentorship and 41 
research opportunities, and the need for culturally responsive support systems, create 42 
substantial obstacles to the academic success and retention of minority students in 43 
STEM fields. 44 
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The Curriculum-Based Undergraduate Research Experience (CURE) has emerged 45 
as an effective intervention to enhance retention, engagement, and graduation rates 46 
among STEM students. CURE programs integrate authentic research experiences 47 
directly into the curriculum, enabling students to engage in real-world scientific 48 
inquiry as part of their coursework. This approach not only deepens students’ 49 
understanding of scientific concepts but also cultivates a sense of belonging and 50 
confidence in their research abilities. By participating in CURE, students develop 51 
critical thinking skills, gain exposure to scientific processes, and foster a stronger 52 
interest in STEM careers. Research indicates that CURE programs can significantly 53 
narrow achievement gaps by providing URM students with equitable access to 54 
research opportunities, mentorship, and collaborative learning environments (Yan et 55 
al., 2020). As such, CURE represents a vital strategy for supporting URM students in 56 
academically rigorous settings. 57 

Literature review  58 

The significance of STEM education in shaping innovation and economic 59 
development cannot be overstated. Historically Black Colleges and Universities 60 
(HBCUs) play a pivotal role in advancing diversity in these fields, producing a 61 
notable percentage of African American professionals in science, technology, 62 
engineering, and mathematics (Davis, 2023). However, despite their critical 63 
contributions, HBCUs often encounter systemic obstacles such as limited resources 64 
and funding constraints (Escobar et al., 2023), which hinder their capacity to fully 65 
address the unique challenges faced by underrepresented minority (URM) students. 66 

Retention and graduation gaps among URM students in STEM disciplines remain 67 
a pressing concern. Many of these disparities are linked to barriers such as inadequate 68 
pre-college preparation, limited mentorship opportunities, and the absence of 69 
culturally responsive teaching approaches (Kricorian et al., 2020). By addressing 70 
these systemic challenges, HBCUs have the potential to significantly enhance the 71 
participation and success of URM students in STEM, thereby enriching the overall 72 
talent pool (Yan et al., 2018). 73 

CURE fosters essential skills such as critical analysis, collaborative problem-74 
solving, and independent thinking. Students gain confidence as they work on 75 
meaningful projects, developing a stronger connection to their disciplines and a 76 
clearer sense of purpose in their academic and professional journeys (Hansen et al., 77 
2024). Faculty also benefit from the implementation of CURE by aligning teaching 78 
with their research interests, creating a mutually beneficial academic environment. 79 

Methodology 80 

This study examined the integration of CURE methodologies across selected 81 
courses during the Fall 2023 and Spring 2024 semesters. Surveys were administered 82 
at the beginning and end of each course to assess changes in student perceptions and 83 
learning outcomes. Courses included topics such as Computer Engineering Graphics, 84 
Foundation Engineering, and Energy Conservation in Buildings. Participants 85 
completed voluntary pre- and post-course surveys, which explored their motivations, 86 
prior experiences, perceived learning gains, and attitudes toward STEM. Institutional 87 
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review board approval ensured ethical compliance, and students retained the option to 88 
withdraw at any time. By analyzing pre- and post-survey results, the study captured 89 
shifts in engagement, confidence, and interest in STEM careers, providing insights 90 
into the effectiveness of CURE within HBCUs. 91 

Statistical analyses were performed using SPSS 27.0. Descriptive statistics 92 
summarized key aspects such as students’ demographics, motivations for course 93 
enrollment, perceived learning gains, and overall course evaluations. Independent 94 
samples t-tests evaluated changes in students’ attitudes toward STEM disciplines, 95 
their educational aspirations, and their confidence in science-related skills before and 96 
after participation in the CURE program. 97 

Discussion 98 

This study assessed how the CURE program influenced student engagement, 99 
perceptions, and aspirations within STEM fields at Tennessee State University (TSU), 100 
a public HBCU. While the program demonstrated potential to enhance STEM 101 
education for underrepresented students, the findings also highlighted critical areas 102 
requiring refinement to maximize its impact. 103 

Program Strengths and Areas for Growth 104 

The CURE program effectively engaged students in guided and independent 105 
research, fostering essential STEM competencies. Participants reported significant 106 
learning gains in instructor-led projects and individual research tasks. However, lower 107 
ratings for activities requiring collaboration, such as peer critiques, research proposals, 108 
and presentations, indicate areas for improvement. Enhancing these components 109 
through structured peer-review sessions and group presentations could better prepare 110 
students for the collaborative nature of STEM careers, where teamwork and 111 
communication are vital skills (Dare et al., 2021). 112 

Influence on Academic Aspirations 113 

While the program maintained students’ interest in STEM fields, its impact on 114 
their long-term academic aspirations was modest. Some participants reconsidered 115 
pursuing doctoral degrees, with a noticeable increase in those undecided about their 116 
educational paths. This reconsideration aligns with prior findings that authentic 117 
research experiences can reveal the realities of advanced academic work, prompting 118 
students to reassess their goals (Chen et al., 2024). To counteract this, CURE 119 
programs should include career exploration modules that highlight diverse STEM 120 
opportunities, including roles outside of academia, to broaden students’ perspectives 121 
and reinforce their commitment to STEM careers. 122 

Developing Scientific Mindsets and Self-Efficacy 123 

The program’s influence on students’ understanding of science revealed a need for 124 
more robust communication of scientific principles. Some students adopted 125 
deterministic views of research, believing experiments are successful only if they 126 
yield expected results. Addressing this misconception requires emphasizing the 127 
iterative and exploratory nature of scientific inquiry, along with the value of 128 
unexpected outcomes in driving discovery. Incorporating discussions on the 129 
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philosophy of science and resilience-building strategies could enhance students’ 130 
confidence and adaptability in research contexts. Furthermore, students’ relatively 131 
lower confidence in communication-focused skills, such as drafting research 132 
proposals and presenting findings, suggests that these areas need targeted attention 133 
(Estrada et al., 2018). 134 

Reassessing STEM Career Intentions 135 

The program’s modest influence on students’ willingness to pursue STEM majors 136 
highlights a potential disconnect between the appeal of research experiences and long-137 
term career commitment. While students valued their exposure to authentic research, 138 
the realities of these experiences may have tempered their enthusiasm for traditional 139 
STEM paths. Addressing this requires integrating more tailored mentoring and 140 
showcasing non-traditional STEM careers, enabling students to connect their skills 141 
with broader professional opportunities (Galvez et al., 2024). 142 

Conclusion 143 

This study highlights the transformative potential of CURE programs in fostering 144 
academic engagement and enhancing research experiences for underrepresented 145 
minority (URM) students in STEM. These programs serve as a bridge to independent 146 
learning, empowering students to immerse themselves in authentic research processes. 147 
However, the findings reveal critical areas for improvement, particularly in nurturing 148 
collaborative abilities and communication skills. Introducing structured activities, 149 
such as peer review sessions, scientific presentations, and targeted training in 150 
professional competencies, could make these programs more holistic and impactful. 151 

The reassessment of students' academic trajectories observed during the study 152 
suggests a need for CURE programs to go beyond research immersion. Integrating 153 
career exploration initiatives that link research experiences to a variety of STEM 154 
career paths could provide students with a clearer vision of their future opportunities. 155 
Tailored mentoring and exposure to diverse professional avenues would also help 156 
address the unique challenges URM students face in navigating STEM fields, 157 
fostering both confidence and persistence. 158 

Acknowledgements  159 

       We acknowledge the support of the National Science Foundation (NSF HBCU-160 
UP Implementation Project #2306341; NSF S-STEM #2029907). The opinions, 161 
findings, conclusions, and recommendations expressed in this material are solely 162 
those of the authors. We confirm that this manuscript has been read and approved by 163 
all listed authors, and there are no other individuals who meet the authorship criteria 164 
but are not included. Additionally, we confirm that the order of authorship has been 165 
agreed upon by all contributors. 166 
 167 
References 168 
Chen, Y., So, W. W. M., Zhu, J., & Chiu, S. W. K. (2024). STEM learning 169 

opportunities and career aspirations: the interactive effect of students’ self-170 
concept and perceptions of STEM professionals. International Journal of 171 
STEM Education, 11(1), 1. https://doi.org/10.1186/s40594-024-00466-7 172 

https://doi.org/10.1186/s40594-024-00466-7


5 
 

Dare, E. A., Keratithamkul, K., Hiwatig, B. M., & Li, F. (2021). Beyond content: The 173 
role of STEM disciplines, real-world problems, 21st century skills, and STEM 174 
careers within science teachers’ conceptions of integrated STEM 175 
education. Education Sciences, 11(11), 737. 176 

Davis, L. A. (2023). Success against the odds: The HBCU experience. In How Black 177 
colleges empower Black students (pp. 43-49). Routledge. 178 

Escobar, M., Qazi, M., Majewski, H., Kotoye, C., & Barfield, J. (2023). Barriers and 179 
facilitators to obtaining external funding at Historically Black Colleges and 180 
Universities (HBCUs). Journal of STEM Education: Innovations and 181 
Research, 24(1). 182 
https://jstem.org/jstem/index.php/JSTEM/article/view/2606/2310 183 

Estrada, M., Hernandez, P. R., & Schultz, P. W. (2018). A longitudinal study of how 184 
quality mentorship and research experience integrate underrepresented 185 
minorities into STEM careers. CBE—Life Sciences Education, 17(1), ar9. 186 

Galvez, G., Killilea, D. W., Berry, S., Narayanaswami, V., & Fung, E. B. (2024). 187 
Increasing STEM Skills, Knowledge and Interest Among Diverse Students: 188 
Results from an Intensive Summer Research Program at the University of 189 
California, San Francisco. Innovative Higher Education, 1-20. 190 

Hansen, M. J., Palakal, M. J., & White, L. J. (2024). The importance of STEM sense 191 
of belonging and academic hope in enhancing persistence for low-income, 192 
underrepresented STEM students. Journal for STEM Education Research, 7(2), 193 
155-180. https://doi.org/10.1007/s41979-023-00096-8 194 

Kricorian, K., Seu, M., Lopez, D., Ureta, E., & Equils, O. (2020). Factors influencing 195 
participation of underrepresented students in STEM fields: matched mentors 196 
and mindsets. International Journal of STEM Education, 7, 1-9. 197 
https://doi.org/10.1186/s40594-020-00219-2 198 

Van Sickle, J., Schuler, K. R., Holcomb, J. P., Carver, S. D., Resnick, A., Quinn, C., 199 
Jackon, D. K., Duffy, S. f., & Sridhar, N. (2020). Closing the achievement gap 200 
for underrepresented minority students in STEM: A deep look at a 201 
comprehensive intervention. Journal of STEM Education: Innovations and 202 
Research, 21(2). 203 
https://jstem.org/jstem/index.php/JSTEM/article/view/2452/2160 204 

Yan, J., Li, L., & Yin, J. (2020). Effects of MSTI summer camp program on student’s 205 
perception on STEM learning. Journal of STEM Education: Innovations and 206 
Research, 20(2). 207 

Yan, J., Li, L., Yin, J., & Nie, Y. (2018). A comparison of flipped and traditional 208 
classroom learning: A case study in mechanical engineering. International 209 
Journal of Engineering Education, 34(6), 1876-1887. 210 

Yan, J., Liu, S., Armwood-Gordon, C., & Li, L. (2024). Factors affecting active 211 
flipped learning on underrepresented students in three STEM 212 
courses. Education and Information Technologies, 29(9), 10791-10804. 213 
https://doi.org/10.1007/s10639-023-12234-1 214 

https://jstem.org/jstem/index.php/JSTEM/article/view/2606/2310
https://doi.org/10.1007/s41979-023-00096-8
https://doi.org/10.1186/s40594-020-00219-2
https://jstem.org/jstem/index.php/JSTEM/article/view/2452/2160
https://doi.org/10.1007/s10639-023-12234-1

