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Abstract — This paper examines the potential effects of implementing a large-scale, challenge-
based learning (CBL) initiative, specifically the NASA Artemis ROADS program, on the science,
technology, engineering, and mathematics (STEM) career interests of students in a rural 7-12
school district. Rural districts often face unique educational challenges, including resource and
funding disparities, yet possess untapped potential. The objective of this analysis is to synthesize
existing literature to build a conceptual framework for understanding how such an intervention
might perform, paying close attention to critical moderating variables such as local school context,
student grade level, and gender. This study utilizes a qualitative literature synthesis, drawing from
meta-analyses, quasi-experimental studies, and programmatic reports. The findings indicate that
while CBL is a potent pedagogical tool, its effectiveness is highly context-dependent. High school
students typically derive the most significant benefits from STEM interventions. Furthermore,
gender-differentiated factors, such as the influence of media, social support, and the presence of
female role models, critically shape STEM interest. The analysis concludes that the success of
programs like NASA Artemis ROADS in rural settings hinges on careful adaptation to local
conditions and the deployment of demographically-informed engagement strategies to effectively
foster STEM career aspirations.

Keywords — Challenge-Based Learning, Stem Education, Rural Schools, Career Interest,
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I. Introduction

The imperative to provide equitable and engaging science, technology, engineering, and
mathematics (STEM) education is a key part of modern educational policy. However, significant
disparities still exist, especially for students in rural school districts who often face fewer resources
and less government and private funding compared to their suburban peers.! Despite these
obstacles, rural schools demonstrate a remarkable ability to succeed, achieving national test scores
that are not statistically different from those in large urban districts.! This resilience indicates a
large, untapped potential that can be developed through innovative teaching methods and strategic
partnerships. Technology-based interventions have shown promise in closing geographical and
resource gaps, with one large-scale program connecting rural Chinese students with urban teachers
leading to significant long-term improvements in both educational achievement and future
earnings.?
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Among promising pedagogical models, Challenge-Based Learning (CBL) has become a
strong framework. CBL is an active learning approach where students work together to identify,
analyze, and develop solutions to complex, real-world sociotechnical problems.® As a progression
from problem-based learning, it often incorporates an Engineering Design Process (EDP) to
enhance 21st-century skills and motivate students.* Large-scale, prominent initiatives like the
NASA Artemis ROADS (Rover Observation and Drone Survey) challenge serve as an excellent
platform for applying CBL on a broad scale. However, adapting such a program to the specific
context of a rural 7-12 district presents a complex research challenge. Although the benefits of
CBL are well documented, there is a significant gap in understanding how its impact on student
STEM career interest is influenced by environmental factors unique to rural communities and
critical student demographics such as grade level and gender.

This paper aims to fill this gap by synthesizing a body of empirical research to develop a
conceptual framework for assessing the potential impact of the NASA Artemis ROADS program.
The objectives are to: 1) review the evidence on the effectiveness of CBL and similar STEM
interventions; 2) explore the specific challenges and opportunities in rural STEM education; 3)
analyze how student grade level and gender can lead to different impacts on career interest; and 4)
discuss the practical implications for designing and implementing large-scale CBL initiatives to
enhance their effectiveness and equity in rural areas.

Literature Review

The conceptual foundation for this analysis is based on three pillars of research: the nature
and effectiveness of challenge-based learning, the unique context of rural STEM education, and
the role of demographic variables in moderating student outcomes. Challenge-Based Learning is
defined as a multidisciplinary experience where learning is driven by designing a sustainable
solution to a real-world problem.? It is an extension of problem-based learning that often includes
an EDP to structure student work, improve critical thinking, and boost motivation.* The
effectiveness of these active learning strategies is well-documented. A meta-analysis of 40 studies
showed that the type of learning activity significantly influences academic achievement in STEM,
with inquiry-based learning (a core part of CBL) showing the largest effect size.> However, the
impact of STEM interventions is not consistent. A quasi-experimental study revealed that an
intervention's success highly depends on the context, resulting in notable academic and
engagement increases in one school, no significant change in another, and negative outcomes in a
third.® Nevertheless, well-designed STEM Intervention Programs (SIPs) can have a substantial
impact, with one study indicating that participating students had 3.0 times higher odds of
continuing in a STEM major.

The rural educational landscape presents unique variables. Rural schools often have less
funding than suburban and small urban schools, yet their students' performance on national tests
is similar to that of students in large urban districts.! This shows resilience and potential that
targeted interventions can harness. Technology has proven to be a strong equalizer; a program that
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used satellite technology to connect over 100 million rural students in China with highly qualified
urban teachers resulted in students completing more schooling and earning significantly higher
wages nearly a decade later.? Recognizing this potential, NASA has a strategic history of focusing
on rural districts for educational outreach, aiming to boost participation among educationally and
economically disadvantaged youth and diversify its future workforce.®®

Student demographics are key moderators of an intervention's impact. A meta-analysis of
66 studies found that academic level significantly influences outcomes, with the strongest effects
of STEM education seen in high school students.® Gender is another important factor. Having
more female students in a STEM course tends to lead to higher academic achievement for all
students, particularly benefiting female students themselves.!! Similarly, female students gain
more from having a female STEM instructor.** The factors that foster STEM career interest also
vary by gender; a survey of high school students revealed that social support was the most
influential for males, while media had the greatest impact on females.'? At the university level,
research opportunities and course resources were more advantageous for women's career
commitment, while peer interactions played a larger role for men.!2 These findings emphasize the
need for tailored engagement strategies, while also warning against deficit-based mentoring
models that have proven ineffective for women of color in STEM. 4

1. Methodology

This study uses a qualitative literature review and conceptual analysis to examine the
potential impact of the NASA Artemis ROADS program on STEM career interest in a rural 7-12
district. The approach involves a systematic review of a compilation of research including peer-
reviewed meta-analyses, quasi-experimental studies, program evaluations, and strategic plans
from educational and government organizations. No primary data were gathered; instead, the study
synthesizes existing empirical evidence to develop a predictive and analytical framework.

The analysis is organized to address the main questions of the combined query, focusing
on the intersection of three key areas: the pedagogical model (Challenge-Based Learning), the
implementation setting (a rural school district), and the target population (students in grades 7-12
with diverse demographic backgrounds). By identifying similarities and differences across the
literature, this paper creates a clear narrative that highlights the important factors likely to impact
the program'’s success. This approach helps develop a detailed understanding of potential outcomes
and provides a foundation for future research and program evaluation.

I11.Results and Discussion

The synthesis of the literature uncovers a complex interaction of factors that influence the
impact of a program like NASA Artemis ROADS. The findings are arranged into three main
themes: the variability of CBL implementation, the unique dynamics of the rural educational
setting, and the differing effects across student demographics.
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The promise and peril of challenge-based learning implementation

The evidence strongly supports the potential of CBL and related inquiry-based methods to
produce significant academic gains.> However, the promise of the pedagogical model is tempered
by the risk of implementation variability. The success of a STEM intervention relies heavily on
local context, as shown by a study where identical interventions yielded positive, null, and even
negative results in three different high schools.® Practical barriers, such as limited infrastructure
and inflexible school schedules, can hinder implementation, especially in under-resourced
districts.™ Therefore, the success of the Artemis ROADS challenge depends not only on its design
quality but also on how faithfully it is implemented at the school level. Program evaluations from
other NASA informal education projects emphasize the importance of using tools like a “Fidelity
and Adaptation Survey” to assess how closely a program is implemented as planned and to record
local modifications.®

The unique rural environment

The rural context is not just a variable but a key aspect of the implementation landscape.
Although often marked by funding gaps, rural schools have hidden potential for high
achievement.! NASA’s strategic focus on rural outreach, going back to the 1990s, recognizes this
potential and seeks to nurture talent outside traditional urban and suburban areas.®® The proven
success of large-scale technology programs connecting rural students with quality educational
resources offers a strong example, indicating that well-crafted initiatives can overcome geographic
barriers and produce lasting, transformative benefits.? The Artemis ROADS challenge, with its
mix of hands-on engineering and digital teamwork, is well-placed to tap into this potential, but its
success depends on understanding and adapting to the specific resources and culture of rural
districts.

Differential impact across student demographics

A one-size-fits-all approach to the Artemis ROADS challenge would probably lead to
unequal results. Research shows that students’ experiences with STEM interventions vary
depending on their grade level and gender.

e A comprehensive meta-analysis revealed that the impact of STEM education is strongest
for high school students (grades 9-12), who showed the largest effect sizes for both overall
learning outcomes and specific cognitive gains.® This indicates that while middle school
students (grades 7-8) can also benefit, the program may need to be adapted differently for
each group. For younger students, the focus might be on building foundational skills and
fostering a positive STEM identity, while for older students, the emphasis could be on
tackling complex problem-solving and exploring career pathways.

e Gender: The findings on gender are especially nuanced. Establishing an environment with
strong female representation in teams and leadership roles is vital, as it has been shown to
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improve academic achievement for all students, especially females.** The presence of
female instructors or mentors is also a key positive factor.!! Engagement strategies should
also be gender-conscious. Program outreach and content that utilize media may be more
effective at igniting interest among female students, while highlighting teamwork and
social support may resonate more with male students.'? Additionally, ensuring that female
students have clear access to program resources and research opportunities could be more
crucial for their long-term career commitment compared to their male peers.'3

Discussion

The synthesized findings indicate that implementing the NASA Artemis ROADS program
in a rural 7-12 district is a high-potential yet high-variance effort. The main implication is that
success does not stem solely from the CBL model itself but depends on a deliberate and informed
process of adapting to the local context and student population. This aligns with research showing
the significant context-dependency of STEM interventions, where local school culture and
implementation fidelity can be more predictive of outcomes than the pedagogical design alone.®

From a practical standpoint, this analysis emphasizes the need for a tailored
implementation strategy. For students in grades 912, the program can be ambitious, utilizing the
finding that this age group gains the greatest cognitive benefits from STEM education.® For grades
7-8, the focus should be on engagement and developing a strong science identity, which is a key
step toward career interest. The gender-related findings highlight the importance of proactive
program design. This includes intentionally showcasing female role models within NASA and the
wider STEM community through media, ensuring female students are not isolated in project teams,
and offering explicit mentoring opportunities. These approaches go beyond simply providing
access and actively foster an inclusive environment tailored to the different factors that influence
career interest for male and female students.!!*2

This study has some limitations. As a literature review, it does not include primary data
from the Artemis ROADS program and depends on combining findings from various contexts,
some of which may not be directly comparable to a U.S. rural district. For example, insights on
the impact of media and social support were taken from a study in China and may have cultural
differences.!? Additionally, while one meta-analysis on Design-Based Learning found that the
specific STEM discipline was not a significant factor influencing outcomes,'’ the unique,
multidisciplinary nature of an aerospace-engineering challenge like Artemis ROADS could lead
to different results. These limitations emphasize the importance of conducting direct, empirical
research on the program itself.

Despite these limitations, this paper successfully meets its objectives by providing a
conceptual framework grounded in empirical evidence. It synthesizes the literature on CBL,
contextualizes it within the rural educational environment, and analyzes the critical moderating
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roles of grade level and gender, offering a clear roadmap for both implementation and future
evaluation.

1VV. Conclusion

Implementing a large-scale, challenge-based learning program like NASA Artemis
ROADS presents a valuable opportunity to boost STEM education and interest in careers among
students in rural districts. While the potential impact is considerable, the path to success is
complex. The existing literature review suggests that effectiveness depends not just on the
pedagogical model but also on careful, context-aware adaptations to each school's environment
and the diverse needs of its students.

Future research must shift from the conceptual to the empirical. Quasi-experimental studies
are necessary to directly assess the impact of the Artemis ROADS program in rural areas, with a
focus on collecting and analyzing data broken down by grade level, gender, prior academic
performance, and other important demographic factors. To understand the reasons for success or
failure, such research should include tools like a “Fidelity and Adaptation Survey” to document
how the program is being implemented and changed in practice.’® Ultimately, by combining
innovative, evidence-based programs with rigorous, context-sensitive evaluation, we can better
unlock the great and often underused potential of students in every school district, no matter where
they are located.

REFERENCES

[1] Harris, R. S., & Hodges, C. B. (2018). STEM education in rural schools: Implications of
untapped potential. National Youth-At-Risk Journal, 3(1).
https://doi.org/10.20429/nyarj.2018.030102

[2] Bianchi, N., Lu, Y., & Song, H. (2021, March 1). There’s an education gap between rural and
urban communities: Can technology bridge it? Kellogg Insight.
https://insight.kellogg.northwestern.edu/article/education-gap-distance-learning

[3] Malmaqyist, J., Kohn Réadberg, K., & Lundgvist, U. (n.d.). Comparative analysis of challenge-
based learning experiences [PDF]. Chalmers University of  Technology.
https://publications.lib.chalmers.se/records/fulltext/218615/local_218615.pdf

[4] Thatcher, W., & Meyer, H. (2017). Identifying initial conceptions of engineering and teaching
engineering. Education Sciences, 7(4), 88. https://doi.org/10.3390/educsci7040088

[5] Zhou, S., Dong, Z., Wang, H. H., & Chiu, M. M. (2024). A meta-analysis of STEM integration
on student academic achievement. Research in Science Education, 55(5), 1273-1302.
https://doi.org/10.1007/s11165-024-10216-y

[6] Swargiary, K. (2024). Differential impact of STEM educational interventions on grade 12
students' academic performance, career attitudes, and engagement [Unpublished manuscript].
SSRN. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4907349

[7] Shortlidge, E. E., Gray, M. J., Estes, S., & Goodwin, E. C. (2024). The value of support: STEM
intervention programs impact student persistence and belonging. CBE—Life Sciences
Education, 23(2). https://doi.org/10.1187/cbe.23-04-0059

Copyright © 2025 IJAMS, All right reserved
13



AN INTERNATIONAL JOURNAL OF ADVANCED MULTIDISCIPLINARY STUDIES
/\z |l JAMS Volume V, Issue 12 December 2025, elSSN: 2799-0664

[8] Coleman, C. D. (2000). The Rural Outreach Project (NASA Technical Report No.
20000093960). NASA Technical Reports Server. https://ntrs.nasa.gov/citations/20000093960

[9] NASA. (1992). NASA’s strategic plan for education: A strategy for change, 1993-1998 (EP-
289). NASA Technical Reports Server.
https://ntrs.nasa.gov/api/citations/19930013985/downloads/19930013985.pdf

[10] Cao, X., Lu, H., Wu, Q., & Hsu, Y. (2025). Systematic review and meta-analysis of the
impact of STEM education on students learning outcomes. Frontiers in Psychology, 16,
1579474, https://doi.org/10.3389/fpsyg.2025.1579474

[11] Bowman, N. A,, Logel, C., LaCosse, J., Jarratt, L., Canning, E. A., Emerson, K. T. U., &
Murphy, M. C. (2022). Gender representation and academic achievement among STEM-
interested students in college STEM courses. Journal of Research in Science Teaching, 59(10),
1876-1900. https://doi.org/10.1002/tea.21778

[12] Wang, N., Tan, A. L., Zhou, X., Chen, Y., & Zhong, Q. (2023). Gender differences in high
school students’ interest in STEM careers: A multi-group comparison based on structural
equation  model. International Journal of STEM  Education, 10, 59.
https://doi.org/10.1186/540594-023-00443-6

[13] Guo, C., Wu, W., Hu, T., Yang, Y., Zhao, X., & Zhang, L. (2025). Unequal access, equal
outcomes? Gender differences in the relationship between university-led STEM program
factors and undergraduates’ career commitment in STEM. International Journal of STEM
Education, 12, 46. https://doi.org/10.1186/s40594-025-00569-9

[14] Nkrumah, T., & Scott, K. A. (2022). Mentoring in STEM higher education: A synthesis of
the literature to (re)present the excluded women of color. International Journal of STEM
Education, 9, 50. https://doi.org/10.1186/s40594-022-00367-7

[15] Castafio, C., Caballero, R., Noguera, J. C., Chen Austin, M., Bernal, B., Jaén-Ortega, A. A.,
& Ortega-Del-Rosario, M. D. L. A. (2025). Developing sustainability competencies through
active learning strategies across school and university settings. Sustainability, 17(19), 8886.
https://doi.org/10.3390/su17198886

[16] Fountain, A. R., & Levy, A.J. (2009). NASA informal education: Final report (Contract No.
NNHO09CF33D). National Aeronautics and Space Administration, Office of Education.
https://files.eric.ed.gov/fulltext/ED546144.pdf

[17] Panergayo, A. A. E., & Prudente, M. S. (2024). Effectiveness of design-based learning in
enhancing scientific creativity in STEM education: A meta-analysis. International Journal of
Education in  Mathematics, Science, and Technology, 12(5), 1182-1196.
https://doi.org/10.46328/ijemst.4306

Copyright © 2025 IJAMS, All right reserved
14



