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Abstract

The project “Empowering Girls in STEM and Beyond” is a school-based intervention designed to
strengthen STEM engagement among adolescent girls while addressing socio-economic constraints
through parallel women empowerment initiatives. Implemented through an integrated model, the program
combines experiential STEM learning, infrastructure enhancement, volunteer engagement, and exposure
to competitive platforms with vocational skill development for mothers. Over the course of
implementation, 106 mothers were trained in tailoring, beauty services, baking, and computer literacy to
promote financial independence and educational sustainability within households. The initiative seeks to
create a supportive ecosystem that enhances girls’ academic progression while strengthening family-level
economic resilience. Preliminary observations indicate improved participation in STEM activities,
increased exposure to national-level platforms, and strengthened community involvement. The model
demonstrates the potential of combining educational enrichment with economic empowerment to promote
long-term educational continuity for girls.

Keywords: STEM education, women empowerment, school-based intervention, vocational training,
educational sustainability, gender equity.

1. Introduction
1.1 Background and Rationale

Globally, girls remain underrepresented in STEM (Science, Technology, Engineering, and Mathematics)
education and careers. While enrollment rates at the primary level may be comparable, participation
declines significantly during secondary education and higher studies. In lack of role models, financial
constraints, and reduced confidence contribute to the gradual disengagement of girls from STEM
pathways.

Several studies indicate that girls’ self-efficacy in mathematics and science plays a crucial role in
determining long-term engagement. Beyond academic ability, confidence, mentorship, and access to
experiential learning opportunities significantly influence persistence in STEM subjects.

In low- and middle-income communities, economic instability further restricts girls’ educational
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continuity. Families facing financial pressure may deprioritize higher education for daughters.
Therefore, interventions addressing only academic performance may not sufficiently tackle systemic
barriers.

1.2 Need for a Holistic School-Based Intervention

Schools represent one of the most structured and scalable environments for influencing academic
trajectories during adolescence. Interventions embedded within school systems allow consistent
engagement, structured monitoring, and integration with formal curricula. For girls in particular, school-
based programs can serve as a protective academic space where mentorship, peer support, and exposure
to non-traditional career pathways are systematically introduced.

However, improvements in subject proficiency alone do not automatically translate into sustained
participation in STEM streams. Research indicates that adolescent girls’ continuation in science and
mathematics is influenced not only by academic ability but also by perceived self-efficacy, social
reinforcement, economic stability, and visibility of future opportunities. Without structured exposure
to application-based learning and real-world problem solving, STEM subjects may remain abstract and
disconnected from aspiration.

Furthermore, in economically constrained households, educational decisions are frequently shaped by
financial pressures. Even when girls demonstrate academic competence, the absence of stable household
income may restrict access to advanced coursework, coaching support, or higher education enroliment.
Consequently, a singular focus on classroom-level enrichment may fail to address the broader ecosystem
influencing girls’ educational continuity.

A holistic intervention, therefore, must operate at multiple levels: strengthening academic capability,
building psychological confidence, expanding exposure to innovation ecosystems, and enhancing
household-level economic resilience. Integrating these components within a school-based framework
allows for sustained reinforcement and measurable impact.

1.3 Program Overview

The “Empowering Girls in STEM and Beyond” initiative was conceptualized as a multi-layered ecosystem
model designed to simultaneously address academic engagement and socio-economic stability. Rather than
functioning as an isolated STEM enrichment program, the initiative integrates structured academic
reinforcement, exposure platforms, recognition mechanisms, and family-level economic empowerment
into a unified framework.

At the student level, the program introduced structured STEM Club sessions designed to extend learning
beyond textbook instruction. These sessions emphasized experiential learning methodologies,
encouraging students to engage in experimentation, collaborative problem-solving, and project-based
exploration. By embedding inquiry-driven practices within routine school schedules, the program sought
to normalize girls’ participation in applied science and mathematics activities.
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Innovation fairs and exposure to competitive platforms were incorporated to provide visibility and
recognition. Public presentation of projects not only enhanced conceptual understanding but also
strengthened communication skills and academic self-confidence. Exposure to broader networks
through competitions further expanded students’ perception of possible academic and professional
trajectories.

The initiative also recognized the importance of infrastructural support in shaping learning outcomes.
Strengthening laboratory access, digital tools, and interactive resources contributed to a more enabling
academic environment. In addition, targeted scholarship support was introduced to mitigate financial
barriers for meritorious students pursuing science and mathematics streams at advanced levels.

Parallel to student-focused interventions, vocational training programs were implemented for mothers.
This component acknowledged the interconnectedness of household economic
stability and educational continuity. By equipping mothers with income-generating skills, the program
aimed to enhance family-level financial resilience, thereby indirectly supporting girls’ sustained
engagement in education.

Collectively, the program functioned as an integrated ecosystem rather than a set of discrete activities,
reinforcing academic aspiration while addressing structural constraints.

2. Literature Review
2.1 Gender Disparities in STEM Participation

Global and national evidence consistently demonstrates gender-based disparities in STEM education
and career pathways. Although enrollment at primary levels may show parity, attrition among girls
increases significantly during secondary education and higher studies in science and engineering
disciplines. Structural factors such as societal expectations, gender stereotypes, and limited
representation in technical fields contribute to this decline.

In the Indian context, socio-cultural norms often shape academic decision-making processes within
households. Girls may be subtly encouraged toward non-technical streams perceived as more socially
acceptable or compatible with domestic responsibilities. Such patterns underscore the necessity of targeted
interventions that challenge structural constraints and create enabling academic environments.

2.2 Self-Efficacy and Academic Persistence

Bandura’s theory of self-efficacy provides a foundational framework for understanding academic
persistence. Self-efficacy refers to an individual’s belief in their capacity to execute behaviors necessary to
produce specific performance attainments. In educational contexts, students with higher perceived
competence are more likely to undertake challenging tasks and persist despite setbacks.

Empirical studies demonstrate that girls frequently report lower self-efficacy in mathematics and science
despite comparable performance levels. Interventions that provide mastery experiences, peer collaboration,
and positive reinforcement have been shown to significantly enhance confidence and long-term
engagement. Thus, structured experiential learning environments can serve as critical mechanisms for
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strengthening academic persistence among girls.
2.3 Experiential Learning and Innovation-Based Pedagogy

Experiential learning theory emphasizes that knowledge is constructed through active engagement rather
than passive reception. STEM education that incorporates experimentation, design thinking, and problem-
based learning fosters deeper conceptual understanding and long-term retention.

Participation in innovation fairs, robotics challenges, and technology workshops extends classroom
learning into applied contexts. Such exposure not only enhances technical skills but also increases
intrinsic motivation and curiosity. Evidence suggests that students exposed to applied STEM environments
are more likely to envision themselves in technical careers.

2.4 Household Economics and Educational Continuity

Educational attainment is closely linked to household economic conditions. Financial instability can lead
to irregular attendance, reduced access to supplementary learning resources, and early entry into the
workforce. For girls, economic pressures may disproportionately affect decisions regarding higher
education.

Women’s economic empowerment initiatives have demonstrated positive spillover effects on children’s
education outcomes. When mothers contribute to household income, investment in children’s schooling
often increases. Strengthening maternal economic participation may therefore indirectly reinforce
educational continuity for girls.

2.5 Integrated and Multi-Layered Intervention Models

Emerging scholarship suggests that interventions addressing singular dimensions of educational
inequality may vyield limited results. Multi-layered approaches that combine academic support with
psychosocial reinforcement and community-level engagement tend to produce more sustainable
outcomes.

An integrated model linking school-based STEM enrichment with women’s vocational training aligns
with ecosystem-based frameworks of educational development. By addressing both supply-side
(academic infrastructure and pedagogy) and demand- side (household economic stability and aspiration)
factors, such interventions are positioned to generate compound impact.

3. Methodology
3.1 Program Design and Duration

The “Empowering Girls in STEM and Beyond” initiative was implemented over a three-year period from
2023 to 2026 across selected partner schools. The program was designed as a multi-component
intervention targeting both student-level academic engagement and household-level economic resilience.
The design framework combined structured STEM enrichment activities with maternal vocational training
to address both educational and socio-economic barriers influencing girls’ participation in STEM.
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3.2 Participants and Context

The intervention was implemented across 2 schools, reaching a total of 2417 students. Of these, 1851 were
girls, representing approximately 75% of the total student population, while 566 were boys. The primary
focus of the intervention was on girls from Grades 6 to 12, particularly those transitioning into secondary
and higher secondary education where STEM dropout rates typically increase.

Most participating schools were in socio- economically constrained communities, where financial
instability and limited exposure to advanced STEM opportunities influenced educational continuity. These
contextual factors shaped the need for a holistic and ecosystem-based approach.

Growth in Girl Students Over Three Years
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Fig:Chart Represents Improvement of Girls in STEM

Intervention Components

The program integrated multiple interrelated components to strengthen academic engagement and
sustainability.

STEM Clubs were conducted through structured weekly sessions emphasizing experiential and
application-based learning. Students engaged in practical science experiments, mathematical problem-
solving activities, robotics exposure, design thinking tasks, and introductory artificial intelligence
modules. The sessions were aligned with school curricula while extending learning beyond textbook-
based instruction.

Annual Innovation Fairs were organized to provide a platform for students to conceptualize and present
projects addressing real-world challenges. These exhibitions promoted peer learning, critical thinking,
and public presentation skills.
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Fig: Innovation Fair

Exposure to inter-school and national-level competitions further enhanced motivation and confidence.
Participation in competitive platforms provided recognition and broadened students’ academic
aspirations.

To address financial constraints affecting higher education continuity, a merit- and need-based
scholarship mechanism was introduced. Scholarships supported eligible students pursuing science and
mathematics streams in higher secondary or tertiary education.

Parallel to the student-focused interventions, vocational training programs were conducted for mothers of
participating students. A total of 106 mothers were trained in income-generating skills such as tailoring,
baking, beauty services, and basic computer literacy. The objective was to strengthen household income
stability and reduce economic pressures that might otherwise limit girls’ educational progression.

Vocational Training Courses for Mothers

Baking
18.9% Tailoring

37.7%

Computer
Literacy
19.8%

Fig: Chart of mothers participated in vocational course
3.3 Data Collection and Evaluation Approach

A mixed-method evaluation framework was adopted to assess program effectiveness. Quantitative data
were collected through baseline and endline academic assessments in mathematics and science.
Attendance records, STEM Club participation logs, and competition enrollment data were systematically
maintained throughout the implementation period.
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Student confidence and interest in STEM careers were measured through structured self-report surveys
administered at defined intervals. For the women empowerment component, enrollment records and
follow-up tracking were used to assess participation and initial economic engagement.

Data were consolidated annually and analyzed to identify trends in academic performance, engagement
levels, and program reach.

Results
3.4 Academic Performance Outcomes

Comparative analysis of baseline and endline assessments indicates measurable improvement in STEM-
related academic performance among participating students. Overall STEM proficiency increased by
66% [Baseline - 38.4% to Endline - 54.7%], with mathematics scores improving by 25% and science
scores improving by 28%.

These improvements suggest that experiential reinforcement and structured engagement beyond regular
classroom instruction contributed to enhanced conceptual clarity and performance outcomes.

Grade-wise mean %
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Fig: Baseline and Endline Assessment Improvement

3.5 Participation and Engagement Trends

Participation in STEM Clubs and innovation activities demonstrated steady growth over the three- year
implementation period. Enrollment in STEM Clubs increased by 85%, while student participation in
competitions expanded from 26 in Year 1 to 48 in Year 3.

Innovation Fair project submissions similarly increased, reflecting improved confidence in
conceptualization and presentation of ideas.

AIJFR26023935 Volume 7, Issue 2 (March-April 2026) 7


http://www.aijfr.com/

Advanced International Journal for Research (AIJFR)

E-ISSN: 3048-7641 e Website: www.aijffr.com e Email: editor@aijfr.com

STEM Club Attendance
=% 48

40
30 26

20

2024 - 2025 2025 -2026

Fig: Chart for STEM Club Participation Improvement

3.6 Confidence and Career Aspirations

Survey findings indicate a positive shift in students’ self-reported confidence in mathematics and science.
The percentage of girls expressing interest in pursuing STEM-related careers increased from 4% at baseline
to 7.5% at endline.

This trend suggests that exposure, recognition, and practical engagement may influence both academic
self-efficacy and future-oriented aspirations.

3.7 Scholarship Continuity and Retention

The scholarship initiative supported 7 students in pursuing science and mathematics streams beyond
secondary education. Preliminary tracking indicates a retention rate of 100% among scholarship recipients,
suggesting that financial assistance played a stabilizing role in academic continuity.

3.8 Women Economic Empowerment Outcomes

Among the 106 mothers trained 89 mothers i.e.,84% initiated income-generating activities following skill
development. While income levels varied across vocational streams, preliminary estimates indicate an
average supplementary monthly income of 10000 rupees contributing to household financial resilience.

Economic Engagement of Mothers Post-Training
Own

Business
45%

Home-based Work
28%

Fig: Mothers engaged in work post training
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4. Discussion

The findings of this study suggest that a holistic intervention model addressing both academic and
socio-economic determinants can positively influence girls’ engagement in STEM education.

Experiential learning methodologies appear to enhance conceptual understanding and academic
performance. The combination of recognition platforms, competition exposure, and structured
mentorship contributed to improved confidence indicators. The parallel economic empowerment of
mothers potentially reduced financial anxieties associated with continued education, thereby
strengthening family-level support for girls’ academic progression.

Importantly, the integration of educational and economic components created a reinforcing ecosystem
rather than isolated programmatic efforts. This multi-layered structure distinguishes the model from
single-focus STEM enrichment initiatives.

However, the relative contribution of each component warrants further longitudinal investigation to
determine causal relationships and long-term sustainability.

5. Limitations

This study is subject to certain limitations. The absence of a randomized control group restricts causal
inference. Geographic concentration within selected partner schools’ limits generalizability. Additionally,
confidence metrics relied partially on self-reported measures, which may introduce subjective bias. Long-
term tracking beyond the immediate implementation cycle remains ongoing.

6. Conclusion

The “Empowering Girls in STEM and Beyond” initiative demonstrates that integrating school-based
STEM enrichment with women’s economic empowerment can create a sustainable ecosystem supporting
girls’ educational continuity. The measurable improvements in academic performance, participation, and
confidence, coupled with enhanced household economic engagement, indicate the potential scalability of
such integrated models in resource-constrained settings.

Future research should incorporate longitudinal tracking and comparative analysis to further validate
impact pathways and replication feasibility.
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