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ABSTRACT

Persistent gender inequality in STEM education across Sub-Saharan Africa is
driven not only by unequal access but also by deep-rooted socio-cultural,
economic, and institutional barriers. Although there has been an increase in
enrollment in general education, girls remain significantly underrepresented in
STEM fields, with an average participation rate of just 21%. Grounded in
Crenshaw’s (1989) theory of intersectionality, this literature review examines
current academic studies and policy reports from five countries: Cameroon,
Kenya, Nigeria, Ghana, and South Africa. The findings identify key barriers like
harmful cultural norms, poverty, early marriage, adolescent pregnancy,
institutional neglect, and gender-biased curricula. These factors combine to limit
girls’ sustained participation and success in STEM education. The review
proposes inclusive learning, support for adolescent mothers, curriculum reform,
and data-driven policies. It calls for a STEM ecosystem that empowers African
girls to become leaders and innovators.

Keywords: STEM education, gender inequality, intersectionality, Sub-Saharan
Africa, girls’ education, inclusive policy, educational equity
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INTRODUCTION

Gender disparities in STEM (Science, Technology, Engineering, and
Mathematics) education remain a deeply entrenched and systemic issue across
Sub-Saharan Africa (SSA). Although access to education at the primary,
secondary, and tertiary levels has expanded in many countries, the full and
equitable participation of girls in STEM continues to be impeded by complex and
intersecting structural barriers. As reported by UNESCO (2021; 2022; 2023), girls
constitute only 30% of students enrolled in STEM-related programs in higher
education, with participation rates particularly low in disciplines such as
engineering, Information and Communication Technology (ICT) and physical
sciences. These figures are not merely indicative of enrollment gaps but instead
reflect historical inequities, cultural exclusion, and institutional neglect that have
systematically marginalized girls from scientific inquiry, technological
advancement, and innovation in the region.

This review recognizes that the underrepresentation of girls in STEM
fields is not simply a matter of access or personal interest; rather, it reveals how
educational systems have historically been constructed to privilege certain groups
while excluding others. Across SSA, many girls demonstrate both interest and
potential in STEM fields, yet their engagement is undermined by socio-cultural
norms that frame STEM as a male domain, economic challenges that make
sustained schooling inaccessible, and institutional environments lacking in
supportive infrastructure, mentorship, and gender-responsive pedagogical
practices. The need, therefore, is for a paradigm shift, not only in identifying the
barriers but in reimagining the ecosystems that support girls' STEM engagement
across their educational journey.

Since Marie Curie received the Nobel Prize in 1903, only 17 women have
won Nobel Prizes in Physics, Chemistry, or Medicine, compared to 572 men
(UNESCO, 2017). Women make up just 28% of the world’s researchers, a statistic
that underscores the systemic inequality in science and technology education
(UNESCO, 2021). These disparities are not merely about numbers; they reflect the
broader reality that girls and women are consistently held back by discrimination,
implicit biases, and social norms that shape the quality and type of education they
receive from early childhood through higher education. These barriers influence
not only access but also choices, pushing girls away from STEM fields and limiting
their participation in innovation and research. As UNESCO’s former Director-
General Irina Bokova emphasized in the foreword of the organization’s 2017
report, addressing these challenges requires more than increasing enrollment. It
demands early stimulation of interest, gender-sensitive curricula, mentorship,
teacher training, and a collective effort to challenge and change the cultural
stereotypes that define STEM as a male-dominated domain (UNESCO, 2017). Her
vision provides a framework of both urgency and optimism, especially for Sub-
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Saharan Africa, where girls' underrepresentation in STEM education significantly
hinders progress toward the Sustainable Development Goals.

This literature review explores the necessity of transitioning from short-
term interventions to the development of comprehensive, inclusive, and
sustainable STEM ecosystems. Such ecosystems must be strategically designed to
foster early engagement, continued participation, and eventual leadership among
girls in STEM fields. While numerous countries have adopted policies promoting
gender equity in education, implementation gaps persist. For instance, a 2021
UNICEF report indicated that only 12% of secondary schools in Malawi offered
STEM clubs or mentoring initiatives for girls. Similarly, studies in Nigeria
highlight the absence of institutional support for girls dealing with early
pregnancy, caregiving responsibilities, or school re-entry. These are not isolated
administrative oversights, but rather structural deficiencies that systematically
displace girls from educational trajectories in STEM. The imperative is to develop
culturally responsive and gender-sensitive educational environments that not only
deliver content but also affirm girls’ identities and experiences. This includes
mentorship programs connecting students with women in STEM, integration of
gender sensitivity in teacher training, and reformed classroom practices that
actively challenge gender stereotypes.

Moreover, systemic change cannot rely solely on educational institutions;
it necessitates community engagement, parental involvement, and partnerships
with local leaders and private-sector stakeholders to reshape dominant narratives
about girls and STEM. Flexible learning modalities such as digital platforms,
evening classes, and mobile education must be normalized to support learners
navigating complex socio-economic conditions. Grounded in Kimberlé
Crenshaw’s (1989) theory of intersectionality, this review systematically examines
empirical studies and policy reports to explore the socio-cultural, economic, and
institutional barriers that sustain gender disparities in STEM education across Sub-
Saharan Africa. The aim is not only to identify these barriers but to highlight
transformative, country-driven strategies that position African girls not as passive
recipients of educational policy but as active agents in shaping the future of STEM.

Review Objectives

This literature review aims to achieve the following objectives:

1. Identify and analyze the main socio-cultural, economic, and institutional
barriers that limit girls’ access to and participation in STEM education
across Sub-Saharan Africa.

2. Examine existing interventions, both within and outside the region that
have effectively promoted gender equity in STEM education.

3. Develop context-specific recommendations to address the gender gap in
STEM education in Sub-Saharan Africa.
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LITERATURE REVIEW/ THEORETCAL FRAMEWORK
Intersectionality Theory

Figure 1: Visual representation of intersectionality as the overlapping of
multiple social identities.
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Intersectionality is a theory that helps us understand how different parts of a
person’s identity, such as gender, race, class, nationality, sexual orientation, and
abilities interact to shape their experiences in society. It explains that people are
not shaped by one identity alone but by several overlapping identities. These
intersections can lead to unique experiences of discrimination, inequality, or
privilege (Collins & Bilge, 2020). The term intersectionality was first introduced
by Kimberlé Crenshaw, a legal scholar and civil rights advocate, in her 1989
article Demarginalizing the Intersection of Race and Sex. Crenshaw used this
concept to explain how Black women face a combination of racial and gender-
based discrimination that cannot be fully understood if race and gender are treated
as separate issues. She criticized legal systems and feminist theories of the time for
ignoring the lived realities of women who belong to more than one marginalized
group (Crenshaw, 1989). Before Crenshaw, scholars like W.E.B. Du Bois had
discussed how race, class, and culture interact to shape social inequality, although
he did not include gender in his work. In the 1970s, the Combahee River
Collective, a group of Black lesbian socialist feminists, further developed the idea
by talking about “interlocking oppressions” such as racism, sexism, and
heteronormativity (McKinney, 2020; Avraamidou, 2020).

Since its introduction, intersectionality has expanded beyond legal theory
to become a central tool in education research. It has been used to explore how
students’ identities affect their access to learning, the curriculum, and school
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environments. For example, intersectionality has guided research on how poverty,
racism, and gender bias combine to exclude girls from science, technology,
engineering, and mathematics (STEM) education (McKinney, 2020; Avraamidou,
2020). In schools and universities, educators and researchers have used this theory
to improve teaching practices, curriculum design, and school policies. It
encourages schools to recognize the diverse backgrounds of students and adapt
teaching to meet their needs. This means not only addressing gender inequality but
also how race, class, location, and disability impact learning (Atewologun, 2018;
Ruiz et al., 2021). Globally, intersectionality has influenced education policies
focused on equity and inclusion. In countries like the United States, the UK, and
Canada, it is used to analyze how school systems can better serve students from
marginalized backgrounds. For example, Levine-Rasky (2011) applied
intersectionality to examine how whiteness and middle-class norms affect
schooling and opportunity.

Across contexts, the theory helps show how one-size-fits-all solutions
often fail to address the needs of learners facing multiple, overlapping challenges.
This literature review employs intersectionality as its core theoretical framework
to examine the complex barriers that hinder girls’ participation in STEM
education across Sub-Saharan Africa. Intersectionality provides a lens through
which to understand how gender inequality is compounded by additional factors
such as socio-cultural norms, economic hardship, nstitutional
structures, and geographical disadvantage. These intersecting forces create multi-
layered forms of exclusion that cannot be fully understood by examining gender
alone. For instance, Chikoko and Jorgensen (2016) found that in Zimbabwe, rural
poverty and traditional gender expectations significantly limit girls’ access to
science education. Similarly, Mhlanga and Maseko (2022) demonstrated that
apartheid-era inequalities in South Africa continue to marginalize Black girls in
STEM fields. Such findings highlight that gender-focused interventions often fall
short when they fail to address the broader, intersecting inequalities shaping girls'
educational experiences.

An intersectional approach allows for a more comprehensive
understanding of these dynamics and supports the development of targeted,
context-specific solutions. By framing this review through an intersectional lens,
the analysis moves beyond one-dimensional explanations of gender disparity in
STEM. It demonstrates how structural, cultural, and institutional barriers interact
to produce varied and often compounded disadvantages. In the context of Sub-
Saharan Africa, intersectionality provides a robust framework for
informing equitable education policy and practice, ensuring that solutions address
not only gender but also the full spectrum of social factors affecting girls' access
to and success in STEM.
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RESEARCH METHOD

This literature review uses the 2020 Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines to examine how
intersectional barriers affect girls’ participation in STEM (Science, Technology,
Engineering, and Mathematics) fields across Sub-Saharan Africa (SSA). PRISMA
2020 is a set of standards that helps researchers clearly explain how they conducted
their review and what they found, making the process transparent and reducing
bias. Rather than collecting new data, this review draws from existing research to
identify common challenges, trends, and strategies that can help improve gender
equity in STEM education. The review is guided by intersectionality, an approach
that examines how overlapping factors, such as gender, poverty, ethnicity,
geography, and social class, influence girls’ educational experiences. This work
builds on earlier systematic reviews that also used PRISMA and keyword-based
search methods, including studies by Ilma et al. (2023), Hasanah (2020), Kraus et
al. (2024), Wang, Shen, and Chao (2021), as well as Aguinis et al. (2023), Ar et
al. (2023), and Oldemeyer et al. (2024).

Databases and Sources Searched

To ensure comprehensiveness, this review drew on a wide range of
academic databases, including JSTOR, Scopus, Web of Science, ERIC, APA
PsycNet, Wiley Online Library, PubMed, Google Scholar, and ResearchGate. In
addition, grey literature was reviewed from reputable institutional sources such
as UNESCO, UNICEF, the World Bank, the African Union, and various regional
education ministries to capture policy-level insights and context-specific reports.
To further strengthen the search, cross-referencing techniques were also used. The
reference lists of selected high-quality papers were reviewed to identify additional
relevant studies that aligned with the focus of this review but were not retrieved
through the initial database searches. This approach helped capture important
literature that might have been missed due to variations in terminology or indexing.

Search Strategy

A combination of keyword and Boolean search techniques was used to
identify relevant literature. Core terms included: “STEM education,” “Sub-
Saharan Africa,” “Black African girls,” “gender disparities,” “intersectionality,”
“educational barriers,” and related variations. Boolean operators (AND, OR,
NOT) were applied to ensure broad coverage and to account for terminological
differences across sources.
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Inclusion and Exclusion Criteria
Inclusion Criteria:
e Publications from 2000 to 2024
e  Written in English
¢ Focused on Sub-Saharan African countries
o Empirical studies using qualitative, quantitative, or mixed methods
e Addressing intersectional gender barriers in STEM education
e Peer-reviewed journal articles or credible reports from institutional
sources
Exclusion Criteria:
¢ Theoretical or opinion-based papers with no empirical data
¢ Studies outside the SSA region
Studies not addressing intersectional barriers (e.g., gender only)
Publications with poor methodological quality
¢ Non-English language articles
These criteria were adapted from best-practice models used in recent systematic
reviews (e.g., Wood & Malik, 2022; Kurniawan et al., 2022).

Data Extraction and Synthesis

To ensure consistency and accuracy, the authors used a structured data
extraction form to collect important information from each study. This form
included details such as the author’s name, year of publication, country or region
studied, research methods used, key barriers identified, and the interventions or
strategies discussed in the study. By using the same format for every article, the
authors could easily compare results across different sources and reduce the risk
of missing important information. Data extraction was carried out carefully by the
authors to improve the reliability of the review. Each study was reviewed in full,
and information was recorded independently, then cross-checked to ensure that all
relevant details were included correctly. This process helped ensure that the
findings were based on accurate and trustworthy sources. After extracting the data,
the authors employed thematic narrative analysis to interpret the results. This
means that the studies were grouped and analyzed based on common themes and
patterns. The analysis was guided by Crenshaw’s (1989) theory of
intersectionality and expanded using the work of Collins and Bilge (2016). The
authors identified three major themes that appeared across the studies:

1. Socio-cultural barriers (Gender Roles and Social, Gender Stereotypes and
Early Socialization, Expectations, Early Marriage and Adolescent
Pregnancy).

2. Economic barriers (Poverty and Financial Constraints, Unequal Access to
Resources and Infrastructure).
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3. Institutional barriers (Lack of Female Role Models in STEM Fields,
Gender-Biased Curricula and Inadequate Teacher Training and Classroom
Bias). These themes were used to organize the findings across different
country contexts in Sub-Saharan Africa and to highlight shared challenges
as well as country-specific issues.

Study Quality and Risk of Bias
To make sure that the studies included in the review were of high quality,
the authors assessed each one using a modified version of the Cochrane Risk of
Bias tool. This tool helps reviewers check whether a study is trustworthy and
whether its findings can be used with confidence.
The quality assessment focused on three main areas:
e Clarity of research objectives (Was the study’s purpose clearly
explained?)
¢ Methodological soundness (Were the methods appropriate and clearly
described?)
¢ Relevance to the topic (Did the study address intersectional barriers in
STEM education in Sub-Saharan Africa?) Studies that were found to
have high risk of bias, for example, because they lacked clear data, used
weak research methods, or were not directly relevant to the review, were
excluded. This step ensured that the final review was based on a credible
and reliable evidence base. The quality review process followed best
practices from previous studies, such as those by Anwar et al.
(2019) and Lyon and Magana (2020). By combining careful data
extraction with a strong focus on quality, this review presents findings
that are both meaningful and trustworthy.

Screening and Selection Process

This review followed the PRISMA 2020 guidelines to ensure that the
selection of studies was clear, organized, and free from bias. In total, 334
records were found through the search process, 282 from academic databases
and 52 from institutional sources such as government and international
organization websites. All the records were saved and organized using
the Mendeley reference manager, which helped the authors sort the articles and
keep track of which ones were reviewed. The authors read, scanned, and skimmed
through the articles to remove any duplicates and organize the literature for further
screening.

After removing 47 duplicates, 287 articles remained for the next step. The
authors then screened the titles and abstracts of these 287 articles to decide whether
each one was related to the topic of STEM education, Sub-Saharan Africa, and
gender or intersectional barriers. Based on this step, 80 articles were excluded
because they did not meet the basic relevance criteria. Next, the authors carefully
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read the full texts of the remaining 207 articles. At this stage, each article was
checked against the inclusion and exclusion criteria. Articles were excluded if they
did not apply an intersectional approach or if they focused only on single
categories like gender without considering other factors such as poverty or
ethnicity. A total of 100 articles were excluded for not using an intersectional
framework.

Figure 2: PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases and registers only
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Additionally, 33 articles were excluded due to their low methodological
quality. These articles lacked clear research questions, strong data, or reliable
methods. The authors used accepted quality standards from previous reviews (such
as Wood & Malik, 2022; Kurniawan et al., 2022) to make these decisions.

Ultimately, 74 high-quality studies were included in the final review.
These studies provided strong evidence and covered a range of countries,
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challenges, and strategies. They form the basis for the findings and
recommendations discussed in this review. A PRISMA flow diagram (Figure 2) is
included below to show the steps taken during the selection process.

RESULTS

Drawing on the systematic review methodology outlined above, this
section presents key findings on the socio-cultural, economic, and institutional
barriers that limit girls’ access to and success in STEM education across Sub-
Saharan Africa. The analysis groups recurring themes from the reviewed literature
under three main categories: (1) Socio-Cultural Norms, (2) Economic Constraints,
and (3) Institutional Barriers. This structured approach highlights how these
interconnected challenges influence the educational pathways of Black African
girls in STEM.

Socio-cultural barriers

Gender Roles and Social Expectations: In many parts of Sub-Saharan Africa,
gender roles are still strongly shaped by tradition. Men are expected to be
breadwinners, while women are expected to manage the home. These beliefs limit
girls’ opportunities to explore or pursue education in Science, Technology,
Engineering, and Mathematics (STEM) (Toolo, 2018; Matete, 2022; Okeke &
Ramaila, 2024). From an early age, girls are taught, directly or indirectly that
STEM is not for them. This discouragement is even more pronounced in rural and
low-income families, where scarce resources often lead to boys being favored for
education (Acheampong, 2014). The result is that girls are pushed away from high-
potential careers before they’ve even had a chance to explore them. According to
UNESCO (2021), only 30% of STEM graduates in SSA are women, with even
lower representation in engineering and ICT. This gap reflects not a lack of ability,
but a system that consistently tells girls they do not belong. To change this, there
must be a cultural shift that values girls’ education equally. Local leaders,
educators, and parents must be engaged in redefining what success looks like for
girls, and education systems must support that vision through inclusive, gender-
sensitive practices (Jackson et al., 2022).

Female Genital Mutilation (FGM): Female Genital Mutilation (FGM), as defined
by the World Health Organization (WHO), encompasses all procedures involving
the partial or total removal of external female genitalia or other injury to the female
genital organs for non-medical reasons (WHO, 2020). FGM is not only a health
crisis, but also a major barrier to girls’ education. Practiced in over 30 countries in
Sub-Saharan Africa, it causes severe physical pain, emotional trauma, and long-
term health complications (WHO, 2020; UNICEF, 2020). For many girls,
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undergoing FGM means missing school for recovery or dropping out altogether. It
often marks the start of early marriage and adult responsibilities, ending their
chance to continue learning (Ivanova, 2019; Sardinha, 2018). In communities
where FGM is seen as a rite of passage, girls who refuse may be bullied, isolated,
or considered unfit for marriage. These social pressures force families to choose
between their daughters' well-being and social acceptance. STEM education,
which requires time, concentration, and confidence, becomes nearly impossible
under such circumstances. To make progress, FGM must be addressed not only as
a harmful tradition but as a systemic obstacle to girls’ futures. Ending this practice
is essential to building safe, inclusive, and empowering educational spaces where
girls can thrive and contribute meaningfully to science and society (Okeke &
Ramaila, 2024; Sikhosana et al., 2023).

Early Marriage and Adolescent Pregnancy: Early marriage and adolescent
pregnancy are among the most serious threats to girls’ education in Sub-Saharan
Africa. When girls marry before the age of 18, they are often forced to leave school
and take on adult responsibilities that make it nearly impossible to return
(UNICEF, 2021). According to UNESCO (2019), STEM education requires years
of steady learning, hands-on practice, and mental focus resources that young wives
and mothers rarely have. Once a girl leaves school for marriage or pregnancy, she
faces stigma, lacks childcare support, and often receives no encouragement to
continue her education (Mensch et al., 2005; Raj, 2019). In many communities,
families see marriage as a better investment than education, especially in poverty-
stricken areas where dowries provide financial relief. This belief is rooted in the
idea that girls' achievements belong to their husbands, not to themselves or their
families (Otoo-Oyortey & Pobi, 2003). As a result, girls are denied the chance to
build their futures. The impact is not just personal, it affects communities,
economies, and the entire region's development. To reverse this trend, policies
must protect girls’ right to stay in school, support young mothers with flexible
learning options, and change the narrative that education and motherhood cannot
coexist. Investing in girls' education, especially in STEM, is one of the most
powerful ways to break cycles of poverty and inequality (Ameyaw, 2019; World
Bank, 2017).

Economic Barriers

Financial Constraints: Economic inequality remains one of the most persistent
and deeply rooted challenges limiting girls’ access to STEM education in Sub-
Saharan Africa. In many low-income households, the cost of education school fees,
uniforms, transportation, and learning materials forces families to make difficult
choices. When resources are scarce, boys’ education is often prioritized, while girls
are expected to contribute to household labor or informal income-generating
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activities (UNESCO, 2019; UNICEF, 2020). This exclusion is not simply a matter
of affordability, it reflects deeply ingrained gendered assumptions about value,
potential, and return on investment. Families may see boys as future breadwinners
and girls as temporary members of the household, making education seem
unnecessary for daughters. As a result, girls are systematically denied the
foundation they need to pursue STEM, which requires long-term academic
commitment and financial support.

Poverty also shapes every aspect of a girl’s educational journey. Over 87
million children in SSA live in poverty, with girls bearing the brunt due to cultural
biases that devalue their education (World Bank, 2021). STEM fields demand
specialized tools science equipment, lab access, digital devices that are beyond
reach for many. In countries like Nigeria and Malawi, even free primary education
is undermined by hidden costs, disproportionately affecting girls as they transition
to more resource-intensive STEM subjects (UNESCO, 2021). Without targeted
support, girls from low-income backgrounds are effectively shut out from
opportunities to explore or excel in STEM.

Unequal Access to Resources and Infrastructure: Beyond financial limitations,
the quality of learning environments in many rural schools is inadequate for
meaningful STEM instruction. Science labs are rare, teachers lack training, and
electricity or internet access is often unreliable (Madaki, 2021; Okolo, 2022).
These structural gaps particularly harm girls, who already face internal and
external doubts about their place in STEM. In Kenya, for example, only 22% of
rural girls have access to computers, compared to 39% of boys (UNESCO, 2022).
The digital divide not only limits learning opportunities but reinforces the narrative
that STEM is not for them. Without urgent investment in equitable infrastructure,
the promise of digital and scientific literacy will continue to exclude the most
marginalized girls.

Institutional Barriers

Beyond household economics, institutions themselves often reproduce the very
inequalities they claim to address. Schools, curricula, and teacher practices are not
neutral, they either affirm girls' potential or reinforce their exclusion. For many
girls in Sub-Saharan Africa, the structure of education does not support their
success in STEM; instead, it quietly erodes their confidence, restricts their choices,
and limits their visibility in science and technology spaces.

Lack of Female Role Models in STEM Fields: Another persistent barrier to girls'
participation in STEM is the absence of female role models in science and
technology fields. Representation matters and shapes aspiration for both men and
women. When girls never see women leading in STEM, as teachers, scientists,

68



engineers, they struggle to imagine themselves in those roles. The absence of
female mentors reinforces stereotypes that STEM is for men, creating a self-
perpetuating cycle of underrepresentation (Siwale & Mwalemba, 2022). In places
like Tanzania and Cameroon, girls avoid physics or ICT not due to lack of ability
but because they have never seen women succeed in those subjects (UNESCO,
2019; Gendered Perspectives in Higher Education, 2022). When women make up
only 17% of university STEM faculty in countries like Nigeria (UNESCO, 2022),
the message is clear: these spaces are not designed with girls in mind. Changing
this requires deliberate visibility of women in STEM through policy, recruitment,
and mentorship to break cycles of doubt and disconnection.

Gender-Biased Curricula: What students see in textbooks matters. Many science
materials still portray men as innovators and women as passive caregivers, sending
subtle but powerful messages about whose contributions count. In Kenya and
Uganda, curriculum reviews found that female scientists were largely invisible,
and when included, shown in limited, subordinate roles (UNESCO, 2021). These
portrayals shape girls’ beliefs about what is possible and erode their engagement
in STEM. Inclusive, gender-balanced curricula are not optional they are essential
tools for affirming girls’ identities as capable and curious learners.

Inadequate Teacher Training and Classroom Bias: Teachers hold the power to
inspire or discourage. Yet many are not equipped to challenge gender bias or
support girls in male-dominated subjects. In Ghana and Rwanda, studies show that
boys are called on more in science classes and given leadership in labs, while girls
are sidelined or expected to observe (UNICEF, 2020; World Bank, 2020). This
invisibility affects girls' participation, confidence, and achievement. Without
gender-responsive training, even well-meaning educators may unconsciously
reinforce the very barriers that hold girls back. Empowering teachers with the tools
to support all learners is critical to dismantling institutional bias and ensuring girls
see themselves as future scientists, engineers, and problem-solvers.

Current Interventions Supporting Girls in STEM

To overcome the complex and deeply rooted barriers limiting girls’
participation in STEM across Sub-Saharan Africa (SSA), a growing number of
global and national interventions have been designed to address both immediate
educational needs and the broader structural and cultural challenges that girls face.
These programs go beyond improving access, they seek to transform the very
systems that marginalize girls by addressing gender norms, poverty, institutional
bias, and harmful practices like early marriage and female genital mutilation
(FGM). The examples discussed below illustrate how well-targeted and culturally
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adapted interventions can play a transformative role in opening STEM pathways
for African girls.

One of the most impactful global initiatives is UNESCO’s STEM and
Gender Advancement (SAGA) program, which supports countries in developing
gender-sensitive science policies and inclusive curricula. SAGA promotes
structural change in education systems through teacher training, policy guidance,
and gender-disaggregated data collection. Since its launch, the program has
contributed to an 8% global rise in female STEM participation, providing
governments with tools to reform classrooms and eliminate bias at the curriculum
level (UNESCO, 2022). This systemic approach is crucial for SSA, where outdated
content and lack of inclusive pedagogy often alienate girls from science fields.
Tackling socio-cultural norms requires visible role models and public
campaigns. UN Women’s HeForShe and African Women in Tech initiatives aim
to change public attitudes by promoting women leaders and engaging men as allies
in supporting gender equity. These programs challenge harmful stereotypes that
define science and technology as male domains and provide mentorship
opportunities that connect girls with real-life STEM professionals. In regions
where female scientists are rarely visible, these programs help reshape what is
considered possible for girls.

In Ethiopia, STEM education has been positioned as a cornerstone for
national development, with an array of reforms introduced over the last two
decades. These include the Education Sector Development Programs (ESDP -V,
1997-2020), the Growth and Transformation Plans (GTP I & 11, 2005-2010), the
General Education Quality Improvement Program (GEQIP, 2008-2018), the
Education Development Roadmap (2018-2030), and the Higher Education
Proclamations of 2009 and 2019. While these initiatives demonstrate political will,
they have yet to overcome the systemic barriers that restrict girls’ full participation
in STEM. To achieve meaningful progress, reforms must not only exist on paper
but must be accompanied by strategic implementation, accountability, and a deep
understanding of the intersectional realities that shape girls’ educational journeys.

Efforts to counter early gender bias and socialization are most effective
when they start in early childhood. In Canada, Promo Science and Can
Code provide funding and resources for organizations that deliver STEM
education to underrepresented youth, particularly girls. These programs introduce
young learners to coding, robotics, and digital tools in inclusive, hands-on
environments. As a result of these early interventions, female representation
among STEM graduates in Canada has increased to 41% (Statistics Canada, 2022).
This is a compelling model for SSA, where early exposure to STEM could help
change long-standing patterns of exclusion. Female Genital Mutilation (FGM)
remains a widespread practice in over 30 African countries, and it severely disrupts
girls’ educational journeys. The UNICEF-UNFPA Joint Programme on FGM has
made significant progress by working with community leaders, educators, and
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governments to replace harmful practices with safe, culturally respectful
alternatives. Since 2008, this program has helped protect more than 3.3 million
girls across Africa (UNICEF, 2020). By preventing FGM and supporting girls’
physical and psychological well-being, this initiative helps keep them in school
and on the path toward academic success including in science and technology
subjects that require mental focus and long-term commitment.

Poverty and economic hardship are among the strongest predictors of
school dropout for girls, particularly in STEM fields that demand expensive
resources such as laboratory equipment, textbooks, and digital access. Programs
like the World Bank’s Adolescent Girls Initiative (AGI) have provided life skills
training, mentorship, and job readiness programs in countries like Liberia,
Rwanda, and South Sudan. These efforts reduce financial pressure on families and
equip girls with tools to stay in school and envision a future in high-skill fields.
Similarly, conditional cash transfer (CCT) programs in Kenya and Ghana have
proven effective. These programs offer direct financial incentives to families who
keep their daughters in school. Evidence shows that such programs significantly
reduce dropout rates, especially during critical transition years when girls tend to
leave school due to cost or household duties (World Bank, 2021).

Early marriage and adolescent pregnancy are major barriers to continued
education for girls in SSA. In India, national programs like UDAAN and Beti
Bachao Beti Padhao address these challenges head-on by offering scholarships,
school re-entry pathways, and gender-sensitive educational environments. These
efforts have raised female STEM enrollment to 29% (UNESCO, 2021). In SSA,
similar efforts have been introduced by UNICEF in Malawi, Sierra Leone, and
Tanzania, where re-entry policies allow pregnant girls and young mothers to return
to school with dignity and support. These interventions include counseling,
flexible class schedules, and, where possible, access to childcare enabling girls to
resume education without stigma.

Addressing infrastructure deficits is also essential. Rwanda’s Girls in
ICT program and the Imbuto Foundation have shown how combining digital
literacy training, mentorship, and policy reforms can create holistic learning
environments for girls. Rwanda has one of the highest rates of female participation
in STEM in Africa at 32%, showing what is possible when technology access and
educational equity are prioritized (UNESCO, 2022). In contrast, in many parts of
rural SSA, girls still lack access to electricity, computers, and trained teachers.
Programs like these offer replicable models for expanding STEM education to
underserved regions.

On the institutional level, reforms must target classroom practices and
teacher behavior. The NSF advance and STEM Equity Pipeline programs in the
United States have helped universities and high schools improve gender inclusivity
through leadership training, mentoring networks, and teacher professional
development. These programs help institutions actively challenge gender norms

71



and support the academic growth of women in science. In SSA, integrating similar
training into national teacher education frameworks could significantly reduce the
biases that discourage girls from fully engaging in STEM. Despite national and
regional reform efforts, systemic obstacles continue to limit progress.

Numerous studies have documented key challenges, including the poor
preparation and shortage of qualified STEM educators, underinvestment in teacher
professional development, and a lack of interdisciplinary collaboration (Costello
et al., 2020; Lee et al., 2019; Gandhi-Lee et al., 2015; Ejiwale, 2013; Tsegaye,
2020). Additionally, ineffective teaching methods, outdated curricula, insufficient
laboratory infrastructure, and a lack of hands-on learning opportunities further
undermine efforts to promote meaningful STEM education. Finally, strong data
systems are key to designing effective policies. The World Bank’s Gender
Innovation Lab has supported governments in SSA to develop data-driven
approaches to gender equity. By tracking dropout rates, STEM enrollment, and
regional disparities, countries can identify where and why girls are being excluded,
and what interventions are most effective.

In pilot areas, this has contributed to a 5 - 10% increase in girls’ STEM
enrollment (World Bank, 2021), highlighting the value of evidence-based
policymaking. These interventions show that real change is possible when
programs are holistic, intersectional, and community driven. Whether through
scholarships, safe spaces, digital literacy, or gender-sensitive policies, the message
is clear: when girls are supported to succeed in STEM, they not only transform
their own lives but also uplift their families, communities, and entire nations. Sub-
Saharan Africa stands to gain enormously by adapting and scaling these proven
strategies to ensure that girls are not only included in STEM but leading in STEM.

DISCUSSION

Addressing the underrepresentation of girls in STEM education within Sub-
Saharan Africa requires a deep and layered understanding of the intersecting
barriers that shape their educational journeys. These challenges are not isolated,
they are embedded in socio-cultural norms, economic hardship, and institutional
neglect, all of which combine to limit meaningful access to and success within
STEM learning environments. Yet the urgency of this issue goes beyond simple
inclusion. It is about reimagining STEM as a space where girls particularly those
from historically marginalized communities can not only participate, but lead,
shape, and redefine what counts as STEM knowledge and innovation.

This work calls for a shift away from deficit-based approaches that try to
"fix" girls and instead focuses on challenging the systems that exclude them.
Expanding access to STEM shouldn't be limited to tracking enrollment numbers
or counting programs. It means creating pathways that respect girls lived
experiences, cultural knowledge, and personal goals. These efforts are not just
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educational; they are about justice. When we center girls' voices, support their full
participation, and design spaces where they can see themselves reflected in both
the content and the culture of STEM, we open the door to more than individual
success. We contribute to a broader global vision of innovation, equity, and shared
future-making. This is not simply about creating more seats at the table; it is about
co-constructing new tables altogether, where girls from Sub-Saharan Africa are
not just included in STEM they are leading its transformation.

This literature review operates from that position. It is not only an
examination of the barriers that exist, but a call to think critically and act boldly.
The review analyzes how interventions, policies, and support systems have been
deployed, and how they must be redesigned to serve girls not as passive recipients
of education but as central architects of what STEM can become. One of the most
pressing institutional challenges in advancing gender equity in STEM across Sub-
Saharan Africa is the absence of sustained, supportive structures within
educational systems. While national policies often articulate commitments to
gender equality, the reality on the ground reveals a deep disconnect between policy
rhetoric and practical implementation. A 2021 UNICEF report, for example, found
that only 12% of secondary schools in Malawi had established STEM clubs or
mentoring programs tailored specifically for girls. In Nigeria, despite alignment
with the SDG 4 framework, many schools lack operational systems to support girls
navigating life circumstances such as early pregnancy, caregiving responsibilities,
or economic hardship. Re-entry policies for girls who drop out due to these
challenges are often poorly enforced or missing entirely resulting in reduced school
completion rates and limited pathways into STEM careers.

This gap points to a broader structural failure: the lack of intentional, long-
term investment in the environments that make participation in STEM not only
possible, but sustainable. We cannot continue to rely on isolated or short-term
interventions. What is urgently needed is the creation of educational ecosystems
that maintain consistent support, mentorship, and culturally responsive
programming for girls across their academic journeys. These are not temporary
fixes they must be foundational infrastructures that recognize and respond to the
full realities of girls’ lives. Moreover, this is not just an issue of gender.

Often, both boys and girls in under-resourced communities lack access to
the tools, networks, and spaces needed to thrive in STEM. But the compounded
challenges faced by girls, shaped by patriarchy and gender-based exclusion,
require targeted solutions. Building inclusive STEM ecosystems means designing
with intersectionality at the core ensuring that spaces are not only accessible, but
affirming, adaptable, and grounded in the real-world needs of the learners they aim
to serve. This calls for a paradigm shift: from program-based thinking to systems-
building work. We need to cultivate networks of resource-sharing, mentorship
pipelines, and community-rooted partnerships that form a sustainable
infrastructure of support. It is only through this kind of deep, structural
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commitment that we can ensure girls not only enter STEM spaces but are equipped
to lead, transform, and redefine them.

RECOMMENDATIONS

To create meaningful and lasting change in STEM (Science, Technology,
Engineering, and Mathematics) education for girls in Sub-Saharan Africa (SSA),
a broad coalition of stakeholders must act, including governments, educators,
community leaders, NGOs, private sector partners, and international organizations.
This transformation requires more than isolated programs; it demands a
coordinated, systemic approach that addresses the socio-cultural, economic, and
institutional barriers limiting girls’ participation. Below are comprehensive,
action-oriented recommendations for stakeholders, rooted in global best practices
and adapted to the SSA context.

Transform Socio-Cultural Norms Through Community Engagement

For Governments and NGOs: Localize successful public campaigns
like HeForShe and Girls in STEM by training female scientists, engineers, and
ICT professionals to serve as ambassadors in their own communities. These
women should lead school outreach, community forums, and radio programs in
local languages. Stakeholders should work with religious and traditional leaders to
challenge stereotypes and redefine gender roles, framing girls’ education in STEM
as a community strength, not a deviation from tradition.

For Educators: Integrate STEM activities into early childhood development
programs. Drawing inspiration from Canada’s PromoScience, ministries of
education should provide resources such as science kits and coding games in
kindergartens and lower primary grades, especially in underserved areas. Early,
playful engagement in STEM helps build curiosity and dismantle stereotypes
before they take root.

Address FGM and Promote Inclusive Learning Environment

For Policymakers and Donors: Scale UNICEF’s Joint Programme on FGM by
embedding anti-FGM education in school curricula and teacher training. Ministries
should create strong referral systems for psychosocial support and ensure schools
are safe spaces for girls resisting FGM. Policies must mandate re-entry pathways
for affected girls.

For Schools and Civil Society Organizations (CSOs): Set up “safe STEM
clubs” based on successful models like Rwanda’s Girls in ICT initiative. These
clubs should offer mentorship, counseling, peer support, and access to digital tools,
all within a safe and supportive environment. In schools, they should be seen
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as empowerment zones where girls not only build STEM skills but also grow in
confidence, take on leadership roles, and push back against harmful social norms.
Civil Society Organizations, such as local nonprofits, advocacy groups, and
community-based initiatives, can partner with schools to help run these clubs,
provide trained mentors, and ensure the spaces remain inclusive and protective.

Tackle Early Marriage and Adolescent Pregnancy

For Ministries of Education and Health: Adapt India’s UDAAN and Beti Bachao
Beti Padhao models by offering scholarships, flexible school re-entry policies, and
legal protections for young mothers. National programs should include vocational-
STEM hybrids in re-entry centers, giving adolescent mothers the tools to pursue
careers in science, agriculture, or tech.

For Social Protection Agencies: Implement Conditional Cash Transfer (CCT)
programs that incentivize families to keep girls in school, especially during
transition years (Grades 6—10). Funds should be tied to attendance and STEM
subject enrollment. This reduces the economic rationale for early marriage and
child labor.

Reduce Economic and Infrastructure Barriers

For Governments and Development Partners: Expand World Bank programs like
the Adolescent Girls Initiative and Gender Innovation Lab by integrating STEM-
focused vocational training, digital skills, and entrepreneurship modules. Mobile
tech training programs in urban slums and rural areas can offer practical pathways
to employment and empowerment.

For Private Sector Stakeholders: Launch public-private partnerships to deliver
low-cost laptops, solar charging kits, and mobile science labs. Inspired by China’s
rural access model, companies can support “STEM hubs” in remote regions
through Corporate Social Responsibility (CSR) initiatives. These hubs would serve
as digital learning centers where girls access the internet, study, and engage in
science safely.

Improve Institutional Support and Representation

For Teacher Training Colleges and Universities: Adapt the NSF
ADVANCE model by providing fellowships and leadership development programs
for women in STEM. These institutions must also recruit and support female
science educators in rural areas where girls have little exposure to role models.
Representation will shift mindsets and inspire aspirations.

For Education Ministries: Replicate Rwanda’s Imbuto Foundation approach by
launching national STEM literacy campaigns. These should include digital
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bootcamps, peer-to-peer learning programs, and regional science fairs where girls
can showcase innovation. Policies should fund teacher training in digital pedagogy
and curriculum development with a gender lens.

Reform Curriculum and Teaching Practices

For Curriculum Developers and Publishers: Localize Finland’s gender-sensitive
curriculum framework by revising science textbooks to include African women
scientists and engineers. Lessons should focus on real-life STEM solutions
relevant to rural and urban African contexts clean water tech, sustainable farming,
health innovation.

For Teacher Training Institutes: Institutionalize gender-inclusive pedagogy in
pre-service and in-service training. Teachers should be trained to actively
encourage girls in lab work, group leadership, and public speaking. Classroom
environments must promote equal participation and counter implicit bias.

Use Data to Drive Policy and Scale Impact

For National Education Authorities and Research Institutes: Implement
UNESCO’s SAGA Toolkit to monitor gender equity in STEM through sex-
disaggregated data. Ministries should create national observatories to track STEM
participation, dropout rates, and teacher gender balance across regions.
Transparent data will inform better policy and funding allocation.

For Multilateral Agencies and Funders: Support governments in scaling
successful pilots, like World Bank-backed programs that increased girls’ STEM
participation by up to 10%. Fund longitudinal studies to assess the long-term
impact of STEM interventions on girls’ economic outcomes and community
development. The path to STEM equity for African girls is not linear, but it is
achievable. It requires an ecosystem approach where every stakeholder, including
government, schools, parents, donors, companies, and communities, plays a role.
What is needed now is not more programs, but transformative alignment of vision,
funding, and action. Girls in Sub-Saharan Africa are not lacking in talent; they are
lacking in opportunity. By adapting global solutions with cultural intelligence,
political will, and institutional accountability, stakeholders can build a future
where girls not only enter STEM but shape it. This is not just an educational issue,
it is a justice issue. The future of science in Africa depends on the brilliance,
resilience, and leadership of its girls. Let’s give them the tools, the space, and the
support to thrive.
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CONCLUSIONS

Bridging the gender gap in STEM education across Sub-Saharan Africa is not a
matter of access alone, it is a matter of equity, justice, and structural
transformation. This review makes it clear that short-term programs and content
delivery are insufficient. What is needed is a reimagining of STEM ecosystems
that are inclusive by design, culturally grounded, and responsive to the complex
realities African girls face. Using the lens of intersectionality, this study has shown
that barriers to STEM are not experienced in isolation. Gender interacts with
poverty, geography, ethnicity, and social norms to shape girls’ experiences in
unique and compounding ways. Addressing only one dimension fails to capture
the depth of exclusion. Effective solutions must account for these intersecting
inequalities and recognize that girls are not a homogenous group, they navigate
different, often overlapping, forms of marginalization.

Policies alone cannot close the gender gap in STEM. Sustainable change
requires investment in mentorship, gender-responsive pedagogy, flexible learning
options for young mothers, and school environments that reflect and affirm girls
lived experiences. Programs like Girls in ICT in Rwanda demonstrate this in
action.  Through  school-based @~ STEM  clubs and events like
the Ms Geek competition, Girls in ICT provides safe, empowering spaces where
girls access mentorship, peer support, and opportunities to lead and innovate in
tech. Similarly, the Mentoring Future Women Graduates programs in Kenya,
supported by the Institution of Engineers of Kenya, connects female students with
professional mentors, building strong networks that promote a self-sustaining
mentorship culture across the region. These efforts are not isolated.

In Nigeria, the Women’s Technology Empowerment Centre (W.TEC) has
empowered over 26,000 girls since 2008 through after-school clubs and tech
camps where girls learn to code, build apps, and challenge stereotypes, positioning
themselves not just as participants in STEM, but as future leaders. On a broader
scale, the World Bank’s education support in Tanzania, which includes mentoring,
scholarships, and gender-aware teacher training, has shown concrete impact, with
ICT-trained female graduates being 26% more likely to enter tech careers.
Meanwhile, the Education Plus Initiative (a collaboration between UNAIDS,
UNICEF, and UN Women), launched in 2022 across 12 Sub-Saharan countries,
integrates health services, safety, mentorship, and community dialogue to keep
adolescent girls in school and reframe gender roles in education. These programs
do more than create access, they transform systems. Girls are not required to adapt
to broken structures; they are empowered to redefine them. At its core, this paper
insists that equitable STEM education is not a favor to girls, it is a necessity for
Africa’s future. When we build with girls, not just for them, we don’t just open
doors, we change what lies behind them.
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