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ABSTRACT

Africa’s burgeoning youth population, rich indigenous knowledge, and urgent
developmental needs position chemistry education as a pivotal driver of sustainable growth in the
21% century. This review examines the continent’s chemistry education landscape, revealing a
paradox of resilience and systemic inequity. While enrollment rates have risen, access to quality
education remains fragmented, with urban-rural divides, gender gaps, and colonial-era curricula
stifling progress. Yet, Africa’s dynamism shines through grassroots innovations including virtual
labs in Rwanda, ethno-chemistry integration in Ghana, and mobile learning in Kenya, that redefine
pedagogy through technology and cultural relevance. The analysis underscores the potential of pan-
African collaboration, industry-academic partnerships, and digital leapfrogging to align education
with global sustainability agendas like the SDGs. However, formidable challenges persist:
underfunded infrastructure, brain drain, and political instability threaten to undermine
advancements. The review calls for urgent, context-sensitive reforms such as decolonizing curricula,
scaling gender-responsive STEM policies, and prioritizing infrastructure investments to transform
chemistry education into a catalyst for equitable development. By leveraging Africa’s demographic
dividend and indigenous ingenuity, stakeholders can empower a generation to tackle local challenges
in healthcare, energy, and environmental sustainability while positioning the continent as a global
hub for inclusive scientific innovation. This review serves as a roadmap for policymakers, educators,
and international partners to bridge aspiration and action in Africa’s chemical sciences renaissance.
[African Journal of Chemical Education—AJCE 15(2), July 2025]
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1. INTRODUCTION

In the 21% century, chemistry education has emerged as a pivotal catalyst for fostering
scientific literacy, driving technological innovation, and advancing the principles of sustainable
development, as annotated in Fig. 1, particularly in regions contending with intricate socioeconomic
and environmental challenges. The continent’s rapid population growth—projected to account for
25% of the global population by 2050 [1] amplifies the need for scalable, context-sensitive
educational frameworks. However, there are disparities in persistence. Urban-rural divides in access
to laboratories and digital tools [2], gender gaps in STEM enrollment [3], and curricula that often
prioritize colonial-era Eurocentric content over local applications [4] continue to hinder progress.
For instance, a 2021 UNESCO report revealed that 37% of Rwandan secondary schools have
functional chemistry labs [5], while internet penetration for e-learning remains below 30% in most
Sub-Saharan countries [6]. Meanwhile, the COVID-19 pandemic exacerbated existing inequalities,
exposing the fragility of under-resourced education systems and catalyzing debates on the role of
hybrid learning models in science education [7].

Emerging reports highlight promising innovations that offer a roadmap for reimagining
chemistry education across Africa. Initiatives such as the deployment of virtual laboratories in South
Africa [8], mobile learning platforms like Kenya’s Eneza Education [9], and the curricular
integration of indigenous knowledge systems, such as ethno-chemistry in traditional medicine and
agroecological practices [10], underscore the continent’s growing capacity for contextually
grounded, innovative educational models. Complementing these grassroots efforts, pan-African
initiatives such as the African Union’s Science, Technology, and Innovation Strategy for Africa

2024 (STISA-2024), along with international partnerships like the Royal Society of Chemistry’s Pan

199




AJCE, 2025, 15(2) ISSN 2227-5835

Africa Chemistry Network (PACN), are advancing cross-border collaboration, research, and
capacity-building in the chemical sciences.

Despite encouraging developments, significant structural challenges persist. The ongoing
brain drains of skilled educators, chronic underinvestment in research and development, Africa
allocates only 0.45% of its GDP to research and development compared to the global average of
1.7% [11], and recurrent political instability in regions such as the Sahel and the Horn of
Africa.Africa collectively undermine sustained progress. While the United Nations Sustainable
Development Goals (SDGs), particularly SDG 4 (Quality Education) and SDG 9 (Industry,
Innovation, and Infrastructure), offer a strategic blueprint for advancing science education, their
localized implementation across the continent remains uneven and often fragmented [12, 13].

This review synthesizes contemporary literature published between 2015 and 2023 to chart
the dynamic evolution of chemistry education in Africa within the broader context of 21 century
through an examination of regional disparities, technological innovation, and policy interventions.
Enhancing chemistry education in Africa requires a multifaceted approach. This involves
decolonizing curricula to reflect local contexts and knowledge systems, and embracing digital
leapfrogging to overcome infrastructural challenges. Equally important is fostering strong
collaborations among academic institutions, industry stakeholders, and community organizations to
drive innovation and ensure that educational advancements are grounded in local realities. By
integrating these strategies, policymakers, educators, and development partners can unlock Africa's
scientific and educational potential in an era of both significant challenges and transformative

opportunities.
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Fig. 1: Chemistry Education: A catalyst for Development in Africa [14]

Methodologically, the review adopts a systematic and multidisciplinary approach to
examining 21% century chemistry education in Africa. It integrates both quantitative and qualitative
data drawn from peer-reviewed literature accessed through databases such as Web of Science,
Scopus, Google Scholar, and African Journals Online, as well as relevant grey literature, including
reports from UNESCO, the African Union, and the World Bank. The search strategy prioritized
publications from 2015 to 2023, with a particular focus on post-2018 studies aligned with the
Sustainable Development Goals (SDGs). Keywords included “chemistry education Africa,” “STEM
equity,” and “decolonial pedagogy in chemistry”. To ensure broad continental representation, the

review incorporates case studies from all five African regions. Exclusion criteria were applied to
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omit non-empirical studies, non-English publications lacking translation, and literature predating
2015, except where foundational historical context on colonial legacies was necessary.
1.1. The Strategic Importance of Chemistry Education

Initiatives such as the Young Scientists of Africa exemplify this potential, empowering youth
to drive innovation in agro-processing and renewable energy sectors, addressing unemployment,
energy poverty, and food security simultaneously [15]. At a macro level, chemistry education aligns
closely with the Sustainable Development Goals (SDGs). It supports medical advancements for
diseases like malaria (SDG 3), drives clean energy innovation through biofuel projects in Kenya
(SDG 7), and contributes to climate action through green chemistry curricula, as seen in Morocco
(SDG 13). On a national scale, African institutions are already demonstrating the transformative
power of chemistry. For instance, Uganda’s Makerere University has pioneered low-cost HIV
diagnostics, while Nigerian student-led innovations in biodegradable packaging from cassava waste
offer scalable solutions to plastic pollution. At the global level, Africa is increasingly asserting its
scientific presence through projects such as Ethiopia’s antimalarial plant-based research [16] and
South Africa’s ambitious green hydrogen initiatives [17], both of which contribute meaningfully to
global sustainability efforts.

Equally important is the integration of indigenous knowledge systems into chemistry
curricula. Examples include Ghana’s use of traditional medicine and the Maasai’s metallurgical
practices, which provide culturally relevant content that bridges scientific theory with community-
based knowledge. Such contextualization not only enriches the learning experience but also
enhances cultural identity and local ownership of scientific progress. To fully realize these
opportunities, chemistry education must be anchored in Africa’s unique ecological, industrial, and

socio-economic realities. By prioritizing innovation, equity, and global collaboration, African
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nations can cultivate a generation of chemists equipped to tackle local challenges while contributing
to the broader scientific discourse of the 21st century. Chemistry education serves as a linchpin for
Africa’s scientific, economic, and social transformation in the 21st century. As a foundational pillar
of STEM (Science, Technology, Engineering, and Mathematics), it equips learners with the
analytical and practical skills to innovate across disciplines, from materials science and
biotechnology to renewable energy and climate resilience. By fostering critical thinking and
problem-solving skills, it empowers youth to tackle pressing challenges while driving
industrialization and technological self-reliance.

1.1.1. Catalyst for STEM Advancement

Chemistry’s inherently interdisciplinary nature positions it as a foundational pillar across
STEM domains, linking engineering, medicine, and environmental science. This integrative capacity
is increasingly being harnessed to drive innovation and socio-economic development across Africa.
The Young Scientists of Africa initiative, for example, utilizes chemistry-focused curricula to spur
youth-led advancements in agro-processing and waste-to-energy technologies, directly confronting
challenges such as unemployment and energy poverty in Nigeria [18]. Similarly, South Africa’s
Decadal Plan for Science, Technology, and Innovation underscores the strategic importance of
chemistry education in strengthening national capacity in advanced manufacturing and mining
sectors critical to economic diversification and resilience [19, 20].

Despite these efforts, the continent continues to face a pronounced shortage of STEM
professionals. Africa contributes a mere 2% to global scientific research output [21], reflecting both
systemic underinvestment and the need for targeted educational reforms. Strengthening chemistry
education, therefore, is not only a pathway to bridging the STEM gap but also a prerequisite for

cultivating homegrown scientific leadership and innovation.
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1.1.2. Enabler of Sustainable Development

Chemistry education is a key enabler of sustainable development, intersecting with multiple
Sustainable Development Goals (SDGs) and offering tangible solutions in health, energy, and
environmental sectors. In the context of SDG 3 (Good Health and Well-being), training in medicinal
chemistry and drug discovery is vital for addressing persistent health burdens such as malaria and
HIV/AIDS in Sub-Saharan Africa. A notable example is Ghana’s Kwame Nkrumah University of
Science and Technology, which integrates chemistry into clinical research to advance diagnostics
and localized treatment options through the study of antimalarial plant compounds [22].

For SDG 7 (Affordable and Clean Energy), chemistry underpins electrochemical innovation
and renewable energy development. Kenya’s M-KOPA Solar program equips chemists with the
skills to develop decentralized, off-grid solar technologies for low-income households [23], while
Tanzania’s BioEnergy Africa project applies catalytic chemistry to produce sustainable biofuels
tailored for rural communities [24]. In advancing SDG 13 (Climate Action), green chemistry
education is gaining traction across African universities. Curricula increasingly incorporate
sustainable practices such as carbon capture, biodegradable materials, and plastic upcycling,
equipping students with practical tools to address both local environmental issues and global climate
imperatives [25]. By embedding SDG-aligned content into chemistry education, Africa not only
tackles urgent regional priorities but also contributes meaningfully to global sustainability. This
localized yet globally resonant approach highlights the transformative power of chemistry education
as both a development tool and a vehicle for scientific diplomacy.

1.1.3. Addressing Local and Global Challenges
Chemistry education plays a critical role in equipping African societies to tackle a spectrum

of urgent local and global challenges across healthcare, environmental sustainability, and energy
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access. In the health sector, advancements in analytical chemistry and pharmaceutical sciences have
enabled context-relevant innovations. At Uganda’s Makerere University, for instance, researchers
have developed low-cost HIV diagnostic kits using locally sourced reagents, significantly reducing
reliance on imported materials and expanding access to essential health services [26]. Increasingly,
ethno-chemistry is being integrated into higher education curricula, bridging indigenous knowledge
systems with scientific research. This approach has catalyzed the development of novel antimalarial
therapies based on traditional medicinal plants such as Artemisia annua, enhancing both cultural
relevance and pharmaceutical innovation [27]. In the realm of environmental sustainability,
chemistry-driven innovation is helping address ecosystem fragility and plastic pollution. Students at
the University of Kyambogo in Tanzania, for example, have created biodegradable packaging from
cassava waste, an initiative that not only mitigates plastic use but also promotes circular bio-
economies and supports food security [28]. In Botswana, the Okavango Delta Conservation Project
has deployed chemists trained in environmental monitoring to analyze industrial effluents and
preserve freshwater ecosystems threatened by runoff and pollution [29].

In a significant stride towards sustainable energy solutions, a UK-led consortium is
pioneering the development of perovskite solar modules (PSMs) tailored for tropical climates across
Africa. The Resilient Renewable Energy Access Through Community-Driven Holistic Development
in Perovskite Solar Module Manufacturing (REACH-PSM) initiative, spearheaded by Swansea
University and funded by the UKRI Ayrton Challenge Programme, brings together academic
institutions such as Kenya’s Strathmore and Egerton Universities, Nigeria’s Federal University of
Technology Owerri, and South Africa’s University of Cape Town, North-West University, and

University of KwaZulu-Natal. This collaborative effort aims to establish Africa’s first full-scale
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demonstration of next-generation solar manufacturing, focusing on scalable, cost-effective
alternatives to traditional photovoltaics [30].

Concurrently, South Africa's Hydrogen South Africa (HySA) initiative is fostering the
growth of a new generation of chemists through advanced electrochemical training programs. These
programs are designed to scale green hydrogen production, particularly to serve off-grid rural
communities. HySA's efforts include demonstration projects, such as the deployment of a 2.5kW
fuel cell system powered by renewable hydrogen at Poelano High School in the North-West
province, showcasing the viability of clean energy solutions in areas lacking reliable electricity
access [31]. Collectively, these initiatives illustrate how chemistry education, when locally
contextualized, can empower African innovators to design sustainable, culturally relevant, and
scientifically robust solutions to interconnected development challenges
1.2. Cultural Relevance and Global Competitiveness

Africa's diverse indigenous knowledge systems, ranging from Nigeria’s traditional dyeing
techniques to Maasai metallurgy, present a largely untapped pedagogical reservoir for
contextualizing and enriching chemistry education. Integrating these culturally embedded practices
into modern curricula enhances both engagement and relevance, fostering a learning environment
that resonates with students’ lived experiences [32]. For instance, Senegal’s Ecole Supérieure
Polytechnique has embedded cashew nut processing into organic chemistry modules, transforming
a local agro-industry into a platform for applied learning and entrepreneurship [33].

The case for strengthening chemistry education in Africa is therefore multifaceted: it serves
as a catalyst for STEM-driven economic growth, a cornerstone of sustainable development, and a
strategic vehicle for solving both localized and transboundary challenges. Yet, to unlock this

transformative potential, chemistry curricula must be deliberately designed to reflect Africa’s
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ecological richness, economic aspirations, and cultural specificity. Anchoring science education in
innovation, cultural relevance, and global scientific collaboration will not only empower learners
but also position Africa as a proactive contributor to 21 century scientific progress, shifting its role
from knowledge consumer to global knowledge producer.
1.3. Contextualizing chemistry curricula to African Schools

Any meaningful discourse on chemistry education in Africa must be situated within the
continent’s broader sociocultural, historical, and demographic contexts. Africa’s extraordinary
heterogeneity, shaped by colonial legacies, linguistic diversity, and rapid population growth,
demands context-sensitive educational strategies that are locally anchored yet globally informed.
Addressing this complexity is critical to designing responsive chemistry education systems that are
equitable, resilient, and future-ready.
1.3.1. Diversity as a Dual Challenge and Opportunity in African Chemistry Education

Africa’s unparalleled diversity, encompassing 54 nations, over 2,000 languages, and
ecosystems ranging from arid deserts to biodiverse rainforests, presents a dual challenge and
opportunity for advancing chemistry education. Culturally, indigenous knowledge systems, such as
Ethiopia’s ethnobotanical practices in traditional herbal medicine and the Dogon people’s
metallurgical expertise in Mali, provide culturally resonant frameworks to contextualize chemical
principles. However, curricula dominated by colonial languages (English and French for instance)
often marginalize rural learners, exacerbating educational disparities. Evidence-based interventions,
such as Tanzania’s bilingual STEM programs (Swahili and English), have demonstrated enhanced
comprehension and knowledge retention among students [34], highlighting the pedagogical

imperative of linguistic inclusivity.

207




AJCE, 2025, 15(2) ISSN 2227-5835

Africa's chemistry education landscape is marked by pronounced regional disparities. In
North Africa, universities benefit from relatively robust funding and infrastructure. Conversely,
many Sub-Saharan institutions grapple with limited resources, impeding the adoption of modern
pedagogical approaches. Francophone countries, such as Senegal, often retain colonial-era
educational frameworks, which can hinder the integration of contemporary, student-centered
methodologies. In contrast, Anglophone nations like Kenya have initiated reforms, notably the
Competency-Based Curriculum (CBC) introduced in 2017, aiming to enhance critical thinking and
practical skills among learners [35].

Africa's abundant natural resources present unique opportunities to tailor chemistry curricula
to regional ecological and industrial contexts. For instance, the Department of Chemistry at Kwame
Nkrumah University of Science and Technology (KNUST) in Ghana offers programs that
encompass various sub-disciplines of chemistry, providing students with hands-on experience and
research opportunities. Such initiatives equip graduates with the skills necessary to address
challenges in sustainable resource extraction and environmental management [36]. To harness this
diversity, systemic decolonization, linguistic pluralism, and regionally tailored pedagogies are
essential to align chemistry education with Africa’s ecological and industrial realities.

1.3.2. Colonial Legacies: Structural Inequities and Curricular Misalignment

The enduring impact of colonialism continues to shape chemistry education in Africa through
systemic inequities and curricular disconnects. Colonial-era curricula, designed to prioritize
Eurocentric knowledge, remain entrenched, emphasizing abstract theories, such as the atomic
structure, over contextually relevant applications such as agro-chemistry for smallholder farmers, a
disconnect underscored by movements like South Africa’s “Science Must Fall,” which advocates

integrating indigenous practices like Zulu fermentation techniques into STEM education [37].
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Infrastructure deficits rooted in colonial neglect persist. For instance, Nigerian universities face
overcrowded laboratories, while rural Mozambican schools lack basic reagents, stifling experiential
learning. Linguistic hierarchies further alienate non-elite populations where Rwanda’s 2008 shift to
English-medium instruction fostered global integration, marginalized Francophone educators and
students, revealing tensions between modernization and inclusivity [38]. These legacies demand
decolonial reforms that recenter African epistemologies, prioritize multilingual instruction, and align
curricula with local socio-economic needs.
1.3.3. Demographic Dynamics: Balancing Potential and Peril

Africa’s demographic surge, projected to reach 2.5 billion by 2050, with 60% under 25 [1],
poses critical challenges and opportunities for chemistry education. The youth bulge offers a
potential innovation dividend, exemplified by the mobile learning platforms, such as Zambia’s
Eneza Education that democratize access to chemistry content in underserved regions. However,
rapid population growth strains infrastructure. Uganda’s Makerere University, for instance, enrolls
35,000 students despite a 5,000-student capacity, severely limiting laboratory access [39]. Labor
market mismatches further complicate this trajectory as exemplified with 30% of Algerian chemistry
graduates face unemployment due to skills gaps [40], while urban-rural divides persist. Urban hubs
like Nairobi benefit from specialized training, yet rural vocational schools lack essential equipment.
Strategic investments in infrastructure, industry-aligned curricula, and rural STEM equity are
imperative to transform this demographic wave into an engine of sustainable development.
1.3.4. Decolonial Innovation: Pathways to Equitable Transformation

Addressing Africa’s educational paradoxes requires leveraging its diversity as a catalyst for
innovation. Botswana’s Chemistry for Community Development program aligns curricula with local

industries like diamond processing, while Cameroon’s University of Yaoundé collaborates with
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traditional healers to document the chemistry of medicinal plants, like the Prunus africana, bridging
indigenous and academic knowledge [41]. Decolonial pedagogical shifts, such as Kenya’s
competency-based curriculum (CBC), prioritize applied skills like water purification over rote
learning. South-South collaborations, Nigeria’s partnership with India on affordable lab equipment,
offer alternatives to Eurocentric models, emphasizing tropical climate resilience. Rwanda’s
collaboration with BioNTech to train graduates in mRNA vaccine production exemplifies education
aligned with emergent healthcare industries [42]. Digital leapfrogging, via virtual labs such as the
South Africa’s Labster and Al-driven tutoring tools in Ghana, mitigates infrastructure gaps. These
strategies, grounded in cultural relevance and technological adaptation, position Africa to redefine
chemistry education as a driver of inclusive growth and global scientific leadership.

Africa’s diversity, colonial history, and demographic dynamism are not impediments but
catalysts for reimagining chemistry education. By centering indigenous knowledge, embracing
linguistic pluralism, and aligning curricula with industrial and ecological realities, the continent can
transform challenges into opportunities. Realizing this vision demands political commitment,
equitable funding, and rejection of homogenized models. As African institutions pioneer
nanotechnology applications for drought-resistant crops such as South Africa, Kenya, Nigeria, the
continent’s chemistry education future lies in solutions as diverse and innovative as its people, a
testament to its potential for global scientific impact.

1.4. Purpose of the Review

This systematic review is driven by the imperative to synthesize fragmented scholarship,
address critical lacunae in policy-practice alignment, and propose an integrated roadmap for
advancing chemistry education across Africa’s heterogeneous sociocultural and geopolitical

landscapes. Existing literature predominantly examines isolated challenges such as infrastructural
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deficits or regional success stories like South Africa’s virtual laboratory initiatives, but yet lacks a
holistic, continent-wide interrogation that synergizes empirical data, grassroots innovations, and
global educational frameworks, including the Sustainable Development Goals (SDGs). By adopting
an interdisciplinary lens to dissect the interplay of historical path dependencies (colonial legacies),
demographic transformations (youth population surges), and technological disruptions (Al-driven
learning tools). The focus of this review is to:
(1) critically analyze the contemporary state of African chemistry education,
(2) delineate emergent opportunities and systemic barriers,
(3) propose context-responsive policy and pedagogical interventions, and
(4) establish a timeline for achieving measurable progress.
As demonstrated in Fig.2, this review paper positions itself as a seminal contribution by bridging
localized empirical insights with transnational educational paradigms, thereby reframing Africa’s
challenges as catalysts for globally relevant innovation.
1.4.1. Analyzing the Current State of Chemistry Education in Africa: Mapping Disparities and
Pedagogical Realities

Leveraging empirical analyses and cross-national data (2015-2023 It should be consistence
with introduction part), this review interrogates the multifaceted realities of chemistry education in
Africa, characterized by profound inequities in access, resource allocation, and curricular relevance.
While primary education enrollment has improved, tertiary chemistry programs remain
exclusionary: women constitute only 30% of STEM graduates in Sub-Saharan Africa, and conflict-
affected regions such as Somalia lack functional chemistry departments entirely [43]. Resource
deficiencies cripple experiential learning where 60% of secondary schools in Rwanda’s Nyarugenge

district, for instance, operate without basic laboratory equipment [44], compelling educators to
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employ improvisational methods including the use of clay for acid-base demonstrations that
highlight systemic underinvestment. Curricular misalignment exacerbates these challenges: a 2023
survey of Nigerian universities revealed that 78% of chemistry syllabi prioritize theoretical
constructs over applied competencies such as agro-chemistry or pollution mitigation, leaving
graduates ill-equipped to tackle regional crises like soil degradation or water contamination [45].

These disparities are contextualized within historical frameworks, including colonial-era
pedagogical paradigms that valorize Eurocentric content (e.g., abstract atomic models over
indigenous metallurgical knowledge) and post-independence underfunding that entrenches urban-
rural divides. The analysis underscores the urgency of dismantling these structural barriers to harness
Africa’s demographic dividend. With 60% of its population under 25 and projected to dominate the
global workforce by 2050, the continent demands education systems that transform aspiration into
actionable and context-specific skills. By mapping these realities, the review advocates for a radical
reimagining of chemistry education, one that aligns pedagogical outcomes with Africa’s industrial,
ecological, and sociocultural imperatives.
1.4.2. Identifying Prospects: Leveraging Innovation and Indigenous Capital

Africa’s chemistry education landscape is ripe with untapped potential, driven by
technological innovation and the strategic integration of indigenous knowledge. Technological
leapfrogging is mitigating infrastructural limitations. Platforms like Tanzania’s Shule Direct deliver
mobile-based  chemistry content to rural students, while Ghana’s partnership
with LabXchange employs virtual reality [46] laboratories to simulate advanced experiments such
as chromatography, circumventing physical resource constraints. Concurrently, digital platforms
like eLearn Africa have witnessed a 45% surge in chemistry enrollments since 2020, reflecting a

growing demand for flexible, technology-driven learning models. Indigenous knowledge systems
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further enrich pedagogical frameworks, as seen in Guinea-Bissau’s integration of Moringa
oleifera research into water purification modules aimed at bridging ancestral practices with
academic rigor [47, 48]. Pan-African collaborations amplify these efforts, exemplified by the African
Research Universities Alliance (ARUA), which fosters cross-border initiatives such as
the Chem4Energy Consortium. This consortium leverages Africa’s abundant mineral resources to
design sustainable energy materials, including catalysts and semiconductors, through a synergy of
computational and experimental methodologies [49]. By reframing Africa’s diversity as a strategic
asset, these innovations challenge deficit narratives and position the continent as a vanguard of
context-driven scientific advancement.
1.4.3. Actionable Recommendations: Bridging Policy and Practice

To effectively align educational policy, teaching methods, and collaborative efforts in Africa,
it's essential to implement strategies that are sensitive to local contexts. For instance, Angola’s
chemistry curriculum need to focus on petrochemistry while Madagascar’s should emphasize on
phytochemistry to align their chemistry education with local economic demands. Collaborative
models, such as Tanzania’s education reform demonstrated how teacher-researcher partnerships can
democratize access to practical learning [46]. Micro-credentials in emerging fields like green
chemistry and computational modeling could enhance graduate employability in climate-resilient
sectors, while international partnerships must shift from short-term grants to sustained capacity-
building programs, as exemplified by the European Union’s Horizon Africa initiative, which
prioritizes green transition and digital innovation [50]. South-South collaborations, such as Nigeria-
Brazil biofuel refinement projects and Morocco-India ventures in desert agriculture chemistry, offer

alternatives to Eurocentric dependencies, fostering localized innovation. Collectively, these
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strategies position chemistry education as a dynamic driver of inclusive development, equipping
Africa’s youth to address both local challenges and global scientific frontiers [51].
1.4.4. Unique Contributions and Timeliness

This review distinguishes itself through an intersectional, regionally nuanced analysis that
positions chemistry education as a cornerstone of climate justice, gender equity, and decolonial
praxis. By contrasting Francophone systems constrained by colonial-era rigidity such as Senegal
with Anglophone innovations and Kenya’s competency-based curriculum reforms, which prioritize
applied skills over rote memorization, this review highlights divergent educational trajectories. The
analysis further contextualizes disparities between conflict-affected regions (Somalia’s defunct
chemistry departments) and stable states, framing inequities within historical and geopolitical
frameworks. Recommendations align with Africa’s Agenda 2063 and the UN’s Education Plus
Initiative, advocating for curricula adaptable to global disruptions (Al and pandemics, for instance)
and localized priorities. By translating insights into actionable roadmaps, this review elevates
chemistry education from a peripheral concern to a linchpin of Africa’s sustainable development,

empowering its youth to lead in local problem-solving and global scientific leadership.

2. CURRENT STATE OF CHEMISTRY EDUCATION IN AFRICA

The current state of chemistry education across Africa is characterized by a paradoxical
duality of advancements and entrenched systemic disparities. While primary and secondary
enrollment rates have surged over the past decade—propelled by initiatives such as the African
Union’s Continental Education Strategy for Africa (CESA 2016—-2025)—access to quality chemistry
education remains fragmented along geographic, institutional, and demographic lines. Persistent

urban-rural divides, gender inequities, and colonial-era curricular frameworks continue to undermine

214




AJCE, 2025, 15(2) ISSN 2227-5835

equitable learning outcomes. For instance, Sub-Saharan Africa reports a significantly lower
proportion of secondary schools offering laboratory-based chemistry instruction compared to North
Africa, where resource allocation and infrastructure are comparatively robust. At the tertiary level,
overcrowded classrooms, obsolete equipment, and curricula misaligned with local industrial and
environmental priorities stifle progress. Nigeria’s Niger Delta region, despite its petroleum wealth,
exemplifies this disconnect, with chemistry graduates lacking the applied skills needed to address
oil pollution and sustainable resource management [53].

Yet, grassroots-driven innovations signal resilience and adaptability. Rwanda’s mobile STEM
laboratories deliver hands-on chemistry training to remote schools, while South Africa’s open-access
platforms—SciELO SA and SAJChem—democratize access to peer-reviewed chemistry research,
fostering academic collaboration and knowledge dissemination. This section critically interrogates
these dual realities, synthesizing regional datasets, contemporary case studies, and policy analyses
to map the multifaceted landscape of African chemistry education. By foregrounding disparities in
access, infrastructure, and pedagogical relevance, it establishes a foundation for understanding both
the urgency of systemic reforms and their feasibility in a context marked by demographic dynamism

and emergent innovation.
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Fig. 2: 21% Century Chemistry Education in Africa: Challenges and Opportunities [52]

2.1 Access and Enrollment

Access to chemistry education in Africa is characterized by profound disparities across
educational tiers and geographies. At the primary level, initiatives such as Kenya’s Free Primary
Education (FPE) have expanded enrollment, yet rural regions lag significantly due to inadequate
resources and teacher shortages, limiting access to specialized subjects like chemistry [54]. Urban
schools, conversely, benefit from superior infrastructure, including functional laboratories and
qualified instructors, enabling broader curricular offerings [55]. Secondary education exacerbates
inequities: in Ethiopia, only 33% of rural students transition to secondary school compared to 66%
of urban peers, with chemistry often rendered inaccessible as an elective in under-resourced settings
[56]. Tertiary-level disparities are stark, with fewer than 25% of African higher education students
enrolling in STEM disciplines where women constitute under 30% of this cohort, and fewer than

one-third occupy scientific research roles. Systemic barriers include limited awareness of STEM
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career pathways, particularly in nations like Chad, which lack functional chemistry departments,
contrasting with South Africa’s dominant STEM enrollment. Gender gaps persist, with women
comprising less than 25% of STEM graduates in Niger and Mali. However, Rwanda’s gender-
responsive policies have elevated female chemistry enrollment to 48%, underscoring the efficacy of
targeted interventions [2]
2.2 Infrastructure and Resources

Infrastructure deficits—including inadequate laboratories, equipment shortages, and limited
digital tools—continue to hinder science education across Sub-Saharan Africa. In Nigeria, a 2024
review highlighted that many secondary schools lack essential laboratory equipment, such as
microscopes, with existing units often outdated or in poor condition, impeding effective biology
instruction [57]. In Senegal, the dominance of colonial-era French textbooks is diminishing as local
languages like Wolof gain prominence in education and media, reflecting a broader shift towards
cultural reclamation [58]. Meanwhile, Kenya's efforts to digitize its curriculum through the Kenya
Institute of Curriculum Development (KICD) face challenges, particularly in rural areas where
access to digital devices and reliable internet remains limited [59].

The digital divide is pronounced. As of 2024, only 23% of rural households in Sub-Saharan
Africa had internet access, compared to 57% in urban areas [60]. In Kenya, initiatives like the Digital
Literacy Program, which provides tablets to students, often falter in regions with inconsistent
electricity supply [61]. To address these disparities, South Africa's Dinaledi Schools initiative
focuses on enhancing STEM education in under-resourced areas by improving laboratory facilities.
The program has led to significant improvements in mathematics and science performance among

participating schools, with a notable increase in pass rates [62]. In Nigeria, partnerships between
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Shell Nigeria and local governments have resulted in the donation of ultramodern science
laboratories to schools in rural areas, aiming to bridge the educational infrastructure gap.
2.3 Quality of Instruction

Instructional quality hinges on teacher preparedness and curricular relevance. In Tanzania, a
significant proportion of STEM educators lack subject-specific training, leading to an overreliance
on rote memorization and hindering the development of critical thinking skills among students [63].
Conversely, Rwanda has made notable strides in integrating Information and Communication
Technology (ICT) into teacher training. The Rwanda Basic Education Board [64], in collaboration
with UNICEF and other partners, has implemented initiatives to enhance digital literacy among
teachers. These efforts include providing smart screens to Teacher Training Colleges (TTCs) and
developing digital literacy guides to support the integration of technology in teaching.

Ghana mandates teacher licensing examinations to ensure educator competency. However,
challenges persist, particularly in rural areas where staffing shortages often lead to the employment
of underqualified personnel. This disparity underscores the need for targeted strategies to attract and
retain qualified teachers in underserved regions. Curriculum alignment with contemporary scientific
and environmental issues remains inconsistent across the region. While Tanzania's 2021 curriculum
reforms have incorporated agro-chemistry modules focusing on fertilizer production [65], Zambia's
outdated science syllabi neglect critical topics such as agricultural sciences and environmental
sustainability [66]. This omission leaves students ill-equipped to address pressing challenges like
soil degradation and the growing demand for renewable energy solutions. Addressing these
multifaceted challenges requires a concerted effort to enhance teacher training, ensure equitable

distribution of qualified educators, and update curricula to reflect current scientific and technological
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advancements. Such measures are essential for fostering an education system capable of preparing
students to meet the demands of the modern world.
2.4 Regional and Cultural Diversity

Africa’s chemistry education landscape reflects its regional and cultural heterogeneity. North
African institutions, such as Egypt’s Ain Shams University, feature advanced laboratories and robust
research output [67], contrasting with Sub-Saharan schools like Malawi’s Chancellor College, where
students share resources due to shortages [68]. Colonial legacies bifurcate Francophone and
Anglophone systems: Cameroon’s theory-centric Baccalauréat [69] contrasts with Kenya’s
competency-based curriculum emphasizing practical skills [70]. Cultural norms further shape
access—Somalia’s restrictive gender norms curtail girls’ lab participation, while
Botswana’s Diamond Way program actively recruits women into mining chemistry. Such disparities
necessitate context-specific strategies that balance local traditions with equity-driven reforms.
2.5 Existing Initiatives

A mosaic of initiatives addresses systemic gaps, though scalability remains a challenge. The
world bank funds science and technology laboratory wupgrades in Nigeria [71], while
Ethiopia’s STEM Ethiopia Initiative trains several thousand science and mathematics teachers
annually [72]. NGOs like UNESCO’s Campus Africa deploy virtual labs across 15 countries, and
the Mastercard Foundation sponsors girls’ STEM scholarships in Ghana. International
collaborations, such as the EU’s Erasmus+ partnership with Ugandan universities on green
chemistry, foster knowledge exchange. However, fragmented funding and geopolitical instability
hinder progress: the Africa-German Network connects Tanzanian chemists with German firms, yet
rural Mozambican schools still lack basic reagents. These efforts demand sustained investment and

grassroots alignment to achieve transformative impact.
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3. PROSPECTS FOR ADVANCEMENT

Despite systemic challenges, the 21% century offers unprecedented prospects for
transforming chemistry education in Africa. These opportunities are propelled by technological
innovation, grassroots ingenuity, and increased global interconnectivity. With a predominantly
young population, robust indigenous knowledge systems, and rapid digital adoption, the continent
is uniquely positioned to implement transformative educational strategies. From mobile learning
platforms enhancing rural access in Kenya to Ghanaian universities integrating traditional medicinal
knowledge into pharmaceutical curricula, localized innovations are reshaping teaching
methodologies. Simultaneously, continent-wide initiatives such as the African Union’s Science,
Technology and Innovation Strategy for Africa and international partnerships with organizations like
the Royal Society of Chemistry are strengthening capacity and facilitating resource-sharing.
Advances in green chemistry, renewable energy, and Al-driven educational tools further align
African chemistry education with global sustainable development goals. This section explores how
these synergies—rooted in Africa’s distinct cultural and demographic context—can catalyze a
renaissance in chemistry education, preparing students to tackle local challenges while contributing
meaningfully to global scientific progress.
3.1 Technological Innovations

Technological advancements are rapidly transforming chemistry education across Africa by
bridging resource gaps and expanding access to quality instruction. E-learning platforms such as
South Africa’s Siyavula and Kenya’s Eneza Education provide millions of learners—particularly in
underserved regions—with interactive chemistry content [73]. Virtual labs, including Labster’s
collaborations with universities in Ghana and Rwanda, allow students to perform complex

experiments like titrations and spectroscopy in immersive digital environments [74]. Mobile
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applications like Nigeria’s ulesson offer modular lessons and quizzes designed for areas with
unstable internet connectivity. Additionally, Open Educational Resources (OERs), such as the
African Virtual University’s free chemistry modules, are democratizing access to high-quality
curricula. Despite these advances, infrastructural challenges remain—only 28% of households in
Sub-Saharan Africa have reliable electricity access [75]. Nonetheless, innovations like the solar-
powered “e-learning devices” in Zimbabwe exemplify how adaptive technologies can overcome
such limitations [76].
3.2 Indigenous Knowledge Integration

Africa’s rich tapestry of indigenous knowledge offers a powerful, yet underutilized, resource
for contextualizing chemistry education. In Ghana, universities are working with traditional healers
to investigate the chemical properties of medicinal plants such as Cryptolepis sanguinolenta, used
in malaria treatment, integrating this research into pharmacology curricula [77]. South Africa’s
curriculum reforms promote the study of indigenous practices like Zulu bead-making to teach redox
reactions and polymer chemistry [78]. These culturally grounded approaches not only improve
student engagement but also instill pride in local heritage. However, institutional resistance to
diversifying curricula underscores the ongoing need for policy frameworks that formally recognize
indigenous knowledge as a legitimate academic resource.
3.3 Industry and Academic Partnerships

Collaborations between universities and industry are enhancing the relevance of chemistry
education to labor market demands while addressing critical funding shortfalls. Kenya’s Jomo
Kenyatta University, for example, partners with Safaricom to provide internships in analytical
chemistry, training students to evaluate material safety in telecommunications. Nigeria’s University

of Port Harcourt co-develops curricula with Shell to cover petrochemical safety and environmental
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remediation. Meanwhile, South Africa’s Council for Scientific and Industrial Research (CSIR)
supports academic research in green chemistry, such as the development of biodegradable plastics
from maize waste [79]. Large-scale initiatives, such as the Holistic Drug Discovery and
Development Centre—backed by the Bill & Melinda Gates Foundation—are driving innovation in
pharmaceutical research while building institutional capacity across the continent [80]. However,
imbalances in power and priorities sometimes skew these partnerships in favor of corporate interests,
highlighting the need for equitable collaboration models that safeguard educational goals.
3.4 Pan-African Collaboration

Regional cooperation plays a pivotal role in scaling innovation and facilitating knowledge
exchange across borders. Institutions like the Pan-African University Institute for Water and Energy
Sciences (PAUWES) promote student mobility and cross-national research on challenges such as
water purification in drought-prone areas [81]. Initiatives like the Partnership for Skills in Applied
Sciences, Engineering and Technology (PASET) fund collaborative projects, such as Senegalese-
Ghanaian teams developing solar energy materials from locally sourced minerals [82]. Nevertheless,
logistical hurdles—including visa constraints, disparities in research funding, and linguistic divides
between Francophone and Anglophone nations—impede progress. Policies like Rwanda’s visa-free
entry for African academics offer promising templates for deeper regional integration and mobility.
3.5 Alignment with Global Agendas

Reforms in African chemistry education are increasingly aligned with global development
frameworks, particularly the United Nations Sustainable Development Goals (SDGs). In Rwanda,
secondary school curricula now emphasize green chemistry, with students designing biogas systems
from agricultural waste to support SDG 7 (Clean Energy) [83]. Morocco’s Université Mohammed

VI Polytechnique advances SDG 6 (Clean Water) by researching nanofiltration systems for arsenic
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removal [84]. Efforts to achieve SDG 5 (Gender Equality) include programs like Tanzania’s Girls
in Chemistry, which has significantly boosted female enrollment in tertiary science education since
2020. International frameworks such as UNESCO’s STEM for SDGs initiative offer technical and
financial backing [85]. However, critiques remain that global agendas can overshadow local needs,
underscoring the importance of embedding SDG priorities within national policy—such as Kenya’s
Competency-Based Curriculum.

Africa stands at a critical juncture, with the potential to reshape chemistry education through
technological empowerment, cultural integration, and strategic partnerships. Realizing this potential
requires addressing persistent inequities while scaling localized, context-sensitive innovations that
reflect the continent’s diverse needs and aspirations.

4. FUTURE CHALLENGES

Despite the promising advancements in chemistry education across Africa, the road ahead is
fraught with complex and deeply rooted challenges. Systemic inequities, demographic pressures,
and shifting global priorities threaten to undermine recent progress. The digital divide, chronic
underfunding, and continued brain drain jeopardize both infrastructure and human capital
development. Climate change further compounds resource scarcity, complicating efforts to align
curricula with sustainability goals. Geopolitical instability, particularly in regions like the Sahel,
continues to disrupt educational continuity, while persistent gender and rural-urban disparities
highlight the limits of current policy interventions.

Africa’s rapidly growing youth population, projected to double by 2050, intensifies demand
for educational infrastructure, risking a widening gap between graduate qualifications and labor
market needs. Simultaneously, dependence on foreign aid and imported curricula, often

disconnected from local realities, risks reinforcing neo-colonial dependencies. This section unpacks
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the multifaceted challenges confronting the future of chemistry education in Africa, underscoring
the urgency for context-sensitive, integrated strategies that safeguard its potential as a driver of
equitable and sustainable development.
4.1 Infrastructure and Funding

Africa’s chemistry education systems remain hampered by chronic underinvestment and
dilapidated infrastructure. Across the continent, average government spending on education is below
4% of GDP, with science, technology, engineering, and mathematics (STEM) receiving a
disproportionately small share [86]. Laboratories at leading institutions, such as Nigeria’s University
of Ibadan, still rely on outdated equipment, while many rural Tanzanian schools lack electricity,
making basic experimentation impossible. Maintenance deficits compound the issue: at Zambia’s
Copperbelt University, over half of the donated microscopes are inoperable due to the absence of
trained technicians—prompting a shift to virtual microscopy solutions [87]. Donor-led infrastructure
projects, such as China's lab construction initiatives in Ethiopia, often emphasize visibility over
sustainability. A 2022 UNESCO audit found that 70% of donor-funded laboratories in Malawi
became non-functional within five years due to poor training and lack of maintenance support [88].
4.2 Digital Divide

The digital divide remains a major barrier to equitable chemistry education. In South Africa,
urban schools use Al-driven platforms, while their rural counterparts—especially in the Eastern
Cape—still depend on radio broadcasts for instruction [89]. Across Sub-Saharan Africa, only 12%
of rural schools have internet access, compared to 47% in urban areas [90]. Efforts like Ghana’s
"One Student, One Tablet" initiative aim to bridge this gap, but often falter in low-connectivity
regions such as Savelugu, where offline-compatible content is lacking. As a result, students in remote

areas are left with devices that offer limited educational value without a stable internet connection.
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4.3 Human Capital Loss

Africa continues to lose an estimated 70,000 skilled professionals annually to brain drain,
with chemistry educators and researchers among the most affected [21]. This exodus is driven by
low salaries, poor working conditions, and limited research funding. Structural issues—including
corruption, lack of mentorship, and administrative inefficiencies—further disincentivize academic
retention. Programs such as Rwanda’s Returning Scientists Scheme attempt to reverse this trend by
offering incentives to diaspora professionals. However, without competitive salaries and sustained
investment in research infrastructure, long-term reintegration remains elusive [91].
4.4 Curriculum Adaptation

Curricula across the continent often emphasize global standards at the expense of local
relevance, leaving graduates ill-prepared to address regional challenges. While Tanzania’s 2021
agro-chemistry reforms offer a model for context-specific innovation [92], most chemistry syllabi
remain anchored in Euro-American paradigms. Efforts to integrate indigenous knowledge continue
to meet resistance. In Kenya, proposals to include ethnochemistry modules were met with
administrative pushback in favor of "international competitiveness." Sociocultural barriers also
hinder reform; in conservative regions like Northern Nigeria, practical chemistry education for girls
is still viewed as a threat to traditional gender roles [93]. Meanwhile, advances in areas like synthetic
biology or carbon capture are conspicuously absent from most curricula, revealing a growing
mismatch between global scientific developments and African classroom content.
4.5 Socioeconomic and Political Barriers

Poverty and political instability remain significant disruptors of educational continuity. In
the Democratic Republic of Congo, nearly half of all girls and over a third of boys drop out before

secondary school due to financial constraints [94]. Conflict zones further compound these
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challenges—Sudan’s 2023 crisis, for instance, led to the widespread closure of schools and
universities. Gender inequity is another persistent obstacle. Cultural norms in countries such as
Niger, Sudan, and Chad restrict girls' access to STEM education by reinforcing stereotypes that
prioritize domestic roles over scientific careers. While initiatives like Sudanese Women in Science
are working to challenge these norms through media campaigns and mentoring programs, structural
barriers remain deeply entrenched [95].

Policy efforts often fall short in practice. For example, Rwanda’s progressive gender parity
laws are weakly enforced in rural communities, where domestic responsibilities still take precedence
over formal education for girls. Corruption exacerbates these issues where in several countries,
chemistry lab grants have been misappropriated, undermining resource allocation and eroding trust
in educational governance. These challenges facing chemistry education in Africa are intricate and
deeply interconnected. Addressing them requires a multifaceted approach that transcends piecemeal
interventions. Equitable funding, culturally responsive curricula, retention of skilled educators, and
robust infrastructure must be pursued in tandem. Crucially, African nations must also assert greater
ownership over their educational narratives, rooting reforms in local realities while drawing
strategically on global partnerships. Only then can chemistry education fulfill its transformative
potential as a lever for sustainable and inclusive development across the continent. A summary of
the key challenges, evidences from literature, potential impacts in chemistry education and localized

reforms are presented in Table 1.

226




AJCE, 2025, 15(2)

ISSN 2227-5835

Table 1: Summary of key challenges in 21% century chemistry education in Africa

Key Challenges Evidences Impacts Decolonial
Reforms
Eurocentric Francophone West Africa uses Irrelevant to local  Tanzania’s
Content French 19th-century textbooks industries (mining, bilingual (Swahili-
[96] agriculture); low English)
Nigerian universities lack local = student programs;
application modules [97] engagement. Ghana’s  ethno-
chemistry
integration.
Language Mozambique’s Portuguese = High STEM @ Tanzania’s
Barriers textbooks [98] dropout rates; = Swahili-English
Algerian chemistry taught in exclusion of  curriculum (25%
French [99] rural/indigenous- retention boost).
language students.
Marginalizatio South Africa excluded Zulu Loss of cultural Ghana’s
n of Indigenous fermentation techniques [100] identity; missed integration
Knowledge Kenya’s pre-2020 dismissal of R&D opportunities of Cryptolepis
Maasai metallurgy [101] (e.g., traditional sanguinolenta (ma
medicine). laria plant) into
curricula.
Structural Colonial-era “national schools” ' Urban-rural gaps; South
Inequities in Kenyan cities dominate limited lab access Africa’s Dinaledi
resources [102] for 70% of Sub- Schools (lab-
Fewer rural Tanzanian schools | Saharan students. equipped rural
have labs [103] STEM hubs).
Resistance to Kenya’s CBC curriculum Slow adoption of Rwanda’s
Reforms faced backlash for emphasizing applied chemistry; industry-aligned
local applications. skills mismatch. curriculum
Uganda reinstated colonial-era (unemployment
exams. reduction).
Lack of Algeria’s graduate Dependency on AU’s Pan-African
Innovation & | unemployment foreign expertise; University (80%
Brain Drain Nigerian faculty migration to stagnant local = alumni employed
Europe. industries. locally).

5. RECOMMENDATIONS

Addressing Africa’s chemistry education challenges requires bold, context-sensitive
strategies that integrate policy reform, pedagogical innovation, and grassroots engagement. Drawing
section outlines actionable

from systemic disparities and emerging opportunities, this
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recommendations to reposition chemistry education as a catalyst for sustainable development. Key
priorities include decolonizing curricula by integrating indigenous knowledge, expanding digital
infrastructure to democratize access, and fostering multi-stakeholder collaboration to align education
with labor market demands. Policymakers must prioritize gender-responsive funding mechanisms
and establish rural STEM hubs, while institutions should adopt competency-based training and
industry partnerships to mitigate brain drain. International partners are urged to shift from short-term
aid to long-term capacity building by supporting African-led initiatives such as green chemistry
research and Al-powered learning tools. Grounding reforms in equity, cultural relevance, and
technological leapfrogging will enable Africa’s youth to leverage chemistry in solving local
challenges, from climate resilience to healthcare, while positioning the continent as a leader in
inclusive scientific innovation. These recommendations emphasize the urgency of adaptive,
collaborative action, linking local needs, for instance rural labs, with global agendas (SDGs),
especially amid demographic shifts and climate risks.
5.1 Policy and Governance

Transformative policy frameworks are vital to tackle chronic underfunding and governance
gaps in chemistry education. Governments should allocate a significantly adequate proportion of
national education budgets to STEM, emphasizing rural infrastructure—following models such as
Botswana’s STEM Equity Fund, which has narrowed urban-rural disparities since 2020. Public-
private partnerships (PPPs) offer a pathway to scale innovation, as seen in Kenya’s collaboration
with Microsoft to digitize several thousand classrooms [104]. Gender-based advocacy campaigns
have successfully boosted female enrollment in chemistry, highlighting the need for gender-
inclusive policies [105, 106]. Regional bodies such as the African Union must reinforce

accountability mechanisms to prevent corruption and ensure funds reach grassroots programs.
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5.2 Curriculum Reforms

Curriculum reform is necessary to ensure both global relevance and local applicability. The
integration of indigenous knowledge systems into chemistry education, as explored in African
contexts, demonstrates effective curricular contextualization [107]. Digital literacy must be
embedded within curricula; Tanzania’s 2023 reform mandates coding for chemical simulations,
preparing students for Al-driven industries [108]. Industry-education partnerships are also essential
such as the South Africa’s CSIR which collaborated with universities to design courses on critical
mineral processing that aligned with green energy goals. Conversely, Zambia’s failure to revise its
1990s-era curriculum has led to widespread graduate skill mismatches [109]. Decolonizing content
through platforms like the University of Cape Town’s OpenUCT repository, which hosts African-
authored chemistry materials, can reduce dependency on Eurocentric resources. These issues which
need to be addressed in the chemistry curriculum reform are summarized in Table 1.
5.3 Teacher Development

Building educator capacity remains essential for enhancing pedagogical practices and
improving teacher retention. Recent data from Rwandan Teacher Training Colleges indicate that
only 25% of science educators consistently integrate ICT tools into their instruction, primarily due
to limited access. Similarly, just 22% of chemistry teachers have adopted web-based platforms for
teaching organic chemistry [110]. Nonetheless, there are encouraging developments; for instance,
66% of secondary school teachers are utilizing digital tools, such as virtual laboratories [111].
Evidence also suggests that offering bonuses to teachers in rural areas can bolster retention rates and
elevate the quality of STEM education [112]. In Uganda, initiatives aimed at enhancing digital
literacy through STEM teacher reskilling programs, such as those funded by The Pollination Project,

seek to increase student engagement and align educators' skills with the demands of the digital era.
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Mentorship programs, like Botswana’s Diamond Scholars, which pair novice teachers with
experienced mentors, have demonstrated practical training benefits. However, in Malawi, 60% of
teachers still lack access to such mentorship programs, raising concerns regarding the scalability and
equity of these initiatives [113].
5.4 Infrastructure Investment

Targeted infrastructure investment can help address regional disparities. South Africa’s
Dinaledi Schools initiative has equipped rural institutions with solar-powered mini-labs,
significantly increasing enrollment and performance in physical science and Higher Grade subjects
[114]. In Nigeria, the Lagos State Government’s partnership with Shell has enabled the deployment
of mobile labs to remote schools, benefiting hundreds of thousands of students. Affordability
remains crucial: Kenya’s Digital Literacy Program reduced tablet prices by 40% via local assembly,
although offline content delivery remains a challenge in remote areas like Turkana [61]. Senegal's
digitals initiative, which provides subsidized internet data to students, has significantly improved
access to e-learning [115]. Equipment maintenance must also be prioritized—Ghana’s LabTech
Corps trains local technicians to service school laboratories, maintaining almost near complete
functionality in partner institutions [116].
5.5 Community and Industry Engagement

Community and industry collaboration is essential to ensure chemistry education meets real-
world needs. Ghana’s Mastercard Foundation Scholars Program supports 1,000 STEM students
annually, with over 70% of female graduates securing industry placements [117]. Nigeria’s National
Science Week, in partnership with VSO’s Lab on Wheels initiative, reached more than 320,000 rural
students in 2023 [118]. Equitable industry partnerships are critical—Uganda’s UNICEF-Makerere

co-designed collapsible lab kits have been widely adopted in low-income schools [119]. By contrast,
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Zambia’s overreliance on foreign mining companies for curriculum input led to narrow
specialization and left 60% of graduates unemployed. Kenya offers a model for women’s
empowerment in STEM through organizations like WissaAfrica, She Code Africa, and
WOMSTEM, alongside UNESCO’s mentorship programs and the STEM Camp of Excellence for
Girls and Teachers [120]. These initiatives challenge gender norms and expand laboratory
participation in conservative regions.

5.6 Role of Higher Institutions in African Chemistry Education

Higher education institutions (HEIs) play a central role in advancing chemistry education as
engines of research, innovation, and societal transformation. Ghana’s Kwame Nkrumah University
of Science and Technology (KNUST), for example, collaborates with traditional medicine
practitioners to integrate indigenous knowledge into modern pharmaceutical studies [121],
contributing to curriculum decolonization. Rwanda’s African Institute for Mathematical Sciences
(AIMS) is pioneering research in Al-driven computational chemistry. Teacher training programs
such as those at Tanzania’s Dar es Salaam University College of Education prioritize hands-on
laboratory skills and digital competence. Mentorship networks like African Women in Science help
reduce gender disparities by linking students to industry leaders.

Despite persistent underfunding and the threat of brain drain, HEIs continue to innovate.
Botswana’s Okavango University Research Institute focuses on water quality monitoring, while the
University of Ghana adopted virtual labs during the COVID-19 pandemic to ensure learning
continuity. Kenya’s Jomo Kenyatta University has partnered with Safaricom to develop
biodegradable materials, aligning curricula with emerging job markets. Community-centered
initiatives such as the University of Zambia’s low-cost water purification technologies demonstrate

HEIs’ societal contributions. Leading examples include Stellenbosch University’s green chemistry
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program, which addresses mining pollution; KNUST’s support for renewable energy startups; and
Rwanda’s BioNTech collaboration to train vaccine producers [122].

To fully realize their potential, HEIs require sustained investment, curriculum modernization
grounded in African realities, and policies that retain homegrown talent. Empowering these
institutions will enable the continent to produce chemists capable of addressing urgent challenges,
from safe drinking water to pandemic preparedness, while securing Africa’s place in the global
scientific community [80, 123].

6. Conclusion

The 21% century presents Africa with a critical crossroads: chemistry education can either
drive sustainable development or remain hindered by entrenched inequities and missed
opportunities. This review highlights the continent’s dual reality—on one hand, pioneering
initiatives such as virtual laboratories in Rwanda and ethno-chemistry curricula in Ghana; on the
other, persistent disparities in access, infrastructure, and gender equity. With Africa’s youth
projected to comprise 42% of the global workforce by 2050, the urgency of reform is undeniable.
Outdated pedagogies and underfunded laboratories are no longer tenable.

For chemistry education to strategically progress in Africa through alignment with global
frameworks like the Sustainable Development Goals, it is imperative that reforms are intrinsically
connected to the continent's specific cultural, ecological, and industrial realities. Stakeholders must
move beyond rhetoric. Governments must prioritize sustained investment in STEM and champion
curricula that are both decolonized and future-facing. Educators require ongoing professional
development and access to digital technologies to close the urban-rural divide. International partners
must pivot from short-term aid to long-term capacity-building, supporting innovations such as

Kenya’s Al-driven learning systems and Nigeria’s solar-powered laboratories. The private sector
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should co-develop training programs that align with the continent’s growing needs in green energy
and healthcare, while communities must advocate for equity, dismantling gender and socioeconomic
barriers.

The time for incremental change has passed. By leveraging its demographic advantage,
cultural richness, and capacity for technological leapfrogging, Africa can reimagine chemistry
education as a foundational pillar of both continental transformation and global advancement. This
review serves as a call to action: investing in Africa’s chemistry education is not merely an academic
concern—it is a strategic and moral imperative to empower the next generation of African scientists

to address the challenges of today and shape the solutions of tomorrow.
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