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ABSTRACT

A multidisciplinary approach, STEM education, which stands for Science, Technology, Engineering, and
Mathematics, promotes creativity, problem-solving skills, and technical preparedness for the needs of the
twenty-first century. The relevance of STEM in early childhood education (ECE) as a basis for preparing
students for polytechnic education and national development in Nigeria is examined in this study. The
cognitive, social, and emotional foundation for lifelong learning is provided by ECE, while the practical
knowledge and vocational skills necessary for industrial growth are provided by polytechnics.
Incorporating STEM into ECE fosters gender diversity in technical sectors while fostering curiosity,
logical thinking, creativity, and 21st-century skills like teamwork and digital literacy. The study presents
evidence that early STEM exposure improves students' readiness for polytechnic education, which
benefits economic diversity, sustainability, technical advancement, and human capital development.
Despite its potential, obstacles such as poor teacher preparation, a lack of funding, and sociocultural
hurdles make it difficult to execute successfully. To optimize its transformational impact, the study
proposes curricular change, teacher capacity building, governmental support, and community
participation. It concludes that integrating STEM into ECE is both an educational and developmental
requirement.
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1. INTRODUCTION
STEM education, which stands for Science, Technology, Engineering, and Mathematics, is well known
for being an interdisciplinary, experiential learning method that combines various disciplines into
coherent projects. It places a strong emphasis on creativity, active participation, and practical problem-
solving, giving students the tools they need to handle the challenging issues of the twenty-first century
(Sheth & Pathak, 2023). STEM education equips students to use their discipline knowledge in real-world
situations where problem-solving and flexibility are crucial by encouraging critical thinking, teamwork,
and creativity. Among the essential elements of STEM education are:
i.  Multidisciplinary integration: STEM integrates mathematics, science, technology, and
engineering into a single educational framework.
ii.  Active, experiential education: Students participate in projects, experiments, and practical
assignments that give abstract ideas tangible form as part of active, hands-on learning.
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iii.  Creativity and problem-solving: Students are pushed to approach difficult issues in novel
ways, which fosters their critical thinking and inventive abilities.
iv.  Cooperation: As students collaborate to create solutions, STEM activities foster
communication and teamwork.

By using these techniques, STEM education equips young students with a practical, 21st-century skill set
that will enable them to handle technical issues in the future.
Early childhood education (ECE) offers the groundwork for both academic achievement and lifetime
learning. According to Murray (2023), children's brains are most responsive to cognitive, social, and
emotional learning during the early years, which are generally defined as ages 0-8. Research has
repeatedly demonstrated that children who receive exceptional early childhood education are better
equipped for future learning, demonstrating superior academic performance, social competence, and even
long-term economic output (Solang et al., 2024). In short, high-quality ECE builds the early cognitive,
social and emotional competencies that make later schooling (including secondary and tertiary technical
education) more effective (Ofem et al., 2023). In Nigeria, early childhood education has been
acknowledged as a cornerstone for preparing children to excel at later levels of school and to participate
effectively in the knowledge-driven economy.
A key part of Nigeria's higher education system, polytechnic education contributes significantly to the
production of skilled labor for the country's advancement. It is intended to give students practical and
career-oriented knowledge in fields including applied sciences, engineering, technology, and agriculture
(Karstina et al., 2024). According to Kalagbor (2024), these abilities are essential for raising labor
competitiveness, technological innovation, and industrial productivity. Nigeria's pursuit of swift
industrialization and long-term economic expansion places polytechnic schools in a strong position to
foster the development of human capital by bridging the knowledge gap between academia and real-world
business demands (Adewolu et al., 2024).
In order to prepare students for technical preparedness, creativity, and innovation, all of which are
essential for polytechnic education, it is imperative that STEM be incorporated into early childhood
education (Ordanovska et al., 2023). Curiosity, investigation, and problem-solving abilities are fostered
by early exposure to STEM concepts and eventually form the foundation for technical and occupational
competency. According to Chisom et al. (2023), STEM education is essential in Nigeria in order to build
a workforce that can propel economic growth and innovation. This article proposes that integrating STEM
ideas into early childhood education lays the foundation for developing the technical, creative, and
problem-solving abilities required for polytechnic education and, as a result, for advancing Nigeria's
overall development.

2. Importance of STEM in Early Childhood Education

It is becoming more widely acknowledged that incorporating STEM into early childhood education is
crucial to equipping kids with the technical, social, and cognitive skills needed for success in
postsecondary education and the advancement of the country. In addition to strengthening core learning,
exposing kids to science, technology, engineering, and math throughout their early years fosters
creativity, diversity, and the development of vital 21st-century skills.

2.1 Cognitive Development

Early STEM activities foster cognitive development by improving kids' capacity for autonomous
problem-solving, critical thinking, and logical reasoning. Children are encouraged to ask questions, test
theories, and reflect on results when they are involved in inquiry-based activities like basic experiments,
building blocks, or pattern exploration (Bers, 2022). This procedure is consistent with Piaget's theory of
cognitive development, which highlights the role that active exploration plays in forming young children's
intellectual capacities. Additionally, Souza (2024) confirms that the basis for academic achievement in
higher education is laid by early problem-solving experiences. Children who participate in STEM-related
play develop the ability to apply abstract ideas in tangible ways, laying the groundwork for later, more
complex scientific and technical schooling.
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2.2 Creativity and Innovation

The potential of STEM to promote creativity and innovation is another important way that it may benefit
early childhood education. Exploration, creativity, and discovery are fostered by hands-on STEM
activities, including working with natural materials, utilizing basic technological tools, or creating little
projects. Children who are given the chance to develop, construct, and test their ideas in collaborative
settings are more likely to exhibit creative thinking and innovation, according to research (Hu, 2022).
Early STEM-driven creativity introduction can assist produce a generation that can create context-specific
answers to societal difficulties in Nigeria, where technical and vocational industries have a high demand
for creative problem-solvers (Oke et al., 2015).

2.3 21st-Century Skills

STEM education gives kids the critical abilities known as 21st-century skills, such as digital literacy,
teamwork, communication, and flexibility (Kennedy & Sundberg, 2020). Children can engage in groups,
exchange ideas, and compromise to find answers because to the collaborative character of STEM projects,
which improves their social skills and flexibility (Wahba et al., 2022). Additionally, children who are
exposed to age-appropriate digital tools develop digital literacy, which equips them for future academic
settings that depend more and more on technology. Building these abilities from an early age is essential
to ensure that students can succeed in a technologically advanced society, particularly in Nigeria, where
digital transformation is a major force behind economic advancement.

2.4 Gender Inclusivity

Addressing gender inequities in technical and vocational education, which frequently persist, is another
important function of STEM education in early life. Involving boys and girls in STEM-related activities
at a young age helps to dispel prejudices and guarantee that kids view science and technology as
inclusive. Research indicates that STEM education in early childhood that is gender-neutral promotes
equitable participation and lessens the gender gap in STEM occupations later on (Master et al., 2017). In
Nigeria, where women are still underrepresented in technical sectors, encouraging gender inclusion in
STEM education from the very beginning helps create a more varied and fair workforce for the country's
advancement.

3. Connection between Early STEM and Polytechnic Education

The main focus of Nigerian polytechnic education is applied sciences, engineering, and technology, with
the aim of creating skilled labor to propel technical and industrial advancement. In contrast to traditional
universities, polytechnics place a strong emphasis on real-world, experiential learning that gives students
technical competence and employable skills (Xinming, 2023). Since polytechnic graduates immediately
contribute to labor preparedness and technical innovation, this concentration is essential for the prosperity
of the country Umudjere et al. (2016). But in order for students to succeed in this system, they need to be
exposed to problem-solving, experimentation, and technical thinking from a far younger stage in their
academic careers. For students who later want to pursue polytechnic school, early involvement in STEM
education offers a solid preparation route. Children get comfortable with ideas that are essential to applied
sciences and engineering through early childhood design projects, simple experiments, and joyful
numerical exploration (Souza, 2024). They get early numeracy, logical thinking, and inquiry-based
learning abilities from this experience, which subsequently prove invaluable in technical and vocational
training. According to Onyebuchi, Chisom (2023), encouraging STEM from an early age fosters a
pipeline of continuous learning that develops creativity, ingenuity, and problem-solving skills, all
essential for success at polytechnics.

Additionally, early STEM education helps create a pool of technically proficient students who are better
equipped for fields that rely heavily on innovation. Improved industrial productivity and increased global
competitiveness are already benefits for nations that have made STEM integration in early education a
priority. Developing students with early technical preparedness guarantees that polytechnics may hire
students who are already inclined toward practical problem-solving, which is important in Nigeria, where
the economy is becoming more and more reliant on science and technology-based solutions (Usman,
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2023). The country's ability to satisfy labor market demands is strengthened by this connection between
STEM education in early childhood and advanced technical training, which creates a more sustainable
skills ecosystem.

Early STEM exposure also increases self-confidence in tackling technical and practical problems.
Through practical exercises like model-building, material experimentation, or the use of basic technology,
kids learn to approach difficulties with curiosity rather than failure-related dread. These students are more
likely to exhibit resilience, flexibility, and confidence while tackling challenging technical tasks by the
time they enroll at polytechnics (Sheth & Pathak, 2023). In order to guarantee that polytechnic students
are both intellectually and psychologically equipped to pursue technical education as a professional route,
this more seamless transition is crucial.

3.1 Conceptual Model

The conceptual model demonstrates how early STEM education advances students' preparedness for
polytechnics and, eventually, for the advancement of the country. Fundamentally, early STEM exposure
fosters the development of critical abilities including creativity, problem-solving, logical thinking, and
numeracy. These abilities encourage curiosity and self-assurance while experimenting, thinking
creatively, and coming up with new ideas. Students expand on their early STEM foundations as they
attend polytechnic education at the intermediate stage. With an emphasis on practical training that
transforms theoretical knowledge into practical ability, polytechnic schools prioritize applied sciences,
engineering, and technology. Because they already have the fundamental attitude and confidence in their
ability to solve problems, students who are exposed to STEM early on have an easier time adjusting to
this system. Graduates of advanced polytechnics contribute to innovation-driven sectors including
construction, manufacturing, ICT, energy, and agriculture. Nigeria's pursuit of industrialization and
sustainable development is heavily reliant on these industries. Strengthened by early STEM foundations,
polytechnic education contributes to national development goals including workforce competitiveness,
economic growth, and technological advancement by generating graduates who are technically proficient
and creative.

Early Childhood Polytechnic Innovation-Driven
STEM Education Eeadiness Workforce

National

Development

Figure 1: Early STEM as a Foundation for Polytechnic Readiness and National Development
According to Figure 1, including STEM into early childhood education guarantees a more seamless

transition into polytechnic education, builds a pipeline of technically proficient students, and directly
supports Nigeria's industrial and national development goals.
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4. Role of STEM in National Development

Wide-ranging effects on national development result from incorporating STEM education into early
childhood education, especially when it is in line with Nigeria's polytechnic educational system. Early
STEM skill exposure lays the groundwork for technical proficiency, creativity, and problem-solving
abilities that are critical for advancing technology, economic growth, sustainability, and human capital
development.

4.1 Human Capital Development

The development of human capital is essential to the advancement of a country, and STEM education in
the early years is crucial to educating kids to contribute positively to society. Early exposure to STEM
topics helps kids develop the creativity, critical thinking, and problem-solving abilities needed to succeed
in technical and vocational sectors. These students eventually join a skilled labor force that propels
innovation, technology, and industries. Polytechnic graduates with STEM backgrounds are better
equipped to address workforce gaps in engineering, ICT, and applied sciences in Nigeria, where there is a
growing need for technical labor (Bunmi et al., 2023). Nigeria invests in a future generation of technically
skilled individuals who may hasten industrialization and socioeconomic development by integrating
STEM into early education.

4.2 Technological Advancement

Technological innovation is the foundation of national development in the twenty-first century.
Enhancing the STEM-polytechnic pathway guarantees that students are not simply users of foreign
technology but also creative thinkers who can create homegrown answers to regional issues. Nigeria, for
instance, presents difficulties in the fields of healthcare, agriculture, and energy that need for locally
developed, context-sensitive technology. Graduates of polytechnics with solid STEM backgrounds are
prepared to tackle these issues by creating instruments, frameworks, and procedures that are appropriate
for the Nigerian context (OLUBUKOLA, 2025). Nigeria's position in the global knowledge economy is
improved and its over-reliance on foreign technology is lessened thanks to its innovative potential.

4.3 Economic Growth

Additionally, STEM-driven polytechnic education stimulates economic growth by generating a workforce
that is knowledgeable, enterprising, and flexible. A consistent supply of experts who can propel
industrialization, launch small and medium-sized businesses, and promote job creation is needed by the
Nigerian economy. Research indicates that graduates of polytechnics have a major role in the growth of
sectors including manufacturing, agriculture, ICT, and construction, which promotes job creation and
economic diversification (Oluwatusin & Daisi, 2025). Additionally, early STEM education fosters an
innovative attitude in kids that subsequently fuels their entrepreneurial endeavors, which boosts Nigeria's
economy even more.

4.4 Sustainability

By equipping polytechnic graduates to address urgent developmental requirements in infrastructure, ICT,
agriculture, and renewable energy, STEM education advances national sustainability goals. For example,
technical specialists with the ability to build and maintain solar, wind, and hydro systems are needed for
sustainable energy solutions, while STEM-based technologies like precision farming and biotechnology
are becoming more and more important in modern agriculture. Similarly, Nigeria's long-term growth goal
places a high priority on ICT and infrastructure development. Nigeria guarantees a consistent flow of
graduates equipped to advance the Sustainable Development Goals (SDGs) through innovation and
technological know-how by equipping kids with STEM skills at a young age (Souza, 2024). The
importance of STEM in accomplishing Nigeria's Vision 2030 and other African development initiatives is
highlighted by this alignment of education, sustainability, and development.

5. Challenges in Implementing STEM in Early Childhood

The successful integration of STEM education into early childhood education in Nigeria is hampered by a
number of issues, despite the recognized advantages of this approach. The lack of teacher preparation in
STEM approaches is a significant constraint. Many early childhood educators lack experience to
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multidisciplinary STEM methods, problem-based learning, or inquiry-driven education since they have
received training exclusively in traditional child development and pedagogy (Fomunyam, 2021). The
potential of STEM in foundational education is limited because instructors frequently find it difficult to
incorporate engineering principles, scientific investigation, or technology tools into their regular
classroom activities without ongoing professional development.

The lack of instructional materials and infrastructure required to support STEM education is another
urgent issue. In Nigeria, many early childhood schools continue to function in resource-constrained
settings with limited access to interactive STEM Kits, laboratory equipment, and basic teaching materials
(Jacob, 2022). The cornerstone of STEM education, hands-on exploration, is limited when there are no
kid-friendly labs, scientific zones, or digital learning tools available. This infrastructural gap undermines
equal access to high-quality STEM learning experiences by exacerbating the divide between pupils in
urban and rural settings.

Another obstacle is the inadequate use of technology in early childhood education settings. Many
Nigerian preschools and early primary schools do not have access to computers, tablets, or internet-
enabled learning platforms, despite the fact that digital literacy has emerged as a crucial element of STEM
globally (Antoninis, 2023). Even when there are technology accessible, teachers might not be competent
or confident enough to use them for teaching. In addition to having an impact on young children's
computational and problem-solving abilities, the digital divide also reduces their preparedness for
technical and polytechnic education in the future. Additionally, certain Nigerian communities have
cultural views that inhibit young learners from being creative, curious, or capable of solving problems on
their own. The exploratory and inquiry-based attitude of STEM education is in opposition to traditional
expectations, which frequently place a higher priority on rote learning, memorization, and rigorous
deference to authority (Chisom et al.,, 2023). Long-standing disparities in STEM disciplines are
sometimes exacerbated by gender stereotypes that deter females from actively engaging in STEM-related
activities. The development of creativity and innovation, two qualities that are essential for preparing
students for polytechnic education and, eventually, for propelling national growth, is hampered by these
cultural constraints.

Comprehensive approaches are needed to address these issues, such as focused teacher preparation, more
infrastructure spending, fair technology integration, and a culture shift toward valuing creativity and
problem-solving from the very beginning of schooling. The goal of utilizing STEM in early childhood as
a means of preparing students for polytechnics and advancing national development will not be realized
until these obstacles are removed.

6. CONCLUSION

Early children STEM education is essentially about building a strong basis for technical preparation,
vocational competence, and inventive potential; it goes beyond simply teaching science and arithmetic.
Early integration of multidisciplinary, experiential learning fosters children's curiosity, problem-solving,
and creative thinking skills, preparing them for the challenges of technical and vocational courses. This
foundation is essential for developing students who are not only academically qualified but also
technically savvy and able to adjust to the ever-changing demands of the twenty-first century. Linking
early childhood education to polytechnic courses offers a calculated strategy to develop a new generation
of creative problem solvers, inventors, and skilled workers. Polytechnics are essential educational
institutions that provide students with the applicable technical knowledge and practical skills that propel
technological innovation and industrial production. Children who are exposed to STEM ideas at a young
age are better prepared to participate actively in these institutions and help close the skills gap that
impedes the growth of the country.

It is therefore a developmental need rather than just an educational reform to incorporate STEM into early
childhood education. Early learning experiences should be matched with future technical and vocational
requirements so that Nigeria, and other countries, can develop a pool of skilled human capital that can
promote innovation, sustain economic growth, and boost national competitiveness. When carefully
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connected to polytechnic education, early childhood STEM education ultimately becomes a vital engine
for the advancement of the country.

7. RECOMMENDATIONS
In light of the results of the research, a number of proposals are made to enhance STEM education's
position in early childhood education as a basis for polytechnic education and Nigeria's overall growth.

i.  Curriculum Reform: STEM-focused activities should be purposefully included into Nigeria's
early childhood curriculum. Instead of just introducing science and math as separate courses, this
integration should incorporate experiential, inquiry-based learning opportunities that let kids start
exploring, experimenting, and solving problems at a young age. This kind of change will
guarantee that students get the fundamental technical and artistic abilities that will eventually
make them prepared for polytechnic study.

ii.  Building Teacher Capacity: Since teachers are essential in enabling learning experiences, efforts
to increase their capacity are required to give early childhood educators the pedagogical know-
how required for STEM integration. Play-based STEM pedagogy, inquiry-driven teaching
techniques, and the use of digital resources to create dynamic and developmentally appropriate
learning environments should be the main topics of professional development programs. Teachers
will overcome obstacles including a lack of confidence in their ability to teach STEM ideas with
the support of ongoing training and mentoring.

iii.  Accessing materials: Having access to relevant materials is essential for effective STEM
education. Children's STEM Kkits, age-appropriate digital tools, and mini-laboratories that
encourage inquiry and discovery should thus be made available in classrooms. These materials
have to be made to encourage creativity and curiosity while taking into account the
developmental stages of young students. Resource supply might be further supported by
collaborations with non-governmental organizations and technology suppliers.

iv.  Policy Support: To maintain STEM integration at all educational levels, government
participation is essential. To ensure a steady supply of technically qualified workers, policy
frameworks should be created to improve the connections between early childhood education and
polytechnic education. As part of Nigeria's long-term human capital development plan, national
education policies should also give priority to funding early STEM programs, bringing them into
line with more general objectives for technical and economic advancement.

v.  Community Involvement: Fostering creativity in young learners is a critical responsibility of
parents, guardians, and local businesses. Community collaborations can offer more resources,
possibilities for mentoring, and exposure to practical uses of STEM expertise. Children's
experiences will be enhanced, their interest in technical disciplines will be cultivated, and
innovation will be encouraged from an early age by encouraging parental engagement in STEM
activities at home and establishing partnerships between schools and enterprises.

By adopting these recommendations, STEM education may be guaranteed at the early childhood level,
which would improve students' academic and technical performance while also advancing the larger
objective of sustainable national development.
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