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Abstract

The rapid advancement of artificial intelligence (AI) has introduced transformative possibilities 
across multiple sectors, with science education emerging as a critical domain for leveraging AI to 
drive national development. This study examines the role of artificial intelligence in enhancing 
science education and its broad implications for sustainable national growth. AI technologies 
such as intelligent tutoring systems, adaptive learning platforms, virtual laboratories, and data-
driven assessment tools are increasingly reshaping how scientific knowledge is delivered, 
accessed, and applied. In science education, AI enables personalized learning experiences, 
improves conceptual understanding of complex scientific phenomena, supports inquiry-based 
learning, and enhances learners' problem-solving and analytical skills. These improvements 
contribute to the development of a scientifically literate workforce equipped with the 
competencies required for innovation, industrial advancement, and evidence-based decision-
making. From a national development perspective, the integration of AI into science education 
strengthens human capital development, fosters research and technological innovation, and 
supports economic diversification in knowledge-driven economies, improving access to quality 
science education, particularly in developing nations, AI has the potential to reduce educational 
inequality and bridge skill gaps that hinder national progress. Furthermore, AI-supported science 
education aligns with national priorities in areas such as healthcare, environmental 
sustainability, energy, agriculture, and entrepreneurship. The effective deployment of AI in 
science education also presents challenges, including infrastructural limitations, ethical 
concerns, data privacy issues, and the need for teacher capacity building. Addressing these 
challenges requires coherent policies, strategic investments, and collaboration among 
governments, educational institutions, and technology developers. This study concludes that 
artificial intelligence, when thoughtfully implemented within science education systems, serves 
as a powerful catalyst for national development by nurturing innovation, enhancing educational 
quality, and promoting long-term socio-economic development.
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Introduction
The global transition toward knowledge-based economies has intensified the demand for 
innovative educational approaches capable of producing scientifically skilled and technologically 
competent citizens. Science education plays a central role in national development by fostering 
critical thinking, innovation, and problem-solving skills required for economic growth, industrial 
advancement, and sustainable development. In recent years, Artificial Intelligence (AI) has 
emerged as a disruptive technology with the potential to transform science education and accelerate 
national development. AI technologies are increasingly integrated into teaching, learning, 
assessment, and educational management systems, reshaping how scientific knowledge is 
generated, disseminated, and applied (Luckin, & Holmes, 2019).
Artificial intelligence refers to computer systems designed to perform tasks that typically require 
human intelligence, such as reasoning, learning, perception, and decision-making. In the context of 
science education, AI-powered tools including intelligent tutoring systems, adaptive learning 
platforms, virtual laboratories, learning analytics, and automated assessment systems are 
redefining instructional practices and learner engagement (Zawacki-Richter, 2019). These 
technologies support personalized learning, improve access to quality science education, and 
enhance students' understanding of complex scientific concepts.
From a national development perspective, AI-enhanced science education contributes to human 
capital development, scientific innovation, and technological competitiveness. Countries that 
strategically integrate AI into their education systems are better positioned to address development 
challenges in health, agriculture, energy, environmental management, and industrial production 
(UNESCO, 2021). However, the adoption of AI in science education also raises concerns related to 
infrastructure, ethics, data privacy, equity, and teacher preparedness. This article examines the 
concept of artificial intelligence, its role in science education and national development, the 
benefits and impacts of AI, and strategies for effective implementation to support sustainable 
national growth.

Concept of Artificial Intelligence
Artificial intelligence is a multidisciplinary field of computer science concerned with the design 
and development of systems capable of performing tasks that normally require human intelligence 
(Russell & Norvig, 2021). These tasks include learning from data, reasoning, problem-solving, 
language understanding, and pattern recognition. AI systems are broadly categorized into narrow 
AI, which is designed for specific tasks, and general AI, which aspires to replicate human-level 
intelligence across multiple domains (Kaplan & Haenlein, 2019).

Key AI technologies relevant to education include machine learning, deep learning, natural 
language processing, computer vision, and expert systems. Machine learning enables systems to 
improve performance through experience, while deep learning uses neural networks to model 
complex patterns in large datasets. In educational contexts, these technologies support adaptive 
instruction, predictive analytics, intelligent feedback, and automated evaluation of learning 
outcomes (Holmes, 2019). In science education, AI serves as both a pedagogical tool and a subject 
of study. As a tool, AI enhances instructional delivery and learning efficiency; as a subject, it equips 
learners with computational thinking and data literacy skills essential for participation in modern 
scientific and technological environments (Luckin, 2016) .

AI in Science Education 
Artificial intelligence plays a transformative role in science education by enabling learner-centered 
and data-driven instructional practices. Intelligent tutoring systems provide personalized guidance, 
adapt content difficulty to learners' needs, and offer real-time feedback, thereby improving 
students' conceptual understanding and retention (Graesser et al., 2018). AI-powered virtual 
laboratories and simulations allow learners to conduct experiments in safe, cost-effective, and 
scalable environments, overcoming limitations associated with physical laboratory resources.
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AI also supports inquiry-based and problem-based learning approaches in science education. 
Through adaptive learning platforms, students can explore scientific phenomena, analyze data, 
and test hypotheses at their own pace. These approaches enhance higher-order cognitive skills 
such as critical thinking, creativity, and scientific reasoning, which are essential for innovation 
and national development (VanLehn, 2020).

AI as Human Capital Development
Science education enhanced by AI contributes significantly to human capital development by 
producing graduates with relevant scientific and technological competencies. A workforce 
equipped with AI-supported scientific skills is better prepared to engage in research, 
technological innovation, and industrial productivity. This human capital base is essential for 
national competitiveness in the global knowledge economy (World Economic Forum, 2020).

AI as a Driver in National Development
At the national level, AI-enabled science education supports development goals by strengthening 
research capacity, fostering innovation ecosystems, and promoting evidence-based 
policymaking. Nations that invest in AI-driven education systems are more likely to achieve 
sustainable development outcomes in sectors such as healthcare, agriculture, energy, and 
environmental management (UNESCO, 2021).

AI as a Driver in Science Education
One of the major benefits of AI in science education is personalized learning. AI systems analyze 
learners' performance data to tailor instructional content, pacing, and assessment, thereby 
accommodating individual differences and improving learning outcomes (Holmes, 2019). This 
personalization reduces dropout rates and enhances student engagement. Another benefit is 
improved access to quality science education. AI-powered online platforms and virtual 
laboratories enable learners in remote or underserved areas to access high-quality instructional 
resources, thus promoting educational equity (Zawacki-Richter, 2019). AI also enhances 
assessment and evaluation by automating grading, providing instant feedback, and generating 
analytics that inform instructional improvement. Furthermore, AI supports teachers by reducing 
administrative workload, providing instructional insights, and enabling data-informed decision-
making. This allows educators to focus more on mentoring, facilitation, and creative 
instructional design (Luckinz, 2016).

Role of AI on National Development
Artificial intelligence has far-reaching impacts on national development through its influence on 
education, economy, and governance. In education, AI-enhanced science learning improves 
workforce readiness and innovation capacity. Economically, AI contributes to productivity 
growth, industrial automation, and the creation of new knowledge-based industries (Kaplan & 
Haenlein, 2019). AI-driven science education also supports sustainable development by 
promoting scientific solutions to national challenges such as climate change, food security, and 
public health. For instance, graduates trained in AI-supported scientific methods are better 
equipped to develop data-driven solutions for disease control, precision agriculture, and 
renewable energy systems (Zerkout, 2020). However, the impacts of AI are not uniformly 
positive. Without appropriate policies, AI may exacerbate inequalities, displace jobs, and raise 
ethical concerns related to data privacy and algorithmic bias. These challenges underscore the 
need for responsible and inclusive AI implementation strategies.

Strategies for Effective Implementation of AI in Science Education and National 
Development
Effective implementation of AI in science education requires comprehensive policy frameworks 
that align educational goals with national development priorities. Governments should develop 
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clear AI-in-education policies addressing infrastructure, ethics, data governance, and quality 
assurance (UNESCO, 2021).
Investment in digital infrastructure is essential to support AI deployment, particularly in 
developing countries. Reliable internet connectivity, computing resources, and data 
management systems are prerequisites for effective AI integration. Teacher capacity building is 
equally critical; educators must be trained to use AI tools effectively and ethically in science 
instruction (Holmes, 2019).
Curriculum reform is another key strategy. Science curricula should integrate AI literacy, data 
science, and computational thinking to prepare learners for future scientific and technological 
demands. Additionally, partnerships among governments, educational institutions, industry, and 
international organizations can facilitate resource sharing, innovation, and sustainable 
implementation.
Challenges of AI Applications in Science Education and National Development in Nigeria
AI has strong potential to improve science education and drive national development in Nigeria, 
but its application faces structural, technical, and socio-economic challenges below:

1. Lack of reliable infrastructures such as, electricity, internet connectivity and insufficient 
system hardware.

2. High cost of implementation. AI involves huge financial investment for the procurement 
of software and hardware, maintenance and system upgrades and subscription for AI 
platforms.

3. Shortage of professionals with expertise in AI, data science, and educational technology.
4. Resistance from educators and administrators because of preference for traditional 

teaching method and fear of job displacement by AI.
5. lack of comprehensive policies frame work for effective use of AI in education.
6. Educational inequality. Urban schools have better access to AI tools than rural schools, 

while students from low-income backgrounds lack digital devices as well as gender 
disparities in accessing technology. 

7. Maintenance and sustainability of AI systems.
8 Integrating AI into existing science curricula is difficult due to curriculum rigidity, lack 

of AI-related subjects or modules and misalignment between AI tools and learning 
objectives.

Conclusion
Artificial intelligence represents a powerful catalyst for transforming science education and 
advancing national development. By enhancing personalized learning, expanding access to 
quality education, and strengthening human capital development, AI contributes to innovation, 
economic growth, and sustainable development. However, the successful integration of AI in 
science education depends on strategic planning, ethical governance, infrastructure 
development, and capacity building. When implemented responsibly, AI can significantly 
enhance the role of science education in achieving national development goals.

Recommendations
1. Governments should develop and implement comprehensive AI-in-education policies 

aligned with national development objectives.
2. Educational institutions should invest in teacher training and professional development 

focused on AI-enhanced science teaching.
3. Science curricula should be reformed to include AI literacy, data science, and 

computational thinking.
4. Stakeholders should promote equitable access to AI technologies to reduce educational 

disparities.
5. Ethical guidelines and data protection frameworks should be enforced to ensure 

responsible AI use in education.

The Nigerian Educator                                                                             Vol. 13 No. 2 May, 2026

144



References
Graesser, A. C., Hu, X., & Sottilare, R. (2018). Intelligent tutoring systems. In F. Fischer et al. 

(Eds.), International handbook of the learning sciences (pp. 246–255). Routledge.
Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education: Promises 

and implications for teaching and learning. Center for Curriculum Redesign. 
Harvard University Press.

Kaplan, A., & Haenlein, M. (2019). Siri, Siri, in my hand: Who's the fairest in the land? On the 
interpretations, illustrations, and implications of artificial intelligence. Business 
Horizons, 62(1), 15–25. 

Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2016). Intelligence unleashed: An 
argument for AI in education. Pearson. Microsoft Press

Russell, S., & Norvig, P. (2021). Artificial intelligence: A modern approach (4th ed.). 
Pearson.

UNESCO. (2021). AI and education: Guidance for policy-makers. UNESCO Publishing.
VanLehn, K. (2006). The behavior of tutoring systems. International Journal of Artificial 

Intelligence in Education, 16, 227–265. 
VanLehn, K. (2011). The relative effectiveness of human tutoring, intelligent tutoring systems, and 

other tutoring. Educational Psychologist, 46(4), 197–221.

VanLehn, K. (2011). The relative effectiveness of human tutoring, intelligent tutoring systems, and 
o ther  tu tor ing  sys tems.  Educat ional  Psychologis t ,  46 (4) ,  197–221.  

Vieriu, A. M., et al. (2025). The impact of artificial intelligence on students' learning in higher 
education. Education Sciences, 15(3), 343. 

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes (M. 
Cole, V. John-Steiner, S. Scribner, & E. Silberman, Eds. & Trans.). Harvard University 
Press.

Wang, S. (2024). Artificial intelligence in education: A systematic literature review. Expert 
Systems with Applications. . London publication.

Wiegers, K., & Beatty, J. (2013). Software requirements (3rd ed.). Microsoft Press.

WJARR (2023). The post-COVID-19 era: Challenges of virtual learning implementation in 
tertiary institutions in Cross River State. World Journal of Academic Research and Review. 

Woolf, B. P. (2009). Building Intelligent Interactive Tutors: Student-centered strategies for 
revolutionizing e-learning. Elsevier. 

Woolf, B. P. (2010). Building intelligent interactive tutors: Student-centered strategies for 
revolutionizing e-learning. Morgan Kaufmann.

World Economic Forum. (2020). Schools of the future: Defining new models of education for 
the Fourth Industrial Revolution. WEF.

Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of 
research on artificial intelligence applications in higher education. International 
Journal of Educational Technology in Higher Education, 16(1), 1–27. 

.
Zerkouk, M. (2025). A comprehensive review of AI-based intelligent tutoring systems (arXiv 

preprint). 
Zerkouk, M. (2025). A comprehensive review of AI-based intelligent tutoring systems. arXiv 

preprint. https://arxiv.org/abs/2507.18882. 

Zerkouk, M. (2025). A comprehensive review of AI-based intelligent tutoring systems: design, 
evidence, and challenges. arXiv preprint. 

Zerkouk, M., Mihoubi, M., & Chikhaoui, B. (2025). A comprehensive review of AI-based 
intelligent tutoring systems: Applications and challenges (arXiv preprint). 
arXiv:2507.18882. 

https://doi.org/10.1016/j.bushor.2018.08.004

ACM Digital Library

https://doi.org/10.1080/00461520.2011.611369

MDPI

Science Direct

Warr

booksite.elsevier.com

https://doi.org/10.1186/s41239-019-0171-0

arXiv

arXiv

arXiv

arXiv

The Nigerian Educator                                                                             Vol. 13 No. 2 May, 2026

145

https://doi.org/10.1016/j.bushor.2018.08.004
https://dl.acm.org/doi/10.5555/1435351.1435353?utm_source=chatgpt.com
https://doi.org/10.1080/00461520.2011.611369
https://www.mdpi.com/2227-7102/15/3/343?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0957417424010339?utm_source=chatgpt.com
https://wjarr.com/sites/default/files/WJARR-2023-1887.pdf?utm_source=chatgpt.com
https://booksite.elsevier.com/samplechapters/9780123735942/Sample_Chapters/01~Front_Matter.pdf?utm_source=chatgpt.com
https://doi.org/10.1186/s41239-019-0171-0
https://arxiv.org/pdf/2507.18882?utm_source=chatgpt.com
https://arxiv.org/html/2507.18882v1?utm_source=chatgpt.com
https://arxiv.org/pdf/2507.18882?utm_source=chatgpt.com
https://arxiv.org/html/2507.18882v1

