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Abstract 
 

The integration of Artificial Intelligence (AI) in biological sciences has emerged as a 

transformative approach to addressing pedagogical and infrastructural challenges in higher 

institutions. In Southwest Nigeria, where access to well-equipped laboratories and specialized 

educators remains limited, AI presents innovative solutions for enhancing teaching, learning, 

and research in biological sciences. This paper examines AI’s role as a catalyst for 

transformative learning, highlighting its applications in personalized instruction, virtual 

laboratories, intelligent tutoring systems, and automated assessment. While AI enhances 

scientific comprehension and research capacity, its adoption is hindered by digital literacy 

gaps, inadequate technological infrastructure, financial constraints, and ethical concerns. The 

study proposes policy recommendations, including curriculum enhancement, faculty training, 

investment in AI infrastructure, and public-private partnerships to ensure equitable AI 

adoption in biological sciences. The paper underscores the urgent need for strategic 

interventions to maximize AI’s potential, positioning biological sciences in Southwest 

Nigeria for global competitiveness. By addressing these challenges, AI can serve as a 

revolutionary force in equipping students with advanced scientific competencies, fostering 

research innovation, and preparing the next generation of biological scientists and 

technologists. 
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Introduction 

The 21st century has witnessed an unprecedented intersection between Artificial Intelligence 

(AI) and education, fundamentally reshaping the ways knowledge is disseminated, acquired, 

and applied. AI, which encompasses machine learning, natural language processing, and 

intelligent automation, has evolved into a transformative force that is redefining traditional 

pedagogical paradigms across disciplines (Nguyen et al., 2022). Within the domain of 

biological sciences, AI has not only enhanced the teaching and learning experience but has 

also provided innovative solutions to the persistent challenges facing educators and learners, 

particularly in developing regions like Southwest Nigeria. 
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The teaching of biological sciences, which includes subjects such as genetics, microbiology, 

biochemistry, and ecology, has historically relied on hands-on laboratory experiments, field 

observations, and instructor-led theoretical instruction. However, limitations such as 

inadequate laboratory infrastructure, scarcity of trained personnel, and a rapidly expanding 

student population have constrained the quality of science education in many Nigerian 

institutions (Akinwale & Oke, 2021). AI offers a viable pathway to overcoming these 

challenges through intelligent tutoring systems, AI-driven virtual simulations, and adaptive 

learning platforms that customize content delivery based on students' learning patterns (Tegos 

et al., 2020). 

Moreover, in the context of Southwest Nigeria, where access to cutting-edge laboratory 

facilities remains limited, AI-powered virtual laboratories and augmented reality tools present 

an opportunity to bridge the gap between theoretical knowledge and practical application 

(Adelakun, 2021). These technologies enable students to conduct simulations of 

microbiological experiments, analyze biological datasets, and engage with complex 

biological models in a way that was previously impossible due to infrastructural constraints. 

AI also facilitates automated assessment systems and intelligent grading tools, reducing the 

burden on educators while providing students with immediate, personalized feedback on their 

learning progress (Chen et al., 2021). 

Despite these advancements, AI integration in biological sciences in Southwest Nigeria is not 

without its challenges. Issues such as technological accessibility, digital literacy among 

educators, and ethical concerns surrounding AI-driven assessments must be critically 

examined to ensure sustainable implementation (Ogunleye & Ajayi, 2022). As such, this 

paper seeks to explore the role of AI in transforming biological sciences in the region, 

examining its applications, challenges, and prospects for improving the quality of scientific 

learning. 

Through a multidisciplinary lens combining perspectives from Educational Technology and 

Food Microbiology, this study will offer a comprehensive analysis of AI’s potential as a 

catalyst for transformative learning. It will further provide policy recommendations for 

enhancing AI adoption in biological sciences in Southwest Nigeria, ensuring that educators 

and learners can harness its full potential for scientific and technological advancement. 

Theoretical Framework 

A robust theoretical framework is essential to contextualizing the role of Artificial 

Intelligence (AI) in the teaching and learning of biological sciences. This section draws on 

constructivist learning theory and cognitive load theory, both of which provide a foundation 
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for understanding how AI-driven technologies enhance knowledge acquisition and 

application in scientific education. 

a. Constructivist Learning Theory and AI-Driven Education 

The constructivist learning theory, pioneered by scholars such as Jean Piaget (1973) and Lev 

Vygotsky (1978), asserts that learners actively construct knowledge by interacting with their 

environment, rather than passively receiving information. In biological sciences, where 

hands-on experience is crucial, AI-powered learning tools provide interactive and 

experiential learning opportunities that align with constructivist principles (Jonassen, 1999). 

One significant way AI aligns with constructivism is through the use of intelligent tutoring 

systems (ITS) and virtual laboratories that allow learners to engage in simulated scientific 

experiments. AI-driven platforms such as adaptive learning environments enable students to 

manipulate biological models, conduct microbiological simulations, and analyze real-world 

datasets in a self-directed and exploratory manner (Mayer, 2021). This form of engagement 

mirrors the constructivist emphasis on learning-by-doing, allowing students to develop deep 

conceptual understanding rather than relying solely on rote memorization. 

Additionally, Vygotsky’s concept of the Zone of Proximal Development (ZPD), which 

emphasizes the role of scaffolding in learning, is relevant in the AI-enhanced classroom. AI-

powered learning assistants provide real-time feedback, adaptive assessments, and 

personalized learning trajectories that guide students progressively from basic to advanced 

biological concepts (Tegos et al., 2020). This ensures that students receive targeted 

instructional support, thereby reducing cognitive overload and optimizing learning outcomes 

in biological sciences. 

b. Cognitive Load Theory and AI-Based Instructional Design 

The cognitive load theory (CLT), developed by Sweller (1988), posits that learning is most 

effective when instructional design minimizes extraneous cognitive load and maximizes 

germane load, which is necessary for long-term retention. The learning of biological sciences, 

particularly microbiology and genetics often involve complex systems, intricate biochemical 

processes, and abstract theoretical concepts, which can overwhelm students if not properly 

structured (Chandler & Sweller, 1991). 

AI-driven adaptive learning systems and intelligent automation mitigate these cognitive 

challenges by structuring content delivery in a way that aligns with human cognitive 

architecture (Chen et al., 2021). For instance, AI-powered visualization tools, such as 

augmented reality (AR) and 3D biological models, simplify complex microbiological 

concepts by providing interactive, multisensory representations (Adelakun, 2021). These 
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tools facilitate schema construction, allowing students to internalize and recall scientific 

knowledge more effectively. 

Furthermore, AI-based natural language processing (NLP) systems serve as intelligent 

feedback mechanisms, offering automated grading, error analysis, and detailed explanations 

that prevent students from cognitive overload (Ogunleye & Ajayi, 2022). The ability of AI to 

segment, structure, and personalize content delivery ensures that students receive instruction 

at an appropriate pace and difficulty level, reducing frustration and enhancing retention in 

biological science courses (Mayer, 2021). 

c. The Intersection of AI, Constructivism, and Cognitive Load in Biological Sciences 

The integration of AI with constructivist and cognitive load theories creates a synergistic 

learning environment that is particularly beneficial for scientific disciplines such as biology 

and microbiology. By scaffolding instruction through AI, students develop progressive 

mastery of biological concepts, while the cognitive load is carefully managed to optimize 

retention and comprehension. 

In the context of Southwest Nigeria, where access to physical laboratory resources remains 

limited, AI serves as a critical enabler of transformative learning. The alignment of 

constructivist principles with AI-driven personalized learning ensures that students engage 

deeply with biological concepts, while cognitive load-sensitive instructional design prevents 

information overload. Together, these theoretical perspectives reinforce AI’s potential as a 

catalyst for innovative and sustainable biological sciences in the region. 

AI Applications in the Teaching and Learning of Biological Sciences 

The integration of Artificial Intelligence (AI) into biological sciences has introduced 

innovative solutions to long-standing pedagogical challenges. Across the world, AI-driven 

technologies have transformed content delivery, practical experimentation, personalized 

learning, and assessment strategies in biological sciences (Nguyen et al., 2022). In Southwest 

Nigeria, where access to well-equipped laboratories and specialized biological science 

educators is often limited, AI presents an opportunity to bridge educational gaps through 

intelligent tutoring systems, virtual simulations, and automated assessment tools (Akinwale & 

Oke, 2021). This section explores how AI is reshaping biological sciences by addressing 

instructional limitations and enhancing student engagement and comprehension. 

a. AI-Powered Intelligent Tutoring Systems (ITS) for Personalized Learning 

One of the major contributions of AI to biological sciences is the development of Intelligent 

Tutoring Systems (ITS), which provide students with personalized learning experiences. 

These systems use machine learning algorithms to assess individual student progress, identify 
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knowledge gaps, and tailor instructional content accordingly (Chen et al., 2021). Unlike 

traditional classroom settings where a single instructor may struggle to meet the diverse 

needs of students, AI-powered ITS adapts to individual learning styles and paces. 

For instance, in microbiology education, students studying bacterial metabolism or genetic 

mutations can receive real-time feedback and adaptive support from AI-powered platforms 

that modify instructional content based on student performance (Tegos et al., 2020). This is 

particularly useful in Southwest Nigerian universities, where large student populations and 

limited teaching staff often hinder individualized instruction. By integrating AI-driven ITS 

into curricula, students receive self-paced instruction, allowing them to master complex 

biological concepts at their own speed. 

b. Virtual and Augmented Reality for Interactive Biological Science Learning 

Traditional biological sciences rely heavily on practical laboratory experiments. However, in 

many institutions across Southwest Nigeria, laboratory facilities are often inadequate or 

outdated, limiting students' ability to conduct essential experiments (Adelakun, 2021). AI-

powered Virtual Reality (VR) and Augmented Reality (AR) technologies offer an innovative 

solution by simulating laboratory environments, allowing students to engage in hands-on 

biological experimentation without requiring a physical lab. 

Through AI-driven VR simulations, students can observe and manipulate biological 

structures, such as cellular organelles, enzyme reactions, or microbial colonies, in three-

dimensional interactive spaces (Mayer, 2021). Similarly, AR applications overlay digital 

biological models onto real-world environments, allowing students to examine DNA 

structures, protein interactions, and microbiological cultures using AI-enhanced mobile 

applications or wearable devices (Nguyen et al., 2022). 

These virtual learning environments help students in resource-constrained institutions gain 

practical experience, fostering deeper understanding and retention of biological processes. 

Furthermore, VR-based learning enhances collaborative experimentation, enabling students 

from different institutions to engage in shared virtual scientific investigations, thereby 

promoting peer learning and academic networking (Akinwale & Oke, 2021). 

c. AI-Based Laboratory Simulations: Addressing the Practical Science Gap 

One of the greatest challenges in teaching biological sciences in Southwest Nigeria is the lack 

of functional laboratories in many institutions, limiting students' ability to conduct 

experiments independently (Ogunleye & Ajayi, 2022). AI-based laboratory simulations 

provide an alternative approach by enabling students to conduct experiments virtually with 

realistic accuracy. 
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For instance, AI-powered platforms such as bioinformatics simulation tools allow students to 

analyze genetic sequences, simulate microbial growth patterns, and explore enzyme-substrate 

interactions in a digital environment (Chen et al., 2021). These platforms provide students 

with automated experiment design, allowing them to manipulate variables, predict 

experimental outcomes, and refine their understanding of biological processes. 

In food microbiology education, AI-based predictive modeling tools enable students to assess 

bacterial growth in food samples, conduct risk assessments for foodborne pathogens, and 

simulate fermentation processes without the need for physical reagents or laboratory setups 

(Mayer, 2021). This approach ensures that students develop scientific reasoning and 

laboratory proficiency, even in resource-limited settings. 

d. Natural Language Processing (NLP) for Automated Assessment and Feedback 

AI-powered Natural Language Processing (NLP) systems have revolutionized assessment 

strategies in biological sciences. Traditionally, grading and feedback on written assignments, 

research papers, and laboratory reports require significant time and effort from instructors. 

However, AI-based NLP models streamline this process by analyzing and grading student 

responses while providing personalized feedback (Tegos et al., 2020). 

For instance, in microbiology courses, students often submit detailed research reports on 

microbial interactions, antibiotic resistance, and enzymatic activity. AI-driven NLP tools can 

evaluate the coherence, accuracy, and depth of scientific arguments, ensuring that students 

receive immediate, constructive feedback (Ogunleye & Ajayi, 2022). Additionally, these 

systems can detect conceptual misunderstandings and suggest targeted reading materials or 

remedial exercises, enhancing student learning outcomes. 

Moreover, AI-powered speech recognition systems support verbal assessments, allowing 

students to engage in oral scientific discussions with AI tutors who analyze their reasoning 

and provide real-time corrections (Nguyen et al., 2022). This is particularly useful for 

students preparing for scientific presentations, research defenses, and professional 

conferences, as it enhances critical thinking and communication skills. 

e. The Future of AI in Biological Sciences in Southwest Nigeria 

The rapid integration of AI in biological sciences presents unprecedented opportunities for 

innovation in Southwest Nigeria. As institutions increasingly adopt AI-powered platforms, 

the role of machine learning, VR simulations, and intelligent tutoring systems will continue 

to expand, addressing infrastructural gaps and enhancing the quality of biological education 

(Mayer, 2021). However, challenges such as digital literacy gaps, limited access to AI-driven 
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tools, and infrastructural constraints must be addressed to ensure sustainable and equitable 

implementation of AI technologies. 

To fully harness the transformative potential of AI in biological sciences' education, 

stakeholders-including government agencies, private organizations, and academic 

institutions-must collaborate in developing policies and funding initiatives that promote AI-

driven scientific learning environments (Akinwale & Oke, 2021). By doing so, AI will 

continue to catalyze innovation, equipping students with the skills and knowledge needed to 

drive scientific and technological advancements in Nigeria and beyond. 

Challenges of AI Integration in Biological Sciences in Southwest Nigeria 

The integration of Artificial Intelligence (AI) in biological sciences presents transformative 

opportunities for enhanced teaching and learning. However, its implementation in Southwest 

Nigeria is fraught with significant challenges that must be addressed to ensure equitable and 

sustainable adoption. These challenges span technological, infrastructural, pedagogical, 

financial, and ethical dimensions, which affect both educators and students. While AI offers 

innovative solutions to educational limitations, overcoming these barriers is critical for its 

successful utilization in biological sciences. 

a. Digital Literacy Gaps among Educators and Students 

One of the foremost barriers to AI integration in biological sciences is the lack of digital 

literacy among both students and educators (Akinwale & Oke, 2021). AI-driven educational 

tools require technical proficiency, yet many science educators in Southwest Nigeria have 

limited experience with machine learning-based platforms, virtual simulations, and 

automated assessment systems. While younger students may be more adaptable to emerging 

technologies, many faculty members have traditional teaching backgrounds and may struggle 

with incorporating AI-based instructional strategies into their curricula (Nguyen et al., 2022). 

Furthermore, students pursuing biological sciences often encounter difficulties in navigating 

AI-enhanced learning platforms, particularly those that involve data-driven analysis, 

computational biology, and AI-assisted research methodologies. A lack of structured digital 

training programs exacerbates these challenges, making it difficult for educators and students 

to fully harness the benefits of AI-driven learning (Chen et al., 2021). Addressing digital 

literacy gaps through faculty training programs and AI-focused workshops is crucial for the 

successful adoption of AI in biological sciences' education. 

b. Limited Access to AI-Driven Educational Tools and Infrastructure 

The successful integration of AI in biological sciences education requires access to high-

performance computing systems, stable internet connectivity, and AI-enabled learning 
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platforms. However, many higher education institutions in Southwest Nigeria face 

infrastructural deficits that hinder AI implementation (Adelakun, 2021). Unstable electricity 

supply, unreliable internet access, and insufficient computational resources pose significant 

obstacles to AI-driven virtual laboratories, adaptive learning systems, and automated grading 

tools (Ogunleye & Ajayi, 2022). 

Additionally, many AI-powered educational technologies, such as virtual microscopy, 

bioinformatics software, and cloud-based learning management systems, require high-speed 

internet connections and advanced hardware to function optimally. Unfortunately, students 

and faculty in resource-limited institutions often lack access to such facilities, making it 

difficult to integrate AI-powered simulations into laboratory courses (Mayer, 2021). Without 

strategic investments in technological infrastructure, AI-based education in biological 

sciences may remain inaccessible to a large proportion of students in the region. 

c. Financial Constraints and the High Cost of AI Integration 

The adoption of AI-driven educational tools, virtual laboratories, and intelligent tutoring 

systems requires substantial financial investment, which many institutions in Southwest 

Nigeria may struggle to afford (Akinwale & Oke, 2021). AI-powered adaptive learning 

platforms often require software licenses, cloud storage subscriptions, and periodic updates, 

all of which incur high operational costs. Additionally, acquiring and maintaining AI-

compatible laboratory equipment, such as automated bioinformatics tools and machine 

learning-based diagnostic systems, demands continuous financial support (Nguyen et al., 

2022). 

Moreover, students from low-income backgrounds may be unable to afford personal 

computing devices and reliable internet access, further exacerbating the digital divide 

(Ogunleye & Ajayi, 2022). Many AI-enhanced biological science courses require students to 

access interactive simulations, computational models, and cloud-based learning resources, all 

of which may be financially burdensome for learners in rural or underserved areas. 

To mitigate these economic barriers, institutions must explore collaborations with private 

organizations, technology firms, and government agencies to secure funding, subsidized AI 

tools, and low-cost digital infrastructure. Public-private partnerships can play a crucial role in 

reducing financial obstacles and expanding AI’s reach in biological sciences. 

d. Resistance to Technological Change and Ethical Concerns 

The adoption of AI in scientific education is often met with resistance from faculty and 

students, especially among individuals who prefer traditional teaching methods (Mayer, 

2021). Some educators fear that AI-driven teaching models may replace human instructors, 
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reducing the need for personalized mentorship and classroom engagement. Additionally, 

there are concerns about data privacy, algorithmic biases, and the ethical implications of AI-

driven automated assessments (Tegos et al., 2020). 

In biological sciences, AI-powered automated grading systems and natural language 

processing (NLP) tools are sometimes criticized for their inability to accurately assess 

complex scientific arguments and laboratory reports (Chen et al., 2021). AI-based 

assessments may overlook conceptual nuances and fail to provide qualitative feedback that is 

essential for scientific reasoning and critical analysis. 

Furthermore, AI-driven research methodologies, such as predictive modeling in microbiology 

and AI-assisted genetic sequencing, raise bioethical concerns related to data ownership, 

intellectual property rights, and potential misuse of AI-generated biological data (Ogunleye & 

Ajayi, 2022). Addressing these ethical issues requires the establishment of clear guidelines 

and policies to ensure that AI integration upholds academic integrity and aligns with ethical 

research standards. 

e. Infrastructure and Internet Connectivity Issues 

Reliable electricity supply and internet connectivity are fundamental prerequisites for AI-

enhanced education. However, Southwest Nigeria continues to experience infrastructural 

deficiencies, including frequent power outages, low bandwidth internet access, and 

inconsistent digital resources (Adelakun, 2021). Many AI-powered educational platforms rely 

on cloud computing, real-time data analytics, and continuous online interaction, all of which 

are heavily dependent on stable internet connections (Nguyen et al., 2022). 

Students and educators in rural or semi-urban regions often face difficulties accessing AI-

powered learning resources, as unreliable internet services limit their ability to engage with 

online laboratories, AI-driven research tools, and digital lecture platforms (Mayer, 2021). 

Without government intervention and strategic investments in digital infrastructure, AI’s 

potential to transform biological sciences may remain largely unrealized. 

f. Addressing the Challenges: A Path Forward 

To ensure the effective integration of AI in biological sciences in Southwest Nigeria, 

institutions must adopt a multi-pronged approach that includes: 

1. Expanding faculty training programs in AI literacy and instructional technology. 

2. Investing in digital infrastructure to support AI-driven teaching and research. 

3. Developing affordable AI-powered educational tools for low-income students. 

4. Strengthening policies on ethical AI use to address concerns related to academic integrity 

and bioethics. 
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5. Encouraging government-industry collaborations to secure funding and technical 

expertise for AI-enhanced education. 

By addressing these challenges, AI can catalyze innovation, equipping students with 

advanced scientific competencies that will contribute to technological growth and scientific 

research in Nigeria. 

Future Prospects and Policy Recommendations 

The integration of Artificial Intelligence (AI) in biological sciences presents a transformative 

opportunity to enhance learning, improve research capabilities, and address existing 

educational challenges in Southwest Nigeria. However, for AI to reach its full potential, 

sustainable strategies and policies must be established to guide its implementation. The future 

of AI-driven biological sciences depends on investments in digital infrastructure, faculty 

training, curriculum development, and ethical governance. This section explores the 

prospects of AI integration in the coming years and proposes policy recommendations for its 

sustainable adoption. 

a. The Future of AI in Biological Sciences in Southwest Nigeria 

As AI technology advances, higher education institutions in Southwest Nigeria are likely to 

experience rapid transformations in curriculum design, laboratory simulations, and research 

methodologies. Several trends will define the future of AI in biological sciences: 

i. Expansion of AI-Driven Personalized Learning Systems 

AI-powered personalized learning platforms will continue to evolve, allowing biological 

science students to receive adaptive and customized instruction based on their learning 

preferences and progress (Nguyen et al., 2022). Future AI models will leverage big data 

analytics and cognitive computing to provide students with tailored learning pathways, 

ensuring that complex biological concepts are delivered at an optimal pace for each learner. 

ii. Growth of AI-Powered Virtual and Augmented Reality Laboratories 

Given the limited availability of laboratory facilities, AI-based virtual and augmented reality 

(VR/AR) laboratories will become an essential tool for teaching biological sciences 

(Adelakun, 2021). These digital platforms will enable students to conduct realistic scientific 

experiments, analyze microbial interactions, and visualize cellular processes in three-

dimensional environments without requiring physical laboratory infrastructure. 

iii. AI-Enhanced Research in Microbiology and Biotechnology 

AI will continue to revolutionize biological research, particularly in microbiology, 

biotechnology, and bioinformatics. Future AI models will assist scientists in analyzing 

microbial genomes, predicting disease outbreaks, and designing biotechnological innovations 
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with greater accuracy (Chen et al., 2021). AI-powered predictive analytics will enable 

biological researchers to conduct data-driven investigations, improving scientific discoveries 

and public health strategies. 

iv. Integration of AI in Scientific Collaboration and Knowledge Sharing 

AI-powered collaborative platforms will facilitate knowledge sharing among students, 

educators, and researchers across Southwest Nigeria and beyond. Cloud-based AI learning 

management systems will provide opportunities for international research collaborations, 

allowing Nigerian scientists to engage with global experts in genetics, microbiology, and 

bioinformatics (Mayer, 2021). 

b. Policy Recommendations for Sustainable AI Integration 

To maximize AI’s potential in biological sciences, higher education policymakers, 

government agencies, and academic institutions must implement strategic policies that 

address technological, infrastructural, and ethical challenges. The following 

recommendations provide a framework for sustainable AI adoption in Southwest Nigeria. 

i. Strengthening AI-Driven Curricula in Biological Sciences 

Higher education institutions must redesign curricula to incorporate AI-driven learning 

methodologies, including: 

● AI-assisted laboratory simulations for microbiology and biotechnology courses. 

● Data-driven experimental analysis in bioinformatics and biological research. 

● AI-based assessment models for evaluating student progress in scientific disciplines 

(Tegos et al., 2020). 

A standardized AI curriculum framework will ensure that students and faculty acquire the 

necessary skills to leverage AI for scientific learning and research. 

ii. Capacity Building for Educators and Students 

The successful integration of AI in biological sciences depends on faculty training and digital 

literacy programs. Institutions should: 

● Develop AI competency training programs for biological science lecturers. 

● Establish AI-focused workshops to enhance digital literacy among students. 

● Encourage faculty participation in AI-driven research initiatives (Akinwale & Oke, 

2021). 

By equipping educators and students with AI skills, institutions will foster a technologically 

advanced learning environment. 
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iii. Investment in AI Infrastructure and Digital Resources 

To support AI-enhanced education, institutions must invest in: 

● Cloud computing platforms for AI-based virtual laboratories. 

● High-speed internet access to facilitate AI-powered learning tools. 

● AI-assisted laboratory equipment for microbiological and biotechnological research 

(Ogunleye & Ajayi, 2022). 

The government should partner with technology firms and private investors to fund AI-based 

educational infrastructure. 

iv. Public-Private Partnerships for AI Development in Education 

Collaboration between universities, government agencies, and private organizations will be 

critical in promoting AI adoption in biological sciences. Policies should encourage: 

● Funding agreements with AI technology companies to provide AI-powered educational 

tools. 

● Industry-academia partnerships for AI research in microbiology and biotechnology. 

● Corporate sponsorship of AI-enhanced laboratories and digital research centers (Mayer, 

2021). 

Public-private partnerships will ensure sustainable AI integration while reducing the financial 

burden on educational institutions. 

v. Ethical Considerations and AI Governance in Biological Sciences 

As AI becomes more embedded in scientific education and research, policymakers must 

establish ethical guidelines to: 

● Prevent bias in AI-generated assessments and laboratory simulations. 

● Ensure data privacy and intellectual property protection in AI-assisted research. 

● Regulate the use of AI in genetic engineering and microbial research (Chen et al., 2021). 

Institutions must develop AI governance frameworks to ensure that AI integration aligns with 

academic integrity, ethical research standards, and human-centered education. 

vi. Government Policies for Equitable AI Access 

The Nigerian government must implement policies that promote equitable AI access, 

including: 

● Subsidizing AI-powered educational tools for low-income students. 

● Expanding broadband internet infrastructure in underserved regions. 

● Establishing national AI research centers for advancing AI-driven biological education 

(Adelakun, 2021). 
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By ensuring inclusive AI policies, the government can foster equal opportunities for all 

students and educators in Southwest Nigeria. 

The future of AI in biological sciences in Southwest Nigeria holds immense potential, 

provided that institutions, government agencies, and private sector stakeholders collaborate to 

overcome existing challenges. AI will continue to redefine pedagogical approaches, enabling 

students to engage in advanced biological research, conduct AI-powered experiments, and 

develop data-driven scientific insights. However, strategic policies, ethical governance, and 

technological investments will be required to ensure the equitable and sustainable integration 

of AI in biological sciences. By adopting AI-focused curricula, enhancing faculty capacity, 

and expanding digital infrastructure, Southwest Nigeria can position itself as a leader in AI-

driven scientific learning and innovation. 

Conclusion 

The integration of Artificial Intelligence (AI) in biological sciences represents a paradigm 

shift in the way scientific knowledge is imparted, acquired, and applied. In Southwest 

Nigeria, where infrastructural challenges, limited access to laboratory facilities, and a 

shortage of specialized educators have long hindered effective learning, AI provides 

transformative solutions that bridge critical gaps in teaching, research, and practical 

experimentation. From intelligent tutoring systems (ITS) that personalize learning 

experiences to virtual reality (VR) laboratories that simulate real-world scientific 

experiments, AI is redefining the pedagogical landscape of biological sciences. 

However, despite these advancements, the adoption of AI in biological sciences is not 

without challenges. Digital literacy gaps among educators and students, limited access to AI-

powered tools, financial constraints, and ethical concerns continue to pose significant barriers 

to widespread implementation. Many institutions in Southwest Nigeria lack the necessary 

technological infrastructure to support AI-enhanced learning platforms, making it imperative 

for government agencies, private organizations, and academic institutions to collaborate in 

addressing these deficits. Without strategic investments in digital education, AI’s potential in 

biological sciences may remain underutilized. 

To ensure the sustainable and effective integration of AI in biological sciences, several policy 

recommendations have been proposed. These include expanding AI-driven curricula, 

enhancing faculty and student capacity-building programs, investing in AI-based digital 

infrastructure, and developing ethical frameworks to regulate AI applications in education 

and research. Public-private partnerships will also play a pivotal role in securing funding, 



Journal of Education in Developing Areas (JEDA) Vol. 33, (1) March, 2025 ISSN: 0189420X 

 

https://journals.journalsplace.org/index.php/JEDA 178 | P a g e  

technical expertise, and AI-enabled learning resources for students and educators across 

Southwest Nigeria. 

Looking forward, the future of AI in biological sciences is promising, provided that 

stakeholders remain committed to addressing the technological, financial, and ethical 

challenges associated with its adoption. AI can enhance the quality of biological science, 

foster scientific research innovation, and equip students with the 21st-century skills needed to 

thrive in an increasingly data-driven world. As institutions embrace AI-powered pedagogical 

strategies, they will not only improve student learning outcomes but also contribute to 

advancing global scientific and technological frontiers. 

In conclusion, AI stands as a catalyst for transformative learning in biological sciences. 

While its full integration into Southwest Nigeria’s educational ecosystem requires deliberate 

efforts, its potential to revolutionize biological sciences, improve research methodologies, 

and empower future scientists is undeniable. By fostering inclusive policies, investing in 

technological infrastructure, and equipping educators and students with AI literacy, the 

region can unlock the full benefits of AI-driven education, ensuring that biological sciences is 

innovative, accessible, and globally competitive. 
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