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Abstract- The adoption of Artificial Intelligence (AI) in 

education requires a systems approach that integrates 

technology into the broader educational ecosystem. By 

aligning inputs (policy, infrastructure, capacity), processes 

(pedagogy, training, ethics), outputs (efficiency, 

personalization), outcomes (achievement, inclusion, 

resilience), and feedback mechanisms, education systems 

can ensure that AI adoption is both transformative and 

sustainable. This approach not only addresses the 

immediate challenges of implementation but also positions 

education systems to respond adaptively to future 

technological and societal changes.  A systems approach to 

the adoption of AI in education ensures that technology is 

introduced in a way that is integrated, ethical, sustainable, 

and human-centered. By considering inputs, processes, 

outputs, outcomes, and feedback loops, education systems 

can maximize the benefits of AI while safeguarding 

against risks. Ultimately, this approach enables AI to 

support equitable, inclusive, and future-ready learning 

environments. 
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I. INTRODUCTION 

 

The integration of Artificial Intelligence (AI) into 

education has been heralded as a transformative 

development with the potential to improve teaching, 

personalize learning, and increase administrative 

efficiency. However, despite the rapid growth of AI 

applications in education globally, the adoption 

process remains fragmented and uneven across 

contexts. While some schools and higher education 

institutions have experimented with AI-based tutoring 

systems, learning analytics platforms, and automated 

grading tools, these initiatives often occur in isolation, 

without alignment to broader educational systems, 

policies, or developmental goals (OECD, 2023; 

UNESCO, 2023). 

 

This disjointed adoption of AI raises several 

fundamental challenges. In some contexts, AI tools are 

implemented without adequate teacher training, 

leading to resistance, misuse, or underutilization. In 

others, infrastructure limitations and digital divides 

hinder equitable access, excluding students from 

marginalized communities. Furthermore, ethical 

concerns around data privacy, algorithmic bias, and 

accountability in AI-driven decision-making are often 

overlooked in the rush to adopt emerging technologies 

(Slade & Prinsloo, 2013). These issues suggest that the 

current trajectory of AI adoption in education may 

exacerbate inequalities and inefficiencies rather than 

resolve them. 

 

It is within this context that the systems approach 

becomes essential. By framing AI adoption within a 

holistic and interconnected model, the systems 

approach provides a structured pathway for aligning 

technological tools with the needs of learners, 

teachers, institutions, and society at large. Yet, there is 

a lack of empirical and theoretical studies that 

explicitly investigate AI adoption through the lens of 

systems thinking. This research seeks to address that 

gap. 

 

The integration of Artificial Intelligence (AI) into 

education has become one of the most transformative 

developments in contemporary teaching and learning. 

AI applications such as intelligent tutoring systems, 

automated assessment, predictive analytics, 

personalized learning platforms, and virtual assistants 

are increasingly used in schools and higher education 

institutions worldwide. However, the adoption of AI is 

not simply a matter of introducing technological tools. 

It requires a holistic, systemic framework that 

considers the interrelationships among policies, 

infrastructure, human capacity, curriculum, pedagogy, 

and socio-ethical contexts. This perspective is 

encapsulated in the systems approach, which views 
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education as an interconnected whole in which 

technological, human, and organizational subsystems 

interact dynamically to produce sustainable outcomes 

(UNESCO, 2023; OECD, 2023). 

 

Artificial Intelligence (AI) has emerged as one of the 

most significant technological innovations of the 21st 

century, reshaping industries and human activities 

worldwide. In education, AI promises to transform 

teaching, learning, and assessment through tools such 

as adaptive tutoring systems, automated grading, 

predictive analytics, and personalized learning 

environments. However, while enthusiasm for AI 

adoption in education is widespread, its successful 

integration into educational practice is complex, 

involving multiple stakeholders, resources, and 

contextual factors. This complexity calls for a systems 

approach, which views AI not merely as a set of digital 

tools but as part of a larger educational ecosystem 

where inputs, processes, outputs, and outcomes are 

interdependent (Bertalanffy, 1968; UNESCO, 2023). 

While there is growing literature on AI in education, 

most studies focus on specific tools (e.g., intelligent 

tutoring systems, learning analytics, automated 

grading) or on narrow outcomes (e.g., student 

performance, teacher attitudes). Few studies adopt a 

holistic lens that considers the education system as an 

interconnected whole. Consequently, there is limited 

understanding of how AI adoption interacts with 

policies, infrastructures, teacher training, ethical 

considerations, and broader societal goals 

simultaneously.  This research gap justifies the need 

for a study that applies the systems approach to AI 

adoption in education. By addressing the 

interdependencies across stakeholders, resources, 

processes, and outcomes, such a study can provide a 

comprehensive framework for sustainable, equitable, 

and effective AI integration (Knox, 2020).  

 

II. THE RISE OF AI IN EDUCATION 

 

Over the past decade, AI has been applied in education 

in diverse ways. Intelligent Tutoring Systems (ITS) 

provide adaptive instruction based on learner 

responses, yielding significant improvements in 

student performance compared to traditional 

instruction (Ma, Adesope, Nesbit & Liu, 2014; Kulik 

& Fletcher, 2016). AI-driven learning analytics tools 

support teachers by providing real-time insights into 

learner progress, enabling timely interventions 

(Ferguson, 2012). Moreover, generative AI 

technologies, such as large language models, have 

opened new possibilities for personalized content 

creation, automated feedback, and enhanced student 

engagement (UNESCO, 2023). 

 

Despite these opportunities, the rapid and sometimes 

uncritical adoption of AI in education has raised 

concerns regarding bias, data privacy, ethical 

accountability, and the digital divide (Slade & 

Prinsloo, 2013). To address these challenges, scholars 

and policymakers emphasize the need for structured 

frameworks, such as the systems approach, which 

ensures that AI adoption aligns with broader 

educational goals and societal values (Holmes, Bialik 

& Fadel, 2021). 

 

III. THE SYSTEMS APPROACH IN 

EDUCATION 

 

The systems approach in education is rooted in general 

systems theory, which views organizations as 

interdependent subsystems working together to 

achieve objectives (Bertalanffy, 1968). Applied to AI 

adoption, the systems approach highlights the 

interplay between inputs (resources, policies, human 

capacity), processes (implementation strategies, 

pedagogy, assessment), outputs (short-term results 

such as automation and personalization), and 

outcomes (long-term impacts on equity, learning, and 

resilience). 

 

For instance, UNESCO (2023) stresses that AI 

adoption must be human-centered, prioritizing teacher 

empowerment, student well-being, and ethical 

safeguards. Similarly, the OECD (2023) emphasizes 

systemic readiness, where AI is embedded into 

curricula, professional development, and governance 

structures, rather than treated as an add-on technology. 

By applying the systems approach, education systems 

can align technological innovation with strategic 

objectives, accountability mechanisms, and 

sustainable development goals. 

 

A systems approach views the adoption of Artificial 

Intelligence (AI) in education as an interconnected 
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process involving policies, people, pedagogy, 

infrastructure, and outcomes, rather than isolated 

technological tools. It emphasizes alignment, 

coordination, and continuous feedback across the 

education ecosystem (Pardos, et. al., 2017). 

 

Artificial Intelligence (AI) is increasingly being 

adopted in education to enhance teaching, learning, 

and administration. However, effective adoption 

requires more than the deployment of technology 

(VanLehn, 2011). A systems approach provides a 

holistic framework that considers the interdependence 

of policies, pedagogy, infrastructure, human capacity, 

and evaluation mechanisms. This ensures that AI 

adoption is not fragmented but integrated into the 

wider educational ecosystem in a sustainable, ethical, 

and future-oriented manner (UNESCO, 2023; OECD, 

2023). 

 

A systems approach treats AI integration as a whole-

of-education change across policy, governance, 

people, processes, data, and infrastructure—iterated 

via continuous feedback. Recent guidance stresses a 

human-centred vision, strong governance, teacher 

capacity, and staged rollout aligned to risk.  A systems 

approach ensures that AI adoption in education is 

holistic, human-centered, and iterative, balancing 

technological possibilities with ethical responsibility, 

teacher empowerment, and student equity. It treats 

adoption as a cycle: inputs → processes → outputs → 

outcomes → feedback within a dynamic policy and 

societal context. 

 

IV. INPUTS: PRECONDITIONS FOR AI 

ADOPTION 

 

The first component of a systems approach to AI 

adoption involves establishing the necessary inputs. 

These include: 

● Policy and Governance: National AI strategies 

and institutional frameworks guide the ethical 

and responsible use of AI. For example, the 

European Union’s AI Act (2024) sets risk-

based categories for AI deployment, mandating 

transparency and human oversight in high-

stakes applications. In Nigeria, the Draft 

National Artificial Intelligence Strategy (2024) 

emphasizes AI for education and workforce 

development. National and institutional 

strategies, legal frameworks for data 

protection, and ethical guidelines shape the safe 

and responsible use of AI in education 

(European Commission, 2024; UNESCO, 

2023). Clear national/institutional AI-in-

education strategies, ethical guidelines, data 

protection laws, and accountability 

frameworks (UNESCO, 2023; OECD, 2023). 

● Infrastructure: Digital infrastructure such as 

broadband, devices, cloud services, and 

cybersecurity is foundational for effective AI 

use. Without robust infrastructure, AI risks 

reinforcing educational inequalities (OECD, 

2023). Reliable internet connectivity, digital 

devices, cloud computing, and cybersecurity 

systems are essential to support AI-powered 

platforms (OECD, 2023). Reliable digital 

infrastructure (broadband, cloud services, 

devices), interoperability standards, and 

cybersecurity systems. 

● Human Capacity: Teachers, students, and 

administrators require AI literacy and 

professional development. UNESCO (2023) 

identifies teacher training as a critical 

determinant of successful adoption. Teacher 

readiness, AI literacy for students, and 

technical support staff are critical to ensure 

effective implementation (Holmes et al., 2021). 

Teacher digital competence, AI literacy for 

students, technical support, and leadership 

training. 

● Financial Resources: Investment in pilot 

projects, technology acquisition, and long-term 

sustainability is crucial. Funding mechanisms 

are required to support pilot projects, 

infrastructure, and long-term sustainability. 

Funding for pilot projects, scaling, and 

continuous maintenance. 

● Curriculum Readiness: Curricula must 

incorporate AI literacy, digital citizenship, and 

21st-century skills to prepare students for an 

AI-driven future (OECD, 2025). Integrating AI 

literacy and digital citizenship into curricula 

ensures learners are prepared for an AI-driven 

world (OECD, 2025). Integration of AI 

literacy, digital citizenship, and 21st-century 

skills into the curriculum. 
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V. PROCESSES: MECHANISMS OF 

ADOPTION 

 

Once inputs are in place, adoption processes determine 

how AI is embedded into education: 

● Pedagogical Integration: AI enhances 

personalization by adapting learning materials 

to individual needs, supporting differentiated 

instruction. Intelligent tutoring systems and 

adaptive assessments have been shown to 

improve learning outcomes significantly (Ma 

et al., 2014; Kulik & Fletcher, 2016). AI 

supports personalized learning, intelligent 

tutoring systems, adaptive assessments, and 

real-time feedback, enhancing the learning 

experience (Ma et al., 2014; Holmes et al., 

2021). Use of AI for personalized learning, 

intelligent tutoring systems, adaptive 

assessment, and learning analytics. 

● Teacher Professional Development: 

Continuous training is needed to enable 

educators to integrate AI effectively and to 

manage its ethical implications (Holmes et al., 

2021). Teachers require ongoing professional 

development to use AI tools effectively and to 

rethink assessment and pedagogy. Ongoing 

teacher training in AI pedagogy, assessment 

redesign, and responsible use. 

● Change Management: Adoption requires 

cultural change within institutions, addressing 

resistance and ensuring stakeholder buy-in. 

Successful adoption addresses cultural 

resistance and fosters trust through stakeholder 

engagement. Managing cultural resistance, 

fostering trust, and encouraging co-creation 

between teachers and students. 

● Ethical Oversight: Transparency, fairness, and 

privacy are central to responsible AI adoption. 

Learning analytics ethics literature emphasizes 

informed consent, explainability, and bias 

auditing (Slade & Prinsloo, 2013). Bias 

auditing, algorithmic transparency, and human-

in-the-loop mechanisms are necessary to 

safeguard learners (Slade & Prinsloo, 2013). 

Bias auditing, transparency in algorithms, 

human-in-the-loop decision-making, and 

safeguarding student data. 

● Strategic Planning: AI adoption must align 

with curriculum objectives, institutional 

missions, and national education strategies. 

Align AI tools with curriculum goals and 

institutional vision. Ongoing teacher training in 

AI pedagogy, assessment redesign, and 

responsible use. 

 

Outputs: Immediate Results 

In the short term, AI adoption produces measurable 

outputs such as: 

● Administrative Efficiency: Automation of 

grading, scheduling, and resource allocation 

reduces teacher workload. Automation of 

grading, scheduling, and resource management 

reduces administrative burden. 

● Enhanced Accessibility: AI tools like text-to-

speech, automated translation, and predictive 

typing promote inclusivity. AI provides 

assistive technologies (e.g., speech-to-text, 

translation tools) for inclusive education. 

● Real-Time Analytics: Teachers receive timely 

feedback on learner progress, enabling 

responsive instruction (Ferguson, 2012). 

Learning analytics support teachers with 

actionable insights into student progress 

(Ferguson, 2012). 

● Student Engagement: Personalized pathways 

and adaptive content improve motivation and 

participation. Adaptive systems tailor 

instruction to individual learners’ strengths and 

weaknesses. 

 

Outcomes: Long-Term Impact 

Over time, systemic adoption of AI leads to broader 

transformations: 

● Improved Academic Achievement: Meta-

analyses confirm that AI-powered systems can 

enhance learning outcomes across multiple 

subjects (Ma et al., 2014). Evidence from meta-

analyses shows that intelligent tutoring systems 

improve student performance significantly 

compared to traditional methods (Kulik & 

Fletcher, 2016). 

● Teacher Empowerment: Teachers transition 

from routine tasks to higher-order teaching 

roles, focusing on critical thinking, creativity, 

and mentorship (Holmes et al., 2021). Teachers 
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shift from repetitive tasks toward facilitation, 

mentoring, and higher-order instruction. 

● Equity and Inclusion: Properly designed AI 

systems can bridge learning gaps for 

marginalized students and learners with 

disabilities. AI tools can bridge learning gaps 

for marginalized groups and learners with 

disabilities. 

● Resilient Education Systems: AI-supported 

online and blended learning platforms make 

education more adaptive to disruptions such as 

pandemics. AI can help institutions respond to 

disruptions, such as during pandemics, through 

adaptive and remote learning solutions. 

 

VI. FEEDBACK AND EVALUATION 

 

A systems approach emphasizes continuous 

monitoring and refinement: 

● Evaluation: The systems approach emphasizes 

continuous feedback and evaluation. 

Monitoring mechanisms, ethical audits, and 

stakeholder feedback loops ensure that AI 

adoption remains aligned with learning goals 

and social values. Regular assessments of AI 

effectiveness through student outcomes, 

teacher feedback, and cost-effectiveness 

analysis. Continuous monitoring of AI 

effectiveness using learning outcomes, 

teacher/student feedback, and ethical audits. 

● Ethical Review: Ongoing checks for bias, 

fairness, and data protection. Corrective 

mechanisms for misuse, bias, or unintended 

consequences. Corrective measures can be 

introduced to address biases, safeguard data, 

and enhance system performance. 

● Iterative Improvement: Policies and practices 

should be adjusted based on evidence from 

pilot studies and long-term implementation. 

Iterative refinement of policy and practice 

based on evidence. This iterative cycle makes 

AI adoption sustainable and responsive to 

emerging challenges. 

 

 

 

VII. INFLUENCE OF THE EXTERNAL 

ENVIRONMENT 

AI adoption in education is also shaped by external 

influences such as global policy frameworks, 

technological trends, and societal expectations. 

UNESCO (2023) advocates a human-centered 

approach globally, while the OECD (2023, 2025) 

highlights the need to prepare learners for AI-driven 

futures. National strategies, such as Nigeria’s Draft AI 

Strategy, contextualize adoption to local realities, 

including workforce development and digital 

inclusion (Federal Ministry of Communications, 

Innovation and Digital Economy, 2024). 

 

AI adoption is influenced by wider societal, 

technological, and regulatory contexts. Global 

frameworks such as the UNESCO Guidance on 

Generative AI in Education (2023), the OECD Digital 

Education Outlook (2023), and the EU AI Act (2024) 

provide standards that guide national and institutional 

efforts. National AI strategies, such as Nigeria’s Draft 

National AI Strategy (2024), also shape local 

implementation (Federal Ministry of 

Communications, Innovation and Digital Economy, 

2024). 

 

● Technological: Advancements in generative AI, 

robotics, immersive learning. 

● Social: Demand for digital literacy and future-

ready skills. 

● Legal: Data protection laws, intellectual property 

rights, AI ethics regulations. 

● Global Standards: Guidance from UNESCO, 

OECD, and the EU AI Act. 

 

VIII. RATIONALE FOR THE APPLICATION OF 

A SYSTEMS APPROACH TO AI 

ADOPTION 

 

The rationale for applying a systems approach to AI 

adoption in education is based on the need to ensure 

coherence, sustainability, equity, and effectiveness. 

Without a holistic framework, AI adoption risks being 

fragmented, unsustainable, or misaligned with the 

goals of education. The following sections outline the 

rationale in detail, considering global trends, 

institutional realities, pedagogical imperatives, ethical 
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considerations, and long-term implications for 

learners and societies (Ifenthaler & Yau, 2020). 

 

IX. ADDRESSING THE COMPLEXITY OF 

EDUCATIONAL SYSTEMS 

 

Education is a complex and multi-layered system 

involving learners, teachers, curricula, governance, 

infrastructure, and socio-economic contexts. 

Introducing AI into such a system cannot be 

approached in isolation. A piecemeal or technology-

driven adoption often leads to mismatches between 

technological tools and actual classroom needs 

(Holmes, Bialik & Fadel, 2021). 

 

The systems approach provides a framework for 

integration by ensuring that AI adoption aligns with 

national education policies, institutional strategies, 

teacher professional development, and infrastructural 

readiness (OECD, 2023). By acknowledging 

interdependencies, this approach reduces the 

likelihood of technology abandonment, resource 

wastage, or policy-implementation gaps. 

 

X. PROMOTING COHERENCE BETWEEN 

INPUTS, PROCESSES, AND OUTCOMES 

 

One rationale for applying a systems approach is to 

ensure coherence between educational inputs 

(resources, infrastructure, policies), processes 

(teaching, learning, and assessment practices), and 

outcomes (student achievement, inclusion, equity, and 

employability). AI adoption without such alignment 

risks producing outputs that do not translate into 

meaningful long-term outcomes (Selwyn, 2019). 

 

For instance, an institution may invest in AI-powered 

adaptive learning platforms, but without adequate 

teacher training, the technology may remain 

underutilized or misused. Similarly, without ethical 

guidelines, AI applications may exacerbate biases or 

undermine trust (Slade & Prinsloo, 2013). The systems 

approach ensures that technology adoption is not an 

end in itself but a means to achieving broader 

educational goals, such as improving equity, fostering 

lifelong learning, and preparing students for future 

work environments. 

 

XI. ENHANCING TEACHER AND STUDENT 

EMPOWERMENT 

 

Teachers and students are central to education 

systems, and their empowerment forms a critical 

rationale for adopting AI systemically. While AI has 

the potential to reduce teacher workload through 

automation of administrative tasks, its true value lies 

in freeing teachers to focus on higher-order pedagogy, 

mentorship, and student engagement (Holmes et al., 

2021). 

 

A systems approach ensures that AI adoption does not 

displace teachers but rather redefines their roles in 

ways that enhance professional practice. Likewise, 

students benefit from personalized and inclusive 

learning experiences, such as intelligent tutoring 

systems and accessibility tools, which promote equity 

for learners with diverse needs (Ma, Adesope, Nesbit 

& Liu, 2014). By viewing AI adoption holistically, 

education systems can prevent scenarios where 

technology amplifies inequalities or creates 

dependency without fostering empowerment. 

 

XII. ENSURING ETHICAL AND 

RESPONSIBLE USE OF AI 

 

Ethical considerations form another key rationale for a 

systems-based adoption of AI in education. AI 

applications in education often involve sensitive 

student data, predictive analytics, and decision-

making processes that may impact access to 

opportunities. Without systemic safeguards, such 

applications risk reinforcing existing inequities or 

compromising privacy and accountability (UNESCO, 

2023). 

 

The systems approach embeds ethics as a central 

component of AI adoption, incorporating 

transparency, accountability, and fairness into policy, 

governance, and practice. By doing so, it not only 

ensures compliance with emerging global frameworks 

such as the EU AI Act (European Commission, 2024), 

but also builds trust among stakeholders. 
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XIII. ADDRESSING GLOBAL AND LOCAL 

CONTEXTS 

 

Education systems worldwide face diverse challenges, 

from resource constraints in developing countries to 

issues of over-automation in technologically advanced 

contexts. A systems approach allows AI adoption to be 

contextualized according to local realities while 

aligning with global trends. 

 

For example, in Nigeria, the Draft National Artificial 

Intelligence Strategy (Federal Ministry of 

Communications, Innovation and Digital Economy, 

2024) prioritizes education and workforce 

development, recognizing the need to bridge digital 

divides. Similarly, UNESCO (2023) advocates for 

human-centered AI adoption that respects cultural 

diversity and prioritizes inclusion. These examples 

illustrate the rationale for systemic thinking: AI 

adoption must not replicate global models blindly but 

must adapt them to local needs, capacities, and socio-

economic conditions. 

 

Building Sustainable and Resilient Education Systems 

The COVID-19 pandemic highlighted the 

vulnerability of education systems to disruptions. AI 

technologies, such as adaptive online platforms and 

predictive learning analytics, offer resilience by 

enabling blended and remote learning. However, 

adopting these tools without systemic planning may 

create short-term fixes rather than sustainable 

solutions (Goel, & Polepeddi, 2016). 

 

The systems approach ensures that AI adoption 

strengthens long-term system resilience by integrating 

feedback loops, continuous evaluation, and adaptive 

governance (OECD, 2023). This prevents education 

systems from becoming overly dependent on single 

technologies and enables them to adapt to evolving 

challenges, whether technological, societal, or 

environmental. 

 

XIV. CONTRIBUTION TO GLOBAL 

DEVELOPMENT GOALS 

 

Finally, the systems approach aligns AI adoption in 

education with broader global goals, particularly the 

United Nations Sustainable Development Goal 4 

(SDG 4), which seeks to ensure inclusive and 

equitable quality education and promote lifelong 

learning opportunities for all. AI has the potential to 

advance SDG 4 by improving access, personalization, 

and efficiency, but this potential can only be realized 

if adoption is systemic and inclusive (UNESCO, 

2023). 

 

Thus, the rationale for this study is to demonstrate how 

AI adoption, guided by a systems approach, can 

contribute to achieving not only educational outcomes 

but also wider societal and developmental objectives. 

 

XV. CHALLENGES 

 

Fragmented Adoption of AI in Education 

One of the most pressing problems is the fragmented 

manner in which AI is currently being adopted. 

Schools and universities often acquire AI tools 

through pilot programs, donor funding, or private 

sector partnerships without integrating these initiatives 

into broader curricular, pedagogical, or institutional 

strategies (Holmes, Bialik & Fadel, 2021). This leads 

to situations where technology exists in classrooms but 

fails to influence learning outcomes meaningfully. 

 

For example, intelligent tutoring systems (ITS) may be 

introduced to support student learning, but without 

proper teacher buy-in or alignment with national 

curriculum standards, these systems are underused. 

Similarly, predictive analytics tools designed to 

identify at-risk students may be implemented without 

safeguards to prevent stigmatization or misuse of data. 

The result is a cycle of adoption and abandonment, 

where investments in AI tools fail to yield sustainable 

impact (Baker & Smith, 2019). 

 

The systems approach highlights this gap by 

emphasizing that inputs (resources, policies, training), 

processes (teaching and learning), and outcomes 

(student success, equity, and employability) must all 

be considered together (Bertalanffy, 1968). Without 

such alignment, AI adoption remains fragmented, 

inefficient, and potentially counterproductive. 
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XVI. CHALLENGES OF TEACHER AND 

STUDENT READINESS 

 

Another problem relates to the preparedness of the key 

stakeholders in education: teachers and students. 

Teachers often lack sufficient training in AI 

applications and may perceive these technologies as a 

threat to their professional roles rather than as tools for 

empowerment. According to Holmes et al. (2021), 

many teachers report skepticism about AI-driven 

systems, fearing that automation will deskill them or 

erode their professional autonomy. 

 

Students, on the other hand, encounter a different set 

of challenges. While AI promises personalized 

learning pathways, inequities in access to digital 

infrastructure, devices, and internet connectivity mean 

that not all students can benefit equally (UNESCO, 

2023). This “AI divide” parallels the long-standing 

digital divide, where wealthier institutions and urban 

areas have access to advanced technologies, while 

poorer or rural areas lag behind. Without systemic 

planning, AI adoption risks amplifying existing 

inequalities in educational access and outcomes. 

 

The systems approach provides a way forward by 

framing capacity building and equity of access as 

integral components of AI adoption, rather than 

afterthoughts. However, most AI implementation 

strategies in education to date lack this systemic 

inclusivity. 

 

XVII. ETHICAL, LEGAL, AND POLICY GAPS 

 

AI in education also presents a range of ethical and 

legal dilemmas. Issues of student data privacy, 

algorithmic bias, and accountability in automated 

decision-making remain unresolved in many contexts. 

For instance, predictive algorithms used to forecast 

student performance may inadvertently reinforce 

biases against certain demographic groups (Slade & 

Prinsloo, 2013). Similarly, AI tools that collect and 

analyze student behavior raise questions about 

consent, data ownership, and long-term use of 

personal information. 

 

While global initiatives, such as the European Union’s 

AI Act (European Commission, 2024) and UNESCO’s 

Guidance for Generative AI in Education and 

Research (2023), are beginning to establish ethical 

frameworks, many education systems—particularly in 

developing contexts—lack robust national policies to 

regulate AI adoption. This creates a regulatory 

vacuum in which technologies are deployed without 

sufficient oversight. 

 

The systems approach addresses this problem by 

embedding ethics and governance into the very 

structure of adoption. Yet, research exploring how 

systemic frameworks can operationalize ethical 

safeguards in AI adoption in education remains limited 

(Luckin et. al., 2016). 

 

Lack of Contextualized Approaches 

Most AI adoption strategies in education are 

influenced by global trends and private sector 

innovations, which are not always suitable for local 

contexts. For instance, developing countries may 

adopt AI platforms designed in and for high-income 

settings, without adapting them to their infrastructural 

realities or pedagogical needs. This often leads to 

inefficiencies, resource wastage, and disillusionment 

among stakeholders (Federal Ministry of 

Communications, Innovation and Digital Economy, 

2024). 

 

A systems approach emphasizes contextualization by 

ensuring that AI adoption is responsive to local socio-

economic conditions, cultural contexts, and 

educational priorities. However, the absence of 

research explicitly applying systems thinking to AI 

adoption leaves policymakers and practitioners 

without a structured framework for local adaptation 

(Bienkowski et. al., 2012). 

 

Sustainability and System Resilience 

The COVID-19 pandemic underscored the need for 

resilient education systems capable of adapting to 

disruptions. AI technologies, such as adaptive online 

learning platforms and virtual teaching assistants, 

demonstrated potential in maintaining continuity of 

learning. However, many such implementations were 

ad hoc and lacked sustainability, as they were not 

integrated into long-term educational strategies 

(OECD, 2023). 
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This raises the problem of resilience: how can 

education systems integrate AI in ways that are 

sustainable and adaptable to future crises? The 

systems approach, with its emphasis on feedback 

loops, continuous evaluation, and adaptive 

governance, provides a promising pathway. Yet, there 

is a lack of empirical research demonstrating how AI 

can be systematically adopted to build long-term 

resilience in education systems. 

 

Revisiting the Systems Approach in AI Adoption 

This study has argued that the fragmented and ad hoc 

adoption of Artificial Intelligence (AI) in education 

risks reinforcing existing inequalities and 

inefficiencies. By drawing upon the systems approach, 

which conceptualizes education as an interconnected 

structure comprising inputs, processes, and outcomes 

(Bertalanffy, 1968), it becomes clear that AI adoption 

cannot be viewed merely as a technological upgrade. 

Instead, it must be integrated holistically across 

pedagogical practices, institutional structures, policy 

frameworks, and societal goals. 

 

This discussion synthesizes the findings, linking them 

to theoretical frameworks, global trends, and 

contextual realities. It also highlights how the systems 

approach provides a comprehensive framework for 

analyzing adoption challenges, designing 

interventions, and ensuring sustainability. 

 

Stakeholder Readiness and Capacity Building 

One of the central insights is that teachers and 

students—who are the primary actors in the education 

system—are often underprepared for AI integration. 

Teachers’ skepticism toward AI is well-documented, 

with fears of job displacement and deskilling (Holmes, 

Bialik & Fadel, 2021). Similarly, students face uneven 

access to devices and internet connectivity, creating an 

“AI divide” akin to the digital divide (UNESCO, 

2023). 

 

A systems approach underscores that such readiness 

challenges cannot be solved in isolation. Teacher 

training programs, curriculum reform, infrastructural 

investments, and community engagement must occur 

simultaneously. Otherwise, piecemeal solutions—

such as installing AI tutoring systems without 

professional development—will fail to achieve 

impact. This suggests that capacity building is not a 

separate initiative but an integral subsystem within AI 

adoption strategies. 

 

XVIII. POLICY, GOVERNANCE, AND ETHICAL 

IMPERATIVES 

 

Another theme emerging from this study is the 

inadequacy of policy and governance structures. 

While global frameworks such as the EU AI Act 

(European Commission, 2024) and UNESCO’s 

Guidance on Generative AI in Education (2023) 

provide broad ethical principles, many national 

systems lack localized policies tailored to their 

specific contexts. This policy vacuum leaves schools 

and universities vulnerable to unchecked adoption, 

raising risks of algorithmic bias, privacy violations, 

and inequitable resource allocation (Slade & Prinsloo, 

2013). 

 

From a systems perspective, governance is not 

peripheral but central to AI adoption. Regulations 

must be embedded into the design of AI systems, 

ensuring accountability, transparency, and fairness. 

Furthermore, ethical safeguards should not merely be 

reactive measures but proactive design features. This 

implies a paradigm shift: policymakers should not 

only regulate AI after deployment but co-design AI 

adoption strategies in collaboration with educators, 

technologists, and communities. 

 

XIX. CONTEXTUAL ADAPTATION AND 

CULTURAL RELEVANCE 

 

The findings also point to the challenge of contextual 

misalignment. Many AI systems are imported from 

high-income countries without adaptation to the 

realities of developing contexts. For instance, AI 

platforms designed for broadband-rich environments 

may underperform in regions with limited internet 

penetration. Similarly, pedagogical assumptions 

embedded in Western-designed systems may conflict 

with local educational cultures (Federal Ministry of 

Communications, Innovation and Digital Economy, 

2024). 
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A systems approach demands that AI adoption be 

context-sensitive. This means co-creating solutions 

with local stakeholders, embedding cultural values 

into design, and aligning with national development 

agendas. For example, in sub-Saharan Africa, AI 

could be directed toward addressing teacher shortages 

through virtual assistants rather than attempting to 

replicate Western models of AI-driven grading 

systems. Contextualization therefore emerges as a 

crucial subsystem of effective AI adoption (Clark et. 

al., 2021). 

 

Sustainability and System Resilience 

The COVID-19 pandemic illustrated both the potential 

and the pitfalls of digital technologies in education. 

AI-enabled platforms helped sustain learning 

continuity in some contexts, but many of these 

initiatives collapsed once emergency funding ended 

(OECD, 2023). This highlights the problem of 

sustainability: How can AI systems remain effective 

and adaptable in the long term? 

 

The systems approach provides answers by 

emphasizing feedback loops, continuous evaluation, 

and adaptive governance. Sustainable AI adoption 

requires ongoing monitoring of outcomes, 

recalibration of strategies, and readiness to adapt to 

emerging crises. This aligns with resilience theory, 

which views education systems as dynamic 

ecosystems capable of self-correction (Sterman, 

2000). Without such adaptive mechanisms, AI 

adoption risks being short-lived and crisis-dependent 

rather than a permanent structural enhancement. 

 

This study contributes to both theoretical and practical 

domains. Theoretically, it extends the application of 

systems thinking—traditionally applied in 

management, ecology, and policy analysis—to the 

domain of AI adoption in education. By framing 

education as an interconnected system, the study 

highlights interdependencies that are often overlooked 

when AI adoption is treated as a purely technical 

intervention. 

 

Practically, the study provides a roadmap for 

policymakers, educators, and technology developers. 

It emphasizes that AI adoption requires simultaneous 

attention to: 

 

● Inputs (infrastructure, funding, teacher training, 

ethical frameworks) 

● Processes (teaching practices, learning 

experiences, governance mechanisms) 

● Outputs (student achievement, equity of access, 

lifelong learning outcomes). 

 

Such a model ensures that AI adoption is not reduced 

to isolated experiments but becomes embedded within 

the broader transformation of education systems. 

 

XX. CONCLUSION 

 

The adoption of AI in education holds transformative 

potential but also significant risks if pursued without 

systemic planning. The study demonstrates that 

fragmented adoption—characterized by isolated pilot 

projects, lack of teacher preparation, policy gaps, and 

contextual misalignments—fails to deliver sustainable 

impact.  Applying the systems approach reveals that 

AI adoption must be holistic, aligning resources, 

processes, and outcomes while embedding ethical 

safeguards and ensuring equity. Stakeholder readiness, 

contextual adaptation, governance, and resilience 

emerge as core elements of successful adoption. 

 

For policymakers, the findings suggest the need for 

comprehensive AI adoption strategies that integrate 

ethics, governance, and contextualization. National AI 

strategies should not only promote technological 

advancement but also embed equity, sustainability, 

and cultural relevance.  For educators, the study 

underscores the importance of professional 

development and collaboration. Teachers should be 

positioned not as passive users but as co-designers of 

AI tools, ensuring that these technologies enhance 

rather than undermine pedagogical autonomy.  For 

technologists and developers, the implication is that 

design must be participatory and context-aware. 

Building AI systems without input from local 

educators and communities risks irrelevance and 

failure. 

 

The central problem is not whether AI should be 

adopted in education but how it can be integrated 

responsibly, equitably, and sustainably. The systems 

approach offers a powerful framework for addressing 
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this challenge, highlighting interdependencies and 

providing a roadmap for holistic adoption. If pursued 

systematically, AI adoption can enhance learning 

personalization, empower teachers, improve system 

efficiency, and foster resilient education systems. 

However, if pursued in fragmented or ad hoc ways, it 

risks deepening inequalities and undermining 

educational goals. 

 

Ultimately, the successful adoption of AI in education 

depends on viewing it not as a technological fix but as 

a systemic transformation. By embedding AI within 

interconnected structures of policy, pedagogy, ethics, 

and practice, education systems can harness its 

potential for meaningful and sustainable impact. 

 

REFERENCES 

 

[1] T. Baker and L. Smith, Educ-AI-tion Rebooted? 

Exploring the Future of Artificial Intelligence in 

Schools and Colleges. Nesta, 2019. Nesta 

[2] L. V. Bertalanffy, General System Theory: 

Foundations, Development, Applications. New 

York: George Braziller, 1968. 

[3] M. Bienkowski, M. Feng, and B. Means, 

Enhancing Teaching and Learning Through 

Educational Data Mining and Learning 

Analytics: An Issue Brief. U.S. Department of 

Education, 2012. 

[4] D. Clark, R. Luckin, and B. Williamson, 

Artificial Intelligence in Education: Promises 

and Implications for Teaching and Learning. 

UNESCO, 2021. 

[5] European Commission, EU Artificial 

Intelligence Act. Brussels: European Union, 

2024. 

[6] Federal Ministry of Communications, Innovation 

and Digital Economy, Draft National Artificial 

Intelligence Strategy. Abuja, Nigeria, 2024. 

[7] R. Ferguson, “Learning analytics: drivers, 

developments and challenges,” International 

Journal of Technology Enhanced Learning, vol. 

4, nos. 5–6, pp. 304–317, 2012. 

[8] A. K. Goel and L. Polepeddi, “Jill Watson: A 

virtual teaching assistant for online education,” 

Georgia Institute of Technology, 2016. 

[9] W. Holmes, M. Bialik, and C. Fadel, Artificial 

Intelligence in Education: Promises and 

Implications for Teaching and Learning. Boston: 

Center for Curriculum Redesign, 2021. 

[10] D. Ifenthaler and J. Y.-K. Yau, “Utilising 

learning analytics for study success: Reflections 

on current empirical findings,” Research and 

Practice in Technology Enhanced Learning, vol. 

15, no. 1, pp. 1–15, 2020. Springer 

[11] J. Knox, “Artificial intelligence and education in 

China,” Learning, Media and Technology, vol. 

45, no. 3, pp. 298–311, 2020. Taylor & Francis 

[12] J. A. Kulik and J. D. Fletcher, “Effectiveness of 

intelligent tutoring systems: A meta-analytic 

review,” Review of Educational Research, vol. 

86, no. 1, pp. 42–78, 2016. SAGE 

[13] R. Luckin, W. Holmes, M. Griffiths, and L. B. 

Forcier, Intelligence Unleashed: An Argument 

for AI in Education. Pearson Education, 2016. 

[14] W. Ma, O. O. Adesope, J. C. Nesbit, and Q. Liu, 

“Intelligent tutoring systems and learning 

outcomes: A meta-analysis,” Journal of 

Educational Psychology, vol. 106, no. 4, pp. 

901–918, 2014. APA PsycNet 

[15] OECD, Digital Education Outlook 2023: Paving 

the Way to Digital Education. Paris: OECD 

Publishing, 2023. 

[16] OECD, What Should Teachers Teach in a Future 

with AI? Paris: OECD Publishing, 2025. 

[17] Z. A. Pardos, J. J. Williams, and P. Abbeel, 

“Towards Data-Driven Educational 

Technologies,” in Handbook of Learning 

Analytics. Society for Learning Analytics 

Research (SoLAR), 2017. 

[18] N. Selwyn, Should Robots Replace Teachers? AI 

and the Future of Education. Polity Press, 2019. 

[19] S. Slade and P. Prinsloo, “Learning analytics: 

Ethical issues and dilemmas,” American 

Behavioral Scientist, vol. 57, no. 10, pp. 1509–

1528, 2013. SAGE 

[20] J. D. Sterman, Business Dynamics: Systems 

Thinking and Modeling for a Complex World. 

Boston: Irwin McGraw-Hill, 2000. 

[21] UNESCO, Guidance for Generative AI in 

Education and Research. Paris: UNESCO, 2023. 

UNESCO 

https://www.nesta.org.uk/report/education-rebooted/
https://doi.org/10.1186/s41039-020-00138-6
https://doi.org/10.1080/17439884.2020.1754236
https://doi.org/10.3102/0034654315581420
https://doi.org/10.1037/a0037123
https://doi.org/10.1177/0002764213479366
https://www.unesco.org/en/articles/guidance-generative-ai-education-and-research


© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I3-1723119 

 

IRE 1723119          ICONIC RESEARCH AND ENGINEERING JOURNALS 3060 

[22] K. VanLehn, “The relative effectiveness of 

human tutoring, intelligent tutoring systems, and 

other tutoring systems,” Educational 

Psychologist, vol. 46, no. 4, pp. 197–221, 2011. 

Taylor & Francis 

https://doi.org/10.1080/00461520.2011.611369

