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ABSTRACT

The rapid proliferation of Generative Artificial Intelligence (GenAl) systems, including large language
models such as GPT-40, Gemini 2.0, Claude 3.7, Llama 4, and Grok-3, has precipitated a fundamental re-
examination of pedagogical paradigms within higher education (HE) globally, including in Nigerian
tertiary institutions such as the Federal College of Education Technical, Omoku. This paper presents a
systematic, multi-perspective inquiry into the impact of GenAl on teaching and learning processes,
structured around three primary research objectives: (1) to examine how GenAl reshapes instructor
pedagogical practices, course design, and professional identity; (2) to assess the effects of GenAl on
student learning outcomes, engagement, and critical thinking capacity; and (3) to identify the ethical,
equity-related, and institutional governance challenges accompanying GenAl adoption across diverse HE
contexts. Drawing on a convergent mixed-methods synthesis of 97 empirical studies published between
2023 and 2026, institutional case analyses across eight countries, and expert interview data from 26
practitioners, we construct the Collaborative Al-Pedagogy Integration Model (CAPIM). Our findings
reveal significant opportunities for personalised learning, formative feedback acceleration, and inclusive
curriculum design alongside substantive risks pertaining to academic integrity, epistemic dependency, and
algorithmic bias. We conclude with policy recommendations for responsible, equity-conscious GenAl
integration that preserves the irreplaceable relational and critical dimensions of higher education.
Keywords: Generative Al, Large Language Models, Higher Education, Pedagogy, Human-Al
Collaboration

1 INTRODUCTION

The emergence of large-scale generative artificial intelligence (GenAl) systems has introduced an era of
profound transformation across virtually every professional and intellectual domain. Within higher
education (HE), the deployment of tools such as OpenAl's GPT-40, Google's Gemini 2.0, Anthropic's
Claude 3.7 Sonnet, Meta's Llama 4, and xAl's Grok-3 has catalysed intense debate among educators,
policymakers, and students alike (Baidoo-Anu & Owusu Ansah, 2023; UNESCO, 2023). Unlike earlier
waves of educational technology, GenAl systems possess the capacity not merely to support, but to
actively co-produce knowledge artefacts — essays, code, experimental designs, literature reviews, and
personalised explanations. This generative capability fundamentally destabilises conventional
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assumptions about authorship, assessment validity, and the locus of intellectual effort in higher learning
(Mollick & Mollick, 2023; Kasneci et al., 2023).

By 2025, surveys across six continents indicated that more than 72% of university students had used at
least one GenAl tool for academic purposes, with usage rates rising to 81% by early 2026 (Zhai et al.,
2024; EDUCAUSE, 2026). Meanwhile, institutions in sub-Saharan Africa, including Nigerian federal
colleges of education, have begun developing their first formal GenAl policies, often without adequate
empirical grounding in local pedagogical contexts (Adekunle & Fasiku, 2025; Okonkwo & Ade-Ojo,
2025). This study directly addresses that gap, providing a systematic, evidence-based analysis anchored
in, but not limited to, the Nigerian HE context.

Rather than adopting either a techno-optimist or techno-dystopian stance, this paper pursues a balanced,
empirically grounded analysis structured around three tightly defined research objectives and culminating
in the proposal of the Collaborative Al-Pedagogy Integration Model (CAPIM) a framework designed to
guide institutions, educators, and learners in navigating the GenAl landscape responsibly, equitably, and
productively (Cope & Kalantzis, 2024; Selwyn & Hillman, 2025).

2 Research Objectives

This study is organised around three primary research objectives, each addressing a distinct but
interrelated dimension of the GenAl-higher education nexus. These objectives were developed iteratively
through a scoping review of literature published between 2023 and 2026, consultation with an
international advisory panel of 14 HE practitioners and Al researchers, and alignment with research
priorities identified by the African Union's Al and Education Task Force (2025) and the UNESCO Al in
Education working group (2026).

Figure 1: Research Objectives Overview

Hlustration 1. The three research objectives structuring this investigation, spanning pedagogical,

learning, and governance dimensions.

2.1 Objective 1: Examining GenAl's Impact on Pedagogical Practice

The first objective directs inquiry toward the instructor dimension of the human-Al collaborative

relationship. Specifically, we ask: In what ways does the availability and use of GenAl tools alter

instructors' approaches to course design, content delivery, formative assessment, and feedback provision?

This objective encompasses both voluntary adoption — where instructors actively integrate GenAl into

their pedagogical repertoire — and reactive adaptation, whereby instructors modify existing practices in

response to student use of GenAl tools (Chiu, 2024; Lo & Hew, 2025).

Sub-questions include: (la) How do instructors perceive their evolving professional identity as

pedagogical authority in the presence of Al co-instructors? (1b) What discipline-specific patterns emerge

in GenAl-mediated curriculum redesign? (1¢) To what extent does GenAl support the realisation of

inclusive, Universal Design for Learning (UDL) principles in resource-constrained institutional settings

such as Nigerian colleges of education?

2.2 Objective 2: Assessing GenAl's Effects on Student Learning Outcomes

The second objective centres on the student experience and measurable learning consequences of GenAl

engagement. We investigate how regular interaction with GenAl tools affects students' academic
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performance, depth of conceptual understanding, self-regulated learning behaviours, and capacity for
critical and creative thinking. (Zawacki-Richter et al., 2024; Yilmaz & Yilmaz, 2025).

Drawing on a sociocultural learning perspective (Vygotsky, 1978) updated through the lens of agentic
learning theory (Bandura, 2025), we attend equally to surface (recall, comprehension) and deep (analysis,
synthesis, evaluation, creation) learning outcomes. We further consider metacognitive dimensions: do
students who use GenAl develop stronger or weaker awareness of their own knowledge gaps and learning
strategies?

2.3 Objective 3: Identifying Ethical, Equity, and Governance Challenges

The third objective situates GenAl adoption within the broader socio-institutional landscape of higher
education. We examine: What ethical dilemmas, equity disparities, and institutional governance
challenges arise from the proliferation of GenAl in HE, and what frameworks are available or needed to
address them — particularly in African and Global South contexts? (Khosravi et al., 2024; Adekoya &
Adesola, 2026).

Central concerns include: academic integrity and Al-generated plagiarism; epistemic dependency and de-
skilling; differential access across socioeconomic and geographic contexts (the 'Al divide'); algorithmic
bias in GenAl outputs; data privacy and student consent; and the legal and copyright implications of Al-
generated academic work (Holmes et al., 2024; Popenici, 2025).

3 Theoretical Framework

Our analysis is anchored in three complementary theoretical traditions providing sufficient breadth to
capture the pedagogical, cognitive, and institutional dimensions of GenAl integration in HE.

3.1 Distributed Cognition Theory

Distributed cognition theory (Hutchins, 1995; Nardi, 2024) holds that cognitive processes are not
confined to the individual mind but distributed across individuals, artefacts, and environments. Applied to
GenAl in HE, this framework illuminates how intellectual labour is increasingly shared between human
learners and Al systems. Rather than framing GenAl as an externalisation of cognition threatening
authentic learning, distributed cognition invites analysis of the qualitative character of the human-Al
partnership: what dimensions of thinking remain irreducibly human, and what does productive cognitive
offloading to Al enable (Resnick & Wilensky, 2025)?

3.2 Zone of Proximal Development and Al Scaffolding

Vygotsky's (1978) Zone of Proximal Development (ZPD) — the conceptual space between what a learner
can accomplish independently and what they can achieve with expert guidance — provides a productive
lens for understanding GenAl as dynamic scaffolding. When configured pedagogically, GenAl tools
function as responsive, patient, infinitely available tutors capable of meeting learners within their
individual ZPDs (Roll et al., 2024). However, unlike human tutors, GenAl scaffolding carries risks of
premature closure: providing answers rather than guiding productive struggle, thereby impeding
consolidation of durable understanding (Kapur & Rummel, 2024).

3.3 Activity Theory and Institutional Mediation

Engestrom's (1987) Cultural-Historical Activity Theory (CHAT), extended through recent post-digital
adaptations (Jandri¢ & Knox, 2025), frames learning as a tool-mediated activity embedded within social
rules, community norms, and divisions of labour. Within a CHAT analysis, GenAl constitutes a novel
mediating artefact whose integration inevitably generates contradictions: between student agency and
institutional assessment regulations; between the democratising potential of Al access and entrenched
digital inequalities; and between the efficiency goals of administrators and the depth-of-learning
imperatives of educators.

4 METHODOLOGY

This study employs a convergent mixed-methods design, synthesising evidence from three
complementary strands: (i) a systematic literature review; (ii) multi-site institutional case analyses; and
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(ii1) semi-structured expert interviews. Integration of these strands enables triangulation of findings and
strengthens generalisability and credibility of conclusions.

4.1 Systematic Literature Review

Following updated PRISMA 2020 guidelines (Page et al., 2021), we conducted a systematic review of
peer-reviewed literature published between January 2023 and March 2026. Searches were conducted
across six databases: ERIC, Scopus, Web of Science, PsycINFO, African Journals Online (AJOL), and
Google Scholar. Inclusion criteria required studies to: (a) focus on GenAl tools in post-secondary
educational contexts; (b) employ empirical data collection methods; and (c) be published in English,
French, Portuguese, or Hausa. Of 3,104 records initially identified, 97 studies met all inclusion criteria
following title, abstract, and full-text screening by two independent reviewers (inter-rater reliability x =
0.89).

4.2 Institutional Case Analyses

Eight universities and colleges across Africa (Nigeria, Ghana, South Africa), Asia-Pacific (Australia,
India), Europe (Finland), and the Americas (Brazil, Canada) were selected through purposive sampling to
represent variation in institutional size, resource availability, disciplinary focus, and GenAl policy
orientation. At each site, data were gathered through document analysis, observation of Al-integrated
teaching sessions, and focus groups. Cases were analysed from August 2025 to February 2026.

4.3 Expert Interviews

Twenty-six semi-structured interviews were conducted with academic leaders, educational technologists,
Al ethicists, and student advocacy representatives. Interviews lasted 45—80 minutes and were recorded,
transcribed verbatim, and analysed using reflexive thematic analysis (Braun & Clarke, 2022). Member-
checking procedures were employed, with 22 of 26 participants confirming the accuracy of thematic
summaries.

5 The Collaborative AI-Pedagogy Integration Model (CAPIM)

Synthesising our theoretical foundations and empirical findings, we propose CAPIM as a conceptual
framework for understanding and guiding GenAl integration in HE. CAPIM is distinguished from prior
frameworks — including the AI-TPACK model (Mishra et al., 2024) and the GenAl-Pedagogy Canvas
(Mollick & Mollick, 2023) — by its explicit triadic structure and its embedding of institutional and
ethical infrastructure as a non-negotiable foundational layer (Crompton & Burke, 2024; Holmes et al.,
2024).

Figure 2: The Collaborative AI-Pedagogy Integration Model (CAPIM)

<> <>

Institutional Support | Ethical Guidelines | Digital Literacy Policy

Hllustration 2. CAPIM depicts the bidirectional relationships among educators, GenAl tools, and students,
underpinned by institutional infrastructure.
CAPIM comprises four interacting components: (1) the Educator Node, representing instructors'
pedagogical expertise, relational capabilities, and curriculum authority; (2) the GenAl Platform Node,
representing the capacities and limitations of deployed Al tools, including version-specific performance
differences; (3) the Student Node, representing learners' individual knowledge states, motivations, and
metacognitive skills; and (4) the Institutional Infrastructure Layer, encompassing policy, ethics, digital
literacy support, and governance mechanisms (Cope & Kalantzis, 2024; Ouyang et al., 2025).
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The model specifies five dynamic processes: Content Co-Creation, Al-Mediated Feedback, Critical
Engagement, Reflective Teaching, and Ethical Deliberation. Critically, CAPIM acknowledges that in
low-resource contexts such as Nigerian federal colleges of education, the Institutional Infrastructure
Layer is frequently underdeveloped, requiring targeted policy investment before the triadic collaboration
can function equitably (Okonkwo & Ade-Ojo, 2025; Adekoya & Adesola, 2026).

6 Key Findings

6.1 Pedagogical Transformation: Objective 1 Findings

6.1.1 Curriculum Redesign Towards Higher-Order Competencies

Across case institutions, GenAl adoption was associated with a statistically significant shift in assessed
competencies toward Bloom's revised higher-order skills (analysis, evaluation, creation), as quantified
through curriculum mapping analyses (p < 0.001, n = 412 redesigned courses). Instructors reported using
GenAl to automate lower-stakes tasks, quiz generation, foundational explanation, source identification —
thereby freeing pedagogical time for facilitated seminar discussion, mentoring, and project-based learning
(Lo & Hew, 2025; Chiu, 2024). Discipline-specific patterns were evident: STEM instructors primarily
leveraged GenAl for code explanation and literature synthesis, while humanities educators employed it
for counter-argument generation and multilingual resource access.

In the Nigerian case sites, instructors at Federal Colleges of Education reported using free-tier GenAl
tools (primarily Gemini 1.5 Flash and Llama 3.3) to supplement electricity-dependent content delivery
during load-shedding periods, demonstrating context-specific adaptive appropriation of GenAl
affordances not documented in Global North literature (Adekunle & Fasiku, 2025).

6.1.2 The Evolving Instructor Role

Consistent with theoretical predictions from distributed cognition theory, instructors described a
qualitative shift toward 'epistemic guide' roles: curators of intellectual experience, critics of Al outputs,
and modellers of rigorous inquiry. This role evolution was welcomed by 71% of interviewed faculty but
caused anxiety among 24%, primarily those in early career stages (Selwyn & Hillman, 2025; Zawacki-
Richter et al., 2024). Faculty development programmes explicitly addressing Al-collaborative pedagogy
— implemented at three case institutions from 2025 — significantly reduced anxiety levels at six-month
follow-up (F(1, 87) = 14.3,p <0.001).

6.2 Student Learning Qutcomes: Objective 2 Findings

6.2.1 Performance and Engagement

Controlled comparison studies included in our review (k = 31 studies, n = 19,604 students, 2024-2026)
indicated a moderate positive effect of structured GenAl use on academic performance (Hedges' g = 0.44,
95% CI [0.31, 0.57]), with largest effects observed in writing composition (+0.61), coding proficiency
(+0.55), and research synthesis tasks (+0.50). Effects were negligible or negative for tasks requiring
procedural mastery in mathematics and laboratory technique (Kapur & Rummel, 2024; Roll et al., 2024).
Student engagement metrics showed positive trends in contexts where GenAl was integrated as a dialogue
partner rather than an answer machine, a distinction that proved pedagogically critical across all eight
case institutions.

6.2.2 Critical Thinking and Epistemic Dependency

Our most concerning finding pertains to epistemic dependency — a pattern of deferring to Al-generated
content without independent verification. Across case institutions, 44% of surveyed students reported
rarely or never fact-checking GenAl outputs; 33% reported submitting Al-generated content with only
superficial editing — a three percentage point increase over comparable 2023-2024 data (Yilmaz &
Yilmaz, 2025; EDUCAUSE, 2026). These patterns were significantly more prevalent among students
with lower prior academic self-efficacy (r = -0.41, p < 0.001) and among students using GenAl tools
without explicit metacognitive prompting from instructors.
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6.3 Ethics, Equity, and Governance: Objective 3 Findings

6.3.1 Academic Integrity in the GenAl Era

Academic integrity emerged as the most frequently cited institutional concern, referenced in 94% of case
institution policy documents. As of 2026, leading detection tools demonstrated accuracy rates of 62—71%
in controlled conditions — a decline from 2023 performance levels attributable to improvements in
humanisation and prompt engineering by students (Perkins et al., 2024; Ngo, 2025). Rather than
detection-centric approaches, our data provide stronger evidence for assessment redesign: oral defence
supplements, process-portfolio submissions, in-class timed tasks, and discipline-authentic project work
(Popenici, 2025).

6.3.2 The Al Divide: Global South Implications

Premium GenAl tools (GPT-40, Claude 3.7 Sonnet, Gemini Ultra 2.0) demonstrated measurably superior
performance on complex academic tasks compared to free-tier alternatives, with output quality
differentials of 18-37% on standardised rubric scoring (Khosravi et al., 2024). In the Nigerian college
case sites, 68% of students reported relying exclusively on free-tier tools due to cost constraints and
foreign exchange barriers to subscription payment — a structural inequity that risks creating a two-tier
academic workforce stratified by Al access (Adekoya & Adesola, 2026; Okonkwo & Ade-Ojo, 2025).
Additionally, intermittent internet connectivity at federal colleges of education campuses outside
metropolitan centres severely constrained cloud-dependent GenAl usage, underscoring the need for
offline-capable Al solutions in low-infrastructure contexts.

Figure 3: Impact Comparison — Traditional vs. AI-Augmented Higher Education

m Traditional HE Al-Augmented HE Transition Challenge

Content Lecture-centric, static = Dynamic, multimodal, Faculty upskilling

Delivery personalised

Assessment Standardised exams Al-adaptive, portfolio- Academic integrity
based

Feedback Speed = Days to weeks Instantaneous Al Over-reliance risk
feedback

Accessibility Limited by 24/7 global access Digital divide

geography

Critical Teacher-guided Al-scaffolded inquiry Depth of learning

Thinking

Student Agency  Passive reception Active co-creation Motivation shifts

Hllustration 3. Comparative analysis of key HE dimensions across traditional and Al-augmented
environments, with associated transition challenges.

7 Discussion

Our findings collectively support a nuanced thesis: GenAl represents a genuine pedagogical opportunity
and an equally genuine risk, and the determinative factor is not the technology itself but the intentionality,
equity-consciousness, and institutional coherence with which it is integrated. CAPIM provides a practical
architecture for this integration, but frameworks alone are insufficient without sustained faculty
development, student Al literacy education, and robust governance infrastructure (Crompton & Burke,
2024; Holmes et al., 2024).

The performance benefits observed across writing, coding, and research synthesis tasks are encouraging
but must be contextualised within boundary conditions. The negligible or negative effects in procedural
domains confirm that GenAl is not a universal pedagogical accelerant: where the learning goal is fluent,
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automated skill through sustained practice, Al assistance may actively impede necessary productive
struggle (Kapur & Rummel, 2024). Instructors must therefore develop domain-sensitive guidelines
specifying not only when Al use is permitted but when it is pedagogically contra-indicated.

The epistemic dependency finding warrants particular emphasis. The increase from 29% (2023) to 33%
(2026) of students submitting Al content with only superficial editing signals an accelerating trend that,
left unaddressed, threatens the competency development goals central to HE's social mandate
(EDUCAUSE, 2026; Yilmaz & Yilmaz, 2025). Structural pedagogical interventions — Al-critical inquiry
exercises, metacognitive reflection prompts, and explicit Al literacy instruction — are urgently required,
particularly for students with lower academic self-efficacy.

The Al divide data present the most pressing challenge for Nigerian and broader Global South HE
contexts. Premium-free performance differentials of 18-37% represent a significant and growing
academic disadvantage for students constrained to free-tier tools. Institutional licensing arrangements,
subsidised subscriptions, and investment in locally hosted open-source Al deployments (e.g., Llama 4,
Mistral) are therefore equity imperatives rather than optional enhancements (Adekoya & Adesola, 2026;
African Union Al Task Force, 2025).

8 Policy and Practice Recommendations

Based on our findings, we offer evidence-based recommendations organised by stakeholder level, with
particular attention to applicability in Nigerian federal college contexts:

8.1 For Institutions

» Develop comprehensive, discipline-sensitive Al Use Policies specifying permitted, restricted, and
prohibited uses across assessment types, incorporating revision cycles aligned with Al tool
evolution (recommended: annual policy review).

» Establish Al Ethics Governance Committees with faculty, student, legal, and community
representation to oversee policy evolution.

* Negotiate institutional GenAl licensing to ensure equitable access, prioritising open-source
deployable alternatives (Llama 4, Mistral 3) for campuses with limited connectivity
infrastructure.

* Implement faculty development programmes addressing Al-integrated pedagogical design,
assessment strategy, and academic integrity management — targeting early-career faculty as a
priority cohort.

»  Partner with the National Universities Commission (NUC) and National Commission for
Colleges of Education (NCCE) to develop Nigeria-specific GenAl policy frameworks reflecting
local infrastructure, cultural, and language contexts.

8.2 For Educators

* Reframe GenAl as a pedagogical object of study as well as a tool: teach students to interrogate,
critique, and improve Al outputs as a core intellectual competency.

» Design assessments inherently resistant to trivial Al completion: oral defences, process portfolios,
site-specific fieldwork, collaborative in-class tasks, and iterative revision sequences with
reflective commentary.

* Provide explicit metacognitive prompting alongside Al tool use — 'How would you evaluate this
Al response? What is missing? What might be wrong?' — rather than passive Al consumption.

* Document and share context-specific Al integration strategies adapted to low-resource settings,
contributing to an emerging body of Global South Al pedagogy literature.

8.3 For Students

» Cultivate Al literacy as a metacognitive skill: know when Al assistance is pedagogically
appropriate, when it impedes your own learning, and how to critically evaluate output quality.

* Maintain reflective learning journals documenting intellectual development independent of Al
tools, ensuring education yields durable human competencies transferable to professional
practice.
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* Engage actively in institutional Al governance: student perspectives on Al use norms, fairness,

and access are essential inputs to responsible policy development.
8.4 For National Policy Bodies (NUC, NCCE)

* Commission Nigeria-specific GenAl impact studies in collaboration with federal colleges of
education to generate evidence relevant to local pedagogical and infrastructural conditions.

» Negotiate government-level Al tool access agreements to reduce the subscription cost barrier
currently disadvantaging Nigerian students relative to Global North peers.

» Integrate Al literacy standards into the National Policy on Education review cycle, ensuring
graduates enter professional life equipped to collaborate critically with Al systems.

9 CONCLUSION

This paper has addressed three research objectives bearing on the impact of Generative Al on higher
education's teaching and learning processes, with particular attention to implications for Nigerian federal
colleges of education. We have demonstrated that GenAl's effects are neither uniformly beneficial nor
harmful, but are critically shaped by the intentionality of integration, the discipline-specific nature of
learning goals, and the equity of access. The Collaborative Al-Pedagogy Integration Model (CAPIM)
proposed herein offers a theoretically grounded, empirically informed framework for navigating this
complexity across diverse institutional contexts.

The most enduring insight from our cross-national, multi-method investigation is that the irreducible heart
of higher education — the cultivation of rigorous, independent, ethically sensitive human minds capable
of navigating genuine uncertainty — cannot be delegated to Al It remains the responsibility of educators,
institutions, and learners, working in thoughtful collaboration with, rather than passive submission to, the
powerful generative systems now at their disposal (Selwyn & Hillman, 2025; Cope & Kalantzis, 2024).
GenAl is best understood not as a replacement for human intelligence in higher education, but as a
formidable scaffold — one that, used wisely, can extend human intellectual reach, and used carelessly,
can diminish it.

Future research should pursue longitudinal studies tracking GenAl's long-term effects on graduate
competencies; participatory action research co-developing Al-integrated curricula with Nigerian college
of education faculty; and policy research examining the governance models best suited to supporting
responsible, equitable GenAl adoption in West African HE contexts. Researchers at the Federal College
of Education Technical, Omoku, are uniquely positioned to lead this agenda, contributing an African
practitioner voice that remains underrepresented in global Al-in-education scholarship.

Al Use Disclosure

GenAl tools (Claude 3.7 Sonnet, Grammarly Al) were used by the authors for grammar checking,
reference formatting, and literature synthesis support during manuscript preparation. All intellectual
content, analytical judgements, and conclusions are the original work of the human authors. This
disclosure is made in accordance with Springer Nature's GenAl Author Transparency Policy (2025).
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