Journal of Asian Development Studies Volume 13, Issue 2 (2026)

GAIA-EDU: A Generative Artificial Intelligence Framework for Al-
Augmented Academic Ecosystems in Higher Education

Kashif Laeeq?, Salman Khalid®, Muhammad Asad Abbasi® and Sherbano Saleem*
https://doi.org/10.62345/jads.2026.15.2.24

Abstract

As Generative Artificial Intelligence (GenAl) becomes more common in higher education,
integrative methods will be needed to navigate the changing landscape. This paper proposes a
holistic model for transforming the academic landscape that relies on Al tools and systems rather
than simplistic ones, within the GAIA-EDU (Generative Artificial Intelligence for Academic
Instruction and Advancement) framework. GAIA-EDU is all about using Al across all parts of
higher education, including improving the academy's Al-infused ecosystems, teaching and
learning, research and knowledge creation, assessment and feedback, academic administration,
and the institution's decision-making processes. GAIA-EDU aims to address problems with
integrating customizable generative Al tools and the changing roles and skills of knowledge
workers. GAIA-EDU, like other higher education institution frameworks, aligns with the latest
trends in educational frameworks and generative Al tools. GAIA-EDU, therefore, aims to facilitate
the incorporation of functional generative Al tools for pedagogical purposes in higher education.
This paper offers a thorough conceptual framework for researchers, educators, and policymakers
aiming to develop, evaluate, and deploy generative Al-enhanced teaching and learning systems in
higher education.

Keywords: Generative Artificial Intelligence, Higher Education, Al-Augmented Academic
Ecosystems, Educational Technology, Human—Al Collaboration, Academic Frameworks.

Introduction

Higher education is undergoing a fundamental change with the emergence of new artificial
intelligence (Al) technologies, including generative Al (GenAl) (McDonald et al., 2025). These
new technologies enable institutions to automate content production, provide feedback, support
research, and inform decision-making. However, the potential benefits of such technologies for
improving teaching and learning have not been fully integrated in a comprehensive and cohesive
manner within a higher education institution (Musendekwa, 2025). Transforming higher education
institutions into complex adaptive systems and understanding the relationships among the
academic, technological, and organisational systems of a given education ecosystem are critical.
An academic ecosystem can be denoted as E = [H,T,P,G], with H representing humans (students,
faculty, and administrators), T for Technology (including GenAl), P for the teaching and learning
processes, and G for the governance, policy and ethics (Li et al., 2025). Generative Al provides a
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new class of adaptive functionality in educational ecosystems, but without a cohesive framework,
such integration can lead to inefficiencies, misalignment with learning goals, and ethical issues.

Generative Artificial Intelligence and Higher Education

The term generative artificial intelligence describes systems that create original text, code, images,
and other structured constructs by learning from probability distributions and large-scale datasets.
From a formal perspective, the generative model captures a conditional distribution, P (ylIx, 0),
where x is the input context (e.g. prompts, learning data), y is the academic output artefact, and 0
are the model parameters (Gan et al., 2026). In higher education, the models reflect a level of
thinking and engagement that transcends automation. Unlike other forms of educational
technology that primarily focus on content delivery, generative Al systems support the
construction of explanations, the development of conceptual frameworks, and the integration of
synthesis. This kind of phenomenon necessitates a shift in the discussion's focus to epistemology,
authorship, assessment validity, educator and learner roles, and so forth (Kouam, 2025).

Limitations of Tool-Centric Al Adoption

There is a lot of excitement about generative Al in higher education, but the technology isn't being
used systematically or uniformly. Instead, it is being used in a fragmented, tool-focused way. For
example, in this case, different teachers or departments might choose and use different Al tools
without regard for educational goals. This lack of a system leads to disparate or inequitable
learning experiences (Yadav & Shrawankar, 2025), problems of quality assurance (Singun, 2025),
and an ambiguous ethical and responsible use of Al tools (Azman & Timkaya, 2025). Also, the
absence of a systemic approach significantly limits the potential for the scaling and sustaining of
generative Al use in educational institutions.

Al-Augmented Academic Ecosystems

An ecosystem-oriented approach views the integration of Al as a challenge for optimising systems
as a whole, not just in small parts. In the Al-enhanced academic ecosystem, generative Al serves
as an enabling layer, facilitating the smooth integration of teaching, research, evaluation, and
administration. Here, the focus shifts to the partnership between the user and Al. The user retains
the knowledge and power, while Al amplifies the user’s cognitive and organisational abilities,
taking on the ethical and moral responsibility. Figure 1 shows the ecosystem.

Figure 1: Al-augmented academic ecosystem
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The GAIA-EDU Framework

To tackle the challenge of Al adoption being more fragmented than ecosystem-level integration,
this paper develops GAIA-EDU as a model for ecosystem-level integration of generative artificial
intelligence into higher education. GAIA (Generative Artificial Intelligence for Academic
Instruction and Advancement) serves as the model’s conceptual nucleus, while EDU denotes the
higher education application. In this respect, GAIA-EDU seeks to meld generative Al into core
academic activities: teaching and learning, research and knowledge production, assessment and
feedback, academic administration, and decision-making processes. GAIA-EDU seeks to promote
the adoption of generative Al in higher educational institutions in a scalable manner, in alignment
with educational goals, and ethically, through the application of its three core components: human-
centered design, ecosystem-level integration, and responsible governance of Al.

Contributions and Paper Organization

This paper makes three main contributions. First, it presents GAIA-EDU as a framework that
views generative Al as an integral part of Al-augmented academic ecosystems. Second, it offers a
foundational systematic mapping of generative Al functions to key academic activities for
practical alignment and assessment. Third, it provides a foundation for the conceptualization of
future empirical, systemic, and policy-oriented work relating to generative Al and higher
education. The paper is structured in the following manner. Section 2 synthesizes the literature on
generative Al and education, and the various educational frameworks that utilize Al. Section 3
provides details of the GAIA-EDU framework. Section 4 offers application examples and issues
related to implementation. Section 5 provides an analysis of issues, ethics, and the scope of the
limitations. Section 6 provides a summary of the paper and outlines future research opportunities.

Related Work and Background

Artificial Intelligence in Higher Education

The application of artificial intelligence in higher education is a corpus of literature that has
developed over a number of years, initially focused on a number of rule-based and predictive
systems, including intelligent tutoring systems, expert systems, and early learning analytic systems
(Bearman et al., 2023). All of these systems focused on the optimization of one or more discrete
teaching or administrative activities such as sequencing of content, prediction of performance, and
grading automation.

With regard to function, conventional Al systems in education can be described through a quite
straightforward lens. One can build a model to represent the educational Al systems with a task-
specific framework as fk: Xk—Yk, where Xk refers to domain specific educational inputs, which
could include student work, and Yk refers to outputs such as scores and recommendations, and fk
works for a given task k. Positively, such systems provide effectiveness in a contextualized matter.
As such, these Al educational systems have proven to be effective at a granular level. However,
they have little to no cross-domain adaptations and very little interoperability at the cross-
institutional level (Matta & Bolli, 2025). Thus, for the most part, the Al in higher education has
proven to be effective at a modular level with a high degree of system functionality, which has
proven to be a limit in the degree of systemic change.

Generative Artificial Intelligence for Teaching and Learning
The integration of generative artificial intelligence into educational contexts is a notable
advancement when compared to previous artificial intelligence models. State-of-the-art models
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that employ artificial intelligence (Al) include large language models and other multimodal (Al)
systems that are capable of generating real-time context-driven adaptive responses such as
explanations, contextual examples, and instructional materials (Ray, 2025). Several of the
reviewed studies have employed these models to assist learners in performing personalized
tutoring, generating automated feedback, and supporting learners in writing academic papers.
Unlike other task-oriented specific artificial intelligence systems, generative Al systems possess
the ability to perform generalized cognitive functions such as y = g (x, ¢) where x is the learner
query or instructional context, c represents pedagogical or disciplinary constraints, and g generates
adaptive instructional outputs (Bearman et al., 2023). While the use of such systems have
significantly advanced educational processes, there are some notable limitations. Most of the
studies of these systems have been highly focused on individual technical solutions and described
only the tool's function, rather than integrating the tool into a comprehensive instructional plan,
aligned curricula, educational policies, or the structures of educational governance (Luo et al.,
2024). Most researchers acknowledge the ethical issues of the use of these tools in education (i.e.,
academic dishonesty, artificial intelligence bias, etc.) but do not address these issues
systematically.

Generative Al in Research and Academic Advancement

Outside of teaching, generative Al is being used in research and advancement of the institution.
Some applications encompass synthesis of literature, hypothesis formulation, code writing, data
analysis, manuscript writing, etc. At the institutional level, research analytics, grant writing, and
strategic planning also utilize generative Al (Panda & Kaur, 2024). The research process enhanced
by generative Al can be described using the equation R'=R+AAI, where R represents the standard
research process and AAI represents the augmentation from Al The benefits of research
augmentation from Al include both improved efficiency and enhanced accessibility. However,
unfettered research augmentation also creates new problems including the allocation of authorship,
ownership of intellectual and proprietary rights, and accountability in terms of knowledge.
Research studies do not seem to examine these gaps collectively and holistically, within a specific
institution or ecosystem.

Existing Frameworks for Al in Education

There are multiple frameworks to try and manage the application of Al to education (Chan, 2023).
These frameworks offer various points of focus including pedagogical alignment, learner
modeling, ethics, and the global tech stack. These frameworks are not necessarily bad, but they
are quite dated and do not seem to have fully addressed the plethora of both risks and opportunities
that have come hand in hand with generative Al. These frameworks also seem to focus one
stakeholder or one group of people, such as the learners or the teachers, without considering the
institution as a whole (Adekola et al., 2017). Most frameworks do not define how integrated
generative Al may enable teaching, research, administration, and governance as a unified
ecosystem. This absence creates increasing friction as generative Al systems erode the boundaries
separating instructional support, knowledge synthesis, and decision-making. Existing approaches
remain fragmented, as Table 1 illustrates, which reinforces the call for integrated ecosystem-level
approaches.
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Table 1: Prior Al and Generative Al Approaches in Higher Education

Domain Primary Focus Key Limitation

Al in Teaching Tutoring, analytics Isolated, tool-centric
GenAl in Instruction Content, feedback Integrity and policy gaps
Al in Assessment Automated grading Transparency risks

GenAl in Research Writing, analysis Authorship ambiguity
Academic Administration Decision support Fragmented adoption
Existing Frameworks Pedagogy, ethics Lack ecosystem integration

Research Gap and Motivation

The absence of literature suggests a gap between the expansion of capabilities and the
corresponding institution-wide integrations (Huma et al., 2025). The rapid development of
generative Al opens up numerous new possibilities for Al-enabled systems. However, the
available literature and frameworks do not provide coherent strategies for the integration of these
advanced capabilities into the academic ecosystem. Most literature focuses on optimizing a
specific subsystem in a system where subsystems function in isolation, maxfk(Xk) (Novkovic,
2025). In the case of higher education institutions, however, a system-wide integration of multiple
domains needs to be pursued: maxf(T, L, R, A, G) where T = teaching, L = learning, R = research,
A = administration, and G = governance. This context provides a niche for GAIA-EDU, which
aspires to position itself on the cutting edge of the integration of generative Al into the higher
education ecosystem and address the fragmented use of generative Al in the domains of teaching
and institutional development. GAIA-EDU attempts to respond to the interdependency of
pedagogy, research, administration, and ethics in and beyond the confines of higher education to
lay the groundwork for future practice and scholarship.

The GAIA-EDU Framework

In this part, we explore GAIA-EDU, one of the educational ecosystems combining smart
technology (IT) with the Al of Generative Al. The very framework is holistic meaning it views
the technology, Generative Al, as the bottom-line technology to improve the teaching and learning
activities of educational institutions, while keeping humans in control, educational and ethical
conscience.

Design Objectives and Principles

GAIA-EDU design is directed to three considerations. The first one is holistic integration, meaning
that the Framework aims for the use of Generative Al to be more than just tool use in purposive
functions, but to encompass multiple, interrelated functions in the academic ecology. The second
is to foster human Al partnerships, positioning Al as a collaborator that augments human academic
roles, rather than as a substitute. The third aims to embed into the Framework the promotion of
responsible and sustainable use of Al, providing an equilibrium between the ethical and
governance sides of the continuum.

These goals can be achieved using three main principles. First is the use of Human-Centered
Design (Buchanan, 2001). This means that Generative Al technologies should be tailored to a
specific teaching goal and academic discipline. The second is ecosystem integration. This
emphasizes the relationships and dependencies within a higher education institution among
teaching, research, administration, and governance. The third is Responsible Al Governance. This
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emphasizes trust and legitimacy result from transparency, fairness and accountability, as well as
academic integrity.

Conceptual Architecture of GAIA-EDU

GAIA-EDU perspective integrates generative Al into subsystems that are part of higher
educational institutions modeled as ecosystems. Let us define the academic ecosystem as
EGAIA=(D, A, G, I). We consider D (D1, D2, D5) as the principal academic domains, A as
generative Al element, G as the governance and ethical consideration, and | as the institutional
infrastructure. The domains are as follows:

1. Teaching and Learning

2. Assessment and Feedback

3. Research and Knowledge Production

4. Academic Administration

5. [Institutional Decision-Making

Within the realms of governance, generative Al serves as an adaptable shared layer that connects
with all domains.

Ecosystem-Level Interaction Model
GAIA-EDU domains functioning are interconnected and avoid operating as silos using feedback
loops mediated by artificial intelligence. GAIA-EDU conceptualized this in figure 2.

Figure 2: GAIA-EDU conceptualized Model
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The mathematical model for the proposed GAIA-EDU is Dit+1=Dit+a-A(Dit|G). Here, Dit
portrays the condition/state of the i-th domain at time t, and A(.) measures the extent of generative
Al influence, G stands for the policies and ethics that govern Al, and a indicates the degree of Al
engagement. The intent of the provided equation is to focus more on adaptive augmentation and
less on the replacement of human elements, retaining the influence of human decision-making.

GAIA-EDU outlines generative Al as an advocate of research-related academic progress,
facilitating individual researchers and supporting the organizational research pathways. The
questions of ethics, of which assignment of authorship, the definition of ownership, and the respect
for the rights of the creator, are considered in the context of responsible Al use in relation to
research, and are integrated in the use of Al in research. In addition to teaching and research,
GAIA-EDU encompasses the academic management and the strategic management of the
institution. Generative Al could assist in policy formulation, curriculum design, academic
advising, and the equitable distribution of resources. When the data of an institution are
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consolidated, generative Al can assist in strategic management and data-driven decision-making
(Ravichandran Sr et al., 2024). This framework stresses that the ultimate power of deciding rests
with the human. Generative Al is designed to be a support tool for the decision-maker, assisting
in the understanding of the context and the logic of decision-making, and it does not eliminate the
need for human leadership in an institution. Table 2 provides a summary of the ways in which
generative Al is of assistance in the different domains of GAIA-EDU.

Table 2: Generative Al Functions across GAIA-EDU Domains

Domain Role of Generative Al

Teaching & Learning Content generation, tutoring, personalization
Assessment & Feedback Formative feedback, rubric support
Research Literature synthesis, analysis support
Administration Policy drafting, workflow automation
Decision-Making Scenario modeling, evidence synthesis

Governance and Infrastructure Layers

An important aspect of GAIA-EDU is the embedding of governance and infrastructure.
Governance involves the articulated constraints of the ethical and responsible use of an Al system
and include opacity, explainability, and unaccountability (the exclusion of accountability);
Infrastructure addresses the vertical and horizontal integration and the safety of the controlling
systems (Wieringa, 2020).

Regarding the formal system of governance, an output of an Al system should satisfy following
the constraints: A\eQG. This illustrates the governance and ethical system restraints, where output
A of the Al system is from the set of outputs QG, in other words, the output of the Al system is
from the set governed by the stated system of ethics and governance. Such a system helps foster
the trust, legitimacy, and the sustainability of the academic ecosystems supported by Al.

Figure 3: Ecosystem Architecture Diagram
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Application Scenarios and Implementation Considerations
In this section, we present the operationalization of the GAIA-EDU within higher education
institutions via illustrative application scenarios. GAIA-EDU is not intended to be prescriptive in
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the use of particular technologies, but offers a framework to guide the responsible use of generative
artificial intelligence in an institution, which is aligned with the governance, pedagogy, and
institutional objectives.

Al-Augmented Teaching and Learning Environments

In GAIA-EDU, Al supported instructional design, content adaptation, and interactive learning
support will enhance teaching and learning environments. Faculty could receive support from
generative Al in developing course content, creating illustrative materials, and customizing
explanations for various learner levels. From a functional standpoint, instructional support could
be expressed as: Li=Li+AAl(si,c). Here, Li refers to the baseline learning experience for student I,
si denotes learner-specific attributes, ¢ is for course-related parameters, and AAI is the Al
augmentation component. GAIA-EDU underlines that the instructional design and learning
outcomes of the curriculum rests solely with the faculty. Faculty should consider generative Al as
a collaborative partnership rather than as an instructional replacement.

Assessment, Feedback, and Academic Integrity

Feedback and assessment are key influence areas for improving and scaling the quality of learning
(Carless, 2016). With GAIA-EDU, the use of generative Al for creating feedback for learning of
formative type, rubric assessment assistance, and reflective learning prompts is permissible. The
approach relies on hybrid assessments expressed as: afinal=AAhuman+(1-A)AAIL 0 < A < 1where
Ahuman is an educator’s assessment and AAI is the Al-assisted assessment. The parameter A is
defined at the institutional level and speaks to the academic field and integrity standards. To
maintain a level of trust in the assessments and fairness, GAIA-EDU requires the use of assessment
transparency and disclosure.

Research Support and Scholarly Workflows

The GAIA-EDU initiative integrates generative Al with the creation of literature and other forms
of knowledge. This may include literature searches, research design, data analysis and
interpretation, and manuscript writing. Interdisciplinary cooperation is aided by collapsed
cognitive barriers in the tools. A simplified representation of Al-augmented research productivity
is: Pr x = Pr- (1 + 8), where Pr denotes baseline research output, and S represents Al-enables
efficiency gains. The research is governed by the Al authorship, attribution, and intellectual
property, and keeps the Al assisted research on the right side of the academic dichotomy.

Academic Administration and Institutional Decision Support

Using generative Al beyond teaching and research, GAIA-EDU extends into the administrative
and governance realms. Al syntheses of institutional data and evidence can assist in curriculum
development, policy, student guidance, and planning. In Figure 4, we see generative Al positioned
as a decision support tool.
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Figure 4: Al-Supported Institutional Decision-Making in GAIA-EDU

GAIA-EDU integrates a human-in-the-loop model, where institutional goals and contextual
factors of the decision are prioritized.

Implementation Challenges and Readiness Considerations

The primary concerns in Al-augmented academic ecosystems are the frontiers of human agency
and Al support (Piezunka & Dahlander, 2015). When an ecosystem relies heavily on generative
Al, the ecosystem is at risk of erosion of critical thinking, metacognition, and deep learning, and
when an ecosystem relies very little on generative Al, the ecosystem is at risk of technology
underutilization. This equilibrium, if defined mathematically, is an optimization problem, where
U is educational utility, h is human cognitive engagement, and A is Al support. GAIA-EDU does
not impose a fixed point for the optimum balance, to account for differences in discipline, and the
greater institutional freedom. Table 3 shows the execution readiness factors of GAIA-EDU.

Table 3: GAIA-EDU Implementation Readiness Factors

Dimension Key Considerations

Technical Data quality, system integration
Pedagogical Faculty capacity, curriculum alignment
Governance Ethics policies, compliance

Cultural Trust, change readiness

Operational Support structures, scalability

The adoption model helps reduce risk and fosters organizational learning. A typical example of
this approach is provided in Table 4.

Table 4: Phased GAIA-EDU Adoption Strategy

Phase Focus

Phase 1 Pilot instructional use cases

Phase 2 Assessment and feedback integration
Phase 3 Research and administrative support
Phase 4 Institution-wide ecosystem alignment

Systems of Generative Al heavily depend on large quantities of data (Nguyen & Welch, 2026).
This includes student records, learning artifacts, and other data pertaining to educational
institutions. The primary concern when it comes to data reliance is focused on data privacy, as
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well as issues pertaining to ownership, including the cybersecurity pertaining to the data. In the
GAIA-EDU approach, data governance is integrated as a cross-cutting layer, which incorporates
the legal and ethical compliance and requirements. However, the differences in the regulatory
framework, the varying levels of institutional resources and technical maturity may all affect
consistent implementation.

Challenges, Ethical Considerations, and Limitations
Faculty skills, resource availability, and institutional systems may create challenges to adopt
generative Al, few of them are as:

Ethical and Responsible Use of Generative Al

The use of Generative Al in higher education carries considerable risks to the integrity of research
and teaching, particularly with respect to bias, lack of transparency and accountability (Nguyen &
Welch, 2026). It also questions the principles of authorship, originality, and construct validity in
academic assessments. In GAIA-EDU, ethical risk is defined as the combination of the degree of
autonomy the Al operates and the opacity, or E=f(a,0) where a is the degree of autonomy, and o is
opacity. It attempts to reduce E by constricting autonomy with human oversight and reducing
opacity with transparency. However, risk must still be managed with policies, as it cannot be fully
eliminated.

Academic Integrity and Assessment Risks

The application of generative artificial intelligence in assessments poses risks in terms of
plagiarism, falsely demonstrating what a student can do, and diminishing trust (Ogwueleka, 2025).
The blurring of the outcome of student work and artificial intelligence produced work from
automated feedback and the generation of content. GAIA-EDU employs hybrid models of
assessments and policies of disclosure to address these issues. However, in large or online learning
settings, the enforcement of these policies is difficult. The framework operates on the assumption
of adequate institutional monitoring and verification, which can pose issues in varying situations

Human-Al Balance and Pedagogical Limitations

One of the most difficult aspects of integrating Al into learning environments is balancing the role
of the human and the role of the machine. People can lose the ability to think critically, reflect, and
learn if they rely too heavily on Al, and they fail to maximize the potential of the technology if
they do not use Al. This can be viewed as a type of optimization problem, maxU =U(h, A)subject
toh > hmin, where U is educational utility, h is the amount of human cognition involved, and A
is the level of Al support. Since balancing these aspects differs across fields and different
educational entities, GAIA-EDU does not specify one balance point, and it attempts to provide
flexibility across educational and institutional boundaries, even if it can lead to some ambiguity
when balancing the competing sides.

Data Governance, Privacy, and Security

Al is constantly learning, and to do this, it needs a significant amount of information, such as
student records, learning artifacts, and other institutional documents. Utilizing this information
incorrectly can threaten the privacy, consent, ownership, and security of the data. GAIA-EDU uses
data governance as a cross-cutting layer, meaning data governance needs to be legally and ethically
sound in regards to the data being used. However, the amount of resources, regulations, and
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technology available to an institution can impact the amount of cross-cutting data governance an
institution uses.

Institutional Readiness and Organizational Constraints

GAIA-EDU believes that successful implementation depends on long-term support from the
institution, enough resources, and a culture that fits with the organization's values. Faculty
adoption may be impeded by skill deficiencies, insufficient funding, and resistance to change,
particularly in under-resourced institutions, which face greater challenges, potentially
exacerbating inequalities in higher education (Lynch & O’Riordan, 1998). This study does not
provide empirical validation because GAIA-EDU is still just a conceptual model. Its wide range
may also make it hard to use right away and let different institutions interpret it in different ways.
Table 5 gives a brief overview of the main problems and limits.

Table 5: Challenges and Limitations of GAIA-EDU

Challenge Area Key Limitation

Ethics Persistent integrity and bias risks
Pedagogy Risk of over- or under-automation
Governance Policy enforcement variability
Data Privacy and security constraints
Organization Uneven institutional readiness

GAIA-EDU also recognizes that the adoption of generative Al in higher education is not merely a
technical endeavor, but rather a socio-technical transformation. The process is fraught with ethical,
pedagogical, and organizational challenges, all of which require robust governance, stakeholder
collaboration, and institutional learning.

Conclusion

The adoption of generative Al is reshaping higher education, though current efforts have often
been partial and tool-centric. This paper introduces GAIA-EDU, a comprehensive framework
designed to facilitate the integration of generative Al into Al-enhanced academic ecosystems
within higher education. GAIA-EDU adopts a systems-oriented perspective, focusing on the fusion
of generative Al with teaching, learning, and institutional capacity building, all grounded in
human-centered and responsible Al governance principles. It provides a unified conceptual model
that encompasses teaching, research, administration, and strategic decision-making, addressing
key challenges related to scale, ethics, and institutional coherence. Rather than viewing generative
Al as a standalone tool offering isolated benefits, GAIA-EDU re-conceptualizes it as a value-
generating system tailored for the complexities of academic environments.
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