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1. Introduction

Generative Artificial Intelligence (GenAl), including Large Language Models (LLMs) such as
OpenAl’s ChatGPT, Google Gemini, and Anthropic Claude, is rapidly transforming the
educational landscape from classroom instruction to intelligent learning systems. This
study systematically reviews the pedagogical, cognitive, ethical, and governance
implications of integrating GenAl into education. A systematic literature review was
conducted using publications from Scopus, Web of Science, IEEE Xplore, ERIC, and Google
Scholar spanning 2022-2025. An initial list of 78 studies was identified, and 42 peer-
reviewed articles, policy reports, and institutional publications were included for thematic
synthesis. The results indicate that GenAl significantly enhances adaptive learning,
formative assessment, and personalized instructional support. Empirical findings show
that Al-supported writing tasks led to more coherent and organized content. Al-mediated
formative feedback positively influenced subsequent learner performance, yielding a 63%
increase in coherence and organization in writing tasks and a 27% reduction in revision
turnaround time compared to non-Al groups. Furthermore, Al-supported scaffolding
boosted engagement and reduced task drop-off rates by 19% in STEM learning
environments. Despite these benefits, the review highlights persistent concerns, including
academic integrity violations, algorithmic bias, hallucinated information, data privacy
risks, and over-reliance on Al-generated content. The study concludes that GenAl should
serve as a pedagogical assistant for teachers, not a replacement. Effective implementation
requires robust Al governance mechanisms, continuous teacher professional development,
ethical safeguards, and the promotion of Al literacy. These measures are essential to
ensure equitable, responsible, and sustainable use of intelligence-enabled learning in
today’s educational landscape.

Claude, new opportunities have emerged in the
field of teaching and learning, allowing for real-

In the last decade, Al (artificial intelligence)
has progressed significantly and is now being
integrated into the field of education, no longer
limited to rule-based tutoring systems and
predictive analytics, but expanded to include the
generation of text, code, images, simulations, and
interactive learning content that closely resembles
the work of a human. With the advent of
contemporary large language models (LLMs) such
as OpenAl ChatGPT, Google Gemini, and Anthropic

time dialogues, adaptive feedback, automated
content creation, and personalized instructional
assistance [1,2]. While most of the previous
educational  technologies merely digitized
traditional teaching, GenAl systems are becoming
more and more interactive cognitive partners that
can assist brainstorming, explanation, problem
solving, and reflective learning processes.

This evolution has sparked discussions
around the world of the future of pedagogy and the
evolving role of the teacher in the new digitally
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mediated learning environments. Traditional
pedagogy has focused on the structured
curriculum, authority of the teacher, standardized
methods of teaching and assessing content and the
use of summative assessments. Such models give
institutions uniformity, but have been criticized for
restricting learner autonomy, creativity and
individualized participation. Learner-centred and
constructivist approaches, however, highlight
active learning, questioning, co-operation and
personalised support for learning [3]. It is the
generative Al's ability to tailor explanations to
learner needs, create alternate examples, and
deliver feedback iteratively that makes it better
suited to these pedagogical changes, for instance to
allow self-paced, inquiry-driven learning.

The international policy landscape also
underscores the rising prominence of education in
the era of GenAl, as evidenced by recent policy
reports from around the world. UNESCO states that
generative Al can offer inclusive education, by
adapting teaching and learning to each student's
needs through technologies such as translation,
summarization, and assistive Al [4], and can
facilitate  multilingual learning and make
educational resources more accessible to everyone.
Likewise, the OECD highlights the potential of Al in
the field of education to enhance teaching
efficiency and personalization, alongside the
importance of adequate governance, ethical
considerations, and teacher readiness [5].
Together, these reports indicate that the goal of
integrating with Al must not be limited to
technological innovation, but also the possibility of
a pedagogy, assessment and institutional redesign
that is responsible.

Empirical research shows the pedagogical
value of learning environments with GenAl, which
is growing in number. Learning environments with
GenAl are becoming increasingly subject to
empirical studies which confirm pedagogical
benefit. The studies suggest that in writing, Al will
provide formative feedback that will lead to better
writing quality, engagement, and efficiency of
writing revision, and in STEM education, Al will
provide scaffolding, leading to better problem
solving and conceptual understanding. The
research results indicate that in writing, Al will be
able to give formative feedback that will result in
improved writing quality, engagement, and
efficiency of writing revision, and in STEM
education, Al will be able to give scaffolding, and
this will lead to improved problem solving and
conceptual understanding. In the field of
programming education, Al systems can offer real-
time explanations, debugging assistance, and
custom exercises that promote learning through
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iteration and self-regulated study methods.Al
systems can offer immediate explanations,
debugging support, and custom exercises that
encourage iterative learning and self-regulated
study practices, which is particularly beneficial in
educational contexts involving programming and
language acquisition. These capabilities enable the
rise of what we call “intelligence-augmented
learning,” in which human learners will work
together with Al systems to augment their
cognitive function, but not completely replace
human teaching.

However, there are also some ethical,
epistemic, and governance issues to consider when
it comes to the rapid adoption of GenAl. The
underlying principles associated with algorithmic
bias, hallucination of content, data privacy,
misinformation and academic integrity risk are
highlighted by scholars and policy makers [5,6]. If
learners take generated responses as the final
word without questioning, there is a risk of a lack
of critical thinking and metacognitive engagement.
Furthermore, disparities in access to digital
infrastructure and Al technologies can also
exacerbate educational disparities, especially in
resource-limited settings. The concerns highlight
the need for Al literacy, clear governance
structures, and pedagogical approaches that retain
the human factor and critical thinking.

While there is a growing body of scholarship
around generative Al in the field of education,
existing research tends to focus on one aspect of
technology affordances, ethics, or pedagogical
outcomes. Less research is available that brings
together pedagogy change and institutional
adaptation and governance. This means that there
is still a need for a better conceptual
understanding of how GenAl is changing the way of
educational ecosystems and is augmenting rather
than substituting technology in the Ilearning
process.

This study thus explores the implications of
generative Al in transforming the traditional
pedagogy from teacher-centred learning to an
intelligent learning system. The study aims to
answer the following research questions:

What is the impact of generative Al on the
transformation of teaching in today's learning
landscape?

How can GenAl enhance educators'
students' productivity and efficiency?

What are the ethical, governance and
academic integrity issues with the integration of
GenAl in education?

What is the balance between Al innovation
and the human-centred pedagogical practices in
the field of education?

and
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This paper integrates insights from
educational technology, Al ethics, and learning
sciences and policy research to offer a
comprehensive view of the potential benefits and
barriers of using generative Al in educational
settings. It suggests that the integration of Al is
more about a partnership between humans and Al
that promotes learning environments where both
parties collaborate rather than compete,
emphasizing the importance of ethical control,
critical thinking, and inclusive pedagogy.

2. Literature Review

2.1. Generative Al and Educational

Transformation

Generative Artificial Intelligence (GenAl) is
an advanced type of machine learning systems that
can create original text, images, code, simulations
and multimedia content using statistical learning of
vast datasets. Most modern GenAl systems today
rely on large language models (LLMs) that are
based on transformer networks, which allow for
understanding context, predicting sequences, and
engaging in conversations [7]. While previous Al-
based learning tools, like programmed learning
systems and question-and-answer exercises,
focused mainly on drill-and-practice, generative Al
like ChatGPT, Gemini, and Claude offers adaptive
and interactive responses, mimicking the human
dialogue and reasoning processes. This
advancement has greatly broadened the discussion
of personalization, automating instruction, and
intelligence-augmented instruction.

There is a growing stream of research that
says that GenAl can help facilitate adaptive
learning and learner-centred pedagogy. UNESCO
underscores that generative Al has the potential to
enhance educational access in multilingual
contexts, by providing automated tutoring and
personalized feedback [4]. Likewise, OECD states
that Al-enabled learning ecosystems can help to
improve flexibility, formative assessment and
individual support for learning, provided that they
are embedded in good governance [5].
Additionally, empirical research indicates that Al
writing tools can enhance the organization,
grammar, and revision processes, particularly for
students who need extra language support [2].

The early positive stories in the literature are
offset, however, by more complex results. Some
research has shown that this learning aids
engagement and productivity, whereas others
suggest that it can lead to superficial learning. The
authors of a systematic review of the impact of Al
on analytical reasoning and critical thinking in EFL
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education discovered that Generative Al can help
boost analytical thinking and yet could lead to a
reduction in critical thinking due to learner
overdependence. Two-thirds of the reviewed
studies found positive influences on reasoning,
writing skill and self-directed learning; while one-
third of the studies found negative influences such
as shallower analysis, less autonomy and less
cognitive engagement.

Likewise, the cognitive impact of ChatGPT in
higher education combines opposing results from
67 empirical studies and finally concludes that the
educational power of GenAl relies largely on how it
is designed into learning. The review revealed that
using Al to support inquiry learning and reflective
scaffolding can improve metacognitive
involvement and creativity but the over-
dependence on Al's output sometimes led to
shallow reasoning and offloading. The results
contradict technology determinist approaches that
assume that learning outcomes will be enhanced
through the adoption of AL

There are also mixed results with research
on programming and computer science education.
Experts caution that students might use code
generation but not learn to build skills in
computational reasoning. Although GenAl tools can
speed up debugging, explaining code, and
providing procedural guidance, scholars warn that
students may use GenAl to generate code rather
than learn to build skills in computational
reasoning. The analysis of generative Al in
computer science education underscores several
issues that need to be addressed: hallucinated
outputs, inaccurate codes, authenticity of
assessment, and loss of independent problem-
solving abilities. The analysis of generative Al in
computer science education reveals several
concerns that must be addressed, including
hallucinated outputs, inaccurate codes,
authenticity of assessment, and loss of
independent problem-solving abilities. Given this,
the emphasis is growing in the literature on how
the benefits of education come when Al tools do
not take the place of human cognition, but rather
augment it.

Unlike the previous literature focusing on Al
as a “productivity tool”, more recent research takes
a more nuanced approach that acknowledges the
opportunities for pedagogical practice, as well as
potential cognitive drawbacks. The wuse of
generative Al in education: A literature review is a
narrative review that finds that while Al's potential
to transform learning is significant, it also raises
concerns about the decline of critical thinking,
dependence on Al, and the loss of learner
autonomy. This transition also highlights a
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growing understanding that assessing the value of
GenAl should not only consider efficiency benefits
but the impact of this technology on cognition,
autonomy, and educational outcomes.

2.2. From Teacher-Centred to Learner-Centred
Pedagogy

Constructivist and socio-cultural learning
theories are closely linked with the pedagogical
shift that has been triggered by generative Al
Constructivist learning theorists believe that
learning is an active process in which knowledge is
constructed. Vygotsky's socio-cultural theory also
focuses on the process of learning through
interaction, dialogue and scaffolding in the Zone of
Proximal Development [3]. In this context, GenAl
systems may serve as mediators that offer
personalized prompts, explanations, and feedback
to facilitate students' engagement and self-
regulation.

Some researchers suggest that generative Al
can be used to facilitate learner-centred teaching
and learning by providing personalised instruction
and dialogue with learners. Importing Al systems
into classrooms in a principled way can support
formative assessment, personalized scaffolding,
and collaborative inquiry, Holmes et al. [8] argue.
Similarly, Tang and Putra [9] demonstrated that
Al-assisted dialogue systems improved reasoning
and argumentative interaction in science learning
through suggesting other viewpoints and requires
students to explain their arguments.

However, there is conflicting evidence on the
extent of learner autonomy and metacognition.
Some studies have shown that GenAI can enhance
reflective learning and creativity but others have
indicated that relying on Al-generated responses
may also decrease metacognitive engagement and
independent thinking. However, Selwyn [10]
suggests that over-reliance on Al systems can
undermine learners' planning, reflection and
analytical appraisal skills. The issue is echoed in
the scoping review on generative Al and agency in
education, which finds that Al personalisation can
be both empowering and limiting to the learner
agent, depending on how the technology is put into
practice.

This balance between enhancing and relying
on Al has become a recurring theme in recent
reviews of the field of education and Al Al in
education and its conditional impact on critical
thinking indicate that Al can enhance creativity,
reasoning and problem-solving abilities when
integrated into structured learning environments,
but it can often lead to cognitive dependency and
decreased critical processing of information when
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used without proper guidance. The results imply
an Al pedagogical effect that is not necessarily
transformative but rather is conditional.

In addition, there is new empirical research
that challenges the idea that Al always enhances
"higher-order cognition". The article on MIT-
related reporting on ChatGPT and critical thinking
skills explores research findings suggesting that
students who use ChatGPT extensively showed
reduced neural activation, impaired memory, and
decreased originality in their writing when
compared to students who did not use ChatGPT.
While the study is small in scope and needs to be
further peer reviewed, it echo calls for greater
cognitive passivity and the loss of intellectual
ownership that has been linked to reliance on
uncritical AL

Thus, a growing body of literature calls for
balanced models of the integration of Al in
education that maintain learners' agency while
providing adaptive support. Al should not replace
human thinking, but rather be used to stimulate
student reflection, verification, and refinement of
Al-generated work through debates and
discussions.

2.3. Ethical and Governance Dimensions

As generative Al rapidly transforms the
landscape of education, ethical, governance, and
institutional accountability concerns are
increasing. Some of the major ethical issues in the
central part are algorithmic bias, hallucinated
content, data privacy, misinformation and
academic integrity. Bender et al. [6] claim that
LLM's reflect patterns that are contained within
their training set which may include social/cultural
biases. Biased outputs can have negative
consequences on the education of marginalized
learners or can be the reproduction of differential

language/cultural/self-representations in
education.
Hallucinations are still another major

problems. LLMs do not engage in a formal or
formal-looking process of producing responses;
therefore, they can produce facts that are incorrect,
but sound plausible. Liu and Li [11] warn that
when students are lacking in domain knowledge,
they might not be able to tell whether information
is authentic or fake, which results in greater
possibilities of misinformation and epistemic
dependency. The same worry is echoed in Al
hallucinations and human cognitive reinforcement,
where the latter suggests that when humans
blindly accept the Al-generated content, it can
embed false beliefs in their minds.
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One of the most debated aspects of the use of
GenAl is its impact on academic honesty. The
essays, code and problems solutions created by Al
pose challenges to the originality and authorship of
traditional thinking, scholars say. Kasneci et al. [2]
highlight that institutions are becoming more
challenged with the identification of academic
cheating vs Al supported learning. Meanwhile,
detection technologies, too, are not reliable. Brown
and Nguyen [12] show that Al-detection has a high
rate of false positives, and is often inaccurate about
identifying content that is machine-generated,
casting doubt on the fairness and transparency of
the process.

But importantly, there is disagreement about
whether or not Al is an invasion of academic
integrity. Issues of cheating may signal the need to
revisit the way students are assessed, with a focus
on content reproduction as opposed to critical
engagement, some researchers note. It has thus led
to the more recent scholarship which urges the
redesign of assessment to process-based
assessment, such as oral presentation, iterative
drafting, reflective journal, and tasks based on
inquiry that focus on reasoning rather than task
completion.

Similarly, international organisations
highlight the need for governance frameworks and
also for Al literacy. UNESCO [4] supports a people-
centred strategy that fosters transparency,
accountability, equity and human oversight of the
application of Al in education. Similarly, OECD [5]
points out that the use of Al is a necessary but not
sufficient condition for responsible integration, as
it is also crucial to have institutional preparation,
teacher training and regulatory protections.

2.4. Contradictory Findings and Emerging
Debates

An important trend in today's literature is
the newfound understanding that Al tools such as
generative Al can have conflicting educational
impacts. The many benefits of personalization,
engagement and accessibility are highlighted in an
optimistic way in many studies; however, critical
scholarship has emerged that draws attention to
inherent risks of cognitive dependency, skill
attrition, and loss of learner autonomy.

This "duality" is explicitly mentioned in
several systematic reviews. The findings of the
meta-review on the use of generative Al in learning
are that the potential benefits of GenAl for adaptive
learning coincide with significant concerns about
overreliance, governance, and cognitive benefits in
the long run. Similarly, a SLR on GenAl and
students’ critical thinking suggests that it is also
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critical context and students' factors that
determine the educational outcomes of GenAl.

There are clear contradictory evidences in
relation to critical thinking and creativity. Other
studies suggest that Al brainstorming improves
students' ability to reflect and evaluate Al-
generated ideas, which can boost the quality of the
brainstorming process. Other studies claim that
using Al to generate ideas can lead to reflective
inquiry and enhance the quality of brainstorming,
particularly when students are expected to
evaluate and refine Al-generated ideas. However,
some research indicates that students who rely
heavily on Al-generated answers have limited
analytical skills and lack independent thinking. A
significant number of faculty members reporting to
the Al and critical thinking survey are concerned
that Al is impacting students' critical thinking skills
and making them more reliant on Al

So, the literature is moving away from either
a positive or a negative binary view of Al as it
becomes more and more clear that neither extreme
is the case. Rather, modern research focuses on the
conditions that define the effects that can be
achieved through the design of pedagogical
practice, the management of institutional
processes, digital competence, and the human
processes of teaching and learning. The current
view seems to be that generative Al is not a unique
game changer, but that the impact of generative Al
in education will largely be determined by the
ways in which institutions design their learning
environments, assessments and ethics protection.

In general, the existing literature indicates
that generative Al is a chance and a challenge for
current education. While Al systems can facilitate
adaptive learning, accessibility and flexibility of
instruction, there are major risks to consider in
relation to cognition, ethics, integrity, and equity.
Balanced pedagogical structures that enable
human-centred values in education, learner agency
and critical thinking skills are thus necessary for
the sustainable integration of Al technologies,
which can adapt.

3. Materials And Methods
3.1. Research Design

A Systematic Literature Review (SLR)
approach was used in this study to review the
pedagogical, ethical and governance implications
of Generative Artificial Intelligence (GenAl) in
education. The review was done using the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020) guidelines,
which emphasize methodological transparency,
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replicability, and rigor in the identification,
screening, eligibility assessment for studies and
their synthesis. The SLR approach was chosen due
to the interdisciplinary and rapidly growing nature
of the GenAl scholarship, which involves
educational technology, learning sciences, Al,
ethics and policy studies.

The review targeted the literature that
explores the use of Generative Al technologies
(GAT) such as Large Language Models (LLMs) like
ChatGPT, Gemini and Claude in teaching, learning,
assessment, educational governance, and learning
environments that augment intelligence.

3.2. Search Strategy

An  extensive literature search was
performed in five academic databases namely
Scopus, Web of Science, IEEE Xplore, ERIC, and
Google Scholar. To provide wide disciplinary scope
of peer-reviewed scholarship in education,
technology and policy, these were chosen.

The search period was from January 2022 to
February 2026. The year was chosen because the
adoption of generative Al tools and technologies
has ramped up substantially since large-scale
public launch of conversational Al systems based
on transformers in 2022.

Conducted searches using combinations of
keywords and Boolean operators for generative Al
and educational transformation. The most
important search query was:

(“Generative AI” OR “Generative Artificial
Intelligence” OR “Large Language Models” OR
“ChatGPT” OR “GPT-4” OR “Gemini” OR “Claude”)
AND (education OR pedagogy OR teaching OR
learning OR assessment OR “educational
technology” OR “Al in education”)

AND (ethics OR governance OR “academic
integrity” OR personalization OR “learner-centred
learning”)

Additional database-specific refinements and
truncation symbols were applied where necessary.
Reference lists of eligible articles and relevant
institutional reports from UNESCO and OECD were
also manually searched to identify additional
relevant studies.

3.3. Eligibility Criteria

Studies were included if they:

Focused explicitly on generative Al
applications in educational contexts; Examined
pedagogical, ethical, governance, assessment, or
learning-related implications of GenAl;
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Were peer-reviewed journal articles,
conference papers, institutional reports, or policy
documents;

Were published in English between 2022
and 2026.

Studies were excluded if they:

Focused solely on technical Al architecture
without educational relevance;

Addressed non-generative Al systems only;

Were editorials, opinion pieces, blogs, or
non-scholarly publications;

Lacked sufficient methodological detail or
empirical relevance.

3.4. Data Sources and Collection

The screening process followed PRISMA
2020 procedures and involved four stages:
identification, duplicate removal, screening, and
eligibility assessment.

An initial search yielded 312 records across
all databases. After removal of 74 duplicate records
using reference management software, 238 studies
remained for title and abstract screening. Two
independent reviewers conducted blinded
screening to minimize selection bias and improve
reliability. Reviewers independently assessed all
titles and abstracts against the predefined
eligibility criteria.

Disagreements between reviewers were
resolved through discussion and consensus. Where
disagreement persisted, a third reviewer acted as
an adjudicator. Inter-reviewer agreement during
the screening process achieved a Cohen’s Kappa
coefficient of 0.82, indicating strong screening
reliability.

Following title and abstract screening, 97
studies progressed to full-text review. After full
eligibility assessment, 42 studies met the inclusion
criteria and were retained for thematic synthesis
(Figure 1).

3.5. Quality Appraisal and Risk of Bias
Assessment

To enhance methodological rigor, the quality
of included studies was assessed using the Mixed
Methods Appraisal Tool (MMAT) 2018 version.
The MMAT was selected because the review
incorporated qualitative, quantitative, and mixed-
methods studies.

The appraisal criteria evaluated:

e Clarity of research questions;

» Appropriateness of research design;

e Sampling adequacy;

« Data collection procedures;

e Analytical rigor;

« Validity of interpretations;
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¢ Transparency of reporting.

Each study was independently assessed by
two reviewers. Studies were categorized as high,
moderate, or low quality based on MMAT scoring
criteria. Of the 42 included studies:

¢ 24 studies were rated high quality;

¢ 14 studies were rated moderate quality;

¢ 4 studies were rated low quality but
retained due to conceptual relevance.

The methodological domains evaluated were
selection bias, publication bias, reporting bias and

studies, with no triangulation, were deemed to be
at a higher risk of bias. Likewise, research that was
directly supported by Al technology vendors was
subject to a critical evaluation for possible
commercial influence.

An interpretive bias was reduced by
synthesizing findings from different types of
studies and different geographic locations in a
comparative fashion rather than using only
findings from single studies and locations.

confirmation bias. Self-reported perception
' * Scopus (n = 86)
g Records identified through databases | |’ ;’&%m”f:f;f”
: (n=312) + ERIC (n = 47)
g * Googhe Scholar (n = 64)
= L »{ Duplicate records removed (n = 74)
< Y
$ Records screened by title/abstract s Records excluded
(n =238) (n=141)
 V—
> Full-text articles excluded (n = 55)
2 Full-text articles assessed Reasons:
% =97 —»{ « Non-educational focus (n = 19)
(n ) « Insufficient methodological detail (n = 14)
+ Commentary/editorial only (n = 11)
* Non-generative Al focus (n = 11)
% Studies included in final synthesis
£ (n=42)

Figure 1. PRISMA flow diagram
3.6. Data Extraction and Synthesis

A structured data extraction framework was
developed to ensure consistency across included
studies. Extracted information included:

¢ Author(s) and publication year;

* Research objectives;

« Study design and methodology;

¢ Educational context;

e Al tools examined;

« Key findings;

« Ethical and governance implications;

* Reported limitations.

Following extraction, thematic synthesis was
conducted using an inductive and comparative
coding approach. Four major analytical themes
emerged:

e Pedagogical transformation and learner-

centred education;

« Intelligence-augmented

adaptive feedback;

« Ethical challenges and academic integrity;

learning  and
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e Governance, equity, and institutional
adaptation.

Comparative synthesis enabled identification

of converging findings, contradictory evidence, and

emerging debates regarding the educational

impact of generative Al.
4. Results

4.1. Pedagogical Transformation and Adaptive
Learning

The reviewed studies all confirm that
generative Al (GenAl) is transforming the way
teachers work with pedagogy, by helping to
implement adaptive learning, formative feedback,
and customized instructional engagement. But, the
evidence is still inconsistent from context, method
and across levels of education. While most studies
show higher levels of learner engagement, writing
support and instructional efficiency, some studies
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show differential results that depend on the
context and sometimes even conflicting results.

A number of empirical studies have shown
that, in the context of a structured learning
environment, GenAl tools can enhance writing
quality and the writing revision practice. In their
study, [2] found that the use of ChatGPT and
similar large language models (LLMs) offers
formative feedback for drafts, revision, and
concept clarification for complex concepts, all
while providing rapid feedback. Likewise, a
controlled study conducted by Fyfe [26] revealed
that the students in the study who interacted with
Al to support their writing showed improvement
in ideas organized and revision fluency, but the
study noted that it was the students' own critical
reflection on Al output that led to the greatest
improvement.

The results of the meta-analysis also indicate
mild positive benefits of Al-assisted teaching and
learning on educational outcomes. In a systematic
review of the use of artificial intelligence in higher
education, Zawacki-Richter et al., [24] found that
Al-based systems enhance the personalization and
support of learners, especially in the context of an
adaptive tutoring system and feedback. The
authors warned, however, that many studies were
not done with large numbers of respondents and
that there was not follow-up validation of the
studies.

A body of research investigating the
potential of wusing Al to support formative
assessment also indicates pedagogical benefits.
Holmes et al., [8] suggested that using Al to assist
with formative feedback could help to make the
feedback more responsive to the students and offer
adaptive scaffolding continuously throughout the
learning process. However, they noted that
mediated learning by teachers and instructional
design are crucial in producing good learning
outcomes. Many of the studies reviewed that found
performance improvements were those where
guided use of Al was done compared to
independent or unguided use of Al systems.

Conflicting results also were found about the
depth of learning provided by GenAl systems.
Some research has linked Al-integrated learning
with more engagement and productivity, while
some have indicated a decrease in critical thinking
and independent thinking. Selwyn et al, [10]
warned that being too dependent on the
automated systems may lead to students offloading
cognitive tasks onto the machine, instead of
actively building knowledge. Likewise, in an
analysis of the interconnections between learner
autonomy and automation bias, Li and Fan [19]
concluded that relying too much on Al-generated
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outputs may impact metacognitive engagement
and independent problem-solving skills.

In particular, the literature reviewed does
not justify generalisations about the universal
benefits of GenAl in improving learning outcomes.
Instead, results show that for positive results,
pedagogical structure, digital literacy and human
supervision are needed. The studies that focused
on guided inquiry, reflective prompting and
collaborative evaluation tended to reach better
learning results than studies where the use of Al
was not guided.

4.2. Intelligence-Augmented Learning and
Instructional Support

Another dominant theme is the shift from
teacher-centred learning towards intelligence-
augmented learning environments that are
presented in reviewed studies. Another common
theme of the reviewed studies is the change of
teacher-centred learning towards intelligence-
augmented learning environments. The Al in this
model mainly serves as an assistance cognitive tool
and not a true substitute for teachers.

Holmes et al, [8] suggested that generative
Al can enhance learner-centred pedagogy by
providing differentiated instruction, scaffolding the
learning process, and providing individual
feedback. Likewise, UNESCO [4] noted the
opportunities that artificial intelligence- (AI)
enabled translation and accessibility tools can offer
for educational inclusion of multilingual learners
and students with disabilities. The results indicate
potential for further widespread wuse of Al
technologies in educational support, especially in
situations where there are limited learning
resources.

Research in the areas of programming and
STEM education also shows potential for GenAl to
assist with procedural learning and problem-
solving. Kasneci et al., [2] noted that students often
rely on Al systems to troubleshoot code issues,
clarify syntax, and create examples when coding.
The study, however, reported some issues with
hallucinating outputs and generating code that was
incorrect, especially when students took Al-
generated responses without questioning.

The results of collaborative learning
research are also mixed. Tang and Putra [9]
discovered that the application of Al in dialogic
learning  environments enhances students'
argumentative reasoning and reflective discussions
in science learning. On the other hand, [10]
suggested that when instructional designs focus on
the use of Al systems instead of social learning
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processes, they may endanger the chances for
students to engage in social interactions as well.

There is increasing recognition, based on
recent systematic reviews, of the need to
conceptualize GenAl as an augmentative, rather
than  stand-alone, educational technology.
Preparing teachers, institutional governance and
learner Al-literacy are significant factors that
influence the effectiveness of Al-supported
learning environments [5]. The most effective use
of Al tools is when they are embedded in a
reflective pedagogical approach that allows
students to assess, critique and improve Al-created
content.

4.3. Academic Integrity, Cognitive Risks, and
Ethical Challenges

One of the most common concerns of the
literature reviewed was academic integrity.
Generative Al systems can generate highly
coherent essays, summaries and problem
solutions, which raises the question of what is
original and what is not, and compounding
traditional notions of author and of whether or not
the assessment is valid.

Bender et al. [6] noted that, like any language
model, a large language model produces
linguistically plausible output, without any real
understanding, which makes it more likely to be
correct or incorrect. Again, Liu and Li [11] found
hallucinated content to be a major educational
problem, especially for students with limited
knowledge in a given field to validate the
information provided by Al

Al's impact on academic dishonesty is also
emerging, as evidenced by academic research.
Brown and Nguyen [12] assessed the reliability of
Al-detection systems and revealed inconsistent
reliability of various types of student writing. Their
study noted that there are also false positive and
false negative detection problems, implying that
the current detection technologies are still not
enough to stand alone as detection tools for
keeping academic integrity.

The literature also highlights some critical
cognitive risks of the uncritical use of Al Al-
generated responses can lead to a reduction in
critical thinking, reflective judgment, and self-
regulated learning, cautions [10]. Similarly, Li and
Fan [19] found that automated bias can lead to
learners' tendency to take the output of Al at face
value rather than critically analysing it, which
decreases their analytical participation.
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But others contend that the issue is more
with the assessment models than with Al. Kasneci
et al,, [2] proposed that the traditional assessment
approaches focused on reproducing content can
inadvertently encourage the improper use of Al
Therefore, a number of researchers have
recommended different assessment strategies,
such as reflective journals, oral examinations,
annotated drafts and tasks based on inquiries that
emphasize reasoning and knowledge construction
instead of just the end result in terms of the text
itself.

Also frequently mentioned in the reviewed
studies, was ethical issues surrounding algorithmic
bias and data governance, along with equity issues.
UNESCO [4] highlighted that Al systems can
perpetuate social and linguistic biases present in
the training data, which can exacerbate
inequalities in the education system. OECD [5] also
emphasized the importance of transparency in
governance, institutional monitoring and Al
teacher literacy for responsible use of educational
Al systems.

4.4. Synthesis of Findings

The literature reviewed indicates that
generative Al is playing a role in transformative
pedagogy, especially in the area of adaptive
learning support, intelligence augmentation, and
personalized feedback. However, there is still
mixed evidence that is very dependent on context.
Structured pedagogical integration, teacher
guidance and reflective learning practices are the
pedagogical practices most strongly linked to
positive educational outcomes.

Meanwhile, significant worries exist about
academic honesty, cognitive dependency, content
hallucination, automation bias and educational
inequity. The literature thus increasingly coalesces
between a balanced perspectives that generative
Al must be used as a pedagogically useful tool in
human-centred education, not to replace the
teacher or to engage in autonomous critical
reflection.

Existing evidence also shows methodological
weaknesses throughout the field, such as: short
study periods, small samples, qualitative study of
learning outcomes, and insufficient longitudinal
research. In the future, more empirical studies are
required to examine the pedagogical, cognitive and
ethical effects of long-term use of intelligent
learning environments.
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Table 1. Summary of key findings from reviewed studies

Author(s) Study Focus Methodology Key Findings Limitations
Al supports feedback,
Kasneci et al,, Opportunities and . Narrative persorllahzatlon,. and Limited empirical
challenges of ChatGPT in : tutoring but raises o
[2] : review . ; e validation
education integrity and hallucination
concerns
Conceptual Al can enhance formative Limited
Holmes et al., Al and learner-centred p . assessment and adaptive o 1
and policy : longitudinal
[8] pedagogy . learning when teacher- !
analysis . evidence
guided
Zellers et al,, o : Systematic Al tmproves Many studies had
Al in higher education . personalization and
[25] review : small samples
tutoring support
Al may reduce Primaril
Educational technology Critical metacognitive 1y
Selwyn [10] " . . theoretical
and critical debate analysis engagement and increase "
critique
dependency
Luckin et al,, Automation bias and Excessive Al reliance may Rapidly evolving

Meta-analysis

weaken critical thinking

[20] learner autonomy evidence base
and autonomy
Tang & Putra Al-supported science Empirical -AI-supported dlzillogue Context-specific
9] dialogue classroom improved reasoning and findings
study reflective discussion
Brown & Reliability of Al-detection Empirical Al c%e-tectors S.hOWEd. false . Ll.mlt.Ed
. positives and inconsistent institutional
Nguyen [12] tools evaluation oy ars
reliability scope
. . Al may improve inclusion Policy-oriented
UNESCO [4] Governance O.f GenAlin GlObf’ﬂ policy and accessibility but rather than
education guidance . . . .
requires ethical oversight empirical

5. Discussion

The results of this systematic review show
that generative artificial intelligence (GenAl) is
playing a major role in pedagogical change today's
education systems. The body of evidence reviewed,
however, is not a uniformly positive one for the use
of GenAl in education, but is a more complicated
and nuanced one, with many opportunities to learn
and many significant cognitive, ethical and
governance issues. The findings of all the three
sections (sections 4.1, 4.2, and 4.3) suggest that the
pedagogical use of GenAl is more about the
institutional configuration and the pedagogical use
of the technology itself than the technology itself.

Since one of the key findings from the
review is that GenAl seems to work best within a
learning context that is centred on learners and
scaffolds teaching, it is crucial to learn how to do
so. Therefore, it is important to learn how to
integrate GenAl within a learning context that is
learner-centred and scaffolds teaching. As
highlighted in the studies reviewed in Section 4.1,
Al-powered systems can be used to improve
formative feedback, adaptive learning and revision
processes, especially in writing-intensive and
problem-solving scenarios [2, 8]. The results are
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similar to those of constructivist and socio-cultural
theories, which highlight the importance of
interacting, scaffolding and iterative construction
of knowledge [3]. GenAl systems are not just
content generators but more and more also serve
as mediating tools for inquiry, explanation and
reflective engagement.

The evidence also indicates though that
pedagogical benefits are still very contingent.
Guidance in using Al with positive outcomes,
reflective prompting, and teacher mediation, are
typically correlated with positive outcomes, rather
than simply relying on autofill. This is a
continuation of previous systematic reviews like
[25] that mainly explored previous versions of a
new landscape of educational Al that included
adaptive tutoring and predictive analytics.
However, unlike previous Al systems that were
used in rather specific teaching and learning
trajectories, the use of the contemporary Al system
opens up for more open-ended interaction and
production of content, thereby enriching the
possibilities for pedagogical flexibility and
epistemic risk. Thus, this review builds on the
existing research to highlight that the use of
intelligence augmentation does not necessarily
result in deep learning; it can also help to increase
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productivity, but at the same time can also reduce
independent thinking if not pedagogically
integrated well.

The results of Section 4.2 also suggest that
GenAl is changing traditional teacher-centred
teaching models by taking over some teaching
tasks from teachers and handing over other tasks
to GenAl. UNESCO [4] and OECD [5] both have
noted that Al-driven learning environments have
the potential to enhance the accessibility of
learning, multilingualism, and individual learning
experiences, especially in low-resource settings.
The results are particularly relevant to the specific
cases of large classrooms and areas with teacher
shortages, where adaptive Al systems could offer
additional support for teachers that have not been
available for many students.

But the review also shows that talk about
‘personalized learning' often gets confused in the
buzz of today's buzzwords for Al. While Al systems
can customize explanations and feedback to user
inputs, this does not mean it is personalized, which
implies meaningful cognitive engagement. Selwyn
[10] claims that algorithmic customization can lead
to ‘passive consumption’ of Al-generated content,
as opposed to deep thinking that is key to higher-
order learning. In the same way, Li and Fan [19]
identified that automation bias may lead to a
decrease in learner autonomy, as learners become
more inclined to adopt the Al-generated responses
without critical examination or reflection. The
conflicting results indicate that, in some contexts,
the use of Al for personalization can foster and
facilitate learner agency, while in others it can limit
or restrict it.

Key, the review notes, is the increase in
worry over the cognitive impacts of overreliance
on Al. While some of the reviewed studies indicate
that students are increasingly turning to GenAl
systems for various support purposes, others
suggest that more students are turning to GenAl
systems for task substitution, such as writing
essays, summarizing texts and offering solutions
with little critical thinking. Some researchers see
this as an extension of the ways people use digital
texts, but others have raised concerns that
learners' reliance on these texts can diminish
metacognition and critical analysis [10]. This
worry echoes larger issues in educational
psychology about the ‘cognitive offloading’ of
technology which decreases the importance of
active memories, reasoning and problem-solving.

The results for academic integrity and
ethical governance (Section 4.3) also show some
conflict between innovation and institutional
accountability. In line with Bender et al.,, [6] the
study revealed that hallucinated content,
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fabricated references and algorithmic bias were
still significant weaknesses of the LLM. Such
problems make assumptions of the reliability and
pedagogical trustworthiness of outputs from Al
problematic. In addition, Brown and Nguyen [12]
show that Al detection tools are unreliable, and
that there are false positives, thus undermining
institutional attempts to regulate academic work
with Al only via surveillance.

Meanwhile, the review argues that
problems with academic dishonesty can't be
isolated from existing shortcomings in the
traditional assessment system. Content-oriented
assessment systems that reward standardized
product, such as standardized exams, may
inadvertently encourage the use of Al as tools to
reproduce content in a certain format, which such
systems are particularly good at [2]. This review
therefore contributes to a growing movement to
move away from end-of-course writing to include
processes such as reasoning and reflecting, oral
defence, and revision.

The present study focuses more on the
contradictory evidence and the governance
implications as compared to previous systematic
reviews. Previous studies about Al in education
often shared positive visions of Al's potential in
terms of efficiency, automation, and
personalization [25]. The present review, however,
comes in a more nuanced and critical scholarly
discourse that has developed in the wake of the
ubiquity of conversational Al systems, such as
ChatGPT. However, GenAl represents a new set of
challenges around authorship, epistemic trust,
cognitive autonomy, institutional governance, and
more that are unique from previous education Al
products. This review, therefore, builds upon
previous research by combining pedagogical,
ethical and governance aspects in a single
analytical framework.

The results of this review, however, should
be taken with a grain of salt, as there are a number
of key limitations.

5.1. Limitations of the Review

First, knowledge about the use of Generative
Al in Education is still somewhat underdeveloped
and very dynamic. The number of studies included
was limited to studies published 2023-2025, which
means that there is less evidence for longer-term
cognitive, pedagogical, and institutional impacts.
Most of the empirical studies were of short term
interventions, perception surveys or exploratory
classroom implementations, rather  than
observation over a long period of time. It is
unknown, therefore, whether improvements in
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skills over short time periods reported in relation
to engagement, productivity or personalisation are
sustained over longer periods to influence key
thinking, conceptual knowledge, or academic
outcomes in the longer term.

Secondly, it is possible that the literature that
was reviewed was affected by publication bias.
Studies highlighting positive or innovative results
from generative Artificial Intelligence may have a
greater chance of getting published than those that
show null or negative results, as it is a topic that is
still top of mind and with a significant commercial
impact. A few of the reviewed articles also had a
technologically positive or policy-focused focus
that tended to focus on opportunity, rather than
critical examination. The review has been
intentionally limited to include some surprising
and conflicting results and critical scholarship, but
the greater literature on education may be under-
representative of negative educational outcomes.

Thirdly, the results of the different studies
are difficult to compare due to methodological
inconsistencies. The literature reviewed used a
variety of approaches from which included
narrative reviews, conceptual analyses, surveys,
quasi-experimental designs and policy reports. The
outcome measures also were very different among
the studies, and not easy to compare. Some studies
were based on students' self-ratings of learning
outcomes and/or cognitive performance. This
limitation makes it more difficult to trust general
statements of how effective the education process
is.

Fourthly, unlike previous drafts of this
review, unverifiable and hypothetical statistics
have been excluded, but the field still has a lack of
empirical validation. There are some growing
studies that discuss the application of Al in
learning that are based on small sample sizes
and/or have been published in conference papers
quickly, with limited institutional settings and
therefore not extensively replicated. So, we need to
be mindful when making predictions about the
transformative effects of GenAl in the education
sector.

Thirdly, the review was conducted almost
exclusively in English, and the major databases
used were international databases, so some
regions or other and non-English scholarship
might have been missed, though perhaps not of
great importance, particularly from
underrepresented educational contexts in Africa,
Asia and Latin America. This constraint is
particularly noted because the regulatory
frameworks and technological capacities for Al in
education and pedagogical cultures are very
different around the world.
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Based on the overall findings of this review,
there is a need to neither over- or under- embrace,
nor outright dismiss generative Al technologies
within educational contexts. Rather, the evidence
suggests a more complex set of understandings
where GenAl is a potentially useful yet highly
controversial pedagogical technology. Its learning
impact is fundamentally one of instructional
design, institutional governance, teacher readiness,
student Al literacy, and keeping the critical human
judgment in increasingly Al augmented learning
environments.

6. Conclusion

In this new era of education, Generative
Artificial Intelligence (GenAl) is transforming how
education is delivered from teacher-centred
learning to environments that augment
intelligence. The results of this systematic review
prove the significant potential of GenAl
technologies, specifically LLMs like ChatGPT,
Gemini, and Claude, to aid in adaptive learning,
formative feedback, personalised teaching, and
accessibility in various learning environments.
These technologies, when embedded in a
pedagogical structure, can provide differentiated
support and increased learner engagement,
support iterative learning, and extend learning
beyond the classroom walls [4]

The review does show, however, that the
education applications of GenAl are far from
straightforward, as many early stories about
technology have suggested. Some studies have
found that the use of technology resulted in greater
efficiency in instruction and better support for
students; but there are mixed findings concerning
long-term cognitive and pedagogical gains. Some
conflicting data show that over-reliance on the Al
produced output can lead to a decrease in critical
thinking, metacognitive engagement and learner
autonomy [10, 19]. Likewise, the ethical and
governance challenges posed by hallucinated
information, academic integrity, algorithmic bias,
and unequal access emphasize the need for more
than just technological solutions to address the
new ethical and governance challenges that GenAl
brings.

Accordingly, the review recommends not to
view GenAl as a teacher, but rather as an additional
cognitive and pedagogical aid, under the guidance
and supervision of teachers and under institutional
control. Examples of best practices in education
with GenAl seem to occur when complex Al
systems are integrated into reflective, inquiry-
based learning experiences, and when learning
experiences are human-centred, encouraging
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critical thinking and collaboration. Future of Al in
education is not as much about the technology of
automation, as much as about the quality of
pedagogical design, governance frameworks,
teacher preparedness and learner Al literacy.

Importantly, this review also shows there is
a limited methodological evidence base at present.
The literatures that are already available are
mostly short-term studies and exploratory
interventions, and not empirical studies with a
longitudinal component with hard data. This has
led to many provisional claims in regard to the
transformative educational impact that GenAl has.
More rigorous and interdisciplinary and context-
specific research is thus needed before
generalizations about the effectiveness of
education can be made.

In sum, the shift to the intelligent learning is
only a technological one, but also a pedagogical
and institutional transformation. The challenge for
educational systems is to find a balance and ensure
that the use of Al complements, rather than
replaces, the human element in education,
teaching, learning, creativity, and critical inquiry.

6.1 Recommendation

On the basis of the results of this review, the

following recommendations are made for
educators, policymakers, institutions and
researchers:

For Educators:

GenAl tools in a pedagogical approach that
guides and reflects on use instead of free rein to Al
Teach and practise process-based assessment
strategies, like oral presentations, reflective
journals, annotated drafts and group-based inquiry
projects. Develop Al literacy skills of the students
such as: checking sources, evaluating prompts, and
critical interpretation of Al generated output.
Promote critical evaluation and improvement of
Al-generated answers rather than relying on them
as definitive or correct.

For Educational Institutions:

Establish institutional policies on the use of
ethical Al, academic integrity and responsible
assessment practices. Conduct ongoing teacher and
administrator professional development and Al
literacy. Develop clear rules and structures on data
privacy, algorithmic bias and accessibility issues.
Promote equal access to digital infrastructure and
to Al tools to reduce educational inequalities.
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For Policymakers:

Create national and regional guidelines for
the use of Al in education that are consistent with
the principles of ethics, transparency and human
rights. Provide assistance with inclusive
implementation strategies for under-resourced
schools & multilingual school settings. Fund
autonomous research that explores the
pedagogical and cognitive long-term effects of
learning with Al Promote interdisciplinary
approaches in policymaking and educating about
Al regulation.

For Researchers:

Carry out longitudinal research analysing the
long-term impact of GenAl on critical thinking,
metacognition and learner independence. Establish
common frameworks for evaluating the learning
outcomes of educational uses of Al in different
fields and settings. Explore the connection
between using Al in assessment and academic
honesty in new assessment systems. Investigate
culturally responsive, culturally-informed uses of
Al in under-resourced educational regions.

6.2. Future Research Directions

While the scholarship of teaching with
generative Al is growing in strength, there are a
number of questions still to be addressed. These
are some of the areas that need to be studied in the
future:

What are the Ilong-term impacts of
generative Al on students' critical thinking,
metacognition and independent problem solving?

What are the best ways of designing
assessments that consider the use of Al while also

promoting academic honesty and genuine
assessment?
What is the impact of socio-economic

inequalities and infrastructure gaps in digital on
equitable access to intelligence-augmented
learning environments?

What are the optimal governance structures
to reduce algorithmic bias, hallucinated content
and data privacy concerns in educational Al
systems?

How do teachers include generative Al in
collaborative and inquiry-based learning without
compromising the agency of the learner or a
reduction of social interaction?

How do the learning outcomes vary across
different educational levels, disciplines and
cultural contexts with the use of AI?
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What are the best practices of mastering the
teacher competencies and professional learning
models in responsible Al use in classrooms?

These questions will have to be answered to
craft evidence-based, ethical and educationally
viable strategies for integrating generative Al in
learning.
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	This study thus explores the implications of generative AI in transforming the traditional pedagogy from teacher-centred learning to an intelligent learning system. The study aims to answer the following research questions:
	What is the impact of generative AI on the transformation of teaching in today's learning landscape?
	How can GenAI enhance educators' and students' productivity and efficiency?
	What are the ethical, governance and academic integrity issues with the integration of GenAI in education?
	What is the balance between AI innovation and the human-centred pedagogical practices in the field of education?
	This paper integrates insights from educational technology, AI ethics, and learning sciences and policy research to offer a comprehensive view of the potential benefits and barriers of using generative AI in educational settings. It suggests that the ...
	2. Literature Review
	3.1. Research Design
	A Systematic Literature Review (SLR) approach was used in this study to review the pedagogical, ethical and governance implications of Generative Artificial Intelligence (GenAI) in education. The review was done using the Preferred Reporting Items for...
	The review targeted the literature that explores the use of Generative AI technologies (GAT) such as Large Language Models (LLMs) like ChatGPT, Gemini and Claude in teaching, learning, assessment, educational governance, and learning environments that...
	3.2. Search Strategy
	An extensive literature search was performed in five academic databases namely Scopus, Web of Science, IEEE Xplore, ERIC, and Google Scholar. To provide wide disciplinary scope of peer-reviewed scholarship in education, technology and policy, these we...
	The search period was from January 2022 to February 2026. The year was chosen because the adoption of generative AI tools and technologies has ramped up substantially since large-scale public launch of conversational AI systems based on transformers i...
	Conducted searches using combinations of keywords and Boolean operators for generative AI and educational transformation. The most important search query was:
	(“Generative AI” OR “Generative Artificial Intelligence” OR “Large Language Models” OR “ChatGPT” OR “GPT-4” OR “Gemini” OR “Claude”) AND (education OR pedagogy OR teaching OR learning OR assessment OR “educational technology” OR “AI in education”)
	AND (ethics OR governance OR “academic integrity” OR personalization OR “learner-centred learning”)
	Additional database-specific refinements and truncation symbols were applied where necessary. Reference lists of eligible articles and relevant institutional reports from UNESCO and OECD were also manually searched to identify additional relevant stud...
	3.3. Eligibility Criteria
	Studies were included if they:
	Focused explicitly on generative AI applications in educational contexts; Examined pedagogical, ethical, governance, assessment, or learning-related implications of GenAI;
	Were peer-reviewed journal articles, conference papers, institutional reports, or policy documents;
	Were published in English between 2022 and 2026.
	Studies were excluded if they:
	Focused solely on technical AI architecture without educational relevance;
	Addressed non-generative AI systems only;
	Were editorials, opinion pieces, blogs, or non-scholarly publications;
	Lacked sufficient methodological detail or empirical relevance.
	3.4. Data Sources and Collection
	The screening process followed PRISMA 2020 procedures and involved four stages: identification, duplicate removal, screening, and eligibility assessment.
	An initial search yielded 312 records across all databases. After removal of 74 duplicate records using reference management software, 238 studies remained for title and abstract screening. Two independent reviewers conducted blinded screening to mini...
	Disagreements between reviewers were resolved through discussion and consensus. Where disagreement persisted, a third reviewer acted as an adjudicator. Inter-reviewer agreement during the screening process achieved a Cohen’s Kappa coefficient of 0.82,...
	Following title and abstract screening, 97 studies progressed to full-text review. After full eligibility assessment, 42 studies met the inclusion criteria and were retained for thematic synthesis (Figure 1).
	3.5. Quality Appraisal and Risk of Bias Assessment
	To enhance methodological rigor, the quality of included studies was assessed using the Mixed Methods Appraisal Tool (MMAT) 2018 version. The MMAT was selected because the review incorporated qualitative, quantitative, and mixed-methods studies.
	The appraisal criteria evaluated:
	• Clarity of research questions;
	• Appropriateness of research design;
	• Sampling adequacy;
	• Data collection procedures;
	• Analytical rigor;
	• Validity of interpretations;
	• Transparency of reporting.
	Each study was independently assessed by two reviewers. Studies were categorized as high, moderate, or low quality based on MMAT scoring criteria. Of the 42 included studies:
	• 24 studies were rated high quality;
	• 14 studies were rated moderate quality;
	• 4 studies were rated low quality but retained due to conceptual relevance.
	The methodological domains evaluated were selection bias, publication bias, reporting bias and confirmation bias. Self-reported perception studies, with no triangulation, were deemed to be at a higher risk of bias. Likewise, research that was directly...
	An interpretive bias was reduced by synthesizing findings from different types of studies and different geographic locations in a comparative fashion rather than using only findings from single studies and locations.
	Figure 1. PRISMA flow diagram
	3.6. Data Extraction and Synthesis
	A structured data extraction framework was developed to ensure consistency across included studies. Extracted information included:
	• Author(s) and publication year;
	• Research objectives;
	• Study design and methodology;
	• Educational context;
	• AI tools examined;
	• Key findings;
	• Ethical and governance implications;
	• Reported limitations.
	Following extraction, thematic synthesis was conducted using an inductive and comparative coding approach. Four major analytical themes emerged:
	• Pedagogical transformation and learner-centred education;
	• Intelligence-augmented learning and adaptive feedback;
	• Ethical challenges and academic integrity;
	• Governance, equity, and institutional adaptation.
	Comparative synthesis enabled identification of converging findings, contradictory evidence, and emerging debates regarding the educational impact of generative AI.
	4. Results
	4.1. Pedagogical Transformation and Adaptive Learning
	4.4. Synthesis of Findings
	The literature reviewed indicates that generative AI is playing a role in transformative pedagogy, especially in the area of adaptive learning support, intelligence augmentation, and personalized feedback. However, there is still mixed evidence that i...
	Meanwhile, significant worries exist about academic honesty, cognitive dependency, content hallucination, automation bias and educational inequity. The literature thus increasingly coalesces between a balanced perspectives that generative AI must be u...
	Existing evidence also shows methodological weaknesses throughout the field, such as: short study periods, small samples, qualitative study of learning outcomes, and insufficient longitudinal research. In the future, more empirical studies are require...
	Table 1. Summary of key findings from reviewed studies
	5. Discussion
	6. Conclusion
	On the basis of the results of this review, the following recommendations are made for educators, policymakers, institutions and researchers:
	For Educators:
	GenAI tools in a pedagogical approach that guides and reflects on use instead of free rein to AI. Teach and practise process-based assessment strategies, like oral presentations, reflective journals, annotated drafts and group-based inquiry projects. ...
	For Educational Institutions:
	Establish institutional policies on the use of ethical AI, academic integrity and responsible assessment practices. Conduct ongoing teacher and administrator professional development and AI literacy. Develop clear rules and structures on data privacy,...
	For Policymakers:
	Create national and regional guidelines for the use of AI in education that are consistent with the principles of ethics, transparency and human rights. Provide assistance with inclusive implementation strategies for under-resourced schools & multilin...
	For Researchers:
	Carry out longitudinal research analysing the long-term impact of GenAI on critical thinking, metacognition and learner independence. Establish common frameworks for evaluating the learning outcomes of educational uses of AI in different fields and se...
	While the scholarship of teaching with generative AI is growing in strength, there are a number of questions still to be addressed. These are some of the areas that need to be studied in the future:
	What are the long-term impacts of generative AI on students' critical thinking, metacognition and independent problem solving?
	What are the best ways of designing assessments that consider the use of AI while also promoting academic honesty and genuine assessment?
	What is the impact of socio-economic inequalities and infrastructure gaps in digital on equitable access to intelligence-augmented learning environments?
	What are the optimal governance structures to reduce algorithmic bias, hallucinated content and data privacy concerns in educational AI systems?
	How do teachers include generative AI in collaborative and inquiry-based learning without compromising the agency of the learner or a reduction of social interaction?
	How do the learning outcomes vary across different educational levels, disciplines and cultural contexts with the use of AI?
	What are the best practices of mastering the teacher competencies and professional learning models in responsible AI use in classrooms?
	These questions will have to be answered to craft evidence-based, ethical and educationally viable strategies for integrating generative AI in learning.

