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Abstract: The instant adoption of generative artificial intelligence (GenAl) has transformed
artificial intelligence (AI) from an emerging educational technology into an increasingly
integrated component of teaching and learning. Beyond the generation of text, images, video,
code, and other content, its educational potential is particularly significant when Al operates
within an augmented framework in which technological capabilities complement human
knowledge, creativity, judgment, and responsibility. This paper examines the transformative
potential of Al-augmented education observing human—Al collaboration, with particular
emphasis on the difference between extending human capabilities and substituting the
cognitive and professional activities through which learning and teaching occur. The analysis
considers the impact of augmented artificial intelligence (AAI) on both teachers and students.
For teachers, AAI can support resource preparation, instructional design, content creation,
assessment, and feedback, enabling greater attention to pedagogy, mentorship, and
professional judgment. For students, it can facilitate personalized and accessible learning,
conceptual understanding, academic writing, programming, research, organization, and self-
regulated learning. When appropriately integrated, these capabilities can contribute to better
learning and metacognition, creativity and interdisciplinary exploration, greater productivity,
improved accessibility, and more effective use of human expertise. However, the same
capabilities introduce substantial challenges. Unreliable Al-generated information and
excessive trust can undermine critical evaluation, while overreliance and cognitive offloading
may weaken independent problem-solving, knowledge retention, motivation, and self-
regulation. Extensive Al assistance may also influence creativity, contribute to
homogenization of student outputs, and reduce opportunities for collaborative and socially
situated learning. Beyond these pedagogical and cognitive challenges, Al-augmented
education also raises important ethical considerations concerning academic integrity and

authorship, equitable access and Al literacy, assessment validity and fairness, Al detection,
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privacy, procedural fairness, human agency, and accountability. The paper argues that the
educational value of Al should not be evaluated only by the perspective of technological
capabilities, efficiency, or quality of results. Sustainable and responsible Al-augmented
education requires maintaining meaningful human control and ensuring that Al extends
instead of substituting the processes fundamental to education. Based on this perspective,
recommendations are proposed to maximize the benefits of AAI while minimizing risks to

meaningful learning, educational equity, and human responsibility.

Keywords: Al-augmented education; generative artificial intelligence; human—Al
collaboration; personalized learning; cognitive offloading; academic integrity; Al ethics;

human agency

1. Introduction

Since the emergence of ChatGPT, generative artificial intelligence (GenAl) has rapidly
become an established educational reality. It has been widely adopted by teachers [1,2] and
even more extensively by students, for whom GenAl tools have quickly become part of
everyday academic practice [3.4].

GenAl primarily refers to those artificial intelligence (AI) models that are capable of
generating new content, including text, images, and code, based on patterns learned from
large amounts of training data [5]. In response to user instructions, these models can produce
original textual, visual, or software content, offering considerable potential to support
teaching and learning [6].

A further step in human—Al interaction is the establishment of a collaborative partnership
in which AI provides intellectual support by helping people analyze data, explore
alternatives, make informed decisions, and enhance strategic judgement [7]. This approach
i1s commonly described as augmented artificial intelligence (AAI) and is often equated with
human-in-the-loop artificial intelligence [8]. Instead of seeking to replace human capabilities,
augmented Al is intended to support and enhance them.

Within such a partnership, Al can exploit its extensive computational capabilities and
learned knowledge to process large amounts of information, perform complex calculations,
and rapidly generate new content. Human participants, however, retain the essential roles of
interpretation, creative and critical thinking, final decision-making, and the most importantly,
responsibility for the outcomes [9]. This human involvement distinguishes an augmented
approach from other forms of GenAl use in which generated content is accepted or adopted
with little or no critical evaluation [10].

The added value of augmented Al lies in its ability to extend human capabilities without
replacing them [11]. AAI can rapidly process large amounts of information, identify patterns,
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generate alternatives, and support complex decision-making, while humans contribute
contextual knowledge, creativity, critical judgment, and responsibility for final decisions.

In medicine, for example, Al can assist healthcare professionals in analysing diagnostic
data [12]. In engineering, it can support modelling and simulation [13]. In scientific research,
it can facilitate the analysis of complex data sets and the identification of potentially relevant
patterns [ 14]. In each case, the main value lies not in transferring human responsibility to Al,
but predominantly in combining complementary human and artificial capabilities.

The contrast between extension and replacement is particularly important in education.
When used as an augmentative tool, Al can extend teachers' capabilities by supporting the
preparation of learning materials, personalization, assessment, and feedback, while allowing
them to devote greater attention to pedagogy, mentorship, and individual students [15,16].
Similarly, it can extend students' capabilities by providing explanations, alternative
perceptions, writing and programming assistance, and personalized learning support [15,16].
In both cases, Al contributes to activities in which human judgment, creativity, critical
thinking, and responsibility remain essential.

This perspective presents an optimistic view of human—AlI collaboration. However,
significant concerns arise when augmentation turns into substitution. Writing or coding
assistance can support the development and articulation of students’ own ideas, while
generating and submitting an entire Al-produced assignment constitutes academic dishonesty
by presenting intellectual work performed by Al as the student’s own [17].

Al-supported problem solving can expose students to alternative strategies, whereas
accepting generated solutions without reflection can replace the reasoning process itself [15].
Similarly, automated grading can support teachers by providing preliminary evaluations or
identifying patterns but delegating final judgment to an Al system’s risks replacing
professional expertise with automated decision-making [18]. Thus, the educational value of
Al depends not only on what these technologies can do, but also on which human activities
they can meaningfully augment and which they should not replace.

Based on extensive teaching experience, this paper embraces the opportunities offered
by Al-augmented education while critically examining its limitations and challenges. The
next section examines the impact of AAI on teachers and students, focusing on how Al can
extend their capabilities while preserving human agency and responsibility. The third section
discusses the major benefits of Al augmentation for teaching and learning, while the fourth
examines the cognitive, pedagogical, and social challenges associated with its use.

The fifth section addresses the ethical considerations arising from the increasing
integration of Al into education, including questions of academic integrity, equity,
assessment, privacy, and accountability. The last section provides recommendations for
maximizing the benefits of Al-augmented education while minimizing those risks that could

undermine meaningful learning and responsible educational practice.
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2. Impact of AAI in Education

Augmented artificial intelligence is particularly relevant to education because teaching
and learning involve numerous activities in which artificial and human capabilities can
complement each other. Artificial intelligence can efficiently process and organize
information, generate content, recognize patterns, and provide rapid feedback, while
responsible teachers and students adopt these results by applying contextual understanding,
critical judgment, and responsibility, thereby contributing to their own development and
creativity [17]. The impact of artificial intelligence (AAI) therefore extends beyond the
automation of individual educational tasks towards the redistribution of activities between
humans and Al ideally enabling technology to support routine and computationally intensive
processes while preserving human activity in those that require higher-order cognitive,
pedagogical and ethical judgment [19].

2.1. Impact of AAI on teachers

Teaching involves a wide range of activities, from searching for relevant information
and preparing learning materials to designing assignments, assessing student work, and
providing individual guidance. Many of these activities are time-consuming and can
increasingly be supported by Al, allowing teachers to devote more attention to pedagogy,
mentorship, and interaction with students [17,20].

Al-enhanced search engines and LLMs can facilitate knowledge and resource
preparation by identifying relevant information, synthesizing large amounts of content, and
generating concise overviews of key concepts. They can also assist teachers in transforming
these resources into lectures, study materials, exercises, and presentations. Contemporary
GenAl tools can generate structured textual and visual content, while teachers remain
responsible for selecting, verifying, contextualizing, and adapting the generated materials to
courses and student populations [17,21].

AALI can also propose essay questions, case studies, mathematical and programming
problems, and other learning activities aligned with curriculum requirements [22]. They can
suggest variations in difficulty, alternative examples, or adaptations for students with
different levels of prior knowledge, thereby facilitating differentiated and personalized
instruction. In an augmented approach, however, the teacher determines the learning
objectives and evaluates whether Al-generated activities are pedagogically appropriate.

Assessment represents another important area of human—Al collaboration [23]. Al-based
systems can assist teachers by performing preliminary evaluations, identifying patterns in
student work, and supporting the generation of formative feedback. Such assistance can
reduce repetitive workload and enable teachers to concentrate on aspects of assessment that
require contextual interpretation and professional judgment. However, particularly in essay
grading, Al-generated evaluations should support final grading decisions without
determining or replacing human judgment [24].
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Al can also assist in identifying potential irregularities in student work, including
plagiarism or patterns that may indicate inappropriate use of GenAl [17]. Such indications
require careful human interpretation and should not themselves be treated as definitive
evidence of academic misconduct. The responsibility for evaluating the context and reaching
consequential decisions therefore remains with the teacher.

The broader impact of AAI on teachers can consequently be understood as a gradual
shift in the allocation of effort. As Al assumes a greater supporting role in resource
preparation, content creation, assignment design, and preliminary assessment, teachers can
devote more attention to instructional design, mentorship, interaction with students, and
professional judgment. Effective augmentation can strengthen the teacher's role by
reinforcing those aspects of teaching that depend most strongly on human expertise,

creativity, contextual awareness, and responsibility.
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Figure 1. Progressive role of AAI in teachers' activities, from Al-supported resource and
content preparation toward pedagogy, mentorship, and professional judgment.
As Fig. 1 suggests, the impact of AAI on teachers can be understood as a gradual

redistribution of effort that preserves and strengthens their professional roles. With Al
assuming a greater supporting role in resource preparation, content creation, instructional
design, and preliminary assessment, teachers can devote greater attention to activities
requiring pedagogical expertise, contextual awareness, creativity, and professional judgment.

2.2. Impact of AAI on teachers

The impact of AAI on students is similarly very diverse, ranging from improved
accessibility and personalized learning to support for academic writing, programming,
research, and self-regulated learning [25]. Students who experience difficulties with
foundational knowledge, communication, accessibility, or conventional learning
environments can particularly benefit from personalized learning paths, adaptive learning
systems, intelligent tutoring platforms, and Al-based assistive technologies [26,27].

Al-augmented learning environments can provide flexible access to educational content
and enable students to study at their own pace. Al tools can also record, transcribe,
summarize, and organize lectures, while LLMs can explain concepts, interpret learning
materials, clarify ambiguities, and provide additional examples [28].
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Multimodal technologies can further adapt content to different learning and accessibility
needs [29]. Thus, AI can extend access to learning without reducing the student's
responsibility for active engagement.

GenAl can also provide individualized intellectual support during learning. Chatbots and
virtual tutors can answer questions, explain concepts, propose alternative problem-solving
strategies, and adapt explanations to the student's current level of knowledge [30]. In
academic writing, LLMs can help students structure arguments, improve linguistic
expression, and develop ideas [31]. In programming, they can explain code, identify errors,
suggest corrections, and provide alternative implementations [32]. In research activities, Al
can support the organization and synthesis of large amounts of information, allowing students
to devote greater attention to interpretation and critical analysis [33].

Al can additionally support organization, productivity, and self-regulated learning
through planning, study organization, deadline management, and progress monitoring [34].
These functions can reduce administrative and logistical burdens, but they remain beneficial
only when they support students' autonomy and self-discipline without weakening them.

The progression illustrated in Fig. 2 emphasizes that effective augmentation should
ultimately strengthen and preserve learner autonomy. The educational value of AAI therefore
lies not only in enabling students to complete academic tasks more efficiently, but in
supporting deeper comprehension, transferable skill development, critical evaluation, and
progressively greater responsibility for their own learning.
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needs and learning preferences. practice to build understanding. receives feedback. and decisions.
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Figure 2. Progressive role of AAI in students' learning, from access and personalized
support toward autonomy, critical thinking, and deeper learning.
All these applications demonstrate that the educational potential of augmented artificial

intelligence lies in redistributing effort so that artificial capabilities complement human ones,
while preserving the cognitive, pedagogical, and social processes through which meaningful
learning occurs.

Educational institutions have an important role in creating conditions for responsible
AAI adoption by supporting teachers and students, providing appropriate guidance, and
ensuring that technological innovation remains aligned with educational goals. Whether this
potential is realized ultimately depends on how AAI is integrated into educational practice,
which becomes especially important when considering its benefits, limitations, and broader
ethical implications.
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3. Benefits of AlI-Augmented Education

The applications discussed in the previous section demonstrate the broad capacity of
AAI to support both teachers and students. However, the educational benefits of
augmentation extend beyond making individual tasks faster or easier. When Al complements
human intellectual activity without substituting it, it can contribute to more personalized and
inclusive learning, deeper conceptual understanding, greater creativity and interdisciplinary

exploration, increased productivity, and more effective use of teachers' expertise.

3.1. Personalized and Inclusive Learning

One of the most significant benefits of AAI is its capacity to adapt educational support
to individual learners. Traditional teaching necessarily addresses groups of students whose
prior knowledge, learning pace, abilities, and educational needs may differ substantially. Al-
supported environments can provide individualized explanations, examples, exercises, and
feedback, allowing students to revisit difficult concepts, progress at an appropriate pace, and
receive additional support when needed [35].

Personalization is particularly valuable when it contributes to educational inclusion.
Multimodal Al systems can provide content through text, speech, images, or translation,
improving access for students with disabilities, language barriers, or diverse educational
backgrounds [36]. Such flexibility can reduce barriers that conventional educational
materials and standardized teaching approaches cannot always be addressed effectively.

The augmentative value of personalization, however, lies not in creating isolated Al-
controlled learning paths, but in expanding the range of support available to students while
preserving interaction with teachers and peers. AAI can therefore complement conventional
teaching by providing additional forms of assistance without affecting the social and
pedagogical dimensions of education [37].

3.2. Deeper Learning and Metacognition

AALI also has considerable potential to support conceptual mastery [38]. LLMs can
provide on-demand explanations, reformulate difficult concepts, offer alternative examples,
and engage students in interactive dialogue [38]. Unlike static learning materials,
conversational systems allow students to ask follow-up questions and request explanations
adapted to their current level of understanding.

Al can also support metacognitive learning by encouraging students to reflect on their
own reasoning instead of simply requesting answers [39]. Prompts requiring learners to
explain their reasoning, compare alternatives, justify decisions, identify weaknesses, or
critically evaluate Al-generated responses can encourage self-evaluation and metacognitive
reflection [40]. In this role, Al becomes not merely an answer-generating system but an

intellectual partner against which students can examine and refine their own reasoning.
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This feature is fundamental to effective augmentation. Providing an answer may improve
immediate task performance, whereas encouraging students to question, compare, explain,
and revise can contribute to transferable knowledge and skills. The greatest educational
benefit therefore arises when Al interaction stimulates the cognitive processes required for
meaningful learning without bypassing them.

3.3. Creativity and Interdisciplinary Learning

GenAl provides students and teachers with an unusually accessible environment for
exploring alternatives, generating ideas, and examining problems from multiple perspectives.
It can serve as a brainstorming partner, propose different approaches to a problem, challenge
initial assumptions, and rapidly generate alternative representations of an idea [41]. When
these outputs are subjected to critical evaluation instead of passive acceptance, they can
stimulate further human creativity.

AALI can also facilitate interdisciplinary learning by making knowledge from different
domains readily accessible and helping learners establish connections between them [42].
Students can explore relationships between computer science and design, engineering and
ethics, literature and data analysis, or other traditionally separated fields. Such interactions
can broaden the conceptual space within which problems are examined and encourage
learners to approach complex issues from multiple disciplinary perspectives.

The relationship between Al and human creativity is nevertheless complementary, with
Al extending and stimulating human creative capabilities. Generating numerous alternatives
is not equivalent to creative judgment. Human participants remain responsible for
determining which ideas are meaningful, original, appropriate, and worth developing. AAI
can therefore enlarge the space of possibilities, while human creativity gives those
possibilities direction and value.

3.4. Productivity and Efficiency

One of the most immediate benefits of AAI is increased efficiency. Al can perform or
support time-consuming activities such as searching and synthesizing information, preparing
preliminary drafts, generating examples, organizing materials, debugging code, and
producing initial feedback [43—45]. For both students and teachers, this can reduce the time
devoted to repetitive or administrative activities and make more time available for higher-
value intellectual work.

For students, increased efficiency can provide additional opportunities for analysis,
revision, practice, and reflection. For teachers, reducing routine workload can create more
time for instructional design, individualized feedback, mentorship, and interaction with
students. Productivity should therefore not be understood simply by completing more tasks
in less time. From an augmentative viewpoint, its educational value depends on how the time
and cognitive resources released by Al are subsequently used [46].
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This distinction is important because efficiency alone does not guarantee better
education. The principal benefit arises when automation of lower-level or repetitive activities
enables greater human engagement in tasks requiring interpretation, creativity, critical

thinking, and interpersonal interaction.

3.5. Enhancing the Human Dimension of Education

Unexpectedly, one of the most important benefits of AAI may be its potential to
strengthen the human dimension of education. By supporting resource preparation, content
generation, routine assessment, and administrative activities, Al can enable teachers to
devote greater attention to students' individual needs, mentorship, motivation, and social-
emotional development [47].

The teacher's role can consequently evolve from being primarily a provider of
information to becoming increasingly important as a guide, mentor, critical evaluator, and
designer of meaningful learning experiences. Similarly, students can assume a more active
role in directing their own learning, using Al to access support while retaining responsibility
for interpretation, judgment, and intellectual development.

From this perspective, the benefits of AAI are not determined solely by the capabilities
of artificial intelligence. They emerge from the interaction between technological capabilities
and human agency. Personalized support, deeper learning, creativity, productivity, and
improved accessibility become educationally meaningful when they extend what teachers
and students can accomplish without replacing the cognitive and interpersonal processes
through which learning occurs.

4. Challenges of AI-Augmented Education

Despite its considerable educational potential, AAI introduces challenges that arise from
the growing capabilities and accessibility of contemporary Al systems. The same
characteristics that make Al valuable for personalization, intellectual support, creativity, and
productivity can also create dependence, weaken cognitive engagement, reduce diversity of
thought, and affect the social dimensions of learning [48]. These risks become particularly
significant when augmentation gradually turns into substitution and activities essential to

learning are increasingly delegated to Al.

4.1. Reliability and Epistemic Trust

One of the fundamental challenges of GenAl in education is the reliability of generated
information [49]. LLMs can produce inaccurate claims, fabricated references, misleading
explanations, or plausible but unsupported conclusions while presenting them with
considerable linguistic confidence. Such errors may be particularly difficult to recognize for
learners who lack sufficient prior knowledge to evaluate the information independently.
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The problem extends beyond technical accuracy. As Al systems become increasingly
capable and convincing, users may attribute greater credibility to their outputs than is
warranted [50]. Excessive trust can reduce the inclination to verify information, consult
authoritative sources, or critically question generated responses. Effective augmentation
therefore requires Al-generated information to be treated as a contribution to the reasoning
process. Source verification, comparison with reliable evidence, and critical questioning
consequently become essential components of Al literacy [50].

4.2. Cognitive Dependence and Erosion of Learning

The ease with which GenAl can generate explanations, solutions, arguments, summaries,
and ideas creates a risk of overreliance [51]. When cognitive activities are repeatedly
delegated to Al, learners may gradually reduce the effort devoted to remembering
information, solving problems independently, developing arguments, or evaluating
alternatives. Cognitive offloading can be beneficial when it releases mental resources for
higher-order activities, but it becomes educationally problematic when the processes being
offloaded are themselves essential to learning [52].

This may create a self-reinforcing relationship between trust, reliance, and cognitive
effort. Greater trust in Al encourages reliance, reliance promotes cognitive offloading, and
persistent offloading may weaken the knowledge and skills required to evaluate Al outputs
independently [53]. Reduced competence can subsequently increase dependence on Al
assistance. Excessive reliance may also affect intrinsic motivation, persistence, critical
thinking, and self-regulated learning. The challenge is therefore to distinguish productive
cognitive offloading, which releases resources for deeper thinking, from substitutions that
bypass the cognitive processes through which knowledge and skills develop [53].

4.3. Creativity and Homogenization

GenAl can have a negative impact on creativity [25]. Its ability to rapidly generate ideas,
alternatives, and different perspectives can stimulate creative exploration and expose learners
to possibilities they might not have considered independently. Unfortunately, this creative
support can be abused by completely delegating responsibilities to artificial intelligence
instead of first researching problems and developing their own ideas.

Al-generated suggestions can also create an anchoring effect, a cognitive bias in which
people rely excessively on initially presented information when making decisions [54]. Once
an interpretation, structure, or solution is proposed, students may build on it instead of
exploring substantially different approaches. This can contribute to homogenization, as
students performing the same task may independently produce similar arguments, structures,
examples, or solutions [55]. The challenge for AAI is therefore to use GenAl to expand the
space of creative possibilities while preserving independent ideation, individual expression,
and diversity of thought.
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4.4. Social and Collaborative Learning

GenAl is driving the increasing personalization of learning, which may also affect the
social dimension of education [56]. Conversational AI provides immediate and
individualized assistance, but excessive reliance on such interactions may reduce
opportunities for peer discussion, collaborative problem-solving, teamwork, and direct
engagement with teachers. These activities contribute not only to knowledge acquisition but
also to the development of communication and collaboration skills and exposure to diverse
perspectives.

AALI should therefore complement and preserve interpersonal learning. Personalized Al
support can help learners participate more effectively in educational activities, but it becomes
problematic when interaction with Al increasingly substitutes participation in a learning
community. Meaningful human interaction remains essential even in highly Al-augmented
educational environments.

These challenges demonstrate that the educational value of AAI cannot be determined
by technological capability or efficiency alone. Reliable information, sustained cognitive
engagement, independent creativity, and meaningful social interaction remain essential
conditions for learning [57]. The central challenge is to ensure that Al extends human
capabilities without weakening the cognitive and social processes through which they are
developed.

5. Ethical Considerations of AI-Augmented Education

Beyond its cognitive and pedagogical challenges, AAI raises broader ethical questions
concerning authorship, academic integrity, fairness, privacy, accountability, and human
agency. These questions become increasingly important as Al moves from providing
occasional assistance toward participating directly in learning, assessment, and educational
decision-making. Responsible augmentation therefore requires not only effective technology
but also clear boundaries regarding what should remain under human control and
responsibility.

5.1. Academic Integrity and Authorship

GenAl has complicated traditional concepts of authorship and academic integrity [17].
Al can legitimately support brainstorming, language improvement, explanation, feedback,
and revision, while generating substantial parts of an assignment may replace the intellectual
activity that the assignment is intended to develop and assess. The distinction between Al-
assisted and Al-generated content further complicates authorship: meaningful human
creative contribution can support a claim to authorship, whereas autonomously generated
content raises fundamental questions about ownership and intellectual responsibility [58].
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The issue extends beyond conventional plagiarism. Al-generated content may be original
in the sense that it is not copied directly from an identifiable source, while still failing to
represent the student's own intellectual contribution. Undisclosed submission of such content
is therefore more closely related to ghostwriting and misrepresentation of authorship than to
traditional plagiarism [17]. Clear institutional expectations regarding acceptable Al
assistance, disclosure, and student responsibility are consequently necessary to preserve the

meaning of academic authorship.

5.2. Equity, Accessibility, and Al Literacy

Although AAI can substantially improve educational accessibility, its benefits are not
distributed equally [59]. Access to advanced Al systems may depend on financial resources,
technological infrastructure, language, disability support, and institutional provision.
Differences between freely available and premium systems may therefore create educational
advantages for students who can afford more capable tools.

Equal technical access alone does not ensure equitable use. Students also differ in their
Al literacy, including their ability to formulate effective instructions, recognize unreliable
information, critically evaluate generated responses, and integrate Al assistance
appropriately into their learning. AAI may therefore reduce some existing barriers while
simultaneously creating new forms of inequality. Institutions adopting these technologies
have an ethical responsibility to consider both access and the competencies required to use
them effectively.

5.3. Assessment Validity and Fairness

GenAl creates challenges for assessment in two directions. Extensive Al assistance can
weaken the relationship between the quality of a submitted product and the student's actual
knowledge or competence [60]. A well-written essay, functioning program, or sophisticated
solution may no longer provide sufficient evidence that the student can independently
perform the activity being assessed [61]. The central question is therefore not simply whether
Al was used, but whether the assessment remains a valid measure of the intended learning
outcomes [24].

Unfortunately, Al is increasingly used to support assessment itself. Automated systems
can assist teachers by generating preliminary evaluations, identifying patterns, and producing
feedback, but consequential grading raises questions of fairness, consistency, transparency,
and accountability [62]. Al-generated assessments may differ substantially from professional
human judgment, particularly when evaluating argumentation, originality, contextual
interpretation, or other complex qualities. Al can therefore support assessment, but final
responsibility for consequential educational decisions should remain with qualified human
evaluators [63].

5.4. Al Detection, Privacy, and Procedural Fairness
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Attempts to identify inappropriate GenAl use introduce additional ethical concerns.
Automated Al-content detectors remain imperfect, and their outputs should not be treated as
definitive evidence that a student has violated academic-integrity rules. False accusations can
have serious academic and personal consequences, making human review, transparency, and
opportunities to challenge automated judgments essential elements of procedural fairness
[64]. Institutions should therefore avoid consequential decisions based solely on automated
detection and ensure that students can understand and contest the evidence used against them.

Security and privacy represent broader concerns [65]. Educational Al systems may
process student assignments, conversations, behavioural information, learning histories, and
other potentially sensitive data. Students and teachers may have limited knowledge of how
these data are collected, stored, reused, or shared with external Al services. The use of third-
party systems may further expose educational data to security risks or purposes beyond those
for which they were originally provided.

Responsible implementation therefore requires transparent data practices, appropriate
institutional safeguards, informed awareness of how educational data are processed, and
careful consideration of which information should be shared with Al systems. Protecting
privacy and data security should remain an institutional responsibility, not a burden placed

solely on individual teachers and students.

5.5. Human Agency, Accountability, and Responsibility

The increasing involvement of Al in educational activities raises the fundamental
question of who remains responsible for decisions and their consequences [66].

Students are responsible for how they use Al-generated information and for work
submitted under their names. Teachers remain responsible for pedagogical and assessment
decisions. Institutions are responsible for establishing appropriate policies and providing
equitable and secure conditions for Al use; and AI developers and providers bear
responsibility for the design and operation of the systems they offer.

Human oversight is particularly important when AI contributes to decisions with
significant consequences [67].

Artificial intelligence can generate recommendations, predictions, evaluations, and
alternatives, but it cannot assume moral responsibility for their consequences. Delegating a
task to Al therefore does not eliminate human accountability [68].

This principle returns to the distinction between augmentation and substitution
introduced at the beginning of this paper. AAI can distribute intellectual activity between
humans and artificial systems without transferring human agency and responsibility to those
systems.

Its ethical value ultimately depends on preserving human control, fairness, and
transparency while ensuring that technological capabilities remain aligned with the
fundamental purposes and values of education.
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6. Recommendations for Responsible AI-Augmented Education

The increasing integration of Al into education appears both inevitable and irreversible.
The appropriate response is therefore neither unconditional adoption nor resistance to
technological change, but the development of educational practices that exploit the
capabilities of Al while preserving the human processes essential to meaningful learning.
The distinction between augmentation and substitution provides a useful foundation for this
approach: Al should extend the capabilities of teachers and students without replacing the
intellectual, creative, social, and professional activities through which knowledge and
competence are developed.

A priority is the development of Al awareness and Al literacy in education. Effective
use requires more than only technical expertise with Al tools. Users should comprehend their
capabilities and limitations, critically evaluate generated information, verify important claims
and sources, recognize potential bias and hallucinations, and understand the implications of
sharing information with external systems. Teachers require additional competence to
determine when Al contributes to learning, when its use should be restricted, and how Al-
supported activities can be aligned with intended learning outcomes.

Al integration should also be guided by pedagogical purpose instead of technological
availability. The fact that Al can perform a task does not necessarily mean that delegating
the task has educational value. Activities involving explanation, comparison, feedback,
simulation, or exploration can use Al to extend learning, whereas excessive delegation of
writing, problem-solving, ideation, or decision-making may bypass the cognitive processes
those activities are intended to develop. Teachers should consequently design learning
activities in which students remain intellectually engaged and are expected to question,
interpret, modify, and justify Al-supported outputs.

A similar principle should guide assessment practices. Assessment should increasingly
focus not only on the quality of the final product but also on evidence of the student's
reasoning, knowledge, and ability to apply acquired skills independently. Oral explanation,
reflection on the development process, iterative assignments, authentic tasks, and
opportunities to justify or critique Al-generated solutions can help preserve assessment
validity in Al-rich environments. Al may support formative feedback and preliminary
evaluation, but consequential grading and decisions concerning academic misconduct require
meaningful human oversight.

Educational institutions should simultaneously establish clear and transparent
governance frameworks. Students need explicit guidance on acceptable and unacceptable Al
assistance, disclosure requirements, authorship, and academic integrity. Policies should also
address privacy, security, equitable access, automated assessment, and the appropriate use of
Al-detection systems. Because Al technologies evolve rapidly, rigid rules tied to individual
tools are likely to become obsolete; institutional policies should instead be based on enduring
principles of transparency, fairness, accountability, and protection of human agency.
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Finally, responsible augmentation requires preserving the human and social dimensions
of education. Efficiency should not become the primary measure of successful Al integration.
Time saved through automation should create greater opportunities for mentorship,
discussion, collaboration, creativity, critical reflection, and individual support. Similarly,
personalized Al assistance should strengthen students' capacity for autonomous learning
without isolating them from teachers and peers. The ultimate goal is not to maximize Al use,
but to determine where its contribution genuinely improves education.

The future of education will almost certainly be increasingly Al-augmented. Its success,
however, will depend less on the sophistication of the technologies themselves than on how
wisely their roles are defined. Responsible integration requires a continuous balance between
technological capability and educational purpose, between assistance and independent effort,
and particularly between augmentation and substitution.

When human judgment, creativity, agency, and responsibility remain central, Al can
become a powerful extension of education without undermining the qualities that give
education its enduring value. Otherwise, education risks deteriorating as humans become less
competent, creative, and inventive. This decline would inevitably affect the quality and
diversity of human-generated knowledge and solutions, which constitute an essential
foundation for the continued development of Al itself. A self-reinforcing cycle could then
emerge: increasing substitution of human intellectual activity would weaken human
capabilities, while the resulting decline in human-generated knowledge would ultimately
constrain the knowledge available to future Al systems. Breaking such a cycle would become
increasingly difficult.
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