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Abstract. Artificial Intelligence (Al), and especially generative Al, is reshaping
education by changing how knowledge is accessed, produced, assessed, and
governed. This chapter examines Al in education from a human-centered
perspective, arguing that the central question is not whether Al will replace
teachers, but how educational systems can use Al to strengthen human learning,
professional judgment, equity, and institutional resilience. The chapter analyzes
the evolving role of teachers as learning facilitators, mentors, designers of
authentic learning experiences, evaluators of Al outputs, ethical guides,
assessment innovators, and leaders of human-Al collaboration. It also discusses
generative Al applications in teaching, personalized tutoring, multimodal
learning, Al copilots, lifelong reskilling, and immersive environments. At the
same time, it highlights major risks, including hallucinated content, academic
integrity challenges, overreliance, algorithmic bias, privacy threats, unequal
access, and the deskilling of learners and educators. Building on these insights,
the chapter proposes a governance-oriented framework for responsible Al
adoption in education, including privacy protection, transparency, teacher
professional development, assessment redesign, human oversight, evidence-
based evaluation, inclusive access, and sustainable funding. The chapter
concludes that Al can contribute to more personalized, inclusive, and future-
ready education only when guided by ethical.
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1 Introduction

The integration of Artificial Intelligence into education is no longer a distant possibility
or a narrowly technical issue. Al systems are increasingly embedded in learning man-
agement platforms, adaptive learning tools, academic writing applications, tutoring sys-
tems, administrative workflows, and student support services. The rapid diffusion of
generative Al has intensified this transformation because students and teachers can now
interact directly with systems capable of producing text, images, code, summaries, ex-
planations, feedback, simulations, and dialogue [2, 3, 6, 14].
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This transformation creates significant opportunities. Al can support differentiated
instruction, reduce administrative workload, expand access to learning resources, assist
learners outside classroom hours, and provide institutions with better information for
decision-making. However, these benefits are not automatic. Poorly governed Al can
intensify inequality, weaken academic integrity, compromise privacy, reproduce bias,
overburden teachers, and reduce learning to automated interaction. As a result, educa-
tion systems must move beyond experimental or fragmented Al adoption toward delib-
erate, evidence-informed, and ethically grounded integration [2, 6, 7, 11].

This chapter adopts a human-centered perspective on Al in education. A human-
centered approach does not reject technological innovation; rather, it places human
agency, dignity, learning quality, professional judgment, inclusion, and democratic ac-
countability at the center of Al implementation. It asks whether Al strengthens or weak-
ens the educational mission. It also recognizes that education is not only the transfer of
information, but a social and ethical process involving trust, identity formation, moti-
vation, critical inquiry, and participation in learning communities [4, 8, 10].

The chapter develops three main arguments. First, Al changes the work of teachers,
but it does not eliminate the need for teachers. In Al-enhanced education, teachers be-
come even more important as designers, mentors, interpreters, evaluators, and ethical
guides. Second, generative Al requires a redesign of pedagogy and assessment because
traditional models of homework, authorship, and knowledge reproduction are increas-
ingly unstable. Third, responsible Al adoption depends on governance frameworks that
combine innovation with privacy, transparency, equity, human oversight, and continu-
ous evaluation [7, 10, 12].

2 Human-Centered Al in Education

Human-centered Al in education refers to the design, adoption, and governance of Al
systems in ways that enhance human learning and protect educational values. It as-
sumes that Al should support, not replace, the relational, ethical, and developmental
dimensions of education. This perspective is particularly important because many edu-
cational technologies are introduced through market-driven promises of efficiency, per-
sonalization, or automation, while their deeper pedagogical and social implications re-
main underexamined.

A human-centered approach includes five principles.

First, human agency must remain central. Students and teachers should not become
passive recipients of automated recommendations. Al may inform decisions, but learn-
ers and educators must retain meaningful control over learning pathways, assessment,
and interpretation [4, 10].

Second, pedagogical purpose should guide implementation. Al tools should be
adopted because they support learning goals, not because they are new, fashionable, or
commercially available. Institutions should ask what educational problem a tool solves
and whether it improves learning quality.

Third, equity and inclusion must be treated as design requirements. Al can widen
access, but it can also deepen gaps if only some students, schools, or regions can afford



228 D. Hunyadi et al.

advanced tools. Accessibility, language diversity, disability support, and digital literacy
should be considered from the beginning [10].

Fourth, transparency and accountability are essential. Students and teachers should
understand when Al is being used, what data are collected, how recommendations are
generated, and who is responsible when harms occur [4, 5, 10].

Fifth, human oversight is necessary in high-stakes educational decisions. Al-
generated insights may support teachers, administrators, and advisors, but final respon-
sibility for grading disputes, disciplinary decisions, admissions, wellbeing interven-
tions, and accommodations should remain with accountable professionals [4, 5, 10].

These principles provide the foundation for rethinking teacher roles, generative Al
integration, policy design, and future educational models.

3 The Evolving Role of Teachers in AI-Enhanced Education

The rapid integration of Al into education has generated debate about the future of the
teaching profession. Some narratives portray Al as a possible substitute for teachers,
suggesting that automated tutoring, grading, or content generation could replace many
instructional functions. Such perspectives misunderstand the nature of teaching. Teach-
ing is not simply the delivery of information or the management of classroom routines.
It is a complex human profession grounded in mentorship, empathy, ethical judgment,
communication, motivation, and the cultivation of intellectual and social growth [3, 13,
14].

Al may automate specific tasks, but it cannot replace the full professional role of
teachers. Instead, Al changes the distribution of work. When responsibly implemented,
Al can reduce repetitive tasks and create more space for the human dimensions of teach-
ing. The future classroom is therefore unlikely to be teacherless. It is more likely to be
a hybrid environment in which teachers orchestrate the interaction between learners,
technologies, curriculum goals, and social context [6, 8, 12].

3.1 Teachers as Learning Facilitators

In traditional models, teachers were often positioned as primary sources of knowledge.
In contemporary digital environments, learners can access textbooks, videos, databases,
simulations, and Al-generated explanations instantly. This does not make teachers less
important; it changes what students need from them. Students require guidance in how
to learn, how to ask meaningful questions, how to evaluate information, and how to
connect knowledge across contexts.

Teachers increasingly act as learning facilitators who help students navigate com-
plex information environments. They support learners in evaluating source credibility,
identifying misinformation, comparing perspectives, applying knowledge to authentic
problems, and reflecting on their own learning processes. Al can provide quick re-
sponses, but teachers help students develop judgment, curiosity, and intellectual ma-
turity [1, 13]
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3.2 Teachers as Designers of Meaningful Learning Experiences

Al systems can generate lesson materials, adaptive exercises, examples, rubrics, and
feedback. However, educational design requires more than the production of content.
Teachers interpret curriculum goals, understand learner diversity, sequence activities,
balance difficulty, and connect learning tasks to social and cultural contexts [7, 10].

In Al-enhanced classrooms, teachers become learning designers. They curate Al-
generated materials, adapt them to local needs, combine digital and face-to-face activ-
ities, ensure accessibility, and align activities with assessment outcomes. For example,
an Al tool may generate multiple reading activities, but the teacher decides which ac-
tivity is suitable for a specific group of learners and how it should be integrated into a
broader learning sequence.

3.3  Teachers as Mentors, Coaches, and Motivators

One of the most irreplaceable dimensions of teaching is human motivation and emo-
tional support. Students often succeed because they feel encouraged, challenged, un-
derstood, and supported by trusted educators. Teachers help learners build confidence,
manage frustration, overcome setbacks, set goals, and develop resilience [8, 11].

Al systems may generate supportive messages or reminders, but they do not genu-
inely understand personal histories, family circumstances, classroom relationships, or
emotional complexity. Genuine mentorship depends on empathy, trust, and human con-
nection. This role becomes particularly important during periods of uncertainty, anxi-
ety, transition, or disengagement.

3.4  Teachers as Evaluators of AI Outputs

As generative Al becomes common in education, teachers must increasingly evaluate
machine-generated outputs. Al systems can produce explanations, lesson plans, quiz-
zes, summaries, feedback, and references, but these outputs may be inaccurate, biased,
incomplete, or pedagogically inappropriate [7, 12].

Teachers therefore become quality controllers of educational Al. They verify factual
accuracy, detect fabricated references, assess curriculum alignment, remove biased or
inappropriate language, improve clarity, and decide when Al-generated suggestions
should be rejected. This professional judgment is essential because the fluency of gen-
erative Al can create a misleading impression of reliability.

3.5 Teachers as Guardians of Critical Thinking

A major risk of Al-enhanced learning is passive dependence on instant answers. If stu-
dents routinely outsource thinking to automated systems, they may weaken their capac-
ity for reasoning, creativity, persistence, and reflection. Teachers play a crucial role in
preventing this outcome [10, 12].

Educators should help students question Al-generated responses, compare sources,
identify bias, test assumptions, justify claims with evidence, and distinguish between
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assistance and substitution. This role can be described as epistemic guidance: helping
learners understand how knowledge is created, validated, challenged, and responsibly
used in an Al-mediated world.

3.6 Teachers as Ethical Guides

As students use Al for writing, coding, research, design, and communication, ethical
questions become central to education. Learners need guidance on academic integrity,
authorship, originality, citation of Al assistance, data privacy, algorithmic bias, digital
responsibility, and the societal consequences of automation [4, 10, 12].

Teachers should not only enforce rules but also lead ethical conversations. These
conversations help students understand why responsible Al use matters and how tech-
nology choices affect fairness, trust, and public life. In this sense, the teacher’s civic
role becomes more important as Al reshapes work, democracy, and everyday commu-
nication.

3.7 Teachers as Builders of Human-Centered Learning Communities

Education is fundamentally social. Students learn through dialogue, collaboration, peer
interaction, and participation in communities of practice. Al can support communica-
tion and provide resources, but it cannot fully replace the social environment created
by effective teachers.

Teachers build classroom cultures characterized by trust, respect, belonging, intel-
lectual challenge, emotional safety, and collaboration. These environments are espe-
cially important for younger learners, students at risk of isolation, and learners who
need encouragement to participate. Human teachers remain central architects of learn-
ing communities.

3.8 Teachers as Data-Informed Decision Makers

Al-generated analytics can help teachers identify learning gaps, participation patterns,
and potential disengagement. However, raw analytics do not automatically produce ed-
ucational insight. Teachers interpret data through knowledge of context, personality,
motivation, and classroom dynamics [2, 6].

For example, low participation may indicate disengagement, but it could also reflect
illness, caregiving responsibilities, language anxiety, or technical barriers. Teachers
provide the contextual intelligence needed to transform data into appropriate action.
Responsible use of learning analytics therefore requires a partnership between compu-
tational signals and human judgment.

3.9 Teachers as Assessment Innovators

Generative Al challenges traditional assessment models, especially take-home essays,
reports, and coding assignments that can be generated or heavily assisted by Al tools.
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Teachers therefore play a growing role in redesigning assessment for authenticity and
integrity [7, 10, 12].

Promising approaches include oral examinations, in-class writing, live problem-
solving, reflective journals, portfolios, project-based learning, collaborative applied
tasks, and iterative drafts with feedback checkpoints. These approaches shift assess-
ment from final product alone toward process, reasoning, communication, and demon-
strated competence.

3.10 Teachers as Lifelong Learners and Leaders of Human-AI Collaboration

Al integration requires teachers to update their professional knowledge continuously.
Key areas of development include Al literacy, prompt design, digital pedagogy, inclu-
sive technology use, cybersecurity awareness, learning analytics interpretation, assess-
ment redesign, and ethical evaluation of Al outputs [9, 12].

Teachers also become leaders of human-Al collaboration. They decide when Al
should be used, when it should not be used, and how it should support rather than re-
place learning. Examples include using Al for draft feedback while preserving teacher-
led final evaluation, combining Al-generated practice tasks with classroom discussion,
and using automated translation alongside teacher-led cultural explanation.

Institutions must support this transition. Teachers cannot lead Al transformation
without time, training, technical support, communities of practice, clear policies, and
recognition of innovation.

4 Generative Al and Emerging Educational Practices

Generative Al differs from earlier educational technologies because it produces new
content and interactive responses rather than only retrieving information or following
predefined rules. Large language models, multimodal systems, and synthetic media
tools can generate text, images, code, diagrams, audio, and conversational explanations.
This capability makes Al visible and accessible to teachers, students, researchers, and
administrators [7, 10, 12].

Generative Al has already influenced curriculum design, assessment, academic writ-
ing, tutoring, student support, translation, accessibility, and administration. Its signifi-
cance lies not only in the tools themselves, but in the new educational practices they
enable and the risks they create [3, 7, 10].

4.1 Generative Al as Teaching Support

Generative Al can support teachers by drafting lesson plans, creating quizzes, simpli-
fying complex texts, generating case studies, preparing examples, translating materials,
producing rubrics, and drafting administrative communication. These uses may reduce
workload and provide teachers with more time for mentoring, discussion, and feedback
[7, 10].
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However, Al-generated teaching materials require careful review. Teachers must
check factual accuracy, appropriateness, inclusiveness, cultural sensitivity, curriculum
alignment, and readability. Al should be treated as a drafting assistant, not as an au-
thoritative curriculum designer [12].

4.2  Personalized Tutoring at Scale

Generative Al has expanded the possibilities of intelligent tutoring. Modern conversa-
tional systems can respond to student questions, explain concepts in multiple ways,
generate examples, provide step-by-step guidance, and offer practice activities. This
can be valuable for learners who need support outside classroom hours or who hesitate
to ask questions publicly [7, 11].

Nevertheless, personalized tutoring through Al must be carefully governed. Systems
may produce incorrect or oversimplified explanations, reinforce misconceptions, or
provide excessive assistance that weakens learning effort. Students therefore need Al
literacy and teachers should design tasks that require active reasoning rather than pas-
sive consumption of generated answers [10, 12].

4.3  Student Productivity and Self-Regulated Learning

Students use generative Al to summarize readings, brainstorm ideas, generate revision
notes, explain difficult concepts, support coding, translate texts, create study schedules,
and practice interviews. Used responsibly, these tools can enhance productivity and
support self-regulated learning [7, 10].

The key distinction is between productive assistance and cognitive outsourcing. Pro-
ductive assistance helps students clarify ideas, receive formative feedback, and improve
their work. Cognitive outsourcing occurs when students allow Al to replace thinking,
writing, problem solving, or reflection. Educational policy and pedagogy should help
learners understand this difference [10, 12].

4.4  Assessment Disruption and Redesign

Generative Al has disrupted assessment because many traditional tasks can now be
completed with substantial machine assistance. This creates uncertainty about author-
ship and the validity of final-output assessment. Rather than relying primarily on de-
tection tools, which may be unreliable and unfair, institutions should redesign assess-
ment to make learning processes visible.

Assessment redesign may include oral defenses, live demonstrations, reflective pro-
cess logs, portfolios, staged submissions, authentic projects, and classroom-based tasks.
The goal is not to eliminate Al from all learning activities, but to ensure that assessment
captures what students understand, can do, and can explain [7, 10, 12].
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4.5 Multimodal and Immersive Learning Environments

A major trend is the movement from text-only systems to multimodal Al capable of
processing and generating combinations of text, speech, images, diagrams, video, and
interactive media. This enables students to upload handwritten work for explanation,
receive visual feedback, practice pronunciation, generate diagrams, or explore simula-
tions [7, 10].

The convergence of Al with Virtual Reality and Augmented Reality may create im-
mersive environments such as virtual laboratories, historical reconstructions, medical
simulations, engineering practice spaces, language immersion settings, and vocational
training scenarios. These environments can make learning more experiential and acces-
sible, provided that they are pedagogically designed and ethically governed [10].

4.6 Al Copilots for Teachers and Institutions

The concept of the Al copilot is becoming influential in education. A copilot is not an
independent replacement for human work, but an assistant embedded within existing
workflows. For teachers, copilots may support curriculum planning, classroom re-
source creation, feedback drafting, student progress summaries, and meeting prepara-
tion. For institutions, they may assist with student service responses, document pro-
cessing, scheduling, policy drafting, and analytics interpretation [7, 12].

This trend suggests that Al adoption will increasingly occur through integration into
everyday platforms rather than through isolated tools. Such integration increases con-
venience, but also raises questions about data governance, vendor dependency, trans-
parency, and institutional control [4, 5, 10].

4.7  Lifelong Learning and Workforce Reskilling

As labor markets change, education is becoming increasingly lifelong. Generative Al
can support adult learners through personalized microlearning modules, skill-gap diag-
nosis, career transition guidance, certification preparation, workplace simulations, and
communication coaching.

This is especially relevant in sectors affected by automation, digitalization, cyberse-
curity risks, sustainability transitions, and regulatory change. Universities and training
providers may increasingly function as lifelong learning hubs rather than institutions
focused only on initial degrees [9].

4.8 Risks of Generative AI Expansion

The expansion of generative Al introduces several risks that require institutional atten-
tion:

o fabricated facts, hallucinated explanations, or invented references;

e biased, culturally insensitive, or exclusionary outputs;

e plagiarism, ghostwriting, and unclear authorship;

e overdependence and reduced critical thinking;
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privacy risks when sensitive data are entered into tools;
unequal access to advanced or paid systems;
environmental costs associated with large-scale computing;
deskilling of writing, reasoning, lesson design, or assessment if Al is used un-
critically.

These risks do not justify rejecting Al entirely, but they demonstrate why guided
integration, teacher mediation, and governance are necessary [4, 10].

5 Governance and Policy Recommendations

Responsible Al adoption in education requires coherent governance. Institutions should
avoid both uncritical adoption and blanket prohibition. A balanced approach should
enable innovation while protecting learners, teachers, and public educational values [4,
5, 10].

5.1 Establish AI Governance Frameworks

Schools, universities, ministries, and accreditation bodies should develop Al govern-
ance frameworks that define acceptable and unacceptable uses, accountability struc-
tures, procurement standards, data protection requirements, transparency expectations,
and procedures for reporting harm or misuse.

Governance should operate at both national and institutional levels. National frame-
works can provide strategic alignment and legal clarity, while institutional policies can
translate principles into local practice.

5.2 Protect Privacy, Data Security, and Learner Rights

Al systems may process academic performance data, behavioral logs, engagement met-
rics, writing samples, voice data, images, or emotional signals. Privacy protection must
therefore be central to educational Al policy. Institutions should apply data minimiza-
tion, informed consent where appropriate, secure storage, encryption, retention limits,
restrictions on third-party sharing, and regular cybersecurity audits.

Learners should have meaningful rights to understand how their data are used, espe-
cially when Al systems influence learning pathways, risk predictions, or institutional
decisions. Children, minors, and vulnerable groups require enhanced safeguards.

5.3  Guarantee Equity of Access

Al can reduce inequality by expanding learning support, but it can also deepen inequal-
ity if advanced tools are available only to privileged learners or well-funded institu-
tions. Equity-oriented policy should address broadband access, student devices, insti-
tutional licensing, multilingual support, disability accessibility, rural education, and
digital literacy [1, 10].
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Equal access should not be understood only as access to tools. Students and teachers
also need the skills, confidence, and support required to use Al meaningfully.

5.4 Invest in Teacher Professional Development

Teachers are central to successful Al integration. Professional development should in-
clude Al literacy, pedagogical integration, prompt design, evaluation of Al outputs,
data-informed teaching, ethics, bias awareness, cybersecurity, and assessment redesign.
Training should be continuous, practical, and connected to communities of practice.

Teachers should also be involved in Al procurement and implementation decisions.
Excluding educators from decisions about educational technology often leads to poor
adoption, resistance, or misalignment with classroom realities [10, 12].

5.5 Redesign Assessment and Academic Integrity Policies

Academic integrity policies should distinguish between legitimate Al-supported learn-
ing and dishonest substitution of student work. Institutions should provide clear guid-
ance on disclosure, citation of Al assistance, permitted and prohibited uses, sanctions
for intentional misuse, and expectations for different assignment types.

Assessment redesign should prioritize authentic tasks, reasoning, process evidence,
oral explanation, reflective components, and demonstrated competence. Institutions
should avoid overreliance on Al-detection systems because such systems may produce
false positives and may not reliably distinguish human from Al-generated work [7, 10,
12].

5.6  Promote Transparency and Explainability

Students and teachers should know when they are interacting with Al and when Al
systems influence recommendations, feedback, risk scores, adaptive learning paths, or
administrative decisions. Transparency is especially important in high-stakes contexts
such as admissions, scholarships, progression, disciplinary decisions, disability accom-
modations, and wellbeing referrals [4, 5, 10].

Where possible, institutions should prefer systems that provide understandable ex-
planations and allow human review.

5.7 Maintain Human Oversight in High-Stakes Decisions

Al can support decision-making, but it should not independently determine outcomes
that significantly affect learners. Human review should be required for grading dis-
putes, admissions decisions, scholarship awards, disciplinary actions, dropout-risk in-
terventions, mental wellbeing referrals, and disability accommodations.

Human oversight is not merely a procedural safeguard. It recognizes that educational
decisions require contextual understanding, fairness, empathy, and accountability.
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5.8  Support Evidence, Evaluation, and Research

Many Al tools enter education with strong marketing claims but limited evidence of
long-term impact. Policymakers and institutions should support rigorous evaluation of
learning outcomes, teacher workload, student wellbeing, bias and fairness, accessibil-
ity, cost-effectiveness, and long-term skill development [2, 3, 14].

Al adoption should be treated as an iterative process. Institutions should pilot tools,
collect evidence, consult stakeholders, evaluate risks, and scale only when educational
value is demonstrated.

5.9 Encourage Responsible Public-Private Partnerships

Many educational Al systems are developed by private companies. Partnerships can
accelerate innovation, but they may also create risks related to vendor lock-in, data
commercialization, opaque algorithms, and misalignment with public values [4, 10].

Responsible partnerships should include transparent procurement, open standards,
interoperability, clear data ownership, independent evaluation rights, accessibility re-
quirements, ethical safeguards, and exit strategies.

5.10 Integrate Al Literacy into Curricula

Students need to understand Al not only as users but as citizens and future profession-
als. Al literacy should include conceptual understanding of how Al works, strengths
and limitations, bias and fairness, responsible use of generative tools, privacy aware-
ness, critical evaluation of outputs, and labor market implications [10, 12].

Al literacy should be age-appropriate and interdisciplinary. It should not be re-
stricted to computer science programs because Al now affects communication, work,
research, creativity, and civic life across fields.

5.11 Develop Sustainable Funding and Change Management

Al integration requires ongoing investment in licenses, infrastructure, cybersecurity,
teacher training, technical support, accessibility, and evaluation. One-time purchases
are insufficient. Sustainable funding models may include multi-year planning, shared
procurement, regional collaboration, innovation funds, and open-source alternatives
where appropriate [1, 10].

Institutions should also manage organizational change carefully. Effective imple-
mentation requires stakeholder consultation, pilot programs, transparent communica-
tion, support channels, recognition of staff innovation, and iterative feedback.
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6 Practical Framework for Institutional Implementation

To translate human-centered Al policy into institutional practice, educational organiza-
tions need more than general principles. They need a practical implementation frame-
work that connects strategic vision, governance, pedagogy, infrastructure, professional
learning, risk management, and continuous evaluation. The framework proposed in this
section is designed for schools, universities, vocational institutions, and lifelong learn-
ing providers that wish to adopt Al responsibly while protecting educational values [4,
10].

The framework is based on a staged and iterative model. It recognizes that Al adop-
tion is not a single technology project, but a long-term process of institutional transfor-
mation. Implementation should begin with a clear educational purpose, proceed through
controlled experimentation, and then move toward broader adoption only when evi-
dence, safeguards, and stakeholder trust are in place [1, 3, 14].

6.1  Guiding Principles for Implementation

Institutional implementation should be guided by a small number of principles that re-
main stable even as technologies change. First, Al should serve educational purpose
rather than technological novelty. Tools should be adopted because they improve learn-
ing, inclusion, teaching quality, institutional resilience, or administrative effectiveness,
not merely because they are available or fashionable [4, 10].

Second, human agency must remain central. Teachers, learners, academic leaders,
and support staff should understand how Al is being used and should retain meaningful
control over important educational decisions. Al may recommend, summarize, gener-
ate, classify, or analyze, but it should not become an invisible authority in matters that
affect assessment, progression, discipline, wellbeing, or access to opportunity [4, 5].

Third, implementation should be inclusive. Institutions should consider the needs of
students with disabilities, learners from low-income backgrounds, rural communities,
linguistic minorities, adult learners, and staff with different levels of digital confidence.
Responsible Al adoption requires both access to tools and the capability to use them
critically and safely.

Fourth, implementation should be evidence-informed. Institutions should evaluate
whether Al tools produce measurable educational value, reduce workload in meaning-
ful ways, support equity, and avoid unintended harms. Claims made by vendors should
be tested against institutional data, teacher experience, student feedback, and independ-
ent research where available [2, 3, 14].

6.2  Phase One: Institutional Readiness and Needs Assessment

The first phase involves understanding institutional readiness before selecting or scal-
ing Al systems. Many Al initiatives fail because institutions begin with tools rather than
problems. A readiness assessment should identify the educational, organizational, and
technical conditions that will shape implementation [1, 3].
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Institutions should begin by mapping current challenges that Al may help address.
These may include high teacher workload, delayed student feedback, low student en-
gagement, limited accessibility support, inefficient administrative processes, academic
integrity concerns, or difficulties in identifying learners at risk. The purpose is to define
priority use cases rather than adopt Al in an unfocused manner.

A readiness assessment should examine several dimensions:

e pedagogical readiness, including the extent to which teachers are prepared to

integrate Al into teaching, feedback, assessment, and learning design;

o digital infrastructure readiness, including device access, connectivity, learning
management systems, data governance, cybersecurity capacity, and technical
support;

e policy readiness, including existing rules on privacy, academic integrity, assess-
ment, procurement, accessibility, and responsible technology use;

e human capacity readiness, including staff confidence, training needs, leadership
support, and availability of communities of practice;

e  equity readiness, including whether all learners and staff can access Al-enabled
learning opportunities without financial, linguistic, disability-related, or geo-
graphical barriers.

The output of this phase should be a short institutional Al readiness report. This

report should identify opportunities, risks, priority areas, resource gaps, and the level
of support required before pilots begin.

6.3 Phase Two: Governance Structure and Accountability

Al implementation requires a formal governance structure. Without clear responsibil-
ity, decisions about tools, data, risk, assessment, and ethics may become fragmented
across departments. Governance should be visible, participatory, and connected to ex-
isting institutional leadership structures [4, 5, 10].

A practical governance model may include an Al steering committee responsible for
strategy, prioritization, risk oversight, and alignment with institutional mission. This
committee should include representatives from academic leadership, teaching staff, stu-
dents, IT services, data protection, legal or compliance functions, accessibility services,
library or learning support, and where relevant, cybersecurity specialists.

The governance structure should clarify roles and responsibilities:

e senior leadership should define strategic direction, allocate resources, and en-

sure accountability;

e academic departments should identify pedagogically meaningful use cases and

monitor subject-specific implications;

e teachers should participate in tool selection, pilot design, assessment redesign,

and evaluation of educational value;

e IT and cybersecurity teams should assess technical integration, security risks,

authentication, data flows, and vendor reliability;

e data protection officers or equivalent roles should review privacy, consent, re-

tention, and third-party data-sharing arrangements;
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e students should be represented in discussions about transparency, access, aca-

demic integrity, wellbeing, and usability.

Governance should also establish clear escalation procedures. Staff and students
need to know how to report inaccurate Al outputs, privacy concerns, discriminatory
results, academic integrity problems, or harmful recommendations. A responsible Al
framework is only meaningful if users have accessible channels for raising concerns
and if institutions respond consistently.

6.4 Phase Three: Use-Case Selection and Risk Classification

After readiness and governance are established, institutions should select specific Al
use cases. A use-case approach is preferable to broad adoption because it allows insti-
tutions to connect Al tools to concrete educational goals and assess risks in context [5,
10].

Use cases may be classified into three broad categories. Low-risk uses include brain-
storming lesson ideas, generating practice questions, drafting administrative messages,
summarizing non-sensitive documents, or supporting language practice. Moderate-risk
uses include Al-supported feedback, learning analytics dashboards, adaptive exercises,
student support chatbots, and recommendation systems. High-risk uses include Al in-
volvement in grading, admissions, disciplinary decisions, disability accommodations,
mental health referrals, or predictive risk scoring.

For each proposed use case, institutions should ask the following questions:

What educational or administrative problem does this use case address?
Who benefits, and who may be disadvantaged?

What data are collected, processed, stored, or shared?

Could the Al output influence a high-stakes decision?

What type of human review is required?

How will accuracy, bias, accessibility, and usability be evaluated?
What should users be told about the system and its limitations?

This risk classification allows institutions to apply proportional safeguards. Low-
risk tools may require basic guidance and teacher review, while moderate-risk tools
require documented procedures, training, monitoring, and transparency. High-risk uses
require formal approval, stronger human oversight, legal and ethical review, auditabil-
ity, and clear appeal mechanisms.

6.5 Phase Four: Pilot Design and Controlled Experimentation

Al tools should be piloted before institution-wide deployment. Pilots allow institutions
to test educational value, technical reliability, user acceptance, equity implications, and
governance procedures in a controlled environment [2, 3, 14].

A strong pilot should include clearly defined objectives, a limited scope, a defined
timeline, participating teachers and learners, success indicators, risk controls, and a
feedback mechanism. For example, a university may pilot a generative Al writing-sup-
port tool in one first-year course to examine whether it improves drafting, feedback
literacy, and student confidence without weakening authorship or academic integrity.
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Pilot design should include baseline data so that outcomes can be interpreted mean-
ingfully. Institutions may compare student engagement, feedback turnaround time,
teacher workload, assignment quality, accessibility outcomes, or student confidence
before and after the pilot. Qualitative feedback from teachers and learners is equally
important because educational value is not always captured through quantitative indi-
cators alone.

During the pilot phase, institutions should avoid overgeneralizing from early enthu-
siasm. A tool that works well in one discipline, age group, language context, or assess-
ment model may not work equally well elsewhere. The pilot should therefore identify
both transferable lessons and context-specific limitations.

6.6  Phase Five: Pedagogical Integration and Assessment Redesign

Al implementation should be integrated into pedagogy rather than added as an external
layer. Teachers need support to decide when Al use is appropriate, how it changes
learning activities, and how it affects evidence of student competence.

Pedagogical integration may involve redesigning learning activities so that Al sup-
ports inquiry, practice, feedback, creativity, and reflection. For example, students can
use generative Al to compare alternative explanations, critique generated responses,
improve drafts through iterative feedback, simulate professional scenarios, or practice
language interaction. In each case, the learning task should require students to evaluate,
justify, revise, and reflect rather than simply accept Al output.

Assessment redesign is especially important. Institutions should update assessment
policies and course-level practices so that teachers can distinguish permitted, limited,
and prohibited uses of Al. A practical approach is to define levels of acceptable Al
support, such as no Al use, Al use for brainstorming only, Al use for feedback and
revision, Al use with full disclosure, or Al use as part of the assessed task [7, 10, 12].

Assessment should increasingly include evidence of process. This may involve oral
explanation, in-class components, reflective commentaries, annotated drafts, version
histories, portfolios, live problem-solving, project demonstrations, and teacher-student
feedback checkpoints. These approaches do not eliminate the challenge of Al misuse,
but they make assessment more authentic and more closely aligned with real compe-
tence.

6.7  Phase Six: Professional Development and Support Ecosystems

Teacher professional development is a central condition for successful implementation.
Training should not be limited to technical demonstrations of tools. It should help edu-
cators understand the pedagogical, ethical, legal, and practical implications of Al in
their specific teaching contexts [10, 12].

Professional development should cover Al literacy, prompt design, critical evalua-
tion of Al outputs, bias detection, privacy-safe use, inclusive design, assessment rede-
sign, and communication with students about responsible Al use. It should also include
discipline-specific examples because the implications of Al differ across humanities,
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social sciences, engineering, medicine, business, teacher education, and vocational
training.

Institutions should create support ecosystems rather than isolated workshops. Useful
mechanisms include communities of practice, peer mentoring, Al teaching fellows,
helpdesk support, model lesson repositories, approved prompt libraries, assessment re-
design clinics, and regular forums where teachers can share successes and challenges.

Support should also extend to students. Learners need orientation on responsible Al
use, citation or disclosure expectations, privacy risks, limitations of Al-generated con-
tent, and strategies for maintaining independent thinking. Student-facing guidance
should be written in clear language and illustrated with examples of acceptable and
unacceptable use.

6.8 Phase Seven: Infrastructure, Procurement, and Data Protection

Responsible Al implementation depends on technical and contractual foundations. In-
stitutions should avoid adopting tools without reviewing data flows, security arrange-
ments, accessibility compliance, interoperability, vendor accountability, and long-term
costs [4, 5, 10].

Procurement procedures should require vendors to explain what data are collected,
where data are stored, whether prompts or student outputs are used for model training,
how long data are retained, how users can request deletion or correction, and what se-
curity measures are in place. Contracts should also address service reliability, incident
reporting, audit rights, accessibility standards, and exit strategies.

Institutions should prioritize tools that integrate securely with existing systems, sup-
port role-based access, provide administrative controls, and allow meaningful human
oversight. Where possible, they should avoid creating dependence on opaque systems
that cannot be audited or explained, especially for applications that influence educa-
tional decisions.

Data protection should follow the principles of minimization, purpose limitation,
security, transparency, and accountability. Sensitive student data should not be entered
into public Al systems unless institutional policy explicitly permits it and adequate
safeguards are in place. Staff and students should receive practical guidance on what
information must never be shared with external Al tools.

6.9 Phase Eight: Monitoring, Evaluation, and Continuous Improvement

Implementation should not end after deployment. Al systems, user behavior, educa-
tional needs, and regulatory expectations change over time. Institutions therefore need
continuous monitoring and periodic review [5, 10].

Evaluation should combine educational, ethical, operational, and equity indicators.
Possible indicators include improvement in feedback turnaround time, student satisfac-
tion, teacher workload, accessibility outcomes, learning engagement, student progres-
sion, frequency of academic integrity incidents, number of reported Al concerns, re-
sponse time to issues, and distribution of access across learner groups.
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Institutions should also monitor unintended consequences. These may include ex-
cessive reliance on Al-generated answers, reduced writing practice, biased recommen-
dations, unequal access to premium tools, increased surveillance concerns, staff work-
load caused by new compliance tasks, or student confusion about acceptable use.

Continuous improvement requires regular policy updates, refresher training, trans-
parent reporting, and revision of approved tool lists. Institutions may publish an annual
Al in Education Report summarizing adopted tools, pilot outcomes, risks identified,
mitigation measures, user feedback, and priorities for the next academic year.

6.10 Practical Implementation Roadmap

A practical roadmap can help institutions move from principles to action. The roadmap
below may be adapted according to institutional size, resources, and regulatory context.

Months 1-3: establish an Al steering committee, conduct a readiness assessment,
identify priority use cases, review existing policies, and create interim guidance for
staff and students.

Months 4-6: select pilot projects, complete privacy and security reviews, define suc-
cess indicators, train participating teachers, and prepare student guidance.

Months 7-12: implement pilots, collect data, evaluate educational value and risks,
refine assessment practices, and document lessons learned.

Year 2: scale successful use cases, integrate Al literacy into curricula, expand pro-
fessional development, formalize procurement standards, and strengthen monitoring
systems.

Year 3 and beyond: institutionalize continuous evaluation, update governance in re-
sponse to technological and regulatory change, develop cross-institutional partnerships,
and align Al strategy with long-term educational transformation.

This roadmap should not be interpreted as a rigid sequence. Institutions may move
faster or slower depending on capacity, but they should avoid large-scale deployment
before governance, training, privacy safeguards, and evaluation mechanisms are in
place.

6.11 Key Performance Indicators and Success Criteria

To determine whether Al implementation is successful, institutions should define indi-
cators that reflect educational mission rather than only technology adoption. The num-
ber of tools purchased or users registered is not sufficient evidence of meaningful trans-
formation [1, 3, 14].
Possible success criteria include:
e teachers report reduced administrative burden and improved capacity for men-
toring, feedback, and learning design;
e students demonstrate improved Al literacy, critical evaluation skills, and re-
sponsible use of generative tools;
e assessment practices provide stronger evidence of reasoning, process, origi-
nality, and applied competence;
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e Al-supported services improve accessibility and inclusion without disad-
vantaging vulnerable groups;
e privacy, cybersecurity, and procurement standards are consistently applied;
e human oversight is maintained in all high-stakes educational decisions;
e institutional policies are understood by staff and students and are updated reg-
ularly;
e evidence from pilots and evaluations informs scaling decisions.
These indicators help prevent superficial Al adoption. A human-centered institution
should judge success by whether Al strengthens learning, trust, inclusion, teacher pro-
fessionalism, and institutional resilience.

6.12 Common Barriers and Mitigation Strategies

Institutions may encounter several barriers during implementation. One common bar-
rier is staff resistance, often caused by fear of replacement, uncertainty about expecta-
tions, or lack of time for experimentation. This can be mitigated through transparent
communication, teacher involvement in decision-making, workload recognition, and
practical training [1, 12].

A second barrier is policy ambiguity. When students and staff do not understand
what Al use is allowed, inconsistent practices emerge. Institutions should provide clear
examples, course-level guidance, disclosure templates, and assessment-specific rules.

A third barrier is unequal access. If only some learners can access high-quality Al
tools, Al may deepen existing inequalities. Institutions can respond through institu-
tional licensing, device support, accessible interfaces, multilingual resources, and tar-
geted support for underrepresented learners [10].

A fourth barrier is overreliance on vendors. Institutions should avoid accepting mar-
keting claims without evaluation and should retain control over educational priorities,
data governance, and assessment standards. Procurement should favor transparency,
interoperability, auditability, and exit options.

A fifth barrier is evaluation fatigue. Teachers and students may perceive monitoring
as an additional burden. Evaluation should therefore be proportionate, integrated into
existing quality assurance systems, and designed to produce useful feedback rather than
bureaucratic reporting.

In summary, institutional implementation of Al in education requires coordinated
action across leadership, governance, pedagogy, infrastructure, professional develop-
ment, and evaluation. The most sustainable approach is incremental, participatory, ev-
idence-informed, and human-centered. Institutions that treat Al adoption as organiza-
tional learning rather than simple technology deployment are more likely to achieve
responsible and lasting educational value [4, 10].

7 Future Directions

The future of Al in education will be shaped by the relationship between technology,
learners, teachers, and institutions. Al is likely to become more integrated into everyday
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educational life, embedded within learning platforms, administrative systems, libraries,
classrooms, and personal study environments. Learners may increasingly interact with
Al without perceiving it as a separate technology [3, 7, 10].

Personalized learning is likely to expand. Future systems may adapt to learner pro-
gress, goals, pace, language, accessibility needs, and motivational patterns. Such sys-
tems could help students receive targeted explanations, prerequisite review, or ad-
vanced challenges. However, personalization must avoid narrowing students’ exposure,
reinforcing stereotypes, or locking learners into predictive categories [2, 6, 11].

Teachers are likely to work more closely with Al assistants. These systems may help
prepare lessons, summarize student progress, generate practice materials, suggest inter-
ventions, and reduce administrative workload. The most successful institutions will use
Al to empower teachers rather than to reduce teaching to supervision of automated sys-
tems [7, 10, 12].

Continuously available Al tutors may expand access to support, especially for re-
mote learners, adult learners, and students reluctant to ask questions in public. Yet this
development reinforces the need for Al literacy, because students must learn when to
trust Al, when to question it, and when to seek human guidance [7, 11, 12].

Future learning environments may become more multimodal and immersive. Stu-
dents may learn through speech, diagrams, simulation, augmented reality, virtual labor-
atories, and Al-supported practice environments. This could be especially valuable in
science, medicine, engineering, language learning, vocational education, and emer-
gency response training.

Assessment will continue to evolve. As generative Al makes final-output tasks less
reliable as evidence of independent learning, institutions may increasingly value oral
explanation, live performance, reflective process, collaboration, and applied problem-
solving. Al may therefore accelerate a broader shift from memorization and reproduc-
tion toward reasoning, creativity, ethical judgment, and communication.

Al will also support lifelong learning and workforce reskilling. As professional skills
change rapidly, learners will need flexible systems that diagnose skill gaps, recommend
learning pathways, provide simulations, and support career transitions. Universities and
training institutions may increasingly serve learners throughout adulthood.

At the same time, the future contains serious risks. If access remains unequal, Al
may deepen educational divides. If institutions rely heavily on opaque commercial plat-
forms, autonomy and public trust may weaken. If students become passive recipients
of automated answers, critical thinking may decline. If surveillance expands without
safeguards, educational environments may lose the trust necessary for meaningful
learning [4, 5, 10].

The decisive factor will not be the sophistication of Al itself, but the quality of lead-
ership, pedagogy, governance, and institutional purpose guiding its use.
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8 Conclusion

Al has the potential to support more personalized, inclusive, efficient, and data-in-
formed education. Generative Al in particular can assist teachers, support students, ex-
pand access to learning resources, and stimulate new forms of creativity and collabora-
tion. However, technological capability does not guarantee educational value.

A human-centered approach is essential. Teachers remain central because education
depends on empathy, trust, ethical judgment, motivation, critical thinking, and contex-
tual understanding. Al should be used to augment these human capacities, not to replace
them. Institutions should therefore treat Al adoption as a pedagogical and governance
challenge rather than only a technological upgrade.

The future of education is unlikely to be fully automated or unchanged. It will more
likely be hybrid: a model in which human intelligence and artificial intelligence work
together. If guided responsibly, Al can free time for deeper teaching, broaden access to
knowledge, personalize support, and strengthen institutional resilience. The central
challenge is not whether Al will shape education, but whether education will shape Al
in service of human flourishing.

References

1. Bond, M., Marin, V.1, Dolch, C. et al. Digital transformation in German higher education:
student and teacher perceptions and usage of digital media. Int J Educ Technol High
Educ 15, 48 (2018). https://doi.org/10.1186/s41239-018-0130-1

2. Chen, L., Chen, P. and Lin, Z. (2020) Artificial Intelligence in Education: A Review. IEEE
Access, 8, 75264-75278.https://doi.org/10.1109/ACCESS.2020.2988510

3. Crompton, H., Burke, D. Artificial intelligence in higher education: the state of the field. Int
J Educ Technol High Educ 20, 22 (2023). https://doi.org/10.1186/s41239-023-00392-8

4. European Commission. (2019). Ethics Guidelines for Trustworthy Al. European Commis-
sion

5. European Union. (2024). Regulation (EU) 2024/1689 laying down harmonised rules on ar-
tificial intelligence (Artificial Intelligence Act). Official Journal of the European Union.

6. Holmes, W., Bialik, M., Fadel, C. (2019). Attificial Intelligence in Education. Center for
Curriculum Redesign.

7. Kasneci, E., et al. (2023). ChatGPT for good? On opportunities and challenges of large lan-
guage models for education. Learning and Individual Differences, 103, 102274.
https://doi.org/10.1016/j.1indif.2023.102274

8. Luckin, R. (2018). Machine Learning and Human Intelligence. UCL Press.

9. OECD. (2021). Al and the Future of Skills. OECD

10. UNESCO. (2023). Guidance for Generative Al in Education and Research. UNESCO

11. Van Lehn, K. (2011) The Relative Effectiveness of Human Tutoring, Intelligent Tutoring
Systems, and Other Tutoring Systems. Educational Psychologist, 46, 197-221.
https://doi.org/10.1080/00461520.2011.611369

12. Walter, Y. Embracing the future of Artificial Intelligence in the classroom: the relevance of
Al literacy, prompt engineering, and critical thinking in modern education. /nt J Educ Tech-
nol High Educ 21, 15 (2024). https://doi.org/10.1186/s41239-024-00448-3


https://doi.org/10.1016/j.lindif.2023.102274

246 D. Hunyadi et al.

13. Williamson, B. and Eynon, R. (2020) Historical Threads, Missing Links, and Future Direc-
tions in Al in Education. Learning, Media and Technology, 45, 223-235.
https://doi.org/10.1080/17439884.2020.1798995.

14. Zawacki-Richter, O., Marin, V.I., Bond, M. et al. Systematic review of research on artificial
intelligence applications in higher education — where are the educators?. Int J Educ Technol
High Educ 16, 39 (2019). https://doi.org/10.1186/s41239-019-0171-0

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits any noncommercial use,
sharing, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license
and indicate if you modified the licensed material. You do not have permission under this
license to share adapted material derived from this chapter or parts of it.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc-nd/4.0/

	Generative AI in Education: A Human-Centered Framework for Teaching, Governance, and Institutional Transformation



