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Abstract
Artificial intelligence (AI) is rapidly transforming education, enabling the creation of 

adaptive and personalized learning environments that respond in real time to students’ indi-
vidual needs. The integration of AI into pedagogical practices supports the development of 
competencies, lifelong learning, and the strengthening of metacognitive skills. Adaptive sys-
tems use data analysis to track progress, identify knowledge gaps, and recommend person-
alized interventions, allowing educators to focus on higher-level pedagogical tasks. AI also 
promotes the development of 21st-century skills, such as critical thinking, problem-solving, 
collaboration, and digital literacy. Students become active participants in their own learn-
ing process, developing their self-regulatory and reflective abilities. The use of AI repre-
sents a paradigm shift from content-centered education toward competency development, 
in line with societal and labor market needs. For educators, the use of AI requires techno-
logical-pedagogical competencies and data literacy, as well as adherence to the principles of 
ethical and responsible use. Frameworks such as TPACK (Koehler et al. 2013) help align 
tools, subject-matter knowledge, and pedagogical methods. However, the integration of AI 
also presents challenges, as addressing algorithmic biases, data privacy, infrastructure costs, 
and digital inequalities is crucial to maintaining social justice. Overall, AI in education is 
not merely a technological innovation but a tool for creating personalized, effective, and 
inclusive learning environments, preparing students and educators for the digital challenges 
of the 21st century.
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Introduction
Technological advancements are rapidly transforming social structures, lifestyles, and the way 
we access information, particularly among younger generations. Generation Z has grown up in 
a digital environment from birth, so the integration of technological tools into their daily lives 
comes naturally to them (Jancsák 2013, Bereczki 2022. Tari 2023, Steigervald 2024). For 
them, quickly accessing information, processing vast amounts of data, and learning and com-
municating on digital platforms have become essential skills (Menyhártné – Biró – Csiszár 
2021). This cultural and technological background has a significant impact on education sys-
tems, which must adapt to students’ changing needs, learning habits, and expectations. The dy-
namic evolution of education and the challenges of the global knowledge-based society require 
that new technologies not merely appear as tools in educational processes, but induce a funda-
mental paradigm shift in the methodology of teaching and learning (Jancsak et. al. 2021, 2023). 
The integration of artificial intelligence (AI) into education can be understood not merely as an 
innovative technological achievement, but as a catalyst that enables the development of new 
pedagogical approaches, adaptive learning environments, and personalized learning pathways. 
The application of AI technologies offers new opportunities for both students and educators. 
AI tools provide students with continuous, real-time performance tracking, which supports the 
monitoring of individual progress and the personalization of learning strategies. Adaptive learn-
ing systems allow curriculum content and assignments to be tailored to students’ current knowl-
edge levels, learning styles, and paces, thereby promoting more effective learning and sustain-
ing motivation. Furthermore, automated feedback and instant assessment capabilities enable 
faster problem-solving and correction, contributing to the development of metacognitive skills.

For educators, the use of AI requires the acquisition of new pedagogical and technological 
competencies. It is important for teachers to possess skills in the area of Technology Pedagog-
ical Content Knowledge (TPACK), as well as the competencies necessary to interpret data and 
address ethical issues. The concept of TPACK is attributed to Koehler and colleagues, who de-
veloped this framework in 2013 to describe the complexity of teacher knowledge. The TPACK 
model highlights that effective teaching depends not only on subject-matter knowledge but also 
on how the educator is able to convey this knowledge using appropriate methodological tools 
and technological solutions. The model consists of the intersection of three main areas of knowl-
edge: content knowledge (CK), which refers to in-depth knowledge of the subject, pedagogical 
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knowledge (PK), which encompasses knowledge of teaching methods and learning theories; 
and technological knowledge (TK), which pertains to the use of information and communica-
tion technologies, digital tools, and applications. The essence of TPACK is that educators can 
effectively integrate technology into teaching only if they can apply it in accordance with the 
specific characteristics of the subject and the learning objectives. These three components of 
knowledge interact closely with one another and together provide the foundation for modern, 
reflective, and adaptive teaching practice. 

As a result of the use of AI tools, the teacher’s role is increasingly focused on facilitating and 
guiding students and supporting personalized education, if we allow this trend to take hold. It 
is important that teachers use AI tools as complementary technological innovations both during 
and beyond the classroom (Szűts 2020; Dominek 2025). At the same time, the application of 
AI in education raises numerous challenges. One of the most significant issues is data protection 
and data security, as AI systems require the processing of vast amounts of sensitive personal 
data. At the same time, algorithmic bias poses serious risks, as these systems can unintention-
ally reinforce social prejudices or discriminatory practices. The implementation of AI-based 
systems can entail significant financial and infrastructural challenges, as building and maintain-
ing the technological infrastructure imposes substantial costs on institutions. In addition, it is 
essential to provide educators with ongoing professional training so that they can use artificial 
intelligence consciously, responsibly, and effectively, and are able to recognize and address any 
operational errors or technological anomalies. The use of this technology also raises ethical 
questions: for example, who bears responsibility if an AI system malfunctions, and how can we 
preserve the personal nature of education as we increasingly rely on automated processes? An-
other concern is that the spread of AI tools may further widen the digital divide between those 
who have access and digital skills and those who lack them. This phenomenon raises serious 
questions of social justice. Finally, the longer-term theoretical dilemma raised by Bostrom 
(2014) cannot be ignored: if machine intelligence one day surpasses human general intelligence, 
the resulting superintelligence could possess a power capable of fundamentally transforming the 
relationship between humans and machines. Moreover, recent research highlights that AI can 
significantly enhance inclusive education by adapting learning experiences for diverse learners, 
including those with special educational needs, thereby improving accessibility, engagement, 
and learning outcomes when integrated with appropriate pedagogical and ethical frameworks 
(Li – Yan – Zeng 2025).

In summary, AI presents a dual-natured phenomenon in education: on the one hand, it offers 
revolutionary opportunities for the renewal of educational processes, on the other hand, it poses 
significant challenges and uncertainties. To ensure the successful and sustainable integration of 
AI, it is essential to conduct a comprehensive, multidisciplinary examination of the technolo-
gy’s benefits and risks, to adequately prepare educators and students, and to establish a legal and 
pedagogical regulatory framework to accompany technological innovations.

The Application of AI in Various Areas of Education
AI is not merely an advanced technological tool, it has the potential to transform educational 

processes. In its application to education, personalized learning, various student assessment 
methods, the modernization of curriculum, and support for teachers play a key role (Dietz 
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2020).  Personalized learning is one of the most promising areas in the application of AI in ed-
ucation. Its goal is to provide a unique learning experience for each student based on their indi-
vidual preferences. Unlike conventional models, personalized education is tailored to students’ 
individual needs, encompassing learning styles, prior knowledge and areas of interest (Mihályi 
2007).  Algorithms analyze students’ learning behavior, and based on this, the system adapts the 
learning methods and content structure. To increase motivation, AI also utilizes gamification—
that is, game-like elements—which makes this educational field even more colorful and enjoya-
ble (Szabó 2024a). In addition to personalized learning, AI increasingly supports collaborative 
and peer learning by integrating analytics and adaptive feedback that can scaffold student inter-
action and improve collective outcomes (Noroozi et al. 2025). AI also supports inclusive ed-
ucation by adapting content and learning pathways for students with special educational needs 
or diverse abilities, improving accessibility and promoting equitable participation. AI-based as-
sessment can provide students with quick and detailed feedback, thereby reducing the workload 
on instructors. Its purpose is to measure students’ knowledge, skills, and competencies, as well 
as to track effectiveness. These automated systems are capable of automatically grading tests, 
assignments, essays, and other student work. Using algorithms, they analyze different types of 
tasks and texts, identify key concepts, evaluate style and language accuracy, and assign scores 
or grades to assess performance. In practice, popular formats include online worksheets or tests, 
which can be easily graded using this solution. AI-based assessment systems are not only more 
advantageous in terms of time savings, but also provide higher-quality feedback, they evaluate 
performance in greater detail and with greater specificity, identifying both strengths and weak-
nesses, and support opportunities for improvement with recommendations (Molnár 2024). It 
can help modernize the curriculum by automatically generating course materials or extract-
ing key information, ensuring that students have access to up-to-date information. AI analyzes 
course materials and can identify gaps, but it is important that AI does not become the sole tool, 
it cannot replace human expertise, as both instructors and students must possess the appropriate 
digital competencies to use it effectively (Szűts 2020).

Supporting instructors’ work and streamlining administrative tasks are closely linked to 
the use of artificial intelligence. This type of application significantly reduces the burden of 
administrative tasks, thereby allowing instructors to refocus their attention on personal inter-
actions with students. By supporting instructors’ work, we mean the effective creation of les-
son plans, taking into account learning objectives aligned with the subject matter and specific 
needs (Szabó 2024b). It is worth noting AI’s contribution to curriculum development. It is 
also worth highlighting automatic assessment and feedback, which can be applied to various 
quizzes or text-based assignments. The automation of administrative tasks is a time-saving 
and efficient solution. With the help of AI, educators can significantly reduce the time spent on 
administrative tasks. Reports by McKinsey & Company (2020) and UNESCO (2023) suggest 
that a considerable share of teachers’ workload consists of routine and potentially automata-
ble activities, including grading and administrative documentation. The automation of such 
tasks can free up time for professional development, personalized learning support, and other 
pedagogical responsibilities, thereby enhancing the overall quality and effectiveness of in-
struction. At the same time, the introduction of technological tools raises not only questions of 
efficiency, but also makes it particularly important to consider ethical and data security issues. 
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The use of AI may give rise to unintended consequences, such as the potential for plagiarism 
or breaches of personal data protection. However, these problems can be prevented through 
the implementation of appropriate data protection and security protocols, as well as mindful 
user practices. Overall, AI’s contribution to educators’ work can enhance the quality of higher 
education and make educators’ daily lives easier throughout their professional careers.   One 
of the most significant advantages of AI-based educational systems is therefore their adapt-
ability and ability to be personalized. These systems are capable of continuously monitoring 
students’ performance, learning styles, prior knowledge, and pace of progress, thereby ena-
bling differentiated instruction. AI-supported personalized curricula and automatically gener-
ated assignments promote student motivation and active engagement in the learning process 
(Bokor 2023). AI-based systems enable dynamic adjustments to teaching strategies, as they 
are capable of applying adaptive learning models based on students’ developmental trajecto-
ries. These systems continuously analyze student performance and, based on this, can mod-
ify the curriculum or teaching methods in real time, thereby providing a more personalized 
learning experience. Providing immediate feedback is of particular importance, as it not only 
increases learning efficiency but also promotes the development of metacognitive skills. This 
type of feedback enables students to apply self-regulated learning techniques and supports 
the process of learning from mistakes. In addition, AI systems are capable of processing large 
amounts of data, enabling educators and institutions to make data-driven decisions regarding 
student performance, the effectiveness of the curriculum, and potential modifications to the 
learning environment (Holmes et al. 2019; Zawacki-Richter et al. 2019). Another advantage 
of AI is its ability to automate administrative and repetitive educational tasks, such as grading 
tests or answering simpler student questions via chatbots. This frees up teachers’ time, which 
they can then devote to creative, reflective, and personalized pedagogical activities. The use 
of AI tools also holds significant potential for supporting students with special educational 
needs, as it creates opportunities to tailor learning paths to individual needs and to improve 
the accessibility and comprehensibility of the curriculum. At the same time, the use of AI also 
poses a number of structural, ethical, and technical challenges. A primary concern is the issue 
of data protection and data security, as AI systems often process sensitive personal data. In 
addition, the transparency of algorithmic decision-making and the potential for bias are also 
causes for concern, particularly when algorithms reinforce socially unacceptable prejudices 
or patterns (Bokor 2023). Another challenge is the significant financial and infrastructural 
requirements for the implementation of AI-based educational systems. As mentioned above, 
successful implementation requires strengthening educators’ digital competencies, data inter-
pretation skills, and technological-pedagogical content knowledge, as well as preparing them 
for the responsible and critical use of AI tools (Redecker 2017). It is essential to regularly im-
plement quality assurance mechanisms and audits that guarantee the transparency of AI-based 
decision-making. From an ethical perspective, the question of liability arises in cases where 
AI makes an erroneous decision or exhibits a malfunction. Another important consideration 
is the risk of depersonalizing education if student interaction becomes overly automated and 
the human pedagogical presence is pushed into the background. Last but not least, the use of 
AI could contribute to a further widening of the digital divide. If students or educators lack 
adequate access to or background knowledge for using AI tools, there is a risk that educational 
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inequalities will be further exacerbated.
In summary, AI opens up new dimensions in education, offering a fresh perspective on the 

experience of learning and teaching. It can tailor learning processes to individual needs and 
provide automated assessments and feedback, thereby reducing the administrative burden 
on educators. With the help of AI, up-to-date course materials can be produced quickly and 
easily, and it can also significantly reduce the administrative burden on educators, freeing up 
time for other responsibilities. Although careful consideration of ethical and data security 
issues is essential when using AI, it holds significant potential for improving the quality of 
education overall.

Competency Development in AI-Based Learning 
Environments
The integration of AI into education cannot be viewed merely as a technological innovation, rather 
it requires a profound shift in perspective regarding learning and teaching processes. AI-based 
learning environments offer a new framework for competency development, in which the roles of 
learners and educators, as well as the methods of acquiring and applying knowledge, are funda-
mentally transformed. Adaptive learning systems—which are capable of responding in real time 
to learners’ performance—create personalized learning paths. These systems not only facilitate the 
acquisition of knowledge but also promote the development of key competencies—such as digital 
literacy, self-regulated learning, problem-solving, and collaboration. Automated feedback provid-
ed to students allows for immediate correction and self-reflection, which supports the development 
of metacognitive skills. This leads to greater student autonomy and accountability, which aligns 
with 21st-century competency expectations (Holmes et al. 2019). The impact of AI-based educa-
tion, however, is not limited to students—it also presents new challenges for educators. Beyond 
formal education, AI platforms enable lifelong learning for adults and professionals. Adaptive 
systems personalize training, recommend skill development paths, and support microlearning, 
ensuring continuous competence growth aligned with evolving labor market demands (Holmes 
et al. 2019). The traditional pedagogical role is expanding, and digital pedagogical competence 
is gaining increasing importance, this involves not only the use of tools but also the conscious 
and critical planning of technological support for teaching processes. In addition, educators need 
to develop data interpretation and data literacy skills, as they must be able to interpret and use 
the student performance data generated by AI systems responsibly (Redecker 2017). From a 
sociological perspective, all of this also contributes to a shift in social competencies. AI-based 
education promotes an individual’s adaptability, ability to cope with rapid technological changes, 
and participation in networked forms of learning. At the same time, it can also reproduce social 
inequalities if educational systems do not ensure equal access to tools and digital knowledge for 
everyone. Therefore, AI-based competency development can only be truly effective and inclusive 
if it is implemented in a conscious, reflective manner at both the educational policy and institution-
al levels. AI-based learning environments not only improve learning effectiveness but also play 
a key role in developing future-oriented, cross-curricular competencies. At the same time, they 
require new pedagogical and institutional structures capable of adapting to technological changes 
while ensuring comprehensive support for the competence development of students and teachers.
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The Interaction Between Artificial Intelligence and Human 
Competencies
The relationship between AI and human competencies has become an increasingly prominent top-
ic in recent years, particularly in the areas of work, education, and social participation. Although 
the narrative that AI threatens human jobs and acts as a competitor to individuals is often raised, it 
is becoming increasingly clear that this relationship is far more complementary than antagonistic 
in nature (Crawford 2021). The relationship between humans and machines can be understood 
along three key dimensions: complementarity, competition, and the redistribution of competen-
cies. Together, these three aspects not only enable a better understanding of the social impacts of 
technological development but also contribute to the reinterpretation of social structures and iden-
tities. The dimension of complementarity highlights that AI primarily provides effective support in 
tasks requiring the rapid and accurate processing of large volumes of structured data. In contrast, 
the advantage of human thinking lies in intuitive, experiential, and moral judgment, which ma-
chines—at least at their current level of development—are unable to fully replicate. The collabo-
ration of these two types of competence can create a new quality that surpasses the performance of 
either humans or machines alone. A good example of this is medical diagnostics, where AI algo-
rithms are capable of analyzing vast amounts of imaging data, but the specialist’s experience and 
ethical responsibility remain indispensable in the final decision-making process (Topol 2019). 
Similar synergistic effects can be observed in the field of education, where personalized learning 
systems make it possible to take students’ individual needs into account, while the teacher’s role 
remains irreplaceable in the areas of emotional support and social education. In sociological terms, 
this complementarity is not merely functional but also a value-based relationship: AI can enable 
a more efficient allocation of resources, but only if it serves social goals, such as increasing equal 
opportunity and making educational or healthcare systems more equitable. At the same time, an-
other important question is who has access to these intelligent systems. If these technologies are 
accessible only to privileged segments of society, this can lead to the emergence—and even the 
reinforcement—of digital inequalities, further deepening social divides.

The second dimension—competition—is particularly significant from the perspective of the 
sociological analysis of labor market processes. The rise of AI and the rapid development of auto-
mation are bringing about significant transformation in the world of work. Jobs involving routine, 
algorithmizable tasks are particularly at risk. Typical examples include customer service, adminis-
trative, assembly line, and logistics jobs (Frey – Osborne 2013). The displacement of these jobs 
raises not only economic but also social questions: Which social groups will lose their livelihoods? 
What resources are available for retraining? How flexible are social institutions in the face of 
change? The reorganization of the division of labor, in fact, also reshapes the channels of social 
mobility. The winners of technological progress are primarily social groups representing a highly 
skilled, creative, and adaptable workforce, while the losers are often less educated groups pushed 
to the margins. This process may contribute to the intensification of economic polarization and 
social exclusion. At the same time, it is important to emphasize that AI-driven transformation not 
only eliminates but also creates new jobs—for example, in data management, ethical analysis, or 
research into the social impacts of AI systems.  However, these new jobs generally require a higher 
level of education and interdisciplinary knowledge, which are not equally accessible to everyone.
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The third dimension raises questions regarding the restructuring of competencies, social learning, 
education policy, and identity formation. Collaboration with AI requires the acquisition of new types 
of skills that go beyond traditional professional knowledge. So-called transversal skills—such as 
analytical and critical thinking, the ability to make ethical decisions, human-centered design, as well 
as digital ethics and accountability—are gaining in importance. These skills are increasingly becom-
ing part of a new form of cultural capital, which may also influence the realignment of social status 
(oecd 2019). Technological competence is no longer limited to the use of tools but also encompasses 
the fundamental principles of AI, its social impacts, and critical thinking regarding technology. This 
shift presupposes a new conception of literacy, in which digital awareness becomes a prerequisite for 
social integration. This poses a significant challenge for educational systems and public policies, as 
preparing for collaboration with AI involves not only technical but also ethical, social, and cultural 
dimensions. From a sociological perspective, the rise of digital technologies leads to a reconfigu-
ration of social competencies, which simultaneously creates new forms of identity. As a result, the 
figure of the technological citizen emerges—someone who not only understands how digital systems 
work but is also able to harness them consciously and responsibly in the service of social goals. This 
new type of digital competence contributes to the transformation of participatory culture, as well as 
to new forms of social engagement and civic activity (Mossberger – Tolbert – McNeal 2007; 
Jenkins et al. 2015). A crucial aspect of human-AI collaboration is ethical integration, including 
transparency, accountability, and human-centered pedagogy. International frameworks emphasize 
that AI should complement—not replace—human instruction, ensuring learner-centered practices 
and teacher autonomy while mitigating bias and inequality (Unesco 2025). AI integration also pro-
motes cross-disciplinary and transversal skill development. Students enhance analytical thinking, 
ethical decision-making, digital literacy, and collaborative problem-solving through AI-supported 
projects, preparing them for complex real-world challenges (oecd 2019).

In summary, from a sociological perspective, the relationship between AI and human competencies 
is not merely a technological or economic issue, but a profound social process that is transforming the 
world of work, educational systems, the structure of identities, and the dynamics of social inequalities. 
The triad of complementarity, competition, and the realignment of competencies are not isolated phe-
nomena, but rather mutually reinforcing, complex social changes that will shape the structure of future 
society. The challenge is not merely how we adapt to these changes, but also how we shape them in 
ways that promote social justice, inclusion, and democratic participation. AI is therefore not merely a 
technological innovation, but also a social construct for which we bear collective responsibility.

Summary
Looking toward the future, ensuring equity in AI-powered learning environments must be a priority. 
AI holds promise for enhancing adaptive learning and accessibility, but without deliberate invest-
ment in digital infrastructure and teacher training, it risks exacerbating existing inequalities. Address-
ing the digital divide and fostering inclusive access remain essential for truly equitable AI integration 
in education systems worldwide (Vesna et al. 2025; Li – Yan – Zeng 2025). Technological advances 
in AI have brought about one of the most significant changes of recent decades in the labor market, 
education, competency frameworks, and socio-economic structures. This radical transformation is 
not limited to automation; it fundamentally reshapes the relationship between humans and machines 
and redefines the ways we work and learn. The study highlights that while AI can effectively handle 
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many repetitive, monotonous tasks or those requiring the processing of large amounts of data, the 
human factor—particularly complex and higher-order cognitive abilities such as creativity, empathy, 
ethical considerations, critical thinking, and social intelligence —remain indispensable in education, 
the workplace, and social interactions. Cooperation between AI and humans is not merely a possible 
path, but a fundamental necessity for the future social and economic sustainability of our society. 
This cooperation can create synergies that make optimal use of both parties’ capabilities, enabling 
more effective solutions to complex problems, accelerating innovation, and freeing the human work-
force from monotonous and time-consuming tasks. Educational institutions, policymakers, and those 
shaping workplace culture must therefore approach technological changes with a proactive, strate-
gic mindset. This includes transforming educational curricula and teaching methods, continuously 
developing workforce skills, and strengthening digital competencies. The paradigm of competency 
frameworks is shifting, as the development of metacompetencies—such as adaptability, the ability 
to engage in lifelong learning, critical and creative thinking, and digital and collaborative skills—is 
becoming increasingly important alongside traditional knowledge-based skills. These competencies 
are not only the keys to individual competitiveness in the labor market but also the cornerstones of 
social cohesion and economic competitiveness. Research shows that individuals and organizations 
capable of successfully integrating AI into their daily operations gain significant advantages in both 
innovation and efficiency (Brynjolfsson – McAfee 2014; Redecker 2017).

At the same time, however, a number of ethical, legal, and social challenges are emerging. Is-
sues related to the transparency of AI systems, algorithmic bias, data protection, and data security 
are becoming increasingly urgent and pose serious risks if not properly addressed. Furthermore, 
digitalization can exacerbate social inequalities, particularly as the digital divide widens, which 
may further marginalize groups that lack access to adequate technological tools or the necessary 
digital skills. Therefore, it is essential to develop an inclusive, socially responsible approach that 
ensures the benefits of AI are widely accessible and do not further exacerbate existing social and 
economic disparities. In summary, it can be concluded that the future is not solely about the exclu-
sive dominance of machines or humans, but rather about the ability of humans and artificial intel-
ligence to collaborate effectively, responsibly, and ethically. This synergy will lay the foundation 
for educational innovations, workplace transformations, and social development in the coming 
decades. In addition to technological advancements, special attention must be paid to the parallel 
development of human values, legal regulations, and ethical standards so that the integration of AI 
is not only effective but also fair and sustainable in global society.
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