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Abstract
The study examines the complex interaction between artificial intel-
ligence (AI) and human competencies through a multidisciplinary
approach. It presents how AI transforms the labor market, educa-
tion, and social structures, with particular emphasis on the recon-
figuration of competency requirements. The paper analyzes the
complementary and competitive dimensions of human–machine
collaboration, as well as the skills—such as creativity, critical think-
ing, ethical awareness, and digital literacy—that are gaining im-
portance in future job markets. It addresses the ethical and legal
challenges of AI applications, including issues of autonomy, respon-
sibility, and fairness, and presents a liability model applicable to
weak AI. The author emphasizes that sustainable and value-driven
human–AI collaboration requires the adaptive development of ed-
ucation, regulation, and organizational culture to ensure that AI
does not replace but rather complements human capabilities for
the benefit of social well-being.
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1 Introduction
Artificial intelligence (AI) is one of the most rapidly developing and
significant technological achievements of our time, fundamentally
transforming various spheres of society, including the labor market,
the education system, healthcare, and public administration. AI al-
gorithms possess increasingly sophisticated capabilities that enable
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them to perform complex tasks that were previously considered the
exclusive domain of human intelligence. These include natural lan-
guage processing [1], the recognition and interpretation of visual
information, strategic decision-making, and the adaptive manage-
ment of continuous learning processes [2]. Due to their advanced
nature, AI technologies are not only capable of automating static
tasks but can also adapt to dynamic and changing environments—a
skill that is crucial for addressing the complex challenges of the
modern economy and society [3].

The rapid expansion of AI, however, represents not merely a
technological breakthrough but also carries profound social and
economic consequences. In parallel, it has become necessary to
rethink human competencies, particularly in light of the fact that au-
tomation replaces human labor in certain fields, while in others, the
importance of human skills continues to grow. Routine, repetitive,
and rule-based tasks that once required substantial human effort
are increasingly being transferred to algorithms, which, due to their
speed and precision, can perform them more efficiently [4]. At the
same time, aspects of human intelligence such as creativity, empa-
thy, complex ethical considerations, and critical thinking—most of
which cannot be formalized through algorithms—are gaining value
and are becoming increasingly indispensable.

From this perspective, AI does not merely appear as a substitute
for human labor but also as a potential partner, creating new forms
of collaboration as well as new job and competency profiles. The
success of human–machine collaboration largely depends on how
AI systems are integrated with human expertise, and on how the
structure of these interactions can be consciously designed and
optimized [5]. This also means that the jobs of the future will
undergo significant transformation, making continuous learning,
retraining, and the development of complex skills—complementing
AI’s capabilities while counterbalancing its limitations—essential
[6] (OECD, 2019b).
Furthermore, the application of artificial intelligence brings ethical,
legal, and societal issues increasingly to the forefront, as AI systems
influence human decision-making, increase the demand for trans-
parency and accountability, and create new challenges in the areas
of data protection and fairness [7]. These issues require further
research and multidisciplinary approaches to ensure that AI devel-
opment and implementation are aligned with societal values and
norms. In this article, attention is given to the implications of AI for
public administration and e-government services. As governments
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increasingly adopt AI technologies for service delivery, eligibility as-
sessments, and decision support, questions of human competencies,
accountability, and legitimacy become central. While automation
can increase efficiency in bureaucratic procedures, human skills
such as responsibility, ethical reasoning, and trust-building remain
indispensable to ensure democratic legitimacy [8].

This study therefore aims to provide a comprehensive, scientific
examination of the complex interactions between AI and human
competencies. Special attention is given to the interactional do-
main where AI does not simply replace but complements human
abilities, as well as to identifying those competencies that will play
a decisive role in the labor market of the future. The study also
seeks to contribute to the work of policymakers and educational
institutions by promoting the maximization of the effectiveness
of human–machine collaboration and ensuring sustainable social
and economic development in a rapidly changing, technologically
increasingly complex world.

2 The Conceptual Framework of Artificial
Intelligence

The concept of AI has long since surpassed the initial theoretical
models developed in scientific laboratories and has moved to the
center of economic, social, and political discourse. This technolog-
ical innovation is not merely the subject of research in computer
science and artificial systems but fundamentally transforms the
functioning of modern society, influencing the labor market, gov-
ernmental decision-making, as well as ethical and legal norms. In
its classic definition, AI refers to the set of computer systems capa-
ble of imitating or modeling certain aspects of human intelligence.
These include perception, learning, reasoning, and decision-making
processes [9]. This definition highlights that AI is not merely an
automated data processor but a complex cognitive system capable
of responding adaptively to environmental stimuli in a manner
similar to humans.

Stuart Russell and Peter Norvig [2] further refine the concept of
AI by distinguishing four different approaches, each illuminating
the operation of AI from a different perspective. The first approach
is the category of systems that think like humans, aiming to model
and simulate human cognition, i.e., thought processes. The second
category comprises systems that act like humans, striving to imitate
human behavior as authentically as possible based on the principle
of the Turing Test. The third group is rational-thinking systems,
which aim to optimize decision-making primarily through logical
inference. Finally, the fourth approach is rational-acting systems,
designed to solve problems effectively to achieve predetermined
goals [2]. These categories fundamentally determine the directions
of AI development and help to understand the complex nature of
artificial intelligence.

Furthermore, AI systems are often classified intoweak and strong
categories, a distinction attributed to Searle [9]. Weak AI refers to
systems specialized in solving a specific, well-defined task—such as
image recognition or language translation—without possessing gen-
eral, human-like cognitive abilities. In contrast, strong AI denotes a
hypothetical group of systems that would be capable of performing

any human cognitive task, including independent thinking, emo-
tional understanding, and general problem-solving; however, such
a level of intelligence has not yet been achieved [2] [9].

From a technological perspective, the fundamental building
blocks of current AI systems are machine learning, deep learn-
ing, and natural language processing. Machine learning algorithms
allow AI systems to automatically recognize patterns and improve
performance without human intervention by analyzing large vol-
umes of data. Deep learning—a specialized branch of machine
learning—uses multilayer neural networks capable of identifying
and processing complex, nonlinear relationships [3]. Natural lan-
guage processing enables computers to interpret, analyze, and gen-
erate human language, forming the basis of applications such as
machine translation, speech recognition, or chatbots. Together,
these technological components enable AI systems to learn and
adapt autonomously, making them increasingly efficient and appli-
cable across a wide range of industries.

In the domain of e-government, applications of artificial intelli-
gence are currently confined to so-called weak AI systems, which
are designed to carry out narrowly defined tasks without exhibit-
ing general cognitive abilities. Typical examples include customer
service chatbots assisting citizens with frequently asked questions,
predictive analytics models that detect patterns of potential fraud in
taxation or welfare programs, and algorithmic systems that stream-
line administrative case handling by automating repetitive checks.

A particularly illustrative case is Estonia’s digital state model,
often referred to as e-Estonia. Here, AI and machine learning
techniques have been incorporated into core public services. For
instance, the Estonian Unemployment Insurance Fund has piloted
AI systems that predict the risk of long-term unemployment and
recommend personalized interventions, while the Tax and Customs
Board has used anomaly-detection algorithms to improve compli-
ance and fraud prevention [10] [11]. Moreover, the national AI
program Krat (also known as Bürokratt) is envisioned as a virtual
assistant that will enable citizens to interact seamlessly with mul-
tiple government agencies through natural language processing
interfaces [12].

While these initiatives demonstrate the efficiency gains and in-
novative potential of AI, they also highlight an essential condition:
human oversight and discretionary judgment remain indispensable.
Automated recommendations must be reviewed, validated, or over-
ridden by civil servants when they conflict with legal principles,
fairness considerations, or citizens rights. This is not only a matter
of technical accuracy but of democratic legitimacy, as accountability
for public decisions cannot be delegated to algorithms [13].

In the public sector, current AI applications are examples of
so-called weak AI, designed for specific tasks such as automated
chatbots, fraud detection, or predictive analytics in taxation and
social welfare. A notable case is Estonia’s e-government infrastruc-
ture, often referred to as e-Estonia, where AI systems are employed
to support tax declarations and social insurance processes While
these tools enhance efficiency, human oversight remains crucial to
maintain accountability and citizen trust.
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3 The System of Human Competencies in the
21st Century

The rapid technological development of the digital age and the
swift spread of AI applications are fundamentally transforming la-
bor market expectations and the system of required competencies.
Alongside traditional notions of knowledge and skills, the under-
standing of competencies as complex and dynamic interconnections
is becoming increasingly important. This perspective incorporates
knowledge, skills, attitudes, and values as an integrated system
that enables the effective functioning of an individual [14]. Such a
holistic approach is particularly vital in today’s rapidly changing
social and work environments, in which the emergence of AI is
redefining the role and requirements of human labor.

The three main dimensions of human competencies—cognitive,
socio-emotional, and digital/technological—are of fundamental im-
portance in the age of AI [15]. Cognitive competencies include
problem-solving abilities, creativity, critical thinking, and analyt-
ical skills, which are essential for understanding and addressing
complex and rapidly changing problems [15] [16]. These abilities
support adaptation to new situations and foster innovation, which
is indispensable for competitiveness in the digital economy. The
second dimension, socio-emotional competencies, includes coop-
eration skills, empathy, effective communication, and emotional
intelligence. These competencies promote collaborative work and
the successful management of complex social interactions [14] [17].
In AI-enhanced work environments, they are irreplaceable, as algo-
rithms cannot replicate the depth and diversity of human emotional
and social interactions [5]. Finally, digital and technological com-
petencies are playing an increasingly defining role. These include
information management, data analysis, algorithmic thinking, and
the ability to interpret AI systems [3]. Such skills enable the work-
force to effectively apply and supervise new technologies while
critically assessing their impacts and ethical implications [15].

The meta-competencies identified by the World Economic Fo-
rum [16] include learning ability, complex problem-solving, and
interdisciplinary thinking, which can be applied horizontally across
numerous professional fields and are essential for remaining com-
petitive in the future labor market. The prominence of these compe-
tencies is a dynamic consequence of digital transformation, which
demands not only technical knowledge but also adaptive, creative,
and integrative ways of thinking [16]. The OECD Future of Edu-
cation and Skills 2030 program emphasizes that in the social and
work environments of the future, a successful citizen will possess
not only technical or digital abilities but also moral and social com-
petencies [15]. This comprehensive competency system supports
individuals in participating responsibly and ethically in a complex,
global, and technologically advanced society, thus contributing to
sustainable development and social cohesion [5] [15].

For civil servants, the introduction of AI requires the addition of
new competencies to traditional legal and administrative skills, in-
cluding digital literacy, data protection expertise and citizen-centric
communication. These competencies can be described along three
interrelated dimensions. Cognitive competencies include the ability
to critically interpret algorithmic outputs, identify potential errors

and balance automated recommendations with legal and ethical con-
siderations. Socio-emotional competencies include empathy, com-
munication and trust-building, which are essential when citizens
interact with AI-mediated services that may otherwise appear im-
personal or opaque. Digital and technological competencies include
algorithmic awareness, data literacy and the ability to evaluate and
monitor the performance of AI systems in administrative processes.
Together, these dimensions highlight a set of transversal skills –
adaptability, accountability and interdisciplinary collaboration –
that span all areas of public administration. These competencies
are not only technical requirements, but also social and ethical ca-
pabilities that maintain citizens’ trust in e-government and ensure
that the introduction of artificial intelligence strengthens, rather
than undermines, democratic legitimacy [18].

4 The Interaction between Artificial Intelligence
and Human Competencies

The interpretation of the relationship between AI and human com-
petencies goes far beyond the simplified dichotomy that describes
it as competition between humans and machines. Recent scholarly
discourse increasingly directs attention to the possibilities of com-
plementarity and collaboration, where AI and human capabilities
contribute to higher-level problem-solving and decision-making in
a synergistic way [4] [5]. This interaction can be described along
three main dimensions: complementarity, competition and displace-
ment, and the reconfiguration of competencies. Complementarity
is most visible in work environments where AI offers technical
advantages—such as the rapid and accurate processing of large
volumes of data—while human intuition, experience, contextual
sensitivity, and ethical considerations remain essential. A classic
example of this is in medical diagnostics: while AI can quickly iden-
tify pathological patterns in medical images, it is the physician’s
role to make clinical decisions, which require empathy, complex
risk assessment, and consideration of the patient’s individual needs
[5] [19]. A similar form of synergy can be observed in education,
where AI-based adaptive learning systems offer personalized con-
tent to learners, while the teacher’s role is to maintain motivation,
provide social and emotional support, and foster critical thinking
[20] [21]. This type of human–machine collaboration not only en-
hances efficiency but also creates new value in the world of work
and learning.

At the same time, however, some AI applications generate signif-
icant competition in the labor market. The rise of machine learning
and automation threatens occupations built on routine, rule-based,
and easily algorithmizable tasks. These include, for example, ba-
sic customer service activities, standard administrative tasks, or
assembly-line work, where machine systems operate more reliably,
quickly, and cost-effectively than human labor [22] [23]. As a re-
sult of these developments, some workers may be displaced from
traditional employment structures. It is important to emphasize,
however, that the emergence of AI also creates new types of jobs,
particularly in areas where technological oversight, development,
and ethical and societal governance are necessary. Such positions
typically require higher levels of cognitive, social, and digital skills
and contribute to the qualitative transformation of the labor force
structure [6] [24]. A similar complementary division of roles can
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be observed in e-government. For example, in tax authorities, algo-
rithms are capable of quickly checking large amounts of data and
flagging suspicious cases, but the final decision must be made by
a civil servant, taking into account the legal environment and the
citizen’s situation. In this way, AI and human officials create value
together: the machine provides efficiency, while humans ensure
legitimacy and fairness [8].

Collaboration with AI also leads to a transformation of com-
petences. So-called transversal or horizontal skills—which can be
applied across various fields and work environments—are becoming
particularly valued. These include critical thinking, ethical decision-
making, human-centered design, and digital ethical awareness, all
of which are essential for the responsible use of AI systems [25].
In addition, the content of digital and technological competencies
is also transforming: the focus is no longer solely on tool usage
but also on understanding how AI works, analyzing its social and
economic impacts, and assessing its ethical implications [26]. In
the age of AI, therefore, it is not only new technological knowl-
edge that is needed, but also complex human competencies that
ensure the active, critical, and ethical participation of individuals
and communities in the digital society.

5 Ethical and social challenges in AI and human
collaboration

The rapid development of AI is not only leading to technological
and economic transformations, but also making it increasingly ur-
gent to examine deeper ethical and social issues. As AI systems play
an increasingly important role in various areas of life, including
transportation, law enforcement, healthcare, and the labor market,
greater attention must be paid to analyzing their social impacts
and normative implications [27] [28]. Cooperation between AI and
humans can only be sustainable and fair if technological develop-
ments take into account human rights, autonomy, responsibility,
and the impact on social inequalities.

In e-government contexts, liability must be clearly assigned to
avoid undermining democratic accountability. When an AI system
produces an erroneous administrative decision—such as the wrong-
ful denial of social benefits or an incorrect tax assessment—it must
be evident whether responsibility lies with the software provider,
the administrative authority, or the individual civil servant. This
clarity is not only a matter of legal doctrine but also of preserv-
ing citizens’ trust in public institutions. Without a well-defined
liability regime, the opacity of algorithmic systems may result in a
responsibility gap, in which no actor can be held fully accountable
for harmful outcomes [29] [30].

Recent EU debates, particularly those surrounding the proposed
Artificial Intelligence Act (AI Act), emphasize that accountability
in public administration must remain firmly human-centered. Un-
like speculative discussions on granting legal personhood to AI
systems, the prevailing legal consensus is that administrative re-
sponsibility cannot be delegated to autonomous systems. Instead,
liability should be structured along existing principles: the public
authority retains primary accountability for administrative acts,
while private software providers may bear contractual or product
liability obligations in cases of defective AI systems [31] [32].

This approach reflects the broader risk-based regulatory phi-
losophy of the AI Act, which classifies AI systems used in public
administration as “high-risk” and subjects them to enhanced obli-
gations for documentation, transparency, and human oversight.
Such requirements aim to ensure that civil servants are not merely
passive operators of automated tools but remain active decision-
makers capable of overriding AI-generated outputs when necessary.
In doing so, liability frameworks reinforce the principle that demo-
cratic accountability cannot be outsourced to algorithms, but must
remain grounded in human institutions and actors [7].

One of the most critical ethical issues revolves around the con-
cept of autonomy. Human autonomy—the ability to make indi-
vidual decisions and act freely—is a fundamental value in demo-
cratic societies. However, when AI-based systems are involved
in decision-making processes, the line between human and ma-
chine responsibility often becomes blurred. This is particularly
problematic because some algorithms make decisions in areas that
have a significant impact on people’s lives, such as hiring, credit
assessment, or criminal proceedings [34] [33]. In such cases, techno-
logical efficiency alone is not enough; transparency, explainability,
and human oversight must also be ensured [7]. These requirements
pose not only technical challenges, but also legal and philosophical
ones.

Closely related to this is the issue of liability. Currently, legal
regulations are unable to fully cover the risks arising from the au-
tonomous operation of AI systems. Since algorithms and software
do not have legal personality, operators, developers, or customers
are usually held liable for any damage they cause—but this frame-
work does not always ensure accountability, especially in the case
of complex, learning systems [35]. One of the most important
tasks for the future is to develop a responsibility structure that
can take into account the technical complexity, adaptability, and
partial autonomy of AI systems. Issues that straddle the boundary
between law and ethics, such as algorithmic accountability or the
moral agency of intelligent systems, require new normative and
regulatory approaches [36].

Finally, one of the most pressing social challenges of AI appli-
cation is the reproduction of structural inequalities. Algorithms
typically learn from historical data, which often already carries so-
cial biases—whether based on gender, race, ethnicity, or economic
status [37] [38]. This can result in AI systems—intentionally or
unintentionally—reinforcing and preserving existing inequalities
rather than remedying them. Eliminating unfair bias and ensuring
algorithmic fairness and equity has become a key goal of responsi-
ble AI development [39]. Selecting appropriate data sets, ensuring
model auditability, and assessing the social impact of decisions in
advance are fundamental steps that are essential for the implemen-
tation of ethical AI applications.

Overall, it can be said that the future of cooperation between
AI and human competencies requires thorough consideration and
regulation not only in technical terms, but also in ethical and social
dimensions. The embeddedness of AI systems in the social fab-
ric necessitates the development of new norms, institutions, and
collective values.
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6 Theoretical outline of the artificial
intelligence liability system

The increasingly widespread use of AI raises new legal challenges
that go beyond the scope of traditional liability systems. While
current European and domestic legislation only recognizes the legal
personality of natural or legal persons, the operation of AI systems—
especially autonomous, learning algorithms—creates a gray area
where the precise definition of responsibility is often problematic
[35] [40]. However, in the case of weak AI—i.e., systems designed
for specific, well-defined tasks and lacking general consciousness—
the traditional legal liability structure can still be applied. For these
systems, a four-factor model provides a theoretical basis for the
legal treatment of damage.

Firstly, the operation of AI can be classified as an activity in-
volving increased risk, which, according to the Civil Code, entails
objective liability, i.e. liability regardless of fault (Civil Code, Sec-
tion 6:535 [41]). Due to the unpredictability and potential for error
of AI systems and the opacity of their decision-making mechanisms,
these activities carry increased risk, meaning that in the event of
damage occurring during them, the party causing the damage can
only be exempt from liability in exceptional cases, such as force
majeure. Secondly, liability for damages usually lies with the per-
son operating the AI system, who is responsible for its operation.
This construct is analogous to the liability of motor vehicle opera-
tors, which declares the liability of the person operating the vehicle
rather than the vehicle itself. The operator may be, for example, the
service provider, the operator, or even the end user, depending on
who exercises actual control over the operation of the AI. Thirdly,
if AI is used as a means of committing a crime, the responsibility
still lies with the human perpetrator. AI, even if it performs certain
operations independently, cannot be considered a legal entity ca-
pable of acting in its current state, so criminal liability lies solely
with the human user or developer [42]. Fourthly, when MI systems
are used within a contractual framework, damages resulting from
faulty performance can be dealt with using traditional contractual
law instruments. The service provider—for example, a company
offering AI-based decision support software—can be held liable
under the general rules of warranty or breach of contract (Civil
Code, Sections 6:157–6:174 [41]).

In e-government contexts, liability must be clearly assigned to
avoid undermining democratic accountability. When an AI sys-
tem produces an erroneous administrative decision, it should be
clear whether responsibility lies with the software provider, the
administrative authority, or the individual civil servant. Recent
EU debates, particularly around the Artificial Intelligence Act, un-
derline that accountability in public administration must remain
firmly human-centered and cannot be transferred to autonomous
systems [31].

It is important to emphasize that this set of rules applies only to
weak AI. If systems appear in the future that already have partial
self-awareness, autonomous moral judgment, and learning abilities,
traditional models of responsibility may become inadequate. In this
regard, the idea has already been put forward that certain advanced
AIs should be given a kind of electronic personality that would
enable them to assume partial legal responsibility. According to a

2020 resolution of the European Parliament, this new legal institu-
tion could provide an opportunity to ensure the accountability of
intelligent systems, especially in the case of robotic and AI systems
that operate with autonomous decision-making [12].

Nevertheless, the concept of electronic personality is the subject
of significant philosophical and legal debate, as it fundamentally
questions the traditional concept of legal personality. The reg-
ulation of future artificial systems is therefore not only a legal
technicality, but also a profound ethical and social issue.

7 Summary
The rapid development of AI is not only a technological break-
through, but also fundamentally reshapes the structure of the labor
market, the objectives of education, the focus of competence devel-
opment, and socio-economic relations. The study pointed out that
although AI is increasingly capable of performing routine, algorith-
mic tasks with greater accuracy, human qualities such as creativity,
empathy, ethical sense, critical thinking, and emotional intelligence
remain indispensable in dealing with complex problems, social
coexistence, and moral decision-making.

The relationship between AI and humans can be interpreted not
only as competition, but increasingly as complementary coopera-
tion. However, this cooperation does not happen automatically: it
requires the adaptive and forward-looking development of educa-
tion systems, legal regulations, and organizational cultures. Human
competencies will therefore not lose their validity, but will be ex-
panded with new meaning. Successful citizens of the future will
need not only technological skills, but also ethical thinking, an
interdisciplinary perspective, and the ability to cooperate.

Overall, the future will not belong exclusively to machines or
humans, but to those who are able to cooperate with AI systems
in a responsible, ethical, and value-based manner. The challenge,
therefore, is not the technology itself, but how we develop the in-
stitutional, competency, and value systems through which AI truly
serves human development—not replacing it, but complementing
it.

Acknowledgments
Project No. TKP2021-NKTA-51 was realized with the support of
the Ministry of Culture and Innovation from the National Research
Development and Innovation Fund, financed by the TKP2021-NK
TA tender program.

References
[1] Vaughan, Geoff and Szűts-Novák, Rita (2024). What we talk about when we talk

about AI. artificial intelligence and language. Magyar Nyelvőr, 148 (5), 579–588.
DOI: 10.38143/Nyr.2024.5.579 Available: https://nyelvor.mnyknt.hu/wp-content/
uploads/148503.pdf

[2] Russell, Stuart and Norvig, Peter (2022). Artificial Intelligence: A Modern Ap-
proach. 4th ed. Pearson. Available: https://api.pageplace.de/preview/DT0400.
9781292401171_A41586057/preview-9781292401171_A41586057.pdf

[3] Goodfellow, Ian; Bengio, Yoshua, and Courville, Aaron (2016). Deep Learning.
MIT Press.

[4] Brynjolfsson, Erik and McAfee, Andrew (2014). The second machine age: Work,
progress, and prosperity in a time of brilliant technologies. W. W. Norton &
Company.

[5] Topol, Eric (2019). Deep Medicine: How Artificial Intelligence Can Make Health-
care Human Again. Basic Books.

[6] OECD. (2019b). Artificial Intelligence in Society.
[7] Floridi, Luciano; Cowls, Josh; Beltrametti Monica; Chatila, Raja; Chazerand,

Patrice; Dignum, Virginia; Luetge, Christoph; Madelin, Robert; Pagallo, Ugo;

172

https://nyelvor.mnyknt.hu/wp-content/uploads/148503.pdf
https://nyelvor.mnyknt.hu/wp-content/uploads/148503.pdf
https://api.pageplace.de/preview/DT0400.9781292401171_A41586057/preview-9781292401171_A41586057.pdf
https://api.pageplace.de/preview/DT0400.9781292401171_A41586057/preview-9781292401171_A41586057.pdf


CEEeGov 2025, December 03–05, 2025, Bucharest, Romania Dalma Lilla Dominek

Rossi, Francesca; Schafer, Burkhard; Valcke, Peggy and Vayena, Effy. (2018).
AI4People—An ethical framework for a good AI society: Opportunities, risks,
principles, and recommendations. Minds and Machines, 28(4), 689–707. https:
//doi.org/10.1007/s11023-018-9482-5.

[8] Janssen, Marijn; Brous, Paul; Estevez, Elsa; Barbosa, Luis S. and Janowski
Tomasz. (2020). Data governance: Organizing data for trustworthy Artificial
Intelligence. Government Information Quarterly, 37 (3) https://doi.org/10.1016/j.
giq.2020.101493

[9] Searle, John R. (1980). Minds, brains, and programs. Behavioral and Brain Sciences,
3(3), 417–424. https://doi.org/10.1017/S0140525X00005756

[10] Dreyling, Richard, Tammet, Tanel, Pappel, Ingrid, McBride, Keegan. (2024). Nav-
igating the AI Maze: Lessons from Estonia’s Bürokratt on Public Sector AI
Digital Transformation. Available at SSRN: https://ssrn.com/abstract$=$4850696
or http://dx.doi.org/10.2139/ssrn.4850696

[11] Zuiderwijk, Anneke; Chen, Yu. Che, & Salem, Fadi. (2021). Implications of the
use of artificial intelligence in public governance: A systematic literature review
and a research agenda. Government Information Quarterly, 38(3), 101577. https:
//doi.org/10.1016/j.giq.2021.101577

[12] European Commission (2021). Proposal for a Regulation laying down harmonised
rules on artificial intelligence. COM/2021/206 final.Available at Proposal for a
Regulation laying down harmonised rules on artificial intelligence | Shaping
Europe’s digital future

[13] Margetts, Helen., & Dorobantu, Cosmina. (2019). Rethink government with AI.
Nature, 568(7751), 163–165. https://doi.org/10.1038/d41586-019-01099-5

[14] Rychen, Dominique S., and Salganik, Laura H. (Eds.). (2003). Key Competencies
for a successful life and a well-functioning society. Hogrefe & Huber Publishers.

[15] OECD (2018). The Future of Education and Skills: Education 2030. OECD Pub-
lishing.

[16] World Economic Forum (2020). The Future of Jobs Report 2020. World Economic
Forum.

[17] Goleman, Daniel (1995). Emotional Intelligence: Why It Can Matter More Than
IQ. Bantam Books. ISBN 0747528306, 9780747528302

[18] Wirtz, Bernd. W., Weyerer, Jan. C., and Geyer, Carolin. (2019). Artificial Intelli-
gence and the Public Sector—Applications and Challenges. International Journal
of Public Administration, 42(7), 596–615. https://doi.org/10.1080/01900692.2018.
1498103

[19] Esteva Andre, Kuprel Brett, Novoa Roberto A, Ko Justin, Swetter Susan M, Blau
Helen M and Thrun Sebastian (2017). Dermatologist-level classification of skin
cancer with deep neural networks. Nature 542, 115–118 (2017). https://doi.org/10.
1038/nature21056

[20] Luckin, Rose, Holmes, Wayne, Griffiths, Mark and Forcier, Laurie B. (2016).
Intelligence Unleashed: An Argument for AI in Education. Pearson. Avail-
able: https://www.pearson.com/content/dam/corporate/global/pearson-dot-com/
files/innovation/Intelligence-Unleashed-Publication.pdf

[21] Szűts, Zoltán and Szűts-Novák, Rita (2023). A social media és az okoseszközök
kommunikációs jellemzőinek hatása a pedagógiára. Elméleti alapvetés a kom-
munikáció és a neveléstudomány kapcsolatáról. [The impact of social media
and smart devices on pedagogy. Theoretical foundations of the relationship
between communication and education.] Magyar Nyelvőr, 147 (5), 565–582.
DOI:10.38143/Nyr.2023.5.565 Available: https://nyelvor.mnyknt.hu/wp-content/
uploads/147501.pdf

[22] Frey, Carl B., and Osborne, Michael A. (2017). The future of employment: How
susceptible are jobs to computerisation? Technological Forecasting and Social
Change, 114, 254–280. https://doi.org/10.1016/j.techfore.2016.08.019

[23] Arntz, Melanie, Gregory, Terry and Zierahn, Ulrich. (2016). The Risk
of Automation for Jobs in OECD Countries: A Comparative Analy-
sis. OECD Social, Employment and Migration Working Papers, No.
189, OECD Publishing, Paris. http://dx.doi.org/10.1787/5jlz9h56dvq7-en

https://www.researchgate.net/publication/303311529_The_Risk_of_
Automation_for_Jobs_in_OECD_Countries_A_Comparative_Analysis

[24] Bessen, James E. (2018). AI and Jobs: The Role of Demand. NBER Working Paper
No. 24235. https://doi.org/10.3386/w24235

[25] OECD (2019a). OECD Skills Outlook 2019: Thriving in a DigitalWorld. OECD Pub-
lishing. Available: https://www.skillsforemployment.org/knowledge-product-
detail/3473

[26] Loveless, Avril and Williamson, Ben. (2013). Learning Identities in a Digital
Age: Rethinking creativity, education and technology (1st ed.). Routledge. https:
//doi.org/10.4324/9780203591161

[27] Bostrom, Nick. (2014). Superintelligence: Paths, dangers, strategies. Ox-
ford University Press. Available: https://ia800501.us.archive.org/5/items/
superintelligence-paths-dangers-strategies-by-nick-bostrom/superintelligence-
paths-dangers-strategies-by-nick-bostrom.pdf

[28] Cath Corinne. (2018) Governing artificial intelligence: ethical, legal and
technical opportunities and challenges. Philos Trans A Math Phys Eng Sci.
15;376(2133):20180080. doi: 10.1098/rsta.2018.0080. PMID: 30322996; PMCID:
PMC6191666. Available: https://pubmed.ncbi.nlm.nih.gov/30322996/

[29] Santoni de Sio, Filippo, & Mecacci, Giulio. (2021). Four responsibility gaps with
artificial intelligence: Why they matter and how to address them. Philosophy &
Technology, 34(4), 1057–1084. https://doi.org/10.1007/s13347-021-00450-x

[30] Floridi, Luciano (Ed.), (2012). The Cambridge handbook of information
and computer ethics. Cambridge University Press. https://doi.org/10.1017/
CBO9780511845239

[31] Hacker, Philipp. (2018). Teaching fairness to artificial intelligence: Existing and
novel strategies against algorithmic discrimination under EU law. Common
Market Law Review, 55(4), 1143–1185. https://doi.org/10.54648/cola2018095

[32] European Parliament (2020). Report with recommendations to the Commission
on a framework of ethical aspects of artificial intelligence, robotics and related
technologies. A9-0186/2020. Available https://www.europarl.europa.eu/doceo/
document/A-9-2020-0186_EN.html

[33] Crawford, Kate. (2021). Atlas of AI: Power, Politics, and the Planetary Costs of
Artificial Intelligence. Published by: Yale University Press https://doi.org/10.2307/
j.ctv1ghv45t

[34] O’Neil, Cathy. (2016). Weapons of Math Destruction: How Big Data Increases
Inequality and Threatens Democracy. Crown Publishing Group. ISBN:978-0-553-
41881-1 https://dl.acm.org/doi/10.5555/3002861

[35] Pagallo, Ugo. (2013). The Laws of Robots: Crimes, Contracts, and Torts. Springer.
Available: https://link.springer.com/book/10.1007/978-94-007-6564-1

[36] Coeckelbergh, Mark. (2020). AI Ethics. MIT Press. https://doi.org/10.7551/
mitpress/12549.001.0001

[37] Barocas, Solon and Selbst, Andrew D. (2016). Big Data’s Disparate Impact. Cali-
fornia Law Review, 104(3), 671–732. http://www.jstor.org/stable/24758720

[38] Noble, Safiya U. (2018). Algorithms of Oppression: How Search Engines Reinforce
Racism. NYU Press. https://doi.org/10.2307/j.ctt1pwt9w5

[39] Mittelstadt, Brent, Allo, Patrick, Taddeo, Mariarosaria, Wachter, Sandra and
Floridi, Luciano. (2016). The ethics of algorithms: Mapping the debate. Big Data
& Society, 3(2), 1–21. https://doi.org/10.1177/2053951716679679

[40] Dominek, Dalma Lilla (2025). The Ethical Flow-Based Education Model: Ethical
Use Model of AI and Digitalization in Education. In Naresh Singh and Ram B.
Ramachandran (Eds.) (2025): Handbook of Global Philosophies on AI Ethics:
Towards Sustainable Futures, London, New York: Routledge, pp 133-142 Pa-
per Chapter 10. Available https://www.taylorfrancis.com/chapters/edit/10.1201/
9781003585527-14/ethical-flow-based-education-model-dalma-lilla-dominek

[41] 2013. évi V. törvény a Polgári Törvénykönyvről. [Act V of 2013 on the Civil Code.]
Available: https://net.jogtar.hu/jogszabaly?docid$=$A1300005.TV# - Wolters
Kluwer - Minden jog fenntartva! Letöltve 2025.08.12

[42] Lilkov, Dimitar. (2022). Regulating artificial intelligence in the EU: A risky game.
European View 20(2) 166-174. https://doi.org/10.1177/17816858211059248

173

https://doi.org/10.1007/s11023-018-9482-5
https://doi.org/10.1007/s11023-018-9482-5
https://doi.org/10.1016/j.giq.2020.101493
https://doi.org/10.1016/j.giq.2020.101493
https://doi.org/10.1017/S0140525X00005756
https://ssrn.com/abstract$=$4850696
http://dx.doi.org/10.2139/ssrn.4850696
https://doi.org/10.1016/j.giq.2021.101577
https://doi.org/10.1016/j.giq.2021.101577
https://doi.org/10.1038/d41586-019-01099-5
https://doi.org/10.1080/01900692.2018.1498103
https://doi.org/10.1080/01900692.2018.1498103
https://doi.org/10.1038/nature21056
https://doi.org/10.1038/nature21056
https://www.pearson.com/content/dam/corporate/global/pearson-dot-com/files/innovation/Intelligence-Unleashed-Publication.pdf
https://www.pearson.com/content/dam/corporate/global/pearson-dot-com/files/innovation/Intelligence-Unleashed-Publication.pdf
https://nyelvor.mnyknt.hu/wp-content/uploads/147501.pdf
https://nyelvor.mnyknt.hu/wp-content/uploads/147501.pdf
https://doi.org/10.1016/j.techfore.2016.08.019
http://dx.doi.org/10.1787/5jlz9h56dvq7-en
https://www.researchgate.net/publication/303311529_The_Risk_of_Automation_for_Jobs_in_OECD_Countries_A_Comparative_Analysis
https://www.researchgate.net/publication/303311529_The_Risk_of_Automation_for_Jobs_in_OECD_Countries_A_Comparative_Analysis
https://doi.org/10.3386/w24235
https://www.skillsforemployment.org/knowledge-product-detail/3473
https://www.skillsforemployment.org/knowledge-product-detail/3473
https://doi.org/10.4324/9780203591161
https://doi.org/10.4324/9780203591161
https://ia800501.us.archive.org/5/items/superintelligence-paths-dangers-strategies-by-nick-bostrom/superintelligence-paths-dangers-strategies-by-nick-bostrom.pdf
https://ia800501.us.archive.org/5/items/superintelligence-paths-dangers-strategies-by-nick-bostrom/superintelligence-paths-dangers-strategies-by-nick-bostrom.pdf
https://ia800501.us.archive.org/5/items/superintelligence-paths-dangers-strategies-by-nick-bostrom/superintelligence-paths-dangers-strategies-by-nick-bostrom.pdf
https://pubmed.ncbi.nlm.nih.gov/30322996/
https://doi.org/10.1007/s13347-021-00450-x
https://doi.org/10.1017/CBO9780511845239
https://doi.org/10.1017/CBO9780511845239
https://doi.org/10.54648/cola2018095
https://www.europarl.europa.eu/doceo/document/A-9-2020-0186_EN.html
https://www.europarl.europa.eu/doceo/document/A-9-2020-0186_EN.html
https://doi.org/10.2307/j.ctv1ghv45t
https://doi.org/10.2307/j.ctv1ghv45t
https://dl.acm.org/doi/10.5555/3002861
https://link.springer.com/book/10.1007/978-94-007-6564-1
https://doi.org/10.7551/mitpress/12549.001.0001
https://doi.org/10.7551/mitpress/12549.001.0001
http://www.jstor.org/stable/24758720
https://doi.org/10.2307/j.ctt1pwt9w5
https://doi.org/10.1177/2053951716679679
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003585527-14/ethical-flow-based-education-model-dalma-lilla-dominek
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003585527-14/ethical-flow-based-education-model-dalma-lilla-dominek
https://net.jogtar.hu/jogszabaly?docid$=$A1300005.TV#
https://doi.org/10.1177/17816858211059248

	Abstract
	1 Introduction
	2 The Conceptual Framework of Artificial Intelligence
	3 The System of Human Competencies in the 21st Century
	4 The Interaction between Artificial Intelligence and Human Competencies
	5 Ethical and social challenges in AI and human collaboration
	6 Theoretical outline of the artificial intelligence liability system
	7 Summary
	Acknowledgments
	References

