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SZERKESZTOI KOSZONTO

Tisztelt Olvaso!

Udvézoljik a Mesterséges
intelligencia folyoirat VII.
évfolyam 2025/2. szi-
manak megjelenése al-
kalmaboll*

A korabbiakhoz hasonléan a mesterséges
intelligencia sokszemponti megkézelitésével
taldlkozhatunk jelen lapszamunkban is.

Az elsé tanulmanyban Gulas Géza ezredes
és Petrovanszki Julianna a mesterséges Intelli-
gencia szereplehetéségeit mutatjak be a hadi
jatékok terén.

Oravecz Adrienn a mozgassériilt soférok
aspektusabdl a mesterséges intelligencia koz-
lekedésbiztonsaggal —kapcsolatos — szerepére
iranyitja a figyelmet.

Darwish Sultan, Zairi Houssem és Kocsis
Dénes okosvaros-iranyitopultokba adaptalha-
t6, a valés idejd kornyezeti zajkezeléshez, ez-
altal az adaptiv varostervezéshez hasznosit-
haté6 MATLAB-alapti megoldast mutat be.

*Az MI témakorrel ismerkedSk szamara bevezetd
tanulmanyként javasoljuk: Mezé Ferenc és Mezd
Katalin (2019): Interdiszciplinaris kapcsolédasi le-
het6ségek a mesterséges intelligenciara iranyul6
cél-, eszkoz- és hatasorientalt kutatashoz. Mester-
séges intelligencia — interdiszcipliniris folydirat, 1.
évf. 2019/1. szam. 9-29. Doi:
https://www.doi.org/10.35406/M1I.2019.1.9

Bzt kovetéen Gyarmati Péter tanaroknak
sz6l6, mesterséges intelligenciaval kapcsolatos
gondolataiba nyerhetiink bepillantést.

Az elméleti tanulmanyok korét Csajbok
Gabor tanulmanya zarja, melyben a mestet-
séges intelligencia és kreativitds témakdrben
tesz tovabbgondolasra, kutatisra alkalmas
felvetéseket.

A médszertani tanulmanyokat kézt elsGként
Horvath David a mesterséges intelligencia
altal generalt fegyvernek minésilé kommuni-
kacié témakorébe enged bepillantast.

Szab6 Tibor, Hegedls Orsolya és Németh
Zsotia edukaciés robotok kreativ torténet-
mesélésben (s ezdltal lényegében barmilyen
tantargyl tartalom jatékositisaba, élménysze-
ribbé tételébe) torténd felhasznalasi lehe-
téségére ad moédszertani példat.

A harmadik és negyedik modszertani ta-
nulmany a mesterséges intelligencia és a zene
témakorok  keresztmetszetére fokuszalnak.
Papp Sandor és Mez6 Krist6f Sziriusz a
gitarzene, Loredana Muntean ésMorel Koren
a hagyomanyos zeneoktatias kontextusiaban
kozeliti meg a mesterséges intelligencia témat.

A miuhelyeket, rendezvényeket bemutato
rovatban els6ként Szuts Zoltan és Szbke-
Milinte Eniké mutatja be a mestersége
sintelligencia és az NTP-TEHETSEG-25-
0142 projekt k6z6tti kapcesolatot.

Ezt kévetben a Mez6 Ferenc a MEC-SZ-24-
149026 projekt keretében megvaldsult Ta-
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nulés és Tarsadalom (2025) konferenciarol ad
kozre Gsszefoglalot.

Ebben a rovatban talalhaté tovabba a
Gabor Dénes Egyetem Mesterséges Intelli-
gencia Tudaskézpont és a STRT Holding
ingyenes MI tananyagara vonatkozé felhivas
is.

A mihely, rendezvény bemutatasat célz6 ro-
vatot két felhivas zarja. Az egyik Inter-
diszciplinaris Junior Kutatécsoportba térténd
bekapcsolédasra biztatja az Olvasdkat, a
masodik peig a Code Poetry (2026) palyazati
felhivast tartalmazza.

Gondolatébresgtd és tanulmany bekiildésére moti-
vild olvasdst kivin Onnek a S3erkesztiség nevében
is:

Dr. Mezd Ferene
alapitd fiszerkesztd



MESTERSEGES INTELLIGENCIA

ELMELETI ES EMPIRIKUS TANULMANYOK

THEORETICAL AND EMPIRICAL STUDIES
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Absztrakt

UGYANAZ A RENDSZER KULONBOZO ES KIEGESZITO TAMOGATO

RENDSZEREKKEL — AZ MI LEHETSEGES FUNKCIOI A HADIJATEKOKBAN

A professzionalis hadijatékok egyfajta reneszanszukat élik, mint elismert és rendszeresitett
eljaras mind hazai, mint NATO-s szinten. Ezzel parhuzamosan az egyre inkabb teret hédité
mesterséges intelligencia (MI) is kiemelt kérdéskorré valtak a védelmi szféraban. Jelen tanul-
many a szakirodalmat attekintve azon kérdésre keresi a valaszt, hogy MlI-alapu eszkozok és
rendszerek miként és hogyan alkalmazhatéak a professzionalis hadijatszas teriletén, kilénds
tekintettel a potencialis veszélyekre és korlatokra. Ml-rendszerek elSsegitik és gyorsitjdk a
hadijatékok tervezését, lejatszatasat, illetve annak elemzését is, ugyanakkor a szerz6k hang-
sulyozzak, hogy ezt csak bizonyos korlatozasokkal érdemes alkalmazni. A szerz8k raimutatnak,
hogy habord, és {gy a hadijatszas emberi tényezdje tovabbra is meghatirozé marad, a
mesterséges intelligencia nem helyettesiti, hanem helyesen alkalmazva tdimogatja azt.

Kulcsszavak: mesterséges intelligencia, hadijaték, doéntéshozatal

Diszciplina: hadtudomany, informatika

Abstract

Professional wargames are undergoing a renaissance as a recognized and systematized
procedure at both the domestic and NATO levels. At the same time, artificial intelligence (AI),
which is becoming increasingly prevalent, has also become a key issue in the defense sector.
This study reviews the literature to find answers to the question of how Al-based tools and
systems can be applied in the field of professional wargames, with particular regard to potential
risks and limitations. Al systems facilitate and accelerate the planning, design, execu-tion, and
analysis of military wargames, but the authors emphasize that their use should be subject to
certain restrictions. The authors point out that war, and thus the human factor in wargames,
remains decisive; artificial intelligence does not replace it, but rather supports it when used
correctly.

Keywords: artificial intelligence, wargaming, decision making

Discipline: military science, informatic

In this short article, the authors discuss the  to use Al in wargames. It may seem surprising
relationship between wargames and artificial  at first, but this question is not primarily a
intelligence (hereinafter referred to as Al) and  technical one, but rather a civilizational one.
try to figure out if it is worth it or even right ~ Why? Because the application of Al in war-

10
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games is actually just a testing ground for how
far humans are willing to outsource their
thinking and the responsibility for their own
thinking. Warfare has always been the most
acute form of hu-man decision-making; if the
human mind begins to disappear there, sooner
or later it will follow suit in all other areas...

Before delving into the questions surround-
ing Al, it might be useful to spend a few
paragraphs explaining wargaming itself. These
terms are so in vogue today in military science,
lectures, and articles. They are mentioned and
emphasized in countless places, but do we
know and understand what they actually
mean? Well, this is not such a simple question,
because if, for example, we search for
Hungarian-language articles and studies on
the internet, we will find that there are few
such writings and authors. Unfortunately, this
means that it is not nearly as common a topic
in Hungarian military culture as it is in other
armed forces. At the same time, the alliance is
placing increasing emphasis on the use of
wargames to help maintain its deterrence and
resilience against potential adversaries.

With regard to Al the NATO 2022 Strategic
Concept states that emerging and disruptive
technologies (or, more simply: emerging tech-
nologies), including Al, present both op-
portunities and risks that affect the nature of
conflicts and have
(NATO, 2022).

If we look up the term wargaming or

strategic significance

wargame, we find countless definitions.

Perhaps one of the most comprehensive and
easily understandable definitions for “non-
can be found in a

experts” synonym

11

dictionary. According to this: “Wargaming is
an activity in which military forces or other
organizations participate in a simulated war or
conflict situation in order to test their
strategies and decision-making processes.
During this process, participants practice mili-
tary operations in a virtual or real environ-
ment, taking into account various factors such
as terrain, weather, enemy strength, and their
own resources...” (Szinonimdk.hu). So, this is
an activity performed by soldiers. Basically,
yes, but the issue is not that simple. A few lines
later, the editors emphasize that “wargames
are not only useful for military forces, but also
for other organizations and institutions...”
(Szinonimak.hu). Indeed, it can be said that
the principles and procedures developed over
the centuries can be useful for anyone or any
organization that wants to “foresee” future
processes, decisions, or their consequences as
accurately as possible. However, the authors
base their approach on the conceptual ap-
proach set out in the NATO Handbook,
according to which: “Wargames atre represent-
ations of conflict or competition in a safe-to
fail environment, in which people make
decisions and respond to the consequences of
those decisions” (NATO, 2023, p.8.). As can
be seen from this, human input is a central
element of wargaming, which consists of the
following:

¢ the players,

* the decisions they make,

* the narratives they create and shape,

* the experiences they share,

* the lessons they learn (Doktrinzentrum der

Bundeswehr, 2024).
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The “safe-to-fail” environment charactetis-
tic of wargames refers to the fact that the
decisions made by people have no direct
physical impact on reality, meaning that it is
possible to explore, within a safe framework,
where the various decision alternatives lead,
what their effects and risks are, and how and
why a given situation can be lost or won,
which are the characteristics that justify the
emerging trend of wargames (UK Ministry of
Defence, 2017).

In the following chapters of this study, after
a brief historical overview, we will exam-ine
whether — taking into account the risks and
limitations — artificial intelligence can be used
in wargaming as it is currently practiced, and
if so, in which areas. In addition to outlining
the possibilities, we will, of course, pay special
attention to the potential negatives, dangers,
and ethical issues, and we hope that in the last
chapter, the reader will find logical answers to
the questions posed in the first paragraph.

The early days of wargaming

Previously, we referred to a process span-
ning several centuries. The question may arise:
where did this “science” begin? This is
difficult

understandably — since the dawn of human

to determine, since quite
history, all warring parties have desired and
continue to desire to know the plans and
future activities of their opponents, so that
they can take appropriate and effective
the of

enemy... but above all, they have wanted to

countermeasures against actions

surprise the enemy with moves that would

12

allow them to seize and maintain the initiative.
In almost all cases, this is the key to success
and victory.

Several board games known today date back
to ancient times, the most famous of which is
chess, which remains popular to this day. In
some respects, these can be considered the
precursors of wargames, but since they were
all quite abstract, we cannot really speak of
wargames in the modern, professional sense
(Somkuti, 2021). Among military themes, one
of the ecarliest examples was the Indian game
Chaturanga, which dates back more than two
thousand years and included the Indian
weapons of the time: elephants, cavalry,
chariots, and infantry (Sabin, 2014). Jumping
forward in time, we arrive at the early 1800s...
to Napoleon, who was probably influenced by
a board game that appeared a few decades
earlier, which, albeit in a rudimentary form,
featured wvatious factors such as terrain,
weather, logistics, and dice.

According to records, the French ruler was
one of the first to use different coloured
blocks to designate troops, and since 1811,
alongside Georg von Resswitz’s numerous
scientific innovations, blue has been used to
designate friendly forces and red to designate
the enemy. Resswitz’s other innovation was
that for instance, unlike in board games, teams
did not immediately fall off the board but
“battlefield” until their

destruction, albeit with continuously de-

remained on the

creasing strength or numerical value. Sub-
sequently, after the Franco-Prussian War
ended in a sweeping Prussian victory, the
procedure spread among the world’s armed
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forces, and the emergence of professional
wargames for military use in the modern sense
can be traced back to the Prussian Kriegsspiel
of 1824. Eatlier games related to the theme of
war were primarily designed for entertainment
purposes, while Kriegsspiel, which focused on
military decision-making and was based on
topographical maps, was simulative in nature
and was able to convey the fog of war (Nebels
des Kirieges) to participants (Pielstrom and
Wintjes, 2019).

Priot to World War 1, the future adversaries
conducted numerous wargames simulating
potential wars. For instance, even before the
world war, wargames were part of the plan-
ning of major operations based on German
doctrines (Caffrey, 2019). During the Great
War, the interwar period, and World War II,
wargames were used as a respected tool. The
US Navy took this to such an extent during
World War II that, according to them, nothing
came as a surprise to them during the war
except for the kamikaze pilots (UK Ministry
of Defence, 2017).

After World War II, wargames underwent a
transformation. In Western countries, led by
the US, interest in wargames declined and
shifted toward computerization. In the 1960s,
wargaming regained popularity and took on a
political-military dimension. In the 1970s and
1980s, it continued to develop and become
more institutionalized, with a focus on
computer-assisted analysis coming to the fore
(Caftrey, 2019). Simultaneously, civilian war-
games created for entertainment purposes
also enjoyed great popularity starting in the
1970s.

13

At that time, on the eastern side of the Iron
Curtain, wargaming continued to develop less
in the direction of computerization and more
in the traditional direction. In the Soviet
Union, data collected from World War IT was
used to increase realism and make wargaming
as realistic as possible (Caffrey, 2019). Hun-
garian wargaming, like military decision-
making as a whole, was characterized by
Soviet procedures, which placed emphasis on
well-prepared military decision-makers, while
the relatively small staff simply relayed orders
to subordinate units. In this process, war-
games were intended to develop the decision-
making abilities of military leaders on the one
hand, while on the other hand preparing the
staff to implement the above procedures
(Harangi Té6th, 2019). In the final years of the
Cold War, in a spirit of dé-tente, joint US-
Soviet military exercises were held, in which
wargames wete used as a confi-dence-building
measures (Caffrey, 2019).

Currently, the use of wargames is highly
regarded at NATO level, and at the same time,
an increasing number of member states are
implementing capability developments in this
area. In the Hungarian Defence Forces,
wargames are used as part of the Military
Decision Making Process, mainly in the
comparison of developed courses of action
(Harangi Toth, 2019). It is also part of
Hungarian military higher education, where it
appears from BSc to the Military Senior
Leadership Course.

In terms of their use, we can distinguish
between professional and commercially avail-
able wargames. However, due to the focus of
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this article, the authors present the pheno-
menon of wargaming without claiming to be
exhaustively comprehensive. Within profes-
sional wargames, we primarily refer to those
used by the defence sector, but wargames are
also present in business and other policy areas.
Military applications by the defence sector can
be categorized based on three fundamental
characteristics: purpose of use, level of mi-
litary operations, and time period appearing in
the scenario (Caffrey, 2019). Depending on
the purpose of use, they can be analytical or
educational. The purpose of analytical war-
games is to support decision-making, typically
by facilitating the systematic analysis of
complex situations, revealing new con-
nections, interactions, and possible con-
sequences, ot by generating data. Educational
wargames help develop decision-making skills
and are a useful tool for both current and
future leaders.

But what can wargaming be used for in
practice? The Handbook of the Bundeswehr,
for instance, defines the following areas of
application: decision-making support, increas-
ing mental resilience, and innovation (see:
Doktrinzentrum der Bundeswehr, 2024). In
supporting decision-making, wargaming ap-
pears as a qualitative method, enabling com-
prehensive examination of complex problems
and providing a better information base for
decision-makers, for instance, the afore-
mentioned “CoA wargaming.” This is parti-
culatly effective when combined with quanti-
tative methodology. The use of wargaming
increases mental resilience through cognitive
learning. Factors such as fear of failure, poor

14

organizational culture, or social pres-sure have
a negative impact on decision-making (see:
Doktrinzentrum der Bundeswehr, 2024). Or-
ganizations operating under strict hierarchical
structures, such as the armed forces, are
charac-terized by a culture of victory, in other
words, intolerance of defeat and mistakes, as
well as an unconstructive attitude towards the
questions and opinions of subordinates in the
hierar-chical system. In the field of in-
novation, wargames can promote the de-
velopment of new ide-as and approaches, as a
well-organized and well-facilitated wargame
can enable participants of different ranks and
positions to work together and share their
opinions, thereby strengthening creative
thinking (Doktrinzentrum der Bundeswehr,

2024).

The potential roles

of artificial intelligence in wargames

It is worth clarifying the place of Al in our
world and some basic questions at the be-
ginning of this study. Artificial intelligence is
not a piece of software or a specific product,
but rather a scientific discipline, an in-
creasingly independent and growing field of
science. For the sake of clarity, it is worth
approaching the issue in this way. Another
important question is the existence of Al
itself.

Contrary to the general belief, we can
currently only work with Artificial Narrow
Intelligence (ANI) systems, which, when used
propetly, are quite effective, but are also task-
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specific and cannot be applied to multiple
tasks without human input or intervention. It
is worth to note that although large language
models (LLMs), which are frequently used
today, appear to be generally applicable, they
are in fact part of narrow Al To our know-
ledge, artificial general intelligence (AGI) and
artificial super intelligence (ASI) currently
exist only in theory, and it is uncertain whether
human science will be able to create AGI and
subsequently ASI (USMA Library). Just as we
can only have vague ideas at present about
whether the answer is yes, we also have vague
ideas about when and how this might happen.
Despite the many questions, we must also
consider these possibilities, so it is possible
(and certainly worthwhile) to design a war-
game with the specific aim of mapping out the
po-tential effects and dangers of AGI or ASI
with the involvement of experts. It may
already be apparent from these few thoughts
that the relationship between Al and war-
games IS two-way: we can use wargames to
examine the development of Al systems and
their impact on warfare, for instance, but we
can also use Al tools to design, execute, and
analyse wargames. It is important to note that
the primary purpose of these systems is to
supplement and support human input, not to
replace it.

Lastly, it might be worth raising a slightly
philosophical point, namely that in the future
we will probably have to distinguish between
strong and weak Al Strong Al refers to truly
intelligent, self-aware intelligence, while weak
Al pretends to be intelligent (University of
Helsinki and Minnal.earn, 2018). At present,
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we can only talk about weak Al systems, but
the future will definitely see the creation of
“strong” systems.

Below, we will dive into how Al can be used
in the various phases of wargames, without

claiming to be exhaustive.

Planning and designing wargames,

creating scenario

The creation of different scenarios is a
crucial issue, because scenario generation is
the point, and the opportunity where Al truly
enters the realm of wargame creation, not
merely as an analyst, but as a story-creating
partner. Humans can intuitively come up with
one scenario, maybe two or three... but Al can
generate a huge number of them in a short
period of time. It does this by taking into
account the enemy's previous behaviour,
various reconnaissance and intelligence data,
logistical and weather factors, and basically
anything else.

The narrative of a wargame is essentially an
imagined scenario, a potential conflict sit-
uation that players bring to life with their
decisions. If this scenario is created by
artificial intelligence, then it becomes the
“scriptwriter” and, at the same time, the
shaper of the framework for thinking at all
three levels of warfare in a way that is more
complex than human capabilities and, in fact,
probably more accurate and much faster.

And now consider how Al should support
existing military wargaming systems at three
different levels of warfare.

At the strategic level, the task is actually to
create an entire world, with a fictional or real-
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life political background, federal relations,
economic conditions, time frame, theatre of
war, etc. Here, the role of Al is to collect data,
simulate the consequences of political deci-
sions, and create realistic geopolitical nar-
ratives. Nevertheless, current Al systems of-
ten over-simplify complex political processes,
the of

irrationality, brain-storming, and intuition in

tending to underestimate role
human decision-making... and this is certainly
a serious limitation.

At the operational level, the composition
and position of friendly and enemy forces,
command intent, objectives, physical and
of the

operations, as well as logistical, communi-

temporal constraints theatre of
cations, morale, weather, and other conditions
are determined.

An Al method must assist the staff in the
creation of simulated counterparts of real
units, vehicles, and tools, weather and terrain
modelling, automatic force deployment based
on the characteristics of real weapon systems
and doctrinal principles, as well as previously
learned knowledge and force assessment. Al
methods are already easy to use in these areas
today, as the data is available and the models
can be taught. The problem here is rather that
Al does not always understand “intent,”
meaning that it knows what can happen, but
does not always understand why.

At the tactical level, Al may be capable of
performing realtime tactical simulations
(movement of units at the squad, platoon, or
battalion level, fire support, etc.), even in
space, and modeling probable outcomes (e.g.,

combat, supply shortages, detection inter-
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ference). As a result, it must be able to
redesign the scenario if the situation changes
unexpectedly (e.g., logistical failure, weather
disaster), thereby offering staff members
alternatives that they might not have thought
of themselves, for instance: “What happens if
the enemy attacks six hours earlier?” “What
happens if ammunition supplies are reduced
by 20%r” etc.

As a result of using Al methods, military
staff can see not just two or perhaps a few, but
hundreds of possible scenarios — the worst-
case scenario and the most likely scenario
must always be worked out —, which they can
play out in a matter of minutes, as a simulation
within the whole procedure. This generates a
huge amount of new data and information in
almost every case, which also needs to be
analysed and evaluated with the help of Al for
example, by searching for patterns that remain

hidden from the human eye and mind.

Execution of wargames

Accelerated probability analysis. In tradi-tional
wargames, participants explore only a few
courses of action, but Al can generate and
play out many more in a matter of minutes.
The Monte Catlo method is a stochastic
simulation method that uses computer tools
to generate the final result of a given ex-
periment, after which the numerical character-
istics obtained as a result are recorded and
evaluated. The error in the result is de-
termined by calculating the standard deviati-
on. Using Monte Carlo simulation, it can
generate probability distributions: e.g., the
probability of success, fail-ure, or partial
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success. This gives decision-makers a more
statistical-based picture of which alternative is
the most viable, but for now, these are just
numbers. ..

The use of Al models can be useful during
a wargame, assisting the staff in assessing the
probability of success of the actions proposed
by the participants, thereby “lifting” some of
the burden from the facilitators and adjudi-
cators and making the scenario flow more
smoothly.

One common reason for scepticism about
wargames is the use of dice, which are often
used to determine the outcome of a decision.
However, it is important to know and under-
stand that wargame designers do not use this
method arbitrarily but rather based on mathe-
matical probability calculations and modifying
factors related to the given topic, while also
incorporating the phenomenon of chance into
the mechanics of the wargame. In general,
war-games are designed so that numerous
factors can modify the outcome of a dice roll,
such as resource allocation, differences in
capabilities, circumstances, and so on (see:
Harangi To6th, 2020). This is therefore the
result of thorough work by wargame designers
based on scientific knowledge, taking into
account the aspects of realism and the
functionality and playability of wargames...
and by no means just “guesswork’!

Unfortunately, in today's seemingly digi-
tized, sometimes “over-digitized” world — alt-
hough the bitter reality of the Russo-
Ukrainian war provides countless examples to
the contrary — when we try to improve
everything sometimes recklessly with vatrious
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computer systems, the mention of dice is
tantamount to frivolity for many military
leaders, as for many it may initially bring to
mind board games designed for children,
where the success of each decision seems to
depend solely on luck (Petrovanszki, 2023).
An Al-based tool could be a solution here too,
as participants are more likely to accept the
“result thrown” by artificial intelligence (since
it is already “digitized” and therefore accept-
able) than if we did the same thing with dice,
due to their (sometimes excessive) trust in
technology.

Western military culture, especially the
American and British approaches, relied much
motre on intuition, situational awareness, and
decentralized initiative, accepting that in
reality not every decision can be optimized,
while Al — like Soviet-style commanders —
secks to optimize, always looking for the best
combination. The Soviet Union's decision-
making culture was highly centralized and
formalized: they tried to measure every
variable. They were much better at this than
their Western counterparts, and it was ef-
fective in the short term (e.g., artillery
planning, logistical synchronization), but in
the longer term, it made thinking rigid, unable
to keep up with changes.

At present, Al does not seem to understand
that human commanders/leaders often de-
liberately choose suboptimal solutions when
they prioritize surprise or psychological
superiority over rationalism. The biggest
methodological dilemma of Al-supported
wargames is: what do we measure and how, if

the “best decision” is not always what the
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algorithm considers optimal? It is also worth
considering what “best decision” actually
means. After all, while AT takes into account
and examines loss minimization, the time
factor (achieving the goal as quickly as
possible), the efficiency of resource utilizat-
ion, and the level of risk, human deci-sion-
making also involves unexpected events,
psychological effects, moral and political is-
sues, or the conscious desire to “not choose
the most obvious option.”

It seems that this is the bordetline... Al
decisions may be rational, but they may not
necessarily be wise, which is also a powerful

A

necessarily yield the best result but rather

warning! “wise decision” may not
attempts to envision the least bad future. This
is a different type of thinking, as it does not
optimize, but rather anticipates.

The correctness of decisions cannot be
quantified or measured precisely, and we
believe that it is not worth attempting to do
so, even with the help of Al Instead, the focus
should be on examining the correctness of the
decision-making process, on how data-driven,
understandable and analysable, time-ef-
ficient, flexible, and ultimately... creative it
was. If we do so, Al can be of enormous help
in quantitatively supporting or rejecting
decisions that need to be made using human
intuition. The system is able to quantify these
parameters, but interpreta-tion remains the
task of humans.

Cognitive support and visualization. We con-
cluded the previous section by stating that
interpreting measured and quanti-fied values

is 2 human task. We do not wish to refute this
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idea, but it may be useful to examine how an
Al-supported system can not only display
data, but also significantly assist human
thinking, situation recognition, and decision-
making... with visual tools. This can reduce
mental load and increase the speed of
situational awareness and pattern recognition.
Al does not think for humans, but — if used
correctly — it can assist human thinking.

How can this be achieved? Al displays
events in real time and, if necessary, can add
verbal explanations (e.g., in 3D terrain, AR
glasses, interactive maps, audio), thereby
creating more transparent and understandable
circumstances. Thus, the staff not only receive
a set of data, but also see a picture of the
situation in the present and the probable
future. Therefore, visualization is not just an
image, but also an act of communication.

Generative Al products are already being
used to support the design and execution of
wargames, making the wargaming itself more
realistic on the one hand, and allowing addi-
tional material such as news, reports, images,
and so on to be added immediately to the
course of events on the other.

It must be able to suggest decision points,
critical bottlenecks, and effects that may not
be obvious at first glance, which the human
mind or eye often fails to perceive. It is very
important that the staff has the opportunity to
ask “questions” and simulate assumptions
with Al, for instance: “Show me what
happens if the second battalion is delayed by
30 minutes.”

Visualization is not meant to make people
think less, but rather to help them see more
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clearly where and what is worth thinking
about. The essence of Al support is not
technologi-cal, but rather cognitive... like a
“digital chief of staff” who keeps order among
the infor-mation in the commander's mind.
Visualization becomes truly cognitive support
when people no longer look at the data but see
and understand the meaning of the situation.
The point, then, is that the wargame should
“captivate” the participants as much as
possible, allowing them to immerse
themselves in it.

If the system is able to do this, the result will
be a more transparent, intuitive analysis that
will enable the commander to respond and
make decisions more quickly and perhaps
more accurately.

Al as: wargamer, leader of the opposing force. An
artificial intelligence-supported system must
be capable of simulating realistic decision-
making on the part of the enemy, rather than
simply “playing” according to the doctrinal
principles we have created. With the help of
Al, it is possible — and necessary — to
incorporate the personality traits of enemy
commanders into behavioural models, but
this should be done in a simplified, well-
validated, and human-supervised manner. The
goal is not to completely reproduce the
human psyche, but to model decision-making
preferences and reaction patterns for the
purposes of wargames. Thus, instead of pro-
viding specific responses, Al is able to adapt
flexibly to losses, deceptive manoeuvres,
changes, and so on. In addition to all this, we
must also mention one of the main character-

istics of wargames, namely that playing a war-
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game multiple times from the same starting
position will always lead to different results,
high-lighting new opportunities and threats
(UK Ministry of Defence, 2017). The system
is able to continuously learn from these
variations, essentially “training itself” like an
artificial wargamer who becomes more pre-
pared, more skilled, and gains more know-
ledge with each run. How does all this hap-
pen?

A well-calibrated virtual adversary com-
mander can offer three major advantages to
the wargame system. First, the staff will face a
more realistic opponent, as the system does
not repeat exactly the same pattern as a rule-
based simulator would. The next thing is its
ability to adapt much faster than humans,
which allows it to react more quickly, thus
posing a serious challenge to human com-
manders and staff. And finally, it should not
be forgotten that systems operating in this way
are constantly learning, so they become more
accurate after each game because their ex-
petiences are continuously incorporated into
their decision-making models.

Obviously, the question arises: if we try to
model the decision-making of the opposing
party — a human — as realistically as possible,
who or what is best suited for this task? And
this brings up countless other questions... A
person who is an expert on the subject, or an
Al wargamer? Can the knowledge of a Subject
Matter Expert (SME) be replaced by an Al
player? Are the decisions of the opposing
party human at all, or do they rely heavily on
Al suggestions? And so on... difficult questi-

ons, questions to which we can only guess at
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the answers today, but at the dawn of this era,
we do not yet have sufficient usable infor-
mation about all of this. However, it already
seems certain that the use of an Al wargamer
can be useful when there are not enough
participants with the right qualities, or when a
substitute participant is needed to represent
neutral actors (neutral forces, non-govern-
mental organizations, or civilians).

One of the critical factors in the effective-
ness of wargames is traditionally the ability
and knowledge of the participants. However,
in practice, SMEs on a given topic are often
overburdened and not always available, which
can be remedied, for instance, by the use of
Large Language Models. In addition, the use
of artificially generated data from wargames
allows human players to learn about other
perspectives, thereby discovering new pos-
sible solutions (Jensen, Atalan and Tadross,
2024).

Another crucial aspect — which generally
applies to war as a whole — is that decision-
makers must make decisions in an
environment where not all information is
available, or where there is a distinct lack of
information, leading to what is known as the
Fog of War. As Clausewitz expressed it:
“...every war is rich in particular facts; while,
at the same time, each is an unexplored sea,
full of rocks, which the General may have a
suspicion of, but which he has never seen with
his eye, and round which, moreover, he must
steer in the night.” (Clause-witz, Howard (ed.)
and Paret (ed.), 1976, Book 1II, Chapter 2).
Whether we use Al methods for scenario

planning, decision support, as a wargamer, or
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analysis, the fog of war can always arise.
Managing this uncertainty is a key issue. One
of the best solutions for this — which is used
by most Al
calculation. This makes uncertainty a little

systems is

- probability
more tan-gible and quantifiable, which Al is
able to handle, especially when large amounts
of relevant data are available (University of
Helsinki and Minnal.earn, 2018).

Nevertheless, the most worrying issue is not
the functioning of Al, but humans them-
selves. This raises a very serious psychological
and ethical question: what happens if leaders
and staff begin to copy the machine and its
decision-making? If this happens, it may even
be that the work of staff becomes more
efficient in theory, people may learn to make
decisions faster, but they will consider less...
they may even forget that warfare still takes
place on the battlefield today and is also a very
serious moral issue.

The authors do not wish to suggest that the
use of Al is dangerous or should be avoid-ed
when simulating hostile activity. Not at all.
Indeed, it is worthwhile and even necessary to
exploit the enormous potential it offers... but
this must be done sensibly and consciously.
And in this case, awareness means control. In
the future, Al systems should be operated
with three restrictions:

* The first area is the “ethical filter” built
into the Al system that “plays” the enemy.
This filter must screen out suggestions that are
humanly, legally, or politically unacceptable to
one’s own armed forces or those of the op-
posing party. Creating and maintaining this is
very difficult and not specifically a military
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task. However, without it, the problems out-
lined above may arise during wargames, which
will ultimately compromise the entire deci-
sion-making process. The question may also
arise as to what a right is or just decision from
a moral point of view. To what extent can
such a subjective question be quantified? Jus
ad bellum and jus in bello can be taught
through machine learning... but how will they
be applied in a wargame? In order to model
reality with fidelity, we must also take into
account the fact that the opposing party may
not be bound by our moral standards.
Therefore, it is important to emphasize the
statement made a few sentences eatlier, that
the enemy must play by its own rules, even if
they seem foreign to us.

* The following issue, as a continuation of
the previous one, is the explainability of Al
activities. This means that systems must be
designed in such a way that Al is required to
explain all of its decisions. Humans must be
able to evaluate this explanation in every case
and possibly reject it, even if it has already
passed the first filter, the “ethical filter.” At
this point, however, humans assign a task to
Al on how to proceed from a certain decision
point. This is a difficult but necessary
question.

* Finally, barriers to the need for continuous
human approval must be built into the system.
This will likely slow down the process, but it
is crucial to ensure that the actions of the Al-
wargamer are truly “human.” However, it is
critical to understand that the person
approving decisions made by an Al tool must
actually consider them and not purely rely on
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them... just accepting them (Rivera et al.
2024).

And lastly, a highly philosophical question
that is still a long way off. An Al commander
is not a “real” opponent until it has intent.
Intent, however, requires many human qual-
ities, such as a value system. A human
commander makes decisions because they
want to achieve something. An Al probably
makes decisions because it wants to maximize
something. It would truly become a “com-
mander” if it were able to understand why it
wants to win, but that may go beyond the
question of artificial intelligence and into the
realm of artificial will.. which is probably
already at the level of artificial superintel-
ligence?

There is another concern regarding the
implications of using Al-based systems as
players in wargames or to support decision-
making. Hunter and Bowen argue that current
narrow Al systems based on machine learning
are fundamentally unsuitable for the com-
mand decision-making required in warfare, as
their operation is based on inductive logic —
that is, the recognition of past patterns —
whereas the essence of decision-making from
the tactical and the strategic levels is abductive
reasoning, i.e., decision-making characterized
by uncertainty and the fog of war (Hunter and
Bowen, 2024).

To this add that models can study, for
instance, Clausewitz’s work or other military
thinkers

> <«

timeless” works, but will they be
able to display the phenomenon of “military
genius” described by him during a wargame?
We do not know. Can models replace real
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military experience gained “firsthand” with
probability calculations and conclusions based
on large data sets? We cannot know this for

sure either...

Apnalysis, evaluation of results, or learning

and lessons identified and learned

At its current level of development, an Al
system is able to record the results of hun-
dreds or even thousands of previous war-
games in a database, and with the help of
machine learning, it refines its internal world-
view with each run and each replay, in-
creasingly better estimating what the outcome
of certain situations might be. In addition, it
recognizes which activities, patterns, and
doctrinal procedures lead to success or failure
and reduces the randomness of its decisions.
We could also say that it becomes increasingly
“confident” because unfamiliar situations will
increasingly resemble something it has seen
before, and it will make similar decisions
based on identical inputs. It can then use this
growing  “knowledge” in  subsequent
wargames.

Therefore, unlike human staff, the more we
“play” the system, the smarter and more
sophisticated it becomes... instead of becom-
ing tired. This sounds very nice, but is it really
true?

Indeed, there are several issues. The first is
mathematical in its aspect. The develop-ment
presented above is statistical in nature...
current Al presumably does not understand
what it is learning, but rather its knowledge
increasingly accurately matches past patterns,
so the “intelligence” of Al is not a deepening
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of thought, but rather a refinement of
statistics. However, it logically implies that
machines will become better at data, while
humans will become better at interpreting
things.

The second area to consider: when talking
about Al systems “learning” is misleading.
Human learning often develops through
mistakes, irregularities, and sutrprises. Al
cannot “learn” from mistakes in the sense of
understanding why a mistake occurred... it
only statistically adjusts the metrics so that it
does not happen again. Machines learn from
repetition, hu-mans learn from interpreting
contradictions. The system develops in terms
of accuracy, while humans — hopefully —
develop in terms of meaning.

The third area of concern is “mental state.”
Al can run continuously, never gets bored,
never gets stressed, never changes its stra-
tegy... based on mood. Although this requires
significant resources. On the one hand, this is
an advantage, but on the other hand, it is also
a cognitive disadvantage, because human
fatigue, doubt, and mood swings are not
mistakes, but learning fluctuations: these are
the moments when the decision-maker breaks
their routine. The machine, on the other hand,
never questions its own logic, it only refines it.
The commander, however, sometimes con-
sciously does not believe in statistics, and this
is precisely what creates the unexpected.

Overall, it can be concluded that the more
we use the system supported by Al, the more
it develops. It develops because it creates
more accurate patterns and makes more

stable, reliable predictions. However, it is
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almost certain that Al systems at their current
level will not become more intelligent in the
human sense, because they do not know the
“why,” only the “how”; they do not learn to
think, they only become better at calculating.
And finally, they will not become wiser,
because wisdom is the ability to recognize
contradictions, which machines are likely to
see as errofs.

An Al method can therefore learn about
combat and armed conflict, but it does not ac-
tually learn how to wage war. Humans learn to
wage war but often forget what they previous-
ly knew about war. The more we “play” the
system, the more accurate its probability
estimates become, the more consistent its
behaviour becomes, and thus the less novelty
it will bring, because it has already seen
everything that its model allows. However, if
we try to teach the machine not only the
results but also the reasons behind human
decisions, then the system not only “learns”

2

but also “reflects,” and this comes close to
true artificial intelligence. The two — human
and machine — can become truly powerful
together, because then the Al remembers and
the human interprets.

Although professional military wargaming is
the focus of this paper, it is worth men-tioning
that this topic does not only cover the issue of
warfare, as for instance deescalation, peace
operations, and human security are equally
important from a military perspective. There-
fore, the military application of wargames is
not strictly limited to combat. For instance, a
wargame focused on peace-making requires a
completely different logic, set of criteria, and
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decision-making process than, say, “testing
out” course of actions. In the former case, the
hu-manitarian focus, social dynamics, and a
broad interpretation of security come to the
fore, while in the latter case, the emphasis will
be on the application of doctrinal principles

and the practice and, if necessary,
modification — of combat-level procedures.
Based on this, the Al tool used will also need
different data and inputs. It follows that Al-
based solutions cannot be applied uniformly
in the same way in every military exercise but
must be adapted to the context and the

desired outcome.

The benefits of using Al

When we look at modern armed conflicts,
we see that the speed of events has long since
exceeded the pace that the staff can keep up
with manually, using their creative and ana-
Iytical minds. The speed of information flow
is usually measured in fractions of a second,
not minutes or hours. A human staff is simply
not capable of processing and interpreting this
amount of data. This is a situation we must
accept and try to deal with. Restructuring staff
and increasing their numbers is only a solution
to a certain extent. The use of modern com-
munication tools and computer technology is
only an aid; it does not fundamentally solve
the problem. Al is therefore probably not a
luxury, but a necessary neurological aid, ot, so
to speak, an improvement to the central
nervous system of the armed forces. If we do
not take this into account and perhaps decide
not to use Al, it is not a morally superior
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approach, just a slower one... In the wars of
the future, it is certain that the speed of
thought will be the fire-power itself.

The current culture of wargames has been
around for decades, even centuries, because
the human mind could still “see through” the
system: a few units, a few manoeuvres,
predictable intensity, known enemies. The
wargames of the 18th and 19th centuries took
place on the board, those of the 20th century
on the map, and those of the 21st century
increasingly in the data space... This is not a
question of romanticism; science always
develops with the help of the tools available.
Today, some types of wargames are — for the
most part — too complex to be held together
by human imagination alone. Al is the only
tool capable of handling statistical uncertainty
and logical coherence at the same time at this
scale. Although we have to note that this
cannot be applied to all types of wargames, for
instance, the rules and mechanisms of matrix
wargames are less rigid and rather enhance on
creativity and brainstorming.

It should be noted, however, that there is
another side to this issue. The push towards
digitization may overlook the human aspect.
Analog wargames will continue to be used.
These are important because, among other
things, they have advantages that no software
seems to be able to replace. It is more
enjoyable for players to be able to touch the
pieces and markers, as this allows them to
participate actively in the course of the war-
game, immerse themselves in it more deeply,
and place greater emphasis on personal inter-
action.
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And although the battlefield has always been
multidimensional — only the number of
dimensions varied in different era — today, an
unmanageable amount of data is generated in
every “dimension.” The kind of intuition and
insight that comes from experience, which we
have interpreted as military genius in almost
every era, is no longer enough. It is necessary,
but not sufficient for success...

In earlier periods of warfare, individual
commanders could exert a decisive influence,
even though war was always complex. Today,
however, due to complexity and vast data
flows, quantitative processing itself has
become a strategic capability. A wargame can
focus on any time period in the past or distant
future. For instance, it can explore a past con-
flict for educational purposes, or it can focus
on the near future to support decision-making
in relation to a current conflict. A well-
planned and well-designed wargame — if it
wants to and is able to predict the future — has
to run through millions of combinations.
Humans cannot do this because their at-
tention, time, and energy are limited. Al, on
the other hand, is tireless, or at least much less
prone to fatigue than humans... we do not
know this for sure yet. It is not needed
because it has a better understanding of
military science, but because it is able to
perform repetitive thinking tasks that humans
cannot do at the speed required today. This
the
drudgery of analysis and thus truly supports us

frees human decision-makers from
in our decision-making.
Indeed, this will likely result in a completely

new situation, as there is no reason to assume
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that if we use Al, our enemies will not do the
same. Therefore, in wargames, it is not
enough to model human opponents — we also
need simulations of Al against Al. So, in the
21st century, human commanders are not only
fighting against the human decisions of the
enemy, but also against the evolution of
machine strategies.

Let us now return to humans for a moment.
Humans tend to forget their mistakes. This is
even more true in military institutions...
failures are rarely part of the curriculum, and
in many cases are almost a political burden,
something to be forgotten. Al, on the other
hand, is able to learn from every mistake, since
every wrong decision or incorrect reaction is
actually data. Wargames can be built on
mistakes, which ate not failures but feedback
— unwanted outcomes, deviations in the
process. This is not very appealing, but it is
certainly useful in the long run. Military
science cannot renew itself if the past must be
hidden and ashamed of. Al is not ashamed;
rather, “it” archives.

At this point, we have arrived at an im-
portant aspect of wargaming. During war-
gaming, the emphasis is not on winning at all
costs and ensuring that the opposing side
loses, but rather on how and why we did not
win, which is often a valuable result in itself
(Harangi-T6th, 2020). What were the factors,
decision points, and shortcomings that led to
“not winning”? And it does all this in a safe-
to-fail environment where we can learn even
from the outcome of a losing without any real

losses.
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And now consider another human con-
cern... Military history is replete with tragedies
caused by the overconfidence of com-
manders. The human mind loves to believe
that it can control chaos. The introduction of
Al will put an end to this illusion, and humans
will be forced to admit that they do not fully
understand the decisions made by complex
systems. Understanding this is essential for
understanding and controlling the battlefields
of the future. However, once we understand
this, Al will not take away human power but
rather realize its limitations and make it more
sustainable. In a world where war can paralyze
global infrastruc-ture in minutes, excessive
human overconfidence is a greater danger
than machine coldness.

The integration of artificial intelligence
should not be about machines making de-
cisions and humans accepting them, but
rather about combining the two forms of
thinking mentioned earlier, analytical and
intuitive, into a single system. And this is
where wargames become really important, as
this is the arena where this cooperation can be
safely experimented with and then practiced.
While machines learn from human decisions,
humans learn from machine logic. This is not
subjugation on either side, but a kind of
alliance, let’s call it a cognitive alliance,
perhaps the first truly new type of human-
technology relationship in strategic thinking.
This may be an accurate statement, as more
and more people today — including the
authors themselves — are insisting that the
domains should be supplemented with a new
one: the cognitive domain.
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We believe that if we do not integrate Al we
will not preserve humanity or human domi-
nance, but rather human limitations. And
history has always shown that those who cling
excessively to their limitations will sooner or
later perish among them.

Limitations and risks

Al — as it currently stands — appears to be
able to help us cope with the incredible dy-
namics of the battle and the enormous
amount of data. But before we start thinking
that this will solve all our problems at a stroke,
we must also mention the expected down-
sides.

The above described factors provide signi-
ficant assistance in the planning, design, exe-
cution and analysis of wargames played within
the framework of military decision-making.
Nevertheless, we should not ignore certain
concerns. These concerns stem from the most
fundamental differences between humans and
Al An Al “wargamer” is not human, so it may
interpret various basic concepts, such as

b3

“victory,” differently. At the current level of
development of these systems, it is safe to say
that their decisions, or the decisions they
recommend to humans, do not yet have a
moral dimension; that is, they do not under-
stand the concept of “too high a price,” for
instance. It is possible that if the probability of
success increases, Al would be able — at least
today — to make (or recommend) decisions
that are unacceptable to humans. It will
probably not fear loss, it will have no
emotional barriers, so it may be inclined to
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follow the principle of “maximum risk,
maximum profit,” which human commanders
— without emotion — are incapable of.
However, this means that simulating its
activity cannot be realistic either. For an Al
commander, war, combat, killing, and loss are
not yet a tragedy, so Al will probably always
be logical, but not always reasonable... and the
between the two would be
the

difference

measured in human lives real

battlefield.
Al-based tools are able to process data and

on

information and performing analysis and
evaluation at unprecedented speeds and
volumes, but they can also potentially slow
down decision-making, as they generate even
mote data and information for decision-
makers to consider, raising further questions
(Carnegic Endowment for International
Peace, 2024).

When using Al tools in wargames — as a
wargamer or decision support — it is also im-
portant to consider how this might affect the
very human group dynamics. During war-
games, participants find themselves in decisi-
on-making situations. Imagine, for example,
that in such a decision-making situation,
participants have to come up with a solution,
and an Al “player” also comes up with a
proposal. To what extent will participants be
inclined towards the AI’s point of view and
proposal as a result of excessive trust and
reliance on technology? And if one of the
experts on the subject, even if they have a
different opinion, questions the solution
proposed by the Al will they do so? It is more
than likely that when a group has to make a
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decision in a short period of time, there will
be a strong urge for participants to follow the
recommendations of the Al “player” (see:
Carnegie Endowment for International Peace,
2024).

Perhaps an even bigger concern is excessive
reliance on Al, where the staff members
uncritically accept Al outcomes and re-
commendations, thereby eliminating creative
and critical thinking. If the staff rely too
heavily on the “wisdom” of Al systems,
cognitive courage, the kind of intuitive
boldness that is often at the heart of critical
decision-making, may indeed decline.

In wargames, Al is not primarily a
simulation tool, but rather an aid to human
decision-making, which is also an influencing
factor. For this reason, however, any errors,
distortions, or misinterpretations can have
serious consequences. If Al recommends a
course of action in a way that cannot be
the

command staff will likely treat it with caution.

understood, explained, or analysed,
In the case of Al systems, interpreting natural
human language can also pose problems. For
instance, due to multiple meanings, Al sys-
tems may encounter difficulties in correctly
interpreting the instructions they receive.
However, research is already underway to
address this issue (Schadd, 2022).

The accuracy of the data entered can also be
a serious source of concern. If the initial data
is incorrect or does not fully reflect reality, the
system's simulation, answers to questions, and
recommendations will also be distorted.

Finally, there is a lack of creativity. Current

systems think in terms of learned patterns and
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do not “think outside the box.” This means
that they will probably continue to lack intui-
tion for a long time to come. However, if Al
learns from its own past, sooner or later its
the

algorithm will learn from the same patterns

wotldview will become closed, so
over and over again and preserve its thinking
logic, which poses two dangers.

Al starts from existing patterns and data and
is likely to consider those successful that
previous human staff considered successful in
their staff work. In doing so, the system effec-
tively elevates the doctrines of the past to the
norm and interprets true novelty as a statistical
“anomaly.” The other danger is a bit more
philosophical, but it’s worth thinking about. If
an Al-supported system works from the past
and isn’t prepared for the future, it’ll probably
know

happened and less about what never will... At

everything about what’s already
the same time, it can recognize trends on a
statistical basis and making predictions based
on probability, but it does so based on existing
data, so it will not be able to incorporate data
it does not yet have into its probability
calculations.

Machine learning involves processing ex-
tremely large amounts of data, which ultimate-
ly — at least for now — originates from the hu-
man wortld, meaning that the data sets
inevitably contain distortions that will also be
evident in Al models, producing dis-
criminatory features (Leavy, O’Sullivan and
Siapera, 2020). This carries numerous risks;
just think of a wargame with a geopolitical
theme. What negative impact could it have on

its fidelity and results if, for instance, the Al
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tool adopts a Western-centric (or any other)
worldview because that was predominant in
the data set?

Another issue related to machine learning is
that it can be an extremely costly process,
especially if we want to create a complex
system, while in wargaming it needs to be
flexible and modifiable so that it can be used
in other scenarios or for other purposes. For
this reason, it may be preferable to use
nsmaller” modular Al systems in wargames
(Ryseff and Bond, 2022).

A 2024 study examined the military and
diplomatic decision-making behaviour of five
large language models — extending to the use
of nuclear weapons — within the framework of
wargames, which yielded extremely thought-
provoking results. All of the models examined
were more prone to escalation — to varying
degrees — than human participants, and this
often manifested itself in the form of sudden
escalation that was difficult to predict. In
addition, they tended to provoke an arms
race... both conventional and nuclear. With all
these decisions, the models typically justified
deterrence and first-strike tactics. One pos-
sible explanation for this tendency toward
escalation, according to the authors, is that
publications related to escalation predominate
in the international literature, so the models,
learning from the written material, adapted
this focus (Rivera et al. 2024). The escalatory
that

decision-making based solely on statistics and

behaviour of the models suggests
probability calculations is insufficient, as non-
material aspects such as human life must also

be taken into account.
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This tendency toward escalation also poses
a risk when Al is used to support decision-
making, as it can influence the decision-
maker’s views in an unintentional and subtle
way, and raises further questions about the
logic behind decisions made by such models,
which is not entirely transparent (Barzashka,
2023). All of this once again highlights the
need for an “ethi-cal filter,” explainability, and
human approval with critical thinking in mind.
As with any new innovation or tool, we must
ask ourselves to what extent we want to rely
on it. There is a noticeable trend towards the
digitization of wargames and, in parallel, Al-
supported wargaming, thus marginalizing
manual wargaming, even though, as already
men-tioned, it also has its advantages. If we
rely too heavily on Al-supported processes
and decision-making, how will this affect
resilience if, for instance, an unexpected event
causes the Al-based tool to become tempo-
rarily or permanently inoperable. ..

When weighing up the limitations and risks,
we may be inclined to conclude that this
involves too much risk, but we should also
consider what might happen if we neglect
such an innovative development. When
exploring the integration of Al tools into
wargames, it is worth bearing in mind that
developments in this area are not limited to
NATO member states. The People’s Republic
of China has made significant capability
developments in both Al and wargames in
recent years and continues to do so today. For
instance, Al systems are being used to develop

wargames with complex scenarios (Black and
Darken, 2023). Consequently, both at NATO
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and national level, developments and research
in this area are essential in order to the alliance
to maintain its competitive edge over potential
adversaries. Failure to participate in such
innovative processes could potentially result
in falling behind.

There is lively professional debate around
the world on how to mitigate or completely
eliminate these limitations and risks. Some
experts see hierarchical reinforcement learn-
ing as the solution. This is an extension of
traditional reinforcement learning, which
attempts to address limitations by introducing
a hierarchical structure into the learning and
decision-making process. Its central element
is that complex, longterm tasks are broken
down into smaller, more manageable subtasks
in a hierarchical system. As part of this, the Al
system can apply multiple models depending
on the situation, thereby optimizing decision-
making and action strategies (Black and
Darken, 2023).

Further research will definitely be needed in
terms of limitations and risks so that Al
systems can be used in the most optimal and
innovative way possible in the field of

wargaming.

Summary

— new dimension and looking ahead

Al is beginning to have an impact on
warfare today, and it is almost certain that it
will generate very significant changes in the
near future, along with other EDTs. For this
reason, the new systems are sure to have a
significant impact on military operations as

well.
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In the foreseeable future, armed conflicts
will still mainly involve human actors, so their
main characteristics will remain virtually
unchanged, despite ongoing minor changes.
In the short term, machines will not take over
or “want” to take over the role of humans in
plan-ning, organizing, decision-making, or
execution, so for the time being, we must not
forget Clausewitz’s basic principles. However,
there is a real danger that, despite the fact that
machines do not yet have a will of their own,
we ourselves will unwittingly hand over some
of our roles and responsibilities to them...
because it is more convenient, faster, and
more precise. This is not necessarily a bad or
harmful process, but — as in so many areas of
life — a healthy balance must be found here
too. If we fail to do so, we may end up living
with a perfectly optimized system that knows
everything about warfare except one thing:
what people do and why, why people wage
war...

The next issue concerns the very existence
of Al The roots of research in this field ac-
tually go back to Alan Turing, and since then
it has experienced countless ups and downs.
There was a period that we now refer to as the
Al winter, but today we are witnessing and
participating in an unprecedented boom. It
has become fashionable not only to work on,
re-search, and develop Al, but also to talk
about it. We ourselves are doing just that
now... However, it is worth considering
whether this research and development will
yield any serious results. Is artificial super-
intelligence, or even AGI even achievable in
the near future? Could there be another Al
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winter, or, on the contrary, can we expect
further major breakthroughs? One thing is
certain

as already mentioned — the
capabilities of existing Al systems already
have a significant impact on warfare, and Al
research will be decisive for future warfare.

Decision-making, and its speed and
accuracy, is always a crucial issue in warfare.
In developing this, innovative approaches
such as the use of Al systems in wargames,
where decision-making is the central element,
are unavoidable. As has been demonstrated,
Al-based solutions can effectively and in
many ways assist in the planning, designing,
execution, and analysis of wargames, while
also accelerating these processes.

A key question is how this can be
implemented most effectively and what the
first steps of initial implementation should be.
The authors of this study believe that it is
worthwhile first Al-based

solutions into smaller-scale wargames, the

to integrate
results of which can then be incorporated into
more complex wargames. and at the domestic
level, it is definitely recommended to monitor
efforts in this direction within the alliance and
to learn from them, adapting them to our
culture if necessary.

As emphasized several times in the paper,
the use of Al-based solutions in wargames
should only be introduced with the restrict-
ions discussed, i.e., taking ethical consider-
ations into account. Particular attention must
be paid to ensuring that the Al system is
always able to explain its decision proposals,
that humans can follow the steps leading to
the proposal, and that human approval is an
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integral part of the process. These are unlikely
to be easy tasks, but they are essential for
effective and efficient application in order to
reduce or even eliminate the risks desctribed
above.

The authors believe that, alongside digi-
tization and the use of Al systems, we must
not forget about analogue wargames, their
advantages, and the role of humans. From
what has been described so far, it is clear that
we are still a long way from the optimal
situation, so we recommend further research
into wargames and Al systems, with a
particular focus on mapping the development
of Al systems and their impact on warfare, for
instance.

In conclusion, let us assume that Al tools
will be successfully and effectively integrat-ed
into the wargaming procedures of our own
and our allies in the near future. With this as-
sumption, we can also be sure that potential
adversaries are researching and developing
this capability, so it is likely that if we succeed,
they will too. Innovative developments of this
kind certainly take time — in terms of
procedures, technology, and personnel — so if
their de-velopment does not begin in time, it
cannot be made up overnight. Falling behind
is not an option, either domestically or within
the framework of the alliance in general.

The integration of Al into wargames may
carry potential risks, but its absence will clearly
lead to disadvantages. The future of warfare is
not a question of human or machine, but
whether we are able to elevate thinking as a
biological function to a technological capabil-
ity and whether we will be able to apply
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innovative solutions effectively... The suc-
cessful strategist of the future will no longer
be the one who is good at math, but the one
who is able to think together with an
intelligent system while preserving the one
thing that machines — it seems — will not learn

for a very long time:
the shame of responsibility.
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Absztrakt

A tanulminy célja a kozlekedésbiztonsag megitélésének vizsgalata mozgassérilt vezetSk
kérében. Jelen tanulmany keretein belill, szeretnénk bemutatni azt is, hogy jelenleg is mar
hogyan jarul hozza a mesterséges intelligencia (MI) kozlekedésbiztonsighoz az autévezetés
soran. Valamint, hogy milyen potencidl rejlik benne még a j6vében. Az empirikus kutatds soran
61 f6 mozgaskorlatozott személy vett részt online kérd6iv segitségével. A kereszttabla-
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elemzések azt mutattak, hogy a rendszeresen vezeté mozgassériltek 94%-a biztonsagban érzi
magat vezetés kézben, ami a vezetési rutin és a szubjektiv biztonsdgérzet kézétti pozitiv
Osszefiiggést jelzi. A mesterséges intelligencia altal nydjtott vezetéstamogat6 rendszerek és az
onvezet$ jarmuavek 4j lehetSségeket kindlnak a kézlekedésben vald részvétel kiszélesitésére,
ugyanakkor etikai és infrastrukturalis kihfvasokat is felvetnek. A tanulmany ravilagit arra, hogy a
biztonsagérzet nem csupan technikai, hanem pszicholégiai és tarsadalmi dimenzidkat is
magaban foglal (Zeng és mtsai., 2024; Patil és mtsai., 2024; Lv és mtsai., 2023).

Kulcsszavak: kozlekedésbiztonsag, mesterséges intelligencia, mozgassérilt vezetok,
onvezetS jarmuvek, defenziv vezetés, Munsch

Diszciplinak: neveléstudomany, pszichologia

Abstract

EXAMINING THE PERCEPTION OF SAFETY AMONG DRIVERS WITH
PHYSICAL DISABILITIES — WITH AN EXTENDED FOCUS ON THE ROLE OF
ARTIFICIAL INTELLIGENCE

The aim of this study is to examine the perception of road safety among drivers with physical
disabilities. Within the framework of this paper, we also seek to present how artificial
intelligence (AI) currently contributes to traffic safety in driving, as well as the potential it holds
for the future. The empirical research involved 61 participants with mobility impairments who
completed an online questionnaire. Cross-tabulation analyses showed that 94% of drivers with
disabilities who drive regulatly feel safe while driving, indicating a positive relationship between
driving experience and perceived safety. Al-based driver assistance systems and autonomous
vehicles offer new opportunities for expanding participation in transportation; however, they
also pose ethical and infrastructural challenges. The study highlights that the sense of safety
encompasses not only technical but also psychological and social dimensions(Zeng et al. 2024;
Patil et al.2024; Lv et al.,2023)

Keywords: road safety, artificial intelligence, drivers with disabilities, autonomous vehicles,
defensive driving, Munsch

Disciplines: pedagogy, psychology

A kozlekedésbiztonsiag fogalma az utébbi  biztonsagi intézkedéseket helyezték el6térbe,
években jelentGs valtozason ment keresztll, mig napjainkban a human tényez6k, a vezetési
kilonésen a mesterséges intelligencia (MI)  kultdra és a technoldgiai timogatas integralt
térhoditasanak hatdsara. A hagyomanyos meg-  szemlélete valt meghatirozéva. A mozgas-
kozelitések a balesetek megel6zését és a fizikai  sériilt vezetSk esetében a biztonsag kérdése
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kilénésen fontos, mivel a fizikai akadalyok
mellett gyakran pszichol6giai és infrastruktu-
ralis korlatok is nehezitik a kozlekedésiiket.
Jelen kutatas célja, hogy feltarja, hogyan itélik
meg a biztonsigot a mozgassérilt vezet6k
(Khan ¢és Das, 2024; Booker és mtsai, 2024;
ITF, 2022, 2023).

Kozlekedésbiztonsag

A kozlekedésbiztonsdg meghatdrozasara je-
lenleg nincsen egy altalainosan elfogadott
definicié a 2020-2025-ben ko6zott megjelent
szakcikkekben. Meghatarozasa erésen kon-
textusfiiged, de egy tendencia latszik kiraj-
zoloédni, amely torekszik, arra, hogy tobb
tényez6t és nézOpontot vegyen figyelembe.
Igy adva lehetSséget egy komplexebb értel-
mezés kialakitasara és hasznalatara (Khan és
Das, 2024; Booker és mtsai, 2024; I'TF, 2022,
2023).

A kozlekedésbiztonsag fogalmat a WHO
2023-as irasa a balesetekbdl ered6 sértilések és
haldlozasok csokkentésének komplex rend-
szerként hatarozza meg, amely a prevenci6tol
az infrastruktira tervezésén at az utdlagos
beavatkozasokig terjed. A 2020-as évektdl
kezdédben a ,,Safe System” megkdzelités valt
uralkod6va, amely nem a hibas egyént, hanem
a teljes kozlekedési rendszert tekinti a biz-
tonsag zaloganak (IKKhan és Das 2024; Booker
és mtsai 2024; ITF, 2022, 2023).

Miszaki és kézlekedéstervezési felfogasban
a biztonsag elsGsorban az infrastruktarat és
jarmuszintd beavatkozasokat foglalja ma-

gaban.
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Magatartas/pszicholdgia orientalt define-
ciok: Munsch kutatdsaira alapozva a kozle-
kedésbiztonsag a human tényezdket (figyelem,
alkohol, kockazatvallalas) és a kultirat (safety
culture) hangsulyozzak. A rendszer minden
eleme — utak, jarmivek, sebesség, emberi
magatartds — Osszefliggésben 4ll, igy a fe-
lel6sség megosztott. Gerhard Munch lénye-
gében a ,,defenziv vezetés atyja” (Kozlekedés-
biztonsag 2021.08.16.). Munsch nevét, a
forgalom- és kozlekedéspszichologia korai né-
metorszagi kezdeményezéjeként emlitik. Mar
az 1960-as évektdl kezdve foglalkozott kezd6
sof6rokkel és a vezetés tanitasanak észlelé-
si/megfigyelési aspektusaival. A forgalmi
latas” és veszélyelGrejelzés kutatasa fzédik
nevéhez. Munkdssiga a vezetés gyakorlati
oktatisaban maig jelentds. A vezetSoktatas,
ndefenziv taktika” és forgalmi ismeretek
tantervi megkozelitései — munkai hatottak a
forgalmi ismeretek oktatasanak gyakorlatara.
Példaul, Svéjcban hasznilt anyagok eredete
részben hozza kothet6. Munsch az emberi
tényezGt kezdte el hangsulyozni a kézleke-
désbiztonsagban — tehit nem csak a jarmd-
vagy uttechnikai oldalt, hanem a pszicholégiai
és viselkedési aspektusokat is.

A kozlekedésbiztonsdg vizsgalata globalis
szinten is egyre inkabb multidiszciplinaris
jellegti. C. Pieres és munkatasainak 2025 frasa
kiemeli, hogy a kozlekedésbiztonsagi teljesit-
mény Osszehasonlitasa csak egységes indika-
torrendszeren keresztill lehetséges. A baleseti
statisztikak, vezetSi viselkedési mutatok,
infrastruktira, szabalyozasi kornyezet és a
kozlekedési kultdra egyiittes értékelése olyan
komplex képet ad, amely segiti a don-



MESTERSEGES INTELLIGENCIA

téshozokat a biztonsagi stratégiai fejlesz-
tésekben. A kutatas szerint a magas kozleke-
désbiztonsagi szintli orszagokban erés a
megel6zésre épuls szemlélet, a szabalykdvetés
kultarja, illetve az infrastruktara fejlettsége.

Du és munkatarsainak 2023-as kutatasa
ravilagit arra, hogy a vezet6i viselkedés
elemzése napjainkban kiemelt szerepet kap a
kozlekedésbiztonsag el6rejelzésében. A ha-
gyomanyos baleseti adatok mellett egyre
nagyobb hangsilyt kapnak az olyan visel-
kedési mutatdk, mint a gyorsitasi mintdzatok,
hirtelen fékezések, savelhagyasok vagy a ve-
zetl1 reakcioidSk. A telematikai eszk6zokbdl,
szenzorokbol és  Al-alapu  rendszerekbdl
szarmazo valds idejli adatok lehet6séget adnak
arra, hogy korabban nem lathaté kockazati
mintazatok valjanak azonosithatéva. A me-
sterséges intelligencia és gépi tanulasi algo-
ritmusok alkalmazasa a viselkedésalapt kocka-
zatbecslésben nagy pontossigot biztosit, és
hozzajarul ahhoz, hogy a kozlekedésbiz-
tonsagi beavatkozasok célzottabban valdsul-
janak meg.

E két kutatds egytittesen ramutat arra, hogy
a kozlekedésbiztonsag értékelése a j6vében
egyre inkabb a human, technologiai és tar-
sadalmi tényez6k integralt vizsgalatan alapul,
amely kiilonosen fontos lehet a mozgassérilt
vezet6k kozlekedési részvételének megérté-
sében és tamogatasaban.

Az MlI-alapt vezetéstimogato rendszerek és
az 6nvezetd jarmuvek fejlédése 4j tav-latokat
nyit a kozlekedésbiztonsagban, kiil6-ndsen a
fogyatékossaggal él6k szamara (Zeng és mtsai
2024).
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A mesterséges intelligencia
kézlekedésbiztonsagban betoltott
szerepe a mozgassériilt vezeték
szempontjabol

Az MI alapd” (mesterséges intelligencia)
rendszerek még nem feltétleniil célzottan csak
mozgassériilt vezet6knek késziilnek, de je-
lenleg is mar t6bb olyan technoldgia létezik
vagy fejlesztés alatt all, amelyek jelentSsen
névelhetik a biztonsagot és az akadalymen-
tesebb vezetési élményt szamukra. A teljesség
igénye nélkil ismertetiink most néhanyat ezek
kozil jelen iras keretei kozott (Andrade és
mtsai 2024; Liu és mtsai., 2023).

1. Fejlett vezetSsegitd rendszerek (ADAS —
Advanced Driver Assistance Systems). Az
ADAS rendszerek — pl. savelhagyas-figyelés
(Lane Departure Warning), saveltartas (Lane
Keeping), adaptiv sebességtarté automatika
(ACC), vészfékezés — mar széles korben
elérhet6k. Ezek a technolégidk ,,intelligensen”
dolgoznak szenzorok, kamerdk és algoritmu-
sok segitségével, hogy csokkentsék a vezet
terhelését.

2. Személyre szabott vezétlés / adaptiv se-
gédrendszerek sérilt vezetSk szamara. Elkez-
dédtek olyan kutatisok, amelyek elektromio-
grafiat (sEMG) hasznalnak: az izmok elektro-
mos aktivitdsit mérve a rendszer tud adaptiv
beavatkozast biztositani a kormanyzasban,
példaul, ha a vezet6 csak egy karjat tudja
hasznalni (Zeng és Liu 2024)

3. Személyfigyelés (Driver Monitoring Sys-
tems, DMS). A CogniSafe egy mesterséges
intelligenciaval tamogatott rendszer, amely
deep-learning és szamitogépes latds (com-
puter vision) segitségével figyeli a vezets
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allapotat. Példaul, figyelem, faradtsag, elkalan-
dozas vezetés kézben (Schmidt és Weber
2023).

4. Hangvezérlés és masodlagos funkciok. A
Mobility in Motion 2022 kindl olyan vezetést
segit6 eszkozoket, amelyek kozott vannak
hangvezérléses megoldasok is, amellyel pél-
daul az indexelés, ablakt6tls, vilagitis vezé-
relhetd. Miutan réviden ismertettiik a legiijabb
innovaciékat, amelyek timogathatjak a moz-
gassérilt soféroket, ratérnénk arra, hogy a
szakirodalom milyen elényeit és hatranyait
taglalja a mesterséges intelligencia hasznala-
tanak vezetés kozben. Az atlathatésag és
kénnyebb olvashatésag érdekében ezt tabla-
zatos forméaban ko6zoljik, amelyet az 1.
tablazat tartalmaz. A tablazatba a 2020-2025
kozott megjelent friss tanulmanyokat gyuj-
tottiik Gssze.

Az elmult 5 év kozleményei alapjan a ko-
vetkez6 megallapitasokat tehetjitk: abban va-
lamennyi kézlemény egyetért, hogy nagy po-
tencidl rejlik a mesterséges intelligencia
bevonisiban a kozlekedésben, kilondsen a
kézlekedés szempontjabdl sériillékenyebb cso-
portok szamara. Bar napjainkban is mar na-
gyon sok kutatds-fejlesztés zajlik, azonban
ezek t6bbsége még kisérleti és kiprébalasi
fazisban tart. Nem minden rendszer elérhetd
kereskedelmi forgalomban. A jarmutvek adap-
taciéja szintén nehézségekbe utkozik (kézi
vezérl6k, pedal moédositasok) hagyomanyosan
mechanikusan vagy elektromechanikusan ma-
kddnek és nem minden gyarté integral ,,okos”
MI-vezérlést ezekbe.

A kévetkez6 kotlatozo tényez6t az 6nve-
zet rendszerek szabalyozasi és jogi kérdései
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jelentik. Ezek jogi hattere minden orszagban
mas-mas szinten tart jelenleg, ami korla-
tozhatja a mozgassériiltek szamara nyujthato
autoném megoldasok gyors elterjedését. Vé-
giill maguk a mozgassérilt vezetSk is sokszor
bizonytalanok a mesterséges intelligencia ve-
zetést tamogato funkcidinak hasznalatat ille-
téen (Petrovi¢ és mtsai 2022; Bastola és mtsai
2024; Golbabaei és mtsai, 2024; Yousfi és
mtsai, 2025).

Mobdszertan

A vizsgalat alapjat egy 61 f6s online kér-
déives kutatis képezte, amely mozgassériilt
személyek kozlekedési tapasztalataira és biz-
tonsagérzetére fokuszalt. A kérdSiv  az
Oravecz (2024a, 2024b, 2025a, 2025b) altal
korabban kidolgozott felmérésekre épiilt. A
valaszok feldolgozasat SPSS szoftver segitsé-
gével végeztik, kereszttabla-elemzéseket al-
kalmazva a biztonsagérzet és a vezetési
gyakorlat kapcsolatanak feltarasara. A vezetési
gyakorisag, a jogositvany megszerzésének
ideje és a jarmuihasznalati szokasok képezték
az elemzés alapjat (Patil és mtsai, 2024). Az
alabbiakban a vizsgalat eredményeinek leiro-
statisztikai szint attekintése kovetkezik.

Eredmények

Az eredmények alapjan a megkérdezettek
89%-a rendszeresen vezet, és a tobbség (94%)
biztonsagban érzi magat soférként. Mind-
Ossze 10 6 szamolt be arrdl, hogy utasként
érzi magat biztonsagban, és csupan 2 {6 jeldlte
meg a tomegkdzlekedést mint legbiztonsa-
gosabb kozlekedési médot. Erdekesség, hogy
az utasként 6nmagukat biztonsigban érzék
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1. tiblazat. Az MI eldnyei és hatrinyai a mozgdssériilt vegetik

kilemények alapjan. Forrds: A szerzd

szamdra a 2020-2025 megjelent

Elényok

Hitranyok / Kockazatok

Forrasok

ADAS rendszerek novelik a
reakcidképességet, csokkentik a
baleseti kockazatot.

Figgdség alakulhat ki, csékkenhet a
figyelem.

Zeng, X., Wang, H., és Liu, Q.
(2024)

MI-alapu akadélyfelismerés néveli a
helyzetfelismerés pontossagat.

Adatvédelmi és etikai aggalyok.

Lee, S. és Park, J. (2023)

Autoném/ félautoném jarmavek
mobilitdst adnak sulyos
mozgaskorlatozottsag esetén.

Szenzorhibak és
rendszermeghibdsodasok veszélyt
jelenthetnek.

Martinez, A. és Gupta, R. (2022)

Személyre szabhaté jarmivezérlés a
vezetd fizikai allapotahoz igazitva.

Magas koltségek és hozzaférési
egyenlStlenség.

O’Connor, L. és Chen, P. (2021)

MI-alapu akadalymentesitési
funkcidk tdimogatjdk a
fogyatékossaggal él6k utazasat az
onvezetd jarmivekben.

Kisérleti rendszerek, jogi és
biztonsagi bizonytalansagok.

Bastola és mtsai (2024)

Automatizalt jarmdvek névelhetik a
mobilitast kilonféle
fogyatékossaggal él6k szamara.

Technolégiai megbizhat6sagi
kérdések és elfogadasi nehézségek.

Dicianno és mtsai (2021)

Felhasznaldi igényekhez illeszked6
autoném jarmutervezés javithatja a
hozzaférhet8séget.

Kiilénb6z6 fogyatékossagi
csoportok igényeinek komplexitasa.

Dwyer és mtsai (2023)

Multimodalis feltletek segitik a
latassériilteket az autoném
jarmtvekbdl valéd biztonsagos
kiszallasban.

Technolégiai tulterhelés, tanulasi
nehézségek.

Meinhardt és mtsai. (2025)

Onvezet6 jarmivek altal kinalt
megoldasok javitjak a védett
csoportok mobilitasat.

Infrastruktara korlatjai, mikodési
problémak.

Zhong és mtsai (2024)

Automatizalt jarmtivek
fenntarthaté mobilitasi
lehetSségeket biztositanak
fogyatékossaggal él6knek.

Tarsadalmi elfogadottsag,
szabalyozasi kihivasok.

Yousfi, Jacquet, és Métayer
(2025)
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fele szintén rendszeres vezet$, ami arra utal,
hogy a tdmegkozlekedési lehetéségek akadaly-
mentsitésének hidnya miatt mégis inkabb a
vezetést valasztjak. A tdbb mint 5 éve jogosit-
vannyal rendelkez8k kérében a biztonsagérzet
magasabb volt 86%, de még a kevesebb, mint
5 éve vezetSk kozll is 64%-a soférként érzi

magat leginkabb biztonsagban.

Megbeszélés

Az adatok azt mutatjak, hogy a vezetési
gyakorlat és a szubjektiv biztonsagérzet kézott
pozitiv kapcsolat all fenn. A biztonsagérzetet
nem csupan a jarmutechnologiai tényez6k, ha-
nem a tarsadalmi és pszicholégiai komponen-
sek is alakitjak. A mesterséges intelligencia

turdlis tényezSk integralt figyelembevétele
szitkséges. Fontos leszégezniink azonban,
hogy az MI nem helyettesiti, hanem kiegésziti
az emberi felelGsséget a kozlekedésben — ki-
16n6sen a sebezhetd csoportok esetében (Patil
és mtsai 2024).
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Kovetkeztetések

A vizsgalat ravilagit arra, hogy a moz-
gassérilt vezetSk biztonsagérzetét erGsen be-
folyasolja a vezetési rutin és az 6nallé koz-
lekedés lehet6sége. A mesterséges intelligencia
alkalmazasa a kozlekedésbiztonsagban kulcs-
szerepet jatszhat a hozzaférhetGség és az
inkluzivabb mobilitas elGsegitésében. A jov6-
beni fejlesztések soran a technoldgiai megol-
dasok mellett a pszicholégiai és infrastruk-
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Abstract

This paper presents a compact matlab-based workflow for acquiring, organizing, and
analyzing urban environmental noise data with a strict spatiotemporal structure. Multi-station
sound pressure level (SPL) measurements are organized into a three-dimensional tensor,
unfolded into a two-dimensional matrix, and analyzed using singular value decomposition
(SVD) to extract dominant spatial and temporal patterns. Two lightweight normalization
schemes cumulative normalized output (CNO) and separated normalized noise nodes (SNNN)
are introduced to support low-rank reconstruction, anomaly detection, and decision-making. A
case study conducted in Debrecen, Hungary, over an ecight-week period (daily averages)
demonstrates the effectiveness of the proposed methodology by revealing clear weekly patterns
and midweek noise anomalies. The framework is scalable to dense sensor networks and can be
integrated into smart city dashboards, offering a robust foundation for adaptive urban planning
and real-time environmental noise management.

Keywords: Environmental noise; MATLAB; tensor data; singular value decomposition; smart
city monitoring

Discipline: Environmental Engineering

Absztrakt

ADATVEZERELT TENZORSZORZAT-POLITIPUS ALAPU MODELL

KORNYEZETI ZAJMONITOROZASHOZ

Ez a tanulmany egy kompakt, MATLAB-alapi munkafolyamatot mutat be a varosi kornyezeti
zajadatok szigoru tér-idébeli struktardban térténd gydjtésére, rendszerezésére és elemzésére. A
tobb mérballomason végzett hangnyomasszint (SPL) mérések hiaromdimenzids tenzorba
keriilnek szervezésre, majd kétdimenziés matrixba kifejtve szinguldrisérték-felbontassal (SVD)
keriilnek elemzésre a dominans térbeli és id6beli mintazatok feltirasa érdekében. A tanulmany
két kénnytisulyd normalizalasi eljarast vezet be — a kumulativ normalizalt kimenetet (CNO) és
a szétvalasztott normalizalt zajcsomoépontokat (SNNN) —, amelyek timogatjak az alacsony
rangu rekonstrukciot, az anomaliadetektalast és a dontéstimogatast. Egy esettanulmany, amelyet
Debrecenben végeztek egy nyolchetes idGszak alatt (napi atlagértékekkel), igazolja a javasolt
moédszertan hatékonysagat azaltal, hogy jol elkiilontlé heti mintazatokat és a hét kozepére
jellemz6 zajanomaliakat tar fel. A keretrendszer skalazhaté strl szenzorhaldzatokra, és
integralhat6 okosvaros-iranyitépultokba, igy robosztus alapot nyujt az adaptiv varostervezéshez
és a val6s idejt kérnyezeti zajkezeléshez.

Kulcsszavak: kérnyezeti zaj; MATLAB; tenzoradatok; szingularisérték-felbontas; okosvaros-
monitorozas

Diszciplina: kérnyezetmérnéki tudomany
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Environmental noise has become a pressing
public health issue, particularly in densely
populated urban areas where rapid population
growth and infrastructure development
contribute to rising noise levels. Extended
exposure to high noise levels is associated
with a variety of health problems, ranging
from hearing loss to cardiovascular issues, as
well as cognitive and sleep-related dis-
turbances, making noise pollution a critical
environmental and societal challenge (Basner
et al., 2014; Sheikhmozafari et al., 2025; Chen
et al, 2023). Traditional noise mapping
approaches often rely on sparse, static
measurements that capture only limited
of

Classical statistical techniques, such as linear

snapshots the acoustic environment.
or multiple regression models, are valued for
their simplicity and low computational de-
(Maulud & Abdulazeez, 2020).
However, they struggle to capture the comp-

mands

lex and dynamic spatiotemporal patterns of
urban noise and tend to perform poorly when
datasets are missing or irregular (Chen et al.,
2015; Ahmed & Raihan, 2024).

The increasing deployment of real-time
sensor networks and Internet of Things (IoT)
based platforms has significantly improved
the capacity for continuous acoustic monitor-
ing and high-resolution data collection
(Gunatilaka et al., 2025; Banaras & Nasir,
2025). While these systems generate valuable
datasets, they also introduce challenges related
to storage, processing, and interpretation.
Addressing these challenges requires ad-
that
efficiently model large-scale spatiotemporal

vanced analytical approaches can
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data while maintaining interpretability and
scalability.

Recent advances in machine learning (ML)
and artificial intelligence (Al) have been
applied to environmental noise prediction and
classification, often outperforming traditional
methods  (Ali 2022).

Techniques such as neural networks and

statistical et al,
clustering algorithms provide powerful tools
for uncovering hidden patterns, but they
typically require extensive computational
resources and large labeled datasets. More-
over, their “black-box” nature limits trans-
parency, making it difficult for urban planners
and policymakers to interpret and act on the
results (Ali et al., 2022; Albaji et al., 2022;
Szandata, 2023). A tensor-based framework
offers an effective solution by organizing
environmental data in a multidimensional
form, allowing both spatial and temporal
relationships to be retained. Spatiotemporal
tensor decomposition methods, such as those
based on Singular Value Decomposition
(SVD), enable simultaneous data reduction,
pattern extraction, and noise filtering, offering
both computational efficiency and inter-
pretability (Sudar et al.,, 2025; Auddy et al.,
2024). Prior research on fuzzy modeling and
rule-base reduction has also demonstrated the
value of simplifying complex decision-making
systems, which aligns closely with the goals of
the present study (K & M. B, 2024; Jin et al.,
2019; Dénes & Baranyi, 2000). Building on
these concepts, this paper introduces a data-
driven tensor product polytypic framework
developed in MATLAB for urban noise

monitoring and analysis. In the proposed
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methodology, raw Sound Pressure Level
(SPL) data collected from multiple monitoring
stations are structured into a three-dimen-
sional tensor. The tensor is then unfolded into
a two-dimensional matrix and processed using
SVD to reveal dominant spatiotemporal
structures. This approach supports low-rank
approximations, temporal modeling, and
anomaly detection while remaining com-
putationally efficient and interpretable. To
validate the framework, a case study was
conducted in Debrecen, Hungary. Over an
eight-week period, the system successfully
identified consistent weekly acoustic cycles
and midweek anomalies with high precision.
These results highlight the potential of the
proposed framework as a decision-support
tool for smart urban planning, adaptive noise
real-time  environmental

regulation, and

management systems.

Methodology

This section presents a systematic metho-
dology for analyzing environmental noise
using a 3D tensor-based approach in MAT-
LLAB. Earlier works concentrated on the
straightforward reduction of heuristically
generated rule bases.

The methodology aims to transform raw
monitoring data into actionable insights by
employing signal processing, mathematical
modeling and visualization techniques.

Data Structure and Collection. Environmental
noise levels were recorded using a network of
fixed monitoring stations distributed across
The collected data

comprises daily average Sound Pressure

various utrban zones.
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Levels (SPL) measured in decibels (dB),
organized in a 3D tensor format to capture
spatiotemporal dynamics:

* Spatial axis (s): Stations (e.g., s = 12)

* Temporal axis (d): Days of the week

(Monday to Sunday, d = 7)
* Week index (w): Weekly observations (e.g.,
w = 8)

The tensor encapsulates the average SPL at
each station (i), on each day (j), during each
week (k).

Tensor Flattening and Matrix Construction. To
facilitate decomposition techniques like SVD,
the 3D tensor is unfolded into a 2D matrix:
each row represents a monitoring station, and
each column a specific day across all weeks.
Example: the resulting tensor D has a shape
of (12 X 7 X 8), corresponding to 12 stations,
7 days per week, and 8 weeks. The tensor is
then reshaped into a matrix Dtime of shape
(12 X 50), preserving the spatial resolution
while flattening the temporal dimensions for
easier linear algebra processing (Figure 1).

Figure 1. Tensor-to-matrixc unfolding for S1°D
analysis.

Dtime € Rs*(dXW)

time

stations



MESTERSEGES INTELLIGENCIA

Singnlar Value Decomposition (§T7D). SVD is
applied to the flattened matrix:
Dﬁmez U'Z'VT

Left singular vectors (spatial patterns)

Diagonal matrix of singular values

Right singular vectors (temporal patterns)

This factorization isolates the dominant
modes of variation in noise across space and
time.

Temporal Weight Function Extraction.
the singular value decomposition (SVD) is

Once

performed on the unfolded noise matrix, the
resulting right singular matrix contains vectors
that represent the temporal modes of noise
variation.

To analyze temporal behavior, the first two
right singular vectors are selected. These
vectors are transformed into weight functions:

w1 (S2)=Vi Sa)
w2 (Sa)=V2 (Sa)

Where Sa € [1,d'w] represents a specific
time index combining day and week. These
temporal weight functions serve the following
roles:

w1 Captures baseline trends in the noise
profile, such as weekly periodicity and stable
daily cycles.

w2 Captures secondary oscillations, ref-
lecting more nuanced variations, such as day-
to-day anomalies or mid-week disturbances.

In the case study conducted over May and
June, these functions revealed:

w1 highlighted a repetitive weekday/week-
end pattern, particularly peaking during
workdays and dropping during weekends.
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w2 emphasized periodic deviations, sug-
gesting the presence of irregular local activities
or transient noise sources (e.g., construction,
traffic surges).

Together, these extracted functions provide
the temporal structure necessary for down-
stteam modeling and enable the decompo-
sition of noise evolution into interpretable

components.
Normalization — Technigues.  'To  enhance
interpretability  and  robustness,  two

normalization techniques are integrated:

* Cumulative Normalized Output (CNO),
which highlights long-term temporal trends
and recurring daily patterns.

Separated Normalized Noise Nodes
(SNNN), which isolates short-term irregulari-

ties and high-intensity noise events.

Noise Pattern Modeling. The normalized
weight functions are combined linearly to
model the SPL signal: Where and control the
contribution of each mode.

Model examples: Raw SVD; CNO; SNNN

Pattern Recognition and Decision Support. The
extracted models support various practical
applications:

* Recurring Pattern Detection: Identifying
weekday-weekend cycles or seasonal effects.

* Anomaly Detection: Spotting unexpected
events or deviations.

* Classification: Grouping days by similar
noise behavior.

» Urban Noise Mitigation: Locating high-
risk zones and optimal intervention times.

* Policy Evaluation: Measuring the impact

of noise control strategies.
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* Smart City Integration: Enabling real-time
monitoring and alerts.

This methodology offers a comprehensive
and scalable framework for environmental
noise analysis using advanced signal decom-
position in MATLAB.

Each model serves a specific purpose: trend
extraction, anomaly detection,

or signal

reconstruction

Results And Discussion

Case Study: Station-Based Noise Analysis

To demonstrate the practical application of
the proposed methodology, a case study was
conducted using data from a single noise
monitoring station situated in central Deb-
recen, Hungary. The location was chosen
based on its suitable positioning and con-
sistent recording performance.

The study covers the months of May and
June (2025), totaling eight weeks. This
identification of both

duration enables

transient acoustic disturbances and recurring

weekly sound patterns. Data analyzed
consisted of daily average sound pressure
levels (SPLs), measured in A-weighted

decibels (dB(A)), processed using the entire
3D noise analysis pipeline: tensor con-
struction, matrix flattening, singular value
decomposition (SVD), normalization, and
temporal modeling.

This case study validates the methodology's
ability to:

* Capture temporal dynamics

* Detect Anomalies

* Generate decision-supporting insights into
noise management
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Data Collection

The dataset originates from one Class 1 SV
307A noise monitoring station and covers 8§
weeks (May-June), with a daily resolution. The
structured format was a 3D tensor, reshaped
into a 2D matrix for analysis (Table 1).

Table 1. Daily average SPL readings over 8 weeks
[dB(A)]

Week

Day

W1l W2 W3 W4 W5 W6 W7 W8
Monday 549 53.3 52.0 523 53.2 554 56.9 56.9
Tuesday  54.5 53.2 53.5 51.4 54.6 56.4 53.4 56.2
Wednesday 55.1 52.9 54.6 53.6 55.3 55.4 55.5 53.1
Thursday 53.4 52.1 53.7 52.4 543 58.2 55.4 54.9
Friday 50.8 54.8 51.9 56.3 55.4 55.8 55.1 53.5
Saturday ~ 50.4 552 51.6 523 53.6 51.7 52.9 52.5
Sunday 523 49.6 51.8 50.5 52.0 51.9 51.7 50.4

Resuits from MATLAB Sinnlation
Tensor Reshaping:
* Decomposition: SVD yields dominant
vectors
* Normalization: Applied via CNO and
SNNN methods
Model Outputs:
Raw model:
SPumas(s2) = 233 - wi(sa) + 6:10-14 - wa(sa)
CNO model:
SPumac(sa) = 44 - wiero(sa) + 60 - woeno(sa)
SNNN model:
SPsnna(sa) = o+ wisnmn(sa) + 3 - wostn(sa)
Key Insights:
* Weekly cycles and anomalies confirmed
* CNO: Emphasizes long-term structure
* SNNN: Highlights daily variability
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Table 2 shows model errors, and Figure 2 Figure 2. Weekly normalization comparisons
summarizes the weekly normalization com- (CNO us. SNNN)

parisons.

Noise - Snnn normalization in week 1

datal
datn2

Table 2. Model errors per week @
S
Week ER_snnn ER_cno E 0.
1 1.56e 713 2.13e7 = o
2
£
D
=

8 9.94e~1* 1421 o ]

2 f‘ "“ 5 3
day
Noise - Cno normalization in week 1
Multi-Week Analysis 0.0
To better interpret temporal dynamics,

o
@

~

average normalized curves (Figure 3) were

[

computed for three periods: Weeks 1-4,
Weeks 5-8, and Weeks 1-8. Both CNO and
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trends across days and weeks.
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both normalization approaches in capturing 0
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meaningful temporal structures in environ-
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mental noise.
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Figure 3. Average normalized values (W1-W8)

Noise - Snnn normalization in week 1-8

0.6

Membership functions

1 2 3 4 5 6 7
day

Noise - Cno normalization in week 1-8

1 2 a 5 6 7

d;y
Weighting Function Ldentification
* SNNN: A dominant dark red curve
models ambient noise trends best.
* CNO: The blue curve models peak
midweek noise.
The normalized weighting functions can be
seen in Figure 4.

Spatio-Temporal Surface Analysis
3D noise surface reveals (Figure 5):
* Midweck noise ridges
* Weekend valleys
SNNN: One dominant component
CNO: Chaotic peaks (local events)

Figure 4. Normalized weighting functions
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To sum up, SNNN normalization provides
a stable reference for ambient noise modeling,
CNO  captures
disturbances (Table 3). These insights atre

while short-term noise

essential for adaptive urban noise mitigation

strategies.

Table 3. Summary of findings

Feature SNNN CNO

Pattern Smooth, stable Fragmented, volatile
o .

Dominance 0" Multiple transient peaks
component

. Local disturb
Usefulness Long-term modeling dotca " istarbance
etection

Analysis and Interpretation

The MATLAB-based analysis of environ-
mental noise data yielded several key insights
into the temporal and structural behavior of
urban sound patterns:

* Dominance of a principal component: The
first singular value consistently captured more
than 90% of the total variance, indicating the
presence of a dominant and repetitive trend in
the noise data. This component reflects the
regular weekly rhythm of urban noise, with
identifiable high and low cycles.

* Secondary mode differentiation: The
second singular mode introduced moderate
fluctuations, corresponding to behavioral
transitions between weekdays and weekends.
These shifts illustrate the natural alternation
between high-activity (workdays) and low-
activity (weekend) environments.

* Temporal consistency and weekly struc-
ture: The reconstructed SPmac surface model
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demonstrated a stable weekly pattern across
multiple weeks, with systematic noise peaks
observed midweek (especially on day 3 or 4)
and significant declines toward the weekend,
confirming eatlier statistical observations.

* Detection of local noise anomalies: The
SNNN normalization model revealed distinct
outlier contributions, associated with short-
duration, high-intensity noise events. These
likely traffic
congestion, public events, or construction,

include causes such as
and were clearly identifiable due to the sharp
concentration in the weighting and SC
(spatial-temporal concentration) maps. Model
stability and interpretability: While CNO
normalization revealed highly chaotic and
scattered contributions, SNNN normalization
exhibited structured, dominant components
— particularly one that aligned strongly with
weekend silence. This confirms that silence
modeling offers more stable and interpretable
structures than raw noise amplitude.

These outcomes demonstrate the effective-

de-
composition (SVD), spatio-temporal model-

ness of combining singular value
ing, and normalized weighting functions for
extracting meaningful information from raw
environmental data. The results are not only
statistically robust, but also operationally
relevant for practical noise monitoring and

control systems.

Conclusion

The analysis of environmental noise data
over eight consecutive weeks has highlighted
the structured, cyclical nature of the examined
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urban soundscape, with consistent patterns of
midweek noise surges and weekend calm.
Using advanced matrix decomposition tech-
niques and membership function normali-
zation (CNO and SNNN), the study suc-
cesstully:

* Isolated week-specific anomalies and
spikes, and

* Revealed a clear weekly acoustic rhythm.

Among the models, SNNN normalization
proved the most effective in revealing
structured, interpretable ambient noise pat-
terns, while CNO normalization emphasized
the irregular and reactive nature of noise
events.

This methodological framework offers a
valuable foundation for:

* Barly-warning systems for noise pollution,

* Urban acoustic planning,

* Policy-driven interventions targeting
specific temporal windows of noise
vulnerability.

In sum, the work demonstrates that noise
monitoring can go beyond raw decibel levels
toward intelligent pattern recognition, stra-
sustainable sound

tegic mitigation, and

management in modern urban environments.
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Absztrakt

Az alabbiakban a mesterséges intelligencia forrasairdl, varhaté fejl6désérdl lesz szo. Kiinduld
allaspontunk az emberi alkotas, amelyet a j6zan ész, a hatalom mindenhatdsagra torekvése és a
kapitalista gazdasag korlatlansaga mozgat. A mesterséges intelligencia a tudomany mai allasa
szerinti antropomorf modell alapjan épitkezik, azaz utanozni igyekszik az emberi gondolkodast,
viselkedést. A human intelligencia bazisa az emberi agy, a mesterségesé a szamitogép. Az
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emberek tirsadalmakba szervezédnek szabalyok és az erkdles szerint. A jozan ész ellentmond a
gépek ilyen Onszervezd képességgel valo ellatisanak és az emberi célok ezt nem is teszik
sziikségessé. A cikk igyekszik feltarni a két intelligencia kiillonb6z6ségét, lehetséges kon-
vergencidjat. Ezen kézben mindig megallapitva az ember fels6bbrendiiségét és felel6sségét. Az
etikatlant, a pusztitast, az ember — a hatalom — okozza, még ha intelligenciaval is rendelkezé
gépekkel végzik. Bz az iras a MATE MAFIOK konferencian (Gyéngyos 2025. junius 25-27.)
elhangzott el6adas anyaga.

Kulcsszavak: mesterséges intelligencia, gépi tanulds, human intelligencia, formalis logika,
dontési automatika, veszély

Diszciplina: informatika

Abstract

THOUGHTS ON ARTIFICIAL INTEILILIGENCE FOR TEACHERS

Below, we will discuss the sources and expected development of artificial intelligence. Our
starting point is still human creation, which is driven by common sense, the striving for
omnipotence of power, and the unlimited nature of the capitalist economy. Artificial intelligence
is based on the anthropomorphic model according to the current state of science, i.e., it tries to
imitate human thinking and behavior. The basis of human intelligence is the human brain, and
the computer for artificial intelligence. People organize themselves into societies according to
rules and morality. Common sense contradicts the need to provide machines with such self-
organizing ability, and human goals do not require it. This article tries to explore the difference
and possible convergence of the two intelligences. At the same time, it always establishes the
superiority and responsibility of man. The unethical, the destruction, is caused by man, the
power, even if it is done by machines with intelligence. This article is the material of a
presentation given at the MATE MAFIOK conference (Gyongyos, June 25-27, 2025.).

Keywords: artificial intelligence, machine learning, human intelligence, formal logic,
automated decision-making, danger

Discipline: information technology

Minden masképpen van,

mint ahogy tudni véljiik: Korunk o6riasi divatja — minden média ezt
...onert addig csiriteR, hegyezitek, hirdeti — a Mesterséges Intelligencia (MI)
Hasogatjitok, élesititek, elnevezés. Az elsé mesterséges intelligencia
Mig driiltség vagy béklyd lesz: beldte... kongresszust 1956-ban Dartmouthban tar-

tottak (v.6.: McCarthy és tsai, 1955) és a LISP
(Karinthy Frigyes) elsé valtozata mar 1958-ban elkészilt. A
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remény hamar szertefoszlott, hamar kiderlt,
hogy az emberi okoskodas barmilyen leirdsa
pusztan logika, s6t abban a pillanatban, hogy
clkezd gépen mikddni algoritmussa valik,
tehat nem intelligencia tébbé. Az algoritmus
nem intelligencia, hanem allapotszekvencia,
vagy rekurzor. Tipikus példa a perceptron,
amely pusztan a neuron mesterséges modell
kozelitése, tavol egy bizonyitott definiciotol.
Kétségbeesésre azonban nincsen semmi ok,
mivel az eredmény — a perceptron modell és
valtozatai — szamos tertileten j6l alkalmazhaté
eszkoz: felismerd és keresé algoritmusok stb.

Ma mar senki sem tudja mit takar val6jaban
ez a kifejezés. Megfigyeléstiink szerint a vilag
legnagyobb szamitastehnikai vallalkozoéinak
éppen kibocsatott alkotdsaival talalkozunk
ezen a néven. A korabbi informatika cimén
Office egyre inkabb
kivaltjdk djabb programalkotisokkal, melyek

tanitott rendszert
tobb szolgaltatast nyudjtanak, korszeribbek.
Az informatikai oktatds ezek igényes, alapos
alkalmazasa. Nagyban hozzajarulnak ehhez az
alkot6 vallalkozok azzal, hogy ugynevezett
oktatasi valtozatot ingyen rendelkezésre bo-
csatanak. A tanul6 és a generativ MI technikdk
legegyszertibb valtozataival hasonlé a helyzet
és az oktatok fantazidjuktdl fiigeben dolgoz-
tatjdk benniik hallgatéikat. A ma elért ered-
mények és a benniik rejlé lehet6ségek jo-
gositank minket a generatfv mesterséges
intelligencia elnevezés hasznalatara. Az elne-
vezése és roviditése: Artificial Generative
Intelligence (AGI), magyariul Mesterséges
Alkot6 Intelligencia (MAI).

Ez a generativ MI még arra is alkalmas, hogy
kiértékelje a munkat és verseny sorrendeket
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hozzanak létre. Csucsteljesitménynek szamit,
ha a feladatokkal a korlatokat keresik. Az
eléallit6 vallatoknak — a hatalmas tzleti
hasznon tal — éppen ez a masik célkittzésik:
hogy
mennyire felelnek meg majd az Uzleti kéve-

kiprébalni, vizsgaltatni alkotasukat,
telményeknek. Tgy aztan szilethetnek egyre-
masra az Gjabb és djabb verzidk. Az oktaték
nem kis faradsaggal ismerkednek az alkal-
mazasokkal és igyekeznek azt beilleszteni a
tanrendbe, a hallgaték pedig kiképzett hasz-
naléi lesznek azoknak. Az oktatasi eredmény
alig mutat tobbre, mint a betanitott munkasi
szinvonal. Jé gondolat ez a multimilliomos
software gyarté cégeknek, mert alkotasaik
bevezetésekor mar készen adott az emberi
tényezo.

Kérdések és valaszok

Tovabb gondolva, ha egyiltalan lehetséges
itt magasabb szinvonalat elérni, az még mindig
csak valamiféle utinzis lesz! Hol van az
onalloésag, az egyéni fantizia, otlet, az igazi
alkot6 készség? Pedig a magasabb rendd ok-
tatasnak ez lenne az elvarasa. Az MI teriiletén
is sokkal inkdbb az alkotast kellene tanitani,
mint példaul intelligencia algoritmusok, érzé-
kel6k szabalyozo eljarasai, adatredukcios meg-
oldasok, valoszindségek, statisztika, eltérés
minimalizalds, hiba felismerések, biztonsadg
stb. Hasonlé elméleti kérdések oktatisa ad
jovét a diplomasoknak.

Tekintsitk at réviden az oktatas legfébb
elemeit, amelyek minden koron befolyasoljak
és meghatarozzak az elvarasokat:
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1. A tudomanyos diszciplindk valtozasa,
fejlédése miatt a tantdrgyak egyre bévild
tananyaggal néznek szembe. Néhany példa:

* nem-Euklideszi geometridk, terek, kvan-

tum logika,

* halézattudomany, kibernetika,

* kvantummechanika, részecskefizika,

* nanotechnolégia, 4j anyagok.

2. A tudomany és technika aranya minden-
kor problémat jelentett, ami egyidés az
elmélet-gyakorlat vitival. A szamitégép terje-
désével azonosan egyre névekszik a technika
aranya, ami a gépek és programjainak hasz-
nalatanak tanitasat jelenti. Megjelent a szami-
togéptechnika mellett a szamitégéptudomany,
a szamitastechnika mellett pedig szamitas-
tudomany, valamint kibernetika néven a
rendszer-, a szabalyozas- és vezérlés elméletek
technikai valtozata. Az informatika oktatds
szinte kizaroélag technikara korlatozodik, mert
nagy és dinamikus ez az anyag is és nincs id6
az elméleti megalapozasra. Megint az utan-
zasra, masok kiszolgalasara kell hivatkoznom,
amely sokkal inkabb megfelel a kozép-
szintnek. Ennek teljesitéséhez megfelel6 okta-
tok képzése elengedhetetlen.

3. A gbzgép felfedezése 6ta immar a negye-
dik ipari forradalomnak vagyunk részesei.
Altalaban a g6z, az olaj, az elektromossag, és
végll a szamitogép jellemzi az egyes ipari
forradalmakat. Korunkat digitalis kornak is
nevezzilk. Az alapvetéen 4j alkotasok életiink
minden terlletére betérnek. Néhany ilyen
technika és mddszer a halézatok, adatbazisok,
robotok, 6nvezeté eszk6z6k, nanotechno-
légia, mdanyagok, kvantummechanika, ener-

glatarolds, virtualitas, biotechnologia stb. A
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technolégidk olyan gyorsan djulnak meg, a-
mellyel a biologiai ember mar szinte 1épést
sem tud tartani. Az emberiség szétszakad,
lesznek ezek miveldi, kevesen alkotoi, és lesz-
nek leszakadok. J6 lenne idejekoran felismerni
ki hova tartozik — ki, miben tehetséges —, mert
az ,cgyformasag” kizardlag a szinvonal
csOkkentésével lehetséges. Végre ismét min-
denkit tehetségesnek tartunk. A feladat annak
megtalalasa, felismerése, hogy miben. Tehet-
séggondozasi feladat a megtalalt tehetség kells
iranyba terelése és az alkalmas képzés. A
magyarsag mindig biiszke volt kivalosagaira és
azok alkotdsaira. Az egyetemek alapkovetel-
ménye legyen a kivalosag, oktatokban, okta-
tasban, elért eredményekben egyarant.

4. Az extenziv eszkOzeink kimertltek. Az
oktatdsra szant id6 mair nem ndvelhetd to-
vabb. Intenziv modként a szakteruletek szét-
valasztasa adodik, mint lehet6ség. J6 ideje
ismert a STEM megoldas, valamint a gene-
raciok sajatossagainak feltirasa. A STEM a
Science, Technics, Engineering, Mathematics
réviditése. Véleményem szerint, téméren fo-
galmazva, Science: aki figyeli a természetet,
Technics: aki megvaldsit, Engineering: aki
kitalal, Mathematics: aki elképzel — mindegyik
mas tehetséget feltételez. A Z-generacié a
XXI. szazad elejének szilldttei, akik mar a
digitalis korszakban élnek, annak technikajan
néttek fel. A STEM a kiilonb6z6 tehetségek
feltarasaban, majd a hozzaill6 szakteriletre
valé terelésében rejlik. Az igy kivalasz-
tottakhoz mar sokkal koézelebb fog allni az
illeté teriilet legujabb eredményeinek megis-
merése €s a hajlam az akt{v alkotasra.
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5. A megoldashoz a tehetség idejekoran
val6 felismerése szitkséges, vagyis chhez
vissza kell térniink a kézépiskolaba, mert ez a
kor a tehetség kibontakozasa. Felkésziilt
tanarokra van szitkség, akik képzése fontos
téiskolai, egyetemi feladat. Sajnos, de tudo-
masul kell venniink, hogy ez tobbéves feladat,
és a kovetkezd generdciéra lesz hatasos. Es
akkor, addig csak a betanitott munka — hogyan
hasznaljuk masok alkotdsat — marad?

Multbdl a jelenbe
A mdlt szazad kozepéig a tudomanyos

felfogas szerint a természet formalta a vilagot:

wMegpillantjuk a tudomany szemével,
Bolesgjében mint forgott a vildg,
8 hogy a természet fortélyos kezével
A nagy kdoszt miként formdlta dat.”
(Spencer)

Az ipari forradalmak ezt a szemléletet foko-
zatosan atalakitottak és egyre inkabb az ember
alkotta technikai fejlédés vélt a tudomanyos
vilag meghatarozéjava. Mar 1954-ben Szent-
gyOrgyi (1988) egy konferencian feltette a
kérdést: képes lesz-e a biologiai ember utolérni
a maga alkotta technikai vildgat, mi lesz, ha
mind-6rékre lemarad? Es ez a lemaradas azéta
is egyre névekszik. Lag theory (lemaradas elv):
mindig van lemaradas egy rendszer bevezetése
soran az 4j rendszer és az alkalmazo6i kozott,
amely azonban révidesen kiegyenlitédik. Ha a
fejlédés gyorsabb, mint a kiegyenlités, akkor a
lemaradas véglegessé valik. A lemaraddst ma
mar generacibkban mérjik.
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Az utébbi évek hatalmas emberi Gjitasai ezt
a folyamatot igazolja, a technika egyeduralko-
déva valik és a tudomany az igényeinek a
kiszolgal6ja lesz. Bz az ember alkotta technika
mara betért az ember legbensébb tudati
vilagiba a gondolkodas, az intelligencia, a
dontés, a kivitelezés iranyitasa modellezésével.
Ez a technika a McCulloh és Pitts altal alkotott
neuron-modellen alapul és a Neumann (1965)
altal kigondolt szamitogépen realizalédik. Ma-
kodése a Wiener altal megfogalmazott kiber-
netikan alapul a Turing definialta allapotokon
keresztlil, amelyek mindig lehetségesek, de
csak bizonyithatatlanul végesek. Alapszabély
McCulloh-Pitts és Neumann felvetése, Mar-
kov normalizicios tétele, a Turing tézis, a
Chuch tézis. Tehat, ha barmi, amit elegendSen
pontosan és egyértelmiien megfogalmazunk,
akkor az szamitégépen realizalhat6. A fela-
datot tehat leképeztiik az emberi nyelvre, mert
azzal fogalmazunk, tehit az ,elegendd
pontossag és az egyértelmiség” nyelvi kove-
telmény, egész pontosan egy olyan nyelv, vagy
nyelvi atmenet, amelyet az ember és a gép
egyarant megért. Ugyanakkor tudjuk, hogy a
nyelv az emberek koézott kommunikacié
eszkoze és pontatlansaga, egyedisége, tobbér-
telmlsége miatt a félreértések okozta tragé-
didk vilaga is.

Akkor hogyan alkothatunk mégis hasznal-
haté eljarasokat? Az ember talalékony és
kitalalta a kisérletezés, probalkozas techni-
kajat, ehhez nem feltétel a pontossig és az
egyértelmiség. Az elért eredményeket Gssze-
vethetjiik a kivanttal és a dontést most még az
emberre bizzuk. Modositas, javitas és a kvetd
Ujabb probalkozas — 4j verzié — a fejlédési
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folyamat. A mesterséges intelligencia, a gépi
tanulds a maguk teriiletén ezt a lehetéséget
tartalmazzak. S6t a generativ, az alkotd
rendszereket az alkalmazé is tanithatja, for-
malhatja sajat elképzeléseihez. Az eredmé-
nyesség egyelére kétséges, mindenesetre
anyagilag az alkotok szamara felettébb hasz-

nos. De hat , kisérleti fazisban” vagyunk!?

Osszefoglalas

Osszefoglalva jol lathatjuk, hogy az AGI-t
el6allitok érdekei ol érvényestilnek, jelentSs
eredményeket sikeriilt elérni az alakfelismerés-
ben, beszédértésben, a vided és audié tech-
nikakban, adatkezelésben stb. Soha nem latott
méretd feldolgozasi és tarolé kapacitasok —
felh6 — dllnak rendelkezésre és kindljak az
AGI algoritmusok ezreit a szoftvergyartok a
felhasznalok szamara legtobbszor el6fizetés-
sel — ez az alkoték millidrdos haszna — és
miként mair emlitettem, mindezek oktatasi
valtozatai is elterjednek.

A megoldasok nincsenek hiba nélkil, az
eredmények hozzaértéssel, figyelemmel, meg-
felel$ szint( ellenSrzéssel alkalmazhatok csak,
mégis Oriasi a hajlam az automatikus dontés
bevezetésére, emberi beavatkozas nélkuali
alkalmazasara szamos tertleten.

Kilonésen a hatalom részesei és a média
teszik ezt és egyre gyakoribb ezaltal a fake
news, a zéro tolerancia és tarsai. Olyan szintet
képesek ezzel elérni, hogy a valdsag kideritése
lehetetlenné valik és a mérlegelés, a megértés
az emberi tulajdonsagok kizarédnak. A MI
technika az emberek tébbsége f6lé nd,
uralkodik felettik, holott a demokricia mellé-
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rendeld felépitést. Kimondhatjuk, hogy nem
a technikaval, hanem az egyes emberek gya-
korlataval van a baj.

A modernebb technikik bevezetése — régbta
tudjuk — emberi munkat tesz feleslegessé, a
valésagban atalakitja azt kénnyebb, kényel-
mesebb tevékenységgé, egyre inkabb igé-
nyelve a feln6ttképzést, ami szintén Gjdonsaga
a kozép- és felsS szintd oktatasnak.

A fejlédést nyomon kévetd képzés alapvetd
fontossdgu és minden késlekedés generacidk
lemaradasat, az egész tarsadalom leépiilését

okozhatja.
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Abstract

ARTIFICIAL INTELLIGENCE AND CREATIVITY:

BOUNDARIES, DIFFERENCES, AND NEW CONCEPTUAL FRAMEWORKS

This paper raises the question of whether artificial intelligence can be considered creative.
This is also difficult to determine due to the many different definitions of creativity. The
standard definition of creativity — which focuses on novelty and value — does not provide a
sufficiently precise definition. Therefore, we need to supplement it with new criteria, including
intentionality and authenticity. This paper presents the fundamental differences between human
and artificial systems, such as differences in cognitive abilities and functionality, and structural
and functional differences between biological and artificial "nervous systems". We point out
that artificial intelligence cannot be considered creative in the same way as humans, and
therefore, new, more precise conceptual frameworks are needed. Due to this difference, human
and artificial creative abilities are not competitors, but rather complementary phenomena.

Keywords: creativity, Al

Discipline: psychology, information technology

Absztrakt

E tanulmany azt a kérdést veti fel, hogy a mesterséges intelligencia kreatfvnak tekintheté-e.
Ennek meghatarozasa a szamos, egymastol eltéré kreativitds-definicié miatt is nehéz. A standard
kreativitds definicié — amely az Gjdonsdgra és az értékre koncentral — nem nyujt kelléen pontos
meghatarozast. BEzért 4 kritériumokkal, t6bbek kézott az intencionalitdssal és a hitelességgel
szitkséges kiegészitentink azt. Jelen tanulmany bemutatja az emberi és mesterséges rendszerek
kozotti alapvets kilonbségeket, példaul a kognitiv képességek és a funkcionalitds eltéréseit, a
bioldgiai és mesterséges ,,idegrendszerek” strukturalis és mikodésbeli eltéréseit. Ramutatunk,
hogy a mesterséges intelligencia nem tekinthet6 az emberrel azonos médon kreativnak, ezért 4j,
pontosabb fogalmi keretekre van sziikség. Ezen eltérés miatt az emberi és a mesterséges kreativ
képességek nem versenytarsak, hanem egymas kiegészitésére alkalmas tulajdonsagok.

Kulcsszavak: kreativitdas, M1

Diszciplina: pszicholégia, informatika

A kreativitasra az emberi élet szamos terii- matokat timogatni, és hogy a mesterséges
letén sziikség van (Desdevises, 2025, Mez6, intelligencia (MI) fejlédése feliilmulhatja-e ezt
2017), éppen ezért fontos lehet, hogy milyen  az emberi képességet. A MI létrejottével és
eszkozokkel lehet az emberi kreativ folya-  fejlédésével Gjra felmertlt a kérdés, hogy nem
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csak az ember lehet kreativ, valamint fontos
kutatasi téma lett a mesterséges intelligencia
potencidljanak és hatarainak vizsgalata (lasd:
2025; Mez6, 2024). Habar
kreativitasfogalmunk mindig is antropocentti-

Desdevises,

kus volt, a kreativitist meghatarozé emberi
képességnek tekintve, a MI megjelenése el6tt
is voltak vizsgilatok, melyek azt kutattdk,
vajon csak az ember képes-e ilyen folyama-
tokra. Hzen vizsgalatok sorin az emberi és
allati képességeket hasonlitottak Ossze, vizs-
galva, hogy ezek miben térnek el egy-mastol
(Da Pelo, 2025). A MI megjelenése bonyo-
lultabba tette a kérdést, hogy vajon csak az
ember kreativ-e, hiszen mig az dllatok csak
egyszeribb feladatokra talaltak megoldast, a
mesterséges intelligencia mar képes 1étrehozni
muvészeti alkotasokat is, melyek olykor nehe-
zen megktlénboztethetéek az emberi alkota-
soktol (Da Pelo, 2025). Az utdbbi években
egyre t6bb figyelmet kapott ez a téma, mely
meghatarozé lehet abban, ahogyan ezeket az
eszkozoket hasznaljuk.

E cikk azt vizsgalja, hogy a MI mennyire
felel meg a kreativitds elméleti kovetelmé-
nyeinek, altalanos meghatarozasainak, elemzi
annak mikodési mechanizmusait, végiil pedig
arra a kovetkeztetésre jut, hogy a MI nem mint
versenytars, hanem mint kiegészits, alternativ
moédon kreatfv partner értelmezhetd.

A kreativitas

meghatarozasanak nehézsége

Habar a kreativitds egy elterjedt fogalom, va-
l6jaban mégis nagyon nehéz pontosan megfo-
galmazni, hogy pontosan mit is értiink alatta

67

(Ismayilzada et al., 2024), s komoly koncep-
tualizaciot és operacionalizaciot érinté prob-
lémakkal kiizd6 fogalomrol van sz6 (Mez6 és
Mez6, 2021, 2022, 2023). Sziamos kutatd
ramutatott arra, hogy a kreativitdis mint
pszicholégiai fogalom mindmaig ellenall az
egyértelmi definiciénak és a vilagos operacio-
nalizalasnak, {gy nem létezik széles kdrben
elfogadott, egységes meghatarozasa. Ennek
ellenére a szakirodalomban szamos definiciés
kisérlet sztiletett, és toébb probalkozas tértént
ezek rendszerezésére is (Mezd, 2017; Mez6 és
Mez6, 2011). J6 példaja ennek Aleinikov és
mtsai (2000) konyve is, amelyben a szerzd
tobb mint 100 definiciot sorol fel a kreativitas
meghatarozasara (Ismayilzada et al., 2024).
Az, hogy a kutatok és gondolkodok ilyen
eltér6 moédon definidljdk a kreativitast azt
eredményezi, hogy az arrdl valé tudomanyos
gondolkodas is nagyon kilonb6z6 lehet

(Mez6, 2017).

A standard definici

korlatai és kibdvitése

A filozéfusok és pszicholégusok korében
talalhatunk egy széles korben elfogadott, un.
nstandard definiciét” (Ismayilzada et al,
2024). E meghatarozas szerint a kreativitas az
a képesség, amely udjszerdséget (novelty) és
értéket (value, hasznossig/megfelelGsség) hoz
létre (Ismayilzada et al., 2024; Magurean et al.,
2024; Desdevises, 2025; Schubert, 2021;
O’Toole & Horvat, 2024; Mez6, 2017). Ha
ennél a fogalomnal maradunk, akkor azt
mondhatjuk, hogy a MI is kreativ, hiszen az
altala 1étrehozott termékek gyakran bizonyul-
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nak 4jszerdnek és hasznosnak (Runco, 2023).
Bz az allitas azonban csak akkor allja meg a
helyét, ha nem vizsgaljuk meg pontosan azt a
folyamatot, melyben létrejéttek — ez ugyanis
sokban eltér az emberi alkotéfolyamatoktdl
(Runco, 2023)

Ennek oka az, hogy a standard kreativitas-
fogalom 6nmagaban félrevezets lehet, hiszen
csak a létrehozott termékre koncentral, és
figyelmen kiviil hagyja, hogy ez a termék
hogyan jo6tt 1étre (Runco, 2023). Ha ebbdl a
meghatarozasbdél indulunk ki, akkor akar
bizonyos geoldgiai vagy kémiai folyamatokat
is kreativnak kellene tartanunk, hiszen altaluk
4j formacidk jonnek létre, amelyek az ember
szamara hasznosak lehetnek (példaul: arany,
oxigén). Két valasztasi lehetGségiink van: a)
vagy megmaradunk a standard fogalomnal, de
igy olyan folyamatokat is kreativhak neve-
.zink, melyek valéjaban sokban killénboznek
az emberi folyamattdl, vagy pedig b) ponto-
sijuk ezt a meghatarozast, és igy jobban
lathatjuk a kilénbségeket (Runco, 2023).

A kreativitas pontos meghatarozasdhoz
tovabb kell menniink és nem csak azt kell
néznink, hogy ,,mi” jén létre (product), ha-
nem azt is, hogy ,,hogyan” (process). Ha ezt a
mechanizmust nem vizsgaljuk, akkor egy pon-
tatlan képet kapunk (Runco, 2023).

A kreativitasfogalom egyéb kritériumai

Amint az lathattuk, a kreativitds pontos
meghatirozasahoz tovabbi kritériumok sziik-
ségesek az ujszertiségen és a hasznossagon tul
(1. tablazat).
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1. tablazat. Az ember és a MI dsszebasonlitsa
néhdny kreativitds Rritérium alapjan.

Kreativitas kritérium Ember MI
Ujdonsag

Ertékesség/Hasznossig

Intencionalitas
Autentikussdg

Belsé Motivacio
Vilasztas LehetGsége
Spontaneitas
Onazonossag (Self)

NN NN
X X X x x x

Ahhoz, hogy ez a képesség/folyamat emberi
értelemben legyen értelmezhetd, ki kell egé-
sziteniink egyéb szempontokkal is a kreati-
vitdsra vonatkozé koncepcidnkat. Ebben segit
minket Schubert, 2021 és Runco, 2023 cikke.

Intencionalitds.

Schubert (2021) szerint négy komponens
szitkséges ahhoz, hogy kreativitasrél beszél-
junk: az alkotas képessége, az intencionalitas,
a kontextus, valamint az 0j és hasznos termék
létrejotte. Az emberi kreativitisban az inten-
cionalitas kulcsfontossagu: az emberi alkotd
tudatosan dont arrél, hogy létrehoz valamit, és
bels6 motivaciok vezérlik. Ezzel szemben a
napjainkban ismert mesterséges intelligencia
rendszerei algoritmusok és emberi parancsok
alapjan miikédnek, igy kérdéses, mennyiben
tekinthetSk intencionalisnak (Ismayilzada et
al., 2024). Runco (2023) tovabb arnyalja ezt a
képet, kiemelve, hogy az intencionalitis ma-
gaban foglalja a belsé motivaciot, a valasztas
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lehet6ségét és a spontaneitast — olyan té-
nyez8ket, amelyek az emberi kreatfv folya-
matok lényegi részei, de a MI esetében

hianyoznak.

Hitelesség

Runco (2023) egy masik kritériumot is
felvet: a hitelességet (authenticity, itt 6nazo-
nossag). Az emberi kreativitisban a hitelesség
az Onazonossig, az eredetiség és a valodisag
kifejez6dése. Maslow és Rogers szerint az
autentikus egyén 6nelfogadd, nem manipulalja
talzottan sajat kifejezését, és képes szabadon
megnyilvanulni. A MI esetében azonban nincs
,»self”’, amelybdl fakadhatna az 6nazonossag,
ezért bar képes lehet szlrék (filter) nélkili
kifejezésre, ez nem azonos azzal, amit pszi-
cholégiai értelemben hitelességnek neveziink
(Runco, 2023).

A mesterséges és emberi kreativitas

ko6zotti alapvetd kiillonbségek

Ahhoz, hogy még inkabb lassuk az ember és
a mesterséges intelligencia hatarait, hasznos,
ha attekintjiik az ezek alapjaul szolgalé mecha-
nizmusokat és a koézottik fennallé kalonb-
ségeket.

A kognitiv bidny és a funkcionalitas

A mesterséges intelligencia rendszerei —
példaul a nagy nyelvi modellek — nem
tudatosan mikdédnek, vagyis nincs sajat ontu-
datuk, nincsenek szandékaik vagy o6nallé
megértésiik, mint az embernek. Ha 6ntudattal
birnanak, akkor feltételezniink kellene, hogy
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rendelkeznek  valamiféle intencionalitassal
(szandékossaggal), st akar hiedelmekkel, va-
gyakkal, félelmekkel vagy tudattal. Mivel azon-
ban a MI viselkedését nem belsé szindékok,
hanem elére meghatarozott algoritmusok és
mintafelismerés iranyitjak, ezek a rendszerek
funkciondlisak, nem pedig strukturalisan
tudatosak. Mais széval: az MI nem ,,akar”
semmit — csak végrehajtja a betanult mintakat
(Da Pelo, 2025). A MI altal létrehozott alkota-
sokbdl hidnyzik a tudatossag (consciousness),
érzelmi mélység, személyes tapasztalatok, au-
tonémia és egyéni intencionalitis (Da Pelo,
2025; Linares-Pellicer et al., 2025).

Luciano Floridi szerint (2019, 2023) a MI
igazi Gjitasa nem abban rejlik, hogy intel-
ligenssé valt, hanem abban, hogy képes elva-
lasztani bizonyos feladatokat az emberi Intelli-
genciatdl, vagyis el tud végezni olyan mivele-
teket, amelyekhez kordbban intelligencia kel-
lett, habdr “6” maga mégsem rendelkezik vele
(Da Pelo, 2025). Bar a MI mtikédése hasonlit
az emberi kreativitds modelljeire, a mester-
séges intelligencia mégsem tekinthetd valéban
kreativnak a sz6 emberi értelmében, mivel
hianyzik bel6le a tudatos kognitiv feldolgozas,
az intencionalitds és a szubjektiv tapasztalat.

A mesterséges (ANN)

és a bioldgiai (BNIN) idegrendsser

A mesterséges intelligencia fejlédésében két
6 iranyzat alakult ki: a gépkozpontd és az
ember altal inspiralt megkozelités. A mai nagy
nyelvi modellek (Large Language Model,
LLM), mint a ChatGPT vagy a Google Ge-
mini az els§ kategéridba tartoznak. Mikodé-

stk alapjat az emberi agy altal inspiralt mes-
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terséges neuralis halézat (Artificial Neural
Network, ANN) adja, de ezek nem rendel-
keznek valédi szerkezeti vagy funkcionalis ha-
sonlésageal a bioldgiai idegrendszerrel (Bio-
logical Neural Network, BNN), amely elektro-
kémiai mechanizmusokra éptil (Da Pelo, 2025;
Linares-Pellicer et al.,, 2025). Az ANN-ok
matematikai miveleteken és numerikus opti-
malizalason alapulnak, szemben az emberi agy

elektrokémiai és tapasztalat-alapi tanulasi

folyamataival (2. tiblazat). Ezért a mesterséges
intelligencia kreativitasa statisztikai mintak
kombinaciéjan alapul. Ugyanakkor az emberi
megértés, erkoles és kontextus-ismeret hi-
anyzik a mesterséges intelligenciabdl, még
akkor is, ha a feldolgoz6 képességének tobb-
sz6rosének megtelel6 adatbazisokkal képes
dolgozni (v.6.: Linares-Pellicer et al., 2025,
Ismayilzada et al., 2024).

2. tablazat. Bioldgiai (BNIN) és mesterséges (ANN) neurdlis halozatok dssgebasonlitisa. Forrds: Linares-

Pellicer et al. (2025, p. 4).

lemzé Biologiai Mesterséges neuralis
Jellemz§ neuralis halézat (BNN) halézat (ANN)
Alapegység Biolégiai neuron (sokféle tipus, Mesterséges neuron/petcept-

Osszetett struktdra)

Jel tipusa

Tanulasi mechanizmus

neurogenesis

Tudas tarolasa

Informacio6 forrasa

Elektrokémiai impulzusok
Szinaptikus plaszticitas (Hebb-féle

tanulas), strukturalis valtozasok,

A szinapszisok erGsségében és a
halézat szerkezetében elosztva

Szenzoros bemenetek, testbe agyazott
tapasztalat, egész életen at tartd

ron (matematikai funkcié)
Numerikus értékek
Paraméterek/sulyok
modositasa

Numerikus paraméterekben

(sulyok, biasok) elosztva

Tanit6 adathalmazok
(internetes szévegek/ képek)

interakciok
Kornyezet Testbe agyazott, helyhez kotott, Testetlen, matematikai,
biolbgiai, evolicios algoritmikus
Miikédési alapelv Biologiai/ elektrokémiai folyamatok ~ Matematikai fliggvények,
statisztika

Megj.: BNN: Biological Neural Network, ANN: Artificial Neural Network
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Boden kreativitds-tipusai és a transgformatiy hatir

Nemcsak a kreativitis definiciéjabdl ki-
indulva, hanem a kreativ folyamat (process)
oldalarél megkozelitve is felfedezhetiink kii-
l6nbségeket az ember és a mesterséges intel-
ligencia kozott. Margaret A. Boden (1998)
cikkében harom tipusat kilénbozteti meg a
kreativitasnak:

1. Kombinatorikus kreativitis (combinato-
rial creativity): meglévé Gtletek, fogalmak, ele-
mek Uj médon térténé kombinalasa. Azt
mondhatjuk, hogy a MI képes erre, amikor
példaul képeket vagy zenéket hoz létre ko-
rabbi mintak alapjan. Bz az a szint, amelyben
a MI ma a legerésebb, felilmuilva az emberi
képességeket, hiszen hatalmas adatbazisokkal
dolgozik.

2. Feltaro kreativitas (exploratory creativity):
létez6 lehetSségek terének felfedezése, vagyis
4j variaciok vagy megoldasok keresése egy
adott rendszeren belil. Bizonyos értelemben a
MI is képes erre, amikor kilénféle kombi-
nacidkat fedez fel meglévé mintak alapjan.

3. Transzformativ kreativitds (transfor-
mational creativity): a legmagasabb szint,
amelyben a szabalyrendszer vagy a fogalmi tér
valtozik meg, és igy olyan otletek, mivek
szilletnek, amelyek korabban elképzelhetet-
lenek voltak (Magurean et al., 2024).

A mai MI modellek képesek imitalni az
emberi kreativitist, és annak kombinatorikus
és feltard tipusat meg is tudjak valdsitani,
azonban egyelére nem képesek a transz-
formativ kreativitasra, amikor is nem a meg-
1év6 elemekbdl, hanem azoktdl teljesen fiig-
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getlentll j6n 1étre egy produktum (Magurean et
al., 2024; Linares-Pellicer et al., 2025, Runco,
2023).

Co-creativity:

a mesterséges intelligencia mint partner

Bar a MI mikodési folyamata sok szem-
pontbdl kiillénbozik az emberi kreativitastol,
nem egyszertien csak utdnzasa, hanem alter-
natfvaja annak (Linares-Pellicer et al., 2025): a
MI mikédési médja a matematikian és a
mintazatok felismerésén, és nem a biologian
és a személyes tapasztalaton alapszik. Bz a
néz6pont ahhoz a felismeréshez vezet, hogy a
két mikodési méd nem kizarja egymast, ha-
nem egymas kiegészitdje is lehet.

Szamos tanulmany kimutatta, hogy a MI
nagy segitség lehet kreativ folyamatokban
alkalmazva. Kiléndsen is alkalmas egyes sok
idét igényld feladatok teljesitésére. Ezéltal a
mivész, tudos, alkoté jobban tud fokuszalni
egyéb fontos folyamatokra, amig a MI elvégzi
a technikai részt. Emellett a mesterséges
intelligencia 1j Otletekkel segitheti a kreativ
folyamatokat, 4j nézSpontokkal kiegészitve
azt (Magurean et al., 2024).

»Ez a perspektiva, amelyet a folyamatban
lévé  diskurzus szempontjabdl alapvetének
tartunk, a generativ mesterséges intelligencia
rendszereket nem fiiggetlen feltalalokként,
hanem a kollektiv emberi kreativitas és tudas
kifinomult feldolgozéiként tekinti — olyan
rendszerekként, amelyek Osszefoglaljak és uj
formakka alakitjdk kozos digitalis  6r6k-
ségiinket” (Linares-Pellicer et al., 2025, 8.). Ez
a megkozelités eltolja a hangsulyt az eszkoz
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(tool) felSl a kollaborator felé, bevezetve a
“co-creative” folyamatot (O’Toole & Horvit,
2024). Ahelyett, hogy lecserélnék vagy feliil-
mulnik az emberi kreativitast, ezek az esz-
kozok a legjobban arra hasznalhaték, hogy
tamogassak és fejlesszék az Gtletalkotasi folya-
matot (Desdevises, 2025).

Az alkotds folyamata erGteljesen meghata-
roz6 a létrehozott termékben, hiszen ennek
eredményeként jon létre az 4j alkotas. Ezért a
lényegileg killénb6z6 folyamatok lényegileg
kilénb6z6 terméket hoznak 1étre, még akkor
is, ha ezek kiils6leg nagyon hasonlitanak, vagy
olykor akar nehezen megkiilonbéztethet6k
egymastdl (Runco, 2023). Felmerilhet a di-
lemma, hogy amikor egy j, kreativnak tartott
terméket hozunk létre, elég-e, ha csak a kész
outputot tartjuk fontosnak, vagy azt is, hogy
ez hogyan jott létre, van-e mogotte személyes
tapasztalat, érzelmek, belsé motivaciok.
(Runco, 2023; Mez6, 2015; Mez6 és Mezd,
2019).

Bar a MI a transzformativ kreativitds emberi
értelemben vett formajat nem valdsitja meg,
alternativ mikédése miatt f6kent olyan krea-
tiv folyamatokban valhat értékessé, ahol a
kombinatorikus és feltar6 kreativitas killono-

sen hasznos.

Uj megfogalmazasok

Az eddig attekintett érvek alapjan a mester-
séges intelligenciat nevezhetjiik alternatfv mo-
don kreativnak, mert bar vannak dolgok,
amelyben hasonlit, sok szempontbdl kilén-
bézik az emberi kreativitastol — példaul a sze-
mélyes tapasztalat, az Ontudatot és egyéni
intenciok aspektusabol (Linares-Pellicer et al.,
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2025). Amint a mesterséges intelligencia elne-
vezés nagyon elterjedt, érdemes a mesterséges
kreativitas, és hasonld, pontosabb megfo-
galmazast nyujté elnevezések hasznalata is,
mint pszeudd-kreativitas, hogy pontosan irjuk
le a MI-t (Runco, 2023). Ezek a megfogalma-
zasok kifejezik a két képesség kozotti kilonb-
séget, sOt arra is utalnak, hogy ezek, jol alkal-
mazva, nem egymast kizard, vagy egymassal
versengé tulajdonsagok, hanem képesek kie-

gésziteni, segiteni egymast.

Osszefoglalas

A tanulmany alapkérdése az volt, hogy vajon
kreativnak nevezhet6-e a mesterséges intelli-
gencia. Mint arrdl szé volt, ennek eldontése
amiatt is nehéz feladat, mert a kreativitas
meghatarozasara szamos eltéré  definicié
létezik. A standard definiciobdl kiindulva
szitkséges volt, hogy azt egyéb szempontokkal
is kiegészitsik, mert O6nmagiban nem ad
mélyrehaté meghatarozast. Az Gjdonsag és
érték (hasznossag) alapvetd kritériumokat kie-
gészitettilk az intencionalitassal és a autenti-
kussaggal, hogy atfogdbb képet kapjunk. A MI
és az ember kozotti fébb  kiilonbségek
attekintésekor armutattunk a kognitiv hiany és
a funkcionalitds, valamint a mesterséges és
biolégiai idegrendszer eltérd jellemzdire. Ezt
kovetSen Boden (1998) felosztasat vizsgaltuk
meg, amely alapjan a mesterséges intelligencia
nem képes a transzformativ kreativitisra. A
tanulmany f6 megallapitasa, hogy a MI nem
nevezhet6 az emberi kreativitissal azonos mo-
don kreativnak, de a human és a mesterséges
kreativitas nem feltétlentil vetélytarsa egymas-
nak, hanem egymast kiegészithetik.
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Abstract

This methodological paper explains how Al-supported, multimodal content can escalate into
weapon-grade communication. After outlining the limits of detection-centric responses, it
proposes an WGC-matrix that operationalizes credibility hijacking and cognitive overload at the
intersection of intent, channel, and cognitive impact. The framework is validated through 12
case studies spanning text, image, audio, and video modalities.

Keywords: weapon-grade communication (WGC), generative Al, credibility hijacking,
cognitive overload, hybrid warfare

Disciplines: military science; communication and media studies; criminology; security studies

Absztrakt

AMIKOR A MESTERSEGES INTELLIGENCIA ALTAL GENERALT TARTALOM
FEGYVERNEK MINOSULO KOMMUNIKACIO

A tanulmany moédszertani valaszt ad arra, miként valik a mesterséges intelligencia altal generalt
multimodalis tartalom fegyvernek minésilé kommunikaciéva (FMK). A detekcié-kézponta
megkozelitések korlatai utan egy FMK-matrixot javasolunk, amely a szandék—csatorna—kognitiv
hatds metszetében operacionalizalja a hitelesség-eltéritést és a kognitiv tdlterhelést. A keret 12
esettanulmanyon kertl validalasra.

Kulcsszavak: fegyvernek mindstlé kommunikicié (FMK), generativ mesterséges
intelligencia, hitelesség-eltérités, kognitiv talterhelés, hibrid hadviselés

Diszciplinak: hadtudomany; kommunikdcié- ¢és médiatudomany;  kriminologia;
biztonsagpolitika

Content generated by artificial intelligence  pinpointing "individual lies," but rather by the
(Al) 1s forcing security policy and social fact that content production, the perception
science analysis onto a new path because, of authenticity, and the structural conditions
while the logic of influence is often familiar, for dissemination are shifting together.
the scale and pace of implementation are

taking a qualitative leap. It is not just that more The "Firehose of Falsehood"

messages appear faster: the entire information in the age of algorithms:

ecosystem (platform architecture, recom- from quantity to quality

mendation  systems, moderation, media According to the classic view of agenda-

routines, user psychology) begins to function  setting (AS), the media space not only reflects
as an operational space. In this sense, weapon-  reality, but also thematizes it: it does not tell
grade communication cannot be identified by = us what to think, but what to think about
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(McCombs, Shaw, 1972). Since the 2010s, this
has been happening in a platform environ-
ment where the agenda is also organized by
algorithmic ranking systems and feedback
The "firehose of falsehood"
(FoF) propaganda model describes this as

mechanisms.

high-volume, multi-channel, rapid and re-
petitive content distribution, often aimed not
at persuasion but at overload and disruption
of the decision-making environment (Paul,
Matthews, 2016). The question is therefore
not "how much" false content there is, but
when quantity turns into qualitative impact:
thematization, emotional attunement, and
ultimately the erosion of public trust.

At the same time, platform logic also
indicates that mere scaling is not automatically
successful: dissemination takes place through
the filters of recommendation systems and
network structures, so organic reach is not
simply a function of the number of posts
produced. It can be empirically measured that
the network of connections and ranking
simultaneously limits and shapes encounters
with differing views (Bakshy, Messing,
Adamic, 2015). This is where the metho-
dological dilemma becomes clear: traditional
frameworks often stick to direct statements
and "persuasion," while Al-supported FoF
logic often plays on the long-term destruction
of common points of reference.

In the military science community, this is
organically linked to the doctrinal idea of
shaping the information environment (SIE):
the goal is not to "make a single message true,"
but to shape the context in which the recipient
is forced to interpret it (UK Ministry of
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Defence, The limitation of the

2013).
diagnosis is therefore that traditional tools
typically respond to content-related state-
ments (fact-checking, source analysis, label-
ing), while the impact at the WGC level often
manifests itself in the structure of the agenda,
the rhythm of attention, and the erosion of

trust.

When we can't even believe our own

eyes: the crisis of multimedia credibility

In a2 multimodal disinformation enviton-
ment, credibility is rarely determined by a
single medium: text, images, audio, and video
can all contribute to building a sense of
authenticity. One of the central consequences
of information disorder is that the boundaries
between deliberate deception, misleading
context, and manipulated content become
blurred, while
corrections are delayed (Wardle, Derakhshan,
2017). In this sense, credibility hijacking (CH)
is not merely technical manipulation, but a
the
nature (photo/video) lends borrowed autho-

reactions are

rapid and

communicative operation: evidential
rity to narratives that would otherwise be
more easily dismissed as text.

The

capsulates this shift: synthetic media not only

deepfake phenomenon (DF) en-
spreads false claims, but also makes the status
of evidence debatable, which is both a risk to
democratic decision-making and a challenge
to national security (Chesney, Citron, 2019).
The blind spot is therefore twofold: the logic
of "detectable fakes" is too narrow in a fast,
first-impression-optimized dissemination

cycle; and the crisis of credibility consists not
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only in "believing a fake video," but also in the
recipient later turning to the evidence-based
media with general skepticism. In other
words, the erosion of trust can still occur even
if the specific fake is subsequently exposed.

Blind spots in current research models:
why does misinformation slip through the
filter?

The research blind spot often arises when
we perceive the phenomenon as a short-term
attitude change and underestimate the long-
term recalibration of the cognitive environ-
ment. According to the illusory truth effect
(ITE), mere repetition—even with existing
knowledge—can increase credibility because
processing fluency activates "familiarity =
truth" shortcuts (Fazio, Brashier, Payne,
Marsh, 2015). If we combine this with FoF
tempo and platform rhythm, it becomes clear
that Al does not produce false statements, but
rather variants and repetitions that work
together to lower the credibility threshold.

This the

monitoring (SM) thesis: memory stores not

is accompanied by source
only content but also source cues, but these
fade over time, leaving "source-free content”
(Johnson, Hashtroudi, Lindsay, 1993). Al-
assisted production scales this very pheno-
menon: the same natrative returns on new
platforms, in new languages, and in new styles,
while it becomes increasingly difficult to
reconstruct where the audience first en-
countered it. Traditional diagnostic tools are
often structurally delayed: by the time the
refutation is ready, the source references have
already evaporated from the attention cycle.
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From this point of view, Al "slip through
the filter" is not only a technical detection
issue, but also a methodological gap: current
models often do not measure consistently
enough (i) the ecosystem effect resulting from
() the chains of multimodal
authentication, and (iii) the

cognitive consequences. This is where the

scaling,
long-term
WGC framework comes in: it does not
promise "yet another taxonomy," but rather
the ability to address the phenomenon
simultaneously at the levels of communication
theory, criminology, and military science—
with the same set of questions, in a
comparable  manner, with falsifiable
statements.

Based on the above diagnosis, Al-assisted
influence is not simply “more disinform-
ation,” but a shift in the operating parameters
of the

multimodal

information ecosystem: scaling,

and  delayed
correction together produce the WGC-level

authentication,

effect. It follows that the conceptual frame-
work of a single discipline is not sufficient to
grasp the
theory agenda and attention mechanisms,

phenomenon: communication

criminological operational patterns, and
military SIE logic must be read within a
common framework. The following chapter
therefore provides a targeted literature review
of the

approaches used in international and domestic

conceptual and methodological
research to address this problem of "more
disinformation" — and identifies the blind
spots that need to be covered by the
subsequent analysis matrix.
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Literature map: from propaganda to

generative warfare

(overview of publications)

Artificial
modal forms of weapon-grade communica-
tion (WGC) can be understood if we place the
phenomenon not as an isolated technological

intelligence-supported, multi-

novelty, but within the historical arc of
propaganda, disinformation, and hybrid war-
fare research. In this arc, generative Al does
not rewrite the rules of the game from scratch,
but accelerates and extends the mechanisms
already described: content production, the
illusion of authenticity, and the scaling of
dissemination (McCombs, Shaw, 1972; Paul,
Matthews, 2016; Horvath, 2023a). The
chapter organizes the literature review around
three focal points: (i) the connections between
classical schools of disinformation and hybrid
warfare; (i) the trap of technological de-
terminism; (i) the credibility crisis sut-
"evidential

rounding multimodality and

media."

Classical schools of disinformation

and the connection between them and hybrid warfare

Classic models of propaganda (Lasswell,
1927, 1948; Bernays, 1928; Jowett, O’Donnell,
2019) described communication in terms of a
goal-channel-effect logic, where the source of
influence is mostly institutionally identifiable.
this
operational tool of propaganda: it deliberately

In tradition, disinformation is an

distorts or falsifies information to reduce
cohesion, weaken morale,
decision-making (Rid, 2020).

and  disrupt
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Cold War "active measures" (Kalugin, 1994;
Barron, 1983; Andrew, Mitrokhin, 2000)
indicated early on that communication is not
merely a side effect, but an independent
Fake

front organizations, and long-term narrative

operational dimension. documents,
building created an information environment
in which the recipient's "reality" could be
gradually shifted.
21st-century  hybrid warfare literature
captures this relationship at the ecosystem
level: military and non-military tools, overt
and covert operations, and the toolkits of state
and non-state actors form a mutually
reinforcing system (Hoffman, 2007; Kramer,
Speranza, 2017; NATO, 2016). In this
framework, fake news is not a matter of press
but that
perception and decision-making processes
(Horvath, 2022; 2023a; 2023b).
Al

accelerator at three points in this historical arc.

ethics, a tactical tool targets

Generative acts as a qualitative
(1) It radically reduces the cost and time of
content production, making large-volume,
(FoF)
sustainable, and more adaptable to operate
(Paul, Matthews, 20106). (2) It reinforces the

illusion of authenticity: illusory truth effect

multi-channel logics easier, more

(Fazio et al., 2015) and source monitoring
errors (Johnson, Hashtroudi, Lindsay, 1993)
scale in multimodal, automated environments.
(3) Communication in the hybrid space can
increasingly be interpreted as a "weapon": it
not only accompanies kinetic operations, but
often triggers or prepares them (Horvath,
2024).
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Subchapter (short):  the classic

propaganda—disinformation—hybrid ~ warfare

synthesis

arc provides a stable conceptual basis for the
WGC framework; the novelty of generative
Al is not its intent, but its scale, speed, and
automation of multimodal authentication.

The trap of technological determinism

in current research

Discourses surrounding generative Al often
slip into technological determinism: as if the
tool itself explains disinformation, the crisis of
trust, or political polarization. Classic critiques
(Winner, 1980; Morozov, 2013) point out that
technology operates in a socio-technical
space, between business, political, and
institutional incentives.

Platform research (Gillespie, 2018; Couldyry,
Hepp, 2017) also emphasizes that algorithmic
ranking and moderation build invisible rules:
they amplify certain content and hide others.
Generative Al enters this environment: its
training data corpora, product strategies, and
regulatory gaps
formation ecosystem in which WGC-type

together shape the in-

tactics operate.

Cybersecurity-focused  approaches often
treat the issue as a detection problem (e.g.,
watermarking, Al detectors; Kirchenbauer et
al., 2023), while some social science analyses
treat Al as a homogeneous threat, making
little distinction between military, crimino-
logical, and commercial logics. The trap of
determinism is therefore twofold: (i) it
overestimates the "omnipotence” of the tool,
(ii) it underestimates the strategic actors and

the operational configuration.
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This study addresses this from the per-
spective of the WGC framework and the
WGC matrix: it does not ask "what Al can
do," but rather who uses it as a weapon, with
what intentions, with what set of channels,
and under what ecosystem conditions
(Hotvath, 2023c; Horvath, 2024). The
emphasis thus shifts from content tagging and
detection to the exploration of structutres
relevant from a security policy perspective.
(short): the risk of
generative Al is not due to the "magic power"

Subchapter  synthesis

of the tool, but to the combination of

platform logic + actor incentives +

operational goals; the WGC matrix positions
itself this
configuration.

to analyze socio-technical

Multimodality and evidentiary media:

research directions in credibility hijacking

For a long time, "evidential media" (photos,
audio, video) were the pillars of credibility in
the press, law, and political communication.
Research in visual culture (Mitchell, 1994,
Hariman, Lucaites, 2007) indicated eatly on
that visual evidence is always a framed and
interpreted  sign, while culture
(Shifman, 2014) demonstrated the logic of
rapid recontextualization.

meme

The legal and national security debate
surrounding deepfakes and synthetic media is
based on these insights: deepfakes pose a
threat to privacy, democracy, and national
security (Chesney, Citron, 2019). Further-
more, well-known elements of cognitive
mechanisms are reinforced in multimodal
environments: repetition can increase credi-
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bility (Fazio et al., 2015, while soutce cues
become worn out (Johnson, Hashtroudi,
Lindsay, 1993).

Wardle and Derakhshan (2017) consistently
treat different types of manipulated visual
their of
“information disorder”: recontextualization,

content  within framework
false captions, modified and generated images.
The novelty of generative Al is that the
"evidential" content is no longer necessarily a
reframing of existing material, but often a
document illusion created from scratch.

In my own WGC framework, I have called
this "credibility hijacking™: a tactic that uses
existing trust structures (platforms, media,
visual conventions) to elevate manipulated
content to the status of evidence (Horvath,
2024). This leads to the main thesis of this
chapter: disinformation now operates in a
coordinated configuration of text, image,
sound, and video, so analysis must also be
based on a multimodal, ecosystem-level
methodology.

Subchapter  synthesis  (short): deeptakes and
synthetic media are not just "fake content,”
but a crisis of evidence status; the concept of
credibility hijacking links this change to the
WGC framework.

Solution attempt: the ecosystem model

of "weapon-grade communication"

(WGC) and the WGC matrix

(introduction of the new method)

Based on the diagnosis in the previous
chapters, the problem is not "AI knowledge"
but the socio-technical configuration of Al's
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use as a weapon: the combination of actors,
goals, channels, and effects, which is simultan-
eously a phenomenon of communication
theory, criminology, and military science.
Therefore, the WGC
(Horvath, 2023c¢) is not a new taxonomy, but

ecosystem model

an analytical order: it breaks down the same
phenomenon at the ecosystem—operational—
tactical levels and organizes the interpretation
the

question “what is at stake?”

specifically around security  policy

The WGC matrix:

the intersection of intent, channel, and cognitive effect

The purpose of the WGC matrix is to view
Al-supported content not only as content
(what does it claim?), but also as an
operational product (why, how, with what
consequences?). The three axes of the matrix
(what the
intervention aimed at: destabilization, under-

are therefore: (i) intent is

mining legitimacy, intimidation, making
money, etc.), (ii) channel configuration (open
platforms, closed networks, advertising
ecosystem, bot/fake profile infrastructure),
and (iii) cognitive impact (what psychological
and social consequences does it push towards:
erosion of trust, paralysis of action, panic,
cynicism). With this logic, agenda-setting or
the “firehose of falsehood” is not a separate
theoretical block, but a description of the

intention—channel—effect relationship (see:

McCombs—Shaw, 1972; Paul-Matthews,
2010).
While the S-F-C (Situation—Forecast—

Control) grid describes the temporal and
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management dynamics of cognitive warfare,
the WGC matrix introduced in this study
performs the structural operationalization of
the starting point of this process, the
Situation. The WGC matrix thus functions as
a diagnostic "magnifying glass": it breaks
down a static snapshot of the security
environment (S) into dynamic operational
elements (intent, channel configuration,
cognitive effect), thereby laying the found-
ation for subsequent forecasting (Forecast)
and intervention (Control).

the short of
methodological operationalization, coding is

performed on the three axes of the WGC

According  to protocol

matrix (intent; channel configuration; cog-
nitive effect). This chapter operationalizes two
with @
credibility hijacking, (i) cognitive overload.

key outputs indicator groups:
The rating is done on a three-point scale
(low/medium/high), and each value is linked
to a documented source chain (platform
report/ OSINT/fact-

check/official announcement). We use nega-

report/cybersecutity

tive testing: if the intent or channel co-
ordination cannot be substantiated by the
source chain, the rating is downgraded or the
claim is not upheld.

Operationalization

of credibility hijacking and cognitive overload

The matrix works when the "effect" is not
an Impression but a consistently marked
group of indicators. This study highlights two
WGC outputs that are particularly common in
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multimodal environments: credibility hijack-
ing and cognitive overload.

Authenticity deviation refers to solutions
that short-circuit the recipient's "sense of
evidence" (e.g., iconic images, "evidential"
voices, Iinstitutional

videos, authoritative

branding), while source reconstruction
deteriorates; This fits in with the source
monitoring theory, according to which source
traces fade faster than content memory
(Johnson, Hashtroudi, Lindsay, 1993).

By cognitive overload, I mean a state of
quantitative scaling (variants, languages, re-
petition, channel synchronization) in which
the recipient encounters not a statement but a
persistent noise environment; Therefore,
labeling does not occur on a "true/false" axis,
but rather by recording the pattern of
propagation, repetition, variant formation,
and channel crossover.

As

characters), three-level ratings can be given:

a practical designation (to save
low/medium/high for a) intensity of credi-
bility hijacking, b) overload pressure, c)
channel coordination; in each case, a soutce

chain is linked to the categories.

Reliability and validity

of the method based on case studies

The reliability of the method is ensured by
the fact that the case studies are based on the
the

questions must be answered (actor—intention—

same analytical framework: same
channel—effect—reaction) and coded using the
same coding rules (Horvath, 2023c). Validity

here is not a laboratory result, but a chain of
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evidence: every statement is backed by a
traceable chain of sources (platform report /
cybersecutity report / OSINT / fact-check /
official announcement), and the matrix also
forces negative testing: if the intention cannot
be verified or the channel coordination cannot
be substantiated, the rating is downgraded.
This also implies the practical meaning of
falsifiability: the goal is not to "prove the
WGC," but to find out where it does not hold.

Validation: case study-based application — selection

logic and analytical framework

Validation is based on case studies: selection
is not aimed at representativeness, but at
methodological coverage. The logic behind
this is: (i) multimodal spectrum (text—image—
The

categories follows the increase in techno-

sound-video). order of the main
logical complexity and psychological impact:
we move from one-dimensional signals
requiring cognitive processing (text) to

multimodal  forms aimed at visceral
perception and unconditional trust (video). (ii)
different sets of actors (state influence and
criminal exploitation), (ili) different stakes
critical
public trust), (iv) documentation (public

(electoral integrity, infrastructure,
reports and verifiable source chain). The next
chapter is therefore not a simple "list of
cases," but a test of the matrix. The order of
the case studies within each category reflects
the evolution of the threat: we move from
initial ~ technological ~demonstrations or
individual-level "noise" towards system-level

operations that pose a strategic risk.
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Text generated by artificial intelligence

Case 1: The evolution of the Dragonbridge network
[from revenge porn to high politics: how Chinese spam
became a strategic weapon

The Dragonbridge/Spamouflage prototype
is an example of how a low-quality, "spam-
like" text stream can become a petsistent,
ecosystem-level weapon of communication: it
does not seck to win a single argument, but
rather shapes the background noise of the
digital public sphere. The network was
described by Graphika
Dragon (Graphika, 2020) and later document-
ed by the Google Threat Analysis Group as
DRAGONBRIDGE, with massively
moved channels and multilingual content
(Google TAG, 2022; Google TAG, 2024);

state interests were also confirmed by

as Spamouflage

re-

cybersecurity reports (Mandiant, 2022), and
transnational pressure patterns also emerged
(Rapid Response Mechanism Canada, 2023—
2025). The role of Al here is scaling:
translation, variation, rapid reproduction of
templates, and "circumventing" moderation
filters with many small narrative variations
(Google TAG, 2024). In the WGC section,
the

environment shaping; the channel is a multi-

intention is long-term information
platform, multilingual, loosely connected
network of accounts; the cognitive effect is
uncertainty/erosion of trust through cog-
nitive overload and
McCombs—Shaw, 1972).
Distribution: YouTube/Facebook/X/Tik-

Tok + blogs/forums; massive, vatied posts

thematization (see:

and comments, even with low organic reach,
as "constant background noise."
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Coding: Intent strat. thematization/

erosion; Channel multi-platform—multi-
language—fake profile network; Cognitive
effect

Coordination = medium-high.

overload/apathy/erosion of trust;

Case 2: “Hi Mom, I'm in trouble!” — a
grammatically flawless attempt at cheating, or the role
of generative Al in digital bank robbery

The Al-based phishing prototype is a case
where weapon-grade communication is not
spectacular at the campaign level, but rather
"scatters" and destroys digital trust at the
micro level. According to several recent
studies, the persuasiveness of spear phishing
messages written by generative models can
match or even exceed that of human experts,
while the cost and time of production are
radically reduced (arXiv, 2024; Electronics,
2024; MDPI, 2025). Al plays a threefold role
here: error-free text writing tailored to the
brand voice; variant generation (against
filters); personalization based on OSINT/
previous leaks. In WGC terms, the intention
is to gain access/money in the short term and
to erode crisis communication and insti-
tutional credibility in the long term; the
(e-

mail/SMS/messaging/private messages); the

channel is "everyday" infrastructure
cognitive effect is based on urgency, the

exploitation of automatisms based on
authority mimicry and trust-building, followed
by the establishment of lasting suspicion. In
terms of national security, the method can slip
into the realm of hack-and-leak if it targets

institutions/elections (Canadian Centre for
Cyber Secutity, 2024).
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Distribution: email + SMS + messenger +
private social media messages; brand imi-
tation, urgent "identification/update" nar-
ratives, redirection to clone sites (OTP Bank,
2024).

Coding: Intent = access/money — erosion

of trust; Channel multi-channel direct

message; Cognitive effect = urgency/
authority/automatic ~ trust —  general
suspicion; Coordination = low—medium

(depending on campaign type).

Case 3: The anatomy of operation Doppelginger:
when europe's most read newspapers begin to spread
russian propaganda

Doppelginger is a type of textual WGC
where the weapon is not quantity but the
appearance of credibility: the user reads a pro-
Russian narrative in a "familiar media voice."
The campaign was named and described by
EU DisinfoLab after a network of cloned sites
imitating European media outlets was
identified in 2022 (EU Disinfol.ab, 2022-).
The sustainability of the operation is sup-
ported by investigative and government
analyses: fake articles are published on a daily
basis across multiple channels; USCYBER-
COM has also described the structure as
complex web deception (Correctiv, 2024;
USCYBERCOM, 2024). The role of Al here
is "style and language alignment": large
quantities of quickly produced texts that
conform to journalistic style and only shift the
narrative at key points (sanctions, support,
war fatigue). In WGC terms, the intention is
to undermine European cohesion and the
legitimacy of NATO/EU policies; the
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channel is domain and brand cloning +
targeted social media dissemination; the
effect disrupt

monitoring and reinforce the "media is not

cognitive is  to source
reliable" natrative.

Distribution:  cloned news sites +
X/Facebook accounts + closed messaging
groups; link sharing with search engine and
sharing-optimized texts.

Coding: Intent = legitimacy destruction/
cohesion weakening; Channel = domain/

brand
Cognitive effect

cloning + targeted distribution;

source confusion/trust

erosion/war fatigue; Coordination = high.

Subchapter  synthesis  (short): The common
lesson of text-based case studies is that
generative Al weaponizes the nature of "text
as infrastructure™: it not only produces
content, but also creates a scalable, variable,
and multilingual narrative presence that places
a lasting strain on the public's attention and
monitoring capacity.

Dragonbridge/Spamouflage  exemplifies
this model in terms of quantitative supetiority
and multilingual variant production ("low
quality, high volume" background noise),
while Doppelginger is its counterpart: here,
the decisive resource is not quantity, but
authenticity diversion (brand/domain clon-
ing, press style imitation), ie., confusing
source identification. Generative phishing of
the "Hi Mom..." type completes the picture
the

persuasion:

from petrspective  of  micro-level
with the of

linguistic errors, the former lay filters (poor

disappearance

spelling, foreign expressions) lose their
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validity, and the erosion of trust seeps into
everyday transactional communication. To-
gether, the three cases illustrate the chain
WGC of
simultaneously shaping the agenda, falsifying

whereby  textual is  capable
sources, and triggering direct action (click-
ing/referral/abstention), while the long-term
"gain" is the erosion of trust through cognitive

overload.

Image generated

by artificial intelligence

Case 4: Puffer-Jacket Balenciaga Pope:: how be
convinced millions with a single Al-mem that Pope
Francis had changed bis style

The case of the “Balenciaga Pope” proto-
type is one where the illusion of photorealism
becomes an independent WGC component:
the image does not state a “fact,” yet it
the
evidence. The visual was launched in March
2023 (Reddit) and then transferred to major
platforms with a loss of context; many

massively activates reflex of visual

interpreted it as a press photo, and recognition
of its generated origin typically only occurred
after it went viral (CBS News, 2023; The
Guardian, 2023; Reuters Fact Check, 2023).
The role of Al here is twofold: to produce a
photo effect with a low entry threshold and to
blur the line between meme and news photo,
which in the long run weakens the norm of
the photo as evidence (Horvath, 2023).
Summary (WGC brief): Evidence: viral spread
+ fact checks. Role of Al: photo effect from
prompt, acceleration of context loss. Intent:
attention/thematization (without harm, but
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with a norm-destroying effect). Channel:
Cognitive  effect:
evidence heuristics, delayed  suspicion.
Distribution: Reddit — X/Facebook/Meta.
Coordination: low.

platform  feeds. visual

Case 5: A few seconds of stock market chaos that
wiped ont hundreds of billions of dollars with a fake
photo

The “explosion photo” near the Pentagon is
no longer a pop culture anomaly, but a
condensed visual shock that activates market
and security reflexes: a single image caused a
brief real market turmoil before the refutation
stabilized (The Guardian, 2023; Al Jazeera,
2023). The visual most likely originated from
a generative image system; the news photo
worked, while artifacts
appeared in the details (UC Berkeley School
of Information, 2023). The function of Al
here is low-cost panic-mongering: a quickly

scheme typical

produced, believable composition that trig-
gers heuristics (danger, urgency, national
security) even without a narrative (Paul and
Matthews, 2016). At the WGC level, the intent
is to distort risk perception in the short term;
the channel is platform credibility markers and
accounts posing as "news sources"; the
cognitive effect is to increase the likelihood of
false alarms and overreactions.

Summary (WGC brigf): Evidence: official
refutation + press analyses + artifact notes. Al
role: generating news photo patterns to create
"shock." Intent: distortion of risk perception,
activation of panic reflex. Channel: credibility
markers and viral network. Cognitive effect:
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false alarm, overreaction, short-term un-
certainty. Dissemination: X — media covet-

age — refutation. Coordination: moderate.

Case 6: Millions of shares for the "perfect’ war
photo: when reality is too bloody, we draw it pretty

The "All Eyes on Rafah" case is the third
stage of generated images: it is not classic
disinformation, yet it is WGC -relevant
because it scales the toolkit of moral framing
and reputational pressure. In May 2024, a
declared Al-generated visual spread widely
and briefly became a "mandatory" reference
point in debates about the humanitarian
dimension of the conflict (Al Jazeera, 2024).
The power of the image lies not in its
replication of reality, but in its "symbolic
condensation" of real suffering: it is shareable,
emotionally charged, and, through its story
format, elevates the visual space of private
profiles to the conflict agenda. Debates about
the blurring of the line between photo and
illustration and the issue of credibility costs
have intensified in retrospect (ABC, 2024). At
the WGC level, the intention is to shift the
moral agenda; the channel is the platform
ecosystem and the remixable template; the
cognitive effect is normative coercion and
source forgetting, which can be quickly fol-
lowed by counter-images and counter-
campaigns (Newsweek, 2024).

Summary (WGC brigf): Evidence: platform
spread data + press debate. Al role: symbolic
condensation, remixability,

rapid global
scaling. Intent: moral framing, mobilization,

reputational pressure. Channel: Meta/X/
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TikTok, especially Instagram stories. Cog-

nitive effect: normative coercion, source
amnesia, credibility cost risk. Distribution:
mass story sharing, cross-platform remixing.

Coordination: low—medium.

Subbeading synthesis (short): The common
denominator of image-based case studies is
that generative Al, through photorealism,
begins to challenge the status of '"visual
evidence": the viewer believes what they see
before checking the source. The puffy-
jacketed Balenciaga pope is the threshold case:
he

normalizes the fact that a believable photo is

as a pop-cultural, “harmless” viral,
no longer a guarantee, thus paving the way for
later, more targeted operations. The fake
photo of the Pentagon explosion already
demonstrates the systemic consequences: a
single visual impulse can activate market and
security reflexes for a short time, thus radically
reducing the cost of image-based panic. All
Eyes on Rafah shows the third dimension: the
generated image does not necessarily function
as a "lie," but with moral framing and con-
densation into a memetic symbol, it can shape
reputational pressure and the agenda, while
forgetting the source and blurring the line
between photo and illustration can generate
credibility costs. Together, the three cases
indicate that visual WGC is not just about
falsification: the decisive factor is that visual
content spreads faster than correction and, in
the long run, rewrites the routines of

controlling the collective image of reality.
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Artificial intelligence-generated voice

Case 7: The €220,000 phone call when the boss's
voice orders a banfk robbery

The case of CEO voice cloning demon-
strates the "precision" use of WGC against
micro-level, high-value targets: a single call
can activate organizational obedience pat-
terns. In a case that made headlines, fraudsters
imitated the voice of a senior executive at an
energy company and instructed the target to
make an urgent transfer; the voice (accent,
intonation, familiar tone) was enough to carry
out the transaction. Artificial intelligence here
"arms" classic social engineering: the source
boss)
falsifiable, and thus deception occurs through

of communication (the becomes
the most confidential channel. Its military
relevance arises where the corporate decision-
making hub is linked to critical infrastructure:
a wrong decision can lead not only to financial
losses but also to operational disruptions and
supply chain distortions, and thus converge
with state/quasi-state interests (Horvath,
2023; Horvath, 2024).

Summary (WGC brief): Evidence: incident
description + cybersecurity interpretation. Al
role: voice model from a short sample,
reproduction of a "command" voice. Intent:
money/access — distortion of critical
decisions. Channel: targeted phone call (out-
side moderation visibility). Cognitive effect:
authority and urgency reflex, activation of
organizational obedience. Distribution: not
mass; individual, targeted calls. Coordination:
low—medium.
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Case 8: Weaponizing  telephone  harassment:
"Don't go vote!" — said the Biden clone voice

The 2024 Biden robocall case shows how
Al-generated voice crosses from the ex-
perimental space into the WGC domain,
directly threatening election integrity. Ahead
of the New Hampshire primary, automated
calls imitating the voice of Joseph R. Biden
urged voters to "not go vote" but to "save
their vote for November." The voice (tone,
rhythm, intonation) acted as an anchor of
authority: the recipient tends to identify the
recognizable voice with authenticity, even if
the itself The

technological innovation is not the robocall as

content is  suspicious.
a channel, but the scalability of voice cloning:
short sample — reproducible "presidential
voice" — mass, variable messaging with
minimal human input. In terms of com-
munication theory, this is the voice-based
equivalent of action-oriented, repeated mes-
saging (firehose logic); in criminological
terms, it is an attempt to manipulate voter
behavior; and from a military science per-
spective, it can be linked to hybrid goals of
destabilizing democratic institutions (see:
McCombs—Shaw, 1972; Paul and Matthews,
2016; Horvath, 2022; Horvath, 2024).
Summary (WGC  brigf): Evidence: official
investigation ~+  press/fact-check  con-
firmation. Al role: voice cloning and scalable
robocall variants. Intent: to reduce parti-
cipation, undermine the process. Channel:
telephone network + automated calling
system. Cognitive effect: authority reflex, false

authenticity, timing pressure. Dissemination:
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robocall — online press + social media

reaction/refutation. Coor-dination: moderate.

Case 9: 48 Hours before the polls close: the andio
recording that poisoned Slovakia

The deepfake audio recording before the
2023 Slovak parliamentary elections is an
example of targeted, regional application:
even in a small country, it can interfere with
the electoral process if the timing follows the
logic of an “October surprise.” Close to the
campaign silence period, an audio recording
was released in which Michal Simecka and
Monika Toédova allegedly discuss "mani-
pulating” the election; its rapid spread was
later interpreted by fact-checking and expert
analyses as Al-generated manipulation. The
technical role here is no longer merely the
of

reinforced by the imitation of discursive style

reproduction sound: authenticity is
(phrasing, tempo, "local" speech patterns),
ie., the model produces a "character" who
credibly enters into a politically charged
dialogue. The core of communication theory
is the undermining of source credibility (what
did I actually hear?), which quickly generates
confusion and distrust; criminologically, this is
targeted intervention in the electoral process;
militarily, it is the "contamination" of the
Central and Eastern Furopean information
space (McCombs—Shaw, 1972; Paul and
Matthews, 2016; UNESCO, no year).
Summary (WGC brief): Evidence: rapid viral
spread + fact-checking + expert evaluations.
Al role: voice cloning + discursive style
imitation. Intent: undermining trust, weak-

ening legitimacy, shock before the campaign
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silence period. Channel: social media spread +
forwarding chains. Cognitive effect: source
uncertainty, reputational damage, rapid pola-
rization. Distribution: platforms + mes-
sengers, forwarding in closed groups. Co-
ordination: medium—high.

Subchapter summary (shor?): The common
denominator of the three voice cases is that
the attack does not require a new platform,

but

channels: robocalls, social media forwarding,

rather weaponizes everyday voice
targeted phone calls. The medium of voice is
critical because the heuristic of “recognizable
voice = authenticity” kicks in faster than
source verification, especially under time
pressure. As a result, refutation is often
structurally delayed: some of the damage/

distortion occurs before the correction.

Artificial intelligence-generated video

Case 10: This is not Morgan  Freeman:
demonstration deepfake and the proof video crisis

The "This

demonstration deepfake video is the "zero

is not Morgan Freeman"
milestone" of moving image manipulation: it
is not an operational campaign, but a
technological demonstration that simultan-
eously teaches the audience that "AI can
already do this" and normalizes the idea that
faces and voices can be reproduced at any
time. The video declares from the outset that
we are watching a deepfake (Avid Open
Access, n.d.; HP, 2024), yet its effect is WGC-
like: it shatters the layperson's sense of
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security that video and audio are "proof."
Subsequent empitical results support this
phenomenon: the debate surrounding deep-
fakes is not only technical, but also concerns a
crisis of "epistemic trust" (Twomey, 2023),
and we perform poorly in recognizing them
even with instructions
2023).

In terms of WGC, this case is not about

direct influence, but about changing the

(Somoray, Miller,

environment: according to the logic of
the
social perception thresholds and credibility

"shaping information environment,"
criteria are rewritten, making subsequent
political /commercial /criminal  applications
morte effective (McCombs, Shaw, 1972; Paul,
Matthews, 2016; Horvath, 2023).

Summary (WGC brief): Evidence: demon-
stration video + professional/educational
references + empirical recognition results. Al
role: photorealistic face + voice cloning + lip-
syncing. Intent: normalization/“showcasing
capabilities” — preparing for the erosion of
Channel:  public
platforms (YouTube, professional portals,

credibility  standards.
embeds). Cognitive effect: weakening of the
status of the video as evidence, epistemic
uncertainty. Distribution: mostly organic.
Coordination: low.

Case 11: Karikd Katalin on the crypto exchange:
deepfake advertisements causing billions in damages

The second pattern of deepfake videos is
the world of investment and crypto fraud:
fake offers are "legitimized" with the faces and
voices of well-known public figures. Ac-

cording to cybersecurity and regulatory
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reports, these campaigns are increasingly
operating with Al-based videos, linked to
organized boiler room infrastructure (Unit 42,
2024). Official warnings and reports also
confirm this phenomenon (e.g., Government
of Australia, 2025; ACCC
Scamwatch, 2024), pointing out that video is

Western

no longer just an illustration, but the main tool
for gaining trust.

At the technical-operational level, this is a
multimodal pipeline: LLMs write the text
variants, voice cloning reproduces the "ex-
pett" voice, and the deepfake engine puts
together the facial expressions and synchro-
nization. The “firechose” also works at the
format level here: the same lie returns as a
video, post, story, or advertisement (Paul,
Matthews, 2016; Horvath, 2023). Crimino-
logically, the pattern is linked to organized
crime, money laundering chains, and call
centers; at the systemic level, it undermines
trust in financial communication. Its military
relevance lies in the fact that it increases the
of

structures to information attacks and can

vulnerability critical financial infra-
generate longer-term instability.

Summary (WGC  brief): Evidence: cyber-
+  identified
cloning of

security/authority  reports
Al

celebrity/authority faces and voices + text

network patterns. role:

variant  generation + multimodal co-
ordination. Intent: making money and gaining
access — erosion of trust in the financial
sector. Channel: video ads and short videos
(Meta, TikTok, YouTube, messaging apps).
Cognitive impact: authority heuristic, cog-

nitive ovetload, "everything is suspicious"
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trust defense. Distribution: repetitive cam-
paigns reinforced by recommendation sys-
tems. Coordination: high.

Case 12: Even poor-quality lies can kill: anatomy
of Zelensky's fake "Lay down your arms!" video

The deepfake attributed to Zelensky (March
2022) made the military science stakes of
moving image manipulation explicit: this is no
longer a game of reputation, but an attempt to
distort the chain of command, morale, and
situation assessment (see: Buronews, 2022;
Smalley, 2022). Although technically im-
mature, it went down in history as the first
deepfake video attributed to a head of state to
appear in an active war zone. The key to the
chronology is resilience: on the Ukrainian
side, pre-bunking warnings, rapid debunking,
and an authentic refutation video (The
Guardian, 2022), which reduced the im-
mediate impact, while at the same time the
example immediately entered international
professional and legal discourse (KuZnicka-
Blaszkowska, 2025).

In the WGC framework, the video com-
bines the TEXT and IMAGE case types: the
narrative of surrender + iconic visual frame
(presidential setting, familiar background) +
the illusion of moving image authenticity
together target the most sensitive audience.
The relevant lesson is that early, poor quality
is not harmless: technology improves quickly,
but the social immune system is slower
(Desjardins, 2021).

Summary (WGC brief): Evidence: incident
reports + removal/refutation + literature/
legal processing. Al role: face and facial
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expression manipulation + lip-syncing +
imitation of the visual frame of a "presidential
speech." Intent: sutrrender/resistance nat-
rative — undermining morality and command
structure. Channel: hacked news portals +
social platforms (Facebook/X) + possible
slippage. effect:
judgment of the situation, panic/breakdown,

stream Cognitive mis-
erosion of trust. Distribution: multi-channel,
with rapid removal. Coordination: medium—

high.

Subbeading synthesis (short): The three video
cases follow the same pattern: (1) demon-
stration deepfakes as a "basic motif" of
normalization (crisis of evidence videos), (2)

deepfake advertisements used in organized

crime as industrial scaling (multimodal
firchose), (3) war deepfakes as direct
operational relevance (morale/command/

credibility). Their common WGC point is that
moving images simultaneously convey the
fllusion of wvisual evidence and audio
authenticity,

delayed: the effect often runs its course before

so refutation is structurally
debunking, even if the manipulation is easily

recognizable in hindsight.

Conclusion: new ways of defense

The essence of multimodal influence ac-
celerated by generative Al is not merely "more
false statements," but a structural shift in the
ecosystem of attention and credibility: the
agenda (what we talk about), dissemination
(how it reaches us), and source perception
(who we believe) all become manipulable at
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once (McCombs, Shaw, 1972; Paul, Matthews,
2016; Johnson et al., 1993). In this framework,
the new way to defend ourselves is not a single
"better detector,” but an analytical and
decision-support approach that measures risk
at the intersection of intent, channel, and
cognitive effect, thus capturing it not in binary
terms (true/false) but in terms of operational
relevance.

What does the matrix offer that detection-centric
thinking does not?

The detection-focused approach typically
responds to the "authenticity" of content,
while the WGC matrix focuses
function of the attack: what it aims to achieve,

on the

through which channel ecosystem, and what
cognitive vulnerability it targets (Paul,
Matthews, 2016; Wardle, Derakhshan, 2017).
The framework therefore works even when
the attack is not a "classic lie" but rather
context and identity falsification or "evidential
media" authenticity diversion (Chesney,
Citron, 2019; Johnson et al., 1993). The added
value is practical: it makes cases with different
modalities (text—image—sound—video) com-
parable and helps to plan defenses not at a
single point (content control) but across the
entire chain (distribution logic, attention cycle,
source labeling, institutional response time)
(Bakshy et al., 2015; Fazio et al., 2015).

Critical infrastructure, election integrity, public
trust: implications for application

In the case of critical infrastructure, the
stakes are often not mass persuasion, but

confidence-eroding disruption: even a small
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amount of "evidential" content can be enough
to cause customer panic, service and call
center overload, and reputational damage.
The advantage of the matrix is that it
operationalizes the damage mechanism (cog-
nitive overload, source amnesia, illusory truth
effect) from early signs, rather than treating it
as a retrospective narrative explanation (Fazio
et al.,, 2015; Johnson et al., 1993).

In election integrity, "last mile" vulner-
ability—especially voice and video mani-
pulation with a short reaction window—is a
risk where legal and platform-level frame-
works (e.g., DSA) are necessary but not
sufficient on their own: the decisive factors
are operational timing and psychological
impact management, i.e., the ability to quickly
pre-bunk/debunk and manage channel
coordination (EU, 2022; UNESCO, 2024).

At the level of public trust, the challenge is
to ensure that the public does not merely
doubt individual statements, but also the
minimum conditions of shared reality. The
matrix therefore also "translates” for strategic
decision-making: it classifies the content event
as a security risk and identifies where the
greatest systemic damage is likely to occur
(Horvath, 2022; Horvath, 2024, 2025).

Limitations

and further research directions

The proposed matrix is not a detector test
or an automated truth-checking system: it is
based on documented sources, a reconstruct-
able source chain, and transparent coding, and
therefore depends on data availability and

94

analyst consistency (Wardle, Derakhshan,
2017). A further limitation is that direct
measurement of cognitive effects (e.g., source
amnesia, illusory truth) is often only possible
with proxy indicators, which requires strict
validation discipline (Johnson et al., 1993;
Fazio et al., 2015).

The next steps should be: (i) developing
inter-coder reliability procedures and a
labeling standard supported by a list of
examples, (i) comparing the matrix with
platform regulation compliance logics and
case types (EU, 2022), and (iii) expanding the
targeted, comparable case study corpus in the
Cl—choice—public trust triangle so that the
model can maintain falsifiable statements in
different operational environments

UNESCO, 2024; Europol, 2022).

(see:
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Absztrakt

A digitalis technolégia egyre nagyobb szerepet télt be az oktatasban, kilonGsen az
élményszert és kreativ tanulds tdmogatasaban. Célunk, hogy megosszuk tapasztalatainkat az
Ozobot robotok torténetmesélésre valé alkalmazhatosagarol az alapiskolas gyermekek korében.
Kutatasunkat egy alapiskola negyedik osztilyaban végeztik. A gyermekek egy Ozobot
robotokkal tamogatott foglalkozassorozaton vettek részt, amelyet sajat palyatervezés és
torténetmesélés kovetett. A foglalkozasok szorosan kapcsolédtak az adott tantargyak —
matematika, természetrajz és honismeret — elbirt tartalmahoz, amelyet a pedagdgussal
egyeztettiink az érintett tanorak el6tt. A tanulok elére megtervezett, révid térténetek koré éptlsd
palyakat jarattak be a robottal. Ahhoz, hogy a palya teljesithet6 legyen az Ozobot szamara,
részfeladatokat kellett megoldaniuk: a megfelel6 szinkddokkal kellett kiegésziteniiik a hidnyos,
de tudatosan megtervezett palyakat. A helyes szinezést kdvetéen a robot dltal vizualisan is életre
keltek a torténet eseményei. A robot egyuttal médszertani segédeszkozként is funkciondlt. A
foglalkozassorozatnak tovabbi célja az volt, hogy a tanul6k megismerkedjenck az Ozobot
robotokkal, mivel kordbban még nem dolgoztak ilyen eszkdzzel. A zard foglalkozas soran a
gyermekek feladata egy sajat palya megtervezése és a hozza kapcsol6do torténet elmesélése volt
a robot alkalmazasaval. Tanulmanyunkkal szeretnénk rdmutatni arra, hogy az edukaciés
robotika és a torténetmesélés 6tvozése nemesak miszaki készségeket hivatott fejleszteni, hanem
komplex pedagdgiai célok eléréséhez is hatékony eszkozt kindl.

Kulcsszavak: digitalis torténetmesélés, Ozobot, kreativitas

Diszciplinak: pedagogia, informatika

Abstract

CREATIVE STORYTELILING WITH OZOBOTS

Digital technology is playing an increasingly significant role in education, particularly in
supporting experiential and creative learning. We aim to share our experience of using Ozobot
robots for storytelling with primary school children. Our research was carried out in a fourth-
grade class at a primary school. The children participated in a series of activities supported by
Ozobot robots, followed by designing their own tracks and telling stories. The sessions closely
aligned with the required content of the school subjects, as previously agreed with the teacher.
We incorporated the activities into mathematics lessons twice and included single sessions in
science and geography lessons. Students followed a pre-designed trajectory with the robot,
based on a series of short stories. To make the track passable for the Ozobot, they had to
complete sub-tasks: they needed to add the correct colour codes to the tracks, which were
carefully designed but incomplete. After the correct colouting, the robot animated the story's
events, effectively bringing the story itself to life. We can consider the robot a methodological
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tool that has a significant motivational effect too. The series of activities also aimed to familiarise
the children with Ozobot robots, as they had not worked with such devices before. In the last

lesson the children's task was to create a track and tell a story with the help of the robot. Our

study aims to demonstrate that educational robotics, when combined with storytelling, is not

only intended to develop technical skills but also to support complex pedagogical objectives.

Keywords: digital storytelling, Ozobot, creativity

Disciplines: pedagogy, information technology

A digitalis technolégia térnyerése 4j le-
hetSségeket teremt az oktatasban, kilondsen
az élményszerd és kreativ tanulas teriilletén. Az
edukacios robotika mint innovativ pedagogiai
eszkOz, egyre inkdbb elStérbe kerdl, ki-
l6n6sen az alsé tagozatos tanuldk kérében.

Kutatasunkat alapiskolas negyedik osztalyos
gyermekek kérében valdsitottuk meg. Sze-
retnénk kiemelni azt, hogy a gyermekekkel
STEAM
(Science, Technology, Engineering, Mathe-

végzett foglalkozassorozatot a
matics and Arts) modellen alapulé elvekkel
Osszhangban végeztik. A modellnek kiemelt
szerepe van az esélyegyenléség elémozdi-
tasaban. Sok lany azért nem valaszt muszaki
vagy természettudomanyos palyat, mert az
ezekhez sziikséges ismereteket olyan mod-
szerekkel tanftottak, amelyek nem igazodtak a
lany tanulok sajatos tanulasi igényeihez és
képességfejlodéséhez (Babdly és Karpati,
2016, Karpati és Pataiova, 2021). A robotok
alkalmazasa természetesen mas célokat is
szolgalt, melyek kozil az egyik legfontosabb a
gyermekek motivacidjanak erdsitése  volt.
Hiszen a tanar felkésziltségén tdl, sokat se-
githet a megfelel6 eszk6zOk hasznalata is.
Pataiova és Karpati (2021) is felhivjak a
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figyelmet arra, hogy a motivacié megvalositasi
szakaszaban fontos, hogy a tanar magyarazata
érdekes és vilagos legyen, illetve megfelels
mébdszereket és eszkézoket hasznaljon. Ezt az
elvet mi is kévetni prébaltuk. Az egyik ilyen
mébdszer a térténetmesélés digitalis formaban.

Vivitsou (2020) szerint az oktatasban a
digitalis technoldgiak segitségével megvaldsu-
16 torténetmesélés az iskoldkban olyan hibrid
kornyezetet teremt, amely egyarant timogatja
a tanulok és a pedagégusok cselekvését és
értelmezési folyamatait. A digitalis technoldgia
eszkozel nagyon gyakran valamilyen eduka-
cids robotok formajaban jelennek meg, mint
példaul a BeeBot vagy az Ozobot.

Az informatikai problémak dialégusos fel-
dolgozasanak és a torténetek vizudlis for-
maban t6rténd kreativ abrazolasanak kombi-
nacidja tartésan elGsegitheti a gyermekek nar-
ratfv nyelvhasznalatanak fejlédését (Tengler et
al., 2022). Lanszki (2019) kutatasa is arra utal,
hogy a digitalis tOrténetmesélés fejleszti a
kreativitast és a narratfv gondolkodast.

Jelen tanulmanyunk célja, hogy bemutassa
az Ozobot robot kiilénb6z6 tantargyakba vald
integracidjanak lehetSségeit, valamint feltarja,
hogy a gyermekek milyen médon jutnak el a
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sajat digitalis torténetmesélés és palyaalkotas
szintjére. Mindez hatassal van példaul a
kreativitasukra is.

Moédszerek

A kutatasban résztvevé gyermekek egy
Ozobot robotokkal timogatott foglalkozas-
sorozaton vettek részt, amelyet sajat palya-
tervezés és torténetmesélés zart. Az utolsé
foglakozason a tanulok parban dolgoztak —
6sszesen 10 tanulépir, ellentétben a korabbi
ahol
tevékenykedtek. A foglalkozasokat hagyoma-

foglalkozasokkal, egyéni munkaban
nyos osztalyteremi kérnyezetben valdsitottuk
meg.

Modszertani segédeszkozként az Ozobot
Bit+ tipusu kis méretd robotokat hasznaltuk.
Ezek a robotok specialis filctollal rajzolt vo-
nalak mentén kézlekednek. Amikor a palyan
egy szinkéddal megszakitott szakaszhoz ér-
nek, felismerik a szinkombinaciét, majd végre-
hajtjak a gyarté altal el6re definidlt utasitdst. A
robot mikddésének részletes leirasat tobbek
kozott Szabo és Jakab (2024) tanulmanya is
ismerteti, tovdbba a robotot gyarté cég
hivatalos honlapjan is megtalalhat6 (URL:

https://ozobot.com).

Foglalkozassorozat

Célunk elérése érdekében — tehat hogy a
tanulok képesek legyenek sajat torténetet al-
kotni, és azt Ozobot robot segitségével
bemutatni —, t6bb el6készit foglalkozason is
részt kellett venniiik. Osszesen négy tanora, ill.
ezaltal négy foglalkozas kidolgozasira ¢és
lebonyolitasara kerilt sor az adott csoporttal

(4. osztaly). A tevékenységek harom tantargy
keretében val6sultak meg: két matematika
oran, valamint egy-egy honismeret és termé-
szetismeret tanéran. Ezekbdl kettSt részle-
teseben is bemutatunk. Fontos hangsulyoz-
nunk, hogy a kidolgozott foglalkozasok 6ssz-
hangban alltak az adott tantargyak eldirt tar-
talmai kovetelményeivel, emellett lehet&séget
teremtettek a tantargykozi kapcsolatok meg-
jelenitésére is. Ugy véljiik, hogy ez nem ritka
jelenség az edukdciés robotika alkalmazasa
soran (Szabéné, 2023; Mez$ és Szabdné,
2021).

Matematika — Napirend

Az Ozobot Bit+ robotokkal végzett te-
vékenység célja az volt, hogy a tanulok jatékos
formédban ismerkedjenck meg a mindennapi
teend6k ¢és feladatok sorrendiségével és
idérendjével. A foglalkozas kozéppontjaban
egy napirend-palya allt, amely egy gyermek —
jelen esetben az Ozobot robot altal meg-
jelenitett szereplé — napi programjat mutatta
be.

A palya tervezése soran a f6 szempont az
volt, hogy a didkok szamara ismerds, hét-
kéznapi események (példaul ébredés, reggeli,
iskoldba indulds, tanulas, jaték, vacsora, le-
fekvés) logikus sorrendben kévessék egymast.
A robot mozgasa ily médon nemcsak a prog-
ramozasi logika szemléltetését szolgalta, ha-
nem hozzajarult a napi rutinok tudatosita-
sahoz is.

A palya olyan helyeket tartalmazott a szin-
kédok kitSltésére, amelyeknél segitséget is
feltuntettink (lasd: 1. abra). Azokon a helye-
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1. @bra: Napirend-pdlya. Forrds: a sgergdk
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ken azonban, ahol nem szerepelt itmutatas, a
robotnak egy r6vid idére — egy harom
masodperces megallast eredményezé szinkéd

hatasara meg kellett dllnia, miel6tt
folytathatta volna utjat (szintén lasd 1. abra).
A palya kis abrakkal is jelezte, hogy mi térténik
az adott ponton, ezen kivil minden allo-
masnal digitalis vagy analoég 6ra is helyet
kapott, amely azt az id6épontot mutatta,
amikor a tevékenység a nap folyamian meg-
torténik. A tanuloknak ehhez kapcsoléddan
egy feladatlapot is ki kellett tSltenitik (lasd 2.
abra). A feladatlap célja az analdg és digitalis
orak kozotti atvaltas gyakorlasa volt: ahol a-
nalbg 6ra szerepelt, ott digitalisan kellett meg-

2. dbra: A napirend foglalkozdshoz  tartozd

Jfeladatlap — résglet. Forrds: a sgergdk
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adni az idét, és forditva. Emellett minden
eseményhez meg kellett hatirozni, hogy az
délel6tti, délutani vagy esti tevékenységhez
tartozik.

A tanodra elején didkokkal megbeszéltiik,
hogy mit jelent a napirend, és mely tevékeny-
ségekbdl all az ébredéstSl a lefekvésig, Az
analog és digitalis 6ra témakore illeszkedett a
tananyaghoz, mivel a tanulék ezt a tananyagot
sajatitottak el az el6z6 napokban. Ennek meg-
felelben az Orak kozotti atvaltdst a tanora
elején nem gyakoroltuk, ugyanis maga a
feladat szolgalt a készség tovabbi gyakorlasara.
A tanuldk 6ndlléan dolgoztak, sziikség esetén
azonban segithették egymast.

A palya torténete a kovetkezSképpen éptlt
fel: reggel a didkot jelképezé robot felébred,
felgyorsul, és siet az iskolaba. Indulas elétt, a
reggeli rutinhoz tartozé allomasoknal (példaul
fogmosas, reggeli) a robot megall, majd az
iskolaba érkezés utan lelassul. Délutan zongo-
radra és tanulds kovetkezik, ekkor a sebesség
Gjra mérséklédik. Az esti olvasas soran a robot
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a leglassabb sebességfokozatra vilt, jelezve a
nyugodtabb, pihenésre hangol6 id&szakot.
Vacsorakor ismét megall, végil az alvas
allomashoz érve ujra felgyorsul — hiszen
miutan ,elalszik”, a térténet szerint gyorsan

ismét reggel lesz.

Honismeret — Ersekiijvari var

Mar az elején le kell sz6gezniink, hogy az itt
ismertetett gondolatmenet szamos mas hely-
szinre és torténelmi eseményre is adaptalhato.
Az érsekujvari var valasztasa szamunkra ké-
zenfekvé volt, mivel a vizsgalatban érintett
iskola is ebben a varosban talalhaté. Bar a var
napjainkra mar nem maradt fenn, emlékét
6rzik a bastyak nevei, amelyeket ma az egyes
utcak viselnek.

A foglalkozast azzal inditottuk, hogy kie-
meltiik a var jelentSs szerepét a torok idékben.
Ismertettitk a legfontosabb torténelmi ese-
ményeket: meddig allt ellen a t6rék erdknek,
mikor esett el és szabadult fel.
Mindekozben kivetitettik a var torténelmi

mikor

alaprajzat. Ezt kovetSen rakérdeztink arra,
hogy a gyerekek tudjak-e, hol talalhatok az
egyes utcak, amelyek a bastyakrdl voltak
elnevezve, hiszen ezek jelzik a bastyak egykori
elhelyezkedését. A torténetbe tovabbi objek-
tumokat (példaul nevezetes épiileteket) is
bevonhatunk, amelyek segithetnek a térbeli
tajékozodasban. Mutathatunk képeket az
emlitett utcakrol vagy a volt bastyak kézelében
all6 épiiletekrol, hogy a gyerekek kénnyebben
be tudjdk azonositani a targyalt helyszineket.
A tajékozodast tovabb segitheti az égtajak
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megismertetése, melyek alapjan pontosabban
be lehet hatarolni az egyes bastyak egykori
helyét a var szerkezetén belil. Példaul a kvet-
kez6képpen:

* Erné-béstya: E — Zamcan, Takarékpénztir,

* Cseh-bastya: EK — zsinagbga,
és igy tovabb.

Mindezek utan kerilt sor a térténetlink £6-
szerepl6jeként megjelend Ozobot robot fela-
datara. Ozo visszarepiilt az érsekajvari var
fénykoraba, amikor a kérnyéket gyakran kel-
lett megvédeni az oszman portyazéktél. Ozo
maga is kivette a részét a harcokbodl. Egy
alkalommal éppen a Csaszar-bastyanal tartéz-
kodott, mikézben az Esztergomi kapu kor-
nyékén egy kisebb portyazo csapat fosztogatta
az ott él6 lakossagot. Parancsot kapott arra,
hogy csapataval Gzze el a timaddkat, chhez
azonban el kellett jutnia az Esztergomi ka-
puhoz. A feladat tehat az volt, hogy a tanulék
segitsék Ozot elérni a célpontot. A torténet
ismertetését kovetSen a didkok megkaptak a
var alaprajza szerint elkészitett palyat (lasd 3.
abra).

A palyan kijeloltik a szinkédok helyét, a-
zonban nem tintettik fel, mely szinkom-
bindciokat kell alkalmazniuk. A feladat soran
négyféle szinkdd hasznalatara volt lehetSség: a
célpontnal a jaték végét jelz6 kddra (amelynek
hatasara a robot ,,tancol”, ,,unnepel”), mig a
palya kilonb6zé keresztez6déseiben harom
tovabbi szinkombinaciéra, amelyek jobbra,
balra vagy egyenesen iranyitjdk a robotot.
Kivetitettik a 4. abran lathat6 térképet, majd
kozosen megjeldltink tobb lehetséges t-
vonalat, amelyek mentén Ozo eljuthat az
Esztergomi kapuhoz.
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3. dbra: A hats3og a ma mar nem létezd var alap-
rajdt repregentdlja, amelynek csicspontjai a korabeli
bastydk elhelyezkeedeését jelilik. Forrds: a sgerzok

4. dbra: A hatszogalapsi var szomsédos bistyd-
inafk tavolsdga egymdstdl, ill. a fotér tavolsdga ag egyes
bdstydktdl vagy kapuktdl. Szines tortvonalakkal az
egyes lebetséges ditvonalakat jeloljiik. Forrds: a szer-

Fontos volt, hogy ezt minél gyorsabban
megtegye, igy a tanuléknak a legrévidebb ut-
vonalat kellett meghatarozniuk. Az idealis eset
megtaldlasahoz az egyes dtvonalak hosszat a
térképrol leolvashatd utszakaszok Gsszeada-
saval szamitottak ki. Ezek a szakaszhosszak
valésagkozeliek, azonban az egyszeribb ke-
zelhet6ség  érdekében  tizesekre kerekitett
értékeket tintettiink fel. A szamitasok helyes-
ségét a 1. tablazat kivetitésével kézésen elle-
nériztik.

1. tablazat: Az iitvonalak hosszanak kiszimitdsa
(a tidblazat sorainak sgine a megfelel sitvonalak

sginével van dssghangban). Forrds: a szerzik

Utvonalak Tavolsag [méter]|

120 + 100 + 260 + 170 +
110=760

120 + 200 + 200 = 520

1. utvonal

120 + 200 + 200 + 170 +
110 =800

120 + 200 + 200 + 230 +
110 =860

Tekintettel arra, hogy a 4. évfolyamos ta-
nulék mar magabiztosan végeznek Ssszeaddst
1000-es szamkorben, valamennyi kapott ered-
mény ebben a tartomanyban maradt. A
legrévidebb dtvonal kivalasztasat kévetSen a
tanulok a megfelel§ szinkédokat alkalmazva
iranyitottak a robotot a kapu iranyaba. Olyan
tanulé is akadt, aki pusztan vizualis becslés

alapjan is képes volt meghatirozni a leg-
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révidebb utvonalat; ennek ellenére megkér-
tiik, hogy szamitasokkal is tdimassza ala az alli-
tast.

A foglalkozas zarasaként a tanuldk kaptak
még egy egyszeribb feladatot. Ebben Ozo egy
masik napon a Forgach-bastyan teljesitett
szolgalatot, azonban 4j parancsot kapott: elle-
nériznie kellett a Zserotin-bastyat, majd at
kellett mennie 6rkédni az Erné bastyara. Ez
azt jelenti, hogy egy koztes bastyan athaladva
jutott el a célallomasara. Ebben az esetben
mar csupan egyetlen lehetséges atvonal allt
rendelkezésére, hiszen az el6z8 részfaladat
soran a gyerekek t6bb, a szinkédok szamara
kihagyott mez6t is felhasznaltak.

Eredmények: a tanulok szamara egy tanora
allt rendelkezésre sajat palydjuk megterve-
zésére, és a hozza kapcsol6do torténet kidol-
gozasara. Ezt kdvetben a robot segitségével
bemutattak alkotasukat osztalytarsaiknak. A
tervezési fazisban lehetségtk nyilt teljesen

tres lapra, 6nalléan dolgozni, és a palyat tet-
szbleges moédon kiegésziteni, példaul kilon-
b62z6 rajzokkal (asd 5. abra).

A parban végzett kooperativ munka a leg-
tobb esetben megvaldsult: a tanuldk kézésen
fogalmaztdk meg a tOrténetet, egyitt ké-
szitették el a palyat, és egyeztették egymassal
az elképzeléseiket. Egy tanuléparos kivéte-
lével minden gyerek motivaltan vett részt a
foglalkozason, amit az is bizonyitott, hogy
szfvesen mutattak be az elkészilt palyaikat, és
mesélték el torténeteiket. A palya tervezése
minden esetben linedris térténetvezetésre
épult, azaz, egyik palya sem tartalmazott ela-
gazast, holott kordbbi feladatokban a tanulok
mar talalkoztak ilyen lehetSséggel. A leggyak-
rabban el6fordulé nehézséget a szinkédok
megfelel6 megfestése, a tdil sotét arnyalatok
vagy az aranytalan nagysagu részek szinkédon
beltli hasznalata jelentette.

5. dbra: A tanuldk dltal tervezett palya az dltaluk megalkotott tirténethez. Forrds: tanuldk alkotdsa

®

106



MESTERSEGES INTELLIGENCIA

Pozitiv eredményként emlithet, hogy a
torténetek illeszkedtek a robot mozgasahoz,
és mindegyik narratfvanak volt jol elkilo-
nithetd eleje, kbzepe és vége. A robot vizualis
visszajelzései tovabb erdsitették a torténet
élményszerliségét és szemléletességét. Megfi-
gyeléseink alapjan a tanulok tobbsége képes
volt strukturilt, koherens tOrténetet létre-
hozni, azt vizudlis elemekkel kiegésziteni, és

Osszekapcesolni az Ozobot mozgasaval.

Befejezés

Osszegzésként megillapithat6, hogy a ta-
nulék aktivan, kreativan és motivaltan vettek
részt a feladatok elvégzésében. A torténet-
mesélés és a robotika kombinaciéja komplex
— a problémamegoldé gondolkodas, a kom-
munikaci6 és a kooperaci6 terilletén egyarant
jelentSs — készségtejlesztést tesz lehet6veé.

Meggoy6z6désiink, hogy a torténetmesélés
mint kreativ tanulasi forma kivaldéan alkalmas
arra, hogy a technoldgiai eszkdzoket élmény-
szerGen és motivalé médon kapcsolja be az
oktatasi folyamatba, és integralja a tananyagba.

Tanulmanyunk célja az volt, hogy ramu-
tassunk: az edukaciés robotika nem csak
digitalis kompetencidk fejlesztésére alkalmas,
hanem komplex célokat s

pedagdgiai

tamogat.
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Absztrakt

XV. Gyongyosi Nemzetkézi Gitar-fesztival 2025. julius 24-27. kozott keriilt megrendezésre
Gyongy6son, Magyarorszagon. E zenei esemény apropdjabdl jelen tanulmany inspirald,
témafelvetd jelleggel hivija fel a figyelmet a gitarzene és a mesterséges intelligencia kapcsolédasi
pontjaira.

Kulcsszavak: gitar, zene, MI

Diszciplinak: pedagogia, zene

Abstract

GUITAR MUSIC IN THE AGE OF ARTIFICLAL INTEILLIGENCE — THOUGHTS IN
CONNECTION TO THE 15TH GYONGYOS INTERNATIONAL GUITAR FESTIV AL

The 15th Gyongyds International Guitar Festival was held in Gyéngy6s, Hungary, between
24 and 27 July 2025. On the occasion of this musical event, the present study adopts an
exploratory and inspirational approach, drawing attention to the points of intersection between
guitar music and artificial intelligence.

Keywords: guitar, music, artificial intelligence

Disciplines: pedagogy, music

A XV, Gyongyosi Nemzetkozi Gitar-
fesztivdl megvaldsitasa” cimmel 2025-ben
valdsitott meg mivészeti tehetséggondozast
(is) népszertsité projektet a Kocka Kor
Tehetséggondozé Kulturalis Egyesiilet (lasd:
1. abra).

A rendezvény 2025. januar 1. és 2025. 4prilis
10.  kozott Kulturalis  Alap

(www.nka.hu) Zenemivészet Kollégiuma ta-

a  Nemzeti

mogatasaval kezdett megvalosulni (palyazati
azonosité: 110124/ 00855). A pélyazatot a
Nemzeti Kulturdlis Alaprél szol6 1993. évi
XXIII. térvény végrehajtasarol szol6 9/2006.
(V. 9) NKOM rendelet 1. szimt mellék-
letének értelmében 2025. 4prilis 11. napjatél

az Bl6ad6-muvészetek Kollégiuma vette at (a
projekt 4j azonositészama 502124 /1754 lett).

A XY. Gyongyosi Nemzetkozi Gitarfesz-
tivalt tovabba Gyongyos Varos Onkormény-
zata és a gyongyosi Vachott Sandor Varosi
Konyvtar is segitette (2. abra).

A XV. Nemzetkozi Gitarfesztival-sorozat
alapito-fészervezbje: Dr. Papp Sandor, a
Miskolci Egyetem Zenemtvészeti Kar dékan-
ja, aki a rendezvénysorozat kezdete ota igaz-
gatja és szervezi az események megvalosulasat,
s kézben a hazai és kilfoldi gtarmuivészek
szakmal kapcsolatteremtésének lehetSségeit,
valamint a gitarzene népszerlsitését a nagy-
kozonség korében.
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1. dbra: A XV Gydngydsi Nemzetkizi Gitdrfesztivilt sgervegd civil serveget
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2. dbra: A XV, Gyidngydsi Nemzetkizi Gitdrfesztival tamogatoi és fellépdi

KOCKA KOR

www.kockakor.h

XV. GYONGCYOSI
CITARFESZTIVAL

——

Fellépok:

4: Juan Lorenzo

5. Papp Sandor és Mez6 Kristof Sziriusz
= Enyedi Sandor
= Nagy Tibor (Wyrag) és Szabo Dénes

Rés zletek: www kockakor hu

SZER\'EZO
KOQKA KOR

@ www kocka

VEDNOK:

Dr. Papp Sdndor
dékin
Miskolci Egyetem
Bartk Béla
Zenemiivészed Kar

GYONGY] O< VAROS
ONKORMANYZATA

Arendezvényta
Nemzeti Kulturilis Alap
Elgadé-miivészetek
Kollégiuma timogatta.
Pilyizati azonosité:
502124/1754
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Gitarzene és mesterséges intelligencia
A zenében napjainkban 4j szinfoltot jelent a
mesterséges intelligencia (MI) zenei kompo-
naldst, -szerkesztést és kozzétételt részben
vagy egészben megvalésité megjelenése (lasd
példaul: Briot, Hadjeres és Pachet, 2020,
Engel és tsai., 2017, Huang és tsai, 2018,
Humpbhrey, Bello és LeCun, 2013, McFee és
tsai, 2015, Roads, 2015). Nincs ez masként az
klasszikus, akusztikus, illetve elektromos gitar-
ral megvalésuld zeneszerzés, -el6adas eseté-
ben sem.
Az alabbiakban mesterséges intelligencia és
a gitarzene kapcsolodasi pontjai mentén keriil
bemutatisra egy lista néhany lehetséges ku-
tatasi témardl. A lista elGkészitése soran a
»gitirzene a mesterséges intelligencia ko-
raban” témakoérhéz kapesolédd  tematikus
szempontok rendszerezéséhez a ChatGPT
(OpenAl) generativ mesterséges intelligencia
rendszere kerilt felhasznalasra vazlatkészitd
és gondolatgenerald eszkozként. Megjegy-
zend$, hogy ez mar énmagiban is egy mes-
terséges intelligencia alapu online platform
gitarzenére fokuszalo egyik felhasznalasi lehe-
téségét demonstralja. Lehetséges témak és
Osszefiiggések tehat az alkalmazott mester-
séges intelligencia felvetései alapjan a gitar-
zene és a mesterséges intelligencia témakorok
kapcsan (3. abra):
1. A mesterséges intelligencia sgerepe a gitargenében
* MI mint komponalé eszkéz (dallam-,
harmonia-, riff-generalas)
* MI mint tarsalkot6 (ember—Al
egylittmikodés)
* MI mint elemz6 rendszer (stilus-, jaték-
technika-elemzés)

2. Gitdrhang és hangsin modellezése

* GitarerGsitSk és effektek neuralis model-
lezése (példaul amp modeling)

* Analég hangzas digitalis rekonstrualasa
deep learninggel

¢ Fizikai modellezés vs. adatvezérelt MI-
megoldasok

3. Gitdrtechnika és jatékmod MI-alapii elemzése

* Pengetési technikdk (valtott, sweep,
fingerstyle) felismerése

* Expressziv elemek (bend, vibrato, slide)
automatikus detektaldsa

* ElSadoi stilusok (példaul: blues, metal,

jazz) gépi osztalyozasa

4. MI-alapii zeneszerzés gitdrra

* Riff- és akkordmenet-generalas neuralis
halékkal

* Gitarcentrikus generativ modellek korlatai

* Stilustranszfer (példaul: ,klasszikus gitar
jazz stilusban”)

5. Gitdrozas tanuldsa és oktatdsa az MI kordban

* Automatikus visszajelzés (intonacio, rit-
mus, artikulacio)

* Adaptiv gyakorlorendszerek gitirosoknak

* MI-alapu virtudlis tanar vs. emberi peda-

gogus

6. Improvizdcid és valds idejii MI-rendszerek
generalas
* Interaktiv improvizacié ember és MI
kozott
* Reagal6 rendszerek (tempd, hangnem,
dinamika kévetése)
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7. Kreativitds, szer3dség és autenticitds
* Ki a szerz4: a gitaros, a fejlesztS vagy az
algoritmus?
* Az ,emberi kéz” szerepe a digitalis gitar-
zenében
* Az autentikus gitarhang jelentésének atala-

kulasa

8. Etikai és jogi kérdések
* Tréningadatok kérdése (gitarosok stilusa-
nak felhasznalasa)
* Szerz6i jog MI altal generalt gitarzenénél

* El6adéi jogok és hangzasutinzas

9. Gitdrzene és MI a konnyi- és populdris genében
* MI-alapt gitarsavok a pop- és filmzenében
* Produceri dontések automatizalasa

* ,Session gitiros” szerepének valtozasa

10. Jovdbeli perspeketivik
* Teljesen virtualis MI-gitarosok
* Hibrid hangszerek (fizikai gitar + MI-
réteg)
* Gitar mint interfész az MlI-alapt zene-

szerzéshez

3. dbra: A mesterséges intelligencia (M) téma és gitdrzene dsszefiiggéses, mint lebetséges kutatdsi témakirik,

témafelvetéseke. Forrds: a Szerzd

MI és gitarzene

A mesterséges intelligencia szerepe a gitarzenében

Gitarhang és hangszin modellezése

Gitartechnika és jatékmod Ml-alapu elemzése

MI-alapu zeneszerzés gitarra

Gitarozas tanuldsa és oktatdasa az MI koraban

Improvizacié és valds idejd MI-rendszerek

Kreativitas, szerz6ség és autenticitas

Etikai és jogi kérdések

Gitarzene és MI a kénnyl- és popularis zenében

Jovobeli perspektivak
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Zarégondolatok

Az elsé (Ggynevezett Torres-féle formaval
jellemezheto) klasszikus gitar 1850-ben jelent
meg (Wade, 2010), az elektronikus gitar
»sziletése” pedig nyolc évtizeddel késébbre,
1931-re datalhat6 (Millard, 2004). A nap-
jainkig eltelt 94-175 évben mind a klasszikus,
mind az elektromos gitarzene nagy népsze-
rségnek 6rvendd, sokoldalu hangzast bizto-
sito, egyedi zenei élményvilagot nyujtani képes
muvészeti teriiletté nétte ki magat. Ez azon-
ban nem jelenti azt, hogy ne lehetne ssze-
figgésbe hozni a napjainkban egyre nép-
szerlibb, bar (a nagyk6z6nség dltal online elér-
heté formaban) alig néhany éves multtal ren-
delkez6 mesterséges intelligencia technolo-
giaval (a generativ mesterséges intelligencia
technologia a 2020-as évektdl elérhetd, a jelen
tanulmany frasahoz felhasznalt ChatGPT elsé
kozreadott verzidja 2022-ben jelent meg, s
jelen tanulmany irasakor minddssze harom
éves multtal rendelkezik).

Koszonetnyilvanitas

Koszonjik a Nemzeti Kulturalis Alap El6a-
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502124/1754).
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Abstract
Traditional approaches to music pedagogy, rooted in the work of eminent twentieth-century
educators (e.g., Kodaly, Orff), emphasize the cultivation of musical sensitivity through singing,

solmization, rhythmic exercises, and improvisation. These practices remain central in
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contemporary music education. At the same time, digital pedagogy introduces a new dimension,
facilitating the design, delivery, and evaluation of instruction through interactive platforms,
learning management tools, and virtual learning spaces. This study focuses on the pedagogical
integration of artificial intelligence (Al)-based software within the context of general music
education. The focus is on the Solfy program, designed both as an interactive classroom tool
and as support for independent home practice. Its distinctive feature is the Al-driven voice
recognition system that delivers immediate, personalized feedback, enabling differentiated
development of vocal skills. The study shows that Solfy can effectively complement traditional
pedagogical methods at the pre-vocational stage. By integrating Al-based tools into established
practices, music education can become more efficient, accessible, and reflective, for example, in
areas such as intonation accuracy, tonal stability, and vocal confidence. Immediate feedback,
error detection, and reward mechanisms (e.g., orchestral accompaniment) can foster consistent
practice, reduce performance anxiety, and enhance learner autonomy by encouraging
independent, goal-oriented learning strategies.

Keywords: Environmental noise; MATLAB; tensor data; singular value decomposition; smart
city monitoring

Discipline: Environmental Engineering

Absztrakt

A DIGITALIS PEDAGOGIA INTEGRAILASA

A HAGYOMANYOS ZENEOKTATASBA

A zenepedagbgia hagyomanyos megkozelitései, amelyek kiemelkedé huszadik szazadi
pedagogusok (pl. Kodaly, Orff) munkassagiban gyOkereznek, a zenei érzékenység fejlesztését
hangstlyozzak éneklés, szolmizacid, ritmikus gyakorlatok és improvizacié révén. Ezek a
gyakorlatok tovabbra is kézponti szerepet jatszanak a kortars zenei nevelésben. Ugyanakkor a
digitalis pedagdgia 1Gj dimenziot vezet be, elGsegitve az oktatds tervezését, lebonyolitasat és
értékelését interaktiv platformok, tanulasmenedzsment eszkézok és virtualis tanuldsi terek
segitségével. Ez a tanulmany a mesterséges intelligencia (MI) alapud szoftverek pedagdgiai
integracidjara Gsszpontosit az altalinos zenei nevelés kontextusaban. A hangsily a Solfy
programon van, amelyet interaktiv tantermi eszkézként és az 6nallé otthoni gyakorlas
tamogatasara is terveztek. Megkiilonboztetd jellemzGje a mesterséges intelligencia altal vezérelt
hangtelismer$ rendszer, amely azonnali, személyre szabott visszajelzést ad, lehet6vé téve a
vokalis készségek differencialt fejlesztését. A tanulmany kimutatja, hogy a Solfy hatékonyan
kiegészitheti a hagyomanyos pedagégiai modszereket a szakmai el6készité szakaszban. A
mesterséges intelligencia alapi eszk6z6k bevett gyakorlatokba valo integralasaval a zenei nevelés
hatékonyabbd, hozzaférhetSbbé és reflektivebbé valhat példaul olyan terlleteken, mint az
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intonaciés pontossag, a hangszinstabilitds és az énekhanggal kapcsolatos magabiztossag. Az

azonnali visszajelzés, a hibaészlelés és a jutalmazasi mechanizmusok (pl. zenekari kiséret)

el6segithetik a kovetkezetes gyakorlast, csOkkenthetik a teljesitmény miatti szorongast és

fokozhatjak a tanulé autonémiajat azaltal, hogy Oszténzik a fiiggetlen, célorientdlt tanulasi

stratégiakat.

Kulcsszavak: kérnyezeti zaj; MATLAB; tenzoradatok; szingularisérték-felbontas; okosvaros-

monitorozas
Diszciplina: kérnyezetmérnéki tudomany

Digital pedagogy refers to the processes of

designing, implementing, and evaluating
learning supported by digital technologies. It
encompasses educational platforms, inter-
active resources, and intelligent applications
capable of providing immediate feedback and
adapting tasks to learners’ individual needs
(European Commission, 2021; UNESCO,
2023; Zhang & Zhang, 2024). In recent years,
artificial intelligence (AI) has emerged as a
particularly promising tool for the personali-
zation of learning experiences, contributing
simultaneously to the development of musical
and digital competences (Li et al., 2025; Han,
2025).

Traditional music education—grounded in
vocal training, solfege, improvisation, and
instrumental performance, and shaped by
paradigms such as the Kodaly and Orff
approaches—remains an essential method-
logical reference point. The introduction of
digital technologies does not displace these
practices but rather extends and amplifies
them, creating a productive dialogue between
tradition and innovation. In this context,

technology does not substitute the teacher;

instead, it strengthens the teacher’s role as
mediator of the musical experience.

Current scholarship identifies three major
directions for applying Al in music education.
The first concerns feedback and self-monitor-
ing, where applications such as Solfy or
SmartMusic enable immediate correction of
intonation and rhythm, fostering autonomy
and efficiency in individual practice (Li et al.,
2025; Nichols, 2014). The second involves
Al-assisted
through generative

creativity and  expressivity,
that

adolescents’ creative activity and reduce pet-

tools support

formance-related anxiety (Hu et al, 2025;
2025). The
algorithmic models for teaching and assess-

Cheng, third focuses on
ment, developed mainly in higher education,
which employ neural networks or large
language model-based agents to support
music theory learning and the analysis of vocal
performance (Han, 2025; Jin et al., 2025; Wei
et al., 2022).

In the Romanian context, Pop-Sarb (2021)
demonstrated that integrating digital solutions
and Al-based
valuable pedagogical support for renewing

applications can provide
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school music education. At the same time,
Popean (2022) warned against the risk of
absolutizing technology and losing the
authentic artistic dimension in the absence of
critical reflection. More recent contributions
emphasize the role of singing and (self-
Jevaluation in broad-based music literacy, as
evidenced by Muntean, Weidenfeld, and
Koren (2022), as well as in research presented
at ISME (Muntean & Koren, 2022). In this
regard, applications such as Solfy operation-
alize the principles of music literacy through
singing and self-assessment in an accessible
format that combines progress monitoring,
individualized development, and reflective
feedback.

International analyses confirm that Al has
the potential to accelerate learning, person-
alize educational trajectories, and foster
reflective dimensions of music training—
provided that it is implemented responsibly
and supported by ongoing teacher develop-
ment (Merchan Sanchez-Jara et al., 2024,
O’Leary, 2025). Thus, the integration of digital
pedagogy and Al tools should be understood
not simply as a technological innovation but
as a methodological transformation, one in
which educational traditions are interwoven
with emerging practices, preparing learners
for music education attuned to the realities of
the twenty-first century.

Against this conceptual and empirical
background, the present study advances the
discussion by examining the use of Solfy at the
pre-vocational level—an educational stage
less frequently explored in the international

literature—thereby contributing new insights

into how Al
development while complementing traditional

can support ecarly vocal
pedagogical methods.

Unlike previous studies that primarily
examined Al integration at university or
advanced levels, the present study focuses on
the pre-vocational stage, contributing new
empirical insights into how Al can support

early vocal development.

Demonstration of using Solfy

in a classic musical development

The example below demonstrates the pos-
sibility of integrating the Solfy (an Al-based
digital tool) into individual vocal training. This
case shows not only the participant’s technical
progress but also the motivational and self-
reflective dynamics associated with learning
by the example of a 14-year-old student pre-
paring for admission to a vocational high
school with a music specialization. Ethical
considerations were carefully observed: in-
obtained from the
the
voluntarily agreed to take part in the

formed consent was

student’s parents, and participant
diagnostics and development. The research
was conducted in line with institutional ethical
guidelines for studies involving minors.
Written parental consent and participant
assent were obtained prior to data collection,
and all data were anonymized.

At baseline, her competence level was
characterized by unstable intonation, limited
breath control, and reduced experience in
repertoire performance.

The intervention extended over three

months (March—May 2024) and was struc-
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tured into two successive stages. The first
established
including  breathing

stage  involved traditional

methods, exercises,
intonation and solfége training through the
Kodaly method, and rhythmic activities
The

second stage introduced the Solfy application,

inspired by Dalcroze eurhythmics.
an Al-based educational tool that provides
instant feedback on intonation and rhythm,
monitors error typologies, and offers moti-
vational reinforcement through orchestral ac-
companiment.

Data were collected using a combination of
complementary methods:

* direct observation of practice sessions;

* audio recordings taken at the beginning

and end of the intervention;

* Solfy-generated reports documenting the
frequency and typology of errors;

* the participant’s reflective journal, where
she recorded perceptions of progress and
motivation.

The analysis combined qualitative and
quantitative procedures. Vocal performances
were comparatively assessed at baseline and
post-intervention; intonation errors and tonal
stability were quantified using Solfy’s ana-
Iytical reports; and information derived from
observation and journaling was triangulated to
strengthen interpretive validity. Pitch stability
was assessed through Solfy-generated feed-
back. No external measurement tools (e.g.,
acoustic analysis software) were employed,
and results are presented as estimates. This
mixed-method approach provided a compre-
hensive view of the effects generated by integ-
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rating the application into the learning pro-
cess.

The analysis of the collected data revealed a
marked and consistent improvement in the
participant’s vocal performance across the
intervention. During the initial stage, which
relied exclusively on traditional methods,
progress was modest: breath control im-
proved slightly, and isolated sounds were
intoned more accurately. However, persistent
difficulties with tonal stability and fluent
repertoire performance highlighted the limi-
tations of training based solely on con-
ventional techniques.

By contrast, the introduction of the Solfy
application represented a turning point in the
learning trajectory. Instant visual and auditory
feedback enabled rapid error correction, while
application-generated reports provided an
objective basis for monitoring progress. As
shown in Figure 1, the percentage of correctly
intoned notes increased from an estimated
30% in Lesson 1 (Recording #35) to 100% in
Lesson 12 (Recording #558), with incorrect
and approximate notes eliminated. This
progression demonstrates a substantial gain in
vocal-technical accuracy. Percentages shown
in Figure 1 are derived from Solfy’s visual
feedback reports and should be understood as
estimates of pitch accuracy, rather than
precise acoustic measurements.

The Solfy performance scores further cor-
roborate these results. As illustrated in Figure
2,
(Recordings #241-388) consistently scored
0%, reflecting intonational instability. How-

repeated attempts during early May
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Figure 1. Progression of Pitch Accuracy in Solfy.
Source: Authors
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Figure 2. Progression of Solfy Performance Scores.
Sonrce: Authors
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ever, by May 19 (Recording #558), the
participant achieved a score of 100%,
indicating complete alignment with pitch
targets. This sharp improvement suggests that
iterative practice, reinforced by instant
feedback, supported rapid consolidation of
vocal control.

Beyond technical accuracy, the intervention
fostered learner autonomy and self-regulation,

directly addressing the evaluation of self-

monitoring and feedback impact. The pos-
sibility of repeating exercises until mastery,
combined with visual progress tracking and
orchestral rewards, created a strong sense of
control over personal development. In her
reflective journal, the participant described
Solfy practice as “clearer, faster, and more
motivating,” a finding consistent with recent
studies emphasizing Al’s role in supporting
self-regulation and reducing performance
anxiety (Li et al., 2025; Zhang & Zhang, 2024).
The results also confirm that Al complements
rather than replaces the teacher’s role - so this
method, corresponding to the needs of peda-
transferability. The

demonstrated that traditional methods such as

gogical intervention
breathing and solfege remain essential but are
amplified by instant feedback and self-
monitoring. In this respect, Solfy acted as a
“pedagogical mediator,” enabling indepen-
dent practice without undermining corrective
rigor. This conclusion echoes Pop-Sarb’s
(2021) emphasis on the value of digital tech-
nologies as pedagogical support and resonates
with Popean’s (2022) caution against over-
reliance on technology at the expense of
artistic authenticity.

Similar to recent studies and global trends,
the present case shows that Al platforms can
accelerate learning (Merchan Sanchez-Jara et
al, 2024), stimulate autonomy (O’Leary,
2025), and democratize music literacy through
accessible interactive resources (Muntean,
Weidenfeld, & Koren, 2022). Nonetheless,
the experiences also highlight contextual
factors—such as the learner’s initial com-
petence, selected repertoire, and teacher
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readiness—that mediate effectiveness. These
convergences underscore that findings from a
Romanian pre-vocational context are consis-
tent with global trends, suggesting trans-
ferability across cultural settings.

Moreover, the experiences support the view
that Al tools like Solfy can function as vectors
of music literacy. By combining singing with
(self-)evaluation, the application extends
beyond technical skill development to foster
music reading and score comprehension. This
aligns with ISME 2022 findings (Muntean &
Koren), which demonstrated that self-singing
solfége contributes to democratizing music
literacy from the early years of schooling.

In summary, the experiences converge on two
key directions:

* The responsible integration of Al in music
education can accelerate technical progress
and strengthen learner autonomy.

* The

methods and digital applications provides a

complementarity of traditional

foundation for an integrative pedagogical
model, where music literacy becomes more

accessible, personalized, and reflective.

Conclusions

The Al-based Solfy application can produce
positive effects on both vocal-technical
progress and learner autonomy at the early
stages of vocational training. Instant feedback,
self-monitoring, and reward mechanisms
contributed to an accelerated pace of learning
and enhanced confidence in personal abilities.
The experiences confirm that digital solutions

do not replace traditional methods of music

education but rather complement them,
amplifying the teacher’s role. Instead of
diminishing the importance of the instructor,
applications such as Solfy extend the range of
pedagogical intervention and create favorable
conditions for differentiated and personalized
instruction. This perspective aligns with
international literature emphasizing the role of
Al in accelerating learning, fostering self-
regulation, and democratizing music literacy
(Li et al., 2025; Merchan Sanchez-Jara et al.,
2024; Muntean, Weidenfeld & Koren, 2022).

The introduced example demonstrated,
music literacy can be advanced by combining
singing with Al-assisted (self-)evaluation,
thereby opening opportunities for broader
democratization of access to music literacy.
Al technologies can simultaneously support
the development of musical and digital
competences, an aspect particularly relevant
within the current European and international
educational landscape.

Several directions for future development
these Methodo-
logically, larger-scale studies are needed to

emerge from findings.
confirm the identified tendencies and to build
scalable pedagogical models. Practically, Al
integration could be explored beyond vocal
training, extending to instrumental accom-
paniment, improvisation, and Al-assisted
creativity. Organizationally, the study under-
scores the necessity of continuous profess-
sional development programs to prepare
teachers for the responsible and effective use
of digital tools. From the aspects of future
research, the Al impacts on diagnostics and
development in the area of music pedagdgy,
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and the systematic integration of Al into
formal curricula can be investigated, thereby
enriching classroom practice and advancing
the dialogue on music education in the digital
era.

Opverall, the contribution of this study is to
demonstrate that tradition and innovation are
not mutually exclusive but can be articulated
within an integrative pedagogical framework.
The integration of Al applications such as
Solfy offers a genuine opportunity to design
music education that is more accessible, motre
personalized, and more reflective, attuned to
the cultural realities and educational demands
of the twenty-first century.

Authors’ Note

This article was prepared by the authors,
with support from Al-assisted tools used
exclusively for language refinement, biblio-
graphic verification, and editorial consistency.
All conceptual design, analysis, and inter-
pretation remain the authors’ original contri-
bution.
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Absztrakt

A Nemzeti Tehetségprogram és a Kulturalis és Innovaciés Minisztérium Osszesen 3
590 000 forintos tamogatasaval az Eszterhazy Karoly Katolikus Egyetem (EKKE)
Pedagdgiai Kara a 2025/2026-0s tanévben valdsitja meg a ,,Pedagigia a mesterséges
intelligencia fényében és arnyékaban (nem csak) a STEM tantargyak esetében” cim@
tehetséggondoz6 programot (palyazati azonosité: NTP-TEHETSEG-25-0142). Ez a
tanulmany a projekt mesterséges intelligencia (MI) technolégiaval valé kapcsolatat
foglalja Gssze.

Kulcsszavak: mesterséges intelligencia, tehetség

Diszciplinak: pedagégia, pszicholégia, informatika

Abstract

AI AND THE NTP-TEHETSEG-25-0142 PROJECT

With the support of the National Talent Program and the Ministry of Culture and
Innovation totaling HUF 3,590,000, the “Pedagogy in the Light and Shadow of Artificial
Intelligence (not only) in the Case of STEM Subjects” talent management program
(application ID: NTP-TEHETSEG-25-0142) will be implemented in the 2025/2026
academic year by the Faculty of Pedagogy of the Eszterhazy Karoly Catholic University
(EKKE). This study summarizes the connection of the project with artificial intelligence
(AI) technology.

Keywords: artificial intelligence, talent

Disciplines: pedagogy, psychology, informatic

Az NTP-TEHETSEG-25-0142 palya-  6ras complex tehetséggondozé programot
zati azonositészamu projekt cime: ,,Peda-  magiba foglalé projekt mesterséges Intelli-
gobgia a mesterséges intelligencia fényében  gencia (MI) technolégiaval kapcsolatos vo-
és arnyékaban (nem csak) STEM targyak  natkozasai kertilnek 6sszefoglalasra.

esetében”. A projekt az Eszterhazy Karoly
Katolikus Fgyetem Pedagégiai Kara szer-

vezésében valosul meg 2025. szeptember Digitalis kompetenciafejlesztés

1. és 20206. augusztus 31. k6z6tt a Nemzeti - kiilonds tekintettel a mesterséges
Tehetség Program és a Kulturdlis és In- intelligencia hasznalatara

novaciés Minisztérium 3 590 000 Ft 6sz- A projekt révén megvalosulé dusito,

szegl tamogatasaval. Az alabbiakban a 60  gazdagité tehetséggondozo program egyik
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lényeges célja, hogy a résztevevék felkészi-
tése arra, hogy mire és miként tudjak haté-
konyan és etikusan hasznalni a napjaink-
ban ingyenesen elréheté mesterséges intel-
ligencia alapu alkalmazasokat: a) kézépis-
kolas tanuloként, b) leend6 (talan pedago-
gusképzésben résztvevs) egyetemi hallga-
toként, c¢) pedagégusként (amennyiben va-
l6ban pedagoguspalyara kertlnek).

Cél, hogy a résztvevék megsimerjék a
mesterséges intelligencia hasznalataval jard
elényoket, hatranyokat, veszélyeket és le-
hetéségeket — annak érdekében, hogy a
mesterséges intelligencia etikus és szak-
szerl felhasznal6iva valhassanak akar ta-
nul6i/hallgatél, akir pedagdgus/oktatd

szerepkoreikben is.

Moédszertan

A mesterséges intelligencia (MI, artificial
intelligence) a tanuldk, hallgatok, peda-
gbgusok szamara egyarant hasznos eszkoz-
nek tekinthet6, melynek szakszert és
etikus hasznalatira azonban még képezni
szitkséges a felsorolt potencialis felhaszna-
lokat. Az Eszterhazy Karoly Katolikus
Egyetem Pedagdgiai Kara oktatéinak mes-
terséges intelligencia targya publikacioi,
kutatasi és oktatasi tapasztalatai (ldsd
példaul Prof. dr. Szits Zoltan, Dr. Mezé
Ferenc publikacios listajat a www.mtmt.hu
oldalon) jelen palyazat keretében is hasz-
nositasra kertilnek.

A tehetséggondozé foglalkozas-sorozat-
ban digitdlis kompetenciafejlesztés egy-
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részt a szévegszerkesztés, tablazatkezelés
és prezenticiokészitést segité szoftverek
hasznalatira fokuszal, masrészt a virtualis
kiallitasok tanulasi/tanitasi hasznalati lehe-
téségeit jatja koril, harmadrészt a mester-
séges intelligenciaval kapcsolatos aldbbi
témakoroket érinti:

1) A mesterséges intelligencia alapfogal-
mai;

2) Mesterséges intelligencia a STEM tar-
gyakkal (is) kapcsolatos forraskuta-
tasban;

3) Mesterséges intelligencia a STEM tar-
gyakkal (is) kapcsolatos kivonatok ké-
szitésében;

4) Mesterséges intelligencia a STEM
targyakkal (is) kapcsolatos ismere-
tek(6n)ellendrzésében;

5) Mesterséges intelligencia a STEM
targyakkal (is) kapcsolatos prezenta-
ciok Gsszeallitasaban.

A minimalisan szikséges elméleti ala-
pokat el6adas formajaban kapjak meg a
résztvevdk, de a digitalis kompetenciafej-
lesztés dontbrészben (90%-ban) gyakorlati
jellegl, a szoftverek, mesterséges intelli-
gencia alkalmazasok kézvetlen hasznalatan
alapul. E kompetencidikat Osszetett mo-
don proébalhatjak ki a gyakorlatban, példaul
a projekt keretében szamukra biztositott
nemzetkdzi interdiszciplinaris  konferen-
ciakon. Igy példaul 2025. december 5.-én
lehetéség nyilt arra, hogy 30 tanul6 részt
vehessen a ,Kreativitdis — FElmélet és
gyakorlat (2025)” Nemzetkozi Interdisz-
ciplinaris Konferencian (Mez8, 2025), a-
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hol nemcsak a tudomanyos stilusd esz-
mecserét, hanem az azzal kapcsolatos
digitalis eszkozhasznalatot és a mester-
séges intelligencia alkalmazast is megfigyel-
hették.

A digitalis kompetencia fejlesztése (mes-
terséges intelligencia tanulds/tanitasi célu
hasznalata, tanulds-, tanitas- és kutatas-
modszertani fejlesztés a STEM  targyak
vonatkozasaban, szévegszerkesztd, tabla-
zatkezel6, prezentaciokészits, virtualis ki-
allitas-kezel6 szoftverek tekintetében) te-
hat sajatélmény biztositasaval torténik
meg,.

A foglalkozassorozat nem titkolt célja a
mesterséges intelligenciaval kapcsolatos
pozitlv iranyu attitGdformalas és kompe-
tenciafejlesztés is.

Zar6é megjegyzések

A mesterséges intelligenciara fékuszald
programelemek hatasara a résztvevok eti-
kusan és hatékonyan fognak tudi hasz-
nalni:

a) szOvegszerkeszt6 szoftvert;

b) tablazatkezel6 szoftvert;

©) prezenticiokészitést segité szoftvert;

d) virtualis kiallitast kezel6 szoftvert;

e) mesterséges intelligencia alapu alkal-

mazasokat.

E digitalis jartassagok és mesterséges
intelligenciat érinté felhasznal6i tapasz-
talatok mind a STEM, mind a pedagé-

gusképzés felé orientdl6d6 tanuldk sza-
mara j6l hasznosithaték a jGvében.

Lényeges tovabba, hogy a projektben
résztvevd tanuldk énképébe épiljon be,
hogy 6k a pedagégiai palya, azzal kap-
csolatban a STEM targyak és a mesterséges
intelligencia hasznalata irant érdekl8dé, e
teriileteken legalabb kortarsaikhoz képest
kimagaslé  teljesitményeket elérni képes
személyek, akiket e tulajdonsagaik, telje-
sitményeik miatt (is) szocialis kérnyezetik
(kortarsak, pedagdgusok, csalad) tehetsé-
gesnek tart.

Koszonetnyilvanitas

A ,,Pedagbgia a mesterséges intelligencia
fényében és arnyékaban (nem csak) STEM
targyak esetében” cimd (NTP-TEHET-
SEG-25-0142 azonositészamu) projektet a

Nemzeti Tehetség Program és a Kulturalis
és Innovaciés Minisztérium 3 590 000 Ft

Osszeggel tamogatta. A tdmogatast ezuton

is k6szonjik!

()

0'.‘.

w4 Nemzeti Tehetség
OO

1 ',",o' Program

! KULTURALIS ES INNOVACIOS
MINISZTERIUM
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SHORT REPORT ABOUT THE ‘LEARNING AND SOCIETY (2025)
CONFERENCE AND THE MEC-SZ-24-149026 PROJECT

Mez6, Ferenc (Ph.D.)

0zi Konferencia 7

LEARNING AND SOCIETY

Interdisciplinary International Conference

PN 5 025. oktober 03-05.

Registered

Country person Author Presentation
Mecenatira ° @ @
Regisztralt
Orszag személy Szerzé Prezentacié
byt Mecenatira
—m  MTA CUUE . PROJECT
Moo Ratidas, oot o Tonavicie Aot sk bocknen Toomogats Okiat syt visbou mag. Piygonn ssomoat FINANCED FROM
e
1D: MEC S 24_149026 it o HUNGARY THE NRDI FUND
“Learning and Society (2025)” Inter- issued by the National Research,

national Interdisciplinary Conference was
held in Eger, between October 3-5, 2025,
in the main building of Eszterhazy Karoly
Catholic University, as one of the events
aimed at celebrating the 200th anniversary
of the Hungarian Academy of Sciences.
The project is implemented with the
of the National Research,
Development, and Innovation Fund of the

support

Ministry of Innovation and Technology
and on the basis of the Grant Certificate

Development, and Innovation Office.
Project ID: MEC-SZ-24-149026.

About the conference

Based on preliminary registration data,
182 people from at least nine countries
(Cambodia, the Netherlands, China,
Hungary, Malaysia, Serbia,
Slovakia and Ukraine) registered for the

Romania,

event, at which 194 authors (including 12

who were not registered by the conference
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but were listed as co-authors) presented a
total of 141 presentations in 13 sections.
The presentations were public.

Four public plenary lectures were:

* Horak, Rita (Prof. PhD; Serbia): The
Responsibility of Education in Environ-
mental Protection: Perspectives from Set-
bia.

* Nagy, Melinda (Dr. Habil. PaedDr.;
Slovakia): Learning and Society: Expert
Dialogues and Community Engagement in
Addressing Local Challenges

* Pasztor, Rita (PhD; Romania) and Gal,
Katalin (PhD; Romania): Promoting Stu-
dent Success and Equal Opportunities:
Needs Assessment for the Foundation of
Disadvantage Compensation Programs in
Secondary and Higher Education

* Mez6, Ferenc (PhD; Hungary) and
Mez6, Katalin  (PhD; Hungary): The
OxIPO Project: increasing the human
information processing performance

Accompanying programs were:

* 2025.10.03-05.: Art and Poster Exhi-
bition

* 2025.10.03., 18.10-18.30: Military his-
tory model exhibition

¢ 2025.10.04., 9.00-10.00: Filming, inter-
views

* 2025.10.04., 16.30-17.30: Science show
in the astronomy tower

¢ 2025.10.04., 18.00-19.00: International
Learning Research Network
e 2025.10.04., 20.00-22.00: Conversation
circle with Dudis Eva, Halasi Szabolcs,
Juhasz Daniel, Mez6 Ferenc, Nagy Kandsz

Viola, Papp Zoltan, Pintér Krekic Valéria,
Udvaros Anna, Udvaros Borbala, Varga
Zsolt.

* 2025.10.05., 10.30-12.00: “Innovation
— from the aspect of learning and society”
workshop

* 2025.10.05., 14.00-16.00: Organizing
Committee Meeting

Organizing Committee

The Head of the Organizing Committee
was Ferenc Mez6 (Ph.D., Eszterhazy Ka-
roly Catholic University, Hungary).

The Members of the Scientific Com-
mittee were:

* Gal, Katalin (Ph.D., Partium Christian
University, Romania)

* Hanak, Zsuzsanna (Habil., Ph.D., Esz-
terhazy Karoly Catholic University,
Hungary)

* Horak, Rita (Prof., Ph.D., University of
Novi Sad, Serbia)

* Mez6, Katalin (Ph.D., University of
Debrecen, Hungary)

* Mogyor6si, Zsolt (Ph.D., Eszterhazy
Karoly Catholic University, Hungary)

* Muntean, Loredana (Ph.D., Universi-
tatea din Oradea, Romania)

* Psendkova, Ildiké (Habil.,,Ph.D., Trnava
University in Trnava, Slovakia)

* Szabd, Tibor (Ph.D., Constantine The
Philosopher University in Nitra, Slo-
vakia)

* Szaboné, Balogh Agota Marta (Ph.D.,
Gal Ferenc University, Hungary)
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* Sztts, Zoltan (Ph.D., Eszterhazy Karoly
Catholic University, Hungary)

¢ Ujtaludi, Laszl6 (Ph.D., Prof.emeritus,
Eszterhazy Karoly Catholic University,
Hungary)

* Varga, Zsolt (Ph.D., University of Deb-
recen, Hungary)

The members of the event organizing
group were the next coworkers of the
Eszterthazy Karoly Catholic University
(Hungary)

* Gal, Tibor (Eszterhazy Karoly Catholic

University, Hungary)

* Kormos, Adam (Eszterhazy Karoly

Catholic University, Hungary)

* Oszlanczi, Krisztina (Eszterhazy Karoly

Catholic University, Hungary)

* Té6th, Adam (Project Manager, Project

Management Group)

* Roman, Eniké (Finance Manager,

Project Finance Group)

* Varga, Ferenc (Head of Department,

Communication Department)

* Berecz, Adrienn (Event Planner, Com-
munications Group)

* Bir6, Tinde (Graphic designer)

* [256f, Rebeka (Event Planner, Com-

munications Group)

The volunteer student helpers were the
following psychology students of the
Eszterhazy Karoly Catholic University
(Hungary):

* Csajbok, Gabor
* Hegedis, Marcell

* Szabé, Klara

* Cz. Té6th, Csenge Flora
* Bodnar, Aliz

* Szentgyorgyi, Kitti

Chairmen of the sections were:

* Section 1:  Szabéné Balogh, Agota
(PhD) and Szabé, Tibor (PhD)

* Section 2: Szts, Zoltan (Prof., PhD)
and Mogyorési, Zsolt (PhD)

* Section 3: Gdl, Katalin (PhD) and
Hanak, Zsuzsanna (PhD, Habil.)

* Section 4:  Hordk, Rita (Prof., PhD)
and Mez6, Katalin (PhD)

* Section 5: Miiller, Anetta (Prof., PhD)
and Urbinné Borbély, Szilvia (PhD)

* Section 6:  Mez§, Katalin (PhD) and
Mez6, Ferenc (PhD)

* Section 7:  Bogardi, Tinde (PhD) and
Frank, Tamas (PhD)

* Section 8: Psenakova, Ildiké (PhD,
Habil.) and Simandi, Szilvia (PhD,
habil.)

* Section 9:  Psenakova, Ildiké (PhD,
Habil.)) and Ps$endk, Peter (PhD)

* Section 10: Vida, Gergé (PhD) and
Mikelayi, Wumaier (Drs)

* Section 11: Ujfaludi, Laszlé (Prof. CSc.)
and Muntean, Loredana (PhD)

* Section 12: Lestyan, Erzsébet (PhD) és
Kés, Noéra (PhD)

* Section 13: Mez6, Ferenc (PhD)

Products

Products of the MEC_SZ_24 149026
project are:

1) The URL of the project webside is:
https:
konferencia/hirek

uni-eszterhazyv.hu/tanulas-
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2) "Learning and Society" Interdis-
ciplinary International Conference (Eger,
October 3-5, 2025). 194 authors from 9
countties took part in the event, and 141
presentations were presented in 13
sections.

3) The e-brochure containing the
program and abstracts of the "Learning
and Society" Interdisciplinary Inter-
national Conference was published. Bib-
liographic data: Mez6 Ferenc (Szerk.)
(2025): Tanulds és tarsadalom (2025) —
Program és absztrakiok. EKKE, Eger. URL:
https:
eszterhazy.hu/8888/1 /absztr teljes.pdf

4) A 152-page (A4 size) e-publication
summarizing the project was published.
Bibliographic data: Mez6 Ferenc (Szerk.)
(2025): Tanulds és tarsadalom (2025) —
Valogatott tanulmdanyok. EKKE, Eger URL:
https://publikacio.uni-

esztethazy.hu/8883/1/tanulmanykotet.pdf
5) The short film related to the

Interdisciplinary International Conference

publikacio.uni-

"Leatning and Society" was released on
the project website. URL:
https:

2c92kmgw
6) 14 online news reports about the

www.voutube.com/watch?v=sdn

project have been published on the
project website.

7) Invitations to the "Learning and
Society (2025)" conference were publish-
ed in the following journals and issues:

* Kilonleges Banasmad folydirat, 2024 /4.

* Kilonleges Banasmad folydirat, 2025/1.
* Kilonleges Banasmad folydirat, 2025/2.
* Kiilonleges Banasmaéd folyéirat, 2025/3.
* Kilonleges Banasmad folydirat,2025/S1
* OxIPO folydirat, 2024/4.
* OxIPO folydirat, 2025/1.
* OxIPO folydirat, 2025/2.
* OxIPO folydirat, 2025/3.
* Mesterséges intelligencia folyoirat, 2024/2.
* Mesterséges intelligencia folydirat, 2025/1.
* Lélektan és hadviselés folyoirat, 2024 /2.
* Lélektan és hadviselés folydirat, 2025/1.

8) A report on the event was published in

the following journals:

* OxIPO folyéirat, 2025/4.

* Mesterséges intelligencia folyoirat,
2025/2.

* Lélektan és hadviselés folydirat, 2025/2.
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A GABOR DENES EGYETEM MIT ES A STRT HOLDING INGYENES
ONLINE MI TANANYAGA

Forras: https://mijovunk.hu/

Gabor Dénes Egyetem

Q Mesterséges Intelligencia Tudaskozpont

A mesterséges intelligencia egyre na-
gyobb hatassal van az életinkre, a mun-
kankra és a kozigazgatasra is. Hamarosan a
mindennapjaink szerves része lesz — ezért
fontos, hogy Te is felfedezd, milyen
lehetSségeket rejt szamodra.

Készitettiink egy ingyenes kurzust, a-
mellyel mind6ssze 3 6ra alatt megismer-
heted, megértheted és elkezdheted haté-
konyan hasznalni ezt a forradalmi techno-
logiat. A végén még mikrotanusitvanyt is
szerezhetsz.

A 3 6ras ingyenes képzés 2025.06.06. —
2026.08.31. kozott érhet6 el a ,,Regisztra-
ci6” mentiponton keresztil:
https:
A nyitva all6 1d6 alatt a képzés barmikor

mijovunk.hu

elvégezhetd.

A képzés a feln6ttképzésrdl szolo 2013.
évi LXXVII. (tovabbiakban: Fktv.) to1-
vény szerinti feln6ttképzés, mely mikro-
tandsitvannyal zarul.

A felnéttképzési mikrotanusitvany olyan
révid id6tartami képzés elvégzését igazold
dokumentum, amely képzésnek a tana-
nyaga a szakképzési térvény szerinti tan-
kényvjegyzékben szerepel.

Ezeknek a képzéseknek a munkaerépiaci
értékét nem a konkrét képz6 intézmény,
hanem a mikrotanusitvanyt adé képzés
akkreditalt tananyaga adja, ugyanakkor a
mikrotanusitvany szakképesitést és szak-
képzettséget nem igazol.

139


https://mijovunk.hu/
https://mijovunk.hu/

MESTERSEGES INTELLIGENCIA

Mirdl fogok tanulni?

Bevezeto

45 perc

Hogyan jutottunk iddig? Az MI térténete,
mukodése és jelenlegi helyzete.

Ml eszkozok

90 perc

Hogyan hasznéld az MI-t munkdaban,
tanuldsban és a hétkdznapokban - eszkdzok,

Az Ml hatasa

45 perc

Milyen hatasa van az MI-nek a vilagra? Etika,
biztonsdg, gazdasag és a jové kihivasai.

promptolds, gyakorlati példdk.

Bejelentkezés
A képzés irant érdekl6dé személy re-
gisztral a www.mijovunk.hu weboldalon az

ott meghatarozott feltételek mentén.

Regiszracios folyamat

A képzés irant érdekl6d6 személy a
www.mijovunk.hu weboldalon elfogadja
az ASZF-et, megadja a személyes adatait,
valamint megteszi a sziikséges nyilatkoza-
tokat az Fktv.-ben és az ASZF-ben leirtak
szerint. A regisztracids folyamat végén a
feln6ttképzé a képzésben részt vevd altal
megadott e-mail cimre megkiildi a képzés
elektronikus elérhet6ségét, azonban fon-
tos informacid, hogy ez még nem mindsiil
a jelentkezési folyamat eredményes végle-
gesitésének.

A jelentkezési folyamat eredményes vég-
legesitése: A jelentkezés soran megadott
adatok az Fktv. szerinti feln6ttképzési
ellenbrzésre

adatszolgaltatas  keretében

kertilnek, és amennyiben ez az elektro-

nikus ellen6rzés sikeres volt, és az adatok
megfelelnek a valdésagnak, ugy a sikeres
jelentkezésr6l a rendszer visszaigazoldst
kiild a jelentkezének.

Képzés ismertetd

maganszemélyeknek

Bizonytalan vagy elutasité vagy az MI-
vel kapcsolatban? Netan felismerted mar a
benne rejlé lehetGségeket, és szeretnéd
masokkal is megosztani ezt a tudast, meg-
gy6zni kornyezeted az MI megismeré-
sének fontossagardl?

A Gabor Dénes Egyetem (GDE) me-
sterséges intelligencia ingyenes online kép-
zése segitséget nyujt Neked, hogy fel-
fedezd a Mesterséges Intelligenciat (MI),
vagy a mar meglévé tuddsod birtokaban
masokkal is hitelesen megismertesd ezt a
rendkivill izgalmas 4j vildgot.
Intézményiink (GDE), az online képzések
szakért6je, most egy kiilonleges lehets-
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séget kinal: az egyetemiink Nexius rend-
szerébdl barhonnan elérhetd, hiaromoras
online tananyag bevezet a mesterséges in-
telligencia kilonleges és rohamosan fejls-
dé vilagiba. Az ingyenes képzés elvég-
zésével felnGttképzési mikrotanusitvanyt
szerezhetsz, amely igazolja az MI kép-
zéstink elvégzését és a tudas elsajatitasat.

Mit kinal a tananyag azoknak, akik
elvégzik a képzést?

* Els6 rész — Az MI alapjai és fejlédése:
Megismerheted, mi is valéjdban a mes-
terséges intelligencia, és hogyan jutottunk
el a mai, lenyligbz6 eredményekig.
Misodik
mivészete: Pelfedezheted a promptolas
(az MI-nek adott utasitasok) logikajat és
tovabba

rész

A promptolas

egyszeri  alkalmazhatdsagat,
szamos gyakorlati alkalmazason keresztil
— tobbek kozott az oktatisban, a mun-
kahelyen és a mindennapokban — képet
kapsz ennek hasznossagardl.

* Harmadik rész — Az MI a gyakotlatban
és a jovGben: Betekintést nyersz abba,
hogyan hasznaljak mar ma az MI-t olyan
terileteken, mint az ugyvédi munka, az
informatika, a szoftverfejlesztés, a bank-
szektor vagy az orvostudomany, és milyen
tovabbi fejlédésre szamithatunk. Ebben a
részben hivjuk fel figyelmedet az MI-vel
kapcsolatos esetleges veszélyekre és azok
elkeriilésének lehet&ségeire, illetve a kdve-
tend6 etikai kérdésekre is.
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Kinek szdl ez a képzés?

Azoknak, akik:

* még nem ismerik az MI-t: A kurzus
tokéletes kiindulopont, ha szeretnéd meg-
érteni, mirél szél a mesterséges intelli-
gencia, és hogyan befolyasolja az életlinket.

* clutasitjak az MI-t: Adj mégis egy esélyt
a megismerésnek! A tananyag segit el-
oszlatni a tévhiteket, bemutatja az MI
elényeit és a kockazatok kezelését is.

* mar ismerik az MI-t, és meggy6znék a
kornyezetiiket: A képzésbdl 6tleteket me-
rithetsz, hogyan kommunikalj hatékonyan
az MI-r6l, és hogyan 6szt6nozz masokat is
a tanulasra és az MI fel6ségteljes hasz-

nalatara.

Miért kiilonésen hatékony a GDE
ingyenes online MI képzése?

Mert a nemzetkGzi szinten a legkor-
szerdbb és legrugalmasabb tanulasi plat-
formok egyike, amelyben:

* az online tanfolyam és tananyag le-
hetévé teszi, hogy a résztvevék sajat
tempdjukban  és idSbeosztisuk szerint
tanuljanak, {gy a tanulds kénnyen beilleszt-
het6 a mindennapi életbe — akar munka
vagy csaldd mellett is.

* 2 GDE Nexius keretrendszere biz-
tositja a kivald mindségl videds elbada-
sokat (oktatd, prezentacio, és ha kell, akkor
a tabla el6adassal szinkron képét is) inter-
aktiv funkcidkkal (pl. tébbek kézott egyéni
jegyzetelés, keresési lehetéség akar az ok-
taté altal kimondott szavakra is).



MESTERSEGES INTELLIGENCIA

* az egyedilallé vizualitas, letlthetS pél-
dak és illusztraciok segitik a megértést még
azok szamara is, akik kevésbé technikai

beallitottsaguak.

Az MI nem a gépek fenyegetése —
hanem egy uj eszk6éz a mindennapi
élet, munka és tanulas tamogatasara.

A tananyag készit6i

* Gabor Dénes Egyetem Mesterséges
Intelligencia Tudaskézpont: a tébb mint
30 éve az oktatas élvonalaban levé - Gabor
Dénes Egyetem hozta létre tobbek kézott
azzal a céllal, hogy aktiv, vezetS szerepet
vallaljon a mesterséges intelligenciaval kap-
csolatos tudasmegosztasban és edukacio-
ban.

* STRT Holding Nyrt.: Magyarorszag
legaktivabb startup befektet6je és megha-
tarozé vezetSképzdje, akik abban hisznek,
hogy ,,egy orszag sorsit hosszu tavon a
vallalkozoi, vallalatai hatarozzak meg”.
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Ne halogasd,
csatlakozz most
a képzéshez, és
szerezzél
versenyel6nyt a jovO

digitalis vilagaba!



MESTERSEGES INTELLIGENCIA

FELHIVAS
INTERDISZCIPLINARIS JUNIOR KUTATOCSOPORTBA
TORTENO BEKAPCSOLODASRA

f(ézépiskolésok, BA, BSC, MA, MSC, PHD hallga‘iék szamara lehe-
téséget adni'a sajat d.iszciplinzijukon ativel6 kutatasokba bekapcsolédasra,

publikaciokat megjelentetésére, nemzetkozi konferenciarészvételre.

A bekapcsolddassal jardé haszon
A részvétel a bekapcsolodok szamara
azért hasznos, mert:
a) 6sztondijak, palyazatok soran érvénye-
sithet6 (publikacio,
konferenciael6adas) lesznek,

teljesitményei

b) sajat témajaban kutathat és azt gaz-
dagithatja kutatétarsai szaktudasat is
felhasznalva,

) életrajzaban is j6l mutaté bejegyzést
kap,

d) szakmai kapcsolatrendszere béviil,

e) ingyen vehet részt nemzetkozi kon-
ferenciakon,

f) ingyen publikalhat Open Access (nyilt
hozzatérésti) kiadvanyokban.

Feladatok

A résztvevé feladata a kdvetkez6 lesz:

1) Jelentkezés a csoportba (a felhivas
végén lathat6 linken keresztil)

2) A csoport alakuld ilésén (személyes
vagy online) részvétel a kozos kutatisi
téma kialakitasaban. Példdul: kordbbi ha-
sonlé csoportban pszichologia, jogtudo-
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many, gazdasagtudomany és orvostudo-
many szakos hallgatok fordultak sajat szak-
juk fel6l k6zos érdeklédésbe vagd kérdé-
sekhez.

3) 10 perces prezentacioval ingyenes
részvétel a minden év decemberében
megrendezésre kerils ,,Kreativitds — El-
mélet és Gyakorlat Nemzetk6zi Interdisz-
ciplinaris Konferencia” cimd rendezvé-
nyen. Magyar vagy angol nyelvii el6a-
dasokat lehet majd tartani, amirdl két-
nyelvl igazolast allitanak ki a Szervezék.
Az el6adisok téméjat On valaszthatja meg.

4) Min. 1 tanulmany megirasa. A meg-
jelentetést megegyezés szerint folybiratban

vagy szOveggyijteményben tervezzik.

Kiket varunk a programba?

A jelentkezést azoknak a kozépisko-
lasoknak, hallgatéknak, doktoranduszok-
nak ajanljuk, akik:

a) sokoldaltak, s kivancsiak arra, hogyan
tudnak egyiittmikédni kilénbozé tudo-
manyagak képviselSivel;

b) teljesitmény-centrikusak: a részvétel
publikaciékkal, konferencidkon térténd e-
16addsokkal is jar;

¢) tudomanyos karrierjiiket, s széleskort
kapcsolatrendszeritket mar hallgatéként
igyekeznek megalapozni;

d) a hétkéznapi hallgatoi létet kellemes és
hasznos id&toltéssel igyekeznek kiegé-
sziteni;

e) kedvelik a j6 tarsasagot.

Részvételi dij
A programban valé részvétel dij: O Ft.

A program keretében megrendezésre ke-
ril6 nemzetkézi online konferenciakon
torténd részvételi dij: 0 Ft.

A programban torténé folydiratokban,
tanulmanykétetben  térténé  tanulmany
megjelentetésének dija: 0 Ft.

A program egyéb koltséget nem tar-
talmaz, de a résztvevék a sajat kutatdsi
munkdjukkal kapcsolatban esetlegesen fel-

meril6 kéltségeket 6nnalldan fedezik.

Idéigény

A program id6igénye: kb. 2 6ra/alakul6
megbeszélés + sajat titem( kutatas és pub-
likacié iras + konferencidkon valé rész-
vétel.

Amit lehet, elektronikusan oldunk meg,

ezzel cs6kkentve az idSigényt.

Jelentkezési hataridd:
2026. marcius 11.

Jelentkezés modja: bejelentkez6 e-mail
kiildése erre az e-mail cimre:

ferenc.mezol@gmail.com

Szervezd és tamogatok

* KOCKA KOR

W www.kockakor.hu

ILEARN

INTERNATIONAL LEARNING RESEARCH NETWORK

R
y_/

N

y /
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E tehetséggondoz6 program a Kocka
Kor Tehetséggondozé Kulturalis Egyesiilet
és a Nemzetkézi Tanuldskutaté Halozat
(ILEARN) egyuttmtkodése  keretében

valésul meg.
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Kapcsolat, tovabbi informacié
Szakmai vezets: Dr. Mez6 Ferenc
E-mail: ferenc.mezol@gmail.com
Mobil: 06 30 656 1 565
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CODE POETRY PALYAZAT (2026)

(new, poetry)
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A kozlésre alkalmas kédverseket a K+F Stadi
kiadott e-kiadvanyban és/vagy e-folyéi

ft. (www.kpluszf.com) altal

szamokban tesszik kozzé,
illetve angol-magyar kétnye olast adunk a mtrél.

Tovabbi informacié az info om e-mail cimen keresztil kérhetd.

ﬂ kédkoltészetrdl (code ), illetve a kodversekrdl (code poems) hattéranyag,
tmutaté talalhat6 ezekben a cikkekben:

Mezé Ferenc (2023): Code Poetry — avagy: Amikor az irodalom csékot dob az
informatikanak, de 2 esterséges intelligencia elkapja azt a tehetséggondozas

5 i elligencia — interdiszciplinaris folydirat, V. évf: 2023/ 1. szam. 9-19.
doi: 10.35406/M1.2023.1.9

>DO_NOT_FORGET:
> PLEASE.WRITE CODE(POEMS)
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