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Introduction 6d v o d

The proceedings book XXXVIIDIDMATTECH 202 consists of
selected contributions from the conference with the same name which
took place n 3.0 4. Dec. 2025t Trnava University ifrnava

The aim of conference

The aim of the scientific professional conference XXXVIII
DIDMATTECH 2025 is to introduce the latest findings from the field of
the science of materials and technologies, mglugllucational,
information and communication technologies, and enable the participants
to present the results of their own scientific research and professional
activities with a special focus on the didactical aspects of education.

The conference was dg®d mainly for teachers who teach subjects in
the area of technologies, informatics, mathematics, physics, electronics,
sciences and others at different schools and use modern digital
technologiedCT and artificial intelligengeeducation, also for ckoral,
postgraduate, and for talented students.
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Artificial intelligence and new
challengesin education

Umel 8 i ntaelnioye&®n oil ¢
vo vzdel 8van?
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NEW CHALLENGES OF DIGITAL EDUCATION IN
PRACTICE

Pi O ANOAL HU

Abstract: The active, creatve pedagogical use of digital tools and the digital
environment has become an important measure of professional flexibility in
the teaching profession. The methodological innovation of digital education
is a major contributor to many pedagogical successeuyt it is important to
be clear about the pedagogical goals that digital tools are intended and
capable of achieving.

The experience of the last few years, especially in the Covid period, has
shown the personal, technological, methodological and attitudal
shortcomings that have highlighted the anomalies of digital education. One
of these real problems is that the content management and learning tracking
systems used by teachers are not uniform even across school staff, and in
many cases, there is a laakf creative communication between teachers.

The question is, whether we can really increase efficiency, i.e. whether the
technology and methodology used can deliver the greatest pedagogical
OUEAI A8 xEOE OEA 1 AAOO ET OAOGOI AT O 1T &
This requires, however, an examination of the real picture in terms of
methods, programmes and infrastructure.

The latest technologies, such as artificial intelligence, raise further
opportunities and problems. On the opportunities side, in the education
sector, they offer innovative solutions for improving teaching and learning
processes through personalized learning, adaptive learning, or even
intelligent tutors, incorporating a wide range of new tools and techniques.
However, the use and introduction of artifical intelligence in education also
clearly have ethical, professional, and methodological downsides. Although
the advantages and opportunities mentioned above may bring positive
benefits to the entire spectrum of education, we are not yet adequately
prepared for their widespread, constructive, and methodologically wel
founded implementation.

The primary issue regarding the use of artificial intelligence in schools is its
impact on human factors. In Hungary, the majority of teaching staff are
typically over 40, and they do not always identify with the use of new
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technological innovations and are not prepared for rapid changes. Another
problem is that machine intelligence cannot support education
comprehensively; many ethical and scientifiecritical questions arise during
its use. Considering the mixed effects of artificial intelligence on education,
in the long term it may result in the abandonment of general human thinking
and logic.

In my presentation, | will explore these issues and present the results and
conclusions of a survey of teachers.

Keywords: digital education, methodology, digital transition, artifical
intelligence

1. Introduction

Keeping pace with the development of educational technology is virtually
impossible since the methods and devices appeng in the last two decades
radically changed the learning environment, the school infrastructure, and
the competences required for the teaching and learning process for all those
concerned. Atrtifical intelligence is one of the respective examples.

The# EAO' 4080 APPAAOAT AA ET c¢mco xAO
was followed by serious legal, moral, and ethical dilemmas related to
plagiarism, originality, or independent task solving.

Having taken the above issues into consideration, the integrian of Al into
the education process is still controversial and often subject to heated
debate. Opinions tend to clash around the means and frameworks of
educational integration, along with the potential dimensions and benefits of
their use. Another issueis how such development can be beneficial and
useful and easily operable at every level.

It also has to be explored how already existing learning assistance systems
(library) can support the new learning environment in an adaptive way

i 1T OAT R #20)ACI T AER cm

One example of technology assisting the development of new
methodological approaches is gamification. Gamification aims to activate
students generally assuming a passive role in the learning process while
POl i 1TOET C ET OAOAAOEOBOOOHh, Alnc Py AiBT i h
A significant challenge to the effective integration of artificial intelligence in
the teaching and learning process is the profibriented aspect of most of the
presently available educational Al applications. Developers of Al
applications have limited knowledge concerning the learning process and

2 /
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lack the required pedagogical and methodological background (Luckin &
Cukurova, 2019).

#1171 OANOGAT O1 Uh OEEO 1T Ax AAOAAOQETTAI
attitude, preparation level and Atoriented methodological competences
into consideration, not to mention the respective teacher training programs.

We consider teachers the most important stake holders in artifical

intelligence-based learning and we are convinced that their views,

experiences and expectations have to be taken into consideration as a
prerequisite or requirement for a successful application of such technology.
More exactly, in order to assure the pedagogical relevance of Al the
application-related advantages and challenges mugke disclosed.

2. The social impact of artificial intelligence

Erik Brynjolfsson the economist of Icelandic origin asserts that artificial
intelligence will lead to the creation of digital Athens. He argues that the high
living standard and artistic and sholarly output in Athens of antiquity were
made possible by slaves. Consequently, the exchange of slaves te Al
controlled robots would contribute to a wealthy and stressfree society.
(Brynjolfsson; McAffe, 2014).

This paradigm appeared to work in the USAIntil the 1970s as the income
increased in every economic sector, albeit not to the same extent.
Subsequently, the trend changed as while economic expansion continued,
90% of society experienced stagnating incomes and the respective surplus
was realized ly the super rich making up 1% of the population.

Although the causes of this phenomenon could be explained by fluctuating
global market trends, a plausible reason is the emergence of digital
technologies whose benefits were enjoyed primarily by the weleducated,
qualified, and digitally literate segment of society.

The situation is a good illustration of the Collingridge dilemma, a concept
well-known among the advocates of regulating emerging technologies.
When the given technology is new, regulation effés are frustrated by the
lack of familiarity, and after it gains popularity the very embeddedness
presents an obstacle to regulation. Consequently, before the introduction
and propagation, or embedding of a new technology a thorough analysis has
to be performed to attain the highest amount of information possible.
Thus due to the respective changes impacting the labour market a receptive
open-minded attitude is essential.
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In order to minimize the potentially negative social effects especially in the
labour market and promote efficiency during the transitory period it would
be desirable that the artificial intelligence propagationrelated efforts
combine the advantages of human intelligence and cognitive computer
technology. It can hardly be argued that sdal development significantly
lags behind the pace of technological growth and only effective -@peration
between Al and humans can result in an appropriate innovation culture.
The reassessment of the human factor will give rise to the Industry 5.0
philosophy promoting the efficiency of production and service provision in
less time and with a lower percentage of errors.

3. Technology as a Wave

By nature, humankind almost considers it their mission to develop
themselves and their environment, which fuelsthe emergent process of
invention, the desire to make the world a better place.

Our heritage is twofold. On the one hand, we have our genetic heritage, and
on the other hand, we have our cultural heritage, and both shape us.
Technology, the study of makinghings, is a crucial part of our cultural
heritage. The tools, devices, and machines around us have been interwoven
with us and have been educating us since birth. The "engines of our
ingenuity" teach us just as much as a teacher or a book.

Take the smarphone, for example. It is not merely a device; for many, it is
an external cognitive appendage, a memory stor@ decisionmaking aid,
and a social connector. Technology has become an extension of ourselves,
amplifying our capabilities and reshaping our soial® structures.

The technologies that determine the fate of humanity have aided the
development of human society in the form of technological waves. Their
spread is driven by two main forces: demand and the resulting price
decrease, which allows the teanology to become increasingly advanced and
cheaper (Suleyman; Bhaskar, 2014). We can speak of a technological wave
when a generation of a generapurpose technology has a significant impact
on the entire human society and spreads globally and universally.

Their most important characteristics are the following:

1 They fundamentally change the environment and society, meaning
they are widespread and affect every person with all their positive
and negative consequences.
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1 They can be considered complete technoldcpl ecosystems (e.g.,
Uber), intertwined with previous technologies, exploiting their
advantages, and increasing complexity.

1 Their impacts are increasingly significant, their spread is faster,
thus significantly influencing not only the economic but alsahe
natural and social environment; the "revenge effect" may appear,
meaning that as a result of inadequate preparation and
implementation, technology can go against its original goals,
causing serious dilemmas.

1 Symbiosis with previous technological wavesneaning it builds on
earlier technologies, increasing their value and expanding their
areas of use.

THEY FUNDAMENTALLY THEIR IMPACT ON SOCIETY
CHANGE THE IS INCREASINGLY
ENVIRONMENT AND SIGNIFICANT, AND THEIR
SOCIETY. SPREAD IS FASTER.

CHARACTERISTICS
OF
TECHNOLOGICAL
WAVES

THEY CAN BE CONSIDERED
SYMBIOSIS WITH COMPLETE

PREVICUS TECHNOLOGICAL
TECHNOLOGICAL WAVES. ECOSYSTEMS.

Figure 1: Characteristics of Technological Waves

Technological waves typically have three cycles. If we take cars as
an example, initially, no one undestood the applications of this new
technology; it was not considered a great mode of transportation, just a
novel way to get from A to B this was the experimental phase. This was
followed by the expansion phase, when we began to see interesting
innovative use cases, when businesses integrated the technology into their
scope, and the democratization of technology due to increased affordability
and reliability. Finally, we see the transformation phase, characterized here
by the emergence of suburbs, drivén cinemas, and shopping centers.
Essentially, technology began to transform the way society operates; the
current experiences of society were defined by this new technology. In the
case of artificial intelligence, we may be nearing the end of the expansion

17
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phase, and with the emergence of ChatGPT, we have entered the
transformation phase.

Experimental
Phase

Cheaper =%  Simpler == General spread

Figure 2: Cycles of Technological Waves

The perception of artificial intelligence as a technology is still dual. There are
those who evaluate its emergence positivelyrad adapt to it, and there are
those who express skeptical opinions. In any case, ChatGPT, which appeared
at the end of 2022, caused a significant stir, the effects of which are also
appearing in education, in both positive and negative directions.

4. The impact of artificial intelligence on the education
process

The adaptation and integration of new technologies in the teaching
ecosystem is not merely an option, but a mandatory mission of education at
the same time. The inclusion of Al into teaching and leaging, however, is
slow as several factors can frustrate the realization of the given goal. Few
institutions apart from multinational firms and research centers can cover
the prohibitive costs, the intensity of propagation and degree of popularity
is deperdent upon such financial aspects, while the third factor is
methodological embeddedness, in other words the available support
reinforced with sound pedagogical and didactic principles.

18



XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

The onset of artificial intelligence has upset this sequence as whild Aas
been introduced in the instruction process, the third requirement has not
been met. The subsequent serious methodological and ethical dilemmas
reflect the uncertainty and reluctance following the initial euphoric
attitudes.

The digital evolution of instruction does not mean that fewer teachers would

be needed in the future (Dillenbourg, 2016). Instead of speculating on or
worrying about the capability of artificial intelligence to eliminate the
teaching profession it would be wiser to understand how he respective
advantages could change current teacher roles (Hrastinski et al., 2019).
Regarding the use of artificial intelligence Holstein et al (2019) comparing
teaching to musical performances suggested that in the future teachers can
assumetheroledE OEA n Ol O1 A Al CHebhrAidgprocess Via OE A
coordinating the Al functions. In order for the Al to provide such assistance

to teachers the system has to be able to effectively harmonize teaching and
learning based upon teacher provided dataThe efficiency of the teaching

DOl AAOGO AAPATAOG 11 OEA OAAAEAOS8O AAEI
methods (Tondeur et al.,, 2020). Thus these pedagogically useful and
productive teaching events can provide a model for the Alased instruction
systems (Prieto et al. 2018), in other words, data obtained from teaching
activities form the basis of Albased instruction.

Despite such encouraging research results, after the emergence of ChatGTP

the modern Luddites appeared. In early 2023 the head of thd the New

York City Department of Education prohibited the use of the respective
technology in the given school districts due ta, T ACAOEOA ET &£ OAl
learning process coupled with concerns over the security and accuracy of

AT 1T ORAWadalso ass®@ OAA OEAO O Gldek notplodid clitical CU 1,
thinking and problem solving skills indispensable for academic and lifelong
OOAAROO8O

Nevertheless, best practices assisting the understanding of the new
technology while preserving the intellectual prewalence of humans and

OAET £ OAET ¢ OOOAAT OO8AOEOEAAT OEET EET

5. The options provided by artificial intelligence in
education
Artificial intelligence has made significant inroads into the education sector

while offering innovative solutions for the improvement of the teaching and
learning process via the introduction of new devices and technologies.
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Although the introduction of such technology especially in the Hungarian
public education sphere appears to be a distant possibility mostly dute a
lack of systemwide accessibility, we can see several promising examples.

QG Qaa

Personalized

Advanced content

earning Adaptive learning Intelligent tutors development Language learning
@ . &{é
w
VR, AR programs Eva\ualipn and Content Predictive Accessibility School
grading recommendation analytics administration

Figure 3: Educational options provided by artificial intelligence

Personalized learning: Personalized or custom tailored learning is a key
component of Alassisted instruction. The Al algorithms evaluate or assess
the pace, learning style, strengths and weaknesses or potential deficiencies
of students. Consequently, based upon the respective data learning
information is personally adapted to each learner. Personalized learning
enables students to study according to their own pace while enjoying and
becoming successful in the learning process at the same time. For example a
student having difficulty with Mathematics can be given remedial tasks,
while a more successful student casolve advanced problems.

Adaptive learning: Adaptive learning enhances the learning process by
modifying the given content according to the performance of the student.
4EA DOI OEOCEIT 1T &£ 1AAOTEIC I T OAT O
background helps maintaining motivation and a positive attltude to
learning. Conversely, if a given topic proves difficult to process, the system
can provide additional help in catching up (Zhang, & Zheng, 2023).

Intelligent tutors: Al controlled intelligent tutors provide immediate
feedback and assistance concerning the respective educational materials.
Digital tutors are available on a 24/7 basis and give consistent support and
guidance. In addition these systems can provide answers, explain complex
terms and concepts anaffer step by step help in solving the given problems.

20
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Such ondemand support for independent learning is available to students
any time.

Advanced content development: This feature helps teachers to create
more attractive content or materials such as inteactive simulations, virtual
laboratories or adaptable textbooks matching learner needs and enabling
students to gain a more thorough or profound knowledge in science
subjects.  Atrtificial intelligence can collaborate in simulating complex
experiments thereby making learning more enjoyable and effective.
(Tzanova, 2020).

Evaluation and grading: Artificial intelligence can automate marking and

OOOAAT O AOAI OAOEiI 18 4EEO AAAOOOA 1

burdens, but provides faster feedback tstudents (Moat & Martins, 2023).
This not only saves time for teachers, but enables them to concentrate on
more important interactions, among them providing guidance and support.
It is also beneficial for students that they can gain immediate feedback and
can monitor their own progress and pinpoint areas that need further
improvement (Cope et al, 2021).

Predictive analytics: Al-assisted predictive analytics can serve as an
effective tool by processing the various data sets pertaining to student
performance and warning of potential academic decline (Cope et al, 2021).
Such predictions allow educators to implement proactive measures and
provide students personalized support thereby guaranteeing timely help to
assure learning success.

Language learning: Al-based language teaching applications provide
translation and pronounciation assistance in real time. Fast feedback related
to pronounciation and reading comprehension improves the efficiency of
OEA 1 AT COACA 1T AAOTETC DPOI AAGID | 41 i
Virtual reality and Augmented reality: Al combined with virtual reality
(VR) and augmented reality (AR) provides engaging learning experience.
Students can take virtual trips, study historical facts, or research in virtual
laboratories. Such experienes make learning more interesting and
interactive while facilitating the visualization of complex terms and concepts
in an interactive manner surpassing traditional instruction methods (Bailey,
2019; Cope et al, 2021).

Content recommendation: Based upon tle interest, performance and
progress, the Al algorithm can recommend books, articles, and online
courses or sources to students thereby promoting learning byliscovery
AlT1¢ xEOE CAT AOAT AT 1 POAEAT OEIT T j

i O

Ec
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Accessibility:  Al-controlled educational devices. among them speech
recognition or text conversion functions improve equal opportunity and
accessibility to educational materials for disabledtudents (Denes, 2023).

School or educational administration:  Artificial intelligence can play a key
role in educational administration by dealing with various studentrelated
data such as attendance and academic peformance. Such a diitacted
strategy improves the effectiveness of administration and promotes a faster
decisionrmaking process. Universities can be assisted in the distribution of
resources, the planning of curricular changes, and the designing and
implementation of strategic analytics (Tahiu, 2021; Denes, 2023).

6. Critical views concerning the use of artificial
intelligence in education

The 2024 Al Act of the European Commission comprehensively regulates the
issue on four security levels prioritizing risk management and transparency.
The BJU standard primarily concentrates on high risk Al applications.
Education with such concerns as Al potentially endangering access to
instruction and academic progress, among others via evaluation of exams, is
one of these categories.

The introduction and use of artificial intelligence in education as it can be
seen have several drawbacks implying ethical, professional, and
methodological dilemmas. While the abovementioned advantages and
options can have a positive impact on the total educational spheredety is
not fully prepared for such transition. A constructive and methodologically
sound introduction on the mass scale requires the clarification of teacher
roles, the clear identification of the conditions of Adsupported learning
environments along with providing technological, pedagogical, and
methodological support for the application of such systems.

The principal obstacle is the potential impact on the human factor as most
members of the pedagogical profession are over 40 and are not always
enthusiastic to use new technology and are not prepared for the resulting
fast changes. Another shortcoming is that artifical intelligence by itself
cannot assist all aspects of the educational process as several ethical and
scholarly quandaries emerge in conection with their use. According to one

of the most pessimistic longterm predictions, it can eliminate human
thinking and logic.

Regardless of the above concerns, the number ofBased applications tends
to increase uncontrollably while a full exploraton of the respective benefits
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and disadvantages yet to be carried out. Below we provide a detailed
overview of potential disadvantages and survey the pessimistic predictions.

ARTIFICIAL INTELLIGENCE-POSED CHALLENGES AND THREATS TO TEACHING AND LEARNING

IMPACT ON THE HUMAN FACTOR COMBINED IMPACT DIRECT IMPACT ON EDUCATION:

Lack of impartiality: General application of new Lack of interpersonal communication:
e N technology: artificial intelligence cannot duplicate or fulfill
according to information found in data bases abandonment of general human the basic social and pedagogical canditions of
human rights can be violated. ogic, thinking, and analytical education.
skills.

Resistance on the part of teachers and staff: Lack of contextual knowledge:
technophobia, fear of losing jobs, lack of < Ethical concerns: the sytem makes unreliable or irrelevant
confident use lack of content objectivity and conclusions.
value neutralty, protection of
students’ personal data.

Lack of explanation capabllity:
only answers and resuilts without any
explanation are provided, lack of teacher-
increased nditure: & student interaction.

development of data bases, the

Negative impact on health and well-being:
lack of physical movement, sedentary
lifestyle, increased screen time.

maintenance of infrastructure, and
Impact on digital literacy: financing subscriptions to
sense of failure, some people will not be applications.
able to use the applications appropriately.

decline of students’ crical, analytic, and
cognitive skills

Figure 4: Negative impact of the integration of artificial intelligence in &
education process

Lack of interpersonal communication : Artificial intelligence cannot fulfil
the emotional and social needs of students as it is unable to provide
encouragement and create a friendly learning atmosphere when necessary
(Beck et al,1996). While teachers respond to moral, ethical dilemmas
including the improvement of honesty and resourcefulness of students as
demanded by the given situation, artifical intelligence cannot fully
reproduce such indispensable factors of traditional education (Bzk et
al,1996). The presence of teachers promotes critical thinking, facilitates
discussion, and introduces issues, among others morality, surpassing the
academic context.

Lack of contextual knowledge : Context recognition of artificial intelligence
can beslower than that of humans. Al can recognize data patterns, but
cannot identify causality, which limits its capability to make reliable
conclusions. Since the teaching of Al is a task and contextented effort it
cannot be used in creating new educationamaterials. Consequently,
learning takes place based upon already developed and existing texts.

Lack of explanation capability: / T A T &£ 1)860 OET OOAT I EI

explanation capability as such systems can show, but cannot explain the
respective stes to the solution of a problem. Thus by the help of Al students
can solve a mathematical problem, but they can only check whether the
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results are correct and cannot interpret or understand the logical
components of the solution.  All this results in declimg efficiency.(Dayal
et. al. 2024).

Excessive dependence on technology: Increased reliance on artifical
intelligence and technology can decrease critical thinking and problem
solving skills. If students become dependent on such applications, these
basic cognitive skills will not be improved as such trends have become
visible since the emergence of ChatGTP.

Bias, lack of impartiality Artificial intelligence utilizes data learned by
itself and the resulting lack of complex explanations and options can
strengthen and propagate harmful prejudice. Consequently, systems have to
be developed for the control of Al in order to eliminate distorted
information, or incorrect output. One of the dangers is that students learn
false or inaccurate facts, and the opinionseflect only one perspective
eventually weakening the realization of the democratic principles
(Nguyen,2023).

Resistance of teachers and staff: School personnel can resist the
educational application of artificial intelligence due to concerns of job loss

for not applying the new technologyj 3EAOh ¢nmpxN 3EAOA
Anderson, 2017) Another problem is the lack of skill and experience
required for the application of artificial intelligence. The emergence of
artificial intelligence can cause confusin and getting used to the new
technology can be time and energy consuming leading to frustration

Negative impact on health and well -being: Excessive time spent in front
of the monitor or screen and the resulting lack of physical movement can
have negativeimpact on the health and wellbeing of both students and
teachers (Sehgal, et.al.,).

Impact on digital literacy: Atrtificial intelligence can be potentially useful,
but has to be applied appropriately. In some cases collaboration between
humans and Al canfail either due to lack of required expertise or
appropriate design respectively(Holstein et al. 2019).

General impact of the emergence of new technology : The educational
application of artificial intelligence can lead to new obstacles as it can reduce
human thinking resulting to the overall decline and eventual elimination of
analytic and problem solving skills.

Ethical concerns: Al systems imply ethical challenges and threats despite
claims of the objectivity and value neutral aspect of such algorithm3he
algorithms in fact reflect the ideals of powerful designers. Consequently,
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humans can generate algorithmic prejudice reflecting specific social,
historical, and systemic attitudes(Hrastinski, S., et.; Garret et al., 2020;
Holmes et al., 2022) Whilesuch prejudices are not intentionally included, Al
systems show several examples of sex and rabased bias(Stahl &Wright,
2018).

Expenditures: Due to a need for high quality computers and state of the art
software artificial intelligence systems can bexpensive for institutions. The
use and installment is time consuming and the maintenance and updating
requires appropriate infrastructure and staff. Atbased instruction
requires a higher budget not necessarily available for every insitution

7. Side Efects of Technology Use

Research from the last two decades shows that minors are starting to use
mobile devices and computers at an increasingly younger age and for
increasingly longer periods. According to the American Psychiatric
Association, the recommaded screen time for children aged €B years is
zero minutes, and for those aged-8 years, it is a maximum of 20 minutes
per day. The effects of excessive screen use include: problems with anger
management, attention and concentration deficits, lack of @ésion-making
skills, and a lack of body awareness caused by strong stimuli. They
practically fall into a trance under the influence of flickering lights. At this
age, the brain is still very underdeveloped. Primarily sensorpased, tactile,
and motor stimulation develops the brain most effectively. It is now proven
that there is a serious correlation between lack of movement and learning
disabilities, as it stimulates the same brain areas as mild drugs. In thel@
age group, anger management problems arzbncentration deficits are the
most common symptoms (Egger, & Emde, 2011).

Excessive screen use does not bring salvation for adolescents either. Its
effects are already known among Generation Alpha: later separation from
parents, passive experience acquison provided by smartphones,
asexuality, prolonged adolescence, etc. (Twenge, 2018).

Excessive screen use in any form can develop mental iliness in young adults,
a syndrome we call digital dementia. The mental illness described by Spitzer
(2014) leads tothe collapse of cognitive skills.

The emergence of artificial intelligence, especially the appearance of
ChatGPT, may pose further problems, as its use does not encourage young
users towards critical thinking or data selection.



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYIN TRNAVAZ FACULTY OEDUCATION

DIGITAL DEMENTIA

IS A TERM COINED BY NEUROSCIENTIST MANFRED SPITZER

TO DESCRIBE AN OVERUSE OF DIGITAL TECHNOLOGY RESULTING IN THE BREAKDOWN OF COGNITIVE ABILITIES.

SIGNS IN TEENAGERS/ADULTS | SIGNS IN KIDS

* SLOUCHED POSTURE * FLEXOR DOMINANT POSTURE

* DEVELOPMENTAL DELAYS | * DEVELOPMENTAL DELAYS

* SHORT-TERM MEMORY LOSS « INABILITY TO REMEMBER NUMBER PATTERNS OR
* SOCIAL SECLUSION | DIRECTIONS

* LACK OF MOVEMENT * SOCIAL SECLUSION

* ANXIETY * LACK OF MOTIVATION

* DEPRESSION * ANXIETY AND DEPRESSION

* ANGER * FORGETFULNESS

* BALANCE DISORDERS * ANGER FOR NO APPARENT REASON

* UNCOORDINATED MOVEMENT PATTERNS * UNCOORDINATED MOVEMENT PATTERNS

SPITZER PROPOSES THAT SHORT-TERM MEMORY PATHWAYS WILL START TO DETERIORATE IF WE OVERUSE
TECHNOLOGY. HEAVY USERS ARE MORE LIKELY TO OVERDEVELOP THEIR LEFT SIDE OF THE BRAIN, LEAVING THEIR
RIGHT SIDE OF THE BRAIN UNDERDEVELOPED WHICH IN THE LONG TERM, CAN LEAD TO DEMENTIA. SPITZER'S
RESEARCH SHOWS THAT BETWEEN 15 AND 18 SHOULD BE THE MINIMUM AGE FOR MEDIA CONSUMPTION.

(Paldesk) &5 OMEGA | WE 4 CUSTOMER SERVICE

Figure 5: Consequenced excessive screen use in young adulthood
Source:https://www.ocs.help/blog/digital _-dementia

8. Conclusions

While the benefits of artificial intelligence are undoubtable, the radical
development of this technological trend is not synchronised with its social
embeddedness. Such deficiency is expected to cause major social, economic,
and sociological problems in the coming few years.

Although the entry of artificial intelligence in the education ghere brought

a variety of new services and options in a profibriented way, the mental,
professional, pedagogical, or methodological preparation of teachers has not
been fully implemented. Thus the efficiency of application can be limited

26


https://www.ocs.help/blog/digital-dementia

XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

while active teaching and learning strategies along with the learning
environment undergo a radical change.

Presently the most important task is to familiarize students with the
potential ethical, legal consequences, mental impact, and the expected
decline of analytic, citical thinking, and complex problem solving skills.

Thus the ethical, legal, and economic regulation of emerging Al technologies
both in the social and governmental dimension is imperative in order to
embed such systems in the education sphere.

Additionally, the Al-oriented digital skills of both teachers and students have
to be developed coupled with the promotion of awareness of the respective
drawbacks and negative consequences.
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POSSIBILITIES OF CLeEUP PHOTOGRAMMETRWN
THE PROTECTION OF RHONAL
CULTURALHERITAGE

Ondrej4 ! + <QergelyKOCSISSK

Abstract : This paper explores the potential of closgange photogrammetty
(CRP) in the documentation and protection of cultural heritage sites.
Emphasis is placed on lowcost, accessible photogrammetric workflows
based on Structure from Motion (SfM) techniques, combining UANased
and terrestrial data acquisition. The methodabgical section presents best
practices in image capture, lighting conditions, and legal considerations,
followed by an experimental accuracy analysis of three independently
calibrated 3D models. Results indicate that even small errors in manual scale
input can linearly propagate and affect the global metric accuracy of the
reconstructed models. Despite this sensitivity, the study confirms that CRP
can produce dimensionally accurate and visually realistic digital twins when
proper calibration and control measurements are applied. The conclusions
highlight the importance of using multiple independent ground control
points, especially in cultural heritage contexts where 3D documentation
serves as the basis for conservation, monitoring, and virtual access.

Keywords: lose-range photogrammetry, cultural heritage documentation,
Structure from Motion, 3D model accuracy, UAYased imaging

1 Introduction

Photogrammetry is a technology concerned with acquiring information
about physical objects and environments throughthe processes of
capturing, measuring, and interpreting photographic images and patterns of
electromagnetic radiation. In modern terms, it is defined as the process of
reconstructing 3D objects from 2D image data (Luhmann, T.; Robson, S.;
Kyle, S.; Boehm,J., 2019). The fundamental geometric principle of
photogrammetry is spatial triangulation (forward intersection), in which
the 3D position of an object point is determined as the intersection of rays
projected from two or more distinct camera viewpoints (McGlone, J. C.,
2013).

Photogrammetry can be classified according to various criteria, most
commonly based on the position and distance of image acquisition
(McGlone, J. C., 2013; Wolf, P. R.; Dewitt, B. A.; Wilkinson, B. E., 2014;
Luhmann, T.; Robson, SKyle, S.; Boehm, J., 2019):
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9 Aerial photogrammetry 7z Images are captured from aircraft or,
increasingly, from unmanned aerial vehicles (UAVS). It is primarily
used for generating orthophotos, digital terrain models (DTM/DSM),
and for large-scale mapping.

9 Terrestrial (ground-based) photogrammetryz Cameras are placed on
the Earth's surface, usually with horizontal or oblique viewing axes. It
EO 1T #OAT OOAA &1 O AT AOiI AT OET ¢ AOEI A
sites.
1 Satellite photogrammetry z Utilizes satllite imagery for globalscale
mapping and environmental monitoring.

According to the technology used in image processing, photogrammetry is
further divided into (Colomina, I.; Molina, P., 2014; Luhmann, T.; Robson, S.;
Kyle, S.; Boehm, J., 2019):
1 Analog photogrammetry z A historical approach utilizing opticat
mechanical instruments such as stereoscopes and projectors.

1 Analytical photogrammetry z Works with digitized images and uses
geometric and mathematical models (e.g., the collinearity equation)
and parameters of interior/exterior orientation to achieve accurate
computations.

9 Digital photogrammetry 7z Uses digital images and automated
algorithms, particularly Structure from Motion (SfM), Multi-View
Stereo (MVS), and computer vision techniques. It represts the
dominant method in current photogrammetric practice.

1.1 Close-Range Photogrammetry and Structure from Motion

Close-Range Photogrammetry (CRP) is a specialized field in which the
camera is located at a distance ranging from a few centimeters up to
approximately 100 meters from the object. It is primarily intended for
detailed 3D documentation of objects that are not part of the natural
landscape (Atkinson, K. B., 1996; Luhmann, T.; Robson, S.; Kyle, S.; Boehm, J.,
2019). Characteristic features of CRPclude (Luhmann, T.; Robson, S.; Kyle,
S.; Boehm, J., 2019):

1 High accuracy z Depending on the configuration, sulmillimeter

resolution can be achieved.

1 Convergent imaging z Cameras are oriented at different angles to
capture the complex geometry of objets with high precision.
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1 Flexibility z Applied in fields such as architecture, archaeology,
mechanical engineering, medical documentation, forensic analysis, and
traffic accident investigation.

“[b_') = ,-/? 7}‘:‘;..
Figure 1: CloseRange Photogrammetnprinciple.

Source: htps://factumfoundation.org/technology/3d -digitisation/close -range-
photogrammetry/.

Structure from Motion (SfM) is a technique from computer vision and
photogrammetry that allows the reconstruction of the threedimensional
structure of an object or scendrom a series of overlapping twadimensional
images taken from various perspectives. The key difference between
traditional photogrammetry and SfM lies in how scene geometry is resolved.
While classical photogrammetry requires prior knowledge of camera
internal orientation and control point coordinates, SfM solves these
parameters simultaneously through a highly redundant, iterative
optimization process (Westoby, M. J.; Brasington, J.; Glasser, N. F.; Hambrey,
M. J.; Reynolds, J. M., 2012).

The SfM workflbbow consists of several key steps (Lowe, D. G., 2004):

9 Feature Detection z Algorithms (typically SIFT z Scalelnvariant
Feature Transform) detect distinctive keypoints in the images that are
invariant to scale and rotation.

1 Feature Matching z ldentifies matching keypoints across multiple
images.

9 Structure and Motion Estimation 7 Computes the relative camera
positions during acquisition and generates a sparse point cloud.

1 Dense Matchingg Produces a dense point cloud using algorithms such
as Multi-View Stereo(MVS).

33



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

Compared to traditional photogrammetry, SfM offers several advantages
i 3AEET AAOCAOh *8:,8nN &OAEIi h *8 -8h
1 Automation z The majority of the processing is carried out without

manual operator input.

1 Flexibility z Does not require expensive phaigrammetric cameras;
standard digital cameras or drones are sufficient.

9 Scalabilityz Applicable to both smaltscale artifacts (centimeter level)
and largescale landscapes (kilometer level).
However, SfM algorithms reconstruct models primarily in a relatie
coordinate system, which means the model has correct shape and
proportions, but lacks realworld scale, orientation, and geolocation (James,
M. R.; Robson, S., 2012).

_-e---a
3D-Model*, " "\

corresponding
feature points

Figure 2: Structure from Motion (SfM) photogrammetric principle.

Source: Sjoerd &n Riel. 2016. Exploring the use of 3D GIS as an analytical tool in
archaeological excavation practice. Doi: 10.13140/RG.2.1.4738.2643.

To transform this relative model into an absolute geodetic reference frame
(e.g., SJITSK in Slovakia), two main georefencing methods are used:
1 Ground Control Points (GCPsY Physically stabilized and clearly
identifiable points on the ground with accurately known coordinates

QT

i T AAOGOOAA AU ' .33 24+ 10 Oi OAI 0O0AO

which the digital model is mathematically aligned during processing
(bundle adjustment).
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1 Direct Georeferencingz Uses data on the position and orientation of the
camera at the moment of exposure, captured by onboard GNSS
receivers and inertial measurement units (IMUs) on drones.

Despite the advancements in direct georeferencing, the use of GCPs remains

the standard for achieving the highest level of accuracy and model
validation, as it minimizes nonlinear block deformation (known as the

"domino effect" or block warping) (SanzAblanedo, E.; Chandler, J. H;

21 AOp@iGBAUR *8 28N / OAedAUh #8h c¢mpyqe

1.2 Photogrammetry in Cultural Heritage Conservation

Cultural heritage conservation refers to the process of preserving objects
and sites of historical, artistic, or scientific significancewith the aim of
safeguarding their integrity for future generations. In the context of
photogrammetry, this typically involves digital preservation and technical
documentation of heritage structures(Remondino, F., 2011)
Photogrammetry in the field of altural heritage protection builds and
protects (Remondino, F., 2011) (Hassani, F.; Rasheed, A.; Vogel, B., 2015)

1 Non-destructive approach z Photogrammetry is a remote sensing
method for collecting spatial data. It allows for precise geometric
measuremens without physical contact or scaffolding, which is crucial
when dealing with fragile or deteriorated structures.

T #0AAQEIT T 1 £ AzAGiIgHEIGEYBA inodé! sf B inanhument
serves as a permanent record of its condition at a specific point in tien
Such records become invaluable in the event of sudden destruction, as
demonstrated by the fire at the NotreDame Cathedral.

91 Degradation monitoring 7z Repeated photogrammetric surveys
enable the quantification of material loss, crack propagation, or
displacement of structural elements with millimeter accuracy.

1 Accessibility and education z 3D models enable virtual access to
heritage sites that are otherwise inaccessible due to safety concerns,
restoration efforts, or geographic isolation.

In heritage documentation, a combined use of terrestrial and UAWased
photogrammetry is most common. While grounebased images are used to
AADOOOA EAeAAA AAROAEI Oh OAI EAZEOR AT A
OOOOAOO0OAO AT A OEA 1T AEAAOdérer bahOE Al
landscape. The result is typically a textured point cloud, carrying both
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geometric information (shape) and surface condition indicators such as
color, signs of biological decay, and moisture distribution. (Patias, P., 2006)

2 Materials and me thods

The main objective of applying photogrammetric methods is to genate a
geometrically accurate and visually realistic 3D model of a cultural heritage
object. This process of digital documentation begins with osite image
acquisition, which represenst a critical phase influencing the quality of all
subsequent outputs.

DJL0089 DJ1.0090 DJ1.0091

Figure 3: Capturing Photographs with Additional Overlay

DJ1.0088

2.1 Photographic Data Acquisition

The first and most crucial step is the acquisition of a set of digital
photographs with ahigh degree of mutual overlap. As shown in the images
below (DJI_0088 to DJI_0091), each surface point of the object must appear
in at least three consecutive images to ensure reliable reconstruction.
Recommended overlap values in practice are:

Forward (longitudinal) overlap: 70z80%
Side (lateral) overlap: minimum 60%

This high image redundancy is essential for Structure from Motion (SfM)
algorithms, which detect tie points across overlapping images to estimate
the camera positions and reconstruct 3D coolidates of object points.

2.2 Camera Geometry and Acquisition Strategy

Correct camera path design and image orientation are key to achieving
optimal 3D reconstruction. The selected shooting configuration must match
the shape, size, and surface complexity ¢fie documented structure. The
illustrations below summarize proper and improper configurations
depending on object geometryGeneral principles include:

36
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Figure 4: Methods of obtaining photographs depending on the type o
object
31 OOAAP.AnduB ;€ DA T B A cOadshfD. 023. Building partial 3D
models of cultural monuments. International Journal of Advanced Natural Sciences an
Engineering Researches. 7. 29899. 10.59287/ijanser.718.

1 Image acquisition should be performed using a convgent shooting
geometry rather than parallel views, with cameras oriented from
diverse angles around the object to ensure sufficient perspective
variation.

9 Capturing images from a single plane or constant height may lead to
reconstruction errors and geometic deformations, particularly on
vertical surfaces or undercut details.

9 It is crucial to avoid purely radial configurations without vertical
variation, as these lack the parallax necessary for accurate depth
estimation.

2.3 Lighting and Surface Requiremen ts

The quality of the resulting 3D model also depends on lighting conditions
and the visual properties of object surfaces. The following factors are
critical:
1 Proper lighting conditions z Ideal conditions include diffuse lighting
(e.g., overcast skies), wich minimizes harsh shadows and overexposed
areas that may lead to incorrect feature detection.

1 Temporal consistencyz It is inadvisable to mix images captured at
different times of day, as changing shadow positions and color
temperatures can interfere with tie point matching.
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1 Surface texturez Objects should exhibit sufficient surface texture (e.g.,
stone, brick, relief). Surfaces that are glossy, reflective, or uniformly
featureless pose challenges for imagbased modeling due to a lack of
identifiable features.

1 No postprocessingz Images must remain unaltered and free of digital
enhancements (e.g., filters, sharpening, retouching), which can distort
pixel-level radiometry and geometric integrity.

2.4 UAV Operations and Legal Considerations

When using Unnanned Aerial Vehicles (UAVSs) for heritage documentation,
it is necessary to comply with applicable legal and regulatory frameworks:

1 The drone operator must hold a valid UAV pilot license and adhere to
local aviation safety regulations.

I For operations in protected heritage zones, special permits from
cultural heritage authorities or local governments may be required.

1 In some cases, it is also necessary to obtain security or operational
clearance for flights in urban, controlled, or restricted airspaces.

2.5 Accuracy Assessment of Generated 3D Models

As part of the methodological framework, several independent 3D models
will be created and subsequently scaled manually using known reference
distances. It is anticipated that the calibration process may introduceertain
inaccuracies? primarily resulting from human factors, such asimprecise
measurement or reading of realworld distances,suboptimal selection of 3D
point pairs used for scale definition,or minor operator-related inaccuracies
during the input process.

The objective of this section is not to determine the absolute or definitive
measurement error (as it can be highly subjective), but rather toquantify
the variability introduced during manual calibration, numerically express
deviations in millimeters, andevaluate the presence of a linear regression
relationship between the true physical length and the resulting
measurement error in the 3D model.

3 Analysis of results

In the experimental phase, we generated three independent 3D models of
the heritage structure, followed by a calibration and dimensional accuracy
assessment in Pix4Dmapper Pro. This software, similar to other
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photogrammetric platforms such as Agisoft Metashape, uses manually
defined scale constraints to establish the measurement unitsf the model.
Once a single exact distance is entered between two 3D points, the software
recalculates the internal coordinate system and rescales the entire model
accordingly.

To evaluate accuracy, virtual polylines were drawn in Pix4D, representing
measured distances directly on the 3D model. For each polyline and model,
we tracked the following parameters:

1 Terrain 3D Length [m]z True 3D length of the polyline, including Zaxis
variation (depth).

1 Projected 2D Length [m]z Horizontal projection of the polyline onto
the XY plane.

9 err [m] z The measurement error assigned by Pix4D, reflecting
uncertainty in point positioning based on image quality and point cloud
density.

The goal of this threemodel experiment was to evaluate how operator bias
(specifically inaccuracies in manually inputting the reference scale)
influences global measurement accuracy. Despite using identical lighting
conditions and cameraobject distances, the resulting precision showed
model-specific variation.

1 Linear Error Propagation 7z High values of the coefficient of
AAOAOI ET AOETT j20 E mn8wwt O m8wau
relationship between real and measured distances. The error pattern
in all three models could be reliably described by individual linear
regression equations:

Model1:y=2x oW M o8ppoy

Model2:y=20pupd M (m8ppo

Model 3: y = 2.9877x + 10.427

These differences confirm that an error in scale definition propagates
linearly throughout the model, altering the global scale factor.

1 Model-Specific Regressiorg Although linearity was observed in all
cases, it was not possible to apply a single universal correction formula
across all models. Each 3D reconstruction required its own regression
equation due to variations in input, scale constraint, or tie point
distributio n.
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Table 1: Measurement results

Reg.:
. . y: e
Lonainim | o |Flaveitoay | | oo | 27028 | (10
g g 31168 | (MM
26 E
Polyline7 35,8 0,07 35,8 0,04 | 95 | 9579144 | 1
Polyline6 37,86 |0,06 37,81 0,03 | 104 | 101,4828 | -3
T | Polyline4 43,08 |0,12 43,07 0,06 | 117 | 115,9046 | -1
T
g | Polylinel 54,64 |0,03 54,62 0,02 | 146 | 147,8425| 2
.l_“=|_’ Polyline2 91,73 |0,02 91,58 0,01 | 248 | 250,3148 | 2
Polyline3 101,2 |0,02 101,11 0,01 | 273 | 276,4785 | 3
Polyline5 114,49 | 041 114,13 0,05 | 318 | 313,1961 | -5
Reg.:
y:
2,9851x -
= 20,116
g; 260 E
€ | Polyline2 25,93 |0,05 25,12 0,03 | 54 |57,287643| 3
k]
§ Polylinel 43,08 |0,08 43,63 0,04 | 123 [108,482108 -15
by Polyline3 71,82 0,2 71,76 0,12 | 178 [194,273882 16
Polyline4 111,29 | 0,3 110,9 0,15 | 315 [312,095779 -3
Polyline5 142,7 |0,37 142,61 0,21 | 408 |405,85777| -2
Reg:
y:
2,9877x +
10,427
_ 20 E
] 0,9997
g | Polylines 6231 | 0,1 62,06 0,07 | 198 [196,590587 -1
©
‘= | Polyline3 71,83 |0,15 68,44 0,08 | 225 [225,033491 0
|_
Polylinel 130,11 | 0,2 124,45 0,12 | 395 [399,156647 4
Polyline4 161,73 |0,32 153,7 0,2 | 496 [493,627721 -2
Polyline2 173,76 |0,31 168,04 0,23 | 530 [529,569752 0

Average deviations #er applying mode-FODAAE EEA |
remained within a few millimetres, confirming the high dimensional
accuracy of the photogrammetric workflow. An exception occurred with

ETAAO Al C
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inconsistency in point cloud density or a user error in defining polyline
endpoints.

4 Conclusion

The results confirm that the calibration process in clos@ange
photogrammetry is highly sensitive to the accuracy of the input scale.
Although photogrammetric software can generate visually flawless and
geometrically consistent 3D models, their true metric value is directly
dependent on the precision with which the reference measurements are
defined-A OAOE OEAO OAOGOO EAAOHMmIthg contéxt OE A
of cultural heritage conservation, where 3D models often serve as a digital
foundation for restoration, reconstruction, or longterm monitoring, this
issue becomes critically important. Even minor scaling errors may result in
flawed interpretation s or conservation decisions with lasting implications.
We therefore recommend using multiple independent control
measurements wherever possible,validating them through terrestrial
surveying methods such as GNSS RTK or total statioresnd always
considering both visual realism and verified geometric accuracy in heritage
documentation workflows.

This work has been supported by the Scientific Grant Agency of the Slovak
republic KEGA under the Grant No. 014T-#{2024 7 Intelligent Animation-
Simulation ModelsTools, and Environments for Deep Learning.
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DESIGN OF A MULFROLE Al CHATBOT
FRAMEWORK FOR SUPPAORNG PROJEC-BASED
LEARNING IN PRIMARMEDUCATION

Jana' 52 "' %2,t b & BoA %*, BI6 <

Abstract: The dgital transformation of primary education introduces new
demands for supporting teachers, pupils, and parents. Current technologies
based on Large Language Models (LLMs) offer significant potential to
enhance lesson planning, support projeebased learnirg, and improve
schookfamily communication. However, most available Al tools are
designed for a single user role typically the pupil? and lack an integrated
ecosystem that connects all key educational actors. Moreover, in the Slovak
context, no localized, pdagogically grounded Al model tailored for younger
learners is currently available.

This paper presents theconcept of a multi -role Al chatbot framework
designed for primary education, integrating the three fundamental roles of
the school ecosystemteacher, pupil, and parent . The architecture is based
on a layered model consisting of Natural Language Processing (NLP), Logic
& Role Management (LRM), LLM components, and links to school
information systems (Microsoft Teams, EduPage, School Information
System local databases). The model enables reciprocal enrichment of data
and interactions: materials generated for the teacher are transformed into
child-friendly versions, pupil interactions support differentiation and
formative assessment, and parents receivpersonalized explanations and
recommendations based on both teacher input and pupil activity.

Theresearch gap identified addresses three fundamental areas: (1) the lack
of Al research in primary education, (2) the absence of muitiole Al
ecosystems thatsimultaneously support teachers, pupils, and parents, and
(3) the non-existence of Slovak, curriculurrcompatible Al tools suitable for
younger pupils. The presented concept bridges these gaps by integrating
technological, pedagogical, and communication wliensions into one
ecosystem, laying the foundation for subsequent empirical verification.

The methodological framework is based on a mixeemethods approach,
combining classroom observation, system interaction analysis, semi
structured interviews with teachers, pupils, and parents, and prgpost task
Al il DAOEOI 18 4EAOA 1 AOET A0 xEI 1 A@QAI ET.
autonomy in project-based learning, (2) the reduction of teacher workload,
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(3) the quality of project outputs and the development of ICTompetencies,
and (4) the effectiveness of schogparent communication.

This conceptual study forms the basis for the development of a Slovak muilti
role Al chatbot and outlines the further direction in technical
implementation, pilot testing in primary school grades k4, longitudinal
evaluation, and the building of the first Slovak chileadaptive language
model suitable for the needs of primary education.

Keywords: Artificial intelligence, primary education, projectbased
learning, multi-role chatbot, educdional ecosystem, Large Language Models
(LLM), digital school transformation.

1 Introduction

The digital transformation of the school environment fundamentally
influences the methods of learning, communication, and management of the
educational process (Rdecker, 2017; OECD, 2020). Particularly in primary
education, teachers are exposed to high demands, as they simultaneously
cover planning, differentiation, support for project activities,
communication with parents, and administrative duties. Concurrentlythe
significance of active learning methods, such as projebased learning,
which fosters autonomy, creativity, and deep understanding, is increasing
(Krajcik & Blumenfeld, 2006; Condliffe et al., 2017).

The development of LLMs and generative Al createspace for intelligent
systems capable of supporting the teacher in planning, the pupil in
exploration, and the parent in understanding the curriculum (Kasneci et al.,
2023; Sailer & Valeriani, 2024). At the same time, it is evident that most
existing solutions focus only on a single role typically the pupil? and lack
ecosystemic connectivity or practical usability within the primary school
environment (Yang et al., 2023).

The aim of this paper is to present the design of a multi -role Al chatbot

as a pedagogical-technological framework for primary education and

to describe its capabilities, functionalities, and the plan for future
verification. The design and its verification are the subject of further
investigation.

In the context of this paper, we use thesrm School Information System (SIS)

as an umbrella term for digital platforms that support communication
management, assignment of tasks, administrative processes, and monitoring
of pupils' progress. Specific systems used in Slovak schools (e.g., EduPage,
Microsoft Teams) are provided as examples of potential integration, not as
synonyms for administrative solutions.
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This phase represents a design concept, not an implemented study.

2 Theoretical Background
2.1 Digital Transformation in Schools

Digital transformation represents a systematic change in how a school plans,
organizes, and implements the educational process. According to
international frameworks (OECD, European Commission), it is not only
about the introduction of technologies but about a fundametal shift in the
culture of learning, pedagogical practice, assessment methods, and school
leadership. A digitally competent school creates an environment where
technologies are integrated purposefully, safely, and pedagogically
meaningfully? not as an addon, but as a natural part of instruction.

The DigCompEdu and DigComp frameworks emphasize the need for safe,
meaningful, and didactically effective use of technologies by both the teacher
and thepupil .

2.2 Project-Based Learning (PBL)

PBL provides spacefor collaboration, subject integration, creative problem
solving, and authentic learning (Krajcik & Blumenfeld, 2006). Technologies
simplify documentation, communication, presentation of results, and
support self-assessment. Digital tools can significantlgnrich this procese
but only if they are pedagogically grounded The Al chatbot can play a new
role in project-based learning: a personalized guide, facilitator, and source
of immediate feedback.

2.3 Chatbots in General

Chatbots are digital systems that meable humancomputer interaction
through natural language. Their primary role is to mediate information,
provide support, or perform simple tasks in a conversational format. In
education, they are primarily used to support learning, facilitate
communication, and provide instant feedback.

From a technological perspective, chatbots can be divided into two basic
groups:

a) Rule-based Chatbots
These are the oldest type of chatbots, operating based on predefined rules,
decision trees, and simple response templas.
Typical characteristics:
1 Very limited dialogue.
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1 Low flexibility.

1 Responses based on predefined scenarios.

1 Minimal user adaptability.
In education, they were mainly used as school FAQ assistants, simple
information systems, or tools for orientation within learning platforms.
Their utility is limited, as they cannot respond to operended questions and
do not provide personalized support.

b) Al Chatbots based on Large Language Models (LLM)

Modern Al chatbots utilizeLLMscapable of generating coherent, lagal, and
contextually appropriate responses. They are capable of:
1 Conducting a complex dialogue.
1 Adapting the response to the user.
1 Analysing input information.
1 Explaining subject matter in various ways.
1 Simulating a teacher or tutor.
In the pedagogical ield, they are primarily used asintelligent tutoring
systems, providing pupils with explanations, practical examples, or
alternative formulations of the curriculum. These tools include:
1 Khanmigo (Khan Academy) z Al tutor focused on mathematics,
science, ad programming.
1 Duolingo Max z conversational training utilizing LLM.
1 Socratic z explaining tasks based on a photograph.
1 TutorAl z generator of personalized minilessons.
Although these tools are advanced, they are still conceived aBgle-role
systems, supporting only one user z the pupil. Their goal is to provide
explanations or help solve individual tasks, not to function as a
communication mediator between the school, the pupil, and the parent.
Shortcomings of existing chatbots in the context of primar y education:
1 They do not work with the teacher's pedagogical context.
1 They cannot differentiate content for younger school age children.
1 They do not connect information between the pupil, teacher, and
parent.
1 They are not localized for the school curriculm or linguistic
specifics of Slovakia.
1 They do not provide support to parents who require
comprehensible explanations of the curriculum.
T 4EAU AT 1106 AOAAOA AAOA OUT AOcU
parent).
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It is precisely for this reason that a multirole Al chatbot has the potential to
fill a significant gap in the field of digital support for primary education.

In summary, existing Al solutions in education mainly cover the area of
individual pupil support but do not address the needs of the teacherro
parent as equal actors in the educational process. In the context of primary
education, a model that reflects the linguistic, developmental, and curricular
specifics of younger pupils is thus missing. Therefore, the next section of the
paper presents thedesign of a multirole Al chatbot, with an emphasis on its
architecture and ecosystemic connections.

2.4 Al Chatbots in Education and Safety Limits

Al chatbots are primarily used for explaining subject matter, generating
supplementary content, providing nstant feedback, and supporting
individual learning. Thanks to their ability to work with natural language,
they can respond to various types of questions, adjust the answer to the
pupil's level, and simulate simple tutoring situations. Their main benefitie

in availability, personalization, and the ability to learn at one's own pace.

However, specific safety and ethical limits arise when working with children.
LLMs can generate inaccurate or incomplete information, which
necessitates pedagogical supervign and verification of outputs (Floridi &
Chiriatti, 2020). For the younger school age, the appropriateness of
language, the simplicity of instructions given, and sensitivity to the pupils'
developmental needs are crucial. UNICEF (2021) also draws attemii to
increased demands for the protection of children's personal data in the
digital environment, which requires clearly defined data handling
procedures and the limitation of risky interactions.

For these reasons, the design of every Al tool for primargducation builds
upon the Logic & Role Management layer, which functions as themain
safety and pedagogical filter to mitigate the risk of hallucinations and
inappropriate content.

2.5 Design of a Multi-Role Al Chatbot

The proposed concept reflects currentknowledge about singlerole
architectures of educational chatbots (Yang et al., 2023) and extends them
with multi -role management , Logic & Role Management, and data
synergy among the teacherpupil , and parent. The multirole Al chatbot
utilizes generative artificial intelligence based on LLM.
The multi-role Al chatbot represents an LLM:

1 supported system that works with three user roles (teacheg pupil

Z parent),
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1 adjusts responses according to age, cognitive level, and educational
context,

1 connects users through shared data and interactions (ecosystemic
synergy),

1 isintegrated with SIS (MS Teams, EduPageh8ol IS).

(esarer | (o ] [[orent |
l l l

NLP
(Natural Language Processing)

l

Logic & Role
Management

l

LLM
(Large Language Model)

l |

User ’ ‘ SIS

Interfaces

Figure 1. Technical Architecture of the Proposed MultiRole Al Chatbot
(Source: Own elaboration)

The figure illustrates the basic modular architecture of the proposed system.
Inputs from the teacher, pupil, and parent pass through the NLP E&fural
Language Processing) layer, which ensures text analysis. The governing
layer, Logic & Role Management, subsequently evaluates the context,
activates role-specific rules, and generates appropriate requests for the
LLM. System outputs are mapped backo user interfaces and the SIS,
ensuring integration into the school environment.

2.5.1 Logic & Role Management (LRM)

LRM represents the main control layerof the system, which ensures the
correct directing of content and the selection of an adequate role
perspective. This layer evaluates user inputs (teachempupil, parent),
identifies their type and intent, and subsequently activates specific
transformation rules.

Example of a rule:
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1 IFthe teacher enters a new project assignment,

1 THENthe system automati@lly activates a transformation rule that
generates achild-friendly version of the assignment for the pupil
and a brief explanatory note for the parent.

Another example:

1 IF the pupil repeatedly asks for checking instead of explanation,

1 THEN the system acivates a recommendation for the teacher to
advance thepupil to tasks requiring higher autonomy.

The LRM thus functions as a decision layer connecting the individual data
flows, analyzing interactions, and recommending pedagogically appropriate
responses br each role. This layer also serves fgyedagogical grounding of
responses. It ensures that the content generated by the LLM is age
appropriate and in line with the current school curriculum.

Example of a rule (Curriculum/Age Filtering):

1 IFthe pupil (rol e) asks a question on a topibeyond the scope of the
current curriculum (e.g., nuclear plysics in the 3rd grade),

1 THEN the system activates a rule thatblocks the complex LLM
response and instead provides a simplified analogy or directs the
pupil to a topic that is curriculum-relevant.

In addition to managing data flows, LRM plays a crucial role in treecurity
grounding of LLM outputs. By analyzing the context, iteliminates
inappropriate responses and directs LLM outputs to ensure they are
always safe ad didactically valid for the given role.

2.5.2 Data Synergy Between Roles

An integral part of the design is data synergy, which ensures that the
activities of one role influence the recommendations for other roles. If the
system identifies during project slving that the pupil asks a minimum of
explanation questions but regularly requests output checking, it evaluates
this as an expression of increased autonomy. Based on thiERM
recommends work assignments with a higher degree of openness or
creativity to the teacher. Simultaneously, the parent receives information
about the appropriate type of home support (e.g., support with presenting
results or verifying the correctness of the solution).

This mechanism ensures the connection between roles and creates a
triangulated ecosystem , which is crucial for the multirole model.

2.5.3 Ecosystem Synergy of the Multi -Role Al Chatbot

The proposed ecosystem is based on four data flows:
1 4AAAEAO trafsfornédl gssignments, childfriendly
language, differentiation,explanations
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T 00OPEI 4oAtiAud IS Alaagpn project progress, autonomy,
and problem-solving
T 00PEI 0 Anple T Cegpriculum  explanations,

recommendations for home support
T 0AOAT O féelibhdk Fsdg@egtions, and observations from
home learning

Ecosystem Triangulation
Supporting Project-Based Learning
Clarity of Autonomy

"~~~ Feedback,

Suggestions
Autonomy

Simple explanatlons/
Curriculum context

Transformed assignments,
Differentiation,

Continuous data
on progress

o

Figure 2. Ecosystem Connectivity of the Teacher, Student, and Parent Roles
in the Multi-Role Al Chatbot Design (Source: Own elaboration)

A triangulated ecosystem is thus formed, connecting all stakeholders with
the goal of supporting projectbased learring, clarity of information, and
student autonomy.

2.6 Expected Benefits and Challenges

Benefits
1 Personalization of the curriculum according to the pupil's level.
1 Instant feedback.
1 Individual learning pace.
1 Continuous availability.
1 Support for differentiation (Kasneci et al., 2023).
1 Stimulation of autonomous knowledge discovery (Tlili et al., 2023).
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Challenges
Al chatbots simultaneously bring important risks, especially in primary
school:
9 \Variable quality of responses and hallucinations (Floridi & Chiriatf
2020).
1 Need for trustworthy and secure data.
1 Risk of inappropriate content.
1 Limited understanding of the context of the child's developmental
level.
1 Need for pedagogical supervision.
1 Protection of children's personal data (UNICEF, 2021).

2.7 Comparison with Existing Solutions (Related Work)

Current research on Al chatbots in education shows that most available
solutions function as singlerole systems focused primarily on individual
pupil support. Yang, Liu, and Chen (2023) state in their systematic ayals
that today's educational chatbots are designed mainly as LL-Mtors capable
of explaining subject matter, answering questions, or providing feedback,
but they do not work with the pedagogical context of the teacher or the
needs of the parent. A mechdsm that would connect data between various
educational actors and allow its utilization for differentiation or assessment
is also absent.

Furthermore, in the primary school environment, there is a lack of chatbots
that are linguistically, cognitively, and curriculum-adapted for younger
pupils. The Slovak educational context offers no localized tool utilizing
multi -role management,LRM, or ecosystemic data synergy. The proposed
concept therefore represents an innovative shift compared to existing
solutions, as it combines three user roles, pedagogical intent, and data
driven connections into a single integrated system.

3 Research Problem and Objectives

In this phase, the research problem is defined as a conceptual design: to
identify the possibilities and limits of utilizing a multi-role Al chatbot within
the conditions of a primary school and to understand how this tool can
improve the process of projectbased learning and support the school's
digital transformation.
3.1 Research Objectives

1. To verify the usaility of the multi -role Al chatbot in primary school

settings.
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N

To analyse the interactions opupils and teachers with the system.

3. To determine how Al changes the process of planning and
implementing project-based learning.

4. To propose a model for the intgration of Al into primary education.

4 Methodological Framework

The research is planned to be conceived as a mixetkthods research, as the
phenomenon under study interactions with a system integrating the roles

of multiple actors? requires a combination d qualitative and quantitative
approaches. This design is particularly suitable for studying complex
pedagogical processes that cannot be captured by a single method. The
research will proceed in compliance with ethical standards for working with
children and personal data protection rules.

Specific methodological tools will be finalized after the creation of a
functional prototype of the system.

Table 1. Proposed methodological framework for future research

Method Purpose of Use Type of Data Target
Obtained Group

Observati To  monitor the Qualitative Pupils
on of progress of pupils' (records, (Grades1z
Project work with the chatbot, notes) 4)
Work the level of autonomy,

and learning

strategies.
Analysis To determine the Quantitative + Pupils,
of System types of questions, Qualitative Teachers
Interactio frequency of use, and
ns responsepatterns.
Semi- To determine Qualitative Teachers,
Structure participants' Pupils,
d experiences attitudes, Parents
Interview and feedback.
S
PrezPost Toverify the changein Quantitative Pupils
Comparis autonomy, quality of

52
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Method Purpose of Use Type of Data Target
Obtained Group

on of outputs, and work

Project effectiveness.

Tasks

Indicators of Pupil Autonomy

The degree of pupil autonomy will be monitored through a combination of
observation and analysis of system interactions. Sp#ic indicators include:

f
f

f
f
f
f

The ratio of "explain” vs. "check" type questions.

The number of independent steps taken by the pupil in individual
project phases.

The frequency of initiative questions from the pupil (pupil starts the
conversation, does not waifor a prompt).

The type of problems solved (pupil only solves reactive tasks vs.
plans the next procedure).

The number of attempts without assistance before requesting
support.

Pupil selfreflection (whether they can explain the procedure and
check theirown work).

Together, these indicators will allow for the quantification and qualitative
interpretation of the level of pupil autonomy during projectbased learning.

Measuring Teacher Workload

The change in teacher workload will be monitored through a comhation of
qualitative and quantitative data. Specific indicators will include:

f
f
f

f
f

The time required to prepare materials before and after the
deployment of the multi-role Al chatbot.

The number of automatically generated differentiated tasks (LLM
LRM).

The frequency of teacher responses outside teaching hours in
EduPage and MS Teams systems.

Changes in the volume of administrative tasks.

The subjective perception of workload from semistructured
interviews.

These data will allow for the quantification and inerpretation of the
system's impact on teacher work effectiveness and the identification of
areas where Al can reduce administrative burden or support differentiation.



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

Data Triangulation

Quantitative data (time data, interaction frequencies, system logsand
gualitative data (observations, interviews, open comments) will be
triangulated with the aim of increasing the validity of the findings and
reducing methodological bias. Triangulation will enable the comparison and
verification of conclusions from mutiple independent sources, which is a
key element of a robust mixeemethods design.

4.1 Research Design

The chosen design igxploratory zdescriptive research , as the goal is to
explore new phenomena in education (interactions with the Al chatbot) and
to describe their impact on the learning process, project work, and the
school's digital transformation.
The research will be conducted in several stages:
1 Pre-research phase (current): preparation of tools, testing of the
chatbot, methodology adjustment.
1 Main phase: data collection through observations, interactions,
interviews, and pupils' work outputs.
1 Post-research phase: data analysis, "prgpost" comparison,
proposal of the chatbot implementation model.

4.2 Selection of Research Sample

The research sample wi consist of:

I 1z3 primary school classes (Gradesz4) involved in the pilot.

1 2z3 teachers of projectbased learning or classroom teaching.

1 A group of parents of pupils involved in the project.
The sample is selective, using purposive samplingfocused on shools
willing to test Al tools and projectbased learning.

5 Conclusion

This paper presented the design of a muliole Al chatbot intended to
support project-based learning in primary education. The proposed concept
shows that Al tools can be utilized nbonly as a tutor for the pupil but also
as part of a wider ecosystem connecting the teacher, the pupil, and the
parent. Such an approach has the potential to streamline planning, facilitate
differentiation, strengthen pupils' autonomy, and simultaneouslyimprove
communication between the school and the family.
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The presented design is a conceptual starting point for the creation of a
prototype, which will require further refinement, methodological
grounding, and pilot verification in real instruction. The mplementation of
such a tool will require an emphasis on safety, transparency, and age
appropriateness of responses to ensure its responsible and pedagogically
justified use.

In the future, we plan to expand the research to include longitudinal
monitoring of pupil autonomy development, deeper modeling of role
management, and the technical refinement of a chidddaptive language
model in the Slovak language. These steps will enable a more comprehensive
examination of the effectiveness of the proposed solutiband contribute to
the development of Al tools for primary education.

The multi-role Al chatbot can be viewed as a prospective step towards the
modernization of primary education. It integrates elements of digital
transformation, supports competencyoriented learning, and offers a
framework that can serve as a basis for further research and practical
discussion about the role of Al in the school environment.

This paper was developed as part of the VEGA research project
1/0163/25 Systemic Solutions for the Level of Digital Competencies in
the University Environment in Accordance with EU Standards .
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OVERVIEW OF ARTIFICIAL INTELLIGENCE APPLICATIONS
IN THE FIELD OF PERSONALIZED EDUCATION

Abstract: The rapid expansion of artificial intelligence in education is
creating new opportunities for the implementation of personalized learning.
The aim of this study is to review those Abased educational applications
that demonstrably support the develgpment of individualized learning
pathways and whose effectiveness has been validated through empirical
research. The analysis focuses on systems that employ adaptive algorithms,
provide real-time diagnostic feedback, and have been evaluated in
independent studies. Findings indicate that these systems can contribute to
improved learner performance, increased motivation, and more accurate
monitoring of learning progress, although their use also presents
technological and pedagogical limitations. The study hidights that artificial
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intelligence does not replace teachers, but rather transforms their role
within the learning process.

Keywords: artificial intelligence, personalized education, adaptive learning
systems, Albased educational applications.
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Duolingod, ACU OUi1 A0 EEOAAICAEQIEXLBOMEIUDOGE.
TUAIOOATOie AT EAT T AUUOG8 | OAT AOUAO Acl
jn"EOAAOCAET 6q Al EAI T Auh Ai Al U A FEAI EA
OAT 01 & AEOOQOUI EO 1T UAI OOOAUOUOR 1 O AEEAL
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AOAT Ol ¢ Eeé OAIEAOpOIi 1T UA AOCGAGIT A OAI
i pC EEAUUUO AOAOiIiT OEOOUAOI O AU Acuou
Al euel Ac OAT Ol O OUAOAEAO 1O EEAAEAUI O,
A $OTTETCI EA@OEAINAHUDM@O@IOIUO AEUI

i O i OT EAOUOOAE 11 UAT OAI OI 6EAO OEUOCU
TUAT OOOAUOBER 11O AUO OAIUIOUEh ET CU
Oi OUOOAOGEE EEUADPAOAI i ACAO 11 0AOUOE
ertAAT i TUAEAO 1 OOAE Al 8 %CU [ UOEE OEUOC

EAUAe OUAEAOUUO AAEAEAUe OATOI EE AU
Al AAOI Tuh EAI1U0OT O0Oi OAAT BAAEC 1 ACAO

AOAAI i TUAE AOOA OOAI RABhUIEAQA &I UE®pI
OUBEEI AOZEAEI e A1 OOAh A OAT O1 eE 11 OEOUA
' ETi AA AOGAOOAT O1 1 UT UA OCUAT AEET O 0OUI 60,
AOOAR EIiCU A EiPE OUIAOGU Til1EITE OUsg
mindenes®AAT T OOEE 1 AC AU TE OUAOAE EAIA
OEUOCUI AOGOT E O1 OUT EO OAOUOAI Oi Eh Al Al
AAT A EECUAT T AG8 ' $O1TTETCT Al Oi 0 1 U4

A /EAiEf\OUTUié i Al IVIAAOORITADPEIURDIOE &) A
i ACUAOOIT OACU OUI T OUEDOI AAOGUITE&ER i 0O

AAT EAOUT U1 6E OUUI UOA 1i1TUACAAROABUEER
i ETO AUTE AOAOGI AATh AEEE 1 UO OAT AAIl E/
fel i1 AOOgI OUI AGUOGAT AE TE 1T UAI 6GAG8 41
OAQUOAT i GAET O A 11T1TAAOQAT ET OUOE A&EAI AA/
i AGUAOOAI Al h EilET EOAIT A Ei OA& P71
OAOI i OUAGATT AT AO T ACAI CAI T AUGKhdgA O8 ™
AUO A $OITEITCI AAAPOpO i O i1 OGEOUI & ER&
T UAI OE | OOUAEEE AOAOiT AAT 1Tic O1 OUAAE .
iO A ITEAI EUUAEE DIl O1T OOUCAS
Babbel: #71 1 EAh EIT CU CcUIT OO i O CUAET @l AdOi C
EpT Ul ETT A EAT EAOUT UI 6E OUUI UOA8 ! n"
Acu OEOOOUI EO AAOUI 1 &eDAOOT AGEI 1O 1 JE
CUAET OT 1 OAOEA A OAT Ol 608 !' Dl AOAI Oi

EAOUT UI A EEAEOQOIAGUI AOiOAAIGT GiEOC AA 1 &AM
Al Al Ui OA Al APEUT EAOAOI T OUAIiT1T UOA Ol
Al AT Ui OA OUAOGET 6 A " AAAAl A FEEUAO&O
EEUAPAOAT DI UpAEI T UI EAOEd EAOiI OAi Al (
szerin® A " AAAA1T CAI EZEEUI O Al Ai AEAO EAQ
OCUAT AEET O DPAAACECEAE 1 ACEEUAI pOi OAn
i e AOGUAO 1T Aci duden 1 EOCAI AcCUAO OAT1 Ol el
éh

EET T UAT EEOAOEAOD ipCc 1T UGEG 66U EADI A
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ETi 1 O EEAOPO EAI 1 ACITAE OJTEAO foc
EOOUAEAOITI pOEs OAT O1I 1 UT UA OUAOET O )
AEAI AAUGO 1 OOAE Al A ©

e

OuUi 1T 66AbGe Al eO

bOUOh AAOQUORROEAEEIUDOOOT UAT OOAT qh OCU/
OUECT EEAEEUT O EiTETAOIC A Ei O AOI bi 00
AUT 1T AAT AO&EOAAA EIT OOAI UAEe O OAI Ul OAE /
OAT EAOpOi 1T UA EEUEOOh BAGI BOOBOOOAI Bi E
AUTETUI A OAT Ol eETUI 1 ACAOh AEEE ET OC
Al EAT T AUUOGO8 ! OEUOCUI AO Oi OUAAU AUO E
EAOI ETT UAAAT AE pOi 1l O E AU Al EAT T AUUOO

vonAQET U& EOI AOAOGAE Al OAEUOpOUOUAATh T E
080 4EAA OAT OUOCUAO 1 AEAAe AAAPOp O OAI
Century Techd %CU 11 UAT AAADPOpO OAlI OI UOE b
ET OAT 1 ECAT AEUOR OAT 61 UOOGBAT I UT UE i O
ET OACOUI 6GA OUIi T CABGEA A OA1T Oi 6E eOUAIT T I
Ei AGUOAOAUT OE AT EUOUOT EAD AT EAT T AU

AUTT1T OpOUOUOAR OAIl MAETAD | QA TIUIOOU AGLOWINT W
I TAATTAUT O EETT I pOUOUOA rot1yYs8 | Pl AOA
OAT Ol ¢E OAI EAOpOi i TUAABOEEEAE h OBEAOUDU!
AUAE Al APEUIT OUAI i1 UOA OUAAT 6O OAT ¢
AAT AAAGEAOGAOI AOT EAO EpiUisgs ' OAT UOE A
AcuilTE OUIiTCAOUOOA OUT OOIl & OAT Ol 8E AU
feladatkijAl E1 1 OO rouvyY8 ! DI AOA& Oi EilETEOA

EAOUIT T 01 AEh AEEE CUATci AAAT OAI EAOp OA
1 AEAOC&Oi CAO AEUOI OpO OAEUO OAT O1 UOE C
Al FAEAUAOGAA OAil & AAOI logyl d)CeAuryATedh/aE A O
i AOGAT AGEEA 10 1 UAI OOAT O1 UG OUAI T 1 UOA
OAOI i OUAOOOAT T UT U OAT OUOCUAER O1T OUAAU
OUI T CAOEAS

Courserad, %CU - AOOEOA / PAT JTT1TETA #1 OO0OAC

egyetemi szirDJ 1T EOAOQUOAAT Al EAI 1 AUT AE rooY
ET OAT 1 ECATAEUO A1l EAT T AU AT TAE i OAAE]
OUAI i1 UOA OUAAT OOAAAU OACUAR i O EAOQI EI
EE8 ! OAT AGUAO A1l Cl OEOI OOAE | AODOAEAN
OAOUOAOAATI i T UAEOR AEOEOEOUOE 1 ET OUUAO/
AT ADEUT OUAI i1 UOA OUAAT 66 AEUTIT UOT EAC

iTAOITE EEOUI AOUOUddturf TechBez, (eA Piattbrin ssAT A
OEAA OOAT i UT UOAOCI EIROAOAUIT AEDDOR OOOAT I
aOAOI i OUAOOOGATZI UAARIT EAGOOA AU ET & Oi
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OUOOAAAT T T OOAT T UT UT EAOR OAl AT ET O

AET AOi OUAOOOAT EBUQABAAOUCDAIALGS ! Pl A
Ali CAAAOOOGI ¢ci O OEUOCUI & EOadaklgijeE AUI
EOAT OEOAOPO 10O EOAI EOAOpO AOAAIT 1T UA

Al i CAAAOOOiI ¢ci T AE AOAOI ACAO TACAOpO OE
ET O1 UOT UT 6O ET OAOAEAEEOA OAOpOEAOeE OE
AAT 08T EOCAOUOCAATA DirWAYO ®TOEPOAAA AOAA
EOOAOUO OUAOET O A #1 OOOAOA EOOUDBOI E

i 01 EAOUOOAET AE TTI1ETA OUI AOGUET OUOIT CA
Al i CAAAOOOI ¢ci OA8 ! OUAOU&E 1 ACEACUUE
OUi T CAOUOOAI 1O 1T EAIEUUI O OAOOAIT i1,
ETUUU A OAT O1 UOE AOAAIiTUAE EAQAAPOODBE]

EEOEAAT E OUAOAPA OUAI PI 1T OEUAEIT 8

! EAIT OT OT1 O AIEAITAUUOIE A AAT OEAEAR
EAOI 1TEOONH ADUOUOOA8 %UAT O11 i OOAOOA Oi

-) AT EAIT T AUUOT EAO EO 1T ACOEUOCUI 60T E A

1T +EOAOEAUOAOT OAE

! OAT 61 1 UT U UOOAEETOAOOA A OQUAT 11 U
i AOOAOOI CAOGET AAT 1 ECERR @EUDDIOAAA Oopb
CUAET Ol AGE AOAAITiTUAEOD I OEUOCUI O O/
OAT 61 UOGE 1T 0601 T A1 AER A OAIeO EAAE] At

OEOOQUAEAI Ui OAE EAIT AT 6e O i1 00i EAAIT
OAl EAOGp Oi pOUOUBREUKEAD OAT OI UOE OAI PEEI
i0O A i1 OEOUAEe TEOAI T Oi EAUB 11U -) DIy
OOAUOAAI E EEUT Ui OOUCAEOh OUIT CAOEUE A
T OOT T AT A6 AEUOI OpOAT AEh | AEORB A RA OBRA(
TAEAUAT TATTiTAE 1T ACOAl e OpOEAOE AES
5CUAT AEET O A EOOAQUOI E OQUUIT O EI O1I UODT «
oil1 AUOI A 11T EAIT EUUAEe [ ETeO0i CAh AU A

EEUEOOE Al Oi Oi OAER EI 1 AOOAAQUEGEIARITOO
i AcEA1l Al e TEOAOBE OUITCAOUO EEUT UUT AE
Ai Al UAE AAEI T UUOI T EAOEUE AU Al EAI I AUU
EO EEAI A1 OA A AECEOUI EO biI AOA&I OITE i
AT 01T 00UcUO8 ! EIEARG AAIERIAZ AORIAUTTE UAEAOD
aAAl AT OU 1 ACOAOOUOA Auh AiE AU EGAUE E
OAT AGUAOAEAAT AmIUDDOIAAE EIAOGAD I ABUIAT Up OF

van aOAT O1 UOE &1 1 UAI DO @I ORE AIG@EDUE EBA I
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OUAIT AAT EAT T AOIi1 & AcCCUIUIE AOOA Al CA
EAT UAOOAOp OEAOEERh EAT Al EEACi OUpOEE A

I EEO& T EOAOUOUAAT A PAAAcCeEcOO OUAOADA
ACUOA ETEUAA A OAT O1 UOBAEUDUAMAAAAEOAR
OAAET T 1 8CEAE AOGUEEUEE Ul OAI CAT AOUI
AOAAT i TUAEAO 1 OOAT I AUUAR AUAE Al APEUIT

OAT AT ET O OUITCAOOA A OAT O1 6E ET OUAAUI |
TAi OUI GEACcE660R BDAIAAICeT 1 UAT AOUEEUEI I
I AEAO&8Oi CAEAO TUEO A AEAEAOAT AEUI UOKh A
T 00T 1T AT AE DPi 1O OAAA EEOAOI OA Al e0b8 %
OOCAT I AGAAAh EAOI ET T UAAA iba mezbuEd,OUp OA
Al AT UAAT A OAAETT1&8CEA 1O A PAAACECEA
OAOAI OE 1T Ac A OATBI UG YTE &I Oi UEOS
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Absztrakt: ! i AOOAOOI CAOG EIT OAIT 1 ECAT AEA § -
AAOGEI GEOGO OUAOAPA AU Aiiv1106 i OGAEAAI]

I EOAOUOE CGABEAOUAECREUBBEDANEDEROBAINADT! U

techi 1 1 e CEUE 1 AEAOeOi OAOUEE 11 UAT Al E,
EAOi ETTUAT OUITCAOGEUE A OATUOTE 10

OOCAI I AOAT EI 1 AOUOGEAGeE EilETAEUWE 1 EO,
i TAAT T AE Ei DAOGAE EAITATI CIUTE A £ZEAI OEI
AOOI | AGEEOOAT EKNER O ELHIUBLEIADA @datgkat CUA'T
CAT AOUI T E8 waRE]l DAL AIOCOA OdineEAAADAQI U
EOI AOOUAOADPAO EUOOUEBDT AMAT OACHDAAIUAETI OB
AAT AAAOOT OTE Al eUiI 1 pOUOUAAT 8 ! OAT Ol
TEOAT EAGeh EPABDEAATOADE AT il MO UG BIEE Al g |
Ol OUl EEAI AT O OUAOAPA OAT A 1 AcCAEAI Al &

modellek finomhanCT 1 UOUT AEg8 | OAT Ol i UT U Acu AE
Al EAT IBAEUARA OUOGT 01 O [afyaAOEADT AR OB OQRATA
AFEEOOUUI OA8 i1 AE AOAAI T TUAEIiTO A 1 AO
OAAETT1 8CEAE 1T EpOUON EAT A OCOOA@T CE ¢
Al Oi Ul UOUAAT h OADADET Ol EOT AOAEEIRT AT O A
I EOAOGUO Z£A1 i OAUAGe 10118

Kulcsszavak: few | AOOAOOiI CAO ET OAl 1 ECAT AEAN
OUAEAT I CT UAOT Eh DPOT COAITUUORh OUT £FOOA O

ARTIFICIAL INTELLIGENCE IN APPLICATIONDEVELOPMENT

Abstract: The role of artificial intelligence (Al) in application development
has increased significantly in recent years, especially due to the digital
transformation of educational systems. Abased technologies enable the
creation of applicdions that effectively support the daily work of teachers
and learners, while being flexibly adaptable to various educational
environments. Advanced language models can process uploaded learning
materials and automatically generate exam questions, quizzess practice
tasks based on them. During the development of such systems, natural
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language processing plays a key role in analysing content and producing
interpretable task sets. As a result, learning efficiency can be greatly
improved while reducing the workload of educators. In the development
process, particular emphasis is placed on designing appropriate data
structures and fine-tuning the models. This study presents the development
of a digital learning-material-sharing application, focusing on learnig-
material-based test generation. Consequently, artificial intelligence is not
only a technological innovation but also a strategic tool in shaping the future
of education, representing a key step toward personalized learning.

Keywords: artificial intellig ence, application development, thesis works,
programming, software design

1 Introduction
Ai AOOAOOTI CAG ET OAI 1 ECATAEUO T APEAET EA

AU T EOAOQUOAAT h-l EADEETEQAIOCA @A AT 11 188 CIEU
ET OACOUI UO#earding esEEANEIEAR EEAT Al EAAe EAI
¢ OEUOE DAOAADOODABR ANEAAEOOCAAT 10 A
szabott tand UOE 71171 UAE AEUOI OpOUOUAAT OA
megosszuk a gyakorlati tapasztalatunkah OO &1 hEED BOAMOTICADOA C
intelligencia (Ml) A& OOAAAT i @ OpOWA TIAC AE GEOUILEC O
OUAT i0OWORTI 66 OAT OO AIGDdEA EEGA UIAQ AIGACOAT & C
A TAOOAOOGI CAO ET OAI T ECAT DEAp ONAETOAIS
EAECAUAUI ET AUO EAGICHI I0LOOOWUEB OUAIT A

Az MFAT AT AOUEEWEKE COAIGUITEAEAD® EOOWOOI E
mintatanulé¢ F AEUIEITEEOUAESEUT AE /EAHadz@ANDAGUOA i
*& Pil AM-AAGQ®A ABROEADP OABOIWARA i 1 UOA OUAAI
i ACOAIT & O¢gpdiedrbirsiprogramban.

1.1EOAT O YO OUI T CAOUOOAI

%l Oe 1 1iDi@AAT I AT 1 AATE A [ AOOAOOI CAO
OEOOi 1 & AAOAUAOGI Oi OAT EUOe OAAET EEAE |
OUAAT OO OAT O1 UOGO OUIT CAOBABDIQN GO O EA
OAAET EEAE AOe £ OOUOI EAO ECiTUAI 8 %A
i e AOGUAOAE EEAIT I CI UUOUOA EOh Al Al UAE

OEEAOAOOI CiTAE i O AOKBAIiT UAET AE i 001 E
! OAIT OA i UAOOAOOT CAO ET GBAAUDJATON KD OO0 AA
ET AEOEAOAI EUUI UOGUAAT i O A UA|||UOA
EAEIAow@|OHMMEMM@@IBON@NQMOAAEIII 8 CE

ZEI 1 ET BEOATAAAOGAIN EEUT O Al EAUI AOBA GUA AR

OA7T O1 UOCEE Al AEMBEUOUOA
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2! 1T EAT T AUUOEAET AOGUOGi O EEAT A1 O OUAIDBITC

I  OUAOUe& OAUAOI OA Al b ORI EAEBITAU G

Al AbDOAOe m&EOT EAEEE EEU OUAOAPAT h EI

AA1T AAAOT EAO AEUOIOpOO A AEUEi& OUU
ADA

AOGO

EOO

i1

""" 8 UACDBIT EAE

i AOOAOOI cAO ET OAT T ECAT AEA | -)Q
I EOAOUOGE &I 1 UAIT AOTI 68 11U ) . b
OAOUOET OAT OAE8 ! UAAIOE AU A EEQ | vak B1 AO0QIAQ
EET T UAT EAOUT Ul EAOeg i O E - ADE
i ACEET T UPAOEAEIUEU ER T ETA A O
EAOUT [B].AOUO
A EEOAOtAZateen A AAI EAOUT UI O OARDRA U
T UAT OGAEAO Oi owwatjdk@ZAaUBAET ADUARARETI ADUORE

¢8p &AITEAOUT UIi@® OAMHEITOAIEE CEUE

U AT EATTAUUO EAET AOGUbi OA O1 OUT Al EAI
EOTEAETTAIEOUOH A EAOlETTUOUQﬁ A OE
I'1TUAT AOUEEUEEOA 10 EAOAGOAT AGUAOAEOA
i TAAOT h Dl AOA&I O £ CCAOI AT AT EAIT T AUUOA
CUT 00 AEAEI AOGUOT OE AEEI OOT EAO 1O A 060
EEAIUDAp @i OUT EEAT A1 O EZECUAI T AO EADPI OC
AiEAiiAUUOAﬁ A OUI1 A0 EEOJ EEUEOO|QE

I EAET AOGUOi OE EEOI UAUAO Al APEUOzA | EI

5A01 60 " OACEA AEOUOOEAYT AEé Ei PAUES8 !
ETT1T001T 110 i0 i ACAO OUET 0 OAOOOAOUAAE/
o1 oui 8 1 OAOIETUI Al AT 1 01T EAOI CcUiI O cU
OUUIT O AEAEI AOCUWAiGOED ABA T AEREAEQ) ARITOTITAEADE G
AOe £ OOUOAET AE EEUOAOI AT Al i Oi Oi 08

EeAT 1 UOET U (6SEHOIOAA BOOKAED EEOUI AOGUO!

TUuUih 11 CEO OATAEpOI1T OIETTAAIT Al C
1A0 OUI AOUOT EAUICABDACEEIOT WAWRD A UAA
AU 11 UAT AA|Dpvoo EOIEAEeEh TETO

[
OAT EE A ZEAEIT AOUdOi O EAOlEIIUOﬂQUOB !
OpO EEUEOOiI CA AEUOI OpOEA AU AOUEEU
SUT U1 EAGeOUCUOS

10 Al EAITAUUO AOUOAI E EEOT UAUAOGAAT &0
OAT eiOBE AU %l AAOOT 1T EAOAOOAT AGUAO OAC]

M > > O M~
© DT O G
OO>OO>~O -
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teszi, hogy e AOT AT E&AAUUEOAe&l 7ET AT xOh 1 AA
ACUAOUT 6 AZEOOOAOGEAOGE Al EAIT [-AWOU QA O i/AED DIOI
i ACOAEAOPOUOGO AOAAI 11T UAUB | EAOAOOAT A
(4-,h #33h *AOA3AOCEDPO i O 14£ED A3 AERAED A OH
i CEEITUDOE AU UOUI T UOOUBAIEAAAIOE AEA EA
Up WO D AAOOT T OUT OT OAT ET OACOUI 6 AE
FAOe O OAOUE A OAT AGUAO OUET 63 Aode
Oi OFE1 BAUADI 0i 68 ! .1 AASBEO AOUET EC
AT T EA AEUOI OpOEA AU Al EAT T AUUO cuUil
EJ 1 JOAT AGAE i O PUOEOQOUAIT O A1 UAI A
1 é& OUATTi1AO OUIT CAOEIAT Up dE AKD ADERD
b O

i 0r O 1O EAOAAT OAOOUOUOS
FAT EAOUT UI 6E EAT i1 AO MEAEI AOUOT Oi EA

AT EAT T AUUOGOA8 ! 2AAAOG ET I DPITAT OAl ADY
AT EAT T AUUO 1T CEEOOR T EOAEAOQUT T Op OEA
UOBEAOEAAU OAOUE A E&SAOUAOEAUAOBAO i
AAOGAUAOGI 61 68 | OEOOOUIEO $/- EAOUT UI A
AAT I 1 AO AEOEOOPpOi O0i Oh AT E CUI OO0 i O OAO
TAcUl AA AAAOAEI OCAIT T I AOAOIT EOS8

A fejledd Oi O O1 OUI AUDPA3AOEDPO EAOUIT UI AOD
OpDOOOAT AOGUAOIT OAI TEOATE A E&A AEUC
OpbOOAT T AT edoUi 6 OAcpO A EEAUE EI OAE

AOOUOGEAAE] DOT AT i1 UE EITAEUUABADE AUUOE
OO00OEOOOUI OAAA E&AT O AOAAT 1T UAUR AIE
Al EAT T AUUO EAOAAT OAOOUOGUO 16 O1I OUAAE
ET OACOUI 8AEE A 6EOOAI 300AET #1 AA £
EGAEEACT OUp Oi OOAIT @ikE EMAIT &G | Bl AGMEGD AE EAA A4

LU Al EAITAUUO OAAET i1 &8CEAE ODPAAEEEECU
Pl AGEI Of /i CCAOI AT [ ACIi 1 AUGO poO 1 AR Al
OUi 1 AO EEOAAT Al OAOEAAO OAAEI i1 &CEUE

EEOkeydzElectrog. | AABEO AOAEEOAEOT OARh OAIl Al

A EEOCEAATE AeOpOEAO&Oi CAOS
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' B Tanarok / diakok
s e Sajat - -Elore
Felhasznaldok retadarok vezsiose . MeSiokimisse
Tesztkérdések generalasanak - | o/2datok megoldasa

L. l A inditasa MI segitségével - MI altal generalt tesztek kitbltése
4 ™~

- React

Felhasznalodi felulet| -#micss

- TypeScript
- l J
(" ™\

- Electron keretrendszer
Node js kdrnyezet

Alkalmazaslogika | asion foyamasezsis

- Modularis felépités

. J

!

Meste rSégeS - Tesztkérdések automatikus

generalasa

inte uig en cia | - Oktatasi folyamat tamogatasa

- Tananyagok

Adatkezelés

- Felhasznaléi adatok

\ J

<AQA 1 EAT T AUUO AOAEEOAEOT OUEA | Oi O.

o 3 Afeantingdkaim AUUO EAET AOUOi OA |1 AC
ET OAT 1 ECAT AEA OUITCAOUOOAI

%AAAT A A%EAUAOAAKHA@UDOﬁbAKSDUTOp@@
Oi OUI ROAEAGGAOOT CAO EUAARDEQAT ABA 1jI-E)E
ASEOOUUI OA | OOAGEOE AA AU ADBEDBAUUO A
A fejlesztett el AAOT ET ¢ Al EAT T AUUO ACUEE | AcCAI
i AOGOAOOI CAO ET OAT 1 ECAT AEA ET OACOUAEG®E!/
OUAAUQUO i O EAOQI EI T UOUCUI-AMIEADIE GAAGION X
Al 6& Ol OAAT AU AOQOUA Qe OBOT ERAEBEQT  EAC

i ETA A AEUETE ETAITAT&0OUIi O0i Oh T ETA b
1 AEAOe Oi OAOUE OAT AT UACOPAAEAZAEEOOR E
Al Ul 1 pOUOUOS

U AT EATTAUUO} ADBAEQIEDA OIUIEA E¥ Al AEpC
i AOOAOOI CAO EIT OAI T ECAT AEA OUAOOAOAIT
ET i Di1AT OAEEAU8 | OAT AT UACT E &A1 OEI Oi (
AUb6 AU AAAOAI Api Oh AT AT UOA AU -) 1JEE
$/#8 A& Ol UOOI T OATAT UAQIAET A EADEI T AE
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AET 1 A OAT AOUAO EET UAOE AUI E OUEOACAO
Al GUOT T EA AU AAAOAUUEOAAT 8 wU AU Al & &
azMFAT AT OAOUOCAT AOUIT UOGE &I 1 UAT AO OUUI

Udvézliink az E-learning oldalon!

Fedezd fel az oktatas Uj dimenzicjat: tolts fel tananyagokat, bongéssz a meglévd
tartalmak kozott, vagy general] egyéni teszleket a tanulashoz!

Féoldal + IE

Tananyagok
Tananyag feltéitése Tananyagok béngészése

Teszlek készilése
T
L k

Haszndlati itmutatd

Uj Tananyag Feltoltése

Teszt generalasa Segitség

KIJELENTKEZES

<AQATAT UOEO AAAEAIAAT OEAUT O O60UT +o
31! I AOOAOOI cAO ET OAI 1 ECAT AEA OUAOADPA
! i AOOAOOTI CAO ET OAI T ECAT AEA Al 0& Al A,
AOOT 1 AGEUUI EA A OOAUOGAI T AT &0UT OE &I 1 L
EOOQUAUI T pOTl OOEQRGCOABDADT @Ap AAAD A DA
ipc A OAT Ol 6E CUAEOAT AOAE ET O1 UOT UT ¢
ET UUUSBAT AIBT- ) OAOUOCAT AOGUT UO AUO A bDOT A
i Acii 6 OAT AT UACT E Al APEUT Eim#[@d. 1 Eh ¢
! OAT AGUAO 1T JEEAiT OA OI oU1 AU -) T A
OUi 1l cUl OAOUOETT O EAI ATEE i Acgcs ! &0110
EEOUI AGUGEA A EpOUI O OAT OUOCUAORh i AE
OAOQUOET OAT OAEAO QWA GRAARDD AAOeQRAT AIOAUG A AABA O
OuUi Ah AT AT U EAT AT Ei D1 Ai AT OUAE8 AAT
OU1l AGUOEAOES8 wWUAE AU AAAOT E Acui 6006 Al

azMH T AAT T EGWA®D BEOAGA OOT OT EAO Al &UI1po

~

75
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E-learning MI tdmogatéassal

Tesztgenerator

Magyar irodalom

[ Vorosmarty Mihaly

TESZT GENERALASA

Még nincsenek generalt kérdések. Kérlek, generdlj egy tesztet!

< A GATesztgh 1T AOUIDAGEe E EHHUI AGUOUOA
! OAOUOCAIAOUIUOE Al 1 UAT A0 OEAA AcUi Uc
A OAT AOGUAO A1 1 AT 8OUER EI CU /A kiiy&gOUI AOI
OUEOACAO OAOOAiTiiAls %U-Il EDRROEEEODO®
OOOBEOOOUI Oh OUEOACAO OAT AT UAC Al ADPE
i ATTUEAAT A OAT AT UAcC TAI OAOOAIIAU

OEOOQUAEAI Ui 6O AA A EAI EAOUIME. 1 AEh 10
BEEAOAO Al T AT &e0Ui O OOUT 1A podNTAOA OWIAIOp QA C

ATl ATu OAOOAIT I AUUA A OAT AT UAC Apii Oh

OUEOACAOG8 wU A DPOT I PO OUITITcUl AAT AT AO
AT EAT T AUUO Acu Eil1 O0eh OUEOACEAI Ailci U
APFO EAOUT UDAROITATQUAWLAG 1 UAI OE EAT ATl Ci
OAcpOoOi ci OGAI 1 OOAI i AUE A EADPI OO OUEOA

OAOOAT T UET U ElI1 AOGUEAAe OAOUOET OAi OAEAC
U -) Ul 6A1 OEOOUAEI T AEOGO OUI AOGU T UAC
rendszerbe. EZZEEOAO& AT AcCcU EA1 Al 1l ciue 11 CEE,
OOOOEOOOUI EA AU AAAOI EAOg AT EITEIpOE
OAT ATET O A EATUAO OUI AOGUT EAG8 'U pcuU
iAQEAiATpOEAOe A yEA A BrA Oalkilrtes aria, heghh i 1 A O
AEUET E ET OAOAEOpPO iRRARIT AGEDEIOOOAT WO O

OAcU EETUI T OAOEAOOA AEUO PADPpPO A (

AA1

! i AOOAOOGIi cAOG ET OAI T ECAT AEA U1 OAI CA
i ACEAT AT pOi Oi OA OUEI CUAhABAREDpA OAIT DI
AAT EAOUT UT ¢E 1T ET AAT Ei OAi OEAU AcuU OUI
A OAT AOGUAO PAAEC A EEOEI O0i 6O EEOAOe

76
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udés ' EATUAO 1O EAI UOAI AT OUI

AUE OEOOUAEAIT Ui 60 EADP A OAl EAOQ]

Meni

Uj Tananyag Feltitése

) Babits Mihaly
) Ady Endre

) Charles Baudelaire

TESZT MENTESE

<AOA4A@Q© Al 1T AT ea0oUi 6Ah 1 AOGEI 6i OA 16 1 AT
TATE OEOOUAAOAOGTI T UO EEAI Al ¢
OAQDOE AU ETATT AT &0Ui 00 1 ©AZAVI ébBeidzUT OO

AOAOAAT EEUOAOGAOGO i1 &Ai 1 OUITCAOGEA A
)1 = Al Ei UOUUEUOOI AEET Uh El

AT 1 CIl UEAOOUE A1l A OA1T AT UAcCI 08
Az MFAT ApT  OAOUOCAT AOUI U0 AGUEE Oi OUA/
Ei OAi®OI A1 OEAOGEE i O Ei OAA 1 EOA A&EAIl E/
AAT EAOUT Ul e E OUUI UOA 1 AEAOGeOi ¢ OAT A
AAAOAUUEOAAT 8 %UUI OAI A AT O 8E Ei O¢
|

EEOEI OEOO OAOGUOEAUR T EOA AChOEEAGEE
AOAAT i T UAEEAOS

08¢ %OAAI i1 TUAE VO EAEI AOGUOEE 1 AciUuoOuUo
"UO A EATATT AcCE Ei bl Al AT OUAEe 1icCc TAI
A OQUOT1 O OAOGUOAOCAAI T T UAE Al ADPI-A ORAIOAI
AOT EAEGE OUUI UOAN PDil AUOI T ABADOp O/
OA1l EAOpOI i T UAT APYT AEUT 1 e OAT AGUAOAE EE
vOOUAOGOGIi ¢ci AAT Al T T1TAEAO&h ETCU A 1 AOC
EAI AT 0O EIT UUUAAT OO AAODEERO AEERDE ARIUC
Al AT OAOUOCAT AOUI U0 ROEEEARD ODE GA ORAA KX
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AEUETE OUUI UOA OUAIT 1ATUG AU Gy Al AN ED\Ohe G O
ezzel El UUUEUOOI A OAT OIUGE il1iiTU 160

T EOGAT 1 Oi EAUS

1t vOOUAcCUi

! OAT OIAICWT Uil AOGOAOOTI CAO ET OAl-lednd1 AE UC
AT EAT T AUUO AAEI AOUOT 01 O 10 T JEEAY O1 O |
Al ApT  OAOQGUOCAT AOUIT UO 1 ACOAl 8O6pOUOUOA

A

AAi OGOAOI 66 OAT AOGUAO AiIlE Acu 11 UAT |
AOQUEEU 11 OOAET EW@A EDTI UAh AURI QAOEA i
OOAUOAIIATeOU|O|Oh i ETA PAAEC A DAA

I EAET AOGUOT O O1I OU1T EEAI AT O OUAI PIT OT O

Egi AT Ei1TEI pOEADE EiiDil Al OREOOCANIADAI
OAAET T 1 8CEAE 1 ACBIBAU @I B0 BAAOWI OIhAGA 2 AA
EEOT UAUAO Acui OOAO Al EAT T AUUOA 1 AEAOGeC
I DPAOUAEEO OAT AOGUAOAIT EO AEOOOAOEAOGe

4UDA3AOEDO OGAAGEE BB OFOBAA 1 EOAI OA A

El OO0UT OUOT EAOAAT OAOOEAO&OUCUOS

I OAT AOGUAO 1 ACcAEI 101 6OAAA £EOT EAETTUI EO
ET OACOUAE&EEAR AlT AT U A OAT AT UACT EA&l A
£l Ol UEUAAT EAI BT EE OUBCHOA AMEUOOCAIT I A
I AEAOeOi CAO 1O AUITTTATE OEOOUAEAI Ui 00
OAT 61 UO EAOiV ETTUOUCUT AE TEOAI 1 O0i EAUS
U -) OEEAOAO ET OACOUAEEGEA EEEpOUOI EE
AAT Ei OUI 1 001 Cch dnint aA BKADOE BARECEOBORAEO E
AAE]I AOGUOiI OA OAOiI 18 'U AOAAIi1TUAE EOOU
EAOi ETTU Al EAIAAQUDIACARAD BOOAAOGT O OAO
ET £#OAOOOOGEOT OUO i1 6 PAAACECEAE OUAiIT i1 .
i AT1T AGO AUiITAAT AU -) EAI AT 0eOAT EITU
EAOpOUOUET U 1O A EIT OOUAOJh OAT O1 eEEUE
EEAI AEpOUOUET U8

I AAT OOAOI 66 AT EAIT T AUUO Eé&l bDil AUUUAI
ETOAQOUMEM@MOEJoATAOUAOAEAA Ei UUAT & C

DAAACECEAER [T ETA OAAET I-AI&/CEIAE O OWRD @A T

TAI AOODUI AGOI I AGEUUI EA A OOAUOAIT T,
i AEAGe Oi CAEAO EO OAOAI O A OA1 OIOGUOGE
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AAET AORe@i-AOT AOBNI8 | Aghil IADNDOOIE OUAI 711 UOA OU
OOAERh ETOAIT1ECAT O Ei OAeIxOAE ADBEOWBI OBA
OUI T CAOUOUO OAcCpOEE Aile EA&Oel 0 EA
OUUI UOA EO i OGTEAIG A UL ERAEGE ARG TEUAAA OA

I OAT AOUAO EAIT AT1ACE EIi bl Al AT OUAEBGEA
AUTTTATE EEi OO0i EAT 1 OOA ABEOOUUI h AUl
i AcgAT Aie Al ApT &6 AEUOI OpO O1 GUAAE

AOT EAEGE AAOAUAOGI Oi EAU8B8 )1 UAT EEOe AAI
AAADPOP O OAT O1 U0 OUIT CAOUOAR AETIT A Ci

OAT Oi & Ei OUAAE OAIl BAOIEDITAIOWIAE MU OAG A &
ET OOUAAA OUOT AkéAi Ui OA 1O 1 001 EAIT i

I T AOOGAOOI CAEOERODURBA ARIBA I GEG UCE EE EAE
Al AEp OLAGEIANORIGE ,0AOUE A OAT OI UOE A& 1 UAI
A OOGCAI i AOOUCIi Oh 71O EAOT EITUAAAAT ECA
ECi T UAEEAUh EOARODUOEE®OBI OOAEEI U8 %l

EAODI T AE A OAT 61 UOE AOAAI 1T UAE 10 Aoe

vOOUAOOGE i MIAAT OEACERGOAGOICOAO ET OAI T EC
azel AAOT ET C DPOI COAITEAA EAI AT 6eO 1 AEA(
mET 60i Ci 1 AE MWREIERAIGURIIEXOAA A EA1 1 &800Ei0
Al AbT 6 OAOAT O A EI OOUAOJAR ETEIOUPO i

EEAT AEpOUOUET U8

I OATOI T UTU A 3UIT OUE +EUOUOOAOUC +01 0
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INNOVATIVE DESIGN OBIGITAL INTERFACE$OR
LEARNING SUPPORT

Csilla PRANTNER, HU

Abstract: Rapid technological deviopment has led to significant changes
not only in the economic, cultural and social areas, in the processes of human
communication, but also in education. In recent years, hman-machine
interaction has undergone a significant transformation, which was nt&ed

by free access to generative artificial intelligence systems. Subsequently,
there has been a rapid spread of applications with buiin artificial
intelligence. This development is increasingly described as an indicator of
OEA 11 0AO | /Btid Eedolu-OFEE JEOE | BIOAD OT AOh
intelligence is increasingly used in various areas of corporate management,
research, production, development, which is a growing problem in the
labour market, because fully automated artificial intelligencesystems can
replace a significant part of not only lowpaid and less qualified jobs (Cu et.
al., 2023; World, 2025), but also intellectual human work in important
management positions. The diverse possibilities of artificial intelligence
embedded in appled software can significantly transform the content and
scope of work across various occupations and managerial roles (Amazon,
2024).

In the article, the author deals with current educational problems brought
about by technological development and the adv# of artificial intelligence
and increasing prevalence of remote learning and work, such as:
Development of competencies in education; Application of progressive
educational methods; Hybrid educational environment; Design and
development of digital educatonal platforms; Creation of didactic
educational applications, Instructional Design, etc.

High-level contemporary technologies can effectively support diverse
learning formats, such as group, cooperative, and projetiased learning,
thereby contributing to the development of 4C skills. For effective learning,
a dedicated digital platform or framework is necessary that provides a stable
foundation for the learning process and supports classes, whether -in
person, online, or hybrid. It is important that the gatform is available for
learning and completing assignments outside of class and provides space for
teacherzstudent and studentstudent communication.

Such academieontent digital learning platforms can support learning more
effectively when UX/UI expets from the market sector are involved in their
visual and functional design. The methodology of UX/UI design and research
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has been established and has developed into a distinct field; however, it has
not yet been integrated into the creation of educationlawebsites (Braun,
2025). From a broader perspective, UX/UI design and research belong to the
field of HumargComputer Interaction (HCI), within which user behaviour
and usage patterns come into focus. However, cooperation between experts
from these two domains in designing a platform could result in more
experiential, usable, motivating, and attractive digital learning
environments. In this context, Informatics is also an essential area, both
because of the technological requirements of hybrid education anthe
development of the underlying digital framework.

Therefore, when creating Instructional Design suitable for hybrid learning
(HxID), experts from the three fields mentioned above need to cooperate to
develop effective learning support interfaces (Pratner, 2025).

Keywords: Instructional Design, UX/Ul Design, Mbrid educational
environment, Progressive educational method.

1 Introduction

The rapid technological developments of the early 21st century have led to
substantial transformations not only at ecmomic, cultural, and social levels,
but also in human communication and learning processes. In recent years,
humanzmachine interaction has undergone a notable transformation in its
modalities and scope, marked by the public release of generative artificial
intelligence systems, such as ChatGPT by OpenAl in November 2022, and the
subsequent proliferation of Akintegrated applications. These developments
are increasingly described as indicators of the emergence of the Fifth
Industrial Revolution, characterized by the close cooperation between
artificial intelligencezbased cybernetic systems and humans as biological
agents (Prantner, 2025).

Artificial intelligence is increasingly being used in diverse sectors of society,
which is a growing concern in the labourmarket, as fully automated Al
systems may displace a significant portion of lowewage and lowerskilled
jobs (Cu, 2023). The manifold capabilities of Al and the use of additional
modules built into applied software will completely redraw the boundaries
and content of jobs in the long term (Amason, 2024). Automation is a
characteristic and driving force of labour market transformations; it
replaces human labour in routine and repetitive work processes be it
physical or mental (BrynjolfssorgMcAfee, 2014).
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2 Competence development in education

The information society and technical innovation of the 21st century have
not only reshaped the labour market but have also prompted a fundamental
rethinking of the content, technical, and methodological requirements of
education. Accordingly, expectations at different levels of education have
changed significantly. In the sphere of higher education, this transformative
pressure? the necessity and urgency for adaptatiom is more pronounced
than in primary or secondary eduation, as higher education serves as the
immediate threshold for students entering the labour market.

It is essential to articulate the changes that current largscale technological
advancements are bringing to the economic, market, and corporate spheres.

As a first step, it is necessary to outline the skills, abilities, and competences
crucial for development in this new era. This ensures that graduates can
distinguish themselves in a transformed labour market and succeed in

future roles that do not yetexist today.

The World Economic Forud © ¢mncu DOAI EAAOEI T h xEEA
most soughtafter labour market skills and forecasts their importance

through 2030, provides excellent guidance (Figurd) (World, 2025).

1. (43 Analytical thinking 1 Al and big data

2, @ Resilience, flexibility and agility 2 ;@;— Networks and cybersecurity

3. '@ Leadership and social influence 3. Technological literacy

4. “:"‘ﬁ Creative thinking 4, %‘, Creative thinking

5. @ Motivation and self-awareness 5. @ Resilience, flexibility and agility

6. @ Technological literacy 6 @ Curiosity and lifelong learning

T @ Empathy and active listening 7. Leadership and social influence

8 @ Curiosity and lifelong learning 8. Talent management

9. Talent management 9, @ Analytical thinking

10, a Service orientation and customer service 10. @ Environmental stewardship
a) 2025 b) 2030

Figure 1: a) Core skills in 2025; b) Top 10 fastest growing skills by 203C

According to this report, the top five priority skills for 2030 are: 1)Al and
big data; 2) Networking and cybersecurity 3) Technological liteacy, 4)
Creative thinking 5) Resilienceflexibility, and agility.

The most critical question is how the education system can prepare students
for the new professions emerging in a competitive market, and whichasic
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skills should be prioritized, most urgently in the field of higher educationln
the well-known figure published by the World Economic Forumentitled
Students require 16 skills for the 21st centuf§rigure 2), the competency
domain includes the following four items:Critical thinking/problem-solving,
Creativity, Communication, and Collabration (World, 2016). These are
commonly abbreviated as the 4C skills, which ensure flexibility in the face of
changing circumstances and needs.

21st-Century Skills

Foundational Literacies
How students apply core skills
to everyday tasks

Competencies Character Qualities
How students approach How students approach
complex challenges their changing environment

1. Literacy 11. Curiosity

2. Numeracy

3. %ceigét)ilﬁc

12. Initiative

13. Persistence/

@ 4. 1CT literacy
g 5. Financial
literacy
6. Cultural and
civic literacy

14. Adaptability

15. Leadership

16. Social and cuttural
awareness

Lifelong Learning

Note: ICT stands for information and communications technoiogy.

Figure 2: Students require 16 skills for the 21st century

It is essential to focus on developing these skilis education today, as future
professions? across both market and norprofit sectors? will demand
these capabilities from higher education graduates.

3 Educational Theory Application of progressive educational methods

The primary mission of universities is to prepare young adults for a
successful life and an evolving labour market. Achieving this objective would
be more effective if progressive learning methods were granted greater
prominence in higher education, such aBrojectbased and projecbriented
education, ProblemBased Learning (PBL)as well adnquiry-Based Learning
(IBL) or Research Based Learning (RBLBeyond fostering 4C skills, the
application of these modern educational methods enhances student

84
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engagement, motivation, metacognition, and sketegulated learning. Within

the framework of these methodologies, students experience a more
autonomous form of learning, which subsequently fosters greater
responsibility and independence in their future professional careersAll of

these learning method contribute o a path of seldiscovery, enabling
learners to better identify their future professional roles and navigate
workplace team dynamics Through the experiences gained during
teamwork, students gain insight into their own functioning and strenghs,

while also learning to confront their personal challengesThe recognition of
ITTA80 1T x1 AAEI EOEAO AAT AA OODPDI OOAA
assessments (e.g., DISC), which have long been successfully used in the
labour market and the econom¢ sector. However, their application in the

field of education is relatively new, although they have the potential to

Ei pOT OA AAAAAIT EA 1T OOAT T A0 AT A t# OEEI

4 Hybrid learning environment and the role of the primary platform

Nowadays, CT literacy plays a pivotal role, and it is most effectively
developed when students apply digital technologies within their learning
processes. A fundamental prerequisite for this is the provision of IT
frameworks and web interfaces within academic enviraments that support
innovative  pedagogical methods specifically, those facilitating
collaborative and creative work in the digital space. Since COVID, an
increasing number of educators have been providing students with hybrid
learning environments in highe education institutions, depending on
institutional regulations, classroom technology.

0" U EUAOEA 1 AAOTEIT C AT OGEOITI AT Oh xA i
traditional educational framework incorporates proven and effective
elements of digital tehnology and methodology in an inclusive manner,
ensuring optimal learning outcomes for students regardless of location and
OE i(RadskaKis-4 8 OEh c¢m¢gch pyuds

Such environments may provide a certain degree of flexibility in teaching,
particularly in corr espondence courses. From the perspective of effective
learning support, it is recommended that institutions designate a primary
web-based platforne  often a learning management system (LM8)which
serves as a stable learning starting point for students and iusable during
classes by both physically present participants and those connecting
remotely. That is supports classes, whether iperson, online, or hybrid. It is
important that the platform is available for learning and completing
assignments outside ofclass and provides space for teachestudent and
studentzstudent communication.
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5. UX/UI Design in the Development of Digital Learning Platforms

Increasing emphasis is being placed on the useentred and ergonomic
design of online learning materials anddigital educational platforms
(CennamgKalk, 2019). In the design process, alongside didactically
structured content and high-quality educational materials, the application of
UX/UI design methodologies is essential for supporting optimal knowledge
acquisition on the educational interface For example, colour, structure,
layout, button placement, patterns, and process design are all important, and
experts in this field know how to apply them effectively. Each of these plays
a major role in the acceptability of the curriculum and progress in the
learning process.Overall, digital learning platforms with primary academic
content can support learning more effectively when UX/UI experts from the
industry are involved in their visual and functional design.

Over the past decades, the methodology of UX/UI design field has been
enriched with numerous innovative design models and toolsets, integrating
insights from multiple disciplines, including psychology, pedagogy,
communication, humargcomputer interaction, and conputer science. While
the UX/UI design has developed into a distinct profession within the market,
these practices have not yet been fully integrated into thereation of
educationalacademicwebsites (Braun, 2025).

Although we have focused on UX/UI desigso far, it is useful to adopt a
AOi AAAO DPAOOPAAOEOAR AO AQAIETETC
interfaces during the learning process particularly when testing
completed educational platform® is recommended. This can include
methods such as eye andhouse tracking, EEG and heart rate monitoring,
analyzing student behaviour while processing course materials, detecting
learning paths, and recognizing learning patterns.

Therefore, instead of UX/UI design, it is more worthwhile to name a broader
area:Human-Computer Interaction (HCI).

6. Informatics background

Informatics is also a crucial area, both because of the technological
requirements of hybrid education and the development of the underlying
digital framework. It is essential for three reasons
1 On the one hand, hybrid education must be enabled through
advanced IT tools, enhancing the coordination and interaction
between in-person and remote participants in lessons.

(@)
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On the other hand, IT expertise is necessary to develop the digital
learning interface, for example, by providing a server and secure
data storage for participant information and curriculum materials.

Finally, supporting personalized learning content with Al tools also

requires IT development.

7. Conclusion

In my view, in the context oflnstructional Design, three major domains

should be brought together on a common platform (Figur8&):
1 the academic, theorical, didactic perspective (Educational Theory),

1 the innovative, marketoriented practices characteristic of UX/UI design

(HumanzCommputer Interaction) and
9 the informatical perspective (Informatics).

In summary, implementing hybrid education requires the creation of a
primary digital education platform. The design and development of this

platform should involve collaboration among expets from three fields: (1)

Educational Theory, (2) HumagComputer Interaction, and (3) Informatics,

in order to develop effective learning support interfaces(Prantner, 2025).

4

Educational Theory
Digital Pedagogy

EdTech LXD

O WD
o Human-
computer

Applied HCC interaction
Informatics

Informatics

UX-research

Figure 3: Hybrid Instructional Design (HxID) Interdisciplinary Framework
(own concept, own editing)
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HAS Al MADE A TRANSBRMATION IN THE
EDUCATION SPHERE?

Natalia ShumeikoSK

Abstract: With the advent of artificial intelligence (Al), the role of a lecturer

in tertiary education is transforming. Al resources can serve as potential
assistants to lecturers in preparing teaching materials and providing
evaluation and feedback to studets. Lecturers, in turn, take on one of seven

roles (Osadcha et al., 2025) during Adupported training. Being a reliable

ET £ Oi AGETT DPOT OEAAO xEEIT A 1) OAOOGAO
apparent role in tertiary education. In particular, it applies to teaching
Business English at the tertiary level. The use of Afenerated content that is
developed by the Pearson Smart Lesson Generator (PSLG) for English
lessons (Shumeiko, 2025) allows the lecturer to save time preparing lesson
assignments. Inthis case, the Al resource functions as the lecturer's
OAOOEOOAT 686 ' O OEA OAI A OEI Ah OEA 1A}
for students in class. The lecturer selects assignments from PSLG content,
determines the relevance of Algenerated taks, and makes adjustments

Keywords: artificial intelligence, lecturer, tertiary education, training

1 Introduction

')y EO OOAT O&I Oi ET ¢ AAOAAOQOEIT8 ') EO A
time. The PSLG is a resource that generates assignments liearners of
English. Atgenerated content by PSLG for English lessons is practical and
persuasive. A lecturer in this case is a provider of information generated by
Al.

p8p 4EA 1 AAOOSPpOERDaifiigl A ET 1)

In Al-supported training, the role of a lecturer is transformed from a
traditional transmitter (one who transmits knowledge, information, lesson
tasks, and content) of knowledge into a facilitator, guide, and critical
mediator of learning. While Al resources generate content for teaching and
learning, the lecturer remains responsible for designing meaningful learning
experiences. Lecturers must carefully select and then integrate ithe
context of the lesson Al-generated content that aligns with learning
objectives, considering ethical critera and disciplinary requirements.
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Lecturers' expertise is essential for helping students develop highesrder
cognitive skills (e.g., problemsolving, critical thinking).

Moreover, lecturers perform an essential role in fostering ethical awareness
and critical thinking in an Alsupported learning environment. Lecturers
guide trainees in understanding the limitations of Al, including issues
related to data bias and academic integrity. It must be noted that lecturers
are central in the teachinglearning process.

Researchers(Osadcha et al., 2025}istinguished seven roles of lecturers
involved in Al-supported teachingl AA OT ET C 1)Eadehdkhd ©ahpr, O
who explains new rules, guide students, and correct errors; 2) a mentor, who
helps his mentee, supportsitical thinking, explains the value of Adenerated
content; 3) a teammate, whose work is accompanied bypaivered resources;

4) a provider of information whose work is just assisted by Al in the process of
teaching; 5) an assistant, who gives instruetis while students are competing
the tasks using the Al tools; 6) an instructor who carries out supervision and
provides feedback; 7) an explorer who has not defined his roles y&tile
teaching Business English at a tertiary education institution, the &turer
serves as a provider of information (in ourexperience.

2 Al as an assistant in teaching English

By concentrating on the PSL@&n Albased resource that generates content

for English lessons, this article highlights, from the perspective of the
aOOET 060 POAAOEAAT AwerSishsikchafaddrizedds An Al |
invaluable Al tool. This tool generates the lesson materials and assignments
aligned with the Pearson Global Scale of English (GSE). The GSE is a scale
(ranging from 10 to 90) fo measuring English language proficiency (from Al

to C2% in Shumeiko, 2025 Mayor, 2025.

The peculiarity of the PSLG is as follows: whilst many Alowered assistants

create content and activities for language learnersthe Pearson Smart

Lesson Generato (PSLG) delivers content that is pedagogically sound and
AOAAOGAA ET AAAT OAAT AA esigh Qifcipl&sAH&OT 1 6 O
principles are based on researclinto the most efficient ways to teach and

learn. This content is appropriately levelled (Al® C2) and relevant to

learners of English havingundergone a rigorous quality control process. At

the core of this process is the Global Scale of English (Mayor, 2025).
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2 Al-generated content for English lessons at the
tertiary level

The PSLG, an Al resourceassists the university lecturer in teaching
Business English

Has Al transformed the education sphere?Z is the admittedly baffling
guestion. One thing is certain: Al brings innovation to teaching Business
English. The PSLG's automated assignment generati for students follows

a three-step process

The first step involves the content creation. The PSL.Being anAl resource,
generates activities, such asa O1 AOOT Ta gbdsankE ith example
sentencesagrammar explanation, a conversation starteratext for reading

with multiple -choice questiondi AT A AT t@k@®E 1 QOOE A O 6E |
activity engages students with a compelling starterz speaking while

warming up. A vocabulary presentation includes tasks for introducing new

words, their definitions, example sentences, and a game. Grammar
presentation provides a clear overview of a grammar concept for a lesson.

The communication starter helps improve speaking by discussing a thought
provoking scenario. The reading comprehension section, featuringn

engaging text and a multiplechoice quiz, is an essential part of the lesson. It

allows students to practice new words in context and improve their reading

skills. The writing section presents the tasks to practice writing skills. An
oAGEO OEAERD&EO OABPE O1 EOAOGEOGU 1 AAOGO
understanding and reflect on a lesson learned (Smart Lesson Generator,

2025). In the second step, Agenerated assignments and activities are
(passed through GSE filters to ensure that the language isragppropriate

leveb j - AUT Oh ¢ mc¢ v Q8 -genérated tasks atemataitable t& O A b h
the lecturer.

An English lecturer z the provider of information

The lecturer has several additional options afterobtaining Al-generated

activities from the PSLG. fie lecturer can adapt the Algenerated content
regenerate a new activity or useit as supplementary material

'T %l ¢l EOE 1 AAOOOAO EO OEA fgkrerbtedi T A x
content to learners while teaching a Business English course at a tenty-

level institution . Provided content is analysed thoughtfully and then offered

for learning.

The English lecturer provides information, while Al serves as a helpful

OAOOEOOAT O6h AllTiTxETC OEA 1 AAOOOAO OI
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teaching. The lecturer organizes class activity while the PSLG creates the
content. The lecturer also reads, analyzes, and controls the content, then
assigns tasks to learners of Business English. So, the English lecturer serves
as a reliable provider of information, making it accessible to learners. To
exemplify the symbiosis between the work of a lectureprovider of

ET £ Oi AGETT AT A AT 1) OO6pbPIi OOh OEA OE
the Business Partner C1 (Dubicka et al., 2020) coursebook was chosen
Lessond T OAT O 11T O4EA " OOET AOGO 1 £ 41 OOEOI

An AlCAT AOAOAA OAt Ahé Hdgihning=df th& Bnglish lesson (a
Ol AGOI T EITTES&Qh AOAOU OOKe) &é¢ad expet AOEA
advisor hired to help a luxury company become wre attractive to new types

of customers. The English lecturer provides the following information to

students: first, recent research shows that fewer young people are booking

their expensive trips; second, the job of an expert advisor is to suggest fresh

ideas; third, the lecturer arises the questiontothe classO7 EAO Al UT O ¢
is most important to attract younger customers while keeping the

AT 1T PAT UGNOOAEEOB OADPOOAOETTeodo jAAT DOA,
Generator, 2025)

&1 O OEA Ol A Odbthdlesdon, thefdlowb@AdgeEnkrated lecturer

notes are offered (adopted from Smart Lesson Generator, 2025): ask
learners if they have been on a luxury vacation or they dream about one;
encourage learners to think from both business and customer pepectives;

use visuals of luxury travel experiences to spark discussion; after collecting
EAAAO &£O01 i1 1 AAOT Aoobh Agbpi AET OEAO O1 A
and customer service in the tourism industry, using key vocabulary related

to marketing andbusiness development.

An Algeneratedglossary Understanding the meanings of business tourism

terms, concepts, and notions helps advanced learners of English improve

their spoken fluency. An AlCAT AOAOAA O1T AAAOI AOU DOA
Business of TourdDi 6 DOI OEAAOG A T EOO 1 £ x1 OAC
definitions and example sentences. A vocabulary presentation includes a

CAI A AT OGEOI AA O71 OddoptedAffom Sriak 1LksBoh CA 6
Generator, 2025). To run the game, the lecturer divides the class intmall

groups of 3-4. Each group receives one vocabulary word and must create a
semantic web that connects it to other concepts, synonyms, and reabrld

ApbPl EAAQGEI T 08 ' Ol OPO OEAT O OAOA O1 A
increasingly complex networks of meaning. The activity concludes with each

group presenting the most interesting connections they discovered. This
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task encourages deep processing of word meaning and creates memorable
associations

While developing vocabulary, the following Adgeneraed notes for the

lecturer are offered (Smart Lesson Generator, 2025): begin by eliciting

1 AAOT AOOGS DOET O ETT x1 AACA 1T &£ OEA x1 0
EECEI ECEO OEA OAOOAOQOEI EOU 1T &£ x1 OAO 1 E
contexts, use eal-world examples; encourage learners to create their own
examples using personal experiences; consider grouping related terms

i OOAE AOh OOAOI 1 6OOEIThd OI POEI EOAGQq Ol
professional contexts; encourage pronunciation pretice; use authentic
materials like business articles or TED talks to provide additional context.

Grammar. The grammar section concentrates attention on the
definition (the Past Perfect Continuous and the rules of its usage are
provided) and example sent ences.

An Algenerated speaking taskEvery student in class is asked to imagine that

they are the new head of tourism for a beach city. The city gets too many
visitors. The student needs to choose the best ways to control the number of
tourists while helping local businesses make money. The task involves the
AlT1TxETC 1 AAOOOAOSO OOCCAOOGEIT O O O
spots based on how busy they are in different seasons; build better travel
options like electric buses and make some olidwn areas carfree; create an

App O AEAAE OEOEOI O 10i AAOCO AT A EAI
crowded; work with local people to show tourists real life in less visit areas;

create a special badge for businesses that help protect nature and the
community (adopted from Smart Lesson Generator, 2025)

An Algenerated reading taskk T OEA Oi PEA O4EA " OOET A
03,' {31 A00 ,A0OIT AT AOAOI Oh c¢mcguqQ
Tourism is Becoming More Earth& OE AT AT Ud !  7queStiorsfob E A x 8
checking reading comprehension are suggested along with the three

AT OxAOOh TTA T £ xEEAE neOj ADOARAGOAT A8

An Algenerated writing task The first step in the writing task is a feature
article. A feature article isa detailed news story that examines a topic in
depth. Unlike daily news stories, feature articles give more background
information and tell stories about people, places, or ideas. They appear in
newspapers and magazines to help readers understand interésy subjects.
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Suggestions for the writing task involve: start with an interesting opening;
include what different people think about your topic, and use real facts to
support your points; keep readers interested by using clear descriptions and
valid quotesfrom people.

A pre-writing task is to read the article about ecefriendly buildings d, Gréen
Buildings: The Future Ecfriendly buildings are becoming more common
these days. Many builders are using materials that help the environment. Some
buildings havesolar panels. The materials used in green buildings cost a lot of
money. However, they save money over time. One builder said it was good for
the environment. The buildings look nice and help the planet. More people
should build green buildings becauseey are better. They use less power, and
that helps make the air cleaner. This is important for the future of our planet.
Green buildings will continue to be built in the futuee j 31 AOO , AO
Generator, 2025).

4EAT R OEA x OE OB afdb okl arfic abouEred @akdl 4, O
and tourists in your country have changed over the years. Talk about good and
bad changes. Include what different people think abouritike shop owners,
people who live there, travel guides, and nature experts. Useegainples to
support your points. Start with something interesting that makes people want

to read more, and finish by talking about what might happen in the futare
(Smart Lesson Generator, 2025)

AnAKCAT AOAOGAA O ATHiE tAsk AuE hrEehchel actvified.First,

there is an understanding check: What are the main harmful effects of lead

iIT PAI PI A6O EAAI OE AT A OEA AT GEOI 11 AT
reflection: What did you learn about lead pollution today, and what else
would you like to know about this topic?Third, there is an expansion task:
imagine that you are helping your city draft rules on lead; create a simple
three-step plan to address lead in old buildings; consider both financial and
PAT P1 A6O 1T AAAON stioh: AowAnoulixyduldnakd Bube ydud A
plan works well?

3 Conclusions

)yl OEA 1 AAOOOAOBS O -A PILG lassissEidwortk.)At OA OT (
CAT AOGAGAA AITOATO A O A O1AOGOIT EITITE
compelling starter. The vocabulary presentaton introduces new words and
expressions, with a glossary, example sentences, and a vocabulary game.
Grammar presentation provides a clear overview of a grammar concept. The

text for reading engages learners, and then multiplehoice questions help
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assess heir reading comprehension. Writing activities help practice writing

OEEI 1 08 'i OAQGEO OEAEAOGSE Ai 1011 EAAOGAO

An English lecturer is a provider of information within the educational
process. The lecturer, while integrating Algenerated content (tasks, texts,
grammar rules) created by the PSLG into classwork, makes it available for
learners as supplemental material. In this dynamic, the English teacher
delivers content engagingly and flexibly, ensuring the necessary consistency
and serving as a provider of information for the class

Appendix A

Reading comprehension

Lesson topic The Business of Tourism / GSE Level: 784
How Tourism is Becoming More Earth-Friendly: A World View

The tourism industry used to ignore environmental problems, but now it's taking better care of
nature. With worldwide tourism making more than $1.7 trillion each year, business leaders know
they must act on their impact on the environment. This change has made 'green tourism' become
more than just a popular term - it's now a real plan for future growth.

While changing to earth-friendly practices may seem hard for existing businesses, many are
finding that small changes can make big differences. Regular hotels are changing into eco-friendly
places to stay, adding solar power systems and ways to reduce waste. While these changes cost
money at first, the good results are worth more than the money spent.

Travel methods have changed a lot too. Big car rental companies are now using cars that run on
both fuel and electricity, which is better for the environment and makes customers happy. This

change isn't just for show - it's because more travelers who care about nature are willing to pay

more for earth-friendly choices, making it good for business too.

New technology has helped speed up these changes through online advertising that reaches
nature-loving travelers. Data shows that earth-friendly tourism is getting more attention than
ever, especially from young travelers. These groups don't just want to travel - they want to travel
in ways that help local communities and protect nature.

Looking to the future, tourism businesses must find ways to make money while protecting nature.
The most successful companies will be those that try new ideas while keeping travel experiences
real and genuine. This change is not just a short-term trend but a complete rethinking of how we
travel in a time when more people care about protecting our environment.
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1. How has the tourism industry changed in its approach to protecting the environment?
a) From not caring about the environment to taking action because it helps make money ¥
b) Because of new government rules that force all tourism companies to follow green practices

<) By completely stopping old ways of tourism and only offering nature trips

2. What does the text tell us about what today's travelers want?

a) They only care about having fancy hotels and services
b) They want real experiences that help the environment and local communities v

c) They only think about the price when choosing where to travel

3. According to the text, how much money shows how important tourism is worldwide?

a) More than $1.7 trillion each year v/
b) $2.3 trillion every three months

€) $1.5 trillion every month

4. What example does the text give about hotels becoming more environmentally friendly?

a) Using systems to reuse water at beach hotels
b) Putting solar power equipment in places where guests stay v’

c) Using packages that break down naturally in hotel restaurants

The text and questions are Ajenerated by the PSLG
Source: Smart Lesson Generator, 2025
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USE OF WEB TECHNOLOES ININFORMATICS
EDUCATION

%OEE 4+2)h '"uUsUe (/26<4(

Abstract: The rapid spread of the Internet, modern web technologiesand
digital tools in the recent decadeshas transformed expectations toward
education, influencing the competenciesboth teachers and students are
required to achieve.ln many educational contexts, wekbased technologies
are used primarily as runtime environments: for example, in learning
management systemgo support teachingor online code execution toolso
support programming studies.

This paper reviews these established uses of web technologies in education
but argues for a broader pedagogical perspectivdhe key advantage of the
Web lies in its universality: applications behae consistently across devices;
development can be carried out using free and widely accessible tooWe
propose that the web browser itself provides a multimedia-rich and
interactive environment that can effectively replace traditional console
based proglamming tasks or hardwareintensive robotics activities, which
may be inaccessibleto many schools due to their cost Web-based
programming projects also help boost student motivation and engagement
by leveraging multimedia, interactivity and instant feedbak that appeal to
O1 A Agererétion of learners. We argue that this approach is feasible
because theWeb asplatform readily supports multimedia elementssuch as
embedded bitmap graphics, vector graphics. The creation of such
multimedia elements and statt websites is already part of the curriculum in
Hungary.

Keywords: webtechnologies javascript, multimedia, interactivity, browser,
informatics education.

1 Introduction

In recent years, expectations for educators and students have shifted, driven
largely by the rapid growth of digital tools and increased online activity. As
Chira [1] notes, digital competence has become a core requirement for
teachers. It now extends well beyond the use of basic ICT tools to include the
creation and sharing of digital cotent. Much of this now happens directly in
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the web browser, with web applications becoming increasingly
sophisticated and students regularly using/arious online platforms.

applicatET 1T O AT A T1T1ETA bl AOA&I Oi 6h OECIT E A&
performance. The report implies that the Web has become the primary
medium through which students access information, collaborate, and
engage in interactive learning experienceslt underscores that web
technologies ranging from cloud-based productivity suites to interactive
learning environments, enhance accessibility, support personalised learning
paths, and facilitate continuous feedback.

Using web technologies is an everyday part of gital literacy in the modern
society for everyone Althoughthe DigComp 3.Gramework [3] created by

OEA

%OOT PAAT #1 i T EOOETI 180 *1 ET O

AOAI AxT OE &£ O AEOEUAT 06 AECEOAI
proficiency levels without referring to specific technologies or applications
each competence area can also be interpreted ithe context of web
applications which further highlights the role and importance of the Web
and related technologiesin everyday life. The five competernce areas of
DigComp 3.@&nd their interpretation in this context:

1.

Information search, evaluation and managementising the web
browser to conduct queries on search engines, online databases and
from Al-powered chatbots while judging and organizing said
information.

Communication and collaboration:Using online communication
tools such as email, instant messaging to discussion forums and
being able to participate in ceauthoring content or coordinating
schedules using tools that run in the browser.

Content creation: Using various webbased productivity tools to
create new documents of various formats and being able to deliver
it to a target audience primarily via social media networks.

Safety, wellbeing and responsible usknowing how to manage
privacy settings, protect passwords used to access online accounts,
recognising online threats, avoiding harmful online behaviour.
Problem identification and solvingChoosing web applications or
digital platforms to solve practical problemsand finding solutions
to newly encountered problems using Internet search.

Overall, the findings position theWeb as a foundational infrastructure for

modern

education, enabling possibilities that offline tools and

2 A0R
OEEI
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methodologiescan no longer matchlt is worth mentioning that these digital
competences can be interpreted in different contexts as well.

2 Definition of the Web and web technologies

Before addressing the pedagogical or technological possibilities of a web
centric informatics education, it is essential to clarify the meaing ofthe Web
and define whatweb technologiesire.

The World Wide Wel(often shortened to WWW, W3 or simplythe Wel) is a
system of interconnected web pages that are accessible over the Internet.
The basics of itsarchitecture were proposed by Tim Bernes-Lee [4], a
researcher at CERNnh 1989 for internal use and made public in 1991.The
published architecture contained several key components that define the
fundamentals of the Web even today, such as:

1. The Hypertext Transfer Protoco(HTTP) which is the application
layer protocol that defines the formal communication patterns
between aclient (traditionally a web browserapplication) and a
serverusing HTTPrequestsand responses

2. A unique identifier for each resourcez known as Uniform Resource
Identifier (URI). Its role is to provide a consistent, syntaxiriven
way to identify resources such as documents, services or data
sources. The most used type of URI is théniform Resource Locator
(URL) where the resource is identified by its exact location the We
In contrast, theUniform Resource Nam@RN) identifies a resource
without its location, e.g. a book by its ISBN.

3. The resources are interconnected usinghyperlinks, which are
typically embedded in a document of some markup language, most
frequently the Hypertext Markup LanguagéHTML).

From these core elements originates the broader spectrum ofveb
technologies which includes every tool, standard and mechanism that
enables the use, development or consumption of resources on the Web. Over
the past two decades this category has grown to include:

1. Other markup languages used on the Web, such @ascading Style
Sheets(CSS) for style markup,Markdown and its variants for
general markup,Extensible Markup LanguagéXML) andJavaScript
Object Notation(JSON) aslata representation format.

2. Programming languages used on the Web, most notablavaScript
as the clientside language embedded intaveb browsers and its
extensions and variants such agypeScript
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3. The exhaustive amount ofApplication Programming Interfaes
(API) in the web browsers itself, providing standardised interfaces
for services like bitmap graphics, disk storage, communication
protocols, multimedia, geolocation, etc.

4. Rendering and component frameworks, such adkeact which
structure interactive client-side applications and provide
abstraction layers above raw browser APIs.

5. Serverside technologies, including baclend application
frameworks, standards such asRepresentational State Transfer
(REST) and GraphQL. authentication and session management
mechanisms, servesside scripting environments (e.gNode.jsPHR,
Ruby on Rails

Together, these technologies form an extensive and continually expanding
ecosystem that extends beyond the original concept of the Web. Their
existence has transformed the Wb into a generalpurpose, distributed
application platform with its own languages, protocols, execution
environments and software architecture paradigms.

3 Existing uses of web technologies in education

When most people think about the use of the Web indecation, they often
consider its role primarily as a platform for running applications that
support the in-class learning process Over the past decade, the Web has
evolved into a powerful and flexible environment where learners and
teachers can access taractive tools, collaborate in real time, and engage
with rich multimedia resources.

3.1 The Web as enhancement of in-class instruction

One of the most prominent examples is the use of Learning Management
Systems (LMS)in education. LMS platforms providea centralized space
where educators can distribute materials, design courses, assign tasks, and
monitor student progress. Popular LMS platforms such asloodle Canvas
and Google Classrootmave been widely adopted in schools and universities
around the world. These systems support learning by allowing
asynchronous access to learning materials, enabling students to review
lectures, at their own paceor submit assignments LMS platforms also
provide vital communication and collaboration tools, including discusion
boards, group workspaces and messaging systems, which encouramgine
peer interaction and engagemeriti OEAOAAU AAOAIT 1 PET ¢ OE
competence. [5]
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3.2 The Web as an application execution platform

The web browser functions as a multimediaich platform capable of
running interactive web applications. Many of these applications support
everyday collaboration between teachers and students. For examplgpogle
Docsprovides an onlineequivalent to traditional desktop word processing
applications suchas Microsoft Word

The growing number of web-based productivity tools increasingly serve as
alternatives to traditional desktop software, and as they continue to gain
new features and capabilities, they are becoming ever clos& traditional
desktop applicationsin features while they can be accessed from anywhere
with an internet connection and there is no need to install or configure
software on the client machine. [6, 7]

3.3 The Web as a programming education platform

In programming education web-based applications are used sometimes fully
functional programming environments. Notable examples of such
environments include Replit [8] for text-based programming languages and
block-based environments for educational languages such as thelmowser
version of Scratch[9] and Microsoft Makéode[10].

Other platforms combine the execution with their own curriculum,
interactive environments and pedagogical scaffolding, allowing learners to
acquirethe entire set ofprogramming skills directly through their browsers.
A similar programming educational environments with a variety of features
from tutorials to task solving and testing has been proposed [11] in
Hungarian higher education for learning programming fundamentals at
EOOEO , 1 OUT A igersifydekel) diter@ciive web-Based tools
can be used to help learn the planning phases of program creation such as
specification [12] and algorithms [13] as well, not just pure implementation.
The Hungarian platform Codia[14] presents a gamified envirmment to
teach programming fundamentals to children using?ython

Two influential international examples areCodeHJ15] and several MIF
developed webbased learning tools, particularlyMIT App Inventor[16]. In
case ofCodeHSstudents begin with simple,visual programming tasks before
progressing to textual programming and more complex problensolving.
Teachers benefit from dashboards that track student progress, highlight
common errors, and provide grading tools, making it feasible to teach
programming even without deep technical expertiseNewer platforms such
as PythonPalprovide Al-based instruction and feedback using chatbots to
facilitate the learning process [17].
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4 Qur vision: a programming curriculum centred entirely
around web technologies

Sofar, we haveexaminedthe applications of web technologiesn education
that either use the web platform to support teaching or serve asxecutional
environments for web applications created by others

Our vision is to develop a methodology built entirely around web
technologieswhere the web is notjust a tool for supporting the process of
learning or hosting applications but rather an integral part of the studies
throughout. Using the capabilities of the web browser, waim to teach the
fundamentals of programming in JavaScript Let usintroduce some of these
possibilities.

4.1 Interactive and multimedia -rich applications

The introduction of text-based programming environments in schools
traditionally begins with the development of short console applicatons.
Taskrepositories and textbooksoften start by writing programs performing
mathematical or statistical calculations. Most students feel anxious about
tasks with a mathematical focus this is a phenomenon known as
mathematical anxiety in pedagogical terature [18].

Instead, our proposed methodology introduces programming by leveraging
the interactive and multimedia capabilities of the web browser, through
event-driven applications that perform document transformations. These
transformations can be condional (branches), repeatable (loops),
extracted into reusable pieces of codd€subroutines), and applicable to
multiple document elements (array processing, etc. In this way, the
knowledge typically taught through consolebased, calculatiorheavy
applications can be conveyed effectively. Researddso supports that for
O1T AAU8O CAT AOAOETT 1T £ 1 AAaichkconhtisEl OAO
needed tomaintain motivation and engagemen{19].

The creation of static websites and multimedia elements is alegly a part of
the Hungariandigital culture curriculum framework [20], which means that
these foundational skills can be seamlessly transferred and further
developed in the context of programming.

4.2 Costsaving measure

The methodology canalso serve as a alternative or complement to
robotics-based programming education Although numerous methodologies
have been developed for teaching robotics, and the topic is emphasized in
state textbooks[21], particularly in K-8 schools in practice, acquiring these
tools (e.g.Legorobots, Micro:bit boards) is often too costly foreducational
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institutions . Several educational institutions are only able to gain access to
these tools for a limited time by programs such a#/andering Micro:bitg22].
Micro:bit fits well with our envisioned methodology, as it can be emulated
on Microsoft MakeCodeand programmed not only through blockbased
coding but also inJavaScriptand static TypeScript[10]. Beyond the basic
device, certain addons and sensors can even be simulated wialgorithms.

4.3 Turtle graphics, animations, cellular automata, simulation

Since its introduction in 1967, the Logo programming language has had a
profound impact on programming education. The language, along with its
associated programming environments,enables the creation of complex
graphics using simple toolsknown as turtle graphics.

The <canvas>element available in HTML5 providesa convenient interface.
After mastering a few basic drawing commands, tasks typical to turtle
graphics can be solved idavaScriptand the output can be displayed in a web
browser. Graphics can be efficiently redrawnmultiple times per second
enabling the production of animations and simulationslike NetLogd O
cellular automata visualizations. Beyond native solutions, thee problems
can also be addressed at various levels of complexity usintavaScript
libraries developedthat were created for rendering programmed graphics
[23, 24].

5 Challenges and counterarguments of a
programming curriculum centred around web
technolog ies

While the Web offers an accessible and widely available platform, it also
presents several challenges that make it a legban-ideal environment for
beginners learning programming:

5.1 Dynamic data types in JavaScriptlanguage

Challenge: JavaScript the dominant programming language of the Web, is
dynamically typed. This means that variable types are not declared explicitly
and may change during execution. Although dynamic typing offers flexibility,
it can easily lead to subtle runtime errors that are dficult for novices to
trace or understand.

Counterargument: Similar dynamically typed languages are already used
in general education. Most notable of these iBythonwhich has been an
allowed language on the Hungarian national final exam since 2012 arsl
also the primary programming language used in the sample codes in
Hungarian digital culture textbooks R5]. If the enforcement of strict type
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constraints is preferred, TypeScript[26] provides a suitable alternative to
plain JavaScript

5.2 Required kno wledge of markup languages

Challenge: Programming for the Web inherently requires learners to
acquire at least a basic understanding diTMLand CS$as these languages
define the structure and presentation of web content. This additional
knowledge overheal can be overwhelming for students whose primary goal
is to focus on programming constructs.

Counterargument: The creation of static websites is already part of the
Hungarian national curriculum [20]. Working with previously acquired
knowledge in this topic lets students experiment with design, interactivity,
multimedia elements and layout while learning new concepts.

5.3 Unconventional language features

Challenge: JavaScript includes several language features and design
decisions that may appear unconventinal or unintuitive. The prototype-
based inheritance model differs significantly from the clasdased systems
found in most widely taught programming languages. Although modern
JavaScriptalso supports class syntax, its behaviour remains rooted in
prototyp es, which can lead to confusing situations when learners try to
apply objectoriented reasoning.

Counterargument: The flexibility of JavaScriptallows learners to start
solving meaningful problems without needing to master complex objeet
oriented hierarchies. Most programming tasks in high school can be solved
without deep understanding of the objectoriented paradigm. At this stage,
practical problem-solving and immediate feedback are far more important
than mastering formal class hierarchies. It is worthnoting that Python a
language widely used in education, also employs several unconventional
design choices in this area. For example, private attributes are indicated only
through naming conventions and are not truly enforced as private, and
multiple inheritances are allowed which is uncommon in other
programming languages that support objecbriented programming [26].

5.4 Added complexity of DOM and browser APIs

Challenge: While these APIs offer powerful capabilities, they are often
extensive and complexAlthough they enable the creation of rich, modern
applications, their intricacy can present a barrier for beginners. Many APIs
rely on low-level, stateful function calls, which may be unintuitive for new
learners and can shift the focus away from fundameal programming
concepts toward the mechanics of specific functions.
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Counterargument: Every programming environment has some form of
overhead. For example, widely adopted frameworks such aBygameor
Tkinter require learners to understand event loops, codatinate systems, and
graphical user interface (GUI) function calls before they can create enjoyable
outcomes. This is supported by the numerous newly introduced function
calls and prewritten code snippets in the chapter of the national textbook
about GUI fandling [27]. Similarly, in a roboticsbased lesson, students often
work with languages unrelated to core computational thinking concepts
being taught.

5.5 Console applications are required

Challenge: The proposed methodology does not align with the
requirements of the national final examination or programming
competitions which typically require console applications and/or file input.

Counterargument: This concern rests onthe misunderstanding that the
JavaScriptlanguage confined to the browser. Contemparry JavaScript
ecosystems offerseveral alternative runtime environments such asNode.js
[28] and Deno[29] that support fully offline execution and provide access to
conventional commandline interfaces and access to the features of the
operating system sich as file handling The transition from writing event-
driven applications that run in a web browser to writing console
applications with standard keyboard input can be made swiftly by learning
a few I/O function calls.

6 Summary

Web technologies have evwed far beyond their original role, becoming a
versatile platform for education and programming. By leveraging the
multimedia capabilities, interactivity and widespread accessibility of the
Web, it is possible to design programming curricula that are eng@gng, cost
effective, and pedagogically meaningful. While challengetearly exist, we
strongly believe that those can be mitigated throughthe design of the
methodology.

References

[1] CHRA#O1T1CiI O jc¢megmnQgs ! AECEOAT EO Eii bA
DAAEG®OI E AECEOAI EO EI I PAOAT AEUEMB )T
EOI OT OAOUI OUO EAOUOA AU AcuilE ET I DAC

modelljei. %OUOAOEUUU +007T1U %CUAOAI
https://doi.org/10.46403/Akulturavaltashatasaegyeni.2020.38



https://doi.org/10.46403/Akulturavaltashatasaegyeni.2020.38

(2]

(3]
(4]

(5]

(6]

(7]

(8]

E)
(10]

(11]

(12]

(13]

[14] .

(19]

XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

&/ 23342v-h 38 AO Ai8 jcmqguqQs8 4EA Ei PAA
Results from a literature review.OECD Education Working Papers, No. 335
OECD Publishing, Pari$ittps://doi.org/10.1787/9997e7b3 -en

COSGROVE, J. and CACHIA,(®25), DigComp 3.0: European Digital
Competence Frameworkttps://data.europa.eu/doi/10.276 0/0001149
BERNERS.EE, Tim (1989).Information Management: A ProposaOnline:
https://cds.cern.ch/record/369245/files/ARCH -WWW-4-010.pdf (last
accessed: 02.12.2025.)

YUSUPOVA, Ziana Kurbonovna (2025). The role of LMS platforms (e.g.,
-TTATAR "TTCci A #1 Adooiiiq ET AAOGAI T PE
Ta'limning zamonaviy transformatsiyasi, 21(1)Online: https://s cientific-
jl.com/tra/article/view/24805 (last accessed: 02.12.2025.)

Why Choose Web Applications Over Traditional Desktop Software: Costs,
Collaboration, and Security. Online:
https://www.theprovatogroup.com/applications/why-chooseweb-

applications/ (last accessed: 02.2.2025.)

Desktop Application vs Web Application: Pros and Cordnline:
https://www.branddiaries.in/desktop-application-vsweb-application/  (last
accessed: 02.2.2025.)

Replit. https://replit.com/ (last accessed: 02.12.2025.)

Scratch (online) https://scratch.mit.edu/ (last accessed: 02.12.2025.)

"Al1Th 48h #EAOOAR '!'8h (Al1AO@Bh =*8 OPAI
(2019). Microsoft MakeCode: Embedded Programming for Education, in

Blocks and TypeScriptSPLASHE 2019: Proceedings ofi¢ 2019 ACM SIGPLAN
Symposium on SPLASE 7712.

(/1 26<4( 'UeUe& j-psep progéamming endirBnment for
introductory programming courses in higher education. Annales
Mathematicae et Informaticag 48 (2018), pp. 2332, Online:
http://publikacio.uni -eszterhazy.hu/id/eprint/3310 (last accessed:
02.12.2025.)

(/1 26<4( '(2028)U &eaching Task Specification Efficiently in

)T 001 AGAOT OU 001 COAIT T ETC #1 O0OOARG EIAU( B
B. (eds)Informatics in Schools. Innovative Approaches to Computer Science
Teaching and Learning. ISSEP 2024. Lecture Notes in Computer Science, vol
15228.https://doi.org/10.1007/978 -3-031-73474-8_9

(/1 26<4@eUx:h , ! dgrah® Zsuzsanna (2025). Struktogramok

Ei OUpOi Oi TAE 1O EAOUT UI AOGUT AE 1 &A0UAOC
Oil oUT 8 )1 -480& ' AAT Oifopicats kddfErencid 20257

4 AT Ol 1 Ulpp. BEEBA O

1'9 "ATAACTUR (/ 2pk4CAl BEBBUAESTCBAOUO
i1 OEOQUAEEOA ACU EEUT DEOET(In D.EAboRyBI sBGEDO B
Andor (Szerk.),InfoDidact konferencia 2025 4 A1 O1 1 U {pp. 831624 O
CodeHShttps://codehs.com/ (last accessed: 02.12.2025.)

108


https://doi.org/10.1787/9997e7b3-en
https://data.europa.eu/doi/10.2760/0001149
https://cds.cern.ch/record/369245/files/ARCH-WWW-4-010.pdf
https://scientific-jl.com/tra/article/view/24805
https://scientific-jl.com/tra/article/view/24805
https://www.theprovatogroup.com/applications/why-choose-web-applications/
https://www.theprovatogroup.com/applications/why-choose-web-applications/
https://www.branddiaries.in/desktop-application-vs-web-application/
https://replit.com/
https://scratch.mit.edu/
http://publikacio.uni-eszterhazy.hu/id/eprint/3310
https://doi.org/10.1007/978-3-031-73474-8_9
https://codehs.com/

[16]
[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]
[27]

(28]

XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

MIT App Inventorhttps://appinventor.mit.edu/ (last accessed: 02.12.2025.)
PALAHAN, S. (2025). PythonPal: Enhancing Online Programming Education
Through ChatbotDriven Personalized Feedback.IEEE Transactions on
Learning Technologies 18, 33%350.
https://doi.org/10.1109/TLT.2025.3545084

TOBIAS, S. & WEISSBROD, C. (1980). Anxiety and Mathematics: An Update.
Harvard Educational Review 90, 63-87.
https://doi.org/10.17763/haer.50.1.xw483257j6035084

CHARDONNENS, S. (2025). Adatping educational practices for Generation Z:
integrating metacognitive strategies and artificialintelligence. Frontiers in
Education, Volume 10 (2025Mttps://doi.org/10.3389/ feduc.2025.1504726

I EOAQOUOE (2020 GARADAIOOAT OAOO Azv @& 1 Tt WUEE O iUIAL
OUURUOz S$ECEOUI Ed 9H®DI O1i OA& Iaulké: 8
https://www.oktatas.hu/pub_bin/dload/kozoktatas/kerettanterv/Digitalis
_kultura_K.docxlast accessed: 02.12.2025.)

$ECEOUI GIOOA E Gi 8 Program@zzunk micro:biteket! Online:
https://www.nkp.hu/tankonyv/digitalis_kultura_6_nat2020/ lecke_03_002

(last accessed: 02.12.2025.)

ABONY#4 s 4 ( 'Al AOI, B (<2 : OOUOA jc¢mpwQs8 7AT A,
public education of Hungary,Lecture notes in Computer Sciendéol. 11913,

pp. 189-199.

6)3./6) 4: -U00TTh (/26<4(¢( rygeUe  jgmg
DOl COAT T UI 66 OAEUITT UO AjiAdT 3 OIADOFE VDT OA
, UOUIl & i O U Ardodligact 2020. Online:
https://people.inf.elte.hu/szlavi/lnfoDidact20/Manuscripts/VMHGy. pdf

(last accessed: 02.12.2025.)

6)3./6)d: T h-{/26<4( 'UeUezjcukEEBAUICAA
DOl COAITTUUO *AOA3AOEDOOAI 8 ) lnthdidactl UOE
2022, Orine:

https://konferenciak.inf.elte.hu/infodidact/InfoDidact22/Manuscripts/VM

HGy.pdf(last accessed: 02.2.2025.)

3: %2 @OA +OEOUOEI A j¢mcOE8 1WADOBI 101 ©EIE ¢
EEUI DAl ET T EOAOUOGAAT j4EA OEOA T &£ o0U
secondary  education) Gradus, Volume 11, No. 3 (2024).
https://doi.org/10.47833/2024.3.CSC.006

TypeScripthttps://typescriptlang.org (last accessed: 02.12.2025.)

Python 3.14 Documentatiory The Python Tutorialz 9. ClassesOnline:
https://docs.python.org/3. 14/tutorial/classes.html (last accessed:
02.12.2025.)

$ECEQOUI EO EOIAICOMNOEOGDLBUYIIUDHh Ayl Ul EO
EAOUT UT' ORMEEEDOO EAT EAOUT UI 6E AEAIAIT AGI]

3 AE U O O®niinA: 8 https://www.nkp.hu/tankonyv/digitalis -kultura-11-
nat2020/lecke_07_018(last accessed: 02.12.2025.)

109


https://appinventor.mit.edu/
https://doi.org/10.1109/TLT.2025.3545084
https://doi.org/10.17763/haer.50.1.xw483257j6035084
https://doi.org/10.3389/%20feduc.2025.1504726
https://www.oktatas.hu/pub_bin/dload/kozoktatas/kerettanterv/Digitalis_kultura_K.docx
https://www.oktatas.hu/pub_bin/dload/kozoktatas/kerettanterv/Digitalis_kultura_K.docx
https://www.nkp.hu/tankonyv/digitalis_kultura_6_nat2020/%20lecke_03_002
https://people.inf.elte.hu/szlavi/InfoDidact20/Manuscripts/VMHGy.pdf
https://konferenciak.inf.elte.hu/infodidact/InfoDidact22/Manuscripts/VMHGy.pdf
https://konferenciak.inf.elte.hu/infodidact/InfoDidact22/Manuscripts/VMHGy.pdf
https://doi.org/10.47833/2024.3.CSC.006
https://typescriptlang.org/
https://docs.python.org/3.14/tutorial/classes.html
https://www.nkp.hu/tankonyv/digitalis-kultura-11-nat2020/lecke_07_018
https://www.nkp.hu/tankonyv/digitalis-kultura-11-nat2020/lecke_07_018

XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYIN TRNAVAZ FACULTY OEDUCATION

[29] NodeJsattps://nodejs.org/en (last accessed: 02.12.2025.)
[30] Denohttps://deno.com/ (last accessed: 02.12.2025.)

Contact address

%OEE 4+2)

EOOEO , leBiyl A 51T EO
Faculty of Informatics

e-mail: turierik@inf.elte.hu

ueue (/1 26<4(
%EOOEO ,1 OUT A 51TEOAOOEOU
Faculty of Informatics
e-mail: gyozo.horvath@inf.elte.hu

110


https://nodejs.org/en
https://deno.com/
mailto:turierik@inf.elte.hu
mailto:gyozo.horvath@inf.elte.hu

XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

EXPERENCEBASED INFORMATCS WITH

MICRO:BITSz FROM WANDERING KITS TO

(5.' 12983 &QNAB MICRO:BA)
PROGRAMMING COMPETIDN

Andor ABONY#4 s 4,B8ence ! < HU

Abstract: This study presents the more than eighiyear development of the
TAGEI T Al - BARDEQACE G E@OAI | AT AET C DOIT CO/
Ei PAAOO 1T &£ (O1T CAOUBO EEOOO -EAOI dAE
initiative was grounded in the principles of constructionist and experience

based learning, aiming to provide schools with risree access micro:bit
microcontroller devices, thereby supporting teachefled innovation and

informed procurement decisions. Starting from 20 devices, the program
expanded through industrial partnerships to several hundred micro:bits,

reaching more than 600 schoolsand approximately 65,000 students by

2025.

Building on this infrastructure, the competition implemented a narrative

driven, project- and problem-based task structure that included both fixed
specification challenges and creative, studerdesigned problems. The

statistical analysis of submitted tasks demonstrates how the dual structure
supported differentiated assessment, with the creative tasks activating

design, documentation and higheiorder problem-solving competences. The
implementation relied on a multi-actor collaboration involving university
instructors, preservice teachers, mentor teachers from public education and

industry partners, who jointly contributed to the organizational,
pedagogical and technical aspects of the event.

Findings indicate that the program significantly increased student
motivation, creativity and collaboration skills, while strengthening
DOAOCAOOGEAA OAAAEAOOS DPOT £ZAOCOEI T Al E /
competences. Together, the Wandering Kits program and the national
competition constitute a sustainable, ecosystentevel model that effectively

supports the implementation of STEAMbriented educational innovation in

Hungary.

Keywords: micro:bit; constructionism, STEAM education, projeebased

learning, programming competition, dgital pedagogy, student motivation
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1 Introduction

Adapting to digital culture and developing computational thinking have

become fundamental challenges in contemporary public education.
Research consistently shows that algorithmic thinking, problenrsolving,

and creative design develop most effectively when learners engage in active,
experience-based, constructionist learning environments (Papert, 1980;

Wing, 2006). The BBC micro:bit programmable microcontroller is
particularly well suited for this purpose, as it provides an easyto-use

platform that connects the digital and physical worlds and supports creative

i AEET ¢C8 ) O AEEAAOGEOAIT U Al AAdnAnindddi AAOI
1 AAOTET C6 APPOI AAEAO | AE3BAOOAR ¢mmmn

m/‘cf{f):bit

Figure 1: BBC micro:bit (source:https://bit.ly/47MkeGF )

International research clearly demonstrates that microcontrollerbased

learning environments have a motivating effect, increase student
engagement, and foster the developant of a wide range of competencies
(Micro:bit Educational Foundation, 2023). One of the first scientific analyses
summarizing the Hungarian experiences (Abonyt 8 OE Q 01 OEUOA
highlighted that the micro:bit can be used particularly effectively to
integrate STEAM domains, support independent exploration, and shape
creative learning processes.

Within this pedagogical and research context, we launched the Wandering
+EOO0 j-EAOI QAEO AT O OEUI UOQ bHOT COAI E
developed into a sigificant initiative with nationwide reach and impact.

At the launch of the program, we had only two kits, each containing ten
micro:bits, which we had acquired with the support of the Public Education
Division of the John von Neumann Computer Society. Thekits were sent

to schools that agreed to participate in a tweto three-week testing period

and then forward the devices to the next participating institution.

The early success of the program was evident from the substantial interest
that emerged within the first months. In response to the growing demand,


https://bit.ly/47MkeGF
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the first external supporters appeared in the spring of 2018. In March, the

(01T CAOEAT 1 EAOT JAEO AEOOOEAOGOI Oh - UIT
devices, allowing multiple schools to participatesimultaneously. A few

months later, in May 2018, ARM Hungary Ltd. one of the developers of the

core technologies behind the micro:bitz supported the initiative with a
donation of 20 new kits. This support did not simply increase the quantity

of available devices; it resulted in a significant expansion of capacity. The

total number of micro:bits grew to several times its original size, enabling

shorter waiting lists, longer loan periods for schools, and the extension of

the testing phase to four weeks.

vy e

ﬁn/rﬂ:“-@ K ky ki YX10poA

agreb
© Timisoara

Combop

5 =Lugoi

Figure 2: Settlements reached by the Wandering Kits program

The growth of the program did not stop in the following years. Responding
to the increased interest from teachers and schools, in 2024 ARM Hungary
Ltd. donated an additional 200 micro:bit V2 devies to the Wandering Kits
program. Compared to the earlier V1 model, the micro:bit V2 offers several
enhanced features, including a more powerful processor, larger memory, a
built-in speaker and microphone, improved energy efficiency, and more
sensitive sersor feedback 2 all of which significantly broaden the
possibilities for classroom use and projecbased learning.

This support proved to be a milestone, as the program had by then become
one of the largest centrally coordinated educational devicéending systems

in Hungary. The substantial pool of equipment not only enabled the

continuous service of hundreds of schools, but also allowed for proper stock
management, rapid replacement of faulty devices, and the involvement of
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rural institutions that had previously lacked access to such tools. The loan
period was extended to two months, and several kits were sent to schools

AAUTTA (061 CAOUBO Al OAAOO OEAO 1T AEAO Al

The process of expansion illustrates how a local initiative can gradually
develop into a nationwide program when the motivation of the professional
community, the support of higher education, and the engagement of
industry partners reinforce one another. Ultimately, the sustainability of the
program was ensured by partnerships in whth university-driven
innovation was complemented by industry support grounded in social
responsibility.

The teacher community formed around the program, the expanding
infrastructure, and the academic background created the conditions for

organizing Hungand © AZE 00O . AOEIT T Al - EAOI ¢gAEO ©

2025. The aim of this study is to summarize the pedagogical and
organizational experiences of the program, with particular attention to the
collaboration model that uniquely connected higher education,public
education, teacher training, and industrial partners.

2 The impact of the Wandering Kits Program and its
international context

Early research exploring the background of the Wandering Kits program
(Abonyi-4 ¢ OE QO 01 OEUOh ¢ mp ani@ro:tiithad bdcéing B O A A
tool in Hungarian public education that catalyzes teacher innovation and
supports the creation of differentiated learning environments. The aim was
to bring this innovative device to as many schools as possible, providing
opportuniti es for experimentation before institutions decided on their own
purchases. This core idea supporting teacher decisionmaking, enabling
risk-free experimentation, and promoting STEAM pedagogywas fully
aligned with international trends (Resnick, 2007; Greffet al., 2014).
Analyses examining the role of microcontrollerbased devices emphasize
that these tools do not merely teach the technical aspects of programming;
they also support learner creativity, design thinking, and interdisciplinary
knowledge transfer (Jonassen, 2000). Our earlier Hungarian survey

(

(Abonyi-4 e OE O 01 OEUOh ¢mpwqh ETOT 1T OET C x

the vast majority of teachers viewed the micro:bit as a motivating, visually
engaging, and easyo-teach tool.

By 2025, the Wandering Kits program had reached more than 600 schools,
engaging approximately 65,000 students. Itssocietal impact included a
noticeable increase in innovation willingness, a growing institutional

1 The Micro:hit TeaE AOOS #1 11 O1T EOGU 11T &AAAATT Eq
https://www.facebook.com/groups/898764273601915
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interest in device procurement, and the emergence of a seiffganizing
professional community among teachers. The online community formed on
Facebook? with more than 1,700 members contributed to the
development of a knowledgesharing ecosystem that has become a
sustainable national foundation for microcontroller-based education.

3 The development and pedagogical significance of
the National Micro:bit Programmi ng Competition

The establishment of the national competition was closely connected to the
earlier successes of the Wandering Kits program, while also representing a
new level of quality. The concept of the competition aligns with international
efforts aimed at developing digital competence through authentic, projeet
based tasks (OECD, 2021). When designing the tasks, special emphasis was
placed on supporting algorithmic thinking, creative problemsolving, and
interaction-based learning. The radio communicébn features and builtin
sensors of the micro:bit provided excellent opportunities for this approach.

The narrative framework of the first round centered on astronauts stranded
on a space station, who needed assistance in solving various problems to
ensure their safe return home. The online qualifying round included
challenges built around typical uses of sensors, radio communication, and
graphical feedback such as issuing danger alerts during a spacewalk,
restoring oxygen levels in a damaged tank, recaliting the navigation
OUOOAI h OAEAOCEI Cd AT AOCU OOi OACA Of E
emergency hatch, or setting the engine to the appropriate power level.

For the fixed tasks, we created photorealistic illustrations using artificial
intelligence, further reinforcing the story-driven and immersive nature of
the competition.

Figure 3: lllustrations created for the fixed tasks

As an example, let us examine one of the fixed tasks:
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#EAOCEIT ¢ OEA AT AOCU OOI OAcCA Olithad0q

fully discharged. Fortunately, it can be recharged using solar energy, which the
astronauts are able to utilize. The depletion of the energy storage unit is

indicated by a gradually fading icon on one of the micro:bits. The task of the

teammate is hen to illuminate the other micro:bit with a strong light source

for a specified period of time, simulating how solar panels operate. After the

Euired time has passed, the energy storage units become recharged and a

symbol appears on the displays, irdting successful completion of the
task.

Figure 4: Students were required to document their solution
in the form of a video recording

The task description provided an exact specification of the roles of the two
micro:bits, and students had to develop hHeir programs based on this
specification.

Students were also required to present the operation of their application
through a video demonstration. In the example below, illuminating one of
the micro:bits with a smartphone flashlight causes the desired sybol to
appear on the paired device.

In addition to completing the predefined fixed tasks, participants could also
work on creative tasks, in which they invented and developed their own
problem that fit within the narrative framework. These openended tasks
enabled students to combine multiple devices available in their own school
environment. We also asked teams to generate appropriate illustrations for
their tasks using Al tools.

Below we present the image and problem description submitted by the team

named O" AAOEES8d
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While exploring the spaceship, th
crew comes across the storage roo
and decides to check whethe
everything needed is still there. One
the students notices an ojdlusty box;
upon opening it, they find a TPBa
and two unprogrammed micro:bits.
These two micro:bits must be
Figure 5: lllustration generated by ~Programmed so that one functions a
students for one of the creative  a controller and the other as a remotc
tasks control, allowing the TPBot to move
forward, stop, and turn right or Ié
using the remote. Such a device wou
be extremely useful on the spacesh
for searching through small gaps tc
locate lost items.

The tasks of the orsite final increased the overall level of complexity, as they
required real-time cooperation, rapid reaction, measurementbased
decision-making, state management, the use of a physical model (a lander
unit panel), and coordinated control of two micro:bits. Among other
challenges, participants could synchronize security keys, monitor a heat
shield, calibrate docking lights, or detect storagaunit errors 2 all framed
within the narrative of assisting the astronauts on their journey home. The
task structure thus simultaneously assessed technical competencies,
communication skills, strategic planning, and effdove teamwork.

Teams patrticipating in the final round had to solve the tasks using a special
panel (the Basic Experimentation KiCk D OT OEAAA AU 6pCcOUO
This panel included a rotatiorangle sensor, a pin header for connecting a
Neopixel panel, red, yellow, and green LEDs, and their corresponding
connection points. Using this panel, we simulated the landing module of a
spacecraft.

The teams also received a brief documentation describing the use of the
panel.

The two-tier structure of the competition ? consisting of an online
qualifying round and an onsite final 2 not only enabled the assessent of
a wide range of competencies but also created multimodal learning
situations in which students digitally documented their work, produced
video demonstrations, and reflected on the solutions they had developed.

2 https://www.vigvari.hu/basic -kiserletezo-keszlet-a-microbithez_954450
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These activities align with emerging e¢ments of digital culture that the
literature refers to as extended dgital literacy (Resnick, 2007).

and the Basic experiment kit (right)

An innovative feature of the competition was that it allowed the supposed
use of artificial intelligence, while simultaneously emphasizing the
importance of documenting the processes. This approach is consistent with
the ethical framework that now forms part of international Al pedagogy,
prioritizing responsible and transparent use.

4 Statistical evaluation of the submitted entries

The number of tasks solved in the submitted entries provided valuable data,
much of which may serve as a basis for calibrating task difficulty in future
competitions and adjusting the overall chaknge level.

A total of 49 teams? 98 students? participated in the competition. Of
these teams, 41 were from primary schools and 8 from secondary schools.
As shown in Figure 7, Year 7 students represented the largest proportion of
participants.

Among the primary school teams, 30 (73%), and among the secondary
school teams, 7 (88%) submitted at least one creative task. The data (Figure
8) indicate that the first two fixed tasks appropriately represented the entry
level, with exceptionally high completion rdaes. A noticeable drop in
completion appears from task F3 onward, suggesting that this point marked
a separation between teams with higher motivation and those less
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committed. It also corresponds to a significant increase in task
requirements.

Age Group Distribution of Competiters
1

Number of Students
"

il

E——

1 H a a 10 1
Grade Level

Figure 7: Distribution of participating students by grade level

In the creative task block, clear differences emerged. Task C1 was submitted
by 37 teams, a higher number than for F5 and F6, indicating that the first
creative task was more motivating. However, a subantial drop occurs
between C1 and C2: only 11 teams submitted C2, a sharp decline likely due
to the task requiring considerably more time, planning, or preparation.

A correlation matrix of task completion further supports these patterns. The
first two fix ed tasks (F1 and F2) functioned as entAevel tasks: they show
weak or no correlation with the remaining tasks. In contrast, tasks K36
exhibit very strong intercorrelations, indicating that once a team progressed
beyond this point, it was highly likelyto complete the other tasks of similar
difficulty. These tasks thus served as the main differentiators. This is
consistent with the task profiles: from F3 onward, more advanced
programming solutions were required, including nestedloop matrix
traversal, camplex sensorbased conditional logic, and operations
dependent on runtime.

The creative tasks form a separate cluster. They are moderately correlated
with each other; notably, teams that submitted C2 were highly likely to
submit C3 as well. Their correlatbns with the fixed tasks are weaker,
confirming that the creative block measured a different set of competencies.
Some teams that struggled with F8F6 nonetheless succeeded in creative
tasks, which required desigroriented, documentationrelated, and creaive
production skills. The dual structure of the competition? combining fixed
and creative tasks? fully met our expectations, as it allowed the
identification and assessment of multiple skill profiles. It may be worth
considering an increased emphasis ocreative tasks in future competitions.
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Task Completion Count
(Blue: Fixed, Purple: Creative)

nNumber of Tasks Complerad

F1 Fz F3 Fa F5
Tasks

Figure 8: Number of submissions for each task

The distribution of team scores also indicates that the competition was well
structured and effective at differentiation. The distribution is strongly right
skewed: themedian score (7 points) is notably higher than the mean (5.57),
suggesting that most teams performed well and that the participant pool
was motivated, active, and welbrepared. The data also show that nearly all
teams successfully surpassed the entry lel, making the competition a
positive experience even for the youngest participants. The peak around 7
points suggests that most teams solved the majority of the fixed tasks and
also incorporated the first creative task into their submission.

Heatmap: Task Correlations
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Figure 9: Correlation heatmap of fixed and creative task completion
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Examining the influence of age on performance reveals that age had a
statistically significant effect on outcomes (Figure 10). These differences
particularly affect the 5thz6th grade group, which peformed significantly
worse (p < 0.05) than all other groups. There is also a difference between
Years %8 and secondary level, but this difference is not statistically
significant. These findings suggest that introducing a separate category for
the younges age group may help ensure more equitable competition
conditions.

One-way ANMOVA Test (Age Groups):
F-statistic 2
p-value: @.
Result: SIGNIFICANT at p < @.85 [YES - Age group DOES impact performance]

Kruskal-Wallis Test (non-parametric):
H-statistic: 08265

tion, alpha=0.85/3-0.8167):

Figure 10: Statistical analysis of ageggroup effect on performance

Task Completion by Grade Groups

@ Mixed Grade Teams

P

T R

q

I

Number of Tasks Completed

il

Grades 5-6 Grades 7-8 Grades 9-10+
Grade Groups

Figure 11: Number of tasks solved by age group
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Further analysis of agegroup performance (Figure 11) shows that mixed

age teams (n=7) consistently achieved better or nedvest results. This effect
is likely due to peer tutoring: older students could support younger
teammates, lowering stress, improving motivation, and allowing problems
to be approached from multiple persgctives? all factors that increased

team effectiveness. In future competitions, it would be worthwhile to
continue monitoring the performance of mixedage teams to determine
whether they consistently outperform homogeneous teams under
competitive conditions.

5 The collaboration framework: university instructors, pre -service
teachers, mentor teachers, and industry partners

The implementation of the competition was built on a complex, muki

layered collaboration structure that uniquely connected stakeholderacross

different levels of education. Our earlier research (Abony#t 8 OE O 01 OE(
2019) had already highlighted the key role of teacher professional
development, which is strengthened through micro:bitrelated innovations.

The 2025 competition further degpened this process, particularly through

the involvement of pre-service teachers.

Roles

Organising Instructors
Y\ (ELTE) ff‘?t-
DR

Mentor Teachers

g/
e X

(ELTE)
ﬁé Student Teams
%
@ Industry Partners |
Figure 12: Roles and collaboration pathways within the competition

The pre-service teachers played an active role in managing registration,
conducting preliminary evaluations of submitted entries, and even
organizing the final event. While the jury was deliberating to determine the
final results, our pre-service teachers delivered engaging sessions for the
students invited to the finals. This involvement strengthened not oyl their
practical skills but also their professional identity » aligning with
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400A@BNAEESO jcnipecq AOOAOOET T -bésed O
pedagogical innovation is strongest when students assume real
responsibility in authentic educational contexts.

Teachers in public education contributed by mentoring student teams, pre
testing tasks, and preparing their school communities, demonstrating
practical forms of STEAMbased collaborative learning. This work was
complemented by the support of industrypartners, who contributed device
donations, professional mentoring, and participation in the jury.

One of the key sources of success for the Micro:bit Programming
Competition was the genuine, multidirectional collaboration that emerged
among all participants. The competition was not merely an event but a
learning ecosystem in which everyone collaborated with everyone else
toward a shared goal: creating motivating, experiencbased learning
opportunities.

6 Pedagogical outcomes, reflection, and future
development opportunities

The pedagogical value of the Wandering Kits program and the National
Micro:bit Programming Competition is multi-layered, encompassing the
development of students, irservice teachers, and preservice teachers alike.
The statistical dda collected during the competition clearly demonstrate
that the task structure was well suited for differentiated competence
assessment: the entrylevel tasks provided every team with a sense of
achievement, while the F3F6 block effectively distinguished teams
producing more advanced solutions, thereby fulfilling a stable diagnostic
function. Performance on the creative tasks was particularly indicative of
those student groups who possessed strong design, creative, and
documentation skills.

One of the mos significant outcomes of the competition was the high level
of motivation and perseverance shown by participating students. The Al
generated illustrations associated with creative tasks, the independent
formulation of problems, and the videebased documemation all indicate
that students worked out of intrinsic interest and personal commitment. The
outstanding performance of mixedage teams is particularly noteworthy:
the data suggest the positive effects of peer tutoring and social learning
within heterogeneous groups, reinforcing international findings on the
benefits of cooperative technologies.

The involvement of preservice teachers represents another major
pedagogical achievement. Their responsibilities ranging from managing

(@}
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registration to conducting preliminary evaluations and supporting the
organization of the final 2 provided them with authentic, reatworld
teaching and learning situations. This experience aligns with the principles
of reflective teacher education and clearly strengthened their npfessional
identity, project-management competencies, and digital pedagogical design
skills. The active participation of mentor teachers from public education
further expanded the dimensions of the professional learning community,
while the involvement of industry partners legitimized the program within
the broader ecosystem of technological innovation.

Looking ahead, the most prominent development opportunity is the
international expansion of the competition. The infrastructure of the
Wandering Kits program and its learning model are suitable for export,
creating the potential for regional collaborations. Another strategic
direction is the introduction of Al-driven competition categories and new
forms of documentation requirements, aligned with internatioral
expectations for responsible Al pedagogy. In addition, it may be beneficial to
introduce a separate category for the youngest age groups and to increase
the number of creative tasks, as the statistical results show that these tasks
are highly motivating and measure competencies distinct from those
assessed through fixeespecification tasks.

7 Conclusion

The Wandering Kits program and the National Micro:bit Programming
Competition have together evolved into a nationwide, ecosystefevel
model capable ofintegrating multiple layers of digital culture development

? infrastructural, pedagogical, communitybuilding, researchbased, and
innovation-oriented dimensions? into a single coherent process. Based on
the results of the program, it is evident that micocontroller-based learning
environments not only enable technological tool use but also foster the
complex skills of creative learning, problemsolving, collaboration, and
multidisciplinary design.

4EA EAU OI OEA AT i DAOEOEI 1 GléporaiiddAAA OO
established among diverse educational stakeholders. The professional
leadership of university instructors, the active involvement of preservice
teachers, the mentorship of irservice teachers, and the support of industry
partners together creaied a shared platform that went far beyond the
boundaries of a traditional academic competition. As a result, the initiative
has become one of the most significant innovation spaces in Hungarian
digital pedagogy.
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The statistical findings presented in this tudy confirm that the task
structure was well balanced and suitable for differentiation and
multidimensional competence assessment. The combination of creative and
fixed tasks made it possible to examine technical, design, and documentation
skills in parallel. Overall, the program outlines a sustainable model that may
serve as a reference not only for the integration of the micro:bit but also for
the adoption of other digital tools and projectbased learning environments
at the national level.

Ultimately, the Wandering Kits program and the competition demonstrated
that with appropriate infrastructure, strong professional partnerships, and

a pedagogically weldesigned task system, it is possible to provide a
learning experience that meaningfully shapes the idital competence,
confidence, and creative thinking of both students and future educators. The
program has become one of the most successful grassroots initiatives in the
development of digital culture in Hungary and remains a promising starting
point for further pedagogical innovation.
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METHODS FOR SOLVIEH TASK TYPES
USING SPREADSHEET ANPROGRAMMING

01 Ol . k4" WAT20,%9

Abstract: One of the primary goals of the Information Technology
i #1 1 DOOAO 3AEAT ARAQ OOAEAAO ELDNn®I
thinking. Tasks related to data storage and mpcessing constitute a
significant and thoroughly covered topic within the subject, and they are
often solvable using both spreadsheet software and programming
languages. In our previous articles, we highlighted the theoretical
possibilities of linking the teaching of spreadsheet and programming. In
this publication, we explore the various possible solutions in spreadshegt
and in programming for typical dataprocessing tasks and problems, as well
as their conceptual and methodological connections.

Keyword s: spreadsheet, programming, problem solving, algorithmic
thinking, teaching methods.

1 Introduction

Within the subject of Information Technology (Computer Science)one of
the most straightforward ways to develop problemsolving skills is teaching
programming, which is very effective for improving algorithmic thinking
and abstraction skills. In contrast, spreadshestareoften seen mainly as an
application-focused area, usually connected only to mathematics. Many
people think the main link between the two topics appears in macro
programming.

In our earlier papers [1] [2], we compared the conceptual systems of
spreadshees and programming on a theoretical level. In thigpaper, using
the case study method, we show the didactic connection between the two
areasthrough solutions to specific tasks at different levels of abstraction. For
each task, we first analyze the solution in spreadshesand then the one that
can be created with programming, following the practice of public
education, where spreadsheet aretaught earlier than programming.

Within both spreadshees and programming, we present the solutions using
specific tools: for spreadsheet, we chose Microsoft Excel, the most used
system in Hungarian public education, and for programming, we used the C#

A A
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language. We chose C# partly because it can be used in thengarian final
exam, and partly because it is the language used in the introductory
programming courses of the ELTE computer science and computer science
teacher training programmes. Next to most othe C# code, we also provide
pseudocode, since the programming language itself is only a tool, and its
specific features do not affect our basic programming thinking.

2 Literature review

I AAT OAET ¢ O1 3 UAIT AUinkpreadshedt sofwadcartba A1 A O
seen as programs that contain data and predefined algorithms. Although
students appear to work with tables, they need to understand and create

OPOI COAI 66h T AATEITC O1100EITO xEOE £C
canbe used to teach programmingndirectly.

"po& AT A #OAOT T AE OOAOA r1y¥ OEAO ODPOA:
for problem-solving, and their Sprego method is suitable for developing
OOOAAT OO86 AT i POOAOGET 1T Al OEETEEI C AT A ¢/
Many basic programming concepts have heir counterparts in the
terminology of spreadsheets. Kankuzi and his colleagues suggest [5] that
teaching spreadsheets before introducing programming can be beneficial,
because the fundamental programming concepts can be introduced
indirectly through spreadsheetrelated problems.

According to Warren [6], if students first use spreadsheets and then move
on to a chosen programming language, they can reach more complex
algorithms more quickly within the curriculum.

3 Task types

In public education, both spreadsheet and programming topics typically
involve tasks related to data sets. In spreadsheets, these data sets are almost
always one (or more) tables, while in teaching programming, tasks related
to one-dimensional data structures (such as arrays) usuallyane before
tasks involving multi-dimensional data structures. At the same time, in both
subjects, it is common to group tasks into types based on their solution
methods.

For example, let us consider a table as a data set that summarizes the oral
and written scores of ten language exam candidates in a Hungarian basic
level language exam. For both parts of the exam, a minimum of 30 points out
of the maximum 50 was required to pass (Table 1).
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Table 1: The initial table used for the tasks

Oral | Written
Name
01 Marie Dubois 28 38
02 Luc Moreau 9 17
03 Emily Johnson 15 25
04 |#AO1IT O 32 38
05 Anna Schmidt 24 23
06 Li Wang 28 21
07 |#AlI EIl1 A 46 27
08 Oliver Smith 31 49
09 |, OEAO - i 27 40
10 | Wei Zhang 42 50

For this data set, the followirg task typesand specifictasks can be given as
examples (Table 2)

Table 2: Possible task types and tasks related to the initial table

Task type Task
Sorting Sort the data in descending order

by oral exam scores!
Aggregation What was the average score

of the candidates in the oralpart?
Filtering Display only those who passed

the oral part!
Conditional What was the average score in the written
Aggregation part for those who passed the orapart?
Counting How many candidates passed

the oral part?
Dedsion Is there anyone who passed the orglart?
Selection / Lookup How many points did the candidate

with ID 07 get in the oralpart?

In programming, the task types listed above can be associated witiipe
algorithms or combinations of them.The Digital Culture 10 textbook [7],
based on the 2022 National Curriculum (NAT), also listy/pe algorithms:
sequence calculation (summation and averaging), decision, selection,
search, counting, and finding the maximum or minimum.
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In university -level teaching, in air introductory programming course, these
type algorithms are called programming theorems, because their
correctness can be mathematically proven. Task classes can be assigned to
these type algorithms. This classification is useful because understanding
the solution method for one task type allows us to solve all tasks in that class.
Specific tasks can always be traced back to one of the task types. At the
university level, two additional task types are added to the six mentioned
above [8]: copying (function calculation) and filtering.

We will demonstrate in detail how different levels of abstraction can be used
to solve the same problem in spreadsheets and programming, and what
didactic connections can be found and exploited between these solutions,
using the counting task type and, as a supplement, tliecisiontask type.

4 Counting and its subtypes

Within each task type, different subtypes can also be defined. For example,
tasks belonging to thecountingtype can be distinguished based othe type
of condition (Table 3)

Table 3: Subtypes of thecounting tasktype and example tasksrelated to the

initial table

Condition type Task

Simple How many candidates passed theral part?

AND condition How many candidates passedoth partsof the
exam?

OR conditin How many candidates passedt least one part
of the exam?

Calculated How many candidates scored at least 70 pointg
in total?

In our study, we will focus on the first subtype within the counting task type.

We will explore various ways to answer the quetion: O ( | x | AT U AAT AE
DAOOAA OEA Oir @éus is AoPohk ithe different ways of defining
conditions, but on the relationship between solutions of different
abstraction levels in spreadsheets and programming.
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5 Level 1 solution for counting

5.1 Spreadsheets

To work with the initial table in a spreadsheet, we need to place it on a
worksheet, for example starting from cell A1 (Table 4). The Excel formulas
presented below will refer to the cells in this worksheet.

Table 4: Initial data in Excel

o An Bm co | Da_|n
1= | ID= | Namen Orald Writtendo
28| 01= | Marie-Dubois® 280 38do
30| 02o | Luc-Moreau®s 9n 17do
4un| 032 | EmilyJohnson=n 15mn 25dn
58| 04n | Carlos-Garcia= 32n 384n
68| 057 | Anna-Schmidts 24n 23dn
78| 060 | Li-Wangn 28u 21nn
81| 071 | Camille-Lefévren 464 27dn
91 | 08= | Oliver-Smith= 31n= 49dn
10m 09= | Lukas-Miillern 270 40dn
118 10z | Wei-Zhangs 42x 504«

Spreadsheet applications provide built-in functions for performing
counting-type operations. In Excel, the type of condition must be considered

when choosing theproper function. In the questionO ( I x [ AT U AAT AE
passed the oral exani? OE A AT simhlg @EwelwanEt® count those

who passed the oral exam. In this case, the question can be answered using

the COUNTIF function (Listing 1).

=COUNTIFC2: C11, ">=30")
Listing 1: Level 1solution for counting in Excel

5.2 Program ming

Within the field of programming, creating an algorithm must always be
preceded by designing and implementing the appropriate data structure.
Unlike spreadsheet applications, we do not have a complex data type that
would allow us to reference every cell in a table while also expssing the
logical relationship and meaning of data within rows. A matrix as a data



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

structure could only satisfy the first requirement. Furthermore, it has an
additional limitation: by definition, all its elements must be of the same type,
which prevents handling different kinds of data together (for example,
names and scores).

For this reason, in programming we will use an array whose elements are
records. This way, indexing of elements (essentially the rows) is preserved,
and the fields of the record wil express the logical relationship and meaning
of the elements within a row. Note that in our introductory courses we do
not introduce type algorithms (schema algorithms, programming theorems)
using records, but the concepts described in this article carsa be applied
to simpler data structures, such as arrays of integers.

Below (Listing 2), you can see the data structure corresponding to the initial
table, as well as the array declaration, where the variableount represents
the number ofcandidates

str uct language_exam

{
public int id;
public string name;
public int oral;
public int written;

}

language_exam[] exams = new language_exam[count];
Listing 2: Datastructure of the initial data in C#

In C#, aggregate functions, lambda calculus, and LQNprovide tools that
allow us to use builtin functions to solve the task. Similar or identical tools
are available in many other programming languages as well.
Using built-in functions, we can answer the question in C# as shown in
Listing 3.

int passedOra |Count = exams.Select(element =>

element.oral).Count(result => result >= 30);

Listing 3: Level 1solution for counting in C#

Using built-in functions, we can answer the question in C# as shown in
Listing 3. From the data, we select th®ral column (Select)and count(Count)

the scores that are greater than or equal to 30. The reasoning is the same as

in spreadsheets: we count the appropriate elements. The main difference is

that while in a spreadsheet we specify the range of data in a formula, in
programming we select the appropriate record field OEA OATby O 1 6
name.
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6 Level 2 solution for counting

The direct solution given above can be divided into two sequential steps:
first, filter the candidates who passed the oral exam, and then counnly
them.

6.1 Spreadsheets

An illustrative (but not automatically updating) way to perform these two
steps in Excel is to use the filteoption and then read the count of the
selected data: by applying @ COAAOA O OE Aildmbdr fiter oRh& A |
Oralcolumn, we @n first display only the rows of candidates who passed the
oral exam. Then, for example, after selecting the oral scores, we can read the
count of the selected data in the status bar at the bottom of the Excel
window.

The same two steps can be implementead a way that automatically updates
when the initial data changes, by using the FILTER and COUNT functions
consecutively.First, the FILTER function can return the oral scores that are
30 or higher, and then the number of elements in the resulting arrayan be
determined using the COUNT function (Listing 4).

=COUNFILTER(D2:D11, D2:D11>=30))
Listing 4: Level 2solution for counting in Excel

6.2 Program ming

In C#, this level of solution is not typical because a builh function (Listing
3) exists for courting. However, some languages (such as JavaScript) do not
provide such a highlevel function that returns the number of elements in a
sequence meeting a certain condition.
The secondlevel solution can also becreated using built-in functions in C#
(Listing 5).

int passedOralCount = exams.Where(element =>

element.oral>=30).Select(element =>
element.oral). ToArray().Length;

Listing 5: Level 2solution for counting in C#
7 Level 3 solution for counting
7.1 Spreadsheets

A lower-level solution can be created bymplementing the FILTER function
using simpler functions and a helper column. For the question we are
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studying, the following approach can be used. First, fill a helper column to
the right of the main table with an IF function so that it contains only theral
scores of candidates who passed the oral exam, leaving the other cells empty
(". Second, count the numbers in this column (Table 5). (Alternatively, we
could write 1s and Os in the helper column for the two cases and then use
the SUM function insted of COUNT to determine the number of entries.)

Table 5: Level 3solution for counting in Excel

an Co Dr | Enm] “Fn

| & o
1o | Oralq§ Writtend o o do
2a 280 384 H =IF(C2»=30,C2,"")s =
3z 9o 174 o H =IF(C3»>=30,C3,"")s =
4o 154 259 o H =IF(C4>=30,C4,"")H ©
5m 32nm 389 o 328 =IF(C5>=30,C5,"")n =
60 24n 239 @ H =IF(C6>=30,C6,"")H ©
75 280 210 o H =IF(C7>=30,C7,"")d =
80 460 274 o 46H =1F(C8>=30,C8,"")H m
9o 31o 499 © 310 =IF(C9»>=30,C9,"")r =
10m 270 409 @ H =1F(C10>=30,C10,"")x =
110 420 504 = 42H =IF(C11>=30,C11,"")Hu =
121 o o o 0o o
138 o o o aH -COUNT(F2:F11)x o

7.2 Program ming

The previous reasoning does not appear with static arrays, as it would lead

01 OEA OAI AAGEIT Al Ci OEOQOEI h (axtheeAE OE

of the algorithm, the number ofselected elementsappears in an auxiliary
variable), making it unnecessary to store the selected elements separately.
However, if we implement the selection algorithm using a dynamic array
type, the result of the algorithm does not explicitly reveal how many
elements were selected: we need to query the size of thesulting dynamic
array (Listing 6).

This approach is mainly relevant for languages that do not support static
arrays (such as Python).
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Algorithm Code
Variable int passedOral = 0;
i: Integer List<int> passedOralResults =
passedStudents = [] new List<int>();
For i:=1 to count do for (inti=1;i<=count; i++)
If examsJi].oral >= 30 {
then if (examsi - 1].oral >= 30)
insertAtEnd( {passedOralResults.Add
passedStudents, (exams[i - 1].oral);}
examsi].oral)
End For passedOralCount =
passedOralCount := passedOralResults . Count;

passedStudents.size
Listing 6: Algorithm and C#code of the level 3 solution for counting

8 Level 4 solution for counting

The idea for a more efficient algorithm comes from the method of mental
calculation. If the table were only available in printed form and we had to
determine the number of candidates who passed the oral exam in our heads,
we could follow this algorithm: go through theOral column one by one from
top to bottom, and each time a value is at least 30, add one to a running count
(which starts at 0). After processing the last cell of the column, the running
total will be the result. Note thatthis solution, unlike the one described in
the previous section, does not create a separate data structure containing
the oral scores that are 30 or higher.

8.1 Spreadsheets

The solution described above can be implemented in Excel as follows (Table
6). The result is shown in cellF12.

Table 6: Level 4solution for counting in Excel

c | b JE| F
1 Count
2 Oral | Written 0
3 28 38 0 | =IF (C3>=30,F 2+1,F 2)
4 9 17 0 | =IF (C4>=30,F 3+1,F 3)
5 15 25 0 | =IF (C5>=30,F 4+1,F 4)
6 32 38 1 | =IF (6>=30,F5+1,F5)
7 24 23 1 | =IF (C7>=30,F 6+1,F 6)
8 28 21 1 | =IF (8>=30,F 7+1,F 7)
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9 46 27 2 | =IF (C9>=30,F 8+1,F 8)

10 31 49 3 | =IF (CL0>=30,F 9+1,F 9)
11 27 40 3 | =IF (CL1>=30,F 10+1,F 10)
12 42 50 4 | =IF (C12>=30,F 11+1,F 11)

8.2 Program ming

This reasoning leads us to the counting atgithm. We examine each element
in turn, and if the current element meets the condition, we increment a
variable (initialized to 0) called passedOralCourty one (Listing 7).

Algorithm Code
variable int passedoralCount = @;
i: Integer for (int i = 1; i <= count;
passedoOralCount := @ i++)
For i:=1 to count do
If exams[i].oral >= 30 if (exams[i - 1].oral>=30)
then {
passedOralCount := passedOralCount++;
passedOralCount + 1 ¥
End For }

Listing 7: Algorithm and C#code of the level 4solution for counting

In spreadsheets, the role of the IF function (Table 6) corresponds to the
conditional control structure in the algorithm. If the current array element
meets the condition, we add 1 to the current count; otherwise, we do
nothing.

9 Level 4 solution for decision

After the detailed discussion of the counting task type, we will briefly

address the decision task type. For the specific initial table and the
previously examined questionO( T x | AT U b ApérteRide rebtedd 1T OAI
decisiontype questionis:0) O O e @lho pdssel the orplarte dhis is

a yesor-no question: the answer only needs to indicate whether someone

passed, not how many.

We discuss this task type for two reasons. First, Excel does not provide a
single function to solve it directly; instead, @e must count the entries and
then check whether theresultis at least 1. Second, in programming, the same
two-step solution is possible, but it is not the most efficient approach and

OEAOAAEI OA AT AO 11 0 wokagdmdAl O OEA OAOE
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For this task type, we want to highlight the insight observable at the fourth
level, so we will now present only the leveld solution in detail for both
spreadsheets and programming.

9.1 Spreadsheets

The basic idea of the levedl solution for the decision tasktype can also be to
maintain a running result with an appropriate initial value, updating it as
needed. We can realize that the running result should indicate whether there
has already been a value meeting the condition up to the curremalue.
For the specificqueston©) 0 OEAOA AT UT 1T A paxtgdhe DA OO/
running result for any candidate should be TRUE if either one of the previous
candidates has already passed the orphrt, or the current candidate passed
it. This solution can be implemented as sbwn (Table 7). The result can be
read in cellF12, although it already appears in celF6.
Table 7: Level 4solution for decision in Excel

c | b JE|] F
1 Exists
2 Oral Written FALSE
3 28 38 FALSE| =ORF2,C3>=30)
4 9 17 FALSE| =ORF3,C4>=30)
5 15 25 FALSE| =ORF4,C5>=30)
6 32 38 TRUE | =ORF5,C6>=30)
7 24 23 TRUE | =ORF6,C7>=30)
8 28 21 TRUE | =ORF7,C8>=30)
9 46 27 TRUE | =ORF8,C9>=30)
10 31 49 TRUE | =ORF9,C10>=30)
11 27 40 TRUE | =ORF10,C11>=30)
12 42 50 TRUE | =ORF11,C12>=30)

9.2 Programming

The novelty in the fourth-level solution for the decisiontask type z and this

can be observed by comparing it to the spreadsheet solutiapis that once

the running result changes from FALSE to TRUE, it is unnecessary to process
further candidates The spreadsheetapplication AAT 11 & OOEET Eb
because its functions always process all data, whereas in programming we
can terminate processing when appropriate.

When teaching programming fundamentals, we clearly distinguish between
task types that use acounting loop and those that use a pr¢est loop, and
based on the efficiency considerations above, we may conclude that a new
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loop type is needed. Nevertheless, many beginner programmers find it more
natural to use a loop that processeall elements andsets a Boolean variable
(initially FALSE) to TRUE when the condition is met for the current element.

The spreadsheet example, however, may encourage us to process elements
only until the desired condition is satisfied. The pretest loop and the
decision aforithm work exactly this way (Listing 8).

Algorithm Code
Variable inti=1;
i: Integer bool exists;
i=1 while (i <= count &&
While i <= count and examsJi - 1].oral < 30)
examsJi].oral < 30 {
=i+l i++;
End While }
exists := i <= count exis ts =i <= count;

Listing 8: Algorithm and C#code of the level 4solution for decision

10 Conclusion

In this paper, we primarily aimed to show that in teaching both spreadsheets
and programming, it is worthwhile to examine and develop solutions to task
types at different levels of abstraction. Onthe one hand, this is because
solutions at different levels often show significant similarities (and
sometimes instructive differences) across the two areas, allowing students
to transfer knowledge from one area ¢ the other. On the other hand, it
demonstrates that typically multiple levels of solution exist for a problem,
often with connections between them. Moreover, highefevel solutions can
help students understand the essence of a problem, while lowdevel
solutions can guide them toward more efficient approaches.

We also wanted to show that spreadsheets are not merely an application
tool; even before learning programming, students encounter fundamental
algorithmic concepts such as conditions, iteration, couimg, and selection.

In public education, students usually become familiar with spreadsheets
before type algorithms (programming theorems). This provides an
opportunity to build teaching programming on existing spreadsheet
knowledge and to use spreadsheetsonsciously during the introduction of
programming.
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In this paper, we examined the counting and decision task types, but our
research plans include applying a similar method to other standard task
types as well.

Our final message is that spreadsheets angrogramming are not two
isolated areas but mutually reinforcing tools. Exploring solution paths at
different levels of abstraction ultimately enables students to develop
comprehensive, flexible, and adaptable problersolving skills.
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HOW MULTIMEDIA CONTET SHAPES LEARNING
PERFORMANCE INMEEARNING: A COMPARATIVE
STUDY

-EOI O AOA #),SK%2-1 ./ 6<

Abstract: E-learning is becoming an integral part of teaching in today's
universities. Its efectiveness depends not only on content but also on form.
Research by Dykman & Davis (2008) emphasizes the need for wdbsigned
e-learning courses that improve communication between teachers and
students and influence the level of understanding of the $ject matter.
From the perspective of multimodal learning theory (Turek, 1997 In
AEOEEI OU O £OAO&pER cmpodqh | Ol OEI AAEA
information processing and improve motivation and cognitive processes.
The aim of the presented study s to analyze the impact of multimedia
content on the performance of university students in the subject Interactive
Whiteboard in Education and, at the same time, to examine the relationships
between the evaluation of student outputs and the level of theiexecutive
functions measured by selected subtests of the Slovak adaptation oKEFS.
The research was conducted over two academic years. The first group
completed the original version of the course without multimedia, while the
second group worked with acourse supplemented with multimodal content
(video tutorials, interactive presentations, Padlet). Student activities were
assessed according to seven criteria (KK7) focused on technical quality,
creativity, content appropriateness, and authorial contrilution. The analysis
also included measurements of executive functions (cognitive flexibility,
inhibition, attention) performed on some of the students, which
subsequently enabled a correlation comparison with the assessment of
outputs. The results showed lhat multimedia content had a positive impact
on student performance and engagement. The second group achieved higher
scores in some evaluation criteria and had a higher level of participation and
interaction with the course. Correlation analysis revealed @me
relationships between DKEFS scores and evaluation, but these did not reach
statistical significance. Stronger links were found between the assessment
criteria themselves (e.g., creativityz authorial contribution). The study
confirms that multimedia is an effective pedagogical tool that supports
motivation, information processing, and the quality of outputs. The
limitations of the study relate to the sample size and the specific context of
a single subject. Future research should focus on the lotgrm effects of
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multimedia and its relationship to executive functions across different
disciplines.
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Future teachers,

1 Introduction

Education is a fundamental pillar of our lives, so it i®nly natural that
modern technologies are gradually finding their way into it. Their use in
teaching has been the subject of research for several decades, both in face
to-face and distance learning. Stauffer (2022) points to the key skills of the
21st certury, which include critical thinking, creativity, communication,
collaboration, and digital literacy. When preparing future teachers who will
be active in the years 203€2060, it is necessary to consider that their future
students will only be active in he years 20452075. We can only conclude
that technology will advance significantly, and if we want to prepare these
teachers (and subsequently their students) for life in the 21st century, their
education must reflect current trends and prepare them for he effective
implementation of digital tools in teaching practice.

During their studies, university students encounter a combination of face
to-face and distance learning. The COWI® pandemic, during which
teachers had to adapt to the full implementatiorof digital tools in a short
period of time, taught us an important lesson about the need for effective
online education. This sudden shift clearly demonstrated the need to
modernize online education at all levels of the school system.
2A0AAOAE -MAWD OpA OAOA MWidi and Alghazo @Q®12),'ahd
Winter et al. (2021) show that current teachers often do not feel confident
enough in using digital tools in teaching, which points to the need for a
transformation of undergraduate education and the deelopment of digital
competencies. Similar recommendations have been published not only in
31T OAEEA AT A OEA #UAAE 2ADOAI EA |j"0OOC
also in an international context (Cuenca, 2010; Alnasib, 2023; Tomczyk et

al., 2022; Kwaaret al., 2022).

This study focuses on making distance learning more effective through e
learning courses and the use of multimedia tools. The aim was to examine

their impact on the quality of student outcomes in the Interactive
Whiteboard course at the Facu OU 1T £ %AOAAOEIT T 1 £ OEA
At the same time, we examined whether this approach affects course
attendance and investigated correlations between the quality of outputs and

the results of tests of students' executive functions.
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2 Literature review

According to Dykman and Davis (2008), future teachers should have access
to high-quality e-learning and distance learning courses while still studying

at university. A well-designed course enables effective interaction between
teachers and studentsand has a significant impact on the learning process
and knowledge retention. The Faculty of Education at the University of
OOAHT O EAO 111 ¢ OOAA AECEOAI -dbdsed AOET 1
instruction and the LMS Moodle platform, which has beeim operation since
¢nmnmu | " OOCAOI OU AT A OEOEDOOAR ¢me¢p(Qs
LMS Moodle is mainly used to support facto-face teachingz it allows
document sharing, assignment submission, and student testing. This method
can be more effective and transparent than the traditipal submission
process because it reduces the number of emails with submitted
assignments. Testing provides immediate feedback, and teachers can
monitor student activity, evaluate their work directly in the course, and set
security features such as time fits, restrictions on returning to questions
already answered, and control of open windows.

A common problem with elearning courses is overloaded content, which
can discourage students. Courses often appear monotonous and
uninteresting, which can be improved by adding illustrations, images, or
other motivational elements. The lack of multimedia and hypermedia is
another weakness that we analyze in this study.

Multirpedia content can sigpificantly support stu*dent retention and
i T OEOAOQCEIT T8 40PREOY pwfBABEPRBIEOcTpOQ
remember:
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Multimedia has therefore brought about a significant shift in knowledge
retention and, when used correctly, can greatly support the achievement of
desired results. However, it is also necessary to take into account external
factors that influence learning and the correct dosage of multimedia.
Multimedia demonstrations cannot fully replace reallife experiences, such
as visiting a museum or conducting an experiment, but in situations where
such experiences are unrealistic, ty provide valuable support for learning.
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The importance of multimedia technologies and their applications in
education has been confirmed by several studies (Milovanovic et al., 2013;
Aloraini, 2012; Al-Hariri & Al-Hattami, 2017; Barzegar et al., 2012; @m &
Xia, 2012), which have demonstrated improvements in student learning,
simplification of abstract content, support for individualized approaches,
and coordination of diverse groups.

3 Methodology

The aim of the presented study was to analyze the impaacf multimedia

content on the performance of university students in the subject Interactive
7TEEOAAT AOA ET %AOAAOEIT AO OEA &AAOI O
and at the same time to examine the relationships between the evaluation of
student outputs and the level of their executive functions, measured by
selected subtests of the Slovak adaptation of-REFS.

To achieve this goal, two research groups participated in the study over two
academic years. The first group completed the course in its origahform,

without multimedia supplements, while the second group worked with a

course enriched with multimedia content.

The following subchapters describe the methods of data collection and
analysis, the characteristics of the participants, the tools and rnterials used,
as well as the procedure for evaluating student outputs and measuring
executive functions.

3.1 Sample

The research sample consisted of two experimental groups of
undergraduate students in primary education. The first group included 75
students (n = 75) who took the course without multimedia supplements,
while the second group consisted of 89 students (n = 89) who had access to
multimedia course content. The average age of the participants was 22.5
years.

The selection of participants was intetional. Since the number of students
in both groups differed, this fact was taken into account in the analysis of the
results. Both groups were evaluated under the same conditions and on the
same task; the only difference was the course content, specifibalthe
presence of multimedia tools in the second group.

Executive function tests were only performed on a sample from the second
group (n = 66). During the research, we therefore worked with different
samples, which was subsequently considered in the datmalysis.
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3.2 Methods

The research used a combination of quantitative analysis of student outputs
and correlation analysis between performance and the level of executive
functions. Student assignments were evaluated based on seven criteria gC1
C7), with each criterion being awarded a maximum number of points:

73 +p ' CA APPOI POEAOAT AOGO j ¢ PIETIO
+¢ 6AOOAOEI EOU £ O AEAZAOAT O EA
(6 points)
+0 | OOET 00O AT 1 OOEAOQOEIT j o

+1 0OAOAT AA nts (Epoins)OEOAOQET T Al
+uv #1 1 DOAEAT OEAEI EOU 1T £ OEA

independence (5 points)
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The maximum number of points for the submitted assignmet, which
consisted of a proposal for an educational activity on any topic using an
interactive whiteboard, was 40 points. The main condition was that the
interactive whiteboard had to be used in at least two activities.

The data analysis included a percegage comparison of the results of both
groups, taking into account the different number of participants. The second
method was a correlation analysis between the level of executive functions
and the quality of student outputs, specifically the final scoresf selected
students. It was assumed that students with higher performance in
executive function tests would achieve higher scores on the final
assignments.

3.3 Tools and materials

Various tools and materials were used in the research, which made it
possble to monitor not only the students' performance, but also the
relationship between their cognitive abilities and their ability to work with
multimedia content.

9 Multimedia course supplements:

o Video tutorials z available to students in the second group itthe
e-learning course, showing how to complete tasks for
kindergarten and elementary school students using Kahoot,
Bookcreator, Lumio, Orgpad, and Padlet.

+x $EOAOCAT AA AT A AOAAOEOEOU
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olnteractive presentationsz served as supplementary material for
the topics "Usable Software" and "Aificial Intelligence in
Teaching."

olnteractive Padlet environmentz students had space to share their
own suggestions and tips for usable software.

1 The K1zK7 evaluation criteria for student outputs were used to quantify
the quality of the submitted assiggments and are described in detail in the
Methods subchapter.

9 Subtests from the Slovak adaptation of IKEFS were used to measure
selected executive functions. From the nine available subtests, we chose:
Trail Making Test (TMT)z to test attention and cogntive flexibility, Color-
Word Interference Test (Stroop test, ST§ to measure the ability to inhibit,
i.e., suppress automatic responses.

For the purposes of our research, we focused on two executive functions:

cognitive flexibility and inhibition. Accordil ¢ OT +1 OAIl ¢épET OU

cognitive flexibility is an important indicator of intelligence and represents
an individual's ability to adapt to new and unexpected situations, creatively
combine existing knowledge, and use it in innovative ways. In thentext of
our research, this means that students with higher flexibility are able to
apply new tools more easily and adapt to the multimedia conditions of the
course. The ability to inhibit is related to attention and how effectively
students master moredemanding software, which can influence their choice
of tools and the type of activities they choose. Both functions are reflected in
the quality of the submitted assignments and the assessment of points for
individual activities.

3.4 Ethical aspects

The research was conducted in accordance with ethical principles. Student
participation was voluntary, and anonymity and confidentiality of data were
strictly maintained. Before the start of the study, participants were informed
about the purpose of the researh, the methods of data collection, and the
possibility of withdrawing at any time without any consequences.

4 Discussion

In this section, we present the main findings of the research, which are based
on an analysis of the quality of student outputs and &ing of executive
functions. The results are divided into two main areas:
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1 a comparison of student performance in the original version of the
course and in the modified version with multimedia
elements
1 an analysis of the relationship between the level foexecutive
functions and the quality of submitted assignments.
In the first part of the analysis, we focus oomparing the final grades of
both groups .
The comparison of the two groups shows that after the course was modified,
there was a shift towards higher quality outputs. In the original group,
grades A (4036 points) and B together accounted for 48% of the results (A
= 26.67%; B = 21.33%). In the modified version of the course, this
proportion increased to 62.15%, with A grades rising to 36.01% and
grades to 26.14%. At the same time, there was a decrease in C, D, and E
grades (Table 1). The results thus indicate that students who worked with
the multimedia version of the course achieved better results when evaluated
according to the same criterialt is likely that they better understood the
requirements for completing the assignment, which was reflected in a more
accurate understanding of the task and more consistent use of the available
tools. At the same time, students in the second group workedore often
with platforms that allowed them to create their own activities. In the
original group, tools based on preprepared templates (e.g., Alf,
LearningApps) were particularly preferred.

Table 1  Overview of grades obtained for the final assignment

Total before Relative Cumul:.mve Total after Relative Cumullamve
relative relative
Grade course frequency course frequency
adjustments (%) frequency adjustments (%) frequency
(%) (%)
A 20 26,67% 26.67% 32 36.01% 36.01%
B 16 21.33% 48.00% 23 26,14% 62,153%
C 25 33,349 81.34% 22 25,24% 87,390,
D 10 13.33% 94.67% 9 10,32% 97.71%
E 4 3.33% 100.00% 2 2,29% 100.00%
FX 0 0.00% 0 0,00%
E 75 100,00% 89 100.00%

However, when interpreting these differences, it is necessarip consider
several factors that we consider necessary to mention in this article. First,
these are two different groups of students that cannot be considered
identical. The first group served primarily to identify the limitations of the
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original version of the ecourse, and based on its outputs, the requirements
for completing the assignment were refined. In the revised version of the
course, these requirements were supplemented with specific examples that
had previously been communicated mainly verbally.

Secondly, despite the establishment of precise evaluation criteria,
subjectivity in the evaluation of individual assignments cannot be
completely ruled out. Another factor is the varying degrees of motivation
among students, as some of them may have apprched the task with greater
interest, while others may have been more concerned with meeting the
minimum requirements. Finally, differences in previous experience and
level of digital skills also play a role. Students who already had experience
with the tools used could attempt more complex activities, which was also
reflected in the final assessment.

The second part of the analysis of the resultsonsists of the correlation
between the executive function tests and the final assignment
submitted . The analyss of the relationship between the results in the final
assignments and the scores in selected executive function tests was
performed on a sample of 66 students. The aim was to investigate whether
there is a monotonic relationship between the number of paits obtained
and performance in individual test conditions. Since the data did not show a
normal distribution (ShapirozWilk p < 0.001), the nonparametric
Spearman correlation coefficient was used. (Figure 1)

The results did not show statistically signifi@ant relationships between the

point scores and the individual conditions ofthe executive function tests.

4EA AT OOAT AGET 1T AT AEEEAEAT OO OAT CAA A
zero relationships. The highest (but still very weak) correlation appeared in

OEA OEEOA Al T AEOET #0.138/ >0.658 The &adtehdd OA O
was confirmed even after removing extreme values that could distort the

results.

These findings suggest that there was no significant monotonic relationship
between cognitive flexibility or inhibitory control and task performance.
Student performane may have been influenced by several other factors,
including motivation, digital skills, prior experience with technology, and
level of active engagement during the semester. The results may also have
been influenced by methodological aspects, such as ogip test
administration, differences between administrators, or the sample size
itself. Another limitation is the subjectivity of the assessment of outcomes,
which may have reduced the sensitivity to detect more subtle relationships.
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Since the analysis ofthe overall scores did not reveal any significant
correlations, the next step was to examine the relationships between the
conditions of the executive function tests and the individual evaluation
criteria (K1zK7). Descriptive statistics of the criteria slowed that students
achieved the highest scores in age appropriateness (C1) and universality of
activities for different hardware environments (C2). The lowest scores were
recorded for divergent thinking and creativity (K7), suggesting that many
students focused on meeting basic requirements rather than on creative task
processing. More significant variability in criterion K3 (authorial
contribution) points to different approaches to content creation.
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p-value 0.855

Figure 1 Correlation between points scored and conditions in
executive function tests

Correlations between individual criteria confirmed that the most
interconnected aspects were those related to creativity. The strong
relationship between K3 (authorial contribution) and K7 (divergence and
creativity) suggests that students who demonstrated more creativity also
made a more significant authorial contribution to their assignments.
Significant correlations betweenK3, K4 (motivational elements), andK7
further show that more creatively processed
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assignments often contained more motivational components. The
relationship between K1 (age appropriaéness) and several qualitative
criteria is also interesting, which may mean that precise targeting of the age
group is related to the overall quality of the work. (Figure 2)

Correlations (KT_VYS)
Marked correlations are significant at p < 05000
N=tf (Casewise deletion of missing data)

Pramernd TMT 1 TTMT 4 TST 2T ST3T ST4T Ki K2 K3 Kd K5 Ki K7
MTLT 1000

T AT 0310 1000

ST2T 0214 0101 1,000

ST3T 0218 0589 023 1,000

ST AT 0,233 0,582 0,172 0,641 1,000

K1 0250 0030 -0078 0.0 0,128 1,000

K2 0186 0084 0057 0081 0138 0048 1,000

K3 0039 -00E8 0089 0038  o0gT 0282 00N 1,000

K4 0027 0005 0016 0065 0084 0386 O07E 0415 1,000

K5 0019 0118 -0,103 0025 0074 0303 0,01 0231 0222 1,000

HE 0171 0,181 0024 0088 0080 0023 D005 0118 0157 -0,008 1,000

K7 0038 017 0030 0038 0080 0233 0080 0660 0508 0240 0027 1,000

Figure 2 Correlation matrix between evaluation criteria and individual
conditions

5 Conclusion

The results of the research showed that the addition of multimedialements
to the elearning course had a positive impact on the quality of student
output. Students in the innovated version of the course achieved better
grades, created more original activities, and demonstrated a better
understanding of the assignments. KBhough it was not possible to
demonstrate clear relationships between the level of executive functions
and the overall score, the analysis indicated correlations between individual
assignment quality criteria, particularly in the areas of creativity and
originality.

The findings confirm the importance of the thoughtful use of multimedia in
higher education and the need for further research into its impact on student
performance and digital competencies.

This work has been supported by the Scientific Gragency of the Slovak
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COMPUTER GRAPHICS ANITS TEACHING: PRAOCAL
TEXTBOOK, EXERCISEM@OK AND VIDEO TUTORALS

Abstract: The aim of this article is to present comprehensive electronic teaching
materials for teaching computer graphics at primary, secondary, and higher
education institutions. However, thanks to its simple system, it is suitable for
wider use. ltcan serve as an aid for general computer science, for graphic and
technical fields, or even as a quick training course for companies that use free
graphic tools.

The result of the work is a didactic package consisting of an electronic practical
textbook,a workbook, and a series of video tutorials that serve to support modern
and effective education. The materials are designed to develop students' practical
skills using the free Inkscape software.

Keywords: computer graphics, Inkscape, educational mdfenmactical
textbook, exercise book, video tutorials.
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STUDENTS CHEATING CRING ONLINE TESTING
-ET AT £42"/ h 3+

Abstract : Internet learning together with distance learning make up an
online education, therefore this paper provide short introduction to online
education, shows advantages and disadvantages. This study examines the
impact on academics such as primary schools and universities, and shows
effects towards online education. The research about whether students
cheat more during online classes or live classes was conducted and data was
analysed. In this work the questionnaire method was used. The studies
found that students rather cheat during ive classes in comparison to the
online, distant classes.

Keywords: distance learning, cheating, online education,

1 Introduction

Education is apowerful tool, which differs humans from animals. Education
or learning is alife-long process, starting athe moment when anew-born

for the first-time breaths in the oxygen. It is gowerful weapon, andthe
view on it has changed several times over the years. In late 2019 there was
an immense change in education caused by a coronavirus, The major change
in education was a shift from irline learning to online, distant learning
through electronic devices such as laptops, computers, mobile phones,
tablets, etc. Educators and students, naturally, had to adapt to a new system
of learning and leave the old traditioral academic education. Through the
internet, students can now obtain instructions from professors to learn with
ease at home by simply clicking a few buttons on the computer to
listen, speak up, to interact with teachers without having to be physically in
the classroom. It is important to mention, discuss this topic because,
nowadays, technologies play a huge part in human life.

1.1 What is education?

The term education originated from Latin word educere meaning to raise
and to cultivate. It is any activiy where humans may teach or learn
something. Since education is not a state but a process it is called an
educational process and its environment is called an educational
environment. Education plays a vital role in human life, because people
study or eduate themselves in order to obtain a deeper knowledge and
understanding of a variety of subject that may be applied in daily life. In case
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of education, it is not limited by books or by the age, because all people
should be educated for humanity.

Online education

In the last 20 years of the 21st century, the internet has grown from being
non-existent to the largest and most accessible database of information ever
created. Nowadays people cannot imagine not being connected to the
internet. It has change howpeople communicate, interact with each other,
socialize, shop, do business, or how they educate themselves. Online
education is aform or a variety of education where professors and students
instead of attending educational institutions, stay at home, anduse their
own electronic devices such as laptops, computers, mobile phones. Online
education is happening at this very moment around everybody. It is an
effective way for several nontraditional students, who want to continue
working full time or raising families, because online learning may provide
online graduations and courses which have become popular in the past
decade.

,,Online learning is rapidly becoming one of the most cosfffective ways to
AAGAAOGA OEA x1 01l A6O OAPEAI U A@bATl AET C

Significant Growth
Over the past decade, the use of online learning has continued to expand,

DAOOEAOI AOI U ET EECEAO AAOAAOQGEIT 8 n)i
took at least one online course, an increase of 21% over 2008 enrollments,
the largest yearto-year increase to date. In the same year, traditional

AT OT 111 AT OO0 COAx AU 1 AOGO OEAT ¢p80O !
1.2 Definitions

For better understanding, this part of the paper defines terms, which
associate with the online education.

Traditional learn ing

Traditional teaching is concerned with the teacher being the controller of

the learning environment. Power and responsibility are held by the teacher

and they play the role of the instructor (in the form of lectures) and decision

maker (in regards to curriculum content and specific outcomes). ,,They
OACAOA OOOAAT OO AO EAOET ¢ OETIT x1 AACA
information. The traditional teacher views that it is the teacher that causes

1 AAOTET ¢ O 1T AADOO8 Ojf . 1 Oditha gesstogr8 , A
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filled with students. The most common seating arrangement used by the
traditionalists is rows.

Distance learning

Distance learning, also calledistance educationg-learning, andonline
learning, a form ofeducationin which the main elements include physical
separation of teachers and students during instruction and the use of
various techndogies tofacilitate student-teacher and studentstudent
communication. Distance learning traditionally has focused on nen
traditional students, such as fulitime workers, military personnel, and
nonresidents or individuals in remote regions who are unable to attend
classroom lectures. However, distance learning has become an established
part of the educational world, with trends pointing to ongoing growth.
(Britannica, 2021)

Characterist ics of distance learning

There are various terms that may describe the phenomenon of distant

I AAOTET ¢C8 $EOOAT O 1 AAOTET ¢ xEEAE EO
xEEAE EO OEA pOil £ZA0OT1 060 AAOEOEOU
characteristics distinguish distant learning:

Firstly, distance learning is carried out through institutions; it is not sel
study or a nortacademic learningenvironment. The educational institutions
may offer traditional classrooms.

Secondly, geographic separation isherent in distance learning, and time
separates students and teachers. Advantages such as accessibility and
convenience ae important for this type of education. Weltdesigned
programs can also bridgdntellectual, cultural, and social differences
between students.

Thirdly, individual students and teaches connect through interactive
telecommunications. electronic communications, such asmail, are used, as
well as thepostal system The connections of teachers and students become
less dependent on physical proximity as communications systems become
more sophisticated and widely available. the Internetmobile phones, and e
mail have contributed to the rapid growth in distance learning.

Last but not least, distance education, established a learning group named
learning community. It is composed of students, a teacher, and instructional
resources for instance the boks, audio, video, and graphic displays. These
tools allow the student to access the content of instruction. In the distance
learning setting, network sites enable students to not feel isolated and
lonely. (Britanica, 2021)


http://ehlt.flinders.edu.au/education/DLiT/2002/environs/scott/rows.htm
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https://www.merriam-webster.com/dictionary/facilitate
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https://www.merriam-webster.com/dictionary/intellectual
https://www.britannica.com/technology/e-mail
https://www.britannica.com/topic/postal-system
https://www.britannica.com/technology/mobile-telephone
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Modern teaching Method

The increased use of computers and computer programs in accounting
courses seems to have a positive impact in terms of valuable time savings,
the simplification of instruction and the enhancement of the learning
process; in addition, it helps the development of céain skills including
writing, communication, interaction, collaborative, critical thinking and
consciousness (Boyce, 1999), while offering students the necessary
knowledge and practical experience required by the market (Thomas,
1994).

Critical thinking

Critical thinking is the intellectually disciplined process of actively and
skilfully conceptualizing, applying, analysing, synthesizing, and/or
evaluating information gathered from, or generated by, observation,
experience, reflection, reasoning, or comnmication, as a guide to belief and
action. In its exemplary form, it is based on universal intellectual values that
transcend subject matter divisions: clarity, accuracy, precision, consistency,
relevance, sound evidence, good reasons, depth, breadth, and
fairness.(Scriven, Paul, 1987).
Critical thinking has two components
1) a set of information and belief generating and processing skills,
2) the habit, based on intellectual commitment, of using those skills
to guide behaviour.
Critical thinking of any kind is never universal in any individual; everyone is
subject to episodes of undisciplined or irrational thought. Its quality is
therefore typically a matter of degree and dependent on, among other
things, the quality and depth of experience in a givedomain of thinking or
with respect to a particular class of questions. (Paul, 1987)

Interactive learning materials

Interactive learning materials are interactive resources designed to teach a
specific learning outcome. They may comprise of a single or ttiple pages,
that can contain any combination of text, images, audio, videancluding
screencasts, animations, seffest questions, and other interactive activities.
They are usuallyaimed for selfstudy and delivered viaBlackboard, but can
also be maa available online on different platforms.

Interactive learning materials can be provided as supplementary resources
or as an integral part of core activity, e.g. a prerequisite to attending a
timetabled seminar. Because of the benefits they offer, thesre becoming
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commonplace within both programs of learning and on a number of support
service websites.

Technology Packages

Most distance education programs use Course Management Systems (CMS)

to deliver their courses. However, the growing popularity, flexiility, and
versatility of social media platforms make them plausible alternatives to

CMS.

I #1 OOOA - AT ACAT AT O 3UO0OAT EO OA Oi £0
AAT ET EOOOAOCET T h OOAAEET ¢Cch AT A OAPI OOE
There ae many competing corporate products as well as opesource
alternatives. Most CMS used in higher education provides teachers and
students with communications tools: email, chat, discussion board, virtual
whiteboard, and an instant messaging applicatioma file-sharing system to

allow teachers and students to exchange documents in a secure
environment; a student tracking system, rosters and a grade book.

Social media refers to the second generation of wetased usercentred

social networking tools that have become mainstream in the past five years

(Web 2.0). They include blogs, photo sharing, video, instant messaging, and

other platforms such as Facebook or Youtube.

2 The impact

The Academics

In the following sub-capitol it is discussed the impact on edudenal
institutions such as universities and primary schools.

Universities

At the beginning of the 21stcentury Chinese universities have launched
online education reforms to form an open education networkbased on
information and network technologies.

Primary schools

It is a massive and immense shifor primary schools
too. Themovementfrom classical academic education to online and distant
one made a great impact not only on students but on teachers too.

In general,a complete online course requires a elaborate lesson plan
design, teaching materials such as audio and video contents, as well as
technology support teamsMath classes, for instance, require video content
and audio in order toexplain the content of the actual topic.
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Students

Online leaming is often as new to students as it is to teachers. Students need
to make adjustments to their studying habits in order for them to be
successful online learners. Faculty have reported the lack of student
discipline as the main barrier to online learnirg (Seaman, 2009; Wasilik &
Bolliger, 2009).

O/ £OAT h OEAU EAOA AAAT AAOAAOAA OEOIT O¢
emphasis was placed on memorization and testing of knowledge. After many
years of working with this transmission model of teaching, stdents, become
comfortable with the process. They understand what is expected of them as
passive learners, and they developed skills for effectively mastering the
content. Cognitive psychologists refer to this process as the automation of
procedural knowledCA6 j $Ax1 AUh ¢mmxh Duv(ds
However, teaching online is a timeconsuming endeavour, especially given
that the majority of online courses remain predominantly textbased (Gudea
& Ryan, 2008; Garrison & Anderson, 2003).

3 Arguments and considerations

The following chapter is divided into two subcapitols. The first subcapitol
discuss the positives of the online education, whereas the second saapitol
mention the negatives of online education.

3.1 Advantages

As the popularity of online education continues taise, manyeducational
institutions such as universities, colleges, primary schoolare interested in
how to best deliver course content for online learners.

Capability and efficiency

Online education offers professorsan efficient way toprovide lessons to
students. The great advantage of online learning isveide range of tools such
as PDFs, videos, Podcasts, which teachers may Ussachers are becoming
more efficient educators by extending the lessonwith online resources.

Accessibility of time and pace

Another positive of online education isthat students can attend classes from
any locationof their choice. Online lectures can be recorded, archived,
andshared for future reference. This allows students to access the
educational materials at any tine.
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Affordability

Online learningreducesfinancial costs.lt is more affordableas compared to
physical learning because during online learning there is noost of student
transportation, accommodations, or student mealsAdditionally, learning
materials are available onlinewhich is beneficial for the environment
becauseno paper is being used.

Increased student attendance

Online classes can be taken from any locatiamhere is access to the internet.
There are fewerchances of students missing out on lssns.

A Variety of learning styles

Each student has a differentearning style; thus, one prefers visual learning,
other prefer audio learning.Similarly, some students thrive in the
classroom, and other students are solo learners who get distracted byrdge
groups.

Multiple ways to communicate with your professor

In addition to advantages, there is flexibilityabout howto communicate
with your professor. A number of students are timid when it comes to face
to-face conversation. With online learning, thee is a possibility to write an
email, chat, orhave a call through the application.

A flexible schedule

Another benefit of online education isa flexible schedule. Students
canmanage time in order to get an online degree. Online learning saves time,
unlike traditional learning where students and professors have to commute
to educational institutions.

Online learning is eco-friendly

While having traditional courses inline, teachershave to provide paper
material. In the case of online learning, there isno waste with
paper. Students do not have to use public transport or a vehicle to commute
to college or university to complete a degree.

Review course materials repeatedly

Moreover, online education provides students great acce$s course
materials suchas podcasts, videos, PDFs. Students are able to flippugh
screens, use the "find" function to quickly zero in on relevant paragraphs
quickly, and take online notes to help understand the class materials.
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Within traditional learning, students had to keep up with other students in
order tounderstandthe class content. With online learning
this environment is limited. Students are in control oftheir own progress.

Learners may slow down and take more time with specific and

difficult classes on the other hand they can speed up with easily
understandable courses.

3.2 Disadvantages

It is crucial to mention disadvantageprofessors and students face
providing a better understanding of distance and online educatiorOnline
learning has seveal characteristics that can have an impact on faculty and
course progress. The rapid rate of changes gducationincrease impacton
higher and more effective learningand more recent research indicates
trends for the importance of incorporating social melia into the classroom
(Tess2013).

Technical issues

Failing technological aspects of online courses can be especially frustrating
for students and have a negative impact on theioverall perception of the
course (Pollack and Wilsor2002). This can lead to a negativattitude
towards learning in such way.

Lack of communicational skill development

Furthermore, it can bedifficult for instructors to adapt -certain
activities such as assessments, tests without losing the interaction among
teachers and students. In additiorto is an issueof cheating which limits the
knowledge of student mnd and comprehension, which maypeak in the
problematic learning process.

Strong self-motivation and time management skills

Furthermore, students may need additional motivation, organization, and
self-discipline to be successful in their online learning edeavours (Jacob
and Radhai2016). Students who have trouble with procrastination and time
management will have difficulties completing their work and avoiding
distractions. Virtual schools also lack the structure found in traditional
schools(lllinois Online Network, 2010).


https://link.springer.com/article/10.1007/s12528-018-9179-z
https://link.springer.com/article/10.1007/s12528-018-9179-z%20/l%20ref-CR42%20/o%20Pollack,%20P.%20H.,%20&%20Wilson,%20B.%20M.%20(2002).%20Evaluating%20the%20impact%20of%20internet%20teaching:%20Preliminary%20evidence%20from%20American%20national%20government%20classes.%20PS.%20Political%20Science%20and%20Politics,%2035(3),%20561–566.
https://link.springer.com/article/10.1007/s12528-018-9179-z
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Limited feedback

A disadvantage is the student's inability to read and follow directions.
ORthey seem to have reading comprehension issues agendas where thg
want things done their way and not follow established criteria.

Unpreparedness

Students enrolled in virtual schools are unprepared to meet the challenges
of collegiate life. They often lack the social and academic skills to succeed at
the next level. May have trouble adapting to the structure of brickand-
mortar schools. They also have difficulties adapting to paper and pencil tests
and assignmentglllinois Online Network, 2010).

Cheating prevention

Teachers identified a number of approaches to addrsing the problem of
cheating: education, technology, assessment design, sanctions, policy, and
surveillance.With the assistance of the Internet and related technologies,
students today have many more ways to be academically dishonest than
students a geneation ago.

4 Do students cheat more during online courses?

In the following chapters, the survey whether students cheat more during
online classes is discussed and analyzed. Results were collected and
discussed and therefore, a short introduction, purposenethod, sample and
instrument are mentioned as well.

Nowadays students have many more ways to be academically dishonest
than students a generation agddith the rise of this new method of course
delivery, some researchers have raised concerns about academ
dishonesty. While many studies have been completed related to cheating
in live classes, only a few studies have been conducted on cheating inlioe
courses. This study intends to expand the body of research on academic
dishonesty regarding online cairses. There was conducted a research about
students, whether they cheat more or less during online classes.

The purpose of this study was to determine whether students cheat more
using online courses than in traditional live classes.

5 Research method used

The study examined the level of academic dishonesty prevalent in both live
and online courses. The data presented here were collected from a student
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response survey given to 135 undergraduate and graduate students
attending in Trnava University. The sudy used a quantitative design

featuring a onetime survey to gauge the level and type of academic
dishonesty occurring in faceto-face and online courses.

6 Results

The survey instrument was given to 135 undergraduate and graduate
students, of which 102 wee females, 33 males, with 9 who did not identify
their gender.The students were from pedagogical faculty. For responding
students, 32.1% admitted to having cheated in a live class, and 32.7%
admitted to cheating in an online class

Table2 Survey: Cheating during tests

Live classes Online classes

Survey Statement
1. I have cheated on an
assignment, quiz, or a test.
2. | have been caught cheating.
3.lhavesdhi EOOAA 1 Ol
my own.
4. | have had someone give me
answers during a class quiz or tes
5. I have received answers to a
quiz or test from someone who
has already taken it.
6. | have used instant messaging
through a cell phone or handheld
device during a quiz or exam.
x8 ) EAOA AT PEA
work without their permission
and submitted it as my own.
8. | have knowingly copéd
passages from an article or book
directly into a paper without citing
EO AO OTTATTA A
9. | have used a term paper writini
service to complete an assignmer

Percentage
32.59% (44)

11.11% (15)
6.67% (9)

14.81% (20)

33.33% (45)

3.7% (5)

2.96% (4)

16.3% (22)

5.93% (8)

Percentage
34,81% (47)

2.22% (3)
25.19% (34)

23.70% (32)

19.26% (26)

8,15% (11)

1.48% (2)

9.63%(13)

11.85% (16)
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.Second question was, if they were calint cheating and 4.9% admitted that
they were caught during live classes and 2.1% during online classes. 6.5%
during live classes admitted that submitted others work as their own and
4.4% during online classes. Students reported that they have had someone
give me answers during a class quiz or test during live classes it was 18.1%
and during online classes 23.3%. To question: | have received answers to a
quiz or test from someone who has already taken it the result for live classes
was 33.2% and for onlineclasses 20.3%.

To the sixth question the answers was 3.0% during live classes and 4.2%
during online classes. As for the question seven students answered 4.2% for
live classes and only 1.8% for online classes. In eighth question: | have
knowmgly copled passages from an article or book directly into a paper
xEOEI OO0 AEOEI C EO AO O1ITATTA Al OAGO «x
classes and 5.0% for online classes. In the last question: 9. | have used a term
paper writing service to complete an assignmet, students answered 5.3%
for live classes and 2.1% for online classes.

The most important finding from this analysis was that there were no
significant differences in the students' admission of cheating for live and en
line courses. All but one of the sgcific behaviours of academic dishonesty
found to be significantly different were higher for live classes than ofiine,
with the receiving answers from someone during an online test or quiz
significantly different with a higher mean for online classeskor better
understanding a graph was created.

7 Discussion

The focus of this study was on whether students cheat more in dime or live
courses, and, surprisingly, the results showed higher rates of academic
dishonesty in live courses. One possible explandbn is that classroom
social interaction in live classes plays some part in whether students decide
to cheat.

The data showed that students were more likely to obtain answers from

others during an online test or quiz. Course developers should take dra
precautions with regards to ortline tests or quizzes, either through having a
OAOO POT AOT Oh AEAT GCET ¢ OEA OUDPA 1T &£ AO
value in relationto other course assignments.

These results have implications for both the co#ige professor and university
administrators.  Students are already orientated to specific ethical
behaviour prior to entering college. Since the college environment, either
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on-line or in the traditional classroom, is not an idealized environment, it is
important to address the need of moral or ethical developmenGiven this
behaviour, professors and university administrators need to ensure that
students who are caught cheating have to pay a consequence.

8 Conclusion
Education is fundamerltajly a valuablgasset for humans. It is one of theA
POEIi AOU EZAAOT OO0 ET 11A80 1 EZEA OEAO

Nowadays with the pandemic, there was an immense shift from traditional
education to online education. Therefore, online education provides
professors and students more sufficient ways of how to learn more
effectively or how to teach and explain the content of various classes with
several tools which were established online.

Results from the survey, with the question whether students duringnline
education cheat more or less, showed that students tend to cheat less during
online classes in comparison to live classes.

Despite many challenges that peoplace and a great number of
disadvantages that online education is causing, there are paitial

opportunities and positive advantagesthat may provide a better

lifestyle, greater knowledge, and cooperation among professors and
students. Online education is suitable for students who cannot visit or obtain
traditional education.

Several teaches have resigned from continuing education because of the
bad influence of the public, even though the truth about the teaching
profession is different. This is the timeofawareness and importance of
collaborative work. Now parents and students are awarefdow difficult and

a complex profession is to be a teacher and now is the tinb@ thank and to
give appreciation to all educators for their patience andiseful wide range of
teaching methods that they provide.

Not only teachers themselves, but also stients should be interested in
becoming more perfect, or at least partially approach that perfection to
make education and learning more effective during this hard time.
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Programming didactics and
development of algorithmic,
programming and computational
thinking

Didaktika programovania a rozvoj
al gori t,mipcko®hroam8t or s
poL2talLov®ho mys|
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ZsuzsannaB3 UAT AUT' iU UBEOONI OE (5

Absztrakt: ! EAl 06T EOAOUO EAUAe DOl COAIT UL
AAT AAAOGI Aci 1 AUO Al 6e Ui BOOR Al AEA AA.
ARET AOAOpO AAOUOOAEAEEGEARh A 1T ACI 1 Ae [
OPAAEEEEUI UOO AEAEAAI] OAcCcU DADPpOII e
AOAAT i TUA OIEOUI O EEUTUI O OAcCU EEAUC
Al 1 AT 8 OUi OitOShecifiggfidhddifoO EADOO ET T UAT OUI T C
OPAAEEEEUI UO OAIEAO &1 UAI AOUON EEO
Specificationeditor EAOUT Ul AOGUT AE Ul OAT UT 1T OOU OU]
hogyAU AT i i1 AOAAT 1T ACAAT 0O 1 ACI 1 AWOT E
AAT T AOile 11 UAT Ei OAi OAEAOh Al Al UAEO.
OUi 1 6&i O0i EEAT EADAOI T AOGI O AEAI AAAOGT E
OA1l EAOOiI CA EO Ei OAi OAEAO OAOG AAT h 1 Al
OUAEAT AAOEi T Oh BAXRABEBEUADE ET OUpDi 00 «
Ei OUpOeEAEREBEAAI ARl OOAOGEOE A oui I
OPAAEEEEUI UOUT AE Al OAOT AGpO 1 AEADG&OI C
i ACEAOUOI ue OAI UAEe AAEET EUI UOUT AE OU.
Kulcsszavak: OUi 1 O& ma&idunE minimum-EAOAGEGC UI-EOi O
EEOUI AOUOUOh AAEI AOAOpOh OPAAEEEEUAEGS®
CITATTEI AUOh OAIT UAE&h ET I BPAOUOI 08

THOUGHTSON EXTREME VALUE TYPEASKS
SPECIFICATIONS

Abstract: In introductory programming courses in higher edication, the
first step in systematic problem solving is the specification of the problem,
which is the declarative abstraction of the problem and the basis for
designing the solution algorithm. Whether the specification is done in the
head, on paper, or tleir digitized results, it is often incomplete or incorrect.
The Specificationeditor, developed to check the correctness of the
specification, effectively supports the entire process of specification,
replacing its writing on paper. With the increasingly wdespread use of the
Specificationeditor, it turned out that the solutions given in theory leave
open questions that arise in practice, for which the tool must be prepared.
The method, correctness and completeness of specifying tasks related to
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extreme vdues also raise questions that need to be answered from several
perspectives: as a specialist, as an educator and as a creator of a tool
supporting specification creation. In this article, we present alternative
options for specifying extreme value type poblems, their relationship, and
aspects of defining the relation determining the rank

Keywords:  extreme/maximum/minimum value search/filter/select,
declarative, specification, cognitive patterns, educational methodology,
validation, critical thinking.

1 BAOAUAOEg A OPAAEELZEEUAEE OUAOA(
M softwareOA OT i EAEEAT OUAI AAT OUI AGUOT 60 A
EAI UAOGOI C8 ! EAT UAOGOIi ¢ A DOICOAITA
OPAAEEEEUAEGEUT AE [T ACcZAlI Al A1 | V&EAEE
001 AEATT OUC AOCAE 1 UOI Al ACT Oh i G 1 DA i
AU EAi UAO A OOOOEOOOUI O POI COAiIT UUOOEI
1979-AATh 1O i UAT AGA 1 ET B2090])i AE 1T APEC i O
Az alap i G EEUT DA ET DBOI COAITUUOT EOAOUOAA’
Al c1 OEOI EEOO CiTATIT ETAUO ZEAEI AOGUOT OAnR
DOT COAI T UsETI DUT OAAT A EAI AAAOGT E Al Al E
AOe OAI EAOCAAAAT EAT T 1 ACEAI AékliaEf8nti T 1 UAT
EAi UAOT AE JAAGAAIURIOOAICAO OAOUEE 1 Ac Al
AUO EECUAI Ai AA Oi 6GA 1T EOAOEUE azaz aOUUI p
DOT COAI T UUO OEAAE QUICAADOAOE ADOHGDOAOED

1 UAT i ACi 1 AUOTAOAOAAEITd AOUAIOAEUAEEAI
i ACApUEAOGeéh EAIUAO DOI COAITEAO 1 AEAD
volt [2,3¥yh AEE OEAA OATOI T UTUTI EAOAQUC

AEUOT OpOEACEOEEAAQA ODPOLCOA ACU | AGAI AOI
Al OT UITEO | e AOUAOOAI 8

n OOOOEOOOUI O POI COAI EATUAOGOICilTAE
iTiTUACEI Ac AUO EAI AT OEh EITCU A DPOI COA
AOUEEUEEEAT A DOI Ca@laiigazOlli liddy@ipoglam@Ui A O
ODAAEAEEUAEEAAT Al épAQi 8¥81 UG & KEAED

AEUTTUpOUOO Aui T AAT 1T AI OUOEAOGEOE Al
mert 1T ET AG 1 A¢ AU AOUBBOEI OVICAOS EGEOOOA
AliTi1TAO 1O CUAEIT Ol AO EEUEOO ET Ue&Ae 117l
n ACUO&IT i OOAOGeA&Al 8y CITATITE OAI

DOIQOAIIUeOéih i A1 7T EATEAT T ETAAT Acu
EAOT T & Rlg bad)piogvd j ! EAOITT1 & AEUITT UJ

ETAOEAEeOA ibi1é& CiTAT1AOI ATAO OI1 08

176



XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

OAATTTTER nOi OAIl AE6 EAOUT U1l AGUOR Al A
ACUOUAO U0 i Accue UMOAGORO GIOGE T10WA OFIAI ¢
00i COAITUUOT EOAOUOGOT EAAT AUO A 1 ACEEU
CiTAT1EIAUOO EEOAOEI ER ATTAE EO AUO
TAOAUIBIE 68 %I T AE  O1 OUT A EITEOiI O ¢/
i AcZAT Al OAGEI E AcU Ul OAT UTT O AAI AAACG
EiTEI AOi CAEAO Al EAT T AUUBE AU Ul 6AI1 U1
i Aci 1 Ae Al Cl OEOI OOU®EAR Op GEAT ABRBOI EPAD WA
AT 1T 06006008 &1 OI UTEOG AEUTTUpOUOOA EI UA
AOAAAGE Ail OTEh A DPOI COAI EAIT UAOGOI CA
23 DAAEAEEUAEE Ei OUpOi 66 OUITCAO
2.1. Specification Editor

-EOAT A OPAAEZAEEUAERE URAUA®ABMARA AL AR
OUi EOi CAOh EITCU A EAITITCAOGEE ji 0O 1T EOA(
Al1T AT eOEUEAOGEE i O OUUITTETI OEAGEE 1 AcuU.
U Al APOAGe AT 1 EAEEAB EAIEI i OAEEAT 1| PA
Ol EUEC PAPPpOI T OGEOUACHT AGi URMAT ABOOT I 1
EEAAI AEAOAQITI CADRIUAOSA EAI 1 CAOGEh 1T ETA [
%l T AE 1 OAAET AAT AAEET EUI OOT E AcU OUECI
nyelvet, illetve Ai Ei OUb OAOOIiTE AcCU EI UUa OAOO

AAOA A |A@&ﬁm|OEAU f

ASpEdAAT EAOUT UI O A& Oi U1l EG T UAI O TAC
I T CEEAREEAT DAUAT 111 AQE OUAAUIwHEE@ U
CUIT OOAEIT T KITGLAIORATE AIGGET OUOOAT EOz Ag
AET 1 AT OUJUAOGAT EETTUAT pOEAOG&h AAOUI I
ACU Pil AU @ihdenEddl sA0R Bz Blemdd dr @ 6 &®agyd dhdend
EEEAZAEAUT OAEAO i 0 Al Ci OPAREHAE AMAEE EADA
OACpOE A 1 ET AUDEK eCalON Asdh hE A WU AMGGRR&Op O
illetveaEi CCOi T U EABEBACIEpDWO & 4 q

! EEEAEAUT OAE EEi OO0i EAl1 i OAzafazeh @A | AOE
ET £ Of ACEEUVUAQDOOAVE EEBOE®RE ATAILWA A £1TEOD
AEOQUEOGI AR OA 1 JOAT AGAE ET i1 OOAOp OAE
i AEAOe Oi OAOUE AU EOOUAOGAOGO &EAI Oi OAT A
AU EI Dbl EEUAEe joQq EAI EO bOAAKIE UiODDiAE Al
EER OEUOCUI AO TilTEIT AA A OAI EAO EE &£/
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hA A



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

Al T AT eoUi 0i AAT A1 EAOI 1 EAQBIEI ADGIAIT UABAIE
I OUGUOGH ET AABRIN 0@ EAT 1 OA8 ' Ei O&I T A 1
EEOAQE fapi"AATO"T EEEAAEAUT OAE EEi OO0i EAT i
nem ekvivalens.

U ET &I O AGEEAE i1 OOAT 1 AUi 63 EI bi EEUAE:
OEUOCUI@ &Y 6 f&,) BEHapsan igaz, ahdOAOOUe&T ACAO 1 00
i EOAI A EEi OGOMAEMMN OETAQWE £ZAUO EOOUAEAO
i OAUUAT AE8 +i 1 ET AEECUAI T AO 1 OAAT Al A
()yi 6 O MOROAIEGT O EEAI  AcCU DPAOAI T OAOO
OAOOGIT T UTU iV O006i EAEAAR OEUOCUI OA A 1 AcC
DAOAI T OAO O1 OAAT OAD® EiodsySI EA U 110G OEEAE,
T Al EAOUT Ul EAOE EEh AUi OO0 1 OOOA EEiT 00i
A SpEdACUEER OAT UT 1T ACcHEI 101 OAAA 1 &AOUA
OEOOUAEAT Ui 06 AA A EQIOICADER AEC A AODIARE
ECAUE Al ETI 68 A1 UAI AOGOU OUI EER A 11 bi
OUAAUIT UT E 1 OOAT T AUiT O0i 6 OACpOES8 i Al 1 AC
OUIT CdetaBEA ET CU A aEBBHBEOODARODWAOEIT U i OO0i
Op®@BAT AAAOT E ODbAAE AEROMBAAGEHH TAE ATGC ETA/OWA
i ATUAAT A EEI ATAO A AAI AT AO £AI AAAOOD/
Al ApOs RBDUOAAORT EEAAEAUI OO0 COBLAEEEGBDA
I'1T OACEACRGMUEIGU OCUATORIOA AFERAOA EEOAOQET
az%, $xa,4P 4 w;ayaNi O EASTSACU OEOEA Al AET AE A
A nEOEMI RESGA [ ACi 1 AUO Oi OUAOAAI iTUARED
EAOUT UT AGA 160 A Oi OUAOAAT i1 T UAE EEOUI
Ai CccOi T UABAAAEBT EUT UOI 6h ACUi UOAA UcuU
AU EOOUAOGAOGSO AAI AAAOT E aHOOBAEEN OF £Gs Al
EAT UAUE Al &¢0i OAAs8

¢8¢8 +1 OUAAE OPAMREIAGIUAEE® H UAI OAE
®8¢98uv %, 4%h EIT £ Ol AGEEA OA1T UOEi PUiI O

I POT COAIT T UeHETEE T BEBUAAOART A 4AO01I 1 OUAOC

Al 1TUO08 ' DOICOAITUUO | AGAI AGEEAE Al AD
AU T ADEAET EEC EEEAOS ! OUUI pOUOOA,
DOI COAI OAOOAUE OUAREd GE An, EEEAG U LAMOAGT OA UA
1213y EAT AT O 1T Ac8 ! [ AQEI Oil& E@PRIGFAPUOU O

i TTAAOOUDEDI AOICApOUO 1T UATI O1 1 AAEAR A
EATTAUAT 711 AGE EAIEI i OOAT AAEELEODI EA
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valtozok
N: Egész [a feldolgozandé sorozat elemei szama]
X: Témb(1..N:Elemtipus) [a feldolgozandé sorozat elemei]
MAX: Egész (2 maximalis értéki elem sorszama]
s N
‘ Neh‘n. XeH ', H rendezett halmaz (3<,= relacidk), MAXeN.
‘ ef: Nz1
L uf: 1sMAX=N és Vi (1=isN): XX |

18 UADARI O EAOAOTI O ODPAAE A&l
az1990A 0 i OA-Ejegyzetditenl1y {1 8CEA pws8

! OPAAEAEEUAE&AAT TAI EATATEE 1T ACh ET (
AAAOAEh AUO A EXNEAAARTS8] Ap ODARAESEE EQBL &
i E A OpbOOAEAT AAAO EAIT 1 AT UeEAR A 111U
OPAAEEEEUAE:T AE TETAO i ACEAQUOI Ueg (
EOOUAEADPAOITEA A EEUT EOAOUOGAAT 1 AOAI /
A1 77 1EAUGE UM OUOUET U EAOUT U1 O EAIT AUAT I
Al ci1 OEOGI 6O 1 ApOUOUET U EAOUT U1 O A& CA

i OAAEAOOI CAh EIT CU AU AAAOOI OT UAO Al OU
OUUi pOiI 606 &I ¢ccOi T Ui 00T E EG EAENOOWO &
OA1T UAE& AU AAAOT E EEUEOOh TAI EO AcuUh

i AOGAT AGEEAE Oi OUI AGAUIT GA 1 O Ei OAi OAOI

i ET OO0 TAIi A o2€o9 OAI UAEs OUOOOBI 8 -UO0OI ¢

OO0UT HREUVDOA Q@I EEIOHI AIOUOUO 11 OAOGEAOe S8
4pU i OOAI Eroemwzmv¢go@EAguoﬁﬁﬁp@OAh
DOI COAI T UUO 1 8AOUAOOAT UT AE AEAEI 8Ai OAS8

Bemenet : NeNj, XeHN, H rendezett halmaz (3<,< relécié)
Kimenet : MAXeN

ef : N21
uf : 1<MAXSN és Vi (1SisN): Xpax2Xj
Az algoritmus:
Valtozodk:
N : Egész [a feldolgozandé sorozat elemei szama)
X : Tomb(l..N:Elemtipus) [a feldolgozandé sorozat elemei]
MAX: Egész [a maximilis érték(i elem sorszama)

28 UADARI Ol EAOAOGI O ODPAAE A&

az 2000A O i OA-Ejeglaetdiénl1Y (1 e CEA pws8

. Al AU Al Ccl OEOI
UgUAT AEET O AU Ul
EEI ATAO AAAOAENR

00 Ei OUpOi Oi 1 AE Oi OUA
1 Api 0071 O 1 ApOUOUAAT E
AUAU ODPAAEAEEUI EA AU .
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EO ACUAAT 1 UOEOGE AU Uil Api OOAOAO
i ETAAT OUI OT ues

ASpEdezzelaszethi 1 AOI 8 AAAT Ei OUi 1l Oh AU Al 11l
OPAAEELZEEUI UOUOAT A $AOA AAI AEAAT OUI EI
AAEAT UAOOAOPpOOA Al 1 AT e OEURAOEA 1 BRT @ DUE
Al & £ZA1 Oi OAT O 10 AT 1T AE ©AI EAOGI 11 OA AOA(
P8908¢ %, 4%wh Al 0¢ &I OI Ul EO OPAAEZEEEUAEG®
&8 OEE <EIT O Ail1CiUOA EE A POICOAITUUO
i OT EUEOA A¥ADI-UDAEUO@EBJA I(phxEMA OUOIT UE

POl COAITTUUO Aliil AWBOUGADIAIEA Oii E @A OUDIOE
OOAT OUAEI Of UAEEEAOCGMAN AITQIAMD eOTi1388 AAT I
i AGEI O EQDADE ARAIBAEEIEVBA ¢.AOA

¢
p~

12.1.3. Maximumkeresés

Legyen ‘H egy tetszdleges rendezett halmaz és f : £ — H egy adott fiiggvény. F
adatunk az, hogy egy adott [m..n]  Z intervallumban keressiik meg az [ fiiggvé
maximumit €s egy olyan helyét, ahol ezt a maximumértéket felveszi.

A=E = EZ x Ex H
i n i LT
B=%E = &

m' n'
iim=m'An=n" Am=<n)
R:(@ais [mon] domer = f{i) AV € [men] o 7)< fli)
38 UADARI O EAOAGIVA EGEMRAE £
&8 OEE" ADROKOT OOAI 1 UUOAHA EET U
U T EOAOUOAAT EAOUH&|@@®N@E&®@@AUEBDDZ
EAT El i OOAT AGUAOhRh A OPAAEAEEUAEE nAbPoOS&
EAT Al EDOAGAD®I AT AAAZPA iTARA @AANGARITIGRAT OOA
OUIiEOIC TATTA AU AAAOTI AREBAH A EG@DARI B
Al Api OOAT I AUAOOAT 1171 OAUEES
A SpEdA OPAAEEZEEUAEe EEADAOEBAOOEKRI OAAO,
EEAZAEAUT OAEAAR AUAE 1T AiI OUI 61 UEAOI AE .
& & OEEOROOUE O (38 ATURMEADAO A1 O Ul EOAT EAOUIT |
i Aci 1 AUGAAT AU AAAOGI O OUOIT & OUI OIUe
EAI AUT E8 %U AOAE OUEI OAEOEEAE EADPAOI | /
algoritmusbanmajded) | ACZAT Al & OUI 01 Ue EAUAAOQE
i Acoui 6i UEAOG8 | OPAAEAEEUAEs O OUT 1,
AAAOT EAOh EOOAI AOGUT Oh EIT CU A [ AEBA Al Ei
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A AAT AT AGAO ji16q OACU I UOEEAn@thi@h U
OPAAEAEEUI GO ODHDWAUOOIAIUSOG OUAOAOD
OAci AAAAOT EEAI pBAEAOCEDEADPROBI OAAT A At
OAOOT UEERh AU AAAOOPAAEAEEUAEe AOAOI 1
EilEIT AEU&E Api Ei EB8

ASpEdbanzA &I OI U1 EO TUAT O Ei Pl Al ATzG01 UOU
AAAOIE A OPAAEAEEUAEE EEi O00i EAI i OA O
Al e £A1 Oi OA1T AE EEUEOO i O AU 02060 OBe &EAD
UIT ApT 001 O AOAE AAA&E CAADUAIOHT IEO BT Al (

AAAOT E AAT O k@100 WA A BEIEGERA BT AT A AAI
1y 616 Uil APT 60061 O AEOAEOOUT OUADBUT AE O

pN

— ¢
— I>»
—> >

! OPAAEAEEUAEEOA nEpOIil Oel TiT UOAe A
Ul 1 A, idSgedbAT n AAT 11 016 A AEOAEOOUI OU
AU EOOUAOAOO AAAOGOpDPOOI E EiI DU OF EAU

EAI AT O& OAT A TOATTEpACATAAN AAA O OMWGT T EE O

meg.

1 EAT OEAE EECUAIT ADTARAGD ACON Y CrAel GOBFA R B BEE
SpEdban z A OAOUOAT EAGeOi ¢ 7 OAAET AAQ Acc
i ACAAmAOEAOAT DI Al AT OUI EAOE AU Al EAT T A

os;:leciﬁcat'lon Insert: = v 3 £ < > BData | Evaluate |
Be: me Z, n € Z, H /xexample®/= N D
Hi: i € Z, max € H
Fv: f: Z = H, f(i) /#examplex/= (37#i) mod 51 - m: 2
Ef: m = n n: 7 -
Uf: i € [m..n] és max = (i) és vijelm..n]:(f(j) = f(iN) i: 4
max: 46

| B — and — for Step
| = L. . Post.cond, R
Visualization stepping list

[ Uf: 1 &s vielm..n]:(9 <= F(i))

48 UADaAERI Oi EAvol O ODPAAE A

&8O0EEH A OPAAEEZEEUAESE UOEOAOA b

U QUOUAOJAAH i1 OACEADAAAOPAREIEEARDE
mACEAT AA & EET OOT EAI 7 O 1T UAI OA 1 AOAI AOEE
AT ATU A T ET OAAAAOTI EOA EEiT OOi EATE A 1
OUI OT Ue &I CATT UGO8 ' 1 iabvisinkehtiéniabladbak Ei OO
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I UOBEADeE bi jiletve &) ' adatok felveszik azim.n] OAOOT | UT U AC!
i O0i EAEOR 1 UOEAGEC UAU Al 1AA 881 GOV 1108 @A) Ol
EAT ATEE 1 Ach OAcpOOA AU Al Ai Ui 008
898X %, 4%h AT Al eCc POI COAIT UUO
" OACT OEAO 4 A CEGEE BRIEAEE®HAOOABOA 9 O0A |
OpbpOOAEAT AAAOT E OOe £AI1 Oi OAl i9/7BBIEEAp OUOI
OPAAE AEBHEIONEFEd OMAMEOEEAE 1 ApoOUOUT AE Al APE
Feladat: Adott az egész szamok egy [m..n] intervalluma és egy
fi[m.n]—>H figgvény. A H halmaz elemein értelmezett egy teljes
rendezesi relacio. Hatarozzuk meg. hogy az f fiiggvény hol veszi fel az
[n..n] nem iires intervallumon a legnagyobb értéket. €s mondjuk meg,
mekkora ez a maximalis értek!
Specifikacio:
A=mZ. nZ. indZ. max:H)
Ef=(m=m’An=n"Anzm)
Uf=( Ef ninde[m..n] n max=f{ind) » Vie[m. n]: maxzf(i) ) =
masképpen jeldlve, illetve roviditett jelolést hasznalva:

m?:u'ﬂf)
=( Ef ninde[m..n] A max = find) = i=m )]
n
max f1i)
= ( Ef n max,ind= 1=m )
58 UMaidgnke O U1 AODAGREGEEEUAES E
Gregorics Tibor0 O COAI T UUO Y8 EEOKD 4.

Gregorics£i 1| A ODPAAE GEENAFHOAE OEEUT Ul EAIT T C/
igyekezik megttDOOAT E AU ACUAEO !'1UAQAEITGABITIGNGIWO0
ACUOUAOIOpOi OA AU Al Ci OEOI EEOO 1 Apouc
EATT AU AT AT AEi 1 Oh EAT AT ©@poIORIEISHEDE IA AL |
a | AOAIi AOEEAE OUAI 1 171 A&xA aatspediEE & B A E & IAE
EAT ¢OT 1 UT OAAAR EicuU TAiI OUI Of UEEOAhK |
AA1 Oi OA1 AEAODS
%U A ODAAE/EEEDAIE)&U@QU;]SQ 8pApOUOEIT U Ei |
EAOCITipOdg AU EO EEOUI AOUOUO i O i ACAI
i OOAT I AUAGOOCARUAEEBO! UT T AAT EOO OAI O
OAl EAO EACUUAOAAT A B8O0AI UAE&S Al GCAII
EEOUI AGudUuOoT Ui h A £A1 O0i OAT AO 1 AgEI Oi E
i 0 A iETEi0|EEOU|AOUOU0|UlmwmmmﬁwE|0|
az adatokz1-OUAOAOGT O EAT 1T OATI
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'y Ob6e £AI Oi OA1T OEOEA Al AEEA TcU 1TiU
iA@EiOiT@@ﬂﬁ@rd OEOOUAAAT 66 1 00i EA8
Al A TACIT AUOAAI Il UOEAOe o" o gylUd 1 ADI
AAT AT AGEiT 16 AAEI AOUI O A ASAEdbaR aziadat a O U1 (
EEi OO EAT 1 O OI OUl 1 AI OUI 61 UEAOh AUiT O
'y O6e £A1 01 OAI OEOEA Al AEEA PAPpOOA
OPAAEEEEUI UOUOh AA OEDPI COUEZEAE OUAI bIi
j 1T UsBAQUABDAGS | ACEAT ATi OAgqs 40AEOER i

matematE AE 1 ApO& 1T UAT OOAI i ACAAEAOe EA
EEAZAEAUT Oh AA AcU #Z£A1 AAAO OPAAEAEEUI U
EAITAC T ACOAOOUOUOATI h AUz Ai RREBADAITEE
OUET OAEAO DAOAI i QADRIEIARAT &H 00 B\ BAOUOE

Al O UAAT AAEAOe | %8 BAOBOEA Al AE 10O

SziCIflcatlon _—14px || : ” New ” Save || Share || Documentatio
| editor

14,
I

n Specification Insert: € v 3 #

i Be: m € Z, n € Z, H [f*examplex/= N
Ki: ind € Z, max € H
Fv: £: Z = H, (i) /*example*/= i mod 3 L
Ef: n = m
Uf: (ind € [m..n] és max = f(ind) és vie[m..nl:(max = £(i)))/#=
masképp jeldlve, illetve réviditett jeldlést haszndlva:=/
(ind € [m..n] és max=f(ind) és max = MAX(i=m..n, f(i)).2)
((ind, max) = MAX(i=m..n, f(i)))
68 UADAHRI Oi EAOAOT O ODAAE/EI

A68 UokZBA UABAAOCE Oi CAEEAUOEOADNA8DI UOIOO
EETi OOi EAT 7T OAh Al Al AGRAT POOOACEABIEDOAOD

i AGEI O EEOQUI AGUOUOG 0O06e £AT1 01 OAT A EAT p(
Al OAOT AGp O &A1 Oi OAT AE AEOEOAI AT AEUEUO

! EITEOT O £A1 AAAODPT T AA A EUOT T 1 AI OAb
ki a legnagyobbat. 68  (WAOgdd36 Q8 +71 O 1 ET OUOAI Al
AOAAT i TIBOhRUMOBDAOEA A 1T ET OAAAT AT AGAEA
i UEI ATPEOTn®d EBOUEDLOY AOGAOIT AU Ul p

%CUATEiTO OEUOCUI OA AU G@Haakehdnéiif@di O
meg a 2. mintaadat.
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aData | Evaluate aData | Evaluate .

- L

m: 2 m: 2
n: 7 n: 7
ind: 2 ind: 5
max: 2 max: 2

-TTAEAOT UTER EICU AU pcU OAT AAAT OAT
ETCU EA OEAA ETAAg@giil & OAOI Al e OCUA
AAEOE 1 Acs ! ODPAAEAEEUAE&A&]l 1 BOAUAOA
[5/75.1 ¥ AUO A OUAiIiTi1 AOAO EEOAOEd AU Al (;
Al 6e ETAAGAO AAEA 1 Ach AIE 1zi88 UKEODAA
felel meg.

Max(m, n: Egész): (Egész, HTipus)

ind, i: Egész
max: HTipus

ind := m, max := F¥(m)

i=m+1..n

, max < f(i) ’
max := f(i), ind := i [ -
Max := (ind, max)

88 UAIOM@E NI O EEOUIT AGUOUOG Al ci O
A SpEdAAT 17 i OAT EiOAD H BEIOGEGRIOGRAI i CU AO
i ACAAUOE | & Kasd ®DAAUT AUBAe Ei1 O OGm&EAT O OA
minta is. Mivel a GregoricsEi | A OPAAEAEEUAEE AOAE b4
OOAEOER EIT CUAT 1 OOAAQG QWAQAU MHE & GH O T O BAA A
AU Al Cci OEOI 6O 1 AOGARUAIGA OA ORQUIT AWWBE Al 1
OA1 Ui AOOAs8

I U AOAAAOQGE i ACZEI CAT T AUUOG Al APEUI A
i AGEI OT EAT U 1T ACAAUOA 1 AceEAIl Al enh Aui

algoritmusa [4/136. 0]} 1 UBBA dOAOMET 1T AU AOAAIiTU AU
OEAAUCT AQOCAUBOGRQ p aodl CUAT ¥ 001 EA

A DOl AAOOUI oh OAcU A DPOT GCOAI T Ue 1 EI UAI
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Tétel: Az alibbi, struktogram formaban megadott program megoldisa a fent speci-
fikilt feladatnak:

(
! t, ke, max 1= m,m, f{n)
f L
! k+#n
Frmat= fo
\ flk+1) = max Sk +1) < max
ivnar =k + 1, fik+1) SKIP
Q"
ki=k+1
R Fat<ty

98 UAOA4 - AgEI Oi E AR & BAICGS TEGEE

*A1T AT AOGAOGAAT 1OUOE OEMEAEIOCOAA EANI  AE
EAT AT OT ECAT AT T AEZDIJEEAUGAT Bp OB OEAI Oi ¢
i1 010 U2h0AAU EO T UEI OUT OAT eOU OUI EEh E
Il ATTA ECAUTTEAOCEhTEAOLRBRART 6 UOAGUBODA

I Specification [ [ .
| p | — 14 px || 5 i v ” New H Save | | Documentation ” Usage |
| oSpecmcalion Insert: e v 3 ES < 2 BData | Evaluate |
Be:m € Z, n € Z, H /*examplex/= N | 1 5
Hi: ind € Z, max € H
[ Fv: f: Z = H, f(i) /+example*/= i mod 3 m: 2
Ef: n = m n: 7 B
Uf: (ind € [m..n] és max = f(ind) és wiclm..nl:(max @  dind:| 7
masképp jeldlve, illetve réviditett jeldlést haszndlv max: 2

= (ind € [m..n] és max=f(ind) és max = MAX(i=m..n,
= ((ind, max) = MAX(i=m..n, £(i)))
= ((ind, max) = MAX(i=m..n, f(i)))

e ey 1 e i 13
108 UA@&MAEEEEM&W&BAQlOUbOIC
AU 06011 68 EEEZAEAUTI O AbBPI EEU

U AAAECEAE Al APEUT OOAEOER EICU
A=B=# EE EAE ktied EAO®RA Oi OUAOAAI i1
Oi CAOAAT 1T UOS

! o8 008 £A1 Oi OAitrue = Aug E=Othise OH fals®i QA1

EET 6A1 AT Ag Ul 1 prad hOAMATEAAD EBAETEHIGEA AcCL
EAI UAOT AE 1 UOOUEE A ¢8 | ET OAAAAOOAI E
csak az addig egyetlefalse T OOT EAO 11 OEA EEN AU Al O¢
AR AUO 1 AT OfAogyhelyesekAl AT & @BET Of EEOUI AO

o8 i ET OAAAAO Ul OAT UTT OpOEAOGe g, nAUOI E

A ¢8
UAEE/

185



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

i ACEEOT OOAI q EAI UAO AOAZAd & TREE £BFAAGJI0A
AcUue Oi U1 EAT EOCAEh AI EAOGO AU ACUATI & Oi
U0 DI T Ol whyiajegycederb/ého] (58 WA A CUAT EAIT |
AU ACUAT | spEdA bontosabban kell megfogalmazni az
AEOGEOAIT AT AEUOA O1I 1T AGEIT Ue Ul 1 pOUOI EADS
¢80 3PAAEAEEUAEGE AEGEdydimhdssiEUEAR EAD/
! OPAAEAEEUAEE A DPOI COAiTUUOE AEAI AAAO
PDI1TO01T O 1 ApOUOGAh AAEI AOAOpO EEZEAEAUI 00
%CUAO OpbOOEAI AAAOT EOA A OPAAEEAEEUAE
algoritmus, de enn&& | AOAI AOGEEAE ADPDPAOUOOOA |1
DOl COAI T Ueg OUET OEi ON i AT AEAIOAT &1 EOEA |
DOl COAI OAOOAUEES +AUAe DPOI COAITUeE AC
ni AcCi 1 AEEi bl AOAO6 EAOUIT Ul EUES

T ATTUEAAT A OPAAEEZEEUAEe HIEGU OAIUK T I
OPAAEEAEEUARGE AAEODBDOAREKIOAT h /AziOOI| BA UBIOA I
hogyan,z A 1 AOAUAOiI O 1 AT AOi 6h A OpbOOAEAIT ¢

Al ci1 OEOI 6O OAAITT1 068 &1 OI Ul EOAT pmCU AE
CUAET Ol AIOEPEADIWEI EAAT OO0 1T Aci1 AUOGE Oi i UE
I OEUOCUI 6 EACUUAOGAEAAT 1 ACAAT 66 OPAA

T AEAUAAAAT OAPOTI ABEUI EAOGEE8 vOOUAOBAODBC
11T CEEAE EE&%EAUTOAE AT TUil 061 OOUCA Oi
i1 OAOEAO8 AA AA OADPOI AGEABSEE @ O AN Q)
ODAAEAEEUAE& A&l 1 AOGAUAOGAOO Al Ccl OEOQI OO
El OOpAE&T [17VIiEEh EICU Acu AAI 66 EAI LU
EAT Ui GAOBROEDET T UET T Oh AU AEOGEOAI AT AEU(C
! ODPAAEAEEUAEGOUEIOABI GOUI pOeci PAO 1 AcC
i OOAI T AUT O EEAAET T O EAI AT OEAUEER AUT OC
%wCcU A£AT AAAO A OAT AAI EAUI OOA Uilié&h A& O

—C (D¢ T

T UAT OAIT OEAAEIT A 1T &8ATI OPAAEAEKE Ul EAC
EAT UAOGOi Cci O ACUATEiIiT O EAIT Al1 AT 80EUT |
igazolni.

4pDOOAEAI AAAQIEA URIOAGN T OUiT 1 0e1 O&i & EEO
OPAAEEEEUAEGEIT U OAT AAI EAUIT &adbonnaliHe | ACT
AcCU OpbOOAEAI PEAAOBA OADeADAARADE p OEOE A&EA
i Ac EAI1l OEUOCUITER ETcCU AU 1 ATTUEAAI
hogyan hat az algoritmusOA AT T 1T EAOQUT Ui AOUOAS
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A SpEdA OPAAEAEEUVUAHEHEAOEAGADRAATAATI AT ¢ OUE

i ET OUEade HRBOIOT EAI 1 OE AOAAIiTU OUECT E4

ODAAEEEEUAEéO EAOp OAT E Gudi A AAASU %ol
i AcCTUbCcOAbGenh AA TAI AEUITUpOe AOAEJA

OAOUOAOCAGAEEAT i O Aiii1AOGE TACAI TOI1U
! EEOAOEAUe AEAEAUAOGAEAAT A EAT OE |1 A
OUiT 1 681 OO1 EEAI EADAOI T AOI O EAT AAAOT |

AR1T AKAOOpDOO OPAAEAEEUAEEGEUO OEAAh OE

OAOGUOAI Ei Eh AU ACUAO AGWAAEEE ©U AGEEO CH

AEOEOAT ATAEUO Acu 1T AcilAUOTI AAT i
OEUOCUI EOEd - ETAAT T EIOUOA i ETIAACUEE
i ET AACUEE 1 ACi1AUO EEAUO8 . Ai AEOEOA

i ACEACUUiI OAAT OECUpOEI ES8

I EAT AAAOOpDPOO [ Acii AUOGE Oi i UEUAAT A
Al ci OEOI 6O6h AUiT 00 1 ACOEUOCUI EGER EITC
AAT Al OAGEAGeEE 1 Ac A Oiil A OUAOET OE
ekvivalensek-e az algoritmusok.

3 3071 0é1 OQigE 1i1AGE EIADAOT OA

ASpEdOUET OAEOEEAE 1 O 1 UAI OE OUAAUI UT EEA
I TUAT O A CcilTAT 1 AOaEA@EAERUG O KifMEYIAOUE
OCUAT AT T AE A Op DAO® AARAAGQAGE AECT T AT 1 EI
i AET DAUFGEAVEA BIIOAE ABEUAESEA 1 AEAOOI CAOS
vOOUAOAOGO AT AAAOGT E 1T AcCi 1 AUOA Oi OUA]
EAPAOI 1 AOGT O AU ACUAO Oi OUAE Uil Abpi 606/
EEIi ATAO EEUEOOE Oi OUi Aci 1 AUOT E Uil A
OAci AAAAGEI T O AAGD ADEEEDOEBE 8 AAT AU
Al CCcOi T Ui OO0i EEiT O AAEOE i1 AcCch AIiE CUA
Ol OOUUI T AAAOGUO EAI Al OERC AKAKDIANT 11 O
indexhez | ACAAEAQUEAEMDEDOAOO ET OAOOAT 1 O OA
AOAAT intQque AOAAIT T T U EEOUUI pOUOUO A O,
Al T AT 80UiT Oi OAT ThUTAITTE T[TEAEQOBAGERA OEALE Al CI
iibi OAT Ei 1 OE OPAAEAEEUAEE&EUT AES

I OUiT i 081 OOT E EAOAOTI Oi 6O E1T OAOOAI 1 OI 11
AAAOOT O1T UABGUOA O BEAR E AFAEQG (BsGERSCA QR0 (A8
i OOAT 1 AUEAGe AI CcCOiT U 1ShEdAA8 WARTABEAC
Al OAOT AGpO 1+ O0i EAAUOOATI h 0&8d OAEOOUDPO
i ATTUEAAT AU Al Ci OEOI 6O UOpOEAOE OAE(
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ez A i ACT1 AUO 1 00iTUAO 1 AOUS ! o1 C
OpbOOAI Cci OEOI OOT E  ZA1 pOEAOGE Uil 6A1 U1
Al Ol UEUAAT 8 ' U ACCOACUAEe | AgiMpamh O0& Of
impl AT AT OUI1 EAOe OAEOOUDPO Al CCcOi T UET T
ODAAEAEAEEUAEE& AAT i AcpOO &I ¢ccOi 1 UAE i
EOOUAEAOITIT1 pOUOGA AU i OOAI T AUi OE OAOQOT I
! OUi i1 081 OOTE 10 EAIT UITAE EAOCA@ OA O
i eAT 1T AAEOE 1 AcCq
A Specificationeditor OUET OAEOEEAE i O 1 UAI OE OUAAC
OPAAEAEEUAEGEUOG8 ! 1 UAI O ak AQiata@i OB EE
AAQihl ET cU OCUAT AT T AEA A AQ pGoi Gos/EAQ TALAMA GTEA
leki DAUT GOEIAIAGEI | A OPAAEELZEEUAESGEA 1 AEAOO
vOOUAOGAOGO AT AAAOTE 1T ACi 1 AUOGA Oi OUAE
EAPAOT T AOI 6 AU ACUAO Oi OUAE Uil Api O0A
EEIi ATAO EEUEOOE Oi OUI Aci 1 AUOGIE UIlA
OAEAAAQGEI T O AAEI AOUI EQES ! OPAAEA
Ei cCcOiTUi OO EEiT1 0 AAEOE 1 Ach AIE CUA
O1 OOUUI T AAAOUO EAI Al OERC RAKRKBIANT T 1T O
indexnez | ACAAEAQRIEA Edddd DA OO ET OAOGANOIOd @A
AOAAIT iEkzeI8a) AOAATiT U EEOUUI pOUOUSL A
Al 1T AT eOUiT Oi OAT ThUTAITTET | AECGEAO AA ORAIUE Al CI
1iDi OATEi 1 OE OPAAEZAZEEUAESEUT AES8
I OUil 6ei OO E EAOAOGI 0i O E1T OAOOAIT T OI T
adatsorozA OU O A OPAAEAEEUI EOES U A EQ |
i OOAT I AUEAOGe i ¢cCcOi 1 U Bphdidadaedital-bbrAE 1 A
i ACAAEAOE Al OAOT AGpO i OO0 EAAUOOATI h O¢s
A CCOi TIUTAAGIEEAAT AU Al EIOOEMIOO A1 T OEBA
OPAAEEEEUAE&AAT AU A T ACiIT1AUO i 00il UA
OpbPOOAI ci OEOI OOT E  ZA1 pOEAOGE Ul 6A1 U1
Al Ol UEUAAT 8 'U ACCOACUAEe | AgiMpamhOs Of
Ei 1 Al AT OUI EAO¢® OAEOOUDP O Ei CCOi T UET
OPAAEAEAEEUAE® AAI i ACp0OO Ei ccOi Tl UAE i
EOOUAEAOQITI pOUOGA AU i OOAI T AUi OE OAOQOIT I
I OUi 1 0&i 001 EAQOTEMA UG AEOEAT AAAO ODA
i eAT 1 AAEOQOE 1 AcCcq

T A EAIT AAAO AT AT E 11 CEEAE OPAAEAEEEUI

T OEOEA Al AEEAT h A EAI AAAOGOPpDPOO i O b
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1T EOCAOCAOPOh 1i1iDi OATEiITO Al1 AT &0UEODOD
1T OAEOOUPO &I ccOiTUAAT OPAAEEEEUI OAc¢
! OPAAEAEEUAEE EAI UAOOI Ci O HBaimaztaUaz 1 1 A
f) OUUI pOUOE OUAAUI UOA i O A OAlI UAEe& OA
i ET OAAAAOOAT OAOGUOAIITES
I T ACITAUOO Aicil EEEAEAUI OAEEAT AAEOD
DADBAOAI OPAAEEAEEUAEEGEAAT 1 UOGEAOGE ol o
EAOUT Ul EAOBE AUi OO AU i OOAIT T AUi OE OAO
OAl EATEIEIE8 j1U AT cil TACAEAI Al & &£ i
nem praktikus: f(f), f(1).)
Azegyesm€l | AUOT E EEUEO Oi OUAgqg

In. an~ H[,
eN Zu N Z H=/*sample*/z
Aux: vit N H[1.],iit NOZ[1.]

Out:value N H,ind ~ Z

Def: f:Z ->H,f(i) = a[i

Pre: e<=u

A118 UAOAAQ@EI OI EEOUI AOGUOUO ObPA
i ACEACUUI OAEAAT 1 UOEAOeh I E E
AEOOAIT EUUI UOUET US8

—m
o« &
I B
. m

#max H=Z = #max H=K =

a: [2, 3, 2, 3, @] a: ['P', T, =, ','3','.','1','4',ﬂ
e: 1 e: 1

u: 5 u: 3

iie: [1, 2, 2, 2, 2] iit: [1, 1, 1]

vit: [2, 3, 3, 3, 3] vit: ['P','P",'P']

ind: 2 ind: 1

value: 3 value: 'P'

#max H=R = #max a € S H=H >

a: [1.8, 1.1, 2.2, 3.3, 8.5] a: "PI= 3.xud"

e: 2 e: 1

u: 4 u: 7

iit: [2, 3, 4] ijit: [1, 1, 1,1, 1,1, 7]

vit: [1.1, 2.2, 3.3] vit: ['P",'P','P', PR P ]
ind: 4 ind: 7

value: 3.3 value: '"x'

118 UAOAg +i 1 ETAEU& OpbOOT

31%CU OACU Al 0& OAI Ui AO EEOUI AOGUOUOA
I 1T ACTACUI AA 1007 E [ACEAOUOI UUOA
 ACEAOUOI UUGAETI O A &AI AAAO Oi khUT O
Al AET OATER Ei CU OEAA ACUA Oi A OUil O&1T (
i AC8 10U AlCiOEOI OO Al APEUI h EA AUOI A

189



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

Al 66O OUI AGUOEOE EE8 %UO A AET O0i 00 1 U«
A OEOEA Al ABAEEEAUAEGEREDI OBDOAI AEOEO,
I EEACi OUpOi O A [ AgEIi Oi i O0Oi EEAU EEOUI ,
AT O0i OA1 6 TUI A EEOAAA ETAAQGAE 1 ETAA
i AGEI O i OO1 ETi1 8
01 6064 ETA Aggod AT A OAl OA £ ETA AT A

Vin [e..u]: (f(i) <= value) and

VN Je..ind-1]:(f(i) < value)
and (ind, value) = MAX(i=e..u, (i)
U EOAOAOpPpO T ACITAUOGEI U A o20EO2 AAAQC
I ACT AcUuil AA 1 00i EAOh AU -0 &iE+d@ indexelid, UUU  (
az redik adathoz azr A8 80y OAOOIT | U1 intkexitartdrik 1Ai2l AU
AAAOOGel EAUAOA AU EEO+rEY 1 OO0iEi O AU |/
i ACEAI Al & 1 00T E EAOGUOI UUA | Acq
Post: iit[1] = e and vit[1] = f(e) and

Vi N J2.u -e+1]: (iit]i] = swap(iit[i -1],i+e -1)and
vit[i] = f(iit[i]))
I OxADb £ CccOiTUAAT A DPAOAI T OAOAAT 1 AC

OUl AGUOT 606 ET AAGEAU OAOOT UE& 1 001 EAE Al
i 001 Ei O8
Def: swap: Zx Z ->7Z,
swap(akt, new) = {
new, if f(new) > f(akt);
akt otherwise

}
Az it 1 O0Oi EAET AE OPAAEEEEUI UOA -vel A880Y
i ACAAEAO&h AOAE A PI 101 O ET OAOOGAIIT OI Oc¢
Ei CCOi T UEAU EAOITI & OEO Hi OpleendBOA EO
Uil Abi OOAOAS
U EOAOAOPO 1 Aci 1 AUOGAAT AU Al 6& i 0O0i
Al ci1 OEOI OOAAT EOQ8 ! OAEOOUPO T ACT T AUC
A OAEOOUPO EpOUOT E OF OF UAOGUT AE 1 AUI T p
Al OdexiEGOT E DPUO8 A OEARNDI Ep OUGI AU AU B
i 00T E TACUOUCUOET & CCeAl Al AEODI d
Def: rekmax: Z x Z ->7ZxH,
rekmax(first, akt) = {
(first, f(first)), if akt = first;
(akt, f(akt)), if f(akt) > rekmax(first, a kt - 1).2;
rekmax(first, akt - 1) otherwise

}
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'y O0e& &£A1 07 OAT AAT A EiccOiTud A i 0 O
Post:  (ind, value) = rekmax(e, u)

'y Al 6 EAT UAOO AU OOi10& 1 00iE | ACE,
nAUOI AT U | AgEI O OPIAME AELIUVAEGEA O OAEEI

T A 1T CEEAE EEAAEAUI Ofhd -A UhelyéitOalz | O&
ind+1.uy] OAOOT I UT UO EAIT OEUOGUITEN
1 A OEOEAf()A helyéitAwi-) 1 OOT EAO EAI 1 OEUOC

i Ac£ZA1T A1 A1 A EEI AT AGAOOGERABI ABT 00!
oldal (u+1-ind, value );

T AU ECAOCAOGPO 1 O7zOREGAOUEBEDAARDADPREBRARE
i O TACEAT AT 1T AE ZAOAEK]I A1 QF QICUOTARED OA
EATT A nl AcUi AA OAcU AcUAlT il &6 OAIl U,

A legnagyobb helyettalegpAAA 7 OOT E i O EAIT Ui T AE 1A
iAQTiAUOAAT A OAT UAEe& |1 Ac&l OApOUOUT AE

Def: rel:HxH -> L, rel(lhs, rhs) = lhs /*pl:*/ > rhs
I ElcCcOi TUAAT AAUI T pOIl 6O OAI UAEEe A b,
i OO E EEUEOOE 6ré OACU 6€d8 OEOUITUO (¢
EAI UAOOAOp OES
I 1 8AT OpOI 6O 1 Aci 1 AUOI Eq
1T A 11 CEEAE EEZAEAUI OAAT ¢
ind ~ [e..u] and value = f(ind) and
Vi N Je..u]: (nem rel(f(i), value)) and
Vin[e..ind - 1]:(rel(value, f(i)))
1 a<xADb & ccOil UAAT ¢
new, if rel(f(new), f(akt));
1 OAEI A@ &I ¢ccOil UAAT q

(akt, f(akt)), if rel(f(akt), rekmax(first, akt - 1).2);
! OEOEA Al AE A OAlI UAE& OAI TAI i 8 AT C
DAOAI i OAOEiI 1 08 "W TOWIE®D ALCRAD Az ifoli 1 AUO
OA1l 1T AEAO 1 A@EI O0i EAIT UAOO T ETEIOITO

AT EAT T AUUOA EAI AT OE A OEAAEOAI AEOEOA

| ODPAAEAEEUAESE AEOEOAI AT AEUEUO A Di
ECAUI T UO Al APEAR ET CU OCUAI ABG& BAEIAI
1 AGAUAOGTE 10 A 1 AGAUAOGI O 1 ETAAT pPilTO
1T CEEAE [ ACAI CAT T AUUOOAI AAZEET pAES®
Ei UOUUEOE OAOOI Uéh AEUITUpOI OOAI EAI
1 ApOUOA AU EOAQAGHIAAAIL OAELHADAUAO O

o . O m
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T A OUil O0g&i 00
EOI AOOUAOADPAO EUOOUEES AT AT AOGAOAAT
nAUOI Al us T ACAEAT Al eEAETIT O EEOAOEAUAOA
egyes SQL nyelvekbenaTQP A ni ET AAT 1T AcCAEAT Al &6 i O
i U0 T UAT OAEAAAOME AU )AI 6 OAI Ul AOT O AA
18 ODAAEEAEEUAEe&éd nAl 0& OUil G6ei OOi Ed Op
In. eN Z,u N Z, H=
Aux: vit N~ H[1.],iit NOZ[1.]
Qut: value N H,ind N~ Z
Def: f.Zz ->H, f(i) =
Def: rel: HxH -> L,
rel(lhs, rhs) = lhs <?> rhs
Def: swap:ZxzZ ->2Z,
swap(cur, new) = {
new, if rel(f(new), f( cur));
cur otherwise

}

Def: mostrek:ZxZ ->ZxH,
mostrek (first, cur)={
(first, f(first)),
if cur =first;
(cur, f( cur)),
if rel(f( cur), mostrek (first, cur - 1).2);
mostrek  (first, cur - 1) otherwise
}
Pre: e<=u
Post: ind ~ [e..u] and value = f(ind) and
Vi v Je.ul: (n ot rel(f(i), value)) and
Vin[e..ind - 1]:(rel(value, f(i)))

AEOEOAI A1 AEA EGCAUIT 1 UOUAA
*
)

and  ((ind, value) = MAX=e..u, f(i))
or (ind, value) = MN (i=e..u, f(i))
and iit[1] = e and vit[1] = f(e) and
Vi N [2.u -e+1]: (iit]i] = swap(iit[i -1, e+i -1)
and vit[i] = f(iit[i]))
and (ind, value) = mostrek (e, u)
- Ac Al | 1'AfT A &- /A3 4j%] OPAAEEAEEUAEEO OEOE

1 Ol
Ai AT UAAT DAOAI T OAOEiTO 1T ACAAEAOE A OAI
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18 Al Ci OEOI 6O nAl 6& OUiI 1 0ei OO0i Ed OpbbOO/

Most(m, n: Integer): (Integer, HType) Leg(e, u: Egész): (Egész, HTipus)
ind, i: Integer ind, i: Egész
value: HType ért: HTipus
ind := e, value := f(e) ind := e, ért := f(e)
ize+l..u i=e+l..u
rel(f(i), value) 7 rel(f(i), ért) z
value := f(i), ind := i [ - ért := f(i), ind := i | -
Most := (ind, value) Leg := (ind, ért)

323U071 1 0&i OO0 EMitaA 6dndisD A

A28$¢8 EAEAUAOAAT AAI OOAOOOER EIT CU TAI
i AcT AGAUT OAAT A OUiIl 6ei 001 E EAOAOI O
5CUAT AEET O 1 ET AAT AOAOAAT Al & £AI1 Oi OAI
ZAOAE OUi |l 0&i O0i E OgpkBEEEZRADAAAOOAT EEEL
OJ1T EER A AT G AN OG0 UEA | QeAAOIDDED OBA G\l GE.
EACUUAOAAT EO OEGCOERHEEOUI AABBUOI EDOWA O
napjaink tanmenete isAU O E E O A Q18.8egyretb¢ni L& 76 .Eofezzel

OUAT AAT A 1 AcOOi 1 68 £EAI ARAOOpDPOO A Oi
EEOUI T CAOUOOAT EOOUAiIiPpOi O Pil AUEAET T
I OUi 1 -GEDODABUOUO Al & £A1 GQialdphtinusbadi® A A E £
EEOUI OEAOGe AcCU EIi Pl EEUAE&EOATI h EI 1 AOQO/
PDOIT AlTiT UO TETUI AE AUTE AU AOAOGAER Al
OUAT UUAOGEAUAIT i OAAT A EEEAT EI O OAOOI I U
OACU EEUT UIEB AECUAOGICElh A A1 UARAOI O
PDil AUOI AAAECE ZEAXTBRAEIUI ADAT DIOEIEUAT 1 .
Ol EOUT O OKIE O DieAODOEO EAI UAOO EO A EAO
EEpOUOA A1l 600 AJAABIE@ATEARPhOT EIACU AMBAG E
kimenet lesz:

Out:ok N L,value N H,ind N N

I EAT Oi OA1 AGQq OUi 1 6ei O0Oi EEAOAOGI O ObD/
i ACEAI AT EE AcCU 20 @ OA HefarAbdix HdatziE OMO MQEAQA 1
OUiI EOi CAO Al & £E4 Diugdoio® ¢ i AC ADH AEASE AEEUA
Oi OUi 1l [T ACEAI AT EES

Def: t:Z ->L,t(i) = /*sample*/f(i) < 3
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! EEOQUIT CAOUOG 106 A 1 A@EI Oi EEOQUI AOGUO
EEOQUI AGUOUOGET U Ei PAOO OUI EOGi CAO 1 ACAI
i O0i TUAOG i O0i EAE ET AA@i O Al OQUOI 1 EOQE(,
Aux: ct N N,tind ~ Z[1.],

'y AT AT E Oii UEAg&I i Dp OEAUE 1 AGEI Oi EA
i AgeEi O EEOUI AGUOUOOAT pcgU AAEAOE i1 Acq
Post:  (ct, tind) = MIS(i=e..u, t(i), i) and

ct>0 ->(okand
mj N [1..ct]: (ind = tind[j] and
(, value) = MAX=1..ct, f(tind[i]))))
andct=0 ->(notok)
AEi O OEOEA Al AE ACUATEiIiTOh 1T UO i
Ol eA/r 1 Aei pPAT 1 AEAO OPAAEAEEUITE
EAT AT A EEUOAOI AT h AGUAOI A$pEddanieied Al E

EAOUT Ul EAOOT BFELOMAMBMHAVAGYMAEIRT OOAT 8 %Uh E A
i Aci 1 AUOh AEET O A £A1 Oi OA1 AET AE 1 AcEA
ATTAE Al 6e Al & £ OAOI UGE EAIT Ui O AAEA 1/

Post:  (ok, ind, value) = MAXIKi=e..u, (i), t(i))
Ahogy aMAXAOAOi T h EOO OAI OOAEOE 1 e&Al OpOA
FELTMINMINHAMINIFT © OAT 8
%UAEEAU A OPAAEEZEEUAESEEI U OAOOI Ue i
sablonja:

28 Al Ci OEOI 00d &AEADADI HDOAUTI OEDOOOE OAAI

MostIf(e, u : Integer):

LegH : Egé
: (Boolean, Integer, HType) eghale, u gész)

: (Logikai, Egész, HTipus)

i, ind : Integer

i, ind : Egész
ok: Boolean

van : Logikai

value: HType ert @ HTipus

ok := false van := false

i=e..u ize..u

not ok and T(i) ok and T(i) nem van és T(i) van és T(i)

ok := true SNreL(F(1), vaLue) - van := true Nrel(f(i), ért) /] -
ind := 1 ind := 1 ind := i ind := i -
value := f(i) value := f(i) ért = f(i) ért := f(i)

MostIf := (ok, ind, value) LegHa := (van, ind, ért)

! 1 i GEEAE EEAAEAUI OOAI  vak Ohdyddap OAT h
OPAAEAEEUAEGEAAT A OAI UAEeO UIlI OA1 U1 T O4
Def: rel: HxH ->L,

rel(lhs, rhs) = Ihs <?> rhs
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I OUi 1-BEDODABUOUO Al g EH ®il EEAI| A AA BAE OIU
OEUOCUI AOUO(4
Post: ok = mi ~[e..u]: (t(i)) and
ok -> (t(ind) and value = f(ind) and
VinTe..u]: (t() - > not rel(f(i), value)) and
Vin[e.ind - 1]:(t(i) - > rel(value, f(i)))
)

'U EOAOAOPO i1 Acii AUOAAT OACi AAAAOGEIT T «
EI AAQ[IACEO&I’O AJU AAI T ROABRET Ot 1iiOOOEAE |

B
OUOT T UOA A T ACTTAUC
|

A EEOAOGEAUEe IAQEA Ale ETAAGAO OAcCUI E
Post: ok = min[e..u]: (t(i)) and
ok->(
mi N [e..u]:(t(i) and tind[1]=i and iit[1]=i and
vit[1]=f(i)

and }jn[2.ct]:( ™k M[tind[ - 1]+1..u]:(t(k) and
tind[jl=k

vitj]=f(iit(i])))
and value = vit[ct] and ind = iit[ct]))
' T ACT ] AW AEATCAT T U T AT 1T AT OOI1 exzell OAE
OUAIT AAT AU OOe £A1 61 OAT T AAT AT EC 1 &8AT O
OAT8 ' TACITAUO 1 AEi PAUE A OAAITTTOh A
e a kezdetifalse | AT 1 AOO | OAO i OOV E A [ UGEE Ei
nullaz illetveHhali AU A1 Ai A EAI Uil 8
Def: mostrek: Zx Z ->LxZxH,
mostrek(first, akt) = {
(false, , ), if akt < first;
(true, akt, f(akt)),

and iitfjl=swap(iit]j -1],k) and

if t(akt) and mostrek(first, akt -1).1 = false;
(true, akt, f(akt)),
if t(akt) and (mostrek(first, akt -1).1 =true ->
rel(f(akt), mostrek(first, akt -1).3));
mostrek(first, akt - 1) otherwise

}
(AOUT Ul AGAgq
Post:  (ok, ind, value) = mostrek(e, u)
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333011 O0ei OO0 EAEZ-BFE AITThCAEOUGE AA OATl e
I OUDODBEOUI AGBUOUO OPAAEEEEUAEGET AE AE
ET CUAT EAUAI EIE A OEAAOUEOEO OUil Gei O
i ACAAT E8 %EET O ACUOi CAOAT AU Ailzae OAI
AAT AAAO EEDp OglkehedeN 1A CAQGURANDO AAOAE OOUAOD 1T A
i ACAAUOA EOh A AAT EAOUT Ul 8OA ApUOAR EI
OOAEAR EIiCcU OEAA AOAAIiTUO EO EAPEAOHN
EETTUAAAAT T ACi1TAEA A DPOTATiiTUubh TETO
helyett csak egyet kap.
(A TETAATh AAT 6O OAI UAE& OUAOET OE OUi I
i ACEAPTERh AEET O A OUil 0ei OOiE EEOUI A
EAIl UAEAO8 5CUAT AU ATTT1TAEAOE A OUil Oc¢
EEOi OAT TEREGUIBTCADUAOO AOAE AEET O Oi CAUL
AA1T Oi OAT AET AE 1 AcA&AT Al & OUil 6&i 001 EB8
! EEOUI T CAQUOT Ul AcUAT1 edi cAO EAIT O
OAl UAE&® i ccoOiTuob EAOUT UITEYd AEEIT O
nem(rel(f(i),value)) EO iereldalue f(i) EO ECAU O0OU8 (A
EOOUAEAOIT1 pOUOGA O1I OUT EUOTIT 1 AEAOOI C4
EOOUAEAOIT1 pbeh ETIPAOUOI O A&EiccodiTubd
i ccOiTUO £AT EAOUT UI OA pcuU AAEAOGe 1 AcCc
Def: cmp:HxH ->2Z,

cmplhs, rhs)={

1, if rel(lhs, rhs);
-1, if rel(rhs, Ihs);
&z ACUBAEST O

}
I Ei O Oi OUAEAI AKRAO OPAAEAEEUAEEGEA i 0 A
Al ADEUT T ETAETi O Oi OUOA EUOT i &i 1l AEi DD/
OAEOOUpOOA ACBAUEAO DOT AT i1 UOK 1 EOGAT A

OAEET OEAOOI E fazAditsolodnfolt égy ddatk kell tekinten; )
ehhezz | ET O A OUEOAET ROREI RAAGEE AU T E,
1 ADT OOAI | AUT OEi106 AUG 1Al OUOEGE Al 7
| OEAAI AETE  EOOUAI PpOi OA A OPAAEAET

AOAAT i T UAUR AA A EITEOIi O Z£A1I AAAO AOAOI
A I A@ A CCOilUO EAOUT Ui EOE(
Post: ((ok, , value) = MAXIRi=e..u, (i), t(i))

or (ok, , value) = MINIF(i=e..u, (i), t 0))

and (ct, ind) = MIS(i=e..u, t(i) and cmp(f(i), value)=0, i)
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I OEAA Oi OUZEAI AAAGA&T Uil e 1TACi1AUO
Al Ei OUpOADGOD Al ci1 OEOI 6OT EAOD i AGOEUOC
OOAT OUAEI Oi UAE& OAI EAOT ET T UAEARARQDDPIOAE S
EEOQUI T CAOUOA EOOUAOITEAOE AU-ERODOEO E
i 8 AT OpOUOUT AE A 1TiTUACAdg EA AU AEOOUI
AcUAT 1 e OAI Ah AEET O TEOAITEIE A OUUIT U
! OEOEAAI AET EAHICU OBAIT AAIN B EOOUAOGI T UOI
OO0OAT OUAEI OIl UAE&O 11 bi OAEEAI EAOTEIT T UA/
algoritmus.

38 Al CT OEOI 60q | AgEI OiTE EAOAOI OA Al Ci OF

MostS(e, u : Integer):
: (Boolean, Array[l1..:Integer], HType)
i, ct : Integer

value: HType
ind : Array[1..:Integer]

ct := 0
i=e..u
ct=0 and T(i) ct > B and T(i) /
ct =1 k cmp(f(i),value)=1 7l -
ind[ct] := 1 ct := 1 ANemp (F(1),value) =04
value := (i) ind[ct] := 1 ct (= ct + 1 -
value := f(i) | ind[ct] = i

MostS := (ct»0, ind, value)

, T CEEAE AREMBEUDBPEAAT A ET OUAAE ODPAAE
ind[1]-A0 AAEA 1T Ach AU AUO EEOAOE AAAOIE
Post  ok=mi N [e..u]:(t(i)) and //ind[] not empty
ok->(t(ind[1]) and value=f(ind[1]) and //ind[1] a
solution
Vin[e. .u]: (k) - >(cmp(value, 1(i))> - 1)) and //lextreme
value
Vin[e.ind[1] - 1]:(t(i) - >(cmp(value,f(i))=1)) and //[1]
first
i N [ind[ct]+1..u]:(t() - >(cmp(value,f(i))=1)) and //[ct]
last
i N[2..ct]:(t(ind[i]) and cmp(value,f(ind[i]))=0 and
/lother s
ind[i - 1]<ind[i] and //are different ind -sand no
more
PkN[ind[i - 1]+1..indli] -1(tk) -
>(cmp(value,f(k))=1)))
)
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) OAOAOpO OPAAEAEAEEUAEEO A AAI AAAO 10O
Oi OUAOCAAT i TUAE Al 1 DPDADOOAGTI &0 AGBAAEAABESE
ET AAGAE AAAOOI OT UAGAEOG8 0711 AUOI A AcuU
i AEA AOAE AUAEAO OAEET OOA A 1111011

i O0i EAEO nEEOAOEAUe Ee&e OACU EiI AAo6 E
OO0i 1 @ghi A 7T 00T EJ O1 O1 UAO ETAAGAEO8 ! L
ET EUAA OEOEAAI AET O EAOUT Ul OA nCcuUl OOp OF
-EOAT A Ei O OEOEAAI AEAel OEOOUAOAUAOA
iAcTiAUOAAT AU A1 Ci OEOI OO hACAUAKG ADET A
i ACAAOA A 1 AEAOOI CAO OAAT AeEAO(

Post: ctitfe -1]=0 and

Vin[e.u]: (
(not (i) - > (ctit[i]=ctit[i -10)
and ((t(i) and ctit[i -1]=0) ->
(ctit[i]=1 and iit[i]=i and vit[i] = f(i))) /lIbase
and ( (t(i) and ctit[i -1]>0) -> IInext
(- (cmp(f(i),vit[i -1)=1
> IIbetter
(iit[i]=i and vit[i]=f(i) and ctit[i]=1))
and (cmp(f(i), vit[i -1)=0 -> /lsame
(iit[i]=i and vit[i]=f(i) and ctit[i]=ctit[i - 1]+1))
and (cmp(f(i),vit[i -1)=-1 -> Ilworst
(iit[i]=iit[i - 1] and vit[i]=vit[i -1]and
ctit[i]=ctit[i -1]
) ) ) ) )
and ct=ctit[u] and
(ct=0 -> (not ok and ind=[])) and IIno
result
(ct>0 ->( value=vit[u] and /Ivalue and last
result
hossz(ind)=ct and ind[ct]=iit[u] and Illprev.
results

bv[1..ct -1]:( mjN[e..ind[ct - b+1]-1]:(
ctit[j]=ct -bandind[ct - bl=iit[j])))

)
A megoldJO Ei O Oi OUOA Ai1T OEAOGeEs8 p8 ! U I
i ACAAEOE AU AEOOUIEO AAOAAOUUIT O | AOE
AEOOUI EO 1 O0i EAO j OEOGQ8 ¢8 ! 11 bi OATE
Oi CAOAATiTUOYd A AOh A OAMADROIIAY UMDIT EOIC

i 0O0i EAh AU ET AA@OT OT UAO O1T OUAAE i 00i E/
U EOAOAOPO 1 AGCi 1 AUO nEEA OCAOUOUOAI &
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Def: mrek: NxN ->NxZ[]xH,
mrek(first, i) = {
(0, ,), if i<first;
(0, (f(first)), if not t (i) and i=first;
[*mrek(first,i - 1), if not t(i);*/
(1, add(l.i, ().
if t(i) and mrek(first,i -1).1=0;
(1, add([l.i), f(1)),
if t(i) and mrek(first,i -1).1>0
and cmp(f(i), mrek(first,i -1).3)=1;
(mrek(first,i -1).1 + 1, add(mrek(first,i -1).2,i), f(i)),
if t(i) and mrek(first,i -1).1>0
and cmp(f(i), mrek(first,i -1).3)=0;
*mrek(first, i -1),
if (i) and mrek(first, i -1).1>0
and cmp(f(i), mrek(first, i -1).3) = -1
mrek(first, i -5 ACUBJAEST O
}
I OAEOOUPO OPAAEEEEUAE&AAT EI
ET 11 AT OAAT OUAOADPAI T AER EAI UAOO
dobB

>

EpOUOT E O OUT huA DBADDOEAMA

1T (A OAEOOUpPO EpPpOUO OEOOITEERh A

i 00T Eh AU ACCOACWEUUOOH AP A E

i AcEAI AizAh AREBDOR ETGU TE

egyetenAAAO 1 AOGU A o2 OA1 OAo i

Al £1 CAAT 0068 11U Ul OAT UTT O 1Ac

i ET AAT OAOGUOT i1 ACUAAEI AC EAITA

1! 1 EOOAEiI PUT OEAU AU AAAj AOOAUR E
Ej OO BAEO EiTET 1 Ac EAIT poOlE(q

O’ —_ ®>

Def: act: Z[] xZx Z ->Z, act(old, i, item) =
{item, if length(old) < i;old[i] otherwise}
Def: add: Z[] x Z ->Z[], add(array, item) =
COPY(i=1..hossz(array)+1, act(array, i, item))
' TicUAE T A TACT ENVDOAEE OROEOARAIBANAGRA D+ E O
OUI AOUQIDaABRA T O A EAUAEi OOi EAAUO Al (
o111 AT Al EO 1 AEAOT AE Al Oi Oi OAER A
tapasztalat.

333 Ui 1 O &félanaiok gablonja

I OuUil Ooei OOT EAE EEOUI T CAOUBEHIA AGW GO0 C
i AGEi Of BABA®EO 1 Aci 1 AUOO AAR U1 OATI UT 1T
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I AEAOT A EAOUT UITE8 ! &£AT OE 1 AOGAUAOI O
AOAAAOE AEUI 1 Up OUSpAdtitationedkad Al A00 BOA GRE A 1A
OPAAEAEEUAEEAE]  EEIOAGEBANGI OAR BT MHIAE IO

UOAIAEbOUOIEAC&mE&MﬁM@AIEBAOUOE OACi A/
OAl EAUITE EAITATA AEEiI UR EIiCU AliilA
1 AEAOOAT EAOQOUIT UITHES A% KV EPEAI T KE
i AcCi 1 AUOT EAO AEOEOAI AT 01 AE OAEET O0I
i Aci1 AUOGT EAOS

LT AT T UEAAT OAAT T 1 B.A&gorit@uste ET OEE IEO Al EOA
OUAI P11 OA&1 | Ac Al lerbé Heljel atanmendibeng ilyeR |

Al 8EOI AOAOGAE OUI EOi CAOAE EiT UUUS

! AAT O OAT AOG OUi 1 6ei OO E EAOAOI OA i 0O
EOOUAOAOOOT CA OUAI Pi 1 OEUA&lT EEUAI AAA

EEOUI AGUOUOA i O EAOADD UM NQ&@U&@%TM@U

AUAE EEUIT A 1ACEOOUAOGAOGOAA I EATT T
1T AU EOOUACUI Oh A OUT OUUOh AU EOOUAAS
Oh &5 AE
Al AET h
1T A T AcOUUITT UOh A EEOUITCAOUOR A AEAI

Oh 5 OEeAEdk &
AL AET R AET T 1AAG 1TALOGOE HG GRCUOT CAT Al /
1 A OUil 081 001 E EEOUI AGUOUOGAET O A I
i 00i EOEl EO A& CCd
Oh O AER AD e AE dA AD
' i AT 1 UEAAT AOAE AUO A OUAIDPI1OIO T-.-c
OAEEIzOEITEAEUOT i EACUUAOszerindis § BET ICWMAAA

o)
ART AAAOT AE -EAE Wi A ®BO DT £AT AAAOOPDOOO A
A

2UAAUOQEIQUET O 1 EACYRYIA UTQUTIGABADAOT 6

EEOUI AOGUBUOET U EADPAOI 1 8AEENR i ACAil e U
OpbOOAEATI AAAOI EAOh 1T OCOAUURA OIARIUT DAl
pi 1l AUETT EAOAOUOGI T ER EOOUABGAOLO Oii A
Oi ¢ci 18

%Ui 00 A OEATIAGAICO G EDEUOCUI AOGA A O1 O1 UA
EEUEOO OO1T1 0eEiT O EAITAT A OUAOADDIBE AT |

UC
AT
A
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EicceAln ETCU A Of OT UAOGET U @QIAQIUWALT C
OAT OUOCUE OUA zbkevierédhdinek® U AOEDIOOT UAOGET U
OAT AAT & OpbOOI EEAI 8

|

OUiT 1 0&i1 00T E  AAI AAAOGTE Oi i UEBUTAE O
ODAAE EE E UA E®jdyyeaben L1/p5 B CEA ODAAE AEEUAES
AR TEIAO ODAAE MEEIVBEEERS Al AOEACUUT O1 A
[4/136.T Y A OPAAEAZAEEUI UO OUI EOi CA@AOiIn@i Oh

EATTAUTT i« OOAT i AUAOGO OAI EAO OAT AAUI OE
AiTTAE EEUTUA 1TEIUUAR ETCU Ei O OEOEA
PDOT Ali T UEAO EAIT AU A ET O Al AE EAUE®GOE

i ACI 1T AUOR 1 EOAT pEEQGOA 1ATIAMITOAMOIOAGODT 1

sincs).

4v OOUAOAOO OAl UAEEg

I OUi 1T @AAABIE TAI AGAE A 1 ACi1AUO OU
EEEpOUOO8 ! OAI UAE&EO EAI MWNWAQEI 06 BEIO
A POT AT iTU0UOh AA A EAI AAAOI ACi 1 AUOGO OI |
EEOUI AOUOUOE TQARXTEOATAA AEQUIMIAA 1T AEAUD OE
U Al euvue EAEAUAOAAT EiITET EAITAOGO EAU
Ei O &£ ccOiTUAAT A OAI UAmax © MRhelpek OAT i C
ACUAOI AT -1734h AOAOI AC "%34 TAOGIh 1 AC
OAT UAEAG BAOAI i OAOEI T Qe

412 A1 UAEE& [ AcEl OApOUOA

-ETAEUOI T OEUOCUI O T-ERABAODVEOAT Uagei Ao
EAOAOT OEA W1-QWA GA®G&I EA [ Aci i1 AUO8 $A 1 E
OUUITEEAIh A EAOAEOAOOAT h A OUEOACCAIT
AA0I T OUAGAOG OUUI T EI MEQMOIAAALDD iOADICH A H)
i ACT 1 AUO 1 AEAGeOici 08 U = Oi COAI ATnh
i O0Oi EAE OUOI 1 EAGEER AUi OO0 Al OUOEAOGé&R
OAOOAT 1 AUUA A 1 ACAT CA m&d®e ET O G GAG AOEGITT
jelenik meg a pro®@ Al AAT i O pcU A OPAAEAEEUAES®.
Oi 1 A0 T ACAAUOUEAds A8 DGUGELIEESA O A

U A OUUI pOUOE 1e&A TAI ACGAE A OAOI i1 OUS
AUOI ET UAT OUUI EAT T AUOA8 ' OUUI pOUO Ol
El OUue@aveE A ¢fnh p¥Y EITOAOOAIIT OI OAh E/
i ET 6 A1 OA EO EOI AOOh AI E OUET Oi 1T Al OUO
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aOOwonaN0

Q. "¢ b chindd 6> & & 67 AOOWWIdVE wwopd Q

(1)
A[0,255]ASCHE & AT EAOAEOAOAE AOAOIT EO EAOUI
UTFp E&ATT UO AOGAOGIT A AAIT O1T 011 UGE OI1 00

OUAI PTTOIE EO AAAI T UUOIT EUER A OAT AAU
OAl UAEE AAOGBEEOOAUOE®EDARAOR EA A T ACU
AECUAT AT AAh AEET O oAoEoio8 ! OAlI UAEe& 1
BUEOACOA i OOAIT I AUAIGOO @AY AMATU i DIEO &OM 1 TUIAEG
I ACEAQUOIZUANOAIEGiUI 1T UAI ©AET CUEI 80&h ERRE
AT EAT T AUUOT EAAT A FOICDEIQT A8 AEUIT A WhISE U
OUAOET OE O ATUABREIU 10 988 barrdridy &az fontosabb, a j'<'l',
i AOO oAoEoUoh AA EA 10O A1 O0i 0i O TETAO
T7TUUI ER ABHEIUBUIA @ABOAT AAO EAPEOES
001 COATTUUO TEOAOUOA OT OUT A OITEAEITA
UAT Ai OA  &seBE EPDROBOEOA EAOAEOQAOQET OUI AOGC
EAOAEOAOATEiI T OE EOOUAEAOITI pOUODO O cU
OUEOACAOh EA A Ei O EAOAEOAOQOOI OI UAO EC
EATUI T 00QpaEEYIOACU OF @ YODEDEARARBRABE & KA
re: SxS ->L,

rel(sl, s2) ={

s1[ SELECT{i>=1, i<h(s1,s2) - >(s1[i] = s2[i])]

<s2[ SELECTi>=1, i<h(s1,s2) - >(s1[i] = s2[i))],

if length(s1)<length(s2) - >EXISTSi=1..h(s1,s2),s1[i] !=

s2[i]);
EVERY/(i=1..length(s1), s1[i]=s2[i]) , if length(s1) <
length(s2);
false otherwise
}
I EAT AAAO ATTUTIOIO OUGCA 1 AOOGUA O1i1i 6¢
3UET 6A EAI 1 EAOe A A C E E Ispediticdtidneditar-Oh Al

AAT EAOQUT UI EAOGE Au ET ZE@ OAIl UAE& O 1 B/
! #£AT OE OPAAEAEEUAEE Al APEUIOAS O©EUHAB

T Al AGAE Acu & OApOUO A ODAAEEEEUAEé

AT T DAOUOI OO EAOUT UITE A EAOAEOAOAEOA
AOAAT1TU AOAGIT A ofo 10 A oepUAAIGA &
OUT OUUOUOGAIT. Z£A1 AGAOiI 1 EAOQE

U i O0rEAME MPUT OUUOA AUO EAI AT OEh ET G
EAT UAOO A MA EQeMAE EQq OAI UAEe O Al EAIT I .



XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

cmp(f().fG) =p EAT UAOO A =Mibabyb ¢mEf(E )M E GXq
i AcEZAl Al e EOOUAEI ccCci 08

“"UAIl UEE &I O0i U0 OUlI AOGUOGEOEN
A OEOEAAI AE DPAOAiI i OAOAEIT T O¢q
(ind, value)=BEST(i=e..u, f(i), ???)

Ei OA7T OAOh

-ETAAT EOOUAEAOITI pOUOGT AE Ei O AAI AT AO.
AUTTT O OpbOOT AET AE EAINMACAAT DBADAIT UDE
i1 AAT UOeIACKEI €Ece AAAOh A T UOGEE 11 AATTIT
OUAOAPAT h AA AU ACCOACUAEe AEOOUI EO i
AU £} EqQes OAl OAo EOOUAEAOITI1 pOUO pcCcU i
(ind, value)=BEST (i=e..u, (i), >)

UAET OE AOAORh EICU 1 UO AU EOOUAEAOITI
1 ACET AAe Ei OAi OAAT TAT A 1T AOAE ni AGEI

DOAEOEEOO Eil ET EAIAUTE A EEpOO i 007 E
-18 EAITUAOO OAI AET CU pcuUgq
(ind, value)=BEST(i=e..u, f(i), (>r(i))

Ezzelz OAT i 1 EAQ& 108G AAUIT OE OA1 UAEe& OAI OAl
ACcUOi CAOpOEAOGE A -). 10 -18 EiccOilTuUs
422 A1 UAEé& £Ei ccoOiil U

' 1T AgEI 6 EEOUI AGUOUOGUET U 1 Ac EAIT1T A

adathozt( '-08 %U 1 AEAO AU A A Apbadriateiediadat, i OO
1 AEAO AcU bDOI EAEAEEéN EA AU AAAOOIT (
OEAAAEI ATUE&EO OEiIi A8 (A A OUil 6&i 007 E
AAAOOAGC OUI EOT CAOh AEET O T ACi1 AUOO EA
0i1 AUOI ¢d j 80Ah PDPAOAh [IbDq AAAOQGEUOI AOI
1 ACET OUAAE EEOUI AOGUOUOGUET U 1T UOTI APAOA
AT EAT T AUEAGeE T UO 11 00i EACcUOi CAEOA EOR
i ACEITOTT1UOO ECEEUVUAAIRREEAQODGAAT ABDUEES®
AECUAIT AR QIAE DAIOAEOOUAOAOOAAAS8 * Al 1 Al U&n
AU AAAO 1 AAOGAOI fisf(ax)T ANEE OBAI 1GE G AZTAh UARLA ¢
(ev(i)>ev(max)) vagy
SAOSEL " AOs | AGs 60 EisES EisiA@ss OACU
(ev(i)j=ev( | A@s 80 EIisES"Eisi Ags 80 1T ADPsES ., 1A
1T CEEAE EEZAEAUT OO0 1 AEAOT A O1 OGUAA A

!
EAeOAAAh AU EEOAETil TiEA v PAOA EO O
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*Al 1T AT Ueh EICU A EEZAEAUI OO i1 OAAI AO Ot
EAT UOATAAUUOORIER Al pOUOOAI 8 2UAAUOODI h
AAAAT Acu 11 O00i EAO EAOITI1IpOOTE EOOUA
OPAAEAEEUAE&AAT 1T AI OOAEOE pcU [ ACAATE
! i ACT1 AUOO A OAT AAUT OOAOOE OwgyklUT LUO
OUT OT UOAh AQUADAOUBOHBWOHAR AU EOOUAC 1/
00 AdQzpaeop EIQzop 1 AR
i) -Ael 1T AOAAT ET O 1T OUOUOOAT Acui OOAIT T JA
i OO0i EAEAOh 1 ACAAEAOEE AUITE AU 1 00i EOA
Acu 1 OAI AAT i1 Acu AAT 66 E&T APEI U ¢
OAT AAOBGOAMO T AP O1 OOUUI U1 AE EEOUUI pOU
EicU 1 AOUTAE T1 UAT 1 00i EAER Al Al UAEEAL
EITCU T AT UEE T AD OAI\ A &IAARA QAIULG A Al E 1O O
TAp OAT A Ei 6 AUOOI EEUEOOS
LT ATTUEAAT AOOI BCEIAGEADUOI UUOUET U  EE
AAAOGOAGI E OUUiITE ji0OO0iE OpbPOOTAEQ 10
-ET AAT 7 O0i EEAU 1T ACAAEOE A juUuUuobq 1 00
, 000 | Ao®ADQDOI ET 6 Ad'ddop
I &1 01 O0UC OUAOET OE O1 OOAT AAAT 1 Acol
i 001 EAEAO AU i 001 EOQAOOI T UT U ET OOUUOAIT «
0Q AQz, ®z, ®z8 AQz, ®z8 AQz8
%l T AE A [T ACi 1 AUOT AE ACU ACUOUAADAA OU
EET O TAI AU 1 00i EOAOOI T UTU EI OOUUO ¢
i EAT T AI-AN@AT Opwi OAT AGUAOAAT AEAI pOO i 00
A OUUIUO8 U TAPTE 1O Eel APTE AOGAOI T
i"Q QUQzpnnnmi® Qzpnmme O

i ACEAT ATi O0i AAT AU i Oh EéTAD iO0 TADP iC
EAOTT1&8ATh OAOOUel AcCAOh OAOI T OUAGAO O
i OOi EET 8

I OUUI pOUOGE OUAAUI U Al EAIT T AUUOGA O1 OUI
DOl Al i 1 UOh AA dgksebBedgnadyolibstemditoka, akikor

A EAIT UAOG OAT AAUi OEAU AU Al ADPEVale Ei DA
helyett maxvaluezvalue i OOT EEAT EAI 1T OUUITI11ES

I EAT UEi OOi E Al ABP7T i O00i EOUUI pOUO AAEA
%CU AUOOITO 1000OBKEAIBHA T OMMOUel ACAO Al O



XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

OAcU ATiTEil h OUEOACAO & Oi UAAT 1 ACA,
OUEOACAE EEUEOOE OAI UAEe&T AE A&EAT Al 1 A
i 001 EAEAO AURIGAWAEGE OOWIT UEEAI i 0 OA
tizedesjegyekkelz AUT 11T O ET OOUYT OUCT OUEOACEiITO
EOOUAZEIUEOO OUEOACOA A ET T DPAOUOI O OAI
BUEOACCi Al AEpOUOG AOGAOGI1T A TACAOGpO i1 0O
AA POT AT i1 U0UO TEITU AU EOhRhOCEEARAUDDDOT AI &

OAT UAEGET U 1TATTA Al EAIIT AOS
AjelenlegiMINi ®AXOE OEA Al A TEMARPI iAAAOAAT AAEA
AUO AU i O0i EAOR AT EO A orfo 10 A o2€90 i
ITTAATTT AUTTTO OUAAUIIT UAT eg@adhdtjuk azOA Al
ET OAOOGAT T OI 11T AAI I 1 EOCOOAEEE ORGARBT AAR@il @
i Aci 1 AUOGUO T AI AU At QIUOEIOE OAOWBOihe ABA
i ACAEI T 011 U001 AR Al XOPARIEMEEANAEE OAI EAUA
i O0Oi EAO EE EAI1l OUUITITES
+1 OAT Oh ET CcU AUOOUT AU Adragtikudds Gii ODGAAT
i CCOi T UAERT ODREBROOAAEOE 1 Ac A ££AI1 Oi O,
ACUATEI T O AAEATI UAOOAOPp OOA AU EOOUAOAO
1T CEEAE EEZAEAUT O Al OAOHUAQAPAAT OTAGIAAE &
EREOEI E EES
+1 OAT Oh EICCOEQGIUOOMAA AAADPICEEHEAE EEZAAEAL
AcuUi UOAA UCUAUT 66 Al UCAUUOI EAOh OAcU
AOAOi 0el OAl & AET Oi O &A1 O0i OA1 i 68 (A A
akkor a sablon algoritmusokban is ael(adat(i),value) ATTA A 1T AcEA
EATEI T 08 +i OAi Oh ET CU AU Ul 6ATUTTO O
EATEIT OO Al EAT T AUOA(
(ind, value)=BEST(i=e..u, f(i), (>r(i))
ET CUAT EAI Alelp OEIADROITTALLE A
4373-h AET Oi OQFEang&r CCOi 1T U
A WSM {Veighted Sum Mod®, OT 1 UT UT 6O EOOUAC OUUI pC
EAOUT Ul @AGEBAT!T AOAAT AAI OOAOI 6O ¢ mhopy
i OOF E T ETAAT 7 001 EOAOOT I UT UOA 1 ACOAIl &
OUUUAT T ET O 1T ACEAI Al e ODCARTI RODOEO&A il AT
AEET O AUAE O1T 1 UI UUOUOAT h AAEAOOTE 1 AC
Q2@ TrdQ 2@ Eh

dgeal 11 E p
y1T £ Of ACGEEAE OUAI T AT TiUOAR AUi 00 A b
A BIABDOAT 8 |' POl EAEAEE A fmnhpyY ET OAOOA

A
0
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OAT &80 1 00i EEAT OUIT OUUO OUET Oi18 -ETA
EOOUAOAOO OUUIpOULO AOGAOGIiT o6 AcCUAOI Al
Al AET Oi Oi OAS8

Az egyes szempontok szerinti [0,1] @A OOAI I Oi OA OEOOiI T &
EAT UAOOAOp OEAOGEI E OAIQOIOOAI8 %‘AAT E/
OAT CT AE 1 AOUT AEh Al EUOQUOO8I i cceAl E
i O0Oi Ef AEQ EEI AOAAEAOT AES -ETAA| OUAT PI
O1 11U DAT EOOUACAUOA EAPEAOOTE EOOUAO
OA1T UAE&AAT EAOUITUI O &I ccoOilUs

! OAl UAE& £ CCOiITUEAU 10 A 11 CEEAE

OuUIi pOUOGT EEAI AU ACUAO OUAIDPITOTETAE

TAI  £A1 Oi OAT h ARAITCUAUA ATACEBA AGUAITBDT T O OAI
1ACUATh A EEOAOEAUe OUAIPITOIE AOCAE ¢/
Al e AAOA 1 AGeE Al APEUT EI T OOAOOAT U Al Al
ET CU OUUIi pOUOOAT AAEOE i1 Ac A Eik@ i OO0
EEAZAEAUT OO OAcU AI UGCAUUOI EAO A OUAI PII

4.4 Tuple
I OUUIi pOT OO0 i OO E AUOI ET UAT A& Oi UEUAAI
OUEOAC OpbpOOT AAAOT EOA EEUOAOIATIT 1A

AEET O EO AO&KAEG 1A TORATAKORAT AEA AOAE 01 O
AAAOOe] 8

oi 1 AUOI h AU AAAECEAE 1T Ai AAT AE T ACii1 AL
! 1T ACET AA OAT 61 &0 AU i OAOGOOI CE UOI ACA
AAT i1 AUOh AEE OEAAQAG GUGCHIAEET U AOMe 1
AEET O A 11 0601 OAAT A1 6&edO OUAOAOGITiTE 1A«
OUAI P11 01 Oh EA AcCcU 1 OUOUI U EAIT A EEOQJT ¢
U El UAT OACUAO OpbdOT OUAT BT 1T OOAT .
A ccOi T UAA 1 AEAOOiI CAO  OATgeO T a0dtok UOOAI
i O0Oi EOAOOI T UT UA AU AAAOIT E OUUI Ah AA (
OUAI PT T OITE OUAOET OE Oi OUAOAAI i T UAEAegI]
OAl UAEEO AAAOAUUEOI ETUI 1 UOEAOGEOES !
AAAOT EET U EIT AmA Ol ECONDPO@E TIEET AACUEET AE
i AcCi 1T AUO 1i1TUACAh ETcU Ei 0O AAAO EOOUAE
OUAOET OE OiI OOAT AAAT 1T AT UEE 1 AOU AU Al
i AcEAT Ai & OAcCcU OAi s

Algoritmusban acmp(f(),acty ¥ OOT EACUARUe Oi CAO n EAI U
AU Ai ce TAI TOI1TA i00iEAO8 ! EEi OO EA

>1,<<Mp OUI OUAOA 1 ACAAEAR RIUC WA EAD OWA IEWA & ¢
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T 1Aci Acui AA EAOAOI OAEI O p A ORI UAE:

EOOUAEAOI 11 pOUG AOAAITT UAN
11 ACEEOAAA EAOAOI OAEI O Mp A OAI UAEe
EOOUAEAOI 11 pOUO AOAAIT T UAS

IUAUH AEET O 1 AOU TE i 001 EA A EAOAOGI OT
AAAT A OUAAUI UAAT EilkCd TiAioi 6UBACEH O
OUATI PTTO OpbOOAN OAOOUel ACAO EOOUAOD
I DAOUOI OT EAO AU EAOUIT Ul EAGE A AET Oi OA
I OAl UAEE E£:08QLE A O UBA @inkykellAdni adattagok

i O AUAEOA 10071 UAO ACDMIUACEAO OB DD TUAKE 108 |
Al UAAE OUET OAEOEEUOAI ¢

(ind, value)=BEST (i=e..u, f(i), (>f(i).2, <f(i).4, >f(i).1)

vagy
(ind, value)=BEST(i=e..u, f(i), (+f(i).2, - 1(i).4, +(i).1)
UUAT A EATEIiT OOAT O 1 OOAI T AUi OOAI
Al CBloihAOOA nAcuUmEl OI UE AOGAOGIT AU OOII1 Os
(first, value)=BEST(i=e..u, f(i), (>f(i).2, <f(i).4, <i)
illetve

(last, value)=BEST (i=e..u, (i), (>f(i).2, <f(i).4, >i)
1 £AT OAAA OEUOGOUODI PAUAVAT AEADDDRAE A

OAT EAO 11 001 EAAT f(i)E QGWRLODAICEIAI EEAMGEERT A
ETTEOI O ET AAGEAU EEO&Ae OUUI pOIi 606 i 0O
5v OOUA&EI Ccl A1 UO

I OUi I -BEDODABUOUO EAQUTIUTUTOAT Acu

Oi OA1T AET AEh AUT 1T AAT A EAIAAAOObD 60 Aé
EAOAOI OhAI BEOUDUOQAOUOG EOUT UUAAT 8 |u A
EEUI T AU AU AcCcUAOdi Al h AT AT UAAT A nii o
OpbpbOOT AOAAI 1T U EO EAITAIU&h pcuU 1TAI

Al e OOE 01 OUl AOGAOG Al Al UWiddA hA AE EEARAGEIAI %O U
Al ABPT O OUJOiI 0i O Ecil Ul ES8

-ACOEUOCUI OOE A OUil 6ei 001 EEAl EADPAOI
1 AEAO&eOi CAEOYd A 11T CEEAE OUAAUI URh A
OPAAEEZEEUI UOE 1 8ATEAO8 ' U Awdlads | & AC

i Aci 1 AUOT E AAEAOEERh EEOi OA A EEOUI AOU
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1 AEAOeOi CAO AA A EAT UAO EEI AT AOGOAR OI
Ei O EiTET AOUEEU OAT A Ei O OUil O&i O0i
-ACUI 1 APp OIADOOENOCIIQY Ei OUAAE OAT EET U
i AGET Oi OPAAEAEEUAESEUOAI 0O Al Ci OEOI
i ETEI O 1 ACEROUDCUUWIOGAAODAE ADUPIOEEGT OAT

1A AATAE UI OAT UTTO T ACiTAUOO@nemi OUAA

i 00T E Al ApTh Bil AUOI  OUEOACOA 17 OOAII

GUAEIT O1I AGAAT T AcUIT EAITAiUe OEAA AAI

El IAQO:& O 1 Uil Ui 60 /EAI Oi OAI ODAAE/EEEU/

o1 | UAAI 8 %UAE ZpEdRAOUIUD IO{D(DJAK;I &1 Q\‘U A U

EE‘QI'I,I’lIUAOO| A OAOQUEE A I\EII\EQlQ AT/

OEOOUAOAUAOI 008 %Ui OO A 1 AEAOEOI '

AeOpOi Oi O OAOOAUUI Es8

Mivel a SpEd A ODAAEAEEUAES &I OI UIEO 1 UA

mACAIT O 1 AT AeT AE OAOOGEOQE A O OAl AE

OAl EAUI UOUAAT AU AOUEEU EAOUI UI AOUOS

ODAAEAEEUAESEA AEUO EOAOAODOR AEUO OAt

iO A 11T CEEAE OPAAEAZBEBAEET AEOAUI EBAEO!
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AUTOMATICFEEDBACK IN PROGRAMING
EDUCATION: A COMPREENSIVE REVIEW

$UOEA $%- %4 BOH,GKAAEOI AO

Abstract: The growing availability of generative large language models
(LLMs) has introduced new opportunities for enhancing programming
education, particularly through automated feedback systems. Such systems
can support learners by providing timely, scalable, ah contextaware
explanations; however, they also raise challenges related to data privacy,
overreliance, and alignment with course content. Locally deployable LLMs,
including models such as DeepSeelCoder and WizardCoder, offer a
promising alternative to doud-based solutions, enabling fineuning,
domain adaptation, and privacypreserving operation. This paper presents
a comprehensive overview of automatic feedback approaches in
programming education, with a focused comparative analysis of selected
locally deployable generative models We examine the pedagogical
background of effective feedbacland analyze the capabilities of two state
of-the-art code-oriented models. Ouranalysis highlights key pedagogical
differences between the two models.

Keywords : automatic feedback, programming education, computer
assisted learning, intelligent tutoring systems, code analysis.

1 Introduction

As a result of the COVIRL9 pandemic, learning habits have undergone a
significant transformation. At the same time, various geerative artificial
intelligence tools have emerged, with ChatGPT becoming the driving force
and the most influential example among them.From a pedagogical
perspective, such tools offer valuable support. During seminars, it is often
difficult for instructo rs to provide individual explanations to every student.
Automated feedback systems can increase the efficiency of the learning
process and contribute to improved student outcome§l] .

However, a notable dravback is the risk that students will becomeoverly
reliant on these systems. From a data privacy standpoint, another limitation
is that these models typically runin the cloud. As they are pretrained, they
cannot be further customized or finetuned to specific learning needs.

In contrast, locally deployable generative language models provide a
potential solution to these issues. These models can be adapted for specific
tasks, such as code generation tailored to a course, orour case, generating
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automated feedback that supports the correction of programming errors.
This study aims to explore how such feedback can be implemented
effectively and to illustrate the possibilities through selected language
models.

Rather than providing a systematic review ofall existing approaches, this

study focuses on representative, locally deployable coderiented language

models to illustrate current possibilities and limitations.

2 Automatic Feedback

Feedback is a fundamental component of the learning process, and its
importance extends beyond primary and secondary education to the
university level as well. One of the main challengés that although teachers
must invest significant time and effort in providing feedback, students do
not always recognize its value. As gesult, it is not uncommon for learners
to either ignore the feedback or misunderstand it. Research has shown that
students are often unable to make effective use of the feedback they receive
because it may arrive at the wrong time, lack clarity, or leadtconfusion[2].
Several studies have explored how different strategies might improve the
effectiveness of feedback. These include using reference points or forward
looking guidance to ensure that students not only learn fronpast mistakes
but also improve their future performance by receiving clear, timely
information. Automated feedback systems should build on these strengths
when being developed. At the same time, it is essential to ensure that
feedback remains scalable andonsistent. Attention must also be paid to
providing explanations, contextual relevance, and alignment with
pedagogical goals. Ultimately, feedback is most effective when studestn
interpret and apply the knowledge they gain from it in a meaningful waj3].

3 Locally Deployable LLM

Large language models such as ChatGH4] and various Uama-based
models [5] offer useful solutions in many areas of education, software
development, and research.

One of the main advantages of thelama models is that they can be run
locally, without requiring an internet connection. They can also be fine
tuned to meet the needs of a specific course or application domakiowever,
this approach has technical requirerents. Running such models locally
typically requires a suitable GPU, especially when multiple usefsuch as an
entire clasg are expected to use the systensimultaneously. This setup
contrasts with cloud-based models like ChatGPT, where the provider
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manages computational resourcesand user data must be sent to external
servers.

Llama models, developed by Meta, can be deployed easily through Ollama
[6], an opensource platform that allows users to run various language
models locally on their machines. With Ollama, odels like lama can be
used effectively for research, teaching, and development. These models are
well-suited for tasks such as adaptive task generation or feedback creation,
and they can be finetuned for the specific goals of a given courd&] .

3.1 DeepSeekCoder

The DeepSeek Coder model family [8] consists of opensource large
language models specifically trained for codingelated tasks. Compared to
the generatlpurpose DeepSeek moddB], this version is much more suitable
for programming education.

Model sizes range from 1.3 billion to 33 billion parameters, and each version
is available in both base and instructionfollowing variants. The models
were trained on 2 trillion tokens drawn from 87 different programming
languages, resulting in broad syntactic and linguistic competence across a
wide range of coding paradigms.

Notably, the pretraining process goes beyond standard nexbken
prediction by incorporating the Fill-in-the-Middle (FIM) objective. This
allows the model to complete missing parts in the middle of code snippets,
rather than being limited to completions at the beginning or end. The
structure of the training dataset is also noteworthy: data were processedat
the repository level, enabling the models to learn complex code structures
and crossfile logic.

In addition, these models support an extended context window of 1600
tokens, allowing them to handle longer and more complex code a
significant advantage for large projects or tasks involving multiple modules.
The performance of DeepSeeRoder has been evaluated using several public
coding benchmarks. The33b Basemodel has consistently achieved strong
results, and thelnstruct version has, in many casesven outperformed
OpenAl's GPT3.5 Turbo. Remarkably, the smaller @ model also performs
competitively against models up to five times larger, indicating that
DeepSeelCoder's effectiveness is due not only to size but also to optimized
training strategies.

These features make the models particularly suitable for educational
environments, where they can be used for code analysis, automatic task
generation, or personalized feedback. Their opesource nature allows for
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seamless integration into local platforns such allama, offering a privacy
preserving alternative to cloud-based systemg10].

3.2 WizardCoder

The WizardCoder model [11] is an opensource large language model
specifically optimized for codebased tasks and instruction following.
Compared to theCodeLlamamodel [12], it is significantly more suitable for
programming education due to its finetuning on a unique data generation
method calledEvol-Instruct.

WizardCoder is based on the Codeldma 13b architecture, but its
instruction -following capabilities are considerably more advanced. The
model contains 13 billion parameters and was finduned using a large
number of coding instructions of varying difficulty across several languages,
including Python, Java, C++, and TypeScript.

Although WizardCoder® AOEIT O 1 1 lamd iOidtonlytchpable |
of generating code but also explaining, analyzing, detecting, and correcting
errors. This makes it weltsuited for evaluating student submissions and
providing automated feedback.

Unlike models such as BepSeekCoder, it does not apply repositorylevel
preprocessing. However, through the Evelnstruct method, it can respond

to multi-step, educationi OEAT OAA DPOI I OO OOAE AO
Al OOAAGS T O OCAT AOAOA AACET 1T Adhs oE T4CEARO
default context window is 4k tokens, but quantized variants compatible with

Ollama can support & or even 1& tokens[13].

WizardCoder has been evaluated using several coding benchmarks, most
notably HumanEval and MBPP. On the HumanEval benchmark, thebl3
version achieved a performance score of 75.9%, which is close to thef

I BAT 1) &0Owhile Gesaining fully opensource and free to use. This
demonstrates that WizardCoder is optimized not only in model size but also
in fine-tuning strategies for codebased LLM taskg13].

These characteristics make it especially suitable for use in educational
environments, where it can support exercise generain, error correction,
and personalized feedback. It can also be deployed easily on local platforms,
such as through the Ollama runtime, making it a privacgonscious
alternative to cloud-based modelq13].

3.3 Comparison of Real-World Scenarios

We compared theoutputs of the two discussed models, DeepSeek Coder and
WizardCoder, usng a prompt (Figure 1) that asked them to explain the
errors in a given C source code.
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--- C ERROR CHECK ---
Here is my C code or compiler error. Please explain it at a
level 1 beginner level:

#include <stdio.h>

int main() {

int number;

printf("Enter a number: *);

scanf("%d", number); // — ERROR: missing & before
variable

printf("You entered: %d\n", number // — ERROR: missing
closing parenthesis

return O;

h

REQUEST:

- Explain simply what the error is.

- Explain why it happens.

- Show how to fix it.

- If possible, provide a short corrected code snippet.

That's all.

Figure 1: Prompt used for automatic feedback generation

Both models were evaluated using identical prompts and default inference
settings. The comparison focused onhe level of explanation detail,
pedagogical usefulness, and code correctness.

AEA TTAAT 08 1T O00OPOOO A OAviz&@dCbderiproides & E C C
much more detailed explanations, whiclare far more beneficialfor learning,

while DeepSeek Coder is bettesuited for producing accurate and brief
feedback The former tends to prefer verbose, elaborate descriptions,
whereas the latter offers only concise explanations, which can sometimes be
problematic when detailed feedback is needed. DeepSeek Coder is also
capable of generating more optimized code.

4 Conclusion

As we have seen, feedback mechanisms can already operate effectively with
the help of generative artificial intelligence. WizardCoder proved more
suitable for explanatory, pedagogically rich feedbackvhile DeepSeek Coder
excelled at generating concise feedbackhese systems are highly scalable
provided that the underlying model and prompt design are well constructed.
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Across different courses, these models can be further refined by training on
feedback from specific instructors, enabling consistent alignment with each
AAGAAOI 060 EI AE (Bykdibtihg pdpisiitisialsoGeatb@ U1 A 8
Ol AT 100711 OEA OUOOAI 860 OAODPI T OAO O1
to the point covered in he curriculum. This prevents the model from
advancing too far ahead, thereby maintaining adaptivity and relevance to

OEA 1 AAOT AO6O AOOOAT O POI COAOOS

-- C ERROR CHECK — EXPLANATION ---

The errors in your program are as follows:

1. scanf function is missing the & character before the variable name which tells the compiler that
you intend to input value into a memory location where this variable is stored, not just declare it
again. This is known as passing an argument by reference.

2. printf function is also missing its closing parenthesis
Here’s how you can fix these errors:

1. Add the & character before your 'number’ variable in scanf function like this: scanf("%d",

&number); This tells compiler to store user input at memory location where number is stored not

just declare it again

2. Close the printf statement with a closing parenthesis, so line should be: printf(“You entered:

Xd\n", number);

Corrected Code Snippet:

#in < >
nt main() {
number;
tf (" y
f("%d4", &number);
tf("Y ter ", number);

return < | begin_of_sentence | >é<e>;

Figure 2: Feedbackgenerated byDeepSeek Coder

However, the broader question naturally arises: to what eent can such
systems be applied across different domains or subjects? While the
technological foundations are promising,the challenges are not only
technical but also pedagogicalUltimately, the effectiveness of these tools
will depend on how thoughtfully they are integrated into the learning
process. Their use must aim to unlock new opportunities and benefits for
students, without compromising learning outcomes or displacing the

216
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essential role of human educators. With careful application, generative Al
can enhancenot replace, teachers' work

The errors in this C code are related to the use of scanf() function and printf() function. The
following is a brief explanation of the error:

1. scanf("%d", number); - In this line, you have missed the & symbol before the variable

number . This means that the value entered by the user will not be stored in number wvariable and
it remains uninitialized, which is a common cause of segmentation faults. To fix this error, add an
ampersand ( & ) before number :

<

)

scanf("%d", &number);

2. printf("You entered: %d\n", number) - In this line, you have missed a closing parenthesis for
the printf() function, which means that it will not print anything. To fix this error, add the

closing parenthesis:

c

o

printf("You entered: Xd\n", number);

Here is the corrected code snippet with both errors fixed:

<

o

#include <stdio.h>

int main() {
int number;
printf("Enter a number: ");
scanf("%d", &number);
printf("You entered: Zd\n",
return 8;

number) ;

Figure 3: Feedbackgenerated by WizardCoder

While this review does not aim to cover all existing models exhaustively, it
highlights key pedagogical differences between representative locally
deployable approactes relevant to programming education.

This work has been supported by the Scientific Grant Agency of the Slovak
republic VEGA under the Grant No. 014TTU4/2024 -) T OA1T ECAT OT i
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GAME DEVELOPMEN-BASED LEARNING IN AN
INTRODUCTORY PROGRAMING COURSE

TiTE "AOT AAAOO ' s#3h

Abstract: This paper presents a practical example of game development
based learning an approach where students learn by developing or
modifying games implemented in an introductory programming oourse.
4EA AEI 1T &£ OOEI ¢ OEEO APDPOT AAE xAO
of core programming concepts, such as loops or variables, to help them
acquire algorithmic thinking and problem-solving skills, and to provide a
motivating learning environment that can encourage deeper engagement
and interest in computer science.

The paper introduces a complex project that follows the software
development life cycle and guides students through the creation of a
simplified PAGMAN inspired maze game in Scratclstudents work in small
groups to analyse user needs, define game mechanics and rules, design
characters and level layouts, and implement key game functionalities such
as movement, collision detection, feedback system, and win/lose conditions
4 EA b OinitmAirpldmedtation in university preparatory courses and
secondary school extracurricularactivities indicate that this approach can
be engaging and motivating for beginner programmer®espite its potential,
game developmentbased learning remains uderexplored in teaching,
highlighting the need for structured materials and practical examples. fie
example presented in this paper contributes practical insights and
structured guidance for educators interested in applying game
development-based learningin introductory programming contexts.

Keywords: game developmentbased learning, teaching, programming,
project work, groupwork, Scratch, introductory course, algorithmic
thinking, motivation

1. Introduction

1.1. General challenges

Although children in developed ountries grow up surrounded by
technology, they use digital devices daily, many students still find their first
encounter with programming confusing or overwhelming [4]. To make

(5

Ol
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programming, and computer science in general more appealing to a broader
group of learners, teachers could use methods that spark curiosity while also
support the development of algorithmic thinking and problemsolving skills.
This article aims to present a practical example for such an approach, the use
of game developmentbased larning, and provides structured guidance for
educators interested in applying it in their teaching. The project is presented
as a practical teaching example rather than as a controlled experimental
study.

1.2 Games in education

Games can be easily utilized ieducational contexts, because they already
EIT A OECTIEEZEAAT O EIi pT OOAT AA ET 1 AT U C
video games growing up, and some even aspire to become game developers,

which makes the use of games during lessons a powerful motivationtlol

[5].

Several approaches exist for integrating games into education, these
methods can be categorized as follow2][ 3]:

9 Gamebased learning (GBL): Using an existing game as a pedagogical tool
to foster learning and skill development

1 Serious games: Thgames used here are designed with specific learning
objectives

9 Gamification: Adding gamdike elements to learning activities to
enhance motivation and engagement

9 Game developmentbased learning (GDBL): The process of students
developing or modifying game themselves

While all of these methods can be integrated into computer science
education, game developmenbased learning offers a unique advantage: it
helps students understand how gpiece of software they use daily works
AOT T A AAOAIT T P AMO & Qived thadred ArA dppofuiity to
incorporate problem-solving tasks through an interdisciplinary project in
their lessons. Although GDBL holds great potential, it is still underexplored
in education, highlighting the need for structured materials andoractical
examples.
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2. Practical example for using GDBL in introductory programming
courses

2.1. Video games

To utilize game developmertbased learning, the project was developed to
integrate multiple areas from the field of computer science through the
creation of a simple video game. Video games are complex software broadly
characterized by the following features [1]:

1 A goal that drives the player to complete tasks
1 Rules that determine how the goal can be achieved

1 A feedback system that informs the player of the progress (e.g. points,
lives)
1 Voluntary participation, allowing players to engage freely and interact
with others
These help guide the design process when creating a new game and can also
AAOAOI ETA OEA CAi AOGG AAOACT OEOA®EIT 1 8
broader categories like online and offline games, or smaller groups by their
platform (PC, console, or mobile), by their game mode (singfdayer or
multiplayer), or other characteristics.

2.2. General guidelines for the development process

The developmentprocess was designed as a practical, hands learning
experience aimed to reinforce fundamental programming concepts and
basic game design principles. The project models a simplified version of
professional game development workflows, with activities aliged to clear
learning goals. To reduce technical complexity and allow students to focus
on core concepts, Scratcf®] was used as the implementation environment.
Scratch is an ideal developmental environment for beginners as it eliminates
the possibility of syntax errors throughits visual, blockbased programming
interface.

Projects may be done individually, in pairs, or in small groups (@}
students), but heterogeneous groups are recommended, as mixed abilities
support peer learning and creativity. When tudents with different skill
levels work together, those with less knowledge and experience can adopt
effective habits and work patterns that support their development. At the
same time, more experienced students can deepen their understanding by
helping athers and by developing leadership skillsT].
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The development process follows the software development life cycle
(SDLC)[8], which consists of four phases often cyclically repeatedrigure
1).

Analysis

identifying and recording user needs

Design

creating models and plans

Implementation

building, coding the software

Testing
ensuring quality and correctness |
of the software

Figure 1: Software development life cycle

2.3. The development process in the course

In the course, the software development life cycle is adapted into three
pedagogical phases: planning, design, and game programming. Planning
focuses on analysing user needs and defig game mechanics, design
addresses visual elements and level layouts, and game programming covers
implementation and testing. The project is structured into clearly defined
steps, known as sprints, to place emphasis on planning iparallel with
programming activities.

Planning can be done manually with simple paper sketches, with the use of
mind-mapping tools, or with any other method suitable for the group.
Teachers may encourage students to come up with their own theme,
characters, and rules while maint&ing shared core requirements for the
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whole class to ensure the need of specific programming concepts (e.qg.
conditionals must be introduced if the game consists of at least two levels).
The design process can besupplemented with an intermediate
implementation-preparation phase that can introduce learners to 3D
modelling, effective and responsible search methods, Al use, or image
manipulation. 3D modelling is especially useful for creating characters or
assets, evenin a 2D game, as rotating a 3D modebai students to generate
images from multiple angles without redrawing their characters. Tinkercad
[10] is a widely usedplatform for introducing 3D modelling to studentsbut
dAPDAT AET C 11 OEA CcOiI OP6O 1 AAOTETC
development, 3D modelling can be skipped, and charactesprites can also
be added as downloaded images from the Internet, or even as Al generated
pictures.

The last stage is game programming, which includes coding and testirigere
students can implement what they phnned to create at the first stage
including movement, collision detection, feedback system, enemy
behaviour, level transitions, win/lose conditions, etc. Animated stories or
cutscenes could also be added to the levels to support the narrative aspect
of the game, help members of the group solve specific tasks, and further
deepen the introduced programming conceptCoding and testing should be
repeated until the game functions as intended.

2.4. Sample project

For beginner programmers, a complex project such dbe creation of a video
game should be engaging, visually appealing, and relatively simple. The
sample project is a simplified 2D, singl@layer, top-down maze game
(Figure 2), inspired by PAGMAN [6], selected for its suitability for
introducing fundamental programming concepts. The game described can
be implemented for students on different levels with varying degrees of
detail, and it can also provide opportunities to further develop it to a more
complex gameThe playable version is available here which can also be
tested, copied, or modified by following the link.

1 https://scratch.mit.edu/project s/1137040201

Cl A
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Figure 2: Sample project level 1 and 2

The sample project stats with an animated storyfollowed by the game. fie
maze layout changes between leveland the goal is to reach the cherry on
Level 2 with the main character without losing all lives. Movement uses
arrow keys or the WASD keys, touching walls or the mouwinghost on Level
1results in the player losing one life

The maze navigation and player movement is implemented through
keyboard input providing context for introducing event handling and
conditional statements while lives and level progression require he use of
variables and control structures resulting in implementing the win/lose
conditions. Multiple levels with distinct layouts allow students to reuse code
structures, reinforce modular thinking, and te inclusion of simple
animations introduces sequencing and timing, while also enhancing
narrative coherence.The game mechanics are intentionally kept simple
enoughto allow beginners to focus on core programming tasks rather than
technical complexity, and complex enough to require groupwork and
systemaic thinking.

2.4.1. Planning

The first step of the development process for the sample project was done
by answering pre-written questions. The questions were divided into two
sets: questions that require the entire class to reach a consensus in order to
move forward together, and questions that students can decide in their own
small groups to make their game unique. Both sets can be expanded with
countless questionsand some of the questions from the first grougcould be
introduced to the studentsas guidelines.

Examples of common characteristics:
9 Should the game have a main menu?
1 What characters and object are needed? (main character, enemy, etc.)

225



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYIN TRNAVAZ FACULTY OEDUCATION

1 How many levelsare needed
9 What kind of feedback system is used?
9 How does the player win or losg¢he game?
Examples of characteristics that make the games unique:
1 What topic/theme does the game have?
1 What should the layout look like for levels?
1 What specific characters are needed? How do these look like?
9 How can the player get to the next level?
9 How can the player gai/lose points or lives?

After answering the questions, students ieate sketches of the layout of the
levels and appearance of characters to organise their plans. It is useful to
show them examplesso they know what is feasible and what would require
significantly more time than available Eigure 3).

Figure 3: Plan for the 1st and 2nd level

2.4.2. Design

The first step in implementing the plans is to select or create the characters,
design elements, and levdhyouts or backgrounds needed. This can be done
by 3D modelling, Al use, image manipulation, or by searching for pictures on
the Internet. All methods arebeneficial as long as they are usable in the
project and they support the learning goals of the coursét also provides a
great opportunity for students to learn about licensing copyrighted works
and fair use.

To create 3D models for the project, first studentshould have a basic
understanding ofthe theoretical background of modelling and the possible
uses of 3D modelsthen to gain practical experience in the modelling
process they canuse a 3D modelling software such adinkercad. When
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using the program, regardess of the complexity of the model to be created,
new objects and desired 3D modelsre built from simple shapes (cubes,
cylinders, spheres, cones, etc.) using operations such as grouping,
ungrouping, aligning, and mirroring. After creating a simpler moditogether
(e.g., atree or a house), once the students have gained sufficient experience,
the groups can create their own models, such as the ghost character from
the PAGCMAN game.The ghost is available herg and can be viewed and
modified by opening the link.

To use the 3D models created, firgttudents shouldconvert them to a format
that can be used in a 2D gamesuch as takingas many 2D pictures of the
models asthey need, then imporiing those pictures to the gaméFigure 4).

Figure 4:%1 AT U8 O 1 A&ORh £EOI 1T Oh AT A OE
2.4.3. Game programming

In game programming, students use all the materials they created before,
they follow their plans and include the design elements they prepared. If the
game is developed in Scratch, first theghould import the characters and
objects in their projects, then adl the code to these characters (sprites).

If an animated story is also implemented, it cansupport learning by
introducing sequencing, timing, and narrative structure inthe game. In the

sample project, animation was used to introduce key characters and
esOAAT EOE OEA CAI A8O OOIT Ooul ET Anh el AT OO
the connection between their game elements.mated story sequences can

serve multiple other purposes ingames such asunfolding the story later

into the game, malkng switching between levels seamless, elevalg
gameplay, brindng characters to life by giving them more personalityor

bringing the story to a conclusion at the end of the gamédding a main

menu can alseupport learning by sequencingand timing with, for example,

2 https://lwww.tinkercad.com/things/7RNsaRZfaxk -ghostmodel-didmattech-
20257?sharecode=364vbYdvfkaDIqW4f7--HC14T5HvWMXVZMzU7wCFBI
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buttons that jump to a specific part of the game. One button is implemented
ET OEA DPOI EAAOh (Caboks uSeBskoistarithe ArGjéat theh
first level of the game without watching the animatiorevery time they start
the project. Giventhis example, students canmplement other buttons to
control different parts of their game.

Some guidelines could béanded to students toensure that the animations
remain feasible within the given time. A simple singlescene animation
created for the PAGVAN gamewith a skip button (Figure 5) can be viewed,
tested, and modified using the link to the full game provided above.

SKIP bl

Students will familiarise themselves with variables, loops, conditions and
functions while implementing key tasks:

flinitializing game elements

1 detecting wall, enemy and collectibles collisions
1 creating a feedback system

1 controlling player and enemy movement

1 switching levels

9 handling life loss

1 checking win/lose conditions

x EE
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3. Conclusion

This article presents a practical example of game developmegiiased
learning as a method for introducing programming concepts in an
educational context. The project was designed to spark curiosity in learners
and engage them in the creation of a complex yet beginnétendly program.
The approach has been implemented in multiple settings, including
university preparatory courses and secondary school clubs, and can be
adapted to similar introductory programming contexts using widely
available tools and platforms such as Scratch.

Initial student feedback, based on informal learner reflections and teacher
observations, suggests that using a game development project can be
engaging and motivating while supporting he learning of core
programming concepts commonly addressed in beginner courses, including
variables, loops, and conditionals. In addition to these preliminary
observations, a structured study is currently in progress, its results will be

published in futuOA x1 OE8 ' O A T A@O OOAPh OEA A

focus on systematically evaluating the educational impact of this approach
through formal feedback instruments, assessments, and pre and post course
comparisons to examine changes in learner curfity, creativity, and
conceptual understanding.
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DIDACTIC ADVANTAGE®F TURTLE GRAPHICS
IN SCRATCH, ANALYSE AND CASE STUDY

oi OAO "AOT UOh (5

Abstract: Turtle graphics has been an important part of teaching basic
programming for many years, especially for developing algorithmic
thinking. However, with the spread of newer teaching methods (such as
robotics and game programming), its role seems to be decreasing, and
sometimes it is pushed into the background. Traditional turtlegraphics
environments have also become outdated. In this artlie, | first explain the
educational advantages of turtle graphics. Then | describe why | think
Scratch is a good choice among modern, free programming environments
used in education. After that, | give a guide on how turtle graphics can be
done in Scratchwhat kinds of pedagogical benefits it can have, and what
difficulties (caused by the features of the environment) teachers should
expect. Finally, within the framework of a brief case study, | present a turtle
graphics assignment given to computer sciencteacher trainees, which |
specifically adapted to the capabilities of Scratch.

Keywords: algorithmic thinking, turtle graphics, block-based programming,
Scratch, teaching programming

1 Introduction

The LOGO programming language was the first language desdspecifically

for children in the 1960s [1]. At first, it was used to program word games,
AT A ET OEA AAOI U pwxmO OOEA 00001 A
[2]. Turtle graphics still play an important role in teaching the basics of
programming and in developing algorithmic thinking.

In the last decades, however, a clear tendency can be observed: more and
more programming languages have appeared that allow children to create
more complex animations and games, or to program robots. With their s
turtle graphics have lost their former leading role, and the traditional turtle
graphics environmentsz such as Comenius Logo or Imagine Logohave
become outdated. They are difficult or sometimes impossible to install on
modern computers, and they lak the codeediting functions typical of
modern development environments.

x A
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For this reason, in my article | first argue for the didactic advantages of turtle

graphics (independent of any specific programming language). Then |

present the didactic consideraions based on which | think Scratch is a

suitable choice among modern, free educational programming
environments. Related to this, | give guidance based on my own experience

IT EIlx O AAAPO O 3AOAOAE8O AEAOAAO
turtle -graphics environments. Finally, | present a short case study of a turtle

graphics assignment designed for firsiyear informatics teachertraining

students, adapted specifically to the possibilities of Scratch.

2 Turtle graphics

In turtle graphics, figures @n be created by moving a turtle on a plane while
it draws lines with the pen attached to it. Originally, the turtle was a floor
robot that drew on paper placed on the ground using a feliip pen inserted
into its holder, but soon its virtual versions alsoappeared on computer
screens.

The basic commands of the turtle include moving forward and backward by

a given distance, turning right and left by a given angle, and lifting or
lowering the pen attached to its underside. In addition, some virtual versions

may offer further commands.

Turtle graphics have a long history, and many Hungarian sources describe
its task types and the methods for solving them [3] [4]. For describing and

evaluating it, | mainly relied on the tasks and solutions presented in these
works.

3 The didactic advantages of turtle graphics

In the following, | summarize the most important didactic advantages of
turtle graphics, independent of any specific programming language. First, |
present the range of algorithmic and programming conceptshat can be
learned through it, and then | describe the features that are important from
a motivational point of view.

3.1 Programming paradigm and set of commands

With turtle graphics, the basics of the automatorbased programming

paradigm can be taughtThe turtle has only a few commands, and they are

close to everyday reallife actions. Because of this, even very young learners

AAT AAOEI U Ei AcCET A OEAI OA1 OAO DPAOA OI I
act them out) [5], and instead of focusing on memoring terms, the

emphasis can be on thinking right from the beginning.
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3.2 Control structures

Among the traditional control structures, the most used ones are the
counting loop (without a loop variable) and the conditional statement. The
counting loop is mairly needed when a part of a figure must be repeated in
a straight line like a row pattern or arranged in a circle to create a
rotationally symmetric shape. The conditional statement is useful, for
example, when creating patterns or mosaics that contaitwo different basic
elements in alternating order (Figure 1), or when drawing fractal shapes to
determine when the recursion should stop.

L 1/ J J 41

1~
—|_)f 11 7 )/_I_
Figure 1: A rotationally symmetric shape [4]
and a mosaic composed of two types of basic elements (own figiire

3.3 Procedures

Turtle graphics problems can often be simplified by using procedures, which
usually need parameters. For more complex drawings, it is useful to break
them into parts and draw each part with separate procedures, especially if
some details can be sed more than once. If the task uses parameters, you
need to think about which parameters should be given to these procedures

(Figure 2).
% W A

Figure 2: A figure anda possible breakdown of it on multiple levels
(source of the lefthand image:[4])

Finally, drawing different fractal figures also motivates the use of recursive
procedures, because their parts, which are similar to the whole figure, can
be drawn using the procedure that draws the entire figure (Figure 3).
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Figure 3: A fractalimage, whose parts
are similar to the whole (own figure)

3.4 Motivational aspects

Drawing is one of the typical forms of selexpression for children, so turtle
graphics can be easily understood and motivating for them. Creating
detailed or fractal-like figures through programming can also keep older
students engaged, for example because it would be much harder to draw
them with the same accuracy or level of detail in a standard application.

Programming tasks that allow for expressive, creative work and offer entry
points beyond mathematics, such as through the arts [6], help motivate a
wider range of students. Turtle graphics meet these conditions very well,
making them especially suitable not only for students already interested in
programming and mathematics but also for Bgaging additional groups of
students, particularly girls.

4 The Scratch programming environment

As | mentioned, the early programming languages that allowed turtle
graphics have now become outdated. However, turtle graphics have been
integrated into many modern educational programming environments

because of their didactic advantages.

riTT¢c OEA AOAEI AAT A T POEITOh ) DPAOOTT £
free educational programming environments, Scratch. In this online
accessible environment, multimelia programs can be created in an object

oriented and eventdriven way, and with an easily activated extension, the
language elements needed for turtle graphics can be added.

An extended version of Scratch isSnap!, which offers advanced
programming possiblities and also includes some additional features for
turtle graphics, such as setting the size of the drawing area and filling closed
shapes. Despite this, | did not choose this environment because it presents
several difficulties for beginner (Hungariar) learners: its Hungarian
translation is incomplete, the user interface is more complex and therefore
less clear, and the fill results were unsatisfactory for me, as the outlines of
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filled areas appear visibly thinner than the others and each new fill malse
them even thinner.

Other potential programming environmentsz such as Python or LibreLogo
Z do not meet all the advantages listed below.

5 The didactic advantages of Scratch

Scratch can be seen as a programming language, a user interface, and an
online community platform. Below, | list the most important didactic
AAOAT OACAOG 1T &£ 3A0OAOAESO OOAO EIT OAOEA
which apply to any type of programming, including creating turtle graphics
programs.

5.1 Hungarian language (or the sO O A A hafv@ Ganguage)

It is essential that children learning programming can use the chosen
programming environment and language in their native language, so that
algorithmic thinking, rather than language difficulties, takes the main role.

The Hungarian trand AOET T 1T £ 3AOAOAEGO DOI COAI |
interface is practically complete (and the main functions on the community

platform are also available in Hungarian).

5.2 Block -based programming

In Scratch, program code can be created using blocks. Inr@yious paper, |
showed that beginner students find blockbased programming easier to
learn than text-based programming [7].

The main advantage of bloclbased programming is that syntax errors
cannot occur, because blocks representing programming elemertan only
be connected correctly according to syntax. This allows students to focus on
the semantics of programs during learning.

It is also important to note that in blockbased programming, all blocks are
categorized and accessible on the user interfacgy students do not need to
memorize them and can even try them out without prior knowledge.

In the area of turtle graphics, we obviously want students to experiment and
create freely based on the turtle graphics knowledge they have acquired, and
block-based programming, with the properties mentioned above, supports
this kind of independent, creative work.

5.3 Community platform

Scratch can be used online without installation, and on its website, students
can easily share their work with each other, with thaeacher, and with the
world, which is beneficial for learning organization and motivation.



XXXVII DIDMATTECHO025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

The ease of sharing can encourage students to publish their creations made
with turtle graphics, receive feedback, and further develop their drawings
based on thatfeedback.

5.4 Opportunities for progression

One of the reasons | am committed to Scratch is that after learning turtle
graphics, students can continue in the same environment by using a wider
range of available blocks to move towarctreating animations and game
development. In my previouspapers, | developeddifferent task typesand
solution methods for Scratch in the areas ofreating animations[8] and
game developmen{9].

6 Fulfilment of turtle graphics requirements in Scratch

Scratch was not primarilydeveloped for creating turtle graphics programs,
which is indicated by the fact that blocks for pen operations are not included
in the default block set. However, thdPenextension can be activated with
just a few clicks and without installation, allowingalmost all programming
elements needed for turtle graphics to be added to Scratch.

Basic commands for movement and pen use are available. Commands
TAAAAA £ O 11 OA AAOAT AAA OAOGEO AOA Al C
current position and direction can be queried), except for a command to fill

a closed area with a color.

Counting loops (without loop variables) and conditional statements can be
created. Parameterized and even recursive procedures can also be defined.
In addition to basic mathematicaloperations, other calculations typically
needed for turtle graphicsz such as modulo, rounding, square roots and
trigonometric functions z can be performed.

Therefore, the programming requirements for turtle graphics are met in
Scratch. Thus, when teachingurtle graphics in Scratch, both the didactic
advantages of turtle graphics and of Scratch can be realized. Users familiar
with traditional turtle graphics environments may, however, notice some
notable differences in Scratch, for which | will provide guance in the
following sections.

7 Characteristics of turtle graphics in Scratch

7.1 Choosing the sprite

In traditional environments for turtle graphics, the drawing object is
typically represented by a turtle or sometimes an arrow. However, the
default Scatch sprite, and many of its other sprites, have a sideiew
costume. It is therefore advisable to choose a sprite with a tegown
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AT 0061 A j &QECOOA 1qh AO OEEO i O0A Al AA
(and possible directions).

Figure 4: ThespE OAE O AOOOAT &6 AEOAA Geteimiore AT A DI
clearly visible with a top-down view sprite than with a side-view sprite

7.2 Resetting the sprite and the stage

In traditional environments for turtle graphics, there is usually a command
that resets both the drawing area and the turtle: it clears the stage, places
the turtle in the center, and sets the pen to its default color and thickness.
This command allows procedures to be quickly tested repeatedly.

In Scratch, there is no single command like ik, but the necessary commands

are available. It is therefore advisable to create a procedure, for example

called reset.It is useful to design the procedure with two parameters (for
example,xandyq O1T OAO OEA ODPOEOASO OOAOOEI
OAl ACEOAT U OI ATl jtuyumpooen DE@AI 6q OOA
to place the sprite near a corner rather than in the center before drawing

large figures (Figure 5).

Figure 5: The stage can often be used more efficiently
if drawing starts from a corner of the stage (own figure)

This reset x yprocedure can, of course, be given ready to students at the
initial stage of learning turtle graphics.

7.3 Pen color

In Scratch, the pen color can be set according to the HSLA color model, which
allows specifying the hue, saturation, lightness, and transparency with
values between 0 and 100. Compared to the RGB color model, this is easier
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for students to understand because natural languages describe colors in a
similar way (for example, bright or pale light or dark).

Scratch does not have buitin color names, but if needed, a custom
procedure can be createqg such asOA O D AT zwhich&etshtie ipdn O
color based on different color names. Within this procedure, a multiranch
conditional must ched the color name given as a parameter, and once
recognized, the corresponding buikin command can be used to set the pen
to the color assigned to that name.

7.4 Eliminating slow execution

In Scratch, sprites normally execute large numbers of movement conamds
relatively slowly, which makes creating animations easier for beginner
programmers. Drawing arcs typically takes a long time, as it requires many
small steps and turns. In such cases, thRun without screen refresloption
can be used to make a proceda run very quickly without continuously
updating the screen.

7.5 Lack of afill command and possible solutions

Scratch lacks a command to fill closed areas with a specific color. This
absence is mainly an aesthetic limitatiorand there are several waysd work

around this. Below, | present three possible solutions.

The first is to use different line colorsz and different line thicknessesz

instead of fill colors to make the figure more visually appealing. From a
programming perspective, it is important © note that if some lines partially

overlap (as in Figure 6, where the red door of a military tent overlaps with

OEA OAT 660 CcOAAT 1 ETAOQh OEA AOAxEIC
considered, because lines drawn later will cover earlier ones.

/= 5/

Figure 6: Afigure with different pen colors and thicknessegown figure)

The second option is to use thick dots and lines to create the effect that the
figure is made of filled circles and rectangles. For example, the following
figure, composed entirely of thick ats and thick lines, appeared in the
- EEUI U Hurigddi&hS@phics Programming Competition (Figure 7).
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Figure 7: Using thick dots and lines,
we can create the impression of filled areaéource of the figure:[10])

The third option is to create filledshapes by drawing lines very close to each
other. For example, lines of the same color and length can be easily drawn
side by side using a counting loop, allowing the creation of filled rectangles
or parallelograms. Other filled polygons (such as regulgrolygons) can also
be produced by densely nesting smaller copies of the shape, generated
recursively with progressively shorter side lengths (Figure 8).

AV A

Figure 8: By drawing progressively smaller triangles from the same starting
point, we can create theeffect of a filled triangle (own figure)

However, in turtle graphics assessments or competitions, it should be
considered that these latter solutions require more time and skills compared
to using a builtin fill command.

8. Turtle graphics assignment in Scratch

Finally, I would like to briefly present a university-level turtle graphics
assignment, designed for firstyear computer science education students
and specifically tailored to the turtle graphics capabilities of Scratch.

In the 202472025 academic ear, my 18 firstyear computer science teacher
students learned turtle graphics in Scratch over six 9@ninute practical
sessions. During this time, they became familiar with the task types of axially
symmetric figures, rotationally symmetric figures, row mtterns, and
mosaics. Their knowledge was assessed through a midterm test and a
submitted assignment.

8.1 Didactic expectations for the assignment
For the assignment, | set the following preliminary expectations:
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1 Students should draw figures in different hematic areas, minimizing the
chance of plagiarism, while allowing each student to choose their own
theme to increase intrinsic motivation.

1 They should create figures for which the lack of a fill command is not a
problem.

T Less creative students should belde to find model examples on their
own, without me having to provide them.

1 The assignment should require the use of solution methods for the task
types learned.

9 More complex work should earn more points, but the evaluation method
should remain transparent

9 Submitted work should be quick to assess.

8.2. Setting the assignment

The basic idea for the assignment came from the lack of a fill command:
students were asked to draw icons, as icons are often made up only of lines,
without fills.

The details of the asignment were developed in line with the expectations
outlined earlier. Below is a summary of the key instructions and information
given to the students:

i Draw six figurative icons (representing something or someone) in a
Scratch project within a theme ofyour choice.

9 Search for your chosen theme in an online icon collection and get
inspiration from the results. You do not need to copy the icons exactly;
you can make them simpler or more detailed.

9 For parts of the first four icons, use one of the solution athods learned:
for the first icon, use axial symmetry; for the second, rotational
symmetry; for the third, row patterns; and for the fourth, mosaics. For
the fifth and sixth icons, you can use any methods.

9 The icons should appear on the screen when the mber keys 1, 2, 3, 4,
5, or 6 are pressed, so that only the icon corresponding to the pressed
key is visible. The width or the height of each icon should be greater than
half of the corresponding stage dimension.

1 Evaluation follows a blackbox approach, maning that only the visible
result of the program will be assessed.

1 The complexity of each icon will be rated on a fivpoint scale, with the
patterns shown in Figure 9 corresponding to levels 1, 3, and 5. The
assignment has additional evaluation criteriaout based only on icon
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complexity, a score of 21 points or higher is considered excellent, and 10
points or higher is sufficient.

|l

a) 1-point example b) 3-point example c) 5-point example

Figure 9: Examples used to evaluate
the complexity of student work (image source: [11])

91 will also evaluate the complexity of the applied solution methods (for
example, in the case of mosaics, using two different basic elements
alternately instead of just one will earn more points).

1 The most outstanding works wll be showcased on my community
Pl AOEI O O ATA 11 OEA AAPAOOI A1 680

8.3. Evaluation of the assignment
Out of the 18 students, 16 submitted the assignment. In my experience, the
complexity of the icons could be evaluated quickly and usually
unambiguously on the fivepoint scale, based on the examples
corresponding to scores 1, 3, and 5. Students could indicate if they disagreed
with a given score, but none of them did.
The average complexity of all 96 icons was 3.5 points.

| also evaluated thecomplexity of the applied solution methods, taking into
account both the complexity of the specific part of the icon where the
method was applied (for example, the complexity of the repeating element
in a row pattern) and which variation of the method thestudent used (for
example, in a row pattern, more points were awarded if the student
alternated two different basic elements). These detailed evaluation criteria
were included in the full assignment description, but for reasons of length,
they are not preented here.

The grades were as follows: 2 students received a 2, 3 students a 3, 3
students a 4, and 8 students a 5. My general observation was that students
produced creative solutions and clearly spent considerable time on the
assignment.

The figure belowv (Figure 10) shows solutions for three task types, with two
solutions per type, each from a different student, so all six solutions have
different themes.

AG
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a) Rotationalsymmetry b) Axial symmetry ¢) Mosaic

Figure 10: Solutions for three task types from six different students,
thus covering six different themes (own figure)

9 Summary

Turtle graphics is a longestablished method for teaching programming,
supported by extensive literature, and its didactic value remains significant
today. Scratch provides an opportunity to apply this method in a modern
environment that is also available in Hungarian. In this article, | highlighted
that Scratch can not only replace traditioal turtle graphics environments
but also enhance their pedagogical value with its own didactic advantages.
Although Scratch was not specifically designed for turtle graphics and
therefore has certain limitations, these do not pose a significant obstacle,
and | proposed solutions to overcome them. The case study presented aimed
both to demonstrate that Scratch can be effectively used for teaching turtle
graphics and to share an idea for an assessment format with specific didactic
advantages, tailored to SC@AES O OOO0OO0OI A COAPEEAO AAD
solutions confirmed that turtle graphics can still be surprisingly motivating
and inspiring, even among young adults.
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DEVELOPING COMPUTER TERACY
AMONG PRIMARY SCHOCRUPILS

Abstract: The contribution deals with the development of computer literacy

among primary school pupils. The authors describe the activities that were

carried out in the first year of the KEGA 010TT4/ 2025 project entitled
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effective integration of modern technologies into the teaching of computer

science and mathematics, in particular the implementation of eoding club

for primary school pupils and interactive applications to support
mathematics teaching at primary schools.
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OEA&I ABEAI 6O Bi1 0T UOI ATEO DPOET ApbPi O DOI
Ei ¢cT EOpOT AE UUT ALAS

Vi Al HpAE AUUAAE OEARATEA DPOIEAEOO OA

eJEOOOET AEAE ADPI EEUAEph OOQUONBI AOBABE

UEOT T OATEA OPI UOO UOITATLAE TUOOOIE
aAl ¢T OEOI EAET EI 1 UOI AT EA8 : peprEshdniu DI Ui
AEAAEOEAELAE | APl O7T é AT pUABDOACADBDL b OABE

OUOéT OAT p EITA®AIAGEEW TAA UUET AAT LAE HE

oi i AET OAT EA

00p OPAOIT E AT 1 Dl ARHEGAA DIDTTU4RAPE E Rézd] |

ET £ Of AOEIAEITEEOIAAET ET [T UOI ATEA LEAET O
UAéT ATATEA 11T AROAIL ABGU OATA @ A Tiniangiiky, £ FOA 1A OE E
projektom KEGA 014TTU 4/2024:) 1 OA1 ECAT ODEI @Il AdTAieT 11 A

T UOOOT EA A POT OOOAAEA DPOA AAAD 1 AAOT ET G
of OLEOiI UAOT EA
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Abstrakt: |1 UT T E bl A6EAOEOEA AEl ALEOT O7

PDOT COAI T OT i OEAHRAT p OEUT UAE PDOT AT I
i TTLOOKHAET ®Oh EOT O 1 AET AUT ¢AEET AT O«
selektovaA ¢ 1 i h OAAA DOEAI I AAOAOT OAOAcT 1 ¢
OOPI OEAAAT i 8 . AEEAAT T AOAEHEA A 1 AEéAO(
pi il Ah EOI Oi TUEAAI A AET HOAIN AAOAKIAL AV I
OUHHI T DOl COAIEIGBAAIQUORAA POAOI Oi A OUA
AOOBOEOT OO AET 1T AEAEO OECAHAIN B UAELATITER
sbl OT UOT AT pi A O PIOLpOATpPI TUUI O LAE
iTAATT O OEARATEA 711 EUS

+¢7 é1 Oi TOAR@Ug HOOOEOT OUN DI 1T A AEI

Ei pi Al AT GUAEA T AAET OAE HOOOEOT OUh A

HOOOEOT OouUs8

VISUALIZATION OF ALGRITHMS USING THE ARAY DATA
STRUCTURE

Abstract: The article underlines the importance of data structures and the
method of their internal implementation in the programming solution of
various problems, represented by a larger amount of data, which should be
easily accessible, simply and correctly selectable, i.e. directly addressable.
Therefore, it is good when they a@ organized. The simplest and most
frequently used data structure is an array, which we find as a standard data
structure in almost every higher programming language. That is why we
have chosen this data structure as an object of visualization for teachiagd
learning with understanding and using illustrative visualized simulation
models of solving a task.

Keywords: data structures, array as a data structure, implementation of a
data structure, addressing of a data structure element.

p 200 A
s [Be]| AT p AET ALEOYT 7T lofe®akdi EOUC

8 6 UL DEEAHOAE éD QI A A GIAC
Pi Ul O 640 AUOAT BIOAO A AGE
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EOI Of OA OPUEAEW® AAAh AugBAREGDA A TOR A BDISO L AE
HOOOEOT OAAE DOI COAI T OAT poHIODOOKEIOA ODDP PAI
Dl ép GARMETADA Ee DIDO CORDT OAAEAET .3pdjei®OT EA
OLAEODI AOT AE DPOAAOOU®I ADIOGT AGA UE I i Ali
T AAET OAE HOOOHIOE OUA 60 hD AG ARAAE EEIAéEp DAKEEO A
Pl éA0 OUEI T UOAT EA ®@OIp ERAI TGP 1DEOA TCWD AH /581 ¢
A OPOpOOOPT ATEA EITATT OU EAATT Ol EOLAE

z2pi0d 11 OGAE EIT AT T O6O6h OAAA OUEITT AT Ul AT ¢
2£ OAT AACOATUHOOOEESTGOA DI T A

01 1 A nedOFOPAT AAOAT T T AAETaAil THEDGBOTUIIIWI
OV ATBO A8 G6UECAATT 1TA TAI AAUATL OT UOAE
COAEEAET I(TTAMATQL FENTCEAA T UUT O1T 1T OOE Al Cci
hodnotyeld AT OT O: PUEATI T 1 OA AOA Al A UAT ARAOA
HOOOEOYT O1 6 EOI OL 1T ELA AUT 6iAGEAIOATUERI
20009).

Pole je homog®nna Ydajov§ gtrukt Yr a.
ktor® s¥ uspor¥isd hafe® sya kadm®Phw r ozmer u

pr2zstupn® na z8kl ade hodnoty i ndexu
Pozn8me jednorozmern® pole (ktor® | e
“wWdajovou gtrukt ¥%rou vektor), dvojrozm

matemati ckou %Ydaj owowcgtorzunetr Ar® p omat i
OubovoOn® nez8pory Mapc 4 k 8 k 3 5 2 élementov.)o z me

Rozmer poOa ako aj hodnota indexu m!g.L
(pr2p. prementnypy. oOrdding§Inedh ot ypy s
pol et hodntt, ktor® /mélgemente men @& mad

konelmddnoty samotn® je mogn® uspori ac
poradov®spésiadane] postupwnwolktji ¥a g ed :
oi mpl ement 8ci i jednorozmern®ho poOa,
usporiadanosti operal nej pamat e poI21
usporiadan8§ mnogina adbdagsovatpbdAD i
pam? Sovlkov.hTeda epole obsadzue WAT BOE DI ép
OT T 01 OTLAE AAOEAO OODPI ®©GARMAEOT ©IOA
pi A¢A OUDO AREAIADIURIEE ®OT COAI 08 - | |
OAEOI d DT OOAAT L DI éAO AAEOiefbajisvnddl EI
element.

317 HOAT AAOAT LI E TAAET OLI E HAHOGOHIGIEMDA I
(Udvaros-3 O1 A& OUh ¢mpoqs8 60AAU OI A bPIilA
I AACLT EET Oh EOI Oi OADPOAUAT Olzdbadeie OE OB
EAAT T ET Al AT AR A OBhid® Hkesh identifikoval hodnotu
bl ¢ A8

ch n
OAeéA
6A AA
LT

0]
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oc8p *~AATT OT Ul AoTi DIilA

*AATTOT UT AoTi DBITA OE TTLIT HEAB®AOGOAC
j UUOOGOEAEQ T A OEI AAT OATEA OABp OFARAIN OI
ODT EalresamiAT OB é HAE ADAAT RGEODT Iziménbr | 1 Al

ARET AOT OATARAIN 1 DI A exioi) | PEAAT A @ORTEDAT
D1 é A0 ,BdfifovaE OAOT COAmMUdekiwAéT AE ¢ AOOE DOI

6UECAATT TA Ai DPOAAO AAAEEIT T OAT L BT éAO /
HOOOESDT BACET OT O PIAAKO DIPOACOAI O OA T
*AAT T OT Ul AOTT BITA T1TLTT AAEIT AOT OAT  OF
var

ngzov_partp [1.N] of typ_elementov ;
napr. Pole _Cisel: array [1 .. 30] of integer;

Obr. 1 " OAEEAE
zobrazenie |1]z2|3|a|>s 30| Hodnota indexu
32 15 Hodnota elementu
EAAT T OT Ul RAOT 7 ET DI ¢
VD Op Erold Ackel:array|[1.. 30] of integer; AAEET OEA OAc¢
Pl ¢A j bl é A0 JAkodteAdl [O.] %] Bifteges q definuje typ
AT AT AT O1T O PiT¢A 0O IAAHI[~DO|ODAAA O| CA)'I'A
!AE AEAAT A OO¢éET ET AT T 00 j OI I LiEE O1 AL:AI 'I
EAATT UT AéeT A AAEETOERI Il ER O I Ap IAA ADIO O A
ngzov_poOa J[=ihnabeoia]
Napr.: Pole _Cisel [5]:= 32; Pole _Cisel [1]:= 15;
o8¢ $OT EOITUIAOTT BITA
$ 01 EOT UoldjoT AAEBHOOOCEDIIOWh OE 11 LTT BOAy
Bl 1 RIOOAR0 do riadkov aOOCHAT O OOPT OEAAAT i Al
indexovanej premennej sdvomi indexami, napr.a[i, j ], do ktorL A E
OEl Ahwodnolyl A ET ARGAT E OOéAT T [MmdkdOAR EC

aOO0CHAT ET AAGROTAGLAME élp OA T Aobs&hijgdN X U8 0|
AT AT AT OT O OGAAA T U OIT UI.APLAIHPOBADDAOEAT
AET BI | H1$ qkde gbddedy indexu riadku €1 AAGO OOCPAA

EAATT UT AéT A TUEOT EITEOQOI OTU POOI ESB



XXXVII DIDMATTECH025
TRNAVAUNIVERSITYN TRNAVAZ FACULTY OEDUCATION

. AEAT ELAEGIAEGTUIEROT 1 1 tvy dnateratickeY ABMACE T OAE
HOOOEOT HRA A AOEGAL®®BEIUOEAAAT i AAT OGEMAE TA
j 6AcT E 16E/0RMAGCH DT ELAOBAAOAL OAEOI O OA
001 0T LT EAh DPOpPAAT A OA PiI OLpOAET OOOE
+Ai OAELOI 1 O0OAO DPOAI EAOT A AT LAAE |1 AAG
OOPT OEAAAT AE HOOOEOT OUh OAE 1T ELAI A OEF
vbAI BROE Di épOAéA EA Odopriokiriddkuddsleddi&E A AE T
AOOEL OEAATE AL bDi Ol AAT L OEAAICHBEDAEA/
AOOEL ET AAdd EXOAA O OBEAN TAOT EOT Ul AoT i EI
za sebou DAOOT AET E AAOAOAI E AARODIaR NPAI BO/
{prvT riladapx1].. a2,N {dr uh rifadakg[M1]..

aflMN {poslednlT }.iadok

DvojOi Ui AoTi HBITT A EA £ Oi UITA AAEI AOi OA
meno poOa: array [1 .. N, 1 .. M] of typ_el
Napr. b:array[l..3,1..5]of integer;

61 OUHAHEA OOAARIIAEOT A AIDA QOAEBRAA puv €
OODPT OE AwrAch Liallkech aDPEAOEAE OOCDPAT AE8 4AAA
PpI1 A TELROAT PAEI T A [ AOEAOh EAA 1 EAOC
T AAET OAE HOOOEOYT OUQ EAATTUT Aé¢T A EAAI
bli,jl; b[L 3]; b[3,4 ! E AEAAI A DOEOAAET EITATI

miesto vVAHOOOE O7 OA AOT EOT Ui AOT T ET DPi¢Ah E

urobp i A OT T AO1 AAT O1 Ag
nmeno poOa [index1, index2]: = hodnot a;
Napr. a[1,2]: = 2 9; a[3,4]: = 15; I ET O OEAUOEYT 1A
i AOUUEUSB
112(3(4]|5 1(2(3(4|5
1 1,2 Vyber elementu 1 29 § Eri:adenif hodnoty
elementu
2 &Od:r:uhoc‘now 2 vybratého podla
3 34 3 15 hodnét indexov

| AO8 ¢ ' OAZAEAEi Ul AOAUAT EA AOT EOT U

6EAA AET AOI EOAUIPA®ILip OAEYT EAOEAAEAOI 8
predstaOE O O7 Ei T ép BDOE OOI EOI Ul AOT T i DI’
AAOOOAET OATsIq PAGA A GODMEBEEN A TD T GIAW A0 EAAI
Ppiips8 4AEOT 11LTT AAZEETpPAEO jDOAAOCO/
nedostaneme kEAAT T OT Ul AOT i 1 & Bl ¢ed(@ho @priEk§)A OT U
Tl T OITUOGETYTT AT TETAUOTAEOPAARL | BRE
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AT AT AT 00 OA | Al peddvBEOD ALEA AEKBIERAOT UI AOT i
EAAU ATTE POOEU QIIGEATA pBiOCEHER Afinh @
Jednd® 1 Ui AddjrazmAOT i h  DOp D8 pdddkaEDI O ROAET

TAECADOARAREA DOOT AOA T OOA @une @GO AGHA | /
vVDOEAOOI OA jo$sq8 £001 00T Ui AoTi bPITT A EA
Pi1p8 01 A0 OOT EETWE AT A ITAME iEBExU. {36 0\ CEAl
rozdiel medzihormouaAl 1 11 & EOAT EAT & HOOOOAE AET |
VAPAAEUI T UAE DPOpPAAT AE T ELAT A AAEETT (
DOOEAI E DPi¢A TEA O1 hAITAAIAATAGD OmEpA 1011 HBAA
VOAET I OT DOpPAAA Al Al Al QATGDITA A OWUH HA,
EEAOAOAEEAEAE TOIOTE TAL HOAT AAOAT T ¥
AOGAT OATi ET j AAEETT OAT T ETqQ BPI¢A TELA AL
UUUT Al 8 4AEOT AAEETT OAT L 1T AROAT AAOAT L

AOATY EAAT T OT Ui Al A ARAEEAT GA&L 10UGL AEA
EAATT OT Ui ACEGT OPIi 1 A@Oéekldrifeme typ prvkov

EAATT OT Ul Aol i ET DPi¢A AET ARORIOT OADIAEDT
pole EA  AAI EOQAc¢T i TROEAABAOBOADAGE T (T AT
VOEAAEO OPOAMIAO B AEAEAEAT DPOA AAT L OUD
type typ_j ednor oz mpele n=Rarray [1..N] of typ_%daj a;

var
hierarchi ck®armp | [E..3] of typ_jednorozmerne _pole ;

1 2 il

1) 1 2 N 1| 8| 7 4

2 1 2 N 2] o 9 2

3 1 2 N 3| © 5 3

a) Indexy elementov b) hodnoty elementov
/| AO8 ¢ ' OAEEAET Ul AOROAICRL ERKEAITEN OBU ic AC
EAAT T OT Ul AoTi DBITA EAATT OT Ul AOT LAE
. A POAAAEUAUAET Aii TAOUUEO O1f EAATIT U
riadky 1.3] OOCPAA Pi AEAAOAATalyl HAHE OF IOA AEAD AD iC
OOCDPAA8 . A 1 AIHIT TAONANEOOOD AN Kdel & £A

DOOEAI E EAATTOIT UI AOTi El ¢ pOAAA OB OLEWI
EAATT OT Ui AOT 7 ET DI ¢ AajphERABUDOAT BOpI A E
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+Ai AEAAI A DI OLET AET 7T AAEI OL OUb Al A
i

PDoOOL DT OLEOpPIiI 1 OOpAER UUAAERI OLAAGEED d O A/
Type z8§znam = record
Pologkal: Typl;
Pol o g kTep2;:
'IsologkaN:TypN);
end;
var
Pole : array[1l..3] of typ_z8znam;

Vi AOI AAGEYT ARE 111 EEAOBOAEEAEDPOURD ¢ IO T
EAATT OT Ui AOT i ET DT ¢AUTOAT UIVAJD AAH QBA * AR
ojedni i OV TALEAAI I LEAEI OES
Program Sportovy_den;
Type Ziak = record

Meno[24];

Rok- narodenia:integer;

Sportova - discipl i na:string;

end;
var
Sutaziaci: array[1..100] of ziak; i:byte;
Begin {zadavanie hodnot}
for i:=1 to 100 do begin

write('Zadaj ',i,'.sutaziaceho:');readIn(sutaziaci[i].meno);

write('Zadaj rok - narodenia ',i,'. sutazia ceho’);
readin( Sutaziaci [i].rok - narodenia );

write("  Discilinu  i,". Sutaziaceho:");

re adin( Sutaziaci [i]. Sportov a- disciplina  );
writeln;

end,;

{vypis hodnot pola }

For i:=1 to 3 do begin
writeln(i,". Sutaziaci ');
writeln(' Meno: ', Sutaziaci [i]. Meno);
writeln('Rok narodenia :', Sutaziaci [i]. Rok- narodenia );
writeln(' Disciplina  :', Sutaziaci [i]. Sport ova- disciplina );
writeln;

E HOOOEAT OBDA AWIED IOOBT is OBIEI A DI
Ei OT T OATih Al A AE EEAOAOAEEA
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Index M

1 Polozkal Polozka2 PoloZka5

2 Polozkal Polozka2 PoloZka5

3 Polozkal Polozka2 Polozka5
| AO8 o ' OAEEAET Ui AOAUAT EA EA Elerettdind i AOT i E

UUUTSREAOLT E BPITTLEAIE

o 6EUOAI EUUAEA T AABDIODAHDAH & @AE O
+Ai DI OLpOAI A OOeéEOT HOAT AAOATT h Al AAI
i 00pi A OAsAUAGAANCOM QL REIOAGA HA DICIADT EOL |
AT AT AT O I 7TAAET OAE HOOBEOYT OUS

31 ET EA OODPI OEAAAT WAED Aviakine ABO OsOEGA ¢OX0 eA
TT PPApPpPOAEA OE DOAAOOAODPIT A
o1 q AAOAOTOAO@EAEEEOQQIAETGE
T AAET 67T HOOOEOT OO Pi1 A OE T ELAI A DPOA!
=4 i AT 61 bh EO EOIT OLI EA DPOpOOO
ATAIT AT OT O DPicA Oh eDABT Gi RABR GUBDI O
ETAAQGU 1T AAT AOAT ethE KAl ELTAECEAEPOGDT OEAAZ
ETATTOA 1T U OOTEA DI OAAT O époll A i
ord(hodnota)).
+Al AEAAT A POAAAEUAUAETODO UBI A &Il OABDHD O
mali by sme jednotlid. I D1 O TEO@ E1 A Aloin OB O @@ioAdOi EAT h
OPOoUXE ADpAT OAp OAT 8
3ET O A GERGOTTAEAEQOEH VAT pGRRGEEEAGICOA DA
Pl épaBédAi EAOT OF Al OAEOI DPOAAOOBAOGU b
D AET ATAEMROT HAOACT U b A i(baji) obdahuje BBA L 10I OF A
OAT AUA Acharakkold OTE OT OU E A DIAI BEDDIEECUA ORAIT Bl EA E
O1T 1 01 O1 AEARIADARDBOT HAOAET U PAIe)ledU EA/
OLTEITeéelT A ofAT BARRAT O1 AAUE HOAT AAOAT LI
EA T AT DPUO UUEI AAT LAE Oumiijhs EOA OF ADER
EOT OL EA Al Al ATBDAIIR CoHvieddjivAMA AOU O
''ET OA OUOOUOAEY Ui UUEI AAT AE AAOAOI ¢
AAT EU UUITALp TA 11 TCGARE GIETBTNTAOIEBABR G
AAEOA TELA AWAABAE&ATAGRI LOT AcA E&AT OA

I AEAT ETh AEL BALAKLI IEAA@E(DA&I\I’LADAI AAEO
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AL ¢cue OEUT UAE UTAEINOS LEBABIT GABDOEADT 4
ACLEDO AET UOT AET OATAUAA DPOAACLET 8 0OE
Pl é¢éAd 1TTLTLAE AETUOTUAE ETIiIAETUAEp 1
OAT OAGEAEU 1T OAEARTRRAALT O PORAGOBRE OEAT
najmenej ojedeni A1 Ap AAEOS8

+ALAL HOAT AAOAT L T AAET OL OUDP DOIT COAI I
OUEAA ®ditbchalQEAL AAEET T WAAA BAQOQE OT AN O
AAT i DOAOEA] UE K1t AOBBOTERA A nODPOAAT OAT
I PAOQUAEA AIATWLTT TAAET OLI oubi i OUET T A
Ei i DAOEAEI EOO [ AAUET 1 AAET OLHGHOD A D (B8 8
zobrazenia aODOAAT OAT EAN EALAT EI Al AT AT OU(
: A AE U&dd Addrobnostiof AAET OLAE OUPT O 1T AT DOAC
Al AT AT OU Pl ¢ABOIT QEYT I BOA EAOUBBEAEATOUHET ¢
programovacieho jazykaalebo typu,E O1T OL Adveili @EA AAE]T AOU

32! AOAOT OAT EA A1 Ai AT 6O bPiI ¢cA

+ A OUAEUBOAABOA®UR LA DPAIRT EA DI,
OO0PT OEAAAT U I1TTLETA AAEOI 6h OAE 1 AHAA
Ol T LAT T 1T A Tindj BdleByAKRo advdsOK + 20. Ak pole fe pole
sdesiatimi dvojbajtoO L | efementami typu integer, (A: array (1.10) of

integer), takadresaD AT R7 1T Oi ET | EAOCOAKET EAA AE IAA 10I0C
AOA T AAEUAUAR T TLHixhOEAI ¢ pOATL AERI AT O
L.

+Ai DI OLpOAT AAODEERT AHAAT AE T AHOAT AAC
i OO0pi A OA HMAODABDVAAT P h OAAEAAEINOIGOL.

AT AT AT O1iT 7T AAET OAE HOOOEOT OU8 +Ai DPAI
DOAAOOAOGpPI A AET OOPT OEAAATYT | BPI OOODPI I
jedi T OEAER OAE AE ETTTcCciT1dO VAAET O HAOC
AET OOPT OEAAATY I1T1TTLET O EAET pokdcdul AT OI

ET AIlEE@A@T 608 )1 AAgu Al Ai A1 O6I &6 pi c¢cA OF

+Ai AEAAIT A DPOAAAEUAUAETGOBDIO UKD BAOBFORNBEAA
i ATE Au Oi A EAATT Ol EOi DI OLE®Oi OUPBAAA
BET Oi A OUbOi OET O GIODODE O7T BDAA A ®BAA BOE |
I AOAOT OAOA¢T U DPAIRTT OU EAATT OEA EA O
EIl Dl EAEOT AE AAAET prd£EAA 10T G UON BEOirdldEAVARA OR O

LA 1T AEi AT AEA AAOAOI BABGAe¢T U PDPAIRTT OU
I AOAOT OACA¢T U pAARHK T DIVA IFERIAD IABDESALLT ET T é
byte,aOi 1 AT OOAAUh EAT OUPA Al AdddoimOO DI

byte.
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4 \\/izuAi\I}E,l'JUAEEAAAE'I' OAE HOOOE OT OL
vbOl COAI T OAT p
= C [ OéATp AEITALEOYT TI1ITEO Ul EOUC
8 6UOOI OEAUTAGTERAEILIA ET TBAONTA AIOT Oh
TET T DI UT Ol OAGAYT DOMAI COAADEAUR
OAL GEAMIEA OTLAE HOOOEOT OAAE DOI COAI

<
/ : m
o —0

¢]
L
¢]

DOl COAIT T OAAEAET 1 EODODBAEMIENOI @E ARQO OO E
DAI ROE Pi épOAeAh MAR CDAEPOABRARBRUAT OUATE
VDOAAAEUAUAEYT ARE éAOOE OIi A PDPIOLEIE 1
OAPOAUAT OUAEA 1T AAET OAE HOOOEOT OU bPIi 1A
T AEEAOOAEREA Ol OEUOAT EUT OAT LAE 11 AA
OAAT EVUUAEA AICi OBDROAT GAiI EAT APDOAR €
OAPOAUAT O1 GAT L ETATT OTAOAGT pAOdd 0¢ AEOh
VOAEOI ¢ AOOE OEULAI A OEUOAI EUT OAT i
OUAOAT L AE Al ¢c1 OEOI T Oh EOT Oi T OPAHAT A
Al C1 OE O ipadathdvEnda. VO E A FEAMILPAAE T1 T EU OA DI
Al AAT AOT EOT Ul AoTi DBiI1T A épOAil h zEOI Oi
OUEAAOQOET I T7T L®EUODAE BQHEA EDAE O OFH A
OUEAAOOEA AE ¢époOiih EOI Oi EA OOAAAT
EIT ATEO OiI AETOACAHTIADUOI O 1T UET ADQEEODT &4 O

ET OAOOGAT & A nmdO UTAI ATU POUUAT O 1 UAT A

41 (¢ ARAAET AT AAE A ihddAdiy v jedhdicBeanbnipbli
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Ak max <poh §&r[i ,j ]POTOM
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Ak max < poh  8rfi, j] POTOM
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Abstrakt: $SECEOUI T p OAAETTITCEA DGET UHAED
DGpl ALEOT OO6p8 B3AEI BPIT OO EAATT O1 EOAA O
OUAART UOUT p ApUDSDEREART OBATT O0p EA EAA]
AECEOQOUITp COAITOTTOOE A EA 1TAUAUOI U

EAAET AA8 )1 OACOAAA AEGCEOUI T pMNETI ORBET I

E
LEOI OA A DPOI PI EATp &I OIUITp iU O |
LUEij EA DPOI Of AAI Ap T AUAUOTT O O 6éUOO0|
ael 1 Al OeEeOAli TAIp EAT OUAAI UOUTp A
LUEij TA AOAT OAp DI Oi 1 UTp8 00UOGA Al D
I robotika. Robotika je od Oh EOAOL UAEOI OEA GAAO 1
200 Ai 61 ET OUAAdI UOAApET BOT COAI Oh U T
POl COAi U DI AOT T DOI  UUEI AATp E OOGAA
veOUART UOUT p EOI Od Bi épOAei Oi i uUde] ATph
Ol AT OEEAh DOHLEDRAIT U OOUPB Al OAAT T OOE EO
ET &£ Oi AGEAAn A1 A E O AAI HpAE 1 AT OAAE
O¢EOCATi O 1T A1l AGOE AAOGEAéiT p O1 Al OEEU |
xAAET UGA 1 AUAUOGT i 8
+1 pél OU vz@illTUWOMJAp  OAAET T 11T CEAR  OUART UC
OUAAT UOUT ph EOAI EOA OUAAT UOUT ph AECEOL

CONTINUING TRAININGCOURSES TO INCREASEACHERS'
COMPETENCES IN THHELD OF EDUCATIONAIROBOTICS

Abstract: Digital technologies bring a number ofnew opportunities to
education. An individual's ability to use digital technologies to learn,
education and improvement their skills is one of the important components
of digital literacy and is essential for an individual's lifelong learning ability.
Theintegration of digital technologies into teaching activities and school life
and the connection of formal teaching to nofiormal educational activities
of pupils is therefore another necessary part of the development of pupils'
digital literacy.
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The task d teachers is not only education and training, but also the
preparation of students for future occupations. It is the preparation for the
future profession that includes robotics. Robotics is a field that includes a
number of expected outputs of the Framewrk Educational Program, from
which School Educational Programs valid for primary schools as well as
secondary schools are formed. The most important concepts in education
are: computer thinking, digital literacy, algorithmization, robotics,
programming. Al these skills are needed not only in computer science, but
also in other fields and subjects. To increase teachers' competences in the
field of educational robotics, refresher courses, seminars, or webinars are
necessary.

Keywords: educational technology teacher education, lifelong learning,
quality of education, digital technologies.
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ANALYTICAL METHODSN SURFACE WATER
CHARACTERISATION INEDUCATION

Abstract: The study examines the implementation of analytical
chemistry methods in the teabing process, with a focus on assessing
the quality of surface waters. In the context of current environmental
problems, water analysis offers an ideal opportunity for students to
develop scientific literacy and practical skills within the framework of
university education. The study analyses the didactic potential of
selected methods in determining the physicochemical parameters of
surface water samples. From the point of view of chemistry didactics,
we emphasise the transition from theoretical knowledge @ research
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oriented education. Using real samples from local water bodies
ET AOAAOAO OOOAAT 660 11 OEOAOQET T
relationship between anthropogenic activity and the chemical
composition of the hydrosphere. The result is a proposal for
innovative analyses that combine modern instrumental methods with
classical volumetric methods, thereby strengthening the
interdisciplinary nature of teaching and students' environmental
awareness.

>
>

Keywords: analytical chemistry, surface waters, chemistrgidactics,
in-quiry -based science education, environmental education.
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OAOEAAEI EOOh O 1T AEOUHHpPI E ET ATT OAT E C

6 OAPIT OA O7 Pl Ul O OAOAcT i AE [ AAU
roOT AET T T AAT Aph ¢é1 T ELA AUT OPEOI AAI
ECAEA OI AUh DOEAOI Eh A@bi UpAEA OITE
OLOTET O A AEAOAEOAOEOOEEA TEITTEA
OOAAT EUUAEAQS

VOT 1 AGNAOTGAAEAT E $E . O1T 11 1TA®DAQN & ATt d-c
OA TAITE UpOEATIT OKIAAICQWAEOKBIAIUGAE Q@ET
ET1 AEOpO AOOT 01T O 2AEI AT AO A1 8 jcmgp
Oi AOT AAET T YT AAEA ETATT OU OAPI EO OI Al 1
TATAOAT LT YT AAET I 8

. A UUEI AAA OLGQIAMAET OOTAAAITA UDT O1 OT Al
Dl OOAET OLAE OEA O OAAOG¢EA o O1 34. xv
Pl OEUOI A 11T LTTOT UAOAAET EAATT Ol EOi

kvality vody:

DI OTE | AET O Oi A UAOAAEI E Al )8 OOEAA/
obdobiach,

-AAT OEi POADPAAIT EOET ' AET O AT 11T UAOAAA
¢mectqh O 1T OOAOT LAE 1T AAT AEAAE Al )8 OCcC
# A1 ET Oi PDAOT i Ol UPDOOOAT i 1 UOEU | 4%
DOAAOCOAODET AA1 ET Of [ EeYeYel) Ol uUpob6C

I OCAT EAEEABI | GOAAR AET EITi OAHAIhE AIEET

Ul TéATET U8 4AAOCEA o DPI OEUOOEA DOAEC,

DAOT A OTUDPOOGOAT LAE 1TUOIE U ¢ OFATLA
é1

OUEAUOBETY UT AeéT T OAQEAAEiEééA i AAUE
TAUT AOEDRTL A OOIAAAT AEY T AT EATA T ET AO/

OAADGEEU ocOEAEMIOBEIOGEHA LA AeT T OAOEAZ
EAATT OI EOLI E OUI OEAT Eh ¢é1 1 AUT AéOEAN

i ET AOAI EUT OAT i UriT AT EA8 1T AT UUT OAT i
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OUOT ETi 1l GUADPOE b1 O1 01 Al p mwn@mEOTL[E

1999). 6 O
i AT El Ah

T AUI
6

HOT AEE

ouUil AE

Aeée OET

AT AEOOEAET

AET
PTTeL

4AAOcHA Add OU AUUEEUI T UAE DAOAI AOOI O

LOO

EAATT Ol EOL AE
DOEéT |

AOOI OE

i EAOA OAEODI
ET ATT OU HOAT AAOAT AE
AOOT AIOO A3 BAIljEAtcic qh
Ol AEOIzQt p OAET ARBDOAT AOT B
TAT AOGAT LI E OLOI AAEAI E DPOA O AEOT O1 8
OOUAUAET
O tepldtalé @dd.E h

2AET Al

OUl OEAE
OAOEAAEI
I AAELI

o7

AO Al 8

OEA jBPIOTE | AET O A "AlT OEi DOADPAAI EOEI
Teplota vody (°C)
Vzorky 2024 2025
(leto) i EAO/ (zima) (jar) priemer
1 pohnunhlpnhnunH pnhnmn| yhnmnh|pphyiuuh
2 cuﬁgMnﬁ pchnmnH xhomnh|ochumnh|pghnmpT
: Celkove pevne OT U b O 0 @AYapi=mg/l)
1 puhmnmgcpchnmuypxphmn|goxhmnm|pxphgu
2 ppxhnaNpxxhnny povhnmn|pwxhnn|pethyxuv)
61 AEQIAGTT AT q
Vechody yYchoxyvonhnn| wnphnm| gxoehoum
XeUhmmyxtyhexyxynhnn| xwphnn|xeohex |
0T UT UpEURI OTE | AET Oh ¢E " Al OEi DOADPA
08¢8 (T ATT OATEA AEAI EAELAE DAOAI ADOI

, AAT OA Oé&stariotkhidmi AE A1 E A Baraféirov chceme

Dl OEUpBABtav a EOATI EOO OiI AT i ET OIEO A
T AAEUAUAET AEAE OA O TEIITp TAGOA . 10U
OL o1 AAEU OLAEOT DAOAIAOOTO OT O T AOI

4AAOCEA 1 OOI Aredkdig O
T OOAOI O j PI OTE | AET O AlmmmeﬁueDoADA,
AEIT A lp&dieter kvality vody, EOT OI1ODIT UODBOELIAEAE

aAETLTQEAET pOi AAOGU OI QTATTI DOTOQC
oAA'AEA O AU OF OHAOGELAE 1T AAAOT OL A
EAOT A UUOGAAEOI T AL OAEI AO 1ABGOOUI
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EOAI EOU8 O0OEAiI AOTi ETATTOU B( OF BC
O OEUAE TQEAGI AE OT AT LAE T OOAOI AEB ¢
Ooi AAT 6ATi OT AU TEA OF OLOAUT A EUOIi A

# A1 ET OU Al EDAEGLOp OUEBAUVBEKRED OAOEAAEI]
sET LT E DPAOAI AOGOAIT E EOAI EOU O AUR A

OUT OEAT ER OAE AE O OUI AE EAATAE OUI C
(T ATTOU OA Oi OHAT AAATT OOE PI EUAOET G

T AUT A¢OEA BPOGEODEODLAREE EAPAAEOU OI A

T EUOCeT OAT EOG8 O0OOEAIT AOTi ETATT OU Al EAI
DIl EUAGEY 1A ohtp ™M mhpeg T1T1T17X1 Bl o
DOAPAAI EOEIT | AET 08 4AAO¢EA 1 0OO0I AOE!L
OOAT T OAT 1 1CEDEGA& T O1 Al OEAELDOp DB(E

zl AAAOT OLAE 1 EAOOS
'E BT OTOTUIA TAITE AT OEAET 001 OLOI AAE
jgmgcpqh OAE OA OREHETA TAIE T1TAIAOATI

UET AT OAT A O EAE OLOI AAEAI Es8

+1 1T AAT OOUAEAOUBEUDODE AT &ihbdita T medzi O

EAATT O1 EOLI E OUi OEAI ES 4 AADOCE EA T

EiTAAT OOUAEVUAEG6BREREDEADOT DEABQBU OAI

ETTAAT OOUABDUARBRETI GRAT ODI EOLAE OUI OEAI
|

chloridov v priebehu roka menili. Rozdiely v prlerrAOI LAE
ET1AAT OOUAEUAE | AAUE OLI EOI OUI OEAI E
CATTTCEAET DI AT EATEU Al AAT 1TEUITA Al
#EAI EAEU OBl OOAAA EUOI mEMA EATAEAEIUIOHT OO d
I OCATEAET EIl Ul A¢EOOATEA OI AU j£71 01 Al
ETATTOA #(3+h OLI OEAA 1T OCATEAELAE 1C
OEAA EUOI pEAEAA AEAGEAMETT TTAEAUAED |, EC
4AAOCEA 1 UIT AOAUOEA OLOI AAEU 4 AOAT p
AOiI AE O AT LAE 7 OOAANT OEj HIDOBBIA VAEE OO A
DOEAAAEO HOUOT AHodnGty GHSHA EET ABEABEBAA 1T A
I OCAT EAELAE 1 UOIE 1 @EAT OAOAcT LAE AE
1 ER Al A OIOADADDDOAART i OGE
I a

OUiI OEAI E 1p
3 A OADEARAEEE@®AT AAE @I

Of Ui AAUp 8
vzoriek.

$O00EeéT AT TERRL A @IPAE AOO
OAOOI ET Uh Al A =2 1

fE
AUe |

OAABECEU 1t EA UOAE

UT AéT T OAOEAAEEGIOIOE | ABIVEGE £IARR 1 OET AE
vzorky vOEUT UAE | AAT AEAAE OI EA8 )AE 1T AAI.
OEAAT OEOT T1 AT QUITUI DPOI Al DDERRAAET EAZ
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EAATT O1I EOi  OUT OEU

i CTAI 0 j OUT OEAL ¢M ARmudil GrhAT 0 j OUIT
UAOAI OET OUTOEU AT )))8 OOEAAU EOAI
I AUT A6 OGEAR LA OEUT A EAEOI OUh DOAOBA,

UAOT EIl E
i 40AT 6 EAT OET I
Ol AAT OAT LA EDDIAUAHESBAT

E@@@EMTQ@AELLﬁ bl Ai EAT EAI E
ETO A EBEODRO T 11 TOPDTU O PAGEOE é |
U DOAOAADT AT Al

DI ¢TTEI OPT AUOOHITED TéprIBERN AQUBG | O1 AT i E
A EUAOIITTGCEAELIE bl Al EAT EAIES
AAAOHEAATT OU AEAI EAELAE DPAOAI AOOI O OI
OEA j DPITGI EA |"Ad OEi POADPAAI EOQGET | AET OQ
pH hodnoty
\Vzorky 2024 2025 priemer
(leto) i EAQ (zima) (jar)
1 ghnmmmnhqxhonwn xhpyomm xhogmum xhowg M
2 xhwomnmhqxhwown xhonmn xhowemn x hwt mm
Alkalita AAT ET O Us) meallly
1 chonmnhr3tgmnh|{ochvtmn choxmn ohtpmm
2 cheotmnhgdohwomn thecpmmnthntmn ochwemn
Chloridy (mgfl)
1 pphmymcHpmhooM whxxmpl Whtxmg whowxmp
2 phtxmnhdxhwtmp xXhpxmplvhyomp xhoomp
# E A1 Eshdiréba E U Ol nmiigAnometric ky (CHSKun) (mg Oq/l)
1 thyomphrguvhgempThtymplthmegmpThet M
2 Whowmphdyhot Mg thytmpl xhogmg xhouvmp
+1 1T AAT GODDEERA ATRIDOEGAM 3)
1 ohcwmnhfuhxtmmphwxmMmohnnammthqumg
2 phptmMmhichugmmphweommphyxxmmphypumm
0T UT Wi BpE DI OTE ! AET Oh ¢E " Al OEi bDPOA
UOAO
'T AT UGEAET [ AGBAU T A OOATIT ODERA AE/
DOAAOOAOOETY TATAAAT EQAcT Y o1 é AOT
abOp OOE&®BE ET Obi AUOAT EOG8 'TAI LUA AUU
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DAOAI AGOT 6 O AU EEAOOT el A Oi T LDOEA

UT A¢EOOAT EAh DT OOAUT OAT EAET [ EAOO A
minimalEUUAEO EAET 1T ACAOpOI UAE AEOI AAE]
DOAOGET I ATi A T bpOATi OUAOATiT AT Al UOI

ET AT T OATEA EOAI EOU OEA T A UOTiI AT LAE
AOUOTI AE O1 éT LAE 1T AAkAmc W8 1:APAD AT iO1 EL @
DI OOOARIOAT 1 e OAUET T O OAOEAAEI EOO OEA
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OEARAAO OET ATLAE AT AT UOEAELAE | AQgA
D OA OA JEA A O [ikdierde keality vody.
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011 AET OAT EA
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