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Introduction ð đvod 

 

The proceedings book XXXVIII. DIDMATTECH 2025 consists of 
selected contributions from the conference with the same name which 
took place on 3. ð 4. Dec. 2025 at Trnava University in Trnava. 

 

The aim of conference  

 

The aim of the scientific professional conference XXXVIIIth 
DIDMATTECH 2025 is to introduce the latest findings from the field of 
the science of materials and technologies, including educational, 
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 designed 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 
technologies, ICT and artificial intelligence in education, also for doctoral, 
postgraduate, and for talented students. 
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NEW CHALLENGES OF DIGITAL EDUCATION IN 

PRACTICE  

PïÔÅÒ ANTAL, HU 

Abstract:  The active, creative 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 successes, but 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 attitudinal 
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 lack of 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 
ȬÙÉÅÌÄȭ ×ÉÔÈ ÔÈÅ ÌÅÁÓÔ ÉÎÖÅÓÔÍÅÎÔ ÏÆ ÔÉÍÅ ÁÎÄ ÅÎÅÒÇÙȢ  

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 artificial 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 well-
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 scientific-critical 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, I 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 appearing 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. Artifical intelligence is one of the respective examples.  

The #ÈÁÔ'40ȭÓ ÁÐÐÅÁÒÁÎÃÅ ÉÎ ςπςσ ×ÁÓ Á ÌÁÎÄÍÁÒËȟ ÂÕÔ ÔÈÅ ÉÎÉÔÉÁÌ ÅÕÐÈÏÒÉÁ 
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 integration of AI 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 issue is 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 
ɉ!ÎÔÁÌȟ #ÚÅÇÌïÄÉȟ ςπ20). 

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 
ÐÒÏÍÏÔÉÎÇ ÉÎÔÅÒÁÃÔÉÖÉÔÙ ɉ,ÅÎÇÙÅÌÎïȟ 2ÁÃÓËÏ Ǫ 3ÚĴÔÓȟ ςπςρɊȢ  

A significant challenge to the effective integration of artificial intelligence in 
the teaching and learning process is the profit-oriented aspect of most of the 
presently available educational AI applications. Developers of AI 
applications have limited knowledge concerning the learning process and 
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lack the required pedagogical and methodological background (Luckin & 
Cukurova, 2019). 

#ÏÎÓÅÑÕÅÎÔÌÙȟ ÔÈÉÓ ÎÅ× ÅÄÕÃÁÔÉÏÎÁÌ ÔÅÃÈÎÏÌÏÇÙ ÄÏÅÓ ÎÏÔ ÔÁËÅ ÔÈÅ ÔÅÁÃÈÅÒÓȭ 
attitude, preparation level and AI-oriented 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 AI the 
application-related advantages and challenges must be 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 scholarly output in Athens of antiquity were 
made possible by slaves. Consequently, the exchange of slaves to AI-
controlled robots would contribute to a wealthy and stress-free society. 
(Brynjolfsson; McAffe, 2014). 

This paradigm appeared to work in the USA until 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 by 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 well-educated, 
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 efforts 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.  



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

16 
 

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 propagation-related efforts 
combine the advantages of human intelligence and cognitive computer 
technology. It can hardly be argued that social development significantly 
lags behind the pace of technological growth and only effective co-operation 
between AI 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 fuels the 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 making things, 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 smartphone, for example. It is not merely a device; for many, it is 
an external cognitive appendage, a memory store, a decision-making aid, 
and a social connector. Technology has become an extension of ourselves, 
amplifying our capabilities and reshaping our social 1 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 technology to become increasingly advanced and 
cheaper (Suleyman; Bhaskar, 2014). We can speak of a technological wave 
when a generation of a general-purpose technology has a significant impact 
on the entire human society and spreads globally and universally. 

Their most important characteristics are the following: 

¶ 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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¶ They can be considered complete technological ecosystems (e.g., 
Uber), intertwined with previous technologies, exploiting their 
advantages, and increasing complexity. 

¶ Their impacts are increasingly significant, their spread is faster, 
thus significantly influencing not only the economic but also the 
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. 

¶ Symbiosis with previous technological waves, meaning it builds on 
earlier technologies, increasing their value and expanding their 
areas of use. 

 

Figure 1:  Characteristics of Technological Waves 
 

Technological waves typically have three cycles. If we take cars as 
an example, initially, no one understood 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 ɀ 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, drive-in 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 
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phase, and with the emergence of ChatGPT, we have entered the 
transformation phase. 

 

Figure 2:  Cycles of Technological Waves 
 

The perception of artificial intelligence as a technology is still dual. There are 
those who evaluate its emergence positively and 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 AI into teaching and learning, 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 dependent upon such financial aspects, while the third factor is 
methodological embeddedness, in other words the available support 
reinforced with sound pedagogical and didactic principles. 
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The onset of artificial intelligence has upset this sequence as while AI has 
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 the 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 
assume the role oÆ ÔÈÅ ȵÓÏÕÎÄ ÅÎÇÉÎÅÅÒȱ ÉÎ ÔÈÅ ÔÅÁÃÈÉÎÇ-learning process via 
coordinating the AI functions. In order for the AI to provide such assistance 
to teachers the system has to be able to effectively harmonize teaching and 
learning based upon teacher provided data. The efficiency of the teaching 
ÐÒÏÃÅÓÓ ÄÅÐÅÎÄÓ ÏÎ ÔÈÅ ÔÅÁÃÈÅÒȭÓ ÁÂÉÌÉÔÙ ÔÏ ÁÐÐÌÙ ÁÐÐÒÏÐÒÉÁÔÅ ÐÅÄÁÇÏÇÉÃÁÌ 
methods (Tondeur et al., 2020). Thus these pedagogically useful and 
productive teaching events can provide a model for the AI-based instruction 
systems (Prieto et al. 2018), in other words, data obtained from teaching 
activities form the basis of AI-based instruction.  

Despite such encouraging research results, after the emergence of ChatGTP 
the modern Luddites appeared.  In early 2023 the head of the of the New 
York City Department of Education prohibited the use of the respective 
technology in the given school districts due to ȵÎÅÇÁÔÉÖÅ ÉÎÆÌÕÅÎÃÅÓ ÏÎ ÔÈÅ 
learning process coupled with concerns over the security and accuracy of 
ÃÏÎÔÅÎÔȢȱ It was also asseÒÔÅÄ ÔÈÁÔ ÓÕÃÈ ÔÅÃÈÎÏÌÏÇÙ ȵdoes not promote critical 
thinking and problem solving skills indispensable for academic and lifelong 
ÓÕÃÅÓÓȢȱ  

Nevertheless, best practices assisting the understanding of the new 
technology while preserving the intellectual prevalence of humans and 
ÒÅÉÎÆÏÒÃÉÎÇ ÓÔÕÄÅÎÔÓȭÃÒÉÔÉÃÁÌ ÔÈÉÎËÉÎÇ ÁÒÅ ÅÎÃÏÕÒÁÇÉÎÇȢ 

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 due to a 
lack of systemwide accessibility, we can see several promising examples. 

Figure 3:  Educational options provided by artificial intelligence  

Personalized learning:  Personalized or custom tailored learning is a key 
component of AI-assisted instruction. The AI 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 can solve advanced problems.  

Adaptive learning:  Adaptive learning enhances the learning process by 
modifying the given content according to the performance of the student. 
4ÈÅ ÐÒÏÖÉÓÉÏÎ ÏÆ ÌÅÁÒÎÉÎÇ ÃÏÎÔÅÎÔ ÍÁÔÃÈÉÎÇ ÔÈÅ ÌÅÁÒÎÅÒȭÓ ÓËÉÌÌÓ ÁÎÄ 
background helps maintaining motivation and a positive attitude 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: AI 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 and offer step by step help in solving the given problems. 
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Such on-demand 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 interactive simulations, virtual 
laboratories or adaptable textbooks matching learner needs and enabling 
students to gain a more thorough or profound knowledge in science 
subjects.  Artificial 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 
ÓÔÕÄÅÎÔ ÅÖÁÌÕÁÔÉÏÎȢ 4ÈÉÓ ÆÅÁÔÕÒÅ ÎÏÔ ÏÎÌÙ ÌÉÇÈÔÅÎÓ ÔÅÁÃÈÅÒÓȭ ÁÄÍÉÎÉÓÔÒÁÔÉÖÅ 
burdens, but provides faster feedback to students (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: AI-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: AI-based language teaching applications provide 
translation and pronounciation assistance in real time. Fast feedback related 
to pronounciation and reading comprehension improves the efficiency of 
ÔÈÅ ÌÁÎÇÕÁÇÅ ÌÅÁÒÎÉÎÇ ÐÒÏÃÅÓÓ ɉ4ÏÍÉç ÅÔ ÁÌȢȟ ςπςςȠ #ÏÐÅ ÅÔ ÁÌȟ ςπ21). 

Virtual reality and Augmented reality: AI 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 experiences 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 the interest, performance and 
progress, the AI algorithm can recommend books, articles, and online 
courses or sources to students thereby promoting learning by discovery 
ÁÌÏÎÇ ×ÉÔÈ ÇÅÎÅÒÁÌ ÃÏÍÐÒÅÈÅÎÓÉÏÎ ɉ4ÏÍÉç ÅÔ ÁÌȢȟ ςπςςɊȢ 
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Accessibility: AI-controlled educational devices. among them speech 
recognition or text conversion functions improve equal opportunity and 
accessibility to educational materials for disabled students (Denes, 2023). 

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

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

The 2024 AI Act of the European Commission comprehensively regulates the 
issue on four security levels prioritizing risk management and transparency. 
The EU standard primarily concentrates on high risk AI applications. 
Education with such concerns as AI 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 sphere, society 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 AI-supported 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 connection with their use. According to one 
of the most pessimistic long-term predictions, it can eliminate human 
thinking and logic.  

Regardless of the above concerns, the number of AI-based applications tends 
to increase uncontrollably while a full exploration of the respective benefits 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

23 
 

and disadvantages yet to be carried out. Below we provide a detailed 
overview of potential disadvantages and survey the pessimistic predictions.  
 

 
Figure 4:  Negative impact of the integration of artificial intelligence in the 

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 (Beck 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 be slower than that of humans. AI can recognize data patterns, but 
cannot identify causality, which limits its capability to make reliable 
conclusions. Since the teaching of AI is a task and context-oriented effort it 
cannot be used in creating new educational materials. Consequently, 
learning takes place based upon already developed and existing texts. 

Lack of explanation capability: /ÎÅ ÏÆ !)ȭÓ ÓÈÏÒÔÃÏÍÉÎÇÓ ÉÓ ÔÈÅ ÌÁÃË ÏÆ 
explanation capability as such systems can show, but cannot explain the 
respective steps to the solution of a problem. Thus by the help of AI 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 declining 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 AI in order to eliminate distorted 
information, or incorrect output. One of the dangers is that students learn 
false or inaccurate facts, and the opinions reflect 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 technology ɉ3ÉÁÕȟ ςπρχȠ 3ÉÁÕȟ ςπρψȠ 2ÁÉÎÉÅ ïÓ 
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 confusion 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 negative impact on the health and well-being of both students and 
teachers (Sehgal, et.al.,). 

Impact on digital literacy: Artificial intelligence can be potentially useful, 
but has to be applied appropriately. In some cases collaboration between 
humans and AI can fail 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: AI systems imply ethical challenges and threats despite 
claims of the objectivity and value neutral aspect of such algorithms. The 
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). While such prejudices are not intentionally included, AI 
systems show several examples of sex and race-based bias (Stahl &Wright, 
2018).  

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

7. Side Effects 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 recommended screen time for children aged 0-3 years is 
zero minutes, and for those aged 3-6 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 decision-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 sensory-based, 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 the 6-12 
age group, anger management problems and concentration 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 acquisition provided by smartphones, 
asexuality, prolonged adolescence, etc. (Twenge, 2018). 

Excessive screen use in any form can develop mental illness in young adults, 
a syndrome we call digital dementia. The mental illness described by Spitzer 
(2014) leads to the 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. 
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Figure 5:  Consequences of 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 sphere brought 
a variety of new services and options in a profit-oriented way, the mental, 
professional, pedagogical, or methodological preparation of teachers has not 
been fully implemented. Thus the efficiency of application can be limited 

https://www.ocs.help/blog/digital-dementia
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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, critical thinking, and complex problem solving skills. 

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

Additionally, the AI-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 CLOSE-UP PHOTOGRAMMETRY IN 
THE PROTECTION OF REGIONAL 

CULTURALHERITAGE 

Ondrej 4!+<I, Gergely KOCSIS, SK 

Abstract : This paper explores the potential of close-range photogrammetry 
(CRP) in the documentation and protection of cultural heritage sites. 
Emphasis is placed on low-cost, accessible photogrammetric workflows 
based on Structure from Motion (SfM) techniques, combining UAV-based 
and terrestrial data acquisition. The methodological 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, UAV-based imaging. 

1 Introduction  

Photogrammetry  is a technology concerned with acquiring information 
about physical objects and environments through the 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, S.; Kyle, S.; Boehm, J., 2019): 
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¶ Aerial photogrammetry  ɀ 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. 

¶ Terrestrial  (ground-based) photogrammetry ɀ Cameras are placed on 
the Earth's surface, usually with horizontal or oblique viewing axes. It 
ÉÓ ÏÆÔÅÎ ÕÓÅÄ ÆÏÒ ÄÏÃÕÍÅÎÔÉÎÇ ÂÕÉÌÄÉÎÇÓȟ ÆÁëÁÄÅÓȟ ÏÒ ÃÕÌÔÕÒÁÌ ÈÅÒÉÔÁÇÅ 
sites. 

¶ Satellite photogrammetry  ɀ Utilizes satellite imagery for global-scale 
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): 

¶ Analog photogrammetry  ɀ A historical approach utilizing optical-
mechanical instruments such as stereoscopes and projectors. 

¶ Analytical photogrammetry  ɀ 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. 

¶ Digital photogrammetry  ɀ Uses digital images and automated 
algorithms, particularly Structure from Motion (SfM), Multi-View 
Stereo (MVS), and computer vision techniques. It represents 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 CRP include (Luhmann, T.; Robson, S.; Kyle, 
S.; Boehm, J., 2019):  

¶ High accuracy  ɀ Depending on the configuration, sub-millimeter 
resolution can be achieved. 

¶ Convergent imaging  ɀ Cameras are oriented at different angles to 
capture the complex geometry of objects with high precision. 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

33 
 

¶ Flexibility ɀ Applied in fields such as architecture, archaeology, 
mechanical engineering, medical documentation, forensic analysis, and 
traffic accident investigation. 

 

  

Figure  1: Close-Range Photogrammetry principle . 
Source: https://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 three-dimensional 
structure of an object or scene from a series of overlapping two-dimensional 
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 workflow consists of several key steps (Lowe, D. G., 2004): 

¶ Feature Detection ɀ Algorithms (typically SIFT ɀ Scale-Invariant 
Feature Transform) detect distinctive keypoints in the images that are 
invariant to scale and rotation. 

¶ Feature Matching ɀ Identifies matching keypoints across multiple 
images. 

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

¶ Dense Matching ɀ Produces a dense point cloud using algorithms such 
as Multi-View Stereo (MVS). 
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Compared to traditional photogrammetry, SfM offers several advantages 
ɉ3ÃÈĘÎÂÅÒÇÅÒȟ *Ȣ ,ȢȠ &ÒÁÈÍȟ *Ȣ -Ȣȟ ςπρφɊ: 

¶ Automation ɀ The majority of the processing is carried out without 
manual operator input. 

¶ Flexibility ɀ Does not require expensive photogrammetric cameras; 
standard digital cameras or drones are sufficient. 

¶ Scalability ɀ Applicable to both small-scale artifacts (centimeter level) 
and large-scale landscapes (kilometer level). 

However, SfM algorithms reconstruct models primarily in a relative 
coordinate system, which means the model has correct shape and 
proportions, but lacks real-world scale, orientation, and geolocation (James, 
M. R.; Robson, S., 2012).  

 

 

Figure  2: Structure from Motion (SfM) photogrammetric principle. 
Source: Sjoerd van 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., S-JTSK in Slovakia), two main georeferencing methods are used: 

¶ Ground Control Points (GCPs) ɀ Physically stabilized and clearly 
identifiable points on the ground with accurately known coordinates 
ɉÍÅÁÓÕÒÅÄ ÂÙ '.33 24+ ÏÒ ÔÏÔÁÌ ÓÔÁÔÉÏÎÓɊȢ 4ÈÅÓÅ ÓÅÒÖÅ ÁÓ ȰÁÎÃÈÏÒÓȱ ÔÏ 
which the digital model is mathematically aligned during processing 
(bundle adjustment). 
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¶ Direct Georeferencing ɀ 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) (Sanz-Ablanedo, E.; Chandler, J. H.; 
2ÏÄÒþÇÕÅÚ-0ïÒÅÚȟ *Ȣ 2ȢȠ /ÒÄĕđÅÚȟ #Ȣȟ ςπρψɊȢ  

1.2 Photogrammetry in Cultural Heritage Conservation  

Cultural heritage conservation refers to the process of preserving objects 
and sites of historical, artistic, or scientific significance with 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 cultural heritage protection builds and 
protects (Remondino, F., 2011) (Hassani, F.; Rasheed, A.; Vogel, B., 2015): 

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

¶ #ÒÅÁÔÉÏÎ ÏÆ Á Ȱ$ÉÇÉÔÁÌ 4×ÉÎȱ ɀ A high-fidelity 3D model of a monument 
serves as a permanent record of its condition at a specific point in time. 
Such records become invaluable in the event of sudden destruction, as 
demonstrated by the fire at the Notre-Dame Cathedral. 

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

¶ Accessibility and education  ɀ 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 UAV-based 
photogrammetry is most common. While ground-based images are used to 
ÃÁÐÔÕÒÅ ÆÁëÁÄÅ ÄÅÔÁÉÌÓȟ ÒÅÌÉÅÆÓȟ ÁÎÄ ÉÎÔÅÒÉÏÒÓȟ ÄÒÏÎÅÓ ÐÒÏÖÉÄÅ ÄÁÔÁ ÏÎ ÒÏÏÆ 
ÓÔÒÕÃÔÕÒÅÓ ÁÎÄ ÔÈÅ ÏÂÊÅÃÔȭÓ ÓÐÁÔÉÁÌ ÃÏÎÔÅØÔ ×ÉÔÈÉÎ ÔÈÅ Âroader urban 
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 gene ate a 
geometrically accurate and visually realistic 3D model of a cultural heritage 
object. This process of digital documentation begins with on-site image 
acquisition, which represents a critical phase influencing the quality of all 
subsequent outputs. 

 

2.1 Photographic Data Acquisition  

The first and most crucial step is the acquisition of a set of digital 
photographs with a high 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: 70ɀ80% 

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 coordinates 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 of the documented structure. The 
illustrations below summarize proper and improper configurations 
depending on object geometry. General principles include: 

 

 

Figure  3: Capturing Photographs with Additional Overlay  
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Figure  4: Methods of obtaining photographs depending on the type of 
object 

3ÏÕÒÃÅȡ 4ÁËÜéȟ O.; AnnuĤȟ ..; £ÔÅÍÐÅċÏÖÜȟ ).; Dancsa, D. 2023. Building partial 3D 
models of cultural monuments. International Journal of Advanced Natural Sciences and 

Engineering Researches. 7. 295-299. 10.59287/ijanser.718. 

 

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

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

¶ 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:  

¶ Proper lighting conditions ɀ Ideal conditions include diffuse lighting 
(e.g., overcast skies), which minimizes harsh shadows and overexposed 
areas that may lead to incorrect feature detection. 

¶ Temporal consistency ɀ 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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¶ Surface texture ɀ Objects should exhibit sufficient surface texture (e.g., 
stone, brick, relief). Surfaces that are glossy, reflective, or uniformly 
featureless pose challenges for image-based modeling due to a lack of 
identifiable features. 

¶ No post-processing ɀ 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 Unmanned Aerial Vehicles (UAVs) for heritage documentation, 
it is necessary to comply with applicable legal and regulatory frameworks: 

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

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

¶ 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 introduce certain 
inaccuracies ɂ primarily resulting from human factors, such as: imprecise 
measurement or reading of real-world 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 to: quantify 
the variability introduced during manual calibration, numerically express 
deviations in millimeters, and evaluate 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 units of 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: 

¶ Terrain 3D Length [m] ɀ True 3D length of the polyline, including Z-axis 
variation (depth). 

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

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

 

The goal of this three-model 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 camera-object distances, the resulting precision showed 
model-specific variation. 

¶ Linear Error Propagation ɀ High values of the coefficient of 
ÄÅÔÅÒÍÉÎÁÔÉÏÎ ɉ2ό Ѐ πȢωωτ ÔÏ πȢωωωχɊ ÉÎÄÉÃÁÔÅ Á ÓÔÒÏÎÇ ÌÉÎÅÁÒ 
relationship between real and measured distances. The error pattern 
in all three models could be reliably described by individual linear 
regression equations: 

Model 1: y = 2.χφςψØ Ϻ σȢρρφψ 

Model 2: y = 2.ωψυρØ Ϻ ςπȢρρφ 

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. 

¶ Model-Specific Regression ɀ 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 

  
Terrain 3D 
Length [m]  

err  
Projected 2D 
Length [m]  

err  
Real 
(mm)  

Reg.: 
y = 

2,7628x - 
3,1168  
2ό Ѐ πȟωωω 

Ўlin  

(mm)  

F
ir
st

 m
o

d
e
ll

 

Polyline7  35,8 0,07 35,8 0,04 95 95,79144 1 

Polyline6  37,86 0,06 37,81 0,03 104 101,4828 -3 

Polyline4  43,08 0,12 43,07 0,06 117 115,9046 -1 

Polyline1  54,64 0,03 54,62 0,02 146 147,8425 2 

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 0,1 114,13 0,05 318 313,1961 -5 

S
e

co
n
d

 m
o

d
e

ll
 

      

Reg.: 
y = 

2,9851x - 
20,116  
2ό Ѐ πȟωωτ 

 

Polyline2  25,93 0,05 25,12 0,03 54 57,287643 3 

Polyline1  43,08 0,08 43,63 0,04 123 108,482108 -15 

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 

T
h

ir
d

 m
o

d
e

ll
 

      

Reg: 
y = 

2,9877x + 
10,427  
2ό Ѐ 

0,9997  

 

Polyline5  62,31 0,1 62,06 0,07 198 196,590587 -1 

Polyline3  71,83 0,15 68,44 0,08 225 225,033491 0 

Polyline1  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 after applying model-ÓÐÅÃÉÆÉÃ ÌÉÎÅÁÒ ÃÏÒÒÅÃÔÉÏÎ ɉɝÌÉÎɊ 
remained within a few millimetres, confirming the high dimensional 
accuracy of the photogrammetric workflow. An exception occurred with 
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0ÏÌÙÌÉÎÅρ ÉÎ -ÏÄÅÌ ς ɉϺρυ ÍÍɊȟ ×ÈÉÃÈ ÍÁÙ ÓÕÇÇÅÓÔ ÅÉÔÈÅÒ Á ÌÏÃÁÌ 
inconsistency in point cloud density or a user error in defining polyline 
endpoints. 

4 Conclusion 

The results confirm that the calibration process in close-range 
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 - Á ÔÁÓË ÔÈÁÔ ÒÅÓÔÓ ÈÅÁÖÉÌÙ ÏÎ ÔÈÅ ÏÐÅÒÁÔÏÒȭÓ ÄÉÌÉÇÅÎÃÅȢ In the context 
of cultural heritage conservation, where 3D models often serve as a digital 
foundation for restoration, reconstruction, or long-term 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 stations, and 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. 014TTU-4/2024 ɀ Intelligent Animation-

Simulation Models, Tools, and Environments for Deep Learning. 
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DESIGN OF A MULTI-ROLE AI CHATBOT 
FRAMEWORK FOR SUPPORTING PROJECT-BASED 

LEARNING IN PRIMARY EDUCATION 

Jana "52'%2/6<, *ĭÌÉÁ £%"%*/6<, SK 

Abstract:  The digital 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 project-based learning, and improve 
schoolɀfamily communication. However, most available AI tools are 
designed for a single user roleɂtypically the pupilɂand lack an integrated 
ecosystem that connects all key educational actors. Moreover, in the Slovak 
context, no localized, pedagogically grounded AI model tailored for younger 
learners is currently available. 

This paper presents the concept of a multi -role AI chatbot  framework 
designed for primary education, integrating the three fundamental roles of 
the school ecosystem: teacher, 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 receive personalized explanations and 
recommendations based on both teacher input and pupil activity. 

The research gap  identified addresses three fundamental areas: (1) the lack 
of AI research in primary education, (2) the absence of multi-role AI 
ecosystems that simultaneously support teachers, pupils, and parents, and 
(3) the non-existence of Slovak, curriculum-compatible AI tools suitable for 
younger pupils. The presented concept bridges these gaps by integrating 
technological, pedagogical, and communication dimensions into one 
ecosystem, laying the foundation for subsequent empirical verification. 

The methodological framework  is based on a mixed-methods approach, 
combining classroom observation, system interaction analysis, semi-
structured interviews with teachers, pupils, and parents, and preɀpost task 
ÃÏÍÐÁÒÉÓÏÎȢ 4ÈÅÓÅ ÍÅÔÈÏÄÓ ×ÉÌÌ ÅØÁÍÉÎÅ ÔÈÅ ÃÈÁÔÂÏÔȭÓ ÉÍÐÁÃÔ ÏÎ ɉρɊ ÐÕÐÉÌÓȭ 
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 ICT competencies, 
and (4) the effectiveness of schoolɀparent communication. 

This conceptual study forms the basis for the development of a Slovak multi-
role AI chatbot and outlines the further direction in technical 
implementation, pilot testing in primary school grades 1ɀ4, longitudinal 
evaluation, and the building of the first Slovak child-adaptive language 
model suitable for the needs of primary education. 

Keywords:  Artificial intelligence, primary education, project-based 
learning, multi-role chatbot, educational 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 (Redecker, 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. Concurrently, the 
significance of active learning methods, such as project-based learning, 
which fosters autonomy, creativity, and deep understanding, is increasing 
(Krajcik & Blumenfeld, 2006; Condliffe et al., 2017). 

The development of LLMs and generative AI creates space 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 roleɂtypically the pupilɂand 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 AI 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 the term 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 fundamental 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 
meaningfullyɂnot as an add-on, 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 the pupil . 

2.2 Project -Based Learning (PBL)  

PBL provides space for 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 significantly enrich this processɂ
but only if they are pedagogically grounded. The AI 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 enable human-computer 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 templates. 

Typical characteristics: 
¶ Very limited dialogue. 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

46 
 

¶ Low flexibility.  
¶ Responses based on predefined scenarios. 
¶ 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 open-ended questions and 
do not provide personalized support. 

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

Modern AI chatbots utilize LLMs capable of generating coherent, logical, and 
contextually appropriate responses. They are capable of: 
¶ Conducting a complex dialogue. 
¶ Adapting the response to the user. 
¶ Analysing input information. 
¶ Explaining subject matter in various ways. 
¶ Simulating a teacher or tutor. 

In the pedagogical field, they are primarily used as intelligent tutoring  
systems, providing pupils with explanations, practical examples, or 
alternative formulations of the curriculum. These tools include: 
¶ Khanmigo (Khan Academy)  ɀ AI tutor focused on mathematics, 

science, and programming. 
¶ Duolingo Max  ɀ conversational training utilizing LLM. 
¶ Socratic ɀ explaining tasks based on a photograph. 
¶ TutorAI  ɀ generator of personalized mini-lessons. 

Although these tools are advanced, they are still conceived as single -role 
systems, supporting only one user ɀ 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:  
¶ They do not work with the teacher's pedagogical context. 
¶ They cannot differentiate content for younger school age children. 
¶ They do not connect information between the pupil, teacher, and 

parent. 
¶ They are not localized for the school curriculum or linguistic 

specifics of Slovakia. 
¶ They do not provide support to parents who require 

comprehensible explanations of the curriculum. 
¶ 4ÈÅÙ ÄÏ ÎÏÔ ÃÒÅÁÔÅ ÄÁÔÁ ÓÙÎÅÒÇÙ ÁÃÒÏÓÓ ÒÏÌÅÓ ɉÔÅÁÃÈÅÒ ᴾ ÐÕÐÉÌ ᴾ 

parent). 
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It is precisely for this reason that a multi-role AI chatbot has the potential to 
fill a significant gap in the field of digital support for primary education. 

In summary, existing AI solutions in education mainly cover the area of 
individual pupil support but do not address the needs of the teacher or 
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 the design of a multi-role AI chatbot, with an emphasis on its 
architecture and ecosystemic connections. 

2.4 AI Chatbots in Education and Safety Limits  

AI chatbots are primarily used for explaining subject matter, generating 
supplementary content, providing instant 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 benefits lie 
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 supervision 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 attention 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 AI tool for primary education builds 
upon the Logic & Role Management layer, which functions as the main 
safety and pedagogical filter  to mitigate the risk of hallucinations and 
inappropriate content. 

2.5 Design of a Multi -Role AI Chatbot 

The proposed concept reflects current knowledge about single-role 
architectures of educational chatbots (Yang et al., 2023) and extends them 
with multi -role management , Logic & Role Management, and data 
synergy  among the teacher, pupil , and parent. The multi-role AI chatbot 
utilizes generative artificial intelligence based on LLMs. 

The multi-role AI chatbot represents an LLM: 
¶ supported system that works with three user roles (teacher ɀ pupil 
ɀ parent), 
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¶ ÕÔÉÌÉÚÅÓ ÔÈÅ .,0 ᴼ ,ÏÇÉÃ Ǫ 2ÏÌÅ -ÁÎÁÇÅÍÅÎÔ ᴼ ,,- ÐÉÐÅÌÉÎÅȟ 
¶ adjusts responses according to age, cognitive level, and educational 

context, 
¶ connects users through shared data and interactions (ecosystemic 

synergy), 
¶ is integrated with SIS (MS Teams, EduPage, School IS). 

 

 
Figure 1. Technical Architecture of the Proposed Multi-Role AI 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 (Natural 
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 back to user interfaces and the SIS, 
ensuring integration into the school environment. 

2.5.1 Logic & Role Management (LRM) 

LRM represents the main control layer of the system, which ensures the 
correct directing of content and the selection of an adequate role 
perspective. This layer evaluates user inputs (teacher, pupil , parent), 
identifies their type and intent, and subsequently activates specific 
transformation rules. 
Example of a rule: 
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¶ IF the teacher enters a new project assignment, 
¶ THEN the system automatically activates a transformation rule that 

generates a child-friendly version of the assignment for the pupil 
and a brief explanatory note for the parent. 

Another example: 
¶ IF the pupil  repeatedly asks for checking instead of explanation, 
¶ THEN the system activates a recommendation for the teacher to 

advance the pupil  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 for each role. This layer also serves for pedagogical 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): 
¶ IF the pupil  (rol e) asks a question on a topic beyond the scope of the 

current curriculum (e.g., nuclear physics in the 3rd grade), 
¶ THEN the system activates a rule that blocks 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 the security 
grounding  of LLM outputs. By analyzing the context, it eliminates 
inappropriate responses  and directs LLM outputs to ensure they are 
always safe and 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 solving 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 this, LRM 
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 multi-role model. 

2.5.3 Ecosystem Synergy of the Multi -Role AI Chatbot 

The proposed ecosystem is based on four data flows: 
¶ 4ÅÁÃÈÅÒ  0ÕÐÉÌȡ transformed assignments, child-friendly 

language, differentiation, explanations 
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¶ 0ÕÐÉÌ  4ÅÁÃÈÅÒȡ continuous data on project progress, autonomy, 
and problem-solving 

¶ 0ÕÐÉÌ  0ÁÒÅÎÔȡ simple curriculum explanations, 
recommendations for home support 

¶ 0ÁÒÅÎÔ  4ÅÁÃÈÅÒȡ feedback, suggestions, and observations from 
home learning 

 

 
Figure 2. Ecosystem Connectivity of the Teacher, Student, and Parent Roles 

in the Multi-Role AI Chatbot Design (Source: Own elaboration) 

A triangulated ecosystem is thus formed, connecting all stakeholders with 
the goal of supporting project-based learning, clarity of information, and 
student autonomy. 

2.6 Expected Benefits and Challenges 

Benefits  
¶ Personalization of the curriculum according to the pupil's level. 
¶ Instant feedback. 
¶ Individual learning pace. 
¶ Continuous availability. 
¶ Support for differentiation (Kasneci et al., 2023). 
¶ Stimulation of autonomous knowledge discovery (Tlili et al., 2023). 
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Challenges 
AI chatbots simultaneously bring important risks, especially in primary 
school: 
¶ Variable quality of responses and hallucinations (Floridi & Chiriatti, 

2020). 
¶ Need for trustworthy and secure data. 
¶ Risk of inappropriate content. 
¶ Limited understanding of the context of the child's developmental 

level. 
¶ Need for pedagogical supervision. 
¶ Protection of children's personal data (UNICEF, 2021). 

2.7 Comparison with Existing Solutions (Related Work)  

Current research on AI chatbots in education shows that most available 
solutions function as single-role systems focused primarily on individual 
pupil support. Yang, Liu, and Chen (2023) state in their systematic analysis 
that today's educational chatbots are designed mainly as LLM-tutors 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 mechanism 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 AI chatbot within 
the conditions of a primary school and to understand how this tool can 
improve the process of project-based learning and support the school's 
digital transformation. 

3.1 Research Objectives 
1. To verify the usability of the multi -role AI chatbot in primary school 

settings. 
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2. To analyse the interactions of pupils and teachers with the system. 
3. To determine how AI changes the process of planning and 

implementing project-based learning. 
4. To propose a model for the integration of AI into primary education. 

4 Methodological Framework  

The research is planned to be conceived as a mixed-methods research, as the 
phenomenon under studyɂinteractions with a system integrating the roles 
of multiple actorsɂrequires a combination of 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 
Obtained  

Target 
Group  

Observati
on of 
Project  
Work  

To monitor  the 
progress of pupils' 
work  with  the chatbot, 
the level of autonomy, 
and learning 
strategies. 

Qualitative 
(records, 
notes) 

Pupils 
(Grades 1ɀ
4) 

Analysis  
of System 
Interactio
ns 

To determine the 
types of questions, 
frequency of use, and 
response patterns. 

Quantitative + 
Qualitative 

Pupils, 
Teachers 

Semi-
Structure
d 
Interview
s 

To determine 
participants'  
experiences, attitudes, 
and feedback. 

Qualitative Teachers, 
Pupils, 
Parents 

PreɀPost 
Comparis

To verify  the change in 
autonomy, quality of 

Quantitative Pupils 
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Method  Purpose of Use Type of Data 
Obtained  

Target 
Group  

on of 
Project  
Tasks 

outputs, and work  
effectiveness. 

Indicators of Pupil Autonomy  

The degree of pupil autonomy will be monitored through a combination of 
observation and analysis of system interactions. Specific indicators include: 
¶ 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 wait for 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 self-reflection (whether they can explain the procedure and 

check their own work). 
Together, these indicators will allow for the quantification and qualitative 
interpretation of the level of pupil autonomy during project-based learning. 

Measuring Teacher Workload  

The change in teacher workload will be monitored through a combination of 
qualitative and quantitative data. Specific indicators will include: 
¶ The time required to prepare materials before and after the 

deployment of the multi-role AI 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 semi-structured 

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

Quantitative data (time data, interaction frequencies, system logs) and 
qualitative 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 multiple independent sources, which is a 
key element of a robust mixed-methods design. 

4.1 Research Design 

The chosen design is exploratory ɀdescriptive research , as the goal is to 
explore new phenomena in education (interactions with the AI 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: 
¶ Pre-research phase (current):  preparation of tools, testing of the 

chatbot, methodology adjustment. 
¶ Main phase: data collection through observations, interactions, 

interviews, and pupils' work outputs. 
¶ Post-research phase:  data analysis, "preɀpost" comparison, 

proposal of the chatbot implementation model. 

4.2 Selection of Research Sample 

The research sample will consist of: 
¶ 1ɀ3 primary school classes (Grades 1ɀ4) involved in the pilot. 
¶ 2ɀ3 teachers of project-based learning or classroom teaching. 
¶ A group of parents of pupils involved in the project. 

The sample is selective, using purposive samplingɂfocused on schools 
willing to test AI tools and project-based learning. 

5 Conclusion 

This paper presented the design of a multi-role AI chatbot intended to 
support project-based learning in primary education. The proposed concept 
shows that AI tools can be utilized not only 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 simultaneously improve 
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 implementation 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 child-adaptive language 
model in the Slovak language. These steps will enable a more comprehensive 
examination of the effectiveness of the proposed solution and contribute to 
the development of AI tools for primary education. 

The multi-role AI chatbot can be viewed as a prospective step towards the 
modernization of primary education. It integrates elements of digital 
transformation, supports competency-oriented learning, and offers a 
framework that can serve as a basis for further research and practical 
discussion about the role of AI 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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ĭÔÖÏÎÁÌÁË ËÉÁÌÁËþÔÜÓÜÔȟ ïÓ ÅÍÐÉÒÉËÕÓ ÅÒÅÄÍïÎÙÅËËÅÌ ÉÇÁÚÏÌÔ ÈÁÔïËÏÎÙÓÜÇÇÁÌ 
ÒÅÎÄÅÌËÅÚÎÅËȢ ! ÖÉÚÓÇÜÌÁÔ ÓÏÒÜÎ ÏÌÙÁÎ ÒÅÎÄÓÚÅÒÅË ËÅÒİÌÔÅË ËÉÖÜÌÁÓÚÔÜÓÒÁȟ 
ÁÍÅÌÙÅË ÁÄÁÐÔþÖ ÁÌÇÏÒÉÔÍÕÓÏËËÁÌ ÄÏÌÇÏÚÎÁËȟ ÖÁÌĕÓ ÉÄÅÊĴ ÄÉÁÇÎÏÓÚÔÉËÁÉ 
ÖÉÓÓÚÁÊÅÌÚïÓÔ ÎÙĭÊÔÁÎÁËȟ ïÓ ÆİÇÇÅÔÌÅÎ ËÕÔÁÔÜÓÏËÂÁÎ ÉÓ ïÒÔïËÅÌïÓÒÅ ËÅÒİÌÔÅËȢ ! 
ÖÉÚÓÇÜÌÁÔÏË ÁÌÁÐÊÜÎ ÅÚÅË Á ÒÅÎÄÓÚÅÒÅË ÈÏÚÚÜÊÜÒÕÌÈÁÔÎÁË Á ÔÁÎÕÌĕÉ 
ÔÅÌÊÅÓþÔÍïÎÙ ÊÁÖþÔÜÓÜÈÏÚȟ Á ÍÏÔÉÖÜÃÉĕ ÎĘÖÅÌïÓïÈÅÚ ïÓ Á ÆÅÊÌěÄïÓÉ ĭÔÖÏÎÁÌÁË 
ÐÏÎÔÏÓÁÂÂ ÎÙÏÍÏÎ ËĘÖÅÔïÓïÈÅÚȟ ÕÇÙÁÎÁËËÏÒ ÈÁÓÚÎÜÌÁÔÕËÎÁË ÔÅÃÈÎÏÌĕÇÉÁÉ 
ïÓ ÐÅÄÁÇĕÇÉÁÉ ËÏÒÌÜÔÁÉ ÉÓ ÖÁÎÎÁËȢ ! ÔÁÎÕÌÍÜÎÙ ÒÜÍÕÔÁÔȟ ÈÏÇÙ Á ÍÅÓÔÅÒÓïÇÅÓ 
ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÎÅÍ ÈÅÌÙÅÔÔÅÓþÔÉȟ ÈÁÎÅÍ ÜÔÁÌÁËþÔÊÁ Á ÐÅÄÁÇĕÇÕÓ ÓÚÅÒÅÐïÔȢ 

Kulcsszavak:  ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁȟ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓȟ ÁÄÁÐÔþÖ 
ÔÁÎÕÌÜÓÉ ÒÅÎÄÓÚÅÒÅËȟ -)-ÁÌÁÐĭ ÏËÔÁÔÜÓÉ ÁÌËÁÌÍÁÚÜÓÏËȢ 

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 AI-based educational applications 
that demonstrably support the development 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 highlights 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, AI-based educational applications. 

1 BevezetïÓ 

! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ɉ-)Ɋ ïÓ ÁÚ -)-ÁÌÁÐĭ ÔÅÃÈÎÏÌĕÇÉÜË ÆÅÊÌÅÓÚÔïÓïÎÅË 
ÅÇÙÉË ÁÌÁÐÖÅÔě ÃïÌÊÁ ÁÚ ÅÍÂÅÒÉ ïÌÅÔ ÍÅÇËĘÎÎÙþÔïÓÅ ïÓ Á ÔÜÒÓÁÄÁÌÍÉ ÆÅÊÌěÄïÓ 
ÔÜÍÏÇÁÔÜÓÁȢ ! ÓÚÜÍÏÓ ÉÐÁÒÉ ÁÌËÁÌÍÁÚÜÓ ÍÅÌÌÅÔÔ ÁÚ ÏËÔÁÔÜÓ ÁÚÏÎ ÔÅÒİÌÅÔÅË 
ÅÇÙÉËÅȟ ÁÈÏÌ Á ÄÉÇÉÔÜÌÉÓ ÅÓÚËĘÚĘË ïÓ ÁÚ -) ÉÎÔÅÇÒÜÌÜÓÁ ÊÅÌÅÎÔěÓ ÈÏÚÚÜÁÄÏÔÔ 
ïÒÔïËÅÔ ÔÅÒÅÍÔÈÅÔȢ !Ú -) ÐÏÔÅÎÃÉÜÌÊÁ ÕÇÙÁÎÁËËÏÒ ÎÅÍ ËÏÒÌÜÔÏÚĕÄÉË ÎïÈÜÎÙ 
ÁÌËÁÌÍÁÚÜÓÉ ÉÒÜÎÙÒÁȡ ÁÚ ÅÌÍĭÌÔ ïÖÅËÂÅÎ ÓÚÜÍÏÓ ÆÅÊÌÅÓÚÔïÓȟ ÅÍÐÉÒÉËÕÓ ËÕÔÁÔÜÓ 
ïÓ ÔÕÄÏÍÜÎÙÏÓ ÜÔÔÅËÉÎÔïÓ ÖÉÚÓÇÜÌÔÁ Á ÔÅÃÈÎÏÌĕÇÉÁ ÏËÔÁÔÜÓÂÁÎ ÂÅÔĘÌÔĘÔÔ 
ÓÚÅÒÅÐïÔȢ 

! ÓÚÁËÉÒÏÄÁÌÏÍ ÔĘÂÂÅË ËĘÚĘÔÔ ÏÌÙÁÎ ÔïÍÁÔÅÒİÌÅÔÅËÒÅ ÆĕËÕÓÚÜÌȟ ÍÉÎÔ ÁÚ 
ÏËÔÁÔÜÓÉ ÆÏÌÙÁÍÁÔÏË ÁÕÔÏÍÁÔÉÚÜÌÜÓÁȟ ÐïÌÄÜÕÌ ÁÚ ÅÓÓÚï ÁÌÁÐĭ ÔÁÎÕÌĕÉ ÖÜÌÁÓÚÏË 
ÅÌÅÍÚïÓÅ ïÓ ïÒÔïËÅÌïÓÅ ɍρȟ ςȟ σɎȢ 

! ËÕÔÁÔÜÓÏË ÍÜÓÉË ÈÁÎÇÓĭÌÙÏÓ ÉÒÜÎÙÁ ÁÚ ÅÌěÒÅ ÊÅÌÚě ÍÏÄÅÌÌÅË ÁÌËÁÌÍÁÚÜÓÁȟ 
ÍÅÌÙÅË Á ÔÁÎÕÌĕÉ ÔÅÌÊÅÓþÔÍïÎÙ ÆÏÌÙÁÍÁÔÏÓ ÎÙÏÍÏÎ ËĘÖÅÔïÓïÖÅÌ ËïÐÅÓÅË 
ÐÒÏÇÎÏÓÚÔÉÚÜÌÎÉ Á ÊĘÖěÂÅÌÉ ÔÁÎÕÌÜÓÉ ÎÅÈïÚÓïÇÅËÅÔȟ ÅÚÜÌÔÁÌ ÔÜÍÏÇÁÔÖÁ Á 
ÐÅÄÁÇĕÇÕÓÏË ÃïÌÚÏÔÔ ÂÅÁÖÁÔËÏÚÜÓÁÉÔ ɍτȟ υȟ φɎȢ 

%ÇÙÒÅ ÎÁÇÙÏÂÂ ÆÉÇÙÅÌÍÅÔ ËÁÐ ÁÚ ÉÎÔÅÌÌÉÇÅÎÓ ÒÏÂÏÔÏË ÏËÔÁÔÜÓÂÁÎ ÂÅÔĘÌÔĘÔÔ 
ÓÚÅÒÅÐÅ ÉÓȢ ! ËÕÔÁÔÜÓÏË ÓÚÅÒÉÎÔ ÅÚÅË Á ÒÏÂÏÔÉËÁÉ ÍÅÇÏÌÄÜÓÏË ÎĘÖÅÌÉË Á 
ÔÁÎÕÌĕË ÍÏÔÉÖÜÃÉĕÊÜÔ ïÓ ïÒÄÅËÌěÄïÓïÔ ɍτɎȟ ÔÏÖÜÂÂÜ ÓÚÜÍÏÓ ÆÅÊÌÅÓÚÔïÓÉ 
ÔÅÒİÌÅÔÅÎ ÁÌËÁÌÍÁÚÈÁÔĕËȟ ÐïÌÄÜÕÌ Á ÆÉÎÏÍÍÏÔÏÒÉËÕÓ ËïÓÚÓïÇÅË 
ÔÜÍÏÇÁÔÜÓÜÂÁÎȟ ÁÚ ÜÂïÃï ÂÅÔĴÉÎÅË ÔÁÎÕÌÜÓÜÂÁÎ ÖÁÇÙ ÁÚ ÁÌÁÐÖÅÔě ÓÚÜÍþÔÜÓÉ 
ÍĴÖÅÌÅÔÅË ÇÙÁËÏÒÌÜÓÜÂÁÎ ɍχȟ ψɎȢ ! ÒÏÂÏÔÏË ÅÇÙ ÌÅÈÅÔÓïÇÅÓ ÊĘÖěÂÅÌÉ ÆÕÎËÃÉĕÊÁ 
Á ÔÁÎĕÒÁÉ ÁÓÓÚÉÓÚÔÅÎÓËïÎÔ ÖÁÌĕ ÍĴËĘÄïÓȟ ÁÍÅÌÙ ËİÌĘÎÂĘÚě ïÒÚïËÅÌěËȟ 
ÖÁÌÁÍÉÎÔ ÓÚÜÍþÔĕÇïÐÅÓ ÌÜÔÜÓÉ ïÓ ÈÁÎÇÆÅÌÄÏÌÇÏÚÜÓÉ ËïÐÅÓÓïÇÅË ÓÅÇþÔÓïÇïÖÅÌ 
ÔÜÍÏÇÁÔÎÜ Á ÔÁÎÕÌĕË ÍÕÎËÜÊÜÔ ɍωɎȢ 

%ÚÅË ÍÅÌÌÅÔÔ ÁÚ -) ÅÇÙÉË ÌÅÇþÇïÒÅÔÅÓÅÂÂ ÏËÔÁÔÜÓÉ ÁÌËÁÌÍÁÚÜÓÉ ÔÅÒİÌÅÔÅ Á 
ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓ ÔÜÍÏÇÁÔÜÓÁȟ ÁÍÅÌÙÎÅË ÃïÌÊÁȟ ÈÏÇÙ ÍÉÎÄÅÎ ÔÁÎÕÌĕ 
Á ÓÁÊÜÔ ÅÇÙïÎÉ ÔÕÄÜÓÓÚÉÎÔÊïÎÅË ïÓ ÆÅÊÌěÄïÓÉ İÔÅÍïÎÅË ÍÅÇÆÅÌÅÌě ĭÔÖÏÎÁÌÏÎ 
haladhasson. Jelen ÔÁÎÕÌÍÜÎÙ ÃïÌÊÁ Å ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓÂÁÎ ÒÅÊÌě 
ÌÅÈÅÔěÓïÇÅË ÜÔÔÅËÉÎÔïÓÅȟ ÖÁÌÁÍÉÎÔ ÏÌÙÁÎ -)-ÁÌÁÐĭ ÁÌËÁÌÍÁÚÜÓÏË ÂÅÍÕÔÁÔÜÓÁȟ 
ÁÍÅÌÙÅË Á ËİÌĘÎÂĘÚě ÔÁÎÔÜÒÇÙÁË ÔÅÒİÌÅÔïÎ ÂÉÚÏÎÙþÔÏÔÔÁÎ ÈÁÔïËÏÎÙÁÎ 
ÊÜÒÕÌÎÁË ÈÏÚÚÜ ÁÚ ÅÇÙïÎÉ ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔÏË ÔÜÍÏÇÁÔÜÓÜÈÏÚȢ  
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2 ! ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓÂÁÎ ÒÅÊÌě ÌÅÈÅÔěÓïÇÅË 
ÅÌÍïÌÅÔÉ ÁÌÁÐÊÁÉ ïÓ ËÅÒÅÔÒÅÎÄÓÚÅÒÅ 

! ÈÁÇÙÏÍÜÎÙÏÓ ÏËÔÁÔÜÓÉ ÒÅÎÄÓÚÅÒ ÓÚÜÍÏÓ ÐÏÎÔÏÎ ËÏÒÌÜÔÏÚÚÁ Á ÓÚÅÍïÌÙÒÅ 
ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓ ÍÅÇÖÁÌĕÓÕÌÜÓÜÔȢ ! ÔÁÎÕÌĕË ÔĘÂÂÓïÇÅ ɀ amennyiben nem 
ÒÅÎÄÅÌËÅÚÉË ÄÉÁÇÎÏÓÚÔÉÚÜÌÔ ÔÁÎÕÌÜÓÉ ÚÁÖÁÒÒÁÌ ÖÁÇÙ ÅÇÙïÂ ÅÇÙïÎÉ 
ÓÚİËÓïÇÌÅÔÅËËÅÌ ɀ ÕÇÙÁÎÁÚÏÎ ÔÁÎÁÎÙÁÇÏÔ ÓÁÊÜÔþÔÊÁ ÅÌ ÁÚÏÎÏÓ ÉÄěËÅÒÅÔÂÅÎȟ ïÓ 
Á ÔÁÎËĘÎÙÖÅËȟ ÉÌÌÅÔÖÅ ÔÁÎĕÒÜË ÓÏÒÜÎ ÕÇÙÁÎÁÚÏËÁÔ Á ÆÅÌÁÄÁÔÏËÁÔ ÖïÇÚÉ ÅÌ 
ÖÜÌÔÏÚÁÔÌÁÎ ÓÏÒÒÅÎÄÂÅÎȢ .ÁÇÙÏÂÂ ÌïÔÓÚÜÍĭ ÃÓÏÐÏÒÔÏË ÅÓÅÔïÂÅÎ Á 
ÐÅÄÁÇĕÇÕÓÎÁË ÎÅÍ ÜÌÌ ÍĕÄÊÜÂÁÎ ÍÉÎÄÅÎ ÔÁÎÕÌĕ ÓÚÜÍÜÒÁ ÅÇÙïÎÉ ÔÁÎÍÅÎÅÔÅÔ 
ÖÁÇÙ ÔÅÌÊÅÓÅÎ ÅÇÙÅÄÉ ÆÅÌÁÄÁÔÏËÁÔ ËÉÁÌÁËþÔÁÎÉȢ 
Az e-ÌÅÁÒÎÉÎÇȟ ÖÁÇÙÉÓ ÁÚ ÉÎÆÏÒÍÜÃÉĕÓ ïÓ ËÏÍÍÕÎÉËÜÃÉĕÓ ÔÅÃÈÎÏÌĕÇÉÜËÒÁ 
ïÐİÌě ÏËÔÁÔÜÓ ɀ ËİÌĘÎĘÓÅÎ Á #/6)$ɀρω ÊÜÒÖÜÎÙÔ ËĘÖÅÔěÅÎ ɀ ÓÚïÌÅÓ ËĘÒÂÅÎ 
ÅÌÔÅÒÊÅÄÔȟ ïÓ ĭÊ ÌÅÈÅÔěÓïÇÅËÅÔ ÎÙÉÔÏÔÔ ÍÅÇ ÁÚ ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓÉ ÍÏÄÅÌÌÅË 
ÍÅÇÖÁÌĕÓþÔÜÓÜÈÏÚȢ ! ÄÉÇÉÔÜÌÉÓ ËĘÒÎÙÅÚÅÔÂÅÎ ÒÅÎÄÅÌËÅÚïÓÒÅ ÜÌÌĕ ÈÁÔÁÌÍÁÓ 
ÍÅÎÎÙÉÓïÇĴ ÏËÔÁÔÜÓÉ ÁÄÁÔȟ ÖÁÌÁÍÉÎÔ Á ÔÁÎÁÎÙÁÇÏË ÆÉÎÏÍ ÒïÓÚÌÅÔÅËÒÅ ÂÏÎÔÜÓÁ 
ÅÌěÓÅÇþÔÉ ÁÚ ÁÄÁÐÔþÖȟ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁË ËÉÁÌÁËþÔÜÓÜÔȢ 

!Ú ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÅÇÙÉË ÌÅÇþÇïÒÅÔÅÓÅÂÂ ÏËÔÁÔÜÓÉ 
ÁÌËÁÌÍÁÚÜÓÉ ÔÅÒİÌÅÔÅȢ /ÌÙÁÎ ËïÐÚïÓÉ ÍÏÄÅÌÌËïÎÔ ïÒÔÅÌÍÅÚÈÅÔěȟ ÁÍÅÌÙ ÍÏÄÅÒÎ 
ÔÅÃÈÎÏÌĕÇÉÜË ÓÅÇþÔÓïÇïÖÅÌ Á ÔÁÎÕÌĕË ÅÇÙïÎÉ ÉÇïÎÙÅÉÈÅÚ ÉÇÁÚþÔÊÁ Á ÔÁÎÕÌÜÓÉ 
folyamatot, figyeÌÅÍÂÅ ÖÅÓÚÉ ÅÌěÚÅÔÅÓ ÔÕÄÜÓÕËÁÔȟ ÓÁÊÜÔÏÓÓÜÇÁÉËÁÔȟ ïÓ ÌÅÈÅÔěÖï 
ÔÅÓÚÉ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁË ÌïÔÒÅÈÏÚÜÓÜÔ ɍρπɎȢ !Ú -)-ÁÌÁÐĭ 
ÍĕÄÓÚÅÒÅËÅÔ ÁÚ ÏËÔÁÔÜÓËÕÔÁÔÜÓÏË ÒÅÎÄÓÚÅÒÉÎÔ ÁÚïÒÔ ÒïÓÚÅÓþÔÉË ÅÌěÎÙÂÅÎȟ 
ÍÅÒÔ ÅÚÅË ÈÁÔïËÏÎÙÁÂÂȟ ÒÕÇÁÌÍÁÓÁÂÂȟ ÉÎËÌÕÚþÖÁÂÂ ïÓ ÍÏÔÉÖÜÌĕÂÂ ÔÁÎÕÌÜÓÉ 
ËĘÒÎÙÅÚÅÔÅËÅÔ ËïÐÅÓÅË ÌïÔÒÅÈÏÚÎÉ ËİÌĘÎÂĘÚě ÐÅÄÁÇĕÇÉÁÉȟ ÔÁÒÔÁÌÍÉ ïÓ ÔÁÎÕÌĕÉ 
ÍÏÄÅÌÌÅË ÉÎÔÅÇÒÜÌÜÓÜÖÁÌ ɍυɎȢ 

!Ú ÁÄÁÐÔþÖ ÒÅÎÄÓÚÅÒÅË ËïÐÅÓÅË ÁÌËÁÌÍÁÚËÏÄÎÉ Á ÔÁÎÕÌĕË ÊÅÌÌÅÍÚěÉÈÅÚȟ 
ÔÁÎÕÌÜÓÉ ÓÔþÌÕÓÜÈÏÚȟ ËÏÇÎÉÔþÖ ÓÚÉÎÔÊïÈÅÚ ïÓ ÁËÔÕÜÌÉÓ ËĘÒİÌÍïÎÙÅÉÈÅÚȟ ïÓ 
ÅÚÜÌÔÁÌ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÖÁÇÙ ÄÉÆÆÅÒÅÎÃÉÜÌÔ ÔÁÎÕÌÜÓÔ ÂÉÚÔÏÓþÔÁÎÁËȢ ! ÒÅÎÄÓÚÅÒ 
ÁÄÁÔÏËÁÔ ÇÙĴÊÔ Á ÔÁÎÕÌĕ ÔÅÌÊÅÓþÔÍïÎÙïÒěÌȟ ËÁÐÃÓÏÌÁÔÏÔ ïÐþÔ Á ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔ 
ÍÅÇÉÓÍÅÒïÓÅ ïÓ ÁÚ ÁËÔþÖ ÔÁÎÕÌÜÓ ÅÒÅÄÍïÎÙÅÉ ËĘÚĘÔÔȟ ÍÁÊÄ ÅÚÅÎ ÉÎÆÏÒÍÜÃÉĕË 
ÁÌÁÐÊÜÎ ÍĕÄÏÓþÔÊÁ Á ÔÁÎÕÌÜÓÉ ÍÏÄÅÌÌÔ ɍρρɎȢ -ĴËĘÄïÓïÎÅË ÁÌÁÐÆÅÌÔïÔÅÌÅ Á 
ÆÏÌÙÁÍÁÔÏÓ ÖÉÓÓÚÁÊÅÌÚïÓ ÂÉÚÔÏÓþÔÜÓÁ Á ÔÁÎÕÌĕ ïÓ Á ÐÅÄÁÇĕÇÕÓ ÓÚÜÍÜÒÁȢ ! 
ÔÁÎÕÌĕ ÁÚÏÎÎÁÌÉ ÖÉÓÓÚÁÃÓÁÔÏÌÜÓÔ ïÓ ÊÁÖþÔÜÓÉ ÌÅÈÅÔěÓïÇÅËÅÔ ËÁÐȟ ÍþÇ ÁÚ ÏËÔÁÔĕ 
ÜÔÌÜÔÈÁÔĕ ËïÐÅÔ ÎÙÅÒ Á ÔÁÎÕÌĕ ÅÒěÓÓïÇÅÉÒěÌ ïÓ ÎÅÈïÚÓïÇÅÉÒěÌȟ ÁÍÉ ÓÅÇþÔÉ Á 
ÓÚÅÍïÌÙÅÓ ËÏÎÚÕÌÔÜÃÉĕË ÃïÌÚÏÔÔÁÂÂ ÍÅÇÔÅÒÖÅÚïÓïÔȢ %ÂÂěÌ ËĘÖÅÔËÅÚÔÅÔÈÅÔěȟ 
ÈÏÇÙ Á ÖÉÓÓÚÁÊÅÌÚïÓ ÍÉÎěÓïÇÅ ËÕÌÃÓÓÚÅÒÅÐÅÔ ÊÜÔÓÚÉË Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ 
ÔÁÎÕÌÜÓÂÁÎȢ ! ËÕÔÁÔÜÓÏË ÓÚÅÒÉÎÔ Á ÍÁÇÙÁÒÜÚÁÔÔÁÌ ÅÌÌÜÔÏÔÔ ÖÉÓÓÚÁÊÅÌÚïÓÔ ÎÙĭÊÔĕ 
ÏËÔÁÔÜÓÉ ÁÌËÁÌÍÁÚÜÓÏË ÈÁÓÚÎÜÌÁÔÁ ÔÕÄÁÔÏÓÁÂÂ ÄĘÎÔïÓÈÏÚÁÔÁÌÒÁ ĘÓÚÔĘÎÚÉ Á 
ÇÙÅÒÅËÅËÅÔȟ ÍþÇ Á ÖÉÓÓÚÁÊÅÌÚïÓ ÎïÌËİÌÉ ÒÅÎÄÓÚÅÒÅË ÔĘÂÂ ÔïÖÅÓ ÖÜÌÁÓÚÔ ïÓ 
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ÐÒĕÂÜÌËÏÚÜÓÔ ÅÒÅÄÍïÎÙÅÚÎÅË ɍρςɎȢ "ÜÒ Á ÌÅÇÅÇÙÓÚÅÒĴÂÂ ÖÉÓÓÚÁÊÅÌÚïÓÉ ÆÏÒÍÜË 
ɀ ÐïÌÄÜÕÌ ÈÁÎÇÅÆÆÅËÔÅË ɀ ÉÓ ÓÚÜÍþÔÁÎÁËȟ ÅÚÅË ÜÌÔÁÌÜÂÁÎ ÎÅÍ ÔÜÍÏÇÁÔÊÜË Á 
ÍïÌÙÅÂÂ ÍÅÇïÒÔïÓÔȢ ! ÖÅÒÂÜÌÉÓ ÖÁÇÙ þÒÜÓÏÓ ÄÉÃÓïÒÅÔ ÍÜÒ ÎĘÖÅÌÈÅÔÉ Á 
ÍÏÔÉÖÜÃÉĕÔȟ ÜÍ Á ÌÅÇÈÁÔïËÏÎÙÁÂÂÎÁË Á ÒïÓÚÌÅÔÅÓȟ ÍÁÇÙÁÒÜÚĕ ÖÉÓÓÚÁÊÅÌÚïÓÅË 
ÂÉÚÏÎÙÕÌÎÁËȟ ÁÍÅÌÙÅË ÎĘÖÅÌÉË Á ÔÁÎÕÌÜÓÉ ÐÏÎÔÏÓÓÜÇÏÔ ïÓ ÃÓĘËËÅÎÔÉË Á 
ËïÓěÂÂÉ ÈÉÂÜË ÓÚÜÍÜÔ ɍρσɎȢ 

A ÔÁÎÕÌÜÓÉ ÔÁÒÔÁÌÍÁË ÓÚÉÎÔÅÚïÓÅ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓ ÅÇÙÉË ÁÌÁÐÖÅÔě 
ÍĕÄÓÚÅÒÅȟ ÁÍÅÌÙ Á ÔÁÎÕÌĕË ÅÌěÚÅÔÅÓ ÔÕÄÜÓÜÒÁ ïÓ ÆÅÊÌěÄïÓÉ İÔÅÍïÒÅ ïÐþÔ ɍρτɎȢ 
+ÕÃÉÒËÏÖÁ ÈÜÒÏÍÆïÌÅ ÓÚÉÎÔÅÚïÓÉ ÍÅÇËĘÚÅÌþÔïÓÔ ËİÌĘÎÂĘÚÔÅÔ ÍÅÇȟ ÍÅÌÙÅË 
ÈÁÔÜÓÁÉÔ ÍÜÓ ÔÁÎÕÌÍÜÎÙÏË ÉÓ ÁÌÜÔÜÍÁÓÓÚÜË ɍρυɎȡ 

2ïÓÚÖïÔÅÌÉ ÓÚÁÂÁÄ ÆÏÒÍÁȟ ÁÍÅÌÙ ÁÊÜÎÌÏÔÔȟ ÄÅ ÎÅÍ ËĘÔÅÌÅÚě 
ÔÁÒÔÁÌÏÍÓÏÒÒÅÎÄÅÔ ÂÉÚÔÏÓþÔȢ ! ËÕÔÁÔÜÓÏË ÓÚÅÒÉÎÔ ÅÚ Á ÆÏÒÍÁ ÎĘÖÅÌÈÅÔÉ Á 
ËÉÓÇÙÅÒÍÅËÅË ÁÕÔÏÎĕÍÉÜÊÜÔ ïÓ ÍÏÔÉÖÜÃÉĕÊÜÔ ɍρφɎȟ ÕÇÙÁÎÁËËÏÒ ÆÅÎÎÜÌÌ Á 
ÖÅÓÚïÌÙÅȟ ÈÏÇÙ Á ÔÁÎÕÌĕË ÔĭÌ ËĘÎÎÙĴ ÆÅÌÁÄÁÔÏËÁÔ ÖÜlasztanak, ami 
ÈÜÔÒÜÌÔÁÔÈÁÔÊÁ ÆÅÊÌěÄïÓİËÅÔȢ  

0ÒÏÇÒÁÍÏÚÏÔÔ ÓÔÁÔÉËÕÓ ÓÚÉÎÔÅÚïÓ, ahol a tananyag a gyermek kezdeti 
ÔÅÌÊÅÓþÔÍïÎÙïÒÔïËÅÌïÓÅ ÁÌÁÐÊÜÎ ËÅÒİÌ ÍÅÇÈÁÔÜÒÏÚÜÓÒÁȟ ÖÁÇÙ ÆÅÌÎěÔÔ ÖÜÌÁÓÚÔÊÁ 
ËÉ ÅÌěÒÅȢ 

0ÒÏÇÒÁÍÏÚÏÔÔ ÄÉÎÁÍÉËÕÓ ÓÚÉÎÔÅÚïÓ, amelyben a rendszer folyamatosan 
ÉÇÁÚþÔÊÁ Á ÆÅÌÁÄÁÔÏË ÎÅÈïÚÓïÇïÔ Á ÔÁÎÕÌĕ ÁËÔÕÜÌÉÓ ÔÅÌÊÅÓþÔÍïÎÙÅ ÁÌÁÐÊÜÎ ɍρχɎȢ 

! ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓ ÍÅÇÖÁÌĕÓþÔÜÓÁ ÏÌÙÁÎ ÐÅÄÁÇĕÇÉÁÉ ïÓ ÔÅÃÈÎÏÌĕÇÉÁÉ 
ÅÌÅÍÅË ĘÓÓÚÅÈÁÎÇÏÌÔ ÍĴËĘÄïÓïÔ ÉÇïÎÙÌÉȟ ÁÍÅÌÙÅË ËïÐÅÓÅË Á ÔÁÎÕÌĕË ÅÇÙïÎÉ 
ÓÁÊÜÔÏÓÓÜÇÁÉÔ ÆÏÌÙÁÍÁÔÏÓÁÎ ÆÅÌÉÓÍÅÒÎÉ ïÓ ÅÚÅËÈÅÚ ÒÕÇÁÌÍÁÓÁÎ 
ÁÌËÁÌÍÁÚËÏÄÎÉȢ ! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÜÒÁ ïÐİÌě ÁÄÁÐÔþÖ ÒÅÎÄÓÚÅÒÅË ÅÚÔ 
Á ÆÏÌÙÁÍÁÔÏÔ ÎÁÇÙ ÐÏÎÔÏÓÓÜÇÇÁÌ ÔÜÍÏÇÁÔÊÜËȡ ÖÁÌĕÓ ÉÄÅÊĴ ÖÉÓÓÚÁÊÅÌÚïÓÅËÅÔ 
ÎÙĭÊÔÁÎÁËȟ ÄÉÎÁÍÉËÕÓÁÎ ÍĕÄÏÓþÔÊÜË Á ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁËÁÔȟ ïÓ ËïÐÅÓÅË Á 
tÁÎÕÌĕË ÆÅÊÌěÄïÓïÔ ÈÏÓÓÚĭ ÔÜÖÏÎ ËĘÖÅÔÎÉȢ -ÉÎÄÅÚ ÊÅÌÅÎÔěÓÅÎ ÈÏÚÚÜÊÜÒÕÌ ÅÇÙ 
ÏÌÙÁÎ ÔÁÎÕÌÜÓÉ ËĘÒÎÙÅÚÅÔ ËÉÁÌÁËþÔÜÓÜÈÏÚȟ ÁÍÅÌÙÂÅÎ Á ÔÁÎÕÌĕË ÓÁÊÜÔ 
ÔÅÍÐĕÊÕËÂÁÎȟ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÜÍÏÇÁÔÜÓ ÍÅÌÌÅÔÔ ÈÁÌÁÄÈÁÔÎÁËȢ  

! ËĘÖÅÔËÅÚě ÆÅÊÅÚÅÔÂÅÎ ÏÌÙÁÎ ÍÅÓÔÅÒÓïÇÅÓÉÎÔÅÌÌÉÇÅÎÃÉÁ-ÁÌÁÐĭ 
ÁÌËÁÌÍÁÚÜÓÏËÁÔ ÍÕÔÁÔÕÎË ÂÅȟ ÁÍÅÌÙÅË ÂÉÚÏÎÙþÔÏÔÔÁÎ ÔÜÍÏÇÁÔÊÜË Á 
ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓÔȢ 

3 MI-ÁÌÁÐĭ ÁÌËÁÌÍÁÚÜÓÏË Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓ 
ÔÜÍÏÇÁÔÜÓÜÒÁ 

! ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓ ÅÌÍïÌÅÔÉ ËÅÒÅÔÅÉÎÅË ÉÓÍÅÒÔÅÔïÓïÔ ËĘÖÅÔěÅÎ 
ÆÏÎÔÏÓ ÒÜÖÉÌÜÇþÔÁÎÉ ÁÚÏËÒÁ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ-ÁÌÁÐĭ ÁÌËÁÌÍÁÚÜÓÏËÒÁȟ 
ÁÍÅÌÙÅË Á ÇÙÁËÏÒÌÁÔÂÁÎ ÉÓ ÂÉÚÏÎÙþÔÏÔÔÁÎ ÔÜÍÏÇÁÔÊÜË ÁÚ ÅÇÙïÎÉ ÔÁÎÕÌÜÓÉ 
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ĭÔÖÏÎÁÌÁË ËÉÁÌÁËþÔÜÓÜÔȢ !Ú ÅÌÍĭÌÔ ïÖÅËÂÅÎ ÓÚÜÍÏÓ ÅÍÐÉÒÉËÕÓ ËÕÔÁÔÜÓ 
ÖÉÚÓÇÜÌÔÁ ÁÚ -) ËİÌĘÎÂĘÚě ÔÁÎÔÜÒÇÙÁËÂÁÎ ÖÁÌĕ ÆÅÌÈÁÓÚÎÜÌÈÁÔĕÓÜÇÜÔȟ 
ËİÌĘÎĘÓÅÎ ÏÌÙÁÎ ÔÅÒİÌÅÔÅËÅÎȟ ÍÉÎÔ Á ÍÁÔÅÍÁÔÉËÁ ÖÁÇÙ Á ÎÙÅÌÖÔÁÎÕÌÜÓȢ ! 
ÆÅÊÅÚÅÔ ÃïÌÊÁȟ ÈÏÇÙ ÂÅÍÕÔÁÓÓÁ ÁÚÏËÁÔ Á ÒÅÌÅÖÜÎÓ -)-ÅÓÚËĘÚĘËÅÔ ïÓ 
ÔÁÎÕÌÜÓÔÜÍÏÇÁÔĕ ÒÅÎÄÓÚÅÒÅËÅÔȟ ÁÍÅÌÙÅË ËÕÔÁÔÜÓÏË ÓÚÅÒÉÎÔ ÈÁÔïËÏÎÙÁÎ 
ÊÜÒÕÌÎÁË ÈÏÚÚÜ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔÁÂÂȟ ÍÏÔÉÖÜÌĕÂÂ ïÓ ÅÒÅÄÍïÎÙÅÓÅÂÂ 
ÔÁÎÕÌÜÓÉ ËĘÒÎÙÅÚÅÔÅË ËÉÁÌÁËþÔÜÓÜÈÏÚȢ  

!Ú ÁÌËÁÌÍÁÚÜÓÏË ÖÉÚÓÇÜÌÁÔÁ ÓÏÒÜÎ ÓÚÅÍÐÏÎÔËïÎÔ ÈÁÔÜÒÏÚÔÕË ÍÅÇȟ ÈÏÇÙ ÁÚ 
adott MI-ÔÅÃÈÎÏÌĕÇÉÁ ÅÌÓěÓÏÒÂÁÎ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓ ÔÜÍÏÇÁÔÜÓÜÔ 
ÓÚÏÌÇÜÌÊÁȢ %ÎÎÅË ÍÅÇÆÅÌÅÌěÅÎ Á ÊÅÌÅÎ ÔÁÎÕÌÍÜÎÙ ÎÅÍ ÔÜÒÇÙÁÌ ÏÌÙÁÎ 
ÒÅÎÄÓÚÅÒÅËÅÔȟ ÁÍÅÌÙÅË ÂÜÒ ÁÕÔÏÍÁÔÉÚÜÌÔ ïÒÔïËÅÌïÓÔ ÖÁÇÙ ÖÉÓÓÚÁÊÅÌÚïÓÔ 
ÂÉÚÔÏÓþÔÁÎÁËȟ ÄÅ ÎÅÍ ÁÌËÁÌÍÁÚÎÁË ÁÄÁÐÔþÖ ÁÌÇÏÒÉÔÍÕÓÏËÁÔȢ &ÏÎÔÏÓ 
ËÉÖÜÌÁÓÚÔÜÓÉ ËÒÉÔïÒÉÕÍ ÖÏÌÔ ÔÏÖÜÂÂÜȟ ÈÏÇÙ ÁÚ ÁÄÏÔÔ ÁÌËÁÌÍÁÚÜÓ ÈÁÔïËÏÎÙÓÜÇÜÔ 
ÆİÇÇÅÔÌÅÎ ËÕÔÁÔÜÓÏË ÉÓ ÖÉÚÓÇÜÌÊÜËȟ ïÓ ÁÚ ÅÒÅÄÍïÎÙÅËÅÔ ÔÕÄÏÍÜÎÙÏÓ 
ÐÕÂÌÉËÜÃÉĕË ÔÜÍÁÓÓÚÜË ÁÌÜȢ ^ÇÙ Á ÂÅÍÕÔÁÔÏÔÔ ÒÅÎÄÓÚÅÒÅË ÅÓÅÔïÂÅÎ ÎÅÍ 
ËÉÚÜÒĕÌÁÇ Á ÆÅÊÌÅÓÚÔěË ÜÌÌþÔÜÓÁÉÒÁ ÔÜÍÁÓÚËÏÄÕÎËȟ ÈÁÎÅÍ ÅÍÐÉÒÉËÕÓ 
ÂÉÚÏÎÙþÔïËÏËËÁÌ ÉÓ ÁÌÜÔÜÍÁÓÚÔÈÁÔĕ ÇÙÁËÏÒÌÁÔÉ ÅÒÅÄÍïÎÙÅËÅÔ ÍÕÔÁÔÕÎË ÂÅȢ ! 
ÓÚĴÒïÓÉ ÆÏÌÙÁÍÁÔÏÔ ËĘÖÅÔěÅÎ Á ÌÅÇÔĘÂÂ ÒÅÌÅÖÜÎÓ ïÓ ÍÅÇÂþÚÈÁÔĕ ÅÒÅÄÍïÎÙ Á 
matematikÁÉ ïÓ Á ÎÙÅÌÖÉ ËïÓÚÓïÇÅË ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÆÅÊÌÅÓÚÔïÓïÔ ÔÜÍÏÇÁÔĕ 
ÁÌËÁÌÍÁÚÜÓÏËÈÏÚ ËÁÐÃÓÏÌĕÄÏÔÔȟ ÅÚïÒÔ Å ËïÔ ÔÅÒİÌÅÔ ËİÌĘÎ ÁÌÆÅÊÅÚÅÔÂÅÎ ËÅÒİÌ 
ÂÅÍÕÔÁÔÜÓÒÁȢ %ÍÅÌÌÅÔÔ ÅÇÙ ÔÏÖÜÂÂÉ ÁÌÆÅÊÅÚÅÔÂÅÎ ÉÓÍÅÒÔÅÔÊİË ÁÚÏËÁÔ ÁÚ ÅÇÙïÂ 
ÔÁÎÔÜÒÇÙÁËÈÏÚ ËÁÐÃÓÏÌĕÄĕ -)-ÁÌÁÐĭ ÒÅÎÄÓÚÅÒÅËÅÔȟ ÁÍÅÌÙÅË ÓÚÉÎÔïÎ 
ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ ÆÕÎËÃÉĕËÁÔ ËþÎÜÌÎÁËȢ 

σȢρ -) ÁÌËÁÌÍÁÚÜÓÏË Á ÍÁÔÅÍÁÔÉËÁ ÔÁÎÕÌÜÓÂÁÎ 

ALEKS (Assessment and LEarning in Knowledge Spaces): A rendszer 
ÍÅÓÔÅÒÓïÇÅÓÉÎÔÅÌÌÉÇÅÎÃÉÁ-aÌÁÐĭ ÁÌÇÏÒÉÔÍÕÓÏËÁÔ ÁÌËÁÌÍÁÚ Á ÔÁÎÕÌĕË ÅÌěÚÅÔÅÓ 
ÔÕÄÜÓÜÎÁËȟ ÈÉÜÎÙÏÓÓÜÇÁÉÎÁË ïÓ ÔÅÌÊÅÓþÔÍïÎÙïÎÅË ÆÅÌÔïÒËïÐÅÚïÓïÒÅȟ ïÓ ÅÎÎÅË 
ÁÌÁÐÊÜÎ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁËÁÔ ÈÏÚ ÌïÔÒÅȢ ! ÔÁÎÕÌĕË 
ÆÏÌÙÁÍÁÔÏÓÁÎ ÖÜÌÔÏÚĕȟ Á ÒÅÎÄÓÚÅÒ ÜÌÔÁÌ ÇÅÎÅÒÜÌÔ ÆÅÌÁÄÁÔÓÏÒÏËËÁÌ ÄÏlgoznak, 
ÍÉËĘÚÂÅÎ Á ÓÚÏÆÔÖÅÒ ÉÄěÒěÌ ÉÄěÒÅ ĭÊÒÁïÒÔïËÅÌÉ ÔÕÄÜÓÓÚÉÎÔÊİËÅÔ ɍρψɎȢ !Ú !,%+3 
ÌïÎÙÅÇÅȟ ÈÏÇÙ Á ÔÁÎÕÌĕ ÃÓÁË ÁÚÏËÏÎ Á ÔïÍÁËĘÒĘËĘÎ ÄÏÌÇÏÚÉËȟ ÁÍÅÌÙÅËÅÔ ÍïÇ 
ÎÅÍ ÓÁÊÜÔþÔÏÔÔ ÅÌȟ ÍÉËĘÚÂÅÎ ÁÚÏÎÎÁÌÉ ÖÉÓÓÚÁÊÅÌÚïÓÔ ËÁÐ Á ÔÅÌÊÅÓþÔÍïÎÙïÒěÌȢ !Ú 
ÁÌËÁÌÁÍÚÜÓ ÏÌÙÁÎ ÔïÍÁËĘÒĘË ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔÁÂÂ ÔÁÎÕÌÜÓÜÔ ÔÅÓÚÉ ÌÅÈÅÔěÖïȟ 
ÍÉÎÔ ÁÚ ÁÌÇÅÂÒÁ ïÓ Á ÇÅÏÍÅÔÒÉÁȢ %ÍÐÉÒÉËÕÓ ÖÉÚÓÇÜÌÁÔÏË ÉÇÁÚÏÌÊÜË ÁÚ !,%+3 
ÇÙÁËÏÒÌÁÔÉ ÈÁÔïËÏÎÙÓÜÇÜÔȢ #ÒÁÉÇ ïÓ ÍÕÎËÁÔÜÒÓÁÉ ÏÌÙÁÎ ÂÅÁÖÁÔËÏÚÜÓÉ 
ËþÓïÒÌÅÔÅÔ ÖïÇÅÚÔÅËȟ ÁÍÅÌÙÂÅÎ ÁÚ ÅÇÙÉË ÔÁÎÕÌĕÃÓÏÐÏÒÔ ÅÇÙïÎÉÌÅÇ dolgozott az 
!,%+3 ÒÅÎÄÓÚÅÒÒÅÌȟ ÍþÇ Á ËÏÎÔÒÏÌÌÃÓÏÐÏÒÔ ÔÁÎÜÒÉ ÉÒÜÎÙþÔÜÓĭȟ ÉÎÔÅÒÁËÔþÖ 
ĕÒÜËÏÎ ÖÅÔÔ ÒïÓÚÔȢ !Ú ÅÒÅÄÍïÎÙÅË ÓÚÅÒÉÎÔ ÁÚ !,%+3-ÃÓÏÐÏÒÔ ÓÚÉÇÎÉÆÉËÜÎÓÁÎ 
ÊÏÂÂÁÎ ÔÅÌÊÅÓþÔÅÔÔ ÁÚ ÜÌÌÁÍÉ ïÒÔïËÅÌě ÔÅÓÚÔÅËÅÎȟ ÔÏÖÜÂÂÜ ËÅÖÅÓÅÂÂ ÔÁÎÜÒÉ 
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ÓÅÇþÔÓïÇÒÅ ÓÚÏÒÕÌÔ ɍρωɎȢ 9ÉÌÍÁÚ ÖÉÚÓÇÜÌÁÔÜÂÁÎ ÁÒÒÁ ËĘÖÅÔËÅÚÔÅÔÅÔÔȟ ÈÏÇÙ ÁÚ 
!,%+3 ÓÔÁÔÉÓÚÔÉËÁÉÌÁÇ ËÉÍÕÔÁÔÈÁÔĕ ÍïÒÔïËÂÅÎ ÊÁÖþÔÏÔÔÁ Á ËĘÚïÐÉÓËÏÌÜÓ 
ÔÁÎÕÌĕË ÍÁÔÅÍÁÔÉËÁÉ ÅÒÅÄÍïÎÙÅÉÔ ɍςπɎȢ 

MATHia : A Kɀρς ÍÁÔÅÍÁÔÉËÁÏËÔÁÔÜÓ ÅÇÙÉË ÍÅÇÈÁÔÜÒÏÚĕ ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓÉ 
ÍÅÇÏÌÄÜÓÁȢ ! ÓÚÏÆÔÖÅÒ Á ÔÁÎÕÌĕË ÖÜÌÁÓÚÁÉÎÁË ÅÌÅÍÚïÓÅ ÒïÖïÎ ËÏÇÎÉÔþÖ 
ÍÏÄÅÌÌÔ ïÐþÔ ÁÚ ÅÇÙÅÓ ÔÁÎÕÌĕË ÔÕÄÜÓÓÚÉÎÔÊïÒěÌȟ ïÓ ÅÎÎÅË ÁÌÁÐÊÜÎ ÓÚÅÍïÌÙÒÅ 
ÓÚÁÂÏÔÔ ÔÅÍÐĕÔȟ ÆÅÌÁÄÁÔÏËÁÔ ïÓ ÖÉÓÓÚÁÊÅÌÚïÓÔ ÂÉÚÔÏÓþÔ ɍςρɎȢ ! ÒÅÎÄÓÚÅÒ ÓÚÜÍÏÓ 
ÔïÍÁËĘÒÔ ÌÅÆÅÄ ɀ ÔĘÂÂÅË ËĘÚĘÔÔ ÁÚ ÁÌÇÅÂÒÜÔȟ ÇÅÏÍÅÔÒÉÜÔȟ ÔÒÉÇÏÎÏÍÅÔÒia 
ÁÌÁÐÊÁÉÔ ïÓ ÖÁÌĕÓÚþÎĴÓïÇÓÚÜÍþÔÜÓÔ ɀ ïÓ Á ÐÒÏÂÌïÍÁÍÅÇÏÌÄÜÓÒÁȟ ÖÁÌÁÍÉÎÔ Á 
ÍÁÔÅÍÁÔÉËÁÉ ÇÏÎÄÏÌËÏÄÜÓ ÅÌÍïÌÙþÔïÓïÒÅ ÈÅÌÙÅÚÉ Á ÈÁÎÇÓĭÌÙÔȢ ! +-12 szint 
ÍÅÌÌÅÔÔȟ Á -!4(ÉÁ ÂÉÚÏÎÙþÔÏÔÔÁÎ ËĘÚïÐÉÓËÏÌÁÉ ÓÚÉÎÔÅÎ ÉÓ ÐÏÚÉÔþÖ 
ÅÒÅÄÍïÎÙÅËÅÔ ïÒÔ ÅÌȢ !Ú ÁÌËÁÌÍÁÚÜÓÔ ÈÁÓÚÎÜÌĕ ÄÉÜËÏË ÓÚÉÇÎÉÆÉËÜÎÓÁÎ ÊÏÂÂÁÎ 
ÔÅÌÊÅÓþÔÅÔÔÅËȟ ÍÉÎÔ Á ÈÁÇÙÏÍÜÎÙÏÓ ÔÁÎËĘÎÙÖÅËÅÔ ÁÌËÁÌÍÁÚĕ ËÏÎÔÒÏÌÌÃÓÏÐÏÒÔ 
ɍςςȟ ςσɎȢ 2ÉÔÔÅÒ ïÓ &ÁÎÃÓÁÌÉ ÅÒÅÄÍïÎÙÅÉ ÓÚÅÒÉÎÔ Á ÓÚÏÆÔÖÅÒ ËİÌĘÎĘÓÅÎ 
ÈÁÔïËÏÎÙ ÖÅÇÙÅÓ ÏËÔÁÔÜÓÉ ÍÏÄÅÌÌÂÅÎȟ ÁÈÏÌ ÁÚ ÉÄě ËÂȢ τπϷ-ÜÂÁÎ ÈÁÓÚÎÜÌÊÜË ÁÚ 
ÁÌËÁÌÍÁÚÜÓt, 60%-ÂÁÎ ÐÅÄÉÇ ÓÚĘÖÅÇÅÓȾÔÁÎÜÒÉ ÁÎÙÁÇÏËËÁÌ ÄÏÌÇÏÚÎÁË Á 
ÔÁÎÕÌĕË ɍςτɎȢ 

+ÎÅ×ÔÏÎ ïÓ +ÎÅ×ÔÏÎ !ÌÔÁȡ ! +ÎÅ×ÔÏÎ ïÓ Á +ÎÅ×ÔÏÎ !ÌÔÁ ÏÌÙÁÎ ÁÄÁÐÔþÖ 
ÔÁÎÕÌÜÓÉ ÐÌÁÔÆÏÒÍÏËȟ ÁÍÅÌÙÅË ÅÌÓěÓÏÒÂÁÎ ÍÁÔÅÍÁÔÉËÁ ïÓ ÓÔÁÔÉÓÚÔÉËÁ 
ÔÅÒİÌÅÔïÎ ÁÌËÁÌÍÁÚÈÁÔĕËȢ ! ÒÅÎÄÓÚÅÒ ÉÎÔÅÇÒÜÌÔ ÇïÐÉ ÔÁÎÕÌÜÓÉ ÔÅÃÈÎÏÌĕÇÉÜËÁÔ 
ÈÁÓÚÎÜÌȟ ïÓ Á ÔÁÎÕÌĕË ÖÜÌÁÓÚÁÉȟ ÔÁÎÕÌÜÓÉ ÓÚÏËÜÓÁÉ ïÓ ÉÎÔÅÒÁËÃÉĕÉ ÁÌÁÐÊÜÎ 
ÓÚÅÍïÌÙÒÅ ÓÚÁÂÊÁ Á ÔÁÒÔÁÌÍÁÔ ɍςυɎȢ ! ÐÌÁÔÆÏÒÍ ÁÌÁÐÊÁ ÅÇÙ ÎÅÍÌÉÎÅÜÒÉÓ 
ÔÕÄÜÓÇÒÜÆȟ ÁÍÅÌÙ ĘÓÓÚÅËÁÐÃÓÏÌÊÁ Á ÆÏÇÁÌÍÁËÁÔȟ ïÓ ÌÅÈÅÔěÖï ÔÅÓÚÉȟ ÈÏÇÙ Á 
ÔÁÎÁÎÙÁÇ ÎÅÈïÚÓïÇÅ Á ÔÁÎÕÌĕ ÁËÔÕÜÌÉÓ ÔÅÌÊÅÓþÔÍïÎÙïÈÅÚ ÉÇÁÚÏÄÊÏÎ ɀ ha a 
ÔÁÎÕÌĕ ÎÅÈïÚÓïÇÅËÂÅ İÔËĘÚÉËȟ Á ÒÅÎÄÓÚÅÒ ÅÇÙÓÚÅÒĴÂÂ ÔÁÒÔÁÌÏÍÒÁ ÖÜÌÔȟ ÍþÇ 
ÓÉËÅÒ ÅÓÅÔïÎ ÔÏÖÜÂÂ ÌïÐÔÅÔÉ ěÔȢ ! ÇÙÁËÏÒÌÁÔÉ ÁÌËÁÌÍÁÚÜÓÏË ËĘÚİÌ ËÉÅÍÅÌÈÅÔě 
-ÁÒÉÅÎËÏ ïÓ ÔÜÒÓÁÉ ÍÕÎËÜÊÁȟ ÁÈÏÌ Á +ÎÅ×ÔÏÎ ÂÅÖÅÚÅÔïÓïÔ ËĘÖÅÔěÅÎ Á ÔÁÎÕÌĕË 
ÌÅÍÏÒÚÓÏÌĕÄÜÓÉ ÁÒÜÎÙÁ ρσϷ-ÒĕÌ φϷ-ÒÁ ÃÓĘËËÅÎÔȟ ÍþÇ Á ÔÁÎÕÌÍÜÎÙÁÉËÁÔ 
ÂÅÆÅÊÅÚěË ÁÒÜÎÙÁ φφϷ-ÒĕÌ χυϷ-ÒÁ ÎěÔÔ ɍςφɎȢ !Ú ÅÌěÚěËÂÅÎ ÉÓÍÅÒÔÅÔÅÔÔ 
ÁÌËÁÌÍÁÚÜÓÏËËÁÌ ÓÚÅÍÂÅÎ Á +ÎÅ×ÔÏÎ !ÌÔÁ ÆÅÌÓěÏËÔÁÔÜÓÉ ËÕÒÚÕÓÏËÂÁÎ ÉÓ 
ÈÁÓÚÎÜÌÁÔÏÓȟ ÁÈÏÌ ÁÚ ÏËÔÁÔĕË Á ÔÁÎÕÌÜÓÉ ÃïÌÏË ËÉÖÜÌÁÓÚÔÜÓÜÖÁÌ ÁÄÁÐÔþÖ 
ÆÅÌÁÄÁÔÏËÁÔ ïÓ ÓÔÁÔÉËÕÓ ÔÅÓÚÔÅËÅÔ ÜÌÌþÔÁÎÁË ĘÓÓÚÅȟ Á ÒÅÎÄÓÚÅÒ ÐÅÄÉÇ ÒïÓÚÌÅÔÅÓ 
ÁÎÁÌÉÔÉËÁÉ ÊÅÌÅÎÔïÓÅËËÅÌ ÔÜÍÏÇÁÔÊÁ Á ÐÅÄÁÇĕÇÕÓÏËÁÔ ɍςχɎȢ 

σȢς -) ÁÌËÁÌÍÁÚÜÓÏË Á ÎÙÅÌÖÔÁÎÕÌÜÓÂÁÎ 

Duolingoȡ ÅÇÙ ÓÚïÌÅÓ ËĘÒÂÅÎ ÉÓÍÅÒÔȟ ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÜÔ ÈÁÓÚÎÜÌĕ 
ÎÙÅÌÖÔÁÎÕÌĕ ÁÌËÁÌÍÁÚÜÓȢ ! ÒÅÎÄÓÚÅÒ ÅÇÙ ÓÁÊÜÔ ÆÅÊÌÅÓÚÔïÓĴ ÎÁÇÙ ÎÙÅÌÖÉ ÍÏÄÅÌÌÔ 
ɉȵ"ÉÒÄÂÒÁÉÎȱɊ ÁÌËÁÌÍÁÚȟ ÁÍÅÌÙ Á ÆÅÌÈÁÓÚÎÜÌĕÉ ÖÜÌÁÓÚÏË ÁÌÁÐÊÜÎ ÂÅÃÓİÌÉ ÍÅÇ Á 
ÔÁÎÕÌĕ ÁËÔÕÜÌÉÓ ÎÙÅÌÖÔÕÄÜÓÜÔȟ ïÓ ÅÈÈÅÚ ÉÇÁÚþÔÊÁ Á ÆÅÌÁÄÁÔÏË ÎÅÈïÚÓïÇÉ ÓÚÉÎÔÊïÔȢ 
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A ÔÁÎÕÌĕ Êĕ ÔÅÌÊÅÓþÔÍïÎÙÅ ÅÓÅÔïÎ Á ÒÅÎÄÓÚÅÒ ÂÏÎÙÏÌÕÌÔÁÂÂ ÆÅÌÁÄÁÔÏËÁÔ ËþÎÜÌȟ 
ÍþÇ ÈÉÂÜÚÜÓ ÅÓÅÔïÎ ÖÉÓÓÚÁÔïÒ ÁÚ ÅÇÙÓÚÅÒĴÂÂ ÔÁÒÔÁÌÍÁËÈÏÚȟ ÉÌÌÅÔÖÅ ÉÓÍïÔÌÉ ÁÚ 
ÅÌěÚěÌÅÇ ÔÁÎÕÌÔ ÓÚÁÖÁËÁÔ ïÓ ËÉÆÅÊÅÚïÓÅËÅÔ ɍςψɎȢ %ÍÐÉÒÉËÕÓ ÖÉÚÓÇÜÌÁÔÏË ÓÚÅÒÉÎÔ 
Á $ÕÏÌÉÎÇÏ ÈÁÔïËÏÎÙÁÎ ÔÜÍÏÇÁÔÊÁ Á ÎÙÅÌÖÔÁÎÕÌÜÓ ÂÉÚÏÎÙÏÓ ÁÓÐÅËÔÕÓÁÉÔȢ *ÉÁÎÇ 
ïÓ ÍÕÎËÁÔÜÒÓÁÉ ÏÌÙÁÎ ÔÁÎÕÌĕËÁÔ ÖÉÚÓÇÜÌÔÁËȟ ÁËÉËÎÅË ÎÅÍ ÖÏÌÔ ÅÌěÚÅÔÅÓ ÁÎÇÏÌ 
ÎÙÅÌÖÔÕÄÜÓÕËȟ ïÓ ÁÚÔ ÔÁÌÜÌÔÜËȟ ÈÏÇÙ Á ËÕÒÚÕÓ ÅÌÖïÇÚïÓïÔ ËĘÖÅÔěÅÎ Á 
ÒïÓÚÔÖÅÖěË ËĘÚÅÐÅÓÅÎ ÍÁÇÁÓ ÏÌÖÁÓÜÓÉ ïÓ ËĘÚïÐÓÚÉÎÔĴ ÈÁÌÌÜÓïÒÔïÓÉ 
erÅÄÍïÎÙÅËÅÔ ïÒÔÅË ÅÌȢ %ÇÙ ÍÜÓÉË ÖÉÚÓÇÜÌÁÔÂÁÎ Á ÓÐÁÎÙÏÌ ïÓ ÆÒÁÎÃÉÁ ÎÙÅÌÖ 
ËÅÚÄě ÓÚÁËÁÓÚÜÔ ÂÅÆÅÊÅÚě ÔÁÎÕÌĕË ÁÚ ÏÌÖÁÓÜÓÉ ËïÓÚÓïÇ ÔÅÒïÎ ËĘÚÅÐÅÓÅÎ 
ÁÌÁÃÓÏÎÙȟ ÈÁÌÌÜÓïÒÔïÓÂÅÎ ÐÅÄÉÇ ÍÁÇÁÓ ËÅÚÄě ÓÚÉÎÔÅÔ ïÒÔÅË ÅÌ ɍςωɎȢ !ÊÉÓÏËÏ 
ÅÒÅÄÍïÎÙÅÉ ÁÒÒÁ ÕÔÁÌÎÁËȟ ÈÏÇÙ Á $ÕÏÌÉÎÇÏ ÈÁÓÚÎÜÌÁÔÁ ÐÏÚÉÔþÖÁÎ ÈÁÔ Á 
ÓÚĕËÉÎÃÓÆÅÊÌěÄïÓÒÅȟ Á ÔÁÎÕÌĕÉ ÍÏÔÉÖÜÃÉĕÒÁ ïÓ ÁÚ ÕÎÁÌÏÍ ÃÓĘËËÅÎÔïÓïÒÅ ɍσπɎȢ 
!ÈÍÅÄ ÅÓÅÔÔÁÎÕÌÍÜÎÙÁ ÕÇÙÁÎÁËËÏÒ ÒÜÍÕÔÁÔ ÂÉÚÏÎÙÏÓ ËÏÒÌÜÔÏËÒÁ ÉÓȟ ÐïÌÄÜÕÌ 
ÁÒÒÁȟ ÈÏÇÙ Á ËïÐÉ ÔÜÍÁÓÚ ÎïÌËİÌÉ ÓÚĕËÉÎÃÓÆÅÊÌÅÓÚÔïÓ ÅÓÅÔïÎ Á ÔÁÎÕÌĕË ÎÅÍ 
minden eseÔÂÅÎ ïÒÔÉË ÍÅÇ ÁÚ ĭÊ ÓÚÁÖÁË ÊÅÌÅÎÔïÓïÔ ɍσρɎȢ !Ú ÁÌËÁÌÍÁÚÜÓÔ ÓÁÊÜÔ 
ÖÉÚÓÇÜÌÁÔÕÎË ÓÏÒÜÎ ÉÓ ÔÅÓÚÔÅÌÔİËȟ ÁÍÅÌÙÎÅË ÓÏÒÜÎ ÂÉÚÏÎÙÏÓ ËÏÒÌÜÔÏËÒÁ ÈþÖÔÕË 
ÆÅÌ Á ÆÉÇÙÅÌÍÅÔȢ ! $ÕÏÌÉÎÇÏ ÅÌÔïÒě ÎÙÅÌÖÉ ËþÎÜÌÁÔÏÔ ÂÉÚÔÏÓþÔ ÁÔÔĕÌ ÆİÇÇěÅÎȟ ÈÏÇÙ 
Á ÆÅÌÈÁÓÚÎÜÌĕ ÍÉÌÙÅÎ ÁÌÁÐÎÙÅÌÖĴ ÆÅÌİÌÅÔÒěÌ ÉÎÄÕÌȢ %Ú ÁÚÔ ÊÅÌÅÎÔÉȟ ÈÏÇÙ Á 
ÍÁÇÙÁÒÕÌ ÖÁÇÙ ÓÚÌÏÖÜËÕÌ ÂÅÓÚïÌěȟ ïÓ ÍÜÓ ÉÄÅÇÅÎ ÎÙÅÌÖÅÔ ÔÁÎÕÌÎÉ ËþÖÜÎĕ 
ÆÅÌÈÁÓÚÎÜÌĕË ÓÚÜÍÜÒÁ ÌïÎÙÅÇÅÓÅÎ ÓÚĴËÅÂÂ Á ÖÜÌÁÓÚÔÈÁÔĕ ÃïÌ-ÎÙÅÌÖÅË ËĘÒÅȟ 
ÍÉÎÔ ÁÚÏË ÅÓÅÔïÂÅÎȟ ÁËÉË ÍÜÒ ÒÅÎÄÅÌËÅÚÎÅË ÁÎÇÏÌ ÎÙÅÌÖÔÕÄÜÓÓÁÌȟ ïÓ ÁÎÇÏÌ 
feÌİÌÅÔÒěÌ ÖÜÌÁÓÚÔÁÎÁË ĭÊ ÎÙÅÌÖÅÔȢ 4ÏÖÜÂÂÜ Á ÍÁÇÙÁÒ ÎÙÅÌÖĴ ËÕÒÚÕÓ 
ÔÅÓÚÔÅÌïÓÅËÏÒ Á ÍÏÎÄÁÔÁÌËÏÔÜÓÉ ÆÅÌÁÄÁÔÏËÎÜÌ ÔĘÂÂ ÅÓÅÔÂÅÎ ÔÁÐÁÓÚÔÁÌÔÕÎË 
ÍÁÇÙÁÒÔÁÌÁÎȟ ËİÌĘÎĘÓÅÎ Á ËïÒÄě ÍÏÎÄÁÔÏË ÅÓÅÔïÂÅÎ ÎÙÅÌÖÉÌÅÇ 
ÔÅÒÍïÓÚÅÔÅÌÌÅÎÅÓ ÍÅÇÆÏÇÁÌÍÁÚÜÓÏËÁÔȢ %ÚÅË Á ÔïÎÙÅÚěË ÁÒÒÁ ÕÔÁÌÎak, hogy 
ÂÜÒ Á $ÕÏÌÉÎÇÏ ÁÄÁÐÔþÖ ïÓ ÍÏÔÉÖÜÌĕ ËÅÒÅÔÅÔ ËþÎÜÌ Á ÎÙÅÌÖÔÁÎÕÌÜÓÈÏÚȟ ÅÇÙÅÓ 
ÎÙÅÌÖÉ ÍÕÔÜÃÉĕË ÅÓÅÔïÂÅÎ ÍïÇ ÔÏÖÜÂÂÉ ÆÅÊÌÅÓÚÔïÓÒÅ ÓÚÏÒÕÌ Á ÔÁÒÔÁÌÍÉ ÍÉÎěÓïÇ 
ïÓ Á ÌÏËÁÌÉÚÜÃÉĕ ÐÏÎÔÏÓÓÜÇÁȢ 

Babbel:  #ïÌÊÁȟ ÈÏÇÙ ÇÙÏÒÓ ïÓ ÇÙÁËÏÒÌÁÔÏÒÉÅÎÔÜÌÔ ÎÙÅÌÖÔÁÎÕÌÜÓÉ ïÌÍïÎÙt 
ËþÎÜÌÊÏÎ Á ÆÅÌÈÁÓÚÎÜÌĕË ÓÚÜÍÜÒÁȢ ! ȵ"ÁÂÂÅÌ 3ÐÅÁËȱ ÎÅÖĴ ÂÅÓÚïÌÇÅÔïÓÉ ÆÕÎËÃÉĕ 
ÅÇÙ ÖÉÒÔÕÜÌÉÓ ÂÅÓÚïÌěÐÁÒÔÎÅÒËïÎÔ ÍĴËĘÄÉËȟ ïÓ ÐÜÒÂÅÓÚïÄÈÅÌÙÚÅÔÅËÂÅÎ 
ÇÙÁËÏÒÏÌÔÁÔÊÁ Á ÔÁÎÕÌĕÔȢ ! ÐÌÁÔÆÏÒÍ ÆÅÊÌÅÔÔ ÂÅÓÚïÄÆÅÌÉÓÍÅÒě ÁÌÇÏÒÉÔÍÕÓÏËÁÔ 
ÈÁÓÚÎÜÌ Á ËÉÅÊÔïÓ ïÒÔïËÅÌïÓïÒÅȟ ÔÏÖÜÂÂÜ Á ÔÁÎÕÌĕÉ ÔÅÌÊÅÓþÔÍïÎÙ ÆÏÌÙÁÍÁÔÏÓ 
ÅÌÅÍÚïÓÅ ÁÌÁÐÊÜÎ ÊÁÖÁÓÏÌ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÒÔÁÌÍÁËÁÔȢ .ÕÓÈÉ ÒïÓÚÌÅÔÅÓ 
ÅÌÅÍÚïÓÅ ÓÚÅÒÉÎÔ Á "ÁÂÂÅÌ Á ÆÉÚÅÔěÓ ÎÙÅÌÖÏËÔÁÔĕ ÁÌËÁÌÍÁÚÜÓÏË ËĘÚĘÔÔ 
ËĘÚÅÐÅÓÅÎ ÐÏÚþÃÉÏÎÜÌÈÁÔĕȡ ËÅÖïÓÂï ÅÌÔÅÒÊÅÄÔȟ ÍÉÎÔ Á $ÕÏÌÉÎÇÏȢ ! ËÕÔÁÔÜÓ 
szerinÔ Á "ÁÂÂÅÌ ÇÁÍÉÆÉËÜÌÔ ÅÌÅÍÅËÅÔ ÈÁÓÚÎÜÌ Á ÔÁÎÕÌĕÉ ïÌÍïÎÙ ÊÁÖþÔÜÓÜÒÁȟ 
ÕÇÙÁÎÁËËÏÒ ÐÅÄÁÇĕÇÉÁÉ ÍÅÇËĘÚÅÌþÔïÓÅȟ Á ËĘÚÖÅÔÌÅÎ ÆÏÒÄþÔÜÓÏËÒÁ ïÐþÔě 
ÍĕÄÓÚÅÒ ÍÅÇÏÓÚÔĕȟ ÍÉÖÅÌ ÅÇÙÅÓ ÔÁÎÕÌĕË ÓÚÜÍÜÒÁ ÒÅÎÄËþÖİÌ ÈÁÔïËÏÎÙ ïÓ 
ËĘÎÎÙÅÎ ËĘÖÅÔÈÅÔěȟ ÍþÇ ÍÜÓÏË ÓÚÜÍÜÒÁ ÔĭÌÓÜÇÏÓÁÎ ÄÅÄÕËÔþÖȟ ËÅÖïÓÓï 
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ËÏÍÍÕÎÉËÁÔþÖ ÊÅÌÌÅÇĴÎÅË ÔĴÎÈÅÔ ɍσςɎȢ +ÅÓÓÌÅÒ υω ÆěÓȟ ÖÅÇÙÅÓ ÍĕÄÓÚÅÒÔÁÎĭ 
ĘÓÓÚÅÈÁÓÏÎÌþÔĕ ÔÁÎÕÌÍÜÎÙÁ ÓÚÅÒÉÎÔ ÍÉÎÄËïÔ ÁÌËÁÌÍÁÚÜÓÔ ÈÁÓÚÎÜÌĕ ÔÁÎÕÌĕË 
ÓÚÜÍÏÔÔÅÖě ÅÌěÒÅÈÁÌÁÄÜÓÔ ïÒÔÅË ÅÌ Á ÖÉÚÓÇÜÌÔ ÎÙÅÌÖÉ ËïÓÚÓïÇÅËÂÅÎ ɉÏÌÖÁÓÜÓȟ 
þÒÜÓȟ ÂÅÓÚïÄȟ ÈÁÌÌÜÓïÒÔïÓȟ ÓÚĕËÉÎÃÓȟ ÎÙÅÌÖÔÁÎɊȟ ÕÇÙÁÎÁËËÏÒ ÎÅÍ ÍÕÔÁÔËÏÚÏÔÔ 
ÓÚÉÇÎÉÆÉËÜÎÓ ËİÌĘÎÂÓïÇ Á ËïÔ ÃÓÏÐÏÒÔ ÅÒÅÄÍïÎÙÅÉ ËĘÚĘÔÔȢ ! "ÁÂÂÅÌ ÅÓÅÔïÂÅÎ 
ÁÚÏÎÂÁÎ ÅÒěÓÅÂÂ ËÏÒÒÅÌÜÃÉĕÔ ÔÁÌÜÌÔÁË Á ÔÁÎÕÌÜÓÒÁ ÆÏÒÄþÔÏÔÔ ÉÄě ïÓ Á ÐÏÓÚÔÔÅÓÚÔ 
ÔÅÌÊÅÓþÔÍïÎÙÅ ËĘÚĘÔÔȟ ÁÍÉ ÁÒÒÁ ÕÔÁÌȟ ÈÏÇÙ Á ÒÅÎÄÓÚÅÒ ÈÁÔïËÏÎÙÓÜÇÁ ËİÌĘÎĘÓÅÎ 
ÁÚÏËÎÜÌ Á ÔÁÎÕÌĕËÎÜÌ ÍÁÇÁÓȟ ÁËÉË ÈÏÓÓÚÁÂÂ ÉÄÅÉÇȟ ËÉÔÁÒÔĕÁÎ ÈÁÓÚÎÜÌÊÜË ÁÚ 
ÁÌËÁÌÍÁÚÜÓÔȢ ! ÖÉÚÓÇÜÌÁÔ ÔÏÖÜÂÂÜ ÁÚÔ ÉÓ ËÉÍÕÔÁÔÔÁȟ ÈÏÇÙ Á "ÁÂÂÅÌ ÆÅÌÈÁÓÚÎÜÌĕÉ 
ÈÁÔïËÏÎÙÁÂÂÎÁË þÔïÌÔïË ÁÚ ÁÌËÁÌÍÁÚÜÓÔ Á ÎÙÅÌÖÔÁÎȟ Á ËÉÅÊÔïÓ ïÓ Á ÃïÌËÕÌÔĭÒÜÒÁ 
vonÁÔËÏÚĕ ÉÓÍÅÒÅÔÅË ÅÌÓÁÊÜÔþÔÜÓÜÂÁÎȟ ÍÉÎÔ Á $ÕÏÌÉÎÇÏ ÆÅÌÈÁÓÚÎÜÌĕÉ ɍσσɎȢ 

σȢσ 4ĘÂÂ ÔÁÎÔÜÒÇÙÁÔ ÌÅÆÅÄě ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓÉ ÐÌÁÔÆÏÒÍÏË 

Century Techȡ %ÇÙ ÏÌÙÁÎ ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓÉ ÐÌÁÔÆÏÒÍȟ ÁÍÅÌÙ ÍÅÓÔÅÒÓïÇÅÓ 
ÉÎÔÅÌÌÉÇÅÎÃÉÜÔȟ ÔÁÎÕÌÜÓÔÕÄÏÍÜÎÙÉ ïÓ ÉÄÅÇÔÕÄÏÍÜÎÙÉ ÅÒÅÄÍïÎÙÅËÅÔ 
ÉÎÔÅÇÒÜÌÖÁ ÔÜÍÏÇÁÔÊÁ Á ÔÁÎÕÌĕË ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÆÅÊÌěÄïÓïÔȢ ! ÒÅÎÄÓÚer 
ËÌÁÓÚÔÅÒÅÚïÓÉ ÅÌÊÜÒÜÓÏËÁÔ ÁÌËÁÌÍÁÚ Á ËİÌĘÎÂĘÚě ÔÁÎÕÌĕÃÓÏÐÏÒÔÏË 
ÁÚÏÎÏÓþÔÜÓÜÒÁȟ ÖÁÌÁÍÉÎÔ ÔÅÒÍïÓÚÅÔÅÓÎÙÅÌÖ-ÆÅÌÄÏÌÇÏÚÜÓÔ ÈÁÓÚÎÜÌ Á ÐÒÅÄÉËÔþÖ 
ÍÏÄÅÌÌÅÚïÓ ÆÉÎÏÍþÔÜÓÜÒÁ ɍστɎȢ ! ÐÌÁÔÆÏÒÍ ÆÏÌÙÁÍÁÔÏÓÁÎ ÇÙĴÊÔÉ ïÓ ÅÌÅÍÚÉ Á 
ÔÁÎÕÌĕÉ ÔÅÌÊÅÓþÔÍïÎÙÁÄÁÔÏËÁÔ ɉÖÜÌÁÓÚÏËȟ ÍÅÇÏÌÄÜÓÉ ÉÄěȟ ÈÉÂÜÚÜÓÉ ÍÉÎÔÜËɊȟ ïÓ 
ÅÚÅË ÁÌÁÐÊÜÎ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁËÁÔ ïÓ ÔÏÖÜÂÂÉ 
ÆÅÌÁÄÁÔÊÁÖÁÓÌÁÔÏËÁÔ ËþÎÜÌȢ ! ÔÁÎÜÒÉ ÂÅÓÚÜÍÏÌĕË ÓÚÅÒÉÎÔ Á ÒÅÎÄÓÚÅÒ ÓÅÇþÔÉ ÁÚ 
ÅÇÙïÎÉ ÔÜÍÏÇÁÔÜÓÒÁ ÓÚÏÒÕÌĕ ÔÁÎÕÌĕË ÁÚÏÎÏÓþÔÜÓÜÔȟ ÖÁÌÁÍÉÎÔ Á ÄÉÆÆÅÒÅÎÃÉÜÌÔ 
feladatkijÅÌĘÌïÓÔ ɍσυɎȢ ! ÐÌÁÔÆÏÒÍ ËİÌĘÎĘÓÅÎ ÁÚÏËÎÜÌ Á ÔÁÎÕÌĕËÎÜÌ ÂÉÚÏÎÙÕÌ 
ÈÁÓÚÎÏÓÎÁËȟ ÁËÉË ÇÙÅÎÇïÂÂÅÎ ÔÅÌÊÅÓþÔÅÎÅË ÂÉÚÏÎÙÏÓ ÔÁÎÔÜÒÇÙÁËÂÁÎȟ ÍÉÖÅÌ 
ÌÅÈÅÔěÓïÇÅÔ ÂÉÚÔÏÓþÔ ÓÁÊÜÔ ÔÁÎÕÌÜÓÉ ÔÅÍÐĕÊÕË ïÓ ÓÔþÌÕÓÕË ËĘÖÅÔïÓïÒÅȢ *ÅÌÅÎ 
ÁÌÆÅÊÅÚÅÔÂÅ ÖÁÌĕ ÂÅÓÏÒÏÌÜÓÁ ÁÎÎÁË ÅÒÅÄÍïÎÙÅȟ hogy a Century Tech a 
ÍÁÔÅÍÁÔÉËÁ ïÓ ÎÙÅÌÖÔÁÎÕÌÜÓ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓÜÎ ËþÖİÌ ÍÜÓ 
ÔÅÒÍïÓÚÅÔÔÕÄÏÍÜÎÙ ÔÁÎÔÜÒÇÙÁËȟ ÔÏÖÜÂÂÜ ÆĘÌÄÒÁÊÚ ïÓ ÔÅÓÔÎÅÖÅÌïÓ ÏËÔÁÔÜÓÜÔ ÉÓ 
ÔÜÍÏÇÁÔÊÁȢ 

Courseraȡ %ÇÙ -ÁÓÓÉÖÅ /ÐÅÎ /ÎÌÉÎÅ #ÏÕÒÓÅÓ ÐÌÁÔÆÏÒÍȟ ÍÅÌÙÅÔ ÅÌÓěÓÏÒÂÁÎ 
egyetemi szinÔĴ ÏËÔÁÔÜÓÂÁÎ ÁÌËÁÌÍÁÚÎÁË ɍσφɎȢ ! ÆÅÌİÌÅÔ ÍÅÓÔÅÒÓïÇÅÓ 
ÉÎÔÅÌÌÉÇÅÎÃÉÜÔ ÁÌËÁÌÍÁÚ ÁÎÎÁË ïÒÄÅËïÂÅÎȟ ÈÏÇÙ Á ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔÏÔ 
ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔÁÂÂÜ ÔÅÇÙÅȟ ïÓ ÈÁÔïËÏÎÙÁÂÂ ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁËÁÔ ÁÌÁËþÔÓÏÎ 
ËÉȢ ! ÒÅÎÄÓÚÅÒ ÁÌÇÏÒÉÔÍÕÓÁÉ ïÒÔïËÅÌÉË Á ÔÁÎÕÌĕË ÆÅÌÁÄÁÔÍÅÇÏÌÄÜÓÁÉÔȟ 
ÔÅÓÚÔÅÒÅÄÍïÎÙÅÉÔȟ ÁËÔÉÖÉÔÜÓÉ ÍÉÎÔÜÚÁÔÁÉÔ ïÓ ïÒÄÅËÌěÄïÓÉ ÔÅÒİÌÅÔÅÉÔȟ ÍÁÊÄ ÅÚÅË 
ÁÌÁÐÊÜÎ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÁÊÜÎÌÜÓÏËÁÔ ÁÄÎÁË Á ÔÏÖÜÂÂÉ ËÕÒÚÕÓÏË ÖÁÇÙ 
ÍÏÄÕÌÏË ËÉÖÜÌÁÓÚÔÜÓÜÈÏÚȢ (ÁÓÏÎÌĕÁÎ Á Century Tech-hez, ez a platform is 
ÔĘÂÂ ÔÕÄÏÍÜÎÙÔÅÒİÌÅÔÅÔ ÌÅÆÅÄȟ ÍÉÎÔ ÁÚ ÏÒÖÏÓÔÕÄÏÍÜÎÙÏËÁÔȟ 
a ÔÅÒÍïÓÚÅÔÔÕÄÏÍÜÎÙÏËÁÔ ɀ ÂÅÌÅïÒÔÖÅ ÁÚ ÉÎÆÏÒÍÁÔÉËÜÔȟ Á 
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ÔÜÒÓÁÄÁÌÏÍÔÕÄÏÍÜÎÙÏËÁÔȟ ÖÁÌÁÍÉÎÔ Á ÍĴÖïÓÚÅÔÅËÅÔȟ 
ÂĘÌÃÓïÓÚÅÔÔÕÄÏÍÜÎÙÏËÁÔ ïÓ Á ËĘÚÇÁÚÄÁÓÜÇÔÁÎÔȢ ! ÐÌÁÔÆÏÒÍ ÈÁÓÚÎÜÌĕÉ 
ÅÌïÇÅÄÅÔÔÓïÇïÔ ÖÉÚÓÇÜÌĕ ËÕÔÁÔÜÓÏË ÁÚÏÎÂÁÎ ÖÅÇÙÅÓ ËïÐÅÔ ÍÕÔatnak. Nguyen 
ËÖÁÎÔÉÔÁÔþÖ ïÓ ËÖÁÌÉÔÁÔþÖ ÅÒÅÄÍïÎÙÅÉ ÁÌÁÐÊÜÎ Á ÈÁÌÌÇÁÔĕË ÜÌÔÁÌÜÎÏÓ 
ÅÌïÇÅÄÅÔÔÓïÇïÎÅË ÅÓÅÔÌÅÇÅÓ ÎÅÇÁÔþÖ ÖÉÓÓÚÈÁÎÇÊÁ ÆěËïÎÔ ÁÚ ÏËÔÁÔĕËËÁÌ ÖÁÌĕ 
ËÏÒÌÜÔÏÚÏÔÔ ÉÎÔÅÒÁËÃÉĕÒÁ ÖÅÔþÔÈÅÔě ÖÉÓÓÚÁ ɍσχɎȢ %ÚÚÅÌ ÓÚÅÍÂÅÎ Á ÖÉÅÔÎÜÍÉ 
ÆÅÌÓěÏËÔÁÔÜÓÂÁÎ ÖïÇÚÅÔÔ ÖÉÚÓÇÜÌÁÔ ɍσψɎ ÐÏÚÉÔþÖÁÂÂ ÅÒÅÄÍïÎÙÅËÅÔ ÍÕÔÁÔÏÔÔȢ ! 
ËÕÔÁÔÜÓ ÓÚÅÒÉÎÔ Á #ÏÕÒÓÅÒÁ ËÕÒÚÕÓÏË ÔÁÒÔÁÌÍÉ ÍÉÎěÓïÇÅ ïÓ Á ÐÌÁÔÆÏÒÍ 
ÍÕÎËÁÔÜÒÓÁÉÎÁË ÏÎÌÉÎÅ ÖÜÌÁÓÚËïÓÚÓïÇÅ ÊÅÌÅÎÔěÓ ÈÁÔÜÓÓÁÌ ÖÏÌÔ Á ÈÁÌÌÇÁÔĕË 
ÅÌïÇÅÄÅÔÔÓïÇïÒÅȢ ! ÓÚÅÒÚěË ÍÅÇÊÅÇÙÚÉËȟ ÈÏÇÙ Á ÍÅÇÆÅÌÅÌě ÔÕÔÏÒÜÌÜÓÓÁÌȟ 
ÔÜÍÏÇÁÔÜÓÓÁÌ ïÓ ÌÏËÁÌÉÚÜÌÔ ÔÁÒÔÁÌÏÍÍÁÌ Á #ÏÕÒÓÅÒÁ ÈÁÔïËÏÎÙÁÎ ÊÜÒÕÌÈÁÔ 
ÈÏÚÚÜ Á ÔÁÎÕÌÜÓÉ ÅÒÅÄÍïÎÙÅË ÊÁÖþÔÜÓÜÈÏÚȢ %Ú ÅÇÙ ÆÏÎÔÏÓ ïÓÚÒÅÖïÔÅÌ Á ÔÁÎÜÒÏË 
ÊĘÖěÂÅÌÉ ÓÚÅÒÅÐÅ ÓÚÅÍÐÏÎÔÊÜÂĕÌȢ 

! ÆÅÌÓÏÒÏÌÔ ÁÌËÁÌÍÁÚÜÓÏË Á ÆÅÎÔÉÅËÂÅÎ ÅÍÌþÔÅÔÔ ÓÚĴÒïÓ ÅÒÅÄÍïÎÙÅËïÎÔ 
ËÅÒİÌÔÅË ËÉÖÜÌÁÓÚÔÜÓÒÁȢ %ÚÅÎ ÔĭÌÍÕÔÁÔÖÁ ÔÏÖÜÂÂÉ ÏËÔÁÔÜÓÂÁÎ ÁÌËÁÌÍÁÚÈÁÔĕ 
-) ÁÌËÁÌÍÁÚÜÓÏËÁÔ ÉÓ ÍÅÇÖÉÚÓÇÜÌÔÕÎË ÅÇÙ ËÏÒÜÂÂÉ ÔÁÎÕÌÍÜÎÙÕÎËÂÁÎ ɍσωɎȢ  

τ +ĘÖÅÔËÅÚÔÅÔïÓÅË 

! ÔÁÎÕÌÍÜÎÙ ÜÔÔÅËÉÎÔÅÔÔÅ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÔ ÔÜÍÏÇÁÔĕ 
ÍÅÓÔÅÒÓïÇÅÓÉÎÔÅÌÌÉÇÅÎÃÉÁ-ÁÌÁÐĭ ÁÌËÁÌÍÁÚÜÓÏË ÌÅÇÆÏÎÔÏÓÁÂÂ ÔþÐÕÓÁÉÔ ïÓ ÁÚÏË 
ÇÙÁËÏÒÌÁÔÉ ÅÒÅÄÍïÎÙÅÉÔȢ ! ÖÉÚÓÇÜÌÔ ÒÅÎÄÓÚÅÒÅË ÉÇÁÚÏÌÔÜËȟ ÈÏÇÙ ÁÚ ÁÄÁÐÔþÖ 
ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁËȟ Á ÖÁÌĕÓ ÉÄÅÊĴ ÄÉÁÇÎÏÓÚÔÉËÁ ïÓ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ 
ÖÉÓÓÚÁÊÅÌÚïÓÅË ÊÅÌÅÎÔěÓ ÍïÒÔïËÂÅÎ ÈÏÚÚÜÊÜÒÕÌÈÁÔÎÁË Á ÔÁÎÕÌĕË 
ÔÅÌÊÅÓþÔÍïÎÙïÎÅË ÊÁÖþÔÜÓÜÈÏÚȟ Á ÔÁÎÕÌÜÓÉ ÔÅÍÐĕÈÏÚ ÖÁÌĕ ÁÌËÁÌÍÁÚËÏÄÜÓÈÏÚ 
ïÓ Á ÍÏÔÉÖÜÃÉĕ ÎĘÖÅÌïÓïÈÅÚȢ !Ú -) ÐÌÁÔÆÏÒÍÏË ËïÐÅÓÅË ÆÅÌÔÜÒÎÉ Á ÔÁÎÕÌĕË 
ÔÕÄÜÓÂÅÌÉ ÈÉÜÎÙÏÓÓÜÇÁÉÔȟ ÔÜÍÏÇÁÔÊÜË Á ÆÅÊÌěÄïÓİËÅÔȟ ïÓ ÏÌÙÁÎ ÅÇÙïÎÉ ÔÁÎÕÌÜÓÉ 
ĭÔÖÏÎÁÌÁÔ ÂÉÚÔÏÓþÔÁÎÁËȟ ÍÅÌÙÅË Á ÈÁÇÙÏÍÜÎÙÏÓ ÏËÔÁÔÜÓÉ ËĘÒÎÙÅÚÅÔÂÅÎ 
ÎÅÈÅÚÅÎ ÌÅÎÎïÎÅË ÍÅÇÖÁÌĕÓþÔÈÁÔĕÁËȢ 

5ÇÙÁÎÁËËÏÒ Á ËÕÔÁÔÜÓÏË ÓÚÜÍÏÓ ËÏÒÌÜÔÏÔ ïÓ ÌÅÈÅÔÓïÇÅÓ ÁÇÇÜÌÙÔ ÉÓ ÆÅÊÔÅÇÅÔÎÅËȢ 
0ïÌÄÜÕÌ Á ÌÏËÁÌÉÚÜÃÉĕ ÍÉÎěÓïÇÅȟ ÁÚ ÅÇÙÅÓ ÎÙÅÌÖÉ ÖÁÇÙ ÔÁÎÔÜÒÇÙÉ ÍÕÔÜÃÉĕË 
ËĘÚĘÔÔÉ ÅÌÔïÒïÓÅËȟ ÉÌÌÅÔÖÅ Á ÔĭÌÚÏÔÔ ÁÕÔÏÍÁÔÉÚÜÃÉĕ ïÓ ÅÚÚÅÌ ÅÇÙÉÄěÂÅÎ Á 
ÍÅÇÆÅÌÅÌě ÏËÔÁÔĕÉ ÔÜÍÏÇÁÔÜÓ ÈÉÜÎÙÜÎÁË ËÏÃËÜÚÁÔÁ ÍÉÎÄ ÏÌÙÁÎ ÔïÎÙÅÚěËȟ 
ÁÍÅÌÙÅË ÂÅÆÏÌÙÜÓÏÌÈÁÔÊÜË ÁÚ ÁÌËÁÌÍÁÚÜÓÏË ÈÁÔïËÏÎÙÓÜÇÜÔȢ 4ĘÂÂ ÔÁÎÕÌÍÜÎÙ 
ÉÓ ËÉÅÍÅÌÔÅ Á ÄÉÇÉÔÜÌÉÓ ÐÌÁÔÆÏÒÍÏË ïÓ Á ÆÏÒÍÜÌÉÓ ÏËÔÁÔÜÓ ÅÇÙÅÎÓĭÌÙÜÎÁË 
ÆÏÎÔÏÓÓÜÇÜÔȢ ! ÍÅÇÆÅÌÅÌě ÁÒÜÎÙÏË ËÉÅÍÅÌËÅÄě ÅÒÅÄÍïÎÙÅËÅÔ ïÒÈÅÔÎÅË ÅÌȟ ÄÅ 
a ÂÁÌÁÎÓÚ ÍÅÇÔÁÒÔÜÓÁ ÁÚȟ ÁÍÉ ÁÚ ÉÇÁÚÉ ËÉÈþÖÜÓÔ ÊÅÌÅÎÔÉȢ ! ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ -)-
ÒÅÎÄÓÚÅÒÅËÂÅÎ ÅÚÜÌÔÁÌ ÈÁÔÁÌÍÁÓ Á ÐÏÔÅÎÃÉÜÌ ïÓ ÂÉÚÏÎÙþÔÏÔÔ ÐÏÚÉÔþÖ ÈÁÔÜÓÕË 
van a ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔÏÔ ÔÅËÉÎÔÖÅȟ ÄÅ Á ÔĭÌÚÏÔÔ ÄÉÇÉÔÜÌÉÓ ÔÁÎÅÓÚËĘÚĘËËÅÌ 
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ÓÚÅÍÂÅÎ ÆÅÌÍÅÒİÌě ÁÇÇÜÌÙÏË ÁÒÒÁ ÅÎÇÅÄÎÅË ËĘÖÅÔËÅÚÔÅÔÎÉȟ ÈÏÇÙ ÎÅÍ 
ÈÅÌÙÅÔÔÅÓþÔÈÅÔÉËȟ ÈÁÎÅÍ ËÉÅÇïÓÚþÔÉË Á ÔÁÎÜÒ ÍÕÎËÜÊÜÔȢ 

! ÊĘÖě ÏËÔÁÔÜÓÜÂÁÎ Á ÐÅÄÁÇĕÇÕÓ ÓÚÅÒÅÐÅ ÅÎÎÅË ÍÅÇÆÅÌÅÌěÅÎ ÜÔÁÌÁËÕÌȢ ! ÔÁÎÜÒ 
ÅÇÙÒÅ ÉÎËÜÂÂ Á ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔ ÉÒÜÎÙþÔĕÊÁ ÌÅÓÚȢ ! ÔÁÎÜÒ ÆÅÌÁÄÁÔÁȟ ÈÏÇÙ Á 
ÔÅÃÈÎÏÌĕÇÉÁÉ ÅÓÚËĘÚĘË ÜÌÔÁÌ ÇÅÎÅÒÜÌÔ ÁÄÁÔÏËÁÔ ïÓ ÄÉÁÇÎÏÓÚÔÉËÁÉ 
ÅÒÅÄÍïÎÙÅËÅÔ ïÒÔÅÌÍÅÚÚÅȟ ÅÚÅË ÁÌÁÐÊÜÎ ÃïÌÚÏÔÔ ÂÅÁÖÁÔËÏÚÜÓÏËÁÔ ÔÅÒÖÅÚÚÅÎȟ 
ÖÁÌÁÍÉÎÔ ÔÜÍÏÇÁÓÓÁ Á ÔÁÎÕÌĕË ĘÎÓÚÁÂÜÌÙÏÚÜÓÜÔȢ ! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ 
ÎÅÍ ÖÜÌÔÊÁ ËÉ Á ÐÅÄÁÇĕÇÕÓÔȟ ÈÁÎÅÍ ÏÌÙÁÎ ÅÓÚËĘÚËïÎÔ ÍĴËĘÄÉËȟ ÁÍÅÌÙ ĭÊ 
ÌÅÈÅÔěÓïÇÅËÅÔ ÎÙÉÔ Á ÄÉÆÆÅÒÅÎÃÉÜÌÜÓȟ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÆÅÊÌÅÓÚÔïÓ ïÓ Á ÔÁÎÕÌĕÉ 
ĭÔÖÏÎÁÌÁË ÐÏÎÔÏÓÁÂÂ ËĘÖÅÔïÓÅ ÅÌěÔÔȢ % ËÅÔÔěÓ ÓÚÅÒÅÐ ÒïÖïÎ ÁÚ ÏËÔÁÔÜÓ ÅÇÙ 
ÒÕÇÁÌÍÁÓÁÂÂȟ ÈÁÔïËÏÎÙÁÂÂ ïÓ ÉÎËÌÕÚþÖÁÂÂ ÒÅÎÄÓÚÅÒ ÉÒÜÎÙÜba mozdul el, 
ÁÍÅÌÙÂÅÎ Á ÔÅÃÈÎÏÌĕÇÉÁ ïÓ Á ÐÅÄÁÇĕÇÉÁÉ ÓÚÁËïÒÔÅÌÅÍ ÅÇÙÍÜÓÔ ËÉÅÇïÓÚþÔÖÅ 
ÔÅÒÅÍÔÉ ÍÅÇ Á ÔÁÎÕÌÜÓ ĭÊ ÆÏÒÍÜÉÔȢ 

This work has been supported by the national project KEGA 014TTU-
ψȾφτφψ Ȱ)ÎÔÅÌÌÉÇÅÎÔ !ÎÉÍÁÔÉÏÎ-Simulation Models, Tools, and 

Environments for Deep Learning.ò 
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Absztrakt:  ! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ɉ-)Ɋ ÁÌËÁÌÍÁÚÜÓÆÅÊÌÅÓÚÔïÓÂÅÎ 
ÂÅÔĘÌÔĘÔÔ ÓÚÅÒÅÐÅ ÁÚ ÅÌÍĭÌÔ ïÖÅËÂÅÎ ÊÅÌÅÎÔěÓÅÎ ÍÅÇÎěÔÔȟ ËİÌĘÎĘÓÅÎ ÁÚ 
ÏËÔÁÔÜÓÉ ÒÅÎÄÓÚÅÒÅË ÄÉÇÉÔÜÌÉÓ ÜÔÁÌÁËÕÌÜÓÜÎÁË ËĘÓÚĘÎÈÅÔěÅÎȢ !Ú -)-ÁÌÁÐĭ 
techÎÏÌĕÇÉÜË ÌÅÈÅÔěÖï ÔÅÓÚÉË ÏÌÙÁÎ ÁÌËÁÌÍÁÚÜÓÏË ÌïÔÒÅÈÏÚÜÓÜÔȟ ÁÍÅÌÙÅË 
ÈÁÔïËÏÎÙÁÎ ÔÜÍÏÇÁÔÊÜË Á ÔÁÎÜÒÏË ïÓ ÔÁÎÕÌĕË ÍÉÎÄÅÎÎÁÐÉ ÍÕÎËÜÊÜÔȟ 
ÒÕÇÁÌÍÁÓÁÎ ÉÌÌÅÓÚÔÈÅÔěË ËİÌĘÎÂĘÚě ÏËÔÁÔÜÓÉ ËĘÒÎÙÅÚÅÔÅËÂÅȢ ! ÆÅÊÌÅÔÔ ÎÙÅÌvi 
ÍÏÄÅÌÌÅË ËïÐÅÓÅË ÆÅÌÄÏÌÇÏÚÎÉ Á ÆÅÌÔĘÌÔĘÔÔ ÔÁÎÁÎÙÁÇÏËÁÔȟ ïÓ ÅÚÅË ÁÌÁÐÊÜÎ 
ÁÕÔÏÍÁÔÉËÕÓÁÎ ÖÉÚÓÇÁËïÒÄïÓÅËÅÔȟ ËÖþÚÅËÅÔ ÖÁÇÙ ÇÙÁËÏÒÌĕ ÆÅÌadatokat 
ÇÅÎÅÒÜÌÎÉȢ %ÚÅÎ ÒÅÎÄÓÚÅÒÅË ÆÅÊÌÅÓÚÔïÓÅ ÓÏÒÜÎ Á ÔÅÒÍïÓÚÅÔÅÓnyelv-ÆÅÌÄÏÌÇÏÚÜÓ 
ËÕÌÃÓÓÚÅÒÅÐÅÔ ÊÜÔÓÚÉË Á ÔÁÒÔÁÌÍÁË ÅÌÅÍÚïÓïÂÅÎ ïÓ ÁÚ ïÒÔÅÌÍÅÚÈÅÔě 
ÆÅÌÁÄÁÔÓÏÒÏË ÅÌěÜÌÌþÔÜÓÜÂÁÎȢ ! ÔÁÎÕÌÜÓ ÈÁÔïËÏÎÙÓÜÇÁ þÇÙ ÊÅÌÅÎÔěÓÅÎ 
ÎĘÖÅÌÈÅÔěȟ ÍÉËĘÚÂÅÎ ÁÚ ÏËÔÁÔĕË ÔÅÒÈÅÌïÓÅ ÃÓĘËËÅÎȢ ! ÆÅÊÌÅÓÚÔïÓÉ ÆÏÌÙÁÍÁÔ 
ÓÏÒÜÎ ËÉÅÍÅÌÔ ÓÚÅÒÅÐÅ ÖÁÎ Á ÍÅÇÆÅÌÅÌě ÁÄÁÔÓÚÅÒËÅÚÅÔ ËÉÁÌÁËþÔÜÓÜÎÁË ïÓ Á 
modellek finomhanÇÏÌÜÓÜÎÁËȢ ! ÔÁÎÕÌÍÜÎÙ ÅÇÙ ÄÉÇÉÔÜÌÉÓ ÔÁÎÁÎÙÁÇÍÅÇÏÓÚÔĕ 
ÁÌËÁÌÍÁÚÜÓ ÆÅÊÌÅÓÚÔïÓïÔ ÍÕÔÁÔÊÁ ÂÅȟ Á ÔÁÎanyag-ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓÒÁ 
ÆĕËÕÓÚÜÌÖÁȢ %ÎÎÅË ÅÒÅÄÍïÎÙÅËïÎÔ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÎÅÍ ÃÓÕÐÜÎ 
ÔÅÃÈÎÏÌĕÇÉÁÉ ĭÊþÔÜÓȟ ÈÁÎÅÍ ÓÔÒÁÔïÇÉÁÉ ÅÓÚËĘÚ ÁÚ ÏËÔÁÔÜÓ ÊĘÖěÊïÎÅË 
ÆÏÒÍÜÌÜÓÜÂÁÎȟ ÖÁÌÁÍÉÎÔ ËÕÌÃÓÆÏÎÔÏÓÓÜÇĭ ÌïÐïÓÔ ÊÅÌÅÎÔ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ 
ÏËÔÁÔÜÓ ÆÅÌï ÖÅÚÅÔě ĭÔÏÎȢ 

Kulcsszavak:  few ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁȟ ÁÌËÁÌÍÁÚÜÓÆÅÊÌÅÓÚÔïÓȟ 
ÓÚÁËÄÏÌÇÏÚÁÔÏËȟ ÐÒÏÇÒÁÍÏÚÜÓȟ ÓÚÏÆÔÖÅÒÔÅÒÖÅÚïÓ. 

ARTIFICIAL INTELLIGENCE IN APPLICATION DEVELOPMENT 

Abstract:  The role of artificial intelligence (AI) in application development 
has increased significantly in recent years, especially due to the digital 
transformation of educational systems. AI-based technologies enable the 
creation of applications 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, quizzes, or 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 learning-
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  

A ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÜÔ ÎÁÐÊÁÉÎËÂÁÎ ÍÜÒ ÓÚÜÍÏÓ ÍĕÄÏÎ ÁÌËÁÌÍÁÚÚÜË 
ÁÚ ÏËÔÁÔÜÓÂÁÎȟ ËİÌĘÎĘÓÅÎ ÁÚ Å-ÌÅÁÒÎÉÎÇ ÔÅÒİÌÅÔïÎȢ !Ú -)-ÔÅÃÈÎÏÌĕÇÉÜË 
ÉÎÔÅÇÒÜÌÜÓÁ Á ÍÏÄÅÒÎ Å-learning eszËĘÚĘËÂÅ ËÉÅÍÅÌËÅÄě ÊÅÌÅÎÔěÓïÇĴȢ !Ú -) 
ĕÒÉÜÓÉ ÐÏÔÅÎÃÉÜÌÊÁ Á ÔÅÓÔÒÅÓÚÁÂÈÁÔĕÓÜÇÜÎÁË ÎĘÖÅÌïÓïÂÅÎ ïÓ Á ÓÚÅÍïÌÙÒÅ 
szabott tanuÌÜÓÉ ïÌÍïÎÙÅË ÂÉÚÔÏÓþÔÜÓÜÂÁÎ ÒÅÊÌÉË ! ÔÁÎÕÌÍÜÎÙ ÃïÌÊÁȟ ÈÏÇÙ 
megosszuk a gyakorlati tapasztalatunkat ÁÒÒĕÌȟ ÈÏÇÙÁÎ ËïÐÅÓ Á ÍÅÓÔÅÒÓïÇÅÓ 
intelligencia (MI)  ÆÏÒÒÁÄÁÌÍÁÓþÔÁÎÉ ïÓ ÔÜÍÏÇÁÔÎÉ Á ÄÉÇÉÔÜÌÉÓ ÔÁÎÕÌÜÓÔ, 
ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ ËĘÒÎÙÅÚÅÔ ÔÅÒÖÅÚïÓÅ ïÓ ÍÅÇÖÁÌĕÓþÔÜÓÁȟ ÖÁÌÁÍÉÎÔ 
Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÔÅÃÈÎÏÌĕÇÉÜË ÉÎÔÅÇÒÜÌÜÓÁ ÓÅÇþÔÓïÇïÖÅÌȟ ÁÚ 
ÉÄěÇÁÚÄÜÌËÏÄÜÓ ÈÁÔïËÏÎÙÓÜÇÜÔ ÓÚÅÍ ÅÌěÔÔ ÔÁÒÔÖÁȢ  

Az MI-ÁÌÁÐĭ ÅÓÚËĘÚĘË ÈÁÓÚÎÜÌÁÔÁ ĭÇÙ Á ÄÉÎÁÍÉËÕÓ ËÕÒÚÕÓÏË ËÉÁÌÁËþÔÜÓa, 
mint  a tanulĕËȾÄÉÜËÏË ÍÏÔÉÖÜÃÉĕÊÜÎÁË ÆÅÎÎÔÁÒÔÜÓÁ ïÒÄÅËïÂÅÎ hasznos lehet. 
*ĕ ÐïÌÄÁ ÅÒÒÅ ÁÚ MI-ÁÌÁÐĭ ËïÒÄěþÖÅË ÁÌËÁÌÍÁÚÜÓÁ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓ 
ÍÅÇÖÁÌĕÓþÔÜÓÜÈÏÚ egy e-learning programban. 

1.1 E-ÔÁÎÕÌÜÓ - -) ÔÜÍÏÇÁÔÜÓÓÁÌ 

%ÌÓě ÌïÐïÓÂÅÎ ÆÏÎÔÏÓ ÍÅÇÏÌÄÁÎÉ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÏËÔÁÔÜÓÂÁÎ 
ÔĘÒÔïÎě ÂÅÖÅÚÅÔïÓïÖÅÌ ÊÜÒĕ ÔÅÃÈÎÉËÁÉ ïÓ ÍĕÄÓÚÅÒÔÁÎÉ ËÉÈþÖÜÓÏËÁÔȢ !Ú ÅÇÙïÎÒÅ 
ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÔ ÔÜÍÏÇÁÔĕ ÐÒÏÇÒÁÍÏË ïÓ ÉÎÆÒÁÓÔÒÕËÔĭÒÜË ÆÅÊÌÅÓÚÔïÓÅ ÊÅÌÅÎÔěÓ 
ÔÅÃÈÎÉËÁÉ ÅÒěÆÏÒÒÜÓÏËÁÔ ÉÇïÎÙÅÌȢ %ÍÅÌÌÅÔÔ ÓÚİËÓïÇ ÖÁÎ ÏÌÙÁÎ ÈÁÔïËÏÎÙ 
ÍĕÄÓÚÅÒÅË ËÉÄÏÌÇÏÚÜÓÜÒÁ ÉÓȟ ÁÍÅÌÙÅË ÌÅÈÅÔěÖï ÔÅÓÚÉË ÅÚÅÎ ÒÅÎÄÓÚÅÒÅË 
ÓÉËÅÒÅÓÓïÇïÎÅË ïÓ ÅÒÅÄÍïÎÙÅÉÎÅË ïÒÔïËÅÌïÓïÔ [5]. 

! ÔÁÎÕÌÍÜÎÙ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÓÚÅÒÅÐïÒÅ ĘÓÓÚÐÏÎÔÏÓþÔ Á ÔÁÎÕÌÜÓ 
ÉÎÄÉÖÉÄÕÁÌÉÚÜÌÜÓÜÂÁÎ ïÓ Á ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÏËÔÁÔÜÓÉ ÐÒÏÇÒÁÍÏË 
ÆÅÊÌÅÓÚÔïÓïÂÅÎȢ &ě ÎïÚěÐÏÎÔÕÎË annak ÂÅÍÕÔÁÔÜÓÁ, hogy az MI-ÔÅÃÈÎÏÌĕÇÉÜË 
ɀ ËİÌĘÎĘÓÅÎ ÁÚ ÁÄÁÔÅÌÅÍÚïÓ ɀ ÍÉËïÎÔ ÁÌËÁÌÍÁÚÈÁÔĕË ÅÇÙïÎÒÅ ÓÚÁÂÏÔÔ 
ÔÁÎÕÌÜÓÉ ÆÏÒÍÜË ËÉÁÌÁËþÔÜÓÜÒÁ [4]. 
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2 !ÌËÁÌÍÁÚÜÓÆÅÊÌÅÓÚÔïÓ ËÉÅÍÅÌÔ ÓÚÅÍÐÏÎÔÊÁÉ 

! ÓÚÅÒÚě ÖÅÚÅÔïÓÅ ÁÌÁÔÔ þÒÔ ÄÉÐÌÏÍÁÍÕÎËÜÂÁÎ ËÉÆÅÊÌÅÓÚÔÅÔÔ ÁÌËÁÌÍÁÚÜÓ 
ÁÌÁÐÖÅÔě ÆÕÎËÃÉĕÉ ËĘÚĘÔÔ ÓÚÅÒÅÐÅÌȟ ÈÏÇÙ ÅÌěÒÅ ÅÌËïÓÚþÔÅÔÔ ÔÁÎÁÎÙÁÇÏËÁÔ ïÓ 
ÆÅÌÁÄÁÔÏËÁÔ ÂÉÚÔÏÓþÔÓÏÎ Á ÄÉÜËÏË ÓÚÜÍÜÒÁȟ ÍÉËĘÚÂÅÎ ÌÅÈÅÔěÓïÇÅÔ ÁÄ a 
ÔÁÎÜÒÏËÎÁË ÓÁÊÜÔ ÔÁÎÁÎÙÁÇÏË ÆÅÌÔĘÌÔïÓïÒÅȢ ! ÐÒÏÊÅËÔ ÌÅÇÎÁÇÙÏÂÂ ËÉÈþÖÜÓÁ a 
ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ɉ-)Ɋ ÉÎÔÅÇÒÜÃÉĕÊÜÂÁÎ ÒÅÊÌÉËȟ ÁÍÅÌÙ ÔÜÍÏÇÁÔÊÁ ÁÚ 
ÏËÔÁÔÜÓÉ ÆÏÌÙÁÍÁÔÏÔȢ !Ú -) ÓÅÇþÔÓïÇïÖÅÌ ÁÕÔÏÍÁÔÉËÕÓÁÎ ÇÅÎÅÒÜÌÈÁÔĕË 
ÔÅÓÚÔËïÒÄïÓÅËȢ !Ú ÁÌËÁÌÍÁÚÜÓ ÆÅÊÌÅÓÚÔïÓÅ ÓÏÒÜÎ ËÉÅÍÅÌÔ ÓÚÅÍÐÏÎÔ volt  a 
ËĘÎÎÙÅÎ ÈÁÓÚÎÜÌÈÁÔĕ ïÓ ÜÔÔÅËÉÎÔÈÅÔě ÆÅÌÈÁÓÚÎÜÌĕÉ ÆÅÌİÌÅÔȟ ÁÍÅÌÙ 
ÍÅÇËĘÎÎÙþÔÉ ĭÇÙ Á ÄÉÜËÏËȟ ÍÉÎÄ Á ÔÁÎÜÒÏË ÓÚÜÍÜÒÁ ÁÚ ÁÌËÁÌÍÁÚÜÓ 
ÈÁÓÚÎÜÌÁÔÜÔ [3] . 

A ËĘÖÅÔËÅÚě fejezetben Á ÆÅÌÈÁÓÚÎÜÌÔ ÔÅÃÈÎÏÌĕÇÉÜËÁÔ ïÓ ÐÒÏÇÒÁÍÏÚÜÓÉ 
ÎÙÅÌÖÅËÅÔ ÒïÓÚÌÅÔÅÚÚİË ïÓ ÂÅmutatjuk az aÌËÁÌÍÁÚÜÓ ÆÅÊÌÅÓÚÔïÓïÎÅË ÌïÐïÓÅÉÔ.  

ςȢρ &ÅÌÈÁÓÚÎÜÌÔ ÔÅÃÈÎÏÌĕÇÉÜË ïÓ ÎÙÅÌÖÅË 

!Ú ÁÌËÁÌÍÁÚÜÓ ÆÅÊÌÅÓÚÔïÓÅ ÓÏÒÜÎ ÁÌËÁÌÍÁÚÏÔÔ ÔÅÃÈÎÏÌĕÇÉÜË ËÉÖÜÌÁÓÚÔÜÓÜÔ Á 
ÆÕÎËÃÉÏÎÁÌÉÔÜÓȟ Á ÈÁÔïËÏÎÙÓÜÇȟ Á ÓËÜÌÜÚÈÁÔĕÓÜÇ ïÓ Á ÈÏÓÓÚĭ ÔÜÖĭ 
ÆÅÎÎÔÁÒÔÈÁÔĕÓÜÇ ÓÚÅÍÐÏÎÔÊÁÉ ÈÁÔÜÒÏÚÔÜË ÍÅÇȢ !Ú ÅÌěÚÅÔÅÓ ÅÌÅÍÚïÓÅË ÁÌÁÐÊÜÎ 
ÏÌÙÁÎ ÅÓÚËĘÚĘËÒÅ ïÓ ËÅÒÅÔÒÅÎÄÓÚÅÒÅËÒÅ ÖÏÌÔ ÓÚİËÓïÇȟ ÁÍÅÌÙÅË ÔÜÍÏÇÁÔÊÜË Á 
ÍÏÄÅÒÎȟ ÐÌÁÔÆÏÒÍÆİÇÇÅÔÌÅÎ ÁÌËÁÌÍÁÚÜÓÆÅÊÌÅÓÚÔïÓÔȟ ÍÉËĘÚÂÅÎ ÂÉÚÔÏÓþÔÊÜË Á 
ÇÙÏÒÓ ÆÅÊÌÅÓÚÔïÓÉ ÃÉËÌÕÓÏËÁÔ ïÓ Á ÓÔÁÂÉÌ ÍĴËĘÄïÓÔȢ ! ÔÅÃÈÎÏÌĕÇÉÁÉ ÓÔÁÃË 
ËÉÁÌÁËþÔÜÓÁ ÓÏÒÜÎ ËÉÅÍÅÌÔ ÆÉÇÙÅÌÍÅÔ ËÁÐÏÔÔ Á ÎÙþÌÔ ÆÏÒÒÜÓËĕÄĭ ÍÅÇÏÌÄÜÓÏË 
ÁÌËÁÌÍÁÚÜÓÁȟ Á ÓÚïÌÅÓ ËĘÒĴ ËĘÚĘÓÓïÇÉ ÔÜÍÏÇÁÔÜÓȟ ÖÁÌÁÍÉÎÔ Á ÍÜÒ ÍÅÇÌïÖě 
ÆÅÊÌÅÓÚÔěÉ ÔÁÐÁÓÚÔÁÌÁÔÏË ÈÁÔïËÏÎÙ ËÉÈÁÓÚÎÜÌÜÓÁȢ 

! ÆÅÊÌÅÓÚÔïÓÉ ËĘÒÎÙÅÚÅÔ ÁÌÁÐÊÜÔ Á ,ÉÎÕØ ÏÐÅÒÜÃÉĕÓ ÒÅÎÄÓÚÅÒȟ ÁÚÏÎ ÂÅÌİÌ Áz 
5ÂÕÎÔÕ "ÕÄÇÉÅ ÄÉÓÚÔÒÉÂĭÃÉĕ ËïÐÅÚÉȢ ! ,ÉÎÕØ ÎÙþÌÔ ÆÏÒÒÜÓËĕÄĭ ÊÅÌÌÅÇÅ ÔÅÌÊÅÓ 
ËÏÎÔÒÏÌÌÔ ïÓ ÍÁÇÁÓ ÓÚÉÎÔĴ ÔÅÓÔÒÅÓÚÁÂÈÁÔĕÓÜÇÏÔ ÂÉÚÔÏÓþÔ Á ÆÅÊÌÅÓÚÔïÓÉ ÆÏÌÙÁÍÁÔ 
ÓÏÒÜÎȢ ! ÔÅÒÍÉÎÜÌÁÌÁÐĭ ÍÕÎËÁÖïÇÚïÓ ÇÙÏÒÓ ïÓ ÈÁÔïËÏÎÙ ÍÅÇÏÌÄÜÓÔ ËþÎÜÌ 
ÓÚÜÍÏÓ ÆÅÊÌÅÓÚÔïÓÉ ÆÅÌÁÄÁÔ ÅÌÖïÇÚïÓïÒÅȟ ÍÉËĘÚÂÅÎ ÌÅÈÅÔěÖï ÔÅÓÚÉ Á ÒÅÎÄÓÚÅÒ 
ÅÒěÆÏÒÒÜÓÁÉÎÁË ËĘÚÖÅÔÌÅÎ ÅÌïÒïÓïÔȢ 

! ËĕÄÏÌÜÓÈÏÚ 6ÉÓÕÁÌ 3ÔÕÄÉÏ (VS) #ÏÄÅ ËÅÒİÌÔ ËÉÖÜÌÁÓÚÔÜÓÒÁȟ ÁÍÅÌÙ ÅÇÙ 
ËĘÎÎÙĴȟ ÍïÇÉÓ ÒÅÎÄËþÖİÌ ÓÏËÏÌÄÁÌĭ ÆÏÒÒÜÓËĕÄÓÚÅÒËÅÓÚÔěȢ ! ÂěÖþÔÍïÎÙÅË 
ÓÚïÌÅÓ ÖÜÌÁÓÚÔïËÁ ÌÅÈÅÔěÖï ÔÅÓÚÉ Á ÆÅÊÌÅÓÚÔïÓÉ ËĘÒÎÙÅÚÅÔ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÜÓÜÔȟ 
ÍþÇ ÁÚ ÏÌÙÁÎ ÂÅïÐþÔÅÔÔ ÆÕÎËÃÉĕËȟ ÍÉÎÔ Á ÓÚÉÎÔÁØÉÓËÉÅÍÅÌïÓȟ ÈÉÂÁÄÅÔÅËÔÜÌÜÓȟ 
ÁÕÔÏÍÁÔÉËÕÓ ËĕÄËÉÅÇïÓÚþÔïÓȟ ÉÎÔÅÇÒÜÌÔ ÔÅÒÍÉÎÜÌ ïÓ 'ÉÔ-ÔÜÍÏÇÁÔÜÓ ÊÅÌÅÎÔěÓÅÎ 
ÎĘÖÅÌÉË Á ÆÅÊÌÅÓÚÔïÓ ÈÁÔïËÏÎÙÓÜÇÜÔȢ ! 63 #ÏÄÅ ÎÙþÌÔ ÆÏÒÒÜÓËĕÄĭ ÊÅÌÌÅÇÅ ïÓ 
ÁËÔþÖ ËĘÚĘÓÓïÇÅ ÂÉÚÔÏÓþÔÊÁ ÁÚ ÅÓÚËĘÚ ÆÏÌÙÁÍÁÔÏÓ ÆÅÊÌěÄïÓïÔ ïÓ ÍÅÇÂþÚÈÁÔĕ 
ÈÁÓÚÎÜÌÈÁÔĕÓÜÇÜÔȢ 

!Ú ÁÌËÁÌÍÁÚÜÓ ÁÓÚÔÁÌÉ ËĘÒÎÙÅÚÅÔÂÅÎ ÆÕÔĕȟ ÐÌÁÔÆÏÒÍÆİÇÇÅÔÌÅÎ ÍÅÇÏÌÄÜÓËïÎÔ 
ÖÁÌĕÓÕÌt ÍÅÇ ÁÚ %ÌÅÃÔÒÏÎ ËÅÒÅÔÒÅÎÄÓÚÅÒ ÓÅÇþÔÓïÇïÖÅÌȢ !Ú %ÌÅÃÔÒÏÎ ÌÅÈÅÔěÖï 
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teszi, hogy egÙÅÔÌÅÎ ËĕÄÂÜÚÉÓÂĕÌ 7ÉÎÄÏ×Óȟ ÍÁÃ/3 ïÓ ,ÉÎÕØ ÒÅÎÄÓÚÅÒÅËÅÎ 
ÅÇÙÁÒÜÎÔ ÆÕÔÔÁÔÈÁÔĕ ÁÌËÁÌÍÁÚÜÓ ËïÓÚİÌÊĘÎȟ ÁÍÉ ÊÅÌÅÎÔěÓ ÉÄě- ïÓ ÅÒěÆÏÒÒÜÓ-
ÍÅÇÔÁËÁÒþÔÜÓÔ ÅÒÅÄÍïÎÙÅÚȢ ! ËÅÒÅÔÒÅÎÄÓÚÅÒ ×ÅÂÅÓ ÔÅÃÈÎÏÌĕÇÉÜËÒÁ ïÐİÌȟ þÇÙ 
(4-,ȟ #33ȟ *ÁÖÁ3ÃÒÉÐÔ ïÓ 4ÙÐÅ3ÃÒÉÐÔ ÈÁÓÚÎÜÌÁÔÜÖÁÌ ÔĘÒÔïÎÉË Á ÆÅÊÌÅÓÚÔïÓȟ ÁÍÉ 
ÍÅÇËĘÎÎÙþÔÉ ÁÚ ÜÔÜÌÌÜÓÔ Á ×ÅÂÅÓ ÆÅÊÌÅÓÚÔïÓÒěÌ ÁÚ ÁÓÚÔÁÌÉ ÁÌËÁÌÍÁÚÜÓÏË 
ËïÓÚþÔïÓïÒÅȢ !Ú %ÌÅÃÔÒÏÎ ÓÚÏÒÏÓÁÎ ÉÎÔÅÇÒÜÌĕÄÉË Á .ÏÄÅȢÊÓ ËĘÒÎÙÅÚÅÔÂÅȟ ÁÍÅÌÙ 
ÌÅÈÅÔěÖï ÔÅÓÚÉ Á ÒÅÎÄÓÚÅÒ ÓÚÉÎÔĴ ÅÒěÆÏÒÒÜÓÏË ÅÌïÒïÓïÔȟ ÖÁÌÁÍÉÎÔ ËÏÍÐÌÅØ 
ÈÜÔÔïÒÆÏÌÙÁÍÁÔÏË ËÅÚÅÌïÓïÔȢ ! .ÏÄÅȢÊÓ ÁÓÚÉÎËÒÏÎȟ ÎÅÍ ÂÌÏËËÏÌĕ ÍĴËĘÄïÓÉ 
ÍÏÄÅÌÌÊÅ ÂÉÚÔÏÓþÔÊÁ ÁÚ ÁÌËÁÌÍÁÚÜÓ ÇÙÏÒÓ ïÓ ÈÁÔïËÏÎÙ ÆÕÔÜÓÜÔȟ ËİÌĘÎĘÓÅÎ ÖÁÌĕÓ 
ÉÄÅÊĴ ÍĴÖÅÌÅÔÅË ïÓ ÐÜÒÈÕÚÁÍÏÓ ÆÏÌÙÁÍÁÔÏË ÅÓÅÔïÎȢ ! ÍÉËÒÏÓÚÏÌÇÜÌÔÁÔÜÓÏËÒÁ 
ïÐİÌě ÓÚÅÍÌïÌÅÔ ÔÜÍÏÇÁÔÊÁ Á ÍÏÄÕÌÁÒÉÔÜÓÔȟ ÁÍÉ ÍÅÇËĘÎÎÙþÔÉ ÁÚ ÁÌËÁÌÍÁÚÜÓ 
ÂěÖþÔïÓïÔ ïÓ ËÁÒÂÁÎÔÁÒÔÜÓÜÔȢ 

! ÆÅÌÈÁÓÚÎÜÌĕÉ ÆÅÌİÌÅÔ ÆÅÊÌÅÓÚÔïÓïÈÅÚ Á 2ÅÁÃÔ *ÁÖÁ3ÃÒÉÐÔ ËĘÎÙÖÔÜÒ ËÅÒİÌÔ 
ÁÌËÁÌÍÁÚÜÓÒÁȢ ! 2ÅÁÃÔ ËÏÍÐÏÎÅÎÓÁÌÁÐĭ ÆÅÌïÐþÔïÓÅ ÌÅÈÅÔěÖï ÔÅÓÚÉ ÁÚ 
ÁÌËÁÌÍÁÚÜÓ ÌÏÇÉËÕÓȟ ĭÊÒÁÈÁÓÚÎÏÓþÔÈÁÔĕ ÅÇÙÓïÇÅËÒÅ ÂÏÎÔÜÓÜÔȟ ÁÍÉ 
ÜÔÌÜÔÈÁÔĕÂÂÜ ÔÅÓÚÉ Á ËĕÄÓÚÅÒËÅÚÅÔÅÔ ïÓ ÍÅÇËĘÎÎÙþÔÉ ÁÚ ĭÊ ÆÕÎËÃÉĕË 
ÂÅÖÅÚÅÔïÓïÔȢ ! ÖÉÒÔÕÜÌÉÓ $/- ÈÁÓÚÎÜÌÁÔÁ ÒïÖïÎ Á 2ÅÁÃÔ ÈÁÔïËÏÎÙÁÎ ËÅÚÅÌÉ Á 
ÆÅÌİÌÅÔ ÆÒÉÓÓþÔïÓïÔȟ ÁÍÉ ÇÙÏÒÓ ïÓ ÒÅÓÚÐÏÎÚþÖ ÆÅÌÈÁÓÚÎÜÌĕÉ ïÌÍïÎÙÔ ÂÉÚÔÏÓþÔ ÍïÇ 
ÎÁÇÙÏÂÂ ÁÄÁÔÆÏÒÇÁÌÏÍ ÅÓÅÔïÎ ÉÓȢ 

A fejlesÚÔïÓ ÓÏÒÜÎ 4ÙÐÅ3ÃÒÉÐÔ ÈÁÓÚÎÜÌÁÔÁ ÔĘÒÔïÎÔȟ ÁÍÅÌÙ ÓÔÁÔÉËÕÓ 
ÔþÐÕÓÒÅÎÄÓÚÅÒïÖÅÌ ÎĘÖÅÌÉ Á ËĕÄ ÂÉÚÔÏÎÓÜÇÜÔ ïÓ ÍÅÇÂþÚÈÁÔĕÓÜÇÜÔȢ ! 
ÔþÐÕÓÅÌÌÅÎěÒÚïÓ ÓÅÇþÔ Á ÈÉÂÜË ËÏÒÁÉ ÆÅÌÉÓÍÅÒïÓïÂÅÎȟ ÅÚÜÌÔÁÌ ÃÓĘËËÅÎÔÉ Á 
ÆÕÔÜÓÉÄÅÊĴ ÐÒÏÂÌïÍÜË ËÏÃËÜÚÁÔÜÔȢ !Ú ÉÎÔÅÒÆïÓÚÅË ïÓ ÏÓÚÔÜÌÙÏË ÁÌËÁÌÍÁÚÜÓÁ 
ÓÔÒÕËÔÕÒÜÌÔÁÂÂ ËĕÄÏÔ ÅÒÅÄÍïÎÙÅÚȟ ÁÍÉ ÈÏÓÓÚĭ ÔÜÖÏÎ ÍÅÇËĘÎÎÙþÔÉ ÁÚ 
ÁÌËÁÌÍÁÚÜÓ ËÁÒÂÁÎÔÁÒÔÜÓÜÔ ïÓ ÔÏÖÜÂÂÆÅÊÌÅÓÚÔïÓïÔȢ ! 4ÙÐÅ3ÃÒÉÐÔ ËÉÖÜÌĕÁÎ 
ÉÎÔÅÇÒÜÌĕÄÉË Á 6ÉÓÕÁÌ 3ÔÕÄÉÏ #ÏÄÅ ÆÅÊÌÅÓÚÔěÉ ËĘÒÎÙÅÚÅÔÂÅȟ ÉÎÔÅÌÌÉÇÅÎÓ 
ËĕÄËÉÅÇïÓÚþÔïÓÓÅÌ ïÓ ÖÁÌĕÓ ÉÄÅÊĴ ÈÉÂÁÊÅÌÚïÓÅËËÅÌ ÔÜÍÏÇÁÔÖÁ Á ÆÅÊÌÅÓÚÔïÓÔȢ [3]  

!Ú ÁÌËÁÌÍÁÚÜÓ ÔÅÃÈÎÏÌĕÇÉÁÉ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ ÅÇÙ ÍÏÄÅÒÎȟ ÓËÜÌÜÚÈÁÔĕ ïÓ 
ÐÌÁÔÆÏÒÍÆİÇÇÅÔÌÅÎ ÍÅÇÏÌÄÜÓÔ þÒ ÌÅȟ ÁÍÅÌÙ ÎÙþÌÔ ÆÏÒÒÜÓËĕÄĭ ÅÓÚËĘÚĘËÒÅ ïÓ 
ÓÚïÌÅÓ ËĘÒÂÅÎ ÅÌÔÅÒÊÅÄÔ ÔÅÃÈÎÏÌĕÇÉÜËÒÁ ïÐİÌȢ ! ,ÉÎÕØ ÁÌÁÐĭ ÆÅÊÌÅÓÚÔïÓÉ 
ËĘÒÎÙÅzet, az Electronɀ.ÏÄÅȢÊÓ ÁÒÃÈÉÔÅËÔĭÒÁȟ ÖÁÌÁÍÉÎÔ Á 2ÅÁÃÔ ïÓ 4ÙÐÅ3ÃÒÉÐÔ 
ÅÇÙİÔÔÅÓ ÁÌËÁÌÍÁÚÜÓÁ ÂÉÚÔÏÓþÔÊÁ Á ÓÔÁÂÉÌ ÍĴËĘÄïÓÔȟ Á ÈÁÔïËÏÎÙ ÆÅÊÌÅÓÚÔïÓÔ ïÓ 
Á ÊĘÖěÂÅÎÉ ÂěÖþÔÈÅÔěÓïÇÅÔȢ 
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<ÂÒÁ 1: !ÌËÁÌÍÁÚÜÓ ÁÒÃÈÉÔÅËÔĭÒÜÊÁ ɉÒïÔÅÇÅÓ ÆÅÌïÐþÔïÓɊ 

σ 3ÁÊÜÔ Å-learning alkalm ÁÚÜÓ ÆÅÊÌÅÓÚÔïÓÅ ÍÅÓÔÅÒÓïÇÅÓ 
ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÔÜÍÏÇÁÔÜÓÓÁÌ 

%ÂÂÅÎ Á ÆÅÊÅÚÅÔÂÅÎȟ ÈÜÔÔïÒÂÅ ÓÚÏÒþÔÖÁ Á ÆÒÏÎÔÅÎÄȾ5) ïÓ ÁÄÍÉÎÉÓÚÔÒÁÔþÖ 
ÒïÓÚÌÅÔÅËÅÔȟ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ɉ-)Ɋ ÓÚÅÒÅÐïÒÅ ïÓ ÍĴËĘÄïÓïÒÅ 
ÆĕËÕÓÚÜÌÖÁ ÍÕÔÁÔÊÕË ÂÅ ÁÚ ÁÌËÁÌÍÁÚÜÓÆÅÊÌÅÓÚÔïÓ ÆÏÎÔÏÓÁÂÂ ÌïÐïÓÅÉÔȢ 

A fejlesztett e-ÌÅÁÒÎÉÎÇ ÁÌËÁÌÍÁÚÜÓ ÅÇÙÉË ÌÅÇÆÏÎÔÏÓÁÂÂ ÉÎÎÏÖÁÔþÖ ÅÌÅÍÅ Á 
ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÉÎÔÅÇÒÜÃÉĕÊÁȟ ÁÍÅÌÙ Á ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔ ÓÚÅÍïÌÙÒÅ 
ÓÚÁÂÜÓÜÔ ïÓ ÈÁÔïËÏÎÙÓÜÇÜÎÁË ÎĘÖÅÌïÓïÔ ÃïÌÏÚÚÁȢ !Ú -)-ÁÌÁÐĭ ÍÅÇÏÌÄÜÓ 
ÅÌÓěÓÏÒÂÁÎ ÁÚ ÁÕÔÏÍÁÔÉËÕÓ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓ ÆÕÎËÃÉĕÊÜÎ ËÅÒÅÓÚÔİÌ ÔÜÍÏÇÁÔÊÁ 
ÍÉÎÄ Á ÄÉÜËÏË ĘÎÅÌÌÅÎěÒÚïÓïÔȟ ÍÉÎÄ ÐÅÄÉÇ Á ÔÁÎÜÒÏË ÍÕÎËÜÊÜÔȟ ÍÉÖÅÌ 
ÌÅÈÅÔěÖï ÔÅÓÚÉ ÔÁÎÁÎÙÁÇÓÐÅÃÉÆÉËÕÓȟ ÉÇïÎÙÒÅ ÓÚÁÂÏÔÔ ËïÒÄïÓÓÏÒÏË ÇÙÏÒÓ 
ÅÌěÜÌÌþÔÜÓÜÔȢ 

!Ú ÁÌËÁÌÍÁÚÜÓ ÁÒÃÈÉÔÅËÔĭÒÜÊÁ ɉ<ÂÒÁ ρɊ ĭÇÙ ËÅÒİÌÔ ËÉÁÌÁËþÔÜÓÒÁȟ ÈÏÇy a 
ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÓÚÅÒÖÅÓÅÎ ÉÌÌÅÓÚËÅÄÊÅÎ Á ÒÅÎÄÓÚÅÒ ÍÅÇÌïÖě 
ËÏÍÐÏÎÅÎÓÅÉÈÅÚȢ ! ÔÁÎÁÎÙÁÇÏË ÆÅÌÔĘÌÔïÓÅȟ ÆÅÌÄÏÌÇÏÚÜÓÁ ïÓ ÔÜÒÏÌÜÓÁ ÂÉÚÔÏÓþÔÊÁ 
ÁÚÔ ÁÚ ÁÄÁÔÁÌÁÐÏÔȟ ÁÍÅÌÙÒÅ ÁÚ -) ÍĴËĘÄïÓÅ ïÐİÌȢ ! ÔÁÎÜÒÏË ÜÌÔÁÌ ÆÅÌÔĘÌÔĘÔÔ 
$/#8 ÆÏÒÍÜÔÕÍĭ ÔÁÎÁÎÙÁÇÏË Á ÂÁÃËÅÎÄ ÏÌÄÁÌÏÎ ËÅÒİÌÎÅË ÆÅÌÄÏÌÇÏÚÜÓÒÁȟ 
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ÁÈÏÌ Á ÒÅÎÄÓÚÅÒ ËÉÎÙÅÒÉ ÁÚÏË ÓÚĘÖÅÇÅÓ ÔÁÒÔÁÌÍÜÔȟ ÍÁÊÄ ÓÔÒÕËÔÕÒÜÌÔ ÆÏÒÍÜÂÁÎ 
ÅÌÔÜÒÏÌÊÁ ÁÚ ÁÄÁÔÂÜÚÉÓÂÁÎȢ %Ú ÁÚ ÅÌěÆÅÌÄÏÌÇÏÚÏÔÔ ÓÚĘÖÅÇ ÓÚÏÌÇÜÌ ÂÅÍÅÎÅÔËïÎÔ 
az MI-ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓÉ ÆÏÌÙÁÍÁÔ ÓÚÜÍÜÒÁȢ 

 
<ÂÒÁ 2: TÁÎÜÒÉ ÆÅÌİÌÅÔ ÂÅÊÅÌÅÎÔËÅÚïÓ ÕÔÜÎ ɍσɎ 

3.1 ! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÓÚÅÒÅÐÅ ÁÚ ÁÌËÁÌÍÁÚÜÓÂÁÎ 

! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÅÌÓěÄÌÅÇÅÓ ÃïÌÊÁ ÁÚ ÁÌËÁÌÍÁÚÜÓÂÁÎ ÁÚȟ ÈÏÇÙ 
ÁÕÔÏÍÁÔÉÚÜÌÊÁ Á ÔÕÄÜÓÅÌÌÅÎěÒÚïÓÉ ÆÏÌÙÁÍÁÔÏÔȢ ! ÈÁÇÙÏÍÜÎÙÏÓȟ ÍÁÎÕÜÌÉÓÁÎ 
ĘÓÓÚÅÜÌÌþÔÏÔÔ ÔÅÓÚÔÅË ËïÓÚþÔïÓÅ ÉÄěÉÇïÎÙÅÓ ÆÅÌÁÄÁÔ Á ÐÅÄÁÇĕÇÕÓÏË ÓÚÜÍÜÒÁȟ 
ÍþÇ Á ÔÁÎÕÌĕË ÇÙÁËÒÁÎ ÃÓÁË ËÏÒÌÜÔÏÚÏÔÔ ÓÚÜÍĭ ÇÙÁËÏÒÌĕÆÅÌÁÄÁÔÈÏÚ ÆïÒÎÅË 
ÈÏÚÚÜȢ !Ú -)-ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓ ÅÚÔ Á ÐÒÏÂÌïÍÜÔ ÈÉÄÁÌÊÁ ÜÔ ÁÚÚÁÌȟ ÈÏÇÙ Á 
ÍÅÇÌïÖě ÔÁÎÁÎÙÁÇÏË ÁÌÁÐÊÜÎ ËïÐÅÓ ĭÊȟ ÒÅÌÅÖÜÎÓ ËïÒÄïÓÅËÅÔ ÌïÔÒÅÈÏÚni [6][9].  

! ÒÅÎÄÓÚÅÒ ÍĴËĘÄïÓÅ ÓÏÒÜÎ ÁÚ -) ÎÅÍ ĘÎÜÌÌĕ ÅÎÔÉÔÜÓËïÎÔȟ ÈÁÎÅÍ 
ÓÚÏÌÇÜÌÔÁÔÜÓËïÎÔ ÊÅÌÅÎÉË ÍÅÇȢ ! ÆÒÏÎÔÅÎÄ ÆÅÌÈÁÓÚÎÜÌĕÉ ÆÅÌİÌÅÔïÎ Á ÆÅÌÈÁÓÚÎÜÌĕ 
ËÉÖÜÌÁÓÚÔÊÁ Á ËþÖÜÎÔ ÔÁÎÔÜÒÇÙÁÔȟ ÍÁÊÄ ÅÇÙ ËÏÎËÒïÔ ÔÁÎÁÎÙÁÇÏÔȟ ÁÍÅÌÙÂěÌ 
ÔÅÓÚÔËïÒÄïÓÅËÅÔ ÓÚÅÒÅÔÎÅ ÇÅÎÅÒÜÌÎÉȢ %ÚÔ ËĘÖÅÔěÅÎ ÍÅÇÁÄÈÁÔĕ Á ËïÒÄïÓÅË 
ÓÚÜÍÁȟ ÁÍÅÌÙ ÊÅÌÅÎ ÉÍÐÌÅÍÅÎÔÜÃÉĕÂÁÎ ÅÌěÒÅ ÄÅÆÉÎÉÜÌÔ ïÒÔïËÅË ËĘÚİÌ 
ÖÜÌÁÓÚÔÈÁÔĕȢ %ÚÅË ÁÚ ÁÄÁÔÏË ÅÇÙİÔÔ ÁÌËÏÔÊÜË ÁÚÔ Á ËÏÎÔÅØÔÕÓÔȟ ÁÍÅÌÙ ÁÌÁÐÊÜÎ 
az MI-ÍÏÄÅÌÌ ËïÐÅÓ ÒÅÌÅÖÜÎÓ ËïÒÄïÓÓÏÒÏËÁÔ ÅÌěÜÌÌþÔÁÎÉ ɉ<ÂÒÁ σɊȢ 
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<ÂÒÁ 3: TesztgÅÎÅÒÜÌÜÓ - ÏÐÃÉĕË ËÉÖÜÌÁÓÚÔÜÓÁ [3]  

! ÔÅÓÚÔÇÅÎÅÒÜÌÜÓÉ ÆÏÌÙÁÍÁÔ ÔĘÂÂ ÅÇÙÍÜÓÒÁ ïÐİÌě ÌïÐïÓÂěÌ ÜÌÌȢ %ÌÓě ÌïÐïÓËïÎÔ 
Á ÒÅÎÄÓÚÅÒ ÅÌÌÅÎěÒÚÉȟ ÈÏÇÙ Á ËÉÖÜÌÁÓÚÔÏÔÔ ÔÁÎÁÎÙÁÇ ÒÅÎÄÅÌËÅÚÉË-e kinyert 
ÓÚĘÖÅÇÅÓ ÔÁÒÔÁÌÏÍÍÁÌȢ %Ú ËÕÌÃÓÆÏÎÔÏÓÓÜÇĭȟ ÍÉÖÅÌ ÁÚ -)-ÍÏÄÅÌÌ ËÉÚÜÒĕÌÁÇ Á 
ÓÔÒÕËÔÕÒÜÌÔȟ ÓÚĘÖÅÇÅÓ ÔÁÎÁÎÙÁÇ ÁÌÁÐÊÜÎ ËïÐÅÓ ËïÒÄïÓÅËÅÔ ÇÅÎÅÒÜÌÎÉȢ 
!ÍÅÎÎÙÉÂÅÎ Á ÔÁÎÁÎÙÁÇ ÎÅÍ ÔÁÒÔÁÌÍÁÚ ÉÌÙÅÎ ÁÄÁÔÏÔȟ Á ÒÅÎÄÓÚÅÒ ÅÒÒěÌ 
ÖÉÓÓÚÁÊÅÌÚïÓÔ ÁÄ Á ÆÅÌÈÁÓÚÎÜÌĕÎÁËȟ ïÓ ÍÅÇÓÚÁËþÔÊÁ Á ÆÏÌÙÁÍÁÔÏÔ [6] . 

3ÉËÅÒÅÓ ÅÌÌÅÎěÒÚïÓ ÕÔÜÎ Á ÒÅÎÄÓÚÅÒ ÅÇÙ ĭÇÙÎÅÖÅÚÅÔÔ ÐÒÏÍÐÔÏÔ ÜÌÌþÔ ĘÓÓÚÅȟ 
ÁÍÅÌÙ ÔÁÒÔÁÌÍÁÚÚÁ Á ÔÁÎÁÎÙÁÇ ÃþÍïÔȟ ÖÁÌÁÍÉÎÔ Á ÈÏÚÚÜ ÔÁÒÔÏÚĕ ËÉÎÙÅÒÔ 
ÓÚĘÖÅÇÅÔȢ %Ú Á ÐÒÏÍÐÔ ÓÚÏÌÇÜÌ ÂÅÍÅÎÅÔËïÎÔ ÁÚ -) ÓÚÏÌÇÜÌÔÁÔÜÓ ÓÚÜÍÜÒÁȢ !Ú 
ÁÌËÁÌÍÁÚÜÓ ÅÇÙ ËİÌÓěȟ ÓÚĘÖÅÇÆÅÌÄÏÌÇÏÚÜÓÒÁ ïÓ ÇÅÎÅÒÜÌÜÓÒÁ ÓÐÅÃÉÁÌÉÚÜÌÔ -) 
API-Ô ÈÁÓÚÎÜÌȟ ÁÍÅÌÙ ÔÅÒÍïÓÚÅÔÅÓ ÎÙÅÌÖÉ ÆÅÌÄÏÌÇÏÚÜÓÉ ɉ.,0Ɋ ÔÅÃÈÎÉËÜË 
ÓÅÇþÔÓïÇïÖÅÌ ïÒÔÅÌÍÅÚÉ Á ËÁÐÏÔÔ ÓÚĘÖÅÇÅÔȟ ÍÁÊÄ ÁÂÂĕÌ ÒÅÌÅÖÜÎÓȟ Á ÔÁÎÁÎÙÁÇ 
ÔÁÒÔÁÌÍÜÈÏÚ ÉÌÌÅÓÚËÅÄě ÔÅÓÚÔËïÒÄïÓÅËÅÔ ÇÅÎÅÒÜÌȢ 

!Ú -) ÜÌÔÁÌ ÖÉÓÓÚÁËİÌÄĘÔÔ ÖÜÌÁÓÚ ÎÙÅÒÓ ÓÚĘÖÅÇÅÓ ÆÏÒÍÜÂÁÎ ïÒËÅÚÉË ÍÅÇ Á 
rendszerbe. Ezt ËĘÖÅÔěÅÎ ÅÇÙ ÆÅÌÄÏÌÇÏÚĕ ÌÏÇÉËÁ ÓÅÇþÔÓïÇïÖÅÌ Á ÒÅÎÄÓÚÅÒ 
ÓÔÒÕËÔÕÒÜÌÊÁ ÁÚ ÁÄÁÔÏËÁÔȡ ÅÌËİÌĘÎþÔÉ Á ËïÒÄïÓÅËÅÔȟ Á ÖÜÌÁÓÚÌÅÈÅÔěÓïÇÅËÅÔȟ 
ÖÁÌÁÍÉÎÔ Á ÈÅÌÙÅÓ ÖÜÌÁÓÚÏËÁÔȢ !Ú þÇÙ ÅÌěÜÌÌþÔÏÔÔ ÓÔÒÕËÔĭÒÁ ÍÜÒ ËĘÚÖÅÔÌÅÎİÌ 
ÍÅÇÊÅÌÅÎþÔÈÅÔě Á ÆÅÌÈÁÓÚÎÜÌĕÉ ÆÅÌİÌÅÔÅÎ ɉ<ÂÒÁ τɊȟ ïs alkalmas arra, hogy a 
ÄÉÜËÏË ÉÎÔÅÒÁËÔþÖ ÍĕÄÏÎ ËÉÔĘÌÔÓïË Á ÔÅÓÚÔÅÔȟ ÉÌÌÅÔÖÅ Á ÔÁÎÜÒ ÌÅÔĘÌÔÈÅÓÓÅ ÐÄÆ-
ÂÅÎ ÖÁÇÙ ËÉÎÙÏÍÔÁÔÈÁÓÓÁ ÁËÜÒ ÐÁÐþÒ ÆÏÒÍÜÂÁÎ. 

! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÜÌÔÁÌ ÇÅÎÅÒÜÌÔ ÔÅÓÚÔ ÎÅÍ ÃÓÕÐÜÎ ËïÒÄïÓÅË 
ÍÅÇÊÅÌÅÎþÔïÓïÒÅ ÓÚÏÌÇÜÌȟ ÈÁÎÅÍ Á ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔ ÁËÔþÖ ÔÜÍÏÇÁÔÜÓÜÒÁ ÉÓȢ ! 
ÆÅÌÈÁÓÚÎÜÌĕË ÍÉÎÄÅÎ ËïÒÄïÓÈÅÚ ÅÇÙ ÖÜÌÁÓÚÌÅÈÅÔěÓïÇÅË ËĘÚİÌ ÖÜÌÁÓÚÔÈÁÔÎÁËȟ 
Á ÒÅÎÄÓÚÅÒ ÐÅÄÉÇ Á ËÉÔĘÌÔïÓÔ ËĘÖÅÔěÅÎ ÁÕÔÏÍÁÔÉËÕÓÁÎ ËÉïÒÔïËÅÌÉ ÁÚ 
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ÅÒÅÄÍïÎÙÔȢ ! ÈÅÌÙÅÓ ïÓ ÈÅÌÙÔÅÌÅÎ ÖÜÌÁÓÚÏË ÖÉÚÕÜÌÉÓÁÎ ÅÌËİÌĘÎİÌÎÅËȟ þÇÙ Á 
ÔÁÎÕÌĕ ÁÚÏÎÎÁÌÉ ÖÉÓÓÚÁÊÅÌÚïÓÔ ËÁÐ Á ÔÅÌÊÅÓþÔÍïÎÙïÒěÌȢ 
 

 

<ÂÒÁ τȡ 4ÅÓÚÔ ÅÌÌÅÎěÒÚïÓÅȟ ÌÅÔĘÌÔïÓÅ ïÓ ÍÅÎÔïÓÅ ɉÔÁÎÜÒÉ ÂÅÊÅÌÅÎÔËÅÚïÓɊ ɍσɎ 

%Ú ÁÚ ÁÚÏÎÎÁÌÉ ÖÉÓÓÚÁÃÓÁÔÏÌÜÓ ËÉÅÍÅÌÔ ÐÅÄÁÇĕÇÉÁÉ ÊÅÌÅÎÔěÓïÇÇÅÌ ÂþÒȟ ÍÉÖÅÌ 
ÓÅÇþÔÉ ÁÚ ĘÎÅÌÌÅÎěÒÚïÓÔ ïÓ Á ÈÉÜÎÙÏÓÓÜÇÏË ÇÙÏÒÓ ÆÅÌÉÓÍÅÒïÓït. Az MI ebben az 
ÅÓÅÔÂÅÎ ËĘÚÖÅÔÅÔÔ ÍĕÄÏÎ ÔÜÍÏÇÁÔÊÁ Á ÔÁÎÕÌÜÓÔȡ ÎÅÍ ÃÓÕÐÜÎ ËïÒÄïÓÅËÅÔ 
ÇÅÎÅÒÜÌȟ ÈÁÎÅÍ ÈÏÚÚÜÊÜÒÕÌ ÁÈÈÏÚȟ ÈÏÇÙ Á ÔÁÎÕÌĕË ÈÁÔïËÏÎÙÁÂÂÁÎ 
ÄÏÌÇÏÚÈÁÓÓÜË ÆÅÌ Á ÔÁÎÁÎÙÁÇÏÔȢ 

Az MI-ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓ ÅÇÙÉË ÔÏÖÜÂÂÉ ÅÌěÎÙÅȟ ÈÏÇÙ ÁÚ ÅÌËïÓÚİÌÔ 
ËïÒÄïÓÓÏÒÏË ÍÅÎÔÈÅÔěË ïÓ ËïÓěÂÂ ĭÊÒÁ ÆÅÌÈÁÓÚÎÜÌÈÁÔĕËȢ ! ÂÅÊÅÌÅÎÔËÅÚÅÔÔ 
ÆÅÌÈÁÓÚÎÜÌĕË ÓÚÜÍÜÒÁ ÌÅÈÅÔěÓïÇ ÖÁÎ Á ÇÅÎÅÒÜÌÔ ÔÅÓÚÔÅË ÅÌÔÜÒÏÌÜÓÜÒÁ ÁÚ 
ÁÄÁÔÂÜÚÉÓÂÁÎȢ %ÚÜÌÔÁÌ Á ÔÁÎÕÌĕË ËïÓěÂÂ ÖÉÓÓÚÁÔïÒÈÅÔÎÅË ÅÇÙ ËÏÒÜÂÂÁÎ 
ËÉÔĘÌÔĘÔÔ ÔÅÓÚÔÈÅÚȟ ĭÊÒÁ ÍÅÇÏÌÄÈÁÔÊÜË ÁÚÔȟ ÖÁÇÙ ĘÓÓÚÅÈÁÓÏÎÌþÔÈÁÔÊÜË 
ÅÒÅÄÍïÎÙÅÉËÅÔȢ 

σȢς %ÒÅÄÍïÎÙÅË ïÓ ÆÅÊÌÅÓÚÔěÉ ÍÅÇÌÜÔÜÓÏË 

"ÜÒ Á ÊÅÌÅÎÌÅÇÉ ÉÍÐÌÅÍÅÎÔÜÃÉĕ ÍïÇ ÎÅÍ ÖïÇÅÚ ÔÁÎÕÌĕÉ ÔÅÌÊÅÓþÔÍïÎÙÅÌÅÍÚïÓÔȟ 
Á ÔÜÒÏÌÔ ÔÅÓÚÔÅÒÅÄÍïÎÙÅË ÁÌÁÐÏÔ ÔÅÒÅÍÔÈÅÔÎÅË ËïÓěÂÂÉȟ ÆÅÊÌÅÔÔÅÂÂ -)-ÁÌÁÐĭ 
ÆÕÎËÃÉĕË ÓÚÜÍÜÒÁȟ ÐïÌÄÜÕÌ ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓÉ ĭÔÖÏÎÁÌÁË ÖÁÇÙ 
ÔÅÌÊÅÓþÔÍïÎÙÁÌÁÐĭ ÁÊÜÎÌĕÒÅÎÄÓÚÅÒÅË ËÉÁÌÁËþÔÜÓÜÈÏÚȢ 

vÓÓÚÅÓÓïÇïÂÅÎ ÅÌÍÏÎÄÈÁÔĕȟ ÈÏÇÙ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÉÎÔÅÇÒÜÃÉĕÊÁ 
ÊÅÌÅÎÔěÓ ÈÏÚÚÜÁÄÏÔÔ ïÒÔïËÅÔ ËïÐÖÉÓÅÌ ÁÚ Å-ÌÅÁÒÎÉÎÇ ÁÌËÁÌÍÁÚÜÓÂÁÎȢ !Ú -)-
ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓ ÃÓĘËËÅÎÔÉ Á ÔÁÎÜÒÏË ÁÄÍÉÎÉÓÚÔÒÁÔþÖ ÔÅÒÈÅÉÔȟ ÍÉËĘÚÂÅÎ Á 
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ÄÉÜËÏË ÓÚÜÍÜÒÁ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔȟ ÒÕÇÁÌÍÁÓ ÔÁÎÕÌÜÓÉ ÌÅÈÅÔěÓïÇÅËÅÔ ÂÉÚÔÏÓþÔȟ 
ezzel ÈÏÚÚÜÊÜÒÕÌ Á ÔÁÎÕÌÜÓÉ ïÌÍïÎÙ ïÓ ÁÚ ÏËÔÁÔÜÓ ÈÁÔïËÏÎÙÓÜÇÜÎÁË 
ÎĘÖÅÌïÓïÈÅÚȢ 

τ vÓÓÚÅÇÚïÓ 

! ÔÁÎÕÌÍÜÎÙ ÅÇÙ ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÜÖÁÌ ÔÜÍÏÇÁÔÏÔÔ Å-learning 
ÁÌËÁÌÍÁÚÜÓ ÆÅÊÌÅÓÚÔïÓïÔ ïÓ ÍĴËĘÄïÓïÔ ÍÕÔÁÔÔÁ ÂÅȟ ËİÌĘÎĘÓ ÔÅËÉÎÔÅÔÔÅÌ ÁÚ -)-
ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓ ÍÅÇÖÁÌĕÓþÔÜÓÜÒÁ ïÓ ÏËÔÁÔÜÓÉ ÃïÌĭ ÁÌËÁÌÍÁÚÜÓÜÒÁȢ ! 
ÂÅÍÕÔÁÔÏÔÔ ÒÅÎÄÓÚÅÒ ÃïÌÊÁ ÅÇÙ ÏÌÙÁÎ ÍÏÄÅÒÎȟ ÐÌÁÔÆÏÒÍÆİÇÇÅÔÌÅÎ ÏËÔÁÔÜÓÉ 
ÅÓÚËĘÚ ÌïÔÒÅÈÏÚÜÓÁ ÖÏÌÔȟ ÁÍÅÌÙ ÈÁÔïËÏÎÙÁÎ ÔÜÍÏÇÁÔÊÁ ÍÉÎÄ Á ÔÁÎÕÌĕË 
ÔÕÄÜÓÅÌÌÅÎěÒÚïÓïÔȟ ÍÉÎÄ ÐÅÄÉÇ Á ÐÅÄÁÇĕÇÕÓÏË ÔÁÎÁÎÙÁÇËïÓÚþÔïÓÉ ïÓ 
ïÒÔïËÅÌïÓÉ ÆÏÌÙÁÍÁÔÁÉÔȢ 

! ÆÅÊÌÅÓÚÔïÓ ÓÏÒÜÎ ËÉÅÍÅÌÔ ÓÚÅÍÐÏÎÔÏÔ ÊÅÌÅÎÔÅÔÔ ÁÚ ÜÔÌÜÔÈÁÔĕ ÁÒÃÈÉÔÅËÔĭÒÁȟ Á 
ÊĕÌ ÅÌËİÌĘÎþÔÈÅÔě ËÏÍÐÏÎÅÎÓÅË ÁÌËÁÌÍÁÚÜÓÁȟ ÖÁÌÁÍÉÎÔ Á ËÏÒÓÚÅÒĴ 
ÔÅÃÈÎÏÌĕÇÉÁÉ ÍÅÇÏÌÄÜÓÏË ÈÁÓÚÎÜÌÁÔÁ [8]Ȣ !Ú %ÌÅÃÔÒÏÎȟ Á 2ÅÁÃÔ ïÓ Á .ÏÄÅȢÊÓ 
ËĘÒÎÙÅÚÅÔ ÅÇÙİÔÔÅÓ ÁÌËÁÌÍÁÚÜÓÁ ÌÅÈÅÔěÖï ÔÅÔÔÅ ÅÇÙ ÓÔÁÂÉÌȟ ÊĕÌ ÓËÜÌÜÚÈÁÔĕȟ ÔĘÂÂ 
ÏÐÅÒÜÃÉĕÓ ÒÅÎÄÓÚÅÒÅÎ ÉÓ ÆÕÔÔÁÔÈÁÔĕ ÁÓÚÔÁÌÉ ÁÌËÁÌÍÁÚÜÓ ËÉÁÌÁËþÔÜÓÜÔȢ ! 
4ÙÐÅ3ÃÒÉÐÔ ÓÔÁÔÉËÕÓ ÔþÐÕÓËÅÚÅÌïÓÅ ÔÏÖÜÂÂ ÎĘÖÅÌÔÅ Á ËĕÄ ÍÅÇÂþÚÈÁÔĕÓÜÇÜÔ ïÓ 
ÈÏÓÓÚĭ ÔÜÖĭ ËÁÒÂÁÎÔÁÒÔÈÁÔĕÓÜÇÜÔȢ 

! ÒÅÎÄÓÚÅÒ ÌÅÇÆÏÎÔÏÓÁÂÂ ÆÕÎËÃÉÏÎÜÌÉÓ ÅÌÅÍÅ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ 
ÉÎÔÅÇÒÜÃÉĕÊÁȟ ÁÍÅÌÙ Á ÔÁÎÁÎÙÁÇÏËÂĕÌ ÁÕÔÏÍÁÔÉËÕÓÁÎ ÇÅÎÅÒÜÌÔ ÔÅÓÚÔËïÒÄïÓÅË 
ÆÏÒÍÜÊÜÂÁÎ ÊÅÌÅÎÉË ÍÅÇȢ ! ÄÉÜËÏË ÓÚÜÍÜÒÁ ÅÚ ÒÕÇÁÌÍÁÓÁÂÂ ÔÁÎÕÌÜÓÉ 
ÌÅÈÅÔěÓïÇÅÔ ïÓ ÁÚÏÎÎÁÌÉ ÖÉÓÓÚÁÊÅÌÚïÓÔ ÂÉÚÔÏÓþÔȟ ÁÍÅÌÙ ÈÏÚÚÜÊÜÒÕÌ ÁÚ ĘÎÜÌÌĕ 
ÔÁÎÕÌÜÓ ÈÁÔïËÏÎÙÓÜÇÜÎÁË ÎĘÖÅÌïÓïÈÅÚȢ 

!Ú -) ÓÉËÅÒÅÓ ÉÎÔÅÇÒÜÃÉĕÊÁ ËÉÈþÖÜÓÏËËÁÌ ÊÜÒȟ ÔĘÂÂÅË ËĘÚĘÔÔ Á ÔÅÃÈÎÏÌĕÇÉÁÉ 
ÆÅÌËïÓÚİÌÔÓïÇȟ ÁÚ ÁÄÁÔÖïÄÅÌÅÍȟ ÖÁÌamint az okÔÁÔĕË ÄÉÇÉÔÜÌÉÓ ËÏÍÐÅÔÅÎÃÉÁ 
ÆÅÊÌÅÓÚÔïÓÅ ÔÅÒïÎȢ !Ú ÅÒÅÄÍïÎÙÅË ĘÓÓÚÅÓÓïÇïÂÅÎ ÁÚÔ ÓÕÇÁÌÌÊÜËȟ ÈÏÇÙ ÁÚ -) 
ÈÁÔïËÏÎÙ ÁÌËÁÌÍÁÚÜÓÁ ÁÚ Å-ÌÅÁÒÎÉÎÇÂÅÎ ÔÕÄÁÔÏÓ ÔÅÒÖÅÚïÓÔȟ ÍÅÇÆÅÌÅÌě 
ÉÎÆÒÁÓÔÒÕËÔĭÒÜÔ ïÓ ÐÅÄÁÇĕÇÉÁÉ ÓÚÅÍÌïÌÅÔÖÜÌÔÜÓÔ ÉÇïÎÙÅÌȢ -ÅÇÆÅÌÅÌě ÆÅÌÔïÔÅÌÅË 
ÍÅÌÌÅÔÔ ÁÚÏÎÂÁÎ ÁÚ -) ÊÅÌÅÎÔěÓÅÎ ÈÏÚÚÜÊÜÒÕÌÈÁÔ Á ÔÁÎÕÌÜÓÉ ÅÒÅÄÍïÎÙÅË 
ÊÁÖþÔÜÓÜÈÏÚ ïÓ Á ËÏÒÓÚÅÒĴȟ ÔÁÎÕÌĕËĘÚÐÏÎÔĭ ÄÉÇÉÔÜÌÉÓ ÏËÔÁÔÜÓÉ ËĘÒÎÙÅÚÅÔÅË 
ËÉÁÌÁËþÔÜÓÜÈÏÚȢ 

5 +ÏÎËÌĭÚÉĕ 

! ÂÅÍÕÔÁÔÏÔÔ ÁÌËÁÌÍÁÚÜÓ ÊĕÌ ÐïÌÄÜÚÚÁȟ ÈÏÇÙ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ 
ÉÎÔÅÇÒÜÃÉĕÊÁ ÁÚ ÏËÔÁÔÜÓÉ ÒÅÎÄÓÚÅÒÅËÂÅ ËïÚÚÅÌÆÏÇÈÁÔĕ ÅÌěÎÙĘËËÅÌ ÊÜÒÈÁÔ ÍÉÎÄ 
ÐÅÄÁÇĕÇÉÁÉȟ ÍÉÎÄ ÔÅÃÈÎÏÌĕÇÉÁÉ ÓÚÅÍÐÏÎÔÂĕÌȢ !Ú -)-ÁÌÁÐĭ ÔÅÓÚÔÇÅÎÅÒÜÌÜÓ 
ÎÅÍ ÃÓÕÐÜÎ ÁÕÔÏÍÁÔÉÚÜÌÊÁ Á ÔÕÄÜÓÅÌÌÅÎěÒÚïÓÉ ÆÏÌÙÁÍÁÔÏÔȟ ÈÁÎÅÍ ĭÊ 
ÌÅÈÅÔěÓïÇÅËÅÔ ÉÓ ÔÅÒÅÍÔ Á ÔÁÎÕÌÜÓÉ ïÌÍïÎÙ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÜÓÜÒÁ ïÓ 
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ÆÅÊÌÅÓÚÔïÓïÒÅȢ Az MI-ÁÌÁÐĭ ÍÅÇÏÌÄÜÓÏË ɀ ÐïÌÄÜÕÌ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÏÔÔ ÔÁÎÕÌÜÓÉ 
ÕÔÁËȟ ÉÎÔÅÌÌÉÇÅÎÓ ËïÒÄěþÖÅË ïÓ ÔÜÍÏÇÁÔĕ ÃÈÁÔ ÅÓÚËĘÚĘË ɀ ÎÅÍÃÓÁË Á ÔÁÎÕÌĕË 
ÔÜÍÏÇÁÔÜÓÜÔ ÓÅÇþÔÉË ÅÌě ÉÄěÔěÌ ïÓ ÈÅÌÙÔěÌ ÆİÇÇÅÔÌÅÎİÌȟ ÈÁÎÅÍ ÁÚ ÏËÔÁÔĕË 
ÓÚÜÍÜÒÁ ÉÓ ïÒÔïËÅÓ ÅÓÚËĘÚĘËÅÔ ËþÎÜÌÎÁË Á ÈÁÔïËÏÎÙÁÂÂ ÔÁÎÕÌÜÓÓÚÅÒÖÅÚïÓÈÅÚȢ 
! ÒÅÎÄÓÚÅÒ ÊÅÌÅÎÌÅÇÉ ÉÍÐÌÅÍÅÎÔÜÃÉĕÊÁ ÅÌÓěÓÏÒÂÁÎ Á ËïÒÄïÓÇÅÎÅÒÜÌÜÓÒÁ ïÓ ÁÚ 
ÁÚÏÎÎÁÌÉ ËÉïÒÔïËÅÌïÓÒÅ ÆĕËÕÓÚÜÌȟ ÁÚÏÎÂÁÎ ÁÚ ÁÌËÁÌÍÁÚÜÓ ÁÒÃÈÉÔÅËÔĭÒÜÊÁ 
ÍÅÇÆÅÌÅÌě ÁÌÁÐÏÔ ÂÉÚÔÏÓþÔ ÔÏÖÜÂÂÉ ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÜÎ ÁÌÁÐÕÌĕ 
ÆÕÎËÃÉĕË ÂÅÖÅÚÅÔïÓïÈÅÚȢ )ÌÙÅÎ ÊĘÖěÂÅÎÉ ÆÅÊÌÅÓÚÔïÓÉ ÉÒÜÎÙ ÌÅÈÅÔ ÐïÌÄÜÕÌ ÁÚ 
ÁÄÁÐÔþÖ ÔÁÎÕÌÜÓ ÔÜÍÏÇÁÔÜÓÁȟ ÁÈÏÌ Á ÇÅÎÅÒÜÌÔ ËïÒÄïÓÅË ÎÅÈïÚÓïÇÉ ÓÚÉÎÔÊÅ Á 
ÔÁÎÕÌĕ ËÏÒÜÂÂÉ ÔÅÌÊÅÓþÔÍïÎÙïÈÅÚ ÉÇÁÚÏÄÉË [9]ȟ ÉÌÌÅÔÖÅ Á ÔÁÎÕÌĕÉ ÅÒÅÄÍïÎÙÅË 
ÈÏÓÓÚÁÂÂ ÔÜÖĭ ÅÌÅÍÚïÓÅ ïÓ ïÒÔïËÅÌïse. 

! ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ËÕÌÃÓÓÚÅÒÅÐÅÔ ÊÜÔÓÚÉË ÁÚ Å-ÌÅÁÒÎÉÎÇ ÊĘÖěÊïÎÅË 
ÁÌÁËþÔÜÓÜÂÁÎȢ ,ÅÈÅÔěÖï ÔÅÓÚÉ Á ÔÁÎÕÌÜÓÉ ÆÏÌÙÁÍÁÔ ÓÚÅÍïÌÙÒÅ ÓÚÁÂÜÓÜÔȟ ÎĘÖÅÌÉ 
Á ÒÕÇÁÌÍÁÓÓÜÇÏÔȟ ïÓ ÈÁÔïËÏÎÙÁÂÂÁÎ ÉÇÁÚþÔÊÁ Á ÔÁÎÁÎÙÁÇÏÔ Á ÔÁÎÕÌĕË ÅÇÙïÎÉ 
ÉÇïÎÙÅÉÈÅÚȟ ËïÐÅÓÓïÇÅÉÈÅÚ ïÓ ÔÁÎÕÌÜÓÉ ÓÔþÌÕÓÁÉÈÏÚȢ %ÎÎÅË ÅÒÅÄÍïÎÙÅËïÎÔ 
ÊÁÖÕÌÎÁË Á ÔÁÎÕÌÜÓÉ ÅÒÅÄÍïÎÙÅË ïÓ ÅÒěÓĘÄÉË Á ÔÁÎÕÌĕÉ ÍÏÔÉÖÜÃÉĕȢ 

vÓÓÚÅÓÓïÇïÂÅÎ ËÉÊÅÌÅÎÔÈÅÔÊİËȟ ÈÏÇÙ Á ÍÅÓÔÅÒÓïÇÅÓ ÉÎÔÅÌÌÉÇÅÎÃÉÁ ÉÎÔÅÇÒÜÌÜÓÁ 
az e-ÌÅÁÒÎÉÎÇ ÐÒÏÇÒÁÍÏËÂÁ ÊÅÌÅÎÔěÓ ÌÅÈÅÔěÓïÇÅËÅÔ ÒÅÊÔ Á ÄÉÇÉÔÜÌÉÓ ÏËÔÁÔÜÓ 
mÉÎěÓïÇïÎÅË ÆÅÊÌÅÓÚÔïÓïÒÅ [7]ȟ ËİÌĘÎĘÓÅÎ Á ÆÅÌÎěÔÔËïÐÚïÓ ÔÅÒİÌÅÔïÎȟ ïÓ 
ÁÌÁÐÏÔ ÔÅÒÅÍÔ Á ËÏÒÓÚÅÒĴȟ ÉÎËÌÕÚþÖ ïÓ ÆÅÎÎÔÁÒÔÈÁÔĕ ÔÁÎÕÌÜÓÉ ËĘÒÎÙÅÚÅÔÅË 
ËÉÁÌÁËþÔÜÓÜÈÏÚȢ 

! ÔÁÎÕÌÍÜÎÙ Á 3ÚÌÏÖÜË +ĘÚÔÜÒÓÁÓÜÇ +ÕÌÔÕÒÜÌÉÓ 4ÜÍÏÇÁÔÜÓÉ ­ÇÙÎĘËÓïÇÅ 
(KEGA) 014TTU-ψȾφτφψ ÓÚÜÍĭ ÐÒÏÊÅËÔ ÜÌÔÁÌ ËÅÒİÌÔ ÔÜÍÏÇÁÔÜÓÒÁȢ - This 

work has been supported by the Cultural Grant Agency of the Slovak 
republic KEGA under the Grant No. 014TTU-4/2024.  
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INNOVATIVE DESIGN OF DIGITAL INTERFACES FOR 
LEARNING SUPPORT 

Csilla PRANTNER, HU 

Abstract:  Rapid technological development 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, hu-man-machine 
interaction has undergone a significant transformation, which was marked 
by free access to generative artificial intelligence systems. Subsequently, 
there has been a rapid spread of applications with built-in artificial 
intelligence. This development is increasingly described as an indicator of 
ÔÈÅ ÏÎÓÅÔ ÏÆ ÔÈÅ ȰÆÉÆÔÈ ÉÎÄÕstrial revolu-ÔÉÏÎȱ ɉ0ÒÁÎÔÎÅÒȟ ςπςυɊȢ !ÒÔÉÆÉÃÉÁÌ 
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 intelligence systems can 
replace a significant part of not only low-paid 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 applied 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 advent 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 educational platforms; Creation of didactic 
educational applications, Instructional Design, etc. 
High-level contemporary technologies can effectively support diverse 
learning formats, such as group, cooperative, and project-based 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 platform is available for 
learning and completing assignments outside of class and provides space for 
teacherɀstudent and studentɀstudent communication.  
Such academic-content digital learning platforms can support learning more 
effectively when UX/UI experts 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 educational websites (Braun, 
2025). From a broader perspective, UX/UI design and research belong to the 
field of HumanɀComputer 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 and the 
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 (Prantner, 2025). 

Keywords:  Instructional Design, UX/UI Design, Hybrid educational 
environment, Progressive educational method. 

1 Introduction  

The rapid technological developments of the early 21st century have led to 
substantial transformations not only at economic, cultural, and social levels, 
but also in human communication and learning processes. In recent years, 
humanɀmachine 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 OpenAI in November 2022, and the 
subsequent proliferation of AI-integrated applications. These developments 
are increasingly described as indicators of the emergence of the Fifth 
Industrial Revolution, characterized by the close cooperation between 
artificial intelligenceɀbased 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 labour market, as fully automated AI 
systems may displace a significant portion of lower-wage and lower-skilled 
jobs (Cu, 2023). The manifold capabilities of AI 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 processesɂbe it 
physical or mental (BrynjolfssonɀMcAfee, 2014). 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

83 
 

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 
pressureɂthe necessity and urgency for adaptationɂis more pronounced 
than in primary or secondary education, as higher education serves as the 
immediate threshold for students entering the labour market. 

It is essential to articulate the changes that current large-scale 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 trans-formed labour market and succeed in 
future roles that do not yet exist today. 

The World Economic ForumȭÓ ςπςυ ÐÕÂÌÉÃÁÔÉÏÎȟ ×ÈÉÃÈ ÉÄÅÎÔÉÆÉÅÓ ÔÈÅ ÔÏÐ ρπ 
most sought-after labour market skills and forecasts their importance 
through 2030, provides excellent guidance (Figure 1) (World, 2025).  

 

a) 2025 

 

b) 2030 

Figure  1: a) Core skills in 2025; b) Top 10 fastest growing skills by 2030 

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

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

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

It is essential to focus on developing these skills in education today, as future 
professionsɂacross both market and non-profit sectorsɂwill 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 as Project-based and project-oriented 
education, Problem-Based Learning (PBL), as well as Inquiry-Based Learning 
(IBL) or Research Based Learning (RBL). Beyond fostering 4C skills, the 
application of these modern educational methods enhances student 
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engagement, motivation, metacognition, and self-regulated 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 careers. All of 
these learning methods contribute o a path of self-discovery, 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 strengths, 
while also learning to confront their personal challenges. The recognition of 
ÏÎÅȭÓ Ï×Î ÁÂÉÌÉÔÉÅÓ ÃÁÎ ÂÅ ÓÕÐÐÏÒÔÅÄ ÂÙ ÃÏÍÐÌÅÔÉÎÇ ÖÁÒÉÏÕÓ ÐÓÙÃÈÏÌÏÇÉÃÁÌ 
assessments (e.g., DISC), which have long been successfully used in the 
labour market and the economic sector. However, their application in the 
field of education is relatively new, although they have the potential to 
ÉÍÐÒÏÖÅ ÁÃÁÄÅÍÉÃ ÏÕÔÃÏÍÅÓ ÁÎÄ τ# ÓËÉÌÌÓȢ ɉ3ÁÒÍÁÓÜÇÉȟ ςπςςɊȢ 

4 Hybrid learning environment and the role of the primary platform  

Nowadays, ICT 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 environments that support 
innovative pedagogical methodsɂspecifically, 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 higher education institutions, depending on 
institutional regulations, classroom technology.  

Ȱ"Ù ÈÙÂÒÉÄ ÌÅÁÒÎÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔȟ ×Å ÍÅÁÎ Á ÓÙÓÔÅÍ ÏÆ ÃÏÎÄÉÔÉÏÎÓ ÉÎ ×ÈÉÃÈ ÔÈÅ 
traditional educational framework incorporates proven and effective 
elements of digital technology and methodology in an inclusive manner, 
ensuring optimal learning outcomes for students regardless of location and 
ÔÉÍÅȱ (RacskoɀKis-4ĕÔÈȟ ςπςςȟ ρψυɊȢ  

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 platformɂ often a learning management system (LMS)ɂwhich 
serves as a stable learning starting point for students and is usable during 
classes by both physically present participants and those connecting 
remotely. That is supports classes, whether in-person, online, or hybrid. It is 
important that the platform is available for learning and completing 
assignments outside of class and provides space for teacherɀstudent and 
studentɀstudent communication. 
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5. UX/UI Design in the Development of Digital Learning Platforms  

Increasing emphasis is being placed on the user-centred and ergonomic 
design of online learning materials and digital educational platforms 
(CennamoɀKalk, 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, humanɀcomputer interaction, and computer science. While 
the UX/UI design has developed into a distinct profession within the market, 
these practices have not yet been fully integrated into the creation of 
educational academic websites (Braun, 2025).  

Although we have focused on UX/UI design so far, it is useful to adopt a 
ÂÒÏÁÄÅÒ ÐÅÒÓÐÅÃÔÉÖÅȟ ÁÓ ÅØÁÍÉÎÉÎÇ ÓÔÕÄÅÎÔÓȭ ÉÎÔÅÒÁÃÔÉÏÎÓ ×ÉÔÈ ÄÉÇÉÔÁÌ 
interfaces during the learning processɂparticularly when testing 
completed educational platformsɂis recommended. This can include 
methods such as eye and mouse 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. 

¶ 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 AI tools also 
requires IT development.  

7. Conclusion 

In my view, in the context of Instructional Design, three major domains 
should be brought together on a common platform (Figure 3):  

¶ the academic, theorical, didactic perspective (Educational Theory),  

¶ the innovative, market-oriented practices characteristic of UX/UI design 
(HumanɀComputer Interaction)  and  

¶ 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 experts from three fields: (1) 
Educational Theory, (2) HumanɀComputer Interaction, and (3) Informatics, 
in order to develop effective learning support interfaces. (Prantner, 2025). 

 
Figure  3: Hybrid Instructional Design (HxID) Interdisciplinary Framework 

(own concept, own editing) 
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HAS AI MADE A TRANSFORMATION IN THE 
EDUCATION SPHERE? 

Natalia Shumeiko, SK 

Abstract:  With the advent of artificial intelligence (AI), the role of a lecturer 
in tertiary education is transforming. AI resources can serve as potential 
assistants to lecturers in preparing teaching materials and providing 
evaluation and feedback to students. Lecturers, in turn, take on one of seven 
roles (Osadcha et al., 2025) during AI-supported training. Being a reliable 
ÉÎÆÏÒÍÁÔÉÏÎ ÐÒÏÖÉÄÅÒ ×ÈÉÌÅ !) ÓÅÒÖÅÓ ÁÓ Á ÈÅÌÐÆÕÌ ȬÁÓÓÉÓÔÁÎÔȭ ÓÅÅÍÓ ÔÈÅ ÍÏÓÔ 
apparent role in tertiary education. In particular, it applies to teaching 
Business English at the tertiary level. The use of AI-generated 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. In this case, the AI resource functions as the lecturer's 
ȬÁÓÓÉÓÔÁÎÔȢȭ !Ô ÔÈÅ ÓÁÍÅ ÔÉÍÅȟ ÔÈÅ ÌÅÃÔÕÒÅÒ ÉÓ Á ÒÅÌÉÁÂÌÅ ÐÒÏÖÉÄÅÒ ÏÆ ÉÎÆÏÒÍÁÔÉÏÎ 
for students in class. The lecturer selects assignments from PSLG content, 
determines the relevance of AI-generated tasks, and makes adjustments. 

Keywords:  artificial intelligence, lecturer, tertiary education, training 

1 Introduction  

!) ÉÓ ÔÒÁÎÓÆÏÒÍÉÎÇ ÅÄÕÃÁÔÉÏÎȢ !) ÉÓ Á ȬÈÅÌÐÅÒȭ ÆÏÒ ÌÅÃÔÕÒÅÒÓȟ ÈÅÌÐÉÎÇ ÔÈÅÍ ÓÁÖÅ 
time. The PSLG is a resource that generates assignments for learners of 
English. AI-generated content by PSLG for English lessons is practical and 
persuasive. A lecturer in this case is a provider of information generated by 
AI.  

ρȢρ 4ÈÅ ÌÅÃÔÕÒÅÒȭÓ ÒÏÌÅ ÉÎ !)-supported training  

In AI-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 AI resources generate content for teaching and 
learning, the lecturer remains responsible for designing meaningful learning 
experiences. Lecturers must carefully select and then integrate in the 
context of the lesson AI-generated content that aligns with learning 
objectives, considering ethical criteria and disciplinary requirements. 
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Lecturers' expertise is essential for helping students develop higher-order 
cognitive skills (e.g., problem-solving, critical thinking). 

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

Researchers (Osadcha et al., 2025) distinguished seven roles of lecturers 
involved in AI-supported teaching-ÌÅÁÒÎÉÎÇ ÐÒÏÃÅÓÓȡ Ȱ1) a leading teacher, 
who explains new rules, guide students, and correct errors; 2) a mentor, who 
helps his mentee, supports critical thinking, explains the value of AI-generated 
content; 3) a teammate, whose work is accompanied by AI-powered resources; 
4) a provider of information whose work is just assisted by AI in the process of 
teaching; 5) an assistant, who gives instructions while students are competing 
the tasks using the AI tools; 6) an instructor who carries out supervision and 
provides feedback; 7) an explorer who has not defined his role yetȢȱ While 
teaching Business English at a tertiary education institution, the lecturer 
serves as a provider of information (in our experience).   

2 AI as an assistant in teaching English  

By concentrating on the PSLG, an AI-based resource that generates content 
for English lessons, this article highlights, from the perspective of the 
aÕÔÈÏÒȭÓ ÐÒÁÃÔÉÃÁÌ ÅØÐÅÒÉÅÎÃÅȟ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȡ Ȱthe PSLG is characterized as an 
invaluable AI 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) for measuring English language proficiency (from A1 
to C2)ȱ ɉin Shumeiko, 2025, Mayor, 2025).  

The peculiarity of the PSLG is as follows: whilst many AI-powered assistants 
create content and activities for language learners, the Pearson Smart 
Lesson Generator (PSLG) delivers content that is pedagogically sound and 
ÃÒÅÁÔÅÄ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ 0ÅÁÒÓÏÎȭÓ ÌÅÁÒÎÉÎÇ Äesign principles. These 
principles are based on research into the most efficient ways to teach and 
learn. This content is appropriately levelled (A1ᵊC2) and relevant to 
learners of English, having undergone a rigorous quality control process. At 
the core of this process is the Global Scale of English (Mayor, 2025). 
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2  AI-generated content for English lessons at the 
tertiary level  

The PSLG, an AI resource, assists the university lecturer in teaching 
Business English 

Has AI transformed the education sphere? ɀ is the admittedly baffling 
question. One thing is certain: AI brings innovation to teaching Business 
English. The PSLG's automated assignment generation for students follows 
a three-step process.  

The first step involves the content creation. The PSLG, being an AI resource, 
generates activities, such as a ȬÌÅÓÓÏÎ ÈÏÏËȟȭ a glossary with example 
sentences, a grammar explanation, a conversation starter, a text for reading 
with multiple -choice questionsȟ ÁÎÄ ÁÎ ȬÅØÉÔ ÔÉÃËÅÔȭ task. ! ȬÌÅÓÓÏÎ ÈÏÏËȭ 
activity engages students with a compelling starter ɀ speaking, while 
warming up. A vocabulary presentation includes tasks for introducing new 
words, their definiti ons, 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, featuring an 
engaging text and a multiple-choice 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 
ͻÅØÉÔ ÔÉÃËÅÔȭ ÔÁÓË ÁÌÌÏ×Ó ÔÈÅ ÕÎÉÖÅÒÓÉÔÙ ÌÅÃÔÕÒÅÒ ÔÏ ÁÓÓÅÓÓ ÌÅÁÒÎÅÒÓȭ 
understanding and reflect on a lesson learned (Smart Lesson Generator, 
2025). In the second step, AI-generated assignments and activities are 
Ȱpassed through GSE filters to ensure that the language is at an appropriate 
levelȱ ɉ-ÁÙÏÒȟ ςπςυɊȢ )Î ÔÈÅ ÔÈÉÒÄ ÓÔÅÐȟ !)-generated tasks are available to 
the lecturer. 

An English lecturer ɀ the provider of information  

The lecturer has several additional options after obtaining AI-generated 
activities from the PSLG. The lecturer can adapt the AI-generated content, 
regenerate a new activity, or use it  as supplementary material. 
!Î %ÎÇÌÉÓÈ ÌÅÃÔÕÒÅÒ ÉÓ ÔÈÅ ÏÎÌÙ ÏÎÅ ×ÈÏ ÐÒÏÖÉÄÅÓ ÔÈÅ 03,'ȭÓ !)-generated 
content to learners while teaching a Business English course at a tertiary-
level institution . Provided content is analysed thoughtfully and then offered 
for learning.  

The English lecturer provides information, while AI serves as a helpful 
ȬÁÓÓÉÓÔÁÎÔȭȟ ÁÌÌÏ×ÉÎÇ ÔÈÅ ÌÅÃÔÕÒÅÒ ÔÏ ÓÐÅÎÄ ÌÅÓÓ ÔÉÍÅ ÐÌÁÎÎÉÎÇ ÁÎÄ ÍÏÒÅ ÔÉÍÅ 
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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 lecturer-provider of 
ÉÎÆÏÒÍÁÔÉÏÎ ÁÎÄ ÁÎ !) ÓÕÐÐÏÒÔȟ ÔÈÅ ÔÈÅÍÅ Ȱ4ÈÅ "ÕÓÉÎÅÓÓ ÏÆ 4ÏÕÒÉÓÍȱ ÆÒÏÍ 
the Business Partner C1 (Dubicka et al., 2020) coursebook was chosen. 

Lesson cÏÎÔÅÎÔ ÏÎ Ȱ4ÈÅ "ÕÓÉÎÅÓÓ ÏÆ 4ÏÕÒÉÓÍȱ ×ÁÓ ÇÅÎÅÒÁÔÅÄ ÂÙ ÔÈÅ 03,' 

An AI-ÇÅÎÅÒÁÔÅÄ ȰÌÅÓÓÏÎ ÈÏÏËȢȱ At the beginning of the English lesson (a 
ȬÌÅÓÓÏÎ ÈÏÏËȭɊȟ ÅÖÅÒÙ ÓÔÕÄÅÎÔ ÉÓ ÁÓËÅÄ ÔÏ ÉÍÁÇÉÎÅ ÔÈÁÔ they are an expert 
advisor hired to help a luxury company become more 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 question to the class ɀ Ȱ7ÈÁÔ ÄÏ ÙÏÕ ÔÈÉÎË 
is most important to attract younger customers while keeping the 
ÃÏÍÐÁÎÙȭÓ ÈÉÇÈ-ÑÕÁÌÉÔÙ ÒÅÐÕÔÁÔÉÏÎȩȱ ɉÁÄÏÐÔÅÄ ÆÒÏÍ 3ÍÁÒÔ ,ÅÓÓÏÎ 
Generator, 2025).   

&ÏÒ ÔÈÅ ȰÌÅÓÓÏÎ ÈÏÏËȱ ÓÔÁÇÅ of the lesson, the following AI-generated 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 perspectives; 
use visuals of luxury travel experiences to spark discussion; after collecting 
ÉÄÅÁÓ ÆÒÏÍ ÌÅÁÒÎÅÒÓȟ ÅØÐÌÁÉÎ ÔÈÁÔ ÔÏÄÁÙ ×ÅȭÌÌ ÌÅÁÒÎ ÁÂÏÕÔ ÂÕÓÉÎÅÓÓ ÓÔÒÁÔÅÇÙ 
and customer service in the tourism industry, using key vocabulary related 
to marketing and business development.  

An AI-generated glossary. Understanding the meanings of business tourism 
terms, concepts, and notions helps advanced learners of English improve 
their spoken fluency. An AI-ÇÅÎÅÒÁÔÅÄ ÖÏÃÁÂÕÌÁÒÙ ÐÒÅÓÅÎÔÁÔÉÏÎ ÏÎ Ȱ4ÈÅ 
Business of TouriÓÍȱ ÐÒÏÖÉÄÅÓ Á ÌÉÓÔ ÏÆ ×ÏÒÄÓ ÁÎÄ ÅØÐÒÅÓÓÉÏÎÓ ×ÉÔÈ 
definitions and example sentences. A vocabulary presentation includes a 
ÇÁÍÅ ÅÎÔÉÔÌÅÄ Ȱ7ÏÒÄ 7ÅÂ #ÈÁÌÌÅÎÇÅȱ ɉadopted from Smart Lesson 
Generator, 2025). To run the game, the lecturer divides the class into small 
groups of 3-4. Each group receives one vocabulary word and must create a 
semantic web that connects it to other concepts, synonyms, and real-world 
ÁÐÐÌÉÃÁÔÉÏÎÓȢ 'ÒÏÕÐÓ ÔÈÅÎ ÒÏÔÁÔÅ ÔÏ ÁÄÄ ÔÏ ÄÉÆÆÅÒÅÎÔ ÇÒÏÕÐÓȭ ×ÅÂÓȟ ÃÒÅÁÔÉÎÇ 
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 AI-generated notes for the 
lecturer are offered (Smart Lesson Generator, 2025): begin by eliciting 
ÌÅÁÒÎÅÒÓȭ ÐÒÉÏÒ ËÎÏ×ÌÅÄÇÅ ÏÆ ÔÈÅ ×ÏÒÄÓ ÁÎÄ ÅØÐÒÅÓÓÉÏÎÓ ÆÏÒ ÔÈÉÓ ÌÅÓÓÏÎȠ 
ÈÉÇÈÌÉÇÈÔ ÔÈÅ ÖÅÒÓÁÔÉÌÉÔÙ ÏÆ ×ÏÒÄÓ ÌÉËÅ ȬÈÏÏËȭ ÁÎÄ ȬÌÅÖÅÒÁÇÅȭ ÁÃÒÏÓÓ ÄÉÆÆÅÒÅÎÔ 
contexts, use real-world examples; encourage learners to create their own 
examples using personal experiences; consider grouping related terms 
ɉÓÕÃÈ ÁÓȟ ȬÒÅÓÏÌÕÔÉÏÎȟȭ ȬÏÐÔÉÍÉÓÅȭɊ ÔÏ ÓÈÏ× ÈÏ× ÔÈÅÙ ÍÉÇÈÔ ÁÐÐÅÁÒ ÔÏÇÅÔÈÅÒ ÉÎ 
professional contexts; encourage pronunciation practice; 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 AI-generated speaking task. Every 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 
ÆÏÌÌÏ×ÉÎÇ ÌÅÃÔÕÒÅÒȭÓ ÓÕÇÇÅÓÔÉÏÎÓ ÔÏ ÓÔÕÄÅÎÔÓȡ ÃÈÁÎÇÅ ÔÉÃËÅÔ ÐÒÉÃÅÓ ÆÏÒ ÔÏÕÒÉÓÔ 
spots based on how busy they are in different seasons; build better travel 
options like electric buses and make some old town areas car-free; create an 
ÁÐÐ ÔÏ ÃÈÅÃË ÖÉÓÉÔÏÒ ÎÕÍÂÅÒÓ ÁÎÄ ÈÅÌÐ ÐÅÏÐÌÅ ÐÌÁÎ ÔÒÉÐÓ ×ÈÅÎ ÉÔȭÓ ÌÅÓÓ 
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 AI-generated reading task. /Î ÔÈÅ ÔÏÐÉÃ Ȱ4ÈÅ "ÕÓÉÎÅÓÓ ÏÆ 4ÏÕÒÉÓÍȟȱ ÔÈÅ 
03,' ɉ3ÍÁÒÔ ,ÅÓÓÏÎ 'ÅÎÅÒÁÔÏÒȟ ςπςυɊ ÇÅÎÅÒÁÔÅÄ ÔÈÅ ÔÅØÔ ÅÎÔÉÔÌÅÄ Ȱ(Ï× 
Tourism is Becoming More Earth-&ÒÉÅÎÄÌÙȡ ! 7ÏÒÌÄ 6ÉÅ×Ȣȱ 4ÈÅ questions for 
checking reading comprehension are suggested along with the three 

ÁÎÓ×ÅÒÓȟ ÏÎÅ ÏÆ ×ÈÉÃÈ ÉÓ ÃÏÒÒÅÃÔ ÁÎÄ ÓÈÏ×Î ×ÉÔÈ Ȱṉȱ ɉ!ÐÐÅÎÄÉØ !ɊȢ  
 

An AI-generated writing task. The first step in the writing task is a feature 
article. A feature article is a 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 interesting 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 quotes from people.  

A pre-writing task is to read the article about eco-friendly buildingsȡ ȰGreen 
Buildings: The Future Eco-friendly buildings are becoming more common 
these days. Many builders are using materials that help the environment. Some 
buildings have solar 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 because they 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 futureȱ ɉ3ÍÁÒÔ ,ÅÓÓÏÎ 
Generator, 2025).   

4ÈÅÎȟ ÔÈÅ ×ÒÉÔÉÎÇ ÔÁÓË ÉÓ ÏÆÆÅÒÅÄȡ ȰWrite a 300-word article about how travel 
and tourists in your country have changed over the years. Talk about good and 
bad changes. Include what different people think about it ɀ like shop owners, 
people who live there, travel guides, and nature experts. Use real examples 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 futureȱ 
(Smart Lesson Generator, 2025). 

An AI-ÇÅÎÅÒÁÔÅÄ ȬÅØÉÔ ÔÉÃËÅÔȭ ÔÁÓË. This task has three check activities. First, 
there is an understanding check: What are the main harmful effects of lead 
ÏÎ ÐÅÏÐÌÅȭÓ ÈÅÁÌÔÈ ÁÎÄ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔ ÉÎ ÃÉÔÉÅÓȩ 3ÅÃÏÎÄȟ ÔÈÅÒÅ ÉÓ Á ÌÅÁÒÎÉÎÇ 
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 
ÐÅÏÐÌÅȭÓ ÎÅÅÄÓȠ ÁÎÄ ÁÎÓ×ÅÒ ÔÈÅ ÑÕÅstion: How would you make sure your 
plan works well?    

3 Conclusions 

)Î ÔÈÅ ÌÅÃÔÕÒÅÒȭÓ ÈÁÎÄÓȟ ÔÈÅ !) ÒÅÓÏÕÒÃÅ - the PSLG - assists in work. AI-
ÇÅÎÅÒÁÔÅÄ ÃÏÎÔÅÎÔ ÆÏÒ Á ȬÌÅÓÓÏÎ ÈÏÏËȭ ÇÅÔÓ ÌÅÁÒÎÅÒÓ ÅÎÇÁÇÅÄ ×ÉÔÈ Á 
compelling starter. The vocabulary presentation 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 multiple-choice questions help 
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assess their reading comprehension. Writing activities help practice writing 
ÓËÉÌÌÓȢ !Î ȬÅØÉÔ ÔÉÃËÅÔȭ ÃÏÎÓÏÌÉÄÁÔÅÓ ÔÈÅ ÍÁÔÅÒÉÁÌ ÌÅÁÒÎÅÒÓ ÌÅÁÒÎÅÄ.  
 

An English lecturer is a provider of information within the educational 
process. The lecturer, while integrating AI-generated 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: 76-84 
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The text and questions are AI-generated by the PSLG 
Source: Smart Lesson Generator, 2025 
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USE OF WEB TECHNOLOGIES IN INFORMATICS 
EDUCATION 

%ÒÉË 4±2)ȟ 'ÙěÚě (/26<4( 

Abstract:  The rapid spread of the Internet, modern web technologies and 
digital tools in the recent decades has transformed expectations toward 
education, influencing the competencies both teachers and students are 
required to achieve. In many educational contexts, web-based technologies 
are used primarily as runtime environments: for example, in learning 
management systems to support teaching or online code execution tools to 
support programming studies. 
This paper reviews these established uses of web technologies in education 
but argues for a broader pedagogical perspective. The key advantage of the 
Web lies in its universality: applications behave consistently across devices; 
development can be carried out using free and widely accessible tools. We 
propose that the web browser itself provides a multimedia-rich and 
interactive environment that can effectively replace traditional console-
based programming tasks or hardware-intensive robotics activities, which 
may be inaccessible to many schools due to their cost. Web-based 
programming projects also help boost student motivation and engagement 
by leveraging multimedia, interactivity  and instant feedback that appeal to 
ÔÏÄÁÙȭÓ generation of learners. We argue that this approach is feasible 
because the Web as platform readily supports multimedia elements such as 
embedded bitmap graphics, vector graphics. The creation of such 
multimedia elements and static websites is already part of the curriculum in 
Hungary. 

Keywords:  web technologies, 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 content. Much of this now happens directly in 
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the web browser, with web applications becoming increasingly 
sophisticated and students regularly using various online platforms. 

&ÏÒÓÓÔÒĘÍ ÅÔ ÁÌȢ [2] highlight that use of digital tools, mostly web-based 
applicatÉÏÎÓ ÁÎÄ ÏÎÌÉÎÅ ÐÌÁÔÆÏÒÍÓȟ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÉÎÆÌÕÅÎÃÅ ÓÔÕÄÅÎÔÓȭ ÓÔÕÄÙ 
performance. The report implies that the Web has become the primary 
medium through which students access information, collaborate, and 
engage in interactive learning experiences. It 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 digital literacy in the modern 
society for everyone. Although the DigComp 3.0 framework [3]  created by 
ÔÈÅ %ÕÒÏÐÅÁÎ #ÏÍÍÉÓÓÉÏÎȭÓ *ÏÉÎÔ 2ÅÓÅÁÒÃÈ #ÅÎÔÒÅ ÁÓ Á ÃÏÍÐÅÔÅÎÃÅ 
ÆÒÁÍÅ×ÏÒË ÆÏÒ ÃÉÔÉÚÅÎÓȭ ÄÉÇÉÔÁÌ ÓËÉÌÌÓ ÄÅÆÉÎÅÓ ÃÏÍÐÅÔÅÎÃÅ ÁÒÅÁÓ ÁÎÄ 
proficiency levels without referring to specific technologies or applications, 
each competence area can also be interpreted in the context of web 
applications which further highlights the role and importance of the Web 
and related technologies in everyday life. The five competence areas of 
DigComp 3.0 and their interpretation  in this context: 

1. Information search, evaluation and management: Using the web 
browser to conduct queries on search engines, online databases and 
from AI-powered chatbots while judging and organizing said 
information. 

2. Communication and collaboration: Using online communication 
tools such as e-mail, instant messaging to discussion forums and 
being able to participate in co-authoring content or coordinating 
schedules using tools that run in the browser. 

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

4. Safety, wellbeing and responsible use: Knowing how to manage 
privacy settings, protect passwords used to access online accounts, 
recognising online threats, avoiding harmful online behaviour. 

5. Problem identification and solving: Choosing web applications or 
digital platforms to solve practical problems and finding solutions 
to newly encountered problems using Internet search. 

Overall, the findings position the Web as a foundational infrastructure for 
modern education, enabling possibilities that offline tools and 
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methodologies can no longer match. It 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 meaning of the Web 
and define what web technologies are. 

The World Wide Web (often shortened to WWW, W3 or simply the Web) is a 
system of interconnected web pages that are accessible over the Internet. 
The basics of its architecture were proposed by Tim Berners-Lee [4] , a 
researcher at CERN in 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 Protocol (HTTP) which is the application 
layer protocol that defines the formal communication patterns 
between a client (traditionally a web browser application) and a 
server using HTTP requests and responses. 

2. A unique identifier for each resource ɀ known as Uniform Resource 
Identifier  (URI). Its role is to provide a consistent, syntax-driven 
way to identify resources such as documents, services or data 
sources. The most used type of URI is the Uniform Resource Locator 
(URL) where the resource is identified by its exact location the Web. 
In contrast, the Uniform Resource Name (URN) identifies a resource 
without its location, e.g. a book by its ISBN.  

3. The resources are interconnected using hyperlinks, which are 
typically embedded in a document of some markup language, most 
frequently the Hypertext Markup Language (HTML). 

From these core elements originates the broader spectrum of web 
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 as Cascading Style 
Sheets (CSS) for style markup, Markdown and its variants for 
general markup, Extensible Markup Language (XML) and JavaScript 
Object Notation (JSON) as data representation format. 

2. Programming languages used on the Web, most notably JavaScript 
as the client-side language embedded into web browsers and its 
extensions and variants such as TypeScript. 
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3. The exhaustive amount of Application Programming Interfaces 
(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 as React, which 
structure interactive client-side applications and provide 
abstraction layers above raw browser APIs. 

5. Server-side technologies, including back-end application 
frameworks, standards such as Representational State Transfer 
(REST) and GraphQL, authentication and session management 
mechanisms, server-side scripting environments (e.g. Node.js, PHP, 
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 Web into a general-purpose, 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 in education, 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 interactive 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 provide a centralized space 
where educators can distribute materials, design courses, assign tasks, and 
monitor student progress. Popular LMS platforms such as Moodle, Canvas 
and Google Classroom have 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 pace or submit assignments. LMS platforms also 
provide vital  communication and collaboration tools, including discussion 
boards, group workspaces and messaging systems, which encourage online 
peer interaction and engagementȟ ÔÈÅÒÅÂÙ ÄÅÖÅÌÏÐÉÎÇ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÄÉÇÉÔÁÌ 
competence. [5] 
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3.2 The Web as an application execution platform  

The web browser functions as a multimedia-rich platform capable of 
running interactive web applications. Many of these applications support 
everyday collaboration between teachers and students. For example, Google 
Docs provides an online equivalent to traditional desktop word processing 
applications such as 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 closer to traditional  
desktop applications in 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 the in-browser 
version of Scratch [9]  and Microsoft MakeCode [10]. 
Other platforms combine the execution with their own curriculum, 
interactive environments and pedagogical scaffolding, allowing learners to 
acquire the entire set of programming 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 
%ĘÔÖĘÓ ,ÏÒÜÎÄ 5ÎÉÖÅÒÓÉÔÙȢ !Ô ÕÎiversity -level, interactive 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 environment to 
teach programming fundamentals to children using Python.  
Two influential  international examples are CodeHS [15] and several MIT-
developed web-based learning tools, particularly MIT App Inventor [16]. In 
case of CodeHS, students begin with simple, visual programming tasks before 
progressing to textual programming and more complex problem-solving. 
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 expertise. Newer platforms such 
as PythonPal provide AI-based instruction and feedback using chatbots to 
facilitate the learning process [17].  
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4  Our vision: a programming curriculum centred entirely 
around web technologies  

So far, we have examined the applications of web technologies in education 
that either use the web platform to support teaching or serve as executional 
environments for web applications created by others. 

Our vision is to develop a methodology built entirely around web 
technologies where the web is not just 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, we aim to teach the 
fundamentals of programming in JavaScript. Let us introduce 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 applications. 
Task repositories and textbooks often 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 literature [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 conditional (branches), repeatable (loops), 
extracted into reusable pieces of code (subroutines), and applicable to 
multiple document elements (array processing), etc. In this way, the 
knowledge typically taught through console-based, calculation-heavy 
applications can be conveyed effectively. Research also supports that for 
ÔÏÄÁÙȭÓ ÇÅÎÅÒÁÔÉÏÎ ÏÆ ÌÅÁÒÎÅÒÓȟ ÉÎÔÅÒÁÃÔÉÖÅ ÁÎÄ ÍÕÌÔÉÍÅÄÉÁ-rich content is 
needed to maintain motivation and engagement [19] . 

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

4.2 Cost-saving measure  

The methodology can also serve as an 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. Lego robots, Micro:bit boards) is often too costly for educational 
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institutions . Several educational institutions are only able to gain access to 
these tools for a limited time by programs such as Wandering Micro:bits [22]. 

Micro:bit fits well with our envisioned methodology, as it can be emulated 
on Microsoft MakeCode and programmed not only through block-based 
coding but also in JavaScript and static TypeScript [10]. Beyond the basic 
device, certain add-ons and sensors can even be simulated with algorithms. 

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 tools, known as turtle graphics. 

The <canvas> element available in HTML5 provides a convenient interface. 
After mastering a few basic drawing commands, tasks typical to turtle 
graphics can be solved in JavaScript and the output can be displayed in a web 
browser. Graphics can be efficiently redrawn multiple times per second, 
enabling the production of animations and simulations like NetLogoȭÓ 
cellular automata visualizations. Beyond native solutions, these problems 
can also be addressed at various levels of complexity using JavaScript 
libraries developed that 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 less-than-ideal environment for 
beginners learning programming: 

5.1 Dynamic data types in JavaScript language 

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 difficult for novices to 
trace or understand. 

Counterargument: Similar dynamically typed languages are already used 
in general education. Most notable of these is Python which has been an 
allowed language on the Hungarian national final exam since 2012 and is 
also the primary programming language used in the sample codes in 
Hungarian digital culture textbooks [25]. 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 of HTML and CSS, as these languages 
define the structure and presentation of web content. This additional 
knowledge overhead 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 unconventional or unintuitive. The prototype-
based inheritance model differs significantly from the class-based systems 
found in most widely taught programming languages. Although modern 
JavaScript also supports class syntax, its behaviour remains rooted in 
prototyp es, which can lead to confusing situations when learners try to 
apply object-oriented reasoning. 

Counterargument:  The flexibility of JavaScript allows learners to start 
solving meaningful problems without needing to master complex object-
oriented hierarchies. Most programming tasks in high school can be solved 
without deep understanding of the object-oriented paradigm. At this stage, 
practical problem-solving and immediate feedback are far more important 
than mastering formal class hierarchies. It is worth noting 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 object-oriented programming [26] . 

5.4 Added complexity of DOM and browser APIs  

Challenge: While these APIs offer powerful capabilities, they are often 
extensive and complex. Although 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 fundamental 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 as Pygame or 
Tkinter require learners to understand event loops, coordinate 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 pre-written code snippets in the chapter of the national textbook 
about GUI handling [27]. Similarly, in a robotics-based 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 
requir ements of the national final examination or programming 
competitions which typically require console applications and/or file input. 

Counterargument:  This concern rests on the misunderstanding that the 
JavaScript language confined to the browser. Contemporary JavaScript 
ecosystems offer several alternative runtime environments such as Node.js 
[28] and Deno [29] that support fully offline execution and provide access to 
conventional command-line interfaces and access to the features of the 
operating system such 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 evolved 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 engaging, cost-
effective, and pedagogically meaningful. While challenges clearly exist, we 
strongly believe that those can be mitigated through the design of the 
methodology. 
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EXPERIENCE-BASED INFORMATICS WITH 
MICRO:BITS ɀ FROM WANDERING KITS TO 
(5.'!29ȭ3 &)234 .!4)ONAL MICRO:BIT 

PROGRAMMING COMPETITION 

Andor ABONYI-4s4(, Bence '!<,, HU 

Abstract:  This study presents the more than eight-year development of the 
ÎÁÔÉÏÎÁÌ -ÉÃÒÏȡÂÉÔ Ȱ7ÁÎÄÅÒÉÎÇ +ÉÔÓȱ ÌÅÎÄÉÎÇ ÐÒÏÇÒÁÍ ÁÎÄ ÔÈÅ ÐÅÄÁÇÏÇÉÃÁÌ 
ÉÍÐÁÃÔÓ ÏÆ (ÕÎÇÁÒÙȭÓ ÆÉÒÓÔ -ÉÃÒÏȡÂÉÔ 0ÒÏÇÒÁÍÍÉÎÇ #ÏÍÐÅÔÉÔÉÏÎȢ 4ÈÅ 
initiative was grounded in the principles of constructionist and experience-
based learning, aiming to provide schools with risk-free access to micro:bit 
microcontroller devices, thereby supporting teacher-led innovation and 
informed procurement decisions. Starting from 20 devices, the program 
expanded through industrial partnerships to several hundred micro:bits, 
reaching more than 600 schools and 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, student-designed problems. The 
statistical analysis of submitted tasks demonstrates how the dual structure 
supported differentiated assessment, with the creative tasks activating 
design, documentation and higher-order 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 
ÐÒÅÓÅÒÖÉÃÅ ÔÅÁÃÈÅÒÓȭ ÐÒÏÆÅÓÓÉÏÎÁÌ ÉÄÅÎÔÉÔÙ ÁÎÄ ÐÒÁÃÔÉÃÁÌ ÐÅÄÁÇÏÇÉÃÁÌ 
competences. Together, the Wandering Kits program and the national 
competition constitute a sustainable, ecosystem-level model that effectively 
supports the implementation of STEAM-oriented educational innovation in 
Hungary. 

Keywords:  micro:bit; constructionism, STEAM education, project-based 
learning, programming competition, digital 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, problem-solving, 
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 easy-to-use 
platform that connects the digital and physical worlds and supports creative 
ÍÁËÉÎÇȢ )Ô ÅÆÆÅÃÔÉÖÅÌÙ ÅÎÁÂÌÅÓ ȰÌÅÁÒÎÉÎÇ ÂÙ ÄÏÉÎÇȱ ÁÎÄ ȰÈÁÎÄÓ-on, mind-on 
ÌÅÁÒÎÉÎÇȱ ÁÐÐÒÏÁÃÈÅÓ ɉÄÉ3ÅÓÓÁȟ ςπππȠ 3ÅÎÔÁÎÃÅ Ǫ 7ÁÉÔÅȟ ςπρψɊȢ 

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

International research clearly demonstrates that microcontroller-based 
learning environments have a motivating effect, increase student 
engagement, and foster the development of a wide range of competencies 
(Micro:bit Educational Foundation, 2023). One of the first scientific analyses 
summarizing the Hungarian experiences (Abonyi-4ĕÔÈ Ǫ 0ÌÕÈÜÒȟ ςπρωɊ 
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 
+ÉÔÓ ɉ-ÉÃÒÏȡÂÉÔ ÂÏÔÏÒËÜÌÜÓɊ ÐÒÏÇÒÁÍ ÉÎ ςπρχȟ ×ÈÉÃÈ ×ÉÔÈÉÎ Á ÆÅ× ÙÅÁÒÓ 
developed into a significant 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. These kits were sent 
to schools that agreed to participate in a two- to 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 
(ÕÎÇÁÒÉÁÎ ÍÉÃÒÏȡÂÉÔ ÄÉÓÔÒÉÂÕÔÏÒȟ -ÜÌÎÁ 0#ȟ ÏÆÆÅÒÅÄ ÁÎ ÁÄÄÉÔÉÏÎÁÌ ÓÅÔ ÏÆ ÔÅÎ 
devices, allowing multiple schools to participate simultaneously. A few 
months later, in May 2018, ARM Hungary Ltd. ɀ one of the developers of the 
core technologies behind the micro:bit ɀ 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. 

 
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 devices 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 sensor feedback ɂ all of which significantly broaden the 
possibilities for classroom use and project-based learning. 

This support proved to be a milestone, as the program had by then become 
one of the largest centrally coordinated educational device-lending 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 previ ously lacked access to such tools. The loan 
period was extended to two months, and several kits were sent to schools 
ÂÅÙÏÎÄ (ÕÎÇÁÒÙȭÓ ÂÏÒÄÅÒÓ ÔÈÁÔ ÏÆÆÅÒ ÅÄÕÃÁÔÉÏÎ ÉÎ (ÕÎÇÁÒÉÁÎȢ 

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 which 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 HungaryȭÓ ÆÉÒÓÔ .ÁÔÉÏÎÁÌ -ÉÃÒÏȡÂÉÔ 0ÒÏÇÒÁÍÍÉÎÇ #ÏÍÐÅÔÉÔÉÏÎ ÉÎ 
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-4ĕÔÈ Ǫ 0ÌÕÈÜÒȟ ςπρωɊ ÈÉÇÈÌÉÇÈÔÅÄ ÔÈÁÔ ÔÈÅ micro:bit has become 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 ideaɂsupporting teacher decision-making, enabling 
risk-free experimentation, and promoting STEAM pedagogyɂwas fully 
aligned with international trends (Resnick, 2007; Greiff et al., 2014). 

Analyses examining the role of microcontroller-based 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-4ĕÔÈ Ǫ 0ÌÕÈÜÒȟ ςπρωɊȟ ÉÎÖÏÌÖÉÎÇ χψ ÓÃÈÏÏÌÓȟ ÒÅÉÎÆÏÒÃÅÓ ÔÈÉÓ ÃÌÁÉÍȡ 
the vast majority of teachers viewed the micro:bit as a motivating, visually 
engaging, and easy-to-teach tool. 

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

1 The Micro:bit TeacÈÅÒÓȭ #ÏÍÍÕÎÉÔÙ ÏÎ &ÁÃÅÂÏÏËȡ 
https://www.facebook.com/groups/898764273601915  

https://www.facebook.com/groups/898764273601915


XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

115 
 

interest in device procurement, and the emergence of a self-organizing 
professional community among teachers. The online community formed on 
Facebook1ɂwith more than 1,700 membersɂcontributed to the 
development of a knowledge-sharing 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, project-
based tasks (OECD, 2021). When designing the tasks, special emphasis was 
placed on supporting algorithmic thinking, creative problem-solving, and 
interaction-based learning. The radio communication features and built-in 
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 feedbackɂsuch as issuing danger alerts during a spacewalk, 
restoring oxygen levels in a damaged tank, recalibrating the navigation 
ÓÙÓÔÅÍȟ ȰÃÈÁÒÇÉÎÇȱ ÅÎÅÒÇÙ ÓÔÏÒÁÇÅ ÕÎÉÔÓȟ ÓÙÎÃÈÒÏÎÉÚÉÎÇ ÔÈÅ ÏÐÅÎÉÎÇ ÏÆ ÁÎ 
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: Illustrations created for the fixed tasks 

As an example, let us examine one of the fixed tasks: 
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#ÈÁÒÇÉÎÇ ÔÈÅ ÅÎÅÒÇÙ ÓÔÏÒÁÇÅ ÕÎÉÔÓȡ 4ÈÅ ÓÐÁÃÅÓÈÉÐȭÓ ÅÎÅÒÇÙ ÓÔÏÒÁÇÅ ÕÎit has 
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 then to illuminate the other micro:bit with a strong light source 
for a specified period of time, simulating how solar panels operate. After the 
required time has passed, the energy storage units become recharged and a 

 symbol appears on the displays, indicating 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 their 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 symbol 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 open-ended 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 AI tools. 

Below we present the image and problem description submitted by the team 
named Ȱ"ÁÂÒÉËȢȱ 
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Figure  5: Illustration generated by 

students for one of the creative 
tasks 

While exploring the spaceship, the 
crew comes across the storage room 
and decides to check whether 
everything needed is still there. One of 
the students notices an old, dusty box; 
upon opening it, they find a TPBot 
and two unprogrammed micro:bits. 
These two micro:bits must be 
programmed so that one functions as 
a controller and the other as a remote 
control, allowing the TPBot to move 
forward, stop, and turn right or left 
using the remote. Such a device would 
be extremely useful on the spaceship 
for searching through small gaps to 
locate lost items. 

The tasks of the on-site final increased the overall level of complexity, as they 
required real-time cooperation, rapid reaction, measurement-based 
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 storage-unit errors ɂ 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 effective teamwork. 

Teams participating in the final round had to solve the tasks using a special 
panel (the Basic Experimentation Kit2Ɋ ÐÒÏÖÉÄÅÄ ÂÙ 6þÇÖÜÒÉ 2ÅÎÄÓÚÅÒÈÜÚȢ 
This panel included a rotation-angle 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 ɂ consisting of an online 
qualifying round and an on-site final ɂ not only enabled the assessment 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 

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

 
Figure  6: The imagined landing unit (left) 

and the Basic experiment kit (right) 

An innovative feature of the competition was that it allowed the supported 
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 AI 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 challenge level. 

A total of 49 teams ɂ 98 students ɂ 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 rates. 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. 

 
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 substantial 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 entry-level tasks: they show 
weak or no correlation with the remaining tasks. In contrast, tasks F3ɀF6 
exhibit very strong intercorrelations, indicating that once a team progressed 
beyond this point, it was highly likely to 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 nested-loop matrix 
traversal, complex sensor-based 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 correlations with the fixed tasks are weaker, 
confirming that the creative block measured a different set of competencies. 
Some teams that struggled with F3ɀF6 nonetheless succeeded in creative 
tasks, which required design-oriented, documentation-related, and creative 
production skills. The dual structure of the competition ɂ combining fixed 
and creative tasks ɂ fully met our expectations, as it allowed the 
identification and assessment of multiple skill profiles. It may be worth 
considering an increased emphasis on creative tasks in future competitions. 
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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: the median 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 well-prepared. The data also show that nearly all 
teams successfully surpassed the entry level, 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. 

 
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 5thɀ6th grade group, which performed significantly 
worse (p < 0.05) than all other groups. There is also a difference between 
Years 7ɀ8 and secondary level, but this difference is not statistically 
significant. These findings suggest that introducing a separate category for 
the youngest age group may help ensure more equitable competition 
conditions. 

 
Figure  10: Statistical analysis of age-group effect on performance 

 
Figure  11: Number of tasks solved by age group 
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Further analysis of age-group performance (Figure 11) shows that mixed-
age teams (n=7) consistently achieved better or near-best 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 perspectives ɂ all factors that increased 
team effectiveness. In future competitions, it would be worthwhile to 
continue monitoring the performance of mixed-age 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, multi-
layered collaboration structure that uniquely connected stakeholders across 
different levels of education. Our earlier research (Abonyi-4ĕÔÈ Ǫ 0ÌÕÈÜÒȟ 
2019) had already highlighted the key role of teacher professional 
development, which is strengthened through micro:bit-related innovations. 
The 2025 competition further deepened this process, particularly through 
the involvement of pre-service teachers. 

 
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 only their 
practical skills but also their professional identity ɂ aligning with 
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4ÕÒÃÓÜÎÙÉ-3ÚÁÂĕȭÓ ɉςπρςɊ ÁÓÓÅÒÔÉÏÎ ÔÈÁÔ ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÅØÐÅÒÉÅÎÃÅ-based 
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 STEAM-based collaborative learning. This work was 
complemented by the support of industry partners, 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, multi-directional 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, experience-based 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, in-service teachers, and pre-service teachers alike. 
The statistical data collected during the competition clearly demonstrate 
that the task structure was well suited for differentiated competence 
assessment: the entry-level tasks provided every team with a sense of 
achievement, while the F3ɀF6 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 most significant outcomes of the competition was the high level 
of motivation and perseverance shown by participating students. The AI-
generated illustrations associated with creative tasks, the independent 
formulation of problems, and the video-based documentation all indicate 
that students worked out of intrinsic interest and personal commitment. The 
outstanding performance of mixed-age 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 pre-service teachers represents another major 
pedagogical achievement. Their responsibilities ɂ ranging from managing 
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registration to conducting preliminary evaluations and supporting the 
organization of the final ɂ provided them with authentic, real-world 
teaching and learning situations. This experience aligns with the principles 
of reflective teacher education and clearly strengthened their professional 
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 AI-driven competition categories and new 
forms of documentation requirements, aligned with international 
expectations for responsible AI 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 fixed-specification tasks. 

7  Conclusion  

The Wandering Kits program and the National Micro:bit Programming 
Competition have together evolved into a nationwide, ecosystem-level 
model capable of integrating multiple layers of digital culture development 
ɂ infrastructural, pedagogical, community-building, research-based, and 
innovation-oriented dimensions ɂ into a single coherent process. Based on 
the results of the program, it is evident that microcontroller -based learning 
environments not only enable technological tool use but also foster the 
complex skills of creative learning, problem-solving, collaboration, and 
multidisciplinary design. 

4ÈÅ ËÅÙ ÔÏ ÔÈÅ ÃÏÍÐÅÔÉÔÉÏÎȭÓ ÓÕÃÃÅÓÓ ×ÁÓ ÔÈÅ ÅØÅÍÐÌÁÒÙ ÃÏÌlaboration 
established among diverse educational stakeholders. The professional 
leadership of university instructors, the active involvement of pre-service 
teachers, the mentorship of in-service teachers, and the support of industry 
partners together created 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 study 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 project-based 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 well-designed task system, it is possible to provide a 
learning experience that meaningfully shapes the digital 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 SOLVING TASK TYPES 
USING SPREADSHEET AND PROGRAMMING 

0ïÔÅÒ "%2.<4ȟ 'ÜÂÏÒ 4v2,%9, HU 

Abstract:  One of the primary goals of the Information Technology 
ɉ#ÏÍÐÕÔÅÒ 3ÃÉÅÎÃÅɊ ÓÕÂÊÅÃÔ ÉÓ ÔÏ ÄÅÖÅÌÏÐ ÓÔÕÄÅÎÔÓȭ ÐÒÏÂÌÅÍ-solving 
thinking. Tasks related to data storage and processing 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 spreadsheets and programming. In 
this publication, we explore the various possible solutions in spreadsheets 
and in programming for typical data-processing 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 problem-solving skills is teaching 
programming, which is very effective for improving algorithmic thinking 
and abstraction skills. In contrast, spreadsheets are often 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 
spreadsheets and programming on a theoretical level. In this paper, using 
the case study method, we show the didactic connection between the two 
areas through solutions to specific tasks at different levels of abstraction. For 
each task, we first analyze the solution in spreadsheets and then the one that 
can be created with programming, following the practice of public 
education, where spreadsheets are taught earlier than programming. 

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

 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

128 
 

language. We chose C# partly because it can be used in the Hungarian 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 of the 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  

!ÃÃÏÒÄÉÎÇ ÔÏ 3ÚÁÌÁÙÎï ɍσɎȟ ÔÈÅ ÔÁÂÌÅÓ ÃÒÅÁÔÅÄ in spreadsheet software can be 
seen as programs that contain data and predefined algorithms. Although 
students appear to work with tables, they need to understand and create 
ȰÐÒÏÇÒÁÍÓȱȟ ÍÅÁÎÉÎÇ ÓÏÌÕÔÉÏÎÓ ×ÉÔÈ ÆÕÎÃÔÉÏÎÓȢ )Î ÔÈÉÓ ×ÁÙȟ ÓÐÒÅÁÄÓÈÅÅÔÓ 
canbe used to teach programming indirectly.  

"þÒĕ ÁÎÄ #ÓÅÒÎÏÃÈ ÓÔÁÔÅ ɍτɎ ÔÈÁÔ ÓÐÒÅÁÄÓÈÅÅÔ ÓÏÆÔ×ÁÒÅ ÃÁÎ ÂÅ ÕÓÅÄ ÁÓ Á ÔÏÏÌ 
for problem-solving, and their Sprego method is suitable for developing 
ÓÔÕÄÅÎÔÓȭ ÃÏÍÐÕÔÁÔÉÏÎÁÌ ÔÈÉÎËÉÎÇ ÁÎÄ ÁÌÇÏÒÉÔÈÍÉÃ ÓËÉÌÌÓȢ 

Many basic programming concepts have their 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 spreadsheet-related 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) usually come 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 

 
 

Name 
Oral  Written  

01 Marie Dubois 28 38 
02 Luc Moreau 9 17 
03 Emily Johnson 15 25 
04 #ÁÒÌÏÓ 'ÁÒÃþÁ 32 38 
05 Anna Schmidt 24 23 
06 Li Wang 28 21 
07 #ÁÍÉÌÌÅ ,ÅÆîÖÒÅ 46 27 
08 Oliver Smith 31 49 
09 ,ÕËÁÓ -İÌÌÅÒ 27 40 
10 Wei Zhang 42 50 

 

For this data set, the following task types and specific tasks 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 oral part? 
Filtering Display only those who passed 

the oral part! 
Conditional 
Aggregation 

What was the average score in the written 
part for those who passed the oral part? 

Counting How many candidates passed 
the oral part? 

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

with  ID 07 get in the oral part? 

 

In programming, the task types listed above can be associated with type 
algorithms or combinations of them. The Digital Culture 10 textbook [7], 
based on the 2022 National Curriculum (NAT), also lists type 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 our 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, the decision task type. 

4 Counting and its subtypes  

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

 

Table 3:  Subtypes of the counting task type and example tasks related to the 
initial table 

Condition type Task 
Simple How many candidates passed the oral part? 
AND condition How many candidates passed both parts of the 

exam? 
OR condition How many candidates passed at least one part 

of the exam? 
Calculated How many candidates scored at least 70 points 

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 question: Ȱ(Ï× ÍÁÎÙ ÃÁÎÄÉÄÁÔÅÓ 
ÐÁÓÓÅÄ ÔÈÅ ÏÒÁÌ ÅØÁÍȩȱ Our focus is not on the 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 

 
 

Spreadsheet applications provide built -in functions for performing 
counting-type operations. In Excel, the type of condition must be considered 
when choosing the proper function. In the question Ȱ(Ï× ÍÁÎÙ ÃÁÎÄÉÄÁÔÅÓ 
passed the oral exam?ȱ ÔÈÅ ÃÏÎÄÉÔÉÏÎ ÉÓ simple, as we want to count those 
who passed the oral exam. In this case, the question can be answered using 
the COUNTIF function (Listing 1). 
 

=COUNTIF( C2: C11, ">=30")  

Listing 1:  Level 1 solution 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 expressing the 
logical relationship and meaning of data within rows. A matrix as a data 
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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 will 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 can also 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 variable count represents 
the number of candidates. 

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:  Data structure of the initial data in C# 

In C#, aggregate functions, lambda calculus, and LINQ provide tools that 
allow us to use built-in 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 lCount = exams.Select(element =>  
element.oral).Count(result => result >= 30);  

Listing 3:  Level 1 solution 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 the Oral 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 (ÔÈÅ ȰÃÏÌÕÍÎȱ) by 
name. 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

133 
 

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 count only 
them. 

6.1 Spreadsheets 

An illustrative  (but not automatically updating) way to perform these two 
steps in Excel is to use the filter option and then read the count of the 
selected data: by applying a ȰÇÒÅÁÔÅÒ ÔÈÁÎ ÏÒ ÅÑÕÁÌ ÔÏȱ number filter to the 
Oral column, we can 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 implemented in 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 array can be 
determined using the COUNT function (Listing 4). 

 

=COUNT( FILTER(D2:D11 , D2:D11>=30))  

Listing 4:  Level 2 solution for counting in Excel 

6.2 Program ming  

In C#, this level of solution is not typical because a built-in function (Listing 
3) exists for counting. However, some languages (such as JavaScript) do not 
provide such a high-level function that returns the number of elements in a 
sequence meeting a certain condition. 

The second-level solution can also be created 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 2 solution for counting in C# 

7 Level 3 solution for counting  

7.1 Spreadsheets 

A lower-level solution can be created by implementing 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 the oral 
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 0s in the helper column for the two cases and then use 
the SUM function instead of COUNT to determine the number of entries.) 

 

Table 5:  Level 3 solution for counting in Excel 

 

7.2 Program ming  

The previous reasoning does not appear with static arrays, as it would lead 
ÔÏ ÔÈÅ ÓÅÌÅÃÔÉÏÎ ÁÌÇÏÒÉÔÈÍȟ ×ÈÉÃÈ ȰÉÍÐÌÉÃÉÔÌÙȱ ÉÎÃÌÕÄÅÓ ÃÏÕÎÔÉÎÇ (at the end 
of the algorithm, the number of selected elements appears 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 the resulting 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  
  i: Integer  
passedStudents := []  
For i:=1 to count do  
  If exams[i].oral >= 30  
  then  
    insertAtEnd(  
    passedStudents,  
    exams[i].oral)  
End For  
passedOralCount := 
passedStudents.size  

int passedOral = 0;  
List<int> passedOralResults = 
new List<int>();  
for (int i = 1; i <= count; i++)  
{  
  if (exams[i -  1].oral >= 30)  
    {passedOralResults.Add  
(exams[i -  1].oral);}  
}  
passedOralCount = 
passedOralResults . Count ;  

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 the Oral 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 that this 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 cell F12. 
 

Table 6:  Level 4 solution for counting in Excel 

 C D E 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 ( C6>=30,F 5+1,F 5)  

7 24 23  1 =IF ( C7>=30,F 6+1,F 6)  

8 28 21  1 =IF ( C8>=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 ( C10>=30,F 9+1,F 9)  

11 27 40  3 =IF ( C11>=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 algorithm. We examine each element 
in turn, and if the current element meets the condition, we increment a 
variable (initialized to 0) called passedOralCount by one (Listing 7). 
 

 
Listing 7:  Algorithm and C# code of the level 4 solution 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 question Ȱ(Ï× ÍÁÎÙ ÐÁÓÓÅÄ ÔÈÅ ÏÒÁÌ partȩȱȟ the related 
decision-type question is: Ȱ)Ó ÔÈÅÒÅ ÁÎÙone who passed the oral partȩȱ This is 
a yes-or-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, one must count the entries and 
then check whether the result is at least 1. Second, in programming, the same 
two-step solution is possible, but it is not the most efficient approach and 
ÔÈÅÒÅÆÏÒÅ ÄÏÅÓ ÎÏÔ ÒÅÐÒÅÓÅÎÔ ÔÈÅ ÔÁÓË ÔÙÐÅȭÓ type algorithm. 
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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 level-4 solution in detail for both 
spreadsheets and programming. 

9.1 Spreadsheets 

The basic idea of the level-4 solution for the decision task type 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 current value. 
For the specific question Ȱ)Ó ÔÈÅÒÅ ÁÎÙÏÎÅ ×ÈÏ ÐÁÓÓÅÄ ÔÈÅ ÏÒÁÌ partȩȱȟ the 
running result for any candidate should be TRUE if either one of the previous 
candidates has already passed the oral part, or the current candidate passed 
it. This solution can be implemented as shown (Table 7). The result can be 
read in cell F12, although it already appears in cell F6. 

Table 7:  Level 4 solution for decision in Excel 

 C D E F  
1    Exists  
2 Oral  Written   FALSE  

3 28 38  FALSE =OR( F2,C3>=30)  

4 9 17  FALSE =OR( F3,C4>=30)  

5 15 25  FALSE =OR( F4,C5>=30)  

6 32 38  TRUE =OR( F5,C6>=30)  

7 24 23  TRUE =OR( F6,C7>=30)  

8 28 21  TRUE =OR( F7,C8>=30)  

9 46 27  TRUE =OR( F8,C9>=30)  

10 31 49  TRUE =OR( F9,C10>=30)  

11 27 40  TRUE =OR( F10,C11>=30)  

12 42 50  TRUE =OR( F11,C12>=30)  

9.2 Program min g 

The novelty in the fourth-level solution for the decision task type ɀ and this 
can be observed by comparing it to the spreadsheet solution ɀ is that once 
the running result changes from FALSE to TRUE, it is unnecessary to process 
further candidates. The spreadsheet application ÃÁÎÎÏÔ ȰÔÈÉÎËȱ ÔÈÉÓ ×ÁÙ 
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 a counting loop and those that use a pre-test 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 processes all elements and sets 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 pre-test loop and the 
decision algorithm work exactly this way (Listing 8). 

 

Algorithm  Code 

Variable  
  i: Integer  
i := 1  
While i <= count and 
exams[i].oral < 30  
  i := i + 1  
End While  
exists := i <= count  

int i = 1;  
bool exists;  
while (i <= count &&  
exams[i - 1].oral < 30)  
{  
  i++;  
}  
exis ts = i <= count;  

Listing 8:  Algorithm and C# code of the level 4 solution 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. On the 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 to the other. On the other hand, it 
demonstrates that typically multiple levels of solution exist for a problem, 
often with connections between them. Moreover, higher-level solutions can 
help students understand the essence of a problem, while lower-level 
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, counting, 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 spreadsheets consciously 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 and programming 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 problem-solving skills. 
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HOW MULTIMEDIA CONTENT SHAPES LEARNING 
PERFORMANCE IN E-LEARNING: A COMPARATIVE 

STUDY 

-ÉÒÏÓÌÁÖÁ #)-%2-!./6<, SK 

Abstract:  E-learning is becoming an integral part of teaching in today's 
universities. Its effectiveness depends not only on content but also on form. 
Research by Dykman & Davis (2008) emphasizes the need for well-designed 
e-learning courses that improve communication between teachers and 
students and influence the level of understanding of the subject matter. 
From the perspective of multimodal learning theory (Turek, 1997 In 
4ĘÒĘËÏÖÜ Ǫ £ÔÅÖéþËȟ ςπρσɊȟ ÍÕÌÔÉÍÅÄÉÁ ÃÏÎÔÅÎÔ ÃÁÎ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÓÕÐÐÏÒÔ 
information processing and improve motivation and cognitive processes. 
The aim of the presented study was 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 their executive 
functions measured by selected subtests of the Slovak adaptation of D-KEFS. 
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 a course supplemented with multimodal content 
(video tutorials, interactive presentations, Padlet). Student activities were 
assessed according to seven criteria (K1ɀK7) focused on technical quality, 
creativity, content appropriateness, and authorial contribution. 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 that 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 some 
relationships between D-KEFS scores and evaluation, but these did not reach 
statistical significance. Stronger links were found between the assessment 
criteria themselves (e.g., creativity ɀ 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 long-term effects of 
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multimedia and its relationship to executive functions across different 
disciplines. 

Keywords : E-learning, Multimedia, Higher education, Learning outcomes, 
Future teachers, 

1 Introduction  

Education is a fundamental pillar of our lives, so it is only 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 century, which include critical thinking, creativity, communication, 
collaboration, and digital literacy. When preparing future teachers who will 
be active in the years 2030-2060, it is necessary to consider that their future 
students will only be active in the years 2045-2075. 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 the effective 
implementation of digital tools in teaching practice. 

During their studies, university students encounter a combination of face-
to-face and distance learning. The COVID-19 pandemic, during which 
teachers had to adapt to the full implementation of 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. 

2ÅÓÅÁÒÃÈ ÂÙ 'ÁÒÃþÁ-MÁÒÔþÎ ÅÔ ÁÌȢ ɉςπςσɊȟ !Ì-Awidi and Alghazo (2012), and 
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 development of digital 
competencies. Similar recommendations have been published not only in 
3ÌÏÖÁËÉÁ ÁÎÄ ÔÈÅ #ÚÅÃÈ 2ÅÐÕÂÌÉÃ ɉ"ÕÒÇÅÒÏÖÜȟ 0ÉÓËÕÒÁȟ -ÁÎÅÎÏÖÜȟ ςπςπɊȟ ÂÕÔ 
also in an international context (Cuenca, 2010; Alnasib, 2023; Tomczyk et 
al., 2022; Kwaah et 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 FacuÌÔÙ ÏÆ %ÄÕÃÁÔÉÏÎ ÏÆ ÔÈÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 0ÒÅĤÏÖȢ 
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 students and has a significant impact on the learning process 
and knowledge retention. The Faculty of Education at the University of 
0ÒÅĤÏÖ ÈÁÓ ÌÏÎÇ ÕÓÅÄ ÄÉÇÉÔÁÌ ÅÄÕÃÁÔÉÏÎÁÌ ÔÏÏÌÓȟ ÉÎÃÌÕÄÉÎÇ ÃÏÍÐÕÔÅÒ-assisted 
instruction and the LMS Moodle platform, which has been in operation since 
ςππυ ɉ"ÕÒÇÅÒÏÖÜ ÁÎÄ 0ÉÓËÕÒÁȟ ςπςρɊȢ 

LMS Moodle is mainly used to support face-to-face teaching ɀ it allows 
document sharing, assignment submission, and student testing. This method 
can be more effective and transparent than the traditional 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 limits, restrictions on returning to questions 
already answered, and control of open windows. 

A common problem with e-learning 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. 

Multimedia content can significantly support student retention and 
ÍÏÔÉÖÁÔÉÏÎȢ 4ÕÒÅË ɉρωωχȟ ÉÎ 4ĘÒĘËÏÖÜ Ǫ £ÔÅÖéþËȟ ςπρσɊ ÓÔÁÔÅÓ ÔÈÁÔ ÐÅÏÐÌÅ 
remember:  

Ɇ    ρπϷ ÏÆ ×ÈÁÔ ÔÈÅÙ ÒÅÁÄȠ  

Ɇ    ςπϷ ÏÆ ×ÈÁÔ ÔÈÅÙ ÈÅÁÒȠ  

Ɇ    σπϷ ÏÆ ×ÈÁÔ ÔÈÅÙ ÓÅÅȠ  

Ɇ    υπϷ ÏÆ ×ÈÁÔ ÔÈÅÙ ÓÅÅ ÁÎÄ ÈÅÁÒȠ  

Ɇ    χπϷ ÏÆ ×ÈÁÔ ÔÈÅÙ ÓÅÅȟ ÈÅÁÒȟ ÁÎÄ ÁÃÔÉÖÅÌÙ ÄÏȠ  

Ɇ    ÁÎÄ ωπϷ ÏÆ ×ÈÁÔ ÔÈÅÙ ÌÅÁrn through their own experience. 

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 real-life experiences, such 
as visiting a museum or conducting an experiment, but in situations where 
such experiences are unrealistic, they 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; Chen & 
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 impact of multimedia 
content on the performance of university students in the subject Interactive 
7ÈÉÔÅÂÏÁÒÄ ÉÎ %ÄÕÃÁÔÉÏÎ ÁÔ ÔÈÅ &ÁÃÕÌÔÙ ÏÆ %ÄÕÃÁÔÉÏÎȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 0ÒÅĤÏÖȟ 
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 D-KEFS. 

To achieve this goal, two research groups participated in the study over two 
academic years. The first group completed the course in its original form, 
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 materials 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 intentional. 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, specifically the 
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 data analysis. 
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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 (C1ɀ
C7), with each criterion being awarded a maximum number of points: 

Ɇ    +ρ !ÇÅ ÁÐÐÒÏÐÒÉÁÔÅÎÅÓÓ ɉφ ÐÏÉÎÔÓɊ 

Ɇ    +ς 6ÅÒÓÁÔÉÌÉÔÙ ÆÏÒ ÄÉÆÆÅÒÅÎÔ ÈÁÒÄ×ÁÒÅ ÓÅÔÔÉÎÇÓ ÁÎÄ ÅÎÖÉÒÏÎÍÅÎÔÓ  
(6 points) 

Ɇ    +σ !ÕÔÈÏÒͻÓ ÃÏÎÔÒÉÂÕÔÉÏÎ ɉφ ÐÏÉÎÔÓɊ 

Ɇ    +τ 0ÒÅÓÅÎÃÅ ÏÆ ÍÏÔÉÖÁÔÉÏÎÁÌ ÅÌÅÍÅnts (6 points) 

Ɇ    +υ #ÏÍÐÒÅÈÅÎÓÉÂÉÌÉÔÙ ÏÆ ÔÈÅ ÁÓÓÉÇÎÍÅÎÔ ɉφ ÐÏÉÎÔÓɊ 

Ɇ    +φ !ÐÐÒÏÐÒÉÁÔÅ ÔÅÃÈÎÉÃÁÌ ÄÉÆÆÉÃÕÌÔÙ ÉÎ ÔÅÒÍÓ ÏÆ ÓÔÕÄÅÎÔ  
independence (5 points) 

Ɇ    +χ $ÉÖÅÒÇÅÎÃÅ ÁÎÄ ÃÒÅÁÔÉÖÉÔÙ ɉυ ÐÏÉÎÔÓɊ 

The maximum number of points for the submitted assignment, 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 percentage 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 scores of 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 
possible to monitor not only the students' performance, but also the 
relationship between their cognitive abilities and their ability to work with 
multimedia content. 

¶ Multimedia course supplements: 

o Video tutorials ɀ available to students in the second group in the 
e-learning course, showing how to complete tasks for 
kindergarten and elementary school students using Kahoot, 
Bookcreator, Lumio, Orgpad, and Padlet. 
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o Interactive presentations ɀ served as supplementary material for 
the topics "Usable Software" and "Artificial Intelligence in 
Teaching." 

o Interactive Padlet environment ɀ students had space to share their 
own suggestions and tips for usable software. 

¶ The K1ɀK7 evaluation criteria for student outputs were used to quantify 
the quality of the submitted assignments and are described in detail in the 
Methods subchapter. 

¶ Subtests from the Slovak adaptation of D-KEFS were used to measure 
selected executive functions. From the nine available subtests, we chose: 
Trail Making Test (TMT) ɀ to test attention and cognitive flexibility, Color-
Word Interference Test (Stroop test, ST) ɀ 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. AccordiÎÇ ÔÏ +ÏÖÁÌéþËÏÖÜ ɉÅÔ ÁÌȢȟ ςπρφɊȟ 
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 the context 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 more demanding 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 research, 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 testing of executive 
functions. The results are divided into two main areas:  
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¶ a comparison of student performance in the original version of the 
course and in the modified version with multimedia  
elements  

¶ an analysis of the relationship between the level of executive 
functions and the quality of submitted assignments.  

In the first part of the analysis, we focus on comparing 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 (40-36 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 B 
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 criteria. It 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 worked more often 
with platforms that allowed them to create their own activities. In the 
original group, tools based on pre-prepared templates (e.g., Alf, 
LearningApps) were particularly preferred. 

 

However, when interpreting these differences, it is necessary to 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 

Table 1  Overview of grades obtained for the final assignment 
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original version of the e-course, 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 approached 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 results consists of the correlation 
between the executive function tests and the final assignment 
submitted . The analysis 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 points obtained 
and performance in individual test conditions. Since the data did not show a 
normal distribution (ShapiroɀWilk p < 0.001), the non-parametric 
Spearman correlation coefficient was used. (Figure 1) 

The results did not show statistically significant relationships between the 
point scores and the individual conditions of the executive function tests. 
4ÈÅ ÃÏÒÒÅÌÁÔÉÏÎ ÃÏÅÆÆÉÃÉÅÎÔÓ ÒÁÎÇÅÄ ÁÒÏÕÎÄ ʍ Ѐ πȢπυȟ ÉÎÄÉÃÁÔÉÎÇ ÖÅÒÙ ×ÅÁË ÔÏ 
zero relationships. The highest (but still very weak) correlation appeared in 
ÔÈÅ ÔÈÉÒÄ ÃÏÎÄÉÔÉÏÎ ÏÆ ÔÈÅ 3ÔÒÏÏÐ ÔÅÓÔ ɉʍ Ѐ ɀ0.138; p > 0.05). The same trend 
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 performance 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 group 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 of the 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 (K1ɀK7). Descriptive statistics of the criteria showed 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. 

 

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 between K3, K4 (motivational elements), and K7 
further show that more creatively processed  

Figure 1  Correlation between points scored and conditions in 
executive function tests 
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assignments often contained more motivational components. The 
relationship between K1 (age appropriateness) 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) 

5 Conclusion  

The results of the research showed that the addition of multimedia elements 
to the e-learning 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. Although 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 Grant Agency of the Slovak 
ÒÅÐÕÂÌÉÃ 6%'! ÕÎÄÅÒ ÔÈÅ 'ÒÁÎÔ .ÏȢ υȾτυϊχȾφω 3ÙÓÔïÍÏÖï ÒÉÅĤÅÎÉÁ ĭÒÏÖÎÅ 
ÄÉÇÉÔÜÌÎÙÃÈ ËÏÍÐÅÔÅÎÃÉþ Ö ÕÎÉÖÅÒÚÉÔÎÏÍ ÐÒÉÅÓÔÏÒÅ Ö ÓĭÌÁÄÅ ÓÏ ĤÔÁÎÄÁÒÄÁÍÉ %ª 

Figure 2  Correlation matrix between evaluation criteria and individual 
conditions 
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Abstra kt:  CieŎom tohto ļl§nku je predstavenie komplexn®ho elektronick®ho 
vzdel§vacieho materi§lu pre vĨuļbu predmetu Poļ²taļov§ grafika na z§kladnĨch, 

strednĨch a vysokĨch ġkol§ch. Ale vŅaka svojmu jednoduch®mu syst®mu je 

vhodnĨ na ġirġie vyuģitie. M¹ģe sl¼ģiŠ ako pom¹cka pre vġeobecn¼ Informatiku, 

pre grafick® a technick® odbory alebo dokonca ako rĨchly tr®ningovĨ kurz pre 

firmy, ktor® pouģ²vaj¼ bezplatn® grafick® n§stroje. 

VĨsledkom pr§ce je didaktickĨ bal²k pozost§vaj¼ci z elektronickej praktickej 

uļebnice, cviļebnice a s®rie videon§vodov, ktor® sl¼ģia na podporu modern®ho 

a efekt²vneho vzdel§vania. Materi§ly s¼ navrhnut® s cieŎom rozv²jaŠ praktick® 

zruļnosti ġtudentov prostredn²ctvom bezplatn®ho softv®ru Inkscape.  

Keywords:  poļ²taļov§ grafika, Inkscape, vzdel§vac² materi§l, praktick§ 

uļebnica, cviļebnica, videon§vody. 

COMPUTER GRAPHICS AND ITS TEACHING: PRACTICAL 
TEXTBOOK, EXERCISE BOOK AND VIDEO TUTORIALS 

 
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. It can 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 material, practical 

textbook, exercise book, video tutorials. 

1 ªÖÏÄ 

6 ÓĭéÁÓÎÏÓÔÉ sa vizu§lna komunik§cia stala dominantnĨm prostriedkom prenosu 

inform§ci², a preto je schopnosŠ vytv§raŠ, upravovaŠ a kriticky posudzovaŠ 

digit§lny grafickĨ obsah kŎ¼ļovou s¼ļasŠou digit§lnej gramotnosti. Poļ²taļov§ 
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grafika zohr§va vĨznamn¼ ¼lohu nielen v informatickom vzdel§van², ale aj 

v mnohĨch profesijnĨch odvetviach a kaģdodennom ģivote. Jej vĨuļba m§ 

rozv²jaŠ technick® zruļnosti ġtudentov, ich priestorov¼ predstavivosŠ aj estetick® 

c²tenie. 

Napriek d¹leģitosti tohto predmetu sa ġkoly ļasto stret§vaj¼ s viacerĨmi 

prek§ģkami: 

- Finanļn§ bari®ra, keŅģe vĨuļba sa opiera o drah® komerļn® softv®ry, 

ktorĨch licencie s¼ pre ġkoly ļi dom§cu pr²pravu nedostupn®. 

- Didaktick§ medzera, pretoģe existuj¼ce materi§ly bĨvaj¼ teoreticky 

preŠaģen® alebo chĨba modern§, vizu§lne atrakt²vna a interakt²vna 

metodika podporuj¼ca osvojenie praktickĨch techn²k. 

- Nedostatok ucelenosti, materi§ly neposkytuj¼ prepojenie te·rie, cviļen² 

a vizu§lnych n§vodov. 

- Nedostatok kvalifikovanĨch uļiteŎov, ktor² by mali dostatoļne odborn® 

znalosti aj praktick® sk¼senosti v oblasti digit§lnej a poļ²taļovej 

grafiky. 

CieŎom pr§ce bolo prekonaŠ tieto nedostatky vytvoren²m ucelen®ho, 

elektronick®ho prakticky orientovan®ho vzdel§vacieho bal²ka pre vĨuļbu 

z§kladov poļ²taļovej, najmª vektorovej grafiky. VĨslednĨ materi§l obsahuje 

teoretick¼ aj praktick¼ ļasŠ, zahŘŔa praktick¼ uļebnicu, cviļebnicu 

a videon§vody a je navrhnutĨ tak, aby bol vyuģiteŎnĨ na r¹znych stupŔoch ġk¹l. 

Prim§rne sl¼ģi ġtudentom, no rovnako efekt²vne ho m¹ģu vyuģ²vaŠ aj uļitelia pri 

pl§novan² a realiz§cii vyuļovania. 

 

2 Inkscape ɀ "ÅÚÐÌÁÔÎĻ ÎÜÓÔÒÏÊ ÐÒÅ ÖÅËÔÏÒÏÖĭ ÇÒÁÆÉËÕ  

Inkscape je bezplatnĨ open-source softv®r, ktorĨ sl¼ģi na tvorbu a ¼pravu 

vektorovej grafiky. Je ide§lny pre ġirok® spektrum pouģ²vateŎov, od 

zaļiatoļn²kov aģ po pokroļilĨch. K jeho hlavnĨm vĨhod§m patr²: 

¶ DostupnosŠ: Je bezplatnĨ a kompatibilnĨ s operaļnĨmi syst®mami 

Windows, macOS a Linux. 

¶ Kvalita:  Podporuje nat²vny form§t SVG (Scalable Vector Graphics), 

ļo zaruļuje zachovanie kvality grafiky pri akejkoŎvek zmene veŎkosti. 

¶ FunkļnosŠ: Pon¼ka ġirok¼ ġk§lu n§strojov na kreslenie, ¼pravu tvarov, 

ļiar a textu, ļo je nevyhnutn® pre vĨuļbu z§kladov grafick®ho dizajnu. 

ςȢρ $ÉÄÁËÔÉÃËĻ ÂÁÌþË 

DidaktickĨ bal²k pozost§va z troch neoddeliteŎne prepojenĨch komponentov, 

ktor® zaisŠuj¼ komplexn® osvojenie si vedomost² a zruļnost²: 

1. Praktick§ uļebnica: Pre teoretick® ukotvenie a detailn® n§vody. 

2. Cviļebnica: Pre riaden® praktick® precviļovanie a aplik§ciu techn²k. 
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3. Videon§vody: Pre vizu§lnu a dynamick¼ podporu cviļen². 

σ 0ÒÁËÔÉÃËÜ ÕéÅÂÎÉÃÁ 

Elektronick§ praktick§ uļebnica predstavuje prv¼ ļasŠ vzdel§vacieho bal²ka a je 

prim§rne zameran§ na z§klady pr§ce v Inkscape. Poskytuje teoretick® z§klady 

a detailn® n§vody na pouģ²vanie n§strojov a funkci² softv®ru. 

Uļebnica je rozdelen§ do logickĨch blokov, ktor® ġtudentov ale aj uļiteŎov 

postupne preved¼ od inġtal§cie softv®ru, cez z§kladn® pojmy aģ po pokroļil® 

techniky ovl§dania Inkscape. 

¶ Pr§ca s prostred²m: Orientaļn® body, paleta farieb, stavovĨ riadok 

a nastavenie dokumentu (str§nky). 

¶ Spr§va a transform§cia objektov: Pr§ca s vrstvami, zoskupovan²m, 

kombin§ciami a komplexnou transform§ciou objektov. 

¶ KŎ¼ļov® n§stroje pre tvorbu: Pr§ca s B®zierovĨmi krivkami 

a n§strojom Đprava cesty a pr§ca s uzlami pre presn® tvarovanie. 

¶ Estetick§ ¼prava: Nastavenie vĨplne, Šahu a pr§ca s farebnĨmi 

prechodmi pre dosiahnutie hŌbky a realistick®ho vzhŎadu objektov. 

/ÂÒÜÚÏË 1ȡ $ÉÄÁËÔÉÃËĻ ÂÁÌþË 
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τ #ÖÉéÅÂÎÉÃÁ 

Cviļebnica predstavuje druh¼ ļasŠ a zameriava sa na riadenĨ rozvoj praktickĨch 

zruļnost² prostredn²ctvom postupne n§roļnejġ²ch projektov. Metodika je 

postaven§ na kombinovan² nauļenĨch n§strojov pre vytvorenie konkr®tnych 

grafickĨch ilustr§ci². 

τȢρ £ÔÒÕËÔĭÒÏÖÁÎï ÃÖÉéÅÎÉÁ ÐÒÅ ÏÓÖÏÊÅÎÉÅ ÔÅÃÈÎþË 

Ġtudenti v tejto ļasti pracuj¼ na projektoch, ktor® ich n¼tia kombinovaŠ r¹zne 

techniky: 

¶ Cviļenie ï Tuļniak: Đvodn§ ¼loha zameran§ na pr§cu s jednoduchĨmi 

geometrickĨmi tvarmi (elipsy) a z§kladn® nastavenie vrstiev a farieb. 

¶ Cviļenie ï Biliardov§ guŎa: Precviļenie komplexn®ho tieŔovania, 

vyuģitie radi§lnych farebnĨch prechodov a technika tvorby odleskov. 

¶ Cviļenie ï Ilustr§cia krajiny: Komplexn§ ¼loha preveruj¼ca 

schopnosŠ ġtudenta efekt²vne pracovaŠ s viacerĨmi vrstvami a 

B®zierovou krivkou pri tvorbe pr²rodnĨch elementov. 

¶ Cviļenie ï Ģralok: N§roļn§ aplik§cia, kde ġtudent mus² transformovaŠ 

text na krivky, a n§sledne ho upravovaŠ pomocou uzlov ako grafickĨ 

objekt. 

/ÂÒÜÚÏË 2: 5ËÜĿËÁ ÐÒÁËÔÉÃËÅÊ ÕéÅÂÎÉÃÅ 
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τȢς +ÒÅÁÔþÖÎÁ ÖĻÚÖÁȡ 0ÏÄÐÏÒÁ ÉÎÄÉÖÉÄÕÜÌÎÅÈÏ ÐÏÓÔÕÐÕ 

Po zvl§dnut² ġtrukt¼rovanĨch cviļen², cviļebnica uzatv§ra sekciou zameranou na 

rozvoj kreativity a samostatn®ho rieġenia probl®mov (VĨzvy na precviļenie). 

T§to ļasŠ je kŎ¼ļov§ pre prechod od riadenej vĨuļby k auton·mnej tvorbe. 

Didakticky je d¹leģit®, aby si ġtudenti uvedomili, ģe k vytvoreniu vizu§lneho 

vĨsledku v Inkscape vedie ļasto mnoģstvo r¹znych ciest a postupov. Kaģd§ 

technika (pouģitie B®zierovej krivky, transform§cia tvarov, ļi kombinovanie 

ciest) m§ svoje alternat²vy. Posledn§ kapitola nab§da ġtudentov, aby si vybrali 

vlastn¼ inġpir§ciu (napr. z gal®rie predl¹h, ako s¼ Lienka, Maļka alebo Logo) a 

pok¼sili sa ju vytvoriŠ s minim§lnym veden²m. 

Tento proces je pre uļenie mimoriadne pr²nosnĨ, pretoģe: 

¶ Ġtudent si neosvojuje len jeden fixnĨ postup, ale akt²vne vyhŎad§va 

najefekt²vnejġiu cestu, ktor§ mu vyhovuje, ļo vedie k lepġiemu 

osvojeniu si n§strojov. 

¶ Đloha n¼ti ġtudenta kreat²vne myslieŠ, experimentovaŠ, prekon§vaŠ 

technick® prek§ģky a prisp¹sobovaŠ si nauļen® zruļnosti novĨm, 

nezn§mym vizu§lnym vĨzvam. 

¶ Đspeġn® n§jdenie vlastn®ho rieġenia posilŔuje sebad¹veru a motiv§ciu 

k Ņalġej digit§lnej tvorbe. Podporujeme tak d¹leģitĨ prechod od imit§cie 

k inov§cii. 

/ÂÒÜÚÏË 3: 5ËÜĿËÁ ÃÖÉéÅÂÎÉÃÅ 
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υ 6ÉÄÅÏÎÜÖÏÄÙ 

Tretie ļasŠ, s®ria videon§vodov, m§ ġpecifick¼ funkciu ï poskytovaŠ dynamick¼ 

a vizu§lnu demonġtr§ciu postupov, ktor® s¼ n§roļn® na pochopenie zo 

statick®ho textu v uļebnici a cviļebnici. 

KŎ¼ļov§ didaktick§ hodnota videon§vodov: 

¶ Prekonanie abstrakcie: Dynamick® procesy, ako je presn® pos¼vanie 

uzlov na krivk§ch, aplik§cia zloģitĨch prechodov alebo transform§cia 

objektov, s¼ vizu§lne omnoho Ŏahġie pochopiteŎn®. 

¶ Podpora samostatn®ho uļenia: Ġtudenti si m¹ģu pozastaviŠ video, 

vr§tiŠ sa k nejasnĨm krokom a pracovaŠ vlastnĨm tempom, ļ²m sa 

zvyġuje efektivita samoġt¼dia. 

¶ Zn²ģenie frustr§cie: Vizu§lne vedenie minimalizuje chyby pri pr§ci a 

zvyġuje sebad¹veru ġtudentov pri zloģitejġ²ch ¼loh§ch. Kaģd® video je 

priamo prepojen® s konkr®tnym cviļen²m, ļ²m tvor² ucelenĨ didaktickĨ 

celok. 

/ÂÒÜÚÏË 4: 5ËÜĿËÁ ÖÉÄÅÏÎÜÖÏÄÏÖ 
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φ 6ĻÓËÕÍÎĻ ÚÜÖÅÒ 

Pre komplexn® overenie didaktickej efektivity a praktickej vyuģiteŎnosti 

materi§lov bol spustenĨ rozsiahly dotazn²kovĨ prieskum. Prieskum je 

distribuovanĨ medzi tri hlavn® cieŎov® skupiny: pedag·gov (ZĠ/SĠ/VĠ), 

ġtudentov uļiteŎstva a odborn²kov na poļ²taļov¼ grafiku. 

CieŎom prieskumu je z²skaŠ kvantitat²vnu a kvalitat²vnu spªtn¼ vªzbu 

zameran¼ na kŎ¼ļov® aspekty: 

1. AnalĨza existuj¼cich kompetenci²: Zistenie, ak® softv®ry pre 

vektorov¼ (Inkscape, CorelDRAW, Adobe Illustrator) a rastrov¼ 

grafiku (Adobe Photoshop, GIMP) respondenti poznaj¼ a ak§ je ich 

¼roveŔ sk¼senosti so softv®rom Inkscape. 

2. Hodnotenie didaktickĨch materi§lov: Pos¼denie praktickej uļebnice 

a cviļebnice na ġk§le od 1 do 5 z hŎadiska prehŎadnosti, 

zrozumiteŎnosti, vizu§lneho spracovania a celkovej 

praktickosti/vyuģiteŎnosti pri vĨuļbe. 

3. Metodick§ pripravenosŠ: Zistenie, ļi by respondenti dok§zali podŎa 

materi§lov viesŠ vyuļovaciu hodinu, a ļi s¼ materi§ly vhodn® pre 

vĨuļbu na ġkol§ch. 

4. Identifik§cia potrieb uļiteŎov: KŎ¼ļov§ je ot§zka potreby 

metodick®ho materi§lu/sylabu pre uļiteŎov, a ak §no, akĨ konkr®tny 

obsah by mal zahŘŔaŠ (napr. presnĨ pl§n hod²n, n§vrhy na hodnotenie 

ģiakov, n§vody pre neġpecializovanĨch uļiteŎov). 

5. Kvalitat²vna spªtn§ vªzba: Zber konkr®tnych n§vrhov na doplnenie, 

¼pravu a identifik§ciu najpr²nosnejġ²ch ļast² oboch dokumentov. 

6.1 Vyhodnotenie  
 

Na z§klade predloģenĨch vĨsledkov a kvalitat²vnej spªtnej vªzby, ktor® boli 

spracovan® z dotazn²kov®ho prieskumu, sa potvrdila vysok§ didaktick§ hodnota 

a pouģiteŎnosŠ vytvorenĨch materi§lov. 

Odpovede respondentov na ot§zky tĨkaj¼ce sa materi§lov boli vysoko 

konzistentn® a pozit²vne. Celkov® hodnotenie prehŎadnosti, zrozumiteŎnosti a 

praktickej vyuģiteŎnosti materi§lov je nadpriemern®, ļo indikuje, ģe ġtrukt¼ra 

cviļen² a vizu§lna podpora videon§vodov s¼ navrhnut® efekt²vne. Respondenti 

potvrdili, ģe cviļebnica je vhodn§ pre vyuļovanie a umoģŔuje bezprobl®mov® 

vedenie hodiny. 
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/ÂÒÜÚÏË 5: 6ĻÓledok prieskumu 

χ :ÜÖÅÒ 

Vytvorenie tohto komplexn®ho bal²ka didaktickĨch materi§lov predstavuje 

vĨznamnĨ pr²spevok k modern®mu vyuļovaniu poļ²taļovej grafiky v ġkol§ch. 

Z§merom bolo poskytn¼Š nieļo, ļo je dostupn® pre kaģd®ho a z§roveŔ je to silne 

zameran® na prax, ļo sa podarilo dosiahnuŠ vŅaka voŎbe bezplatn®ho softv®ru 

Inkscape. Bal²k stoj² na troch vz§jomne prepojenĨch ļastiach: Praktick§ 

uļebnica sl¼ģi ako pevnĨ z§klad pre pochopenie te·rie a kŎ¼ļovĨch n§strojov 

vektorovej grafiky, zatiaŎ ļo Cviļebnica a Videon§vody premieŔaj¼ tieto 

poznatky na skutoļn® zruļnosti. Cviļebnica je ġpeci§lne navrhnut§ tak, aby 

ġtudentov viedla nielen k osvojeniu konkr®tnych techn²k, ale aj k hŎadaniu 

vlastnĨch postupov pri rieġen² ¼loh, ļ²m sa rozv²ja ich tvorivosŠ a schopnosŠ 

samostatne rieġiŠ probl®my. Prebiehaj¼ci prieskum potvrdil, ģe materi§ly s¼ 

vysoko hodnoten® pre ich prehŎadnosŠ a praktickosŠ, ļo z nich rob² ide§lnu 

pom¹cku na vyuļovanie. Ver²me, ģe tento komplexnĨ a ucelenĨ pr²stup prispeje 

k rozvoju digit§lnych a kreat²vnych kompetenci² ġtudentov, ktor® s¼ v dneġnom 

vizu§lnom svete kŎ¼ļov®. 
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STUDENTS CHEATING DURING ONLINE TESTING  

-ÉÌÁÎ £42"/ȟ 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 live classes in comparison to the 
online, distant classes. 
Keywords:  distance learning, cheating, online education,  

1 Introduction  

Education is a powerful tool, which differs humans from animals. Education 
or learning is a life-long process, starting at the moment when a new-born 
for the first -time breaths in the oxygen. It is a powerful weapon, and the 
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 in-line 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 traditional 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 e-ducere meaning to raise 
and to cultivate. It is any activity 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 educate 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 how people communicate, interact with each other, 
socialize, shop, do business, or how they educate themselves. Online 
education is a form or a variety of education where professors and students 
instead of attending educational institutions, stay at  home, and use 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 non-traditional 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 cost-effective ways to 
ÅÄÕÃÁÔÅ ÔÈÅ ×ÏÒÌÄȭÓ ÒÁÐÉÄÌÙ ÅØÐÁÎÄÉÎÇ ×ÏÒËÆÏÒÃÅȢȱ 

Significant Growth  

Over the past decade, the use of online learning has continued to expand, 
ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ ÈÉÇÈÅÒ ÅÄÕÃÁÔÉÏÎȢ ȵ)Î ςππωȟ σπϷ ÏÆ ÈÉÇÈÅÒ ÅÄÕÃÁÔÉÏÎ ÓÔÕÄÅÎÔÓ 
took at least one online course, an increase of 21% over 2008 enrollments, 
the largest year-to-year increase to date. In the same year, traditional 
ÅÎÒÏÌÌÍÅÎÔÓ ÇÒÅ× ÂÙ ÌÅÓÓ ÔÈÁÎ ςϷȢȰ ɉ!ÌÌÅÎ Ǫ 3ÅÁÍÁÎȟ ςπρπɊȢ 

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 
ÒÅÇÁÒÄ ÓÔÕÄÅÎÔÓ ÁÓ ÈÁÖÉÎÇ ȬËÎÏ×ÌÅÄÇÅ ÈÏÌÅÓȭ ÔÈÁÔ ÎÅÅÄ ÔÏ ÂÅ ÆÉÌÌÅÄ ×ÉÔÈ 
information. The traditional teacher views that it is the teacher that causes 
ÌÅÁÒÎÉÎÇ ÔÏ ÏÃÃÕÒȢ Ȱɉ.ÏÖÁËȟ ρωωψɊȢ ,ÅÁÒÎÉÎÇ ÉÓ ÁÓÓÏÃÉÁÔÅd with a classroom 
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filled with students. The most common seating arrangement used by the 
traditionalists is  rows.  

Distance learning  

Distance learning, also called distance education, e-learning, and online 
learning, a form of education in which the main elements include physical 
separation of teachers and students during instruction and the use of 
various technologies to facilitate student-teacher and student-student 
communication. Distance learning traditionally has focused on non-
traditional students, such as full-time 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 
ÌÅÁÒÎÉÎÇȢ $ÉÓÔÁÎÔ ÌÅÁÒÎÉÎÇ ×ÈÉÃÈ ÉÓ ÓÔÕÄÅÎÔȭÓ ÁÃÔÉÖÉÔÙ ÁÎÄ ÄÉÓÔÁÎÃÅ ÔÅÁÃÈÉÎÇ 
×ÈÉÃÈ ÉÓ ÔÈÅ ÐÒÏÆÅÓÓÏÒȭÓ ÁÃÔÉÖÉÔÙ ÍÁËÅ ÕÐ ÄÉÓÔÁÎÔ ÌÅÁÒÎÉÎÇȢ &ÏÕÒ 
characteristics distinguish distant learning: 
Firstly, distance learning is carried out through institutions; it is not self-
study or a non-academic learning environment. The educational institutions 
may offer traditional classrooms.   
Secondly, geographic separation is inherent in distance learning, and time 
separates students and teachers. Advantages such as accessibility and 
convenience are important for this type of education. Well-designed 
programs can also bridge intellectual, cultural, and social differences 
between students. 
Thirdly, individual students and teachers connect through interactive 
telecommunications. electronic communications, such as e-mail, are used, as 
well as the postal system. The connections of teachers and students become 
less dependent on physical proximity as communications systems become 
more sophisticated and widely available. the Internet, mobile 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 books, 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
https://www.britannica.com/topic/education
https://www.merriam-webster.com/dictionary/facilitate
https://www.merriam-webster.com/dictionary/environment
https://www.merriam-webster.com/dictionary/inherent
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 certain 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 communication, 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 given domain 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 multiple pages, 
that can contain any combination of text, images, audio, video - including 
screencasts, animations, self-test questions, and other interactive activities. 
They are usually aimed for self-study and delivered via Blackboard, but can 
also be made 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, they are 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, flexibility, and 
versatility of social media platforms make them plausible alternatives to 
CMS.       
! #ÏÕÒÓÅ -ÁÎÁÇÅÍÅÎÔ 3ÙÓÔÅÍ ÉÓ ȰÁ ÓÏÆÔ×ÁÒÅ ÁÐÐÌÉÃÁÔÉÏÎ ÔÈÁÔ ÁÕÔÏÍÁÔÅÓ ÔÈÅ 
ÁÄÍÉÎÉÓÔÒÁÔÉÏÎȟ ÔÒÁÃËÉÎÇȟ ÁÎÄ ÒÅÐÏÒÔÉÎÇ ÏÆ ÔÒÁÉÎÉÎÇ ÅÖÅÎÔÓȱ ɉ%ÌÌÉÓȟ ςππωȟ ÐρɊȢ 
There are many competing corporate products as well as open-source 
alternatives. Most CMS used in higher education provides teachers and 
students with communications tools: e-mail, chat, discussion board, virtual 
whiteboard, and an instant messaging application; a 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 web-based user-centred 
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 educational 
institutions such as universities and primary schools. 

Universities   

At the beginning of the 21st century Chinese universities have launched 
online education reforms to form an open education network-based on 
information and network technologies. 

Primary schools 

It is a massive and immense shift for primary schools 
too. The movement from 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 an elaborate lesson plan 
design, teaching materials such as audio and video contents, as well as 
technology support teams. Math classes, for instance, require video content 
and audio in order to explain the content of the actual topic.  
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Students 

Online learning 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 learning (Seaman, 2009; Wasilik & 
Bolliger, 2009).  
Ȱ/ÆÔÅÎȟ ÔÈÅÙ ÈÁÖÅ ÂÅÅÎ ÅÄÕÃÁÔÅÄ ÔÈÒÏÕÇÈ ÙÅÁÒÓ ÏÆ ÓËÉÌÌÓ ÁÎÄ ÄÒÉÌÌÓ ×ÈÅÒÅ ÁÎ 
emphasis was placed on memorization and testing of knowledge. After many 
years of working with this transmission model of teaching, students, 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 knowledÇÅȱ ɉ$Á×ÌÅÙȟ ςππχȟ ÐυɊȢ  
However, teaching online is a time-consuming endeavour, especially given 
that the majority of online courses remain predominantly text-based (Gudea 
& Ryan, 2008; Garrison & Anderson, 2003). 

3 Arguments and considerations  

The following chapter is divided into two sub-capitols. The first sub-capitol 
discuss the positives of the online education, whereas the second sub-capitol 
mention the negatives of online education. 

3.1 Advantages  

As the popularity of online education continues to rise, many educational 
institutions such as universities, colleges, primary schools are interested in 
how to best deliver course content for online learners.  

Capability and  efficiency  

Online education offers professors an efficient way to provide lessons to 
students. The great advantage of online learning is a wide range of tools such 
as PDFs, videos, Podcasts, which teachers may use. Teachers are becoming 
more efficient educators by extending the lessons with online resources. 

Accessibility of time and place 

Another positive of online education is that students can attend classes from 
any location of their choice. Online lectures can be recorded, archived, 
and shared for future reference. This allows students to access the 
educational materials at any time. 
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Affordability   

Online learning reduces financial costs. It is more affordable as compared to 
physical learning because during online learning there is no cost of student 
transportation, accommodations, or student meals. Additionally, learning 
materials are available online, which is beneficial for the environment 
because no paper is being used. 

Increased student attendance  

Online classes can be taken from any location where is access to the internet. 
There are fewer chances of students missing out on lessons. 

A Variety of learning styles   

Each student has a different learning 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 by large 
groups. 

Multiple ways to communicate with your professor   

In addition to advantages, there is flexibility about how to communicate 
with your professor. A number of students are timid when it comes to face-
to-face conversation. With online learning, there is a possibility to write an 
email, chat, or have a call through the application. 

A flexible schedule  

Another benefit of online education is a flexible schedule. Students 
can manage 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 in-line, teachers have to provide paper 
material. In the case of online learning, there is no 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 access to course 
materials such as podcasts, videos, PDFs. Students are able to flip through 
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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3ÔÕÄÅÎÔȭÓ own pace  

Within traditional learning,  students had to keep up with other students in 
order to understand the class content. With online learning 
this environment is limited. Students are in control of their 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 disadvantages professors and students face 
providing a better understanding of distance and online education. Online 
learning has several characteristics that can have an impact on faculty and 
course progress. The rapid rate of changes in education increase impact on 
higher and more effective learning and more recent research indicates 
trends for the importance of incorporating social media into the classroom 
(Tess 2013). 

Technical issues 

Failing technological aspects of online courses can be especially frustrating 
for students and have a negative impact on their overall perception of the 
course (Pollack and Wilson 2002). This can lead to a negative attitude 
towards learning in such way. 

Lack of communicational skill  development 

Furthermore, it can be difficult for instructors to adapt certain 
activities such as assessments, tests without losing the interaction among 
teachers and students. In addition to is an issue of cheating which limits the 
knowledge of student mind and comprehension, which may peak 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 endeavours (Jacob 
and Radhai 2016). 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 (Illinois 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. 
OR they seem to have reading comprehension issues or agendas where they 
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. Many have trouble adapting to the structure of brick-and-
mortar schools. They also have difficulties adapting to paper and pencil tests 
and assignments (Illinois Online Network, 2010). 

Cheating prevention  

Teachers identified a number of approaches to addressing 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 generation 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, purpose, method, sample and 
instrument are mentioned as well. 

Nowadays students have many more ways to be academically dishonest 
than students a generation ago. With the rise of this new method of course 
delivery, some researchers have raised concerns about academic 
dishonesty.  While many studies have been completed related to cheating 
in live classes, only a few studies have been conducted on cheating in on-line 
courses.  This study intends to expand the body of research on academic 
dishonesty regarding online courses. 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 study used a quantitative design 
featuring a one-time survey to gauge the level and type of academic 
dishonesty occurring in face-to-face and online courses. 

6 Results 

The survey instrument was given to 135 undergraduate and graduate 
students, of which 102 were 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.  
 

Table 2 Survey: Cheating during tests 

Survey Statement  
Live classes 
Percentage  

Online classes 
Percentage  

1. I have cheated on an 
assignment, quiz, or a test. 

32.59% (44) 34,81% (47) 

2. I have been caught cheating. 11.11% (15) 2.22% (3) 

3. I have suÂÍÉÔÔÅÄ ÏÔÈÅÒÓȭ ×ÏÒË ÁÓ 
my own. 

6.67% (9) 25.19% (34) 

4. I have had someone give me 
answers during a class quiz or test. 

14.81% (20) 23.70% (32) 

5. I have received answers to a 
quiz or test from someone who 
has already taken it. 

33.33% (45) 19.26% (26) 

6. I have used instant messaging 
through a cell phone or handheld 
device during a quiz or exam. 

3.7% (5) 8,15% (11) 

χȢ ) ÈÁÖÅ ÃÏÐÉÅÄ ÁÎÏÔÈÅÒ ÓÔÕÄÅÎÔȭÓ 
work without their permission 
and submitted it as my own. 

2.96% (4) 1.48%  (2)  

8. I have knowingly copied 
passages from an article or book 
directly into a paper without citing 
ÉÔ ÁÓ ÓÏÍÅÏÎÅ ÅÌÓÅȭÓ ×ÏÒËȢ 

16.3% (22)  9.63%(13) 

9. I have used a term paper writing 
service to complete an assignment. 

5.93% (8) 11.85% (16) 
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.Second question was, if they were caught 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: I 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 online classes 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: I have 
knowingly copied passages from an article or book directly into a paper 
×ÉÔÈÏÕÔ ÃÉÔÉÎÇ ÉÔ ÁÓ ÓÏÍÅÏÎÅ ÅÌÓÅȭÓ ×ÏÒËȟ ÓÔÕÄÅÎÔÓ ÁÎÓ×ÅÒÅÄ ρσȢςϷ ÆÏÒ ÌÉÖÅ 
classes and 5.0% for online classes. In the last question: 9. I have used a term 
paper writing service to complete an assignment, 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 on-
line courses. All but one of the specific behaviours of academic dishonesty 
found to be significantly different were higher for live classes than on-line, 
with the receiving answers from someone during an online test or quiz 
significantly different with a higher mean for online classes. For better 
understanding a graph was created. 

7 Discussion  

The focus of this study was on whether students cheat more in on-line or live 
courses, and, surprisingly, the results showed higher rates of academic 
dishonesty in live courses.  One possible explanation 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 on-line test or quiz.  Course developers should take extra 
precautions with regards to on-line tests or quizzes, either through having a 
ÔÅÓÔ ÐÒÏÃÔÏÒȟ ÃÈÁÎÇÉÎÇ ÔÈÅ ÔÙÐÅ ÏÆ ÁÓÓÅÓÓÍÅÎÔȟ ÏÒ ÌÏ×ÅÒÉÎÇ ÔÈÅ ÁÓÓÅÓÓÍÅÎÔȭÓ 
value in relation to other course assignments.   
These results have implications for both the college 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 development. Given this 
behaviour, professors and university administrators need to ensure that 
students who are caught cheating have to pay a consequence.  

8 Conclusion  

Education is fundamentally a valuable asset for humans. It is one of the 
ÐÒÉÍÁÒÙ ÆÁÃÔÏÒÓ ÉÎ ÏÎÅȭÓ ÌÉÆÅ ÔÈÁÔ ÈÅÌÐÓ ÔÈÅÍ ÔÏ ÆÁÃÅ ÍÏÓÔ ÏÆ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓȢ  
   

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 during online 
education cheat more or less, showed that students tend to cheat less during 
online classes in comparison to live classes.  

Despite many challenges that people face and a great number of 
disadvantages that online education is causing, there are potential 
opportunities and positive advantages that 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 teachers 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 time of awareness and importance of 
collaborative work. Now parents and students are aware of how difficult and 
a complex profession is to be a teacher and now is the time to thank and to 
give appreciation to all educators for their patience and useful wide range of 
teaching methods that they provide.    
Not only teachers themselves, but also students 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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ÓÐÅÃÉÆÉËÜÌÜÓÔ ÆÅÊÂÅÎ ÖÁÇÙ ÐÁÐþÒÏÎ ÖïÇÅÚÖÅȟ ÉÌÌÅÔÖÅ ÅÚÅË ÄÉÇÉÔÁÌÉÚÜÌÔ 
ÅÒÅÄÍïÎÙÅ ÓÏËÓÚÏÒ ÈÉÜÎÙÏÓ ÖÁÇÙ ÈÉÂÜÓȢ ! ÓÐÅÃÉÆÉËÜÃÉĕ ÈÅÌÙÅÓÓïÇïÎÅË 
ÅÌÌÅÎěÒÚïÓïÒÅ ÆÅÊÌÅÓÚÔÅÔt Specification editor  ÈÁÔïËÏÎÙÁÎ ÔÜÍÏÇÁÔÊÁ Á 
ÓÐÅÃÉÆÉËÜÌÜÓ ÔÅÌÊÅÓ ÆÏÌÙÁÍÁÔÜÔȟ ËÉÖÜÌÔÊÁ Á ÐÁÐþÒÒÁ ÌÅÊÅÇÙÚïÓÔ ÉÓȢ ! 
Specification editor  ÈÁÓÚÎÜÌÁÔÜÎÁË ÜÌÔÁÌÜÎÏÓÓÜ ÖÜÌÜÓÁ ÓÏÒÜÎ ÌÜÔÈÁÔĕÖÜ ÖÜÌÔȟ 
hogy ÁÚ ÅÌÍïÌÅÔÂÅÎ ÍÅÇÁÄÏÔÔ ÍÅÇÏÌÄÜÓÏË ÎÙÉÔÖÁ ÈÁÇÙÎÁË Á ÇÙÁËÏÒÌÁÔÂan 
ÆÅÌÍÅÒİÌě ÏÌÙÁÎ ËïÒÄïÓÅËÅÔȟ ÁÍÅÌÙÅËÒÅ ÆÅÌ ËÅÌÌ ËïÓÚþÔÅÎÉ ÁÚ ÅÓÚËĘÚÔȢ ! 
ÓÚïÌÓěïÒÔïËËÅÌ ËÁÐÃÓÏÌÁÔÏÓ ÆÅÌÁÄÁÔÏË ÓÐÅÃÉÆÉËÜÌÜÓÜÎÁË ÍĕÄÊÁȟ ÈÅÌÙÅÓÓïÇÅ ïÓ 
ÔÅÌÊÅÓÓïÇÅ ÉÓ ËïÒÄïÓÅËÅÔ ÖÅÔ ÆÅÌȟ ÍÅÌÙÅËÒÅ ÔĘÂÂ ÓÚÅÍÐÏÎÔÂĕÌ ËÅÌÌ ÖÜÌÁÓÚÏÌÎÉȡ 
ÓÚÁËÅÍÂÅÒËïÎÔȟ ÏËÔÁÔĕËïÎÔ ïÓ ÓÐÅÃÉÆÉËÜÃÉĕËïÓÚþÔïÓÔ ÔÜÍÏÇÁÔĕ ÅÓÚËĘÚ 
ËïÓÚþÔěÊÅËïÎÔȢ ! ÃÉËËÂÅÎ ÂÅÍÕÔÁÔÊÕË Á ÓÚïÌÓěïÒÔïË ÔþÐÕÓÆÅÌÁÄÁÔ 
ÓÐÅÃÉÆÉËÜÌÜÓÜÎÁË ÁÌÔÅÒÎÁÔþÖ ÌÅÈÅÔěÓïÇÅÉÔȟ ÅÚÅË ËÁÐÃÓÏÌÁÔÜÔȟ ÉÌÌÅÔÖÅ Á ÒÁÎÇÏÔ 
ÍÅÇÈÁÔÜÒÏÚĕ ÒÅÌÜÃÉĕ ÄÅÆÉÎÉÜÌÜÓÜÎÁË ÓÚÅÍÐÏÎÔÊÁÉÔȢ 

Kulcsszavak:  ÓÚïÌÓěïÒÔïË- maximum- minimum-ËÅÒÅÓïÓ -ËÉÇÙĴÊÔïÓ -
ËÉÖÜÌÁÓÚÔÜÓȟ ÄÅËÌÁÒÁÔþÖȟ ÓÐÅÃÉÆÉËÜÃÉĕȟ ÏËÔÁÔÜÓÍĕÄÓÚÅÒÔÁÎȟ ÖÁÌÉÄÜÃÉĕȟ ËÒÉÔÉËÁÉ 
ÇÏÎÄÏÌËÏÄÜÓȟ ÒÅÌÜÃÉĕȟ ËÏÍÐÁÒÜÔÏÒȢ 

THOUGHTS ON EXTREME VALUE TYPE TASKS 
SPECIFICATIONS 

Abstract:  In introductory programming courses in higher education, 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 their digitized results, it is often incomplete or incorrect. 
The Specification editor, developed to check the correctness of the 
specification, effectively supports the entire process of specification, 
replacing its writing on paper. With the increasingly widespread use of the 
Specification editor , 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 values 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 problems, 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 BÅÖÅÚÅÔěȡ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÓÚÅÒÅÐÅ Á ÐÒÏÇÒÁÍÏÚÜÓ ÓÏÒÜÎ 

ȵA software-ÔÅÒÍïËÅËËÅÌ ÓÚÅÍÂÅÎ ÔÜÍÁÓÚÔÏÔÔ ÅÌÓěÄÌÅÇÅÓ ËĘÖÅÔÅÌÍïÎÙİÎË Á 
ÈÅÌÙÅÓÓïÇȢ ! ÈÅÌÙÅÓÓïÇ Á ÐÒÏÇÒÁÍÎÁË ÁÚ Á ÔÕÌÁÊÄÏÎÓÜÇÁȟ ÈÏÇÙ 
ÓÐÅÃÉÆÉËÜÃÉĕÊÜÎÁË ÍÅÇÆÅÌÅÌěÅÎ ÍĴËĘÄÉË ɍȣɎ -ÉÎÄÅÎ ÅÇÙïÂ ËĘÖÅÔÅÌÍïÎÙȟ ÉÌÌÅÔve 
ÔÕÌÁÊÄÏÎÓÜÇ ÃÓÁË ÍÜÓÏÄÌÁÇÏÓȟ ïÓ ïÒÔÅÌÍïÔ ÖÅÓÚÔÉȟ ÈÁ ÅÚ ÁÚ ÅÌÓě ÎÅÍ ÔÅÌÊÅÓİÌȢȱ %Ú 
ÁÚ ÉÄïÚÅÔ Á ÓÔÒÕËÔÕÒÜÌÔ ÐÒÏÇÒÁÍÏÚÜÓÒĕÌ ÓÚĕÌĕ ĘÓÓÚÅÆÏÇÌÁÌĕ ÍĴÂÅÎ ÊÅÌÅÎÔ ÍÅÇ 
1979-ÂÅÎȟ ïÓ İÚÅÎÅÔÅ ÍÉÎÄ Á ÍÁÉ ÎÁÐÉÇ ïÒÖïÎÙÅÓ ɍ1/209.  o.]. 

Az alap- ïÓ a ËĘÚïÐÆÏËĭ ÐÒÏÇÒÁÍÏÚÜÓÏËÔÁÔÜÓÂÁÎ ÅÌÓěÄÌÅÇÅÓ ÃïÌÕÎË ÁÚ 
ÁÌÇÏÒÉÔÍÉËÕÓ ÇÏÎÄÏÌËÏÄÜÓ ÆÅÊÌÅÓÚÔïÓÅȟ ÄÅ Á ÆÅÌÓěÆÏËÏÎ ÔĘÒÔïÎě ÓÚÁËÍÁÉ 
ÐÒÏÇÒÁÍÏÚĕËïÐÚïÓÂÅÎ Á ÆÅÌÁÄÁÔÏË ÅÌÅÍÉÂÂ ÌïÐïÓÅËÒÅ ÂÏÎÔÜÓÜÎ ÔĭÌ ÓÏËËÁÌ 
ÅÒěÔÅÌÊÅÓÅÂÂÅÎ ËÅÌÌ ÍÅÇÊÅÌÅÎÎÉÅ ÏÌÙÁÎ ÍĕÄÓÚÅÒÅËÎÅËȟ ÁÍÅÌÙek a fenti 
ÉÄïÚÅÔÎÅË ÍÅÇÆÅÌÅÌěÅÎ, Á ÈÅÌÙÅÓÓïÇÅÔ ÔÅÓÚÉË ÍÅÇ ÅÌÓěÄÌÅÇÅÓ ÔïÎÙÅÚěÎÅËȟ ïÓ 
ÅÚÔ ÆÉÇÙÅÌÅÍÂÅ ÖïÖÅ ÏËÔÁÔÊÜË Á ÓÚÜÍþÔĕÇïÐÅÓ ÆÅÌÁÄÁÔÍÅÇÏÌÄÜÓt, azaz a 
ÐÒÏÇÒÁÍÏÚÜÓ ÔĘÂÂÉ ÅÌÅÍïÔȢ ! ÓÔÒÕËÔÕÒÜÌÔÓÜÇ ÁÌÁÐÖÅÔěÅÎ ÁÒÒÁ ÉÒÜÎÙÕÌȟ hogy 
ÏÌÙÁÎ ÍÅÇÏÌÄÜÓÏËÁÔȟ ÍĕÄÓÚÅÒÅËÅÔ ÁÄÊÏÎȟ ÁÍÅÌÙÅËËÅÌ ÊĕÌ ÓËÜÌÜÚÈÁÔĕȟ 
ÍÅÇÂþÚÈÁÔĕȟ ÈÅÌÙÅÓ ÐÒÏÇÒÁÍÏËÁÔ ÌÅÈÅÔ ËïÓÚþÔÅÎÉȢ %ÎÎÅË ĭÔÔĘÒěÊÅ $ÉÊËÓÔÒÁ 
volt [2, 3Ɏȟ ÁËÉ ÔĘÂÂ ÔÁÎÕÌÍÜÎÙÏÎ ËÅÒÅÓÚÔİÌ ÍÕÔÁÔÔÁ ÍÅÇȟ ÈÏÇÙÁÎ 
ÂÉÚÔÏÓþÔÈÁÔÊÕË ÅÇÙ ÐÒÏÇÒÁÍ ÈÅÌÙÅÓÓïÇïÔ ÅÇÙ ÍÁÔÅÍÁÔÉËÁÉ ÌÏÇÉËÜÒÁ ïÐİÌě 
ÆÏÒÍÜÌÉÓ ÍĕÄÓÚÅÒÒÅÌȢ 

ȵ! ÓÔÒÕËÔÕÒÜÌÔ ÐÒÏÇÒÁÍ ÈÅÌÙÅÓÓïÇïÎÅË ÆÏÒÍÜÌÉÓ ÂÉÚÏÎÙþÔÜÓÁ ɉÖÅÒÉÆÉËÜÃÉĕÊÁɊ 
ÌïÎÙÅÇÉÌÅÇ ÁÚÔ ÊÅÌÅÎÔÉȟ ÈÏÇÙ Á ÐÒÏÇÒÁÍ ËïÓÚþÔïÓïÎÅË ÍÉÎÄÅÎ ÓÚÉÎÔÊïÎ ÆÏÒÍÜÌÉÓ 
ÅÓÚËĘÚĘËËÅÌ Á ÐÒÏÇÒÁÍ ÓÚĘÖÅÇïÒÅ ÔÜÍÁÓÚËodva igazoljuk, hogy a program a 
ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÅÌěþÒÔ ÍĕÄÏÎ ÆÏÇ ÍĴËĘÄÎÉȱ ɍ1/210.  ÏȢɎȢ %ÚÔ Á ÆÁÊÔÁ ÆÏÒÍÜÌÉÓ 
ÂÉÚÏÎÙþÔÜÓÔ ÁÚÏÎÂÁÎ ÎÅÍ ÖÜÒÈÁÔÊÕË ÅÌ ÅÇÙȟ Á ËïÐÚïÓÅ ÅÌÅÊïÎ ÊÜÒĕ ÈÁÌÌÇÁÔĕÔĕÌȟ 
mert ÎÉÎÃÓ ÍÅÇ ÁÚ ÅÓÚËĘÚËïÓÚÌÅÔÅ ÒÜȟ ÒÜÁÄÜÓÕÌ ÍÁÇÁ $ÉÊËÓÔÒÁ ÉÓ ÌÜÔÊÁ ÁÚ 
ÅÌÍïÌÅÔ ïÓ ÇÙÁËÏÒÌÁÔ ËĘÚĘÔÔ ÈĭÚĕÄĕ ÍïÌÙ ÓÚÁËÁÄïËÏÔȡ  

ȵ-ÁÇÜÔĕÌ ïÒÔÅÔěÄěÅÎ ɍȣɎ ÇÏÎÄÏÌÎÉ ÓÅÍ ÍÅÒÎïË ÁÒÒÁȟ ÈÏÇÙ ÍÅÇËþÖÜÎÊÁÍ Á 
ÐÒÏÇÒÁÍÏÚĕÔĕÌȟ ÍÅÌÌïËÅÌÊÅÎ ÍÉÎÄÅÎ ÅÇÙÅÓ ÅÇÙÓÚÅÒĴ ÃÉËÌÕÓ ÐÒÏÇÒÁÍÊÜÈÏÚ ÅÇÙ 
ÈÁÓÏÎÌĕ ÂÉÚÏÎÙþÔÜÓÔȱ ɍ2ȾρωȢ ÏȢɎȢ ɉ! ÈÁÓÏÎÌĕ ÂÉÚÏÎÙþÔÜÓ ÅÇÙ ËïÔÏÌÄÁÌÁÓȟ ÔÅÌÊÅÓ 
ÉÎÄÕËÃÉĕÒÁ ïÐİÌě ÇÏÎÄÏÌÁÔÍÅÎÅÔ ÖÏÌÔȢɊ %ÈÅÌÙÅÔÔ ÍÁÇÁ ÊÁÖÁÓÏÌÊÁ ÏÌÙÁÎ 
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ÓÁÂÌÏÎÏËȟ ȵÔïÔÅÌÅËȱ ÈÁÓÚÎÜÌÁÔÜÔȟ ÁÍÅÌÙÎÅË ÈÅÌÙÅÓÓïÇïÒěÌ Á ÐÒÏÇÒÁÍÏÚĕ 
ÅÇÙÓÚÅÒ ÍÜÒ ÍÅÇÇÙěÚěÄĘÔÔȟ ïÓ ÍÜÒ ÅÌïÇ ÎÅËÉ ÃÓÁË ÒÕÔÉÎÓÚÅÒĴÅÎ ÈÁÓÚÎÜÌÎÉÁȢ 
0ÒÏÇÒÁÍÏÚÜÓÏËÔÁÔÜÓÕÎËÂÁÎ ÅÚÔ Á ÍÅÇËĘÚÅÌþÔïÓÔȟ ÁÚ ĭÎȢ ÁÎÁÌĕÇ ÁÌÇÏÒÉÔÍÉËÕÓ 
ÇÏÎÄÏÌËÏÄÜÓÔ ËĘÖÅÔÊİËȟ ÅÎÎÅË ÉÓ ÁÚÔ Á ÆÁÊÔÜÊÜÔȟ ÁÍÅÌÙÅÔ ÖÉÓÓÚÁÖÅÚÅÔïÓÎÅË 
ÎÅÖÅÚİÎË ɍ4, 5, 6ɎȢ %ÎÎÅË ÓÏÒÜÎ Á ËÏÎËÒïÔ ÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔ 
ÍÅÇÆÅÌÅÌÔÅÔÊİË ÅÇÙ ÜÌÔÁÌÜÎÏÓ ÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÎÁËȟ ïÓ Á ÆÅÌÉÓÍÅÒÔ 
ËİÌĘÎÂÓïÇÅËÅÔ ÁÌËÁÌÍÁÚÚÕË ÁÚ ÜÌÔÁÌÜÎÏÓ ÆÅÌÁÄÁÔ ÂÉÚÏÎÙþÔÏÔÔÁÎ ÈÅÌÙÅÓ 
ÍÅÇÏÌÄĕ ÁÌÇÏÒÉÔÍÕÓÜÒÁȟ þÇÙ ÂÉÚÔÏÓþÔÖÁ Á ËÏÎËÒïÔ ÆÅÌÁÄÁÔ ÈÅÌÙÅÓ ÌïÐïÓÅËÒÅ 
ÂÏÎÔÜÓÜÔȢ &ÏÒÍÜÌÉÓ ÂÉÚÏÎÙþÔÜÓÒÁ ÉÌÙÅÎ ÍĕÄÏÎ ÎÉÎÃÓ ÓÚİËÓïÇİÎËȟ ÍïÇÉÓ 
ÅÒÅÄÅÔÉ ÃïÌÕÎËȟ Á ÐÒÏÇÒÁÍ ÈÅÌÙÅÓÓïÇÅ ÇÁÒÁÎÔÜÌÈÁÔĕȢ 

2 3ÐÅÃÉÆÉËÜÃÉĕ ËïÓÚþÔïÓÔ ÔÜÍÏÇÁÔĕ ÅÓÚËĘÚ 

2.1. Specification Editor  

-ÉÖÅÌ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÓÚÅÒÅÐÅ ÅÂÂÅÎ Á ÍÅÇËĘÚÅÌþÔïÓÂÅÎ ËÕÌÃÓÆÏÎÔÏÓÓÜÇĭȟ 
ÓÚİËÓïÇÅÓȟ ÈÏÇÙ Á ÈÁÌÌÇÁÔĕË ɉïÓ ÏËÔÁÔĕËɊ ÜÌÔÁÌ ÍÅÇÁÄÏÔÔ ÆÏÒÍÜÌÉÓ ÌÅþÒÜÓÏË 
ÅÌÌÅÎěÒÉÚÈÅÔěË ïÓ ÓÚÜÍÏÎËïÒÈÅÔěË ÌÅÇÙÅÎÅËȢ 

!Ú ÁÌÁÐÖÅÔěÅÎ ÈÁÌÍÁÚ- ïÓ ÌÏÇÉËÁÉ ÊÅÌĘÌïÓÅËËÅÌ ÏÐÅÒÜÌĕ ÓÐÅÃÉÆÉËÜÃÉĕÓ ÎÙÅÌÖÅÔ 
ÓÏËÜÉÇ ÐÁÐþÒÏÎȟ ÔÜÂÌÜÎ ËïÚÚÅÌ ÁÄÔÕË ÍÅÇȟ ÁÚÏÎÂÁÎ ÅÚ ÔĭÌ ÎÁÇÙ ÓÚÁÂÁÄÓÜÇÏÔ ïÓ 
ÈÉÂÁÌÅÈÅÔěÓïÇÅÔ ÅÒÅÄÍïÎÙÅÚÅÔÔ ÍÉÎÄ Á ÈÁÌÌÇÁÔĕȟ ÍÉÎÄ ÁÚ ÏËÔÁÔĕ ÒïÓÚïÒěÌȢ 
%ÎÎÅË ïÒÄÅËïÂÅÎ ÄÅÆÉÎÉÜÌÔÕÎË ÅÇÙ ÓÚÉÇÏÒĭ ÓÚÁÂÜÌÙÒÅÎÄÓÚÅÒÒÅ ïÐİÌě ÆÏÒÍÜÌÉÓ 
nyelvet, illetve ÅÌËïÓÚþÔÅÔÔİÎË ÅÇÙ ÈÏÚÚÜ ÔÁÒÔÏÚĕ ÏÎÌÉÎÅ ÁÌËÁÌÍÁÚÜÓt, a 
Specification  editor -t [16], (SpEd) ÁÍÅÌÙ Á ÓÚÉÎÔÁËÔÉËÁÉ ÖÉÚÓÇÜÌÁÔÏË ÍÅÌÌÅÔÔ 
Á ÓÐÅÃÉÆÉËÜÃÉĕ ÈÅÌÙÅÓÓïÇïÔ ÉÓ ËïÐÅÓ ÅÌÌÅÎěÒÉÚÎÉ ɉÆÅËÅÔÅÄÏÂÏÚ ÔÅÓÚÔÅÌïÓÓÅÌɊȟ 
ÔÏÖÜÂÂÜ ÖÉÚÕÁÌÉÚÜÌÎÉ ÔÕÄÊÁ Á ÓÐÅÃÉÆÉËÜÃÉĕ ËÉïÒÔïËÅÌïÓÉ ÌïÐïÓÅÉÔ ÉÓȟ ÔÜÍÐÏÎÔÏÔ 
ÁÄÖÁ Á ÍÅÇïÒÔïÓÈÅÚ ɍ7, 8, 16]. 

A SpEd-ÂÁÎ ÈÁÓÚÎÜÌÔ ÆÏÒÍÜÌÉÓ ÎÙÅÌÖ ÎÁÇÙÍïÒÔïËÂÅÎ ËĘÖÅÔÉ Á ÍÁÔÅÍÁÔÉËÁÉ 
ÌÏÇÉËÁÉ ïÓ a ÈÁÌÍÁÚÅÌÍïÌÅÔÉ ÓÚÁÂÜÌÙÏËÁÔȟ ÄÅ ÊÅÌĘÌïÓÅÉÂÅÎ ɀ ÎïÈÜÎÙȟ 
ÇÙÏÒÓÂÉÌÌÅÎÔÙĴÖÅÌ ïÓ ÇÏÍÂÒÁ ËÁÔÔÉÎÔÜÓÓÁÌ ÉÓ ÍÅÇÁÄÈÁÔĕ ÊÅÌ ËÉÖïÔÅÌïÖÅÌ ɀ 
ÂÉÌÌÅÎÔÙĴÚÅÔÅÎ ËĘÎÎÙÅÎ þÒÈÁÔĕȟ ÂÅÓÚïÌÔ ÎÙÅÌÖÉ ÍÅÇÏÌÄÜÓÏËÁÔ ÉÓ ÍÅÇÅÎÇÅÄȢ 
^ÇÙ ÐïÌÄÜÕÌ ÉÓÍÅÒÉ Á Ȭmindenȭȟ a ȬÌðÔÅÚÉËȭȟ az Ȭelemeȭȟ az ȬðÓȭȟ a Ȭvagyȭȟ a Ȭnemȭ 
ËÉÆÅÊÅÚïÓÅËÅÔ ïÓ ÁÎÇÏÌ ÍÅÇÆÅÌÅÌěÉËÅÔ ËÉþÒÖÁ ÉÓȢ ! ÓÐÅÃÉÆÉËÜÃÉĕ ÓÚÅÒËÅÓÚÔïÓïÔ 
ÓÅÇþÔÉ Á ÌÉÎÅÜÒÉÓ þÒÜÓÍĕÄȟ ÁÚ ÁÌÓĕ-/ÆÅÌÓěÉÎÄÅØ ÈÅÌÙÅÔÔÅÓþÔïÓÅ ÓÚÅÌÅËÔÏÒÒÁÌȡ ɍɎ, 
illetve a ÆİÇÇÖïÎÙ ÊÅÌÌÅÇĴ þÒÜÓÍĕÄȡ 3:5-ƽÉˮʦƚƚÎƗƛƾ. 

! ËÉÆÅÊÅÚïÓÅË ËÉïÒÔïËÅÌïÓÅ Á ÍÁÔÅÍÁÔÉËÁÉ ÌÏÇÉËÁ ÓÚÁÂÜÌÙÁÉÔ ɀ azaz nem az 
ÉÎÆÏÒÍÁÔÉËÜÂÁÎ ÓÚÏËÜÓÏÓ ÌÕÓÔÁ ËÉïÒÔïËÅÌïÓÔ ɀ ÁÌËÁÌÍÁÚÚÁ Á ËÏÎÊÕÎËÃÉĕÒÁ ïÓ a 
ÄÉÓÚÊÕÎËÃÉĕÒÁ: ÅÚÅË Á ÍĴÖÅÌÅÔÅË ËÏÍÍÕÔÁÔþÖÁË ïÓ ÁÓÓÚÏÃÉÁÔþÖÁË ÉÓȟ ÁÍÉ 
ÌÅÈÅÔěÖï ÔÅÓÚÉ ÁÚ ĘÓÓÚÅÔÅÔÔ ÆÅÌÔïÔÅÌÅË ÍÉÎÄÅÎ ÜÇÜÎÁË ÅÌÌÅÎěÒÚïÓïÔȢ !ÚÏÎÂÁÎ 
ÁÚ ÉÍÐÌÉËÜÃÉĕ ɉᴼɊ ÈÁÍÉÓ ÐÒÅÄÉËÜÔÕÍÁ ÅÓÅÔïÎ Á ÐÏÓÚÔÕÌÜÔÕÍÏÔ ÎÅÍ ïÒÔïËÅÌÉ 
ËÉȟ ÖÉÚÓÇÜÌÁÔ ÎïÌËİÌ ÁÄ Á ÔÅÌÊÅÓ ËÉÆÅÊÅÚïÓÒÅ ÉÇÁÚ ïÒÔïËÅÔȢ %ÚÚÅÌ Á ÓÐÅÃÉÆÉËÜÃÉĕ 
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ÅÌÌÅÎěÒÚïÓïÂÅÎ ÅÌËÅÒİÌÈÅÔěË Á ÎÅÍ ÄÅÆÉÎÉÜÌÔ ËÉÆÅÊÅÚïÓÅË ɀ ÐïÌÄÜÕÌ a ÎÕÌÌÜÖÁÌ 
ÏÓÚÔÜÓȟ a ÔĭÌÉÎÄÅØÅÌïÓ ɀ ËÉïÒÔïËÅÌïÓÅȢ ! ËïÔÆïÌÅ ïÒÔÅÌÍÅÚïÓ ÁÌËÁÌÍÁÚÜÓÁ 
ËĘÖÅÔËÅÚÔïÂÅÎ az A O  " ïÓ Ї! ᷉  " ËÉÆÅÊÅÚïÓÅË ËÉïÒÔïËÅÌïÓÅ ÁÚ ÁÌËÁÌÍÁÚÜÓÂÁÎ 
nem ekvivalens. 

!Ú ÉÎÆÏÒÍÁÔÉËÁÉ ïÒÔÅÌÍÅÚïÓĴ ÉÍÐÌÉËÜÃÉĕ ïÒÖïÎÙÅÓİÌ Á ÎÅÍ ÄÅÆÉÎÉÜÌÔ ïÒÔïËÅË 
ÖÉÚÓÇÜÌÁÔÜÒÁ ÉÓȡ (a,  b)  = (a,)  azonosan igaz, ahol b ÔÅÔÓÚěÌÅÇÅÓ ïÒÔïË ÌÅÈÅÔȟ 
ÍÉÖÅÌ Á ËÉïÒÔïËÅÌïÓ ÅÌěÆÅÌÔïÔÅÌÅȟ ÈÏÇÙ ÁÚ ĘÓÓÚÅÈÁÓÏÎÌþÔÁÎÄĕ ïÒÔïËÅË 
ÌïÔÅÚÚÅÎÅËȢ +İÌĘÎ ÆÉÇÙÅÌÍÅÔ ïÒÄÅÍÅÌ Á ËÖÁÎÔÏÒÏË ËÉïÒÔïËÅÌïÓÅȡ ! ȬÍÉÎÄÅÎȭ 
( )ᶅ ïÓ ȬÌïÔÅÚÉËȭ ( )ɱ ËÖÁÎÔÏÒÏËËÁÌ ÅÇÙ ÐÁÒÁÍïÔÅÒÔ ÈÅÌÙÅÔÔÅÓþÔİÎË ÂÅ ÅÇÙ 
ÔÁÒÔÏÍÜÎÙ ïÒÔïËÅÉÂÅȟ ÖÉÚÓÇÜÌÖÁ Á ÍÅÇÁÄÏÔÔ ËÉÆÅÊÅÚïÓ ÌÏÇÉËÁÉ ïÒÔïËïÔȢ ! 
ÐÁÒÁÍïÔÅÒ ÓÏÒÂÁÎ ÖÅÓÚÉ ÆÅÌ ÁÚ ïÒÔïËÅËÅÔȟ ÁÚ ȬðÓȭ ïÓ a Ȭvagyȭ ËÏÍÍÕÔÁÔÉÖÉÔÜÓÁ 
ÎÅÍ ÈÁÓÚÎÜÌÈÁÔĕ ËÉȟ ÅÚïÒÔ ÌÕÓÔÁ ËÉïÒÔïËÅÌïÓÓÅÌ ÁÄÎÁË ÅÒÅÄÍïÎÙÔȢ 

A SpEd ÅÇÙÉËȟ ÔÁÌÜÎ ÌÅÇÆÏÎÔÏÓÁÂÂ ÍĕÄÓÚÅÒÔÁÎÉ ÅÌěÎÙÅȟ ÈÏÇÙ ÁÚÏÎÎÁÌÉ 
ÖÉÓÓÚÁÊÅÌÚïÓÔ ÁÄ Á ÈÁÌÌÇÁÔĕÎÁË Á ÓÐÅÃÉÆÉËÜÃÉĕþÒÜÓ ÓÏÒÜÎȟ þÇÙ ÁÎÎÁË ÅÌËïÓÚþÔïÓÅ 
ÉÇÁÚÉ ÁÌËÏÔĕ ÆÏÌÙÁÍÁÔÔÜ ÖÜÌÉËȟ Á ÌïÐïÓÅÎËïÎÔ ËÉïÒÔïËÅÌïÓ ÐÅÄÉÇ Á ÄÅËÌÁÒÁÔþÖ 
ÓÚÁÂÜÌÙÏË ïÒÔÅÌÍÅÚïÓïÔ ÓÅÇþÔÉȢ %ÍÅÌÌÅÔÔ ÁÚ ÁÎÁÌĕÇ ÁÌÇÏÒÉÔÍÉËÕÓ ÇÏÎÄÏÌËÏÄÜÓÔ 
ÔÜÍÏÇÁÔÊÁ azzalȟ ÈÏÇÙ Á ËĘÚÉÓÍÅÒÔȟ az ÁÄÁÔÓÏÒÏÚÁÔÈÏÚ ïÒÔïËÅÔ ÒÅÎÄÅÌě 
ÔþÐÕÓÆÅÌÁÄÁÔÏË ÓÐÅÃÉÆÉËÜÃÉĕÊÜÈÏÚ ĭÇÙÎÅÖÅÚÅÔÔ ȵÒĘÖÉÄ ÁÌÁËȱ-oÔ ÌÅÈÅÔ ÈÁÓÚÎÜÌÎÉȟ 
ÍÅÌÙÂÅÎ Á ËÉÍÅÎÅÔ Á ÂÅÍÅÎÅÔ ÆÅÌÁÄÁÔÓÐÅÃÉÆÉËÕÓ ÆİÇÇÖïÎÙÅËïÎÔ ÁÄÈÁÔĕ ÍÅÇȢ 
A ÌÅþÒĕÎÙÅÌÖ ÂÅÓÚïÄÅÓȟ ÁÚ ĘÎËÉÆÅÊÅÚïÓÔ ÔÜÍÏÇÁÔÊÁ ïÓ Á ÓÐÅÃÉÆÉËÜÃÉĕ 
ÏÌÖÁÓÈÁÔĕÓÜÇÜÔ ÎĘÖÅÌÉȟ ÈÏÇÙ ÕÇÙÁÎÁÒÒÁ ÔĘÂÂ ÎïÖÅÎ ÌÅÈÅÔ ÈÉÖÁÔËÏÚÎÉȢ 0ïÌÄÜÕÌȡ 
az %,$x.4, a ,P4%:)+, a VAN ïÓ ÁÚ EXISTS ÅÇÙ ÒĘÖÉÄ ÁÌÁËÎÁË Á ÓÚÉÎÏÎÉÍÜÉȢ 

A ȵÒĘÖÉÄ ÁÌÁËȱȟ Á ÍÅÇÏÌÄÜÓ ÒïÓÚÅÒÅÄÍïÎÙÅÉÔ ÅÌÌÅÎěÒÚě ÓÅÇïÄÁÄÁÔÏË 
ÈÁÓÚÎÜÌÁÔÁ ïÓ Á ÒïÓÚÅÒÅÄÍïÎÙÅË ËÉÓÚÜÍþÔÜÓÜÔ ÌÅÈÅÔěÖï ÔÅÖě ÅÇÙÅÄÉ 
ÆİÇÇÖïÎÙÅË ÄÅÆÉÎÉÜÌÜÓÁ Á ÂÏÎÙÏÌÕÌÔȟ ÅÇÙÍÜÓÂÁ ÜÇÙÁÚÏÔÔ ËÉÆÅÊÅÚïÓÅË ÈÅÌÙÅÔÔ 
ÁÚ ĘÓÓÚÅÔÅÔÔ ÆÅÌÁÄÁÔÏË ÆÕÎËÃÉÏÎÜÌÉÓ ÄÅËÏÍÐÏÚþÃÉĕÊÜÔȟ az ÜÔÔÅËÉÎÔÈÅÔě ÌÅþÒÜÓÔ 
ÈÅÌÙÅÚÉ ÅÌěÔïÒÂÅȢ 

ςȢςȢ +ÏÒÜÂÂÉ ÓÐÅÃÉÆÉËÜÃÉĕÓ ÎÙÅÌÖÅËȟ ÍÅÇÏÌÄÜÓÏË 

φȢφȢυ %,4%ȟ ÉÎÆÏÒÍÁÔÉËÁ ÔÁÎÜÒËïÐÚïÓ 

! ÐÒÏÇÒÁÍÏÚĕË ËïÐÚïÓÅ ÁÚ ELTE-Î ËÅÚÄÅÔÂÅÎ Á 4ÅÒÍïÓÚÅÔÔÕÄÏÍÜÎÙÉ +ÁÒÏÎ 
ÆÏÌÙÔȢ ! ÐÒÏÇÒÁÍÏÚÜÓ ÍÁÔÅÍÁÔÉËÁÉ ÁÌÁÐĭ ÔÅÒÖÅÚïÓÉ ÒïÓÚÅ ÖÏÌÔ ÈÁÎÇÓĭÌÙÏÓ ïÓ 
ÅÚ ÎÁÐÊÁÉÎËÉÇ ËÉÈÁÔȢ ! ÓÚÜÍþÔÜÓÔÅÃÈÎÉËÁÔÁÎÜÒÏË ËïÐÚïÓïÂÅÎ Á 
ÐÒÏÇÒÁÍÔÅÒÖÅÚě ÓÚÁËÍÁ ȵËÉÖÏÎÁÔÁȱ Á ʈÌĕÇÉÁ ÊÅÇÙÚÅÔÓÏÒÏÚÁÔÂÁÎ ɍ10, 11, 
12 13Ɏ ÊÅÌÅÎÔ ÍÅÇȢ ! ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔ ɉ1Ȣ ÜÂÒÁ [11/25.  o]) 
ÍÏÎÄÁÔÓÚÅÒĴ ÁÌÇÏÒÉÔÍÕÓÌÅþÒÜÓ ÎÙÅÌÖïÎ ÁÄÊÁȟ ÄÅËÌÁÒÜÌ ÖÜÌÔÏÚĕËÁÔȟ ÍÁÊÄ 
ÈÁÌÍÁÚÅÌÍïÌÅÔÉ ÊÅÌĘÌïÓÓÅÌ ÄÅÆÉÎÉÜÌÊÁ ÁÚ ÜÌÌÁÐÏÔÔÅÒÅÔȟ ÆÏÇÁÌÍÁÚ ÍÅÇ ÅÌě- ïÓ 
ÕÔĕÆÅÌÔïÔÅÌÔȢ 
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! ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÎÅÍ ÊÅÌÅÎÉË ÍÅÇȟ ÈÏÇÙ ÍÅÌÙÅË Á ÂÅÍÅÎÅÔȟ ÉÌÌÅÔÖÅ Á ËÉÍÅÎÅÔ 
ÁÄÁÔÁÉȟ ÅÚÔ Á ÆÅÌÁÄÁÔ ÌÅþÒÜÓÜÂĕÌ ÔÕÄÊÕË ÍÅÇȢ ! ÓÐÅÃÉÆÉËÜÃÉĕ ïÐÐ ÃÓÁË ÊÅÌÚÉȟ ÈÏÇÙ 
ÍÉ Á ÔþÐÕÓÆÅÌÁÄÁÔ ÊÅÌÌÅÍÚěÊÅȟ Á ÌïÎÙÅÇ Á ÒĘÇÔĘÎ ÅÚÔ ËĘÖÅÔě ÁÌÇÏÒÉÔÍÕÓȢ ! 
ÓÐÅÃÉÆÉËÜÃÉĕÎÁË ÎÉÎÃÓ ÍÅÇÈÁÔÜÒÏÚĕ ÓÚÅÒÅÐÅ Á ÍÅÇÏÌÄÜÓÂÁÎȟ ÄÅ 
ĘÓÓÚÅËÁÐÃÓÏÌÊÁ Á ËĘÚÏËÔÁÔÜÓÂÁÎ ÍÁÔÅÍÁÔÉËÜÂĕÌ ÉÓÍÅÒÔ ïÓ Á ÍÅÇÏÌÄÜÓÏË 
ÅÌÍïÌÅÔÉ ÂÉÚÏÎÙþÔÜÓÜÈÏÚ ÈÁÓÚÎÜÌÔ ÈÁÌÍÁÚÅÌÍïÌÅÔÉ ïÓ ÌÏÇÉËÁÉ ÆÏÇÁÌÍÁËÁÔ ÁÚ 
ÁÌÇÏÒÉÔÍÕÓ ÌÅþÒÜÓÜÈÏÚ ÈÁÓÚÎÜÌÔ ÆÏÇÁÌÍÁËËÁÌȢ ! ÓÐÅÃÉÆÉËÜÃÉĕ ÅÇÙÉË 
ïÒÄÅËÅÓÓïÇÅȟ ÈÏÇÙ ÁÚ ÁÄÁÔÓÏÒÏÚÁÔ ÅÌÔÜÒÏÌÔ ÔĘÍÂȟ ÂÜÒ Á ÆÅÌÈÁÓÚÎÜÌÜÓ ÓÏÒÜÎ 
ÓÚÜÍþÔÏÔÔ ÆİÇÇÖïÎÙïÒÔïË ÉÓ ÌÅÈÅÔÅÔÔȢ 4ÏÖÜÂÂÜ ËİÌĘÎ ÊÅÌÚÉȟ ÈÏÇÙ ÓÚİËÓïÇÅÓ 
ÒÅÌÜÃÉĕ ÁÚ ÁÄÁÔÏË ËĘÚĘÔÔȟ ÎÅÍ ÉÓ ÅÇÙȟ ÈÁÎÅÍ ËÅÔÔěȡ ͻЃͻ ïÓ ͻЅͻȟ ÄÅ ÅÎÎÅË ÎÉÎÃÓ 
ÍÁÔÅÍÁÔÉËÁÉ ÒïÓÚÌÅÔÅÚïÓÅ ïÓ ËïÒÄïÓÅÓȟ ÈÏÇÙ Á ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓÜÈÏÚ 
ÍÉïÒÔ ÎÅÍ Á ͻЄͻ ÒÅÌÜÃÉĕ ÔÜÒÓÕÌȢ -ÜÓÒïÓÚÔ ÅÒÒÅ ÈÉÖÁÔËÏÚÖÁȟ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÌÅþÒÜÓÁ 
ÕÔÜÎ ËĘÚÖÅÔÌÅÎİÌ Á ÍÉÎÉÍÕÍ-ËÉÖÜÌÁÓÚÔÜÓ ÏÌÖÁÓÈÁÔĕȢ 

4þÚ ïÖÖÅÌ ËïÓěÂÂÉȟ φȢ ËÉÁÄÜÓÓÁÌ ɍ12/22.  ÏɎ ĘÓÓÚÅÈÁÓÏÎÌþÔÖÁȟ ïÒÚïËÅÌÈÅÔě Á 
ÐÒÏÇÒÁÍÏÚÜÓ ÍĕÄÓÚÅÒÔÁÎÜÎÁË ÆÅÊÌěÄïÓÅȢ 

 
.ÅÍ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ËïÓÚþÔïÓïÎÅË ÒïÓÚÅ Á ÓÐÅÃÉÆÉËÜÃÉĕȟ ÈÁÎÅÍ ÍÅÇÅÌěÚÉ ÁÚÔȢ 
UgÙÁÎÁËËÏÒ ÁÚ ÜÌÌÁÐÏÔÔïÒ ÌÅþÒÜÓÜÂÁÎ ÊÅÌÚÉȟ ÍÅÌÙÅË Á ÂÅÍÅÎÅÔȟ ÉÌÌÅÔÖÅ Á 
ËÉÍÅÎÅÔ ÁÄÁÔÁÉȟ ÁÚÁÚ ÓÐÅÃÉÆÉËÜÌÊÁ ÁÚ ÁÄÁÔÏÔȢ &ÉÇÙÅÌÅÍÒÅ ÍïÌÔĕȟ ÈÏÇÙ ÔÏÖÜÂÂÒÁ 

 
1Ȣ ÜÂÒÁȡ -ÁØÉÍÕÍËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ 

az 1990-ÅÓ ïÖÅË %,4%-s jegyzeteiben [11Ɏ ʈÌĕÇÉÁ ρωȢ ςυ ÏÌÄÁÌ 

 
2Ȣ ÜÂÒÁȡ -ÁØÉÍÕÍËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ 

az 2000-ÅÓ ïÖÅË %,4%-s jegyzeteiben [11Ɏ ʈÌĕÇÉÁ ρωȢ ςς ÏÌÄÁÌ 
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ÉÓ ÅÇÙÂÅÎ ÌÜÔÊÕË ÁÚ ÜÌÌÁÐÏÔÔÅÒÅÔȟ ÁÌÁÔÔÁ ÁÚ ÁÌÇÏÒÉÔÍÕÓÂÁÎ ÅÌěÒÅ ÄÅËÌÁÒÜÌÔ 
ÍÉÎÄÅÎ ÖÜÌÔÏÚĕȢ  

A SpEd ezzel a szemÌïÌÅÔÍĕÄÄÁÌ ËïÓÚİÌÔȟ ÁÚ ÅÌÍïÌÅÔÉ ȵÜÌÌÁÐÏÔÔïÒȱ ÁÚ ÁÄÁÔÏË 
ÓÐÅÃÉÆÉËÜÌÜÓÜÖÁÌ Á $ÁÔÁ ÁÂÌÁËÂÁÎ ÖÜÌÉË ËÏÎËÒïÔ ÅÓÅÔÔïȢ ! ÍÅÇÁÄÏÔÔ ÁÄÁÔÏËÁÔ 
ÂÅÈÅÌÙÅÔÔÅÓþÔÖÅ ÅÌÌÅÎěÒÉÚÈÅÔěȟ ÈÏÇÙ ÁÚ ÁÄÁÔÏË ÌïÔÅÚÎÅË-Åȟ ÅÌÌÅÎěÒÚÉ ÁÚ 
ÅÌěÆÅÌÔïÔÅÌÔ ïÓ ÅÎÎÅË ÔÅÌÊÅÓİÌïÓÅ ÅÓÅÔïÎ ÁÚ ÕÔĕÆÅÌÔïÔÅlt. 

φȢφȢφ %,4%ȟ ÅÌÓě ÆÏÒÍÜÌÉÓ ÓÐÅÃÉÆÉËÜÃÉĕ ïÓ ÌÅÖÅÚÅÔïÓ 

&ĕÔÈÉ <ËÏÓ ÄÏÌÇÏÚÔÁ ËÉ Á ÐÒÏÇÒÁÍÏÚÜÓ ÆÏÒÍÜÌÉÓ ÌÅþÒÜÓÜÔ $ÉÊËÓÔÒÁ ïÓ (ÏÁÒÅ 
ÍÕÎËÜÉÒÁ ÁÌÁÐÏÚÖÁ ɍ4ɎȢ -ÕÎËÜÓÓÜÇÁ ρωχπ-ÔěÌ ÍÅÇÈÁÔÜÒÏÚĕ ÖÏÌÔ Á 
ÐÒÏÇÒÁÍÏÚÜÓ ÅÌÍïÌÅÔÅ ÔÅÒİÌÅÔïÎȢ -ÕÎËÜÓÓÜÇÜÎÁË ÏËÔÁÔÜÓÒÁ ÁÌËÁÌÍÁÓ 
ÔÒÁÎÓÚÆÏÒÍÜÃÉĕÊÁ ÔÁÎÁÎÙÁÇ ÖÏÌÔȢ vÓÓÚÅÆÏÇÌÁÌĕ ÍĴÖïÂÅÎ ÍÅÇÔÁÌÜÌÈÁÔĕ Á 
ÍÁØÉÍÕÍËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ [4/136.  o.] ɉÌÜÓÄȡ 3Ȣ ÜÂÒÁ). 

 
!Ú ÏËÔÁÔÜÓÂÁÎ ÈÁÓÚÎÜÌÔ ÊÅÇÙÚÅÔÈÅÚ ËïÐÅÓÔ ɉ1Ȣ ÜÂÒÁɊ ÌÜÔÈÁÔĕÁÎ ĘÓÓÚÅÔÅÔÔÅÂÂ Á 
ÊÅÌĘÌïÓÒÅÎÄÓÚÅÒȟ Á ÓÐÅÃÉÆÉËÜÃÉĕ ȵÁÐÒĕÌïËÏÓȱȢ 5ÇÙÁÎÁËËÏÒ ÎÅÍ ËÉÖÜÌÁÓÚÔÜÓȟ 
ÈÁÎÅÍ ËÅÒÅÓïÓ ɀ ÐÏÎÔÁÔÌÁÎÁÂÂ Á ÍÅÇÎÅÖÅÚïÓ ɀȟ ïÓ ÓÅÍÍÉ ÓÅÍ ÕÔÁÌ ÁÒÒÁȟ ÈÏÇÙ 
ÓÚİËÓïÇ ÌÅÎÎÅ ÁÚ ÁÄÁÔÏË ËĘÚĘÔÔ ÖÁÌÁÍÉÆïÌÅ ÍÅÔÒÉËÜÒÁȟ ÒÅÌÜÃÉĕÒÁȢ ! ÒÅÌÜÃÉĕ 
ÁÌÁÐïÒÔÅÌÍÅÚÅÔÔÅÎ ÌïÔÅÚÉËȢ 

A SpEd Á ÓÐÅÃÉÆÉËÜÃÉĕ ËÉïÒÔïËÅÌïÓÅËÏÒ Á ÍÉÎÔÁ ÁÄÁÔÏËÁÔ ÈÅÌÙÅÔÔÅÓþÔÉ ÂÅ Á 
ËÉÆÅÊÅÚïÓÅËÂÅȟ ÅÚÅË ÎÅÍ ÖÜÌÔÏÚÈÁÔÎÁË Á ÆÅÌÁÄÁÔ ÅÌÖïÇÚïÓÅ ÓÏÒÜÎȢ !ÚÏÎÂÁÎ Á 
&ĕÔÈÉ-ÆïÌÅ ÖÅÓÓÚěÓ ÊÅÌĘÌïÓ (3Ȣ ÜÂÒÁ) ÉÓ ÆÏÒÍÜÌÉÓÁÎ ÈÁÓÚÎÜÌÈÁÔĕȟ ÈÁ Á 
ÍÅÇÏÌÄÜÓÂÁÎ ÁÚ ÁÄÁÔÏÔ ÔÜÒÏÌĕ ÖÜÌÔÏÚĕ ïÒÔïËïÎÅË ÍĕÄÏÓÕÌÜÓÜÔ ÓÚÅÒÅÔÎïÎË 
ÊÅÌÅÚÎÉȢ %Ú ÃÓÁË ÓÚÉÎÔÁËÔÉËÁÉ ËÁÐÃÓÏÌÁÔ ËïÔ ÁÄÁÔ ËĘÚĘÔÔȟ ÁÍÉ ÁÚÔ ÊÅÌÅÚÉȟ ÈÏÇÙ ÁÚ 
algoritmusban majd egÙ ÍÅÇÆÅÌÅÌě ÖÜÌÔÏÚĕ ËÅÚÄÅÔÉ ïÒÔïËÅ Á ÐÒÏÇÒÁÍ ÖïÇïÒÅ 
ÍÅÇÖÜÌÔÏÚÈÁÔȢ ! ÓÐÅÃÉÆÉËÜÃÉĕ ÓÏÒÜÎ ÎÅÍ ÖÜÌÔÏÚĕËÁÔ ÁÄÕÎË ÍÅÇȟ ÈÁÎÅÍ 
ÁÄÁÔÏËÁÔȟ ÉÒÒÅÌÅÖÜÎÓȟ ÈÏÇÙ Á ÍÁÊÄ ÅÌËïÓÚİÌě ÐÒÏÇÒÁÍ Á ËÉÍÅÎÅÔÔÅÌ ÆÅÌİÌþÒÊÁ-e 

 
3Ȣ ÜÂÒÁȡ -ÁØÉÍÕÍËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ 

&ĕÔÈÉ <ËÏÓȡ "ÅÖÅÚÅÔïÓ Á ÐÒÏÇÒÁÍÏÚÜÓÂÁ ËĘÎÙÖïÂÅÎ [4] 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

181 
 

Á ÂÅÍÅÎÅÔÅÔ ɉÍȭɊ ÖÁÇÙ ÍÜÓÉË ÖÜÌÔÏÚĕÂÁÎ ÔÜÒÏÌÊÁ ÁÚ ÅÒÅÄÍïÎÙÔȢ Amennyiben 
Á ÓÐÅÃÉÆÉËÜÌÜÓ ÓÏÒÜÎ ÅÇÙ ÖÜÌÔÏÚĕ ÍĕÄÏÓÕÌÜÓÜÔ ÓÚÅÒÅÔÎïÎË ÊÅÌÅÚÎÉȟ ÅÚÔ 
ÓÅÇïÄÁÄÁÔÏËËÁÌ ÁÄÈÁÔÊÕË ÍÅÇȢ -þÇ ÁÚ ÜÌÌÁÐÏÔÔïÒÂÅÎ Á ÃþÍËïÈÅÚ ÖÜÌÔÏÚĕ ïÒÔïË 
ÔÁÒÔÏÚÉËȟ ÁÚ ÁÄÁÔÓÐÅÃÉÆÉËÜÃÉĕ ÅÓÅÔïÎ Á ȵÔïÒȱ ËİÌĘÎÂĘÚě ÐÏÎÔÊÁÉÔ ÊÅÌĘÌÉË Á 
ËİÌĘÎÂĘÚě ÃþÍËïËȢ 

A SpEd-ban ɀ Á ÆÏÒÍÜÌÉÓ ÎÙÅÌÖ ÉÍÐÌÅÍÅÎÔÜÌÜÓÜÎÁË ËĘÖÅÔËÅÚÍïÎÙÅËïÎÔ ɀ az 
ÁÄÁÔÏË Á ÓÐÅÃÉÆÉËÜÃÉĕ ËÉïÒÔïËÅÌïÓÅ ÓÏÒÜÎ ÎÅÍ ÍĕÄÏÓÕÌÎÁËȟ ÅÚïÒÔ Á Ȭ1ȭ 
ÅÌěÆÅÌÔïÔÅÌÅË ËĘÚĘÔÔ ïÓ ÁÚ Ȭ2ȭ ÕÔĕÆÅÌÔïÔÅÌÅË ËĘÚĘÔÔ ÓÅÍ ÔİÎÔÅÔÊİË ÆÅÌ, ïÓ Á Ȭ"ȭ 
ÜÌÌÁÐÏÔÔïÒ ÃÓÁË ÁÂÂĕÌ Á ÓÚÅÍÐÏÎÔÂĕÌ ïÒÄÅÍÅÌ ÆÉÇÙÅÌÍÅÔȟ ÈÏÇÙ Á ȵÎÅÍ ÖÜÌÔÏÚĕȱ 
ÁÄÁÔÏË ÆÅÌÓÏÒÏÌÜÓÜÖÁÌ ËÉÊÅÌĘÌÉ az Ȭ!ȭ ÜÌÌÁÐÏÔÔÅÒïÂěÌ Á ÂÅÍÅÎÅÔ ÁÄÁÔÁÉÔȢ 

!Ú Ȭ!ȭ ÜÌÌÁÐÏÔÔïÒ ÄÉÒÅËÔÓÚÏÒÚÁÔÜÎÁË ÔïÎÙÅÚěÉ Á ÂÅÍÅÎÅÔ ïÓ ËÉÍÅÎÅÔ ÈÁÌÍÁÚÁÉȢ 
! ÓÐÅÃÉÆÉËÜÃÉĕÒÁ ȵËþÖİÌÒěÌ ÎïÚÖÅȱ Á ÍÅÇÏÌÄÜÓÎÁË Á ÄÉÒÅËÔÓÚÏÒÚÁÔ ÁÚ 
ÜÌÌÁÐÏÔÔÅre, de a SpEd-bÁÎ ȵÂÅÌİÌÒěÌȱ Á ÄÉÒÅËÔÓÚÏÒÚÁÔÏÔ ïÓ Á ÈÁÔÖÜÎÙÈÁÌÍÁÚÔ 
ÁÚ ĘÓÓÚÅÔÅÔÔ ÁÄÁÔÔþÐÕÓÏË ËïÐÚïÓïÈÅÚ ÈÁÓÚÎÜÌÊÕËȟ ÁÍÅÌÙÅËÎÅË ÍÅÇÁÄÜÓÜÔ 
ÊÅÌÅÎÔěÓÅÎ ÂÏÎÙÏÌþÔÁÎÜȟ ÈÁ Á ÔÅÌÊÅÓ ÂÅÍÅÎÅÔ ÔÅÒïÔ ÉÓ ÄÉÒÅËÔÓÚÏÒÚÁÔÔÁÌ ÁÄÎÜÎË 
meg.  

! ÆÅÎÔÉÅË ÆÉÇÙÅÌÅÍÂÅÖïÔÅÌïÖÅÌ Á ÍÁØÉÍÕÍËÅÒÅÓïÓ &ĕÔÈÉ-ÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ Á 
SpEd-ban ɀ Á ÔÅÓÚÔÅÌÈÅÔěÓïÇ ïÒÄÅËïÂÅÎ ÅÇÙ ÐïÌÄÜÖÁÌ ÁËÔÕÁÌÉÚÜÌÖÁ ɀ 
ÍÅÇÁÄÈÁÔĕ (4Ȣ ÜÂÒÁɊȟ ÉÍÐÌÅÍÅÎÔÜÌÈÁÔĕ ÁÚ ÁÌËÁÌÍÁÚÜÓÂÁÎ. 

 

 
!Ú ÅÇÙÓÚÅÒĴÂÂȟ ÏÌÖÁÓÈÁÔĕÂÂ ÓÚÉÎÔÁËÔÉËÁ ÍÅÌÌÅÔÔ ɀ Á ÓÐÅÃÉÆÉËÜÌÜÓÎÁË 
mÅÇÆÅÌÅÌěÅÎ ɀ Á ËÉïÒÔïËÅÌïÓ ÎÙÅÌÖÅ ÍÁÔÅÍÁÔÉËÁÉ ÁÌÁÐĭ ÄÅËÌÁÒÁÔþÖ ÎÙÅÌÖȟ 
ÁÍÅÌÙ Á ÍÉÎÔÁÁÄÁÔÏËÒÁ ËÉïÒÔïËÅÌÉ Á ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÅËÅÔȠ ÎÅÍ ÉÓÍÅÒÉ Á 
ÖÜÌÔÏÚĕ ÆÏÇÁÌÍÜÔȢ ! ÌïÐïÓÅÎËïÎÔ ËÉïÒÔïËÅÌïÓ ÓÏÒÜÎ a Visualization ablakban 

 
4Ȣ ÜÂÒÁȡ -ÁØÉÍÕÍËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ 

&ĕÔÈÉ-ÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕ ÜÔÉÒÁÔÁ ÐïÌÄÜÖÁÌ 3ÐÅÃÉÆÉÃÁÔÉÏÎ ÅÄÉÔÏÒÂÁÎ. 
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ÌÜÔÈÁÔĕȟ aÈÏÇÙ ÁÚ Ȭi ȭ, illetve a 'j ' adatok felveszik az [m..n]  ÔÁÒÔÏÍÜÎÙ ÅÇïÓÚ 
ïÒÔïËÅÉÔȟ ÌÜÔÈÁÔĕ ÁÚ ÜÌÌÁÐÏÔÖÜÌÔÏÚÜÓȢ 5ÇÙÁÎÅÚ Á 3ÔÅÐ ÌÉÓÔ ÍĕÄÂÁÎ ËÉÌÉÓÔÜÚÖÁ 
ÊÅÌÅÎÉË ÍÅÇȟ ÓÅÇþÔÖÅ ÁÚ ÅÌÅÍÚïÓÔȢ 

φȢφȢχ %,4%ȟ ÁÎÁÌĕÇ ÐÒÏÇÒÁÍÏÚÜÓ 

'ÒÅÇÏÒÉÃÓ 4ÉÂÏÒ Á &ĕÔÈÉ-ÆïÌÅ ÓÐeÃÉÆÉËÜÃÉĕÔ ȵÏÌÖÁÓÈÁÔĕÂÂȱ ÆÏÒÍÜÒÁ þÒÔÁ ÜÔ ïÓ a 
ÔþÐÕÓÆÅÌÁÄÁÔÏË ÕÔĕÆÅÌÔïÔÅÌïÎÅË ÌÅþÒÜÓÜÈÏÚ ÚÜÒÔ ËïÐÌÅÔÅÔ ÁÄÏÔÔȢ ɍ5/75.  o] Ez a 
ÓÐÅÃÉÆÉËÜÃÉĕ Á SpEd ÓÚÉÎÔÁËÔÉËÁÉ ÌÅþÒÜÓÜÎÁË ÁÌÁÐÊÁȢ 

 
Gregorics-ÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕ Á &ĕÔÈÉ-ÆïÌÅ ÓÚÉÎÔÁËÔÉËÜÎÜÌ ÈÁÌÌÇÁÔĕÂÁÒÜÔÁÂÂȟ ÄÅ 
igyekezik megtaÒÔÁÎÉ ÁÚ ÅÇÚÁËÔ ÍÅÇÆÏÇÁÌÍÁÚÜÓÔȢ !Ú ÜÌÌÁÐÏÔÔïÒ ÍÅÇÁÄÜÓÜÎÁË 
ÅÇÙÓÚÅÒĴÓþÔïÓÅ ÁÚ ÁÌÇÏÒÉÔÍÉËÕÓ ÌÅþÒÜÓÉ ÆÏÒÍÜÔ ÔİËÒĘÚÉȟ ÁÚ ÁÄÁÔÏËÁÔ ÎÅÍ 
ÈÁÌÍÁÚ ÅÌÅÍÅËïÎÔȟ ÈÁÎÅÍ ÔþÐÕÓËïÎÔ ÄÅËÌÁÒÜÌÊÁȢ %ÂÂěÌ Á ÓÚÅÍÐÏÎÔÂĕÌ Á SpEd 
a ÍÁÔÅÍÁÔÉËÁÉ ÓÚÅÍÌïÌÅÔÅÔ ÊÏÂÂÁÎ ÔİËÒĘÚÉȟ az adatspeciÆÉËÜÃÉĕÖÁÌ 
ÈÁÎÇÓĭÌÙÏÓÁÂÂȟ ÈÏÇÙ ÎÅÍ ÖÜÌÔÏÚĕËÒÁȟ ÈÁÎÅÍ ÁÄÁÔÏËÒÁȟ ïÒÔïËÅËÒÅ þÒÕÎË 
ÆÅÌÔïÔÅÌÅËÅÔȢ  

%Ú Á ÓÐÅÃÉÆÉËÜÃÉĕ Á ςȢςȢρ-ÂÅÎ ÖÉÚÓÇÜÌÔ ÌÅþÒÜÓÈÏÚ ËïÔ ÆÏÎÔÏÓ ÓÚÅÍÐÏÎÔÂĕÌ 
ÈÁÓÏÎÌþÔȡ ÅÚ ÉÓ ËÉÖÜÌÁÓÚÔÜÓ ïÓ ÍÅÇÅÍÌþÔÉȟ ÈÏÇÙ ÓÚİËÓïÇÅÓ Á ( ÈÁÌÍÁÚÏÎ 
ïÒÔÅÌÍÅÚÅÔÔ ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕȢ !ÚÏÎÂÁÎ ÉÔÔ ÓÅÍ ÔÕÄÕÎË ÍÅÇ ÅÎÎïÌ ÔĘÂÂÅÔȢ ! 
ÔÅÌÊÅÓ ÊÅÇÙÚÅÔÂÅÎ Á ȭÒÅÌÜÃÉĕȭ ÆÏÇÁÌÏÍ ĘÔÓÚĘÒ ÊÅÌÅÎÉË ÍÅÇȟ Á ÍÁØÉÍÕÍ-
ËÉÖÜÌÁÓÚÔÜÓÎÜÌȟ Á ÆÅÌÔïÔÅÌÅÓ ÍÁØÉÍÕÍËÅÒÅÓïÓÎïÌȟ Á ÌÏÇÁÒÉÔÍÉËÕÓ ËÅÒÅÓïÓÎïÌ 
ïÓ Á ÍÉÎÉÍÕÍËÉÖÜÌÁÓÚÔÜÓÎÜÌȠ Á ÍÉÎÉÍÕÍ ÅÓÅÔïÎ Á ÒÅÌÜÃÉĕ ÊÅÌ Æordul meg vagy 
az adatok ɀ1-ÓÚÅÒÅÓïÔ ËÅÌÌ ÖÅÎÎÉȢ 

 
5Ȣ ÜÂÒÁȡ MaximumkÉÖÜÌÁÓÚÔÜÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ 

Gregorics Tibor: 0ÒÏÇÒÁÍÏÚÜÓ )Ȣ ËĘÔÅÔ 4ÅÒÖÅÚïÓ ÊÅÇÙÚÅÔÂÅÎ ɍ5] 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

183 
 

!Ú ÕÔĕÆÅÌÔïÔÅÌ ÒĘÖÉÄ ÁÌÁËÊÁ ĭÇÙ ÎïÚ ËÉȟ ÍÉÎÔ ÅÇÙ ÆİÇÇÖïÎÙȟ ÁÍÅÌÙÎÅË Á 
ÍÁØÉÍÕÍïÒÔïË ïÓ -ÉÎÄÅØ Á ÖÉÓÓÚÁÁÄÏÔÔ ïÒÔïËÅȢ "ÜÒ ÎÉÎÃÓ ÆÅÌÔİÎÔÅÔÖÅ Á &ĕÔÈÉ 
ÆïÌÅ ÍÅÇÏÌÄÜÓÂÁÎ ÌÜÔÈÁÔĕ ͻ"ͻ ÜÌÌÁÐÏÔÔïÒȟ ËÉÅÍÅÌÖÅ ÓÚÅÒÅÐÅÌȟ ÈÏgy a 
ÂÅÍÅÎÅÔËïÎÔ ÄÅËÌÁÒÜÌÔ ÁÄÁÔÏË ÎÅÍ ÖÜÌÔÏÚÎÁË ÍÅÇȢ ! SpEd-ban az adat a 
ËÉïÒÔïËÅÌïÓ ÓÏÒÜÎ ÎÅÍ ÖÜÌÔÏÚÈÁÔȟ ÅÚïÒÔ ÆÅÌÅÓÌÅÇÅÓ ÅÎÎÅË ËİÌĘÎ ÍÅÇÁÄÜÓÁȢ 
!Ú ÕÔĕÆÅÌÔïÔÅÌ ÒĘÖÉÄ ÁÌÁËÊÁ ÐÁÐþÒÒÁ þÒÖÁ ÊÅÌÅÎÔěÓÅÎ ÍÅÇËĘÎÎÙþÔÉ Á ÆÅÌÁÄÁÔ 
ÓÐÅÃÉÆÉËÜÌÜÓÜÔȟ ÄÅ ÔÉÐÏÇÒÜÆÉÁÉ ÓÚÅÍÐÏÎÔÂĕÌ ÉÓ ÈÅÌÙÅÓ ÄÉÇÉÔÁÌÉÚÜÌÜÓÁ ÎÅÈïÚËÅÓ 
ɉÌÜÓÄȡ 5Ȣ ÜÂÒÁ ȵЀ ÍÁØȱ ÍÅÇÊÅÌÅÎïÓÅɊȢ 4ÕÄÊÕËȟ ÍÅÇÆÅÌÅÌě ÚÜÒĕÊÅÌÅÚïÓÓÅÌȟ 
matematiËÁÉ ÌÅþÒĕ ÎÙÅÌÖÖÅÌ ÍÅÇÁÄÈÁÔĕ ÈÅÌÙÅÓÅÎ ÂÜÒÍÉÌÙÅÎ ÅÍÅÌÅÔÅÓ 
ËÉÆÅÊÅÚïÓȟ ÄÅ ÅÇÙ ÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÌÜÓÜÎÁË ÎÅÍ ÅÚ Á ÌïÎÙÅÇÅȢ %ÚïÒÔ Á ÆİÇÇÖïÎÙ 
ÊÅÌÌÅÇ ÍÅÇÔÁÒÔÜÓÜÖÁÌȟ ÁÚ ÅÍÅÌÅÔÅÓ ËÉÆÅÊÅÚïÓ ÜÔÉÒÁÔÜÂÁÎ ɀ Á ÍÅÇÊÅÌÅÎþÔïÓÉ 
ÓÚÉÎÔÅËÅÔ ÐÁÒÁÍïÔÅÒÅËÂÅ ÆÏÇÌÁÌÖÁ ɀ ËĘÎÎÙÅÎ þÒÈÁÔĕȾÓÚÅÒËÅÓÚÔÈÅÔě 
ÆÏÒÍÜÂÁÎ ÁÄÈÁÔĕ ÍÅÇ Á ÒĘÖÉÄ ÁÌÁË ɉÌÜÓÄȡ 6Ȣ ÜÂÒÁ). 

 
 
A 6Ȣ ÜÂÒÁ az 5Ȣ ÜÂÒÁ ɀ ÌÅÈÅÔěÓïÇÅËÈÅÚ ÍïÒÔÅÎ ÐÏÎÔÏÓ ɀ ÜÔÉÒÁÔÁȢ !Ú ÕÔĕÆÅÌÔïÔÅÌ 
ËÉïÒÔïËÅÌïÓÅȟ Á ÍÅÇÏÌÄÜÓ ÔĘÂÂÆïÌÅ ÆÅÌþÒÜÓÁ ÒÜÍÕÔÁÔ ÁÒÒÁȟ ÈÏÇÙ Á 
ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓ ÕÔĕÆÅÌÔïÔÅÌÅ ÆÅÌþÒÜÓÜÎÁË ÔĘÂÂÆïÌÅ ÍĕÄÊÁ ÖÁÎ ïÓ ÁÚ 
ÁÌÔÅÒÎÁÔþÖ ÆÅÌÔïÔÅÌÅË ÅËÖÉÖÁÌÅÎÃÉÜÊÜÔ ÖÉÚÓÇÜÌÎÉ ËÅÌÌÅÎÅȢ 

! ËÏÎËÒïÔ ÆÅÌÁÄÁÔÐïÌÄÁ Á ÈÜÒÏÍÍÁÌ ÖÅÔÔ ÏÓÚÔÜÓÉ ÍÁÒÁÄïËÏË ËĘÚİÌ ÖÜÌÁÓÚÔÊÁ 
ki a legnagyobbat. (6Ȣ ÜÂÒÁȡ ȵi  mod 3ȱɊȢ +ïÔ ÍÉÎÔÜÖÁÌ ÅÌÌÅÎěÒÉÚÚİË ÁÚ 
ÅÒÅÄÍïÎÙÔȟ Á 7Ȣ ÜÂÒÁ ÍÕÔÁÔÊÁ Á ÍÉÎÔÁÂÅÍÅÎÅÔÅËÅÔ ïÓ Á ÈÅÌÙÅÓÓïÇ 
ɉÚĘÌÄȾÐÉÒÏÓɊ ÊÅÌÚïÓÔȡ ͻindͻ ïÒÔïËÅ ς ÅÓÅÔïÎ ÁÚ ÜÌÌþÔÜÓ ÉÇÁÚȟ υ ÅÓÅÔïÎ ÈÁÍÉÓȢ 
%ÇÙÅÎËïÎÔ ÖÉÚÓÇÜÌÖÁ ÁÚ ÕÔĕÆÅÌÔïÔÅÌ ÓÏÒÁÉÔȟ ÃÓÁË Á ÒĘÖÉÄþÔett alaknak nem felel 
meg a 2. mintaadat. 

 
6Ȣ ÜÂÒÁȡ -ÁØÉÍÕÍËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ 

Gregorics-ÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕ ÜÔÉÒÁÔÁ Specification editor-ban. 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

184 
 

 
 
-ÏÎÄÈÁÔÎÜÎËȟ ÈÏÇÙ ÅÚ þÇÙ ÒÅÎÄÂÅÎ ÖÁÎȟ ÈÉÓÚÅÎ ÍÉÎÄÉÇ ÉÓ ĭÇÙ ÇÏÎÄÏÌÊÕËȟ 
ÈÏÇÙ ÈÁ ÔĘÂÂ ÉÎÄÅØÎïÌ ÆÏÒÄÕÌ ÅÌě ÕÇÙÁÎÁÚ Á ÍÁØÉÍÕÍïÒÔïËȟ ÁËËÏÒ ÁÚ ÅÌÓěÔ 
ÁÄÊÕË ÍÅÇȢ ! ÓÐÅÃÉÆÉËÜÃÉĕÂĕÌ ÌÅÖÅÚÅÔÅÔÔ ÁÌÇÏÒÉÔÍÕÓ 'ÒÅÇÏÒÉÃÓ ÊÅÇÙÚÅÔïben 
[5/75.  ÏɎ ÅÚÔ Á ÓÚÅÍÌïÌÅÔÅÔ ËĘÖÅÔÉȡ ÁÚ ÁÌÇÏÒÉÔÍÕÓ Á ÍÁØÉÍÕÍïÒÔïËÈÅÚ ÔÁÒÔÏÚĕ 
ÅÌÓě ÉÎÄÅØÅÔ ÁÄÊÁ ÍÅÇȟ ÁÍÉ ÌïÎÙÅÇïÂÅÎ Á ÍÁ ÈÁÓÚÎÜÌÔ ÓÁÂÌÏÎÎÁË ɀ 8Ȣ ÜÂÒÁ ɀ 
felel meg. 

 
A SpEd-ÂÁÎ ÌïÐïÓÅÎËïÎÔ ËÉïÒÔïËÅÌïÓÓÅÌ ÌÜÔÈÁÔĕȟ ÈÏÇÙ ÃÓÁË Á ÈÁÒÍÁÄÉË 
ÍÅÇÁÄÜÓÉ ÍĕÄ ÅÒÅÄÍïÎÙÅ false ȟ ÁÚ ÅÌÓě ËïÔ ÕÔĕÆÅÌÔïÔÅÌÌÅÌ Êĕ ÌÅÎÎÅ ÁÚ ind:  5 
minta is. Mivel a Gregorics-ÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕ ÃÓÁË ÐÁÐþÒÏÎ ïÒÈÅÔě ÅÌȟ ÎÅÍ 
ÔÕÄÊÕËȟ ÈÏÇÙÁÎ ïÒÔÅÌÍÅÚÔÅ ÐÏÎÔÏÓÁÎ Á ÍÁØ-ÁÇÇÒÅÇÜÃÉĕÔȟ Á ÓÐÅÃÉÆÉËÜÌÜÓ ÖÁÇy 
ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÌÅÖÅÚÅÔïÓÅ ÓÏÒÜÎ ÓÚĴËİÌÔ-Å ÌÅ Á ÍÅÇÏÌÄÜÓÈÁÌÍÁÚ ÁÚ ÅÌÓě 
ÔÁÌÜÌÁÔÒÁȢ  
!Ú ÅÒÅÄÅÔÉ ÍÅÇÆÏÇÁÌÍÁÚÜÓ ÁÌÁÐÊÜÎ ÁÚ ÕÔĕÆÅÌÔïÔÅÌÂÅÎ ÂÜÒÍÅÌÙÉË 
ÍÁØÉÍÕÍÈÅÌÙ ÍÅÇÁÄÜÓÁ ÍÅÇÆÅÌÅÌěȟ ÅÚïÒÔ ÆÉÇÙÅÌÅÍÒÅ ÍïÌÔĕ &ĕÔÈÉ 
algoritmusa [4/136.  o] ɉÌÜÓÄȡ 9Ȣ ÜÂÒÁɊȟ ÁÈÏÌ ÁÚ ÅÒÅÄÍïÎÙ ÁÚÏÎ ÍĭÌÉËȟ ÈÏÇÙ Á 
ÔĘÂÂÜÇĭ ÅÌÜÇÁÚÜÓÔȡ ὪὯ ρ άὥὼ ȿὪὯ ρ άὥὼÈÏÇÙÁÎ ïÒÔïËÅÌÉ ËÉ 
Á ÐÒÏÃÅÓÓÚÏÒȟ ÖÁÇÙ Á ÐÒÏÇÒÁÍÏÚĕ ÍÉÌÙÅÎ ÍĕÄÏÎ ËĕÄÏÌÊÁ ÁÚ ÁÌÇÏÒÉÔÍÕÓÔȢ 
 

 
7Ȣ ÜÂÒÁȡ ! ÓÐÅÃÉÆÉËÜÃÉĕ ɉÌÜÓÄ 6Ȣ ÜÂÒÁɊ ËÉïÒÔïËÅÌïÓÅ ËïÔ ÍÉÎÔÜÖÁÌ 

 
8Ȣ ÜÂÒÁȡ ! ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓ ÁÌÇÏÒÉÔÍÕÓÜÎÁË ÓÁÂÌÏÎÊÁ 
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*ÅÌÅÎ ÅÓÅÔÂÅÎ ÌÜÔÈÁÔĕȟ ÈÏÇÙ Á ÈÜÒÏÍ ÕÔĕÆÅÌÔïÔÅÌ ÎÅÍ ÅËÖÉÖÁÌÅÎÓȟ ÄÅ ÅÇÙ 
ÊÅÌÅÎÔïËÔÅÌÅÎÎÅË ÔĴÎě ÍĕÄÏÓþÔÜÓÓÁÌ ɀ Á ÈÉÂÜÔ ÏËÏÚĕ ÆÅÌÔïÔÅÌ ÉÓÍïÔÌïÓïÖÅÌ 
ɉÌÜÓÄȡ 10Ȣ ÜÂÒÁ) ɀȟ ÁÚ ÉÓ ÎÙÉÌÖÜÎÖÁÌĕÖÜ ÖÜÌÉËȟ ÈÏÇÙ ÁÚ ÅËÖÉÖÁÌÅÎÃÉÁ ÁËËÏÒ ÓÅÍ 
ÌÅÎÎÅ ÉÇÁÚÏÌÈÁÔĕȟ ÈÁ ȵÍÉÎÄÅÎȱ ÔÅÓÚÔÒÅ ÁÚÏÎÏÓ ÅÒÅÄÍïÎÙÔ ËÁÐÎÜÎËȢ 
 

 

!Ú ÅÄÄÉÇÉÅË ÁÌÁÐÊÜÎ ÔÕÄÊÕËȟ ÈÏÇÙ Á ςȢ ÍÉÎÔÁÁÄÁÔÒÁ Á σȢ ÕÔĕÆÅÌÔïÔÅÌ ÈÉÂÜÓȟ ÁÚ 
A = B = # ËÉÆÅÊÅÚïÓ ÔÒÕÅ = true = ÆÁÌÓÅ ÒïÓÚÅÒÅÄÍïÎÙÅËËÅÌ ÁÄÏÔÔ ÆÁÌÓÅ 
ÖïÇÅÒÅÄÍïÎÙÔȢ 
! σȢ ÕÔĕÆÅÌÔïÔÅÌ ÍÅÇÉÓÍïÔÌïÓïÖÅÌ true  = true  = false  = false  a 
ËÉïÒÔïËÅÌÅÎÄě ÜÌÌþÔÜÓȟ ÁÍÉÂÅÎ Á ËïÔ false  ÅÒÅÄÍïÎÙ ËÉÏÌÔÊÁ ÅÇÙÍÜÓÔȟ þÇÙ ÍÜÒ 
ÈÅÌÙÅÓÎÅË ÌÜÔÓÚÉË Á ςȢ ÍÉÎÔÁÁÄÁÔÔÁÌ ÉÓ ÁÚ ÕÔĕÆÅÌÔïÔÅÌȢ ! ÍÅÇÉÓÍïÔÅÌÔ ÆÅÌÔïÔÅÌ 
csak az addig egyetlen false  ïÒÔïËÅÔ ÏÌÔÊÁ ËÉȠ ÁÚ ÅÌÓě ËïÔ ÆÅÌÔïÔÅÌ ÅËÖÉÖÁÌÅÎÓȟ 
ÄÅ ÁÚÔ ÎÅÍ ÔÕÄÊÕË ÅÌÌÅÎěÒÉÚni, hogy helyesek-Å Á ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓÈÏÚȢ ! 
σȢ ÍÉÎÔÁÁÄÁÔ ÜÌÔÁÌÜÎÏÓþÔÈÁÔĕȡ ÂÜÒÍÉÌÙÅÎ ÅÇïÓÚ ïÒÔïËÅËËÅÌ ɉm  ˳ n 

 
9Ȣ ÜÂÒÁȡ -ÁØÉÍÕÍËÅÒÅÓïÓ ÁÌÇÏÒÉÔÍÕÓÁ &ĕÔÈÉ <ËÏÓ ËĘÎÙÖïÂÅÎ 

 
10Ȣ ÜÂÒÁȡ ! ÓÐÅÃÉÆÉËÜÃÉĕ ɉÌÜÓÄȡ 6Ȣ ÜÂÒÁ) ËÉÅÇïÓÚþÔïÓÅ 
ÁÚ ÕÔÏÌÓĕ ËÉÆÅÊÅÚïÓ ÄÕÐÌÉËÜÌÜÓÜÖÁÌ ïÓ σȢ ÍÉÎÔÁÁÄÁÔÔÁÌ 
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ÍÅÇËĘÔïÓÓÅÌɊ ÈÅÌÙÅÓ ÅÒÅÄÍïÎÙÔ ÍÕÔÁÔȡ ÁÚ ÅËÖÉÖÁÌÅÎÓ ɀ ρȢ ïÓ ςȢ ɀ ËÉÆÅÊÅÚïÓÅË 
ÅÇÙÆÏÒÍÜÎ ÈÁÍÉÓÁËȟ ÅÍÉÁÔÔ ÁÚ ÅÇÙÅÎÌěÓïÇİË ÉÇÁÚȢ 

"ÜÒ ÐÏÎÔÏÓÁÎ ïÒÔÊİËȟ hogy a jegyzetben [5/75.  o] (5Ȣ ÜÂÒÁɊ ÈÏÇÙÁÎ ËÅÌÌ ïÒÔÅÎÉ 
ÁÚ ÅÇÙÅÎÌěÓïÇÅÔȟ Á SpEd-ban pontosabban kell megfogalmazni az 
ÅËÖÉÖÁÌÅÎÃÉÜÒÁ ÖÏÎÁÔËÏÚĕ ÜÌÌþÔÜÓÏËÁÔȢ 

ςȢσ 3ÐÅÃÉÆÉËÜÃÉĕË ÅËÖÉÖÁÌÅÎÃÉÜÊÁȟ ËÁÐÃÓÏÌÁÔÁ az algoritmussal  

! ÓÐÅÃÉÆÉËÜÃÉĕ Á ÐÒÏÇÒÁÍÏÚÜÓÉ ÆÅÌÁÄÁÔ ÍÁÔÅÍÁÔÉËÁÉ ÆÏÒÍÁÌÉÚÍÕÓÓÁÌ ÍÅÇÁÄÏÔÔ 
ÐÏÎÔÏÓ ÌÅþÒÜÓÁȟ ÄÅËÌÁÒÁÔþÖ ËÉÆÅÊÅÚïÓÔ ÁÄ Á ÐÒÏÇÒÁÍ ÍĴËĘÄïÓïÒÅ ÖÏÎÁÔËÏÚĕÁÎȢ 
%ÇÙÅÓ ÔþÐÕÓÆÅÌÁÄÁÔÏËÒÁ Á ÓÐÅÃÉÆÉËÜÃÉĕÂĕÌ ÅÌÍïÌÅÔÉ ĭÔÏÎ ÌÅÖÅÚÅÔÈÅÔě ÁÚ 
algoritmus, de enneË ÍÁÔÅÍÁÔÉËÁÉ ÁÐÐÁÒÜÔÕÓÁ ÍÅÇÈÁÌÁÄÊÁ Á ËÅÚÄě 
ÐÒÏÇÒÁÍÏÚĕ ÓÚÉÎÔÊïÔȠ ÍÅÇÆÅÌÅÌě ÓÚÁËÉÒÜÎÙÏÎ -3Ã-Î ÔÁÎÕÌÊÜË Á 
ÐÒÏÇÒÁÍÔÅÒÖÅÚěËȢ +ÅÚÄě ÐÒÏÇÒÁÍÏÚĕË ÃÓÁË Á ÌÅÖÅÚÅÔïÓ ËïÔ ÖïÇïÔȟ ÍÉÎÔ 
ȵÍÅÇÏÌÄĕËïÐÌÅÔÅÔȱ ÈÁÓÚÎÜÌÊÜËȢ 

!ÍÅÎÎÙÉÂÅÎ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÍĕÄÏÓÕÌȟ ÍÅÇ ËÅÌÌ ÖÉÚÓÇÜÌÎÉȟ ÈÏÇÙ ÁÚ ĭÊ 
ÓÐÅÃÉÆÉËÜÃÉĕ ÅËÖÉÖÁÌÅÎÓ-Å Á ËÏÒÜÂÂÉÖÁÌȟ Á ÖÜÌÔÏÚÜÓ ÂÅÆÏÌÙÜÓÏÌÊÁ-e ɀ ïÓ ÈÁ ÉÇÅÎȟ 
hogyan, ɀ Á ÌÅÖÅÚÅÔïÓ ÍÅÎÅÔïÔȟ Á ÔþÐÕÓÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÈÏÚ ÒÅÎÄÅÌÔ 
ÁÌÇÏÒÉÔÍÕÓ ÓÁÂÌÏÎÔȢ &ÏÒÍÜÌÉÓÁÎ þÇÙ ÂÉÚÔÏÓþÔÈÁÔĕȟ ÈÏÇÙ ÂÉÚÏÎÙþÔÜÓ ÎïÌËİÌ ɀ 
ÇÙÁËÏÒÌÁÔÉ ïÒÚïË ÁÌÁÐÊÜÎ ɀ ÅÌÆÏÇÁÄÏÔÔ ÍÅÇÏÌÄÜÓÉ ÓïÍÜË ÈÅÌÙÅÓÅË ÌÅÇÙÅÎÅËȢ 

! ÖÉÚÓÇÜÌÔ ÊÅÇÙÚÅÔÅËÂÅÎ ÍÅÇÁÄÏÔÔ ÓÐÅÃÉÆÉËÜÃÉĕË ÎÅÈÅÚÅÎ ÏÌÖÁÓÈÁÔĕËȟ ÍïÇ 
ÎÅÈÅÚÅÂÂÅÎ ÒÅÐÒÏÄÕËÜÌÈÁÔĕËȢ vÓÓÚÅÔÅÔÔ ÐÒÏÂÌïÍÜË ÍÅÇÏÌÄÜÓÁ ÓÏÒÜÎ Á 
ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÅË ÂÏÎÙÏÌÕÌÔÓÜÇÁ ÔÏÖÜÂÂ ÎěȢ !Ú ÅÇÙÓÚÅÒĴÓþÔÅÔÔ ÆÏÒÍÁ 
ÏÌÖÁÓÈÁÔĕÂÂȟ ÄÅ ÒÅÐÒÏÄÕËÃÉĕÊÁ ÔÏÖÜÂÂÒÁ ÉÓ ÎÅÈïÚËÅÓȢ -ÉÎÄËïÔ ÆÏÒÍÜÒÁ ïÓ Á 
ÓÐÅÃÉÆÉËÜÃÉĕÂĕÌ ÌÅÖÅÚÅÔÅÔÔ ÁÌÇÏÒÉÔÍÕÓ ÓÁÂÌÏÎÏËÒÁ ÉÓ ÊÅÌÌÅÍÚěȟ ÈÏÇÙ ÎÅÍ 
ÉÎÔÕþÃÉĕÎ ÍĭÌÉËȟ ÈÏÇÙ ÅÇÙ ÁÄÏÔÔ ÈÅÌÙÚÅÔÂÅÎ ȵÅÇÙȱ ÖÁÇÙ ȵÁÚ ÅÌÓěȱ ÍÁØÉÍÕÍ 
ÈÅÌÙïÔ ÖÜÒÊÕË-Å ÅÒÅÄÍïÎÙËïÎÔȟ ÁÚ ÅËÖÉÖÁÌÅÎÃÉÜÔ ÈÏÇÙÁÎ ïÒÔÅÌÍÅÚÚİËȢ 

! ÓÐÅÃÉÆÉËÜÃÉĕ ÆÏÒÍÜÌÉÓ ÌÅþÒÜÓÜÎÁË ÓÚÜÍþÔĕÇïÐÅÓ ÍÅÇÖÁÌĕÓþÔÜÓÜÖÁÌ ÁÚ ÉÎÔÕÉÔþÖ 
ïÒÔÅÌÍÅÚïÓ ÈÉÂÁËïÎÔ ÊÅÌÅÎÔËÅÚÉËȟ ÅÚïÒÔ ÓÚİËÓïÇÅÓ Á ÐÏÎÔÏÓþÔÜÓȢ 

%ÇÙ ÆÅÌÁÄÁÔ Á ÒÅÎÄÅÌËÅÚïÓÒÅ ÜÌÌĕȟ ÆÏÒÍÜÌÉÓÁÎ ÉÇÁÚÏÌÔÁÎ ÈÅÌÙÅÓ ÓÐÅÃÉÆÉËÜÃÉĕÓ 
ÎÙÅÌÖÅÎ ÔĘÂÂÆïÌÅ ÍĕÄÏÎ ÓÐÅÃÉÆÉËÜÌÈÁÔĕȢ ! ËİÌĘÎÂĘÚě ÓÐÅÃÉÆÉËÜÃÉĕk 
ÈÅÌÙÅÓÓïÇïÔ ÅÇÙÅÎËïÎÔ ËÅÌÌ ÅÌÌÅÎěÒÉÚÎÉȟ ÁÚ ÅËÖÉÖÁÌÅÎÃÉÜÊÕËÁÔ ÐÜÒÏÎËïÎÔ ËÅÌÌ 
igazolni. 

4þÐÕÓÆÅÌÁÄÁÔÏË ÅÓÅÔïÎ ɀ ÉÌÙÅÎ Á ÓÚïÌÓěïÒÔïË ËÉÖÜÌÁÓÚÔÜÓÁ ÉÓ ɀ a 
ÓÐÅÃÉÆÉËÜÃÉĕÈÏÚ ÒÅÎÄÅÌËÅÚïÓÒÅ ÜÌÌ ÍÅÇÏÌÄÜÓÉ ÓïÍÁȟ ÁÌÇÏÒÉÔÍÕÓ-sablonnal. Ha 
ÅÇÙ ÔþÐÕÓÆÅÌÁÄÁÔÒÁ ÁÚ ÅÒÅÄÅÔÉÔěÌ ÅÌÔïÒě ÍĕÄÏÎ þÒÊÕË ÆÅÌ Á ÓÐÅÃÉÆÉËÜÃÉĕÔȟ ÁËËÏÒ 
ÍÅÇ ËÅÌÌ ÖÉÚÓÇÜÌÎÉȟ ÈÏÇÙ ÅÚ ÍÅÎÎÙÉÂÅÎ ÂÅÆÏÌÙÜÓÏÌÊÁ Á ÓïÍÁ ÁÌËÁÌÍÁÚÜÓÜÔȟ 
hogyan hat az algoritmus-ÓÁÂÌÏÎ ÈÁÓÚÎÜÌÁÔÜÒÁȢ 
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A SpEd Á ÓÐÅÃÉÆÉËÜÃÉĕÔ ÆÅËÅÔÅÄÏÂÏÚ-ÍĕÄÓÚÅÒÒÅÌ ÅÌÌÅÎěÒÚÉȟ Á ÍÅÇÁÄÏÔÔ 
ÍÉÎÔÜËÒÁ Á false  ËÉïÒÔïËÅÌïÓÉ ÅÒÅÄÍïÎÙ ÓÚÉÇÎÉÆÉËÜÎÓȟ ÊÅÌÚÉȟ ÈÏÇÙ Á 
ÓÐÅÃÉÆÉËÜÃÉĕÔ ÊÁÖþÔÁÎÉ ÓÚİËÓïÇÅÓȢ %ÇÙ ÍÉÎÔÜÒÁ ËÁÐÏÔÔ true  ÅÒÅÄÍïÎÙ ÂÜÒ 
ÍÅÇÎÙÕÇÔÁÔĕȟ ÄÅ ÎÅÍ ÂÉÚÏÎÙþÔĕ ÅÒÅÊĴȟ Á ÈÅÌÙÅÓÓïÇÅÔ ÔĘÂÂ ÍÉÎÔÜÖÁÌȟ ÎÅÇÁÔþÖ 
ÔÅÓÚÔÅÓÅÔÅËËÅÌ ïÓ ÅÌÍïÌÅÔÉ ÍÅÇÆÏÎÔÏÌÜÓÏËËÁÌ ËÅÌÌ ÁÌÜÔÜÍÁÓÚÔÁÎÉȢ 

! ËĘÖÅÔËÅÚě ÆÅÊÅÚÅÔÅËÂÅÎ Á ÆÅÎÔÉ ÍÅÇÆÏÎÔÏÌÜÓÏË ÍÅÎÔïÎ ÖÉÚÓÇÜÌÊÕË Á 
ÓÚïÌÓěïÒÔïËËÅÌ ËÁÐÃÓÏÌÁÔÏÓ ÆÅÌÁÄÁÔÏË ÓÐÅÃÉÆÉËÜÌÜÓÉ ÌÅÈÅÔěÓïÇÅÉÔȢ ! 
ÆÅÌÁÄÁÔÔþÐÕÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔ ÔĘÂÂȟ ÔĘÂÂÆïÌÅ ÁÄÁÔÔþÐÕÓÓÁÌ ÁËÔÕÁÌÉÚÜÌÔ ÍÉÎÔÜÎ 
ÔÅÓÚÔÅÌÊİËȟ ÁÚ ÅÇÙÅÓ ÓÐÅÃÉÆÉËÜÃÉĕË ÈÅÌÙÅÓÓïÇïÔ ÅÇÙÅÎËïÎÔ ÖÉÚÓÇÜÌÖÁȟ ÁÚ 
ÅËÖÉÖÁÌÅÎÃÉÜÔ ÅÇÙ ÍÅÇÏÌÄÜÓÏÎ ÂÅÌİÌ ËÏÎÊÕÎËÃÉĕÖÁÌ ɉïÓ ËÁÐÃÓÏÌÁÔÔÁÌɊ 
ÖÉÚÓÇÜÌÊÕËȡ -ÉÎÄÅÎ ÍÉÎÔÜÒÁ ÍÉÎÄÅÇÙÉË ÍÅÇÏÌÄÜÓ ÈÅÌÙÅÓȟ ÈÉÂÁÊÅÌÚïÓ ÅÓÅÔïÎ 
ÍÉÎÄÅÇÙÉË ÍÅÇÏÌÄÜÓ ÈÉÂÜÓȢ .ÅÍ ÅËÖÉÖÁÌÅÎÓ ÍÅÇÏÌÄÜÓÏËÎÜÌ ÁÚ ÅÌÔïÒïÓÔ 
ÍÅÇÊÅÇÙÚïÓÂÅÎ ÒĘÇÚþÔÊİËȢ 

! ÆÅÌÁÄÁÔÔþÐÕÓ ÍÅÇÏÌÄÜÓÉ ÓïÍÜÊÜÂÁÎ Á ÓÐÅÃÉÆÉËÜÃÉĕÂĕÌ ÓÚÜÒÍÁÚÔÁÔÈÁÔĕ ÁÚ 
ÁÌÇÏÒÉÔÍÕÓȟ ÅÚïÒÔ ÍÅÇÖÉÚÓÇÜÌÊÕËȟ ÈÏÇÙ ÁÚ ÅÇÙÅÓ ÓÐÅÃÉÆÉËÜÃÉĕË ÈÏÇÙÁÎ 
ÆÅÌÅÌÔÅÔÈÅÔěË ÍÅÇ Á ÓïÍÁ ÓÚÅÒÉÎÔÉ ÁÌÇÏÒÉÔÍÕÓÎÁËȟ ÅÌÔïÒïÓ ÅÓÅÔïÎ 
ekvivalensek-e az algoritmusok. 

3  3ÚïÌÓěïÒÔïË ïÓ ÉÎÄÅØïÎÅË ËÅÒÅÓïÓÅ 

A SpEd ÓÚÉÎÔÁËÔÉËÁÉ ïÓ ÎÙÅÌÖÉ ÓÚÁÂÜÌÙÏËËÁÌ ÓÅÇþÔÉ Á ÆÅÌÁÄÁÔÏË ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔȢ 
! ÎÙÅÌÖ Á ÇÏÎÄÏÌÁÔ ËÉÆÅÊÅÚïÓïÎÅË ÅÓÚËĘÚÅȟ a ÈÁÓÚÎÜÌata ÓÏÒÜÎ ÄÅÒİÌ ki, hogy 
ÕÇÙÁÎÁÎÎÁË Á ÔþÐÕÓÆÅÌÁÄÁÔÎÁË ɀ ÁÚ ÅÌÔïÒě ÇÏÎÄÏÌËÏÄÜÓÍĕÄÏË 
ÌÅËïÐÅÚïÓÅËïÎÔ ɀ ÔĘÂÂÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ ÌÅÈÅÔÓïÇÅÓȢ 

vÓÓÚÅÔÅÔÔ ÆÅÌÁÄÁÔÏË ÍÅÇÏÌÄÜÓÁ ÒïÓÚÅËÒÅ ÂÏÎÔÖÁ ÌÅÈÅÔÓïÇÅÓȟ ÁÈÏÌ Á 
ËÁÐÃÓÏÌÁÔÏÔ ÁÚ ÅÇÙÅÓ ÒïÓÚÅË ÜÌÌÁÐÏÔÔÅÒÅÉÎÅË ÍÅÔÓÚÅÔÅ ÁÄÊÁȢ ! ÂÅÍÅÎÅÔ ïÓ 
ËÉÍÅÎÅÔ ËĘÚĘÔÔÉ ÒïÓÚÍÅÇÏÌÄÜÓÏË ÜÌÌÁÐÏÔÔÅÒÅÉÎÅË ÈÉÜÎÙÚĕ ÔïÎÙÅÚěÉÔ 
ÓÅÇïÄÁÄÁÔËïÎÔ ÄÅËÌÁÒÜÌÊÕËȢ ! ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÁÚ ÁÄÁÔÏËÁÔ 
ÆİÇÇÖïÎÙïÒÔïËËïÎÔ ÁÄÊÕË ÍÅÇȟ ÁÍÉ ÇÙÁËÒÁÎ ÅÇÙ ÁÄÁÔÓÏÒÏÚÁÔ ÍÅÇÆÅÌÅÌě 
ÓÏÒÓÚÜÍĭ ÁÄÁÔÜÔ ÊÅÌÅÎÔÉȢ %ÚÚÅÌ ÁÚÏÎÏÓ ÓÚÉÎÔÁËÔÉËÜÖÁÌ ÓÅÇïÄÁÄÁÔËïÎÔ minden 
indexhez ÍÅÇÁÄÈÁÔĕË ÁÚ ÅÌÅÊïÔěÌ addig ÖÅÔÔ ÉÎÔÅÒÖÁÌÌÕÍÒÁ ËÉÓÚÜÍþÔÏÔÔ 
ÅÒÅÄÍïÎÙȢ ^ÇÙ Áz ÅÒÅÄÍïÎÙ ËÉÓÚÜÍþÔÜÓÜÔ Á ÓÅÇïÄÁÄÁÔÏË ÉÔÅÒÁÔþÖ 
ÅÌÌÅÎěÒÚïÓïÖÅÌ ÎÙÏÍÏÎ ËĘÖÅÔÈÅÔÊİËȟ ÁÍÉ ÍÅÇÆÅÌÅÌ ÁÚ ÁÌÇÏÒÉÔÍÕÓÂïÌÉ ÃÉËÌÕÓ 
ÌïÐïÓÅÎËïÎÔÉ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÎÁËȢ 

! ÓÚïÌÓěïÒÔïË ËÅÒÅÓïÓïÔ ÉÎÔÅÒÖÁÌÌÕÍÏÎ ïÒÔÅÌÍÅÚÅÔÔ ÆɉÉɊ ÆİÇÇÖïÎÙïÒÔïËÅË 
ÁÄÁÔÓÏÒÏÚÁÔÜÒÁ ÓÐÅÃÉÆÉËÜÌÊÕËȢ !Ú ÆɉÉɊ ÔÅÔÓÚěÌÅÇÅÓȟ ÍÁÔÅÍÁÔÉËÁÉÌÁÇ 
ïÒÔÅÌÍÅÚÈÅÔě ÆİÇÇÖïÎÙ ÌÅÈÅÔȢ %ÎÎÅË ÍÅÇÆÅÌÅÌěÅÎ Á SpEd-ÂÁÎ ÍÅÇÁÄÈÁÔĕ 
ÁÌÔÅÒÎÁÔþÖ ïÒÔïËÁÄÜÓÓÁÌȟ ÓěÔ ÒÅËÕÒÚþÖ ÓÚÜÍþÔÜÓÉ ÓÚÁÂÜÌÌÙÁÌ ÉÓ Á ÆİÇÇÖïÎÙïÒÔïË. 
!ÍÅÎÎÙÉÂÅÎ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÜÔþÒÈÁÔĕ ÒÅËÕÒÚþÖ ÁÌÇÏÒÉÔÍÕÓÒÁȟ Á ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ 
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ez Á ÍÅÇÏÌÄÜÓ ïÒÖïÎÙÅÓ ÌÅÓÚȢ ! ÓÏÒÏÚÁÔÈÏÚ ïÒÔïËÅÔ ÒÅÎÄÅÌě 
ÔþÐÕÓÁÌÇÏÒÉÔÍÕÓÏË ÆÅÌþÒÈÁÔĕË ÜÌÔÁÌÜÎÏÓ ĘÓÓÚÅÇÚïÓȟ ÁÚÁÚ ÁÇÇÒÅÇÜÃÉĕ 
ÆÏÒÍÜÊÜÂÁÎȢ !Ú ÁÇÇÒÅÇÜÃÉĕ ÍÅÇÁÄÈÁÔĕ ÒÅËÕÒÚþÖ ÁÌÇÏÒÉÔÍÕÓËïÎÔ ɍ13, 14], ami 
impÌÅÍÅÎÔÜÌÈÁÔĕ ÒÅËÕÒÚþÖ ÆİÇÇÖïÎÙËïÎÔ Á ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎȢ ! 
ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÍÅÇþÒÔ ÆİÇÇÖïÎÙÅË ïÓ ÁÄÁÔÓÏÒÏÚÁÔÏË ïÒÔïËÅÉÎÅË 
ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÁ ÁÚ ïÒÔÅÌÍÅÚïÓÉ ÔÁÒÔÏÍÜÎÙ ÍÉÎÄÅÎ ïÒÔïËïÒÅ ÅÌÖïÇÅÚÈÅÔěȢ 

! ÓÚïÌÓěïÒÔïË ïÓ ÈÅÌÙïÎÅË ËÅÒÅÓïÓÅ ÔþÐÕÓÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔ ÎïÇÙÆïÌÅ 
ÍĕÄÏÎ ÁÄÊÕË ÍÅÇȡ 

 

A Specification editor  ÓÚÉÎÔÁËÔÉËÁÉ ïÓ ÎÙÅÌÖÉ ÓÚÁÂÜÌÙÏËËÁÌ ÓÅÇþÔÉ Á ÆÅÌÁÄÁÔÏË 
ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔȢ ! ÎÙÅÌÖ Á ÇÏÎÄÏÌÁÔ ËÉÆÅÊÅÚïÓïÎÅË ÅÓÚËĘÚÅȟ a ÈÁÓÚÎÜÌata ÓÏÒÜÎ 
ÄÅÒİÌ kiȟ ÈÏÇÙ ÕÇÙÁÎÁÎÎÁË Á ÔþÐÕÓÆÅÌÁÄÁÔÎÁË ɀ ÁÚ ÅÌÔïÒě ÇÏÎÄÏÌËÏÄÜÓÍĕÄÏË 
lekïÐÅÚïÓÅËïÎÔ ɀ ÔĘÂÂÆïÌÅ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ ÌÅÈÅÔÓïÇÅÓȢ 

vÓÓÚÅÔÅÔÔ ÆÅÌÁÄÁÔÏË ÍÅÇÏÌÄÜÓÁ ÒïÓÚÅËÒÅ ÂÏÎÔÖÁ ÌÅÈÅÔÓïÇÅÓȟ ÁÈÏÌ Á 
ËÁÐÃÓÏÌÁÔÏÔ ÁÚ ÅÇÙÅÓ ÒïÓÚÅË ÜÌÌÁÐÏÔÔÅÒÅÉÎÅË ÍÅÔÓÚÅÔÅ ÁÄÊÁȢ ! ÂÅÍÅÎÅÔ ïÓ 
ËÉÍÅÎÅÔ ËĘÚĘÔÔÉ ÒïÓÚÍÅÇÏÌÄÜÓÏË ÜÌÌÁÐÏÔÔÅÒÅÉÎÅË ÈÉÜÎÙÚĕ ÔïÎÙÅÚěÉÔ 
ÓÅÇïÄÁÄÁÔËïÎÔ ÄÅËÌÁÒÜÌÊÕËȢ ! ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÁÚ ÁÄÁÔÏËÁÔ 
ÆİÇÇÖïÎÙïÒÔïËËïÎÔ ÁÄÊÕË ÍÅÇȟ ÁÍÉ ÇÙÁËÒÁÎ ÅÇÙ ÁÄÁÔÓÏÒÏÚÁÔ ÍÅÇÆÅÌÅÌě 
ÓÏÒÓÚÜÍĭ ÁÄÁÔÜÔ ÊÅÌÅÎÔÉȢ %ÚÚÅÌ ÁÚÏÎÏÓ ÓÚÉÎÔÁËÔÉËÜÖÁÌ ÓÅÇïÄÁÄÁÔËïÎÔ minden 
indexhez ÍÅÇÁÄÈÁÔĕË ÁÚ ÅÌÅÊïÔěÌ addig ÖÅÔÔ ÉÎÔÅÒÖÁÌÌÕÍÒÁ ËÉÓÚÜÍþÔÏÔÔ 
ÅÒÅÄÍïÎÙȢ Ezzel aÚ ÅÒÅÄÍïÎÙ ËÉÓÚÜÍþÔÜÓÜÔ Á ÓÅÇïÄÁÄÁÔÏË ÉÔÅÒÁÔþÖ 
ÅÌÌÅÎěÒÚïÓïÖÅÌ ÎÙÏÍÏÎ ËĘÖÅÔÈÅÔÊİËȟ ÁÍÉ ÍÅÇÆÅÌÅÌ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÃÉËÌÕÓÜÎÁË 
ÌïÐïÓÅÎËïÎÔÉ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÎÁËȢ 

! ÓÚïÌÓěïÒÔïË ËÅÒÅÓïÓïÔ ÉÎÔÅÒÖÁÌÌÕÍÏÎ ïÒÔÅÌÍÅÚÅÔÔ ÆɉÉɊ ÆİÇÇÖïÎÙïÒÔïËÅË 
adatsorozÁÔÜÒÁ ÓÐÅÃÉÆÉËÜÌÊÕËȢ !Ú ÆɉÉɊ ÔÅÔÓÚěÌÅÇÅÓȟ ÍÁÔÅÍÁÔÉËÁÉÌÁÇ 
ïÒÔÅÌÍÅÚÈÅÔě ÆİÇÇÖïÎÙ ÌÅÈÅÔȢ %ÎÎÅË ÍÅÇÆÅÌÅÌěÅÎ Á Specification editor-ban 
ÍÅÇÁÄÈÁÔĕ ÁÌÔÅÒÎÁÔþÖ ïÒÔïËÁÄÜÓÓÁÌȟ ÓěÔ ÒÅËÕÒÚþÖ ÓÚÜÍþÔÜÓÉ ÓÚÁÂÜÌÌÙÁÌ ÉÓ Á 
ÆİÇÇÖïÎÙïÒÔïË. !ÍÅÎÎÙÉÂÅÎ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÜÔþÒÈÁÔĕ ÒÅËÕÒÚþÖ ÁÌÇÏÒÉÔÍÕÓÒÁȟ Á 
ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÅÚ Á ÍÅÇÏÌÄÜÓ ïÒÖïÎÙÅÓ ÌÅÓÚȢ ! ÓÏÒÏÚÁÔÈÏÚ ïÒÔïËÅÔ ÒÅÎÄÅÌě 
ÔþÐÕÓÁÌÇÏÒÉÔÍÕÓÏË ÆÅÌþÒÈÁÔĕË ÜÌÔÁÌÜÎÏÓ ĘÓÓÚÅÇÚïÓȟ ÁÚÁÚ ÁÇÇÒÅÇÜÃÉĕ 
ÆÏÒÍÜÊÜÂÁÎȢ !Ú ÁÇÇÒÅÇÜÃÉĕ ÍÅÇÁÄÈÁÔĕ ÒÅËÕÒÚþÖ ÁÌÇÏÒÉÔÍÕÓËïÎÔ ɍ13, 14], ami 
ÉÍÐÌÅÍÅÎÔÜÌÈÁÔĕ ÒÅËÕÒÚþÖ ÆİÇÇÖïÎÙËïÎÔ Á ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎȢ ! 
ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÍÅÇþÒÔ ÆİÇÇÖïÎÙÅË ïÓ ÁÄÁÔÓÏÒÏÚÁÔÏË ïÒÔïËÅÉÎÅË 
ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÁ ÁÚ ïÒÔÅÌÍÅÚïÓÉ ÔÁÒÔÏÍÜÎÙ ÍÉÎÄÅÎ ïÒÔïËïÒÅ ÅÌÖïÇÅÚÈÅÔěȢ 

! ÓÚïÌÓěïÒÔïË ïÓ ÈÅÌÙïÎÅË ËÅÒÅÓïÓÅ ÔþÐÕÓÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔ ÎïÇÙÆïÌÅ 
ÍĕÄÏÎ ÁÄÊÕË ÍÅÇȡ 

¶ Á ÆÅÌÁÄÁÔ ÅÌÅÍÉ ÌÏÇÉËÁÉ ÓÐÅÃÉÆÉËÜÌÜÓÜÖÁÌȠ 

¶ ÒĘÖÉÄ ÁÌÁËËÁÌȟ Á ÆÅÌÁÄÁÔÔþÐÕÓ ïÓ ÐÁÒÁÍïÔÅÒÅË ÓÐÅÃÉÆÉËÜÌÜÓÜÖÁÌȠ 
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¶ ÉÔÅÒÁÔþÖȟ ÌïÐïÓÅÎËïÎÔ ÅÌÌÅÎěÒÚĘÔÔ ÓÐÅÃÉÆÉËÜÃÉĕÖÁÌȠ 

¶ ÒÅËÕÒÚþÖ ÆİÇÇÖïÎÙÂÅÎ ÓÐÅÃÉÆÉËÜÌÖÁȢ 

! ÓÐÅÃÉÆÉËÜÃÉĕ ÈÅÌÙÅÓÓïÇïÔ ÐïÌÄÜËÏÎ ÅÌÌÅÎěÒÉÚÚİËȟ ÁÍÅÌÙÂÅÎ Á H halmazra, az 
f(i)  ÓÚÜÍþÔÜÓÉ ÓÚÁÂÜÌÙÒÁ ïÓ Á ÒÅÌÜÃÉĕÒÁ ÉÓ ÔĘÂÂÆïÌÅ ÐïÌÄÁȟ ÅÚÅÎ ÂÅÌİÌ ÔĘÂÂ 
ÍÉÎÔÁÁÄÁÔÔÁÌ ÔÅÓÚÔÅÌİÎËȢ 

! ÍÅÇÏÌÄÜÓÔ ÁÎÇÏÌ ËÉÆÅÊÅÚïÓÅËËÅÌ ÁÄÊÕË ÍÅÇȟ ËÉÖïÖÅ Á ÂÅÍÅÎÅÔ ÈÁÔÜÒÁÉÔȢ ! 
ÐÁÐþÒÁÌÁÐĭ ÓÐÅÃÉÆÉËÜÃÉĕËÂÁÎ ÌÜÔÈÁÔĕ ͻÍͻ ïÓ ͻÎͻ ÍÜÓ ïÒÔÅÌÍÅÚïÓÂÅÎ ÉÓ 
ÈÁÓÚÎÜÌÈÁÔĕË ÅÚïÒÔ ÁÚ ïÒÔÅÌÍÅÚïÓÉ ÔÁÒÔÏÍÜÎÙ ÅÌÓě ïÓ ÕÔÏÌÓĕ ïÒÔïËïÔ ͻÅͻ ïÓ ͻÕͻ-
ÖÁÌ ÊÅÌĘÌÊİËȢ ɉ!Ú ÁÎÇÏÌ ÍÅÇÆÅÌÅÌě Æ ïÓ Ì Á ÆİÇÇÖïÎÙ ÊÅÌĘÌïÓ ïÓ ÂÅÔĴÁÌÁË ÍÉÁÔÔ 
nem praktikus: f(f), f(l).) 

Az egyes meÇÏÌÄÜÓÏË ËĘÚĘÓ ÒïÓÚÅȡ 

In:  a  ɴ H[],  
    e  ɴ Z, u  ɴ Z, H=/*sample*/Z  
Aux:  vit  ɴ H[1..], iit  ɴ Z[1..]  
Out: value  ɴ H, ind  ɴ Z 
Def:  f: Z - > H, f(i) = a[i]  
Pre:  e <= u  

A 11Ȣ ÜÂÒÁ Á ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓ ÓÐÅÃÉÆÉËÜÃÉĕËÈÏÚ ÁÄ ÎïÈÜÎÙ ÁÄÁÔÏÔȢ A 
ÍÅÇÊÅÇÙÚïÓÅËÂÅÎ ÌÜÔÈÁÔĕȟ ÍÉÔ ËÅÌÌ ÍĕÄÏÓþÔÁÎÉ Á ÓÐÅÃÉÆÉËÜÃÉĕÎ Á ÐÁÒÁÍïÔÅÒÅË 
ÁËÔÕÁÌÉÚÜÌÜÓÜÈÏÚȢ 

 

3.1 %ÇÙ ÖÁÇÙ ÅÌÓě ÔÁÌÜÌÁÔ ËÉÖÜÌÁÓÚÔÜÓÁ 

! ÌÅÇÎÁÇÙÏÂÂ ïÒÔïË ÍÅÇÈÁÔÜÒÏÚÜÓÁ ÅÇÙïÒÔÅÌÍĴȟ ÄÅ ÁÚ ÉÎÄÅØ 
ÍÅÇÈÁÔÜÒÏÚÜÓÁËÏÒ Á ÆÅÌÁÄÁÔ ÓÏËÓÚÏÒ ÉÎÄÉÒÅËÔ ÕÔÁÓþÔÜÓÁÉ ÁÌÁÐÊÜÎ kell 
ÅÌÄĘÎÔÅÎÉȟ ÈÏÇÙ ÔĘÂÂ ÅÇÙÆÏÒÍÁ ÓÚïÌÓěïÒÔïË ËĘÚİÌ ÍÅÌÙÉËÎÅË ÁÚ ÉÎÄÅØïÔ ÁÄÊÕË 
ÍÅÇȢ !Ú ÁÌÇÏÒÉÔÍÕÓ ÁÌÁÐÊÜÎȟ ÈÁ ÂÜÒÍÅÌÙÉË ÅÒÅÄÍïÎÙ ÍÅÇÆÅÌÅÌěȟ ÁËËÏÒ ÁÚ 

 
11Ȣ ÜÂÒÁȡ +İÌĘÎÂĘÚě ÔþÐÕÓĭ ÍÉÎÔÁÁÄÁÔÏË 
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ÅÌÓěÔ ÖÜÌÁÓÚÔÊÕË ËÉȢ %ÚÔ Á ÄĘÎÔïÓÔ ÍÜÒ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÓÏÒÜÎ ÍÅÇÈÏÚÈÁÔÊÕËȟ þÇÙ 
Á ÒĘÖÉÄ ÁÌÁË ïÓ Á ÌÏÇÉËÁÉ ÓÐÅÃÉÆÉËÜÃÉĕ ÅÇÙÍÜÓÓÁÌ ÅËÖÉÖÁÌÅÎÓ ÌÅÓÚȢ 

! ËÉÅÇïÓÚþÔïÓ Á ÍÁØÉÍÕÍïÒÔïËÈÅÚ ËÉÖÜÌÁÓÚÔÏÔÔ ÉÎÄÅØÒÅ ÆÏÇÁÌÍÁÚ ÍÅÇ ÐÌÕÓÚ 
ÆÅÌÔïÔÅÌÔȡ ÎÜÌÁ ËÉÓÅÂÂ ÉÎÄÅØÅË ÍÉÎÄÅÇÙÉËïÒÅ Á ÆİÇÇÖïÎÙïÒÔïË ËÉÓÅÂÂ Á 
ÍÁØÉÍÕÍïÒÔïËÎïÌȢ 

0ÏÓÔȡ ÉÎÄ ᶰ ÅȢȢÕ  ÁÎÄ ÖÁÌÕÅ  Æ ÉÎÄ  ÁÎÄ 
 iᶅ  ɴ[e..u]: (f(i ) <= value) and  
 iᶅ [ɴe..ind-1]:(f(i) < value)  

and (ind, value) = MAX(i=e..u, f(i))  

!Ú ÉÔÅÒÁÔþÖ ÍÅÇÏÌÄÜÓÈÏÚ Á ͻÖÉÔͻ ÁÄÁÔÓÏÒÏÚÁÔ ÔÁÒÔÁÌÍÁÚÚÁ ÁÚ ÁËÔÕÜÌÉÓÁÎ 
ÌÅÇÎÁÇÙÏÂÂ ïÒÔïËÅÔȟ ÁÚ ͻÉÉÔͻ Á ÈÏÚÚÜ ÔÁÒÔÏÚĕ ÉÎÄÅØÅÔȟ ρ-ÔěÌ Õ-e+1-ig indexelve, 
az i-edik adathoz az ɍÅȢȢÕɎ ÔÁÒÔÏÍÜÎÙÏÎ ÂÅÌİÌ ÁÚ ÉϹÅ-1 index tartozik. A 2. 
ÁÄÁÔÔĕÌ ËÅÚÄÖÅ ÁÚ ÉÉÔɍÉɎ ïÒÔïËïÔ ÁÚ ÅÌěÚě ÉÉÔ ïÒÔïË ïÓ ÁÚ ÁËÔÕÜÌÉÓ ÉÎÄÅØÎÅË 
ÍÅÇÆÅÌÅÌě ïÒÔïË ÈÁÔÜÒÏÚÚÁ ÍÅÇȡ 

Post: iit[1] = e and vit[1] = f(e) and  
 iᶅ  ɴ [2..u - e+1]: (iit[i] = swap(iit[i - 1], i+e - 1) and  
 vit[i] = f(iit[i]))  

! Ó×ÁÐ ÆİÇÇÖïÎÙÂÅÎ Á ÐÁÒÁÍïÔÅÒÂÅÎ ÍÅÇÁÄÏÔÔ ËïÔ ɍÅȢȢÕɎ ÉÎÔÅÒÖÁÌÌÕÍÂĕÌ 
ÖÜÌÁÓÚÔÏÔÔ ÉÎÄÅØÈÅÚ ÔÁÒÔÏÚĕ ïÒÔïËÅË ÁÌÁÐÊÜÎ ÁÄÊÕË ÍÅÇ ÁÚ ÁËÔÕÜÌÉÓ ÓÅÇïÄÁÄÁÔ 
ïÒÔïËïÔȢ 

Def: swap: Z x Z - > Z,  
     swap(akt, new) = {  
        new, if f(new) > f(akt);  
        akt otherwise  
     }  

Az iit  ïÒÔïËÅÉÎÅË ÓÐÅÃÉÆÉËÜÌÜÓÁ ɍÅȢȢÕɎ ÔÁÒÔÏÍÜÎÙÏÎ ÉÔÅÒÜÌĕ É-vel is 
ÍÅÇÁÄÈÁÔĕȟ ÃÓÁË Á ÐÏÎÔÏÓ ÉÎÔÅÒÖÁÌÌÕÍÔÒÁÎÓÚÆÏÒÍÜÃÉĕÒÁ ËÅÌÌ ÆÉÇÙÅÌÎÉȢ ! Ó×ÁÐ 
ÆİÇÇÖïÎÙÈÅÚ ÈÁÓÏÎÌĕ ÖÉÔ ïÒÔïËÅÉÒÅ ÉÓ þÒÈÁÔĕȟ ÁÎÎÁË H  ˬ (γ( lenne az 
ÜÌÌÁÐÏÔÔÅÒÅȢ 

!Ú ÉÔÅÒÁÔþÖ ÍÅÇÏÌÄÜÓÂÁÎ ÁÚ ÅÌÓě ïÒÔïËÅÔ ËİÌĘÎ ËÅÌÌ ÍÅÇÁÄÎÉ ɉÁÈÏÇÙ ÁÚ 
ÁÌÇÏÒÉÔÍÕÓÂÁÎ ÉÓɊȢ ! ÒÅËÕÒÚþÖ ÍÅÇÏÌÄÜÓ ÓÏÒÜÎ ÅÚ ÁÂÂÁÎ ÎÙÉÌÖÜÎÕÌ ÍÅÇȟ ÈÏÇÙ 
Á ÒÅËÕÒÚþÖ ÈþÖÜÓÏË ÓÏÒÏÚÁÔÜÎÁË ÌÅÜÌÌþÔÜÓÁ ÎÅÍ ÅÇÙ ÎÅÕÔÒÜÌÉÓ ïÒÔïËȟ ÈÁÎÅÍ ÁÚ 
ÅÌÓě ÉÎdex-ïÒÔïË ÐÜÒȢ Á ÔĘÂÂÉ ÈþÖÜÓÎÜÌ ÁÚ ÉÎÄÅØ-ïÒÔïË ÐÜÒ ÁÚ ÅÌěÚě ïÓ ÁËÔÕÜÌÉÓ 
ïÒÔïË ÎÁÇÙÓÜÇÜÔĕÌ ÆİÇÇěÅÎ ÁÌÁËÕÌȡ 

Def: rekmax: Z x Z - > Z x H,  
     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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!Ú ÕÔĕÆÅÌÔïÔÅÌÂÅÎ Á ÆİÇÇÖïÎÙÔ Å ïÓ Õ ÐÁÒÁÍïÔÅÒÅËËÅÌ ÈþÖÊÕË ÍÅÇȢ 

Post: (ind, value) = rekmax(e, u)  

!Ú ÅÌÓě ÈÅÌÙÅÔÔ ÁÚ ÕÔÏÌÓĕ ïÒÔïË ÍÅÇÈÁÔÜÒÏÚÜÓÁ ÕÇÙÁÎÏÌÙÁÎ Êĕ ÍÅÇÏÌÄÜÓ Á 
ȵÂÜÒÍÅÌÙ ÍÁØÉÍÕÍÈÅÌÙȱ ÈÅÌÙÅÔÔȢ ! ÓÐÅÃÉÆÉËÜÃÉĕËÁÔ ÔÅËÉÎÔÖÅȡ  

¶ Á ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÂÅÎ ÁÚ ÕÔÏÌÓĕ ÆÅÌÔïÔÅÌÂÅÎ [e..ind - 1]  helyett az 
[ind+1..u]  ÔÁÒÔÏÍÜÎÙÔ ËÅÌÌ ÖÉÚÓÇÜÌÎÉȠ 

¶ Á ÒĘÖÉÄ ÁÌÁËÂÁÎ f(i)  helyett f(u+1 - i)  ïÒÔïËÅÔ ËÅÌÌ ÖÉÚÓÇÜÌÎÉ ïÓ ÅÎÎÅË 
ÍÅÇÆÅÌÅÌěÅÎ Á ËÉÍÅÎÅÔÅÔ ÈÜÔÕÌÒĕÌ ÓÚÜÍþÔÏÔÔ ÅÒÅÄÍïÎÙÔ ÁÄȟ ÅÚïÒÔ Á ÂÁÌ 
oldal (u+1 - ind, value ) ; 

¶ ÁÚ ÉÔÅÒÁÔþÖ ïÓ ÒÅËÕÒÚþÖ ÅÓÅÔÅËÂÅÎ ɀ ÍÉÖÅÌ ÉÎÄÅØ ÁÌÁÐĭÁË Á ÆİÇÇÖïÎÙÅË 
ïÓ ÍÅÇÆÅÌÅÌÎÅË ÁÚ ÁÌÇÏÒÉÔÍÕÓÎÁË ɀ ÃÓÁË Á ȵÎÁÇÙÏÂÂȱ ÒÅÌÜÃÉĕ ÈÅÌÙÅÔÔ 
ËÅÌÌ Á ȵÎÁÇÙÏÂÂ ÖÁÇÙ ÅÇÙÅÎÌěȱ ÒÅÌÜÃÉĕÔ ÖÉÚÓÇÜÌÎÉȢ 

A legnagyobb helyett a legkiÓÅÂÂ ïÒÔïË ïÓ ÈÅÌÙïÎÅË ÍÅÇÈÁÔÜÒÏÚÜÓÁ ÍÉÎÄÅÎ 
ÍÅÇÏÌÄÜÓÂÁÎ Á ÒÅÌÜÃÉĕ ÍÅÇÆÏÒÄþÔÜÓÜÎÁË ÆÅÌÅÌ ÍÅÇȢ ! ÒÅÌÜÃÉĕ ÜÌÔÁÌÜÎÏÓÁÎ ÉÓ 
ÍÅÇÁÄÈÁÔĕȢ 

Def:  rel: H x H - > L, rel(lhs, rhs) = lhs /*pl:*/ > rhs  

! ÆİÇÇÖïÎÙÂÅÎ ÂÅÜÌÌþÔÏÔÔ ÒÅÌÜÃÉĕ Á ÐÁÒÁÍïÔÅÒÅË ÓÏÒÒÅÎÄÊïÔěÌ ÆİÇÇěÅÎ ËïÔ 
ïÒÔïË ËĘÚĘÔÔÉ ȭЃȭ ÖÁÇÙ ȭЄȭ ÖÉÓÚÏÎÙÔ ÖÉÚÓÇÜÌȟ Á ÔÁÇÁÄÜÓÁ Á ȭІȭ ïÓ ȭЅȭ ÒÅÌÜÃÉĕËÁÔ 
ÈÅÌÙÅÔÔÅÓþÔÉȢ 
! ÍĕÄÏÓþÔÏÔÔ ÍÅÇÏÌÄÜÓÏËȡ 
¶ Á ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÂÅÎȡ 

ind  ɴ [e..u] and value = f(ind) and  
iᶅ  ɴ [e..u]: (nem rel(f(i), value)) and  
iᶅ [ɴe..ind - 1]:(rel(value, f(i)))  

¶ a s×ÁÐ ÆİÇÇÖïÎÙÂÅÎȡ  
new, if rel(f(new), f(akt));  

¶ ÒÅËÍÁØ ÆİÇÇÖïÎÙÂÅÎȡ  
(akt, f(akt)), if rel(f(akt), rekmax(first, akt -  1).2);  

! ÒĘÖÉÄ ÁÌÁË Á ÒÅÌÜÃÉĕÖÁÌ ÎÅÍ ÍĕÄÏÓþÔÈÁÔĕȟ ÍÅÒÔ ÎÅÍ ÁÄÈÁÔĕ ÍÅÇ 
ÐÁÒÁÍïÔÅÒËïÎÔȢ "ÉÚÏÎÙÏÓ ÅÓÅÔÅËÂÅÎ ɀ ÄÅ ÓÚĘÖÅÇÅËÎïÌ ÐïÌÄÜÕÌ ÎÅÍ ɀ Ϻf( i) -
ÖÅÌ ÌÅÈÅÔ ÍÁØÉÍÕÍ ÈÅÌÙÅÔÔ ÍÉÎÉÍÕÍÏÔ ÍÅÇÁÄÎÉȟ ÄÅ Á -).ɉɊ ÆİÇÇÖïÎÙ 
ÁÌËÁÌÍÁÚÜÓÁ ÊÅÌÅÎÔÉ Á ÔĘÂÂÉÖÅÌ ÅËÖÉÖÁÌÅÎÓ ÍÅÇÏÌÄÜÓÔȢ 

! ÓÐÅÃÉÆÉËÜÃÉĕË ÅËÖÉÖÁÌÅÎÃÉÜÊÜÔ Á ÐïÌÄÁÁÄÁÔÏËËÁÌ ÎÅÍ ÌÅÈÅÔ ÉÇÁÚÏÌÎÉȟ ÁÚ 
ÉÇÁÚÏÌÜÓ ÁÌÁÐÊÁȟ ÈÏÇÙ ÕÇÙÁÎÁÚÔ ÁÚ ÁÌÇÏÒÉÔÍÕÓÔ ÌÅÈÅÔ Á ÓÐÅÃÉÆÉËÜÃÉĕËÂĕÌ 
ÌÅÖÅÚÅÔÎÉ ïÓ Á ÌÅÖÅÚÅÔïÓ ÍÉÎÄÅÎ ÐÏÎÔÊÜÎ ÅËÖÉÖÁÌÅÎÓ ÜÌÌþÔÜÓÏË ÓÚÅÒÅÐÅÌÎÅËȢ ! 
ÌÏÇÉËÁÉ ÍÅÇÆÏÇÁÌÍÁÚÜÓÓÁÌ ÄÅÆÉÎþÃÉĕ ÓÚÅÒÉÎÔ ÅÇÙÅÎïÒÔïËĴ Á ÒĘÖÉÄÁÌÁËȟ Á 
ÈÏÚÚÜÊÕË ÔÁÒÔÏÚĕȟ ÂÉÚÏÎÙþÔÏÔÔÁÎ ÈÅÌÙÅÓ ÔþÐÕÓÁÌÇÏÒÉÔÍÕÓ ÜÌÌÁÐÏÔÏÎËïÎÔÉ 
ÌÅþÒÜÓÁ ÁÚ ÉÔÅÒÁÔþÖ ïÓ ÒÅËÕÒÚþÖ ÆÏÒÍÜÂÁÎ ÍÅÇÁÄÏÔÔ ÕÔĕÆÅÌÔïÔÅÌȢ !Ú 
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ÅËÖÉÖÁÌÅÎÃÉÁ ÉÇÁÚÏÌÜÓÜÂÁÎ Á ÓÚïÌÓěïÒÔïËÈÅÌÙ ÆÏÇÁÌÍÜÎÁË ÈÁÔÜÒÏÚÁÔÌÁÎÓÜÇÁ 
ËÕÌÃÓÓÚÅÒÅÐÅÔ ÊÜÔÓÚÉËȢ *ÅÌÅÎ ÅÓÅÔÂÅÎ Á ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ïÓ ÁÚ ÁÌÇÏÒÉÔÍÕÓÂÁÎ Á 
ȵÂÜÒÍÅÌÙȱ ÍÅÇÆÅÌÅÌěÊÅËïÎÔ ËĘÖÅÔËÅÚÅÔÅÓÅÎ ÁÚ ȵÅÌÓě ÔÁÌÜÌÁÔȱ ÓÚÅÒÅÐÅÌȟ ÄÅ 
egyes SQL nyelvekben a TOP ρ Á ȵÍÉÎÄÅÎ ÍÅÇÆÅÌÅÌěȱ ïÒÔÅÌÍÅÚïÓÔ ÈÁÓÚÎÜÌÊÁȟ 
ÍÜÓ ÎÙÅÌÖÅËÂÅÎ Á ,)-)4 ρ ÃÓÁË ÁÚ ÅÌÓě ÔÁÌÜÌÁÔÏÔ ÁÄÊÁȢ 

1Ȣ ÓÐÅÃÉÆÉËÜÃÉĕȡ ȵÅÌÓě ÓÚïÌÓěïÒÔïËȱ ÔþÐÕÓÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÉ 

In:  e  ɴ Z, u  ɴ Z, H =  
Aux:  vit  ɴ H[1..], iit  ɴ Z[1..]  
Out:  value  ɴ H, ind  ɴ Z 
Def:  f: Z - > H, f(i)  =  
Def:  rel: H x H - > L,  
     rel(lhs, rhs) = lhs <?> rhs  
Def:  swap: Z x Z - > Z,  
     swap(cur , new) = {  
        new, if rel(f(new), f( cur ));  
        cur  otherwise  
     }  

 
 

-ÅÇÆÏÎÔÏÌÁÎÄĕ Á ,%'ɉɊ -/34ɉɊ ÓÐÅÃÉÆÉËÜÃÉĕÓ ÒĘÖÉÄÁÌÁËÏË ÉÍÐÌÅÍÅÎÔÜÌÜÓÁȟ 
ÁÍÅÌÙÂÅÎ ÐÁÒÁÍïÔÅÒËïÎÔ ÍÅÇÁÄÈÁÔĕ Á ÒÅÌɉɊ ÆİÇÇÖïÎÙȢ 

 

Def:  mostr ek: Z x Z - > Z x H,  
     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  ɴ [e..u] and value = f(ind) and  
      iᶅ  ɴ [e..u]: (n ot  rel(f(i), value)) and  
      iᶅ [ɴe..ind - 1]:(rel(value, f(i)))   
and   ( (ind, value) = MAX(i=e..u, f(i))  
    or (ind, value) = MIN(i=e..u, f(i))  
and   iit[1] = e and vit[1] = f(e) and  
      iᶅ  ɴ [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)  
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1Ȣ ÁÌÇÏÒÉÔÍÕÓȡ ȵÅÌÓě ÓÚïÌÓěïÒÔïËȱ ÔþÐÕÓÆÅÌÁÄÁÔ ÁÌÇÏÒÉÔÍÕÓÁ ɉÅÎȟ ÈÕɊ 

  
 

3.2 3ÚïÌÓěïÒÔïË ËÅÒÅÓïÓÅ ɀ Mi van, ha nincs? 

A 2ȢςȢ ÆÅÊÅÚÅÔÂÅÎ ÂÅÍÕÔÁÔÔÕËȟ ÈÏÇÙ ÎÅÍ ÍÉÎÄÅÎ ÅÓÅÔÂÅÎ ËİÌĘÎÂĘÚÔÅÔÉË ÍÅÇ 
ÍÅÇÎÅÖÅÚïÓÂÅÎ Á ÓÚïÌÓěïÒÔïË ËÅÒÅÓïÓÔ ïÓ ÓÚïÌÓěïÒÔïË ËÉÖÜÌÁÓÚÔÜÓÔȢ 
5ÇÙÁÎÁËËÏÒ ÍÉÎÄÅÎ ÅÓÅÔÂÅÎ ÅÌěÆÅÌÔïÔÅÌȟ ÈÏÇÙ ÌÅÇÙÅÎ ÌÅÇÁÌÜÂÂ ÅÇÙ ÁÄÁÔȢ %Ú Á 
ɀ ÃÓÁË ÓÚïÌÓěïÒÔïË ÔþÐÕÓÆÅÌÁÄÁÔÒÁ ÊÅÌÌÅÍÚě ɀ kÉËĘÔïÓ ÎÅÕÒÁÌÇÉËÕÓ ÐÏÎÔÎÁË 
ÔĴÎÉËȟ Á ÆÅÌÔïÔÅÌÅÓÓÚïÌÓěïÒÔïË-ËÅÒÅÓïÓ ÆÅÌÁÄÁÔÔþÐÕÓ Á &ĕÔÈÉ ɍ4Ɏ ïÓ 'ÒÅÇÏÒÉÃÓ ɍ5] 
ÊÅÇÙÚÅÔÂÅÎ ÉÓ ÒĘÇÔĘÎ Á ÍÁØÉÍÕÍËÅÒÅÓïÓȾ-ËÉÖÜÌÁÓÚÔÜÓ ÕÔÜÎ ÓÚÅÒÅÐÅÌ ïÓ 
napjaink tanmenete is ÅÚÔ ËĘÖÅÔÉȢ ! ʈÌĕÇÉÁ 19. jegyzetben [11/76.  o] ezzel 
ÓÚÅÍÂÅÎ Á ÌÅÇÕÔÏÌÓĕ ÆÅÌÁÄÁÔÔþÐÕÓ Á ÔïÔÅÌÅË ÅÇÙÍÜÓÒÁ ïÐþÔïÓÅ ÆÅÊÅÚÅÔÂÅÎȟ Á 
ËÉÖÜÌÏÇÁÔÜÓÓÁÌ ĘÓÓÚÅïÐþÔïÓ ÐïÌÄÜÊÁËïÎÔȢ  

! ÓÚïÌÓěïÒÔïË-ËÉÖÜÌÁÓÚÔÜÓ ÅÌěÆÅÌÔïÔÅÌÅ ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ïÓ Áz algoritmusban is 
ËÉÖÜÌÔÈÁÔĕ ÅÇÙ ÉÍÐÌÉËÜÃÉĕÖÁÌȟ ÉÌÌÅÔÖÅ ÅÌÜÇÁÚÜÓÓÁÌȢ $Å Á ÇÙÁËÏÒÌÁÔÂÁÎ ÔĘÂÂ 
ÐÒÏÂÌïÍÜÔ ÏËÏÚÎÁË ÁÚÏË ÁÚ ÅÓÅÔÅËȟ ÁÍÉËÏÒ ÈÉÜÎÙÚÉË ÁÚ ÁÄÁÔȢ 0ïÌÄÜÕÌ 
ÔÜÂÌÜÚÁÔËÅÚÅÌïÓÂÅÎ Á ËÉÊÅÌĘÌÔ ÔÁÒÔÏÍÜÎÙ ÎÅÍ ÍÉÎÄÅÇÙÉË ÁÄÁÔÁ ÁÚÏÎÏÓ ÔþÐÕÓĭ 
ÖÁÇÙ ÈÉÜÎÙÏÚÎÁË ïÒÔïËÅËȢ 5ÇÙÁÎþÇÙȟ Á ÆÏÌÙÁÍÁÔÏÓ ÆÅÌÄÏÌÇÏÚÜÓ ÅÓÅÔïÎ ɀ 
ÐïÌÄÜÕÌ ÅÄÄÉÇÉ ÌÅÇÎÁÇÙÏÂÂ ïÒÔïË ɀ ÉÓ ËÅÌÌ ÖÁÌÁÍÉÌÙÅÎ ÍÅÇÏÌÄÜÓȢ %ÍÉÁÔÔ 
ÓÏËÓÚÏÒ ÓÚïÌÓěïÒÔïË-ËÉÖÜÌÁÓÚÔÜÓ ÈÅÌÙÅÔÔ ÉÓ Á ËÅÒÅÓïÓ ÊÁÖÁÓÏÌÔȟ ÁÚ ÅÒÅÄÍïÎÙ 
ËÉþÒÜÓÁ ÅÌěÔÔ ÅÌÄĘÎÔÅÎÄěȟ ÈÏÇÙ ÖÁÎ-Å ÍÉÔ ËÉþÒÎÉȢ ! ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÅÚïÒÔ σ 
kimenet lesz: 

Out: ok  ɴ L, value  ɴ H, ind  ɴ N 

! ɉÆÅÌÔïÔÅÌÅÓɊ ÓÚïÌÓěïÒÔïËËÅÒÅÓïÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÂÁÎ ÁÚ ÆɉÉɊ ÁÄÁÔÏË ÍÅÌÌÅÔÔ 
ÍÅÇÊÅÌÅÎÉË ÅÇÙ ÔÕÌÁÊÄÏÎÓÜÇ ÉÓȟ 4ɉÉɊ ɀ ïÒÖïÎÙÅÓ-e az i-edik adat ɀȟ ÃÓÅÒïÂÅ ÎÅÍ 
ÓÚİËÓïÇÅÓ ÅÌěÆÅÌÔïÔÅÌÔ ÍÅÇÁÄÎÉȢ Ez a tulajdonÓÜÇ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÍÉÎÄÅÎ 
ÒïÓÚïÎ ÍÅÇÊÅÌÅÎÉËȢ 

Def:  t: Z - > L, t(i) = /*sample*/f(i) < 3  
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! ËÉÖÜÌÏÇÁÔÜÓ ïÓ Á ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓ ÓïÍÜË ĘÓÓÚÅïÐþÔïÓïÈÅÚ Á 
ËÉÖÜÌÁÓÚÔÜÓÈÏÚ ËïÐÅÓÔ ÓÚİËÓïÇÅÓ ÌÅÇÁÌÜÂÂ ÅÇÙ ÓÅÇïÄÁÄÁÔÔĘÍÂȟ ÁÍÉÂÅÎ ÁÚ 
ïÒÖïÎÙÅÓ ïÒÔïËÅË ÉÎÄÅØïÔ ÅÌÔÜÒÏÌÊÕËȡ 

Aux:  ct  ɴ N, tind  ɴ Z[1..],  

!Ú ÅÌÅÍÉ ÓïÍÜËÂĕÌ ïÐþÔËÅÚě ÍÁØÉÍÕÍËÅÒÅÓïÓ Á ËÉÖÜÌÏÇÁÔÜÓÓÁÌ ïÓ Á 
ÍÁØÉÍÕÍËÉÖÜÌÁÓÚÔÜÓÓÁÌ þÇÙ ÁÄÈÁÔĕ ÍÅÇȡ 

Post:  (ct, tind) = MIS(i=e..u, t(i), i) and  
      ct > 0 - > (ok and  
        jɱ [ɴ1..ct]: (ind = tind[j] and  
            (j, value) =  MAX(i=1..ct, f(tind[i]))))  
  and ct = 0 - > (not ok)  

A ËïÔ ÒĘÖÉÄ ÁÌÁË ÅÇÙÅÎËïÎÔȟ ÍÜÓ ÍĕÄÓÚÅÒÒÅÌ ÉÓ ÓÐÅÃÉÆÉËÜÌÈÁÔĕȟ þÇÙ ÎÁÇÙÏÎ 
ÓÏËÆïÌÅËïÐÐÅÎ ÌÅÈÅÔ ÓÐÅÃÉÆÉËÜÌÎÉ Á ÆÅÌÁÄÁÔÏÔȢ $Å ÍÏÓÔ ÎÅÍ ÅÚÅËÅÔ ÅÌÅÍÅÚÚİËȟ 
ÈÁÎÅÍ Á ËĘÚÖÅÔÌÅÎȟ ÅÇÙÅÔÌÅÎ ÓïÍÜÔ ÁÌËÁÌÍÁÚĕ ÍÅÇÏÌÄÜÓÔȢ A SpEd-ban erre 
ÈÁÓÚÎÜÌÈÁÔÕÎË ÒĘÖÉÄ ÁÌÁËÏÔȡ FELTMAX, MAXHA, vagy MAXIF ÎïÖÅÎȢ %Úȟ ÈÁ ÖÁÎ 
ÍÅÇÏÌÄÜÓȟ ÁËËÏÒ Á ÆÅÌÔïÔÅÌÅËÎÅË ÍÅÇÆÅÌÅÌěË ËĘÚİÌ Á ÌÅÇÎÁÇÙÏÂÂ ïÒÔïËÅÔ ïÓ 
ÅÎÎÅË ÅÌÓě ÅÌěÆÏÒÄÕÌÜÓÉ ÈÅÌÙïÔ ÁÄÊÁ ÍÅÇȡ  

Post:  (ok, ind, value) = MAXIF(i=e..u, f(i), t(i))  

Ahogy a MAX ÅÓÅÔïÎȟ ÉÔÔ ÓÅÍ ÔÕÄÊÕË ÍĕÄÏÓþÔÁÎÉ Á ÒÅÌÜÃÉĕÔȟ ÄÅ ÖÁÎ ÐÜÒÊÁȟ 
FELTMIN, MINHA, MINIF ÎïÖÅÎȢ 

%ÚÅËÈÅÚ Á ÓÐÅÃÉÆÉËÜÃÉĕËÈÏÚ ÔÁÒÔÏÚĕ ÍÅÇÏÌÄÜÓÉ ÓïÍÜÂÁÎ ÁÚ ÁÌÇÏÒÉÔÍÕÓ 
sablonja: 

2Ȣ ÁÌÇÏÒÉÔÍÕÓȡ &ÅÌÔïÔÅÌÅÓÓÚïÌÓěïÒÔïË-ËÅÒÅÓïÓ ÁÌÇÏÒÉÔÍÕÓ ÓÁÂÌÏÎÊÁ 

  
 

! ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÓÅÌ ÉÔÅÒÁÔþÖÁÎȟ ÉÌÌÅÔÖÅ ÒÅËÕÒÚþvan megadott 
ÓÐÅÃÉÆÉËÜÃÉĕËÂÁÎ Á ÒÅÌÜÃÉĕÔ ÜÌÔÁÌÜÎÏÓÁÎ ÍÅÇÁÄÈÁÔÊÕËȢ 

Def:  rel: H x H - > L,  
     rel(lhs, rhs) = lhs <?>  rhs  
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! ÓÚïÌÓěïÒÔïË-ËÉÖÜÌÁÓÚÔÜÓ ÁÌÇÏÒÉÔÍÕÓÁ ÁÌÁÐÊÜÎ Á t(i)  ÉÍÐÌÉËÜÌÊÁ Á ÓÚïÌÓěïÒÔïË 
ÖÉÚÓÇÜÌÁÔÜÔȡ 

Post:  ok = iɱ [ɴe..u]: (t(i)) and  
      ok - > (t(ind) and value = f(ind) and  
        iᶅ [ɴe..u]: (t(i) - > not rel(f(i), value)) and  
        iᶅ [ɴe..ind - 1]:(t(i) - > rel(value, f(i)))  
    )  

!Ú ÉÔÅÒÁÔþÖ ÍÅÇÏÌÄÜÓÂÁÎ ÓÅÇïÄÁÄÁÔËïÎÔ ÔÜÒÏÌÊÕË Á ÆÅÌÔïÔÅÌÎÅË ÍÅÇÆÅÌÅÌě 
ÉÎÄÅØÅËÅÔ ȭtind ȭȟ ÁÚ ÁÄÏÔÔ ÉÎÄÅØÅËÎïÌ ïÒÖïÎÙÅÓ ÓÚïÌÓěïÒÔïËÅË ÈÅÌÙïÔ ȭiit ȭ ïÓ 
ïÒÔïËïÔ ȭvit ȭȢ !Ú ÉÎÄÅØÅË ÔÜÒÏÌÜÓÁ Á ÍÅÇÏÌÄÜÓ ÓÏÒÜÎ ÂÉÚÔÏÓþÔÊÁȟ ÈÏÇÙ ÐÏÎÔÏÓÁÎ 
Á ËĘÖÅÔËÅÚě ÍÅÇÆÅÌÅÌě ÉÎÄÅØÅÔ ÖÅÇÙİË ÓÏÒÒÁȢ 

Post:  ok = iɱ [ɴe..u]: (t(i))  and 
      ok- >(  
         iɱ [ɴe..u]:(t(i) and  tind[1]=i  and iit[1]=i  and 
vit[1]=f(i)  
         and jᶅ [ɴ2..ct]:( kɱ [ɴtind[j - 1]+1..u]:(t(k) and 
tind[j]=k  
                 and iit[j]=swap(iit[j - 1],k) and 
vit[j]=f(iit[j])))  
      and value = vit[ct] and ind = iit[ct]))  

! ÍÅÇÏÌÄÜÓÂÁÎ Á swap ÆİÇÇÖïÎÙ ÎÅÍ ÍĕÄÏÓÕÌȢ ! ÒÅËÕÒÚþÖ ÍÅÇÏÌÄÜÓ ezzel 
ÓÚÅÍÂÅÎ ÁÚ ÕÔĕÆÅÌÔïÔÅÌïÂÅÎ ÁÌÉÇ ÍĕÄÏÓÕÌȟ Á ÌïÎÙÅÇ Á ÆİÇÇÖïÎÙÈþÖÜÓÏÎ ÂÅÌİÌ 
ÖÁÎȢ ! ÍÅÇÏÌÄÜÓ ÌÅËïÐÅÚÉ Á ÓÁÂÌÏÎÔȟ ÄÅ ÎÁÇÙÏÎ ËÅÌÌ ÆÉÇÙÅÌÎÉȟ ÈÏÇÙ ÌÅÈÅÔÓïÇÅÓ-
e a kezdeti false  ÍÅÌÌÅÔÔ İÒÅÓ ïÒÔïË Á ÍÜÓÉË ËïÔ ÐÁÒÁÍïÔÅÒ ÈÅÌÙïÎȟ ÌÅÈÅÔ-e 
null a Z, illetve H halÍÁÚ ÅÌÅÍÅ ÈÅÌÙïÎȢ 

Def:  mostrek: Z x Z - > L x Z x H,  
     mostrek(first, akt) = {  
        (false, , ), if akt < first;  
        (true, akt, f(akt)),  
            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  
     }  

(ÁÓÚÎÜÌÁÔÁȡ 

Post: (ok, ind, value) = mostrek(e, u)  
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3.3 3ÚïÌÓěïÒÔïËÅË ËÉÖÜÌÏÇÁÔÜÓÁ ɀ -É ÖÁÎȟ ÈÁ ÔĘÂÂ ÖÁÎȩ 

! ÓÚïÌÓěïÒÔïË-ËÉÖÜÌÁÓÚÔÜÓ ÓÐÅÃÉÆÉËÜÃÉĕÉÎÁË ÅËÖÉÖÁÌÅÎÃÉÜÊÁ ÁÚÏÎ ÍĭÌÉËȟ ÈÏÇÙ 
ÈÏÇÙÁÎ ËÅÚÅÌÊİË Á ÔĘÂÂÓÚĘÒĘÓ ÓÚïÌÓěïÒÔïËÅËÅÔȟ ÈÁ ÃÓÁË ÅÇÙÎÅË Á ÈÅÌÙïÔ ËÅÌÌ 
ÍÅÇÁÄÎÉȢ %ËËÏÒ ÅÇÙÓïÇÅÓÅÎ ÁÚ ÅÌÓě ÔÁÌÜÌÁÔ ÌÅÔÔ Á ËÉÊÅÌĘÌÔ ÍÅÇÏÌÄÜÓȢ $Å ɀ a 
ÆÅÌÁÄÁÔ ËÉþÒĕÊÜÖÁÌ ÅÇÙÅÚÔÅÔÖÅ ɀ lehetne ÍÅÇÏÌÄÜÓ ÁÚ ĘÓÓÚÅÓ ÌÅÈÅÔÓïÇÅÓ ÖÜÌÁÓÚ 
ÍÅÇÁÄÜÓÁ ÉÓȟ Á ÆÅÌÈÁÓÚÎÜÌĕÒÁ ÂþÚÖÁȟ ÈÏÇÙ ÍÉÔ ËÅÚÄ ÅÚÅËËÅÌȢ (Á Á ÆÅÌÈÁÓÚÎÜÌĕ 
ÔÕÄÊÁȟ ÈÏÇÙ ÔĘÂÂ ÅÒÅÄÍïÎÙÔ ÉÓ ËÁÐÈÁÔȟ ÄÅ ÎÅËÉ ÃÓÁË ÅÇÙÒÅ ÖÁÎ ÓÚİËÓïÇÅȟ 
ËĘÎÎÙÅÂÂÅÎ ÍÅÇÏÌÄÊÁ Á ÐÒÏÂÌïÍÜÔȟ ÍÉÎÔ ÆÏÒÄþÔÖÁȟ ÈÁ ÍÉÎÄÅÎ ÅÌěÆÏÒÄÕÌÜÓ 
helyett csak egyet kap. 

(Á ÍÉÎÄÅÎȟ ÁÄÏÔÔ ÒÅÌÜÃÉĕ ÓÚÅÒÉÎÔÉ ÓÚïÌÓěïÒÔïË ÅÌěÆÏÒÄÕÌÜÓÉ ÈÅÌÙïÔ ÓÚÅÒÅÔÎïÎË 
ÍÅÇËÁÐÎÉȟ ÁËËÏÒ Á ÓÚïÌÓěïÒÔïË ËÉÖÜÌÁÓÚÔÜÓÜÔ ËĘÖÅÔěÅÎ ËÉÖÜÌÏÇÁÔÊÕË Á 
ÈÅÌÙÅËÅÔȢ 5ÇÙÁÎÅÚ ÅÌÍÏÎÄÈÁÔĕ Á ÓÚïÌÓěïÒÔïË ËÅÒÅÓïÓÅ ÅÓÅÔïÎ ÉÓȟ ÁÚÚÁÌ Á 
ËÉÔïÔÅÌÌÅÌȟ ÈÏÇÙ Á ËÉÖÜÌÏÇÁÔÜÓÔ ÃÓÁË ÁËËÏÒ ÖïÇÅÚÚİË ÅÌȟ ÈÁ ÖÁÎ Á ÍÅÇÁÄÏÔÔ 
ÆÅÌÔïÔÅÌÅËÎÅË ÍÅÇÆÅÌÅÌě ÓÚïÌÓěïÒÔïËȢ 

! ËÉÖÜÌÏÇÁÔÜÓÎÜÌ ÅÇÙÅÎÌěÓïÇÅÔ ËÅÌÌ ÖÉÚÓÇÜÌÎÉȟ ÁÍÉÈÅÚ ÎÅÈïÚËÅÓ ÌÅÎÎÅ Á 
ÒÅÌÜÃÉĕ ÆİÇÇÖïÎÙÔ ÈÁÓÚÎÜÌÎÉȡ ÁËËÏÒ ÉÓ ËÉþÒÁÎÄĕ ÁÚ ÉÎÄÅØȟ ÈÁ Á 
nem(rel(f(i),value))  ÉÓ ïÓ Á nem(rel(value,f(i))  ÉÓ ÉÇÁÚ ÒÜȢ (Á ËïÔ ÁÄÁÔ 
ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÁ ÓÏÒÜÎ ÈÜÒÏÍ ÌÅÈÅÔÓïÇÅÓ ÅÒÅÄÍïÎÙÔ ÖÜÒÕÎËȟ ÁËËÏÒ ÃïÌÓÚÅÒĴ 
ĘÓÓÚÅÈÁÓÏÎÌþÔĕȟ ËÏÍÐÁÒÜÔÏÒ ÆİÇÇÖïÎÙÔ þÒÎÉȢ %Ú ÁÚ ÅÄÄÉÇ ÈÁÓÚÎÜÌÔ ÒÅÌÜÃÉĕ 
ÆİÇÇÖïÎÙÔ ÆÅÌÈÁÓÚÎÜÌÖÁ þÇÙ ÁÄÈÁÔĕ ÍÅÇȡ 

Def:  cmp: H x H - > Z,  
     cmp(lhs, rhs)={  
        1, if  rel(lhs, rhs);  
       - 1, if  rel(rhs, lhs);  
        ʣ ÅÇÙðÂËðÎÔ 
     }  

! ËïÔ ÒïÓÚÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ ïÓ ÁÌÇÏÒÉÔÍÕÓÜÎÁË ÅÌËïÓÚþÔïÓÅ ÁÚ ÅÄÄÉÇÉÅË 
ÁÌÁÐÊÜÎ ÍÉÎÄËïÔ ÒïÓÚÒÅ ÈÜÒÏÍÆïÌÅËïÐÐÅÎ ÉÓ ÅÌÖïÇÅÚÈÅÔěȢ ! ËÉÖÜÌÏÇÁÔÜÓ 
ÒÅËÕÒÚþÖ ÍÅÇÁÄÜÓÁ ÏËÏÚÈÁÔ ÐÒÏÂÌïÍÜÔȟ ÍÉÖÅÌ ÁÈÈÏÚȟ ÈÏÇÙ ÁÇÇÒÅÇÜÌÜÓÎÁË 
ÔÅËÉÎÔÈÅÓÓİËȟ ÁÚ ÅÒÅÄÍïÎÙÔ ɀ az adatsorozatot ɀ egy adatnak kell tekinteni; 
ehhez ɀ ÍÉÎÔ Á ÓÚĘÖÅÇ ÅÓÅÔïÂÅÎ ɀ ÈÏÚÚÜÆĴÚÈÅÔěË ÁÚ ĭÊÁÂÂ ïÒÔïËÅËȢ 
!ÌÁÐïÒÔÅÌÍÅÚïÓËïÎÔ ÅÚÔ ÎÅÍ ÖÜÒÊÕË ÅÌ Á ÓÐÅÃÉÆÉËÜÃÉĕÔĕÌȢ 

! ÒĘÖÉÄÁÌÁËÏË ĘÓÓÚÅïÐþÔïÓÅ Á ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÜÔÔÅËÉÎÔÈÅÔě ËĕÄÏÔ 
ÅÒÅÄÍïÎÙÅÚȟ ÄÅ Á ËÏÎËÒïÔ ÆÅÌÁÄÁÔ ÅÓÅÔïÎ ÅÌ ËÅÌÌ ÄĘÎÔÅÎİÎËȟ ÈÏÇÙ Á ÍÉÎ ÖÁÇÙ 
Á ÍÁØ ÆİÇÇÖïÎÙÔ ÈÁÓÚÎÜÌÊÕËȡ 

Post:  ((ok, , value) = MAXIF(i=e..u, f(i), t(i))  
    or (ok, , value) = MINIF(i=e..u, f(i), t (i)))  
    and (ct, ind) = MIS(i=e..u, t(i) and cmp(f(i), value)=0, i)  
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! ÔĘÂÂ ÒïÓÚÆÅÌÁÄÁÔÂĕÌ ÜÌÌĕ ÍÅÇÏÌÄÜÓ ÅÓÅÔïÎ ïÒÄÅÍÅÓ Á ÓÁÂÌÏÎÏË ÁÌÁÐÊÜÎ 
ÅÌËïÓÚþÔÅÔÔ ÁÌÇÏÒÉÔÍÕÓÏËÁÔ ÍÅÇÖÉÚÓÇÜÌÎÉȟ ÈÁ ÌÅÈÅÔȟ ÁÌÇÏÒÉÔÍÕÓ-
ÔÒÁÎÓÚÆÏÒÍÜÃÉĕÖÁÌ ÈÁÔïËÏÎÙÁÂÂÜ þÒÎÉȢ !Ú ÁÄÏÔÔ ïÒÔïËĴÅË ÉÎÄÅØïÎÅË Á 
ËÉÖÜÌÏÇÁÔÜÓÁ ĘÓÓÚÅÖÏÎÈÁÔĕ ÁÚ ïÒÔïË ËÅÒÅÓïÓïÖÅÌȢ ! ÓÚïÌÓěïÒÔïË-ËÅÒÅÓïÓ 
ÍĕÄÏÓþÔÜÓÜÎÁË Á ÌïÎÙÅÇÅȡ ÈÁ ÁÚ ÁËÔÕÜÌÉÓ ïÒÔïËÎïÌ Á ÖÉÚÓÇÜÌÔ ÎÅÍ ÊÏÂÂȟ ÄÅ 
ÅÇÙÅÎÌě ÖÅÌÅȟ ÁËËÏÒ ÎĘÖÅÌÊİË Á ÓÚÜÍÌÜÌĕÔ ïÓ ËÉþÒÊÕË ÁÚ ÉÎÄÅØÅÔ ÅÇÙ ÌÉÓÔÜÂÁȢ 

! ÒĘÖÉÄÁÌÁËÏËÈÏÚ ÒÅÎÄÅÌÔ ÁÌÇÏÒÉÔÍÕÓÏË ĘÓÓÚÅÖÏÎÜÓÜÖÁÌȟ ÁÌÇÏÒÉÔÍÕÓ-
ÔÒÁÎÓÚÆÏÒÍÜÃÉĕÓ ÌïÐïÓÅËËÅÌ ÈÁÔïËÏÎÙÁÂÂÒÁ þÒÔ ÍÅÇÏÌÄÜÓÔ ÍÕÔÁÔÊÁ Á 3. 
algoritmus. 

3Ȣ ÁÌÇÏÒÉÔÍÕÓȡ ÍÁØÉÍÕÍÏË ËÅÒÅÓïÓÅ ÁÌÇÏÒÉÔÍÕÓ 

 
 

,ÏÇÉËÁÉ ÁÌÁÐĭ ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ Á ËÏÒÜÂÂÉ ÓÐÅÃÉÆÉËÜÃÉĕ ÁÚ ÅÌÓě ÅÒÅÄÍïÎÙÔ 
ind[1] -ÅÔ ÁÄÊÁ ÍÅÇȟ ÁÚ ÁÚÔ ËĘÖÅÔě ÁÄÁÔÏË ËĘÚĘÔÔ ÔÁÌÜÌÈÁÔĕ Á ÔĘÂÂÉ ÅÒÅÄÍïÎÙȢ 

Post   ok= iɱ [ɴe..u]:(t(i)) and //ind[] not empty  
      ok- >(t(ind[1]) and value=f(ind[1]) and //ind[1] a 
solution  
      iᶅ [ɴe. .u]: (t(i) - >(cmp(value, f(i))> - 1)) and //extreme 
value  
      iᶅ [ɴe..ind[1] - 1]:(t(i) - >(cmp(value,f(i))=1)) and //[1] 
first  
      iᶅ [ɴind[ct]+1..u]:(t(i) - >(cmp(value,f(i))=1)) and //[ct] 
last  
      iᶅ [ɴ2..ct]:(t(ind[i]) and cmp(value,f(ind[i]))=0 and 
//other s 
            ind[i - 1]<ind[i] and //are different ind - s and no 
more 
            kᶅ [ɴind[i - 1]+1..ind[i] - 1]:(t(k) -
>(cmp(value,f(k))=1)))  
    )  
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)ÔÅÒÁÔþÖ ÓÐÅÃÉÆÉËÜÃÉĕÔ Á ÆÅÌÁÄÁÔ ÍÜÓ ÓÚÅÍÌïÌÅÔĴ ÍÅÇÏÌÄÜÓÜÖÁÌ ÉÓ ÁÄÈÁÔÕÎËȢ ! 
ÒïÓÚÅÒÅÄÍïÎÙÅË ÅÌÌÅÎěÒÚïÓïÔ ÓÚÅÍ ÅÌěÔÔ ÔÁÒÔÖÁȟ ÍÅÇÁÄÈÁÔÊÕË Á ÒÅÌÅÖÜÎÓ 
ÉÎÄÅØÅË ÁÄÁÔÓÏÒÏÚÁÔÁÉÔȢ 0ïÌÄÜÕÌȟ ÅÇÙ ÓÏÒÏÚÁÔÂÁÎ Á 4ɉÉɊ ÔÕÌÁÊÄÏÎÓÜÇĭÁËÁÔȟ 
ÍÁÊÄ ÃÓÁË ÅÚÅËÅÔ ÔÅËÉÎÔÖÅ Á ÍÏÎÏÔÏÎ ÎĘÖÅËÖě ÒïÓÚÓÏÒÏÚÁÔ ÉÎÄÅØÅÉÔ ïÓ 
ïÒÔïËÅÉÔ ȵËĘÖÅÔËÅÚě Êĕ ÖÁÇÙ ÊÏÂÂȱ ËÅÒÅÓïÓÓÅÌȟ ÖïÇİÌ ÅÂÂěÌ ÌÅÖÜÌÁÓÚÔÊÕË ÁÚ 
ÕÔÏÌÓĕȟ ÁÚÏÎÏÓ ïÒÔïËĴ ÓÏÒÏÚÁÔ ÉÎÄÅØÅÉÔȢ !Ú ÅÇÙÅÓ ÌïÐïÓÅËÎïÌ ÌÅÈÅÔȟ ÈÏÇÙ 
ÉÎËÜÂÂ ÒĘÖÉÄÁÌÁËÏÔ ÈÁÓÚÎÜÌÖÁ ȵÇÙÏÒÓþÔÈÁÔÕÎËȱ Á ÍÅÇÏÌÄÜÓÏÎȣ  

-ÉÖÅÌ Á ËïÔ ÒĘÖÉÄÁÌÁËÂĕÌ ÖÉÓÓÚÁÖÅÚÅÔÅÔÔ ÁÌÇÏÒÉÔÍÕÓÔ ĘÓÓÚÅÖÏÎÔÕËȟ ÁÚ ÉÔÅÒÁÔþÖ 
ÍÅÇÏÌÄÜÓÂÁÎ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÅÇÙÅÓ ÜÌÌÁÐÏÔÁÉÔ ÓÐÅÃÉÆÉËÜÌÊÕËȟ ÅÌÅÍÅÎËïÎÔ 
ÍÅÇÁÄÖÁ Á ÌÅÈÅÔÓïÇÅÓ ÔÅÅÎÄěËÅÔȡ 

Post: ctit[e - 1]=0  and 
iᶅ [ɴe..u]: (  

      (not t(i) - > (ctit[i]=ctit[i - 1]))  
  and ((t(i) and ctit[i - 1]=0) - >  
    (ctit[i]=1 and iit[i]=i and vit[i] = f(i)))         //base  
  and ( (t(i) and ctit[i - 1] >0) - >                       //next  
    (   (cmp(f(i),vit[i - 1])=1 -
>                         //better  
         (iit[i]=i and vit[i]=f(i) and ctit[i]=1))  
    and (cmp(f(i),vit[i - 1])=0 - >                        //same  
         (iit[i]=i and vit[i]=f(i) and ctit[i]=ctit[i - 1]+1))  
    and ( cmp(f(i),vit[i - 1])= - 1 - >                       //worst  
         ( 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                       //no 
result  
(ct>0 - > ( value=vit[u] and                   //value and last 
result  
          hossz(ind)=ct and ind[ct]=iit[u]  and      //prev. 
results  
          bᶅ [ɴ1..ct - 1]:( jɱ [ɴe..ind[ct - b+1] - 1]:(   
                       ctit[j]=ct - b and ind[ct - b]=iit[j])))  
          )  

A megoldÜÓ ËïÔ ÒïÓÚÒÅ ÂÏÎÔÈÁÔĕȢ ρȢ !Ú ÉÎÔÅÒÖÁÌÌÕÍ ÍÉÎÄÅÎ ÅÌÅÍïÒÅ 
ÍÅÇÁÄÊÕË ÁÚ ÁËÔÕÜÌÉÓ ÄÁÒÁÂÓÚÜÍÏÔ ɉÃÔÉÔɊȟ ÁÚ ÁËÔÕÜÌÉÓ ÉÎÄÅØÅÔ ɉÉÉÔɊ ïÓ ÁÚ 
ÁËÔÕÜÌÉÓ ïÒÔïËÅÔ ɉÖÉÔɊȢ ςȢ ! ÌïÐïÓÅÎËïÎÔÉ ÅÒÅÄÍïÎÙÅËÂěÌ ÍÅÇÈÁÔÜÒÏÚÚÕË Á 
ÖïÇÅÒÅÄÍïÎÙÔȡ Á ÃÔȟ Á ÖÁÌÕÅ ïÓ ÁÚ ÕÔÏÌÓĕ ÅÒÅÄÍïÎÙ ÁÚ ÁÄÁÔÓÏÒÏÚÁÔÏË ÕÔÏÌÓĕ 
ïÒÔïËÅȟ ÁÚ ÉÎÄÅØÓÏÒÏÚÁÔ ÔÏÖÜÂÂÉ ïÒÔïËÅÉÔ ÖÉÓÓÚÁËÅÒÅÓÓİËȢ 

!Ú ÉÔÅÒÁÔþÖ ÍÅÇÏÌÄÜÓ ȵËÉÆÏÒÇÁÔÜÓÜÖÁÌȱ ÍÅÇËÁÐÊÕË Á ÒÅËÕÒÚþÖ ÍÅÇÏÌÄÜÓÔȡ 
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Def:  mrek: N x N - > N x Z[] x H,  
  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([],i), f(i)),  
         if t(i) and mrek(first,i - 1).1 = 0;  
     (1, add([],i), f(i)),  
         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 t(i) and mrek(first, i - 1).1 > 0  
                    and cmp(f(i), mrek(first, i - 1).3) = - 1;*/  
    mrek(first, i - ʦƾ ÅÇÙðÂËðÎÔ   
 }  

! ÒÅËÕÒÚþÖ ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÊÏÂÂÁÎ ÌÜÔÈÁÔĕ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ËïÔ İÒÅÓ ÜÇÁȟ ÅÚÅË 
ËÏÍÍÅÎÔÂÅÎ ÓÚÅÒÅÐÅÌÎÅËȟ ÈÅÌÙÅÔÔÅ ÁÚ ȵÅÇÙïÂËïÎÔȱ ÜÇ ïÒÖïÎÙÅÓİÌȢ ! ÒÅËÕÒÚþÖ 
ÈþÖÜÓÏË ÓÏÒÜÎȟ Á ÔÜÒÏÌÔ ÁÄÁÔ ÈÉÜÎÙÁ ÍÉÁÔÔ ËïÔ ÅØÔÒÁ ÐÒÏÂÌïÍÜÔ ËÅÌÌ ÍÅÇÏÌÄÁÎÉȡ 
¶ (Á ÒÅËÕÒÚþÖ ÈþÖÜÓ ÔĘÒÔïÎÉËȟ ÁËËÏÒ ÍÉÎÄÅÎËïÐÐÅÎ ËÅÌÌ ÖÉÓÓÚÁÔïÒïÓÉ 
ïÒÔïËȟ ÁÚ ÁÇÇÒÅÇÜÌÜÓ ÎÅÕÔÒÜÌÉÓ ÁÄÁÔÁȢ EÚïÒÔȟ ÈÁ ÖÁÎ ÁÄÁÔȟ ÄÅ ÎÅÍ 
ÍÅÇÆÅÌÅÌěȟ ÁËËÏÒ ɀ ÁÍÅÌÌÅÔÔȟ ÈÏÇÙ ÎÉÎÃÓ ÍÅÇÏÌÄÜÓȟ ÁÚ ÅÌÓě ɉÅЀÕ ÅÓÅÔïÎ 
egyetlen) ÁÄÁÔ ÌÅÓÚ Á ͻÖÁÌÕÅͻ ïÒÔïËÅȢ (Á ÕЃÅȟ ÁËËÏÒ ÂÜÒÍÉÌÙÅÎ ÍÅÇÏÌÄÜÓ 
ÅÌÆÏÇÁÄÏÔÔȢ !Ú ÜÌÔÁÌÜÎÏÓ ÍÅÇÏÌÄÜÓ ÁÚ ÁÄÁÔÔþÐÕÓ ÎÅÕÔÒÜÌÉÓÁȟ ÁÍÉÔ 
ÍÉÎÄÅÎ ÔÅÓÚÔÎïÌ ÅÇÙÅÄÉÌÅÇ ËÅÌÌÅÎÅ ÍÅÇÁÄÎÉ ɉπȟ ͼȱȟ πȢπȣɊ 

¶ ! ÌÉÓÔÁËïÐÚïÓÈÅÚ ÁÚ ÁÄÄɉÁÒÒÁÙȟ ÉÔÅÍɊ ÆİÇÇÖïÎÙÔȟ ÉÌÌÅÔÖÅ ÁÚ ÅÒÅÄÍïÎÙ 
ÆɉÉɊ ïÒÔïËÅÉÔ ËİÌĘÎ ÍÅÇ ËÅÌÌ þÒÎÉȡ 

 

Def: act: Z[] x Z x 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))  

! ÎïÇÙÆïÌÅ ÍÅÇÏÌÄÜÓ Á ÔÅÓÚÔÅË ÁÌÁÐÊÜÎ ËĘÚÅÌ ÅËÖÉÖÁÌÅÎÓȢ +ÉÖïÔÅÌ Á MIN/ MAX 
ÖÜÌÁÓÚÔÜÓ ËïÎÙÓÚÅÒÅ ïÓ Á ËÅÚÄěïÒÔïËÁÄÜÓ ÅÌÔïÒě ÍÅÇÏÌÄÜÓÁȢ $Å ÅÚÅËÅÎ 
ÔĭÌÍÅÎěÅÎ ÉÓ ÌÅÈÅÔÎÅË ÅÌÔïÒïÓÅËȟ Á ÔÅÓÚÔÅÌïÓ ÎÅÍ ÂÉÚÏÎÙþÔïËȟ ÃÓÁË 
tapasztalat. 

3.3 3ÚïÌÓěïÒÔïË feladatok sablonja  

! ÓÚïÌÓěïÒÔïËÅË ËÉÖÜÌÏÇÁÔÜÓÜÒÁ ÁÄÏÔÔ ÍÅÇÏÌÄÜÓ Á ÍÁØÉÍÕÍ-ËÉÖÜÌÁÓÚÔÜÓÒÁ ïÓ 
ÍÁØÉÍÕÍËÅÒÅÓïÓÒÅ ÉÓ ÍÅÇÏÌÄÜÓÔ ÁÄȟ ÜÌÔÁÌÜÎÏÓ ÍÅÇÏÌÄÜÓËïÎÔȟ ÓïÍÁËïÎÔ 
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ÌÅÈÅÔÎÅ ÈÁÓÚÎÜÌÎÉȢ ! ÆÅÎÔÉ ÌÅÖÅÚÅÔïÓ ÁËËÏÒ ÔÅËÉÎÔÈÅÔě ÂÉÚÏÎÙþÔÜÓÎÁËȟ ÈÁ ÁÚ 
ÅÒÅÄÅÔÉ ÂÉÚÏÎÙþÔÜÓÂĕÌ ÌÅÖÅÚÅÔÈÅÔě Á Specification editor ÆÏÒÍÕÌÜÊÁȠ Á 
ÓÐÅÃÉÆÉËÜÃÉĕÂĕÌ ËĘÖÅÔËÅÚě ÁÌÇÏÒÉÔÍÕÓ ÌÅÖÅÚÅÔïÓïÂÅÎ ÍÉÎÄÅÎ ÌïÐïÓ 
ÍÅÇÆÏÒÄþÔÈÁÔĕȟ ÁÚ ÁÌÇÏÒÉÔÍÕÓ-ÔÒÁÎÓÚÆÏÒÍÜÃÉĕË ÅÇÙÅÎËïÎÔ ÅËÖÉÖÁÌÅÎÓ 
ÜÔÁÌÁËþÔÜÓÏËÁÔ ÊÅÌÅÎÔÅÎÅËȢ ! Specification editor  ÏËÔÁÔÜÓÉ ÓÅÇïÄÅÓÚËĘÚȟ 
ÖÁÌÉÄÜÌÎÉ ËÅÌÌÅÎÅ ÁÈÈÏÚȟ ÈÏÇÙ ÅÌÍïÌÅÔÉȟ ÜÌÔÁÌÜÎÏÓ ïÒÖïÎÙĴ ÂÉÚÏÎÙþÔÜÓÈÏÚ 
ÌÅÈÅÓÓÅÎ ÈÁÓÚÎÜÌÎÉȢ %Ú ÁÌÁÐÊÁ ÌÅÈÅÔÎÅ ÁÎÎÁËȟ ÈÏÇÙ ËİÌĘÎÂĘÚě ɉÈÁÌÌÇÁÔĕÉɊ 
ÍÅÇÏÌÄÜÓÏËÁÔ ÅËÖÉÖÁÌÅÎÓÎÅË ÔÅËÉÎÔÓİÎËȟ ÓÚĴÒÎÉ ÔÕÄÊÕË ÁÚ ÅÔÔěÌ ÅÌÔïÒě 
ÍÅÇÏÌÄÜÓÏËÁÔȢ 

!ÍÅÎÎÙÉÂÅÎ ÓÁÂÌÏÎÎÁË ÔÅËÉÎÔÊİË Á 3. algoritmustȟ ÁËËÏÒ ÏËÔÁÔÜÓÉ 
ÓÚÅÍÐÏÎÔÂĕÌ ÍÅÇÆÏÎÔÏÌÁÎÄĕȟ ÈÏÇÙ ÈÏl lenne helye a tanmenetben, milyen 
ÅÌěÉÓÍÅÒÅÔÅË ÓÚİËÓïÇÅÓÅË ÈÏÚÚÜȢ 

! ÆÅÌÔïÔÅÌÅÓ ÓÚïÌÓěïÒÔïË ËÅÒÅÓïÓÅ ïÓ ÁÚ ÜÌÔÁÌÜÎÏÓ ÍÅÇÏÌÄÜÓ Á ÐÒÏÂÌïÍÁ 
ĘÓÓÚÅÔÅÔÔÓïÇÅ ÓÚÅÍÐÏÎÔÊÜÂĕÌ ËĘÚÅÌÅÂÂ ÜÌÌ ÅÇÙÍÜÓÈÏÚȟ ÍÉÎÔ Á ÓÚïÌÓěïÒÔïË 
ËÉÖÜÌÁÓÚÔÜÓÁ ïÓ ËÅÒÅÓïÓÅȢ ! ÓÚïÌÓěïÒÔïË ËÉÖÜÌÁÓÚÔÜÓÁ ÅÇÙÓÚÅÒĴ ÁÇÇÒÅÇÜÃÉĕȟ ÂÜÒ 
ÅÚÅË ËĘÚİÌ Á ÌÅÇĘÓÓÚÅÔÅÔÔÅÂÂȢ ! ÈÁÌÍÏÚÜÓ  

¶ ÁÚ ĘÓÓÚÅÇÚïÓȟ Á ÓÚÏÒÚÜÓȟ ÁÚ ĘÓÓÚÅÆĴÚïÓȟ ÅÌÄĘÎÔïÓ ÅÓÅÔïÎ 
ÓḧÓṥÆÉ 

ÁÌÁËĭȟ 

¶ Á ÍÅÇÓÚÜÍÏÌÜÓȟ Á ËÉÖÜÌÏÇÁÔÜÓȟ Á ÆÅÌÔïÔÅÌÅÓ ĘÓÓÚÅÇÚïÓ ÅÓÅÔïÎ 
 

Óḧ Óṥ ÔÉȩÆÉȡᴂÎÅᴂ 
 

ÁÌÁËĭȟ ÁÈÏÌ Á ͻÎÅͻ Á ṥ ÍĴÖÅÌÅÔ ÎÅÕÔÒÜÌÉÓ ÅÇÙÓïÇÅÌÅÍÅȢ 

¶ Á ÓÚïÌÓěïÒÔïË ËÉÖÜÌÁÓÚÔÜÓÁËÏÒ Á ÍĴÖÅÌÅÔ Á ÐÉÌÌÁÎÁÔÎÙÉ ËÕÍÕÌÜÌÔ 
ïÒÔïËÔěÌ ÉÓ ÆİÇÇȡ 

ÓḧÒÅÌÆÉȟÁÃÔÓ ȩ ÆÉȡÁÃÔÓ 

!ÍÅÎÎÙÉÂÅÎ ÃÓÁË ÅÚÔ Á ÓÚÅÍÐÏÎÔÏÔ ÎïÚÚİËȟ ÆÅÌÍÅÒİÌ Á ËïÒÄïÓȟ ÍÉïÒÔ 
ÔÅËÉÎÔÊİË ɀ ÍÉÎÄÈÜÒÏÍ ÊÅÇÙÚÅÔ ïÓ ÍÁÉ ÇÙÁËÏÒÌÁÔ szerint is ɀ ËĘÎÎÙÅÂÂ 
ÆÅÌÁÄÁÔÎÁË Á ÓÚïÌÓěïÒÔïË-ËÉÖÜÌÁÓÚÔÜÓ ÆÅÌÁÄÁÔÔþÐÕÓÔ ÁÚ ÅÌÄĘÎÔïÓÎïÌȢ 

2ÜÁÄÜÓËïÎÔ ɀ ÓÚÉÎÔïÎ ÈÁÇÙÏÍÜÎÙÏÓÁÎ ɀ Á ÓÚïÌÓěïÒÔïË-ËÅÒÅÓïÓ Á 
ËÉÖÜÌÁÓÚÔÜÓÈÏÚ ËÁÐÃÓÏÌĕÄÉËȟ ÍÅÇÅÌěÚÖÅ Á ËÉÖÜÌÁÓÚÔÜÓ ïÓ ËÅÒÅÓïÓ 
ÔþÐÕÓÆÅÌÁÄÁÔÏËÁÔȟ ÍþÇ ÁÚ ÜÌÔÁÌÜÎÏÓ ÍÅÇÏÌÄÜÓ ÓïÍÜÊÁ ÎÅÍ ÔÁÎÁÎÙÁÇȟ ÃÓÁË 
ÐïÌÄÜËÏÎ ËÅÒÅÓÚÔİÌÉȟ ĘÓÓÚÅÔÅÔÔ ÓïÍÁ ÁÌËÁÌÍÁÚÜÓÁ Á ÆÅÌÁÄÁÔ Á ÔÁÎÕÌÍÜÎÙÏË 
ÖïÇïÎȢ 

%ÚïÒÔ Á ÓÚïÌÓěïÒÔïË-ÆÅÌÁÄÁÔÏË ÖÉÚÓÇÜÌÁÔÁ Á ÓÏÒÏÚÁÔÈÏÚ ïÒÔïËÅÔ ÒÅÎÄÅÌě ÔïÔÅÌÅË 
ËĘÚĘÔÔ ÕÔÏÌÓĕËïÎÔ ËÅÌÌÅÎÅ ÓÚÅÒÅÐÅÌÊÅÎȟ ÅÓÅÔÌÅÇ Á ËÉÖÜÌÏÇÁÔÜÓÔ ËĘÖÅÔěÅÎȟ ÁÔÔĕÌ 
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ÆİÇÇěÅÎȟ ÈÏÇÙ Á ÓÏÒÏÚÁÔÈÏÚ ÓÏÒÏÚÁÔÏÔ ÒÅÎÄÅÌě ÆÅÌÁÄÁÔÔþÐÕÓÏË ɀ ÅÇÙïÂ 
ÔÁÎÔÜÒÇÙÉ ÓÚÅÍÐÏÎÔÏË ÓÚÅÒÉÎÔ ɀ keveredhetnek-Å Á ÓÏÒÏÚÁÔÈÏÚ ïÒÔïËÅÔ 
ÒÅÎÄÅÌě ÔþÐÕÓÏËËÁÌȢ 

! ÓÚïÌÓěïÒÔïË ÆÅÌÁÄÁÔÏË ÓïÍÜÊÜÎÁË ÓĘÔïÔ ÆÏÌÔÊÁ Á ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕ 
ÓÐÅÃÉÆÉËÜÃÉĕÊÁȢ ! ʈÌĕÇÉÁ 19 jegyzetben [11/25.  ÏɎ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÊÅÌÚÉ Á ÌïÔïÔȟ 
ÄÅ ÎÉÎÃÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ Á ȵᶬЃȟ Ѕ ÒÅÌÜÃÉĕËȱ ÍÅÇÊÅÇÙÚïÓÎÅËȢ &ĕÔÈÉ ÎÅÍ ÅÍÌþÔÉ 
[4/136.  ÏɎ Á ÓÐÅÃÉÆÉËÜÌÜÓ ÓÚİËÓïÇÅÓÓïÇïÔȟ 'ÒÅÇÏÒÉÃÓ ÎÅÍ ÓÐÅÃÉÆÉËÜÌÊÁ Á ȵ( 
ÈÁÌÍÁÚÏÎ ïÒÔÅÌÍÅÚÅÔÔ ÔÅÌÊÅÓ ÒÅÎÄÅÚïÓÉȱ ÒÅÌÜÃÉĕÔȢ !Ú ÜÌÔÁÌÜÎÏÓ ÍÅÇÏÌÄÜÓ ÓÏÒÜÎ 
ÅÎÎÅË ÈÉÜÎÙÁ ÏËÏÚÚÁȟ ÈÏÇÙ ËïÔ ÒĘÖÉÄÁÌÁËÏÔ ÈÁÓÚÎÜÌÕÎËȟ ÄÅ ÔÏÖÜÂÂÉ 
ÐÒÏÂÌïÍÜËÁÔ ÊÅÌÅÚ Á ËïÔ ÁÌÁË ËĘÚĘÔÔÉ ÖÜÌÔÜÓÒÁ ÁÄÏÔÔ ȵïÒÔïË ÅÓÅÔïÎ Á ɀÆɉÉɊȱ 
ÍÅÇÏÌÄÜÓȟ ÍÉÖÅÌ ÎÉÎÃÓ ÍÉÎÄÅÎ ÁÄÁÔÔþÐÕÓÒÁ ÅÌÌÅÎÔÅÔÔ ɉÐïÌÄÜÕÌ ËÁÒÁËÔÅÒÅËÒÅ 
sincs). 

4 vÓÓÚÅÔÅÔÔ ÒÅÌÜÃÉĕ 

! ÓÚïÌÓěïÒÔïË-ÆÅÌÁÄÁÔÏË ÎÅÍÃÓÁË Á ÍÅÇÏÌÄÜÓ ÓÚÜÍÏÓÓÜÇÁ ÍÉÁÔÔ ÏËÏÚÈÁÔÎÁË 
ËÉÈþÖÜÓÔȢ ! ÒÅÌÜÃÉĕÓ ÊÅÌ ÓÚÅÒÉÎÔÉ ÄÉÓÚËÕÔÜÌÜÓÁ Á ÆÅÌÁÄÁÔÎÁË ɉMIN/ MAXɊ ÍÜÒ ÊÅÌÚÉ 
Á ÐÒÏÂÌïÍÜÔȟ ÄÅ Á ÆÅÌÁÄÁÔÍÅÇÏÌÄÜÓÔ ÓÏËÓÚÏÒ ÁÚ ĘÓÓÚÅÔÅÔÔ ÁÄÁÔÏËȟ ÔĘÂÂËÕÌÃÓÏÓ 
ËÉÖÜÌÁÓÚÔÜÓÉ ÓÚÅÍÐÏÎÔ ÆÉÇÙÅÌÅÍÂÅÖïÔÅÌÅ ÔÏÖÜÂÂ ÎÅÈÅÚþÔÉȢ 

!Ú ÅÌěÚě ÆÅÊÅÚÅÔÂÅÎ ËİÌĘÎ ËÅÌÌÅÔÔ ËÅÚÅÌÎÉ Á ÒĘÖÉÄ ÁÌÁËËÁÌ ÍÅÇÏÌÄÜÓÔȟ ÍÅÒÔ Á 
ËïÔ ÆİÇÇÖïÎÙÂÅÎ Á ÒÅÌÜÃÉĕ ÎÅÍ ÐÁÒÁÍïÔÅÒȢ ,ÅÈÅÔÎÅ Á MAX ïÓ Á MIN helyett 
ÅÇÙÅÔÌÅÎ -/34ȟ ÅÓÅÔÌÅÇ "%34 ÎÅÖĴȟ ÍÁÇÙÁÒÕÌ ,%' ÆİÇÇÖïÎÙȟ ÈÁ ÍÅÇÁÄÊÕË Á 
ÒÅÌÜÃÉĕÓ ÊÅÌÅÔ ÐÁÒÁÍïÔÅÒËïÎÔȩ 

4.1 2ÅÌÜÃÉĕ ÍÅÇÆÏÒÄþÔÜÓÁ 

-ÉÎÄÈÜÒÏÍ ÖÉÚÓÇÜÌÔ ÏËÔÁÔÜÓÉ ÁÎÙÁÇ ÍÁØÉÍÕÍ-ËÅÒÅÓïÓÒěÌ ÓÚĕÌȟ Á ÍÉÎÉÍÕÍ-
ËÅÒÅÓïÓÈÅÚ ÁÚ ïÒÔïË ɀ1-ÓÚÅÒÅÓÅ Á ÍÅÇÏÌÄÜÓȢ $Å ÍÉ ÖÁÎ Á ÔÅÒÍïÓÚÅÔÅÓ 
ÓÚÜÍÏËËÁÌȟ Á ËÁÒÁËÔÅÒÒÅÌȟ Á ÓÚĘÖÅÇÇÅÌȩ 

4ÅÒÍïÓÚÅÔÅÓ ÓÚÜÍÏË ÅÓÅÔïÎ ÁÚ ïÒÔïËÅË ÍÅÇÅÎÇÅÄÅÔÔ ÔÁÒÔÏÍÜÎÙÁ ÁÄÊÁ Á 
ÍÅÇÏÌÄÜÓ ÌÅÈÅÔěÓïÇïÔȢ !Ú ᴓ ÖïÇÔÅÌÅÎȟ ÄÅ Á ÐÒÏÇÒÁÍÕÎËÂÁÎ ÃÓÁË ÖïÇÅÓ 
ïÒÔïËÅË ÔÜÒÏÌÈÁÔĕËȟ ÅÚïÒÔ ÅÌÖÜÒÈÁÔĕȟ ÈÏÇÙ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÅÌěÆÅÌÔïÔÅÌËïÎÔ 
ÔÁÒÔÁÌÍÁÚÚÁ Á ÍÅÇÅÎÇÅÄÅÔÔ ïÒÔïËÔÁÒÔÏÍÜÎÙÔȢ ! maxValue ËÏÎÓÔÁÎÓËïÎÔ 
jelenik meg a progÒÁÍÂÁÎ ïÓ þÇÙ Á ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÉÓȟ ÅÚïÒÔ ÁÚ ÅÌÌÅÎÔïÔÅÓ 
ÖïÇÌÅÔ ÍÅÇÁÄÜÓÜÈÏÚ ÈÁÓÚÎÜÌÈÁÔĕ Á ÍÁØ6ÁÌÕÅ˪ÆƽÉƾ ïÒÔïËȢ 

%Ú Á ÓÚÜÍþÔÜÓÉ ÍĕÄ ÎÅÍÃÓÁË Á ÔÅÒÍïÓÚÅÔÅÓ ÓÚÜÍÏËÒÁ ÈÁÓÚÎÜÌÈÁÔĕȟ ÈÁÎÅÍ 
ÂÜÒÍÉÌÙÅÎ ÓÚÜÍÈÁÌÍÁÚÒÁȢ ! ÓÚÜÍþÔÜÓ ÓÏÒÜÎ ÁÚ ĘÓÓÚÅÈÁÓÏÎÌþÔÁÎÄĕ ïÒÔïËÅË 
ËÏÒÌÜÔÏÚÈÁÔĕË Á ɍπȟ ρɎ ÉÎÔÅÒÖÁÌÌÕÍÒÁȟ ÈÁ Á ÌÅÇËÉÓÅÂÂ ÌÅÈÅÔÓïÇÅÓ ïÒÔïËȡ 
ÍÉÎ6ÁÌÕÅ ÉÓ ÉÓÍÅÒÔȟ ÁÍÉ ÓÚÉÎÔïÎ ÅÌÖÜÒÈÁÔĕȡ 
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ὪȡάὭὲὠὥὰόὩȟάὥὼὠὥὰόὩᴼ πȟρȟὪὭ
άὥὼὠὥὰόὩὪὭ

άὥὼὠὥὰόὩάὭὲὠὥὰόὩρ
 

 (1) 

A [0, 255] ASCII-ËĕÄĭ ËÁÒÁËÔÅÒÅË ÅÓÅÔïÎ ÉÓ ÈÁÓÚÎÜÌÈÁÔĕ ÅÚ ÁÚ ĘÓÓÚÅÆİÇÇïÓȟ ÄÅ 
UTF-ψ ËĕÄÏÌÜÓ ÅÓÅÔïÎ Á ÆÅÌÓÏÒÏÌÜÓÉ ÓÏÒÒÅÎÄÅÔ ÎÅÍÚÅÔÉ ÓÚÁÂÖÜÎÙÏË ïÓ ÅÇÙïÂ 
ÓÚÅÍÐÏÎÔÏË ÉÓ ÂÅÆÏÌÙÜÓÏÌÊÜËȟ Á ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕ ÎÅÍ ÔÅÌÊÅÓȢ 0ïÌÄÜÕÌȟ ÈÁ Á 
ÒÅÌÜÃÉĕ ÃÁÓÅ ÉÎÓÅÎÓÉÔÉÖÅȟ ÁËËÏÒ ÁÚ ͻ%ͻЀͻÅͻȠ ÈÁ Á ÍÁÇÙÁÒ ÓÚÁÂÜÌÙÚÁÔÏÔ ÖÅÓÓÚİË 
ÆÉÇÙÅÌÅÍÂÅȟ ÁËËÏÒ ͻÅͻЀͻïͻȢ ! ÒÅÌÜÃÉĕ ÎÅÍ ÔÅÌÊÅÓ ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕȢ 

3ÚĘÖÅÇÒÅ ïÒÔÅÌÍÅÚÅÔÔ ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕ ɀ ÎïÖÓÏÒÂÁÎ ÅÌÓěȟ ÎïÖÓÏÒÂÁÎ ÕÔÏÌÓĕ 
ÍÅÇÈÁÔÜÒÏÚÜÓÜÈÏÚ ɀ ÓÚÉÎÔïÎ ÎÙÅÌÖÔěÌ ÆİÇÇěȟ ÄÅ ɀ ÁÈÏÇÙ ÁÚÔ ËİÌĘÎÂĘÚě 
ÁÌËÁÌÍÁÚÜÓÏËÂÁÎ Á ÎïÖÓÏÒÏË ÂÉÚÏÎÙþÔÊÜË ɀ ÓÏËÆïÌÅȢ 0ïÌÄÜÕÌȟ ÍÁÇÙÁÒ ÜÂïÃï 
ÓÚÅÒÉÎÔÉ ÒÅÎÄÅÚïÓÓÅÌ ÈÁÊ-ÈÜÊ-hal-ÈÜÌ Á ÈÅÌyes sorrend, azaz fontosabb, a 'j'<'l', 
ÍÅÒÔ ͻÁͻЀͻÜͻȟ ÄÅ ÈÁ ÍÜÓ ÅÌÔïÒïÓ ÎÉÎÃÓ ÁËËÏÒ ÍïÇÉÓ ÉÎËÜÂÂ ͻÁͻЃͻÜͻȢ (Á ÂÉÎÜÒÉÓÁÎ 
ÎïÚÚİËȟ ÁËËÏÒ Á ÈÁÊ-hal-ÈÜÊ-ÈÜÌ ÓÏÒÒÅÎÄÅÔ ËÁÐÊÕËȢ 

0ÒÏÇÒÁÍÏÚÜÓ ÏËÔÁÔÜÓÁ ÓÏÒÜÎ Á ÓÏËÆïÌÅ ÓÚÁÂÜÌÙ ÈÅÌÙÅÔÔ ÊÅÌÌÅÍÚěÅÎ ÁÎÇÏÌ 
ÜÂïÃïÒÅ ÓÚĴËþÔÅÔÔ, case-ÉÎÓÅÎÓÉÔÉÖÅ ËÁÒÁËÔÅÒËïÓÚÌÅÔÔÅÌ ÓÚÜÍÏÌÕÎËȟ ÅÚÅÎ ÂÅÌİÌȟ 
ËÁÒÁËÔÅÒÅÎËïÎÔÉ ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÔ ÖïÇÚİÎËȢ !Ú ͻÓρͻ ÓÚĘÖÅÇ ÍÅÇÅÌěÚÉ ȭÓςȭ 
ÓÚĘÖÅÇÅÔȟ ÈÁ Á ËïÔ ËÁÒÁËÔÅÒÓÏÒÏÚÁÔ ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÁ ÓÏÒÜÎ ÁÚ ÅÌÓě ÅÌÔïÒïÓ 
ÈÅÌÙïÎ ͻÓρͻɍÉɎЃ ͻÓςͻɍÉɎ ÖÁÇÙ ÓɍρɎ ÒĘÖÉÄÅÂÂȢ 6ÜÚÌÁÔÏÓ ÓÐÅÃÉÆÉËÜÃÉĕÊÁȡ 

rel: S x S - > L,  
rel(s1, s2) = {  
  s1[ SELECT(i>=1, i<h(s1,s2) - >(s1[i] != s2[i]))]  
 <s2[ SELECT(i>=1, i<h(s1,s2) - >(s1[i] != s2[i]))],  
    if  length(s1)<length(s2) - >EXISTS(i=1..h(s1,s2),s1[i] != 
s2[i]);  
  EVERY(i=1..length(s1), s1[i]=s2[i]) , if length(s1) < 
length(s2);  
  false otherwise  
     }  

! ÆÅÌÁÄÁÔ ÂÏÎÙÏÌÕÌÔÓÜÇÁ ÍÅÓÓÚÅ ÔĭÌÍÕÔÁÔ Á ËÅÚÄě ÐÒÏÇÒÁÍÏÚĕË ÓÚÉÎÔÊïÎȢ 
3ÚÉÎÔÅ ÈÁÌÌÈÁÔĕ Á ÍÅÇËĘÎÎÙÅÂÂİÌïÓȟ ÁÍÉËÏÒ ËÉÄÅÒİÌȟ Á Specification editor-
ÂÁÎ ÈÁÓÚÎÜÌÈÁÔĕË ÁÚ ÉÎÆÉØ ÒÅÌÜÃÉĕÓ ÏÐÅÒÜÔÏÒÏËȢ 

! ÆÅÎÔÉ ÓÐÅÃÉÆÉËÜÃÉĕ ÁÌÁÐÊÜÎ Á ÒÅÌÜÃÉĕÓÊÅÌ ȵÍÅÇÆÏÒÄþÔÜÓÁȱ ËïÔ ÓÚĘÖÅÇ ËĘÚĘÔÔȟ 
ÎÅÍÃÓÁË ÅÇÙ ÆÏÒÄþÔÜÓ Á ÓÐÅÃÉÆÉËÜÃÉĕ ÂÅÌÓÅÊïÂÅÎȢ #ïÌÓÚÅÒĴÂÂÎÅË ÔĴÎÉË 
ÃÏÍÐÁÒÜÔÏÒÔ ÈÁÓÚÎÜÌÎÉ Á ËÁÒÁËÔÅÒÅËÒÅ ïÓ ÁÚ ÅÒÅÄÍïÎÙÒÅȟ ÍÅÒÔ ÁÚ ɑϺρȟ πȟ ρɒ 
ÅÒÅÄÍïÎÙ ÅÓÅÔïÎ Á ͻЃͻ ïÓ Á ͻЄͻ ÊÅÌÅË Á ËÉïÒÔïËÅÌïÓ ÅÒÅÄÍïÎÙïÎÅË Ϻρ-ÇÙÅÌ ÖÁÌĕ 
ÓÚÏÒÚÜÓÜÖÁÌ ÆÅÌÃÓÅÒïÌÈÅÔě. 

!Ú ïÒÔïËÅË Ϻρ-ÇÙÅÌ ÓÚÏÒÚÜÓÁ ÁÚÔ ÊÅÌÅÎÔÉȟ ÈÏÇÙ ÁÚ ÁÌÇÏÒÉÔÍÕÓÂÁÎ ÆɉÉɊЄÆɉÊɊ 
ÈÅÌÙÅÔÔ Á ϺÆɉÉɊЄϺÆɉÊɊ ÒÅÌÜÃÉĕÔ ÁÌËÁÌÍÁÚÚÕËȟ ÈÁ ËÏÍÐÁÒÜÔÏÒÒÁÌ þÒÊÕË ÆÅÌȟ ÁËËÏÒ 
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cmp(f(i),f(j))  = ρ ÈÅÌÙÅÔÔ Á ϺÃÍÐɉÆɉÉɊȟÆɉÊɊɊ = 1 vagy cmp(f(i),f(j)) = Ϻρ Á 
ÍÅÇÆÅÌÅÌě ĘÓÓÚÅÆİÇÇïÓȢ 

"ÜÒÍÅÌÙÉË ÆÏÒÍÜÔ ÖÜÌÁÓÚÔÊÕËȟ ËïÒÄïÓÅÓȟ ÈÏÇÙ ÈÏÇÙÁÎ ÔÕÄÊÕË ÊÅÌÅÚÎÉ Á ÒÅÌÜÃÉĕÔ 
Á ÒĘÖÉÄÁÌÁË ÐÁÒÁÍïÔÅÒÅËïÎÔȡ 

(ind, value)=BEST(i=e..u, f(i), ???)  

-ÉÎÄÅÎ ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÎÁË ËïÔ ÂÅÍÅÎÅÔÅ ÖÁÎȟ ÄÅ ÁÚ ĘÓÓÚÅÈÁÓÏÎÌþÔÁÎÄĕËÎÁË 
ÁÚÏÎÏÓ ÔþÐÕÓĭÁËÎÁË ËÅÌÌ ÌÅÎÎÉÅȢ ! ÒĘÖÉÄÁÌÁËÂÁÎ mÅÇÁÄÏÔÔ ÒÅÌÜÃÉĕ ÅÇÙÉË 
ÏÌÄÁÌÜÎ ÅÇÙ É-ÔěÌ ÆİÇÇě ÁÄÁÔȟ Á ÍÜÓÉË ÏÌÄÁÌÏÎ ÁÚ ÁÇÇÒÅÇÜÃÉĕ ÁËÔÕÜÌÉÓ ïÒÔïËÅ 
ÓÚÅÒÅÐÅÌȟ ÄÅ ÁÚ ÁÇÇÒÅÇÜÃÉĕ ÁËÔÕÜÌÉÓ ïÒÔïËïÒÅ ÎÅÍ ÔÕÄÕÎË ÈÉÖÁÔËÏÚÎÉȢ %ÚïÒÔȟ 
ÁÚ ÆɉÉɊЄͻÖÁÌÕÅͻ ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓ þÇÙ ïÒÔÅÌÍÅÓ ÌÅÈÅÔȡ 

(ind, value)=BEST(i=e..u, f(i),  >)  

'ÙÁËÏÒÉ ÅÓÅÔȟ ÈÏÇÙ ÍÜÓ ÁÚ ĘÓÓÚÅÈÁÓÏÎÌþÔÁÎÄĕȟ ÍÉÎÔ Á ËÉþÒÁÎÄĕ ïÒÔïËȢ ɉ+É Á 
ÌÅÇÊÏÂÂȩ ËïÒÄïÓÂÅÎ ÎÅÍ Á ÎÅÖÅË ȵÍÁØÉÍÕÍÜÒÁȱ ÖÁÇÙÕÎË ËþÖÜÎÃÓÉÁËȢɊ ÅÚïÒÔ 
ÐÒÁËÔÉËÕÓ ËİÌĘÎ ÊÅÌÅÚÎÉ Á ËÉþÒÔ ïÒÔïË ÆÏÒÒÜÓÜÔ ïÓ Á ÒÅÌÜÃÉĕÂÁÎ ÈÁÓÚÎÜÌÔ ïÒÔïËÅÔȢ 
-!8 ÈÅÌÙÅÔÔ ÖÁÌÁÈÏÇÙ þÇÙȡ 

(ind, value)=BEST(i=e..u, f(i), (>r(i))  

Ezzel ɀ ÒÅÍïÌÈÅÔěÌÅÇ ɀ Á ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕÖÁÌ ÒÅÎÄÅÌËÅÚě ÒɉÉɊ ÁÄÁÔÏËÒÁ 
ÅÇÙÓïÇÅÓþÔÈÅÔě Á -). ïÓ -!8 ÆİÇÇÖïÎÙȢ 

4.2 2ÅÌÜÃÉĕ ÆİÇÇÖïÎÙ 

! ÍÁØÉÍÕÍ ËÉÖÜÌÁÓÚÔÜÓÜÈÏÚ ÍÅÇ ËÅÌÌ ÁÄÎÉ ÅÇÙ ïÒÔïËÓÏÒÏÚÁÔÏÔȟ ÍÉÎÄÅÎ 
adathoz 'r(i) '-ÔȢ %Ú ÌÅÈÅÔ ÁÚ ÁÄÁÔÓÏÒÏÚÁÔ ïÒÔïËÅȟ ÈÁ ÁÚ ÁÌÁphalmaz elemi adat, 
ÌÅÈÅÔ ÅÇÙ ÐÒÏÊÅËÃÉĕȟ ÈÁ ÁÚ ÁÄÁÔÓÏÒÏÚÁÔ ÅÌÅÍÔþÐÕÓÁ ÒÅËÏÒÄ ÖÁÇÙ 
ÔĘÂÂÄÉÍÅÎÚÉĕÓ ÔĘÍÂȢ (Á Á ÓÚïÌÓěïÒÔïË ÍÅÇÈÁÔÜÒÏÚÜÓÜÈÏÚ ÅÇÙ ÁÄÁÔÂĕÌ ÔĘÂÂ 
ÁÄÁÔÔÁÇ ÓÚİËÓïÇÅÓȟ ÁËËÏÒ ÍÅÇÏÌÄÜÓÔ ÊÅÌÅÎÔÈÅÔȟ ÈÁ ÁÚ ÁÄÁÔÔÁÇÏË ïÒÔïËÅÉÈÅÚ 
ÒÅÎÄÅÚïÓÔÁÒÔĕ ÓÚÁÂÜÌÌÙÁÌ ÅÇÙ ïÒÔïËÅÔ ÒÅÎÄÅÌİÎËȢ 

0ïÌÄÜÕÌȡ ɉĕÒÁȟ ÐÅÒÃȟ ÍÐɊ ÁÄÁÔÈÜÒÍÁÓÏËËÁÌ ÍÅÇÁÄÏÔÔ ÉÄěÐÏÎÔÏË ËĘÚİÌ Á 
ÌÅÇËÏÒÜÂÂÉ ËÉÖÜÌÁÓÚÔÜÓÜÈÏÚ ÍÜÓÏÄÐÅÒÃÅËÒÅ ÖÜÌÔÜÓ ÌÅÈÅÔ ÁÌËÁÌÍÁÓȢ %Ú 
ÁÌËÁÌÍÁÚÈÁÔĕ ÍÜÓ ÍïÒÔïËÅÇÙÓïÇÅËÒÅ ÉÓȟ ÄÅ ÁÚ ɉïÖȟ ÈĕÎÁÐȟ ÎÁÐɊ ÓÐÅÃÉÜÌÉÓ 
ÍÅÇÆÏÎÔÏÌÜÓÔ ÉÇïÎÙÅÌȟ ÍÅÒÔ Á ÎÁÐÏËËÜ ÁÌÁËþÔÜÓÁ ɀ ËİÌĘÎĘÓÅÎ ÓÚĘËěïÖÅËÅÔ ÉÓ 
ÆÉÇÙÅÌÅÍÂÅ ÖïÖÅ ɀ ÓÏËËÁÌ ĘÓÓÚÅÔÅÔÔÅÂÂȢ *ÅÌÌÅÍÚěȟ ÈÏÇÙ ÁÚ ÁÌÇÏÒÉÔÍÕÓ þÒÜÓÁËÏÒ 
ÁÚ ÁÄÁÔ ÌÅÃÓÅÒïÌïÓïÎÅË ÆÅÌÔïÔÅÌÅȟ ÁÚ f(i)>f(max)  ÁËÔÕÜÌÉÓ ÆÏÒÍÜÊÁȡ 

(ev(i)>ev(max)) vagy  
ƽÅÖƽÉƾˮÅÖƽÍÁØƾ ðÓ ÈÏƽÉƾ˲ÈÏƽÍÁØƾƾ ÖÁÇÙ  
(ev(i)=ev( ÍÁØƾ ðÓ ÈÏƽÉƾˮÈÏƽÍÁØƾ ðÓ ÎÁÐƽÉƾ˲ ÎÁÐƽÍÁØƾƾ 

! ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÔ ÌÅÈÅÔÎÅ ÔÏÖÜÂÂ ÂěÖþÔÅÎÉȢ !ÍÉËÏÒ ÁÚ Á ËïÒÄïÓȟ ÈÏÇÙ ËÉ ÁÚ 
ÉÄěÓÅÂÂȟ ÁÚ ÉËÒÅËÎïÌ ÎïÈÁ υ ÐÅÒÃ ÉÓ ÓÚÜÍþÔȣ 
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*ÅÌÌÅÍÚěȟ ÈÏÇÙ Á ËÉÆÅÊÅÚïÓÔ ïÒÄÅÍÅÓ ÔĘÒÄÅÌÎÉȟ ÍÅÒÔ ÈÏÓÓÚĭȟ ËĘÎÎÙĴ ÅÌÒÏÎÔÁÎÉ 
ÈÅÌÙÔÅÌÅÎ ÚÜÒĕÊÅÌÅÚïÓÓÅÌȟ ÅÌþÒÜÓÓÁÌȢ 2ÜÁÄÜÓÕÌȟ Á ÓïÍÜÎÁË ÓÅÍ ÆÅÌÅÌ ÍÅÇȟ ÍÉÖÅÌ 
ÁÂÂÁÎ ÅÇÙ ïÒÔïËÅÔ ÈÁÓÏÎÌþÔÕÎË ĘÓÓÚÅ ÅÇÙ ÔÜÒÏÌÔ ïÒÔïËËÅÌȢ %ÚïÒÔ Á 
ÓÐÅÃÉÆÉËÜÃÉĕÂÁÎ ÎÅÍ ÔÕÄÊÕË þÇÙ ÍÅÇÁÄÎÉȢ 

! ÍÅÇÏÌÄÜÓÔ Á ÒÅÎÄÅÚïÓÔÁÒÔĕ ÓĭÌÙÏÚÜÓ ÁÄÊÁȢ ! ÈĕÎÁÐ ÓÚÜÍÜÔ σρ-gyel 
ÓÚÏÒÏÚÖÁȟ ÁÚ ïÖÅÔ σφφɕσ1-ÇÙÅÌ ÓÚÏÒÏÚÖÁȟ ÁÚ ĘÓÓÚÅÇ ÍÅÇÁÄ ÅÇÙ ïÒÔïËÅÔȡ 

ÒὭ ÅÖὭ ρzςzσρ ÈÏὭ σzρ ÎÁÐὭ 
r(i) -ÂěÌ ÍÁÒÁÄïËÏÓ ÏÓÚÔÜÓÓÁÌ ÅÇÙïÒÔÅÌÍĴÅÎ ÖÉÓÓÚÁ ÔÕÄÊÕË ÆÅÊÔÅÎÉ ÁÚ ÅÒÅÄÅÔÉ 
ïÒÔïËÅËÅÔȟ ÍÅÇÁÄÈÁÔĕË ÁÚÏË ÁÚ ïÒÔïËÔÁÒÔÏÍÜÎÙÏËȟ ÁÍÅÌÙÅË ÅÇÙ ïÖÈÅÚ ÖÁÇÙ 
ÅÇÙ ïÖÅÎ ÂÅÌİÌ ÅÇÙ ÁÄÏÔÔ ÈĕÎÁÐÈÏÚ ÔÁÒÔÏÚÎÁËȢ ^ÇÙ ÅÚ Á ÌÅËïÐÅÚïÓ 
ÒÅÎÄÅÚïÓÔÁÒÔĕȟ Á ÎÁÐ ÓÏÒÓÚÜÍÜÎÁË ËÉÓÚÜÍþÔÜÓÜÔĕÌ ÁÎÎÙÉÂÁÎ ËİÌĘÎÂĘÚÉËȟ 
ÈÏÇÙ ÌÅÓÚÎÅË ÏÌÙÁÎ ïÒÔïËÅËȟ ÁÍÅÌÙÅËÈÅÚ ÎÅÍ ÔÁÒÔÏÚÉË ÖÁÌĕÓ ÎÁÐȢ "ÜÒ ÔÕÄÊÕËȟ 
ÈÏÇÙ ÍÅÌÙÉË ÎÁÐ ÖÁÎ ÅÌěÂÂȟ ÁÚÔ ÎÅÍ ÔÕÄÊÕË r(i) -ÂěÌ ÍÅÇÍÏÎÄÁÎÉȟ ÈÏÇÙ ÈÜÎÙ 
ÎÁÐ ÖÁÎ Á ËïÔ ÄÜÔÕÍ ËĘÚĘÔÔȢ 

!ÍÅÎÎÙÉÂÅÎ Á ÌÅÇÊÏÂÂ ïÒÔïË ÍÅÇÈÁÔÜÒÏÚÜÓÜÈÏÚ ÆÉÇÙÅÌÅÍÂÅ ÖÅÈÅÔě 
ÁÄÁÔÔÁÇÏË ÓÚÜÍÏË ɉïÒÔïË ÔþÐÕÓĭÁËɊ ïÓ ÁÚ ÅÇÙÅÓ ïÒÔïËÅËÎÅË ÉÓÍÅÒÔ ÁÚ 
ïÒÔïËÔÁÒÔÏÍÜÎÙÁȟ ÁËËÏÒ ÅÂÂěÌ ÍÅÇÈÁÔÜÒÏÚÈÁÔĕ ÁÚ r(i)  ÜÌÔÁÌÜÎÏÓ ËïÐÌÅÔÅȡ 

-ÉÎÄÅÎ ïÒÔïËÈÅÚ ÍÅÇÁÄÊÕË Á ɉÚÜÒÔɊ ïÒÔïËÔÁÒÔÏÍÜÎÙ ÈÏÓÓÚÜÔȡ  
,ὥὨὥὸ ÍÁØ6ÁÌÕÅὥὨὥὸÍÉÎ6ÁÌÕÅὥὨὥὸρ 

! ÆÏÎÔÏÓÓÜÇ ÓÚÅÒÉÎÔÉ ÓÏÒÒÅÎÄÂÅÎ ÍÅÇÓÚÏÒÏÚÚÕË ÁÚ ÁÄÁÔÎÜÌ ÅÌěÂÂÒÅ ÌïÖě 
ïÒÔïËÅËÅÔ ÁÚ ïÒÔïËÔÁÒÔÏÍÜÎÙ ÈÏÓÓÚÜÖÁÌȡ  

ÒὭ ÁὭ ,zὦ ,zὧ ȣz ÂὭ ,zὧ ȣz ÃὭ ȣz 

%ÎÎÅË Á ÍÅÇÏÌÄÜÓÎÁË ÅÇÙ ÅÇÙÓÚÅÒĴÂÂ ÖÜÌÔÏÚÁÔÁ Á ÈÅÌÙÉïÒÔïËÅÓ ÍÅÇÏÌÄÜÓȢ 
%ËËÏÒ ÎÅÍ ÁÚ ïÒÔïËÔÁÒÔÏÍÜÎÙ ÈÏÓÓÚÜÔ ÖÅÓÓÚİË ÁÌÁÐÕÌȟ ÈÁÎÅÍ Á ÈÁÓÚÎÜÌÔ 
ɉÊÅÌÌÅÍÚěÅÎ ρπ-ÅÓɊ ÓÚÜÍÒÅÎÄÓÚÅÒÂÅÎ ÆÅÌþÒÔ ïÒÔïË ÌÅÈÅÔÓïÇÅÓ ÓÚÜÍÊÅÇÙÅÉÎÅË 
Á ÓÚÜÍÜÔȢ %Ú ÎÁÐÏË ïÓ ÈĕÎÁÐÏË ÅÓÅÔïÎ ÉÓ ςȢ ÅÂÂěÌ ËĘÖÅÔËÅÚÉËȟ ÈÏÇÙ  

ὶὭ ὩὺὭ ρzππππὬέὭ ρzππὲὥὴὭ 

ÍÅÇÊÅÌÅÎïÓïÂÅÎ ÁÚ ïÖȟ ÈĕÎÁÐ ïÓ ÎÁÐ ïÒÔïËÅË ÅÇÙÍÜÓÕÔÜÎ ÌÜÔÈÁÔĕËȢ %ÈÈÅÚ 
ÈÁÓÏÎÌĕÁÎȟ ÔÅÔÓÚěÌÅÇÅÓȟ ÔÅÒÍïÓÚÅÔÅÓ ÓÚÜÍÏËÂĕÌ ÜÌÌĕ ÔÕÐÌÅ ÜÔÁÌÁËþÔÈÁÔĕ ÅÇÙ 
ïÒÔïËËïȢ 

! ÓÚÜÍþÔÜÓÉ ÓÚÁÂÜÌÙ ÁÌËÁÌÍÁÚÜÓÁ ÓÏÒÜÎ Á ÎÅÇÁÔþÖ ïÒÔïËÅË ÎÅÍ ÏËÏÚÎÁË 
ÐÒÏÂÌïÍÜÔȟ ÄÅ ÈÁ ÖÜÌÔÏÇÁÔÊÕË Á Ìegkisebb/legnagyobb szempontokat, akkor 
Á ÈÅÌÙÅÓ ÒÅÎÄÅÚïÓÈÅÚ ÁÚ ÁÌÁÐÈÏÚ ËïÐÅÓÔ Á ÆÏÒÄþÔÏÔÔ ÓÚÅÍÐÏÎÔÂÁÎ value  
helyett maxValueƵvalue  ïÒÔïËËÅÌ ËÅÌÌ ÓÚÜÍÏÌÎÉȢ 

! ÈÅÌÙÉïÒÔïË ÁÌÁÐĭ ïÒÔïËÓÚÜÍþÔÜÓ ÁÄÊÁ ÁÚ ĘÔÌÅÔÅÔ Á ÓÚĘÖÅÇÅÓ ÍÅÇÏÌÄÜÓÈÏÚȢ 
%ÇÙ ÄÜÔÕÍÏÔ ïïïïȢÈÈȢÎÎ ÆÏÒÍÜÔÕÍÂÁÎȟ ÔÅÔÓÚěÌÅÇÅÓ ÅÌÖÜÌÁÓÚÔĕ ËÁÒÁËÔÅÒÒÅÌ 
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ÖÁÇÙ ÁÎïÌËİÌȟ ÓÚĘÖÅÇÅÓ ÆÏÒÍÜÂÁÎ ÍÅÇÁÄÖÁȟ Á ËÏÒÜÂÂÉ ËïÓěÂÂÉ ÖÉÓÚÏÎÙ Á 
ÓÚĘÖÅÇÅË ËĘÚĘÔÔÉ ÒÅÌÜÃÉĕÎÁË ÆÅÌÅÌ ÍÅÇȢ %ÚÔ ÜÌÔÁÌÜÎÏÓþÔÖÁȡ ÈÁ ÎÅÍ ÎÅÇÁÔþÖ 
ïÒÔïËÅËÅÔ ÁÚÏÎÏÓ ÈÏÓÓÚÏÎ ɀ ÖÅÚÅÔě ÎÕÌÌÜËËÁÌ ïÓ ÖÁÌĕÓ ïÒÔïË ÅÓÅÔïÎ 
tizedesjegyekkel ɀ ÁÚÏÎÏÓ ÈÏÓÓÚĭÓÜÇĭ ÓÚĘÖÅÇËïÎÔ ÁÄÕÎË ÍÅÇȟ ÁËËÏÒ ÁÚ 
ĘÓÓÚÅÆĴÚĘÔÔ ÓÚĘÖÅÇÒÅ Á ËÏÍÐÁÒÜÔÏÒ ÔÅÌÊÅÓ ÒÅÎÄÅÚïÓÉ ÒÅÌÜÃÉĕȢ 

3ÚĘÖÅÇÇï ÁÌÁËþÔÜÓ ÅÓÅÔïÎ Á ÎÅÇÁÔþÖ ïÒÔïËÅË ÊÅÌÅ ÉÓ ÅÌÒÏÎÔÊÁ ÁÚ ïÒÔïËËïÐÚïÓÔȟ 
ÄÅ ÐÒÏÂÌïÍÜÔ ÏËÏÚ ÁÚ ÉÓȟ ÈÏÇÙ ÕÔÜÎÁ ÁÚ ïÒÔïË ÁÂÓÚÏÌĭÔïÒÔïËÅ ÐÏÎÔ ÆÏÒÄþÔÏÔÔ 
ÒÅÌÜÃÉĕÈÏÚ ÌÅÎÎÅ ÁÌËÁÌÍÁÓȢ 

A jelenlegi MIN ïÓ MAX ÒĘÖÉÄ ÁÌÁËÏËÂÁÎ ÁÚ f(i)  ÐÁÒÁÍïÔÅÒÂÅÎ ÁÄÈÁÔÊÕË ÍÅÇ 
ÁÚÔ ÁÚ ïÒÔïËÅÔȟ ÁÍÉÔ Á ͻЃͻ ïÓ Á ͻЄͻ ïÒÔïËÅË ÂÁÌ ÏÌÄÁÌÜÒÁ ÂÅÈÅÌÙÅÔÔÅÓþÔÖÅȟ ÊÏÂÂ 
ÏÌÄÁÌÏÎ ÁÚÏÎÏÓ ÓÚÁÂÜÌÌÙÁÌ ÓÚÜÍÏÌÖÁ ÁÚ ÁËÔÕÜÌÉÓ ïÒÔïËÅÔȟ Íegadhatjuk az 
ÉÎÔÅÒÖÁÌÌÕÍÏÎ ÂÅÌİÌÉ ÌÅÇËÉÓÅÂÂȟ ÌÅÇÎÁÇÙÏÂÂ ïÒÔïËÅÔ ïÓ ÉÎÄÅØïÔȢ (Á Á ÆÅÌÁÄÁÔ 
ÍÅÇÏÌÄÜÓÜÔ ÎÅÍ ÁÚ ÁÌÇÏÒÉÔÍÕÓÓÁÌȟ ÈÁÎÅÍ ɀ ÁÚ ÏËÔÁÔÜÓÍĕÄÓÚÅÒÔÁÎÉ 
ÍÅÇÆÏÎÔÏÌÜÓÎÁË ÍÅÇÆÅÌÅÌěÅÎ ɀ Á ÓÐÅÃÉÆÉËÜÃÉĕÖÁÌ ËÅÚÄÊİËȟ ÁËËÏÒ ÅÚÔ ÁÚ 
ïÒÔïËÅÔ ËÉ ËÅÌÌ ÓÚÜÍÏÌÎÉȢ 

+ïÒÄïÓȟ ÈÏÇÙ ÅÚÕÔÜÎ ÁÚ ÁÌÇÏÒÉÔÍÕÓÂÁÎ Á ËÉÓÚÜÍþÔÏÔÔ ɀ praktikusan ËİÌĘÎ 
ÆİÇÇÖïÎÙÂÅÎ ÍÅÇþÒÔ ɀ ïÒÔïËÅÔ ÁÄÊÕË ÍÅÇ Á ÆÅÌÔïÔÅÌÂÅÎȟ ÖÁÇÙ ÁÚ ÁÄÁÔÏËÁÔ 
ÅÇÙÅÎËïÎÔ ÂÅÈÅÌÙÅÔÔÅÓþÔÖÅ ÁÚ ĘÓÓÚÅÔÅÔÔ ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÔ þÒÊÕË ÍÅÇȟ ÅÓÅÔÌÅÇ Á 
ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓ ÁÌÔÅÒÎÁÔþÖ ÒïÓÚÅÉÔ ÅÌÜÇÁÚÜÓÏË ÈÁÍÉÓ-ÜÇÜÂÁÎ ÅÇÙÅÎËïÎÔ 
ÆÅÊÔÊİË ËÉȢ 

+ïÒÄïÓȟ ÈÏÇÙ ÁÚ ÁÌÇÏÒÉÔÍÕÓÂÁ ÂÅþÒÊÕË-Å Á ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÔȟ ÉÌÌÅÔÖÅ ÁÚ 
ÅÇÙÍÜÓÂÁ ÜÇÙÁÚÏÔÔ ÅÌÜÇÁÚÜÓÏËÁÔȟ ÖÁÇÙ ËİÌĘÎ ÆİÇÇÖïÎÙÂÅÎ ÁÄÊÕË ÍÅÇ Á 
ÃÓÅÒïÒěÌ ÖÁÌĕ ÄĘÎÔïÓ ÆÅÌÔïÔÅÌïÔȢ (Á Á ËİÌĘÎ ÍÅÇÁÄÏÔÔ ÆÅÌÔïÔÅÌ ÌÅÓÚ ÜÌÔÁÌÜÎÏÓȟ 
akkor a sablon algoritmusokban is a rel(adat(i),value)  lÅÎÎÅ Á ÍÅÇÆÅÌÅÌě 
ÊÅÌĘÌïÓȢ +ïÒÄïÓȟ ÈÏÇÙ ÁÚ ÜÌÔÁÌÜÎÏÓ ÓÚïÌÓěïÒÔïË ÒĘÖÉÄ ÁÌÁËÊÜÂÁÎ Á ÊÁÖÁÓÏÌÔ 
ÊÅÌĘÌïÓÔ ÁÌËÁÌÍÁÚÖÁȡ 

(ind, value)=BEST(i=e..u, f(i), (>r(i))  

ÈÏÇÙÁÎ ÊÅÌÅÎþÔÈÅÔě ÍÅÇ Á rel()  ÆİÇÇÖïÎÙȢ  

4.3 73-ȟ ÄĘÎÔïÓÉ ÆİÇÇÖïÎÙ, rangsor  

A WSM (Weighted Sum Model), ÓĭÌÙÏÚÏÔÔ ĘÓÓÚÅÇ ÓÚÜÍþÔÜÓ ÃÓÁË ïÒÔïËÅËÒÅ 
ÈÁÓÚÎÜÌÈÁÔĕȢ ! (1) ÅÇÙÅÎÌÅÔÂÅÎ ÂÅÍÕÔÁÔÏÔÔ ɍπȟρɎ ÉÎÔÅÒÖÁÌÌÕÍÒÁ ÐÒÏÊÅËÔÜÌÔ 
ïÒÔïË ÍÉÎÄÅÎ ïÒÔïËÔÁÒÔÏÍÜÎÙÒÁ ÍÅÇÖÁÌĕÓþÔÈÁÔĕȢ (Á ÔĘÂÂ ÉÌÙÅÎȟ ÌïÎÙÅÇïÂÅÎ 
ÓÚÜÚÁÌïËÏÓ ÍÅÇÆÅÌÅÌěÓïÇÅÔ ÍÕÔÁÔĕ ïÒÔïË ÅÇÙİÔÔ ÊÅÌÅÎÔÉ Á ÍÅÇÆÅÌÅÌěÓïÇÅÔȟ 
ÁËËÏÒ ÅÚÅË ÓĭÌÙÏÚÜÓÜÖÁÌȟ ÁÄÈÁÔÕÎË ÍÅÇ ÁÒÜÎÙÏÓ ÒÅÌÅÖÁÎÃÉÁ ïÒÔïËÅÔȢ  

ὶὭ ‌ Ὢzὥ ‍ Ὢzὦ Ὥ ‎z Ὢὧ Ễȟ
ὥὬέὰ  ‌ ‍ ‎ Ễ ρ 

)ÎÆÏÒÍÁÔÉËÁÉ ÓÚÅÍÍÅÌ ÎïÚÖÅȟ ÁÚïÒÔ Á ÐÒÏÇÒÁÍÏÚĕÎÁË ÌÅÈÅÔ ÅÌÌÅÎïÒÚïÓÅ ÅÚÚÅÌ 
Á ËïÐÌÅÔÔÅÌȢ ! ÐÒÏÊÅËÃÉĕ Á ɍπȟρɎ ÉÎÔÅÒÖÁÌÌÕÍÒÁ ÂÉÎÜÒÉÓÁÎ ÐÏÎÔÁÔÌÁÎȟ Á ÔÏÖÜÂÂÉ 
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ÖÁÌĕÓ ïÒÔïËËÅÌ ÓÚÏÒÚÜÓ ÓÚÉÎÔïÎȣ -ÉÎÄÅÎÅÓÅÔÒÅ ÁÚ ÅÒÅÄÍïÎÙ ȵÂÜÒÍÉÌÙÅÎ 
ĘÓÓÚÅÔÅÔÔ ÓÚÜÍþÔÜÓ ÅÓÅÔïÎȱ ÅÇÙÅÔÌÅÎ ÓÚÜÍȟ ÁÍÉ ÁÌËÁÌÍÁÓ Á ÒÅÌÜÃÉĕ 
ÅÌÄĘÎÔïÓïÒÅȢ 

Az egyes szempontok szerinti [0,1] inÔÅÒÖÁÌÌÕÍÒÁ ÔĘÒÔïÎě ÐÒÏÊÅËÃÉĕÔ 
ÈÅÌÙÅÔÔÅÓþÔÈÅÔÊİË ÒÁÎÇÓÏÒÒÁÌȢ %ÂÂÅÎ ÊÅÌÌÅÍÚěÅÎ ÁÚ ÅÇÙÆÏÒÍÁ ïÒÔïËÅË ÁÚÏÎÏÓ 
ÒÁÎÇĭÁË ÌÅÓÚÎÅËȟ ÅÌÊÜÒÜÓÔĕÌ ÆİÇÇěÅÎ ÈÏÌÔÖÅÒÓÅÎÙ ÅÓÅÔïÎ Á ËĘÖÅÔËÅÚě ÒÁÎÇ 
ïÒÔïËɉÅËɊ ËÉÍÁÒÁÄÈÁÔÎÁËȢ -ÉÎÄÅÎ ÓÚÅÍÐÏÎÔ ÓÚÅÒÉÎÔ ÅÌËïÓÚþÔÅÔÔ ÒÁÎÇÓÏÒÏËÁÔ 
ÓĭÌÙÏÚÏÔÔÁÎ ĘÓÓÚÅÇÅÚÖÅ ËÁÐÈÁÔÕÎË ĘÓÓÚÅÓþÔÅÔÔ ÒÁÎÇÓÏÒÔȟ ÁÍÉ ÌÅÈÅÔ Á 
ÒÅÌÜÃÉĕÂÁÎ ÈÁÓÚÎÜÌÔ ÆİÇÇÖïÎÙȢ 

! ÒÅÌÜÃÉĕÆİÇÇÖïÎÙÈÅÚ ïÓ Á ÌÏÇÉËÁÉ ËÉÆÅÊÅÚïÓÈÅÚ ËïÐÅÓÔ ÅÚÅËËÅÌ Á 
ÓÚÜÍþÔÜÓÏËËÁÌ ÁÚ ÅÇÙÅÓ ÓÚÅÍÐÏÎÔÏËÎÁË ÎÉÎÃÓ ÅÌÈÁÔÜÒÏÌÔ ïÒÔïËÔÁÒÔÏÍÜÎÙÁȟ 
ÎÅÍ ÆÅÌÔïÔÅÌȟ ÈÏÇÙ ÁÚ ÅÒÅÄÍïÎÙÂÅÎ ÁÚ ÅÌÓě ÓÚÅÍÐÏÎÔ ÔÅÌÊÅÓÅÎ ÍÅÇÈÁÔÜÒÏÚĕ 
ÌÅÇÙÅÎȟ Á ËĘÖÅÔËÅÚě ÓÚÅÍÐÏÎÔÏË ÃÓÁË ÁËËÏÒ ïÒÖïÎÙÅÓİÌÊÅÎÅËȟ ÁÍÉËÏÒ ÁÚ 
ÅÌěÂÂÒÅ ÌÅÖěË ÁÌÁÐÊÜÎ ÈÏÌÔÖÅÒÓÅÎÙ ÁÌÁËÕÌÎÁ ËÉȢ !ÌÇÏÒÉÔÍÕÓÔ ÔÅËÉÎÔÖÅȟ ÂÉÚÔÏÓȟ 
ÈÏÇÙ ÓÚÜÍþÔÜÓÓÁÌ ÁÄÊÕË ÍÅÇ Á ËïÔ ïÒÔïËÅÔȟ ÎÅÍ ËïÐÅÚİÎË ĘÓÓÚÅÔÅÔÔ ÌÏÇikai 
ËÉÆÅÊÅÚïÓÔ ÖÁÇÙ ÅÌÜÇÁÚÜÓÏËÁÔ Á ÓÚÅÍÐÏÎÔÏË ËİÌĘÎ ÍÅÇÊÅÌÅÎþÔïÓÅ ïÒÄÅËïÂÅÎȢ 

4.4 Tuple  

! ÓÚÜÍþÔÏÔÔ ïÒÔïË ÂÜÒÍÉÌÙÅÎ ÆÏÒÍÜÊÜÂÁÎ ÁÚ ïÒÔïË ÔþÐÕÓĭ ÁÄÁÔÏËÈÏÚ ËĘÔÈÅÔěȟ 
ÓÚĘÖÅÇ ÔþÐÕÓĭ ÁÄÁÔÏËÒÁ ËĘÚÖÅÔÌÅÎİÌ ÎÅÍ ïÒÔÅÌÍÅÓȢ !Ú ÅÄÄÉÇÉ ÍÅÇÏÌÄÜÓÏË 
ÁËËÏÒ ÉÓ ÃÓěÄĘÔ ÍÏÎÄÁÎÁËȟ ÈÁ Á ÒÅÌÅÖÁÎÃÉÁ ÃÓÁË ÒïÓÚÂÅÎ ÆİÇÇ ÓÚĘÖÅÇ ÔþÐÕÓĭ 
ÁÄÁÔÔĕÌȢ 

0ïÌÄÜÕÌȟ ÁÚ ÅÄÄÉÇÉÅË ÎÅÍ ÁÄÎÁË ÍÅÇÏÌÄÜÓÔ Á ÌÅÇÊÏÂÂ ÔÁÎÕÌĕ ÍÅÇÓÚĕÌþÔÜÓÜÈÏÚȢ 
! ÌÅÇÊÏÂÂ ÔÁÎÕÌĕÔ ÁÚ ïÒÅÔÔÓïÇÉ ÜÔÌÁÇÁ ÁÌÁÐÊÜÎ ÓÚÅÒÅÔÎïÎË ËÉÖÜÌÁÓÚÔÁÎÉȟ ÅÚÅÎ 
ÂÅÌİÌ ÁÚÔȟ ÁËÉ ÔĘÂÂ ÔÁÎÔÜÒÇÙÂĕÌ ïÒÔÅ ÅÌ ÁÚ ÜÔÌÁÇÏÔ ïÓ ÈÁ ÉÌÙÅÎÂěÌ ÉÓ ÔĘÂÂ ÖÁÎȟ 
ÁËËÏÒ Á ÎïÖÓÏÒÂÁÎ ÅÌÓěÔ ÓÚÅÒÅÔÎïÎË ÍÅÇÓÚĕÌþÔÁÎÉȢ -ÏÎÄÈÁÔÕÎË ÍïÇ ÎïÈÜÎÙ 
ÓÚÅÍÐÏÎÔÏÔȟ ÈÁ ÅÇÙ ÏÓÚÔÜÌÙ ÆÅÌÅ ËÉÔĴÎěȢ 

!Ú ÉÌÙÅÎ ÖÅÇÙÅÓ ÔþÐÕÓĭ ÓÚÅÍÐÏÎÔÒÅÎÄÓÚÅÒÅË ÌÅËïÐÅÚïÓÅ ÅÇÙÅÔÌÅÎ 
ÆİÇÇÖïÎÙÂÅ ÌÅÈÅÔÓïÇÅÓ ÒÁÎÇÓÏÒÏÌÜÓÓÁÌȟ ÁÈÏÌ Á ÓÚĘÖÅges adatok 
ïÒÔïËÔÁÒÔÏÍÜÎÙÁ ÁÚ ÁÄÁÔÏË ÓÚÜÍÁȟ ÄÅ ÜÌÔÁÌÜÂÁÎ ÅÇÙÓÚÅÒĴÂÂȟ ÈÁ ÁÚ ÅÇÙÅÓ 
ÓÚÅÍÐÏÎÔÏË ÓÚÅÒÉÎÔÉ ÒïÓÚÅÒÅÄÍïÎÙÅËÂěÌ ÁÄÕÎË ÅÒÅÄÍïÎÙÔȟ ÁÈÏÇÙ ÁÚÔ Á 
ÒÅÌÜÃÉĕÓ ÁÄÁÔÂÜÚÉÓÏËÎÜÌ ÌÜÔÈÁÔÊÕËȢ ! ÍÅÇÏÌÄÜÓÔ ÇÙÏÒÓþÔÈÁÔÊÁȟ ÈÁ Á ÓÚĘÖÅÇÅÓ 
ÁÄÁÔÏËÈÏÚ ÉÎÄÅØÅÔ ËïÓÚþÔİÎË ɀ azaÚ ÍÅÇÁÄÊÕË ÍÉÎÄÅÇÙÉËÎÅË Á ÒÁÎÇÊÜÔȟ ÄÅ Á 
ÍÅÇÏÌÄÜÓ ÌïÎÙÅÇÅȟ ÈÏÇÙ ËïÔ ÁÄÁÔ ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓÁËÏÒ Á ÆÅÌÓÏÒÏÌÔ ÓÚÅÍÐÏÎÔÏË 
ÓÚÅÒÉÎÔÉ ÓÏÒÒÅÎÄÂÅÎ ÍÅÌÙÉË ÌÅÓÚ ÁÚ ÅÌÓě ÅÌÔïÒě ïÓ ÁÚ ÅÌÔïÒïÓ ÈÅÌÙÅÎ Á ÒÅÌÜÃÉĕ 
ÍÅÇÆÅÌÅÌě ÖÁÇÙ ÓÅÍȢ  

Algoritmusban a cmp(f(i),act)  ïÒÔïËÎïÌ ÁÚ ÅÇÙÅÎÌěÓïÇÅÔ π ÊÅÌÚÉȟ ËÅÒÅÓÎÉ ËÅÌÌ 
ÁÚ ÅÌÓě ÎÅÍ ÎÕÌÌÁ ïÒÔïËÅÔȢ ! ËÉïÒÔïËÅÌïÓ ɑρȟ Ϻρɒ ïÓ Á ÒÅÌÜÃÉĕ ÊÅÌÅÔ ÊÅÌÚě ïÒÔïË 
>: 1, <: Ϻρ ÓÚÏÒÚÁÔÁ ÍÅÇÁÄÊÁȟ ÈÏÇÙ Á ÒÅÌÜÃÉĕ ÌÅÃÓÅÒïÌÉ-Å ÁÚ ÁËÔÕÜÌÉÓ ïÒÔïËÅÔȡ  
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¶ ÌÅÇÎÁÇÙÏÂÂ ËÅÒÅÓïÓÅËÏÒ ρ Á ÒÅÌÜÃÉĕ ïÒÔïËÅ ïÓ ÃÓÅÒïÌİÎËȟ ÈÁ ρ Áz 
ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓ ÅÒÅÄÍïÎÙÅȠ 

¶ ÌÅÇËÉÓÅÂÂ ËÅÒÅÓïÓÅËÏÒ Ϻρ Á ÒÅÌÜÃÉĕ ïÒÔïËÅ ïÓ ÃÓÅÒïÌİÎËȟ ÈÁ Ϻρ ÁÚ 
ĘÓÓÚÅÈÁÓÏÎÌþÔÜÓ ÅÒÅÄÍïÎÙÅȢ 

!ÚÁÚȟ ÁËËÏÒ ÌÅÓÚ ĭÊ ïÒÔïËÅ Á ËÅÒÅÓïÓÎÅËȟ ÈÁ Á ÒÅÌÜÃÉĕ ïÒÔïËïÎÅË ïÓ ÈÁÓÏÎÌþÔÜÓ 
ïÒÔïËïÎÅË Á ÓÚÏÒÚÁÔÁ ρȢ 

%ÂÂÅÎ Á ÓÚÁÂÜÌÙÂÁÎ ÍÜÒ ÎÅÍ ÓÚÜÍþÔȟ ÈÏÇÙ ïÒÔïË ÖÁÇÙ ÓÚĘÖÅÇ ÁÚ ÁÄÏÔÔ 
ÓÚÅÍÐÏÎÔ ÔþÐÕÓÁȟ ÔÅÔÓÚěÌÅÇÅÓ ĘÓÓÚÅÔÅÔÔ ÔþÐÕÓÒÁ ÍÅÇþÒÖÁ Á ÒÅÌÜÃÉĕ 
ÏÐÅÒÜÔÏÒÏËÁÔ ÁÚ ÈÁÓÚÎÜÌÈÁÔĕ Á ÄĘÎÔïÓÂÅÎȢ 

! ÒÅÌÜÃÉĕ ËÉÓÚÜÍþÔÜÓÜÈÏÚ ɀ az SQL-ÈÅÚ ÈÁÓÏÎÌĕÁÎ ɀ meg kell adni adattagok 
ïÓ ÅÚÅËÒÅ ïÒÖïÎÙÅÓ ÒÅÌÜÃÉĕ ÐÜÒÏËÂĕÌ ÜÌÌĕ ÐÁÒÁÍïÔÅÒÓÏÒÏÚÁÔÏÔȢ 0ïÌÄÜÕÌ ÁÚ 
ÁÌÜÂÂÉ ÓÚÉÎÔÁËÔÉËÜÖÁÌȡ 

(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, - f(i).4, +f(i).1)  

%ÚÚÅÌ Á ÊÅÌĘÌïÓÓÅÌ ïÓ ïÒÔÅÌÍÅÚïÓÓÅÌ ÍÅÇÁÄÈÁÔĕË ÁÚ ȵÅÇÙÆÏÒÍÜË ÅÓÅÔïÎ ÁÚ 
ÅÌÓěȱȟ ÉÌÌÅÔÖÅ ȵÅÇÙÆÏÒÍÜË ÅÓÅÔïÎ ÁÚ ÕÔÏÌÓĕȱ ïÒÔïË ÉÓ ÕÔÏÌÓĕ ÓÚÅÍÐÏÎÔËïÎÔȡ 

(first, value)=BEST(i=e..u, f(i), (>f(i).2, <f(i).4, <i)  

illetve 

(last, value)=BEST(i=e..u, f(i), (>f(i).2, <f(i).4, >i)  

! ÆÅÎÔÅÂÂ ÖÉÚÓÇÜÌÔ ÒÅÌÅÖÁÎÃÉÁïÒÔïË-ÓÚÜÍþÔÜÓÏÓ ÍĕÄÓÚÅÒÅË ÅÚÚÅÌ Á ÆÏÒÍÜÖÁÌ 
ÔÅÌÊÅÓ ÍïÒÔïËÂÅÎ ĘÓÓÚÅÈÁÎÇÏÌÈÁÔĕËȟ f(i)  ÁÄÁÔÔÁÇÊÁ ÈÅÌÙïÎ ÂÜÒÍÉÌÙÅÎȟ Á 
ËÏÎËÒïÔ ÉÎÄÅØÈÅÚ ËĘÔěÄě ÓÚÜÍþÔÏÔÔ ïÒÔïË ÉÓ ÌÅÈÅÔȢ 

5 vÓÓÚÅÆÏÇÌÁÌÜÓ 

! ÓÚïÌÓěïÒÔïË-ËÉÖÜÌÁÓÚÔÜÓ ÈÁÇÙÏÍÜÎÙÏÓÁÎ ÅÇÙÉËÅ ÁÚ ÅÌÅÍÉ ÐÒÏÇÒÁÍÏÚÜÓÉ 
ÔïÔÅÌÅËÎÅËȟ ÁÚÏÎÂÁÎ Á ÆÅÌÁÄÁÔÔþÐÕÓ ÂěÖÅÂÂ ïÒÔÅÌÍÅÚïÓÔ ÉÇïÎÙÅÌȟ ÅÇÙÒïÓÚÔ Á 
ËÅÒÅÓïÓȟ ÍÜÓÒïÓÚÔ Á ËÉÖÜÌÏÇÁÔÜÓ ÉÒÜÎÙÜÂÁÎȢ !Ú ÅÌÅÍÉ ÐÒÏÇÒÁÍÏÚÜÓÉ ÔïÔÅÌÅË 
ËĘÚİÌ ÅÚ ÁÚ ÅÇÙÅÔÌÅÎȟ ÁÍÅÌÙÂÅÎ Á ȵÌïÔÅÚÉËȱȟ ȵÅÇÙ ÁÄÁÔȱ ïÓ ȵÅÒÅÄÍïÎÙÈÁÌÍÁÚȱ 
ÔþÐÕÓĭ ÅÒÅÄÍïÎÙ ÉÓ ÊÅÌÌÅÍÚěȟ þÇÙ ÎÅÍ ÉÎÄÏËÏÌÔ Á ÔĘÂÂÉ ÐÒÏÇÒÁÍÏÚÜÓÉ ÔïÔÅÌ 
ÅÌěÔÔÉ ÒïÓÚÌÅÔÅÓ ÅÌÅÍÚïÓÅȟ Á ËÉÖÜÌÁÓÚÔÜÓ ËÏÒÁÉ ÔÁÎþÔÜÓÁ Á ËÉÁÄÈÁÔĕ ÆÅÌÁÄÁÔÏË 
ÁÌÁÐÏÓ ÓÚĴÒïÓïÔ ÉÇïÎÙÌÉȢ  

-ÅÇÖÉÚÓÇÜÌÔÕË Á ÓÚïÌÓěïÒÔïËËÅÌ ËÁÐÃÓÏÌÁÔÏÓ ÁÌÁÐÆÅÌÁÄÁÔÏË ÓÐÅÃÉÆÉËÜÌÜÓÜÎÁË 
ÌÅÈÅÔěÓïÇÅÉÔȡ Á ÌÏÇÉËÁÉ ÓÚÁÂÜÌÙȟ Á ÒĘÖÉÄ ÁÌÁËȟ ÁÚ ÉÔÅÒÁÔþÖ ïÓ Á ÒÅËÕÒÚþÖ 
ÓÐÅÃÉÆÉËÜÌÜÓÉ ÍĕÄÏËÁÔȢ !Ú ÅÇÙÅÓ ÍĕÄÓÚÅÒÅËËÅÌ ÖÁÌĕÓÚþÎĴÌÅÇ ekvivalens 
ÍÅÇÏÌÄÜÓÏË ÁÄÈÁÔĕËȟ ËÉÖïÖÅ Á ËÉÖÜÌÁÓÚÔÜÓ ÌÏÇÉËÁÉ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÔȟ ÍÅÌÙ ÔĘÂÂ 
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ÌÅÈÅÔěÓïÇÅÔ ÁÄ Á ÈÅÌÙÅÓ ËÉÍÅÎÅÔÒÅȟ ÔÏÖÜÂÂÜ Á ÒĘÖÉÄ ÁÌÁËȟ ÁÍÅÌÙÂÅÎ ÊÅÌÅÎÌÅÇ 
ËïÔ ËİÌĘÎ ÅÓÚËĘÚ ÖÁÎ Á ËïÔ ÓÚïÌÓěïÒÔïËÒÅ ɉÍÁØÉÍÕÍÒÁȟ ÉÌÌÅÔÖÅ ÍÉÎÉÍÕÍÒÁɊȢ 

-ÅÇÜÌÌÁÐþÔÏÔÔÕËȟ ÈÏÇÙ Á ÖÉÚÓÇÜÌÔ ËÏÒÜÂÂÉ ÔÁÎËĘÎÙÖÅË ïÓ ÊÅÇÙÚÅÔÅË Á 
ÍÁØÉÍÕÍ ÓÐÅÃÉÆÉËÜÃÉĕÊÜÖÁÌ ïÓ ÁÌÇÏÒÉÔÍÕÓÜÖÁÌ ÆÏÇÌÁÌËÏÚÎÁË ÒïÓÚÌÅÔÅÓÅÎȟ Á 
ÍÉÎÉÍÕÍ ÍÅÇÈÁÔÜÒÏÚÜÓÁ ɀ ÈÁ ÅÇÙÜÌÔÁÌÜÎ ÅÍÌþÔÉË ɀ ÃÓÁË ÖÜÚÌÁÔÏÓÁÎ ÓÚÅÒÅÐÅÌȟ 
ÎÅÍ ÁÄÎÁË ÜÌÔÁÌÜÎÏÓ ÍÅÇÏÌÄÜÓÔȢ 4ÏÖÜÂÂÉ ÈÉÜÎÙÏÓÓÜÇ ÔÁÐÁÓÚÔÁÌÈÁÔĕ a nem 
ïÒÔïË ÁÌÁÐĭȟ ÐïÌÄÜÕÌ ÓÚĘÖÅÇÒÅ ïÒÔÅÌÍÅÚÅÔÔ ÒÅÌÜÃÉĕ ÔÅÒïÎȟ ÖÁÌÁÍÉÎÔ Á 
ÇÙÁËÏÒÌÁÔÂÁÎ ÎÁÇÙÏÎ ÊÅÌÌÅÍÚě ÔĘÂÂ ÆÅÌÔïÔÅÌÎÅË ÅÌÅÇÅÔ ÔÅÖěȟ ÔĘÂÂËÕÌÃÓÏÓȟ 
ÉÌÌÅÔÖÅ ÓĭÌÙÏÚÏÔÔ ÆÅÌÔïÔÅÌ ÓÐÅÃÉÆÉËÜÃÉĕÊÁ ïÓ ÁÌÇÏÒÉÔÍÕÓÂÁÎ ÍÅÇÖÁÌĕÓþÔÜÓÁ 
ÔïÍÜÂÁÎȢ %ÚÅË Á ÈÉÜÎÙÏÓÓÜÇÏË Á SpEd hÁÓÚÎÜÌÁÔÁ ÓÏÒÜÎ ÎÅÈïÚÓïÇÅÔ ÏËÏÚÎÁËȟ 
ËĘÒİÌÍïÎÙÅÓÓï ÔÅÓÚÉË Á ËÏÎËÒïÔ ÆÅÌÁÄÁÔ ÓÐÅÃÉÆÉËÜÌÜÓÜÔȟ Á ÓïÍÜÒÁ 
ÖÉÓÓÚÁÖÅÚÅÔïÓÔȢ %ÚïÒÔ Á ÌÅÈÅÔěÓïÇÅËÅÔ ÜÔÔÅËÉÎÔÖÅ Á ÓÐÅÃÉÆÉËÜÃÉĕÓ ÎÙÅÌÖ 
ÂěÖþÔïÓïÔ ÔÅÒÖÅÚÚİËȢ 

Mivel a SpEd Á ÓÐÅÃÉÆÉËÜÃÉĕ ÆÏÒÍÜÌÉÓ ÎÙÅÌÖÅ ÁÌÁÐÊÜÎ ÅÌÌÅÎěÒÉÚȟ 
mÅÇÆÏÎÔÏÌÁÎÄĕÎÁË ÔÁÒÔÊÕË Á ÔïÔÅÌÅË ÂÉÚÏÎÙþÔÜÓÜÎÁË ÓÚÜÍþÔĕÇïÐÅÓ 
ÖÁÌÉÄÜÌÜÓÜÂÁÎ ÁÚ ÅÓÚËĘÚ ÈÁÓÚÎÜÌÁÔÜÔȢ %ÂÂÅÎ ÁÚ ÁÌÇÏÒÉÔÍÕÓ ÜÌÌÁÐÏÔÏÎËïÎÔÉ 
ÓÐÅÃÉÆÉËÜÃÉĕÊÁ ÁËÜÒ ÉÔÅÒÁÔþÖȟ ÁËÜÒ ÒÅËÕÒÚþÖ ÍĕÄÏÎ ÅÌÖïÇÅÚÈÅÔěȟ ÍÁÊÄ ÅÚÅËÎÅË 
ïÓ Á ÌÏÇÉËÁÉ ÓÐÅÃÉÆÉËÜÃÉĕÎÁË ÁÚ ÅËÖÉÖÁÌÅÎÃÉÜÊÜÔ ËÅÌÌ ÆÏÒÍÜÌÉÓÁÎ ÉÓ ÉÇÁÚÏÌÎÉȢ 
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AUTOMATIC FEEDBACK IN PROGRAMMING 
EDUCATION: A COMPREHENSIVE REVIEW 

$ÜÖÉÄ $%-%4%2ȟ ,ÁÄÉÓÌÁÖ 6O'(, SK 

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, and context-aware 
explanations; however, they also raise challenges related to data privacy, 
overreliance, and alignment with course content. Locally deployable LLMs, 
including models such as DeepSeek Coder and WizardCoder, offer a 
promising alternative to cloud-based solutions, enabling fine-tuning, 
domain adaptation, and privacy-preserving 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 feedback and analyze the capabilities of two state-
of-the-art code-oriented models. Our analysis 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 COVID-19 pandemic, learning habits have undergone a 
significant transformation. At the same time, various generative 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 outcomes [1] .  

However, a notable drawback is the risk that students will become overly 
reliant on these systems. From a data privacy standpoint, another limitation 
is that these models typically run in the cloud. As they are pre-trained, they 
cannot be further customized or fine-tuned 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, or, in our 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 of all existing approaches, this 
study focuses on representative, locally deployable code-oriented 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 challenges is that although teachers 
must invest significant time and effort in providing feedback, students do 
not always recognize its value. As a result, 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 lead to confusion [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 from past 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 and consistent. Attention must also be paid to 
providing explanations, contextual relevance, and alignment with 
pedagogical goals. Ultimately, feedback is most effective when students can 
interpret and apply the knowledge they gain from it in a meaningful way [3] . 

 

3 Locally Deployable LLM 

Large language models such as ChatGPT [4]  and various Llama-based 
models [5]  offer useful solutions in many areas of education, software 
development, and research.  

One of the main advantages of the Llama 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 domain. However, 
this approach has technical requirements. Running such models locally 
typically requires a suitable GPU, especially when multiple users (such as an 
entire class) are expected to use the system simultaneously. This setup 
contrasts with cloud-based models like ChatGPT, where the provider 
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manages computational resources, and user data must be sent to external 
servers. 

Llama models, developed by Meta, can be deployed easily through Ollama 
[6] , an open-source platform that allows users to run various language 
models locally on their machines. With Ollama, models like Llama 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 fine-tuned for the specific goals of a given course [7]  . 
 

3.1 DeepSeek Coder 

The DeepSeek Coder model family [8]  consists of open-source large 
language models specifically trained for coding-related tasks. Compared to 
the general-purpose DeepSeek model [9] , 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 instruction-following 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 next-token 
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 processed at 
the repository level, enabling the models to learn complex code structures 
and cross-file logic. 

In addition, these models support an extended context window of 16,000 
tokens, allowing them to handle longer and more complex code ɀ a 
significant advantage for large projects or tasks involving multiple modules. 

The performance of DeepSeek Coder has been evaluated using several public 
coding benchmarks. The 33b Base model has consistently achieved strong 
results, and the Instruct version has, in many cases, even outperformed 
OpenAI's GPT-3.5 Turbo. Remarkably, the smaller 7b model also performs 
competitively against models up to five times larger, indicating that 
DeepSeek Coder'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 open-source nature allows for 
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seamless integration into local platforms such as Ollama, offering a privacy-
preserving alternative to cloud-based systems [10] . 

3.2 WizardCoder  

The WizardCoder model [11]  is an open-source large language model 
specifically optimized for code-based tasks and instruction following. 
Compared to the Code Llama model [12] , it is significantly more suitable for 
programming education due to its fine-tuning on a unique data generation 
method called Evol-Instruct. 

WizardCoder is based on the Code Llama 13b architecture, but its 
instruction -following capabilities are considerably more advanced. The 
model contains 13 billion parameters and was fine-tuned using a large 
number of coding instructions of varying difficulty across several languages, 
including Python, Java, C++, and TypeScript. 

Although WizardCoder iÓ ÂÕÉÌÔ ÏÎ -ÅÔÁȭÓ #ÏÄÅ ,lama, it is not only capable 
of generating code but also explaining, analyzing, detecting, and correcting 
errors. This makes it well-suited for evaluating student submissions and 
providing automated feedback. 

Unlike models such as DeepSeek Coder, it does not apply repository-level 
preprocessing. However, through the Evol-Instruct method, it can respond 
to multi -step, education-ÏÒÉÅÎÔÅÄ ÐÒÏÍÐÔÓ ÓÕÃÈ ÁÓ ȰÅØÐÌÁÉÎ ÁÎÄ ÔÈÅÎ 
ÃÏÒÒÅÃÔȱ ÏÒ ȰÇÅÎÅÒÁÔÅ ÂÅÇÉÎÎÅÒȟ ÉÎÔÅÒÍÅÄÉÁÔÅȟ ÁÎÄ ÁÄÖÁÎÃÅÄ ÖÅÒÓÉÏÎÓȢȱ 4ÈÅ 
default context window is 4k tokens, but quantized variants compatible with 
Ollama can support 8k or even 16k tokens [13] . 

WizardCoder has been evaluated using several coding benchmarks, most 
notably HumanEval and MBPP. On the HumanEval benchmark, the 13b 
version achieved a performance score of 75.9%, which is close to that of 
/ÐÅÎ!)ȭÓ '04-4, while remaining fully open-source and free to use. This 
demonstrates that WizardCoder is optimized not only in model size but also 
in fine-tuning strategies for code-based LLM tasks [13] . 

These characteristics make it especially suitable for use in educational 
environments, where it can support exercise generation, error correction, 
and personalized feedback. It can also be deployed easily on local platforms, 
such as through the Ollama runtime, making it a privacy-conscious 
alternative to cloud-based models [13] . 

3.3 Comparison of Real-World Scenarios  

We compared the outputs of the two discussed models, DeepSeek Coder and 
WizardCoder, using a prompt (Figure 1) that asked them to explain the 
errors in a given C source code. 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

215 
 

 
Figure 1: Prompt used for automatic feedback generation 

Both models were evaluated using identical prompts and default inference 
settings. The comparison focused on the level of explanation detail, 
pedagogical usefulness, and code correctness.  

4ÈÅ ÍÏÄÅÌÓȭ ÏÕÔÐÕÔÓ ÁÒÅ ÓÈÏ×Î ÉÎ &ÉÇÕÒÅÓ ς ÁÎÄ σȢ WizardCoder provides 
much more detailed explanations, which are far more beneficial for learning, 
while DeepSeek Coder is better suited 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 feedback, while DeepSeek Coder 
excelled at generating concise feedback. These 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 
ÅÄÕÃÁÔÏÒȭÓ ÉÎÄÉÖÉÄÕÁÌ ÔÅÁÃÈÉÎÇ ÓÔÙÌÅȢ By restricting prompts, it is also feasible 
ÔÏ ÃÏÎÔÒÏÌ ÔÈÅ ÓÙÓÔÅÍȭÓ ÒÅÓÐÏÎÓÅÓ ÔÏ ÅÎÓÕÒÅ ÔÈÁÔ ÉÔ ÏÎÌÙ ÅØÐÌÁÉÎÓ ÍÁÔÅÒÉÁÌ ÕÐ 
to the point covered in the curriculum. This prevents the model from 
advancing too far ahead, thereby maintaining adaptivity and relevance to 
ÔÈÅ ÌÅÁÒÎÅÒȭÓ ÃÕÒÒÅÎÔ ÐÒÏÇÒÅÓÓȢ 

 
Figure 2: Feedback generated by DeepSeek Coder 

However, the broader question naturally arises: to what extent can such 
systems be applied across different domains or subjects? While the 
technological foundations are promising, the challenges are not only 
technical but also pedagogical. Ultimately, 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 
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essential role of human educators. With careful application, generative AI 
can enhance, not replace, teachers' work. 

 

 
Figure 3: Feedback generated by WizardCoder  

While this review does not aim to cover all existing models exhaustively, it 
highlights key pedagogical differences between representative locally 
deployable approaches relevant to programming education. 

This work has been supported by the Scientific Grant Agency of the Slovak 
republic VEGA under the Grant No. 014TTU-4/2024 - )ÎÔÅÌÉÇÅÎÔÎï 
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GAME DEVELOPMENT-BASED LEARNING IN AN 
INTRODUCTORY PROGRAMMING COURSE 

.ÏïÍÉ "ÅÒÎÁÄÅÔÔ !'s#3ȟ (5 

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 course. 
4ÈÅ ÁÉÍ ÏÆ ÕÓÉÎÇ ÔÈÉÓ ÁÐÐÒÏÁÃÈ ×ÁÓ ÔÏ ÓÔÒÅÎÇÔÈÅÎ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ 
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 PAC-MAN inspired maze game in Scratch. Students 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. 
4ÈÅ ÐÒÏÊÅÃÔȭÓ initial implementation in university preparatory courses and 
secondary school extracurricular activities indicate that this approach can 
be engaging and motivating for beginner programmers. Despite its potential, 
game development-based learning remains underexplored in teaching, 
highlighting the need for structured materials and practical examples. The 
example presented in this paper contributes practical insights and 
structured guidance for educators interested in applying game 
development-based learning in introductory programming contexts. 

Keywords:  game development-based learning, teaching, programming, 
project work, groupwork, Scratch, introductory course, algorithmic 
thinking, motivation  

1. Introduction  

1.1. General challenges 

Although children in developed countries 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 
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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 problem-solving skills. 
This article aims to present a practical example for such an approach, the use 
of game development-based learning, 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 in educational contexts, because they already 
ÈÏÌÄ ÓÉÇÎÉÆÉÃÁÎÔ ÉÍÐÏÒÔÁÎÃÅ ÉÎ ÍÁÎÙ ÓÔÕÄÅÎÔÓȭ ÌÉÖÅÓȢ -ÁÎÙ ÏÆ ÔÈÅÍ ÐÌÁÙÅÄ 
video games growing up, and some even aspire to become game developers, 
which makes the use of games during lessons a powerful motivational tool 
[5] . 

Several approaches exist for integrating games into education, these 
methods can be categorized as follows [2][ 3]: 

¶ Game-based learning (GBL): Using an existing game as a pedagogical tool 
to foster learning and skill development 

¶ Serious games: The games used here are designed with specific learning 
objectives 

¶ Gamification: Adding game-like elements to learning activities to 
enhance motivation and engagement 

¶ Game development-based learning (GDBL): The process of students 
developing or modifying games themselves 

While all of these methods can be integrated into computer science 
education, game development-based learning offers a unique advantage: it 
helps students understand how a piece of software they use daily works 
ÆÒÏÍ Á ÄÅÖÅÌÏÐÅÒȭÓ ÐÅÒÓÐÅÃÔÉÖÅȟ and it gives teachers an opportunity 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 and practical 
examples. 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

222 
 

2. Practical example for using GDBL in introductory programming 
courses 

2.1. Video games 

To utilize game development-based 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]: 

¶ A goal that drives the player to complete tasks 

¶ Rules that determine how the goal can be achieved 

¶ A feedback system that informs the player of their progress (e.g. points, 
lives) 

¶ 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 
ÄÅÔÅÒÍÉÎÅ ÔÈÅ ÇÁÍÅÓȭ ÃÁÔÅÇÏÒÉÓÁÔÉÏÎȢ 6ÉÄÅÏ ÇÁÍÅÓ ÃÁÎ ÂÅ ÄÉÖÉÄÅÄ Énto 
broader categories like online and offline games, or smaller groups by their 
platform (PC, console, or mobile), by their game mode (single-player or 
multiplayer), or other characteristics. 

2.2. General guidelines for the development process  

The development process was designed as a practical, hands-on 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 aligned to clear 
learning goals. To reduce technical complexity and allow students to focus 
on core concepts, Scratch [9]  was used as the implementation environment. 
Scratch is an ideal developmental environment for beginners as it eliminates 
the possibility of syntax errors through its visual, block-based programming 
interface. 

Projects may be done individually, in pairs, or in small groups (3ɀ4 
students), but heterogeneous groups are recommended, as mixed abilities 
support peer learning and creativity. When students 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 others and by developing leadership skills [7]. 
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The development process follows the software development life cycle 
(SDLC) [8] , which consists of four phases often cyclically repeated (Figure 
1). 

 
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 defining 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 in parallel 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 maintaining shared core requirements for the 
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whole class to ensure the need of specific programming concepts (e.g. 
conditionals must be introduced if the game consists of at least two levels). 

The design process can be supplemented with an intermediate 
implementation-preparation phase that can introduce learners to 3D 
modelling, effective and responsible search methods, AI use, or image 
manipulation. 3D modelling is especially useful for creating characters or 
assets, even in a 2D game, as rotating a 3D model allows students to generate 
images from multiple angles without redrawing their characters. Tinkercad 
[10] is a widely used platform for introducing 3D modelling to students but 
dÅÐÅÎÄÉÎÇ ÏÎ ÔÈÅ ÇÒÏÕÐȭÓ ÌÅÁÒÎÉÎÇ ÇÏÁÌÓ ÁÎÄ ÔÈÅ ÔÉÍÅ ÄÅÖÏÔÅÄ ÆÏÒ ÇÁÍÅ 
development, 3D modelling can be skipped, and character sprites can also 
be added as downloaded images from the Internet, or even as AI generated 
pictures. 

The last stage is game programming, which includes coding and testing. Here 
students can implement what they planned 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 concepts. Coding and testing should be 
repeated until the game functions as intended. 

2.4. Sample project  

For beginner programmers, a complex project such as the creation of a video 
game should be engaging, visually appealing, and relatively simple. The 
sample project is a simplified 2D, single-player, top-down maze game 
(Figure 2), inspired by PAC-MAN [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 game. The playable version is available here1, which can also be 
tested, copied, or modified by following the link. 

                                                                    
1 https://scratch.mit.edu/project s/1137040201 

https://scratch.mit.edu/projects/1137040201
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Figure 2: Sample project level 1 and 2 

The sample project starts with an animated story followed by the game. The 
maze layout changes between levels, and 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 moving ghost on Level 
1 results 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 the 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 the inclusion of simple 
animations introduces sequencing and timing, while also enhancing 
narrative coherence. The game mechanics are intentionally kept simple 
enough to allow beginners to focus on core programming tasks rather than 
technical complexity, and complex enough to require groupwork and 
systematic 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 questions, and some of the questions from the first group could be 
introduced to the students as guidelines. 

Examples of common characteristics: 

¶ Should the game have a main menu? 

¶ What characters and objects are needed? (main character, enemy, etc.) 
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¶ How many levels are needed? 

¶ What kind of feedback system is used? 

¶ How does the player win or lose the game? 

Examples of characteristics that make the games unique: 

¶ What topic/theme  does the game have? 

¶ What should the layout look like for levels? 

¶ What specific characters are needed? How do these look like? 

¶ How can the player get to the next level? 

¶ How can the player gain/lose points or lives? 

After answering the questions, students create sketches of the layout of the 
levels and appearance of characters to organise their plans. It is useful to 
show them examples, so they know what is feasible and what would require 
significantly more time than available (Figure 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 level layouts or backgrounds needed. This can be done 
by 3D modelling, AI use, image manipulation, or by searching for pictures on 
the Internet. All methods are beneficial as long as they are usable in the 
project and they support the learning goals of the course. It also provides a 
great opportunity for students to learn about licensing copyrighted works 
and fair use. 

To create 3D models for the project, first students should have a basic 
understanding of the theoretical background of modelling and the possible 
uses of 3D models, then to gain practical experience in the modelling 
process, they can use a 3D modelling software such as Tinkercad. When 
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using the program, regardless of the complexity of the model to be created, 
new objects and desired 3D models are built from simple shapes (cubes, 
cylinders, spheres, cones, etc.) using operations such as grouping, 
ungrouping, aligning, and mirroring. After creating a simpler model together 
(e.g., a tree or a house), once the students have gained sufficient experience, 
the groups can create their own models, such as the ghost character from 
the PAC-MAN game. The ghost is available here2 and can be viewed and 
modified by opening the link. 

To use the 3D models created, first students should convert them to a format 
that can be used in a 2D game, such as taking as many 2D pictures of the 
models as they need, then importing those pictures to the game (Figure 4). 
 

 
Figure 4: %ÎÅÍÙȭÓ ÌÅÆÔȟ ÆÒÏÎÔȟ ÁÎÄ ÒÉÇÈÔ ÖÉÅ× 

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 they should import the characters and 
objects in their projects, then add the code to these characters (sprites). 

If an animated story is also implemented, it can support learning by 
introducing sequencing, timing, and narrative structure in the game. In the 
sample project, animation was used to introduce key characters and 
esÔÁÂÌÉÓÈ ÔÈÅ ÇÁÍÅȭÓ ÓÔÏÒÙÌÉÎÅȟ ÅÎÃÏÕÒÁÇÉÎÇ ÓÔÕÄÅÎÔÓ ÔÏ ÐÌÁÎ ÁÎÄ ÏÒÇÁÎÉse 
the connection between their game elements. Animated story sequences can 
serve multiple other purposes in games, such as unfolding the story later 
into the game, making switching between levels seamless, elevating 
gameplay, bringing characters to life by giving them more personality, or 
bringing the story to a conclusion at the end of the game. Adding a main 
menu can also support learning by sequencing and timing with, for example, 

                                                                    
2 https://www.tinkercad.com/things/7RNsaRZfaXk -ghost-model-didmattech-

2025?sharecode=3-64vbYdvfkaDIqW4f7--HC14T5HvwMXVZMzU7wCFBI 

https://www.tinkercad.com/things/7RNsaRZfaXk-ghost-model-didmattech-2025?sharecode=3-64vbYdvfkaDIqW4f7--HC14T5HvwMXVZMzU7wCFBI
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buttons that jump to a specific part of the game. One button is implemented 
ÉÎ ÔÈÅ ÐÒÏÊÅÃÔȟ ÔÈÅ ȰÓËÉÐȱ ÂÕÔÔÏÎȟ ×ÈÉÃÈ allows users to start the project at the 
first level of the game without watching the animation every time they start 
the project. Given this example, students can implement other buttons to 
control different parts of their game. 

Some guidelines could be handed to students to ensure that the animations 
remain feasible within the given time. A simple single-scene animation 
created for the PAC-MAN game with a skip button (Figure 5) can be viewed, 
tested, and modified using the link to the full game provided above. 

 
Figure 5: Single-scene animation in the sample project 

Students will familiarise themselves with variables, loops, conditions and 
functions while implementing key tasks: 

¶ initializing game elements 

¶ detecting wall, enemy and collectibles collisions 

¶ creating a feedback system 

¶ controlling player and enemy movement 

¶ switching levels 

¶ handling life loss 

¶ checking win/lose conditions 
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3. Conclusion  

This article presents a practical example of game developmentɀbased 
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 beginner-friendly 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 the 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 futuÒÅ ×ÏÒËȢ !Ó Á ÎÅØÔ ÓÔÅÐȟ ÔÈÅ ÁÕÔÈÏÒȭÓ ÏÎÇÏÉÎÇ ÒÅÓÅÁÒÃÈ ×ÉÌÌ 
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 curiosity, creativity, and 
conceptual understanding. 
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DIDACTIC ADVANTAGES OF TURTLE GRAPHICS 
IN SCRATCH ɀ ANALYSIS AND CASE STUDY 

0ïÔÅÒ "ÅÒÎÜÔȟ (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 turtle-graphics 
environments have also become outdated. In this article, I first explain the 
educational advantages of turtle graphics. Then I describe why I think 
Scratch is a good choice among modern, free programming environments 
used in education. After that, I give a guide on how turtle graphics can be 
done in Scratch, what 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, I present a turtle-
graphics assignment given to computer science teacher trainees, which I 
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 created specifically 
for children in the 1960s [1]. At first, it was used to program word games, 
ÁÎÄ ÉÎ ÔÈÅ ÅÁÒÌÙ ρωχπÓ ȰÔÈÅ ÔÕÒÔÌÅ ×ÁÓ ÂÏÒÎȱȟ ÔÏÇÅÔÈÅÒ ×ÉÔÈ ÔÕÒÔÌÅ ÇÒÁÐÈÉÃÓ 
[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 rise, 
turtle graphics have lost their former leading role, and the traditional turtle-
graphics environments ɀ such as Comenius Logo or Imagine Logo ɀ have 
become outdated. They are difficult or sometimes impossible to install on 
modern computers, and they lack the code-editing functions typical of 
modern development environments. 
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For this reason, in my article I first argue for the didactic advantages of turtle 
graphics (independent of any specific programming language). Then I 
present the didactic considerations based on which I think Scratch is a 
suitable choice among modern, free educational programming 
environments. Related to this, I give guidance based on my own experience 
ÏÎ ÈÏ× ÔÏ ÁÄÁÐÔ ÔÏ 3ÃÒÁÔÃÈȭÓ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÔÈÁÔ ÄÉÆÆÅÒ ÆÒÏÍ ÔÒÁÄÉÔÉÏÎÁÌ 
turtle -graphics environments. Finally, I present a short case study of a turtle-
graphics assignment designed for first-year informatics teacher-training 
students, adapted specifically to the possibilities of Scratch. 

2 Turtle graphics  

In turtle graphics, figures can 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 felt-tip pen inserted 
into its holder, but soon its virtual versions also appeared 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, I mainly relied on the tasks and solutions presented in these 
works. 

3 The didactic advantages of turtle graphics  

In the following, I summarize the most important didactic advantages of 
turtle graphics, independent of any specific programming language. First, I 
present the range of algorithmic and programming concepts that can be 
learned through it, and then I 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 automaton-based programming 
paradigm can be taught. The turtle has only a few commands, and they are 
close to everyday real-life actions. Because of this, even very young learners 
ÃÁÎ ÅÁÓÉÌÙ ÉÍÁÇÉÎÅ ÔÈÅÍÓÅÌÖÅÓ ÐÅÒÆÏÒÍÉÎÇ ÔÈÅ ÔÕÒÔÌÅȭÓ ÍÏÖÅÍÅÎÔÓ ɉÏÒ ÅÖÅÎ 
act them out) [5], and instead of focusing on memorizing 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 mainly 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 contain two different basic 
elements in alternating order (Figure 1), or when drawing fractal shapes to 
determine when the recursion should stop. 

 

  

Figure 1:  A rotationally symmetric shape [4] 
and a mosaic composed of two types of basic elements (own figure) 

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 used more than once. If the task uses parameters, you 
need to think about which parameters should be given to these procedures 
(Figure 2). 

 

 
Figure 2:  A figure and a possible breakdown of it on multiple levels 

(source of the left-hand 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). 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

234 
 

 
Figure 3:  A fractal image, whose parts 
are similar to the whole (own figure) 

3.4 Motivational aspects 

Drawing is one of the typical forms of self-expression 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 engaging additional groups of 
students, particularly girls. 

4 The Scratch programming environment  

As I 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. 

!ÍÏÎÇ ÔÈÅ ÁÖÁÉÌÁÂÌÅ ÏÐÔÉÏÎÓȟ ) ÐÅÒÓÏÎÁÌÌÙ ÃÈÏÓÅ ÏÎÅ ÏÆ ÔÏÄÁÙȭÓ ÍÏÓÔ ÐÏÐÕÌÁÒ 
free educational programming environments, Scratch. In this online-
accessible environment, multimedia programs can be created in an object-
oriented and event-driven way, and with an easily activated extension, the 
language elements needed for turtle graphics can be added. 

An extended version of Scratch is Snap!, which offers advanced 
programming possibilities and also includes some additional features for 
turtle graphics, such as setting the size of the drawing area and filling closed 
shapes. Despite this, I did not choose this environment because it presents 
several difficulties for beginner (Hungarian) 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 makes 
them even thinner. 

Other potential programming environments ɀ such as Python or LibreLogo 
ɀ 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, I list the most important didactic 
ÁÄÖÁÎÔÁÇÅÓ ÏÆ 3ÃÒÁÔÃÈȭÓ ÕÓÅÒ ÉÎÔÅÒÆÁÃÅ ÁÎÄ ÏÎÌÉÎÅ ÃÏÍÍÕÎÉÔÙ ÐÌÁÔÆÏÒÍȟ 
which apply to any type of programming, including creating turtle graphics 
programs. 

5.1 Hungarian language (or the sÔÕÄÅÎÔȭÓ native language) 

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 transÌÁÔÉÏÎ ÏÆ 3ÃÒÁÔÃÈȭÓ ÐÒÏÇÒÁÍÍÉÎÇ ÌÁÎÇÕÁÇÅ ÁÎÄ ÕÓÅÒ 
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. In a previous paper, I 
showed that beginner students find block-based programming easier to 
learn than text-based programming [7]. 

The main advantage of block-based programming is that syntax errors 
cannot occur, because blocks representing programming elements can 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 block-based programming, all blocks are 
categorized and accessible on the user interface, so 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 the teacher, and with the 
world, which is beneficial for learning organization and motivation. 
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The ease of sharing can encourage students to publish their creations made 
with turtle graphics, receive feedback, and further develop their drawings 
based on that feedback. 

5.4 Opportunities for progression  

One of the reasons I 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 toward creating animations and game 
development. In my previous papers, I developed different  task types and 
solution methods for Scratch in the areas of creating animations [8] and 
game development [9]. 

6 Fulfilment of turtle graphics requirements in Scratch  

Scratch was not primarily developed 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, the Pen extension can be activated with 
just a few clicks and without installation, allowing almost all programming 
elements needed for turtle graphics to be added to Scratch. 

Basic commands for movement and pen use are available. Commands 
ÎÅÅÄÅÄ ÆÏÒ ÍÏÒÅ ÁÄÖÁÎÃÅÄ ÔÁÓËÓ ÁÒÅ ÁÌÓÏ ÁÃÃÅÓÓÉÂÌÅ ɉÆÏÒ ÅØÁÍÐÌÅȟ ÔÈÅ ÓÐÒÉÔÅȭÓ 
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 mathematical operations, other calculations typically 
needed for turtle graphics ɀ such as modulo, rounding, square roots and 
trigonometric functions ɀ can be performed. 

Therefore, the programming requirements for turtle graphics are met in 
Scratch. Thus, when teaching turtle 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 I will provide guidance 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 Scratch sprite, and many of its other sprites, have a side-view 
costume. It is therefore advisable to choose a sprite with a top-down 
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ÃÏÓÔÕÍÅ ɉ&ÉÇÕÒÅ τɊȟ ÁÓ ÔÈÉÓ ÍÏÒÅ ÃÌÅÁÒÌÙ ÓÈÏ×Ó ÔÈÅ ÓÐÒÉÔÅȭÓ ÃÕÒÒÅÎÔ ÄÉÒÅÃÔÉÏÎ 
(and possible directions). 

 
Figure 4:  The sprÉÔÅȭÓ ÃÕÒÒÅÎÔ ÄÉÒÅÃÔÉÏÎ ÁÎÄ ÐÏÓÓÉÂÌÅ ÄÉÒÅÃÔÉÏÎÓ are more 
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 this, 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, x and yɊ ÔÏ ÓÅÔ ÔÈÅ ÓÐÒÉÔÅȭÓ ÓÔÁÒÔÉÎÇ ÃÏÏÒÄÉÎÁÔÅÓȟ ÂÅÃÁÕÓÅ ÏÎ ÔÈe 
ÒÅÌÁÔÉÖÅÌÙ ÓÍÁÌÌ ɉτψπϼσφπ ÐÉØÅÌÓɊ ÓÔÁÇÅ ×ÉÔÈ ÃÌÏÓÅÄ ÅÄÇÅÓȟ ÉÔ ÉÓ ÏÆÔÅÎ ÂÅÔÔÅÒ 
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 y procedure 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 built-in color names, but if needed, a custom 
procedure can be created ɀ such as ÓÅÔ ÐÅÎ ÔÏ ȣ ÃÏÌÏÒ ɀ which sets the pen 
color based on different color names. Within this procedure, a multi-branch 
conditional must check the color name given as a parameter, and once 
recognized, the corresponding built-in 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 commands 
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, the Run without screen refresh option 
can be used to make a procedure run very quickly without continuously 
updating the screen. 

7.5 Lack of a fill command and possible solutions  

Scratch lacks a command to fill closed areas with a specific color. This 
absence is mainly an aesthetic limitation, and there are several ways to work 
around this. Below, I present three possible solutions. 

The first is to use different line colors ɀ and different line thicknesses ɀ 
instead of fill colors to make the figure more visually appealing. From a 
programming perspective, it is important to note that if some lines partially 
overlap (as in Figure 6, where the red door of a military tent overlaps with 
ÔÈÅ ÔÅÎÔȭÓ ÇÒÅÅÎ ÌÉÎÅÓɊȟ ÔÈÅ ÄÒÁ×ÉÎÇ ÏÒÄÅÒ ÏÆ ÔÈÅ ÅÌÅÍÅÎÔÓ ÓÈÏÕÌÄ ÂÅ 
considered, because lines drawn later will cover earlier ones. 

 

Figure 6:  A figure with different pen colors and thicknesses (own 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 dots and thick lines, appeared in the 
-ÉÈÜÌÙ +ÏÖÜÃÓ Hungarian Graphics Programming Competition (Figure 7). 
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Figure 7:  Using thick dots and lines, 
we can create the impression of filled areas (source of the figure: [10]) 

The third option is to create filled shapes 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 regular polygons) can also 
be produced by densely nesting smaller copies of the shape, generated 
recursively with progressively shorter side lengths (Figure 8). 

 

Figure 8:  By drawing progressively smaller triangles from the same starting 
point, we can create the effect 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 built-in fill command. 

8. Turtle graphics assignment in Scratch  

Finally, I would like to briefly present a university-level turtle graphics 
assignment, designed for first-year computer science education students 
and specifically tailored to the turtle graphics capabilities of Scratch. 

In the 2024ɀ2025 academic year, my 18 first-year computer science teacher 
students learned turtle graphics in Scratch over six 90-minute practical 
sessions. During this time, they became familiar with the task types of axially 
symmetric figures, rotationally symmetric figures, row patterns, and 
mosaics. Their knowledge was assessed through a midterm test and a 
submitted assignment. 

8.1 Didactic expectations for the assignment  

For the assignment, I set the following preliminary expectations: 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

240 
 

¶ Students should draw figures in different thematic areas, minimizing the 
chance of plagiarism, while allowing each student to choose their own 
theme to increase intrinsic motivation. 

¶ They should create figures for which the lack of a fill command is not a 
problem. 

¶ Less creative students should be able to find model examples on their 
own, without me having to provide them. 

¶ The assignment should require the use of solution methods for the task 
types learned. 

¶ More complex work should earn more points, but the evaluation method 
should remain transparent. 

¶ 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 assignment were developed in line with the expectations 
outlined earlier. Below is a summary of the key instructions and information 
given to the students: 

¶ Draw six figurative icons (representing something or someone) in a 
Scratch project within a theme of your choice. 

¶ 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. 

¶ For parts of the first four icons, use one of the solution methods 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. 

¶ The icons should appear on the screen when the number 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. 

¶ Evaluation follows a black-box approach, meaning that only the visible 
result of the program will be assessed. 

¶ The complexity of each icon will be rated on a five-point scale, with the 
patterns shown in Figure 9 corresponding to levels 1, 3, and 5. The 
assignment has additional evaluation criteria, but 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. 

¶  

   

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]) 

¶ I 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). 

¶ The most outstanding works will be showcased on my community 
ÐÌÁÔÆÏÒÍÓ ÁÎÄ ÏÎ ÔÈÅ ÄÅÐÁÒÔÍÅÎÔȭÓ ÂÕÌÌÅÔÉÎ ÂÏÁÒÄȦ 

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 five-point 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. 

I also evaluated the complexity 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 the student 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 presented 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 below (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. 
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ȵReligionȱ ȵTransportationȱ ȵArtsȱ 

  
 

ȵ*ÕÒÁÓÓÉÃ 0ÁÒËȱ ȵ)ÎÄÉÁȱ ȵAntiquityȱ 

a) Rotational symmetry b) Axial symmetry c) 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 long-established 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, I highlighted 
that Scratch can not only replace traditional 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 I 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 ScraÔÃÈȭÓ ÔÕÒÔÌÅ ÇÒÁÐÈÉÃÓ ÃÁÐÁÂÉÌÉÔÉÅÓȢ 4ÈÅ ÓÔÕÄÅÎÔÓȭ 
solutions confirmed that turtle graphics can still be surprisingly motivating 
and inspiring, even among young adults. 
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2/:6/* 0/I^4!I/6%* 'RAMOTNOSTI 
¼)!+/6 :<+,!$.¸#( £+t, 

Jana FIALOV<, Roman (/26<4(, SK 

Abstrakt:  0ÒþÓÐÅÖÏË ÓÁ ÚÁÏÂÅÒÜ ÒÏÚÖÏÊÏÍ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ ĿÉÁËÏÖ 
ÚÜËÌÁÄÎĻÃÈ ĤËĖÌȢ !ÕÔÏÒÉ ÃÈÁÒÁËÔÅÒÉÚÕÊĭ ÁktiviÔÙȟ ËÔÏÒï ÂÏÌÉ ÒÅÁÌÉÚÏÖÁÎï 
v ÐÒÖÏÍ ÒÏËÕ ÒÉÅĤÅÎÉÁ ÐÒÏÊÅËÔÕ +%'! πρπ445-4/2025 s ÎÜÚÖÏÍ 2ÏÚÖÏÊ 
ÉÎÆÏÒÍÁÔÉÃËïÈÏ Á ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁ ĿÉÁËÏÖ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ 
ÅÆÅËÔþÖÎÅÈÏ ÚÁéÌÅÎÅÎÉÁ ÍÏÄÅÒÎĻÃÈ ÔÅÃÈÎÏÌĕÇÉþ ÄÏ ÖÙÕéÏÖÁÎÉÁ ÉÎÆÏÒÍÁÔÉËÙ 
a ÍÁÔÅÍÁÔÉËÙȟ ÎÁÊÍß ÒÅÁÌÉÚÜÃÉÕ ËÒĭĿËÕ ÐÒÏÇÒÁÍÏÖÁÎÉÁ ÐÒÅ ĿÉÁËÏÖ 
ÚÜËÌÁÄÎĻÃÈ ĤËĖÌ Á ÉÎÔÅÒÁËÔþÖÎÅ ÁÐÌÉËÜÃÉÅ na ÐÏÄÐÏÒÕ ÖÙÕéÏÖÁÎÉÁ 
ÍÁÔÅÍÁÔÉËÙ ÎÁ ÐÒÖÏÍ ÓÔÕÐÎÉ ÚÜËÌÁÄÎĻÃÈ ĤËĖÌ. 

+ċĭéÏÖï ÓÌÏÖÜȡ ÒÏÚÖÏÊ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉȟ ËÒĭĿÏË ÐÒÏÇÒÁÍÏÖÁÎÉÁȟ 
ÉÎÔÅÒÁËÔþÖÎÅ ÁÐÌÉËÜÃÉÅȟ )+4 ÖÏ ÖÚÄÅÌÜÖÁÎþ. 

DEVELOPING COMPUTER LITERACY 
AMONG PRIMARY SCHOOL PUPILS 

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 010TTU-4/ 2025 project entitled 
$ÅÖÅÌÏÐÍÅÎÔ ÏÆ ÐÕÐÉÌÓȭ ÃÏÍÐÕÔÁÔÉÏÎÁÌ ÁÎÄ ÁÌÇÏÒÉÔÈÍÉÃ ÔÈÉÎËÉÎÇ ÔÈÒÏÕÇÈ ÔÈÅ 
effective integration of modern technologies into the teaching of computer 
science and mathematics, in particular the implementation of a coding club 
for primar y school pupils and interactive applications to support 
mathematics teaching at primary schools. 

Keywords:  development of computer literacy, programming club, 
interactive applications, ICT in education. 

ρ ªÖÏÄ 

2ÏÚÖÏÊ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ ÐÁÔÒþ ÍÅÄÚÉ ËċĭéÏÖï ÃÉÅÌÅ ÓĭéÁÓÎïÈÏ 
ÚÜËÌÁÄÎïÈÏ ÖÚÄÅÌÜÖÁÎÉÁȢ 6 ËÏÎÔÅØÔÅ ÒĻÃÈÌÏ ÓÁ ÍÅÎÉÁÃÅÈÏ ÔÅÃÈÎÏÌÏÇÉÃËïÈÏ 
ÐÒÏÓÔÒÅÄÉÁ ÕĿ ÎÅÊÄÅ ÉÂÁ Ï ÚÖÌÜÄÎÕÔÉÅ ÐÒÜÃÅ Ó ÄÉÇÉÔÜÌÎÙÍÉ ÚÁÒÉÁÄÅÎÉÁÍÉȟ ÁÌÅ 
i o ÓÃÈÏÐÎÏÓĩ ÐÏÒÏÚÕÍÉÅĩ ÚÜËÌÁÄÎĻÍ ÐÒÉÎÃþÐÏÍ ÆÕÎÇÏÖÁÎÉÁ ÄÉÇÉÔÜÌÎÙÃÈ 
ÔÅÃÈÎÏÌĕÇÉþȟ ÌÏÇÉÃËïÍu a ÁÌÇÏÒÉÔÍÉÃËïÍÕ ÍÙÓÌÅÎÉÕ Á ÁËÔþÖÎÅÍÕ ÐÏÕĿþÖÁÎÉÕ 
ÔÅÃÈÎÏÌĕÇÉþ ÁËÏ ÎÜÓÔÒÏÊÁ ÎÁ ÒÉÅĤÅÎÉÅ ÐÒÏÂÌïÍÏÖ Á ÔÖÏÒÂÕ ÖÌÁÓÔÎĻÃÈ ÒÉÅĤÅÎþȢ 

V ÒÜÍÃÉ ÐÒÏÊÅËÔÕ +%'! πρπ445-τȾςπςυ 2ÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ 
a ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁ ĿÉÁËÏÖ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÅÆÅËÔþÖÎÅÈÏ ÚÁéÌÅÎÅÎÉÁ 
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ÍÏÄÅÒÎĻÃÈ ÔÅÃÈÎÏÌĕÇÉþ ÄÏ ÖÙÕéÏÖÁÎÉÁ ÉÎÆÏÒÍÁÔÉËÙ Á matematiky sa 
ÚÁÍÅÒÉÁÖÁÍÅ ÎÁ ÓÙÓÔÅÍÁÔÉÃËĭ ÐÏÄÐÏÒÕ ÔĻÃÈÔÏ ÚÒÕéÎÏÓÔþ Õ ĿÉÁËÏÖ 
ÚÜËÌÁÄÎĻÃÈ ĤËĖÌȢ 0ÒÖĻ ÒÏË ÒÉÅĤÅÎÉÁ ÐÒÏÊÅËÔÕ ÂÏÌ ÏÒÉÅÎÔÏÖÁÎĻ ÎÁ ÄÖÅ 
ÖÚÜÊÏÍÎÅ ÐÒÅÐÏÊÅÎï ÏÂÌÁÓÔÉȡ ÔÖÏÒÂÕ ÉÎÔÅÒÁËÔþÖÎÙÃÈ ÍÁÔÅÍÁÔÉÃËĻÃÈ ÁÐÌÉËÜÃÉþ 
ÕÒéÅÎĻÃÈ ÐÒÅ ÐÒÖĻ ÓÔÕÐÅĐ ÚÜËÌÁÄÎÅÊ ĤËÏÌÙ Á ÒÅÁÌÉÚÜÃÉÕ ÐÒÏÇÒÁÍÜÔÏÒÓËïÈÏ 
ËÒĭĿËÕ ÚÁÍÅÒÁÎïÈÏ ÎÁ ÒÏÚÖÏÊ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ Á ÚÜËÌÁÄÏÖ 
programovania. 

3ÐÏÌÏéÎĻÍ ÍÅÎÏÖÁÔÅċÏÍ ÏÂÏÃÈ ÁËÔÉÖþÔ ÊÅ ÄĖÒÁÚ ÎÁ ÄÉÄÁËÔÉÃËï ÖÙÕĿÉÔÉÅ 
ÔÅÃÈÎÏÌĕÇÉþȢ 4ÅÃÈÎÏÌĕÇÉÅ ÎÉÅ Óĭ ÓÁÍï Ï ÓÅÂÅ ÃÈÜÐÁÎï ÁËÏ ÃÉÅċȟ ÁÌÅ ÁËÏ 
ÐÒÏÓÔÒÉÅÄÏË ÎÁ ÐÏÄÐÏÒÕ ÐÏÒÏÚÕÍÅÎÉÁȟ ÍÏÔÉÖÜÃÉÅ Á ÁËÔþÖÎÅÈÏ ÕéÅÎÉÁ ÓÁȢ 
)ÎÔÅÒÁËÔþÖÎÅ ÁÐÌÉËÜÃÉÅ ÕÍÏĿĐÕÊĭ ĿÉÁËÏÍ ÐÒÁÃÏÖÁĩ ÖÌÁÓÔÎĻÍ ÔÅÍÐÏÍȟ 
ÚþÓËÁÖÁĩ ÏËÁÍĿÉÔĭ ÓÐßÔÎĭ ÖßÚÂÕ Á ÏÐÁËÏÖÁÎÅ ÓÉ ÏÖÅÒÏÖÁĩ ÓÐÒÜÖÎÏÓĩ ÓÖÏÊÉÃÈ 
ÒÉÅĤÅÎþȢ 0ÒÏÇÒÁÍÜÔÏÒÓËĻ ËÒĭĿÏË ÎÁÏÐÁË ÐÏÓËÙÔÕÊÅ ÐÒÉÅÓÔÏÒ ÎÁ ÒÏÚÖÏÊ 
ÔÖÏÒÉÖïÈÏ Á ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁ ɍρȟ ςɎ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÐÏÓÔÕÐÎïÈÏ 
ÐÒÅÃÈÏÄÕ ÏÄ ÖÉÚÕÜÌÎÅÈÏ ÐÒÏÇÒÁÍÏÖÁÎÉÁ Ë ÔÅØÔÏÖÅÊ ÐÏÄÏÂÅ ËĕÄÕȢ 

#ÉÅċÏÍ ÐÒþÓÐÅÖËÕ ÊÅ ÐÒÉÂÌþĿÉĩ ÖÙÂÒÁÎï ÁËÔÉÖÉÔÙ ÒÅÁÌÉÚÏÖÁÎï Ö prvom roku 
ÒÉÅĤÅÎÉÁ ÐÒÏÊÅËÔÕȟ ÓÔÒÕéÎÅ ÃÈÁÒÁËÔÅÒÉÚÏÖÁĩ ÐÏÕĿÉÔï ÎÜÓÔÒÏÊÅ Á prostredia 
a ÐÏÕËÜÚÁĩ ÎÁ ÉÃÈ ÐÏÔÅÎÃÉÜÌ ÐÒÉ ÒÏÚÖÏÊÉ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ ĿÉÁËÏÖ 
ÚÜËÌÁÄÎĻÃÈ ĤËĖÌȢ 

ς )ÎÔÅÒÁËÔþÖÎÅ ÍÁÔÅÍÁÔÉÃËï ÁÐÌÉËÜÃÉÅ ÁËÏ ÎÜÓÔÒÏÊ ÐÏÄÐÏÒÙ ÕéÅÎÉÁ ÓÁ 

V kapitole predstavujÅÍÅ ÉÎÔÅÒÁËÔþÖÎÅ ÍÁÔÅÍÁÔÉÃËï ÁÐÌÉËÜÃÉÅ ÖÙÔÖÏÒÅÎï 
v ÒÜÍÃÉ ÐÒÏÊÅËÔÕ Á ÁÎÁÌÙÚÕÊÅÍÅ ÉÃÈ ÄÉÄÁËÔÉÃËĻ ÐÏÔÅÎÃÉÜÌ Ö kontexte 
ÖÙÕéÏÖÁÎÉÁ ÍÁÔÅÍÁÔÉËÙ Á ÒÏÚÖÏÊÁ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉȢ 

ςȢρ 3ÔÒÕéÎÜ ÃÈÁÒÁËÔÅÒÉÓÔÉËÁ ÉÎÔÅÒÁËÔþÖÎÙÃÈ ÍÁÔÅÍÁÔÉÃËĻÃÈ ÁÐÌÉËÜÃÉþ 

)ÎÔÅÒÁËÔþÖÎÅ ÍÁÔÅÍÁÔÉÃËï ÁÐÌÉËÜÃÉÅ ÖÙÔÖÏÒÅÎï Ö ÒÜÍÃÉ ÒÉÅĤÅÎÉÁ ÐÒÏÊÅËÔÕ Óĭ 
ÕÒéÅÎï ÐÒÅ ĿÉÁËÏÖ ÐÒÖïÈÏ ÓÔÕÐĐÁ ÚÜËÌÁÄÎĻÃÈ ĤËĖÌ Á Óĭ ÄÏÓÔÕÐÎï 
ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ×ÅÂÏÖïÈÏ ÒÏÚÈÒÁÎÉÁ ɉÐÏÚÒÉ ÏÂÒÜÚÏË ρɊȢ !ÐÌÉËÜÃÉÅ Óĭ 
ÎÁÖÒÈÎÕÔï ÔÁËȟ ÁÂÙ ÇÅÎÅÒÏÖÁÌÉ ĭÌÏÈÙ ÎÁ ÓéþÔÁÎÉÅ Á ÏÄéþÔÁÎÉÅ Ó postupne 
ÒÁÓÔĭÃÏÕ ÎÜÒÏéÎÏÓĩÏÕȟ ÐÒÉéÏÍ ÚÏÈċÁÄĐÕÊĭ ÐÏÔÒÅÂÕ ÄÉÆÅÒÅÎÃÉÜÃÉÅ 
a ÉÎÄÉÖÉÄÕÜÌÎÅÈÏ ÔÅÍÐÁ ÐÒÜÃÅ ĿÉÁËÁȢ 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

246 
 

 
/ÂÒÜÚÏË ρȢ 7ÅÂÏÖï ÒÏÚÈÒÁÎÉÅ ÉÎÔÅÒÁËÔþÖÎÙÃÈ ÁÐÌÉËÜÃÉþȢ 

:ÜËÌÁÄÎĻÍ ÐÒÉÎÃþÐÏÍ ÁÐÌÉËÜÃÉþ ÊÅ ÒÏÚÄÅÌÅÎÉÅ ĭÌÏÈ ÄÏ ĭÒÏÖÎþ ɉÌÅÖÅÌÏÖɊȢ 
V ÐÏéÉÁÔÏéÎĻÃÈ ĭÒÏÖÎÉÁÃÈ Óĭ ĿÉÁËÏÍ ÐÏÎĭËÁÎï ÊÅÄÎÏÄÕÃÈï ĭÌÏÈÙȟ ÎÁÐÒþËÌÁÄ 
ÓéþÔÁÎÉÅ ÄÏ ρπȢ 0Ï ÚÖÌÜÄÎÕÔþ ÔÅÊÔÏ ĭÒÏÖÎÅ ÍĖĿÅ ĿÉÁË ÐÒÅÊÓĩ Ë ÎÜÒÏéÎÅÊĤþÍ 
ÔÙÐÏÍ ĭÌÏÈȟ ÁËÏ ÊÅ ÓéþÔÁÎÉÅ ÄÏ ςπ ÂÅÚ ÐÒÅÃÈÏÄÕ ÃÅÚ ÄÅÓÉÁÔËÕ Á ÎÜÓÌÅÄÎÅ ÁÊ 
s ÐÒÅÃÈÏÄÏÍȢ 0ÏÄÏÂÎÜ ÇÒÁÄÜÃÉÁ ÊÅ ÕÐÌÁÔÎÅÎÜ ÁÊ ÐÒÉ ĭÌÏÈÜÃÈ ÎÁ ÏÄéþÔÁnie. 

+ÁĿÄÜ ÇÅÎÅÒÏÖÁÎÜ ĭÌÏÈÁ ÐÏÓËÙÔÕÊÅ ĿÉÁËÏÖÉ ÏËÁÍĿÉÔĭ ÓÐßÔÎĭ ÖßÚÂÕȢ 
V ÐÒþÐÁÄÅ ÓÐÒÜÖÎÅÊ ÏÄÐÏÖÅÄÅ ÊÅ ĿÉÁË ÍÏÔÉÖÏÖÁÎĻ ÊÅÄÎÏÄÕÃÈÏÕ ÐÏÃÈÖÁÌÏÕȟ 
ÐÒÉ ÎÅÓÐÒÜÖÎÅÊ ÏÄÐÏÖÅÄÉ ÓÁ ÍÕ ÚÏÂÒÁÚþ ÖÉÚÕÁÌÉÚÜÃÉÁ ÁËÔÕÜÌÎÅÊ ĭÌÏÈÙ 
s ÁÎÉÍÏÖÁÎĻÍÉ ÐÒÖËÁÍÉȟ ËÔÏÒï ÎÁÐÏÍÜÈÁÊĭ ÌÅÐĤÉÅÍÕ ÐÏÃÈÏÐÅÎÉÕ ÒÉÅĤÅÎÉÁȢ 
$ĖÒÁÚ ÊÅ ËÌÁÄÅÎĻ ÎÁ ÐÏÄÐÏÒÕ ÐÏÒÏÚÕÍÅÎÉÁȟ ÎÉÅ ÎÁ ÓÁÎËÃÉÏÎÏÖÁÎÉÅ ÃÈÙÂÙȢ 

!ÐÌÉËÜÃÉÅ Óĭ ËÏÎÃÉÐÏÖÁÎï ÁËÏ ÒĻÃÈÌÅȟ ÐÒÅÈċÁÄÎï Á ÏÂÓÁÈÏÖÏ ÚÁÍÅÒÁÎï 
ÎÜÓÔÒÏÊÅ ÂÅÚ ÎÁÄÂÙÔÏéÎĻÃÈ ÒÕĤÉÖĻÃÈ ÅÆÅËÔÏÖȢ #ÉÅċÏÍ ÎÉÅ ÊÅ ÚÜÂÁÖÎÜ ÈÒÁ 
v pravom slova zmysle, ale diÄÁËÔÉÃËĻ ÎÜÓÔÒÏÊȟ ËÔÏÒĻ ÐÏÄÐÏÒÕÊÅ ÏÐÁËÏÖÁÎï 
ÐÒÅÃÖÉéÏÖÁÎÉÅȟ ÕÐÅÖĐÏÖÁÎÉÅ ÚÜËÌÁÄÎĻÃÈ ÍÁÔÅÍÁÔÉÃËĻÃÈ ÚÒÕéÎÏÓÔþ 
a ÖÙÔÖÜÒÁÎÉÅ ÐÏÚÉÔþÖÎÅÈÏ ÖÚĩÁÈÕ Ë ÐÒÜÃÉ Ó ÄÉÇÉÔÜÌÎÙÍ ÐÒÏÓÔÒÅÄþÍȢ 

ςȢς -ÉÅÓÔÏ ÉÎÔÅÒÁËÔþÖÎÙÃÈ ÁÐÌÉËÜÃÉþ Ö ÒÏÚÖÏÊÉ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ 

(ÏÃÉ Óĭ ÉÎÔÅÒÁËÔþÖÎÅ ÁÐÌÉËÜÃÉÅ ÐÒÉÍÜÒÎÅ ÚÁÍÅÒÁÎï ÎÁ ÐÏÄÐÏÒÕ ÖÙÕéÏÖÁÎÉÁ 
ÍÁÔÅÍÁÔÉËÙȟ ÖĻÚÎÁÍÎÅ ÐÒÉÓÐÉÅÖÁÊĭ ÁÊ Ë ÒÏÚÖÏÊÕ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ 
ĿÉÁËÏÖȢ )ÃÈ ÐÏÕĿþÖÁÎÉÅ ÒÏÚÖþÊÁ ÚÜËÌÁÄÎï ÄÉÇÉÔÜÌÎÅ ÚÒÕéÎÏÓÔÉȟ ÁËÏ ÊÅ ÏÒÉÅÎÔÜÃÉÁ 
v ÐÏÕĿþÖÁÔÅċÓËÏÍ ÒÏÚÈÒÁÎþȟ ÚÁÄÜÖÁÎÉÅ ÏÄÐÏÖÅÄþȟ ÐÒÜÃa s ÊÅÄÎÏÄÕÃÈĻÍÉ 
ÏÖÌÜÄÁÃþÍÉ ÐÒÖËÁÍÉ Á ÐÏÒÏÚÕÍÅÎÉÅ ÓÐßÔÎÅÊ ÖßÚÂÅ ÐÏÓËÙÔÏÖÁÎÅÊ ÄÉÇÉÔÜÌÎÙÍ 
ÓÙÓÔïÍÏÍȢ 
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¼ÉÁÃÉ ÓÁ ÕéÉÁ ÖÎþÍÁĩ ÏÂÒÁÚÏÖËÕ ÁËÏ ÐÒÁÃÏÖÎĻ ÐÒÉÅÓÔÏÒȟ Ö ËÔÏÒÏÍ ÍÁÊĭ 
ÁËÔþÖÎÕ ĭÌÏÈÕȢ 0ÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÏÐÁËÏÖÁÎïÈÏ ÒÉÅĤÅÎÉÁ ĭÌÏÈ ÓÉ ÏÓÖÏÊÕÊĭ 
ÚÜËÌÁÄÎï ÐÒÉÎÃþÐÙ ÉÎÔerakcie s ÁÐÌÉËÜÃÉÏÕ Á ÚÜÒÏÖÅĐ ÓÉ ÖÙÔÖÜÒÁÊĭ ÎÜÖÙËÙ 
ÓĭÖÉÓÉÁÃÅ Ó ÄÉÇÉÔÜÌÎÏÕ ÐÒÜÃÏÕȟ ÁËÏ ÊÅ ÓĭÓÔÒÅÄÅÎÉÅȟ ÓÁÍÏÓÔÁÔÎÜ ËÏÎÔÒÏÌÁ 
ÒÉÅĤÅÎÉÁ Á ÐÒÜÃÁ Ó chybou. 

$ĖÌÅĿÉÔĻÍ ÁÓÐÅËÔÏÍ ÊÅ ÁÊ ÐÒÅÐÏÊÅÎÉÅ ÔÅÃÈÎÉÃËĻÃÈ Á ÏÂÓÁÈÏÖĻÃÈ ÚÒÕéÎÏÓÔþȢ 
¼ÉÁÃÉ ÓÉ ÓĭéÁÓÎÅ ÒÏÚÖþÊÁÊĭ ÍÁÔÅÍÁÔÉÃËï ÍÙÓÌÅÎÉÅ Á ÚÜËÌÁÄÎĭ ÄÉÇÉÔÜÌÎÕ 
ÇÒÁÍÏÔÎÏÓĩȟ ÐÒÉéÏÍ ÔÅÃÈÎÏÌĕÇÉÁ ÐĖÓÏÂþ ÁËÏ ÐÒÉÒÏÄÚÅÎĻ ÓÐÒÏÓÔÒÅÄËÏÖÁÔÅċ 
ÕéÅÎÉÁ ÓÁȢ 4ÁËïÔÏ ÐÒÏÓÔÒÅÄÉÅ ÐÏÄÐÏÒÕÊÅ ÖÎþÍÁÎÉÅ ÔÅÃÈÎÏÌĕÇÉþ ÁËÏ ÎÜÓÔÒÏÊÁȟ 
ËÔÏÒĻ ÓÌĭĿÉ ÎÁ ÕéÅÎÉÅ ÓÁ Á ÎÁ ÒÉÅĤÅÎÉÅ ĭÌÏÈȟ ÎÉÅ ÁËÏ ÐÁÓþÖÎÅÈÏ ÚÄÒÏÊÁ ÚÜÂÁÖÙȢ 

)ÎÔÅÒÁËÔþÖÎÅ ÍÁÔÅÍÁÔÉÃËï ÁÐÌÉËÜÃÉÅ ÔÁË ÐÒÅÄÓÔÁÖÕÊĭ ÖÈÏÄÎĻ ÄÏÐÌÎÏË 
ÖÙÕéÏÖÁÎÉÁȟ ËÔÏÒĻ ÕÍÏĿĐÕÊÅ ÒÏÚÖþÊÁĩ ÖÉÁÃÅÒÏ ËÏÍÐÅÔÅÎÃÉþ ÐÁÒÁÌÅÌÎÅ 
a ÖÙÔÖÜÒÁ ÐÒÅÄÐÏËÌÁÄÙ ÎÁ ÎÅÓËÏÒĤþ ÒÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ Á ÁÌÇÏÒÉÔÍÉÃËïÈÏ 
myslenia. 

σ 2ÏÚÖÏÊ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ Ö ĤÉÒĤÏÍ kontexte  

0ÏéþÔÁéÏÖÜ ÇÒÁÍÏÔÎÏÓĩ ÊÅ Ö ÓĭéÁÓÎÏÓÔÉ ÃÈÜÐÁÎÜ ÁËÏ ËÏÍÐÌÅØÎĻ ÓĭÂÏÒ 
ÖÅÄÏÍÏÓÔþȟ ÚÒÕéÎÏÓÔþ Á ÐÏÓÔÏÊÏÖ ɍρȟ σɎȟ ËÔÏÒï ÕÍÏĿĐÕÊĭ ÊÅÄÎÏÔÌÉÖÃÏÖÉ 
ÅÆÅËÔþÖÎÅ Á ÚÏÄÐÏÖÅÄÎÅ ÐÏÕĿþÖÁĩ ÄÉÇÉÔÜÌÎÅ ÔÅÃÈÎÏÌĕÇÉÅȢ .ÅÚÁÈğĐÁ ÉÂÁ 
ÔÅÃÈÎÉÃËĭ ÓÃÈÏÐÎÏÓĩ ÏÖÌÜÄÁĩ ÚÁÒÉÁÄÅÎÉÅ ÁÌÅÂÏ ÁÐÌÉËÜÃÉÕȟ ÁÌÅ ÁÊ ÐÏÒÏÚÕÍÅÎÉÅ 
ÚÜËÌÁÄÎĻÍ ÐÒÉÎÃþÐÏÍ ÆÕÎÇÏÖÁÎÉÁ ÄÉÇÉÔÜÌÎÙÃÈ ÓÙÓÔïÍÏÖȟ ÌÏÇÉÃËĻÍ 
a ÁÌÇÏÒÉÔÍÉÃËĻÍ ÐÏÓÔÕÐÏÍȟ ÐÒÜÃÉ Ó ÉÎÆÏÒÍÜÃÉÁÍÉ Á ÄÜÔÁÍÉȟ ÁËÏ ÁÊ 
ÕÖÅÄÏÍÅÎÉÅ ÓÉ ÁÓÐÅËÔÏÖ ÂÅÚÐÅéÎÏÓÔÉ Á ÚÏÄÐÏÖÅÄÎïÈÏ ÓÐÒÜÖÁÎÉÁ 
v ÄÉÇÉÔÜÌÎÏÍ ÐÒÏÓÔÒÅÄþȢ 

V ÐÒÏÓÔÒÅÄþ ÚÜËÌÁÄÎÅÊ ĤËÏÌÙ ÊÅ ÄĖÌÅĿÉÔïȟ ÁÂÙ ÓÁ ÒÏÚÖÏÊ ÐÏéþÔÁéÏÖÅÊ 
ÇÒÁÍÏÔÎÏÓÔÉ ÎÅÏÐÉÅÒÁÌ ÖĻÌÕéÎÅ Ï ÆÏÒÍÜÌÎÅ ÖÙÕéÏÖÁÎÉÅ ÉÎÆÏÒÍÁÔÉËÙȟ ÁÌÅ ÁÂÙ 
ÂÏÌ ÐÒÉÒÏÄÚÅÎÅ ÉÎÔÅÇÒÏÖÁÎĻ ÁÊ ÄÏ ÉÎĻÃÈ ÖÚÄÅÌÜÖÁÃþÃÈ ÏÂÌÁÓÔþȢ 0ÒÜÖÅ 
prepojenie matematiky, informatiky a ÐÒÜÃÅ Ó ÄÉÇÉÔÜÌÎÙÍÉ ÎÜÓÔÒÏÊÍÉ ÖÙÔÖÜÒÁ 
ÖÈÏÄÎĻ ÐÒÉÅÓÔÏÒ ÎÁ ÒÏÚÖÏÊ ÍÙÓÌÅÎÉÁȟ ËÔÏÒï ÊÅ ÓÙÓÔÅÍÁÔÉÃËïȟ ÌÏÇÉÃËï 
a ÏÒÉÅÎÔÏÖÁÎï ÎÁ ÒÉÅĤÅÎÉÅ ÐÒÏÂÌïÍÏÖȢ 

Z ÄÉÄÁËÔÉÃËïÈÏ ÈċÁÄÉÓËÁ ÊÅ ËċĭéÏÖïȟ ÁÂÙ ĿÉÁÃÉ ÖÎþÍÁÌÉ ÔÅÃÈÎÏÌĕÇÉÅ ÁËÏ 
ÎÜÓÔÒÏÊȟ ËÔÏÒĻ ÄÏËÜĿÕ ÁËÔþÖÎÅ ÏÖÌÜÄÁĩ Á ËÔÏÒïÈÏ ÓÐÒÜÖÁÎÉÅ ÍĖĿÕ ÐÒÅÄÖþÄÁĩ 
a ÏÖÐÌÙÖĐÏÖÁĩȢ 4ÁËĻÔÏ ÐÒþÓÔÕÐ ÐÏÍÜÈÁ ÏÄÂĭÒÁÖÁĩ ÐÒÅÄÓÔÁÖÕ ÔÅÃÈÎÏÌĕÇÉþ 
ÁËÏ ȵéÉÅÒÎÅÊ ÓËÒÉÎËÙȟȰ ËÔÏÒÅÊ ÖĻÓÔÕÐÙ Óĭ ÎÅÐÏÃÈÏÐÉÔÅċÎï ÁÌÅÂÏ ÎÜÈÏÄÎïȢ 
.ÁÏÐÁËȟ ĿÉÁÃÉ ÓÉ ÐÏÓÔÕÐÎÅ ÖÙÔÖÜÒÁÊĭ ÍÅÎÔÜÌÎÙ ÍÏÄÅÌ ÔÏÈÏȟ ĿÅ ÄÉÇÉÔÜÌÎÅ 
ÓÙÓÔïÍÙ ÆÕÎÇÕÊĭ ÎÁ ÚÜËÌÁÄÅ ÊÁÓÎĻÃÈ ÐÒÁÖÉÄÉÅÌȟ ÐÒþËÁÚÏÖ Á postupov. 

2ÏÚÖÏÊ ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ Ö ÔÏÍÔÏ ÐÏÎþÍÁÎþ ÖÙÔÖÜÒÁ ÐÒÉÒÏÄÚÅÎĻ 
ÚÜËÌÁÄ ÎÁ ÎÅÓËÏÒĤþ ÒÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ Á ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁȢ ¼ÉÁÃÉȟ 
ËÔÏÒþ Óĭ ÚÖÙËÎÕÔþ ÐÒÁÃÏÖÁĩ Ó ÄÉÇÉÔÜÌÎÙÍÉ ÎÜÓÔÒÏÊÍÉ ÁËÔþÖÎÅȟ Ó ÐÏÒÏÚÕÍÅÎþÍ 
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a s ÍÏĿÎÏÓĩÏÕ ÓÐßÔÎÅÊ ÖßÚÂÙȟ Óĭ ÌÅÐĤÉÅ ÐÒÉÐÒÁÖÅÎþ ÎÁ ÐÒÅÃÈÏÄ 
k programovaniu a ÎÁ ÒÉÅĤÅÎÉÅ ËÏÍÐÌÅØÎÅÊĤþÃÈ ĭÌÏÈ Ö oblasti informatiky.  

τ 0ÒÏÇÒÁÍÜÔÏÒÓËĻ ËÒĭĿÏË ÁËÏ ÆÏÒÍÁ ÒÏÚÖÏÊÁ ÉÎÆÏÒÍÁÔÉÃËïÈÏ 
myslenia  

4ÜÔÏ ËÁÐÉÔÏÌÁ ÓÁ ÖÅÎÕÊÅ ÔïÍÅ ÏÒÇÁÎÉÚÜÃÉÅ ÐÒÏÇÒÁÍÜÔÏÒÓËïÈÏ ËÒĭĿËÕ 
a predsÔÁÖÕÊÅ ÚÖÏÌÅÎĻ ÐÏÓÔÕÐ ÐÒÅÃÈÏÄÕ ÏÄ ÂÌÏËÏÖïÈÏ ÐÒÏÇÒÁÍÏÖÁÎÉÁ 
k ÔÅØÔÏÖïÍÕ ÚÜÐÉÓÕ Ö jazyku Python. 

τȢρ /Ä ÂÌÏËÏÖïÈÏ ÐÒÏÇÒÁÍÏÖÁÎÉÁ Ë ÔÅØÔÏÖïÍÕ ËĕÄÕ 

0ÒÏÇÒÁÍÜÔÏÒÓËĻ ËÒĭĿÏË ÒÅÁÌÉÚÏÖÁÎĻ Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ ÂÏÌ ËÏÎÃÉÐÏÖÁÎĻ ÁËÏ 
ÐÏÓÔÕÐÎĻ ÐÒÅÃÈÏÄ ÏÄ ÖÉÚÕÜÌÎÅÈÏ Ë ÔÅØÔÏÖïÍÕ programovaniu. V ĭÖÏÄÎÅÊ 
ÆÜÚÅ ÐÒÁÃÏÖÁÌÉ ĿÉÁÃÉ Ö ÐÒÏÓÔÒÅÄþ %ÄÕ"ÌÏÃËÓ ɍτɎ ɉÐÏÚÒÉ ÏÂÒÜÚÏË ςɊȟ ËÔÏÒï 
ÕÍÏĿĐÕÊÅ ÖÙÔÖÜÒÁĩ ÐÒÏÇÒÁÍÙ ÐÏÍÏÃÏÕ ÂÌÏËÏÖȟ ÐÒÉéÏÍ ÖĻÓÌÅÄÎĻ ËĕÄ 
ÚÏÄÐÏÖÅÄÜ ËÏÎĤÔÒÕËÃÉÜÍ ÊÁÚÙËÁ 0ÙÔÈÏÎȢ 4ÁËïÔÏ ÐÒÏÓÔÒÅÄÉÅ ÐÒÅÄÓÔÁÖÕÊÅ 
ÖÈÏÄÎĻ ÍÅÄÚÉËÒÏË ÍÅÄÚÉ éÉÓÔÏ ÖÉÚÕÜÌÎÙÍ ÐÒÏÇÒÁÍÏÖÁÎþÍ ɉÎÁÐÒȢ 
v ÐÒÏÓÔÒÅÄþ 3ÃÒÁÔÃÈɊ Á ÐþÓÁÎþÍ ÔÅØÔÏÖïÈÏ ËĕÄÕȢ 

 
/ÂÒÜÚÏË ςȢ Online prostredie EduBlocks [4]. 

0ÏÕĿÉÔÉÅ %ÄÕ"ÌÏÃËÓ ÕÍÏĿÎÉÌÏ ĿÉÁËÏÍ ÓĭÓÔÒÅÄÉĩ ÓÁ ÎÁ ÚÜËÌÁÄÎï 
ÐÒÏÇÒÁÍÜÔÏÒÓËï ËÏÎÃÅÐÔÙȟ ÁËÏ Óĭ ÐÏÓÔÕÐÎÏÓĩ ÐÒþËÁÚÏÖȟ ÃÙËÌÙ Á podmienky, 
ÂÅÚ ÔÏÈÏȟ ÁÂÙ ÂÏÌÉ ÈÎÅì ÚÁĩÁĿÅÎþ ÓÙÎÔÁËÔÉÃËĻÍÉ ÄÅÔÁÉÌÍÉ ÊÁÚÙËÁȢ :ÜÒÏÖÅĐ 
ÖĤÁË ÍÁÌÉ ÍÏĿÎÏÓĩ ÖÉÄÉÅĩȟ ÁËÏ ÂÌÏËÏÖï ÒÉÅĤÅÎÉÅ ÚÏÄÐÏÖÅÄÜ ÒÅÜÌÎÅÍÕ 
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ÐÒÏÇÒÁÍÏÖïÍÕ ÚÜÐÉÓÕȟ éÏ ÖĻÚÎÁÍÎÅ ÕċÁÈéÕÊÅ ÎÅÓËÏÒĤþ ÐÒÅÃÈÏÄ Ë ÐÒÜÃÉ 
s ÔÅØÔÏÖĻÍ ËĕÄÏÍȢ 

0Ï ÎÉÅËÏċËĻÃÈ ÓÔÒÅÔÎÕÔÉÁÃÈ ÂÏÌÉ ĿÉÁÃÉ ÐÏÓÔÕÐÎÅ ÏÂÏÚÎÁÍÏÖÁÎþ 
s ÐÒÏÇÒÁÍÏÖÁÎþÍ Ö jazyku Python v ÊÅÈÏ ÔÅØÔÏÖÅÊ ÐÏÄÏÂÅ ɍυɎȢ $ĖÒÁÚ ÂÏÌ 
ËÌÁÄÅÎĻ ÎÁ ËÏÎÔÉÎÕÉÔÕ ɀ ÎÁ ÚÁÃÈÏÖÁÎÉÅ ÚÎÜÍÙÃÈ ÐÒÉÎÃþÐÏÖ Á pojmov, aby 
ÐÒÅÃÈÏÄ ÎÅÐĖÓÏÂÉÌ ÎÜÈÌÅ ÁÌÅÂÏ ÄÅÍÏÔÉÖÁéÎÅȢ 

τȢς 6ÌÁÓÔÎÜ ËÎÉĿÎÉÃÁ 0ÁÎÃÉÅÒÎÉË Á Brython Tur tle Editor  

.Á ÐÏÄÐÏÒÕ ÐÌÙÎÕÌïÈÏ ÐÒÅÃÈÏÄÕ Ë ÔÅØÔÏÖïÍÕ ÐÒÏÇÒÁÍÏÖÁÎÉÕ ÂÏÌÁ ÖÙÖÉÎÕÔÜ 
ÖÌÁÓÔÎÜ ÇÒÁÆÉÃËÜ ËÎÉĿÎÉÃÁ 0ÁÎÃÉÅÒÎÉË ɉÐÏÚÒÉ ÏÂÒÜÚÏË σɊȟ ËÔÏÒÜ ÊÅ ÐÏÓÔÁÖÅÎÜ ÎÁ 
module turtle  v ÊÁÚÙËÕ 0ÙÔÈÏÎ ɍφɎȢ +ÎÉĿÎÉÃÁ ÐÏÓËÙÔÕÊÅ ÊÅÄÎÏÄÕÃÈï 
a ÄÉÄÁËÔÉÃËÙ ÕÐÒÁÖÅÎï ÐÒþËÁÚÙ ÎÁ kreslenie a ÐÏÈÙÂȟ ÐÒÉéÏÍ ÚÁÃÈÏÖÜÖÁ 
ÂÌþÚËÏÓĩ Ë ÐÒÉÒÏÄÚÅÎïÍÕ ÊÁÚÙËÕ ĿÉÁËÏÖȢ 0ÒþËÁÚÙ ÁËÏ dopredu(), dozadu(), 
vpravo() alebo ÄÏċÁÖÁɉɊ ÕÍÏĿĐÕÊĭ ÓĭÓÔÒÅÄÉĩ ÓÁ ÎÁ ÒÉÅĤÅÎÉÅ ĭÌÏÈÙ ÂÅÚ ÐÏÔÒÅÂÙ 
ÏÓÖÏÊÏÖÁÎÉÁ ÓÉ ÃÕÄÚÏÊÁÚÙéÎÅÊ ÔÅÒÍÉÎÏÌĕÇÉÅ Ö ĭÖÏÄÎÅÊ ÆÜÚÅ ÐÒÏÇÒÁÍÏÖÁÎÉÁȢ 

 
/ÂÒÜÚÏË σȢ $ÏËÕÍÅÎÔÜÃÉÁ ËÕ ËÎÉĿÎÉÃÉ 0ÁÎÃÉÅÒÎÉËȢ 

0ÁÎÃÉÅÒÎÉË ÊÅ ÍÏĿÎï ÐÏÕĿþÖÁĩ Ö ĤÔÁÎÄÁÒÄÎÏÍ ÖĻÖÏÊÏÖÏÍ ÐÒÏÓÔÒÅÄþ )$,%ȟ ÁÌÅ 
ÁÊ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ×ÅÂÏÖïÈÏ ÒÏÚÈÒÁÎÉÁ "ÒÙÔÈÏÎ 4ÕÒÔÌÅ %ÄÉÔÏÒ ɍχȟ ψɎ ɉÐÏÚÒÉ 
ÏÂÒÜÚÏË τɊȢ 4ÏÔÏ ÐÒÏÓÔÒÅÄÉÅ ËÏÍÂÉÎÕÊÅ ÅÄÉÔÏÒ ÚÄÒÏÊÏÖïÈÏ Ëĕdu s ÏËÁÍĿÉÔĻÍ 
ÇÒÁÆÉÃËĻÍ ÖĻÓÔÕÐÏÍ Á ÊÅÄÎÏÄÕÃÈÏÕ ËÏÎÚÏÌÏÕȢ ¼ÉÁÃÉ ÍĖĿÕ ÐÒÏÇÒÁÍ ÓÐÕÓÔÉĩ 
priamo v ÐÒÅÈÌÉÁÄÁéÉȟ ÓÌÅÄÏÖÁĩ ÖĻÓÌÅÄÏË ÓÖÏÊÅÊ ÐÒÜÃÅ Á ÏËÁÍĿÉÔÅ ÒÅÁÇÏÖÁĩ ÎÁ 
chyby alebo zmeny v ËĕÄÅȢ 
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/ÂÒÜÚÏË τȢ Prostredie Brython Turtle Editor. 

%ÄÉÔÏÒ ÚÜÒÏÖÅĐ ÐÏÄÐÏÒÕÊÅ ÚÜËÌÁÄÎĭ ÐÒÜÃÕ ÓÏ ÓĭÂÏÒÍÉȟ ÏÐÁËÏÖÁÎï ÓÐĭĤĩÁÎÉÅ 
programov a experimentovanie s ÐÒÉÐÒÁÖÅÎĻÍÉ ĤÁÂÌĕÎÁÍÉȢ 4ÁËïÔÏ 
ÐÒÏÓÔÒÅÄÉÅ ÖÙÔÖÜÒÁ ÐÒÉÒÏÄÚÅÎĻ ÍÏÓÔ ÍÅÄÚÉ ÂÌÏËÏÖĻÍ ÐÒÏÇÒÁÍÏÖÁÎþÍ 
a ÐÒÜÃÏÕ Ö ÒÅÜÌÎÏÍ ÖĻÖÏÊÏÖÏÍ ÐÒÏÓÔÒÅÄþȟ ÐÒÉéÏÍ ÓÉ ÚÁÃÈÏÖÜÖÁ 
ÊÅÄÎÏÄÕÃÈÏÓĩ Á ÐÒÅÈċÁÄÎÏÓĩ ÖÈÏÄÎĭ ÐÒÅ ĿÉÁËÏÖ ÚÜËÌÁÄÎÅÊ ĤËÏÌÙȢ 

τȢσ $ÉÄÁËÔÉÃËï ÐÒþÎÏÓÙ ÚÖÏÌÅÎïÈÏ ÐÏÓÔÕÐÕ 

(ÌÁÖÎÏÕ ÖĻÈÏÄÏÕ ËÏÍÂÉÎÜÃÉÅ ÂÌÏËÏÖïÈÏ ÐÒÏÇÒÁÍÏÖÁÎÉÁȟ ÔÅØÔÏÖïÈÏ 
Pythonu a ËÎÉĿÎÉÃÅ 0ÁÎÃÉÅÒÎÉË ÊÅ ÐÌÙÎÕÌÏÓĩ ÐÒÅÃÈÏÄÕ ÍÅÄÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ 
ĭÒÏÖĐÁÍÉ ÁÂÓÔÒÁËÃÉÅȢ ¼ÉÁÃÉ ÎÁÊÐÒÖ ÐÒÁÃÕÊĭ Ó ÖÉÚÕÜÌÎÙÍÉ ÒÅÐÒÅÚÅÎÔÜÃÉÁÍÉ 
ÐÒþËÁÚÏÖȟ ÎÜÓÌÅÄÎÅ ÉÃÈ ÚÁÐÉÓÕÊĭ Ö textovej podobe a ÐÏÓÔÕÐÎÅ ÓÉ ÏÓÖÏÊÕÊĭ 
ÐÒÜÃÕ Ó funkciami, cyklami a podmienkami. 

0ÒÏÇÒÁÍÏÖÁÎÉÅ ÓÁ ÔÁË ÐÒÅ ÎÉÃÈ ÎÅÓÔÜÖÁ ÎÜÈÌÅ ÚÁÖÅÄÅÎĻÍ ÆÏÒÍÜÌÎÙÍ 
ÊÁÚÙËÏÍȟ ÁÌÅ ÐÒÉÒÏÄÚÅÎĻÍ ÐÏËÒÁéÏÖÁÎþÍ ÐÒÅÄÃÈÜÄÚÁÊĭÃÉÃÈ ÓËĭÓÅÎÏÓÔþȢ 
4ÅÎÔÏ ÐÒþÓÔÕÐ ÐÏÄÐÏÒÕÊÅ ÒÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ Á ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁȟ 
ÐÏÓÉÌĐÕÊÅ ÐÏÃÉÔ ËÏÍÐÅÔÅÎÃÉÅ Á ÚÎÉĿÕÊÅ ÏÂÁÖÙ ÓÐÏÊÅÎï Ó prechodom 
k ÔÅØÔÏÖïÍÕ ÐÒÏÇÒÁÍÏÖÁÎÉÕȢ 

υ 3ËĭÓÅÎÏÓÔÉ Ú praxe a ÄÉÄÁËÔÉÃËï ÐÏÚÏÒÏÖÁÎÉÁ 

2ÅÁÌÉÚÜÃÉÁ ÉÎÔÅÒÁËÔþÖÎÙÃÈ ÍÁÔÅÍÁÔÉÃËĻÃÈ ÁÐÌÉËÜÃÉþ Á ÐÒÏÇÒÁÍÜÔÏÒÓËïÈÏ 
ËÒĭĿËÕ ÐÏÓËÙÔÌÁ ÍÎÏĿÓÔÖÏ ÐÏÄÎÅÔÏÖ ÎÁ ÐÏÚÏÒÏÖÁÎÉÅ ÓÐÒÜÖÁÎÉÁ Á ÒÅÁËÃÉþ 
ĿÉÁËÏÖ ÐÒÉ ÐÒÜÃÉ Ó ÄÉÇÉÔÜÌÎÙÍÉ ÔÅÃÈÎÏÌĕÇÉÁÍÉȢ 5Ŀ Ö ÐÒÉÅÂÅÈÕ ÐÒÖĻÃÈ ÓÔÒÅÔÎÕÔþ 
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ÓÁ ÕËÜÚÁÌÏȟ ĿÅ ËÏÍÂÉÎÜÃÉÁ ÏËÁÍĿÉÔÅÊ ÓÐßÔÎÅÊ ÖßÚÂÙȟ ÖÉÄÉÔÅċÎïÈÏ ÖĻÓledku 
ÐÒÜÃÅ Á ÍÏĿÎÏÓÔÉ ÏÐÁËÏÖÁÎÉÁ ĭÌÏÈ ÍÜ ÖĻÒÁÚÎĻ ÖÐÌÙÖ ÎÁ ÍÏÔÉÖÜÃÉÕ ĿÉÁËÏÖ 
a ÉÃÈ ÏÃÈÏÔÕ ÐÒÁÃÏÖÁĩ ÓÁÍÏÓÔÁÔÎÅȢ 

0ÒÉ ÐÒÜÃÉ Ó ÉÎÔÅÒÁËÔþÖÎÙÍÉ ÍÁÔÅÍÁÔÉÃËĻÍÉ ÁÐÌÉËÜÃÉÁÍÉ ĿÉÁÃÉ ÐÒÉÒÏÄÚÅÎÅ 
ÐÒÅÂÅÒÁÌÉ ÚÏÄÐÏÖÅÄÎÏÓĩ ÚÁ ÖÌÁÓÔÎï ÔÅÍÐÏ ÕéÅÎÉÁ ÓÁȢ -ÏĿÎÏÓĩ ÏÐÁËÏÖÁÎïÈÏ 
ÒÉÅĤÅÎÉÁ ĭÌÏÈ ÂÅÚ ÓÁÎËÃÉÅ ÚÁ ÃÈÙÂÕ ÐÏÄÐÏÒÏÖÁÌÁ ÅØÐÅÒÉÍÅÎÔÏÖÁÎÉÅ 
a ÚÎÉĿÏÖÁÌÁ ÏÂÁÖÙ ÚÏ ÚÌÙÈÁÎÉÁȢ ¼ÉÁÃÉ ÓÁ ÐÏÓÔÕÐÎÅ ÕéÉÌÉ ÖÎþÍÁĩ ÃÈÙÂÕ ÁËÏ 
ÓĭéÁÓĩ ÐÒÏÃÅÓÕ ÕéÅÎÉÁ ÓÁȟ ÎÉÅ ÁËÏ ÄĖÖÏÄ ÎÁ ÐÒÅÒÕĤÅÎÉÅ ÐÒÜÃÅȢ : ÄÉÄÁËÔÉÃËïÈÏ 
ÈċÁÄÉÓËÁ ÓÁ ÕËÜÚÁÌÏȟ ĿÅ ÊÅÄÎÏÄÕÃÈÏÓĩ ÒÏÚÈÒÁÎÉÁ Á ÁÂÓÅÎÃÉÁ ÒÕĤÉÖĻÃÈ ÐÒÖËÏÖ 
ÎÁÐÏÍÜÈÁÊĭ ÓĭÓÔÒÅÄÅÎÉÕ ÓÁ ÎÁ ÓÁÍÏÔÎĻ ÏÂÓÁÈ ĭÌÏÈÙȢ 

V ÐÒÏÇÒÁÍÜÔÏÒÓËÏÍ ËÒĭĿËÕ ÓÁ ÁËÏ ÄĖÌÅĿÉÔĻ ÆÁËÔÏÒ ÕËÜÚÁÌÁ ËÏÎÔÉÎÕÉÔÁ ÍÅÄÚÉ 
ÊÅÄÎÏÔÌÉÖĻÍÉ ÐÒÏÓÔÒÅÄÉÁÍÉȢ ¼ÉÁÃÉȟ ËÔÏÒþ ÚÁéþÎÁÌÉ Ó ÂÌÏËÏÖĻÍ ÐÒÏÇÒÁÍÏÖÁÎþÍ 
v %ÄÕ"ÌÏÃËÓȟ ÐÒÉÊþÍÁÌÉ ÐÒÅÃÈÏÄ Ë tÅØÔÏÖïÍÕ ËĕÄÕ ÐÒÉÒÏÄÚÅÎÅÊĤÉÅȟ ÁË ÍÁÌÉ 
ÍÏĿÎÏÓĩ ÎÁÄÖÉÁÚÁĩ ÎÁ ÕĿ ÚÎÜÍÅ ÐÒþËÁÚÙ Á ËÏÎÃÅÐÔÙȢ 0ÏÕĿÉÔÉÅ ËÎÉĿÎÉÃÅ 
Panciernik viedlo k ÔÏÍÕȟ ĿÅ ĿÉÁÃÉ ÖÎþÍÁÌÉ ÐþÓÁÎÉÅ ËĕÄÕ ÎÉÅ ÁËÏ ĭÐÌÎÅ ÎÏÖĻ 
ÊÁÚÙËȟ ÁÌÅ ÁËÏ ÁÌÔÅÒÎÁÔþÖÎÙ ÚÜÐÉÓ éÉÎÎÏÓÔþȟ ËÔÏÒï ÕĿ ÐÏÚÎÁÌÉ Ú ÐÒÅÄÃÈÜÄÚÁÊĭcej 
ÐÒÜÃÅȢ 

Pozorovania z ÐÒÁØÅ ÔÉÅĿ ÎÁÚÎÁéÕÊĭȟ ĿÅ ÇÒÁÆÉÃËĻ ÖĻÓÔÕÐ ÚÏÈÒÜÖÁ ÖĻÚÎÁÍÎĭ 
ĭÌÏÈÕ ÐÒÉ ÂÕÄÏÖÁÎþ ÐÏÃÉÔÕ ËÏÍÐÅÔÅÎÃÉÅȢ ¼ÉÁÃÉ ÓÉ ÄÏËÜÚÁÌÉ ÊÁÓÎÅ ÐÒÅÐÏÊÉĩ 
ÎÁÐþÓÁÎĻ ÐÒÏÇÒÁÍ Ó ÊÅÈÏ ÖÉÚÕÜÌÎÙÍ ÖĻÓÌÅÄËÏÍȟ éÏ ÉÍ ÕÍÏĿĐÏÖÁÌÏ ÌÅÐĤÉÅ 
ÐÏÒÏÚÕÍÉÅĩ ÖÚĩÁÈÏÍ ÍÅÄÚÉ ÐÒþËÁÚÏm a ÊÅÈÏ ÄĖÓÌÅÄËÏÍȢ 4ÅÎÔÏ ÁÓÐÅËÔ ÓÁ 
ÕËÜÚÁÌ ÂÙĩ ÄĖÌÅĿÉÔĻ ÎÁÊÍß ÐÒÉ ÚÁÖÜÄÚÁÎþ ÃÙËÌÏÖ Á ÏÐÁËÏÖÁÎĻÃÈ ĤÔÒÕËÔĭÒȟ ËÄÅ 
ÖÉÚÕÜÌÎÁ ÓÐßÔÎÜ ÖßÚÂÁ ÐÏÍÜÈÁÌÁ ÏÄÈÁÌÉĩ ÃÈÙÂÙ Ö logike programu. 

Z ÄÉÄÁËÔÉÃËïÈÏ ÈċÁÄÉÓËÁ ÓÁ ÐÏÔÖÒÄÉÌÏȟ ĿÅ ÔÅÃÈÎÏÌĕÇÉÁ ÓÁ ÓÔÜÖÁ 
ÎÁÊÅÆÅËÔþÖÎÅÊĤÏÕ ÖÔÅÄÙȟ ËÅì ÊÅ ÐÒÉÒÏÄÚÅÎÅ ÉÎÔÅÇÒÏÖÁÎÜ ÄÏ éÉÎÎÏÓÔÉ ĿÉÁËÁ 
a ÎÉÅ ÊÅ ÖÎþÍÁÎÜ ÁËÏ ÅØÔÅÒÎĻ ÄÏÐÌÎÏË ÖÙÕéÏÖÁÎÉÁȢ 6 ÔÁËÏÍÔÏ ÐÒÏÓÔÒÅÄþ ĿÉÁÃÉ 
ÐÏÓÔÕÐÎÅ ÐÒÅÓÔÜÖÁÊĭ ÖÎþÍÁĩ ÄÉÇÉÔÜÌÎÅ ÎÜÓÔÒÏÊÅ ÁËÏ ÈÏÔÏÖï ÐÒÏÄÕËÔÙ ÕÒéÅÎï 
ÎÁ ÐÁÓþÖÎÕ ËÏÎÚÕÍÜÃÉÕ Á ÚÁéþÎÁÊĭ ÉÃÈ ÃÈÜÐÁĩ ÁËÏ ÐÒÏÓÔÒÉÅÄËÙȟ ËÔÏÒï ÍĖĿÕ 
ÁËÔþÖÎÅ ÏÖÌÜÄÁĩ Á ÐÒÉÓÐĖÓÏÂÏÖÁĩ ÖÌÁÓÔÎĻÍ ÚÜÍÅÒÏÍȢ 

4ÉÅÔÏ ÓËĭÓÅÎÏÓÔÉ ÖÙÔÖÜÒÁÊĭ ÖĻÃÈÏÄÉÓËÏ ÎÁ ÔÖÏÒÂÕ ìÁÌĤþÃÈ ÆÜÚ ÐÒÏÊÅËÔÕȟ 
v ËÔÏÒĻÃÈ ÂÕÄÅ ÍÏĿÎï ÓÙÓÔÅÍÁÔÉÃËÅÊĤÉÅ ÓÌÅÄÏÖÁĩ ÖÐÌÙÖ ÚÖÏÌÅÎĻÃÈ ÎÜÓÔÒÏÊÏÖ 
a ÐÏÓÔÕÐÏÖ ÎÁ ÒÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ Á algoritmÉÃËïÈÏ ÍÙÓÌÅÎÉÁ ĿÉÁËÏÖȢ 

φ :ÜÖÅÒ Á ìÁÌĤÉÅ ÓÍÅÒÏÖÁÎÉÅ ÐÒÏÊÅËÔÕ 

0ÒÖĻ ÒÏË ÒÉÅĤÅÎÉÁ ÐÒÏÊÅËÔÕ +%'! πρπ445-τȾςπςυ ÕËÜÚÁÌȟ ĿÅ ÒÏÚÖÏÊ 
ÐÏéþÔÁéÏÖÅÊ ÇÒÁÍÏÔÎÏÓÔÉ ĿÉÁËÏÖ ÚÜËÌÁÄÎĻÃÈ ĤËĖÌ ÊÅ ÍÏĿÎï ÅÆÅËÔþÖÎÅ 
ÐÏÄÐÏÒÉĩ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÃÉÅÌÅÎÅ ÚÖÏÌÅÎĻÃÈ ÄÉÇÉÔÜÌÎÙÃÈ ÎÜÓÔÒÏÊÏÖ 
a ÄÉÄÁËÔÉÃËĻÃÈ ÐÏÓÔÕÐÏÖȢ )ÎÔÅÒÁËÔþÖÎÅ ÍÁÔÅÍÁÔÉÃËï ÁÐÌÉËÜÃÉÅ 
a ÐÒÏÇÒÁÍÜÔÏÒÓËĻ ËÒĭĿÏË ÐÒÅÄÓÔÁÖÕÊĭ ÄÖÅ ËÏÍÐÌÅÍÅÎÔÜÒÎÅ ÆÏÒÍÙ ÐÒÜÃÅȟ 
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ËÔÏÒï ÕÍÏĿĐÕÊĭ ÒÏÚÖþÊÁĩ ÄÉÇÉÔÜÌÎÅȟ ÍÁÔÅÍÁÔÉÃËï ÁÊ ÁÌÇÏÒÉÔÍÉÃËï ÚÒÕéÎÏÓÔÉ 
v prirodzenom a ÐÒÅ ĿÉÁËÏÖ ÚÒÏÚÕÍÉÔÅċÎÏÍ ÐÒÏÓÔÒÅÄþȢ 

3Ëĭsenosti z ÐÒÁØÅ ÎÁÚÎÁéÕÊĭȟ ĿÅ ÄĖÒÁÚ ÎÁ ÊÅÄÎÏÄÕÃÈÏÓĩȟ ÐÒÅÈċÁÄÎÏÓĩ 
a ÏËÁÍĿÉÔĭ ÓÐßÔÎĭ ÖßÚÂÕ ÐÏÄÐÏÒÕÊÅ ÁËÔþÖÎÕ ÐÒÜÃÕ ĿÉÁËÏÖ Ó ÔÅÃÈÎÏÌĕÇÉÁÍÉ 
a prispieva k ÂÕÄÏÖÁÎÉÕ ÉÃÈ ÓÅÂÁÄĖÖÅÒÙ ÐÒÉ ÒÉÅĤÅÎþ ĭÌÏÈȢ 0ÌÙÎÕÌĻ ÐÒÅÃÈÏÄ ÏÄ 
ÂÌÏËÏÖïÈÏ ÐÒÏÇÒÁÍÏÖÁÎÉÁ Ë ÔÅØÔÏÖïÍÕ ÚÜÐÉÓÕ Ö ÊÁÚÙËÕ 0ÙÔÈÏÎȟ ÐÏÄÐÏÒÅÎĻ 
ËÎÉĿÎÉÃÏÕ 0ÁÎÃÉÅÒÎÉËȟ ÓÁ ÕËÁÚÕÊÅ ÁËÏ ÖÈÏÄÎĻ ÓÐĖÓÏÂȟ ÁËÏ ĿÉÁËÏÖ ÐÏÓÔÕÐÎÅ 
ÖÉÅÓĩ Ë ÈÌÂĤÉÅÍÕ ÐÏÒÏÚÕÍÅÎÉÕ ÐÒÉÎÃþÐÏÖ ÐÒÏÇÒÁÍÏÖÁÎÉÁ ÂÅÚ ÎÁÄÍÅÒÎÅÊ 
ËÏÇÎÉÔþÖÎÅÊ ÚÜĩÁĿÅȢ 

V ìÁÌĤþÃÈ ÆÜÚÁÃÈ ÒÉÅĤÅÎÉÁ ÐÒÏÊÅËÔÕ ÓÁ ÐÌÜÎÕÊÅÍÅ ÚÁÍÅÒÁĩ ÎÁ ÒÏÚĤþÒÅÎÉÅ 
eØÉÓÔÕÊĭÃÉÃÈ ÁÐÌÉËÜÃÉþȟ ÔÖÏÒÂÕ ÎÏÖĻÃÈ ĭÌÏÈ ÐÒÅ ĿÉÁËÏÖ Á ÓÙÓÔÅÍÁÔÉÃËÅÊĤÉÅ 
ÚÉÓĩÏÖÁÎÉÅ ÖÐÌÙÖÕ ÚÖÏÌÅÎĻÃÈ ÎÜÓÔÒÏÊÏÖ ÎÁ ÒÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ 
a ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁȢ :þÓËÁÎï ÐÏÚÎÁÔËÙ ÂÙ ÍÁÌÉ ÐÒÉÓÐÉÅĩ Ë spresneniu 
ÄÉÄÁËÔÉÃËĻÃÈ ÏÄÐÏÒĭéÁÎþ ÐÒÅ ÖÙÕĿþÖÁÎÉÅ ÄÉÇÉÔÜÌÎÙÃÈ ÔÅÃÈÎÏÌĕÇÉþ ÖÏ 
ÖÙÕéÏÖÁÎþ ÉÎÆÏÒÍÁÔÉËÙ Á ÍÁÔÅÍÁÔÉËÙ ÎÁ ÚÜËÌÁÄÎĻÃÈ ĤËÏÌÜÃÈȢ 

0ÏìÁËÏÖÁÎÉÅ 

0ÒþÓÐÅÖÏË ÂÏÌ ÐÏÄÐÏÒÅÎĻ ÐÒÏÊÅËÔÏÍ KEGA 010TTU-4/2025  Rozvoj 
ÉÎÆÏÒÍÁÔÉÃËïÈÏ Á ÁÌÇÏÒÉÔÍÉÃËïÈÏ ÍÙÓÌÅÎÉÁ ĿÉÁËÏÖ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÅÆÅËÔþÖÎÅÈÏ 
ÚÁéÌÅÎÅÎÉÁ ÍÏÄÅÒÎĻÃÈ ÔÅÃÈÎÏÌĕÇÉþ ÄÏ ÖÙÕéÏÖÁÎÉÁ ÉÎÆÏÒÍÁÔÉËÙ Á matematiky, a ÔÉÅĿ 
projektom KEGA 014TTU 4/2024: )ÎÔÅÌÉÇÅÎÔÎï ÁÎÉÍÁéÎÏ-ÓÉÍÕÌÁéÎï ÍÏÄÅÌÙȟ 
ÎÜÓÔÒÏÊÅ Á ÐÒÏÓÔÒÅÄÉÁ ÐÒÅ ÄÅÅÐ ÌÅÁÒÎÉÎÇȢ  
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Abstrakt:  IÌÜÎÏË ÐÏÄéÉÁÒËÕÊÅ ÄĖÌÅĿÉÔÏÓĩ ĭÄÁÊÏÖĻÃÈ ĤÔÒÕËÔĭÒ Ö 
ÐÒÏÇÒÁÍÏÖÏÍ ÒÉÅĤÅÎþ ÒĖÚÎÙÃÈ ÐÒÏÂÌïÍÏÖȟ ÒÅÐÒÅÚÅÎÔÏÖÁÎĻÃÈ ÖßéĤþÍ 
ÍÎÏĿÓÔÖÏÍ ĭÄÁÊÏÖȟ ËÔÏÒï ÍÁÊĭ ÂÙĩ ċÁÈËÏ ÄÏÓÔÕÐÎïȟ ÊÅÄÎÏÄÕÃÈÏ Á ÓÐÒÜÖÎÅ 
selektovatÅċÎïȟ ÔÅÄÁ ÐÒÉÁÍÏ ÁÄÒÅÓÏÖÁÔÅċÎïȢ 0ÒÅÔÏ ÊÅ ÄÏÂÒïȟ ËÅì Óĭ 
ÕÓÐÏÒÉÁÄÁÎïȢ .ÁÊÊÅÄÎÏÄÕÃÈĤÉÁ Á ÎÁÊéÁÓÔÅÊĤÉÅ ÐÏÕĿþÖÁÎÜ ĭÄÁÊÏÖÜ ĤÔÒÕËÔĭÒÁ ÊÅ 
ÐÏÌÅȟ ËÔÏÒï ÎÜÊÄÅÍÅ ÁËÏ ĤÔÁÎÄÁÒÄÎĭ ĭÄÁÊÏÖĭ ĤÔÒÕËÔĭÒÕ ÓËÏÒÏ Ö ËÁĿÄÏÍ 
ÖÙĤĤÏÍ ÐÒÏÇÒÁÍÏÖÁÃÏÍ ÊÁzÙËÕȢ 0ÒÜÖÅ ÐÒÅÔÏ ÓÍÅ ÖÙÂÒÁÌÉ ÔĭÔÏ ĭÄÁÊÏÖĭ 
ĤÔÒÕËÔĭÒÕ ÁËÏ ÏÂÊÅËÔ ÖÉÚÕÁÌÉÚÜÃÉÅ ÎÁ ÖÙÕéÏÖÁÎÉÅ Á ÈĊÂËÏÖï ÕéÅÎÉÅ ÓÁ 
s ÐÏÒÏÚÕÍÅÎþÍ Á Ó ÐÏÕĿþÖÁÎþÍ ÎÜÚÏÒÎĻÃÈ ÖÉÚÕÁÌÉÚÏÖÁÎĻÃÈ ÓÉÍÕÌÁéÎĻÃÈ 
ÍÏÄÅÌÏÖ ÒÉÅĤÅÎÉÁ ĭÌÏÈÙȢ 

+ċĭéÏÖï ÓÌÏÖÜȡ ĭÄÁÊÏÖï ĤÔÒÕËÔĭÒÙȟ ÐÏÌÅ ÁËÏ ĭÄÁÊÏÖÜ ĤÔÒÕËÔĭÒÁȟ 
ÉÍÐÌÅÍÅÎÔÜÃÉÁ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙȟ ÁÄÒÅÓÏÖÁÎÉÅ ÅÌÅÍÅÎÔÕ ĭÄÁÊÏÖÅÊ 
ĤÔÒÕËÔĭÒÙȢ   

VISUALIZATION OF ALGORITHMS USING THE ARRAY 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 are 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 teaching and 
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. 

ρ ªÖÏÄ 

V ÈĊÂËÏÖÏÍ ÕéÅÎþ ÄĖÌÅĿÉÔĭ ĭÌÏÈÕ ÚÏÈÒÜÖÁ ÓÐÒÜÖÎÁ ÐÒÅÄÓÔÁÖÁ o tom ako 
ȵÖÅÃÉȰ ÆÕÎÇÕÊĭȢ 6ÙÔÖÏÒÉĩ ÆÕÎËéÎĻ ÍÏÄÅÌ Ï ÄÙÎÁÍÉÃËĻÃÈ ÐÒÏÃÅÓÏÖȟ ËÔÏÒï ÎÉÅ 
Óĭ ÖÏċÎĻÍ ÏËÏÍ ÐÏÚÏÒÏÖÁÔÅċÎï ÐÏÔÒÅÂÕÊÅ ÆÁÎÔÜÚÉÕ, ÚÍÙÓÅÌ ÐÒÅ ÎÜÚÏÒÎÏÓĩ, 
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ËÔÏÒï ÓÁ ÓÐÜÊÁÊĭ Ó ÅØÁËÔÎÏÓĩÏÕȢ 4ÅÄÁȟ ËÅì uvÁĿÕÊÅÍÅ Ï ĭÄÁÊÏÖĻÃÈ 
ĤÔÒÕËÔĭÒÁÃÈ ÐÒÏÇÒÁÍÏÖÁÎþ ÍÕÓþÍÅ ÓÐÏÊÉĩ ÐÒÅÄÓÔÁÖÕ o ĤÔÒÕËÔĭÒÅ ÐÁÍßÔÉ 
ÐÏéþÔÁéÁ Á ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒe ÐÒÏÇÒÁÍÏÖÁÃÉÅÈÏ ÎÜÓÔÒÏÊÁ ɉÊÁÚÙËÁɊ. Spojenie 
ÔĻÃÈÔÏ ÄÖÏÃÈ ÐÒÅÄÓÔÜÖ ÄÜÖÁ ÒÅÜÌÎÙ ÏÂÒÁÚ Ï ÖÎĭÔÏÒÎÅÊ ÉÍÐÌÅÍÅÎÔÜÃÉÉ 
ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙ Ö ÐÁÍßÔÉ ÐÏéþÔÁéÁȟ ÔÅÄÁ ÊÅÊ ÒÅÐÒÅÚÅÎÔÜÃÉÅ Ö ÐÏéþÔÁéÉ a 
ÐÏéÁÓ ÖÙËÏÎÜÖÁÎÉÁ ÐÒþËÁÚÏÖ ÐÒÏÇÒÁÍÕȢ 3 ÔĻÍ ÊÅ ÓÐÏÊÅÎÜ ÉÄÅÎÔÉÆÉËÜÃÉÁ ÍÉÅÓÔÁ 
Á ÓÐÒþÓÔÕÐÎÅÎÉÅ ÈÏÄÎÏÔÙ ÊÅÄÎÏÔÌÉÖĻÃÈ ÅÌÅÍÅÎÔÏÖ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙ Á ÔÉÅĿ 
zÜpiÓÕ ÎÏÖÅÊ ÈÏÄÎÏÔÕȟ ÔÅÄÁ ÖÙËÏÎÁĩ ÚÍÅÎÕ ÈÏÄÎÏÔÙ ÅÌÅÍÅÎÔÕȢ  

2 £ÔÁÎÄÁÒÄÎÜ ĭÄÁÊÏÖÜ ĤÔÒÕËÔĭÒÁ ÐÏÌÅ 

0ÏÌÅ ÐÁÔÒþ medzi ĤÔÁÎÄÁÒÄÎï ĭÄÁÊÏÖï ĤÔÒÕËÔĭÒÙ ÁËÏ aj ÍÎÏĿÉÎÁȟ ÚÜÚÎÁÍȟ 
ÓĭÂÏÒ Á ÐÏÄȢ 6ÚÈċÁÄÏÍ ÎÁ ÏÂÍÅÄÚÅÎĻ ÒÏÚÓÁÈ ÐÒÜÃÅ ÐÏÄÒÏÂÎÅ ÏÐþĤÅÍÅ ÌÅÎ 
ÇÒÁÆÉÃËï ÍÏÄÅÌÙ ÐÏċÁ ÎÁ ÚÖĻĤÅÎÉÅ ÎÜÚÏÒÎÏÓÔÉ ÁÌÇÏÒÉÔÍÕȟ ËÔÏÒĻ ÓÐÒÁÃÏÖÜÖÁ 
hodnoty eleÍÅÎÔÏÖ ÐÏċÁ. :ÏÚÎÁÍÏÍ ÓÁ ÂÕÄÅÍÅ ÚÁÏÂÅÒÁĩ ÌÅÎ ÁËÏ ĭÄÁÊÏÖÏÕ 
ĤÔÒÕËÔĭÒÏÕȟ ËÔÏÒĻ ÍĖĿÅ ÂÙĩ ÅÌÅÍÅÎÔÏÍ ÐÏċÁ ɉ6ïÇÈȟ ςππψ; 6ïÇÈ ɀ #ÓþÚÉȟ 
2009). 
Pole je homog®nna ¼dajov§ ġtrukt¼ra. Teda pole obsahuje prvky rovnak®ho typu, 

ktor® s¼ usporiadan® (akoby v s¼stave s¼radn²c urļit®ho rozmeru). Prvky poŎa s¼ 

pr²stupn® na z§klade hodnoty indexu (ļasto hovor²me, ģe s¼ indexovan®). 

Pozn§me jednorozmern® pole (ktor® je ļasto stotoģŔovan® s matematickou 

¼dajovou ġtrukt¼rou vektor), dvojrozmern® pole (ktor® je ļasto stotoģŔovan® s 

matematickou ¼dajovou ġtrukt¼rou matica) a viacrozmern® pole. Pole m¹ģe maŠ 

ŎubovoŎn® nez§porn® celoļ²selne rozmery. (Napr. 4 x 2 x 3 x 2 elementov.) 

Rozmer poŎa ako aj hodnota indexu m¹ģu byŠ definovan® ŎubovoŎnou hodnotou, 

(pr²p. premennou) ordin§lneho typu. Ordin§lne typy s¼ tak® ¼dajov® typy, kde 

poļet hodn¹t, ktor® m¹ģe premenn§ nadobudn¼Š/element poŎa nadobudn¼Š je 

koneļnĨ, a hodnoty samotn® je moģn® usporiadaŠ, teda kaģd§ hodnota m§ svoje 

poradov® ļ²slo v usporiadanej postupnosti. Tieto skutoļnosti evokuj¼ predstavu 

o implement§cii jednorozmern®ho poŎa, ktor® vych§dza zo z§kladnej defin²cie 

usporiadanosti operaļnej pamªte poļ²taļa, podŎa ktorej operaļn§ pamªŠ je 

usporiadan§ mnoģina adresovateŎnĨch jednotiek ï bajtov, pr²p. inĨch vªļġ²ch 

pamªŠovĨch celkov. Teda pole obsadzuje v ÐÁÍßÔÉ ÐÏéþÔÁéÁ ÐÏÄċÁ 
ÖÎĭÔÏÒÎĻÃÈ ÁÄÒÉÅÓ ÕÓÐÏÒÉÁÄÁÎĻ ĭÓÅË ÂÁÊÔÏÖ Ö ÐÏéÔÅȟ ËÔÏÒï ÓÁ ÄÜ ÖÙÐÏéþÔÁĩ 
ÐÏÄċÁ ÔÙÐÕ ÅÌÅÍÅÎÔÏÖ Ö ÄÅËÌÁÒÜÃÉÉ ÐÒÏÇÒÁÍÕȢ -ÏĿÎÏ ÔÏ ÊÅÄÎÏÄÕÃÈÏ ÖÙÊÁÄÒÉĩ 
ÔÁËÔÏȡ ÐÏÔÒÅÂÎĻ ÐÏéÅÔ ÂÁÊÔÏÖ Ѐ ÃÅÌËÏÖĻ ÐÏéÅÔ ÅÌÅÍÅÎÔÏÖ Ø ÐÏéet bajtov na 1 
element. 
3Ï ĤÔÁÎÄÁÒÄÎĻÍÉ ĭÄÁÊÏÖĻÍÉ ĤÔÒÕËÔĭÒÁÍÉ ÓÍÅ ÓÁ ÚÁÏÂÅÒÁÌÉ ÁÊ Ö éÌÜÎËÕ 
(Udvaros-3ÔÏÆÆÏÖÜȟ ςπρσɊȢ 6ÔÅÄÙ ÓÍÅ ÐÏÌÅ ÚÎÜÚÏÒĐÏÖÁÌÉȟ ÁËÏ ÓÅËÖÅÎÃÉÕ 
ÏÂÄĊĿÎÉËÏÖȟ ËÔÏÒï ÒÅÐÒÅÚÅÎÔÏÖÁÌÉ ÓËÕÐÉÎÕ ÂÁÊÔÏÖ ÐÏÔÒÅÂÎĻÃÈ Á zobrazenie 
ÊÅÄÎïÈÏ ÅÌÅÍÅÎÔÕ ÐÏċÁȢ 0ÏÒÁÄÏÖï éþÓÌÏ obdĊĿÎika sa identifikoval hodnotu 
ÐÏċÁȢ   
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σȢρ  *ÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅ 

*ÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅ ÓÉ ÍÏĿÎÏ ÐÒÅÄÓÔÁÖÉĩ ÁËÏ ÐÅÖÎĻ ÐÏéÅÔ ȵĤËÁÔĭċȰ 
ɉÚÜÓÕÖÉÅËɊ ÎÁ ÓËÌÁÄÏÖÁÎÉÅ ÖÅÃþ ɉÉÎÆÏÒÍÜÃÉþȟ ÈÏÄÎĖÔɊȟ ËÔÏÒï Óĭ ÕÓÐÏÒÉÁÄÁÎï ɀ 
ÓÐÏÊÅÎï adresami ÄÏ ÖßéĤÅÊ ÊÅÄÎÏÔËÙ ÎÁÚÖÁÎÅÊ ÓÐÏÌÏéÎĻÍ ÍÅÎÏÍ ɀ menom 
ÄÅËÌÁÒÏÖÁÎïÈÏ ÐÏċÁȢ *ÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅ ɉÖektor) ÍĖĿÅ ÏÂÓÁÈÏÖÁĩ ÕÒéÉÔĻ 
ÐÏéÅÔ ÈÏÄÎĖÔ, definovaÎĻÃÈ ÐÒÏÇÒÁÍÜÔÏÒom v deklarÁéÎÅÊ éÁÓÔÉ ÐÒÏÇÒÁÍÕ. 
6ÚÈċÁÄÏÍ ÎÁ ÄÏÐÒÅÄÕ ÄÅÆÉÎÏÖÁÎĻ ÐÏéÅÔ ÅÌÅÍÅÎÔÏÖȟ ÐÏÌÅ ÊÅ ÓÔÁÔÉÃËÜ ĭÄÁÊÏÖÜ 
ĤÔÒÕËÔĭÒÁȢ 6ÅċËÏÓĩ ÐÏċÁ ÐÏéÁÓ ÂÅÈÕ ÐÒÏÇÒÁÍÕ ÓÁ ÎÅÄÜ ÚÍÅÎÉĩȢ 
*ÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅ ÍÏĿÎÏ ÄÅËÌÁÒÏÖÁĩ ÖĤÅÏÂÅÃÎÅ ÎÁÓÌÅÄÏÖÎÅȡ 

var  

n§zov_poŎa : array [1 .. N]  of typ_elementov ;  

napr. Pole _Cisel: array [1 .. 30] of integer;  

 

 

Obr. 1 'ÒÁÆÉÃËï 
zobrazenie 

ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċa 

V ÐÒþËÌÁÄÅ Pole _Cisel: array [1 .. 30] of integer;  ÄÅÆÉÎÕÊÅ ÖÅċËÏÓĩ 
ÐÏċÁ ɉÐÏéÅÔ ÅÌÅÍÅÎÔÏÖ ÐÏċÁɊ ako interval [1.. 30] a integer;  definuje typ 
ÅÌÅÍÅÎÔÏÖ ÐÏċÁ ɉÖ ÎÁĤÏÍ ÐÒþÐÁÄÅ Óĭ ÔÏ ÃÅÌï éþÓÌÁɊȢ  
!Ë ÃÈÃÅÍÅ ÕÒéÉĩ ÈÏÄÎÏÔÕ ɉÕÌÏĿÉĩ ÈÏÄÎÏÔÕɊ ÐÒÅ ËÏÎËÒïÔÎÙ ÉÎÄÅØ ɉËÔÏÒĻ 
ÊÅÄÎÏÚÎÁéÎÅ ÄÅÆÉÎÕÊÅ ÍÉÅÓÔÏ ÅÌÅÍÅÎÔÕ Ö ÐÏÌÉȟ ÕÒÏÂþÍÅ ÔÏ ÎÁÓÌÅÄÏÖÎÅȡ  
 

n§zov_poŎa [index]: = h odnota;  

Napr.: Pole _Cisel [5]: = 32; Pole _Cisel [1]: = 15;  

σȢς $ÖÏÊÒÏÚÍÅÒÎï ÐÏÌÅ 

$ÖÏÊÒÏÚÍÅÒÎï pole je ĭÄÁÊÏÖÜ ĤÔÒÕËÔĭÒÙȟ ËÔÏÒĭ ÓÉ ÍÏĿÎÏ ÐÒÅÄÓÔÁÖÉĩ ÁËÏ 
ÐÌÏĤÎĻ ĭÔÖÁÒ ɀ ako do riadkov a ÓÔĊÐÃÏÖ ÕÓÐÏÒÉÁÄÁÎï ÅÌÅÍÅÎÔÙȾÈÏÄÎÏÔÙ 
indexovanej premennej s dvomi indexami, napr. a[ i, j ] ,  do ktorĻÃÈ 
ÕËÌÁÄÜÍÅ hodnoty ÎÁ ÉÎÄÅØÁÍÉ ÕÒéÅÎï ÍÉÅÓÔÁȟ ËÔÏÒï ÉÄÅÎÔÉÆÉËÕÊĭ riadkÏÖĻ 
a ÓÔĊÐÃÏÖĻ ÉÎÄÅØȟ ÁÌÅÂÏ Ú ËÔÏÒĻÃÈ éþÔÁÍÅ ÈÏÄÎÏÔÙȢ 0ÏÌÅ obsahuje N x M 
ÅÌÅÍÅÎÔÏÖ ÔÅÄÁ ÍÜ ÒÏÚÍÅÒ . Ø -ȟ ÐÏÄċÁ ÄÅËÌÁÒÜÃÉÅ. -ĖĿÅÍÅ ÓÉ ho ÐÒÅÄÓÔÁÖÉĩ 
ÁËÏ ÐÌÏĤÎĻ ɉς$Ɋ ĭÔÖÁÒ, kde pomocou indexu riadku a ÉÎÄÅØÕ ÓÔĊÐÃÁ ÍÏĿÎÏ 
ÊÅÄÎÏÚÎÁéÎÅ ÎÜÊÓĩ ËÏÎËÒïÔÎÙ ÐÒÖÏËȢ  
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.ÁÊÂÌÉĿĤÉÅ Óĭ Ë ÄÖÏÊÒÏÚÍÅÒÎïÍÕ ÐÏċÕ ÐÒÅÄÓtavy o matematickej ĭÄÁÊÏÖÅÊ 
ĤÔÒÕËÔĭÒÅ ÍÁÔÉÃa, ËÄÅ Óĭ ÐÒÖËÙ ÔÉÅĿ ÕÓÐÏÒÉÁÄÁÎï ÄÏ ÒÉÁÄËÏÖ Á ÄÏ ÓÔĊÐÃÏÃÈȢ 
ɉ6ÅċÍÉ éÁÓÔÏ Ö ÌÉÔÅÒÁÔĭÒÅ ÍÁÔÉÃÁ Á ÄÖÏÊÒÏÚÍÅÒÎĻ ÖÅËÔÏÒ ÓÁ ÚÁÍÉÅĐÁÊĭȟ ÁÌÅ ÓÁ 
ÓÔÏÔÏĿÎÉÁȟ ÐÒþÐÁÄÎÅ ÓÁ ÐÏÕĿþÖÁÊĭ ÓÔÒÉÅÄÁÖÏȢɊ  

+Åì ÔÁËĻÔÏ ĭÔÖÁÒ ÐÒÅÍÉÅÔÎÅÍÅ ÄÏ ÌÉÎÅÜÒÎÅ ɉÐÏÄċÁ ÖÎĭÔÏÒÎĻÃÈ ÁÄÒÉÅÓɊ 
ÕÓÐÏÒÉÁÄÁÎÅÊ ĤÔÒÕËÔĭÒÙȟ ÔÁË ÍĖĿÅÍÅ ÓÉ ÐÒÅÄÓÔÁÖÉĩȟ ĿÅ ÄÖÏÊÒÏÚÍÅÒÎï ÐÏÌÅ 
v ÐÁÍßÔÉ ÐÏéþÔÁéÁ ÊÅ ÕÌÏĿÅÎï ÐÏ ÒÉÁÄËÏÃÈȢ 4ÅÄÁ po prvom riadku nasleduje 
ÄÒÕÈĻ ÒÉÁÄÏË ÁĿ ÐÏÓÌÅÄÎĻ ÒÉÁÄÏËȢ 2ÉÁÄÏË ÖĿÄÙ ÕÒéÕÊÅ ÐÒÖĻ ÉÎÄÅØ Á ÓÔĊÐÅÃ 
ÄÒÕÈĻ ÉÎÄÅØȢ 4ÅÄÁ ÊÅÄÎÏÔÌÉÖï ÐÒÖËÙ ÄÖÏÊÒÏÚÍÅÒÎïÈÏ ÐÏċÁ Óĭ ÕÌÏĿÅÎï ÐÅËÎÅ 
za sebou s ÒÁÓÔĭÃÉÍÉ ÁÄÒÅÓÁÍÉ ÂÁÊÔÏÖ ÐÁÍßÔÅȢ 4Ȣ ÊȢ ÏÄ a[1, 1] .. a[1, N]  

{prvĨ riadok} ;  a[ 2, 1] ..  a[ 2, N]  {druhĨ riadok} ..aģ a[ M, 1] ..  

a[ M, N]  {poslednĨ riadok} .  

DvojÒÏÚÍÅÒÎï ÐÏÌÅ ÊÅ ÆÏÒÍÜÌÎÅ ÄÅËÌÁÒÏÖÁÎï ÎÁÓÌÅÄÏÖÎÅ: 

meno_poŎa: array [1 .. N, 1 .. M] of typ_elementov; 

Napr. b: array [1 .. 3, 1 .. 5] of integer;  
 

6Ï ÖÙĤĤÉÅ ÕÖÅÄÅÎÅÊ ÄÅËÌÁÒÜÃÉÉȟ ÄÖÏÊÒÏÚÍÅÒÎï ÐÏÌÅ b ÏÂÓÁÈÕÊÅ ρυ éþÓÉÅÌ  
ÕÓÐÏÒÉÁÄÁÎĻÃÈ v troch riadkoch a ÐÉÁÔÉÃÈ ÓÔĊÐÃÏÃÈȢ 4ÅÄÁ ÎÁ ÄÖÏÊÒÏÚÍÅÒÎï 
ÐÏÌÅ ÍĖĿÅÍÅ ÐÏÚÅÒÁĩ ÁËÏ ÎÁ ÍÁÔÉÃÕȟ ËÄÅ ÍÉÅÓÔÏ ÐÒÖËÕ ɉÓÁÍÏÔÎĻ ÐÒÖÏË 
ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙɊ ÊÅÄÎÏÚÎÁéÎÅ ÉÄÅÎÔÉÆÉËÕÊÅÍÅ ÉÎÄÅØÍÉȟ ÁËÏ ÎÁÐÒȢȡ 
b[ i , j ] ;  b[1, 3] ;  b[ 3, 4]  !Ë ÃÈÃÅÍÅ ÐÒÉÒÁÄÉĩ ÈÏÄÎÏÔÕ ÎÁ ËÏÎËÒïÔÎÅ 
miesto v ĤÔÒÕËÔĭÒÅ ÄÖÏÊÒÏÚÍÅÒÎïÈÏ ÐÏċÁȟ ËÔÏÒï ÕÒéþÍÅ ÐÏÍÏÃÏÕ ÉÎÄÅØÏÖȟ 
urobþÍÅ ÔÏ ÎÁÓÌÅÄÏÖÎÅȡ  

nmeno_poŎa [index1, index2]: = hodnota; 

Napr. a[1,2]: = 2 9;  a[3,4]: = 15;  !ËÏ ÔÏ ÕËÁÚÕÊĭ ÎÁÓÌÅÄÕÊĭÃÅ 
ÏÂÒÜÚËÙȢ 

 

/ÂÒȢ ς 'ÒÁÆÉÃËï ÚÏÂÒÁÚÅÎÉÅ ÄÖÏÊÒÏÚÍÅÒÎïÈÏ ÐÏċÁ 

 
6ÉÁÃ ÁËÏ ÄÖÏÊÒÏÚÍÅÒÎï ÐÏÌÉÁ ÓÁ ÐÏÕĿþÖÁÊĭ ÚÒÉÅÄËÁÖÏȢ .ÁĤÁ ÐÒÉÅÓÔÏÒÏÖÜ 
predstaÖÉÖÏÓĩ ËÏÎéþ ÐÒÉ ÔÒÏÊÒÏÚÍÅÒÎÏÍ ÐÏÌÉȢ 6ÉÁÃÒÏÚÍÅÒÎï ÐÏÌÅ ÍĖĿÅÍÅ 
ÁÂÓÔÒÁÈÏÖÁĩ ɉÐÒÅÄÓÔÁÖÉĩ siɊ ÁËÏ ÕÒéÉÔĻ ÐÏéÅÔ Ï ÊÅÄÅÎ ÒÏÚÍÅÒ ÊÅÄÎÏÄÕÃÈĤþÃÈ 
ÐÏÌþȢ 4ÁËÔÏ ÍÏĿÎÏ ÄÅÆÉÎþÃÉÕ ɉÐÒÅÄÓÔÁÖÕɊ ÒÅËÕÒÚþÖÎÅ ÒÏÚÖþÊÁĩȟ ËĻÍ ÓÁ 
nedostaneme k ÊÅÄÎÏÒÏÚÍÅÒÎïÍÕ ÐÏċÕȢ 6ÉÁÃÒÏÚÍÅÒÎï ÐÏÌe (jeho prvky) 
ÍÏĿÎÏ ÒÏÚÖÉÎĭĩ ÄÏ ÌÉÎÅÜÒÎÅÊ ÐÁÍßĩÏÖÅÊ ĤÔÒÕËÔĭÒÙ ÔÁËȟ ĿÅ ÐÏÓÌÅÄÎĻ ÉÎÄÅØ 
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ÅÌÅÍÅÎÔÕ ÓÁ ÍÅÎþ ÎÁÊÒĻÃÈÌÅÊĤÉÅ. Teda v ÐÒþÐÁÄÅ ÄÖÏÊÒÏÚÍÅÒÎïÈÏ ÐÏċÁ ÁËÏ 
ËÅÂÙ ÂÏÌÉ ÐÒÖËÙ ÕÌÏĿÅÎï ÐÏ ÒÉÁÄËÏÃÈ Ö ÒÏÖÉÎÅ ɉ3ÔÏÆÆÏÖÜ ɀ 6ïÇÈȟ ςππφȟ ςππψɊȢ 

JednoÒÏÚÍÅÒÎï, dvojrozmÅÒÎïȟ ÐÒþÐȢ ÔÒÏÊÒÏÚÍÅÒÎï polia sa ÐÏÕĿþÖÁÊĭ 
ÎÁÊéÁÓÔÅÊĤÉÅȟ ÌÅÂÏ ÐÒÖï ÄÖÁ ĭÔÖÁÒÙ ÓÉ ÖÉÅÍÅ ÐÒÅÄÓÔÁÖÉĩ Ö rovine a ÔÒÅÔþ 
v ÐÒÉÅÓÔÏÒÅ ɉσ$ɊȢ £ÔÖÏÒÒÏÚÍÅÒÎï ÐÏÌÅ ÊÅ ÖÌÁÓÔÎÅ ÕÒéÉÔĻ ÐÏéÅÔ ÔÒÏÊÒÏÚÍÅÒÎĻÃÈ 
ÐÏÌþȢ 0ÏéÅÔ ÔÒÏÊÒÏÚÍÅÒÎĻÃÈ ÐÏÌþ ÕÄÜÖÁ ÐÏéÅÔ ÈÏÄÎĖÔ ĤÔÖÒÔïÈÏ indexu. (Je to 
rozdiel medzi hornou a ÄÏÌÎÏÕ ÈÒÁÎÉÃÏÕ ĤÔÖÒÔÅÊ ÄÉÍÅÎÚÉÅȢɊ 

V ĤÐÅÃÉÜÌÎÙÃÈ ÐÒþÐÁÄÏÃÈ ÍĖĿÅÍÅ ÄÅÆÉÎÏÖÁĩ ÐÏÌÅ ÁÊ ÈÉÅÒÁÒÃÈÉÃËÙȟ ËÅì 
ÐÒÖËÁÍÉ ÐÏċÁ ÎÉÅ Óĭ ÅÌÅÍÅÎÔÙ ÊÅÄÎÏÄÕÃÈïÈÏȟ ÁÌÅ ĤÔÒÕËÔĭÒÏÖÁÎïÈÏ  typu 
V ÔÁËÏÍÔÏ ÐÒþÐÁÄÅ ÅÌÅÍÅÎÔÙ ÐÏċÁ Óĭ ĤÔÒÕËÔĭÒÏÖÁÎï Á Óĭ ÎÁ ÖÙĤĤÅÊ 
ÈÉÅÒÁÒÃÈÉÃËÅÊ ĭÒÏÖÎÉ ÎÅĿ ĤÔÁÎÄÁÒÄÎï ĭÄÁÊÏÖï ÔÙÐÙȢ 0ÒÖËÏÍ ÈÉÅÒÁÒÃÈÉÃËÙ 
ÂÕÄÏÖÁÎïÈÏ ɉÄÅÆÉÎÏÖÁÎïÈÏɊ ÐÏċÁ ÍĖĿÅ ÂÙĩȟ ÎÁÐÒȢ ÊÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅ ÁÌÅÂÏ 
ÚÜÚÎÁÍȢ 4ÁËÔÏ ÄÅÆÉÎÏÖÁÎĻ ÎÅĤÔÁÎÄÁÒÄÎĻ ÔÙÐ ÊÅ ìÁÌÅÊ ÄÅÌÉÔÅċÎĻȢ +Åì ÐÒÖËÁÍÉ 
ÂÕÄĭ ÊÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÉÁ ÍÕÓþÍÅ ÄÅÆÉÎÏÖÁĩ ÎÏÖĻ ĭÄÁÊÏÖĻ ÔÙÐ ÁËÏ 
ÊÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅȟ ËÔÏÒĻÍ ÕÒéþÍÅ ɀ deklarujeme typ prvkov 
ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ ÁËÏ ÁÄÒÅÓÏÖÁÔÅċÎĭ ÊÅÄÎÏÔËÕȢ 4ÁËïÔÏ ÊÅÄÎÏÒÏÚÍÅÒÎï 
pole ÊÅ ÄÅÌÉÔÅċÎï ÎÁ ÁÄÒÅÓÏÖÁÔÅċÎï ȵÒÉÁÄËÙȰȢ 0ÒÖËÙȾ(ÏÄÎÏÔÙ ÕÌÏĿÅÎï 
v ÒÉÁÄËÕ ÓÐÒÁÃÏÖÜÖÁÍÅ ÐÏÄċÁ ÐÒÁÖÉÄÉÅÌ ÐÒÅ ÄÁÎĻ ÔÙÐȢ  

type typ_ jednorozmern®_pole  = array  [1 .. N] of  typ_¼daja; 

 

var  

hierarchick® pole : array  [1 .. 3] of typ_jednorozmerne _pole ;  
 

 

           
a) Indexy elementov   b)  hodnoty elementov 

/ÂÒȢ σ 'ÒÁÆÉÃËï ÚÏÂÒÁÚÅÎÉÅ ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÈÉÅÒÁÒÃÈÉÃËïÈÏ ÐÏċÁ 
- ÊÅÄÎÏÒÏÚÍÅÒÎï ÐÏÌÅ ÊÅÄÎÏÒÏÚÍÅÒÎĻÃÈ ÐÏÌþ ɉéþÓÅÌɊ 

 
  

.Á ÐÒÅÄÃÈÜÄÚÁÊĭÃÏÍ ÏÂÒÜÚËÕ Óĭ ÊÅÄÎÏÚÎÁéÎÅ ÅØÐÌÉÃÉÔÎÅ ÉÄÅÎÔÉÆÉËÏÖÁÎï 
riadky 1..3 ɉÓÔĊÐÅÃ ÐÏÄÆÁÒÂÅÎĻ ÍÏÄÒÏÕ ÆÁÒÂÏÕɊȟ a v ÎÉÃÈ ÉÎÄÅØÙ ÐÏÌÏĿÉÅË 
ÓÔĊÐÃÁȢ .Á ìÁÌĤÏÍ ÏÂÒÜÚËÕ Óĭ ĿÌÔÏÕ ÆÁÒÂÏÕ ÚÁÆÁÒÂÅÎï Á ÓÔĊÐÃÅ ρ ÁĿ M. Kde 
ÐÒÖËÁÍÉ ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ Óĭ ÚÜÚÎÁÍÙ - éþÓÅÌ. 0ÒÅÄ ÐÏÕĿÉÔþÍ 
ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ ÁËÏ ÔÙÐÕ ÍÕÓþÍÅ ÈÏ Îajprv ÄÅÆÉÎÏÖÁĩȢ  
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+Åì ÃÈÃÅÍÅ ÐÏÕĿÉĩ ÁËÏ ĭÄÁÊÏÖĻ ÔÙÐ ÅÌÅÍÅÎÔÕ ÐÏċÁ ÚÜÚÎÁÍȟ ÔÁË ÅĤÔÅ ÐÒÅÄ 
ÐÒÖĻÍ ÐÏÕĿÉÔþÍ ÍÕÓþÍÅ ÚÜÚÎÁÍ ÄÅÆÉÎÏÖÁĩ ÁËÏ ĭÄÁÊÏÖĻ ÔÙÐȢ .ÁÐÒȢ 
 

Type z§znam = record 

      Poloģka1:Typ1; 

Poloģka2:Typ2;  

...  

PoloģkaN:TypN); 

   end;  

var 
Pole : array[1..3] of typ_z§znam; 

V ÎÁÓÌÅÄÕÊĭÃÅÊ ĭÌÏÈÅ ÕËÜĿÅÍÅ ÐÒÜÃÕ Ó ÈÉÅÒÁÒÃÈÉÃËĻÍ ÐÏċÏÍȟ ËÄÅ ÐÒÖËÙ 
ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ Óĭ ÚÜÚÎÁÍÙȢ *ÅÄÅÎ ÚÜÚÎÁÍ ÏÂÓÁÈÕÊÅ ÚÜËÌÁÄÎï ĭÄÁÊÅ 
o jednÏÍ ÓĭĩÁĿÉÁÃÏÍ ĿÉÁËÏÖÉȢ 
 

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:');readln(sutaziaci[i].meno);  

    write('Zadaj rok - narodenia ',i,'. sutazia ceho:');  

readln( Sutaziaci [i].rok - narodenia );  

    write(' Discilinu ',i,'.  Sutaziaceho:');  

     re adln( 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;  

    end;  

readln;  

end.  

 
0ÒÜÃÁ Ó ĭÄÁÊÏÖÏÕ ĤÔÒÕËÔĭÒÏÕ ÐÏÌÅ ÕÍÏĿĐÕÊÅ ÄÅÍÏÎĤÔÒÏÖÁĩ fungovanie 
ÒÉÁÄÉÁÃÅÊ ĤÔÒÕËÔĭÒÙ ÃÙËÌÕÓȢ $ÖÏÊ- Á ÖÉÁÃÒÏÚÍÅÒÎï ÐÏÌÅ ÐÏÍÜÈÁ ÖÙÓÖÅÔÌÉĩ 

ÊÅÄÎÏÄÕÃÈï ÖÎÏÒÅÎïȟ ÁÌÅ ÁÊ ÈÉÅÒÁÒÃÈÉÃËÙ ÖÉÁÃÎÜÓÏÂÎÅ ÖÎÏÒÅÎï ÃÙËÌÙ. 
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/ÂÒȢ σ 'ÒÁÆÉÃËï ÚÏÂÒÁÚÅÎÉÅ ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÃÈÉÅÒÁÒÃÈÉÃËïÈÏ ÐÏċÁ Ó elementami 
ÚÜÚÎÁÍ s ÐÉÁÔĻÍÉ ÐÏÌÏĿËÁÍÉ 

 
σ 6ÉÚÕÁÌÉÚÜÃÉÁ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙ ÐÏÌÅ Ö ÐÒÏÇÒÁÍÏÖÁÎþ  
 
+Åì ÐÏÕĿþÖÁÍÅ ÕÒéÉÔĭ ĤÔÁÎÄÁÒÄÎĭȟ ÁÌÅÂÏ ÁÊ ÎÅĤÔÁÎÄÁÒÄÎĭ ĭÄÁÊÏÖĭ ĤÔÒÕËÔĭÒÕ 
ÍÕÓþÍÅ ÓÁ ÚÁÏÂÅÒÁĩ s ÁÄÒÅÓÏÖÁÎþÍȟ ÔÅÄÁ s ÔĻÍ ÁËÏ ÓÁ ÄÏÓÔÁĩ Ë ÊÅÄÎÏÔÌÉÖĻÍ 
ÅÌÅÍÅÎÔÏÍ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙȢ  

3.1 !ËÏ ÊÅ ÕÓÐÏÒÉÁÄÁÎÜ ÐÁÍßĩ ÐÏéþÔÁéÁ Á ÁËĭ ÍÜ vlastne ĤÔÒÕËÔĭÒÕȩ 

+Åì ÖÎĭÔÏÒÎĭ ÐÁÍßĩ ÐÏéþÔÁéÁ ÓÉ ÐÒÅÄÓÔÁÖþÍÅ ÁËÏ ÕÓÐÏÒÉÁÄÁÎĭ 
ɉÐÏÓÔÕÐÎÏÓĩɊ ÁÄÒÅÓÏÖÁÔÅċÎĻÃÈ ÐÁÍßĩÏÖĻÃÈ ÊÅÄÎÏÔÉÅËȟ ÔÁË ÁÊ ÈÏÍÏÇïÎÎÕ 
ĭÄÁÊÏÖĭ ĤÔÒÕËÔĭÒÕ ÐÏÌÅ ÓÉ ÍĖĿÅÍÅ ÐÒÅÄÓÔÁÖÉĩ ÁËÏ ÕÓÐÏÒÉÁÄÁÎĭ ÍÎÏĿÉÎÕ 
ÊÅÈÏ ÅÌÅÍÅÎÔÏÖȟ ËÕ ËÔÏÒĻÍ ÊÅ ÐÒþÓÔÕÐ ÃÅÚ ÈÏÄÎÏÔÙ ÉÎÄÅØÏÖȢ )ÎÄÅØÙ 
ÅÌÅÍÅÎÔÏÖ ÐÏċÁ Óĭ ÏÒÄÉÎÜÌÎÅÈÏ ÔÙÐÕȟ éÏ ÚÎÁÍÅÎÜȟ ÈÏÄÎÏÔÙȟ ËÔÏÒï ÍĖĿÕ 
ÉÎÄÅØÙ ÎÁÄÏÂÕÄÎĭĩ ÊÅ ËÏÎÅéÎĻ ÐÏéet a ÊÅ ÍÏĿÎï ÉÃÈ ÕÓÐÏÒÉÁÄÁĩȟ ÔÅÄÁ ËÁĿÄÜ 
ÈÏÄÎÏÔÁ ÍÜ ÓÖÏÊÅ ÐÏÒÁÄÏÖï éþÓÌÏ ɉÁ ÍÏĿÎï ÈÏ ÚþÓËÁĩ ÐÏÍÏÃÏÕ ÆÕÎËÃÉÅ 
ord(hodnota)).  

+Åì ÃÈÃÅÍÅ ÐÒÅÄÃÈÜÄÚÁÊĭÃÅ ÉÎÆÏÒÍÜÃÉÅ ÐÏÃÈÏÐÉĩ Á ÓÐÒÜÖÎÅ ÉÎÔÅÒÐÒÅÔÏÖÁĩ, 
mali by sme jednotlivĻÍ ÐÏÕĿÉÔĻÍ ÚÜËÌÁÄÎï ÐÏÊÍom ÓÐÒÜÖÎÅ poroÚÕÍÉÅĩȟ 
ÓÐÒÜÖÎÅ ÃÈÜÐÁĩ Á ÐÏÕĿþÖÁĩȢ  

3ËĭÓÍÅ ÖÙÔÖÏÒÉĩ ÊÅÄÎÏÄÕÃÈĻ ÍÏÄÅÌ ɉÕÒéÉÔĭ ÐÒÅÄÓÔÁÖÕ) o ĤÔÒÕËÔĭÒÅ ÐÁÍßÔÉ 
ÐÏéþÔÁéÁ a ÐÒÅÍÉÅÔÎÕĩ ÄÏ ÔÅÊÔÏ ÐÒÅÄÓÔÁÖÙ ÐÏÕĿÉÔĭ ĭÄÁÊÏÖĭ ĤÔÒÕËÔĭÒÁȢ 
.ÁÊÍÅÎĤÉÁ ÁÄÒÅÓÏÖÁÔÅċÎÜ ÐÁÍßĩÏÖÜ ÊÅÄÎÏÔËÁ (bajt) obsahuje 8-ÂÉÔÏÖĻ 
ÒÅĩÁÚÅÃ ÂÉÎÜÒÎych znakovȟ ËÔÏÒÜ ÊÅ ÌÏËÁÌÉÚÏÖÁÎÜ Ö ÐÁÍßÔÉ ÐÏÄċÁ ÉÍÐÌÉÃÉÔÎÅÊ 
ÖÎĭÔÏÒÎÅÊ ÁÄÒÅÓÙ. .ÁÊÍÅÎĤÉÁ ÁÄÒÅÓÏÖÁÔÅċÎÜ ÐÁÍßĩÏÖÜ ÊÅÄÎÏÔËÁ (1 byte) len 
ÖĻÎÉÍÏéÎÅ ÊÅ ÅÌÅÍÅÎÔom ÐÏċÁȟ ÌÅÂÏ ÍÅÄÚÉ ĤÔÁÎÄÁÒÄÎĻÍÉ ĭÄÁÊÏÖĻÍÉ ÔÙÐÍÉ 
ÊÅ ÌÅÎ ÐÜÒ ÚÜËÌÁÄÎĻÃÈ ÔÙÐÏÖȟ ËÔÏÒï Óĭ ÉÍÐÌÅÍÅÎÔÏÖÁÎï ako 1 bajt. 4ÅÄÁ ĭÄÁÊȟ 
ËÔÏÒĻ ÊÅ ÅÌÅÍÅÎÔÏÍ ÐÏċÁ ÚÁÂÅÒÜ Ö ÐÁÍßÔÉ ÄÖÁ Á viac bajtov.   

!ËÏ ÓÁ ÖÙÔÖÜÒÁÊĭ ÚÏ ÚÜËÌÁÄÎÅÊ ÁÄÒÅÓÏÖÁÔÅċÎÅÊ ÊÅÄÎÏÔËÙ ÖßéĤÉÅ ÐÁÍßĩÏÖï 
ÃÅÌËÙ ÚÜÌÅĿþ ÏÄ ÍÎÏÈĻÃÈ ÏËÏÌÎÏÓÔÉȢ !Ë ÉÄÅ Ï ÔÅØÔÏÖĭ ÉÎÆÏÒÍÜÃÉÕ ÔÁË Ö ËÁĿÄÏÍ 
ÂÁÊÔÅ ÍĖĿÅ ÂÙĩ ÚÁËĕÄÏÖÁÎĻ ÊÅÄÅÎ ÚÎÁËȢ 0ÏÄċÁ ËĕÄÏÖÅÊ ÔÁÂÕċËÙ ÍĖĿÅÍÅ 
ÏÄÈÁÌÉĩȟ ÁËĻ ÚÎÁË ÊÅ ÕÌÏĿÅÎĻ Ö ËÁĿÄÏÍ ÂÁÊÔÅȢ *ÅÄÅÎ ÂÁÊÔ ÕÍÏĿĐÕÊÅ ÚÁËĕÄÏÖÁĩ 
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ÁĿ ςυφ ÒĖÚÎÙÃÈ ÚÎÁËÏÖȢ !Ë ÐÏÕĿÉÔÜ ÚÎÁËÏÖÜ ÍÎÏĿÉÎÁ ÊÅ ÂÏÈÁÔĤÉÁȟ ÍÕÓþÍÅ 
ÄĊĿËÕ ÂÉÎÜÒÎÅÈÏ ÒÅĩÁÚÃÁ ÐÒÅÄĊĿÉĩȢ 0ÒÉÄÁÎþÍ ÊÅÄÎïÈÏ ÂÉÔÕȟ ÍĖĿÅÍÅ ÚÖĻĤÉĩ 
ÐÏéÅÔ ÍÏĿÎĻÃÈ ÂÉÎÜÒÎÙÃÈ ËÏÍÂÉÎÜÃÉþ ÎÁ ÄÖÏÊÎÜÓÏÂÏËȢ 4Ï ÊÅ ÁÌÅ ÌÅÎ 
ÔÅÏÒÅÔÉÃËÜ ĭÖÁÈÁȟ ÌÅÂÏ ÓÌÏÖÏ ÐÒÁËÔÉÃËÙ ÎÅÍÏĿÎÏ ÐÒÅÄĊĿÉĩ Ï ÊÅÄÅÎ ÂÉÔ ÁÌÅ 
najmenej o jeden ìÁÌĤþ ÂÁÊÔȢ  

+ÁĿÄĻ ĤÔÁÎÄÁÒÄÎĻ ĭÄÁÊÏÖĻ ÔÙÐ ÐÒÏÇÒÁÍÏÖÁÃÉÅÈÏ ÊÁÚÙËÁ ÍÜ ÓÖÏÊÕ ÄĊĿËÕȟ 
ÖÙÊÁÄÒÅÎĭ Ö bajtoch a ÔÉÅĿ ÄÅÆÉÎÏÖÁÎĭ ĤÔÒÕËÔĭÒÕȢ 0ÒÅ ËÁĿÄĻ ĭÄÁÊÏÖĻ ÔÙÐȟ Óĭ 
ÄÁÎï ÐÒÁÖÉÄÌÜ ËĕÄÏÖÁÎÉÁ Á ÔÉÅĿ ÓÐĖÓÏÂ Á ÐÒÁÖÉÄÌÜ ȵÓÐÒÁÃÏÖÁÎÉÁȰȢ 4ÅÄÁ ÁËï 
ÏÐÅÒÜÃÉÅ ÍÏĿÎÏ Ó ÄÁÎĻÍ ĭÄÁÊÏÖĻÍ ÔÙÐÏÍ ÖÙËÏÎÁĩȢ 4ÉÅĿ ÐÏÚÎÜÍÅ 
ËÏÍÐÁÔÉÂÉÌÉÔÕ ÍÅÄÚÉ ĭÄÁÊÏÖĻÍÉ ÔÙÐÍÉȢ 3ĭ ÄÁÎï ÐÒÁÖÉÄÌÜ ÖÎĭÔÏÒÎïÈÏ 
zobrazenia a ÓÐÒÁÃÏÖÁÎÉÁȟ ËÁĿÄïÈÏ ÅÌÅÍÅÎÔÜÒÎÅÈÏ ĭÄÁÊÏÖïÈÏ ÔÙÐÕȢ 
:ÁÃÈÜÄÚÁÍe do podrobnosti o ĭÄÁÊÏÖĻÃÈ ÔÙÐÏÖ ÌÅÎ ÐÒÅÔÏȟ ÌÅÂÏ ÐÒÉ ÐÏÌÉÁÃÈ 
ÅÌÅÍÅÎÔÙ ÐÏċÁȟ ÍÁÊĭ ÓÖÏÊ ÔÙÐȟ ËÔÏÒĻ ÍĖĿÅ ÂÙĩ ÊÅÄÅÎ ÚÏ ĤÔÁÎÄÁrdÎĻÃÈ ÔÙÐÏÖ 
programovacieho jazyka, alebo typu, ËÔÏÒĻ ÄÅÆÉÎÕÊÅme v ÒÜÍÃÉ ÄÅËÌÁÒÜÃÉÅȢ  

3.2 !ÄÒÅÓÏÖÁÎÉÅ ÅÌÅÍÅÎÔÕ ÐÏċÁ  

+Åì ÖÙÃÈÜÄÚÁÍÅ Ú ÐÒÅÄÓÔÁÖÙȟ ĿÅ ÐÁÍßĩ ÊÅ ÐÏÄċÁ ÉÎÔÅÒÎÅÊ ÁÄÒÅÓÙ 
ÕÓÐÏÒÉÁÄÁÎÜ ÍÎÏĿÉÎÁ ÂÁÊÔÏÖȟ ÔÁË ÎÁĤÅ ÐÏÌÅ ɉ"ȡ ÁÒÒÁÙ ɉρȢȢςπɊ ÏÆ "ÙÔÅɊ ÊÅ 
ÕÌÏĿÅÎï ÏÄ ÎÅÊÁËÅÊ ÁÂÓÏÌĭtnej adresy K po adresu K + 20. Ak pole A je pole 
s desiatimi dvojbajtoÖĻÍÉ elementami typu integer, (A: array (1..10) of 
integer), tak adresa ÐÁÍßĩÏÖïÈÏ ÍÉÅÓÔÁȟ ËÄÅ ÈÏÄÎÏÔÁ É-ÔÅÈÏ ÅÌÅÍÅÎÔÕ ÐÏċÁ 
A ÓÁ ÎÁÃÈÜÄÚÁȟ ÍÏĿÎÏ ÖÙÐÏéþÔÁĩ ÁËÏ L + i x 2ȟ ËÅì ÐÒÖĻ ÅÌÅÍÅÎÔ ÊÅ ÎÁ ÁÄÒÅÓÅ 
L. 

+Åì ÐÏÕĿþÖÁÍÅ ÕÒéÉÔĭ ĤÔÁÎÄÁÒÄÎĭȟ ÁÌÅÂÏ ÁÊ ÎÅĤÔÁÎÄÁÒÄÎĭ ĭÄÁÊÏÖĭ ĤÔÒÕËÔĭÒÕ 
ÍÕÓþÍÅ ÓÁ ÚÁÏÂÅÒÁĩ Ó ÁÄÒÅÓÏÖÁÎþÍȟ ÔÅÄÁ ÁËÏ ÓÁ ÄÏÓÔÁĩ Ë ÊÅÄÎÏÔÌÉÖĻÍ 
ÅÌÅÍÅÎÔÏÍ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙȢ +Åì ÐÁÍßĩ ɉÐÁÍßĩÏÖĻ ÍÏÄÕÌɊ ÐÏéþÔÁéÁ ÓÉ 
ÐÒÅÄÓÔÁÖþÍÅ ÁËÏ ÕÓÐÏÒÉÁÄÁÎĭ ɉÐÏÓÔÕÐÎÏÓĩɊ ÁÄÒÅÓÏÖÁÔÅċÎĻÃÈ ÐÁÍßĩÏÖĻÃÈ 
jedÎÏÔÉÅËȟ ÔÁË ÁÊ ÈÏÍÏÇïÎÎÕ ĭÄÁÊÏÖĭ ĤÔÒÕËÔĭÒÕ ÐÏÌÅ ÓÉ ÍĖĿÅÍÅ ÐÒÅÄÓÔÁÖÉĩ 
ÁËÏ ÕÓÐÏÒÉÁÄÁÎĭ ÍÎÏĿÉÎÕ ÊÅÈÏ ÅÌÅÍÅÎÔÏÖȟ ËÕ ËÔÏÒĻÍ ÊÅ ÐÒþÓÔÕÐ pomocou 
ÈÏÄÎĖÔ ÉÎÄÅØÏÖȢ )ÎÄÅØÙ ÅÌÅÍÅÎÔÏÖ ÐÏċÁ Óĭ ÏÒÄÉÎÜÌÎÅÈÏ ÔÙÐÕȢ  
+Åì ÃÈÃÅÍÅ ÐÒÅÄÃÈÜÄÚÁÊĭÃÅ ÉÎÆÏÒÍÜÃÉÅ ÐÏÃÈÏÐÉĩ Á ÓÐÒÜÖÎÅ ÉÎÔÅÒÐÒÅÔÏÖÁĩ 
ÍÁÌÉ ÂÙ ÓÍÅ ÊÅÄÎÏÔÌÉÖï ÐÏÕĿÉÔï ÚÜËÌÁÄÎï ÐÏÊÍÙ ÓÐÒÜÖÎÅ ÃÈÜÐÁĩ Á ÐÏÕĿþÖÁĩȢ 
3ËĭÓÍÅ ÖÙÔÖÏÒÉĩ ÕÒéÉÔĭ ÐÒÅÄÓÔÁÖÕ Ï ĤÔÒÕËÔĭÒÅ ÐÁÍßÔÉ ÐÏéþÔÁéÁȢ  
!ÄÒÅÓÏÖÁÔÅċÎÜ ÐÁÍßĩÏÖÜ ÊÅÄÎÏÔËÁ ÊÅ ÒÅĩÁÚÅÃ ÂÉÎÜÒÎÙÃÈ ÚÎÁËÏÖ ɉÐÏÄċÁ 
ÉÍÐÌÉÃÉÔÎÅÊ ÄÅÆÉÎþÃÉÅ ÖÎĭÔÏÒÎÅÊ ÁÄÒÅÓÙ ÂÁjtu ɀ ËÅì ÖÙÃÈÜÄÚÁÍÅ Ú predstavy, 
ĿÅ ÎÁÊÍÅÎĤÉÁ ÁÄÒÅÓÏÖÁÔÅċÎÜ ÐÁÍßĩÏÖÜ ÊÅÄÎÏÔËÁ ÊÅ ρ ÂÁÊÔ ɉ"ÙÔÅɊȢ 
!ÄÒÅÓÏÖÁÔÅċÎÜ ÐÁÍßĩÏÖÜ ÊÅÄÎÏÔËÁ ɀ ÁËÏ ÅÌÅÍÅÎÔ ÐÏċÁ ÊÅ ÌÅÎ ÖĻÎÉÍÏéÎÅ ÊÅ 1 
byte, a ÔÏ ÌÅÎ ÖÔÅÄÙȟ ËÅì ÔÙÐÅ ÅÌÅÍÅÎÔÕ ÐÏċÁ ÊÅ ÉÍÐÌÅÍÅÎÔÏÖÁÎĻ Ö jednom 
byte.  
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4  VizuÁÌÉÚÜÃÉÁ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙ ÐÏÌÅ 
v ÐÒÏÇÒÁÍÏÖÁÎþ 

V ÈĊÂËÏÖÏÍ ÕéÅÎþ ÄĖÌÅĿÉÔĭ ĭÌÏÈÕ ÚÏÈÒÜÖÁ ÓÐÒÜÖÎÁ ÐÒÅÄÓÔÁÖÁ ÁËÏ ȵÖÅÃÉȰ 
ÆÕÎÇÕÊĭȢ 6ÙÔÖÏÒÉĩ ÆÕÎËéÎĻ ÍÏÄÅÌ Ï ÄÙÎÁÍÉÃËĻÃÈ ÐÒÏÃÅÓÏÖȟ ËÔÏÒï ÎÉÅ Óĭ 
ÖÏċÎĻÍ ÏËÏÍ ÐÏÚÏÒÏÖÁÔÅċÎï ÐÏÔÒÅÂÕÊÅ ÆÁÎÔÜÚÉÕ Á ÚÍÙÓÅÌ ÐÒÅ ÎÜÚÏÒÎÏÓĩȢ 
KÅì ÕÖÁĿÕÊÅÍÅ Ï ĭÄÁÊÏÖĻÃÈ ĤÔÒÕËÔĭÒÁÃÈ ÐÒÏÇÒÁÍÏÖÁÎþ ÍÕÓþÍÅ ÓÐÏÊÉĩ 
predstavu o ĤÔÒÕËÔĭÒÅ ÐÁÍßÔÉ ÐÏéþÔÁéÁ Á Ó ÖÉÚÕÁÌÉÚÜÃÉÏÕ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙ 
ÐÒÏÇÒÁÍÏÖÁÃÉÅÈÏ ÎÜÓÔÒÏÊÁ ɉÊÁÚÙËÁɊ Á ÊÅÊ ÓÐÏÊÅÎþ Ó ĭÄÁÊÏÖÏÕ ĤÔÒÕËÔĭÒÏÕ 
ÐÁÍßÔÉ ÐÏéþÔÁéÁȟ ÔÅÄÁ ÊÅÊ ÒÅÐÒÅÚÅÎÔÜÃÉÅ Ö ÐÁÍßÔÉ ÐÏéþÔÁéÁȢ  

V ÐÒÅÄÃÈÜÄÚÁÊĭÃÅÊ éÁÓÔÉ ÓÍÅ ÐÏÕĿÉÌÉ ÎÁÊÊÅÄÎÏÄÕÃÈĤþ ÓÐĖÓÏÂ ÇÒÁÆÉÃËÅÊ 
ÒÅÐÒÅÚÅÎÔÜÃÉÅ ĭÄÁÊÏÖÅÊ ĤÔÒÕËÔĭÒÙ ÐÏÌÅ Á ÊÅÈÏ ÅÌÅÍÅÎÔÏÖȟ ËÔÏÒï ÓÁ ÐÏÕĿþÖÁÊĭ 
ÎÁÊéÁÓÔÅÊĤÉÅ ÖÏ ÖÉÚÕÁÌÉÚÏÖÁÎĻÃÈ ÍÏÄÅÌÏÃÈ ÁÌÇÏÒÉÔÍÏÖȟ ÁËÏ ÐÒÅÂÉÅÈÁ 
ÒÅÁÌÉÚÜÃÉÁ ÁÌÇÏÒÉÔÍÕȢ +Åì ÈÏÄÎÏÔÁ ÅÌÅÍÅÎÔÕ ÊÅ éþÓÌÏȟ ÔÁË ÅÌÅÍÅÎÔ ÊÅ 
ÒÅÐÒÅÚÅÎÔÏÖÁÎĻ ÈÏÄÎÏÔÏÕ ÖÏ ĤÔÖÏÒéÅËÕȟ ÁÌÅÂÏ Ö ÏÂÄĊĿÎþËÕȢ  

V ÔÅÊÔÏ éÁÓÔÉ ÕËÜĿÅÍÅ ÖÉÚÕÁÌÉÚÏÖÁÎï ÓÉÍÕÌÁéÎï ÍÏÄÅÌÙ ÎÉÅËÏċËĻÃÈ 
ÖÙÂÒÁÎĻÃÈ ÁÌÇÏÒÉÔÍÏÖȟ ËÔÏÒï ĭÓÐÅĤÎÅ ÐÏÕĿþÖÁÍÅ ÖÏ ÖÙÕéÏÖÁÎþ 
ÁÌÇÏÒÉÔÍÉÚÜÃÉÅ Á programovania. V ÒÉÅĤÅÎþ ËÁĿÄÅÊ ĭÌÏÈÙ ÓÁ ÐÏÕĿþÖÁ ÊÅÄÎÏ 
ÁÌÅÂÏ ÄÖÏÊÒÏÚÍÅÒÎï ÐÏÌÅ éþÓÅÌȟ ËÔÏÒï ÒÅÐÒÅÚÅÎÔÕÊĭ ÒÉÅĤÅÎĻ ÐÒÏÂÌïÍ ɀ 
ÖÙÊÁÄÒÕÊĭ ÍÎÏĿÓÔÖÏ ÔÅËÕÔÉÎÙ Ö ÐÏÈÜÒÉȢ 6ĻĤËÁ ÔÅËÕÔÉÎÙ Ö ÐÏÈÜÒÉ ÔÉÅĿ 
ÖÙÊÁÄÒÕÊÅ ÁÊ éþÓÌÏȟ ËÔÏÒï ÊÅ ÕÖÅÄÅÎï ÎÁ ÐÏÈÜÒÉȢ .Á ÐÒþÐÒÁÖÕ ÚÁéÉÁÔÏéÎĻÃÈ 
ÈÏÄÎĖÔ ÓÍÅ ÓÁ ÐÏÕĿÉÌ ÇÅÎÅÒÜÔÏÒ ÎÜÈÏÄÎĻÃÈ éþÓÅÌȢ IþÓÌÁ Óĭ Ú ÕÒéÉÔïÈÏ 
ÉÎÔÅÒÖÁÌÕ Á ȵπȰ ÚÎÁÍÅÎÜ ÐÒÜÚÄÎÕ ÎÜÄÏÂÕȢ 

4.1  (ċÁÄÁÎie ÎÁÊÍÅÎĤÅÊ ÁÌÅÂÏ ÎÁÊÖßéĤÅÊ hodnoty v jednorozmernom poli 

+Åì ÈċÁÄÜÍÅ ÎÁÊÍÅÎĤÉÕ ÁÌÅÂÏ ÎÁÊÖßéĤÉÕ ÈÏÄÎÏÔÕ ÍÅÄÚÉ ÅÌÅÍÅÎÔÁÍÉ ÐÏċÁȟ 
ÍÕÓþÍÅ ÓÙÓÔÅÍÁÔÉÃËÙ ÐÒÅÃÈÜÄÚÁĩ ÐÏÌÅ ÔÁËȟ ĿÅ ÊÅÈÏ ÅÌÅÍÅÎÔÙ ÍÅÄÚÉ ÓÅÂÏÕ 
ÐÏÒÏÖÎÜÖÁÍÅȢ 3ÉÍÕÌÜÃÉÁ ÎÜÍ ÐÒÅÚÅÎÔÕÊÅ ÎÜÊÄÅÎÉÅ 
ÎÁÊÍÅÎĤÉÅÈÏȾÎÁÊÖßéĤÉÅÈÏ ÐÒÖËÕȢ 0ÒÖĻ ÐÒÖÏË ÓÁ ÓËÏÐþÒÕÊÅ ÄÏ ÐÒÅÍÅÎÎÅÊ 
ÍÉÎȾÍÁØ Á Ö ìÁÌĤÏÍ ËÒÏËÕ ÐÏÒÏÖÎÜÖÁ ÓÏ ÖĤÅÔËĻÍÉ ÐÒÖËÁÍÉ Ö ÐÏÌÉȢ !Ë 
ÁÌÇÏÒÉÔÍÕÓ ÎÜÊÄÅ ÉÎĻ ÍÅÎĤþȾÖßéĤþ ÐÒÖÏËȟ ÓËÏÐþÒÕÊÅ ÈÏ ÄÏ ÐÒÅÍÅÎÎÅÊ 
ÍÉÎȾÍÁØ Á ÐÏËÒÁéÕÊÅ Ö ÐÒÅÈċÁÄÜÖÁÎþȟ ËĻÍ ÎÅÐÒÅÈċÁÄÜ ÃÅÌï ÐÏÌÅȢ  

3ÉÍÕÌÜÃÉÕ ÏÖÌÜÄÁÍÅ ÐÏÍÏÃÏÕ ÔÌÁéÉÄÉÅÌȟ ËÔÏÒï ÓÁ ÎÁÃÈÜÄÚÁÊĭ ÎÁ ÐÒÁÖÅÊ ÓÔÒÁÎÅ 
okna. .ÁÊÓËĖÒ ÓÉ ÚÖÏÌþÍÅȟ éÉ ÃÈÃÅÍÅ ÈċÁÄÁĩ ÍÁØÉÍÜÌÎÕ ÁÌÅÂÏ ÍÉÎÉÍÜÌÎÕ 
hodnotu v poli. +Åì ÈċÁÄÜÍÅ ÎÁÊÖßéĤÉÕ ÈÏÄÎÏÔÕȟ ÔÁË Ö pravom hornom 
ÏËÉÅÎËÕ ÓÉ ÚÖÏÌþÍÅ ÍÁØȢ 6 ÄÏÌÎÅÊ éÁÓÔÉ ÏËÎÁ ÊÅ ÚÏÂÒÁÚÅÎĻ ÁÊ ÁÌÇÏÒÉÔÍÕÓ ÎÁ 
ÖÙÈċÁÄÜÖÁÎÉÅ ÎÁÊÖßéĤÅÊ ÈÏÄÎÏÔÙȢ 6 ÚÄÒÏÊÏÖÏÍ ËĕÄÅ ÁÌÇÏÒÉÔÍÕ ÒÉÁÄËÏÖĻ 
ÕËÁÚÏÖÁÔÅċȟ ÚÖĻÒÁÚĐÕÊÅ ÒÉÁÄÏËȟ ËÔÏÒĻ ÓÁ ÐÒÜÖÅ ÒÅÁÌÉÚÕÊÅȢ 6 priebehu 
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ÓÉÍÕÌÜÃÉÅ Óĭ ÔÉÅĿ ÚÖĻÒÁÚÎÅÎï ÐÏÈÜÒÅȟ ËÔÏÒĻÃÈ ÓÁ ÒÅÁÌÉÚÏÖÁÎÜ ÏÐÅÒÜÃÉÁ ÔĻËÁ 
(porovnanie, alebo priradenie). 

CYKLUS i = od 1 t o 6 do  

Ak max < poh §r[i] POTOM  

max = poh §r[i] ;  

+ÌÉËÎÕÔþÍ ÔÌÁéÉÄÌÁ ȵ3ÉÍÕÌÜÃÉÁȱȟ ÓÁ ÎÜÍ ÓÐÕÓÔþ ÐÒÅÈċÁÄÜÖÁÎÉÅ ÐÏċÁ ÐÒÉ ËÔÏÒÏÍ 
sa ÐÒÅÓÖÅÃÕÊÅ ÓÙÎÔÁØȢ !Ë ÃÈÃÅÍÅ ÐÏÒÏÖÎÜÖÁÎÉÅ ÖÙËÏÎÜÖÁĩ ÐÏÍÁÌĤþÍÉ 
ËÒÏËÍÉȟ ÔÁË ÔÌÁéÉÄÌÏÍ ȵ+ÒÏËÏÖÁĩȰ Á ÔÌÁéÉÄÌÏÍ ȵ0ÏÒÏÖÎÁÊȱ ÖÙËÏÎÜÖÁÍÅ 
ÐÏÓÔÕÐÎï ÐÏÒÏÖÎÁÎÉÅ ÐÒÖËÏÖ Ö ÐÏÌÉȢ 0ÒÉ ËÁĿÄÏÍ ÎÏÖÏÍ ÓÐÕÓÔÅÎþ ËÒÏËÏÖÁÎÉÁ 
ÁÌÅÂÏ ÓÉÍÕÌÜÃÉÅ ÊÅ ÐÏÔÒÅÂÎï ÒÅĤÔÁÒÔÏÖÁĩ ÓÉÍÕÌÜÃÉÕ ÔÌÁéÉÄÌÏÍ ȵ2ÅÓÅÔȰȢ 

6ĻÓÌÅÄÏËȡ max = 21. 
 

 

/ÂÒȢ τ !ÎÉÍÜÃÉÁ ÈċÁÄÁÎÉÅ ÎÁÊÖßéĤÉÅÈÏ ÍÎÏĿÓÔÖÁ ÔÅËÕÔÉÎÙ Ö ÐÏÈÜÒÉ 

4.2 Zrkadlenie elementov ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ   
4ÜÔÏ ÓÉÍÕÌÜÃÉÁ ÎÜÍ ÐÒÅÚÅÎÔÕÊÅ ÖĻÍÅÎÕ ÈÏÄÎĖÔȟ ËÔÏÒï Óĭ ÚÒËÁÄÌÏÖÏ 
ÕÍÉÅÓÔÎÅÎï ÐÏÄċÁ ÏÓÉ ÓÙÍÅÔÒÉÅȢ 6ÙËÏÎÜÖÁÊĭ ÓÁ ÃÙËÌÙȟ ËÔÏÒï ÐÏÒÏÖÎÁÊĭ 
ÐÒÖËÙ Ö ÐÏÌÉȢ 0ÒÖĭ Á ÐÏÓÌÅÄÎĭ ÈÏÄÎÏÔÕȟ ÐÏÔÏÍ ÄÒÕÈĭ Ó ÈÏÄÎÏÔÏÕ 
ÐÒÅÄÐÏÓÌÅÄÎÏÕȟ ÁÔìȢ 3ÉÍÕÌÜÃÉÕ ÏÖÌÜÄÁÍÅ ÐÏÍÏÃÏÕ ÔÌÁéÉÄÉÅÌȟ ËÔÏÒï ÓÁ 
ÎÁÃÈÜÄÚÁÊĭ ÎÁ ÐÒÁÖÅÊ ÓÔÒÁÎÅȟ ÒÏÖÎÁËÏ ɉÐÒþÐȢ ÁÎÁÌÏÇÉÃËĻɊ ÁËÏ ÐÒÉ 
ÐÒÅÄÃÈÜÄÚÁÊĭÃÅÊ ĭÌÏÈÅȢ +ÌÉËÎÕÔþÍ ÔÌÁéÉÄÌÁ ȵ3ÉÍÕÌÜÃÉÁȱȟ ÓÁ ÎÜÍ ÓÐÕÓÔþ 
ÐÏÒÏÖÎÁÎÉÅ ÐÏċÁ ÐÒÉ ËÔÏÒÏÍ ÓÁ ÐÒÅÓÖÅÃÕÊÅ ÓÙÎÔÁØȢ !Ë ÃÈÃÅÍÅ ÐÏÒÏÖÎÜÖÁÎÉÅ 
ÖÙËÏÎÜÖÁĩ ÐÏÍÁÌĤþÍÉ ËÒÏËÍÉȟ ÔÁË ÔÌÁéÉÄÌÏÍ ȵ+ÒÏËÏÖÁĩȰ Á ÔÌÁéÉÄÌÏÍ 
ȵ:ÒËÁÄÌÉȱ ÖÙËÏÎÜÖÁÍÅ ÐÏÓÔÕÐÎï ÚÒËÁÄÌÅÎÉÅ ÐÒÖËÏÖ Ö ÐÏÌÉȢ 0ÒÉ ËÁĿÄÏÍ 
ÎÏÖÏÍ ÓÐÕÓÔÅÎþ ËÒÏËÏÖÁÎÉÁ ÁÌÅÂÏ ÓÉÍÕÌÜÃÉÅ ÊÅ ÐÏÔÒÅÂÎï ÒÅĤÔÁÒÔÏÖÁĩ 
ÓÉÍÕÌÜÃÉÕ ÔÌÁéÉÄÌÏÍ ȵ2ÅÓÅÔȰȢ 0ÏéÅÔ ÏÐÁËÏÖÁÎþ ÊÅ ÖĿÄÙ ɉÎ ÄÉÖ ςɊȟ ËÄÅ Î ÊÅ 
ÐÏéÅÔ ÐÒÖËÏÖ ÐÏċÁȢ 0ÒÅ Î Ѐ φȟ ÓÁ ÁÌÇÏÒÉÔÍÕÓ ÏÐÁËÕÊÅ σ-ËÒÜÔȢ  
 

CYKLUS i = od 1 t o 3  do 

vĨmena poh§r[i] za poh §r[ n- i+1 ] ;   
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Obr. 5 !ÎÉÍÜÃÉÁ ÚÒËÁÄÌÅÎÉÁ ÐÏċÁ ÐÒÉ ĤÔÁÒÔÅ 

τȢσ 3éþÔÁÎÉÅ ÅÌÅÍÅÎÔÏÖ ÊÅdÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ  

3ÉÍÕÌÜÃÉÁ ÐÒÅÚÅÎÔÕÊÅ ÖĻÐÏéÅÔ ÓĭéÔÕ ÐÒÖËÏÖ Ö ÐÏċÁȢ + ÐÒÅÍÅÎÎÅÊ Óĭéet 
ɉËÔÏÒÜ ÍÜ ÎÁ ÚÁéÉÁÔËÕ ÈÏÄÎÏÔÕ πɊ ÓÁ ÐÏÓÔÕÐÎÅ ÐÒÉÐÏéþÔÁÊĭ ÈÏÄÎÏÔÙ ÐÒÖËÏÖ 
ÎÁÐþÓÁÎï ÎÁ ÐÏÈÜÒÉȢ 3ÉÍÕÌÜÃÉÕ ÏÖÌÜÄÁÍÅ ÐÏÍÏÃÏÕ ÔÌÁéÉÄÉÅÌȟ ËÔÏÒï ÓÁ 
ÎÁÃÈÜÄÚÁÊĭ ÎÁ ÐÒÁÖÅÊ ÓÔÒÁÎÅ ÒÏÖÎÁËĻÍ ÓÐĖÓÏÂÏÍ ÁËÏ Ö ÐÒÅÄÃÈÜÄÚÁÊĭÃÉÃÈ 
ĭÌÏÈÜÃÈȢ 3ÐÕÓÔÅÎÉÅ ÖÙËÏÎÜÍÅ ÔÌÁéÉÄÌÏÍ ȵ3ÉÍÕÌÜÃÉÁȰȟ ËÄÅ ÓÁ ÎÜÍ 
ÐÒÅÓÖÅÃÕÊÅȟ ËÔÏÒĻ ÐÒÖÏË ÓÁ ÐÒÉÐÏéþÔÁÖÁ Á ÚÜÒÏÖÅĐ ÓÁ ÖÙÓÖÅÃÕÊÅ ÓÙÎÔÁØȢ !Ë 
ÃÈÃÅÍÅ ÓéþÔÁÎÉÅ ÖÙËÏÎÜÖÁĩ ÐoÍÁÌĤþÍÉ ËÒÏËÍÉȟ ÔÁË ÔÌÁéÉÄÌÏÍȢ 

 

Obr. 6 !ÎÉÍÜÃÉÁ ÓéþÔÁÎÉÁ ÅÌÅÍÅÎÔÏÖ ÐÏċÁ ɉÐÒÉ ĤÔÁÒÔÅɊ 

S¼ļet = 0; 

CYKLUS i = od 1 t o 6 do  

S¼ļet = S¼ļet + poh§r[i] ;  
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Obr. 6 /ÄÐÁÍßÔÁÎï ÆÒÁÇÍÅÎÔÙ ÏÂÒÁÚÏÖËÙ Ú ÁÎÉÍÜÃÉÁ ÐÒÉÅÂÅÈÕ ÓéþÔÁÎÉÁ ÅÌÅÍÅÎÔÏÖ 
ÊÅÄÎÏÒÏÚÍÅÒÎïÈÏ ÐÏċÁ ɉÎÁ ÚÁéÉÁÔËÕȟ Ö ÐÒÉÅÂÅÈÕ ÒÅÁÌÉÚÜÃÉÅ ÁÌÇÏÒÉÔÍÕ Á ÐÏ ÕËÏÎéÅÎþ ÓéþÔÁÎÉÁɊ 

4.4  (ċÁÄÁÎie ÎÁÊÍÅÎĤÅÊ ÁÌÅÂÏ ÎÁÊÖßéĤÅÊ hodnoty elementu 
dvojÒÏÚÍÅÒÎïÈÏ ÐÏċÁ  

3ÉÍÕÌÜÃÉÁ ÎÜÍ ÐÒÅÚÅÎÔÕÊÅ ÎÜÊÄÅÎÉÅ ÎÁÊÍÅÎĤÉÅÈÏȾÎÁÊÖßéĤÉÅÈÏ ÐÒÖËÕ Ö 
ÄÖÏÊÒÏÚÍÅÒÎÏÍ ÐÏÌÉȢ 0ÒÖĻ ÐÒÖÏË ÓÁ ÓËÏÐþÒÕÊÅ ÄÏ premennej min/max a v 
ìÁÌĤÏÍ ËÒÏËÕ ÐÏÒÏÖÎÜÖÁ ÓÏ ÖĤÅÔËĻÍÉ ÐÒÖËÁÍÉ Ö ÐÏÌÉȢ !Ë ÁÌÇÏÒÉÔÍÕÓ ÎÜÊÄÅ 
ÉÎĻ ÍÅÎĤþȾÖßéĤþ ÐÒÖÏËȟ ÓËÏÐþÒÕÊÅ ÈÏ ÄÏ ÐÒÅÍÅÎÎÅÊ ÍÉÎȾÍÁØ Á ÐÏËÒÁéÕÊÅ Ö 
ÐÒÅÈċÁÄÜÖÁÎþȟ ÐÏËÉÁċ ÎÅÐÒÅÈċÁÄÜ ÃÅÌï ÐÏÌÅȢ 3ÉÍÕÌÜÃÉÕ ÏÖÌÜÄÁÍÅ ÐÏÍÏÃÏÕ 
ÔÌÁéÉÄÉÅÌ: ȵ3ÉÍÕÌÜÃÉÁȱ, ȵ+ÒÏËÏÖÁĩȰ Á ȵ0ÏÒÏÖÎÁÊȰ Ö ÒÏÖÎÁËÏÍ ÖĻÚÎÁÍÅ ÁËÏ 
ÐÒÅÄÔĻÍȢ )ÎÔÅÒÐÒÅÔÜÃÉÁ ÐÒÉÅÂÅÈÕ ÁÎÉÍÜÃÉÅ ÊÅ ÔÉÅĿ ÒÏÖÎÁËÜ ÁËÏ 
v ÐÒÅÄÃÈÜÄÚÁÊĭÃÉÃÈ ÐÒþÐÁÄÏÃÈȢ 
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Obr. 7 !ÎÉÍÜÃÉÁ ÈċÁÄÁÎÉÅ ÎÁÊÖßéĤÉÅÈÏ ÍÎÏĿÓÔÖÁ ÔÅËÕÔÉÎÙ Ö ÐÏÈÜÒÉ 

 
CYKLUS i = od 1 t o 3 do 

CYKLUS j  = od 1 t o 6 do  

Ak max < poh §r[i ,j ] POTOM 

max = poh §r[i ,j ] ;  

4.4  3éþÔÁÎÉÅ elementov dvojÒÏÚÍÅÒÎïÈÏ ÐÏċÁ  

3ÉÍÕÌÜÃÉÁ ÖÉÚÕÁÌÉÚÕÊÅ ÐÏÓÔÕÐ ÐÒÉ ÓéþÔÁÎþ ÖĤÅÔËĻÃÈ prvkov dvojrozmernïÈÏ 
poċÁȟ ÏÄ poh§r[ 1,1 ] po poh§r[ n,m ] ,  kde Î ÊÅ ÐÏéÅÔ ÒÉÁÄËÏÖ Á Í ÊÅ ÐÏéÅÔ 
ÓÔĊÐÃÏÖȢ + ÐÒÅÍÅÎÎÅÊ ÓĭéeÔȟ ËÄÅ ÎÁ ÚÁéÉÁÔËÕ ÊÅ πȟ postupne sa ÐÒÉÐÏéþÔÁÊĭ 
hodnoty prvkovȟ ËÔÏÒï Óĭ ÕÖÅÄÅÎï ÎÁ ÐÏÈÜÒÉ ÎÁ ÐÒþÓÌÕĤÎÏÍ ÍÉÅÓÔÅ ÐÏċÁȢ 
3ÉÍÕÌÜÃÉÕ ÏÖÌÜÄÁÍÅ ÐÏÍÏÃÏÕ ÔÌÁéÉÄÉÅÌȟ ËÔÏÒï ÓÁ ÎÁÃÈÜÄÚÁÊĭ ÎÁ ÐÒÁÖÅÊ ÓÔÒÁÎÅ 
okna a to rovnako ako v ÐÒþÐÁÄÅ ÈċÁÄÁÎÉÁ ÍÁØÉÍÁ Ö dvojrozmernom poli. 
&ÕÎËÃÉÁ ÔÌÁéÉÄÉÅÌ ȵ3ÉÍÕÌÜÃÉÁȱȟ ȵ+ÒÏËÏÖÁĩȰȟ 0ÒÉÐÏéþÔÁÊ Á ȵ2ÅÓÅÔȰ ÊÅ ÁËÏ Ö ĭÌÏÈÅ 
4.3. 0ÒÉ ËÁĿÄÏÍ ÎÏÖÏÍ ÓÐÕÓÔÅÎþ ËÒÏËÏÖÁÎÉÁ ÁÌÅÂÏ ÓÉÍÕÌÜÃÉÅ ÊÅ ÐÏÔÒÅÂÎï 
ÒÅĤÔÁÒÔÏÖÁĩ ÓÉÍÕÌÜÃÉÕ ÔÌÁéÉÄÌÏÍ ȵ2ÅÓÅÔȰȢ 
 

S¼ļet = 1;  
CYKLUS i = od 1 to 3 do 

CYKLUS j = od 1 to 6 d o 

Ak max < poh §r[i, j] POTOM  

S¼ļet = S¼ļet + poh§r[i, j] ;  
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Obr. 8 Stav aÎÉÍÜÃÉÁ ÓéþÔÁÎÉÁ ÅÌÅÍÅÎÔÏÖ ÄÖÏÊÒÏÚÍÅÒÎïÈÏ ÐÏċÁ ɉÐÒÉ ĤÔÁÒÔÅɊ 

 

4 Z§ver  

PodŎa naġich sk¼senost² ġtudenti Ŏahġie pochopia pr§cu s ¼dajovĨmi ġtrukt¼rami 

ak maj¼ k dispoz²cii grafickĨ model. Tento model m¹ģu vyuģiŠ aj na 

zn§zornenie postupu rieġenia a zobrazenie zmien hodn¹t jednotlivĨch elementov. 

GrafickĨ model, ktorĨ zjednoduġ² rieġenie probl®mu, moģno pouģiŠ na 

myġlienkov¼ implement§ciu ŎubovoŎnej ġtandardnej ¼dajovej ġtrukt¼ry. 

Pomocou grafickej reprezent§cie je moģn® nielen pochopiŠ fungovanie selekcie 

elementu, sp¹sob adresovania, urļenie indexov, explicitne definovanĨch 

stavebnĨch elementov ġtandardnej ¼dajovej ġtrukt¼ry, ale si aj osvojiŠ pr§cu 

s nimi. Grafick® zobrazenie ¼dajovej ġtrukt¼ry d§va priestor aj na sledovanie 

realiz§cie algoritmu a z§pis zmien hodn¹t jednotlivĨch elementov. Pouģ²vateŎ ï 

ġtudent m¹ģe experimentovan²m na grafickom modeli zad§van²m r¹znych 

vstupnĨch ¼dajov testovaŠ spr§vnosŠ svojho programu (ļasti programu), 

pochopiŠ aj zloģitejġie oper§cie vykonan® nad ¼dajovĨmi ġtrukt¼rami a odhaliŠ 

aj pr²padn® chyby a nedostatky programu (Stoffa, 2003). 

 

PoŅakovanie 
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Abstra kt:  $ÉÇÉÔÜÌÎþ ÔÅÃÈÎÏÌÏÇÉÅ ÐĠÉÎÜĤÅÊþ ÄÏ ÖÚÄñÌÜÖÜÎþ ĠÁÄÕ ÎÏÖĻÃÈ 
ÐĠþÌÅĿÉÔÏÓÔþȢ 3ÃÈÏÐÎÏÓÔ ÊÅÄÎÏÔÌÉÖÃÅ ÖÙÕĿþÖÁÔ ÄÉÇÉÔÜÌÎþ ÔÅÃÈÎÏÌÏÇÉÅ Ë ÕéÅÎþȟ 
ÖÚÄñÌÜÖÜÎþ Á ÚÄÏËÏÎÁÌÏÖÜÎþ ÓÖĻÃÈ ÄÏÖÅÄÎÏÓÔþ ÊÅ ÊÅÄÎÏÕ Ú ÄĳÌÅĿÉÔĻÃÈ ÓÌÏĿÅË 
ÄÉÇÉÔÜÌÎþ ÇÒÁÍÏÔÎÏÓÔÉ Á ÊÅ ÎÅÚÂÙÔÎÜ ÐÒÏ ÓÃÈÏÐÎÏÓÔ ÃÅÌÏĿÉÖÏÔÎþÈÏ ÕéÅÎþ 
ÊÅÄÉÎÃÅȢ )ÎÔÅÇÒÁÃÅ ÄÉÇÉÔÜÌÎþÃÈ ÔÅÃÈÎÏÌÏÇÉþ ÄÏ ÖĻÕËÏÖĻÃÈ ÁËÔÉÖÉÔ Á ĤËÏÌÎþÈÏ 
ĿÉÖÏÔÁ Á ÐÒÏÐÏÊÅÎþ ÆÏÒÍÜÌÎþ ÖĻÕËÙ Ó ÎÅÆÏÒÍÜÌÎþÍÉ ÖÚÄñÌÜÖÁÃþÍÉ aktivitami 
ĿÜËĳ ÊÅ ÐÒÏÔÏ ÄÁÌĤþ ÎÅÚÂÙÔÎÏÕ ÓÏÕéÜÓÔþ ÒÏÚÖÏÊÅ ÄÉÇÉÔÜÌÎþ ÇÒÁÍÏÔÎÏÓÔÉ ĿÜËĳȢ 
ªËÏÌÅÍ ÕéÉÔÅÌĳ ÎÅÎþ ÊÅÎ ÖÚÄñÌÜÖÜÎþ Á ÏÄÂÏÒÎÜ ÐĠþÐÒÁÖÁȟ ÁÌÅ ÔÁËï ÐĠþÐÒÁÖÁ 
ĿÜËĳ ÎÁ ÂÕÄÏÕÃþ ÐÏÖÏÌÜÎþȢ 0ÒÜÖñ ÄÏ ÐĠþÐÒÁÖÙ ÎÁ ÂÕÄÏÕÃþ ÐÏÖÏÌÜÎþ ÐÁÔĠþ 
I robotika. Robotika je obÏÒȟ ËÔÅÒĻ ÚÁÈÒÎÕÊÅ ĠÁÄÕ ÏéÅËÜÖÁÎĻÃÈ ÖĻÓÔÕÐĳ 
2ÜÍÃÏÖïÈÏ ÖÚÄñÌÜÖÁÃþÈÏ ÐÒÏÇÒÁÍÕȟ Ú ÎñÈÏĿ ÓÅ ÆÏÒÍÕÊþ ĤËÏÌÎþ ÖÚÄñÌÜÖÁÃþ 
ÐÒÏÇÒÁÍÙ ÐÌÁÔÎï ÐÒÏ ÚÜËÌÁÄÎþ É ÓÔĠÅÄÎþ ĤËÏÌÙȢ .ÅÊÄĳÌÅĿÉÔñÊĤþÍÉ ÐÏÊÍÙ 
ve ÖÚÄñÌÜÖÜÎþ ÊÓÏÕȡ ÐÏéþÔÁéÏÖï ÍÙĤÌÅÎþȟ ÄÉÇÉÔÜÌÎþ ÇÒÁÍÏÔÎÏÓÔȟ ÁÌÇÏÒÉÔÍÉÚÁce, 
ÒÏÂÏÔÉËÁȟ ÐÒÏÇÒÁÍÏÖÜÎþȢ 6ĤÅÃÈÎÙ ÔÙÔÏ ÄÏÖÅÄÎÏÓÔÉ ÊÓÏÕ ÐÏÔĠÅÂÎï ÎÅÊÅÎ Ö 
ÉÎÆÏÒÍÁÔÉÃÅȟ ÁÌÅ É Ö ÄÁÌĤþÃÈ ÏÂÏÒÅÃÈ Á ÐĠÅÄÍñÔÅÃÈȢ +Å ÚÖĻĤÅÎþ ËÏÍÐÅÔÅÎÃþ 
ÕéÉÔÅÌĳ Ö ÏÂÌÁÓÔÉ ÅÄÕËÁéÎþ ÒÏÂÏÔÉËÙ ÊÓÏÕ ÄÏĤËÏÌÏÖÁÃþ ËÕÒÚÙȟ ÓÅÍÉÎÜĠÅ éÉ 
×ÅÂÉÎÜĠÅ ÎÅÚÂÙÔÎïȢ 

+ÌþéÏÖÜ ÓÌÏÖÁȡ vzdñÌÜÖÁÃþ ÔÅÃÈÎÏÌÏÇÉÅȟ ÖÚÄñÌÜÖÜÎþ ÕéÉÔÅÌĳȟ ÃÅÌÏĿÉÖÏÔÎþ 
ÖÚÄñÌÜÖÜÎþȟ ËÖÁÌÉÔÁ ÖÚÄñÌÜÖÜÎþȟ ÄÉÇÉÔÜÌÎþ ÔÅÃÈÎÏÌÏÇÉÅȢ 

CONTINUING TRAINING COURSES TO INCREASE TEACHERS' 
COMPETENCES IN THE FIELD OF EDUCATIONAL ROBOTICS 

Abstract:  Digital technologies bring a number of new 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. 
The integration of digital technologies into teaching activities and school life 
and the connection of formal teaching to non-formal educational activities 
of pupils is therefore another necessary part of the development of pupils' 
digital literacy. 
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The task of 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 Framework 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. All 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. 

1 ªÖÏÄ 

0ÒÏÇÒÁÍÏÖÁÔÅÌÎï ÈÒÁéËÙ Á ÓÔÁÖÅÂÎÉÃÅȟ ËÏÎÓÔÒÕËÃÅ ÒÏÂÏÔĳ Á ÊÅÊÉÃÈ 
ÐÒÏÇÒÁÍÏÖÜÎþ ÊÓÏÕ Ö ÄÎÅĤÎþ ÄÏÂñ ÊÅÄÎÏÕ Ú ÃÅÓÔȟ ÊÁË ÚÁéþÔ Õ ÄñÔþ ÂÕÄÏÖÁÔ ÖÚÔÁÈ 
Ë ÔÅÃÈÎÉÃÅ Á ÒÏÂÏÔÉÃÅ ÕĿ Ö ÍÁÔÅĠÓËï ĤËÏÌÅȟ Á ÊÁË ÐÏËÒÁéÏÖÁÔ ÅÄÕËÁéÎþ 
ÒÏÂÏÔÉËÏÕ ÎÁ ÚÜËÌÁÄÎþ ĤËÏÌÅȢ 2ÏÂÏÔÉÃËÜ ÓÔÁÖÅÂÎÉÃÅ ÕÍÏĿĐÕÊÅ 34%!- ÖĻÕËÕ 
Ö ÐÒÁØÉȢ 2ÏÂÏÔÉËÁ ÊÅ ÊÅÄÎþÍ Ú ÎÜÓÔÒÏÊĳ ÐÒÏ ÒÏÚÖÏÊ ËÌþéÏÖĻÃÈ ËÏÍÐÅÔÅÎÃþ ςρȢ 
ÓÔÏÌÅÔþȢ ªËÏÌÅÍ ÐÅÄÁÇÏÇĳ ÎÅÎþ ÊÅÎ ÖĻÃÈÏÖÁ Á ÖÚÄñÌÜÖÜÎþȟ ÁÌÅ É ÐĠþÐÒÁÖÁ ĿÜËĳ 
ÎÁ ÂÕÄÏÕÃÎÏÓÔ Á ÊÅÊÉÃÈ ÂÕÄÏÕÃþ ÐÏÖÏÌÜÎþȢ 2ÏÂÏÔÉËÁ ÐÏÄÐÏÒÕÊÅ ÒÏÚÖÏÊ 
ÉÎÆÏÒÍÁÔÉÃËïÈÏȟ ÌÏÇÉÃËïÈÏȟ ÁÌÇÏÒÉÔÍÉÃËïÈÏ Á ÐÒÏÇÒÁÍÜÔÏÒÓËïÈÏ ÍÙĤÌÅÎþȟ 
éÔÅÎÜĠÓËÏÕȟ ÍÁÔÅÍÁÔÉÃËÏÕ Á ÄÉÇÉÔÜÌÎþ ÇÒÁÍÏÔÎÏÓÔȟ ËÒÅÁÔÉÖÉÔÕȟ ÐÒÁÃÏÖÉÔÏÓÔȟ 
ÍÁÎÕÜÌÎþ ÚÒÕéÎÏÓÔȟ ÔÒÐñÌÉÖÏÓÔ Á ÐÏÚÉÔÉÖÎþ ÖÚÔÁÈ Ë ÓÅÂÅÖÚÄñÌÜÖÜÎþȢ 5ÍÏĿĐÕÊÅ 
ÓÅ ÒÏÚÈÏÄÏÖÁÔȟ ÒÅÁÇÏÖÁÔ ÎÁ ÚÍñÎÙȟ ÐÒÁÃÏÖÁÔ Ö ÔĻÍÕ, prezentovat a obhajovat 
ÖÌÁÓÔÎþ ÍÙĤÌÅÎËÙ Á ĠÅĤÅÎþȢ .ÅÄþÌÎÏÕ ÓÏÕéÜÓÔþ ÊÅ ÎÅÊÅÎ ÕÐÌÁÔÎñÎþ ËÒÅÁÔÉÖÉÔÙ ÐĠÉ 
ĠÅĤÅÎþ ÐÒÏÂÌïÍĳȟ ÁÌÅ É ÐĠÉÊÅÔþ ÚÏÄÐÏÖñÄÎÏÓÔÉ ÚÁ ÎÜÓÌÅÄËÙ ÖÌÁÓÔÎþÈÏ 
ÒÏÚÈÏÄÏÖÜÎþȢ 6ĤÅÃÈÎÙ ÔÙÔÏ ËÏÍÐÅÔÅÎÃÅ ÊÓÏÕ ÄĳÌÅĿÉÔï Ë ÕÐÌÁÔÎñÎþ ÎÁ ÔÒÈÕ 
ÐÒÜÃÅȢ 6 ÓÏÕéÁÓÎï ÄÏÂñ Ö IÅÓËï ÒÅÐÕÂÌÉÃÅ ÐÒÏÂþÈÁÊþ ÚÍñÎÙ ËÕÒÉËÕÌÁ 
ve ÖÚÄñÌÜÖÜÎþȢ + ÔÏÍÕ ÊÅ ÔĠÅÂÁ ÐĠÉÚÐĳÓÏÂÉÔ É ÐĠþÐÒÁÖÕ ÕéÉÔÅÌĳȟ ÔÅÄÙ ÕéÉÔÅÌÓËï 
ÓÔÕÄÉÊÎþ ÐÒÏÇÒÁÍÙ Á ÃÅÌÏĿÉÖÏÔÎþ ÖÚÄñÌÜÖÜÎþ ÕéÉÔÅÌĳȢ *Å ÎÕÔÎï ÕéÉÔÅÌÅ ÐĠÉÐÒÁÖÉÔ 
ÔÁËȟ ÁÂÙ ÂÙÌÉ ÓÃÈÏÐÎÉ Á ÍñÌÉ ÐĠÉÒÏÚÅÎÏÕ ÐÏÔĠÅÂÕ ÎÅÕÓÔÜÌÅ ÓÅ ÒÏÚÖþÊÅÔ Á 
inovovat svoje poznatky a dovednosti. 

6 ÓÏÕéÁÓÎï ÄÏÂñ ÊÅ ÒÅÁÌÉÚÏÖÜÎÁ ȵ3ÔÒÁÔÅÇÉÅ ÄÉÇÉÔÜÌÎþÈÏ ÖÚÄñÌÜÖÜÎþȰȟ ËÔÅÒÜ ÊÅ 
ÎÁÚĻÖÜÎÁ É ÄÉÇÉÔÜÌÎþ ÇÒÁÍÏÔÎÏÓÔþȢ *ÅÄÎÜ ÓÅ Ï ÄÌÏÕÈÏÄÏÂĻ ÓÔÒÁÔÅÇÉÃËĻ ÐÌÜÎ 
-ÉÎÉÓÔÅÒÓÔÖÁ ĤËÏÌÓÔÖþȟ ÍÌÜÄÅĿÅ Á ÔñÌÏÖĻÃÈÏÖÙ ɉ-£-4Ɋ IÅÓËï ÒÅÐÕÂÌÉËÙ Ó 
ÎÜÚÖÅÍ ȵ3ÔÒÁÔÅÇÉÅ ÖÚÄñÌÜÖÁÃþ ÐÏÌÉÔÉËÙ IÅÓËï ÒÅÐÕÂÌÉËÙ ÄÏ ÒÏËÕ ςπσπϹȱȟ ÊÅÈÏĿ 
ÄÖÁ ÈÌÁÖÎþ ÓÔÒÁÔÅÇÉÃËï ÃþÌÅ ÊÓÏÕȡ 
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¶ ÖþÃÅ ÚÁÍñĠÉÔ ÖÚÄñÌÜÖÜÎþ ÎÁ ÚþÓËÜÖÜÎþ ËÏÍÐÅÔÅÎÃþ ÐÏÔĠÅÂÎĻÃÈ ÐÒÏ 
ÁËÔÉÖÎþ ÏÂéÁÎÓËĻȟ ÐÒÏÆÅÓÎþ Á ÏÓÏÂÎþ ĿÉÖÏÔȟ 

¶ ÓÎþĿÉÔ ÎÅÒÏÖÎÏÓÔÉ Ö ÐĠþÓÔÕÐÕ ËÅ ËÖÁÌÉÔÎþÍÕ ÖÚÄñÌÜÖÜÎþ Á ÕÍÏĿÎÉÔ 
ÍÁØÉÍÜÌÎþ ÒÏÚÖÏÊ ÐÏÔÅÎÃÉÜÌÕ ÄñÔþȟ ĿÜËĳ Á ÓÔÕÄÅÎÔĳȢ 

3 ÔþÍÔÏ ÐĠÉÃÈÜÚþ É ÚÍñÎÁ ÓÔÜÖÁÊþÃþÃÈ 2ÜÍÃÏÖĻÃÈ ÖÚÄñÌÜÖÁÃþÃÈ ÐÒÏÇÒÁÍĳ ÐÒÏ 
ÚÜËÌÁÄÎþ ÖÚÄñÌÜÖÜÎþ É 3ÔÁÎÄÁÒÄ ÕéÉÔÅÌÅ ÖÅ ÖĤÅÃÈ ÏÂÌÁÓÔÅÃÈ ÖÚÄñÌÜÖÜÎþ Ö IÅÓËï 
repubÌÉÃÅȢ 4ÁÔÏ ÚÍñÎÁ ÓÅ ÔĻËÜ É ÖĻÕËÙ ÉÎÆÏÒÍÁÔÉËÙ ÎÁ ÚÜËÌÁÄÎþÃÈ ĤËÏÌÜÃÈȢ 

ªËÏÌÅÍ ÐÅÄÁÇÏÇĳ ÊÅ ÎÅÊÅÎ ÖĻÃÈÏÖÁ Á ÖÚÄñÌÜÖÜÎþȟ ÁÌÅ É ÐĠþÐÒÁÖÁ ĿÜËĳ 
na ÂÕÄÏÕÃþ ÐÏÖÏÌÜÎþ Á ÎÁ ĿÉÖÏÔ Ö ÉÎÆÏÒÍÁéÎþÍ ɉÄÉÇÉÔÜÌÎþÍɊ ÐÒÏÓÔĠÅÄþȢ 0ÒÜÖñ 
ÖĻÂñÒ ÂÕÄÏÕÃþÈÏ ÐÏÖÏÌÜÎþ ÍĳĿÅ ÖĻÚÎÁÍÎñ ÏÖÌÉÖÎÉÔ ÖÚÄñÌÜÖÁÃþ ÒÏÂÏÔÉËÁȢ 
3ÐÒÜÖÎÏÓÔ ÔÒÅÎÄÕ ÚÁĠÁÄÉÔ ÒÏÂÏÔÉËÕ ÄÏ ÖĻÕËÙ ÉÎÆÏÒÍÁÔÉËÙ ÓÅ ÊÅÄÎÏÚÎÁéÎñ 
ÐÏÔÖÒÄÉÌȢ 6 IÅÓËï ÒÅÐÕÂÌÉÃÅ É ÖÅ ÓÖñÔñ ÓÅ ÓÔÜÖÜ ÊÉĿ ÓÔÁÎÄÁÒÄÅÍȢ .ÅÎþ ÔÏ ÊÉĿ 
ÐÏÕÚÅ ÚÐÅÓÔĠÅÎþ ÖĻÕËÙȟ ÁÌÅ ÚÜËÌÁÄ ÐÒÏ ÒÏÚÖÏÊ ËÏÍÐÅÔÅÎÃþ ÐÏÔĠÅÂÎĻÃÈ ÐÒÏ 
ÂÕÄÏÕÃþ ÕÐÌÁÔÎñÎþ Á ÐÒÏ ĿÉÖÏÔ Ö ÉÎÆÏÒÍÁéÎþ ÓÐÏÌÅéÎÏÓÔÉ ÚÁÌÏĿÅÎï ÎÁ 
ÐÏÚÎÁÔÃþÃÈȢ ) ÕéÅÎþ ÍĳĿÅ ÂĻÔ ÓÐÏÎÔÜÎÎþ Á ÍĳĿÅ ÐÏÓËÙÔÎÏÕÔ ÐĠþÊÅÍÎĻ ÚÜĿÉÔÅËȢ 
0ÒÏé ÚÜĿÉÔÅËȩ :ÜĿÉÔÅË ÚÍñÎþ ÂñĿÎÏÕ ÖĻÕËÕȡ ÎÅÊÅÎĿÅ ÐÏÄÐÏĠþ ÓËÕÔÅéÎï 
ÚÁÐÁÍÁÔÏÖÜÎþȟ ÁÌÅ ÓÐÏÊþ ÚÎÁÌÏÓÔÉ Á ÄÏÖÅÄÎÏÓÔÉ Ó ÐÏÚÉÔÉÖÎþ ÅÍÏÃþ Á ÐÏÍĳĿÅ 
ÎÁÕéÅÎï ÕÖïÓÔ ÄÏ ÐÒÁØÅȢ 6ÚÄñÌÜÖÜÎþ ÆÏÒÍÏÕ ÈÒÙ ÊÅ ÊÅÄÎÁ Ú ÎÅÊÌÅÐĤþÃÈ ÍÅÔÏÄȟ 
ÊÁË ÁËÔÉÖÎñ ÚÁÐÏÊÉÔ ÄñÔÉ ÄÏ ÕéÅÎþȟ ÁÎÉĿ ÂÙ Ï ÔÏÍ ÍñÌÙ ÏÎÙ ÓÁÍÙ ÔÕĤÅÎþȢ 

ς %ÄÕËÁéÎþ ÒÏÂÏÔÉËÁ ÊÁËÏ ÓÏÕéÜÓÔ ÐÒÏÍñÎÙ ÖÚÄñÌÜÖÜÎþ 

6ÚÄñÌÜÖÜÎþ Ö ÐÏÓÌÅÄÎþÃÈ ÌÅÔÅÃÈ ÐÒÏÃÈÜÚþ ÖĻÒÁÚÎÏÕ ÐÒÏÍñÎÏÕȟ ËÔÅÒÏÕ ÐÏÈÜÎþ 
ÎÅÊÅÎ ÔÅÃÈÎÏÌÏÇÉÃËĻ ÖĻÖÏÊȟ ÁÌÅ É ÚÍñÎÁ ÏéÅËÜÖÜÎþ ÓÐÏÌÅéÎÏÓÔÉ ÖĳéÉ ĤËÏÌÅȢ 
$ĳÒÁÚ ÓÅ ÐÏÓÏÕÖÜ ÏÄ ÐÏÕÈï ÒÅÐÒÏÄÕËÃÅ ÚÎÁÌÏÓÔþ Ë ÒÏÚÖÏÊÉ ËÏÍÐÅÔÅÎÃþ ɀ 
ÓÃÈÏÐÎÏÓÔÉ ĠÅĤÉÔ ÐÒÏÂÌïÍÙȟ ÓÐÏÌÕÐÒÁÃÏÖÁÔȟ ÔÖÏĠÉÔȟ ËÒÉÔÉÃËÙ ÐĠÅÍĻĤÌÅÔ Á 
ÖÙÕĿþÖÁÔ ÄÉÇÉÔÜÌÎþ ÎÜÓÔÒÏÊÅ ÓÍÙÓÌÕÐÌÎĻÍ ÚÐĳÓÏÂÅÍȢ %ÄÕËÁéÎþ ÒÏÂÏÔÉËÁ ÓÅ ÄÏ 
ÔÏÈÏÔÏ ÔÒÅÎÄÕ ÐĠÉÒÏÚÅÎñ ÚÁÐÉÓÕÊÅȡ ÐÒÏÐÏÊÕÊÅ ÓÖñÔ ÔÅÃÈÎÏÌÏÇÉþ Ó ÁËÔÉÖÎþÍ 
ÕéÅÎþÍ Á ÐĠÉÎÜĤþ ÄÏ ÔĠþÄ ÐÒÖËÙ ÅØÐÅÒÉÍÅÎÔÏÖÜÎþȟ ÐÒÏÊÅËÔÏÖï ÐÒÜÃÅ Á 
ÂÁÄÁÔÅÌÓËĻÃÈ ÐĠþÓÔÕÐĳȢ 

2ÏÂÏÔÉËÁ ÖÅ ĤËÏÌÅ ÖĤÁË ÎÅÎþ ÊÅÎ ȵÍÏÄÅÒÎþ ÈÒÁéËÁȰȢ 0ÏËÕÄ ÊÅ ÄÏÂĠÅ ÍÅÔÏÄÉÃËÙ 
ÕÃÈÏÐÅÎÁȟ ÓÔÜÖÜ ÓÅ ÄÉÄÁËÔÉÃËĻÍ ÐÒÏÓÔĠÅÄËÅÍ ÐÒÏ ÒÏÚÖÏÊ ÉÎÆÏÒÍÁÔÉÃËïÈÏ 
ÍÙĤÌÅÎþȟ ÁÌÇÏÒÉÔÍÉÚÁÃÅ Á ÚÜËÌÁÄĳ ÐÒÏÇÒÁÍÏÖÜÎþȟ ÁÌÅ ÔÁËï ÐÒÏ ÐÏÓÉÌÏÖÜÎþ 
ÍÁÔÅÍÁÔÉÃËï ÇÒÁÍÏÔÎÏÓÔÉȟ ÆÙÚÉËÜÌÎþÈÏ ÕÖÁĿÏÖÜÎþȟ ÊÁÚÙËÏÖĻÃÈ ÄÏÖÅÄÎÏÓÔþ 
(popis poÓÔÕÐÕȟ ÁÒÇÕÍÅÎÔÁÃÅɊȟ ÓÏÃÉÜÌÎþÃÈ ËÏÍÐÅÔÅÎÃþ ɉÔĻÍÏÖÜ ÐÒÜÃÅȟ ÒÏÌÅ Ö 
ÔĻÍÕɊ Á ÐÏÄÎÉËÁÖÏÓÔÉ ɉÎÜÐÁÄ ᴼ ÐÒÏÔÏÔÙÐ ᴼ ÔÅÓÔÏÖÜÎþ ᴼ ÖÙÌÅÐĤÅÎþɊȢ 6 
ÎÅÐÏÓÌÅÄÎþ ĠÁÄñ ÒÏÂÏÔÉËÁ ÐÏÄÐÏÒÕÊÅ ÍÏÔÉÖÁÃÉ ĿÜËĳȟ ÚÅÊÍïÎÁ ÔñÃÈȟ ËÔÅĠþ ÓÅ 
ÈĳĠÅ ÚÁÐÏÊÕÊþ ÄÏ ÔÒÁÄÉéÎþ ÆÒÏÎÔÜÌÎþ ÖĻÕËÙȢ 4þÍ ÓÅ ÓÔÜÖÜ É ÎÜÓÔÒÏÊÅÍ ÉÎËÌÕÚÅ ɀ 
ÕÍÏĿĐÕÊÅ ȵÖÓÔÏÕÐÉÔȰ ÄÏ ÕéÉÖÁ ÊÉÎĻÍ ËÁÎÜÌÅÍ Á ÐĠÉÎÜĤþ ÖþÃÅ ÐĠþÌÅĿÉÔÏÓÔþ ÐÒÏ 
ĭÓÐñÃÈȢ 
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!ÂÙ ÖĤÁË ÒÏÂÏÔÉËÁ ÎÁÐÌÎÉÌÁ ÓÖĳÊ ÐÏÔÅÎÃÉÜÌȟ ÊÅ ËÌþéÏÖïȟ ËÄÏ Á ÊÁË Ó Îþ ÐÒÁÃÕÊÅȢ 
5éÉÔÅÌȟ ËÔÅÒĻ ÍÜ Ë ÄÉÓÐÏÚÉÃÉ ÓÔÁÖÅÂÎÉÃÉ Á ÁÐÌÉËÁÃÉȟ ÁÌÅ ÐÏÓÔÒÜÄÜ ÍÅÔÏÄÉÃËï 
ÖÅÄÅÎþȟ ÍĳĿÅ ÓËÌÏÕÚÎÏÕÔ Ë ÐÏÕÈïÍÕ ȵÈÒÁÎþȰ ÂÅÚ ÊÁÓÎïÈÏ ÖÚÄñÌÜÖÁÃþÈÏ ÃþÌÅȢ 
.ÁÏÐÁË ÐÅÄÁÇÏÇȟ ËÔÅÒĻ ÒÏÚÕÍþ ÄÉÄÁËÔÉÃÅ ÒÏÂÏÔÉËÙȟ ÄÏËÜĿÅ É Ó ÊÅÄÎÏÄÕÃÈĻÍ 
ÒÏÂÏÔÅÍ ÖÙÔÖÏĠÉÔ ÓÔÒÕËÔÕÒÏÖÁÎÏÕ ÖĻÕËÏÖÏÕ ÓÉÔÕÁÃÉȡ ÏÄ ÍÏÔÉÖÁÃÅȟ ÐĠÅÓ 
ÐÒÏÂÌïÍÏÖÏÕ ĭÌÏÈÕȟ ÉÔÅÒÁÃÅ ĠÅĤÅÎþȟ reflexi a ÐĠÅÎÏÓ ÐÏÚÎÁÔËĳ ÄÏ ÊÉÎï ÓÉÔÕÁÃÅȢ 
0ÒÏÔÏ ÎÁÂĻÖÁÊþ ÎÁ ÖĻÚÎÁÍÕ ÄÏĤËÏÌÏÖÁÃþ ËÕÒÚÙȟ ËÔÅÒï ÕéÉÔÅÌĳÍ ÐÏÍÜÈÁÊþ 
ÒÏÚĤþĠÉÔ ËÏÍÐÅÔÅÎÃÅ Á ÚþÓËÁÔ ÊÉÓÔÏÔÕȢ 

σ .ÅÚÂÙÔÎÏÓÔ ÄÏĤËÏÌÏÖÁÃþÃÈ ËÕÒÚĳ 

0ĠþÐÒÁÖÎï Á ÄÏĤËÏÌÏÖÁÃþ ËÕÒÚÙ ÊÓÏÕ ÎÅÚÂÙÔÎï ÐÒÏ ÐĠþÐÒÁÖÕ ÕéÉÔÅÌĳ 
ÐĠÅÄÅÖĤþÍ Ö ÅÄÕËÁéÎþ ÒÏÂÏÔÉÃÅȟ ÎÅÂÏĩ ÄÏÃÈÜÚþ Ë ÖÅÌÍÉ ÒÙÃÈÌïÍÕ ÒÏÚÖÏÊÉ 
ÄÉÇÉÔÜÌÎþÃÈ ÔÅÃÈÎÏÌÏÇÉþ Á ÐÌÁÔÆÏÒÅÍȟ ÃÏĿ ÓÅ ÐÒÏÊÅÖÕÊÅ É ÚÍñÎÏÕ Ö 2ÜÍÃÏÖĻÃÈ 
Á ÖÚÄñÌÜÖÁÃþÃÈ ÐÒÏÇÒÁÍÅÃÈȢ 

σȢρ 2ÙÃÈÌĻ ÖĻÖÏÊ ÔÅÃÈÎÏÌÏÇÉþ Á ÐÌÁÔÆÏÒÅÍ 

6 ÏÂÌÁÓÔÉ ÅÄÕËÁéÎþ ÒÏÂÏÔÉËÙ ÓÅ ÔÅÍÐÏ ÉÎÏÖÁÃþ ÓÔÜÌÅ ÚÖÙĤÕÊÅȢ .Á ÔÒÈÕ ÓÅ 
ÏÂÊÅÖÕÊþ ÎÏÖï ÓÔÁÖÅÂÎÉÃÅȟ ÓÅÎÚÏÒÙȟ ÍÉËÒÏËÏÎÔÒÏÌïÒÙ É ÓÏÆÔ×ÁÒÏÖÜ ÐÒÏÓÔĠÅÄþȟ 
éÁÓÔÏ ÄÏÐÌÎñÎÜ Ï ÐÒÖËÙ ÕÍñÌï ÉÎÔÅÌÉÇÅÎÃÅȟ ÒÏÚĤþĠÅÎï ÒÅÁÌÉÔÙ éÉ ÖÚÄÜÌÅÎïÈÏ 
ÏÖÌÜÄÜÎþȢ 5éÉÔÅÌȟ ËÔÅÒĻ ÁÂÓÏÌÖÏÖÁÌ ĤËÏÌÅÎþ ÐĠÅÄ ÎñËÏÌÉËÁ ÌÅÔÙȟ ÍĳĿÅ ÄÎÅÓ 
ÐÒÁÃÏÖÁÔ Ó ĭÐÌÎñ ÊÉÎĻÍ ÓÙÓÔïÍÅÍȢ $ÏĤËÏÌÏÖÜÎþ ÔÁË ÎÅÎþ ÊÅÄÎÏÒÜÚÏÖÏÕ 
ÕÄÜÌÏÓÔþȟ ÁÌÅ ËÏÎÔÉÎÕÜÌÎþÍ ÐÒÏÃÅÓÅÍȟ ËÔÅÒĻ ÕÍÏĿĐÕÊÅ ÐÅÄÁÇÏÇĳÍ ÄÒĿÅÔ ËÒÏË 
Á ÖÙÂþÒÁÔ ÎÜÓÔÒÏÊÅ ÐÏÄÌÅ ÄÉÄÁËÔÉÃËĻÃÈ ÃþÌĳȟ ÎÉËÏÌÉ ÐÏÕÚÅ ÐÏÄÌÅ ÍÁÒËÅÔÉÎÇÏÖï 
atraktivity.  

σȢς :ÍñÎÙ Ö ËÕÒÉËÕÌÕ Á ÐÏĿÁÄÁÖËÙ ÎÁ ÄÉÇÉÔÜÌÎþ ËÏÍÐÅÔÅÎÃÅ 

2ÏÓÔÏÕÃþ ÄĳÒÁÚ ÎÁ ÉÎÆÏÒÍÁÔÉËÕȟ ÁÌÇÏÒÉÔÍÉÚÁÃÉ Á ÄÉÇÉÔÜÌÎþ ÇÒÁÍÏÔÎÏÓÔ ÖÙÔÖÜĠþ 
ÔÌÁË ÎÁ ĤËÏÌÙ É ÊÅÄÎÏÔÌÉÖï ÕéÉÔÅÌÅȢ 2ÏÂÏÔÉËÁ ÊÅ ÊÅÄÎÏÕ Ú ÃÅÓÔȟ ÊÁË ÔÙÔÏ ÏÂÌÁÓÔÉ 
ÕÃÈÏÐÉÔ ËÏÎËÒïÔÎñ Á ÚÜĿÉÔËÏÖñȟ ÁÌÅ ÖÙĿÁÄÕÊÅ ÕÒéÉÔÏÕ ÍþÒÕ ÔÅÃÈÎÏÌÏÇÉÃËï Á 
ÍÅÔÏÄÉÃËï ÇÒÁÍÏÔÎÏÓÔÉȢ $ÏĤËÏÌÏÖÁÃþ ËÕÒÚÙ ÐÏÍÜÈÁÊþ ÕéÉÔÅÌĳÍ ÐÏÃÈÏÐÉÔȟ ÊÁË 
ÒÏÂÏÔÉËÕ ÚÁéÌÅÎÉÔ ÄÏ £60ȟ ÊÁË ÓÔÁÎÏÖÏÖÁÔ ÍñĠÉÔÅÌÎï ÖĻÓÔÕÐÙ Á ÊÁË ÎÁÖÜÚÁÔ ÎÁ 
ÏéÅËÜÖÁÎï ËÏÍÐÅÔÅÎÃÅ ĿÜËĳȢ 

σȢσ 0ÅÄÁÇÏÇÉÃËÜ ÊÉÓÔÏÔÁ Á ÐÒÜÃÅ Ó ÃÈÙÂÏÕ 

2ÏÂÏÔÉËÁ ÐĠÉÒÏÚÅÎñ ÖÅÄÅ Ë ÓÉÔÕÁÃþÍȟ ËÄÙ ÖñÃÉ ȵÎÅÆÕÎÇÕÊþȰȢ 0ÒÏÇÒÁÍ ÓÅ 
ÎÅÃÈÏÖÜ ÏéÅËÜÖÁÎñȟ ÓÅÎÚÏÒ ĤÐÁÔÎñ ÍñĠþȟ ËÏÎÓÔÒÕËÃÅ ÓÅ ÒÏÚÐÁÄÎÅȟ ÒÏÂÏÔ 
ÎÅÊÅÄÅ ÒÏÖÎñȢ 0ÒÜÖñ Ö ÔñÃÈÔÏ ÃÈÖþÌþÃÈ ÓÅ ÒÏÄþ ÕéÅÎþȢ 0ÅÄÁÇÏÇ ÂÙ ÍñÌ ÂĻÔ 
ÓÃÈÏÐÅÎ ÖïÓÔ ĿÜËÙ Ë ÄÉÁÇÎÏÓÔÉÃÅ ÐÒÏÂÌïÍÕȟ ËÌÁÄÅÎþ ÏÔÜÚÅËȟ ÔÅÓÔÏÖÜÎþ ÈÙÐÏÔïÚ 
Á ÏÐñÔÏÖÎïÍÕ ÚÌÅÐĤÏÖÜÎþȢ 5éÉÔÅÌȟ ËÔÅÒĻ ÓÅ ÓÜÍ ÂÏÊþ ÓÅÌÈÜÎþ ÎÅÂÏ ÎÅÍÜ 
ÚËÕĤÅÎÏÓÔ Ó ÐÒÏÃÅÓÅÍ ÏÄÓÔÒÁĐÏÖÜÎþ ÃÈÙÂ ɉÄÅÂÕÇÇÉÎÇÅÍɊȟ éÁÓÔÏ ÓÉÔÕÁÃÉ 
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ÚÊÅÄÎÏÄÕĤþ ÔÁËȟ ÁÂÙ ÓÅ ÐÒÏÂÌïÍĳÍ ÖÙÈÎÕÌȢ $ÏÂÒï ÄÏĤËÏÌÏÖÜÎþ ÎÁÏÐÁË 
ÐÏÓÉÌÕÊÅ ÓÃÈÏÐÎÏÓÔ ÐÒÁÃÏÖÁÔ Ó ÃÈÙÂÏÕ ÊÁËÏ Ó ÐĠÉÒÏÚÅÎÏÕ ÓÏÕéÜÓÔþ ÐÒÏÃÅÓÕȢ  

σȢτ -ÅÚÉÐĠÅÄÍñÔÏÖï ÖÚÔÁÈÙ Á ÎÏÖï ÄÉÄÁËÔÉÃËï ÒÏÌÅ 

2ÏÂÏÔÉËÁ ÏÔÅÖþÒÜ ÐÒÏÓÔÏÒ ÐÒÏ ÉÎÔÅÇÒÁÃÉ ÐĠÅÄÍñÔĳȡ ÍÁÔÅÍÁÔÉËÁ ɉÍñĠÅÎþȟ ĭÈÌÙȟ 
ÓÏÕĠÁÄÎÉÃÅɊȟ ÆÙÚÉËÁ ɉÐÏÈÙÂȟ ÔĠÅÎþȟ ÅÎÅÒÇÉÅɊȟ ÐĠþÒÏÄÏÐÉÓ ɉÍÏÄÅÌÏÖÜÎþ ÃÈÏÖÜÎþȟ 
ÅËÏÓÙÓÔïÍÙɊȟ ÖĻÔÖÁÒÎÜ ÖĻÃÈÏÖÁ ɉÄÅÓÉÇÎ ÐÒÏÔÏÔÙÐÕɊȟ éÅÓËĻ ÊÁÚÙË ɉÐÒÅÚÅÎÔÁÃÅ 
ÐÒÏÊÅËÔÕɊȟ ÏÂéÁÎÓËÜ ÖĻÃÈÏÖÁ ɉÅÔÉËÁ ÔÅÃÈÎÏÌÏÇÉþɊȢ 5éÉÔÅÌ ÓÅ ÚÄÅ éÁÓÔÏ ÐÏÓÏÕÖÜ 
ÄÏ ÒÏÌÅ ÐÒĳÖÏÄÃÅȟ ÆÁÃÉÌÉÔÜÔÏÒÁȟ ËÏÕéÅ Á ÏÒÇÁÎÉÚÜÔÏÒÁ ÔĻÍÏÖï ÐÒÜÃÅȢ 
$ÏĤËÏÌÏÖÁÃþ ËÕÒÚÙ ÐÏÍÜÈÁÊþ ÔÕÔÏ ÒÏÌÉ ÏÓÖÏÊÉÔȟ ÕËÁÚÕÊþ ÓÔÒÕËÔÕÒÙ ÐÒÏÊÅËÔÏÖï 
ÖĻÕËÙȟ ÐÒÜÃÉ Ó ÒÅÆÌÅØþ Á ÈÏÄÎÏÃÅÎþÍ ÐÒÏÃÅÓÎþÃÈ ÄÏÖÅÄÎÏÓÔþȢ  

τ +ÏÍÐÅÔÅÎÃÅȟ ËÔÅÒï ÂÙ ÍñÌ ÕéÉÔÅÌ Ö ÅÄÕËÁéÎþ ÒÏÂÏÔÉÃÅ ÒÏÚÖþÊÅÔ 

+ÖÁÌÉÔÎþ ËÕÒÚ ÂÙ ÎÅÍñÌ ÓÔÜÔ ÊÅÎ ÎÁ ȵÏÖÌÜÄÜÎþ ÒÏÂÏÔĳȰȢ :ÖÙĤÏÖÜÎþ ËÏÍÐÅÔÅÎÃþ 
ÊÅ ĤÉÒĤþ Á ÚÁÈÒÎÕÊÅ ÍÉÎÉÍÜÌÎñ ÐñÔ ÏÂÌÁÓÔþȡ 

1. 4ÅÃÈÎÉÃËï ËÏÍÐÅÔÅÎÃÅ 

¶ orientace v ÒÏÂÏÔÉÃËĻÃÈ ÐÌÁÔÆÏÒÍÜÃÈ ɉÒÏÂÏÔȟ ÓÔÁÖÅÂÎÉÃÅȟ 
ÍÉËÒÏËÏÎÔÒÏÌïÒȟ ÓÅÎÚÏÒÙɊȟ 

¶ ÚÜËÌÁÄÎþ ÄÉÁÇÎÏÓÔÉËÁȡ ÂÁÔÅÒÉÅȟ ÆÉÒÍ×ÁÒÅȟ ËÁÌÉÂÒÁÃÅȟ ËÏÎÅËÔÉÖÉÔÁȟ 

¶ ÐÒÜÃÅ ÓÅ ÓÏÆÔ×ÁÒÅÍ ɉÂÌÏËÏÖï ÐÒÏÇÒÁÍÏÖÜÎþȟ ÐĠþÐÁÄÎñ ÐĠÅÃÈÏÄ Ë 
ÔÅØÔÏÖĻÍ ÊÁÚÙËĳÍɊȢ 

2. $ÉÄÁËÔÉÃËï ËÏÍÐÅÔÅÎÃÅ 

¶ ÓÔÁÎÏÖÅÎþ ÖĻÕËÏÖïÈÏ ÃþÌÅ Á ÐÒÏÐÏÊÅÎþ Ó ËÕÒÉËÕÌÅÍȟ 

¶ ÖÏÌÂÁ ÖÈÏÄÎï ÍÅÔÏÄÙȡ ÐÒÏÂÌïÍÏÖÜ ĭÌÏÈÁȟ ÐÒÏÊÅËÔȟ ÂÁÄÁÔÅÌÓËÜ 
aktivita, gamifikace, 

¶ ĠþÚÅÎþ ÕéÅÂÎþ éÉÎÎÏÓÔÉȡ ÚÁÄÜÎþȟ ÒÏÌÅ Ö ÔĻÍÕȟ éÁÓÏÖĻ ÐÌÜÎȟ ÂÅÚÐÅéÎÏÓÔȢ 

3. +ÏÍÐÅÔÅÎÃÅ ÐÒÏ ÈÏÄÎÏÃÅÎþ Á ÒÅÆÌÅØÉ 

¶ ÈÏÄÎÏÃÅÎþ ÎÅÊÅÎ ÖĻÓÌÅÄËÕ ɉÒÏÂÏÔ ÊÅÄÅɊȟ ÁÌÅ É ÐÒÏÃÅÓÕ ɉÓÐÏÌÕÐÒÜÃÅȟ 
strategie, iterace), 

¶ ËÒÉÔïÒÉÁ ĭÓÐñÃÈÕȟ ÒÕÂÒÉËÙȟ ÓÅÂÅÈÏÄÎÏÃÅÎþȟ ÖÒÓÔÅÖÎÉÃËÜ ÚÐñÔÎÜ 
vazba, 

¶ ÄÏËÕÍÅÎÔÁÃÅ ÐÒÜÃÅ ɉÄÅÎþË ÐÒÏÊÅËÔÕȟ ÆÏÔÏÄÏËÕÍÅÎÔÁÃÅȟ ËÒÜÔËÜ 
videa, protokol). 

4. )ÎËÌÕÚÉÖÎþ ËÏÍÐÅÔÅÎÃÅ Á ÄÉÆÅÒÅÎÃÉÁÃÅ 

¶ ÐÒÜÃÅ Ó ÈÅÔÅÒÏÇÅÎÎþ ÔĠþÄÏÕȟ ÒÏÚÄñÌÅÎþ ÒÏÌþ ɉÐÒÏÇÒÁÍÜÔÏÒȟ 
ËÏÎÓÔÒÕËÔïÒȟ ÔÅÓÔÅÒȟ ÚÁÐÉÓÏÖÁÔÅÌɊȟ 

¶ ĭÐÒÁÖÙ ÐÒÏ ĿÜËÙ ÓÅ 360 ɉÚÊÅÄÎÏÄÕĤÅÎÜ ÚÁÄÜÎþȟ ÖþÃÅ ÐÏÄÐÏÒÙȟ 
ÁÓÉÓÔÉÖÎþ ÐÒÖËÙɊȟ 
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¶ ÒÏÚĤÉĠÕÊþÃþ ÖĻÚÖÙ ÐÒÏ ÎÁÄÁÎï ɉÏÐÔÉÍÁÌÉÚÁÃÅȟ ÎÏÖï ÓÅÎÚÏÒÙȟ 
ËÏÍÐÌÅØÎñÊĤþ ÁÌÇÏÒÉÔÍÙɊȢ 

5. $ÉÇÉÔÜÌÎþ Á ÅÔÉÃËï ËÏÍÐetence 

¶ ÂÅÚÐÅéÎÜ ÐÒÜÃÅ Ó ÏÎÌÉÎÅ ÎÜÓÔÒÏÊÉȟ ÏÃÈÒÁÎÁ ÄÁÔȟ 

¶ ÄÉÓËÕÓÅ Ï ÄÏÐÁÄÅÃÈ ÔÅÃÈÎÏÌÏÇÉþȟ ÅÔÉÃÅ !)ȟ ÏÄÐÏÖñÄÎÏÓÔÉ ÚÁ ÄÉÇÉÔÜÌÎþ 
produkty, 

¶ ËÕÌÔÕÒÁ ÏÔÅÖĠÅÎïÈÏ ÓÄþÌÅÎþ ɉÌÉÃÅÎÃÅȟ ÃÉÔÏÖÜÎþ ÚÄÒÏÊĳȟ ËÏÍÕÎÉÔÎþ 
projekty).  

υ 4ÙÐÙ ÄÏĤËÏÌÏÖÁÃþÃÈ ËÕÒÚĳ Á ÊÅÊÉÃÈ ÃÈÁÒÁËÔÅÒÉÓÔiky  

$ÏĤËÏÌÏÖÁÃþ ÐÒÏÇÒÁÍÙ ÌÚÅ ÒÏÚÄñÌÉÔ ÐÏÄÌÅ ÚÁÍñĠÅÎþȟ ÄïÌËÙ É ÃþÌÏÖï ÓËÕÐÉÎÙȢ 6 
ÐÒÁØÉ ÓÅ ÎÅÊéÁÓÔñÊÉ ÓÅÔËÜÍÅ Ó ĭÖÏÄÎþÍÉȟ ÎÁÖÁÚÕÊþÃþÍÉ éÉ ÓÐÅÃÉÁÌÉÚÁéÎþÍÉ 
kurzy. 

5.1 ªÖÏÄÎþ ËÕÒÚÙȡ ȵ/Ä ÎÕÌÙ Ë ÐÒÖÎþ ÁËÔÉÖÉÔñȰ 

#þÌÅÍ ÊÅ ÓÎþĿÉÔ ÂÁÒÉïÒÕ ÖÓÔÕÐÕȢ 5éÉÔÅÌï ÓÅ ÓÅÚÎÜÍþ Ó ËÏÎËÒïÔÎþ ÐÌÁÔÆÏÒÍÏÕ 
ɉÎÁÐĠȢ "ÅÅȤ"ÏÔȟ /ÚÏÂÏÔȟ 6%8 ρςσȟ 6%8 '/ȟ ,%'/΅ 30)+%ȟ ÍÉÃÒÏȡÂÉÔɊ Á 
ÏÄÎÅÓÏÕ ÓÉ ÚÜËÌÁÄÎþ ÓÁÄÕ ÁËÔÉÖÉÔȟ ËÔÅÒï ÍÏÈÏÕ ÎÜÓÌÅÄÕÊþÃþ ÄÅÎ ÐÏÕĿþÔ 
ve ÔĠþÄñȢ $ĳÌÅĿÉÔÏÕ ÓÏÕéÜÓÔþ ÊÅ ÏÒÉÅÎÔÁÃÅ Ö ÐÒÏÓÔĠÅÄþȟ ÐÒÜÃÅ Ó ÁÐÌÉËÁÃþȟ ĭÄÒĿÂÁ 
ÐÏÍĳÃÅË Á ÏÒÇÁÎÉÚÁÃÅ ÖĻÕËÙ ɉËÏÌÉË ÒÏÂÏÔĳ ÎÁ ÔĠþÄÕȟ ÊÁË ÔÖÏĠÉÔ ÓËÕÐÉÎÙȟ ÊÁË 
nastavit pravidla). 

6ĻÈÏÄÏÕ ÔñÃÈÔÏ ËÕÒÚĳ ÊÅ ÒÙÃÈÌĻ ÅÆÅËÔȟ ÖÙÓÏËÜ ÍÏÔÉÖÁÃÅ Á ÓÎþĿÅÎþ ÓÔÒÁÃÈÕȢ 
4ÙÔÏ ËÕÒÚÙ Ó ÓÅÂÏÕ ÎÅÓÏÕ É ÒÉÚÉËÁȟ ËÄÙ ÂÅÚ ÎÁÖÁÚÕÊþÃþ ÍÅÔÏÄÉËÙ ÍĳĿÅ ÕéÉÔÅÌ 
ÚĳÓÔÁÔ Õ ÐÏÖÒÃÈÎþÃÈ ÁËÔÉÖÉÔȢ 

5.ς .ÁÖÁÚÕÊþÃþ ÍÅÔÏÄÉÃËï ËÕÒÚÙȡ ȵ*ÁË ÕéÉÔ ÒÏÂÏÔÉËÏÕȰ 

:ÄÅ ÓÅ ÔñĿÉĤÔñ ÐĠÅÓÏÕÖÜ ÏÄ ÔÅÃÈÎÏÌÏÇÉÅ Ë ÄÉÄÁËÔÉÃÅȢ 5éÉÔÅÌï ÓÅ Õéþ ÔÖÏĠÉÔ ĭÌÏÈÙ 
ÐÏÄÌÅ ÃþÌĳȟ ÉÎÔÅÇÒÏÖÁÔ ÒÏÂÏÔÉËÕ ÄÏ ÐĠÅÄÍñÔĳȟ ÐÒÁÃÏÖÁÔ Ó ÇÒÁÄÏÖÁÎĻÍÉ 
ĭÒÏÖÎñÍÉ ÏÂÔþĿÎÏÓÔÉ Á ÐĠÉÐÒÁÖÏÖÁÔ ÈÏÄÎÏÃÅÎþȢ +ÕÒÚÙ éÁÓÔÏ ÚÁÈÒÎÕÊþ 
ÍÉËÒÏȤÖĻÓÔÕÐÙȡ ĭéÁÓÔÎþË ÖÙÔÖÏĠþ ÖÌÁÓÔÎþ ÐĠþÐÒÁÖÕ ÎÁ ÈÏÄÉÎÕȟ ÏÔÅÓÔÕÊÅ ÊÉ Ö 
ÍÏÄÅÌÏÖï ÓÉÔÕÁÃÉ Á ÚþÓËÜ ÚÐñÔÎÏÕ ÖÁÚÂÕȢ 6ĻÈÏÄÏÕ ÔñÃÈÔÏ ËÕÒÚĳ ÊÅ ÈÌÕÂĤþ 
ÄÏÐÁÄ ÎÁ ËÖÁÌÉÔÕ ÖĻÕËÙȢ .ÅÖĻÈÏÄÏÕ ÊÅȟ ĿÅ ÖÙĿÁÄÕÊÅ ÖþÃÅ éÁÓÕ Á éÁÓÔÏ É 
ÐÏÄÐÏÒÕ ĤËÏÌÙȢ 

υȢσ 3ÐÅÃÉÁÌÉÚÁéÎþ kurzy: senzory, konstrukce, 3D tisk, AI  

0ÒÏ ÐÏËÒÏéÉÌÅÊĤþ ÕéÉÔÅÌÅ Á ËÏÏÒÄÉÎÜÔÏÒÙ )#4 ÊÓÏÕ ÖÈÏÄÎï ÓÐÅÃÉÁÌÉÚÁÃÅȡ ÐÒÜÃÅ 
ÓÅ ÓÅÎÚÏÒÙ ɉÕÌÔÒÁÚÖÕËȟ ÇÙÒÏÓËÏÐȟ ÂÁÒÖÁȟ ÓÖñÔÌÏɊȟ ÎÜÖÒÈ ËÏÎÓÔÒÕËÃþȟ 
ÐÒÏÔÏÔÙÐÏÖÜÎþȟ σ$ ÔÉÓË ÓÏÕéÜÓÔÅËȟ ÉÎÔÅÇÒÁÃÅ ÄÁÔ Á ÖÉÚÕÁÌÉÚÁÃÅȟ ÐĠþÐÁÄÎñ ĭÖÏÄ 
ÄÏ !) ÖÅ ÖÚÄñÌÜÖÜÎþ ɉÎÁÐĠȢ ÒÏÚÐÏÚÎÜÖÜÎþ ÏÂÒÁÚĳȟ ÊÅÄÎÏÄÕÃÈï ÍÏÄÅÌÙ 
ÓÔÒÏÊÏÖïÈÏ ÕéÅÎþ Ö ÅÄÕËÁÔÉÖÎþÃÈ ÎÜÓÔÒÏÊþÃÈɊȢ 6ĻÈÏÄÏÕ ÊÅ ÐÏÓÕÎ ĤËÏÌÙ ÎÁ ÖÙĤĤþ 
ĭÒÏÖÅĐȟ ÍÏĿÎÏÓÔ ËÒÏÕĿËĳ Á ÓÏÕÔñĿþȢ 
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"ÅÚ ÚÜÚÅÍþ Á ÖÙÂÁÖÅÎþ ĤËÏÌ ÍÏÈÏÕ ÐÏÚÎÁÔËÙ ÚĳÓÔÁÔ ÎÅÖÙÕĿÉÔïȟ ÃÏĿ 
ÐĠÅÄÓÔÁÖÕÊÅ ÚÎÁéÎï ÒÉÚÉËÏȢ 

5.4 -ÅÎÔÏÒÉÎÇȟ ÌÅÓÓÏÎ ÓÔÕÄÙ Á ËÏÍÕÎÉÔÎþ ÕéÅÎþ 

6ÅÌÍÉ ĭéÉÎÎÏÕ ÆÏÒÍÏÕ ÊÓÏÕ ÐÒÏÇÒÁÍÙȟ ËÄÅ ÌÅËÔÏÒ ÎÅÂÏ ÚËÕĤÅÎĻ ÕéÉÔÅÌ 
ÄÏÃÈÜÚþ ÄÏ ĤËÏÌÙȟ ÓÐÏÌÅéÎñ Ó ÔĻÍÅÍ ÐÌÜÎÕÊÅ ÈÏÄÉÎÙȟ ÓÌÅÄÕÊÅ ÖĻÕËÕ 
a ÐÏÓËÙÔÕÊÅ ÚÐñÔÎÏÕ ÖÁÚÂÕȢ *ÄÅ Ï ÃÅÓÔÕȟ ËÔÅÒÜ ÒÅÓÐÅËÔÕÊÅ ËÏÎÔÅØÔ ËÏÎËÒïÔÎþ 
ĤËÏÌÙȢ 3ÅÍ ÐÁÔĠþ É ÐÒÏÆÅÓÎþ ËÏÍÕÎÉÔÙȟ ÓÄþÌÅÎþ ÐĠþÐÒÁÖȟ ÖÚÜÊÅÍÎï ÈÏÓÐÉÔÁÃÅ éÉ 
ȵÏÔÅÖĠÅÎï ÈÏÄÉÎÙȰȢ *ÅÄÎÜ ÓÅ Ï ÎÅÊÖÙĤĤþ ÔÒÁÎÓÆÅÒ ÄÏ ÐÒÁØÅ Á ĠÅĤÅÎþ ÒÅÜÌÎĻÃÈ 
ÐÒÏÂÌïÍĳȢ 4ÙÔÏ ÐÒÏÇÒÁÍÙ ÊÓÏÕ ÏÒÇÁÎÉÚÁéÎñ ÎÜÒÏéÎñÊĤþȢ 

5.5 /ÎÌÉÎÅ Á ÈÙÂÒÉÄÎþ ËÕÒÚÙ 

5ÍÏĿĐÕÊþ ÆÌÅØÉÂÉÌÉÔÕ Á ĤÉÒĤþ ÄÏÓÔÕÐÎÏÓÔȟ ÚÅÊÍïÎÁ ÐÒÏ ÍÅÎĤþ ĤËÏÌÙ ÎÅÂÏ 
ÏÄÌÅÈÌï ÒÅÇÉÏÎÙȢ +ÖÁÌÉÔÎþ ÏÎÌÉÎÅ ËÕÒÚ ÖĤÁË ÍÕÓþ ÎÁÂþÄÎÏÕÔ ÖþÃÅ ÎÅĿ ÖÉÄÅÏ 
ÎÜÖÏÄÙ ɀ ÎÁÐĠþËÌÁÄ ĿÉÖï ËÏÎÚÕÌÔÁÃÅȟ ËÏÍÕÎÉÔÎþ ÆĕÒÕÍȟ ÍÏĿÎÏÓÔ ÓÄþÌÅÎþ 
ÖĻÓÔÕÐĳ Á ÍÅÔÏÄÉÃËï ÚÐñÔÎï ÖÁÚÂÙȢ (ÙÂÒÉÄÎþ ÍÏÄÅÌ ɉÏÎline teorie + 
preÚÅÎéÎþ ÄþÌÎÁɊ ÂĻÖÜ ÏÐÔÉÍÜÌÎþȢ 

6 0ÒÁËÔÉÃËĻ ËÕÒÚ Á ÊÅÈÏ ÖĻÓÌÅÄËÙ 

*ÁËÏ ÐÅÄÁÇÏÇÉÃËĻ ÅØÐÅÒÉÍÅÎÔ ÊÓÍÅ ÖÙÕĿÉÌÉ ÎÜÍÉ ÐĠÉÐÒÁÖÅÎï Á ÎÁÖÒĿÅÎï 
ÐÒÅÚÅÎéÎþ ËÕÒÚÙ Ë ÏÂÌÁÓÔÉ ÁÌÇÏÒÉÔÍÉÚÁÃÅ Á ÐÒÏÇÒÁÍÏÖÜÎþ Ó ÖÙÕĿÉÔþÍ 
ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÃÈ ÈÒÁéÅË Á ÒÏÂÏÔÉÃËĻÃÈ ÓÔÁÖÅÂÎÉÃ ÐÒÏ ÕéÉÔÅÌÅ ρȢ Á ςȢ ÓÔÕÐÎñ 
ÚÜËÌÁÄÎþÃÈ ĤËÏÌȢ 4ÙÔÏ ÐÒÅÚÅÎéÎþ ËÕÒÚÙ ÐÒÏÂþÈÁÌÙ ÐÒÅÚÅÎéÎñ ÎÁ 3ÔĠÅÄÎþ 
technicko-ÅËÏÎÏÍÉÃËï ĤËÏÌÅ Ö #ÈÏÔñÂÏĠÉ Ó ÍÁØÉÍÜÌÎþÍ ÐÏéÔÅÍ 
12 ĭéÁÓÔÎþËĳ Ö ÊÅÄÎÏÍ ËÕÒÚÕȢ +ÕÒÚÕ ÓÅ ÚĭéÁÓÔÎÉÌÏ ρτρ ÕéÉÔÅÌĳȟ ËÔÅĠþ ÖÙÕéÕÊþ 
informatiku pouze ÎÁ ρȢ ÓÔÕÐÎÉ :£ȟ ÐÏÕÚÅ ÎÁ ςȢ ÓÔÕÐÎÉ :£ Á na ÏÂÏÕ ÓÔÕÐÎþÃÈ 
:£Ȣ 

IÁÓÏÖÜ ÄÏÔÁÃÅ ÃÅÌïÈÏ ËÕÒÚÕ ÂÙÌÁ ρς ÖÙÕéÏÖÁÃþÃÈ ÈÏÄÉÎȟ ÔÊȢ υτπ ÍÉÎÕÔȢ +ÁĿÄĻ 
ËÕÒÚ ÂÙÌ ÒÏÚÄñÌÅÎ ÄÏ ÄÖÏÕ ÂÌÏËĳȟ ÐĠÉéÅÍĿ éÁÓÏÖï ÔÒÖÜÎþ ÊÅÄÎÏÈÏ ÂÌÏËÕ ÂÙÌÏ 
φ ÖÙÕéÏÖÁÃþÃÈ ÈÏÄÉÎȢ -ÅÚÉ ÂÌÏËÙ ÂÙÌ ÔĻÄÅÎÎþ éÁÓÏÖĻ ÏÄÓÔÕÐȢ 0ÒÖÎþ ÂÌÏË ÂÙÌ 
ÚÁÍñĠÅÎ ÎÁ ÐÒÜÃÉ Ó ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÍÉ ÈÒÁéËÁÍÉ /ÚÏÂÏÔ ")4ȟ "ÌÕÅ-Bot a 
6%8 ρςσȢ 6Å ÄÒÕÈïÍ ÂÌÏËÕ ÊÓÍÅ ÖÙÕĿþÖÁÌÉ ËÅ ÓÔÁÖÂñ Á ÐÒÏÇÒÁÍÏÖÜÎþ ÒÏÂÏÔĳ 
ÒÏÂÏÔÉÃËï ÓÔÁÖÅÂÎÉÃÅ 6%8 '/ Á 6%8 )1Ȣ  

+Å ÚÊÉĤÔñÎþ ÐÏÓÔÏÊĳ Á ÎÜÚÏÒĳ ÕéÉÔÅÌĳ Ë ÐÒÜÃÉ Ó ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÍÉ ÈÒÁéËÁÍÉ Á 
ÒÏÂÏÔÉÃËĻÍÉ ÓÔÁÖÅÂÎÉÃÅÍÉ ÎÁ ÚÁéÜÔËÕ ɉÖ ĭÖÏÄÕ ÐÒÖÎþÈÏ ÂÌÏËÕ ËÕÒÚÕ ÐĠÅÄ 
ÚÁÈÜÊÅÎþÍ ÐÒÁËÔÉÃËï éÉÎÎÏÓÔÉɊ Á ÎÁ ËÏÎÃÉ ÅØÐÅÒÉÍÅÎÔÕ ɉτ ÔĻÄÎÙ ÐÏ ÕËÏÎéÅÎþ 
ËÕÒÚÕɊ ÊÓÍÅ ÖÙÕĿÉÌÉ ÄÏÔÁÚÎþËȢ 6 ÐÒĳÂñÈÕ ËÕÒÚÕ ÊÓÍÅ ÖÅÄÌÉ ÒÏÚÈÏÖÏÒÙ Ó 
ĭéÁÓÔÎþËÙȟ ÁÂÙÃÈÏÍ ÓÅ ÄÏÚÖñÄñÌÉȟ éÅÈÏ ÓÅ ÏÂÜÖÁÊþȟ ÃÏ ÊÅ ÏÖÌÉÖĐÕÊÅȟ ÊÁËï ÍÁÊþ 
ÚËÕĤÅÎÏÓÔÉȟ ÚÎÁÌÏÓÔÉȟ ÄÏÖÅÄÎÏÓÔÉȟ Ö éÅÍ ÓÅ ÚÌÅÐĤÉÌÉ Á ÈÌÁÖÎñȟ ÊÁË ÓÅ ÚÍñÎÉÌÉ 
jejich postoje. 
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0ÒĳÚËÕÍ ÂÙÌ ÒÅÁÌÉÚÏÖÜÎ ÐÒÏÓÔĠÅÄÎÉÃÔÖþÍ ÐÏÚÏÒÏÖÜÎþ Á ÄÏÔÁÚÎþËÕȟ ËÔÅÒĻ 
ÖÙÐÌÎÉÌÉ ÒÅÓÐÏÎÄÅÎÔÉȟ ËÔÅĠþ ÓÅ ÚĭéÁÓÔÎÉÌÉ ÎÁĤÉÃÈ ÐÒÅÚÅÎéÎþÃÈ ËÕÒÚĳȢ  

6ĤÉÃÈÎÉ ÒÅÓÐÏÎÄÅÎÔÉ ÖÙÕĿþÖÁÊþ ÐÒÏÇÒÁÍÏÖÁÔÅÌÎï ÈÒÁéËÙ Á ÒÏÂÏÔÉÃËï 
ÓÔÁÖÅÂÎÉÃÅ ÖÅ ÖĻÕÃÅ ÎÁÐĠþé ÏÂñÍÁ ÓÔÕÐÎÉ Á ÖĤÅÍÉ ÒÏéÎþËÙȢ $ÜÌÅ ÊÓÍÅ ÓÅ 
ÄÏÔÁÚÏÖÁÌÉȟ ÊÁËĻÍ ÚÐĳÓÏÂÅÍ ÊÅ ÖÙÕĿþÖÁÊþȟ ÎÁ ÐÏéÅÔ ĿÜËĳ ÐĠÉ ÐÒÜÃÉ Ó ÊÅÄÎÏÕ 
ÐÏÍĳÃËÏÕ Á ÚÄÁ ÐÏÖÁĿÕÊþ ÔÙÔÏ ÓËÕÐÉÎÙ Ó ÄÁÎĻÍ ÐÏéÔÅÍ ĿÜËĳ ÚÁ ÅÆÅËÔÉÖÎþȢ 6Å 
ÓÖĻÃÈ ÏÄÐÏÖñÄþÃÈ ÕÖÜÄñÌÉ ÚÐĳÓÏÂÙ ÖÙÕĿÉÔþ ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÃÈ ÈÒÁéÅË a 
ÒÏÂÏÔÉÃËĻÃÈ ÓÔÁÖÅÂÎÉÃ ÖÅ ÖĻÕÃÅȢ :ÐĳÓÏÂÙ ÖÙÕĿÉÔþ ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÃÈ ÈÒÁéÅË 
ÕÖÜÄþÍÅ ÎÁ ÏÂÒÜÚËÕ ρȢ 6ĻÓÌÅÄËÙ ÖÙÕĿÉÔþ ÒÏÂÏÔÉÃËĻÃÈ stavebnic jsou 
ÏÂÄÏÂÎïȢ 

 
/ÂÒÜÚÅË 1: 6ÙÕĿÉÔþ ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÃÈ ÈÒÁéÅË 

2ÅÓÐÏÎÄÅÎÔÉ ÓÉ ÖÙÚËÏÕĤÅÌÉ ÐÒÜÃÉ Ó ÒĳÚÎĻÍÉ ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÍÉ ÈÒÁéËÁÍÉ Á 
ÒÏÂÏÔÉÃËĻÍÉ ÓÔÁÖÅÂÎÉÃÅÍÉ Ö ËÕÒÚÅÃÈȢ 0ĠÉ ÐÒÜÃÉ ÖÙÕĿþÖÁÌÉ ÒĳÚÎï ÔÙÐÙ ÁËÔÉÖÉÔȢ 
.Á ÚÜËÌÁÄñ ÔïÔÏ éÉÎÎÏÓÔÉ ÊÓÍÅ ÚÊÉĤĩÏÖÁÌÉ ÊÅÊÉÃÈ ÐÏÓÔÏÊÅ ÐÏÍÏÃþ ÓïÍÁÎÔÉÃËïÈÏ 
ÄÉÆÅÒÅÎÃÉÜÌÕ. 

φȢρ 3ïÍÁÎÔÉÃËĻ ÄÉÆÅÒÅÎÃÉÜÌ 

#þÌÅÍ ÖĻÚËÕÍÕ ÂÙÌÏ ÚÊÉĤĩÏÖÜÎþ ÐÏÓÔÏÊĳ Á ÎÜÚÏÒĳ ÕéÉÔÅÌĳ Ë ÊÅÊÉÃÈ ÐÒÜÃÉ 
s ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÍÉ ÈÒÁéËÁÍÉ Á ÒÏÂÏÔÉÃËĻÍÉ ÓÔÁÖÅÂÎÉÃÅÍÉ ÆÏÒÍÏÕ 
ÄÏÔÁÚÎþËÕȢ  
5éÉÔÅÌï ÖÙÊÁÄĠÏÖÁÌÉ ÓÖĳÊ ÐÏÓÔÏÊ Ë ÎÜÓÌÅÄÕÊþÃþÍ ÄÅÓÅÔÉ ÐÏÊÍĳÍȡ ÉÎÆÏÒÍÁÔÉËÁȟ 
ÐÒÜÃÅ Ó ÐÒÏÇÒÁÍÏÖÁÔÅÌÎÏÕ ÈÒÁéËÏÕȟ ÐÒÏÇÒÁÍÏÖÜÎþ ÐÒÏÇÒÁÍÏÖÁÔÅÌÎï ÈÒÁéËÙȟ 
ÓÁÍÏÓÔÁÔÎÜ ÐÒÜÃÅ Ó ÐÒÏÇÒÁÍÏÖÁÔÅÌÎÏÕ ÈÒÁéËÏÕȟ ÐÒÜÃÅ Ö ÔĻÍÕ Ó 
ÐÒÏÇÒÁÍÏÖÁÔÅÌÎÏÕ ÈÒÁéËÏÕȟ ÐÒÜÃÅ Ó ÒÏÂÏÔÉÃËÏÕ ÓÔÁÖÅÂÎÉÃþȟ ÓÔÁÖÂÁ ÒÏÂÏÔĳ 
ÐÏÄÌÅ ÎÜÖÏÄÕȟ ÓÔÁÖÂÁ ÒÏÂÏÔĳ ÐÏÄÌÅ ÖÌÁÓÔÎþ ÆÁÎÔÁÚÉÅȟ ÓÁÍÏÓÔÁÔÎÜ ÐÒÜÃÅ Ó 
ÒÏÂÏÔÉÃËÏÕ ÓÔÁÖÅÂÎÉÃþȟ ÐÒÜÃÅ Ö ÔĻÍÕ Ó ÒÏÂÏÔÉÃËÏÕ ÓÔÁÖÅÂÎÉÃþȢ 
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0ÏÕĿÉÌÉ ÊÓÍÅ ρσ ÐÒÏÔÉÃÈĳÄÎĻÃÈ ÁÄÊÅËÔÉÖ ÚÅ ÖĤÅÃÈ ÍÏĿÎĻÃÈ ÄÉÍÅÎÚþ 
a ÕÓÐÏĠÜÄÁÌÉ ÊÅ ÄÏ ÄÖÏÊÉÃȢ 0ÒÏ ÎÜĤ ÖĻÚËÕÍ ÊÓÍÅ ÚÖÏÌÉÌÉ ÓÅÄÍÉÂÏÄÏÖÏÕ ĤËÜlu 
,ÉËÅÒÔÏÖÙ ÓÔÕÐÎÉÃÅ Á ËÁĿÄĻ ÐÏÊÅÍ ÂÙÌ ÐÏÓÕÚÏÖÜÎ Ú ÈÌÅÄÉÓËÁ ÄÖÏÕ ÆÁËÔÏÒĳ ɀ 
ÆÁËÔÏÒÕ ÈÏÄÎÏÃÅÎþ Á ÅÎÅÒÇÉÅȢ !ÂÙÃÈÏÍ ÓÎþĿÉÌÉ ÎÅÂÅÚÐÅéþ ÓÔÅÒÅÏÔÙÐÎþÈÏ 
ÐÏÓÕÚÏÖÜÎþ ÎÁ ĤËÜÌÜÃÈȟ ÚÁĠÁÄÉÌÉ ÊÓÍÅ ÎñËÔÅÒï ĤËÜÌÙ ɉÁÄÊÅËÔÉÖÁɊ ÊÁËÏ ÒÅÖÅÒÚÎþȢ 

:ÍñĠÅÎþÍ ÉÎÄÉÖÉÄÕÜÌÎþÈÏ ÃÈÜÐÜÎþ ÐÏÊÍĳ ÐÏÍÏÃþ ÓïÍÁÎÔÉÃËïÈÏ ÄÉÆÅÒÅÎÃÉÜÌÕ 
ÊÓÍÅ ÚÁÃÈÙÔÉÌÉ ÉÎÄÉÖÉÄÕÜÌÎþ ÐÏÓÔÏÊÅ ÕéÉÔÅÌĳ Ë ÖÙÂÒÁÎĻÍ ÐÏÊÍĳÍȢ 4ÅÎÔÏ 
ÄÏÔÁÚÎþËȟ Ö ÎñÍĿ ÂÙÌÙ ÚÊÉĤĩÏÖÜÎÙ ÐÏÓÔÏÊÅ Ë ÄÁÎĻÍ ÐÏÊÍĳÍȟ ÊÓÍÅ ÖÙÕĿÉÌÉ ÎÁ 
ÚÁéÜÔËÕ ÅØÐÅÒÉÍÅÎÔÕ ɉÐĠÅÄ ÚÁÐÏéÅÔþÍ ËÕÒÚÕɊ Á ÎÁ ËÏÎÃÉ ÅØÐÅÒÉÍÅÎÔÕȟ ÔÊȢ Ó 
ÍñÓþéÎþÍ ÏÄÓÔÕÐÅÍ ÏÄ ÖÙÐÌÎñÎþ ÐĠÅÄÃÈÏÚþÈÏ ÄÏÔÁÚÎþËÕ ÐÏ ÓËÏÎéÅÎþ ËÕÒÚÕȢ 
.Á ÚÜËÌÁÄñ ÓÒÏÖÎÜÎþ ÄÁÔ Ú ÏÂÏÕ ÄÏÔÁÚÎþËĳ ÊÓÍÅ ÚÊÉĤĩÏÖÁÌÉȟ ÚÄÁ ËÕÒÚ ÏÖÌÉÖÎÉÌ 
ÐÏÓÔÏÊÅ Á ÎÜÚÏÒÙ ĭéÁÓÔÎþËĳȟ ÃÏ ÊÅ ÏÖÌÉÖÎÉÌÏȟ Ö éÅÍ ÓÅ ÚÌÅÐĤÉÌÉȢ  

6ÙÈÏÄÎÏÃÅÎþ ÐÏÓÔÏÊĳ Á ÎÜÚÏÒĳ ÊÓÍÅ ÒÏÚÄñÌÉÌÉ ÐÏÄÌÅ ÏÄÐÏÖñÄþ ÕéÉÔÅÌĳȟ ËÔÅĠþ 
ÖÙÕéÕÊþ ÉÎÆÏÒÍÁÔÉËÕ ÐÏÕÚÅ ÎÁ ρȢ ÓÔÕÐÎÉ ÚÜËÌÁÄÎþÃÈ ĤËÏÌ ɉρȢ ÓÔÕÐÅĐɊȟ ÐÏÕÚÅ ÎÁ 
ςȢ ÓÔÕÐÎÉ ɉςȢ ÓÔÕÐÅĐɊ Á ÚÜÒÏÖÅĐ ÎÁ ÏÂÏÕ ÓÔÕÐÎþÃÈ ɉÏÂÁ ÓÔÕÐÎñɊ ÚÜËÌÁÄÎþÃÈ 
ĤËÏÌȢ $ÏÐÌÎÉÌÉ ÊÓÍÅ ÊÅ ÃÅÌËÏÖĻÍ ÖÙÈÏÄÎÏÃÅÎþÍ ÏÄÐÏÖñÄþ ÖĤÅÃÈ ÒÅÓÐÏÎÄÅÎÔĳȢ 

6ĤÅÃÈÎÙ ÖĻÓÌÅÄËÙ ÖĻÚËÕÍÕ ÊÓÍÅ ÐÒÏ ÖñÔĤþ ÐĠÅÈÌÅÄÎÏÓÔ ÕÓÐÏĠÜÄÁÌÉ ÄÏ 
ÔÁÂÕÌÅË Á ÚÎÜÚÏÒÎÉÌÉ ÇÒÁÆÉÃËÙȢ 

φȢς 6ĻÓÌÅÄËÙ ÖĻÚËÕÍÕ 

6ÚÈÌÅÄÅÍ Ë ÏÍÅÚÅÎïÍÕ ÒÏÚÓÁÈÕ éÌÜÎËÕ ÖÙÂþÒÜÍÅ ÐÏÕÚÅ ÖÙÈÏÄÎÏÃÅÎþ 
ÏÄÐÏÖñÄþ ÎÁ ÈÏÄÎÏÃÅÎþ ÐÏÊÍÕȡ ÓÔÁÖÂÁ ÒÏÂÏÔĳ ÐÏÄÌÅ ÎÜÖÏÄÕȢ 

.Á ËÕÒÚÕ ĭéÁÓÔÎþÃÉ ËÏÎÓÔÒÕÏÖÁÌÉ ÊÅÄÎÏÄÕĤĤþ ÍÏÄÅÌÙ ÒÏÂÏÔĳ É ÔÙ ÓÌÏĿÉÔñÊĤþȢ 
6ÚÈÌÅÄÅÍ Ë ÊÅÊÉÃÈ ÍÁÌĻÍ ÚËÕĤÅÎÏÓÔÅÍ Ó ÒÏÂÏÔÉÃËĻÍÉ ÓÔÁÖÅÂÎÉÃÅÍÉ ÈÏÄÎÏÔÉÌÉ 
ÁÄÊÅËÔÉÖÁ ÖÙĤĤþÍ ÓÔÕÐÎñÍȢ .Á ÚÜËÌÁÄñ ÒÏÚÈÏÖÏÒĳ Ó ÎÉÍÉ ÐÒÁËÔÉÃËĻ ËÕÒÚ 
ÐĠÉÓÐñÌ Ë ÊÅÊÉÃÈ ÐÏÚÉÔÉÖÎñÊĤþÍÕ ÈÏÄÎÏÃÅÎþ ÔïÔÏ ÐÒÜÃÅ Á ÚþÓËÁÎĻÍ 
ÚËÕĤÅÎÏÓÔÅÍȢ 

0ÒÜÃÅ Ó ÒÏÂÏÔÉÃËÏÕ ÓÔÁÖÅÂÎÉÃþȟ ËÒÏÍñ ÏÖÌÜÄÜÎþ Á ÐÒÏÇÒÁÍÏÖÜÎþ ÒÏÂÏÔĳȟ 
ÚÁÈÒÎÕÊÅ ÔïĿ ËÏÎÓÔÒÕËéÎþ éÉÎÎÏÓÔÉȢ 2ÏÂÏÔÙ ÍĳĿÅÍÅ ÓÔÁÖñÔ ÐÏÍÏÃþ ÐĠÅÄÅÍ 
ÐĠÉÐÒÁÖÅÎĻÃÈ ÎÜÖÏÄĳ éÉ ÐÏÄÌÅ ÖÌÁÓÔÎþ ÆÁÎÔÁÚÉÅȢ 

.ÅÊÖĻÒÁÚÎñÊĤþ ÐÏÓÕÎ ɉÏÂÒÜÚÅË ςɊ ÖÅ ÓÔÁÖÂñ ÒÏÂÏÔĳ ÐÏÄÌÅ ÎÜÖÏÄÕ ÊÅ ÚĠÅÊÍĻ Ö 
ÁÄÊÅËÔÉÖÕ ÎÅÎÜÒÏéÎÜ ɀ ÎÜÒÏéÎÜ ɉÐĠÅÄ ËÕÒÚÅÍ υȟπρτȠ ÐÏ ËÕÒÚÕ τȟυρρɊ Á 
ÐĠÅÄÅÖĤþÍ Ö ÁÄÊÅËÔÉÖÕ ÓÎÁÄÎÜ ɀ ÏÂÔþĿÎÜ ɉÐĠÅÄ ËÕÒÚÅÍ τȟυψωȠ ÐÏ ËÕÒÚÕ ɀ 
σȟψχςɊȢ 5éÉÔÅÌï Ö ÔÏÍÔÏ ÐĠþÐÁÄñ ÐÏÔĠÅÂÏÖÁÌÉ ÕËÜÚÁÔȟ ËÄÅ ËÏÎÓÔÒÕËéÎþ ÐÌÜÎÙ 
ÍÏÈÏÕ ÎÁÊþÔ Á ÊÁË Ó ÎÉÍÉ ÍÏhou pracovat. :ÊÉÓÔÉÌÉȟ ĿÅ ÐÒÜÃÅ Ó ËÏÎÓÔÒÕËéÎþÍÉ 
ÎÜÖÏÄÙ ÒÏÂÏÔĳ 6%8 '/ É 6%8 )1 ÊÅ ÊÅÄÎÏÄÕÃÈÜȢ 
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/ÂÒÜÚÅË ς: 0ÏÒÏÖÎÜÎþ ÁÄÊÅËÔÉÖ ÓÔÁÖÂÙ ÒÏÂÏÔÁ ÐÏÄÌÅ ÎÜÖÏÄÕ ÐĠÅÄ 

a po ÕËÏÎéÅÎþ ËÕÒÚÕ ɀ ÖĤÉÃÈÎÉ ÒÅÓÐÏÎÄÅÎÔÉ 

χ :ÜÖñÒ 

: ÖĻÓÌÅÄËĳ ÄÏÔÁÚÎþËĳ ÚÁÍñĠÅÎĻÃÈ ÎÁ ÚÊÉĤĩÏÖÜÎþ ÐÏÓÔÏÊĳ ÕéÉÔÅÌĳ Ë ÐÒÜÃÉ 
s ÐÒÏÇÒÁÍÏÖÁÔÅÌÎĻÍÉ ÐÏÍĳÃËÁÍÉ Á ÒÏÂÏÔÉÃËĻÍÉ ÓÔÁÖÅÂÎÉÃÅÍÉ ÖÙÐÌĻÖÜȟ ĿÅ Ë 
ÎÉÍ ÍÁÊþ ÕéÉÔÅÌï ÐÏÚÉÔÉÖÎþ ÖÚÔÁÈȢ 6Å ÓÖĻÃÈ ÏÄÐÏÖñÄþÃÈ ÎÁÚÎÁéÉÌÉȟ ĿÅ ÊÅ ÐÒÏ Îñ 
ÐÒÜÃÅ Ó ÔñÍÉÔÏ ÐÏÍĳÃËÁÍÉ ÚÁÊþÍÁÖÜȟ ÚÜÂÁÖÎÜȟ ÁÔÒÁËÔÉÖÎþ Á ÐÒÏÃÖÉéÏÖÁÌÉ ÓÉ É 
jemnou mÏÔÏÒÉËÕȢ 0ÒÁËÔÉÃËĻ ËÕÒÚ ÐĠÉÐÒÁÖÅÎĻ ÐÒÏ ÕéÉÔÅÌÅ ÏÖÌÉÖÎÉÌ ÊÅÊÉÃÈ 
ÐÏÓÔÏÊÅ Á ÎÜÚÏÒÙ Á ÂÙÌ ÐÒÏ Îñ ÐĠþÎÏÓÎĻȢ (ÏÄÎÏÔÉÌÉ ÊÅÊ ËÌÁÄÎñȟ ÐĠÉÐÏÍþÎËÙ Ë 
ÏÂÓÁÈÕ ËÕÒÚÕ ĿÜÄÎĻ ÎÅÍñÌÉȢ 0ĠÉÐÏÊÏÖÁÌÉ ÐÏÄñËÏÖÜÎþ ÚÁ ÐÒÁËÔÉÃËï ÕËÜÚËÙ Á 
éÉÎÎÏÓÔȟ ËÔÅÒÏÕ ÍÏÈÏÕ ÖÙÕĿþÔ ÖÅ ÓÖĻÃÈ ÈÏÄÉÎÜÃÈ ÐĠÉ ÐÒÜÃÉ ÓÅ ĿÜËÙȢ 

$ÏĤËÏÌÏÖÁÃþ ËÕÒÚÙ ÚÁÍñĠÅÎï ÎÁ ÅÄÕËÁéÎþ ÒÏÂÏÔÉËÕ ÐĠÅÄÓÔÁÖÕÊþ ĭéÉÎÎÏÕ 
ÉÎÖÅÓÔÉÃÉ ÄÏ ËÖÁÌÉÔÙ ÖÚÄñÌÜÖÜÎþ É ÐÒÏÆÅÓÎþÈÏ ÒĳÓÔÕ ÕéÉÔÅÌĳȢ 0ÏÍÜÈÁÊþ 
ÐÅÄÁÇÏÇĳÍ ÚþÓËÁÔ ÔÅÃÈÎÉÃËÏÕ ÊÉÓÔÏÔÕȟ ÁÌÅ ÐĠÅÄÅÖĤþÍ ÒÏÚÖþÊÅÊþ ÄÉÄÁËÔÉÃËï 
ÄÏÖÅÄÎÏÓÔÉȟ ËÔÅÒï ÒÏÚÈÏÄÕÊþ Ï ÔÏÍȟ ÚÄÁ ÒÏÂÏÔÉËÁ ÂÕÄÅ ÖÅ ÔĠþÄñ ÐÏÕÈÏÕ 
ÁÔÒÁËÃþȟ ÎÅÂÏ ÓÍÙÓÌÕÐÌÎĻÍ ÎÜÓÔÒÏÊÅÍ ÕéÅÎþȢ +ÖÁÌÉÔÎþ ËÕÒÚÙ ÖÅÄÏÕ ÕéÉÔÅÌÅ Ë 
ÐÒÏÍÙĤÌÅÎïÍÕ ÐÌÜÎÏÖÜÎþ ÁËÔÉÖÉÔȟ Ë ÐÒÜÃÉ Ó ÃÈÙÂÏÕȟ Ë ÈÏÄÎÏÃÅÎþ ÐÒÏÃÅÓÕ É 
ÐÒÏÄÕËÔÕ Á Ë ÉÎÔÅÇÒÁÃÉ ÒÏÂÏÔÉËÙ ÎÁÐĠþé ÐĠÅÄÍñÔÙȢ 

: ÄÌÏÕÈÏÄÏÂïÈÏ ÈÌÅÄÉÓËÁ ÐĠÉÎÜĤþ ÄÏĤËÏÌÏÖÜÎþ ÎÅÊÅÎ ÍÏÄÅÒÎÉÚÁÃÉ ÖĻÕËÙȟ ÁÌÅ 
É ÐÏÓþÌÅÎþ ËÕÌÔÕÒÙ ÓÐÏÌÕÐÒÜÃÅ ÖÅ ÓÂÏÒÏÖÎñȟ ÖñÔĤþ ÍÏÔÉÖÁÃÉ ĿÜËĳ Á ÌÅÐĤþ 

1,816

1,816

5,043
4,511

2,830

2,809

3,461
3,872

2,383

3,504
4,277

2,553

4,681

ÕĿÉÔÅéÎÜ

ÚÁÊþÍÁÖÜ

ÒÙÃÈÌÜ

ÎÅÎÜÒÏéÎÜ

ÐÅÓÔÒÜ

ÐĠþÊÅÍÎÜ

ÂÌþÚËÜ

ÓÎÁÄÎÜ

ÁËÔÉÖÎþ

ÈÌÕÂÏËÜ

ÊÅÄÎÏÄÕÃÈÜ

ÚÁÊþÍÁÖÜ

ÌÅÈËÜ

ÎÅÕĿÉÔÅéÎÜ

ÎÅÚÁÊþÍÁÖÜ

ÐÏÍÁÌÜ

ÎÜÒÏéÎÜ

ÊÅÄÎÏÔÖÜÒÎÜ

ÎÅÐĠþÊÅÍÎÜ

ÖÚÄÜÌÅÎÜ

ÏÂÔþĿÎÜ

ÐÁÓÉÖÎþ

ÐÏÖÒÃÈÎþ

ÓÌÏĿÉÔÜ

ÎÕÄÎÜ

ÔñĿËÜ

1,979

2,028

5,248

5,014

2,972

3,050

3,823

4,589

2,709
3,794

4,631

2,844

5,057

1 2 3 4 5 6 7

3ÔÁÖÂÁ ÒÏÂÏÔĳ ÐÏÄÌÅ ÎÜÖÏÄÕ ÊÅȡ

po kurzu ÐĠÅÄ ËÕÒÚÅÍ
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ÐĠÉÐÒÁÖÅÎÏÓÔ ĤËÏÌÙ ÎÁ ÖĻÚÖÙ ÄÉÇÉÔÜÌÎþ ÄÏÂÙȢ 0ÏËÕÄ ÍÜ ÒÏÂÏÔÉËÁ ÖÅ ĤËÏÌÅ 
ÓËÕÔÅéÎñ ȵĿþÔȰȟ ÐÏÔĠÅÂÕÊÅ ÕéÉÔÅÌÅȟ ËÔÅĠþ ÓÅ ÎÅÂÏÊþ ÅØÐÅÒÉÍÅÎtovat ɀ Á ËÔÅĠþ 
ÚÜÒÏÖÅĐ ÖñÄþȟ ÐÒÏé ÄÁÎÏÕ ÁËÔÉÖÉÔÕ ÄñÌÁÊþ Á ÊÁËï ÕéÅÎþ ÍÜ ÐĠÉÎïÓÔȢ $ÏĤËÏÌÏÖÁÃþ 
ËÕÒÚÙ ÊÓÏÕ Ö ÔÏÍÔÏ ÏÈÌÅÄÕ ËÌþéÏÖĻÍ ËÒÏËÅÍȢ 

 

0ÏÄñËÏÖÜÎþ  
0ÒÜÃÅ ÖÚÎÉËÌÁ Ó ÐÏÄÐÏÒÏÕ ÐÒÏÊÅËÔÕ +%'! πρτ445 τȾςπςτȡ ȵ)ÎÔÅÌÉÇÅÎÔÎï 
ÁÎÉÍÁéÎÏ-ÓÉÍÕÌÁéÎï ÍÏÄÅÌÙȟ ÎÜÓÔÒÏÊÅ Á ÐÒÏÓÔÒÅÄÉÁ ÐÒÅ ÄÅÅÐ ÌÅÁÒÎÉÎÇȱȢ  
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!.!,94)#+O -%4s$9 02) #(!2!+4%2):<#)) 
0/62#(/6¸#( 6t$ 6/ 6:$%,<6!.^ 

*ÜÎ £/2-!.ȟ -ÉÃÈÁÅÌÁ !.4!,/6<ȟ 3+ȟ !ÇÎÉÅÓÚËÁ KANIA, PL 

Abstrakt:  £ÔĭÄÉÁ ÓÁ ÚÁÏÂÅÒÜ ÐÒÏÂÌÅÍÁÔÉËÏÕ ÉÍÐÌÅÍÅÎÔÜÃÉÅ ÍÅÔĕÄ 
ÁÎÁÌÙÔÉÃËÅÊ ÃÈïÍÉÅ ÄÏ ÖÙÕéÏÖÁÃÉÅÈÏ ÐÒÏÃÅÓÕ ÓÏ ÚÁÍÅÒÁÎþÍ ÎÁ 
ÈÏÄÎÏÔÅÎÉÅ ËÖÁÌÉÔÙ ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄȢ 6 ËÏÎÔÅØÔÅ ÓĭéÁÓÎĻÃÈ 
ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÙÃÈ ÐÒÏÂÌïÍÏÖ ÐÒÅÄÓÔÁÖÕÊÅ ÁÎÁÌĻÚÁ ÖÏÄÙ ÉÄÅÜÌÎÕ 
ÍÏĿÎÏÓĩ ÐÒÅ ÒÏÚÖÏÊ ÐÒþÒÏÄÏÖÅÄÎÅÊ ÇÒÁÍÏÔÎÏÓÔÉ Á ÐÒÁËÔÉÃËĻÃÈ 
ÚÒÕéÎÏÓÔþ ĤÔÕÄÅÎÔÏÖ Ö ÒÜÍÃÉ ÕÎÉÖÅÒÚÉÔÎïÈÏ ÖÚÄÅÌÜÖÁÎÉÁȢ £ÔĭÄÉÁ 
ÁÎÁÌÙÚÕÊÅ ÄÉÄÁËÔÉÃËĻ ÐÏÔÅÎÃÉÜÌ ÖÙÂÒÁÎĻÃÈ ÍÅÔĕÄ ÐÒÉ ÓÔÁÎÏÖÏÖÁÎþ 
ÆÙÚÉËÜÌÎÏ-ÃÈÅÍÉÃËĻÃÈ ÐÁÒÁÍÅÔÒÏÖ ÐÏÖÒÃÈÏÖĻÃÈ ÖÚÏÒÉÅË ÖĖÄȢ : 
ÈċÁÄÉÓËÁ ÄÉÄÁËÔÉËÙ ÃÈïÍÉÅ ÚÄĖÒÁÚĐÕÊÅÍÅ ÐÒÅÃÈÏÄ ÏÄ ÔÅÏÒÅÔÉÃËĻÃÈ 
ÖÅÄÏÍÏÓÔþ Ë ÂÜÄÁÔÅċÓËÙ ÏÒÉÅÎÔÏÖÁÎïÍÕ ÖÙÕéÏÖÁÎÉÕȢ 6ÙÕĿÉÔÉÅ 
ÒÅÜÌÎÙÃÈ ÖÚÏÒÉÅË Ú ÌÏËÜÌÎÙÃÈ ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÖ ÚÖÙĤÕÊÅ ÍÏÔÉÖÜÃÉÕ 
ĤÔÕÄÅÎÔÏÖ Á ÕÍÏĿĐÕÊÅ ÉÍ ÐÏÃÈÏÐÉĩ ÖÚĩÁÈ ÍÅÄÚÉ ÁÎÔÒÏÐÏÇïÎÎÏÕ 
éÉÎÎÏÓĩÏÕ Á ÃÈÅÍÉÃËĻÍ ÚÌÏĿÅÎþÍ ÈÙÄÒÏÓÆïÒÙȢ 6ĻÓÌÅÄËÏÍ ÊÅ ÎÜÖÒÈ 
ÉÎÏÖÏÖÁÎĻÃÈ ÁÎÁÌĻÚȟ ËÔÏÒï ÚÌĭéÉÁ ÍÏÄÅÒÎï ÉÎĤÔÒÕÍÅÎÔÜÌÎÅ ÓÐĖÓÏÂÙ 
ÁÎÁÌĻÚ Ó ËÌÁÓÉÃ-ËĻÍÉ ÏÄÍÅÒÎĻÍÉ ÍÅÔĕÄÁÍÉȟ éþÍ ÓÁ ÐÏÓÉÌÎþ 
ÉÎÔÅÒÄÉÓÃÉÐÌÉÎÜÒÎÙ ÃÈÁÒÁËÔÅÒ ÖĻÕéÂÙ Á ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÅ ÐÏÖÅÄÏÍÉÅ 
ĤÔÕÄÅÎÔÏÖȢ 

+ċĭéÏÖï ÓÌÏÖÜȡ ÁÎÁÌÙÔÉÃËÜ ÃÈïÍÉÁȟ ÐÏÖÒÃÈÏÖï ÖÏÄÙȟ ÄÉÄÁËÔÉËÁ ÃÈïÍÉÅȟ 
ÂÜÄÁÔÅċÓËÙ ÏÒÉÅÎÔÏÖÁÎï ÖÙÕéÏÖÁÎÉÅȟ ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÅ ÖÚÄÅÌÜÖÁÎÉÅ 

ANALYTICAL METHODS IN SURFACE WATER 
CHARACTERISATION IN EDUCATION 

Abstract:  The study examines the implementation of analytical 
chemistry methods in the teaching 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 to research-

 



XXXVIII DIDMATTECH 2025  
TRNAVA UNIVERSITY IN TRNAVA ɀ FACULTY OF EDUCATION 

 

282 
 

oriented education. Using real samples from local water bodies 
ÉÎÃÒÅÁÓÅÓ ÓÔÕÄÅÎÔȭÓ ÍÏÔÉÖÁÔÉÏÎ ÁÎÄ ÈÅÌÐÓ ÔÈÅÍ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ 
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, chemistry didactics, 
in-quiry -based science education, environmental education. 

ρ ªÖÏÄ 

/ÄËÌÏÎ ÏÄ ÐÁÓþÖÎÅÈÏ ÐÒÉÊþÍÁÎÉÁ ÉÎÆÏÒÍÜÃÉþ ÓÍÅÒÏÍ Ë ÁËÔþÖÎÅÍÕ 
ÐÏÚÎÜÖÁÎÉÕ ÒÅÁÌÉÔÙ ÊÅ ÓĭéÁÓÎĻÍ ÔÒÅÎÄÏÍ Ö ÐÒþÒÏÄÏÖÅÄÎÏÍ ÖÚÄÅÌÜÖÁÎþ 
ɉ&ÅÓÚÔÅÒÏÖÜ ÅÔ ÁÌȢȟ ςπςυɊȢ "ÜÄÁÔÅċÓËÙ ÏÒÉÅÎÔÏÖÁÎï ÖÙÕéÏÖÁÎÉÅ ɉ"/6Ɋ 
ÐÒÅÄÓÔÁÖÕÊÅ ÄÙÎÁÍÉÃËĻ ÐÅÄÁÇÏÇÉÃËĻ ÐÒþÓÔÕÐȢ 0ÏéÁÓ ÎÅÈÏ ÓÁ ĤÔÕÄÅÎÔ 
ÓÔÜÖÁ ÃÅÎÔÒÏÍ ÅÄÕËÁéÎïÈÏ ÐÒÏÃÅÓÕȢ 4ÅÎÔÏ ÖÚÄÅÌÜÖÁÃþ ÐÒÏÃÅÓ 
ÏÖÐÌÙÖĐÕÊÅ ĤÔÕÄÅÎÔÁ ÔÁËȟ ĿÅ ÓÉ ÏÓÖÏÊÕÊÅ ÖÅÄÅÃËï ËÏÍÐÅÔÅÎÃÉÅ 
ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÒÉÅĤÅÎÉÁ ÁÕÔÅÎÔÉÃËĻÃÈ ÐÒÏÂÌïÍÏÖȢ 6 ËÏÎÔÅØte 
ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÅÊ ÃÈïÍÉÅ Á ÍÏÎÉÔÏÒÉÎÇÕ ÚÌÏĿÉÅË ĿÉÖÏÔÎïÈÏ ÐÒÏÓÔÒÅÄÉÁ 
ÓÁ ÁËÏ ÉÄÅÜÌÎÙ ÏÂÊÅËÔ ÂÜÄÁÎÉÁ ÊÁÖþ ÐÏÖÒÃÈÏÖÜ ÖÏÄÁȟ ËÔÏÒÜ ÊÅ ÃÉÔÌÉÖĻÍ 
ÉÎÄÉËÜÔÏÒÏÍ ÚÍÉÅÎ Ö ËÒÁÊÉÎÅ Á ÁÎÔÒÏÐÏÇïÎÎÅÊ éÉÎÎÏÓÔÉȢ 

0ÒÅÐÏÊÅÎÉÅ "/6 Ó ÁÎÁÌÙÔÉÃËĻÍÉ ÍÅÔĕÄÁÍÉ ÐÒÉ ÃÈÁÒÁËÔÅÒÉÚÜÃÉÉ ÖĖÄ 
ÐÏÎĭËÁ ÕÎÉËÜÔÎÕ ÐÌÁÔÆÏÒÍÕ ÐÒÅ ÒÏÚÖÏÊ ËÒÉÔÉÃËïÈÏ ÍÙÓÌÅÎÉÁ Á 
ÐÒÁËÔÉÃËĻÃÈ ÚÒÕéÎÏÓÔþȢ &ÙÚÉËÜÌÎÅ ÍÅÔĕÄÙ ɉÔÅÐÌÏÔÁȟ ÐÅÖÎï ÌÜÔËÙȟ 
ÅÌÅËÔÒÉÃËÜ ËÏÎÄÕËÔÉÖÉÔÁɊ Á ÃÈÅÍÉÃËï ÍÅÔĕÄÙ ɉÏÄÍÅÒÎï ÍÅÔĕÄÙȟ 
ÓÐÅËÔÒÏÆÏÔÏÍÅÔÒÉÁɊȟ ÕĿ ÖÉÁÃ ÎÉÅ Óĭ ÌÅÎ ÁÂÓÔÒÁËÔÎĻÍÉ ÐÏÊÍÁÍÉ Ú 
ÕéÅÂÎþÃȢ 6 ÒÕËÜÃÈ ĤÔÕÄÅÎÔÁ ɀ ÂÜÄÁÔÅċÁ ÓÁ ÓÔÜÖÁÊĭ ËċĭéÏÖĻÍÉ ÎÜÓÔÒÏÊÍÉ 
ÎÁ ÖÙÒÉÅĤÅÎÉÅ ÉÎÆÏÒÍÜÃÉþ ÕËÒÙÔĻÃÈ Ö ÃÈÅÍÉÃËÏÍ ÚÌÏĿÅÎþ ÖÏÄÎĻÃÈ 
tokov. 

)ÎÔÅÇÒÜÃÉÁ ÔĻÃÈÔÏ ÍÅÔĕÄ ÄÏ ÖÚÄÅÌÜÖÁÎÉÁ ÕÍÏĿĐÕÊÅ ĤÔÕÄÅÎÔÏÍ ÐÒÅÊÓĩ 
ÃÅÌĻÍ ÃÙËÌÏÍ ÖÅÄÅÃËÅÊ ÐÒÜÃÅȡ ÏÄ ÆÏÒÍÕÌÜÃÉÅ ÈÙÐÏÔïÚ Ï ËÖÁÌÉÔÅ ÖÏÄÙ v 
ÉÃÈ ÒÅÇÉĕÎÅȟ ÃÅÚ ÐÒÅÃþÚÎÕ ÌÁÂÏÒÁÔĕÒÎÕ ÐÒÜÃÕȟ ÁĿ ÐÏ ÉÎÔÅÒÐÒÅÔÜÃÉÕ 
ÚþÓËÁÎĻÃÈ ÄÜÔ Ö ĤÉÒĤþÃÈ ÅËÏÌÏÇÉÃËĻÃÈ ÓĭÖÉÓÌÏÓÔÉÁÃÈ ɉ&ÅÓÚÔÅÒÏÖÜ ÅÔ ÁÌȢȟ 
ςπςτɊȢ 4ÅÎÔÏ ÐÒþÓÔÕÐ ÎÉÅÌÅÎ ÚÖÙĤÕÊÅ ÍÏÔÉÖÜÃÉÕ Ë ĤÔĭÄÉÕ ÅØÁËÔÎĻÃÈ 
ÖÉÅÄȟ ÁÌÅ ÚÜÒÏÖÅĐ ÆÏÒÍÕÊÅ ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÅ ÐÏÖÅÄÏÍÉÅ a 
ÚÏÄÐÏÖÅÄÎÏÓĩ ÂÕÄĭÃÉÃÈ ÇÅÎÅÒÜÃÉþ ÖÏéÉ ÖÏÄÎĻÍ ÚÄÒÏÊÏÍȢ 

#ÉÅċÏÍ ÐÒþÓÐÅÖËÕ ÊÅ ÐÒÅÔÏ ÐÏÕËÜÚÁĩ ÎÁ ÐÒÅÐÏÊÅÎÉÅ ÍÅÄÚÉ ÁÎÁÌÙÔÉÃËÏÕ 
ÃÈïÍÉÏÕ Á ÂÜÄÁÔÅċÓËĻÍÉ ÁËÔÉÖÉÔÁÍÉȟ ËÔÏÒï ÔÒÁÎÓÆÏÒÍÕÊĭ ÔÒÁÄÉéÎï 
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ÌÁÂÏÒÁÔĕÒÎÅ ÃÖÉéÅÎÉÁ ÎÁ ÚÍÙÓÌÕÐÌÎĻ ÖÅÄÅÃËĻ ÐÒÉÅÓËÕÍȢ 3ĭéÁÓÎÅ 
prezentovaĩ ÍÏĿÎÏÓÔÉ ÉÍÐÌÅÍÅÎÔÜÃÉÅ ÂÜÄÁÔÅċÓËÙ ÏÒÉÅÎÔÏÖÁÎïÈÏ 
ÖÙÕéÏÖÁÎÉÁ ɉ"/6Ɋ ÐÒÏÓÔÒÅÄÎþÃÔÖÏÍ ÁÐÌÉËÜÃÉÅ ÖÙÂÒÁÎĻÃÈ ÁÎÁÌÙÔÉÃËĻÃÈ 
ÍÅÔĕÄ ÐÒÉ ÈÏÄÎÏÔÅÎþ ËÖÁÌÉÔÙ ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄȢ 4ÅÎÔÏ ÈÌÁÖÎĻ ÃÉÅċ 
ÃÈÁÒÁËÔÅÒÉÚÕÊÔÅ ÓĭÂÏÒ ÁÎÁÌÙÔÉÃËĻÃÈ ÍÅÔĕÄ ɉÆÙÚÉËÜÌÎÙÃÈ Á ÃÈÅÍÉÃËĻÃÈɊ 
ÖÈÏÄÎĻÃÈ ÐÒÅ ÅÄÕËÁéÎĻ ÐÒÏÃÅÓ Ó ÏÈċÁÄÏÍ ÎÁ ÉÃÈ ÔÅÃÈÎÉÃËĭ ÎÜÒÏéÎÏÓĩȟ 
ÂÅÚÐÅéÎÏÓĩ Á ÖĻÐÏÖÅÄÎĭ ÈÏÄÎÏÔÕ Ö ÒÜÍÃÉ ĤËÏÌÓËïÈÏ ÂÜÄÁÎÉÁȢ 
.ÜÓÌÅÄÎÅ ÁÎÁÌÙÚÕÊÅ ÐÏÔÅÎÃÉÜÌ ÐÒÅÐÏÊÅÎÉÁ ÔÅÏÒÅÔÉÃËĻÃÈ ÖÅÄÏÍÏÓÔþ Ú 
ÁÎÁÌÙÔÉÃËÅÊ ÃÈïÍÉÅ Ó ÐÒÁËÔÉÃËĻÍÉ ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÙÍÉ ÐÒÏÂÌïÍÁÍÉȟ 
éþÍ ÓÁ ÚÖÙĤÕÊÅ ËÏÇÎÉÔþÖÎÁ ÁÎÇÁĿÏÖÁÎÏÓĩ Á ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÁ 
ÇÒÁÍÏÔÎÏÓĩ ĤÔÕÄÅÎÔÏÖȢ :ÜÍÅÒÏÍ ÊÅ ÔÉÅĿ ÐÏÓËÙÔÎĭĩ ÏÄÐÏÒĭéÁÎÉÁ ÐÒÅ 
ÐÅÄÁÇĕÇÏÖ ÐÒÉ ÚÁÖÜÄÚÁÎþ ÂÜÄÁÔÅċÓËĻÃÈ ÁËÔÉÖþÔ ÚÁÍÅÒÁÎĻÃÈ ÎÁ 
ÍÏÎÉÔÏÒÉÎÇ ÖĖÄȢ 

ς -ÁÔÅÒÉÜÌ Á ÍÅÔÏÄÉËÁ ÐÒÜÃÅ 

!ÎÁÌÙÚÏÖÁÎï ÖÚÏÒËÙ ÐÏÖÒÃÈÏÖÅÊ ÖÏÄÙ Ú ÖÙÂÒÁÎĻÃÈ ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÖ 
(ÐÏÔÏË ¦ÁËÏÖ a "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊ ÂÏÌÉ ÏÄÏÂÒÁÎï Ö ÏËÏÌþ ÍÅÓÔÁ 
.ÏÖÜËÙȢ -ÅÓÔÏ .ÏÖÜËÙȟ ÊÅ ÍÅÓÔÏ ÌÅĿÉÁÃÅ Ö 4ÒÅÎéÉÁÎÓËÏÍ ËÒÁÊÉȟ Ö 
ÏËÒÅÓÅ 0ÒÉÅÖÉÄÚÁȟ Ö ÒÅÇÉĕÎÅ (ÏÒÎÜ .ÉÔÒÁȟ Ö ÓÔÒÅÄÅ (ÏÒÎÏÎÉÔÒÉÁÎÓËÅÊ 
ËÏÔÌÉÎÙȢ .ÁÃÈÜÄÚÁ ÓÁ ÍÅÄÚÉ ÈÏÒÓËĻÍÉ ÍÁÓþÖÍÉ 6ÔÜéÎÉËÁ ɉρστφ ÍɊ 
a 2ÏËÏĤÁ ɉρπρπ ÍɊȢ ,ÅĿþ Ö ĭÄÏÌþ ÒÉÅËÙ .ÉÔÒÙȟ ËÔÏÒÜ ÐÒÅÂÅÒÜ ċÁÖÏÓÔÒÁÎÎï 
ÐÒþÔÏËÙ ɉ,ÅÈÏÔÓËĻ ÐÏÔÏËȟ .ÏÖÜÃËÙ ÐÏÔÏËɊȢ  

-ÅÓÔÏ .ÏÖÜËÙȟ éÁÓĩ ,ÁÓËÜÒ ÊÅ ÕĿ ÚÁÎÉËÎÕÔÜ ÏÂÅÃ Ö 4ÒÅÎéÉÁÎÓËÏÍ ËÒÁÊÉȟ 
v ÏËÒÅÓÅ 0ÒÉÅÖÉÄÚÁȟ Ö ÒÅÇÉĕÎÅ (ÏÒÎÜ .ÉÔÒÁ ÍÅÄÚÉ ÏÂÃÏÕ +ÏĤ Á ÍÅÓÔÏÍ 
.ÏÖÜËÙȢ #ÅÚ ÏÂÅÃ ÐÒÅÔÅËÜ ÒÉÅËÁ .ÉÔÒÁ ɉÁÊ ÓÔÁÒï ËÏÒÙÔÏɊ Á ÊÅÊ 
ċÁÖÏÓÔÒÁÎÎĻ ÐÒþÔÏË ɉÐÏÔÏË ¦ÁËÏÖ), v ÂÌþÚËÏÓÔÉ ÓÁ ÎÁÃÈÜÄÚÁ ÁÊ "ÁÎÓËï 
ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ ɉ×××ȢÎÏÖÁËÙȢÓËȟ ςπςυɊȢ  

Obec ,ÅÈÏÔÁ ÐÏÄ 6ÔÜéÎÉËÏÍ ÓÁ ÎÁÃÈÜÄÚÁ Ö 4ÒÅÎéÉÁÎÓËÏÍ ËÒÁÊÉȟ Ö 
okrese 0ÒÉÅÖÉÄÚÁ Á Ö ÒÅÇÉĕÎÅ (ÏÒÎÜ .ÉÔÒÁȟ ÎÁ ÚÜÐÁÄÎÏÍ ĭÐßÔþ ÐÏÈÏÒÉÁ 
6ÔÜéÎÉË ÍÅÄÚÉ ÍÅÓÔÁÍÉ .ÏÖÜËÙ Á 0ÒÉÅÖÉÄÚÁȢ #ÅÚ ÏÂÅÃ ÐÒÅÔÅËÁÊĭ 
ÖÉÁÃÅÒÜ ÖÏÄÎï ÔÏËÙ ÁËÏ ,ÅÈÏÔÓËĻ ÐÏÔÏË Á ÊÅÈÏ ÐÒþÔÏËÙ ÁËÏ ÎÁÐÒȢ potok 
¦ÁËÏÖ ɉ×××ȢÌÅÈÏÔÁÐÏÄÖÔÁÃÎÉËÏÍȢÓËȟ ςπςυɊȢ ɉ/ÂÒÜÚÏË ρɊ 
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/ÂÒÜÚÏË ρȡ Mapa ÓÌÅÄÏÖÁÎïÈÏ ĭÚÅÍÉÁ s ÎÁÚÎÁéÅÎĻÍÉ miestami odberu 
(Zdroj: www.google.com, 2025, ĭÐÒÁÖÁ *Ȣ £ÏÒÍÁÎɊ 

ςȢρ /ÄÂÅÒÏÖï ÍÉÅÓÔÁ Á ĭÐÒÁÖÁ ÖÚÏÒÉÅË ÖÏÄÙ 

/ÄÂÅÒÏÖï ÍÉÅÓÔÁ Ú ÄÖÏÃÈ ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÖ ɉÐÏÔÏË ¦ÁËÏÖ Á "ÁÎÓËï 
ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊ ÚÏ ĤÉÅÓÔÉÃÈ ÏÄÂÅÒÏÖĻÃÈ ÍÉÅÓÔ boli Ö ÏËÏÌþ ÍÅÓÔÁ 
.ÏÖÜËÙ ɉ4ÒÅÎéÉÁÎÓËÙ ËÒÁÊɊȢ "ÏÌ ÖÙÐÒÁÃÏÖÁÎĻ ÐÌÜÎ ÍÏÎÉÔÏÒÏÖÁÎÉÁȟ 
ËÔÏÒïÈÏ ÓĭéÁÓĩÏÕ ÂÏÌÉȡ ÆÒÅËÖÅÎÃÉÅ ÏÄÂÅÒÏÖ ɉÓÅÚĕÎÎÅɊȟ ÓÐĖÓÏÂ 
prepravy a ÕÃÈÏÖÜÖÁÎÉÁ ÖÚÏÒÉÅËȟ ĤÔÁÎÄÁÒÄÉÚÏÖÁÎï ÍÅÔĕÄÙ ÏÄÂÅÒÕ 
(ÎÏÒÍÏÖÁÎï ÐÏÓÔÕÐÙ ÐÒÅ ËÏÎËÒïÔÎÅ ÐÁÒÁÍÅÔÒÅɊȟ ÔÙÐÙ ÁÎÁÌĻÚ 
ɉÆÙÚÉËÜÌÎÏ-ÃÈÅÍÉÃËïɊȢ .Á ÏÄÂÅÒ ÖÚÏÒÉÅË ÐÏÖÒÃÈÏÖÅÊ ÖÏÄÙ ÓÍÅ ÐÏÕĿÉÌÉ 
ÓËÌÅÎÅÎï ÖÚÏÒËÏÖÎÉÃÅ ɉ34. %. )3/ υφφχ-1). 

0ÏÔÏË ¦ÁËÏÖ ɉ4ÁÂÕċËÁ ρɊ ÊÅ ËÌÁÓÉÆÉËÏÖÁÎĻ ÁËÏ ÖÏÄÎĻ ÔÏË )6Ȣ ÒÜÄÕȢ *ÅÈÏ 
ÐÒÁÍÅĐ ÊÅ ÐÒÉ "ÁÎÉ .ÏÖÜËÙȟ ÖÃÈÜÄÚÁ ÄÏ "ÁÎÓËïÈÏ ÐÒÉÅÐÁÄÌÉÓËÁ ¦ÁËÏÖȟ 
Ú ËÔÏÒïÈÏ ÖÙÔÅËÜ Á ĭÓÔÉ ÄÏ ÒÉÅËÙ .ÉÔÒÁȢ *ÅÈÏ ÄĊĿËÁ ÄÏÓÁÈÕÊÅ ςȟυ ɀ 3,0 km 
(3,5 ɀ 4,0 km, odber od 3,0 km po koniec-ÓÔÁÒï ÒÁÍÅÎÏ .ÉÔÒÙɊ 
(www.kamnaryby.sk, 2025). "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ ÍÜ ÒÏÚÌÏÈÕ ρω 
ɀ 21 ha. Je ÔÏ ÖÏÄÎÜ ÐÌÏÃÈÁ ÏÄÓÔÁÖÎïÈÏ ɉÓÔÁÒïÈÏȾÍğÔÖÅÈÏɊ ÒÁÍÅÎÁ 
ÒÉÅËÙ .ÉÔÒÁ ɉ4ÁÂÕċËÁ ρɊȢ *Å ÓÉÔÕÏÖÁÎÜ Ö ÍÉÅÓÔÅ ĭÓÔÉÁ ÐÏÔÏËÁ ¦ÁËÏÖȟ ÐÒÉ 
/ÐÁÔÏÖÃÉÁÃÈ ÎÁÄ .ÉÔÒÏÕȟ ËÏÎËÒïÔÎÅ Ö éÁÓÔÉ ÍÅÓÔÁ .ÏÖÜËÙ ɀ ,ÁÓËÜÒȢ 
6ÚÎÉËÏÌ ÐÒÅÐÁÄÎÕÔþÍ ÚÅÍÅ Ö ÄĖÓÌÅÄËÕ ÂÁÎÓËÅÊ éÉÎÎÏÓÔÉ 
(www.rybarskyr evir.sk, 2025). 

 

4ÁÂÕċËÁρȡ -ÉÅÓÔÁ ÏÄÂÅÒÕ ÖÚÏÒÉÅË ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄ 

Vzorky  GPS Lokalita  .ÜÚÏÖ ÖÏÄÎïÈÏ toku  
1 3 τψЈττǰπτǰǰ  

V ρψЈσσǰσχǰǰ 
.ÏÖÜËÙȟ 
éÁÓĩ ,ÁÓËÜÒ 

potok ¦ÁËÏÖ 

2 3 τψЈττǰτψǰǰ  
V ρψЈσσǰςςǰǰ 

.ÏÖÜËÙȟ 
éÁÓĩ ,ÁÓËÜÒ 

"ÁÎÓËï prepadlisko ¦ÁËÏÖ 
(po ĭÓÔþ potoka ¦ÁËÏÖɊ 

0ÏÚÎÜÍËÙȡ ρЀ ÐÏÔÏË ¦ÁËÏÖȟ ςЀ "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ 

 

ςȢς 0ÏÕĿÉÔï ÁÎÁÌÙÔÉÃËï ÍÅÔĕÄÙ 

-ÅÔĕÄÙȟ ËÔÏÒï ÂÏÌÉ ÐÏÕĿÉÔï ÐÒÉ ÁÎÁÌĻÚÁÃÈ ÖÏ ÖÚÏÒËÜÃÈ ÐÏÖÒÃÈÏÖÅÊ ÖÏÄÙ 
Óĭ ÚÁÍÅÒÁÎÜ ÎÁ ÆÙÚÉËÜÌÎÅ Á ÃÈÅÍÉÃËÅ ÐÁÒÁÍÅÔÒÅ ÄÖÏÃÈ ÖÙÂÒÁÎĻÃÈ 
ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÖ ɉ4ÁÂÕċËÁ ςɊȢ .Á ËÁĿÄÏÍ ÖÏÄÎÏÍ ĭÔÖÁÒÅ ÂÏÌÉ σ 
ÏÄÂÅÒÏÖï ÍÉÅÓÔÁȢ +ÁĿÄï ÏÄÂÅÒÏÖï ÍÉÅÓÔÏ ÂÏÌÏ ÍÏÎÉÔÏÒÏÖÁÎï ÐÏéÁÓ 

http://www.google.com/
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ĤÔÙÒÏÃÈ ÒÏéÎĻÃÈ ÏÂÄÏÂþ ɉÊÁÒȟ ÌÅÔÏȟ ÊÅÓÅĐȟ ÚÉÍÁɊ Ö ÒÏËÏÃÈ ςπςτ-2025. 
6ĤÅÔËÙ ÖÚÏÒËÙ ÖÏÄÙ ÓÍÅ ÁÎÁÌÙÚÏÖÁÌÉ ÎÁ &ÁËÕÌÔÅ ÐÒþÒÏÄÎĻÃÈ ÖÉÅÄ Á 
ÉÎÆÏÒÍÁÔÉËÙ 5ÎÉÖÅÒÚÉÔÙ +ÏÎĤÔÁÎÔþÎÁ &ÉÌÏÚÏÆÁ Ö .ÉÔÒÅ Ö ÌÁÂÏÒÁÔĕÒÉÜÃÈ 
+ÁÔÅÄÒÙ ÃÈïÍÉÅȢ 

 

4ÁÂÕċËÁ ςȡ Normy a postupy  ÐÒÅ ÁÎÁÌÙÚÏÖÁÎÉÅ ÆÙÚÉËÜÌÎÙÃÈ Á 
ÃÈÅÍÉÃËĻÃÈ ÐÁÒÁÍÅÔÒÏÖ 

Parametre  Postupy (normy)  

F
yz

i-
Ë
Ü
Ì
Î
Å

 

Teplota STN 75 7375: 2007 
#ÅÌËÏÖï ÐÅÖÎï 
ÒÏÚÐÕÓÔÅÎï ÌÜÔËÙ 

Stanovenie TDS-metrom 

ElÅËÔÒÉÃËÜ ËÏÎÄÕËÔÉÖÉÔÁ STN EN 27 888, 1998 

#
È
Å
Í
É
Ã
Ë
ï

 

pH STN EN ISO 10523: 2010 (75 
7371) 

Alkalita 3ÔÁÎÏÖÅÎÉÅ +.+ ɉ(ÏÒÜËÏÖÜȟ 
,ÉÓÃÈËÅȟ 'ÒİÎ×ÁÌÄȟ ρωψφɊ 

Chloridy 3ÔÁÎÏÖÅÎÉÅ ÐÏÄċÁ -ÏÈÒÁ 34. )3/ 
9297: 2000 (75 7464) 

$ÕÓþË ɉÄÕÓÉéÎÁÎÏÖĻɊ 3ÐÅËÔÒÏÆÏÔÏÍÅÔÒÉÃËï Ótanovenie: 
STN ISO 7890-3:2000 (757455) 

#ÈÅÍÉÃËÜ ÓÐÏÔÒÅÂÁ 
ËÙÓÌþËÁ ɉ#(3+Ɋ 

STN 83 0520 

σȢ 6ĻÓÌÅÄËÙ Á ÄÉÓËÕÓÉÁ 

6 ÓÌÅÄÏÖÁÎĻÃÈ τ ÒÏéÎĻÃÈ ÏÂÄÏÂÉÁÃÈ ςπςτ ɀ ςπςυ ɉÌÅÔÏ Á ÊÅÓÅĐ ςπςτȟ 
ÚÉÍÁ Á ÊÁÒ ςπςυɊ ÓÍÅ ÖÙËÏÎÁÌÉ ÓÅÚĕÎÎÅ ɉÊÅÄÎÏÒÁÚÏÖïɊ ÏÄÂÅÒÙ 
ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄ Ú ÄÖÏÃÈ ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÃÈ Á ÓÐÏÌÕ ÎÁ φ ÏÄÂÅÒÏÖĻÃÈ 
ÍÉÅÓÔÁÃÈ Ö ËȢĭȢ (ÏÒÎÅÊ .ÉÔÒÙȢ /ÄÂÅÒÙ ÓÍÅ ÒÅÁÌÉÚÏÖÁÌÉ ÎÁ ÐÏÔÏËÕ ¦ÁËÏÖ 
ÐÒþÔÏËÕ ÄÏ ÒÉÅËÙ .ÉÔÒÁ σ ÏÄÂÅÒÙ Ö ËÁĿÄÏÍ ÒÏéÎÏÍ ÏÂÄÏÂþ ɉÓÐÏÌÕ ρς 
ÏÄÂÅÒÏÖɊȢ !ÎÁÌÙÚÏÖÁÌÉ ÓÍÅ ÁÊ ÖÚÏÒËÙ ÖÏÄÙ Ú ÖÏÄÎÅÊ ÐÌÏÃÈÙ "ÁÎÓËï 
ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ ɉσ ÏÄÂÅÒÙ Ö ËÁĿÄÏÍ ÒÏéÎÏÍ ÏÂÄÏÂþȟ ÓÐÏÌÕ ρς 
odberov). 

+ÁĿÄÜ ÏÄÏÂÒÁÔÜ ÖÚÏÒËÁ ÖÏÄÙ ÂÏÌÁ ÎÜÓÌÅÄÎÅ ÐÏÄÒÏÂÅÎÜ ËÖÁÎÔÉÔÁÔþÖÎÅÊ 
ÁÎÁÌĻÚÅȟ ÐÒÉéÏÍ ÃÉÅċÏÍ ÂÏÌÏ ÚþÓËÁĩ ÐÒÅÓÎï ĭÄÁÊÅ Ï ÆÙÚÉËÜÌÎÏÍ 
a ÃÈÅÍÉÃËÏÍ ÚÌÏĿÅÎþ ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄȢ 0ÒÉ ÁÎÁÌĻÚÁÃÈ ÓÍÅ ÐÏÕĿÉÌÉ 
nami zvoÌÅÎï ÁÎÁÌÙÔÉÃËï ÍÅÔĕÄÙȟ ËÔÏÒï ÎÜÍ ÕÍÏĿÎÉÌÉ ÖÙÈÏÄÎÏÔÉĩ 
ÐÌÜÎÏÖÁÎï ÐÁÒÁÍÅÔÒÅȢ 4ÉÅÔÏ ÈÏÄÎÏÔÙ ÚÁÈğĐÁÌÉ ÃÈÅÍÉÃËï Á ÆÙÚÉËÜÌÎÅ 
parametre. Na ÚÜËÌÁÄÅ ÖĻÓÌÅÄËÏÖ ÁÎÁÌĻÚ sme ÎÜÓÌÅÄÎÅ porovnali 
kvalitu  po-ÖÒÃÈÏÖĻÃÈ ÖĖÄ s ÎÏÒÍÁÍÉ ÓÔÁÎÏÖÅÎĻÍÉ Ö ÓÌÏÖÅÎÓËÅÊ 
technickej normÅ ɉ34. χυ χςςρȟ ρωωωɊȢ #ÉÅċÏÍ ÁÎÁÌĻÚÙ ÂÏÌÏ 
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ÉÄÅÎÔÉÆÉËÏÖÁĩ ÚÜËÌÁÄÎï ÔÒÅÎÄÙȟ ÓÅÚĕÎÎÅ ÚÍÅÎÙ Á ÒÏÚÄÉÅÌÙ ÍÅÄÚÉ 
ÊÅÄÎÏÔÌÉÖĻÍÉ ÖÚÏÒËÁÍÉ Á ÔĻÍ ÐÒÉÓÐÉÅĩ Ë ÌÅÐĤÉÅÍÕ ÐÏÃÈÏÐÅÎÉÕ ËÖÁÌÉÔÙ 
ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄ Ö ÓÌÅÄÏÖÁÎÅÊ ÏÂÌÁÓÔÉȢ 

σȢρȢ (ÏÄÎÏÔÅÎÉÅ ÆÙÚÉËÜÌÎÙÃÈ ÐÁÒÁÍÅÔÒÏÖ 

Teplota ÖÏÄÎïÈÏ ĭÔÖÁÒÕ ÊÅ ËċĭéÏÖĻ ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÙ ÆÁËÔÏÒȟ ËÔÏÒĻ 
ÏÖÐÌÙÖĐÕÊÅ ÍÎÏÈï ÆÙÚÉËÜÌÎÅȟ ÃÈÅÍÉÃËï Á ÂÉÏÌÏÇÉÃËï ÐÒÏÃÅÓÙ ÖÏ 
ÖÏÄÎÏÍ ÐÒÏÓÔÒÅÄþȢ 4ÁÂÕċËÁ σ ÐÏÓËÙÔÕÊÅ ÐÒÅÈċÁÄ Ï ÔÅÐÌÏÔÅ ÖÏÄÙ Ú 
ÄÖÏÃÈ ÏÄÂÅÒÏÖĻÃÈ ĭÔÖÁÒÏÖ ɉÐÏÔÏË ¦ÁËÏÖ Á "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊ 
v priebehÕ ÄÖÏÃÈ ÒÏËÏÖ ςπςτ Á ςπςυ Ú ËÁĿÄïÈÏ ÒÏéÎïÈÏ ÏÂÄÏÂÉÁȢ  
: ÔÁÂÕċËÙ ρσ ÊÅ ÚÒÅÊÍïȟ ĿÅ ÔÅÐÌÏÔÁ ÖÏÄÙ ÖÙËÁÚÕÊÅ ÏéÁËÜÖÁÎĭ ÓÅÚĕÎÎÕ 
ÖÁÒÉÁÂÉÌÉÔÕȟ Ó ÎÁÊÖÙĤĤþÍÉ ÈÏÄÎÏÔÁÍÉ Ö ÌÅÔÅ Á ÎÁÊÎÉĿĤþÍÉ Ö ÚÉÍÅȢ 2ÏÚÄÉÅÌÙ 
Ö ÔÅÐÌÏÔÅ Óĭ ÐÏÚÏÒÏÖÁÔÅċÎï ÁÊ ÍÅÄÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ ÖÚÏÒËÁÍÉ Ö 
roÖÎÁËÏÍ ÏÂÄÏÂþȟ éÏ ÍĖĿÅ ÂÙĩ ÓÐĖÓÏÂÅÎï ÒĖÚÎÙÍÉ ÆÁËÔÏÒÍÉȟ ÁËÏ ÊÅ 
ÈĊÂËÁ ÖÏÄÙȟ ÐÒÉÅÔÏËȟ ÅØÐÏÚþÃÉÁ ÓÌÎËÁȟ ÐÒþÔÏÍÎÏÓĩ ÐÒþÔÏËÏÖ ÁÌÅÂÏ 
ÖĻÔÏËÏÖ Á ÃÈÁÒÁËÔÅÒÉÓÔÉËÁ ÏËÏÌÉÁ ɉÎÁÐÒȢ ÐÒþÔÏÍÎÏÓĩ ÖÅÇÅÔÜÃÉÅȟ 
ÕÒÂÁÎÉÚÜÃÉÁɊȢ 

V ÓĭÌÁÄÅ Ó ÖĻÓÌÅÄËÁÍÉ $É .ÕÎÎÏ ÅÔȢ ÁÌȢ ɉςπςσɊ ÍĖĿÅÍÅ ËÏÎĤÔÁÔÏÖÁĩȟ ĿÅ 
ÓÁ ÎÁÍÉ ÚþÓËÁÎï ÈÏÄÎÏÔÙ ÔÅÐÌÏÔÙ Ö ÓÔÏÊÁÔĻÃÈ ÖÏÄÜÃÈ ÚÈÏÄÏÖÁÌÉȢ !Ê 
ËÏÌÅËÔþÖ ÁÕÔÏÒÏÖ 2ÁÈÍÁÎ ÅÔ ÁÌȢ ɉςπςρɊȟ ËÔÏÒþ ÕÖÜÄÚÁÊĭ Ö ĤÔĭÄÉÉ ÁËÏ 
ÓÍÅÒÏÄÁÊÎï ĭÄÁÊÅ ÈÏÄÎÏÔÙ ÔÅÐÌĖÔ ÖÏÄÎĻÃÈ ÔÏËÏÖ Óĭ ÐÏÄÏÂÎï Ë ÎÁÍÉ 
ÎÁÍÅÒÁÎĻÍ ĭÄÁÊÏÍȢ 

.Á ÚÜËÌÁÄÅ ÖĻÓÌÅÄËÏÖ ÁÎÁÌĻÚ ÓÍÅ ÎÜÓÌÅÄÎÅ ÐÏÒÏÖÎÁÌÉ ËÖÁÌÉÔÕ 
ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄ Ö ÔÁÂÕċËÅ σ ÓÏ 34. χυ χςςρ ɉρωωωɊȢ 4ÜÔÏ ÎÏÒÍÁ ÎÜÍ 
ÐÏÓËÙÔÌÁ ÍÏĿÎÏÓĩ ÚÁÒÁÄÉĩ ÊÅÄÎÏÔÌÉÖï ÖÚÏÒËÙ ÄÏ ÐÒþÓÌÕĤÎĻÃÈ ÔÒÉÅÄ 
kvality vody:  

-ÐÏÔÏË ¦ÁËÏÖ ÓÍÅ ÚÁÒÁÄÉÌÉ ÄÏ )Ȣ ÔÒÉÅÄÁ ËÖÁÌÉÔÙ ÖÏ ÖĤÅÔËĻÃÈ ÓÌÅÄÏÖÁÎĻÃÈ 
obdobiach, 

-ÂÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ ÂÏÌÏ ÚÁÒÁÄÅÎï ÄÏ )6Ȣ ÔÒÉÅÄÁ ËÖÁÌÉÔÙ ɉÌÅÔÏ 
ςπςτɊȟ Ö ÏÓÔÁÔÎĻÃÈ ÏÂÄÏÂÉÁÃÈ ÄÏ )Ȣ ÔÒÉÅÄÁ ËÖÁÌÉÔÙȢ 

#ÅÌËÏÖï ÐÅÖÎï ÒÏÚÐÕÓÔÅÎï ÌÜÔËÙ ɉ4$3ȡ 4ÏÔÁÌ $ÉÓÓÏÌÖÅÄ 3ÏÌÉÄÓɊ 
ÐÒÅÄÓÔÁÖÕÊĭ ÃÅÌËÏÖï ÍÎÏĿÓÔÖÏ ÒÏÚÐÕÓÔÅÎĻÃÈ ÁÎÏÒÇÁÎÉÃËĻÃÈ Á 
ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÏË ÖÏ ÖÏÄÅȟ ÁËÏ Óĭ ÓÏÌÉȟ ÍÉÎÅÒÜÌÙ Á ÉÎï ÃÈÅÍÉÃËï 
ÚÌĭéÅÎÉÎÙȢ 4ÁÂÕċËÁ σ ÐÏÓËÙÔÕÊÅ ÐÒÅÈċÁÄ Ï ËÏÎÃÅÎÔÒÜÃÉÜÃÈ ÃÅÌËÏÖĻÃÈ 
ÐÅÖÎÅ ÒÏÚÐÕÓÔÅÎĻÃÈ ÌÜÔÏË Ú ς ÖÏÄÎĻÃÈ ÔÅÌÉÅÓȢ +ÏÎÃÅÎÔÒÜÃÉÅ 4$3 
ÖÙËÁÚÕÊĭ ÚÎÁéÎĭ ÖÁÒÉÁÂÉÌÉÔÕ ÍÅÄÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ ÖÚÏÒËÁÍÉȟ éÏ 
ÎÁÚÎÁéÕÊÅȟ ĿÅ ÓÌÅÄÏÖÁÎï ÖÏÄÙ ÍÁÊĭ ÏÄÌÉĤÎÅ ÍÉÎÅÒÁÌÉÚÏÖÁÎï ÚÌÏĿÅÎÉÅȢ 

: ÔÁÂÕċËÙ σ ÊÅ ÚÒÅÊÍïȟ ĿÅ ÖÏÄÉÖÏÓĩ ÖÙËÁÚÕÊÅ ÚÎÁéÎĭ ÖÁÒÉÁÂÉÌÉÔÕ ÍÅÄÚÉ 
ÊÅÄÎÏÔÌÉÖĻÍÉ ÖÚÏÒËÁÍÉȟ éÏ ÎÁÚÎÁéÕÊÅȟ ĿÅ ÓÌÅÄÏÖÁÎï ÖÏÄÙ ÍÁÊĭ ÏÄÌÉĤÎÅ 
ÍÉÎÅÒÁÌÉÚÏÖÁÎï ÚÌÏĿÅÎÉÅȢ !ÎÁÌÙÚÏÖÁÎï ÖÚÏÒËÙ ÖÙËÁÚÏÖÁÌÉ ÖÅċÍÉ 
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ÖÙÓÏËï ÈÏÄÎÏÔÙ ÐÒÉ ÐÏÒÏÖÎÁÎþ Ó ÌÉÍÉÔÎĻÍÉ ÈÏÄÎÏÔÁÍÉ ɉSTN75 7221: 
1999). 6 ÒÜÍÃÉ ÊÅÄÎÏÔÌÉÖĻÃÈ ÖÚÏÒÉÅË ÓÁ ÖÏÄÉÖÏÓĩ Ö ÐÒÉÅÂÅÈÕ ÒÏËÁ 
ÍÅÎÉÌÁȟ ÐÒÉéÏÍ ÍÉÅÒÁ ÔÅÊÔÏ ÖÁÒÉÁÂÉÌÉÔÙ ÊÅ ÐÒÅ ËÁĿÄĭ ÖÚÏÒËÕ ÏÄÌÉĤÎÜȟ ÁËÏ 
ÎÁÚÎÁéÕÊĭ ÈÏÄÎÏÔÙ ĤÔÁÎÄÁÒÄÎÅÊ ÏÄÃÈĻÌËÙȢ  

6 ĤÔĭÄÉÉ ÁÕÔÏÒÏÖ 3ÁÁÌÉÄÏÎÇ ÅÔ ÁÌȢ ɉςπςςɊȟ Óĭ ÕÖÅÄÅÎï ÈÏÄÎÏÔÙ ÐÒÅ 
ÅÌÅËÔÒÉÃËĭ ÖÏÄÉÖÏÓĩ Ö ÉÎÔÅÒÖÁÌÅ ÏÄ σω ɀ ψςρ А3ȾÃÍȟ éÏ ÓĭÈÌÁÓþ Ó ÎÁÍÉ 
ÎÁÍÅÒÁÎĻÍÉ ÖĻÓÌÅÄËÁÍÉ ÐÒÅ ÖÏÄÉÖÏÓĩȢ .ÁÍÅÒÁÎï ÈÏÄÎÏÔÙ ÂÏÌÉ ÎÉĿĤÉÅ 
ÁËÏ ÕÖÜÄÚÁÊĭ ÁÕÔÏÒÉ 2ÁÈÍÁÎ ÅÔ ÁÌȢ ɉςπςρɊȢ $ĖÖÏÄÏÍ ÍÏÈÌÏ ÂÙĩ ÖßéĤÉÅ 
ÍÎÏĿÓÔÖÏ ÌÜÔÏËȟ teplota a pod. 

 

4ÁÂÕċËÁ σȡ (ÏÄÎÏÔÙ ÆÙÚÉËÜÌÎÙÃÈ ÐÁÒÁÍÅÔÒÏÖ ÖÏ ÖÚÏÒËÜÃÈ ÐÏÖÒÃÈÏÖĻÃÈ 
ÖĖÄ ɉÐÏÔÏË ¦ÁËÏÖ Á "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊ 

 
Vzorky  

Teplota  vody (o C) 

2024 2025  

(leto)  ɉÊÅÓÅĐɊ (zima)  (jar)  priemer  

1 ρωȟπϻπȟυ
9 

ρπȟπϻπȟυω ρπȟπϻπȟυω ψȟπϻπȟυω ρρȟψϻυȟσ4 

2 ςυȟπϻπȟυ
9 

ρςȟπϻπȟυω χȟυϻπȟυω σȟυϻπȟυω ρςȟπϻρπȟττ 

 Celkove pevne ÒÏÚÐÕÓÔÅÎï ÌÜÔËÙ (ppm=mg/l)  

1 φυȟππϻρȟφυ ςρςȟππϻυȟσψ ρχρȟππϻτȟστ ςσχȟππϻφȟπς ρχρȟςυϻψσȟυτ 

2 ρρχȟππϻςȟπω ρχχȟππϻσȟρφ ρφψȟππϻςȟωω ρωχȟππϻσȟυρ ρφτȟχυϻσψȟψφ 

 6ÏÄÉÖÏÓĩ ɉА3ȾÃÍɊ 

1 ψφςȟσσϻυς,80 ψψςȟφχϻυτȟπυ ψφπȟππϻυςȟφφ ωπρȟππϻυυȟρχ ψχφȟυπϻρωȟωρ 

2 χςψȟππϻτχȟφπ χτψȟφχϻτψȟωυ χψπȟππϻυπȟωω χωψȟππϻυςȟρχ χφσȟφχϻσσȟωω 

0ÏÚÎÜÍËÙȡ ρЀ ÐÏÔÏË ¦ÁËÏÖȟ ςЀ "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ 

σȢςȢ (ÏÄÎÏÔÅÎÉÅ ÃÈÅÍÉÃËĻÃÈ ÐÁÒÁÍÅÔÒÏÖ 

,ÁÂÏÒÁÔĕÒÎÙÍÉ stanoveniami ÃÈÅÍÉÃËĻÃÈ parametrov chceme 
ÐÏÕËÜÚÁĩ na stav a ËÖÁÌÉÔÕ ÖÏÄÎïÈÏ ÔÏËÕ Á ÖÏÄÎÅÊ ÐÌÏÃÈÙ 
ÎÁÃÈÜÄÚÁÊĭÃÉÃÈ ÓÁ Ö ÏËÏÌþ ÍÅÓÔÁ .ÏÖÜËÙ ɉ4ÒÅÎéÉÁÎÓËÏÍ ËÒÁÊÉɊȢ :ÉÓÔÅÎï 
ÖĻÓÌÅÄËÙ ÔĻÃÈÔÏ ÐÁÒÁÍÅÔÒÏÖ Óĭ Ö ÎÁÓÌÅÄÏÖÎÅÊ ÔÁÂÕċËÅ τȢ 

4ÁÂÕċËÁ τ ÓÕÍÁÒÉÚÕÊÅ ÈÏÄÎÏÔÙ reakcie vody (pH) z dvoch vodnĻÃÈ 
ĭÔÖÁÒÏÖ ɉÐÏÔÏË ¦ÁËÏÖ Á "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊȢ Hodnota pH je 
ÄĖÌÅĿÉÔĻ parameter kvality  vody, ËÔÏÒĻ ÏÖÐÌÙÖĐÕÊÅ ÃÈÅÍÉÃËï 
a ÂÉÏÌÏÇÉÃËï ÐÒÏÃÅÓÙ ÖÏ ÖÏÄÎÏÍ ÐÒÏÓÔÒÅÄþȢ : ÔÁÂÕċËÙ τ ÊÅ ÚÒÅÊÍïȟ ĿÅ 
ÒÅÁËÃÉÁ ÖÏÄÙ ÖÏ ÖĤÅÔËĻÃÈ ÏÄÂÅÒÏÖĻÃÈ ÍÉÅÓÔÁÃÈ ÓÁ ÐÏÈÙÂÏÖÁÌÁ Ö 
ÍÉÅÒÎÅ ÚÜÓÁÄÉÔÏÍ ÁĿ ÔÁËÍÅÒ ÎÅÕÔÒÜÌÎÏÍ ÒÏÚÍÅÄÚþ ÐÏÄċÁ ÔÒÉÅÄÙ 
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ËÖÁÌÉÔÙȢ 0ÒÉÅÍÅÒÎï ÈÏÄÎÏÔÙ Ð( Óĭ ÐÒÉÂÌÉĿÎÅ χȟωπ Ö ÏÄÏÂÒÁÎĻÃÈ 
ÖÏÒËÜÃÈ ÖÏÄÙ Ú ÏÂÉÄÖÏÃÈ ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÃÈȢ 4Ï ÎÁÚÎÁéÕÊÅȟ ĿÅ 
ÓÌÅÄÏÖÁÎï ÖÏÄÙ ÎÉÅ Óĭ ÖĻÒÁÚÎÅ ËÙÓÌï ÁÎÉ ÚÜÓÁÄÉÔïȢ 

#ÅÌËÏÖÜ ÁÌËÁÌÉÔÁ ÖÙËÁÚÕÊÅ ÒÅÌÁÔþÖÎÅ ÍÅÎĤÉÕ ÖÁÒÉÁÂÉÌÉÔÕ Ö ÐÏÒÏÖÎÁÎþ 
s ÉÎĻÍÉ ÐÁÒÁÍÅÔÒÁÍÉ ËÖÁÌÉÔÙ ÖÏÄÙȟ Á ÔÏ ÁËÏ ÍÅÄÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ 
ÖÚÏÒËÁÍÉȟ ÔÁË ÁÊ Ö ÒÜÍÃÉ ÊÅÄÎÅÊ ÖÚÏÒËÙ Ö ÒĖÚÎÙÃÈ ÏÂÄÏÂÉÁÃÈ ÒÏËÁȢ 
(ÏÄÎÏÔÙ ÓÁ ÖÏ ÖĤÅÏÂÅÃÎÏÓÔÉ ÐÏÈÙÂÕÊĭ Ö ÐÏÍÅÒÎÅ ĭÚËÏÍ ÒÏÚÍÅÄÚþȟ éÏ 
ÎÁÚÎÁéÕÊÅ ÕÒéÉÔĭ ÓÔÁÂÉÌÉÔÕ ÐÕÆÒÁéÎÅÊ ËÁÐÁÃÉÔÙ ÓÌÅÄÏÖÁÎĻÃÈ ÖĖÄ ÖÏéÉ 
ÏËÙÓċÏÖÁÎÉÕȢ 0ÒÉÅÍÅÒÎï ÈÏÄÎÏÔÙ ÁÌËÁÌÉÔÙ ÐÒÅ ÊÅÄÎÏÔÌÉÖï ÖÚÏÒËÙ ÓÁ 
ÐÏÈÙÂÕÊĭ ÏÄ σȟτρ ϻ πȟρς ÍÍÏÌȾÌ ÐÏ σȟωφ ϻ πȟρω ÍÍÏÌȾÌ ɉ"ÁÎÓËï 
ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊȢ 4ÁÂÕċËÁ τ ÓÕÍÁÒÉÚÕÊÅ ÍÅÒÁÎÉÁ ÃÅÌËÏÖÅÊ ÁÌËÁÌÉÔÙ 
ÓÔÁÎÏÖÅÎï ÔÉÔÒÁéÎÏÕ ÍÅÔĕÄÏÕ ÐÏ ÄÏÓÉÁÈÎÕÔþ Ð(Ѐτȟυ ɉ+.+4,5) 
z ÏÄÂÅÒÏÖĻÃÈ ÍÉÅÓÔȢ 

!Ë ÐÏÒÏÖÎÜÍÅ ÎÁÍÉ ÄÏÓÉÁÈÎÕÔï ÖĻÓÌÅÄËÙ Ó ÖĻÓÌÅÄËÁÍÉ !ÙÄÉÎÁ ÅÔ ÁÌȢ 
ɉςπςρɊȟ ÔÁË ÓÁ ÖßéĤÉÎÁ ÎÁÍÉ ÎÁÍÅÒÁÎĻÃÈ ÈÏÄÎĖÔ ÃÅÌËÏÖÅÊ ÁÌËÁÌÉÔÙ 
ÚÈÏÄÏÖÁÌÁ Ó ÉÃÈ ÖĻÓÌÅÄËÁÍÉȢ 

+ÏÎÃÅÎÔÒÜÃÉÅ ÃÈÌÏÒÉÄÏÖ ÖÙËÁÚÕÊĭ ÚÎÁéÎĭ Öariabilitu medzi 
ÊÅÄÎÏÔÌÉÖĻÍÉ ÖÚÏÒËÁÍÉȢ 4ÁÂÕċËÁ τ ÐÏÓËÙÔÕÊÅ ÐÒÅÈċÁÄ Ï 
ËÏÎÃÅÎÔÒÜÃÉÜÃÈ ÃÈÌÏÒÉÄÏÖ ɉ#ÌϖɊȢ 6ßéĤÉÎÁ ÖÚÏÒÉÅË ÍÜ ÒÅÌÁÔþÖÎÅ ÎþÚËÅ 
ËÏÎÃÅÎÔÒÜÃÉÅ ÃÈÌÏÒÉÄÏÖȢ V ÒÜÍÃÉ ÊÅÄÎÏÔÌÉÖĻÃÈ ÖÚÏÒÉÅË ÓÁ ËÏÎÃÅÎÔÒÜÃÉÅ 
chloridov v priebehu roka menili. Rozdiely v priemÅÒÎĻÃÈ 
ËÏÎÃÅÎÔÒÜÃÉÜÃÈ ÍÅÄÚÉ ÔĻÍÉÔÏ ÖÚÏÒËÁÍÉ ÎÁÚÎÁéÕÊĭ ÍÉÅÒÎÅ ÏÄÌÉĤÎï 
ÇÅÏÌÏÇÉÃËï ÐÏÄÍÉÅÎËÙ ÁÌÅÂÏ ÌÏËÜÌÎÅ ÁÎÔÒÏÐÏÇïÎÎÅ ÖÐÌÙÖÙȢ 

#ÈÅÍÉÃËÜ ÓÐÏÔÒÅÂÁ ËÙÓÌþËÁ ÍÁÎÇÁÎÏÍÅÔÒÉÃËÙ ɉ#(3+Mn) ÊÅ ÉÎÄÉËÜÔÏÒÏÍ 
ÏÒÇÁÎÉÃËïÈÏ ÚÎÅéÉÓÔÅÎÉÁ ÖÏÄÙ ɉ£ÏÒÍÁÎ ÅÔ ÁÌȢȟ ςπςυɊȢ IþÍ ÖÙĤĤÉÁ ÊÅ 
ÈÏÄÎÏÔÁ #(3+ȟ ÔĻÍ ÖÉÁÃ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÏË ÓÁ ÖÏ ÖÏÄÅ ÎÁÃÈÜÄÚÁ Á ÔĻÍ 
ÖÉÁÃ ËÙÓÌþËÁ ÊÅ ÐÏÔÒÅÂÎï ÎÁ ÉÃÈ ÃÈÅÍÉÃËĭ ÏØÉÄÜÃÉÕ ɉ,ÉÓÉÃËÜ ÅÔ ÁÌȢȟ ςπςυɊȢ 
4ÁÂÕċËÁ τ ÚÏÂÒÁÚÕÊÅ ÖĻÓÌÅÄËÙ ÍÅÒÁÎþ ÃÈÅÍÉÃËÅÊ ÓÐÏÔÒÅÂÙ ËÙÓÌþËÁ z 
ÄÖÏÃÈ ÖÏÄÎĻÃÈ ĭÔÖÁÒÏÖ ɉÐÏÔÏË ¦ÁËÏÖ Á "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊ v 
ÐÒÉÅÂÅÈÕ ĤÔÙÒÏÃÈ ÒÏéÎĻÃÈ ÏÂÄÏÂþȢ Hodnoty CHSKMnȟ ÉÎÄÉËÕÊĭÃÅ ÏÂÓÁÈ 
ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÏË ÏØÉÄÏÖÁÔÅċÎĻÃÈ ÃÈÅÍÉÃËÏÕ ÃÅÓÔÏÕȟ ÓÁ ÍÅÄÚÉ 
ÖÚÏÒËÁÍÉ ÌþĤÉÌÉȟ ÁÌÅ ÖÏ ÖĤÅÏÂÅÃÎÏÓÔÉ ÓÁ ÐÏÈÙÂÏÖÁÌÉ Ö ÒÅÌÁÔþÖÎÅ ĭÚËÏÍ 
ÒÏÚÍÅÄÚþȢ 3ÅÚĕÎÎÁ ÖÁÒÉÁÂÉÌÉÔÁ ÂÏÌÁ ÍÉÅÒÎÁȟ Ó ÖĻÎÉÍËÏÕ ÎÉÅËÔÏÒĻÃÈ 
vzoriek. 

$ÕÓÉéÎÁÎÏÖĻ ÄÕÓþË ÊÅ ÆÏÒÍÁ ÄÕÓþËÁȟ ËÔÏÒÜ ÊÅ ÄĖÌÅĿÉÔÏÕ ĿÉÖÉÎÏÕ ÐÒÅ 
ÒÁÓÔÌÉÎÙȟ ÁÌÅ ÊÅÈÏ ÎÁÄÍÅÒÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÍĖĿÕ ÂÙĩ ĤËÏÄÌÉÖïȢ : 
ÔÁÂÕċËÙ τ ÊÅ ÚÒÅÊÍïȟ ĿÅ ËÏÎÃÅÎÔÒÜÃÉÅ ÄÕÓÉéÎÁÎÏÖïÈÏ ÄÕÓþËÁ ÖÙËÁÚÕÊĭ 
ÚÎÁéÎĭ ÖÁÒÉÁÂÉÌÉÔÕ ÍÅÄÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ ÖÚÏÒËÁÍÉȟ ÁËÏ ÁÊ Ö ÒÜÍÃÉ ÊÅÄÎÅÊ 
vzorky v ÒĖÚÎÙÃÈ ÏÂÄÏÂÉÁÃÈ ÒÏËÁȢ )ÃÈ ÎÁÄÍÅÒÎï ÏÂÓÁÈÙ ÖÏÄÅ ÍĖĿÕ 
ÖÉÅÓĩ Ë ÅÎÖÉÒÏÎÍÅÎÔÜÌÎÙÍ ÐÒÏÂÌïÍÏÍȟ ÁËÏ ÊÅ ÅÕÔÒÏÆÉÚÜÃÉÁȢ 0ÒÉÅÍÅÒÎï 
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ËÏÎÃÅÎÔÒÜÃÉÅ ÐÒÅ ÊÅÄÎÏÔÌÉÖï ÖÚÏÒËÙ ÓÁ ÐÏÈÙÂÕÊĭ ÏÄ ρȟψυ ϻ πȟφχ 
ÍÇȾÄÍύ ɉÖÚÏÒËÁ ςɊ ÁĿ ÐÏ τȟςυ ϻ ςȟπω ÍÇȾÄÍύ ɉÖÚÏÒËÁ ρɊȟ ËÔÏÒï 
ÚÁÒÁìÕÊĭ ÖÚÏÒËÙ ÄÏ )))Ȣ ÔÒÉÅÄÙ ËÖÁÌÉÔÙ ɉ4ÁÂÕċËÁ τɊȢ 4ÜÔÏ ÖÁÒÉÁÂÉÌÉÔÁ 
ÎÁÚÎÁéÕÊÅȟ ĿÅ ÒĖÚÎÅ ÆÁËÔÏÒÙȟ ÐÒÁÖÄÅÐÏÄÏÂÎÅ ÓÐÏÊÅÎï Ó ÌÏËÜÌÎÙÍÉ 
ÚÄÒÏÊÍÉ ÄÕÓþËÁ Á ÈÙÄÒÏÌÏÇÉÃËĻÍÉ ÐÏÄÍÉÅÎËÁÍÉ Ö ÏËÏÌþ .ÏÖÜË 
ɉ4ÒÅÎéÉÁÎÓËÏÍ ËÒÁÊÉɊȟ ÏÖÐÌÙÖĐÕÊĭ ÐÒþÔÏÍÎÏÓĩ ÄÕÓÉéÎÁÎÏÖ Ö 
ÓÌÅÄÏÖÁÎĻÃÈ ÖÏÄÜÃÈȢ 4ÉÅÔÏ ÚÍÅÎÙ ÐÒÁÖÄÅÐÏÄÏÂÎÅ ÓĭÖÉÓÉÁ Ó 
ÐÏċÎÏÈÏÓÐÏÄÜÒÓËÏÕ éÉÎÎÏÓĩÏÕ v ÏËÏÌþ .ÏÖÜËȟ ÔÙÐÏÍ ÖÏÄÎïÈÏ ÚÄÒÏÊÁ 
Á ÈÙÄÒÏÌÏÇÉÃËĻÍÉ ÐÏÄÍÉÅÎËÁÍÉȢ 

 
4ÁÂÕċËÁ 4: (ÏÄÎÏÔÙ ÃÈÅÍÉÃËĻÃÈ ÐÁÒÁÍÅÔÒÏÖ ÖÏ ÖÚÏÒËÜÃÈ ÐÏÖÒÃÈÏÖĻÃÈ 
ÖĖÄ ɉÐÏÔÏË ¦ÁËÏÖ Á "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖɊ 

pH hodnoty  

Vzorky  2024 2025 priemer  

(leto)  ɉÊÅÓÅĐɊ (zima)  (jar)   

1 ψȟππϻπȟςτ χȟωπϻπȟπω χȟψυϻπȟρψ χȟωςϻπȟςυ χȟωςϻπȟπψ 

2 χȟωσϻπȟςφ χȟωυϻπȟρρ χȟωπϻπȟρχ χȟωφϻπȟςτ χȟωτϻπȟπσ 

Alkalita  ÃÅÌËÏÖÜ ɉ+.+4,5) (mmol/l)  

1 σȟσπϻπȟπφ 3,τςϻπȟπς σȟυτϻπȟςρ σȟσχϻπȟρτ σȟτρϻπȟρς 

2 σȟφτϻπȟρς σȟωσϻπȟπω τȟςρϻπȟρσ τȟπτϻπȟρρ σȟωφϻπȟρω 

Chloridy  (mg/l)  

1 ρρȟπψϻςȟρρ ρπȟυφϻρȟωυ ωȟχχϻρȟςσ ψȟτχϻςȟρρ ωȟωχϻρȟςχ 

2 ψȟτχϻπȟωψ χȟωτϻρȟρπ χȟρχϻρȟρτ υȟψφϻρȟπρ χȟσφϻρȟςχ 

#ÈÅÍÉÃËÜ spotreba  ËÙÓÌþËÁ manganometric ky  (CHSKMn) (mg O2/l)  

1 τȟψυϻρȟπω υȟςςϻρȟωυ τȟτψϻρȟρς τȟπςϻρȟπφ τȟφτϻπȟυψ 

2 ψȟφωϻρȟςπ ψȟυτϻςȟπτ τȟψτϻρȟρω χȟσςϻςȟπρ χȟσυϻρȟψχ 

 +ÏÎÃÅÎÔÒÜÃÉÁ ÄÕÓÉéÎÁÎÏÖïÈÏ ÄÕÓþËÁ (mg/dm 3) 

1 φȟςωϻπȟπχ υȟχτϻπȟπρ ρȟωχϻπȟρυ σȟππϻπȟρυ τȟςυϻςȟπω 

2 ρȟρτϻπȟπσ ςȟυςϻπȟπτ ρȟωφϻπȟρτ ρȟχχϻπȟρτ ρȟψυϻπȟφχ 

0ÏÚÎÜÍËÙȡ ρЀ ÐÏÔÏË ¦ÁËÏÖȟ ςЀ "ÁÎÓËï ÐÒÅÐÁÄÌÉÓËÏ ¦ÁËÏÖ 

:ÜÖÅÒ 

!ÎÁÌÙÔÉÃËï ÍÅÔĕÄÙ ÎÁ ÓÔÁÎÏÖÅÎÉÅ ÃÈÁÒÁËÔÅÒÉÓÔþË ÐÏÖÒÃÈÏÖĻÃÈ ÖĖÄ 
ÐÒÅÄÓÔÁÖÕÊĭ ÎÅÏÄÄÅÌÉÔÅċÎĭ ÓĭéÁÓĩ ÏÃÈÒÁÎÙ ÖÏÄÎĻÃÈ ÚÄÒÏÊÏÖ 
a ÐÒþÓÔÕÐÕ Ë ÉÃÈ ÈÏÓÐÏÄÜÒÅÎÉÕȢ !ÎÁÌĻÚÁ ÆÙÚÉËÜÌÎÙÃÈ Á ÃÈÅÍÉÃËĻÃÈ 
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ÐÁÒÁÍÅÔÒÏÖ ÖÏÄÙ éÉÁÓÔÏéÎÅ ÕÍÏĿĐÕÊÅ ÉÄÅÎÔÉÆÉËÏÖÁĩ ÚÄÒÏÊÅ 
ÚÎÅéÉÓÔÅÎÉÁȟ ÐÏÓÕÄÚÏÖÁĩ ÊÅÈÏ ÍÉÅÒÕ Á ÎÜÓÌÅÄÎÅ ÐÒÉÊþÍÁĩ ÏÐÁÔÒÅÎÉÁ ÎÁ 
minimalÉÚÜÃÉÕ ÊÅÈÏ ÎÅÇÁÔþÖÎÙÃÈ ÄĖÓÌÅÄËÏÖȢ 6 ÒÜÍÃÉ ÐÒÜÃÅ ÂÏÌÉ 
ÐÒÅÓËĭÍÁÎï Á ÏÐþÓÁÎï ÖÙÂÒÁÎï ÁÎÁÌÙÔÉÃËï ÍÅÔĕÄÙ ÖÙÕĿþÖÁÎï ÎÁ 
ÈÏÄÎÏÔÅÎÉÅ ËÖÁÌÉÔÙ ÖĖÄ ÎÁ ÚÖÏÌÅÎĻÃÈ ÏÄÂÅÒÏÖĻÃÈ ÍÉÅÓÔÁÃÈ ÐÏéÁÓ 
ĤÔÙÒÏÃÈ ÒÏéÎĻÃÈ ÏÂÄÏÂþ Ö ÏÂÄÏÂþ ÒÏËÏÖ ςπςτɀςπςυȢ :þÓËÁÎï ÖĻÓÌÅÄËÙ 
ÐÏÔÖÒÄÉÌÉ ÏéÁËÜÖÁÎĭ ÓÅÚĕÎÎÕ ÖÁÒÉÁÂÉÌÉÔÕ ÖÉÁÃÅÒĻÃÈ ÆÙÚÉËÜÌÎÙÃÈ Á 
ÃÈÅÍÉÃËĻÃÈ ÐÁÒÁÍÅÔÒÏÖȢ : ÁÎÁÌĻÚ vyplynulo, ĿÅ ËÏÍÂÉÎÜÃÉÁ 
ÖÉÁÃÅÒĻÃÈ ÍÅÔĕÄ ÐÒÉÎÜĤÁ ËÏÍÐÌÅØÎÅÊĤþ obraz o kvalite ÐÏÖÒÃÈÏÖĻÃÈ 
ÖĖÄȢ 6ĻÂÅÒ ÖÈÏÄÎĻÃÈ ÁÎÁÌÙÔÉÃËĻÃÈ ÍÅÔĕÄ ÊÅ ÐÒÅÔÏ ÎÅÖÙÈÎÕÔÎĻ ÐÒÅ 
ÐÒÅÓÎï Á ÅÆÅËÔþÖÎÅ ÈÏdnotenie kvality vody. 
:ÜËÌÁÄÏÍ ÐÒÜÃÅ ÊÅ ÓÐÏÊÅÎÉÅ ÍÏÄÅÒÎïÈÏ ÂÜÄÁÔÅċÓËïÈÏ ÖÚÄÅÌÜÖÁÎÉÁ Ó 
ÇÌÏÂÜÌÎÏÕ ÔïÍÏÕ ÏÃÈÒÁÎÙ ÖĖÄȢ 0ÒÉéÏÍ ÖÙÕĿÉÔÉÅ ÆÙÚÉËÜÌÎÙÃÈ Á 
ÃÈÅÍÉÃËĻÃÈ ÍÅÔĕÄ ÄÜÖÁ ÖÚÄÅÌÁÎÉÕ ÏÄÂÏÒÎĻ ÚÜËÌÁÄȢ : ÈċÁÄÉÓËÁ 
ÂÕÄĭÃÎÏÓÔÉ ÊÅ ÎÕÔÎï ÓÉ ÕÖÅÄÏÍÉĩ ÁËĻ ÄÏÐÁÄ ÍÜ ÖÏċÂÁ ÂÜÄÁÔÅċÓËïÈÏ 
ÖÚÄÅÌÜÖÁÎÉÁ ÎÁ ÌÏËÜÌÎÙ ÖĻÚÎÁÍ ɉÖÏÄÁ Ö ÒÅÇÉĕÎÅɊ Á ÆÏÒÍÏÖÁÎÉÅ ÈÏÄÎĖÔ 
ĤÔÕÄÅÎÔÁȢ 

0ÏìÁËÏÖÁÎÉÅ 

0ÒÜÃÁ ÖÚÎÉËÌÁ Ó ÐÏÄÐÏÒÏÕ ÐÒÏÊÅËÔÕ +%'! τφϊ5+&-4/2025 s ÎÜÚÖÏÍ 
%ÎÖÉÒÏÎÍÅÎÔÜÌÎÁ ÃÈïÍÉÁ ÐÒÅ ÂÕÄĭÃÉÃÈ ÕéÉÔÅċÏÖȡ ÉÎÏÖÜÃÉÅ ÖÏ 
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