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Abstract: This review study aims to clarify the relationship between creativity development and
artificial intelligence in education. Although this is a media-emphasised topic and individual
technology projects (ChatGPT, Dalee-2, Midjourney) are part of educational activities, a more
comprehensive analysis of the specific emphasis on creativity still needs to be provided. The
study's novelty lies in synthesising current knowledge and forming recommendations about the
relationship between creativity and Al in education. The study analyses 16 documents from the
Web of Science database and, based on these, identifies six broad categories for critical
reflection on the phenomenon of educational practice: the need to rethink the educational
environment, goals and objectives, the emphasis on Al literacy, the focus on topics related to
the future and its problems, the importance of developing theoretical conceptualisation of
problems and abstract models in the curriculum, the connection with computational thinking,
and the integration into the whole curriculum instead of isolated courses.

Keywords: artificial intelligence; creativity; review study; education;, ChatGPT, Al;
technology in education

1. Introduction

Technology is fundamentally transforming education (Rodés Paragarino, V., & Gewerc, 2022;
Gonzélez-Pérez & Ramirez-Montoya, 2022). This is not just a matter of following trends
(Pelletier et al., 2022) but of making more profound and systematic changes to the very nature
of education (Treve, 2021). Technology is not external but a fundamental element transforming

the environment (Zhang et al., 2023; Pelletier et al., 2022; Oliveira & Souza, 2022).

Generative artificial intelligence has become a significant technology trend between 2022 and
2023 and has begun to take hold in the form of user-friendly tools. In the field of artefact
creation, the most visible projects are Dalle-2 (Kang et al., 2023; Hutson & Cotroneo, 2023),
Midjourney (Borji, 2022; Byrne, 2023) and for language models, undeniably ChatGPT (Deng
& Lin, 2022; Shahriar & Hayawi, 2023), for which there are already many studies focused on
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education (Lo, 2023; Kasneci et al., 2023). These technologies will majorly impact the labour
market (Zarifhonarvar, 2023; Pan & Froese, 2023).

For this reason, it is crucial to look at how ideas and models of education need to be transformed
in the context of technological change (Cerny, 2022). Specifically, we want to focus on the
relationship between artificial intelligence, creativity and education. It is creativity that has been
associated with language models and other projects using generative Al (Jia et al., 2023; Creely,
2023), even as an educational challenge (Shidiq, 2023) or an issue of humanity (Haase & Hanel,
2023) and the development of typical human qualities and characteristics. The question of the
relationship between the form of education and the use of Al to develop creativity will be a

crucial focus of this study.

We know that the definition of the two key terms of our study is fluid and that each author may
treat it differently. Artificial intelligence could be understood in the 1950s as a theory of human
intelligence that machines can manifest, but it is not very easy to define in the current era (Bini,
2018). It can be seen as a superordinate concept of machine learning (Helm et al., 2020). Dobrev
(2012, p. 2) boldly claims that "Al will be such a program which in an arbitrary world will cope
no worse than a human". Turing's approach (Elkins & Chun, 2020) similarly reckons that an
intelligent system is one that we cannot differentiate from a human in dialogue (Danziger, 2022;
Alberts, 2022). In our study, we recognise the limitations of these definitions, which always
work only with a specific facet of human activity, and we will understand artificial intelligence
as a non-deterministic algorithm that uses machine learning to solve a particular set of

problems.

Creativity can be a similarly complicated concept (Kampylis & Valtanen, 2010; Walia, 2019).
Koestler (1981; 2014) suggests creativity occurs when two distinctly different frames of mind
intersect. These are applied to a single phenomenon whose understanding differs from how we
have understood it. Wallas (Sadler-Smith, 2015; Setiawani et al., 2019) links it to expertise that
leads to a new idea being evaluated and succeeding in that evaluation. For this study, we can
simplify creativity to a description derived from the Cambridge Dictionary: 'the ability to
produce original and unusual ideas, or to make something new or imaginative', as the
approaches of most of the studies we have analysed can be integrated into this definition. For a
deeper analysis, we lean towards Feyerabend's (1984) understanding of creativity, which
associates it with expertise, courage and originality. We will return to the meaning and structure

of these simplifications and definitions at the end of this review.
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There are currently (as will be shown in the Results section) a relatively large number of sub-
studies that address the rise of creativity and Al in education. Still, there is a lack of a broader
integrative view of the issue that can be examined from broader perspectives than just case
studies or idea papers. In this study, therefore, we attempt to answer the question of the

relationship between Al, creativity and education, specifically in formal education.

2. Methodology

The Web of Science (WoS) database, which collects documents from the most prestigious
journals, proceedings and other sources, was used to obtain data for the review study. Thus, it
provides the theoretically best quality and best-described results of current research among the
databases. For the search itself, we used two selection steps. In the first step, we worked with
the keywords "Al creativity education". The word education instead of learning was deliberate
because the word learning occurs strongly in technology practice in the context of neural

network learning or machine learning.

In this way, we obtained the first data set of 263 results. We exported keywords, fields of
investigation, and abstracts in Voyant Tools for quantitative text document analysis to perform
the first data analysis. This part of the research aims to provide a baseline for comparing the
relevance of the results obtained for the second part of the review study. The dataset was

finalised on 3 . August 2023.

To be able to go through the texts systematically, it was necessary to set additional rules for the

selection of results. We, therefore, chose the following added criteria:
1. The language of the result must be English (reduction to 247 results)
2. Must be Open Access documents (reduction to 84 documents)
3. Document type - Article (reduction to 63)
4. Social Science Research Domain (reduced to 23)
5. Manual selection of irrelevant documents (reduction to 16)

Irrelevant results were applied in two sets of cases. Either the study was unrelated to the topic,
even marginally, or (in the case of two studies) the articles needed to be of better quality. They
were withdrawn from the journal by the publisher. They still appeared in the database. The fact
that a relatively strongly selected dataset had 30% of results irrelevant shows that the topic we

studied is, on the one hand, new and needs to be grasped.
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On the other hand, extremely attractive in terms of keywords. At the same time, the original
dataset with 263 results may have minimal relevance to the topic under study. The path of a

qualitatively oriented review study is the only possible one in this context.

For the qualitative part of the review study, we looked at the research design and the focus of
the study (whether it is theoretical, empirical or applied). For the critical question and findings,
we did not follow the tone of the entire study but what was relevant to our research topic. Some
of the studies addressed the phenomenon only marginally, so it was necessary to look at the
details in the results. The original intention was also to observe the prevailing attitude of the
study towards the Al phenomenon. This is not reported in the results, as it was positive or
neutral in almost all studies. A completely different analytical method would have been needed

for a more careful distillation.

In the table (Table 2) with the results, we list the countries, by which we mean the countries of
the authors' institutions as listed in the WoS. The WoS also provides a summary of citation

feedback, so the total citation feedback for some studies will be higher.

Three significant limitations of the study can be seen. 1) The too-small research sample
analysed in the qualitative part reduces the possible diversity of conclusions and the plasticity
of the issues reflected. 2) We only work with studies from WoS, which constitute a specific
slice of reality; the study could be extended with studies from other databases (especially
Scopus) or sources outside the academic environment that would be more relevant to practical
issues and problems. 3) The studies are focused on only part of the world in their selection - we
need studies from Africa, more documents from Europe or the Middle East and other areas. At

the same time, their conception of creativity may differ from the studies in this review.

3. Results

In the first part of the results, we would like to offer a more comprehensive view of the whole
issue through the lens of the two datasets mentioned above - one with 263 documents (Full)
and the other with 16 selected ones (Selected). This first quantitative analysis aims to offer a
basic description of the whole research set. Regarding the description of the datasets, the first
Full with abstracts has approximately 54.3 thousand words and 6.2 thousand unique word
forms; with keywords, we can talk about 4.5 thousand words and 1.2 thousand unique word
forms. It is already clear from this overview that the thematic and content dispersion of the

studies will be considerable.
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Fig 1. Wordcloud of abstracts for the entire dataset.
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Fig 2. Wordcloud of abstracts for the sample dataset.

A comparison of Figure 1 and Figure 2 shows that the datasets are relatively similar in content

(we are comparing abstracts, which already give a rather good indication of article casts).
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However, compared to the former, our reduced dataset is more technical and less design-
oriented, which should be considered when analysing the overall thematic focus of the studies.
We also include a table (Table 1) with the most frequent keywords in the dataset analysed for

a more profound overview of the research field.

Table 1. Captures data from the entire dataset from keywords with a frequency higher than

25.
Keyword - frequency
Creativity - 111 Artificial - 44
Learning - 93 Innovation - 32
Education 93 Creative - 31
Design - 62 Thinking - 28
Intelligence - 57 Model - 28
Al -47 Technology - 26

To illustrate the thematic landscape of the studies, we also include an analysis by discipline
(Figures 3 and 4), as generated by the analytical tool integrated into the Web of Science. Their
comparison shows that our selection for social sciences reduced primarily technical papers,
which may not have sufficient relevance for the topic we studied. At the same time, the data
show that our research is in a field at the boundary between educational sciences and computer

sciences.
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Fig. 4. Fields in the sample dataset.

In the second part of the presentation of the results, we will work with the table (Table 2) that
we obtained by carefully reading the individual studies in the sample (to which Figures 2 and 4

correspond).

Table 2. Overview of studies included in the qualitative part of the review study. The
abbreviations for countries in the last column are KOR - Korea, USA - United States, CHN -
China, ITA - Italy, THA - Thailand, DEU - Germany, UKR - Ukraine, GB - United Kingdom,
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and AUS - Australia. The abbreviation Ref. denotes the number of citations (excluding self-

citations) in WoS.

Authors Question Methodology T/E/A Interesting findings Ref State

Students with a better understanding

What is  the of Al are less afraid and more able to
Marrone, R; relationship implement it in their creative process.
Taddeo, V and between AI and Focus groups, Al literacy is a crucial element for the
Hill, G creativity? interviews E future of education. 5 AUS

The study shows that it is necessary to
look for areas in which the use of Al
makes sense and, at the same time, to

connect work with Al systems with

Do we need to educational support. Then, better
Kim, J and Lee, educate when we results can be achieved in creativity,
SS can use AI? Experiment E at least in art. 0 KOR

Students who work with VR and Al

The combination are more creative and immersed in
of Al and VR and learning. A fundamental limitation is
Rong, QM; Lian, their educational the need for adequate teaching
Q and Tang, TR  effects. Questionnaire E practices. 2 CHN

The study shows that computers can
create jokes or perform humour,
thanks to discoveries in the field of
humour itself. Good knowledge of the
phenomena to be generated is a
Can  computers Theoretical prerequisite  for their successful

Ritchie, G create humour?  study T implementation. 10 GB

COVID-19 led to a transformation of

teaching methods and forms. Al

What impact has represents the next natural step
COVID-19 enabled by the pandemic. Al systems
brought on the can support differentiated and
transformation of Overview individualised  instruction  while

Treve, M higher education? study E reducing the burden on educators. 18 THA
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The study says we do not know much
yet, so we should work with this tool
as much as possible. It cannot be

banned or restricted, but that does not

What mean it is a one-size-fits-all answer.
opportunities  or Regarding creativity development,
threats does the study emphasises the possibility of
ChatGPT bring to brainstorming or focusing on more
Iskender, A tourism education. Experiment E cognitively demanding tasks. 6 USA

The study shows that if education is to
lead to the creation of products, Al

can help achieve higher quality and

How can AI help more complex outputs, leading to
Tang, TR; Li, PF students with more efficient use of time and, thus,
and Tang, QH design proposals? Experiment E higher quality education. 0 CHN

The study shows that the design of
ML algorithms incorporates concepts,
such as the innovative cyclic

approach, that are the same as those

Dwivedi, U; How can ML found in theories of creativity. Thus,
Gandhi, J; (...); education help learning to program ML algorithms
Kacorri, H creativity? Experiment E stimulates creative competence. 1 USA

Viktorivna, KL;

Oleksandrovych, How does Al The study shows that working with Al
VA; (...); affect foreign systems can reduce spontaneity and,
Oleksandrivna, language thus, creativity, as we often focus on
KN learning? Questionnaire E personalised but closed tasks. 0 UKR

The study explored broader STEM
topics but also explicitly works with
Al. As a result, the emphasis on
combining creativity and STEM
makes much sense if we want students
to be able to think innovatively and
find new ways. STEM does not

Henze, J; Schatz, How to connect Al Questionnaire, .. ..
oppose creativity but positively

. . 9 . .
C; (...); Bresges, A and STEM? interviews E influences cach  other  when DEU
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Jia, ZX and Yang,
YF

Gloor, P;
Colladon, AF and
Grippa, F

Davis, AE

Chun, H

How can Al
support decision- Machine data

making processes? analysis A

How can AI be
used to classify
ethical human Machine data

behaviour? analysis E/T

What areas of
legal practice will
be spared the Theoretical

impact of AI? study T

What impact does
3D printing have
on the education Theoretical

process? study T

appropriately nurtured educationally.
This study presents a concrete model

of such interaction.

The study deals with our topic only
marginally. The critical point is that
education significantly impacts the
ability to use technology, including
Al systems, and that Al-related
creativity in the areas studied is
gradually increasing. It can be said

that we are learning to be creative

using Al

Creative groups are more emotional.
Multiple studies show a strong link
emotion  and

between  positive

creativity. This fact leads to a
discussion about creative groups'
ethical standardisation and stability

and the importance of educating them.

According to the study, lawyers will
provide four services Al cannot -
decision-making, empathy, creativity
and adaptability. These areas must be
educationally targeted as they will be
challenging to

replace

algorithmically.
The addresses the

study topic

peripherally ~ but  shows  that
technology (specifically 3D printing)
positively impacts the development of
creativity and creative thinking and
that Al will fundamentally influence
it. We need to look for ways to
continue to engage with these themes
the same time

while at taking

advantage of the opportunities that

1

0

CHN

ITA

USA

USA

CHN

JATES: Journal of Applied Technical and Educational Sciences

License: CCBY 4.0


https://doi.org/10.24368/jates353

Vol. 13, No. 3,2023 pp. 1-24 https://doi.org/10.24368/jates353 11

technological change realistically

brings.

Al-enabled systems force us to think
about long-standing social issues
more complexly and systematically,

not just analytically. The study

How to help highlights the educational pivot that
technology needs to be made if technology is to
educate for an be used significantly for the benefit of
Riekki, J and innovative and Theoretical humanity and not for the pursuit of
Mammela, A sustainable world? study T petty parochial goals. 5 FIN

Despite its title, the study only
marginally deals with the topic. It
understands creativity in the search

for the use of Al in different areas of

online education, with the
Shafique, R; What is the role of understanding that the context and KOR
Aljedaani, W; (...); AI  in  online Overview possibilities of a given situation must &
Choi, GS education? study T always be carefully understood. 0 USA

If we were to comment on the results from Table 2 in general, most studies are from China (4),
whose authors fail to link to the international setting. These are both lower quality and less cited
studies than those coming from the Western cultural circle. On the other hand, the authors from
the USA have three separate articles, but another two are produced by collaboration. An
analysis of the cultural background of each study may also be relevant in that different
educational systems and cultures place different emphasis on the importance and role of
creativity in the educational process. Therefore, the analysis of texts should be approached with

an awareness of the importance of cultural differences.

Empirical studies dominate, primarily based on testing a tool or procedure and then reflecting
on it. The research designs in all analysed studies were relatively simple (except for the complex
survey by Henze et al. (2022). However, review studies do appear, although the samples they

work with are not (as in our case) particularly large or elaborate.
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4. Analysis

The analysis of the studies is guided by an attempt to formulate some key themes that may be
useful for further research on the relationship between education, artificial intelligence and
creativity. This section follows a qualitative approach, so the key for us is not the number of

occurrences but the themes each study offers.

Some studies show that the critical issue will be redesigning the educational environment and
its practices. Tang et al. (2022) point out that artificial intelligence makes it possible to work
with topics and projects that would be unattainable in standard class time or school assignments.
Education through these technologies can be closer to practice and, at the same time, help with
motivation. However, such a transformation expects a fundamental change in how educational
lessons are designed. Victoriana et al. (2022) is our review's only negatively oriented study.
This is not due to a negative attitude towards Al but because its inappropriate use in school
education can lead to the creation of closed, uncreative tasks, which suppresses the meaning
and educational usefulness of the whole technology. We need to change mindsets and
frameworks to achieve good results. This is also confirmed by the study of Henze et al. (2022),
who work with the development of a new educational framework and try to show that new
technologies (specifically Al) allow for better work with imagination, creativity and discovery
learning, and can lead to improvisation and quality learning if they are well used and logically
implemented in the educational curriculum. If Al is to help creativity, new frameworks for its

use, not minor applications in existing practice, must be sought.

The second important aspect of developing creativity about Al in education is the ability to
work with Al tools and systems. The phenomenon sometimes referred to in the literature as Al
literacy is a prerequisite for working creatively with these tools. Marrone et al. (2022) say that
the better students know the tools, the less fearful they are of using them and the more creative
their application can be. Similarly, Jia and Yang (2022) stress the importance of knowing the
tools to make effective decisions and use them. Kim and Lee (2023) emphasise that knowledge
of the tools allows one to look for areas in which Al makes sense and in which it does not. Good
sub-tool knowledge is a prerequisite for developing creative thinking with Al, creating a sense

of confidence and an experiential base essential for creativity.

Other studies touch on the theme of the future - creativity is oriented not to the present but to
the space of the future, to the change of work positions, procedures, processes, and

transformation of society. So, we can see the social aspects of these tools. Davis (2020) asks
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about the legal profession's future and emphasises four 'new' areas that must be developed
educationally - decision-making, empathy, creativity and adaptability. In all of these, the
possibility of Al is evident, but simultaneously, the emphasis is on the presence of humans and
their responsibility. Riekki and Mammela (2021) see the importance in that these tools and
technologies will enable understanding of context in broader perspectives; education needs to
focus on understanding context and contexts and the possibility of collaboration to solve
complex and otherwise intractable problems and challenges. Iskender (2023) points out that we
are still waiting to see the impact of these technologies. However, the way forward is to refrain
from banning them but to engage in critical discussion and analysis, looking for ways to foster

creativity through technology.

The advent of Al can mean something other than the loss of the need to understand theoretical
concepts and problems. It is not about the end of classical education in which machines will
replace humans but about the ability to use Al to apply and reflect on models. Ritchie (2013)
shows that Al allows us to work with humour when we understand it sufficiently. Gloore et al.
(2022) create models of ethical behaviour and then test them with AL These technologies allow
students to work more actively with their ideas if they understand well the world to which they
relate, which is also the conclusion of Henze et al. (2022). Shafique et al. (2023) emphasise an
excellent knowledge of the context and theories that constitute the fundamental prerequisite for

Al systems' creative and meaningful use.

A specific perspective is offered by the study of Dwivedi et al. (2021), who points out that the
ability to create one's machine learning models (i.e., to use artificial intelligence by having
learners create or adapt the tools or algorithms themselves) is structurally identical to creative
thinking. Programming Al for a specific task means understanding the context and having Al
literacy. The authors believe that combining this with the ability to write code enables

fundamental creative thinking.

It should also be remembered that Al does not form an isolated entity but often acts in the
context of other tools and technologies; separating it from the rest of the tools and applications
in research and school practice can have strong simplifying effects. Trewe (2021) points out
that the whole phenomenon of Al must be seen in the particular educational and social field we
find ourselves in since the COVID-19 pandemic. The latter has opened up a space for the
transformation of education, and Al is entering this transformation as one of the factors. Above
all, Trewe sees its future in the possibility of greater customisation of teaching, again a

phenomenon that has opened up and is developing rapidly in the context of the pandemic. Rong
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et al. (2022) see Al as a tool to better work with the positive educational aspects of virtual
reality. Similarly, Chun (2021) links Al to the possibility of better use of 3D modelling and its

positive impacts on the educational profile of students.

5. Discussion

Our analysis described six specific themes or aspects of the relationship between Al, creativity
and education. Here we would like to put them in a broader context. The topic of teaching and
Al has been described in the literature about education for a long time (Wong et al., 2020; Eaton
et al., 2018; Zhai et al., 2021; Beck et al., 1996). What is new - and what emerges from our
study - is that educational grasp is not easy and will require more than simply extending lessons,
including new lessons or courses (Ouyang et al., 2022). We need some paradigm shift in

education to be creative (Cerny, 2022).

Developing Al literacy (Ng et al., 2021; 2021a; Perchik et al., 2023) is essential for creativity
education. If students cannot work with the tools, understand how they are shaped and the
theoretical models and limits behind them, or lack ethical reflection on the phenomenon (Zhang
et al., 2022), the positive impacts on creativity will be very limited. The development of new
educational programmes and courses must not only be linked to informal education but should
also gain sufficient space in both universities (Southworth et al., 2023) and lower levels of

education (Olari & Romeike, 2021; Casal-Otero et al., 2023).

At the level of reconceptualising considerations of curriculum structure, there is also the theme
of understanding the actual content or models that students could work with further or be used
as theoretical underpinnings for working with Al, a theme related to looking to the future. In
the literature, this theme can be seen well in the field of geography education (Burkholder,
2022; Davidson et al., 2023), where many studies focusing on the use of Al tools also appear
(Chang & Kidman, 2023; Kim, 2023). From a broader perspective, we can see studies on the
ability to solve large and complex problems through Al (Bao & Xie,2022; Zheng et al., 2022).
These studies show that Al allows us to tackle many classical topics or problems from a
completely different perspective and will force us to abandon the idea of a classical

epistemically complete reality in favour of conceptual design (Floridi, 2019).

The development of computational thinking (Grover & Pea, 2013; Aho, 2012) has also been
increasingly addressed in studies tracing its relationship to Al and machine learning (Garcia et
al., 2019; Tedre, 2022). It should be emphasised that we differentiate between programming,

which increasingly in its primary forms can be done by Al systems (McNutt et al., 2023; Becker
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et al., 2023), but the goal is to develop a particular way of thinking that is associated with
creativity (Israel-Fishelson & Hershkovitz, 2022).

We see the temptation to reduce Al education to partially isolated courses as fundamental
(DeNero & Klein, 2010; McGovern et al., 2011; Hu et al., 2023). Indeed, education in this area
requires an integrative approach to lead to a closer relationship between Al and creativity. It is
the specific applications (Eriksson et al., 2020; Mazzone & Elgammal, 2019; Miller, 2019) that
lead to arguably the most exciting results, both directly in the domain being practised and in

education (Al et al., 2019; Zhai et al., 2021).

6. Conclusion

This is not the case. However unambiguous the media image of the phenomenon we have
analysed might be. On the one hand, there is a large number of studies that address and reflect
on the topic in some way; on the other hand, it can be said that - within all the studies analysed
- there is more of a focus on the particulars than a systematic vision of the whole that works
with a more demanding systematic theoretical approach. The remarks that can be found in the
studies of Treve (2021) that there is and will be a transformation of educational reality that we
do not yet see or understand, or Davis (2020), who asks what will change and seeks general
reflections on humanity and its uniqueness, are so far the fundamental underpinnings of the

whole discussion.

Our aim at the beginning of the study was to analyse the sub-themes that could be used as a
basis for constructing a course focusing on the development of Al literacy about creativity.
However, it turned out that not only was it impossible to respond adequately academically to

such an assignment, but we needed a broader theoretical definition of the whole issue.

The relationship between the philosophy of education (Noddings, 2018) and the philosophy of
information, as considered by Floridi (2019; 2014), needs to be considered, seeking a broader
theoretical anchoring of the whole issue. Studies show that the need for more critical reflection
on the phenomenon of creativity about technology is one of the significant barriers to further
research. The studies understand creativity exclusively (at least in our selection) as an individual
phenomenon, as an activity of an individual primarily detached from society. Even perhaps the
most far-reaching study in this area, Tang et al. (2022), envisages a strongly individualised
conception of creativity. Similarly, the vague definition of AI is not only a technical or
conceptual problem but primarily a philosophical-pedagogical and didactic one; if we are not

clear enough about what Al is and how we want to reflect it, then we cannot expect to implement
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it in school subjects in a genuinely challenging way (Palous, 2008), to change the way we think

and solve problems (Riekki & Mammela, 2021).

Nevertheless, we believe that our study has provided some essential novelty points for further
research and theoretical reflection on the whole phenomenon, which can be seen as necessary
conditions for the development of the relationship between creativity and artificial intelligence

in the context of education:

e Alliteracy is a prerequisite for developing creativity. It is not possible to pit technology

and creativity against each other. One is impossible without the other.

e Creativity presupposes the presence of abstract synthesising system models and the
ability to think deeply and understand the world. This aspect should be emphasised as

much as possible in education in place of factual or procedural knowledge and skills.

e C(Creativity about Al enables new problems and challenges students perceive as necessary

and future-oriented.

e [t is advisable to think about the development of computational thinking in school, not
just algorithmisation and programming. Emphasis should be placed on general mental

models and ways of solving problems.

e The topic of Al if it is to be related to creativity, cannot be taught as an isolated stand-

alone subject but must be integrated into various subjects in the curriculum.
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Abstract: Due to the widespread integration of ICT in education, both the participants in the
teaching-learning process and the educational institutions themselves have become
increasingly susceptible to cyber threats. It is imperative to implement adequate protective
measures for several compelling reasons. Information security awareness plays a pivotal role
in the overall defense strategy. For this research paper, I evaluated the level of security
awareness among a particular group of students. The results are consistent with the
international research results. Among the findings, the two most problematic areas are
password management and not performing sensitive activities other than our computer.

Keywords: information security; cybersecurity awareness; e-learning security, online threats

1. Introduction

Cybersecurity awareness is briefly defined as "the degree of users' understanding about the
importance of information security, and their responsibilities to exercise sufficient levels of

information control to protect the organization's data and networks.” (Shaw et al., 2009)

Rahim, Hamid, Kiah, Shamshirband, and Furnell concluded that cybersecurity awareness plays
two significant roles: (i) alerting individuals using the internet about cybersecurity concerns
and potential threats (ii) improving their comprehension of cyber threats, encouraging them to
adopt security measures when using the internet wholeheartedly. (Rahim et al., 2015) The U.S.
National Institute of Standards and Technology (NIST) distinguishes between awareness,
training, and education. In their definition, learning is a continuum that starts with awareness,
builds to training, and evolves into education. (Wilson et al., 2003) According to NIST Special
Publication 800-16, awareness is defined as: "Awareness is not training. The purpose of
awareness presentations is simply to focus attention on security. Awareness presentations are
intended to allow individuals to recognize IT security concerns and respond accordingly."
(Wilson et al., 1998) For a successful increase of Awareness, Siponen highlights the importance
of identifying, quantifying, and understanding the background for "human errors." In his

concept, two categories relating to the problems of awareness are framework and content. The
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framework is more of an engineering discipline and a matter of explicit knowledge, while the

content is a more informal interdisciplinary field of non-engineering.

Furthermore, the goal of increased awareness is to minimize the "user-related" faults and
maximize the efficiency of security techniques from the user's perspective. (Siponen, 2000)
Other studies assessed the users' consciousness based on a simple model that classifies the
groups of users according to their skills and awareness: naive, typical, and conscious. Then,
probabilities are assigned to each class, describing the likelihood of committing dangerous
reactions in case of a cyber-attack. An interesting finding is that even with minor skill
differences, making the users more conscious of their reactions can significantly enhance
cybersecurity at a particular organization. (Hadarics et al., 2018; Bognar et al., 2018; Nagy et
al., 2020)

The following outline will guide the remainder of the paper. In this paragraph, we will delve
into the term cybersecurity awareness. Paragraph II will examine pertinent international studies
regarding students' cybersecurity awareness. Paragraph III will focus on the cybersecurity
awareness research conducted at the University of Dunatjvaros, including its findings. The
conclusions on the results will be presented in paragraph IV and some final thoughts in

paragraph V.
2. International studies on university students' cybersecurity awareness

Al-Janabi and Al-Shourbaji conducted a 26-question survey in Middle Eastern higher education
institutions in 2014. The research aimed to measure the level of information security awareness
among teachers, university students, and employees (n=760)—questions covered areas such as
email security, phishing, internet security, anti-virus programs, and data backups. The results
showed that the participants need more knowledge in the daily practical application of
information security principles. For example, the target groups must be aware of information

security incidents and their consequences. (Al-Janabi, & Al-Shourbaji, 2016)

Moallem conducted a 10-question survey of students at two California state universities in 2017
and the first quarter of 2018 using the Qualtrics application (n=247). The goal was to assess the
online security awareness of students studying in Silicon Valley, a highly technocratic
environment. The results showed that although students know that Internet use can be traced
and that their data is unsafe even on university systems, few use two-factor authentication or

complex account passwords. Another finding was that educational institutions need to be more
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actively involved in raising students' awareness of, for example, how to protect themselves from

a potential cyber-attack. (Moallem, 2019)

Senthilkumar and Easwaramoorthy investigated the cyber security awareness of university
students in Tamil Nadu in 5 different cities in India — Chennai, Salem, Coimbatore, Vellore,
Madurai (n=380). The goal was to measure students' security preparedness in 4 areas: virus
attack, phishing, password strength, and abuse on the social network. The results showed that
the student's exposure to the sources of danger appearing through social networks is the greatest.
However, there is also a substantial deviation in the level of awareness related to passwords, so
the authors point out that although the general information security awareness level is adequate,

the mentioned areas need improvement. (Senthilkumar & Easwaramoorthy, 2017)

Mai and Tick's research compared the information security awareness, knowledge, and
behaviour of university students in Hungary and Vietnam (n=313). The analysis was conducted
using a questionnaire data collection method based on the answers of 313 university students
in the two countries. The results showed that, regardless of the country, most students need
more material knowledge about information security, and the practices used are also
inadequate; for example, they ignore the security settings when using a smartphone. Based on
the discussed research results, the authors emphasize the importance of formal security

awareness education, which can directly support students in proper defense. (Mai & Tick, 2021)

Gabra et al. conducted a quantitative survey to identify students' awareness and enthusiasm to
learn cybersecurity in Nigerian Universities (n=367). The results showed that university
students need to gain basic cybersecurity knowledge. Among the questions is that of password
management result analysis, which shows 204 said No, 139 said yes, and 22 said maybe to
using hard-to-guess passwords. Regarding the question on opening an email sent from an
unfamiliar person, the result shows that 219 said yes out of 367, 110 said no, and 36 said maybe.

This result indicates that most students need to learn about phishing attacks. (Gabra et al., 2020)

In conclusion, these studies underscore the global significance of enhancing cybersecurity
awareness within educational institutions. Addressing these issues is crucial to prepare students,
teachers, and employees better to navigate the digital landscape securely and protect sensitive

information in an increasingly interconnected world.
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3. Cybersecurity awareness research at the University of Dunaujvaros

3.1. Background

Studies consistently show that students from diverse backgrounds who use the internet and
computers often have limited awareness of cybersecurity risks. Moreover, there is no standard
way to evaluate the viewpoints and preferences of online users on cybersecurity measures. To
address this gap, Erol et al. developed a comprehensive scale to assess internet users' attitudes
and behaviours related to cybersecurity. The validity of this scale was examined through factor
analysis, resulting in the emergence of the "Personal Cyber Security Provision Scale." This
scale comprises five distinct factors and demonstrates strong compatibility and reliability,
making it a valuable tool for assessing users' perceptions and practices in cybersecurity. (Erol

et al., 2015)

3.2. Methodology

The Personal Cyber Security Provision Scale (PCSPS) questionnaire consists of 25 questions
grouped by the following categories: Protecting privacy (10 questions); Avoiding the untrusted
(4 questions); Precaution (5 questions); Protection of payment information (2 questions);
Leaving no trace (4 questions). All questions are straight, except the group protecting privacy,
which are reversed. The answer options are 1 to 5 on a Likert scale in the following order: 1-
Never, 2-Rarely, 3-Sometimes, 4-Often, 5-Always. The questionnaire consists of 5 additional
questions on top of the PCSPS originals. Three are related to gender, age, and the field of
studies; the last two are related to general safety in cyberspace. For data collection, Google

Forms was utilized, while analysis was done using IBM SPSS Statistics v25.

3.3. Participants and sampling

The target population consisted of undergraduate students at the University of Dunatjvaros.
Due to the study’s exploratory nature, convenience sampling was used to recruit students from
the entire university, irrespective of their course. Participants recruited were pursuing a
university degree in seven fields of study to increase the variability of the sample: IT, and
Engineering. A total of 15 students participated in this research, 12 male and 3 female. From
the study field perspective, 13 respondents came from the technical area and 2 from the

informatics area.
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3.4. Results

The questions about data protection were reversed, leading to reversed results. The median
score was 4 on the 5-point Likert scale (Table 1, Diagram 1); most affirmative answers were
given to the statement "I share my personal information on the internet, when necessary" and
the combined password-related statements of "I set easy to remember passwords," and "I make
sure all my internet passwords are the same." Respondents often use easy-to-remember
passwords to access multiple services, which puts them at risk for simultaneous attacks if any

one account is compromised.

The median score was 4 on the 5-point Likert scale regarding avoiding the untrusted. (Table 1,
Diagram 1) However, the "I do not accept friend requests from strangers on social media"
statement received the least positive responses. We must be cautious when accepting social

media requests from unknown individuals, as it can lead to spam, scams, and cyberbullying.

The precaution area scored 3.8 out of 5 on the Likert scale. (Table 1, Diagram 1) The statement
that received the least number of affirmative responses was "I change web browser security
settings". It is important to note that unknown or uncontrolled browser settings can lead to
various risks, such as malicious extensions, online activity tracking, and automatic data storage

of cookies and other personal information.

The lowest median score of 2.5 on a 5-point Likert scale is linked to payment information
protection. (Table 1, Figure 1) The respondents revealed that they conduct their banking and
online shopping from sources other than their computers. This practice increases the risk of data
compromise due to unknown security settings, unauthorized or malicious software, viruses, or

other hidden harms associated with that specific computer.

The score for leaving no trace is the second lowest, at 3.5 out of 5. (Table 1, Figure 1) According
to a survey, people were least likely to agree with the statement, "I change my passwords
regularly while using the internet." This presents a potential risk as if the computer is lost or
stolen, and the old passwords could still be revealed, which puts the user's accounts at risk.
Additionally, unchanged passwords could make it challenging to discover if the account has

been compromised.
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Table 1. Descriptive statistics of the cybersecurity awareness research at University of

Dunagjvaros.

Protecting Avoiding the Protection of Leaving no

privacy INV untrusted Precaution payment information trace
N 15 15 15 15 15
Mean 3,9067 3,6 3,6933 2,6333 3,55
Std. Deviation 0,53648 1,18322 0,5175 1,27429 0,59911
Median 4 4 3,8 2,5 3,5
Minimum 2,7 1 2,6 1 2,25
Maximum 4,8 5 4,2 5 4,5

-
Pratectmg privacy INV Pracaition
S Leaving no frace
Avpndimng the umirusbesd Projecion of paymend mfcrmmagon

Figure 1. Box plot of the cybersecurity awareness research at University of Dunaujvaros.

In response to the statement, "I feel generally safe in cyberspace," 73.3% of respondents
answered yes or mostly yes. However, this also means that over a quarter of respondents do not

or mostly do not feel safe in cyberspace. (Table 2, Figure 2)

Table 2. I feel that I am generally safe in the cyberspace.

Answer Frequency Percent Valid Percent Cumulative Percent
No, not at all 1 6.7 6.7 6.7
Mostly no 3 20 20 26.7
Mostly yes 8 53.3 53.3 80
Yes, fully 3 20 20 100
Total 15 100 100
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No, not at all
7%

Yes, fully

20% Mostly no
20%

No, not at all Mostly no B Mostly yes Yes, fully

Figure 2. I feel that I am generally safe in the cyberspace.

According to the survey, 53.3% of individuals claimed to have never experienced any
information security incident, such as hacking, fraud, online abuse, harassment, or
virus/ransomware attack. However, the remaining 46.7% of respondents stated that they have

been a victim of such an attack at least once. (Table 3, Diagram 3)

Table 3. I have been the victim of an information security incident (fraud, hacking,
harassment, online abuse, virus / ransomware attack, etc.)

Answer Frequency Percent Valid Percent Cumulative Percent
Never 8 53,3 53,3 53,3
1 or 2 times in my life 6 40 40 93,3
It has happened 3 or more

times 1 6,7 6,7 100
Total 15 100 100
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3 or more times
7%

1 or 2 times
40%

Never 1 or 2 times 3 or more times

Figure 3. I have been the victim of an information security incident in my life.

4. Discussion

Teachers, students, and schools are more vulnerable to cyberattacks due to the increased
reliance on digital tools and platforms for teaching and learning. The teaching-learning process
participants must be adequately trained because a lack of awareness can result in risky online
behaviors that make them more susceptible to cyber threats. It should also be considered that
inappropriate safety-conscious behaviour can affect individuals and an entire educational

institution.

This research was prepared only for a small group of students from a single institution.
However, it fits in with the results of international research from the point of view of the need
to increase general security awareness (Al-Janabi & Al-Shourbaji, 2016; Moallem, 2019; Mai
& Tick, 2021). Among the findings, the two most problematic areas are password management

and not performing sensitive activities other than our computer.

A further research opportunity is to compare the obtained results with data collected in a broader
sample. On the other hand, the security awareness of instructors and the information security

organization of educational institutions.
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5. Conclusion

This sample shows that a limited group of students at the University of Dunatjvaros can be
considered more aware of information security in the light of the examined areas, but there are
exceptions to the trend. The average age of the respondents was 20.73. One problematic area is
that the responding students typically bank or shop online from other computers that are not
their own. Although it cannot be clearly stated that this carries a high risk in every single case,
it is still possible that the workstation in question has lower security settings or, for example, is
already infected or activities can be tracked on it, and is, therefore, more likely to be considered
dangerous. The development of competences and a better knowledge of technological solutions

can help identify threats more effectively (Demeter & Kdévari, 2020).

Another group of potential risks tends towards passwords. Respondents often use the same
password for multiple services, use easy-to-remember passwords, and change their Internet
passwords less frequently. These results are consistent with the international research results
mentioned at the beginning of this study 1) Moallem's findings that despite students knowing
the Internet's risks, they still use low security measures, e.g., complex passwords even on public
university systems (Moallem, 2019) i1) Senthilkumar and Easwaramoorthy found that there is
a variance in awareness levels related to passwords (Senthilkumar & Easwaramoorthy, 2017)
ii1) Gabra et al. found that only a minority of respondents use hard-to-guess passwords. (Gabra
et al., 2020). Farkas et al. (2014) are concerned with the secure and efficient transmission of
data in sensor networks, the educational research emphasizes the need for secure digital
platforms for teaching and learning. Both could benefit from the integration of secure protocols

and systems.

Finally, an attention-grabbing result is that half of the respondents have already been victims
of an information security incident, and a quarter do not feel safe on the internet. This is a
growing concern as instances of online harassment are on the rise. According to a study by
Lindsay and Krysik, the rate of online harassment has more than doubled since Finn's study in
2004. The Annenburg Public Policy Center also found that 43.3 percent of individuals have
experienced online harassment, compared to 16.2 percent and 15.8 percent in previous studies.

(Lindsay & Krysik, 2012).
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Abstract: This study was conducted at a multinational furniture company, aligned with Industry
4.0 standards, where a cyber-physical system (CPS) was already implemented with its
respective hardware and software components. The primary purpose of the CPS is to gather
data on the consumption of production resources such as energy, water, and compressed air,
and to oversee the operational processes within the company. Initially, data collection was
solely focused on the energy utilization of the production machinery and the produced
workpieces. However, over time, we have evolved the cyber-physical system to broaden the
data collection spectrum. This expansion was imperative to encompass the energy and other
related parameters of the production support equipment, alongside the water consumption
metrics. The subsequent phase of the research delved into exploring avenues to foster energy-
conscious work practices. With the activation of the analytical application, the financial
ramifications of superfluous energy consumption could be ascertained, and the proficient
functioning of the production machinery could be real-time monitored via computers stationed
within the facilities. Consequently, this setup serves to motivate employees towards adopting
more energy-efficient work habits.

Keywords: Industry 4.0; data analysis, energy management; production optimization.

1. Introduction

Industrial revolutions have been taking place around the world for nearly 240 years. The first
industrial revolution dates to the 1780s, when the first mechanised looms were established and
the first factories with steam engines were opened. The second industrial revolution took place
at the end of the 19th century, when electricity was used to power the machinery in the factory.
A highlight from the second industrial revolution was the introduction of the conveyor belt in
a slaughterhouse in Cincinnati (USA), which allowed the distribution of labour there. If we
compare the technological features of the first and second industrial revolutions, we can see

how much progress has been made in industrial companies over the last 100 years. The outbreak
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of the third industrial revolution also had to wait about 100 years. It is estimated to have started
in 1969, when the first programmable logic controller was created, enabling automation in
factories [1]. In addition, there was rapid development in IT and electronics in almost all
manufacturing sectors. This rapid progress brought us to the threshold of a next industrial
revolution in the 2000s [2]. The start of the fourth industrial revolution is still debated, but the
term was first used in 2011 at the Hannover Expo. If we look at all four industrial revolutions
together, we can see how much technological progress has been made in a short period of time
in the industrial sector almost all over the world [3]. We have moved from steam-driven
machines to computer or artificial intelligence-driven machines, from manually recorded
production and other data to digitised data and data stored in the cloud. As for technological
progress, it is important to note that over the years, human work has been replaced by robots in
many areas. This is often seen as a negative factor, because it has led to the loss of many jobs,
but in fact it is a huge help in production and speeds up production processes [4]. For example,
if we look at the automotive industry, one or more robots can move heavy car parts from point
A to point B, assemble them, and perform other tasks in much less time than humans. Of course,
there are other advantages to the presence of robots in the fourth industrial revolution, as it is
still happening in time. This includes, for example, the use of cloud services, advances in IT
and network security, continuous data measurement, whether it is about any environmental
factor such as temperature, humidity, or even industry-related processes such as production
piece count, power consumption, condition monitoring [5]. Nowadays, we can really measure
everything in the production of a product and back it up with numbers. So, if we look at the
example of a piece of furniture, we can say how much electricity and other resources (water,
compressed air, heat) were used in the production of a perfectly normal wooden dining chair.
From these numbers, it is also possible to determine the exact cost of raw materials and
resources directly and indirectly included in the value of a product. Previously, indirect costs
could only be determined according to some dividing method or by estimation based on
experience, but now we are able to calculate the amount of increasingly accurate indirect costs

with calculations based on data [6].

During our research and work, we used the opportunities provided by the fourth industrial
revolution, or more popularly known as "Industry 4.0", to apply new methods at a furniture

industry company that is already moving in the direction of this kind of development [7].

Our main goal is to measure consumptions of the furniture manufacturing company’s resources

and detect operations and devices which are working wasteful. A cyber-physical system has
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been built for reaching that aim. In the beginning (2016/17), we collected data about the
electricity consumptions (useful and useless). Later, the system and its database have been
extended to measure and collect data about other resources’ consumption (water, indirect
electricity use etc.). These parts of the system are introduced in this section besides the technical

references and scientific citations.

In the second section, we demonstrate our data collecting, analysing, and reporting techniques
related to the manufacturing and its supporting processes. Dashboards, indicators, and methods

are defined to monitor and control the consumptions of resources.

In the third section, we demonstrate our results. By the company’s water consumption, we have
identified a part (fire service practice), where a problem has raised that we solved with the help
of cyber-physical system. After that, a useless compressor was identified by our data collecting
and representing system. Furthermore, by the efficiency of compressors, we define a key
performance indicator that should be taken above a limit. The extractor and its exhaust fans
support the machines, so they connect to the manufacturing in an indirect way. Their indirect
consumptions (and working costs) are directly connected to machines by our calculation
method. The next phase of the research was the examination of the use of cloud services in an
industrial environment and the possibilities of encouraging energy conscious work. We found
a solution to move parts of the cyber-physical system to the cloud. With the analytical
application operating in the cloud, the costs of useless energy consumption can be calculated,
and the efficient operation of the production machines can be monitored in real time on the
computers in the plants. This way, the employees are encouraged to work more energy

consciously.

Finally, we summarise our work, results, and paper.

1.1.  The initial steps of the research and the configuration of the cyber-physical
system

In the 2016/17 financial year (from September to August), there was an opportunity to
collaborate with a multinational furniture industry company, where the main goal was to
modernize the company's IT system, including the hardware and software environment,
according to the current industrial innovation trends. For this purpose, a cyber-physical model
system was built, which is the basis for the company to operate according to the criteria of
Industry 4.0 [8]. For this reason, a framework for monitoring and managing energy

consumption was developed, which allows the comparison of energy consumption data with
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actual production data. This enables operational decision-makers to monitor and manage the
performance of production machines and their associated systems, and thus make more
effective strategic decisions. The physical aspects of the initial cyber-physical system include
electricity metering sensors, network cables and switches, server hardware. In terms of the
software part of the system, it includes: a Supervisory Building Control and Data Acquisition
system (SCADA), an enterprise management system, a database management system, a

business intelligence system [9][10].

This is where the cyber-physical system was designed and built. The concepts, architecture, and

data flow directions of the system can be seen in Figure 1.

. — =
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savings g
Energy consumption =5 2
related database Data usage,
A evaluation,

visualization

Real-ime
monitoring and
control

Database of production data ERP

-

Data
selection

Gateway
A

Wired and wireless network / R3-232 | RS-485

Smart meter Sensor Smart meter Sensor Smart meter Sensor
Production lines ‘ Machines Other equipment I

Figure 1. Structure of the cyber-physical system in 2017

It can be seen in the previous figure that sensors have been installed for production machines
and other production support devices, which are equipped with MODBUS TCP/IP or Remote
Terminal Unit (RTU) interfaces, particularly suitable for central data acquisition in industrial
systems. Sensors record key electrical parameters such as currents, voltages, power factors,
parameters describing power and energy values and more. The sensors transmit data to the
SCADA system and the Enterprise Resource Planning (ERP) system via the company's internal

network. We then connect the production and energy consumption data using business
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intelligence software, which also generates various reports and statements. These illustrate

trends and the close correlations between data sets.

In the 2017/18 financial year, the system was physically expanded in addition to increasing
availability and reliability. In the previous sample system, about 10 machines and equipment
were installed and measured, but this year the number of measured and tested equipment rose
to over 100. For this, not only the sensors were needed, but also the networks at the company
had to be expanded. From a software point of view, new reports were generated to track both
useful (produced) and useless (operated but not produced) energy consumption of the machines

in 10-minute intervals (Figure 2) [11].
j
TIn

Figure 2. Measured consumption and production data for the 2017-2018 financial year
(September 2017 to March 2018) in the framework (blue line: number of pieces produced,
green part of column: useful electricity consumption, red part of column: useless electricity

consumption; useful: production occurred, useless: no production occurred)

By monitoring the electricity consumption, the increasingly wasteful operation of a piece of
equipment was revealed (Figure 3), so that preventive maintenance (or replacement) could be

carried out as an operational measure.

Figure 3. Daily energy consumption and trend line for a given equipment from September
2017 to March 2018
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At the end of this phase (2018), the efficiency values of a production machine were compared,
in other words, how many pieces of product it could produce from one kWh of energy

consumption (Figure 4).

M dbjlvh

Figure 4. Production efficiency for a given product and machine: how many workpieces were
produced using 1 kWh of electricity

Background to the research: a cyber-physical system was developed to collect and analyse
electricity consumption data throughout the factory. In addition, it was possible to compare the
energy consumption data with the production data, so that trends showing the comparison
between production and electricity consumption (pcs/kWh, kWh/pcs, m*kWh) can be viewed
for a given period or filtered for a given production machine. In the beginning, only number of
pieces was recorded, but now the system has been refined to the extent that the number of pieces
is not sufficient or does not always tell us much, because it does not matter whether the machine
is working on a small board or a few square metres of work. It is easy to see that this does not

mean the same amount of work, so a refinement was necessary [11].

1.2.  Development of the cyber-physical system and transformation of the database

After defining the future goals of my research, the first task was to design and implement, step
by step, the hardware and software improvements to the existing cyber-physical system. The
development of the cyber-physical system was necessary because we no longer wanted to
measure only the electricity consumption of the production machines, but also to connect all
other production support equipment (exhaust fans and compressors) to the network and measure
their energy consumption and other data. To do this, we also needed to install sensors to
measure consumption and/or production parameters [12]. The company's specialists willingly
assisted in the acquisition and installation of the sensors, so this phase was completed relatively
quickly. After the necessary configurations, it was already possible to measure the electricity

consumption data of the exhaust fans and compressors. For these machines, it was important to
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measure several parameters, so we also started to measure the air cubic metre extraction and
emission volumes, also using sensors. Our main goal was to use the data input, just as we did
for the production machines, to make different analyses and, together with the company

management, we wanted to know more about the resource use of the factory's operations.

The question may arise why we started looking at the performance of compressors and exhaust
fans, when the main role in production is played by production and working machines and
products. The reason is simple: all the other equipment alongside the production machines
proved to be quite large consumers of electricity, but the company could only have guessed
this, there was no proof. When we had been collecting data for these machines for a year or
two, we managed to produce an annual analysis which shows very clearly that exhaust fans are
indeed the biggest energy consumers, but that the consumption of compressors is also
significant. Figure 5 shows the company's total electricity consumption in 2020, which totalled
more than 12 million kWh. The figure also shows that of these 12 million kWh, 3.8 million
kWh were consumed by exhaust fans and more than 4 million by production machines.
Compressors accounted for 1.3 million kWh, which is outstanding on an annual basis compared
to other consumers. When we saw that exhaust fans were consuming so much, we had new
goals for the research. Initially, it was not possible to relate the electricity consumption data of
exhaust fans to their production performance. For this reason, the main purpose was also to
study the useful and useless energy consumption of extraction fans. In the case of exhaust fans,
useful electricity consumption means that the exhaust fan was running while the machines were
producing products; useless electricity consumption means that the machines were not
producing any products while the exhaust fan was running. To convert indirect costs into direct

costs, a few modifications and extensions to the cyber-physical system were necessary [13].
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in the entire plant

33.1% Machine 4149 193 kWh
8.2% Other consumers 1030 284 kWh

17.5% Not measured 2 190 763 kWh

30.8% Extractor fan 3858 552 kWh
10.5% Compressor 1318701 kWh
2180 763 kWh

3858 552 kwWh

1030 284 KWn

1318 701 kWn

4149193 kWh

Total plant consumption: 12 547 493 kWh

Figure 5. Electricity consumption in 2020

Incremental
savings °
Energy consumption
database Data usage,
evaluation,
visualization

Water meter
sensor

Real-time
monitoring and

ﬁ Database of production data ERP
I
Data
selection ((‘ I ’))
Gateway

!

Wired and wireless network / RS-232 / R5-485

Smart meter Sensor Smart meter Sensor Smart meter Sensor

Production lines Machines Other equipment

Figure 6. Construction of the extended cyber-physical system

Figure 6 illustrates the architecture of the extended cyber-physical system and the direction of

data flow. Here it can be seen that new equipment has been added (compressors and extractors)
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and water consumption is also included as a measurement parameter, which can be monitored
in the SCADA system [14]. Thus, the measured data of the consumption of additional resources
(besides electricity) used in the production can be stored and monitored in the database of the

SCADA system.

At the beginning of the research, a separate database had to be created at the company to store
historical data (Figure 7), as the data structures in the internal database of the SCADA software
were not suitable for efficient and fast work. In addition, the conversion was also intended to
allow the energy consumption data to be linked to other systems (e.g., ERP) and to allow the

storage of data on extractor fans, compressors, and water consumption in the database.

v2_mert_adatok_t1_fomero v v2_mert_adatok _t2 3 4 7 o v2_mert_adatok_tS_kompresszorok " v2_mert_sdatok_t6_gepek
Avillamos f6méré mért adatai

f6eiosztok, Sramsinek, A kompresszorok mént adatal

A gepek mért adatai
fosztok mért adatal

EC_value
EC_diff

EC_value int
EC_diff Int

EC_value

EC_diff
EC_eldiff

PS_value PS_value int
PS15_value

QC_valve

v12_berendezes

Ugyanaz mint 3 vi-es berendezés tabla

v12_berendezes_tipusok

uzemterulet| varchar(20)

8 Ugyanaz mint a v1-es berendezds
aktiv int \\ tipusok tabla

nev

[ |va_mert_adatok_t6_ber_21
| |AKVENJAKOB1S gép mért adatai

N v2_mert_adatok_t10_parakozpont

A parakdzpont mért adatai

\. v2_mert_adatok_t9_homennyisegmerok |, r
| 2_mert_adatok_t8_vizmerok __ A homenayiseg mérek mért adatai Fal] bigint |[4=
ber_id int

EC value  int
EC_diff int

PS_value int

WV_value int

WV_diff int

Figure 7. Database structure from 2021

2. Methods

In this section, the data collecting and analysing methods will be introduced to get scientific

results.

2.1.  Monitoring the company’s water consumption

Water entering the company’s territory supplies two plants and the office buildings. We
classified the incoming water into three main groups, the first is the so-called social water,

within which we distinguished between wastewater and so-called domestic water consumption
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[15]. The other large group is the water used during production, which appears in the form of
water vapor, which is also part of social water. The third group includes the fire service water

usage, which in the best case only takes place when there are fire drills in the factory area.

The company uses almost the largest amount of water during production. Humidification during
production is essential in furniture manufacturing, as the production of various furniture
components requires a predetermined humidity and moisture content. The factory makes
furniture elements from three types of wood: beech, birch, and oak. All three types of wood
have the same required moisture level, so it is not necessary to change the amount or intensity
of water vapour emission during the processing of each type of wood, but this can be done at a
uniform rate and volume. On the other hand, it should be noted that different amounts of water
vapor must be provided in different areas to achieve the minimum moisture content of the
workpieces. For example, workpieces move relatively quickly in a production machine, while
they are in the same place in the warehouse, thus, the humidification of the plant and storage
areas must be ensured in a different way. For the data collection, it was not necessary to separate
the amount of water vapour emissions in relation to the three tree species, but all emissions
were collected and analysed together. The results related to water vapor emissions are presented

in the following figures.

Total water consumption: 2892 m3
Average: 23,7 m3

Figure 8. Water vapor emissions from September to December 2018

Figure 8 shows the amount of water vapor used in plants in a daily breakdown in the period
from September 1 to December 31, 2018. It can be clearly seen from the columns of the diagram
that the emission of water vapor occurs uniformly. Those with a value of zero are days that
were weekends and holidays, so production was not running. This uniform use of water vapor
can be observed until March 2020, when the shutdown caused by COVID-19 intervened. This

period is shown in Figure 9.

JATES: Journal of Applied Technical and Educational Sciences License: CC BY 4.0


https://doi.org/10.24368/jates359

Vol. 13, No. 3, 2023 pp. 1-33 https://doi.org/10.24368/jates359 11

Total water consumption: 2 227 m3
Average: 18,3 m3

8

Figure 9. Water vapor emissions during the first COVID-19 period (March 1 to June 30,
2020)

In Hungary, online working was introduced from March 15, 2020. As the diagram shows, the
actual COVID-19 shutdown at the company occurred in April, which lasted for a month in a
very strict manner. After this period, production returned to normal, and even on weekends
(Saturdays and Sundays), work was in full speed. It is also noticeable that water use on
weekdays has increased compared to the months at the beginning of the year. From this, we
conclude that the loss of work and production in April was continuously made up on weekends

to be able to fulfil the orders.

2.2. Monitoring the energy consumption and other parameters of production support
equipment

The next major topic of our research was the examination of the energy consumption and other
parameters of the production support equipment, more precisely the compressors and exhaust
fans operating in the plants. The use of compressors and extractors is essential because
compressors provide the compressed air needed to operate some production machines. Exhaust
fans are mainly responsible for keeping the environment of the machines clean and stable,
because a large amount of dust and wood chips are generated during the processing of wooden
furniture elements. This accumulated waste must be removed from the machining areas as
efficiently as possible [16]. In the case of compressors, we also monitored the number of cubic
meters of air produced and compared it with electricity consumption. In the case of exhaust
fans, we managed to make major changes to the cyber-physical system. Thanks to our results,
we are now able to monitor not only the electricity consumption and the area volume (m?) of
workpieces produced for a single production machine, but we can also partially charge the
electricity consumption of the exhaust fans directly to the production machines. These

measured parameters are presented in Figure 10.
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Production Machine

Compressor
1
A s |
Electricity $$99

extractor fans (m?) and electricity
consumption (kWh)

-
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Amount of generated compressed air (m?)
Manufactured workpieces and electricity consumption (kWh)
(m?)

consumption (kWh) l Amount of air extracted by

b

Figure 10. Measured parameters of a production machine and a compressor

2.2.1.The energy consumption and compressed air emissions of compressors

The compressor is the equipment responsible to produce compressed air. Compressed air is a
secondary energy carrier, which is mainly used in industry for the mechanical operation of work
machines, machine tools, and industrial robots [17]. The furniture company in our research also
has several production machines that require compressed air to operate. At the beginning of the
research, we had no information on the amount of compressed air emitted, and very limited
information on the consumption of electricity, so together with the company's employees, we

considered it important to examine the compressors operating in the plants.

In the company's plants, there are several compressors that are connected to one compressor
housing (Figure 11). Before the start of our work, only the compressor housings were equipped
with sensors, which measured the electricity consumption data of all compressors in aggregate.
In order to ensure a successful and efficient outcome of the study, it was agreed that additional
sensors should be installed at each compressor. The sensors installed on the compressors can
measure how many cubic meters of compressed air they generate and how much electricity they

consume, broken down into equipment.
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Figure 11. Construction of a compressor housing

Regarding the compressors in the plants, it is also important to know that each of the company's
two plants has a large compressor house, to which a total of 8 compressors are connected, 5 in
plant A and 3 in plant B. In the two plants, not all compressors are running at the same time, so
for example only three of the eight compressors are running at any one time and two are in
standby or off mode. This is a method of efficiency and energy management because there is a
load balancing device that monitors the operation of the compressors to ensure that they are

roughly balanced: that there is no possibility of a compressor being over- or under-utilised.
2.2.2.Exhaust fans energy consumption related calculation method

The other large group of equipment we examined, in addition to compressors, were the exhaust
fans. Our main goal with the exhaust fans was to be able to charge their electricity consumption
to the production machines they support. In order to achieve our goal, it was also necessary to
install sensors in the beginning. New sensors were installed for the shutters, which measured
the state of the shutters (open or closed). In addition to the condition monitoring sensors,

consumption sensors were also installed to measure electricity consumption.
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Figure 12. Main part of extended system

Figure 12 shows an exhaust fan device, which consumes electricity when it is working and
exhausts air from three machines, when their shutters are open. In the example shown in Figure
5, the first and the third shutter are open, the second shutter is closed. If a shutter is open, then
a partial electricity consumption of exhaust fan will be added to the related machine’s electricity
consumption data. If a shutter is not open, it means that the production machine is not in

operation, so it does not need extraction and can be excluded from the calculation.

Improvements also had to be made in the cyberphysical system (its SCADA and database
management system) to display our newly measured values. Then, in the SCADA system, we
connected the extractors to the supported production machines, and this made it possible for the
energy consumption of the extractors to be charged to the given production machines. With
this, we can determine how efficient the operation of a particular extractor was during

production [19][20].

In this section, the formula for the exhaust fans’ partial electricity consumption will be defined.
With our extended cyber physics system, we are now able to perform calculations in which we
obtain energy consumption data that can be directly loaded onto the machines from the indirect
energy consumption data of the exhaust fans. To achieve our goal, we need to know the partial
electricity consumption of the extraction equipment for each shutter and production machine.
We determined a formula that gives the partial electricity consumption to i shutter in each

period (10-minute):

Epx j*ti*C;

Es, = Them1 th*C
0 — otherwise

- if3dk:t;, >0 1)

Equation (1) contains the following elements:
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- Es,;: The partial electricity consumption of the i shutter of j exhaust fan (kWh).

- j: Identification of the related exhaust fan.

- 1: Identification of the related shutter.

- L: The number of shutters of /™ exhaust fan, and 1 < i < [

- Eg X;: The total electricity consumption of the j exhaust fan (kWh).

- t;: The number of minutes (maximum 10), when the i shutter was open.
- C;: The capacity of the i shutter (m*/h).

After we get the indirect electricity consumption values (above), they are added to the related
machines’ electricity consumption values (below). Then we get the direct values, which contain

the indirect (partial) consumption values:
Ei = EMi + ESL' (2)

Equation (2) contains the following elements:

i: Machine (or shutter) identification (these are equivalent in this case).
- E;: Direct electricity consumption (with indirect value) of i machine.
- Ey;: Electricity consumption (without indirect value) of i machine.

- Eg,;: Indirect electricity consumption value of i machine.

The SCADA system was extended with equation (1) and (2), which was implemented in the
form of programming. Thanks to our calculations, we obtained the direct energy consumption

values.

The system will include large machine lines connected to an exhaust fan via not just one, but
several (the maximum number will be 20 in 2022) shutters. In such cases, the indirect fractional
consumption will first be summed and then the sum added to the direct consumption of the

machine. In this case, equation (2) is modified as follows:
Ei = EMi+2kESjk (3)
Equation (3) compared to equation (2) j* contains the partial consumption of all.

3. Results and discussions

After the introduction of data collecting and analysing methods, the related results will be

discussed in this section.
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3.1.  Water consumption: examination of the amount of water used during fire service
control

As we introduced the related method in the section 2.1, one problem of the data has been

identified while monitoring the company’s water consumption.

It is a national fire safety requirement and rule that all companies (not just industrial companies)
should have the possibility to carry out fire safety inspections and fire drills. Consequently, the
amount of water used for fire drills in the factory area is separate from the amount of water used
for measurement. These exercises usually take place several times in the spring and summer
months. During the research period, fire service water consumption was largely consistent, but
there were occasional outliers. One of these events took place in May 2018, where we proposed
an actual operative intervention with the help of our data collection. This period and event are

illustrated in Figure 13.

Total water consumption: -225m3

Figure 13. Fire service water consumption from May to October 2018

Figure 13 shows that at the beginning of the examined period, the amount of water consumption
gradually increased, while there was no firefighting practice. Two possibilities have been
identified as causes of the unjustified water use: one is the existence of a broken pipe and the
other is a malfunctioning meter. The second solution was the correct one, the malfunctioning
meter had sent false data to the system. The faulty meter was then replaced, and it was found
that the new meter had a lower initial value than the old one, but this “error” could be corrected
simply by overwriting the negative initial value in the database. After that, the data from the
water use by fire service was consistent. The extension of our system also helped to solve the
problems detected in water consumption, as we now knew and displayed not only one data per

day, but 144 data per day.
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In this way, the data problem related to the water consumption can be easily eliminated with

the cyber-physical system.

3.2.  Results related to energy consumption and compressed air emissions of
compressors

In the section 2.2.1, the method of using compressors in the factory was introduced. In the
following, we are focusing on the compressors useless and useful energy consumption in

relation to their compressed air production.

We prepared several reports on the energy consumption of each compressor and the amount of
compressed air generated. Such a report can be seen in Figure 14. In the figure, the horizontal
axis is the date. The vertical axis on the left shows the energy consumption in kWh: these are
the green and red bars. The green bars show the useful energy consumption, which for
compressors means that they produced compressed air during the period. The red columns show
the useless energy consumption when the compressors were running but not producing
compressed air. The vertical axis on the right shows the amount of compressed air generated,
which is illustrated by the blue dashed line on the graph. This value is given in Nm?, which is
the Normal Cubic Meter. Normal Cubic Meter means one cubic metre of Gas at reference

conditions of 0°C and 1,01325 bar [18].

b=

Felesleges fogyasztas (kWh): 138

Generalt légkBbméter (Nm3): 55164

Figure 14. Compressor energy consumption and amount of generated compressed air in
February 2020

The example shows that in February, the total volume of emitted cubic meters of air is 55,164
m3, the useful energy consumption is 8,339 kWh, and the useless consumption is 139 kWh.
Where 0 values are visible, there were weekend days when there was no production, or another
compressor was in operation. This compressor works quite efficiently as its useless power

consumption is very minimal. In the database, we can also filter the periods down to 10 minutes,
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so we can examine the operation of the compressors even more precisely. Thanks to this, during
our analysis we came across a compressor that did not work efficiently. The consumption data
of this compressor are shown in Figure 15. It can be seen that this compressor had a much

higher useless energy consumption, so it was on but not producing compressed air.

Tiuppansti (WY 205

et W ghlhmitor (N 1735

Figure 15. Consumption of an inefficient compressor broken down into shifts

This high level of useless operation could have been caused by breakdowns, neglect of
maintenance, or simply by the people working on the shift being irresponsible and leaving the
compressor on. We report our discovery to the company’s management, who took the necessary

steps to ensure the compressor was working properly.

The efficiency of compressors is mathematically described by the specific energy consumption
index. Thanks to this, a new KPI was added to our system, which compares the consumption
ratio of compressed air and electricity generated by a given compressor (Nm*/kWh), so it shows
how many cubic meters of compressed air a given compressor can generate using 1 kWh of
electricity. The specific energy consumption performance indicator shows how efficiently the
compressors use electricity. The following figures show the performance of a given compressor

in a given period.
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1100

Felesleges fogyasztas (kwh): 4

Generalt l6gkibméter (Nm3): 263958

Figure 16. Energy consumption and amount of air cubic metres generated by a compressor in
September 2020

Hm3 fkwh

Figure 17. Specific energy consumption of a compressor in September 2020

Figure 16 and Figure 17 show the consumption of electricity and cubic meters of air and the
specific energy consumption of one compressor of one plant. If we look at both figures, we can
see that this compressor is working efficiently, as the performance indicator value is consistent

during operation almost throughout the month. At O values, the compressor was not in use.

3.3.  Exhaust fans energy consumption related results

In the section 2.2.2, the methodology was defined about the conversion of the extractors’
indirect energy consumption (from the viewpoint of production) into direct values to the
machines. In this section, a sample calculation will be introduced about the working about the
extractors. After that, the data analysis' results will be presented about the live operation of the

factory’s extractors and their connected machines.
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3.3.1.Ilustration of methodology through a sample calculation

We provide a sample calculation with given and sample values. A given exhaust fan’s constant
values related to the shutters:

- Shutter 1 capacity [S1]: 36,550 m*/h
- Shutter 2 capacity [S2]: 14,500 m*/h

A given exhaust fan electricity consumption:

- In the first 10 minutes [T1]: 18 kWh

- In the second 10 minutes [T2]: 17 kWh
“Shutter 1 is open” status (we indicate the first 10 minutes with T1 and the second 10 minutes
with T2):

- In[T1]: 2 min
- In[T2]: 4 min

“Shutter 2 is open” status:

- In[T1]: 3 min
- In[T2]: 5 min

Measured electricity consumption by machines:

- In[TI1]:
- Eui: 25 kWh
- Ew: 10 kWh

- In[T2]:
- Ewm: 30 kWh
- Ewm2: 13kWh
Proportionate electricity consumptions of the exhaust fan per shutters and time frames (indirect

consumption values): Substituting these values in equation (1), the following results are

obtained:

- Es171 = 11.29 kWh (Within first 10 minutes)

- Egy 71 = 6.72 kWh (Within first 10 minutes)

- Egy 7, = 11.36 kWh (Within second 10 minutes)
- Esy 1, = 5.64 kWh (Within second 10 minutes)

Calculated direct electricity consumptions (machine) and indirect consumption values (exhaust)

per time periods: Substituting these values in equation (2), the following results are obtained:

- EM1+51,T1 = 3629 kWh
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- EM2+52,T1 = 1672 kWh
- EM1+51,T2 = 4‘1.36 kWh
- EM2+SZ,T2 = 1864‘ kWh

In this way, we get the direct electricity consumption values, which contain the indirect

consumptions of exhaust fans.

The presented methodology has been validated in live operation: both the complex input data
obtained during operation and our calculations have been verified and can be said to give correct

results.
3.3.2.Results of real operational calculations

The results of the calculations are stored in the database every 10 minutes, and we have also

extended the data displays of the production machines.

Figure 18 shows the electricity consumption of the machines and the sub-consumption data of
the exhaust fans electricity connected to them. The data comes from one week in August 2020.
We consider it important to first illustrate a report made from 2020 data, because at this stage
of the research it was not yet possible to measure the operation of all the shutters in the plant.
For this reason, the diagram shows "missing" (light green and light red) columns related to
exhaust fans, highlighted with black square. In the diagram, the green bars represent the useful
energy consumption during operation when the machines are producing products, so the
operation of the machine and exhaust fan is profitable for the company. The red bars represent
useless energy consumption when the machines did not produce products, therefore the
operation of the machine and extractors is a loss for the company. For each column, the lighter
green (useful) and the lighter red (useless) indicate the consumption values indirectly consumed
by the extractors, and thus ultimately charged directly to the machine by our methodology. The
numbers in blue represent the production volumes (m?). Only the machines that were the largest
consumers of electricity in a given week are shown in this graph. Figure 19 shows the

corresponding metering values from Figure 18.
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Figure 18. Useful and useless energy consumption of production machines and exhaust fans

Machine ID A_M2 A M1 B M1 B_M3 B_M2 A_M3

Useless
energy
consumption
(kWh)

Useful
energy
consumption
(kWh)

Production volume (m?2) 49090 34342 23.961 18.461 47302

Figure 19. Measurement values related to Figure 18

After August 2020, the installation of new sensors for the shutters of additional extraction fans
began. There are 6 exhaust fans working in the two plants of the company, 3 per plant. After
the newly installed sensors provided enough data for further analysis to the database, we were
able to prepare new analyses. The following figures (Figure 20 and Figure 21) show more recent

statements relating to the consumption of extractors and production machines already in 2022.
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Figure 20. Useful and useless energy consumption of production machines and exhaust fans
in October 2022
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Machine ID A M2 | BM3 | AM B_M1 A M3 B M2 B M4 B_M5

Useless
energy
consumption
(kwh)

Useful
energy
consumption
(kwh)

Production volume (m2) 117.115 46151 68367

Figure 21. Measurement values related to Figure 20

Figure 20 shows the useful (green column parts) and useless (red column parts) energy
consumption of the largest energy-consuming production machines and the exhaust fans that
directly support them. The figures in blue are the total volumes (m?) produced by the machines
in one month. The main difference compared to Figure 18 is that much more machines are
shown with their extractor sub-consumptions (light green and red). Figure 21 is a summary
table showing the sub-consumption values and quantities produced (m?) for each production

machine and its associated extractor, as in Figure 19.

A new efficiency index has also been added to the system, which is related to the consumption
of electrical energy of the hoods. The values in the Figure 22 diagram show how many kWh of
electricity were consumed to produce 1 m? of wood (or piece of furniture). In the future,
management may target a value to be kept to during production, but here again, it is worth
considering, for example, the size of the timber and the power level of the machine while

processing the workpieces.

e

Figure 22. Specific energy consumption of machine A_M2 (kWh/m?) in October 2022
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Thanks to our research and development, we were also able to assign the related production
machines to the individual exhaust fans in the system, and proportionally allocating the

consumption of the exhaust fans to each associated production machine.
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33604 KWh 17.4% A_EF2 74 565 KWh
101% A_EF3 43 095 KWh

227% B_EF1 96 880 KWh
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Total exhaust fan consumption: 427 521 kWh

Figure 23. Total consumption of exhaust fans in October 2022

Equipment
A_Mm2 61785 KWh
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Total consumption: 262 438 kWh
Figure 24. Exhaust fan consumption ratio by machines

Figure 23 shows all exhaust fans and their consumption in October 2022, while Figure 81 shows

the consumption ratios of all exhaust fans projected onto individual production machines.
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Figure 24 shows that the total consumption is much lower than the consumption of all exhaust
fans (Figure 23). The reason for this is that not all exhaust fans (and all shutters) have yet been
assigned production machines in the system, so these data are missing. In addition, the "empty
runs" that are necessary, for example, to start and stop the extractors, must be taken into account.
However, these are part of the technological process, since we cannot "save" the start-up and

stop phases, which are associated with higher consumption for such large extractors.

Since the beginning of the research, we have achieved significant results with our work in
relation to exhaust fans. However, the development cannot stop here, as there are still plenty of
opportunities to carry out further research and obtain new results that are also useful for
production. It is essential that each shutter of each extractor is equipped with a sensor, which is
also connected to the cyber-physical system, and that the production machines missing from
the system are assigned to them. A further objective could be to investigate the electricity
consumption of the extraction fans for specific production processes and for specific types of
wood, also in relation to the machines. If these developments were to be carried out in the
future, it would be possible to reach a level where it would be possible to estimate very precisely
the indirect cost of producing a specific product or group of products in terms of the electricity

used [21][22].
3.4.  Energy efficiency improvements for cost optimization and energy consciousness

In addition to monitoring the use of production resources (electricity, water, compressed air), it
is important for us to achieve increasingly efficient, optimal factory operation and management.
In addition, we can also fulfil an expectation that was pointed out to us several times as a
shortcoming during our research: it was the presentation of electricity losses due to useless

operation as concrete costs. This certainly constitutes an economic aspect of our research.

However, avoiding such wasteful activities, extra costs and losses can only work if we focus
on energy consciousness in production. We assessed the circumstances of this and carried out
a research and development project, as a result of which we encourage everyone from
operatives working next to the machines to managers (and ultimately researchers) to operate
more energy-consciously. To carry out this research, we have upgraded our cyber-physics
system and are displaying to workers in near real time their own or other workers' energy

efficiency.

Nowadays, energy consciousness plays an extremely important role in operations, which proves

the relevance and importance of this part of our research [23].
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3.4.1. The financial aspect of energy consumption

In Hungary, there is an Industry 4.0 model factory where production losses were measured in
terms of the number of units of a particular brand of car, because the managers said that the
workers were not able to estimate the amount of money that was being shared with them for
information. In fact, nowadays a person who is not necessarily competent (i.e., not an electrical
engineer or a professional) cannot imagine in real life what a loss of 10-100-1000 kWh might
cost a company. For this reason, the sample company's managers saw it better to express the
value of a car. Around 2015, the price of a car of that make was set at 2.5 million HUF, so if
they wrote out that they had lost 4 cars for that year, which meant 10 million HUF. In order to
be able to do the same for the furniture industry company, we must first know the amount of
energy consumption expressed in HUF (or EUR). The situation is further complicated by the
fact that we did not have to assess the losses incurred in production, but the deficits in resource
management (mainly energy). We were able to use the cyber-physical framework presented
earlier, but instead of business intelligence software, we used a self-developed web application

to display the data and published and deployed it to the cloud.

As we are business informatics experts, it was definitely one of our goals to look at the financial
side of resource use. We set another goal in this regard, which was to get to know the company’s
financial losses resulting from the electricity consumption. In this way, much more tangible
information can be provided to the company's employees than "just" how many kWh usages

was useless (non-productive) during the periods (especially at the end of the months).

The application was based on the existing data collection and display framework. Losses due
to electricity consumption were known at annual / monthly / daily / shift / 10-minute intervals,
but the losses were only defined in kWh. The application can combine the collected 10-minute
electricity consumption with the hourly rates received from the electricity provider. Since the
prices are received in EUR, the application multiplies them with the daily exchange rate of the
Hungarian National Bank, and in this way, we get exactly how many HUF each machine or
piece of equipment wasted in a given month, day or even a shift. Example calculations made
by the application are presented in the following figures. Since it is a test operation, we can
only retrieve the data for a selected month (May 2020). During the development of the
application, it was considered that the data for this one month was sufficient, as for research
purposes it is not important for us to know what the electricity price was at that time, but to
understand the structure of the data set. As a result, we were able to develop an application for

it that can extract the values from it.
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Equipments Energy Consumption Cost

Figure 25. The costs of the operation of a selected production machine in a given month,
broken down by hours

Equipments Energy Consumption Cost (useless working - waste)

Equipmentid: 12

Energy Consumption Cost (HUF)

Figure 26. The cost of energy consumption of a specific equipment (with loss-making
operation)

Figure 25 shows the cost of unprofitable operation of a production machine and its supporting

equipment. It is noticeable that during this period it operated at a relatively unprofitably (Figure

26) compared to the total costs.

We have also examined the data from an economic and financial perspective, so that the
consequences and costs of inefficient operation can be more easily understood by the company's

management and even by its other employees.
3.4.2.Energy-conscious working in plants

In addition to achieving the objective of calculating the costs of unprofitable operations, we
also started another task, which we also solved with a web application. This application checks,

monitors and displays a key performance indicator that can inform the operators on the
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production line about their current performance and alert them if something is not right and
needs their intervention. The key parameter we have chosen is the amount of kWh needed to
produce one m? of furniture board, as this is the ratio that best describes the efficiency of
production and the one for which we have measured data. For this ratio, a threshold value must
be determined for each production machine, below which the performance can be considered

unprofitable, and intervention is required or expected.

When we defined the main requirements for energy consciousness, the primary goal was to
make the operators more energy efficient by paying more attention to their work, so that they
could produce less wasteful operations and improve their energy efficiency. In practice, the
subsystem is used to encourage workers to work more energy consciously [24]. This is also

important because the company must comply with the ISO 50001 standard.

The application provides the possibility to see the values of the selected efficiency indicator
(kWh/m?) for the operator's machines in near real time. The system will continuously show the
evolution of the indicator for the operator's machine and even alert him if it is not performing

properly (for example: he should turn off the machine because it is not producing).

The appearance of the home page is simple and clean, as an operator must see the essence, they
should not be distracted by any design elements, but the different colours will be important
during use. The application works in near real time, which means that after logging in a
production machine receives real performance indicators every 10 minutes, but here we have
sped up the process and generate example data every few seconds to show the application in
action. We have started an example run with example data that can illustrate both efficient and

loss-making operation. Figure 27 shows the efficient operation.

Machine ID: M1

Figure 27. Efficient operation (the value is above the limit)
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Random values between 1-5 are generated for the efficiency ratios every 5 seconds. In the
example, the limit was set to 2.5. It can be seen that the efficiency ratio was below the limit,
but if the most recently measured values are correct, the kWh/m?2 ratio is acceptable, then there
is nothing special for the worker operating the machine. In Figure 28, we can already see a more
wasteful operation (we switched the random number generation between 1-3). The operator can
already see from the background colour of the application that he is operating the producer's

machine wastefully, intervention may be necessary.

Machine ID: M1

Figure 28. The latest ratio shows wasteful operation (below limit)

Figure 29 shows that the most recently measured values were below the limit, so it is necessary
to intervene in the operation. The intervention may be to put the machine in a standby state or
stop it, or start production, if possible. Here, in addition to the red background colour, the
operator also receives a message warning him about wasteful operation. We have defined a
threshold value (specifically three), which means that it still "accepts" indicators resulting from
3 measured values below the limit, so the background colour will only be yellow, but if a value

below the limit is received after that, it will already turn red and the also a warning message.

Wasteful operation!
The machine has been running wastefully for a while. Turn it off or put it in standby mode.

Figure 29. Indication of prolonged wasteful operation

JATES: Journal of Applied Technical and Educational Sciences License: CC BY 4.0


https://doi.org/10.24368/jates359

Vol. 13, No. 3,2023 pp. 1-33 https://doi.org/10.24368/jates359 30

Machine ID: M1

Figure 30. Return to the correct operation

If the wasteful operation of the machine returns to an acceptable level above the limit, we

automatically return to the default state and the operator no longer receives a warning (Figure

30).

Overall, it can be said that by developing the application, our common goal with the company
was to try to get the operators to work more energy-consciously, thus achieving efficient
operation with less energy loss. In addition, additional user groups (managers) also benefit from

the development.

4. Summary

In the last few years, a cyber-physical framework has been implemented at a furniture
manufacturing company to monitor in near real time the electricity consumption data related to
machines and equipment. Where necessary, various calculations were used to convert indirect
consumption into direct consumption, so that the consumption of the exhaust fans was passed
on to the production machines and thus directly connected to production costs. By examining
the water consumption on a daily basis, we discovered anomalies in the system and proposed
solutions to them. From an efficiency perspective, we have also compared the compressors'
production and consumption, so that they can be aligned with a new key performance indicator
in usage in the company. We analysed the energy efficiency from several perspectives. First,
we compared the consumption with the electricity prices and, especially for the useless
consumption data, we highlighted how much unnecessary costs the unprofitable operation
generated for the company. On the other hand, we focused on educating employees about
energy consciousness. With the help of our application, a person operating a production

machine can see in near real time how efficiently the machine he handled worked in the last 10
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minutes. If the operation of the machine was not efficient, the application initially warns the

worker about this, but if the wasteful operation continued, it suggested operative intervention.

We can continue the development of the system and, with it, the creation of further scientific

results. This ensures progress towards better energy efficiency and optimal operation.
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Abstract: Learning analytics is most often used to predict whether a student will succeed in a
course or training. This helps identify students who need support to avoid failing or dropping
out of school. The measurement, collection and examination of data is an indispensable tool
not only for industry, but also for all educational institutions, based on which a deeper
understanding and optimization of the educational process becomes possible in order to use
resources and tools more effectively. In Hungary, with the transfer of universities to
foundation management, the need for efficiency increased. The University of Dunaujvaros
(UOD), an independent higher education institution in the Central Hungarian region since
2000 and operating as a university of applied sciences since 2012, is also an indispensable
tool for increasing efficiency. In this thesis, we define the educational analysis research
Jframework applied in connection with the subject of Mathematics 1, one of the defining
subjects of technical and economic training. The system realized as a result of the research
enables UOD to use the most effective tools when planning the courses, thus making the most
favorable use of its resources.

Keywords: student success, learning analytics, prediction

A hallgatoi eredményesség vizsgalatanak
egy lehetséges keretrendszere

Kocso Edina !

! Dunavjvérosi Egyetem, Tancsics M. u. 1/a, 2400 Dunaujvdros, Magyarorszag, kocsoe @uniduna. hu

Absztrakt: A tanulaselemzést leggyakrabban arra haszndljak, hogy megjosoljik, hogy egy
hallgato sikeres lesz-e egy kurzuson vagy egy képzésen. Ez segit azonositani azokat a
hallgatokat, akiknek sziikségiik van tamogatasra, hogy elkeriiljék a bukdst vagy az iskola
elhagyasat. Az adatok mérése, gyiijtése és vizsgalata nemcsak az ipar, de minden oktatasi
intézmeny szamara nélkiilozhetetlen eszkéz, mely alapjan az oktatdsi folyamat mélyebb
megertése és optimalizalasa valik lehetségessé a forrasok és eszkozok hatékonyabb
felhasznalasa érdekeében. Magyarorszagon az egyetemek alapitvanyi iranyitasba keriilésével a
hatékonysag igénye fokozodott. A Dunaujvarosi Egyetem (DUE), a kozép-magyarorszagi
régio 2000 ota onallo, 2012 ota alkalmazott tudomanyok egyetemeként miikodo felséoktatdsi
intezménye szamara is nélkiilozhetetlen eszkoz a hatékonysag fokozdasdaban. Jelen dolgozatban
a miiszaki, gazdasagi képzések egyik meghatarozo tantdargya, a Matematika 1. targy kapcsan
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alkalmazott  oktataselemzési  kutatasi  keretrendszerét hatdarozzuk meg. A  kutatds
eredményeként megvalosulo rendszer lehetové teszi, hogy a DUE a kurzusok tervezése soran
a leghatékonyabb eszkézoket alkalmazza, igy a forrasait a legkedvezébben hasznositsa.

Kulcsszavak: hallgatoi sikeresség; tanuldselemzés; elorejelzés

1. Bevezeto

A felséoktatds tanulmanyozéasa az oktatasiigy kiszélesedésével, a felsdoktatdsnak mintegy
,,kO0ziiggye” valasaval keriilt elotérbe (Kozma, 2004, p. 1), majd a felsdoktatas expanzidjanak
meginduldsa magaval hozta a hallgatoi lemorzsolodasok vizsgalatait is (Pusztai & Kovacs,
2021, p. 40). A hallgatéi szerepben valo sikeresség, illetve az ellenpdlusat jelentd
lemorzsolodas mogott rendkiviil sok és komplex tényezd 4all, melyeket jellemzden
pszichologiai, szociologiai ¢és intézményi-szervezeti, esetleg kozgazdasagi szempontok

iranyabol vizsgalnak (Szemerszki, 2018, p. 16).

Ezek a kutatdsok nemcsak egyéni, de tarsadalmi érdekeket is szolgalnak (Demcsdkné &
Huszarik, 2020). A hallgatéi sikeresség, ill. lemorzsolodas helyzetével az Eurdpai Bizottsag
szakemberei (European Commission, 2015) és sok neves hazai és kiilfoldi felsdoktatési
intézmény is foglalkozik (Bognar et al., 2021) kdzvetve vagy kozvetleniil, és talan nincs is
olyan felsdoktatasi intézmény, amelyik tobbé vagy kevésbé ne foglalkozna a jelenséggel. A
felsGoktatasba belépok és a diplomat szerz6k aranyanak novelése az ,,Europa 2020 stratégia
célkitlizései kozott is szerepelt (Rajcsanyi-Molnar, 2016), majd 2021 februarjdban az Eurdpai
Unid oktatasi miniszterei Ujfent megallapodtak szakpolitikai egyiittmiikddésiik 2030-ig sz016
stratégiai keretrendszerérél. Ot stratégiai céllal parhuzamosan hét referenciaértéket
deklaraltak, melyek koziil egy a fels6foka oktatasra, a fels6foku végzettséget megszerzokre
vonatkozik: a fels6fokt avagy ISCED 5-8 végzettséggel rendelkezdk kivant ardnyat a 25-34
éves korcsoport minimum 45%-aban hatdroztdk meg 2030-ra — az eredményeken beliil a
nemek ¢s a kiilfoldi—belfoldi sziiletés szerinti megoszlast is gorcsé ald véve (European

Commission, DGEYSC, 2022).

Az Unio tagorszagainak 2020-as eredményeiben a férfiak és a ndk kozotti aranyokat
Osszehasonlitva az lathatd, hogy az unios atlagos arany a nék korében 10,8 szazalékponttal
magasabb, 46%-o0s, mig a férfiak korében csak 35,2%-o0s. A 2021-es Education and Training
Monitor megallapitja, hogy a nék minden unids orszagban nagyobb valdszinliséggel
szereznek felséfoku végzettséget, mint a férfiak (Kovari, 2022). Magyarorszag a maga 30,7%-
os aranyszamaval pedig az egyik legutolsé a tagallamok kozott a felséfoku végzettséggel

rendelkezdk rataja tekintetében (European Commission, DGEYSC, 2021), mindamellett hogy
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a nok ardnya ebben a korcsoportban 11,1 szdzalékponttal haladta meg a férfiakét, ami

valamivel az unios atlag felett volt.

Az uniés elvarasoknak megfeleléen a felséfoku végzettséggel rendelkezok szamanak
megoszlasat a hallgatok kiilfoldi-belfoldi allampolgarsaga tekintetében is vizsgalni kell. Az
eurdpai mobilitasi oktataspolitika, a kiilfoldi tanulasi lehetdségek novelhetik a felsGoktatdsban
résztvevok l1étszamat a kiilfoldi hallgatok bevonzasaval. Az elmult években erételjes expanzid
volt érzékelhetd ezen a teriileten. A Tempus Kozalapitvany vezetdi 0sszefoglaloja (Tempus,
2018) szerint 2006-ban a magyarorszagi hallgatok 3,9%-a, 2011-ben mar 6,1%-a, 2016-ban
pedig 9,6%-a volt kiilfoldi allampolgarsaga, ami kozel 11 ezer {6t jelentett. Azaz, ezen tiz év
alatt majdnem két és félszeresére nott a kiilfoldi hallgaték ardnya a magyar fels6oktatasban.
Mindazonaltal azt is meg kell jegyezni, hogy ehhez a relativ részesedéshez a belfoldi
sziiletésii hallgatok létszamanak tobb mint egyharmados visszaesése is hozzajarult. Igy a
kiilfoldi hallgatok 1étszaméanak emelkedése csak egy kismértékli kompenzacios tényezoként

tudott hatni az §sszlétszamra.

Az Oktatasi Hivatal Diploméas Palyakdvetd Rendszerbdl nyert 2020-as gyorsjelentése szerint
ugyan a diplomésok elhelyezkedési kilatdsai jok, de a felsdoktatdsban a lemorzsolodas
tovabbra is magas. Az alapképzésben résztvevo hallgatok tobb mint egyharmada nem szerez
diplomat, ¢és kiilondsen magas a lemorzsolédas az informatikai, mérnoki és
természettudomanyi szakokon. (European Commission, DGEYSC, 2021) A tovabbtanulasi
lehetdségek kozotti valasztas esetében ugyancsak jelentds maradt a nemek kozotti eltérés, és a
ndk tovabbra is alulreprezentdltak az informatikai és miszaki-mérnoki szakok teriiletén.
Emellett a felsdfokt végzettséggel rendelkezok aranya 48,6 szazalékponttal magasabb azon
fiatalok korében, akiknek a sziilei magasabb iskolai végzettségiiek (European Commission

DGEYSC, 2022).

Ez a dolgozat a felsdoktatdsi lemorzsolodas és a hallgatdi sikeresség vizsgéalatanak egy
lehetséges modjat kivanja bemutatni. Tobb szempontbol vizsgéaljuk ennek tényezdit a
tanitasi—tanuléasi folyamatban, az oktatok tanitasi (Ujbanyi et a., 2019) és a hallgatok tanulasi
modszerei (Nagy et al., 2020), valamint a hallgatok karakterisztikus jellemzdi tekintetében
(GOgh et al., 2021). A felsdoktatasi tanulmanyok sordn az elsd félévek kritikus idészakot
jelentenek a hallgatok szdmara. A miszaki és gazdasagi képzéseken ehhez a matematika
tantargyak erdteljesen hozzd tudnak jarulni egyrészt mint kiilondsen nehéznek tartott,

masrészt mint alapozo, a képzés elején megjelend tantargyak (Nagy, 2018).
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A mai fels6oktatdsban a tanitdsi—tanulasi folyamat meghatdroz6 tényez6i az online
tanuldstimogatd keretrendszerek (Learning Management System: LMS) mint a képzési
tartalom atadasi feliiletei (Takacs, 2023). Az oktatok itt teszik elérhetévé a hallgatok szamara
a tanulashoz sziikséges, altalaban szoveges vagy multimédia alapu tananyagokat, itmutatdokat.
Mindazonaltal, ezeket a virtudlis tereket mar széleskorben hasznaljdk nemcsak bemeneti
tartalmak, hanem tanulasi tevékenységek, tanuldi aktivitdsok gytjtdhelyeként is, példaul
tesztekhez ¢és interaktiv feladatokhoz, vagy akar a tobbiranyt, altaldban aszinkron
kommunikéciohoz (Nagy & Horvath, 2023). Ezek a rendszerek, feliiletek lehetévé teszik a
teljesen online, de segitik a vegyes (blended) tipust, illetve a jelenléti oktatasi modszereket is.
Az oktatok — az intézmény altal meghatarozott keretek kozott — bizonyos foku autonomiéaval
rendelkeznek abban, hogy ezeket a feliileteket, funkcioikat, tartalmaikat hogyan hasznaljak,
hogyan illesztik az oktatasi folyamatba, milyen mddszereket alkalmaznak (Namesztovszki &
Kovari, 2022). A hallgatok hasonloképpen eldonthetik, hogy ezeket a tartalmakat hogyan
hasznaljak sajat tanulasi folyamatukban. Az ezekkel a tartalmakkal torténd tevékenységeket
tekintjiik a hallgatok tanuldsi aktivitdsainak, Ugymint az oktatdsi anyagok megnyitésa,
letoltése, videok megtekintése, tesztek, feladatok elvégzése, pontszama, kommunikécioban
val6 részvétele stb. Ezeket az aktivitasokat, mint a tanulasi folyamatban a tanulok viselkedési

jellemvonasait, a hallgatdi karakterisztikak egy részének tekintjiik.

A hallgatok sikeres tanulményi elémenetelében azonban rendkiviil fontos tényezd, hogy ,,mit
hoz magaval” a hallgatdo. Megkozelitésiinkben ez a masik szegmense a hallgatdi
karakterisztikaknak. Bourdieu reprodukcids elméletének elfogadasa mentén feltételezziik,
hogy a hallgatok belépéskori, elsdédlegesen tarsadalmi, gazdasagi és kulturalis tokéjének
felmérésével valdsziniisithetjiik a hallgatok egyéni esélyeinek szintjét a képzésen vald
bennmaradéas tekintetében, hisz a ,hozott” tarsadalmi egyenldtlenségek a habitus altal
determinaltan atorokitédnek (Meleg, 1996). Ennek megfeleléen a hallgatok demografiai,
szocioOkonomiai €s -kulturdlis jellemzoit tekintjiik a hallgatoi karakterisztikdk tovabbi

O0sszetevOinek.

2. Irodalmi hattér

A hallgat6i lemorzsolodasnak viszonylag nagy irodalma van, bizonyos tekintetben ez neheziti
i1s a relevans irodalmak fellelését. Hazai viszonylatban ¢€s nevelésszociologiai

megkozelitésben kiemelkeddek a debreceni kutatocsoport munkai.
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Mellézhetetlen az Oktatasi Hivatal 2020-as Osszefoglald tanulménya, ami kifejezetten a
felsGoktatasi lemorzsolddas vizsgalatair6l nyujt alapvetd és viszonylag friss adatokat,
informaciokat, statisztikakat a teljes magyarorszagi helyzetrél a 2011-2019. k6zotti idoszakra
vonatkozbdan. Vizsgalataikban tobbek kézott megallapitjak, hogy a real jellegli informatikai,
miszaki és természettudomanyi képzések vezetnek a lemorzsolédasban. (Demcsdkné &

Huszarik, 2020)

A nemzetkozi szakirodalom tekintetében elsddlegesek az Eurdpai Bizottsag felsdoktatassal
foglalkoz6 szakpolitikai dokumentumai, kutatdinak, kutatdécsoportjainak unios és orszagos
szintli jelentései, tanulmanyai. Az oktatas és képzés szocidlis vonatkozasaival foglalkozo
szakértdi halozat (NESET: Network of Experts on Social Aspects of Education and Training)
altal az Eurdpai Bizottsdg szdmara készitett 2013-as jelentésében Quinn (2013) kiemeli a
részidds hallgatok (levelezd tagozatosok), a férfiak, de elsddlegesen a bizonytalan tarsadalmi-
gazdasagi hattérrel rendelkez6 hallgatok veszélyeztetett helyzetét. Hat alapvetd okot jeldl meg
a lemorzsolodas fO0 okaiként: tarsadalmi-kulturalis, strukturalis, politikai, intézményi,
személyes €s tanulmanyi tényezO6t. Az Eurdpai Bizottsdg Oktatas és Képzés csoportjanak
munkatarsai (European Commission, 2015) jelentésiikben harom szintre osztjak a tényezdket:

allami, individualis és intézményi szintekre.

Az Oktatasi és Keépzeési Figyelo 2022-es 6sszehasonlito jelentése tobbek kozott arra hivja fel a
figyelmet, hogy a felsdoktatds boviilése elfedi a tovabbra is fenndllo egyenldtlenségeket, az
extenzid a nemek kozotti szakadék novekedésével jart egyiitt a ndk javara. Azonban az is
lathato, hogy a nemek kozotti kiilonbségek mar joval a felsGoktatds eldtt megjelennek és az
oktatdsi palyan elore haladva szélesednek tovabb. Ezt tiikrozi az Uj belépdkre, a
beiratkozasokra és a befejezésre vonatkozd adatok tobbsége is (Géabos et al., 2022). A
tovabbtanulasi lehetéségek kozotti valasztds esetében ugyancsak jelentds maradt a nemek
kozotti eltérés, és a ndk tovabbra is alulreprezentaltak az informatikai és miiszaki-mérndki
szakok teriiletén. Emellett a felsdfokt végzettséggel rendelkezdk aranya 48,6 szdzalékponttal
magasabb azon fiatalok korében, akiknek a sziilei magasabb iskolai végzettségiiek. (European

Commission DGEYSC, 2022)

A Dunaujvarosi Egyetem viszonylatdban megkeriilhetetlen az egész téma, a helyi kontextus
és elézmények megismerése a 2014-2018. kozott megvalositott Hallgatoi Sikerességet
Tamogato (HASIT) program ¢€s annak koteteinek tanulméanyozéasa. A hatkotetes kiadvanynak
legfoképp az els6 (Monitoring rendszer) (Andrds et al., 2016a) és az o6todik (Mérések,
kutatasok) (Andrés et al., 2016b) részét vélem hasznosithatonak, de a negyedik (Hallgatoi
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motivacid) (Andras et al., 2016¢) és a hatodik (FelsOoktatasi tanacsadas) (Andras et al.,
2016d) rész is tartalmaz értékes informacidkat, javaslatokat. A monitoring rendszer jo
kiindulasi alapot jelent, azonban tovdbbgondoldsra javasljuk, mert ugyan a Neptunban
rogzitett megbizhat6 adatokat hasznal, (mint az 6rakon jelenlévo hallgatok aranya, a félévkozi
feladatokat, félévet sikeresen teljesitd hallgatok aranya; szakdolgozatot beadd hallgatok
aranya), de a Neptun alapvetden nem tanulastimogat6 rendszer, igy jelenleg a rendelkezésre
allo funkciokkal nem képes sokféle tartalmi elem, hallgatéi tevékenység rendszerezésére,
megosztasara, igy az oktatoknak — azon kiviil, hogy rogzitik a feladatok eredményeit —, nincs

lehetdségiik egy komplett tananyagcsomagot 1étrehozni, és azt 6sszességében kielemezni.

A tanuldstamogatd rendszerek képesek a tanulok tananyagfelhasznaldsi tevékenységeinek
rogzitésére. Az ezen feliileteken torténd tanuloi aktivitasok vizsgéalataval, a tanuldselemzéssel
(Learning Analytics, Educational Data Mining) kapcsolatosan elsdsorban angol nyelvii
irodalmakra tamaszkodunk. Kiindulasi alapot a Society of Learning Analytics Research
tarsulas Handbook of Learning Analytics kiadvanya (Lang et al., 2022) nyujt. Leginkabb a
kiilfoldi jo gyakorlatokat keressiik, mert Magyarorszdgon ezek a tevékenységek még kevéssé
elterjedtek. Elsdsorban azokat a felsdoktatasi €s nyitott egyetemi (open university) jo
gyakorlatokra szeretnénk ratalalni, amik egyrészt a tanuldselemzés modszereit hasznaljak a
lemorzsolddassal veszélyeztetett hallgatok kiszlirésére, masrészt a hallgatok megtartasara
kidolgozott technikdkrol szélnak. Ezek kozott azon nemzetiségek munkaira vagyunk kiemelt
figyelemmel, melyek nagyobb létszamban megjelennek Egyetemiinkén a relevans képzési

terileteken.

3. Javasolt modszertan a hallgatoi sikeresség vizsgalatara

A felsOoktatds vilaganak valtozasaval, annak 1 szakaszaban az expanzido egyértelmiien
visszafordult, és a kapacitasok liresedd hallgatoi helyekkel, lemorzsolodassal talaltdk szembe
magukat. A Debreceni Egyetem Felsdoktatasi Kutato és Fejlesztd Kozpontja (CHERD-H) 2017
¢és 2021 kozott ezt a jelenséget kezdte el vizsgalni a Tarsadalmi és szervezeti tényezok szerepe a
hallgatdi lemorzsolodasban cimii komplex kutatasukban. A hallgatoi deficithipotézisbdl kiindulva
vizsgalataikban a hallgatok hirom, a tanulmanyi haladdsi utjuk szempontjabol jol
koriilhatarolhat6 tipusat figyelték meg: normal haladok, cstszo-passzivalok és korrigalok.
Kutatdsi munkajukkal olyan tobbdimenzids tényezdrendszert rajzoltak fel, mellyel hasznos
tampontokat adnak Uigy az oktatéspolitikai szakembereknek, mint a témaban érintett felsdoktatasi

szereploknek vagy érdekld kutatoknak. Vizsgéljak a lemorzsolodas rizikoforrasait, az eltérd
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kockazata hallgatdi csoportokat, valamint szamba veszik a hallgatok rizikd- és eréforrasait. A
bemutatott vizsgélatok javarészt a 2018/2019-es tanévben, Kelet-Magyarorszdg és a kozeli
karpat-medencei térség orszagainak felsdoktatasi intézményeiben felvett, nagymintds hallgatoi

kérdoivek adatbazisara tamaszkodnak.

Pusztai Gabriella és Kovacs Klara (2021) azokat a tényezoket elemzik, melyek a hallgatok
perzisztenssé, rizikossa vagy lemorzsolddova valasanak esélyeit befolyasoljak. Az OECD 2019-es
adataibol indulnak ki, majd a 2018-as mintaban arra keresik a valaszt, hogy ezek a hallgatoi
csoportok milyen jellemzé tulajdonsagokat mutatnak tarsadalmi hatteriik ¢és intézményi
integraciojuk viszonylatdban. Eredményeik erdsitik azon elméletek érvényességét, miszerint
azoknak a hallgatoknak, akiknek gyengébb az inter- és intrageneracids kapcsolathdldja, nagyobb
esélyei vannak a lemorzsolddasra. Felhivjak a figyelmet tobbek kozott a koltségtéritéses, munka
mellett tanulo, férfi hallgatok, valamint a felsGoktatasban elsdgeneracios és az elégtelen anyagi

koriilményekkel birok veszélyeztetettségére.

4. Egy konkrét adatgyiijtés bemutatasa a hallgatoi sikeresség vizsgalatanak
elemzésére a Dunaujvarosi Egyetemen

A  matematika targyak hallgatéinak kérddives felméréseit 2020-ban kezdddtik. A
vizsgalatokat egyrészt a pandémia miatti online oktatdsra vald attérés tapasztalatainak
Osszegytjtése céljabol (Cserné Pekkel & Kocso, 2021), mésrészt a mesterséges intelligenciat
hasznalé prediktiv tanulaselemzések kiegészitéséhez végeztiik (Kocsd & Bognar, 2021). igy
vannak mar adataink €s azokbol levont kovetkeztetéseink, de a kérddivek még kevéssé
tartalmaztdk a téma hazai és nemzetk6zi irodalmanak eredményeit, valamint
konzisztencidjukban is pontositasra, bovitésre szorultak ahhoz, hogy valdoban pontosithassak a

hallgatoi sikeresség/lemorzsolodas elorejelzését.

A szakirodalmak feldolgozasaval parhuzamosan a kérddivet is fejlesztjiik. Nulladik 1épésként
a korabbi Google Forms és a Moodle v3.7 feliiletérdl athelyeztiik a Moodle 2021 6ta hasznalt

v3.9-es feliletére.

A teljes kutatas longitudinélis. Kvalitativ, kvantitativ, beavatkozasmentes és beavatkozassal

jaro6 elemeket is tartalmaz, tobb alkutatdsra oszthato:

1. A Dunaugjvarosi Egyetem tantargyszinti hallgatéi eredményességének kvantitativ

vizsgélata a hallgatdéi Neptunban rogzitett demografiai és egyéb képzési jellemzdi,
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valamint a tantargyak adott féléves paramétereinek, jellegzetességeinek Osszefliggéseiben a

matematika targyakon a 2017/2018/1. félévétol a 2021/2022/2. félévéig.

2. A 2020/2021-2022/2023-as tanévekben harom kvantitativ beavatkozdsmentes, majd egy
félévben beavatkozassal jard eldvizsgalatként onkéntes, anonim online kérdoives, ill. teszt
formatumu felmérések a Moodle feliiletén a parhuzamosan folyé szakirodalmi elemzések
eredményeivel bdvitetten a hallgatok jellemzdinek feltarasara. A teszt formatumu felmérés
folytatasa a 2023/2024/1. félévében. Ezek a vizsgalatok rétegzett mintavétellel a magyar
nyelvii nappali és levelez6, valamint az angol nyelvli nappali tagozatos hallgatok
csoportjaiban torténnek. Az Onkéntesen hozzajaruld hallgatok valaszait/jellemzoit
Osszevetjik az adott félévi végleges (Neptunbol nyert) eredménylikkel statisztikai

Osszefiiggések feltarasa céljabol.

3. Kvalitativ vizsgélatként a 2023/2024-es tanévben matematika targyat oktatd kollégakkal

strukturalt interjut készitlink 6nkéntes alapon.

4. Kvalitativ tartalom-, ill. dokumentumelemzésként vizsgaljuk a Moodle tanuldstamogatd

rendszer adott féléves tartalmait parhuzamosan a kérddives vizsgalatokkal.

5. Beavatkozassal jaré kvantitativ vizsgdlatként elemezziik a matematika tantargyakat felvett
hallgatok Moodle-kurzusbeli aktivitdsat az elsd, majd meghatarozott intervallumban

torténd belépés, és kivalaszott tevékenységek teljesitése szintjén.
4. 1. A hallgatoi adatok és eredmények visszamendleges statisztikai elemzése

Kvantitativ, beavatkozdsmentes vizsgalatként visszamendleg elemezzikk a 2017/2018/1.
felévetol a 2021/2022/2. félévéig az adott félévben matematika tantargyat felvett hallgatok
adatait, tulajdonsagait ¢és eredményeit. Ezen adatokat az Adatkezelési és adatvédelmi
szabalyzatnak megfelelden, jegyzOkonyvezetten kértiik. Az eldzetes egyeztetések alapjan egy
Osszesen 2121 f6s mintaval dolgozhatunk. Ezek a Neptunbdl nyert adatok a hallgatok

személyes adatait nem, de az alabbiakat tartalmazzak:

- sziiletési év,

- nem,

- munkarend (tagozat),

- képzés (szintje €s nyelve),
- finanszirozasi forma,

- hanyadik targyfelvétel,
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- megszerzett érdemjegy (bejegyzés),

- bejegyzo.

Statisztikai 0sszefiiggéseket keresilink a fenti hallgat6i adatok és az érdemjegyek, valamint az
egyes félévek oktatasi jellemz6i (pl. online/offline Oratartds ardnyai) és a hallgatoi
eredmények kozott, melyek alapjan az elorejelzésekhez hasznalhatdo kovetkeztetéseket

kivanunk levonni.

4. 2. A hallgatdi jellemzok vizsgalata

A hallgatok jellemzdinek vizsgélatara kérddives kutatdst végziink. A mintatanterv szerint
halad6 hallgatok az elsd harom félévben egymds utdn vesznek részt a Matematika 1-2-3.
tantargyak kurzusain. Az eredeti elképzelés szerint — annak érdekében, hogy ne legyen olyan
hosszl a kérddiv, és nagyobb legyen a kitoltési hajlandosag — a kérdéseket a harom félévre
eloszlatva, kiilonbozd fokusszal harom kérddivben terveztiik lekérdezni a hallgatdkat. Az
elévizsgalatok e félévi kitdltési szama viszont azt a tanulsagot hozta szdmunkra, hogy mégis
egy nagy, teljeskorti kérddiv sziikséges a tanulmanyok megkezdésének a legelején — szamitva
arra, hogy a kezdeti lelkesedés akkor még inkabb ¢l a hallgatokban és szivesebben tdltenek ki
egy kérddivet, mint késébb madasodikat, harmadikat, hasonl6 céllal. A 2. és a 3. félévben
azonban nyomon kovetjiilk a kurzusszintli elérehaladast és azon hallgatokat, akik ehhez
hozzajarulnak Neptun kodjuk megadédsaval. A kérdéiv kérdései a hallgatok, 1. d. pontban
részletezett demografiai, szociookonomiai és -kulturdlis jellemzdit kivanjak feltarni. A teszt

kitoltése onkéntes, anonim és csak egyszer tolthetd ki (visszatétel nélkiili minta).

Ez a kvantitativ vizsgélat abban is modosult, hogy eredetileg beavatkozasmentesként indult,
de a végcél tervezetében beavatkozassal jard akciokutatasként hatdrozzuk meg, mivel a
kérddivet atdolgoztuk teszt formatumura. Ez annyit tesz, hogy a hallgaték valaszait
(jellemzdit) pontozzuk, ami alapjan kapnak egy mutatdészdmot, és amit besorolunk egy
varhato teljesitési szintre: alacsony, kozepes, magas. Ezzel nemcsak mi nyeriink adatokat, de
egyben a hallgatok is azonnali eredményhez, kiértékeléshez, tovabba az 06nalld tanuldsi
tevékenységeikhez és a kapcsolati tokéjiikk megerdsitése érdekében tandcsokhoz juthatnak (2.
abra). Ez erdsitheti a kitoltési hajlandosagot, az érdekeltségiiket, bevonddasukat, valamint
annak a problémateriiletnek az athidalasat is jelentheti, hogy a visszajelzést csak az arra
nyitott hallgatok kapjdk meg. Az értékelési eredmények a szint megjeldlésén til a mostani €s

a kovetkezd probaiizemben meglehetdsen altalanosak, inkdbb a tajékoztatds a céljuk, és
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hangsulyozottan tartalmazzak a probaiizemmodd jelleget és azt, hogy az eldrejelzés nem

determinal.

A teszt a Siker Elorejelzési Mutatd (SEM) nevet kapta. A szakirodalmakban és eldzetes
megkdzelitésiinkkel a lemorzsolodassal veszélyeztetetteket ,keressiik”, de szeretnénk a
fokuszt a sikerességi tényezok felé irdnyitani, hogy pozitiv iizenetet hordozzon magaban a
teszt is. Es bar valoban fontos, hogy észrevegyiik, kinek van sziiksége plusz segitségre, ezzel

az is cél, hogy az eredményekbdl kinyerjiik, mik a sikerességi tényezok.

A névvalasztds mogott ugyancsak meghuzodd cél a kitdltési hajlandosag novelése. Ennek
megfeleléen pedig olyan értékelési szemszoggel dolgoztuk ki, mely azon valaszokra, hallgatoi
jellemzokre ad pontot, amik segitik a tanulmanyi elérehaladast. A pontok sulyozdsa — mintegy
hipotézisként — egyrészt szakirodalmi elemzések, kordbbi orszagos és nemzetkozi kutatasok
eredményeit épiti be, mdasrészt az Neptunbol nyert visszamendleges adatok statisztikai
elemzésén alapul. A teszt eredménye szerint a hallgatot magas, kozepes vagy alacsony SEM
szintre soroljuk. Az értékelésben jelenleg megkapja a sajat SEM szamat, a tesztet addig
kitolté hallgatotarsai eredményének atlagat, errdl két egyszeriibb bipolaris grafot, valamint
rovid értékeld gondolatokat, és javaslatokat lehetdségeinek javitdsara (pl. kihez tud fordulni
problémaival, tanuldsmodszertani tanacsok stb.). A kiértékelés természetesen még tovabbi

fejlesztést igényel.
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siker Elarejelzési Mutato (SEM)

Malematika 2.

& Siker Elorejeloasi Mutatd szt hivescid megmotstrs, bogy tencimanyesosn miyen soinkiek s scslye 8 siomres Salsdeera
This response Osszes résztvevd
s%\{ s%\{
Teszt/Szakasz - Névtelen - Osszes résztvevé
SEM 27% 41%

Ertékelés
Valaszai alapjan az alabbi Siker Eldrejelzési Mutaté (SEM) szintre soroltuk:
ALACSONY @

aval elle

ulyozhatja. Az egyetemi
idejének minél fakuszélabb

7t kitartdsaval, céltudato:
ehaladast. Eszkozeinek és figyelméne!

ehetdségei nagyban nehezitik tanulmanyai sikeres teljesitésé
tamogaté kapesaolathald erdreljesen segitheti a tanulmany
Sjar: a sikeres tanuldshoz (pl. pomodoro technika)

tudjuk tmogatni, de az alébbiak is segithetnek javitani lehetdségeit - ha még nem &l velllk:

val, pl. kdzds FacebookiTeams/Messenger csoporthan informacidk megoszidsa.
» Szakmentor felke szakmentori rendszerrdl ITT olvashat).
o Ordkonvald
* A Moodle-ben talalhatd tananyagok mélyebb tanulmanyozasa.

» Tarmdrgyi kérdés, problé £n az okratd megkeresése:

o személyesen, pl. fogadédrakon (intézet hirdetdkon megtalilja az idSpontokat),
¢ emailben (telefonkonyv.uniduna.hu),

Moodle-ben (egyéni lee‘wetbeq:_‘a::::fertn. forumakon |@ )

Teams-er: egyéni csevegésben @ | csoportbejegyzéssk kizom)

g oSt

Tanulmanyaihoz, vizsgéinoz elsdsorban j& egészséget, kitartast, valamint sok sikert, JO SZERENCSET kivanunk!

A fenti elérejelzés nem determinal!
Egyrészt még eldvizsgalatként, probatizemben mikadik 5 teszt, masrészt hisszik, hogy a jové formalhatd.

1. abra SEM teszt visszajelzés "alacsony" szint esetén

4. 3. A Moodle-kurzusok tartalmanak elemzése

A DUE Moodle tanulastdmogaté rendszerben minden egyes tantargyhoz tartozik egy feliilet,
melyen a tananyagforrasok (resources) €s a tevékenységek (activities) elhelyezhetdk és
elérhetévé tehetok a hallgatoknak. Ezek a hivatalos tantargyakhoz tartoz6 Moodle-kurzusok.
Az, hogy ezeket az oktatok milyen tartalommal toltik meg, altaldnossagban valtozo. Van
olyan kurzus, ami az oktatd 4ltal Osszedllitott, kifejezetten a tananyaghoz késziilt irdsos
tartalmakat, eldadéas didkat, ezekhez késziilt el6adds videdkat és gyakorlati, szamitogépes
szoftverhasznalatot bemutaté, magyardzo videdkat tartalmaz, de vannak olyanok, amik
tematikusan kevésbé 0Osszerendezettek, ¢€s inkdbb csak tananyaggyljteményeknek

tekinthetdek, sajat vagy nem sajat készitésii forrasokat tartalmaznak.

Ezeknek a tanuldsi felilleteknek a megismerése, tartalomelemzése (mintegy

dokumentumelemzése) elengedhetetlen ahhoz, hogy 4atlassuk a hallgatok szédmara
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feldolgozand6 forrasul szolgaldé tananyagoktipusokat, az oktatok altal alkalmazott

modszereket.

SEGEDLETEK. ADATALLOMANYOK

@ Képletgyiijtemény
@ statisztikai tablazatok
@ Adatélloményok. Adatféjlok, projekt fajlok.

) Minitab 16.2

STAT-01. Bevezetés a statisztika tudomanyaba

@ Bevezetés a statisztika tudomanyéba. Attekintés - 26:37 Vided

€ Bevezetés a statisztika tudoménydba

| @ Onellendrz6 teszt 1.

2. abra Részlet a Mérnoki matematika 2.
Moodle-kurzus tartalmabodl

4.4. A hallgatoi aktivitasok statisztikai elemzése

A tanulastdmogatd rendszerekben a hallgatok egyéni tanuldsi aktivitasainak naplozasa
lehetdséget teremt az Un. tanuldselemzések lefolytatdsara. A Moodle-kurzus minden
résztvevojének, tehat a tantargyat felvett Gsszes hallgatd aktivitdsat, tevékenységteljesitését
figyelemmel tudjuk kisérni. Ennek mentén ez egy beavatkozdsmentes kvantitativ vizsgalat,
ami a teljes alapsokasadgot mintdul hasznalja. Célja, hogy az inaktiv, vagy gyengén teljesitd
hallgatdkat mielébb kisziirhessiik.

A legegyszerlibb szintje ennek a belépésfigyelés, majd az aktivitasfigyelés tovabbi szintjei,
amikor az adott Moodle-tartalmakhoz beallitjuk, hogy a rendszer rogzitse a hallgato
aktivitasait: megnyitotta-e a linket, megtekintette-e a videot, elvégezte-e az adott tesztet, és
azt milyen eredménnyel stb. A legbonyolultabb, mar a rendszer belsé programozasat is
igényld modja, mikor pontosan meghatdrozzuk, hogy mely hallgatéi aktivitasokat,
tartalomfeldolgozasokat rogzitse a rendszer, és az alapjan egy mesterséges intelligenciat €s
perdiktiv analitikat hasznalo gépi tanulasi (Machine Learning: ML) modellt dolgozhatunk ki.
Egy ilyen modellt dolgozott ki (Bognar & Fauszt, 2022) kifejezetten a Matematika 2. egyik
Moodle-kurzusanak tartalméhoz, de ahogy munkdjukban is irjak, vannak korlatai a

modellnek, ami az eldrejelzés megbizhatdsagat gyengitik. Ezt a modellt egésziti ki a SEM
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teszt idofliggetlen valtozokként hasznalva a hallgatdk vélaszait, jellemzdit, amivel javithatok
a modell eldrejelzési megbizhatdsaga. Az uj félévenként nyert adatok — azaz a hallgatoi
aktivitasok, jellemzok és érdemjegyek — tovabb javithatnak a predikciokon. Igy a modellt
min¢l tobb féléven keresztiil ,,tanitjuk”, annal jobb eldrejelzéseket tehet, hogy a korabbiakhoz
hasonlé hallgatok milyen varhaté eredménnyel teljesitik a kurzust. Tovabbi modellek
megalkotasa akar konkrét Moodle-kurzushoz, akar csak generdlis Moodle-tartalomhoz (pl.
altalaban véve a vided, kviz stb. tartalmakhoz) csak multidiszciplinaris egyiittmiikodésben
(programozdval, rendszergazdaval, statisztikussal egylitt) valosulhat meg (Zawacki-Richter et
al., 2019; Bates et al., 2020), ami talmutat a kutatas korlatain, azonban a hallgat6i aktivitasok

figyelésének egyszeriibb formait nem mell6zhetjiik a kutatasban.
4.5. A hallgatdi féléves érdemjegyek

A vizsgaidészakok zarasdval kell Osszevetni az adott félévi matematika kurzusokon elért
hallgatéi eredményeket a SEM tesztek valaszeredményeivel ¢és a tanuldselemzési
statisztikakkal. Ekkor tudjuk 6sszekapcsolni a félév sordn szerzett informacidkat a hallgatoi
karakterisztikakrol a félév legvégére szerzett érdemjegyiikkel azon hallgatoknal, akik ehhez
hozzajarultak Neptun kodjuk megadéasaval a SEM tesztben (nem kotelezd kérdéselemként). A
Neptunbdl az érdemjegyiiket az Adatkezelési és adatvédelmi szabalyzatnak megfeleléen
jegyzokonyvezetten kérjiik meg. Ekkor kapunk teljes képet az adott kurzusban lezajlott
tanitasi—tanulasi folyamat eredményeirdl. Végiil, a hallgatok kérddivekre adott valaszai és a
matematika targyakon elért eredményei Osszekapcsoldsanak statisztikai vizsgélataival

igazolhatjuk vagy elvethetjiik feltételezéseinket.

5. Egy kutatasi terv az eloz6ekben meghatarozott vizsgalati eljarasok
alkalmazasara

A képzések eleje, elsd félévei kritikus i1ddszakot jelentenek a hallgatol sikeresség elérése
avagy a lemorzsolodas elkeriilése szempontjabol. Ugyanakkor ,,a redl jellegli informatikai,
miszaki és természettudomanyi képzések vezetnek a lemorzsolodasban” (Demcsékné &
Huszérik, 2020, 54. 0.). Ezeken a képzéseken a matematika tanulmanyteriilete az alapozo
targyak kozott jelenik meg, igy az elsd féléves matematika tantargyon az Osszes belépd
hallgaté megtalalhatd. A matematika targyakat ezenfeliil a kiilondsen nehezek kdz¢é soroljuk.
Ha egy hallgat6 tudja teljesiteni ezeket a tantargyakat, akkor nagyobb valosziniiséggel tuljut a

tovabbi tanulmanyi akadalyokon is. Ellenben, ha mar az elsé félévben elmaradasa lesz,
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nemcsak mintatantervi haladasa veszélyeztetett, de ez akar a képzés elhagyasahoz is vezethet.
Minél elébb latjuk, hogy a felvett és beiratkozott hallgatok koziil kik azok, akik valamilyen
oknal fogva lemorzsolédhatnak, annal elobb tudunk koézbelépni. Ez legalabb annyira fontos
egyéni hallgatoi érdek, mint intézményi szintli €s Osszességében kollektiv tarsadalmi és
gazdasagi érdekeltség. Ezt nyilvanvaléva teszik az Eurdpai Uni6 stratégiai célkitiizései is. A
hallgatdi lemorzsolddas tényezoi azonban sokrétiieck Quinn (2013) jelentésében hat alapvetd
okot jelol meg: tarsadalmi-kulturdlis, strukturdlis, politikai, intézményi, személyes ¢&s
tanulmanyi tényezot. Legfobb kivaltd tényezoként a bizonytalan tarsadalmi-gazdasagi hatteret

azonositja.

Jelen kutatas terepéiil a Dunatjvarosi Egyetem (DUE) szolgal, mely 2012 6ta alkalmazott
tudomanyok egyetemeként miikodik. A képzési profil nagy része az informatikai, miiszaki- és
gazdasdgtudomanyi képzési teriiletekhez tartozik. Ezek a képzések egyrészt nappali és
levelez6 munkarendben, valamint magyar és kiilfoldi hallgatok szamara is elérhetéek. 2014—
2018. kozott lezajlott a Hallgatoéi Sikerességet Tamogatd program, melynek & célja a
hallgatéi lemorzsolodéas csokkentése volt. A sokrétli intézkedéssorozat eredményeként a
kurzust elhagydk szama egyes szakoknal 20%-kal csokkent 2018-ra (Rajcsanyi-Molnar,
2018). Mindazonaltal a hallgatok benntartdsa, a tantargy-, illetve kurzusteljesitések javitasa az
intézményfejlesztési stratégianak is egy meg nem sziind eleme (Polonyi, 2021). Ezenkiviil
nem mehetiink el amellett sem, hogy a 2020 tavaszan berobbant, majd ujabb évekre veliink
maradt pandémia milyen rendkiviili hatdssal volt az oktatasra, szerepldire, viselkedésiikre,

modszereikre.

A matematika tantargyak az 1. tdbldzatban felsorolt szakok mintatanterveiben az els6 harom

félévben szerepelnek mind a magyar, mind az angol nyelvii képzéseken. A hat magyar nyelvii

1. tdblazat DUE matematika tantargyak a képzéseken.

Oszi félévek Tavaszi félévek

Matematika 1. — Mathematics 1. Matematika 2. — Mathematics 2.
Matematika 3. — Mathematics 3.

Mérndk informatikus (N + L) — Computer Science Engineering (N)
Gazdasaginformatikus (N + L) = --—-----
Gépészmérndk (N + L) — Mechanical Engineering (N)
Anyagmérnok (N + L) — Materials Engineering (N)
Gazdalkodasi és menedzsment (N + L) — Business Administration and Management (N)
MUszaki menedzser — Engineering Management (N)
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abraképzés nappali és levelez6 munkarendben is zajlik, az 6t angol nyelvii képzés csak

nappali munkarendben.

Az aldbbiakban megfogalmazzuk azokat a kutatasi kérdéseket, melyre a jelen dolgozatban

vazolt modszerrel valaszt kerestunk.

a)

b)

HI.

H2.

H3.

H4.

HS.

6. Kutatasi kérdések és hipotézisek

A DUE hallgatéinak milyen demografiai, szociodkonomiai, szociokulturdlis jellemzoi
azok, melyek alapjan nagy valoszinliséggel be tudjuk Oket sorolni a matematika
tantargyak szempontjabol varhatdéan ,,magas”, ,kozepes” vagy ,alacsony” szinten
teljesitd statuszba?

A DUE online tanuldstamogat6 rendszerében rogzitett hallgatoi aktivitasok koziil melyek
segitik eld a matematika tantargyak teljesitését a legjobban? R4 tudunk-e mutatni olyan
tevékenységekre, amik eldsegitik a matematika tantargyak teljesitését?

Vannak-e kiilonbségek a DUE nappali és a levelezé munkarend, illetve a magyar és a
kiilfoldi hallgatok tanuldsi preferencidi kozott a tanitdsi—tanulasi folyamat, a képzési

tartalmak, tevékenységek, valamint az oktatasi formak és mddszerek tekintetében?

Az elézetes elemzésekre és a hallgatdi kérdéivekre (tesztre) adott valaszokra épitve
kapunk egy olyan mutatészamot a hallgatokhoz, ami alapjdn maximum 20%-o0s
hibaarannyal be tudjuk sorolni a matematika tantargyak teljesitése szempontjabol

varhatoan ,,magas”, ,,kozepes” vagy ,,alacsony” szintli statuszba.

A tanulastdmogatd rendszerben rogzitett hallgatoi aktivitdsok elemzésével, illetve az
azokat felhasznald predikciokkal tovabb tudjuk ndvelni a matematika tantargyak
teljesitése szempontjabol varhatéoan ,,magas”, ,,k0zepes” vagy ,,alacsony” szinten teljesitd

statuszba sorolas valdszinliségi mutatoit.

A tanulastdmogat6 rendszerben rogzitett hallgatoi aktivitdsok elemzésével ralatunk arra,

hogy a hallgatéi aktivitasok koziil melyek vezetnek a legjobb hallgatdi eredményekhez.

Vérhatoan kiilonbségek vannak a nappali és a levelez6 munkarendi, illetve a magyar és
kiilfoldi hallgatok preferenciai kozott a tanitdsi—tanuldsi folyamat és modszerek

tekintetében.

A hallgatdk varhato teljesitési szintjének feltérképezésével és az azon keresztiil torténd

tamogatasaval emelkednek a matematika tantargyak teljesitési mutatoi.
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Egy tanitasi-tanulasi folyamatot annal jobban lehet tAmogatni, minél el6bb és minél jobban
megismerjiik a tanuldinkat. A diagnosztikus értékelési modszerek egyik legfobb célja, hogy
olyan informéciokhoz juthasson a pedagdgus, amik hagyomanyos mérésekkel nehezen
elérhetdek (Csapo, 2018). A személyre szabott, differencialt oktatasi stratégiak kialakitasaval
nagyban fokozhatjuk a folyamat hatékonysagat, mellyel hozzajarulhatunk az intézményi

teljesitménymutatok javitdsdhoz.
7. Osszegzés

Jelen dolgozatban bemutattuk, hogy a hipotézisekben megfogalmazott Osszefiiggések
beigazolasaval avagy elvetésével hogyan juthatunk olyan stratégiai megfontolasokhoz,
melyekkel feltérképezhetjiik a hallgatok egyéni tanuldsi utjat, és tdmogathatjuk Oket a

sikerhez vezetd egyéni vagy kozosségi tanuloi aktivitasaikban.

Az eredmények segitséglinkre lesznek a tananyagok olyan forméatumu ¢és strukturaja
kialakitasaban — akar munkarend vagy életkor, akar magyar-kiilfoldi hovatartozas szerinti
megkiilonboztetésben —, melyet a hallgatok eredményesen haszndlhatnak. A tanuldselemzési
adatokbol olyan eldrejelzéseket tudunk kidolgozni, melyek segitségével ki tudjuk szlirni a
hallgatoi sikeresség, azaz a tantargy teljesitésének szempontjabol veszélyben 1€v6 hallgatokat,
¢s megfeleld tAmogatasi modszerekkel jobb hallgatoi eredményekhez juthatunk. Ezen feliil az
oktatokkal egyiittmiikodve optimalizalhatjuk az oktatdsi moddszercket ¢s a tanulési
tevékenységeket a hallgatoi 1étszamok mentén is, mellyel fokozzuk a tanuldsi €lményt és
motivaciot. A hallgatdi kérddiv és annak tanulaselemzéssel 6sszekapcsolt hasznalati metodusa
olyan precedenst kivan megalkotni, mely segithet a hallgatoi lemorzsolodas csokkentésében,

megeldzésében elsdsorban hasonlo képzési teriileteken.
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Rovid szakmai életrajz

Kocs6 Edina a Dunaujvarosi Egyetem Tanarképzo Kozpontjdban egyetemi tanarsegédként
dolgozik. A Tanarképzé Kozpontban feladata elsddlegesen a szakmai pedagogusok alap- és
mesterképzésében a hallgatok pedagogiai digitalis kompetencidinak fejlesztése, digitalis
pedagogiaval foglalkozé tantargyak oktatasa, valamint a tobb mint 200 szakoktatd alapszakos
hallgatd  mentoralasa, tanulmanyi elérehaladdsanak  kovetése. Kutatésaiban
oktatdsmodszertani kérdéseket €s a hallgatok sikerességének komponenseit, a lemorzsolodasi
kockazat 6sszetevOit vizsgalja. Tanulmanyainak gydkere ugyancsak a Dunatjvarosi Egyetem:
foiskolai €s mesterszakos tanulmanyait is itt végezte. Jelenleg a Pécsi Tudomanyegyetem

Oktatas és Tarsadalom Neveléstudomanyi Doktori Iskoldjanak doktorandusz hallgatoja.
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