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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.
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1. Introduction

Technology is fundamentally transforming education (Rodés Paragarino, V., & Gewerc, 2022;
Gonzalez-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 (Jiaetal., 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.

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


https://doi.org/10.24368/jates353

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 5

@)
o e
5> 4 oM
SN 1o ( J-)
. éprocesmsgh m@._ = m (<D |
% C o oty Chipea
innov 1t10nm Q_n . _.gz .m:>-8
learnings<eaiSs3..
E teachinge=~ 1 217 ‘e L 5
RS
fonure D

jab]
;e
(@]
=

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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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 Al 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 Al? 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
Qand 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. USA
The study shows that if education is to
lead to the creation of products, Al
can help achieve higher quality and
How can Al 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. 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. 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. 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
C; (...); Bresges, A and STEM? interviews E influences  each  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 Al be
used to classify
ethical human Machine data

behaviour? analysis E/T

What

legal practice will

areas of

be spared the Theoretical

impact of Al? 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
peripherally  but

study addresses the topic
that

technology (specifically 3D printing)

shows

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

while at the same time taking

advantage of the opportunities that 0

CHN

ITA

USA

USA

CHN
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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; (...); Al 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.

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


https://doi.org/10.24368/jates353

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 12

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 (McNultt 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 (Ali 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 Al 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 Al literacy 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 Creativity about Al enables new problems and challenges students perceive as necessary

and future-oriented.

e |tis 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.

References

Aho, A. V. (2012). Computation and computational thinking. The computer journal, 55(7),
832-835.

Alberts, L. (2022). Not Cheating on the Turing Test: Towards Grounded Language Learning in
Artificial Intelligence. arXiv preprint arXiv:2206.14672.

Ali, S., Payne, B. H., Williams, R., Park, H. W., & Breazeal, C. (2019, June). Constructionism,
ethics, and creativity: Developing primary and middle school artificial intelligence education.
In International workshop on education in artificial intelligence k-12 (eduai’19) (Vol. 2, pp. 1-
4).

Bao, J., & Xie, Q. (2022). Artificial intelligence in animal farming: A systematic literature

review. Journal of Cleaner Production, 331, 129956.

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


https://doi.org/10.24368/jates353

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 17

Beck, J., Stern, M., & Haugsjaa, E. (1996). Applications of Al in Education. XRDS:
Crossroads, The ACM Magazine for Students, 3(1), 11-15.

Becker, B. A., Denny, P., Finnie-Ansley, J., Luxton-Reilly, A., Prather, J., & Santos, E. A.
(2023, March). Programming is hard-or at least it used to be: Educational opportunities and
challenges of Al code generation. In Proceedings of the 54th ACM Technical Symposium on
Computer Science Education V. 1 (pp. 500-506).

Bini, S. A. (2018). Artificial Intelligence, Machine Learning, Deep Learning, and Cognitive
Computing: What Do These Terms Mean and How Will They Impact Health Care? The Journal
of Arthroplasty, 33(8), 2358-2361. https://doi.org/10.1016/j.arth.2018.02.067

Borji, A. (2022). Generated faces in the wild: Quantitative comparison of stable diffusion,

midjourney and dall-e 2. arXiv preprint arXiv:2210.00586.

Burkholder, C. (2022). Teaching Geography Education in the Anthropocene: focusing on settler
Colonialism, slow Violence, and solidarity Building in New Brunswick through dIY Art
Production. Teaching in the Anthropocene: Education in the Face of Environmental Crisis,
256.

Byrne, U. (2023). A Parochial Comment on Midjourney. International Journal of Architectural
Computing, 14780771231170271.

Cambridge Dictionary. (2023). https://dictionary.cambridge.org/dictionary/english/creativity

Casal-Otero, L., Catala, A., Fernandez-Morante, C., Taboada, M., Cebreiro, B., & Barro, S.
(2023). Al literacy in K-12: a systematic literature review. International Journal of STEM
Education, 10(1), 29.

Creely, E. (2023). Conceiving creativity and learning in a world of artificial intelligence: A
thinking model. In Creative provocations: Speculations on the future of creativity, technology

& learning (pp. 35-50). Cham: Springer International Publishing.

Cerny, M. (2022). Proména filozofie edukace v infosférické dobé [Disertatni prace,

Masarykova univerzita]. Instituciondlni repozitat MU. https://is.muni.cz/th/iuy5y/

Danziger, S. (2022). Intelligence as a social concept: a socio-technological interpretation of the
turing test. Philosophy & Technology, 35(3), 68.

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


https://doi.org/10.24368/jates353
https://dictionary.cambridge.org/dictionary/english/creativity

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 18

Davidson, J., Jones, C., Johnson, M., Yildiz, D., & Prahalad, V. (2023). Renewing the purpose
of geography education: Eco-anxiety, powerful knowledge, and pathways for

transformation. Geographical Research.

Davis, A. E. (2020). The Future of Law Firms (and Lawyers) in the Age of Artificial

Intelligence. Revista Direito GV, 16(1), €1945. https://doi.org/10.1590/2317-6172201945

DeNero, J., & Klein, D. (2010, July). Teaching introductory artificial intelligence with pac-
man. In Proceedings of the AAAI Conference on Artificial Intelligence (Vol. 24, No. 3, pp.
1885-1889).

Deng, J., & Lin, Y. (2022). The benefits and challenges of ChatGPT: An overview. Frontiers
in Computing and Intelligent Systems, 2(2), 81-83.

Dobrev, D. (2012). A definition of artificial intelligence. arXiv preprint arXiv:1210.1568.

Dwivedi, U., Gandhi, J., Parikh, R., Coenraad, M., Bonsignore, E., & Kacorri, H. (2021).
Exploring Machine Teaching with Children. 2021 IEEE Symposium on Visual Languages and

Human-Centric Computing (VL/HCC), 1-11. https://doi.org/10.1109/VL/HCC51201.2021.9576171

Eaton, E., Koenig, S., Schulz, C., Maurelli, F., Lee, J., Eckroth, J., ... & Williams, T. (2018).
Blue sky ideas in artificial intelligence education from the EAAI 2017 new and future Al
educator program. Al Matters, 3(4), 23-31.

Elkins, K., & Chun, J. (2020). Can GPT-3 pass a writer’s Turing test?. Journal of Cultural
Analytics, 5(2).

Eriksson, T., Bigi, A., & Bonera, M. (2020). Think with me, or think for me? On the future role
of artificial intelligence in marketing strategy formulation. The TQM Journal, 32(4), 795-814.
Feyerabend, K. P. (1984) Science as Art. Laterza.

Floridi, L. (2014). The fourth revolution: How the infosphere is reshaping human reality. OUP
Oxford.

Floridi, L. (2019). The logic of information: A theory of philosophy as conceptual design.

Oxford University Press.

Garcia, J. D. R., Leon, J. M., Gonzélez, M. R., & Robles, G. (2019, November). Developing
computational thinking at school with machine learning: an exploration. In 2019 International

Symposium on Computers in Education (SIIE) (pp. 1-6). IEEE.

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


https://doi.org/10.24368/jates353
https://doi.org/10.1590/2317-6172201945
https://doi.org/10.1109/VL/HCC51201.2021.9576171

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 19

Gloor, P., Fronzetti Colladon, A., & Grippa, F. (2022). Measuring ethical behavior with Al and

natural language processing to assess business success. Scientific Reports, 12(1), 10228.
https://doi.org/10.1038/s41598-022-14101-4

Gonzalez-Pérez, L. 1., & Ramirez-Montoya, M. S. (2022). Components of Education 4.0 in 21st
century skills frameworks: systematic review. Sustainability, 14(3), 1493.

Grover, S., & Pea, R. (2013). Computational thinking in K-12: A review of the state of the
field. Educational researcher, 42(1), 38-43.

Haase, J., & Hanel, P. H. (2023). Artificial muses: Generative artificial intelligence chatbots
have risen to human-level creativity. arXiv preprint arXiv:2303.12003.

Helm, J. M., Swiergosz, A. M., Haeberle, H. S., Karnuta, J. M., Schaffer, J. L., Krebs, V. E., ...
& Ramkumar, P. N. (2020). Machine learning and artificial intelligence: definitions,

applications, and future directions. Current reviews in musculoskeletal medicine, 13, 69-76.

Henze, J., Schatz, C., Malik, S., & Bresges, A. (2022). How Might We Raise Interest in
Robotics, Coding, Artificial Intelligence, STEAM and Sustainable Development in University
and On-the-Job  Teacher  Training?  Frontiers in  Education, 7, 872637.

https://doi.org/10.3389/feduc.2022.872637

Hu, R., Rizwan, A., Hu, Z., Li, T., Chung, A. D., & Kwan, B. Y. (2023). An artificial
intelligence training workshop for diagnostic radiology residents. Radiology: Artificial
Intelligence, 5(2), €220170.

Hutson, J., & Cotroneo, P. (2023). Generative Al tools in art education: Exploring prompt

engineering and iterative processes for enhanced creativity. Metaverse, 4(1).

Chang, C. H., & Kidman, G. (2023). The rise of generative artificial intelligence (Al) language
models-challenges  and  opportunities  for  geographical and  environmental
education. International Research in Geographical and Environmental Education, 32(2), 85-
89.

Chun, H. (2021). A Study on the Impact of 3D Printing and Artificial Intelligence on Education

and Learning Process. Scientific Programming, 2021, 1-5. https://doi.org/10.1155/2021/2247346

Iskender, A. (2023). Holy or Unholy? Interview with Open AI’s ChatGPT. European Journal

of Tourism Research, 34, 3414. https://doi.org/10.54055/ejtr.v34i.3169

Israel-Fishelson, R., & Hershkovitz, A. (2022). Studying interrelations of computational
thinking and creativity: A scoping review (2011-2020). Computers & Education, 176, 104353.

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


https://doi.org/10.24368/jates353
https://doi.org/10.1038/s41598-022-14101-4
https://doi.org/10.3389/feduc.2022.872637
https://doi.org/10.1155/2021/2247346
https://doi.org/10.54055/ejtr.v34i.3169

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 20

Jia, N., Luo, X., Fang, Z., & Liao, C. (2023). When and how artificial intelligence augments
employee creativity. Academy of Management Journal, (ja).

Jia, Z., & Yang, Y. (2022). Research on Promoting Visual Communication of Local Folk

Culture by Using Digital Technology. Scientific Programming, 2022, 1-12.
https://doi.org/10.1155/2022/8058390

Kampylis, P. G., & Valtanen, J. (2010). Redefining creativity—analyzing definitions,

collocations, and consequences. The Journal of Creative Behavior, 44(3), 191-214.

Kang, Y., Zhang, Q., & Roth, R. (2023). The ethics of Al-Generated maps: A study of DALLE
2 and implications for cartography. arXiv preprint arXiv:2304.10743.

Kasneci, E., SeBler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F., ... & Kasneci,
G. (2023). ChatGPT for good? On opportunities and challenges of large language models for
education. Learning and Individual Differences, 103, 102274.

Kim, G. (2023). Geography education professionals’ understanding of global citizenship:

Insights for a more just geography curriculum. Theory & Research in Social Education, 1-26.

Kim, J., & Lee, S.-S. (2023). Are Two Heads Better Than One?: The Effect of Student-Al

Collaboration on Students’ Learning Task Performance. TechTrends, 67(2), 365-375.
https://doi.org/10.1007/s11528-022-00788-9

Koestler, A. (1981). The three domains of creativity. In The concept of creativity in science and
art (pp. 1-17). Dordrecht: Springer Netherlands.
Koestler, A. (2014). The act of creation. Last Century Media.

Lesia Viktorivna, K., Andrii Oleksandrovych, V., Iryna Oleksandrivna, K., & Nadia
Oleksandrivna, K. (2022). Artificial Intelligence in Language Learning: What Are We Afraid
of. Arab World English Journal, 8, 262—273. nttps://doi.org/10.24093/awej/callg.18

Lo, C. K. (2023). What is the impact of ChatGPT on education? A rapid review of the
literature. Education Sciences, 13(4), 410.

Marrone, R., Taddeo, V., & Hill, G. (2022). Creativity and Artificial Intelligence—A Student

Perspective. Journal of Intelligence, 10(3), 65. https://doi.org/10.3390jintelligence10030065

Mazzone, M., & Elgammal, A. (2019, February). Art, creativity, and the potential of artificial
intelligence. In Arts (Vol. 8, No. 1, p. 26). MDPI.

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


https://doi.org/10.24368/jates353
https://doi.org/10.1155/2022/8058390
https://doi.org/10.1007/s11528-022-00788-9
https://doi.org/10.24093/awej/call8.18
https://doi.org/10.3390/jintelligence10030065

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 21

McGovern, A., Tidwel, Z., & Rushing, D. (2011). Teaching introductory artificial intelligence
through java-based games. In Proceedings of the AAAIl Conference on Artificial
Intelligence (Vol. 25, No. 3, pp. 1729-1736).

McNutt, A. M., Wang, C., Deline, R. A., & Drucker, S. M. (2023, April). On the design of ai-
powered code assistants for notebooks. In Proceedings of the 2023 CHI Conference on Human

Factors in Computing Systems (pp. 1-16).
Miller, A. 1. (2019). The artist in the machine: The world of Al-powered creativity. Mit Press.

Ng, D. T. K., Leung, J. K. L., Chu, K. W. S., & Qiao, M. S. (2021). Al literacy: Definition,
teaching, evaluation and ethical issues. Proceedings of the Association for Information Science
and Technology, 58(1), 504-509.

Ng, D. T. K, Leung, J. K. L., Chu, S. K. W., & Qiao, M. S. (2021a). Conceptualizing Al

literacy: An exploratory review. Computers and Education: Artificial Intelligence, 2, 100041.
Noddings, N. (2018). Philosophy of education. Routledge.

Olari, V., & Romeike, R. (2021, October). Addressing Al and data literacy in teacher education:
A review of existing educational frameworks. In The 16th Workshop in Primary and Secondary

Computing Education (pp. 1-2).

Oliveira, K. K. D. S., & de Souza, R. A. (2022). Digital transformation towards education
4.0. Informatics in Education, 21(2), 283-309.

Ouyang, F., Zheng, L., & Jiao, P. (2022). Artificial intelligence in online higher education: A
systematic review of empirical research from 2011 to 2020. Education and Information
Technologies, 27(6), 7893-7925.

Palous, R. (2008). Hereticka skola: o filosofii vychovy ve svétovéku a Patockove pedagogice
cili filipika proti upadlé skole. Oikoymenh.
Pan, Y., & Froese, F. J. (2023). An interdisciplinary review of Al and HRM: Challenges and

future directions. Human Resource Management Review, 33(1), 100924.

Pelletier, K., McCormack, M., Reeves, J., Robert, J., Arbino, N., Dickson-Deane, C., ... & Stine,
J. (2022). 2022 EDUCAUSE Horizon Report Teaching and Learning Edition (pp. 1-58).
EDUC22.

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


https://doi.org/10.24368/jates353

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 22

Perchik, J. D., Smith, A. D., Elkassem, A. A., Park, J. M., Rothenberg, S. A, Tanwar, M., ... &
Sotoudeh, H. (2023). Artificial intelligence literacy: developing a multi-institutional
infrastructure for Al education. Academic radiology, 30(7), 1472-1480.

Riekki, J., & Mammela, A. (2021). Research and Education Towards Smart and Sustainable
World. IEEE Access, 9, 53156-53177. https://doi.org/10.1109/ACCESS.2021.3069902

Ritchie, G. (2009). Can Computers Create Humor? Al Magazine, 30(3), 71-81.

https://doi.org/10.1609/aimag.v30i3.2251

Rodés Paragarino, V., & Gewerc, A. (2022). Educational innovation, open educational
resources, and gender in latin american universities. Education Sciences, 13(1), 19.

Rong, Q., Lian, Q., & Tang, T. (2022). Research on the Influence of Al and VR Technology
for Students” Concentration and Creativity. Frontiers in Psychology, 13, 767689.

https://doi.org/10.3389/fpsyg.2022.767689

Sadler-Smith, E. (2015). Wallas’ four-stage model of the creative process: More than meets the
eye?. Creativity Research Journal, 27(4), 342-352.

Setiawani, S., Fatahillah, A., Oktavianingtyas, E., & Wardani, D. Y. (2019, March). The
students’ creative thinking process in solving mathematics problem based on wallas’ stages.
In IOP Conference Series: Earth and Environmental Science (Vol. 243, No. 1, p. 012052). IOP
Publishing.

Shafique, R., Aljedaani, W., Rustam, F., Lee, E., Mehmood, A., & Choi, G. S. (2023). Role of
Artificial Intelligence in Online Education: A Systematic Mapping Study. IEEE Access, 1-1.

https://doi.org/10.1109/ACCESS.2023.3278590

Shahriar, S., & Hayawi, K. (2023). Let's have a chat! A Conversation with ChatGPT:
Technology, Applications, and Limitations. arXiv preprint arXiv:2302.13817.

Shidig, M. (2023, May). The use of artificial intelligence-based chat-gpt and its challenges for
the world of education; from the viewpoint of the development of creative writing skills.
In Proceeding of International Conference on Education, Society and Humanity (Vol. 1, No. 1,
pp. 353-357).

Southworth, J., Migliaccio, K., Glover, J., Reed, D., McCarty, C., Brendemuhl, J., & Thomas,
A. (2023). Developing a model for Al Across the curriculum: Transforming the higher
education landscape via innovation in Al literacy. Computers and Education: Artificial
Intelligence, 4, 100127.

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


https://doi.org/10.24368/jates353
https://doi.org/10.1109/ACCESS.2021.3069902
https://doi.org/10.1609/aimag.v30i3.2251
https://doi.org/10.3389/fpsyg.2022.767689
https://doi.org/10.1109/ACCESS.2023.3278590

Vol. 13, No. 3, 2023 pp. 1-24 https://doi.org/10.24368/jates353 23

Tang, T., Li, P., & Tang, Q. (2022). New Strategies and Practices of Design Education Under
the Background of Artificial Intelligence Technology: Online Animation Design Studio.

Frontiers in Psychology, 13, 767295. https://doi.org/10.3389/fpsyg.2022.767295

Tedre, M. (2022, October). Computational Thinking 2.0. In Proceedings of the 17th Workshop
in Primary and Secondary Computing Education (pp. 1-2).

Treve, M. (2021). What COVID-19 has introduced into education: Challenges Facing Higher

Education Institutions (HEIs). Higher Education Pedagogies, 6(1), 212-227.
https://doi.org/10.1080/23752696.2021.1951616

Walia, C. (2019). A dynamic definition of creativity. Creativity Research Journal, 31(3), 237-
247.

Wong, G. K., Ma, X., Dillenbourg, P., & Huan, J. (2020). Broadening artificial intelligence
education in K-12: where to start?. ACM Inroads, 11(1), 20-29.

Zarithonarvar, A. (2023). Economics of chatgpt: A labor market view on the occupational
impact of artificial intelligence. Available at SSRN 4350925.

Zhai, X., Chu, X., Chai, C. S., Jong, M. S. Y., Istenic, A., Spector, M., ... & Li, Y. (2021). A
Review of Artificial Intelligence (Al) in Education from 2010 to 2020. Complexity, 2021, 1-18.

Zhang, C., Khan, 1., Dagar, V., Saeed, A., & Zafar, M. W. (2022). Environmental impact of
information and communication technology: Unveiling the role of education in developing

countries. Technological Forecasting and Social Change, 178, 121570.

Zhang, H., Lee, 1., Ali, S., DiPaola, D., Cheng, Y., & Breazeal, C. (2022). Integrating ethics
and career futures with technical learning to promote Al literacy for middle school students:

An exploratory study. International Journal of Artificial Intelligence in Education, 1-35.

Zheng, L., Dong, Y., Chen, J., Li, Y., Li, W., & Su, M. (2022). Impact of Crisis on Sustainable
Business Model Innovation—The Role of Technology Innovation. Sustainability, 14(18),
11596.

About Authors

Michal CERNY is an assistant professor in the Department of Information Studies and Library
Science, where his research focuses on technology in education and its philosophical and
sociological reflection. As a senior researcher, he led a project on information literacy and now

works as a researcher in projects on personal learning environments and immersive virtual

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


https://doi.org/10.24368/jates353
https://doi.org/10.3389/fpsyg.2022.767295
https://doi.org/10.1080/23752696.2021.1951616

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

reality learning. He received his PhD in Social Pedagogy when his work focused on the
changing philosophy of education in the context of technological transformation.

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


https://doi.org/10.24368/jates353

