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Abstract

This study examines the effects of artificial intelligence and fuzzy logic use in the context of art education with
a bibliometric analysis method based on the Scopus database. Research has been evaluated as the most used
keywords, the most popular countries, the most relevant sources, authors production, the level of scientific
publication compared to years, and the most contributing academic resources. The findings have shown that the
term “fuzzy logic” is the most used concept in the literature and that it plays a central role in aesthetic decision
-making processes with modeling non-specific in digital art education. On the other hand Belgium and China in
the number of references have been found to intensify academic production in Europe and Asia. The number
of publications has increased in certain years, such as 2008 and 2014. It was concluded that the most popular
resources are interdisciplinary platforms and technical con-fans. In general, it shows that the research are at the
level of practice and experimental, and it has been concluded that the academic interest in the integration of
fuzzy logic systems into art education has not yet reached a balanced structure. A clear and well-documented
LibreOffice document is presented as an article formatted for publication by CEUR-WS in conference proceedings.
This article presents and explains many of the common variations, as well as many of the formatting elements an
author may use in the preparation of the documentation of their work.
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1. Introduction

Innovations in 21st-century education and art education are making individuals’ creative skills com-
patible with the digital age. The innovations that have emerged in this context are especially in the
field of artificial intelligence (AI) and fuzzy logic. Fuzzy logic stands out with its structure based on
intuitive decision-making and human perception processes. This tool, which pushes the boundaries
of traditional evaluation in art education, provides practical opportunities in modeling emotions and
aesthetic values [1]. In this sense, the logical structure of fuzzy logic makes issues such as color and
emotion relationship analysis visible in structural features. These contemporary approaches that can
be used in the field of art education also make it easier for learners to adapt to the field of technological
literacy. For example, the emotional effects of color fluctuations used on a work of art on the viewer
can be modeled more clearly with fuzzy logic systems. This allows students to use basic principles such
as composition, aesthetic value, and color selection more consciously and openly. It is known that art
education studies based on artificial intelligence (Al) facilitate the dynamic monitoring and analysis of
student performances [2]. In areas related to plastic arts, students’ attention spans and learning styles
can be explained by neural networks.

Such systems are more logical and concrete in their framework and are clearer in providing feedback
to the students. For example, automatic music production with Al and compositions constructed with
transferred algorithmic balance drawings are prominent. It is seen that they do not only provide
technical support in the use of these tools, but also pave the way for digital transformation in art. In
this context, the use of technological developments in a discipline as meaningful and valuable as art

ICAIW 2025: Workshops at the 8th International Conference on Applied Informatics 2025, October 8—11, 2025, Ben Guerir, Morocco
*Corresponding author.

& fatma.miralay@neu.edu.tr (F. Miralay)

@ 0000-0003-1085-4141 (F. Miralay)

© 2025 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
B



mailto:fatma.miralay@neu.edu.tr
https://orcid.org/0000-0003-1085-4141
https://creativecommons.org/licenses/by/4.0/deed.en

Fatma Miralay CEUR Workshop Proceedings 1-10

education stands out. Considering digital developments in education, it is clear that art education can no
longer be sustained through traditional methods. As a result of the data obtained by experts researching
this subject, it is reliably demonstrated that the use of digital tools has now left the traditional structure
behind [3]. There are many studies on these new approaches used in art education. When the literature
is scanned, it can be said that theoretical and empirical studies are based on fuzzy logic and artificial
intelligence. Accordingly, it is seen that these studies include contributions and research specific to art
education. In light of this data, the combination of artificial intelligence and fuzzy logic in the field of art
education is not only a different technique for use but is also evaluated as a new paradigm shift in terms
of the production of meaning, individualization, and redefinition of aesthetic thought in education.

The integration of artificial intelligence and fuzzy logic systems into art education brings not only
a technical transformation but also a radical restructuring of pedagogical approaches. Supporting
individual learning paths, digitally analyzing aesthetic decision-making mechanisms, and modeling
students’ creative thinking processes are among the primary advantages offered by these technologies.
Fuzzy logic’s ability to model multidimensional and subjective judgments, in particular goes beyond
traditional linear evaluation systems and highly aligns with the nature of art education. The emotional
fluctuations, aesthetic preferences, and creative decision-making processes students experience during
artistic production become more concrete and analyzable through these systems. Furthermore, the
applicability of fuzzy logic-based systems in instructional design offers significant advantages to
instructors, particularly in art fields where uncertainty and multivariable decisions are involved. For
example, how students evaluate abstract elements such as color, composition, and rhythm in a visual
art project becomes more systematically observable and measurable with these systems.

Furthermore, the ability of Al-powered algorithms to monitor student performance in real time
enables personalized instruction and more effective assessment of student potential. The data-driven
feedback provided by such systems guides not only students’ shortcomings but also their strengths. Thus,
education is evolving from a teacher-centered to a student-centered structure. These developments also
encourage the integration of arts education with digital literacy, enabling students to utilize digital tools
as part of their artistic expression. The rise of interdisciplinary approaches contributes to the creation
of a multilayered learning environment by increasing the interaction of arts education with fields such
as engineering, computer science, psychology, and educational technology. This transformation process
not only facilitates the integration of digital tools but also redefines art’s modes of meaning production,
value systems, and aesthetic understanding. Therefore, approaches based on artificial intelligence
and fuzzy logic should be considered not only an innovation in the field of arts education but also a
pedagogical and epistemological paradigm shift.

With the introduction of artificial intelligence and fuzzy logic approaches in art education in recent
years, scientific research on this basis has also begun to gain importance. Accordingly, it is thought that
it will be an important guide for art educators and experts working in this field.

1.1. Theoretical Framework
1.1.1. Theoretical Basis of Fuzzy Logic

This approach is powerful in modeling the fuzziness of human thought and the ambiguity of natural
language. Fuzzy logic is a mathematical theory developed to quantify vagueness, over-broadness, and
imprecise knowledge structures. According to [4], known as "fuzzy set theory" and "fuzzy logic," it offers
classification based on membership values with degrees between 0 and 1, beyond the classical binary
logic (0-1). On this basis, fuzzy logic, as a theoretical model, embodies both logical and mathematical
foundations. It enables more realistic and flexible modeling in areas where classical, precise logic falls
short, such as uncertainty, vagueness, and human linguistic expression. This theoretical framework
forms the foundational concepts of numerous application areas, such as artificial intelligence, control
systems, decision support systems, and, especially, educational technologies. At the theoretical level,
the fundamental components of fuzzy logic are identified as Compatible Membership Functions, Fuzzy
Operations, Rule Base and Inference Mechanism, and Paradigmatic Emphases.
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1.1.2. Artificial Intelligence Theoretical Approaches

Theoretical approaches in Artificial Intelligence (AI) provide a multilayered foundation for under-
standing technology adoption, integration, and ethical dimensions. The TOE Framework (Technology-
Organization-Environment) and the TAM (Technology Acceptance Model) explain Al adoption at the
organizational and individual levels [5]. The TPACK model examines the balanced integration of con-
tent, pedagogical, and technological knowledge in education. The Al Democratization Approach aims
for the equitable distribution of technology through accessibility, compliance, and ethical regulations.
Ethical Frameworks integrate principles such as justice, accountability, and transparency with technical
solutions. AI Management Science (AIMS) systematically addresses human Al collaboration within
the socio-technical and organizational contexts. Together, these approaches form a strong theoretical
foundation that evaluates the societal, educational, and institutional dimensions of Al from a holistic
perspective [6].

1.1.3. Art Education and Artificial Intelligence and Fuzzy Logic

In the context of art education, artificial intelligence (Al) and fuzzy logic provide a strong theoretical
foundation for supporting creative processes and creating personalized learning paths. First, Al-
powered systems support constructivist learning theories through AI’s capacity to create adaptive
content in art education, offer recommendations optimized for student performance, and create learning
opportunities [7]. Furthermore, fuzzy logic allows for human-like assessments by considering vague,
gradual judgments when assessing students’ artistic skills, increasing the power to personalize learning
paths. Hybrid models combine artificial neural networks and fuzzy logic, providing flexibility in both
creative and technical fidelity. In this context, artistic production processes are blended with technology
to provide a deepened learning experience at both pedagogical and cognitive levels [8].

2. Related Research

This section covers current academic studies on artificial intelligence (AI) and fuzzy logic in the context
of art education. [5] developed the capacity of learner profiles to identify cognitive risks using fuzzy
rules based on large language models (LLMs). This approach has been demonstrated to be useful in
recognizing student errors and misconceptions in art education and guiding visual queries. A study by [9]
examined the application of fuzzy neural networks to art and music education. Researchers used a fuzzy
neural network (FNN) model in music and dance education to develop interactive, personalized tutoring
systems. This enabled improvements in student performance prediction, pedagogical interaction
analysis, and learning outcomes. Such approaches provide support for assessing student interaction in
creative practices within the context of art education. When considering visual art interpretation and
fuzzy techniques, the "ARTxAI" study better captures the characteristics of art through deep learning
and fuzzy rules when classifying artworks. The relationship between the features obtained from the
deep learning model and the visual symbolic content of the artwork was clarified, achieving 6-26%
higher accuracy. This approach provides a strong foundation for teaching students how to analyze
artworks in art education [6].

[10] investigated the relationship between color and emotional perception in artworks using a
fuzzy cluster model. Fuzzy classification was performed on a wide range of colors and emotions,
achieving an accuracy rate of 0.77% compared to human perception. It has proven its usefulness in
instructional materials for learning emotional color relationships in art education. Brush stroke and
texture features were compared and blended using fuzzy-based LBP (local binary pattern) methods to
synthesize traditional Chinese paintings with Al-based paintings. In this study, a balanced fusion of
traditional and artificial components was achieved using fuzzy logic, preserving the cultural form. It
has been demonstrated that it makes a pedagogical contribution to students’ development of their own
works in an Al-assisted manner in art education [11].
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[12] developed an individualized learning system based on fuzzy logic that adjusts question difficulty
based on students’ knowledge level. Using the Mamdani method, the system provides adaptive learning
by calculating input and output membership levels. It serves as an example in art education for providing
student-specific content and activities.

In summary, hybrid structures, fuzzy logic neural networks, and hybrid approaches are gaining
prominence in art education. ARTxAI and FNN models, in particular, offer students both explanatory
and adaptable systems during artistic practice. In terms of understanding artistic characteristics, fuzzy
logic modeling of color-emotion relationships and brushstroke characteristics is believed to support
students’ emotional and technical analysis skills in art education. In personalization, adaptive systems
can enhance individual learning journeys; question difficulty levels, interaction styles, and content
selection can be tailored to the student. Studies have observed that the ability of Al systems to explain
internal rules (fuzzy rule sets) to students, particularly, strengthens the critical and reflective dimension
of art education.

2.1. Problem Statement

Fuzzy logic and artificial intelligence approaches have brought the need for more analytical solutions
to the agenda in art education. In this context, fuzzy logic and neural network-based systems offer
new opportunities for uncertainty analysis capacities and human decision-making structures. However,
there are not enough applied and theoretical studies on the pedagogical effectiveness of these systems,
their areas of use, and their contribution to student success. In this context, the main purpose of the
research, the purposes of these applications, and the necessity of revealing the data sets and results
have been revealed.

2.2. Limitations

This research is limited to the period May-June 2025, for the studies on fuzzy logic and artificial intelli-
gence in art education conducted in the Scopus database and the data obtained from the system. These
limitations were also listed according to the sub-objectives of the study. In this case, the analyses were
grouped around five themes: Most relevant words, most cited countries, annual scientific publication,
most relevant sources, and most relevant authors. Searches were filtered to include only the Scopus
index.

2.3. Research Questions

1. Analysis of fuzzy logic and artificial intelligence-based publications in the context of art education.
a) Most relevant words in the field of fuzzy logic and artificial intelligence.
b) Most cited countries in the field of fuzzy logic and artificial intelligence.
¢) Annual scientific publication in the field of fuzzy logic and artificial intelligence.
d) Most relevant sources of fuzzy logic and artificial intelligence.
e) Most relevant authors of fuzzy logic and artificial intelligence.

3. Methodology

This research used the bibliometric analysis method to reveal the trends in scientific literature of fuzzy
logic and artificial intelligence-based approaches in the field of art education. Within the scope of the
research, only Scopus databases were used as a basis, and analysis was carried out on the publications
obtained from these sources.

3.1. Data Collection

During the data collection process, articles published were searched using keywords such as artificial
intelligence, fuzzy logic, neural networks, art education, and machine learning in education.



Fatma Miralay CEUR Workshop Proceedings 1-10

3.2. Data Analysis

The data obtained were analyzed using the Bibliometrics R Package (R-Studio) and the VOS viewer
software. In the bibliometric analysis, parameters such as publication productivity by year, authors,
most frequently used keywords, distribution between countries, and source journals were evaluated.

4. Findings
This section includes the findings regarding the sub-questions of the research.

1. Most relevant words in the field of fuzzy logic and artificial intelligence?
2. Most cited countries in the field of fuzzy logic and artificial intelligence?
3. Annual scientific publication field of fuzzy logic and artificial intelligence?
4. Most relevant sources of fuzzy logic and artificial intelligence?

5. Most relevant authors of fuzzy logic and artificial intelligence?

4.1. Most Frequently Used Keywords in the Field of Fuzzy Logic and Artificial
Intelligence

Most Relevant Words

Keywords Plus

Occurrences

Figure 1: Most Frequently Used Keywords

According to the results of the bibliometric analysis scanned in the research, the word fuzzy logic
was determined as the most used word with (n = 25) times. This result shows that the research
is concentrated on the concept of fuzzy logic to a large extent. Then, the terms students (n = 11),
fuzzy neural networks (n = 8), and engineering education (n = 7) are found with high frequency.
This shows that the studies are concentrated on these words after the word fuzzy logic. This result
reveals that technologies are concentrated in the areas of individualized education, such as student
performance, teaching, and techniques in education. The words artificial intelligence and education
(n = 6), e-learning, learning algorithms and learning systems (n = 5), and the lowest rate computer-
aided instruction (n = 4) were determined. This situation is thought to emphasize the potential of
fuzzy-neural systems to make learning processes and teacher-student relationships more analytical.
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Figure 2: Most Cited Countries

4.2. Most Countries in the Field of Fuzzy Logic and Artificial Intelligence

According to the results of the bibliometric analysis conducted in the study, the countries with the
highest citations were determined. When the table was examined, it was determined that the country
with the highest citations was Belgium (n = 125) and the countries with the lowest citations were
Ukraine, the Czech Republic, and India (n = 1). According to this ranking, the country with the second
highest number of citations was China (n = 64), followed by Spain (n = 24), Uzbekistan (n = 18),
Mexico (n = 10), Greece (n = 5), and Egypt (n = 3). According to this result, it is seen that the
countries receiving the most citations are concentrated in Europe (Belgium, Spain, Greece) and Asia
(China, Uzbekistan), while academic activity is geographically clustere,d especially in Europe and Asia.
When the countries with the lowest citations are examined, it can be said that they are from Eastern
Europe (Ukraine, Czechia) and South Asia (India), which shows that academic activity in the relevant
field is limited in these regions.

4.3. Annual Scientific Production in the Field of Fuzzy Logic & Artificial Intelligence

When the results of the Figure 3 are examined, scientific article productivity was searched. It was
observed that the number of publications was quite low between 1996 and 2005, and in some years,
there were no publications at all. This situation can be evaluated as a limited subject of the relevant
subject. The number of publications reached the highest level (n = 4) in 2008 and 2014. This increase
shows that the subject has started to attract more attention in academic circles. An irregular course has
been observed in the publication production in 2015 and after. While there were increases in the number
of publications in some years, there were serious decreases in others. When evaluated in general, it has
been observed that scientific production on the subject has increased over time (after 2004), but this
increase has not been continuous.

4.4. Most Relevant Sources in the Field of Fuzzy Logic & Artificial Intelligence

When the bibliometric analysis results in Figure 4 are examined, the most referenced source is the
“Lecture Notes in Computer Science” series (n = 3). This publication series is an important platform,
especially for interdisciplinary research such as decision support and artificial intelligence systems. This
is followed by “Advances in Intelligent Systems and Computing” (n = 2), each of which contributes two
documents (n = 2). Then, other sources that contribute, respectively, include conferences organized by



Fatma Miralay CEUR Workshop Proceedings 1-10

Annual Scientific Production

Articles
8

\

Year

Figure 3: Annual Scientific Publication
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Figure 4: Most Relevant Sources

leading scientific organizations such as IEEE, ACM, and ATAA (n = 1). This shows that the current
research trends in the field are largely shaped through conference papers. In these data, especially
artificial intelligence and fuzzy logic, show that dynamic systems and digital arts attract intense interest.
As a result, these resources offer basic reference points in understanding multidisciplinary interaction
and academic accumulation on fuzzy logic systems.

4.5. Author’s Production Over Timed in Field of Fuzzy Logic & Artificial Intelligence

Figure 5 shows the authors’ academic productivity by year, along with the number of articles and
citation impact. Author names are shown on the vertical axis, and years are shown on the horizontal
axis. Each circle represents an article published by an author in a given year. The size of the circle
varies according to the total number of citations (per year), and its color indicates the number of articles.
Accordingly, when examining the relationships in the table, the productivity trend is most intense in
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Figure 5: Author’s Production Over Time

the 2014-2016 and 2020-2022 periods. These periods may represent periods of increased academic
interest or increased research funding in the relevant field. Authors such as Adnyana Om, Amrollahi S,
and Ahmad Ganj Wsu stand out in 2014 and 2015. Productivity was quite low before 2000, suggesting
that this research topic is a relatively new field. An examination of author distribution and contribution
types reveals that many authors contribute to a single publication. Consistently productive authors are
limited.

5. Discussion and Conclusion

The bibliometric data obtained within the scope of this research reveal the multi-dimensional impact of
fuzzy intelligence and artificial intelligence systems on scientific publication in the field of art education.
The discussion section is shaped by four main findings. Under the most frequently used keywords
results, the fuzzy logic keyword was the most commonly used keyword in the literature. This shows the
reliability of the use of fuzzy logic in the field of art education as a tool in modeling non-net data and
transferring aesthetic decision-making processes to the digital environment. The prominence of key
cellars such as “Students”, “Fuzzy Neural Networks”, and “Engineering Education shows that the need
for analyzing learning processes in particular through these technologies’ increases. The intensity of the
use of the key shows that it is not only technical, but also in the pedagogical dimension. In particular, the
concept of “Students supports” the importance of individualized education. A similar study [3], research
results support these findings. As a result of the findings obtained under the most countries title, it
was found that the country with the highest number of citations was Belgium. This result shows that
European-based academic production is decisive in this field. The high reference of countries like China
also reveals that Asia has reached an important point in this regard. On the other hand, the number of
low citations in countries such as India, Ukraine, and the Czech Republic is seen. This suggests that
the issue is developing in these regions. The findings reveal that technological infrastructure varies
in the regional sense. These differences are directly related to the levels of adaptation of countries to
technology. This is an important result in terms of guiding future research investments. [13], results
support these results.

When the findings were examined under the title of Annual Scientific Production, it was found
that limited publication was made between 1996-2005, and in 2008 and 2014, there was a remarkable
increase. These increases can be considered as the issue of spreading in the academic environment.
An irregular production process was observed after 2015. These fluctuations suggest that the issue
has not yet entered a stable level at that time. According to these results, the issue of unbalanced
fluctuations in publications is not scientifically mature, but in parallel with technological developments,
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it is periodically handled. [14] results support these results. When the study examined the most
relevant sources, the most referenced sources include “Lecture Notes in Computer Science”, “Advances
in Intelligent Systems and Computing” and “WIT Transactions on Engineering Sciences”. However,
conferences organized by reputable scientific organizations such as IEEE, ACM, and AIAA support
this area. The fact that conference papers are at the forefront indicates that the research is at a high
level of experimental and practical levels. The collection of broadcasting weight on engineering and
information technology-based platforms suggests that these techno-locks are not yet in the conceptual
framework in terms of art education. [7], research supports these results.

The final sub-question, "The table of most relevant authors of fuzzy logic and artificial intelligence," is
valuable for illustrating both the quantitative (number of publications) and qualitative (citation impact)
aspects of authors’ scientific productivity. Increasing production over time indicates that the field is
maturing and more researchers are contributing, while citation density reveals which studies have left
their mark on the field. Such analyses provide important insights into literature reviews, meta-analyses,
and research strategy planning. The periodic increase in author productivity seen in the table indicates
not only the structuring of the fields of artificial intelligence and fuzzy logic but also the growing
interest of researchers in these areas. The rate of citation growth in the field reveals the types of studies
shaping the field and which authors are pioneers. This information helps emerging researchers position
their own work and evaluate collaboration opportunities with leading scholars in the field. Therefore,
such tables, supported by both quantitative and qualitative data, enable a more holistic assessment of
academic productivity.

This study demonstrates the impact of artificial intelligence and fuzzy logic systems on scientific
production in art education through a comprehensive bibliometric analysis. The findings demonstrate
that these technologies are rapidly impacting not only technical fields like engineering and information
technology, but also the emotional, creative, and pedagogically powerful field of art education. The fact
that the most frequently used keywords also encompass pedagogical themes highlights how personalized
learning and student-centered approaches, in particular, are becoming more effective through these
technologies.

Students can create their own learning paths more effectively with fuzzy logic and Al-supported
systems, while teachers have the opportunity to direct their learning processes more efficiently. However,
the variability in the number of publications and citations across countries demonstrates that regional
infrastructure and academic trends influence the use of these technologies. While European and Asian
countries are particularly prominent in this field, it appears that production on the subject is still
developing in some countries. This highlights the need for more balanced and widespread research
activities at the global level in the future. An examination of publication distribution over the years
reveals that academic production in this field has concentrated in certain periods and has not yet
achieved a fully stable structure. This suggests that, parallel to the fluctuating nature of technological
developments, interest in these technologies in art education has periodically increased. However, the
increasing number of publications and citation rates demonstrate that this field is gaining increasing
academic recognition and attracting the attention of researchers. An examination of prominent authors
and sources, in particular, reveals that the field is developing at both an empirical and a theoretical
level. Integration of artificial intelligence and fuzzy logic systems into art education has the potential to
offer groundbreaking contributions in areas such as analyzing emotional responses, modeling aesthetic
decision-making processes, and developing personalized learning experiences. Future studies focusing
on teachers’ interactions with these technologies and their impact on students will enable a more robust
direction of the digital transformation in education. Therefore, increasing investments in this area, both
in academia and in education policy, is believed to significantly contribute to the restructuring of art
education in line with the demands of the digital age.

As a result of the study, artificial intelligence and fuzzy logic-based systems will support learning on
issues such as emotional reaction analysis, individualized learning, and aesthetic modeling in the field
of art education. It shows that future studies are complete and directly applicable in the educational
environments of these systems. In addition, it is recommended to focus on the interaction of teachers’
impact on student start.
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