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Abstract: The integration of Artificial Intelligence (AI) into education has
become increasingly relevant in the era of Industry 4.0 and the transition toward
Society 5.0. This study aims to provide a bibliometric analysis of research
trends, thematic clusters, and emerging keywords related to Al in education
between 2018 and 2025. Using the Publish or Perish software and data from
Google Scholar, 200 articles were selected based on relevance and citation
metrics. Keyword co-occurrence analysis and visual mapping were conducted
using VOSviewer to identify dominant research themes. The results reveal a
growing body of literature focused on Al applications in education, with key
topics including adaptive learning, machine learning, digital transformation,
and human-centered innovation. However, critical gaps remain, particularly in
research addressing cultural context, teacher readiness, digital equity, and the
long-term impact of Al-driven tools. This study highlights the need for
inclusive, ethical, and context-aware approaches to Al in education, offering
insights and recommendations for future research aligned with the human-
centric values of Society 5.0.

Keywords: Artificial Intelligence; Education; Industry 4.0; Society 5.0;
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1. Introduction

The rapid advancement of digital technologies has fundamentally transformed
various sectors, including education [1]-[3]. Among these technological
innovations, Artificial Intelligence (Al) has emerged as one of the most
impactful tools in the 21st century [4]-[6]. Al systems are capable of simulating
human cognitive functions such as reasoning, problem-solving, and decision-
making [7]-[9]. These capabilities are increasingly being integrated into
educational environments through applications such as intelligent tutoring
systems, adaptive learning platforms, automated assessments, and learning
analytics [10]-[12].
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Within the framework of the Fourth Industrial Revolution (Industry 4.0), Al
plays a central role in redefining how learning is designed, delivered, and
evaluated [13], [14]. The integration of Al in education under Industry 4.0
facilitates personalized learning experiences, enhances learner engagement,
and optimizes teaching strategies based on real-time data analysis [15], [16]. In
Indonesia, efforts have been made to align national education systems with
digital transformation agendas by incorporating Al-driven approaches into
curriculum development and online learning platforms. However, disparities
in infrastructure, teacher readiness, and digital literacy remain significant
challenges that hinder the effective implementation of Al technologies in
diverse educational contexts [17], [18].

As the global paradigm shifts toward Society 5.0 —a vision promoted by Japan
that emphasizes the integration of advanced technologies with human-centered
values — Al is expected to serve not only as a tool for efficiency but also as a
catalyst for ethical and inclusive learning [6], [19]. Unlike Industry 4.0, which
focuses primarily on automation and digitalization, Society 5.0 places a stronger
emphasis on human well-being, social responsibility, and the cultivation of soft
skills such as collaboration, empathy, and ethical reasoning. Educational
systems under Society 5.0 must therefore evolve to embrace a holistic approach

that integrates technological competencies with moral and civic dimensions [6],
[20], [21].

Despite growing academic interest in the application of Al in education,
existing research often remains fragmented —focusing either on the
technological benefits of Industry 4.0 or the humanistic goals of Society 5.0.
Furthermore, many studies analyze isolated aspects of Al use in classrooms
without systematically exploring the broader transition between these two
paradigms. Consequently, there is a pressing need for a comprehensive
mapping of scholarly discourse that identifies emerging trends, key
contributors, conceptual clusters, and thematic shifts in this domain [3], [22].

This study aims to fill that gap through a bibliometric analysis of peer-reviewed
literature on Al in education, specifically within the contexts of Industry 4.0 and
Society 5.0. Utilizing tools such as VOSviewer, this research visualizes the
intellectual structure and evolution of the field, highlighting key topics, co-
authorship networks, and keyword co-occurrences. By doing so, the study seeks
to provide educators, researchers, and policymakers with insights into the
development of future-ready and ethically grounded educational ecosystems
powered by AL

2. Research Methods

This study adopts a Systematic Literature Review (SLR) methodology
integrated with bibliometric analysis techniques to examine the scholarly
landscape surrounding the application of Artificial Intelligence (Al) in
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education, particularly within the paradigms of Industry 4.0 and Society 5.0.
The combination of SLR and bibliometric analysis enables both qualitative
synthesis and quantitative mapping of existing academic publications, thereby
uncovering prevailing trends, conceptual structures, and potential research

gaps [23].
21 Data Source and Collection Strategy

The bibliographic data used in this study were retrieved using the Publish or
Perish (PoP) software, which utilizes Google Scholar as its primary indexing
engine. A comprehensive search was conducted using the following query
string: "Artificial intelligence in education" AND ("industry 4.0" OR "society
5.0").

The inclusion criteria were limited to peer-reviewed articles published between
2018 and 2025, written in English, and containing relevant keywords in their
titles, abstracts, or keyword sections. The search yielded 200 articles which were
initially selected based on citation relevance, publication type, and thematic
alignment with the research objective.

The metadata of the selected articles, including titles, abstracts, keywords,
authors, publication years, and citation counts, were exported in .RIS and .CSV
formats to ensure compatibility with bibliometric analysis tools such as
VOSviewer.

2.2 Data Cleaning and Preprocessing

Prior to analysis, the dataset underwent a rigorous data cleaning process using
Microsoft Excel. Duplicate entries, non-scholarly sources, and articles lacking
thematic relevance were excluded. A total of 185 articles remained after the
cleaning phase. Furthermore, keyword normalization was conducted to
consolidate synonymous terms and standardize variations in terminology (e.g.,
“Al”, “artificial intelligence”; “Industry 4.0”, “IR 4.0”).

This preprocessing step was essential to improve the accuracy of keyword co-
occurrence analysis, allowing for more robust cluster generation and thematic
interpretation in subsequent visualizations.

2.3 Bibliometric Analysis and Visualization

Bibliometric analysis was carried out using VOSviewer, a widely used tool for
constructing and visualizing bibliometric networks. In this study, a co-
occurrence analysis of author keywords was performed to identify frequently
associated terms and to reveal underlying thematic clusters.

© The Author(s)
Published by Universitas Negeri Padang.
This is open-access article under the: https://creativecommons.org/licenses/by/4.0/



https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/

Jurnal Vokasi Informatika (JAVIT), Vol. 5, No. 1, pp. 1-14, February 2025
e-ISSN: 2775 - 6807

The minimum threshold for keyword occurrence was set to 5, resulting in a set
of high-frequency terms that reflect the core topics within the dataset.
VOSviewer generated a network visualization in which keywords are
represented as nodes, while the strength of their co-occurrence is indicated by
the proximity and thickness of the connecting lines. Each cluster is
distinguished by a different color, signifying distinct thematic areas of research.

The visualization not only aids in identifying dominant research topics but also
illustrates the interconnections between educational technologies, policy
directions, and pedagogical frameworks associated with Al in the context of
Industry 4.0 and Society 5.0. The results of this analysis are presented in detail
in the subsequent Results and Discussion section.

3.  Results and discussion

3.1 Publication Trends by Year

To understand the development of scholarly interest in Artificial Intelligence
(Al) within the context of education, an analysis of publication trends from 2018
to 2025 was conducted. Table 1 summarizes the number of relevant articles

published per year.

Table1. Number of Articles by Year of Publication

Year Number of Articles
2018 12
2019 18
2020 26
2021 43
2022 56
2023 33
2024 9
2025 3

The data reveals a steady increase in publication activity from 2018 to 2022,
peaking in 2022 with 56 articles. This upward trend reflects the growing
attention to Al applications in educational environments, coinciding with
global transitions toward digitalization and the institutionalization of
Education 4.0 strategies. The subsequent decline in 2024 and 2025 may reflect
data collection lags or delayed indexing of newer articles rather than a true
decrease in interest. These findings align with bibliometric patterns observed in
technology-related educational domains [24], [25].
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3.2 Most Frequently Occurruing Keywords

To understand the core focus areas of research, keyword analysis was
conducted on the 200 collected articles. Keywords reflect the central themes
emphasized by authors and their frequency indicates which topics dominate
the scholarly conversation.

Table 2. Most Frequently Occurruing Keywords

Keyword Frequency
Artificial Intelligence 178
Education 155
Industry 4.0 121
Society 5.0 92
Learning 81
Machine Learning 65
Technology 53
Students 48
Teaching 41
Digital Transformation 39

The high frequency of the keywords "Artificial Intelligence," "Education," and
"Industry 4.0" underscores their centrality in the research landscape. The
presence of "Society 5.0" and "Digital Transformation" indicates a shift from
purely technical discussions toward more human-centric and policy-oriented
analyses. This reflects the growing interest in leveraging AI not just for
instructional automation, but also for ethical, inclusive, and sustainable
education systems [26], [27].

3.3 Thematic Clusters of Research
To identify underlying thematic domains, co-occurrence analysis using
VOSviewer was conducted. The algorithm grouped keywords into several

distinct clusters, each representing a unique research focus.

Table 3. Thematic Clusters Based on Co-occurrence Analysis

Cluster (Color) Dominant Theme

1 (Green) Al and Society 5.0

2 (Blue) Industry 4.0 and Education

3 (Purple) Humanistic and Learning Transformation

4 (Red) Generative Al and Chatbots

5 (Orange) Machine Learning and Data Science

6 (Yellow) Sustainable Education and Indonesian Context
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Cluster (Color) Dominant Theme

7 (Brown) Adaptive Systems and Smart Learning

These clusters demonstrate the diversity of Al research in education, ranging
from technical aspects such as generative Al to broader sociocultural themes
such as educational ethics and regional adaptation. The green cluster, for
instance, reflects the shift toward Society 5.0, where human values and well-
being are prioritized alongside technological innovation. Meanwhile, the
yellow cluster represents localized themes in Southeast Asian contexts,
suggesting increased regional engagement in Al-driven educational reform

[28].
3.4 Keyword Co-occurrence Visualization

Figure 1 illustrates the network of co-occurring keywords generated by
VOSviewer. Each node represents a keyword, and its size correlates with
frequency, while proximity and color indicate thematic clustering.
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Figure 1. Diagram of Research Results

This visualization highlights the interconnections among key terms forming
meaningful thematic clusters. Each cluster represents a dominant focus area,
emphasizing that Al in education intersects with broader issues such as Society
5.0, personalization, digital transformation, and ethical considerations.
Understanding this structure provides valuable insights into emerging research
trends and encourages cross-disciplinary collaboration.
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In summary, the bibliometric analysis provides a comprehensive overview of
the dynamics of Al research in education, especially in the transition from
Industry 4.0 to Society 5.0. The mapping of keywords and thematic clusters
shows that the research extends beyond technological applications to include
human-centered educational transformation. The presented visualizations and
tables support the conclusion that the topic continues to develop rapidly and
holds significant potential for future academic inquiry.

3.5 Implications and Research Gaps

The findings of this study highlight that research on Artificial Intelligence (Al)
in education is currently situated at a critical inflection point, marked by a shift
from purely technological innovation to more human-centric and ethically
grounded approaches. Although notable progress has been made in
establishing technical architectures—such as intelligent tutoring systems,
learning analytics, and Al-based assessment tools—several important gaps
remain underexplored. Notably, themes related to cultural adaptation, digital
equity, and teacher readiness appeared with low frequency in the co-occurrence
analysis, indicating limited scholarly engagement with issues that are essential
for successful implementation in diverse educational contexts. This is
particularly concerning in developing and under-resourced regions, where
educational ecosystems often face infrastructural and socio-economic
constraints.

Moreover, there remains a lack of robust empirical studies that assess the long-
term effects of Al-integrated learning environments on student achievement,
motivation, and critical thinking. Much of the existing literature focuses on
theoretical models or pilot implementations, with relatively few contributions
offering longitudinal data or cross-cultural comparisons. Another key area
requiring further attention is the role of teachers in Al-mediated classrooms.
While Al can provide personalized feedback and automate instructional
delivery, it cannot fully replicate the emotional intelligence, pedagogical
judgment, and contextual sensitivity that human educators bring to the learning
process. The interaction between human and machine in pedagogical settings
deserves deeper investigation, particularly concerning how Al can augment —
not replace —teacher agency.

In light of these observations, future research should prioritize the development
of contextualized Al frameworks that are sensitive to linguistic, cultural, and
socio-economic diversity. Research should also aim to evaluate the effectiveness
and unintended consequences of Al interventions on a broader scale, especially
in formal school systems. Additionally, advancing ethical and inclusive policy
frameworks is imperative to prevent the amplification of existing educational
inequalities. Issues such as algorithmic bias, data privacy, and student
autonomy must be addressed through well-defined regulatory and governance
mechanisms.
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Aligning Al applications in education with the human-centered values of
Society 5.0—including empathy, equity, and sustainability —requires a
concerted effort from researchers, practitioners, policymakers, and technology
developers. Bridging the current gaps is not only a matter of technological
advancement but also of ensuring that innovation genuinely serves learners of
all backgrounds without reinforcing systemic disparities.

3.6 Discussion

The results of the bibliometric analysis provide significant insights into the
evolution of scholarly attention on Artificial Intelligence (Al) in the educational
sector, particularly within the frameworks of Industry 4.0 and Society 5.0. Based
on the keyword frequency and clustering patterns, it is evident that research in
this field is undergoing a paradigmatic shift—from focusing solely on
technological enhancement toward more integrative, human-centered
educational systems.

The rise in the number of publications in 2021 and 2022 correlates with global
educational reforms and the increasing availability of digital tools [29], [30].
While earlier studies tended to emphasize automation, intelligent tutoring
systems, and machine learning applications [26], [27], the clustering results in
this study indicate the emergence of more diversified themes such as generative
Al, sustainable education, and adaptive learning systems. These reflect a
growing interest in not only improving educational delivery but also aligning
it with broader social and ethical imperatives [28].

The most dominant keywords — artificial intelligence, education, Industry 4.0,
and Society 5.0 —serve as anchor points for the current discourse. This suggests
that research has matured beyond the experimental stage and is now engaging
with larger systemic questions: How should AI support educational
transformation in ways that are inclusive and equitable? How does the shift
from Industry 4.0’s efficiency-driven paradigm to Society 5.0’s human-centered
innovation reshape the educational landscape?

Cluster analysis using VOSviewer reveals thematic concentrations that align
with both technological and pedagogical priorities. For instance, one cluster
(green) groups keywords around Al and Society 5.0, indicating the central role
of ethics, equity, and human empowerment in future educational technologies.
Another cluster (blue) focuses on Industry 4.0 and education, where the
emphasis is on automation, smart environments, and digital competency
frameworks. The appearance of keywords such as machine learning, generative
Al, and chatbots in their respective clusters underscores the rapid
diversification of Al tools being explored in education.
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Despite this progress, several limitations are apparent in the current literature.
First, the relatively low occurrence of keywords related to teacher readiness,
cultural adaptation, and digital equity suggests an ongoing bias toward
technologically driven solutions without adequate consideration of contextual
and human factors. Second, empirical validation of Al's effectiveness remains
scarce; many studies offer conceptual discussions or simulations but lack data
from real-world classroom implementations, especially in non-Western or
developing contexts.

The shift toward Society 5.0 calls for a reevaluation of the relationship between
technology and pedagogy. Rather than viewing Al as a replacement for
educators, the literature is increasingly positioning it as a facilitator of more
personalized, adaptive, and inclusive learning environments. However, this
vision requires deeper collaboration across disciplines —combining computer
science, education, sociology, and ethics —to ensure that Al technologies are
designed and deployed in ways that reflect and support local values and
learning needs.

Moreover, the findings imply the need for clearer ethical frameworks and
governance models. Issues such as algorithmic bias, student data privacy, and
the risk of over-reliance on automated systems demand careful attention.
Without rigorous policy development and inclusive design principles, there is
a risk that Al in education could exacerbate existing inequalities rather than
mitigate them.

In conclusion, while the current body of literature provides a strong foundation,
the path forward should involve more empirical, interdisciplinary, and equity-
focused research to fully realize the potential of Al in education. This is
particularly crucial in the transition toward Society 5.0, where the goal is not
only to leverage technology but to do so in service of holistic human
development.

4. Conclusion

This bibliometric analysis provides a comprehensive overview of current
research trends related to the use of Artificial Intelligence (Al) in education,
particularly in the context of the shift from Industry 4.0 to Society 5.0. The
findings reveal a significant increase in scholarly attention to Al applications
that go beyond automation and efficiency, emphasizing themes such as
adaptive learning, digital transformation, human-centered design, and ethical
considerations. The clustering of keywords into domains like intelligent
systems, generative Al, and sustainable education suggests that the academic
discourse is gradually aligning with the vision of Society 5.0, which advocates
for the integration of advanced technologies to enhance human welfare, rather
than merely driving industrial productivity.

© The Author(s)
Published by Universitas Negeri Padang.
This is open-access article under the: https://creativecommons.org/licenses/by/4.0/



https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/

Jurnal Vokasi Informatika (JAVIT), Vol. 5, No. 1, pp. 1-14, February 2025
e-ISSN: 2775 - 6807

Despite its contributions, this study is not without limitations. The analysis
relies solely on publications indexed through Google Scholar using the Publish
or Perish tool, which may not fully reflect the most rigorous or peer-reviewed
sources across databases such as Scopus or Web of Science. Additionally, the
study focused on keyword co-occurrence and visualization without delving
deeper into citation network analysis or content-based thematic synthesis. The
language scope was also limited to English, potentially excluding important
insights from regional and non-English literature. These constraints may affect
the generalizability and depth of the conclusions drawn.

To build upon this research, future studies are recommended to incorporate a
broader and more diverse data pool from multiple academic databases and to
apply a mixed-methods approach, including full-text analysis and author co-
citation networks. Further investigation is also needed in areas that appear
underrepresented in the current literature, such as the development of Al tools
that are culturally and linguistically contextualized, the long-term impacts of Al
on actual learning outcomes in real classrooms—especially in low-resource
environments —and the evolving role of teachers in Al-mediated instruction.
Equally important is the formulation of inclusive and adaptive ethical
frameworks that ensure Al in education does not exacerbate inequalities but
instead contributes to equitable and lifelong learning opportunities.

In summary, as the world transitions toward Society 5.0, where technological
advancement must coexist with human dignity and inclusivity, the integration
of Al in education must be guided not only by technical innovation but also by
pedagogical relevance, cultural responsiveness, and social responsibility. This
study provides a strategic foundation for shaping interdisciplinary research
agendas that respond to those evolving challenges and opportunities.
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