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ARTICLE INFO ABSTRACT

Keywords: Purpose - This study aims to map trends in publications, knowledge
Generative Artificial structure, conceptual developments, and future research directions
Intelligence for GenAl in education.

Bibliometric Analysis;

Higher Order Thinking Skills;
Cognitive Offloading;

Critical Thinking

Methodology - This study employed a bibliometric analysis of 260
Scopus-indexed articles published between 2023 and 2025. The
articles were selected based on predetermined inclusion and
exclusion criteria and analyzed using Biblioshiny, which is
integrated with RStudio.

Findings - The research findings indicate a substantial increase in
GenAl publications following the emergence of ChatGPT and large
language models (LLMs). An analysis of research collaborations
shows that these contributions are largely driven by developed
countries with stronger digital infrastructure. In addition, the
conceptual and intellectual mapping suggests an increasing
orientation toward a more human-centered learning perspective
that extends beyond the initial focus on technology exploration,
emphasizing higher-order thinking skills (HOTS), critical thinking,
and cognitive transformation. However, this study also highlights
challenges related to Al dependency and cognitive offloading.

Significance - This study contributes to the educational technology
literature by providing a comprehensive overview of the
development of GenAl research following the emergence of
ChatGPT and explaining how it has evolved from technological
exploration toward a human-centered learning perspective. These
findings have implications for educators and educational
institutions seeking to integrate GenAl by enhancing Al literacy,
pedagogical readiness, and instructional design to maintain
students’ active cognitive engagement.
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INTRODUCTION

The development of generative artificial intelligence (GenAl) has ushered in a new paradigm in the
transformation of education (Kasneci et al.,, 2023). Unlike previous technologies, which were designed to
complement conventional learning methods Zawacki-Richter et al., (2019) Consequently, the emergence of
GenAl is beginning to expand the role of technology as a cognitive partner with the potential to support
thinking, problem-solving, argumentation, and the provision of interactive feedback (Dwivedi et al., 2023;
Ouyang & Jiao, 2021) That situation underwent a significant change after GenAl technologies based on large
language models (LLMs), such as ChatGPT, were introduced in late 2022 Kasneci et al., (2023); Tlili et al.,
(2023), by changing the way students interact with technology in the process of constructing knowledge and
making decisions during learning (Salido et al., 2025).

The launch of ChatGPT has sparked a rapid increase in research into the capabilities of large language
models (LLMs), marking a turning point in the development of artificial intelligence in the education sector
(Lo, 2023). The emergence of LLMs represents a significant leap forward in Al development, owing to their
ability to generate natural-language responses that resemble human communication (Z. Ji et al., 2023).
However, there is still much debate regarding its accuracy, bias, and ethical implications (Bender et al., 2021).
GenAl offers a variety of opportunities through personalized learning, instant feedback, and support for
students’ exploration of ideas and creativity (Bommasani et al., 2021). Findings Baidoo-anu & Ansah (2023)
predict that ChatGPT has great potential for creating learning designs, from developing questions to providing
ongoing feedback.

One of the most critical issues arising from the integration of GenAl into education is how this technology
affects the development of higher-order thinking skills (HOTS), including critical thinking, problem-solving,
creativity, and decision-making (Chiu, 2024). The emergence of GenAl opens opportunities for students to
explore ideas by providing access to diverse perspectives and fostering analytical skills that enrich divergent
thinking (Lim et al., 2023; Olga Tzirides et al., 2023). On the contrary, the use of GenAl without critical
evaluation can lead students to passively accept Al-generated answers (Mhlanga, 2023; Zhou et al., 2023a).
This indicates the emergence of cognitive offloading, delegating part of the thinking process to external
technology, thereby reducing students” active engagement in building their own understanding.

In general, the development of GenAl research in education is interdisciplinary, so its implications may
vary in relevance across academic disciplines. For example, in the context of economics education, the
implications of GenAl relate not only to access to information and problem-solving but also to the
development of analytical skills, decision-making, and economic reasoning (Ratten & Jones, 2023). Thus,
GenAl research generally maps out fundamental concepts in education to understand the opportunities and
challenges across various disciplines, including economics education. However, this study does not
specifically limit its analysis to economics education. However, this study does not specifically limit its
analysis to economics education. Rather, economics education is used as an illustrative example to highlight
this interdisciplinary nature and is not the focus of a separate analysis. Instead, this study broadly presents
developments in GenAl research and their interdisciplinary implications.

Although research on GenAl in education has grown rapidly since the launch of ChatGPT, several gaps
remain. Most studies still focus on the implementation of Al in higher education. At the same time, efforts to
map the intellectual structure, thematic development, and evolutionary trajectory of GenAl research from a
technological perspective toward cognitive transformation using a bibliometric approach remain limited.
Furthermore, bibliometric studies that specifically map GenAl research in the post ChatGPT period of 2023-
2025, including its relationship to higher-order thinking skills (HOTS), critical thinking, and cognitive
offloading, have not yet been conducted systematically. These gaps are particularly evident in the context of
economics education, which has not been extensively studied. This gap is also evident in its application across
various interdisciplinary fields, including economics education, which, to date, has not been extensively
studied from a bibliometric perspective.

1549 | Jurnal Eduscience Volume 13 No. 5 (2026)



The early adoption of GenAl in education can be understood through the Technology Acceptance Model
(TAM) proposed by Davis (1989). This model explains that technology adoption is influenced by perceived
usefulness and perceived ease of use. However, these two factors alone are insufficient to ensure pedagogical
effectiveness in implementing GenAlI (Davis, 1989; Venkatesh & Davis, 2000). Once adopted, the quality of the
interaction between learners and GenAl determines whether the tool merely replaces effort or truly builds
understanding. Drawing on Vygotsky (1997) and social constructivism, GenAl can serve as scaffolding;
however, scaffolding is only effective when it is conditional and gradually reduced (Molenaar, 2022; Lin &
Chang, 2023). This raises a crucial tension: if the features provided by GenAl are too easily accessible and are
not gradually phased out, GenAl can shift from being a cognitive partner to a cognitive substitution
mechanism (Risko & Gilbert, 2016). Consequently, the ease of use that drives technology adoption, as posited
by TAM, paradoxically accelerates cognitive offloading and may increase technological dependence (Fan et
al., 2025). Therefore, the ambivalence observed in recent literature (Fan et al., 2025) is not merely a simple
contradiction but rather a continuum influenced by pedagogical processes. Thus, the effectiveness of GenAl's
implications depends on pedagogical strategies that balance Al support with students” independent thinking.

The objectives of this study are to answer the following four questions: (1 What are the trends in
publications, scientific productivity, and collaboration patterns in GenAl research in the field of education
during the 2023-2025 period; (2) Which countries, journals, and authors have made the most significant
contributions to the development of GenAl research in the field of education (3) How has the conceptual and
intellectual structure of GenAl research in the field of education has evolved, and what research directions are
beginning to emerge; and (4) How higher-order thinking skills (HOTS) and critical thinking are represented
in the development of GenAl research themes in the field of education..

METHODOLOGY
Research Design

This study uses a bibliometric analysis (Donthu et al., 2021), a quantitative approach that uses metadata
to explore and map research trends related to GenAl in the education sector. The research data were sourced
from the Scopus database and underwent identification, screening, and selection based on specific criteria.
Furthermore, the data analysis in this study utilizes Biblioshiny, a web-based tool from the Bibliometrix suite,
to generate visualizations and knowledge maps of GenAl developments in the educational context for the
2023-2025 period, as well as the evolution of themes related to higher-order thinking skills (HOTS), critical
thinking, and cognitive transformation.

Defining Initial Refinemen Collecting Data

search t of the Data

Keywords

analysis

search

results

Figure 1. Workflow of the Bibliometric Analysis on Gen Al in Education

Figure 1 illustrates the stages of bibliometric analysis to map the development of GenAl research in the
education sector. The analysis covers the performance, conceptual structure, intellectual structure, and social
structure of the reviewed literature. This study will identify trends in publications, citation patterns, and the
contributions of authors, journals, institutions, and even countries to these research trends. Using keyword
mapping, thematic analysis, and co-citation analysis with the biblioshiny feature of the bibliometrix package
in RStudio, the study will generate visualizations and knowledge maps (Aria & Cuccurullo, 2017; Sundkvist
et al., 2025).
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Data Collection

Bibliographic data was collected from the Scopus database, covering publications from 2023 to 2025. The
literature search began by entering a combination of research keywords (“Generative AI” OR “ChatGPT” OR
“large language models”) AND (“Critical Thinking” OR “Education” OR “Higher Order Thinking” OR
“Learning”) —which are, of course, relevant to the topic of Generative Artificial Intelligence (GenAl) in the
context of education and instructional design aimed at fostering higher-order thinking (HOTS), critical
thinking, and cognitive transformation —into the title, abstract, and keyword fields. The initial search yielded
1,741 documents, which will subsequently undergo a selection process to ensure they meet the study's quality
and inclusion criteria. The screening was conducted by filtering articles based on the publication range of
2023-2025, subject areas in the social sciences as well as Economics, Econometrics, and Finance, research type
as journal articles, and English-language publications, resulting in 356 documents.

In the next stage, a manual screening was conducted to verify the data by reviewing the titles and
abstracts in Microsoft Excel, carried out by the lead author due to the study's specific scope and the previously
established inclusion and exclusion criteria. This process aimed to avoid potential subjectivity in identifying
articles relevant to the main research topic by ensuring that titles and abstracts aligned to confirm the dataset’s
suitability for the research objectives. Articles were categorized as meeting the criteria if the research
specifically discussed the application of GenAl, including ChatGPT, Large Language Models (LLMs), and
various other GenAl technologies in an educational context. However, if a study only discusses the technical
aspects of GenAl models without educational implementation, integrates Al into non-educational fields, is a
conceptual article without a research dataset, or has no connection to educational objectives, it will be
excluded. Thus, a study will be considered relevant if it discusses the integration of GenAl for the development
of the education sector, including higher-order thinking skills (HOTS), critical thinking, and the
transformation of learning practices. Consequently, after reviewing the titles and abstracts of 356 journals, 96
were excluded for conceptual or non-empirical framing, integration of GenAl outside the field of education,
or lack of relevance to the study’s inclusion criteria, resulting in 260 Scopus articles as of July 14, 2026.

The Searching Strategy Justification

The literature search for this study aligns with the recommendations of thematic bibliometric studies,
focusing on search fields tailored to the research focus. This aims to minimize the inclusion of articles that only
discuss the general implications of GenAl. The search formula was designed to identify GenAl-related
publications by including the terms “Generative AL” “ChatGPT,” and “Large Language Models.” Using the
format TITLE-ABS-KEY ((“Generative AI” OR “ChatGPT” OR “large language models”) AND (“Critical
Thinking” OR “Education” OR “Higher-Order Thinking” OR “Learning”)) AND PUBYEAR > 2022 AND
PUBYEAR < 2026, AND (LIMIT-TO (SUBJECT AREA, “Social Sciences and Economics, Econometrics and
Finance”)), AND (LIMIT-TO (DOCTYPE, “ar”)), AND (LIMIT-TO (LANGUAGE, “English”)).

The documents that passed the initial selection were then exported in CSV format, containing
bibliographic information such as author names, institutional affiliations, article titles, countries, publication
sources, abstracts, and keywords. The dataset was re-screened to ensure it met the research criteria by
reviewing titles and abstracts, resulting in a final selection of 260 articles. The data will then be analyzed using
a bibliometric approach with the Biblioshiny software from the RStudio-based Bibliometrix package, as shown
in Figure 2 below.

1551 | Jurnal Eduscience Volume 13 No. 5 (2026)



Recording identified from Scopus (n = 1.741)

l

Records after year range applied (2023-2025) (n = 1.126)

v

Records after document type and language filtering (Subject Area, Article, English) (n = 356)

!

Records assessed for eligibility (manual screening)
(duplicates and irrelevant records removed)
(n = 356)

Records excluded Duplicates and irrelevant

documents (n = 96)

A 4

Final records included for bibliometric analysis (n = 260)

Figure 2. Bibliometric Article Selection Process

FINDINGS
Publication Trends and Scientific Productivity

The primary objective of this study is to analyze trends in scientific research publications focusing on the
implications of GenAl in the education sector. An annual trend analysis was conducted to identify the
dynamics of literature publications, the evolution of research, and the increasing focus on the implications of
GenAl in the education ecosystem following the emergence of large language models (LLMs). Based on the
results of the bibliometric analysis in Figure 3, GenAl research publications show a significant increase from
2023 to 2025. In 2023, there were only 9 GenAl research articles focused on the education sector. However, in
2024, research publications increased nearly sixfold, reaching 59 articles. In fact, research surged in 2025,
reaching approximately 192 articles. This increase indicates that GenAl is currently one of the fastest-growing
research topics in educational technology.

This increase reflects that research on GenAl in educational contexts can be a more complex area of study
that supports the learning process. In the early stages, research was limited to LLM-based technologies used
as learning aids. However, as this field has evolved, the academic community has shifted its focus toward
pedagogical and cognitive aspects, including how GenAl can influence students’ higher-order thinking
(HOTS). In addition, recent research has examined critical issues such as the emergence of cognitive offloading
resulting from Al dependency. Thus, the increase in research publications also broadens the scope of academic

discussion regarding the impact of GenAl implementation on the learning process (UNESCO, 2023).
Annual Scientific Production

Articles 200

Year

Figure 3. Annual Scientific Production of GenAl Research in Education (2023-2025)
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The upward trend in publications shown in Figure 3 reflects changes in research patterns following the
emergence of LLM-based GenAl This trend is influenced by increased human access to Al, the ease of
obtaining information instantly, and how students interact with technology during learning. Consequently,
this development is also supported by a broadening of research focus on the impact of GenAl use on cognitive
abilities, including the potential for cognitive offloading among students.

Table 1. The Most Productive and Influential Authors in Generative Artificial Intelligence Research in
Education 2023-2025

Authors Articles Articles H-Index Total Citations
Fractionalized

Lit T (Li et al., 2024) 5 1.18 5 183
Liu] (J. Liu et al., 2025) 5 1.11 3 51
Liu M (M. Liu et al, 3 0.70 3 238
2023)

JiY (Y. Jietal, 2025) 3 0.78 3 153
Chang C-Y (Sui et al., 3 0.78 3 141
2025)

Table 1 lists the authors who have made the most productive and significantly influential contributions
to the development of GenAl research in the context of education. The results of the bibliometric analysis show
T. Li et al. (2024) rank as the author with the highest level of productivity, with five publications and an h-
index of (h=5). This demonstrates the research's consistency in advancing GenAl development in education.
Although Liu et al. (2023) have published fewer scientific papers, this author has had the strongest academic
impact, with 238 citations. Thus, the scientific articles produced have significantly advanced knowledge in this
field. In addition, J. Liu et al. (2025), Y. Ji et al. (2025), and Sui et al. (2025) highlight the importance of this field
through a combination of publication productivity and citation metrics. Overall, these findings indicate that
the development of the GenAl literature is influenced not only by the volume of publications produced but
also by scientific contributions that impact academic progress.

Table 2 illustrates the publication sources that have played a significant role in the development of GenAl
literature in the context of education. The analysis results show that “Education Sciences” ranks as the journal
with the highest productivity, with 13 publications, followed by the journal “Education and Information
Technologies”, which published 11 articles and has a greater scientific impact, with a total citation count (TC
= 161) and an h-index (h = 9). On the other hand, the “Journal of Applied Learning and Teaching”, the
“Australasian Journal of Educational Technology”, and “Educational Technology & Society” also serve as
publication sources that support the advancement of research in the field of GenAl in education and illustrate
that the literature continues to evolve through a multidisciplinary approach encompassing educational
technology, pedagogy, and learning innovations.

Table 2. The Most Influential Publication Sources in Generative Artificial Intelligence Research in Education

Source Name Citescore N H-Index G-Index M-Index TC TY-Start
Education Sciences 6.2 13 8 13 2.667 104 2023
Education and Information 15.5 11 9 11 4.500 161 2025
Technologies
Journal of Applied Learning 19.2 9 5 9 2.500 46 2023
and Teaching
Australasian Journal of 7.6 6 5 6 1.667 34 2023
Educational Technology
Educational Technology and 12.0 6 4 6 1.333 28 2024

Society

Note. N = number of publications; CiteScore = Scopus CiteScore indicating the average citations per document;
HlIndex = Hirsch index measuring the productivity and citation impact of a source; G-Index = index reflecting
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citation distribution with greater weight to highly cited publications; M-Index = h-index normalized by the
number of years since the first publication; TC = total citations; PY-Start = publication year of the first indexed
document.

Geographical Distribution and Collaboration Network

With a total of 22 mentions, China holds the most dominant position in the international collaboration
network, followed by the United States (USA) with 19, Australia (n=16), and the United Kingdom (n=16). The
dominance of these countries indicates that nations with robust digital infrastructure and academic innovation

remain the primary drivers of the GenAl transformation in education.

Figure 4. International Collaborations in Generative Artificial Intelligence Research in Education

Based on the results of this analysis, international collaboration plays a crucial role in advancing GenAl
research by engaging diverse countries and global research centers. Hong Kong demonstrates strong ties to
China, exhibiting the highest collaboration intensity with a total frequency of 14. Other Asian countries, such
as Singapore and Malaysia, are also involved in the collaboration network, albeit with relatively lower
intensity. Further analysis of the patterns of relationships between countries revealed that China and Hong
Kong are the strongest collaborators, with a total frequency of 7. In addition, other pairings such as China-
United Kingdom (4), China-United States (3), Australia-United Kingdom (3), and United States-United
Kingdom (2) also make significant contributions to the development of GenAl research in education. These
patterns indicate a combination of regional and transcontinental cooperation in connecting the world’s major
research centers.

Nevertheless, the distribution of collaborative networks still exhibits geographical imbalance. Most
research collaborations are concentrated in a few developed countries, such as China, the United States, the
United Kingdom, and Australia. Meanwhile, the involvement of developing countries is still characterized by
collaborative networks of relatively limited intensity. This situation presents an opportunity for developing
countries to strengthen their broader academic contributions to GenAl research and the transformation of

learning.
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Figure 5. Keyword Co-occurrence Networks in Generative Artificial Intelligence Research in Education

Figure 5 depicts a keyword co-occurrence network that illustrates the conceptual structure of GenAl
research developments in the education sector. The red cluster (technology integration and educational
transformation dimension) is the largest cluster dominating the research network. It is characterized by the
prevalence of keywords such as “generative artificial intelligence,” “artificial intelligence,” “ChatGPT,”
“education,” “large language models (LLMs),” and “higher education.” This pattern indicates that most
research focuses on integrating GenAl into the education sector, including the use of ChatGPT in educational
innovation, the transformation of Al-based education systems, and instructional design that incorporates
technology. Consequently, these keywords have become key drivers of the emergence of LLM-based
technologies, propelling the digital transformation of education systems since 2022 and shifting the use of
conventional Al toward generative Al that supports the learning process.

The blue cluster (Human Cognition and Learning Impact Dimension) focuses more on the impact of

i

GenAl use on the learning process. Keywords such as “students,” “human,” “critical thinking,” and “learning”
suggest that the research focus addresses human interactions with Al technology that influence thinking
processes, learning engagement, and student competencies. This cluster demonstrates that the literature
review continues to explore GenAl’s potential and the challenges that may arise during its integration into the
learning process. This includes the importance of ensuring students play an active role in preventing GenAl
from causing cognitive offloading. Thus, the conceptual framework of GenAl research in education reflects a
shift from a technology-centered approach to a more human-centered learning approach, indicating a strong

connection between the two clusters in supporting students’ critical thinking and independent learning.
Strategic Theme Development from Thematic Mapping

The thematic mapping in Figure 6 was analyzed for centrality and thematic trends, illustrating the
positions and development of the main themes of GenAl research in the education sector. Several key themes
in this study fall into the “motor themes,” “basic themes,” and “emerging or declining themes” quadrants,
indicating that the adoption of GenAl in education has grown following the emergence of LLMs, particularly
ChatGPT.
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Figure 6. Thematic Map of Generative Artificial Intelligence Research in Education

Intellectual Structure and Emerging Research Themes

The third objective of this study is to interpret the results of the bibliometric analysis to understand the
intellectual development, conceptual structure, and evolutionary direction of GenAl research in the education
sector. Research patterns based on the results of thematic mapping and keyword networks visualize the shift
in the focus of GenAl research toward more complex studies of human-technology interactions that influence
human cognitive abilities.

” o

The basic themes of “artificial intelligence,” “generative artificial intelligence,” and “ChatGPT” form the
three pillars of a research framework focused on understanding the potential for GenAl integration into the
educational ecosystem. The themes “human,” “humans,” and “education” fall within the “motor themes”
quadrant, indicating that the primary driving forces behind GenAl research are humans and the educational
context. This positioning suggests that the GenAl literature addresses not only technical capabilities but also
the technology’s contribution to the evolution of educational systems.

Furthermore, the shift in the focus of GenAl research is beginning to evolve toward a human-centered
approach, that is, how technology can support students” competencies, including critical thinking, problem-
solving, creativity, and 21st-century skills. This shift is reflected in the emergence of the themes “students,”
“teaching,” and “problem solving,” which are in high-growth areas of research. Nevertheless, most studies
still focus on the experiences of students and higher education institutions in adopting Al technology to
support academic activities, as evidenced by the dominance of the themes “educational technology,”
“universities,” and “university.”

Meanwhile, the theme “generative artificial intelligence transformation,” which falls under the category
of emerging or declining themes, signals a new research direction examining how GenAl can serve as a
transformative technology to shift the learning paradigm. Overall, the results of the bibliometric analysis of
GenAl research call for further exploration to better balance GenAl adoption with the preservation of human
cognitive capacity. Therefore, GenAl’s role as a cognitive partner is the primary direction for learning
transformation, supporting the thinking process rather than replacing human cognitive abilities.

Intellectual Foundations of GenAl, HOTS, and Critical Thinking

To understand the intellectual foundations of the development of GenAl research in education, this study
conducted a reference co-citation analysis. Unlike keyword analysis, which describes the evolution of research
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themes, co-citation analysis provides insight into the foundational literature that underpins the development
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Figure 7 Reference Co-Citation Network of Generative Artificial Intelligence Research in Education

Figure 7 presents a co-citation network that shows that research on GenAl in education is organized into
several interconnected clusters of literature. The network structure reveals connections between research on
artificial intelligence, educational technology, pedagogical innovation, and the implications of Al use for
learners’ cognitive processes. Several references located at the center of the network, in particular Baidoo-anu
& Ansah (2023) and Tlili et al. (2023), indicate that this literature has had a significant influence on the
intellectual development of research on GenAl. The red cluster indicates the early development of ChatGPT
in its application in the field of education, as evidenced by the emergence of a cluster of literature focused on
the development of GenAl, ChatGPT, and Large Language Models (LLMs), supported by research (Cooper,
2023; TIili et al., 2023). The blue cluster represents the research foundations of GenAl and the integration of
technology into learning, as illustrated in early research on opportunities and challenges (Atlas & Atlas, 2023;
Halaweh, 2023; Zhou et al., 2023). This indicates that the development of GenAl is a continuation of previous
research on the use of intelligent technology in education. Meanwhile, the green cluster illustrates the
relationship between AI and the learning process, as well as students’ cognitive abilities, indicating an
increasing research orientation toward a human-centered learning approach, in which GenAl supports
thinking processes and knowledge construction. This cluster is supported by fundamental learning theories,
including social constructivism (Vygotsky, 1997) and Sweller’s cognitive load theory, as well as the
foundations of Al in education (Luckin & Holmes, 2016).

Meanwhile, other groups have highlighted areas of research that are still evolving, particularly those
related to Al-based instructional design, Al literacy, and critical thinking, for example (Crompton & Burke,
2023; Ng et al., 2022), as well as academic integrity and ethical guidelines for the use of GenAl —for example,
guidelines (UNESCO, 2023), which reflects the implications of GenAl for 2lst-century competencies.
However, it should be noted that clusters of critical thinking and HOTS theories cited independently have not
yet been identified. Instead, these clusters appear at the keyword level within the conceptual structure rather
than as a consolidated body of foundational literature. This indicates that the relationship between critical
thinking and HOTS in RQ4 is emerging as a thematic focus rather than a theoretically consolidated research
stream. Thus, the results of the co-citation analysis reinforce previous findings —namely, the progression from
technology adoption to pedagogy and human cognitive transformation—and reveal that the theoretical
foundations specifically addressing GenAl in relation to critical thinking and HOTS have not yet been
consolidated into an identifiable intellectual lineage.
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DISCUSSION

This bibliometric study aims to map developments, uncover the structure of knowledge, and interpret
the direction of research evolution regarding GenAl in the education sector during the 2023-2025 period. A
turning point in research technology development occurred following the launch of ChatGPT in late 2022,
which is a key finding of this study. These developments are reflected in increased publication output, the
expansion of international collaboration networks, and the emergence of new research themes. Thus, the
current transformation of GenAl has shifted the paradigm of technology use; technology is no longer viewed
merely as a tool to support learning but is evolving into a cognitive partner that plays a role in accelerating
access to information, supporting problem-solving, and shaping the interaction patterns of learners in
educational settings (Crompton & Burke, 2023).

The emergence of large language models (LLMs) opened new avenues for research in late 2022. This
increase in productivity has broadened the scope of research to include various pedagogical implications.
Contributions from various developed countries indicate that research on GenAl has become a global
phenomenon, influenced by research capacity, digital infrastructure, and educational institutions' readiness
to adopt new technologies. However, the distribution of research still reveals a gap between countries with
strong technology ecosystems and contributions from developing countries, which continue to face limitations
in digital infrastructure, Al regulations, and human resource readiness. Thus, enhancing research capacity in
developing countries presents a critical opportunity to broaden geographic representation in the advancement
of GenAl studies.

An analysis of the intellectual structure based on keyword co-occurrence networks and thematic
mapping of GenAl research in education reveals two main orientations: the transformation of educational
technology and its impact on human cognition. The thematic configuration comprising “generative artificial
intelligence,” “ChatGPT,” “artificial intelligence,” and “education” indicates that early-stage GenAl research
remains focused on exploring technologies that support learning. However, there has been an increasing
orientation toward a more human-centered focus, as evidenced by the emergence of themes such as

”ou "o

“students,” “teaching,” “problem solving,” and “human,” which indicate that technology is increasingly being
positioned as a mediator in the process of knowledge construction rather than as the sole focus of learning.
These findings reinforce the social constructivist perspective, which holds that learning depends not only on
the transfer of information but also on how learners actively construct meaning through interaction with their
learning environment. Furthermore, this encourages the emergence of a new paradigm regarding how GenAlI
will influence human higher-order thinking skills (HOTS) and its potential to expand processes of reflection,
idea exploration, and knowledge construction (Marx et al., 2023).

The evolution of GenAl literature reveals two complementary aspects: GenAl as a potential cognitive
partner and GenAl as a source of risk associated with cognitive offloading (Lin & Chang, 2023). The
educational value of GenAl is determined not only by the technology’s capabilities but also by how it is used
in the learning process. Therefore, the development of GenAl should be guided by the principle that
technology serves as a tool to enhance cognitive abilities, not as a substitute for human cognition. The
evolution of GenAl continues to present opportunities for further research, as reflected in the theme
“generative artificial intelligence transformation,” which remains evolving and offers avenues to explore how
GenAl can contribute to the long-term development of students” competencies.

The practical implications of this study suggest that developing Al literacy is crucial for understanding
the limitations of GenAl and for using the technology ethically and reflectively. Educational institutions need
to design learning strategies that foster collaboration between humans and technology, thereby strengthening
human critical thinking skills, which is the primary goal of GenAl’s use. Thus, future research should no longer
merely question whether GenAl is effective in education but rather focus on how to design and implement
this technology to create a learning ecosystem that optimizes Al's benefits while preserving learners” ability to
think independently (Ng et al., 2022). These implications also open opportunities for the application of GenAl
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in specific academic disciplines, including economics education. Although the Scopus subject fields applied
in this study, Social Sciences and Economics, Econometrics and Finance, allow for articles with an economic
focus to be included in the dataset, the bibliometric analysis does not isolate or interpret word clusters or co-
citation patterns specifically related to economics education. Therefore, this discussion remains conceptual
rather than based on empirical evidence. The characteristics of economics education, which involve the
analysis of economic phenomena, reasoning, information evaluation, and decision-making, provide a
framework for exploring how integrating GenAl can support the learning process without replacing students’
cognitive abilities. Thus, the researchers identify economics education as a direction for future research to
empirically examine how GenAl influences students’ economic reasoning, analytical skills, and decision-
making.

This study has several limitations that affect the interpretation of the results. First, the bibliometric
analysis drew exclusively on the Scopus database and excluded research from other sources. Second, the study
was limited to English-language articles, so it does not fully represent articles from various countries and other
publication languages. Third, the study was limited to the period 2023-2025. Fourth, the distribution of
publications and collaboration networks among developing countries remains relatively limited. Therefore,
further observation is needed regarding the broader paradigm of GenAl use in education, including a specific
examination of GenAl applications across various academic disciplines, such as economics education.

CONCLUSION

This bibliometric study shows that research on GenAl in education has grown rapidly following the
emergence of ChatGPT in late 2022, with a shift in focus from the adoption of GenAl as a learning aid to more
complex studies of the relationship between technology and human cognitive abilities. The study’s findings
reveal two coexisting perspectives: the potential of GenAl as a cognitive partner and the emergence of various
challenges, including dependence on Al, cognitive offloading, academic integrity, and the need to strengthen
Al literacy. Theoretically, this study contributes to expanding our understanding of the evolution of GenAl
research from a technology-oriented focus to one that places greater emphasis on cognitive abilities and
human engagement. In practice, these findings underscore the importance of pedagogical readiness and
instructional design that position GenAl as a tool to augment, rather than replace, students’ thinking abilities.
However, this study has limitations because it relies solely on the Scopus database, is restricted to English-
language publications, and covers a relatively short observation period (2023-2025), meaning that
geographical representation and long-term research trends cannot yet be fully characterized.
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