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Abstract

The rapid development of Artificial Intelligence (Al) has increased the importance of Al literacy
in elementary education contexts. This study aims to analyze the development and research trends
of Al literacy in elementary education through a bibliometric perspective. The data were retrieved
from Google Scholar using Publish or Perish, covering publications from 2020 to 2026. From the
initial dataset of 500 documents, relevant publications were analyzed using Microsoft Excel and
VOSviewer. The findings revealed a substantial increase in publication trends, particularly after
2023, with the highest number of publications identified in 2025. Citation analysis indicated that
highly cited studies were dominated by themes related to Al literacy frameworks, generative Al,
Al ethics, teacher readiness, and Al-supported learning environments. Furthermore, the co-
occurrence, overlay, and density visualizations demonstrated that recent research increasingly
emphasizes topics such as ChatGPT, generative Al, digital literacy, and Al literacy education in
elementary school contexts. Overall, the findings indicate that Al literacy research has evolved
from general digital literacy toward more Al-oriented educational approaches and future-ready
learning environments in elementary education.
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Contribution to Literature: This study provides a bibliometric overview of Al literacy research
in elementary education, highlighting the shift from digital literacy toward Al-oriented learning
environments. It also identifies emerging themes, dominant research trends, and future directions
related to generative Al and Al literacy education in primary school contexts.

1. Introduction

The rapid expansion of digital technologies has transformed literacy practices in
contemporary education, particularly in elementary school contexts where students
increasingly interact with multimodal and technology-mediated learning environments.
Literacy is no longer limited to reading and writing printed texts but has evolved into
broader digital, visual, and multimodal meaning-making practices that require students to
critically engage with information, media, and communication technologies. Within this
transformation, digital literacy has become a fundamental competency for navigating
educational, social, and technological environments in the twenty-first century. Recent
educational research further emphasizes that literacy development in contemporary
classrooms should integrate critical, sociocultural, and technological dimensions to
prepare students for increasingly complex digital societies (Nasir et al., 2021; Sawyer,
2022; Yang, 2022). In elementary education, this shift is particularly significant because
young learners are now exposed to algorithm-driven platforms, recommendation systems,
and Al-mediated communication from an early age (Long & Magerko, 2020; Moon et al.,
2024).

The emergence of Artificial Intelligence (Al) technologies has further accelerated the
transformation of literacy practices in education. Al is increasingly embedded in everyday
digital experiences through virtual assistants, content recommendation systems,
generative Al applications, and automated communication platforms, thereby reshaping
how individuals access, interpret, and construct information (Epstein et al., 2023; Gong et
al., 2023). Consequently, traditional digital literacy frameworks are no longer sufficient to
address the growing complexity of Al-mediated environments. Educational scholars have
increasingly argued that Al literacy should be viewed as an extension of digital literacy
that encompasses not only technical understanding but also ethical awareness, critical
evaluation, and responsible participation in Al-driven societies (Long & Magerko, 2020;
Yim & Su, 2025). This shift becomes particularly important in elementary education
contexts because children interact with Al systems long before they fully understand how
algorithmic processes shape digital content and online experiences (Ottenbreit-Leftwich
et al., 2022; Touretzky et al., 2019).

Recent studies on Al literacy in elementary and primary education have primarily
focused on introducing basic Al concepts, computational thinking, machine learning
activities, and Al-supported classroom practices (Ottenbreit-Leftwich et al., 2022; Wu et
al., 2024). Several studies have also highlighted the importance of ethical Al education,
including issues related to fairness, bias, misinformation, privacy, and responsible
technology use among young learners (Ma et al., 2025; Yim, 2024). Furthermore,
emerging frameworks such as the Associative Model of AI Literacy (AMAIL)
demonstrate that Al literacy in elementary education should integrate interaction with Al,
conceptual understanding, evaluation, and ethical reflection through meaningful and
contextual learning experiences (Relmasira et al., 2023). These developments indicate
that Al literacy is increasingly positioned within broader multiliteracy and critical literacy
perspectives rather than merely as technical competence.

Although studies related to AI literacy continue to grow rapidly, the research
landscape remains fragmented across different educational perspectives, technological
focuses, and pedagogical approaches. Existing studies tend to emphasize empirical
classroom implementation, Al learning tools, computational thinking integration, or
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conceptual Al literacy frameworks (Almatrafi et al., 2024; Chung et al., 2025). However,
limited attention has been given to systematically mapping how Al literacy research in
elementary education has evolved from broader digital literacy discourses toward critical,
ethical, and multiliteracy-oriented perspectives. In particular, there remains a lack of
bibliometric studies that comprehensively examine publication trends, conceptual
structures, thematic evolution, and emerging research directions related to Al literacy
within elementary education contexts.

Therefore, this study aims to map the development of Al literacy research in
elementary education through a bibliometric review approach. Specifically, this study
investigates publication trends, influential themes, conceptual structures, and emerging
directions in Al literacy research while examining the evolving transition from digital
literacy toward Al literacy in elementary education contexts. By positioning Al literacy
within broader multiliteracy and digital meaning-making practices, this study contributes
to current discussions on literacy transformation, educational technology, and elementary
literacy education in the era of artificial intelligence.

2. Literature Review

The growing integration of artificial intelligence into educational environments has
significantly transformed contemporary literacy practices, particularly within elementary
education contexts. Al technologies are increasingly embedded in students’ daily
experiences through recommendation systems, generative Al applications, virtual
assistants, and algorithm-driven digital platforms, thereby reshaping how learners access,
interpret, and construct meaning in digital environments (Epstein et al., 2023; Long &
Magerko, 2020). Consequently, literacy is no longer viewed solely as the ability to read
and write conventional texts but has evolved toward broader multimodal, digital, and Al-
mediated meaning-making practices that require critical, ethical, and technological
competencies (Nasir et al., 2021; Sawyer, 2022). Within this transformation, Al literacy
has emerged as an important extension of digital literacy in contemporary education.

Recent scholarship conceptualizes Al literacy as a multidimensional competence
involving technical understanding, critical evaluation, ethical awareness, and responsible
engagement with Al systems (Long & Magerko, 2020). In elementary education, Al
literacy is increasingly associated with the development of students’ abilities to recognize
Al technologies, understand algorithmic processes, evaluate Al-generated content, and
critically reflect on the social implications of Al use (Touretzky et al., 2019; Yim & Su,
2025). Several educational frameworks further emphasize that Al literacy should be
integrated with constructivist, multiliteracy, and sociocultural learning perspectives to
ensure that students develop meaningful and contextual understanding rather than merely
technical skills (Relmasira et al., 2023).

The increasing attention toward Al literacy has also encouraged the emergence of
various empirical and conceptual studies in elementary and primary education. Previous
studies have explored Al literacy from multiple perspectives, including Al curriculum
development, computational thinking integration, Al ethics education, teacher readiness,
and multimodal Al-supported learning environments (Ma et al., 2025; Ottenbreit-
Leftwich et al., 2022; Wu et al., 2024). Moreover, recent systematic reviews indicate that
Al literacy research is expanding rapidly across educational disciplines and continues to
evolve alongside the emergence of generative Al technologies (Almatrafi et al., 2024; Liu
& Zhong, 2024). However, despite this rapid growth, the literature remains fragmented,
particularly regarding how Al literacy research in elementary education has evolved
conceptually from digital literacy toward critical and multiliteracy-oriented perspectives.
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As summarized in Table 1, recent studies have primarily focused on conceptual
frameworks, Al literacy implementation, ethical Al education, and systematic reviews of
Al learning practices. Nevertheless, limited studies have attempted to map the broader
intellectual structure, thematic evolution, and research trends of Al literacy in elementary
education through bibliometric approaches. Therefore, this study seeks to address this gap
by providing a bibliometric review of Al literacy research in elementary education
contexts.

Table 1. Research on Al literacy in elementary education contexts.

No Title Reference
1 A systematic review of Al literacy conceptualization, constructs, and Almatrafi et al.
implementation and assessment efforts (2019-2023) (2024)
2 A systematic review on how educators teach Al in K-12 education Liu & Zhong
(2024)
3 Developing an Al literacy diagnostic tool for elementary school Chung et al. (2025)
students

4  Artificial intelligence literacy education in primary schools: A review  Yim & Su (2025)

3. Research Method
3.1.Research Design

This study employed a bibliometric review design to systematically map and analyze
the development of Al literacy research in elementary education contexts. Bibliometric
analysis was selected because it enables researchers to identify publication trends,
influential studies, thematic developments, conceptual structures, and emerging research
directions within a specific field of study through quantitative mapping techniques. In this
study, bibliometric analysis was used to examine the evolution of Al literacy research
from digital literacy perspectives toward broader Al-mediated and multiliteracy-oriented
educational discussions in elementary education contexts.

3.2.Data Sources

The data used in this study were obtained from Google Scholar through the Publish or
Perish application. Google Scholar was selected because it provides broad
multidisciplinary coverage and captures diverse educational publications related to Al
literacy, digital literacy, and elementary education. The publication years were limited to
2020-2026 to capture recent developments in Al literacy research, particularly following
the rapid growth of generative Al technologies in educational contexts. The search
process was conducted using several keywords and phrases, including “Al literacy”,
“artificial intelligence literacy”, “digital literacy”, “elementary education”, “primary
education”, “elementary school”, and “Al in education”. These keywords were combined
during the retrieval process to obtain relevant publications aligned with the focus of this
study. The search yielded 500 publications relevant to Al literacy and elementary
education topics. The retrieved data were exported in RIS and CSV formats to support
bibliometric processing, filtering, and visualization analysis.

3.3.Procedure of Data Collection

The data collection procedure was conducted through several stages. First, relevant
keywords related to Al literacy, digital literacy, artificial intelligence in education, and
elementary education were identified and combined during the search process in Publish
or Perish. Second, the retrieved publications were screened to ensure their relevance to
educational and literacy-related contexts. Third, duplicate, irrelevant, and incomplete
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records were excluded from the dataset. Fourth, the final dataset was exported in RIS
format for bibliometric mapping in VOSviewer and CSV format for descriptive analysis
using Microsoft Excel. The selected publications were then organized based on
publication year, citation frequency, keywords, authorship, and source information to
facilitate further analysis.

3.4.Data Analysis

The data analysis was conducted using Microsoft Excel and VOSviewer. Microsoft
Excel was used to organize and analyze descriptive data, including publication trends,
citation frequencies, source distribution, and author productivity. Meanwhile, VOSviewer
was employed to visualize bibliometric networks and thematic relationships through co-
occurrence, co-authorship, and keyword mapping analyses. The visualization results were
used to identify dominant themes, research clusters, conceptual relationships, and
emerging trends in Al literacy research within elementary education contexts. In addition,
the twenty most-cited articles were identified and presented in the findings section to
highlight influential studies contributing to the development of Al literacy research.

4. Results and Discussion
4.1.Al Literacy in Elementary Education Contexts 2020-2026

The analysis of publication output from 2020 to 2026 reveals a substantial increase in
research related to Al literacy in elementary education contexts. The data were retrieved
from Google Scholar through Publish or Perish using keywords associated with Al
literacy, Artificial Intelligence, elementary education, and primary school learning
environments. From the initial dataset of 500 retrieved documents, the publications were
screened and organized for bibliometric analysis based on relevance, keywords,
publication type, and research focus.

As presented in Table 2 and visualized in Figure 1, the annual publication trend
demonstrates a gradual increase between 2020 and 2022, followed by a significant rise
beginning in 2023. The number of publications increased from 35 documents in 2023 to
97 documents in 2024 and reached its highest point with 263 publications in 2025.
Although the number of publications in 2026 appears lower, this condition is likely
influenced by the ongoing indexing and publication process for the current year. Overall,
these findings indicate that Al literacy has become an emerging and rapidly growing
research topic in elementary education contexts.

The increasing publication trend also reflects the growing global concern regarding
the importance of introducing Artificial Intelligence concepts, digital literacy, and
computational thinking skills at the elementary education level. Earlier studies mainly
focused on digital literacy and technology integration in primary education, while recent
publications increasingly discuss Al literacy frameworks, ethical Al awareness, Al-based
learning activities, and Al-supported instructional practices for young learners. This
finding indicates a significant shift from general digital competence toward more Al-
oriented educational approaches and future-ready learning environments. Similar trends
were also identified in previous studies emphasizing that Al literacy has become an
essential competency in contemporary education, particularly in preparing students to
interact critically and responsibly with emerging technologies (Long & Magerko, 2020).
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Figure 1. Annual report of publications.
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Table 2. Annual report research on “Al literacy in elementary education contexts”.

Years Publications (%) of Publications
2020 5 1%

2021 6 1%

2022 10 2%

2023 35 7%

2024 97 19%

2025 263 53%

2026 84 17%

Total 500 100%

4.2.Most Influential and Highly Cited Publications

The citation analysis identifies the most influential publications contributing to the
development of Al literacy in elementary education contexts. As presented in Table 3, the
most highly cited studies are predominantly related to Al literacy frameworks, generative
Artificial Intelligence, Al ethics, Al-supported learning tools, and teachers’ perceptions
toward Al integration in educational environments. The most highly cited publication is
Embracing the future of Artificial Intelligence in the classroom: the relevance of Al
literacy, prompt engineering, and critical thinking in modern education by Walter (2024)
with 1625 citations, followed by Al literacy in K-12: a systematic literature review with
998 citations. These findings indicate the growing scholarly interest in preparing students
and educators for Al-integrated learning environments.

The citation trend also demonstrates that recent research increasingly emphasizes Al
literacy not only as technological competence but also as a combination of critical
thinking, ethical awareness, computational understanding, and responsible Al use in
educational settings. Several highly cited studies focus on Al ethics curricula, generative
Al in education, Al chatbot implementation, and teachers’ digital competence, indicating
that Al literacy is becoming an interdisciplinary concept within elementary and K-12
education research. In addition, the dominance of studies published between 2023 and
2025 reflects the rapid expansion of generative Al technologies and their influence on
educational practices worldwide.

Furthermore, many influential publications discuss the role of teachers and
educational institutions in supporting Al literacy development among young learners.
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This suggests that successful Al integration in elementary education depends not only on
technological access but also on pedagogical readiness, ethical considerations, and
instructional design. Similar findings were reported in previous studies emphasizing that
Al literacy should include cognitive, ethical, and social dimensions to prepare students for
future digital societies (Casal-Otero et al., 2023; Long & Magerko, 2020). These findings
also reinforce the argument that Al literacy is emerging as an essential competency in
contemporary elementary education contexts.

Table 3. Most cited articles on Al literacy in elementary education contexts.

No Cites Title Year Cites Per Ref.
Year

1 1625 Embracing the future of Artificial 2024 812.50.00 Walter (2024)
Intelligence in the classroom: the
relevance of Al literacy, prompt
engineering, and critical thinking in
modern education

2 998 Al literacy in K-12: a systematic 2023  332.67 Casal-Otero et al.
literature review (2023)

3 724 Speculative futures on ChatGPT and 2023 241.33.00 Bozkurt et al.
generative artificial intelligence (Al): A (2023)
collective  reflection from  the
educational landscape

4 719  Exploring teachers' perceptions of 2022 179.75 Chounta et al.
artificial intelligence as a tool to support (2022)
their practice in Estonian K-12
education

5 573  Integrating ethics and career futures with 2023 191.00.00  Zhang et al.
technical learning to promote Al literacy (2023)
for middle school students: An
exploratory study

6 459  Attificial intelligence (Al) learning tools 2025 459.00.00 Yim & Su (2024)
in K-12 education: A scoping review

7 446  Analysing the impact of artificial 2023 148.67 Garcia-Martinez
intelligence and computational sciences et al. (2023)
on student performance: Systematic
review and meta-analysis

8 380 Factors influencing university students' 2025 380.00.00 Wang et al.
behavioral intention to use generative (2025)
artificial intelligence: Integrating the
theory of planned behavior and Al
literacy

9 298 A+ ethics curricula for middle school 2023 99.33.00  Williams et al.
youth: Lessons learned from three (2023)
project-based curricula

10 266 Machine learning and the five big ideas 2023 88.67 Touretzky et al.
in Al (2023)

11 252 The mediating effects of needs 2023 84.00.00 Xiaetal. (2023)
satisfaction on the relationships between
prior knowledge and self-regulated
learning through artificial intelligence
chatbot

12 250 Implementing artificial intelligence 2024 125.00.00 Park & Kwon
education for middle school technology (2024)

education in Republic of Korea
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No Cites Title Year Cites Per Ref.

Year
13 240 Relationship between teachers' digital 2024 120.00.00 Galindo-
competence and attitudes towards Dominguez et al.
artificial intelligence in education (2024)
14 230 The current research trend of artificial 2022 57.50.00  Yang & Kyun,
intelligence in language learning: A (2022)

systematic empirical literature review
from an activity theory perspective

15 226 Integrating artificial intelligence into 2023 75.33.00  Park et al. (2023)
science lessons: Teachers' experiences

and views

16 222  Benefits, challenges, and methods of 2024 111.00.00 Gokgearslan et al.
artificial intelligence (AI) chatbots in (2024)
education: A  systematic literature
review

17 216  Generative Al in education: 2024 108.00.00 Noroozi et al.
Pedagogical, theoretical, and (2024)

methodological perspectives

18 212 Al and Chat GPT in language teaching: 2023 70.67 Amin (2023)
Enhancing EFL classroom support and
transforming assessment techniques

19 197 Towards an Al-literate future: A 2025 197.00.00 Biagini (2025)
systematic literature review exploring
education, ethics, and applications

4.3.Visualization of Research Data Mapping of Al Literacy in Elementary Education
Contexts

The co-occurrence analysis was conducted using VOSviewer to identify the
conceptual structure and thematic relationships within Al literacy research in elementary
education contexts. The minimum number of occurrences of a term was set at 10. Of the
2510 identified terms, 60 terms met the threshold requirement. Based on the relevance
score generated by the software, 36 of the most relevant terms were selected for network
visualization analysis. As illustrated in Figure 2, the co-occurrence network demonstrates
a structured relationship among research themes and resulted in four major clusters
consisting of 36 interconnected items.

The first cluster (red), consisting of 10 items, includes ai tool, artificial intelligence
literacy, attitude, chatgpt, child, context, effect, impact, primary school, and systematic
review. This cluster mainly focuses on the implementation of Al tools, children’s
perceptions, and the impact of Al literacy integration within primary school learning
environments. The second cluster (green), comprising 9 items, includes ai literacy
education, effectiveness, elementary education, elementary school, elementary school
student, elementary schools, generative ai, implementation, and systematic literature
review. This cluster emphasizes the effectiveness and implementation of Al literacy
education in elementary school contexts, particularly related to generative Al integration
and learning practices.

The third cluster (blue), with 9 items, includes ai education challenge, focus,
importance, need, primary education, primary level, review, and utilization. This cluster
reflects discussions regarding challenges, educational needs, and the importance of Al
literacy development at the primary education level. Meanwhile, the fourth cluster
(yellow), consisting of 8 items, includes age, ai technology, challenge, digital literacy,
era, Indonesia, opportunity, and training. This cluster highlights the relationship between
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Al technology, digital literacy, teacher training, and educational opportunities within
contemporary elementary education environments.

Overall, the cluster distribution indicates that Al literacy research in elementary
education is increasingly interdisciplinary and strongly associated with generative Al,
digital literacy, Al implementation, and educational readiness. The dominance of terms
such as ChatGPT, generative Al, Al technology, and Al literacy education suggests that
recent studies are moving beyond conventional digital literacy toward Al-oriented
learning environments and future-ready education. Similar findings were also identified
in previous studies emphasizing that Al literacy has become an essential educational
competency that includes technical, ethical, and pedagogical dimensions in K-12 and
elementary education contexts (Casal-Otero et al., 2023; Long & Magerko, 2020).
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Figure 2. Network visualization based on co-occurrence of terms.

The overlay visualization shown in Figure 3 demonstrates the temporal evolution of
Al literacy research in elementary education contexts. Earlier studies were primarily
associated with digital literacy, technology integration, and educational readiness, while
more recent publications increasingly emphasize generative Al, ChatGPT, Al literacy
education, and Al technology. This finding indicates that elementary education research
is gradually shifting toward more Al-integrated and adaptive learning environments
influenced by the rapid expansion of generative Artificial Intelligence technologies.
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Furthermore, the density visualization shown in Figure 4 highlights the most
dominant and frequently discussed themes within the research field. Terms such as Al
literacy, elementary education, generative Al, digital literacy, and primary school appear
as the most densely connected areas, indicating their central role in current research
developments. At the same time, newer themes such as ChatGPT, Al technology, and Al
education challenge have emerged as important research directions, reflecting the
growing attention toward the integration of Artificial Intelligence in elementary learning
environments.

Figure 4. Density visualization based on the co-occurrence of terms.

4.4 Synthesis and Implications

The findings of this bibliometric study demonstrate that research on Al literacy in
elementary education contexts has grown significantly between 2020 and 2026,
particularly following the rapid emergence of generative Artificial Intelligence
technologies. The increasing publication trends, citation patterns, and visualization
mapping collectively indicate that Al literacy research has evolved from general digital
literacy and technology integration toward more Al-oriented educational approaches.
Recent studies increasingly emphasize themes such as generative Al, ChatGPT, Al
literacy education, Al ethics, and teacher readiness, suggesting that Al literacy is
becoming an important component of future-ready elementary education. Similar trends
were also identified in previous studies highlighting the growing importance of Al
literacy competencies in K-12 and primary education contexts (Casal-Otero et al., 2023;
Long & Magerko, 2020).

These findings imply that elementary education institutions and educators need to
prepare more adaptive learning environments that support the development of Al literacy
from an early age. Al literacy should not only focus on technical understanding but also
include ethical awareness, critical thinking, digital responsibility, and appropriate Al
utilization in learning activities. Furthermore, future studies are encouraged to explore
more empirical investigations regarding Al literacy implementation, teacher training, Al-
supported instructional practices, and the integration of generative Al technologies in
elementary education settings.

© 2026 by the authors; licensee Tunas EduPal School 60



5. Conclusion

This bibliometric study demonstrates that research on Al literacy in elementary
education contexts has experienced significant growth between 2020 and 2026,
particularly following the rapid expansion of generative Artificial Intelligence
technologies. The findings revealed that recent studies increasingly emphasize themes
related to Al literacy education, generative Al, ChatGPT, digital literacy, Al ethics, and
teacher readiness within elementary learning environments. In addition, the visualization
mapping confirmed that Al literacy research is evolving from general technology
integration toward more Al-oriented and future-ready educational approaches. These
findings suggest that Al literacy has become an emerging and essential competency in
elementary education, particularly in preparing young learners to interact critically,
ethically, and responsibly with Artificial Intelligence technologies.
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