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ARTICLE INFO ABSTRACT

Received: 19 Dec 2024  Computational thinking (CT) has emerged as a foundational skill for young learners, preparing

Accepted: 19 Mar 2025 them to navigate and contribute to an increasingly digital world. This bibliometric analysis
utilizes 374 articles from the Web of Science database to explore the research landscape
surrounding CT in children’s learning, focusing on its applications in language acquisition and
cognitive development. Using co-citation and keyword co-occurrence analyses, the study
identifies key thematic clusters, including CT's integration into curricula, its role in enhancing
critical thinking, and its social-emotional benefits. Findings suggest that CT holds significant
potential in advancing equitable and inclusive education, aligning with Sustainable Development
Goal (SDG) 4 by promoting accessible, high-quality learning experiences. Furthermore, CT's
interactive and problem-solving methodologies, such as coding exercises and robotics, actively
engage children and encourage collaborative learning, directly supporting SDG 10 by reducing
educational inequalities across diverse learning environments. This analysis not only highlights
CT's transformative impact on traditional educational practices but also reveals critical research
gaps, particularly in the areas of inclusivity and accessibility. Future research is encouraged to
investigate these areas further, advancing sustainable educational strategies that equip children
with essential skills for a rapidly evolving technological landscape, thus fostering resilience,
adaptability, and creativity among young learners.
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INTRODUCTION

At a time when digital literacy is just as important as traditional skills, computational thinking (CT) has
become the cornerstone of preparing young people for an increasingly technology-driven world. CT is more
than just coding; it is a problem-solving framework that teaches children how to deal with complex problems
systematically and analytically (Angeli & Giannakos, 2020). The essence of computational thinking
encompasses four basic skills: decomposition (breaking down a significant problem into manageable parts),
pattern recognition (detecting trends in data or sequences), abstraction (focusing on relevant information
while ignoring distractions), and algorithmic reasoning (developing step-by-step solutions). These skills are
highly valued in many subjects, especially language learning, as they can help children cope with complex
language structures, decipher meanings, and face learning challenges in a structured mindset (Papadakis,
2021).

The importance of teaching children computational thinking cannot be overstated. With the rapid
development of digital technologies and artificial intelligence, children who develop CT skills early on are
better equipped to adapt to the diverse evolution of their careers and technological environments. CT
develops flexibility, adaptability, and creativity skills that enable children to solve real-world problems
effectively (Parsazadeh et al., 2020). In addition to these practical benefits, CT encourages young learners to
delve deeper into topics, fostering critical thinking and allowing children to apply logic and reasoning, which
facilitates language learning by helping them understand complex grammar, distinguish unfamiliar
vocabulary, and grasp the nuances of language structure (Wang et al., 2021). For example, in a language class,
pattern recognition in computational thinking can help children recognize repetitive sentence structures,
while algorithmic reasoning can assist them in forming sentences with logical consistency. These CT skills have
the potential to make language learning more engaging and accessible for children who have difficulty using
traditional methods (Rehmat et al., 2020).

Despite the potential benefits of language learning, traditional language teaching often faces problems
such as limited participation, leading to students losing interest due to repetitive or overly abstract exercises.
Additionally, children may struggle with vocabulary or grammar restrictions, reading and writing difficulties,
or the intimidating nature of language barriers that can disrupt learning altogether (Cano et al., 2020).
Differences in students’ language skills and motivation further complicate the learning environment, often
leading to gaps in comprehension. In this context, computational thinking is a promising solution to address
ongoing language learning challenges. Integrating CT strategies into language classrooms can make learning
more dynamic, personalized, and effective. For example, algorithmic thinking can guide children to process
sentence structures systematically, while abstraction can help them focus on the main elements of the text,
making comprehension easier. Moreover, CT strategies encourage active, hands-on learning and engage
students through exploration and discovery rather than memorization, fostering a deeper and more practical
engagement (Rottenhofer et al., 2021).

Therefore, by exploring the possibilities of computational thinking in language teaching, this bibliographic
analysis sheds light on how CT addresses language learning challenges. Through an evidence-based review,
this study explores how CT can provide children with a structured, engaging, and empowering approach to
language learning, preparing them for future technological and language needs. Through the following
research questions, this study provides a methodical overview of the subject, assisting academics and
educators in understanding how computational thinking is changing in educational settings:

1. What are the most influential articles and authors on computational thinking in language teaching
based on citation patterns?

2. What are the most frequently used keywords on computational thinking in language teaching research
to indicate the field's focus?
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METHODOLOGY

Purpose of Conducting Bibliometric Analysis

This bibliometric analysis aims to systematically review the literature on computational thinking in
children, particularly within the context of language learning. Bibliometric analysis provides a quantitative
approach to assess research trends, authorship, and publication patterns, offering a structured overview of
the current knowledge landscape in this field (Maharani et al., 2023). By examining core concepts, influential
authors, and publication networks, this study seeks to identify knowledge structures, research frontiers, and
emerging issues at the intersection of computational thinking and language teaching. It will also help uncover
potential gaps in existing research to guide future studies on developing CT-related language learning
interventions for children (Tekdal, 2021).

Conducting bibliometric analyses enables researchers to measure scientific impact and track
developments across specific subtopics within a broad research area. Understanding the bibliographic
landscape is crucial because of the increasing overlap between computational thinking and educational
practices, especially in language learning. This approach can highlight impactful articles, frequently cited
authors, and key recurring keywords, helping educators and researchers gain insights into the role of
computational thinking in language instruction (Rafiq et al., 2023). Additionally, bibliometric methodologies
reveal broad patterns of co-citation and collaborative networks, reflecting foundational research areas and
partnerships that shape this interdisciplinary field (Zarate-Pérez et al., 2023).

The two main bibliographic techniques (Wider et al., 2024)—co-citation and co-occurrence analysis—are
used to assess the knowledge, structure, and thematic content of research in this field.

Co-citation analysis

Co-citation analysis involves identifying pairs of frequently cited articles, revealing how different studies
interrelate, and highlighting significant theories, influential authors, and foundational publications within
computational thinking in language learning. This technique clarifies the relationship between computational
thinking research and associated fields, such as cognitive science and educational technology, helping map
the field's conceptual foundations. Recent bibliometric studies have confirmed that co-citation analysis
effectively uncovers influential research groups and underlying theoretical frameworks, as demonstrated in
computational thinking and related educational fields (Kleminski et al., 2020; Zhaisanova & Mansurova, 2023).

Co-occurrence analysis

Co-occurrence analysis identifies frequently co-appearing keywords or terms within articles, mapping
keyword frequency and associations. This approach reveals key research topics, trends, and emerging themes
within computational thinking and language learning, enabling insight into prominent terminology and
thematic areas within the field. For example, terms such as “computational thinking,” “language literacy,” and
“problem-solving skills” often cluster together, indicating shared research focuses. This method provides
valuable insights into evolving topics and interdisciplinary expansions of computational thinking, supporting
educators and researchers in addressing the prevailing concepts and challenges in this domain (Bhuyan et
al., 2021; Jacobs et al., 2022).

Data Collection and Database Selection

Bibliographic analysis focuses on research published in influential journals indexed in databases such as
the Web of Science (WoS), widely known for their extensive scientific indexing and citation tracking. The WoS
is perfect for co-citation and bibliometric network analysis since it contains high-impact journals with strict
peer-review guidelines, guaranteeing trustworthy and high-quality research sources with robust citation
monitoring. The keywords of the research included terms such as “computational thinking,” “language
learning,” “children,” “literacy,” and “education,” which are necessary for the collection of relevant literature in
the field of CT and language education through both open-access and closed-access journals to ensure
comprehensive coverage. The data search was conducted on 3@ November 2024, as shown in Table 1, and
was limited to studies published between 2015 and 2024 to focus on the most recent developments and
trends of the last decade.
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Table 1. Inclusion criteria for bibliometric analysis

WoS database Inclusion Exclusion

Time period 2015 to 2024 2023 and prior

Search field TS Not TS

Search keywords “computational thinking” and “children” Others

Citation topics meso All -

Document type Article or review article Besides article or review article
Language English Besides English

Based on keywords in the WOS database Keywords: (TS=("computational
(n=733) thinking”)) AND TS={"children”)

A4

Time Period: 2015-2024
Document Types: Article or Review Article
Languages: English

Based on inclusion and exclusion criteria
(n=374)

Screening based on full-text review
(n=374)

[ Included ] [ Screening&Eligibility] [ ldentiﬁcation]

Figure 1. PRISMA flow chart (Source: Authors)

The guiding research question was used to categorize the results in order to increase clarity. Publication
trends, co-citation analysis of fundamental works, keyword co-occurrence analysis emphasizing important
research issues, and institutional and regional contributions to CT research are the four areas in which the
findings are presented.

RESULTS

Publication Trends

The data in Figure 1 indicates that computational thinking in children’s education has steadily grown over
the past decade. Beginning with 733 initial papers, a more focused selection based on specific inclusion and
exclusion criteria narrowed the count to 374 articles, all concentrating on CT applications and implications for
children. This refined dataset reflects targeted research within this interdisciplinary field, combining elements
of computer science, pedagogy, psychology, and curriculum studies.

The annual distribution of publications, as shown in the citation report, suggests an upward trend. In the
early years, fewer publications were found, indicative of the nascent stage of CT in educational research.
However, the recent surge aligns with the growing recognition of CT as a crucial skill for 215-century learners.
This increase may also correspond with evolving educational policies globally that emphasize integrating CT
into primary and secondary curricula. The consistent rise in publications showcases the increasing emphasis
researchers and educators place CT as a foundation for children’s cognitive development and problem-solving
skills.

Citation Analysis

The citation report in Figure 2 reveals a significant impact on the academic community. The dataset has a
total of 5,666 citations, with 4,292 citations when excluding self-citations, resulting in an impressive average
citation rate of 15.15 per item. This high average demonstrates the relevance and interest in research on CT
in children, underscoring its influence across multiple disciplines.
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Figure 2. Quantity of publications and citations between 2015 and 2024 (Source: Generated by authors
through Web of Science database)

The h-index of 40 further underscores the impact of this research field. An h-index of 40 indicates that at
least 40 publications have received 40 or more citations each, a testament to the scholarly resonance and
robustness of research on CT in children’s learning. This metric reflects these studies’ enduring interest and
value, as many articles have become foundational or frequently referenced within educational technology,
developmental psychology, and computer science communities. The exclusion of self-citations in reporting
these metrics also highlights that this research receives genuine engagement from independent scholars,
enhancing its academic credibility.

Performance Analysis

The VOSviewer, a tool for analyzing WoS data on CT in children’s learning, offers a detailed account of the
development of the field, its most significant contributors, and the regions with the highest concentration of
study worldwide. A more detailed look into each data category reveals nuanced insights into the driving forces
behind this growing domain.

Highest-cited documents: Foundational works in the field

The documents with the highest citations reflect pivotal contributions that shape the understanding and
implementation of CT in early education. For instance, Angeli and Valanides (2020), with 199 citations,
examined the effects of educational robotics in developing CT skills, particularly exploring the impact of
gender and tailored support through scaffolding. This work is foundational because it emphasizes adapting
CT education to meet diverse learning needs. It makes a case for gender-sensitive approaches that foster
inclusivity in technology education from a young age. Similarly, Leonard et al. (2016) and Bers (2019)
contribute substantially by integrating robotics and game design into CT education. These works highlight
how interactive, play-based methodologies can boost children’s engagement, confidence, and skill acquisition
in computational thinking, bridging the gap between abstract concepts and tangible experiences. Each top-
cited article is highly referenced for its findings and the innovative educational strategies it proposes, which
resonate with educators, policymakers, and researchers. The frequent citation of these documents suggests
they are seen as essential resources, setting benchmarks for curriculum development, instructional design,
and inclusive practices in CT.

Influential journals: Interdisciplinary publication venues

Prominent journals, such as Computers & Education and Education and Information Technologies, reflect
the interdisciplinary appeal of CT in children’s learning. With a substantial citation count of 645, Computers &
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Education is a leading journal showcasing studies interweaving educational theory, cognitive development,
and digital literacy. This journal's high citation count signals its status as a repository of high-quality, impactful
research that bridges technology and pedagogy, appealing to educators, psychologists, and computer
scientists alike. The appearance of journals like Early Childhood Research Quarterly indicates that the topic
also engages early childhood specialists keen on understanding how foundational CT skills can be nurtured
during critical developmental stages. This range of publication venues illustrates the broad academic interest
in CT, emphasizing how the topic transcends disciplinary boundaries to create a shared platform for
advancing digital literacy in young learners.

Top authors: Thought leaders in CT education

The authors with the most contributions reveal who the thought leaders in CT research are and where
their work focuses. Yang Weipeng, the top author with 14 documents and 150 citations, has likely established
a research portfolio that addresses various dimensions of CT in education, positioning him as a prolific
contributor whose work influences ongoing dialogues and directions within the field. Marina Umaschi Bers,
another leading figure, is notable for her work on using coding as a pedagogical tool. Her research often
emphasizes coding as a playful, language-like activity, providing children a platform to express creativity while
building computational skills. Bers’ focus on early childhood education, coupled with her high citation count,
underscores her research’s value in establishing coding as an integral part of early education frameworks.
These authors and others on the list contribute to building the theoretical and practical foundations of CT in
education, informing curriculum design, teaching methodologies, and policy recommendations.

Leading institutions: Research hubs driving CT in education

The presence of renowned universities, such as the Education University of Hong Kong and Tufts
University, signifies strong institutional backing for CT research in children’s learning. The Education University
of Hong Kong leads with 16 documents and a notable link strength, suggesting its role as a central hub for
collaborative research. Tufts University's significant citation count of 571 highlights a targeted focus on early
childhood CT, likely linked to Marina Umaschi Bers and her extensive research in this area. Institutions like
Stanford University and Beijing Normal University also appear on the list, indicating that leading universities
globally are invested in CT education research. These institutions often have robust research funding and
interdisciplinary teams, which support sustained research efforts and produce findings that contribute to
global understanding and best practices in CT education.

Geographical distribution: Regional focus and research collaborations

The geographic data reveals that the United States is at the forefront of CT research in children’s learning,
with 100 documents and 1,913 citations. This strong showing likely reflects substantial investment in STEM
education and digital literacy initiatives. The high output from the U.S. may also result from policy initiatives
aimed at integrating CT into school curricula, which creates demand for research that can guide effective
implementation. China’s presence, with 65 documents, highlights the country's increasing focus on
technology education and reflects its emphasis on preparing students for a digital economy. Despite fewer
documents, Spain’s high citation count suggests that Spanish research is highly impactful, potentially focusing
on specialized areas or adopting innovative methods that attract international attention. These geographic
trends underline the global significance of CT, with each region contributing unique perspectives and
approaches shaped by local educational policies and societal needs.

Co-Citation Analysis of Computational Thinking

The co-citation analysis of CT in children’s learning reveals key scholarly works, their influence, and
underlying thematic clusters. By examining the top ten articles with the highest co-citation counts, we can
understand which publications serve as foundational references across studies in this field. Additionally, the
cluster analysis suggests distinct thematic groups, each representing unique research focuses and
methodological approaches. The following is a detailed analysis of each cluster, with suggested labels based
on the thematic focus of representative works.
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Table 2. Co-citations (top 10 articles)

Rank Authors Title Citations Total link
strength
1 Wing (2006) Computational thinking 229 1,771
2 Grover and Pea (2013)  Computational thinking in K-12: A review of the state of the 127 1,110
field
3 Bersetal. (2014) Computational thinking and tinkering: Exploration of an early 115 1,044
childhood robotics curriculum
4 Lye and Koh (2014) Review on teaching and learning of computational thinking 86 846
through programming: What is next for K-12?
5 Wing (2008) Computational thinking and thinking about computing 84 748
6 Shute etal. (2017) Demystifying computational thinking 81 851
7 Barr and Stephenson Bringing computational thinking to K-12: What is involved, 75 692
(2011) and what is the role of the computer science education
community?
8 Resnick et al. (2009) Scratch: Programming for all 71 544
9 Roman-Gonzdlezetal. Which cognitive abilities underlie computational thinking? 70 708
(2017) Criterion validity of the Computational Thinking Test
10 Papert (1980) Mindstorms: Children, computers, and powerful ideas 69 433

Top co-cited articles

The top ten articles in Table 2 showcase foundational theories and practices within CT education. Jeanette
Wing's seminal papers from 2006 and 2008 are at the forefront, collectively accumulating high co-citation
counts and establishing core computational thinking concepts (Wing, 2006, 2008). Wing's work is frequently
referenced for framing CT as a fundamental skill set applicable across disciplines, reinforcing its importance
in early education. Other highly co-cited works, such as Grover and Pea (2013), Bers et al. (2014), and Lye and
Koh (2014), provide comprehensive reviews and empirical studies on CT in K-12 education. These articles
delve into practical applications, challenges, and opportunities for integrating CT into curricula. Resnick et al.
(2009) on Scratch programming is another cornerstone, representing the application of visual programming
environments to foster creativity and problem-solving skills in young learners. Papert's (1980) Mindstorms
remains influential as early work advocating for constructivist learning through technology.

Co-citation by clusters

As in Figure 3, the co-citation analysis provides an intricate map of how research on CT in children’s
learning is organized, with distinct clusters representing critical focal areas. Each cluster in Table 3 contributes
uniquely to understanding and promoting CT education and underscores different research paradigms,
methodologies, and applications. Below is an expanded analysis of each cluster, detailing their foundational
studies, thematic focus, and implications for the broader educational landscape.

Cluster 1 introduces CT to young learners through interactive and experiential learning methods, often
utilizing tools like robotics, coding games, and other hands-on resources. This cluster is characterized by
foundational works like Bers et al. (2014), which investigates an early childhood robotics curriculum. Bers et
al.'s (2014) contributions, combined with other notable studies such as Angeli and Valanides (2020), reflect a
commitment to adapting CT teaching methods to meet the developmental needs of young children. One of
the core ideas in this cluster is the recognition that early exposure to CT through play-based and tangible
activities fosters positive attitudes and engagement in learning computational skills. Studies in this cluster
explore the pedagogical frameworks necessary to engage young children, examining how scaffolding
(structured guidance) and differentiation (tailoring instruction to individual needs) support CT learning.

The approach is grounded in the constructivist theories popularized by Seymour Papert (1980) in
Mindstorms, which posits that learning is most effective when children can manipulate physical or digital tools
to construct knowledge. Additionally, this cluster frequently addresses socio-emotional aspects, including
how CT activities can improve young learners’ social skills, collaboration, and self-efficacy. Studies like Relkin
et al. (2020) and Saxena et al. (2020) further explore how “unplugged” activities (those without computers) can
develop CT skills in ways accessible to young children and adaptable to diverse learning environments. These
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Figure 3. Co-citations analysis (VOSviewer visualization) (Source: VOSviewer visualization by authors)

Table 3. Co-citations cluster

Cluster No Cluster labels No.' of Representative Publications
and color articles
1 (red) Early childhood 27 Angeli and Valanides (2020), Bers (2017, 2019), Bers et al. (2014),
computational engagement Elkin et al. (2016), Papadakis et al. (2016), Papert (1980), Relkin et
and pedagogy al. (2020, 2021), and Saxena et al. (2020)
2 (green) Foundations and 19 Barr and Stephenson (2011), Fessakis et al. (2013), Grover and
frameworks of CT in K-12 Pea (2013), Lye and Koh (2014), Papert (1990), Resnick et al.
education (2009), Tang et al. (2020), Voogt et al. (2015), and Wing (2006,
2008)
3 (blue) Cognitive and assessment 5 Florez et al. (2017), Kazakoff et al. (2013), Roman-Gonzalez et al.

dimensions of CT (2017), and Shute et al. (2017)

findings underscore the potential for CT activities beyond cognitive development, influencing broader social
and emotional skills foundational in early education.

Cluster 2 is a theoretical backbone for CT education, establishing definitions, frameworks, and
methodologies for integrating CT across K-12 education. Jeanette Wing's influential papers from 2006 and
2008 form the core of this cluster, as they introduced CT as a universal skill, advocating that it should be taught
as early as possible in formal education. Wing's work sets the stage for a systems-level approach to CT,
positioning it as an essential skill akin to literacy or numeracy. Following Wing's foundational perspective,
Grover and Pea (2013) provide a comprehensive review of CT in K-12 education, detailing existing
methodologies and proposing paths forward for embedding CT into curricula. The papers in this cluster also
address the importance of the computer science education community in supporting CT's expansion in
schools.

Barr and Stephenson (2011) highlight the need for collaboration among educators, policymakers, and
computer science professionals to promote CT at all levels of education. This cluster emphasizes the creation
of structured curricula, teacher training, and assessment standards that align with CT's theoretical
frameworks. For example, Lye and Koh (2014) explore how programming can serve as a vehicle for teaching
CT skills, advocating for structured, step-by-step classroom approaches. Resnick et al. (2009) on Scratch
programming contributes to this cluster by providing practical insights into how visual programming tools can
democratize access to CT education and make abstract concepts more accessible to younger learners.

8/16 Contemporary Educational Technology, 17(3), ep581
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Table 4. The 15 most frequent keywords in the co-occurrence analysis

Rank Keyword Occurrences Total link strength
1 Computational thinking 293 1,045
2 Robotics 91 440
3 Education 71 279
4 Children 65 278
5 Coding 49 209
6  Skills 47 246
7 K12 46 220
8  Programming 45 197
9  Design 36 170
10 Early childhood education 34 140
11 Technology 33 160
12 Students 32 141
13 Curriculum 32 166
14 Science 30 164
15 Mathematics 29 149

Cluster 3 represents a specialized focus on the cognitive processes underlying CT skills and the
development of reliable assessment tools to measure these skills. Studies like Roman-Gonzalez et al. (2017)
and Shute et al. (2017) delve into understanding the mental processes involved in CT, such as problem-solving,
logical reasoning, and pattern recognition. These studies are significant as they seek to define what it means
to be “competent” in CT, moving beyond programming ability to identify broader cognitive traits. Roman-
Gonzalez et al. (2017) specifically focus on the criterion validity of a Computational Thinking Test (CTT), which
assesses various cognitive abilities tied to CT. This study contributes to establishing standardized measures
of CT skills, enabling educators and researchers to track students’ progress in developing CT competencies
objectively.

On the other hand, Shute et al. (2017) break down CT into manageable components, offering a
“demystified” framework that helps educators understand and teach CT in practical terms. A vital aspect of
this cluster is its emphasis on empirically validated assessment tools. Reliable and valid assessments are
critical for determining the effectiveness of CT curricula, identifying students’ strengths and areas for
improvement, and guiding instructional adjustments. This cluster’s research also underscores the cognitive
foundations of CT, suggesting that specific mental abilities can predict a student's proficiency in CT, which has
implications for targeted interventions and differentiated instruction in CT education.

Co-Occurrence Analysis of Keywords in Computational Thinking

The co-occurrence analysis of keywords in computational thinking research for children’s learning offers
a thematic breakdown of prominent concepts and areas of focus in the field. We understand the primary
topics and methodologies driving CT education research by examining the top fifteen keywords. Furthermore,
the co-word clusters provide a structured view of interrelated themes, each representing a different angle
within CT education.

Top keywords

The most frequently occurring keyword in Table 4, “computational thinking,” appears 293 times, indicating
its centrality to the field. Other high-frequency terms included “robotics” (91 occurrences), “education” (71
occurrences), and “children” (65 occurrences). These terms suggest a strong focus on CT as a skill and its
practical application in educational settings, primarily through robotics, commonly used as an entry point for
young learners. Terms like “coding,” “skills,” and “K-12" highlight the breadth of CT's relevance, spanning
various skill areas and educational stages. Collectively, these keywords point to a field grounded in early
engagement, hands-on activities, and a focus on building essential skills.

Co-occurrence analysis by clusters

The co-occurrence analysis of keywords in CT research, as in Figure 4, reflects a diverse and
interdisciplinary field. Each cluster reveals a unique dimension of CT education, highlighting its multifaceted
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Figure 4. Co-occurrence analysis (VOSviewer visualization) (Source: VOSviewer visualization by authors)

Table 5. Co-occurrence analysis on computational thinking in children’s learning

Cluster No Cluster label Number of Representative keywords
and Color keywords
1(red) Early childhood education 16 “children”, “curriculum”, “early childhood education”,
and curriculum development “educational robotics”, “learn”, “language”, “knowledge”,
“impact”, “exploration”, “assessment”
2 (green) CT skills and programming in 16 “computational thinking”, “programming”, “k-12", “skills",
K-12 education “validity”, “design”, “school”, “scratch”, “problem-solving”,
“elementary education”
3 (blue) Technology, motivation, and 9 “technology”, “mathematics”, “thinking”, “self-efficacy”,
achievement in CT learning “motivation”, “elementary”, “achievement”
4 (yellow) Robotics and STEM 7 “robotics”, “coding”, “performance”, “stem”, “ability”
integration in CT education
5 (purple) CT in education and gender 7 “education”, “students”, “science”, “gender”, “young children”

dynamics

nature as it applies to early childhood engagement, K-12 skill development, motivation through technology,
STEM integration, and gender inclusivity.

The clusters in Table 5 collectively illustrate that CT education imparts technical skills and fosters an
inclusive, motivating, and interdisciplinary learning environment.

"u "u

Cluster 1 includes keywords such as “children,” “curriculum,” “early childhood education,” and “educational
robotics.” This cluster focuses on integrating CT concepts into early childhood settings and adapting the
curriculum to be developmentally appropriate for young learners. Studies within this cluster often emphasize
the need to design CT activities that are age-appropriate, engaging, and foster foundational skills in young
children. In particular, keywords like “assessment” and “exploration” emphasize evaluating the effectiveness
of CT curricula and activities tailored for early learners. “Educational robotics” also appears in this cluster,
which aligns with findings that young children benefit from tangible, interactive tools in learning CT concepts.
This cluster's thematic focus reflects the growing consensus that introducing CT early through structured
curricula can set a strong foundation for future learning, supporting cognitive and socio-emotional
development in young children.
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Cluster 2 is characterized by keywords such as “computational thinking,” “programming,” “K-12," “skills,”
and “design.” This cluster represents research on teaching CT as an essential skill within the K-12 education
system. Keywords like “validity,” “school,” and “problem-solving” highlight this cluster's interest in validating
CT as a critical skill that can be systematically developed through structured educational practices. “Scratch,”
a popular visual programming tool, suggests that this cluster includes research on tools and platforms
designed to make CT accessible for students at various grade levels. The term “problem-solving” underscores
the cognitive and practical applications of CT, as it is often used to teach students analytical and logical
thinking. Overall, this cluster emphasizes the practical and pedagogical frameworks for incorporating CT into
formal K-12 curricula, supporting the view that CT is a skill every student should acquire.

"u

Cluster 3 includes keywords like “technology,” “mathematics,” “thinking,” “self-efficacy,” and “achievement.”
This cluster focuses on the psychological and motivational factors associated with CT learning, mainly how
technology can drive students’ motivation and self-efficacy in learning CT. The keywords concentrate on
understanding how CT and related subjects like mathematics influence students’ overall achievement and
cognitive development. “Self-efficacy” and “motivation” point to studies that examined how students’
confidence and enthusiasm for technology-based learning affect their engagement and performance in CT
activities. By connecting CT with subjects like mathematics, this cluster explores interdisciplinary learning
models where CT principles enhance broader educational goals. This cluster's thematic focus aligns with
research examining technology's role as a motivating tool that enhances students’ confidence and
achievement across various STEM domains.

"

Cluster 4 is identified by terms like “robotics,” “coding,” “performance,” “STEM,” and “ability.” This cluster
highlights the integration of CT within the broader STEM framework, with a particular focus on robotics and
coding as essential components of CT education. The keywords here emphasize the role of robotics in
fostering CT skills, particularly in engaging students through hands-on learning. The appearance of
“performance” and “ability” suggests that this cluster also includes research on assessing students’
competencies and skill acquisition in CT through STEM-related activities. Robotics often serves as a focal point
within STEM education, making abstract CT concepts tangible and accessible to students. This cluster
represents research that bridges CT with STEM subjects, leveraging robotics to build foundational
programming, engineering, and critical thinking skills.

"u "u

Cluster 5 contains keywords such as “education,” “students,” “science,” “gender,” and “young children.” This
cluster appears to focus on the broader educational applications of CT, with a particular emphasis on
understanding gender differences in CT learning and engagement. The inclusion of “gender” highlights
research that explores how boys and girls may experience CT education differently, aiming to identify and
address gender-based disparities in access and interest. This cluster's focus on “young children” and
“students” suggests a broader exploration of how various demographic factors, including gender, influence
engagement with CT. Studies within this cluster often aim to understand how educational strategies can be
tailored to create inclusive CT learning environments that encourage participation from all students,
regardless of gender or background. This focus is particularly relevant in ongoing efforts to close the gender
gap in STEM fields, advocating for strategies that promote equity in early CT education.

DISCUSSION

The bibliometric analysis of computational thinking in children’s learning reveals critical insights with
significant theoretical and practical implications for researchers, educators, and policymakers. By
understanding the trends, influential publications, thematic clusters, and co-occurrence of keywords, this
analysis provides a foundation for advancing both the scholarly understanding and the practical application
of CT education. The implications are organized below to address the theoretical advancements this field
contributes to and the practical recommendations for implementing CT in educational settings.

Theoretical Implications

The bibliometric analysis highlights foundational works, such as those by Wing and Grover & Pea,
establishing CT as a core competency in 215-century education. Co-citation clusters indicate a growing
recognition of CT as a fundamental cognitive skill, analogous to literacy or numeracy, suggesting a shift in
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educational theory toward viewing CT as a versatile problem-solving framework that applies across disciplines
(Weintrop et al., 2021). Theoretical advancements increasingly frame CT as essential for cognitive
development, linking it with critical thinking, problem-solving, and analytical abilities (Angeli & Giannakos,
2020).

CT education research spans multiple disciplines, including early childhood education, psychology, and
STEM. Co-occurrence clusters highlight the integration of concepts like “self-efficacy,” “motivation,” and
“achievement” within CT education, reflecting an interdisciplinary approach that incorporates psychological
theories of learning. Current frameworks now include socio-emotional development, self-regulation, and
collaborative learning, positioning CT as a cognitive and socially embedded process (Ballard & Haroldson,
2021). This multidisciplinary approach supports CT's integration across various learning contexts, recognizing
the importance of mental and affective dimensions in children’s learning (Agbo et al., 2021). Early engagement
with CT is increasingly viewed as foundational for long-term cognitive and educational benefits. Theoretical
implications suggest that early childhood provides a critical window for introducing CT concepts through
playful, hands-on activities, supported by constructivist theories emphasizing exploratory learning (Saxena et
al., 2020). This perspective underscores the need for age-appropriate scaffolding to foster CT skills that lay
the foundation for more advanced competencies in later years (Relkin & Bers, 2020).

The strong link between CT and STEM fields, particularly through robotics and coding, positions CT as a
bridge to broader STEM education. Cluster analysis reveals CT's frequent integration with subjects like
mathematics and science, reinforcing theories that CT enhances understanding in these areas by promoting
logical reasoning and problem-solving (Garcia-Pefialvo et al., 2021). This suggests that CT is an interdisciplinary
gateway that prepares children for diverse academic and vocational pathways beyond computer science
(Baroutsis et al., 2019).

Practical Implications

Identifying key clusters around K-12 education, programming, and early childhood pedagogy underscores
the importance of age-appropriate CT curricula. Educational institutions should implement differentiated
curricula that address developmental stages, with a focus on exploratory learning tools like robotics and
coding games for young learners. In K-12, CT should be woven into core subjects, enhancing math and science
education with programming and problem-solving elements. Developing structured, flexible CT curricula
across grade levels can ensure students progressively build and reinforce their CT skills (Nagumo et al., 2021;
Weintrop et al., 2021).

The interdisciplinary nature of CT frameworks indicates a need for comprehensive teacher training in both
the technical and pedagogical aspects of CT. Professional development programs should equip educators
with a grasp of CT concepts, programming tools like Scratch, and age-specific teaching strategies. Effective
training workshops should emphasize integrating CT across subjects and support educators in assessing CT
competencies to adapt their methods based on student progress (Ghani et al., 2022; Herbert et al., 2022).
Keywords related to diversity and inclusion emphasize the need for equitable CT education. This implies
designing CT curricula and activities that address gender disparities and encourage participation from
underrepresented groups in STEM. Inclusive strategies could involve collaborative projects, real-world
problem-solving activities, and accessible CT tools for diverse learners, thus fostering a more diverse future
in STEM fields (Tabesh, 2017; Xie et al., 2022).

The cognitive focus in recent research highlights the need for robust CT assessment tools. Schools should
consider validated assessments like the Computational Thinking Test to evaluate students’ competencies and
personalize learning. Such tools enable educators to identify areas for student improvement and assess the
effectiveness of CT programs, thereby refining curriculum and teaching approaches (Nagumo et al., 2021).
Technology's role in motivating and building self-efficacy in CT is evident. Practical implications include using
robotics kits, interactive games, and platforms like Scratch to make CT concepts accessible and engaging.
These tools provide visual, hands-on learning experiences, which are especially beneficial for younger
learners who gain motivation through immediate feedback (Ghani et al., 2022; Weintrop et al., 2021).

The foundational work of Wing and others reinforces CT as an essential educational skill, supporting the
need for policy initiatives that standardize CT across schools. Policymakers should consider incorporating CT
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into national curricula, providing resources, teacher training, and technology access to ensure equitable CT
learning opportunities. A standardized approach can bridge disparities across schools and regions, preparing
a generation of computationally skilled learners (Ghani et al., 2022; Tabesh, 2017).

CONCLUSION

The bibliometric analysis of computational thinking in children’s learning underscores the emergence of
CT education as a vital field with rich theoretical foundations and significant practical applications. The
analysis calls for redefining CT as a fundamental skill supporting cognitive, socio-emotional, and
interdisciplinary learning, aligning with Sustainable Development Goal (SDG) 4's emphasis on inclusive,
equitable, and quality education. Key recommendations for effective CT integration include age-appropriate
curricula, inclusive teaching practices, robust assessment tools, and comprehensive policy support, creating
a roadmap for sustainable educational development. This study highlights the need for ongoing research to
explore cognitive, social, and motivational dimensions that enhance CT learning, fostering young learners'
readiness for a digital and interconnected world.

CT research for children’s education has reached a significant level of maturity, supported by a broad
empirical base and evolving interdisciplinary frameworks, reflecting SDG 10's aim to reduce inequalities
through accessible, adaptable, and inclusive learning methodologies. The increasing societal demand for
digital literacy, early engagement with computational skills, and adaptable teaching approaches has driven
this field forward. The expanding body of interdisciplinary studies from education, technology, and
psychology showcases CT's relevance across sectors, building a comprehensive model for CT in early
education. Bibliometric data from WoS database illustrates a dynamic, impactful area of research rapidly
gaining traction, reflecting a shift towards preparing young learners for digital futures. As this field grows,
future research will likely focus on refining CT strategies that foster children’s cognitive, academic, and social
development, making CT an essential element of sustainable, inclusive education.
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