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Revised:06-05-2025 Engineering, and Mathematics) education at the primary school level from 2016
Published:03-07-2025 to 2025. The analysis adopts a bibliometric approach utilizing data sourced from
Dimensions.ai, processed using VOSviewer software. Over 180,000 publications
were evaluated based on annual trends, document types, fields of study, and
keyword co-occurrence visualizations. The findings reveal a significant increase
in the number of publications, peaking in 2023. Scientific articles emerged as the
most dominant document type, followed by book chapters and monographs.
Education, social sciences, and psychology were the most frequently represented
thematic areas, indicating a strong interdisciplinary orientation. Network
visualization identified three major clusters: pedagogical, demographic, and
psychosocial. Meanwhile, overlay visualization highlights a shift in research
focus from student characteristics to implementation-oriented and contextual
STEM Education; Primary issues irf the post.-pandemic era. These. findings underscore the.impor?fa'nce of
School; Bibliometric Analysis; develqpmg .adaptllve, contextuall, and eV{dence-based STEM Iearn'mglpo.lzczes and
VOSviewer; Learning Trends practices in primary education. This study offers strategic insights for
researchers, educators, and policymakers in shaping the future direction of more
relevant and sustainable STEM education.
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INTRODUCTION

The 21st century has been marked by rapid technological advancements and increasingly
complex global challenges (Widiyawati et al., 2021). These changes have not only transformed
the socio-economic landscape but also fundamentally influenced educational paradigms (Wise et
al,, 2022). Amid the wave of the Fourth Industrial Revolution and the digitalization era, the
demand for 21st-century competencies—such as critical thinking, creativity, collaboration, and
communication (the 4Cs)—has become more prominent (Ivert et al., 2024). Education is no
longer solely aimed at transferring knowledge; it is also expected to prepare learners to live,
adapt, and contribute in a technology- and information-driven society. In this context, the STEM
(Science, Technology, Engineering, and Mathematics) learning approach emerges as a key
strategy for fostering a generation that is not only technically skilled but also adaptive, innovative,
and capable of solving real-world problems (English, 2023).

Conceptually, STEM education emphasizes the integration of scientific, technological,
engineering, and mathematical disciplines in real-world contexts (Archila et al., 2023). STEM
learning encourages students to integrate multiple domains of knowledge to solve problems,
think systematically, and develop essential 21st-century skills (Hebebci & Usta, 2022; Parno et
al,, 2020; Susanti et al., 2021). Therefore, introducing STEM at the primary school level is crucial
as a foundational step in shaping students' thinking patterns and learning habits. However, while
STEM education has seen significant development in many advanced countries, its adoption in
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developing nations—particularly within primary education—still faces numerous conceptual,
practical, and policy-related challenges.

In practice, the integration of STEM into primary school curricula encounters various
obstacles, including limited teacher understanding, inadequate professional training, insufficient
educational resources, and resistance to changes from traditional learning models (Kartini et al.,
2022) Furthermore, socio-cultural contexts play a significant role in influencing the success of
STEM implementation at the elementary level (Carpio et al., 2025; Farrugia, 2023; Lokollo et al.,
2024; Wise et al.,, 2022). Consequently, mapping the trends of STEM education research in
primary schools is essential to gain a better understanding of the scientific development
trajectory, key recurring issues, and interdisciplinary collaboration potentials that may enhance
the effectiveness and sustainability of STEM implementation.

Over the past decade, research on STEM in primary education has shown dynamic and
exciting developments. Many studies have explored various STEM-based learning models, their
impact on students' critical thinking and problem-solving skills, as well as the role of digital
technology in enriching learning experiences (English, 2023; Mafugu et al., 2022; Sulisworo et al.,
2021; Susanti et al., 2021). However, the extent of these studies, their research foci, and their
distribution across subject areas have not been systematically examined. In other words, despite
the increasing volume of STEM-related publications, there remains a gap in achieving a holistic
understanding of the knowledge landscape shaped by these scholarly outputs.

One effective method for addressing this issue is bibliometric analysis—a quantitative
approach used to evaluate and visualize the characteristics of scientific publications
comprehensively. This method not only reveals publication trends over time but also maps topic
relationships, identifies thematic clusters, and analyzes collaborations among researchers and
institutions. In the context of STEM education in primary schools, bibliometric analysis can
uncover deeper scientific dimensions, including primary research themes, thematic evolution
over time, and the strengths and limitations of global academic production.

The urgency of such research is amplified by the growing need for evidence-based
educational policy. Policymakers, curriculum developers, and decision-makers require
structured scientific information on research trends to formulate relevant and adaptive policies.
At the same time, educators and researchers need a comprehensive overview of the field's
development to avoid topic redundancy and promote more innovative and collaborative
research. Thus, mapping STEM education research trends through bibliometric approaches is
critical not only in academic contexts but also in supporting a stronger and more sustainable
educational ecosystem.

This study specifically aims to analyze research trends in STEM learning at the primary
school level between 2016 and 2025. Drawing from publication data in the Dimensions.ai
database and using bibliometric tools such as VOSviewer, this study will evaluate the number and
types of publications, their disciplinary distribution, keyword co-occurrence patterns, and
thematic transformations over time. The findings from this analysis are expected to make a
significant contribution to the literature on STEM education, serving as a basis for the
development of more contextual and evidence-based policies, practices, and future research.

Accordingly, this article seeks to address the need for a comprehensive understanding of
the research landscape in STEM education at the primary level and to identify the directions,
challenges, and opportunities that can be leveraged to build a resilient, relevant, and globally
competitive primary education system.

METHOD

This study employed a quantitative bibliometric approach to analyze scientific publication
trends related to the topic of “STEM and Primary School” within the period of 2016 to 2025.
Bibliometric analysis was selected as it offers a comprehensive and systematic overview of the
development of scientific literature in terms of volume, distribution, and inter-topic connections.
This approach is also relevant for evaluating the dynamics of scholarly work and for mapping the
knowledge structure within a particular field.
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The primary data source for this study was the Dimensions.ai platform—one of the largest
scientific databases, encompassing millions of publications across various disciplines. Data were
collected using the keywords “STEM” AND “Primary School,” with filters set to English-language
publications and document types limited to journal articles, book chapters, proceedings,
monographs, edited volumes, and preprints. Data extraction was conducted between April 22 and
24, 2025, resulting in over 180,000 publication entries.

The exported data included publication metadata such as year, document type, author
names, institutions, keywords, and abstracts. The data were then analyzed using Microsoft Excel
to visualize publication trends and distribution across categories, while VOSviewer was used for
keyword co-occurrence analysis, thematic cluster mapping, overlay visualization (temporal
evolution of topics), and density visualization (topic intensity). The interpretation of results was
carried out descriptively and exploratively through a thematic approach. The validity of the
analysis was ensured through cross-checking between datasets and visual confirmation of the
mapping results. The outcomes of this analysis are expected to provide significant contributions
to the understanding of the direction, focus, and dynamics of STEM research in the context of
primary education.

RESULTS AND DISCUSSION

Scientific studies on STEM learning at the primary school level have experienced significant
development in parallel with the growing urgency of science and technology literacy within global
curricula (Hu et al., 2024; Liu et al,, 2023). The increasing complexity of 21st-century life has
prompted the academic community to re-evaluate how science and technology are introduced from
an early age, as well as how research in this field has evolved both methodologically and
thematically. Although the STEM approach has been widely discussed across various publications,
systematic mapping of its developmental trajectory, research frequency, and thematic focus over a
specific time span has rarely been conducted comprehensively. Therefore, bibliometric analysis
serves as a strategic approach to reveal the knowledge landscape and research trends that have
unfolded over the past decade.

By utilizing data from Dimensions.ai and bibliometric visualization techniques, this study
presents a scientific map that reflects the evolution of STEM research in primary education from
multiple perspectives: publication trends, interdisciplinary contributions, document type
distribution, keyword co-occurrence patterns, and thematic transformations. The information
presented is not merely descriptive but also interpretative, aiming to provide meaningful insights
for the development of educational policies, teaching innovations, and future research directions.
The following sections will present the key findings derived from the bibliometric analysis,
beginning with the annual publication dynamics that serve as an initial indicator of scientific
intensity and attention to this topic.

Based on Figure 1, over the past decade, research on the integration of STEM (Science,
Technology, Engineering, and Mathematics) in primary education has shown a significant upward
trajectory. According to data extracted from Dimensions.ai on April 22, 2025, the number of
scientific publications explicitly addressing the topic "STEM AND PRIMARY SCHOOL" has steadily
increased from 2016, peaking in 2023. In 2016, the total number of publications was around
7,000, but this figure surged dramatically over the next five years, surpassing 16,000 in 2020 and
continuing to rise beyond 20,000 in 2023.

This growth reflects the rising global attention toward establishing STEM literacy
foundations from an early age. The paradigm shift in 21st-century education—emphasizing
critical thinking, creativity, collaboration, and communication (the 4Cs)—has encouraged
researchers and educators to explore diverse approaches, strategies, and innovations in STEM
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learning at the primary level (Indarta et al,, 2021; Widiyawati et al.,, 2021). Notably, the sharp
increase during the 2019-2020 period may be attributed to educational responses to the
disruption caused by the COVID-19 pandemic, which compelled institutions to accelerate digital
adoption and develop more interdisciplinary and contextual learning models. This, in turn, led to
a surge in publications discussing curriculum design, technology integration, and the
development of interactive media for STEM education in primary schools (Asrizal et al., 2023;
Fauziyati, 2023; Lestari & Muhajir, 2024; Rafiq et al., 2022).
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Figure 1. Research Trends in STEM Learning at the Primary School Level

Following its peak in 2023, the trend saw a slight decline in 2024. This decrease is likely
due to temporary factors such as shifts in educational policies across different countries or post-
pandemic research redirections toward other locally prioritized fields. The noticeable drop in
2025 should be interpreted with caution, as the year is still ongoing and the publication and
indexing processes for scientific articles typically require time. Thus, the lower publication count
for 2025 more accurately reflects incomplete data at this stage rather than a genuine decline in
interest in STEM topics at the primary level.

Accordingly, the data presented in this figure reinforces the hypothesis that STEM has
become a central focus in global primary education reform over the past decade. The significant
growth in publications demonstrates that researchers, educators, and policymakers are actively
promoting pedagogical transformation toward more contextualized, integrated, and 21st-century
skills-based learning (Abas et al., 2024; Berg et al,, 2021). These findings highlight not only the
urgency of fostering early science and technology literacy but also provide a roadmap for
developing evidence-based curricula and educational policies.
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In addition to the temporal trend in publication volume, Figure 2 presents the distribution
of publications by research field, offering a more comprehensive view of the multidisciplinary
focus and approaches in STEM-related studies at the primary level. Based on Dimensions.ai data
as of April 24, 2025, the field of Education dominates, with a total of 49,565 publications,
reaffirming that STEM at the primary level is predominantly studied through pedagogical and
curriculum development perspectives.

The Human Society category ranks second with 31,246 publications, underscoring the close
connection between STEM education and social issues such as equitable access, character
development, and technology-driven social transformation. Additionally, the field of Language,
Communication, and Culture also shows a notable volume of 16,646 publications, highlighting the
importance of literacy, scientific communication, and cultural context in promoting inclusive and
contextual STEM learning in primary schools (Ayuso et al., 2020; Bakirci & Karisan, 2018; Larkin
& Lowrie, 2023; Mafugu et al., 2022; Rogosic et al.,, 2020).

Interestingly, the field of Psychology (14,317 publications) also plays a substantial role,
indicating that many studies examine the cognitive, motivational, and socio-emotional
development of children in the context of STEM learning. This suggests a need for educational
approaches that account for students’ mental readiness and developmental characteristics
(Ismatullina et al.,, 2022; Mulas et al., 2023).

Meanwhile, the Biomedical and Clinical Sciences and Health Sciences collectively contribute
more than 24,000 publications, likely reflecting the integration of health-related topics and
applied sciences into STEM learning—such as through simple biology experiments, health-
themed projects, or technology-enhanced health literacy (Borger et al,, 2025; Darmawansah et
al,, 2023; Liang et al.,, 2022; Sapounidis & Alimisis, n.d.).

On the other hand, the relatively low number of publications in Mathematical Sciences
(1,833), Physical Sciences (575), and Chemical Sciences (278) may indicate that STEM
approaches at the primary level do not emphasize these disciplines in isolation. This aligns with
the integrative and thematic nature of STEM education, especially in early education settings,
which prioritize interdisciplinary experiences over single-subject instruction (Hawani et al,,
2023; Mafugu et al., 2022).

Thus, this distribution further reinforces the finding that STEM research in primary
education does not solely focus on pure science or technology, but rather promotes a holistic
interdisciplinary approach that combines educational, social, psychological, and cultural
dimensions (Dere, 2024; Heni et al., n.d.). This provides a strong signal to curriculum developers
and educational researchers that STEM innovation at the primary level must be designed
comprehensively and contextually, considering child development, social values, and cultural and
linguistic diversity.
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number of publications in each research category. (Criteria: see below)
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Figure 2. Distribution of publications by research field category with STEM topics

Table 1. Types of STEM Publications in Elementary Schools

Publication Type Number of Publications
Article 84813

Chapter 57443

Edited Book 32731

Monograph 28053

Proceedings 4159

Preprint 3660

Based on Table 1, the distribution of publication types on the topic of “STEM and Primary
School” shows that the majority of research contributions come from journal articles, totaling
84,813 publications. This indicates that articles remain the primary medium for disseminating
research findings and developments in STEM learning at the primary school level. Journal articles
offer amore flexible and faster publication process, making them more responsive to the evolving
dynamics of education.
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In addition, there are 57,443 published book chapters, suggesting that a significant portion
of STEM research in primary education has also been compiled in comprehensive volumes
containing contributions from multiple authors, often in collaborative or thematic contexts. This
demonstrates that STEM teaching approaches are being explored in-depth through academic
discourse presented in book format.

The categories of edited books and monographs contributed 32,731 and 28,053
publications, respectively. Edited books typically compile diverse perspectives or case studies
from educators and researchers in various educational settings, while monographs tend to be
more singular and in-depth, offering extended reflection by the author(s) on a specific topic in
STEM education.

Meanwhile, the number of publications in the form of conference proceedings (4,159) and
preprints (3,660) is relatively smaller. This may be due to the fact that STEM research in primary
education is not always presented in conference forums or disseminated widely through preprint
platforms, which are more commonly used in pure science or technology fields. Nevertheless, the
presence of proceedings and preprints remains significant as they reflect the development of real-
time scholarly discussions and often serve as stepping stones toward indexed journal
publications.

Overall, the variation in publication types demonstrates that STEM research at the primary
level has been disseminated through various formats—ranging from fast and targeted articles to
more comprehensive book-based works. This diversity in formats is essential for reaching a
broader audience, including academics, teachers, policymakers, and teacher educators.

Table 2. Top 5 Citations on Trend of STEM in Primary Education Research in 2016-2025

Cites/year | Author (Year) Title
16.00 Larkin & Lowrie Teaching Approaches for STEM Integration in Pre- and
(2023) Primary School: a Systematic Qualitative Literature
Review
14.29 Bakirci & Karisan Investigating the Preservice Primary School, Mathematics
(2018) and Science Teachers' STEM Awareness
13.80 Ayuso et al. (2020) | Gender Gap in STEM: A Cross-Sectional Study of Primary
School Students’ Self-Perception and Test Anxiety in
Mathematics
13.00 Hu et al. (2024) Integrating educational robot and low-cost self-made toys
to enhance STEM learning performance for primary school
students
13.00 Kiiclikaydin et al. Modelling the relationships between STEM learning
(2024) attitude, computational thinking, and 21st century skills in
primary school
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Figure 3. Visualization of keyword network

The keyword co-occurrence network visualized using VOSviewer software in Figure 3
illustrates the complexity and breadth of the research spectrum on STEM at the primary
education level. Each node in the graph represents a frequently used keyword in the publications,
while the lines connecting them indicate conceptual associations based on co-occurrence within
scientific articles. The different colors reflect clusters of closely related topics or themes,
revealing three dominant clusters in the visual map.

The first cluster, marked in red, represents the pedagogical core of STEM education
research. Keywords such as student, education, learning, skill, technology, science, engineering,
and mathematics dominate this cluster, indicating that learning approaches, teaching strategies,
and STEM content integration in classroom contexts are central themes. Additionally, the
presence of terms such as program, approach, implementation, and teaching suggest widespread
exploration of the effectiveness of innovative learning models such as problem-based learning
(PBL), project-based learning (PjBL), and technology-integrated instruction (Anwar et al., 2024;
Fiteriani et al,, 2021; Prajoko et al,, 2023; Solihin et al., 2021).

The second cluster, represented in blue, reflects research focusing on student
characteristics. Keywords such as child, age, gender, relationship, performance, boy, and girl
emerge as central terms, indicating that researchers have also paid serious attention to
demographic and cognitive factors that may influence children’s responses to STEM learning
approaches. Studies within this cluster often discuss how age, gender, and learning preferences
affect academic achievement, interest in STEM, and gender disparities in mathematics and
technology skills (Ertl et al.,, 2017; Merayo & Ayuso, 2022; Miller et al., 2024; Yamani & Almazroa,
2024).

The third cluster, visualized in green, represents a broader and more interdisciplinary
dimension, where keywords such as factor, health, survey, COVID, parent, and life act as
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connectors to psychosocial and health-related topics. The appearance of terms like quality,
treatment, and prevalence suggests that STEM education is not limited to cognitive or academic
contexts, but is increasingly linked to children's well-being, the impacts of the COVID-19
pandemic, and parental involvement in home-based science education. This reflects a paradigm
shift in primary education that views STEM learning as part of holistic child development,
including the promotion of health awareness and social well-being (Borger et al., 2025; Celik et
al,, 2022; Darmawansah et al., 2023).

The density of connections among clusters—especially between keywords such as student,
education, and learning—indicates that the main research themes are not isolated but
interconnected and mutually reinforcing. This visualization reveals that STEM approaches in
primary education have evolved into a multidisciplinary research field that integrates
pedagogical, psychological, social, and cultural dimensions simultaneously. Therefore, effective
curriculum design and teaching strategies for STEM must consider the diverse factors influencing
students’ learning experiences—not only in terms of content but also regarding personal, social,
and emotional backgrounds.

The overlay visualization of keyword analysis in STEM and Primary School publications, as
shown in Figure 4, provides a temporal dimension that enriches the understanding of topic
evolution from 2021 to 2023. In this visualization, the color of each node (keyword) represents
the average publication year associated with that keyword: dark purple indicates earlier
emergence (around 2021), while bright yellow signifies more recent and currently trending
topics (around 2023).

From this overlay map, it is evident that several keywords—such as primary school child,
relationship, difference, and sample—appear in purple and blue tones, indicating their earlier
prominence within the analysis period. This suggests that in the initial phase of increased
research attention, the focus was predominantly on student characteristics, particularly
demographic and cognitive aspects such as gender, age, and individual differences in the context
of STEM learning (Al Tamime & Weber, 2022; Morales et al,, 2021). It also reflects that the
foundational phase of research emphasized descriptive and correlational studies (Idrizi et al.,
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Figure 4. Overlay Visualization
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Over time, scholarly attention has gradually shifted toward more pedagogical and applied
aspects of STEM education. Keywords such as education, learning, skill, technology, and approach
appear in greenish-yellow hues, indicating a transition in research focus toward the development
of instructional strategies, learning design, and the integration of STEM into primary school
curricula. This trend suggests that in the past two years, research has increasingly emphasized
the practical implementation and effectiveness of STEM approaches in real classroom settings.

Notably, keywords such as challenge, interview, implementation, and COVID appear in
bright yellow, signaling their recent prominence in scientific discourse. The emergence of terms
like COVID and awareness in brighter colors indicates a research response to the educational
disruption caused by the COVID-19 pandemic, which prompted exploration of new topics related
to remote learning challenges, technological access disparities, and increased awareness among
teachers and students regarding 21st-century skills (Mékela et al.,, 2022; Priemer et al., 2020;
Yulianti et al., 2022). Moreover, the growing presence of interview highlights a methodological
shift toward more in-depth qualitative approaches aimed at understanding the subjective
experiences of students and teachers in implementing STEM learning.

Overall, this overlay visualization reflects the dynamic progression of STEM literature in
primary education—from early studies focusing on learner characteristics and correlational
patterns to more pedagogically applied approaches that account for complex social contexts. The
temporal mapping is essential not only for understanding how research topics have evolved but
also for identifying research gaps and future priority areas. This data can serve as a valuable
reference for researchers, curriculum developers, and policymakers in designing STEM programs
that are relevant and sustainable.
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Figure 5. Density Visualization
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The density visualization of keyword analysis in “STEM and Primary School” publications
offers deeper insight into areas of concentrated scholarly focus. In this visualization, regions with
bright yellow colors indicate keywords with high frequency and connectivity within the research
network, while blue areas represent lower density or less engagement in the academic discourse.

The two highest-density hubs are centered on the keyword’s student and education,
highlighting their centrality in STEM research at the primary level. The high density around these
terms confirms that issues related to learners and educational contexts are key nodes in the
academic knowledge production, encompassing pedagogical approaches, curriculum
development, and early competency building in STEM disciplines. Other terms such as skill,
learning, approach, and technology also appear in medium-to-high density zones, suggesting
sustained research interest in innovative and technology-based instructional design for primary
education.

Additional high-density areas are found around keywords such as child, age, relationship,
and factor, indicating that individual student variables—such as age, social interactions, and
cognitive or environmental factors—are foundational in shaping how STEM education should be
designed for young learners (Cohen et al,, 2023; da Silva Soares et al., 2024). Keywords such as
gender, difference, and performance, also located within these dense zones, suggest that
differences in student characteristics are frequently studied to develop more inclusive and
effective STEM instructional strategies (Al Tamime & Weber, 2022; Megreya et al,, 2025; Musso
etal, 2022).

Interestingly, keywords like COVID, challenge, and interview appear in zones with low to
medium density, indicating that although these are relatively new topics, they are gaining traction
in the scientific discourse. This reflects an adaptive response among researchers to educational
challenges during the pandemic and a growing interest in exploring qualitative methods for
evaluating student and teacher experiences in STEM implementation.

In sum, this visualization shows that the landscape of STEM research in primary education
is largely centered on pedagogical issues, student characteristics, and instructional effectiveness,
while gradually expanding to incorporate social, emotional, and external challenges that impact
implementation. These findings underscore the importance of designing STEM education that is
contextual, sensitive to children's developmental characteristics, and adaptable to broader social,
technological, and global shifts.

CONCLUSION

Based on the bibliometric analysis of publications on the topic of “STEM and Primary
School” from 2016 to 2025, it is evident that research on STEM learning at the primary level has
shown a significant upward trend, both in terms of publication volume and thematic complexity.
The highest surge occurred in 2023, indicating that STEM literacy has become a central priority
in curriculum reform and 21st-century instructional innovation. The education category emerged
as the most dominant research domain, followed by studies in the social sciences, psychology,
and health, suggesting that the STEM approach extends beyond content mastery to encompass
the development of critical thinking skills, social awareness, and student well-being. The
distribution of publication types is dominated by scholarly articles, indicating that evidence-
based discourse continues to be the primary channel for disseminating ideas. The keyword co-
occurrence network identified three major clusters—pedagogical, demographic, and
psychosocial—which highlight the strong interconnection between teaching strategies,
children's characteristics, and broader family and community contexts. Topic evolution depicted
in the overlay visualization illustrates a shift in research focus from descriptive studies to more
contextual and responsive approaches aligned with global changes. These findings reinforce the
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urgency of developing adaptive, inclusive, and evidence-based STEM education at the primary
level, aiming to equip younger generations with the skills and mindsets necessary to navigate an
increasingly complex and dynamic future.
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