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Abstract  

In the context of primary education, organizing the learning process within STEM education has become an 
area of growing interest among both teachers and students, which has led to a surge in research across various 
domains. This bibliometric study examines 543 publications indexed in the Web of Science (WoS) database, 
analyzing key trends and intellectual and collaborative structures of publications related to STEM research in 
primary education from 2021 to 2025. The findings indicate a steady annual increase in the number of 
publications in this field. Within the WoS categories, 69.2% of the publications on this topic belong to the field 
of education research. Among the leading journals, Education Sciences and Frontiers in Education stand out. 
The intellectual structure of STEM research in primary school is mainly shaped by scholars from China, the 
USA, Hong Kong, and Australia, while contributions from scientists in Colombia, Portugal, and Chile remain 
relatively limited. Analysis of key terms reveals that dominant research clusters are centered around STEM 
education, primary education, engineering skill development, technological proficiency, and project-based 
learning. This study provides valuable insights into the learning process organization within STEM education, 
interdisciplinary connection establishment, and the expansion of integrated education approaches in primary 
schools. 

 
Keywords: STEM 1; STEM education 2; STEM research 3; STEM in primary education 4; educational robotics 5. 
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1.  Introduction 
 

Recent research indicates a growing interest in STEM education over the past decade. Empirical 
evidence suggests that STEM education positively influences primary school students' scientific literacy 
(Amiruddin et al., 2020), critical thinking skills (Elfrida Yanty Siregar et al., 2021), self-efficacy, and 
computational thinking (Shang et al., 2023). Additionally, STEM fosters scientific creativity and 
perception (Erkan & Duran, 2023), mathematical thinking (Miller, 2019), and 21st-century skills (Ültay 
& Özkurt, 2024).  

Furthermore, STEM integrates engineering and technological education (Wright et al., 2018), 
fostering cognitive (Firdaus & Rahayu, 2019) and integral learning skills (Vega et al., 2019). This 
approach promotes critical thinking, problem analysis, prediction, synthesis, and experimentation 
(Amin et al., 2022). Moreover, increased interest in science, mathematics, and design technology 
contributes to students' motivation to pursue engineering careers (Lewis et al., 2021). 

This study conducts a bibliometric analysis of scientific publications on STEM research in primary 
education, indexed in the Web of Science database from 2021 to January 2025. The article presents an 
intellectual and collaborative structure of the research field to identify future directions and 
development trends in STEM-based education. 

To achieve this objective, the study is guided by the following research questions: 
(1) What are the key trends and dynamics in publications and citations related to STEM research 

in primary education over the past five years? 
(2) Which publications and major journals contribute to the development of STEM research in 

primary education? 
(3) What is the intellectual structure of STEM research in primary education (in terms of authors, 

affiliations, and countries)? 
(4) What is the collaborative structure of STEM research in primary education (in terms of 

authors, affiliations, and countries)? 
(5) What are the emerging topics and research areas in STEM research in primary education? 
In addressing these research questions, the study provides a comprehensive review of the 

literature on STEM research in primary education. 
 
2. Literature Review 

 
The integration of STEM education into the primary education process has become a rapidly evolving 
area of research, leading to a rich body of literature exploring various aspects of its implementation. 
These studies provide insights into the characteristics and challenges of STEM education, highlighting 
its impact on the development of primary education. The implementation of STEM-based instruction 
in primary schools and the examination of its potential remain highly relevant research topics (Kartimi 
et al., 2021). 

The adoption of a science, technology, engineering, and mathematics (STEM) education model 
in primary schools is considered essential (Tuyet et al., 2024), as it enables students to acquire 
interdisciplinary knowledge while fostering critical thinking and integrative learning approaches 
(Peters‐Burton et al., 2019: Sun et al., 2025). The integration of STEM not only enriches primary 
education content but also incorporates newly developed and established educational initiatives 
(Peters-Burton et al., 2022).  

Research suggests that a STEM-integrated approach positively influences primary school 
students' communication skills (Ulum, 2022), career interests (Pan et al., 2022; Caspi et al., 2023), 
mathematical literacy (Susanta et al., 2023), and 21st-century competencies (Flanagan et al., 2024). 
Furthermore, STEM education enhances collaboration, creativity, and critical thinking (Bircan & 
Çalışıcı, 2022). In this regard, design-based learning has been identified as an effective approach to 
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facilitating STEM integration in primary education. This method has been shown to foster primary 
school students' creativity and epistemological beliefs (Wan et al., 2023). 

Hu et al. (2024) propose a project-based learning approach to enhance STEM skills and 
engagement among primary school students. For instance, in a learning activity, a student constructs 
a paper house and integrates it with robotics, thereby increasing their interest in STEM education. In 
this context, Ahmad and Siew (2021) developed the CQ-STEM questionnaire, a 10-item instrument 
designed to assess students' interest in STEM education, as well as their research and perception of 
STEM concepts. Their study manifested the validity and high reliability of the questionnaire.  

Zhang et al. (2024) explored the potential of applying the engineering design method in primary 
education. This approach aims to foster scientific inquiry and creativity among young learners. We 
align with this perspective, as STEM project implementation inherently cultivates intellectual and 
critical thinking skills, as well as mathematical literacy. These competencies serve as fundamental 
components of scientific creativity. Accordingly, the integration of creative spaces for scientific 
exploration is increasingly being studied within STEM fields. Research suggests that STEM education 
significantly contributes to the development of both creative abilities and creative thinking (Soomro 
et al., 2023). 

A review of scholarly works on STEM education in primary schools reveals that the incorporation 
of project-based learning, design-based learning, and engineering design methodologies into the 
curriculum effectively supports the development of STEM-related skills among students. This 
underscores the emergence of STEM education as a transformative phenomenon in the field of 
education (Susanti et al., 2020). 

To systematize scientific perspectives in this field, several authors conducted a bibliometric 
analysis of 129 articles on early childhood STEM education published in the Web of Science database. 
Using the VOSviewer software, the researchers identified a close intersection between STEM education 
and psychology, highlighting the interdisciplinary nature of research in this area. They also emphasized 
that most existing studies are concentrated in developed countries, underlining the need for research 
with broader geographical coverage (Su & Yang, 2024). 

Similarly, Nuryadin et al. (2024) performed a bibliometric analysis of studies on self-regulated 
learning (SRL) within the field of STEM education. Drawing on 1,683 publications from the Scopus 
database covering the period 2013–2023, the authors examined publication types, geographic 
distribution, author collaboration, citation frequencies, and keyword co-occurrence patterns. Their 
analysis revealed dominant themes such as e-learning, engineering education, online learning, and 
technology. However, they noted that keywords such as STEM and science education appeared 
relatively infrequently, indicating that SRL in the context of STEM remains underexplored. 

In another study, Jamali et al. (2023) applied bibliometric methods to assess the contribution of 
integrated STEM education to the quality of education. Reviewing publications indexed in Scopus from 
1993 to 2020, the authors found that the United States leads the field, accounting for two-thirds of all 
publications. This finding highlights the country’s prioritization of research exploring the relationship 
between STEM and educational quality, as well as the high level of researcher engagement in this area. 

A separate bibliometric analysis conducted by Chiu et al. (2025) examined the first decade (2014–
2023) of the International Journal of STEM Education, indexed in both Scopus and Web of Science. 
Based on 400 selected articles and reviews, the authors analyzed publication dynamics, keyword usage, 
and leading contributors. The findings revealed rapid growth in STEM education research, particularly 
in areas related to STEM integration and the application of emerging technologies. Furthermore, the 
study observed that researchers’ “hot topics” tend to shift over time, suggesting evolving priorities 
within the field. The authors recommend using these trends as a foundation for guiding future research 
directions. 

Le Thi Thu et al. (2021) analyzed the development of STEM education research at the secondary 
school level over the past two decades (2000–2020). Using 272 scientific articles from the Scopus 
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database, the authors conducted a systematic bibliometric assessment of publication volume, thematic 
content, and research focus. The results revealed several underexplored aspects within the field, along 
with weak international collaboration that remains largely limited to the United States and a few other 
countries. The authors proposed using bibliometric monitoring to track the evolution of STEM 
education and to inform future research agendas. 

Collectively, these studies demonstrate that bibliometric approaches have become an essential 
tool for examining the growth and scope of STEM education research. The findings indicate a steady 
increase in both the relevance and development of STEM education worldwide, reflecting growing 
scholarly and pedagogical interest in the field. Nevertheless, research collaborations and geographic 
diversity remain limited, with most studies concentrated in developed countries and a relatively small 
representation from developing regions. This underscores the need for future studies that consider 
broader geographic and cultural contexts. 

Furthermore, STEM education research is inherently interdisciplinary, intersecting closely with 
fields such as psychology, engineering education, and educational technology. This interdisciplinary 
nature reflects the complex structure of the STEM domain and highlights the importance of cross-
disciplinary approaches in advancing the field. 

Overall, bibliometric analyses play a vital role in tracking progress and generating data-driven 
insights that can inform evidence-based decision-making and strategic planning for future 
developments in STEM education. 
 
3. Methods 

 
This study employs a bibliometric approach to map the scientific literature on STEM research in 
primary education. The bibliometric method not only identifies key trends in the research topic but 
also evaluates the academic performance of researchers, universities, and countries (Liu et al., 2025). 
The Web of Science database was selected as the primary data source. 
 
3.1 Data collection 

 
The data collection process covered the period from 2021 to 2025. To retrieve relevant publications, five 
key search terms were used: "STEM", "STEM education", STEM (Science, Technology, Engineering, and 
Mathematics), "STEM in primary education", and "Robotics education." The search yielded 543 
publications, categorized as follows: 438 journal articles, 65 proceedings papers, 40 early access 
publications, 2 editorial materials, and 1 correction (Table 1). 
 
Table 1 : Data corpus 
 

Databa
se 

Data 
of 

searc
h 

Total 
Docume

nts 

Artic
le 

Proceedi
ngs Paper 

Early 
access 

publicati
on 

Editori
al  

materi
al 

Correcti
on 

Timesp
an 

Web of 
Science 

Marc
h 6, 
2025 

543 438 65 40 2 1 2021‐
2025 

 
The 543 publications retrieved from Web of Science were exported in CIV format. The extracted 
metadata included: publication titles, publication years, authors, institutional affiliations, country of 
publication, document types, and subject areas. This study aims to provide a comprehensive overview 
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of the existing literature on STEM research in primary education. 
 
 
3.2 Data analysis 
 
To conduct a bibliometric analysis of the publications retrieved from the Web of Science database, the 
VOSViewer software was utilized. VOSviewer allows for the examination of publication and citation 
trends, the identification of the most frequently used keywords, the most influential authors and 
journals, as well as research directions (Jamali et al., 2023). 
 
4. Results and Discussion 

 
4.1  Trends in Publication and Citations Related to STEM Research in Primary Education 

 
The trends in publications and citations serve as key indicators of research progress in a given field. 
Figure 1 illustrates the dynamics of publications related to STEM research in primary education, based 
on data collected from the Web of Science database for the period 2021–2025. 
 

 
 

Fig. 1. Trends in publications on STEM research in primary education over the last five years. 
As depicted in Figure 1, the number of publications has demonstrated an upward trend. Between 2021 
and 2022, the publication rate remained relatively stable, increasing by only one article in 2022. 
However, starting in 2023, a notable rise in interest in STEM research led to a significant increase in 
publications. In 2023, the number of published articles reached approximately 124, followed by 161 
publications in 2024. By March 2025, an additional 26 publications had been recorded. This analysis 
highlights a continuous annual growth in publications related to STEM research in primary education, 
as well as an increasing academic interest in this topic. 
 
4.1 Key Publications and Leading Journals Contributing to the Development of STEM Research in Primary 

Education 
 

This study identifies key publications and leading journals that have contributed to the development 
of STEM research in primary education, as summarized in Table 2. Analyzing the Web of Science (WoS) 
categories, we found that 69.2% of publications on STEM research in primary education fall within the 
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field of education. Other relevant categories include computer science (20.8%), psychology (6.7%), 
environmental sciences (6.8%), engineering (6.3%), linguistics (1.3%), interdisciplinary sciences (5.1%), 
and special education (1.2%). 
 
Table 2: Leading journals in STEM research in primary education 
 

Source Documents 

Education Sciences 26 

Frontiers in Education 16 

International Journal of Science and Mathematics Education 14 

Sustainability 12 

International Journal of Technology and Design Education 11 

 
Among the most influential journals in this field, Education Sciences and Frontiers in Education stand 
out. The Education Sciences journal has published 26 studies related to STEM research in primary 
education, while Frontiers in Education has published 16. These journals, along with others listed in 
Table 1, focus on STEM education, interdisciplinary research, and the education of science and 
mathematics. 
Overall, the findings indicate that STEM research in primary education is predominantly published in 
journals specializing in social education, interdisciplinary education, and science and mathematics 
education. 
 
4.2 Most Influential Publications in STEM Research in Primary Education 

 
Next, we examine the most influential publications in STEM research in primary education (Table 3). 
Table 3: Leading journals in STEM research in primary education. 
 

Publication title Year of 
publication 

Total 
Citations 

STEM Stereotypes Predict Students' STEM Career Interest via Self-
Efficacy and Outcome Expectations 

2021 56 

Educational Robots Improve K-12 Students' Computational Thinking 
and STEM Attitudes: Systematic Review 

2021 56 

Effectiveness of Online And Blended Learning from Schools: A 
Systematic Review 

2022 36 

The Interplay Between Mathematical and Computational 
Thinking in Primary School Students' Mathematical Problem-Solving 

Within a Programming Environment 

2021 35 

Recommendations for the Surveillance of Education and 
Employment Outcomes in Survivors of Childhood, Adolescent, and 
Young Adult Cancer: A report from the International Late Effects of 

Childhood Cancer Guideline Harmonization Group 

2022 34 

Gender Gap in STEM: A Cross-Sectional Study of Primary School 
Students' Self-Perception and Test Anxiety in Mathematics 

2021 26 

Exploring the Features of Educational Robotics and STEM Research 
in Primary Education: A Systematic Literature Review 

2022 23 

Using Empirical Science Education in Schools to Improve Climate 
Change Literacy 

2023 23 
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Systematic Review on Which Analytics and Learning Methodologies 
Are Applied in Primary and Secondary Education in the Learning of 

Robotics Sensors 

2021 23 

Intensive Mothering and the Unequal School-Search Burden 2022 21 

Integrating Equity and Social Justice for Indigenous Peoples in 
Undergraduate Health Professions Education in Canada: A 

Framework from a Critical Review of Literature 

2021 21 

The Influence of Online STEM Education Camps on Students' Self-
Efficacy, Computational Thinking, and Task Value 

2022 20 

An Attempt to Evaluate STEAM Project-Based Instruction from a 
School Mathematics Perspective 

2021 20 

Motivating Students to Learn STEM via Engaging Flight Simulation 
Activities 

2021 20 

A Phenomenography Study of STEM Teachers' Conceptions of Using 
Three-Dimensional Modeling and Printing (3DMP) in Teaching 

2023 19 

 
These publications address key topics such as students' interest in STEM careers, the characteristics of 
STEM research, the impact of STEM education on mathematical thinking and self-perception, the value 
of STEM-oriented tasks, the integration of three-dimensional tools (e.g., modeling and printing) in 
teaching, and the evaluation of STEAM project-based learning. Some studies also explore how engaging 
experiences in the learning process contribute to the development of STEM competencies and discuss 
the use of empirical science education in schools. 
Overall, the content of these studies aligns with four main directions of STEM research in primary 
education:  

• application of scientific knowledge in natural sciences,  

• development of mathematical literacy,  

• mastery of technology,  

• cultivation of engineering skills.  
The majority of these publications appeared in leading education and STEM-related journals, with an 
exponential increase in research output between 2021 and 2025. These studies provide the theoretical 
and methodological foundations for STEM research in primary education. 
 

4.3 Intellectual Structure of STEM Research in Primary Schools (Authors, Affiliations, and Countries) 
 

The dataset comprises 545 publications, categorized as follows: 438 articles, 1 correction, 41 early access 
papers, 2 editorial materials, 65 conference proceedings, and 40 review articles. Table 4 presents the 
leading authors in STEM research in primary education, listing those with at least four publications. 
The most prolific authors are So, Winnie Wing Mui, followed by Hourigan, Mairead, and Leavy. 
Table 4: Leading authors in STEM research in primary education (Ranked by number of publications 
indexed in Web of Science). 
 

Author Affiliation Country Documents 

So, Winnie Wing Mui Education University of Hong Kong (EdUHK) China 6 

Hourigan, Mairead Mary Immaculate College - University of 
Limerick 

Ireland 5 

Leavy, Aisling Mary Immaculate College - University of 
Limerick 

Ireland 5 

Wan, Zhi Hong Education University of Hong Kong (EdUHK) China 5 

Siew, Nyet Moi University Malaysia Sabah Malaysia 4 
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Ahmad, Jamilah University Malaysia Sabah Malaysia 4 

Xu, Shao-Rui University of Chinese Academy of Sciences, 
CAS 

China 4 

Lennon-Maslin, 
Michelle 

University of Koblenz & Landau Germany 4 

Zhou, Shao-Na South China Normal University China 4 

Note: Only authors with a minimum of 4 publications were included in the list 

 
Table 5 highlights the leading universities and countries contributing to STEM research in primary 
education. The top 10 institutions were selected based on the number of indexed publications.  South 
China Normal University ranks highest in publication output, followed by the Education University of 
Hong Kong and the Chinese University of Hong Kong. A significant portion of the listed universities is 
located in China, while the remaining institutions represent Austria, Macau, Taiwan, the USA, and 
Australia. 
 
Table 5: Leading Institutions in STEM research in primary education (ranked by number of 
publications). 
 

Affiliation Country Articles 

Education University of Hong Kong (EdUHK) China 17 

South China Normal University China 13 

Chinese University of Hong Kong China 9 

Johannes Kepler Univ Linz Austria 5 

Zhejiang Normal University China 5 

Univ Macau Macau 5 

National Taiwan Normal University Taiwan 5 

Columbia Univ USA 4 

Shanghai Normal Univ China 4 

Deakin Univ Australia 3 

Note: Only the top 10 institutions were included in the list 

 
4.4  The Collaborative Structure of STEM Research in Primary Education (Authors, Affiliations, and 

Countries) 
 

To explore the patterns of collaboration among authors, affiliations, and countries in STEM research 
in primary education, a series of co-authorship network analyses were conducted. Figure 2 illustrates 
the collaboration networks among authors (n=21), with unconnected authors omitted. The results 
indicate that collaboration is present among researchers in primary STEM education. 
The leading researcher connecting all networks is So, Winnie Wing Mui, forming the central hub of 
the collaboration network. This purple cluster includes connections with red (Ying-Chao), green (Wan, 
Zhi Hong), blue (Luo, Tian), and yellow-green (Chiu, Stephen Wing Kai) clusters. Among these, the 
purple cluster serves as the core of collaborative efforts in STEM research in primary education. 
One of the second-largest networks includes Wan, Zhi Hong from the Education University of Hong 
Kong (EdUHK). This research group comprises So, Wing Mui Winnie; Zhan, Ying; Yang, Yugin; Looi, 
Chee-Kit; and Sun, Daner. Their collaborative work focuses on conducting systematic reviews of STEM 
education, analyzing the role of technology in STEM integration into primary schools, and 
investigating the impact of STEM activities on students' creativity. 
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Fig. 2. Collaboration among authors. 
 
Figure 3 shows institutional collaboration among institutions with more than three publications (n=19). 
The Education University of Hong Kong (EdUHK) emerges as the most influential institution, having 
published 17 documents with 26 citations. It maintains collaborative ties with Shanghai Normal 
University, National Tsing Hua University, and South China Normal University. 
Other leading institutions in STEM research collaboration include South China Normal University and 
the Chinese University of Hong Kong. South China Normal University has published 13 documents 
with 12 citations, while the Chinese University of Hong Kong has published 9 documents with 11 
citations. 
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Fig. 3. Collaboration among universities. 
 
Figure 4 illustrates international collaboration in STEM research in primary education (n=32). The 
results underscore the USA as the central hub, linking research efforts across multiple countries. The 
USA exhibits strong collaborative ties with China, Spain, Australia, and the United Kingdom. 
Additionally, it shares a common research cluster (green cluster) with Canada, Belgium, the 
Netherlands, and Denmark. However, limited collaboration is observed with countries such as Israel, 
Austria, Greece, Scotland, Taiwan, Thailand, Indonesia, and Singapore. China emerges as the second 
most influential country in STEM research in primary education, forming a high-level collaboration 
with the USA, the UK, and Australia. 

 
 
Fig. 4. International collaboration. 
 
Overall, these findings confirm the presence of significant collaboration among authors, affiliations, 
and countries regarding STEM research in primary education. 
 
4.5 Key Research Areas and Topics in STEM Research in Primary Education 
 
To identify the key research areas in STEM research in primary education, a frequency analysis of 
keywords appearing in publication titles, abstracts, and keyword lists was conducted (Figure 5). 
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Fig. 5. Key Research Areas in STEM Research in Primary Education. 
 
In the visualization, green areas represent topics with a high concentration of keywords, indicating a 
strong research focus, while blue and red areas highlight less explored topics. The study set a minimum 
threshold of five keyword occurrences, with 128 out of 2547 keywords meeting this criterion (n=128).  
From 2021 to 2025, frequently occurring keywords are mainly associated with STEM, education, and 
primary schooling, forming eight distinct research clusters: 
Red cluster – focuses on students' interest in STEM, with frequent terms such as impact, model, 21st-
century skills, and educational robotics. 
Green cluster – highlights technology-related aspects, including STEM, creativity, and K-12 (e.g., 
"STEM" appears 115 times, with a frequency strength of 490 and 126 occurrences). 
Blue cluster – explores STEM education, curriculum, and student engagement (e.g., "education" 
appears 97 times, with a frequency strength of 332 and 83 occurrences). 
Yellow cluster – covers topics related to science, gender, motivation, mathematics, stereotypes, women 
in STEM, self-perception, and STEM careers.  
Purple cluster –  explores science education, and methodologies, including inquiry-based learning, 
problem-based learning, and project-based learning. 
Sky Blue cluster – focuses on high-school STEM research, meta-analysis, and 3D printing. 
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Orange cluster – examines topics such as the gender gap, computer science education, conceptual 
understanding, and professional development. 
Maroon cluster – investigates education, technology, and student achievement.  
Each cluster represents significant research areas within STEM education at the primary school level, 
suggesting valuable insights for researchers in this field. 

 
 
Fig. 6. Key Research Topics in STEM Research in Primary Education. 
 
Figure 6 illustrates the evolution of research topics in STEM research in primary education from 2021 
to 2025. In this visualization, dark blue keywords (e.g., gender, school, mathematics, etc.) were popular 
at the beginning of the period, while yellow keywords (e.g., knowledge, instruction, integrated STEM, 
meta-analysis) indicate popularity in recent years. 
 
5. Conclusions 

 
In conclusion, this study explored publications available in the Web of Science database to analyze 
trends and developments in STEM research in primary education. The findings highlight significant 
achievements in this research area over the past five years, providing insights into how STEM research 
in primary education has evolved from 2021 to 2025. Moreover, the study offers a prospective outlook 
for future research.  
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The key findings of the study are as follows: 
1. The study confirms that STEM research in primary education is a rapidly growing field, with 

an exponential increase in the number of publications every year. 
2. A significant proportion of publications in this domain are found in educational research 

journals, with strong interdisciplinary integration across applied and engineering education. 
This suggests that STEM research in primary education is focused on interdisciplinary studies. 

3. The intellectual contributions in STEM research in primary education are mainly driven by 
scholars from China, the USA, Hong Kong, and Australia. However, contributions from 
Colombia, Portugal, and Chile remain limited. 

4. The analysis revealed that the collaborative structure of STEM research in primary education 
is concentrated in China, the United States, Hong Kong, and Australia, with active 
partnerships between scholars and research institutions from these countries. These 
collaborations have remained stable over time. 

5. The key areas of STEM research in primary education are structured into eight thematic 
clusters, focusing on STEM education, engineering skill development, technology integration, 
and project-based learning. 

This study provides valuable insights for future researchers by highlighting key directions for 
organizing STEM-based learning processes, fostering interdisciplinary connections, and advancing 
integrated education approaches. Furthermore, the findings can support new research initiatives, 
comparative analysis, and publication of results in international peer-reviewed journals. 
 
5.1 Limitations 
 
Despite its contributions, this study does not provide a comprehensive bibliometric analysis of the 
research issue. Several limitations should be acknowledged: 

1. This study is limited to publications indexed in the Web of Science database. 
2. The dataset includes only publications from the past five years. 
3. The study is restricted to bibliometric analysis only. 

To address these limitations in future research, additional databases such as Scopus, Google Scholar, 
and Lens could be explored. Moreover, integrating books, conference proceedings, and studies across 
different categories could provide a more comprehensive understanding of this field.  
Despite these limitations, the study contributes to the advancement of STEM research in primary 
education and serves as a valuable reference for literature reviews in this area. 
The research endeavors documented in this article have been undertaken as part of the AP19175630 
project, "Development of a system for the formation of meta-subject skills of primary school students in 
the conditions of STEM education". This project has been generously supported by the research grant 
allocated under the aegis of the "Young Scientist" initiative by the Ministry of Science and Higher 
Education of the Republic of Kazakhstan for the duration of 2023-2025. 
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