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Abstract  

 

Numerous issues exist regarding STEM education in elementary schools. These problems include: 1) ignorance 

of the need to develop curricula that are in line with elementary school students' cognitive development and 

comprehension; 2) indifference to the dearth of resources for STEM education, the lack of professional 

development, and the unequal distribution of STEM education resources, particularly in rural and developing 

nations. The author used the Scopus.com database to conduct a bibliometric study of primary school STEM 

education-focused articles in order to comprehend the current state of affairs about STEM education in elementary 

schools. The author used RStudio to analyze 203 of the papers, and a descriptive analytic approach was used to 

interpret the analysis's findings. The study's findings show that the quantity of publications devoted to the 

application of STEM in primary education has significantly increased over time. The number of publications 

devoted to the use of STEM teaching models at the primary school level shows this trend. The degree of 

development and STEM education literacy at the primary school level is influenced by the curricular policies, the 

technology resources available, and the instructors' readiness. More research should concentrate on a 

comprehensive and more integrated strategy with an emphasis on technological and pedagogical advancements in 

curriculum creation that is pertinent and aligned with 21st Century educational abilities if it is to have a meaningful 

and relevant impact. 

 
Keywords: Bibliometrics Analysis, Education, Elementary School, Learning, STEM  

 

INTRODUCTION  

One of the main priorities now is integrating STEM (science, technology, engineering, 

and mathematics) methods into the elementary school curriculum. Enhancing STEM literacy is 

an important consideration in the wake of rapid technological advancements and the increasing 

need for STEM skills globally (Safiee et al., 2018; Kanaki & Kalogiannakis, 2022). However, 

the future of elementary education is threatened by a number of important challenges despite 

the vast potential offered by STEM. Among these is a dearth of knowledge about creating a 

STEM program that is in line with the cognitive development of children; a lack of resources 

and training for teachers; and, more specifically in rural and less developed regions, equity in 

access to STEM programs (Boz, 2023; Mercan et al., 2022; Halliburton et al., 2024; Way et al., 

2022).  In addition, STEM approaches are often employed independently from the core 

curriculum, which has no impact on students' learning (Ng & Adnan, 2018; Mateos-Núñez et 

al., 2020). This is despite the fact that these approaches have been embraced by various 

institutions of learning. The effects of STEM education have not been extensively studied on 

students' socio-emotional development, academic performance, and career goals, particularly 

in elementary education. Thus, STEM education is a solution. However, there are large gaps 
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between reality and expectations in this field (Margot & Kettler, 2019; Martínez-Borreguero et 

al., 2022; Bircan & Çalışıcı, 2022; Kanaki & Kalogiannakis, 2022; Ilma et al., 2023). 

The importance of this research is based on the need to address this fundamental 

question in a comprehensive and scientific manner. By conducting a comprehensive 

examination of the benefits, challenges, and future trends, this research aims to provide useful 

recommendations for stakeholders to make the most of the implementation of STEM education 

in elementary schools. This is further supported by the fact that elementary schools are an 

important initial stage for encouraging students' STEM interests and skills, which can have a 

substantial effect on their future career choices (Thao et al., 2024; Jaipal-Jamani, 2024). If the 

quality and availability of STEM education are not improved, then social and economic 

disparities will widen. There has been a substantial rise in the integration of STEM education 

into elementary school curricula over the last decade. STEM education was first integrated into 

university and secondary school curricula. However, current trends show earlier integration 

(Fernández-Cézar et al., 2020; Safiee et al., 2018; Tuyet et al., 2024). This is because children 

are naturally curious and eager to engage with challenging concepts by experience and learning 

(Slim et al., 2022; Lilly et al., 2022; Ng & Adnan, 2018; Meier & Hendel, 2019). In addition, 

new technologies in education like coding, robotics, and virtual simulation have made it easier 

for students to learn the content of STEM education (Chiang et al., 2022; Jaipal-Jamani, 2024; 

Chou, 2018; Lilly et al., 2022; Smyrnova-Trybulska et al., 2016). However, due to the rapid 

development, there are also inequalities in the application of STEM education. Some schools 

are performing well, while others are struggling due to a variety of reasons such as lack of 

funding, unqualified teachers, or unclear curriculum guidelines (Amaaz et al., 2024; Lilly et al., 

2022; Martínez-Borreguero et al., 2022; Halliburton et al., 2024; Smyrnova-Trybulska et al., 

2016). 

Some research has been carried out on the advantages and disadvantages of STEM 

education in elementary schools. Research carried out between 2014 and 2025 (Lilly et al., 

2022; Mafugu et al., 2022; Fernández-Cézar et al., 2020; Siregar et al., 2019; Ow-Yeong et al., 

2023; Toma & Greca, 2018) revealed that the integration of STEM subjects can enhance 

learning among students, especially in mathematics and science subjects. For instance, a study 

carried out by Kelley & Knowles (2016) revealed that project-based STEM activities led to an 

increase in student engagement and problem-solving abilities. In a similar study, a meta-

analysis carried out by Genek & Küçük (2020) revealed that robotics-based STEM 

interventions led to an improvement in students' creativity and computational thinking. But 

problems like unprepared teachers and the inability to integrate STEM activities into the 
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existing curriculum have been highlighted in other studies (Gul et al., 2023; Nguyen & Tran, 

2024; Tresnawati et al., 2021). Furthermore, few studies have investigated the impact of STEM 

education on students' career goals or its socio-emotional impact (Babarović et al.,  2018; Bircan 

& Çalışıcı, 2022;Çaycı & Örnek, 2019; Toma & Greca, 2018; Mateos-Núñez et al., 2020), 

although many have focused on cognitive outcomes. While our understanding of STEM 

education has evolved, several questions remain unaddressed in the current literature. First, 

there are few longitudinal studies examining the impact of STEM interventions on students' 

education and careers (Li et al., 2022; Margot & Kettler, 2019; Siregar et al., 2019). 

Additionally, research shows that STEM programs are successful in local schools that provide 

educational resources (Ahmad et al., 2024; Gagnier et al., 2023). Third, some research has been 

done on the collaboration of interdisciplinary teachers in providing STEM curricula that are 

more integrated (Gao et al., 2020; Tytler et al., 2019; Yahya & Hashim, 2021). In conclusion, 

further research is necessary to ensure that minority groups, such as women and minority 

students, are represented in STEM activities (Gagnier et al., 2023). 

With the combination of bibliometric analysis and systematic literature review (SLR), 

this research provides novelty. By doing so, the combination of the two methods also reveals 

the unanswered patterns, gaps, and research opportunities. This research also provides 

evidence-based recommendations on how to overcome the difficulties in putting STEM into 

practice, especially in resource-constrained schools. Moreover, this research highlights the 

importance of inclusive and sustainable approaches. This bibliometric review specifically 

addresses the long-term effects of STEM education, including both local and global views. The 

aim of this bibliometric review is to offer a wider perspective by integrating the findings of 

previous studies and relevant research topics for future studies. This will greatly help in the 

policy-making process and practice of STEM education in elementary schools. This review will 

not only improve academic debates but will also offer useful recommendations for educators, 

policymakers, and researchers aiming to improve STEM learning outcomes. Therefore, the 

research questions are presented as follows:  

1. What are the key insights from STEM research articles in elementary schools published in 

Scopus? 

2. What are the publication trends in Scopus related to the implementation of STEM in 

elementary schools? 

3. Based on the relevance and development of STEM use in elementary education, what is the 

thematic position of the topic? 
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METHOD 

Article Selection Process 

This study employed bibliometric analysis, which is typically used to identify patterns 

and trends in scientific publications. This type of analysis is highly effective in providing a 

comprehensive overview of a field's historical evolution, the relationship between journals and 

authors, current research patterns and trends, recent research, and potential research gaps within 

the discipline. The PRISMA (Preferred Reporting Items for Systematic Review and Meta-

Analysis) method guided the article selection process. Data were obtained from articles 

published between 2009 and 2024 in Scopus-indexed journals that discussed the 

implementation of STEM-based learning. Figure 1 illustrates the article selection process using 

the PRISMA approach. 

 
Figure 1. PRISMA Model for Articles Selection 

Figure 1 shows the stages of article selection for the analysis dataset. Initially, a broad 

search was conducted using the keywords “Science, Engineering, Technology, and 

Mathematics” or “STEM Education” without limiting the publication year or document type, 

resulting in 8,232 articles. Then, the selection was refined by limiting the publication year from 

2009 to 2024, resulting in 375 articles. Next, filtering was performed by selecting the subject 
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area “Social Sciences”, resulting in 253 articles. Finally, the document type was limited to 

“Articles” and “Conference Papers,” resulting in a total of 203 articles selected for analysis.. 

Data Analysis 

We conducted a bibliometric study on the application of STEM in elementary school 

education by examining several key research aspects. First, we examined the number of articles 

indexed in Scopus related to the application of STEM in elementary school education. Then, 

we examined the publication trends of these articles from 2009 to 2024. Finally, we examined 

thematic positions based on relevance and current developments. Biblioshiny, a tool within 

RStudio, was used to process all data retrieved from the Scopus database. By allowing 

researchers to import datasets downloaded from Scopus in CSV, RIS, or BibTeX formats, 

RStudio enables bibliometric data visualization. The researcher can then perform other 

analyses, such as network analysis, theme analysis, and train identification, and easily generate 

visual representations and reports. Finally, descriptive analysis and interpretation are done on 

the RStudio results. 

RESULTS AND DISCUSSION 

Key Information on STEM Education in Primary Schools 

Research on the use of STEM education in primary schools is expected to grow 

significantly between 2009 and 2024, according to the Key Information section (see Table 1). 

The growth and evolution of STEM teaching approaches in elementary school curricula over 

the last decade has been subtly apparent. Since 2010, there has been an increase in interest in 

STEM education globally, according to Li et al. (2022). This is consistent with the 21st century's 

demand for abilities like creativity, critical thinking, and teamwork. These skills are essential 

for a knowledge-based economy and the Fourth Industrial Revolution (Fitrya et al., 2020; Hanif 

et al., 2019; Micari & Pazos, 2020; Siregar et al., 2019; Yalçın, 2021). Moreover, as Kanaki & 

Kalogiannakis (2022) and Safiee et al. (2018) have found, there has been a trend in educational 

policies to include early STEM literacy to ensure economic competitiveness. This paper not 

only illustrates the development of research on STEM education over the years but also 

illustrates the trend in educational policies to increasingly include STEM research in the 

primary education system. 
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Table 1. Key Information on Research Articles Published in Scopus-Indexed Journals (2009–

2024) 

Description Results 

Main Information About Data 
 

Timespan 2009:2024 

Sources (Journals, Books, etc) 135 

Documents 203 

Annual Growth Rate % 24.07 

Document Average Age 4.42 

Average citations per doc 10.75 

References 9071 

Document Contents 
 

Keywords Plus (ID) 491 

Author's Keywords (DE) 625 

Authors 
 

Authors 626 

Authors of single-authored docs 19 

Authors Collaboration 
 

Single-authored docs 19 

Co-Authors per Doc 3.29 

International co-authorships % 15.27 

Document Types 
 

Article 163 

Conference paper 40 

 

The number of sources employed in this study was comprised of 135 books, journals, 

and scientific publications, as indicated in Table 1. The above numbers show that the literature 

on STEM topics in elementary schools is vast and applicable. This is attributed to the fact that 

this method combines science, technology, engineering, and mathematics into an integrated 

curriculum, which means that a wide range of sources is important for STEM research (Thao 

et al., 2024; Estapa & Tank, 2017). Moreover, literature from different fields is commonly 

employed in STEM education research to create novel and integrated learning programs and 

approaches. Because an interdisciplinary approach to STEM education requires a variety of 

theoretical and practical foundations, Honey et al. (2014) argue that using multiple sources is 

crucial. This study examined 203 documents demonstrating significant academic interest in 

STEM education in primary schools. This is in line with the findings of English (2017), who 

argued that there is an increasing number of STEM publications that are being produced as part 

of a global initiative to enhance STEM literacy from a young age due to the complex skill 

requirements of the future. The views of Sanders Županec et al. (2022) also support this, as they 

argued that the interdisciplinary approach to STEM education has led to a substantial amount 

of research being conducted on innovative approaches to teaching that will satisfy the needs of 
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students in the digital age. A number of studies have found that STEM education has moved 

from being a trend to becoming the main focus of elementary education studies to satisfy the 

needs of students. 

With an annual growth rate (AGR) of 24.07%, interest has also shown a tremendous 

increase. The number of publications focusing on STEM education in elementary schools has 

been steadily increasing, and this is the reason for the tremendous increase. These results 

support the claim made by Li et al. (2022) that there is a need to improve STEM skills 

worldwide in order to produce a workforce that can keep pace with technological developments. 

Toma & Greca (2018) also claimed that the adoption of educational policies that have begun to 

include STEM in the national curriculum in many countries is mainly to improve the 

competitiveness of human resources in the context of globalization. In general, this section of 

the paper proves the significant increase in the number of studies on the implementation of 

STEM in primary schools over the past decade. The need for 21st-century skills and educational 

approaches that incorporate STEM into the primary school curriculum is the key factor that has 

contributed to the increase in the number of studies (Sari et al., 2024; Toma & Greca, 2018; 

Boz, 2023; Estapa & Tank, 2017; Khurma et al., 2023; Larkin & Lowrie, 2023; Margot & 

Kettler, 2019). Many sources point to the interdisciplinary approach that characterizes STEM 

education, but numerous documents indicate that this topic continues to attract the attention of 

researchers from various disciplines. Significant yearly increase suggests that STEM education 

is more than simply a fad and has emerged as a key area of primary education study. According 

to earlier research, one of the greatest ways to get kids ready for the opportunities and problems 

of the digital and globalized age is to teach them STEM subjects in elementary school. 

STEM Publication Trends in Primary Schools 

Although trends vary, from 2009 to 2024, scientific publications on the application of 

STEM in elementary schools generally increased in the Annual Scientific Production Section 

(see Figure 2).  

 
Figure 2. Annual Scientific Production of STEM Research Articles in Primary Schools 
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From 2009 to 2024, the trend of scientific publications on the implementation of STEM 

in elementary schools indexed in Scopus is shown in Figure 2. Overall, this graph shows a 

significant increase in the number of articles published each year. This rise suggests that the 

topic is receiving more scholarly interest and attention. The first period (2009–2014) had a 

relatively small and erratic number of publications. This suggests that STEM in elementary 

school was not yet the main emphasis of educational research at the time. One reason may be 

the lack of educational policies explicitly integrating STEM into the primary school curriculum, 

which may have contributed to the low number of publications during this period.   

However, this trend began to increase significantly in 2015 and continued to grow 

through 2019. This surge can be attributed to the growing recognition of integrative approaches 

to education that emphasize 21st-century skills such as creativity, problem-solving, critical 

thinking, and collaboration. These skills are core competencies taught in STEM schools. During 

this period, policies supporting STEM in primary schools have been established by several 

countries, such as the STEM Education Strategy in Australia and the Next Generation Science 

Standards (NGSS) in the United States (Lilly et al., 2022). Furthermore, increased access to 

digital technologies in primary schools has also contributed to increased research on the 

application of STEM in technology-based learning (Changpetch & Seechaliao, 2019; Chou, 

2018; Jaipal-Jamani, 2024; Mafugu et al., 2022; Siregar et al., 2019). 

However, the number of publications reduced in 2020. The COVID-19 pandemic 

resulted in a major disruption to the education sector globally. This might have been the reason 

for the reduction in the number of publications in 2020. School closures and the swift shift to 

online education affected research in schools, especially in primary education. In primary 

education, direct student interaction and the use of physical supports are sometimes 

incorporated into STEM learning strategies (Fung et al., 2021; Singh-pillay & Naidoo, 2020). 

This decline was also attributed to the lack of digital infrastructure and teachers' inability to 

implement STEM learning online (Fung et al., 2021; Singh-pillay & Naidoo, 2020; Tresnawati 

et al., 2019). 

In 2021, the graph shows a sharp increase after this period of decline, peaking at over 

30 publications. This surge can be attributed to adaptation to the pandemic situation through 

the development of more sophisticated hybrid and online learning methods. During this period, 

research began to focus on the use of digital technologies in STEM education (Ilma et al., 2023). 

Examples include the use of robotics, augmented reality, and virtual reality to enhance student 

engagement in distance learning (Chou, 2018; Jaipal-Jamani, 2024). Furthermore, this increase 
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in publications demonstrates the urgent need to investigate flexible and adaptable learning 

models to address the challenges facing the education sector worldwide. 

The number of publications is still higher than before the pandemic, although there was 

a further drop in 2022. This shows that there is a great interest in STEM education in elementary 

schools. Nevertheless, in light of the learning dynamics after the pandemic, there could be shifts 

in the research methodology and themes. However, by 2023, there was a resurgence, which 

shows that STEM research has been ongoing and steadily increasing. This could be attributed 

to the increasing use of technology-based educational strategies and the realization of the 

significance of STEM literacy in equipping students to meet the challenges of the digital era 

(Li et al., 2022). 

Thematic Map 

To identify the most researched topics on the implementation of the STEM curriculum 

in elementary schools, thematic map analysis was employed (see Figure 3). 

 
Figure 3. Thematic Map 

The themes of research on the implementation of STEM education in elementary 

schools are categorized based on the dimensions of relevance (relatedness) and density (level 

of development), as illustrated in Figure 3. Various themes in this field have been developed, 

are relevant, and have potential for future development, as illustrated in this mapping. The 

Motor Themes quadrant in the upper right corner illustrates themes that are very close and 

general. This suggests that these themes are very relevant and that there has been extensive 
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progress in previous research. Mathematics, education, science, and technology are some 

examples. These themes illustrate the relevance of the integration of science and technology in 

the elementary school curriculum to enhance STEM literacy from a young age. These results 

support the study of Kelley & Knowles (2016), which highlighted that students in elementary 

schools have a better understanding of concepts and the capability to solve more complex 

problems by integrating science and technology. Furthermore, combining engineering and 

mathematics in project-based learning has been shown to enhance creativity and scientific 

reasoning (Diana et al., 2021; Hanif et al., 2019; Safiee et al., 2018). Consequently, the topics 

discussed in this quadrant are not only highly relevant, but may also be important areas of future 

research—particularly in terms of pedagogical innovation and curriculum development in 

primary education. 

In contrast, the Niche Themes quadrant (top left) includes topics such as 

troubleshooting, electrical network parameters, and coding. High density counts indicate that 

these topics have been thoroughly studied, but low centrality counts indicate that STEM 

education in elementary schools has not yet fully integrated these topics. Elementary schools 

may lack adequate technology infrastructure, making lessons on technical skills often irrelevant 

(Fung et al., 2021). Therefore, further research is needed to connect these topics with relevant 

pedagogical approaches and curricula. This is done to ensure that these topics are accessible to 

a wider audience in elementary schools. This is despite the topics having been thoroughly 

studied. 

Themes like project-based learning, hands-on learning, case studies, and elementary 

school children can be categorized under the Emerging or Declining Themes quadrant (bottom 

left). These themes are less significant and less talked about, which indicates that they are 

irrelevant to the current studies in STEM education or are outdated. However, project-based 

learning and hands-on learning have been found to be effective in encouraging participation 

and improving conceptual understanding of STEM education among students. (Costa et al., 

2023). The shift in research focus toward more complex technology integration, such as coding 

and educational robotics, which are considered more relevant for 21st-century skills, may be 

responsible for the relevance of these themes in the thematic map (Chou, 2018; Jaipal-Jamani, 

2024; Temelli et al., 2022). However, hands-on experience with digital technologies and 

project-based learning still have significant potential to enhance creativity and collaboration 

(Costa et al., 2023). Therefore, although these topics may seem less important at present, further 

research on technology integration may restore their popularity in STEM education research in 

the future. 
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Meanwhile, topics such as curriculum, elementary education, curriculum development, 

and educational robotics fall into the Basic Themes quadrant (bottom right). While these topics 

are highly relevant to STEM education research in elementary schools, there is still room for 

development. The presence and development of curricula in this category suggest that a more 

comprehensive STEM approach should be incorporated into elementary education curricula 

immediately. This aligns with Child & May (2018) and Madani & Forawi (2019), who argues 

that one of the main challenges in STEM implementation is the lack of a holistic and integrated 

curriculum framework. Additionally, the theme of educational robotics shows great potential 

for enhancing student engagement and experiential learning(Chou, 2018; Jaipal-Jamani, 2024). 

However, the low density indicates that, while highly relevant, research on educational robotics 

is still in an exploratory phase in the context of elementary schools. More studies are needed to 

connect this topic with specific learning outcomes and strategies for integration into formal 

curricula for broader adoption. 

CONCLUSION  

Based on the analysis's findings, it can be said that throughout the past ten years, there 

has been a significant increase in academic publications about the use of STEM education in 

primary schools. The shift in the educational paradigm toward the development of 21st-century 

skills and the growing popularity of interdisciplinary education in the elementary school 

curriculum have been the main drivers of this increase. The trend unmistakably indicates that 

there is growing interest in STEM education research, particularly with regard to fostering 

scientific and technology literacy at an early age, despite some volatility in the number of 

publications on a yearly basis. This information bolsters the claim that STEM education in 

elementary schools is crucial for teaching students skills that they can use in the workplace of 

the future, in addition to helping them grasp science and math. Additionally, it is evident that 

STEM has expanded quickly in elementary education during the last ten years. This is because 

of the necessity for students to possess abilities that are applicable to the current world, 

educational technology advancements, and regulations that increasingly encourage integrated 

learning strategies. Global events like the COVID-19 epidemic, however, have hampered this 

advancement and brought attention to the difficulties in continuously delivering STEM 

education. Teachers are not equipped to incorporate STEM concepts into current curricula 

because they lack professional development opportunities and training. 

Another obstacle to introducing STEM, especially in elementary schools, is a lack of 

infrastructure and resources, especially in remote or poor institutions. Rigid curricula frequently 

impede the widespread incorporation of STEM in elementary schools. Science, technology, and 
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engineering education are examples of highly relevant and developed fields; curriculum 

development and educational robotics are examples of less developed fields. Additionally, 

coding and problem-solving are highly studied but less applicable, indicating that integrating 

cutting-edge technologies in the classroom is difficult. 

SUGGESTIONS 

Curriculum policies, teacher preparedness, and access to technological resources 

significantly influence STEM literacy in elementary schools, according to additional analysis. 

A more holistic and interdisciplinary approach is needed to increase the relevance and impact 

of future research. This approach must focus beyond technology; it must also focus on 

pedagogical innovation and curriculum development that aligns with 21st-century skills needs. 
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