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Environmental education in elementary schools has received 

significant attention over the past decade amid growing 

global sustainability challenges, such as climate change and 

biodiversity loss. This study provides a comprehensive 

bibliometric analysis of environmental education research 

published between 2015 and 2025, focusing on dominant 

and emerging themes, leading contributors, and global 

collaboration patterns. The findings reveal a substantial 

increase in research output, particularly after 2019, with 

prominent themes including curriculum integration, 

sustainability, climate change, and environmental protection. 

Emerging themes such as digital integration, STEAM 

education, and environmental attitudes reflect growing 

interest in interdisciplinary and technology-enhanced 

approaches. Spain recorded the highest national publication 

output, contributing 23 of the 113 publications 
(approximately 20.4%), while contributions from Europe, 

Asia, the Americas, and other regions indicate broad 

international participation. The analysis also identifies 

weakly connected thematic areas, uneven international 

collaboration patterns, and opportunities for stronger 

interdisciplinary and cross-country research linkages. The 

findings suggest that integrating digital tools, strengthening 

international collaboration, and incorporating diverse 

perspectives into sustainability education may support the 

field's continued development. This review provides 

policymakers, educators, and researchers with an evidence 

base to strengthen sustainable learning practices and 

advance environmental education in elementary schools. 
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Introduction 

Over the last decade, primary education has increasingly been expected to address 

global sustainability challenges, including biodiversity loss, climate change, and unsustainable 

resource use [1]–[3]. These pressures have strengthened the view that schooling should not 

only transmit academic content but also cultivate environmental literacy, values, and 

dispositions that support responsible decision-making for society and the planet [4]. In line 

with this shift, UNESCO positions Education for Sustainable Development (ESD) as a strategic 

pathway to equip learners with the knowledge, skills, and attitudes needed for sustainable 

living [5]–[6]. At the same time, SDG 4, particularly Target 4.7, calls for inclusive, quality 

education that integrates sustainability into curricula and educational practices [7]–[10]. 

Within this agenda, elementary school is a critical stage because children's habits, 

beliefs, and social-emotional competencies are actively forming, creating an early foundation 

for long-term environmental stewardship [11]–[13]. Nevertheless, curriculum reviews and 

policy discussions suggest that environmental education is unevenly embedded across 

educational systems, and classroom practice often remains indoor and textbook-centered, 

approaches that may be insufficient for developing sustainability competencies that require 

experiential, contextual, and meaningful engagement [14], [15]. This tension raises a practical 

and research-relevant question: how can schools design developmentally appropriate learning 

experiences that effectively foster environmental awareness and pro-environmental attitudes 

from an early age? 

Reflecting this urgency, environmental education in elementary schools has become an 

increasingly visible research area, spanning classroom instruction, curriculum integration, and 

applied learning experiences that connect ecological concepts to children's everyday lives [16], 

[17]. Empirical studies indicate that well-designed environmental education can enhance 

student engagement, social interaction, and responsible dispositions, outcomes closely aligned 

with ESD priorities and SDG 4.7 [18], [19]. Accordingly, research outputs expanded during 

2015–2025, positioning elementary environmental education as a key strand within 

sustainability-oriented educational scholarship. 

Despite this growth, the literature remains difficult to interpret holistically [20]–[23]. 

Studies are dispersed across disciplines and publication venues, and many are context-specific, 

complicating efforts to identify field-level trends, intellectual structures, thematic priorities, 
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and collaboration patterns. Consequently, it remains unclear how the field has evolved during 

the SDG era, which themes are consolidating or emerging, who the most influential 

contributors are, and where substantive knowledge gaps persist. Addressing these issues 

requires a systematic, quantitative mapping approach that can synthesize large-scale 

publication data into interpretable patterns. 

 

Fig. 1. Conceptual Framework for Mapping the Intellectual Structure of Environmental 

Education Research in Elementary Schools (2015–2025) 

As depicted in Figure 1, global sustainability challenges have elevated Education for 

Sustainable Development (ESD) and SDG 4.7 as normative mandates, positioning 

environmental education in elementary schools as a strategic pathway for nurturing 

sustainability competencies and responsible dispositions from an early age. Although research 

outputs in this area expanded during 2015–2025, the literature remains fragmented across 

disciplines and publication outlets, limiting a holistic understanding of the field's intellectual 

structure, thematic evolution, and key contributors.  

To address this gap, this study applies a bibliometric approach to systematically map 

the development of environmental education research in elementary schools during the SDG 

era, drawing on Scopus-indexed publications (2015–2025), PRISMA-guided selection 

procedures, and science mapping tools (VOSviewer and Biblioshiny) to examine publication 

growth and impact, conceptual and intellectual structures, and collaboration networks. By 

synthesizing dispersed evidence into an integrated knowledge map, the study identifies 

dominant and emerging themes, low-density clusters, and underexplored research areas, 

providing an evidence base to inform curriculum development, sustainability-oriented 

education policy, and future research agendas aligned with ESD and SDG 4.7. Accordingly, the 

study is guided by the following research questions: 

RQ1. How have the volume and impact of environmental education research in elementary 

schools evolved from 2015 to 2025? 

RQ2. Who are the leading contributors in this field (top authors, institutions, and countries), and 

what are their productivity and influence patterns? 
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RQ3. What are the dominant and emerging research themes in environmental education for 

elementary schools, based on keyword co-occurrence and thematic evolution analyses? 

RQ4. What challenges and opportunities characterize the development of environmental education 

research in elementary schools, as reflected in publication patterns, thematic structures, and 

collaboration dynamics? 

RQ5. What underexplored areas, implications, and future research directions can be identified from 

thematic gaps and low-density clusters? 

By answering these questions, this study contributes in three ways: (1) theoretically, 

by providing a consolidated knowledge map that clarifies the field's intellectual structure and 

thematic development; (2) methodologically, by offering a replicable workflow that integrates 

PRISMA-guided screening with bibliometric science mapping; and (3) practically, by 

generating evidence that can support curriculum design, sustainability-oriented educational 

policy, and future research priorities aligned with ESD and SDG 4.7. 

Methods 

A. Research Design 

This study used a bibliometric analysis design to map the evolution of environmental 

education research in elementary schools during 2015–2025. Bibliometric analysis is suitable 

for examining research development at scale because it quantitatively summarizes scientific 

production (publication growth and citations) and reveals the field's intellectual structure, 

conceptual themes, and collaboration networks through science mapping and network 

visualization.  

To ensure transparency and replicability in data selection, this study followed the PRISMA 

2020 framework for documenting identification, screening, eligibility assessment, and 

inclusion decisions [24]. The overall workflow consisted of four stages: (1) identification, (2) 

screening, (3) eligibility assessment, and (4) inclusion, culminating in a final dataset used for 

descriptive and network-based bibliometric analyses [25]. 

B. Data Sources and Search Strategy (Identification) 

We retrieved the bibliographic data from Scopus on 2 June 2026. Scopus was selected for 

its broad coverage of peer-reviewed literature across education and interdisciplinary 

sustainability-related fields. A Boolean search strategy was developed to identify studies 

explicitly addressing environmental education within elementary or primary education 

contexts [26]–[28]. The search was conducted in the title, abstract, and keyword fields (TITLE-

ABS-KEY) to balance topical relevance and search sensitivity. Table 1 presents the complete 

search string and predefined database limits. 
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Table 1.  Scopus Search Strategy and Predefined Study Limits 

Search Component String / Filter 

Keywords 
TITLE-ABS-KEY ("environmental education") AND TITLE-ABS-
KEY("primary education" OR "elementary education" OR "primary school*" 
OR "elementary school" OR "grade school*") 

Document Type Research Articles  
Language English 
Timeframe 2015-2025 

Additional Filters 
Subject Areas: Social Sciences; Environmental Science; (Education-related 
scope) 

The search strategy was intentionally focused on the established term environmental 

education while incorporating several descriptors commonly used for elementary-level 

education, including primary education, elementary education, primary school, elementary 

school, and grade school. To support search sensitivity, we searched titles, abstracts, and 

keywords rather than titles alone. In addition, we examined the relevance of retrieved records 

during title-and-abstract screening and re-checked it during data preprocessing to ensure the 

final dataset retained a clear elementary/primary education context. 

This approach prioritized topical precision while allowing variation in terminology used to 

describe the educational level. Nevertheless, studies framed exclusively under broader or 

related concepts, such as sustainability education, education for sustainable development, or 

outdoor education, without explicitly using the term environmental education, may not have 

been retrieved. This limitation is acknowledged when interpreting the dataset's coverage. 

The retrieved records were exported from Scopus in CSV format with complete available 

bibliographic metadata, including authors, affiliations, titles, abstracts, author keywords, index 

keywords, sources, cited references, citation counts, and publication years. The exported 

dataset was subsequently used for descriptive performance analysis and bibliometric science 

mapping. 

C. Duplicate Removal and Title (Screening) 

After retrieval, records were cleaned to remove duplicates using Scopus export identifiers 

and metadata matching (title, DOI, and author–year combinations). Next, we conducted title-

and-abstract screening to remove studies clearly outside the scope of environmental education 

in elementary/primary education, consistent with PRISMA 2020 procedures [24]. We 

documented the process and decisions in a PRISMA flow diagram (Figure 1). 
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Fig. 2. PRISMA Flowchart of Study Selection 

As shown in Fig. 2, global sustainability challenges have elevated Education for Sustainable 

Development (ESD) and SDG 4.7 as key policy and educational frameworks, positioning 

environmental education in elementary schools as a pathway to developing sustainability 

knowledge, competencies, and responsible dispositions from an early age. Although research 

outputs expanded during 2015–2025, the literature remains distributed across disciplines and 

publication outlets, limiting a consolidated understanding of its intellectual structure, thematic 

evolution, and key contributors. Theoretically, the framework clarifies how sustainability, 

curriculum, pedagogy, and emerging technological themes connect in the field's development. 

Practically, the evidence can help teachers and curriculum designers identify areas for stronger 

interdisciplinary, experiential, place-based, and technology-supported environmental learning, 

while providing policymakers with evidence to align elementary education with ESD and SDG 

4.7. 

D. Inclusion and Exclusion Criteria (Eligibility) 

Eligibility was determined using predefined criteria to ensure included publications 

directly addressed environmental education in elementary or primary education contexts 

[29]–[30]. Table 2 summarizes the inclusion and exclusion criteria applied during the eligibility 

stage. 

We excluded conference papers to maintain a more homogeneous bibliographic corpus of 

final research articles with relatively consistent reporting completeness, metadata structure, 

and citation characteristics. This decision does not imply that conference proceedings lack 

scientific or empirical value; rather, it reflects a predefined scope intended to improve 

comparability across publications included in the bibliometric analysis.  
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Table 2. Inclusion and Exclusion Criteria 

Criteria Type Inclusion Criteria Exclusion Criteria 

Document Type Final publication of research articles Conference papers, review articles, 
book chapters, editorials, notes, 
letters. 

Publication 
Timeframe 

Published 2015–2025 Published outside 2015–2025 

Language and 
Accessibility 

English Non-English 

Research 
Methodology 

Explicitly addresses environmental 
education in relation to 
learning/teaching experiences 

Does not relate to learning/ teaching 
(e.g., purely ecological/ technical 
without educational context) 

Educational 
Stage 

Focused on primary/elementary 
learners, teachers, curriculum, or school 
setting 

Secondary/ higher education, 
informal adult education (unless 
primary clearly separable) 

Accordingly, potentially relevant evidence reported exclusively in conference proceedings falls 

outside the scope of the present review. 

The final dataset consisted of 113 research articles that met all eligibility criteria and was 

subsequently used for performance analysis, including productivity and citation indicators, 

and for science mapping of conceptual, intellectual, and social structures. 

E. Data Preprocessing 

Before conducting science mapping, the dataset was cleaned to improve the accuracy of 

bibliometric results. Keywords were standardized by merging synonyms and variants (e.g., 

"EE" with "environmental education" and harmonizing primary/elementary school terms), 

harmonizing spelling, and removing overly general terms that could distort thematic networks. 

We also normalized author names to reduce split identities caused by initials or spelling 

differences. In addition, we performed a relevance re-check to exclude records that lacked a 

clear elementary/primary education context. We documented all preprocessing decisions and 

aligned them with the PRISMA selection process to ensure transparency and replicability. 

F. Bibliometric Analysis Procedures and Tools 

This study employed complementary bibliometric tools to examine research performance, 

intellectual structure, thematic development, and collaboration patterns. Microsoft Excel was 

used for descriptive summaries and verification of annual publication outputs and citation 

counts [31]. Bibliometrix and its web-based interface, Biblioshiny, were used for performance 

analysis, bibliographic data exploration, and thematic mapping [32]–[33]. VOSviewer was used 

to construct, normalize, cluster, and visualize keyword co-occurrence, co-authorship, and co-

citation networks [34]–[35]. Python supported reproducible preprocessing and workflow 

documentation [36]. 

For VOSviewer network analyses, we applied the full-counting method. In the keyword co-

occurrence analysis, we used a minimum occurrence threshold of three to retain terms with 

sufficient representation in the 113-document dataset. Network relatedness was normalized 
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using the association-strength method, and clustering used a resolution parameter of 1.00, 

with a minimum cluster size of three nodes. We included only nodes that met the predefined 

occurrence or citation threshold and maintained at least one identifiable relationship with 

another node in the final networks. Before analysis, we standardized synonymous and variant 

terms during data preprocessing to reduce duplication and improve the interpretability of the 

resulting clusters. 

Thematic interpretation combined structural and temporal indicators. We interpreted 

Biblioshiny thematic maps using Callon centrality and Callon density, which represent the 

external connectivity and internal development of thematic clusters, respectively. We 

examined these measures alongside keyword occurrence frequency and network connectivity 

in VOSviewer. Temporal patterns were further interpreted through the VOSviewer overlay 

visualization based on the relative average publication year of keywords. Accordingly, themes 

with relatively high occurrence and strong network connectivity were interpreted as 

prominent, whereas topics with more recent temporal positioning and developing network 

relationships were interpreted as emerging. Themes located at the periphery of the network 

with comparatively weaker connectivity were described as less central, rather than 

automatically classified as declining. This combined approach reduced reliance on subjective 

visual interpretation and provided a more systematic basis for examining thematic evolution 

across 2015–2025. 

Results 

A. Evolution of Environmental Education Research (RQ1) 

The volume and impact of environmental education research in elementary schools from 

2015 to 2025 evolved significantly, reflecting both increased publication output and a growing 

emphasis on sustainability education [37]–[40]. As illustrated in Figure 2, the number of 

published documents was low in 2015, with only 3 papers. After brief dips in 2016 and 2017, 

publication output rose sharply in 2019, peaking at 16 documents and continuing steadily, 

culminating in 21 publications in 2025. This upward trajectory suggests a clear trend in 

increasing research focus on environmental education in elementary schools. 

Fig. 3 illustrates that this surge in publications aligns closely with the global emphasis on 

sustainability education, as highlighted by frameworks such as SDG 4.7, which advocates 

integrating sustainability principles into education systems worldwide [41]–[43]. Post-2020, 

publication volume has reflected a deeper commitment to addressing pressing global 

challenges such as climate change and resource depletion, indicating the growing relevance of 

environmental education within the broader educational agenda [44]–[46]. 
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Fig. 3. Yearly Publication Trend of Environmental Education Research in Elementary 

Schools (2015-2025) 

The growing volume of publications over the years clearly indicates that environmental 

education research in elementary schools has expanded both in quantity and strategic 

importance, meeting an increasing global demand for sustainability-focused education. This 

evolution reflects heightened academic interest and responds to the global call for sustainable 

practices across educational frameworks. 

 

Fig. 4. Distribution of Research Documents by Subject Area 

Fig. 4 further demonstrates the diverse range of topics explored within this research field. 

Social Sciences and Environmental Science account for the largest share of publications, at 29.8% 

and 22.1%, respectively. These disciplines underscore the interdisciplinary nature of 

environmental education, where understanding social behaviors and values is essential for 

promoting sustainable environmental actions in schools [44]–[46]. Fields such as Computer 

Science and Energy also play a significant role, reflecting the growing integration of 

technological solutions and energy management in sustainability education. These trends 
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highlight how the academic field is expanding and embracing interdisciplinary perspectives, 

particularly in line with Education for Sustainable Development (ESD) and the global push to 

achieve sustainability goals. 

 

Fig. 5. Documents by Affiliation 

Fig. 5 shows the distribution of research contributions by institution, revealing a 

concentration of publications from the Holon Institute of Technology, followed by other 

institutions with 2-3 papers. This concentration may suggest centralized research efforts in 

certain regions or institutions, pointing to a potential area for expansion and inclusivity in 

sustainability-focused research. The growing volume of research and its impact, as evidenced 

by institutional contributions, indicate a positive trend toward more structured and widely 

recognized research in this domain. 

 
Fig. 6. Documents by Journal (2015–2025) 

Additionally, Fig. 6 emphasizes the growing dominance of specific journals in the field. 

"Sustainability Switzerland" is particularly noteworthy, as it saw a significant increase in 

publications, peaking at 28 documents in 2025. The consistent, modest growth in journals such 

as the "International Journal of Environmental Research and Public Health" further 
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underscores the growing attention to sustainability in educational frameworks. However, the 

concentration of publications in a few prominent journals suggests the field could benefit from 

more diverse publication outlets to build a more balanced and robust intellectual structure in 

the future [47]–[49]. 

In conclusion, the volume of environmental education research in elementary schools has 

risen steadily from 2015 to 2025, with a marked acceleration after 2019, reflecting the growing 

global emphasis on sustainability education in answering RQ1. The interdisciplinary nature of 

the research, along with growing contributions from fields such as the social sciences, 

environmental sciences, and technology, highlights the field's broadening scope and impact. As 

publications continue to increase, future research should expand institutional and journal 

contributions to ensure sustainability education in elementary schools remains diverse, 

inclusive, and responsive to global challenges. 

B. Leading Contributors and Influential Networks (RQ2) 

The bibliometric analysis of environmental education research in elementary schools 

identifies influential contributions and geographic patterns of research productivity during 

2015–2025. Table 3 presents the dataset's highly cited documents, along with their regional 

affiliations, publication sources, and Scopus citation counts, providing an overview of 

influential contributions in the field. 

Table 3. Highly Cited Documents in Environmental Education in Elementary Schools (2015–

2025) 

Ref. 
No. 

Region Journal & Publisher Cited by Scopus 

[50] Japan Sustainable Environment Research 65 

[51] China 
International Journal of Environmental Research and Public 
Health 

50 

[52] Spain 
International Journal of Environmental Research and Public 
Health 

41 

[53] Germany Sustainability Switzerland 41 
[54] Indonesia International Journal of Interactive Mobile Technologies 39 

[55] Turkey 
International Research in Geographical and Environmental 
Education 

35 

[56] Spain 
International Journal of Environmental Research and Public 
Health 

28 

[57] Lithuania Sustainability Switzerland 27 
[58] Germany Sustainability Switzerland 26 
[59] Spain Sustainability Switzerland 23 
[60] Greece Sustainability Switzerland 23 
[61] Greece Education Sciences 22 
[62] Spain Internet of Things Netherlands 20 
[63] Spain Sustainability Switzerland 16 

[64] Italy 
International Journal of Environmental Research and Public 
Health 

16 

[65] Spain 
International Journal of Environmental Research and Public 
Health 

16 

[66] Uganda ORYX 15 
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[67] Portugal Sustainability Switzerland 15 

[68] Israel 
EURASIA Journal of Mathematics, Science and Technology 
Education 

15 

[69] Serbia Sustainability Switzerland 14 

The document represented by [50] from Japan, published in Sustainable Environment 

Research, received the highest Scopus citation count in the dataset (65 citations), followed by 

[51], from China with 50 citations, [52] from Spain, and [53], from Germany, with 41 citations 

each. These results indicate that influential contributions originate from several geographic 

regions and publication outlets rather than from a single national research context. 

Spain is nevertheless well represented among the highly cited documents, including 

contributions represented by  [52], [56], [64]. These publications appear across journals such 

as the International Journal of Environmental Research and Public Health, Sustainability 

Switzerland, and Internet of Things Netherlands. Rather than indicating dominance of the field 

as a whole, this pattern shows Spain's comparatively strong representation in the dataset and 

among its highly cited publications. 

 

Fig. 7. Documents per Country or Territory 

Fig. 7 presents the geographic distribution of publications included in the analysis. Spain 

recorded the highest publication output, with 23 of the 113 publications in the final dataset, 

representing approximately 20.4% of the total. Brazil, Israel, the United States, and Indonesia 

each contributed eight publications, followed by Turkey with seven, while Taiwan, Portugal, 

Greece, and China each contributed five publications. These results indicate an uneven 

geographic distribution of research output, with Spain accounting for the largest single-

country contribution while substantial participation is also evident across Europe, Asia, the 

Americas, and other regions. Rather than demonstrating dominance by one country, the 

distribution reflects different levels of national research participation and highlights 

opportunities to broaden contributions from less-represented regions [70]–[71]. 
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Fig. 8. Global Collaboration in Environmental Education Research in Elementary Schools 

Fig. 8 illustrates the international collaboration patterns represented in the dataset. Cross-

country research links are visible among contributors from several regions, including Europe, 

Asia, the Americas, and other parts of the world. However, these relationships are unevenly 

distributed, with some countries showing international connections while other contributions 

remain more nationally concentrated. Spain has a comparatively high publication presence in 

the dataset, but the collaboration map also demonstrates participation from countries such as 

Brazil, Israel, Indonesia, and other national contexts [72]–[74]. 

Because formal network-density and centrality statistics were not calculated for this 

comparison, the collaboration structure is interpreted descriptively rather than characterized 

as having quantitatively "low collaboration density." The observed pattern instead suggests an 

uneven distribution of international research linkages, with opportunities to strengthen cross-

country knowledge exchange and broaden participation across regions [75]–[76]. Greater 

involvement of countries and regions with lower publication representation could further 

diversify perspectives on environmental education and strengthen the international 

knowledge base supporting sustainability-oriented education [77]–[79]. 

Overall, the findings address RQ2 by showing that research influence and productivity are 

distributed across multiple geographic contexts, although national contributions remain 

uneven. Spain recorded the highest publication output, contributing 23 of the 113 publications 

(approximately 20.4%), while highly cited studies also originated from Japan, China, Germany, 

Indonesia, Turkey, and other countries. International collaboration is evident across several 

regions, although cross-country linkages remain uneven. These patterns highlight 

opportunities to strengthen international research networks, broaden geographic 

participation, and facilitate knowledge exchange across different educational and 

sustainability contexts. 
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C. Dominant and Emerging Themes in Environmental Education (RQ3) 

The thematic analysis of environmental education research in elementary schools reveals 

significant trends in both dominant and emerging themes. As depicted in Figure 8, the keyword 

co-occurrence analysis highlights how various concepts within the field are interconnected. 

The central node, "environmental education," links to core themes such as "primary 

education," "sustainability," and "education," underscoring the field's interdisciplinary nature. 

Surrounding clusters such as "climate change," "students," "teaching," and "environmental 

protection" reflect the diverse and complex issues addressed in environmental education, 

underscoring the broader goals of fostering environmental awareness and sustainability. 

 

Fig. 9. Network Visualization of Environmental Education Research in Elementary Education 

Fig. 9 further illustrates the evolution of research over time. The color gradient in the 

overlay visualization highlights a shift from foundational themes to more specific, emerging 

topics. Notably, the focus is increasingly on sustainability-related themes such as 

"environmental protection," "biodiversity," and "energy efficiency." This shift reflects growing 

attention to practical environmental issues and sustainable behaviors, suggesting a deeper 

integration of sustainability frameworks into educational practices. 
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Fig. 10.  Overlay Visualization 

In addition to these visualizations in Fig. 9 and Fig. 10, Table 4 summarizes the motor, basic, 

and emerging themes identified through Biblioshiny's thematic map analysis. Dominant 

themes such as "curriculum integration" and "sustainability" reflect well-established areas of 

focus in environmental education, with an increasing emphasis on more innovative approaches. 

Emerging themes such as "digital integration" and "STEAM education" reflect a shift towards 

interdisciplinary, technology-enhanced learning models. The table also highlights the declining 

focus on traditional methods such as "textbook-based learning" and "top-down approaches," 

underscoring the ongoing transition to more student-centered, experiential learning. 

Table 4. Dominant, Emerging, and Declining Themes in Environmental Education for 

Elementary Schools (2015–2025) 

Theme 
Category 

Themes Description Implication for Practice 

Dominant 
Themes 
 

Curriculum 
Integration 

Integrating environmental 
education across subjects to 
promote sustainability. 

Supports holistic 
environmental literacy across 
various disciplines. 

Sustainability Emphasizing resource 
conservation, energy 
efficiency, and waste 
management. 

Encourages sustainable 
behaviors in students' daily 
lives. 

Climate Change Addresses the global impact 
of climate change on 
communities and ecosystems. 

Prepares students to respond 
to climate-related challenges. 

Environmental 
Protection 

Promoting ecological 
stewardship through 
education. 

Strengthens environmental 
responsibility and action-
oriented learning. 
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Theme 
Category 

Themes Description Implication for Practice 

Biodiversity Focusing on the conservation 
of biodiversity and 
ecosystems. 

Enhances students' 
understanding of species and 
ecosystem interconnections. 

Emerging 
Themes 
 

Digital Integration Incorporating digital tools 
like virtual learning and data 
analytics. 

Enhances interactive and 
personalized environmental 
education. 

STEAM Education Combining science, 
technology, engineering, arts, 
and mathematics with 
education. 

Fosters creative problem-
solving and critical thinking in 
environmental contexts. 

Environmental 
Attitudes 

Promoting eco-conscious 
behaviors and participation 
in environmental causes. 

Encourages the internalization 
of sustainable values. 

Place-Based 
Education 

Focusing on local 
environmental issues and 
ecosystems. 

Connects students with their 
local environment, enhancing 
real-world relevance. 

Technology and 
Innovation 

Exploring technological 
solutions for sustainability 
challenges. 

Prepares students for future 
innovations in sustainability. 

Declining 
Themes 
 

Traditional, 
Textbook-Based 
Learning 

Reliance on reading and 
memorization with minimal 
field-based learning. 

Shifting toward more engaging 
and hands-on learning 
experiences. 

Top-Down 
Approaches 

Teacher-directed learning 
with limited student 
involvement. 

Encourages more student-
centered learning. 

Single-Subject 
Focus 

Environmental education is 
an isolated subject. 

Promotes interdisciplinary 
integration across various 
subjects. 

Passive Learning 
Approaches 

Focus on lectures, reading, 
and rote memorization. 

Moving towards more 
interactive and experiential 
learning methods. 

These findings answer RQ3 by showing a shift in environmental education research from 

core topics such as climate change and biodiversity to more interdisciplinary, technology-

driven approaches. As shown in Figures 8 and 9 and Table 4, the integration of digital tools and 

innovative pedagogies is becoming increasingly prominent, indicating a growing trend toward 

dynamic, modern educational practices. The decline of traditional, passive learning methods 

and the rise of student-centered, experiential approaches reflect a broader shift in educational 

paradigms that aligns with contemporary sustainability goals. Thus, this thematic evolution 

suggests a promising future for environmental education, with ongoing innovations that will 

likely continue to adapt to students' and the environment's needs. 

D. Challenges and Opportunities in Environmental Education Research (RQ4) 

The bibliometric analysis reveals several key challenges in environmental education 

research for elementary schools. A significant issue is the fragmented nature of research topics, 

which hinders the field's development and interdisciplinary collaboration. Clusters such as 

curriculum design and environmental literacy are weakly connected, reflecting the literature's 

isolated treatment of sustainability and education. For instance, "climate change" appears on 
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the periphery of the research network, while themes like sustainability have yet to be 

effectively integrated into fields like engineering or economics [80]–[83]. This fragmentation 

slows the field's evolution and diminishes its capacity to foster meaningful interdisciplinary 

exchange. 

Moreover, the co-authorship network displays low collaboration density, with many 

studies being single-country publications. This lack of international partnerships weakens 

global knowledge sharing and limits the impact of environmental education research. The 

concentration of research in specific countries restricts the diversity of perspectives and 

regional expertise that could enrich the global sustainability education agenda [84]–[85]. 

Despite these challenges, the field offers notable opportunities for growth. Emerging 

clusters are forming around themes such as digital technology, STEAM education, and learner 

attitudes, indicating a shift toward more dynamic, interdisciplinary approaches. Integrating 

digital tools such as augmented reality (AR), virtual reality (VR), and mobile applications has 

been shown to enhance student engagement and environmental awareness [86]–[87]. These 

technological innovations present an opportunity to create more interactive, engaging, and 

impactful educational experiences that resonate with today's learners. Furthermore, the 

growing integration of keywords like "technology" and "innovation" reflects the increasing 

crossover between environmental education and technological disciplines [88]–[89]. 

Another key opportunity is to broaden the geographic diversity of contributions. While the 

global collaboration map shows increasing participation from regions such as Asia and Africa, 

the predominance of research from Western countries suggests an imbalance. Including more 

diverse perspectives from underrepresented regions could lead to a more equitable approach 

to sustainability education, ensuring that global challenges are addressed from multiple 

cultural and environmental contexts [43], [90]. Strengthening international collaboration, 

particularly between underrepresented countries and established research hubs, would 

enhance the overall quality and innovation in the field. 

Finally, integrating indigenous and local knowledge into environmental education, 

particularly through digital tools, holds significant potential. Research in this area could foster 

more inclusive, locally relevant sustainability education by bridging traditional ecological 

knowledge with modern environmental challenges [91]–[93]. This integration could deepen 

students' understanding of global sustainability challenges while connecting them to their local 

environments. In summary, while challenges such as fragmented research, low collaboration, 

and regional concentration persist, the emerging themes and opportunities highlighted in this 

analysis point to a promising future for environmental education research in elementary 

schools. 
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E. Underexplored Areas and Future Research Directions (RQ5) 

The thematic analysis of environmental education for elementary schools has identified 

several key underexplored areas that present opportunities for future research. One significant 

gap is the limited focus on community involvement in environmental education (EE). Although 

much existing research focuses on classroom integration, it places less emphasis on how 

communities can actively foster sustainability education [94]–[96]. Incorporating community-

based initiatives could enhance the real-world relevance of environmental concepts and 

engage students more deeply in local environmental challenges [97]–[98]. This direction offers 

considerable potential to strengthen the connection between education and environmental 

action across diverse contexts, making it a crucial area for future exploration. 

Another notable underexplored area is the lack of cross-cultural approaches to 

sustainability education. While global interest in sustainability is growing, much of the 

research remains concentrated in Europe and North America. Regions like the Global South 

remain underrepresented in the literature [99]. Cross-cultural studies could provide valuable 

insights into how environmental education is adapted to diverse socio-economic and cultural 

contexts, leading to more inclusive educational strategies. Future research should bridge these 

gaps to ensure environmental education is globally relevant and culturally sensitive [69]. 

There is also a clear need for more robust research designs. Many existing studies are 

cross-sectional, limiting the understanding of the long-term impacts of environmental 

education on students' attitudes and behaviors. Longitudinal studies, mixed-methods 

approaches, and classroom intervention studies would provide a deeper understanding of how 

environmental education influences students over time [100]–[101]. Such designs could 

generate more comprehensive insights into the effectiveness of different teaching strategies, 

curriculum integration, and technology's role in promoting sustainability education. 

Further, strengthening the integration of policy, curriculum, and classroom practices is 

essential. While environmental education has gained recognition, its implementation remains 

fragmented [102]. Future research should explore how national and local sustainability 

policies align with curriculum development and classroom teaching practices. Investigating 

how teachers are supported in delivering sustainability education and how curricula are 

updated to reflect global sustainability goals, especially SDG 4.7, is critical for creating cohesive 

educational frameworks [8]–[9]. 

Finally, international collaboration remains a key area for improvement. The bibliometric 

analysis shows that many studies remain single-country publications, limiting knowledge 

exchange across borders [103]. Strengthening international networks, especially between 

underrepresented countries, would enhance the quality and innovation in environmental 

education research. This could be achieved by developing shared frameworks, standardizing 
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key terms, and fostering interdisciplinary collaborations across environmental science, 

education, and technology [103]. In conclusion, addressing these underexplored areas and 

pursuing these future research directions would significantly advance environmental 

education in elementary schools, aligning with RQ5 and supporting global sustainability 

challenges while fostering sustainable practices in future generations. 

Limitations of the Review 

The review presented here has several limitations that must be acknowledged when 

interpreting its findings. First, the data scope is limited to publications indexed in Scopus 

between 2015 and 2025. As a result, the review excludes studies from other databases, gray 

literature, and non-English language publications, potentially omitting important 

contributions, particularly from regions with limited access to international databases. Second, 

the review's timeframe is limited to publications from 2015 to 2025, excluding longer-term 

historical trends that may have shaped environmental education research before 2015. 

Consequently, this analysis may not fully capture the impact of global policy changes or the 

complete implementation of the Sustainable Development Goals (SDGs). 

Furthermore, geographic and thematic limitations remain, with research 

predominantly concentrated in certain countries, such as Spain. This concentration could 

introduce biases, particularly by underrepresenting research from regions of the Global South. 

Finally, the study primarily focuses on academic contributions, potentially overlooking 

valuable insights from practitioners and community-based projects in environmental 

education. 

Conclusion 

This study mapped the development of environmental education research in 

elementary schools from 2015 to 2025, highlighting publication growth, thematic development, 

geographic contributions, and collaboration patterns. The field expanded substantially during 

the study period, particularly after 2019, with prominent attention to sustainability, climate 

change, biodiversity, curriculum integration, and environmental protection. More recent 

research attention also extends toward digital integration, STEAM education, environmental 

attitudes, and other interdisciplinary approaches. Spain recorded the highest national 

publication output, contributing 23 of the 113 publications, while contributions from multiple 

regions show the field's increasingly international character. Nevertheless, the thematic and 

collaboration networks remain unevenly connected, indicating opportunities for stronger 

interdisciplinary and cross-country knowledge exchange. 

The findings also identify several gaps relevant to developing sustainable learning 

environments in elementary schools, particularly in community-connected learning, cross-
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cultural perspectives, longitudinal and classroom-based evidence, and stronger alignment 

among sustainability policy, curriculum, and teaching practice. Sustainable learning 

environments may therefore be strengthened through participatory, context-responsive, 

interdisciplinary, and appropriately technology-supported approaches that connect 

environmental knowledge with students' everyday experiences. Addressing these gaps can 

contribute directly to SDG 4.7 by strengthening the knowledge, competencies, values, and 

educational practices required for sustainable development. Accordingly, this bibliometric 

map provides an evidence base for researchers, educators, curriculum developers, and 

policymakers to prioritize future research and strengthen sustainability-oriented elementary 

education. 
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