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1. Introduction

Increasing environmental issues across the globe are multifaceted and multidimensional. Improved
economic activities globally may have contributed to environmental problems such as climate
change, biodiversity loss, freshwater scarcity, land degradation, and other environmental concerns
(Yang et al., 2023; Khan et al, 2022). In response to these issues, education for sustainable
development (ESD) has been embraced worldwide through the 2030 Agenda for Sustainable
Development and its 17 Sustainable Development Goals (SDGs), which aim to achieve social equity,
economic growth, and environmental preservation (Agbedahin, 2019; Shulla, K. et al., 2020). ESD is
to be implemented across all disciplines, specifically addressing goals 13 (Climate Action), 14 (Life
Below Water), 15 (Life on Land), 4 (Education), and 12 (Responsible Consumption and Production)
(Leal Filho et al., 2019; Chou & Wang, 2024). These goals are to be driven by integrating ESD into the
school curriculum, developing competencies, values, and transformative behaviours to achieve these
interconnected and interrelated objectives.

However, despite an increase in academic interest in bibliometric analysis related to ESD, there is a
dearth of research publications focusing on research trends regarding ESD and its integration into
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the school curriculum globally. Most bibliometric analyses focus only on specific subject areas
(Bazilova et al., 2025) or relevant topics in higher education (Chusniyah et al., 2025; Tao & Tao, 2024;
Arifin et al., 2025). Other articles on ESD have concentrated on areas such as curriculum development
and pedagogical methods, while paying less attention to the systematic synthesis of global trends in
the production of articles on ESD, countries with higher production rates, annual production trends
of journals, corresponding authors, and international collaborations among nations. Exploring
international regional collaborations enhances research development from developing countries,
especially in Africa, and facilitates effective policy formulation and development.

Through the use of bibliometric analysis, this study intends to investigate the patterns of research on
the incorporation of ESD into the curriculum through a substantial body of research-related
documentation produced between 2015 and 2024. With the advent of tools like Gephi, Leximancer,
and VOS Viewer, as well as scientific databases like Scopus and WoS, bibliometric analysis has
gained international attention in business research (Donthu et al.,, 2020b; Khan et al.,, 2021).
Additionally, bibliometric analysis is valued for its ability to handle vast amounts of scientific data
while generating research insights. According to studies, researchers employ bibliometric analysis to
examine the intellectual structure of a particular domain within the existing literature, as well as to
identify new trends in article and journal performance, collaboration patterns, and research
constituents (Donthu et al., 2021; Verma & Gustafsson, 2020; Donthu et al., 2021). Well-executed
bibliometric studies can provide a solid groundwork for expanding a topic in new and significant
ways by offering researchers a comprehensive overview, identifying knowledge gaps, generating
new research ideas, and positioning their intended contributions to the field. The following questions
were addressed by the study:
e  What is the current trend in the annual distribution of Education for Sustainable Development
globally from 2015 to 20247
e  What is the current state of the distribution of academic research on Education for Sustainable
Development globally from 2015 to 2024?
¢ Which country and institution have the highest affiliation with ESD research from 2015 to 2024?
e By analysing highly cited literature on ESD, which country and author have the highest
citations that can be identified from 2015 to 2024?

2. Materials and Methods

According to Kumar et al. (2023), Donthu et al. (2021), and Donthu et al. (2020), bibliometric analysis
is a quantitative method that employs tools to analyse and characterise published papers for scientific
review. This approach identifies connections and correlations between words by mining previous
publications, enabling the examination of the geographical and chronological distribution of
publications across various academic domains. This systematic review methodology reduces the
possibility of errors associated with manual and qualitative assessments when working with large
datasets, providing thorough, dependable, and replicable procedures (Klarin, 2024). Additionally,
this method assists in establishing research goals, determining research coverage, and identifying
inconsistencies that require further study. Research trends are visualised through graphic analysis,
which incorporates data such as article titles, author information, publication locations, and
keywords. The authors analyse publication patterns, productive nations, contributing institutions,
and countries that integrate ESD into the curriculum using a scientific methodological approach.
Using the biblioshiny function, part of the bibliometrix package in the RStudio programme designed
for text mining analysis, we conducted citation analysis, co-citation analysis, and collaboration
analysis.

2.1 Eligibility criteria

We examine the various concepts and methodologies that illustrate the significance of education for
sustainable development in this bibliometric review. Our work incorporates research publications

-2- Mavuso & Olawumi, 2026



Interdiscip. J. Educ. Res

from 2015 to 2024. These articles are peer-reviewed and focused on ESD, meaning that conference
papers, books from databases other than WoS, and book chapters are excluded from the selection.
We also consider only articles published in English; those published in other languages were rejected.
Additionally, the selection includes articles from the Social Science Citation Index (SSCI) and the
Social Science Index Expanded (SSIE). The authors also take into account the categorisation of the
following WoS categories in their selection process: education, educational research, green
sustainable science technology, education scientific discipline, and social sciences interdisciplinary.

The data were extracted from the WoS database on February 8, 2025. We adopted the WoS database
for data collection due to its wide coverage and reliability, as well as the fact that high-quality
journals are indexed in it. We consider only WoS papers; Scopus-published articles were not included
in the selection because they are also indexed in WoS. The analysis was conducted using Biblioshiny
in R version 4.5.1. To validate the research and its relevance, the authors subjected the data collection,
analysis, and interpretation to expert review. The search strings were also subjected to expert review;
after the search results were obtained, they were assessed for validity and reliability purposes.

Table 1: Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Peer-reviewed articles were selected for the =~ Non-peer-reviewed articles were rejected for

study. this study

Only articles published between 2015 Articles published outside of the 2015 and 2024

and 2024 were selected for review were excluded from the study.

Articles published in the English language Articles published in languages other than

were considered for inclusion English speakers were excluded from the study.

The authors also considered only articles Articles that focused on Environmental

that focus on ESD and curriculum. education, climate change, which are not the
direct focus of the study, were excluded from
study.

2.2 Search strings

Articles were selected from the WoS databases using the following search strings: Education AND
sustainable development AND school curriculum. This search resulted in the selection of 2,470
articles.

2.3 Search results and data description

We conducted an investigation into research papers on the integration of Education for Sustainable
Development (ESD) into the school curriculum using the Web of Science (WoS) database. The WoS
comprises over 100 million documents, focusing on high-quality articles. We searched the WoS
database for items related to "Education for Sustainable Development" and "School Curriculum,"
resulting in the identification of 2,470 articles. We then narrowed our search to articles published
from 2015 to 2024, reducing the number to 1,811. Furthermore, we filtered for peer-reviewed articles,
which brought the count down to 1,422. We also restricted our search to articles published in English,
resulting in 1,378 articles. Additionally, we considered the SSCI and SSIE citation indexes, which led
to the selection of 925 articles. Finally, we filtered the search further to include articles from WoS
categories such as Educational Research, Green Sustainable Science Technology, Education Scientific
Discipline, and Social Sciences Interdisciplinary, resulting in the identification of 630 articles.
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Records identified from*:
Databases (n = 2470)

A4

Document excluded based on
year of publication, type of
=630) documents, Language, WoS
Index, and WoS Categories.

Records after initial screaning (n

\4

Document included in quantitative
Bibliometric analysis
(n = 630)

Figure 1: PRISMA flow diagram describing the process of data collection from the WoS database
3. Results and Discussions

In this section, we present the findings within the framework of the research purpose. The following
findings were obtained from the literature on ESD and are presented in tables and figures.

Publication trend by geographical and institutions
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Figure 2: Publication trend by geographical and institutions

Figure 2 represents the trends in the publication of articles on ESD by affiliations and countries. Table
1 and Figure 2 display the affiliations of researchers, which include universities or research institutes,
as well as the corresponding countries. The data clearly indicate that the majority of publications
originate from developed countries. Manchester Metropolitan University (UK), the University of
California (USA), and Hochschule Angewandte Wissenschaft Hamburg (Germany) have the highest
outputs, with 27 articles, 24 articles, and 22 articles, respectively. The data reveal that developing
countries in Africa do not appear on the lists of the top 25 countries with the highest publications on
ESD. It is important to note that there is a concentration of articles on ESD in developed countries. In
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Africa and other developing regions, little or no research on ESD has been conducted. This is a
concerning trend, as the issues of sustainability, climate change, and environmental challenges are
particularly pronounced in African countries. Therefore, more research on ESD is needed to find
solutions to these problems. This finding underscores the necessity for increased research on ESD in
light of environmental degradation, climate change, biodiversity loss, and other environmental
issues specific to Africa. Institutions in Africa should enhance the capacity of their academics and
students to engage in research on ESD, aiming to be on par with their counterparts in European and
other developed countries.

Table 2: Top 25 Countries by institutions

S/N INSTITUTIONS/AFFILIATION COUNTRY ARTICLES
1. Manchester Metropolitan University UK 27
2. University of California System us 24
3 Hochschule  Angewandte  Wissenschaft Germany 22
Hamburg
4. Griffith University Australia 18
5. Michigan State University Us 18
6. Royal Melbourne Institute of Technology Australia 16
(RMIT)
7. Universidade De Passo Fundo Brazil 16
8. University Of London UK 16
9. Education University of Hong Kong (Eduhk) Hong Kong 15
10. Monash University Australia 15
11. Arizona State University us 14
12. Arizona State University-Tempe Us 14
13. Michigan State University College of Human US 14
Medicine
14. Universidade Estadual De Campinas Brazil 14
15. Universitat Politecnica De Catalunya Spain 14
16. Leuphana University Liineburg Germany 13
17. University of Bristol UK 13
18. University of Wollongong Australia 13
19 University of Pécs Hungary 12
20. Lancaster University UK 11
21. State University of New York (SUNY) System US 11
22. Maastricht University Netherlands 10
23 Universidade Federal Fluminense Brazil 10
24, University of Salamanca Spain 10
25. Hiroshima University Japan 9

Table 2 shows the affiliations and production trends by country. The top three countries with the
highest production of articles on ESD are Manchester Metropolitan University, UK (27 articles),
University of California System, US (24 articles), and Hochschule Angewandte Wissenschaft
Hamburg, Germany (22 articles). Figure 3 presents the global output of articles on ESD by countries
from Africa, Asia, Australia, Europe, North America, and South America. The map also illustrates
the global output of ESD articles by country.

3.2. Country scientific production

This section presents country-specific research outputs on ESD on a country-by-country basis.
Contributions from each country are represented on maps showcasing the 88 most productive
countries in the world in ESD research.
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Figure 3: Country Scientific production

Figure 3 presents the research outputs based on the contributions of the top 88 countries to research
on ESD. The ten countries with the highest number of publications are the USA (315 articles), China
(229), the UK (210), Australia (176), Spain (140), Germany (95), Brazil (86), Canada (57), the
Netherlands (55), Portugal (45), and Sweden (38). Notably, African countries are absent from this list,
indicating that research on ESD is concentrated in developed nations. Of the 2,122 articles published
on ESD, only 70 —representing 3.3% —were published in Africa between 2015 and 2025. The results
reveal the distribution of research on ESD across continents, although the contributions of countries
vary. Countries that publish a higher number of articles on ESD include those from South America,
Asia, Australia, and Europe. The first twelve countries with the highest publication counts are all
developed nations, while African countries are falling behind. This situation should not be allowed
to persist, and urgent attention must be directed towards increasing the production of research on
ESD in high-impact journals. Table 3 and Figure 4 illustrate the annual production trends of ESD
articles by the top five journals between 2015 and 2024, depicting the patterns of ESD article
production by these journals.

3.3. Annual Production Trends by journals

Table 3 below shows the annual production trend of ESD on a journal-by-journal basis. Five
productive journals focusing on ESD outputs from 2015 to 2024 are analysed on a yearly basis to
determine the production trends in ESD research. The table also displays the ranking of the five most
productive journals in ESD research.
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Table 3: Annual production trend

Year Sustaina International Journal Journal of Environmental International Total

bility of Sustainability in Cleaner Education Journal of

Higher Education Production = Research Management
Education

2015 2 2 4 0 0 8
2016 2 6 7 4 0 19
2017 3 8 8 7 7 33
2018 12 15 16 8 7 58
2019 23 20 22 9 8 82
2020 58 26 25 12 9 130
2021 96 37 28 15 12 188
2022 138 44 31 16 14 243
2023 180 51 33 25 17 306
2024 206 63 33 28 19 349
Total 720 272 207 124 93 1416

The production of articles by the top five journals is detailed in Table 3. The analysis reveals that the
Sustainability Journal has the highest production of articles between 2015 and 2024, with a total
output of 1,416 articles during this period. Of this total, the Sustainability Journal accounts for 720
articles (50.8%), the International Journal of Sustainability in Higher Education has 272 articles
(19.2%), the Journal of Cleaner Production has 207 articles (14.6%), Environmental Education
Research has 124 articles (8.7%), and the International Journal of Management Education has 93
articles (6.5%). The table also indicates a low output from 2015 to 2019, signifying the early stage
when Education for Sustainable Development (ESD) began gaining recognition from researchers
globally.

Figure 4 showcases the outputs of the five top journals on ESD articles, comparing the journals and
the years of publication.
Annual Production Trends by Journal
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Figure 4: Annual production trends

Figure 4: Annual production trend of publications on ESD. This figure represents the publication
trends from 2015 to 2024. The data was retrieved from the WoS database in the subject areas of
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sustainable development, sustainability, and curriculum. The years 2015 to 2019 experienced low
output in the production of publications on ESD. Journal distribution is essential for research in
interdisciplinary fields like ESD and helps to identify areas of research. The top five journals with the
highest number of publications out of the 88 countries indicate that the Sustainability Journal was
ranked as the most productive journal in the analysis, with the highest production of 729 (50.8%)
articles on ESD between 2015 and 2024. This was closely followed by the International Journal of
Sustainability in Higher Education, with 272 (19.2%) articles published on ESD during the period
under review.

The low annual production trends experienced in developing countries, such as those in Africa, are
largely due to institutional factors affecting these regions. These factors include inadequate funding
from agencies such as the government, non-governmental organisations, and other research
institutes that support research of this nature in Africa. This could also be largely attributed to poor
infrastructure. Research on ESD has predominantly focused on developed countries, as indicated in
the analysis. The results show that developing countries, particularly those in Africa, receive less
attention. This assertion aligns with the views of Yang and Xiu (2023) and Grosseck et al. (2019), who
note that less attention has been paid to ESD research from Africa and Middle Eastern countries,
largely due to cultural differences, a lack of funding, and infrastructural deficiencies.

3.4 Corresponding author’s country

Collaborations between authors from different countries have been advocated, particularly between
developed and developing nations.

The purpose of this graph is to illustrate the extent of collaboration between authors across countries
and continents.

Corresponding Author's Countries
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Figure 5: Corresponding authors’ countries

Figure 5 shows the research outputs of the top 20 countries. The outputs indicate that most
developing or emerging countries focus on single-country publications, whereas developed
countries concentrate on multi-country production. This suggests strong collaboration among
developed countries, while developing and emerging countries demonstrate weak collaboration.
Research output from developing countries is low. The only African country on the list, South Africa,
has very weak collaboration with authors or institutions from other countries. This indicates that
most articles on ESD published in South Africa are classified as single-country publications, as most
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collaborations occur within the country. This analysis highlights the importance of multiple-country
collaboration to enhance the quality of research on ESD, particularly to encourage cooperation
between developed and developing countries, as well as between countries from different continents.

It is important to investigate the pattern of citations by country. Citation metrics reflect the relevance
and impact of publications across disciplines. The map in Figure 6 illustrates the global spread of
publications on ESD.

Country Average Citation

Powered by Bing

Figure 6: Country average citation

The country's annual citations of articles on ESD globally are presented in Table 4 and Figure 6. The
citation index is an important metric that showcases the impact of articles and their usability. The
average citations indicate that developed countries are the most cited in ESD. The top three most
cited countries for ESD articles between 2015 and 2024 are the UK with 1,791 articles, the USA with
1,095, and Spain with 1,003 articles. South Africa ranks 25th on the table with 74 citations.

Table 4: Average article citations

S/N. Country Total Citations  Average Article Citations
1. United Kingdom 1791 30.40
2. USA 1095 16.80
3. Spain 1003 20.90
4. China 992 10.00
5. Germany 927 26.50
6. Australia 884 18.00
7. Portugal 400 40.00
8. Brazil 353 20.80
9. Sweden 231 16.50
10. Netherlands 222 17.10
11. Japan 204 40.80
12. Finland 167 16.70
13. Belgium 134 26.80
14. Denmark 134 22.30
15. Malaysia 134 22.30
16. Norway 133 22.20
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17. Canada 125 10.40
18 Ireland 121 8.60
19. Colombia 118 14.80
20. Italy 106 13.20
21. United Arab 106 35.30
Emirates
22. Mexico 98 19.60
23. India 88 9.80
24. New Zealand 84 14.00
25. South Africa 74 6.20

The table shows the average citations for the top 25 countries. The purpose of citation is to measure
academic success or excellence, referring to a discrete unit of publication acknowledgement. In this
article, we showcase the 25 countries that have attained the highest citations for articles published on
ESD between 2015 and 2024. It is important to emphasise that among the 25 countries listed in Fig
..., only one African country appears, with 74 citations, while the United Kingdom, USA, Spain, and
other European, South American, and developed countries dominate the list of the most cited
countries in ESD. This revelation indicates that articles published by African countries attract lower
citations. Most African publications on ESD receive limited citations and recognition. It is worth
noting that the lower citation of articles on ESD from African countries may not be due to lower
output; rather, such articles are often published in low-impact journals that are not indexed in WOS
and Scopus.

The findings from this study will assist policymakers responsible for higher education, particularly
in African countries, to recognise the need to increase research on ESD. This concerning result, which
highlights low output on ESD research in Africa, must be addressed. More funding and
infrastructural facilities must be provided to enhance research output on ESD. Policy direction
should be tailored to increase the visibility of research on ESD in a global context, showcasing the
deficiencies in reporting ESD in developing countries and Africa. Collaborations among countries
across continents must be intensified and facilitated through special funding from the African
government, so that meaningful partnerships on ESD between developed and developing countries
can be established.

4. Discussion of Findings

This paper specifically examines the trends of production regarding the integration of Education for
Sustainable Development (ESD) into the school curriculum. The integration of ESD into the school
curriculum has been embraced by stakeholders to address environmental challenges. In response to
the problem of climate change and the inclusion of sustainable education in the school curriculum,
we conducted a bibliometric analysis on ESD and its integration into the curriculum. We collected
data from the Web of Science (WoS) database to determine the production trends geographically and
institutionally, as well as the annual outputs by journals and institutions. The paper also analyses the
patterns of collaboration among authors across geographical boundaries, countries, and continents.
Additionally, the study explores the citation index by country to determine the citation trends of
articles on ESD.

The findings indicate that ESD research is gaining more attention globally and is concentrated in
developed countries such as the UK, USA, Germany, Spain, China, Australia, and other European
nations. These significant findings contradict much of the related research (Hallinger &
Chatpinyakoop, 2019; Fischer et al., 2022; Prieto-Jiménez et al., 2021). Furthermore, it can be deduced
from the findings that less attention has been paid to ESD research by developing countries,
including those in Africa and the Middle East. Sustainable development issues and policies must not
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be limited to the Global North alone, as sustainability is a global concern. African countries and those
in the Global South must recognise the urgent need to prioritise ESD more than ever before. More
research on ESD in developing countries must be intensified. Developing countries must urgently
improve their research on ESD to correct the disproportionate output compared to their developed
counterparts (Yang and Xiu, 2023; Grosseck et al., 2019). African countries need to enhance their
efforts to stimulate interest in ESD research by developing their capacity to support researchers in
contributing to the global effort on ESD.

The consolidated body of knowledge shows that the ESD output pattern is skewed towards
developed countries and journals. In other words, even though Education for Sustainable
Development (ESD) is a new area that gained prominence between 2010 and 2015, the output pattern
indicates that most of the publications originate from Western countries, with the first 25 countries
in this category being developed nations. This finding highlights the divergence in publication
volume between Africa and Western developed countries, indicating that developing countries in
Africa are not among the most productive in ESD output. This is concerning given that African
countries are particularly vulnerable to environmental degradation, climate change, and other
related issues.

The data reveal that no developing countries from Africa appear on the lists of the top 25 countries
with the highest publications on ESD. It is important to note that there is a concentration of ESD
articles in developed countries. In Africa and other developing regions, little to no research on ESD
has been conducted. This is a troubling trend, as issues of sustainability, climate change, and
environmental challenges are prominent in African countries. Consequently, more research on ESD
is necessary to find solutions to these pressing problems. This finding underscores the need for
increased research on ESD in the context of environmental degradation, climate change, biodiversity,
and other environmental challenges unique to Africa. Institutions in Africa should enhance the
capacity of their academics and students to conduct research in ESD to be on par with their
counterparts in Europe and other developed nations.

Most of the research institutions involved were universities that served as the research sites for
implementing the ESD concept. The three institutions with the highest output were Manchester
Metropolitan University, the University of California System, and Hochschule Angewandte
Wissenschaft Hamburg. In terms of author collaboration, the findings indicate lower collaboration
between authors from different countries, which is particularly prevalent in developing regions like
Africa, where authors tend to collaborate with peers from the same country. There is a need for cross-
country collaboration, especially between authors from developing and developed countries. This
would facilitate the sharing of research information among them and help improve the quality of
research.

5. Conclusions and Recommendations

The purpose of this study is to examine the bibliometric analysis of the integration of Education for
Sustainable Development (ESD) into the school curriculum. The bibliometric analysis reveals that the
production output of African countries, compared to that of developed countries, is very low. This
finding also indicates that African authors on ESD are cited less frequently than their counterparts
from developed countries outside Africa. The UK, USA, and several Asian countries, along with
other developed nations, feature among the 25 most productive countries in this field. The study
concludes that most of the publications from these countries are single-country publications, with
the exception of Germany, which has the majority of its publications classified as multiple-country
publications. It is important to emphasise the need for collaboration among countries on ESD to
enhance the quality of research in this area. Collaboration between developed and developing
countries, such as those in Africa, can be beneficial in this context. Adequate funding for ESD research
must be provided by governments to facilitate increased research output from Africa. Governments
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in developing countries should implement policies to address infrastructural gaps that contribute to
low research output on ESD, particularly in African nations.

The data for this study were collected from the Web of Science (WoS) database. The primary
justification for selecting WoS lies in its extensive coverage, dependability, and its status as the largest
repository of high-impact journals. Other databases could also have been used alongside WoS, which
was not considered in this study. Additionally, we excluded articles published in languages other
than English, which may limit our findings, as relevant articles on ESD may have been omitted. For
future research, it is recommended that data be collected from other sources, such as Scopus, Google
Scholar, and additional databases.
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