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Abstract — Education for Sustainable Development
(ESD) is increasingly recognized as a fundamental
driver for achieving global sustainability, yet a
comprehensive, long-term mapping of its intellectual
structure is needed to guide future policies. This study
aims to delineate the evolutionary trajectory of ESD
research from 2000 to 2024, identify the most
significant  contributors  (countries, institutions,
journals, and authors), and uncover the prevalent
thematic clusters within this domain. A quantitative
bibliometric approach was employed. The sample
consisted of 2,774 English-language peer-reviewed
documents extracted from the Scopus Core Collection,
spanning from 2000 to 2024. Performance analysis and
science mapping were conducted utilizing RStudio
(Biblioshiny) and VOSviewer to evaluate co-authorship
networks and thematic co-occurrences. The findings
confirmed a continuous, exponential growth in ESD
publications post-2015. Germany emerged as the most
productive country (12.5% of total publications),
though the Universitas Pendidikan Indonesia was
identified as the leading institution.
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Thematic analysis revealed 15 distinct clusters,
heavily focusing on higher education, curricula, and
teacher training, while also highlighting a significant
geographical imbalance wherein developed nations
overshadow developing countries in overall research
engagement.

Keywords — Bibliometric analysis, Scopus, education
for Sustainable Development, Biblioshiny, VOSviewer.

1. Introduction

Education for Sustainable Development functions
as a fundamental driver for the attainment of the
Sustainable Development Goals (SDGs). This
framework is intrinsically linked to SDG 4, which
prioritizes quality education, and SDG 17, which
underscores the necessity of partnerships for
sustainable progress [1]. Sustainable development
stands as a foundational pillar of international
strategies aimed at ensuring long-term planetary
viability. It operates as an overarching framework
that seeks to meet contemporary demands while
strictly avoiding any compromise to the resource
potential required by future generations [2], [3]. ESD
is characterized as a lifelong learning trajectory that
endows learners across all demographics with the
capacity to comprehend and resolve global
complexities, including resource depletion, climate
change, inequality, discrimination, and biodiversity
loss [4], [5], [6]. Essentially, ESD nurtures
individuals capable of constructing a sustainable
society [7], [8]. Implementation strategies for ESD
vary but commonly involve embedding sustainability
concepts into curricula ranging from early childhood
to higher education. Additionally, these strategies
encompass the professional development of
educators, the creation of specialized learning
resources, and the promotion of ESD initiatives
within both formal and non-formal educational
settings.
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Such approaches align with the “lifelong learning”

philosophy inherent in ESD by integrating
sustainability across all educational tiers and
pathways.

Recently, bibliometric analysis has become

instrumental in comprehensively assessing research
landscapes and aiding strategic decision-making in
science and technology [9], [10]. This method has
been widely utilized to track the evolution of diverse
research fields, including those pertaining to the
SDGs [11], [12], [13]. The primary aim of this
research is to map global ESD research trends
between 2000 and 2024, pinpointing hotspots and
suggesting avenues for future inquiry. To achieve
this, a quantitative bibliometric approach is applied
to the scholarly literature.
Specifically, the study seeks to answer:

(1) How has ESD research evolved during the
period from 2000 to 20247

(2) Which countries and journals have contributed
most significantly to ESD research?

(3) Who are the leading authors, and how do their
impacts correlate with highly cited publications?

(4) What represent the most prevalent keywords
and thematic clusters in ESD studies?

2. Methodology

This study adopts a qualitative methodology
centering on the content analysis of ESD related
articles, following the framework proposed by [14].
The research design comprises two primary phases.
The initial phase focuses on data extraction,
encompassing database selection, search query
formulation, and data retrieval. The subsequent phase
entails bibliometric analysis utilizing Biblioshiny (R
package), VOSviewer, and Excel. The detailed
workflow is depicted in Figure 1.

Phasel Search Query = Scopus
Data - Refinement—> Download data
collection
A 4
Phase?2 Bibliometric analysis (Bibliometrix)
Performance —> Science mapping (VOSyviewer)
Analysis

Figure 1. Research flow, methodology, and tools

To ensure the integrity of the bibliometric
analysis, selecting a comprehensive citation database
is crucial. Consequently, the Scopus Core Collection
was utilized as the principal source for data
acquisition.
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Scopus was chosen for its extensive bibliographic
coverage and citation tracking, which exceeds that of
other databases like Web of Science or PubMed in
this context [15], [16].

The specific search string detailed in Table 1 was
employed to retrieve relevant publications. Data
collection was finalized on March 14, 2025.

Table 1. Specifications of the literature search query

TITLE-ABS-KEY ( "ESD” OR “Education for
Sustainable

Development” AND ”teaching” OR “learning”)
AND PUBYEAR > 1999 AND PUBYEAR < 20
25 AND (LIMIT-

TO (DOCTYPE, "ar”) OR LIMIT-

TO (DOCTYPE, "ch”) OR LIMIT-

TO (DOCTYPE, "cp”) OR LIMIT-

TO (DOCTYPE, "re”) OR LIMIT-

TO (DOCTYPE, "bk”)) AND (LIMIT-

TO (SRCTYPE, "j”) OR LIMIT-

TO (SRCTYPE, "p”) OR LIMIT-

TO (SRCTYPE, ”k”) OR LIMIT-

TO (SRCTYPE, "b”)) AND (LIMIT-

TO (LANGUAGE , “English”))

Bibliometrics serves as a foundational instrument
for assessing the maturity of a research domain,
evaluating researcher productivity [17], measuring
the efficacy of national R&D investments [18],
analyzing institutional partnerships [19], and gauging
academic quality [20]. This analysis includes
performance analysis and science mapping.
Performance analysis utilizes metrics to quantify the
output of contributors (authors, countries, journals)
and their citation impact. Conversely, science
mapping offers spatial and temporal visualizations of
the field’s social and cognitive structures [21].

Two primary software tools were leveraged for
visualization and analysis:  Biblioshiny and
VOSviewer. Biblioshiny, an open-source R-based
application, facilitates data import from sources like
Scopus and performs extensive bibliometric
evaluations [22]. Specifically, modules for annual
production, citation analysis, source relevance, and
word clouds were utilized. Additionally, VOSviewer
was employed to generate network maps illustrating
co-authorship  and keyword  co-occurrence,
visualizing the relationships between nodes (entities)
and edges (connections) [23]. This study employed
co-occurrence analysis of terms to identify the main
thematic areas within the research domain. The
resulting maps generated by the software consist of
nodes and edges, where nodes represent keywords
and edges represent the relationships between them.
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3. Results

To conduct the bibliometric analysis on the topic
of ESD based on data collected from Scopus
specifically regarding publication, citation, and
impact, the following types of analyses were
considered: data overview, trends and characteristics
of research publications, highly productive countries
and their collaborations, highly productive
institutions/organizations, highly productive authors,
most preferred and productive journals, most cited
documents, keyword analysis, and thematic
evaluation. The detailed results are presented as
follows:

General information: The general statistical
information of the publication collection is presented
in Table 2. Between 2000 and 2024, a total of 2,774
publications were published across 1,009 sources,
employing 5,602 Keywords Plus and 5,898 Author’s
Keywords. The number of contributing authors in
this field reached 7,172, indicating a high level of
scholarly engagement. The literature on ESD
demonstrates a high degree of collaboration, as
reflected in the collaboration index. The average
number of citations per document is 18.69, and the
number of single-authored documents is 463.

Table 2. Main statistical information of the publication

Analysis  of  publication trends and
characteristics of research outputs: Table 2
presents the annual growth rate of publications and
their citations related to Education for Sustainable
Development (ESD). A total of 2,774 research
articles on ESD were published between 2000 and
2024, which have been cited a total of 56488 times,
with an average of 20.36 citations per article over
this period. In 2000, only one article was published,
receiving 26 citations. Since then, as shown in Table
3, the number of journal articles on ESD has shown a
clear and continuous upward trend, particularly since
2015, when the Sustainable Development Goals
(SDGs) were officially announced. This trend
indicates that the field has gained increasing
scholarly attention in recent years. Of the 2,774
articles, approximately 57.28% were published in the
last five years, and nearly 13.84% were published in
2024 alone. The annual distribution of citations
shows slight fluctuations. The year 2024 recorded the
highest number of publications (384 articles), which
received a MeanTCperArt of 1.90. The highest
MeanTCperArt, 92.80, was observed in 2004.

Table 3. Annual distribution of ESD publications and
citation metrics indexed in Scopus

collection during the 2000 —2024 period

Description Results Description Results

MAIN

INFORMATION

ABOUT DATA AUTHORS

2000

Timespan :2024 Authors 7172

Sources Authors of

(Journals, Books, single-authored

etc.) 1009 docs 463
AUTHORS
COLLABORA

Documents 2774 TION

Annual Growth Single-

Rate % 28.14 authored docs 537

Document Co-Authors per

Average Age 6.16 Doc 3.38
International

Average citations co-authorships

per doc 18.69 % 20.33
DOCUMENT

References 109618 TYPES

DOCUMENT

CONTENTS Article 1858

Keywords Plus

(ID) 5602 Book 31

Author’s

Keywords (DE) 5898 Book chapter 412
Conference
paper 349
Review 124
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Year Articles MeanT Year Articles MeanTCp
CperArt erArt
2024 384 1.90 2011 52 51.02
2023 313 4.65 2010 68 38.75
2022 340 7.97 2009 51 32.92
2021 272 12.70 2008 28 56.71
2020 280 2259 2007 30 39.20
2019 192 25.57 2006 26 37.42
2018 140 30.20 2005 16 45.19
2017 134 23.19 2004 5 92.80
2016 109 18.32 2003 4 20.50
2015 123 26.72 2002 4 16.50
2014 63 33.43 2001 2 10.50
2013 80 3450 2000 1 9.00
2012 57 47.54
Highly productive countries and their

collaborations: All corresponding authors and their
affiliations listed in each article were considered in
the analysis of the most prolific contributors. The
articles originated from 96 countries/territories.
Figure 2 illustrates the geographical distribution of
research output across these countries/territories.
Table 4 presents statistics for the top 10
countries/territories based on the total number of
publications in this field. Germany leads with 347
publications (12.5%), followed by the United
Kingdom with 307 (11.1%) publications. The United
States ranks third with 248 publications (8.9%).
Collectively, these three nations contribute nearly
one-third (32.5%) of the global research output,
underscoring their dominance in the ESD landscape.

TEM Journal —Volume 15 / Number 3 / 2026.
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Furthermore, Germany distinguishes itself by
accumulating the highest citation count (5,944), a
metric that evidences its leadership in both
publication volume and scholarly influence. In terms
of international collaboration, Sweden ranks first in
the share of multi-country publications (MCP) at
27.4%, while Germany and the UK lead in single-
country publications (SCP) and rank second in MCP
output (Table 3). The MCP ratio among the top 10
countries generally ranges from 12% to 27%.

Country Scientific Production

Table 4. Leading countries ranked by publication volume
and total citations

Rank Country Articles Citations SCP MCP MCP
%

1 Germany 347 5944 189 52 21.6
2 UK 307 4877 144 40 21.7
3 USA 248 4162 88 20 18.5
4 Spain 225 3598 145 21 12.7
5 Sweden 164 4009 82 31 27.4
6 China 153 2325 119 33 217
7 Japan 142 1638 60 13 178
8  Australia 134 641 55 13 191
9 India 102 653 49 7 12.5
10 Indonesia 98 123 56 9 13.8

SCP: Single country publications, and MCP: Multiple country

publications

{

L 3

Figure 2. Geographical distribution of research output in Scopus

Most Prolific Institutions: Table 5 outlines the
ten leading institutions contributing to ESD
literature. Universitas Pendidikan Indonesia holds the
top position, having produced 107 articles. A
significant portion of their scholarship centers on
enhancing teacher competencies and integrating ESD
into school curricula to achieve Sustainable
Development Goals. Following this, Karlstad
University and the University of Bremen share the
subsequent rankings, each recording 41 publications.

A significant portion of these top ten institutions
comes from Germany (30%), Sweden (20%), and
Malaysia (20%), with the remainder from Indonesia
(10%), Belgium (10%), and Portugal (10%). It is
noteworthy that there is no institution from the USA,
China, Japan, Australia, or India, despite these
countries being among the top ten in terms of total
publications.

TEM Journal = Volume 15 / Number 3 / 2026.

Table 5. The ten most prolific institutions in the field of
ESD

Organization/Institution Country Articles
Indonesia University of Indonesia
Education 107
Karlstad University Sweden 41
University of Bremen Germany 41
University of Education
Freiburg Germany 37
University Kebangsaan Malaysia
Malaysia 33
Chalmers University of Sweden
Technology 32
Osnabruck University Germany 32
University of Antwerp Belgium 32
University Aberta Portugal 31
University of Science, Malaysia
Malaysia 29
3139
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Contribution by scholars: This section
highlights the most prolific scholars driving the
evolution of ESD research. Figure 3 visualizes the

frequency distribution of scientific productivity
based on Lotka’s Law.

Here, the vertical axis plots the percentage of
authors against the total pool, while the horizontal
axis quantifies the number of publications per author.

The dashed line serves as the theoretical benchmark,
illustrating  the

Author Productivity through Lotka's Law

% of Authars

5

expected  distribution  pattern
according to Lotka’s Law.
[ %)

s P
Crocuments written

Figure 3. Distribution of authorial productivity

Figure 3 reveals that the vast majority of
contributors specifically 5,971 individuals,
comprising 83.25% of the total pool have authored a
single publication. In contrast, the cohort of highly
productive scholars (producing more than four
articles) is limited to 204, representing merely 2.84%
of the population. The empirical distribution
corresponds closely with the theoretical trajectory of
Lotka’s Law, as visualized by the dotted trend line.
These findings imply a predominance of transient
contributors, suggesting that the ESD domain is still
developing and characterized by a continuous influx
of new entrants rather than a consolidated core of
established researchers.

Table 6 identifies the top 14 contributors to ESD
literature from 2000 to 2024, whose collective output
represents 7.5% of the total dataset. Barth M.
distinguishes himself as the leading scholar,
possessing both the highest publication volume and
h-index since entering the field in 2010.
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His academic inquiries predominantly center on
sustainability ~ implementation  within  higher
education sectors. A cornerstone of his bibliography
is the 2012 article “Academic staff development as a
catalyst for curriculum change towards education for
sustainable development: an output perspective,’
published in the Journal of Cleaner Production,
which has accumulated 268 citations (TC=268) [24].

Regarding citation impact, Leal Filho W.
(Germany) has accumulated the highest total citation
count. From a geospatial perspective, German
scholars comprise 28.6% of the top 14 most
productive authors. This concentration of elite
researchers underscores Germany’s pivotal role and

comparative advantage in the global ESD research
landscape.

TEM Journal —Volume 15 / Number 3 / 2026.
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Table 6. Top scholars published the greatest number of articles about ESD

Order Author Institution/Country Total papers Total citations h-index
1 Barth M. Leuphana University Liineburg, 24 3057 2
Germany
2 Gericke N. Karlstad University, Sweden. 21 3043 31
3 Rieckmann M. University of Vechta, Germany 21 2095 21
4 Eilks I. State University of Malang, Indonesia 18 3631 31
5 Shephard K. University of Otago, New Zealand 13 2669 23
6 Bogeholz S. University of Goéttingen, Germany 12 1048 16
7 Caeiro S. Universidade Aberta, Portugal 12 5506 37
8 Azeiteiroum Universidade Aberta, Portugal 11 6598 41
9 Dlouha J. Faculty of Arts, Charles University. 11 681 11
10 Lealfilho W. Hamburg_ University of Applied 11 11647 56
Sciences, Germany
1 Sanchez- Polytechnic Univer_sity of Catalonia, 11 665 14
Carracedo F. Spain
12 Van Petegem P. University of Antwerp , Belgium 11 4667 40
13 Yahagi N. Keio University School of Medicine , 1 11330 59
Tokyo, Japan
14 Olsson D. Karlstad University, Sweden 10 1286 12

Contribution by scientific journals: Scholarly
journals serve as the principal vehicle for scientific
dissemination and necessitate critical analysis within
any discipline [24]. This study identifies the most
influential publication venues for ESD research. The
analyzed corpus comprises 2,774 articles distributed
across 1,009 distinct journals between 2000 and
2024. Table 7 details the top-ranking journals, listing
their publication volumes alongside their respective
Impact Factors (IF). Sustainability emerges as the
premier outlet, hosting 347 articles (12.5%). It is
succeeded by the International Journal of
Sustainability in Higher Education (161 publications;
5.8%) and Environmental Education Research (116
publications; 4.2%).

According to the metrics in Table 6, the Journal
of Cleaner Production leads in scholarly impact with
an h-index of 309, significantly outpacing Surgical
Endoscopy (172) and Sustainability (169). Notably,
the data reveals a marked trade-off between volume
and influence: while Sustainability publishes nearly
five times as many articles as the Journal of Cleaner
Production, the latter boasts an Impact Factor
approximately triple that of the former. Furthermore,
Switzerland emerges as the predominant publisher of
journals within this domain.

Table 7. Top 9 journals, annual publication count on ESD research, total articles, and impact factor (IF)

Name NP (Total of publications)  h-index  IF (impact factor) Country
Sustainability 347 169 4.2 Switzerland
International .Journal of S_ustamablllty in 161 85 46 UK
higher education
Environmental education research 116 93 4.0 UK
Journal of cleaner production 70 309 10.9 UK
Journal of teac_her gc_iucatlon for 51 23 18 Poland
sustainability
Sustainable development goals series 37 91 7.9 Switzerland
Education sciences 31 53 2.9 Switzerland
Journal of physics conference series 30 99 0.4 UK
Surgical endoscopy 28 172 4.1 Germany

Examination of highly cited publications: Table
8 highlights the most influential contributions to ESD
research, reflecting the field’s expanding academic
footprint. Authors [25] hold the top position with
their 2011 article in Sustainability, achieving 1,709
citations (113.93 per year). Ranking second is [26],
whose publication in Futures has accumulated 618
citations, averaging 44.14 per year.

TEM Journal = Volume 15 / Number 3 / 2026.

Additionally, [27] has made a substantial impact
through the International Journal of Sustainability in
Higher Education, recording 556 citations with a
yearly average of 30.89.
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Table 8. The top ten articles related to ESD

First author’s

Order Title No. of co- No._ of  Published Journz_ils institution/
author citations year (Quartile) Country
Key competencies in
sustainability: a reference Sustainability Arizona State
1 framework for academic 3 1709 2011 (SSCI1 Q2) University, USA
program development
Future-oriented higher Leuphana
education: Which key Futures (SSCI UniveF;sit of
2 competencies should be fostered 12 618 2012 QL LUnebu?l
through university teaching and Germang,
learning? y
International
Achieving transformative Suthg?rzgs:I?tf in University of
3 sustainability learning: engaging 3 556 2008 Higher y British Columbia,
head, hands and heart Education (SSCI Canada
Q1)
Connecting Competences and
Pedagogical Approaches for
4 Sustainable Development in 5 167 2017 Sustainability University of
Higher Education: A Literature (SSCI Q2) Gavle, Sweden
Review and Framework
Proposal
Dissonance in students’ Ir;t(;e;r;::logfal
perceptions of sustainable Sustainability in University of
5 development and sustainability: 1 406 2007 Higher y Plymouth,
Implications for curriculum Education (SSCI Plymouth, UK
change 1)
snlfsi;/iﬁggi] ﬁfteir:]c;ﬁs r:r;r Sustainability Arizona State
6 . Y g 17 372 2021 Science University, USA
education—toward an agreed- (SCIE Q1)
upon reference framework
Sustainability in higher Journal of
education in the context of the Cleaner Wageningen
7 UN DESD: a review of learning 1 360 2014 Production University, The
and institutionalization (SCIE Q1) Netherlands
processes
Learning apart and together: Journal of
towards an integrated Cleaner Wageningen
8 competence framework for 3 351 2014 Production University, The
sustainable entrepreneurship in (SCIE Q1) Netherlands
higher education
AGA Institute Clinical Practice Clinical
9 Update: Endoscopic 4 347 2019 Gastroenterology University of
Submucosal Dissection in the and Hepatology Florida, Florida
United States (SCIE Q1)
The role of transformation in J(();lig;?e?f Urtka/renrks)iﬂrgof
10 learning and education for 10 340 2018 Production Applied Sci)énces
sustainability (SCIE Q1) Germany

Analysis of most popular keywords: Keywords
serve as concise descriptors that encapsulate the core
content of scientific studies. Consequently, analyzing
these terms provides a robust mechanism for
identifying dominant topics and tracing the evolution
of themes within a research domain [28].

3142

In this study, bibliometric software was employed
to examine the frequency of keywords within the
ESD literature. The Scopus database classifies
keywords into two distinct categories: Author
Keywords and Keywords Plus. The latter consists of
terms extracted from the titles of cited references
rather than the article’s own title, offering a broader
contextual scope [29].

TEM Journal —Volume 15 / Number 3 / 2026.
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The findings are visualized in Figure 4 as a word
cloud displaying the 100 most prevalent keywords,
where the font size corresponds directly to the
frequency of occurrence.

The analysis reveals a strong concentration on
fundamental terminologies, specifically ‘sustainable
development,’ ‘education for sustainable
development,” ‘education,” ‘learning,” and ‘teaching.
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Figure 4. Word cloud of 100 keywords plus

To investigate the dataset’s thematic structure, a
co-occurrence analysis was performed on the 5,900
identified author keywords, applying a minimum
frequency threshold of five (Figure 5). Within the
resulting network visualization, individual nodes
signify distinct keywords or research topics. The
thickness of the lines connecting two nodes indicates
the strength of the relationship between them,
determined by how frequently they co-occurred in
the published articles.
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Several core research areas were highlighted:
education for sustainable development, sustainability,
higher education, education, sustainable development
goals, environmental education, and teacher
education. A total of 278 of the most frequent author
keywords were grouped into 15 distinct clusters, each
represented by a different colour.

The link strength between keywords is
proportional to the line thickness, reflecting how
frequently two terms appear together in the literature.
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Figure 5. Network visualization of 278 author keywords (threshold > 5 occurrences)

4. Discussion

The bibliometric data reveals a geographical
imbalance, with ESD research heavily skewed
toward developed nations. This disparity underscores
an urgent need for developing countries to enhance
their investment and engagement in ESD integration
to effectively tackle the global challenges outlined in
the SDGs. The current trajectory suggests that
regions with abundant resources continue to
dominate scientific contributions.

TEM Journal = Volume 15 / Number 3 / 2026.

Different countries have adopted various
approaches to ESD, reflecting their unique contexts
and challenges. For example, in India, judicial
intervention by the Supreme Court has made
environmental education compulsory across all
academic levels, underscoring a robust national
dedication to embedding sustainability within
curricula [30].
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Conversely, Japan’s ESD trajectory in higher
education has been heavily catalyzed by government
policy; however, this dependency on state support
presents potential risks to its enduring viability [31].

In the Chinese context, implementation is
complicated by regional disparities, a challenge that
demands the adoption of more comprehensive, cross-
disciplinary educational strategies [32].

The bibliometric results pinpoint higher education
as a dominant discourse within sustainability studies.
Notably, niche sub-fields such as management
education, sustainable consumption, and regional
analyses from Central and Eastern Europe are
witnessing an upward trajectory [33]. This body of
work underscores the milestones achieved during the
UN Decade of Education for Sustainable
Development while mapping critical trajectories for
future inquiry. Operationalizing sustainability in
universities, particularly through environmental
management systems, remains a key area of
investigation [34]. Concurrently, research has delved
into student teachers’ perceptions of ESD
competencies, emphasizing the holistic integration of
sustainability into curricula, community engagement,
and institutional research [35]. Recent scholarship
further highlights the evolution of pedagogical
frameworks for sustainability competencies [36],
signaling a deepened institutional commitment to
cross-disciplinary ~ embedding  of  sustainable
practices. These developments reflect a growing
emphasis on education for sustainable development
in higher education, with a focus on integrating
sustainability principles across various disciplines
and promoting sustainable practices  within
educational institutions.

In addition, ESD in secondary education has been
a topic of interest from 2000 to 2024. In the context
of geography education, studies have addressed the
planning and teaching of ESD [37]. Scholarly
attention has also been directed toward the secondary
education sector. For instance, studies have assessed
the ecological consciousness and sustainable
consumption behaviors of Malaysian students,
pinpointing awareness as a pivotal determinant [38].
Parallel research has profiled the environmental
attitudes prevalent among Turkish secondary
schoolers [39]. Collectively, these findings reinforce
the imperative of embedding ESD within secondary
curricula, highlighting the synergistic roles of
pedagogy, curricular design, and learner mindsets.
Looking forward, the intersection of STEM and
sustainability [40], represents a promising avenue for
fostering an educational paradigm rooted in
innovation and social equity.
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Notwithstanding the growing consensus on the
critical value of ESD, its practical realization is
frequently obstructed by systemic barriers. A
conspicuous impediment is the insufficiency of
institutional commitment; numerous academic
entities  encounter  significant  difficulties in
embedding sustainability into their curricula, largely
stemming from a deficit in organizational backing
and resource scarcity [41]. Research indicates that
teachers play a crucial role in promoting ESD, yet
many lack the necessary training [42]. Furthermore,
integrating ESD into existing curricula remains a
challenge, as many educational systems are slow to
adapt to new pedagogical approaches that emphasize
sustainability [36].

Education  for  Sustainable  Development
represents a cornerstone of the global sustainability

agenda. Through the cultivation of essential
competencies and knowledge, ESD capacitates
emerging generations to  navigate complex

contemporary crises, thereby fostering a more
resilient and just planetary future. Research on ESD
is increasingly evolving in an interdisciplinary,
multi-level, and technology-integrated direction [43],
expanding to cover social justice and climate change
[44].

5. Conclusion

This study provided a comprehensive bibliometric
overview of the evolutionary trajectory and current
landscape of ESD-research indexed in the Scopus
database from 2000 to 2024. The empirical results
demonstrate a robust, exponential growth in
scholarly  publications,  particularly  gaining
momentum following the official adoption of the
United Nations’ SDGs in 2015. Geographically, the
research domain is predominantly driven by
developed nations, with Germany, the UK, and the
USA leading in both publication output and citation
impact. This reveals a critical geographical
imbalance, underscoring an urgent necessity for
developing and underdeveloped nations to enhance
their strategic investments and active engagement in
ESD to effectively address global sustainability
challenges. Thematic and network analyses indicate
that the intellectual core of ESD is heavily clustered
around higher education, curriculum design,
pedagogical approaches, and teacher competencies.
However, the literature also reveals that despite a
growing consensus on its value, the practical
realization of ESD is frequently hindered by systemic
barriers, most notably a deficit in institutional
commitment, resource scarcity, and insufficient
teacher training.

TEM Journal —Volume 15 / Number 3 / 2026.



TEM Journal. Volume 15, Issue 3, pages 3136-3146, ISSN 2217-8309, DOI: 10.18421/TEM153-92, August 2026.

Consequently, to successfully navigate the
complexities ~ of  sustainability, educational
institutions must pivot  towards holistic,
interdisciplinary frameworks, such as integrating
STEM with sustainability, which represents a
promising avenue for fostering innovation and social
equity. Despite its contributions, this study is subject
to certain limitations. The bibliometric analysis relied
exclusively on data extracted from the Scopus Core
Collection and was restricted to English-language
publications. While Scopus offers extensive
coverage, this methodological choice may have
inherently excluded valuable regional studies, non-
English literature, and insights from alternative
databases. Moving forward, future research
endeavors should aim to expand the analytical scope
by incorporating other major databases, such as Web
of Science, to achieve a more holistic global
perspective. Furthermore, scholars are encouraged to
develop reliable, standardized assessment methods to
measure ESD progress and effectively evaluate the
long-term  impact of sustainability-integrated
curricula. Finally, exploring the intersection of ESD
with emerging digital technologies and assessing its
practical implementation in secondary and early
childhood education remain vital trajectories for
future scholarly inquiry.
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