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Abstract: The global shift toward a green economy has repositioned vocational education as a
central mechanism for sustainable workforce development. This study maps two decades (2005—-
2025) of research on green skills and sustainability transition in vocational education to identify
publication trends, thematic structures, and emerging research directions. Using a bibliometric
approach, 527 Scopus-indexed documents were analyzed through VOS viewer and the Bibliometric
R package to produce co-occurrence networks, thematic maps, and temporal evolution
visualizations. The findings indicate a clear shift from early studies focused on human capital,
labour markets, and technical training toward sustainability-oriented and eco-digital competencies.
Five dominant thematic clusters: green skills, vocational education, workforce development,
innovation policy, and Industry 4.0, demonstrate the growing intersection between digital
transformation and environmental sustainability. European countries, especially the UK and
Germany, continue to lead global scholarship, while increasing contributions from Asia reflect
expanding contextual diversity. Overall, this study highlights how vocational education has
transformed from an economic instrument into a strategic platform for sustainability transition. The
convergence of digitalization and green competencies forms the basis of emerging eco-digital TVET,
underscoring the need for integrated pedagogical and policy approaches, particularly in developing
countries.

Keywords: green skills; sustainable transition; sustainable workforce; vocational education;
bibliometric analysis

1. Introduction

The climate crisis and global pressure towards a green economic transformation have
exacerbated the need for a workforce with environmentally friendly competencies. The
demand for technical and non-technical skills that support green innovation, energy
efficiency, waste management, and environmental adaptation has grown significantly
faster than the supply of these skills. For example, demand for green skills increased by
11.6% between 2023 and 2024, while the talent pool grew by only 5.6% [1]. Furthermore,
empirical analysis shows that environmental regulations increase the demand for
technical, analytical, and scientific competencies in green jobs [2]. In the education sector,
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the OECD empbhasizes that vocational education (VET/TVET) is strategically positioned
as a gateway to transformation, as most of the “middle” jobs that are being transformed
by the green transition are typically filled by vocational graduates [3].

Various challenges arise when vocational education is tasked with becoming a driver
of a green workforce. At the labor market level, cross-country studies reveal a significant
mismatch between the demand for green skills and the availability of talent. In contrast,
worker mobility from the “brown” sector to green jobs is hindered by geographic barriers
and the transferability of competencies. Less than 1% of fossil workers transition to green
jobs, and co-location is a significant barrier to just transition [4,5]. In TVET institutions,
the OECD emphasizes the need for curriculum reform, teacher capacity building, and
industry partnerships to address the surge in demand for green skills in the construction,
transportation, and energy sectors. However, implementation remains uneven [6]. The
integration of learning technology offers opportunities for work-ready practice, but is
hampered by the costs of devices, infrastructure readiness, educator training, and
curriculum integration [7,8]. On the evidence side, bibliometric studies face database
selection bias, keyword taxonomic inconsistencies, and data cleaning issues across
databases [9]. Furthermore, variability and citation lag in recent publications can distort
evolutionary influence and thematic maps, requiring calibrated interpretation of trends
[10]. These challenges also present opportunities for research to design contextual, tech-
enabled, and evidence-based skills pathways that support sustainability transitions.

Research on green skills and sustainability transitions in the context of vocational
education has grown rapidly, but is generally fragmented and lacks integration within a
comprehensive conceptual framework. Several studies have highlighted the increase in
publications on green skills and green jobs, but most focus on the context of employment
policy and macroeconomics [11,12]. Empirical studies examining the integration of green
skills in vocational education and training are still limited to sectoral case studies such as
renewable energy, manufacturing, and construction without addressing the systemic and
pedagogical dimensions of education [13,14]. Some studies have analyzed the relationship
between TVET and sustainability, but have not yet conducted bibliometric-based scientific
mapping to identify the network of concepts, actors, and the direction of global research
evolution [15]. Furthermore, the literature is still limited in bridging the relationship
between green competence frameworks and sustainability transition pathways [16,17].
This gap is the novelty of this study, which provides a bibliometric analysis that maps two
decades of global research on green skills and sustainability transitions in vocational
education.

The need to understand the research landscape on green skills and sustainability
transition in vocational education is becoming increasingly urgent as global pressures
towards a green economy and clean energy transition increase. According to the
International Energy Agency, decarbonization efforts in the energy sector alone are
expected to create more than 14 million new green skills-based jobs by 2030 [18]. However,
the World Economic Forum asserts that 60% of vocational education institutions
worldwide are not yet fully prepared to integrate sustainability competencies [19]. In this
context, bibliometric-based research is urgently needed to map knowledge dynamics,
identify research hotspots, and direct education and training strategies towards the green
transition [20,21]. Scientifically, this article enriches the theoretical understanding of the
relationship between TVET, green workforce development, and sustainability
transformation [22]. Practically, the results support educators and policymakers in
designing evidence-based and relevant educational interventions for the green industry
[23].

This study aims to answer three main research questions formulated based on the
literature gap and the urgency of mapping global knowledge on green skills and
sustainability transition in vocational education.

RQ1: How has global research on green skills and sustainability transition in
vocational education evolved over the past two decades (2005-2025)?
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RQ2: What are the main thematic clusters and conceptual linkages among the
keywords related to green skills, vocational education, and sustainability transition?

RQ3: How do the thematic evolutions and recent publication trends suggest
emerging research directions in green workforce development and sustainability-oriented
vocational education?

2. Methods

This study uses a bibliometric analysis approach to map the development of global
research on green skills and sustainability transition in the context of vocational education
over the past two decades (2005-2025). Bibliographic data was obtained from the Scopus
database, which is internationally recognized for its extensive coverage of highly
reputable journals in the fields of education, environmental science, and social sciences.
Data collection was conducted in September 2025 using the Advanced Search feature.

Keywords used for search: "green skills" OR ‘'"environmental skills" OR
"sustainability competences" OR "green competencies" OR "green jobs" OR "sustainable
workforce” OR "skills development” OR "human capital” AND "vocational education” OR
"TVET" OR "technical and vocational education” OR "vocational training". The search
results were filtered to include English-language journal articles and reviews, published
between 2005 and 2025. The data retrieval process was carried out by exporting metadata
into .csv format for data processing in Microsoft Excel and the VOS viewer application.

After data collection, screening, and data cleaning were performed to remove
duplication, standardize author and institutional names, and standardize key terms (e.g.,
combining "green skill" and "green skills"). The data were analyzed in stages according to
three leading research focuses: global publication trend analysis, keyword network and
thematic cluster analysis, and identification of thematic evolution and future research
directions.

2.1. Preparation of Tools and Materials

Preparation of tools and materials was conducted before the bibliographic data
collection process. The Scopus database was used as the primary source because it has a
wide coverage of reputable journals, provides accurate citation information, and complete
and well-structured metadata for bibliometric analysis. Digital applications were used to
assist the data processing process. Microsoft Excel 365 was used to manage raw
bibliographic data, remove duplications, and conduct initial descriptive analysis. VOS
viewer version 1.6.xx was applied to map the co-occurrence network and visualize
thematic clusters between keywords, authors, and countries. Bibliometric (R-Studio
package) was used for advanced analysis, such as thematic evolution and trend topic
visualization.

2.2. Data Collection

Data collection was conducted by retrieving metadata from the Scopus database,
accessed in September 2025. Scopus was chosen because of its global reputation as a
provider of comprehensive and credible scientific indices in the fields of education,
environment, and social sciences. The data obtained spanned the period from 2005 to 2025,
with inclusion criteria being English-language scientific articles and review articles that
had undergone peer review. Meanwhile, publications in the form of proceedings, books,
book chapters, and non-academic documents were excluded from the dataset because
they did not meet scientific criteria. All search result metadata was exported in .csv format.

2.3. Data Filtering and Visualization

Data filtering was performed to ensure that all data used in the analysis met the
criteria for completeness and relevance to the research topic. This process began with
checking for document duplication, keyword suitability, and metadata validity. After the
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filtering process, all valid entries were manually analyzed and verified to ensure
consistency of terms and uniformity of author names and affiliations. Bibliometric data
visualization was employed to illustrate the relationships between research elements
comprehensively. This visualization was performed using VOS viewer and Bibliometric
(R-Studio). VOS viewer was used to map relationships between keywords (co-occurrence
mapping), author collaboration networks (co-authorship), and relationships between
publication sources (co-citation analysis). Meanwhile, Bibliometric was used to analyze
thematic evolution, trend topics visualization, and conceptual structure mapping based
on the publication period 2005-2025.

The visualization process generated three main types of maps: a network
visualization that illustrates the relationships between concepts, a temporal visualization
that displays the evolution of themes over time, and a density visualization that shows
the intensity of the emergence of specific ideas in the literature. The results of each map
were used to answer three research questions, specifically identifying global publication
trends (RQ1), key thematic patterns (RQ2), and future research directions in the context
of continuing vocational education (RQ3).

2.4. Data Analysis

Data analysis was conducted to interpret the results of the bibliometric mapping
generated from the previous visualization process. This analysis aimed to identify
publication trends, conceptual relationships between topics, and the direction of global
research evolution related to green skills and sustainability transition in vocational
education. Data analysis included an examination of quantitative indicators such as the
number of publications per year, citation rate, author productivity, institutional affiliation,
and country of origin of publications.

3. Results

3.1. RQ1: How Has Global Research on Green Skills and Sustainability Transition in Vocational
Education Evolved over the past Two Decades (2005-2025)?

Scopus data analysis from 2005 to 2025 shows that research on green skills and
sustainability transition in the context of vocational education has experienced
exponential growth over the past two decades. This increase began to be seen in 2016,
coinciding with the emergence of Education for Sustainable Development (ESD) within
the framework of the Sustainable Development Goals (SDG 4.4). This pattern indicates
that the issue of green skills has transformed from an ecological concept to a strategic
agenda for global vocational education [24].

Based on Figure 1, the number of publications shows a consistent increase from 2005
to 2025, with a sharp spike after 2019, marking a phase of accelerated research in the field
of green skills and sustainability transition. The peak of publications occurs in 2025 with
over 100 articles, reflecting the global shift towards sustainable workforce transformation.
The blue line shows the actual number of publications, while the red line shows the
predicted trend (forecast) with 95% confidence limits. Based on the results of performance
analysis, the average annual publication growth exceeded 18%, with a notable spike from
2019 to 2023, coinciding with the wave of green transition policies in Europe and Asia [25].
Geographically, the most considerable contributions came from European countries such
as the UK, Germany, and the Netherlands, which are known to have sustainability-
oriented TVET policy ecosystems [26]. In the Asian region, China and Indonesia are
emerging as new research centers, in line with the increasing support for green workforce
development policies and vocational curriculum reform [27,28].
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Figure 1. Scopus publication trends on green skills and sustainability transition in the context of
vocational education for the period 2005-2025, along with projections until 2031.

Interestingly, the projection results until 2031 show a steady upward trend with an
estimated 90-110 publications per year, indicating the research maturity phase in this field.
As shown in Figure 2, the forecast line exhibits a moderate trend, with confidence limits
indicating that the topic of green skills is no longer marginal but has evolved into an
interdisciplinary field that intersects with the green economy, vocational education, and
workforce transformation [29]. These findings reinforce a study that revealed that TVET
research for sustainability has shifted from conceptual studies to applied research based
on policy outcomes [20]. However, in contrast to findings that stated that developed
countries still dominate green education issues, this study found substantial expansion in
developing countries through collaboration between Asian-European institutions [30].
This indicates a shift in the epistemic structure in the global research landscape, where
vocational education is becoming a crucial actor in driving sustainability transitions at the
industrial and societal levels.
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Figure 2. Co-occurrence of author keywords.
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3.2. RQ2: What Are the Main Thematic Clusters and Conceptual Linkages among the Keywords
Related to Green Skills, Vocational Education, and Sustainability Transition?

A thematic analysis was conducted to identify the conceptual structure and
interconnections between research topics related to green skills and sustainability
transition in the context of vocational education. This analysis utilized the co-occurrence
of author keywords in the Scopus dataset from 2005 to 2025.

Figure 2 shows the co-occurrence analysis, which yields five main thematic clusters
representing global research focuses over the past two decades. Cluster 1 (red)
encompasses keywords such as green skills, sustainability competencies, and
environmental education, highlighting conceptual dimensions related to sustainable skills
development. Cluster 2 (blue) focuses on vocational education, curriculum, and training,
representing the integration of the sustainability agenda into the vocational education
system. Cluster 3 (green) highlights the relationship between the green economy,
employment, and workforce development, indicating the importance of the green
transition in the work sector. Cluster 4 (yellow) illustrates the integration of policy,
innovation, and the SDGs, reflecting the engagement of public policy and education
system reform. Meanwhile, Cluster 5 (purple) introduces new themes, including digital
transformation, Industry 4.0, and eco-digital skills, indicating the convergence of
technology and sustainability.

These findings confirm that green skills research has evolved from a conceptual
discourse to a multidisciplinary issue encompassing education, economics, and
technology [31-33]. The close relationship between vocational education, human capital,
and employment demonstrates that vocational education now plays a role not only as an
educational institution but also as a crucial agent in developing a sustainability-oriented
workforce. This co-occurrence analysis involved a total of 66 keywords that met the
minimum occurrence threshold (=3). The three keywords with the highest frequency of
occurrence were vocational education (34 times), human capital (32 times), and green
skills (27 times). All three had a total link strength above 100, indicating strong conceptual
relationships with various other terms in the research network. Topics such as training,
employment, and sustainability also had high connectivity (>80), indicating a central
position in the knowledge structure of this field. This pattern suggests that research on
green skills and sustainability transition has evolved in tandem with issues of human
capital development, vocational education, and employment policy [34,35].

Figure 3 displays a keyword density visualization that shows the density of research
topics based on the frequency of occurrence and the strength of the relationship between
keywords in the field of green skills and sustainability transition. Yellow indicates areas
with the highest density (hot zones), while green and blue indicate areas with medium
and low density. The analysis results suggest that the areas with the highest density are
centered on the keywords' human capital,’ 'vocational training,' and 'vocational
education.' These three terms form the center of gravity of the research, confirming that
vocational education plays a key role in developing sustainability-oriented skills needed
in the green economy [11, 13]. The high density around human capital indicates a
paradigm shift from merely preparing the workforce to strengthening adaptive capacity
for environmental and digital transformation [23, 35].
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Figure 3. keyword density visualization.

The green-yellow zones, such as green skills, skills development, training, and
employment, indicate topics that have been actively researched over the past five years.
This theme highlights the growing connection between education for sustainable
development (ESD) and workforce reskilling in vocational education policy, particularly
following the adoption of SDG 4.4 [36]. Meanwhile, the blue-green areas, featuring
keywords such as digital transformation, Industry 4.0, and eco-innovation, indicate the
emergence of new themes (emerging topics) linking sustainability with the digitalization
of industrial processes and learning (eco-digital pathways) [37].

Figure 4 illustrates a thematic map generated through co-word analysis, which
categorizes research themes on green skills and sustainability transition into four
conceptual quadrants. Each theme's position is determined by two key indicators:
centrality (the degree of relevance to the field) and density (the degree of theme
development). This map illustrates the dynamics of global research that links vocational
education, sustainability, and the green economy through four main theme typologies.
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Figure 4. Thematic Map.
1) Quadrant I - Motor Themes

This cluster contains themes with high centrality and density, indicating the most
mature and influential themes in this field. Keywords such as green skills, social capital,
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innovation, and entrepreneurship are prevalent in this area. These findings suggest that
innovation and social capital have become key drivers in the development of vocational
education, where green skills are linked to the innovative and collaborative capacity of
the workforce [38]. In other words, the research orientation has shifted from the
conception of environmental education to a green economic transformation based on
social innovation [33].

2)  Quadrant II — Basic Themes

The basic cluster represents the scientific foundations that underpin various studies,
with key keywords including human capital, vocational education and training (VET),
skills development, professional development, and sustainability. High centrality values
confirm that these concepts constitute the dominant framework connecting the
dimensions of education, employment, and sustainability [25,26]. The clustering of
vocational education and sustainability suggests that vocational education is now
regarded as a primary mechanism for enhancing human capital to support the national
green transition.

3) Quadrant IIT — Niche Themes

Themes in this area, such as the knowledge economy, professional education, and
qualitative research, have high density but low centrality. This means these topics have
been developed in depth by specific research groups, but their contributions remain
limited to particular communities. Studies on the knowledge economy and professional
education generally focus on regional policies and contexts (e.g., Europe and the OECD)
and have not been widely applied to developing country contexts [39]. However, these
themes have the potential to become new drivers when linked to the green innovation
and digital TVET agendas in the future.

4)  Quadrant IV — Emerging or Declining Themes

This section displays themes with low centrality and density, such as e-learning,
inequality, and poverty. This pattern suggests that the online learning issue, which once
dominated the pandemic, is now experiencing a decline in relevance, being replaced by
more applicable topics such as work-based learning and eco-digital skills. Nevertheless,
the theme of inequality remains essential because it highlights the gap in access to green
education and job opportunities between developed and developing countries [11, 34].
Thus, this area represents a new research direction that integrates equity, gender equality,
and green digitalization into vocational education and training policy.

The analysis reveals that themes with centrality values greater than 0.5 and density
greater than 0.4 (e.g., green skills, innovation, human capital, and sustainability) are the
most dominant clusters. Meanwhile, approximately 20% of themes fall into the emerging
zone, indicating a continuously evolving research dynamic. Overall, this thematic map
demonstrates a shift in global focus from human capacity building to the integration of
eco-digital transformation as a new foundation for sustainable vocational education.

3.3. RQ3: How Do the Thematic Evolutions and Recent Publication Trends Suggest Emerging
Research Directions in Green Workforce Development and Sustainability-Oriented Vocational
Education?

Figure 5 illustrates the temporal evolution of research on green skills and
sustainability transitions in the context of vocational education (TVET), based on an
overlay visualization of the results from the VOS viewer analysis. The colors indicate the
chronology of topic emergence, from dark blue (2016) to yellow (2022), demonstrating the
field's transformation from a traditional educational approach to full integration with the
green transition and digitalization agenda. In the early phase (2016-2018), the color blue
marked the dominance of terms such as human capital, vocational education,
employment, and the labor market. These themes reflected the research focus on human
capital formation and the relationship between vocational education and labor
productivity, which was still economically oriented [40]. Research during this period
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emphasized the efficiency of education as an investment in human resources, without
addressing the environmental dimension.
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Figure 5. Overly visualization.

The transition phase (2019-2020) is colored green, indicating the emergence of new
topics, including skills development, sustainability in TVET, technical vocational
education, economic growth, and apprenticeship. The emergence of the term
"sustainability TVET" marks an effort to integrate sustainability principles into vocational
education and training (TVET) policies and curricula [20]. This shift coincides with the
momentum of the globalization of SDG 4.4, which emphasizes the importance of relevant
skills for sustainable development. In this phase, vocational education is beginning to be
seen as a means of driving a green economy (green-driven workforce).

The current phase (2021-2022), marked in yellow, features terms such as Industry 4.0,
gender equality, innovation, entrepreneurship, workplace learning, and eco-digital TVET.
These themes demonstrate the cross-domain integration of digital transformation and
sustainability transition, where vocational learning is geared toward producing an
adaptive workforce capable of innovating in a low-carbon economy [41,42]. The presence
of keywords such as gender equality and students also indicates increased attention to
social and justice aspects in green vocational education, in line with the concept of just
transition [11, 23].

Overall, this visualization confirms that the global literature is experiencing a shift in
focus from economic-driven vocationalism to the eco-digital human capital paradigm,
namely a skills development model that emphasizes the balance between economic
competitiveness, social inclusiveness, and environmental sustainability.

Figure 6 shows a temporal map of keywords used by researchers over the past two
decades (2005-2025). This visualization illustrates how each keyword has evolved, with
the size of the bubbles representing the frequency of occurrence (term frequency) and the
length of the lines indicating the duration of research activity. Overall, this trend indicates
a shift in research focus from employment and productivity issues to sustainable
vocational education and green transformation. The evolution of research shows three
main, interconnected phases. During the early period (2005-2012), the research focus
remained on classic themes, including labor markets, employment, and vocational
education, with an approach grounded in human capital theory that emphasized the
connection between vocational education and industry needs [25]. Entering the 2015-2020
period, there was a significant shift towards topics such as skills development, green skills,
and sustainability, in line with the implementation of the 2030 Agenda and SDG 4.4, which
emphasizes education for sustainability. The 2020-2025 phase marked the emergence of
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new themes that combine digitalization and sustainability, such as Industry 4.0,
innovation, and eco-digital TVET, which demonstrate a strong integration between
technological transformation and the green transition. This shift confirms the new
direction of global vocational education towards the development of an adaptive and
sustainability-oriented green workforce.
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Figure 6. Temporal Evolution and Global Research Trends.

Green skills, vocational education, and training have the highest term frequency
(>150) and have been consistently occurring since 2018. In contrast, topics such as technical
education, employment, and policy have shown a decrease in relevance since 2020. This
confirms that research is now shifting from discussing policy and employment to
exploring green competencies and sustainable vocational learning innovations. This
finding supports recent literature that emphasizes the importance of integrating eco-
digital competencies in TVET and confirms that the transition towards green workforce
development is not only technical, but also involves broader social and pedagogical
aspects.

Figure 7 illustrates the evolution of green skills and vocational education research
themes over three main periods: (1) 2005-2012, (2) 2013-2018, and (3) 2019-2025. Each
color block represents a dominant thematic cluster, while the connecting lines indicate
conceptual continuity or evolutionary relationships between themes across time.
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Figure 7. Thematic Evolution in Green Skills and Vocational Education Research (2005-2025).
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Phase 1 (2005-2012): Foundations of Human Capital and Vocational Education

In the initial period, research themes remained centered on classic concepts,
including human capital, vocational education and training, and skills development. The
primary focus of the research centered on the contribution of vocational education to
enhancing job skills, improving productivity, and reducing unemployment [43]. This
theme suggests that vocational education was viewed as an economic tool rather than a
means for environmental sustainability.

Phase 2 (2013-2018): Transition Towards Skills Development and Green Skills

The thematic map illustrates the emergence of new themes, including green skills,
employability, innovation, and policy [44]. The human capital theme remained intact but
transformed into a foundation for the development of a green economy and lifelong
learning. This period marked the beginning of the strong influence of the UNESCO Global
Action Program on Education for Sustainable Development (2015-2019), which
encouraged the integration of sustainability issues into TVET.

Phase 3 (2019-2025): Digital Integration and Sustainability

Topics have diversified with the emergence of Industry 4.0, eco-digital TVET, the
environment, and curriculum innovation [45]. The theme of green skills has become a key
bridge between vocational education and the sustainability transition agenda. The
emergence of career and technical education, along with the development of soft skills,
strengthens the research orientation towards adaptive and sustainable future workforce
competencies.

4. Discussion

The sharp growth of publications post-2016 signals a shift in TVET policy from
workforce preparation to green transition competencies. This is due to the epistemic
reorientation that employability needs to be complemented by cross-disciplinary
sustainability competencies (systemic, anticipatory, normative, collaborative), such as the
key sustainability competencies framework. The map shows the growing convergence of
eco-digital and green skills alongside Industry 4.0/digital transformation. This
convergence is vital because low-emission productivity in the manufacturing and service
sectors is heavily supported by the integration of datafication, automation, and resource
efficiency, so green competencies without digital competencies risk being inoperable in
the workplace.

The innovation/entrepreneurship cluster inherent in green skills emphasizes that
TVET is no longer simply a “technology follower,” but rather a producer of innovation
for the green economy. This aligns with the ILO’s agenda on skills for the green transition,
which emphasizes the formation of an innovation ecosystem, not just individual reskilling.
On the other hand, the emergence of gender equality/inequality as a trend topic broadens
the scope from economic efficiency to transitional justice (just transition), an area often
under-recognized in mainstream TVET studies.

Theoretically, this study contributes to the “eco-digital TVET” model, where green
skills serve as an integration node between sustainability competencies and innovative
production technology capabilities, which together explain why innovation clusters
become driving themes. Methodologically, it is demonstrated that combining co-
occurrence, thematic maps, and thematic evolution yields insights that are not attainable
when the three are analyzed separately, particularly in revealing long-term “conceptual
flows.” Practically, the implication is that TVET curriculum design needs to link systemic-
normative competencies (ESD) with data-automation capabilities (Industry 4.0),
strengthen work-based learning, and include indicators of returns to (green) education so
that the relevance of the green labor market is measured.
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5. Conclusion

A bibliometric analysis of 20 years of publications (2005-2025) shows that research
on green skills and sustainability transition in vocational education has undergone a
thematic shift from an economic approach to a broader sustainability orientation. Since
2016, global attention has increased rapidly, with the dominant topics of green
competencies, eco-digital skills, and workforce development, marking the integration of
digital transformation and the green agenda. These results confirm that vocational
education now plays a strategic role in supporting the transition to a sustainable
workforce, where competence development is no longer solely oriented towards
productivity but also towards social innovation and ecological awareness. These findings
provide an essential conceptual basis for directing vocational education policies and
practices that are adaptive to global sustainability challenges, while also opening up space
for further research that examines the empirical dimensions of applying eco-digital
competences in various industrial contexts and developing countries.

6. Limitations and Future Research

This study has several limitations that should be noted. First, this bibliometric
analysis only used the Scopus database, so it is possible that relevant literature from other
sources, such as Web of Science or Dimensions, was not included. Second, this study
focused on bibliographic data without delving into the qualitative content of each
publication, so thematic interpretation remains descriptive. Third, the representation of
the study's geographic context suggests a dominance of developed countries. In contrast,
contributions from developing countries, such as Indonesia, remain limited, underscoring
the need for a more balanced cross-regional study. Future research is recommended to
combine bibliometric analysis with a content analysis approach or a systematic literature
review to gain a deeper understanding of the methodological, pedagogical patterns, and
empirical impacts of applying green skills and eco-digital competencies in vocational
education.
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