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Abstract

Twenty-first century education faces complex challenges characterized by rapid technological
advancement, globalization, and increasingly urgent environmental crises. These conditions
have stimulated the emergence of innovative approaches, such as futuristic pedagogy,
ecopedagogy, and deep learning, as responses to the need for more adaptive, sustainable, and
meaningful learning. This study aims to analyze trends, developments, and the scientific

collaboration landscape related to these three approaches using a bibliometric method. The
research data were obtained from reputable scientific databases within the period 2021-2026
and analyzed using bibliometric software to identify publication patterns, dominant keywords,
author collaboration networks, and the contributions of countries and institutions. The results
Bibliometric analysis reveal a significant increase in the number of publications addressing futuristic pedagogy,
Deep learning ecopedagogy, and deep learning. Furthermore, the findings indicate that developing countries
are beginning to show substantial contributions to ecopedagogy studies, while developed
countries remain more dominant in technology-based futuristic pedagogy. The collaboration
network analysis also demonstrates a growing trend of international cooperation in the field of
innovative education. This study provides a comprehensive overview of the direction of
contemporary educational research and its implications for future learning practices. The
findings are expected to serve as a foundation for the development of educational policies,
curriculum innovation, and further research oriented toward inclusive, sustainable, and
adaptive education in response to global changes.
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1. Introduction

21st-century education is situated within an increasingly complex and disruptive global environment
shaped by rapid digital transformation, globalization, socio-cultural shifts, and escalating environmental crises.
The expansion of technologies such as artificial intelligence, big data, and automation has not only altered how
individual access and process information but has also redefined the nature of knowledge, skills, and learning
itself (Karimah et al,, 2024; Sutanto & Herlambang, 2025). As a result, education systems are required to
transition from static, content-oriented models toward adaptive, innovation-driven paradigms that emphasize
flexibility, responsiveness, and relevance to real-world challenges (Fitrah et al.,, 2025; Aleksieva, 2025; Wang et
al,, 2024). This transformation underscores the urgency of equipping learners with higher-order competencies,
including critical thinking, creativity, collaboration, communication, and digital literacy, alongside the capacity
for continuous and self-directed learning (Nurdiana, 2025; Rahim et al., 2025).

Within this evolving landscape, three pedagogical approaches futuristic pedagogy, ecopedagogy, and Deep
Learning have emerged as strategic responses to the multidimensional demands of contemporary education.
Futuristic pedagogy foregrounds the need to prepare learners for uncertainty and complexity by integrating
advanced technologies and fostering anticipatory and innovative thinking (Sukaesih et al.,, 2025; Ariyanti et al.,
2024). Ecopedagogy extends the educational agenda by embedding sustainability, environmental ethics, and
social responsibility into learning processes, positioning education as a transformative force in addressing
global ecological crises (Misiaszek, 2023; Susilawati et al, 2025). In parallel, Deep Learning emphasizes
epistemic depth through meaningful understanding, reflective thinking, and the ability to transfer knowledge
across contexts, thereby challenging the dominance of surface-level, memorization-oriented learning practices
(Zebua, 2024; Agyeman, 2024). Conceptually, these three approaches are not isolated; rather, they intersect in
their shared emphasis on transformation, relevance, and learner-centered meaning-making.

The growing scholarly interest in these domains is reflected in the increasing use of bibliometric analysis
to map the development of educational research. Bibliometric approaches have proven effective in identifying
publication trends, intellectual structures, and collaboration networks within complex research fields (Irawan,
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2024). Prior studies have applied bibliometric methods to examine areas such as artificial intelligence in
education, sustainability education, and deep learning pedagogy, revealing expanding research clusters and
thematic diversification (Ariyanti et al.,, 2024; Munandar et al., 2025). Furthermore, studies on ecopedagogy
highlight its rising prominence in response to global environmental challenges, while research on Deep Learning
pedagogy demonstrates its significant contribution to enhancing higher-order thinking and meaningful learning
outcomes (Amir et al.,, 2025; Harpina et al,, 2025). However, these studies remain largely domain-specific and
fragmented.

Despite the richness of existing literature, a critical gap persists in the lack of integrative bibliometric
analyses that simultaneously examine futuristic pedagogy, ecopedagogy, and Deep Learning within a unified
analytical framework. This fragmentation limits the ability to understand how these concepts co-evolve,
intersect, and collectively shape the discourse of 21st-century education. Without such integration, the field
risks developing in silos, thereby constraining theoretical advancement and the formulation of holistic
educational models capable of addressing complex global challenges.

Responding to this limitation, the present study conducts a comprehensive bibliometric analysis that
integrates these three pedagogical domains. By employing visualization tools such as VOSviewer and
Biblioshiny, this study systematically maps publication trends, keyword co-occurrence, and collaboration
networks to uncover the intellectual structure and developmental trajectory of the field (Irawan, 2024). This
integrative approach is expected to move beyond descriptive mapping toward a more critical understanding of
how these pedagogical paradigms are interconnected.

Accordingly, this study aims to analyze the trends, patterns, and structural relationships of research on
futuristic pedagogy, ecopedagogy, and Deep Learning within the context of 21st-century education. Specifically,
this study seeks to examine the temporal evolution of research trends, identify dominant themes and keyword
interconnections, and explore collaboration networks and knowledge structures that define this field. By doing
so, the study contributes not only to bridging the existing research gap but also to providing a more coherent
and strategic foundation for future educational research and innovation.

2. Method

This study employed a bibliometric analysis approach to systematically map and analyze research trends
related to Futuristic Pedagogy, Ecopedagogy, and Deep Learning in the context of 21st-century education.
Bibliometric analysis is widely used to examine the development, structure, and dynamics of scientific literature
through quantitative and visualization techniques (Donthu et al,, 2021; Ellegaard, 2018).

The data collection process was conducted on March 15, 2026, using the Publish or Perish software
developed by Harzing. The data were retrieved from the Crossref database, which provides broad coverage of
open-access scholarly metadata and allows efficient extraction of bibliographic information. The selection of
Crossref was based on its accessibility, comprehensive metadata coverage, and compatibility with bibliometric
tools. However, it is acknowledged that Crossref has limitations compared to databases such as Scopus and Web
of Science, particularly in terms of data standardization, citation indexing accuracy, and coverage of high-impact
journals.

The search strategy was conducted using a combination of keywords formulated into the following search
query: ("futuristic pedagogy” OR "future pedagogy" OR "education 4.0") AND ("ecopedagogy” OR
"environmental education” OR "sustainability education") AND ("deep learning” OR "meaningful learning" OR
"higher order thinking") AND ("21st century education” OR "education in the 21st century"). This query was
designed to ensure comprehensive retrieval of relevant publications while maintaining alignment with the
research focus.

The inclusion criteria applied in this study were: (1) documents published between 2021 and 2026, (2)
publications categorized as journal articles, conference proceedings, and review articles, (3) documents written
in English, and (4) publications with relevance to the themes of futuristic pedagogy, ecopedagogy, and Deep
Learning in education. Meanwhile, the exclusion criteria included: (1) incomplete bibliographic data, (2) non-
scholarly documents such as editorials, book reviews, or notes, and (3) documents that were not directly related
to the research variables.

Following the data collection process, a data cleaning stage was conducted to ensure the quality and
consistency of the dataset. This process involved removing duplicate records, standardizing author names and
keywords, and normalizing similar terms (e.g., merging variations such as “deep learning pedagogy” and “deep
learning approach” into a unified term). This step is essential to avoid bias and ensure accurate visualization
results.
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The cleaned data were then analyzed using VOSviewer software to generate bibliometric maps. The
analysis employed several parameters, including a minimum occurrence threshold of 5 for keyword analysis, a
full counting method, and keywords as the unit of analysis. The types of analysis conducted included co-
occurrence analysis (to identify relationships between keywords), co-authorship analysis (to examine
collaboration networks), and network visualization to explore the structure and density of research topics
(Simovd, 2023).

Through this procedure, the study aims to provide a comprehensive and systematic overview of the
development of research related to Futuristic Pedagogy, Ecopedagogy, and Deep Learning, as well as to identify
emerging trends and potential research directions in the field of 21st-century education.

3. Results and Discussion

In this section, the results and discussion of the study are divided into three parts: cluster analysis,
research trends, and research density. The results of the analysis are presented in graphical form to facilitate
readers’ understanding of the findings. The data matrix obtained from the collection of sources using the Harzing
Publish or Perish application presented on Table 1.

Table 1. Data Matrix

Publication years 2021-2026
Citation years 5(2021-2026)
Paper 1000
Citations 1223
Cites/year 244.60
Cites/paper 1.22
Cites/author 574.94
Paper/author 535.79
Author/paper 2.20
h-index 16

g-index 24
hA-index 8

Table 1 shows that within the time span from 2021 to 2026, there are 1.000 articles relevant to the
research theme. Overall, there are 1.223 citations within this five-year period, with an average of 244.60
citations per year and 574.94 citations per author. Furthermore, the collected articles have an h-index of 16, a
g-index of 24, and an hA-index of 8.

3.1. Cluster Analysis

In this section, the researcher explains the results of the cluster analysis conducted on the literature and
articles obtained from the Crossref database. The cluster analysis was carried out using the VOSviewer
application, which enables the visualization of clear graphical representations of the clusters identified in this
study, namely Futuristic Pedagogy, Ecopedagogy, and Deep Learning in 21st-Century Education (see Figure 1).
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Figure 1. Cluster and Network Visualization

This figure represents a network visualization from the bibliometric analysis, illustrating the relationships
among keywords in research related to deep learning, students, and various supporting aspects of education. In
this visualization, nodes (points) represent frequently occurring keywords in the literature, while edges (lines)
indicate the relationships between keywords based on their co-occurrence in the same documents. Different
colors represent clusters formed based on thematic connections.
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The green cluster, labeled Deep Learning and Artificial Intelligence, represents a technologically driven
paradigm within contemporary educational research, where learning is increasingly shaped by data-intensive
and algorithmic approaches. The dominance of terms such as deep learning models, machine learning, and
artificial intelligence suggests not only the adoption of advanced technologies but also a shift toward predictive
and adaptive learning systems. The inclusion of keywords such as prediction, futuristic trend, and methodology
indicates that this cluster is forward-looking, positioning education within a framework of anticipatory
innovation. This implies that learning is no longer merely reactive to existing needs but is being designed to
forecast and respond to future challenges, thereby reinforcing the role of technology as both a driver and
mediator of sustainable and personalized learning environments.

In contrast, the blue cluster, identified as Deep and Reliability, reflects a more epistemological and quality-
oriented dimension of educational discourse. Rather than focusing primarily on technological integration, this
cluster emphasizes the depth, consistency, and trustworthiness of learning processes. The presence of terms
such as reliability and researcher suggests a concern with validating learning outcomes and ensuring
methodological rigor in educational practices. Interestingly, the emergence of keywords such as disease,
identification, and treatment indicates a diagnostic orientation, where learning is conceptualized analogously to
a system that can be examined, evaluated, and improved through targeted interventions. This perspective
highlights a critical shift from merely delivering content to systematically addressing learning difficulties,
thereby strengthening the sustainability and effectiveness of educational processes through evidence-based
practices.

Meanwhile, the red cluster, referred to as Education and Student, functions as the pedagogical core that
connects technological innovation and epistemological depth with actual classroom practices. The prominence
of terms such as education, student, teacher, and practice indicates that this cluster captures the operational
dimension of learning systems. Keywords such as learning model, skill, activity, and value further suggest an
emphasis on how pedagogical strategies are enacted to facilitate meaningful learning experiences. Analytically,
this cluster serves as the implementation layer where abstract concepts from the green and blue clusters are
translated into concrete educational practices. It highlights that the effectiveness of technological and
conceptual advancements ultimately depends on how they are mediated through teacher practices, student
engagement, and the design of learning activities.

Taken together, these three clusters reveal a complementary structure within the research landscape. The
green cluster drives innovation through technological advancement, the blue cluster ensures depth and
reliability through critical and diagnostic perspectives, and the red cluster operationalizes these dimensions
within real educational settings. Their interaction suggests that future educational development requires not
only technological sophistication but also methodological rigor and pedagogical coherence, thereby reinforcing
the need for an integrated approach to 21st-century education.

3.2. Research Trend Analysis

In this section, the researcher describes the findings of research trends identified using the VOSviewer
application. The time span analyzed in this study ranges from 2021 to 2026. In this regard, the trends in
futuristic pedagogy, ecopedagogy, and deep learning contribute to shaping a new paradigm of education in the
21st century. The results of the research trend analysis can be seen in the figure 2.
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Figure 2. Research Trend Visualization

From the perspective of overlay visualization, this figure illustrates the development and interconnection
of concepts in research related to cultural futuristic leadership based on bibliometric analysis. The colors in the
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visualization represent the average year of occurrence of the analyzed keywords, with a time scale shown at the
bottom (2023-2026).

The temporal visualization reveals a dynamic evolution of research themes across different periods,
reflecting shifts in focus within the educational discourse. The blue color cluster, representing the earlier phase
around 2023, is dominated by foundational educational concepts such as education, student, teacher, learning
model, activity, and value. The prominence of these keywords indicates that research during this period largely
concentrated on core pedagogical structures and classroom practices. Additionally, the appearance of terms
such as pedagogic practice, teaching, skill, communication, and higher education suggests that early studies were
primarily concerned with strengthening instructional quality and aligning teaching practices with broader
educational systems. Analytically, this phase can be interpreted as a consolidation stage, where the emphasis
was placed on reinforcing fundamental pedagogical frameworks before the integration of more complex or
emerging approaches.

The green color cluster, also emerging around 2023, reflects a transitional phase characterized by the
increasing incorporation of technological and analytical dimensions into education. The growing prominence of
concepts such as deep learning and machine learning indicates a shift toward data-driven and technology-
enhanced learning environments. Keywords such as deep learning models, reliability, and prediction suggest
that research began to focus not only on improving learning outcomes but also on ensuring the consistency,
accuracy, and sustainability of educational processes. Furthermore, the emergence of terms such as
identification and artificial intelligence highlights the expanding role of intelligent systems in diagnosing
learning patterns and supporting decision-making in education. This phase signifies a movement from
traditional pedagogy toward a more hybrid model that integrates technological innovation with educational
objectives.

In contrast, the yellow color cluster, representing the most recent period from 2024 to 2026, illustrates a
forward-looking and integrative research direction. The appearance of keywords such as futuristic trend,
treatment, ecopedagogy, and deep learning application in brighter colors indicates that these topics are
currently at the forefront of scholarly attention and are likely to shape future research trajectories. This cluster
reflects a convergence of technological advancement, sustainability concerns, and applied pedagogical
innovation. The inclusion of domains such as finance and treatment suggests that educational research is
increasingly connected to broader socio-economic and global contexts, emphasizing the relevance of education
in addressing complex real-world challenges. Additionally, keywords such as interview and reality indicate a
growing emphasis on empirical validation and contextual understanding, highlighting a shift toward more
evidence-based and practice-oriented research.

Taken together, this temporal progression demonstrates a clear trajectory from foundational pedagogical
concerns, to technological integration, and ultimately toward a holistic and future-oriented educational
paradigm. This evolution suggests that contemporary educational research is no longer confined to improving
instructional practices alone but is increasingly directed toward integrating sustainability, technology, and real -
world applicability into a cohesive framework for 21st-century learning.

3.3. Future Research Directions

In this section, the researcher explains the findings obtained from the density analysis of research on
trends in Futuristic Pedagogy, Ecopedagogy, and Deep Learning in 21st-century education. This section also
describes the research topics that have been widely explored by scholars in examining these three approaches.
In addition, it outlines potential future research directions related to Futuristic Pedagogy, Ecopedagogy, and
Deep Learning in 21st-century education. The visualization of this analysis can be seen in the figure 3.

Density visualization is a technique used to display the level of keyword occurrence density within a
research domain. Brighter colors indicate areas of high density (keywords that frequently appear and have
strong relationships), while darker colors indicate areas of low density or topics that are less frequently
discussed. The density visualization reveals a differentiated structure of research intensity, highlighting the
relative prominence and maturity of themes within the field.
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Figure 3. Density Visualization

In the high-density core area, keywords such as student and teacher appear as the most dominant and
highly interconnected nodes, indicating that the central discourse of 21st-century education remains strongly
anchored in the interaction between learners and educators. The frequent co-occurrence of deep learning and
education further reinforces that contemporary research increasingly emphasizes meaningful and in-depth
learning processes as a key framework for understanding educational transformation. Moreover, the presence
of keywords such as machine, reliability, and prediction suggests that technological elements are not merely
supplementary but have become integral to interpreting and shaping future learning systems. Analytically, this
core area reflects a consolidation of pedagogical and technological dimensions, where human-centered learning
and data-driven approaches converge.

In the medium-density area, the distribution of keywords points to an emerging expansion of the research
landscape toward more contextual and interdisciplinary concerns. Terms such as cross-cultural leadership and
global leadership indicate that education is increasingly positioned within a global and multicultural framework,
emphasizing the need for leadership competencies that transcend local boundaries. At the same time, the co-
occurrence of teaching and ecopedagogy highlights a growing awareness that educational practices must
incorporate sustainability and environmental responsibility, extending the scope of learning beyond cognitive
outcomes to include ethical and ecological dimensions. Additionally, the linkage between artificial intelligence
and practice suggests that technological innovation is beginning to be translated into applied educational
contexts, although it has not yet reached the level of central dominance observed in the core area. This
intermediate zone can therefore be interpreted as a transitional space where new themes are being integrated
into the broader educational discourse.

Meanwhile, the low-density area reflects frontier topics that are still in the early stages of development
and have not yet achieved widespread scholarly attention. Keywords such as futuristic trend and exploration
indicate that forward-looking educational concepts remain largely exploratory, signaling substantial
opportunities for future research. Similarly, the association between learning model and methodology suggests
that although there is an emerging interest in designing sustainable and environmentally oriented learning
frameworks, these efforts are still fragmented and lack methodological consolidation. The appearance of the
keyword feature further implies that the integration of futuristic pedagogy, ecopedagogy, and deep learning is
still evolving as a research domain. From an analytical perspective, this low-density area represents a critical
research gap, where the potential for theoretical development and empirical investigation remains largely
untapped.

Overall, the density distribution demonstrates a clear stratification within the research field, ranging from
well-established core themes, to emerging interdisciplinary connections, and finally to underexplored areas
with high potential for innovation. This pattern underscores the necessity of bridging these layers, particularly
by advancing integrative research that connects technological innovation, sustainability-oriented pedagogy, and
deep learning approaches into a more coherent and comprehensive educational framework.

The bibliometric results indicate that deep learning occupies a central and highly interconnected position
within the educational research landscape, particularly in relation to students and teachers as the primary
actors in the learning process. In addition, emerging themes such as ecopedagogy, artificial intelligence,
leadership, and futuristic trends appear as supporting yet increasingly relevant components. Meanwhile, several
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areas such as practice, methodology, and exploration are identified as low-density topics, indicating that they
remain underdeveloped and present opportunities for further investigation.

These findings suggest that while the core of educational research remains grounded in pedagogical
interactions, there is a clear shift toward integrating technological innovation and sustainability-oriented
approaches. The strong presence of deep learning reflects an increasing emphasis on meaningful and
transformative learning processes, whereas the emergence of artificial intelligence and futuristic trends signals
a transition toward anticipatory and adaptive education systems. However, the relatively low density of
methodological and practical aspects indicates a gap between conceptual development and empirical
implementation.

This pattern is consistent with previous studies. Futuristic pedagogy, for instance, has been widely
discussed as an approach that promotes future readiness through technological integration and the
development of 21st-century competencies (Nemani, 2024; Ng, 2026; OECD, 2020). However, empirical studies
reveal that its implementation at the classroom level remains challenging (Bolat, 2024; Diaz et al., 2024; Voogt
& Roblin, 2022), supporting the bibliometric finding that practical and methodological dimensions are still
limited. Similarly, research on ecopedagogy highlights its importance in fostering ecological awareness, yet often
fails to produce sustained behavioral change (Kopnina, 2020; Rozak, 2024). Stevenson et al. (2021) further
emphasize that sustainability education requires a transformative and multidimensional approach, which aligns
with the need for deeper integration identified in this study.

In the context of deep learning, previous studies confirm its significant contribution to conceptual
understanding, knowledge transfer, and the development of global competencies (Fullan et al., 2020; Hattie &
Donoghue, 2020; Utomo et al,, 2025). However, the bibliometric findings reveal that this approach is still
predominantly studied in isolation, without sufficient integration with sustainability and future oriented
pedagogical frameworks. This fragmentation is also noted by Leicht et al. (2021), who argue for a more
integrated approach to sustainable education. Furthermore, the dominance of studies from developed countries
highlights the lack of contextual research, particularly in developing contexts. Scholars such as Tikly (2020) and
Dolnicar (2024) emphasize the importance of adapting global educational frameworks to local socio-cultural
conditions, which remains a significant gap, especially in the Indonesian context.

3.4. Implications for Educational Research

The findings of this study provide several important implications for the development of educational
research. First, there is a need to move beyond fragmented approaches by developing integrative frameworks
that combine futuristic pedagogy, ecopedagogy, and deep learning into a coherent model. Such integration is
essential to address the multidimensional challenges of 21st-century education, including technological
advancement, sustainability, and the need for meaningful learning. Second, future research should prioritize
empirical studies that test the effectiveness of these integrated approaches, particularly in measuring cognitive,
affective, and behavioral outcomes simultaneously. This is important to bridge the gap between conceptual
discourse and practical implementation.

The next implication is there is a strong need for context-based research that incorporates local wisdom
and cultural values. In the Indonesian context, integrating local knowledge systems with global frameworks such
as Education for Sustainable Development (ESD) can provide more relevant and applicable educational models.
Fourth, the development of comprehensive evaluation instruments is necessary to assess learning outcomes
holistically. Such instruments should not only measure academic achievement but also capture students’
ecological awareness, critical thinking, and future readiness.

3.5. Limitations

Despite its contributions, this study has several limitations. First, the bibliometric analysis is limited to
data obtained from the Crossref database, which may not fully represent the entire body of global scientific
publications compared to databases such as Scopus or Web of Science. Second, the analysis is constrained by the
selected time range (2021-2026), which may exclude earlier foundational studies relevant to the topic. Third,
the reliance on keyword-based searches may lead to the omission of relevant studies that use different
terminologies. Finally, while bibliometric analysis provides a comprehensive overview of research trends, it
does not offer in-depth qualitative insights into the content of individual studies.

4. Conclusion

Based on the results of the bibliometric analysis of trends in futuristic pedagogy, ecopedagogy, and deep
learning in 21st-century education, it can be concluded that these three approaches have shown significant
development and are gaining increasing attention in global research, particularly during the 2020-2026 period.
The rise in the number of publications reflects an urgent need to transform education systems to be more
adaptive to technological, social, and environmental changes. Futuristic pedagogy is rapidly developing
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alongside the integration of digital technology and artificial intelligence in learning, while ecopedagogy emerges
as a response to sustainability issues and the global environmental crisis. Meanwhile, deep learning emphasizes
the importance of meaningful, student-centered learning to build deep conceptual understanding. Keyword
analysis and collaboration networks also reveal strong interconnections among these three approaches in
shaping a holistic and future-oriented educational paradigm. Therefore, the integration of futuristic pedagogy,
ecopedagogy, and deep learning represents a strategic direction for the development of 21st-century education.
These approaches are not only theoretically relevant but also have practical implications for creating innovative,
sustainable learning that can comprehensively address global challenges.
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