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systemic transformation. Following PRISMA guidelines, literature searches
in Scopus and Web of Science identified 26 peer-reviewed articles focusing
on technology-based pedagogy and competency-based learning. Thematic
coding classified findings into three areas: dominant technologies and
pedagogies, systemic contributions, and conceptual challenges. Results
show that artificial intelligence (Al), learning management systems (LMS),
hybrid learning, and immersive technologies (AR/VR) are the most
common tools, supporting personalized and project-based learning.
However, there remains a gap between technology adoption and
transformative pedagogy, with most contributions being localized and
exploratory. Recurring themes include digital identity, teacher readiness,
resistance to change, and digital divides, particularly in developing
contexts. Few studies adopt longitudinal approaches or address policy-
pedagogy-technology alignment comprehensively. This review proposes a
conceptual model linking technology, pedagogy, human capacity, and
policy to form an adaptive and inclusive Education 4.0 ecosystem.
Implications highlight the need for stronger theoretical foundations,
participatory technology design, long-term institutional strategies, and
evidence-based policymaking to ensure sustainable educational
transformation. The synthesis offers a conceptual and practical guide for
advancing Education 4.0 in diverse contexts

©2025 The Author. This is an open-access article under the CC-BY license.

1. Introduction

The development of digital technology has transformed nearly every aspect of human life,

including the education sector. In the era of the Fourth Industrial Revolution, the integration of
technologies such as artificial intelligence, big data, the Internet of Things (IoT), and virtual reality
has led to the emergence of a new paradigm known as Education 4.0 [1], [2], [3]. This concept
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demands that the education system be more adaptive, flexible, and centered on personalized,
collaborative, and competency-based learning. The implementation of Education 4.0 is becoming
increasingly relevant in preparing future generations to compete in a complex and dynamic workplace
[1], [4], [5], [6]. This emphasizes the importance of innovation in pedagogical strategies, the
development of 21st-century skills, and the strengthening of digital literacy. Therefore, a deep
understanding of the dynamics and practices of Education 4.0 is an urgent need for educators,
researchers, and policymakers worldwide. The concept of Education 4.0 first emerged as an extension
of the Industry 4.0 model, which emphasizes automation, connectivity, and digitalization across
industry sectors [1], [7], [8]. In the context of education, Education 4.0 encourages the integration of
cutting-edge technologies to create learning that is responsive to individual needs, competency-based,
and relevant to 21st-century challenges. Some key approaches developing within this framework
include adaptive learning, the use of artificial intelligence, project-based learning, and cross-border
online collaboration.

Various global initiatives have demonstrated efforts to adopt Education 4.0 principles in both
formal and non-formal education systems [1], [2], [4], [8]. Previous research has underscored the
importance of technology as a lever for change in curriculum, pedagogy, and assessment [3], [9], [10],
[11], [12], [13], [14]. However, the implementation of Education 4.0 has not always been uniform
across countries, given disparities in infrastructure, educator readiness, and education policies. These
differences raise important questions about how Education 4.0 practices and approaches are
developed, adapted, and evaluated across local and global contexts. Although the concept of
Education 4.0 has been widely discussed and promoted globally, significant gaps remain in
understanding how this concept translates into concrete educational practices [2], [8], [15], [16]. Many
studies focus on technological or policy aspects, but there are still limited studies that comprehensively
map pedagogical approaches, implementation strategies, and educational institutions' responses to
these changes [2], [17], [18]. The lack of a comprehensive synthesis of the direction, trends, and
diversity of Education 4.0 approaches makes it difficult for educators and policymakers to make
evidence-based decisions [19], [20]. To date, there has been no literature synthesis that
comprehensively maps the relationship between pedagogical approaches, technology integration, and
education system transformation within the Education 4.0 framework [4], [21]. The absence of an
integrated conceptual framework and systematic thematic mapping makes it difficult to formulate
policies, design learning interventions, and develop sustainable research directions.

As attention to the concept of Education 4.0 grows, various studies have begun to explore the
dynamics of educational transformation in the digital age. However, most available research tends to
be limited to sectoral approaches, such as focusing on the implementation of specific technologies,
local-scale case studies, or partial curriculum innovations [19], [20]. These studies are generally
conducted separately, and few attempt to comprehensively link aspects of technology, pedagogy, and
learning context within a unified conceptual framework. This leads to a lack of comprehensive
understanding of how the key components of Education 4.0 interact and contribute to systemic
educational transformation. Furthermore, there is limited research examining the development of the
Education 4.0 discourse longitudinally and systematically [2], [8]. Information on publication trends,
shifting thematic focuses, and the variety of approaches used remains limited and poorly documented.
Consequently, researchers and practitioners struggle to gain a comprehensive picture of the direction
of research developments, including the empirical and theoretical contributions produced. Yet, such
understanding is crucial for building a solid scientific foundation and guiding education policy toward
a more adaptive and evidence-based approach.

Amidst the accelerated adoption of digital technology in the education system, a number of
studies have shown that the use of tools such as Learning Management Systems (LMS), artificial
intelligence, and virtual reality-based technologies has not been fully accompanied by a
transformation in teaching approaches [3], [21], [22], [23]. Technology integration often still focuses
on operational or administrative aspects, without fundamentally changing the learning paradigm [3],
[10], [24]. Meanwhile, innovative learning approaches such as flipped classrooms, project-based
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learning, and Al-powered microlearning are beginning to show potential in improving student
engagement and learning outcomes [25], [26]. However, these findings remain scattered across
individual reports and articles without a synthesis that could illustrate emerging patterns or the
effectiveness of approaches used in different contexts. Furthermore, the existing review structure does
not clearly classify study characteristics based on their epistemological orientation [27], [28]. Not all
literature explicitly distinguishes between descriptive, conceptual, and evaluative research. This
makes it difficult for readers to understand the extent to which a study contributes to the development
of theory or practice in the field. Furthermore, pedagogical approaches that place students at the center
of learning, although increasingly mentioned, have not been widely discussed in an integrative manner
in relation to digital platforms, instructional strategies, and expected learning outcomes within the
Education 4.0 framework.

Initial searches of scientific publications recorded in international databases such as Scopus and
Web of Science show that the volume of articles on Education 4.0 has increased significantly since
2020 (Fig. 1). However, the content discussed in these publications still exhibits a high degree of
fragmentation [29]. Topics such as online learning, the use of Al, strengthening 21st-century skills,
and developing competency-based curricula are often discussed separately and have not yet been
directed towards developing indicators of success or best practices that can be widely adopted [29].
This misalignment indicates that despite the growth of the Education 4.0 discourse, there is no strong
consensus in the literature regarding the dominant approach or contextual and sustainable
implementation strategies at various levels of education.
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Year

Fig. 1. Annual scientific production

In Indonesia, the transformation of education towards the Education 4.0 era has begun to be
driven through strategic policies such as "Independent Learning," the integration of digital platforms
such as Rumah Belajar and the national Learning Management System, and strengthening
technological literacy at all levels of education [3], [23], [30]. However, significant challenges remain,
particularly in terms of the digital divide between regions, teachers' readiness to adopt new
pedagogically based technologies, and limited data-based evaluation of the effectiveness of digital
learning strategies [23], [31], [32]. Amidst this complexity, a literature review that can systematically
map approaches to technology, pedagogy, and competency-based learning is highly relevant, not only
as a conceptual reference, but also as a basis for policy-making and the development of more adaptive
and contextual learning practices according to Indonesia's needs. To address the need for a more
comprehensive understanding of the dynamics of Education 4.0, this study was conducted using a
Systematic Literature Review (SLR) approach. This study aims to systematically identify, evaluate,
and synthesize scientific literature that discusses the integration of technology, pedagogical
approaches, and competency-based learning within the Education 4.0 framework [33], [34], [35]. The
main focus of this study includes mapping publication trends, classifying learning approaches, and
exploring the dominant issues and contributions that have emerged over the past decade. By adopting
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a structured SLR methodology, this article aims to present a comprehensive, evidence-based
knowledge map that can serve as a foundation for policy development, teaching practices, and future
research directions in technology-based educational transformation.

To address these issues, the SLR approach was chosen as a methodological strategy to identify,
classify, and synthesize various approaches and contributions in Education 4.0 studies. Thus, this
study is designed to answer three main questions: (1) what the dominant technological and
pedagogical approaches in Education 4.0 studies are; (2) how do these studies contribute to the
transformation of the education system; and (3) what are the conceptual challenges and research
directions that are still open in the Education 4.0 literature. The contribution of this study is to provide
a structured thematic synthesis of current pedagogical and technological approaches in Education 4.0,
offering a conceptual foundation for future research and informing more adaptive educational policies.

2. Method

This study is a systematic literature review conducted in a transparent and documented manner.
The review procedure follows the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines as outlined by [36]. The data synthesis process was carried out
thematically and categorically to identify the technological focus, pedagogical approach, and
conceptual contribution in the Education 4.0 study [37].

2.1. Literature Search and Selection

The literature search for this study was conducted systematically across two major databases:
Scopus and Web of Science (WoS). The search string used combined three main components: the
Education 4.0 concept, pedagogical approaches, and technology integration. The search string
included a combination of the following terms:

("Education 4.0" OR "Fourth Industrial Revolution" OR "digital education" AND
"pedagogy" OR "teaching model" OR "learning approach" OR "student-centered
learning" OR "competency-based education" AND "technology integration" OR "Al
in education" OR "smart learning" OR "digital pedagogy").

The inclusion criteria used included: (1) peer-reviewed scientific articles published in journals or
conference proceedings; (2) written in English; (3) explicitly addressing the Education 4.0 theme with
a focus on technological, pedagogical, or competency-based learning approaches; and (4) available in
open access, either in full or in part. Studies with qualitative, quantitative, or mixed approaches were
all considered. The initial search yielded 56 articles, which were then filtered through a process of
deduplication and selection based on title and abstract. After a full reading and application of exclusion
criteria to irrelevant articles, 26 articles were deemed suitable for further analysis. The entire article
search and selection process is summarized in detail in Fig. 2.

2.2. Coding and Synthesis Process

Twenty-six articles that passed the selection stage were then analyzed through a thematic coding
process based on an extraction table. Each article was manually coded to identify and record the
following information: article title, author(s) and year, publication source, country/context of study,
methodological approach, research objectives, technological or pedagogical focus, key findings, and
contribution to Education 4.0. The coding process was conducted iteratively by the first author, then
validated by two independent reviewers to ensure consistency and reliability of the themes. This
process resulted in thematic categories that could systematically answer the research questions. Three
main categories developed in the synthesis process include: (1) the type of technology or pedagogical
approach used; (2) the form of contribution to the transformation of the education system; and (3)
variations in the geographical context and methodological approach of the reviewed studies.
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Fig. 2. PRISMA flow chart

2.3. Data Analysis

The analysis was conducted thematically and categorically. The primary focus was to identify
trends in technology use and pedagogical approaches (RQ1), variations in contributions based on
country context and methodological approach (RQ2), and patterns of findings and key challenges from
the reviewed studies (RQ3). The findings were classified into a synthesis table and analyzed
narratively to identify patterns that could answer the research questions. The analysis process was
conducted using Microsoft Excel software.

3. Results and Discussion
3.1. General Characteristics of the Reviewed Studies

This study reviews 26 scientific articles highlighting educational phenomena and approaches in
the Education 4.0 era. Initial analysis found that the general characteristics of these studies
demonstrate tendencies that reflect global socio-technological dynamics, particularly in the post-
pandemic context.

3.1.1. Publication Year Distribution

As shown in Fig. 1, there was a significant increase in the number of publications in 2022 and
2023. This surge is likely a response to the sudden transformation of the global education system due
to the COVID-19 pandemic [38], [39], [40]. In this case, Education 4.0 is positioned not only as a
framework for the future, but as an emergency solution that will then become part of the new normal
[41]. This marks a paradigm shift from conventional education to a more digitally integrated learning
model. However, these findings also indicate that the Education 4.0 discourse has only received
significant systematic attention in the past three years, leaving ample potential for further exploration.
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3.1.2. Country and Study Context

The country distribution shows that most studies come from developing and transitional
countries, such as Nigeria, India, and Indonesia, as well as several European countries such as
Romania and Ireland (Fig. 3). This fact is interesting because it shows that challenges and innovations
in digital education are not limited to developed countries. Developing countries even serve as natural
laboratories for observing the complexities of implementing Education 4.0, particularly in terms of
infrastructure limitations, human resource readiness, and policy adaptation [42]. However, the
predominance of studies in micro-contexts (institutional or regional) (see Fig. 4) without cross-
national connections indicates that Education 4.0 studies remain fragmented. The lack of international
comparative and integrative approaches represents a significant gap that future studies need to address.

Other/Unclassified/Multinational
(Multinational, Multicontext, Not Clear)

Developed
(Finlandia, Inggris, Irlandia, Italia, Kanada, Slovenia, Spanyol)

Developing/Transition
(Afrika Selatan, Eswatini, Hungaria, India, Indonesia, Kazakhstan, Malaysia, Nigeria, Rumania, Rusia, Uzbekistan, Vietnam)

Fig. 3. Distribution of studies by country category

Multi-country (Comparative)

Single-country (Micro context)

Fig. 4. Distribution of studies by geographical scope

3.1.3. Methodological Approach

Most articles employ conventional quantitative and qualitative approaches (Table 1).
Quantitative studies typically focus on student/teacher perceptions of technology through surveys,
while qualitative studies explore pedagogical experiences and identities in digital contexts. The use of
mixed methods approaches or longitudinal studies, which are crucial for understanding long-term
changes in education systems, remains limited. This suggests that Education 4.0 studies are still in the
early stages of exploration and documentation, with limited evaluative or predictive aspects.
Therefore, future research needs to strengthen the methodological dimension to uncover the dynamics
of transformation in greater depth and sustainability.

3.1.4. Type and Credibility of Sources

All articles are from indexed international journals, demonstrating relatively high research
quality and consistent academic standards. However, not all studies are accompanied by an explicit
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theoretical framework, and most are exploratory-descriptive in nature. This reinforces the importance
of the subsequent sections of this review to conceptually synthesize the findings and highlight
unaddressed gaps in the literature.

Table 1. Distribution of methodological approaches

Method Category Number of Studies Percentage
Qualitative 12 46.2%
Quantitative 8 30.8%
Mixed Methods 5 19.2%
Conceptual/Theoretical 1 3.8%

3.2. Technology Focus and Pedagogical Approach in Education 4.0 Studies (RQ1)

This section aims to identify the key technologies and pedagogical approaches dominant in the
Education 4.0 literature. Based on the coding results of the 26 articles reviewed, consistent patterns
were found regarding the types of technologies adopted and the pedagogical orientations developed
by education researchers and practitioners. In general, the technologies most frequently encountered
in the studies included artificial intelligence (Al) and the Internet of Things (IoT), which are used to
support personalized learning, data-driven decision-making, and the development of adaptive learning
systems [43], [44]. In addition, Augmented Reality (AR), Virtual Reality (VR), and Metaverse
technologies are also found in a number of studies that seek to create more immersive learning
experiences, especially in the context of technical and experiential skills learning [45]. Digital
platforms such as Learning Management Systems (LMS), Massive Open Online Courses (MOOCs),
and distance learning systems have become an important foundation for implementing digital
education, especially during the pandemic [44], [46]. Hybrid and blended learning models also occupy
a central position as the most widely adopted form of integration between physical and digital learning
spaces [47]. As shown in Fig. 5, hybrid learning, distance learning, and Al are the technologies with
the highest frequency of occurrence. This indicates a shift from assistive technologies to
transformational technologies that are changing the way learning is designed and delivered. However,
more advanced technologies such as Metaverse and VR/AR are still found in exploratory studies,
indicating that their implementation is uneven and still limited to experimental contexts [48], [49],
[50], [51].

Hybrid Learning | 10
Artificial Intelligence (Al) | 9
Distance Learning | 9
Internet of Things (loT) | 6
Learning Management Systems (LMS) | 5
Massive Open Online Courses (MOOCs) | 4

Virtual Reality (VR) | 3
Augmented Reality (AR) | 3

Metaverse | 2

0 2 4 6 8 10
Frequency of Occurrence in Reviewed Studies

Fig. 5. Dominant technologies in education 4.0 literature

From a pedagogical approach perspective, there is a strong tendency towards student-centered
learning [44], [52]. Some prominent approaches include personalized learning, which utilizes artificial
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intelligence to tailor content and learning paths individually; project-based learning, which
emphasizes collaboration and problem-solving in authentic contexts; and digital pedagogy and hybrid
classrooms, which consciously integrate technology into instructional design [43], [52], [53]. In
addition, there is also strengthening of 2lst-century competencies such as critical thinking,
collaboration, and creativity as part of the main orientation in Education 4.0-based learning practices
[54], [55]. Although the term 21st-century skills frequently appears in the reviewed articles, only a
small number truly integrate it into a measurable and applicable evaluative framework. Most remain
conceptual or opinionated, without a clear implementation approach.

These findings confirm that in the Education 4.0 discourse, technology is no longer positioned
merely as a tool, but rather as a key structural element supporting new pedagogical models. The use
of Al and digital systems in learning shows significant potential for expanding access, increasing
personalization, and deepening student engagement, particularly in developing countries [56], [57].
However, significant limitations remain in systematically evaluating the effectiveness of this
approach. The gap between technology availability and pedagogical readiness is also a crucial issue,
with many educational institutions technically capable of adopting technology but lacking a well-
developed pedagogical strategy for integrating it into the learning process [58]. Although the hybrid
learning model has become a popular discourse, few studies have in-depth explored how it is
pedagogically implemented in real-world practice. Furthermore, the focus on the importance of 21st-
century competencies has not been matched by studies that explicitly discuss how to measure,
cultivate, or evaluate these skills in the context of digital learning [59]. Thus, there are still gaps that
need to be filled to ensure that technology integration in education truly impacts pedagogical
transformation and student learning outcomes across the board.

3.3. Research Contribution to Educational Transformation in the Era of Education 4.0
(RQ2)

The studies analyzed in this review not only explain the implementation of technology in
education but also make tangible contributions to systemic transformation efforts. These contributions
depend heavily on the country context, the methodological approach used, and the solution-oriented
approach offered by each study. Geographically, the majority of articles originate from developing
countries such as Nigeria, Indonesia, and India. Studies from these regions generally highlight
fundamental issues such as the readiness of digital education infrastructure, the technological literacy
gap among educators and students, and efforts to improve access and equity in distance learning [59].
In contrast, studies from developed countries like Ireland and Eastern Europe place more emphasis on
the transformation of teachers' roles in digital contexts, technology-based professional development,
and explorations of digital identity and epistemological paradigm shifts in education. Interestingly,
most of the studies reviewed remain at the institutional level and have not addressed broader public
policy, indicating that educational transformation is often positioned as a local responsibility, rather
than a nationally or regionally coordinated, cross-level agenda [60].

The methodological approach also influences the contributions made by these studies. Qualitative
studies, such as case studies, typically offer in-depth insights into the subjective experiences of
teachers, students, and other stakeholders in the technology adoption process. However, these
contributions tend to be narrative and contextual. Quantitative studies, on the other hand, present
findings based on perception data or evaluations of the effectiveness of technology interventions,
which can inform policymaking if supported by a robust evaluative methodology. Systematic studies
and mixed-methods approaches, while limited in number, demonstrate significant potential for
bridging practice, theory, and policy within a more holistic and multi-layered framework for
educational transformation.

Analysis of the keywords contributed in the literature also shows that the most frequently
emerging themes include curriculum development and digital competencies, teacher and institutional
readiness in facing technology-based changes, and strengthening education policies and management
of digital learning systems [61]. However, few studies explicitly address technological infrastructure
and digital literacy as the foundations of transformation, despite their critical importance, particularly
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in developing countries. The issue of equal access to digital-based education has also emerged in
several studies from Africa and Asia, but has not yet become a primary focus in the global Education
4.0 literature [62].

In general, the contributions offered by these studies tend to be local, applicable, and sectoral.
Most of the proposed solutions focus on the micro-level, such as in a particular classroom, school, or
institution, without fully linking them to systemic reforms that include the integration of educational
policy, pedagogical design, and technology adoption [63]. In fact, the Education 4.0 approach is
ideally ecosystemic, meaning that learning innovation must be accompanied by comprehensive
structural reforms, ranging from digital curriculum design, continuous teacher training, inclusive
educational technology regulations, to community involvement in supporting change. The lack of
studies that holistically integrate the dimensions of policy, pedagogy, and technology indicates that
the current literature is still limited and needs to be expanded to respond to more complex
transformative challenges in the global education system.

3.4. Conceptual Themes and Key Challenges in Education 4.0 Studies (RQ3)

The studies in this review not only highlight pedagogical innovation and the use of technology
in the context of Education 4.0, but also reflect on the main conceptual themes and structural
challenges that need to be addressed to realize a comprehensive transformation of education [64]. An
analysis of the key findings in each article reveals the complexities involved in implementing
technology-based education. Some of the most prominent conceptual themes include digital identity,
human resource readiness, resistance to change, and digital literacy and the digital divide. Digital
identity is often discussed in the context of teachers' new roles as digital educators, changes in
professional identity, and new relationships between teachers and students in the digital space [1].
Several studies in Europe and Australia highlight the importance of pedagogical reflection on
technology use, not just technical adoption. The readiness of human resources, both teachers and
institutions, is also a central issue, encompassing digital competence, technological literacy, and
attitudes toward innovation, with dimensions of readiness encompassing not only technical but also
affective and pedagogical aspects [2], [3].

Resistance to change is also a key theme, with a number of studies noting that teachers show
resistance to digital innovation due to lack of training, additional workloads, and unclear policy
direction [ 1], [4]. This indicates that the success of Education 4.0 depends not only on the availability
of technology but also on change management at the institutional level. Issues of digital literacy and
access disparities reinforce the argument that educational transformation cannot stop at the
technological aspect but must address the structural roots of inequality [5], [6]. Many studies show
that the presence of technology does not necessarily guarantee meaningful participation, especially
when skills, confidence, and critical understanding of technology are lacking. In this context, digital
inclusion must be understood as a cognitive right, not simply physical access.

Furthermore, this study identifies a number of fundamental challenges in the Education 4.0
literature. The lack of longitudinal studies [7]. This has limited understanding of the long-term impacts
of technology integration in education. Most studies are still cross-sectional, thus failing to capture
the true dynamics of transformation. The literature's dominant focus on the micro-level, such as
institutions or individuals, without explicit links to national policies, also weakens the potential for
systemic change [8]. The lack of integration between policy, pedagogy, and technology in these
studies indicates that the systemic approach required within the Education 4.0 framework has not yet
been established [9]. In fact, to achieve sustainable educational transformation, alignment between
policy, learning practices, and technology development is needed, known as policy-pedagogy-
technology alignment.

This finding confirms that the discourse of Education 4.0 is beginning to shift from simply
improving the teaching and learning process to an epistemological and ontological redefinition of how
learning should be understood in the digital era [10]. Teacher and student identities are no longer
formed solely through physical interactions and formal curriculum structures, but rather through a
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fluid and ever-evolving digital ecosystem. This identity formation process is also not linear, as
resistance to change often stems from the tension between the demands of innovation and the
limitations of the field. This resistance stems not only from technical aspects but also from a sense of
loss of professional control, which can arise when teachers feel their roles are being replaced by rigid
digital systems [4]. Without reflective pedagogical dialogue, technology adoption can actually lead to
alienation among educators.

Theoretically, the current literature on Education 4.0 also demonstrates limitations in the use of
a robust conceptual framework. Many studies simply use Education 4.0 as an umbrella term without
examining the concept's structure, transformative logic, or deeper implications [11]. As a result, the
misconception often arises that technology is an end in itself, rather than a means to achieve broader
pedagogical goals such as inclusion, equity, and learning autonomy. Therefore, more critical and
reflective theoretical approaches, such as emancipatory education and critical theory, are needed to
prevent technology integration from becoming a new tool for reproducing old inequalities in more
sophisticated forms.

3.5. Thematic Synthesis and Practical Implications

This section presents a cross-thematic synthesis of the previous analysis and practical
implications for teachers, educational institutions, and policymakers. The synthesis is conducted by
mapping the relationships between technology, pedagogical approaches, systemic contributions, and
key challenges, based on findings from the 26 reviewed studies. Table 2 illustrates the relationship
between the study focus and the main findings. This synthesis demonstrates that technological
innovation and learning approaches are not yet fully connected to sustainable systemic transformation
efforts. Many efforts remain experimental, partial, and unsupported by structural policies.

Table 2. Thematic synthesis matrix across research questions

Primary Focus (RQ) Core Findings Related Challenges
Hybrid learning, Al, LMS, AR/VR;
personalized & project-based

Technology and Pedagogy Teacher resistance, limitations of

(RQ1) learning high technology adoption
Digital curriculum, 21st century . .

Systemic Contribution (RQ2) competencies, teacher & Still local & micro, not cross-
R . sectoral
institutional readiness

Digital identity, digital literacy, . .
Themes & Challenges (RQ3) inequality, lack of longitudinal Policy fragmentation, lack of

. national direction
studies

Based on the results of the thematic analysis and synthesis, a conceptual framework was
developed that illustrates the key elements of the Education 4.0 transformation. This conceptual model
encompasses four main, interconnected components that form a complete digital education ecosystem.
First, innovative technologies such as artificial intelligence (Al), learning management systems
(LMS), and augmented and virtual reality (AR/VR) act as enablers in creating adaptive and interactive
learning experiences. Second, digital pedagogy serves as the foundation for new learning designs that
emphasize personalized learning, project-based learning, and hybrid classroom approaches. Third, the
success of technology integration is greatly influenced by the readiness of human resources and
institutions, which include digital competence, technological literacy, and the formation of a
collaborative mindset. Finally, supporting policies and infrastructure are needed, including aligned
regulations, budget support, and equitable access for all levels of education. These four components
will only produce a transformative impact if they operate synergistically and sustainably. An
imbalance in any one element can weaken the effectiveness of the entire Education 4.0 system.

In practice, the results of this synthesis yield several important implications for various
stakeholders. For teachers and practitioners, a pedagogical retooling approach is needed that
emphasizes strengthening digital identity through critical reflection and developing communities of
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practice, rather than solely technical training. For educational institutions, technological
transformation needs to be accompanied by changes to curriculum, assessment, and learning
governance, as well as the implementation of regular digital readiness audits. Meanwhile, for
policymakers, it is necessary to develop cross-sectoral education policies involving education,
communications, and the digital economy, with a national roadmap that emphasizes inclusivity,
sustainability, and collaboration between the public and private sectors.

The results and discussion sections of this study demonstrate that while the literature on
Education 4.0 has grown in quantity and thematic scope, significant conceptual and structural
challenges remain. The thematic synthesis resulting from this study is expected to serve as a
foundation for the development of more focused further research and the formulation of educational
policies that adapt to the demands of ongoing digital transformation.

4. Conclusion

This study systematically reviewed 26 scholarly articles discussing the implementation of
Education 4.0 in the context of technology, pedagogy, and education system transformation. The
results indicate that the most dominant technologies used include artificial intelligence (Al), learning
management systems (LMS), hybrid learning, and various digital tools that support personalized and
project-based learning. However, a gap exists between technology adoption and truly transformative
pedagogical implementation. Most studies remain local and applied, particularly in digital curriculum
development, 21st-century competencies, and institutional readiness. Studies at the systemic level,
particularly those linking policy, pedagogy, and digital infrastructure, are still very limited. Prominent
conceptual themes include digital identity, technological literacy, resistance to change, and
educational infrastructure gaps. The lack of longitudinal studies and the lack of policy-technology-
pedagogy synthesis reinforce the indication that Education 4.0 has not been fully implemented as a
complete ecosystem.

The implications of these findings include the importance of using a stronger and more consistent
theoretical framework, as well as the need for an integrated conceptual model that combines
pedagogical, technological, and educational policy dimensions. In practice, teachers need to be
actively involved in the design of educational technology, institutions are required to design long-term
digital strategies, and policymakers must develop evidence-based and sustainability-oriented
regulations. For future research, longitudinal studies are needed to understand the long-term impacts
of digital transformation, policy-based evaluative research, cross-contextual analysis, and exploration
of ethical and humanistic Al-based learning evaluation systems. A transdisciplinary approach is also
needed to build a relevant, adaptive, and sustainable Education 4.0 implementation model.
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