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 This study acknowledges the fragmented nature of blended learning and Education 4.0 research 
across various disciplines, technologies, and educational contexts, and aims to provide a biblio-
metric overview of publication trends, thematic evolution, collaboration patterns, and future re-
search directions. To do this, PRISMA-based bibliometric techniques using Biblioshiny and 
RStudio were applied, analyzing 2,155 Scopus-indexed publications published between 2022 
and 2025 to identify publication trends, leading journals, country and institutional contributions, 
collaboration networks, conceptual structural map, keyword cloud, and keyword co-occurrence 
patterns. It found a steady growth in publications, as research numbers were rising from 576 in 
2023 to 605 in 2024, indicating increasing interest among scholars in this area. The findings also 
reveal the dominance of China, the USA, and the UK in publication volume and global collab-
oration, while blended learning, higher education, and e-learning were the most prominent 
themes. This study offers implications for policymakers and educators to strengthen digital in-
frastructure, institutional readiness, and inclusive pedagogical design. Finally, this study 
acknowledges it’s limitations of Scopus-only coverage, English-language bias, and keyword 
restrictions, and suggests multi-database, multilingual, and mixed-method approaches for future 
research. 
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1. Introduction 

Education 4.0 refers to the alignment of education with Industry 4.0, which emphasizes learner-centered and technology-
driven systems to prepare students for a digital and rapidly changing world (Oliveira & Souza, 2021). The rapid growth and 
change of digital technologies transformed almost every sector of society, and the education system is no exception (Oliveira 
& Souza, 2021; Strielkowski et al., 2025). Industry 4.0 is a transition toward the adoption of artificial intelligence (AI), 
Internet of Things (IoT), big data, automation, and smart contact, and data-driven industrial environments, while Education 
4.0 reflects the educational counterpart of this transition, for examples, Web-based tools (email, blogs, and wikis), virtual 
learning environments (VLEs), virtual conferencing tools (Zoom, Google Meet, Webex), Learning Management Systems 
(LMSs) (Canvas, Google Classroom, Moodle, Sakai, and Edmodo), mobile learning (M-learning), and robot teaching as-
sistants (Miranda et al., 2021). Over the past few decades, this transition has led to technology-enhanced learning environ-
ments from the traditional classroom-based education system, which promotes flexible and data-driven learning ecosystems 
for the students (Oliveira & Souza, 2021).  Blended learning (BL) is defined by Graham (2006) as follows: “Blended learn-
ing systems combine face-to-face instruction with computer-mediated instruction”. Again, Garrison and Kanuka (2004) 
defined it as “the thoughtful integration of classroom face-to-face learning experiences with online learning experiences ". 
Thus, it can be concluded that BL is the combination of face-to-face instruction with online learning modalities, which is 
one of the central mechanisms in operationalizing Education 4.0 (Bozkurt, 2022).  During the COVID-19 period, it gained 
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unprecedented prominence as the pandemic forced a rapid global shift from face-to-face to online and hybrid models, re-
vealing the transformative potential of digital education systems (Lapitan et al., 2021). Since then, blended learning has 
become a mainstream pedagogical model as a part of digital transformational strategies (Shaya et al., 2025). The research 
on blended learning and Education 4.0 is growing, but mostly remains fragmented across different sectors such as social 
sciences, computer science, business management, and educational technology (Tonbuloğlu & Tonbuloğlu, 2023; Amara-
thunga, 2025). The prior review studies mostly focus on specific fields or technologies, limited geographical contexts, and 
narrow pedagogical frameworks, for example, blended learning with Facebook/LMS/Blogs (Bizami et al., 2023), blended 
learning for English as a second language (ESL) (Ramalingam et al., 2022), engineering education (Le et al., 2023), and 
computer science Education 4.0 (Rienties et al., 2023). So there is a lack of a comprehensive, system-level bibliometric 
analysis that combines Education 4.0 and blended learning domain synthesizing publication trends, collaboration networks, 
thematic evolution, and emerging research trajectories. Therefore, by addressing these gaps, this study contributes by con-
ducting PRISMA-based bibliometric analysis of 2,155 publications indexed in the Scopus database between 2022 and 2025 
that consolidates a fragmented body of research into a transparent and replicable overview in the field of Blended Learning 
or Education 4.0. Again, it contributes by mapping the intellectual structure, performance indicators, collaboration patterns, 
and conceptual evolution of blended learning and Education 4.0-based research. Thus, it also provides an overview of 
dominant contributors, thematic clusters, and research gaps that shape the educational transformation.  

To address this gap, the following research question has been developed:  

RQ1. What are the recent publication trends and bibliometric research profile on Blended Learning and Education 4.0?  

RQ2. Which are the most prominent journals/sources and author collaboration clusters on Blended Learning and Education 
4.0?  

RQ3. Which countries and institutions are most prominent, and what international collaboration patterns are visible in the 
field? 

RQ4. What are the dominant and emerging themes or keywords in the literature, and how do they network and conceptually 
structure? 

Thus, to address these research questions, the main aim of this study is to provide a comprehensive understanding of Blended 
Learning and Education 4.0 development. The specific aim is to analyze publication trends and bibliometric performance, 
identify key journals and contributors, map out prominent countries or institutions and collaboration networks, reveal dom-
inant keywords and thematic patterns, and their intellectual structure, and to propose future research direction.  

This study has six sections. A literature review of related works is presented in the second section, followed by the meth-
odology in the third section. Section four presents the analysis and results of the study, and section five has a discussion 
part. Finally, conclude with section six, which includes theoretical implications, limitations, future research directions, and 
a conclusion. 

2. Literature review  

2.1. Theoretical Foundations of Blended Learning 

Blended learning is the combination of face-to-face instruction with online learning modalities (Bozkurt, 2022). The method 
of BL comprises both online materials, such as discussion boards and videos, used to complete classwork and face-to-face 
education (Pei et al., 2024). The COVID-19 pandemic, which began in the spring of 2020, compelled schools to shut down 
and people to study at home. These situations encouraged policymakers and educators to explore successful means of teach-
ing and learning, and then BL is gaining popularity as a learning solution and innovation in the COVID-19 pandemic (Chen 
et al., 2023). Massive online courses have been introduced (Tao et al., 2022), and scholars started to use BL in higher 
engineering education during the COVID-19 lockdown (Raza et al., 2022).  BL incorporates and organizes different strate-
gies, tools, events, offline and online (Florez et al., 2025). It connects the applicable online and physical classroom learning 
experiences, and its concept has evolved to integrate a much more elaborate range of learning strategies or dimensions 
(Chen et al., 2023). Not only is BL a blend of technology, pedagogy, and tasks (Bizami et al., 2023), but it is also an effective 
combination of instructional approaches and relevant learning contexts (Yang et al., 2021). A successful BL is primarily 
comprised of online materials, the duration of the classes, and interaction (Bhadri & Patil, 2022), facilitating the develop-
ment of learning communities and knowledge through its operation, such as analyzing papers, peer review, class presenta-
tion, and discussions (Zamiri & Esmaeili, 2024). Digital board, WebCT, Moodle, and similar platforms offer virtual learning 
environments to allow learning with BL content for the students (Annamalai et al., 2021). 

2.2. Evolution & Impact of Blended Learning 

Blended learning actually began in the 19th century with the correspondence courses in which learners received materials 
via mail and then had a brief face-to-face meeting, which is now considered online learning. Further into the mid-20th 
century, it continued to develop with radio, TV, and later the PC, and it exploded in the late 1990s after the introduction of 
hybrids with internet capabilities. LMS platforms such as Moodle and Blackboard emerged in the 2000s, and formalized 
models (such as rotation, flex, etc.) were introduced. Constructivism, social learning, and the trend of the flipped classroom 
also influenced BL (Sarwar et al., 2024). A bibliometric analysis of the years 1965-2022 reveals the presence of AI, VR, 
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and adaptive technologies in blended learning and indicates its rapid development and adjustment to the times (Luo et al., 
2025). The benefits of the method are testified by meta-analyses and larger reviews: it improves clinical competence, col-
laborates in practice, increases self-regulation, satisfaction, engagement, and performance in STEM, linguistics, and health 
domains, being more effective than conventional methodologies on the global basis, but the difference in its advantages is 
less in the United States (Arianpoor et al., 2024). However, lack of information-communication technology, poor infra-
structure, less time preparing, and financial limitations hamper its usage, particularly in less developed nations (Touray 
et al., 2013).  In the future, the field believes that AI-based analytics, credentialing based on blockchain, and Internet-of-
Things networks will allow for providing equitable and immersive experiences. The post-COVID period has triggered an 
increased usage, and research activity was at its highest in 2020; still, there are existing gaps in resources (Macken 
et al., 2021). 

2.3. Challenges in Blended Learning Implementation 

There are a few challenges to initiating BL, including technological issues, altering the instruction delivery process, and 
readiness for radical changes (Ishmuradova et al., 2024). The perception of BL by the students is also significant as their 
faith is affected by their culture and age group (Liang & Li, 2024). They are struggling with things like poor internet access, 
time management, and a lack of understanding of how to use some technological devices (Szymkowiak et al., 2021). In 
fact, it is necessary to allow students to gain several skills associated with independent study and the application of tech-
nologies to BL (Grimaldi & Ball, 2021).  

Table 1   
A list of blended learning technology applications in different sectors. 
Name of BL 
technology 

 
Description 

  
Application/ area 

  
Source 

 
 
 
 
 
 
Google 
Classroom 

According to Pusa & Dinçer (2025), Google 
Classroom is A free online platform and 
paperless Learning Management System 
(LMS) that makes it easier to create, 
distribute, and grade assignments, promotes 
teacher-student communication, and 
arranges course materials in a digital setting. 

 Teachers can create and organize assignments more 
quickly, communicate with students more easily, and 
provide feedback more effectively in this classroom 
(Peacock & Grande, 2016). Google Classroom is used 
in the following domains: primary and secondary 
education, higher education (colleges and universities), 
corporate learning and professional training, remote and 
hybrid learning, and collaboration and project work 
(Pucciarelli & Kaplan, 2022). 
 
 

 (Pusa & Dinçer, 2025). 
(Peacock & Grande, 2016). 
(Pucciarelli & Kaplan, 2022). 
 
 

 
 
 
 
TalentLMS 

According to TERENTIEVA et al. (2024), 
the primary objective of TalentLMS, a 
cloud-based learning management system 
(LMS), is to assist small and medium-sized 
enterprises in planning, implementing, and 
overseeing online training programs. 
 

 Schools and universities use TalentLMS for online and 
blended learning. Multimedia lessons, tests, and 
assignments can be made by teachers. Asynchronous 
learning allows for self-paced learning (Munna et al., 
2024). 
 

 (TERENTIEVA et al., 2024). 
(Munna et al., 2024). 
 

 
 
 
 
360Learning 

For corporate training and development, 
360Learning is an AI-powered collaborative 
learning platform that blends the capabilities 
of traditional Learning Management 
Systems (LMS) and Learning Experience 
Platforms (LXP). 

 Businesses can leverage their own expertise by enabling 
employees and subject matter experts to create 
interactive, peer-driven learning resources. AI is also 
utilized to support course development, automate 
procedures, and personalize learning paths (Sharif & 
Atif, 2024). 
 

 (Thangavel, 2023). 
 
(Sharif & Atif, 2024). 
 

 
 
 
 
Canvas LMS 

Canvas is an online learning management 
system, or LMS. It is used by educators, 
students, and educational institutions to 
access and manage online course materials 
and to communicate about learning success 
and skill development (Mpungose & Khoza, 
2022). 
 

 Teachers can collaborate with other educators to engage 
with students and their families, manage their classes, 
and assign grades and feedback using Canvas LMS 
(Marachi & Quill, 2020). 
 

 (Mpungose & Khoza, 2022). 
(Marachi & Quill, 2020). 
 

Prior to the pandemic, the phenomenon of BL was regarded as a marginal phenomenon of the normal school life (Fromel 
et al., 2025). This indicates the necessity of leadership and clear regulatory frameworks to institutionalize BL effectively. 
Ishmuradova et al. (2024) urge the continuous need for professional development and sustained support for embedding BL 
as a normal, everyday component of education, not as a temporary or exceptional practice.  Educators and educational 
institutions will have to consider this issue carefully in order to decide on the best way to combine online learning with in-
person instruction (Todd, 2020). So, there should be a mixture that is appealing and suitable to the students, highlighting 
the need for more research to deal with the concerns that emerge with BL (Lomer & Palmer, 2023). Certain studies have 
discovered that students who take part in BL show some slight improvement compared to those who just attend ordinary 
classes (Schmid et al., 2023). Moreover, students also seem to be happier, especially because BL enables them to engage in 
classroom activities and exchange their experiences with their teachers (Heilporn et al., 2021), though it is an established 
fact that BL is different depending on the location, scholars typically study online when they have the time and come to 
classes with their instructors (Brenya, 2024). A few of the blended learning technologies are presented in Table 1.  
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3. Methodology 

3.1 Research Design 

Bibliometric Analysis is a method of systematically reviewing and assessing scholarly studies based on keywords, authors, 
paper titles, and affiliations to identify research gaps, analyze scientific publications, and measure scholarly works in any 
specific domain (Aristovnik et al., 2023). This study used a bibliometric research design to outline and evaluate the existing 
body of literature to perceive a comprehensive understanding of Blended Learning and Education 4.0 in the context of 
emerging technology (Istenič, 2024), aiming to quantify and describe the intellectual framework and thematic evaluation of 
these educational approaches. 

3.2 Data source, retrieval, and analysis tools 

All bibliometric information for this study was obtained from the Scopus database, which is widely recognized for its 
comprehensive coverage of peer-reviewed academic literature and standardized metadata. Scopus was selected due to its 
multidisciplinary scope, inclusion of high-impact journals, and compatibility with bibliometric software tools (AlRyalat et 
al., 2029). The retrieved data were exported in appropriate formats for analyses and visualization using Biblioshiny (R 
Package) and RStudio, which enabled the study to generate network maps, performance analyses, and thematic clusters. 
This study employed a Bibliometrix R-package as it is a powerful and reliable model that provides superior graphical and 
statistical facilities for performance analysis and science mapping. (Aria & Cuccurullo, 2017) 

3.3 Search Strategy 

The data were retrieved from the Scopus database, as blended learning continues to evolve by integrating digital technolo-
gies. Publications from the period 2022-2025 were considered for analysis. The following keywords were used for this 
bibliometric analysis: TITLE-ABS-KEY (Education 4.0 OR Blended Learning OR E-Learning OR Smart Education). A 
structured search strategy was employed using the Boolean operator “OR” to refine and combine the keywords effectively. 
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) framework was applied to 
ensure methodological rigor, accuracy, and replicability throughout the search process (Page et al., 2021). Every potential 
element mentioned in the search was examined closely. 

3.4 Screening (PRISMA Framework) 

In order to increase transparency and replicability, the preferred reporting items, Systematic Reviews and Meta-Analyses 
(PRISMA 2020), were modified to inform the screening and inclusion process. Whereas PRISMA was designed to be used 
in systematic reviews, its systematic flow, in the form of identification to screening, eligibility, and final inclusion, has 
become more popular in bibliometric studies to enhance methodology transparency. The application of PRISMA here is 
that the process of selection of documents is standardized and reproducible, thus lowering the chances of bias in the selection 
process (Page et al., 2021). For this study, the inclusion and exclusion criteria presented in Table 2 were applied through a 
multistage screening process following PRISMA guidelines to ensure that only studies relevant to Blended Learning and 
Education 4.0 were included, as presented in Figure 2. Initially, 29951 papers were retrieved from Scopus data using the 
keywords “Blended Learning”, “Education 4.0”, or “Smart Education”. Publications prior to 2022 were excluded, resulting 
in the removal of 18631 papers and retaining 11320 records within the 2022-2025 period. Subsequently, based on document 
type, 5995 papers were excluded, except 4122 articles, 1051 conference papers, and 151 review papers, totaling 5325 
screened papers. Then 1420 articles in the press were excluded, leaving 3905 records assessed for eligibility. Based on 
inclusion and exclusion criteria, 931 papers were excluded by subject area, except 527 in Social Science, 352 in Computer 
Science, and 221 in Business Management and Accounting, resulting in 2974 papers. In the final step, 819 papers were 
excluded by keyword relevance, except 577 on Blended Learning, 180 on E-Learning, 151 on Teaching, and 147 on Higher 
Education. As a result, 2155 documents were included for bibliometric review. Out of 29951 initially retrieved records, 
there were 2155 publications that met all inclusion criteria and were selected for final analysis, while the remaining articles 
were excluded following the PRISMA-guided screening process. 

Table 2  
Inclusion and exclusion criteria 
Criteria type Inclusion Criteria Exclusion criteria 
Database Source Publication indexed in the Scopus database Publication from another database (eg, Web of Science, Google 

Scholar)  
Publication Period Publication between 2022 and 2025 to capture recent 

advancements 
Publication before 2022, after 2025 

Document Type Articles, conference papers, and review papers are published in 
the final stage. 

Editorials, book chapters, notes, letters, working papers 

Language English language publications Non-English publications 
Subject Area Studies within Social Science, Computer Science, and Business 

Management and Accounting. 
Studies unrelated to education technology integration. 

Keyword Relevance  Documents containing key terms such as Blended Learning, 
Education 4.0, E-Learning, Teaching, and Higher Education. 

Documents without relevant keywords or an unrelated research 
focus were excluded. 
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Records identified from*: Databases (Scopus n=29951) 
 

TITLE-ABS-KEY ( Education 4.0 OR Blended Learning OR E-Learning OR Smart 
Education ) AND PUBYEAR > 2021 AND PUBYEAR < 2026 AND ( LIMIT-TO ( 
DOCTYPE , "ar" ) OR LIMIT-TO ( DOCTYPE , "cp" ) OR LIMIT-TO ( DOCTYPE , 
"ch" ) OR LIMIT-TO ( DOCTYPE , "re" ) ) AND ( LIMIT-TO ( PUBSTAGE , "final" ) 
) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO ( SRCTYPE , "j" 
) OR LIMIT-TO ( SRCTYPE , "p" ) ) AND ( LIMIT-TO ( SUBJAREA , "COMP" ) OR 
LIMIT-TO ( SUBJAREA , "SOCI" ) OR LIMIT-TO ( SUBJAREA , "BUSI" ) OR 
LIMIT-TO ( SUBJAREA , "ECON" ) ) AND ( LIMIT-TO ( EXACTKEYWORD , 
"Blended Learning" ) OR LIMIT-TO ( EXACTKEYWORD , "E-learning" ) OR 
LIMIT-TO ( EXACTKEYWORD , "Teaching" ) OR LIMIT-TO ( EXACTKEYWORD 
, "Higher Education" ) OR LIMIT-TO ( EXACTKEYWORD , "Learning" ) OR LIMIT-
TO ( EXACTKEYWORD , "Learning Systems" ) OR LIMIT-TO ( 
EXACTKEYWORD , "Education Computing" ) OR LIMIT-TO ( EXACTKEYWORD 
, "Online Learning" ) OR LIMIT-TO ( EXACTKEYWORD , "Artificial Intelligence" ) 
OR LIMIT-TO ( EXACTKEYWORD , "High Educations" ) OR LIMIT-TO ( 
EXACTKEYWORD , "Education 4.0" ) OR LIMIT-TO ( EXACTKEYWORD , 
"Distance Learning" ) OR LIMIT-TO ( EXACTKEYWORD , "Educational 
Technology" ) OR LIMIT-TO ( EXACTKEYWORD , "Deep Learning" ) OR LIMIT-
TO ( EXACTKEYWORD , "Problem Based Learning" ) OR LIMIT-TO ( 
EXACTKEYWORD , "Teaching And Learning" ) OR LIMIT-TO ( 
EXACTKEYWORD , "Distance Education" ) OR LIMIT-TO ( EXACTKEYWORD , 
"Online Teaching" ) OR LIMIT-TO ( EXACTKEYWORD , "Blended Teaching" ) OR 
LIMIT-TO ( EXACTKEYWORD , "Online Education" ) OR LIMIT-TO ( 
EXACTKEYWORD , "Higher Education Institutions" ) OR LIMIT-TO ( 
EXACTKEYWORD , "E - Learning" ) OR LIMIT-TO ( EXACTKEYWORD , "Hybrid 
Learning" ) ) 
 

Records removed be-
fore screening: 
Range (year Publica-
tion removed before 
2021 (n= 18631)  
Inclusion: (2022-
2025) 
N= 11320) 
 

Records screened 
(n = 11320) 

 

Records excluded Subject area: (n= 931)   
Except Social science (n=527)  
Computer science (n=352) 
Business, management and accounting 
(n=221) 
 Inclusion (n=1100) 
Records excluded keywords: (n=819) 
Except Blended Learning (n= 577), E learn-
ing (n=180), Teaching (n=151), Higher edu-
cation(n=147) 

Records excluded: (n=5995)  
Except:  
Article (n= 4122) 
Conference paper (n=1051)  
 Review paper (n= 152)   
Inclusion (n=5325) 
 

Records assessed for eligi-
bility 

(n =3905) 
 

Records excluded except final stage: 
(n=1420) 
Inclusion (n=3905) 
 

Identification of studies via databases on Blended Learning by Emerging Technologies 
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Final document included in review (n=2155) 
(The majority relevant article and review papers were completed for bibliometric analysis by us-

ing biblioshiny R and Microsoft excel) 
 

Fig. 1. Data Collection Process by PRISMA 

Source: Author’s Work 
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4. Analysis and findings  

4.1 Overview of Bibliometric Data Collection (RQ1) 

Out of the 1181 documents published between 2023 and 2024, 155 were single-authored publications, with 152 authors 
contributing individually. The overall collaboration index was found to be 3.97, and the rate of international co-authorship 
reached 19.73%, as shown in Table 3. 

Table 3 
Summary of Bibliometric Data Collection. 
Description Results 
MAIN INFORMATION ABOUT DATA 

 

Timespan 2023:2024 
Sources (Journals, Books, etc) 381 
Documents 1181 
Annual Growth Rate % 5.03 
Document Average Age 1.49 
Average citations per doc 8.075 
References 10103 
DOCUMENT CONTENTS 

 

Keywords Plus (ID) 3400 
Author's Keywords (DE) 5799 
AUTHORS 

 

Authors 4463 
Authors of single-authored docs 152 
AUTHORS COLLABORATION 

 

Single-authored docs 155 
Co-Authors per Doc 3.97 
International co-authorships % 19.73 
DOCUMENT TYPES 

 

article 1052 
conference paper 76 
review 53 

4.2 Descriptive analysis (RQ1-RQ2) 

The results of researchers, along with data specialists, can be assessed utilizing descriptive bibliometrics, which defines the 
characteristics or attributes of literature. Descriptive bibliography is an evaluation of the total number of publications or 
produced writings in an area of study for the goal of comparing research undertaken across different institutions, nations, 
and periods. 

4.2.1 Trends and Annual Publication  

 

Fig. 2. Trends and Annual Publication 

Source: Author’s Work 

The yearly trend in the number of research articles published in 2023 and 2024 is displayed in Figure 2. From 576 publica-
tions in 2023 to 605 publications in 2024, the data show a steady increase in scholarly output. This increase shows an 

Year Articles

Series1 2023 576

Series2 2024 605

2023

576

2024

605
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Chart Title
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increasing amount of knowledge and ongoing scholarly contributions over time, as well as a growing research interest and 
steady engagement of scholars in the field. 

4.2.3 Author Collaboration cluster 

The co-authorship network among researchers in the field is shown in Figure 3, which highlights particular collaboration 
clusters. Each color represents a particular group of authors who often have co-publications. The red cluster is the most 
significant collaboration network as it is headed by Makhachashvili, Rusudan K., and Semenist, Ivan, who emphasize their 
prominent position in the field of study. Other groups, such as those of Tondeur, Jo., Weimer, Andrea, and Howard, Sarah 
K., include smaller but substantial numbers of related scholars. The figure shows that, despite some authors being key access 
points to their clusters, cross-cluster interaction remains minimal, which may imply further opportunities for interdiscipli-
nary research integration.  

 

  
Fig. 3. Author Collaboration cluster Fig. 4. Top 10 sources publishing 

Source: Author’s Work 

4.2.4 Most Relevant Sources of Publication  

The top ten publications that are most relevant to the field are presented in Fig. 4. Applied Mathematics and Nonlinear 
Sciences (80 documents), Sustainability (Switzerland) (45 documents), and BMC Medical Education (155 documents) are 
the top three. Education Sciences and Frontiers in Education are two other notable journals with 35 and 23 publications, 
respectively. Each of the remaining sources, JMIR Medical Education, Procedia Computer Science, International Journal 
of Interactive Mobile Technologies, and Cogent learning, contributed 12 to 18 papers. This distribution indicates that re-
search output is concentrated in just a few of the high-impact journals, which is consistent with their pivotal role in the 
dissemination of studies pertaining to the subject. 

4.3 Publication analysis (RQ3) 

4.3.1 Country-wise publication analysis 

For the years 2023 and 2024, Figure 5 displays the distribution of published research articles across the top five contributing 
countries. From 2023 to 2024, publication output increased dramatically in all of the listed countries, according to the data. 
China has the most publications, with a notable rise from 202 articles in 2023 to 621 in 2024, including an ongoing trend 
of research growth. Second place goes to the United States, which jumped from 218 to 407 articles, followed by Germany 
(from 61 to 177), Indonesia (from 89 to 221), and the United Kingdom (from 175 to 265). 

 
Fig. 5. Top 05 countries count with papers 

Source: Author’s Work 

2023
2024
2023
2024
2023
2024
2023
2024
2023
2024

202
621

61
177

89
221

175
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218
407
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CHINA CHINA GERMANY GERMANY INDONESIA INDONESIA UNITED
KINGDOM

UNITED
KINGDOM USA USA

  Articles 202 621 61 177 89 221 175 265 218 407

  Year 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024

  Articles   Year
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4.3.2 Geographic Publication  

Fig. 6 shows the geographical distribution of research published on the subject and the time progression of the publications 
in the five countries that make up the top 5 contributors to the number of publications during the years 2023 and 2024. This 
is indicated clearly in the graph, where the output in terms of publications by each country increased steadily in this period. 
China is the fastest-growing of them, as there were 202 articles in 2023 and 621 articles in 2024, reflecting its leading role 
in the research productivity of the whole world. The United States, with 218 to 407 articles according to the trends, followed 
with a small yet constantly growing increase in the number of publications in the United Kingdom, Indonesia, and Germany. 

  
Fig. 6. Geographical distribution of the number of publi-

cations 
Fig. 7. The best joint ventures among nations 

Source: Author’s Work 
4.3.3 Global Research Collaboration 
Fig. 7 demonstrates the system of international cooperation between the countries that are engaged in the study. Each node 
represents a country, and the connecting lines are used to indicate co-authorship between countries. The intensity of the 
collaboration is suggested by the thickness of the connecting lines; the greater the thickness of the lines, the greater the 
activity of cooperative publication. As shown by the visualization, China, the United States, and the United Kingdom are 
the main centers of worldwide collaboration, with working relations with most countries, the main ones being Germany, 
Indonesia, and Australia. Such countries are major centers of information exchange in the world. Though the cross-border 
relations are reduced, other countries such as Malaysia, Italy, and India have active involvement. On the whole, the figure 
illustrates an intricate network of international collaborations, emphasizing the growing tendency towards international 
research cooperation and the significant contribution made by a few of the most productive countries in the formation of 
science in general. 

4.4 Institutional Affiliation Analysis and Join Networks (RQ3) 

4.4.1 Academic Institutional Affiliation Analysis 

Fig. 8 shows the research results of the top ten academic institutions in 2023 and 2024. The figure shows that the publication 
output in the majority of institutions is inclined towards an upward trend, which shows that the scholarly contribution and 
research involvement increase. Among these, Universitas Negeri Padang is the one that is increasing the most, with the 
number of publications increasing dramatically, as in 2023 the university had only published 3 articles, and in 2024 the 
number reached approximately 24. The articles in other organizations, such as The Open University, the College of Medi-
cine, and the School of Engineering Sciences, are also increasing rapidly. The visualization demonstrates an overall positive 
tendency in the performance of the institutional research in universities and specialized schools as they get more engaged 
in the sphere. The trend indicates greater institutional devotion and more diverse academic interests in facilitating research 
output on a global scale. 

 
 

Fig. 8. Top 10 most contributing institutions Fig. 9. The two institutions with the most effective joint 
network 

Source: Author’s Work 

4.4.2 Most Effective Joint Network 
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The co-citation network in Figure 9 shows that there are two powerful and fairly distinct clusters of journals. There is a high 
concentration of work in the field of health professionals and clinical education represented by one cluster of work around 
BMC Medical Education and Medical Teacher. The latter, grouped around Education and Information technologies, Internet 
and Higher Education, and Sustainability, is indicative of a wide range of research on technology-enhanced learning, higher 
education, and sustainability-oriented pedagogy. The apparent connections between the clusters indicate the increasing 
cross-fertilization of medical education and general educational technology and sustainability studies, as the blended and 
AI-supported learning seems to be the common area of concern on interdisciplinary lines in your dataset. 

4.5 Keyword Cloud and Author Keywords (RQ4) 

4.5.1 Keyword Cloud 

Fig. 10 demonstrates a keyword cloud with the most used terms in the research publications analyzed. The very existence 
of terms such as blended learning, the human, the students, teaching, higher education, and e-learning indicates that much 
research work is being done to integrate the traditional and digital learning techniques in human-oriented learning settings. 
Other commonly used terms include "medical education”, "artificial intelligence, curriculum, online learning, and COVID-
19, which brings the focus to new themes of technology-enhanced education and how teaching strategies can be adapted to 
cope with the pandemic. Altogether, the figure shows the trends of the research in contemporary education that focuses on 
innovation, digital transformation, and blended education. 

 
Fig. 10. Keyword Cloud 

Source: Author’s Work 

4.5.2 Author Keywords 

The author keywords that are most frequently used are shown in Fig. 11 based on the analyzed publications. With over 400 
instances, “blended learning” is the most popular keyword, according to the results.  

 
Fig. 11. Most frequently used author-keywords 

Source: Author’s Work 
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Terms like “human”, “learning”, “humans”, “students”, “higher education”, “e-learning”, and “education” rank next. These 
repetitive words serve as a highlight of an extensive literature on the application of technology in education, with particular 
reference to the use of e-learning and blended learning strategies, which promote learning and instruction. The application 
of such words as teaching and female in the educational studies also indicates that pedagogy practices and demographics 
are in focus. Everything aside, the number suggests that technology-assisted education and blended learning remain im-
portant topics in the sphere of contemporary research. 

4.5.3 Top 10 keywords 

Fig. 12 presents the top ten most relevant keywords according to the frequency of their occurrence in the dataset under 
study. The most prevalent words are learning (642 times), education (453 times), and blended (303 times). Additional words 
that are commonly used are students, teaching, online, study, medical, and model. These keywords in totality reveal that 
learning methodologies, the primary areas of research, are educational innovation and digital integration in the focus of 
educational institutions. The growing tendency towards the use of technology-enhanced and hybrid learning settings is 
observed in the proliferation of terms such as blended, online, and digital. Overall, the figure shows how education research 
is changing, and the way of teaching and learning is adapting in the era of technology. 

 

Figu. 12. Top 10 keywords 

Source: Author’s Work 

4.6 Network analysis (RQ4) 

4.6.1 Keyword co-occurrence network 

The keyword co-occurrence network in Fig. 13 demonstrates the intellectual domain of the research in Education 4.0 and 
Blended Learning. The core concepts (e.g., Emerging Technologies, Higher Education, Pedagogical Innovation, etc.) are 
represented by node sizes indicating their centrality in the contemporary academic discourse. The color-coded clusters show 
that there is a transition of traditional E-learning structures to connected Education 4.0 paradigms, i.e., the use of AI, IoT, 
and adaptive learning systems. 

 
Fig. 13. Network of the top keywords co-occurring 

Source: Author’s Work 
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4.6.3 Trend of Keywords  

Fig. 14, in its turn, displays the twenty most popular keywords along with their frequency and the temporal distribution in 
2023 and 2024. According to the analysis, the most frequently used terms were blended learning, learning, human, e-learn-
ing, learning and online learning, and that means that these words have dominated the research discourse in the recent past. 
The positive tendency of the difference between the first quartile (Q1) and the third quartile (Q3) years indicates the ten-
dency to rise and the growing popularity of the given research among scholars. The most frequently used term is blended 
learning (402), which shows that it plays a very important role in the dynamic sphere of educational research. On the whole, 
the figure indicates that studies of the area of human-focused and technology-involved learning are continuing to grow. 

 

Fig. 14. Trend of Top 20 Keywords 

Source: Author’s Work 

4.7 Conceptual Structure Mapping (RQ4) 

A conceptual structure map is a set of categories of research themes, grouped by their development (density) and relevance 
(centrality). The four thematic quadrants as shown in figure 15 shown in the map are Motor Theme, Niche Themes, Emerg-
ing or Declining Themes, and Basic Themes. As per the analysis, the words human, learning, and humans fall in the Niche 
Themes quadrant, meaning that they are very developed but specialized in the area of study. The Basic Themes quadrant 
has, on the other side, blended learning, students, and higher education, which show their essentiality and great relevance 
to the entire study. Meanwhile, learning systems, education computing, and engineering education are all Emerging or 
Declining Themes, suggesting the prospects of growth or loss of scholarly interest. Altogether, this conceptual mapping 
demonstrates the multifaceted nature of this field through the demonstration of both well-developed and new research di-
rections of learning.  

 
Fig. 15. Conceptual structure map 

Source: Author’s Work 
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5. Discussion  

5.1 Discussion 

In this study, bibliometrics helps to explain the recent trend, the key contributors, the structure of collaboration, and the 
thematic evolution of the literature on Blended Learning and Education 4.0 with the help of a PRISMA-based bibliometric 
search, and the findings demonstrate a new and growing research area. It is demonstrated in the bibliometric review that an 
interdisciplinary body of research on blended learning is growing rapidly in the context of Education 4.0 (Hrastinski, 2019). 
During the past years, the number of publications that are disclosed by the temporal analysis has increased significantly 
(Dao et al., 2023). The number of publications went up by 576 publications (2023) to 605 publications (2024), which 
suggests a consistent scholarly flow. This positive trend indicates that Education 4.0 is not viewed as a mere conceptual 
agenda anymore, but rather it is being explored more actively in terms of blended learning as a more effective approach to 
technology-driven education transformation. This trend is a pointer that blended learning has become the mainstream edu-
cational strategy as opposed to the experimental academic approach (Mhlongo et al., 2023). 

Collaboration patterns further point out a fairly cooperative research trend. Having 3.97 co-authors per document and 19.73 
percent international co-authorship, the field is characterized by meaningful collaboration, but it still has space to become 
even stronger in cross-border integration (Ayala et al., 2024).  The co-authorship network also shows that the most promi-
nent cluster is led by Makhachashvili, Rusudan K., and Semenist, Ivan but cross-cluster interaction remains minimal (Ayala 
et al., 2024), indicating further opportunities for interdisciplinary research integration. 

Regarding the publication patterns, the findings show that the distribution of the leading sources is concentrated in a few 
journals like Applied Mathematics and Nonlinear Sciences, Sustainability (Switzerland), and BMC Medical Education, as 
well as in education-oriented and technology-oriented sources. This result is also an indication that blended learning and 
Education 4.0 research are not confined to education journals, but are being promoted by interdisciplinary means. Practi-
cally, the preeminence of medical education outlets implies that health education is now a significant testbed of blended 
learning innovations in Education 4.0, whereas sustainability-oriented outlets signify the emergence of increased interest in 
this area (Tonbuloğlu & Tonbuloğlu, 2023) 

Geographically, the results indicate an imbalanced distribution of the world, where research growth is highly concentrated 
among a few countries. China has the most significant growth (2023: 202 - 2024: 621), and the United States has the second-
largest growth (218 - 407); the growth of the United Kingdom, Indonesia, and Germany is also substantial. Again, collab-
oration mapping indicates that the strong links among China, the United States, and the United Kingdom also make them 
the focal points in global collaboration. When evidence is concentrated in and around a small number of zones, implemen-
tation models and best practices may be less transferable to resource-constrained settings. This indicates the need for further 
cross-regional and comparative studies (Almendingen et al., 2023). Institutional affiliation also showcase this concentration 
patterns. Because the leading institutions show rapidly rising outputs compared to others. For example, the number of pub-
lications of Universitas Negeri Padang increased from 3 (2023) to about 24 (2024). While other institutions, such as The 
Open University, the College of Medicine, and the School of Engineering Sciences, also show notable growth.  

Keywords and network evidence further provide a clear view of the field's thematic focus. The current body of research has 
been largely focused on pedagogical or academic innovation, technological enablement, and learning outcomes (Anthony 
et al., 2022), indicating that the field is both technology-facilitated and pedagogy-focused. The high frequencies of keywords 
such as learning (642), education (453), and blended (303) reveal that the field is still focused on the topics of learning 
design and instructional change. Moreover, the keywords co-occurrence network also demonstrates the transition of e-
learning to the new Education 4.0. The top keyword trends, such as blended learning, learning, human/humans, and e-
learning/online learning, also highlight the ongoing convergence between human-centered and technology-supported edu-
cational learning (Tonbuloğlu & Tonbuloğlu, 2023).  

Lastly, the conceptual structure map explains how the field is structured into the foundational and frontier areas. Blended 
learning, students, and higher education are basic themes with high relevance to the entire field (Bozkurt, 2022; Tonbuloğlu 
& Tonbuloğlu, 2023). Meanwhile, learning systems, education computing, and engineering education seem to be emerging 
or declining themes, indicating either a new opportunity to develop further or a weakening focus depending on the devel-
opment of the field. Collectively, these trends support that future developments need to go beyond fragmented adoption. It 
should adopt more system-level explanations to connect institutional readiness, digital infrastructure, learning technologies, 
and blended pedagogy to sustainable educational outcomes. 
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6. Implications, Limitations and Future Research Direction  

6.1.1 Conceptual Implications 

From the conceptual perspective, the research contributes to the existing literature by adding a comprehensive structure 
connecting diverse domains of research into a logical framework. Blended learning, Education 4.0, and emerging technol-
ogies have been reviewed and studied separately in prior literature (Bizami et al., 2023), but this study integrates these 
components, showing how the combination of technological infrastructure, strategic orientation, and pedagogical design 
affects learning processes and outcomes. The framework clarifies the role of Blended learning as a delivery mode and 
positions itself as a dynamic system embedded within the ecosystems of Education 4.0 (Koul & Nayar, 2021).  Conceptual 
reframing ensures that future authors can explore and move beyond fragmented analyses and embrace system-oriented 
perspectives in their study of digital education transformations. 

6.1.2 Theoretical Implications 

Theoretically, at first, this study contributes to the field of blended learning in the Education 4.0 paradigm by systematically 
synthesizing a vast and disorganized mass of literature through bibliometric and conceptual structure (Simao et al., 2021). 
Secondly, the study findings positioned blended learning in Education 4.0 as a multi-level socio-technical phenomenon, 
rather than narrowly defined as an instructional technique. Thirdly, by elucidating publication trends, collaboration net-
works, citation patterns, and key contributors, this study theoretically contributes to both blended learning and education 
4.0 domains.  Fourthly, it narrows down current theory by defining the conceptual boundaries, as well as promotes the 
underdeveloped theoretical connections across the fields by identifying dominant, niche, and emergent thematic clusters. 
Finally, this study theoretically enriches the role of blended learning aligning with education 4.0 and informs future research 
directions aimed at harnessing its potential. 

6.1.3 Practical Implications  

Practically, this study offers some actionable insights for stakeholders, policymakers, educators, and researchers.  Firstly, 
educators should adopt blended learning as it can minimize constraints of time, physical environment, and other institutional 
resources and allow a more inclusive learning experience to a wider range of learners (Ahmed & Opoku, 2022). Secondly, 
the researchers and scholars can get a roadmap for identifying key research themes, research trends, gaps, contributions, 
and influential authors, facilitating future research. Thirdly, policymakers can get insights about the relevance of inclusive 
education policies, generating investment in digital skills, and supporting mechanisms within institutions to ensure that 
blended learning facilitates equitable and sustainable education growth, not as a way of perpetuating the current social and 
digital disparities (Xie & Zhang, 2024). Overall, the practical implications of this research go beyond academia, empower-
ing and motivating stakeholders to harness the transformative potential of blended learning and education 4.0 for the bet-
terment of the education sector. 

6.2 Limitations and Future Research Direction  

Even though this study provides insightful information through a bibliometric review based on PRISMA, it also has limita-
tions (Pakdel & Erol, 2025).   

Table 4  
Limitations of Blending Learning or Education 4.0 

Study Gap  Limitations of The Study  Potential Impact Future Research Direction  
Database Coverage Limited to Scopus databases; others ex-

cluded 
Possible omission of regional 
studies leads to selection bias  

Incorporate more repositories in future 
work 

Keyword Bias Variation in terminology,  synonyms, and 
newer concepts may lead to incomplete re-
trieval 

Incomplete data representation Use AI-assisted or text-mining key-
word expansion 

Language Restriction Only English-language sources used Excludes non-English perspec-
tives 

Include multilingual search criteria 

Document Bias  Only articles, conference papers, and re-
view papers that are published in the final 
stage are analyzed.  

Exclusion of some relevant 
works  

Include editorials, book chapters, notes, 
letters, working papers, and others.  

Software Constraints Data cleaning and merging issues in 
VOSviewer/RStudio 

Visualization and clustering in-
consistencies 

Cross-validate with multiple biblio-
metric tools 

Contextual Boundaries Reliance on secondary data and time limits Limits interpretive depth Integrate qualitative or mixed-method 
approaches 

Apart from the Table 4 research direction, a few more may be covered in the future.  For example, the objectives of future 
studies should be to expand and deepen the scope of methodology and contextual analysis in this field (Nguyen & Tull, 
2022), and thematic progression on an advanced level can be explained by properly utilizing a sophisticated understanding 
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of AI-based text mining and semantic analysis methods to enhance topic modeling, network mapping, and keyword preci-
sion (Raman et al., 2024). Researchers should also explore cross-industry comparative frameworks to understand and ana-
lyze how blended learning and Education 4.0 technologies work across diverse fields such as healthcare, business, and 
engineering education (Asubiaro et al., 2024). This ensures that it's possible to recognize that technological and instructional 
strategies can be transportable. Partnerships, information, and emerging trends related to the adoption of newer technologies 
in education can be studied using longitudinal bibliometric analyses (Wang et al., 2024).  

7. Conclusion 

This paper offers a syntactic PRISMA-style literature systematic review of the study on Blended Learning and Education 
4.0 research in relation to new technologies. The analysis of 2,155 publications indexed in the Scopus database during 2022-
2025 is systematic. The study maps the intellectual structure, thematic development, and the world of studies of the research 
field, which is rapidly growing. The results clearly show that blended learning moved on to more of a temporary, crisis-
driven solution rather than an educational strategy that is consistent with the goals of Education 4.0.  

The bibliometric findings indicate a persistent rise in academic production, the growing cooperation, and high density of 
research and its focus on high-technology territories, specifically in those that are technologically advanced (Tonbuloğlu & 
Tonbuloğlu, 2023). Themes of core research lie in the use of technology-rich pedagogy, learner-focused design, and data-
driven teaching, and the use of emerging technologies like artificial intelligence, learning management systems, and adap-
tive learning environments enable this deal (Theodorio et al., 2024). In the meantime, the analysis also reflects on the 
underlying structural problems, including providing unequal access to digital infrastructure, institutional unpreparedness, 
and disparities in differences between regions in terms of research engagement (Alam & Forhad, 2023). 

This research contributes to a more sophisticated systemic level of knowledge on how the Education 4.0 strategy, digital 
infrastructure, blended learning pedagogy, and learner competencies can be complemented to produce sustainable educa-
tional outcomes (Alzahrani et al., 2021). The framework places blended learning as a delivery process, but more importantly, 
as a fundamental process between the institutional readiness and innovation, engagement, and learning efficacy. This con-
tribution is an important gap in current research, which has frequently studied technologies or pedagogical strategies inde-
pendently of each other. On the whole, the review can be of great value to researchers, educators, and policy-makers who 
aim to learn about the current condition and the perspectives of blended learning in the paradigm of Education 4.0 (McCar-
thy & Palmer, 2023). 

This study is further limited by database coverage bias, keyword bias, language restriction, document bias, software con-
straints, and contextual boundaries bias, leading future empirical, theoretical, and policy-based research with a firm back-
ground because this study has identified the prevailing trends, under-explored fields, and new research directions. With the 
constantly changing nature of education systems in tandem with the changing world and technological development, the 
strategic blended learning integration in Education 4.0 will still play a critical role in attaining the goal of inclusive, flexible, 
and sustainable education in the global world (Ashraf et al., 2021). 
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