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research fronts, This study employs bibliometric methods to analyse impactful and emerging
digital education | research topics in the digital education ecosystem, using Scopus data from 2019 to
ecosystem, impact | 2023. It introduces a new Impact Factor (IF) that considers productivity, growth
factor, Clarivate rate, core papers, and citations to identify key research fronts. The top five areas
analysis approach, | identified were artificial intelligence, online learning, virtual reality, hybrid
bibliometric learning, and educational technology. The study offers a detailed overview of the
method evolving digital education landscape, emphasising significant contributors and
global research distribution, and highlights the leading institutions and countries,
especially from developing nations, making substantial contributions to each
research front.

Introduction

The digital educational ecosystem in higher education refers to the use of modern digital
technologies to enhance teaching, learning, and research activities (Kummanee et al., 2020;
Nguyen & Tuamsuk, 2022; Chinchua et al., 2022). It involves the integration of digital tools to
activate students' research and innovation activities, improve teaching and learning, and increase
efficiency. While this shift offers significant opportunities for transformation, it also presents
challenges that require a deeper understanding of the evolving trends in research and innovation.

Despite the growing interest in digital education, there is a notable gap in the existing
literature regarding a comprehensive analysis of the broader digital educational ecosystem. Most
studies have focused on specific elements, such as artificial intelligence (Kaur et al., 2020),
virtual reality (Rojas-Sanchez et al., 2023), online teaching (Bao et al., 2020), educational
technology (Bedenlier et al., 2020), gamification (Kummanee et al., 2020; Chinchua et al.,
2022), and digital literacy (Wang & He, 2022; Tan, 2024). However, there has been little effort
to map the field holistically, capturing the overarching trends and emerging research fronts that
shape this ecosystem. This leaves a significant gap in understanding how these disparate
components interconnect and evolve as part of a dynamic digital ecosystem in higher education.

Moreover, while bibliometric analysis (Ellegaard & Wallin, 2015; Donthu et al., 2021)
has been extensively applied to track trends in various academic fields, there is a lack of studies
applying this method to systematically analyse the digital educational ecosystem in its entirety.
As mentioned above, existing bibliometric studies tend to isolate particular facets without
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capturing the full scope of research activity across countries and institutions, nor identifying the
major contributors shaping the future of digital education.

This study seeks to fill this gap by conducting a comprehensive bibliometric analysis of
the digital educational ecosystem, with a particular focus on the most impactful and emerging
research fronts. By mapping this ecosystem, we aim to offer new insights that go beyond case-
specific studies, providing a broader understanding of how research in this field is developing at
a global level. Furthermore, this research will identify key contributors—nations and
institutions—that are leading the way, providing a roadmap for future exploration and
collaboration.

In addressing these gaps, our study offers new insights into how the digital educational
ecosystem is evolving, emphasising the interconnections and emerging themes that have not
been fully explored in the previous literature. This research is significant not only for its
contribution to academic understanding but also for its practical implications in shaping the
strategies of educators, policymakers, and researchers as they navigate the future of higher
education in the digital era.

Research Objectives
This study analyses relevant data from previous research to address the following questions:

1. What are the most impactful and emerging research fronts within the digital
educational ecosystem?

2. Which countries and institutions, especially from developing nations, contribute the
most to scientific production in this field?

Methods

To address the above questions, bibliometric information could be retrieved from various
databases, including publications indexed in Google Scholar. However, in this study, the data
was derived from Scopus across all publication types (journal articles, conference papers, book
chapters, books, etc.) from 2019 to 2023. This was done using 17 high-frequency keywords and
their synonyms (as shown in Table 1). The search syntax was defined as follows: TITLE-ABS-
KEY ((“synonyms keyword terms”) AND (“higher education™)). This search string was designed
to ensure the validity and reliability of the data collection. The results, including all available
bibliometric information, were exported in CSV format after a thorough manual check.
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Table 1: Research Fronts and Keywords using Synonyms in the Search String

No.| Research Front Keyword and Synonyms Terms
1. | Artificial Intelligence ("Artificial Intelligence" OR "Machine Learning")
2. | Blockchain "Blockchain"
3. | Cloud Computing ("Cloud Cornputlflg OR "Internet-based computing" OR "Network-
based computing")
4. | Collaborative Learning ("Collaborative Learning" OR "Cooperative Learning")
5. | Digital Assessment ("Digital Assessment” OR "Online Assessment")
6. | Digital Literacy ("Digital Literacy" OR "Digital Competence" OR "Digital Skill")
7. | Educational Technology | ("Learning technology" OR "Educational technology")
8. | Gamification "Gamification"
9. | Hybrid Learning ("Hybrid Learning" OR "Blended Learning" OR "Hyflex learning")
10. | Learning Analytics ( Learr%n'l'g Analytics" OR "Academic Analytics" OR "Learning Data
Analysis")
11. Learning Management ("Learning Management Systems" OR "LMS")
Systems
12. | Lifelong Learning ("Lifelong Learning" OR "Lifelong education")
13. lé/lasswe Open Online ("Massive Open Online Courses" OR "MOOC")
ourses
14. | Mobile Learning ("Mobile Learning" OR "M-learning")
15. | Online Learning ("Online Learning" OR "E-learning" OR "Distance Education")
16. | Personalised Learning ("Personalized Learning" OR "Individualized Learning")
17. | Virtual Reality "Virtual Reality"

In this paper, we introduce the concept of the Impact Factor (IF), a crucial tool for
identifying key research fronts using the Clarivate Analysis CPT approach (Research Fronts,
2017). The CPT indicator, a significant component of this approach, plays a central role in this
process. It is defined as the ratio of the average citation impact of a research front to the
age/occurrence of its citing papers and is calculated as follows:

Pcitin Pcitin
CPT = (ﬁ)/’ra’ting = (1)

where:

(Pcore X Tciting)

- Pcore 1s the number of foundational core papers, i.e., the highly cited papers;
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- Puiting represents the number of citing articles, i.e., the total of articles citing the core
papers;

- Teiting indicates the age of citing articles, which is the number of citing years, from the
earliest year of a citing paper to the latest one.

In this case, the higher the CPT number, the hotter or the more impactful the topic.

The CPT approach primarily focuses on highly cited papers and their citing articles. To
achieve a more comprehensive assessment of impact, it is essential to also consider publication
productivity and the diachronic growth rate. Additionally, rather than solely using the age of
citing articles, this study evaluated the gap between the average (mean) publication years of core
papers and their citing papers. This approach reflects both the extent and immediacy of a
research front. Therefore, we introduce a new indicator for the impact factor (IF) of research
fronts as follows:

_ (SXR X Pciting)
Ik = (Pcore X AT) (2)

Here, besides the Pcore and Peiting indicators mentioned above, S is the total articles
published in the investigated period times, R is the growth rate, and AT is the gap between the
average (mean) years of the core and citing papers. AT is described as:

AT = Tciting - Teore (3)

where Tcore and Teiting are the average (mean) years of the core and citing papers, determined by
the time distribution of their publications.

Practically, the normalised impact factor NIF is used in the present and discussion of the
obtained results:

(SXR X Pciting)/(Pcore X AT)

NIF = {(SXR X Piiting)/(Pcore X AT)}max

4

where (S X R X Peiting)/(Peore X AT)}max is the maximum value of IF.

Figure 1 illustrates the search string and analysis process, detailing the different steps
involved. At the first output level (Output 1), the annual number of publications relevant to each
research trend was identified, and both the total number of publications (S) and the growth rate
(R) were calculated (see Table 2). To determine the number of highly-cited core papers (Pcore),
articles were ordered in descending order of citations, and the Hirsch score (H-index) (Hirsch,
2005) was computed. The H-index represents both the productivity and impact of a scholar or
group, and it is used here to identify Pcore.

At the second output level (Output 2), the average publication years of the core papers
(Tecore) were established from the Peore articles. This step involved calculating the number of citing
articles (Pciting), 1.€., the total number of articles citing the core papers, and determining the
average citation year (Tciting)-

The analysis process presented the values of the Impact Factor (IF), Normalised Impact
Factor (NIF), and Citation Productivity and Trajectory (CPT) indicators, along with Scientific
and Geographical Mapping.
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Figure 1: The search string and analysis process

Results and Discussion

The results are presented below according to the two research objectives:

i) Impactful and Emerging Research Fronts in the Digital Education Ecosystem
Table 2 presents the results of the data collection for the total (S) number of articles published

111

from 2019 to 2023 for the 17 research fronts mentioned above. The results show that the topics
most frequently researched and published were: Online Learning (with a total of 17,675 articles

over five years), Artificial Intelligence (11,572 articles), Virtual Reality (3,221), Hybrid

Learning (2,499), Educational Technology (2,135), Collaborative Learning (1,933), Learning
Management Systems (1,372) and Gamification (1,347), etc.

Table 2: The Total Number of the Publications (S) and the Growth Rate (S), Core Papers (Pcore),
Citing Papers (Pciting), Time Gap (AT), Normalised NIF and NCPT of Research Fronts

Research Fronts S R Peore Piting AT NIF ‘ NCPT
Artificial Intelligence 11,572 | 2.71 55 15,848 | 1.670 1.000 1.000
Online Learning 17,675 | 1.95 122 17,350 | 1.177 ]0.768 | 0.700
Virtual Reality 3,221 1.78 54 4,752 1.953 | 0.048 | 0.261
Hybrid Learning 2,499 1.43 38 3,819 1.847 10.036 | 0.315
Educational Technology 2,135 0.82 33 4,541 2.079 | 0.021 0.384
Digital Literacy 1,447 243 47 2,356 1.906 |0.017 |0.152
Blockchain 737 3.31 25 1,883 2.137 | 0.016 | 0.204
Digital Assessment 557 4.00 43 2,192 1.535 ]0.014 ]0.192
Collaborative Learning 1,933 1.05 49 3,571 1.930 0.014 0.219
Mobile Learning 1,081 0.92 24 3,117 2.022 |0.012 |0.372
Learning Analytics 1,094 1.33 36 3,045 2.010 |0.011 0.244
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Research Fronts Peiting NIF

Gamification 1,347 1.8 52 2,105 1.933 0.009 0.121
Learning Management Systems | 1,372 1.12 56 2,604 1.797 0.007 0.150
Lifelong Learning 555 1.67 24 1,420 2.152 0.005 0.159
Cloud Computing 1,020 0.83 36 1,880 2.07 0.004 0.146
Massive Open Online Courses | 1,109 0.8 61 1,907 1.832 0.003 0.099
Personalised Learning 310 1.46 50 945 1.464 0.001 0.075

The growth rate (R) of publications over the past five years was estimated using the ratio
S(2023)/S(2019). Accordingly, the eight topics with the highest R ratios were: Digital
Assessment (R = 4.0), Blockchain (R = 3.31), Artificial Intelligence (R = 2.71), Digital Literacy
(R =2.43, Online Learning (R = 1.95), Gamification (R = 1.80), Virtual Reality (R = 1.78) and
Lifelong Learning (R = 1.67). Notably, for the first two research fronts, in 2019, only a few
dozen scientific articles were published globally each year but by 2023, the number had risen to
several hundred, even surpassing the more than 1,000 articles published annually for the third
front. Clearly, Digital Assessment, Blockchain, and Artificial Intelligence were truly emerging
research topics in the digital education ecosystem, followed by topics like Digital Literacy,
Online Learning, and Gamification.

It was observed that some research fronts have a high number of annual publications and
are still quite relevant but, globally, they have almost reached saturation over the past decade.
These research topics include Learning Management Systems, Collaborative Learning, Mobile
Learning, Cloud Computing, Educational Technology, and Massive Open Online Courses. Even,
for the three latter topics, R is smaller than one, e.g., a negative trend was observed.

The gap AT between the average years of the core and citing papers ranged from 1.117 to
2.52 years (see Table 2). As already mentioned above, the smaller the AT the more immediate
response of the citing papers. In this case, it is interesting that the small AT corresponds to the
high growth rate R for three research fronts: Online Learning (R = 1.85 and AT = 1.177), Digital
Assessment (R =4 and AT = 1,535), and Artificial Intelligence (R = 2.1 and AT = 1.67).

The normalised impact factor (NIF) for each research front was determined using
Formula (4) and is listed in Table 2. The five research fronts with the highest IF were: Artificial
Intelligence (NIF = 1.0), Online Learning (NIF = 0.768), Virtual Reality (NIF = 0.048), Hybrid
Learning (NIF = 0.036), and Educational Technology (NIF = 0.021). It is clearly seen that the IF
values were dominated by S and Peiting values. This means that the impactful research fronts were
characterised by mass research productivity and a high number of citing papers.

For comparison, the obtained primary research fronts were checked with Formula 1 of the
Clarivate Analysis. The findings were normalised and presented, also in Table 3. The five
research fronts with the highest NCPT were: Artificial Intelligence (NCPT = 1.0), Online
Learning (NCPT = 0.70), Educational Technology (NCPT = 0.384), Mobile Learning (NCPT =
0.372), and Hybrid Learning (NCPT = 0.315). In comparison to the IF indicator, the front of
Virtual Reality was out of the top five and, instead, the front of Mobile Learning was presented.
Indeed, the front of Mobile Learning exhibited only 1,081 of total publication, and the growth
rate was already down (R = 0.92). However, it included 24 of the core papers and 3,117 of the
citing papers, so then the ratio of average citing papers Peiting/Pcore Was rather high. In any case,
the Clarivate Analysis approach pulled the front of the Virtual Reality out of the top five and into
the top six only.
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Table 3: The Rankings of the IF, S, Pciting and CPT Indicators for Impactful Research Fronts in
Digital Education Ecosystem

Research Front IFR SR PcitingR CPTR
Artificial Intelligence 1 2 2 1
Online Learning 2 1 1 2
Virtual Reality 3 3 3 6
Hybrid Learning 4 4 5 5
Educational Technology 5 5 4 3

The detailed results regarding the ranking of the Impact Factor (IFR), publication
productivity (SR), citing papers (PcitingR), and CPT ranking (CPTR) for the five most impactful
research fronts, presented in descending order of IF, are shown in Table 3. According to this
approach, the IF ranking was ordered as follows: Artificial Intelligence, Online Learning, Virtual
Reality, Hybrid Learning, and Educational Technology. Among them, the top one and two were
in excellent alignment with those from CPT ranking. There is an interchange order in the top
three to five, however, and all of them were in the top five, except the CPT ranking of the front
of Virtual Reality placed in the top six. The alignment between the CPT and IF approaches is
acceptable.

i) Scientific and Geographical Mapping

Artificial Intelligence

The findings from recent publications reflect an increasing integration of artificial intelligence
and machine learning technologies in higher education, with a focus on enhancing personalised
learning, improving administrative efficiency, and addressing ethical concerns. The cited studies,
each with significant citation counts, underscore the critical and transformative role of artificial
intelligence in modern educational settings.

In the realm of personalised learning and adaptive systems, artificial intelligence and
machine learning have been increasingly used to create adaptive learning environments in higher
education. These systems customise educational content based on individual student needs,
leading to improved engagement and outcomes. Regarding Al-powered educational tools, the
development and implementation of these tools, such as intelligent tutoring systems, automated
essay scoring, and virtual teaching assistants, have significantly enhanced learning processes and
provided valuable support for both students and educators (Park & Kim, 2019).

In terms of ethics and bias in artificial intelligence, significant attention has been given to
the ethical implications of artificial intelligence in higher education. Research has concentrated
on the risks of algorithmic bias, data privacy issues, and the need for transparency and fairness in
artificial intelligence applications (Kaur et al., 2022).

Artificial intelligence and machine learning have also been employed in predictive
analytics in higher education, particularly to identify at-risk students, predict academic success,
and optimise educational pathways. These predictive models help institutions make data-driven
decisions to enhance student retention and success. Finally, artificial intelligence has been
applied to streamline administrative tasks in universities, such as admissions processing,
scheduling, and student advising. Al-driven chatbots and virtual assistants have been widely
adopted to improve operational efficiency and student support.

The data listed in Table 4 highlights the countries and institutions with the highest overall
publication numbers. The top institutions by affiliated papers were Harvard Medical School
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(USA) — 102 papers, Ministry of Education (China) — 89, Tecnologico de Monterrey (Mexico) —
80, Sichuan University (China) — 70 and the Chinese Academy of Medical Sciences (China) —
60. The top countries by total number of publications consisted of China — 3,008 papers, USA —
2,060, India — 1,013, UK — 570 and Germany — 471.

Table 4: Top 10 Countries and Institutions’ Publication Productivity in the Research Front
“Artificial Intelligence”

Institution Country
Affiliated Affiliated Pabers Affiliated
Institution Country P Country

1 Harvard Medical - f 75, 102 China 3,008
School

2 Ministry of China 89 USA 2,060
Education

3 Tecnologicode |y royico 80 India 1,013
Monterrey

4 Sichuan University | China 70 UK 570
Chinese Academy

5 of Medical China 60 Germany 471
Sciences
Peking Union . .

6 vzl Clalllase China 60 Spain 399
Stanford

7 Uifhuast; USA 59 Italy 358

g Massachusetts = {5\ 58 Saudi Arabia | 300
General Hospital

9 University of USA 57 Australia 292
Washington

10 Inserm France 53 Canada 288

This ranking clearly shows that Harvard Medical School led in the number of papers
affiliated with a specific institution, while China ranked as the top country in terms of total
publications. India and Germany were also significant contributors to the global academic
landscape, with substantial numbers of total publications.

Additionally, the ranking emphasises the leading role of institutions from the USA,
China, the UK, and Germany in academic research on Al. Mexico and India were notable for
their strong presence, with Mexico represented among the top institutions and India among the
top countries.

Concerning contributions from developing countries, five institutions made a significant
impact: Tecnoldgico de Monterrey (Mexico) ranked third, Ministry of Education (China) was
second, Sichuan University (China), fourth, and the Chinese Academy of Medical Sciences
(China) was tied for fifth with the Peking Union Medical College (China). The presence of
institutions from China and Mexico highlights the growing influence of developing countries in
global digital education research. These contributions demonstrate how strategic investment in
education and research allows developing nations to shape emerging global research trends
effectively.
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Online Learning

The research front on online learning emphasises the significant role of online learning, e-
learning, and distance education in higher education, particularly in response to global
disruptions like the Covid-19 pandemic. These studies, which have garnered substantial citations,
highlighted both the benefits and challenges associated with these modes of education,
underscoring the need for strategic planning and support to maximise their potential (Hodges et
al., 2020).

For student engagement and motivation in e-learning, a major area of research focuses on
the factors that influence student engagement and motivation in online learning environments.
Studies highlight the importance of interaction, instructor presence, and multimedia content in
maintaining student interest (Bao, 2020).

Regarding the impact of e-learning on academic performance, several studies have
examined how e-learning affects student academic performance. Research indicates that while e-
learning can be as effective as traditional classroom instruction, it requires students to possess
strong self-regulation and time management skills (Bernard et al., 2014).

Challenges and opportunities in distance education have been analysed with respect to
issues like the digital divide, as well as the potential to reach a broader student population. These
studies emphasise the need for institutional support and robust digital infrastructure to ensure
effective distance learning (Dhawan, 2020).

Research on the adoption of e-learning technologies has investigated the factors
influencing the adoption of e-learning technologies in higher education. Critical factors include
institutional readiness, faculty training, and student acceptance, all of which are essential for
successful implementation (Almazova et al., 2020).

The data listed in Table 5 presents a ranking of countries and institutions based on their
contributions to academic publications. It is divided into two main categories: institutions and
their affiliated countries, and countries with the highest number of publications. Top institutions
by Affiliated Country include: Tecnoldgico de Monterrey (Mexico) — 175 papers, Bina
Nusantara University (Indonesia) — 164, Universiti Teknologi MARA (Malaysia) — 94,
University of South Africa (South Africa) — 91, and Universiti Teknologi Malaysia (Malaysia) —
8. Top Countries by Total Number of Publications consist of China — 3,055 papers, USA —
1,825, Russia — 963, Indonesia — 953 and Malaysia — 764.
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Table 5: Top 10 Countries and Institutions’ Publication Productivity in the Research Front “Online
learning”

Institution Country
Ranking . :
Affiliated Institution Affiliated Affiliated
Country Country
sl Tecnologico de Monterrey Mexico 175 China 3,055
2 Bina Nusantara University Indonesia 164 USA 1,825
3 Universiti Teknologi MARA Malaysia 94 Russia 963
4 University of South Africa South Africa | 91 Indonesia 953
5 Universiti Teknologi Malaysia Malaysia 8 Malaysia 764
6 Universitas Negeri Malang Indonesia 76 Spain 746
7 Universiti Malaya Malaysia 67 India 506
8 Kazan Federal University Russia 66 Germany 659
9 FPT University Viet Nam 64 UK 644
Peter the Great St. Petersburg . .
10 Pl Uit Russia 63 Australia 564

This ranking highlighted the influence of certain institutions and countries in academic
research, reflecting the global distribution of scholarly contributions. Notably, while China, the
USA, and Russia led in terms of the total number of publications, none of their affiliated
institutions appeared in the top five for individual contributions. Conversely, Indonesia and
Malaysia were both top contributing countries and home to leading institutions on the list.

Table 5 highlights the strong presence of developing countries in digital education
research. Mexico's Tecnoldgico de Monterrey ranked first, with Indonesia and Malaysia also
well-represented by multiple institutions, such as Bina Nusantara University (second) and
Universiti Teknologi MARA (third). The University of South Africa and Vietnam's FPT
University also featured prominently. These contributions underscore the growing influence of
developing nations in shaping global digital education research, fueled by strategic investments
in education and research infrastructure.

Virtual Reality

The research also underscores the transformative potential of Virtual Reality (VR) in higher
education. The studies highlighted VR's effectiveness in enhancing learning outcomes, boosting
student engagement, and providing immersive educational experiences. However, challenges
such as high costs and implementation barriers must be addressed to fully harness VR's
capabilities in educational settings.

Research studies have explored various applications of VR in higher education, including
immersive simulations for complex subjects, virtual laboratories, and interactive learning
environments. These applications have demonstrated potential in improving student engagement
and comprehension (Radianti et al., 2020). The impact of VR on learning outcomes has been
examined, with findings showing that VR enhanced students' understanding and retention of
complex concepts through experiential learning (Hamilton et al., 2021).

Challenges associated with implementing VR in higher education, such as high costs,
technical difficulties, and the need for adequate training, have been addressed. Overcoming these
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barriers is crucial to fully realising VR's educational potential. Additionally, VR's role in
increasing student engagement and motivation has been a key focus. Research indicates that VR
can create immersive and interactive experiences that enhance student involvement and interest
in learning activities (Merchant et al., 2014). Moreover, VR has been investigated for developing
specific skills, such as in medical training, engineering simulations, and soft skills development,
offering a safe and controlled environment for skill enhancement (Kaminska, 2019).

Table 6 presents a ranking of institutions based on the number of affiliated papers, along
with the countries with the highest total number of publications. For this research front,
Tecnologico de Monterrey in Mexico led with 60 affiliated papers, while the University of
Toronto in Canada and Universidad Catolica de Avila in Spain had the fewest, with 15 affiliated
papers each. The University of Illinois Urbana-Champaign and Texas A&M University, both
based in the USA, showed strong individual contributions with 18 papers each, and the USA
overall had 590 publications. Hong Kong Polytechnic University and the University of Hong
Kong also contributed significantly, reflecting Hong Kong's influence in the academic landscape.
The UK's and Spain's contributions were notable, with 182 and 165 papers, respectively, while
Germany rounded out the list with 155 papers.

Table 6: Top 10 Countries and Institutions’ Publication Productivity in the Research Front “Virtual
Reality”

‘ Institution Country
ey Affiliated Affiliated Affiliated
Institution Country Country
1 Tecnolégico de e 60 China 654
Monterrey
University of
2 [llinois Urbana- USA 18 USA 590
Champaign
Hong Kong
3 Polytechnic Hong Kong 18 UK 182
University
4 D USA 18 Spain 165
University
University of
5 Sfom e Hong Kong 16 Germany 155
6 UniERiaeies Spain 16 Australia 118
Salamanca
University of
7 Florida USA 15 Italy 113
8 Mo.nash. Australia 15 Taiwan 91
University
9 Uity Git Canada 14 Mexico 86
Toronto
Universidad . .
10 Catélica de Avila Spain 14 Russia 81

Note that, for this high-technology field, the table highlights a relatively modest presence
of developing countries among the listed research affiliations, with Mexico's Tecnoldgico de
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Monterrey being the only developing country institution in the top 10 (ranked first). Most other
institutions were from developed nations or regions, such as the USA, Hong Kong, Spain, and
Australia. Mexico’s top ranking underscores its increasing impact on global research. However,
the overall table suggests that developing countries still had significant room for growth in
contributing to global digital education research compared to their developed counterparts.

Hybrid Learning

The growing role of hybrid, blended, and hyflex learning models in higher education was clearly
demonstrated. Studies on the effectiveness of these models revealed that combining face-to-face
instruction with online components can enhance learning outcomes, flexibility, and student
satisfaction (Graham et al., 2013). Research into student perceptions of blended learning
environments indicated that while students value the flexibility and accessibility offered, they
may encounter challenges related to technology use and balancing online with in-person
components (Garrison & Vaughan, 2008).

Regarding the challenges and best practices in hyflex learning, research has highlighted
issues such as the need for advanced technology and the complexities of managing various
learning modalities simultaneously. Best practices for effectively implementing hyflex learning
environments have also been identified (Keshavarz, 2023). Additionally, studies assessing the
impact of blended learning on student achievement showed that well-designed blended learning
environments can lead to improved academic performance compared to traditional methods
(Prihatmojo et al., 2021).

Furthermore, research has focused on the adoption and implementation of hybrid learning
models in higher education, identifying critical factors for successful integration, such as faculty
training, institutional support, and robust technology infrastructure.

Table 7 presents the top 10 countries and institutions contributing to publication
productivity in the research front of "Hybrid Learning." The data includes both specific
institutions with their affiliated countries and the overall publication output by country.

Table 7: Top 10 Countries and Institutions’ Publication Productivity in the Research Front “Hybrid
Learning”

‘ Institution Country

Ranking Affiliated Affiliated Affiliated
Institution Country Country

1 Universidad de Indonesia 22 China 301

Salamanca
2 UanG?SltaS Indonesia 22 Indonesia 174
Negeri Malang
Universiti

3 Teknologi Malaysia 20 USA 170
MARA
Norwegian
4 University of Norway 20 UK 157
S&T

Central China
5 Normal China 18 Russia 143
University
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Institution Country
Affiliated Affiliated Affiliated
Institution Country Country
Univerzita .
6 Hradec Kralové Czech 17 Spain 142
7 LUEHHlBED Qs Mexico 17 Malaysia 124
Monterrey
8 qua Nqsantara Indonesia 16 Australia 116
University
9 Universiti Malaya | Malaysia 14 Germany 113
10 Grl.f S . Australia 14 India 80
University

The top five institutions by affiliated papers can be summarised as follows: Universidad
de Salamanca (Indonesia) — 22 papers, Universitas Negeri Malang (Indonesia) — 22, Universiti
Teknologi MARA (Malaysia) — 20, Norwegian University of Science and Technology (Norway)
— 20 and Central China Normal University (China) —18. The top five countries by total number
of publications were China — 301 papers, Indonesia — 174, USA — 170, UK — 157 and Russia —
143.

While the USA, UK, and Russia were key contributors to global research on hybrid
learning, as reflected in their national publication numbers, none of their affiliated institutions
appeared in the top institution rankings. Table 7 illustrates the diverse geographic contributions
to hybrid learning research, with significant outputs from Asia, Europe, and North America. In
particular, Table 7 highlights strong contributions, with seven of the top 10 institutions hailing
from developing nations. Indonesia, with Universitas Negeri Malang and Bina Nusantara
University, and Malaysia, with Universiti Teknologi MARA and Universiti Malaya, played
prominent roles. Mexico's Tecnologico de Monterrey and China's Central China Normal
University also demonstrated significant impact. These contributions reflect the growing
influence of developing nations in global digital education research, though there remains room
for further growth.

Educational Technology

Studies on the integration of educational technology in higher education have focused on
strategies and frameworks for successful adoption. Key factors identified included institutional
support, faculty training, and technology infrastructure. The significant impact of learning and
educational technology in higher education was highlighted by research demonstrating how
learning technology enhanced student engagement. Various technological tools made learning
more interactive and engaging, thereby improving student participation and motivation
(Bedenlier et al., 2020).

The effectiveness of e-learning tools and platforms has also been assessed, with findings
indicating that well-designed e-learning tools can enhance learning experiences and outcomes by
providing interactive and flexible learning options. Research on technological innovations and
their impact on learning outcomes supported the positive effects of these innovations on student
performance and learning efficiency.
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However, challenges in implementing learning technologies remain, including resistance
to change, lack of resources, and insufficient training. Strategies for overcoming these challenges
have also been discussed (Alamri et al., 2021).

Table 8 highlights the top 10 countries and institutions contributing to publication
productivity in the research front of "Educational Technology." This table underscores the
significant global engagement in educational technology research, with notable contributions
from institutions in Russia and Australia. North-Caucasus Federal University and Kazan Federal
University, both from Russia, stand out as key contributors, while Monash University and The
University of Queensland, both based in Australia, emphasise Australia's strong presence in this
field. At the country level, China and the USA dominated in publication output. Tecnologico de
Monterrey (listed under Mexico in this table) leads among institutions with 30 papers, marking
its fourth appearance in the research front rankings, demonstrating a significant contribution to
the field.

Table 8: Top 10 Countries and Institutions’ Publication Productivity in the Research Front
“Educational Technology”

Institution Country

Affiliated Affiliated Affiliated
Institution Country Country

1 Tecnologicode 1y rovico 30 China 283
Monterrey
North-Caucasus

2 Federal Russia 24 Russia 283
University

3 Kazan Federal Russia 21 USA 243
University

4 Mo.nash. Australia 19 Spain 191
University

5 Lo Wittty O || e 18 Australia 170
Queensland

6 Griffith Australia 17 Ukraine 92
University

7 Universidade de | g 16 UK 91
Sao Paulo

8 RUDN University | Russia 16 Brazil 57
Universidad de . .

9 Granada Spain 16 Mexico 54
Kryvyi Rih State

10 Pedagogical Ukraine 16 Malaysia 53
University

The data in the table reveals the strong presence of institutions from developing countries
contributing to global digital education research. Mexico's Tecnoldgico de Monterrey ranks first
with 30 papers, demonstrating Mexico’s significant impact. Brazil's Universidade de Sdo Paulo
ranks seventh with 16 papers, showcasing Latin America's growing involvement. Additionally,
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Russia features prominently with three institutions in the top 10, further reflecting the influence
of developing countries in this field. While developed nations such as Australia, Spain, and the
USA are also present, the representation of Mexico, Brazil, and Russia underscore the important
role of developing countries in shaping digital education research globally. These nations are
increasingly contributing to international academic discourse, though there is still room to
expand their influence in this rapidly evolving area.

Conclusion
This study provides valuable insights into the digital education ecosystem by identifying key
research fronts and the global distribution of research activities. By applying bibliometric
methods and introducing a new Impact Factor (IF) approach, this research mapped the evolving
digital education landscape from 2019 to 2023, highlighting key areas such as artificial
intelligence, online learning, virtual reality, hybrid learning, and educational technology. The
study also pinpointed the organisations and countries driving these trends.

The implications are significant, especially for developing countries:

e Access to Emerging Technologies: Leveraging Al, virtual reality, and hybrid learning
could help overcome resource barriers like limited infrastructure and teacher
shortages, making education more accessible and scalable in underserved regions.

o Cost-Effective Solutions: Online learning platforms offer an affordable way for
developing countries to expand access to education at a fraction of traditional costs,
supporting national education goals.

e Targeted Training Programmes: Investing in digital skills training for educators
ensures they are equipped to teach in technology-rich environments, preparing
students for the demands of the 21st-century workforce.

e Equity and Inclusivity: Digital tools can bridge the education gap by reaching
marginalised populations, ensuring all students have access to quality education
regardless of location or socioeconomic status.

e Local Innovation: Developing countries can capitalise on emerging trends to foster
local innovation, creating context-specific digital solutions that address regional
challenges and contribute to sustainable development.

e Global Collaboration: Opportunities arise for developing countries to collaborate with
leading institutions, facilitating knowledge transfer, capacity-building, and faster
adoption of innovative digital education practices.

In conclusion, this research provides practical insights for developing countries to drive
innovation, expand access, and promote equity in their education systems by leveraging global
digital education trends.

Finally, in the next decade, research in the digital education ecosystem is expected to
transform significantly, influenced by technological advancements and shifting societal
demands. Researchers, particularly from developing countries, should prioritise areas that
address these changes. For example, artificial intelligence offers immense potential to create
personalised and adaptive learning environments tailored to the unique needs of students,
enhancing both engagement and learning outcomes. Similarly, the integration of immersive
technologies like virtual reality and augmented reality could revolutionise online learning by
making it more interactive and accessible, especially for complex or hands-on subjects. Hybrid
learning models, which combine traditional teaching with digital tools, will be essential for
developing inclusive and flexible education systems that cater to diverse learning preferences
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and contexts. Blockchain technology also holds promise for transforming academic credentialing
and record-keeping, providing secure and transparent systems that foster trust and facilitate
global recognition of qualifications. Additionally, enhancing digital literacy for both educators
and students remains a critical research area, as it ensures readiness to navigate the demands of a
technology-driven world.
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