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Digital transformation in education is key in preparing students to face the
Article history challenges of the 21st century, especially in building critical thinking,
Received July 09, 2025 communication, collaboration, and creativity (4C) skills. The acceleration
ii\ééﬁ‘g;ljm;g'zz%gf) of technology adoption during the COVID-19 pandemic has also
' strengthened digital integration in learning, but it has also posed challenges
such as access inequalities, pedagogical readiness, and infrastructure gaps.
This research aims to map the direction and development of global studies
21% century competencies; on the tra_nsformati_on of_digital learning and competencies in the 21st
Digital literacy:; century using a bibliometric approach. Data were collected from the Scopus
Bibliometric analysis database for the 2015-2025 period, with filters for social science subjects,
journal article types, English, and open access. Of the initial 418 articles, 71
selected articles were analyzed using Bibliometrix through Biblioshiny. The
results show a significant upward trend in publications since 2017, with a
peak in 2024. The main themes that emerged included digital literacy, active
learning, computational thinking, and higher education. Indonesia and
Malaysia became the most dominant countries in publications, indicating
the strategic role of the Asian region in the development of this research.
The thematic map identifies core themes relevant to technology-based
innovative learning. This study provides a comprehensive overview of the
scientific landscape in digital education and forms the basis for policy
formulation and curriculum design that is more adaptive, inclusive, and
future-oriented. The implications of these findings are important for
policymakers and curriculum developers to design adaptive and future-

oriented digitalization strategies.
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1. Introduction

Digital transformation in education is a necessity in the era of technological disruption and the
industrial revolution 4.0, which has a major impact on learning patterns around the world. This shift
is not only about integrating technological tools in the teaching and learning process, but also touches
on a deeper dimension, namely, curriculum changes, pedagogical methods, and competency-oriented
assessments in the 21st century [1]. Modern education requires graduates not only to master theoretical
knowledge, but also to be able to think critically, creatively, communicatively, and collaboratively.
These skills are known as the 4Cs (Critical thinking, communication, collaboration, and creativity)
and are the foundation of various 21st-century educational models [2], [3].
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Project-based learning and cross-disciplinary approaches have also been shown to increase the
relevance of education to real-world needs [4]. This transformation is accelerated by external
conditions such as the COVID-19 pandemic, which forces educational institutions to switch to online
learning en masse and opens up opportunities for the exploration of new technologies such as Al,
machine learning, and big data in the learning system [5], [6], [7]. However, these changes present
real challenges in the form of access gaps, pedagogical limitations, and digital infrastructure readiness
in various educational contexts [8]. There are still many educators who do not have the pedagogical
readiness to adopt technology in learning. Studies in Ethiopia reveal that lecturers in various
universities have not fully mastered the principles of digital pedagogy necessary to prepare for 21st-
century competencies [9]. In Indonesia, the employability of vocational students is also greatly
influenced by internship experience and mastery of 21st-century skills obtained through an
experiential learning approach [10]. Changes in the education system also have an impact on the way
teachers design and deliver learning materials. Teachers' digital skills should be accompanied by
sensitivity to learners' social and cultural contexts, and digital-based strategies should be integrated
with collaborative learning models to increase student ownership [11], [12]. In addition, a curriculum
based on digital literacy is also important to strengthen social-emotional and critical thinking skills.
In line with values-based approaches and cultural identity, students can shape students' digital literacy
patterns in a more contextual manner [13].

Digital platforms based on mobile learning and Al are used to encourage reflective practice in
students [14], included in the realm of accounting and finance learning [15]. It also emphasizes the
importance of strengthening the support ecosystem for teachers in integrating technology into daily
teaching. Students' digital competence is highly dependent on access, cultural context, and community
support, such as technology-based mathematics education [12]. Gamification and Al-based learning
have also been proven to increase student learning motivation and engagement, both in formal and
external learning [16], [17]. The SECI model has also been widely used in transforming learning
practices [12]. Teachers' digital identities, relationships between schools and families, and digital
cultural awareness are important parts of the development of the digital education ecosystem [18],
[19], [20]. However, low digital literacy is still a major challenge in various developing countries [21],
[22]. Some countries, such as China, have led cross-sectoral integration between universities, industry,
and government to build digital learning systems that are sustainable and adaptive to changing times
[23]. These phenomena show the complexity and dynamics of digital learning transformation in
various parts of the world, so a comprehensive and data-driven analytical approach is needed to
systematically understand the direction, tendencies, and contributions of science. However, most of
the previous studies are still partial and have not provided a comprehensive mapping of the scientific
dynamics in this field. Therefore, the identification of literature gaps is important to produce a more
systematic and structured picture. Although the issue of digital transformation in education has been
widely studied, most of the research is descriptive or case studies that focus on a specific context or
approach. No comprehensive bibliometric study has been found that systematically maps the
development of the global literature on the integration of digital learning and 21st-century
competencies in the past decade.

In this context, the bibliometric approach is a very relevant strategic tool for mapping the
scientific landscape in the field of digital learning transformation [24], [25]. Bibliometrics is a
quantitative method used to analyze scientific publications based on metadata such as the number of
citations, authors, keywords, institutions, and collaboration networks. Through visualizations such as
co-authorship, co-citation, keyword co-occurrence, and bibliographic coupling, this approach allows
researchers to identify dominant topics, influential researchers, and research gaps that have not been
widely explored. The period of the last ten years or a decade was chosen because it reflects the most
dynamic period in the development of digital learning, especially since the great acceleration triggered
by the COVID-19 pandemic. By utilizing the Scopus database comprehensively, this study aims to
present a scientific map that describes the direction, focus, and development of digital transformation
research in education, especially in the context of strengthening competencies in the 21st century.
Thus, this study not only makes an academic contribution to the understanding of the evolution of
digital learning but also becomes a strategic basis for policy formulation and the development of
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adaptive, inclusive, and sustainable educational practices in the digital era. The findings in this study
are expected to make practical contributions to education policymakers, curriculum developers, and
higher education institutions in designing a more contextual, sustainable, and knowledge-oriented
learning digitalization strategy to strengthen 21st-century competencies. In addition, the results of this
bibliometric mapping can also be a starting point for further research that explores the integration of
technology in learning in more depth, both in terms of pedagogy, policy, and equal access.

2. Method

This study uses a bibliometric approach to analyze the trend of digital learning transformation in
the context of 21st-century competencies, based on data from the Scopus database during the period
2015-2025. Search strategy using strings: TITLE-ABS-KEY ( ( "digital education” or "digital
learning” or future competencies ") and (" 21st century skills' or "twenty-first century skills" or
"competencies of the 21st century" or "future skills" or "future competencies" ) ) AND PUBYEAR >
2014 AND PUBYEAR < 2026 AND ( LIMIT-TO ( SUBJAREA , "SOCI" ) ) AND ( LIMIT-TO (
DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( SRCTYPE , "j")) AND ( LIMIT-TO ( LANGUAGE ,
"English" ) ) AND ( LIMIT-TO ( OA , "all" ) ), with social science subject filters (SOCI), journal
article document types (ar), English, and open access (OA: all). Of the 418 initial documents, 71
articles were selected after a gradual selection process according to inclusion and exclusion criteria.
The analysis was conducted using the Bibliometrix package in the R language of Biblioshiny visual
interface that allows descriptive and visual analysis of publication metadata, including mapping of
author collaboration networks, keyword occurrence, and evolution of research themes. The article
filtering process follows the PRISMA workflow, as shown in Fig. 1, which includes four main stages,
namely identification, initial screening, advanced screening, and final inclusion. This approach refers
to similar practices used in previous studies by [26], [27], [28], [29], [30], which shows that this
method is effective for mapping the dynamics, collaboration, and scientific direction in the field of
digital education and future competencies. The explanation is as follows:

2.1. ldentification

The identification stage is the first step in the process of selecting documents used for
bibliometrics. At this stage, a systematic literature search was carried out using the Scopus database
with specific search strings that combined keywords such as "digital education™, "digital learning",
and "21st century skills". The strings are focused on title, abstract, and keyword fields (TITLE-ABS-
KEY) with a publication period limited to 2015 to 2025. In addition, an additional filter is applied to
filter only documents within the subject: Social Sciences (SOCI), document type: article (Ar), journal
source: journal (j) that are retained. The selection of social science subjects is carried out because the
topic of digital education is closely related to pedagogical and social aspects. From this process, 418
documents were obtained through the initial search, and as many as 270 articles were excluded
because they did not meet these criteria. Thus, 148 articles remain to be included in the next screening
process.

2.2. Screening

At this screening stage, 418 documents that had been collected were then screened based on
initial eligibility criteria. Documents that are not included in the category of journal articles or are not
published by scientific journal sources are included in the dataset. However, based on the results of
the selection, no documents have been eliminated at this stage. So that 148 documents have passed
the identification process to the next stage.

2.3. Eligibility

The eligibility stage is a follow-up evaluation process for 148 articles that have passed the initial
screening stage. At this stage, two additional exclusion criteria are applied, namely publication
language and accessibility. Articles that are not written in English, as well as swords that fall under
the open-access category, are eliminated from the dataset. A total of 77 articles were issued at this
stage for not meeting the criteria. The selection of articles in English is carried out because this
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language is an international scientific communication standard, thus facilitating validation and
knowledge exchange globally. Meanwhile, open-access articles were selected to ensure data openness,
increase transparency, and facilitate replication and accountability of research results by the broader
scientific community. Thus, only 71 articles met all the eligibility criteria and were used in this
bibliometric analysis.

2.4. Included

The final stage is inclusion, which is the determination of final documents that are worthy of
analysis in this study. A total of 71 articles that met all selection criteria were analyzed using the
Bibliometrix package on the R software with the Biblioshiny visual interface. Analysis was carried
out on various aspects of publications, including general information (main information), number of
annual scientific production (annual scientific production), most relevant journal sources (most
relevant sources), most relevant authors (most relevant authors), leading affiliated institutions (most
relevant affiliations), and countries contributing main publications (most relevant countries and
countries' scientific production). In addition, the analysis also includes thematic maps and the most
relevant words. All of these processes follow the PRISMA framework to ensure scientific validity,
transparency, and replication of methods.

Records excluded

=

2 Records identified through Scopus database (Published outside 2015-2025, not classified
_tf_-j keyword search »  under “Social Sciences” subject area, and not
_§ n=418 classified as “article” for document type)
= n=270

h 4

%p Initial screening conducted . : Reco;_d > gxc}}lded
g n= 148 > (Not classified as “article” for source type)
2 n=0
v
Records excluded
Full-text articles assessed for eligibility | (Notwritten in English and not classified under
n= 148 = the “all open access™ category)
n=77

Included articles in the final analysis
n=71
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ﬁ
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=
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Fig. 1. Prisma Flow Diagram Avrticle Selection Process

3. Results and Discussion
3.1. Main Information

Bibliometric analysis of 71 documents obtained from the Scopus database yielded some general
information that can be seen in Fig. 2. The publications analyzed covered a period between 2017 to
2025, although the initial search range was set from 2015 to 2025. This shows that articles that meet
all selection criteria (social science subjects, journal article type, English, and open access) have only
begun to appear in relevance since 2017. A total of 71 documents came from 61 different sources
(journals) for a total of 241 authors involved. Of all these documents, only 10 documents written by
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one author (single-authored) showed the dominance of collaboration in this study. The average
number of collaborators per document is 3.42 authors, while the international collaboration rate
reaches 18.31% which reflects cross-border involvement in research related to digital learning
transformation and 21st-century competencies. In terms of publication growth in this topic shows an
annual growth rate of 18.92% which signifies a significant increase in academic interest in the last
decade. The total number of keywords used by the authors reaches 304 keywords, reflecting the
diversity of focus and topical approaches in this field. In addition, all documents refer to 3685
references with an average age of 2.63 years, which indicates that the literature studied is relatively
new and up-to-date. The average citation per document is 17.1, which shows that the documents in
this dataset have a fairly high scientific impact in their field. Overall, this information shows that the
literature on digital learning transformation and 21st-century competencies is actively developing
collaboratively and receiving significant attention from the international scientific community.

Timespan Documents Annual Growth Rate

2017:2025 71 18.92 %

Authors of single-authored dod International Co-Authorship Co-Authors per Doc

18.31 % 3.42

Author's Keywords (DE) References Document Average Age Average citations per doc

304 3685 2.63 171

Fig. 2. Main Information

3.2. Annual Scientific Production

Fig. 3 shows the annual scientific production trends related to the topic of digital learning
transformation and 21st-century competencies during the period 2017 to 2025. There has been a fairly
stable increase from year to year, starting from only 1 publication in 2017, increasing slowly until
reaching its peak in 2024 with a total of about 25 articles. After 2021, the number of articles was
relatively stable, then experienced a significant surge in 2023 and 2024. This peak in productivity
shows the increasing academic attention to this topic, especially after the pandemic, which accelerated
the adoption of technology in education. However, in 2025, there will be a drastic decrease in the
number of publications, which may be due to limited publication time, an indexing process that has
not been completed, or articles that are still in the publishing stage, as also observed in bibliometric
trends [28]. This growth trend is in line with the findings [25], which also reported a surge in
publications in the field of digital education in the post-pandemic period. The implications of this
trend suggest that policymakers and educational institutions need to capitalize on the growth
momentum of research to formulate more adaptive digital learning transformation policies and support
the strengthening of 21st-century skills at various levels of education. Overall, this trend reinforces
the previous results that the literature in this field shows active growth with an annual growth rate of
18.92% as reflected in the analysis of key information.

3.3. Most Relevant Sources

Fig. 4 shows the sources or journals that published the most articles related to digital learning
transformation and 21st-century competencies during the analysis period. The most dominant journal
is Education Sciences, with a total of 5 publications. Followed by the Journal of Ecohumanism and
Sustainability (Switzerland), which each contributed 3 articles. Furthermore, the International Journal
of Emerging Technologies in Learning and Sustainability (Switzerland) also stood out with 2
publications each. Some other journals that contributed with 1 article include Advances in Medical
Education and Practice, Advances in Physiology Education, Asia Pacific Journal of Education, and
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Bordon. Revista de Pedagogia and Horizon Education. This distribution shows that the topic of digital
learning and 21st-century competencies has received attention from various multidisciplinary
journals, both in the fields of education, technology, and health. This diversity of sources also reflects
the breadth of scope and approach in the studies conducted.

Annual Scientific Production

Articles
25

10

2 &

2023
2

Year

Fig. 3. Annual Scientific Production

Most Relevant Sources

EDUCATION SCIENCES °

JOURNAL OF ECOHUMANISM °

SUSTAINABILITY (SWITZERLAND) °

INTERNATIONAL JOURNAL OF EMERGING TECHNOLOGIES IN o

SUSTAINABILITY {SWITZERLAND) o

Sources

ADVANCES IN MEDICAL EDUCATION AND PRACTICE
ADVANGES IN PHYSIOLOGY EDUCATION
ASIAPACIFIC JOURNAL OF EDUCATION

BORDON. REVISTA DE PEDAGOGIA

CAKRAWALA PENDIDIKAN

1 2 3 4 5
N. of Documents

Fig. 4. Most Relevant Sources

3.4. Most Relevant Authors

Fig. 5 shows the most prolific authors in publications on digital learning transformation and 21st-
century competencies. The author with the highest number of publications is Ramirez-Montoya, MS,
with a total of 3 documents. Meanwhile, there are ten other authors who each contributed 1 article,
including Abina A, Agbo FJ, Akcaalan M, Akhyar M, Al-Atabi M, Alali R, Alcantar-Nieblas C,
Alfaro-Ponce B, and Ali MH. These findings suggest that contributions in this field are scattered
among many researchers, with a relatively small dominance of a single individual, except Ramirez-
Montoya, who seems consistent in developing this topic in some of his scientific works. This reflects
the character of the field of study that is still wide open with collaboration across diverse researchers
and institutions.
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Most Relevant Authors
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Fig. 5. Most Relevant Authors

3.5. Most Relevant Affiliations

Fig. 6 shows the affiliated institutions that contribute the most to scientific publications related
to the transformation of digital learning and 21st-century competencies. Heriot-Watt University
Malaysia is the most dominant institution with a total of 9 publications. Followed by the National
University of Malaysia and the University of Helsinki, which each contributed 7 articles. Kamianets-
Podilskyi Ivan Ohienko National University is in the next position with 6 publications. In addition,
Pavlodar Pedagogical University, Universitas Pendidikan Indonesia, and Universiti Putra Malaysia
each contributed 5 publications. Meanwhile, Eastern Mediterranean University, Flame University, and
the School of Engineering and Sciences each contributed 4 articles. These findings show that the
contribution of research in this field is fairly evenly distributed in various countries, especially in Asia
and Europe, and reflects the strong role of higher education institutions in supporting the development
of studies on the digitalization of learning and competencies in the 21st century.

Most Relevant Affiliations

HERIOT-WATT UNIVERSITY MALAYSIA °

UNIVERSITI KEBANGSARN MALAYSIA °

UNIVERSITY OF HELSINKI °

KAMIANETS-PODILSKY! AN OHIENKO NATIONAL UNIVERSITY o

PAVLODAR PEDAGOGICAL UNIVERSITY °

Affiliations

UNIVERSITAS PENDIDIKAN INDONESIA L5 ]

UNIVERSITI PUTRA MALAYSIA s ]

EASTERN MEDITERRANEAN UNIVERSITY

FLAME UNIVERSITY

SCHOOL OF ENGINEERING AND SGIENCES

0.0 25 5.0 75
Articles

Fig. 6. Most Relevant Affiliations
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3.6. Most Relevant Countries

Fig. 7 shows the distribution of the corresponding authors' countries of origin in publications
related to the transformation of digital learning and 21st-century competencies. Indonesia and
Malaysia are recorded as the countries with the highest number of publications, each contributing 5
documents. These two countries show a combination of single-country publications (SCPs) and
collaborative publications between countries (MCPs). Other countries that are also quite active are
Spain, Finland, and South Africa, with 4 documents each, all of which are single-country publications.
The United States and Mexico also contributed 3 documents, in which the United States was more
prominent in international collaboration. Meanwhile, Australia, China, Colombia, and Hungary
contributed 2 documents each, followed by several other countries such as Austria, Canada, the Czech
Republic, Egypt, Estonia, Hong Kong, India, and Israel with 1 document. This data shows that the
topic of digital learning and 21st century competencies is attracting global attention with a pattern of
collaboration that varies between countries, both in the form of domestic and international research.

Corresponding Author's Countries

Countries —

MALAYSIA =
BPAIN -
FINLAND -
SOUTH AFRICA -
TURKEY -

USA -

MEXICO -

AUSTRALIA -
Collaboration

M scr
] mee

CHINA -

COLOMBIA -

HUNGARY -

AUSTRIA -

CANADA -

CZECH REPUBLIC -

EGYPT -

ESTONIA -

HONG KONG -

INDIA =

ISRAEL -

]

8
w
IS
@

4]
N. of Documents
SCP: Single Country Publications, MCP: Multiple Gountry Publications

Fig. 7. Most Relevant Countries

3.7. Countries’ Scientific Production

Table 1 presents the top ten countries based on the frequency of appearances in the publications
analyzed. Indonesia occupies the top position with a total of 32 appearances, followed by Malaysia
22 times. Turkey and Spain also showed quite significant contributions with 19 and 18 appearances,
respectively. The United States was recorded 15 times, while Ukraine and Mexico appeared in 13 and
11 publications, respectively. Finland, South Africa, and Colombia complete the list with frequencies
between 7 to 10. This data reflects that the Asian region has a strong dominance in publications related
to digital learning transformation and 21st-century competencies, followed by several countries from
Europe and the Americas. The high frequency also shows the active role of institutions and researchers
from these countries in developing technology-based educational studies and innovations.

3.8. Thematic Map

Fig. 8 shows a thematic map that illustrates the distribution and relationships between themes in
publications related to digital learning transformation and 21st-century competencies. The upper right
guadrant (motor themes) includes themes with a high level of density and centrality, such as critical
thinking, active learning, digital literacy, computational thinking, higher education, and 21st century
skills that are central to research development and have strong connectivity with other themes. The
top left quadrant (niche themes) contains themes such as future skills and pre-service teachers who
develop independently but are less central in the main network. The lower right quadrant (basic
themes) is filled with themes that are broadly relevant but still low in development, such as teacher
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education and engineering education. The lower left quadrant (emerging or declining themes) displays
themes that are still in the early stages or starting to be abandoned, such as entrepreneurship education,
teaching and learning, and self-efficacy. This map shows that current research tends to focus on
strengthening 21st-century skills that are closely related to digital learning innovations and active
approaches in higher education.

Table 1. Countries’ Scientific Production

Country Frequency
Indonesia 32
Malaysia 22
Turkey 19
Spain 18
USA 15
Ukraine 13
Mexico 11
Finland 10
South Africa 9
Colombia 7

critical thinking
human .
active learning 21st century skills
computational thinking

digital |mgl§§9 education
twenty first century

educationaf iR/ skills

education

medical education stolediEsron

e-learning
future skills virtual reality

pre-service teachers

creativity

(Density)

future competencies

Development degree

evaluation
entrepreneurial skills

self-efficacy
teaching and learning

entrepreneurship education

e

1
] .
teacher education
eng\nebnng education
!
I
1

Relevance degree
(Centrality)

Fig. 8. Thematic Map

3.9. Most Relevant Words

Fig. 9 shows the most frequently appearing keywords in publications related to digital learning
transformation and 21st-century competencies. The most dominant keyword was higher education,
with 9 appearances, followed by 21st-century skills and education, 6 times each. The theme of STEM
education also stands out with a frequency of 5 times. Some other keywords that also appear quite
often are curricula, project-based learning, sustainable development, teacher education, and twenty-
first century which each has 4 appearances. The phrase 21st century skills in the form of writing
without hyphens appears 3 times. This distribution shows that the focus of research in the last decade
has been strongly related to higher education, 21st-century skills development, and contextual learning
approaches such as project-based learning and sustainable development. This diversity of keywords
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reflects the breadth of approaches used in responding to the challenges of digital learning
transformation in various educational contexts.

Most Relevant Words

higher education °

All Keywords

0.0 25 50 75
Qceurrences.

Fig. 9. Most Relevant Word

3.10. Discussion

The transformation of digital learning in preparing 21st-century competencies is a response to
fundamental changes in the world of education due to technological disruption. These changes not
only touch on technological aspects but also affect curriculum design, teaching methods, and
assessment strategies oriented towards the development of the 4 C's: critical thinking, communication,
collaboration, and creativity skills. Project-based learning and cross-disciplinary approaches are
becoming increasingly relevant because they can bridge the gap between theory and practice [15]. In
line with [5], emphasizes that the integration of digital technology into the curriculum provides
opportunities to strengthen contextual experiential learning as well as expand space for exploration of
creativity and collaboration in the work environment.

The study uses bibliometric methods to analyze trends and patterns of scientific publications over
the period 2015 to 2025. Through the use of Bibliometrix and the Biblioshiny interface, the study
managed to map the scientific structure of 71 selected documents systematically curated from the
Scopus database. This method refers to similar practices in studies [25], that demonstrate the
effectiveness of bibliometrics in mapping the scientific ecosystem and the dynamics of digital
transformation in the realm of education. In line with the approach [28], [29], the results of this
analysis show a collaborative landscape of authors, dominant institutions, and the most active
countries in this field, with Indonesia and Malaysia occupying the top positions. The results show that
the scientific literature on this topic has experienced significant growth since 2017, with a surge in
numbers in 2023 and 2024. The fairly high average citations per document (17.1) indicates that this
topic is of important concern in academic circles. The thematic map shows that concepts such as
digital literacy, active learning, and computational thinking are the motor themes that continue to
develop. The emphasis on higher education and teacher education is also the basis for strengthening
digital literacy and future competencies. This is reinforced by findings [6], which reveals that the
integration of technology in higher education requires pedagogical readiness from lecturers as well as
a strong institutional support system. These findings also reinforce the global pattern as reported by
[29], which emphasizes the importance of digital literacy as a cornerstone of learning innovation. In
addition, recent studies also emphasize that digital transformation requires strategic leadership support
and adaptive change management systems to bridge challenges across the education sectors [31].

Teachers' digital identities are also an important highlight in this transformation [20], highlighting
that the formation of a teacher's digital professional identity is a key element in improving learning
design and student agency. On the other hand, low digital literacy and infrastructure gaps are still
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major challenges in various developing countries, as reported by a study by [22]. Several studies have
also highlighted the importance of developing an integrated digital learning space to support learning
across physical and institutional boundaries [31]. This condition underscores the need for strategic
policy support and ongoing training programs for educators to minimize competency gaps [7]. In
response to such complexity, learning strategies such as gamification and the use of Al are becoming
promising alternative approaches, as shown and studies [16], [17]. On increased motivation and
student participation through interactive technology-based approaches. In addition, the assessment of
digital transformation drivers based on the decision-making framework is also important in
universities [31].

By combining a bibliometric quantitative approach and a thematic understanding of the literature,
this study manages to present a comprehensive picture of how digital learning transformation has
evolved in the last decade. In addition to contributing to the academic foundation, these findings can
also be a reference in the formulation of inclusive and sustainable digital education policies, especially
in preparing a generation of 21st-century learners who are adaptive and reflective. As a follow-up,
future research is also suggested to explore strategic frameworks and models of digital transformation
implementation at the higher management level [31], [32], [33] and may expand the focus on new
themes such as entrepreneurship education, self-efficacy, and measuring the impact of technology
implementation on the context of education in developing countries [26], [27].

4. Conclusion

The results of this study show that digital learning transformation has undergone significant
developments in the past decade and has become the center of attention in efforts to prepare
competencies for the 21st century. Through a bibliometric approach to 71 scientific articles indexed
by Scopus, it was found that themes such as digital literacy, active learning, computational thinking,
and higher education dominated scientific discourse. Studies in this field tend to be collaborative
across countries and institutions, with the largest contributions coming from Indonesia and Malaysia.
In addition, project-based learning methods and the use of technologies such as Al and gamification
have proven to be increasingly relevant in strengthening the 4C (critical thinking, communication,
collaboration, and creativity) skills in higher education environments. The findings of this analysis
indicate that digital literacy not only includes technical aspects but is also closely related to
pedagogical design, the formation of educators' professional identities, and adaptive and inclusive
digital education policies. On the other hand, barriers such as inequality of access to infrastructure and
pedagogical readiness are still major challenges in various contexts of developing countries. The
implications of the results of this study can be used as a foothold in the formulation of education
policies and the development of a curriculum that is responsive to technological developments and
future competency needs. In addition to providing academic contributions, the results of the analysis
also open up space for further exploration of themes that are still relatively new, such as
entrepreneurship education and self-efficacy in the context of the digitalization of learning.
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