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ABSTRACT

Digital transformation has created significant opportunities to improve the quality
and accessibility of education while also generating challenges related to the digital
divide that may reinforce educational inequalities. This article aims to analyze the
phenomenon of the digital divide in education and identify strategies for achieving
equitable education access in the digital transformation era. This study employed a
literature review method by analyzing scientific publications and international
institutional reports published over the last five years. The findings indicate that the
digital divide in education is a multidimensional issue involving disparities in digital
infrastructure, technological devices, digital competencies, technology utilization,
and learning outcomes. Addressing these challenges requires a comprehensive
approach through strengthening digital infrastructure, improving educators' and
students' digital competencies, enhancing digital literacy, providing quality digital
learning resources, and implementing inclusive educational policies. Digital
transformation in education should not merely focus on increasing technology
adoption but must prioritize the development of an equitable, sustainable, and
inclusive education system that ensures equal learning opportunities for all students.
Therefore, digital equity becomes a fundamental principle in achieving meaningful
educational transformation in the contemporary digital era.
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1. | INTRODUCTION

Digital transformation has brought significant changes to the delivery of education
at various levels. The use of digital technology is no longer seen as a complement to
the learning process, but has become an integral part of supporting teaching and
learning activities, education management, and competency development of 21st
century students. The development of information and communication technology
allows the creation of more flexible, collaborative, and student-centered learning
through the use of various digital platforms, open learning resources, and interactive
learning media. On the other hand, this transformation also shows a new challenge in
the form of a digital divide that has the potential to widen the inequality of access to
education if it is not balanced with inclusive and sustainable policies (UNESCO, 2021;
OECD, 2021; UNESCO, 2023).

The acceleration of education digitalization is increasingly evident after the
COVID-19 pandemic which has encouraged educational institutions around the world
to adopt technology-based learning in a relatively short time. These changes show that
technology has a strategic role in maintaining the continuity of the learning process
when face-to-face learning cannot be implemented. However, this experience also
shows that not all students, educators, and educational institutions have the same level
of digital readiness. Differences in device availability, internet access, digital
competence, and learning environment support cause the benefits of digital
transformation to not be felt equally by all community groups (World Bank, 2021;
UNICEF, 2021; UNESCO, 2021).

The digital divide in the education sector is no longer understood only as a problem
of limited access to internet networks or technological devices. Recent research shows
that the digital divide has more complex dimensions, including the ability of individuals
to use technology effectively, the quality of technology use to support the learning
process, and the ability to derive real benefits from the use of technology. Thus,
individuals who have access to digital devices do not necessarily get equal learning
opportunities if digital competence and the quality of their use are still low. This
perspective expands the understanding that the equitable distribution of digital
education must include the dimensions of access, skills, use, and outcomes obtained
from the use of educational technology (van de Werthorst et al., 2022; Norman et al.,
2022; ITU, 2023).

In the context of 21st century education, equal access to education is one of the
important prerequisites in realizing an inclusive and equitable education system. Equal
access to digital technology provides opportunities for students to obtain wider learning
resources, improve learning interactions, develop critical thinking skills, and build
digital competencies needed in the future. On the other hand, the digital divide has the
potential to create inequality in the quality of learning, widen the gap in academic
achievement, and hinder the achievement of educational development goals that are
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oriented towards equitable distribution of learning opportunities for all students
(OECD, 2023; UNESCO, 2023; World Bank, 2021).

Various international organizations place equal access to educational technology
as one of the priority agendas in the transformation of global education. UNESCO
(2023) emphasized that the use of technology must be oriented towards improving the
quality of learning and equitable access to education, not just expanding the use of
digital devices. In line with that, the OECD (2023) emphasizes that the effectiveness of
digital transformation is greatly influenced by the readiness of the education system in
building educators' digital competencies, providing adequate infrastructure support, and
ensuring that all students have the same opportunity to utilize technology in the learning
process. Meanwhile, ITU (2023) shows that the improvement of digital connectivity is
still faced with gaps in access and service quality that have implications for the
equitable use of educational technology.

Empirical findings also show that the digital divide is influenced by various
interrelated factors, including socioeconomic conditions, the availability of
technological infrastructure, ownership of digital devices, digital literacy competencies,
and the support of educational institutions. Research by Gu (2021) shows that family
conditions also affect students' ability to access online learning optimally. In addition,
research on the digital readiness of students and schools indicates that differences in the
level of technological readiness are one of the factors that determine the quality of
digital-based learning experiences (van de Werthorst et al., 2022). Therefore, efforts to
reduce the digital divide cannot be done only through the provision of infrastructure,
but also require strengthening the capacity of human resources, developing digital
literacy, and education policies that are able to ensure the sustainability of digital
transformation inclusively.

Sustainable digital transformation also requires a paradigm shift in the
implementation of education. The main focus is no longer only on the provision of
technology, but on how it is able to improve the quality of learning, expand learning
opportunities, and support the achievement of better learning outcomes. In this context,
the concept of digital equity is becoming increasingly important because it emphasizes
that every student must have the same opportunity to access, use, and benefit from
educational technology without being influenced by social, economic, or other
characteristics. Therefore, the success of digital transformation cannot be measured
only by the level of technology adoption, but also by the extent to which technology is
able to reduce educational inequality and create a more inclusive learning experience
(Msila et al., 2021; UNESCO, 2021; OECD, 2021).

In addition to the access aspect, the digital competence of educators and students
is a fundamental factor in realizing the equitable distribution of technology-based
education. Mastery of digital literacy allows educators to design innovative, interactive,
and student-centered learning, while learners can use technology critically, creatively,
and responsibly. Digital competency frameworks such as the Digital Competence of
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Educators (DigCompEdu) have been widely used as a reference in increasing the
capacity of educators to integrate technology into learning practices effectively. The
development of these competencies is becoming increasingly relevant because the
challenge of digital education is not only related to the ability to operate devices, but
also the ability to select, evaluate, and utilize digital information appropriately to
support a meaningful learning process (Redecker, 2017; DigCompEdu Expert Group,
2020; UNESCO, 2023).

In addition to individual competencies, the success of equitable access to digital
education is also influenced by institutional support and adaptive education policies.
Educational institutions need to build a digital ecosystem that supports collaboration,
innovation, and sustainable use of technology. Equity-oriented policies need to
integrate the provision of infrastructure, strengthening the capacity of educators,
developing digital learning resources, and an evaluation system that is able to identify
groups of students who are still experiencing obstacles in accessing educational
services. A comparative analysis conducted by Msila et al. (2021) shows that various
international organizations have different approaches to encouraging the digitalization
of education, but all of them place equitable access and strengthening the quality of
learning as the main goals of digital transformation.

A number of studies also show that the digital divide has long-term implications
for the quality of human resources. Norman et al. (2022) emphasized that groups of
students who are in vulnerable conditions tend to experience greater obstacles in
obtaining benefits from digital learning if they are not supported by inclusive policies.
These findings are reinforced by Akpan et al. (2024) who explain that gaps in
technology access, quality of digital learning systems, and readiness of educational
institutions are still major challenges in various developing countries. In fact, a study
published in PLOS ONE shows that the digital divide in education can strengthen social
inequality if not followed by a comprehensive equity strategy, so access to technology
needs to be seen as part of efforts to create educational justice in a sustainable manner
(PLOS ONE, 2023).

The rapid development of digital technology, including the emergence of artificial
intelligence, learning analytics, and open learning resources, basically provides a great
opportunity to expand access to education. However, these opportunities also present
new challenges related to human resource readiness, technology utilization ethics, data
protection, and digital competency gaps. UNESCO (2023) through the guidelines for
the use of Generative Artificial Intelligence in education emphasizes that the
implementation of technology must remain oriented towards the principles of
inclusivity, equity, and improving the quality of learning. Thus, technological
innovation should be an instrument to strengthen the equitable distribution of education,
not create new forms of inequality in the education system.

Based on various empirical findings and policy developments, it can be understood
that the digital divide is a multidimensional issue that requires a comprehensive
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approach through synergy between the provision of infrastructure, strengthening digital
competence, developing digital literacy, supporting educational institutions, and public
policies oriented towards equitable access to education. Therefore, this article aims to
comprehensively analyze the relationship between the digital divide and equitable
access to education in the perspective of digital transformation. The analysis is focused
on identifying the factors that influence the occurrence of the digital divide, its impact
on the equitable distribution of learning opportunities, and various strategies that can
be applied to realize a more inclusive, adaptive, and sustainable education system in the
digital era. The results of this study are expected to make a conceptual contribution to
the development of educational policies and practices that support the creation of
equitable access to education through the effective and equitable use of digital
technology.

2. | RESEARCH METHOD

This research uses a library research method with a descriptive-qualitative
approach to obtain a comprehensive understanding of the digital divide and equitable
access to education in the era of digital transformation. Literature studies were chosen
because they allow researchers to collect, review, compare, and synthesize various
scientific findings that have been published, so that a complete picture of the
development of concepts, causal factors, impacts, and strategies in overcoming the
digital divide in the field of education is obtained. This approach is also appropriate for
identifying trends in the results of cutting-edge research while crafting conceptual
arguments based on credible scientific evidence. Through the analysis of various
literature sources, this study seeks to produce a systematic understanding of the
relationship between digital transformation and equitable access to education without
collecting direct field data.

The source of research data is in the form of secondary data derived from scientific
articles, books, proceedings, reports of international organizations, and policy
documents relevant to the focus of the research. All references used are limited to
publications from the last five years to align with the latest developments in educational
digitalization and remain relevant to the context of scientific publications. The literature
was obtained through searching on scientific databases indexed in Google Scholar using
keywords such as digital divide, digital equity, digital education, educational
technology, digital literacy, education access, and education transformation. In
addition, this study also utilizes official reports from UNESCO, OECD, World Bank,
ITU, and UNICEEF as the main reference sources because these institutions consistently
publish empirical reports on the development of digital transformation and equitable
education at the global level.

The literature selection process is carried out through several stages, namely
identification, screening, feasibility assessment, and determination of sources to be
analyzed. At the identification stage, all literature that corresponds to the research
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keywords is collected. The next stage is screening based on the suitability of the title,
abstract, scope of discussion, and year of publication. Furthermore, an assessment of
the quality of sources is carried out by considering the reputation of the journal,
relevance of substance, credibility of the author, and direct relevance to the issue of
digital divide and equal access to education. Literature that has no direct relationship to
the research objectives or is outside the established age range is not included in the
analysis process. Through this stage, reference sources that have high validity and
relevance are obtained so that they can support the preparation of comprehensive
discussions.

Data analysis is carried out using content analysis techniques through the process
of critical reading, grouping information based on themes, comparing research results,
identifying patterns of interdependency between variables, and synthesizing various
findings into a complete conceptual framework. The analysis focuses on four main
aspects, namely the concept of digital divide in education, factors that affect equitable
access to education, the impact of digital divide on learning quality, and strategies that
can be applied to realize inclusive and equitable digital education. Furthermore, the
results of the synthesis of various references are analyzed descriptively to find
similarities, differences, and thought developments from various previous studies so
that conclusions based on the latest scientific evidence are obtained. With this approach,
this research is expected to be able to provide a comprehensive conceptual overview of
the importance of strengthening equitable access to education through digital
transformation that is oriented towards improving the quality of learning, developing
digital competencies, and the sustainability of the education system in the digital era.

3. | RESULTS AND DISCUSSION

Digital transformation has changed the paradigm of education delivery from a
classroom-centered learning system to a more flexible, adaptive, and supported learning
by digital technology. These changes allow the learning process to take place without
being limited by space and time through the use of various learning platforms, digital
learning resources, interactive media, and learning management systems that support
collaboration between educators and students. Digitization of education also provides
opportunities to improve the quality of learning through the presentation of more varied
materials, personalization of the learning process, and expansion of access to various
sources of knowledge. However, these benefits cannot be felt equally because there are
still gaps in access, competence, and use of technology in the educational environment.
This condition shows that digital transformation is not only a matter of technology
adoption, but also related to the ability of the education system to ensure equal
distribution of learning opportunities for all students (UNESCO, 2023; OECD, 2021;
World Bank, 2021).

Based on various studies analyzed, the digital divide is a multidimensional
phenomenon that includes more than just limited access to the internet or digital
devices. The development of the concept of digital divide shows that there are four
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main dimensions that are interrelated, namely access divide, skills divide, usage divide,
and outcome divide. In the early stages, individuals or educational institutions may
experience limitations in obtaining technological devices and internet connectivity.
Once access is available, the next challenge is the ability to use technology effectively
to support the learning process. Furthermore, the quality of technology utilization will
determine the benefits obtained by students, both in the form of improving learning
outcomes, critical thinking skills, and mastery of 21st century competencies. Thus, the
equitable distribution of digital education must be understood as an effort to reduce all
forms of disparities simultaneously so that every student has equal learning
opportunities (van de Werfhorst et al., 2022; Norman et al., 2022; ITU, 2023).

The results of the synthesis of various studies show that digital infrastructure is still
a fundamental factor that affects the equitable distribution of access to education. The
availability of a stable internet network, adequate learning tools, and information
technology support are prerequisites for the effective implementation of digital
learning. Although the development of digital infrastructure has increased in recent
years, its distribution has not been completely evenly distributed, so there are still
groups of students who experience obstacles in accessing technology-based education
services. This condition not only affects the continuity of learning, but also limits the
opportunity for students to take advantage of the various digital learning resources that
are widely available. Therefore, digital infrastructure development needs to be seen as
a long-term investment in supporting equitable distribution of education and improving
the quality of human resources (ITU, 2023; OECD, 2023; World Bank, 2021).

In addition to infrastructure, the ownership and availability of digital devices also
determine the success of the implementation of technology-based learning. Devices
such as computers, laptops, tablets, and smartphones are the main media that allow
students to access learning materials, communicate with educators, and participate in
various academic activities online. However, device ownership does not always
guarantee effective learning if device quality, user capabilities, and learning
environment support are still limited. Research by Gu (2021) shows that family
conditions, including the availability of devices and learning environments at home,
have an influence on the accessibility of digital learning. The findings show that the
digital divide is also influenced by socioeconomic factors that have implications for
students' ability to utilize technology optimally. Therefore, efforts to equalize access to
education require an approach that considers economic, social, and pedagogical aspects
in an integrated manner.

Another factor that has a very important role is the digital competence of educators
and students. Digital transformation will not result in an improvement in the quality of
learning if technology users do not have adequate skills to integrate technology into
teaching and learning activities. Digital competence includes the ability to search,
evaluate, manage, create, and communicate information through digital media
effectively, ethically, and responsibly. In the context of education, these competencies
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are the basis for educators to design innovative learning strategies while guiding
students in utilizing technology as a means of learning. The DigCompEdu framework
emphasizes that the development of educators' digital competencies must include
pedagogical, professional, evaluative, and student empowerment aspects so that the use
of technology is truly able to improve the quality of learning (DigCompEdu Expert
Group, 2020; Redecker, 2017; UNESCO, 2023).

Furthermore, various studies show that digital literacy has a close relationship with
equal distribution of learning opportunities. Digital literacy is not only related to
technical abilities in operating devices, but also includes the ability to think critically,
evaluate the credibility of information, maintain digital security, and use technology
creatively to solve problems. Students who have a good level of digital literacy tend to
be better able to utilize various digital learning resources independently, collaborate in
online learning environments, and develop lifelong learning skills. On the other hand,
low digital literacy can cause students to have difficulties in accessing valid
information, utilizing learning platforms effectively, and adapting to changing
technological developments. Therefore, the development of digital literacy needs to be
an integral part of the education equity strategy because it directly contributes to
improving the quality of learning and strengthening the capacity of students in facing
the challenges of the digital era (UNICEF, 2021; UNESCO, 2021; Alamprese, 2024).

The success of digital transformation in education is also greatly influenced by the
ability of educational institutions to build a learning ecosystem that is adaptive to
technological developments. The ecosystem includes not only the availability of
hardware and software, but also educational leadership, organizational culture, educator
professional development, technical support, and ongoing evaluation mechanisms.
Educational institutions that are able to integrate all of these components tend to be
better prepared to face changes and more effective in reducing barriers to technology
implementation. On the other hand, institutions that do not have a structured digital
planning often have difficulty in optimizing the use of technology so that the digital
divide persists even though basic infrastructure is available. Thus, digital
transformation requires systemic changes that involve all elements of education
providers, not just the procurement of technological devices (OECD, 2021; Msila et al.,
2021; UNESCO, 2023).

The results of the study also show that education policy has a strategic role in
determining the success of equitable access to digital education. Effective policies must
be able to integrate infrastructure development, improving human resource
competencies, developing adaptive curriculum, and providing quality digital learning
resources. Various international organizations affirm that the success of education
digitalization requires a cross-sectoral approach through collaboration between
governments, educational institutions, communities, and the private sector. This
synergy is needed to ensure that digital transformation not only improves the efficiency
of education delivery, but is also able to reduce the gap in learning opportunities
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between groups of students. Therefore, digital education policy formulation should be
based on empirical evidence, learner needs, and the principle of fairness so that the
benefits of technology can be widely felt (UNESCO, 2021; World Bank, 2021; Msila
etal., 2021).

In addition to policy support, the collaboration of various stakeholders is an
important factor in realizing equitable access to education. Educators have the
responsibility to develop learning strategies that are able to accommodate the diversity
of students' abilities in utilizing technology. On the other hand, educational institutions
need to provide a learning environment that supports the development of digital
competencies through training, mentoring, and the provision of adequate learning
facilities. The role of the family also cannot be ignored because parental support for the
positive use of technology will affect students' motivation, discipline, and learning
independence. This collaboration creates a learning ecosystem that allows all parties to
contribute to reducing barriers to access while improving the quality of the technology-
based learning process (UNICEF, 2021; Gu, 2021; Norman et al., 2022).

The development of digital technology also opens up opportunities to develop a
more flexible and student-centered learning model. The use of learning management
systems, open educational resources, video-based learning, digital simulations, and
artificial intelligence provides increasingly diverse alternatives to support the learning
process. These innovations allow students to learn according to their needs, abilities,
and speeds so that learning becomes more personalized. However, the increasingly
complex use of technology also requires increasing the capacity of educators to be able
to choose technology that suits learning objectives and student characteristics.
Therefore, digital transformation needs to be accompanied by the development of
digital pedagogical competencies so that technological innovation really provides
added value to the quality of learning, not just replacing conventional learning methods
(OECD, 2023; UNESCO, 2023; DigCompEdu Expert Group, 2020).

In addition to these various opportunities, the development of digital technology
also presents new challenges that need to be anticipated. One of the main challenges is
the increasing need for critical thinking skills in filtering information circulating in the
digital space. Students are not only required to be able to access information, but also
have the ability to evaluate the validity of sources, understand the ethics of using
technology, maintain the security of personal data, and use digital media responsibly.
This challenge has become increasingly important as artificial intelligence technology
has developed that allows for the rapid production of information in various forms.
UNESCO (2023) emphasizes that the implementation of technology, including
Generative Artificial Intelligence, must be accompanied by strengthening digital
literacy, digital ethics, and clear governance so that its use continues to support
educational goals. Thus, the development of digital competencies needs to be directed
not only at the technical aspect, but also at the formation of a responsible digital
character.
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Furthermore, the results of Akpan et al.'s (2024) research show that the digital
divide is still a big challenge, especially in the education system that is experiencing an
acceleration of digital transformation. The difference in the level of technology
readiness, the quality of the digital learning system, and the ability of institutions to
manage innovation cause the benefits of digitalization to not be optimally felt by all
students. The findings are in line with research published in PLOS ONE (2023) which
shows that the digital divide can strengthen social inequality if it is not balanced with
comprehensive equity policies. Therefore, the digital education development strategy
should not only be oriented towards increasing access to technology, but also ensure
that all students have the same opportunity to obtain the benefits of quality education
through the use of digital technology. This approach is an important foundation in
realizing an inclusive, equitable, and sustainable education system in the midst of
ongoing technological developments.

The sustainability of digital transformation in education ultimately depends on the
ability of the education system to build equity that is not only physical, but also
functional. Physical equity is related to the provision of adequate infrastructure, internet
connectivity, and digital devices, while functional equity emphasizes the ability of all
students and educators to utilize technology to improve the quality of learning. These
two aspects must go hand in hand because the provision of technology without
strengthening user capacity will not result in significant changes in the quality of
education. On the other hand, good digital competence cannot develop optimally if it is
not supported by access to adequate facilities and infrastructure. Therefore, the strategy
for equitable access to education needs to be designed holistically in order to be able to
respond to various dimensions of the digital divide simultaneously (UNESCO, 2021;
OECD, 2023; ITU, 2023).

One of the strategies that is considered effective in reducing the digital divide is to
strengthen the professional development of educators in a sustainable manner. Rapid
technological changes require educators to continue to update their knowledge and
skills in order to be able to integrate technology appropriately in the learning process.
Professional development programs need to focus not only on the ability to operate
digital devices, but also on innovative learning design, digital assessment, utilization of
open learning resources, learning data analysis, and the application of technology that
is oriented to the needs of students. In this context, the educators' digital competency
framework is an important reference for designing a systematic capacity-building
program so that educators are able to adapt to technological developments while
maintaining the quality of the learning process (Redecker, 2017; DigCompEdu Expert
Group, 2020; OECD, 2021).

In addition to increasing the capacity of educators, strengthening students' digital
literacy needs to be an integral part of the educational curriculum. Digital literacy is no
longer understood as the ability to use technological tools alone, but as a set of
competencies that include the ability to search, evaluate, manage, create, and
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communicate information responsibly. This ability is very important in forming
students who are able to learn independently, think critically, collaborate, and adapt to
dynamic technological developments. The UNICEF report (2021) emphasizes that
strengthening digital competence from an early age will increase the readiness of the
younger generation to face social and economic changes influenced by technological
developments. In line with that, Alamprese (2024) explained that the development of
digital literacy is one of the important instruments to expand learning opportunities and
increase educational inclusion for various community groups.

Another aspect that is no less important is the optimization of the use of quality and
easily accessible digital learning resources. Technological developments have made it
possible to provide various forms of learning resources, such as digital books, learning
videos, interactive simulations, virtual laboratories, massive open online courses
(MOOC:s), and open educational resources that can be used by educators and students.
The availability of these learning resources provides opportunities to enrich the learning
experience, increase learning flexibility, and support the application of lifelong
learning. However, its use still requires information literacy skills so that students are
able to choose sources that are valid, relevant, and in accordance with learning
objectives. Therefore, educational institutions need to develop a mechanism for
curating digital learning resources while guiding students in using various sources of
information critically and ethically (UNESCO, 2023; World Bank, 2021; OECD,
2023).

Based on the overall results of the study, it can be understood that the digital divide
1s a multidimensional challenge that requires a cross-sectoral and sustainability-
oriented approach. Efforts to equalize access to education are not enough to be carried
out through the provision of infrastructure or technological devices, but must also be
accompanied by strengthening digital competence, increasing digital literacy,
developing the capacity of educational institutions, providing quality learning
resources, and formulating policies based on the principles of justice and inclusivity.
This approach is in line with the direction of global education transformation which
places technology as a means to improve the quality of learning while expanding
learning opportunities for all students regardless of social, economic, or other
characteristics. Thus, equitable access to education in the digital era can only be realized
if technological transformation is carried out in a planned, collaborative, and centered
manner on the needs of students as the main goal of education development (UNESCO,
2021; UNESCO, 2023; World Bank, 2021).

4. | CONCLUSION

Digital transformation has become one of the main factors that change the paradigm
of education delivery towards a more flexible, adaptive, and competency-oriented
learning system in the 21st century. However, various studies show that the use of
technology in education is still faced with the problem of a multidimensional digital
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divide. The gap is not only related to limited access to digital infrastructure and devices,
but also includes differences in digital competencies, the quality of technology
utilization, and the benefits that students get from the digital-based learning process.
This condition has implications for the uneven learning opportunities and the quality of
educational services received by each student.

Equitable access to education in the digital era requires a comprehensive approach
through synergy between the provision of technological infrastructure, improving the
digital competence of educators and students, strengthening digital literacy, developing
quality digital learning resources, and supporting policies oriented to the principles of
inclusivity and justice. The success of digital transformation is determined not only by
the level of technology adoption, but also by the ability of all stakeholders to effectively
utilize technology to improve the quality of learning and expand learning opportunities.

Thus, efforts to reduce the digital divide must be an integral part of a sustainable
education development strategy. Collaboration between the government, educational
institutions, educators, families, and the community is an important factor in building a
digital education ecosystem that is inclusive and adaptive to technological
developments. Through strengthening the capacity of human resources, responsible use
of technology, and policies based on equal access, digital transformation is expected to
be able to support the realization of a higher quality, equitable education system, and
able to answer the challenges of community development in the digital era.
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