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1. INTRODUCTION

ABSTRACT

Equal access to education remains a challenge in Indonesia, especially in remote areas
with limited information technology (IT) infrastructure. This study analyzes IT infra-
structure management strategies to enhance education access using a literature review
and qualitative methods. Data from Google Scholar and relevant websites (2018
2025) were rigorously selected, narrowing 40 articles to 18. Findings highlight key
challenges: limited internet connectivity, insufficient digital devices, low digital liter-
acy among educators, and suboptimal government policies. To address these, strate-
gies include expanding satellite-based internet, partnering with the private sector for
device provision, community-based teacher training, and empowering local commu-
nities in technology use. The government plays a crucial role in developing integrated,
region-specific policies to ensure sustainable education digitalization. A comprehen-
sive strategy is essential to reducing disparities in education access and achieving a
more equitable distribution of education quality across Indonesia.

ABSTRAK

Akses pendidikan yang setara masih menjadi tantangan di Indonesia, terutama di dae-
rah terpencil dengan keterbatasan infrastruktur teknologi informasi (TI). Penelitian
ini menganalisis strategi pengelolaan infrastruktur TI untuk meningkatkan akses pen-
didikan melalui tinjauan pustaka dan metode kualitatif. Data dari Google Scholar dan
situs web relevan (2018-2025) dipilih secara ketat, menyaring 40 artikel menjadi 18.
Temuan mengungkap tantangan utama: keterbatasan konektivitas internet, ku-
rangnya perangkat digital, rendahnya literasi digital tenaga pendidik, dan kebijakan
pemerintah yang belum optimal. Untuk mengatasinya, strategi yang dapat diterapkan
mencakup perluasan jaringan internet berbasis satelit, kemitraan dengan sektor
swasta untuk penyediaan perangkat, pelatihan guru berbasis komunitas, serta pem-
berdayaan masyarakat dalam pemanfaatan teknologi. Pemerintah berperan penting
dalam merancang kebijakan yang lebih terintegrasi dan berbasis daerah guna memas-
tikan digitalisasi pendidikan berjalan berkelanjutan. Strategi komprehensif diperlukan
untuk mengurangi kesenjangan akses pendidikan dan mencapai pemerataan kualitas
pendidikan di Indonesia.

Education is a fundamental element of national development, yet access to quality education remains a sig-
nificant challenge in remote areas. Information Technology (IT) infrastructure plays a crucial role in bridging
this gap by enabling broader access to educational resources through digitalization (McCarthy et al., 2023).
However, geographical barriers, resource limitations, and inadequate basic infrastructure often hinder the
implementation of digital solutions in remote regions. Effective IT infrastructure management strategies are
key to ensuring that education digitalization maximally benefits communities with limited access.
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One of the primary challenges in IT infrastructure management in remote areas is the limited internet
connectivity, which remains a serious issue. Many remote regions lack adequate broadband network access,
restricting the use of internet-based technology in learning processes (Graves et al., 2021). In this context,
alternative approaches such as developing satellite-based networks, implementing mesh networks, and op-
timizing offline technology such as locally hosted Learning Management Systems (LMS) should be consid-
ered. These strategies ensure that educational content remains accessible without solely relying on stable
internet connectivity.

Beyond connectivity issues, the lack of hardware and software presents a significant obstacle to im-
plementing educational technology in remote areas. Many schools in these regions lack computers, tablets,
or even a stable electricity supply to support the sustainable use of technology (Ahiaku et al., 2025). IT infra-
structure management strategies must include procuring devices suited to local conditions, such as low-en-
ergy computers, local servers for learning material storage, and mobile-based technology, which is more
flexible and accessible for students and educators.

Another critical challenge is the readiness of human resources to manage and utilize educational
technology effectively. Education digitalization requires not only adequate infrastructure but also educators'
competence in operating and leveraging technology to enhance learning effectiveness (Haleem et al., 2022).
IT infrastructure management strategies must include training programs and mentoring initiatives for edu-
cators to optimize the use of technology in teaching. This approach may involve online training, in-person
workshops, and mentorship programs involving academic and industry communities.

In addition to technical and human resource factors, the sustainability of IT systems in remote areas
also depends on policy support and institutional backing. Without clear regulations and support from the
government and relevant institutions, many education digitalization initiatives struggle to sustain them-
selves in the long term (Singun, 2025). Management strategies should involve collaboration between the gov-
ernment, private sector, non-profit organizations, and local communities to build a sustainable digital edu-
cation ecosystem. Policy incentives, sustainable financing schemes, and strategic partnerships with IT service
providers can be part of the solution to ensure continued and expanding digital education access in remote
areas.

A community-based approach is also a crucial factor in improving IT infrastructure management for
education in remote areas. Community involvement in planning, implementing, and maintaining IT infra-
structure can increase ownership and responsibility for the sustainability of digital education programs (Ika
Sari et al., 2024). For instance, community-based training programs can help enhance digital literacy among
students and the broader community, ensuring that available technology is optimally utilized and has a
wider impact on the local education ecosystem.

The success of IT infrastructure management strategies in supporting education digitalization in re-
mote areas must also be measured using a comprehensive approach. Evaluating IT infrastructure effective-
ness should include various aspects, such as increased access to learning materials, student engagement in
learning processes, and the impact on academic performance (Wibowo et al., 2023). Additionally, participa-
tory evaluation methods, such as surveys of teachers and students, data analysis of technology usage, and
case studies on digitalization program implementation in specific regions, can provide deeper insights into
refining the applied strategies.

Considering the challenges and solutions outlined above, this study aims to examine effective IT
infrastructure management strategies to improve education access in remote areas. Through a comprehen-
sive approach covering technical aspects, human resources, policy frameworks, and community involve-
ment, this research aims to provide recommendations that stakeholders can apply to support the sustainable
digitalization of education.

2. THEORETICAL FRAMEWORK AND HYPOTHESES

Information Technology Infrastructure

Information Technology (IT) infrastructure refers to all technological components that support the pro-
cessing, storage, and distribution of information within a system, including hardware (computers, servers,
and communication networks), software (applications and operating systems), and supporting services such
as internet connectivity and data centers (Yi et al., 2018). In the educational context, IT infrastructure is a key
element in supporting digital transformation, enabling access to online learning resources, and accelerating
communication and administrative processes in education. In remote areas, IT infrastructure is often still
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limited due to a lack of investment, low internet coverage, and geographical constraints that hinder the dis-
tribution of devices and technological services, necessitating proper management strategies to overcome
these challenges.

Educational Digitalization

Educational digitalization is the process of integrating digital technology into the learning system to improve
accessibility, effectiveness, and efficiency in education (Arisoy, 2022). This includes the use of learning soft-
ware, Learning Management System (LMS) platforms, online learning resources, and the utilization of arti-
ficial intelligence (Al) and big data to support personalized learning. Educational digitalization allows stu-
dents and educators to access materials flexibly, interact virtually, and leverage technology to enhance the
understanding of complex concepts. However, implementing digitalization in remote areas still faces various
challenges, such as limited IT infrastructure, low digital literacy, and unequal internet access, making inte-
grated solutions necessary to ensure the benefits of digitalization are inclusively experienced.

Remote Areas

Remote areas refer to regions that are geographically difficult to reach and generally have limited access to
basic infrastructure, including electricity, transportation, and communication networks (Cattaneo et al.,
2022). In Indonesia, remote areas are often located in inland regions, mountains, or islands far from economic
and administrative centers, resulting in disparities across various sectors, including education. One of the
main challenges in providing educational services in remote areas is the lack of school facilities, the shortage
of qualified teaching staff, and limited access to technology and learning resources. The management of IT
infrastructure in remote areas is crucial to bridging educational disparities, allowing students and teachers
to access digital resources, and strengthening educational equity across regions.

Educational Access

Educational access refers to individuals' ability to obtain quality educational services without geographical,
economic, social, or technological barriers (Saja et al., 2018). The principle of educational access includes the
availability of learning facilities, affordability of education costs, equal opportunities for all societal groups,
and inclusivity in utilizing technology as a learning aid. In remote areas, educational access remains a major
challenge due to the lack of school infrastructure, a shortage of teaching staff, and limitations in the use of
educational technology. The utilization of information technology and educational digitalization can be a
solution to expanding educational access for students in remote areas, enabling them to learn online, interact
with educators through digital platforms, and obtain learning materials that were previously difficult to ac-
cess.

Management Strategies

Management strategies in the context of IT infrastructure for education involve planning, implementation,
and evaluation of policies and programs that support the optimal use of technology in the education sector,
particularly in remote areas (Ntorukiri et al., 2022). These strategies include various approaches, such as im-
proving internet connectivity through satellite technology and community-based networks, providing digital
devices through partnerships with the private sector and corporate social responsibility (CSR) programs, and
strengthening the capacity of educators through digital literacy training. Furthermore, management strate-
gies also involve the active role of the government in creating sustainable policies, ensuring sufficient fund-
ing for IT infrastructure development, and encouraging collaboration among stakeholders so that educa-
tional digitalization can be effectively and equitably implemented across Indonesia.

3. RESEARCH METHOD

This study is a literature review with a qualitative approach aimed at analyzing IT infrastructure manage-
ment strategies to enhance educational access in remote areas. A qualitative approach is used to gain an in-
depth understanding of the challenges and solutions that have been implemented in various previous stud-
ies. This method allows for a systematic exploration of concepts, strategies, and recommendations that can
be applied in the context of educational digitalization in areas with infrastructure limitations. Data collection
was conducted through a literature review from various relevant academic sources, particularly scholarly
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articles obtained from Google Scholar and other credible sources, such as official publications from educa-
tional institutions, international organizations, and reputable websites. The publication timeframe for articles
used in this study is from 2018 to 2025 to ensure that the analyzed data and findings remain current and
aligned with recent developments in educational technology and digital access to learning in remote areas.
The article selection process was conducted rigorously by considering relevance to the research topic, content
appropriateness, and the quality of the sources used. The initial search resulted in 40 potentially relevant
articles for this study. However, after a selection process based on source credibility, research focus, and
depth of discussion, only 18 articles were used for further analysis. The selected articles cover various aspects,
such as technical challenges in IT infrastructure management, innovative solutions to improve digital edu-
cational access, and policy and social factors influencing the successful implementation of educational digi-
talization in remote areas. Data analysis was performed using a descriptive method, identifying patterns,
trends, and key findings from the collected articles. This approach allows for a comparison of various IT
infrastructure management strategies that have been implemented in different contexts and evaluates their
effectiveness in supporting educational access in remote areas. The analysis was conducted by organizing
thematic categories based on key issues found in the literature, such as connectivity, device availability, hu-
man resource readiness, supporting policies, and community involvement in IT infrastructure management
for education.

4. DATA ANALYSIS AND DISCUSSION

The management of information technology (IT) infrastructure in improving access to education in remote
areas of Indonesia still faces complex challenges. The main obstacles include limited internet connectivity, a
lack of digital devices in schools, and low digital literacy among educators. Additionally, government poli-
cies have not yet been fully optimized to support the digitalization of education in underdeveloped regions.
According to data from the Ministry of Communication and Informatics (Kominfo), approximately 12,548
villages still experience limited internet access (CNN Indonesia, 2022). As a result, many schools struggle to
integrate technology into learning, exacerbating the educational quality gap between urban and rural areas.
To address these challenges, the government has initiated the "Bakti Kominfo" program to establish satellite-
based internet networks in 3 regions (Disadvantaged, Frontier, and Outermost). However, the effectiveness
of this program still depends on a sustainable management strategy. It is not only about providing infra-
structure but also includes intensive training for educators, subsidies for digital devices in schools, and the
integration of technology-based curricula. Through a systematic approach, the utilization of the internet in
education can sustainably improve learning quality in remote areas.

One of the key strategies in managing IT infrastructure in remote areas is ensuring broad and sus-
tainable connectivity through projects such as the Republic of Indonesia Satellite (SATRIA-1) (Komite, 2023).
This project aims to provide internet access to schools in rural regions. However, the biggest challenge lies
in the availability of internet access and its effective utilization in education. Therefore, a monitoring and
evaluation system is needed to measure the real impact of connectivity on learning quality. Establishing net-
work control centers at the regional level is a crucial solution to ensure connection stability in schools and
provide a rapid response to technical issues. Meanwhile, partnerships with telecommunications operators
must be expanded to make educational internet packages more affordable for students and educators in
hard-to-reach areas. A subsidy-based approach or incentive schemes can ensure that digital access is availa-
ble and effectively utilized. This access must be integrated with the curriculum and sustained to support the
improvement of education quality in remote regions.

Beyond connectivity, the availability of digital devices is a critical factor in the digitalization of edu-
cation in remote areas. Many schools still rely on conventional teaching methods due to the lack of comput-
ers, laptops, or projectors. Efforts to accelerate digitalization must include a more systematic device procure-
ment strategy. One solution is through donation programs from private companies under corporate social
responsibility (CSR) schemes. To make this scheme more effective, incentive regulations should encourage
companies to donate usable second-hand devices. For example, incentives can be provided through tax re-
ductions or recognition in corporate social responsibility rankings. Meanwhile, programs such as the 1000
Digital Startups National Movement" and "Digital Talent Scholarship" from Kominfo have contributed to
improving digital literacy (Yuhenda, 2024). However, these programs have not directly addressed device
procurement for schools in disadvantaged areas. The government needs to integrate these incentive policies
with targeted distribution mechanisms. This way, schools can access and optimally utilize technology. This
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step will support sustainable educational transformation in remote regions.

Enhancing the capacity of educators is a crucial strategy in IT infrastructure management for educa-
tion. The main challenges include limited access to technology and the lack of readiness among teachers to
utilize it effectively in learning. This issue is particularly prevalent in remote areas where digital infrastruc-
ture remains inadequate. Although the Ministry of Education and Culture's "Guru Belajar dan Berbagi"
(Teachers Learning and Sharing) program has provided online training for teachers, its effectiveness remains
limited for those in areas with poor internet access. A community-based approach, such as establishing tech-
nology training centers, is necessary. These centers allow educators to receive direct training from local facil-
itators who have previously been trained through collaborations with universities or social organizations.
This model has been successfully implemented in the "Smart Village" program, where university students
provide technology training to teachers and rural communities as part of a community service initiative
(Nirsal et al., 2023). This approach can be expanded by involving more educational institutions, industry
players, and local governments. As a result, the continuity of technological training for educators can be
ensured. Ultimately, this strategy enhances teachers' digital skills and accelerates the sustainable transfor-
mation of IT-based education in underdeveloped regions.

In addition to strengthening the capacity of educators, IT infrastructure management must involve
local communities to ensure the sustainability of educational digitalization programs. Full reliance on gov-
ernment intervention often makes it difficult for these programs to develop in the long term. An example is
the "Rumah Belajar" program by the Ministry of Education, Culture, Research, and Technology, which pro-
vides free digital learning resources for students and teachers. However, the program still faces challenges
in remote areas due to low digital literacy among the population. To address this issue, a viable strategy is
to establish "Village-Based Digital Learning Centers." In this model, local communities —including village
officials, youth groups, and teachers —are empowered to independently manage IT infrastructure. Continu-
ous training and technical assistance will be key to the success of this approach. As a result, communities can
become the primary actors in utilizing technology for education. This approach has been implemented in the
"Kampung Digital" program in Luwu, South Sulawesi, which successfully involved village officials in sup-
porting the digital transformation of its residents (Akbar, 2024). Furthermore, integrating this program with
the private sector through corporate social responsibility (CSR) initiatives can enhance the availability of
technological resources. Higher education institutions can also support the program through community
service initiatives to ensure long-term mentoring. With this combination of elements, the sustainability of
digital learning ecosystems will not depend solely on government policies. Instead, locally driven initiatives
that adapt to the specific needs and conditions of each region will be the key factors in ensuring the effective
and sustainable implementation of educational digitalization.

Government policy support is a crucial element in ensuring the systematic and sustainable manage-
ment of IT infrastructure (El Zahra, 2024). However, current regulations on educational digitalization remain
fragmented. As a result, implementation in remote areas is often ineffective due to a lack of coordination
between central and local governments and educational institutions. To address this challenge, more inte-
grated policies with a region-based approach are needed. Local governments should be granted greater au-
thority in managing educational digitalization programs, including the procurement of devices, teacher
training, and school internet connectivity management tailored to local needs. Additionally, optimizing vil-
lage budgets should be prioritized by allocating a portion of previously infrastructure-focused funds to sup-
port IT infrastructure for education. However, to prevent budget mismanagement, stricter oversight mecha-
nisms must be implemented. One solution is a digital reporting system that enables transparency in fund
utilization and data-driven evaluations of program effectiveness. Moreover, these policies should include
incentives for the private sector to contribute to the development of educational technology. A Public-Private
Partnership (PPP) scheme could be a viable solution to ensure the sustainability of this initiative. Thus, the
success of educational digitalization in remote areas should not solely depend on government funding but
also on the collective contributions of various stakeholders in building an inclusive and sustainable technol-
ogy-based learning ecosystem.

Successful educational digitalization models such as "Smart Schools" in major cities like Jakarta, Su-
rabaya, and Bandung demonstrate that cloud-based IT infrastructure and Learning Management Systems
(LMS) can enhance learning effectiveness. However, the primary challenge in implementing similar models
in remote areas lies in limited internet access, unstable electricity infrastructure, and low digital literacy
among teachers and students. Therefore, the concept of "Smart Rural Schools" must be developed with a
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more adaptive approach to local conditions. One potential solution is optimizing the use of low-power de-
vices such as tablets or computers that can operate using solar energy. Additionally, offline-based learning
systems can be implemented using applications like Ruangguru and Zenius, which offer downloadable ma-
terials, allowing students to study without a stable internet connection. In terms of curriculum, digital content
should be designed to be more relevant to local needs. For instance, learning modules could be integrated
with the region's economic potential, such as agriculture, fisheries, or community-based creative industries.
This ensures that students gain both academic knowledge and practical skills that support local economic
development. Furthermore, the development of "Smart Rural Schools" must be supported by intensive train-
ing programs for educators and local stakeholders to enable them to manage educational technology inde-
pendently. From a policy perspective, the government should facilitate incentive schemes for educational
technology providers to tailor their products and services to the needs of schools in remote areas. With this
approach, the implementation of educational digitalization should not merely replicate successful urban
models. Instead, the program must be rooted in the needs, potential, and limitations of remote regions to
ensure sustainability and a tangible impact on improving education quality in these areas.

A comprehensive approach to educational digitalization in remote areas must consider the intercon-
nection between connectivity, devices, teacher competencies, community participation, and policy support.
This is essential to ensure that technology implementation serves as both a short-term and long-term solution.
One key measure is expanding internet connectivity through satellites like SATRIA-1 and collaborations with
telecommunications operators. However, this must be accompanied by a network quality monitoring system
to maintain stable and affordable internet access for schools in remote areas. Additionally, the distribution
of digital devices through CSR initiatives and tax incentives for contributing companies should focus on
providing equipment suited to local infrastructure conditions. For example, laptops with long battery life or
local servers that enable offline access to educational materials can be more effective solutions than devices
that rely on a constant internet connection. Enhancing teacher capacity should also be pursued through com-
munity-based training with a more flexible approach. Modular training that can be accessed progressively
will help educators develop digital skills without being burdened by complex training systems. Meanwhile,
community involvement in IT infrastructure management is also crucial. Establishing village digital volun-
teer groups could be a solution to assist in the operational management of educational technology, particu-
larly in regions with limited teaching personnel. These groups would enable local communities to actively
support the sustainability of educational digitalization programs. From a policy standpoint, the government
must develop regulations that ensure every region-based digitalization program has a data-driven evalua-
tion mechanism. This approach would allow for an objective assessment of program effectiveness. Addition-
ally, village budget allocations should be directed toward IT development in the education sector, with trans-
parent and technology-based monitoring systems in place. With these integrated strategies, educational dig-
italization in remote areas will not only expand access to technology but also create a more inclusive and
equitable learning environment for students. Consequently, the digital divide in Indonesia’s education sys-
tem can be systematically and sustainably narrowed.

Table 1. Summary of Key Findings

No Aspect Key Findings

1 IT Infrastructure  Limited internet network, lack of digital devices, low digital literacy among
Challenges educators, and suboptimal government policies in remote areas.

2 Government Expanding satellite-based internet coverage, providing incentives for the pri-
Strategies vate sector through CSR schemes, and allocating village funds for IT infra-

structure in education.

3 Role of Educa- Enhancing educators' capacity through community-based training and devel-
tional Institutions oping digital learning models suited to remote area conditions.

4 Community Con-  Establishing village-based digital learning centers and fostering collaboration
tributions between schools, communities, and the private sector for technology utiliza-
tion in education.
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5 Impact of Educa-  Improving access to education, enabling flexible learning, and reducing edu-
tion Digitaliza- cational disparities in remote areas through technology integration.
tion

5. CONCLUSION, IMPLICATION, SUGGESTION, AND LIMITATIONS

This study highlights the importance of information technology infrastructure management strategies in im-
proving access to education in remote areas of Indonesia. The main challenges include limited internet con-
nectivity, a lack of digital devices, low digital literacy among educators, and the suboptimal government
policies supporting educational digitalization in underdeveloped regions. Several strategies have been iden-
tified to address these challenges, including strengthening internet networks through satellite technology,
collaboration with telecommunications operators, digital device donation programs through CSR schemes,
community-based teacher training, and community empowerment in IT infrastructure management. Addi-
tionally, more integrated and regionally-based government policies are crucial to ensuring that these strate-
gies are implemented systematically and sustainably. With the application of a comprehensive strategy, it is
expected that educational digitalization in remote areas can be optimized, reducing disparities in educational
access and promoting equal educational quality across Indonesia.

Theoretically, this study contributes to understanding how IT infrastructure management can be a
key factor in enhancing educational access in remote areas, particularly in the Indonesian context. The find-
ings confirm that a holistic approach, encompassing technological, policy, and community empowerment
aspects, is essential for the successful implementation of educational digitalization. Practically, these findings
provide a foundation for the government, educational institutions, and the private sector in designing more
effective programs to support IT infrastructure development in remote schools. Furthermore, this study has
implications for educational communities in remote areas, where a community-based approach can serve as
a more sustainable solution for integrating digital technology into the learning process.

Recommendations for the government include accelerating the implementation of policies that pro-
mote equitable IT infrastructure development in remote areas, such as expanding satellite-based internet
coverage and providing incentives for private companies to contribute to digital device distribution through
CSR programs to enhance technological access. Additionally, the government should allocate a portion of
village funds to develop IT infrastructure in the education sector, with strict oversight mechanisms to ensure
effective utilization. For educational institutions, it is crucial to enhance teachers' digital competencies
through community-based training to optimize IT infrastructure usage and develop digital learning models
tailored to the conditions of remote areas, including offline applications and simple LMS-based learning plat-
forms that can function without stable internet connectivity. Local communities also play a vital role in sup-
porting IT infrastructure management within their respective areas. Initiatives such as "Village-Based Digital
Learning Centers" can serve as technology education hubs for students and educators, fostering collaboration
between schools, communities, and the private sector to promote a more inclusive and sustainable digital
education ecosystem.

This study has several limitations that should be acknowledged. First, as a literature review using a
qualitative approach, it is not based on empirical data collected directly from the field, making the findings
more conceptual and unable to reflect specific conditions in every remote region of Indonesia. Second, the
study relies solely on sources obtained from Google Scholar and relevant websites within the 2018-2025
timeframe, meaning that other perspectives or solutions may have yet to be identified. Third, this study does
not explore in depth the social and cultural factors that may influence technology adoption in education in
remote areas, which could be an area for further research in future studies.
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