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Rural schools in Sabah, Malaysia, face persistent challenges with internet
connectivity, which limits the effectiveness of standard digital learning initiatives
implemented by the national education system. This study investigates how
teachers in these remote areas utilize offline digital technologies to facilitate daily
instruction. The primary objective is to identify the specific types of offline digital
tools used, the frequency of their application, and the perceived effectiveness of
these practices within rural classrooms. A quantitative survey design was
employed for this research, collecting data from a sample of 60 teachers across
primary and secondary schools located in the rural districts of Kuala Penyu, Papar,
and Sipitang. Data were analyzed using descriptive statistics to determine usage
patterns, barriers, and perceived effectiveness. The findings indicate that teachers
predominantly rely on pre-downloaded educational videos, offline educational
applications, and localized digital repositories stored on portable storage devices
such as external hard drives and flash drives. While the integration of these offline
tools occurs frequently during lessons, teachers reported only moderate
effectiveness due to hardware limitations, lack of technical training, and the time
required to manually update content. The study concludes that offline digital
practices serve as a necessary bridge for digital learning in connectivity-deprived
areas, but they require targeted infrastructural and pedagogical support to
maximize their educational impact. These insights provide a practical foundation
for policymakers to design context-specific digital interventions for rural Sabah.
Furthermore, the research highlights the need for localized professional
development to help educators transition from basic offline storage to more
interactive offline learning platforms.
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1. Introduction

The Malaysian government has consistently prioritized the integration of digital technology in
education to improve teaching and learning outcomes. The Malaysia Education Blueprint 2013-2025
outlines the necessity of using Information and Communication Technology (ICT) to increase access
to quality education (Ministry of Education Malaysia, 2013). Building on this foundation, the recent
Digital Education Policy 2023-2030 (Dasar Pendidikan Digital) further emphasizes the need to develop
digital skills among students and educators, aiming to create a comprehensive digital learning system
(Ministry of Education Malaysia, 2023). To support these national goals, platforms such as the Digital
Educational Learning Initiative Malaysia (DELIMa) were introduced to provide centralized access to
digital tools and resources for schools nationwide [21]. These initiatives reflect a strong national
commitment to modernizing education and preparing students for a technology-driven future.

Despite these national policies, the implementation of digital learning faces significant
differences between urban and rural areas. Rural schools, particularly in the state of Sabah, continue
to experience a clear digital divide characterized by poor infrastructure and unreliable internet
connectivity [8]. Studies indicate that while urban centers in Malaysia benefit from high-speed
broadband and consistent digital access, students and teachers in remote districts of Sabah often
struggle with basic connectivity issues [24]. This lack of infrastructure limits the effectiveness of
cloud-based platforms like DELIMa, which require stable internet connections to function properly.
Consequently, educators in these remote areas are unable to fully participate in the national digital
transformation, creating an equity gap in educational opportunities [5].

The persistent lack of reliable internet in rural Sabah presents a practical problem for teachers
who are required to include digital elements in their daily instruction (Yap et al., 2024; Donald &
Hashim, 2025). When schools lack consistent connectivity, teachers cannot rely on real-time online
resources, live streaming, or cloud-based collaborative tools [23]. Instead, they are forced to adapt
and seek alternative methods to deliver digital content [1]. While existing literature extensively
documents the challenges of the digital divide and the negative impacts of poor internet on online
learning [8,24,36], there is a clear gap in understanding how teachers actively manage their
instructional delivery in the absence of internet access. Specifically, the practical strategies and
offline digital technologies that teachers employ to bridge this gap are not well studied.
Understanding these local, offline adaptations is necessary to support rural educators effectively
[5,23].

This study addresses this gap by investigating the offline technology practices of teachers in rural
schools across three districts in Sabah: Kuala Penyu, Papar, and Sipitang. These districts contain a
high concentration of rural and semi-rural schools that frequently experience connectivity
disruptions [5]. The primary objective of this research is to identify the specific types of offline digital
tools utilized by teachers, determine the frequency of their application in the classroom, and evaluate
the perceived effectiveness of these practices. By focusing on offline digital methods—such as pre-
downloaded educational videos, offline applications, and localized digital repositories stored on
portable devices—this study shifts the focus from what is lacking (internet access) to what is actively
being done (offline adaptation) [11].

The findings of this study will provide practical insights for educational policymakers and school
administrators in Sabah and similar rural contexts. By understanding the specific offline tools and
strategies currently in use, the Ministry of Education can better adjust its digital interventions to fit
the actual infrastructural realities of rural schools. Furthermore, this research contributes to the
broader academic literature on digital inclusion by highlighting the role of offline digital technology
as a practical teaching bridge in areas lacking internet connectivity [11,35]. Ultimately, documenting
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these practices will help in designing targeted professional development programs that equip rural
teachers with the skills to maximize the educational value of offline digital resources.

2. Literature Review
2.1 The Digital Divide in Rural Education

The digital divide refers to the gap between individuals who have access to modern information
and communication technology and those who do not [31]. In the context of education, this divide
creates significant inequalities in learning opportunities, particularly for students in rural and remote
areas. Contemporary research categorizes the digital divide into three distinct levels: physical access
to technology (first level), digital skills and usage patterns (second level), and the actual educational
outcomes derived from technology use (third level) [20]. In rural areas, the first-level divide is the
most visible. Schools in remote districts often lack basic physical access to reliable internet and
adequate computing devices [8]. However, the second and third levels are equally important. Even
when devices are provided, teachers and students frequently lack the digital literacy skills required
to use them effectively [22]. Furthermore, the educational outcomes derived from technology are
significantly lower in rural settings compared to urban centers, which widens the overall educational
gap [33].

In the specific context of rural Sabah, this divide is highly visible due to severe physical
infrastructure deficits. The lack of basic infrastructure, such as stable electricity and consistent
internet connectivity, directly impacts student engagement and increases the workload for teachers
[5]. Teachers in these areas must find alternative ways to deliver the curriculum when standard digital
tools fail or are inaccessible [30]. This infrastructural deficit prevents rural students and teachers
from participating in standard digital learning initiatives, thereby widening the educational gap
between urban and rural populations [31]. Consequently, the digital divide remains a primary barrier
to achieving educational equity in developing regions and rural Borneo.

2.2 Offline Digital Technologies as Educational Bridges

To address the lack of internet connectivity, educators in remote areas increasingly rely on offline
digital technologies. Offline digital learning involves the use of digital devices and software that do
not require an active internet connection to function [4]. Examples include pre-downloaded
educational videos, offline educational applications, and localized digital repositories stored on
portable storage devices such as external hard drives and flash drives. Specific platforms designed
for offline use, such as Kolibri and RACHEL, allow schools to host localized versions of educational
websites and digital libraries on a local server without needing external internet access [34]. The
pedagogical affordances of these offline tools are significant. According to multimedia learning
theory, combining text, audio, and visual elements in digital formats improves student
comprehension and retention, even when the content is delivered offline [15].

In practice, these offline tools serve as a practical bridge for schools lacking internet access,
allowing teachers to deliver digital content without relying on real-time connectivity [30]. By utilizing
these tools, teachers can maintain the integration of technology in their daily instruction, ensuring
that students still benefit from interactive and multimedia-rich learning materials [4,14]. In the
context of Sabah, teachers frequently use portable storage devices to share curated digital content
across classrooms, providing a necessary alternative to cloud-based platforms in connectivity-
deprived environments [5]. Thus, offline digital technologies provide a functional and necessary
alternative to maintain educational continuity when internet access is unavailable.

56



Journal of Advanced Research in Computing and Applications
Volume 44, Issue 1 (2026) 54-62

2.3 Teacher Adaptation and Pedagogical Strategies

The successful integration of offline digital technologies depends heavily on teacher adaptation
and pedagogical strategies. Teachers must possess the knowledge and skills to effectively incorporate
these tools into their instructional practices. The Technological Pedagogical Content Knowledge
(TPACK) framework explains that teachers need a deep understanding of how technology, pedagogy,
and content intersect to design effective learning experiences [18]. When internet access is
unavailable, teachers must adapt their pedagogical strategies to maximize the educational value of
offline tools [6]. This requires a shift in the teacher's role from a traditional knowledge transmitter to
a facilitator of offline digital activities [32]. Research indicates that teacher adaptation involves
modifying lesson plans, selecting appropriate offline resources, and managing classroom activities
that utilize these digital materials [29].

Beyond formal frameworks, teachers in rural areas often demonstrate high levels of agency and
resilience, developing localized strategies to overcome infrastructural limitations and ensure
instructional continuity [12,37]. This improvisation allows them to maintain educational standards
despite the lack of standard digital infrastructure [7]. Their ability to adapt to local constraints
demonstrates the importance of teacher flexibility in remote educational settings. By creating their
own offline routines and sharing resources with colleagues, rural teachers actively manage the
technological deficits in their schools, proving that pedagogical adaptation is just as important as
physical infrastructure [29].

2.4 Challenges and Barriers to Offline Integration

Despite the potential of offline digital technologies, teachers face several challenges and barriers
when integrating these tools into their classrooms. These barriers can be categorized into
infrastructural and pedagogical challenges. Hardware limitations, such as a lack of sufficient devices,
poor battery life, and inadequate storage capacity, frequently restrict the effective use of offline
digital resources [10,12]. Pedagogically, teachers often report a lack of targeted technical training
specific to offline environments, which limits their confidence and ability to troubleshoot issues with
offline software and devices [7]. Standard professional development programs usually focus on
online platforms, leaving teachers unprepared for the unique demands of offline digital instruction
[29]. This lack of specific training means teachers must rely on trial and error when implementing
offline tools.

Administratively and cognitively, teachers also face significant hurdles. There is often a lack of
technical support and school leadership guidance to facilitate offline technology use. Another
significant barrier is the time and cognitive load required to manually update and manage offline
content, such as transferring new educational videos or applications to portable storage devices [27].
This manual process is labor-intensive and detracts from the time teachers can spend on actual
instruction and lesson preparation. Furthermore, the digital content available is not always relevant
to the local rural context, requiring teachers to spend additional time adapting materials for their
specific students [35]. Understanding these specific barriers is necessary to design effective support
systems that help rural teachers overcome the practical challenges of offline digital integration
[10,27].
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3. Methodology

This study employed a quantitative cross-sectional survey design to collect numerical data
describing the current practices and perceptions of teachers regarding offline digital technology use
[3]. The target population comprised primary and secondary school teachers in the rural districts of
Kuala Penyu, Papar, and Sipitang in Sabah, Malaysia, which are characterized by remote geographical
locations and frequent poor internet connectivity [36]. A sample of exactly 60 participants was
selected using a stratified random sampling technique to ensure fair representation across the three
districts, with 20 teachers randomly selected from each location [2]. While larger sample sizes are
generally preferred for broad generalizations, a sample of 60 is statistically adequate for an
exploratory, localized study focusing on specific rural districts with limited accessible populations
[26]. This cross-sectional approach allowed the researchers to gather data at a single point in time,
providing a clear snapshot of offline digital technology use and identifying patterns in the types of
tools teachers use and the barriers they face in their daily instruction [2,3].

Data were collected using a structured, self-administered questionnaire divided into four
sections: demographics, types and frequency of offline tools used, perceived effectiveness on a 5-
point Likert scale, and barriers to integration, with items adapted from previously validated
instruments [10,27]. Content validity was established through expert review, and a pilot test with 15
teachers yielded a Cronbach’s alpha of 0.82, indicating high internal consistency [25]. Following
ethical approval, physical questionnaires were distributed during district meetings, while digital
versions were sent via WhatsApp to accommodate intermittent internet access, achieving a complete
set of 60 responses over four weeks [5]. The collected data were analyzed using the Statistical
Package for the Social Sciences (SPSS) version 28, utilizing simple frequency and percentage
distributions to summarize the demographic profiles, measure the usage patterns of offline tools,
and identify the most common barriers faced by the teachers [9,19].

4. Findings and Results

The survey was completed by 60 teachers from rural schools in the districts of Kuala Penyu, Papar,
and Sipitang. The sample was evenly distributed across the three districts, with exactly 20 teachers
(33.3%) from each location. These 60 participants comprised educators with varying levels of
teaching experience, all of whom were actively delivering daily instruction in their respective rural
schools. This group provided a clear and representative snapshot of the teaching workforce operating
in these connectivity-deprived areas.

The survey asked teachers to identify the specific types of offline digital tools they use in their
classrooms. The results indicate that pre-downloaded educational videos are the most commonly
used resource, with 54 teachers (90.0%) reporting their use. The second most common tool is offline
educational applications, such as offline dictionaries and mathematics software, which are used by
42 teachers (70.0%). Additionally, 38 teachers (63.3%) utilize localized digital repositories, which
include collections of worksheets, slides, and e-books. To manage these materials, teachers rely
heavily on portable storage devices. A total of 56 teachers (93.3%) reported using personal flash
drives to transfer materials from their homes to school computers. Furthermore, 30 teachers (50.0%)
use external hard drives to store larger files like full sets of educational videos, and 25 teachers
(41.7%) transfer files directly via their smartphones using USB tethering or Bluetooth.

Teachers were also asked to rate the effectiveness of offline digital tools, and the findings
highlight high levels of perceived usefulness for student engagement. When combining the responses
for "Agree" and "Strongly Agree," 51 teachers (85.0%) indicated that pre-downloaded videos help
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students understand complex topics better. Similarly, 48 teachers (80.0%) agreed or strongly agreed
that offline applications make learning more interactive. The use of portable storage devices was also
viewed positively, with 45 teachers (75.0%) stating that it saves time during lessons, and 42 teachers
(70.0%) noting that offline tools keep students focused during class. However, when asked if offline
tools fully replace the need for internet access, the agreement dropped significantly, with only 24
teachers (40.0%) agreeing or strongly agreeing with this statement. This indicates that while teachers
find offline tools highly effective for specific tasks, they still recognize the limitations of these
methods compared to full internet connectivity.

The final section of the survey identified the challenges teachers face when using offline digital
technologies. The most frequently reported barrier is hardware limitation, as 52 teachers (86.7%)
reported that a lack of sufficient computers or projectors in the classroom is a major problem. The
second most common barrier relates to the time required to manage content. Exactly 46 teachers
(76.7%) agreed or strongly agreed that manually downloading, organizing, and transferring files to
flash drives takes up too much of their personal time. Additionally, 40 teachers (66.7%) reported a
lack of specific technical training for offline tools as a significant challenge, noting that most
professional development programs only focus on online platforms. Other notable barriers include
the relevance of the materials, with 35 teachers (58.3%) stating that digital content is not always
relevant to the local rural context, and hardware durability, as 32 teachers (53.3%) reported that
poor battery life of devices limits their usage time.

5. Discussion
5.1 The Reliance on Pre-Downloaded Content and Portable Storage

The findings show that teachers in rural Sabah heavily rely on pre-downloaded educational videos
and portable storage devices to deliver instruction. With the vast majority of participants using pre-
downloaded videos and almost all teachers relying on personal flash drives, it is clear that offline
digital repositories are the primary method for technology-enhanced learning in these districts. This
aligns with previous research indicating that educators in connectivity-deprived areas use portable
storage to bridge the digital divide [5,30]. By storing materials on flash drives and external hard
drives, teachers can bypass the need for real-time internet access, ensuring that students still receive
multimedia-rich instruction [4]. This high reliance on physical data transfer demonstrates a practical
workaround for the lack of broadband infrastructure in rural Borneo.

Furthermore, the use of localized digital repositories by a large proportion of the teachers
highlights their active role in curating content for their specific classrooms. Because the internet is
unreliable, most teachers must manually collect, organize, and store digital worksheets, slides, and
e-books to ensure they have materials ready for daily lessons. This practice demonstrates strong
teacher agency, as educators actively create their own offline infrastructure to maintain instructional
continuity [37]. Rather than waiting for centralized digital solutions that require constant
connectivity, these teachers take direct responsibility for managing their digital resources, proving
that localized, teacher-led content management is a necessary adaptation in remote educational
settings [29].

5.2 Perceived Effectiveness vs. Limitations of Offline Tools
The survey results indicate that teachers find these offline tools highly effective for student

engagement and comprehension. A large majority of participants agreed that pre-downloaded
videos help students understand complex topics, while most found offline applications to be highly
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interactive. This supports multimedia learning theory, which states that combining visual and audio
elements in digital formats improves student comprehension and retention [15]. Even without an
active internet connection, the delivery of structured digital media provides a significant
improvement over traditional textbook-only instruction. The positive feedback from the teachers
confirms that offline tools successfully deliver the pedagogical benefits of digital learning, keeping
students focused and engaged during class hours [4].

However, only a small minority of teachers agreed that offline tools fully replace the need for
internet access. This discrepancy highlights a clear recognition among rural teachers of the limitations
of offline methods. While offline tools can deliver static or pre-packaged content, they cannot
facilitate real-time collaboration, live software updates, or access to current global information [31].
This finding reflects the third level of the digital divide, where the depth and quality of digital learning
remain restricted compared to fully connected urban schools [20]. Teachers understand that while
offline tools are a necessary bridge to prevent a total loss of digital learning, they are not a complete
substitute for reliable internet connectivity.

5.3 Infrastructural and Pedagogical Barriers

Despite the high usage and perceived effectiveness of offline tools, teachers face significant
barriers that limit their full potential. The most prominent barrier reported was hardware limitation,
with an overwhelming majority of teachers citing a lack of sufficient computers and projectors in
their classrooms. This physical deficit directly restricts how often and how effectively offline materials
can be displayed or used by students [10]. Furthermore, most participants noted that manually
downloading and transferring files takes up too much personal time. This manual management of
digital content creates a heavy administrative load, detracting from the time teachers can spend on
actual lesson preparation and instructional delivery [27]. The physical act of moving data from
personal devices to school computers via flash drives is an inefficient process that adds to the daily
workload of rural educators.

In addition to hardware and time constraints, pedagogical support remains a significant
challenge. A significant majority of teachers reported a lack of specific technical training for offline
tools, noting that standard professional development programs focus almost entirely on cloud-based
online platforms. This leaves rural educators unprepared to optimize their offline strategies or
troubleshoot local device issues [7]. Additionally, more than half of the teachers mentioned that the
available digital content is not always relevant to the local rural context, requiring them to spend
even more time adapting materials [35]. These barriers show that simply providing offline content is
not enough; teachers need better hardware, streamlined content management systems, and
targeted training to reduce their workload and improve the quality of offline instruction [29].

6. Conclusion

This study investigated the offline digital technology practices of teachers in rural schools across
Kuala Penyu, Papar, and Sipitang in Sabah. The findings reveal that educators heavily rely on pre-
downloaded educational videos and portable storage devices to deliver instruction in the absence of
reliable internet connectivity. While teachers report that these offline tools are highly effective for
student engagement and comprehension, they also recognize that these methods cannot fully
replace the benefits of live internet access. The heavy administrative burden of manually managing
and transferring digital content, combined with a lack of specific technical training and hardware
limitations, significantly restricts the full potential of these offline strategies. Ultimately, offline digital
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practices serve as a necessary and practical method to maintain instructional continuity in
connectivity-deprived areas, but they require targeted support to be truly effective.

Based on these findings, it is recommended that the Ministry of Education and the Sabah State
Education Department develop targeted professional development programs specifically designed
for offline digital integration, rather than focusing exclusively on cloud-based platforms.
Policymakers should also invest in providing rural schools with adequate hardware, such as sufficient
projectors and high-capacity local servers, to reduce the manual workload on teachers. Furthermore,
future research should explore the development and implementation of localized, offline-first
educational software that requires minimal manual data transfer. By addressing the specific
infrastructural and pedagogical barriers faced by rural teachers, educational authorities can ensure
that digital learning initiatives are equitable and practically applicable to all students in Sabah.
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