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INTRODUCTION

Digital transformation has become an major force shaping how society delivers,
accesses, and experiences education. In elementary education, integrating learning
technology into the Independent Learning Curriculum matters because children
increasingly live, communicate, and access information through digital environments
(Baba-Nalikant et al., 2023; Maulana et al., 2025). Appropriate technology can broaden
access to learning resources, support interactive instruction, facilitate differentiated
learning, and strengthen students' digital, critical, creative, and collaborative skills (Putri
& Dewi, 2025; Qodriyah & Asfiyah, 2025). At the same time, technology can help teachers
organize learning activities, provide feedback, monitor progress, and adapt instruction to
students' needs. These benefits indicate that technology integration is not merely a
technical innovation but an educational strategy with important social implications
(Badriyah, 2025; Sposato, 2024). When schools use technology meaningfully, they can
prepare students to participate responsibly in a rapidly changing society while improving
learning relevance and flexibility. Therefore, strengthening technology integration at the
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elementary level is essential to ensure that educational transformation produces
inclusive, effective, and sustainable learning opportunities for learners more broadly
across elementary schools.

Despite its potential, technology integration in elementary education remains a
complex societal problem. The central issue is whether teachers and students can access,
understand, and use technology meaningfully (Badriyah, 2025; Masdul et al., 2026;
Sulistyani et al., 2026). Differences in internet connectivity, digital infrastructure, device
availability, and resources can create unequal educational opportunities. In addition,
teachers may have different levels of digital competence, particularly in selecting
appropriate applications, designing technology-supported activities, and connecting
digital tools with pedagogical objectives. Students also differ in access to devices, digital
habits, learning needs, and levels of independence. These conditions can lead to
technology replacing conventional materials rather than supporting active, contextual
learning (Baharun, 2024; Ridwan et al., 2020; Safitri, 2024). Consequently, the digital
transformation of education may reproduce existing inequalities when implementation
lacks adequate infrastructure, professional development, and institutional planning. This
problem requires systematic attention so technology integration can support educational
equity rather than deepen existing disparities across schools with different resources and
capacities, while maintaining equitable learning opportunities for every child and
educational institution.

In elementary schools, the Independent Learning Curriculum shows that
technology is increasingly embedded in educational practice. Teachers may use digital
platforms to distribute materials, assign activities, communicate with students, conduct
formative assessment, and provide feedback. Multimedia, educational applications, and
online resources can also make lessons more engaging and let students explore topics
based on their interests (Hamid, 2025; Kuk et al., 2021; Putri & Dewi, 2025). Nevertheless,
classroom realities are diverse. Some schools have relatively adequate infrastructure and
teachers confident in using digital tools, while others still face limited connectivity,
insufficient devices, or difficulty integrating technology into pedagogy. This variation
affects the quality and consistency of the learning experiences students receive (Hasanah
et al., 2025; Rohmah et al., 2026; Santos, 2016). The issue is socially significant because
elementary education builds foundational knowledge, habits, and competencies that
influence future participation in society. Addressing these differences can therefore
contribute to stronger educational inclusion, improved teacher capacity, and more
meaningful learning. Examining actual implementation conditions is important for
developing strategies that respond to schools' practical circumstances and the needs of
diverse learner groups.

Previous discussions of technology integration generally emphasize its capacity to
improve learning effectiveness, student engagement, digital literacy, personalization,
collaboration, and access to diverse resources. Technology can also support teachers by
simplifying classroom management, assessment, communication, and access to
instructional materials (Ridho et al., 2026; Rohmatillah & Jannah, 2024; Tamba, 2026).
These perspectives establish that technology has substantial pedagogical value when
aligned with learning objectives and student characteristics. However, existing discussion
often emphasizes technology's benefits or describes individual applications without
sufficiently examining how infrastructure, teacher competence, digital content, and
student characteristics interact during curriculum implementation. This creates an
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important gap because successful integration depends on several conditions operating
simultaneously, not on technology availability alone (Bukhori & Zahro, 2025; DeCoito &
Briona, 2023; Lozano-Pena et al., 2021). The present study examines technology
integration as a multidimensional educational process. It connects implementation
practices with supporting and inhibiting conditions and translates these findings into
optimization strategies. This approach is important because schools need practical
guidance beyond promoting technology use toward meaningful, equitable, and
pedagogically appropriate integration within the Independent Learning Curriculum and
sustainable curriculum implementation.

Research on digital education indicates that technology does not automatically
improve learning outcomes. lIts effectiveness depends on teachers' pedagogical
decisions, students' readiness, the relevance of digital content, and infrastructure
availability. Previous studies have reported positive effects of multimedia, platforms, and
digital assessment, yet they have not sufficiently addressed cross-context differences. A
strategy that works in a well-equipped school may not apply to schools with limited
connectivity, devices, or teacher support. Another limitation concerns the tendency to
discuss teacher digital competence as a general skill rather than examining how
competence influences integration into curriculum goals and practices. This gap matters
because ineffective technology use can increase workload without improving learning.
Therefore, research is needed to identify the conditions that facilitate or constrain
integration and to develop context-sensitive strategies. By focusing on implementation,
barriers, and optimization simultaneously, this study seeks to clarify technology
integration in elementary education and its potential to support curriculum change
across diverse elementary school settings.

Given these conditions, this study examines the implementation, determinants,
and optimization of learning technology integration in elementary education. First, it is
necessary to understand how technology is actually incorporated into teaching and
learning within the Independent Learning Curriculum, including resources, activities,
communication, assessment, and student support. Second, the study needs to identify
factors that support or hinder implementation, particularly infrastructure, digital access,
teacher competence, learning content, and compatibility with student characteristics.
Third, schools require realistic strategies for optimizing technology so that its use
contributes to curriculum objectives rather than becoming an additional administrative
or technical burden. These problems matter because unequal technology integration can
influence children's learning opportunities. Addressing them can help schools strengthen
educational services, support teachers in adapting to digital transformation, and provide
students with active, flexible, inclusive learning experiences that meet contemporary
demands. Accordingly, the research focuses on practical educational problems arising
from technology integration in elementary schools.

This study aims to examine the implementation of learning technology integration
within the Independent Learning Curriculum at the elementary school level, identify the
supporting and inhibiting factors that influence its effectiveness, and formulate strategies
for optimizing technology use in learning. The study covers technology use in
instructional activities, digital infrastructure and access, teacher digital competence,
technology-based learning content, and alignment with student characteristics. It also
considers how these elements interact to support meaningful learning rather than
treating technology as an isolated tool. This scope supports understanding of conditions
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required for effective and sustainable technology integration. The findings are expected
to have theoretical and practical implications for educational development by
strengthening discussions of curriculum implementation in the digital era and informing
teachers, schools, and education stakeholders as they plan technology-supported
learning. Ultimately, the study supports the broader goal of creating equitable, adaptive,
student-centered, and future-oriented elementary education for every learner in
practice.

RESEARCH METHODS

The community service activity employed a participatory approach through
training, mentoring, implementation, and evaluation stages. The activity aimed to
strengthen teachers' capacity to integrate learning technology into the Independent
Learning Curriculum at the elementary school level (Cornish et al.,, 2023; De Oliveira,
2023). The target participants were elementary school teachers who were directly
involved in planning and implementing classroom learning. The activity began with an
initial observation to identify teachers' needs, existing technology utilization, available
infrastructure, and challenges encountered during technology-based learning.

The second stage involved training on selecting and using appropriate digital
learning resources, platforms, and applications based on learning objectives and student
characteristics. The training was followed by hands-on mentoring, in which teachers
practiced designing technology-integrated learning activities and adapting digital
resources to classroom needs. The next stage involved implementing the developed
learning practices in classroom activities with continued assistance. This process
encouraged teachers to apply the knowledge and skills gained during the training directly
to their teaching practices.

The final stage involved an evaluation through observation, discussions,
participant feedback, and a comparison of teachers' understanding and practical abilities
before and after the activity. The evaluation focused on teachers' ability to select
appropriate technology, integrate digital resources into learning activities, and use
technology in accordance with students' characteristics and curriculum objectives. The
evaluation results were used to identify areas for improvement, assess the activity's
effectiveness, and develop follow-up strategies to support sustainable technology
integration in elementary education.

RESULTS AND DISCUSSION
Results
Implementation of Learning Technology Integration in the Independent Learning
Curriculum

Implementing learning technology integration in elementary schools showed that
technology has become an important component in supporting the learning process
within the Independent Learning Curriculum. The implementation was reflected in the
use of digital devices, internet access, digital learning resources, and technology-
supported learning activities. Technology utilization enabled teachers to provide learning
materials in more varied formats, including images, videos, presentations, and interactive
activities. These findings indicate that technology can support more flexible, student-
centered, and engaging learning processes that are consistent with the principles of the
Independent Learning Curriculum.
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The implementation also showed that teacher competence was an important
factor influencing the effectiveness of technology use. Teachers with stronger digital and
pedagogical competencies were better able to select appropriate digital resources,
design interactive learning activities, and adjust technology use to students' learning
needs. However, several teachers still struggled to use digital applications and develop
technology-based learning materials. Therefore, the results indicate that technology
integration cannot rely solely on the availability of digital devices but also requires
continuous teacher training, mentoring, and technical assistance.

In addition, the implementation demonstrated differences in technology
utilization based on infrastructure availability and the school environment. Schools with
adequate internet connections, digital devices, and administrative support were better
able to implement technology-based learning activities consistently. Meanwhile, schools
with limited infrastructure used technology less frequently and relied on simpler forms
of digital learning. These findings demonstrate that successful technology integration
requires not only technological facilities but also school-level management, teacher
readiness, parental support, and continuous monitoring to ensure that technology
contributes directly to learning objectives.

Supporting and Inhibiting Factors in the Implementation of Learning Technology

The results identified several supporting factors in the implementation of learning
technology in elementary schools. The most important supporting factors included
available technological infrastructure, school management support, teacher
competence, appropriate digital learning content, and student motivation. Adequate
internet connectivity and digital devices gave teachers more opportunities to access and
use learning resources. Meanwhile, administrative support through training, provision of
facilities, and technical assistance increased teachers' confidence in applying technology
in classroom activities.

Another supporting factor was the development of digital learning content that
was appropriate to students' characteristics. Learning materials presented through visual,
audio, interactive, and project-based formats could make learning activities more
attractive and encourage students to participate actively. Parental involvement also
contributed to the effectiveness of technology-based learning, particularly when
students continued learning activities at home. Collaboration among teachers, students,
parents, and school management therefore became an important element in maintaining
the continuity of technology-supported learning.

Nevertheless, several obstacles were identified during implementation. Limited
teacher competence, unequal access to technological infrastructure, unstable internet
connectivity, inadequate digital devices, and limited evaluation mechanisms remained
major challenges. Differences between urban and rural schools also created unequal
opportunities for students to benefit from digital learning. These findings suggest that
technology integration requires a gradual, context-sensitive approach. Schools need to
identify their specific needs and limitations before selecting technological applications or
designing digital learning activities.
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Table 1. Supporting and Inhibiting Factors in Learning Technology Integration

No. Supporting Factors

Inhibiting Factors

Implication for PKM

Availability of digital devices

Limited devices and

Provision of appropriate

! and internet access unstablg Internet technological facilities
connection

) Teacher digital and Limited teacher skills in Continuous training and
pedagogical competence using digital applications mentoring

3 Interactive and relevant Limited ability to develop Development of simple and
digital learning content digital materials contextual digital content

4 School management and Limited institutional support ~ Strengthening school technology
administrative support and planning management

5 Student motivation and Unequal digital literacy Student-centered and
participation among students differentiated learning activities

6 Parental and community Limited parental assistance  Strengthening school—-family
involvement at home collaboration

7 Monitoring and evaluation Evaluation of technology Periodic monitoring and

use is not yet systematic

improvement of implementation

Table 1 summarizes the main supporting and inhibiting factors identified in
implementing learning technology. The results show that infrastructure alone cannot
guarantee successful technology integration. Teacher competence, appropriate digital
content, school management, student readiness, parental involvement, and systematic
evaluation also play important roles. From a PKM perspective, these findings provide a
basis for designing intervention activities that go beyond providing technological
equipment to include teacher training, mentoring, development of contextual learning
materials, and continuous evaluation. Thus, the PKM program can address both technical
and pedagogical aspects of technology integration in elementary education.

Strategies for Optimizing Learning Technology Integration to Support the Independent
Learning Curriculum

The results indicate that optimization of learning technology should begin with
strengthening teachers' digital and pedagogical competencies. Training and mentoring
should focus not only on technical skills but also on integrating technology into learning
objectives, teaching methods, assessment, and student activities. Teachers need
encouragement to select technology based on learning needs rather than using it simply
because it is available. With ongoing support, teachers can gradually develop the ability
to design interactive, contextual, and student-centered learning activities.

The second strategy is to develop simple, accessible, and student-oriented digital
learning content. Digital materials should consider students' developmental
characteristics and may include videos, images, interactive presentations, digital
worksheets, educational games, and project-based activities. Technology selection
should also consider each school's conditions. In schools with limited internet access,
teachers can utilize offline digital materials and low-bandwidth applications. This
adaptive strategy helps ensure technology integration remains feasible and does not
increase inequality between schools with different levels of technological readiness.

The third strategy involves strengthening collaboration, monitoring, and
sustainability. Technology integration requires cooperation among teachers, school
principals, parents, communities, and relevant educational stakeholders. Schools should
conduct regular monitoring and evaluation to assess technology usefulness, teacher
implementation, student participation, and learning outcomes. The PKM program can
therefore be implemented through a cycle of training, practice, mentoring, evaluation,
and follow-up improvement. This approach enables schools to gradually develop an
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internal capacity to manage learning technology and sustain its use in accordance with
the objectives of the Independent Learning Curriculum.

Discussion

This study's findings indicate that the integration of learning technology in the
Independent Learning Curriculum is influenced by the interaction among technological
infrastructure, teacher competence, digital learning content, school management,
student readiness, and parental involvement. This finding is consistent with Nagach &
Chaouki (2023), who identified infrastructure, teacher competence, and digital learning
content as three essential components of technology integration. The present findings
further support Fadhli et al. (2023), who reported that the availability of basic
technological infrastructure contributes to the implementation of digital learning in
elementary schools. Similarly, Kosim and Sari (2024) found that adequate technological
infrastructure can improve learning effectiveness, particularly in addressing students'
learning difficulties. However, this study's findings emphasize that infrastructure alone
does not guarantee effective implementation. Technology becomes meaningful when it
is paired with teachers' pedagogical capacity and learning content that matches students'
characteristics. This reinforces the view that technology should function as a pedagogical
instrument rather than merely as an additional learning facility.

Teacher competence emerged as another central finding. Teachers with stronger
digital and pedagogical competencies were better able to select appropriate applications,
develop interactive learning materials, and adapt technology to students' learning needs.
This finding aligns with Heath et al. (2022), who reported that many teachers still require
intensive training to use educational technology effectively, and with Asrani (2024), who
found a positive relationship between teachers' digital competence and student learning
outcomes. The findings also support Arifin et al. (2026), who emphasized the importance
of training and mentoring in strengthening teachers' capacity to use technology for
educational purposes. Nevertheless, this study extends previous findings by
demonstrating that teacher training should not be limited to operational or technical
skills. From a pedagogical perspective, teachers also need to understand how technology
can support student-centered learning, differentiated instruction, collaboration,
assessment, and feedback. Therefore, teacher readiness should be understood as an
integration of technical competence, pedagogical competence, and the ability to make
contextual decisions regarding technology use.

The study also found that digital learning content and student characteristics
strongly influenced the effectiveness of technology integration. Interactive content
involving visual, audio, simulation, or project-based activities was perceived as more likely
to encourage student participation and motivation. This finding is consistent with
Shaputra (2026), who emphasized that effective digital learning content should be active,
interactive, and meaningful, and with Rozi et al. (2026), who found that multimedia-
based digital content can increase students' learning motivation. This finding also aligns
with Peldez-Fernandez et al. (2021), who argued that technology-based learning should
consider children's psychological and cognitive development. Theoretically, these
findings strengthen the principle that technology integration should be guided by
pedagogical appropriateness rather than technological sophistication. In practice,
teachers should prioritize simple, accessible, and meaningful digital resources that match
students' developmental levels and learning objectives. Thus, technology's effectiveness
depends more on the quality and relevance of its pedagogical use than on the
technology's complexity.
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Another important finding concerns unequal access to technology and differences
in implementation between schools. Schools with better infrastructure, stable internet
connectivity, and stronger managerial support implemented technology-based learning
more consistently, whereas schools with limited resources faced greater difficulties. This
finding supports Mundir et al. (2022), who identified the digital divide between urban and
rural areas as a major barrier to technology-based learning. It also corresponds with
Hidayat & Thoha (2026), who reported differences in technological access between urban
and rural elementary schools. However, the present study indicates that the digital divide
should not be understood solely as a problem of physical access. It also involves
differences in teacher competence, school management, parental support, and students'
digital readiness. The practical implication is that technology policies should take an
adaptive, context-sensitive approach. Schools with limited infrastructure can begin with
low-cost, offline, or low-bandwidth technologies, while schools with stronger
infrastructure can develop more advanced forms of digital learning. This approach may
contribute to more equitable implementation of the Independent Learning Curriculum.

The findings also show that school leadership, parental involvement, monitoring,
and collaboration are essential to sustaining technology integration. This result aligns
with Manshur (2024), who emphasized the importance of clear school policies and
managerial support, and with Sutisna and Widodo (2023), who found that parental
involvement can strengthen technology-based learning at home. The findings also
support Sari & Adeoye (2025), who highlighted the importance of systematic monitoring
in improving the quality of technology implementation. These findings have both
theoretical and practical implications. Theoretically, they reinforce an ecological
understanding of educational technology in which successful implementation depends
not on teachers and technology alone, but on the interaction among school, family, and
community systems. Practically, schools need to establish continuous monitoring and
evaluation mechanisms covering technical implementation, pedagogical quality, student
participation, and learning outcomes. Collaboration among teachers, principals, parents,
and community stakeholders is therefore necessary to create an environment in which
technology can be used responsibly, effectively, and sustainably.

This study's main contribution is an integrated understanding of learning
technology implementation within the Independent Learning Curriculum at the
elementary school level, particularly from the perspective of PKM-based educational
intervention. Rather than treating technology as merely a digital tool, the findings show
that effective integration requires stronger infrastructure, teacher competence,
contextual digital content, school management, student participation, parental support,
and continuous evaluation. This contribution offers a practical framework for PKM
programs by proposing an intervention cycle of teacher training, guided practice,
development of contextual digital materials, implementation, monitoring, and follow-up
mentoring. Theoretically, the study contributes to the understanding that technology
integration is a multidimensional process combining technological, pedagogical,
organizational, and social dimensions. Practically, the findings can serve as a reference
for schools and educational stakeholders in designing realistic, equitable, student-
centered, and sustainable technology integration strategies, thereby strengthening the
achievement of the Independent Learning Curriculum.

CONCLUSION

The findings indicate that successfully integrating learning technology into the
Independent Learning Curriculum in elementary schools depends on adequate
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infrastructure, teachers' digital and pedagogical competencies, relevant learning content,
supportive school policies, and active parental participation. The main barriers include
limited technological facilities, unequal digital access between urban and rural schools,
insufficient teacher competence, limited availability of quality digital content, and
inadequate understanding of curriculum integration. These findings have practical
implications for schools and communities by demonstrating the importance of
strengthening technological capacity through teacher training, contextual digital content
development, equitable access to technology, and continuous monitoring and
evaluation. Schools, parents, communities, and government institutions should
strengthen collaboration to establish sustainable and inclusive technology-based learning
ecosystems. PKM initiatives should be continued through periodic mentoring, evaluation,
and capacity-building programs tailored to local conditions. Future research and
community engagement should examine the long-term impact of technology integration
on student learning outcomes, digital literacy, teacher competence, and educational
equity across different geographical and socioeconomic contexts.
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