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Abstract

This research aims to comprehensively examine the integration of technology in
learning in the digital era through a literature review of emerging models, challenges
and opportunities. Various integration models such as SAMR, TPACK, LoTl, blended
learning, as well as the utilisation of digital platforms have been implemented to
improve the effectiveness, flexibility, and relevance of learning. However, the
implementation of technology in education still faces significant challenges, including
limited infrastructure, access gaps, uneven digital competence, resistance to change
and data security issues. On the other hand, technology integration opens up great
opportunities for improving accessibility, personalising learning, global collaboration
and strengthening 21st century skills. This review highlights the importance of well-
planned implementation strategies, policy support and cross-stakeholder collaboration
for technology integration to drive adaptive, inclusive and sustainable education
transformation.

Keywords: technology integration, learning, digital era, integration model, challenges,

opportunities, education

Introduction

The digital era has brought major changes in almost all aspects of human life,
including education. This transformation can be seen from the massive use of digital
devices, online platforms, and multimedia resources in the learning process (Haleem et
al., 2022) . Education is no longer limited to the physical classroom, but has expanded to
the virtual realm that allows interaction and access to information without the limits of
time and space.

The integration of technology in learning creates a dynamic learning
environment and enriches learners' experience. Through the utilisation of technology,
students can access various learning resources flexibly, collaborate online, and obtain
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materials that are relevant to their needs and interests. This marks a paradigm shift from
traditional learning to more personalised and adaptive learning (Tondeur et al., 2017) .

The development of digital technology also demands a change in the role of
teachers in the learning process. Teachers are no longer just the main source of
information, but rather act as facilitators, mediators, and motivators who assist
students in the exploration of knowledge. Teacher competence in utilising technology
is the key to successful technology integration in the classroom (Judijanto & Aslan,
2025).

Technology integration in education is not just a matter of using hardware and
software, but also fundamental changes in learning methods, strategies, and
assessment. Integration models such as SAMR, TPACK, and blended learning are
references in adopting technology effectively and relevant to curriculum needs (Purike
& Aslan, 2025) . The main benefit of technology integration is increased access and
equity in education. Through online learning and e-learning platforms, students in
remote areas or with physical limitations can keep up with learning without
geographical barriers. Technology also opens up opportunities for inclusive education
and lifelong learning (Gusho et al., 2023).

On the other hand, the integration of technology in learning presents complex
new challenges. The disparity in access to devices and the internet, especially in rural
areas, is one of the main barriers. In addition, the uneven digital skills of teachers and
students are also an obstacle in optimising the use of technology (Scherer et al., 2019) .

Infrastructure readiness and education policy support determine the success of
technology integration. The government and educational institutions need to ensure
the availability of infrastructure, continuous training for teachers, and regulations that
support data protection and digital security of students. In addition to technical and
infrastructure challenges, cultural change and resistance to innovation are also
obstacles. Some educators and parents still view technology-based learning with
scepticism, fearing the loss of traditional values and social interaction in the classroom
(Permana et al., 2024).

Nonetheless, the opportunities offered by technology integration are immense.
Technology enables more personalised, adaptive and data-driven learning, so that each
student can have a learning experience that suits his or her style and needs. The use of
artificial intelligence (Al), big data and interactive learning applications further enrich
the digital education ecosystem (Firmansyah & Aslan, 2025a) ; (Firmansyah & Aslan,
2025b).

Previous studies have shown that technology integration can improve student
motivation, engagement and learning outcomes. The use of interactive media,
simulation and gamification has been proven effective in creating a fun and challenging
learning atmosphere. In addition, teachers can monitor students' learning progress in
real-time and provide faster and more precise feedback (Cadiz et al., 2024) .
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In Indonesia, efforts to integrate technology in education continue to grow. The
government, schools and various stakeholders collaborate to expand access, improve
digital competencies and develop contextualised and relevant learning content.
However, the level of technology adoption still varies between regions and levels of
education (Yuna et al., 2025).

Based on the description above, this study aims to comprehensively examine the
models of technology integration in learning, the challenges faced, and the
opportunities that can be utilised in the digital era. This literature review is expected to
contribute to the development of effective, inclusive and sustainable technology
implementation strategies in Indonesian education.

Research Methods

The research method used in this study is a literature review, by collecting,
analysing and synthesising various relevant literature sources, such as journal articles,
books, research reports and policy documents related to technology integration in
learning in the digital era. The analysis process is carried out systematically to identify
models of technology integration, challenges faced, and opportunities that arise, so as
to provide a comprehensive picture of the development, implementation, and strategic
recommendations for technology integration in education (Eliyah & Aslan, 2025) .

Results and Discussion
Models of Technology Integration in Learning

The technology integration in learning model is a framework or approach used
to optimise the use of digital devices, applications and online resources in the teaching
and learning process. The model assists teachers and educational institutions in
designing, implementing and evaluating the use of technology to align with learning
objectives and learners' needs (Mishra & Koehler, 2006) .

One of the most widely used models is the SAMR Model (Substitution,
Augmentation, Modification, Redefinition). This model was developed by Dr Ruben
Puentedura and divides technology integration into four levels: Substitution,
Augmentation, Modification, and Redefinition. At the Substitution stage, technology
only replaces traditional tools without significant changes, for example typing notes on
a computer replaces handwriting (Voogt & Roblin, 2012) .

In the Augmentation stage, technology not only replaces old tools, but also adds
new functions or experiences. For example, using digital note-taking apps that allow
the addition of images, sounds or links, thus enriching the material students learn. This
stage begins to improve the efficiency and quality of learning. The Modification stage in
SAMR marks a significant change in the learning process through technology. Teacher-
provided tasks begin to be redesigned, for example student collaboration using Google
Docs to write essays together online, or creating interactive presentations with
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multimedia. The learning experience becomes more collaborative and innovative
(Hendriarto et al., 2021).

Redefinition is the highest level in the SAMR model, where technology enables
learning activities that were not possible before. Examples of applications are project-
based learning with cross-country collaboration through video conferencing, or the use
of augmented reality (AR) for immersive science simulations. At this stage, technology
truly transforms the student learning experience (Hennessy et al., 2005) .

The TPACK (Technological Pedagogical Content Knowledge) model is also very
influential in the integration of educational technology. TPACK emphasises the
importance of teacher knowledge in three aspects: content (subject matter), pedagogy
(teaching methods) and technology. Optimal integration occurs if teachers are able to
combine all three in the learning process, so that technology is used effectively to
achieve specific learning objectives (Rokhmawati et al., 2025) ; (Caroline & Aslan, 2025).

TPACK helps teachers design learning that is active, engaging, and in line with
technological developments and student needs. Through TPACK, teachers can select
relevant technologies for each material, adapt teaching methods, and utilise digital
learning resources to enhance students' creativity and understanding (Ertmer, 2005) .

The LoTI (Levels of Technology Implementation) model is another model that
emphasises the stages of technology use from the simplest to the most complex. LoTI
has seven levels, ranging from No Use (not using technology at all), Awareness
(technology awareness), Exploration (exploration), Infusion (infusion), Integration
(integration), Expansion (expansion), to Refinement (refinement) (Ifenthaler &
Schweinbenz ., 2015)

In the early levels of LoTl, technology is only used in a limited way, such as
computer labs or simple presentations. As the level increases, technology begins to be
integrated in various learning activities, until finally at the highest level, students
become the centre of learning and technology is used for authentic inquiry and the
development of higher order thinking skills (Lawless & Pellegrino, 2007) .

Blended Learning is an integration model that combines face-to-face learning
with online learning. It provides flexibility for students to learn at their own pace and
time, and allows teachers to utilise various digital resources to enrich learning materials.
Blended learning is proven to be effective in improving learning outcomes and student
engagement (Widjaja & Aslan, 2022).

The TIP (Technology Integration Planning) model emphasises the importance of
careful planning before integrating technology into learning. Teachers need to consider
the purpose of using technology, the suitability of the material, the readiness of
students, and the evaluation of learning outcomes. TIP helps to ensure that technology
really adds value to the learning process (Lawless & Pellegrino, 2007) .

The PICRAT (Passive, Interactive, Creative - Replace, Amplify, Transform) model
is areflective framework that helps teachers evaluate the role of technology in learning.
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The model assesses whether the use of technology makes students passive, interactive,
or creative, and whether technology simply replaces, amplifies, or transforms the
learning process (Siringoringo & Alfaridzi, 2024) . PICRAT encourages teachers to focus
more on student engagement and creativity. In addition to the above models,
technology integration can also be done through the utilisation of various digital
platforms and applications. For example, the use of Learning Management System
(LMS), educational social media, video conferencing applications, and collaborative
software such as Google Workspace. Each platform has its own advantages in
supporting interactive and collaborative learning (Saputra et al., 2024) .

The application of technology integration models must be adapted to the school
context, student characteristics and learning objectives. There is no one model that is
superior for all situations, so teachers need to be flexible and creative in choosing and
combining various models as needed. Thus, technology integration can truly improve
the quality of learning and prepare students for the challenges of the 21st century.

Challenges faced in technology implementation

The implementation of technology in learning in Indonesia faces various complex
and interrelated challenges. These challenges are not only technical in nature, but also
touch on aspects of human resources, social, cultural, and education policy.

Firstly, limited technology infrastructure is a major obstacle, especially in remote
and less developed areas. Many schools still lack hardware such as computers, laptops
or projectors, as well as adequate internet access. Without good infrastructure,
technology integration in learning is difficult to run optimally (Cahyono & Aslan, 2025).

Second, the technology access gap exacerbates educational inequality. Students
from underprivileged families often do not have digital devices or internet access at
home, leaving them behind in technology-based learning. This creates a growing
disparity between students who are able and unable to access technology (Rahmawati
& Syafitri ., 2023)

Third, the digital competence and literacy of teachers and students remains a
major challenge. Many teachers are unfamiliar with or poorly trained in utilising
technology effectively in the learning process. The lack of ongoing training means that
the potential of technology cannot be maximised (Lestari & Nugroho, 2023).

Fourth, resistance to change is also often found among educators and
educational institutions. Teachers who are used to conventional methods feel reluctant
or lack confidence to adopt new technologies. This paradigm shift requires time and
intensive assistance so that teachers can adapt (Buchanan, 2011) .

Fifth, suboptimal institutional support and education policies also hinder
technology integration. Not all schools have policies that support the use of technology,
both in terms of budget, training, and infrastructure management. The lack of efficient
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infrastructure management can also pose data security risks and hinder innovation
(Howard et al., 2015) .

Sixth, the availability of relevant and curriculum-appropriate digital content is
still limited. Not all learning materials are available in digital format, so teachers need
time and resources to develop content that is interesting and relevant to students.
Collaboration between education experts and technology developers is needed in this
regard (Hennessy et al., 2005) .

Seventh, lack of time and high teacher workload are also obstacles. Technology
integration requires more time for material preparation, digital classroom
management, and learning evaluation. Meanwhile, a busy curriculum often makes it
difficult for teachers to allocate special time for technology development (Howard et
al., 2015).

Eighth, financial constraints are not only felt by students, but also by teachers
and schools. Purchasing hardware, software, and internet subscription costs require a
significant budget. This is an additional burden, especially for schools with limited
resources (Hennessy et al., 2005) .

Ninth, data security and privacy management are becoming increasingly
important issues. The use of digital platforms in learning brings the risk of student data
leakage and misuse of personal information. Schools should have adequate data
protection policies and systems to address these risks (Ridwan et al., 2024) .

Tenth, the lack of technical support in schools is also a challenge. When technical
problems occur, such as broken devices or lost internet connections, not all schools
have experts to immediately resolve them. This can disrupt the smooth process of
technology-based learning (Saripudin et al., 2023) .

Eleventh, the change in learning and teaching culture that is still orientated
towards the traditional system also hinders the adoption of technology. Many parties
still view digital learning as a complement, not as an integral part of the educational
process. Continuous efforts are needed to build awareness and understanding of the
benefits of technology in education (Nasution, 2024) .

Twelfth, a lack of evaluation and reflection on the use of technology is also
common. Many teachers simply add new tools or applications without considering
integration with learning objectives. This causes the use of technology to be ineffective
and does not provide significant added value for students (Afifah et al., 2022) .

By understanding these challenges, efforts to integrate technology in learning
need to be gradual, planned, and involve all stakeholders so that the benefits can be felt
evenly and sustainably.

Opportunities arising from technology integration in education

The integration of technology in education opens up significant new
opportunities to improve the quality, accessibility and effectiveness of learning in
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today's digital era. One of the main opportunities is the increased accessibility of
information. With the internet and digital devices, students can access thousands of
learning resources from around the world anytime and anywhere, no longer limited to
textbooks or conventional materials. This is very helpful for students who are in remote
areas or have physical limitations to still get quality education (Syaifudin ., 2021)

Technology also provides a more interactive and engaging learning experience.
The use of multimedia, learning apps, virtual simulations, and interactive whiteboards
allow students to be actively involved in the learning process, thus increasing their
interest and understanding of complex concepts. In addition, technologies such as
virtual reality (VR) and augmented reality (AR) provide immersive learning experiences
that cannot be obtained through conventional methods (Kim & et al., 2020) .

The next opportunity is personalised and adaptive learning. With the help of
artificial intelligence (Al), learning systems can adapt material to each student's pace,
style and needs. Al is able to analyse learning patterns and provide recommendations
for appropriate materials or exercises, so that students' potential can be optimised
individually. In addition, collaboration and communication between students and
teachers become easier and wider. Online learning platforms, discussion forums, and
collaborative apps allow students to work together on projects, share ideas, and give
and receive real-time feedback, both inside and outside the classroom. It also opens up
opportunities for collaboration across schools, regions, even countries (Polly et al.,
2010).

The integration of technology also enhances students' digital skills, which are
critical to meeting the challenges of the future world of work. Students learn to use
digital devices, operate applications, and search and manage information online. These
skills are key assets in the connected digital age. Technology in education also enables
better and more efficient measurement and evaluation of learning. Teachers can
monitor student progress in real-time, provide quick feedback, and identify areas that
need more attention. This supports the design of more effective and targeted learning
programmes (Chudzaifah ., 2024)

Another opportunity is the expansion of learning opportunities beyond the
physical classroom. Students can take online courses, webinars or online training from
educational institutions around the world without having to move. This enriches the
learning experience and opens up access to global knowledge. Technology also
facilitates innovation in teaching methods. Teachers can incorporate gamification,
simulation and 3D visualisation in learning, making the classroom atmosphere more
dynamic and creative. These innovations encourage students to think critically,
creatively, and be able to solve problems independently (Sitopu et al., 2024) .

More inclusive education is the next important opportunity. Technology helps
reach students with special needs through assistive devices, specialised learning apps
and materials that can be accessed according to individual needs. In addition,
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technology enables better management of education data. Student data can be
processed to analyse learning trends, design appropriate interventions and support
data-driven decision-making at school and government levels (Guna et al., 2024) .

Another opportunity is to improve the efficiency of education administration.
Learning management systems (LMS) and school administration applications facilitate
the management of schedules, attendance, assessment, and communication between
schools, teachers, students, and parents (lksal et al., 2024) .

Finally, the integration of technology in education strengthens the nation's
competitiveness in the global era. Students who are familiar with technology from an
early age will be better prepared to face challenges and opportunities in the
international world of work, while encouraging innovation and progress in various fields
of life (Selwyn, 2011) .

By optimally utilising these opportunities, Indonesian education can be more
adaptive, inclusive and relevant to the times, while preparing the younger generation
to be the main actors in the digital transformation of the future.

Conclusion

Technology integration in learning in the digital era has become an urgent need
to improve the quality of education and respond to the challenges of the times. Various
integration models, such as SAMR, TPACK, LoTlI, blended learning and digital platform
utilisation, provide a clear framework for educators to design learning that is more
effective, innovative and relevant to the needs of today's students. These models also
encourage a change in the role of the teacher from a mere transmitter of information
to a facilitator and guide in a more collaborative and adaptive learning process.

However, the implementation of technology in education still faces a number of
significant challenges, ranging from limited infrastructure, access gaps, uneven digital
competence of teachers and students, to resistance to change and data security issues.
These challenges demand comprehensive solutions through infrastructure
improvement, continuous training, policy support, and the development of relevant and
inclusive digital content.

On the other hand, the opportunities offered by technology integration are
enormous, ranging from increasing accessibility, personalising learning, global
collaboration, to strengthening 21st century skills. With the right implementation
strategy and collaboration between stakeholders, technology integration can be the
main driver of educational transformation that is more adaptive, inclusive, and ready to
face future challenges.
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