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Abstract. The research investigates technology integration in elementary education, focusing on teachers' experiences,
challenges, and strategies in Semarang City and Blora Regency, Indonesia. As technology rapidly evolves, its application in
education becomes increasingly vital, yet the effective integration of digital tools remains a challenge in many primary schools.
Teachers' perspectives and practices are critical in shaping how technology impacts learning outcomes. The primary objective
of this study is to explore the various strategies teachers employ in integrating technology into the classroom, identify the
challenges they encounter, and assess the overall impact of technology on students' learning experiences. A qualitative research
method was used, employing in-depth interviews and classroom observations with elementary school teachers from selected
schools in Semarang and Blora. The findings reveal that while teachers recognize the potential of technology in enhancing
learning, they face several challenges, such as limited resources, insufficient training, and resistance from students or parents.
However, many teachers have developed innovative strategies to overcome these obstacles, incorporating various digital tools
to foster interactive and engaging learning environments. In conclusion, the research highlights the need for more
comprehensive support, professional development, and resource allocation to integrate technology into elementary education
effectively. This study provides valuable insights for policymakers and educators to enhance technology adoption and improve
primary school educational practices.
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INTRODUCTION

Technology integration into education has become a cornerstone of modern pedagogical practices,
influencing how knowledge is imparted and absorbed in the classroom (Cao et al., 2022). As the digital
age continues to evolve, primary education systems worldwide are increasingly exploring ways to
incorporate digital tools, interactive media, and online platforms to enhance the learning experience
(How & Hung, 2019). This transition is particularly crucial for elementary education, where
foundational learning shapes future academic and cognitive development (Ishak & Jiang, 2022).
Technology integration in primary education in Indonesia, particularly in regions such as Semarang City
and Blora Regency, has recently gained considerable attention. However, despite the growing emphasis
on digital learning (Wang et al., 2024), a significant gap exists in understanding how teachers in these
locales navigate the challenges and opportunities technology integration presents (Utaminingsih,
Sumartiningsih, et al., 2024).

Introducing technology into education promises to transform teaching methodologies, engage
students more effectively, and provide individualized learning opportunities (Hassan et al., 2023).
However, the integration process is fraught with obstacles. Teachers face many challenges, ranging from
limited access to digital tools and infrastructure to the need for training in using technology effectively
within the curriculum (Sudarsana et al., 2019). Additionally, cultural and contextual factors may
influence the degree of technology adoption in primary schools (Utaminingsih, Ramadhani, et al., 2024).
In Semarang City and Blora Regency, the disparity in technological infrastructure between urban and
rural areas may contribute to an uneven application of technology in the classroom, further complicating
the situation.

Research has shown that integrating technology can improve learning outcomes but requires
substantial support, including teacher professional development, resource access, and administrative
buy-in (Lee & Ho, 2023). Previous studies have primarily focused on urban areas with better access to
technology, leaving a gap in understanding the dynamics of technological integration in rural or less-
resourced settings such as those in Semarang and Blora. Moreover, the local context in these areas
presents unique challenges and opportunities that still need to be thoroughly examined in existing
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research (Chauhan, 2017).

While there is a growing body of literature on technology integration in education, many studies
focus primarily on urban areas or higher education institutions, where technological resources and
teacher expertise are more readily available (Durriyah & Zuhdi, 2018). Few studies have explored
teachers' experiences in primary schools located in less urbanized regions such as Blora Regency
(Utaminingsih & Purwati, 2024). There is also a need for more research explicitly addressing how
teachers in Semarang City and Blora Regency navigate technology integration in their classrooms, their
strategies, and their unique challenges. This gap in the literature highlights the need for further
investigation into the local, contextual factors that influence technology adoption at the primary
education level in these areas.

This research is crucial for understanding the complexities surrounding technology integration in
primary education in Indonesia, particularly in areas with varying levels of access to digital resources.
By focusing on Semarang City and Blora Regency, this study will provide insights into the unique
challenges and strategies employed by teachers in these regions. It will also contribute to the broader
discourse on the equitable distribution of educational technology resources (Comi et al., 2016), shedding
light on teachers' needs and disparities in urban and rural settings (Utaminingsih, 2023).

Given the current emphasis on digital literacy as a critical education component, this research is
paramount for policymakers, educators, and stakeholders in the education sector (Santi et al., 2022). The
findings could inform the development of targeted interventions, such as tailored professional
development programs and resource allocation strategies, to improve the effectiveness of technology
integration in primary schools (Ditaningsih et al., 2021).The impact of this research lies in its potential
to inform the future direction of technology integration in primary education in Indonesia (Urip &
Riwanto, 2020). By examining teachers' experiences, challenges, and strategies in both urban and rural
contexts, this study aims to provide actionable recommendations for improving technology adoption in
schools (Park et al., 2015). Furthermore, the research could serve as a model for similar studies in other
regions, contributing to the global dialogue on digital education reform (Hsu et al., 2019).

This study is expected to influence educational policy, curriculum design, and teacher training
programs, ensuring that technology integration enhances learning and is an inclusive and accessible
process for all educators, regardless of their geographical location. The primary objective of this research
is to explore teachers' experiences, challenges, and strategies in integrating technology into primary
school learning in Semarang City and Blora Regency. Specifically, this study aims to: examine teachers'
experiences using digital tools and technology in their classrooms; identify teachers' challenges in
integrating technology into primary school education, including infrastructure, training, and resource
limitations; investigate teachers' strategies to overcome these challenges and effectively integrate
technology into their teaching practices; analyse the impact of technology integration on student
engagement, learning outcomes, and teacher-student interactions; provides recommendations for
improving technology integration in primary schools, focusing on addressing the specific needs of
teachers in Semarang City and Blora Regency. By addressing these objectives, this research aims to
contribute to a deeper understanding of technology's role in shaping the future of primary education in
Indonesia.

METHODS

The study used qualitative research methods with a case study approach, aiming to explore the
experiences, challenges, and strategies of primary school teachers in integrating technology into
classroom instruction. The research focuses on teachers in two distinct regions: Semarang City, known
for having relatively advanced technological infrastructure, and Blora Regency, which faces more
limited conditions for the use of technology. The investigation is centered on three key areas:
experiences of teachers, obstacles encountered in the process, and strategies employed to address
challenges. The study examines how technology is integrated into the learning process, how students
respond to technological implementation, internal challenges such as limited teacher competence, and
external obstacles like inadequate technological infrastructure. Additionally, the study evaluates
strategies implemented by teachers to overcome these challenges and optimize available resources to
support technology-based learning.
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The research subjects consist of six elementary school teachers selected through purposive sampling
based on several criteria: having at least two years of teaching experience, experience in using
technology for teaching purposes, and willingness to participate as research subjects. Among the six
participants, three teachers represent Semarang, and two teachers come from Blora Regency. Data
collection techniques include in-depth interviews, non-participant classroom observations, and
document analysis. Semi-structured interviews were conducted to explore the experiences, challenges,
and strategies of teachers in integrating technology. Non-participant observation was carried out in
classrooms where technology was applied to examine teaching practices, student responses, and
technical challenges faced during the learning process. Documentation was used to gather lesson plans,
technology-based teaching materials, and evaluation reports, providing additional context and
verification of observed practices.

The validity of the data was ensured through source triangulation, which involved comparing
information obtained from interviews, observations, and documentation. Interviews captured the
perspectives and experiences of six elementary school teachers. Observations were conducted to verify
how technology was utilized in classroom settings and how students interacted with technology-based
learning materials. Document analysis further validated the findings by reviewing teaching materials,
lesson plans, and evaluation reports. The triangulation technique helped establish the credibility and
reliability of research findings. A visualization of the triangulation process is presented in Figure 1.

Interview
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v
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Figure 1. The triangulation technique chart

The research was carried out in a systematic manner. The first step involved identifying teachers who
met the specified criteria and selecting them as research participants. In-depth interviews were then
conducted to gather detailed information about the experiences, challenges, and strategies related to the
integration of technology in teaching. Classroom observations took place during lessons involving
technological tools, providing direct insight into teaching practices and student engagement.
Simultaneously, relevant documents, such as lesson plans and evaluation reports, were collected and
analyzed to further support the data collected from interviews and observations. The data obtained
through these three methods were compared and cross-validated through the triangulation process to
identify patterns and confirm consistent findings, ensuring that the research objectives were met
effectively and that reliable conclusions could be drawn.

The data analysis technique used is thematic analysis, which is based on the theory of Braun & Clarke
(2021). This technique was chosen because it is suitable for identifying key themes from qualitative
data, such as interviews and observations. This study's qualitative data analysis process is conducted
systematically through several stages. First, data familiarization is performed by re-reading the collected
data from interviews, observations, and documentation to understand its context comprehensively.
Second, initial coding is implemented by identifying and marking essential data relevant to the research
focus. For instance, codes such as "Technical bottlenecks," "Technological benefits," or "Solution
strategy" are applied. Third, theme identification is carried out by grouping similar codes into broader
themes that reflect patterns observed in the data. Subsequently, a theme review is conducted to ensure
the identified themes align with the data and the research objectives. Once verified, the themes are given
representative names, such as "Benefits of Technology Integration” or "Infrastructure Barriers," during
the theme naming stage. Finally, the reporting phase involves preparing a comprehensive narrative,
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synthesizing the findings, and providing insightful conclusions based on the analyzed data. Data
Analysis Process Chart is presented in Figure 2.
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Figure 2. Data Analysis Process Chart by Braun and Clark

This research method includes an in-depth qualitative approach, data analysis based on Braun and
Clarke's theory, and data validity through source triangulation. With a focus on teachers' experiences,
barriers, and strategies in two different regions, this study provides a comprehensive and relevant picture
of integrating technology in primary school learning.

RESULTS AND DISCUSSION

All teachers interviewed reported that using technology in learning significantly increased student
motivation and participation.

Table 1. Benefits of Technology Integration in Learning

No. Key Findings Indication Connection to Research Objectives
Teacher A from Semarang reported
Increased student that interactive media increased Supports the objective to explore how
1. motivation and student participation. Observations technology enhances student
participation. showed students were more active in  engagement and participation.
discussions and exploration.
Development of 21st- Teacher C from Blora described
ggn_tury skills sych as prOJect-basgd assignments that Addresses the objective to foster
igital literacy, enhanced information literacy and ; -
2. - . . essential competencies through
creativity, problem- critical thinking. Lesson plans technology integration
solving, and included group collaboration using '
collaboration. digital platforms.
Teacher B from Semarang used
More effective and digital simulations to explain abstract Aligns with the goal of improving
3. engaging delivery of concepts. Learning materials knowledge acquisition and retention
subject matter. demonstrated the effective use of through engaging delivery methods.
interactive videos and simulations.
Teacher E utilized adaptive learning
Personalized learning applications to provide differentiated Supports the objective to provide
4, adapted to individual tasks. E-learning documentation adaptive,  differentiated  learning

student needs.

showed individualized feedback and
progress tracking.
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Access to a wider range

Teacher D from Blora highlighted the
use of the internet for accessing

Fulfills objectives related to expanding

5. of up-to-date learning articles and educational materials. learning content and promoting
resources. Students independently  explored independent exploration.
supplemental materials.
Table 2. Internal Barriers to the Use of Technology
No. Key Findings Indication Connection to Research Obijectives
o . Teacher D admitted difficulties in Ic_jentlfles mtgrnal challenges that_
Limited technological . : . hinder effective technology adoption,
1. . using educational software, leading : .
skills among teachers. - o addressing readiness and competence
to reliance on traditional methods. issues
Lack of confidence and  Teacher E feared losing authority Highlights psychological barriers that
2. motivation to use when making mistakes with affect teachers' willingness to innovate
technology. technology. and experiment.
Limited time to study Teache_r B highlighted time Emphasizes the need for time
constraints due to administrative .
3. and prepare technology- R ; management solutions to support
. duties, limiting the preparation of .
based materials. o . technology-based teaching.
digital materials.
Table 3. External Barriers Related to Infrastructure and Support
No. Key Findings Indication Connection to Research Objectives
Limitations of Teacher C observed outdated Explains how infrastructure gaps
1 technology . . .
. . . computers and unstable internet impact the capacity for technology
infrastructure in S - .
connections in Blora schools. integration.
schools.
Teacher D highlighted that many
Limited student access  students lacked home technology Describes how limited student access
to technology at home.  devices, limiting their ability to restricts learning beyond the classroom.
complete assignments.
S Teacher E noted minimally structured Shows the role of organizational
Lack of institutional s L . . . .
3. training programs and limited budgets support in enabling or hindering
support for teachers. . . .
for technology development. effective technology integration.
Table 4. Teachers' Strategies for Overcoming Obstacles
No. Key Findings Indication Connection to Research Obijectives
Self-study and personal ~ Teacher B frequently followed online  Demonstrates teachers' proactive
1. initiative to overcome tutorials and webinars on educational  approaches to overcoming skill gaps
skill limitations. technology. through self-initiated learning.
Collaboration and Teacher ? descrlbﬁd dISPfUSSéOh Highlights the value of collaboration in
2 knowledge sharing groups where teachers share building collective knowledge and
' amond teachers knowledge and helped each other competence
g ' resolve technical issues. P '
. . Teacher C maximized available Describes how teachers creatively
Creative utilization of . - . .
3. . resources like personal devices and navigate resource constraints to
available resources. o Lo .
free digital tools. maintain effective technology use.
S Teacher E participated in workshops ~ Emphasizes the importance of external
Participation in external - ; X . . . L
4. P on interactive media and immediately  learning opportunities for teacher
training and workshops. . . ;
applied the knowledge in class. professional development.
Table 5. Need for Further Support
No. Key Findings Indication Connection to Research Objectives
_Procurement and Teacher D emphasized the need for Highlights the need for external
improvement of - . . .
1. updated computers and a stronger intervention to provide essential
technology . . L
. internet connection. technological infrastructure.
infrastructure.
Structured professional Teacher B called for comprehensive Supports the development of teacher
2. training and and structured training programs competence  through continuous

development programs.

tailored to teachers' needs.
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5 pohesand with supportive polices allocated STOWS how polices can crive or limi
' . . effective technology implementation.
management. budgets for technology integration.
Teacher C mentioned hopes for h .
Stakeholder and partnerships with the private sector Demonstrates ow community
4, . . engagement can enhance resource
community engagement. and local communities for resource 2
support. availability and technology access.
Development of relevant  Teacher E noted a lack of curriculum-  Stresses the importance of localized
5. and contextual learning aligned technology-based learning learning materials for  effective
materials. resources. implementation.
Table 6. Differences in Context Between Semarang City and Blora Regency
No. Key Findings Indication Connection to Research Objectives
Differences in
availability of Teacher A from Semarang described ~ Explains how access to better
technology classrooms with projectors, infrastructure enables more effective
1. infrastructure. broadband internet, and smartboards.  technology use in Semarang.
Differences in Teacher B described supportive Describes how supportive policies
institutional support and  policies and regular ICT-focused contribute to a smoother integration
2. school policy. training programs. process.
Teacher E highlighted cooperation
Differences in the role between schools and external Shows how community involvement
of local communities stakeholders, enhancing technology can address resource shortages and
3. and stakeholders. integration. enhance adoption.
Differences in teacher Teacher D observed limited training
readiness and access in Blora, requiring teachersto  Explains how limited training affects
4. competence. travel to other cities. teacher readiness in Blora.
Teacher A described supportive
Differences in school parents and students familiar with Describes how positive school culture
culture and attitudes daily technology use, promoting and family support drive successful
5. towards technology. adoption in learning. technology adoption in Semarang.

The study reveals that integrating technology in primary school learning provides significant
benefits, including increased student motivation and participation, 21st-century skill development, more
practical material delivery, personalized learning, and access to a broader range of learning resources.
However, the difference in context between Semarang City and Blora Regency shows that there needs
to be more infrastructure availability, institutional support, community involvement, teacher readiness,
and attitudes toward technology. Teachers face internal obstacles, such as skills limitations, and external
obstacles, such as infrastructure limitations. Nonetheless, they have developed strategies to overcome
those obstacles and have solid hopes for increased support in the future. Teachers hope for policies that
support technology integration, continuous professional training, collaboration between schools,
responsible use of technology, increased community participation, development of local learning
resources, and efforts to reduce the digital divide. By understanding these findings, relevant parties can
take strategic steps to encourage more effective technology integration in learning in elementary schools
(Megahantara, 2019), thereby improving the quality of education and equitable access throughout
Indonesia (Utaminingsih & Hermasari, 2024).

Benefits of Technology Integration in Learning

The study's findings show that integrating technology into learning in elementary schools increases
student motivation and participation. This is in line with the research of (Utaminingsih et al., 2023),
which found that using technology in the classroom improves student engagement and learning
outcomes. They emphasized that technology provides an engaging platform for students to engage
actively in learning. In addition, research Bandyopadhyay & Sharma (2022) supports these findings,
stating that technology can create a more interactive and engaging learning environment, increasing
student motivation. Technology allows for a more varied and visual presentation of material, facilitating
an understanding of complex concepts.
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The integration of technology aids in developing 21st-century skills, such as digital literacy, problem-
solving, creativity, and collaboration. UNESCO emphasized the importance of digital literacy as a
critical competency in education in the 21st century (Wahab et al., 2022). The findings of this study
show that students who engage in technology-based learning have the opportunity to develop these skills
practically. Research by Yohana (2020) Supports this, stating that information and communication
technology (ICT) is essential in developing 21st-century competencies. They highlight that ICT allows
students to collaborate, communicate, and think critically through activities involving technology. The
findings show that technology allows for more effective and engaging material delivery. This is
consistent with research by Muliandi et al. (2021) on the principles of multimedia in learning, which
states that using images, audio, and animation can improve students' comprehension and retention of
information. Furthermore, research Bakri & Muliyati (2017) on e-learning and the science of learning
shows that technology can support various student learning styles, allowing teachers to deliver material
more adaptively and responsively to individual needs.

The findings regarding personalization of learning through technology are supported by research by
Minn (2022), which found that adaptive learning systems can improve learning outcomes by adjusting
the material and difficulty level according to each student's ability. Technology integration opens access
to a broader range of learning resources. (Islam et al., 2021) highlight that access to global information
through the Internet can enrich students' learning experiences and broaden their horizons.

Internal Barriers to the Use of Technology

The study's findings show that the limitations of technology skills in teachers are a significant
obstacle to integrating technology into learning. Teachers feel they need to be more proficient in using
educational software and learning applications, thus reducing their confidence in implementing
technology. This is in line with the findings of Purushothaman & Zhou (2014), who identified first-order
barriers, such as teachers' limited skills and knowledge of technology, are the main barriers to
technology integration. The level of teacher technology competence is positively related to the level of
technology integration in learning. Teachers with higher technology skills use technology more often
and effectively in the classroom. This emphasizes the importance of developing technology skills for
teachers to increase confidence and effectiveness in using technology.

Teachers' lack of confidence and motivation in using technology is also a significant internal
obstacle. Teachers are worried about making mistakes when using technology in front of the classroom,
which can affect their authority as educators. Chang et al. (2022) showed that teachers' technology self-
efficacy significantly affects their intention to use technology in teaching. If teachers feel insecure, they
are likely reluctant to try new methods involving technology. In addition, the high workload and limited
time to learn new technologies reduce teachers' motivation to innovate. Hao and Lee (2016) found that
teachers' attitudes and perceptions towards technology affect the acceptance and use of technology in
education. Teachers with a positive and motivated attitude are likelier to adopt technology in their
teaching practices.

External Barriers Related to Infrastructure and Support

Limitations in technological infrastructure, such as the need for computer devices, projectors, and
unstable internet connections, are major external obstacles, especially in rural areas such as the Blora
Regency. These findings are consistent with Williamson (2019) study identified that limited equipment
and internet access are the main obstacles to ICT implementation in schools. With adequate
infrastructure, efforts to integrate technology into learning are maintained. Sutama et al. (2022), also
emphasized that inadequate infrastructure hinders teachers' ability to use technology in learning. They
mentioned that adequate hardware and software availability is necessary for teachers to implement
technology effectively.

In addition to infrastructure at school, students' limited access to technology at home is also an
obstacle. Students who do not have technological devices or internet access at home need help
completing tasks that require technology. This is in line with the concept of the digital divide, where
there is a disparity in access and use of technology between different groups of people (Azubuike et al.,
2021). These disparities can exacerbate inequalities in education, as students from low-economic
backgrounds have limited access to technology. The need for more support from schools and education
offices in providing facilities and training programs is also a significant obstacle. Khan et al. (2017)
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emphasize that institutional support and supportive leadership are critical in driving technology
integration. Without solid policy and management support, teachers may feel unsupported and less
motivated to adopt technology in learning.

Teachers' Strategies for Overcoming Obstacles

To overcome skill limitations, many teachers take the initiative to learn independently through online
tutorials and other resources. This indicates a high level of commitment from teachers to improving their
competence despite the limitations of institutional support. Utaminingsih, Anwar, et al. (2024) show that
personal initiative and willingness to learn are essential to teachers' technology adoption. Teachers who
are proactive in their professional development are more likely to succeed in integrating technology.

Forming informal groups to share knowledge and experience reflects the importance of professional
learning communities. Farrar & Simpson (2024) emphasized that professional learning communities can
improve teaching practices and support innovation, including technology integration. Teachers can
overcome individual limitations and develop skills by supporting each other and sharing resources.

Teachers try to maximize available resources, even if they are limited. This shows the creativity and
adaptability of teachers when facing limitations. Harrison (2020) found that teachers with a positive and
adaptive attitude toward technology are more successful in integrating technology, even with limited
resources. Creativity in utilizing existing technology can help teachers overcome infrastructure barriers.
Teachers who are proactive in seeking external training and workshops demonstrate their commitment
to professional development. Wilson et al. (2020) emphasized the importance of continuous
professional development in educational technology to improve teacher competence and the
effectiveness of technology integration. Although not facilitated by the institution, teachers' efforts to
participate in external training are a positive step in improving their skills (Bonafini & Lee, 2021).

Need for Further Support

Teachers emphasized the need to improve technological infrastructure in schools. This supports the
previous finding that adequate infrastructure is a prerequisite for effective technology integration
(Webster & Son, 2015). Investment in infrastructure will allow teachers and students to access
technology more widely so that the potential of technology to improve the quality of learning can be
optimized (Williamson, 2019).

A structured and ongoing training program is essential. Normalini et al. (2024) stated that effective
professional development must be sustainable, practice-focused, and relevant to the teacher's teaching
context. With adequate training, teachers may have the necessary skills and knowledge to integrate
technology effectively. Support from school management in the form of policies and budget allocations
is urgently needed. Supportive school leadership is critical in facilitating technology integration. Clear
policies and financial support will encourage teachers to adopt technology in learning and provide them
with the necessary resources.

The involvement of parents, communities, and the private sector can provide additional support
through resources and facilities. Paulauskaite-Taraseviciene et al. (2022)showed that collaboration
between schools and communities can strengthen technology integration efforts and overcome resource
limitations. Stakeholder participation can help in the procurement of equipment, the provision of internet
connectivity, and the implementation of training programs.

Teachers need technology-based learning materials relevant to the curriculum and local context.
Research Hajirasouli et al. (2023) on culturally responsive pedagogy emphasizes the importance of
learning materials appropriate to students' cultural backgrounds to increase engagement and
understanding. Developing local resources will make technology more meaningful and effective in
learning and support the achievement of national curriculum goals.

Differences in Context Between Semarang City and Blora Regency

Significant differences in the availability of technological infrastructure between urban and rural
areas were found in this study. This is in line with the findings of Suminar et al. (2023), which identified
that limited infrastructure and access to technology are the main obstacles to technology integration in
education, especially in areas with limited resources.

Research by Suprianto et al. (2022) also highlights that the digital divide between urban and rural
areas can affect the effectiveness of technology implementation in education. This limited access can
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hinder students in rural areas from getting the same benefits from technology as students in urban areas.
The finding that institutional support is more vital in Semarang City than in Blora Regency reflects the
importance of school policy and management in the success of technology integration. Mathibe et al.
(2022) emphasized that support from school administration and supportive policies are key factors in
encouraging teachers to integrate technology.

Differences in community engagement and local stakeholders between the two regions suggest that
collaboration between schools and communities can affect the availability of resources and support for
technology integration. Research by Zou et al. (2023) shows that the social environment and professional
networks can influence teachers' adoption of technology.

Teachers' readiness and competence in using technology, which is higher in Semarang City, shows
the importance of training and professional development. Effective professional development in
educational technology must be sustainable and relevant to teachers' teaching practices (Nipyrakis et al.,
2023). The difference in attitudes towards technology between the two regions reflects the findings of
Rogers in the diffusion theory of innovation, where the adoption of technology is influenced by the
perception of individuals and organizational culture towards the innovation (Webster & Son, 2015).

The difference in context between Semarang City and Blora Regency suggests that environmental
factors, including infrastructure, institutional support, community involvement, and school culture, play
an essential role in the success of technology integration. This research adds insight into how the local
context in Indonesia affects the implementation of technology in primary education, which can be an
essential consideration in formulating policy and intervention programs.

CONCLUSION

The integration of technology into elementary education in Indonesia demonstrates significant potential
to enhance educational quality by promoting student motivation, participation, and the mastery of 21st-
century competencies such as digital literacy, creativity, problem-solving, and collaboration while
creating interactive and effective learning experiences. Various challenges emerge during
implementation, including limited teacher proficiency and confidence in utilizing technology,
insufficient time for material preparation, inadequate school infrastructure, restricted home access to
technological devices, and a lack of institutional and policy support. Teachers have adopted strategies
such as independent learning, resource optimization, collaboration, and participation in professional
development programs to address these obstacles. However, research findings highlight the necessity
for comprehensive support, including improvements in technological infrastructure, structured training,
professional development, and active involvement from multiple stakeholders. The research offers
valuable insights into the significance of context-sensitive approaches in educational transformation,
suggesting that collaborative efforts among educators, policymakers, and communities are essential for
achieving sustainable improvements in education and equitable learning opportunities across Indonesia.

REFERENCES

Azubuike, O. B., Adegboye, O., & Quadri, H. (2021). Who gets to learn in a pandemic? Exploring the
digital divide in remote learning during the COVID-19 pandemic in Nigeria. International Journal
of Educational Research Open, 2, 100022. https://doi.org/10.1016/j.ijedro.2020.100022

Bakri, F., & Muliyati, D. (2017). Pengembangan Perangkat E-Learning Untuk Matakuliah Fisika Dasar
Il Menggunakan LMS Chamilo. WaPFi (Wahana Pendidikan Fisika), 2(1).
https://doi.org/10.17509/wapfi.v2i1.4868

Bandyopadhyay, S., & Sharma, A. (2022). Technology-integrated Pedagogy, Learning Outcomes and
Retention: Can Public—Private Partnerships Play a Role in Primary Education in India? Studies in
Microeconomics. https://doi.org/10.1177/23210222221111653

Bonafini, F. C., & Lee, Y. (2021). Investigating Prospective Teachers’ TPACK and their Use of
Mathematical Action Technologies as they Create Screencast Video Lessons on iPads. TechTrends,
65(3), 303 — 319. https://doi.org/10.1007/s11528-020-00578-1

Braun, V., & Clarke, V. (2021). Conceptual and Design Thinking for Thematic
Analysisfile:///Users/ksiamisang/Desktop/mark.pdf. Qualitative Psychology, 9(1), 3-26.

Cao, F., Lei, M, Lin, S., & Xiang, M. (2022). Application of Artificial Intelligence-Based Big Data Al

34



Salama, etal., / JED 13 (1) (2025): 26-37

Technology in Physical Education Reform. Mobile Information Systems, 2022.
https://doi.org/10.1155/2022/4017151

Chang, C.-Y., Hwang, G.-J., & Gau, M.-L. (2022). Promoting students’ learning achievement and self-
efficacy: A mobile chatbot approach for nursing training. British Journal of Educational
Technology, 53(1), 171-188. https://doi.org/10.1111/bjet.13158

Chauhan, S. (2017). A meta-analysis of the impact of technology on learning effectiveness of elementary
students. Computers and Education, 105, 14-30. https://doi.org/10.1016/j.compedu.2016.11.005

Comi, A., Fotia, L., Messina, F., Pappalardo, G., Rosaci, D., & Sarne, G. M. L. (2016). Forming
homogeneous classes for e-learning in a social network scenario. Studies in Computational
Intelligence, 616, 131 — 141. https://doi.org/10.1007/978-3-319-25017-5_13

Ditaningsih, F. T. H., Septianti, K. N., & Rahayu, R. P. (2021). Penanaman Karakter Siswa Sekolah
Dasar Melalui Literasi Digital di Era Revolusi Industri 4.0. Jurnal Amal Pendidikan, 2(2), 94.
https://doi.org/10.36709/japend.v2i2.15814

Durriyah, T. L., & Zuhdi, M. (2018). Digital Literacy With EFL Student Teachers: Exploring Indonesian
Student Teachers’ Initial Perception About Integrating Digital Technologies Into a Teaching Unit.
International Journal of Education and Literacy Studies, 6(3), 53.
https://doi.org/10.7575/aiac.ijels.v.6n.3p.53

Farrar, J., & Simpson, A. (2024). Pre-service teacher knowledge of children’s literature and attitudes to
Reading for Pleasure: an international comparative study. Literacy, 58(2), 216 — 227.
https://doi.org/10.1111/1it.12360

Hajirasouli, A., Banihashemi, S., Sanders, P., & Rahimian, F. (2023). BIM-enabled virtual reality (VR)-
based pedagogical framework in architectural design studios. Smart and Sustainable Built
Environment. https://doi.org/10.1108/SASBE-07-2022-0149

Hao, Y., & Lee, K. S. (2016). Teaching in flipped classrooms: Exploring pre-service teachers’ concerns.
Computers in Human Behavior, 57, 250 — 260. https://doi.org/10.1016/j.chb.2015.12.022

Harrison, T. (2020). How distance education students perceive the impact of teaching videos on their
learning. Open Learning, 35(3), 260 — 276. https://doi.org/10.1080/02680513.2019.1702518

Hassan, R., Suhaili, W. S., Nore, B. F., & Basunia, M. A. (2023). Youth Resilience Toward Climate
Smart Agriculture Technology Adoption in Brunei Darussalam. ASEAN Journal on Science and
Technology for Development, 40(3), 195 — 202. https://doi.org/10.61931/2224-9028.1545

How, M. L., & Hung, W. L. D. (2019). Educing Al-Thinking in Science, Technology, Engineering,
Arts, and Mathematics (STEAM) Education. Education Sciences, 9(184), 1-41.
https://doi.org/10.3390/educsci9030184

Hsu, H. P., Wenting, Z., & Hughes, J. E. (2019). Developing Elementary Students’ Digital Literacy
Through Augmented Reality Creation: Insights From a Longitudinal Analysis of Questionnaires,
Interviews, and Projects. In Journal of Educational Computing Research (Vol. 57, Issue 6).
https://doi.org/10.1177/0735633118794515

Ishak, N. A., & Jiang, C. X. (2022). Research on the Relationship between the Development of Artificial
Intelligence Technology and the Change of Education Goals. International Journal of Intelligent
Systems and Applications in Engineering, 10(1s), 329-335.
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85145468698&partnerlD=40&md5=0f8bac4dbae29eb9b4eabafo0f0f7adb

Islam, M. N., Sumarmi, S., Putra, A. K., Sugiyati, P., & Salsabilah, S. (2021). The Effect of Interactive
Blended-Problem Based Learning Assisted Virtual Classroom on Critical Thinking Skills of
Students of The Society Era 5.0. Jurnal Geografi Gea, 21(2), 135-146.
https://doi.org/10.17509/gea.v21i2.38862

Khan, I. U., Hameed, Z., Yu, Y., & Khan, S. U. (2017). Assessing the determinants of flow experience
in the adoption of learning management systems: the moderating role of perceived institutional
support.  Behaviour and Information  Technology, 36(11), 1162 -  1176.
https://doi.org/10.1080/0144929X.2017.1362475

Lee, L., & Ho, H.-J. (2023). Engagement with Music Technology in Special Educational Settings for
Children with Disabilities t. Engineering Proceedings, 55(1).
https://doi.org/10.3390/engproc2023055027

Mathibe, M., Cele, L., & Modjadji, P. (2022). Alcohol Use among High School Learners in the Peri-
Urban Areas, South Africa: A Descriptive Study on Accessibility, Motivations and Effects.

35



Salama, etal., / JED 13 (1) (2025): 26-37

Children, 9(9). https://doi.org/10.3390/children9091342

Megahantara, G. S. (2019). Pengaruh Teknologi terhadap Pendidikan di Abad 21. Prosiding Seminar
Nasional Literasi Digital Dalam Agama Dan Sains, 7(2), 1-16.

Muliandi, A., Susilowati, N. E., Rahmah, S., Wahyuni, S., & Rusdiana, D. (2021). MRIM (Multiple
Representation-Based Interactive Multimedia): Is it Good to Improve Students’ Scientific Literacy?
U-Teach: Journal Education of  Young Physics  Teacher, 2(1), 9-21.
https://doi.org/10.30599/uteach.v2i1.37

Nipyrakis, A., Stavrou, D., & Avraamidou, L. (2023). Designing technology-enhanced science
experiments in elementary teacher preparation: the role of learning communities. Research in
Science and Technological Education. https://doi.org/10.1080/02635143.2023.2202386

Normalini, M. K., Fei, Z., Mohamad, W. N., & Saleh, M. S. M. (2024). Sustainable Learning
Environment Amidst The Pandemic: an Adoption of Mobile Learning Readiness Among
Undergraduate Students In Malaysia’s Higher Institutions. Journal of Information Technology
Education: Research, 23. https://doi.org/10.28945/5256

Park, S., Kim, E. M., & Na, E. Y. (2015). Online Activities, Digital Media Literacy, and Networked
Individualism of  Korean  Youth. Youth and  Society,  47(6), 829-849.
https://doi.org/10.1177/0044118X 14561008

Paulauskaite-Taraseviciene, A., Lagzdinyte-Budnike, 1., Gaiziuniene, L., Sukacke, V. &
Daniuseviciute-Brazaite, L. (2022). Assessing Education for Sustainable Development in
Engineering Study Programs: A Case of Al Ecosystem Creation. Sustainability (Switzerland),
14(3). https://doi.org/10.3390/su14031702

Purushothaman, A., & Zhou, C. (2014). Change toward a Creative Society in Developing Contexts—
Women’s Barriers to Learning by Information and Communication Technology. Gender,
Technology and Development, 18(3), 363 — 386. https://doi.org/10.1177/0971852414544008

Santi, N. K. W. A., Lusiana, N. M. N., Pariani, N. P. N. R., & Sartika, L. D. (2022). Pentingnya
Meningkatkan Pendidikan Karakter Bagi Generasi Milenial Melalui Literasi Digital Pada Era
Society 5.0. Journal of the Japan  Welding  Society, 91(5), 328-341l.
https://doi.org/10.2207/jjws.91.328

Sein Minn. (2022). Al-assisted knowledge assessment techniques for adaptive learning environments.
Computers and Education: Artificial Intelligence, 3(February), 100050.
https://doi.org/10.1016/j.caeai.2022.100050

Sudarsana, I. K., Nakayanti, A. R., Sapta, A., Haimah, Satria, E., Saddhono, K., Achmad Daengs, G. S.,
Putut, E., Helda, T., & Mursalin, M. (2019). Technology Application in Education and Learning
Process. Journal of Physics: Conference Series, 1363(1). https://doi.org/10.1088/1742-
6596/1363/1/012061

Suminar, R. K., Narimo, S., Minsih, Prastiwi, Y., & Rahmawati, L. E. (2023). Reconstruction of Child-
Friendly School Through Pancasila Student Profiles Dimensions of Mutual Cooperation. Jurnal
limiah Sekolah Dasar, 7(1), 104-113. https://doi.org/10.23887/jisd.v7i1.55686

Suprianto, S., Arhas, S. H., Zainuddin, M. S., & Ardiana, N. (2022). Student Character Based on
Pancasila Student Profiles at Tarakan City Public Middle School. Jurnal llmiah Illmu Administrasi
Publik, 12(2), 529. https://doi.org/10.26858/jiap.v12i2.40168

Sutama, I. M., Yasa, I. N., Dewantara, I. P. M., & Saddhono, K. (2022). ICT Utilization in Indonesian
Language Learning at the Junior High School Level in Buleleng Regency, Bali, Indonesia.
International Journal of Information and Education Technology, 12(9), 947 - 955.
https://doi.org/10.18178/ijiet.2022.12.9.1705

Urip, U., & Riwanto, M. A. (2020). Transformasi Sekolah Dasar Abad 21 New Digital Literacy untuk
Membangun Karakter Siswa Di Era Global. JURNAL PANCAR (Pendidik Anak ..., 4(1), 1--10.
http://ejournal.unugha.ac.id/index.php/pancar/article/view/308

Utaminingsih, E. S. (2023). Social Science Learning in Primary School Responding to The Challenges
of 21st Century Education. Edueksos: Jurnal Pendidikan Sosial Dan Ekonomi, X11(02), 270-282.

Utaminingsih, E. S., Anwar, A., Arbi, A., Lala, C., Salama, M. S., Apriantoro, S., Intania, B. Y., &
Ihsandi, A. (2024). Enhancing Critical Reasoning Character in Pancasila Students: A STEAM
Approach by E-Module PRISMA. Jurnal Penelitian Pendidikan IPA, 10(10), 7296-7305.
https://doi.org/10.29303/jppipa.v10i10.7325

Utaminingsih, E. S., Ellianawati, E., Sumartiningsih, S., & Puspita, M. A. (2023). STEAM Education.

36



Salama, etal., / JED 13 (1) (2025): 26-37

Jurnal limiah Profesi Pendidikan, 8(3), 1605-1612.

Utaminingsih, E. S., & Hermasari, B. K. (2024). Association Between Self-Efficacy and Academic
Procrastination Midwifery Students. Research and Development Journal Of Education, 10(2),
1189-1199.

Utaminingsih, E. S., & Purwati, P. D. (2024). Characteristics of Third-Grade Elementary School
Students and The Importance of Student Character ldentification. Research and Development
Journal Of Education, 10(2), 1066-1077.

Utaminingsih, E. S., Ramadhani, M. H., & Puspita, M. A. (2024). Fostering Superior Characters :
Development of Innovative Instruments for Critical Reasoning and Independent Character in the
Realm of Science Topic. Jurnal Penelitian Pendidikan [PA, 10(8), 4650-4661.
https://doi.org/10.29303/jppipa.v10i8.7053

Utaminingsih, E. S., Sumartiningsih, S., & Wuriningsih, F. R. (2024). Development of science literacy
competency evaluation instruments on human circulatory topic. Thabiea : Journal of Natural
Science Teaching, 7(1), 56-78.

Wahab, A., Sari, A. R., Zuana, M. M. M., Luturmas, Y., & Kuncoro, B. (2022). Penguatan Pendidikan
Karakter Melalui Literasi Digital Sebagai Strategi Dalam Menuju Pembelajaran Imersif Era 4.0.
Jurnal Pendiidkan Dan Konseling, 4(5), 4644-4653.
https://core.ac.uk/download/pdf/322599509.pdf

Wang, X., Abdul Rahman, M. N. Bin, & Nizam Shaharom, M. S. (2024). The impacts of augmented
reality technology integrated STEM preschooler module for teaching and learning activity on
children in China. Cogent Education, 11(1). https://doi.org/10.1080/2331186X.2024.2343527

Webster, T. E., & Son, J.-B. (2015). Doing what works: A grounded theory case study of technology
use by teachers of English at a Korean university. Computers and Education, 80, 84 — 94.
https://doi.org/10.1016/j.compedu.2014.08.012

Williamson, B. (2019). Policy networks, performance metrics and platform markets: Charting the
expanding data infrastructure of higher education. British Journal of Educational Technology,
50(6), 2794-2809. https://doi.org/10.1111/bjet.12849

Wilson, M. L., Ritzhaupt, A. D., & Cheng, L. (2020). The impact of teacher education courses for
technology integration on pre-service teacher knowledge: A meta-analysis study. Computers and
Education, 156. https://doi.org/10.1016/j.compedu.2020.103941

Yohana, R. (2020). Upaya Membangun Karakter Peserta Didik Melalui Literasi Digital Dalam
Tantangan Pendidikan Abad 21. Social, Humanities, and Education Studies (SHEs): Conference
Series, 3(4), 1005-1010.

Zou, B., Guan, X., Shao, Y., & Chen, P. (2023). Supporting Speaking Practice by Social Network-Based
Interaction in Artificial Intelligence (Al)-Assisted Language Learning. Sustainability (Switzerland),
15(4). https://doi.org/10.3390/su15042872

37



