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This study examines the integration of digital literacy into early childhood
education (ECE) through a socio-cultural and policy-aligned lens.
Employing a qualitative document analysis and framework synthesis,
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(UNESCO, OECD) were reviewed alongside research on child
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development. This study provides actionable guidance for curriculum
designers and policymakers to ensure inclusive and effective digital
literacy adoption in ECE.
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1. INTRODUCTION

The digital age has brought fundamental changes to the global educational landscape,
demanding a radical transformation in learning approaches from early childhood. Early
Childhood Education (ECE), as the primary foundation for developing 2Ist-century
competencies, faces complex challenges in effectively integrating digital literacy
(Tatminingsih, 2022). Recent studies show that 92% of OECD member countries have
adopted digital literacy frameworks at the ECE level, while in Indonesia, implementation
remains partial and unstructured (Fitriyah et al., 2023). This situation indicates a significant
gap between the demands of the digital era and the actual capacity of Indonesia's early
education system.

The theoretical foundation of this research is rooted in Vygotsky's (1978) social
constructivism, which emphasizes the importance of media and social interaction in learning
scaffolding. In the contemporary context, digital technology has evolved into potential
cognitive tools that can expand children's zone of proximal development (Sudarti et al.,
2020). However, (Kim, 2024) research cautions that technology use in ECE must consider
children's developmental principles holistically, not just focusing on technical aspects. This
finding is reinforced by (Handayani, 2022; Prusevi¢-Sadovi¢, 2021) study, which shows that
digital literacy approaches in early childhood need to be contextualized with local culture
and children's developmental stages.

Based on recent literature reviews, there are three critical issues in implementing
digital literacy in Indonesian ECE. First, (Putri, 2021) study of 120 ECE institutions in West
Java revealed that 78% of educators had not received adequate training on technology
integration in learning. Second, (Nisa et al., 2023) research found significant policy
disparities between regions, with only 15% of local governments having operational
guidelines for ECE digital literacy. Third, (Azzahra et al., 2022; Beane, 2020) content
analysis of curriculum documents from 50 ECE institutions showed that digital literacy is
often reduced to mere device operation skills, neglecting aspects of ethics, safety, and critical
digital thinking.

This research specifically aims to: (1) analyze the conceptual development of digital
literacy in the ECE context through a comprehensive literature review; (2) identify digital
literacy integration models relevant to ECE characteristics in Indonesia; and (3) formulate a
curriculum transformation framework based on recent literature findings. The literature
review approach was chosen to provide a critical synthesis of knowledge development in
this field over the past decade while identifying research gaps that need to be addressed
(Snyder, 2019).

This study will analyze 30 selected academic works that meet the inclusion criteria:
(a) publications between 2020-2025, (b) focus on ECE (ages 0—6), and (c) discuss aspects
of digital literacy curriculum or pedagogy. Literature sources include Scopus-indexed
international journals, conference proceedings, and official policy documents. The analysis
employs thematic approach to identify patterns and relationships between concepts.

Preliminary findings reveal four main challenges in transforming Indonesia's ECE
curriculum: (1) the dominance of technocentric approaches that overlook child development
aspects (Nurani et al., 2022); (2) limitations in appropriate evaluation models to measure the
impact of digital literacy (Sari et al., 2025); (3) a lack of research on parents' role in children's
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digital literacy (Safira et al., 2021); and (4) the gap between national policies and micro-
level implementation (Bulger et al., 2020; Bush & Sargsyan, 2020). These conditions further
emphasize the urgency of a comprehensive study on ECE curriculum transformation in the
digital era.

The academic contribution of this research lies in providing a systematic knowledge
mapping of digital literacy development in the ECE context, particularly in Indonesia.
Unlike previous studies that tend to be fragmented (e.g., focusing only on pedagogical or
technological aspects), this research offers a holistic perspective integrating three main
pillars: (1) child development, (2) digital pedagogy innovation, and (3) Indonesia's socio-
cultural context. The resulting conceptual framework is expected to serve as a reference for
policy development and early childhood education practices in the digital age.

The practical implications of this study include: (1) developing guidelines for digital
literacy integration aligned with children's developmental stages; (2) creating context-based
educator training models; and (3) providing policy recommendations to support ECE
curriculum transformation. The findings are also expected to bridge the theory-practice gap
by offering contextual, evidence-based implementation examples.

2. METHOD

This study employs a Critical Interpretive Synthesis (CIS) approach to analyze
literature on the integration of digital literacy into Early Childhood Education (ECE)
curricula. CIS was chosen for its ability to critically explore and synthesize diverse
perspectives from existing studies without being constrained by strict protocols, as in
systematic reviews.

The literature selection process involved three iterative phases. The first phase
consisted of database searches in Scopus, ERIC, Google Scholar, and accredited national
journals using the keywords: (“digital literacy” OR “technology integration”) AND (“early
childhood” OR “preschool”) AND (“curriculum” OR “pedagogy”). Selected articles were
peer-reviewed, published between 2020 and 2025, and written in English or Indonesian.
Inclusion criteria focused on studies relevant to digital literacy in ECE, while articles not
addressing curricula or digital literacy were excluded.

The second phase applied snowball sampling, including backward referencing of 12
seminal works identified in the initial search and forward citation tracking of key theoretical
articles. The third phase involved the analysis of policy documents and international
frameworks. Eight national policy documents and five international frameworks were
examined to understand policy contexts and global standards related to digital literacy in
ECE. Data were analyzed thematically to synthesize findings and identify trends, challenges,
and best practices in integrating digital literacy into early childhood curriculum.

3. RESULTS AND DISCUSSION

Overview of Digital Literacy in Early Childhood Education (ECE)

Teacher preparedness remains a significant factor in successful digital literacy
integration. While many educators acknowledge the benefits of technology, studies reveal
gaps in professional development, with some teachers lacking confidence in selecting and
implementing digital resources (Tatminingsih, 2022). Effective digital literacy instruction
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requires pedagogical strategies that align with developmental stages, ensuring that
technology supplements rather than replaces traditional hands-on learning (Supriyadi, 2022).
Furthermore, parental involvement plays a crucial role in reinforcing digital literacy. Parents
often express concerns about excessive screen time and content appropriateness, suggesting
the need for clear guidelines on balanced digital exposure (Saleha et al., 2022).

A well-structured digital literacy framework for ECE should prioritize critical
thinking, creativity, and digital ethics. For instance, children should learn to evaluate digital
content, use creative tools (e.g., drawing apps, audio recordings), and understand basic
online safety principles (Xie et al., 2017). Research underscores that passive screen time
offers limited educational value, whereas guided, interactive digital experiences contribute
more effectively to early learning (Luo et al., 2024; Rulyansah et al., 2023). Policymakers
must collaborate with educators to establish evidence-based guidelines that maximize the
benefits of digital literacy while mitigating risks such as overexposure or inappropriate
content (Foster & Piacentini, 2023).

In conclusion, digital literacy in ECE should be viewed as an enabler of holistic
development rather than an isolated skill. A balanced approach, combining technology with
traditional play-based learning, can foster essential 21st-century competencies without
compromising foundational developmental needs (Lombardi et al., 2021). Future research
should explore longitudinal impacts of digital literacy interventions and culturally adaptable
strategies for diverse ECE settings.

Child Development Considerations in Digital Literacy Integration

The integration of digital literacy into early childhood education (ECE) must prioritize
the developmental needs of children to ensure that technology enhances rather than hinders
learning. Research consistently emphasizes that children aged 3—8 acquire knowledge most
effectively through active, hands-on experiences, social interaction, and guided exploration
(Culatta et al., 2022). Digital tools can support cognitive, social, and emotional growth when
appropriately aligned with these developmental milestones. For instance, interactive
storytelling applications and gamified learning platforms have been found to promote early
literacy, numeracy, and communication skills by encouraging problem-solving, creativity,
and collaboration (Maharani, 2023). These tools provide opportunities for children to engage
in meaningful, context-based learning that complements traditional play-based activities.

However, careful consideration of developmental appropriateness is critical.
Excessive or unstructured screen time can impede essential skills such as attention
regulation, fine motor development, and face-to-face communication. Passive consumption
of digital content, including background television or videos without interactive
components, has been associated with reduced executive function and lower engagement in
cognitive tasks (Kusmaryono & Basir, 2024; Lim & Toh, 2020). Therefore, digital
interventions in ECE should focus on interactive, scaffolded experiences rather than passive
exposure, ensuring that children remain active participants in their learning.

Cognitively demanding tasks within digital platforms, such as problem-solving games
or logic-based activities, require careful scaffolding to match children’s working memory
and processing abilities (Anghelo Josué et al., 2023). Educators play a pivotal role in
mediating these interactions, providing guidance, and structuring experiences to maximize
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learning outcomes. Additionally, collaborative digital activities, such as shared tablet games
or co-created multimedia projects, can foster socio-emotional skills including turn-taking,
joint attention, and empathy (Xhomaki et al., 2019). In contrast, unsupervised, solitary
device use may reduce opportunities for socio-dramatic play and limit the development of
emotional regulation and interpersonal skills.

Physical health and well-being are also central to child development considerations.
Prolonged sedentary behavior associated with excessive screen use can affect physical
growth and overall health (Myers et al., 2022). Integrating digital literacy should therefore
complement, rather than replace, active play and movement, maintaining a balance between
technological engagement and traditional experiential learning. In summary, integrating
digital literacy into ECE requires a nuanced approach that balances cognitive stimulation,
social interaction, and physical activity. Age-appropriate, interactive, and guided use of
digital tools can enhance early literacy, numeracy, and communication while supporting
socio-emotional development. Educators’ guidance, scaffolded learning experiences, and
attention to developmental milestones are essential to ensuring that technology serves as a
meaningful complement to hands-on, play-based learning. By aligning digital interventions
with children’s developmental needs, ECE programs can foster holistic growth and prepare
young learners for the demands of the 21st century.

Digital Pedagogy Innovations in Early Childhood Education

Recent research highlights significant innovations in digital pedagogy within early
childhood education (ECE), emphasizing the integration of technology with effective
teaching strategies. Digital pedagogy extends beyond device usage, encompassing methods
such as blended learning, gamification, and interactive multimedia that enhance engagement
and personalize learning experiences (Alainati et al., 2023; Anton-Sancho et al., 2023).
These approaches support the development of 21st-century skills, including critical thinking,
creativity, and collaboration, while maintaining educational quality.

Interactive storytelling applications have proven particularly effective, combining
auditory, visual, and tactile stimuli to improve narrative comprehension and vocabulary
(Adara, 2020; Rahiem, 2021). Scaffolding children’s interactions, such as through predictive
questioning, enhances language development more than passive screen exposure (Bus et al.,
2020). This demonstrates the critical role of teacher mediation in maximizing the cognitive
benefits of digital tools.

Adaptive learning technologies offer personalized instruction using artificial
intelligence, adjusting difficulty levels in real time to match a child’s zone of proximal
development (Aggarwal, 2023; Joshi, 2023). However, excessive reliance on algorithm-
driven tasks may limit open-ended exploration essential for creativity and problem-solving
(Mirata & Bergamin, 2023; Sun et al., 2023).

Hybrid play, integrating physical and digital activities, represents another innovation.
Tools such as Osmo’s tangible letter tiles and robotics kits like Bee-Bot bridge fine motor
development and computational thinking through hands-on, playful experiences (Huang et
al., 2023; Li et al., 2023). These approaches align with Piagetian and constructionist
principles, highlighting the importance of sensorimotor experiences in early learning.
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Challenges remain, including insufficient teacher training for effective tool integration
and disparities in access to high-quality digital resources. Addressing these issues through
professional development and equitable resource distribution is crucial to ensure that
innovations benefit all learners. In conclusion, digital pedagogy innovations in ECE,
spanning interactive storytelling, adaptive learning, and hybrid play, enhance engagement,
personalized learning, and skill development. Successful integration requires informed
pedagogical strategies, teacher competence, and equitable access, ensuring that technology
complements, rather than replaces, experiential and developmentally appropriate learning.

Socio-Cultural Context and Policy Alignment

The integration of digital literacy in early childhood education (ECE) must account for
socio-cultural diversity and align with both national and international policy frameworks.
Analyses of eight Indonesian Ministry of Education and Culture policy documents,
alongside UNESCO and OECD guidelines, reveal a commitment to promoting digital
literacy while ensuring equity and inclusivity. Challenges such as linguistic diversity,
regional infrastructure limitations, and access disparities necessitate contextualized
strategies, including local language applications and region-specific learning resources, to
facilitate meaningful adoption.

Cultural values strongly shape children’s engagement with technology. In
individualistic contexts, digital tools often support personalized learning (Goh & Yang,
2021), whereas collectivist cultures emphasize collaborative, teacher-mediated use
(Hendarwati et al., 2021; Supena et al., 2021). These variations underscore the need for
flexible frameworks that adapt to local socio-cultural norms rather than imposing
standardized solutions. Furthermore, parental attitudes toward digital literacy influence both
adoption and policy effectiveness. While some communities value technology as essential
for future competitiveness (Yulianti et al., 2022), others perceive it as a potential threat to
traditional learning or child well-being (Yuniar et al., 2020). Community engagement, such
as workshops for parents demonstrating how technology complements play-based learning,
is therefore crucial (Hurd & Bowen, 2020; Khilji, 2022).

Policy alignment significantly affects the successful implementation of digital literacy
initiatives. Countries with coordinated national strategies, including Estonia and Singapore,
provide infrastructure funding, teacher training, and culturally relevant digital content,
resulting in consistent access and enhanced ECE integration. In contrast, fragmented or
underfunded policies, especially in low-income regions, exacerbate inequalities. For
example, while urban private schools in India adopt advanced edtech tools, rural public
schools frequently lack basic digital infrastructure (Selwyn et al.,, 2020; Sharma &
Priyamvada, 2022).

To bridge socio-cultural gaps and strengthen policy coherence, several measures are
recommended. Culturally responsive design ensures digital content reflects local languages,
values, and pedagogical traditions (Kieran & Anderson, 2019). Public-private partnerships
can subsidize devices and internet access for marginalized communities, addressing
infrastructure disparities (Landers et al., 2024; Sarmento & Renneboog, 2021). Finally,
involving educators in policy-making enhances alignment with classroom realities, ensuring
that innovations are practical and contextually relevant (Ghonim et al., 2022). In conclusion,
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effective digital literacy integration in ECE depends on the interplay between socio-cultural
sensitivity and coherent policy frameworks. Culturally responsive content, equitable access,
and active teacher participation are critical to fostering inclusive, contextually appropriate
digital learning environments.

Practical Implications and Framework for Curriculum

The synthesis produced a conceptual framework linking child development,
pedagogical innovation, and socio-cultural alignment, emphasizing digital literacy as a
transformative component of early childhood education (ECE). Practical implications
include guidelines for integrating digital literacy by developmental stage, context-specific
teacher training, and policy recommendations for infrastructure support and equitable
access. Digital literacy is thus positioned not as an isolated skill but as a bridge between
theory and practice, fostering holistic child development and preparing children for the
digital age (Brown, 2020; Xhomaki et al., 2019).

Effective curriculum transformation requires balancing technological integration with
developmental appropriateness. The proposed framework encompasses four key
dimensions: (1) curricular alignment, ensuring digital activities complement play-based and
inquiry-based learning; (2) teacher competency, focusing on professional development in
digital pedagogy; (3) family engagement, linking home and school digital practices; and (4)
equity audits, guaranteeing access for marginalized communities (Boltsi et al., 2024;
Purwanto et al., 2020).

Actionable strategies include enhancing hands-on experiences with digital tools, for
example, using tablets to document outdoor explorations and supporting collaborative
inquiry projects. Teacher training should extend beyond technical skills to critical evaluation
of educational apps, prioritizing tools that foster creativity over passive consumption.
Schools can engage parents through “digital literacy nights”, promoting co-use of apps and
guidance on screen time management (Fatqurhohman & Huda, 2025; Hardianti et al., 2025).

Challenges remain. Assessment tools for digital literacy in ECE are underdeveloped,
particularly for online safety, digital creativity, and critical thinking. Additionally,
commercial educational technology often lacks transparency in data collection, raising
privacy concerns for young children (Liaw et al., 2021; Zhang et al., 2022). Policymakers
should establish developmentally appropriate design standards and fund open-access digital
resources to mitigate these issues.

Recommendations for curriculum designers include: staged integration, gradually
introducing digital tools according to age (e.g., ages 4—5: shared tablet use; ages 6—8: basic
coding); play-centric design, prioritizing apps that extend physical play (e.g., Osmo tangible
blocks); and community partnerships, collaborating with libraries to loan devices and host
parent workshops. Future research should assess longitudinal impacts of these frameworks
on school readiness, digital equity, and pedagogical effectiveness.

4. CONCLUSION

This study highlights the critical interplay between socio-cultural context, policy
alignment, and pedagogical innovation in integrating digital literacy into early childhood
education (ECE). Findings indicate that effective digital literacy implementation requires
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culturally responsive strategies, equitable access, and alignment with both national and
international educational policies. The proposed conceptual framework emphasizes the
integration of digital tools in ways that complement developmental stages, play-based
learning, and family engagement, while ensuring teacher preparedness and community
involvement.

Practical implications suggest that digital literacy should not be treated as an isolated
competency but as a transformative element that bridges theory and practice, fostering
holistic child development and preparing children for the demands of the digital age.
Challenges such as inequitable access, privacy concerns, and limited assessment tools
necessitate targeted policy interventions, teacher professional development, and community
partnerships.

This study contributes to the field by providing a structured framework for curriculum
designers and policymakers, highlighting staged and play-centric digital integration, as well
as culturally contextualized strategies to ensure inclusivity and effectiveness. Future research
should focus on evaluating the longitudinal impact of these frameworks on school readiness,
digital equity, and pedagogical outcomes, thus advancing both theory and practice in early
childhood digital education.
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