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Despite the growing emphasis on early childhood English literacy, research on
the direct impact of educational technology on young learners' reading skills
remains limited, particularly in the Indonesian context. Existing studies often
focus on conventional teaching methods or generic digital tools without
empirically testing the effectiveness of structured educational technology
interventions. Addressing this gap, this study investigates how interactive
educational technology enhances early English reading skills in preschoolers.
Using a quasi-experimental design with a two-group pretest-posttest control
setup, the research involved 60 children aged 5-6 years, divided into an
experimental group (n=30) exposed to technology-assisted learning and a
control group (n=30) using traditional methods. Data were collected through
structured observational assessments and analyzed using an Independent

Samples Test. Findings revealed a statistically significant improvement in the
experimental group’s reading ability, as indicated by a p-value of 0.001
(<0.05), confirming that technology-based interventions effectively enhance
young learners' English reading proficiency. This study contributes to the
discourse on early literacy by demonstrating the role of digital tools in fostering
emergent reading skills through engaging, interactive, and adaptive learning
experiences. The results suggest that integrating educational technology in
preschool curricula can bridge early literacy gaps and create an enriched
learning environment. On a broader scale, these findings support the need for
policy revisions in early education, advocating for digital inclusivity and
pedagogical innovation to better equip children with foundational literacy
skills in an increasingly technology-driven world.

Corresponding Author: yesinovitasari@unilak.ac.id

1. Introduction

In an increasingly interconnected and technology-driven world, English literacy has become an essential
skill that transcends geographical boundaries, shaping children’s cognitive development, academic success,
and future career prospects. The ability to read in English at an early age provides children with a competitive
advantage in acquiring knowledge, fostering critical thinking, and adapting to the demands of global
education systems (Cummins, 2000). Particularly in the digital era, where information is predominantly
disseminated in English, early exposure to the language through effective literacy instruction is crucial.
However, traditional pedagogical approaches often fall short in capturing young learners’ attention and
fostering engagement in reading activities. As early childhood is a formative stage for language acquisition
(Vygotsky, 1978), innovative instructional strategies are required to enhance literacy development,
particularly in non-native English-speaking contexts like Indonesia.

The rapid evolution of educational technology has revolutionized teaching and learning, offering new
opportunities to improve literacy outcomes among young learners. Digital tools, including interactive
storybooks, artificial intelligence-based applications, and gamified learning platforms, have been
increasingly integrated into early childhood education to provide immersive and adaptive learning
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experiences (Mayer, 2009). The principles of Multimedia Learning Theory suggest that children benefit from
multi-sensory engagement, where visual, auditory, and kinesthetic stimuli enhance comprehension and
retention (Snow et al., 1998). Moreover, technology has the potential to bridge literacy gaps by offering
personalized instruction tailored to individual learning needs (Trilling & Fadel, 2009). Despite these
advancements, the question remains: To what extent do digital interventions influence early English reading
skills, and how can they be effectively implemented in preschool curricula?

Numerous studies have explored the role of technology in early literacy development, highlighting its
effectiveness in enhancing vocabulary acquisition, phonemic awareness, and reading comprehension. For
instance, Neuman et al., (2017) found that touchscreen tablets improved young learners' literacy skills by
providing interactive learning environments that promote engagement, while Zucker et al., (2009)
emphasized that electronic books enhance children's reading comprehension through audio-visual elements
that reinforce textual meaning. Similarly, Korat and Shamir (2012) discovered that children using digital
storybooks demonstrated greater gains in word recognition and comprehension compared to those using
traditional print materials. Takacs et al., (2015) further supported these findings through a meta-analysis,
confirming that digital books positively impact reading development when paired with pedagogical
scaffolding. Additionally, Neumann et al. (2016) argued that the multimedia features of such technologies
cater to diverse learning styles, accommodating varying learner needs. These studies collectively suggest that
technology, when effectively integrated with teaching strategies responsive to children's developmental
needs, can play a crucial role in literacy instruction.

However, the generalizability of these findings to diverse linguistic and cultural contexts remains a
concern. Much of the existing research originates from Western educational settings, prompting questions
about its applicability elsewhere. For example, Bosman and Strydom (2016) highlighted that mobile
technologies may require distinct pedagogical considerations in non-Western environments, particularly in
regions with differing socio-economic contexts. Similarly, research by West (2019) reveals significant
disparities in technology access and usage among students from diverse backgrounds, underscoring the need
for literacy interventions to account for these differences to be effective globally. Dong et al. (2020) and
Marav et al. (2020) further emphasize the importance of considering cultural practices and linguistic diversity
in literacy development, as well as the challenges of integrating digital tools in developing regions. These
studies collectively argue that attention to cultural factors and contextual influences is essential for
broadening the understanding of technology's role in early literacy across diverse populations.

Despite the increasing body of literature supporting digital literacy interventions, research on the
effectiveness of technology-based reading instruction in early childhood education remains fragmented,
particularly in the Indonesian context. Previous studies on English literacy instruction in Indonesia have
largely emphasized conventional teaching methods, such as rote memorization, phonics-based instruction,
and storytelling (Rohmah, 2018; Wulandari & Kurniawati, 2020). While these methods provide
foundational literacy skills, they often lack the interactive and adaptive elements necessary to sustain young
learners’ engagement. Moreover, many Indonesian preschools face challenges in integrating technology into
their literacy programs due to limited resources, inadequate teacher training, and a lack of empirical evidence
supporting its efficacy (Susanti et al., 2021). Given these gaps, there is a critical need for empirical studies
that examine the impact of technology-enhanced learning environments on young Indonesian learners’
English reading proficiency.

This study addresses this research gap by investigating the role of educational technology in improving
early English reading skills among preschoolers. Unlike previous research that primarily focused on general
digital literacy, this study specifically examines how interactive learning technologies influence reading
acquisition, phonemic awareness, and comprehension in young children. By employing a quasi-
experimental design, this study provides empirical evidence on the effectiveness of digital interventions in
early literacy development, contributing to the growing discourse on technology integration in early
childhood education. Furthermore, this research extends the application of Multimedia Learning Theory
and Sociocultural Learning Theory (Vygotsky, 1978) to a new educational context, demonstrating how
digital tools mediate language acquisition through interactive engagement.

The significance of this study lies in its potential to inform early childhood educators, policymakers, and
curriculum developers about the benefits of integrating technology in literacy instruction. As digital learning
becomes increasingly prevalent in 21st-century classrooms, understanding its impact on young learners is
essential for optimizing pedagogical practices and ensuring equitable access to quality education. By
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demonstrating how educational technology enhances reading proficiency, this study offers practical insights
into designing effective, technology-based literacy interventions that cater to diverse learning needs.
Ultimately, the findings will provide evidence-based recommendations for implementing digital tools in
preschool curricula, fostering a more engaging and effective approach to early English literacy education.

The structure of this paper is as follows: After this introduction, the Literature Review section
synthesizes previous research on early literacy, educational technology, and language acquisition theories
to establish the theoretical foundation of this study. The Methodology section outlines the research design,
sample selection, data collection procedures, and analytical methods used to evaluate the effectiveness of
technology-assisted reading instruction. The Results section presents the statistical findings, followed by an
in-depth analysis in the Discussion section, where implications, limitations, and future research directions
are explored. Finally, the Conclusion summarizes the key findings and emphasizes the broader educational
implications of integrating technology into early childhood literacy instruction.

In summary, this study contributes to the growing body of research on early literacy by providing
empirical evidence on the efficacy of educational technology in fostering English reading skills among
preschoolers. By bridging the gap between conventional and digital literacy instruction, this research
underscores the importance of integrating interactive learning tools into early childhood education. The
findings have far-reaching implications, not only for improving literacy outcomes in Indonesia but also for
informing global discussions on the role of technology in language acquisition. As digital innovations
continue to shape educational landscapes, this study highlights the necessity of pedagogical adaptability and
curriculum reform to meet the evolving literacy needs of young learners in an increasingly digital world.

2. Literature Review
2.1 The Importance of Early English Literacy in a Global Context

In an increasingly globalized world, proficiency in English has become an essential skill that enhances
academic and professional opportunities. Early exposure to English literacy is crucial for non-native
speakers, as it fosters cognitive development, enhances problem-solving skills, and provides a strong
foundation for advanced language acquisition (Cummins, 2000). According to Cameron (2001), young
learners have a natural ability to acquire a second language when provided with an engaging and meaningful
learning environment. This underscores the importance of innovative instructional approaches in early
English literacy development, particularly in non-English-speaking countries such as Indonesia. However,
traditional literacy instruction in early childhood education often relies on passive learning methods, such
as rote memorization and textbook-based learning, which may not fully engage young learners (Pinter,
2011). The rapid advancement of educational technology offers promising alternatives by providing
interactive, visually stimulating, and adaptive learning experiences that align with young children's cognitive
and linguistic development.

2.2 Theoretical Perspectives on Early Literacy Development

The process of early literacy acquisition is deeply rooted in several established theories of language
learning and cognitive development. Vygotsky's (1978) Sociocultural Theory emphasizes the role of social
interaction in language learning, arguing that children acquire literacy skills more effectively when engaged
in interactive learning environments. This theory aligns with the concept of emergent literacy proposed by
Teale and Sulzby (1986), which suggests that children develop literacy skills before formal instruction
through exposure to text, images, and storytelling. Similarly, Piaget’s (1952) Cognitive Development Theory
posits that children learn best through concrete experiences, reinforcing the importance of integrating visual
and interactive learning tools in early literacy instruction. Furthermore, Mayer’s (2009) Multimedia
Learning Theory highlights the effectiveness of digital tools in enhancing comprehension through a
combination of visual, auditory, and textual elements. Collectively, these theories suggest that young
learners benefit from immersive and interactive learning experiences, making the integration of educational
technology a promising approach for early English literacy instruction.

2.3 Educational Technology and Early Literacy Development

The use of technology in early childhood education has gained considerable attention, with studies
demonstrating its potential in supporting language and literacy development. Research by Neumann et al.,
(2017) indicates that touchscreen tablets and digital applications can facilitate early literacy skills by
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providing interactive and engaging learning experiences. Similarly, Zucker et al., (2009) found that electronic
books (e-books) offer features such as read-aloud functions and word-highlighting, which enhance
vocabulary acquisition and comprehension. Additionally, studies by Korat and Shamir (2012) show that
interactive digital media can improve young learners’ word recognition and story comprehension. Despite
these promising findings, much of the existing literature focuses on the general benefits of digital tools
without systematically comparing their effectiveness to traditional literacy instruction. Moreover, while
previous studies recognize the potential of technology in literacy development, few have explored its direct
impact on early English reading proficiency within structured learning environments.

2.4 Challenges in Implementing Technology-Based Literacy Instruction in Indonesia

In the Indonesian early childhood education system, English is often introduced informally, and literacy
instruction primarily relies on traditional methods such as flashcards, picture books, and simple storytelling
(Rohmah, 2018). While these methods introduce basic vocabulary, they may not sufficiently support deeper
literacy development. Research by Wulandari and Kurniawati (2020) highlights that Indonesian preschool
teachers often lack the training and resources to integrate digital tools effectively into their teaching practices.
Additionally, Susanti et al., (2021) found that digital media can enhance vocabulary learning in young
children, yet challenges such as limited access to technology, lack of pedagogical guidance, and varying
levels of digital literacy among educators hinder widespread implementation. These challenges suggest that
further research is needed to determine how structured technology-based literacy instruction can be
effectively implemented in early childhood English education in Indonesia.

2.5 Gaps in Existing Research and Implications for Pedagogy

‘While numerous studies have examined the role of digital tools in literacy development, there remains
a significant gap in research focusing on structured technology-based interventions for early English reading
proficiency. Many previous studies have been limited to evaluating generic digital media without providing
empirical evidence on their effectiveness compared to conventional teaching methods (Neumann et al.,
2017; Zucker et al., 2009). Additionally, most research has been conducted in Western educational contexts,
where access to digital resources and teacher training is more advanced. There is a need for region-specific
studies, particularly in non-English-speaking countries like Indonesia, to determine how interactive
educational technology can be adapted to local educational settings. Furthermore, existing research has
largely overlooked how technology-driven literacy instruction can be personalized to cater to diverse
learning styles among young learners. Addressing these gaps requires a systematic investigation into the
direct impact of interactive digital tools on early English reading proficiency, comparing them to traditional
literacy instruction.

This study seeks to fill the aforementioned research gaps by empirically assessing the effectiveness of
educational technology in enhancing early English reading skills. Unlike previous studies that primarily
focus on digital exposure, this research adopts an experimental design to compare technology-based literacy
instruction with traditional teaching methods. The novelty of this study lies in its focus on structured digital
interventions tailored to the cognitive and linguistic development of young English learners. By
implementing an interactive learning framework, this study moves beyond passive digital exposure and
explores how educational technology can actively engage preschoolers in meaningful reading experiences.
Additionally, this study contributes to the growing body of literature on early childhood digital literacy by
providing empirical evidence on the direct benefits of technology-enhanced reading instruction in a non-
native English-speaking context.

The findings of this study have important implications for early childhood education policies and
pedagogical practices. By demonstrating the effectiveness of educational technology in improving early
English literacy, this research can inform curriculum development, encouraging the integration of interactive
digital tools in preschool classrooms. For educators, the study provides insights into best practices for
utilizing technology to support early reading instruction, highlighting the need for teacher training in digital
literacy and pedagogical strategies. At a broader level, this research advocates for educational policymakers
to invest in digital infrastructure and resources to ensure equitable access to technology-based learning across
different educational settings. Future research should build upon this study by exploring long-term effects of
technology-assisted literacy instruction and examining how digital tools can be adapted to different linguistic
and cultural contexts. In conclusion, while previous research has acknowledged the role of technology in
early literacy development, this study provides a focused and empirical investigation into its impact on
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English reading proficiency among preschool-aged children. By addressing key research gaps and offering
novel insights into structured technology-based instruction, this study contributes to the evolving discourse
on digital literacy and second language acquisition in early childhood education. The findings serve as a
foundation for future research and educational initiatives aimed at enhancing early literacy development
through innovative and evidence-based pedagogical approaches.

3. Method

This study employs a quasi-experimental design with a two-group pretest-posttest control setup to
examine the effectiveness of interactive educational technology in enhancing early English reading
proficiency among preschool-aged children. A quasi-experimental design is particularly suitable for
educational research, where random assignment may not always be feasible, yet comparative analysis
between intervention and control groups is necessary (Neumann et al., 2017). In this study, the experimental
group received technology-enhanced literacy instruction, while the control group followed a conventional,
non-digital approach. The effectiveness of the intervention was measured through pretest and posttest
assessments, ensuring a structured evaluation of learning outcomes before and after the implementation of
the educational technology.

3.1 Participants and Sampling Technique

The study involved 60 preschool-aged children (5-6 years old) from TKIT Al Mahira Pekanbaru,
Indonesia, who had prior exposure to early English literacy instruction. The sample was selected using
purposive sampling, a non-random technique that ensures participants meet specific inclusion criteria
relevant to the study’s objectives (Pinter, 2011). The participants were divided into two equal groups:

o Experimental group (n=30): Received instruction using interactive educational technology.

e Control group (n=30): Engaged in conventional, teacher-led literacy instruction without
technological integration.

Purposive sampling was chosen to ensure that all participants had a comparable baseline in terms of
prior exposure to English literacy, thereby minimizing external variability. Additionally, ethical
considerations were observed, with parental consent obtained prior to data collection, ensuring adherence
to research ethics in early childhood studies.

The intervention was conducted over a 10-week period, during which the experimental group used
interactive digital tools designed to enhance early English reading skills. The instructional content included:

e Interactive reading applications with phonetic exercises, animated storytelling, and gamified
vocabulary-building activities.

e Multimedia-based learning incorporating text, images, and audio, aligning with Multimedia
Learning Theory (Mayer, 2009).

o Adaptive learning tools that adjusted reading difficulty based on individual progress, supporting
personalized instruction.

Conversely, the control group followed a traditional curriculum involving flashcards, printed
storybooks, and teacher-led phonics drills. Both groups received identical reading content, ensuring that
differences in learning outcomes were attributed to the instructional approach rather than content variation.

2.2 Data Collection Instruments

To assess early reading proficiency, data were collected using structured observational assessments
based on key literacy indicators adapted from established early childhood literacy frameworks (Snow et 1.,
1998). The primary instrument was a teacher-administered observation checklist, which evaluated:

1) Letter recognition — ability to identify and name English letters.
2) Phonemic awareness — recognition of letter sounds and their combinations.
3) Word decoding skills — ability to read simple words through phonetic cues.

4) Reading comprehension — understanding basic words in context, supported by visual aids.
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A pretest was conducted before the intervention to establish baseline literacy levels, and a posttest
followed after 10 weeks to measure progress. The same assessment criteria were applied to both groups,
ensuring measurement consistency and reliability.

2.3 Data Analysis

Data were analyzed using quantitative statistical methods, specifically an Independent Samples t-Test,
to compare mean differences in reading proficiency between the experimental and control groups. The t-test
was chosen due to its effectiveness in determining whether the observed differences were statistically
significant (Neumann et al., 2017). The hypothesis testing was structured as follows:

e Null hypothesis (Ho): No significant difference exists between the two groups in early English
reading proficiency.

o Alternative hypothesis (H:): A significant difference exists, favoring the experimental group exposed
to educational technology.

The analysis was conducted using SPSS, ensuring accurate statistical computation. The significance
level was set at p < 0.05, following conventional statistical standards (Zucker et al., 2009). The resulting p-
value of 0.001 (< 0.05) indicated a statistically significant improvement in the experimental group’s reading
skills compared to the control group, confirming the effectiveness of educational technology in early literacy
instruction.

2.4 Research Validity and Reliability

To enhance internal validity, the study controlled for extraneous variables, such as prior English
exposure and teacher-student interaction time, ensuring that the observed learning gains were attributable
to the digital intervention. Reliability was ensured through inter-rater agreement, where two independent
observers cross-validated the assessment results, reducing potential bias (Korat & Shamir, 2012).
Additionally, the use of standardized literacy indicators strengthened the construct validity of the research
instruments. Given the involvement of young children, ethical compliance was strictly observed. Parental
informed consent was obtained, ensuring transparency regarding study objectives, procedures, and data
usage. Participants’ privacy was maintained through anonymized data handling, and all activities were
designed to be developmentally appropriate, minimizing potential stress or discomfort. The study adhered
to ethical guidelines outlined in early childhood research ethics frameworks (Susanti et al., 2021).

This methodological framework ensures a rigorous, systematic, and empirically sound investigation into
the impact of educational technology on early English reading proficiency. By employing a quasi-
experimental design, robust data collection instruments, and rigorous statistical analysis, the study provides
empirical evidence supporting the integration of interactive technology in preschool literacy instruction.
Future research should explore longitudinal effects of technology-driven literacy interventions, assessing
whether initial learning gains are sustained over time. Additionally, further studies can examine how teacher
training in digital pedagogy influences the effectiveness of technology integration in early literacy education.

4, Results

This section presents the results of the statistical analysis conducted to evaluate the impact of interactive
educational technology on early English reading proficiency among preschool-aged children. The findings
are presented in two parts: descriptive statistics, which provide an overview of the pretest and posttest
performance, and inferential statistics, which determine whether the observed differences between the
experimental and control groups were statistically significant.

4.1 Key Findings

Table 1 presents the pretest and posttest mean scores of both groups, highlighting the learning gains
achieved over the intervention period.
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Table 1. Descriptive Statistics of Pretest and Posttest Scores

Group N Pretest Mean (SD) Posttest Mean (SD) Mean Difference
Experimental 30 62.14 (4.82) 85.92 (3.75) +23.78
Control 30 61.80 (5.03) 72.65 (4.96) +10.85

The pretest results reveal that both groups began with nearly identical reading proficiency levels,
confirming the absence of significant baseline differences. This initial similarity indicates that any subsequent
differences in posttest performance can be attributed to the intervention rather than pre-existing disparities
in literacy skills.

Following the 10-week instructional period, the experimental group demonstrated a substantial
improvement in reading proficiency, with a mean increase of 23.78 points. This is more than twice the gain
observed in the control group, which showed an improvement of 10.85 points over the same period. The
magnitude of improvement in the experimental group strongly suggests that the interactive educational
technology played a pivotal role in enhancing literacy skills, offering a more effective instructional approach
than traditional methods. The relatively modest progress in the control group further highlights the
limitations of conventional literacy instruction, which, while beneficial, may not be as engaging or adaptive
as technology-driven learning experiences.

To assess whether the observed differences in reading proficiency were statistically significant, an
Independent Samples t-Test was conducted, comparing the posttest scores of both groups. The results are
presented in Table 2.

Table 2. Independent Samples t-Test Results
Comparison t-value df Sig. (2-tailed) Effect Size (Cohen’s d)
Experimental vs. Control (Posttest) 8.62 58 0.001** 1.57

Note: p < 0.05, statistically significant

The statistical analysis confirms that the difference in reading proficiency between the two groups is
highly significant (p = 0.001). Since the p-value is well below the conventional threshold of 0.05, the null
hypothesis (which assumes no significant difference between the groups) is rejected, confirming that the use
of interactive educational technology had a substantial and measurable impact on early English reading
proficiency.

4.2 Analysis and Interpretation of Key Findings
1) Magnitude of Improvement and Learning Effectiveness

The mean posttest score of the experimental group (85.92) reflects a sharp increase from its pretest score
(62.14), indicating a robust enhancement in reading proficiency. The control group, while showing
improvement, achieved a notably lower posttest score (72.65), underscoring the superior efficacy of the
technology-based approach. The stark contrast in learning gains suggests that interactive digital tools
provided significant advantages over traditional methods, enabling children to develop literacy skills at
a faster rate and with greater depth.

2) Statistical Significance and Educational Relevance

The t-value of 8.62 confirms that the difference in posttest performance is not due to random variation
but represents a genuine effect of the intervention. This is reinforced by the Cohen’s d effect size of 1.57,
which exceeds the conventional threshold for a large effect (d > 0.80). An effect size of this magnitude
indicates that the impact of educational technology on literacy development is not only statistically
significant but also educationally meaningful, suggesting strong practical benefits for early childhood
education.
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3) Rate of Literacy Acquisition in Technology-Enhanced Learning

The mean gain in the experimental group (23.78 points) suggests that children exposed to interactive
digital instruction acquired reading skills at a substantially faster pace compared to their peers in the
control group. This accelerated learning trajectory is indicative of the engaging, responsive, and adaptive
nature of educational technology, which likely played a role in sustaining children’s motivation,
reinforcing literacy concepts through multimodal interaction, and providing immediate corrective
feedback all factors that contribute to more efficient and deeper learning.

4) Implications for Traditional Literacy Instruction

While the control group exhibited moderate improvement (10.85-point gain), the rate of literacy
acquisition was significantly slower and less pronounced than in the experimental group. This suggests
that conventional teaching strategies, though beneficial, may lack the level of engagement, interactivity,
and personalized learning support that technology-based methods offer. The smaller improvement
observed in the control group also highlights the potential risk of stagnation in traditional literacy
instruction, where children who struggle with phonemic awareness, word recognition, or
comprehension may not receive adequate individualized support to advance their skills at an optimal
pace.

5) Differential Impact on Learning Outcomes

The superior performance of the experimental group suggests that interactive technology may be
particularly beneficial for children at varying literacy levels, as digital tools allow for personalized
learning paths that cater to individual progress. This adaptability ensures that both high-achieving and
struggling learners can engage with content at an appropriate level, reinforcing skills at their own pace
without the constraints of uniform, whole-class instruction. In contrast, traditional teaching methods
often rely on fixed lesson structures, which may not sufficiently address the diverse learning needs of
young children.

6) Consistency of Learning Gains and Instructional Stability

The relatively low standard deviation (SD = 3.75) in the experimental group’s posttest scores indicates
a high degree of consistency in learning outcomes, suggesting that most children benefited significantly
from the intervention. This contrasts with the slightly higher standard deviation (SD = 4.96) in the
control group, which implies greater variability in reading proficiency gains, possibly reflecting
differences in individual engagement, prior literacy exposure, or instructional effectiveness. The greater
uniformity in the experimental group’s performance suggests that technology-enhanced instruction
provided more structured and reliable support for reading development, reducing disparities in learning
outcomes among participants.

The results of this study provide strong empirical evidence that interactive educational technology
significantly enhances early English reading proficiency among preschool-aged children. The experimental
group, which received technology-assisted literacy instruction, demonstrated more than twice the
improvement in reading skills compared to the control group, highlighting the superior effectiveness of
digital learning tools over traditional methods. The statistical analysis confirmed a highly significant
difference between the groups, with a large effect size indicating that the observed learning gains were not
only meaningful but also educationally impactful. The substantial increase in literacy skills among the
experimental group suggests that interactive technology fosters phonemic awareness, word recognition, and
reading comprehension at an accelerated rate, likely due to its engaging, multimodal, and adaptive nature.
In contrast, the control group, despite showing some progress, exhibited slower and less consistent literacy
development, suggesting that conventional methods may lack the level of interactivity and personalized
support necessary for optimal learning outcomes.

Furthermore, the lower standard deviation in the experimental group’s posttest scores indicates a more
uniform and stable learning trajectory, reinforcing the structured and reliable nature of technology-driven
instruction. These findings underscore the transformative potential of integrating digital tools into early
literacy education, advocating for a pedagogical shift that prioritizes interactive and adaptive learning
experiences. The study’s results have important implications for early childhood educators, curriculum
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developers, and policymakers, emphasizing the need for a more strategic integration of educational
technology to optimize literacy acquisition and bridge early learning gaps in diverse educational settings.

5. Discussion

The findings of this study confirm that interactive educational technology significantly enhances early
English reading proficiency among preschool-aged children. The statistical results indicate that the
experimental group, which received technology-assisted literacy instruction, demonstrated a substantial
increase in reading skills, more than twice the improvement observed in the control group. The mean posttest
score of the experimental group reached 85.92, while the control group scored 72.65, highlighting the
superior effectiveness of digital learning tools over traditional teaching methods. The p-value of 0.001
confirms that the observed differences between the two groups are statistically significant, while the effect
size of 1.57 underscores the strong practical impact of educational technology on reading development.
These findings suggest that interactive, multimodal, and adaptive learning experiences contribute to the
accelerated development of phonemic awareness, word recognition, and reading comprehension in young
learners.

The significant improvement observed in the experimental group aligns with Multimedia Learning
Theory (Mayer, 2009), which emphasizes that children learn more effectively when instructional materials
integrate text, visuals, and audio. The digital learning tools utilized in this study provided an enriched
environment where children could interact with letters, sounds, and words in a dynamic and engaging
manner. The theoretical foundations of multimedia learning suggest that combining multiple modalities
enhances cognitive processing, leading to better retention and understanding of material (Saini & Baba,
2023; Sweller et al., 2019; Kuhlmann et al., 2023). By incorporating multimedia elements such as animations
and audio prompts, these instructional methods help reduce cognitive overload, as supported by Cognitive
Load Theory (Sweller et al., 2019). Unlike traditional reading instruction, which relies heavily on static text,
multimedia-based approaches facilitate immediate feedback and reinforce phonetic patterns, allowing
children to develop decoding skills more effectively. This interactive and engaging learning environment
fosters motivation and enhances cognitive processing, ultimately leading to improved academic outcomes
(Wang et al., 2022; Knorzer et al., 2016; Rincon-Flores et al., 2022).

Moreover, the gamified nature of digital applications further supports sustained engagement while
reducing cognitive overload that often accompanies early literacy instruction. This approach makes learning
more enjoyable and effective. Research indicates that gamification elements such as reward systems,
competition, and progress tracking contribute to increased student motivation and engagement, which
ultimately improves learning outcomes (Sailer & Homner, 2019; Biryukov et al., 2021; Klubal et al., 2018).
The integration of game-like mechanics aligns with findings that advocate for gamification as a means to
increase student interest and participation in educational settings (Klubal et al., 2018). By introducing
elements of play, gamified learning fosters a compelling context where students develop a stronger
commitment to their tasks (Sailer & Homner, 2019). This highlights that integrating multimedia and
gamification in early literacy instruction is consistent with established educational theories and provides a
robust platform to address the diverse learning needs of children. Empirical evidence supports the idea that
such instructional designs enhance cognitive skills and contribute to sustainable engagement in learning
activities (Knorzer et al., 2016; Kuhlmann et al., 2023).

Beyond cognitive benefits, the results also support Vygotsky’s (1978) Sociocultural Theory, which
emphasizes the role of social interaction in learning. The use of interactive storytelling and collaborative
digital exercises in this study allowed children to engage in a socially mediated learning environment, where
they could experiment with language, respond to prompts, and receive corrective feedback. Unlike
traditional methods, which often rely on rote memorization and isolated reading tasks, digital platforms
encourage active participation and contextual learning, facilitating deeper comprehension of English
vocabulary and sentence structures. Moreover, the ability of digital tools to adapt to individual learning
paces ensures that children receive personalized learning support, which is particularly beneficial in
addressing diverse literacy needs among early learners.

The findings indicate notable limitations inherent in traditional literacy instruction. While improvements
were observed in the control group, the pace of literacy acquisition remained significantly sluggish, coupled
with pronounced variability in individual performances. This observation suggests that conventional
educational methods often lack the requisite level of engagement, adaptability, and scaffolding necessary to
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foster sustained progress in early reading development (Brice et al., 2021; Bertram et al., 2022). Traditional
literacy instruction tends to adopt a uniform approach, delivering the same instructional content to all
learners irrespective of their individual learning rates. This one-size-fits-all strategy may yield satisfactory
results for some students; however, it typically overlooks the varied needs of learners, ultimately resulting in
significant learning disparities among them (Coskun, 2021). Conversely, digital learning tools present a
marked advantage by personalizing instructional content to align with each child's unique progress
trajectory. These adaptive learning systems offer an environment where struggling readers can receive
targeted support, enabling them to address specific challenges while more advanced students can engage
with increasingly complex material (Rose, 2018). Numerous studies corroborate the efficacy of such
personalized approaches, illustrating how technology can enhance student engagement and empowerment
in literacy acquisition (Tour et al., 2021; Pérez-Escoda et al., 2019). For instance, digital literacy frameworks
that adapt to users' profiles have been shown to facilitate better reading comprehension and retention rates
among diverse student populations in various learning contexts (Boté-Vericad, 2021).

In addition, the traditional context of literacy instruction often neglects the variety of literacy practices
children enact both inside and outside the classroom. Research underscores that effective literacy
development not only incorporates systematic instruction but also considers the diverse and complex literacy
practices children engage in through everyday activities and their cultural backgrounds (Henning, 2018;
Kartika-Ningsih & Rose, 2021). This understanding is essential in shaping an educational framework that
resonates with the lived experiences of students, fostering a more inclusive and effective learning
environment (Gao & Ma, 2023). Consequently, integrating digital tools with a comprehensive grasp of
children's multifaceted literacy experiences may provide a holistic approach to literacy instruction, helping
to close the gaps that conventional methods frequently leave unaddressed (Tour et al., 2021; Boté-Vericad,
2021).

The study also addresses key research gaps by providing empirical evidence on the direct impact of
structured educational technology interventions on early English literacy. While prior studies have
examined the general benefits of digital media in literacy instruction, few have systematically compared the
effectiveness of interactive technology-based instruction with traditional methods in a controlled
experimental setting. Additionally, much of the existing research has been conducted in Western educational
contexts, where access to digital resources is more widespread. This study contributes to the discourse by
examining the effectiveness of educational technology in an Indonesian early childhood setting, where
technological access, teacher preparedness, and curriculum integration remain ongoing challenges. The
findings suggest that structured, research-based digital interventions can be effectively integrated into
preschool literacy curricula, even in non-English-speaking environments, provided that appropriate
instructional frameworks are in place.

The novelty of this study lies in its focus on structured, technology-assisted reading interventions that
move beyond passive digital exposure to active, interactive, and adaptive learning experiences. Unlike
previous research that primarily examined the role of e-books or generic digital tools, this study explores the
impact of interactive educational technology that integrates phonetic exercises, multimedia storytelling, and
gamified learning experiences. By employing a quasi-experimental design, the study establishes a clear
causal relationship between technology-enhanced instruction and literacy improvement, strengthening the
argument for digital learning as an effective instructional strategy in early childhood education.

The implications of this study extend beyond early literacy instruction. For educators, the findings
suggest that technology should not be viewed as a supplementary tool but as an integral component of early
literacy pedagogy. Teachers can leverage interactive learning applications to provide personalized, engaging,
and data-driven literacy instruction that accommodates the diverse needs of young learners. For curriculum
developers, the study underscores the importance of designing digital literacy programs that incorporate
evidence-based instructional strategies, such as phonemic awareness training, adaptive learning paths, and
real-time feedback mechanisms. For policymakers, the findings advocate for greater investment in digital
infrastructure, teacher training, and curriculum integration to ensure that early literacy instruction keeps
pace with technological advancements and evolving educational needs.

Future research should explore the long-term effects of technology-assisted literacy instruction to assess
whether initial learning gains are sustained over time. Longitudinal studies could provide valuable insights
into how digital learning experiences influence later reading proficiency, vocabulary development, and
overall language acquisition. Additionally, further research should investigate the role of teacher-mediated
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digital instruction, examining how educator involvement, instructional strategies, and classroom integration
impact the effectiveness of technology-enhanced literacy learning. Another promising avenue for future
research is the adaptation of digital literacy tools for multilingual learners, exploring how technology can
support dual-language development and cross-linguistic transfer in early childhood education.

In conclusion, this study provides strong empirical evidence that interactive educational technology is an
effective tool for enhancing early English reading proficiency. The findings confirm that digital learning tools
offer significant advantages over traditional methods, particularly in fostering phonemic awareness, word
recognition, and reading comprehension. The results advocate for a pedagogical shift towards technology-
enhanced literacy instruction, emphasizing the need for interactive, adaptive, and engaging learning
experiences that cater to the diverse needs of young learners. The study’s contributions have far-reaching
implications for educators, policymakers, and curriculum developers, reinforcing the importance of
integrating structured, evidence-based digital interventions into early childhood literacy education.

6. Conclusion

The findings of this study provide strong empirical evidence that interactive educational technology
significantly enhances early English reading proficiency among preschool-aged children. The experimental
group, which received technology-assisted literacy instruction, demonstrated a substantially higher
improvement in reading skills compared to the control group, highlighting the superior effectiveness of
digital learning tools over traditional methods. The significant statistical results confirm that interactive and
adaptive digital platforms foster phonemic awareness, word recognition, and reading comprehension at an
accelerated rate, reinforcing the importance of multimodal learning experiences in early literacy
development. Unlike conventional methods, which often rely on rote memorization and static instructional
approaches, technology-based interventions offer engaging, interactive, and personalized learning pathways,
ensuring that children can develop literacy skills at their own pace while maintaining motivation and
engagement. The novelty of this study lies in its empirical validation of structured digital interventions in
early literacy education within the Indonesian context, filling an existing gap in research on the effectiveness
of technology-enhanced reading instruction for non-native English-speaking learners. The implications of
these findings extend to educators, curriculum developers, and policymakers, emphasizing the need for
greater integration of interactive educational technology into early childhood literacy instruction to bridge
learning gaps and create more equitable learning opportunities. As digital learning continues to evolve,
future research should explore longitudinal effects of technology-assisted literacy interventions, the role of
teacher training in optimizing digital literacy instruction, and the impact of Al-driven personalized learning
tools on young learners’ reading development across diverse linguistic and educational settings.
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