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ABSTRACT

This study aims to explore the development and effectiveness of English learning media for early childhood
through the integration of Augmented Reality (AR) and Artificial Intelligence (Al). The background of the
research lies in the increasing demand for innovative and interactive learning tools that can support
vocabulary acquisition and pronunciation practice in young learners. Employing the ADDIE instructional design
model, the research followed five stages: Analysis, Design, Development, Implementation, and Evaluation. The
developed media incorporated 3D AR visuals and an Al-powered speech recognition system for real-time
pronunciation feedback. Data were collected through expert validation, pre-test and post-test assessments,
as well as observation and teacher interviews. Results showed a significant improvement in children's
vocabulary mastery and speaking confidence, with post-test scores increasing by over 38%. Furthermore,
students exhibited high engagement and autonomy during learning sessions. The integration of AR and Al
proved to be both pedagogically effective and developmentally appropriate. In conclusion, this research
confirms that AR and Al-based media are valuable tools for enhancing English learning among young children,
offering interactive, personalized, and immersive learning experiences that support 21st-century educational
goals.
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INTRODUCTION

In today’s digital era, technological advancements have significantly transformed
educational practices, particularly in early childhood education. One of the most prominent
shifts is the integration of emerging technologies such as Augmented Reality (AR) and Artificial
Intelligence (Al) into learning environments to foster engaging, personalized, and effective
learning experiences (Yilmaz, 2020). English, as a global language, has become a crucial
component of early childhood education, forming the foundation for future academic success
and cross-cultural communication skills (Lightbown & Spada, 2013).

The importance of early English language exposure is well documented. According to
UNESCO (2021), children aged 3 to 8 represent a critical period for language acquisition, during
which cognitive receptivity to new languages is at its peak. However, conventional
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instructional methods often fall short in capturing young learners' attention, limiting their
linguistic development. A 2020 report by Statista showed that 86% of children aged 3-7 in
developed countries have access to smartphones or tablets, indicating a growing opportunity
for digital interventions in education (Statista, 2020). This situation calls for the development
of innovative media that aligns with children's digital habits while also promoting foundational
English language skills.

The urgency of this research lies in the need to address the gap between traditional
teaching methods and the digital literacy of today’s learners. While various English language
applications exist, few are tailored to the cognitive and emotional needs of early learners, nor
do they leverage the immersive potential of AR and the adaptive feedback capabilities of Al.
Integrating these technologies can provide interactive visualizations, real-time pronunciation
guidance, and adaptive content delivery, which are essential for enhancing engagement and
comprehension in early English instruction (Chen et al., 2022).

This study is guided by the following research questions: 1) How can AR and Al-based
media be effectively integrated into English language learning for early childhood learners?,
2) What are the impacts of AR and Al-based media on vocabulary acquisition and learner
engagement in early English education?. The primary objective of this research is to design
and evaluate a prototype of AR and Al-integrated learning media that supports early childhood
English language learning. Specifically, the study aims to assess its effectiveness in improving
vocabulary acquisition and learner engagement, thereby offering a model for future
technology enhanced early childhood education programs.

Theoretical Framework

Recent advancements in educational technology have redefined how young learners
acquire second languages, particularly English. The integration of Augmented Reality (AR) and
Artificial Intelligence (Al) into early childhood education aligns with the current shift toward
learner-centered, interactive, and personalized instruction (Ak¢ayir & Akgayir, 2019). These
technologies are not merely tools but serve as catalysts for meaningful engagement, especially
when embedded in a pedagogical framework that values multisensory and exploratory
learning experiences (Alharthi, M., 2022).

One of the central frameworks guiding this study is multimodal learning theory, which
emphasizes the use of multiple sensory channels visual, auditory, and kinesthetic for
enhanced cognitive processing and memory retention. According to Wang et al. (2020), young
learners exposed to multimedia content through AR applications demonstrated significantly
higher vocabulary acquisition and retention rates compared to those using traditional media.
The presence of 3D visuals, interactive objects, and contextual feedback creates a richer
linguistic environment that supports the development of foundational English skills (Baytar,
Z.,2022).

Another important construct is adaptive learning theory, made more feasible through
Al integration. Al-driven platforms can assess a learner’s current proficiency and automatically
adjust the content, pacing, and complexity of instruction (Zawacki-Richter et al., 2019). This
personalization is essential for early childhood learners, who have varying developmental
rates and learning preferences. Moreover, real-time feedback enabled by Al, especially
through voice recognition offers scaffolding that mimics the role of a responsive teacher.

The embodied cognition perspective also supports the use of AR, as it posits that
learning is deeply rooted in physical interaction with the environment. Studies by Lin et al.
(2021) indicate that when children interact with virtual objects in physical space, their
understanding of language concepts is more concrete and memorable. AR provides spatial,
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embodied experiences that connect verbal language with action, enhancing semantic
processing and contextual learning.

Motivation and engagement, which are critical in early education, are also supported
by gamification principles embedded in AR and Al applications. Hsu and Ching (2020) found
that gamified AR learning environments significantly improved young learners' attention span,
motivation, and willingness to speak in a second language. The reward systems, progress
tracking, and interactive challenges embedded in such systems align well with the intrinsic
motivation patterns of children aged 3—7 (Hsiao, K. Y., 2020).

In addition, early literacy development models emphasize the importance of
vocabulary exposure and phonemic awareness during preschool years. A recent study by
Kucirkova and Flewitt (2020) demonstrated that Al-powered story apps with speech
interaction significantly improved phonological awareness in young learners. These findings
highlight the role of intelligent technology in strengthening early reading and speaking skills,
especially for English learners in non-native settings. The Universal Design for Learning (UDL)
framework also reinforces the integration of AR and Al by advocating for multiple means of
representation, expression, and engagement (Meyer, Rose, & Gordon, 2019, Chen, C. M,,
2021). AR offers diverse representation through visual simulations, while Al allows learners to
express understanding through speech, gestures, or interactive selections. These modalities
cater to a wide range of learners and learning styles, particularly beneficial in inclusive
classrooms (Bacca, J., 2020).

Lastly, recent meta-analyses have confirmed the efficacy of AR and Al in early language
education. For instance, Chen et al. (2023) reported that AR-based English language learning
tools for children had a significant positive effect on vocabulary growth, listening skills, and
learner confidence. The combination of immersive environments and intelligent support
systems enables children not only to learn more effectively but also to enjoy the process,
which is critical for sustained learning in early education.

METHODS

This research adopted the ADDIE model Analysis, Design, Development, Implementation,
and Evaluation as a systematic instructional design framework to develop and evaluate an AR
and Al-based English learning media for early childhood. The model was selected due to its
flexibility and iterative nature, which aligns well with the goal of creating an effective, user-
centered educational tool. The research employed a Research and Development (R&D) design
with qualitative and quantitative approaches to assess both the development process and the
impact of the media on learners' language acquisition.

The research chronology followed five structured phases. In the Analysis phase, a needs
assessment was conducted through interviews and observations involving kindergarten
teachers and early childhood education experts to identify the current challenges in English
instruction and the technological readiness of students. This phase also included a literature
review on AR/AIl integration in language learning to establish theoretical grounding. The
Design phase focused on mapping learning objectives to interactive features, storylines, and
Al-driven elements like speech recognition. Flowcharts, storyboards, and wireframes were
developed to visualize the learning paths.

During the Development phase, the prototype of the learning media was created using
Unity for AR functionality and integrated with Al-powered voice feedback using Google Speech
Recognition API. The content included basic English vocabulary (colors, animals, numbers)
accompanied by interactive 3D animations and real-time pronunciation correction. Expert
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validation was conducted to assess the prototype’s content validity, interface, and
pedagogical suitability. Feedback was used to revise the application before field testing.

The Implementation phase involved a limited field trial in two early childhood education
centers with 30 participants aged 4—6 years. Teachers facilitated the sessions, and students
interacted with the media over four learning cycles. Data was collected using observation
checklists, pre-test and post-test vocabulary assessments, and interviews with teachers and
students. The learning environment was semi-structured to allow natural engagement with
the media, ensuring authentic feedback on usability and effectiveness.

Finally, in the Evaluation phase, data analysis combined both qualitative and quantitative
techniques. Quantitative data from the vocabulary pre-tests and post-tests were analyzed
using paired sample t-tests to determine the significance of learning gains. Qualitative data
from observations and interviews were analyzed thematically to capture students'
engagement, motivation, and behavioral responses. The results from both data sources were
triangulated to evaluate the overall effectiveness and areas for future improvement of the AR
and Al-based learning media.

RESULTS AND DISCUSSION
Results

This research implemented the ADDIE model to develop AR and Al-based English learning
media for early childhood. The study found that combining these technologies significantly
improved children’s vocabulary acquisition, engagement, and learning motivation. Initial
analysis showed that early childhood educators faced challenges in maintaining student
attention using conventional English learning tools. Most existing media lacked interactivity
and personalization. This aligns with recent findings suggesting that young learners benefit
from gamified and immersive digital experiences (Hsu & Ching, 2020).

Figure 1. eacher Interaction and Attitudinal Responses to Al and AR in Education

The developed media included animated AR visuals and an Al-based pronunciation
system. Expert validation confirmed the tool's high pedagogical value, with an average score
above 4.5/5 in usability and relevance. Experts highlighted the Al feature as particularly
impactful in supporting pronunciation skills. Field testing with 30 children demonstrated
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strong learning outcomes. The average vocabulary score improved from 43.3% in the pre-test
to 81.7% in the post-test, with statistically significant results. This gain supports the use of AR
in enhancing concrete vocabulary understanding (Chen et al., 2023).

100\/_ocabulary Acquisition Scores Before and After Using AR-Al Media
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Figure 2. Scores before and After Using AR-Al Media

Children actively engaged with the app, repeating vocabulary aloud and showing
enjoyment through interactions. Observations revealed increased learner confidence and
willingness to speak in English. Teachers noted that even shy children became more
participative when using the media. The Al pronunciation feedback mimicked real-time
teacher interaction, giving students a safe, low-pressure environment to practice speaking.
This adaptive feature supported individualized learning, a key element in effective early
education (Kucirkova & Flewitt, 2020).

The media also encouraged peer collaboration. Students often helped each other navigate
the interface or pronounce words correctly, supporting sociocultural theories of learning
(Vygotsky, 1978). This social dimension enhanced both engagement and retention. Technical
challenges were minimal, though speech recognition occasionally misinterpreted children's
pronunciation. This suggests a need for more child-specific Al training datasets. Nonetheless,
the application was accessible and functioned smoothly on standard devices. Teachers found
the media reduced instructional load while enhancing student outcomes. It allowed students
to engage independently or in small groups, supporting blended and flexible learning
approaches suitable for varied classroom contexts. In conclusion, the AR-Al learning media
proved highly effective and practical for early English instruction. It addressed key learning
challenges by offering interactive, personalized, and engaging content that can be easily scaled
across educational settings.

Discussion

The integration of Augmented Reality (AR) and Artificial Intelligence (Al) in early
childhood English learning media offers not only technological novelty but also pedagogical
depth. This research demonstrates that when thoughtfully designed, AR and Al can support
language acquisition processes in ways traditional methods cannot. The improved vocabulary
scores and high levels of student engagement indicate that digital immersion and real-time
interaction resonate well with young learners' cognitive and behavioral characteristics (Chang,
Y., 2023, Garcia, J. J., 2021).
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One of the most significant findings in this study is the impact of Al-based speech recognition
on pronunciation development. Early learners benefit immensely from immediate,
personalized feedback, which is rarely feasible in large classroom settings. The Al feature
functioned as a digital tutor, providing consistent and non-judgmental support, a feature that
enhances learner confidence a known precursor to oral language improvement (Chen & Wang,
2021).

Moreover, the AR features enriched vocabulary learning by visualizing abstract
concepts in a concrete manner. Children were able to associate 3D objects with English words,
reinforcing dual coding theory and multimedia learning principles (Garcia, J. J., 2021). As
reported by Lin et al. (2021), interactive AR creates multimodal input pathways that
significantly enhance memory retention and concept internalization in early learners.

This research also aligns with recent findings on engagement theory in digital learning
contexts. Learners were not passive recipients of content; instead, they became active
participants, exploring, repeating, and even helping peers interact with the system. These
behavioral patterns reflect meaningful learning processes where motivation, curiosity, and
autonomy converge (Akcayir & Akcayir, 2019). From the teacher’s perspective, the media's
ability to facilitate independent learning is crucial. Early childhood educators often face
constraints in providing individual attention. By incorporating Al feedback loops, the media
empowered learners to self-correct, minimizing teacher intervention without sacrificing
learning quality. This supports findings by Liu et al. (2022), who argue that Al tools can offload
repetitive instructional tasks and enhance teacher capacity.

Despite these strengths, there are limitations. Speech recognition occasionally failed

to interpret young children's pronunciation accurately. Such limitations highlight the
importance of training Al on diverse, child-specific datasets. As Kucirkova and Flewitt (2020)
suggest, most current Al engines are optimized for adult users, and reengineering them for
young language learners is essential for equitable educational outcomes.
Another consideration is the context of use. While the tool performed well in structured
educational environments, home use may present challenges such as limited parental
supervision or varying device accessibility. Therefore, future iterations of the media should
consider features that support parental guidance or offline usability to maximize reach and
impact (Wang et al., 2020).

Furthermore, while vocabulary acquisition was substantial, future research could
explore the media’s influence on grammar, sentence construction, and conversational skills.
Expanding content beyond word-level instruction will provide a more holistic language
learning experience, particularly in preparing young learners for more advanced language use
in later grades (Chen et al., 2023). Importantly, the integration of AR and Al also holds promise
for inclusive education. Learners with speech delays, attention difficulties, or learning
disabilities may benefit from personalized, visual, and repetitive support mechanisms
embedded in this technology. Tailoring features to accommodate different learner profiles
aligns with the Universal Design for Learning (UDL) framework (Meyer et al., 2019).

In sum, this research confirms that AR and Al, when thoughtfully integrated, serve as
powerful allies in early childhood English instruction. Their capacity to enhance engagement,
personalize feedback, and visualize learning makes them suitable for the dynamic and
developmental needs of young learners. Continuous refinement, including Al model
improvement and cross-context testing, will be key to unlocking their full pedagogical
potential.

CONCLUSION
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This study explored the integration of Augmented Reality (AR) and Artificial
Intelligence (Al) in English language learning media for early childhood, utilizing the ADDIE
instructional design model. The results clearly demonstrated that combining AR visualization
and Al-driven pronunciation feedback effectively enhances vocabulary acquisition, learner
engagement, and confidence among young English language learners. The research findings
revealed a significant improvement in children’s vocabulary performance, as indicated by the
marked increase in post-test scores compared to pre-test results. Moreover, the immersive
and interactive features of AR facilitated deeper understanding of word meanings through 3D
visual representation, while the Al system provided consistent and personalized pronunciation
guidance critical for developing early speaking skills.

Beyond cognitive gains, the technology also promoted behavioral engagement, social
interaction, and autonomous learning. Teachers reported increased student motivation and
participation, while students showed higher retention and willingness to practice English
independently. These outcomes suggest that AR and Al-based media can bridge existing
instructional gaps in early language education by offering more individualized and stimulating
learning experiences (Ding, Y., 2022). While the results are promising, certain challenges such
as occasional inaccuracies in speech recognition and the need for child-specific Al datasets
were also noted. These limitations point toward opportunities for future development and
refinement of such learning technologies.

In conclusion, AR and Al-based media represent a transformative approach to early
childhood English education. Their ability to visualize abstract language concepts and simulate
human interaction offers powerful support for foundational language development. As
educational institutions increasingly embrace digital learning tools, these technologies stand
out as effective, scalable, and engaging solutions that align with 21st-century learning goals.

Recommendations
Based on the findings and implications of this study, the following recommendations are

proposed to enhance the implementation and development of AR and Al-based learning

media for early childhood English education:

1. Further Development of Child-Specific Al Models
Developers and researchers should focus on refining Al speech recognition engines using
datasets that reflect the unique phonetic patterns and speech characteristics of young
learners. This would improve pronunciation feedback accuracy and ensure more inclusive
and responsive interaction for early learners.

2. Curriculum Integration and Teacher Training
Educational institutions are encouraged to integrate AR-Al learning media into early
English language curricula. To maximize impact, professional development programs
should be provided to equip teachers with the skills and confidence to effectively utilize
these tools in classroom and blended learning environments.

3. Expansion Beyond Vocabulary Learning
Future iterations of the media should expand content to include grammar, sentence
formation, and conversational exercises. This would enable a more comprehensive
approach to language acquisition, supporting the development of broader communicative
competence from an early age.

4. Design for Home-Based and Inclusive Learning
Developers should consider features that support independent and home-based learning,
including offline capabilities, parental guidance tools, and adaptive learning modes for
children with special needs. This aligns with inclusive and equitable access to quality
education for all learners.
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5. Longitudinal Studies and Cross-Cultural Implementation
Researchers are encouraged to conduct longitudinal studies to examine the sustained
impact of AR and Al media on language proficiency over time. Additionally, cross-cultural
testing should be carried out to evaluate the adaptability and effectiveness of the media
in different educational and linguistic contexts.

6. Collaboration Between Stakeholders
Effective implementation of AR-Al learning tools requires collaboration between
educators, software developers, linguists, and policymakers. Such partnerships can ensure
that the media is pedagogically sound, technically reliable, and contextually relevant for
early learners.

7. Monitoring and Evaluation Framework
Institutions adopting AR and Al learning tools should establish monitoring and evaluation
systems to continuously assess their impact on learning outcomes, user experience, and
classroom dynamics. Feedback from students, teachers, and parents should guide iterative
improvements.

By following these recommendations, stakeholders can ensure that the integration of AR and

Al in early childhood English education remains meaningful, equitable, and sustainablelaying

a strong foundation for future language learning in the digital age.
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