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ARTICLE INFO ABSTRACT

The acquisition of English language skills is crucial, especially for Thai students facing
challenges in this area. Early introduction of English language instruction, focusing on basic
vocabulary memorization, is essential at the elementary school level. The lack of effective
learning technologies to improve English vocabulary retention has been noted previously.
Therefore, this study aims to address this gap by developing an Augmented Reality (AR)
Application for Basic English Vocabulary. The primary goal is to assess its impact on
academic achievement before and after application use and to evaluate user satisfaction
levels. The research involved 80 primary school students from a Thai government school,
divided into two groups: an experimental group (n=40) exposed to the AR application and
a control group (n=40) using traditional rote learning methods. Findings indicate: 1) The
Augmented Reality Application on Basic English Vocabulary successfully underwent expert
evaluation, yielding a content validity index 0.93. 2) Students in the experimental group
showed significantly enhanced academic performance after using the application compared
to pre-application levels, achieving statistical significance at the .05 level. 3) Furthermore,
post-study satisfaction scores among students in the experimental group exceeded pre-
study levels across various domains, including memorization, attention, enthusiasm,
confidence, and overall satisfaction. These results highlight the potential efficacy of AR
technology in improving English language learning outcomes and increasing student
engagement.

Keywords: Augmented Reality, English Vocabulary, Multimedia Learning, Academic
Achievement, User Satisfaction.

1. Introduction

The evolution of educational innovations should be tailored to accommodate individual requirements
(Personalization). Learning innovations must be designed in alignment with the unique conditions of
individual learners. Li et al. emphasized that in personalized educational settings, educators should be able to
monitor and adapt to the progress of high-level learning [1]. One transformative aspect of modern technological
education pertains to supervising learning content within personalized learning. This paradigm promotes a
student-centric approach to learning, fostering self-directed acquisition of knowledge with a strong emphasis
on information gathering and encouraging active participation among teachers, students, and learning
materials. Additionally, this approach encompasses educational assessments, examinations, and various forms
of knowledge evaluation.

Augmented reality (AR) technology represents an emerging technological advancement integrating the
physical world (real-world) environment with virtual dimensions. AR exhibits distinct attributes, enabling
direct and indirect interaction with the real-world environment. This integration relies on computer technology
and virtual systems to establish a symbiotic relationship with the tangible world. The terminology of AR is
attributed to its capacity to provide an enriched, computer-generated perspective of reality. AR offers a real-
time presentation and contextual incorporation of elements within the environment.
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The continual advancement of information technology has given rise to various types of modern educational
media, one of which is multimedia applications integrated with AR. In particular, AR is a viable method for
enhancing learning experiences [2]-[6]. AR achieves this by seamlessly blending the physical (real) world with
the digital (virtual) world through mobile devices, such as smartphones and tablet computers, facilitated by
specialized software. This synthesis creates three-dimensional images, engendering an environment that
harmonizes real and virtual elements. Through multimedia learning applications, AR technology has gained
significant traction and finds applications in diverse domains, including advertising, tourism, healthcare,
industrial sectors, and educational contexts. Its capacity to captivate student engagement has been well-
documented [2], [3], [7].

English is the most widely spoken foreign language and is a common global communication tool.
Approximately 2,000 million people worldwide use English as their primary mode of communication,
representing one in three of the world’s population. Therefore, Thailand needs to encourage Thai citizens to
attain a level of English proficiency that enables effective communication, knowledge acquisition, livelihood,
and participation in economic and societal negotiations on the international stage. In recent years, Thailand
has endeavored to enhance its English language proficiency by implementing initiatives to integrate English
instruction into the educational curriculum. This includes introducing a policy allowing students to begin
studying English as a foreign language from the elementary level. Despite implementing these strategies, they
have yet to significantly impact the English proficiency of Thai students to the desired extent. Interviews with
English educators reveal a notable reluctance among Thai students to memorize vocabulary and the inherent
challenges associated with this task. This observation is further substantiated by the outcomes of English
proficiency assessments, such as the Ordinary National Educational Test (O-Net), administered during the
academic year 2023. The analysis revealed subpar achievement scores, with English attainment lagging behind
that of other subjects, as indicated by the lowest academic achievement score recorded in English according to
the National Institute of Educational Testing Service [4]-[6], [8].

Recognizing the imperative of adopting English as a global lingua franca, the Thai government has formulated
policies to leverage information technology for effective teaching and learning practices, complemented by
robust support from diverse governmental agencies. Notably, the quality of this endeavour’s media, equipment,
and personnel is commendable. Hence, this study has innovated a multimedia application employing AR
technology to facilitate engaging learning experiences for children. This application harnesses the captivating
features of AR to provide a more realistic introduction to fundamental English vocabulary, specifically focusing
on the lexicon associated with various animals. By integrating AR technology, this application enhances the
presentation of vocabulary content, providing novel insights and augmenting traditional learning methods to
enrich educational experiences [9]-[11].

2. Theoretical Review

2.1. The Cognitive Theory of Multimedia Learning

Mayer introduced the Cognitive Theory of Multimedia Learning, which delves into how visual and verbal
information is processed and retained within human memory systems [15]. This theory elucidates that visual
and verbal information undergo separate encoding and retention processes and are managed by distinct
cognitive systems. Visual input, received through ocular input, generates visual symbols, while auditory input
results in the formation of word-based symbols.

In the context of information and communication technology systems, the theory of multimedia learning
highlights three crucial systems in the learning process: the sensory memory system, the working memory
system, and the long-term memory system. When information is presented in visual or auditory formats, it
initially enters the sensory memory system. Subsequently, select images and sounds are retained in the working
memory, where they undergo organization into smaller units. These units are then grouped together to form
meaningful knowledge through a fusion of visual and auditory elements. This newly acquired knowledge may
integrate with existing information stored in long-term memory or amalgamate with other knowledge clusters,
as applicable. Therefore, the presentation of information through both visual channels (such as letters and
images) and auditory cues (such as sound) enhances vocabulary learning more effectively than presenting
information in isolation [19], [20].

2.2. Augmented Reality (AR)

The integration of multimedia theory is fundamental to understanding Augmented Reality (AR) technologies.
As per the multimedia principle, which asserts that individuals learn more effectively when instructional
materials combine words, sounds, and pictures rather than relying solely on text, this principle serves as a
critical guideline for developing successful AR applications for language acquisition. By merging words,
sounds, and visuals, AR applications facilitate the development and integration of verbal and nonverbal
representations, fostering more profound learning experiences than any single mode alone due to the triple
channel assumption [16], [18].

In the realm of instructional applications, Cavanagh et al. discussed that multimedia components can be
systematically categorized into four distinct categories [20]:
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1) Decorative elements are intended to captivate learners’ attention but lack substantive contributions to
instructional content.

2) Figurative elements, wherein images serve to depict singular elements elucidated in accompanying
narration.

3) Organizational elements, wherein multimedia serves the purpose of elucidating interrelationships among
conceptual elements.

4) Explanative multimedia is strategically employed to elucidate the operational mechanisms of a system.

Regrettably, conventional textbooks predominantly rely on decorative and symbolic images, which may not
effectively enhance the learning experience. However, with advancements in technology, particularly the
emergence of Augmented Reality (AR), educators are urged to prioritize the integration of organizational and
explanative visuals [13], [14]. These include three-dimensional models and interactive simulations, which can
explicitly reinforce and elaborate upon the concepts conveyed through instructional narration. By leveraging
information and communication technology systems like AR, educators can create more immersive and
dynamic learning experiences, fostering deeper understanding and engagement among students [15], [5].

AR technology represents a captivating instructional approach. The underlying concept of AR involves
seamlessly integrating the physical and virtual realms by employing hardware devices in conjunction with
diverse software applications. This combination facilitates the visualization of images, transforming them into
3D objects that seemingly hover above physical surfaces when viewed on the screen. The display showcases
dynamic object movements, creating a three-dimensional and engaging visual experience. This innovative
presentation format, characterized by genuine interactivity, captivates students’ interest and provides them
with a unique learning encounter [7].

Since disruptive technology is one of the key components that help with teaching and learning, AR technology
can be used in language instruction to bring real-life objects that make learning more convenient. However,
this can also impact how well students understand the material they are studying. One of the difficulties in
education is guiding students through the process [16], [17]. Thus, educators must use new technologies to their
benefit. One such tool is AR in the classroom [18]. Students struggle to understand the subject being taught
when less interactive instructional media is used in the learning process. Students’ attention will increase with
the interest and communication of the media used [8], [19]-[21].

Using learning media in the classroom has several benefits, including boosting students’ interests and desires,
motivating and stimulating learning activities, and even psychologically impacting them [22]-[25]. The ability
to employ technology to make learning more effective, efficient, and creative is one of the advantages of
technological development. AR is one technology that can be created for educational purposes. AR, in the form
of 3D objects that blend the virtual and the real world so they appear to coexist in the same space, is only one
of the many uses for AR in teaching and learning environments.

AR is the integration of virtual or physical objects from the internet into the physical world. These objects can
be seen, heard, and touched. Learning a language not utilized for communication in one’s context is known as
foreign language learning. English is a foreign language that needs to be mastered, and it is taught from early
childhood education through college. Proficiency in oral communication is crucial for individuals learning
English as a second language. Language, knowledge, and support techniques are needed to assist oral
communication effectively. Pupils must acquire a sufficient vocabulary, which can be accomplished through
reading or listening exercises [26].

Cai et al. argued that the significance of developing a sufficient vocabulary to facilitate the effective use of the
English language for communication is highlighted by the fact that two factors prevent learning and
communicating in English from being successful: first, students lack the necessary vocabulary, and second,
they are unable to apply their newfound vocabulary in written and spoken language discourse [27].

The main objective of this study is to develop an Augmented Reality (AR) application focused on basic English
vocabulary for elementary students. This application aims to provide an engaging and interactive learning
experience, utilizing AR technology to improve vocabulary acquisition among young learners. By tailoring the
AR application to the specific needs and learning preferences of elementary students, the study aims to address
challenges commonly encountered in traditional language learning approaches.

Furthermore, the study seeks to evaluate the effectiveness of the AR application by comparing the learning
achievements of students who use the application. This will involve administering pre-tests and post-tests to
assess the students’ vocabulary knowledge before and after using the AR application. Through analysis of the
test scores, the study aims to evaluate the impact of the AR application on students’ vocabulary learning
outcomes and determine its contribution to improved language proficiency among elementary students.
Additionally, the study aims to assess elementary students’ satisfaction levels regarding using the AR
application. Satisfaction levels will be measured through feedback surveys or interviews with participating
students. These surveys or interviews will gather insights into students’ experiences with the AR application,
including their perceived usefulness, engagement, and enjoyment of the learning process. By comparing
satisfaction levels between students who use the AR application and those who do not, the study aims to
determine the application’s overall effectiveness and user experience in enhancing elementary students’
English vocabulary learning.
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3. Research Method

An AR application designed to facilitate the acquisition of fundamental English vocabulary proves to be an
effective educational tool. This medium plays a valuable role in aiding the learning and retention of English
vocabulary, with a particular focus on foundational lexicon related to various animal species. Tailored for early
elementary school learners aged 7 to 10 years, the development of the application comprises two integral
components: the AR application itself and the accompanying AR book.

Figure 1. The Proposed AR Book with 3D Models

Furthermore, the AR application incorporates interactive features that engage learners in semi-immersive
experiences, fostering a dynamic and participatory learning environment. The integration of interactive
elements within the AR application not only enhances motivation but also encourages sustained engagement
among young learners. Additionally, the application aligns with contemporary pedagogical approaches by
leveraging technological advancements to enhance language acquisition and cognitive development in the early
stages of education.

In developing this application, the researchers conducted three experiments involving a single group of
students. Initially, a One-To-One try-out was conducted, which included observations and interviews to
identify deficiencies and weaknesses in basic English vocabulary knowledge and challenges related to
vocabulary memorization. Subsequently, adjustments were made to the application based on the feedback
received, including modifications to cartoon images and audio descriptions tailored to address the identified
student needs. The experiment was scaled up to a small group of 9 participants, followed by a second round of
observations and interviews to assess progress and identify any ongoing weaknesses in the learning process.
The user interface, characterized by cartoon images, was further refined through alterations in size and color
based on feedback. Finally, 5 experts, comprising 3 experienced English teachers and 2 application
development specialists, were interviewed to evaluate the quality of the research tools, including the proposed
AR application, and the content validity index was obtained at 0.93.

This study’s sample consisted of 80 elementary school students enrolled in a public school in Thailand. The
experiment took place during regular class sessions, with the sample group divided into two distinct groups:
an experimental cohort comprising 40 individuals who engaged with an AR application focusing on basic
English vocabulary and a control group of 40 students who utilized traditional rote learning methods for
vocabulary memorization without the use of an AR application. Participants were selected through a simple
random sampling technique, specifically employing a lottery method. Due to ethical considerations, parents
were notified of the activity, and participation required parental consent.

Table 1. Distribution of Sample Groups for the Experimental Plan

Module for | Number
Sample . .
Group Deve.loplng Basic | of
English Vocabulary Students
AR Application on Basic
Experimental | English Vocabulary (AR
Group Book with Multimedia 40
and Interaction)
Traditional Text-Based
Control Learning Material (Book
Group without Multimedia and | #°
Interaction)
Total (Students) 80
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4. Results and Discussion

Table 2 provides a detailed analysis of the pre-test and post-test scores obtained from the experimental and
control groups. The statistical parameters examined include the mean score (Mean), standard deviation (SD),
t-value, and p-value, which are essential for evaluating the effectiveness of the AR application compared to
traditional learning methods.

Table 2. Comparison of Pre-test and post-test scores between Experimental and Control

Groups

Test t- p-
Group " | Type Mean | SD | e | value

Pre- 2 11 | -19.15 | .000*
Experimental 40 test | 34 3 9.15 | .
group Post-

test 8.10 2.83

Pre-
Control test | 3-90 2.75 | -.935 | .355

40

Group Post- -

test | 233 27

In the experimental group of 40 students, the mean pre-test score was 3.42 with a standard deviation of 3.11,
while the mean post-test score was 8.10 with a standard deviation 2.83. The t-value obtained was -19.15,
indicating a significant difference between the pre-test and post-test scores. Additionally, the p-value was less
than .05, denoted by the asterisk (*), signifying a statistically significant result.

Conversely, in the control group of 40 students, the mean pre-test score was 3.50 with a standard deviation of
2.75, and the mean post-test score was 5.33 with a standard deviation of 2.27. The t-value obtained was -.935,
suggesting no significant difference between the pre-test and post-test scores. Furthermore, the p-value was
greater than .05, indicating a lack of statistical significance.

These findings indicate that using the AR application, which included multimedia and interaction, significantly
improved vocabulary memorization skills among students in the experimental group compared to those in the
control group who utilized traditional text-based learning materials.

Figure 2. Comparison of Mean Values for Pre- and Post-Usage Questionnaires

Figure 2 compares mean values for pre- and post-usage questionnaires, focusing on student satisfaction before
and after using the AR application. The results show a notable increase in satisfaction levels across all measured
aspects following the implementation of the AR application. This enhancement in satisfaction underscores the
effectiveness of AR applications in creating engaging and enjoyable learning experiences for elementary school
students, thereby contributing to a positive user experience.

The findings of this investigation underscore the significant impact of utilizing an Augmented Reality (AR)
application focused on Basic English Vocabulary to address the challenges associated with memorizing basic
English vocabulary among primary school students, ultimately leading to enhanced academic performance in
English. Through meticulous data collection and analysis, genuine issues within the user group were identified,
highlighting early primary school Thai students’ struggles in vocabulary memorization stemming from a lack
of motivation and the necessity for substantial stimulation or rewards to reinforce learning. In response to
these identified challenges, the intervention was meticulously conceptualized and developed based on the
Cognitive Theory of Multimedia Learning [15].

The application strategically integrates multimedia elements, such as textual (Text) and visual (Image) stimuli,
along with auditory components (Sound) aimed at enriching the learning experience. This multimodal
approach aligns with the principles advocated by Clark and Mayer [19] and Cavanagh et al. [20], indicating that
presenting content through various sensory channels enhances vocabulary retention. The application captures
attention and elevates the learning process by incorporating multimedia content. Furthermore, the study
employed AR technology as the instructional medium for the sample group to foster an enjoyable and
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motivating learning environment conducive to interactive engagement and comprehensive vocabulary
comprehension. This approach is consistent with previous research by Chen et al. [28] and Ibafnez et al. [29],
which supports the idea that AR technology enhances student enjoyment, motivation, and comprehension
during learning.

The comparison of mean scores between the experimental and control groups in both pre-test and post-test
assessments reveals a statistically significant increase in the post-test scores of the experimental group at the
0.05 significance level. This emphasizes the effectiveness of an AR application for basic English vocabulary
learning, as it facilitates improved learning and memorization. The multimedia format, comprising text,
images, animations, and sound, is a compelling instructional approach that enhances children’s motivation
and engagement in the learning process. Moreover, integrating AR technology is crucial in cultivating interest
in vocabulary acquisition by stimulating learners’ cognitive processes, drawing upon their prior experiences to
establish connections with new knowledge.

This finding is consistent with previous research by Pannim et al. [30] and Enzai et al. [31], demonstrating that
multimedia and AR technologies effectively capture children’s attention and contribute to vocabulary training
by promoting accessibility, flexibility in usage and fostering unrestricted practice opportunities. The
assessment of students’ satisfaction indicates a remarkably high level of contentment, indicating that students
have derived positive experiences and recognized the application’s utility in making learning enjoyable.

The vibrant colors of the illustrations and modern design contribute to the overall appeal, highlighting the
importance of aesthetic elements in educational applications. Given the significance of vocabulary
memorization as a crucial skill in daily life and academic pursuits, it is a fundamental tool for knowledge
acquisition, cognitive development, and effective reading experiences. The prevalence of challenges in
memorizing English vocabulary among early elementary school students underscores the imperative of
employing innovative pedagogical approaches, such as multimedia teaching and AR technology.
Incorporating cartoons and multimedia elements has proven beneficial in facilitating comprehension and
addressing the issue of monotony in the learning process. Furthermore, integrating AR technology within
applications represents a fusion of mobile application technology and AR, significantly aiding student learning.
This amalgamation promotes comfort and ease of understanding, consistent with the findings of Aboudahr et
al. [32], who observed high student satisfaction and acceptance of AR technology’s utilization in educational
settings. Overall, the study demonstrates the potential of AR applications in enhancing vocabulary acquisition
and providing a positive learning experience for elementary school students.

5. Conclusion

The implementation of an Augmented Reality (AR) application aimed at Basic English Vocabulary has emerged
as a highly effective educational intervention for addressing challenges related to memorizing basic English
vocabulary among primary school students. Through a systematic approach to identifying and addressing
genuine issues encountered by early primary school Thai students, this study emphasizes the importance of
motivation and stimulation in reinforcing vocabulary learning. The developed AR application strategically
integrates multimedia elements, including textual, visual, and auditory stimuli, to create an engaging and
immersive learning experience aligned with contemporary pedagogical principles. The findings demonstrate a
significant increase in post-test scores among the experimental group compared to the control group,
indicating the effectiveness of utilizing an AR application for basic English vocabulary learning. Additionally,
the assessment of students’ satisfaction highlights a notably high level of contentment, emphasizing the positive
impact of the AR application in enhancing learning enjoyment and fostering motivation and engagement
among students. Overall, integrating multimedia elements and AR technology not only addresses challenges in
vocabulary memorization but also enhances motivation, engagement, and satisfaction among elementary
school students, ultimately leading to improved academic performance in English.

Looking ahead, this study emphasizes implementing an AR application designed for elementary school
students to improve their proficiency in basic English vocabulary. While the application focuses on vocabulary
memorization, it could be further enhanced to support basic sentence construction and incorporate a broader
range of linguistic elements, such as verbs. Moreover, future investigations could broaden their focus to assess
additional facets beyond academic achievement, particularly analytical thinking skills. This expanded
evaluation aims to strengthen learners’ abilities in essential 21st-century skills, contributing to their overall
skill development and preparedness for future educational challenges. These initiatives aim to provide students
with expanded learning opportunities, fostering their readiness for diverse educational contexts and enhancing
their lifelong learning capabilities.
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