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Abstract: Vocabulary mastery plays a crucial role in English language learning, particularly in English as a Foreign Language (EFL) contexts. However, many students continue to struggle with memorizing and retaining vocabulary due to conventional teaching methods and the limited use of interactive learning media. This study investigated the effectiveness of VocabARy, a Web-Based Augmented Reality (WebAR) platform, in supporting English vocabulary learning among junior high school students. A mixed-methods sequential explanatory design was employed involving 26 eighth-grade students at SMP Negeri 3 Wonosalam Jombang. Quantitative data were collected through pre-test and post-test assessments and analyzed using descriptive statistics, paired sample t-test, and normalized gain (N-Gain). Qualitative data were obtained through questionnaires, interviews, and classroom observations. The findings revealed a substantial improvement in students’ vocabulary achievement, with the mean score increasing from 26.61 in the pre-test to 80.73 in the post-test. The paired-sample t-test indicated a statistically significant difference between pre-test and post-test scores (p < .05), and the average N-Gain score of 0.7454 was categorized as high. Questionnaire results also demonstrated positive perceptions regarding perceived usefulness, perceived ease of use, and learning motivation. Qualitative findings confirmed that students considered VocabARy engaging, accessible, and effective in facilitating vocabulary retention through interactive three-dimensional visualization. The study concludes that VocabARy is an effective and innovative learning platform that can enhance vocabulary acquisition and increase student engagement in EFL classrooms.
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INTRODUCTION
English has become a global language that plays a fundamental role in international communication, education, science, and technology. As a lingua franca, English enables individuals from diverse linguistic and cultural backgrounds to communicate effectively across national boundaries. Consequently, English proficiency has become an essential competence for students in the twenty-first century. In Indonesia, English is taught as a foreign language and constitutes an important subject within secondary education. Among the various components of language proficiency, vocabulary mastery is considered one of the most essential because it supports the development of listening, speaking, reading, and writing skills. Despite its importance, vocabulary learning remains challenging for many EFL learners. Students often struggle to memorize new words, understand meanings in context, and retain vocabulary over extended periods. Traditional teaching practices frequently rely on rote memorization, translation activities, and repetitive exercises, which may reduce students’ motivation and limit meaningful learning experiences. Such challenges are particularly evident in rural educational settings where students have limited exposure to English outside the classroom.
Recent developments in educational technology have provided opportunities to address these challenges through innovative learning environments. One emerging technology is Augmented Reality (AR), which integrates digital information into real-world environments and enables interactive learning experiences. Previous studies have demonstrated that AR can improve student engagement, motivation, and academic performance by providing contextualized and immersive learning experiences. Within language education, AR has shown significant potential in supporting vocabulary acquisition. Through interactive three-dimensional representations, learners can connect vocabulary items with visual experiences, facilitating deeper understanding and long-term retention. However, many existing AR applications require installation and advanced device specifications, limiting their accessibility in schools with constrained technological resources.
To address these limitations, this study introduces VocabARy, a Web-Based Augmented Reality platform specifically designed for English vocabulary learning. Unlike conventional AR applications, VocabARy operates through web browsers without requiring installation, making it more accessible and practical for educational use. The platform integrates interactive three-dimensional visualizations with curriculum-based vocabulary materials to support vocabulary acquisition among junior high school students. This study aims to examine the effectiveness of VocabARy in improving students’ vocabulary mastery and to explore students’ perceptions toward its implementation in English language learning. The findings are expected to contribute to the growing body of research on technology-enhanced language learning and provide practical implications for integrating WebAR into EFL instruction.
METHOD
This study employed a mixed-methods approach using a sequential explanatory design. According to Creswell and Creswell (2018), this design combines quantitative and qualitative methods sequentially to obtain a comprehensive understanding of a research problem. Quantitative data were collected and analyzed first, followed by qualitative data to explain and support the quantitative findings. The study was conducted at SMP Negeri 3 Wonosalam Jombang during the 2025 academic year. The participants consisted of 26 eighth-grade students selected through purposive sampling. The participants were chosen because they represented the target users of the VocabARy platform and were actively enrolled in English classes.
The instruments used in this study included vocabulary tests, questionnaires, interviews, and classroom observations. The vocabulary tests consisted of pre-test and post-test assessments designed to measure students’ vocabulary mastery before and after the implementation of VocabARy. A questionnaire based on the Technology Acceptance Model (TAM) was administered to evaluate students’ perceptions regarding perceived usefulness, perceived ease of use, and learning motivation. Semi-structured interviews and classroom observations were conducted to obtain deeper insights into students’ experiences during the learning process.
The validity and reliability of the instruments were examined before data collection. Reliability analysis using Cronbach’s Alpha indicated a coefficient of 0.957, demonstrating excellent internal consistency. Quantitative data were analyzed using IBM SPSS through descriptive statistics, paired sample t-test, and normalized gain (N-Gain) analysis. Qualitative data were analyzed using thematic analysis following Braun and Clarke’s procedures.
The instruments used in this study included:
Vocabulary Test
Questionnaire
Interview and Observation

Quantitative data were analyzed using IBM SPSS, including descriptive statistics, paired sample t-test, and normalized gain (N-Gain). The formulas used are as follows:

Normalized Gain (N-Gain):


Paired Sample t-test:



The interpretation of N-Gain follows Hake (1998), in which values are categorized as low, medium, or high improvement.
Qualitative data were analyzed using thematic analysis, including data reduction, categorization, and interpretation to identify patterns in students’ responses.
RESULTS
1. Vocabulary Achievement
[image: ]The quantitative findings demonstrated substantial improvement in students’ vocabulary mastery following the implementation of VocabARy. The mean pre-test score was 26.61, whereas the mean post-test score increased to 80.73. This improvement indicates a significant enhancement in students’ vocabulary knowledge after participating in WebAR-based learning activities.
Figure 1. The Result of Descriptive Statistics
The standard deviation decreased from 9.52 to 7.58, indicating that students’ scores became more homogeneous after the intervention. Additionally, the minimum score increased from 10.00 to 66.00, and the maximum score from 41.00 to 91.00, indicating improvement across all levels of student ability.
2. Paired Sample t-Test
[image: ]The paired sample t-test analysis revealed a significance value of p < 0.01, which is lower than the alpha level of 0.05. This indicates that there is a statistically significant difference between pre-test and post-test scores.
Figure 2. The Result of Paired Sample t-Test

Therefore, it can be concluded that the use of VocabARy had a significant effect on students’ vocabulary mastery.
3. Normalized Gain
[image: ]The N-Gain analysis showed an average score of 0.7454, which falls into the high category based on Hake’s classification.
Figure 3. The Result of Normalized Gain (N-Gain)

This result indicates that the improvement in students’ vocabulary learning is not only statistically significant but also educationally meaningful. The relatively small standard deviation of the N-Gain scores suggests consistent improvement among students.
4. Questionnaire and Qualitative Findings
The questionnaire results indicated positive student perceptions toward VocabARy. The mean scores ranged from 3.96 to 4.50, categorized as “Agree” to “Strongly Agree.”
· Perceived Usefulness (PU): Students agreed that VocabARy helped them understand and remember vocabulary more effectively.
· Perceived Ease of Use (PEOU): Most students found the platform easy to access and operate, although some reported minor technical difficulties.
· Motivation (MOT): Students showed increased enthusiasm and engagement during the learning process.
Qualitative findings from interviews and observations supported these results. Students reported that 3D visualization helped them understand vocabulary contextually, while teachers observed increased participation and collaboration. However, some challenges, such as internet instability and device limitations, were also identified.

5. Students’ Perceptions
The questionnaire results demonstrated positive perceptions toward the use of VocabARy. Students reported high levels of perceived usefulness, indicating that the platform helped them understand, memorize, and recall vocabulary more effectively. The highest mean score was recorded for learning satisfaction, suggesting that students were highly satisfied with their learning experience.
Students also expressed positive perceptions regarding perceived ease of use. Most participants agreed that the platform was easy to access and operate. Although some students encountered minor technical issues, the overall responses suggested that VocabARy was user-friendly and accessible. Regarding motivation, students indicated that the use of interactive three-dimensional visualizations increased their interest and enthusiasm in learning English vocabulary. The engaging nature of WebAR contributed to a more enjoyable and meaningful learning experience.
DISCUSSION
[bookmark: _Hlk227877995]The findings support the Cognitive Theory of Multimedia Learning proposed by Mayer (2005), which emphasizes that learning becomes more effective when information is presented through multiple channels. VocabARy combines textual information with interactive visual representations, enabling learners to process vocabulary through both verbal and visual pathways. The findings also align with Dual Coding Theory (Paivio, 1990), which suggests that information encoded through both verbal and visual systems is more likely to be retained in long-term memory. The use of three-dimensional models and contextual visualization within VocabARy allowed students to establish stronger cognitive associations between vocabulary items and their meanings.
Moreover, the positive responses obtained through the TAM questionnaire support Davis’s (1989) assertion that perceived usefulness and perceived ease of use influence technology acceptance. Students considered VocabARy beneficial, accessible, and motivating, contributing to positive attitudes toward technology-enhanced learning. These findings are consistent with previous studies reporting positive effects of AR on vocabulary acquisition and learner engagement. However, this study extends existing knowledge by investigating a WebAR platform that does not require software installation, making it particularly suitable for schools with limited technological resources.
An additional finding of this study highlights the role of WebAR technology in promoting learner autonomy. During the implementation process, students were able to access VocabARy independently using their personal devices both inside and outside the classroom. This flexibility enabled learners to revisit vocabulary materials at their own pace, supporting self-directed learning. Such findings are consistent with previous studies indicating that technology-enhanced learning environments can foster learner independence and increase opportunities for continuous vocabulary practice beyond formal classroom instruction.
The qualitative findings also revealed that students particularly appreciated the three-dimensional visualization features embedded within VocabARy. Interactive 3D objects helped learners connect vocabulary items with concrete representations, making abstract words easier to understand and remember. Several students reported that topics such as animals and family members became more interesting because they could directly observe and interact with virtual objects. This finding further supports the argument that visual learning environments facilitate deeper cognitive processing and improve vocabulary retention.
From the teachers’ perspective, the implementation of VocabARy contributed to increased classroom participation and engagement. Observational data indicated that students became more active during learning activities, asked more questions, and demonstrated greater enthusiasm when interacting with AR-based content. The integration of technology into vocabulary instruction created a more dynamic learning atmosphere compared to traditional textbook-based instruction. These findings suggest that WebAR can serve as an effective pedagogical tool for increasing student involvement in English language learning.
Despite its positive outcomes, several challenges were identified during the implementation process. Some students experienced temporary internet connectivity issues and device compatibility limitations, which occasionally affected access to AR features. Nevertheless, these challenges did not significantly reduce the overall effectiveness of the platform. The positive learning outcomes and favorable perceptions reported by both students and teachers indicate that the benefits of VocabARy outweigh the technical constraints encountered during implementation. Future developments should focus on optimizing platform performance and expanding content coverage to support broader educational applications.
CONCLUSION
This study investigated the effectiveness of VocabARy, a Web-Based Augmented Reality platform, in supporting English vocabulary learning among junior high school students. The findings demonstrated significant improvements in vocabulary achievement, as evidenced by higher post-test scores, statistically significant paired sample t-test results, and a high N-Gain score.
Students also reported positive perceptions regarding usefulness, ease of use, motivation, and overall satisfaction. The integration of interactive three-dimensional visualizations enabled learners to engage more actively with vocabulary content and facilitated deeper understanding and retention.
The study contributes to the growing body of research on technology-enhanced language learning by providing empirical evidence regarding the effectiveness of WebAR-based vocabulary instruction. Future studies are encouraged to investigate long-term learning outcomes, larger participant groups, and the integration of WebAR technology into other language skills such as speaking, reading, and writing.
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Statistical Index  Pre - test  Post - test  

Mean  26.61  80.73  

Standard Deviation (SD)  9.52  7.58  

Minimum  10.00  66.00  

Maximum  41.00  91.00  
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