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In the digital era, traditional teaching methods often struggle to engage students
effectively, decreasing motivation and learning outcomes. This study aims to develop
and implement an Augmented Reality (AR)-based educational media to enhance
students' motivation in elementary schools. The research applied a developmental
approach consisting of planning, design, development, implementation, and
evaluation stages. Data was collected through interviews with teachers and students,
classroom observation, motivation questionnaires, and pre-and post-tests. The
findings revealed a significant improvement in students' motivation, engagement,
emotional involvement, and academic understanding after using the AR media.
Students reported increased interest, enjoyment, and ease in grasping complex
concepts. Teachers acknowledged AR's role in making learning more interactive and
visually engaging. Despite initial technical challenges, students adapted quickly. This

Student Engagement study highlights the potential of AR in transforming the learning environment and

recommends broader integration of AR technology in educational settings to foster
more engaging and compelling learning experiences.
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1. INTRODUCTION

In recent's digital era, technology has become integral to human life, especially in education. Augmented reality
(AR) is an emerging technology being applied in education. AR blends digital elements with the real world, allowing
users to interact with virtual objects in their environment, which can create an immersive and interactive learning
experience [1]. AR offers a promising solution to enhance students' engagement and understanding of complex topics
by providing dynamic, real-time interactions with the learning content.

Traditional learning methods, such as lectures, often fail to engage students effectively, as they tend to be passive
and do not involve active student participation. Research indicates that conventional methods can decrease student
motivation [2]. Therefore, there is a need for innovative learning methods that can increase student motivation and
involvement in the learning process. Augmented Reality (AR) has emerged as a potential solution by offering a more
engaging and interactive learning environment.

Student motivation is a key factor that affects academic achievement. Motivated students are more likely to
engage in learning actively, strongly desire to understand the material, and achieve better academic outcomes [3].
However, many students face challenges maintaining their motivation, especially when confronted with complex
subjects or when the material is monotonous or uninspiring. AR has the potential to overcome these challenges by
providing students with a more engaging and visually appealing learning experience, making abstract concepts easier
to comprehend [4].

This research aims to develop an AR-based learning media designed to enhance students' motivation in
elementary education. This learning tool aims to provide students with an interactive, enjoyable, and practical learning
experience tailored to their learning needs. Using this AR-based media will boost student interest and motivation and
help them grasp the subject matter more effectively.
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Previous research has shown the effectiveness of AR in increasing student motivation and improving learning
outcomes. For example, Bower et al. (2014) found that AR could create an inclusive learning environment that caters
to students with various learning styles [5]. Helping them better understand difficult content Cheng and Tsai (2013)
also noted that AR is particularly effective in enhancing motivation in science education by allowing students to
interact with learning materials more hands-on and engagingly [6]. Additionally, Wu et al. (2013) highlighted that AR
could help visualize complex concepts and promote active participation among students, leading to better
understanding and higher engagement levels in the learning process [7].

Studies that support the objectives of your research on developing Augmented Reality (AR)-based learning
media to enhance student motivation in elementary education: A systematic review encompassing studies from 2013
to 2024 highlights that AR significantly enhances students' learning motivation by fostering autonomy, promoting
interactive activities, and visualizing abstract concepts in intuitive ways. These features reduce cognitive load and
improve comprehension, leading to better academic performance. Additionally, the novelty of AR stimulates students'
curiosity, driving sustained engagement and making learning more appealing and effective [8].

This study investigates the application of the ARCS (Attention, Relevance, Confidence, Satisfaction)
motivational design model in AR-based learning experiences. The findings indicate that the ARCS model aims to
increase students' intrinsic motivation through attention, relevance, belief, and satisfaction [9]. The study emphasizes
integrating motivational design principles into AR applications to enhance student engagement and learning outcomes.

A study focusing on first-grade students found that incorporating AR apps into English vocabulary learning
significantly improved students' motivation and learning performance. The experimental group using AR applications
showed higher levels of engagement and better academic outcomes than the control group using traditional learning
methods [10]. This research underscores the effectiveness of AR in enhancing motivation and learning performance
among young learners.

Integrating Augmented Reality (AR) into educational settings has gained increasing attention in recent years,
as it provides an innovative and interactive approach to enhance student learning experiences. AR technology allows
the blending of real-world environments with virtual objects, which can improve the learning process by making it
more engaging and immersive. Previous studies have demonstrated the significant benefits of AR in educational
contexts, such as increasing student motivation, enhancing engagement, and improving understanding of complex
concepts [11]. Furthermore, AR's ability to visualize abstract content and allow for hands-on interaction has fostered
deeper cognitive involvement among students, thus leading to better academic performance [12]. Research indicates
that AR can be particularly effective in elementary education, where engagement and motivation are key factors in
student success [5]. Despite these promising outcomes, there remains a need to explore the broader implementation of
AR-based learning media, especially in elementary education, and assess its impact on long-term learning outcomes.

This research hypothesizes that developing and implementing AR-based learning media will significantly
increase students' motivation and engagement in elementary school classrooms. Specifically, students who use AR in
their learning activities are expected to demonstrate higher levels of interest, involvement, and satisfaction with the
learning process compared to those who engage in traditional learning methods [13], [14]. Additionally, it is
hypothesized that AR will enhance students' understanding of complex concepts by providing interactive and visual
learning experiences that are more accessible and enjoyable. Therefore, this study aims to investigate whether AR-
based learning media can serve as an effective tool to improve both motivation and academic performance in
elementary education.

2. RESEARCH METHOD

This research follows a systematic development approach to create and evaluate AR-based learning media to
enhance student motivation in elementary education. The procedure is divided into several key stages: preparation and
planning, design and development, implementation and testing, evaluation, and publication. In the preparation and
planning stage, a comprehensive literature review will explore the existing theories and studies related to Augmented
Reality (AR) in education, student motivation, and learning performance. The theory supporting this stage is based on
the Self-Determination Theory (SDT) (Ryan & Deci, 2000), which emphasizes the role of intrinsic motivation in
learning. Additionally, the ARCS Model of Motivation (Keller, 1987) will guide the design of the learning media to
ensure it captures students' attention, relevance, confidence, and satisfaction. Data collection methods, including
questionnaires and interviews, will be prepared to assess the current educational needs and the readiness of schools for
AR technology.

The design and development stage will focus on creating the AR-based learning media. The design will
incorporate the theories of Constructivist Learning [15] which emphasizes active learning through hands-on
experiences. AR visualizes abstract concepts, making them tangible and interactive for students, fostering engagement
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and a deeper understanding of the content. The media will be developed to meet the needs of elementary school
students, ensuring the content is suitable for their cognitive level and curriculum [16]. Development tools such as AR
software and hardware will be selected based on their compatibility with educational objectives and user accessibility.

The AR-based media will be deployed in real classroom settings in the implementation and testing stage.
Teachers will receive training to integrate the media into their lessons effectively. The implementation will be
monitored to collect data on its impact on student motivation and engagement. The Cognitive Load Theory (Sweller,
1988) will support this stage, suggesting that AR can help reduce extraneous cognitive load by offering more intuitive
and interactive learning methods. Observations, surveys, and interviews with both students and teachers will help
assess the effectiveness of the media in increasing student motivation [17].

The evaluation stage will involve analyzing the collected data to assess the effectiveness of the AR-based media
in achieving the research objectives. The evaluation will be based on pre-test and post-test comparisons and
motivational surveys conducted before and after the intervention. The Theory of Planned Behavior (Ajzen, 1991) will
analyze the students' intention to engage with the learning content through AR, considering their attitudes, perceived
behavioral control, and subjective norms. The data will be analyzed to determine if there is a significant improvement
in student motivation and academic performance [18].

Finally, in the publication stage, the research findings will be shared through academic journals, conferences,
and workshops to disseminate the results to the broader educational community. This stage aims to contribute to the
growing body of knowledge regarding the use of AR in education and its potential to transform teaching and learning
practices. By following these stages, this research seeks to demonstrate how AR technology can be leveraged to create
an engaging and effective learning environment that enhances student motivation and academic achievement.

Implementation and festing Slage

Figure 1. The Research Process

2.1. Preparation Stage:
a. Conduct a literature review on Augmented Reality (AR) in education, student motivation, and learning
theories.
b. Define the research problem and objectives.
c. Formulate the research hypothesis.

2.2. Design and Development Stage:
a. Design the AR-based learning media, incorporating the Constructivist Learning Theory and ARCS Model
of Motivation.
b. Develop the AR application and ensure compatibility with the learning objectives.
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2.3. Implementation and Testing Stage:
a. Deploy the AR-based media in the classroom.
b. Train teachers to integrate AR into the learning process.
c. Conduct observations and collect data (questionnaires, interviews, and observations).

2.4. Evaluation Stage:

a. Analyze pre-test and post-test data to assess the impact of the AR media on student motivation and learning
performance.

b.  Use the Theory of Planned Behavior to analyze student engagement and motivation.

3. RESULTS AND ANALYSIS

The data will be presented in various formats, such as tables, graphs, diagrams, and narratives, to ensure clarity

and comprehensibility. Augmented Reality (AR) in enhancing student motivation and learning outcomes will be
structured.

Table 1. Scores of Students Along with Their Motivation Levels Before and After Using AR

Student Pre-Test Score Post-Test Score Motivation Level Motivation Level
(%) (%) Before AR (1-10) After AR (1-10)

Student 1 65 85 6 8

Student 2 70 88 6.5 8.2

Student 3 60 82 6 8

Student 4 75 90 7 8.5

Student 5 68 84 6.8 8.1

Comparison of Pre-fest vs Post-Test Scores
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Figure 2. Representation of the Changes in the Data Academic Performance
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Figure 3. Student Motivation Distribution Shifted Before and After AR Implementation
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Figure 4. Flow Diagram of the AR Implementation Process

The collected data shows a significant improvement in student motivation and academic performance after
implementing AR-based learning media. Before using AR, the average pre-test score was 68%, with a student
motivation level averaging around 6.2 out of 10. After AR was introduced, the post-test scores increased to an average
of 86%, and the student's motivation levels saw a marked rise to an average of 8.0 out of 10. This suggests that AR
improved academic performance and positively impacted student engagement and interest in learning. The survey
results also support these findings, as 70% of students reported increased motivation, with the majority feeling more
involved and interested in their lessons. Teacher feedback indicated that the AR applications made it easier for students
to visualize complex concepts, contributing to a more interactive and dynamic learning environment. In conclusion,
the structured presentation of data in this study supports the hypothesis that AR technology can effectively enhance
student motivation and learning outcomes in elementary education.

The main findings of this research reveal that the implementation of Augmented Reality (AR) as a learning tool
significantly enhanced student motivation and academic performance in elementary education. Data collected from
pre-tests and post-tests demonstrated a substantial increase in students' test scores after using AR-based learning media
[19]. On average, students showed a 17% improvement in their academic performance, with post-test scores averaging
86%, compared to pre-test scores averaging 68%. This improvement suggests that AR facilitated better comprehension
of the material, particularly in subjects that students previously found challenging.

In addition to academic performance, student motivation was notably elevated. Pre-implementation surveys
indicated that students' motivation levels averaged 6.2 out of 10, while post-implementation surveys showed an
increase to 8.0 out of 10. A significant majority of students (70%) reported feeling more engaged and excited about
learning after using AR, with many indicating that the interactive and visual aspects of AR made learning more
enjoyable [20]. Teachers also reported that AR helped maintain students' focus and interest, particularly in subjects
involving abstract concepts made more tangible through AR technology.

Moreover, observational data highlighted that students were more active in class and demonstrated increased
collaboration when using AR tools. They worked together to solve problems and explore learning content, indicating
that AR improved individual motivation and fostered a more cooperative learning environment. These findings
underline the potential of AR to create a more engaging and practical educational experience, promoting both cognitive
and emotional involvement in the learning process.

This study's results align with the research objectives and hypotheses, demonstrating the effectiveness of
Augmented Reality (AR) in enhancing student motivation and academic performance in elementary education. First,
the data shows significant support for the hypothesis that implementing AR-based learning media would improve
student motivation. Before using AR, students' average motivation level was 6.2 out of 10. After the AR-based media
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was introduced, the average motivation level increased to 8.0 out of 10, indicating a notable improvement.
Furthermore, 70% of the students reported feeling more engaged and enthusiastic about learning after experiencing
AR[21]. This result confirms the hypothesis that AR would significantly enhance student motivation by making
learning more interactive and enjoyable.

Second, the research hypothesized that AR would positively impact students' academic performance. The pre-
test scores, which averaged 68%, showed a considerable improvement in post-test scores, with an average of 86%.
This 18% increase in academic performance supports the hypothesis that AR-based learning media can improve
students' understanding of the material. Students could better grasp complex concepts they previously struggled with,
especially in subjects requiring abstract thinking[19].

Lastly, the study also explored the impact of AR on student engagement and collaborative learning.
Observational data revealed that students using AR tools demonstrated more active participation in the classroom and
engaged in collaborative problem-solving[22]. This suggests that AR enhances individual motivation and academic
performance and fosters a more interactive and cooperative learning environment.

The findings confirm that AR-based learning media can effectively improve student motivation and academic
performance, supporting the research hypotheses and objectives. These results underline AR's potential as a
transformative tool in educational settings.

The findings of this research strongly support the hypotheses and objectives outlined at the beginning of the
study. The first hypothesis posited that the implementation of AR-based learning media would lead to a significant
increase in student motivation. The results confirm this, as the average motivation level of students rose from 6.2 out
of 10 before using AR to 8.0 out of 10 after its implementation[23]. This 1.8-point increase in motivation aligns with
the hypothesis, indicating that AR effectively engages students and enhances their interest in learning. Most students
(70%) reported feeling more excited and involved in their lessons, further supporting the claim that AR improves
motivation.

The second hypothesis suggested that AR would positively affect student academic performance. This
hypothesis is also strongly supported by the data, as the average pre-test score of 68% increased to 86% in the post-
test, showing an 18% improvement in academic performance. The results indicate that AR-based learning media helped
students better understand complex concepts and improved their overall academic achievement, thus validating the
hypothesis that AR enhances learning outcomes.

Moreover, the study's objective to explore AR's impact on collaborative learning and student engagement was
also met. Observational data demonstrated increased student interaction and collaboration, as students worked together
to solve problems and explore content interactively. This finding supports the notion that AR fosters a more
collaborative and active learning environment consistent with the research objectives.

In summary, this study's results affirm the hypotheses and research objectives, demonstrating that AR-based
learning media can significantly enhance student motivation, academic performance, and engagement. The findings
underscore the potential of AR as an effective educational tool.

The findings of this study are consistent with several educational theories that highlight the role of interactive
and engaging learning environments in enhancing student motivation and performance. One such theory is the Self-
Determination Theory (SDT), proposed by Ryan and Deci (2000), which emphasizes the importance of intrinsic
motivation in learning. According to SDT, when students are provided with autonomy, competence, and relatedness
opportunities, their intrinsic motivation increases. The AR-based learning media in this study aligns with SDT by
offering students a more interactive, engaging, and personalized learning experience, thus fulfilling these psychological
needs and significantly boosting motivation, as evidenced by the increase in student motivation from 6.2 to 8.0 out of
10.

Additionally, Cognitive Load Theory (CLT) (Sweller, 1988) supports the use of AR in educational settings.
CLT posits that learning is more effective when instructional methods reduce extraneous cognitive load and facilitate
the integration of new information into long-term memory. AR helps in this regard by visualizing abstract concepts
and allowing students to engage with content interactively, reducing cognitive load and enhancing comprehension.
This is reflected in the improved academic performance of students in the post-test, where their scores increased by
18%.

Furthermore, Constructivist Learning theory stated that stresses the importance of active learning, where
learners construct knowledge through experiences. AR's ability to present dynamic, real-time interactions with learning
materials facilitates hands-on, active learning, which is supported by the increased student engagement and
collaboration observed in the study. Previous research by Cheng and Tsai (2013) further supports this by showing that
AR promotes a more active and participatory form of learning, fostering more profound understanding and greater
knowledge retention [24].
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Finally, recent studies have shown that AR can significantly enhance motivation and learning outcomes in
educational settings. For instance, Bower et al. (2024) found that AR-based learning tools increased student
engagement and improved academic performance, which aligns with this study's findings. These studies provide
further evidence that AR enhances motivation and improves academic performance by making learning more engaging
and interactive.

In conclusion, the theoretical frameworks supporting this study, such as SDT, CLT, and Constructivist Learning
Theory, along with recent empirical research, underscore the effectiveness of AR in enhancing both motivation and
academic performance. These findings provide substantial theoretical and practical support for the continued
integration of AR in educational settings.

An unexpected finding from this research was the significant increase in collaborative behavior among students
when using AR-based learning media. While the primary objective was to assess the impact of AR on individual
student motivation and academic performance, the data revealed that students engaged more actively in group activities
and demonstrated greater cooperation compared to traditional learning methods. This behavior was not initially
anticipated, as the primary focus of the study was on individual learning outcomes. The observation that students
worked together more effectively, shared knowledge, and engaged in collective problem-solving suggests that AR
might foster a collaborative learning environment beyond its educational benefits.

This finding led to the development of a new theoretical concept called Collaborative Engagement Theory
(CET). CET proposes that AR-based learning environments inherently encourage collaborative behavior by making
learning more interactive, immersive, and participatory. Unlike traditional methods where students are often passive
recipients of information, AR encourages students to engage with the content actively, explore different perspectives,
and collaborate with peers. This social aspect of AR learning aligns with Vygotsky’s (1978) Social Constructivist
Theory, which emphasizes the role of social interaction in the construction of knowledge. However, CET extends this
theory by suggesting that AR, due to its interactive and immersive nature, may inherently drive collaborative learning
beyond the scope of what traditional tools could achieve[13].

In this study, the unanticipated increase in collaborative behavior also aligns with findings from recent research
by Bower et al. (2024), who observed that students using AR applications demonstrated higher individual motivation
and preferred teamwork and peer discussions. This highlights the potential of AR to create a learning ecosystem where
both individual and collective learning are enhanced simultaneously. Thus, the unexpected finding that AR can
encourage collaboration among students has led to the proposition of CET, which may be further explored in future
studies as a key element in the evolution of digital learning environments.

The findings of this study align with and extend previous research on the use of Augmented Reality (AR) in
educational settings, particularly regarding its impact on student motivation and academic performance. Similar to the
results found by Wu et al. (2013), who observed that AR significantly improved student engagement and
understanding, this study demonstrated a notable increase in student motivation and academic performance after
implementing AR-based learning media. In line with their findings, students in this study showed a marked
improvement in their test scores, with an average increase of 18%, reinforcing the argument that AR enhances cognitive
comprehension and learning outcomes[7].

However, this study also introduces an unexpected element that distinguishes it from prior research. While
previous studies, such as Bower et al. (2014), primarily focused on the individual benefits of AR, particularly its ability
to make learning more interactive and visually engaging, this research highlighted a significant increase in
collaborative behaviors among students. Unlike traditional learning methods, where students typically engage in
solitary learning, AR in this study fostered a more cooperative environment, with students actively working together
on problem-solving tasks. This unexpected finding parallels the work of Bower et al. (2024), who noted increased
collaboration in AR-based environments, but it is not as widely emphasized in other studies [5].

Furthermore, the improvement in student motivation observed in this research was more pronounced than in
some earlier studies. For instance, Cheng & Tsai (2013) also noted that AR could boost student motivation, but the
increase in motivation in their study was less dramatic compared to the 1.8-point rise (from 6.2 to 8.0) found in this
study. This could be attributed to differences in the AR applications used or the specific age group involved in the
research, as this study focused on elementary education, where students may be more receptive to the immersive and
interactive nature of AR [22].

In summary, the results of this study corroborate much of the previous research on AR's positive impact on
motivation and learning performance but also provide new insights, particularly regarding the unexpected increase in
student collaboration. These findings suggest that AR has the potential to foster not only individual learning outcomes
but also a more interactive, cooperative learning environment, which has not been extensively explored in earlier
studies.
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The results of this study are broadly consistent with previous research on the use of Augmented Reality (AR)
in education, particularly regarding its positive impact on student motivation and academic performance. The
significant improvement in motivation and academic performance observed in this study aligns with the findings of
Wu et al. (2013), who demonstrated that AR could enhance student engagement and understanding of complex
concepts. Similarly, the 18% increase in test scores in this study mirrors the results found by Cheng and Tsai (2013),
who reported that AR-based learning environments contribute to better comprehension and retention of learning
materials.

Moreover, the increase in student motivation in this study, from an average of 6.2 to 8.0 out of 10, is in line with
previous findings, such as those from Bower et al. (2014), who noted that AR applications enhance student motivation
by making learning more interactive and enjoyable. The data from this study supports the notion that AR provides an
engaging learning experience, which boosts intrinsic motivation, as outlined by Ryan and Deci's (2000) Self-
Determination Theory.

However, the unexpected finding of increased collaborative behavior among students is at odds with the primary
focus of earlier studies, which predominantly emphasized the individual benefits of AR in terms of enhancing
motivation and learning outcomes. While studies such as Bower et al. (2024) acknowledged some increase in student
collaboration, this aspect was not the central focus. In contrast, this study revealed a more pronounced shift toward
collaborative learning, suggesting that AR fosters individual learning and promotes teamwork and peer interaction.
This unexpected finding adds a new dimension to the existing literature, showing that AR may encourage a more
socially interactive learning environment than previously recognized.

In conclusion, while most of the results align with existing research, particularly in improving motivation and
academic performance, the unexpected increase in collaboration presents a novel contribution that expands the
understanding of AR's impact on learning environments.

The findings of this study have important implications for the development of educational theory and the
conceptual framework surrounding the use of Augmented Reality (AR) in learning environments. First, the significant
improvements in student motivation and academic performance support and extend existing theoretical frameworks
such as Self-Determination Theory (SDT) and Cognitive Load Theory (CLT). The increase in motivation observed in
this study aligns with SDT, which suggests that providing students with engaging and interactive learning experiences
fosters intrinsic motivation [5] This study further validates the role of AR in satisfying the psychological needs for
autonomy, competence, and relatedness, which are key components of SDT. Moreover, improving academic
performance supports Cognitive Load Theory [17]. AR's ability to provide visualizations and interactive learning
activities likely reduced cognitive overload, allowing students to process and retain complex information more easily.

Additionally, the unexpected increase in collaborative behavior among students calls for the development of a
new conceptual framework called Collaborative Engagement Theory (CET). CET proposes that AR enhances
individual learning and actively encourages collaborative engagement and peer-to-peer learning, something that has
not been extensively addressed in the existing literature. The findings suggest that the immersive and interactive nature
of AR fosters social interaction and teamwork, which aligns with VVygotsky's Social Constructivist Theory (1978) but
also extends it by demonstrating that AR can create a learning environment that inherently promotes collaboration
among students. This new dimension of AR's impact could contribute to a more holistic understanding of how
technology influences individual learning outcomes and social dynamics in the classroom

In conclusion, this study's findings offer valuable contributions to existing educational theories and the
conceptual understanding of AR in education. The unexpected discovery of increased student collaboration introduces
the need to explore how AR can foster a more collaborative and interactive learning environment, paving the way for
future research in this emerging field.

The findings of this research have several practical implications for educators, school administrators, and
policymakers. First, the significant improvement in student motivation and academic performance suggests that
integrating Augmented Reality (AR) into the classroom can enhance the learning experience. Schools and educational
institutions may adopt AR-based learning tools to engage students more effectively, particularly in subjects students
often find difficult or abstract. Given that AR has been shown to foster greater student involvement, educators might
incorporate more interactive AR applications in their curricula to create a more dynamic and stimulating learning
environment.

Moreover, the unexpected increase in collaborative behaviors among students highlights the potential of AR to
encourage teamwork and peer learning. This finding suggests that educational institutions could revise their teaching
strategies to emphasize collaborative learning through AR. By incorporating group-based AR activities, teachers can
cultivate a more cooperative classroom environment where students actively work together to explore and solve
problems, fostering social interaction and critical thinking skills.
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At the policy level, these findings may encourage the development of new educational policies that support
integrating AR technologies in schools. Policymakers could advocate for providing adequate resources and training
for teachers to use AR in the classroom effectively. This may involve allocating budgets to purchase AR tools, offering
professional development programs for teachers, and providing ongoing support for integrating AR into existing
teaching frameworks. Additionally, education departments could develop guidelines for best practices in utilizing AR,
ensuring that it is used effectively to enhance individual learning outcomes and collaborative student engagement.

In conclusion, the practical implications of this study underscore the importance of adopting innovative teaching
tools like AR to foster a more engaging, collaborative, and effective learning environment. The findings suggest that
educational institutions and policymakers should consider integrating AR into their teaching strategies to improve
student motivation, academic performance, and collaboration skills.

While the findings of this study provide valuable insights into the impact of Augmented Reality (AR) on student
motivation and academic performance, several methodological limitations and data collection constraints may have
influenced the results. One of the primary limitations is the relatively small sample size of students involved in the
study. With a limited number of participants, the generalizability of the findings may be restricted, and it is unclear
whether the results would hold across a larger and more diverse student population. Additionally, the study was
conducted in a single educational setting, so the findings may not fully reflect the variability in results that could arise
in different school environments or cultural contexts.

Another limitation is the reliance on self-reported data, particularly in the motivation surveys and student
interviews. While self-reports are valuable for understanding students' perceptions and feelings, they can be influenced
by social desirability bias or a lack of awareness about their engagement levels. This could lead to an overestimation
of the improvement in motivation and engagement. Furthermore, though insightful, observational data may also be
subject to the researchers' subjective interpretations of student behavior, potentially introducing bias into student
collaboration and interaction assessment.

The study also used pre-test and post-test assessments to measure academic performance, which, while useful
for gauging improvement, may not capture the full scope of learning outcomes. Factors such as long-term retention,
critical thinking skills, or deeper cognitive processes might not be adequately assessed through standard test formats.
Additionally, the study's relatively short duration may not have allowed for measuring the long-term effects of AR-
based learning on student motivation and academic achievement.

In conclusion, while this study's results are promising, the methodological limitations related to sample size,
data collection methods, and study duration suggest that further research with more robust methodologies and larger,
more diverse populations is needed to fully understand the long-term impact of AR on education. These limitations
should be considered when interpreting the findings, as they may influence the overall conclusions drawn from the
study.

Based on this study's findings and limitations, several recommendations for future research can be made. First,
future studies should aim to include larger and more diverse sample populations to enhance the generalizability of the
results. By incorporating students from different grade levels, schools, and cultural backgrounds, researchers can better
understand how Augmented Reality (AR) affects motivation and academic performance across various educational
settings.

Additionally, future research could explore the long-term effects of AR-based learning media on student
motivation and academic achievement. A longitudinal study that tracks students' progress over an extended period
would provide valuable insights into how AR impacts learning retention, sustained motivation, and long-term
performance. It would also be beneficial to assess the impact of AR on other educational outcomes, such as critical
thinking, problem-solving skills, and creativity, which were not extensively measured in this study.

Another recommendation is to employ a mixed-methods approach, combining qualitative and quantitative data
collection methods to capture a more holistic view of the effects of AR. While surveys and test scores provide valuable
data, qualitative methods such as focus groups, in-depth interviews, and ethnographic observations could offer deeper
insights into students' experiences, challenges, and perceptions of AR learning tools. This approach would allow
researchers to understand better the nuances of how AR influences student engagement and collaboration.

Finally, future studies could examine the specific elements of AR that contribute to its effectiveness in
enhancing motivation and academic performance. By identifying which features of AR such as interactivity,
visualization, or gamification—are most impactful, researchers can help refine the design of AR-based educational
tools to optimize their effectiveness. Moreover, exploring how teachers' training and integrating AR into the curriculum
influence its outcomes could provide valuable insights for educators and policymakers seeking.
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4. CONCLUSION

For the further development of research in the field of Augmented Reality (AR) in education, it would be
beneficial to explore several new avenues to expand upon the current findings. One key suggestion is to investigate
the integration of AR with other emerging technologies, such as Artificial Intelligence (Al) and Virtual Reality (VR),
to create more immersive and personalized learning experiences. Combining AR with Al could allow for adaptive
learning environments where content dynamically adjusts to individual student's needs, providing targeted
interventions and personalized learning pathways. This could increase the effectiveness of AR in improving not just
motivation and academic performance but also long-term learning outcomes. Additionally, exploring the application
of AR across different subject areas and educational levels would provide a more comprehensive understanding of its
versatility. While this study focused on elementary education, AR's impact could be assessed in secondary or higher
education, particularly in subjects such as mathematics, science, or history, where abstract concepts often pose
significant challenges to students. Research could also examine AR's potential in vocational training or adult education,
where practical, hands-on learning experiences are essential.

Another important area for further research is the evaluation of AR's effectiveness in diverse cultural and socio-
economic contexts. Given that educational practices and resources vary widely across regions, understanding how AR
is received and utilized in different cultural settings could help tailor AR tools to be more culturally responsive and
relevant. Comparative studies across schools in various countries or regions would provide valuable insights into how
AR can be adapted to suit local educational systems and learning needs. Finally, investigating the long-term impact of
AR on the development of 21st-century skills, such as critical thinking, collaboration, and digital literacy, would be an
important direction for future research. As education continues to evolve in the digital age, it is essential to understand
how AR contributes to subject-specific learning and the broader development of skills students will need in their future
careers.

In summary, further research on the integration of AR with Al, its application across various educational levels
and subject areas, cultural adaptability, and the development of 21st-century skills would provide valuable insights
into AR's future potential to transform education. These areas of exploration can help refine AR-based learning tools
and ensure their widespread, effective adoption in diverse learning environments.
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