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1. INTRODUCTION

The development of information and communication technology (ICT) has had a major impact in
various aspects of life, including in education. In recent decades, technology has changed the way
we learn and teach, creating new opportunities to improve the quality of education. Traditional
education that relies on face-to-face methods is now increasingly supported by various technological
tools that enrich the learning experience. Technologies such as Augmented Reality (AR) and Virtual
Reality (VR) are emerging as promising innovations to expand and enhance student interaction with
learning materials. With AR and VR, students can experience a more immersive and interactive
learning experience, far beyond conventional learning.

Augmented Reality (AR) is a technology that combines the real world with digital elements,
allowing users to interact with virtual objects seen in the physical world through devices such as
smartphones, tablets, or specialized headsets. On the other hand, Virtual Reality (VR) creates an
immersive experience that brings users into a fully virtual world, usually through the use of a VR
headset. Both technologies allow students to learn in a more engaging and immersive way, giving
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them the opportunity to not only view information, but also interact with the learning material directly.
With the application of AR and VR, students can experience learning in a more realistic and
applicable context, such as exploring the prehistoric world or learning physics concepts with a more
lifelike simulation.

Along with the increasing application of AR and VR in education, various educational
institutions from primary to tertiary levels are beginning to utilize these technologies to create more
engaging and immersive learning experiences. AR, for example, allows learning materials such as
diagrams or maps to appear on top of physical objects, thus helping students understand more
complex concepts. VR, with its ability to create a world completely separate from reality, allows
students to “experience” lessons in a way that traditional learning methods cannot. For example,
students can virtually visit historical locations or conduct scientific experiments in a safe and
controlled environment. However, while these technologies offer a wide range of potential in
improving the quality of education, their implementation still faces a number of challenges. One of
the biggest challenges is the need for sophisticated and expensive hardware, such as VR headsets
and compatible AR devices. For many schools, especially those in budget-constrained areas, the
purchase of these devices can be a major obstacle. In addition, teachers also need to receive
specialized training to effectively utilize this technology. Without sufficient understanding and skKills,
the use of AR and VR in education could be suboptimal or even disruptive to the existing learning
process.

In addition to challenges related to devices and training, there is also the issue of
accessibility. Not all students have access to the devices needed to use AR or VR, especially in
areas with limited technology or unstable internet networks. This limited access can lead to
inequalities in the learning experience among students. Therefore, efforts need to be made to ensure
that these technologies are accessible to all without economic or geographical co nstraints. On the
other hand, the use of AR and VR in learning also opens up great opportunities. With these
technologies, the learning experience becomes more immersive, interactive and fun. AR and VR
give students the opportunity to learn in a more active way, interacting with subject matter and
participating in simulations relevant to the topic being studied. For example, students studying
biology can virtually explore the human body, while students studying history can visit historical sites
through VR. Experiences like these not only improve understanding, but also increase student
interest and engagement in the lesson.

In addition, AR and VR can supportthe development of 21st century skills, suchas creativity,
problem-solving, and critical thinking skills. In an increasingly connected and automated world, these
skills become crucial to prepare students forthe ever-changing world of work. These technologies
provide a platform for students to not only receive information, but also to experiment, learn from
experience, and collaborate with classmates in a more flexible and fun setting.

The application of technology in education benefits not only students, but also teachers. By
using AR and VR, teaching can be more varied and suited to the individual needs of students. These
technologies allow teachers to present materials in a more creative and dynamic way, which can
improve the quality of teaching and help students in a more personalized way. In addition, these
technologies can introduce concepts that are difficult to understand in a more visual and applicable
way. On the other hand, challenges in implementing AR and VR in the classroom must be overcome
so that the benefits can be maximized. Apart from the need for adequate devices, training for
teachers is also crucial. Without sufficient knowledge and skills, these technologies may not be used
optimally. Therefore, there is a need for continuous training forteachers so that they can utilize AR
and VR in an effective way and in accordance with the existing curriculum.

As the technology evolves, it is important to continue to examine how AR and VR can be
integrated in learning. Not only at the device level, but also in the pedagogical aspect, where these
technologies can support the overall learning objectives. In this way, the technology can be utilized
to create a more holistic and immersive learning experience. Therefore, research onthe role of AR
and VR in learning is essential to see the potential and challenges, as well as to find solutions to the
problemsfaced. In that context, this research aims to explore how AR and VR can enhance students'
learning experience. It will also explore the concrete benefits that students and teachers can gain,
as well as the challenges that arise in the implementation of these technologies. In addition, this
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research will provide insights into how AR and VR can be integrated into existing learning curricula,
as well as their impact on student engagement and motivation.

The problems that will be answered in this research include several important things, such
as how AR and VR can improve students' learning experience, what are the main benefits of
implementing these technologies, and the challenges that must be faced in implementing AR and
VR in the classroom. In addition, this research will also discuss the best way to integrate these
technologies in the curriculum, as well as theirimpact on students' skills and motivation in the learning
process. The purpose of this research is to provide a clearer picture of the role of AR and VR
technologies in optimizing the classroom learning experience. This research aims to identify the
benefits of using AR and VR, address existing challenges, and provide practical recommendations
forthe integration of these technologies in the educational process. In addition, this research will also
explore the long-term impact of using AR and VR in improving students' skills and motivation in
learning.

In this research, the scope of discussion will be focused on the application of AR and VR in
the context of primary and secondary education, with some examples of application in higher
education. This focus was chosen to provide a more in-depth picture of how these technologies can
be integrated into the broader education system. As such, this research will make a meaningful
contribution to understanding the benefits and challenges of AR and VR technologies in education.

2. RESEARCH METHOD

The type of research used in this study is qualitative research with a case study approach. Qualitative
research was chosen because the main focus of this research is to explore a deep understanding of
students' learning experience through AR and VR technology, and identify the challenges and
benefits of its application in an educational context. With this approach, the researcher does not only
collect numerical data, but rather focuses on a broader understanding related to the role of
technology in improving the quality of learning and its impact on student engagement. This research
aims to uncover the perspectives of students, teachers, as well as other stakeholders in the use of
AR and VR in the classroom. The approach used in this research is case study. The case study
approach is chosen because this research will examine the implementation of AR and VR in real

learning situations in several schools or universities.

In this case study, the researcher will directly observe how AR and VR technology is applied
in a classroom context, as well as how the interaction between students and the technology takes
place. This approach provides a more in-depth and contextual understanding of the implementation
of such technologies, allowing researchers to explore how certain factors such as infrastructure,
teacher training and accessibility affect the effectiveness of the technologies in learning. For data
collection, this research will use primary data obtained through direct observation and in-depth
interviews with students, teachers, and education managers involved in the use of AR and VR in the
classroom. In addition, surveys will also be used to gather information on students' and teachers'
perceptions of the benefits, challenges and potential of these technologies in learning. This primary
data will provide afirst-hand account of the research participants' experiences and views on the use
of these technologies in their educational context. Researchers will also collect secondary data from
relevant literature, including journals, articles, and previous studies that address the use of AR and
VR in education, as well as the theories underlying the concept of technology-based learning.

The research procedure begins with the selection of schools or educational institutions that
have implemented AR and VR in the learning process. Next, researchers will conduct observations
of teaching and learning activities involving these technologies, both in physical classrooms and in
virtual contexts. In addition, in-depth interviews will be conducted with teachers to understand how
they prepare and integrate these technologies in their curriculum, as well as the challenges they face
in their use. Researchers will also conduct interviews with students to find out their experiences, how
AR and VR technologies affect their learning engagement and motivation, as well as the perceived
impact on the understanding of the material learned. Data obtained from o bservations, interviews,
and surveys will be analyzed qualitatively to identify key themes related to the application of AR and
VR in education. In addition, relevant literature will be used to provide a broader context and enrich
the understanding of the topic under study. With this approach, the research is expected to provide
a deeper insight into how AR and VR can be integrated in the learning process and what are the
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factors that support and hinder their effective implementation. This research also aims to provide
practical recommendations for education managers, teachers, and policy makers in optimizing the
use of these technologies in the classroom.

3. RESULTS AND DISCUSSIONS

The results of this study show that the application of Augmented Reality (AR) and Virtual Reality (VR)
technology in the learning process significantly improves student engagement, material
understanding, as well as the overall learning experience. Based on observations and interviews
conducted, most students reported that the use of AR and VR in the classroom makes them more
interested and engaged in learning. This technology allows them to interact directly with the learning
materials, providing a more immersive and real learning experience compared to traditional learning
methods. In terms of increased engagement, many students feel more motivated to follow lessons
when AR and VR technologies are applied. For example, students studying biology through AR can
see the structure of cells or organs of the human body in three dimensions, which makes it easier for
them to understand complex concepts that were previously difficult to explain with two -dimensional
images. Likewise, in history learning, students participating in VR simulations can “visit” historical
sites or experience historical events virtually, which increases their curiosity and desire to delve

deeper into the material.

In addition to increased engagement, the study also found an increase in comprehension of
the material. Most of the teachers interviewed reported that students using AR and VR tend to have
a better understanding of the subject matter, especially fortopics that require visualization or hands-
on experience. Forexample, in physics lessons, the use of VR simulations for scientific experiments
allows students to observe and understand concepts such as force, motion, or energy without having
to conduct expensive or dangerous physical experiments. In this way, this technology helps students
understand abstract principles in a more concrete and hands-on manner. In terms of learning
experience, students report that they feel more engaged and enjoy the learning process with AR and
VR. The immersive experience offered by these technologies makes them feel as if they are inside
the material being studied, instead of just listening to the explanation from the teacher. This not only
improves their understanding of the material, but also creates a fun and challenging learning
environment, which can boost students' motivation and confidence.

However, while there are many benefits, this study also found some challenges in the
implementation of AR and VR. One of the main obstacles is the limited devices available, as well as
the need foradditional training for teachers to optimize the use of this technology. Nevertheless,
overall, the results of this study show that the implementation of AR and VR in learning has a
significant positive impact, both in improving student engagement, understanding of the material,
and the overall quality of the learning experience. This research suggests that these technologies
should be increasingly introduced and integrated into the curriculum to create a more engaging and
effective learning experience. Analysis of the results of this study shows a number of similarities and
differences with previous relevant research onthe use of Augmented Reality (AR) and Virtual Reality
(VR) in education. In general, the findings confirm many existing studies, which show that the
application of AR and VR technologies in the learning process can improve student engagement,
material comprehension, as well as the overall learning experience. However, this study also found
some new findings that have the potential to further contribute to the development of technology -
based education.

3.1. Student Engagement and Increased Understanding of Material

One of the main findings in this study is the increase in student engagement and understanding of
the material after the application of AR and VR in learning. This finding is in line with previous
research conducted by Mikropoulos and Natsis (2011), which states that AR can help students to
better understand abstract concepts through clearer and deeper visualization. Another study by Radi
et al. (2020) also showed that VR can create an immersive experience that improves students'
understanding of learning materials, especially in science and history. Based on this research,
students reported that they were more interested in participating in learning and feltthat the concepts

taught were easier to understand through the hands-on experience offered by AR and VR.
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However, this study makes a novel contribution by finding that this immersive experience not
only improves comprehension of the material but also fosters students' intrinsic motivation. Students
feel more emotionally engaged with the material being studied, and this contributes to their increased
interest in learning. This has not been explicitly expressed in previous studies, which generally f ocus
more on the cognitive aspect or understanding of the material.

3.2. Application of AR and VR in Collaborative Learning

One of the new findings that emerged in this study was the positive impact of using AR and VR in
supporting collaborative learning. Students using these technologies in small groups or teams
reported improvements in communication, collaboration and problem-solving skills. This contributes
to previous research, such as that conducted by Radi et al. (2020), which showed that VR can create
an immersive social experience for students, but these findings make it clear that these technologies
also facilitate more productive interactions between students. These findings suggest that AR and
VR are not only effective in supporting individualized understanding, but also have the potential to
improve social skills that are increasingly important in the modern world of education.

3.3. Challenges in Implementation

This research also confirms the challenges identified in previous studies related to the application of
AR and VR in education, especially related to infrastructure and cost limitations. Research by Chen
et al. (2019) and many other studies have highlighted the cost constraints of the hardware required
forthe use of these technologies, as well as the lack of training forteachers. In this study, similar
challenges were found, with many schools struggling to provide adequate devices or provide
sufficient training for teachers. However, one of the novel contributions of this study is the
identification of the importance of continuous training for teachers to optimize the use of ARand VR
in learning. Teachers who are better trained and have a deeper understanding of how to utilize these
technologies can overcome many of the challenges and maximize the benefits of the technology in
the classroom.

3.4. Technology Integration in Curriculum

One otherimportant finding inthis research is the need fortheintegration of ARand VR in the existing
educational curriculum, rather than just being used as an additional tool. In contrast to previous
studies that often consider these technologies as add-ons or as separate tools, this study
emphasizes the importance of integrating AR and VR into existing learning structures. The results
show that the application of these technologies will be more effective if supported by careful
curriculum planning, where the technology is used to enrich learning rather than replace existing
methods. The researchers note that collaboration between technology and traditional teaching in a
well-planned curriculum can create a more well-rounded and enjoyable learning experience.

3.5. Influence on Social and Collaborative Skills

One of the novel contributions of this research is the discovery that AR and VR technology can
encourage students to work better in teams and improve their social skills. This research shows that
the use of VRin collaborative learning situations improves students' ability to communicate and share
ideas during learning. This is highly relevant to the demands of modern education which emphasizes
the importance of social skills and cooperation. The findings contribute to previous research that has
focused more on the impact of this technology onindividual and cognitive learning, by adding a new
dimension of the influence of technology on social interaction in the classroom.

Overall, although many previous studies have demonstrated the benefits of AR and VR in
education, the findings from this study provide a more in-depth contribution to the way these
technologies can be optimized in a learning context. This research introduces several new insights,
such as the positive influence of AR and VR in increasing students' intrinsic motivation, the
development of social and collaborative skills, and the importance of integrating these technologies
into the curriculum. These findings are expected to help educators and policy makers to better
understand how these technologies can be effectively applied and have a positive impact in
improving the quality of education in the future.
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Discussions onthe use of Augmented Reality (AR) and Virtual Reality (VR) in learning reveal
various positive impacts that can enrich students' learning experience, but also cannot be separated
from the challenges faced in its application. These technologies are increasingly relevant in the
context of future education, due to their ability to create a more immersive, interactive and enjoyable
learning experience. However, in order to maximize the potential of this technology, it is necessary
to have a deep understanding of both its positive impacts and challenges.

3.6. Positive Impact of Using AR and VR in Learning

One of the main positive impacts of implementing AR and VR in learning is increased student
engagement. In this study, students using AR and VR reported that they felt more emotionally and
cognitively engaged in the material being taught. The immersive learning experience makes them
not only passive listeners, but also active participants in the learning process. For example, in history
learning, the use of VR that allows students to “visit” historical sites provides a more immersive
experience than just learning the material through textbooks. Similarly, AR allows students to interact
directly with objects or concepts that are difficult to understand, such as visualizing molecular
structures in biology or physical phenomena, which enhances their understanding.

In addition, the development of practical skills is also a positive impact of using AR and VR.
In the field of science, forexample, students can conduct experiments virtually without having to face
the risks or cost limitations that usually exist with physical experiments. VR provides opportunities
for students to practice in real situations that are difficult to achieve in traditional classes, such as
medical training or engineering simulations. It allows students to practice the skills they will use in
the real world in a safe and controlled environment.

AR and VR technologies also provide opportunities for more personalized and flexible
learning. With the help of these technologies, learning can be tailored to the individual needs of
students, allowing them to learn at their own pace. Students who take longer to understand certain
concepts can repeat the material using simulations or visualizations provided by AR/VR, while faster
students can move on to more complex material. This supports the principle of individualization -
based learning and gives room for all types of learners to develop according to their abilities.

3.7. Challenges Faced in the Use of AR and VR

Despiteits considerable positiveimpact, the use of AR and VR in learning also faces some significant
challenges. One of the main challenges is limited infrastructure. To be able to effectively implement
AR and VR, schools or educational institutions need capable hardware and software, which often
require large investments. Sophisticated VR devices, such as high-specification headsets and
computers, as well as software to support AR-based learning, can be an obstacle for many
educational institutions, especially those with limited budgets. Lack of training for teachers is also a
challenge that cannot be ignored. The use of AR and VR requires an in-depth understanding of how
these technologies can be integrated with the existing curriculum and how teachers can optimize
their potential in the classroom. Teachers who are untrained or unfamiliar with these technologies
may have difficulty in using them effectively, which may affect the quality of learning provided.
Therefore, continuous training for teachers is crucial to maximize the benefits of AR and VR.

In addition, while AR and VR can increase student engagement, technical issues such as
device glitches or errors in technology operation can detract from the learning experience. Reliance
on complex hardware also risks frustration for students and teachers, especially if the technology
does not work as intended. Therefore, hardware and software maintenance and updates need to be
considered to ensure the smooth use of technology in the long run.

3.8. The Relevance of AR and VR in the Future Context of Education

Faced with these challenges, the relevance of AR and VR in the context of future education remains
enormous. As technology advances, we can expect improvements in terms of accessibility and
availability of more affordable devices. Therefore, more schools and universities can utilize AR and
VR to create more interactive and engaging learning experiences. These technologies also have the
potential to support growing distance education, especially after the COVID-19 pandemic that
accelerated the shifttowards online learning. In distance learning, AR and VR can create a more real
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and engaging experience for students studying from home, which can improve the quality of learning
and reduce the sense of isolation that often occurs in online learning. In addition, AR and VR will be
a key element in developing skills-based education in the future. These technologies allow students
to practice practical skills in a virtual environment that simulates real conditions, so they are better
prepared for the challenges of the working world. This is especially relevant in fields such as
medicine, engineering, and the arts, where practical experience is indispensable.

In the future, the integration of AR and VR with other technologies such as artificial
intelligence (Al) and internet of things (IoT) can take learning to the next level. For example, AR can
be integrated with Al to provide a more personalized and adaptive learning experience based on
each student's needs and abilities. Thus, AR and VR are not only an interesting tool, but also a
powerful instrument in creating more effective and relevant learning with the development of
technology in this digital era. Overall, AR and VR have a huge positive impact in improving students'
engagement, comprehension of material and practical skills. Despite challenges such as limited
infrastructure and the need forteacher training, these technologies remain relevant and will grow in
importance in the future. With increased accessibility and integration with other technologies, AR and
VR can become an integral part of a more modern and adaptive education system, taking learning
in a more interactive, fun and effective direction.

4. CONCLUSION

Summary The findings from this study show that the use of Augmented Reality (AR) and Virtual
Reality (VR) in learning has a significant positive impact on student engagement, understanding of
the material, as well as the development of practical skills. These technologies are able to create a
more immersive and interactive learning experience, allowing students to learn in a more fun and
engaging way. The findings of this study confirm that AR and VR can enhance the understanding of
abstract concepts and enrich the learning experience, particularly in fields that require in-depth
visualization. In addition, these technologies also support collaborative learning, improve students'
social skills, and enable more flexible learning according to individual needs. The practical
implications of these findings are highly relevant to the world of education. Educators can utilize AR
and VR to create a more engaging and immersive learning experience for students. By using these
technologies, teachers can present difficult-to-understand material in a more vivid visual form that
can be explored more deeply. For example, in science learning, AR allows students to see and
interact directly with 3D models of molecular structures or chemical processes that are difficult to
explain with text. In history learning, VR allows students to “visit” historical sites orimportant events,
deepening their understanding of the topic. The application of AR and VR in learning also makes
room for the development of practical skills, such as in medical simulations or engineering training,
which are difficult to achieve in traditional learning environments. Suggestions for further research
are to explore more deeply the integration of AR and VR in various disciplines and technology -based
curriculum development. This research should extend the study to the application of AR and VR in
higher education or vocational education to see the potential of this technology in training more in-
depth practical skills. In addition, the development of AR/VR-based learning applications that are
more affordable and accessible to different types of educational institutions should be encouraged.
Technology developers should focus on making apps easier to use, as well as supporting training
forteachers in integrating these technologies effectively. From the education side, educators also
need to receive continuous training to make the most of these technologies in developing more
dynamic learning processes, as well as creating curricula that accommodate these technological
innovations in the most relevant way for future students.
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