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Abstract

This study systematically reviews the role and impact of VVirtual Reality (V'R) as a learning tool in the classroom. By synthesizing findings from
excisting research, the review aims to provide a comprebensive understanding of VR's effectiveness in enhancing student engagement, inmproving
learning outcomes, and addressing accessibility and inclusivity challenges. A structured search strategy was employed to identify relevant studies
[from major academic databases, focusing on peer-reviewed articles, conference papers, and dissertations published from 2000 onwards .The results
indicate that V'R significantly enhances student engagement and immersion, with many students reporting increased motivation and interest in

the subject matter. This positive impact on student engagement is a promising sign _for educators. Studies also show that VR improves learning
ontcomes, particularly in subjects requiring spatial and conceptual understanding, with test scores increasing by an average of 15-30% after VR
integration. However, the review highlights substantial challenges related to the accessibility and inclusivity of V'R technology. The high cost of
VR bardware and software and the need for robust infrastructure limit its widespread adoption, particnlarly in nnderfunded schools.

Additionally, the digital divide poses a barrier to equitable access, and further efforts are needed to make V'R accessible to students with
disabilities. Comprebensive teacher fraining is emphasized as a critical factor in the successful integration of VR into the curriculum. Teachers
who received extensive training reported higher confidence and competence in using V'R, leading to better student outcomes. The study concludes
that while V'R has significant potential to transform educational experiences, addressing accessibility, inclusivity, and teacher training challenges
is essential for maximizing its benefits. The findings offer valuable insights for educators, policymakers, and researchers, guiding future efforts to

leverage V'R technology for enhanced educational outcomes.
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INTRODUCTION

VR was originally methodically explored in many research areas during the 1980s where many systems
discovered and extended such as the "Ultimate Display" proposed by Suthetland, Ivan's "VR room," Myron
Krueger's "Artificial Reality," Steve Bryson's "Concept of Objective" and so forth. A VR system could be
equipped with such devices as headsets, gloves, omnidirectional treadmills, and more to achieve a completely
immersive environment where users could inject all their senses towards the VR sight, sound, and objects and
interact in reality. With such characteristics, VR could potentially offer effective, experiential, and innovative
learning environments and also the applied areas became fast-growing, attracting interests from researchers of
various disciplines. So, it has been recognized that VR, as a cutting-edge technology designed to fulfill one's
imagination or desire of creating an immersive world by introducing the concepts of user perspective and
representation, various viewpoints, the expertise, and various degrees of freedom in the field of human-
computer interaction (HCI). Furthermore, extensive research including various pedagogues and studies had
been undertaken to identify how VR, as an interactive learning tool, helped professionals in their professional
education and training as well as the undergraduate to learn specialist knowledge. The result indicates that a
VR-based system could benefit the learning of professionals and adults when the VR features and abilities are
taken into account based on learning theories and recruited effectively in the learning process. However, so far,
few systematic literatures describe specifically how professionals can benefit from VR tools. This paper
attempts to provide a comprehensive review of VR-assisted learning in professional education, emphasizing
different types, learning features, the sophisticated way of thinking, derived learning outcomes, and key aspects
including flow theory, the expected future trend. In summary, this review contributes to a better understanding
of VR in the learning field, enhancing the potential of VR as an educational aid for professionals (Hake, 1998).
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The term virtual reality refers to computer-simulated environments that can simulate physical presence in real
or imaginary worlds. The effect is to create the sensation of being fully immersed in these different real or
imaginary worlds as opposed to the one that the person is actually in. Another definition refers to the immersive
and interactive, computer-generated simulation environments, similar to the real world, using high-speed
computer and network technologies to "manipulate, move around, or even visualize the change in a
multidimensional or computet-generated environment." Although VR has been around as an idea for a
significant amount of time, the application of the technology has often been hindered by hardware limitations
and cost. In the past few years, there have been significant advances in the development of VR-related hardware.
The technology has finally started becoming widespread with VR-ready computers (due to the availability of
graphics accelerators), and VR-ready consoles. There are already numerous applications that go well beyond
using VR for video gaming. Everything from sports, to healthcare scenarios, to flight simulators, to advertising
and e-commerce, and many other dedicated areas of VR are being used and actively researched to explore new
ideas (Giliney, 2019).

Benefits of Using Virtual Reality in the Classroom

It is also worth paying attention to virtual reality as a visual and auditory medium that can provide an immersive
experience. The characteristics of virtual environment interaction and its ability to provide information will
allow learners to manipulate and physically interact with features, thus creating a connection to subject matter
that textual presentation alone cannot offer. It is equally important to name other advantages related to a certain
topic. Students did not experience or master the necessary context by performing certain spatial and physical
movements, especially the required self-motion (Frost et al., 2020).

Virtual reality can serve as a fundamentally different medium for students in education. By creating a sense of
physical presence essential for learning certain concepts, the experience gives access to new methods necessary
for knowledge construction and an interactive style of learning that may be beneficial for students. The term
"virtual space” is often used to refer to a computer-based system that creates an interactive atmosphere
containing an egocentric space that can be viewed, represented, and manipulated by an individual (Donkin &
Kynn, 2021).

The use of virtual reality as a learning tool has rapidly increased over the past two decades. Despite the difficulty
of creating virtual reality simulations and the high installation cost, its popularity is due to its significant learning
benefits. Students can choose from various topics, including welding, rocket design, heart surgery, parabolic
trajectory of a projectile, and many others. The variability of topics and their interdisciplinary nature increases
the attractiveness of the lesson and, therefore, also the effectiveness of virtual reality (Dodevska & Mihic, 2018).

Enhanced Engagement and Immersion

It is this information that the author sought to elucidate and illuminate through the use of path analysis.
Specifically, the overall model of student attitude and engagement towards the course is examined. It is shown
that both student expectations about petformance and affective reactions mediate the influence of students'
goals. The use of VR as an educational tool has shown that it can increase students’ engagement with the course.
Technological changes as major drivers have re-invaded the classtoom and the learning process within those
walls. With the paradigm shift in educational methodologies to student-centred, learner-centric environments,
it is becoming clear that introducing an interactive, computer-based multimedia tool to depict important
information understandably can only enhance the learning process. In the real world, the perception of 3D
depth is acquired by the presence of two eyes set apart by a small horizontal distance, similar for all pairs, but
different for each individual (IPD). Different binocular parallax images are required for each eye. The brain
merges these two images, resulting in a 3D impression. The entire concept of depth manipulation is based on
the principle of this binocular parallax differentiation between the two eyes and the memory of this binocular
parallax (Cowling & Birt, 2018).

Enhanced Engagement and Immersion The enhanced ability of TSVR to generate higher levels of investment
from students may be due to the high degree of immersion and engagement available. Interactive multimedia
tools permit the student to explore the dataset to "satisfy personal curiosity," in the words of one student. In
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doing so, the student maintains higher levels of control and initiative during the learning process and therefore
likely remains more engaged in the course material. Validation studies are an objective examination of the
moulding industry to find out how the in-circuit boundary scans from Corelis have helped the moulding
industry to catch and fix the schools. With so many factors shaping student learning and engagement, it is
natural that attitudinal differences and effects would be expected (Chuah, 2019).

Given these levels of investment, strategies to elicit the highest level of investment from students would be of
great value in the educational environment. This study was designed to evaluate Task-Specific Virtual Reality
(TSVR) as an instructional tool and strategies to increase the buying level of investment by the student. Two
research questions were addressed here: 1) How does the level of investment differ on TSVR, standard
videotape instruction, and traditional instructor-led demonstration instruction? and 2) How does the
introduction of a quiz based on individual pre- and post-viewings affect the level of student investment? The
research described in this article begins to address these questions. Data was collected on 171 students enrolled
in an Engineering Geology and Soils course at a large west coast university for two semesters (Chou et al.,
2001).

The role of virtual reality (VR) as a learning tool in the classroom Decades of research on computer-based
instruction have indicated that educators can significantly enhance the learning process by encouraging students
to become more engaged in their coursework. Also, the immersive nature of virtual environments has shown
potential for eliciting higher levels of engagement. There are several general conforming tasks distinguished by
levels of commitment and investment. In the first, conforming—or trying to do what is right—the student
conforms only. In the complying-based task, a student seeks to earn a positive evaluation from the teacher. In
the buying or investing task, the student seeks to learn. This means cognitive investment in the study and better
grades that will serve the student's self-interest (Cheng & T'sai, 2020).

Improved Learning Outcomes

Information retention is a critical component of the learning process and can be greatly improved through
engaged and active learning. In a recent survey conducted by Britain's National Grid for Learning, it was
reported that learning retention levels within a classroom environment decreased substantially after a mere 20
minutes of instruction. In other words, two out of every three students cleatly displayed a serious loss of content
retention. In contrast, VR learning engages students at a higher level due to its interactive and experiential
nature, which allows the content to be more easily internalized. Virtual reality experiences occur in real time
and are dynamic in nature. As we all know through firsthand experience, one of the most effective means to
internalize new concepts or ideas is to immerse ourselves within them and — through our own experiences —
assimilate such information at a more foundational level. By its very nature, VR enables such an experiential
form of learning, which, in turn, can enhance information retention and lead to improved learning outcomes
(Buentello-Montoya et al., 2021).

The unique combination of visual and experiential-based modalities imbued within virtual reality (VR)
technology enhances its potential as an effective educational tool. As a visual display medium, VR leverages the
power of visualization to facilitate exploratory learning. Visual materials are fundamentally part of human
learning processes, and VR allows the user to explore objects in a three-dimensional environment, which can
foster a better understanding of concepts. By transforming principles and ideas into visible elements, VR
facilitates the understanding of abstract subjects. Additionally, the ability to interactively immerse oneself into
virtual worlds helps to ground learning after which users can then — at their own pace — internalize information.
This combination of visual and experiential-based modalities can lead to increased memory retention, improved
problem-solving capabilities, and, in some cases, better learning outcomes relative to conventional classroom
teaching methods (Broisin et al., 2017).

Accessibility and Inclusivity

Using the computer as a teaching apparatus remains a contentious issue among educators and learning
enthusiasts who advocate using tools that do not exclude certain groups based on their social background or
economic powet. In particular, if VR continues to be an optionally available learning tool, certain students risk
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being excluded. This could also aggravate the digital divide, which is already considered a crucial issue.
Consequently, using VR at the present level invites criticism, and learning enthusiasts should not ignore these
criticisms in their use of VR. They should actively support their arguments by contributing to the reduction of
the digital divide (August et al., 2016).

Using VR might still come hand in hand with the exclusion of students who come from underprivileged
backgrounds. Despite the already high number of VR users in a classroom, technology, computer, or VR
ownership is not available to all students. Worldwide, the accessibility of fast internet is generally limited.
Developing countries are often unable to provide high-speed internet to the majority. Consequently, VR still
remains an expensive learning tool that excludes students from underprivileged backgrounds ( Arici et al., 2019).

CHALLENGES AND LIMITATIONS OF VIRTUAL REALITY IN EDUCATION

Cost is an important consideration for schools when considering integrating VR into the classroom. For the
time being, VR is still a costly tool and might not be suitable for schools in less developed countries. As regards
the exposure effect created by VR, VR experiences may be one of the causes of some negative impacts on
students, as exposure to repeated, continuous experiences that activate the same portions of the brain can dull
the sensations to any new experiences and ideas that could be subjects for learning. This is important as the
variety of deeper and broader subject area experiences offered in slightly differing doses is a necessary strategy
to provide more learning moments that will help in self-affirming and healthy growth. The software has the
biggest key role to make this change in the student learning experience, as it can lead to deeper resources and
points of view with expanded coverage. Consequently, a broad look increases study appeal and readiness.
However, the VR educational content available is still limited and on the market few software have been
developed while the development of different types of tools seems to be limited; in this way, the risk is that the
tools provided will not be exhaustive and multidisciplinary for a continuous and possible educational use at
different times of the educational course (Al-Amiri et al., 2020).

VR has been the source of many promising developments in a variety of sectors, including entertainment,
healthcare, and education. In the field of education, VR has the potential to revolutionize learning, providing
students with the ability to enhance their learning and to experience environments and situations that would
have been previously inaccessible. Even though VR is emerging as a powerful tool, globally only a few
educational institutions are investing in costly VR equipment. They opt for incorporating simple VR tools, such
as low-cost head-mounted devices, to expose students to virtual field trips and other experiences.

Cost and Infrastructure

Although VR headsets are dropping in price, they may still be out of reach for many schools. Furthermore, a
powerful computer with the ability to support VR software is also needed. With limited funding, schools would
have to make decisions between buying computers and VR equipment or using the funds on other educational
resources. For schools facing low enrollment rates or those in rural countries with fewer funds, they may not
own VR equipment and the necessary infrastructure.

One disadvantage of using VR applications is the high cost of the VR application as related to the infrastructure
of VR. The virtual reality headset and computers are expensive, and not all students and schools can afford to
obtain these expensive items. Due to the high cost, a small number of headsets are available, which may cause
students to have very limited exposure in using the VR headsets (Alarcon & Zavala, 2012).

Content Development and Integration

One point that can facilitate the integration of any virtual world curriculum is the flexibility of communication
tools offered by virtual reality as a complement to more standard forms of communication. The development
of scripts, the search for suitable areas within virtual worlds, the use of virtual simulations, the construction of
three-dimensional objects with application in different subjects, from Mathematics to Geography or to areas
of personal and social training, constitute good pedagogical practices. Even in virtual environments, exploration
inevitably echoes the scaffolding function, which serves to support the child's learning processes. The proposed
activities referred to previously contain frequent stimuli to inductive explorations of which the child takes part
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through deliberate use of these stimuli mediated by negotiation, developing a virtual exploration capacity with
a focus on discovery and discovery of resources (Wardat et al., 2022).

The development of content for virtual worlds requires breaking down, reflecting, and deconstructing the
subjects closer to the individual levels provided by the virtual environment. This requires not only changing the
mechanics of the process of teaching and learning but also changing the idea of curriculum as a guide for
practitioners, enabling identification of projects with educational potential within the scope of curticular and/or
extracurricular activities contributing to the development of skills and competences. The definition of contents
is crucial to the success of a project, and the key to success in the use of virtual environments is the transposition
of educational objectives into specific learning activities that correspond to it, and its validation and test by the
school community is essential(Jarrah et al., 2020).

Best Practices for Integrating Virtual Reality into the Curriculum

The use of VR as a learning tool should not replace, but enhance, teacher planning. Virtual reality should be
used to give students an experience that initiates SEL competencies, critical thinking, redefines lesson plan
requirements, creates a new level of understanding for a specific learning goal, supports common core learning,
addresses a classtoom challenge, and establishes social context. Overusing the application can dilute the
personally meaningful draw associated with a potential experience. The VR experience needs to be novel and
powerful enough to ignite important discussion afterward, but not overused to avoid losing the appeal that
makes the VR experience so meaningful (Gningue et al., 2022).

Teachers who wish to use VR learning in their classrooms should educate themselves about effective VR
applications and how those applications can be implemented into their daily instruction. Prior to making VR-
supported learning activities available for students, teachers should ensure students understand how to navigate
the VR environment. This may involve providing a basic orientation or "test drive" to allow students to become
familiar with the alternative learning model. Teachers must establish that the VR application has specific content
that would not be easy or even possible to teach differently. The VR environment must justify the inclusion of
other learning materials that teachers might not normally present in a lesson(Tashtoush et al., 2022).

In light of the development of VR function and popularity, it has been recognized as a trend that the
development of VR in the education industry will attract more attention. This study concludes with several
implications. First, while VR applications in the classroom have potential as teaching and learning tools, teachers
and students need further study and support to use them best. Teachers, not as content experts but more like
collaborators, emphasize the adaptability to facilitate VR in learning. Furthermore, it is necessary to educate
students in VR locating. VR has connections with digital literacy, information resources, information literacy
(IL), and digital education, especially regarding cyberspace characteristics that could work together. In other
words, the mutual relationship looks seamless; teachers should sort out possible teaching strategies and designs
with peers from different specializations or do these by themselves (Hidayat & Wardat, 2023).

Study Purpose

The purpose of this study is to explore and evaluate the effectiveness of Virtual Reality (VR) as a learning tool
in the classroom. Specifically, the study aims to examine the impact of VR on student engagement and
immersion. By investigating how VR enhances student engagement and immersion in the learning process, the
study secks to determine the extent to which VR increases students' motivation and interest in various subjects.

Additionally, the study assesses the improvement in learning outcomes facilitated by VR. It aims to evaluate
the impact of VR on students' information retention, understanding of complex concepts, and problem-solving
abilities. A key aspect of this evaluation involves comparing learning outcomes achieved through VR-based
instruction with those achieved through traditional teaching methods.

The study also explores accessibility and inclusivity challenges associated with VR adoption in educational
settings. It identifies barriers that may hinder underprivileged students from benefiting from VR and examines
how VR can be made more accessible and inclusive to ensure all students benefit from its educational potential.
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To provide practical insights, the study identifies best practices for integrating VR into the curriculum. It
develops guidelines and strategies for effectively incorporating VR into classroom instruction and provides
recommendations for teachers on how to maximize the educational benefits of VR while addressing potential
challenges.

Finally, the study investigates future trends and implications of VR in education. It explores the future potential
of VR, including emerging trends and technological advancements, and assesses the long-term implications of
VR integration on teaching methodologies, student learning experiences, and educational outcomes. By
addressing these objectives, the study aims to provide a comprehensive understanding of the role of VR in
education, highlighting its benefits, challenges, and best practices for integration. The ultimate goal is to enhance
the potential of VR as an effective and innovative educational tool, contributing to improved learning
experiences and outcomes for students.

Study Significant

The significance of this study lies in its potential to transform educational practices by exploring and validating
the effectiveness of Virtual Reality (VR) as a learning tool in the classroom. By investigating the impact of VR
on student engagement and immersion, the study seeks to determine how VR can significantly enhance
students' motivation and interest in various subjects, which is crucial for fostering a more interactive and
dynamic learning environment.

Moreover, the study is significant in assessing the improvement in learning outcomes facilitated by VR. By
evaluating the impact of VR on students' information retention, understanding of complex concepts, and
problem-solving abilities, the research aims to provide concrete evidence of how VR-based instruction can lead
to significantly better academic performance than traditional teaching methods.

Another significant aspect of this study is its exploration of accessibility and inclusivity challenges associated
with VR adoption in educational settings. By identifying barriers that hinder underprivileged students from
benefiting from VR and examining solutions to make VR more accessible and inclusive, the study addresses
critical equity issues in education, ensuring that all students can equally benefit from technological
advancements.

The study's identification of best practices for integrating VR into the cutticulum is also highly significant. By
developing guidelines and strategies for effective VR incorporation and providing practical recommendations
for teachers, the research aims to empower educators to harness VR's full potential, thereby enhancing the
overall quality of education.

Finally, the study's investigation of future trends and implications of VR in education is significant for shaping
long-term educational strategies. By exploring emerging trends and technological advancements and assessing
the long-term implications of VR integration on teaching methodologies and student learning experiences, the
study provides valuable insights that can guide the future development and implementation of VR in education.

Overall, this study is significant in its potential to revolutionized education by demonstrating the substantial
benefits of VR as an innovative educational tool, addressing accessibility and inclusivity challenges, and
providing actionable insights for educators and policymakers. The ultimate goal is to contribute to significantly
improved student learning experiences and outcomes, fostering a more engaging, effective, and equitable
educational landscape.

Conceptual Framework

The conceptual framework for this study is designed to investigate the role and impact of Virtual Reality (VR)
as a learning tool in the classroom. It integrates theories of learning, human-computer interaction, and
educational technology to explore how VR can enhance student engagement, improve learning outcomes, and
address accessibility and inclusivity challenges.

THEORETICAL FOUNDATIONS
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Constructivist Learning Theory: Constructivist learning theory posits that learners construct their
understanding and knowledge of the world through experiences and reflecting on those experiences. With its
immersive and interactive environments, VR aligns well with this theory by providing experiential learning
opportunities that allow students to explore, manipulate, and interact with virtual objects and
scenarios(Tashtoush et al., 2023a).

Flow Theory: Flow theoty, introduced by Csikszentmihalyi, describes a state of complete immetrsion and
focused attention that individuals experience when engaged in a challenging and enjoyable activity. VR can

induce a flow state in learners by creating highly engaging and immersive educational experiences(Alneyadi et
al, 2022a).

Human-Computer Interaction (HCI): HCI principles emphasize the design and use of computer
technology, focusing on the interfaces between people and computers. VR's user-centred design can enhance
the learning experience by making interactions more intuitive and immersive(Jarrah et al., 2022a).

Components of the Framework

VR Technology and Tools

Hardware: Includes VR headsets, gloves, omniditectional treadmills, and other peripherals that create an
immersive environment.

Software: Educational VR applications and simulations that provide interactive and engaging content relevant
to the curriculum.

Learner Engagement and Immersion

Engagement: Refers to the degree of attention, cutiosity, interest, and passion that students show when
learning. VR can enhance engagement by providing interactive and visually stimulating environments.

Immersion: The sense of being enveloped by, included in, and interacting with a virtual environment. VR's
immersive nature can lead to deeper cognitive and emotional involvement in the learning process.

Learning Outcomes

Knowledge Retention: The ability of students to retain and recall information over time. VR's expetiential
learning can improve retention by making learning more memorable.

Understanding of Complex Concepts: VR allows for the visualization and manipulation of abstract
concepts, aiding in comprehension.

Problem-Solving Skills: VR's interactive simulations can enhance critical thinking and problem-solving
abilities by presenting real-world scenatrios and challenges.

Accessibility and Inclusivity

Equity of Access: Ensuring that all students, regardless of socioeconomic background, have access to VR
technology and resources.

Inclusive Design: Creating VR expetiences that are accessible to students with disabilities, ensuting that VR
is a universal learning tool.

Educational Practices and Integration

Curriculum Integration: Strategies for incorporating VR into existing curricula to enhance learning
outcomes.

Teacher Training: Professional development for educators to effectively use VR technology and integrate
it into their teaching practices.
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Relationships Between Components

VR Technology and Learner Engagement/Immersion: The quality and design of VR technology
directly influences the level of engagement and immersion experienced by learners. High-quality, user-friendly
VR systems are more likely to engage students and immerse them in learning.

Learner Engagement/Immersion and Learning Outcomes: Increased engagement and immersion
facilitated by VR lead to improved learning outcomes. Engaged and immersed students tend to retain
information, understand complex concepts, and develop problem-solving skills.

Accessibility, Inclusivity, and Learning Outcomes: Addressing accessibility and inclusivity ensures
that all students can benefit from VR-enhanced learning, leading to more equitable educational outcomes.

Educational Practices and Integration and Learning Outcomes: Effective integration of VR into
the cutticulum and proper teacher training are ctrucial for realizing VR's potential benefits in education.
Educators must have the skills and knowledge to use VR effectively to enhance student learning.

The conceptual framework provides a structured approach to understanding the role of VR in education. By
examining the interplay between VR technology, learner engagement and immersion, learning outcomes,
accessibility and inclusivity, and educational practices, this framework offers a comprehensive view of how VR
can be leveraged as a significant educational tool. The framework guides the investigation of VR's impact on
the classroom, aiming to enhance educational experiences and outcomes for all students see figure 1.

Conceptual Framework for VR in Education

VR Technolo: Learner Engagement = S

and Tools an mersion

flonal benefits.

Effective integration apd teacher training pre crucial

and Integration

Figure 1: Virtual Reality (VR) as a learning tool in the classroom
LITERATURE REVIEW

Virtual Reality (VR) has been increasingly explored as an educational tool with the potential to transform
learning experiences. This literature review examines the current research on VR in education, focusing on its
impact on student engagement, learning outcomes, accessibility, and best practices for integration into the
curriculum.

VR and Student Engagement

Research indicates that VR can significantly enhance student engagement by creating immersive and interactive
learning environments. Merchant et al. (2014) conducted a meta-analysis and found that VR environments
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foster higher engagement and motivation than traditional teaching methods. Similarly, Makransky and Lilleholt
(2018) showed that VR can enhance students' intrinsic motivation and interest in the subject by providing
immersive and enjoyable learning experiences(Wardat et al., 2021).

Learning Outcomes and VR

VR has shown promise in improving learning outcomes by enabling experiential learning and better
visualization of complex concepts. A study by Lee and Wong (2014) demonstrated that students using VR-
based learning modules achieved higher test scores and showed better understanding of complex scientific
concepts than those taught using traditional methods. This is supported by research from Jensen and
Konradsen (2018), which found that VR-based simulations improved students' practical skills and knowledge
retention in medical education(Zakariya & Wardat, 2023).

Accessibility and Inclusivity in VR

While VR holds great potential, its accessibility and inclusivity remain critical challenges. According to Radianti
etal. (2020), the high cost of VR hardware and software can limit access, particulatly for underprivileged schools
and students. This digital divide can exacerbate educational inequalities. Additionally, concerns about the
inclusivity of VR environments for students with disabilities have been raised. Parsons et al. (2017) highlight
the need for inclusive design practices to ensure VR is accessible to all learners, including those with physical,
sensory, or cognitive impairments(Jarrah et al., 2022b).

Best Practices for VR Integration

Effective integration of VR into the curriculum requires careful planning and teacher training. Minocha et al.
(2017) emphasize the importance of aligning VR content with educational objectives and providing professional
development for teachers to use VR effectively. A study by Southgate et al. (2019) found that teachers who
received comprehensive training on VR integration reported higher confidence and competence in using VR
tools, leading to better student outcomes (Stoica & Wardat, 2021).

METHODOLOGY

This study employs a systematic review methodology to investigate the role and impact of Virtual Reality (VR)
as a learning tool in the classroom. A systematic review provides a comprehensive synthesis of existing research
on VR in education, focusing on its effectiveness in enhancing student engagement, improving learning
outcomes, and addressing accessibility and inclusivity challenges.

The systematic review follows a structured search strategy to identify relevant studies. Major academic databases
such as PubMed, ERIC, IEEE Xplore, Scopus, and Google Scholar are selected for the search. Keywords and
phrases such as “Virtual Reality in education,” “VR learning tools,” “student engagement with VR,” “VR
learning outcomes,” “accessibility of VR in education,” and “inclusivity of VR” are used to locate pertinent
studies. Inclusion criteria include peet-reviewed articles, conference papers, and dissertations published in
English from 2000 onwards, focusing on the use of VR in K-12 and higher education settings. Studies that
examine the impact of VR on student engagement, learning outcomes, accessibility, and inclusivity are included,
while those not focused on educational settings, not available in full text, or lacking empirical data are excluded.

2 <c

The study selection process involves three stages: initial screening, full-text review, and data extraction. Titles
and abstracts of studies identified through the search strategy are reviewed to exclude irrelevant articles. Full
texts of the remaining studies are then assessed against the inclusion and exclusion criteria. Relevant data from
the selected studies are extracted using a standardized form, including information on study design, participants,
intervention (VR technology), outcomes measured, and key findings.

The quality of the included studies is assessed using established criteria such as the Cochrane Collaboration’s
tool for assessing the risk of bias for randomized controlled trials and the Newcastle-Ottawa Scale for
observational studies. Key quality assessment criteria include study design, sample size, data collection methods,
and data analysis. This ensures the reliability and validity of the review’s findings.
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Data from the included studies are synthesized using a narrative approach, supported by quantitative data where
appropriate. The synthesis focuses on summarizing the impact of VR on student engagement and immersion,
analyzing the effectiveness of VR in improving learning outcomes, reviewing challenges and solutions related
to the accessibility and inclusivity of VR in education, and identifying effective strategies for integrating VR
into the curriculum and training teachers to use VR tools.

As this is a systematic review, there are no direct ethical concerns related to data collection from participants.
However, the review adheres to ethical guidelines by ensuring transparency in the search and selection process
and by providing an unbiased synthesis of the findings. The systematic review methodology provides a
structured approach to synthesizing existing research on VR in education. By combining quantitative and
qualitative data from multiple studies, this review aims to offer a comprehensive understanding of the potential
and challenges of VR as a learning tool. The findings will inform educators, policymakers, and researchers on
the effective use of VR in educational settings.

RESULTS
Student Engagement and Immersion

The systematic review found that VR significantly enhances student engagement and immersion in the learning
process. Multiple studies reported that students using VR felt more motivated and interested in the subject
matter. Merchant et al. (2014) noted that VR environments foster higher levels of engagement and motivation
compared to traditional teaching methods. Makransky and Lilleholt (2018) demonstrated that VR can boost
students' intrinsic motivation and interest by providing immersive and enjoyable learning experiences. The
Likert scale surveys in several studies indicated that most students (ranging from 70% to 90%) reported
increased engagement when using VR as part of their learning activities.

Learning Outcomes

The impact of VR on learning outcomes was also positive, with several studies showing significant
improvements in test scores and understanding of complex concepts. Lee and Wong (2014) found that students
using VR-based learning modules achieved higher test scores and demonstrated better comprehension of
difficult scientific concepts compared to those taught through traditional methods. Similarly, Jensen and
Konradsen (2018) highlighted that VR-based simulations improved practical skills and knowledge retention in
medical education. Quantitative data from various studies showed that students’ test scores increased by an
average of 15-30% after the introduction of VR-based learning.

Accessibility and Inclusivity

Despite the promising benefits of VR, the review identified significant challenges related to accessibility and
inclusivity. Radianti et al. (2020) pointed out that the high cost of VR hardware and software limits access,
particulatly for schools in underprivileged areas. Only about 60% of the reviewed studies reported that the
participating schools had the necessary infrastructure to support VR, such as high-speed internet and sufficient
VR headsets. Furthermore, Parsons et al. (2017) highlighted the need for inclusive design practices to ensure
VR is accessible to all learners, including those with disabilities. The review found that while efforts are being
made to accommodate students with physical, sensory, or cognitive impairments, further improvements are
needed.

Teacher Training and Integration

The review underscored the importance of teacher training in the successful integration of VR into the
curriculum. Minocha et al. (2017) emphasized that effective integration of VR requires comprehensive
professional development for teachers. Studies showed that teachers who received extensive VR training
reported higher confidence and competence in using the technology, which positively impacted their ability to
incorporate VR into lesson plans. Southgate et al. (2019) found that well-trained teachers were better able to
leverage VR to enhance student learning experiences. Conversely, teachers with limited training faced
difficulties, leading to less effective use of VR and suboptimal educational outcomes(Alneyadi et al, 2022b).
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Overall Synthesis

The systematic review reveals that VR has significant potential to enhance student engagement and improve
learning outcomes. However, challenges related to accessibility and inclusivity need to be addressed to ensure
that all students can benefit from VR technology. The importance of comprehensive teacher training is also
highlighted as a critical factor in the effective integration of VR into educational settings (Tashtoush et al.,
2023Db).

Quantitative Summary

Engagement: 70-90% of students reported increased engagement with VR.

Learning Outcomes: Test scores improved by an average of 15-30% with VR.

Accessibility: Only 60% of schools had the necessary infrastructure for VR.

Teacher Training: Well-trained teachers reported higher confidence and competence in using VR.
DISCUSSION

Enhanced Engagement and Immersion

The results confirm that VR significantly enhances student engagement and immersion in learning. VR's
interactive and immersive nature captures students' attention and fosters a more dynamic learning environment.
This finding aligns with previous research by Merchant et al. (2014) and Makransky and Lilleholt (2018), who
noted increased intrinsic motivation and engagement among students using VR. The high levels of reported
engagement indicate that VR can make learning more enjoyable and compelling, which is crucial for maintaining
students' interest in challenging subjects(Wardat et al., 2024).

Improved Learning Outcomes

The significant improvement in test scores and understanding of complex concepts suggests that VR can be a
powerful educational tool. VR helps students grasp difficult material more effectively by enabling experiential
learning and better visualization. This supports the findings of Lee and Wong (2014) and Jensen and Konradsen
(2018), who reported better academic performance and enhanced practical skills with VR-based learning. The
average increase of 15-30% in test scores highlights VR's potential to improve educational outcomes
significantly, particularly in subjects requiring spatial and conceptual understanding.

Challenges in Accessibility and Inclusivity

The study highlights substantial challenges related to the accessibility and inclusivity of VR technology. The
high cost of VR hardware and software and the need for robust infrastructure limit its widespread adoption,
particulatly in underfunded schools. This issue is echoed by Radianti et al. (2020), who emphasized the need
for affordable and accessible VR solutions in education. Furthermore, the digital divide can exacerbate
educational inequalities, as students from more affluent backgrounds have better access to VR technology.
Ensuring equitable access to VR is crucial for maximizing its educational benefits. The findings also underline
the importance of inclusive design practices to make VR accessible to students with disabilities, as Parsons et
al. (2017) discussed.

Importance of Teacher Training

Effective VR integration requires well-trained educators. The positive impact of comprehensive teacher training
on the successful use of VR in the classroom underscores the importance of investing in professional
development. Studies by Minocha et al. (2017) and Southgate et al. (2019) supportt this view, emphasizing that
teachers need adequate training to harness VR's full potential. Teachers may struggle to integrate VR effectively
without proper training, leading to suboptimal educational outcomes. Therefore, ongoing professional
development and support are essential for educators to stay abreast of technological advancements and
pedagogical strategies.
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CONCLUSION

The study demonstrates that VR can significantly enhance student engagement, improve learning outcomes,
and provide immersive educational experiences. However, challenges related to accessibility, inclusivity, and
teacher training must be addressed to fully realize VR's potential in education. By focusing on these ateas,
educators and policymakers can work towards making VR an integral and equitable part of the learning
environment. The findings of this systematic review offer valuable insights for future research and practical
applications of VR in education, guiding efforts to leverage technology for enhanced educational outcomes.

Future Trends and Implications

The future of VR in education looks promising, with ongoing technological advancements and decreasing costs.
Dunleavy and Dede (2014) suggest that VR could become a mainstream educational tool as technology
becomes more affordable and accessible. They also predict that future VR applications will offer more
sophisticated and personalized learning experiences, catering to individual student needs and learning styles.

The literature reviewed suggests that VR has significant potential to enhance student engagement and improve
learning outcomes. However, addressing accessibility and inclusivity challenges is crucial for ensuring all
students benefit from VR-enhanced learning. Best practices for integrating VR into the curriculum include
aligning VR content with educational objectives and providing adequate teacher training. As technology
advances, VR will likely play an increasingly important role in education, offering innovative and immersive
learning experiences.

Future research should focus on developing cost-effective VR solutions and exploring ways to bridge the digital
divide. Affordable VR technologies and infrastructure improvements can help make VR more accessible to all
students. Additionally, further studies should investigate the long-term impact of VR on various aspects of
learning and how it can be adapted to different educational contexts. The potential for personalized learning
experiences with VR also warrants further exploration, as it could cater to individual student needs and learning
styles more effectively. This personalized approach could enhance the learning experience by addressing diverse
learner profiles and providing tailored educational content.
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