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ABSTRACT :

In teacher education, virtual reality (VR) is becoming a game-changing tool that helps close the gap between theory and practice. VR provides unmatched
opportunity for pre-service and in-service teachers to practice teaching techniques, model classroom dynamics, and hone abilities without the repercussions of
real-world situations by immersing them in realistic and interactive surroundings. The effectiveness of VR applications in improving instructional methods,
adoption barriers, and future directions are the main topics of this review paper, which examines the body of research on these topics. By combining the results
of empirical research, we show how VR simulations overcome the drawbacks of conventional training and stress how they have the potential to completely

transform educator preparation.
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1.Introduction

For a long time, teacher education has struggled to provide teachers with both theoretical and practical knowledge. Teachers are frequently not
adequately prepared for the complexity of contemporary classrooms by traditional methods like lectures, case studies, and restricted student teaching
experiences. Despite lacking immersive chances for practical learning, these approaches offer a strong theoretical foundation (Darling-Hammond,
2017). According to Wilson et al. (2018), pre-service teachers frequently feel unprepared for the complex realities of modern education due to the gap
between theory and practice. These realities include managing diverse classrooms, putting inclusive practices into place, and effectively utilizing
technology.

By providing immersive environments where teachers can participate in real-world teaching experiences, virtual reality (VR) offers a creative answer.
As opposed to conventional observational approaches, virtual reality (VR) facilitates active participation, allowing teachers to practice differentiated
instruction, classroom management, and student engagement strategies in a simulated setting. According to Dieker et al. (2014), these kinds of
experiences are essential for bridging the gap between conceptual comprehension and practical implementation. Research indicates that by offering a
risk-free environment for skill development, virtual reality simulations can lessen teacher anxiety (Jensen et al., 2019).

The demands of 21st-century education are also met by VR, which highlights technology integration as a fundamental skill for teachers. Teachers must
become proficient in using cutting-edge technology like augmented reality (AR), learning management systems, and interactive whiteboards, which are
being used in more and more classrooms (Zhao et al., 2020). Through the integration of virtual reality (VR) into teacher training programs, educators
can become acquainted with these resources in an interactive and captivating manner. Beyond the acquisition of expertise, virtual reality facilitates the
development of soft skills like cultural competency and empathy. For instance, teachers can effectively negotiate linguistic and cultural gaps by using
VR simulations to expose them to a variety of educational environments (Alvarez et al., 2022). Teachers must embrace inclusive pedagogies as
classrooms become more diverse, which makes this kind of training crucial.

VR also helps ensure that teacher training is accessible to everybody. VR offers a scalable option in underprivileged or remote areas where training
facilities may not be physically accessible. Institutions can help prospective teachers overcome socioeconomic and geographic hurdles by providing
them with high-quality training experiences (Smith et al., 2021). UNESCO's worldwide goals for inclusive, equitable, high-quality education are in
accord with this democratization of education.The ability of VR simulations to convert theoretical frameworks into practical teaching methods is
reviewed in this article along with their function in teacher education. Based on a meta-analysis of previous studies, the conversation offers insights into
the potential, difficulties, and effectiveness of virtual reality in bridging the gap between theory and practice.
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2.Review of Literature

This review summarizes the results of thirty peer-reviewed publications about the use of virtual reality (VR) in teacher preparation. The information is
categorized into themes that emphasize the advantages, difficulties, and innovations of virtual reality as a transformative tool that helps close the gap
between theory and practice.

2.1Benefits of VR in Teacher Education

Classroom management is a critical skill for educators, yet one of the hardest to master in traditional training environments. Dieker et al. (2014)
evaluated the effectiveness of TeachLivE, a VR-based simulation platform, and found that teachers exhibited a 40% improvement in managing
disruptive behaviors. Similarly, Gregory and Caldwell (2018) highlighted how VR allowed educators to practice de-escalation techniques for high-
stress classroom scenarios, increasing their confidence and adaptability.

While most VR applications focus on general teaching skills, recent studies have explored its role in subject-specific training. Mishra et al. (2021)
examined VR simulations for STEM teacher preparation, finding that 85% of participants improved their ability to explain complex scientific concepts
through interactive visuals. For language teaching, Chen et al. (2019) demonstrated how VR immersion environments enabled pre-service teachers to
effectively simulate second-language acquisition scenarios.

Managing actual classrooms frequently causes anxiety in pre-service teachers. By enabling educators to practice their teaching strategies in a risk-free
setting, virtual reality (VR) dramatically decreased this anxiety, according to Jensen et al. (2019). Compared to teachers who were trained through
traditional role-playing exercises, teachers who practiced in virtual reality reported feeling 30% more prepared for real-world classrooms.

Classrooms are becoming more and more culturally diverse, and teachers need to adjust to students from different backgrounds. According to Alvarez
et al. (2022), virtual reality (VR) has the potential to enhance teachers' sensitivity and reactivity by simulating culturally diverse classroom
circumstances. When it came to developing inclusive lesson plans and clearing up cultural misunderstandings, teachers who were exposed to these
simulations performed better. Virtual reality is also becoming more popular as a tool for professional growth. According to Howard et al. (2020), VR
helped seasoned teachers.

2.2.Challenges in VR Implementation

The price of VR is one of the main obstacles to its uptake. According to Miller and Andrews (2021), many schools cannot afford VR due to the high
cost of hardware, software, and maintenance, which can surpass $15,000 per institution. Furthermore, underfunded teacher education programs in low-
income areas find it difficult to integrate virtual reality (VR) into their curricula, according to Garcia et al. (2020). VR's usefulness is hampered by
technical problems like motion sickness, hardware failures, and compatibility concerns. According to Patel et al. (2020), frequent software crashes are a
significant turnoff for trainers and trainees, whereas Wilson et al. (2018) discovered that 25% of users suffered from motion sickness during extended

sessions.

VR simulations' application is limited because they frequently don't match national or regional curricula. According to Nguyen and Lee (2019), 40% of
VR modules were excluded from formal teacher training programs because they had no direct connections to particular teaching requirements.For
teachers to use VR effectively, they need to have a fundamental understanding of digital literacy. According to Petersen et al. (2020), pre-training on

digital tools is necessary because only 50% of pre-service teachers in their survey felt comfortable using virtual reality.
2.3 Innovations and Emerging Trends

VR teaching is made more interesting by gamification, which incorporates game-like features. Teacher candidates received points for successfully
running virtual classes in Lee and Chen's (2021) investigation of gamified virtual reality settings. When compared to conventional training techniques,
this strategy resulted in a 20% boost in participant motivation.VR's capacity to offer tailored feedback is improved when combined with artificial
intelligence (Al). In order to provide a more dynamic and customized teaching experience, Zhao et al. (2020) created Al-driven avatars that changed
their behavior in response to teacher interactions. Instructors who received training using VR with Al reported being more flexible when handling

challenging student behaviors.

Virtual reality has become a potent instrument for teaching teachers remotely. Smith et al. (2021) showed how VR-enabled workshops could reach
teachers in far-flung locations, lowering the expenses and logistical difficulties of conventional in-person training. More and more studies are
highlighting the necessity of long-term studies to assess VR's long-term effects. In a 12-month follow-up study, Nelson and Hart (2023) discovered that
teachers who received VR training were able to maintain classroom management techniques for a longer period of time than those who received

traditional training.
2.4Theoretical Foundations of VR in Teacher Education

There are several pedagogical and psychological theories that support the use of virtual reality (VR) in teacher education. These theories provide
educators immersive, hands-on learning experiences by establishing a strong framework for comprehending how VR might successfully close the gap
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between academic knowledge and real-world application. These theoretical ideas can be included into VR design and execution to support skill
development, critical thinking, and adaptive learning in teacher preparation programs.

The use of VR in teacher education is based on Vygotsky's (1978) constructivist learning theory. According to constructivism, students actively create
knowledge via their experiences and interactions with the world around them. By immersing teacher candidates in authentic classroom situations,
virtual reality (VR) offers the perfect platform for this strategy. With the help of these simulations, teachers can practice handling a variety of student
behaviors, creating inclusive lesson plans, and implementing differentiated instruction. Teachers gain knowledge of teaching techniques by active
engagement that is not possible with conventional observational methods. Their learning is further enhanced by reflection on these immersive
experiences, which is consistent with the constructivist cycle of knowledge construction.

Colb's experiential learning theory (1984) offers yet another foundation for teacher education based on virtual reality. A cycle of concrete experience,
introspective observation, abstract conception, and active exploration is described by this idea. Teachers can participate in this cycle by immersing
themselves in virtual reality (VR) simulations of classrooms. For example, a trainee may engage with online learners who display different levels of
conduct and engagement. Subsequently, the instructor considers their answers, relates their experiences to educational ideas, and improves their
methods for subsequent situations. Teachers are better prepared for real-world issues because of the iterative nature of this learning process, which
improves the practical application of theoretical principles.

Effective learning takes place in real-world settings, according to the situated learning theory, which was developed by Lave and Wenger (1991).
Because VR creates immersive environments that mimic actual classroom dynamics, it supports this idea. The simulations that teacher candidates use
to practice problem-solving, decision-making, and adaptive teaching closely resemble the intricacies of real-world teaching settings. Teachers are better
prepared to handle a variety of obstacles with competence and confidence when they are authentic, which facilitates a smooth transition of skills from
virtual to actual classrooms.

Sweller (1988) established the cognitive load hypothesis, which emphasizes the significance of controlling cognitive resources when learning. Because
VR manages the intricacy of learning environments, it successfully fits with this approach. By reducing cognitive overload, virtual reality simulations
can help new teachers concentrate on fundamental abilities like teaching delivery and student engagement. In order to optimize the cognitive load and
promote deeper learning, the scenarios' complexity can be gradually increased as their level of expertise rises. Additionally, by eliminating unnecessary
distractions that are frequently present in traditional classroom settings, virtual reality (VR) enables educators to focus on key instructional elements.

Bandura's social learning theory (1977), which emphasizes the value of modeling, imitation, and observation, further supports VR's application in
teacher education. Teacher candidates can watch seasoned educators or avatars in virtual reality environments model professional practices. By copying
successful tactics and modifying them to fit their own teaching preferences, trainees benefit from these observations as they refine their pedagogical
approaches. Additionally, interactive virtual reality scenarios give teachers the opportunity to demonstrate desired behaviors in a safe and encouraging
setting, such encouraging student participation or handling disciplinary matters.Bandura's social learning theory (1977), which emphasizes the value of
modeling, imitation, and observation, further supports VR's application in teacher education. Teacher candidates can watch seasoned educators or
avatars in virtual reality environments model professional practices. By copying successful tactics and modifying them to fit their own teaching
preferences, trainees benefit from these observations as they refine their pedagogical approaches. Additionally, interactive virtual reality scenarios give
teachers the opportunity to demonstrate desired behaviors in a safe and encouraging setting, such encouraging student participation or handling
disciplinary matters.

The special potential of simulations in experiencing learning is highlighted by Aldrich's experiential simulation theory (2009). This hypothesis is
demonstrated by VR, which provides dynamic, adaptive experiences that react to teacher candidates' activities. A virtual classroom might, for instance,
modify student avatar behavior in response to the teacher's teaching methods, generating a feedback loop that improves learning. This flexibility
guarantees that simulations continue to be difficult and relevant, encouraging ongoing professional development.

The application of VR is further enhanced by Mezirow's transformative learning theory (1991), which places a strong emphasis on critical reflection
and viewpoint transformation. Virtual reality simulations frequently expose educators to difficult situations, like handling demanding students or
cultural misunderstandings. Teachers are prompted by these encounters to reevaluate their presumptions and adopt fresh viewpoints. Reflective
practices are promoted via post-simulation debriefs, which help educators improve their pedagogical skills and adopt more inclusive and successful
teaching techniques.

VR-based training closely resembles the hierarchical framework for skill development offered by Bloom's taxonomy (1956). Teachers use interactive
simulations to practice higher-order thinking skills including evaluation, synthesis, and analysis. For example, a trainee may examine a classroom
situation, draft a response plan, and assess its efficacy by looking at student results. By strengthening theoretical knowledge and developing practical
abilities, these assignments make sure teachers are ready to take on the challenges of today's classrooms.

These theories' potential to close the gap between theory and practice is highlighted by their incorporation into VR-based teacher education. Effective
simulations are designed using cognitive frameworks, experiential learning encourages real-world application, and constructivist principles guarantee
active engagement. The knowledge, abilities, and self-assurance that educators need to succeed in a variety of educational environments are provided
by these theoretical underpinnings, which when combined, form a comprehensive approach to teacher preparation.
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2.5.Research Gap

Few research have assessed the long-term impacts of VR training, despite the positive short-term outcomes. In order to evaluate the effects of virtual
reality on teaching quality and student results over several academic years, Garcia et al. (2021) recommended for longitudinal study. Subject-specific
applications of VR are understudied because the majority of research on the technology concentrates on general teaching abilities. The necessity for
more VR modules specialized to fields like mathematics, the arts, and the humanities was emphasized by Mishra et al. (2021). Although VR has made
training more accessible to everybody, more work is required to provide portable and reasonably priced alternatives. Although initiatives such as
Google Cardboard have demonstrated potential in this area, more research is need to confirm their efficacy and scalability (Smith et al., 2021).

3.Methodology

In order to investigate the use of virtual reality (VR) in teacher education, this study takes a systematic review approach, highlighting how VR can
close the gap between theoretical understanding and real-world application. Through a comprehensive analysis of 30 peer-reviewed studies published
between 2010 and 2023, this study investigates the ways in which virtual reality facilitates educational innovation, skill development, and experiential
learning. The methodology offers a multifaceted view that incorporates theoretical frameworks and real data by combining qualitative and quantitative
studies.

A thematic synthesis of recurrent patterns and trends is made possible by the study design's use of a meta-analytic framework to compile results from
several studies. In addition to connecting the results with theoretical frameworks like constructivist learning theory, experiential learning theory, and
cognitive load theory, this technique guarantees a thorough knowledge of VR's function in teacher education. By including these theories into the study,
the technique offers a strong basis for comprehending how virtual reality (VR) helps teachers go from theoretical knowledge to real-world application.

Data was gathered using a stringent selection procedure. According to certain requirements, articles had to be peer-reviewed, concentrate on VR
applications in teacher education, and offer empirical data on outcomes including classroom management, skill development, confidence building, and
pedagogical efficacy. Additionally, the studies have to specifically connect VR applications to theories or frameworks in education. Academic
databases including Scopus, ERIC, Google Scholar, and Web of Science were thoroughly searched using keywords such as "Virtual reality AND
teacher education," "Classroom simulations AND pedagogical theories," and "Experiential learning AND VR." After this thorough search produced a
large dataset, it was filtered using a three-step procedure that included full-text analysis, title and abstract review, and quality evaluation using the
Mixed Methods Appraisal.

A thorough screening process was used to gather data. Peer review, an emphasis on VR applications in teacher education, and empirical evidence of
outcomes like skill development, confidence building, classroom management, and pedagogical efficacy were requirements for inclusion in the list of
accepted articles. Additionally, the research needed to clearly connect VR applications to frameworks or theories in education. Keywords including
"Virtual Reality AND teacher education," "Classroom simulations AND pedagogical theories," and "Experiential learning AND VR" were used in a
thorough search across scholarly databases like Scopus, ERIC, Google Scholar, and Web of Science. Following the completion of this methodical
search, a thorough dataset was obtained and filtered using a three-step procedure that included full-text analysis, title and abstract review, and quality
evaluation using the Mixed Methods Appraisal.

This approach is rigorous, but it has several limits that need to be recognized. The dataset might have been impacted by publication bias because
research with favorable results are more likely to be published. Furthermore, there are difficulties with generalizability due to the variations in VR
platforms, sample sizes, and training environments throughout the research. The use of thematic synthesis adds a subjective component, and the
scarcity of longitudinal data limits our capacity to understand the long-term effects of VR training. These restrictions emphasize the necessity of
interpreting the results with caution and of filling in these gaps in future studies.

This methodology was also heavily influenced by ethical issues. The ethical principles of the original investigations, including informed consent and
participant confidentiality, were closely examined even though the study relied on secondary data. Replicability and dependability were guaranteed by
transparency in the selection and analysis process, and the possibility of selective bias was reduced by balanced reporting. By following these ethical
rules, the study's legitimacy and integrity were preserved.

This meta-analytic methodology offers a methodical and exacting way to look at how VR can be used in teacher education. Through the integration of
theoretical models with empirical findings, the study demonstrates how virtual reality (VR) can revolutionize teacher preparation by bridging the gap
between theory and practice. The approach provides insightful information about VR's potential as a tool for promoting experiential learning and
pedagogical development in a variety of educational contexts, despite its limitations.

4.Findings and Discussion

VR's capacity to link abstract ideas with real-world applications is among its most important contributions to teacher education. Pre-service teachers are
frequently not adequately prepared for the complexity of contemporary classrooms by traditional approaches like classroom observations and little
teaching practice. By offering realistic, interactive experiences that mimic real-world situations, virtual reality simulations close this gap. Research by
Smith et al. (2021) and Dieker et al. (2014) showed how virtual reality platforms such as TeachLivE allow teachers to practice classroom management
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in a dynamic yet controlled setting. In order to promote flexibility and decision-making, trainees engaged with avatars that simulated a range of student
behaviors, from disturbance to disengagement. When compared to conventional training approaches, participants in these research reported a 40%

improvement in their classroom management abilities.

According to Howard et al. (2020), virtual reality simulations enabled educators to successfully apply tiered teaching methodologies, meeting the
demands of students with different learning styles. In order to prepare teachers to handle a variety of classroom issues, it is essential that theoretical
principles be applied practically.Virtual reality presents special chances to increase the accessibility and inclusivity of teacher education. Research by
Alvarez et al. (2022) demonstrated how VR could offer teachers in underprivileged areas top-notch training. For example, remote instructors were able
to take part in professional development programs thanks to VR-enabled workshops that removed the need for actual travel.

In a similar vein, instructors' cultural competency and preparedness for inclusive education were enhanced by exposure to different classroom situations
in culturally immersive virtual reality environments. A new phenomenon called "gamification" uses aspects of games to increase training engagement.
In their study of gamified virtual reality modules, Lee and Chen (2021) found that teacher candidates received points for handling classroom situations
well. A 20% boost in motivation and a better desire to take on challenging teaching tasks were indicated by the participants.

VR has become much more versatile once Artificial Intelligence (AI) was incorporated into it. According to Zhao et al. (2020), Al-powered virtual
reality platforms were created where student avatars changed their behavior in response to the teacher's actions. Personalized feedback from this
dynamic engagement allowed teachers to make real-time adjustments to their techniques. Instructors who underwent training using these approaches
expressed increased self-assurance and readiness to deal with erratic classroom circumstances.

Although virtual reality (VR) has showed great potential, a number of obstacles prevent its broad use in teacher education. One major obstacle is still
the expensive cost of VR gear, software, and upkeep. According to Miller and Andrews (2021), underfunded teacher education programs would not be
able to afford a fully furnished VR training lab because of the anticipated $15,000 initial expenditure. Even though less expensive options like Google
Cardboard are becoming available, they don't have as much functionality as more expensive VR systems.

Frequently encountered technical challenges include motion sickness, hardware problems, and a steep learning curve for VR products. Wilson et al.
(2018) discovered that motion sickness affected 25% of participants throughout extended virtual reality sessions, which decreased their efficacy and
level of interest. Training sessions were interrupted by frequent software crashes, according to Patel et al. (2020), highlighting the necessity of
dependable and user-friendly platforms. Another big issue is matching VR training to standardized curricula. 40% of VR modules had no direct
connections to national or regional teaching standards, according to studies like Nguyen and Lee (2019), which limited their applicability and relevance.
This disparity emphasizes how VR developers and educational policymakers must work together.

A persistent constraint in the examined research is the absence of longitudinal data to evaluate the long-term effects of virtual reality training. A study
by Nelson and Hart (2023), one of the rare long-term studies, found that teachers who received VR training maintained their classroom management
abilities over a 12-month period, but those who received traditional training saw a decrease in retention. Additional research of this kind is required to
confirm these results in various settings. There is a growing interest in collaborative virtual reality settings that allow teacher candidates to engage with
mentors and peers. According to Garcia et al. (2021), multiplayer virtual reality situations can promote teamwork, mentorship, and collaborative
problem-solving—all of which are essential for career advancement.

Although the majority of current research concentrates on general teaching skills, there is an increasing demand for VR courses that are subject-specific.
For instance, by enabling students to visualize abstract ideas and replicate intricate experiments, Mishra et al. (2021) showed how interactive virtual
reality technologies could improve STEM education. Data privacy, participant consent, and the emotional impact of simulations are among the ethical
issues that need to be addressed as VR use rises. The significance of creating ethical standards to guarantee the responsible use of virtual reality in
teacher education was underlined by Nguyen and Lee (2019).

5.Conclusion

One revolutionary change in the way teachers are prepared to close the gap between theory and practice is the incorporation of virtual reality (VR) into
teacher education. The substantial potential of virtual reality (VR) to transform teacher preparation by providing immersive, interactive, and adaptable
learning environments is highlighted by this meta-analysis. In a risk-free environment, virtual reality (VR) helps pre-service and in-service teachers to
build vital skills in classroom management, educational delivery, and cultural competency by mimicking real-world classroom situations.

According to the findings, virtual reality (VR) has a conceptually sound foundation for its use because it is consistent with fundamental educational
theories such as constructivist learning, experiential learning, and cognitive load theory. Additionally, gamification and the incorporation of cutting-
edge technology like artificial intelligence (AI) improve the flexibility and user engagement of virtual reality (VR) platforms, providing scalable and
customized teacher education solutions.

Despite its potential, VR's full potential must be realized by addressing issues such high costs, technical constraints, and the requirement for conformity
with standardized curricula. To guarantee responsible deployment, thorough rules must be developed to address ethical aspects such as data protection
and the psychological consequences of simulations. In order to assess the long-term effects of virtual reality on student outcomes and educational
efficacy, longitudinal research is also necessary.
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In the future, as technology improves accessibility and reduces prices, virtual reality's place in teacher education is expected to grow. Particularly
interesting growth avenues include collaborative VR environments, subject-specific simulations, and projects aimed at neglected locations. Virtual
reality (VR) has the ability to revolutionize teacher education by removing existing obstacles and using its transformative power to give educators the
abilities and self-assurance they need to handle the variety of issues that arise in contemporary classrooms. This change is a significant step in fostering
creativity in professional development and preparing educators for the challenges of 2 1st-century learning.

6.Recommendations

The following suggestions are made to improve the uptake, efficacy, and sustainability of virtual reality in teacher education in light of the results and
constraints that have been identified:

To lower costs, institutions and developers can look into less expensive options like open-source software and lightweight VR devices. Grants, public-
private partnerships, and government financing could facilitate the incorporation of virtual reality into teacher education initiatives.The enhancement of
technical dependability and usability

For developers to reduce technical problems, user-friendly designs and reliable systems must be given top priority. Enhancing the user experience by
reducing motion sickness and incorporating ergonomic features can promote broader adoption among educators. Policymakers, educators, and
developers must work together to make VR simulations compatible with national and regional curricula. VR-based training can be made more broadly
relevant and applicable by creating common frameworks and material.

To assess the long-term effects of VR training on instructional strategies and student outcomes, researchers want to carry out long-term studies. These
studies may offer insightful information about how VR affects career development over time. The present deficiency in subject-specific training would
be filled by developing VR simulations with a focus on teaching languages, science, and math. These modules ought to concentrate on intricate
educational situations that are difficult to duplicate in conventional contexts.

The development of collaborative virtual reality settings that allow trainees to engage with experts, mentors, and peers is necessary to improve social
learning. Effective simulation of real-world classroom dynamics can be achieved through multiplayer scenarios and team-based problem-solving

exercises.

The establishment of ethical standards is necessary to guarantee the responsible use of virtual reality in teacher preparation. Developers and
organizations need to protect participant data and take into account the psychological effects of immersive simulations, especially when dealing with
delicate or difficult situations.

VR should be incorporated into continuing professional development courses to help teachers who are just starting out. Emerging issues like
incorporating new technology or meeting the needs of different students can be the subject of these programs. For educators to use VR effectively,
institutions need to invest in their training. Workshops and orientation events can help teachers become more digitally literate and enable them to take
full advantage of VR platforms for their professional development. VR may be made more flexible and scalable by combining it with augmented reality
(AR), machine learning, and artificial intelligence (AI). VR training can be made much more effective with Al-driven solutions that offer tailored
feedback and flexible learning environments.
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