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Abstract. With the rapid development of information technology, Extended reality (XR) technology
has gradually integrated into the field of virtual distance education, injecting new impetus into its
development. This article conducts an in-depth exploration of the application of XR technology in
virtual distance education, meticulously analyzing its profound impact on classroom ecosystem
reconstruction and the transformation of student participation patterns. Through a combination of
literature review, case studies of 12 virtual distance education courses adopting XR technology, and
surveys involving 800 students, this paper systematically expounds on how XR technology constructs
an immersive learning environment. By creating 3D virtual scenes, XR technology increases students'
concentration during virtual classes by 35% according to our survey data. It also promotes
personalized learning, allowing students to adjust the learning pace and content according to their
own needs. Additionally, XR technology significantly enhances interactivity. The real - time
interaction functions such as virtual group discussions and collaborative experiments have increased
student participation frequency by 40%, effectively improving the quality and effect of virtual
distance education. Furthermore, the article delves into the challenges encountered during the
application of XR technology, including high implementation costs (average course development cost
increased by about $5,000 per course) and technical compatibility issues. Corresponding coping
strategies are proposed, such as government - enterprise cooperation to share costs and the
establishment of unified technical standards. This research not only reveals the potential of XR
technology in virtual distance education but also provides practical references and actionable
suggestions for promoting the innovative development of virtual distance education, offering valuable
insights for educational institutions and policymakers.
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1. Introduction

Virtual distance education, emerging as a revolutionary educational paradigm in the digital age,
has witnessed exponential growth since the advent of the Internet. Initially, it started as simple text-
based correspondence courses, gradually evolving into multimedia-supported platforms with video
lectures and online discussions. In the post-pandemic era, the global market for virtual distance
education has surged, with a Compound Annual Growth Rate (CAGR) of 18.7% projected from 2023
to 2030, according to a recent report by MarketsandMarkets. This explosive growth underscores its
significance as a viable alternative to traditional in-person education.

However, beneath the surface of its rapid expansion, traditional virtual distance education
confronts several inherent challenges. Research by UNESCO indicates that dropout rates in online
courses often exceed 40%, primarily due to issues such as low engagement, limited interactivity, and
a lack of immersive learning experiences. The one-size-fits-all teaching model, which relies on pre-
recorded lectures and standardized assessments, fails to cater to the diverse learning styles and paces
of individual students. This has led to concerns about the quality and effectiveness of virtual distance
education, sparking a search for innovative solutions to enhance its educational value.

Extended reality (XR) technologies, encompassing virtual reality (VR), augmented reality (AR),
and mixed reality (MR), offer a promising avenue for addressing these challenges. Grounded in the
constructivist learning theory, which emphasizes active learning and the construction of knowledge
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through experience, XR technologies enable the integration of virtual information with the real
environment, creating immersive and interactive learning scenarios. For instance, VR can transport
students to historical events, scientific laboratories, or distant geographical locations, while AR can
overlay digital content onto the physical world, enhancing the understanding of complex concepts
[1].

In recent years, the application of XR in education has gained increasing attention. A meta-analysis
by Johnson et al. (2022) found that students who learned with XR technologies demonstrated a 25%
higher retention rate compared to those in traditional learning environments. Nevertheless, most
existing studies have focused on the application of XR in formal classroom settings, with relatively
little research exploring its potential in virtual distance education. The classroom ecosystem in virtual
distance education, characterized by its digital nature and spatial separation, presents unique
opportunities and challenges for XR integration, such as how to recreate the sense of presence and
social interaction that are essential for effective learning.

Against this backdrop, understanding how XR technology can empower virtual distance education,
reshape the classroom ecosystem, and transform student participation patterns becomes not only an
academic imperative but also a practical necessity. This research aims to fill this gap by exploring the
multifaceted impact of XR technology on virtual distance education, analyzing its potential to
enhance learning experiences, and proposing strategies to overcome the challenges associated with
its implementation. By doing so, it seeks to contribute to the theoretical understanding of technology-
enhanced learning and provide practical guidance for educators, policymakers, and instructional
designers in the field of virtual distance education.

2. Overview of Extended Reality Technology

2.1 The Connotation and Classification of XR Technology. XR technology is a general term
for technologies such as virtual reality (VR), augmented reality (AR), and mixed reality (MR). Its
core lies in reshaping the interaction experience between users and the environment through digital
means, bringing transformative breakthroughs to fields such as education, healthcare, and industry.

Virtual reality (VR) technology builds a fully enclosed virtual environment through head-mounted
display devices (such as Meta Quest, HTC Vive, etc.), combined with high-performance computer
graphics rendering and spatial positioning technologies. Take the PICO 4 Pro as an example. It is
equipped with a 4K + super vision screen and a 120Hz high refresh rate. Combined with the Inside-
Out tracking technology, it can achieve 360° spatial positioning, and synchronize the user's head
rotation, limb movements with the virtual scene in real time. In the field of medical education, medical
students can use VR devices to enter virtual operating rooms, repeatedly practice high-difficulty
surgical operations such as coronary artery bypass and neurosurgery, and sense the resistance and
touch of surgical instruments through haptic feedback gloves, effectively avoiding the risks of real
operations.

Augmented reality (AR) technology relies on the cameras and sensors of smart terminals (such as
smart phones and smart glasses) to precisely superimpose virtual information onto real scenes. The
ARKit framework launched by Apple and Google's ARCore platform, through SLAM (Simultaneous
Localization and Mapping) technology, can quickly identify planes and objects in the real
environment and achieve stable anchoring of virtual models. In the field of cultural heritage protection,
tourists can scan the murals of the Mogao Caves in Dunhuang with AR applications, and the dynamic
stories and restoration processes of the murals can be presented on their mobile phone screens. In
industrial maintenance scenarios, engineers wearing AR smart glasses can obtain real-time 3D
maintenance guidelines and fault diagnosis data of the equipment, increasing maintenance efficiency
by approximately 40%.

Mixed reality (MR) technology further blurs the boundary between the virtual and the real.
Represented by Microsoft HoloLens 2, it adopts optical waveguide display technology to project
holographic images onto the real space with an ultra-large 70° field of view Angle. Meanwhile, it
is equipped with the Eye Tracking eye tracking and gesture recognition system. Support users to
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operate virtual objects through natural interaction. In the field of architectural design, designers can
use MR Devices to superimpose virtual architectural models in real architectural Spaces and adjust
the structural layout and decoration style in real time. In remote collaboration scenarios, team
members from different regions can share the same MR Space and collaboratively modify virtual
prototypes, significantly improving communication efficiency.

2.2 The Characteristics of XR Technology.

High Immersion. XR technology builds a highly immersive learning environment through multi-
modal perception fusion. Research shows that learners in VR environments have a 23% decrease in
cortisol levels and a 60% increase in attention concentration (Smith, 2023). Take language learning
as an example. Learners are placed on the virtual streets of New York and have English conversations
with virtual NPCS. The noise of the streets, the changes in the light and shadow of shop signs,
combined with the dynamic weather system, transform language learning from mechanical memory
into situational application. In aerospace education, trainees experience the entire process of rocket
launch through VR simulators, from the vibration feedback during ignition to the overload simulation
during lifting. The all-round sensory stimulation enables them to quickly master the complex
operation procedures [2].

Natural Interactivity. XR technology breaks the limitations of traditional human-computer
interaction and supports diversified interaction methods. Gesture recognition technology, based on
deep learning algorithms, can capture users' hand movements in real time. For example, in a virtual
laboratory, students can complete operations such as pouring and stirring chemical reagents through
gestures. Voice control combined with natural language processing (NLP) technology makes the
issuance of instructions more convenient. For example, in a VR history class, students switch scenes
of different historical periods through voice instructions. Eye-tracking technology can automatically
zoom in and display relevant learning content based on the user's gaze focus. In medical anatomy
courses, the system will focus on the organ that the student is staring at and pop up detailed
physiological structure analysis.

Scene Construction Ability. The scene construction capability of XR technology relies on real-
time rendering engines and massive digital resource libraries. Engines such as Unity and Unreal
Engine support physical-level material rendering and dynamic lighting simulation, and can quickly
generate realistic scenes. In history education, the scene of the "Battle of Red Cliffs" recreated
through XR technology, with the burning special effects of warships, the shouts of soldiers, and the
dynamic waves of the river, enables students to directly experience the grand scene of the war. In the
field of biological science, the division process of microscopic cells is magnified a million times for
display. The helical structure of chromosomes and the synthetic pathways of proteins are clearly
visible, making abstract knowledge concrete. In addition, XR technology also supports dynamic
customization of scenes. Teachers can quickly adjust scene parameters according to teaching needs
to achieve personalized teaching.

3. The Current Situation and Challenges of Virtual Distance Education

3.1 The Current Development Status of Virtual Distance Education. With the popularization
of the Internet and the rapid development of information technology, the scale of virtual distance
education shows a continuous expansion trend. According to the 53rd "Statistical Report on the
Development of China's Internet” by the China Internet Society (CNNIC), by the end of 2024, the
number of online education users in China had reached 485 million, accounting for 46.7% of the total
number of Internet users. This huge user group is driving the vigorous development of the online
education market. (China Internet Society) The 53rd Statistical Report on the Development of China's
Internet [R]. 2024. All kinds of online course platforms have sprung up like mushrooms after rain,
covering various fields from basic education to higher education and vocational training. In terms of
basic education, platforms like "Xueersi Online School” and "Yuanfudao™ have gathered a large
number of high-quality primary and secondary school course resources. They not only offer
synchronous classes and special topic tutoring, but also provide personalized study plans and
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intelligent question bank practice. In the field of higher education, the "China University MOOC"
platform integrates high-quality courses from hundreds of domestic universities, covering multiple
disciplines such as liberal arts, science, engineering, and medicine. Students can obtain high-quality
educational resources from prestigious universities through online learning and even earn
corresponding credit certifications. In the field of vocational training, platforms such as "Tencent
Classroom™ and "NetEase Cloud Classroom™ have launched a wide range of courses including IT
skills, language learning, and workplace skills, meeting the needs of different groups to enhance their
professional competitiveness.

Many colleges and universities actively adapt to the trend of digitalization in education and have
launched online degree courses one after another. For instance, since its establishment, the Open
University of the UK has been dedicated to distance education. Its online degree programs cover over
180 countries and regions around the world. Students complete their studies through online learning,
distance examinations and other means, and obtain degree certificates with the same validity as those
of traditional students. Shenzhen University in China has also launched multiple online degree
programs, providing convenient further education channels for working professionals and students
who are unable to study on campus. At the enterprise level, virtual distance education has become an
important way of employee training. Take Huawei as an example. The "Huawei University Online
Learning Platform” it has built internally integrates various courses such as technology research and
development, marketing, and management and operation. Through online training, it provides more
than 100,000 employees with opportunities for knowledge update and skill improvement every year,
effectively enhancing the professional quality of employees and the core competitiveness of the
enterprise.

3.2 The Challenges Faced by Traditional Virtual Distance Education. Under the traditional
virtual distance education model, students mainly study by watching video courses and participating
in online discussions. This model has obvious limitations, among which the most prominent problem
is the lack of immersive learning experiences. Relevant research shows that students who watch video
courses for a long time have an average concentration time of no more than 20 minutes, and over 60%
of the students report that they tend to feel bored and tired during the learning process. Take the
statistics of a certain online university as an example. The average completion rate of its video courses
is only 35%. A large number of students give up halfway through their studies, and it is difficult to
maintain their enthusiasm for learning continuously.

The interaction between teachers and students as well as among students mainly relies on text
chatting, voice calls or simple video conferences. Written communication often has problems such as
untimely information transmission and ambiguous expression, making it difficult to convey rich
emotions and body language. Although voice calls can facilitate real-time communication, they lack
visual assistance and are not effective in explaining complex knowledge. Simple video calls are often
restricted by the network environment. Problems such as picture stuttering and sound delay affect the
communication quality. For instance, in some online discussion groups, due to the limited interaction
methods, the communication among students only remains at the surface level of viewpoint
statements, making it difficult to carry out in-depth academic discussions and ideological collisions,
and thus unable to achieve efficient collaborative learning.

Traditional virtual distance education usually adopts a "one-size-fits-all" teaching method, which
is difficult to meet the personalized learning needs of students. There are significant differences
among students in terms of learning ability, interests and hobbies, and knowledge background, but
traditional courses often adopt uniform teaching progress, teaching content and evaluation standards.
For instance, in a certain online programming course, some students with a good foundation quickly
mastered the course content, while those with a weak foundation gradually lost confidence in learning
because they couldn't keep up with the pace. Eventually, this led to a serious polarization in the
learning effects among different students and made it difficult to achieve educational equity.

The imbalance in network infrastructure construction is also an important factor restricting the
development of virtual distance education. In some remote mountainous areas and economically
underdeveloped regions, the network coverage is limited, the network bandwidth is insufficient, and
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problems such as network lag and disconnection often occur. According to a survey by UNESCO,
approximately 317 million students worldwide are unable to participate in online learning normally
due to the imperfect network infrastructure. In rural areas of western China, some schools frequently
interrupt video courses due to unstable networks when conducting online teaching, which makes it
impossible for teaching activities to proceed smoothly and seriously affects students' learning

experience and teaching quality (refer with: Table 1).

Table 1 Traditional vs. XR virtual distance education: key dimensions

Dimension Traditional ~ Virtual  Distance | Virtual Distance Education
Education Supported by XR Technology
Immersion Low (rely on 2D videos/text) High (3D virtual scenes, multi-

sensory stimuli)

Student Attention Concentration

Significant decline after an average
of 20 minutes

35% increase (survey data)

Interaction Frequency

Low (mainly text/voice, with

obvious interaction delays)

40% increase  (virtual
discussions/real-time
collaboration)

group

Personalized Learning Support

Uniform progress and content,
lacking adaptability

Intelligent resource push, supports
self-adjustment of difficulty

Knowledge Retention Rate

Approximately ~ 40-50%  with

traditional methods

Increased to over 65% (Johnson et
al., 2022)

4. XR Technology Reshapes the Ecosystem of Virtual Distance Education Classrooms

4.1 Stimulating Learning Interest and Motivation. XR technology can create highly realistic
virtual learning scenarios, allowing students to feel as if they were in a real learning environment. In
history courses, VR technology can be utilized to recreate the scenes of ancient wars and significant
historical events. Students can experience the historical atmosphere as if they were there, observe the
activities of historical figures, and enhance their understanding and memory of historical knowledge.
In language learning, by constructing virtual language communication scenarios, students can have
conversations with virtual characters, exercise their oral expression skills, and enhance the
practicality and interest of language learning. This immersive learning environment can attract
students' attention, stimulate their interest in learning, and make them participate in learning more
actively [5].

4.2 Promote Personalized Learning. XR technology can provide personalized learning paths and
contents for each student based on their learning data and behaviors. Through learning analysis
technology, the system can understand students' learning progress, knowledge mastery, learning
habits, etc., and then intelligently push learning resources and tasks suitable for students. For students
with strong comprehension abilities, more challenging extension contents can be provided. For
students with a weak foundation, efforts should be made to strengthen the consolidation and practice
of basic knowledge. In science experiment courses, students can choose experimental projects of
different difficulties based on their interests and abilities, and conduct repeated attempts in a virtual
environment. The system will provide targeted guidance and feedback according to the students'
operation process, meeting their personalized learning needs (refer with: Figure 1) [4].

Weak Foundation —»|  Basic Consolidation Resources

Student Learning Data Collection |—+ Leamning Analysis Technology I Real-Time Feedback and Adjustment |

"~ Sstrong Ability ——

Figure 1. Personalized learning path flowchart

4.3 Enhance Interactivity. In the virtual distance education classroom supported by XR
technology, the interaction between teachers and students as well as among students becomes richer
and more natural. Teachers can have face-to-face communication with students through virtual
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avatars in virtual classrooms, providing real-time explanations, guidance and answering questions.
Students can interact with teachers and other classmates through gestures, voices and other means,
and participate in group discussions and cooperative learning projects. For instance, in virtual
geographical investigation activities, students are divided into groups to explore and analyze the
virtual geographical environment [3]. Through interactive communication, they share their
discoveries and viewpoints and complete the investigation tasks together. This enhancement of
interactivity helps cultivate students' communication skills, teamwork ability and critical thinking
ability.

4.4 Change the Presentation Method of Teaching Resources. The teaching resources of
traditional virtual distance education are mainly in the form of text, pictures and videos, which are
relatively monotonous. XR technology makes the presentation of teaching resources more diverse
and three-dimensional. For instance, in medical education, through 3D modeling and VR technology,
human organs and tissue structures can be presented in realistic three-dimensional models. Students
can observe and disassemble from different angles to gain a deeper understanding of the physiological
structure of the human body. In engineering design courses, students can utilize AR technology to
superimpose design drawings, product models and other information on real objects, visually observe
the actual effect of the design plan, and enhance their understanding and application ability of design
knowledge. The rich and diverse presentation methods of teaching resources can better meet students'
cognitive needs and improve learning outcomes.

5. XR Technology Transforms the Student Participation Model

5.1 Stimulate Active Participation. The interesting and challenging learning environment
constructed by XR technology can effectively stimulate students' curiosity and desire to explore, and
encourage them to actively engage in learning. In the virtual computer programming course, with the
help of VR technology, students seem to be in a "digital laboratory" full of code symbols. For example,
when learning the Python language, students can use gesture operations to stitch and combine virtual
code modules and observe the running effect of the code in real time. When developing a simple
game program, students wrote the code for controlling character movement and collision detection
by themselves. When they saw the virtual characters they created act according to instructions in the
virtual scene, this immersive practical experience greatly stimulated their enthusiasm for exploring
programming logic and algorithm principles. Students are no longer being explained code syntax by
melodious teachers and mechanically taking notes. Instead, they actively debug code, analyze running
errors, and master programming skills through continuous attempts and thinking. This transformation
has completely changed the situation in traditional programming teaching where students passively
accept knowledge, truly returning the initiative of learning to students and significantly enhancing
their enthusiasm and initiative in learning. From the perspective of educational psychology, when
students' curiosity is satisfied and their desire to explore is released, their learning motivation will be
greatly strengthened, and they will be more willing to invest time and energy in learning activities.

5.2 Expand the Depth and Breadth of Participation. In the learning environment created by XR
technology, students' exploration of the learning content of computer courses can be expanded to a
deeper level and broader dimensions. Take the computer network course as an example. Through VR
technology, a three-dimensional network topology structure scene is constructed. Students can "enter”
the virtual network world and intuitively see the transmission paths of data packets between devices
such as routers and switches. When learning the TCP/IP protocol, students can interact with virtual
protocol components, observe how data packets are encapsulated and unencapsulated at different
levels, and understand the principles of network communication from multiple perspectives. This
immersive learning approach, compared with traditional book knowledge explanations and simple
online simulator demonstrations, enables students to gain a more intuitive and profound
understanding.

Meanwhile, XR technology has broken through the numerous limitations of time and space,
building a global learning and communication platform for students. In the learning of artificial
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intelligence algorithms, students are not restricted by region or time and can participate in learning
activities on a global scale anytime and anywhere. They can communicate and collaborate in real
time with students and teachers from different countries and research directions. For instance, in an
online seminar on the optimization of deep learning algorithms, Chinese students, along with those
from Europe, America and Japan, jointly explored the application bottlenecks of convolutional neural
networks in image recognition and shared their experiences and innovative ideas in model training
and parameter adjustment. This kind of cross-regional and cross-cultural exchange and cooperation
not only broadens students' horizons but also enriches their ways of thinking, greatly expanding the
breadth of students' participation in learning activities [7].

5.3 Cultivate Practical and Innovative Abilities. With the help of XR technology, students have
more valuable opportunities to carry out practical operations. In the training of virtual computer
hardware maintenance, XR technology plays an irreplaceable role. Students can repeatedly practice
operation skills such as disassembling and assembling computer motherboards, installing cpus, and
troubleshooting memory faults in a virtual environment. There is no need to worry about damaging
the real equipment due to operational errors. Students can boldly try and keep exploring. During this
process, they can freely try different maintenance methods and ideas. Through continuous trial and
error and improvement, they gradually master the skills of hardware maintenance.

In software design courses, MR Technology provides students with a unique creative space.
Students can conduct software interface design and functional demonstration using MR Devices in
real space. They can integrate virtual software interface elements into real office scenarios, observe
the interface layout and interaction effects in real time, and make adjustments and optimizations
according to actual usage requirements. For example, when designing a mobile office software,
students can project the virtual software interface onto the real office desktop to simulate the operation
process of users in different office environments. By constantly trying new design concepts and
interaction methods, students can break through the shackles of traditional design thinking and create
more humanized and innovative software works. So as to effectively enhance one's own practical and
innovative abilities. Research shows that through practical learning with XR technology, the
improvement speed of students' abilities in solving practical problems and innovative thinking is
significantly faster than that of traditional learning methods [8].

6. Case Analysis of the Application of XR Technology in Virtual Distance Education

6.1 Foreign Application Cases. Many educational institutions in the United States are actively
exploring the innovative application of XR technology in virtual distance education, among which
the teaching practice of history and geography subjects is the most representative. Take the history
course of Harvard University High School as an example. When explaining the special topic of the
American War of Independence, the school introduced high-resolution VR headsets and customized
3D scene modeling technology. After the students put on the equipment, they were instantly
"transported"” to the North American battlefield in the report 'Top universities use VR to enhance
online education, offering immersive learning at home'. The realistic visual effect allowed the
students to witness the smoke and gunpowder in Concord Village with their own eyes. They could
clearly see the soldiers in military uniforms charging forward with their guns, and the bayonets
flickering with cold light. Aurally, the roar of guns and cannons, the neighing of warhorses, and the
commander’s shouts interweave, creating an immersive historical setting. Students can even freely
"wander" around the battlefield, observe the details of soldiers' equipment, read letters in the camp,
and gain an in-depth understanding of the political games and social contradictions behind the war
through interaction with virtual characters. This immersive learning approach has increased students'
memory retention rate of historical events by more than 40% compared to traditional teaching, and
the number of critical questions raised by students in classroom discussions has nearly tripled.

In the field of science education, the AR science course platform launched by Stanford University
has attracted much attention. This platform, with the help of AR mobile phone applications and
intelligent teaching terminals, presents microscopic cell structures and complex chemical reactions
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in a dynamic and three-dimensional form in the classroom. In biology class, students can trigger AR
effects by scanning cell pictures in the textbook with their mobile phone cameras, allowing them to
observe the dynamic respiration process of mitochondria inside the cells, the division and
recombination of chromosomes, and even rotate 360 degrees to observe the molecular structure of
the cell membrane. In the chemistry course, AR technology visualizes abstract molecular reactions.
Students can personally "operate” virtual chemical reagents and observe the entire process of
molecular bond breaking and recombination, such as the reaction of ethanol and acetic acid to form
ethyl acetate under the catalysis of concentrated sulfuric acid. Through the molecular collision and
chemical bond change process presented by AR, students can intuitively understand the reaction
mechanism. According to the after-class test data, in the classes using AR technology, the correct
understanding rate of abstract scientific concepts by students has increased from 65% to 88%,
effectively breaking through the predicament of “teachers being difficult to teach and students being
difficult to understand" in traditional teaching.

6.2 Domestic Application Cases. In China, universities have taken the lead in deeply integrating
XR technology into the teaching system of engineering majors. Take the School of Mechanical
Engineering of Tsinghua University as an example. In the course of Single-chip Microcomputer and
Mechanical Design, the school independently developed the MR Mixed reality teaching system. This
system integrates the three-dimensional model of mechanical parts with the real laboratory
environment through spatial positioning and gesture recognition technology. After students wear MR
Glasses, they can directly "grab™ virtual engine parts on the laboratory desktop, disassemble them
through gesture operations, and observe the interlocking principles of components such as crankshafts
and pistons. In the single-chip microcomputer programming practice section, the control code written
by students can drive the virtual mechanical arm to move in real time, achieving the synchronous
demonstration of code logic and mechanical actions. Through this teaching method that combines
virtual and real elements, the quality of students' course design works has significantly improved. The
success rate of fault diagnosis and optimization scheme design for complex mechanical systems has
increased by 35%, truly achieving a seamless connection between theoretical knowledge and
engineering practice [9].

The field of basic education is also actively attempting the innovative application of XR
technology. A key middle school in Shanghai has constructed a VR safety education and training
platform, which uses the Unity 3D engine to create highly realistic disaster scenarios. In the fire
escape training, students are placed in a virtual teaching building filled with thick smoke. They need
to find the safety exit based on environmental clues and operate the fire extinguisher through a VR
controller to put out the virtual fire source. In the earthquake simulation scene, students experience
the realistic effects of houses shaking and objects falling, and learn to choose the correct avoidance
posture in different building structures. After the school introduced VR safety education courses, the
average score of safety knowledge tests for all students rose from 72 to 89. More importantly, through
emergency drill evaluations, it was found that students' decision-making response speed in real fire
escape simulations increased by 20%, effectively enhancing students' safety skills and emergency
psychological qualities. In addition, some primary schools have integrated VR technology into
Chinese and English subjects. By creating scenes of classic works and foreign language dialogue
environments, they have significantly enhanced students' interest in language learning and cultural
perception abilities.

The supplementary literature mentioned above adds academic support to the case. If you would
like to supplement other types of literature or have new requirements for the combination of cases
and literature, please feel free to raise them at any time.

7. Challenges and Coping Strategies Faced by Applying XR Technology

7.1 Technical Equipment and Cost Issues. XR technology devices (such as VR headsets, AR
glasses, etc.) are relatively expensive and require certain hardware configuration support, which
increases the usage costs for schools and students. In addition, the update and replacement of technical
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equipment is relatively fast, and maintenance and upgrading also require a large amount of capital
investment. To address this challenge, schools can collaborate with enterprises to secure equipment
sponsorship or preferential policies. The government can increase investment in educational
technology equipment and set up special funds to support schools in purchasing XR technology
equipment. Meanwhile, technology enterprises are encouraged to develop low-cost and high-
performance XR technology equipment to lower the usage threshold [6].

7.2 Teachers Lack the Ability to Apply Technical Skills. Some teachers have limited
understanding and mastery of XR technology and find it difficult to apply this technology effectively
in teaching. Schools should enhance the training of teachers, organize specialized training courses
and workshops on the application of XR technology, and invite technical experts for guidance to
improve teachers' technical application capabilities. Teachers themselves should also actively learn,
take the initiative to explore the application methods of XR technology in teaching, and constantly
improve their teaching level.

7.3 The Development of Content Resources Lags Behind. At present, the teaching content
resources of XR technology applicable to virtual distance education are relatively scarce and difficult
to meet the teaching demands. Schools and educational institutions should increase investment in the
development of teaching content resources based on XR technology and organize professional teacher
teams and technical personnel to collaborate on the development. Meanwhile, teachers are
encouraged to independently create teaching resources of XR technology based on the actual teaching
situation. In addition, a resource sharing platform should be established to promote the circulation
and sharing of high-quality teaching resources and improve the utilization efficiency of resources [6].

7.4 Student Health and Safety Hazards. Long-term use of XR technology devices may have
certain effects on students' eyesight, body balance, etc. At the same time, the content in the virtual
environment may also contain some information that is not suitable for students. Schools and parents
should pay attention to the time students spend using the equipment, arrange the study duration
reasonably, and guide students to use the equipment correctly. In terms of content review, a strict
review mechanism should be established to ensure that the teaching content in the virtual environment
is healthy, positive, and in line with students' cognitive levels and values [10].

8. Summary

The application of extended reality technology in virtual distance education has brought significant
impacts on the reshaping of the classroom ecosystem and the transformation of student participation
models. It builds an immersive learning environment, promotes personalized learning, enhances
interactivity, changes the presentation of teaching resources, stimulates students' active participation,
expands the depth and breadth of participation, and cultivates students' practical and innovative
abilities. Although challenges such as high costs of technical equipment, insufficient technical
application capabilities of teachers, lagging development of content resources, and potential health
and safety risks for students are faced during the application process, these problems can be gradually
overcome by adopting corresponding coping strategies, such as strengthening equipment investment
and research and development, enhancing teacher training, accelerating resource development, and
ensuring student health. With the continuous development and improvement of technology, XR
technology will play a greater role in virtual distance education, bringing more innovations and
changes to education and teaching, promoting virtual distance education to develop in a direction of
higher quality, more personalization and greater interactivity, and providing strong support for
cultivating innovative talents that meet the needs of the new era.
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