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Abstract: We describe in this article the current development status of virtual reality (VR) technology
and its application prospects in education, and we describe the design and implementation process
for a hybrid online and offline teaching system. This system utilizes VR devices and software to bring
students into a virtual learning environment, to interact with virtual objects, and to perform practical
operations. At the same time, the system provides online courses, learning resources, and social
platforms to promote cooperation and communication among students. Compared with traditional
teaching, this online and offline hybrid teaching system significantly improves students’ learning
interest and induces active participation. Students have positive experiences of using VR technology
for learning and believe that the system provides rich and practical learning resources.
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1. Introduction

The application of virtual reality (VR) technology in teaching has been developing
rapidly [1]. In teaching, VR technology has been widely applied in teaching English. By
creating a simulated three-dimensional environment, VR technology enables students to
gain experience and participate in the learning process [2] as shown in Figure 1. In English
learning, VR technology provides an immersive language environment, enabling students
to engage in dialogue and communication with virtual characters, thereby enhancing their
oral expression and listening comprehension abilities [3,4].

Figure 1. Example of a VR classroom.
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VR technology can also be applied to English courses, in which students can ex-
perience cultural backgrounds through virtual travel and scene representation, thereby
enhancing their memory and understanding of the English language [5,6]. Although VR
technology has broad application prospects in teaching, it still faces challenges. Firstly, the
high cost of VR devices limits their promotion in schools and educational institutions [7].
Secondly, teachers need to receive relevant training to effectively apply VR technology to
teaching. The application of VR technology in teaching is actively advancing [8]. With
the advancement of technology and the reduction of costs, the wider application of VR in
education is expected, thereby providing students with a more diverse learning experience.

2. Design of Online and Offline Hybrid Teaching System Based on VR
2.1. System Design

A VR-based teaching platform system architecture is designed to provide a VR edu-
cational experience. The system combines VR technology and teaching methods to create
an immersive and interactive learning environment for students. The core components
of this system include hardware devices, software applications, and content resources.
Hardware devices include VR headsets, joystick controllers, and other devices to place
users in the virtual world and interact with its elements. The software is responsible for
managing the entire system’s operation and providing various functional modules such as
course management and user authentication. The content is educational and is created by
developers or teachers and uploaded to the platform as shown in Figure 2.
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Figure 2. System architecture of the VR system.

2.2. Interactive Design in VR Teaching

VR technology has the potential to revolutionize the learning environment by provid-
ing learners with interactive modes that transcend the limitations of traditional teaching
methods. Through the design of interaction-based tasks and feedback, interactive tasks and
indirect metaphors effectively improve the user experiences of learners’ by utilizing VR
devices. The direct-metaphor design is associated with learners’ existing experience levels
so that learners can understand and master the task requirements quickly. For example, in
education, direct metaphors can be used to transform mathematical problems into concrete
object operations, thus allowing students to solve problems by touching, rotating, and
so on. Indirect metaphor design guides learners to think and infer using suggestions or
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analogies and stimulates them to actively participate in the interaction process. This design
increases interest and attraction and cultivates learners’ independent thinking and creative
thinking. For example, in language learning, indirect metaphors were used to help students
understand abstract concepts or complex sentence structures (Table 1).

Table 1. Interaction mode of VR teaching.

Interaction Mode

Description

Free Exploration

By allowing users to explore the virtual environment freely, users can choose their areas of
interest for learning. This approach can stimulate learners’ curiosity and motivation, and increase
their engagement.

Gesture Interaction

Use of gesture-recognition technology allows users to interact with virtual environments through
hand movements and postures. For example, users can use gestures to select, drag, rotate, or
zoom in and out of virtual objects to gain insight into related concepts.

Physical Interaction

A sensor-equipped controller allows users to touch, grasp, or manipulate virtual objects. This
interactive approach helps users to more intuitively understand physics and solve problems, and
it provides a more realistic experience.

Multi-Person Collaboration

Create virtual environments that support multi-person collaboration so that learners can work on
tasks or learn with other users. This approach promotes cooperation and teamwork and provides
opportunities to interact with others.

Provide timely feedback through visuals and animations to help learners understand whether

Visual Feedback their actions are correct. For example, when a user completes a task or performs an action, they
can visually represent their success or failure.
The use of VR technology to create a simulation of a laboratory environment so that learners can
. arr t realistic practical rations. This approach red the need for r rces, expenditure,
Virtual Laboratory carry out realistic practical operations. This approach reduces the need for resources, expenditure

and security provision that are required for actual operations, and provides more flexible
learning opportunities.

Another important benefit of this approach to interactive task design is the reduction
of additional cognitive load. As VR equipment requires high attention concentration and
spatial perception ability, if there are complicated or non-logical operation instructions in
the process of task execution, then it brings additional loads to users and reduces their
understanding of task objectives and feedback information. Therefore, the interaction
design must be created so as to avoid introducing too many irrelevant factors and to ensure
that the instructions are concise and easy to understand. In summary, interactive tasks
based on direct and indirect metaphor design are feasible on VR devices and enable the
smooth, enjoyable, and efficient completion of tasks.

2.3. Hardware of VR Teaching System

The hardware of the VR teaching system includes equipment and components to
support VR teaching (Figure 3).

Figure 3. Hardware architecture of VR teaching.
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1. VR headset: The VR headset is one of the core devices in VR teaching. It consists of a
wearable device that is used to present VR content to the user’s vision system. VR
headsets typically include components such as high-resolution displays, sensors, and
lenses to provide a realistic VR experience.

2. Tracking systems: Tracking systems are used to track a user’s location and movements
in a VR environment. These devices include external cameras, infrared sensors,
gyroscopes, and laser trackers. Through the tracking system, teachers can understand
the status of students in the virtual environment and give corresponding guidance.

3. Controller: The controller is the device through which the user interacts with the
virtual environment. Controllers usually contain control elements such as buttons,
joysticks, and triggers that simulate the user’s hand movements or other operations.
The controller allows students to perform various operations in a virtual environment,
such as making selections, drawing, and operating virtual instruments.

4. Computing equipment: VR teaching requires powerful computing equipment that
can handle a large number of graphics and computing tasks. These devices can be
high-performance desktop computers, game consoles, or specialized VR all-in-one
machines. Computing devices are responsible for rendering virtual environments in
real time and transmitting them into VR headsets to deliver a smooth VR experience.

5. Interactive devices: In addition to controllers, VR teaching is realized with interac-
tive devices such as gloves, motion-sensing devices, and haptic feedback devices
to enhance the user’s interactive experience with the virtual environment. These
devices allow students to more intuitively feel the objects and actions in the virtual
environment, further improving the teaching effect.

2.4. Three-Dimensional Modeling

The VR virtual experiment platform uses 3Dmax as a 3D engine, which has powerful
functions and flexibility. By using 3Dmax, users can easily build a variety of parameters
that match the physical object to create a realistic virtual scene. On the virtual experimental
platform, users can carry out three-dimensional construction and mapping of objects. With
simple steps, users can place objects of different shapes, sizes, and materials into a scene
and adjust and position them. At the same time, elements are removed or added to improve
the scene. In addition to the basic functions, the platform provides a variety of additional
operational options. For example, in the model editing process, users can delete certain
parts to achieve a specific effect; additional elements can also be added to enhance scene
expressiveness. This flexibility allows users to create according to their needs as beginners
or professionals.

The use of 3Dmax as a 3D engine on a VR virtual experiment platform allows for
convenience and a range of possibilities. It is used to build parameters that meet the
requirements of physical objects and provide a variety of operation options to meet the
needs of users for three-dimensional construction, mapping, and other aspects. This
makes the platform an ideal tool for applications in education, design, entertainment,
and other fields. Designs of a student’s perspective and a teacher’s perspective is shown
in Figures 4 and 5.

Figure 4. Student perspective in VR model.
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Figure 5. Teacher’s perspective.

2.5. VR Teaching Scene

In VR teaching, VR technology is used to simulate a real teaching environment. Stu-
dents wear specially designed VR headsets, enter a completely virtual environment, and
learn in an immersive way. In VR teaching, a variety of real learning scenes such as his-
torical scenes, science laboratories, and art exhibitions can be created. Students interact
with objects in a virtual environment, observe details, experience hands-on operation, and
receive immediate feedback and guidance. For example, in history lessons, students can
experience historical events through VR teaching scenes, such as visiting ancient buildings
and participating in major battles. They can move freely through virtual scenes, observe
details, engage in conversations with historical figures, and learn about historical inter-
pretations from different perspectives. This immersive learning style stimulates students’
interest and improves their learning results. In science education, VR teaching scenarios
are created to simulate a science laboratory’s environment, including allowing students to
conduct various experiments. Students can operate the virtual experimental equipment,
observe the experimental results, and conduct experimental analysis with the guidance of
a virtual tutor. This hands-on approach to learning develops students” experimental skills
and scientific thinking. In addition, a new experience in art education can be obtained in
VR teaching scenes. Students can visit the art exhibition hall, appreciate famous paintings,
and understand the creative inspiration and skills of artists. They can also use VR tools
for artistic creation, such as painting and sculpture, to cultivate their aesthetic ability and
creativity. VR teaching scenarios provide an innovative way of delivering education to help
students learn in an immersive way. It can broaden students’ learning horizons, stimulate
their learning interests, and promote the development of creative thinking. By combining
virtual environments and reality, VR teaching scenarios will become an important part of
education in the future.

3. Conclusions

This online and offline hybrid teaching system based on VR has significant advantages.
The system overcomes the time and space limitations of the traditional teaching mode
and provides students with an immersive learning experience. Students can participate
in various simulation experiments, scene drills, and situational interactions through VR
technology and enhance their sense of reality and participation in learning. At the same
time, the online and offline hybrid teaching system can overcome the problems of human
resources, material conditions, and time limitations faced by traditional offline classroom
teaching, thus providing students with a more flexible and personalized learning mode.
Secondly, the online and offline hybrid teaching system can effectively promote students’
learning effectiveness. VR technology provides students with a new learning mode by
stimulating students’ learning interests and initiatives. Through virtual experiments,
scene simulation, and interactive experiences, students can explore abstract concepts and
gain knowledge to improve learning effectiveness. In addition, the online and offline
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hybrid teaching system can be used to adjust teaching strategies promptly through data
analysis and feedback and enable the personalized tutoring of students to improve learning
effectiveness. Thirdly, the online and offline hybrid teaching system based on VR faces
challenges in application. Technical limitations may affect the stability and practicality of
the system. The cost of system construction and maintenance is high, requiring sufficient
investment and support. In addition, for non-technical disciplines, the application of
VR technology may be subject to certain limitations. Therefore, in the promotion and
application process, education resources, technical conditions, subject characteristics, and
other factors need to be considered comprehensively. The online and offline hybrid teaching
system based on VR has many prospects for use in education. The continuous innovation
and improvement of VR technology will allow for more opportunities and challenges to
be faced. By continuously optimizing the system’s functions and teaching design, student
participation and learning effectiveness can be improved. The system could play a greater
role in higher education.
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