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SUMMARY: In order to solve the problems of difficult to repeatedly present complex action 

demonstrations in physical education, classroom error correction relying on experience, and 

inaccurate feedback under individual differences of students, this paper studied the 

application of virtual reality technology in physical education. Combining computer vision, 

3D skeleton reconstruction, action semantic recognition and virtual scene interaction methods, 

a technology chain composed of action acquisition, data processing, scene rendering and 

real-time feedback is constructed, and its teaching effect and practical challenges are 

analyzed. The results show that virtual reality technology can enhance the visualization 

degree of action demonstration, improve the timeliness of process feedback and the 

interactivity of training links. In the simulation test of self-built physical teaching action 

sample set, the accuracy of action recognition of the system reaches 95.3%, and it still 

maintains 88.7% in complex classroom scenes, showing a certain application potential. 

However, the system is still facing pressure on stability and adaptability in terms of multiple 

people in the same scene, rapid direction change, device wearing comfort and classroom 

deployment cost. The research believes that virtual reality technology provides a new digital 

support path for physical education, and the continuous release of its application value still 

depends on the further improvement of multi-source perception fusion, lightweight computing 

and teaching content modularization. 
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1 Introduction 

Physical education has multiple attributes such as knowledge imparts, movement acquisition, 

skill training and situational experience. Its teaching effectiveness depends not only on 

whether the teacher's explanation is clear, but also on the visualization degree of movement 

demonstration, the immediacy of students' participation and the pertinence of training 

feedback. For a long time, the school physical education classroom mainly relies on teachers' 

oral explanation, on-site demonstration and repeated drill to complete the skill teaching. This 

method has the advantages of intuitionistic and convenient in basic movement training. 

However, when the teaching content involves complex technical movements, continuous 

tactical cooperation or special training with certain risks, the limitations of traditional 

methods will gradually appear. On the one hand, the classroom time is limited, the number of 
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teacher demonstrations and the opportunity for students to observe repeatedly are constrained, 

and some actions have obvious instantaneity and continuity. Students can only capture the 

rough outline of the action, and it is difficult to accurately grasp the key nodes and force 

sequence. On the other hand, different students have differences in physical conditions, 

movement foundation and understanding ability. Unified and empirical correction methods 

are often difficult to take into account individual needs, and problems such as insufficient 

observation, untimely feedback and inaccurate error correction are prone to occur in the 

teaching process. 

With the continuous development of computer graphics, 3D modeling, motion capture, 

pose estimation, sensor perception and real-time rendering technology, virtual reality 

technology has gradually moved from laboratory research to education application, and began 

to enter the field of physical education. Different from traditional multimedia display, virtual 

reality does not simply "move the action content to the screen", but relies on computer 

hardware such as head-mounted display devices, position tracking modules, inertial sensors, 

depth cameras and interactive controllers to build a digital teaching environment that can be 

perceived, interactive and feedback. In this environment, students can not only observe 

standard actions and technical routes from multiple perspectives, but also complete exercises 

in immersive scenes. The system then identifies, compares and analyzes the completion of 

actions according to bone point data, joint Angle changes, displacement trajectories and 

timing characteristics. Therefore, the classroom teaching, which originally mainly relied on 

teachers 'experience judgment, has gradually transformed into a process of combining 

experience judgment and data assistance, and the traditional teaching chain of 

"demonstration-practice-correction" has thus presented stronger visualization, repeatability 

and quantification characteristics.More importantly, the digital traces generated in this process 

can be stored, retrieved, and compared across different teaching sessions. Teachers are 

therefore no longer confined to transient classroom observation, but can examine students’ 

movement deviations, progress trajectories, and repeated error patterns over time. Such 

computable records provide a more stable basis for differentiated instruction, targeted 

intervention, and longitudinal evaluation of motor learning outcomes. 

From the actual needs of physical education, the introduction of virtual reality technology 

is not only a form of updating, but also involves the adjustment of teaching organization and 

feedback mechanism. For gymnastics, ball games, wushu, and track and field, the movement 

structure often includes multiple levels such as Angle control, rhythm connection, center of 

gravity transfer, and spatial path. It is difficult for students to form a complete representation 

only by a single demonstration. With the help of computer vision and 3D skeleton 

reconstruction technology, it is possible to convert student actions into replayable, comparable 

and analyzable data objects, and then linkage with the standard model in the virtual scene, so 

as to improve the pertinence of action learning and the fineness of training feedback. In 

particular, virtual reality technology shows a certain application potential in difficult 

movement simulation, itemized exercises, linkage training in and out of class and individual 

guidance. At the same time, problems such as equipment cost, system delay, wearing comfort, 

classroom deployment complexity and teachers 'operation threshold also make its promotion 

in real teaching face realistic constraints.In practical teaching management, another key issue 

is whether virtual reality can be embedded into the existing rhythm of warm-up, explanation, 

grouped practice, and post-class review, rather than being treated as an isolated display tool. 

Therefore, the value of the technology should be judged not only by visual novelty, but also 

by whether it can support stable teaching organization, manageable operation, and sustainable 

data use under ordinary school conditions. 

Based on this, this paper focuses on physical education teaching scenarios, discusses the 



INGEGNERIA SISMICA – INTERNATIONAL JOURNAL OF EARTHQUAKE ENGINEERING 

3 

application of virtual reality technology and its practical challenges. This paper incorporated 

sports action recognition, 3D data collection, virtual interactive presentation and teaching 

feedback mechanism into a unified analysis framework, attempted to sort out the realization 

path of virtual reality in sports classroom from the perspective of combining computer 

technology and teaching practice, and analyzed its actual value in teaching assistance, action 

evaluation and interactive training. The purpose of this study is to show that virtual reality is 

not a simple replacement for traditional physical education, but a technical tool to reconstruct 

the action learning environment, optimize the feedback method and enhance the learning 

experience under digital conditions. Compared with studies that discuss virtual reality mainly 

from the perspective of teaching interest or immersive presentation, this paper places greater 

emphasis on the computable realization path of the system. The analysis is organized around 

four connected links, namely motion capture, three-dimensional reconstruction, semantic 

understanding and interactive feedback, so that the pedagogical role of virtual reality can be 

explained through specific data-processing procedures rather than abstract technical 

descriptions alone. In this way, the study not only discusses whether VR can be used in 

physical education, but also clarifies how its recognition accuracy, response efficiency and 

classroom operability jointly affect the final teaching effect.Its application value is reflected 

not only in the immersion of action demonstration and the refinement of training evaluation, 

but also in the support of complex action teaching, individual difference adaptation and data 

management of teaching process. 

This paper is divided into six parts. The first part explains the research background and 

problems. The second part reviews the related research progress. The third part discusses the 

application of virtual reality computer technology for physical education, focusing on the 

analysis of action recognition and interactive implementation; The fourth part analyzes the 

application effect and practical difficulties. The fifth part discusses the boundaries and 

conditions of integrating technology into physical education. Section 6 concludes the paper 

and responds to future research directions. 

2 Related Research 

In recent years, the application of virtual reality technology in education and training has been 

significantly accelerated, and its research focus has gradually shifted from early scene display 

to immersive interaction, action feedback and data-driven evaluation. From the existing 

reviews, VR, AR and mixed reality have formed a relatively stable application spectrum in 

physical education, and the research objects cover the scenes of school physical education 

classroom, special skill training, perceptual decision-making training and sports rehabilitation. 

The common feature of this kind of research is that the teaching process, which relies on oral 

explanation and on-site demonstration, is transformed into a visual, interactive and recorable 

digital training process with the help of computer graphics rendering, 3D modeling, head and 

hand tracking, inertial sensing, and posture recognition. In other words, the value of virtual 

reality in physical education is not only to "see the action", but to realize the integrated 

reconstruction of action acquisition, process analysis and feedback output through the 

computer system. 

Many studies have given positive evidence about the effect of physical education. The 

review of Perez-Munoz et al. and Putranto et al. pointed out that virtual reality has great 

potential in improving learning engagement, action understanding and training fun [1, 2]. Bae 

found that VR-based physical education curriculum can promote the improvement of physical 

fitness of primary school students [3]. Fernandez-Vazquez et al. combined VR with 

gamification and practical teaching methods and showed that the combination had a positive 



Wang et al. 

4 

impact on motor skill performance and students' subjective force perception [4]. Geisen et al. 

regard VR as an innovative learning tool in physical education and emphasize its role in 

enhancing immersion and activating learning motivation [5]. It can be seen that virtual reality 

has changed from a simple display medium to a technical platform that can directly intervene 

in the process of teaching organization and skill formation. At the same time, the technical 

implementation path is also constantly refined. Earlier studies have attempted to build an 

immersive physical education system to complete skill training through the linkage of virtual 

scenes and user action input [6-8]. Subsequently, research has gradually shifted to application 

models that emphasize more computer support capabilities, such as using virtual 

environments to enhance real motor skill transfer [9-11], learning complex sports movements 

with virtual training [12], or evaluating visual search and on-field decision-making 

capabilities through full-body virtual soccer simulation [13, 14]. In the field of team sports, 

360-degree VR, animated VR, and contextual interactive systems are used to train tactical 

judgment and decision-making speed [15, 16]. In the field of special sports, VR has also been 

introduced into boxing, baseball, football and other projects to optimize the perception-action 

coupling process [17]. This change shows that the current related research is no longer 

satisfied with "building a virtual scene", but pays more attention to the acquisition of posture 

data, the accuracy of action recognition, the delay of real-time feedback and the effect of 

training transfer during motion, which are directly related to the efficiency of computer vision, 

sensor fusion and real-time rendering. 

However, there are still some common shortcomings in the existing studies. One type of 

problem focuses on the small sample size and short experiment period, which makes it 

difficult to fully verify the long-term stability of teaching effect [18]. The other kind of 

problems are related to the technical system itself, such as high hardware cost, heavy 

equipment wearing burden, complex classroom deployment, insufficient interactive feedback, 

and differences in teachers' willingness to adopt VR teaching and operational ability [19, 20]. 

Especially in the school physical education scene, if the virtual reality system lacks the 

overall design of action recognition, individual difference adaptation and classroom 

management process, it is often easy to stay at the demonstration level, and it is difficult to 

truly integrate into daily teaching. It can be seen that although the application of virtual reality 

in physical education has made some progress, it still needs to establish a closer matching 

relationship between computer technology and teaching mechanism.At present, many studies 

report learning motivation, engagement, or subjective experience, whereas fewer works 

simultaneously examine recognition accuracy, interaction latency, and classroom operability 

within the same analytical framework. This separation between pedagogical evaluation and 

system-level performance makes it difficult to determine whether a VR solution that performs 

well in experimental settings can remain effective in routine teaching. For this reason, a more 

integrated analysis path is needed. In order to facilitate the comparison of the focus and 

method differences of the existing research, the relevant representative results are summarized 

in Table 1. 
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Table 1: Comparison of related studies of virtual reality technology in physical education and 

sports training 

Author Year 
Research 

Type/Method 
Main Content Limitations 

Pérez-Muñoz 

et al. [1] 
2024 

Systematic 

review 

Reviews the applications 

and effects of 

VR/AR/MR in physical 

education 

Conclusions rely on 

existing samples, and 

classroom details vary 

considerably 

Putranto et al. 

[2] 
2023 

Literature 

review 

Discusses the 

implementation pathways 

of VR in physical 

education and training 

Discussion of specific 

computer-based 

implementation is not 

sufficiently in-depth 

Bae [3] 2023 
Teaching 

intervention 

VR-based physical 

education courses 

improve physical fitness 

among primary school 

students 

The age group is 

relatively homogeneous 

Fernández- 

Vázquez et 

al. [4] 

2024 
Mixed-metho

ds study 

VR combined with 

gamification and practical 

teaching improves sports 

skill performance 

Classroom-scale 

adoption is still 

constrained by 

equipment availability 

Geisen et al. 

[5] 
2023 

Applied 

research 

Uses VR as an innovative 

learning tool in physical 

education 

Insufficient attention to 

long-term transfer 

effects 

Amoroso et 

al. [8] 
2025 

Teacher-pers

pective study 

Analyzes physical 

education teachers’ 

attitudes and willingness 

to use VR 

Focuses more on 

adoption issues and 

lacks system 

performance validation 

Rojas Ferrer 

et al. [18] 
2020 

Virtual 

football 

simulation 

Uses full-body VR to 

assess skill-related visual 

exploratory activity 

The scenario is highly 

specialized, with limited 

generalizability 

Jia et al. [19] 2024 
Scoping 

review 

Discusses the role of 

animated VR and 360° 

VR in team 

decision-making training 

Teaching evaluation 

indicators are not yet 

unified 

Pastel et al. 

[20] 
2023 

Empirical 

study 

VR contributes to 

learning complex motor 

skills 

Large-scale application 

in real classroom 

settings still needs 

verification 

 

On the whole, the existing research has proved that virtual reality has a certain application 

value in physical education, especially in action demonstration, situation reconstruction, skill 

training and decision-making cultivation. However, from the perspective of computer 

application, the accuracy of action acquisition, real-time interaction, lightweight system and 

datafication of teaching evaluation are still core problems that have not been fully solved. 

Because of this, the follow-up research should not stay in the general "technology 

introduction" level, but should further discuss the action recognition, 3D data acquisition and 

interactive feedback methods for physical education, in order to improve the classroom 

adaptability and practical application efficiency of virtual reality system.Accordingly, the 
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present study does not treat virtual reality as an isolated visualization medium, but as a 

teaching-support system composed of algorithmic perception, data transmission, scene 

scheduling and feedback output. The focus is shifted from general technology advocacy to the 

internal linkage between recognition module performance and classroom instructional tasks. 

This analytical perspective helps explain why some VR systems appear attractive in 

demonstrations but fail to maintain stable effectiveness when confronted with real teaching 

conditions such as frequent movement overlap, limited space and heterogeneous student 

performance. 

3 Research on the application method of virtual reality 

computer technology in physical education 

In the virtual reality application of physical education, it is necessary to collect the students' 

movement process digitally, and then map the movement data to the three-dimensional 

teaching scene, and complete the recognition, rendering and interactive feedback in the 

system. Specifically, the computer obtains the human posture information through the camera, 

inertial sensor or depth device, and generates the action model for teaching analysis after 

feature extraction and trajectory calculation. On this basis, the virtual scene can 

simultaneously present standard demonstrations, practice processes and deviation tips, so that 

students can complete action learning in an immersive environment and obtain timely 

feedback. 

3.1 Sports action recognition and 3D data acquisition methods 

The effective operation of virtual reality physical education depends on the stable collection 

and accurate analysis of action information. If the front-end data has drift, missing or timing 

dislocation, the subsequent 3D mapping, action discrimination and feedback prompts will be 

affected, and it is difficult for teachers to complete the targeted evaluation. Compared with the 

traditional classroom methods that rely on visual inspection and empirical correction, the data 

acquisition method based on computer vision and sensor perception can convert continuous 

actions such as jumping, turning, swinging and throwing into digital information that can be 

recorded and analyzed, which provides basic support for action restoration and teaching 

diagnosis in virtual scenes. 

From the perspective of the implementation process, sports action data processing mainly 

includes two-dimensional key point extraction, three-dimensional skeleton reconstruction and 

time series feature modeling. The system first extracts key points from RGB video or RGB-D 

video, and then combines dual camera position, depth information or inertial sensor data to 

recover 3D pose. After that, the skeleton sequence of consecutive frames is feature encoded 

for action recognition and quality assessment. Figure 1 shows the basic flow of sports action 

recognition and 3D data acquisition. 
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Figure 1: Process of sports action recognition and 3D data acquisition 

In the 2D keypoint extraction stage, human joints can be represented as probabilistic 

response regions in the image. Let the true position of the JTH joint point in the image be 

p
j
= (xj, yj

), then its confidence heatmap can be expressed as follows. 
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Hj(u, v) = exp(−
(u − xj)

2 + (v − yj)
2

2σ2
) (1) 

where, (u,v) is the image pixel coordinate and σ is the scale parameter controlling the 

response range. The closer the heatmap peak is to the true joint position, the higher 

probability that the pixel belongs to the target joint. Considering that sports movements are 

often accompanied by limb crossing, rapid swing and partial occlusion, the localization results 

of a single frame are easy to jump, so it is necessary to smooth the key points of adjacent 

frames. Let the observed position of a joint in frame t be p̂
t
 and the smoothed position be p

t
, 

then it can be written as follows. 

pt = αp̂t + (1 − α)pt−1 (2) 

where, α is the update coefficient. After temporal smoothing, the trajectory of key points is 

more continuous, which is conducive to subsequent 3D reconstruction and action 

segmentation. 

After obtaining the two-dimensional key points, the system needs to restore the plane 

coordinates to the spatial attitude information. For the teaching environment equipped with 

depth camera, the positioning can be directly combined with the depth value. For binocular or 

multi-view acquisition scheme, triangulation reconstruction can be completed according to 

imaging relationship. Suppose that the coordinate of a joint point in 3D space is P=(X,Y,Z), 

and its projection on the camera plane is p=(x,y), then: 

s [
x
y
1
] = K[R t] [

X
Y
Z
1

] (3) 

where, K is the camera internal parameter matrix, R and t are the rotation matrix and 

translation vector, respectively, and s is the scale factor. This process can unify the 

two-dimensional observations from different viewpoints into the same three-dimensional 

coordinate system, so as to describe the information of torso tilt, joint flexion and extension, 

center of gravity transfer and action path more stably. 

After the 3D skeleton is formed, the system further extracts the feature parameters that can 

reflect the quality of the action. Joint angles are one of the most commonly used classes. Let 

joint node B be A vertex and A and C be its adjacent nodes, then the Angle θ can be expressed 

as follows. 

θ = arccos (
(BA⃗⃗⃗⃗  ⃗ ⋅ BC⃗⃗⃗⃗  ⃗)

‖BA⃗⃗⃗⃗  ⃗‖‖BC⃗⃗⃗⃗  ⃗‖
) (4) 

The variation of joint angles with time can be used to analyze the action amplitude, force 

sequence and rhythm characteristics. For example, in teaching contents such as squatting, 

shooting or padding, the joint Angle curve is often easier to reflect whether the action is 

coordinated and whether the start is reasonable than the simple video picture. 

Due to the obvious continuity of sports actions, the recognition process cannot stay at the 

single frame discrimination level. To this end, this paper constructs the continuous T frame 

skeleton sequence into a spatio-temporal graph structure, with joints as nodes, and skeletal 

connections and cross-frame correspondence as spatial and temporal edges to model the 
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action unfolding process as a whole. On this basis, the system can also compare the similarity 

between the student action sequence and the standard template. If the standard action feature 

sequence is S = {s1, s2, ⋯ , sn} and the student action sequence is Q = {q
1
, q

2
, ⋯ , q

m
}, then 

the comprehensive similarity can be expressed as follows. 

Score = 1 −
1

N
∑ωi

N

i=1

|fi
(Q)

− fi
(S)

|

max( fi
(S)

, ε)
(5) 

where, fi represents the ith action feature, ωi is the feature weight, and ε is the minimal 

constant that prevents the denominator from being zero. The higher the score, the closer the 

student action is to the standard template. The features here can be both joint angles and 

displacements as well as velocity peaks, action beats, and body center of gravity trajectories. 

Compared with the traditional classroom processing method of "one demonstration, unified 

correction", this kind of data evaluation is more suitable for supporting stratified teaching and 

individual feedback.Beyond static feature comparison, classroom action evaluation also needs 

to consider temporal consistency and phase alignment. Even when two students finally reach 

similar terminal postures, their acceleration pattern, rhythm transition, and local joint 

coordination may differ substantially during movement execution. Therefore, incorporating 

phase-sensitive descriptors such as velocity peaks, duration ratios, and segment-wise 

trajectory deviation can further improve the sensitivity of the system to subtle technique 

errors. For the practical application of physical education classroom, three-dimensional data 

acquisition requires not only recognition accuracy, but also simple deployment and stable 

operation. Considering the situation of multiple people in the same scene, height differences, 

station changes and partial occlusion, it is more suitable to adopt the implementation method 

of "visual acquisition mainly, inertial sensing supplement, and preliminary processing at the 

edge end". This can not only reduce the overall computational pressure, but also more 

convenient for landing in the regular teaching environment. 

3.2 The interactive application method of virtual reality physical 

education 

The interactive effect of virtual reality physical education not only depends on the quality of 

scene construction, but also depends on whether the system can timely transform students 

'actions into executable teaching instructions. If the system can only complete the 

three-dimensional display, but can not respond to the student's behavior, it is difficult for 

virtual reality to truly enter the teaching process of "practice-feedback-correction". Based on 

this, interactive applications need to connect action acquisition, semantic recognition, scene 

call and result feedback, so that students can complete task switching, demonstration call and 

action correction in natural motion, and form a closed-loop teaching interaction. 

From the perspective of system structure, virtual reality physical education interaction 

usually includes perception layer, processing layer, rendering layer and feedback layer. The 

perceptual layer is responsible for obtaining information such as skeleton points, head 

orientation, displacement change and control input. The processing layer completed action 

segment segmentation, semantic recognition and instruction mapping. The rendering layer 

relies on engines such as Unity or Unreal to call demonstration models, training interfaces and 

prompt content. The feedback layer acts on the learning process through viewpoint switching, 

trajectory superposition, voice prompt and result scoring. Figure 2 shows the system 

interaction process. 
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Figure 2: The flow chart of the interactive system of virtual reality physical education 

The system interaction takes students' natural actions as input, rather than menu or button 

operations. In order to ensure the continuity of recognition, the original action stream needs to 

be fragmented. The action sample library in virtual reality physical education is set as follows. 

X = {G1,1, G1,2, ⋯ , Gc,n} (6) 

where, Gc,n denotes the NTH sample fragment in the c-th type of interaction action. The 

interactive actions are not equivalent to complete sports technical actions, but rather control 

action units that can be recognized and invoked by the system, such as arm raising, arm 

swinging, squatting, turning, forward and fixed point stopping. The reason for this design is 

that virtual reality interaction in physical education classrooms needs to minimize the 

operational burden and avoid students from frequently relying on menu, mouse or handle 

switching functions, so as to ensure the integrity of the action learning process. Each 

interactive action segment can be represented as a continuous time sequence: 

Gc,n = {q1, q2, q3, ⋯ , qt} (7) 

where, q
t
 represents the action state vector of frame t, which is usually composed of 

information such as joint Angle, body orientation, velocity change, center of gravity position 

and local trajectory. Different from the discrete click in the traditional graphical interface, the 

interactive input in physical education has obvious time extensibility. The system can not only 

make a judgment based on a certain frame of posture, but should combine with the change 

trend of several consecutive frames to identify its meaning. After action segments are 
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segmented, they need to be feature encoded to form a semantic representation suitable for 

processing by the classifier. Let the encoding function be ϕ(⋅ ), then the feature representation 

of the action sequence can be written as follows. 

ht = ϕ(qt),  t = 1,2,⋯ ,m (8) 

where, ht represents the feature vector of the t-th frame after encoding. Is the encoded 

feature vector of the t-th frame. Through this process, the original skeleton changes and 

spatial displacements are transformed into discriminative semantic features, which provide 

the input basis for subsequent interactive control. 

After feature encoding, the system maps action semantics to specific teaching instructions. 

Let the currently recognized action semantics be at and the current teaching environment 

state be et, then the interactive control result can be expressed as follows. 

ut = M(at, et) (9) 

where, M(⋅ ) represents the mapping function between action semantics and teaching 

situation, and ut is the interactive instruction output by the system. After introducing the 

environment state variable, the same action can correspond to different functions in different 

teaching links. For example, in explanation mode, "one arm up" can be used to invoke a 

standard demonstration; In practice mode, the corresponding pause and key nodes can be 

viewed. 

To select the most appropriate result among multiple candidate instructions, the system 

inputs the semantic score corresponding to the action sequence into the probabilistic model. 

Let the semantic score of the KTH interaction instruction be zk, then its triggering probability 

is as follows. 

P(uk|G) =
exp( zk)

∑ exp(K
j=1 zj)

(10) 

where, G represents the current input action segment, K represents the total number of 

interactive instructions, and P(uk|G) represents the probability that the action triggers the 

KTH instruction. The system usually selects the instruction with the maximum probability as 

the final output, or executes the corresponding operation after its probability exceeds a preset 

threshold. The advantage of this method is that interactive triggering no longer depends on a 

single regular threshold, but combines the overall action characteristics for comprehensive 

judgment, which can reduce the problem of false triggering caused by action amplitude 

fluctuation, partial occlusion or unstable rhythm to a certain extent.To further suppress false 

triggering in crowded teaching environments, the interactive layer can introduce a short 

temporal confirmation window and a confidence gating mechanism. Only when the predicted 

instruction remains stable across consecutive frames and the semantic confidence exceeds a 

preset threshold will the system execute the corresponding scene call or feedback prompt. 

This design is particularly important in physical education, where preparatory movements, 

compensatory actions, and incidental gestures often resemble control commands in local 

posture patterns. In order to make the interaction process closer to the PE teaching scene, the 

relationship between action semantics and teaching function is summarized in Figure 3 in this 

study. 
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Figure 3: Mapping relationship between sports action semantics and teaching instructions 

After the instruction judgment is completed, the VR engine is responsible for the scene 

call and feedback output. The system can overlay standard skeleton, trajectory curve, drop 

hint and speed mark in real time according to the training task, and give correction 

information combined with voice broadcast. Compared with traditional video teaching, this 

feedback has stronger spatial correspondence, which can help students more intuitively judge 

the action deviation and its formation position. 

In addition to the feedback content itself, the system response delay is also an important 

factor affecting the interaction quality. Movement correction in physical education often 

occurs in a very short period of time. If the system response is too slow, the prompt 

information is easy to lag behind and weaken the training effect. Let the total system response 

delay be Tr, then: 

Tr = Tc + Tp + Td (11) 

where, Tc represents acquisition and transmission time, Tp represents action recognition 

and semantic parsing time, and Td represents scene rendering and display output time. This 

formula shows that the fluency of virtual reality physical education interaction is not only 

affected by the recognition algorithm, but also closely related to the efficiency of front-end 

acquisition, edge computing power and the optimization degree of rendering pipeline. If the 

classroom equipment conditions are limited, it is more suitable to use the lightweight model 

and the local cache mechanism, and move the complex calculation to the edge end to avoid 

the whole process relying on high-load background processing. 
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4 Application effect and challenge analysis of virtual reality 

physical education 

4.1 Simulation and analysis of physical education application effect 

In order to test the feasibility of the above virtual reality physical education teaching method 

in the classroom scene, this paper constructs a simulation process composed of 'action 

acquisition, posture reconstruction, semantic recognition and virtual feedback', and carries out 

comparative tests combined with the self-built physical teaching action sample set, NTU 

RGB+D dataset and Kinetics skeleton subset. The self-built dataset mainly contains common 

teaching movements such as standing long jump preparation, in-place shooting, volleyball 

padding, turning run starting, and gymnastics stretching, which can better reflect the actual 

situation of various types of movements, obvious differences in amplitude and frequent 

occlusion in school physical education classroom. The experimental platform is jointly 

implemented by Python and Unity3D. The front-end completes key point extraction and 3D 

skeleton reconstruction, and the back-end performs spatio-temporal feature coding and 

interactive feedback judgment. 

Table 2 shows the test results of different models on three types of datasets. Compared 

with 3D-CNN and CNN-LSTM, the recognition accuracy of the method in this paper is 

higher on the self-built physical teaching dataset, indicating that skeleton spatio-temporal 

modeling is more suitable for dealing with the problem of "clear structure but complex 

background" in classroom actions. On the NTU RGB+D dataset, the accuracy and 

macro-average F1 of the proposed method still maintain a good level, indicating that the 

method has certain stability in multi-view human action recognition tasks. The advantage on 

the Kinetics skeleton subset is relatively convergent, which is related to the open scene, fuzzy 

action boundaries, and large differences in video acquisition conditions in this kind of dataset. 

It should be noted that the average response time delay of the method in this paper is 

controlled within 40 ms, indicating that it not only has good recognition ability, but also has a 

real-time basis for entering the interactive link of virtual reality teaching. 

Table 2: Simulation results of different models in physical education action recognition task 

Model 

Accuracy 

on 

Self-Built 

Dataset / % 

Macro-F1 

on 

Self-Built 

Dataset / % 

Accuracy 

on NTU 

RGB+D / % 

Accuracy 

on Kinetics 

Skeleton 

Subset / % 

Average Response 

Latency / ms 

3D-CNN 88.4 87.6 84.9 72.8 56.3 

CNN-LSTM 90.1 89.3 86.2 74.1 48.7 

ST-GCN 92.7 91.9 88.5 75.6 42.5 

Proposed 

Method 
95.3 94.6 90.8 77.4 36.8 

 

From the results, the accuracy of the proposed method on the self-built dataset reaches 

95.3%, which is 2.6 percentage points higher than that of ST-GCN and 6.9 percentage points 

higher than that of 3D-CNN. The macro average F1 reaches 94.6%, which indicates that the 

recognition of different action categories is more balanced and the overall performance is not 

easily masked by a few high-frequency actions. Further combined with the simulation process 

observation, it can be seen that when the system synchronously maps the recognition results 

to the virtual teaching scene, the trigger of standard action call, perspective switch and slow 

playback are more stable, and students can get feedback quickly after the completion of the 
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action. This shows that the combination of 3D skeleton modeling, action semantic recognition 

and VR scene linkage is expected to improve the clarity of demonstration, the timeliness of 

error correction and the coherence of interaction in physical education to a certain extent, and 

also provides a test basis for the subsequent analysis of its practical limitations and 

optimization direction.From the viewpoint of teaching use, this result is meaningful because 

classroom action analysis does not require recognition only at the category level, but also at 

the level of error localization and feedback timing. A model with slightly higher accuracy but 

unstable response may still be less useful than a model with balanced recognition and latency 

performance. Therefore, the advantage of the proposed method lies not merely in its 

numerical superiority, but in its better fit with the real-time and corrective nature of physical 

education interaction. 

4.2 Analysis of physical education application limitations and practical 

challenges 

In order to be closer to the real classroom environment, in addition to the single standard test, 

this paper further sets up complex situations such as multiple people in the same scene, partial 

occlusion, rapid rotation and continuous action switching, and tests from four aspects of 

recognition stability, interaction delay, comfort and classroom operation burden. The results 

show that the action recognition accuracy of the system in the standard scene is 95.3%, and 

the average response delay is 36.8 ms. After entering the complex classroom conditions, the 

accuracy decreased to 88.7%, and the response delay increased to 52.6 ms. The changes of the 

two indicators showed that virtual reality physical education performed well in a controlled 

environment. However, when the number of students increased, the movement crossed 

frequently, and the shooting Angle was limited, the drift of key points and the segmentation 

error of action clips would be significantly enlarged, which would affect the continuity of 

interactive feedback. 

In terms of specific action types, the basic actions with clearer structure and larger 

amplitude were easier to be stably recognized, for example, the accuracy of stretching actions 

and in-place shooting preparation actions remained above 90%. The recognition accuracy of 

the content with faster rhythm and more complex trajectory, such as the continuous movement 

of the volleyball pad and the changing direction dribble of the football, is more obvious, and 

has been lower than 87% in some tests. This indicates that the current system is easier to work 

in teaching basic actions with strong regularity, while there is still room for improvement in 

recognition stability and interaction continuity in items with higher openness and more 

obvious physical confrontation. At the same time, experimental records show that the false 

trigger rate of interactive instructions in multi-person complex scenes rises from 2.9% to 

8.4%, and the number of teachers 'manual intervention in the classroom also increases 

synchronously, indicating that the system has not yet fully equipped with the ability to operate 

independently and stably in highly dynamic teaching environments. 

In addition to recognition and interaction problems, device conditions also affect the 

application effect. After 20 minutes of continuous use, the average score of students on the 

clarity of action feedback was 91 points, and the score of interaction fluency was 87 points, 

but the wearing comfort was only 79 points. Some students had slight vertigo and distraction 

after long time training. The teacher side evaluation also shows similar characteristics: the 

system has high practicability in demonstration call, action playback and trajectory 

comparison, but has low scores in equipment debugging, classroom switching and exception 

handling. As shown in Table 3, the limitations of the current virtual reality physical education 

system are not concentrated on a single point, but are simultaneously restricted by the 

robustness of computer vision, real-time rendering, hardware comfort and classroom 
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organization. 

Table 3: Limitation test results of virtual reality physical education teaching system under 

complex classroom conditions 

Test Item 
Single-Person 

Standard Scenario 

Multi-Person 

Complex Scenario 

Result 

Change 

Action Recognition Accuracy / % 95.3 88.7 -6.6 

Average Response Latency / ms 36.8 52.6 +15.8 

False Command Trigger Rate / % 2.9 8.4 +5.5 

Action Feedback Clarity Score / 100 93 91 -2 

Interaction Fluency Score / 100 90 87 -3 

Wearing Comfort Score / 100 84 79 -5 

Teacher Classroom Operation 

Convenience Score / 100 
82 74 -8 

 

On the whole, virtual reality technology has been able to provide strong action display and 

process feedback support in physical education, but its practical challenges are still relatively 

specific: first, the recognition accuracy and response speed decline rapidly in complex scenes, 

second, the hardware wearing experience has not fully met the needs of continuous use in the 

classroom, and third, the operation burden on the teacher side is still heavy. If these problems 

are not improved, the advantages of the system will be difficult to release steadily in the daily 

physical education classroom. 

4.3 Analysis of the optimization direction of virtual reality physical 

education 

Combining the test results of 4.1 and 4.2, it can be seen that the optimization focus of virtual 

reality physical education teaching system is not to simply increase the number of devices, 

but to make targeted improvements around recognition stability, feedback delay, wearing 

comfort and classroom operation efficiency. Based on the existing experimental results, this 

paper conducts a secondary simulation calculation of four optimization schemes: multi-source 

perception fusion, edge-end lightweight computing, interactive prompt classification and 

teacher-end interface simplification. The results show that under the premise of retaining the 

existing system framework, the accuracy of action recognition in complex classroom scenes 

can be improved from 88.7% to 92.4%, and the drift rate of key points is reduced by about 

31.6% if dual-camera visual acquisition and IMU assisted correction are introduced. If part of 

the action classification and semantic mapping tasks are moved to the edge, the average 

response delay can be compressed from 52.6 ms to 41.3 ms, with a reduction of 21.5%. This 

shows that the performance improvement space of the current system mainly comes from the 

collaborative optimization of the data link and the computing link, rather than just the local 

adjustment of the algorithm level. 

In terms of interactive feedback, although the existing system has the functions of 

standard demonstration call, trajectory superposition and slow playback, the prompt 

information is still too concentrated, which is easy to interfere with the rhythm of students in 

continuous training. Therefore, the feedback strategy of "local error correction first, key 

information hierarchical display" is simulated and compared in this paper. The results show 

that the completion rate of movement modification in the second round of practice is 

increased from 76.8% to 84.5%, and the number of invalid pauses in a single training is 

reduced from 4.1 to 2.7. At the same time, if the simplified control interface and the shortcut 
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call method of common templates are used on the teacher's end, the score of classroom 

operation convenience can be improved from 74 to 85, and the equipment preparation time 

can be shortened from 8.6 minutes to 5.2 minutes on average before class. As shown in Table 

4, the improvement after optimization does not appear in isolation on a certain index, but is 

simultaneously manifested in several aspects of recognition, time delay, comfort and 

efficiency of teaching organization. 

Table 4: Measurement results of virtual reality physical education optimization scheme 

Optimization Item 
Before 

Optimization 

After 

Optimization 

Change 

Magnitude 

Action Recognition Accuracy in Complex 

Scenarios / % 
88.7 92.4 +3.7 

Average Response Latency / ms 52.6 41.3 -11.3 

Keypoint Drift Rate / % 12.7 8.7 -4.0 

Student Action Correction Completion Rate / % 76.8 84.5 +7.7 

Number of Ineffective Pauses per Training 

Session / times 
4.1 2.7 -1.4 

Teacher Classroom Operation Convenience 

Score / 100 
74 85 +11 

Pre-Class Equipment Preparation Time / min 8.6 5.2 -3.4 

Teaching Content Coverage / % 68.0 83.7 +15.7 

Student Wearing Comfort Score / 100 79 86 +7 

 

From the perspective of application promotion, the subsequent optimization should also 

take into account content supply and device adaptation. According to the results of this 

calculation, if the action template library is extended from the current 12 types to 20 types, 

and the project scene configuration is added synchronously, the coverage rate of four types of 

teaching content of basic gymnastics, basketball, volleyball and soccer can be increased from 

68.0% to 83.7%. In terms of wearing experience, by reducing the weight of the head display, 

optimizing the display refresh and shortening the duration of single continuous use, students 

'comfort score is expected to increase from 79 points to 86 points. It can be seen that the 

improvement direction of virtual reality physical education should be based on measurable 

and comparable performance indicators. Only when the performance of the computer system 

and the needs of classroom teaching are responded at the same time, the application of 

technology will not stay at the display level. 

5 Discussion 

In this paper, an application chain consisting of action acquisition, 3D reconstruction, 

semantic recognition and virtual feedback is constructed around the physical teaching scene. 

The results show that the path has strong feasibility in the teaching assistant level. In the 

experiment, the recognition accuracy of the system on the self-built data set reaches 95.3%, 

and still maintains the level of 88.7% in the complex classroom scene, which shows that the 

calculation method based on skeleton spatio-temporal features has good adaptability in the 

regular sports action recognition task. Compared with the traditional video demonstration, the 

virtual reality system can transform the action process into a replayable, comparable and 

quantifiable data object, which has practical significance for correcting technical details, 

strengthening action representation and improving the efficiency of classroom feedback. 
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Especially in the links of standard demonstration calling, perspective switching and trajectory 

superposition, the combination of computer graphics rendering and action recognition makes 

physical education teaching gradually shift from "experience judgment" to "experience 

judgment and data aided parallel". 

However, from the discussion results, the advantages of virtual reality physical education 

are not unconditional. Under the conditions of multi-person interaction, fast turning and 

partial occlusion, the accuracy of the system decreases from 95.3% to 88.7%, and the average 

response time increases from 36.8 ms to 52.6 ms, which indicates that the openness of the 

classroom environment directly compresses the performance of the algorithm and the fluency 

of interaction. In addition, the comfort of head-mounted devices is still limited and the burden 

of teacher end debugging is heavy. If the technical system wants to truly enter the normal 

teaching, it cannot rely on a single point of breakthrough. In other words, VR is not a simple 

replacement for traditional physical education, but is more suitable as an auxiliary tool for 

demonstration reinforcement, itemization training, and process diagnosis. From the 

perspective of follow-up research, on the one hand, we should continue to optimize the 

multi-source perception fusion and edge computing mechanism to improve the recognition 

stability and feedback speed in complex scenes. On the other hand, we should also pay 

attention to the collaborative design of teaching content database, teacher operation interface 

and classroom organization. Only when the performance of computer system and teaching 

logic advance synchronously, the application value of virtual reality technology in physical 

education can be released continuously. 

6 Conclusions 

Focusing on the practical problem that the action demonstration in physical education is 

easily affected by time, space and individual differences, this paper discusses the application 

mode and implementation difficulties of virtual reality technology, and constructs a teaching 

application chain composed of action acquisition, 3D reconstruction, semantic recognition 

and virtual feedback from the perspective of computer technology. The research shows that 

virtual reality is not simply increasing the form of classroom display, but transforming sports 

actions into observable, comparable and replayable data objects with the support of skeleton 

key point extraction, spatio-temporal feature modeling and interactive rendering, so as to 

improve the relevance and feedback efficiency of action learning. The experimental results 

show that the recognition accuracy of the method in this paper reaches 95.3% on the self-built 

data set, and remains 88.7% in the complex classroom scene, and the average response time 

increases from 36.8 ms in the standard scene to 52.6 ms, indicating that the technology has a 

good application foundation in the regular physical skills teaching. However, it still faces 

stability pressure under the conditions of multiple people in the same scene, rapid direction 

change and partial occlusion. On the whole, virtual reality technology can provide a new 

support path for physical education in the aspects of standard action demonstration, 

decomposition and playback, trajectory comparison and process diagnosis, and also provide a 

more intuitive basis for teachers to understand students 'action deviation. However, equipment 

cost, wearing comfort, teachers 'operation threshold and recognition fluctuations in complex 

scenes are still problems that must be responded to when moving toward a normalized 

classroom. Subsequent research should continue to strengthen the fusion of multi-source 

perception, the optimization of edge computing and the modular construction of teaching 

content, so as to combine the performance of computer system and the needs of physical 

education classroom more closely, and promote virtual reality technology to gradually shift 

from experimental auxiliary tools to a more stable and practical teaching support platform. 
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