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Abstract—Physical education, skill training and other related courses with
physical exercises and experience training as the main means are suitable for
teaching with virtual reality technology. Constructing teaching knowledge
sharing strategy can promote the sharing of virtual practical teaching resources
among students. At present, no scholars have paid attention to how to promote
the exchange of ideas and experiences among students participating in virtual
practical teaching, so that teaching knowledge can spread among students faster
and more effectively. Therefore, this article studies the teaching knowledge shar-
ing method of virtual practice teaching and constructs BiLSTM-Attention relation
extraction model to recognize named entities of teaching knowledge resources in
virtual practice teaching, to record the information of knowledge points involved
in teaching knowledge resources, and to explore the information hidden in
knowledge resources more deeply. This article constructs a knowledge sharing
model of virtual practice teaching based on traditional evolutionary game, and
analyzes the local stability of the model based on Jacobin Matrix. Experimental
results verify the effectiveness of the model.
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1 Introduction

In the virtual reality technology environment, the experiencer interacts with the
machine through human-computer interaction, and produces various intuitive and nat-
ural real-time senses in vision, hearing and touch [1, 2]. With the development of image
processing and information storage technology, virtual reality technology is more and
more applied in the field of education and training, especially in physical education,
skills training and other related courses with physical exercises and experience training
as the main means [3—5]. Three-dimensional images produced by virtual reality tech-
nology can make students better see the teacher’s behavior representation, and under-
stand the relationship and development trend of every conception and step of teachers’
teaching. The perceptibility and operability of the teaching content in the simulated
environment shown to students are far beyond the range of still images given by tra-
ditional classroom teaching, and provide the teaching effect with lower investment,
shorter period and higher efficiency than traditional teaching methods [6—10].
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In order to make virtual practice teaching knowledge more quickly and better
accepted by students, teaching knowledge resource management has attracted more
attention from scholars at home and abroad [11-16]. Knowledge sharing is an import-
ant way for students to acquire knowledge and experience through practical learning.
How to construct teaching knowledge sharing strategies to promote the sharing of vir-
tual practical teaching resources among students, so as to enhance the practical teach-
ing effect, has become a challenge in the implementation process of virtual practical
teaching.

Due to the limitation of seasonal sports venues, it is a great challenge for students to
adapt and maintain their sports state in non-snow season. Lin [17] applies virtual reality
technology to alpine skiing course, makes an experimental study on the teaching and
training effect in non-snow season, shows the advantages of virtual reality technology
in alpine skiing teaching and training, and optimizes the conversion between land and
snowfield in non-snow season. Liu et al. [18] shows virtual reality in classroom teach-
ing. It is possible to improve the influence and level of college students’ rock climbing.
It focuses on the concept, technical characteristics, system composition and modeling
of virtual reality technology, and applies this theory and technology to college rock
climbing teaching to build a teaching mode based on virtual reality. The model is
applied to the teaching of rock climbing in colleges and universities. The experimental
group and the control group are set up to analyze the students’ interest in the teaching
of rock climbing. Applying virtual reality environment to physical education is a major
trend in the development of physical education. Zhong and Zhu [19] adopts literature
research method and experimental research method. Taking the set shot teaching in
basketball teaching as an example, it’s essential to use 3DMAX modeling software to
build virtual situation and realize the integration of virtual teacher model, animation
and scenes, and use the “limit key” function of Adobe Premiere software in the virtual
reality fusion design to realize the fusion of teachers and virtual teaching situations,
and create real-time, three-dimensional and interactive teaching videos. Based on VR
technology, it conducts physical education teaching design and experimental analysis,
which fully verifies the effectiveness of virtual reality fusion environment in physical
education. Zhang and Zhang [20] aims to discuss the application of virtual reality tech-
nology in Wushu education. A virtual reality architecture based on deep learning algo-
rithm is proposed to collect student data sets and divide them into two groups: control
group and research group. Traditional teaching is provided to the control group, and
VR assisted teaching based on deep learning is provided to the research group by using
deep binary hash convolution neural network (DBH-CNN).

At present, the research of virtual reality technology in teaching field in China started
relatively late. More studies focus on the improvement of technical support level and
the construction of teaching mode and system. No scholars have paid attention to how
to promote the exchange of ideas and experiences among students participating in vir-
tual practice teaching, so as to make teaching knowledge spread among students faster
and more effectively. Therefore, this article studies the teaching knowledge sharing
method of virtual practice teaching. Firstly, in the second chapter, this article constructs
BiLSTM-Attention relation extraction model to recognize named entities of teaching
knowledge resources in virtual practice teaching, to record the information of knowl-
edge points involved in teaching knowledge resources, and to explore the information
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hidden in knowledge resources more deeply. The third chapter constructs a knowledge
sharing model of virtual practice teaching based on traditional evolutionary game. The
fourth chapter analyzes the local stability of the model based on Jacobin Matrix. Exper-
imental results verify the effectiveness of the model.

2 Extraction of knowledge resources relationship
in virtual practice teaching

The teaching knowledge resource of virtual
practice teaching involves knowledge point
description text

!
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!

Relation extraction model

v v
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Output of entity relationship classification
label prediction results of teaching
knowledge resources

Fig. 1. Relation extraction model flow

There are mainly three kinds of teaching knowledge resources in virtual practice
teaching, namely, simulated images, simulated animations, virtual experiment projects
or resources provided by third-party databases. The teaching knowledge resources of
virtual practice teaching are numerous and discrete, and there is no obvious connection
among some knowledge resources. In order to realize the teaching knowledge sharing
of virtual practice teaching, this article firstly combs the relationship among knowledge
resources, and excavates the hidden connection and internal mechanism. This article
constructs BiLSTM-Attention relation extraction model to recognize the named entity
of teaching knowledge resources in virtual practice teaching, to record the information
of knowledge points involved in teaching knowledge resources, and to explore the
information hidden in knowledge resources more deeply. Figure 1 shows the relation-
ship extraction model flow.

The BiLSTM-Attention model constructed in this article can be divided into five lay-
ers: input layer, word embedding layer, BiLSTM layer, Attention layer and output layer.
Figure 2 shows the BiLSTM-Attention model architecture.
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Word embedding layer is used to map low-dimensional vectors of each word in
the description text of knowledge points involved in teaching knowledge resources.
Assuming that a sentence containing £ words is represented by R = {a,, a,, a,, ..., a_},
each word is represented by a, the corresponding real vector is represented by #, 1 at
t, 0 at other positions, and the one-hot vector of size |U| is represented by u'. Fixed-
size vocabulary is represented by U, which is a parameter to be learned. The size of the
word vector layer is represented by ¢, which is a super parameter that students need
to choose. For the text sentence R described by knowledge points involved in teaching
knowledge resources, firstly, the word vector matrix Q#¢e Rc?|U| is found to realize the
word vector transformation of each word in the text sentence:

t,' = Qqscui (1 )

Output layer

Attention layer

BiLSTM layer

'Word embedding layer

X1 x> X3 an Xz Input layer

Fig. 2. BiLSTM-Attention model architecture

Furthermore, knowledge point description text sentences are passed to BiLSTM layer
in the form of real number matrix tmy = {t, ¢, t,,..., t,}. BiLSTM layer fully considers
the whole information hidden in the teaching knowledge points involved in the input
teaching knowledge resources, discards the unimportant features, retains the important
features, and obtains richer text semantic features than one-way LSTM module in the
pre-order and post-order.

The BiLSTM layer transmits the output vector /= { f, f, f, ..., f,} to the Attention
layer, which generates the weight vector corresponding to F'= {f, f,, f,, ..., f,}, and
then multiplies 7 with the weight vector to realize the transformation from vocabulary-
level feature to sentence-level feature. Finally, the entity relationship of teaching
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knowledge resources is classified. Assuming that the F-word vector dimension is rep-
resented by ¢?, the transpose matrix of the parameter vector ¢ is represented by ¢%, and
the sentence length is represented by £, then:

N = tanh(F) )

B = soft max(q'N) 3)

The weighted sum of the output vectors of the Attention layer is the representation
s of the description sentences of knowledge points involved in teaching knowledge
resources:

s=FfF “4)
Further classify statements based on the following formula:
f*=tanh(s) 5)

Finally, the entity relationship classification label of teaching knowledge resources
is predicted based on soft max function of classifier:

b(blA) = soft max (Qf* + y4) (6)

b = argmax d6(b|A) (7

Assuming that the one-hot representation of positive samples is represented by
eeR , the probability of each class is represented by beR", the number of classes is
represented by 7, and the hyper-parameter of L2 regularization is represented by v, the
expression of logarithmic likelihood function can be given by the following formula:

n

J(0) = —%Zei log(h,) +v? (8)

i=1

3 Construction of knowledge sharing model in virtual
practice teaching

The choice of knowledge sharing strategy in virtual practice teaching is a dynamic
process. Firstly, this article constructs a knowledge sharing model of virtual practice
teaching based on traditional evolutionary game, and solves the evolutionary stability
strategy of the model.

This article sets up a series of game payment matrix parameters for the knowledge
sharing model of virtual practice teaching. The parameters in the model are defined as
follows: Assuming that the total amount of virtual practice teaching knowledge learned
by Student 1 or Student 2 is represented by /(i = 1,2), the Student 1 or Student 2’s
willingness to share knowledge in virtual practice teaching is represented by 6 (i = 1,2),
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the Student 1 or Student 2’s absorption ability of virtual practice teaching knowledge
is represented by x(i = 1,2), the Student 1 or Student 2’s transformation ability of
virtual practice teaching knowledge is represented by ¢ (i = 1,2), the synergistic effect
coefficient of Student 1 or Student 2 is represented by y(i = 1,2), the proportion of het-
erogeneous knowledge of both sides of virtual practice teaching knowledge sharing is
represented by 4, the degree of trust of both sides of virtual practice teaching knowledge
sharing is represented by e, the incentive coefficient of both sides of virtual practice
teaching knowledge sharing is represented by , the cost coefficient of Student 1 or Stu-
dent 2 is represented by d/(i = 1,2), and the risk of virtual practice teaching knowledge
sharing of Student 1 or Student 2 is represented by S (i = 1,2).

The knowledge sharing benefit of direct virtual practice teaching is defined as the
benefit obtained by student i after absorbing the shared knowledge of student ; and
transforming it into their own knowledge, which is mainly affected by four aspects: /,
0, x,and ¢, Therefore, the direct benefit of active teaching knowledge sharing between
Student 1 and Student 2 participating in virtual practice teaching can be expressed by
xe0,l,and x,e.0 /.

If both Student 1 and Student 2 choose to share virtual practical teaching knowledge
actively, they can get direct benefits and synergy benefit at the same time. Synergy
benefit is defined as the knowledge value increment brought by knowledge fusion and
knowledge composition difference when two students share knowledge in virtual prac-
tice teaching. It is assumed that the increment is mainly expressed by /, 4, e, y, and
0. Therefore, when Student 1 and Student 2 choose to actively share virtual practical
teaching knowledge at the same time, Student 1 and Student 2 can get synergy benefits
Aey 0.l and Jey,d.L,.

The incentive benefit is defined as the incentive reward for teachers when Student 1
or Student 2 choose to share virtual practical teaching knowledge actively. The benefit
size depends on y and 6/, and can be expressed as ud [ and ud,/,.

When students choose virtual practice teaching knowledge sharing actively, they
need to bear the related costs and risks while gaining benefits. The cost of knowledge
sharing is determined by d, and 6/, which can be expressed as d,J /, and d,0,1,. The risk
of students’ active knowledge sharing in virtual practice teaching has little to do with
the amount of knowledge sharing, so the risk of knowledge sharing can be expressed
as § and S,.

When there is a game between any Student 1 and Student 2 who participate in the
knowledge sharing of virtual practice teaching, the knowledge benefits obtained by
both sides will be different under different choices and combinations of students. The
following is a specific analysis of different game situations.

Situation 1: Both Student 1 and Student 2 actively share knowledge. Then, two stu-
dents can get three kinds of benefits, but they have to bear the cost and risk of knowl-
edge sharing. The benefit of Student 1 can be expressed as I, = ¢ x,d,/, + ley 6, +
ud 1 —d 6 [ -S,, and that of Student 2 can be expressed as I, = &,x,0,/, + Aey, 0,1, +ud, 1, —
dol,—S,.

Situation 2: If Student 1 shares actively and Student 2 shares passively, Student 1
only gets the incentive reward of teachers’ teaching, and at the same time bears the
cost and risk of knowledge sharing, that’s, the benefit of Student 1 can be expressed as
O,=uél —do !l S, and Student 2 gets the direct sharing benefit W, = ¢ x,J /

2727110
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Situation 3: If Student 1 shares passively and Student 2 shares actively, Student 1
gets direct sharing benefit W, = & x J,/,, while Student 2 only gets the incentive reward
of teachers’ teaching, and at the same time bears the cost and risk of knowledge sharing,
whichis O, = ud l, —do,l, - S,

Situation 4: If both Student 1 and Student 2 choose to share passively, the benefits
of both are 0.

4 Local stability analysis of knowledge sharing model in
virtual practice teaching

It is assumed that the students participating in knowledge sharing in virtual practice
teaching are composed of two different groups, i.e., Group 1 and Group 2. It is assumed
that the proportions of the members of Group 1 and Group 2 who choose active sharing
strategies are represented by a and b respectively, and the proportions of the corre-
sponding two groups who choose passive sharing strategies are represented by (1—a)
and (1->) respectively. Student 1 and Student 2 are members of Group 1 and Group 2,
respectively. Based on the four situations listed above, the average benefit of Student 1°s
actively sharing virtual practice teaching knowledge can be calculated based on the
following formula:

T =bF, +(1-b)0, = b(g, B, + dey,d,1) + (u—d )31, S, ©)

The average benefit of Student 1’s passive sharing can be calculated by the following
formula:

T, =bW =bepo,l (10)

The average benefit of Student 1°s active and passive knowledge sharing in virtual

practice teaching according to the probability choice of @ and 1—a can be calculated by
the following formula:

TQ(H) =al +(1-a)T,_ =abley ! +be o, +(u—d )5l —as, an

Assuming that the proportional adjustment speed of students’ active and passive
knowledge sharing in virtual practice teaching is directly proportional to the average
benefit of their mixed strategies, the replicator dynamic equation of Student 1 is listed
below:

da
o= a(1, T, )= a-a)breys] +(u-d)5} - 5] (12)

Similarly, the replicator dynamic equation of Student 2 is listed below:

db
—= b(T,~T,,.,)) = b(1-b)akey,5,1, +(u—d,)s,1, ~S,] (13)
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If da/de = 0 and db/de = 0, the equilibrium points 7',(0,0), 7,(0,1), T,(1,0) and 7,(1,1)
can be obtained. When 0 < a* <1 and 0 < b* <1, T (a*, b*) is also the equilibrium
point in the evolutionary game process of students participating in knowledge sharing
in virtual practice teaching. Among them,

_ St d =il S+ -5,
rey, 8,0, rey, Sl

a*

(14)

Furthermore, this article analyzes the stability of the above five equilibrium points
based on the local stability analysis method of Jacobin Matrix.

X, X

JM — ( 11 12] (15)

le x22

where,

x,, = (1 —2a)[bley ol + (u—d)ol —S] (16)
x,=a(l—a)leydl (17)
x,, =b(1-b)leyd,l (18)
x,, = (1 —2b)[atey,0,l, + (u—d,)o,l,—S,] (19)

The following formula gives the expressions for the determinant det JM and trace
tr JM of Jacobin Matrix:
detJ M=x x —x_ X (20)

172" 2t

trJM=x, +x,

When an equilibrium point in 7',(0,0), 7,(0,1), T,(1,0), T,(1,1), T (a*, b*) satisfies
det JM > 0, tr JM <0, it is considered that the equilibrium point is in a local asymptotic
stable state. The results of local stability analysis of knowledge sharing in virtual prac-
tice teaching are described in detail as follows:

Case 1: Whenud [, <S, +d6,l —leyd !, uol,<S,+dol —leyd,l,a*>1,b*>1,
there are four equilibrium points in the knowledge sharing game system, and the evolu-
tionary equilibrium points are (0, 0). The evolution phase diagram is shown in Figure 3.

Case 2: Whenud [, < S, +d ol —Aeyd !, udl,>S,+do,l,a*>1,b* <0, there are
four equilibrium points in the knowledge sharing game system, and the evolutionary

equilibrium point is (0, 1). The evolution phase diagram is shown in Figure 3.
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Fig. 3. Evolution phase diagram of Case 1 and Case 2

Case 3: Whenud [, < S, +d ol ,ud,l,<S,+do,l,—leyd,l,a*>1,b*>1,there are

four equilibrium points in the1 klni)wledge sharirig2 éame sy;tém, and the evolutionary
equilibrium point is (1, 0). The evolution phase diagram is shown in Figure 4.

Case4: Whenpo [ > S, +d o1, ud,l,>S,+d,d,l,a*<0,b* <0, there are four equi-
librium points in the knowledge sharing game system, and the evolutionary equilibrium

points are (1, 1). The evolution phase diagram is shown in Figure 4.
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Fig. 4. Evolution phase diagram of Case 3 and Case 4

Case 5: When S, +d 0/l — ey ol <udl <S +dol,S, +dol —Aeyd,l <udl
<S§,+do,l,0<a*<1,0<b* <1, there are 5 equilibrium points in the knowledge
sharing game system, and the evolutionary equilibrium points are (0, 0) or (1, 1). The

evolution phase diagram is shown in Figure 5.
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Fig. 5. Evolution phase diagram of Case 5

From the above analysis, it can be seen that the relationship among the synergy
benefits of knowledge sharing, teachers’ teaching incentive reward, knowledge sharing
cost and knowledge sharing risk of virtual practical teaching determines the final stable
state of the knowledge sharing game system. When teachers’ teaching incentive reward
is greater than the sum of knowledge sharing cost and risk, students tend to actively
share knowledge. When the sum of synergy benefits and teachers’ teaching incentive
reward is less than the sum of knowledge sharing cost and risk, students tend to share
knowledge passively. In particular, we can find that teachers’ teaching incentive reward
is important to promote students’ knowledge sharing in virtual practical teaching. Only
when students’ teaching incentive reward is greater than the sum of knowledge sharing
cost and risk, students tend to actively share knowledge.

5 Experimental results and analysis

This article takes the virtual practice teaching of sports dance major as an example to
carry out experiments. The frequency of students’ knowledge sharing in virtual practice
teaching is often used to reflect the degree of students’ acceptance of virtual practice
teaching knowledge sharing in the effectiveness analysis of virtual practice teaching
knowledge sharing methods. The following is a statistical analysis and comparison of
the frequency of knowledge sharing between the two groups of middle school students
with different knowledge capacities. The results are shown in Table 1. It can be seen
from the table that students with low and high knowledge capacity share more knowl-
edge, accounting for about 80%, indicating that students with low and high knowledge
capacity have higher knowledge sharing needs. Further observing the knowledge shar-
ing situation of students in different groups, knowledge sharing frequency change trend
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in the two groups of students is basically the same, indicating that the knowledge shar-
ing development situation in the two groups of virtual practice teaching is excellent,
with good development potential.

Table 1. Frequency statistics of students’ knowledge sharing

Group 1 Group 2
Knowledge Capacity
Frequency Percent % Frequency Percent %

0 55 15.11% 52 13.65%
0,5) 35 9.62% 42 11.02%
[5,10) 42 11.54% 41 10.76%
[10,15) 26 7.14% 23 6.04%
[15,20) 26 7.14% 26 6.82%
[20,30) 19 5.22% 18 4.72%
[30,40) 38 10.44% 27 7.09%
[40,50) 42 11.54% 33 8.66%
[50,100) 41 11.26% 60 15.75%
100 40 10.99% 59 15.49%

The proportion of Student 1 and Student 2 who choose to share virtual practice
teaching knowledge is 0.3, 0.6 and 0.9 respectively. Figure 6a—c verify whether the
dynamic evolution of knowledge sharing behavior of Student 1 and Student 2 in vir-
tual practice teaching is related to the stability of the knowledge sharing model of vir-
tual practice teaching. Because the goal of the model is to maintain the stability of
the model through long-term learning and adjustment of knowledge sharing selection
strategies, so that all students who participate in knowledge sharing in virtual practice
teaching keep a positive attitude of mutual trust, which will help the whole student
group to develop towards better teaching effect. Compared with Student 2 in the actual
application scenario, because of his dance learning experience, his dominant force in
knowledge sharing is more obvious. In the process of virtual practice teaching, Stu-
dent 2 and Student 1 carry out the docking and movement adjustment of dance design
together. It is difficult for Student 1 to complete the learning task only by means of
simulated images, simulated animations and virtual experiments provided by virtual
reality technology, so his willingness to actively share knowledge is not high. Then,
the members of Student 1 think that the learning task is relatively not difficult and
his willingness to actively share knowledge is also low. The virtual practice teaching
knowledge sharing system will eventually converge to 0. However, only when Stu-
dent 1 and Student 2 choose to share knowledge at the same time and have a strong
willingness to share knowledge, the knowledge sharing system will converge to 1, and
the convergence speed will accelerate with the increase of the proportion of knowl-
edge sharing. Moreover, in the process of virtual practice teaching, because of students’
self-randomness, it is difficult to transform knowledge sharing into conscious behavior
in virtual practice teaching. Only by improving the sense of team cooperation, reducing
the sharing risk of students who choose virtual practice teaching knowledge sharing
and ensuring their sharing benefits, can students who participate in teaching always
maintain a high level of knowledge sharing emotion.
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Fig. 6. The influence of the proportion of knowledge sharing on the stability of the model

Students’ choice of knowledge sharing in virtual practice teaching is influenced by
many factors. This article analyzes the sensitivity of each factor in order to study the
interference mechanism of core elements on students’ knowledge sharing strategies.
The simulation results are shown in Figures 7—-10. The abscissa is time, and the ordinate
indicates the proportion of students choosing knowledge sharing.

Change the values of Student 1 and Student 2’s knowledge sharing willingness,
knowledge absorption ability, knowledge transformation ability and synergy coeffi-
cient. From the simulation results from Figures 7-10, it can be seen that when the
time value is small, the slope of the curve in the graph is negative, evolving to (0, 0)
and reaching stability, which shows that both Student 1 and Student 2 choose not to
share knowledge in the initial stage of virtual practice teaching. When the time value
increases gradually, the slopes of curves in the graph are all positive, evolving to (1, 1)
and reaching stability, which means that both Student 1 and Student 2 choose to share
knowledge. In this process, the evolution trend of virtual practice teaching knowl-
edge sharing system to overall knowledge sharing is accelerated, when the values of

1JET — Vol. 18, No. 04, 2023 181



knowledge sharing willingness, knowledge absorption ability, knowledge transforma-
tion ability and synergy coefficient decrease, the evolution speed of virtual practice
teaching knowledge sharing system to the whole knowledge sharing decreases, which
shows that the values of the four parameters have positive incentive effect on students’
behavior of choosing virtual practice teaching knowledge sharing.

1
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Fig. 7. Influence of willingness to share knowledge
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Fig. 8. Influence of knowledge absorption ability
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6 Conclusion

This article studies the teaching knowledge sharing method of virtual practice teach-
ing and constructs BiLSTM-Attention relation extraction model to recognize named
entities of teaching knowledge resources in virtual practice teaching, to record the
information of knowledge points involved in teaching knowledge resources, and to
explore the information hidden in knowledge resources more deeply. This article con-
structs a knowledge sharing model of virtual practice teaching based on traditional evo-
lutionary game, and analyzes the local stability of the model based on Jacobin Matrix.
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Combined with experiments, the frequency of knowledge sharing between two groups
of middle school students under different knowledge capacities is statistically analyzed
and compared, which verifies that the development situation of virtual practice teach-
ing knowledge sharing between the two groups is excellent. This article analyzes the
influence of the proportion of knowledge sharing on the stability of the model, and ver-
ifies whether the dynamic evolution of knowledge sharing behavior in virtual practice
teaching is related to the stability of the knowledge sharing model in virtual practice
teaching. It carries out the sensitivity analysis of each factor and studies the interference
mechanism of core elements on students’ knowledge sharing strategies. It is verified
that the values of knowledge sharing willingness, knowledge absorption ability, knowl-
edge transformation ability and synergy coefficient have positive incentive effects on
students’ behavior of choosing virtual practice teaching knowledge sharing.
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