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Abstract—Experiential teaching, which combines real environment with
virtual environment, helps students understand and internalize knowledge. To a
certain extent, the organization and design of experiential teaching can promote
the education reform in the new era. The existing studies on experiential teach-
ing mostly emphasize theoretical applications, without paying much attention to
teaching process and practical methods. Therefore, this paper designs and real-
izes experiential teaching based on knowledge feature transformation of course
teaching. Firstly, node betweenness was selected as the reference metric for al-
locating the initial granularity importance to the knowledge points of physical
education (PE) course teaching, and the macro-importance of the course was
proportionally allocated to the known granularity of knowledge points. Next, a
knowledge network was established for PE course teaching, and the named en-
tities were identified based on course teaching knowledge features. The purpose
is to extract the knowledge points of experiential PE teaching units, with class
hour as the unit, and to determine their teaching sequence. After that, the design
frameworks were established for experiential teaching scenarios and experien-
tial learning activities, and the course evaluation strategy was provided for stu-
dents majoring in sports dance, a professional PE course. Experimental results
show that our approach achieves excellent effects on designing and implement-
ing experiential learning activities.

Keywords—course teaching, knowledge feature transformation, experiential
teaching

1 Introduction

During the actual teaching process, intense practical teaching is necessary for many
courses, such as the courses of physical education (PE) and arts [1-7]. Originating
from foreign training industry, experiential teaching allows students to acquire
knowledge and skills in real or virtual environment [8-17]. Through experiential
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teaching, the real environment is integrated with virtual environment to help students
understand and internalize knowledge. Hence, this teaching model depends heavily on
the feature transformation of teaching knowledge, and the coherence of knowledge
points in course teaching [18-23]. To a certain extent, the organization and design of
experiential teaching can promote the education reform in the new era.

Practice is fundamental to the courses of any scientist, engineer, and technician. It
enables students to face the real world, put their knowledge into practice, and judge
the operability of knowledge. To ensure that an educational system can better meet
student needs, Gourmaj et al. [24] presented a solution based on students’ personal
learning environment, in which the learning module of specific goals is realized
through remote experiments.

The application of experiential teaching is largely limited to informal learning. De-
spite being occasionally introduced to classroom, experiential teaching has not sub-
stantially helped teaching or learning. After deeply examining the common problems
of experiential teaching, Lv and Zheng [25] designed an experiential teaching model
based on e-schoolbag, and analyzed the teaching of chemistry in a senior middle
school, aiming to enrich the theories on experiential teaching, and provide more cases
for experiential teaching practice.

Knowledge managers traditionally focus on knowledge sharing. Nowadays,
knowledge generation has become a new focal point among knowledge managers.
Benitez et al. [26] put forward two theoretical model for the generation of students’
experiential knowledge in higher education: a teacher-centered generation model, and
a student-centered generation model. Then, the essence of student experiential
knowledge was expounded, drawing on a series of theories on knowledge manage-
ment and experiential learning.

To solve information loss, the lack of salient features, and the weak generalization
ability, Tang et al. [27] proposed a knowledge-based prototype network of diversity
feature transformation. Chen et al. [28] constructed a model for teacher knowledge
transformation in online collective teaching preparation, and analyzed the circular
conversion of teacher knowledge between individuals and the collective, through
specific examples. The results show that teachers internalize explicit knowledge into
implicit knowledge through practice and reflection, and promote their professional
development via the iterative update of knowledge.

In general, the existing studies on experiential teaching mostly emphasize theoreti-
cal applications, without paying much attention to teaching process and practical
methods. Very few researchers have carried out the detailed design for knowledge
feature transformation of course teaching in the context of experiential teaching. It is
an urgent issue to carry out effective experiential learning activities, while ensuring
the teaching quality.

Taking professional PE courses for example, this paper designs and realizes expe-
riential teaching based on knowledge feature transformation of course teaching. Sec-
tion 2 selects node betweenness as the reference metric for allocating the initial granu-
larity importance to the knowledge points of PE course teaching, and proportionally
allocates the macro-importance of the course to the known granularity of knowledge
points. Section 3 sets up a knowledge network for PE course teaching, and identifies
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the named entities based on course teaching knowledge features, with the aim to ex-
tract the knowledge points of experiential PE teaching units, with class hour as the
unit, and to determine their teaching sequence. Section 4 establishes the design
frameworks for experiential teaching scenarios and experiential learning activities,
and provides the course evaluation strategy for students majoring in sports dance, a
professional PE course. Experimental results show that our approach achieves excel-
lent effects on designing and implementing experiential learning activities.

2 Course knowledge importance algorithm

In our PE course teaching knowledge network, each node represents a knowledge
point in course teaching. This paper selects node betweenness as the reference metric
for allocating the initial granularity importance to the knowledge points of PE course
teaching. That is, the macro-importance of the course is allocated to the known granu-
larity of knowledge points, in reference to the betweenness of the knowledge points in
the PE course. Let UE/* be the known reference importance of PE course I. Then, the
initial importance of knowledge point i in course I can be calculated by:

UE' = LUE,Z 1)

EEDINS

Y
uj ey

In practice, UE/ can be determined by the distribution of credits of the PE course.

In PE course teaching, the knowledge points must be taught coherently. In other
words, the antecedent nodes in the PE course teaching knowledge network must be
the prior knowledge of the subsequent nodes. If the subsequent nodes are important,
then the corresponding antecedent nodes must be important, too. The importance is
transferred from the antecedent nodes to the subsequent nodes, and the other way
round. Let FDN; be the set of antecedent nodes of node u;¥; PZ; be the set of nodes
with node u;" as the prior knowledge; 1° and I be the out-degree and in-degree of a
node, respectively. Then, formula (1) can be modified into:

UE! (1-2)
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Since the initial granularity importance of the knowledge point at each node cannot
be fully transferred to the subsequent nodes, the importance of a node is only affected
by the antecedent nodes. Then, formula (2) can be further revised into:

UE) (1-1) UE! (1-1)
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Formula (3) shows that, during the transfer of the granularity importance of
knowledge points, every time node ;¥ allocates the importance to subsequent nodes,
it also retains the granularity importance of its own knowledge point.

Considering the shear size and complex structure of our PE course teaching
knowledge network, the students will inevitably encounter dilemmas like the lack of
subsequent knowledge points or the loop of knowledge points, during the knowledge
feature transformation of PE course teaching. In either situation, the students need to
switch to other nodes in the same chapter of the course. Let UER be the granularity
importance of knowledge points in the chapter of knowledge point i, i.e.., the sum of
the granularity importance of all MR knowledge points in that chapter; 4 be the proba-
bility of facing a dilemma. Following formula (3), the granularity importance of node
i is allocated evenly to the other nodes in that chapter, based on A. Then, we have:

UE) (1-1) UE/ (1-1)

Fin
IJ

[ > T > +UE (1-1)

uf €FDN; i ul ePZ;

2

UE® (1-1) (4)

UE' (1)=2

3 Named entity identification

The data of the PE course teaching knowledge network are usually merged from
preprocessed data from multiple sources. As a result, there is a high diversity of the
network data in terms of network structure and node granularity. This section identi-
fies the named entities in the proposed PE course teaching knowledge network based
on course teaching knowledge features, aiming to extract the knowledge points of
experiential PE teaching units, with class hour as the unit, and to determine their
teaching sequence. In other words, the entities suitable for experiential PE teaching
are extracted from the semi-structured teaching knowledge text, and divided into
different classes.

The hidden Markov model (HMM) and conditional random field (CRF) were
adopted to identify the named entities based on course teaching knowledge features.
Let M be the total number of states for course teaching knowledge features; N be the
number of observable states for course teaching knowledge features. Then, the set of
the M states, and the set of the N states can be expressed as:

B={b,b, b, by}, A={a,a, &, 2] ()

The HMM was adopted to identify the named entities based on course teaching
knowledge features, such as to label every potentially observable state for course
teaching knowledge features, and to recognize the unlabeled entities of course teach-
ing knowledge features in the corpus, while predicting their classes. Among the
named entities, the unlabeled entities in the corpus and their classes are forecasted
based on the series of labeled observable states. The structure of the HMM is illustrat-
ed in Figure 1. According to the Markov properties, the state b, of variable B at time ¢

1JET — Vol. 17, No. 07, 2022 229



Paper—Design and Realization of Experiential Teaching Based on Knowledge Feature Transformation...

is only affected by its state b..; at time z-1; the state a, of variable A at time 7 depends
on b,. Then, we have:

CG(A,,B,)=CG(b, |b,,)CG(a, |b,) (6)

Series of states for
course teaching _|
knowledge

features @

observable states

r— for course teaching

knowledge
features

o W Series of

Fig. 1. Structure of HMM

The joint probability can be calculated by:
CG(a,b,a,,b,,--,a,,b,)=

CG(b,)CG(a, |b1)1i[CG(bi Ib,)CG(a |b) (7

The next goal is to solve the conditional probability of each core variable, accord-
ing to the potentially observable course teaching knowledge features. To this end, the
CRF was employed to identify the named entities based on course teaching
knowledge features. Suppose variables A and B are both random variables. In the
undirected network H(U,D) of course teaching knowledge composed of random vari-
able A, any node is represented by u, and the set of all the nodes connected to node u
is denoted as m(u). The distribution probability of A and B must satisfy:

CG(B, |A By, )=CG(B,|AB,,) ®)

Figure 2 shows the structure of the knowledge network for experiential course
teaching. In this paper, the PE course teaching knowledge network is constructed to
extract the knowledge points of experiential PE teaching units, and to determine their
teaching sequence, according to the organization of course teaching knowledge fea-
tures. Focusing on the meta-path, long path, and degree reasoning of the PE course
teaching knowledge network, this paper derives some tasks of knowledge point ex-
traction, and teaching sequence determination. Then, an experiential PE teaching plan
is developed based on the completion state of the tasks.
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Fig. 2. Structure of experiential course teaching knowledge network

The improved event extraction method was introduced to construct the tasks for the
PE course teaching knowledge network. The entities and associations were respec-
tively modeled as course teaching knowledge points, and the associations between
knowledge points; the entity extraction task and association extraction task were
treated as the prediction problem of teaching sequence of experiential PE knowledge
points. The teaching sequence was forecasted incrementally based on several
knowledge feature transformations of course teaching. Through the transformation,
named entity recognition and knowledge point association extraction were imple-
mented alternatively to make full use of the associations between knowledge points,
and to identify the knowledge points and their associations that meet the requirements
of experiential PE teaching.

Let R be an input requirement on experiential PE teaching; My be the number of
knowledge points. The series of knowledge points required by R can be expressed as
R={01,02,03,...,am}. Let u;® be the knowledge point vector initialized by Glove matrix;
ui*"® be the eigenvector of knowledge point labels; ui*>™ be the knowledge point
vector spliced by bidirectional long short-term memory (LSTM) network; MST; be the
vector of knowledge point sequence obtained by multilevel Transformer model; uiPSF
be the teaching knowledge point features captured by syntactic dependency parser;
uie be the blocking label. The above vectors can be stitched up into the vector of each
knowledge point demand g; by:

a= |:u|q , uiLAB,uiLSTM , |V|STi ’uiDSF ,uiBL:| (9)
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This paper uses two LSTMs to encode word vector aj, aiming to capture the
knowledge point features required by experiential PE teaching. In this way, the model
can obtain the associations between teaching knowledge points:

fi =LSTM, (f.,) (10)

The representation of forward LSTM can be spliced with that of reverse LSTM in-
to a bidirectional representation:

f=[ff] (11)

After clarifying the associations between knowledge points, the features corre-
sponding to the knowledge points required by experiential PE teaching are stitched up
in reverse order to initialize the buffer pool for storing unprocessed knowledge points.
For the stack used to store some entities, the initialization is carried out by the stacked
LSTM, which can prompt the elements in the series of states for course teaching
knowledge features, as a neural network. Let x; entity recognized during feature trans-
fer or labeled action identification. Then, the stack state at time z can be calculated by:

r =STLSTM [ﬂmﬂv---:ﬂr] (12)

Then, the entities and labels are subjected to recursion based on two combinatory
functions, and introduced to the knowledge feature transformation system of course
teaching. Let Qq, and Q., be the weight parameters of entity d. and label z;, respec-
tively; k.7 and k™" be the feature transformation vectors corresponding to labels and
entities, respectively. Then, we have:

ﬂitrigger —tanh (QM[ [dr : k;rigger ] " yd,#) (13)
The model state at time 7 can be calculated by:
hr:[rr;e‘r;dr;ri;/’l‘r;fr] (14)

The teaching sequence of experiential PE knowledge points to be executed at time
7 is predicted in the following manner. Firstly, state h, is compressed by a fully-
connected layer into a low-dimensional vector n.. Next, the generation probability of
the teaching sequence of experiential PE knowledge points is computed by softmax
function. Let Qn be the weight matrix; vc be a weight column vector of the teaching
sequence ¢ of experiential PE knowledge points; y. and y, be the bias terms of that
sequence; U(R,X) be the set of all teaching plans for experiential PE knowledge points.
Then, we have:

n. =tanh(Q,h. +v,) (15)
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By maximizing the generation probability of the teaching sequence of experiential
PE knowledge points, the most probable sequence CG(cn;) is adopted for imple-
menting experiential PE teaching:
exp(v; n_+ yc)

Zceu(R,X)eXp (V;rr nT + yc )

CG(c, [n,)= (16)

During the actual training of the neural network, the output structure is converted
into the teaching sequence of a group of experiential PE knowledge points. Let y be
the length of the teaching sequence; wg be the set of parameters of the feedforward
neural network; ¢ be the L, regularization term. For any transformation state of
knowledge points, the negative log likelihood function can be expressed as:

SR(a))z—%ZIogCG(cT | n,;w)+§||%||2 (17)

4 Experiential teaching design

Before designing experiential learning activities, it is necessary to determine the
knowledge points, and their teaching sequence, and to allocate the available resources
and tools. Once these issues are solved, it would be possible to design experiential
teaching scenarios and activates based on the knowledge points. Figures 3 and 4 pro-
vide the design frameworks for experiential teaching scenarios and experiential learn-
ing activities, respectively. The specific teaching procedure covers the following
steps: experience application, experience acquisition, observation and reflection, and
summary. The teaching activity series involve many links, including brainstorming,
practice, and evaluation.

Brainstorming

Activity | | Practice

series

Evaluation

it

Experiential teaching
process

Fig. 3. Design framework of experiential teaching scenarios

Taking sports dance, a professional PE course, for example, the course evaluation
strategy of students was presented as follows:
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1. Basic task (70 points): The basic task covers four aspects: content understanding
(10 points), movement fluidity (30 points), movement accuracy (20), and move-
ment completeness (10 points). Specifically, content understanding (10 points) can
be break down into full and clear understanding of the training task (5 points), and
clear recognition of the focus of teaching (5 points). Movement fluidity (30 points)
includes continuous and reasonable movements (15 points), and completeness of
every movement detail (15 points). Movement accuracy (20 points) means that
every movement detail is displayed correctly and completely (20 points). Move-
ment completeness (10 points) refers to that each movement is divided clearly, and
all details of the complete movement are fully understood (10 points).

2. Aesthetic expression (8 points): Aesthetic expression requires beautiful movement
details, in addition to smooth completion of the training task.

3. Movement arrangement optimization (7 points): Movement arrangement optimiza-
tion indicates that the most beautiful and creative plan is selected out of multiple
movement arrangement plans.

4. Problem solution (15 points): Problem solution means the ability of finding the so-
lution to problems through interaction with peers and teachers.

Teaching environment design
Problem scenario design

Generation of learning
scenario

Formation of
experiential activity

Teaching interaction system

- . Teaching
Experiential learning resources -
o 7 task Integration of resources/
Experiential learning tools ; .
% tools into teaching
process

ﬂ Rules of experiential F
actifvity

« Experiential role management
- Experiential rule management

Fig. 4. Design framework of experiential learning activities

5 Experiments and results analysis

Table 1 shows the course teaching knowledge associations obtained by event ex-
traction method. Compared with convolutional neutral network (CNN) (algorithm 1),
LSTM (algorithm 2), and structured perceptron (algorithm 3), our algorithm achieved
excellent results on precision, recall, and F1 on three different datasets.

During every experiential PE teaching activity, the teacher records the students’
mastery of each knowledge point, and their entire thinking process of experience
acquisition in the class record sheet, laying the basis for follow-up evaluation of
his/her students. After the acquired evaluation data were processed and analyzed, the
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students’ classroom evaluation was discussed in four dimensions: basic task, aesthetic
expression, movement arrangement optimization, and problem solution. In this way,
the teacher could know how the thinking of each group of students developed during
experience acquisition through the four experiential teaching activities. The results in
Table 2 show that, with the advancement of experiential teaching activities, the evalu-
ation scores of different groups were all on the rise (Figure 5). Hence, the proposed
experiential PE teaching can promote the cultivation of sports dance ability of stu-
dents.

Table 1. Course teaching knowledge associations obtained by event extraction method

Algorithm number 1 2 3 Our algorithm

Precision 33.6 36.9 45.2 53.5

Dataset 1 Recall 334 33.2 34.8 51.2
F1 338 35.1 394 52.8

Precision 32.6 35.8 415 52.5

Dataset 2 Recall 30.2 335 40.8 45.2
F1 32.6 35.8 425 50.7

Precision 315 36.2 41.8 53.2

Dataset 3 Recall 30.8 33.6 40.2 51.8
F1 30.8 334 41.8 42.3

Table 2. Different dimensions of students’ classroom evaluation

Group number 1123 |4 |5|6|7|8]9]10
Activity 1 7|11 9 |11|13(10|15|11(10]| 8
. Activity 2 9 116141513 (16|13 |15|12| 14
Basic task —
Activity 3 1816191520 |22|19|20 |17 |15
Activity 4 21|125|22 (24|20 |21|23|25|23|26
Activity 1 9 |11(13| 8 |15(10|12|10| 9 |13
Aesthetic expression Activity 2 19 (16|18 | 15|17 |13 |16 |14 | 20 | 18
ic ex i
P Activity 3 2019|1822 (19|17 | 22|18 |16 |19
Activity 4 2325|2220 |26 |23|21|22|25|23
Activity 1 1216|1113 |15|10| 9 |15|12 |14
Movement arrangement Activity 2 181222019 |16(22|19|20 |16 |18
optimization Activity 3 28 |26 |24 22|26 |21|25|23|20]|22
Activity 4 32351303330 (34(31|3]32]|34
Activity 1 8|69 |5|9|7 (108|119
. Activity 2 8 (1012 (13| 8 |11| 9 |12 |10 | 14
Problem solution —
Activity 3 14 (16|12 |10 (15|12 |10 |16 | 12 |17
Activity 4 12 (15|13 | 15|17 |13 |11 (13|10 | 14
Activity 1 3941|3942 |45 (48 |40 |43 |48 |38
Activity 2 55|66 | 52 | 63 | 57 | 62 | 55 | 63 | 68 | 64
Total score —
Activity 3 7582|7481 |75|79|76|81|75]|85
Activity 4 91193 |95|89|86|88|90|93|95 |93
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Finally, this paper surveys the satisfaction of the students participating in the expe-
riential teaching activities with our teaching design. Table 3 reports the descriptive
statistics. It can be learned that the mean evaluation scores of the students for the
organization of experiential teaching activities were all above 4 points (full mark: 5
points). This means most students are satisfied with the teaching contents, knowledge
point selection, teaching procedure, scenario design, activity forms, and resource/tool
utilization in the experiential teaching activities. As a result, this paper achieves desir-
able effects on the design and implementation of experiential learning activities.

100
95
90
83

80

Score

(5]

70

63

60

MNumber of experiential teaching activities

Group1  =e=Group? =—e=Group3 =——e=Group4 =—e=Group3
—g— Group & Group 7 Group 8  =—e=—Group?  =—e—Group 10

Fig. 5. Classroom evaluation scores of each group

Table 3. Student satisfaction with the organization of experiential teaching activities

Group number 5 6 7 8 9 10 11 12
N 33 34 34 33 34 34 34 33
Minimum 2 3 4 2 2 3 2 2
Maximum 6 6 6 6 6 6 6 6
Mean 4.25 4.17 4.35 4.26 4.52 4.16 4.32 4.57
Standard deviation 0.715 | 0.724 | 0.625 | 0.592 | 0.948 | 0.725 | 0.638 | 0.511

6 Conclusions

This paper attempts to design and implement experiential teaching based on
knowledge feature transformation of course teaching. Firstly, the authors chose node
betweenness as the reference metric to initialize the granularity importance of the
knowledge points in PE course teaching, and proportionally allocated the macro-
importance of the course to the known granularity of knowledge points. After that, a
knowledge network was built up for PE course teaching, and the named entities were
identified based on course teaching knowledge features, thereby extracting the
knowledge points of experiential PE teaching units, with class hour as the unit, and
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determining their teaching sequence. Furthermore, the design frameworks were estab-
lished for experiential teaching scenarios and experiential learning activities, and the
course evaluation strategy was provided for students majoring in sports dance, a pro-
fessional PE course. Through experiments, the course teaching knowledge associa-
tions were mined by event extraction method; our algorithm was found to outshine the
other algorithms in precision, recall, and F1; the different dimensions of students’
classroom evaluation were analyzed, and the student satisfaction with the organization
of experiential teaching activities was surveyed, revealing that this paper achieves
desirable effects on the design and implementation of experiential learning activities.
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