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Preface

Organized by Keimyung University, and co-organized by Beijing Wuzi University and
the University of Messina (UniME), the 4th International Conference on Modern
Management based on Big Data (MMBD2023) was held from 1-4 August 2023 in
Seoul, South Korea. With MMBD2023, the conference series Modern Management
based on Big Data (MMBD) completed its fourth edition.

The general topics of MMBD2023 fall into three main categories: 1) Big Data, 2)
Modern Management and 3) a Special Session on big data-driven manufacturing and
service industry supply chain (SC) management.

Apart from the general topics, MMBD2023 attracted a number of papers related to
lifelong education. Topics at the conference included but were not limited to:
innovation in online education management with big data; digital transformation in
lifelong education; big data analysis in lifelong education management; green supply
chain management; big data analytics in supply chains; policy and strategy for new
energy and environment; smart grid load and energy management; decision making on
sustainable transport policies; modern healthcare management; and social strategy to
manage human relationships.

The most popular topics, both at the conference and in this book, concern big data
analysis and emerging applications.

All of the papers were exhaustively reviewed by program committee members and
peer-reviewers, who took into account the breadth and depth of the research topics that
fall under the scope of MMBD. The 50 most promising and FAIA mainstream-relevant
contributions were selected from about 160 submissions for presentation and inclusion
in this book, which presents innovative original ideas or results of general significance
supported by clear and rigorous reasoning and compelling new evidence, as well as
methods.

I would like to thank all the keynote and invited speakers, authors, program
committee members and anonymous reviewers for their efforts in making MMBD a
conference of the highest standard.

June 2023 Antonio J. Tallon-Ballesteros
University of Huelva (Spain)
Huelva city, Spain
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Research on Forecasting Sales of Products
Based on Spatiotemporal Graph Neural
Network

Shao-yan ZUO¢, Hai-fu HUANG?®, Lin GAO®!, Hai-ying LI, Hai-bo WANG¢, Chen
ZHANG:t, Zhang-sheng WU¢
’China Tobacco Guangxi Industrial Co., Ltd., Guangxi 530001, China

®Shandong Qingdao Tobacco Co. LTD, Shandong 256400, China
“Zhongke Zhidao Technology Co., LTD., Beijing 100190, China

Abstract. Intelligent marketing and recommendation are a core business of
commercial companies, and accurate prediction of sales is the premise and
foundation for greater efficiency of smart marketing and recommendation. In order
to predict product sales, deep neural network (DNN), convolutional neural network
(CNN), time series analysis and other methods have been put forward, but most of
which only focus on the temporal or spatial characteristics of data. According to
modeling and analyzing sales of products, they are closely related to the spatial
location and time of the corresponding merchants. The goal is to predict the sales of
products accurately at a given time and place, we advance a hybrid model of CNN-
LSTM to forecast sales. Firstly, a large-scale knowledge graph system based on
merchants is constructed, which describes the sales data and the relevant interaction
scenarios of the corresponding business, merchants and users through the data
model of a graph, and add the spatial and data characteristics of the business data on
the graph model to describe the temporal and spatial characteristics of the merchants.
Based on the constructed business knowledge graph, graph convolutional neural
network (GCN) is used to aggregate information and obtain spatial features.
Correspondingly, long short-term memory (LSTM) is used to extract time features.
Researchers combine the two characteristics to make the sales forecast. In this study,
neural network and GCN-LSTM algorithm are respectively used to carry out
experiments on two kinds of product regulations. The result shows that the sales
predicted by hybrid model of GCN-LSTM is almost as equal as the actual sales. The
average accuracy of the proposed model is 89%.

Keywords. Graph neural network, Sales prediction, Long-short term memory,
Product, Big data

1. Introduction

Marketing and recommendation are the core of commercial companies as well as the
premise prediction for accurate sales. In the past, commodity marketing and
recommendation were characterized by a lot of man-power, material and financial
resources due to a huge amount of business. At the same time, the repetitive and heavy

! Corresponding Author: Lin Gao, Shandong Qingdao Tobacco Co. LTD, Shandong 256400, China. Email:
watermelongl@qq.com, 270377937@qq.com
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business have encountered some difficulties in the market. Therefore, we propose an
intelligent method to predict and recommend some products to meet the needs of
merchants so as to predict sales accurately. Many researchers [1-6] devote themselves to
it, for instance, LSTM network model was built which was convenient for data input
with great accuracy in time series prediction. A cost-aversion biased combination
prediction model was proposed on the basis of random forest, GBDT and XG-Boost
algorithms, which could accurately predict sales. The time series model based on multi-
population genetic algorithm proposed that showed a high prediction accuracy for
commodities. Deep learning prediction models combined with pictures and other
structured data are proposed to advance a more accurate sales prediction method.
However, there are few systematic studies on the combination of Spatio-temporal
characteristics of product marketing. Graph convolution network (GCN) and long short-
term memory (LSTM) spatiotemporal network were used for rolling frequency
prediction [7]. We construct a merchant knowledge map to represent the relationship
among stores. And GCN-LSTM hybrid model is constructed to extract spatial features
and temporal features, which will be combined with sales prediction. We raise this
method that can obtain more ideal marketing forecast.

2. Overview of research

Forecasting commodity marketing is one of the most important businesses among
commercial companies. Traditional forecasting methods inevitably have heavy data
workloads and manual limitations in fetching, memory, calculation, etc. It is difficult to
achieve a large-scale accurate calculation, which will directly affect the economic
benefits of commercial companies and merchants. Therefore, artificial intelligence
methods for accurate predictive marketing have been the key research direction of
various companies.

Deep neural network has a powerful feature extraction [8], graph convolutional
neural network (GCN) has shown a strong application performance as a deep learning
representation algorithm, which not only express complex semantic relations, but also
capture global graph information [9]. LSTM is widely used in the field of artificial
intelligence, multiple LSTM units forming an LSTM network can be used to learn the
characteristics of the temporal dimension of the input spatiotemporal data.

In order to predict sales of commodities accurately, different data types of
commodities are used as input. In this paper, a new framework based on graph
convolutional neural network (GCN) and long short-term memory (LSTM) neural
network is proposed for the prediction of time and space sales. Specifically, the main
work of this study is organized as follows:

(1) Perform feature fusion and process data, complement 0 for numerical data, and
perform log1p function to obtain smooth data relatively, and class data is supplemented
with null, encoded by Label-Encoder, and converted to obtain numerical features. In
neural network A. kaiming-normal is used for weight initialization and other operations.
After the fusion of features, the data is input into neural network B and passed through
ReLU respectively. Batch normal layer normalization and dropout operation are
processed to obtain the difference between the measured target value and the predicted
value.

(2) The prediction method of graph neural network is proposed. Construct many
store knowledge graphs in the business district, extract node and the edge of the attribute
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to predict relationships between a node and an edge, after making a knowledge fusion,
Graph convolution neural network algorithm is proposed. We establish knowledge
graphs to input data, neighbors of each node are used by convolution operation,
convolution results update the node, realize information aggregation, the nonlinear
activation function is used for two-layer convolution to achieve the expected depth.

(3) A GCN-LSTM hybrid model is constructed for the prediction of product sales
by graph convolutional neural network. LSTM is used to solve the problem that long-
term dependent feature relations cannot be learned. The proposed model fuses GCN
related spatial data and LSTM time data to create a new data, which makes full use of
the location and the structure of shops, LSTM capture the characteristics of the dynamic
sales change from several aspects of time correlation to achieve the ultimate for goods
sales forecast, and improve the accuracy of commodity sales prediction.

(4) In order to express the accuracy about intelligent prediction of product sales, two
kinds of products with different product regulations are carried out relevant visual
experimental verification of sales prediction in different time periods. In contrast to
actual sales, it is shown that prediction accuracy of GCN-LSTM model is 89% on the
average.

3. Algorithm of Sales forecasting based on shallow neural network

With the progress of development of information technology, more and more methods
can be used to deal with the prediction such as BP neural network, time series analysis
prediction, prediction based on support vector machine, etc. Although these methods
have good effects in some aspects, they still have many shortcomings. However, neural
networks in deep learning can effectively solve the limitations of traditional methods,
deal with the prediction tasks with high complexity, and the prediction results are closer
to the real value. Therefore, this study proposes a product delivery algorithm based on
shallow neural network, which is used to predict product sales and achieve a more
accurate marketing forecast of products. The flow chart of product delivery algorithm
based on shallow neural network proposed in this study is shown in Figure 1.

stant
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« | data from business
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' '
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Figure 1. Flow chart of product delivery algorithm based on shallow neural network
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Label Encoder transforms the categorical data into numerical data. If there is a label
of a mobile phone brand, under which there are "Apple", "Huawei" and "Xiaomi", Label
Encoder will be called to map "Apple", "Huawei" and "Xiaomi" respectively from 0, and
the result is 0, 1, 2. The structure of neural network A is shown in Figure 2.

— S —
Gl | | g
Figure 2. Neural network architecture diagram. Figure 3. The knowledge graph of Store

Neural network A is a two-layer neural network, and Kaiming- normal which is a
particularly robust initialization method that adapts to the nonlinear activation function
is used for weight initialization. After the output of the first layer neural network, batch-
normal function is used to normalize the output to the standard distribution shape, and
ReLU is used to activate the output. After the output of the second layer neural network
is inserted, the output of the second layer neural network is regarded as a set of category
features generated by the neural network after learning. The smoothed numerical feature
will be fused with the category feature. Since both the numerical feature and the neural
network feature are vectors, this algorithm spliced the two feature vectors, as shown in
Formula (1), where NFi represents the numerical feature, EFi represents the category,
and CFi represents the fusion feature. NFi can be interpreted as NFiT =
(NF, NF, ... ... ,NE), EFi" = (EF,,EF, ... ... , EE,;),whereas CFi is m plus n vector.

CF, =[NF, EF] @)

After the features are fused, they are fed into neural network B. The neural network
is a three-layer structure, and kaiming-normal is also used for weight initialization. In
the output of the first layer, the ReLU is used to activate the dropout operation, and the
output is sent to the batch-normal layer for normalization. Then, the output of the second
layer is sent to the God network, and the output of the second layer is also performed a
dropout operation. Finally, the output of the fully connected layer is connected and the
output of the fully connected layer is used as the predicted value. The entire neural
network is trained using MSE Loss, which measures the difference between the target
value and the predicted value, as shown in Equation (2), where x is the predicted value
and y is the true value.

loss (x,, v,) = (x,~ )’ )

The neural network optimizer uses Adam optimizer with a learing rate of 0.0001,
and 64 groups of data are input for algorithm training in each batch. We have tried
another optimizer to test the results such as SGDM, SGD, Adagrad, etc. However, we
find the Adam shows the best performance in the real application. For your references,
we have listed the contrast in table 1.

Table 1. Performance analysis of different optimizers in deep learning model of commodity sales prediction

Optimizer SGD Adam Adagrad SGDM
Time/s 12.212 12.158 14.213 13.272
Loss 0.4171 0.3511 0.5355 0.4388

accuracy 0.8451 0.8964 0.8815 0.8317
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4. Convolutional neural network algorithm

4.1 Figure

A graph is a data structure that describes the relationship between the one and the other
one. It is usually composed of nodes and edges, where nodes represent entities, and edges
between nodes indicate that there is relationship between two entities. A graph can be
also expressed as G = {V,E}, where V is the set of all nodes in the graph, E represents
an edge set that describes the relationship between the nodes and the adjacent node. As

Formula (3) shown, the graph has many nodes, A=(a),,

adjacency matrix of the graph.

,which represents the

- {1 viand v; gre connected
y 0,v; and v; aren'tconnected G)

If graph is an undirected graph, a;j—a;;, graph represent the degree matrix, and
denotes the number of connected nodes. Assuming that each node in the graph has a
feature, the features of all nodes in the graph are combined into a matrix.

4.2 Business area information atlas construction

The knowledge graph includes knowledge modeling, knowledge extraction, knowledge
fusion, knowledge storage, knowledge reasoning, and knowledge application [10]. The
“entity-relational-entity” is represented by SPO triplet, and the feature information
comes from the attributes of nodes and edges. This form has a strong interpretability and
can directly reflect the structural and semantic information of the atlas. Based on the
store information, the spatial size data collected in this study are shown in Table 2, the
knowledge graph constructed is shown in Figure 3, and the overall framework is shown
in Figure 4.

Table 2. The capacity of Knowledge graph

Number of the store Number of products Node Edge

4 2 10 9

In the process of building store knowledge graph, the data used are multi-source and
heterogeneous. Structured data comes from the integration of research teams. Semi-
structured data comes from relevant data of commodity delivery platform, which needs
to be normalized by attributes. Unstructured data comes from fragmented text content,
and knowledge processing needs to extract information from retail label data in the
business area. After the data source is obtained, the knowledge is modeled. It is defined
as Conceptual Domain - Entity Domain - Event Domain. The conceptual domain is the
abstraction of the concrete entity, and the edge between the two entities is represented
by the distance between the stores, the product regulation and the sales volume
respectively. Entity domains are business-relevant instances, such as different store
names, product specifications, and sales volumes in the graph. The event domain refers
to the purchasing behaviors of customers. The events behind these behaviors are used as
the precipitation of structured knowledge to enhance some static knowledge in the entity
domain.
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The third part is knowledge processing. For semi-structured or unstructured business
data, the acquisition of knowledge will involve classification or extraction, such as how
to define the relationship between each store entity. After knowledge acquisition, the
structured data of knowledge is mapped to the architecture in knowledge modeling. Then
do the entity chain refers to the normalization work, one is the entity link, two is the
entity normalization or attribute normalization. After knowledge processing, triplet data
is fused to make knowledge inference on complex semantic relations, and attributes and
relations are predicted: two stores less than 3 kilometers can correspond; Shops belong
to the area of the business district, and then predict the rules and sales of a product, the
dragon (hard Ling-yun) belongs to the sales rules in the store, and its sales volume is 443
boxes.

LT E Koowlodge processing research and developancat platform Keowledge Graph of the stores
s D T T "
(Coomam ) { " Knowledge acquisition : . Knowledge links 1
{ H e - - 5

G|

Figure 4. Overall framework of the knowledge graph

4.3 Overview of neural network

Convolutional neural network extracts data features through convolution. However,
classical convolutional neural networks can only process Euclidean spatial data such as
images and texts among others which are of translation invariance. In order to process
non-Euclidean spatial data such as graph data, F. Scarselli have proposed the graph
Neural network (GNN) [11] method. GNN can transform graph- structure data and then
input them into various neural networks for training. Graph neural network can be
classified [12] into Graph Convolution Network, Graph Attention Network, and Scalable
Graph Network.

4.3.1 Figure Convolutional Neural network

soltmax,

Figure 5. Training process diagram of GCN Figure 6. The learning process of attention network
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Bruna [13] et al. proposed a method to combine graph and convolutional neural networks
i.e. graph convolutional neural network (GCN) in 2013which aims to accomplish node
prediction, node classification and link prediction making use of features information
extracted from graph-structure data. The training process of GCN is shown in Figure 5
below. GCN takes the graph data as inputs, and performs a convolution on each node’s
neighbors, and updates the node with the result of convolution to realize the aggregation
of information among nodes. The result is then convolved as the second layer input and
the above operation is repeated until the number of layers reaches the expected depth.
Finally, GCN can also convert node states into task-related labels, etc. as outputs.

There are two ways to extract graph features, one is though spectral domain, the
other is though vertex domain. The spectral domain uses the eigenvalues and
eigenvectors of the Laplacian matrix of the graph to study its properties, the vertex
domain finds out the neighbor nodes adjacent to each vertex, defines the connection
relationship between the nodes, and then aggregates the information of the neighbor
nodes.

(1) Spectral-based Graph Convolutional Neural Networks

The Laplacian matrix of the graph is written as L = D — A, where D refers to the
degree matrix of nodes and A refers to the adjacency matrix of nodes. GCN is based on
Laplace's spectral decomposition, GCN decomposes a matrix into the product of
eigenvalues and eigenvector matrices, In this equation, U is the orthogonal matrix
composed by the unit eigenvectors. As shown in Equation (4).

_ -1 _ T
L=UAU"'=UAU @)

The first graph convolution model proposed by Bruna is as follows,but the
Youtput=o(Uge(nyuTx)0riginal graph convolution neural network has a large amount of

computation, but it is of poor performance due to massive calculation and lack of spatial
locality. In order to increase the spatial locality of the first-generation graph convolution
model, De fferard et al. [14] proposed the second-generation graph convolution neural
network in 2016 as in Formula (5).

youtput:azg(:o aij (5)

It not only improved kernel convolution, but also further simplify the calculation.
After several improvements since GCN was proposed, T.N.Kipf and M.Welling et al.
[15] put forward the third-generation graph convolutional neural network in 2017,which
deepened the depth of the network and defined the propagation mode between layers as
shown in Formula (6) .

H&D = o (E?AHlE%lWZ) )

In the equation, A = A + I, Dis the degree matrix ofA,H Is the characteristic of each
layer, for the input layer, W is the parameter matrix, ¢ is the nonlinear activation
function.

(2) Vertex-based Graph Convolutional Neural Networks

Graph convolution based on vertex domain can be likened to the convolution
operation in Euclidean space. Starting from vertex domain, each central node and its
neighbors are aggregated by defining an aggregation function. It can be seen that the
problem of vertex domain graph convolution lies in the different number of neighbor
nodes of each node in the graph structure. In order to solve this problem, it is necessary
to define a convolution kernel that can handle neighbor nodes of arbitrary length, so that
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the convolution kernel can perform convolution adaptively according to the number of
neighbor nodes of different nodes, so as to further extract the features of nodes in the
graph. Sum the hidden states of all neighbor nodes, update the current node hidden states,
and realize parameter less convolution: the feature representation of the layer,
representing the set of neighbor nodes of a node. Graph convolution based on vertex
domain can deal with large scale graph structures and is widely used.

4.3.2 Figure Attention network

The method of GCN to obtain the features of the graph space is very dependent on the
graph structure, and the weight of different nodes in the neighborhood is the same. In
2018, Yoshua Bengio et al. proposed a Graph Attention network (GAT) model
combining attention mechanism and graph convolutional neural network. Graph
attention network has two main advantages. One is that different weights can be assigned
to each node, and the second is that after introducing attention mechanism, node
information is only related to its neighbor nodes, without obtaining the information of
the whole graph. Assume that the graph has n nodes and take the set of node feature
vectors as input, each node has F features. After being processed, the dimension of the
feature vector may change. For both nodes, a linear transformation is used to transform
the dimensional features into dimensional features. For a node, calculating the similarity
coefficient as “~“""""")and each neighbor node is a shared attention mechanism, which
can map the concatenated vector to the real number. Finally, after it is normalized by
Soft-max, the attention coefficient can be obtained as shown in Formula (7).

exp(LeakyRELU(eij))

a. i—
ij ZkeNjexp(LeakyReLU(eij))

O

In the second step, weighted summation of features is carried out, and the feature
vector of fusion domain information of each node is output after nonlinear activation
function. As shown in Figure 6, the graph attention network learns the attention weight
between two nodes, and performs weighted average on the feature representation of
nodes based on the attention weight, so that the feature representation of node 1 can be
obtained.

4.3.3 Extensible graph network

The convolution done in GCN incorporates the information from the whole Graph and
the efficiency of the GCN can be low if the graph structure is large and the number of
nodes is high, which leads to the emergence of the scalable graph network Graph-SAGE
[16] with the learning process shown in Figure 7 below. The network is sampled by
randomly picking subgraphs and updating the nodes through them, in this way the
resulting subgraph structure itself is changing, as a result the model will learn a sampling
and aggregation of parameters, avoiding the need to update the node features of the whole
graph together during training, thus increasing the scalability.
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Figure 7. Graph-SAGE learning process Figure 8. The training flow chart of sales forecasting based
on GCN-LSTM

Graph-SAGE first partitions each node to get subgraphs, and then randomly samples
some neighbor nodes as feature points for aggregation. After picking out the subgraphs,
feature fusion is done, which is able to get the features of the central node in the same
way as used by GCN, and finally the nodes are made for classification tasks, etc.

5. GCN-LSTM hybrid model

The sales of goods have time characteristics, and they are related to other spatial
characteristics. Graph convolution neural network can be used to process graph data and
extract spatial features. LSTM can be used to process time series problems and extract
time features of data. Therefore, many scholars have proposed to use the combination of
GCN and LSTM to predict traffic flow or air quality, etc. Zhao Ling[17] proposed T-
GCN model to predict traffic flow in combination with GCN and GRU, and Qi Bolin
[18] used GCN-LSTM model to monitor air quality of small and micro stations.
Therefore, we can try to make use of graph convolution neural network model based on
the combination of graph convolution neural network and LSTM for sales on the basis
of data with both temporal and spatial characteristics.

5.1 Model construction

For commodity sales, if the store is adjacent to the other store, where the sales of the two
retailers interact on each other. Therefore, each merchant is considered as a node,
connections do exist between merchants if the distance is less than 3km.We try to build
a merchant graph, which represents the number of nodes, an edge, and an adjacency
matrix, and represents the connectivity between merchants. None connectivity between
merchants exist, the distance between the node is zero, the condition is that the distance
is 1 from the nearest retailer. Some information related to the sales of goods from the
merchant is regarded as the attribute characteristics, forming a feature matrix to represent
the number of node characteristics. Node characteristics include the basic attributes of
the business circle where the store is located, crowd characteristics, consumption
capacity and commodity sales mentioned above. Node attribute characteristics represent
time.

Therefore, the GCN-LSTM model learns the following mapping through the graphic
structure of the store and the corresponding feature matrix such as predicting future sales.
The model is divided into two steps such as GCN and LSTM. The training flow chart is
shown in Figure 8 below. The historical data of merchants are as input, GCN aggregation
information is used to obtain spatial characteristics, and then input the time series data
integrated with spatial characteristics into the LSTM model to capture the time
characteristics, we aim at obtaining the final prediction results.
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Figure 9. Flow chart about forecasting sales of GCN-LSTM.

The process of GCN-LSTM model about forecasting commodity sales is shown in
Figure 9. After preprocessing the input data, the data is divided into training and testing
set, If the model does not do well in the test data, we will adjust the parameter of the test
model.

5.2 Spatial feature extraction

The key to predict sales is to obtain a spatial structure among businesses. Traditional
convolutional neural networks can extract features from spatial data, and deal with the
graph structure of locations among businesses. Therefore, graph neural networks are
used to process graph data and extract spatial features. GCN can collect the relationship
between merchants and their surrounding connected merchants, aggregate the
information among merchants, and obtain the spatial correlation of features. In the GCN
process, the characteristic matrix containing the merchant information and the adjacency
matrix reflecting the location relationship are used as inputs to enter the convolution
layer for calculation and aggregation of information. The result of each aggregation will
enter the convolution layer again as a new input until the preset number of convolution
layers is reached. The final output result is the GCN output that combines the surrounding
information and its own information.

5.3 Extraction of time characteristics

Another key to predict the sales of goods is to obtain the time correlation among data.
Traditional RNN is limited to long-term prediction and is only suitable for learning short-
term memory. As a variant of GNN, LSTM [19] can solve the problems in GNN by using
the gating mechanism to remember much long-term information. Therefore, LSTM
model is used to obtain time characteristics from sales data, which represents the hidden
state of the time, the sales information of the time, the cell state of the time, and the
output state of the time.

Algorithm 1 The Process of Graph Convolution

| ature matrix X, ;adjacency matrix A;
legree matrix [%;layer number L
A=A+1

D=0, Ay
1: for i = 1tondo
22 forl=1to L do
3: HY =X,
® ® ®© 1: HitY =a(D-3AD-1H!_ WY
1~ I T 5 end for
——— - 6 Xei=HE,
A [ ~4 r.L A 7: end for
LI ppeg [, 8 Xe = GRU([Xt—n. Xionsts o Xeci])
I I Ull‘.!‘)\lt:
® ® © x

Figure 10. Structure of LSTM [20] Figure 11. Pseudo code of graph convolution.
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LSTM decides which information is discarded from the cell state through the
forgetting gate, what is put into the cell state through the input gate, after updating the
cell state, output the final value through the output gate. We input the hidden state of the
moment and information about the current sales to predict the sales of the next moment.
The structure of LSTM is shown in Figure 10.

5.4 GCN-LSTM

In order to predict the sales, GCN-LSTM model is used to simultaneously extract the
spatial and temporal characteristics of the data. The specific calculation process is as
follows:

Ft:a(wf * [ht_l‘xt] + bf) ®)
ip = o(w; * [ht—l,xt] + b; )
z; = tanh(w, * [ht—l,xt] + b, (10)
Ce=fe*CrqHip * Z¢ (11)
0 = 0 (W, * [he_y xe] + b, (12)
h; = o, * tanh (c;) (13)

Wherein, the process of graph convolution, the weight and deviation are in the
training process. The pseudo code for the graph convolution process in this study is
shown in Figure 11 below. The graph convolution process in GCN-LSTM model can
make good use of the location structure among adjacent businesses to obtain the spatial
characteristics in the data. The LSTM process can capture the characteristics of the
dynamic change of sales with time, obtain the time correlation, and finally achieve the
prediction of commodity sales.

6. Experimental analysis and conclusion

The work content of this study can automatically extract important features from data to
make up for the heavy workload of manual feature search. Potential features among data
that cannot be extracted manually, so as to improve work efficiency and realize
intelligent and accurate product marketing. However, there are some shortcomings in
this research work, such as incomplete data collection and many comprehensive factors
which affect product delivery. In the future, we will also build relevant models according
to local conditions to create more profound and effective application value in the field of
intelligent product marketing.

6.1 Data description and preprocessing
The data of business circle and sales from different brands may be empty when input. In

order to facilitate the subsequent learning of neural network, it is necessary to process
them.
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Table 3. The label of retailer

Basic attribute of business district The number of residential areas/The number of
shopping centers/The number of office buildings

Features of the crowd Resident population/The floating population/Working
population/The population of permanent
residents/Gender/ age /degree /marriage /status of

economy

Consumption level of business scope In the gear/Low bit/The average gear/Level of
consumption/ The dining level

Market status of the business area Average price of from different brands in recent three

months

Indicators about business circle consumption Sales of different brands in recent March

Consumption preferences in the business circle ~ Weekly sales of different brands of products

The numerical data should be supplemented with 0, and the categorical data should
be supplemented with null. Considering the data set is numeric data type and categories,
numeric data under different business circle properties could be orders of magnitude
more than the gap, could lead to a neural network to ignore small orders of magnitude,
the characteristics of the categories of data due to not numeric, not directly input neural
network training, so the need for numeric data type and category data transformation.
For numerical data, loglp function operation is performed uniformly, and a relatively
smooth and Gaussian distribution data is obtained. Label-Encoder is used to encode the
categorical data to obtain the numerical features as shown in table 3.

6.2 Evaluation Index

In order to evaluate the prediction performance of the two algorithms for sales, absolute
mean error (MAE) and root mean square error (RMSE) are used to evaluate the deviation
among actual sales and predict sales, and accuracy is used to evaluate the effect of the
model, as shown in Equation (14-16). The better the prediction is, the closer the
prediction is to the real value, and the smaller the deviation is, the smaller the MAE and
RMSE will be.

1 <
MAE:; t=11y — ¥l (14)
21 ~
RMSE= f; t=1(y = V)? (15)
Accuracy =1 — 1y=Felr (16)
Iyllg

6.3 The experimental results

In the experiment, shallow neural network and GCN-LSTM models are respectively used
to predict the cigarette sales of 10 retail households. The comparison of prediction results
is shown in figure 12.
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Figure 12. Comparison of RMSE and MAE from neural network and GCN-LSTM
As can be seen from the results in the table, the MAE and RMSE evaluation indexes
of the GCN-LSTM model are both smaller than those of the shallow neural network

model, indicating that the deviation between the predicted value and the real value of the
sales volume of the model is smaller and the prediction effect is better.
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Figure 13. comparison of two methods in 20 weeks  Figure 14. comparison of two methods in 20 weeks

The experiment enumerates the weekly sales forecast and the monthly sales forecast
for 10 different retailers respectively, and uses the two algorithms to make the forecast
volume experiment in Python.

Figure 13-14 shows the sales sequence diagram of a retail customer's cigarettes from
April 2020 to May 2022, as well as the comparison between the actual sales volume and
the predicted sales volume of GCN-LSTM from the beginning of 2022, and the
prediction accuracy of the two algorithms is compared. As can be seen from the figure,
the average prediction accuracy of shallow neural network is 81%, and that of GCN-
LSTM is 89%. It shows that the GCN-LSTM algorithm has a better prediction effect on
sales volume, and the predicted value is closer to the real value.

6.4 Experimental Conclusion

In conclusion, the neural network algorithm using feature fusion and the GCN-LSTM
hybrid model algorithm can make up for the shortcomings of traditional manual cigarette
delivery. GCN-LSTM algorithm is closer to the actual sales in the experiment, and an
average accuracy is 89%. It can predict the quantity of cigarette marketing accurately, so
as to achieve intelligent and automated cigarette marketing and improve the work
efficiency of commercial companies. To solve the problem of intelligent precision
marketing of goods, this research proposes a shallow neural network algorithm and a
GCN-LSTM hybrid model algorithm, which are used to forecast the marketing volume
respectively. Under the experimental scenario of forecasting the weekly sales volume,
monthly sales in different time periods of Zhen-long and Nanjing, it is verified that the
average prediction accuracy of the shallow neural network is 81%, and the average
prediction accuracy of GCN-LSTM is 89%. It can be seen that the prediction results of



14 S.-y. Zuo et al. / Research on Forecasting Sales of Products

the GCN-LSTM hybrid model algorithm are more consistent with the actual sales data,
indicating that the algorithm can improve work efficiency and better control the
marketing of goods to different retailers, so as to achieve precise regulation and achieve
intelligent marketing. This research can provide reference value for commercial
companies in the field of commodity marketing. In the future, more marketing data will
be collected and more effective algorithm models will be designed.

7. Conclusion

In order to solve the problem of intelligent precision marketing of goods, this study
proposes shallow neural network algorithm and GCN-LSTM hybrid model algorithm.
The two intelligent algorithms are respectively used to predict marketing volume. Under
the experimental scenario of predicting the sales of Zhenlong (hard Lingyun) and
Nanjing (hard Hong) in a week, a month and sales in different time periods, it is verified
that the average prediction accuracy of shallow neural network is 81%, and the average
prediction accuracy of GCN-LSTM is 89%. It can be seen that the prediction results of
GCN-LSTM hybrid model algorithm are more consistent with the actual sales data,
which indicates that the algorithm can improve the work efficiency and better control the
product marketing to different retail customers, so as to achieve accurate regulation and
realize intelligent marketing. This study can provide reference value for commercial
companies in the field of commodity marketing. In the future, more marketing data will
be collected and more effective algorithm models will be designed.
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Abstract. The incorporation of Information and Communication Technology
(ICT) into higher education has profoundly revolutionized the manner in which
students engage with educational resources and acquire knowledge. Personal
Learning Environments (PLEs) facilitate a tailored and adaptable learning
approach, empowering students to take charge of their own educational
experiences. Nonetheless, to effectively leverage PLEs in higher education, a
robust ICT framework is imperative. This paper explores the development of an
ICT framework specifically designed for PLEs within the context of higher
education. The framework encompasses diverse ICT attributes, including
accessibility, flexibility, data analysis, extensive capacity, automation,
personalization, and security. Analyzing interview data led to the formulation of a
PLE-ICT framework prototype, comprising five dimensions: ICT hardware, ICT
software, ICT services, project development, and support team. The findings of
this study enrich the theoretical comprehension of ICT integration in PLEs and
offer valuable insights for the future elaboration of more intricate PLE-ICT scales.
The suggested ICT framework delivers a comprehensive and pragmatic blueprint
for the implementation of PLEs in higher education institutions, with the potential
to augment student learning experiences and outcomes.

Keywords. ICT framework, Personal Learning Environment, PLE, higher
education, experts’ interview

1. Introduction

With the rapid development of information and communication technology (ICT),
higher education has also undergone significant changes, leading to the rise of the
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concept of a Personal Learning Environment (PLE). A PLE is a set of technological
tools and resources that an individual learner selects and uses to support their learning
activities and goals, in a self-directed and adaptable manner, based on their interests
and needs, and with the purpose of building a personal learning network[1]. To
construct and implement PLE in higher education, Information and Communication
Technology (ICT) plays a crucial role[2]. ICT provides the infrastructure and tools
necessary to support learners in managing and organizing their learning experiences
and educational resources, including online platforms and digital repositories, social
media and communication tools, and personalized learning technologies [3].

Several ICT frameworks and criteria have been proposed to guide the
development and implementation of Personal Learning Environments (PLEs) in higher
education. One of the most widely recognized frameworks is the Seven Pillars of PLE
proposed by Downes [3]. This framework outlines seven critical components of PLEs:
ownership and control, aggregation, mixability, reusability, feeding forward, feedback,
and potential [3]. Besides, the e-Portfolio Model, as proposed by Attwell [4],
emphasizes the role of learners in organizing, reflecting upon, and showcasing their
learning experiences and achievements. In this model, ICT tools facilitate the creation
and management of digital portfolios, enabling learners to document, track, and share
their learning journey with peers, instructors, and potential employers [4]. Moreover,
the Connectivist PLE Model, rooted in the connectivism learning theory introduced by
Siemens [5], emphasizes the role of networks and connections in the learning process.
In this model, learners use ICT tools to access, filter, and evaluate information, as well
as to create and share knowledge within their personal learning networks

While the aforementioned PLE models have contributed significantly to the
understanding and development of Personal Learning Environments in higher
education, there remains a research gap in providing a comprehensive PLE ICT
framework that addresses all dimensions necessary for successful construction and
implementation. Previous models primarily focused on individual aspects of PLEs,
such as personalization, adaptability, self-regulation, collaboration, and networking.
However, a holistic PLE ICT framework is needed to ensure seamless integration of all
dimensions, including hardware, software, ICT services, project development, and
support teams. This research aims to fill this gap by developing a PLE ICT framework
that encompasses the complete dimensions of ICT required for constructing and
implementing PLEs in higher education. The research question is thus raised:

Question: What are the ICT requirements for the construction and implementation
of a PLE in higher education from ICT experts’ points of view?

The research context of this study focuses on higher education institutions, where the
integration of Information and Communication Technology (ICT) plays a pivotal role
in shaping the learning experience. By examining the implementation of Personal
Learning Environments (PLEs) within this context, the research seeks to understand
how a comprehensive ICT framework can facilitate personalized learning, ultimately
leading to enhanced educational outcomes for students.

This study first introduced the ICT resources needed for the construction and
implementation of a PLE in higher education, then discussed the concepts and
necessity of hybrid cloud, and finally interpreted the ICT characteristics of PLE in
higher education. The methodology is then introduced followed by the interview data
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analysis. The findings of this study will provide insights into the ICT requirements for
implementing a PLE and help the future development of a more detailed PLE-ICT
scale for higher education. Additionally, the results of this study will also contribute to
the growing body of literature on the use of ICT in higher education and the
implementation of PLEs.

2. Review of the ICT requirements for the development of PLE in higher
education

A comprehensive understanding of the ICT requirements for constructing and
implementing Personal Learning Environments (PLEs) in higher education is crucial
for their successful integration into the learning experience. Several studies have
explored the essential elements and tools that facilitate effective PLEs [6][1].
Accessibility, flexibility, data analysis, large capacity, automation, personalization, and
security have been identified as key ICT features for PLEs [7][8].Additionally, recent
research emphasizes the importance of designing PLEs that are adaptable to learners'
needs, preferences, and learning styles [9][2]. Furthermore, the integration of cutting-
edge technologies such as artificial intelligence, machine learning, and cloud
computing has been proposed to enhance the effectiveness and efficiency of PLEs in
higher education [10]. It is also crucial to consider the role of social media,
collaboration tools, and multimedia resources in supporting the development of
connected and engaging learning experiences [11]. In sum, the literature highlights the
importance of a well-rounded ICT framework that incorporates various technological
dimensions and features to ensure the effective construction and implementation of
PLEs in higher education.

2.1 ICT resources needed for PLE in higher education

In order to implement PLEs effectively, ICT resources such as laptops, tablets,
smartphones, and other mobile devices are required to provide students with access to
the digital learning materials and tools they need to complete their studies.
Furthermore, software such as learning management systems (LMS), e-portfolios,
social software, and content management systems are necessary to manage, store and
share learning materials and to facilitate collaboration among students and teachers.

In addition, communication technologies such as instant messaging, blogs, wikis,
and discussion forums are crucial for fostering collaboration and communication
among students and teachers. These technologies allow students to exchange ideas and
provide feedback on their learning experiences in real-time. By analyzing the most
popular online learning platforms, the following part introduced the hardware, software,
and service needed for implementing PLE in higher education:

2.1.1 Hardware resources

The hardware source needed for personalized learning environments generally includes
both mobile and PC. To ensure smooth system operation, the mobile side can use at
least an eight-core processor with memory references ranging from 4 GB to 64 GB
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RAM. The operating system only needs to support the latest version of iOS or Android,
and the network only needs to have a high-speed internet connection to ensure fast
loading and syncing of platform data and resources. The PC side can use at least an
Intel Core i5 or similar processor with memory ranging from 8 GB to 256 GB RAM, an
SSD notebook or desktop computer, and a display screen with at least 1920x1080
resolution for a good visual experience. The network only needs to have a high-speed
internet connection to ensure fast loading and syncing of platform data and resources.

2.1.2 Software resources

An effective ICT framework for PLE in higher education should include software
resources that support the learning and development needs of students and educators.
Key features to consider in educational software include:

e  Well-rated apps for both iOS and Android platforms, allowing students to
access the software from their preferred device, including laptops,
Chromebooks, and smartphones.

e Automated grading and integration with SpeedGrader to support the
assessment process.

e A website builder and customizable templates to facilitate the creation of
educational content by educators.

e Project creation tools, including a video editor, plagiarism checker, and
assignment tracker to support student learning and engagement.

e Integration with corporate social media accounts.

e Tools for authoring, including text editing and video capture support the
creation of multimedia learning materials.

2.1.3 Service resources:

In addition to software resources, an ICT framework for PLE in higher education
should also include reliable and user-friendly service resources to support the learning
process. Key features to consider include:

e Support for third-party cloud storage providers, such as Dropbox, to ensure
the safety and accessibility of educational data.

e The ability to create individualized student pathways via LinkedIn Learning
content.

e A white-label approach to foster customization and consistent branding across
the educational institution.

e Support for multiple tenants, allowing an administrator to manage multiple
accounts with a single set of sign-on credentials.
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e Advanced support options, including a forum or FAQ, a robust community
forum, and growing scalability.

e An easy-to-use interface with a variety of support options, including direct
support via email and phone.

2.2 Hybrid cloud

The hybrid cloud concept has gained significant traction across various industries,
including education, as it combines the advantages of both public and private clouds.
Hybrid cloud computing, as defined by Srinivasan[12], comprises a mix of on-
premises, private cloud, and third-party public cloud services with orchestration and
integration between platforms. Key components of modern hybrid cloud architecture
include virtualization, data-driven approaches, Software as a Service (SaaS), Industry
4.0 integration, on-demand self-service, broad network access, resource pooling, rapid
elasticity, and measured service [13][14][15][16][10].

Hybrid cloud offers benefits such as cost efficiency, scalability, flexibility, and
security. In the context of PLEs, a hybrid cloud allows institutions to balance cost-
effectiveness and scalability with privacy and security for sensitive student data. It also
offers flexibility and adaptability, enabling institutions to choose appropriate cloud
services and switch between them as needs evolve. Moreover, it enables the integration
of advanced technologies such as artificial intelligence and machine learning,
enhancing student learning experiences.

The use of mobile devices in higher education is also becoming increasingly
popular, with studies showing the potential for mobile devices to improve access to
educational resources and facilitate learning [17]. The integration of mobile devices
with hybrid cloud infrastructure can further enhance the adaptability and accessibility
of PLEs, providing learners with greater opportunities for personalized learning
experiences.

The unified hybrid cloud, still in its early adoption phase, demonstrates benefits
including scalability, cost efficiency, improved security, increased agility, better
compliance, and enhanced collaboration. Papadakis et al. [18] highlight the potential of
digital eLearning educational tools, such as ARION, to synchronize, compose, and
orchestrate learning session data within a hybrid cloud environment. Although the
benefits of a unified hybrid cloud platform depend on an organization's specific needs
and the level of integration between different cloud platforms, it holds great potential
for optimizing resources and enhancing collaboration across various industries,
including higher education.

2.3 The ICT features of PLE in higher education

A review of the literature indicated the following five ICT features of PLE:

e  Customizable User Interfaces (CUIs): Manca and Paterno [19] defined CUIs
as user interfaces that can be modified according to the needs and preferences
of different users. Specifically, CUIs allow users to customize not only the
layout and content of the user interface but also its behavior and functionality.
In PLE, CUISs can include selecting and arranging the tools and resources that
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they need to support their learning, such as course materials, discussion
forums, and multimedia resources.

e Social Networking Tools: Social networking tools, such as blogs, wikis, and
discussion forums, play an important role in PLE, allowing learners to engage
with each other, share information, and collaborate on projects [20].

e Personalized Learning Paths: PLEs can provide learners with the ability to
create and manage their own learning paths, enabling them to select and
prioritize the resources and activities that best meet their learning needs [21].
This can help to increase learner engagement and motivation, as well as
support the development of personalized learning plans that are tailored to
each individual's needs and interests.

e Mobile Access: With the increasing prevalence of mobile devices, PLEs need
to be designed to support access from a variety of mobile devices, including
smartphones and tablets [22]. This can provide learners with the ability to
access learning resources and engage in learning activities at any time, from
any location, and on any device.

e Learning Analytics: Learning analytics tools play an important role in PLE,
providing learners with the ability to track and monitor their learning
progress, and receive personalized feedback and support [11]. These tools can
also be used to analyze learner data and provide insights into their learning
behavior and patterns, helping educators to identify areas for improvement
and make more informed decisions about their teaching practice.

3. Method

This study employed semi-structured interviews to explore the essential ICT
components and systems for constructing effective and efficient PLE-ICT in higher
education. This data-gathering method offers a flexible approach, enabling researchers
to adapt questions based on participants' responses, generating in-depth and context-
specific insights [23]. Semi-structured interviews are particularly useful when
investigating complex phenomena like ICT components in PLEs, as they allow
researchers to better understand participants' experiences, perceptions, beliefs, and
attitudes [24]. This method is well-suited for exploring ICT requirements for PLEs in
higher education, as it helps researchers gather nuanced information and identify
commonalities and differences among participants' experiences and opinions [25].

The sampling technique utilized was purposive sampling, selecting five ICT
experts with 5-10 years of working experience in PLEs in higher education. A sample
size of five interviewees was chosen to ensure a manageable amount of data for in-
depth analysis while still providing rich and diverse perspectives on the topic. The
diversity of participants in gender, age, and professional background aimed to provide a
comprehensive understanding of the ICT components and systems necessary for
building an effective and efficient PLE, and to ensure that the resulting framework
would be applicable to a wide range of higher education institutions.
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The purpose of the interviews was explained to the participants, and they all
agreed to have the interview recorded. The average interview time was 30 minutes. The
interviews aimed to gather data about the ICT components and systems necessary for
building an effective and efficient PLE. The collected data was analyzed and coded to
identify common themes and patterns.

Based on the literature review, the interview questions were designed to elicit
information about the participants' experiences with PLEs, their understanding of the
ICT infrastructure required for PLEs, and their recommendations for an ICT framework
that would support PLEs in higher education. The questions were open-ended,
encouraging participants to provide detailed information and insights about their
experiences with PLEs and their thoughts on the ICT infrastructure necessary to
support PLEs (see table 1)

Table 1. Question items and the literature reference

Question items literature
1. Please describe your experience with PLEs in higher education. [26]
2. In your opinion, what are the key components of an ICT framework for PLEs in higher [27]
education?
3. What factors should be considered when implementing an ICT framework for PLEs in [28]
higher education?
4. What challenges or limitations have you encountered, or do you anticipate, in [29]

implementing an ICT framework for PLEs?

5. How do you ensure that ICT features in PLEs are accessible to all learners, including [30]
those with disabilities and different backgrounds?

6. How does flexibility in ICT features contribute to the success of PLEs in higher
education? 9]

7. How does data analysis support the development of effective learning experiences in
PLEs? (8]

8. Why is having a large capacity important for the success of PLEs in higher education? [7]

9. How does automation support the development of more flexible and dynamic learning
environments in PLEs? [31]

10. How do you ensure the personalization of functions within PLEs in higher education? [6]

11. Please share any best practices you have observed or implemented for the successful
integration of an ICT framework in PLEs in higher education. Self-made

12. What recommendations do you have for institutions seeking to implement an ICT
framework for PLEs? [32]

The data collected from the interviews were transcribed and analyzed using a
thematic analysis approach. The transcripts were read multiple times to gain a general
understanding of the data. Codes were then generated and applied to the data to identify
common themes and patterns. The codes were developed based on the interview
questions and the collected data. The data analysis aimed to identify the ICT
components and systems necessary for building an effective and efficient PLE.
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4. Sample and sampling

This study aimed to develop an ICT framework for Personalized Learning
Environments (PLEs) in higher education. To achieve this goal, the study employed a
qualitative research design and conducted in-depth interviews with 5 ICT experts with
5-10 years of working experience in PLEs in higher education. The participants were
selected based on their professional experience and expertise in the field of ICT and
education. All participants held a Ph.D. degree, with two of them being female and
three of them being male. Their ages ranged from 35-55.

Before conducting the interviews, informed consent was obtained from all
interviewees. They were provided with a written description of the study, including its
purpose, methods, and expected outcomes. Participants were also informed of their
right to withdraw from the study at any time. They were required to sign a written
consent form indicating their agreement to participate in the study. The transcripts of
the interviews were coded using a pseudonym to protect the identity of the participants.

5. Results and discussion

The transcribed data from the interviews were analyzed using a thematic coding
approach, following a multi-stage process. Initially, the data were subjected to open
coding, where common themes and patterns were identified [33]. Next, these themes
were grouped into similar ideas and labeled, resulting in the creation of categories [34].
To ensure consistency and accuracy, two coders conducted the coding process
independently, and their results were compared. Any discrepancies were discussed and
resolved through consensus [35].

Coding categories: The following coding categories were identified and used
for analysis.

e Key components of an ICT framework for PLEs
e Considerations for the implementation of an ICT framework for PLEs

e Challenges and limitations in the implementation of an ICT framework for
PLEs

e Best practices for the successful implementation of an ICT framework for
PLEs

The coded data were analyzed to identify common themes and patterns in the data.
The findings from the analysis were used to develop a comprehensive ICT framework
for PLEs in higher education, which involved the following seven ICT features of PLE:

1) Accessibility

It can refer to physical accessibility, such as access to the necessary hardware and
software, as well as to the usability and user-friendliness of the ICT features themselves
[30]. It is also important to consider accessibility in terms of socio-economic factors,



24 X. Xu et al. / ICT Framework for the Personal Learning Environment (PLE-ICT)

such as the cost of access and the availability of technical support [36]. To ensure that
ICT features in PLEs are accessible to all learners, it is necessary to consider the needs
of different groups and to design the features to be inclusive and user-friendly [30].

2) Flexibility

It refers to the ease and convenience of ICT deployment, as well as its ability to be
recovered and monitored. Moreover, it also involves the ability to adapt to the needs
and preferences of each individual learner [9]. This requires the provision of reliable
and efficient infrastructure, as well as the development of user-friendly systems and
tools [36].Besides effortless implementation, it is essential that ICT components within
PLEs can be readily restored in the event of system failures or other technical
problems. Finally, ICT features in PLEs should be designed to be easily monitored,
allowing for the effective measurement of their impact on learning and for the
identification of areas for improvement [36].

3) Data analysis

It enables PLEs to provide detailed information about learners' behavior and learning
strategies, as well as to support the continuous improvement of learning experiences
[8]. Data analysis in PLEs can include the analysis of learning behavior, such as the
types of resources used and the strategies employed to engage with the material [37].
This information can be used to support the development of more effective learning
experiences, as well as to identify areas for improvement and track progress over time
[8].Furthermore, analyzing data in PLEs can offer significant insights into elements
that impact learning, such as motivation, engagement, and self-confidence [37]. This
information can be used to support the development of more effective teaching and
learning strategies, as well as to identify areas where additional support may be needed
to ensure that all learners are successful [8].

4) Large capacity

The ability of an online learning system to handle a large volume of users and data.
This could include the ability to process user data and generate personalized
recommendations, as well as the ability to store and manage a large number of learning
resources [38]. By tracking and storing learners’ historical behavior data, personalized
recommendation systems can use machine learning algorithms to analyze this data and
provide personalized recommendations to learners, helping them achieve their learning
goals more effectively [7]. The capacity to save and retrieve learning documents,
including notes, assignments, and evaluations, plays a crucial role in creating a
significant learning portfolio. The large storage capacity of ICT in PLEs also allows
learners to easily access and manage learning resources, such as readings, videos, and
multimedia materials [38].

5) Automation

It refers to the use of machine learning algorithms to personalize the learning
experience of students without the need for manual intervention by instructors [31].
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This feature helps to streamline these processes, making them more efficient and
reducing the administrative burden on educators and learners. The use of automated
systems in PLEs can also support the development of more flexible and dynamic
learning environments.

6) Personalization of functions

It refers to the use of various technologies and methods to adapt learning experiences
and materials to individual learners, taking into account their learning styles, interests,
and prior knowledge [6]. This feature can support the development of more
personalized and effective learning experiences, as learners can tailor their learning
environment to their specific needs. The personalization of ICT functions can also
support the development of more flexible learning environments, as learners can access
and use the tools and resources that best meet their needs and preferences [39].

Security

It includes protecting sensitive student and institutional data. According to a study by
Garg and Goel [40], the threats to online assessment security include identity fraud,
cheating, and hacking. Security strategies such as multi-factor authentication,
proctoring, and machine learning-based approaches are recommended. Furthermore,
security measures can prevent unauthorized access to ICT systems, reducing the risk of
data breaches and theft of confidential information. It should be pointed out that ICT
systems in higher education must comply with various regulations which set strict
guidelines for the handling of student records and information.

Based on the literature review and interview data analysis, the researchers
constructed the following PLE-ICT framework as a prototype (see Table 2).

Table2. PLE-ICT framework prototype

1. Hardware 1 2 3 4 5

1.1 Have a Standard Operating Procedure (SOP)

1.2 Inspection and improvement, adjustment of the SOP

1.3 User feedback mechanism

1.4 Expert feedback mechanism

2. Software

2.1 Have a Standard Operating Procedure (SOP)

2.2 Inspection and improvement, adjustment of the SOP

2.3 User feedback mechanism

2.4 Expert feedback mechanism

3. ICT service

3.1 Have a Standard Operating Procedure (SOP)

3.2 Inspection and improvement, adjustment of the SOP
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3.3 User feedback mechanism

3.4 Expert feedback mechanism

4. Project development

4.1 Have a Standard Operating Procedure (SOP)

4.2 Inspection and improvement, adjustment of the SOP

4.3 User feedback mechanism

4.4 Expert feedback mechanism

5. Supporting group

5.1 Have a Standard Operating Procedure (SOP)

5.2 Inspection and improvement, adjustment of the SOP

5.3 User feedback mechanism

5.4 Expert feedback mechanism

1| Not implemented: no standardized operating procedures or user and expert feedback mechanism.

2| Planning: plans to establish standardized operating procedures and a user and expert feedback
mechanism.

(98]

Partially implemented: partially in accordance with the standardized operating procedures, with a
basic user and expert feedback mechanism

4 mostly implemented: mostly in accordance with the standardized operating procedures, with a
relatively complete user and expert feedback mechanism.

N

Fully implemented: fully in accordance with the standardized operating procedures, with a complete
user and expert feedback mechanism.

Source: self-generated

As shown in the above table, the main technical indicators of the Personal Learning
Environment include five dimensions: ICT hardware, ICT software, ICT services,
project development and support team.

Hardware equipment is the foundation for platform operation and is crucial for the
efficient and stable operation of the platform [14]. ICT hardware includes servers,
storage and bandwidth, and networks. The server is the core of the entire system and is
responsible for processing user requests, providing content to users, and personalized
services [10]. Storage devices are used to store all user data and content and need to
have a large capacity and high read and write speed to ensure that users can access the
content they need at any time and anywhere [39]. Bandwidth and network are the
communication channels between the platform and users and determine the network
speed and stability of users when using the platform.

Software systems are an essential component in personalized learning
environments [41]. They are responsible for implementing various functions in the
learning environment, ensuring that both students and teachers can learn in an efficient
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and stable environment [7]. The ICT software includes systems, tools, and backend
management, which together form an efficient and stable learning environment.

Information Technology Service Management (ITSM) is a key factor in
personalized learning environments [40]. Its use helps to ensure system reliability,
improve service efficiency, and enhance user experience. The main service of ICT
refers to ITSM, such as ISO15000, which provides a systematic process and method for
service management to ensure service reliability and availability.

The development team is an important support force for the personalized learning
platform [16]. It provides users with high-quality technical and service support,
ensuring that the platform is always in its best state to better support the users' learning
needs. The ICT support team primarily provides technical support such as equipment,
video filming, and instructional material development to teachers, students, and
administrative staff.

In sum, creating and utilizing PLE in higher education requires attention to five main
areas: ICT hardware, software, services, project development, and support team.
Hardware such as servers, storage devices, and networks are essential for the PLE's
efficient operation. The software implements various functions, ensuring a smooth
experience for students and teachers. IT Service Management (ITSM) improves
reliability and efficiency, while the project development team ensures the platform
meets users' needs. Technical support provides assistance to teachers, students, and
staff, ensuring optimal performance. Overall, these dimensions are crucial for
constructing and implementing an effective PLE in higher education.

6. Conclusion and limitation

This study presents the development of an Information and Communication
Technology (ICT) prototype framework for Personal Learning Environments (PLEs) in
higher education from the perspective of ICT experts. The framework considers various
ICT features, including accessibility, flexibility, data analysis, large capacity,
automation, personalization, and security, as well as the five dimensions of ICT
hardware, ICT software, ICT services, project development, and support team. The
construction of this ICT framework for PLEs is a significant advancement in providing
personalized and flexible learning opportunities in higher education. The proposed
PLE-ICT framework provides a prototype framework from the perspective of ICT
experts, which offers insights for future detailed PLE-ICT scale development and
supports institutions looking to enhance personalized learning experiences in higher
education.

Based on the findings, practitioners are recommended to consider the identified
ICT features and dimensions when implementing PLEs in higher education settings.
This will help ensure that PLEs are accessible, flexible, and capable of providing
personalized learning experiences for students.

The study has some limitations: first, only five ICT experts were interviewed,
which may not accurately represent the views and perspectives of other stakeholders in
higher education, such as teachers and students; second, the semi-structured interview
relied on participants' self-reported information, which may be subject to biases and
limitations in their perceptions and recall of events. Future research could collect
empirical data to enrich and test the PLE-ICT framework.
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of Affective Decision Tree Models in Smart
Teaching
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Abstract. In the upcoming age of Al, smart education reshapes not only the macro
modality of society and education but also the micro modality of knowledge and
learning. The top priority of smart education is the timely learning disability
diagnosis and feedback, the assessment and improvement of students’ mental
quality, in which affective data is the crucial index. Putting in perspective the
working of positive and negative affects in smart teaching, this research proposes
the affective decision tree model drawing on the affective data collected from the
PANAS test. Based on the C5.0 algorithm, classification rules are extracted from
the calculation of the information gain ratio of affective variables and the
construction of decision tree is realized through SPSS 26.0. The research findings
indicate that 1) negative affects took precedence over positive affects in the
formulation of participants’ smart learning strategy; 2) the architecture of the
affective decision tree constructed via learners’ affective judgments and ratings
represents the affective filtering process which optimizes teachers’ selection and
organization of smart teaching and learning activities. Accordingly, the affective
decision tree model could be used as the efficient prediction model and affective
profiling model and teaching support system in smart teaching, prompting the
affective and cognitive connectivity between teachers and students.

Keywords. smart teaching, affective decision tree, educational data mining,
PANAS test, CART algorithm

1. Introduction

The booming of smart technologies like Cloud Computing, Big Data, 10T, Artificial
Intelligence and Mobile Internet delineate a new vision for smart education[1]. The
essence of smart education lies in the construction of an technology-energized
ecological learning environment which facilitate learner’s ubiquitous and self-adaptive
learning aided by the smart teaching paradigm driven by educational data and
man-machine coordination, focusing on the precision in evaluation and
management|[2].
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China; Email: Email: 542501525@qq.com. Research Interest: cognitive psychology, educational technology.
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Situation and Intervention Mechanism of Online Learning Burnout of College Students in Xi'an under the
Background of Smart Education” (Project Number: 22JY51).
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Geared to learners’ developmental status, smart teaching features situational
awareness technologies such as natural language understanding, expression
recognition, affective computing and learning analytics technologies such as
educational data mining, student profiling to achieve the intelligent diagnosis and
management of students learning state[3].

Currently, there are two mainstream interdisciplinary approaches to smart
teaching, one is the more fruitful behavioral approach benefiting from the data-mining
of the learning process and performance, the other is the more prospective profile
approach recognizing and visualizing the delicate interaction between the macro
cognitive systems, motives and affective systems in learners’ personality[4]. The
second approach is booming as the result of the advancement in affective computing
which features the development of hardware and software framework for the
measurement of student's affective and cognitive states based on some sensing system.
One of the cutting-edge research orientation in the interdisciplinary field between smart
teaching and affective computing is the construction of an adaptive
emotionally-intelligent e-learning system which is the enabler of not only affect
recognition and analysis but also the simulation the traditional classroom's pedagogy in
the system on the basis of learning psychology regulation. In the affect-oriented smart
classroom, learners’ multi-modal data extracted from the use of expressions, speech,
eye movement, and physiological signals, as well as text and questionnaires has been
used to infer students' emotional state and learning state and affective computing has
been applied to stress detection, dropout prevention and teaching resources
optimization.

However, previous data mining models applied in affective computing invariably
focused on the process data or environmental data, too much weight has been laid on
the smart learning environment of augmented reality or the reconfiguration of all the
structural elements defining a smart classroom, the data revealing learners’ cognitive
and emotional need and state have been inadequately exploited. Therefore, to bridge
smart teaching and smart learning via data mining and learning analytics, the present
study aims to construct a decision tree model based on affective attributes and
information entropy, revealing the intrinsic correlation between the working of affect
mechanism, learners’ self-efficacy and motivation and teachers’ smart teaching
decision through an empirical PANAS (Positive and Negative Affect Schedule) test to
recommend the optimal smart teaching and learning strategies.

2. The decision tree models in educational data mining

EDM (Educational Data Mining) concerns the extraction and exploration of useful
information from educational data. In EDM, decision trees are valuable predictive and
descriptive analytic tool that visualize the correlation between input variables. The
major functions of decision trees in EDM are listed as follows: 1) classify observations
based upon a target that is binary, ordinal, or nominal; 2) predict an outcome for an
interval target; 3) predict a decision when you identify the specific decision
alternatives.

Decision trees can be regarded as the distribution of conditional probability in
feature space and class space. Normally, the classification rules split classification trees
into nodes and directed edges with. Nodes generally belong to two major types, internal
nodes, designating a feature or attribute, and leaf nodes, designating a class or category.
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The value of variables on the internal nodes determines the branching scope of a
decision tree. Starting from the root node, a series of statistical significance tests will
be conducted to allocate a specific feature of the instance into certain nodes based on a
reduction in entropy, variance, or Gini impurity, each internal node corresponding to a
specific value of the feature. Through the recursive tests and allocation, the instances
eventually reaches the relevant classes of the leaf nodes[5].

Recently, relevant researches in the field of machine learning suggest decision
trees can be used as effective predictive models in the predictive analysis of placement
of students[6], students’ study path selection[7], detecting undesirable students’
behaviors and evaluating students’ performance in an E-learning environment[8][9].
Likewise, as an effective data-mining tool, decision trees can also be used in online
learning behavior feature mining[10] and the computation of students’ academic
performance[11]. Noticeably, scholars have been using decision tree algorithms and
stratification analyses in the discovery of learners’ need for teaching videos [12], even
in the prediction of learners’ mental state[13], introducing individual variables such as
learner’s prior knowledge, background, e-learning experience and opening new
cognitive and emotional dimensions in the interdisciplinary field of machine learning
and smart teaching such as learners’ inner needs and motives that affect the working of
personality system in general.

All the above-mentioned research trends confirm the value of emotional and
cognitive data in smart teaching. Yet, a narrow gap exists between EDM and learning
analytics: decision tree models should be built from teachers perspectives to provide
guidance to the selection of smart teaching tools and the design of smart teaching and
learning activities adaptive to learners’ cognitive and emotional needs. However, given
the inadequate exploration of the multi-modality of learners’ emotional and cognitive
data, the existing research paradigms related to learning disability diagnosis are still
immature, leaving promising space for the construction of the affective decision tree
model with the primary function of learning diagnosis and learning engagement
prediction.

The proposed decision tree model in the present research aims to theorize an
affective-feedback and affective-assistance system in smart teaching decision-making
through the measurement of learners’ emotional response to different online learning
activities in the PANAS test, to enhance teachers’ detection and recognition of learners
affective states in smart learning, optimizing the formulation and implementation of
smart teaching strategies. The framework of this research encompasses the following
constituents: 1) The general introduction to the empirical design of the PANAS test; 2)
The crucial procedures in the construction of the affective decision tree via C5.0
algorithm; 3) The verification of the affective decision tree model in SPSS 26.0; 4)
Future research orientations on the application of the affective decision tree in smart
teaching, which is shown in Fig. 1:

bl
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Figure 1. Research flowchart

3. Empirical research into the affective decision tree
3.1 Participants

This research recruited 558 junior college students from a university in Xi’an in 2021.
The major of participants covers English and E-commerce. 490 of the participants
enrolled in the Psychology of Foreign Language Teaching course the author teaches at
the university. Supposedly, given their rich experience in blended learning and the
prior knowledge in Learning Psychology, the participants have been well acquainted
with all the online learning activities and are aware of the correlation between affect,
motivation and learning efficiency.

3.2 Data collection

The data in this article is derived from a variant of the PANAS in the form of an
on-line survey. The PANAS scales originally devised by David Watson and Lee Anna
Clark in the 1980s[14] investigate into the positive and negative mood and feelings the
undergraduates experienced in the specified duration in the past. The PANAS scale
encompasses descriptors arrayed along two dimensions of the participants’ emotional
experience, namely, Positive Affect (PA) and Negative Affect (NA). The subjects were
asked to rate on a 5-point Likert scale the extent to which they had experienced the
listed positive affect and negative affect during a specified time frame. The points of
the scale were labeled very slightly or not at all, a little, moderately, quite a bit, and
very much, respectively[15].

The replication of PANAS scale is theoretically accountable since its reliability
and credibility have been attested in decades of psychometric experiments. The present
research adopts the logic of the discrete emotion analysis model embodied in the
original PANAS scale for the appropriate classification of learners’ academic affects
and the selection of reliable affective descriptors.

The revised PANAS scale capitalizes on the affect priming effects of judgments,
according to which ambiguous stimuli with less predefined meaning or prior
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knowledge for an individual tend to trigger up judgments more prominently influenced
by affective states. Following the same logic, the present research makes adaptations to
the PANAS scale with the addition of the names of 17 online learning activities as
stimuli to trigger up learners’ academic affects. Theoretically, participants’
spontaneous emotional states or traits can be induced through the affective judgments
in which they should rate on a 5-point Likert scale the extent to which they associate
the listed positive and negative affects with specified online learning activity.

The affective states may be extended to other objects related or unrelated to those
stimuli, which is the affect infusion process that operate unconsciously and modulate
an individual’s cognitive and behavioral responses. Accordingly, the assessment of
participants intuitive affective judgments of the correlation between the names of
online learning activities and the potential emotions those activities may engender in
the course of smart learning is of predictive value since the scores of the test are
indicator of participants’ preference for the smart learning activities. Similarly, the
scores of the test are of high diagnostic value to the teachers since learner’s preference
is certainly the index of the teaching effect which may in turn influence their
pedagogical design.

There are altogether 17 names of the prevalent online learning activities and 8
positive affect descriptors and 8 negative affect descriptors for each category of online
learning activities. The items in the affect descriptors form a continuum with the
gradation from positive affect to negative affect. The online activities are Audio-Video
Learning, Chapter Learning, Online Discussion, Online Homework, PBL Project,
Sign-in, Random Selection, Online Test, In-Class Practice, Quick Response,
Questionnaire, Voting, Rating, Group Chat, Whiteboard, Live Broadcast, Synchronous
Classroom. The 16 items in the affect descriptors are listed in Table 1:

Table 1. Positive and negative affects

P[;):;Zlc\;e Excited Happy Expectative Contented  Active  Energetic focused Relaxed
N:%?eté\t/e Bored  Ashamed Disappointed Depressed Anxious Nervous — Afraid Angry

3.3 Data preprocessing

In the original data collected from the empirical survey, the categorical data concerning
nominal type attributes such as online learning activity and emotion type is mingled
with interval data concerning the numeric type attribute such as learners’ rating of
affective judgment. For the convenience of data mining process, the categorical data
has undergone the data conversion process in SPSS 26.0 for further analysis, which
splits the data into two nominal variables: the above-mentioned online learning activity
types and the emotion types. The interval data recording learners’ rating of the
affective experience in the online learning activities is retained. In a 1-5 scale, an
affective rating score greater than or equal to 3 is considered a positive index of a
specific affective experience. To establish an decision tree model, part of the data has
been segmented to form the training set, as is shown in Table 2:
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Table 2. Training set

Student [ Total
\lmlm Ouline Learning Activity Excited lllnn I:\p«uuu Luululn! \m-r |Energetic| Focused Relased Bored Ashamed | Disappointed | bq!mu'd Ansious Nervous Afruid Angry Score

Audio Video Learning 400 300 3100 30 :m 3,00, 300 300 300 300 300 200/
] 1 | | | iINI‘ 300 Il! JI(- l\l\. ll”‘
3 300 300 300 300 300 300
4 EINIA s00 500/ S00| 500 |IID‘
5 3,00 100 100|100 Loo] 1.00] 3
T Il 100 1e0 Lo Loo] 100 10| [
5 200 300 100|100 100 1.00] 2
[ 200 200 200 200 300 400 200 _ 200 300 400 300, 200 3 5
9 ‘III‘ ‘\lﬂ. ﬁlNl. ‘INI' | | ] | ‘INI‘ ‘Ill. il!ll L
0 0 300, 3 300 300, 300
1 0 300 0 00 300
1 1.00] 100 500 s00 S
13 1.00 100/ 1.00 1.00 100!
4 ‘III- 5.00 1.00 |INI- 1.00]
5 200 100] 400 400 400 400 qu 1.00] 100 100 300
16 ?INI- i\lﬂ- llNl' ?Ikll 3 \‘!. 3000 100 _‘\lﬂ- 200 IINI- 1 HI- 2000 1 Uﬂ- ]ll)‘
17 500 400 so0 400 S0 so0 400 5w so0 400 so0 500 500 500
18 200 100 2000 300 200 400 200 300 100, 100 1ool  Loo| 100 100 1]
19| Audio Video Leaming | .00 8.00] 500, 500 500 S0 s00 500 100 .00 1.00] 100, 100]  1oo Lo |m:
20| Audio Video Leaming | 200 2.00] 300 aoo] 400 400 400 400 300 300 300 400 300 300, 400 300

3.3 Decision tree construction

e Feature selection

In the training set with the size of 100 subjects, the frequency of each subject’s
positive affective rating above 3 has been counted to split the data and start the split
search. The split search begins by selecting certain input affective variable to be the
split. Two subsets are created in the splitting process: the left branch includes all the
cases less than the split value, the right branch contains all the cases greater than the
split value.

Take the affective variable EXCITED in Table 3 as example, the following
procedures have been executed to determine if it is a good split:

Table 3. Descriptive statistics of the affective variable EXCITED

Ratings Frequency Percent Valid Percent Cumulative Percent
1 15 15.0 15.0 15.0
2 14 14.0 14.0 29.0
3 33 33.0 33.0 62.0
4 23 23.0 23.0 85.0
5 15 15.0 15.0 100.0
Total 100 100.0 100.0

(1) Running the Pearson’s Chi-square statistic quantification of the positive counts
in the EXCITED column in SPSS 26.0. The asymptotic significance is 0.010,
suggesting the significant difference, which makes the variable a good split.

(2) Calculating the information gain of the affective attribute EXCITED on the
training set S, namely, g(E, S). Decision tree learning use information gain in the
selection of attributes. The calculation process is shown in Formula (1), (2) and (3):

g(E,8)=H(S)-H(E|S)

cl,, k. "
C C
H(S)= — K k
()= =2 5 ve g o
. Is) S 1S, 1S
HI(E|S H (S, )= - 1
(FI8)= 2 5 60= -2 2, s e s o
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In Formula (1) (2) and (3), S stands for a given training set and E stands for a
given attribute, accordingly, H(S) is the empirical entropy that represents the
classification uncertainty of training set S. Whereas, H(E|S) designates the
classification uncertainty of training set S under the given condition of attribute A. The
difference between the two is the information gain which denotes the degree of
reduction in the classification uncertainty of training set S on account of attribute A.
The calculation process is to determine the attribute variable with the maximum
classification ability or entropy. In formula (2) , formula (3) and formula (4), |S| stands
for the sample size of the training set, in this case, the sample size is 100 and C stands
for the categories in attribute E. In this research, two categories are distinguished in
attribute E, the positive and negative category respectively. |Ck| stands for the sample
size belonging to category Ck, K=2. Since this research adopts a 1-5 rating scale for
each emotional type, n=5, which means training set S will be divided into 5 subsets
based on its value.

In formula (3), |Si| stands for the sample size of each subset. |Sik| stands for the
sample set belonging to a specific Ck, K=2.

Table 4. The input values of H(S|E)

\& Sit Siz

S1 15 0
S2 14 0
S3 0 33
S4 0 23
S5 0 15

Table 4 shows the possible input values of all the letter symbols representing
different affective categories and affective ratings in formula (3) and formula (4),
which are drawn from the frequency and percentage of descriptive statistics in Table 3:
taking 3 as the dividing value, Sil equals the positive counts and Si2 equals the
negative counts belonging to each subset of the training set. In the calculation of
H(S|E), the input values listed in Table 4 add up to 0, making empirical entropy H(S)
the only valid value to determine information load of the attribute E.

Accordingly, the expected information value for the classification of training set is
shown is Formula (4):

_ ey |C ] n 1S &[S 1S4 |
g(E’S)__kZ:Z |S|10gz |S|_[_IZ:1 mzz |S|10g zm]
LT g LD
100 100 100 100
=0.35 +0.52
- 0.87 )

The final result of calculation is 0.87, approaching 1, suggesting the information
gain of the attribute is the largest, so in the generation of the decision tree, the affective
variables are used to construct the internal nodes.

. C5.0 decision tree algorithm steps

The construction of the affective decision tree involves the grouping and matching
of multiple type variables designating negative and positive affective categories with
optimal online learning activities on the basis of the numeric variables designating
learners’ negative and positive ratings. Accordingly, C5.0 algorithm is followed to
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accommodate the multi-branch generation process. In C5.0, the Information Gain Ratio
is the standard for the selection of optimal grouping variable as the best binary splitting
points. In the generation of the affective decision tree, the input variables are the
numeric affective ratings, the output variables are the different affective and the online
learning activity types. Taking the probability of each negative or positive affective
ratings P as input variable, the calculation of the entropy of the affective variable
Excited is shown in Formula (5):
1299 1299 1391 1391

Ent(Ag,inog) = — P(Ageireg 11082 P(Apyciog) = — lo lo
(Exuted) Ex;[ed (Exclted) 2> (Exuted) 9486 g2(9486) 9486 0g, (9486)

3436, 3436, 1649 1649 1711 1711
~oaee 1082 (o) - 22 (o)™ 2 (=)
9436 "% 0436 9436 2> (oags’ ~oass % oase

=0.394+0.407+0.530+0.440 + 0.446
=2217

(&)

The calculation of the entropy of a certain affective variable with respect to the
input numeric variable is shown in Formula (6):

Ent (4R )= P(Ru)(=)_ P(A|Rn)log, P(A{Rn) (6)

In formula (6), R with the subscript n designates the totality of all the affective
ratings, P stands for the affective ratings pertaining to a certain affective variable A;.
For a given affective variable A, all the affective ratings Rn made by subjects fall into
two types, the positive, which indicates the strong prominence of an emotion, and the
negative, which indicates the weak or undetectable influence of an emotion, which is
captured by the subscript i.

As is shown in Table 5, the sum of all the affective ratings made in this research by
subjects is 9486, which is further divided along the positive and negative axis by the
rating value 3. Consequently, the affective ratings below 3 will be counted as negative,
labeled N in Table 5 and the affective ratings that equals 3 or is greater than 3 will be
counted as positive, labeled P in Table 5 correspondingly.

Table 5. The descriptive statistics of affective variables

Affective Variable Ratings

1 2 3 4 5

Category N N P P P
Excited 1299 1391 3436 1649 1711
Happy 1356 1439 3506 1557 1628
Expectative 1319 1388 3535 1561 1683
Contented 1375 1336 3513 1584 1678
Active 1281 1391 3519 1642 1653
Energetic 1318 1424 3500 1627 1617
Focused 1180 1422 3520 1664 1700
Relaxed 1411 1354 3474 1574 1673
Bored 3900 1749 2526 788 523
Ashamed 4412 1673 2361 640 400

Disappointed 4402 1638 2383 623 440
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Depressed 4387 1600 2382 640 477
Anxious 4089 1671 2446 783 497
Nervous 4080 1775 2437 692 502

Afraid 4314 1637 2416 659 460
Angry 4667 1505 2294 588 432

Accordingly, the entropy for the affective variable Excited with respect to the
numeric affective ratings is shown in Formula (7)

Ent (AExciled |RExcited ): Z P(Rn)[_ Z P(AExcited |Rn)10g ZP(AExcired |Rn)]

Excited Excited

6796 3436 3436 1649 1649 1711 1711
= - lo - 1 - lo

9486 [ 6796 ¢ 2(6796 ) 6796 ¢ 2(6796 ) 6796 ¢ 2(6796 )]

2690 ¢ 1299 1299 1391 1391

— lo - lo )

0335 1 2690 " * Gea0 )~ 3600 '€ * (3g00
=0.716 (0.498 + 0.495 + 0.502 )+ 0.283 (0.506 + 0.492 ) ;
=1.070 + 0.282 ™

=1.352

The calculation of the information gain for the affective variable Excited is shown
in Formula (8)

Gains (AExciled H RExciled ) = E}’lt (AExcired )_ E}’lt (AExcired |RExciled )
=2.217 -1.352
= 0.865 (8)
The C5.0 algorithm takes information gain ratio instead of the information gain in
the selection of the optimal grouping variable to minimize the interference of type

values, therefore, the information gain ratio for the affective variable Excited is shown
in Formula (9):

GainsR (A piea > Riiea ) = Gains (Apiea > Rpecived )1 ENE (A priiea )

=0.865 /2.217

=0.39 9)

Following the same algorithmic procedure, table 6 shows the information gain
ratio of the other affective variables.

Table 6. The information gain ratio of affective variables

Affective Variable Information Gain Ratio
Excited 0.39
Happy 0.39

Expectative 0.39
Contented 0.39
Active 0.39
Energetic 0.39
Focused 0.38
Relaxed 0.39
Bored 0.48
Ashamed 0.49

Disappointed 0.49
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Depressed 0.49
Anxious 0.48
Nervous 0.48

Afraid 0.49
Angry 0.50

Still, the marginal difference between the information gain ratio of the positive
affective variables and that between the negative affective variables respectively makes
it difficult to determine the split point, therefore, a C5.0 model is constructed in SPSS
modeler to predict the actual importance of those affective variables in tree
construction, with online learning activity as the target and the affective variables as
the input to highlight the correlation between learners’ affective state and teachers’
selection of online learning activities. Figure 2 shows the results of prediction:

Predictor Importance
Target: OnlineLearningActivity

Depresses ]
Disappointed |1 .
0o 02 04 08 08 10

Least Important Most Important
Figure 2: Predictor importance

From the modeling result, it is found that positive affects like expectation,
happiness, excitement and satisfaction are significant influencing factors in learners’
selection of smart learning activities. Interestingly, negative affects like nervousness,
anxiety, fear or shame also take precedence over positive affects such as attentiveness,
relaxation and activeness, which entails that negative affective factors may have some
cross influence on the affective priming effect of those positive affective factors.

Therefore, feedback on learners’ negative affects is very important in designing the
smart teaching and learning activities since negative affects may in a sense override the
affective priming effect of positive affects. It is recommended that educators be more
sensitive and responsive to learners’ negative affects.

e C(lassification rule construction

After sorting out all the affective variables according to the information gain ratio,
the different layers in the architecture of the classification tree can be generated prior to
C5.0 modeling in SPSS 26.0, as is shown in figure 3. The architecture mirrors the
putative decision-making process guided by the affective decision tree generated in C
5.0 modeling, as is shown in figure 4, with the depth of the tree determined by the
value of different affective variables.

The nodes of the of decision tree are affective variables related to learners affective
states and affective experience, which affects the decision-making in foreign language
teaching. These attribute nodes are designated by rhombuses arranged hierarchically to
indicate the different degree of affective priming effect and the resultant classification
of learners, judgment of learners’ mental states and the selection of teaching and
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learning activities. Similarly, the different attribute values of affective variables
designated by circles constitute the affect-specific internal or test nodes.

In the tree diagram, the test nodes represents two categories of the affective rating,
P for positive, with the rating value equaling or greater than 3, and N for negative, with
the rating value below 3. The different categories of learning activities designated by
rectangles constitute the terminal or decision nodes, they correspond to the
personalized or customized teaching methods designed for the strategical and
psychological intervention targeted at different affective states in the process of smart
learning.

Expectative

LA2

Depressed @»
<CepresiEa —DisapponiEa=— PN Deprenr-

Figure 3. The architecture of affective decision tree

The tree is constructed on the basis of a set of IF-*THEN classification rules
which determine the path from the root node to each leaf node. The conjuncts of the
affective attributes and relevant attribute values formed along a path from the root node
constitute the IF part, and the categories of learning activities marked by the leaf nodes
constitute the THEN part of the rule, that is, the conclusion of the rule. In C5.0
modeling, the rule determines teachers’ pedagogical decision in the selection of online
learning activities, taking the online learning activity audio video learning for example,
47 rules are generated in modeling, two of which are listed below for illustration:

Rule 1 for Audio Video Learning:

If Excited <= 2 and Relaxed > 1 and Disappointed > 1 and Disappointed <= 2 and
Nervous > 1 and Nervous <= 2 and Afraid > 1 and Angry <= 1 and Student Number >
54 and Student Number <= 402 then Audio Video Learning.

Rule 2 for Audio Video Learning:

If Energetic > 1 and Bored > 1 and Disappointed <= 1 and Anxious <= 1 and
Nervous <=1 and Afraid <= 1 and Angry > 1 then Audio Video Learning
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Generally, the rules embody the intricate correlation between the affective
mechanism and teachers’ pedagogical decision. For instance, teachers should carefully
weigh and prioritize the attribute value of affective variables with relatively high
information gain ratio, such as Excited, Relaxed, Energetic and Nervous, Afraid,
Anxious, Angry to decide when to start Audio Video Learning. Obviously, the rules
suggest when the learners are a little disappointed and bored or nervous, Audio Video
Learning prompts the working of positive affects like excitement, relaxation.
Noticeably, the rules echoes the previous algorithmic results in that negative affects
should be the first affective factors to be carefully weighed in smart teaching design,
since they have higher information gain ratio rankings.

In the next phase, learners are grouped along different positive and negative axis in
affective identification and modeling to decide if they fit in with certain online learning
activity. The test and decision procedures may be executed recursively until teachers
arrive at the final diagnostic conclusion of learners’ affective state and the optimal
teaching strategies.

4. The utilization of affective decision tree in smart teaching

To enhance the efficiency of smart teaching and learning, the affective data should be
accurately sorted and utilized in learning analytics to establish the data-driven
decision-making mechanism. The affective decision tree model fuses learners’
affective experience with decision-making analysis to optimize the smart teaching
decisions and effect learners’ self-adaptive learning. The functions of affective decision
tree in smart teaching are threefold:

(1) Predicting students’ academic performance

In the multi-modal data fusion stage of the affective decision tree construction, on
the basis of the empirical PANAS test, the value and information gain ratio of affective
variables indicate the most influencing affective priming effect. Specifically, the
affective variable that has the highest information gain ratio and value tend to influence
student performance more significantly. Latest empirical research findings have
verified that values of affective variables can be used to construct the Affective
Feedback Adaptive Learning System employing the recognition-supported techniques
to enhance learners’ learning engagement and self-directed learning[16]. Furthermore,
affective and cognitive constructs figure prominently in the
Cognitive-Affective-Motivation Model of Learning (CAMML) which delineates the
updated trilogy-of-the-mind (cognitive, conative, affective) model of intellectual
functioning. All in all, academic affects, coupled with self-efficacy, play significant
mediating roles in online learning: the higher attribute value of negative affective
variables normally indicates low learning engagement, which predicts high drop-out
rate, low curriculum attendance and inadequate participation in all the 17 categories of
online learning activities listed in the research. Conversely, the higher attribute value of
positive affective variables indicates high learning engagement, which predicts high
frequency of curriculum attendance, learning task completion and learning activity
participation, as well as high quality of homework and high rate of knowledge
expansion based on efficient prevision and revision.

If the affective variable is further correlated with specific learning activities in the
SPSS correlation analysis, a prediction model of those activities can be established to
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forecast the completion time, academic result or academic performance by value
assignment.

(2) Student affection modeling

From the perspective of affective computing, the affective data collected to
construct the affective decision tree in the generation stage can be utilized as the new
method of coordinating the smart teaching decision with smart learning strategy since
all the affective variables can be used to construct the computable and explainable
affective model of the students concerning specified smart learning activities, which
provides pedagogical guidance to teachers in their smart teaching design. The affective
model constitute three basic elements, namely, personality, mood and intentionality,
whose valence correlates with different attribute.

As can be inferred from the research findings, the information gain ratio of
affective variables determines its position in the affective decision tree. Presumably,
the higher ranking of negative affective variables compared with positive affective
variables in the hierarchy of the tree entails the malfunction of learners’ personality
mechanism in coping with the smart learning tasks. Since personality fundamentally
directs an individual’s behavioral and psychological inclination, the higher ranking of
positive affective variables in the hierarchy suggests learners are more inclined to
confront challenging tasks in smart learning.

Likewise, along the bidimensional affective axis, the path of the affective decision
tree from the internal nodes of positive affective variable to that of negative affective
variable shows learners’ change of mood in smart learning from positive to negative.
The detection of the mood change is very crucial since mood is temporary and
transitory, without proper intervention, a mood may be entrenched into a type of
emotion or affect associated with certain learning activities, engendering stereotyped
mindsets that may be extremely difficult to reverse.

Psychologically, positive affects induces higher intentionality and willingness than
negative affects. Therefore, in the execution of smart teaching tasks, the affective
decision tree visualizes learners’ intention and willingness through branching or
splitting rules which classifies learners’ into the willing type, with the largest tree
branches of positive affect nodes, and unwilling type, with the largest tree branches of
negative affect nodes.

(3) Teaching decision support system

After the generation of affective decision tree, teachers may use the architecture of
the decision tree as reference for learners’ affective fluctuation related to smart learning
task distribution.

Hence, in the modeling of decision tree, the student number can be inputted as the
dependent variable and the online learning activity is inputted as the independent
variable, the affective variables are influencing variables affecting learners’ learning
decisions and strategies in smart learning. Taking the student number as the splitting
variable, a new tree can be constructed, which shows students preferences over certain
online learning activity under the influence of specific negative or positive affect. The
tree generated in SPSS 26.0 is demonstrated in Figure 4, with the left branch of the tree
signaling the more preferable online learning activities learners tend to select under the
influence of the specific positive or negative affect, the right branch signaling the less
preferable online learning activities teachers should dismiss in smart teaching design.
The pruning of the tree is symbolic of the optimization of teaching decisions in
screening and filtering the undesirable teaching and learning activities.
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Figure 4. The affective decision tree generated in SPSS 26.0

5. Conclusion

Smart teaching involves constant data-driven decision-making and instructional
refurbishment, which makes educational data mining tools like decision tree significant
enabler for personalized learning and precise teaching. The commonly-used
classification and regression tree models draw on demographic data or procedural and
formative data extracted from the learning analytics of the online and offline
interaction, learning behavior and progress, test performance can be used in addressing
classification and decision problems. However, what qualifies smart teaching as
“smart” is the affective understanding and adaption, multimodel-based affective
information processing, which means affective data has to be taken into account in
smart teaching design since it reveals learners’ mentality and mood.

The prospective research presented in this paper sheds light on the new smart
teaching paradigm aided by the affective decision tree. The “affective” nature of the
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tree derives from the affective data collected from the PANAS test. The construction of
the affective decision tree leads to the following conclusion:

(1) The architecture of the tree embodies the inner working of learners’ affective
system which is defined by the cross influence between positive and negative affects.
Affective system figures prominently in learners’ selection and participation of online
learning activities because of emotional infiltration and affective priming effect of
positive and negative affects. In smart teaching, affective decision tree can help
educators capture the dynamic flow of emotion and establish flexible affective
feedback mechanism in making smart teaching decisions.

(2) Theoretically, the affective decision tree can also be used in the construction of
prediction models of learners’ learning engagement, academic performance, student
profiling and learning disability diagnosis, as well as the teaching decision support
system.

(3) Hypothetically, the affective decision tree can be utilized in the
interdisciplinary field of affective computing and machine learning to materialize the
detection, recognition and differentiation of the mentally active, relaxed and stressed
learning states in smart teaching. Therefore, the effects of smart teaching can be
interpreted in terms of the reciprocal transaction between learners’ personality system
and affect mechanism and affective decision trees can help teachers achieve affect
understanding and cognition in smart learning environment.
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Abstract. In the midst of the COVID-19 pandemic, the employment and education
sectors have shifted significantly toward online platforms. However, the increased
reliance on these digital spaces has raised concerns about personal security
information. Scholars have taken note of this issue and have explored its
implications, with some employing the extended knowledge, attitude, and behavior
(KAB) model to investigate the moderating effects of societal education level on the
relationship between knowledge and attitude. Hong et al. [1] conducted a study to
examine undergraduates’ KAB regarding personal data sharing in Chinese higher
education institutions during the pandemic. Using a questionnaire, the study
recruited 156 participants from three universities in West and East China. Using
SPSS 23.0, data analysis revealed a widespread lack of awareness, a positive attitude,
and proper behavior among college students regarding online personal information
leakage during the pandemic. Notably, disparities were observed in KAB among
students of different grades, majors, and genders. Students in their sophomore,
junior, and senior years were found to be more concerned than freshmen about the
availability of their personal information online; what’s more, science majors were
more concerned than students of other majors. There appear to be significant gender
differences in personal information sharing, ie., males are more concerned about the
security of personal information online than females. Through this study, we aim to
emphasize that college students' awareness of personal information protection needs
to be improved and suggest that university administrators and policymakers increase
information security training. The findings of this study contribute to the theoretical
and practical efforts to improve information security in higher education. Future
studies should broaden the survey sample and examine the primary factors that
influence college students' KAB of personal information security to ensure the
generalization of findings.
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1. Introduction

The novel corona-virus pneumonia has a huge impact on all sectors of medicine, health,
the economy, and society. In the field of education, the United Nations' Education Policy
Brief for the Period and Beyond of COVID-19, released on August 4, 2020, states that
the spread of COVID-19 has affected nearly 1.6 billion students in more than 190
countries and territories worldwide, with 94% of students worldwide affected by the
closure of schools and educational institutions. In low- and lower-middle-income
countries, the proportion is as high as 99 percent. Online education and online working
were quite popular throughout the pandemic period, as were numerous apps, online
streaming, telemarketing, and so on. As a result, the issue of personal data security arises.
The popularity of online learning and data analysis has made learning analytics an
essential component of educational technology [2]. In education, the use of students'
personal information is increasing, and students' behavior can even be captured and
evaluated.

According to the 2021 College Students' Financial Anti-Fraud Research Report,
46% of undergraduate students have been victims of fraud. College and university
information security is inadequate.

There is insufficient daily administration and maintenance, network security work
is not prioritized, knowledge of information security protection is low, and weaknesses
are not addressed or updated on time, among other reasons, because colleges and
universities prioritize building but overlook management. All of these qualities put the
institution's information system at risk of security breaches. The information security
knowledge, abilities, and attitudes of Chinese undergraduates have not received much
research. Large-scale empirical studies and updated research data were lacking in the
earlier studies.

This study used the “Star” questionnaire to investigate Chinese college students. The
questionnaire consists of three parts. The first part focuses on college students'
understanding of online personal information security. The second part examines their
attitude towards network personal information security, and the third part examines their
behavior in network personal information security. The purpose of this study is to
understand the current situation of college students' attitudes, knowledge, and ability in
personal information security and to make suggestions on the protection of college
students' personal information.

2. Materials and Methods
2.1. KAB Model

The Knowledge Attitude Behavior (KAB) model is based on three interrelated parts of
the social psychology model: cognition (knowledge), influence (attitude), and behavior,
[3] [4].The knowledge-attitude-behaviour (KAB) model was first proposed by Kruger
and Kearney to measure information security awareness. The main proposition of KAB
is that users have sufficient information security knowledge and a more positive attitude
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towards information security, which leads to more positive information security behavior.
The theoretical framework underpinning KAB entails a comprehension of the
interrelationships among its three constituents. Specifically, KAB posits that the
progressive accumulation of knowledge in a relevant domain, such as online security,
health, or education, will gradually influence an individual's attitude, subsequently
instigating a change in their behavior. Knowledge refers to what is known (declarative),
how it is known (procedural), when it is known, and why it is known (conditional) [5],
whereas attitude and behavior are defined as belief and perception, respectively [6]. The
KAB is a dynamic, interactive model that was originally used in the fields of health and
environmental psychology, criminology, climate change, and education and is now
applied in network security research.

Specifically, Parsons et al. examined the information security loopholes caused by
individuals based on (KAB) [7]. The Personal-perspective-based Information Security
Questionnaire (HAIS-Q) was developed in 2014, and it outlined the development of its
concept as well as the validity and reliability tests [8]. Knowledge of the policies and
procedures was also studied, as was the relationship between attitudes towards policies
and procedures and the use of work computers (KAB); further knowledge of policies and
procedures in 2015 [9]; attitudes towards policies and procedures; and self-reported
behavior, combined with organizational factors. Subsequent empirical studies further
demonstrated the effectiveness of HAIS-Q as an effective tool for measuring information
security factors [10].

McCormac et al. examined the connection between individual information security
awareness and individual differences in characteristics using the HAIS-Q (age, gender,
personality, and risk-taking). The HAIS-test-retest Q's reliability and internal
consistency were both investigated in 2017 [11]. Individual resiliency, workplace stress,
and their ISA (KAB) were all studied in 2018 [12].

Sawaya et al. surveyed 3,500 online users from seven countries using the Security
Behavior Intention Scale (SeBIS), testing the effectiveness of common security defenses
with a special focus on cultural implications. People from Asian countries, particularly
Japan, for example, exhibited less safe behavior [13].

Wahyudiwan et al. investigated the ISA level of MERTHE personnel in 2017 using
the (KAB) model's three components and the seven key areas of information security.
They concluded that knowledge has a positive impact on attitudes and behavior when it
comes to information security [14].

Cain et al. conducted 10 cybersecurity-related questions to perform a knowledge and
behavior questionnaire survey on corporate employees in 2018, evaluating the impact of
age, gender, criminal background, professional expertise, and cybersecurity training [15].

Wiley et al. conducted a 2019 survey of employees in Australian organizations to
examine the connection between cybersecurity awareness, organizational culture, and
safety culture [16].

Abanoub Riad et al. investigated Estonian dental students' oral health-related (KAB)
to promote oral health and disease prevention [17].

2.2. Online Information Security
The student-centered education model does a lot of student data research to understand

and help students' efficiency, assist teachers and improve teaching procedures. While the
number of research publications on cybersecurity is rising in general, empirical research
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on security practices in higher education is critically insufficient [18]. For example,
Chandarman and Van Niekerk employed the Theory of Planned Behavior Model (TPB)
to measure the CSA level of students in South African private higher education
institutions [19].

Lean-Ping and Chien-Fatt used the TPB model to investigate the individual
information security self-awareness of students at 11 Malaysian universities. This is
based on the 2003 National Institute of Standards and Technology Special Report (NIST
SP 800-50) [20].

Kim surveyed undergraduates at a business school in the United States about their
understanding and attitudes toward information security [21]. Berki et al. assessed
prospective IT workers on their knowledge, concepts, and awareness of cybersecurity
while utilizing cloud-based services by looking at current IT students' higher education
degree programs and cybersecurity courses in five countries: China, Finland, Greece,
Nepal, and the United Kingdom [22].

In the studies conducted by Parsons et al., 1112 undergraduates completed the
HAIS-Q and participated in lab-based phishing trials [9] [10]. Higher HAIS-Q scores
performed better in phishing studies, indicating that HAIS-Q can predict certain aspects
of information security behavior.

Vidakis uses the xAPI library to capture data in a serious game environment, which
is compatible with the experience API (xAPI) and implemented in the Unity 3D game
engine. Use learning analytics in serious games to simplify data generation and record
educationally valuable events [2].

2.3. Disclosure of personal data
The concepts of "personal data," "personal information," and "personal data" are used in
the legislation of different countries and regions. The Personal Data Ordinance in Hong
Kong, China, defines personal data. Personal data is governed by the 2010 "Law on
Personal Data Protection" and the 1995 "Law on Computer Processing of Personal Data
Protection." The term "personal data" is directly used in legislation in the United
Kingdom and the European Union. The concept of "personal data" is used in China's
Civil Code and Personal Information Protection Law.

Personal information refers to any sort of information stored electronically or in
other ways that, alone or in conjunction with other information, can identify the identity
of a specific natural person or reflect the actions of a specific natural person.

Name, date of birth, ID card number, personal biometric information, address,
communication contact information, communication records and contents, account
passwords, property information, credit information, whereabouts and traces,
accommodation information, health and physiological information, transaction
information, and other similar information. Information security technology and personal
information security standards specify the method and type of personal information to
be determined. Personal information should aid in the identification of a specific natural
person in two ways: one, through identification, that is, from information to individual;
and two, by the information itself, a special identification of a specific natural person.
The second is the association, that is, from the individual to the information, such as the
known specific natural person, generated by the specific natural person in his or her
activities. Information that conforms to one of the above two circumstances shall be
judged to be personal information.
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According to the 2016 China Personal Information Security and Privacy Protection
Report, more than 70% of individuals consider personal information leakage to be a
serious problem.

People who know personal information about them, such as their name or place of
employment, have called up to 81% of those surveyed. 53 percent have experienced
harassment as a result of exposing personal information when searching or browsing the
web.

Furthermore, 36% were harassed or defrauded by marketing after their personal
information was compromised, such as when renting, purchasing a home, buying a car,
taking an exam, or enrolling in college. According to the 2021 National Internet Users'
Satisfaction Survey Report on Internet Security, "nearly 80% of Internet users received
sales calls from various agents; more than 60% of Internet users received junk mail; and
nearly 60% of Internet users received relevant promotional messages."

In addition to harassment, public Internet users can estimate the risk of personal
information leakage in other ways, such as: more than forty percent of netizens think of
a great data kill because personal information has been leaked; nearly forty percent of
netizens check the default agreement to the service agreement; this allows the application
to collect user information, which can lead to personal information leakage; and so on.

The "Research Report on OTT Terminal Data Security and Personal Information
Protection," published by the China Citic Institute in 2022, highlighted the issues of data
security and personal information leakage caused by terminal applications, as well as the
serious phenomenon of SDK collection and processing data. According to the report's
objective conclusion, personal information security has remained a difficult issue in
China in recent years.

During the COVID-19 pandemic in recent years, hundreds of millions of users
collected mobile data on a large scale, especially call data logs and social media reports.
In previous pandemic studies, researchers have used CDRs provided by mobile network
operators to map people's movements. Back in 2014, the GSM Association issued
guidelines on privacy when using mobile phone data in response to the Ebola outbreak.
However, the long and widespread nature of the current outbreak has led to the use of
big data, which has raised privacy and data protection issues.

The Internet of Things is an emerging technology that generates big data. The
Internet of Things has been used in a variety of industries, such as health care, home
automation, smart cars, and industrial automation. While the characteristics of the
Internet of Things provide us with convenience, they also pose risks [23].

The extensive collection and use of data is the main reason for personal information
disclosure. For example, in the retail industry, marketing uses decision-making and
business planning to assess customer needs. The customer database is processed, and a
comparison of age prediction techniques for "Blessed Friday" shoppers based on
machine learning is proposed to determine which age group is more interested in
"Blessed Friday" [24].

With the advancement of online social networking, undergraduates are active on
variety of social networking platforms. As offline communication becomes more
difficult, social media platforms such as Twitter and Weibo have evolved into
convergence points for online social mindsets. Highly personal, sensitive, and potentially
stigmatizing data is disclosed on social networking sites such as Facebook and Weibo
[25].

Weinberger et al. [26] investigated and simulated the differences in attitudes toward
online privacy and anonymity among male and female Israeli students in order to better
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understand their security awareness and behavior toward personal information leakage
in an epidemic situation [26]. This study looked at undergraduates' personal privacy
literacy from three perspectives: knowledge, attitude, and behavior (KAB). Based on
Weinberger et al.’s [26] questionnaire, this study created a questionnaire on
undergraduates' knowledge, attitudes, and actions regarding personal information
security.

3. Research Design

3.1. Research Questions

e QI: Are undergraduates knowledgeable about the disclosure of personal data
online?

e  Q2: What are the undergraduates’ attitudes toward the disclosure of personal
data online?

e (Q3: What is the undergraduates’ behavior towards the disclosure of personal
data online?

In order to find the answers to these questions, we conducted a questionnaire survey of
certain undergraduate students in China on their knowledge, attitude, and behavior
regarding online personal information security?. We attempt to lay out a thorough
framework of beliefs, values, and actions. Three components make up the questionnaire.
The first component focuses on undergraduates' understanding of online personal
information security; the second component examines their attitudes toward network
personal information security; and the third component examines their conduct with
regard to network personal information security.

The rest of this article is as follows:

e First, we'll go over our research methodology.

e Second, we will present the findings and analysis.

e Third, we present our findings and conclusions.

e Finally, we summarize the study's limitations.

3.2. Research Instruments

First, scales from previous research were consulted during the questionnaire design
process of this article, and the scale that was consistent with this study was selected. The
researchers inquire with information technology experts about their opinions, update and
modify the maturity scale to reflect the specific research situation of this paper, and create
a preliminary questionnaire. Second, discuss any suggestions made to the initial
questionnaire item set, linguistic expression, etc. In response to feedback, the
questionnaire has been modified to make it easier for respondents to accurately define
the meaning of the term, to reduce the number of items, and to adjust the measuring items
in the words. This alters the final form of the questionnaire. The Likert scale was used to
assess students, and the Likert 5 subscales ranged from strongly disagreeing (1) to
strongly agreeing (5) as the possibility of answers for all items, with only one answer
allowed for each item. The setting of the online questionnaire does not allow blank

2 Appendix A(1).docx
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answers. The advantage of this setting is that it does not lose data and is convenient for
accurate data analysis. If respondents do not want to answer, they can directly give up.
It only takes about ten minutes to complete the entire questionnaire, and most
respondents are willing to complete it all. Third, this research conducts an empirical
investigation based on a questionnaire of knowledge, attitude, and behavior related to
online personal information security. The data were analyzed using SPSS 23.0.

4. Results and Discussion

In the 2021-2022 academic year, this study is based on a survey of undergraduates from
five universities in China. A total of 288 questionnaires were collected in this survey,
excluding those that took less than three minutes. A total of 156 valid responses were
collected in China. There were 22 students in year one, 114 in year two, 17 in year three,
and 3 in year four. 110 were in liberal arts, 10 in engineering, and 36 in natural science.
There were 41 males and 114 females. The descriptive information of the participants is
shown in Table 1.

First, all undergraduates were screened to inform respondents about the background
of the research project. And respondents have a background in higher education , often
use the network, and have experienced online learning. Work participants contacted
alumni in person, and two English educators invited undergraduates to fill out
questionnaires by email and on-site. Senior students, because of the curriculum, busy
internships and learning, it is difficult to find senior students. However, the grade and
subject distribution of invited students in the sample is uneven.

Table 1. Data description

Data Description Value Label N
Year Freshman Year 1 22
Sophomore Year 2 114

Junior Year 3 17

Senior Year 4 3
Major Liberal Arts 110
Engineering 10

Science 36

Gender Male 41
Female 114

4.1. Scale validity

Using Exploratory Factor Analysis (EFA) with Principle Component Analysis and
Promax rotation provided by SPSS 23.0, Bartlett's Test of Sphericity was found to be
significant (p<.001), meeting the assumption of correlations among question items [27].
Kaiser-Meyer-Olkin was at .81, suggesting the sample size is adequate and there are
latent variables within the scale [28]. Hence, both criteria for EFA were met.

With Eigenvalue set at 1, EFA indicates that there are 12 variables. The first variable
explained 23.71% of total variance, and the second explained 9.85% (see Table 2 for
variables and variance percentage).
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Table 2. The percentage variance explained by the variables

Rotation Sums of

Variables Eigenvalues % of Variance Cumulative % Squared
Loadings

1 12.09 23.7 23.7 7.53
2 5.02 9.85 33.55 6.99
3 3.89 7.63 41.18 5.99
4 2.76 5.42 46.60 5.61
5 2.44 4.78 51.39 4.69
6 1.66 3.25 54.64 5.38
7 1.56 3.05 57.69 2.58
8 1.51 297 60.65 3.52
9 1.44 2.81 63.47 5.30
10 1.22 2.40 65.87 3.12
11 1.11 2.18 68.05 2.55
12 1.03 2.02 70.07 4.17

As suggested in the literature, items that did not obtain a loading of 0.3 were
suppressed [29] (p. 692). Then, items that did not have any components above 0.3
loading were removed. Questions that that were found to be valid included knowledge:
k1, k3, k4, k5, k7,k10, k12, k14, k18, k21, k22, k27; attitude: al, a2, a3, a4, a5, a7, al 8,
al0, all, al2, al4, al5, al6, a22, a23, a24, a25, a26, a27; and behaviour: b1, b2, b3, b4,
b5, b7, b8, b9, b10, b11, b12,bl13,bl4, b18, bl9, b21, b22, b23, b24, and b27 (see table
3 for the factor loading of individual items). As can be seen, there are no satisfying items
in component 12, which is normal considering its eigenvalue is only marginally above 1

[30].

Table 3. The factor loading of individual items

Loading 1 2 3 4 5 6 7 8 9 10 11 12
k1 0.698

k3 0.723

k4 0.478 0.702

kS 0.722

k7 0.702

k10 0.854

k12 0.736 0.301

k14 0.557

k18 0.694

k21 0.775

k22 0.508 0.368
k27 0.420

al

0.392
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a2

a3

a4

as

a7

al8
al0
all
al2
al4
als
al6
a22
a23
a24
a25
a26
a27

0.672
0.534
0.890
0.897
0.951
0.825

0.816
0.421
0.597
0.837
0.886
0.846

0.638
0.649
0.797
0.397
0.821
0.708

0.372

0.564

0.351

0.321

0.294

0.331

bl
b2
b3
b4
b5
b7
b8
b9
b10
b1l
b12
b13
b14
b8
b19
b21
b22

0.899
0.661
0.767
0.614

0.675
0.752
0.708
0.946
0.602
0.500 0.321
0.431 0.305
0.787
0.385
0.809

0.837

0.465
0.826
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b23 0.698
b24 0.353 0.558
b27 0.303

4.2. Validity of the data

Reliability describes the consistency of the measured items within a scale. Cronbach's
alpha was employed, and the knowledge dimension was found to be at .905 (see Table 4
for the alpha values and descriptive statistics of the knowledge dimension).

Table 4. Reliability Test Scale: Knowledge

Cronbach's Alpha coefficients based

Cronbach's Alpha on standardized entries Number of items
.905 .905 12
Item Statistics
Mean Std. Deviation N

k1 3.23 1.15 156
k3 3.13 1.11 156
k4 232 1.03 156
k5 2.16 1.07 156
k7 2.94 1.08 156
k10 2.72 1.14 156
k12 2.79 1.16 156
k14 2.38 1.06 156
k18 2.85 1.09 156
k21 2.74 1.19 156
k22 2.14 1.03 156
k27 1.74 0.90 156

We then analyzed the internal reliability of attitudes toward online personal
information leakage. Cronbach's alpha was found to be at .896 (see Table 5 for the Alpha
values and descriptive statistics of the attitude dimension).

Table 5. Reliability Test Scale: Attitude

Cronbach's Alpha coefficients based on Number of

Cronbach's Alpha standardized entries items

.896 .896 19
Item Statistics

Mean Std. Deviation N
al 3.13 1.11 156
a2 2.90 1.24 156
a3 2.78 1.12 156
a4 2.86 1.10 156
a5 2.60 1.03 156
a7 2.18 1.02 156
al0 3.54 1.10 156
all 3.12 1.05 156
al2 3.33 1.09 156
al4 3.53 1.14 156
als 345 1.09 156
al6 3.37 1.05 156
al8 2.76 1.13 156
a22 2.79 1.12 156

a23 3.10 1.20 156
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a24 2.56 1.07 156
a25 2.63 1.11 156
a26 2.58 1.08 156
a27 242 1.11 156

Finally, Cronbach's alpha of behaviour was at .857 (see Table 6).

Table 6. Reliability Test Scale: Behavior

Cronbach's Alpha coefficients based on Number of
Cronbach's Alpha standardized entries items
.857 .857 20
Item Statistics
Mean Std. Deviation N
bl 2.94 1.11 156
b2 2.58 1.23 156
b3 2.03 .89 156
b4 2.34 98 156
b5 2.08 .96 156
b7 1.67 .92 156
b8 3.11 1.21 156
b9 324 1.22 156
bl0 3.64 1.13 156
bll 3.12 1.17 156
bl12 3.32 1.10 156
bl13 3.53 1.28 156
bl4 3.68 1.27 156
bl8 2.39 1.13 156
bl9 3.29 1.10 156
b21 3.13 1.16 156
b22 2.70 1.12 156
b23 2.90 1.21 156
b24 2.26 1.08 156
b27 1.94 97 156

Hence, it can be concluded that both the validity and reliability of the proposed scale
was satisfactory.

4.3. Assumption testing for regression analysis

The variables' normality was examined. Because there were more than 50 participants,
predetermined tests like Kolmogorov-Smirnov and Shapiro-Wilk were inappropriate. A
manual evaluation was used to determine the skewness and kurtosis values. The term
"normal distribution" was used to describe samples with skewness between -2 and +2
and kurtosis between -7 and 7. Average knowledge (skewness = -.240, kurtosis = 1.31),
attitude (skewness = -.40, kurtosis =-.66), and behavior (skewness = -.17, kurtosis =.36)
were all within the acceptable threshold range and were normally distributed.

Table 7. Skewness and Kurtosis

Statistic Std. Error
knowledge mean The average 2.60 0.06
Partial degrees 0.24 0.19
kurtosis 0.42 0.39
attitude_mean The average 2.93 0.05
Partial degrees 0.39 0.19
kurtosis 0.66 0.39

behavior mean The average 2.79 0.05
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Partial degrees 0.17 0.19
kurtosis 1.31 0.39

Figures 1-Figure 3 show that the data are roughly normally distributed.

Normal Q-Q Plot of knowledge_mean

[ 1 2 3

Observed Value

Figure 1. Plot of knowledge mean

Normal Q-Q Plot of attitude_mean

Expected Normal

[ 1 2 3

Observed Value

Figure 2. Plot of attitude mean

Normal Q-Q Plot of behaviour_mean

Expected Normal

[ 1 2 3

Observed Value

Figure 3. Plot of behavior mean



58 X. Li et al. / Undergraduates’ KAB Towards the Disclosure of Personal Data Online in China

Figures 1-3 show that the data develops roughly along the normal distribution line
in the quantile plot, with some deviations in the tail.

Based on these figures, we can safely assume that this set of data is normally
distributed.

Because equal variance is not achieved, Pillai's Trace can only be used for analysis,
where the significance test shows that the significance value of gender is 017 [31].

3.500

3.000
2.500 1 : : :
2.000
1.500
1.000
0.500
0.000

yearl year2 year3 year4d

B knowledge_mean M attitude_mean M behaviour_mean

Figure 4. Average values and differences in knowledge, attitude, and behavior of different years.

Figure 4 depicts the average values and differences in knowledge, attitude, and
behavior of different grades regarding the disclosure of personal information online. The
mean values of the freshman's knowledge, attitude, and behavior are 2.330, 2.768, and
2.776, respectively. Sophomores’ mean values for knowledge, attitude, and behavior
were 2.875, 3.090, and 2.901, respectively. Juniors' mean knowledge, attitude, and
behavior scores were 2.974, 3.075, and 2.898, respectively. Seniors’ mean values for
knowledge, attitude, and behavior were 2.542, 2.974, and 2.925, respectively. In terms
of knowledge, the difference between freshmen and juniors was the largest. In terms of
attitude, the difference was greatest between freshmen and sophomores. In terms of
behavioral averages, the freshman and senior years differed the most. Less understanding
to understanding, less agreement to mostly agreement, and less agreement to mostly
agreement are the mean values for knowledge, attitude, and behavior, respectively.

Further investigation reveals that senior students are more concerned about online
personal information disclosure than junior students (freshmen). Senior students have a
relatively low level of knowledge on this subject, which should be noted. Seniors clearly
have more experience with and understanding of online social networking and shopping
than juniors.

Furthermore, seniors are about to enter society and will be more concerned with
social issues as well as personal rights and interests. More than half of all undergraduates
who have been victimized are freshmen, according to law enforcement statistics.
Freshmen appear to be less concerned about online personal information disclosure.

Figure 5 depicts the average values and professional differences in the three aspects
of knowledge, attitude, and behavior for various majors. In general, the mean values of
knowledge, attitude, and behavior in the liberal arts are 2.599, 2.926, and 2.806,
respectively. The mean values of knowledge, attitude, and behavior in engineering are
2.442, 2.800, and 2.895, respectively. The mean values of knowledge, attitude, and
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behavior in science were 3.000, 3.204, and 2.904, respectively. In terms of knowledge,
the difference between engineering and science was the largest. In terms of attitude, the
difference was greatest between engineering and science. In terms of behavior, the
difference was greatest between science and engineering. Less understanding of
understanding, less agreement to mostly agreement, and less agreement to mostly
agreement are the mean values of knowledge, attitude, and behavior, respectively.

4.000

3.000
2.000
1.000
0.000

liberal_arts engineering  natural_science
B knowledge_mean M attitude_mean M behaviour_mean

Figure 5. Average values and professional differences of the three aspects of knowledge, attitude, and
behavior of different majors
Further investigation revealed that the values of knowledge, attitude, and behavior
of undergraduates from all majors regarding personal information disclosure were
greater than 2.4. Students majoring in science are more concerned about online personal
information disclosure than students majoring in other fields. Engineering students are
less concerned about the problem. The gap between genders, the average knowledge, the
average attitude, and the average behavior of different genders are shown in Figure 6.
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Figure 6. Average values and gender differences of knowledge, attitude, and behavior of different genders

Figure 6 depicts the average values and gender differences in knowledge, attitudes,
and behaviors. In general, the mean values of boys' knowledge, attitude, and behavior
were 2.922, 2958, and 2.968, respectively. Girls' mean knowledge, attitude, and
behavior scores were 2.298, 2.858, and 2.719, respectively. Less understanding of
understanding, less agreement to basic agreement, and less agreement to basic agreement
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were associated with lower mean values of knowledge, attitude, and behavior,
respectively.

Then, a multiple regression analysis was run, which suggests that there are
significant differences among the tested variables of grade level, discipline, and gender.
However, multivariate analysis reveals that only gender had significant differences
(<.001).

On the one hand, for the knowledge, attitude, and behavior of the surveyed personal
information network, the average value for a male is higher than that of a female. The
difference in knowledge about the disclosure of personal information online was the
largest. The conclusion is that undergraduates do not place a high value on the disclosure
of personal information online, and male students place a higher value on the security of
personal information online than female students.

5. Conclusions

This paper examines the knowledge, attitude, and behavior of Chinese undergraduates'
online information disclosure from three aspects. Using quantitative analysis, this paper
conducts a comprehensive investigation into the disclosure of Chinese undergraduates'
online personal information through the questionnaire research method and uses SPSS
23.0 to conduct correlation analysis and regression analysis on the collected sample data.

The results of the questionnaire survey revealed that undergraduates' knowledge,
attitude, and behavior regarding the disclosure of personal information online during the
epidemic were not optimistic, with the majority scoring far below the satisfactory score
of'4. Schools need to increase courses on personal information protection. Although there
is a certain awareness of information security, the overall level of attention is low.
Essentially, it was in the stage of "less understanding to understanding, less agreement
to basic agreement, and less agreement to basic agreement." Furthermore, gender, grade,
and other major factors influence undergraduates' attention to this issue. We investigated
the differences in undergraduates' knowledge, attitudes, and behaviors regarding the
disclosure of personal information online by grade, major, and gender.

According to the findings, senior students were more concerned about the disclosure
of personal information online than junior students (freshmen). Students majoring in
science are more concerned than students majoring in other fields about the disclosure
of online personal information. Engineering students are less concerned about the issue.
Although there are only 10 engineering students in this survey, this conclusion verifies a
social survey in 2017. According to a survey conducted by the organizing committee of
the 2017 China Media Leaders Conference and the Social Survey Center of Shanghai
Jiao Tong University, QQ is the most popular social media platform used by
undergraduates, followed by WeChat and Weibo. Engineering students are the most
likely to use QQ media. Because engineering students rely too heavily on social
networking platforms and have too much faith in information technology, they fail to
consider the issue of online personal information disclosure. There is a significant gender
difference in the disclosure of personal information on the Internet, with male students
paying more attention to the safety of personal information online than female students.
Students know about general security threats and protection procedures. However, they
did not take sufficient measures to protect their devices or information and did not follow
good information security practices.



X. Li et al. / Undergraduates’ KAB Towards the Disclosure of Personal Data Online in China 61

This finding is consistent with previous research. According to Weinberger et al. [26]
women's relatively high level of online privacy self-efficacy (which may be based on
their lower level of technological threat awareness) is not matched by their relatively low
level of technological online privacy literacy. As a result, they are less capable than men
of safeguarding their identity and personal information. On the other hand, men are more
aware of technological threats than they are of their online privacy self-efficacy, which,
when combined with their relatively high online privacy literacy, enables them to better
protect their identity and personal data.

There are few provisions in Chinese law that specifically protect students' personal
information, which is one reason for the frequent incidents of students' personal
information leakage. Schools also have shortcomings in protecting students' personal
information, which include: a lack of awareness of personal information protection, a
lack of corresponding protection mechanisms, a low level of network security technology,
and insufficient education for students. In light of this issue, the author believes that
education and publicity should be prioritized. Schools should offer relevant courses,
lectures, forums, and other events to publicize and explain personal information
protection issues. Students can spontaneously form relevant associations, create relevant
public homepages on Weibo, WeChat, and other social networking sites, and use the
network platform to make undergraduates more conveniently and frequently access
knowledge about personal information protection, thereby improving their cognition and
understanding of the issue. Undergraduates should also focus on increasing their
awareness of personal information protection and protecting their rights and interests in
personal information. They should, for example, refuse to provide personal information
to an information collection organization they do not trust. Avoid using your own real
data in general business processing. If you must use real information, you should
carefully read the terms of personal information protection and write down the terms of
service. Providers should be held accountable for their own violations of the provisions
and the method of obtaining compensation. When you discover that your personal
information has been compromised, you should immediately contact the appropriate
institutions to stop the infringement and negotiate a resolution. Simultaneously, through
administrative supervision procedures, you should request that the special regulatory
agencies implement the necessary administrative supervision of the infringement
agencies and infringements. When administrative actions are ineffective, they should
seek legal recourse.

Among them, Article 66 of the People's Republic of China's Personal Information
Protection Law specifies administrative liability rules for improper handling of personal
information. In conjunction with other provisions, the entire process of handling personal
information, such as collection, storage, processing, sharing, transfer, disclosure, and
destruction, shall be included in the scope of the regulation. The authority to punish
departments responsible for personal data protection in various circumstances has been
clarified. Illegal acts are classified into two types: general acts and serious acts. For
serious illegal enterprises, the maximum fine limit is less than 50 million renminbi, or
less than 5% of the previous year's turnover. While regulating illegal enterprises, relevant
responsible personnel are also punished, and senior management of enterprises may be
barred from working for an extended period of time. In order to regulate and govern the
security of personal information collected from apps and protect consumers' legitimate
rights and interests, the China Consumers Association proposed the following in 2018:
First, expedite the Personal Information Protection Law legislative process. Second,
research the scope and means of putting the real-name system in place. Third, we will
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increase the level of supervision and inspection. Fourth, we will step up the crackdown
even more. Fifth, increase consumer awareness.

6. Limitations and future directions

This paper investigates undergraduates' personal information security literacy in three
dimensions: knowledge, attitude, and behavior (KAB). Based on Weinberger et al.’s [26]
questionnaire, the study constructed a modified questionnaire regarding undergraduates'
knowledge, attitudes, and behaviors toward personal information security. Some
limitations need to be addressed in future research: first, a limited number of participants;
this study only involved three universities in the East and West regions of China
regarding 156 undergraduates’ online information disclosure. In future research, more
participants from different regions and levels of universities in China could take part in
the investigation, which could expand the display and generalization of data. Second,
research on other factors that influence undergraduates' knowledge, attitudes, and
behavior toward personal information security could be investigated to further research
on personal data and Information Security in higher education. Finally, although the
survey object of this study is college students, future research can be extended to junior
high school students, graduate students, teachers, and so on.
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Abstract. Live streaming has brought new opportunities for e-commerce
development. As the most distinctive feature of live e-commerce is the virtual
presence. How it creates a more immersive and engaging online shopping
experience for consumers is a concern for academics and businesses alike. This
paper reviews the relevant literature and analyzes the impact of the evolution from
social presence to virtual presence on consumer behavior since the development of
e-commerce, summarizing the interactions and main differences between social
presence and virtual presence. The research results help e-commerce brands to better
understand the differences and maximize their potential in different e-commerce
models, so as to gain a deeper understanding of consumer needs and improve
positive behaviors such as consumer purchase decisions and loyalty.

Keywords. E-commerce, consumer behavior, electronic brand marketing, virtual
presence, social presence.

1. Introduction

The COVID-19 pandemic has affected the world and has influenced the widespread use
of social media and digital marketing. Increasingly, more consumers are shifting from
traditional online shopping to using social media platforms to discover and purchase
products[1] (such as Instagram Shopping, Facebook Live Shopping, Amazon Live,
TikTok, etc.). These live-streaming e-commerce consumers are driving e-commerce to
evolve from simple online shopping to a more immersive and interactive experience[2].

Previously, scholars have mostly studied live-streaming consumer behavior from the
perspectives of anchor traits, social influence, entertainment, cultural factors and
Technology Acceptance Model (TAM). The most significant feature of live e-commerce
(virtual presence) is overlooked, and it can bring to live e-commerce characteristics such
as strong interactivity and real-time, thus distinguishing it from traditional e-commerce,
which is valued by e-commerce brands and consumers [3].

Through the study, it is found that enhancing the social presence and virtual presence
of consumers in live shopping can increase the inherent social needs of emotional
belonging, communication, exchange and identification between anchors and consumers,
and between consumers and consumers, thus deepening consumers' awareness of brands,
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anchors and products, and increasing the "stickiness" and loyalty between them and
brands.

2. The development process of E-commerce

In recent years, e-commerce has made significant developments worldwide, with more
and more consumers turning to online shopping as a convenient way to purchase goods
and services[4]. The rapid development of the internet and widespread use of
smartphones, along with the rise of social media and digital marketing, have promoted
the rapid evolution from traditional e-commerce to live-streaming e-commerce[5]. Live
streaming e-commerce facilitates real-time interaction between online retailers and
consumers, creating more attractive and personalized shopping experiences. The
evolution of development from traditional e-commerce to live-streaming e-commerce
can be traced back to several periods:

e Text-based e-commerce (1990s): The earliest online shopping sites such as
Amazon and eBay were mainly text-based, providing product descriptions and
prices for customers to browse and purchase[6].

e Visual-based e-commerce (early 2000s): The introduction of visual content
such as images and videos made e-commerce more attractive and user-friendly,
enabling consumers to better visualize products and make more informed
purchasing decisions [7].

e Mobile e-commerce (post-2000s): The rise of mobile devices and mobile
internet usage created new channels for e-commerce, allowing consumers to
shop anytime, anywhere [8].

e Real-time streaming e-commerce (since 2016): With the rise of platforms like
Taobao Live and Douyin (the Chinese version of TikTok), live-streaming e-
commerce began to gain popularity in China around 2016, and spread to other
parts of the world. Integrating real-time video streams into e-commerce,
providing real-time interaction and engagement between hosts and consumers,
has become an important trend in the e-commerce industry[9].

In summary, live-streaming e-commerce builds upon the advantages of previous
periods of e-commerce and adds new levels of interactivity and personalization to the
shopping experience. It allows brands and retailers to create engaging entertainment
activities while providing consumers with a more authentic and trustworthy shopping
experience. Therefore, live-streaming commerce may continue to grow and expand in
the coming years.

3. The process of the development of social presence and virtual presence

Social presence and virtual presence are two related concepts. Social presence refers to
the degree to which individuals feel a sense of connection and interpersonal relationships
with others in communication environments, with a focus on the social aspects of online
interaction. In contrast, virtual presence refers to the degree to which individuals feel a
sense of physical presence in virtual environments, with an emphasis on the sensory and
perceptual aspects of the virtual environment.
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e  Early virtual reality systems, such as flight simulators and early gaming systems,
provided limited social presence and virtual presence. The concept of social
presence was first introduced by John Short (1976)[10], defined as "the degree
of salience of the other person in the interaction and the consequent salience of
the interpersonal relationship." This concept was initially developed in
computer-mediated communication environments and has since been applied to
other forms of communication technology and settings, including social media,
online games, and virtual reality.

e In the early days of the internet in the 1990s, social presence in e-commerce
was often limited to text-based chat systems that provided only basic levels of
interaction but lacked the richness and nuances of face-to-face communication.
The development of social commerce marked the period when social presence
became most prominent in e-commerce. The integration of social media and e-
commerce created a more social and interactive shopping experience, enabling
consumers to share and recommend products on social networks[11].

e As researchers began to explore the potential of virtual reality and other
immersive technologies, virtual reality technology first emerged as a way to
simulate real-world experiences in the late 1990s and early 2000s. Biocca
(1992) [12]was one of the pioneers in developing the concept of virtual presence.
He defined virtual presence as the feeling of being present in a virtual
environment and interacting with it in a natural and intuitive way.

e In recent years, technological advancements, including high-speed internet,
mobile devices, and widespread use of social media, have led to the emergence
of new forms of virtual presence in e-commerce, such as virtual showrooms,
360-degree product views, augmented reality experiences, and live streaming
e-commerce. Live streaming e-commerce, in particular, has become
increasingly popular in many parts of the world, especially in Asia. This
approach combines virtual presence with social presence, allowing consumers
to interact with hosts and other shoppers in real-time, ask questions, and receive
personalized recommendations[13]. Live streaming e-commerce is believed to
drive sales growth for many businesses, especially in the fashion, beauty, and
food industries.

In general, the development of virtual presence in e-commerce has changed the way
consumers shop online and interact with businesses, providing a more immersive and
engaging experience and helping to drive the growth of many companies. With
technology constantly advancing, we are likely to see even more innovative uses of
virtual presence in e-commerce in the coming years.

4. The relationship between social presence and virtual presence in e-commerce.

Although many researchers believe that virtual presence includes social presence, this
article aims to provide a clearer analysis and summary of the relationship (Table 1) and
main differences (Table 2) between these two concepts.

4.1. The correlation between social presence and virtual presence

Social presence and virtual presence are interconnected concepts that can mutually
interact and affect one another in multiple ways. The correlation between these concepts



J. Deng et al. / From Social Presence to Virtual Presence 67

is contingent on the specific context and objective of the communication or interaction
and may entail complementarity, interdependence, trade-offs, or moderation.

Table 1. The correlation between social presence and virtual presence

Social presence Virtual presence

Complementarity

Interdependence

Trade-offs

Moderation

Social presence and virtual presence can complement each other to create a more
appealing and personalized shopping experience. For instance, social presence
can enhance the sense of community and social interaction in virtual shopping
environments, while virtual presence can increase the sense of immersion and
presence in social environments.

Social presence and virtual presence can depend on each other to enhance the
effectiveness of e-commerce. For example, social presence can facilitate the
adoption and usage of virtual technologies, while virtual presence can improve
social interaction and communication efficiency in online shopping
environments[14].

Social presence and virtual presence can also compete with each other in e-
commerce to gain attention and resources [15]. For instance, overemphasizing
virtual presence may undermine social interaction and trust-building with other
customers or sales representatives, while overemphasizing social presence may
distract attention from the immersive and interactive aspects of virtual shopping.
Social presence and virtual presence can also moderate each other's effects on
consumer behavior in e-commerce. For example, social presence can alleviate
the negative effects of virtual anonymity and reduce social anxiety in online
shopping, while virtual presence can increase the perceived authenticity and
credibility of social information and influence[16].

In summary, virtual presence refers to the sensory and perceptual aspects of the virtual
environment, while social presence refers to the social and communicative aspects. Both
virtual presence and social presence are crucial for understanding the impact of the
virtual environment on individuals and communities and can interact with each other in
complex and dynamic ways. Effective utilization of social and virtual presence in e-
commerce can enhance customer engagement, increase sales revenue, and improve
customer satisfaction and loyalty.

4.2. The difference between social presence and virtual presence

While there are some similarities between social presence and virtual presence, they
differ in terms of their definition, focus, technology, and impact.

Table 2. The difference between social presence and virtual presence

Social presence

Virtual presence

Definition

Focus

Technology

Social presence refers to the degree to
which people feel that they are interacting
with real individuals or a group of people
during the communication process, even if
the communication is mediated through
technology[17].
Social presence in e-commerce focuses on
the social connections and sense of
interaction in the shopping experience[19],
emphasizing the social and communicative
aspects of the virtual environment.
Social presence in e-commerce can be
facilitated through various communication
technologies[21], such as chatbots, social
media platforms, or online forums.

Virtual presence refers to the degree to
which an individual feels immersed and
present in a virtual environment, giving
the sensation of being physically present
in the virtual environment[18].

Virtual presence in e-commerce
emphasizes the sensory and perceptual
aspects of the shopping experience[20],
such as realism, interactivity, and
engagement.
Virtual presence in e-commerce
requires more advanced immersive
technologies[22], such as virtual reality,
augmented reality, or 3D environments.
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Impact Social presence can influence people's Virtual presence can have various
attitudes and behaviors by increasing social — impacts on human experiences in terms
connections, reducing social anxiety and  of cognition, emotion, and behavior[24].
improving communication efficiency[23] . In e-commerce, virtual presence can
The social presence in e-commerce can improve  product understanding,
enhance the social impact, credibility and increase sense of presence, and facilitate
engagement of the shopping experience. decision-making processes.

In summary, social presence and virtual presence in e-commerce are distinct
concepts that serve different purposes in enhancing the shopping experience. Social
presence focuses on the social aspect of shopping, while virtual presence emphasizes the
immersive aspect. Understanding these differences can help retailers develop more
effective e-commerce strategies, enhance the shopping experience, and influence

consumer behavior in different ways.

5. The impact of social presence and virtual presence on consumer behavior

Level of engagement: Virtual presence and social presence affect the level of
consumer engagement with an e-commerce platform[25]. A positive perception of
virtual presence and a strong social presence can increase consumers' willingness to
spend time exploring the platform, and they are more likely to engage with the platform,
participate in discussions, provide feedback or interact, which increases the likelihood of
discovering new products and making additional purchases.

Interactivity: When consumers feel they are in a high-quality virtual environment
that is easy to interact with in real time and provides a seamless shopping experience,
they are more likely to feel connected to the brand and other consumers, and generate
positive comments about the brand[26]. This can lead to increased engagement and
positive e-word-of-mouth.

Purchase decisions: Perceptions of virtual and social presence can influence
consumers' purchase decisions in a variety of ways[27]. For example, a positive
perception of virtual presence can enhance consumers' perceptions of product quality and
value, increasing their willingness to pay for the product. Similarly, a strong social
presence can enhance consumers' perceptions of the trustworthiness and reliability of a
platform, thereby increasing the likelihood that they will make a purchase.

Loyalty: Allowing consumers to freely comment, interact and build social identities
in real time through immersive experiences, personalized interactions and seamless user
interfaces, as well as creating a sense of community around the brand and facilitating
customer interactions, all increase consumer trust and loyalty[28]. Loyalty rewards, such
as discounts, exclusive content or sneak peeks at new products, are then offered through
live streaming to encourage repeat purchases and referrals from consumers to friends.

6. Conclusion

The investigation of social and virtual presence has undergone an evolutionary process,
as observed through literature reviews. This journey has advanced from early studies that
focused on basic virtual environments to the emergence of virtual reality, in tandem with
technological progress and the emergence of novel research inquiries. Although some
scholars have made progress in studying user attitudes and behaviors using the concept
of virtual presence, research on virtual presence in the emerging and challenging field of
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live-streaming e-commerce is still in its infancy and urgently needs to be further
investigated. Not only does this expand the theoretical research possibilities of virtual
presence, but it also furnishes crisis-prone live-streaming e-commerce brands with
valuable insights and strategic guidance.

Research shows that social presence and virtual presence are related concepts in e-
commerce, with both similarities and differences. Social presence is important for
building a sense of connection and rapport between users, helping to create a sense of
community and social interaction, fostering a sense of connection and shared experience.
It then builds customer trust and loyalty through user-generated content, social media
engagement. And virtual presence is important for creating immersion and engagement
with the virtual environment, such as through the use of technologies such as augmented
reality, virtual reality and real-time streaming, which can increase product satisfaction
and purchase intent. In summary, both concepts can be used to enhance the shopping
experience and can provide a more immersive and interactive shopping experience for
customers, enhancing consumer behavior such as consumer engagement, interactivity,
purchase intent, and loyalty[29].

In summary, the study of social presence and virtual presence in e-commerce can
yield valuable insights into consumer preferences, needs and pain points, information
that can be used to improve products and services, address many questions or concerns,
and ultimately provide consumers with a better shopping experience. By gaining a deeper
understanding of live e-commerce consumer behavior, e-commerce brands can improve
the customer experience and build stronger, more loyal relationships with their
customers[30].
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Abstract. The accreditation and evaluation of undergraduate majors is one of the
most important elements in the monitoring of China’s higher education quality. with
the combination of quantitative and qualitative research methods, this paper
illustrates the stages of development, problems of undergraduate majors operation
in China, and proposes an evaluation framework for undergraduate majors from the
fourth paradigm perspective. The development of undergraduate major evaluation
in China are divided into four stages: the budding period (1985-1998), the rising
period (1998-2009), and the booming period (2010-2022). The forms of evaluation
are divided into major accreditation, major ranking and major assessment. Major
evaluation mode includes independent evaluation mode, comprehensive evaluation
mode and appraisal mode. Continuous collection of sample data, customized
indicators, multiple fusion calculation analysis, visual feedback are the typical
features of big- data-based intelligent education evaluation.

Keywords. Undergraduate Major Evaluation, History and Current Situation, Big
Data

1. Introduction

The accreditation and evaluation of undergraduate majors is one of the most important
elements in quality control of higher education in China. Why is it necessary to carry out
undergraduate major assessment? Undergraduate major is the basic element in
universities and the basic unit for universities to realize their functions. The pursuit of
high-quality major education is a strong motivation in the development of major
evaluation. With the deepening of reform in education sector and the loosening on major
setting as well as approval restrictions, universities thus are more active in setting majors
independently. Therefore, it is critical to ensure high level of major setting and
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management as well as high quality of education with professional standards and
evaluation system. Majors of higher education link universities and society. However,
the incompatibility between the supply of majors and the demand of economic and social
development still prevails, and the contradiction between structural unemployment of
graduates and enterprises’ failure to find suitable talents is still to be solved. Therefore,
it is necessary to form a mechanism for universities to develop mature schemes of self-
building, self-development and self-improvement in major management through goal-
oriented assessment. The quality of talents cultivation and their adaptation to social
demands also need to be further improved. This paper systematically analyzes the
theoretical and practical development and problems of undergraduate major evaluation
in China, and proposes the theoretical prospects and practical strategies for the
development of major evaluation in the future.

2. Study on the development stages of major evaluation in China

Adopting both quantitative and qualitative research methods, this paper takes references
from the database of China Knowledge Network Literature (CNKI) and visual analysis
on China’s major evaluation research literature by the knowledge mapping analysis
software Cite Space® and the CNKI’s measurement and visualization function. Through
a general study of the mapping of major evaluation research fields, the research results
of major evaluation in China are unfolded in a holistic and multi-faceted manner in this
paper, representing the theoretical development of major evaluation as a whole.

Johannes Kepler discovered the laws of planetary motion based on Tycho Brahe's
systematic observations on celestial motions. Likewise, Li Jie also put up that the focus
and paradigm of scientific research changes over time, sometimes slowly and sometimes
dramatically. And the history of scientific development can be tracked from published
literature [1]. Being inspired by these examples, the author applies to the date from
literature, the number of published articles, keywords, co-citations, emergent terms,
authors and institutions to outlining the panorama of major evaluation in depth and
details.

&
- Annual trend of published articles

The number of published articles
»

——
ey
| e—— —e - e
T T T

® ' e

Figure 1. The trend of published journals about major evaluation and major assessment from 1985-2022

As what can be seen from Figure 1, research on major evaluation in China began in
1985. For more than 20 years after the first journal article on major evaluation was
published, the number of relevant published journal articles has been remained at the
level of about 1-5 per year, drawing few attentions from scholars who focus on the
theoretical research of higher education. Overall, the development of research related to
major evaluation can be divided into three periods: budding, rising and booming.

3 Cite Space (Citation Space) is a software for visualizing and analyzing trends and patterns in scientific
literature. It is designed as a tool for dig out the clustering and distribution of knowledge in cited literature
through analysis on citation from internet.
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2.1. The first period: budding (1985-1998)

The issuing of The Decision of the Central Committee of the Communist Party of China
on the Reform in Education System in May of 1985 marked China's education system
reform beginning. With stronger attention to the quality of undergraduate education
teaching and talent cultivation from central government, China launched education
evaluation projects from nation, province and university level, when the exploration on
major evaluation theory sprouted. However, the number of articles published at that time
was still at a low level of 1-2 articles each year. At this period, related research topics
mainly focus on the preliminary exploration of evaluation theory and practice, most of
which are empirical articles.[2-4]

2.2. The second period: rising (1998-2009)

According to The Law on Higher Education promulgated at the fourth meeting of the
Standing Committee of the 13th National People's Congress in August of 1998, the level
and quality of education in universities and colleges have to be supervised and evaluated
by educational administrative departments, offering legal support for educational
evaluation’s importance and normativity. What came after is the increasing of the
theoretical research on major evaluation. During the same time, the number of published
journals increased as a whole, though with occasional dropping in some years. 2008 saw
the highest point of 18 journals published while a downturn occurred in 2009. At this
period, the research and practice of major evaluation began to learn international
experience[5-6], attach importance to evaluation methods[7-8] and the guidance of

relevant theories.[9]
2.3. The third period: booming (2010-2022)

Generally speaking, the number of articles published during this period shows a wavy
but upward trend. Derived by the issuing of The Guidance on Accelerating the Implement
of "Double First-class" Initiative in Higher Education Institutions jointly formulated by
the Ministry of Education, the Ministry of Finance and the National Development and
Reform Commission in August of 2018 and The General Plan for Deepening the
Education Evaluation Reform in the New Era issued by the Central Committee of the
Communist Party of China and the State Council in October of 2020, the number of
published journals peaked with 36 in 2020 alone. By 2022, the published journals on
major evaluation in higher education disciplines has accumulated to 351. At this period,
relevant research is constantly seeking how to improve major evaluation. [10]

On the University’s Competitiveness and Evaluation of University’s Specialty by
Zhang Xiaodan from Wuhan University is the first dissertation on major evaluation. This
dissertation proved the scientificity and practicality of major evaluation index system
from the perspective of empirical evidence. The purpose of the research is to
systematically elaborate major evaluation system and use its index system to promote
the competitiveness of universities, with the establishment of various index systems and
the study on evaluation system of major classification in universities at its core. [11] As
can be seen from Figure 2, from 2004 to now, the dissertations with the title of major
evaluation have reached 49. The highest number of 8 was in 2010 and the number has
been maintained at about 4 in the past two years.
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Figure 2. The trend of dissertations published with the title of major evaluation from 2004-2022

3. Current status of major evaluation practice
3.1. Forms of major evaluation

In recent years, the rapid and widespread development of higher education has drawn
worldwide attention on higher education assessment. In terms of the form of major
evaluation, there are currently three main types (As shown in Figure 3).

Major This is conducted by various associations. For example, the
accreditation Washington Accord accreditation of engineering education majors.

Forms of

This is implemented and published by media or independent
institutions. For example, rankings published by
the Alumni Association.

Major
rankings

major
evaluation

This is a comprehensive evaluation of undergraduate majors
carried out by education administrative departments
or universities in each province.

Figure 3. Forms of major evaluation in China

Professional
assessment

One is major accreditation, which is conducted by various associations. For example,
the Washington Accord accreditation of engineering education majors.

The second is major ranking, which is implemented and published by media or
independent institutions. For example, rankings published by the Alumni Association
(As shown in Table 1).

Table 1. Alumni Association's 2017 ranking of undergraduate majors in Chinese universities - Guangdong
Province

National
Ranking University Type BStar  7Star  6Star  SStar  4Star 3Star  2Star  I1Star  Sum
Ranking

1 Sun Yat-sen University Multiversity 17 0 5 10 2 59 16 0 0 18
2 South China University of Technology  Science and engincering university 45 0 1 4 1 41 3 7 0 97

3 South China Normal University Normal university 91 0 0 3 s 13 34 20 0 81

The third is professional assessment, which is a comprehensive evaluation of
undergraduate majors carried out by education administrative departments or universities
in each province. As of 2022, Guangdong, Liaoning, Shanxi, Hubei and other
administrative departments in education sector have carried out provincial undergraduate
major evaluations.

3.2. Mode of major evaluation
When it comes to evaluation modes, they can be classified into three modes: independent

evaluation mode, comprehensive evaluation mode and appraisal mode (As shown in
Figure 4).
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Figure 4. Analysis of the classification of major evaluation modes in China

The first is independent evaluation mode. Being commissioned by the Department
of Higher Education of the Ministry of Education of the People’s Republic of China, the
project Analysis on the Evaluation and Star Distribution of the Disciplines and Majors
of Project 985 Universities (National Key Universities) dominated by Professor Qiu
Junping is an independent evaluation mode. This project studied the quality of the
construction of majors in 985 Universities from 2012 to 2013. The raw data in this
evaluation mainly come from official data documents (compilation, yearbook, report,
etc.).

The second is comprehensive assessment mode. Taking provincial undergraduate
program evaluation in Liaoning Province for example, there are six ground rules in their
evaluation. The first is orientation. The practice of comprehensive evaluation of majors
further promotes universities to take undergraduate teaching as fundamental work, so
that dean’s and faculty’s focus, resource allocation and funding arrangement are all fixed
on teaching. Such evaluation can also continuously strengthen major construction and
reform, improve the level of major construction and talent quality, and advance majors
to better serve for economic and social development in a faster step. The second is
scientification. The design of the comprehensive major evaluation index system, the
choice of evaluation methods and evaluation practice should follow the law of education
and the law of professionals development, fully consider the inherent characteristics of
major construction and talent training and effectively promote the comprehensive,
coordinated and sustainable development of major. The third is objectivity. Through
comprehensive evaluation of majors, representative and repeatable indicators are
selected among indicators reflecting the state of major management. And a scientific and
reasonable indicator system and evaluation function are designed to objectively reflect
the real state of reform and construction of majors. The fourth is simplicity. The
comprehensive major evaluation resorts to modern information technology means, which
helps to collect, summarize and analyze data through internet, to simplify evaluation
process and improve efficiency, instead of doing research in universities by experts
themselves. The fifth is offering specific guidance for different majors. Comprehensive
major evaluation is to evaluate the same majors offered by different schools. On the basis
of not affecting normality of major management, the designing of index system and the
application of evaluation results is used for providing specific guidance for each major
to help them develop with their own characteristics. The sixth is the mixed quantitative
and qualitative research methods. The comprehensive evaluation of majors adopts the
quantitative analysis of data as the main focus and the qualitative judgment from experts
as the supplement. While the former focuses on the objective evaluation of the current
state, the latter highlights the subjective evaluation on potentials. The second is
comprehensive assessment mode. Taking provincial undergraduate major evaluation
began in Liaoning Province for example, there are six ground rules in their evaluation.
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The first is orientation. The second rule is scientification. The third is objectivity. The
fourth is simplicity. The fifth is offering specific guidance for different majors. The sixth
is combining quantitative and qualitative research methods.

The third is appraisal mode. In 2016, the General Office of Shanxi Provincial Party
Committee and the General Office of Shaanxi Provincial People's Government decided
to launch the First-class Majors Initiative. Project management is used in the building of
first-class majors. All undergraduate colleges and universities in the province are
required to apply their majors to step into first-class major. The Shanxi Provincial
Department of Education entrusted the Western China Higher Education Assessment
Centre with the responsibility of accepting materials and auditing projects for
undergraduates, and the Shanxi Higher Education Data Centre with the responsibility of
data collection and technical support. Shanxi Vocational and Technical Education
Society was entrusted by the Provincial Department of Education with the responsibility
of accepting materials and auditing projects for higher education.

Based on what is analyzed above, it can be concluded that independent evaluation
is one with high applicability that leaves little impact on daily teaching activity in
universities because data under this mode comes from public data and does not require
repeated collection in universities. However, at the same time, due to the limitations of
the index data, it is hard to tell which major it should be applied, thus giving few guidance
on the major construction and development. The comprehensive evaluation mode stands
out with its completeness in assessment system, detailed in classification, combination
of quantitative and qualitative research methods, and its combination of online data
collection and expert assessment. Therefore, it is easy to find specific and suitable
solution for each major. However, its defects are that the assessment system is
cumbersome and trivial, taking up too much effort. And it lacks the evaluation of
students' learning outcomes due to its orientation at conditions and operations of major.
The appraisal mode, on the other hand, is clearly oriented and easy to operate, but it is
an evaluation that only focus on majors that are under appraisal. So, it is a partial
evaluation that have preferences and cannot cover majors that are not under appraisal.

The preceding analysis on these pros and cons of the three modes has inspired the
author to make further step on the design of major evaluation. From the perspective of
promoting evaluation discernment, major evaluation can put more emphasis on the
orientation of indicators, strong data support, appropriate assessment scales and high
universality in majors that are being evaluated. In terms of convenience, the data will be
judged mathematically and processed with big data technology. This procedure ought to
be responsible by an outstanding team, rather than be finished annually with qualitative
assessment by a large number of experts, resulting in low efficiency due to different
standards. In terms of orientation, this type of evaluation will cover as many majors as
possible, giving the same attention on both students' learning outcomes and keeping
characteristics of each major.

4. Analysis of the problems of major evaluation

In October 2020, the Central Committee of the Communist Party of China (CPC) and
the State Council issued the General Plan for Deepening the Reform of Education
Evaluation in a New Era, which calls for improving the institutional mechanism of moral
education, reversing the unscientific orientation of education evaluation, and resolutely
overcoming chronic problems of centering at higher scores better admissions, more paper,
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higher career status. In practice, major evaluation has always been one of the difficulties
in evaluating higher education and a headache for education administrators and
evaluators. [12] It is of strategic importance to deepen the reform of education evaluation
in the new era by innovating the concept of undergraduate major evaluation and
constructing a new system and mode of major evaluation.

The big-data analysis on Chinese discipline major research based on the study of
China’s core journals reveals that China’s major evaluation research on disciplines
outweigh the research on majors. More vividly, Figure 5 illustrates the big data cloud
map and knowledge map of specific research keywords. In-depth analysis have made it
clear that China’s higher education evaluation has gone through four stages: beginning,
institutionalization, advancing and deepening. Since the reform of the education system
in 1985, China has put more stress on the quality of undergraduate education teaching
and major talent cultivation, and launched relevant evaluation projects at three levels:
national, provincial and university. A system of higher education evaluation with
Chinese characteristics have basically formed after 40 years’ exploration and practice.
In the new era, the Double First-class Initiative has been officially implemented, but
major evaluation has not been adapted to it, and there are still problems such as putting
more emphasis on macro evaluation than micro evaluation, obvious utilitarian
orientation, more quantitative and result-oriented indicators but less qualitative and
process-oriented indicators, lack of big data support for evaluation, convergence of
evaluation indicators and lack of discipline and major characterlstlcs [13]
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Figure S. Big data cloud map and knowledge map of keywords for major evaluation research in Chinese
disciplines

In summary, theoretical research on major evaluation in China began in 1985 with
the reform of the national education system, and has gone through three stages: budding,
rising and booming. Throughout the 37 years of theoretical development, the unswerving
efforts of Chinese scholars in exploring major evaluation theory have also promoted the
development of Chinese educational evaluation theory, provided theoretical support and
paradigm for the practice of major evaluation in the field of higher education, and made
theoretical contributions to the modernization of Chinese-style education. However, the
number of publications and of representative research results is few, which needs to be
further explored.
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5. Prospects: A Framework for Undergraduate major Evaluation in the Fourth
Paradigm Perspective - Smart Education Evaluation Based on Big Data
Technology

The surging of the big data technology has unprecedentedly advanced things to be
quantified and statistically analyzed, giving rise to the new progress on data-intensive
knowledge and driving evaluation paradigm’s evolution. According to Turing Award
winner Jim Gray, scientific research can be divided into four paradigms: the
Experimental Science paradigm for describing natural phenomena (Empirical Science),
the Theoretical Science paradigm using modeling method and inductive method
(Theoretical Science), the Computational Science paradigm for computer simulations of
complex phenomena (Computational Science), and the data-intensive science paradigm
(eScience), also known as the fourth paradigm, which combines theory, experiment and
computational simulation. The fourth paradigm includes the usage of diverse tools for
the continuous collection of scientific data, building system for managing the entire
lifecycle of data, and the designing of tools and methods for data analysis and
visualization customized for scientific research questions. [14] (As shown in Figure 6).
There is no doubt that the advent of big data technology provides new methods and new
perspectives for our cognition and scientific research. If this technology is applied in
undergraduate major evaluation, a new paradigm of data-intensive evaluation will be
invented and help undergraduate major evaluation to be conducted in an intelligent way.
In other words, data mining and learning analysis based on full-sample, full-process and
panoramic meta-education data will enable the evaluation of undergraduate majors to

become intelligent.
continuous collection of scientific data

building system for
managing the entire
lifecycle of data

visual feedback he fourth
and updating paradign

multiple fusion calculation and analysis

Figure 6. Main features of the fourth paradigm

To be specific, on account of applying big data technology to education research,
education evaluation methods would see revolution, evolving into a data-intensive
dynamic evaluation system that combines uninterrupted collection of sample data,
personalized indicators, multiple fusion calculation and analysis, as well as visual
feedback and updating together.

In the future, major evaluation will use the Internet of Things perception technology,
video recording technology, image recognition technology and platform acquisition
technology to continuously collect the multi-source, heterogeneous, multi-modal and
incoherent semantic big data generated in real time in the process of education. major
evaluation activities are no longer limited by presets and are not limited to the
investigation of causality. Instead, specific algorithms are used to analyze "big data", so
as to conclude the correlation and regularity behind the educational data. In the future
major evaluation, big data technology can mine valuable information from the big data
of education generated in real time through the real-time dynamic monitoring of
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educational activities, and present the educational evaluation results in intuitive graphics
and image information through visual tools, and personalized feedback the evaluation
results to the evaluators. Big data technology has continuously improved the professional
level of educational evaluation.

6. Summary

Focusing on the evaluation of undergraduate majors in China, this paper clears out three
phases of undergraduate major development in China: budding, rising and booming, by
employing quantitative and qualitative research methods. Besides, this paper also
classifies the forms of major evaluation in China into major accreditation, major ranking
and major assessment, and the major evaluation modes into independent evaluation mode,
comprehensive evaluation mode and appraisal mode. Furthermore, the fourth paradigm
of evaluation framework of undergraduate major is proposed in this paper, with a view
to make up for the shortcomings of previous research methods and provide references
for research and practice related to the innovation of undergraduate program evaluation
system.
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Delisting Risk from the Nature of
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Abstract. Finding an optimum way to identify stocks with less delisting risk is
critical for every investor in the stock market. However, this procedure is often done
based on personal experience, which doesn’t fully utilize the historical delisting
records. This convention of selecting stocks might result in a greater loss since it
merely involves subjective judgment, especially for individual investors. Our
research proposes a probabilistic approach for identitying the delisting risk
associated with different industry sectors, given the P/B ratio level distribution. And
this research offers a customized guide for individual investors to better choose the
safer investment options related to the stocks’ industry sectors. The completion of
our conditional probability matrix is operated under the high-rank assumption,
together with the features of Bayesian matrices. The experimental results for our
domestic delisting stocks supports the validity and usefulness of our method.

Keywords. Matrix completion, delisting risk, Bayesian matrix, domestic stock data

1. Introduction

The delisting of stocks can bring detrimental impact on their current stockholders:
decreased liquidity, less protections toward firms’ frauds and increased risk of investing
[1, 2]. However, with the little access to investigate the firm’s internal operating status,
it’s hard for stockholders to learn their chances of delisting. Therefore, finding a proper
criterion to evaluate the possibilities of delisting is crucial. And the price-to-book ratio
(P/B ratio) has been a long-standing important indicator using in industry-wide stock risk
evaluation [3, 4, 5]. Noticeably, the interpretation of this numeric ratio is highly
dependent on the industry sector of the stock. Hence, considering the availability and
usefulness of the historical information, a P/B ratio-based delisting evaluation offers
practical methods for stockholders to select stock in different industrial sectors. As for
individual investors, this selection process primarily relies on their personal analysis of
the historical data of various indicators. The delisting risk evaluation can be highly biased
among these subjective opinions. Focusing on China’s domestic stock market, there’s
still no probabilistic guide about the delisting risk while delisting firms’ information is
avail. With a probabilistic guide regarding different delisting risk and related P/B ratio
among different sectors, investors can make a more cautious choice.

! Corresponding Author, Zhang Lei, School of Economics and Managements, Beijing Jiaotong
University, Beijing, 10044, China; E-mail: zhlei@bjtu.edu.cn.
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Current research on delisting prediction majorly utilizes regression model and
machine learning (ML) methods: Hwang et al. use a set of both nonfinancial and financial
indicators to build logit regression model, and emphasizing an equal attention for both
kinds of indicators [6]; Zhou applies Adaboost method to perform simple classification
task on firms’ delisting, which achieves a better accuracy than other existing
classification methods [7]. Meanwhile, current investment-related research on matrix
completion focuses on low-rank assumption or periodical behavior: Agrawal reviews
existing methods for matrix completion, and shows the Singular Value Decomposition
using the Order Method is the best to complete missing stock indices [8]; Athey et al.
develop a series of matrix completion estimators to allow missing values have time-series
pattern [9]. Previous techniques have been widely used in stock-related information
prediction and completion. However, the previous research on prediction of the delisting
risk cannot provide a stochastic reference for stock selection. Under the specific scenario,
the P/B ratio and industrial sector distribution of the delisting stock form a high-rank
matrix, which violates the low-rank assumption. Thus, our research proposes a novel
approach to extract probabilistic information regarding the P/B ratio and industry-
dependent delisting risk, aiming at better supporting domestic stockholders investing
decisions.

2. The construction of the industry-PB ratio Bayesian matrix

From the data source, we can obtain the distribution of industry sectors of all delisted
stocks: manufacturing, IT, real estate, and the other 13 sectors. For any individual
stockholder, he/she might choose a portfolio of stocks, which is consisted of diverse
industry sectors. It is worth noticing that, even the P/B ratio can be a generalized metric
to evaluate the quality of stock, we can hardly interpret it directly by merely referring to
its numeric value. So, we develop three predefined thresholds for benchmarking this ratio
based on industry-wide convention [10]: low (P/B ratio less than 1), medium (P/B ratio
falls between 1 and 3), high (P/B ratio falls between 3 and 10), extreme (P/B ratio greater
than 10). Set the thresholds as V = (vi, v»...vy), industry sectors as H = (hy, hs...hy). And
vector H should be initially given by the distribution of historic delisted data specified
by different stock market.

The distribution of the delisted industry sectors is associated with the stocks’
performance in the P/B ratio. Therefore, we can express their relationship in the form of
conditional probabilities: P(H|V) is the probability of the delisted stock belongs to the
ith industry sector given its P/B ratio threshold. And P(V|H) is the probability of the
stock has jth P/B ratio threshold given its industry sector. We can write the two
conditional probabilities information into a Bayesian matrix, M:

e

Uy h

M= ( 0 P(VlH)) v (1)

p(H|V) 0

y

We partition this matrix into four areas: the two areas that contain non-zero values
are lower-left and upper-right: (1) the probabilities that the stock comes from this
industry sector given its P/B ratio level. (2) the probabilities that the stock has this P/B
ratio level given its industry sector. The two areas that are all zero-valued are upper-left
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and lower-right: since we set (3) there is no linkage between different stocks’ industry
sector and (4) there is no correlation between their P/B ratio level, the conditional
probabilities will always be zero. Therefore, to solve this objective matrix M, we need
to complement the lower-left and upper-right parts.

3. Complementing Bayesian matrix with high-rank settings

Because every element in our industry-PB matrix, M, represents for a certain probability,
so they must fall in between the range from 0 to 1. Also, based on our previous settings
that each column displays the all circumstances of conditional probabilities, so the
column-wise sums of the industry-PB matrix will all equal to 1. After deriving these
properties, the industry-PB matrix can be considered as a Markov matrix. And this
industry-PB matrix is inherently possesses an eigenvector with eigenvalue equals to 1
because of the Markov matrix’s feature. Now we need to find this eigenvector. Consider

Equation (2) below:
e "0™) Gn) = ) @

p(V)
p(H)
the eigenvalue 1 of our industry-PB matrix, alternatively we can call it the principal
eigenvector. Placing it in the scenario of delisted stock analysis, it consists of two
components: the probability distribution of the P/B ratio levels and the probability
distribution of the industry sectors among all delisted stocks. After getting this
eigenvector, we need to reversely infer the original matrix elements. Consistent with the
basic assumption that, there’s great uncertainty and fluctuation around the coverage of
every industry sector and every P/B ratio level, we discuss the finding process under high
rank Markov matrix condition. So, our industry-PB matrix has a steady state after
multiplying itself n times:

This equation proves that, vector r = ( ) is the corresponding eigenvector with

n

rlll_m)M" =R=(,r-,1)T= : 3)
Tx+y
With
MR =RM =R 4)
Integrating these equations, we can express the eigenvalue A by using matrix M:
r"MRMr _r"Rr

rTr rTr

=2 (5)

So, the problem becomes an optimization problem. i.e., find the matrix M that maximizes
the formula (5):

rTMRMr

Maxmize T
rTr
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Given constraints (m;; is the element of M at ith row, jth column; 7; is the ith element of

vector 1):
0< m;; <1

j =
x+y

Z mij =1
i=1

3. — 12
mg;Tj = my;T;

Eventually, we can solve a matrix M, which subordinates to all constraints above
and conforms with the previous eigenvector r. Therefore, with the information drawing
from a posterior probabilistic vector r, individual investors can be more well-informed

about the delisting risk while knowing stocks’ P/B ratio in particular industry.

4. Experiment

Using the delisted stocks data available on Shanghai Stock Exchange and Shenzhen
Stock Exchange websites [11, 12], we derive the distribution of delisted stocks’ industry
sectors: we denote manufacturing as hl, IT as h2...and the rest of industry sectors
following the same name convention, which showing with their corresponding
percentages in the Figure 1. Also, among the total 124 delisted stock records, we can
categorize their P/B ratio into four thresholds: v (low): 29.8%, v, (medium): 27.4%, v3
(high): 29%, vi (extreme): 13.7%. From this information, we can construct the
eigenvector of our Bayesian matrix: (0.298387097, 0.274193548, 0.290322581,
0.137096774, 0.532258065, 0.088709677, 0.064516129, 0.056451613, 0.048387097,
0.040322581, 0.032258065, 0.032258065, 0.024193548, 0.024193548, 0.016129032,
0.008064516, 0.008064516, 0.008064516, 0.008064516, 0.008064516).
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Figure 1. Distribution of stocks' industry sector.
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Utilizing the nonlinear optimization model developed in Section3, we obtain the
complements of the upper right and lower left entries of the Bayesian matrix from our
eigenvectors. The detailed information of the matrix entries and the complement results
are displayed in Figure 2 and Figure 3. We use the value in row 5, column 1, to illustrate
how an investor can utilize the results: it informs the investor that a delisted stock with a
low P/B ratio level has a 58.79% probability that it comes from the manufacturing
industry, hl. Compared with other entries located in column 1, this probability is
significantly high. Now, the investor might become more cautious about selecting stocks
from the manufacturing industry with a low P/B ratio for his/her portfolio.

Figure 2. Values of the matrix entries.
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Figure 3. Complement results.

5. Conclusion

This paper provides a basic algorithm to extract the probabilistic relation between P/B
ratio levels and delisting risk given the stock’s industry sector using properties of Markov
matrices by forming an eigenvector containing the distribution of industry sectors and
the distribution of P/B ratio levels. It can serve as a probabilistic guide for individual
investors to choose safer stocks regarding the delisting risk. The experiment
implementation validates the viability of the approach we offered in this paper. The
future research can be refined in different aspects: (1) the selection of more
comprehensive delisting risk metrics; (2) the incorporation of dynamic risk prediction
using time-series information.
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Sharing and Co-Construction of Library
Alliance Driven by Big Data and
Blockchain

Jing Ling! and Lidong Huang
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Abstract. Big data technology drives the library alliance and shifts focus from the
construction of cooperation mechanism to the construction of technology level. It
integrates library big data by building a national shared service platform covering
concepts, resources, technology, readers, mechanisms and then fully share the
literature resources within the library alliance with the help of blockchains and
alliance chains technology to explore the future development and direction of the
library.

Keywords. Library, library alliance, big data, blockchain, co-construction, sharing

1. Introduction

Before the advent of computers, libraries were the only sources of literature review and
data collection for the researchers. Subsequently, the computer applications enabled
easily to compile machine readable catalog (MARC) data in order to retreat library’s
massive literature information resources. The use of Internet further exploded the
network information and the position of libraries as an information center affected
significantly. The emergence of the search engines had rapidly replaced libraries as the
first choice of the people to obtain information and libraries were gradually
marginalized. With the development of big data and blockchain technology, massive
data and advanced algorithms enables scholars to search relevant information. There
are two laws in this series of changes. First being the changes in the way the people
obtain information have changed with the progress of science and technology, that is,
“productivity determines superstructure”. Second, the speed by which people access
information is constantly accelerating, and the access speed has become a key factor in
the survival of the fittest. In the face of the society’s ever-increasing demand for
accessing information, no single library can meet their expectations, but even libraries
all over the country or the world would be inadequate. The World Library will be the
ultimate ideal form that will emerge in near future.

! Corresponding Author, Jing Ling, Library of Xiangnan University, Chenzhou, 423000, China; Email:
125435785(@qq.com
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2. Current situation of domestic library alliances

Library alliance refers to a library consortium in which several libraries sign a
cooperation agreement for the purpose of co-construction and sharing of literature
information resources [1]. Geographically, the forms of the library alliances can be
divided into national alliances and regional alliances according to the scope covered. It
can also be divided into the same system alliances or cross system alliances according
to the types of the libraries. The specific forms include national same system alliances,
national cross system alliances, regional same system alliances, and regional cross
system alliances [2].

China’s library alliance is dominated by the university libraries and the public
libraries, such as China’s Higher Education Document Security System, Hunan
University Digital Library, etc. [3]. Regional library alliances led by the public libraries
have also spread all over the country, such as the Guangdong Hong Kong Macao
Greater Bay Area Public Library Alliance [4], the six central provinces (Hunan, Hubei,
Jiangxi, Anhui, Shanxi and Henan) Public Library Alliance. [5] In addition to the
alliance between the university libraries and the public libraries, there are many other
types of library alliances, such as the National Library Reference Consulting Alliance
[6], the Library Emergency Management Strategic Alliance [7], etc.

From the various types of library alliances mushrooming at home and abroad, all
libraries can reach a consensus on the necessity of establishing alliances and join as
many library alliances as possible. But why does each province still have its own
university library alliance even when they join the national university library alliance
like CALIS? Why some libraries which have joined the provincial library alliance also
want to join the municipal library alliance? In fact, most of the libraries have joined
more than one alliance since each alliance is mainly established to solve a certain kind
of problem. However, there are many problems that need to be addressed by
establishing the alliances, so they need to join one or the another alliance. Theoretically,
the more the participation in the alliances, the greater the benefits libraries reap through
joint construction and sharing, but the difficulty lies in cooperating each other. How to
build up a library alliance that allows more libraries to join easily and further accelerate
the accession of information resources among the member managers? Both the form of
library and the form of library alliance are constrained by science and technology over
the times. What kind of technical support is necessary for effective library alliance?
Presently, two new emerging technologies viz., big data and blockchain can provide
new support to library alliances and has tremendous scope to take a step forward.

3. Co-construction of library alliance service platform driven by big data
3.1 Big Data and Library

Big Data refers to a data set that cannot be managed and processed by conventional
software tools. Library has a long history of dealing data. In fact, MARC data, which
was first produced in the United States in 1961, can be regarded as a kind of big data in
the early days. The birth of MARC data has significantly improved the efficiency of
library in searching literature resources and laid a foundation for the libraries to move
towards integration and automation. In addition to MARC data, each library has
accumulated enormous data, reader data, and circulation data in the business
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management system and are intangible assets of the libraries. Libraries have
accumulated massive big data without its full use. This is because these data are
scattered in every library and in the absence of any advanced algorithm for processing
the data become unusable. Therefore, there is an urgent need to build a new generation
of service platform that can collect the big data of all the libraries.

3.2 Feasibility of building a new generation of library service platform

Let’s take a look at the statistics of “Double 11”* in 2020: from November 1 to 11, 2020,
the peak number of orders by Tmall reached 583000 transactions/second. In 2019,
there were 3196 public libraries in China, with a total circulation of 90.135 million
people, 613.73 million books and literatures to borrow, and 266.09 million people had
borrowed books from the libraries [8]. This clearly reflects that only computers can
process big data, which is technically feasible for all the libraries across the country to
share a common platform for data processing.

The traditional library management system is mainly designed according to the
business process of paper books. It is difficult to deal with the diverse library collection
resources under the background of the big data that can solve the unified management
of all library collection resources. Further, it restricts the process of resource sharing
among the libraries and cannot manage the reader’s behavior data. In order to meet the
needs of business management under the background of big data and to bring a fair
level big data technology cooperation, many library alliances are developing new
generation library sharing service platforms, which are convenient for the alliance
members to carry out big data development and in-depth cooperation on the same
platform.

3.3 Construction of library alliance service platform

The service platform of the National Library Alliance can be jointly developed by
several institutions. When such platform is available, each library alliance will be
integrated, and all the libraries will gradually be absorbed through the convenient
joining mechanism to form the service platform of the National Library Alliance.

The construction of the National Library Alliance service platform should
organically combine the five elements namely, concept, resources, technology, readers,
and mechanism to achieve “innovation from the inside out” [9], so that the platform not
only has massive data, but also a management system with multiple advantages such as
strong resource integration, new knowledge services, wide coverage, convenient
operation, and more user-friendly. The platform should at least include the portal
service sub-platform, the shared bibliography retrieval sub-platform, the user
monitoring and analysis sub-platform, the information service sub-platform, etc., and
each sub-platform has to be connected in series to form a network to provide
“one-stop” and “nanny” services (Figure 1).
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Figure 1. Framework of Library Alliance Service Platform

Although the national shared service platform, which is mandatory for all the
libraries, will be created to solve the latest and cutting-edge problems, of which the
routine business processing of libraries key module is the early stage development. In
fact, a shared bibliographic retrieval platform should first be built based on the data of
several major libraries such as the National Library of China, the China Version
Library, and the Peking University Library. Each book has only one bibliographic data.
Each member library that owns books can add collection information under this
bibliography. The collection information can be a private or shared which ensures that
the new member libraries can carry out routine business as long as they import their
own bibliographic data. After purchasing new books, member libraries can directly
store them without cataloging as long as they check duplicates in the general
bibliography. This can save a lot of data storage space, cataloging costs and facilitate
the centralized data management.

In addition to bibliographic data, the reader data is also the basis for regular
library business, and the construction of a nationwide unified user monitoring and
analysis platform is also one of the basic works of the National Alliance service
platform. As such, it is not difficult to build the reader database. The success of MARC
data lies on its specified unified format and allotment of national unified number to
each reader. Some information is used as public data whereas, the rest is used as private
data with different permissions to different reader data. Different libraries open variety
of resources to readers according to their own terms and conditions. Whereas, when
one platform is used for circulation of data such as borrowing, repayment, renewal,
expiration, and fines, the data is analyzed and managed uniformly, the user tracking
activity and interaction data of each library can be synchronized. The artificial
intelligence can easily handle enormous volume and complexity of the document
information resources especially, for the National Library Alliance service platform.
The only solution is to carry out online original text delivery, interlibrary consultation
and other services, and build a collaborative service platform for exchange of document
information resources. Various strategies like introduction of professional consulting
institutions, the establishment of a reference consulting team based on scientific
research, university subject librarians and reference consultants of the member libraries
of the community, the provision of professional and real-time consulting services for
users, and strengthening and expansion of the construction of the collaborative service
platform for literature and information resources are in vogue [10].
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The construction of the national shared service platform needs to pay attention to
the following issues: First, the platform construction is undertaken by the state and is
free for all small or large libraries in the country. Second, the platform and data are put
into the cloud, which is conducive to the big data processing. Third, attention needs to
be provided to data security, storage and backup with different permissions for
different member libraries, and protect the data privacy of each library; last but not the
least, the platform needs modular development so that different member libraries can
choose their own modules according to their specific needs.

The construction of the service platform of the National Library Alliance can save
the cost of purchasing, maintenance and upgradation as well as the cost of purchasing
the server and storage equipment of each member library. The big data analysis and
statistics module can be used to query the borrowing and circulation data, resource
guarantee rate and utilization rate of each member library in real time, and even
analyze the resource guarantee rate of the member library in the same city, guide the
member libraries to coordinate procurement, and improve the efficiency of fund
utilization. It can also meet the diversity and personalized needs of the users, ensure
social information fairness and bridge the digital divide. Furthermore, new functional
modules, such as the module to guide the reading promotion of each library can be
developed so that each library can get suitable, scientific and reasonable reading
promotion program and develop a module to accurately push the books by finding
readers for books and vice versa.

4. Library alliance service platform sharing in the context of blockchain

If free sharing service platform is the reason to attract all the libraries to join the
National Library Alliance, then borrowing books from any library in the country is the
greatest temptation to attract the readers. The emergence of blockchain technology
provides a new imagination space for the library alliance to realize electronic document
sharing under the premise of protecting the intellectual property rights.

4.1 Protection of electronic documents in the existing copyright law

With the popularization of smart phones, although paid reading has gradually been
accepted by some people, libraries are still the intermediate platform to ensure people’s
reading and eliminate the data gap. There are many advantages in the dissemination of
electronic documents. The number of electronic documents purchased by each library
is increasing however, the public service of the library and the copyright protection of
electronic documents are the preconditions. The openness of the network makes the
electronic documents extremely easy to be copied indefinitely however, the copyright
protection is a major obstacle restricting the library’s electronic document borrowing
service. But, China’s Copyright Law and the Regulations on the Protection of the Right
of Information Network Communication has exempted the libraries to provide free
digital works to the public in their own premises [11]. The copyright law has to be
adjusted with time, to balance the intellectual property protection, convenient
dissemination of knowledge, expand the scope of use of the library’s copyright
exception system under the digital reading environment and encourage interlibrary
borrowing and document transmission [12].
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4.2 New opportunities provided by blockchain technology for electronic document
sharing

Blockchain originated from Bitcoin and can be easily applied to library copyright
protection. With the gradual expansion of blockchain technology from digital currency
to other areas of society, the library community has also carried out in-depth research
on the application of blockchain technology and divided into public chain, alliance
chain and private chain according to the sharing scope and purpose. The most suitable
one for the library alliance is the alliance chain [13]. Compared with the traditional
means of copyright and copyright protection, the alliance chain not only has the
characteristics of decentralization of the public chain to ensure that data cannot be
illegally modified by the organization, but also retains the privacy of the private chain,
so that the data storage efficiency is significantly improved. These characteristics
provide feasibility in dealing the copyright protection of electronic documents in digital
libraries. While publishing electronic documents, publishers generate unique alliance
chain for each electronic document after encryption, and then generate a corresponding
number of sub chains according to the number of electronic documents issued. It is safe
and reliable to manage copyright through alliance chain, since it is difficult to tamper.
Publishers can sell the sub chain of the alliance chain to the library distributor or
directly to the library. Purchasing a sub chain is equivalent to purchasing an electronic
document. The data on the sub chain can be set to the reader online reading mode or
download reading mode according to the management needs, and the reader’s query
however, the downloads and other operations will leave traces on the chain [14]. The
sub chain is equivalent to a powerful book borrowing card, which can objectively and
truly record the borrowing amount, download amount, appointment information, etc. of
each electronic document.

4.3 Construction of reading sharing module of the National Library Alliance service
platform

The biggest advantage of the application of the alliance chain technology to the library
alliance is that it can limit the random copying of electronic documents and managed
completely as paper documents. When electronic documents have the non-random
duplication of paper-based documents, they should have the same circulation authority
as paper-based documents from a legal perspective. As library books are borrowed for
home reading, the library alliances can lend and return paper-based documents
similarly, electronic documents can also be issued to the readers and returned.

The National Alliance Service Platform needs to develop a national shared e-book
reading module (hereinafter referred to as the “reading module”). Readers who borrow
a sub chain from the library have the right to read the book. They can only read the
book directly on the reading module, but cannot download or copy it to protect
intellectual property rights. For books within the copyright protection period, the
reading module can give each library a corresponding number of sub chains based on
the number of paper books owned by each library through the alliance chain
technology. The current law in China does not specify how many electronic versions
can be owned by a library for the digital collection of paper books, but at least one
should be owned. The sub chains owned by each library are one-to-one corresponding
to the paper books. The books can even be borrowed in the library premises of the
entire library consortium (the agreement of joining the consortium can stipulate the
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interlibrary borrowing terms of electronic books). The copyright law neither explicitly
supports interlibrary borrowing nor prohibits it. In reality, the interlibrary document
transmission is quite common. The construction of reading modules is highly shared
and avoid repeated construction of each library. The big data generated in the
borrowing process is stored in the alliance chains and sub chains, which is also
convenient for future analysis and processing.

How to ensure that the number of sub chains of each alliance chain on the reading
module is enough for the readers to read? First, the system is set to allow readers to
borrow when they open the documents, and return when they close the documents. The
maximum borrowing period is not more than 24 hours, so that the book borrowing
efficiency is maximized. When the borrowing period of each library is 30 days the
book borrowing efficiency increases by 30 times so, the individual library savings are
obvious. Second, the documents are timely returned and the borrowing volume
generally decreases with the passage of time. Therefore, depending on the number of
sub chains converted from the paper books owned by each library, most of the national
reading needs get fulfilled. Especially, for new bestseller books, the number of sub
chains need to be increased. For e-books on the reading module, the system can
calculate the recommended purchase index of books according to the readers demand
and the scores of the readers. Each member library will purchase books according to its
own purchase budget and combine with the recommended purchase index to
supplement the number of sub chains of the platform. Third, libraries with large
borrowing volume and insufficient existing sub-chains can appropriately increase the
purchase quantity or mobilize social forces to donate.

5. Conclusion

Big data has provided new impetus in the construction of the National Library Alliance
service platform and ensured close cooperation in library alliance and high sharing of
resources and data. The more data the platform has, the better the advantages of the
algorithm can be brought into full play. Relying on the support of the National Library
Alliance service platform, better library services can be offered not only within the
country but even at the global level. Big data and blockchain technology drive library
changes and in turn promote technological progress. Through this series of virtuous
cycles, we can create a win-win situation of technology, library reform and
transformation.
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Abstract. Objective: Investigate the development status of preparations in
medical institutions in Chongqing, analyse the key factors restricting the
development of preparations in medical institutions in Chongqing, and put
forward targeted countermeasures and suggestions, so as to promote the
sustainable and healthy development of preparations in medical institutions in
Chongging. Methods: Data were collected by means of literature review,
expert interview, questionnaire surveys (Questionnaire Star, which is a platform
providing functions equivalent to Amazon Mechanical Turk). SPSSAU was used
for statistical analysis, and the scientific research method of classic Grounded
Theory was used for data processing and theoretical construction[1]. The
in-depth situational grounded research was conducted on the preparations of
medical institutions in Chongqing. Results and conclusion: Due to the
insufficient attention paid by the government, hospitals and the market, the
development of preparations in Chongging's medical institutions could not keep up
with the development of the pharmaceutical industry and drug administration
supervision. In view of this, the government should coordinate the deployment
of ‘"capital increase, staff increase, strength increase " and "integration
and joint construction" to promote development, focus on the research and
development of Chinese medicine preparation varieties that are in short supply in
the market and are urgently needed clinically, and incubate new drugs in the
process of inheritance and innovation. The preliminary theoretical summary of
the current situation and development of pharmaceutical preparations in medical
institutions in Chongging can provide a basis for decision-making by management
departments and promote its sustained and healthy development.
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1. Introduction

The Grounded theory methodology (Grounded theory for short) is an independent
research methodology, which was founded by American sociologists Barney G Glaser
and Anselm L Strauss in 1967, and has been developed and deepened since then. It
plays a foundational role in qualitative research and is known as the precursor of the
"qualitative revolution" [2]. In the historical evolution of nearly half a century, Grounded
theory researchers have been constantly studying, improving and developing, making
Grounded theory finally form three versions that are both interrelated and not completely
identical: the original version of Grounded theory initially elaborated by Glaser and
Strauss classical Grounded theory; Strauss and Corbin's procedural Grounded theory,
and Charmaz's constructive Grounded theory. The establishment and development of the
methodology of Grounded theory is a major breakthrough in qualitative research [3].
As Strauss pointed out in his works published in 1987 and 1990, Grounded theory
research is a continuous cycle process of collecting data and testing at the same time,
which has contained testing [4]. Therefore, "from now on, almost all qualitative
research will be applied to the basic principles or specific operating procedures of
Grounded theory" [5]. Grounded theory has been widely used in sociology,
anthropology, psychology, pedagogy and other fields abroad and has achieved fruitful
results, while the domestic literature on Grounded theory is relatively small. In recent
years, the domestic application of Grounded theory in education, business, management
and other fields has increased year by year, and a large number of scholars have widely
applied it to various fields such as medicine and health, Chinese medicine culture, and
even the construction of Chinese medicine theory, and made great progress. Among the
specific disciplines of pharmaceutical management, Yang Yue[6] first mentioned in the
"Research Methodology of Pharmaceutical Management", and then the author applied it
to specific drug registration, adverse drug reaction reporting and monitoring studies in
Chongqing [7]. This article then conducts a grounded study on the development of
pharmaceutical preparations in medical institutions in Chongqing. The specific research
procedure is shown in Figure 1.

The preparations of medical institutions are directly connected with the clinic,
which can be adjusted in time to meet the clinical needs. The circulation loss cost is low,
and there are many characteristic preparations with exact curative effects, which have
irreplaceable outstanding advantages[8]. With the development of the pharmaceutical
industry, many hospital preparations that are clinically practical have been replaced by
commercially available drugs. In addition, the preparation conditions in the preparation
room of medical institutions cannot meet the requirements of current drug regulatory
regulations[9], the production mode of medical institutions has limitations, and medical
institutions have no pricing power for preparations[10]. In recent years, the number of
types of preparations of medical institutions in our city, as well as the perennial varieties
and quantities of preparations, has shown a significant downward trend, The number of
medical institutions that have the capacity to make preparations and have obtained the
Dispensing License for Medical Institutions has decreased year by year, and some
medical institutions have closed their preparation rooms. The suspension and
cancellation of preparations of characteristic medical institutions with good clinical
effects and good reputation are a loss for patients and the pharmaceutical industry. How
to find a way out for the development of pharmaceutical preparations in medical
institutions under the shrinking trend is worth thinking deeply by pharmaceutical
practitioners and relevant departments in medical institutions. In view of this, it is very
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necessary to carry out research on the current situation and policies of preparations in
medical institutions in Chongqing and give corresponding suggestions.

2. Respondents and methods of survey
2.1 Respondents of survey

In this study, a cross-sectional questionnaire was used[11]. The respondents of survey
were the ones in charge of the pharmaceutical department (pharmacy) or preparation
room of a medical institution in Chongqing with the approval number of medical
institutional preparations, who was willing to cooperate with this survey. The
questionnaire consists of two types of questions: closed questions and open questions.
single choice questions and multiple-choice questions are used to understand the basic
situation of preparations in medical institutions in Chongqing; Open questions are used
to collect the opinions and suggestions of investigators on the development of
preparations in medical institutions in Chongqing. The questionnaire mainly relies on
the "Questionnaire Star" electronic questionnaire platform to fill in and collect data
online. A small amount is recycled through WeChat or email.

2.2. Methods of survey
2.2.1 Questionnaire content design.

The author discussed the design repeatedly with experts in drug supervision and
management, and conducted a questionnaire survey on the selected subjects. The main
contents of the questionnaire include: the basic information of the interviewees and their
institutions, the status and problems of medical institutions' preparations, and the
opinions and suggestions on the development of medical institutions' preparations.

2.2.2 Quality Control.

After the questionnaire was designed, the opinions of experts were collected to gradually
optimize the questionnaire. After three rounds of discussion, review and correction by
experts in drug supervision and management, this formal questionnaire has been
finalized to ensure the rationality and feasibility of the content design. After the
questionnaire was collected, check and accept the logicality, integrity and accuracy of
the questionnaire one by one.

2.3. Data entry and statistical analysis

Two entries were used for comparison, contrast and errors correction. The basic
information of the collected data is expressed as a percentage (%), and the qualitative
analysis of the string variable data is conducted based on the grounded theory coding.
The influencing factors were statistically analysed by SPSSAU.
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Figure 1: Research Program Diagram

3. Results and Analysis
3.1. Basic information

This survey questionnaire was distributed to 19 medical institutions holding the
"Medical Institution Preparation License" in 2021, and the questionnaire code was
shared in the medical institution management contact group. Finally, a total of 38
questionnaires were collected, involving 27 medical institutions. 20 expert interview
papers were distributed and 18 were recycled, with a recycling rate of 90%. If there is
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inconsistent data among different personnel of the same medical institution in the
collected questionnaire, please contact the relevant person in charge and regulatory
authorities by phone to verify and confirm the correct and valid data, while excluding
invalid data. The opinions collected from the open questions and the expert interview
volumes are all included in the Grounded theory data coding analysis. The 27 medical
institutions participating in the survey are distributed in 20 districts (counties) of
Chonggqing, including 9 Class II Class A hospitals (33.33%), 1 Class III hospital (3.70%),
and 17 Class III Class A hospitals (62.96%). 19 hospitals with more than 500 employees
accounted for 70.37%, their pharmacy staff accounted for 3.00-6.00%, 2 hospitals with
100-500 employees accounted for 7.41%, their pharmacy staff accounted for 6.00% and
8.50%, 2 hospitals with 50-100 employees accounted for 7.41%, their pharmacy staff
accounted for more than 80. 00%, 4 hospitals with less than 50 employees accounted for
14.81%, and their pharmacy staff accounted for 4.10-6.00%. Half of the preparers was
the person in charge (director and deputy director) of the preparation room (center), and
the rest were pharmacists or Chinese pharmacists excepts for two drug control personnel.
The 18 experts were interviewed included experts from municipal drug supervision and
administration institutions, leaders of medical schools and directors of teaching and
research departments, heads (directors and deputy directors) of hospital preparation
departments (centers), and professionals with years of experience in preparation related
work in medical institutions.

Among the 27 medical institutions participating in the survey, 8 (29.63%) medical
institutions set up preparation rooms and held 255 preparation approval documents with
the Medical Institution Preparation License, including 183 chemical preparations which
accounted for 71.76%, and 72 traditional Chinese medicine preparations which
accounted for 28.24%. The approval number is mainly concentrated in Chongqing
Traditional Chinese Medicine Hospital, which holds 153, accounting for 60.00%, and
the other 7 hospitals hold several to twenty or thirty respectively. In terms of personnel
allocation in the preparation room, 35 people in Chongqing Hospital of Traditional
Chinese Medicine, the remaining 7 hospitals have 3-9 people. Among them, 25
Chongqing Hospital of Traditional Chinese Medicine are engaged in preparation in
hospital, the remaining 1 to 3 people are engaged in preparation inspection in hospital, 1
to 3 people are engaged in preparation management in hospital, 7 people from
Chongqing Hospital of Traditional Chinese Medicine are engaged in preparation
research and development in hospital, 3 medical institutions have no R&D personnel,
and the other 4 hospitals have 2-3 people. 8 medical institutions have 255 approval
numbers, including 3 tablets, 12 capsules, 4 pills, 2 granules, 0 injections, 28 mixtures, 8
oral liquids and 7 transdermal preparations; No special preparation for children; Only
one patent right is granted; In the past five years, 4 approval numbers were added and 96
were cancelled. Of the 255 documents, 112 were prepared by our hospital, accounting for
43.92%, 2 were entrusted, accounting for 0.78%, and 141 were not prepared, accounting
for 55.29%.

Of the 27 medical institutions participating in the survey, only 7 (25.93%) hold
registration numbers for the preparation of traditional Chinese medicine preparations
using traditional techniques, including 2 capsules, 5 pills, 11 granules, 43 mixtures, 1
transdermal preparation and 34 other dosage forms, totaling 96. No special preparation
for children. Only one patent right is granted. In recent five years, 29 new filing
numbers were added. The number of preparations in hospital is 48 which accounted for
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50.00%. The number of entrusted preparations is 19, accounting for 19.79%. The
number of unprepared preparations is 13, accounting for 13.54%.

Among the 27 medical institutions participating in the survey, 1 (3.70%) has 10-20
classic famous prescriptions or famous Chinese medicine proven prescriptions that have
been used clinically for more than 5 years. 1 (3.70%) has 5-10 classic famous
prescriptions or famous Chinese medicine. 2 (7.41%) has 3-5 classic famous
prescriptions or famous Chinese medicine, 5 (18.52%) has 1-3 classic famous
prescriptions or famous Chinese medicine. 18 (66.67%) has no classic famous
prescriptions or famous Chinese medicine.

Of the 38 respondents, 20 (52.63%) thought it was necessary to further improve the
laws and regulations related to preparations in medical institutions, 12 (31.58%) thought
it was unnecessary, and 5 (13.16%) thought it was indifferent. 18 people (47.37%) had
plans to develop or apply for new medical institutions’ preparations, while 20 people
(52.63%) had no plans. However, as for whether they are interested in further developing
preparations from medical institutions into new drugs on the market, 22 people (57.89%)
were very interested in it, while only 3 people (7.89%) were not interested at all, and 13
people (34.21%) 13 people (34.21%) followed the instructions of the leaders.

3.2. Analysis of factors affecting the development of preparations in medical
institutions

SPSSAU was used to analyze the factors affecting the development of pharmaceutical
preparations in medical institutions. The KMO test value was 0.666 (>0.5); Bartlett
sphericity test (p<0.05) is shown in table 1, indicating that the research data is suitable
for principal component analysis. According to the general principle of extracting the
number of principal components (the cumulative variance contribution rate of the
extracted principal components is > 85%), the information that the first five principal
components can explain 87.43% of the total variance of the original variables is shown in
table 2. Although the characteristic roots of the fourth and fifth principal components are
lower than 1, it is appropriate to extract the first five principal components in order to
fully consider the relevant factors affecting the development of medical institutions as
far as possible. See table 3 for load factor table.

Table 1. KMO and Bartlett’s tests.

KMO value KMO value
Bartlett's Sphericity Test 88.558
Bartlett's Sphericity Test df 28

P value 0.000
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Table 2. Variance interpretation rate table.

Characteristic root Principal component extraction
Number  Characteristic . Varlance_ Cumulative Characteristic . Varlanc; Cumulative
interpretation o interpretation o
root N % root N %
rate% rate%
1 3.232 40.404 40.404 3.232 40.404 40.404
2 1.31 16.378 56.782 1.31 16.378 56.782
3 1.061 13.269 70.051 1.061 13.269 70.051
4 0.777 9.718 79.77 0.777 9.718 79.77
5 0.613 7.659 87.428 0.613 7.659 87.428
6 0.439 5.492 92.92 - - -
7 0.351 4.39 97.31 - - -
8 0.215 2.69 100 - - -
Table 3. Load factor table.
Load factor .
Commonality
Name principal principal principal principal principal (Common factor
component component component component component variance)
1 2 3 4 5
Raw material source quality 0.74 -0.16 0.244 0.354 -0.06 0.762
assurance and cost
Product R&D technology 0.668 -0.376 -0.132 0.115 -0.498 0.866
Product pricing and revenue 0.608 -0.59 0.205 0.004 0.31 0.856
Clinical efficacy and adverse 0.805 -0.063 -0.198 -0.031 0.413 0.862
reactions of the product
Preparation and inspection 0.763 0217 0.119 0.369 -0.291 0.864
equipment and technology
Allocation of pharmaceutical =, 53¢ 0333 0576 0327 0.072 0.924
technicians
Importance of hospital leaders 0.34 0.465 0.737 -0.203 0.064 0.92
Support from the hospital and — 3 0.645 0.122 0.595 0.033 0.94

relevant municipal departments

3.3. Problems that need to be supported in pharmaceutical R&D planning of medical
institutions

SPSSAU was used to conduct principal component analysis on the problems that need to
be supported by the pharmaceutical R&D planning of medical institutions, and the KMO
test value was 0.704 (>0.5); Bartlett sphericity test (p<0.05) (table 4) shows that the
research data is suitable for principal component analysis. According to the general
principle of extracting the number of principal components (the cumulative variance
contribution rate of the extracted principal components is > 85%), the first four principal
components can explain 90.13% of the total variance of the original variables, and the
first three principal components can explain 82.51% of the total variance of the original
variables. See table 5. The characteristic roots of the third and fourth principal
components are lower than 1, and the absolute value of the load coefficient of the fourth
principal component is less than 0.4. It is appropriate to comprehensively consider the
first three principal components for medical extraction. See table 6 for load factor table.



Y. Yang et al. / According the Date to Investigate and Analysis on the Current Situation 101

Table 4. KMO and Bartlett’s tests.

KMO value 0.704
Approximate chi square 30.274
Bartlett’s Sphericity Test dar 15
P value 0.011

Table 5. Variance interpretation rate table.

Characteristic root Principal component extraction
Number  Cpharacteristic . Variance Cumulative ~ Characteristic . Variance Cumulative
interpretation o interpretation o
root o % root o %
rate % rate %
1 2.947 49.121 49.121 2.947 49.121 49.121
2 1.359 22.655 71.776 1.359 22.655 71.776
3 0.644 10.736 82.512 0.644 10.736 82.512
4 0.457 7.614 90.126 0.457 7.614 90.126
5 0.348 5.793 95.919 - - -
6 0.245 4.081 100 - - -
Table 6. Lad factor table.
Load factor .
— — — — Commonality
Name principal principal principal principal (Common factor
component  component  component  component variance)
1 2 3 4
Need financial support 0.596 -0.646 0.118 0.351 0.91
Need registration policy 0.785 0.042 -0.396 -0.395 0.931
consultation and guidance
Need R&D technical 0.727 -0.493 0.087 -0.167 0.807
support
Need to commission 0.7 0.361 -0.449 0.378 0.965
production
Need independent pricing 0.496 0.745 0.345 0.044 0.922
Necessity to relax the
regulation restrictions and 0843 0106 0381 0.075 0873

expand the clinical use to
increase the benefits

3.4.Rooting analysis of open issues

3.4.1 Problem posing. Consult extensively the policy documents related to drugs, drug
management, drug registration and hospital preparations, be familiar with the hospital
preparations registration management and other work, carefully observe the preparation
situation in the work, and observe the interaction between the subject and object. Check
the registration application materials. By comparing and analyzing the practical data
with the literature reviewed, we determined to carry out the relevant research on hospital
preparations.
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3.4.2 Data collection. According to the sorting and analysis of the mastered data, the
expert interview outline was initially prepared. In consideration of the
comprehensiveness and authority of the relevant information, the interviewees were
determined to be the experts in drug supervision and management, the person in charge
of preparations in the hospital, the person in charge of preparations in the medical
institutions of the second and third level hospitals in Chongqing, and the college medical
pharmacy experts. The interview outline and interview quality shall be supervised by
the expert in drug supervision and management. Please select the interviewees to fill in
the expert interview outline and summarize all the collected data for analysis and
processing.

3.4.3 Coding. According to the qualitative research method of grounded theory, the
new concepts and measures proposed or redefined are analyzed and compared with the
previous literature reports for the collected data layer by layer comparative analysis and
progressive coding, open coding, selective coding and theoretical coding [7].

Open coding Considering the inconvenient source of the analysis tool software, which
cannot replace the human brain analysis, and there are not too many text materials, this
study uses manual coding to open the data obtained, and strives to maintain a completely
free and open state in the process, line by line, word by sentence, and strive to be close to
the original meaning, finally breaking the data on the development status and direction of
the preparations in Chongqing medical institutions into 68 concepts, The proposed data
on the development of preparations in medical institutions in Chongqing were broken
into 141 concepts. Through the comparative analysis between concepts, identify every
valuable phenomenon and recombine relevant concepts into categories. Finally, 14 and
15 categories were extracted respectively. In view of space limitation, the concept
category, category and concept category constituting category are omitted.

Selective coding The 14 categories obtained from the data on the development status of
preparations in medical institutions in Chongqing and the 15 categories obtained from
the data on the suggestions on the development of preparations in medical institutions in
Chongqing were analyzed in depth one by one. The data were reviewed and the
relevant literature was constantly consulted for comparison. The two core categories
were obtained and further correlated and selectively coded using the "canonical model".
At this stage of the study, nearly 100 new related literatures were retrieved. Through
detailed comparative analysis, the category characteristics obtained can no longer be
further developed, and it was judged as theoretical saturation. See table 7-8 for the
paradigm table.

Table 7. The paradigm model about core categories.

Action/ core
Intermediary interaction Intermediary
Causal condition conditions strategy conditions Ph result category

A7, A2, A9,
Al A3 ADS’ A6 AAT1: The government,

production  a dminir;ﬁilion hospitals and the market

U s .
S did not h
Market development _ supervision Al2 Al4 Al0 A4, A8 A3 ;tt:;:ﬁ:ﬁya:;o;]ge

AA1 context: In the market dimension, the preparations of medical institutions are similar to or substitute for a large
gun‘}ber_ of pmduct's, In the Pr_oduclion and develoPmenl dimension, the development of pre'pare_nions of medical jptitutions could not keep
institutions and their productivity can not keep up with the development of modern pharmaceutical industry [#]. In the up with the development
drug administration and supervision dimension, the supervision of the drug administration on modern pharmaceutical of the market. the
industry is applied to the preparations of medical institutions, which makes them at a loss. The government, hospitals .
and the market do not pay enough attention to and invest in the preparations of medical institutions, and the
preparations of medical institutions shrink rapidly, The existing preparations are only distributed in the top three
hospitals in the main city, and traditional Chinese medicine preparations are far from new drugs, not to mention the
role of "incubator" for new drug research and development.

preparations of medical

pharmaceutical industry
and the drug
administration
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Table 8. The paradigm model about core categories.

core

Cau.s?\l lnterm.e.d 1ary Action/interaction strategy lnterm.e.d 1ary Phenomenon result
condition  conditions conditions
category
2
ARATA% Al AS.A12 A6, ATl
AA2: The
The government existin re
"Increase capital coordinated the harmz;ceuélical
incree;se s[gtf " deployment, improved groducts "select
Promoting increase slrenglil” and supported a series of the best to
o the filing of . B policies, systems, .
A3, A4 Al The existing * - g ntegrate and specificationsand ~ A13  Al4 A8 improve the
preparation . jointly build", 5 quality", the
Chinese . technical documents, FI
products are medicine develop medical and put them into place clinical urgent
"optimized" institutions, p P need, diversified

to promote the
development of new
preparations and
incubate new drugs in
hospitals
AA2 context: Those who have advantages in the pharmaceutical incubation of new drugs in medical institutions believe that
new drugs can be marketed only with funds and transformation platforms. The development of preparations is difficult, and
there is a long way to go. The development of preparations in medical institutions depends to some extent on the degree of
attention paid by the hospital leaders. The targeted policy is to “select the best and improve the quality” of existing
preparations; The government coordinated the deployment, improved and supported a series of policies, systems,

and characteristic
traditional
Chinese medicine
preparations are
the focus, and
"increase capital
and personnel to
increase strength"
and "integration

prepare and
incubate new
drugs

preparation
s

e . . . . o . and joint
specifications and technical documents, and promoted and implemented them in place, “Increase capital, increase staff and constJ ction”
increase strength™ and “integrate and build together” promote the development of new preparations and incubate new drugs }omotc
in hospitals. Focus on the research and development of the varieties of traditional Chinese medicine preparations that are in de\lf)elopmenl

short supply in the market and urgently needed in the clinic, and develop in a diversified and characteristic way in the
process of inheritance and innovation.

In view of space limitations, the verification of AA1 and AA2 evidence chains will not
be narrated here. Through comparative analysis and coding of collected data layer by
layer and comparison with previous literature reports, three new concepts are proposed
or redefined: “selecting the best and improving the quality”, “increasing capital,
increasing staff and increasing strength” and “integrating and building together”.
"Selecting the best and improving the quality" is to adapt to the high standard
requirements of the new situation on the safety, effectiveness, quality control and other
aspects of medical institutions' preparations. Guided by clinical needs and efficacy, the
hospital, in combination with the actual situation, conducts a careful and responsible
analysis of the existing preparation varieties, specifications, output, clinical data, etc.,
screens and makes decisions, and selects the preparation varieties with clear clinical
positioning and obvious clinical value, Concentrate on increasing investment, refer to the
latest requirements of pharmaceutical preparations and new drug research and
development in medical institutions, and actively carry out intensive research in various
aspects such as optimizing processes, improving standards and accurately enhancing
clinical safety and effectiveness with new technologies, so as to obtain the development
of pharmaceutical preparations in medical institutions and the transformation of new
drugs.

“Increasing capital, increasing staff and increasing strength” is to increase capital
investment, strengthen the construction of R&D team, improve professional and
technical literacy, enhance R&D innovation, and develop high-quality traditional
Chinese medicine preparations with clear positioning and significant effects into new
drugs on the market through inheritance and innovation.

"Integrating and building together" means that there are many difficulties for
hospitals to develop medical institutions to incubate and market new drugs on their own.
The government can uniformly coordinate and deploy the featured preparations that
hospitals focus on, improve and support a series of policies, systems, specifications,
processes and technical documents, promote and implement them in place, integrate
preparation R&D and preparation resources, and build a preparation and achievement
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transformation center through "medical school (research) enterprise" collaboration, We
will promote the development of pharmaceutical preparations and new drug incubations
in medical institutions, while avoiding the loss of state-owned assets.

Theoretical coding Through further investigation of the two core categories and
interactive comparison with the original data, we can find the implicit interrelationship
between concepts or categories, sort out and organize the substantive coding concepts
and categories with the help of the "story line" of the development and research
questions, and initially build a theoretical framework, that is :Due to the insufficient
attention paid by the government, hospitals and the market, the development of
preparations in Chongqing's medical institutions could not keep up with the development
of the pharmaceutical industry and drug administration supervision. In view of this, the
government should coordinate the deployment of "capital increase, staff increase,
strength increase" and "integration and joint construction" to promote development,
focus on the research and development of Chinese medicine preparation varieties that are
in short supply in the market and are urgently needed clinically, and incubate new drugs
in the process of inheritance and innovation.

We further searched the literature and made a comprehensive review and
comparative analysis. It is especially suggested that the data information of the literature
retrieved is nationwide rather than limited to Chongqing. The "story line" of the
development status and development suggestions of Chongqing medical institution
preparations developed by the grounded theory method in this study basically covers the
existing problems of literature disclosure and suggestions for solutions.

4. Discussion

4.1. The medical institutions in Chongqing have a weak foundation of preparations,
and the Traditional Chinese Medicine Hospitals in Chongqing account for half of the
whole city.

Among the hospitals participating in the survey, the 8 hospitals with preparation rooms
are equipped with 3-9 staff members related to preparations from medical institutions,
except Chongqing Traditional Chinese Medicine Hospital, which has 35 staff members.
The 27 medical institutions participating in the survey held 255 drug preparation
approval numbers in total, of which 153 were held by Chongqing Hospital of Traditional
Chinese Medicine, accounting for 60.00%. The new approval numbers in recent 5 years
are all newly added by Chongqing Traditional Chinese Medicine Hospital. There are
total 112 preparations make up by themselves medical institution and 65 (58.04%) come
from Chongqing Traditional Chinese Medicine hospitals. The 27 medical institutions
participating in the survey have 96 filing numbers of traditional Chinese medicine
preparations, 42 of which are held by Chongqing Hospital of Traditional Chinese
Medicine, accounting for 43.75%. The total number of preparations prepared by this
hospital is 48, 25 of which are held by Chongqing Hospital of Traditional Chinese
Medicine, accounting for 52.08%. There are 35 classic famous prescriptions or 5-10
proven traditional Chinese medicine prescriptions that have been used clinically for
more than 5 years
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4.2. Main factors affecting the development of pharmaceutical preparations in medical
institutions

The five main factors affecting the development of preparations in medical institutions
are in turn preparation, testing equipment and technology; Product pricing and revenue;
Degree of attention paid by hospital leaders; Support from the hospital and relevant
municipal departments; Clinical efficacy and adverse reactions of the product. The
analysis results are basically consistent with those involved in the current development
of preparations in medical institutions and the collection of suggestions on open issues.

4.3. Hospitals with preparation R&D plans of medical institutions mainly need three
aspects of support

Hospitals with pharmaceutical R&D plans of medical institutions mainly need support
from three aspects, namely, expanding clinical use to increase income; Independent
pricing is required; Entrusted production is required. Relax the restriction on
dispensing and expand the clinical use. On the one hand, hospitals can increase the
income, on the other hand, they can collect more clinical data to prepare for the
incubation of new drugs. It is worth noting that in the process of expanding the clinical
use, the safety and effectiveness of products should be analysed accurately with
reference to the requirements of clinical research materials of new drugs. Entrusted
production allows pharmaceutical enterprises with advantages in production conditions
and resources to easily solve problems such as the hospital's own allocation of no factory,
no equipment and no technicians, and prompts the urgent need to solve the construction
of hospital enterprise communication platform.

4.4. Problems of new drugs incubated by medical institutions

There are a total of 8 options for the question of which aspects of support are needed to
further research and development of medical institutions' formulations into new drugs
for the market,among the 38 valid questionnaires, none of them chose "no support is
needed, the hospital can solve the problem by itself", while 35 (92.11%) chose "technical
guidance for research and development" and "guidance for policy interpretation on
requirements related to registration and approval"; 19 people (50.00%) chose to lower
the standard for registration review, while other options exceeded 70%. This problem is
not suitable for principal component analysis or factor analysis. In addition to the
unscientific setting of exclusion options, it also shows that the transformation from
hospital preparations to new drugs is very technical, and the requirements for the
registration and approval of new drugs make hospital personnel confused. From
medical institutions to new drugs on the market, it is also the same as new drug research
and development, with high investment and long cycle. We really need to solve many
problems.

5. Conclusion

After reviewing the problems and suggestions of the open description, the grounded
research summarized that: due to insufficient attention from the government, hospitals
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and the market, the development of preparations in Chongqing's medical institutions
could not keep up with the development of the pharmaceutical industry and drug
administration. In view of this, the government should coordinate, deploy, improve and
support a series of policies, systems, specifications and technical documents to promote
the development of medical institutions' preparations by "selecting the best and
improving the quality" of existing medical institutions' preparations, "increasing capital
and personnel to increase strength", "integrating and co constructing”, and focus on the
research and development of Chinese medicine preparations that are in short supply in
the market and urgently needed clinically, and incubate new drugs through inheritance
and innovation.

6. Deficiencies and prospects

There are many and complicated problems in pharmaceutical development and new drug
research and development in medical institutions. When designing the questionnaire
items, the length of the questionnaire was taken into account, so the design of
homogeneous problems was not enough and the correlation was not strong enough. If
further classification and separate volume survey were carried out, more accurate results
could be obtained.

The scientific research method of Classic Grounded Theory is used to discuss the
development of preparations in medical institutions in Chongqing. However, due to the
limitation of time, energy and research ability, this topic has many shortcomings. For
example, in the research of preparations in medical institutions, many important issues
such as process standards and application materials have not been further classified and
deeply rooted, the development of preparations in medical institutions has summarized
that the development direction is the clinical urgent need for characteristic traditional
Chinese medicine preparations, but the specific way to carry out the research and
development of the clinical urgent need for characteristic traditional Chinese medicine
preparations has not been further discussed, which needs to be further deepened in the
future research. The whole article is based on the data collection of questions and
suggestions, and the preliminary theoretical summary proposed needs to be verified and
improved in practice. At the same time, the study failed to conduct research on more
provincial and municipal related issues. In the future, more samples need to be collected
for research, and compared with the data obtained in this study, to continue to deepen and
enrich the connotation of the concepts and categories proposed in this topic.
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Abstract. With the popularization of online shopping, more and more
advertisements are being placed on online shopping platforms. The impact of
advertisements on consumers' online impulsive buying behavior has attracted much
attention, and the phenomenon of consumers making online impulsive purchases is
becoming more and more common. This field has become a hot research topic for
scholars. This article aims to summarize the connotation of visible advertising,
summarize indicators of consumer online impulse buying behavior, compare and
analyze the impact of visible advertising on consumer online impulse buying
behavior, and provide management decision-making reference for advertisers and
e-commerce platforms.

Keywords. Online shopping, Advertising visibility, Impulsive buying behavior

1. Introduction

Impulsive buying is caused by a sudden desire to purchase, usually without a detailed
purchase plan in advance, without considering long-term needs, and is an irrational
behavior [1]. In the process of impulsive purchasing, consumers tend to focus their
attention on the advantages of the product and overlook its drawbacks, resulting in the
inability to objectively recognize and evaluate the product's attributes [2]. In impulse
buying, there are many conflicting considerations. Impulsive buying refers to consumers
who make purchases without a plan and cannot avoid it [3]. After being stimulated by
the external environment, consumers ignite a strong and uncontrollable desire to
purchase, which is a purchasing behavior that occurs as self-control weakens [4]. In
addition, it may also be affected by advertising visibility, as advances in information
technology and the rapid development of e-commerce have led to a shift from offline to
online purchasing behavior. Transforming consumers to meet their daily needs through
online shopping [5]. Therefore, this opens up opportunities for traders in the market to
meet consumer shopping needs through online systems without having to go to the
market location [5]. Every company must adjust its marketing strategy by entering online
systems to sell its products [6]. Nowadays, online impulse buying is increasingly
becoming a trend. It is estimated that approximately 40% of online consumer spending
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is caused by impulsive online purchases [7]. Online impulse buying is a sudden,
immediate, and unplanned behavior of consumers online [8]. It can be concluded that
online shopping is an increasingly growing trend today, especially impulse buying.
Therefore, with the rapid competition between online stores today, ideal online marketers
need to consider the factors that affect consumers' online shopping. One factor to
consider is advertising visibility. This study suggests that the effectiveness of advertising
and brand awareness has a direct positive and meaningful impact on purchase intention
[9]. Social media marketing and advertising effects indirectly have a positive and
significant impact on brand awareness purchasing intentions.

2. Analysis of current research status
2.1. Analysis of Research on Visible Advertising

Advertising visibility is an important component of measuring the effectiveness of
display advertising. Advertisements on e-commerce platform web pages are not seen by
consumers on the internet, and invisible or only partially visible advertisements do not
have the opportunity to reach consumers, which will lead to ineffective advertising
placement. Therefore, an increasing number of advertisements mainly seek to evaluate
the value of displayed advertisements from the perspective of whether they are visible,
and hope to pay only through visible exposure, rather than web page access requests for
exposure. Advertisers are also beginning to try to measure whether the advertisements
they display are visible.

The industry average reported by ComScore in 2013 was 54% of online advertising
that is invisible, while Google's average by media is 50.2%. After intense discussions
and experiments in mature foreign markets, in 2014, The Media Rating Council (MRC),
in collaboration with the Interactive Advertising Bureau (IAB) of the United States, has
jointly released the industry's advertising visibility measurement standards [10]: "For PC
display advertisements, display at least 50% pixels in the visual area and display at least
1 second, especially for video advertisements, the display time is set to at least 2 seconds.
The standards proposed by MRC have been understood and recognized by mainstream
internet advertising platforms.

With the increasing attention paid to advertising in the industry, domestic and
foreign scholars have also published some literature on technology. Zhang Weinan and
others conducted empirical research on the measurement of visible exposure in display
advertisements [11]. Usually, when an advertisement is loaded into a browser's webpage,
it is considered an advertisement exposure. The article measures and determines the
precise exposure times of displayed advertisements from two dimensions: the percentage
of displayed pixels and the exposure time. It is concluded that more than 75% of
displayed advertisements are displayed, and the display duration is at least 2 consecutive
seconds, which can be considered as visible exposure. Wang Chong and others proposed
collecting data from the media side to study the visual prediction of users' scrolling depth
on the page, that is, there may be advertisements at the scrolling position of the page,
which can predict the visibility of advertisements [12]. This article proposes two new
models to predict the visibility probability under specific surface depths and verifies their
advantages compared to other models. Bounie David and others conducted a
comprehensive economic analysis of online advertising revenue after the use of visual
technology. They discussed the impact of visual technology on advertising display,
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advertising prices, media revenue, and user experience [13]. Xie Xing and others
introduced the process of image advertising platforms for image search and image upload.
This platform can set different weights for images or image hotspots, and combine them
with the platform's advertising library for advertising matching or bidding [14].

In addition, advertisers envision the practical use of visual display advertising: for
example, visible exposure serves as the basis for purchasing in display advertising
purchasing activities; Alternatively, by measuring the visibility of media advertising
space, optimizing page layout design to balance advertising revenue and user experience;
The data related to display advertising visibility is applied to the real-time advertising
bidding process, which means that for exposure with high visibility, higher bids can be
made [15]. However, ultimately, the importance of display advertising lies in its
feasibility. Google refers to the standard of measuring whether displayed advertisements
are actually viewed as "visible", increasing its visibility as the universal currency for
advertising purchases, and making some progress in its business processes [16]. Since
Google launched a visual based advertising purchasing service in its display advertising
network, it has become an important factor for advertisers and advertising agencies to
purchase advertisements.

At present, there is relatively little research on advertising visibility in the Chinese
market. Only a few advertising platforms in the advertising ecosystem provide visibility
measurement data, and due to differences in measurement methods, visibility data lacks
transparency. The use of visible exposure as a delivery indicator has not yet formed a
unified understanding, so it is necessary to introduce foreign theories and research results,
in order to trigger further research and practical applications in different situations.

2.2. Analysis of Research on Impulsive Buying Behavior

Hawkins Stern's impulse buying theory, named after its proposer, Hawkins Stern, was
proposed in 1962. This theory provides a different perspective on consumer purchasing
behavior from most contemporary consumer behavior theories. Stern claims that
customers' impulsive buying behavior is caused by external influences. According to this
theory, marketers may persuade customers to purchase more products than they expected
[17]. A recent survey targeting American customers found that 80% of respondents made
impulsive purchases online, confirming previous findings [18]. Digital marketers are
skillfully blending technology with their marketing goals to induce spontaneous
purchases by the target audience [19]. Impulsive buying is a complex consumer behavior.
In this process, consumers often make sudden decisions due to the attractiveness of
external things. Due to strong sudden attraction, consumers often lack detailed and
repetitive thinking in the decision-making process, often making quick and temporary
decisions with strong impulsiveness. Cobb and Hoyer found that when consumers do not
have a clear purchasing awareness, impulse buying is usually a temporary decision made
by consumers [20]. Rook believes that impulsive buying behavior is caused by
fluctuations in consumer emotions, which is usually a form of uncontrollable behavior.
From the perspective of psychology, the impulsive purchasing behavior of consumers
can be divided into two aspects: psychological impulse and impulsive behavior [21].
Wood found that impulse buying is mainly due to consumers lacking a certain degree of
willpower. He believes that impulse buying generally includes two forms: free choice of
purchasing behavior but lack of optimal judgment; Another type is compulsive impulse
buying caused by compulsive will [22]. Therefore, this theory supports the impact of
advertising visibility on customer impulse buying behavior.
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The online impulse buying behavior of consumers may be caused by changes in
external factors, thereby stimulating their emotions. Ning and others constructed a factor
model for the impulse buying intention of online group buying consumers. Through
questionnaire surveys and data analysis, it was concluded that consumer impulse buying
has a positive impact on product characteristics, store environment, and consumer
personality traits [23]. Li Yun studied the influencing factors of college students' impulse
buying intention in the online purchasing environment, divided the environmental factors
that promote college students' impulse buying into internal and external parts, and
constructed corresponding theoretical models. The research results indicate that college
students' personality traits, multi effect interactions, and diversity with the external world
are more likely to encourage consumers to engage in impulsive consumption; The
external factors of websites as shopping channels will not affect consumers' impulsive
consumption [24]. Li Yifan conducted a study on impulsive consumption through online
promotion methods. During the research process, we found that product factors, external
environmental factors, individual characteristics of consumers, and consumption
scenarios all affect consumers' impulsive purchasing behavior. Through a questionnaire
survey of college students, it was found that promotional activities such as special offers,
discounts, special offers, and lotteries have a positive impact on consumers' impulsive
purchasing behavior [25]. Zhao and others explored the behavioral mechanism of
consumers' online impulse buying. His research suggests that consumers' online impulse
buying is influenced visually by website design, and product descriptions, website
navigation, and visual display design of online stores can promote consumers' impulse
buying [26]. Gan Xueping studied the impact of social media on consumers' impulse
buying intention. Based on the influence of social media, it decomposes social media
into six main influencing factors. Through empirical data research, social media has a
positive impact on consumers' impulse buying intention through their perceived value.
Research on consumer impulse buying behavior has shown that consumers' product
characteristics, interests, attractiveness, interaction, and personal characteristics all affect
their impulse buying intentions [27]. Gong and others studied the impact of online live
streaming atmosphere on consumers' impulse consumption intention and found that
atmosphere cues have a significant positive impact on impulse consumption intention;
The atmosphere cues have a significant positive impact on the flow experience; The
mobile experience has a positive impact on impulsive consumption intention[28].

3. Summary

Based on the above research analysis and summary, this article proposes certain
marketing suggestions for e-commerce platforms and merchants, mainly in the following
aspects:

Develop flexible and diverse online marketing strategies. Related studies have
shown that product characteristics and store environment have a positive impact on
consumers' impulsive purchase intention. Most consumers see advertisements and pages
related to product features during online shopping, which stimulate their emotions and
form impulsive purchasing behavior. Therefore, increasing the visibility of product
features and store environment advertisements can attract more consumers' attention. On
the other hand, in addition to increasing the visibility of regular discount advertisements
during regular time periods, it is also possible to increase the visibility of event
advertisements such as giving small gifts, sending coupons, and full discounts. In
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addition, centralized advertising promotion activities will be carried out in conjunction
with specific festivals, such as the Double Eleven and Double Twelve Shopping Carnival,
Spring Festival, Christmas, etc. On the other hand, combined with the popular online
shopping live streaming as a means of communication, visual marketing stimulation is
added to create a sense of integration and experience for consumers. During live
streaming, advertising arrangements should be concise, paired with warm colors to create
a sense of comfort and generate more positive emotions.

Increase the visibility of interactive advertising in online shopping. The latest
research has found that when consumers perceive high interactivity, it can lead to higher
impulse buying intentions. Firstly, the page design of online shopping platforms should
be hierarchical and easy to operate. Display and display information such as product
types and promotional activities, in order to enable consumers to quickly and
conveniently find the products they need. Secondly, when consumers watch interactive
advertisements, businesses should respond quickly and form an effective interactive
environment. In some online shopping platforms with high traffic, interactive advertising
has high visibility, and consumers can interact more with merchants. Sometimes,
questions raised by merchants are answered in a timely manner, which can improve the
shopping experience of consumers. At the same time, combining the enthusiastic attitude
and sincere expression of the host in modern live streaming can enhance consumers'
liking for them. Finally, interactive advertising should have the function of providing
personalized services, paying attention to consumers' needs, and then providing
appropriate products based on their needs, so that consumers feel sufficient respect and
attention.

Segmenting the characteristics of consumers and implementing differentiation
strategies. Based on relevant research, it has been found that when consumers have high
impulsive traits, they are more likely to be motivated to develop impulsive purchasing
intentions and further transform into impulsive purchasing behavior. Therefore,
enterprises should enhance their attention recognition and understanding of these
consumers' purchasing preferences and habits. Based on information acquisition and
analysis from several aspects such as the duration of consumers watching short
advertising videos, the transaction duration of purchasing goods, and the types of goods
purchased, appropriate marketing strategies can be adopted for different types of
consumers to maintain customer stickiness.
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Abstract. The Industrial Internet can be used in enterprises for predictive
maintenance, location tracking, workplace analysis, remote quality monitoring and
energy optimization. To realize the development of the industrial Internet, a large
number of high-quality industrial Internet talents are indispensable. These talents
not only need to have a solid foundation of engineering technology and a good level
of computer technology but also need to have a deep understanding and grasp of the
industrial production process and be able to develop suitable industrial Internet
solutions according to actual needs, to promote the steady development of the
industrial Internet. Based on preliminary research and communication with
enterprises, this paper designed some courses for Industrial Internet Talent Training.

Keywords. Industrial Internet, Talent Training, Enterprise Application Demand

1. Introduction

As an important part of the new generation of the information technology industry, the
industrial Internet is not only an important part of the new infrastructure but also the
main way and means of digital transformation of the real economy. The innovation and
development of the industrial Internet have become a national strategy. Industrial
Internet is a new type of infrastructure, application mode, and industrial ecology formed
by the all-round and deep integration of the new generation of information technology
and industrial system, which mainly consists of four parts: network, platform, security,
and data. Among them, the network is the foundation, data is the element, the platform
is the core, and security is the guarantee.

Industrial Internet focuses on key industries such as equipment, electronics,
chemical industry, mining, food, pharmaceuticals, steel, energy, construction, and
transportation, providing all-cloud and all-scene solutions for the intelligent
transformation of the manufacturing industry, breaking through core technologies such
as identification analysis, industrial safety, and deterministic network.

However, based on the rapid development of the industrial Internet and related
industries and technologies, the existing curriculum content and teaching methods can

I Nana Shan; School of Information Science and Technology, Taishan University. E-mail:
helensnn@hotmail.com. This work was supported by teaching reform research of Taishan University
(JG202116) and Special project of education science planning in Tai'an Classroom teaching based on teaching
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no longer meet the needs, and the talent training mode urgently needs to be connected
with industries and industries [1].

To fully meet the demand of industrial Internet talent, we should innovate and carry
out the cooperation of "industry, education, and research", carry out the strategy of
strengthening the country by talents, promote the construction of technical and skilled
personnel in the new vocational field, and promote the training of talents in the new
economic field. Higher education personnel training also needs to fully connect with
industry and enterprise research, and carry out the reform of curriculum content and
teaching methods [2].

2. Research status and current problems

According to strategic positioning and planning, the industrial Internet includes five
major businesses [3]. As Table 1 shows:

Table 1. five major businesses

No. | Name Discribe
1 industrial including special industrial equipment, digital equipment after digital
equipment transformation, and intelligent products upgraded through active labeling, to
become industrial equipment layer product service providers
2 industrial including identification analysis, spark chain network facilities, enterprise
communication | internal and external network hybrid networking and 5G + industrial Internet,
including industrial deterministic network
3 industrial which mainly solves the cross-industry and cross-domain problems of
Internet enterprises, and creates many platforms with industry and regional
platform characteristics and professional platforms
4 industrial including industrial design software, business management software, industrial
software control software, and embedded software
5 industrial By creating industrial security products, it provides five layers of security to
safety ensure the data security of enterprises from R & D, design to production and
sales.

The key to the transformation and upgrading of the industrial economy is talent,
which is the core element of the development of the industrial Internet. However, there
are many problems in the construction of the industrial Internet talent team, which has
become the main "bottleneck" restricting the rapid development of the industrial Internet.
The industrial Internet is the deep integration of the new generation of information
technology and the manufacturing industry, and the landing application requires cross-
border talents who understand both industrial operation and network information
technology. The industrial Internet education should be theoretical education, which
requires hundreds of years of industrial experience to be transformed into useful
knowledge to reuse and software, and its technological innovation and application need
to be coordinated in many fields and disciplines, including software engineering,
enterprise management, product design, robotics, and equipment [,

3. Research course content and teaching method

This paper will study the training of industrial Internet talents from the following
two aspects:
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3.1. Research on course content docking with industry enterprises

In terms of course content, according to the software development needs of
enterprises such as industrial control and equipment management, new engineering
courses such as rapid software development and other basic, cross-cutting, and
professional courses can be offered [5].

Based on preliminary research and communication with enterprises [6], the
following rapid development courses are listed:

Table 2. the list of courses

No. Course name Content Class hours
1 An overview of PPT/Video 2
container technology
2 Container product PPT/Video 2
introduction
3 Fundamentals of PPT/Video 5
DevOps
4 DevOps Datasheet PPT/Video 2
5 DevOps Field Camp PPT/Video 2
6 Agile development PPT/Video 5
management
7 Continuous delivery PPT/Video 2
8 Technical operation PPT/Video 2
9 Microservices PPT/Video 2
10 Service Grid PPT/Video 2
11 Micro-service PPT/Video 4
practice
12 Big Data Foundation PPT/Video 4
Hive Data
13 Warehouse Tool PPT/Video 4
Technology
HBase Real-time
14 Distributed NoSQI PPT/Video 4
Database
Spark Big Data
15 Processing Technology PPT/Video 4
and Application
Practical Cases of
Industrial Internet .
16 Application in Different PPT/Video 4
Industries and Fields

3.2. Research on teaching methods docking with industry and enterprises

In terms of teaching methods, in addition to traditional classroom teaching and
practical teaching, we can also use the industrial Internet platform of enterprises to
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complete developer tasks and carry out new teaching methods reform [7]. Relying on the
dominant disciplines, carry out the development and research of practical training and
practice in related fields, including but not limited to the industrial Internet equipment
management or control software involved in the current industrial Internet platform [8].
So, we can make full use of the platform of enterprises and help them to improve their
product.

Table 3. Introduction to the courses

No. categories name Introduction to the course

Provide IOT equipment demonstration, in-depth understanding of
IoT and hardware, wireless sensor network application

Industrial technology, RFID application technology and other basic

1 Int.ernet of knowledge and skills, so that students can master the basic
Things knowledge and application scenarios of IoT, and learn how to
Industrial technology | y,i1d industrial ToT based on typical manufacturing production
Internet of lines [9].
Things Demonstrate the industrial Internet of Things platform,
Training understand the platform architecture, understand the industrial
Platform Industrial data acquisition and data analysis module, and operate the data
Internet of | acquisition and data analysis process. To enable students to master
2 Things the principles and methods of industrial data acquisition, data
Platform processing and presentation. Functional scenarios such as real-
time monitoring of factory environment and monitoring of
electricity consumption are simulated [10].
. . The training platform provides a series of basic tools and
Industrial Industrial

components for application and integration. Quickly generate and
integrate application software based on the development mode of
no code or a very small amount of code on the platform. To enable
students to master the process of development and integration of

Application | Application
3| Developme | Developme
nt Training | nt Training

Platform Platform industrial applications [11].

The IBP data factory supports data access of multiple data sources
and multiple data types, and builds a data lake through efficient
Build processing, which is convenient for users to manage data in a
industry unified and convenient way. At the same time, IBP data factory
4 data has accumulated rich industry models and algorithms in various
lake/data business areas to analyze the data in the lake. Through practical
center training, students can master the data components, data source
configuration and data cleaning functions of IBP data factory, and

cultivate the ability to build a data platform [12].
Capacity expansion and shrinkage of the cluster, providing a
Industrial variety of relational databases and big data databases, and
Big Data providing big data computing components such as MapReduce,
Training Massive Spark and SparkSQL. Through practical training, students can
5| Platform data choose the appropriate system architecture to deploy the system

computing for the customer according to the actual business scenario of the
customer, and use the appropriate big data computing components
to meet the customer's requirements for timeliness of business
data computing [13].

Analyze monitoring real-time stream data and support online

Real-time monitoring alarm; The analysis of traffic flow data supports real-
6 streaming time display of traffic hot spots, optimization of signal timing and
data guidance of driving routes. The analysis of user usage data
analysis supports real-time recommendation and optimizes the

recommendation algorithm.
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The industrial big data training platform supports the access of
multiple database data sources, including but not limited to
Oracle, MySQL, SQLServer, DB2, Hangao and other mainstream

Data relational databases at home and abroad, HBase, MongoDB and
7 acquisition | other NoSQL data sources; At the same time, it supports a variety
exchange of different types of structured, semi-structured and unstructured

data access. Support business system data collection, reporting
and exchange requirements. Through practical training, students
can master the technology of big data aggregation [14].

Industrial big data training platform has built-in rich data
visualization components, while meeting the needs of business
Visual charts, dashboards, reports and large screens, supporting the
application | construction of business application visualization. Through

8 developme | practical training, students can master rich data visualization
nt components, and have business application visualization
construction according to the needs of business charts,
dashboards, reports and large screens.
Practical
Course of
Introductio
n to | System analysis method, system diagnosis method and system
9 Intelligent implementation  for learning intelligent manufacturing

Manufactur | engineering
Intelligent ing
Manufactur | Engineerin

ing g

glr:tlpf)lrlli 511; ndamen; £ Understand the production management concepts such as
Intellicent assembly line, process and yield; Understand the PDCA process
Manutga T in the production process; Be able to make production plans for

10 i small production lines and realize visual display; Understand the
g concept of line balancing and be able to identify bottleneck

Production . . . .
Manageme | PTOCESses; Conscious of quality, on-time delivery and cost
ot g control; Able to read and fill in production reports.

4. The Discussion and Conclusion

With the rapid development of a new round of scientific and technological revolution
and industrial transformation, the Internet has extended rapidly from the consumption
field to the production field, the industrial economy has expanded from digitalization to
networking and intellectualization, and the innovative development of the Internet and
the new industrial revolution have formed a historic intersection, giving birth to the
industrial Internet. Accelerating the development of the industrial Internet and promoting
the deep integration of the new generation of information technology and the
manufacturing industry is the key to conforming to the trend of technological and
industrial change, speeding up the construction of manufacturing power and network
power, to deepen the structural reform of supply side, to promote the transformation and
upgrading of the real economy, and to achieve the goal of "carbon peak, carbon
neutralization" Therefore, with the continuous development of the industrial Internet
technology, the demand for industrial Internet talents will be growing in the future. It is
predicted that by 2025, the talent gap in the core industry of the industrial Internet will
reach about 2.54 million. It is more and more important to strengthen the training of
industrial Internet talents and continuously improve their skills and comprehensive
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quality. Through the cooperation and research with many enterprises and universities in
the early stage, this paper proposed the reform plan of the curriculum system and
teaching method of industrial Internet talent training, hoping to meet the rapidly growing
needs of industrial Internet talent.
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Abstract. Taking 28 listed companies in China's A-share pharmaceutical
manufacturing industry from 2018 to 2021 as samples, with tax incentives as an
explanatory variable, R&D investment intensity as an intervening variable,
enterprise size, enterprise establishment time, return on total assets, debt-to-assets
ratio, and fixed asset density as control variables, and innovation performance as
explained variable, a multiple linear regression model is established, and descriptive
statistics, correlation analysis, multicollinearity test, and robustness test are carried
out to empirically analyze the influence of tax incentives on the innovation
performance of pharmaceutical manufacturing enterprises. The results show that tax
incentives have a significant positive impact on the innovation performance of
pharmaceutical manufacturing enterprises, and tax incentives can promote
pharmaceutical manufacturing enterprises to increase the intensity of R&D
investment, and the intensity of R&D investment has a certain mediating effect and
long-term influence on the relationship lbetween tax incentives and innovation
performance. Combined with the empirical results, the paper puts forward the
strategy of improving enterprise innovation performance to enhance the core
competitiveness of enterprises.

Keywords. Pharmaceutical Enterprises, Tax Incentives, R&D Investment Intensity,
Innovation Performance

1.Introduction

Innovation is the internal driving force of enterprise development, the level of
innovation performance is related to the sustainable development of enterprises. Tax
incentives are the main means for the government to guide enterprise innovation. The
government grants tax relief to specific taxpayers, taxpayers or taxpaying regions
through tax means, which can effectively reduce the high tax burden of enterprises, and
preferential tax policies allocate innovative resources through the market. Therefore,
China has introduced a series of preferential tax policies such as income tax reductions

Corresponding Author, Dan Li, School of Economics and Management, Xiangnan University,
Chenzhou, China; E-mail:187237129@qq.com.
It is the research result of The Key Cultivation Base for “The 14th Five-Year Plan” of Educational
and Scientific Research (Lifelong Education Research Base (Fundamental Theory Area)) (grant no.
XJK227DJD58) in Hunan Province.



X. Ouyang et al. / Research on the Influence of Tax Incentives on the Innovation Performance 121

and exemptions and super deduction of research and development expenses to support
and encourage enterprises to innovate and develop.

domestic and foreign scholars have carried out extensive research on the impact of
tax incentives on corporate innovation performance, and most scholars have verified
the incentive effect of tax incentives on innovation performance through empirical
research. For example, Wang and Schmidt (2002) added the dummy variable of the
panel unit to the Tobit model, and concluded that the tax policy can have a positive
incentive effect on the innovation output performance of technology-based enterprises
[1]. Michael Peneder (2008) thought that the preferential tax policy expands the
coverage, mobilizes more enterprises’ enthusiasm for R&D and innovation, and then
positively spills over to the whole society [2]. Hongxiang Tang and Yinchang Li (2020)
conducted research on China's GEM industrial enterprises from 2015 to 2019 as sample
companies, and found that there is a significant positive correlation between tax
incentives and corporate innovation performance, and tax incentives can effectively
improve corporate innovation performance [3]. Hui Xing et al. (2021) systematically
conducted empirical research using methods such as DID and PSM, and the results
showed that preferential tax policies promote substantial innovation of enterprises
through three functions [4].

In addition, research on the ways in which tax incentives affect corporate
innovation performance has also attracted much attention. Scholars believe that tax
incentives can promote the R&D investment of enterprises, and the increase of R&D
investment can stimulate the innovation motivation of enterprises to improve
innovation performance, R&D investment can play a mediating effect in the
relationship between tax incentives and innovation performance. Fabiani et al. (2014)
found that tax incentives stimulate enterprises' R&D investment by reducing innovation
costs through their research on private enterprises in Brazil [5]. Andrew C (2018)
conducted an empirical study on the financial data of American technology companies
and found that for every percentage point increase in the tax incentives enjoyed by
companies engaged in technology research and development, their main R&D
investment will increase by 2.8%-3.8%[6]. Jingyi Li et al. (2020) studied on the
high-tech enterprises in the western region and found that the interaction between tax
incentives and enterprise R&D investment can stimulate the innovation performance of
enterprises [7].Congrong Li et al. (2021) pointed out that tax incentives have an effect
on innovation performance by affecting R&D investment in their research on the
impact of fiscal policy on the innovation performance of military-civilian integration
enterprises [8].

Scholars mostly choose enterprises in high-tech industries as their research objects,
and there are relatively few studies on the impact of tax incentives on innovation
performance of enterprises in other industries. Based on this, this paper takes 28 listed
companies in China's pharmaceutical manufacturing industry as samples, puts forward
research hypotheses on the basis of domestic and foreign research results, and
constructs a multiple regression model to empirically analyze the relationship between
tax incentives, R&D investment and innovation performance of pharmaceutical
manufacturing companies, so as to explore The impact mechanism and effect of tax
incentives on the innovation performance of pharmaceutical manufacturing enterprises.
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2.Research Design
2.1 Research Hypothesis

Because of its fair and transparent characteristics, preferential tax policies have become
an important means to promote enterprise innovation, and they are widely used to
encourage enterprise innovation. The implementation of tax incentives can greatly
promote the innovation output and innovation efficiency of enterprises[9]. At the same
time, tax incentives can subsidize the R&D expenses of enterprises through preferential
tax rates and direct deductions, so as to achieve the purpose of improving the
innovation performance of enterprises[10]. Therefore, this paper makes the following
hypothesis :

Hypothesis 1: Tax incentives are positively correlated with enterprise innovation
performance.

On the one hand, tax incentives can reduce the tax burden of beneficiary
enterprises, which is equivalent to obtaining a sum of funds from the government for
reinvestment. On the other hand, post-incentives such as super deduction of R&D
expenses require enterprises to spend on R&D and innovation in the early stage, which
can mobilize the enthusiasm of enterprises for R&D and increase the intensity of R&D
investment. Junjiao Liang, Yuxi Jia (2019), Fenfen Miao(2021), etc. all believe that
the promotion effect of tax cuts on R&D investment is more obvious [11][12].
Therefore, this paper proposes the following hypothesis :

Hypothesis 2: Tax incentives are positively correlated with R&D investment
intensity.

According to the theory of technological innovation, enterprises can promote the
smooth development of innovation activities by increasing R&D investment, so as to
produce products with core competitiveness or improve their core technology level,
thereby improving the innovation performance of enterprises. Yuchen Xiong and
Yinguo Li (2019) 's research on Chinese technology companies shows that there is a
significant correlation between their R&D investment and corporate innovation
performance [13]. Dianchun Jiang and xiaowang Pan (2022) found that increasing
R&D investment can bring more innovation output to enterprises '¥l. Therefore, this
paper proposes the following hypothesis :

Hypothesis 3:There is a positive correlation between innovation performance and
R&D investment intensity.

Since policies are generally lagging, and the cycle of enterprise innovation is
generally taking several years, this paper will deeply explore the impact of tax
incentives and R&D investment on the innovation performance of pharmaceutical
manufacturing companies under lagging conditions. Therefore, this paper proposes the
following hypothesis :

Hypothesis 4: There is a time lag in the effect of R&D investment intensity on
enterprise innovation performance.

2.2 Source of Sample Data

This paper selects the research samples of Shanghai and Shenzhen A-share listed
companies in the pharmaceutical manufacturing industry, which is classified by China
Securities Regulatory Commission. Referring to variable selection methods such as
Qiulai Zhang(2018) and Mengyun Han(2020)[15][16],the number of invention patent
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applications, R&D expenses, business income, income tax expenses, total profit and
other relevant raw data of sample companies from 2018 to 2021 were collected from
CSMAR database, the official website of QiChaCha and Patentstar. Based on the
integrity and accessibility of corporate financial information, data of 28 sample
companies were obtained. EXCEL software was used to process the selected data, and
then STATA software was used for empirical analysis.

2.3 Research Variables

a) Explained Variable

Innovation performance (PATENT) is measured as the natural logarithm of the
number of invention patent applications. This index is used to measure an enterprise's
ability to enhance the value of innovation results through technical solutions or
methods and evaluate its innovation performance. The innovation performance of
enterprises is growing as the number of invention patent applications is bigger.

b) Explanatory Variable

Tax incentives (TAX) are measured by the corporate income tax burden. This
index is the ratio of the current income tax expense to the total income of the enterprise,
which is negatively correlated with the level of tax incentives enjoyed by enterprises,
that is, the smaller the corporate income tax burden is, the greater the level of tax
incentives enjoyed by enterprises in the current year.

¢) Intervening Variable

Research and development investment intensity (R&D) is measured by the ratio of
R&D expenses to operating revenue. Enterprises support innovation activities through
R&D expenditure. This index can eliminate the difference in the level of R&D
investment caused by the different sizes of enterprises. The higher the ratio, the more
importance enterprises attach to R&D.

d) Control Variables

Enterprise size (SIZE) is represented by the natural logarithm of the enterprise’s
total assets at the end of the current period. It is generally believed that large enterprises
have more innovative capabilities and resources and are relatively easy to obtain
government innovation support.

The establishment time of the enterprise (YEAR) is represented by the statistical
year minus the listing year of the enterprise plus one. The longer an enterprise is
established, the more experience it has accumulated in carrying out innovation
activities, which may influence the innovation research and development activities of
the enterprise to a certain extent.

Return on total assets (ROA) is the ratio of net income after tax to total assets at
the end of the period. The higher the ROA is, the stronger the enterprise is in terms of
capital saving and income increase, and the better the profitability of the enterprise is,
which is conducive to the enterprise investing more funds in R&D and innovation.

Debt-to-assets ratio (DAR) is the ratio of total ending liabilities to total ending
assets. The smaller the DAR is, the easier it is for an enterprise to get external financial
support, thus increasing R&D investment and accelerating the output of innovation
achievements.
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Fixed Asset Density (FAD) is the ratio of net fixed assets to total assets at the end
of the period. The higher the FAD, the stronger the debt guarantee ability of enterprises,
and the much more choices of innovative investment financing methods.

The specific research variables are introduced in Table 1:

Table 1. Introduction of Research Variables

Variable Variable

type identifier Variable name Calculating formula
Explained Number of invention patent The natural logarithm of the number of invention
. PATENT . .
variable applications patent applications
Egﬁ;ﬁﬁry TAX Corporate income tax burden current income tax expense/total income
Inter\_/emng R&D Res'earch and d.evelop ment R&D expenses/operating revenue
variable investment intensity
. The natural logarithm of the total assets of the
SIZE Enterprise size enterprise at the end of the current period
Control YEAR Enterprise establishment time Statistical year - the listing year of the enterprise + 1
variables ROA Return on total assets Net income after tax/total ending assets
DAR Debt-to-assets ratio Total ending liabilities/total ending assets
FAD Fixed Asset Density Net fixed assets/total ending assets
2.4 Model Design

The following four multiple regression models are built for analysis according to
the above assumptions.

To verify hypothesis 1: Tax incentives are positively correlated with enterprise
innovation performance, Model 1 is constructed as Formula (1):

PATENTt = a ¢+ a *TAX+ 2> a j*COIltI‘OILﬁ € it (D)

To verify hypothesis 2: Tax incentives are positively correlated with R&D
investment intensity, Model 2 is constructed as Formula (2):

R&Dj=a oyt a 1*TAX1,1+ > a j*COIltl'Oli,t‘f‘ € it (2)

To verify hypothesis 3: There is a positive correlation between innovation
performance and R&D investment intensity, Model 3 is constructed as Formula (3):

PPATENT; = a ¢+ a {*R&Dj+ = a j*Control;+ € i 3)

To verify hypothesis 4: There is a time lag in the effect of R&D investment
intensity on enterprise innovation performance, Model 4 is constructed as Formula (4):

PATENT;=a ¢+ a 1*R&Dm.n+2 a j*COIltl’Oli_ﬁ‘ €t (4)

Control represents all control variables; i represents the i-th listed enterprise in the
pharmaceutical manufacturing industry (i€ [1, 28] ); t represents year (t€[2018,
2021]); n represents the number of lag periods (n€[1, 2] ); € iy is the random error
terms for the individual enterprise and time mix differences.
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3.Empirical Test and Analysis
3.1 Descriptive Statistical Analysis

As can be seen in Table 2:

(1) The number of invention patent applications (PATENT). The minimum value,
maximum value and average value of the number of invention patent applications of
Chinese pharmaceutical manufacturing listed enterprises are 0.693, 5.056 and 2.505
after logarithm, indicating a low overall level. Its standard deviation is 1.002,
indicating a large gap in innovation performance among sample enterprises in the
pharmaceutical manufacturing industry.

(2) Corporate income tax burden (TAX). The minimum value, maximum value and
standard deviation of the corporate income tax burden of sample enterprises are
-0.00397, 0.237, and 0.0356, indicating data with high dispersion and negative value.
The average tax burden of enterprise income tax is 0.111, indicating that the income tax
burden of most enterprises is still within a reasonable range and enjoys a relatively high
level of tax incentives, while only a few enterprises enjoy a significant difference in the
level of tax incentives.

(3) Research and development investment intensity (R&D). The standard deviation
of R&D investment intensity is 0.0379, the minimum value is 1%, the maximum value
is 22.9%, and the mean is 3.8%, indicating that the overall competitiveness of Chinese
pharmaceutical manufacturing enterprises is strong, but there are large differences in
the R&D investment intensity among sample enterprises.

(4) Enterprise size (SIZE). Enterprise size’s minimum value is 20.64, the
maximum value 24.39, and the mean 22.54, indicating a small gap.

(5) Enterprise establishment time (YEAR). The mean value, standard deviation,
minimum value and maximum value of the establishment time of the pharmaceutical
manufacturing sample enterprises are 15.18, 5.811, 5.167 and 29.18, indicating a large
gap in the development stage of the pharmaceutical manufacturing sample enterprises.

(6) Return on total assets (ROA). The average value of return on total assets is
0.0962, and the maximum value is 47 times of the minimum value, showing the net
income after tax per unit of assets created by different enterprises varies greatly.

(7) Debt-to-assets ratio (DAR). The standard deviation of ADR is 0.117, the
minimum value is 0.0420, the maximum value is 0.482, and the mean is 0.270. It is
generally believed that the reasonable DAR is no more than 50%, so it can be seen that
the gap in debt level of all sample pharmaceutical manufacturing enterprises is
relatively small and at a low-risk level.

(8) Fixed Asset Density (FAD). The difference between the mean, minimum and
maximum of the FAD is small, and the standard deviation is 0.0926, indicating that the
gap between most sample enterprises is small.
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Table 2. Statistical Analysis Results of Variable Description

X. Ouyang et al. / Research on the Influence of Tax Incentives on the Innovation Performance

Variable Observed Mean Standard Minimum Maximum
name value deviation value value
PATENT 112 2.505 1.002 0.693 5.056
TAX 112 0.139 0.036 -0.004 0.237
R&D 112 0.061 0.038 0.010 0.229
SIZE 112 22.540 0.827 20.640 24.390
YEAR 112 15.180 5.811 5.167 29.180
ROA 112 0.096 0.057 0.007 0.340
DAR 112 0.270 0.117 0.042 0.482
FAD 112 0.216 0.093 0.057 0.521

3.2 Correlation Analysis

Before multiple regression analysis, correlation analysis can describe the degree of
correlation between each explanatory variable and the explained variable, as well as the
linear correlation between each explanatory variable.

Table 3. Correlation Analysis Results of Variables

PATENT ~ TAX  R&D SIZE YEAR ROA DAR  FAD
PATENT 1,000
TAX Zi fo 1.000
R&D 0.388 0358 1000
SIZE 0472 0057 0362 1.000
YEAR 0.165 o071 014 0470 1000
ROA 0.160 20016 0.027 0.358 0.209 1.000
DAR 0.192 002 038 0.052 0.070 0217 1.000
FAD 0218 0175 -0.130 0282 0,038 0312 o018 oo

Kok

Hokok

3k

EETS

koskok

koskok

*Ek % ¥ means the correlation is significant in 1%, 5%, 10% level respectively

As shown in Table 3, corporate income Tax burden (Tax), R&D investment
intensity (R&D), enterprise size (Size), establishment time (Year), return on total assets
(ROA), debt-asset ratio (DAR), fixed asset density (FAD) are all significantly
correlated with Patent applications at the level of 1%. Among them, the tax burden of
corporate income tax (Tax) is significantly negatively correlated with the number of
patent applications (Patent) and the intensity of R&D investment. The number of patent
applications is significantly positively correlated with the intensity of R&D investment..
It shows that tax incentives can stimulate pharmaceutical manufacturing enterprises to
increase R&D investment, and R&D investment and tax incentives can promote the
improvement of innovation performance of them, which preliminarily verifies
hypotheses 1, 2 and 3.
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3.3 Multicollinearity Test

In order to avoid multicollinearity, tolerance and variance inflation factor (VIF)
analysis were used, and the results were shown in Table 4. Combined with Table 3 and
Table 4, it can be seen that the absolute values of all variable coefficients are between 0
and 0.48, and the VIF between non-explained variables are all less than 2, indicating
that there is no serious problem with multicollinearity between explanatory variables
and control variables, and empirical analysis can be conducted.

Table 4. Results of Multicollinearity Test

Variable name VIF Tolerance
SIZE 1.92 0.519924
YEAR 1.49 0.669300
ROA 1.40 0.712960
DAR 1.32 0.759977
FAD 1.29 0.774239
SIZE 1.25 0.797877

3.4 Regression Analysis

Multiple regression analysis is conducted on the four models constructed in this
paper, as shown in Table 5. All four models constructed in this paper pass the F test,
indicating that the four regression models are significant. Among them, Model 1 and
Model 2 are significant at the 1% level, and Model 3 and Model 4 (lag period 1 and lag
period 2, respectively) are significant at the 5% level

Table S.  Model Regression Analysis Results

Explained
variable
PATENT R&D PATENT PATENT (lag PATENT (lag
Explanatory (current) period 1) period 2)
variable
-4.254%%%* -0.385%**
TAX (-1.40) (337)
5.190%* 6.081%* 6.811%*
R&D (1.92) (1.57) (1.24)
SIZE 0.694%** 0.021%** 0.593%** 0.580%** 0.560%*
(5.10) (5.52) (3.87) (3.24) (1.24)
-0.010 -0.000 -0.008 0.002 -0.010
YEAR (-0.53) (-0.66) (-0.43) (0.06) (-0.32)
ROA -1.754 -0.168*** -0.822 -0.430 1.052
(-1.20) (-3.68) (-0.52) (-0.22) (0.41)
DAR -2.135%%* -0.148%** -1.376 -1.718 -0.353
(-2.64) (-5.97) (-1.54) (-1.51) (-0.27)
FAD -1.048 -0.023 -0.739 -0.420 -0.319
(-0.98) (-0.76) (-0.71) (-0.33) (-0.17)
-11.567*** -0.297*** -10.586%** -10.406%** -10.328%*
(-3.77) (-3.79) (-3.33) (-2.84) (-2.23)
Constant
Observation 112 112 112 84 56
R-squared coefficient
of determination/ 0.296 0.467 0.299 0.316 0.292
goodness of fit
F test 0 0 0 0 0
r2_a 0.256 0.436 0.259 0.262 0.205
F value 21.70 20.84 19.34 14.51 10.53

**x_*¥* % means the correlation is significant in 1%, 5%, 10% level respectively; The t value is in parentheses.
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3.5 Robustness Test

In order to improve the accuracy of the empirical results, the method of shortening the
research interval to 2019-2021 was adopted to test the robustness of the above
regression model. The test results are shown in Table 6.

As can be seen from Table 6, the explained variables and explanatory variables of
model 1 and model 2 are significantly negatively correlated at the significance level of
1%. The explained variables of Model 3 and Model 4 (lag period 1 and lag period 2,
respectively) were significantly positively correlated with explanatory variables at the
significance level of 5%. In addition, with the shortening of the research interval, the
regression coefficient of explanatory variables increased from 4.472 to 4.901 with the
increase in the lag period. Therefore, the empirical model and empirical results
constructed in this paper are robust.

Table 6. Robustness Test Results

Explained
variable Patent Patent Patent
Explanatory Patent R&D (current) (lag period 1)  (lag period 2)
variable
-3.658*** -0.389%**
TAX (-1.04) (-2.93)
4.266%* 4.472%* 4.901**
R&D (1.45) (0.90) 037)
SIZE 0.738%** 0.021%** 0.662%** 0.686%** 0.727**
(4.65) (4.52) 3.77) (3.17) (2.26)
-0.015 -0.000 -0.014 -0.006 -0.040
YEAR (-0.65) (-0.43) (-0.61) (-0.20) (-0.84)
ROA -2.441 -0.1564%** -1.755 -1.672 -0.951
(-1.40) (-2.02) (-0.94) (-0.65) (-0.22)
DAR -2.476%** -0.157%** -1.7717 -2.589* -1.166
(-2.72) (-5.14) (-1.74) (-1.86) (-0.61)
FAD -1.257 -0.025 -0.967 -0.703 -1.409
(-1.05) (-0.72) (-0.83) (-0.48) (-0.51)
Constant -12.445%** -0.294%** -11.818%** -12.223%** -12.826*
(-3.38) (-3.01) (-3.22) (-2.75) (-1.98)
Observation 84 84 84 56 28
R-squared (coefficient of
determination/goodness  0.317 0.455 0319 0.338 0.307
of fit)
F test 0 0 0 0 0
r2_a 0.264 0.413 0.266 0.257 0.209
F Value 24.78 15.96 20.06 13.54 10.03

Note: 1. *¥** ** * represent at a significant level of 1%, 5% and 10%, respectively; 2. The t value is in parentheses.

The following conclusions can be drawn by combining Table 5 and Table 6:

(1) In Model 1, the regression coefficient of the corporate income tax burden (Tax)
is -4.254 and significant, which is robust. This indicates that the smaller the tax burden
of enterprise income tax is, or the higher the level of tax incentives enjoyed by
enterprises, will lead to higher innovation performance of enterprises. Thus, hypothesis
1 is valid

(2) In Model 2, the regression coefficient of the corporate income tax burden (Tax)
is -0.385, which is significant and robust, indicating that the intensity of R&D
investment increases with the increase of the level of tax incentives enjoyed by
enterprises. Thus, hypothesis 2 is valid.

(3) In Model 3, the regression coefficient of R&D investment intensity (R&D) is
5.190 and significant, which is robust, indicating that the improvement of R&D
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investment intensity will improve the innovation performance of the enterprise in the
current period. Thus, hypothesis 3 is true.

(4) In Model 4, R&D investment intensity (R&D) has a significant positive
correlation with the innovation performance in the first and second lagging periods and
is robust. Thus, hypothesis 4 is valid.

3.6 Analysis of Research Results

a) Tax incentives have a significant positive impact on the innovation performance of
pharmaceutical manufacturing enterprises

Tax incentives play an important role in improving the innovation performance of
pharmaceutical manufacturing enterprises. Meanwhile, the research results show that
innovation performance is also affected by enterprise size, debt-to-assets ratio and other
factors. Tax incentives can be differentiated according to the actual business situation
of enterprises, to continuously improve the implementation effect of tax incentives on
the innovation performance of pharmaceutical manufacturing enterprises.

b) Tax incentives have a significant impact on the R&D investment intensity of
pharmaceutical manufacturing enterprises

Tax incentives play a positive role in improving the R&D investment intensity of
pharmaceutical manufacturing enterprises. Through additional deduction of R&D
expenses, reduction of corporate income tax, investment credit and other tax incentives,
enterprises have more after-tax profits and external financing. Sufficient surplus funds
guarantee the investment in R&D and innovation activities of enterprises, and reduce
the cost and risk of R&D capital.

¢) R&D investment intensity has the mediating effect between tax incentives and
innovation performance of pharmaceutical manufacturing enterprises

Tax incentives can compensate for the positive externalities of enterprise
innovation, reduce research and development costs, guide enterprises to increase
investment in innovative research and development, so that enterprises can have more
funds to build more professional scientific research teams, improve research and
development efficiency, and improve the innovation performance of pharmaceutical
manufacturing enterprises. Therefore, we should further improve the tax incentives for
R&D and innovation activities.

d) R&D investment intensity has a long-term influence on the innovation performance
of pharmaceutical manufacturing enterprises

The influence of R&D investment intensity on the innovation performance of
pharmaceutical manufacturing enterprises has a time lag. Innovative R&D activities
have strong periodicity and high input in the early stage. Tax incentive policies can be
formulated for the early and intermediate stages of R&D innovation to guide
pharmaceutical manufacturing enterprises to increase the intensity of R&D investment
in order to continuously improve innovation performance.
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4. Conclusion

On the basis of science, operability and comparability, this paper puts forward four
theoretical hypotheses based on the research results of previous scholars on the theme
of the impact of tax incentives on corporate innovation performance. The multiple
linear regression model of variables such as tax incentives, R&D investment intensity,
enterprise size, establishment time and innovation performance, using STATA software
for empirical analysis, draws reliable conclusions about the impact path and effect of
tax incentives on innovation performance of Chinese pharmaceutical manufacturing
enterprises.. The results show that tax incentives have a significant positive impact on
the innovation performance of pharmaceutical manufacturing enterprises. Tax
incentives can promote the R&D investment intensity of enterprises, and R&D
investment intensity has an intermediary effect between tax incentives and innovation
performance, and its effect on innovation performance has a lag. This provides ideas
for pharmaceutical manufacturing enterprises to improve their own innovation
performance, and provides a reference for the government to introduce tax policies for
innovation incentives. This paper selects the data of listed pharmaceutical
manufacturing enterprises to study the impact of tax incentives on the innovation
performance of enterprises, and the research scope is still relatively limited. In this
paper, the number of patent applications is selected as an evaluation index for
innovation performance, and in the future, we can start from the aspect of patent quality,
establish a more detailed index system, and measure the innovation ability of
enterprises more scientifically.
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Abstract. This paper adopts the value-at-risk (VaR) method as the risk
measurement framework, and establishes a series of VaR-GARCH models to
measure the dynamic risk of short-term international capital random fluctuations.
Then, the accuracy of the empirical results is measured by the Backing-Test. The
results show that the measurements of VaR-GARCH(1,1)and VaR-GARCH-M
models are relatively conservative; the measurement results of VaR-EGARCH
model are closest to the true value of short-term international capital flows.

Keywords. Short-term international capital flows, GARCH cluster models, Value
at Risk (VaR)

1. Introduction

Excessive short-term international capital inflows and outflows are widely considered
to be the main factors leading to inflation and violent fluctuations in asset prices.
Especially when China's financial market is underdeveloped and the banking system is
fragile, large-scale capital inflows will only trigger excessive investment in the short
term and bring about false economic prosperity, but it will plant the seeds of a large
number of capital reversals and trigger a currency crisis. Therefore, in today's
large-scale and high-speed flow of short-term international capital, how to effectively
control its risks and prevent financial crises has become a macroscopic reality that
China is facing.

This paper will study the connotation of short-term international capital flow and
estimate its flow scale; in terms of practical application, the capital market needs an
analysis method that can quantitatively and systematically measure the risks generated
by short-term international capital flow. The research on the risk measurement of
short-term international capital flow will help to provide more applicable measurement
methods for practical work in related fields.

First, the issue of short-term international capital flows is relatively complex, and the
division results of different connotations can be obtained from different perspectives,
and different connotations involve different economic performances. According to the
research focus of this paper, it is mainly to reflect the inflow and outflow of formal
channels, relatively fast, and relatively large fluctuations of transnational capital, of
course, it also includes the capital that is not directly reflected in the balance of

1 Correspongding Author, Hui Ma, School of Economics, Harbin University of Commerce, P.R.China,
Email: mahui_huc@]163.com
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payments and is outside the scope of conventional observation. , more speculative
cross-border capital flows. Therefore, combining the term method (Cuddington,
1986)[1] with the investor intention judgment method (World Bank, 1985)[2], the
short-term international capital flows referred to in this paper include the short-term
international capital flows in the balance of payments and off-balance-sheet or hidden
capital flows. The caliber of this estimation is relatively wide in the comparison of
many methods, which is mainly due to the availability of data (mahui, 2014)[3]. That is:
SICF scale = monthly increase in foreign exchange funds - monthly surplus in goods
trade - monthly actual use of FDI.

Secondly, the risk measurement carried out by scholars at home and abroad is
mainly based on the risk performance and characteristics of international capital flows,
with different emphases, different methods and their own advantages and
disadvantages.

Some scholars have measured it from the perspective of liquidity based on the theory
of interest rate parity, such as the Edwards-Kahn method, savings-investment
correlation test method, and offset coefficient test method. Edwards&Kahn (1985)[4]
indirectly explained the degree of restriction of the country's international capital flow
according to the degree of economic openness of the country. Wang Xiaochun (2001)[5]
estimated the degree of capital mobility in China, Malaysia, Thailand and Indonesia.
The main idea of the investment-savings related method (referred to as F-H model)
proposed by Feldstein&Horioka (1980)[6] is: when a country ’ s government
implements strict capital control, the domestic capital demand side cannot attract
foreign investment, so the country's capital mainly comes from its own country, which
makes the country's domestic savings and investment have a high correlation. But
Jansen&Schulze (1993)[7] thought that this method ignores the impact of intertemporal
budget constraints on the relationship between domestic investment and savings, which
leads to fundamental deviations in the measurement. On this basis Jansen(2000)[8]
modified the F-H model. Kouri&Porter(1974)[9] proposed the "offsetting coefficient
model". According to the "trilemma", if a country's market is highly open and uses a
fixed exchange rate, then the country will lose the independence of monetary policy.
Under the influence of international arbitrage capital flows, the operations of the
central bank will eventually be offset and thus become invalid. According to this idea,
as long as the central bank's domestic assets are offset by changes in foreign assets, it is
possible to know whether capital flows and the degree of flow.

Other scholars measured the degree of risk from the perspective of the volatility of
capital flows. Gabriele (2000)[10] believed that if the original series is not stable, the
standard deviation of its annual percentage change can be used as a variability indicator.
This indicator can dynamically reflect changes in capital flows, but the percentage
calculation of the original indicator uses period t-1 data as the denominator, and in
some countries with underdeveloped statistical work, its default data and unstatistical
data make the calculation operability and comparability become worse. Robert(2000)
[11] used the standard deviation index of the GDP ratio to compare the four types of
capital instabilities in low-income, middle-income and high-income countries. Yu
Shanping and Zhang Wenxi (2008)[12] constructed a measurement index system for
capital volatility and conducted empirical research on China's situation. Alfaro
(2004)[13] et al. adopted a relative indicator: the standard deviation of per capita net
capital inflows to calculate capital volatility. In this way, the influence of the different
scales of capital flows in different countries due to their different economic scales can
be eliminated. The World Bank (2001)[14] regarded the median variance of the scale of
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capital flows as a measure of the volatility of capital flows. However, since this
indicator is an absolute value indicator, comparisons between different countries cannot
be made. Li Zeguang et al. (2003)[15] adopted a dimensionless statistical indicator—
the coefficient of variation of the scale of capital flows. This method had a good
explanatory power, but some scholars (mahui, 2010)[16] had questioned the rationality
of the index construction.

The above empirical research focused on the mature theoretical basis abroad,
corrected some assumptions, and used statistical methods to make the empirical
research more suitable for China's situation and made the conclusions more accurate. In
addition, short-term international capital flows into the host country and enter different
financial institutions to form different financial assets; in terms of the source of risk,
short-term international capital flows will form different risks; in terms of specific
measurement, none of the risk measurement in previous studies provided appropriate
quantitative methods to measure specific risk factors. Therefore, this paper hopes to
find a comprehensive measurement method that can measure different financial assets
and different risk factors.

In the framework of risk management, quantify qualitative risks to measure the
frequency of risk events and the degree of loss that risk events may cause, so that risk
managers can achieve appropriate cost risk control under budgetary constraints. The
statistical characteristics of market factors, market structure characteristics and
volatility rules are one of the foundations of risk measurement and modeling. First, this
paper analyzes the related concepts of risk measurement to determine the scope and
connotation of SICF risk measurement. Secondly, the value-at-risk (VaR) risk
measurement method is used as the measurement framework, and a series of GARCH
cluster-VaR models are constructed on the basis of the random fluctuation process to
empirically measure the dynamic risk of short-term international capital flows
(hereinafter referred to as SICF). Finally, the empirical results of each GARCH cluster
model measurement are tested to determine the optimal SICF risk prediction model
through the accuracy of the measurement.

2. Models
2.1 VaR-GARCH Cluster Models

The significant advantage of VaR is based on the probability distribution of random
variables, and the position of random variables in the distribution is determined
according to the characteristics of random variables, and the concept of this risk
measurement is to describe future events based entirely on previous information, and
this measure is an absolute form of measure that expresses the future risk profile in
monetary units of measure. Since this measurement method is based on the collection
of previous information, it has nothing to do with that the financial variable is what
kind of financial asset, is traded in what kind of financial institution and with what kind
of financial instrument. Therefore, VaR is a comprehensive risk measurement method,
which can integrate different types of risks caused by fluctuations in different market
factors into a single value . Therefore, the VaR risk measurement method provides a
basic measurement framework for the SICF risk measurement in this paper. The
definition of VaR is: under a certain confidence level, the maximum possible loss value
of the entire asset in a certain period of time in the future due to market fluctuations.
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But traditional VaR methods calculate risk by assuming specific distributions of
financial variables and the statistical characteristics of those distributions. The defect of
this kind of method is that the homoscedasticity of implied variable time change and
the static measurement cannot reflect the change of time trend and so on. Therefore,
this paper uses the GARCH cluster model to solve the description of heteroscedasticity.

Many studies have shown that when the financial market is subject to some external
shocks, such as the adjustment of macroeconomic policies or the instability of the
country's political situation, the volatility of the forecast results will be relatively large.
That is to say, the error in period t depends on the error in period t-1, not on an
independent variable in the equation. For the autocorrelation characteristics of the error
term reflected in the financial time series, it can be described by the GARCH cluster
model. This type of model can well reflect the characteristics of the size of the error
term in the financial market changing over time and can also be quantitatively analyzed
the nonlinear dependence characterize.

GARCH(1,1) model

The GARCH(1,1) model is the most commonly used and consists of two parts,
namely the conditional mean equation and the conditional variance equation, and its
general form is:

Yr =X v tu, (1)

2 2 2
o, =w+au,  + fo; @)

X, 18 1x(k+1) exogenous variable vector, y is (k+1)x1 coefficient vector,
and & represents the conditional variance, which is the forecast variance of the t period

based on the information of the t-1 period.
GARCH-M model
Engle, Lilien, and Robins (1987)[17] introduced the GARCH-M model, which was
used to describe the relationship between risk and return.
Y =X,y + po’+u, 3)
ol=a, ol aul, +.ta
pp (4)
Among them: the P parameter is equivalent to a measure index of risk degree,
which mainly measures the impact of conditional variance on the price of financial
assets.
TARCH model
Zakoian (1994)[18] and Glosten, Jagannathan, Runkle proposed the TARCH
model. The mean value equation of this model has not changed. In order to measure the
different fluctuations brought about by the impact of information in different directions,
the conditional variance is changed to:
ol=o+au, +yuld, + por, 5)
The size of the conditional variance in period t mainly depends on the conditional
variance of the previous period and the impact brought by the random error of the
previous period. The impact of the asymmetric effect on the fluctuation can be judged
by the size of the coefficient y. The judgment for y less than 0 is: the asymmetric effect

makes the fluctuation larger, and vice versa. And “-1 represents the direction of the

impact. When Y-1is a positive impact, that is, less than 0 means good news, and the

impact effect on fluctuations is reflected as “ times the impact; on the contrary, when
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Y1 is a negative impact, the impact effect on fluctuations Reflected as ¢ *7 times
the impact.

EGARCH model

In order to reflect the relationship between conditional variance and random error in
a more flexible and sensitive way, Nelson (1991)[19] proposed EGARCH, which
retains the form of the mean equation and rewrites the conditional variance equation
as:

Saly By Bin(o?)

Oy (6)
Because the equation transforms the dependent variable into a logarithmic form, its

value range is non-negative, and the leverage effect is also reflected in the form of an
index. The existence of asymmetry only requires that y is not zero.

PARCH model

Also in order to more clearly reflect the impact of large-scale shocks, Ding et al.
(1993)[20] proposed to replace the conditional variance with the conditional standard
deviation. The conditional standard deviation equation for the PARCH(1,1) model is in
the form:

In(c))=w+a

t-1

5 _ 2 5 5
o, =0+ 0((|u[_, | - 7ut-l)o + ﬁo-l(-]

(7
6>0, when i=1,2,..r, ‘]/i‘Sl ;When i>r, }/i:(); rSp.InthePARCH(l,l)model,

the parameters we need to estimate include % a B 7 where § represents the degree
of influence of information shocks on the conditional standard deviation; 7 represents
the different amplitudes of fluctuations caused by information shocks in different
directions, that is, the degree of asymmetric effect .

Finally, the definition of SICF risk value refers to the definition of financial market
VaR[21]: under market fluctuations, the maximum possible value of SICF scale
includes both the net inflow of short-term international capital and the net outflow of
short-term international capital. It further means that under a certain degree of
confidence, the maximum possible net inflow and outflow of short-term international
capital flows in a specific period of time in the future. Expressed as:

VaR(SICF)=u+o, VaR,_(Z) )

VaR(SICF)=u+c,,VaR  (Z) ©)

Here, # is the conditional mean of SICF, e is the conditional standard deviation,

and YR@ i the quantile under the corresponding probability distribution of the
SICF sequence. In the short-term international capital market, a country faces the risks

of excessive inflow and outflow of SICF respectively. So the left tail (% ) indicates that
the SICF time series is a net outflow tail, and the right tail ( 1—a) indicates that the
SICF time series is a net inflow tail.

2.2 Back Testing method for Accuracy of Risk Measurement models

The accuracy test of the VaR model is the measurement of the degree of coverage of
the VaR model to the actual values. Assumed VaR given under 95% confidence
level, The accuracy of the VaR model is that whether the probability of the actual value



H. Ma and Y. Zheng / Dynamic Risk Measure for China’s Short-Term International Capital Flows 137

exceeding VaR is less than 5%.

The accuracy of the VaR model has multiple representations, thus it has a variety of
test methods, more widely used method is failure frequency test method proposed by
Kupiec (1995)[22]. He assumes the independence of VaR estimates with time, the
actual losses exceed VaR estimates recorded as a failure, the actual loss is less than the
estimated VaR denoted success, that the following " Hit sequence ":

. [1, SICE <-VaR,
1 {a SICF, >-VaR,

The binomial results of "failure to observe" represent a series of independent
Bernoulli test, that is, the "Hit sequence" should obey the Bernoulli distribution with
probability p. Therefore, the null hypothesis is defined as follows:

H,: Hit, : Bernoulli (p) (11)

Based on probability theory, we can write the likelihood function of a Bernoulli (p)
distribution:

(10)

L(P):/l:[l(l . p)l—Hit, pmz, _ (1 _ p)T0 pr1 (12)

T is the total length of the Hit sequence; T is the sequence in which the value is the
sum of a number of “1”; T is the sequence in which the value is the sum of a number
Of 6(0”.

Kupiec made the most appropriate test of the null hypothesis is the likelihood ratio
test:

Ream Q=22 (13)

-3
T T

Under the assumption of zero, LR statistic subject y? distribution whose degrees of
freedom is 1.

In the significance level p, if the LR is greater than the threshold of y? distribution ,
the null hypothesis Ho should be rejected; on the contrary, the null hypothesis should be
accepted, that the risk measurement model used is sufficiently accurate. If Kupiec LR
test value of a VaR model is smaller or the P value is larger, then the more the null
hypothesis Ho can not be rejected, that shows the higher the accuracy of the risk
measurement model.

3. Empirical Analysis
3.1 Model Parameter Estimation and Selection

In the course of the calculation method, data were derived from: Exchange of RMB
against the U.S. dollar from the State Administration of Foreign Exchange website;
Foreign Exchange from the People's Bank of China website; Difference between
Imports and Exports of Goods and the FDI from China Economic Information Network.
Start and end time data for January 2000 to December 2022.

Using maximum likelihood estimation method proposed for parameters estimation of
GARCH cluster model, the results are shown in Tablel. In five GARCH models, the
model parameters were estimated under GED distributions. Tablel shows the results of
a significant parameter estimates, parameters of PARCH and TARCH model are not
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significant .
Table 1 GARCH Model Parameters Results
GARCH(1,1) GARCH-M EGARCH

c 473858.4%** 399709.8** 0.2456%**
o 0.5522%%* 0.3933%* -0.0973%%*
B 0.3197* 0.4385%%* 0.9886***
p 0.2096**
Y 0.0261***

Note: "***" indicates significance level of 1%, "**" represents a significant level of 5%, "*" represents a
significant level of 10%.

In the GARCH (1,1) model, a + B equals 0.8719, parameter values are in the range
of constraints. Sum of aand B is close to 1, which indicates that if conditional
variance indicated by correlation between variance and time is impacted at a certain
time, impact shock is persistent, so if predicting, sustained impact on the future value
of persistent shocks should be taken into account.

In the GARCH-M model, p satisfies the assumptions, and is positive. This shows
that the larger the risk is that the larger conditional standard deviation is relevant of the
larger absolute value of SICF. p=0.2096 represents the percentage of SICF risk rises
with growth.

In EGARCH model, When t +1 period residual is greater than 0. a+y the impact of
new information that is what the log osuffered is a + y; When t +1 period residuals is
less than 0. o is the subject of interest from new. Table 2 displays the results of
parameter estimation, the new information rate on the impact of the two directions o
numbers were 0.0712 or 0.1234.

3.2 Empirical Results of Models Measure

After the time variance of SICF obtained by GARCH cluster, VaR can be a measure
for SICF. Figure 1 to 3 is the risk measurement performed by the VaR-GARCH model.
In general, the measurement results of VaR-GARCH are relatively close to the actual
value of SICF. Due to the long time series and the large span of index values, it is
difficult to visually judge the measurement accuracy of different models from the graph,
and it is difficult to choose a better risk measurement model.

Table 2 shows statistical description of VaR of SICF outflow and inflows. From
Table 2, you can see the outflows comparison of the three GARCH models. In terms of
average, VaR absolute value of GARCH (1,1) is the maximum; standard deviation of
VaR value is the maximum in GARCH(1,1) model, standard deviation of VaR value is
the minimum in EARCH model. This suggests, what SICF risk measure based on the
GARCH cluster model, estimation results of GARCH (1,1) are conservative, estimation
results of EGARCH are more optimistic.
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Fig.1 VaR-GARCH(1,1) model for SICF risk measurement
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Fig.3 VaR-Garch_M model for SICF risk measurement
In terms of the mean value comparison of VaR of net SICF inflow, the VaR value
estimated by GARCH-M is the maximum, the VaR value estimated by EGARCH is the
minimum; standard deviation of VaR estimated by GARCH(1,1) is the maximum,
standard deviation of VaR estimated by EGARCH is the minimum. This shows that the
results based on GARCH-M model estimation are more conservative, results based on
EGARCH model estimation are more optimistic.

Table 2 Statistical Description of VaR of the Net Outflow and the Net Inflow (0=95% )

Net Outflow Net Inflow
Mean Std. Dev. Mean Std. Dev.
GARCH(1,1) -1783.30 1129.28 2413.61 1580.66
GARCH-M -1489.81 862.26 2524.30 1337.98
EGARCH -1516.06 685.88 1765.08 885.06

Failure due under the VaR measure based on EGARCH model will be carried out
under extreme conditions in the SICF. So when major changes occur in economic
situation, using EGARCH model to measure the risk of SICF fluctuations should be
cautious; in terms of GARCH (1,1)-VaR and GARCH-M-VaR measure, because in the
event of an extreme case of the former measure has a wider range, its measure also
tend to be conservative. In the gentle SICF range, EGARCH-VaR results are the
closest to the actual SICF values. In positive territory, GARCH-M-VaR measure is
more conservatism than GARCH (1,1)-VaR measure ; In negative territory, the
situation is opposite. But extreme values appear in SICF, EGARCH-VaR measure
failure happens; at this point, whether negative or positive range, GARCH(1,1)-VaR
measure should be more conservative than GARCH-M-VaR measure.

3.3 Accuracy Test of Empirical Results

The results of the empirical measure under certain model analysis are carried out under
visual observation, do not have specific criteria to measure the accuracy of a specific
measure. Therefore, we will use the results of the above test method with “Back
Testing”. Table3 shows the accuracy test results of VaR measure under the left and
right distribution of SICF. The normal font indicates its acceptance of the null
hypothesis test, that is considered to be accurate test results; underlined font t indicates
their test results reject the null hypothesis, that is considered to be inaccurate test
results.

First, comparing from different significance level. For high significance level such
as 1%, some test results accept the null hypothesis, under 5% and 10% significance
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level, all tests have rejected the results. It means that when the tail distribution is wide,
when the greater the probability of extreme events occur, as excessive SICF outflow
occurred many times, various tests appeared measure fails.

Second, LR values of EGARCH-VaR measure in 10% level of significance are
significantly greater LR values in 5% significance level(in refusing domain), this
shows that the accuracy of VaR measurement is declining as the significant level.

Table 3 Back Testing (Left and Right)

u GARCH(,1) EGARCH GARCH-M
Left Right Left Right Left Right
1% Failure number 0 0 2 2 0 0
LR -0 -0 0.22 0.22 -0 -0
5% Failure number 0 0 2 5 0 0
LR -0 -0 5.2485 0.6953 -0 -0
Failure number 0 0 2 11 0 0
10%
LR -00 -00 17.5066 0.813 -00 -00

4. Conclusion

This paper defines SICF as the sum of short-term international capital flows in the
balance of payments and hidden international capital flows outside the balance sheet,
and estimates the size of SICF from January 2001 to December 2022. This paper uses
VaR as the basic measurement framework for the risk measurement of SICF to
measure the maximum loss value that may occur in a certain period in the future, and
combines the GARCH cluster model to reflect the nonlinear change of SICF risk.

The results of the model parameter estimation show that VaR-GARCH(1,1),
VaR-EGARCH and VaR-GARCH-M models are significant, VaR-TARCH and
VaR-PARCH models are not significant. In the VaR-GARCH (1, 1) model, o+p<I
indicates that the shock has a continuous impact on the future; in the VaR-EGARCH
model, p<O indicates that greater risk increases with larger value of SICF; in the
EGARCH model, the impact of information is asymmetric, and the risk of outflow
from SICF is greater than the risk of inflow. In practice, risk managers should continue
to monitor the impact of SICF in the medium and long term, and price the medium and
long-term impact in the risk pricing of assets; set the SICF early warning range, and
focus on monitoring the ultra-volatile range, in which the short-term international
capital outflow risks are greater than inflows risks so that more attention should be paid
to outflow risk monitoring and risk valuation.

According to the results of Backing-Test under different significance, measure of
VaR-GARCH(1,1) and VaR-GARCH-M model is more conservative. It is found in the
empirical results, in some extreme cases when the measure used by VaR-EGARCH
model fails, both models measure is still valid. But in general case, we also found that
the two measurement results of the model are significantly conservative than measure
results of VaR-EGARCH model. Measure results of VaR-EGARCH model are closest
to the true value of SICF. However, in the extreme case of the measure, the failure
cases of models are increasing. That is to say, if the accuracy of risk measurement is the
primary consideration of SICF risk managers, then the VaR-EGARCH model is a
better choice; if the reliability of risk measurement is the first choice of SICF risk
managers, then VaR-GARCH(1, 1) and VaR-GARCH-M model are better choices.
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However, it needs to be emphasized that in extreme cases, the number of measurement
failures of the three SICF risk measurement models increases significantly.
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Abstract. We study the periodic solutions of a discrete neuron model for period
two or period three of the parameter (internal decay rate) (B,),_,. The novelty of
this research is finding a chaotic attractor for certain interval, outside the defined
interval the solution goes to positive infinity or to negative infinity. The investiga-
tion can be useful in the design of chaos-based neural networks architecture.

Keywords. neuron model, discrete dynamical system, difference equation, chaotic
attractor

1. Introduction

In [1], the authors investigated the delayed differential equation
X (1) = —g(x(t— 1)), (1)

that is used to model a single neuron, where g: R — R is signal function and 7 < 0 is
a synaptic transmission delay. A more historical insight into this equation can be found
in [2]. From Eq. (1) a model for a single neuron is obtained x'(¢) = —g(x[t])), where [f]
denote a greatest integer function. When we integrate this equation fromntot € [n,n+ 1]
we get x(t) = x(n) — [! g(x([s])) ds = x(n) — g(x(n))(t —n). By letting t — n+ 1 and
denoting x(n) = x, a difference equation is obtained x,+1 = x,, — g(x,,). This equation is
generalized for a discrete-time network of a single neuron model ([3]):

Xn+1 :ﬁxnfg(xn),nzo,l,z,..., (2)

where 8 > 0 is an internal decay rate and the signal function g is the following piecewise
constant function with McCulloch-Pitts nonlinearity:

1 0
g(x)z{_ljiiof 3)
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Several authors investigated Eq. (2) ([3,4,5,6,7,8], etc.). Difference equations have
been used as mathematical models for applications including neurons (see [9]).

The novelty of the authors of this article is the proposal to view the internal decay
rate  as a sequence of periodic numbers (). In [10,11,12], the authors investigated
the periodic solutions of a discrete neuron model when (B,),,_, is periodic with periods
two and three. The existence of periodic points is different for sequences with period two
(even number) and three (odd number). In [13], the authors consider the situation when
the sequence is periodic with period 2 and show that at certain values of the coefficients
Po and B; a chaotic attractor is formed. It could be said that we deliberately create such
data (big data) that could be used to achieve certain goals.

In this article, we will focus on the sequences with period 3. We study the following
non-autonomous piecewise linear difference equation:

Xn4+1 = ﬁnxn - g(xn)a 4)
where (B,),_, is a periodic sequence with period three where

Bo, if n =3k,
Bi=< Bi, ifn=3k+1,k=0,1,2,...,
B, ifn=3k+2,

Bo>0,B;>0,B,>0,all §;,i=1,2,3, are not equal, with function g in form Eq. (3).

If we consider the right side of difference Eq. (4) as a function %z : R — R and
let x, = h"(x0), xo € R, n = 1,2,..., then we obtain the first order difference equation
Xn+1 = h(x,) with initial condition xy € R. From the definition of Eq. (4), it follows that
Boxo— 1, x0 >0,
Boxo+1,x9 < 0.
on the circumstance, sometimes it is more convenient to describe the dynamics more
easily with the behavior of a function, and at other times with a difference equation.

In general, we consider a first order difference equation (see [14]) x,+1 = f(xn),
where f : R — R. Then the orbit of a point xo € R is defined to be the set of points
fxo,x1=f(x0),Xx2=f(f(x0)) = f*(x0), -, Xn = f"(x0), ... }. A point x* is said to be a fixed
point of the map f or an equilibrium point of equation x,+1 = f(x,) if f(x*) =x*.

The concept of periodicity is one of the most important notion in the field of dy-
namical systems. Its importance follows from the fact that many physical phenomena
have certain patterns that repeat themselves (for example, the motion of a pendulum, the
motion of planets, the population size of blowflies or other insects at time n, the price of
commodity at time ).

Let X be in the domain of a mapping f. A point X is said to be a periodic point of f
with period k if f*(X) = X for some positive integer k. Note that ¥ is a periodic point with
period k if it is a fixed point of the map f*.

We organize our paper as follows. In the next section we present results about Eq.
(4). In section 3 we analyze the Lyapunov exponent and find this exponent for our dy-
namical system. We show that for certain values of coefficients f3; there exists a chaotic
attractor. At the end we give some concluding remarks, applications and future ideas.

first iteration of function 4 is in the form: x; = h(xp) = { Depending
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2. Some results about difference equations with period three coefficients

In this chapter, we refer to some of the most important results of article [11].
We remark that Eq. (4) with g in form Eq. (3) has no equilibrium points.

Theorem 1 The equation (4) has no periodic orbits with periods 3n+ 1 and 3n+ 2,
n=0,1,2,....

The number of periodic orbits depends on the relationship between the parameters fy,
and f,. In case with two periodic coefficients what both less than 1 exist only periodic
solution with period two but in case with three periodic coefficients what all three are
less than 1 not exist periodic solution with period three, in this case exist only periodic
solution with period six.

If the product of the coefficients 8,03 is strictly greater than 1 then there are
always solutions with period three.

Theorem 2 If Bof1 B2 > 1 then initial conditions

G BB iy
O BoBipr— 1 0 BoBiB2— 1

form periodic solutions of equation (4) with period three; all points of orbit are positive
in first case and negative in second case and both orbits are unstable.

If BoBi1B2 > 1, then we have observed that our difference equation exhibits unbounded
solutions. Observe that in the conditions of the next theorem, the inequalities include the
initial points of a cycle with period three (Theorem 2).

1
Theorem 3 If By 315, > 1 and xy > W, then xq forms unbounded solutions of
0P1P2 —
1
Eq. (4) - going to +oo. If Bof1 B2 > 1 and xo < _;-gz;l%lﬁz7 then xo forms unbounded
0P1P2 —

solutions of Eq. (4) - going to —oe.

3. Chaotic attractor

In this chapter, we will prove that the Eq. (4) (we can also say the function /) forms a
chaotic attractor in the set [—1, 1] under the condition 1 < §; <2,i=0,1,2.
First, our aim is to determine the invariant interval (a set / C X is said to be invariant
under the map f: X — X if f(I) =1).
The invariant interval must contain the entire interval [—1, 1].
Now suppose that xy € [—1, 1]. Then the following statements hold true:
a)if0<xy<1l,then —1=0—1<h(x) =Pxo—1<2-1-1=1,i=0,1,2,
b)if —1 <xp <0,then =1 =2-(=1)+1<h(x) =Bixo+1<0+1=1,i=0,1,2.

Definition 1 The Lyapunov exponent A(xq) of the orbit {xo, x1, x, ...} is defined as
e

1
Ax0) = Tim = ¥ In [ (x0),
0

n—eo (=
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provided that the limit exists.

In [14], the authors showed that if the Lyapunov exponent A > 0, then the sensitivity
dependence on initial conditions exists. The Lyapunov exponent at a point x measures
the growth in error per iteration. As the Lyapunov exponent becomes larger, the magni-
fication of error becomes greater.

Theorem 4 If Bof1 B> > 1, then function h have a positive Lyapunov exponent.

Proof. For every By > 0, 1 > 0, B, > 0 and arbitrary initial point xo (what is not point
of discontinuity) the Lyapunov exponent is

T Ln_l / _
Axo) = Jim k=01n|h ()| =

= lim l(lnﬁo—&—lnﬁl+1nﬁ2+...+lnﬁ0+lnﬁl+ln[32+i1 -1n[30+i2~ln[51) =

n—yoo 11

— lim 1 (wﬂl.lnﬁoﬂz,mﬁl) — n(Bfif) - 1 _ g

ilz{o’lfn:3m’ . {0,1fn=3m0r3m~t—17 meN.

Lifn=3m+1or3m+2, 2"\ 1,ifn=3m+2,

|

We will show that for certain values of the coefficients 31, §, and 3, Eq. (4) forms
a chaotic system.

A Discrete Dynamical System, denoted by DDS for short, is the description of an
evolutive phenomenon in terms of a map f whose image is contained in its domain X.
Then the pair {X, f} is called DDS.

Definition 2 ([15], see [16]) A set A C I is called an attractor for a DDS {I, [} if the
following conditions hold:

1) Ais closed;

2) A is invariant;

3) there exists n > 0 such that, for any x € I fulfilling dist(x,A) < 1, we have
kh_r)n dist(f*(x),A) = 0;

4) A is a minimal, that is there are no proper subsets of A fulfilling 1), 2) and 3).

Definition 3 ([15]) If A is an attractor of function f, then the set
{x e R| lim f*(x) € A}
k—>o0

is called an attraction basin of attractor A.

Definition 4 ([16]) An invariant set A is called a chaotic attractor provided it is an
attractor and f has sensitive dependence on initial conditions on A (or f have a positive
Lyapunov exponent on A).
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Theorem 5 Let 1 < By <2, 1 < By <2, 1< By <2 and at least two from them
are different. Then [—1, 1] is a chaotic attractor of function h and attraction basin is

_ BiBotBot+l BiBr+Bor+1
BoB1Ba—1 7 BoBiB—1 |

Proof. Incase 1 < fy<2,1<f; <2,1< B <2and at least two from them are different,
the interval [—1, 1] is an invariant set for the function 4 and the Lyapunov exponent is
positive by Theorem 4. Thus [—1, 1] is a chaotic attractor of function 4.

Since 1 < Bp<2,1<f;<2,1<fr<2and

BiBo+B+1>PBoBifa—122>Bofifo—BiBa—Bo=B(Bi(Bo—1)—1)

then % > 1. Similarly, it can be proved that all points of a cycle with period three

are greater than 1, that is, also BoBo+Bot1 > 1and BoBrtBit1 1.

BoB1B2—1 BoBipo—1 =
Let % > 1. Our aim is to show that for all

BB+l Bifp+B+]
BoBiBa—1 " PoPifa—1

X0 €

V=1

the orbit by the function /4 eventually falls in the interval [—1, 1]. We consider only the
case when 1 < xg < BiBatBrtl The case when — Bibathtl xo < —1 is similar and will

] BoB1p2—1 BoBipr—1
be omitted.
Ifl<xp< % then
Bo(Bi1B2+ B2 +1) BoB2+Bo+1
O0<PBo—1<x1=Ppxp—1< —l=—
o 1= Poxo BoBiB2—1 BoBiB2— 1

If 0 < x; <1, then the proof is complete. If this is not the case, then 1 < x; <

% and therefore

Pr(BoPotPo+1l) | _ BoBit+pi+1
BoBifr—1 BoBif—1

If 0 < x; <1, then the proof is complete. If this is not the case, then 1 < x; <

% and therefore

O<ﬁ1—1<x2:[31x1—1<

PolBoBr+Bi+1) | _ BBt Pt
BoBifpr—1 BoBifr—1 "~

Provided that x,, ¢ [—1, 1], by induction we then conclude that

0<Br—1<x3=Px—1

_ — — 1
1<y = BEBIBYx0 — By BYBS — By Bi T BE — . — B — 1 < EfEEAL,
1 <xgepn = BT BEBExo — BEBEBE — BEBI T BY — .. — Bo— 1 < Bgbpiportl,
1
1< xspo = BT BT Bhxo — BEBIT! BY — BEBIBE — .. — B — 1 < BEHALL,

k=0,1,2,....



1. Bula and M.A. Radin / New Type of Chaotic Attractors and Their Applications 147

Next note that the difference between the iterations x3; and x3;. 3 is

s = BBRBLv— (B BEY B Lxo— BB B BB B~ BALBY) =
— (BoBiB2)" (BoBiBo— 1) (BS54 —x0) k= 0,12,

Since all multipliers are positive and ]}im (BoP1B2)k = +oo then the difference between
—y00

x3x and x3;13 increases and we then get xo > x3 > xg > ... > X33 > X333 > .... Thus we
conclude that there exists k € N such that x3; < 1.

Similarly, the difference between iterations x3;+; and x3g14, X3k+2 and x3g4s in-
creases and we get x| > x4 > X7 > ... > X3p4| > X3fpa > ... and xp > x5 > xg > ... >
X3k42 > X3k+5 > .... Thus we conclude that there exists k; € N such that x3;, 1 < 1 and
there exists k» € N such that x3;,1», < 1.1

Example 1 Suppose that S = 1.92, f; = 1.26 and B, = 1.5. We obtain the follow-
ing period-3 cycle {1.669963481, 2.206329884, 1.779975654} and the following basin
of attraction | — 1.669963481, 1.669963481]. If we start with initial condition xy = 1.66
(a point close to the boundary of the interval), then we observe the situation described in
Theorem 5, where the first ten iterations of the solution are greater than 1 (see Fig. 1).
Then x;; = 0.628189142 < 1 and all other points of the solution are in the interval
[—1, 1]. In Fig. 1 we see that

X0 > X3 > Xg > X9 > X112, X| > X4 >X7>X10>X13, X2 >X5>X8>X][].

The behavior of the other points cannot be clearly described, but all other points are
located in the invariant interval (attractor) [—1, 1].

1,50000
1,00000

), 50000 \ &

Figure 1. First 140 values of solution of difference equation (4) if By = 1.92, ; = 1.26 and 3, = 1.5, and
xp = 1.66.

4. Conclusion

In this article, we have shown a new example of a chaotic attractor. The novelty is based
on the use of periodicity. It could be that at certain values of the parameters ;, i =0, 1,2,
which are not all in the interval ]1;2], there exist some other chaotic attractors. The case
with Bp = 1, B; = 2 and B, = 3 mentioned in the article [11] is interesting. Although
there could be an invariant interval [—2, 2] here, numerical experiments show that all
solutions are periodic or eventually periodic.

The properties of chaos (sensitivity to initial conditions) can be used in random
number generation (see, for example, [17]) as well as in cryptography (see, for exam-
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ple, [18]). An important role here is played the uniform distribution of elements of the
solution. For example, the histogram of the solution of the difference equation (4) with
Bo =2, B1 = 1.8 and B, = 2 with the initial condition xo = 0.6 is shown in Fig. 2. The
larger the values of B;, i =0, 1,2, the greater the sensitivity to the initial conditions (larger
Lyapunov exponent), the more appropriate the histogram looks.

120

100

80

60

Figure 2. The histogram of the solution (first 1000 values) of the difference equation (4) with By =2, B; = 1.8,
B> = 2 and initial condition xo = 0.6.
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A Study of the Impact of Excess Cash
Holdings on Corporate Innovation

Pan Ma !
School of Economics and Management, Lanzhou University of Technology, Lanzhou,
Gansu, 730000, China

Abstract: This paper investigates the relationship between excess cash holdings,
product market competition and corporate innovation by using an empirical
research method with a sample of A-share manufacturing companies listed in
Shanghai and Shenzhen in China from 2011 to 2021. The study finds that:
manufacturing companies' excess cash holdings have a positive impact on
corporate innovation; product market competition positively regulates the
relationship between excess cash holdings and corporate innovation, and the more
intense the product market competition is, the more significant the regulating
effect is. The research in this paper provides a reference for manufacturing firms to
optimize corporate cash holdings and promote corporate innovation in different
competitive market environments.

Keywords: level of corporate cash holdings; product market competition;
corporate innovation

1. Introduction

Enterprise innovation is a topic that has been commonly mentioned in recent years, and
innovation in manufacturing enterprises in particular is of paramount importance.
There are many factors that affect innovation in manufacturing enterprises, among
which the lack of sufficient financial resources is one of the biggest problems that
prevent most enterprises from carrying out technological innovation. However, in
emerging market countries such as China, where capital markets and financial systems
are relatively underdeveloped, there are few opportunities to obtain external financing
for R&D. As a result, internal cash holdings are the main source of funding for
innovative R&D. Arrow Ustudy shows that moral hazard and adverse selection
problems due to information asymmetry prevent external financing of technological
innovation inputs, and firms then use internal cash holdings. Kamien and Schwartz[2]
were the first to test theoretically that firms with a need for innovation increase their
cash holdings. In China, Qingquan Tang and Xin Xu[3] showed that R&D investment
is dependent on firms' internal capital due to its characteristics, and explored its impact
on the relationship between internal capital and investment from the perspective of
equity concentration and equity structure. Xin Lu et al.[4] classified high-tech firms
listed in 2007-2009 into two categories: cash-rich and cash-deficient, and found that
cash-deficient firms have significant cash flow sensitivity of R&D investment, and this
relationship is stronger for non-state owned firms and small-sized firms. But should

' Ma Pan (1996-), Male, Gansu Qingyang, Master of Science, Capital Market and Governance of Listed
Companies, Lanzhou University of Technology, China; Email: 1352353469@qq.com.
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excess cash be held in order to fuel the innovation activities of manufacturing
companies? Does excess cash holdings facilitate or inhibit innovation? This is a
question that needs to be examined in depth.

The majority view is that excess cash holdings means that a company actually holds
more cash than it needs to maintain its normal business activities. In recent years there
has been a general tendency for listed companies in China to hold high levels of cash
reserves. Research on the relationship between cash holdings and corporate innovation
has received widespread attention from domestic academics: one view is that excess
cash holdings have a crowding-out effect on corporate innovation performance due to
the high opportunity cost [5]. Another view is that excess cash holdings have a catalytic
effect on firms' innovation performance, and that the use of internal funds can
effectively alleviate financing constraints to improve corporate innovation [6]. In
conclusion, there is still disagreement on the relationship between corporate cash
holdings and corporate innovation, and there is still room for further exploration.

To synthesise the above analysis, this paper empirically examines the relationship
between corporate excess cash holdings and corporate innovation as well as the
moderating role of product market competition in enhancing corporate innovation,
using a sample of Chinese manufacturing companies listed on the Shanghai and
Shenzhen A-shares from 2011-2021. The findings of the study have important
implications for the promotion of corporate innovation.

2. Theoretical Analysis and Research Hypothesis
2.1 Excess cash holdings and corporate innovation in manufacturing firms

On the one hand, firms choose to set aside some excess cash within the firm based on
speculative motives. As there is an additional opportunity cost associated with holding
excess cash assets, firms tend to invest the excess cash to generate income to
compensate for this opportunity cost. However, due to the imperfection of the capital
markets and the lack of capital market savvy in manufacturing companies,
manufacturing companies are more inclined towards corporate innovation than risky
investments in the capital markets. On the other hand, innovation activities are
long-term and require significant financial support, which can be obtained from
internal and external sources. In reality, adequate cash reserves are the basis for
innovation, and excess cash holdings can alleviate financing constraints and ensure
continued investment in innovation activities. Hu Jun et al[7] conducted an empirical
study based on the data of listed companies from 2007 to 2016 and found that
long-term stable cash holdings play a crucial role in the innovation activities of
high-investment firms. Dai Zhenzhen et al [8] took electronic equipment manufacturing
enterprises as a sample and found through empirical evidence that electronic equipment
manufacturing enterprises tend to use the excess cash holdings for corporate innovation
investment thus improving their competitive position. Based on the above analysis, this
paper proposes the following hypotheses:

H1: Manufacturing firms' excess cash holdings have a catalytic effect on corporate
innovation.
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2.2 Excess cash holdings, product market competition and firm innovation

The study of the relationship between excess cash holdings and firm innovation cannot
avoid the competitive product market environment in which firms operate. On the one
hand, product market competition has an information effect, and the transparency of
corporate information is enhanced when competition is fierce, so that corporate owners
and external investors have an invisible monitoring effect on agents through the
comparison of transparent information. This enables agents to regulate their own
behaviour and to deepen their understanding of the firm's objectives, so that they can
use the firm's excess cash resources to invest in innovations that are more beneficial to
the firm's future development, thus strengthening the role of excess cash holdings in
promoting innovation. On the other hand, according to market process theory, when
external market competition is intense, the original market equilibrium will be broken,
thus making the product market move towards a higher equilibrium. Corporate profits.
In a competitive market environment, the only way for firms to gain competitive
advantage is to increase their investment in innovation. When firms face severe
financing constraints, the risk of uncertainty is even greater. To avoid the risk of
predation and obsolescence, firms often tend to hold excess cash to cope with possible
market changes. Under the effect of product market competition, the relationship
between excess cash holdings and the promotion of firm innovation will be further
strengthened. Based on the above analysis, this paper proposes the following
hypothesis:

H2:Other things being equal, product market competition positively moderates the
relationship between a firm's excess cash holdings and firm innovation.

3. Research design
3.1 Sample selection and data sources

The initial research sample of this paper is the A-share listed companies in the
manufacturing industry in Shanghai and Shenzhen in China during the period from
2011 to 2021, and all sample data are obtained from the Guotaian database. The sample
was processed as follows: (1) Excluding the sample companies in the financial and
insurance categories, ST and PT. (2) The continuous variables were subjected to an
upper and lower 1% tailing process. The processing software used in this paper is
Statal6 and Excel.

3.2 Description of variables
3.2.1 Explanatory variables.

The explanatory variable in this paper is corporate innovation (Rd), which is measured
by the ratio of R&D investment to current operating income.
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3.2.2 Explanatory variables

(i) Excess cash holdings (Excash)

Excess cash holding is the core explanatory variable of this paper. In the selection of
variables, we refer to the method of Oplear et al [9] and use model 1 to construct the
expected model of enterprise cash holding. The absolute value of the residuals from the
model regression is used as a proxy variable for excess cash holdings, with a larger
indicator indicating a higher level of excess cash holdings. The larger the indicator, the
higher the level of excess cash holdings. The closer the indicator is to zero, the closer
the firm's excess cash holdings are to normal levels.

Lncash = S, + f;1Size + $,Cf + f3Nwc + [,Growth + BsCapex + fglev +
B;Div+ Y Year + ¢ (1

(i1) Product market competition (Pcm)

For the measurement of the degree of product market competition, this paper mainly
uses the Lerner index to measure the monopoly position of enterprises in the market,
the Lerner index is calculated by the formula (price - marginal cost)/price. The Lerner
Index is calculated as (price - marginal cost)/price. Because marginal cost itself is
difficult to measure, this paper uses the profit margin instead, where Pcm = (operating
revenue - operating costs - selling expenses - administrative expenses)/operating
revenue. Its value varies between 0-1, the smaller the value of Pcm, the smaller the
market power in the industry, the greater the competition faced by enterprises.

3.2.3 Control variables

As the relationship between excess cash holdings and corporate innovation can be
affected by many factors, this paper refers to [2] Yu Yike et al. study in the selection of
control variables to select corporate return on assets (Roa), Tobin's q, company size,
total asset turnover, and the number of years the company has been listed as control
variables. Detailed variable definitions and calculations are shown in Table 1.

Table 1 Definition of variables
Variable name Variable Codes Variable definition and calculation methods
Corporate Innovation Rd R&D investment / Current operating revenue
Excess cash holdings Excash Absolute value of residuals from regression of model (1)

Lerner Index, pcm = (operating revenue - operating costs -
Pem selling expenses - administrative expenses) / operating
revenue
Natural logarithm of the company's total assets at the end of
the year

Product market
competition

Size of business Lnsize

Number of years the Year of observation minus the natural logarithm of the year

company has been listed Age of incorporation plus 1
Return on assets Roa Return on Assets = Net Profit / Total Assets
Tobin q TobinQ Market value of business/total assets
Total asset turnover ratio Turn Operating income/total assets
Annual dummy variables Year Takes a value of 1 when the business is in that year, 0

otherwise
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3.3 Model construction

In order to verify the relationship between excess cash holdings and firm innovation,
this paper draws on the approach of Yu Desheng and Li Xing[10] to explore product
financialization and firm innovation, and constructs model (2) as follows:Rd; , = 5y +
p1Excash;, + B,Controls; + Y. Year + &,

To verify the moderating effect of product market competition on the relationship
between excess cash holdings and firm innovation, other things being equal, this paper
follows the method used by Desheng Yu and Xing Li[10] to verify the moderating
effect and constructs model (3) as follows:Rd;, = yo + y,Excash;; + y,Pcm; +
vzExcash;, * Pcm;, + y,Controls;, + Y, Year + &,
where Excash;*Pcmi; denotes the cross product term and Controls denotes a set of
control variables listed previously; ¢ is the stochastic perturbation term of the model.

4. Empirical Results and Analysis

4.1 Descriptive statistics

Table 2 Descriptive statistics of the variables
Variables Obs Mean Std. Dev. Min Max
Rd 16945 4.613 3.56 0.07 21.48
Excash 16945 0.167 0.078 0.011 0.358
Pcm 16945 0.138 0.104 -0.113 0.489
TobinQ 16945 2.081 1.227 0.882 7.998
Turn 16945 0.628 0.34 0.136 2.132
Roa 16945 0.052 0.048 -0.099 0.205
Lnisze 16945 22.02 1.163 20.025 25.595
Age 16945 2.833 0.345 1.74 3.482

From the descriptive statistics of the variables, it can be seen that the average value of
enterprise innovation (the ratio of R&D investment to current operating income) is
4.613, which indicates that the innovation intensity of manufacturing enterprises in
China is still very weak, with the minimum value of 0.07 and the maximum value of
21.48. It can be seen that there is a great difference in the innovation ability of different
enterprises, which needs to be further strengthened. The maximum and minimum
values of excess cash holdings are 0.011 and 0.358 respectively, indicating that the
excess cash holdings of enterprises differ significantly among different manufacturing
enterprises.

4.2 Regressivity analysis

Table 3 Regression results
(Model 2) (Model 3)
Variables Rd Rd
Excash 2.339%** 4.890%**
(3.43) (5.45)
Pem 0.339
(0.34)
-17.077%**

Excashpem (-4.19)




154 P. Ma / A Study of the Impact of Excess Cash Holdings on Corporate Innovation

. 0.058** 0.063**
TobinQ (2.30) .51
Turn -1.985%** -2.108***

(-12.73) (-13.31)
Roa -7.026%** -4, 145%%*
(-10.01) (-4.59)
Lnsize -0.181* -0.117
(-1.83) (-1.14)
Ase -0.291 -0.302
& (-0.63) (-0.66)
Year Yes Yes
9.353%%* 7.967***
Constant (3.80) (3.20)
Observations 16,945 16,945
R-squared 0.110 0.121
Number of name 2,658 2,658
adj R2 0.120 0.120
F 23.37 23.37

Note: (D* denotes 10% level of significance, ** denotes 5% level of significance, *** denotes 1% level
of significance; (@) t-statistics after Robust correction are in parentheses.

Table 3 reports the results of the panel regressions on firms' excess cash holdings,
product market competition and firm innovation. The second column indicates the
relationship between excess cash holdings and corporate innovation, where the
correlation coefficient of excess cash holdings is 2.339, which is significant at the 1%
level, indicating that excess cash holdings of manufacturing firms listed in China have
a significant role in promoting corporate innovation, verifying hypothesis 1. Excess
cash holdings of manufacturing firms reduce the financing constraint in innovation
investment, thus allowing firms to have sufficient funds for longer-cycle innovation
R&D activities, resulting in the strengthening of the innovation capability of
manufacturing firms.

The third column of Table 3 reflects the moderating effect of product market
competition in the relationship between excess cash holdings and firm innovation, and
the results show that the coefficient of the cross product term is -17.007, which is
significant at the 1% level. In other words, the less competitive the product market is,
the weaker the positive effect of excess cash holdings on firm innovation, and
conversely, the weaker the inhibitory effect on the positive relationship between the
two. The hypothesis of H2 is verified. According to the information effect of product
market competition, an increase in product market competition makes firms disclose
more information to the outside world, which is equivalent to imposing an "invisible
oversight" on executives, which on the one hand alleviates agency conflicts and on the
other hand avoids short-sightedness.

5. Conclusions and Recommendations
5.1 Research findings
This paper explores the impact of excess cash holdings on corporate innovation based

on the perspective of product market competition, using a sample of manufacturing
companies listed in Shanghai and Shenzhen A-shares from 2011 to 2021, and draws the
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following main conclusions: (1) Excess cash holdings of manufacturing enterprises
have a catalytic effect on corporate innovation. The long cycle of corporate innovation
activities and the high capital requirements of enterprises can effectively alleviate the
financing constraints of enterprises and provide continuous financial support for their
innovation activities. (2) Product market competition moderates the relationship
between excess cash holdings and corporate innovation. The more competitive the
product market is, the more significant the positive impact of excess cash holdings on
corporate innovation, which is conducive to enhancing corporate innovation. The
positive effects of the governance and predation effects of product market competition
dominate. In terms of the governance effect, the more competitive the product market
is, the better the external governance mechanism of the firm, which can curb the
short-sighted and self-interested behaviour of executives and thus increase the
investment in corporate innovation. In terms of the predatory effect, the more
competitive the product market is, the more companies will take the initiative to
increase their investment in innovation in order to prevent themselves from being
"predated" by other companies in the same industry.

5.2 Countermeasures and suggestions

Based on the findings of this paper, the following suggestions are made: (1)
Manufacturing enterprises can appropriately hold more funds than they need for normal
operation according to their own situation, so as to alleviate the financing constraints in
their innovation activities and reserve good funds for their innovation activities. (2)
Enterprises should reasonably plan to retain corporate cash flow and formulate
reasonable innovation strategies according to the degree of product market competition
in the industry they operate in.
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Abstract. With the implementation of the "carbon peaking and carbon neutrality"
target strategy, green, low-carbon development has become the main way of
economic development, and the low-carbon economic operation and healthy
development of state-owned enterprises not only play a leading role in the operation
of the national economy as a whole, but also are economic entities that bear greater
pressure for green and low-carbon development. This paper focuses on the
construction of an evaluation system for the economic responsibility audit of the
leaders of state-owned enterprises from a green and low-carbon perspective, using
the hierarchical analysis method to determine the weights of each evaluation index,
and selecting three commercial state-owned enterprises of Gansu province for
verification. The evaluation system is feasible and contributes to the balanced
development between the economic development of state-owned enterprises and
green and low-carbon.

Keywords. green and low carbon; state-owned enterprises; economic responsibility
audit; audit evaluation system

1. Introduction

Since the 1990s, China's economic responsibility audits have made great strides in
development, with the successive introduction of relevant systems and regulations. The
"Regulations on Economic Responsibility Audits of Major Leading Cadres of the Party
and Government and Major Leaders of State-owned Enterprises and Institutions",
revised in 2019, state that economic responsibility audits should implement the new
development concept, promote high-quality economic development, facilitate
comprehensive deepening of reform and promote modernization of the national
governance system and governance capacity. In the report of the 20th Party Congress, it
was stressed that the concept of "green water and green mountains are the silver mountain
of gold" must be firmly established and practiced. Against the backdrop of the "double

U Corresponding Author, Jing Liu, School of Economics and Management, Lanzhou University of Technology,
Lanzhou, Gansu, China. Email: 1764081643 @qq.com.
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carbon" goal of achieving peak carbon and carbon neutrality, strengthening ecological
environmental protection and actively responding to climate change with a view to
reducing pollution and reducing carbon as a means to increase efficiency is the only way
to build a "beautiful China" and achieve sustainable development for the Chinese nation
Li and Fang (2023)[1] . State-owned and state-controlled enterprises are the "front-
runners" in social and economic development, and are an important force in developing
a green economy and building an ecological civilization Liang L. (2021)[2], Li
Chao(2021)[3]. Therefore, proposes to reconstruct the evaluation system based on the
existing evaluation system for the economic responsibility of leading cadres of state-
owned enterprises, with emphasis on the need for full coverage and green and low-carbon
development, using a commercial class of state-owned enterprises as an example and
three entities in Gansu Province as a trial run.

2. Construction of an evaluation system for economic responsibility audits of
state-owned enterprises in the commercial category

2.1. Research status of evaluation index construction

In the process of constructing the evaluation index of enterprise performance audit,
different scholars adopt different methods, but they always follow the analysis principle
of qualitative and quantitative merger. For example :Zheng Shigiao (2018)[4] ,Wang
Xiaohui (2006)[5],Li ZD, Guo L. (2022)[6]believes that the economic responsibility
evaluation index system should be based on different industry characteristics and
different types of cadres to select economic responsibility evaluation indicators. In the
context of low-carbon economic development, Liu Xuan (2015[7]Zheng Guohong
(2017)[8]Chen Yijin(2023)[9] used AHP to construct a comprehensive audit evaluation
system for green economic responsibility of state-owned enterprises, mainly selecting
indicators from three levels : sustainable development, production and operation, and
social responsibility.

2.2.Construction of the evaluation system of commercial state-owned enterprises

The evaluation system for commercial state-owned enterprises is @ guided by the
concepts of full audit coverage, "carbon peaking and carbon neutrality" strategy and
green low-carbon development. Specifically, it includes: the guideline level, i.e. the
primary indicators: return on capital and quality efficiency, marketability,
internationalization, sustainability of economic development, and integrity and
governance. Specifically, there are 5 first-level indicators, 13 second-level indicators and
47 third-level indicators.(see Table 3 for details).

@ Based on the role, status quo and needs of SOEs in economic and social development, central enterprises
are defined as commercial (including commercial category 1 and commercial category 2) and public welfare
according to their main business and core business scope, including: commercial category 1 enterprises: focus
on fully competitive industries and fields, improve the rate of return on state-owned assets, ensure product
quality, and be a market-oriented, international and competitive leader. The enterprises in the commercial
category are
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3. Calculation and application of the weights of the economic responsibility audit
evaluation indicators

3.1.Determination of the weighting of audit evaluation indicators

This paper applies the hierarchical analysis method (AHP) to determine the weights of
economic responsibility audit evaluation indicators for a commercial category of state-
owned enterprises.

3.1.1 Modelling the hierarchy. Objective level: Evaluation index system for economic
responsibility audits of commercial category 1 state-owned enterprises.

Criteria level: The five dimensions of return on capital and quality and efficiency,
marketability, internationalization, sustainability of economic development and integrity
are set out in 13 levels, all of which are positive indicators, B1, B2, B3,...,B13
respectively. Indicator layer: 47 items in total, of which 42 are positive indicators, 5 are
negative indicators and 3 are qualitative indicators. These are C1,C2,C3,...,C47. See
Table 2:

3.1.2 Construction of the judgment matrix.

The construction of the judgment matrix starts from the 2nd layer of the hierarchical
model, and the indicators in the same layer are compared two by two from top to bottom
layer by layer to obtain the judgment matrix B = (b )n*n, b;; denotes the relative weight
values of elements i and j in a layer and the elements in the previous layer, i.e. the values
obtained by comparing the two elements of i and j. n denotes the number of elements,
then the calculation formula of the judgment matrix A is as follows: B = (bj )n*n

The matrix is characterized as follows: b >0 by =1/bjj byj =1

Taking the profitability of the elements of the secondary indicator B1 as an example, by
constructing a judgment matrix of the above elements that are comparable between two
elements and using the metrics to give the corresponding weights to each element, such
as the judgment matrix constructed for the B1 criterion level and the indicator level

below B1 is shown in Table 19 :
Table 1. B1 Judgement matrix constructed at the criterion level and the corresponding indicator level

B1 Cl Cc2 C3 C4 Cs Wi

Cl 1.0000 0.2500 0.3333 0.2500 0.2000 0.0554
C2 4.0000 1.0000 2.0000 1.0000 0.3333 0.2018
C3 3.0000 0.5000 1.0000 1.0000 0.3333 0.1444
C4 4.0000 1.0000 1.0000 1.0000 0.5000 0.1905
C5 5.0000 3.0000 3.0000 2.0000 1.0000 0.4079

3.1.3.Consistency test and calculation of criterion layer weights.

The following is an example of the process of calculating the weights for the profitability
profile B1 at the return on capital and quality return levels:(1) The product of the values

9 The data in the table indicates which of the two elements below B1, Ci or Cj, is more important and
influential, on a scale of 1 to 9. The degree of influence bij, which indicates Ci and Cj on B1, is quantified by
assigning values.
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of the elements of each row of matrix A yields M; . i.e. calculate the geometric mean of
the factors in each row M =; [] a;j ,i=1,2,..,n,to obtain M; = 0.0042, M = 0.6666,
M; =0.1667, My = 0.5 and M = 18.(2)Calculate the nth root of M; to obtain W =YMi .
Calculate the 5th root of M; , i.e. Wi=/Mi, i=1, 2, ..., n, to obtain W; = 0.3342,W, =
0.9221,W; = 0.6988, W4 = 0.8706,Ws = 1.7826.@N0rmalize the vector to obtain W;=
M /L Mj . W1 =0.0554, W2 =0.2018, W3 = 0.1444, W4 = 0.1905 and W5 = 0.4079
were calculated, i.e. the resulting eigenvector is W = (0.0554, 0.2018, 0.1444, 0.1905,

0.4079).(4) Calculate the maximum eigenvalue A max =%Z{‘=1 (Bév—":')i . This yields A

max = 5.1160.(5)Consistency test, using the random consistency ratio CR to determine
whether the matrix has a head and tail consistency, the test standard is : CR = CI/ RL If
CR > 0.1, the judgment matrix is chaotic and lacks consistency, and the elements of the
judgment matrix need to be adjusted. If CR < 0.1, the judgment matrix is consistent. By
calculating the CR values of each index are less than 0.1, as shown in the table 2. All
pass the consistency test, and the obtained weight results are reasonable and can be used.

Table 2.CR value of each evaluation index

Indicators | Target level (B1) (B2) (B3) (B4) (B5) (B6)
CR 0.0517 0.029 0.0629 0.0092 0.0274 0.0274 0.0001
Indicators (B7) (B8) (B9) (B10) (B11) (B12) (B13)
CR 0.0437 0.0001 0.0001 0.0001 0.0001 0.0239 0.0072

Based on the above calculation steps, the AHP software was used to calculate the weights
of each criterion layer and the corresponding indicator layer one by one. See Table 3:

Table 3. Evaluation index system and weights for economic responsibility audits

Guideline level Indicator layer
Weigh
Target level .
b Tier 1 indicators Sec_ondary Tertiary indicators ting
indicators
Return on Net Assets (C ;1) | 0.55%
Return on Total Assets 1.99%
(C.12) -
Profitab -
. 9.88 | Surplus cash cover multiple o
ility o 1.43%
, eh | % (€12)
Economic Cost Margin (C ;4) 1.88%
responsibility Rate of return on capital
audit (C15) 4.03%
evaluation - S
index system Retmtrtl (l)n Toltal Astset '{urnover (Ct 21) | 1.82%
for capital nventory turnover rate 0.37%
commercial and 24% (Ca2) ’
lity Asset Accounts receivable
category 1 qua ¢ o
state-owned gans quality 7{2 ! turnover rate (C »53) 217
enterprises (B2) Non-performing assets 1.15%
. . 0
ratio (C 4)
100% Cash recovery rate on 2.40%
assets (C »5)
Gearing ratio (C ;) 0.92%
Debt T
. 431 Interest earned multiplier o
risk by C 0.40%
(B3) o ( 3‘2)
Current ratio (C 53) 0.25%
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Quick Ratio (C 54) 0.85%
Cash flow liability ratio 1.89%
(Css)
Sales (operating) growth 0.09%
rate (C 41) i
Capital preservation and o
Operati appreciation rate (C 45) 0.44%
onal 1.90 Sales (operating) profit 0.72%
growth % growth rate (C 43) e
(B4) Growth rate of total assets 0.42%
. o
(Ca4)
Technology input ratio 0.23%
(Cas) i
Degree Market-based employment 0.48%
of levels (qualitative) (C s,) e
4.69 -
market Employee shareholding
% . 0.81%
opennes ratio (C s»)
s (B5) Amount of dividends (C 55) | 3.40%
Extent to which an enterprise's
Degree internal market-based 1.36%
¢ of management system is well =070
Level o . market 2.73 developed (qualitative) (C 6,)
marketabi 11.1 devel Y
lity 20, evelop () The degree of adequacy of
ment internal supporting 1.36%
(B6) departmental regulations =070
(qualitative) (C )
Overall market share (C 7;) | 0.22%
0,
Market 70 Target r'narket share (C 7,) 0.69%
share : Relative market share 1.02%
7o (C13)
(B7) 5
Comparative market share 1.77%
(Cr4) :
Inward- Ratio of foreign purchases 1.18%
looking to total purchases (C g;) o0
internati | 3.55 . ..
onalisati % Ratio of foreign {nvestment
on attracted to total investment | 2.37%
(Bg) (C 8,2)
Outwar Ratio of foreign investment 2.03%
d- to total investment (C o) o
Internatio looking
nalization 170'4 internati 6")09 .
level 2% | onalisati % Foreign sa_les to total sales 4.06%
on ratio (C o5)
(B9
Invisibl "One Belt, One Road" 2599
€ exchange (C 10.1) 0770
Internati | 7.78
onalisati % Outbound investment o
on profile (C jo,) 5.19%
(B10)
. Social Social contribution rate o
]jconlomlc contribu | 17.59 C 5-86%
ev:n(t)pm 36.4 tion % Employment contribution 11.73
sustainabi 1% (Bl 1) rate (C 11,2) %
lit Environ | 18.82 Carbon emission rate o
Y mental | % (C 1)) 2.74%
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protecti Ecosystem restoration rate
on and (C 120)
resource Rate of treatment of "three
use wastes" (C 123)
(B12) Environmental profit and
loss lift rate (C 124)
Rate of reduction in energy
consumption per unit of 3.53%
GDP (C 155)
Rate of reduction in
resource consumption 3.45%
(Cize

Rate of conversion of
scientific and technological | 3.63%
achievements (C 1,7)

1.82%

1.79%

1.86%

Penalty expenditure rate

1.30%
[(SHIEN ’
Personal Illicit Income Rate 351%
Integrit (Cis2)
Integrity 11.0 yin 11.05
in Politics 5% Politics %
B13
(B13) Average annual duty 6.24%

consumption ratio (C 133)

3.2. Application of evaluation indicator system
3.2.1.Data collection.

Quantitative indicators data were obtained from Gansu Province A, B and C® Financial
data of three commercial category 1 listed state-owned enterprises for 2019-2021 were
compiled and summarized by hand. Qualitative indicators are transformed into
quantitative data through the standardization of data, based on the ideas and application
of the fuzzy mathematical affiliation theory of L.A. Zadeh (1965), Professor of
Cybernetics at the University of California, USA.

3.2.2.Evaluation Indicator Normalization Processing.

The raw data values were normalized to keep the results within [0, 1]. Firstly, a
distinction is made between very large and very small indicators of their own nature, and
secondly, the indicators are calculated based on the formula:

U,
Very Large Indicators: X; = J Very Small Indicators: X, =
W ma Ui

@ As it relates to the financial information of the business, A, B and C are used instead of the company name.
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3.2.3.Hierarchical analysis Evaluation.

According to the classification of target level, criterion level (including primary and
secondary indicators), indicator level (including tertiary indicators) and the calculated
weights in Table 2, and combined with the collected data of specific indicators, the state
values of each level Z, B;, Cj are calculated by the formula: Z= )} Factor status value X
weighted First, the score of the criterion level (secondary indicator) is calculated, Bi=

Y. Level 3 indicator status values Cij® X Three — level indicator weights Wi, and the
calculation results are shown in Table 3 for B1..., B13.Next, the target layer score was
calculated, Z= Y Bi X Benchmark layer secondary indicator weights di , and the
calculation results are shown in Table 4 for Z values.

Table 4. Table of comprehensive evaluation results

Bl B2 B3 B4 BS B6 B7 B8 B9 B10 B11 B12 B13 V4

Company A
0.042 | 0.008 | 0.210 | -1.972 | 0.009 | 0.512 | 0.205 | 0.139 | 0.108 | 0.597 | -0.009 | 0.337 | 0.000 | 0.082

Bl B2 B3 B4 BS B6 B7 B8 B9 B10 B11 BI12 BI3 z

Enterprise B
0.056 | 0.115 | 0.148 | 0.469 | 0.001 | 0.270 [ 0.079 | 0.041 | 0.038 | 0.360 | 0.008 | 0.000 [ 0.000 | 0.073

Bl B2 B3 B4 BS B6 B7 B8 B9 B10 BI11 BI2 BI3 z

Enterprise C
0.062 [ 0.116 | 0.264 | 0.205 | 0.003 | 0.544 | 0.414 | 0.101 | 0.084 | 0.363 | 0.009 | 0.010 | 0.000 | 0.100

3.2.4.Evaluation and analysis of the results.

According to the evaluation and analysis results of the three enterprises, the evaluation
values of enterprises A, B and C are 0.082, 0.073 and 0.100 respectively, with C > A >
B, indicating that enterprise C has the best performance in fulfilling its economic
responsibility, followed by enterprise A and the worst by enterprise B. From the primary
indicators, it is clear that enterprises A, B and C are all performing well in terms of their
economic responsibilities in terms of integrity and meet the compliance objectives of the
economic responsibility audit.

A more specific analysis reveals that Enterprise C ranks first among the three
enterprises in terms of economic responsibility performance in the three areas of return
on capital and quality of earnings, marketability and social contribution at the level of
primary indicators. Looking specifically at the secondary indicators, it is found that the
performance of economic responsibility fulfillment needs to be further improved in the
areas of operational growth, market openness, internationalization, environmental
protection and resource utilization. Company A is the strongest in terms of
internationalization, environmental protection and resource utilization, but the weakest
in terms of social contribution. Company C is the best overall, particularly in terms of
quality of operations, market openness, internationalization and social contribution, but
is clearly weaker in terms of environmental protection and resource utilization.

@ Collecting and researching data
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4.Conclusions and recommendations

The above study shows that focusing on the green and low-carbon dimension in the
economic responsibility audit of leading cadres of state-owned enterprises will definitely
help to enhance the environmental awareness of enterprises and balance between
enterprise development and low carbon, thus helping to achieve the "double carbon" goal
of China rapidly. We suggest: Firstly, green, low-carbon development requires a lot of
investment upfront, and in order to sort out good low-carbon development concepts in
enterprises, governments at all levels need to make more development policies and
financial investments to encourage this, while strengthening economic responsibility
audit evaluation. Second, the government should guide enterprises to establish low-
carbon development funds, especially for enterprises with good economic development,
and encourage a good balance between economic development and low carbon.
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Abstract. This paper takes the comprehensive system problem of charging station
location and shortest path optimization faced by new energy vehicles in the
distribution process as the research object. We hope to obtain a combination
optimization method that can further support China's use of new energy vehicles to
complete urban distribution problems. This paper addresses the existing
comprehensive challenges related to route selection and site allocation. It takes into
account the short transportation mileage and low load capacity of new energy
vehicles caused by charging constraints. At the same time, considering the
timeliness of modern urban distribution, time window constraints and logic
constraints are added. Taking the minimum number of charging stations and the
minimum transportation cost as the multi-objective problem of combinatorial
optimization, the mathematical model is finally established. After transforming the
multi-objective problem into a single-objective problem, the genetic algorithm the
genetic algorithm is used to solve the system problem comprehensively. Finally, an
example is used to verify the feasibility and effectiveness of genetic algorithm in
solving the new energy vehicle distribution - location path combination optimization
problem. It provides theoretical support and development prospects for further
promoting urban distribution of new energy vehicles in the future.

Keywords. New energy vehicles, System location, routing problem, genetic
algorithm

1. Introduction

In recent years, the rapid development of China's economy, the rapid advancement of
urbanization, and the huge transformation of consumption patterns have brought new
challenges to urban logistics and distribution. New energy vehicles are the most
promising means of transportation for future urban logistics distribution, with many
advantages such as environmental protection, low-carbon, and low noise. However, due
to the unique performance characteristics of new energy vehicles, the application of new
energy logistics vehicles in distribution cannot simply draw on the operating experience
of traditional fuel trucks. For new energy logistics vehicles, their logistics management,
driving environment, energy replenishment, and mileage limitations are all new issues

! Corresponding Author, Xuerui Qin, Yibin University, Yibin City, Sichuan, China; Email:
2019114013 @yibinu.edu.cn ; Funding Support: Yangtze River Upstream Shipping and Logistics Collaborative
Innovation Center (XTCX2022A02).
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faced in distribution. How to establish and improve the logistics network distribution
system for new energy vehicles, the selection of supporting facilities, and the
optimization of distribution routes have become important issues that need to be urgently
solved.

In terms of path optimization problems, Erdogan and Miller-hook first considered
the charging station factor in the modeling of green vehicle path problems, with the
overall goal of minimizing the total delivery mileage [1-2]. Chen proposed a time
scheduling model that considers the degradation effect of batteries and achieves orderly
charging of vehicles according to the time schedule [3]. Fu Zhengtan developed an
electric vehicle path optimization problem that considers time windows, and took the
lead in considering charging behavior on the road [4]. DOMINIK GOEKE has expanded
this model, taking into account different types of hybrid electric logistics vehicles[5].

In terms of location problem, Wu Di. embedded transportation cost, time limit,
warchouse operation cost and other parameters into the model analysis, modified the
flow model of goods, and finally obtained the optimal location of the third-party logistics
company's distribution center[6]. Mekhum found a logistics distribution center address
that meets the logistics service needs of various major logistics service objects by
conducting a sampling questionnaire survey on the location selection of logistics
enterprise distribution centers[7]. Maximilian Schiffe takes the research on the location
selection of distribution centers in St. John's Port as an example, introduces a virtual
transportation logistics model, and obtains the optimal configuration address, effectively
reducing the cost of agricultural product distribution for many small farmers[8].

This article takes into account the current popular situation of new energy vehicle
delivery, and further adds constraints by considering the limited delivery mileage and
strict load constraints of new energy vehicles. In order to solve the more complex
location path combinatorial optimization problem in this paper, genetic algorithm is
selected to solve the optimization problem in this paper by using its convergence speed
block, which can jump out of the local optimal solution to the global optimal solution,
which proves the feasibility of this method in solving the location path combination
problem.

2. Design of New Energy Vehicle Delivery Site Selection and Path Optimization
Model

2.1. Conditional Assumptions

It is necessary to fully consider the actual situation and the characteristics of new energy
vehicles, such as weather conditions, congested road conditions, sudden situations, etc.
Therefore, the following assumptions are made:

(1) All delivery vehicles depart from the same distribution center to complete the
delivery task.

(2) During the delivery task, no new delivery tasks are accepted and the goods
carried meet the demand at the beginning of the task.

(3) During transportation, weather, traffic congestion, and unexpected situations are
not considered.

(4) For any delivery point, up to one vehicle can complete the delivery task.

(5) Considering various factors such as the optimal cruising range with a maximum
speed of 120km/h and 80km/h, as well as the speed limit of 60km/h on urban roads, the
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speed of new energy vehicles designed in this article is uniformly driven at a speed of
60km/h.

(6) Considering the appropriate load capacity and maximum transportation distance,
in order to better complete the delivery task, the design limits the load capacity of a single
vehicle to less than 3 tons, and the transportation distance is 160km.

2.2. Parameter Description

The parameter assumptions are shown in Table 1.

Table 1 Parameter Definition

parameter meaning parameter meaning
Represents a distribution center LT Indicates the latest time allowed for
Po point ! delivery vehicles to arrive at store i
! Indicates the i-th customer demand £k Indicates the transportation time from
pi point Y store i to j
M Represents a set of customer RT. Indicates the time when the delivery
numbers ' vehicle arrived at store i
Represents the collection of Unit penalty cost for early arrival
vehicles in the distribution center B
ds Indicates the distance between the B Unit penalty cost for late arrival
o distribution center and store i 2
d Indicates the distance between store a Deterioration rate of goods during
K i and store j ! transportation
S Indicates the demand for products in a Deterioration rate of goods during
! each store (in tons) 2 unloading
G Fixed cost of the k-th vehicle tikj Trz}nsport time of the k-th vehicle from i
toj
Indicates the loading capacity of the U The unloading time of the delivery truck
N k-th delivery vehicle ! at the store
a Represents the transportation and . Mass of cargo compartment when
distribution cost per unit distance ! leaving cargo i
Represents the driving cost incurred Is it necessary to set up a charging
ck by the k-th vehicle P station at the i-th store? 1 is set, 0 is not
set
Indicates the earliest allowed
ET; delivery vehicle arrival time for

store 1
Due to the time characteristics of customer demand involved in urban delivery,
customers generally require goods to be delivered within a certain time interval, which
must be within a time acceptable to customers in order to meet their requirements. If
delivered too early or too late, dissatisfaction will occur and penalty costs will be incurred.
This is a soft time window constraint, R7, where the delivery vehicle arrives within the

interval [£T,LT] ; If customer point j is on the same delivery route C7, ,
CT, =RT,+UT +T, - RT, thenRT, =T, .

oi

To facilitate the establishment of the model, binary variables are defined as follows:

1
K
Yy = {0

' 1 Vehicle k travels from i to j (2'1)
X, =

70 else
The demand for i is met by vehicle k (2'2)

else
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2.3. Objective function

2.3.1 Total transportation cost
(1) Fixed costs: The fixed cost of vehicles, including expenses such as vehicle
consumption, maintenance, and driver's wages:

c-Y¢ (2-3)

(2) Transportation costs: Transportation costs refer to the electricity, repair, and
rental costs incurred by new energy vehicles during transportation. These variable
transportation costs are divided into transportation distances, so the transportation costs

are as follows:
M

=333 (2-4)

k=1i=1 j=1
(3) Cost of damage to goods: The cost of goods loss refers to the loss of goods that
occurs during the transportation and unloading process of the product. The cost of goods
loss is the cost of transportation plus the cost of unloading:
K M M
€ =03 33 (it +al ) 2-5)
k=1 i=1 j=1
(4) Time penalty cost: Due to the special nature of perishable fresh food, it is
necessary to complete the delivery task within the customer's acceptable service time. If
the food is not delivered to the demand point within the customer's acceptable time, there
will be penalty costs.
M M
C, =B,> max(ET, - RT,,0)+B, Y max(RT, - LT,0) (2-6)
i=1 i=1

The total cost of delivery is:

M

>0 (v )
1i=1 j=1 (2_7)

K K M M K
minC=C+C,+C +C,;=) .C,+ > > > Cldxf +ay”
k=1 k=

k=1 i=1 j=1
+ Blimax(ETl —RT,0)+ Bzimax(RTl -LT,0)
i=1 i=1
2.3.2 Number of charging stations
The number of charging stations set is appropriate. Having too few charging stations
can cause vehicles to wait for charging, making it inconvenient to use and unable to
support regional distribution tasks. However, having too many charging stations can
result in significant cost and road pressure, especially in cities that are currently using
new energy vehicle distribution services, which are mostly large cities or super large
cities with high traffic pressure, such as first and second tier cities. Traffic is relatively
congested and land space is difficult. Therefore, the design of the number and location
of charging stations is also the goal of this study, but it should be designed to minimize
the number of charging stations as much as possible after meeting the objective function
(2-5). This is the most reasonable and convenient way for new energy vehicles of
distribution enterprises to complete distribution tasks.
minP = ZH (2-8)

i=1

2.4. Constraints

;ykl=1 ieM (2-9)
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e =101} ieM;v4 (2-10)
x,={0,1} ieM;v4 (2-11)
By>0 ieM;V4 (2-12)
DX =y ieM;v4 (2-13)
ngk =y, JeM;VA (2_14)
RT, €[SO%ET,,150%LT,] ieM (2-15)

g, <3 (2-16)

>3 d, <100 (2-17)

Meet the following constraints. Among them, equations (2-9) indicate that each
demand point has only one vehicle for delivery; Equations (2-10) and (2-11) are integer
constraints; Equation (2-12) refers to the unit time loss cost caused by the failure to
deliver according to the customer's requested time; Equations (2-13) and (2-14) indicate
that the delivery route of the delivery vehicle is a closed route; Equation (2-15) indicates
that the product has arrived within the delivery time required by the customer; Equations
(2-16) represent the allowable load constraints for new energy vehicles; Equation (2-17)
represents the maximum mileage constraint for new energy vehicles.

3. Genetic Algorithm for Solving Element Design

The basic steps of genetic algorithm are:

(1) Encoding: Encoding is generally described in mathematical language in a certain
order based on the final result of the problem. However, choosing different coding forms
will have a great impact on the running time, running speed and fitness value of the
algorithm, and even directly affect whether the optimal solution can be found in the end.

(2) Selection operator: In order to ensure that the genetic algorithm can jump out of
the local optimal solution and approach the global optimal solution, it is necessary to set
the genetic rules of the parents and children, namely the selection operator.

(3) Crossover operator: In the process of inheritance from parents to offspring,
organisms recombine chromosomes through certain crossing rules to generate new
offspring individuals. Only by continuously increasing the number of offspring
individuals can the optimal solution be found.

(4) Mutation operator: Due to the crossover operator retaining a segment of
dominant genes to the next generation, it is possible to cause offspring individuals to fall
into local optima. Therefore, a segment of genes must be set for random mutation.

(5) Fitness value: The greater the fitness value, the better the individual is, the
greater the probability of its genes being passed on to the next generation, and vice versa.

(6) Termination Rules: If the optimal solution is not found, it will constantly jump
between several local optimal solutions and be difficult to converge. Considering the
actual situation, it is necessary to design a termination rule, which often determines the
total number of iterations.
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4. Example verification
4.1. Background Description

Taking the data collected and organized by a certain enterprise in a city as an
example, the enterprise currently has a distribution center (0 points) and 30 demand
nodes (1-30 points). The specific coordinates and demand parameters are shown in Table
4-1. In addition, in urban areas, there are 10 coordinate points (C1-C10) where charging
stations can be set up, and the coordinates of the 10 charging stations are shown in Table
4-2. The ultimate goal is to choose several routes starting from the distribution center
point, around the remaining 50 coordinates and returning to point 0, with the shortest
distance traveled; At the same time, it is also considered that in the proposed charging
station C1-C10, the minimum number of constructions will be constructed[9].

Table 2 Distribution Center and Demand Node Coordinates and Demand Volume

ni'fff;‘;r 1 2 3 4 5 6 7 8 9 10
X 15 80 19 49 45 65 71 76 28 68 66
y 43 25 93 35 20 26 62 48 36 84 59
requirement /1140 990 840 930 870 660 750 690 720 750
nif;f;r 1 12 13 4 15 16 17 18 19 20 21
X 17 12 50 96 35 59 23 76 26 5170
y 55 92 29 76 76 39 57 8 6 54 78
requirement g7 630 1170 1170 900 900 810 1170 840 690 1080
niirl‘;‘;r 2 23 24 25 26 27 28 29 30
X 9 96 55 4 15 26 85 26 82
y 94 13 57 47 2 34 17 80 32

requirement 840 750 870 660 690 1170 1200 960 660
Among them, the unit of coordinate distance is km, and the unit of demand is kg.

Table 3 Coordinates of the Proposed Charging Station

Serial

Cl Cc2 C3 C4 C5 Ccé6 Cc7 C8 C9 C10
number
X 94 68 76 75 40 66 18 71 4 28
y 5 10 83 70 32 96 4 44 39 77

Considering the daily use of the vehicle and battery loss, the maximum mileage of
a single vehicle is 160km, and the maximum load capacity of a single vehicle is 3t. In
order to transform the objective function into a single objective function, the minimum
number of locations for charging stations is also converted into cost, that is, the
construction cost of charging stations is 50, and the objective functions 3-5 and 3-6 are
transformed into:

K M M

minC=C, +C, +C, +C4=ZCk + ) ZM:ZCfdux,'; +Oii2x"j (a,t"/‘ +azU/)r,
k=1 k=1 i=1 j=1 k=1 i=1 j=1 (4_1)
+ B,ZM:max(EZ —RT,0)+ Bzimax(RTi —LT,,0)+50x> P,

i=1 i=1 i=1
Considering that the cost as the fitness value will lead to an increase in solving time
and calculation, the calculation of its fitness value is the shortest total mileage in the
process of using the genetic algorithm[10].
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4.2. Output Results

The following is an introduction to the experimental results of genetic algorithm,
without additional restrictions such as road conditions. The main steps are as follows to
analyze the results of the basic genetic algorithm:

(1) Generate distribution centers and 50 demand points, 10 proposed charging
station nodes, with an initial population of 100;

(2) As the result of Equation 4-1, calculate the fitness function, where;

(3) The basic genetic rule is to select and design a crossover genetic probability of
30% and a mutation probability of 5%;

(4) Store the offspring obtained after mutation or crossover, while also saving the
offspring back to the parent population to optimize computational efficiency;

(5) Repeat steps 3 and 4 until the designed termination condition is met. In this
article, the designed termination condition is 200 generations;

(6) Compare the offspring with the lowest cost and output the length and order of
the proposed charging station and the shortest path, and store them as the optimal solution
to the problem.

This article is based on MATLAB R2017a software and uses genetic algorithm to
solve the case. Generate an initial population of 100, and after running, the convergence
of the algorithm is shown in Figure 1. It can be seen that after approximately 90 iterations,
the algorithm begins to converge and tends towards the optimal solution.

6
0 20 40 60 80 100 120 140 160 180 200

Figure 1 Algorithm Convergence

The optimal solution appears after 163 iterations, and the total driving distance is
1392.6652km.
Finally, the design scheme of combinatorial optimization is shown in Table 4.

Table 4 Final Vehicle Delivery Plan

Plan Mileage  Load capacity Plan Mileage  Load capacity
0-25-27-8-0 39.4082 2520 0-15-2-12-0 118.0956 2520
0-20-24-10-6-0 118.7898 2970 0-1-30-28-0 158.8330 3000
0-3-13-4-0 89.1090 2940 0-16-26-19-0 151.9758 2430
0-21-(C3)-22-9-0  207.5928 2640 0-5-23-(C1)-18-0  203.8643 2790
0-17-29-11-0 78.0555 2640 0-7-(C4)-14-0 226.9412 1920

As can be seen from Table 4, when using genetic algorithm to solve the location
path combinatorial optimization problem, a total of 10 new energy vehicles need to be
configured, with an average mileage of 139.27 kilometers per vehicle, reaching 87.04%
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of the maximum mileage of 160 kilometers for new energy vehicles; The average load
capacity is 2637 kilograms, reaching 87.9% of the maximum load capacity of 3 tons,
which is a relatively satisfactory state. Compared with the single point delivery plan, the
number of vehicles allocated is reduced by 20, the average mileage per vehicle is
increased by 92.84 kilometers, and the average load per vehicle is increased by 1758
kilograms. The optimization effect is relatively significant.

5. Conclusion

This article conducts in-depth research on the comprehensive optimization problem of
layout planning and optimal path selection of charging station facilities for new energy
vehicles in urban distribution systems. This paper summarizes the current situation and
research basis of the development of new energy vehicles in urban short and medium
distance distribution, and makes a preliminary exploration of the problem of logistics
enterprises choosing to establish charging stations by themselves. Finally, with the goal
of minimizing the number of charging stations and the shortest transportation mileage,
and with logic, travel conditions, time windows, maximum mileage, maximum load
capacity and other conditions as constraints, a location path combinatorial optimization
model is finally established. At the same time, considering the difficulty of solving multi-
objective problems, we have changed the problem of short transportation mileage and
fewer charging stations to a single objective optimization problem that comprehensively
solves operational costs. On this basis, considering that such practical problems are
generally large in scale and involve many factors, a heuristic algorithm is selected to
solve the combinatorial optimization model. Taking full advantage of the advantages of
the fast convergence speed of genetic algorithm and the ability to jump out of the local
optimal search for the global optimal, a genetic algorithm for combinatorial optimization
is designed. Finally, an example is used to verify the feasibility and practicability of using
genetic algorithm to solve the location routing combinatorial optimization problem of
new energy vehicle distribution system.

Due to the fact that this study focuses on the Chinese urban distribution system
using new energy vehicles, therefore, the maximum mileage constraint for new energy
vehicles is set in the constraint conditions of the model. In other geographical locations
or situations where ordinary delivery vehicles coexist with new energy delivery vehicles,
further adjustments need to be made to the model based on the cost and operating mileage
of different vehicle models.
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Abstract.Economic responsibility auditing can help promote regional economic
development, but whether it helps enhance regional innovation capacity and low
carbon development needs to be further tested. This paper examines the objectives
of authenticity, legality, and effectiveness of economic responsibility audit. The
results show that the increased scrutiny of the authenticity, legality and
effectiveness of financial records, policy formulation and implementation, and
major project activities of government leaders can definitely enhance the
awareness of environmental protection and innovation among cadres, thus
improving regional innovation capacity and helping to reduce carbon emissions,
achieving the goal of double balance between economic growth and carbon
reduction.

Keywords. Economic responsibility audit, regional innovation capacity, low carbon
development

1. Introduction

Since the 1950s, countries have pursued efficient production while making
extensive use of natural resources, causing environmental problems such as climate
warming and biological extinction. As a result, 183 countries signed the Kyoto
Agreement in 1998: developed countries assumed carbon reduction obligations from
2005 and developing countries assumed emission reduction obligations from 2012. By
2020, 53 countries have already achieved the carbon peak, and China has officially
proposed the goal of "reaching the carbon peak in 2030 and achieving carbon neutrality
in 2060", which not only brings certain pressure on China's economic development,
but also provides an opportunity to realize the organic combination of "low carbon" and
"development",the exploration of new energy technology innovation, low-carbon
development of new paths and other development opportunities, in December 2021 for
the first time put forward the high-quality development, innovation-driven

! Corresponding Author, Jin SUN, School of Economics and Management, Lanzhou University of
Technology, Lanzhou, Gansu, China. Email: sjjack54331@163.com.
2 General Debate of the 75th Session of the UN General Assembly in 2020
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development strategy and "carbon peaking and carbon neutrality" goals closely linked?,
in August 2022 to achieve the goal of 2030 carbon peak of Low-carbon industrial
process reengineering, dual-carbon management decision support system and other
initiatives*. On the audit side, China emphasized that national audit should better serve
in innovative operations and activities®, and the newly revised Regulations include
ecological environmental protection into the key areas of investigation® .

The existing studies on audit, innovation activities and low-carbon development
show that national audit can promote low-carbon development[1], national audit and
exit audit of natural resource assets can help improve regional innovation
capacity[2][3], improving R&D intensity and innovation capacity can solve
environmental problems[4], but whether strengthening economic responsibility audit of
party leaders directly contributes to improving regional innovation capacity and the
realization of the "carbon peaking and carbon neutrality" target needs to be specifically
tested. Based on the importance and urgency of low-carbon development goals, this
paper empirically investigates the mechanism of the three major goals of economic
responsibility auditing affecting low-carbon development and the mediating effect of
regional innovation capacity using data from 30 provinces in China from 2009-2022.
This paper provides useful reference for enriching the research on the role of economic
responsibility auditing, developing the application field of innovation capacity, and
exploring the realization path of low-carbon development.

2.Theoretical analysis and research hypothesis

At this stage, although China's environmental governance has made great progress
and development, to successfully achieve the goal of "carbon peaking and carbon
neutrality", we are facing pressure in the practice of green technology innovation and the
formulation and implementation of environmental regulation policies, especially in
regions with backward economic development, with high environmental pressure and
with more prominent contradictions between economic development and environmental
protection. Economic responsibility audit not only provide forensic information on
fiduciary responsibilities, but also facilitate government to play a better constructive
role in maximizing public interests[5].

In low-carbon development, the authenticity and legality objectives of economic
responsibility audit can effectively supervise the availability of low-carbon financial
funds for allocation, reasonable distribution and accurate records; it can further regulate
the formulation and implementation of low-carbon policies and the legal collection and
use of low-carbon funds; it can also urge the units with the above problems to rectify and
reform. And the effectiveness audit objective of economic responsibility will prompt
government leaders to make correct regional economic development goals and
rationalize low-carbon development plans, achieve low-carbon economic balance. In
the process of helping to achieve the goal of "carbon peaking and carbon neutrality",

3 Guiding Opinions on Promoting High Quality Development of Central Enterprises to Do a Good Job of
Carbon Peaking and Carbon Neutral Work

4 Science and Technology to Support Carbon Neutral Implementation Plan (2022-2030)

> Opinions on Auditing to Better Serve the Construction of an Innovative Country and a World Science and
Technology Power

¢ Regulations on Economic Responsibility Auditing of Major Leading Party and Government Cadres and
Leading Personnel of State-owned Enterprises
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economic responsibility audit can promote the management awareness of leaders and the
scientific choice of innovation behavior in terms of regional innovation capacity. It can
also encourage leaders to exercise their authority, use funds and manage innovation
activities in a rational manner, and pay great attention to the economy, efficiency and
effectiveness of resource utilization; to enhance innovation capacity and increase
economic value added by imitating, absorbing, improving technology and accelerating
R&D; to minimize the cost of "trial and error" by means of expert verification[6].

In conclusion, the economic responsibility audit can control the unreal, illegal and
ineffective phenomena caused by blind and misplaced investment etc.in innovation
behavior in time, stimulate the innovation consciousness of government leaders, form a
series of scientific innovation activities, cultivate emerging green industries, and
promote the upgrading of low-carbon industries. The hypotheses are proposed:
H1:Economic responsibility audit significantly contribute to low-carbon development.
H2:Economic responsibility audit significantly contribute to regional innovation.

H3: Regional innovation capacity has a mediating role in economic responsibility audit
for low-carbon development.

3.Research design and empirical analysis
3.1. Study design

In order to ensure the consistency of the time caliber of the relevant data and the
completeness and comprehensiveness of the empirical research data, the study takes the
relevant data of 30 Chinese provinces from 2009 to 2020 as the sample. Carbon
emissions are obtained from China Carbon Accounting Database, data of economic
responsibility audit authenticity and legality indicators are obtained from China Audit
Yearbook, innovation capacity index is obtained from China Regional Innovation
Capacity Evaluation Report, other data are obtained from CSMAR, data collation and
empirical study using spss software and stata software, using regression analysis based
on statistical principles of data can determine the correlation between dependent
variables and mediating variables, independent variables, so as to establish a regression
equation model with good correlation to prove the research hypothesis and predict
future changes in the dependent variable.

Carbon emissions(t)measure low-carbon development, the economic responsibility
audit authenticity objective is measured by the accounting inaccuracy rate (zs); the
legality objective is measured by the violation rate (hf); the factor analysis method is
used to construct effectiveness (xy) from tax revenue growth rate, per capita disposable
income growth rate, gross product growth rate, budget revenue growth rate, budget
expenditure growth rate, and consumption expenditure growth rate. The regional
innovation index (cxnl) measures the regional innovation capacity, and the control
variables are selected as the number of enterprises (qy), foreign trade (logjckzb) and
education and culture(bkzb).Models(1) and (2) verify the impact of economic
responsibility audits on low carbon development and regional innovation capacity, and
model(3)verifies the mediating effect of regional innovation capacity in the relationship
between economic responsibility audits and low carbon development:

t=Bo+B1zs+ B hf+B3xy+B4qy+Bslogjckzb+Bebkzb+ ¢ (1)
cxnl=fy+p,zs+B,hf+B;sxy+B.qy+Pslogjckzb+¢bkzb+ € (2)
t=Bo+B1zs+B,hi+Bsxy+B,exnl+Bsqy+Belogjckzb+B,bkzb+ € (3)
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3.2. Empirical Analysis

Descriptive analysis and correlation analysis are not presented for space reasons.
Stepwise regression method is used to test the models from the perspective of
authenticity, legitimacy, and effectiveness. The authenticity regression test chart is used
as an example, while the legality and effectiveness regression test charts are not shown
and textual descriptions are provided.

The multivariate regression of the economic responsibility audit authenticity
objective (Tablel), r?is 0.039, and the model is significant overall. The test results show
that when the rate of accounting inaccuracy (zs) increases, i.e., the audit of authenticity
objective (zs) is weak, the carbon emission (t) in model 1 increases significantly at the
5% level with a regression coefficient of 0.025,the hypothesis H1 holds; the regional
innovation capacity (cxnl) in model 2 decreases significantly at the 1% level with a
coefficient of -0.001, the hypothesis H2 holds. The mediation test of model 3 regional
innovation capacity (cxnl) between authenticity target (zs) and carbon emission (t)
shows that the significance level of authenticity target (zs) decreases from 5% to 10%,
and the regression coefficient decreases from 0.025 to 0.02. The significance level of
regional innovation capacity (cxnl) is 10%, the regression coefficient is -4.912, which
indicates that the direct effect of economic responsibility audit authenticity objective on
low carbon development is reduced, innovation capacity has a partial mediating effect,
the H3 holds.

Table 1.Authenticity objective, regional innovation capacity and low carbon development

Variable Type Variable Name Carbon emissions Regional Carbon emissions
(t) innovation (mediating effect)
capacity (cxnl)
Model 1 Model 2 Model 3
Explanatory variables Authenticity target 0.025%* -0.001 *** 0.020%*
(zs) (0.011) (0.000) (0.011)
Control variables Number of enterprises 0.072 0.000 0.072
(qy) (0.064) (0.001) (0.064)
Education and Culture -678.934 -0.672 -682.234
(bkzb) (523.529) (10.665) (521.706)
Foreign trade 26.064 -0.937** 21.460
(logjckzb) (23.331) (0.475) (23.388)
Intermediate variables Regional innovation -4.912*
capacity (cxnl) (2.709)
r? 0.030 0.076 0.039

The multiple regression of the economic responsibility audit legitimacy
objective,r?is 0.042, and the model is significant overall. The test results show that when
the violation rate (hf) increases.The audit of legality target (hf) is weak, the carbon
emission (t) in model 1 increases significantly at the 1% level, with a regression
coefficient of 267.847, validating H1; the regional innovation capacity (cxnl) in model 2
decreases significantly at the 1% level, with a coefficient of -11.745, validating H2;
model 3, the regional innovation capacity (cxnl) in the mediation test between legality
target (hf) and carbon emission (t), the effect of legality target (hf) on carbon emission (t)
decreases from 267.847 to 214.255, and the significance level decreases from 1% to 5%,
and the regional innovation capacity (cxnl) shows a negative correlation at 10% level
with a coefficient of -4.563, verifying H3.
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The multiple regression of the economic responsibility audit effectiveness objective
,r2is 0.049 and the model is significant overall. The test results show that: the higher the
comprehensive efficiency index (xy), the higher the carbon emissions (t) in model 1 at
the 5% level, with a regression coefficient of 135.798, which is at the stage of
degradation of environmental quality with increasing income of the environmental
Kuznets "inverted U" curve, and is not consistent with the absolute decoupling of carbon
emissions with economic growth,H1 is not valid. In model 2, the regional innovation
capacity (cxnl) is significantly positively correlated at the 1% level, with a coefficient of
5.397, the good overall efficiency of the local situation, which helps to improve the
regional innovation level by putting forward new requirements for industrial upgrading,
H2 is valid. In model3, the effect of comprehensive benefit index (xy) on carbon
emissions (t) rose from 135.798 to 176.909, the significant degree remains 5%, regional
innovation capacity (cxnl) is 1% level negative correlation with a coefficient of
-7.617,the comprehensive benefit index (xy) requires high, although carbon emissions (t)
appeared to rise, but the mediating effect of cxnl is also obvious,H3 holds.

3.3. Robustness tests

The vif command was used to find that the vif values of the explanatory variables,
mediating variables and control variables did not exceed 10, indicating that there was no
multicollinearity problem; considering the problem of two-way causal endogeneity, the
mediating variables, control variables and explained variables were used to lag
one-period data, and winsor2 was used to shrink the tail at the 1% level; considering the
problem of endogeneity of omitted variables, the hausman test procedure was used to
find that the p-value was 0.0000 to reject the original hypothesis, Fe was correlated at the
1% or 5% level, so the fixed-effects model (fe) was selected to develop the empirical
evidence.

The robustness test is conducted by replacing carbon productivity (tc) with carbon
emissions (t) , and it passes the test in general with consistent direction and better results.
In the main test of authenticity objective (zs), carbon emissions (t), regional innovation
capacity (cxnl) and mediating effect are significant at 5%, 1% and 10% levels, while in
the robustness test, they are all at 1% level, regional innovation capacity (cxnl) changes
from partial to full mediating effect; significance in the main test of legitimacy objective
(hf) is significant at 1%, 1%, and 5% levels, while the robustness test is at 1% level, and
regional innovation capacity (cxnl) still plays a partial mediating role; the main test of
effectiveness objective (xy) is significant at 5%, 1%, and 5% levels, the robustness test is
at 1% level, regional innovation capacity (cxnl) changes from partial to full mediating
effect. The results of the robustness test prove that the empirical test of this paper is
stable.

4.Conclusions and Recommendations

The empirical test results show that strengthening economic responsibility auditing
significantly promotes low-carbon development with truthfulness and legality
objectives, and legality objective is more effective, but effectiveness objective is in the
opposite direction, indicating that China's economic development is positively
correlated with carbon emissions and is in the rising stage of the environmental
Kuznets "inverted U" curve. The strengthening of economic responsibility audit
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significantly promotes regional innovation capacity, with legality being the most
obvious, followed by effectiveness. Regional innovation capacity has a mediating
effect between economic responsibility audit and low carbon development, with the
best effectiveness and the second best legality.

Through the analysis, although the authenticity goal to promote low-carbon
development is not as obvious as legality, the problem of economic business
authenticity has been greatly reduced with China's continuous improvement of
economic responsibility auditing, corruption punishment and full audit coverage, the
authenticity goal of economic responsibility auditing has been basically achieved. The
legitimacy objective is prominent in promoting low-carbon development, mainly
because there are still irregularities in economic operation such as misappropriation of
special funds. Strengthening the effectiveness goal must help regional innovation
capacity and low-carbon economic development.

In order for economic responsibility audit to better contribute to the "carbon
peaking and carbon neutrality" goal, we suggest that: on the one hand, auditors
continue to pay attention to the economic responsibility audit authenticity goal, and
moreover, they should increase the review of legality and effectiveness goals; on the
other hand, government leaders should strive to balance the contradiction between
economy and environmental protection, and reach the highest point of the
environmental Kuznets "inverted U" curve as soon as possible, achieve absolute
decoupling of economic growth and carbon emission reduction, enhance regional
low-carbon technology research and development capacity to develop low-carbon
transition paths on the basis of increased innovation awareness.
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Abstract. The development of big data has profoundly changed not only the way
of human production and life but also the way we learn and educate ourselves.
This research conducted an empirical analysis on the influencing mechanism of the
quality of higher education using the structural equation model, finding that five
factors “Active and Collaborative Learning (ACL)”,“Student and Faculty
Interactive (SFI)”,“Level of Academic Challenge (LAC)”,“Supportive Campus
Environment (SCE)” and “Enriched Educational Experiences (EEE)” influence the
indicators “Knowledge Obtaining (KO)” ,“Ability Obtaining (AO)” and “Value
Obtaining (VO)”. SCE has the largest impact on KO, while the influence of ACL
is relatively weak. On this basis, this paper, by combining the features of big data,
presented four methods for improving the quality of higher education: first,
enhancing the construction of the education data platform; second, energizing
energize education reform via big data; third, accurately identifying the level of
academic challenge and selecting the appropriate education model by the aid of the
big data technology; and fourth, based on the information technology, building a
harmonic teacher-student relationship and peer relationship.

Keywords. Information Technology, Big Data, Higher Education, Education

Quality, Learning Engagement

1. Introduction

Big data, featured by convenience and efficiency, has imposed a significant influence
on our lives. However, the popularization of big data has also impacted traditional
higher education, especially in the aspects of teaching role cognition and education
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methods. In the context of big data, higher education needs corresponding
transformation.

Today, research on the quality of higher education worldwide is shifting from the
macroscopic level to the microcosmic level, and researchers start to evaluate the
effectiveness of education from the aspect of students’ individual development.
Learning engagement refers to the time and energy students put into effective learning
activities and how they perceive the school’s support of their study[1][2]. This theory
emphasizes student-centered educational philosophy and pays attention to students’
real learning experience and their growth and development. It is an important aspect for
evaluating students’ comprehensive quality and is regarded as a critical theoretical
thesis for promoting quality evaluation of higher education to shift from scale
orientation to connotation orientation.

This research explores the quality of higher education by studying the relationship
between learning engagement and education quality in the context of big data. Besides,
by analyzing the factors that influence college students’ gains from learning and the
acting mechanism of these factors in the context of big data, this paper presents the
methods of improving the quality of higher education.

2. Theoretical basis

George officially proposed the theory of learning engagement in 2001, pointing out that
learning engagement refers to the time and energy invested by students in academic
and effective educational practices, as well as the degree of support provided by the
campus environment for students' academic performance. It is the interaction between
students' behavioral feelings and the academic environment[3]. Based on the theory of
learning Engagement, the United States, Australia, and other countries have carried out
surveys of college students' learning situation, in order to provide reference for
improving students' learning effectiveness, among which the National Survey of
Student Engagement in the United States, NSSE) had the most widespread impact.

On the basis of NSSE, a research team represented by Tsinghua University
developed the Survey of Chinese College Students (CCSS). Driven by this project,
some experts and scholars have carried out theoretical and practical research on college
students' learning engagement, including examining Chinese higher education
evaluation from the perspective of learning engagement, promoting CCSS
questionnaire indicators and content localization process, and conducting research in
combination with specific teaching practices. For sample, Tian Tian et al. built a five-
dimensional second-order factor structure model of college students' learning
engagement based on CCSS questionnaire data[4]. Sun Dongmei et al. found that
interpersonal environment, cultural environment and learning motivation all have
significant positive influences on educational harvest[5]. However, previous studies on
engagement in learning did not take big data into account as an important factor, which
is explored in this study.

From the existing research results on the influence mechanism of learning input
on education quality, the research conclusion supports that all dimensions of learning
input can predict education quality. For example, Li Xiongying et al. proved that
learning input of students in "top-of-the line program" has a significant positive impact
on learning harvest[6]. Xing Quanchao pointed out that activities such as "campus
environment support degree" and "educational experience richness degree" have a
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significant impact on undergraduate students' academic performance[7]. Wang Yashun
used a multilayer linear model to explore the mechanism of the influence of college
students' learning engagement on learning gain. The results show that college students'
learning engagement has a higher explanatory rate on learning gain[8]. Liu Yunyun
made an empirical analysis and found that hardware, interpersonal and cultural
environment were significantly positively correlated with satisfaction at school[9].
Therefore, this paper proposes a research hypothesis: under the background of big data,
college students' learning involvement also has a significant positive impact on the
quality of higher education.

3. Research design
3.1. Research tool

This research employed CCSS questionnaire as the survey tool. The CCSS
questionnaire constructs five-dimensional indicators of learning engagement: Level of
Academic Challenge (LAC), Supportive Campus Environment (SCE), Active and
Collaborative Learning (ACL), Student and Faculty Interactive (SFI) and Enriched
Educational Experiences (EEE). In this paper, these five comprehensive and
comparable indicators were selected as the factors for evaluating college students’
learning engagement. The quality of education is first reflected in the quality of the
education receivers. Therefore, this research focused on students’ gains from learning
and took the educational outcome-oriented view on value-added education quality
evaluation, choosing three indicators, namely Knowledge Obtaining (KO), Value
Obtaining (VO) and Ability Obtaining (AO) from indicator “Learning gains from self-
report” of the CCSS questionnaire as the indicators to evaluate the education quality.

3.2. Research sample

In this study, samples were collected by grade stratification random sampling method,
and questionnaire links were released on wechat and QQ groups in Guangdong
universities that widely use big data management, by "Questionnaire Star" tool from
March to April 2022. A total of 1764 questionnaires were collected, and 1394 valid
questionnaires were obtained after deleting invalid data, with an effective rate of 79%.

4. Empirical analysis
4.1. Testing using the measurement model

4.1.1. Factor analysis

As for the exploratory factors, this research used Spss26.0 software and conducted
suitability testing on pretest data with the aid of the KMO value and Bartlett's test of
sphericity. The result shows KMO=0.925 and Bartlett's test P=0.00<C0.01, indicating
that data in this research can be used for exploratory factor analysis. The method of
principal component analysis-direct Oblimin was used to extract factors. After
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retaining factors with a characteristic value larger than 1 and deleting the items with a
communality smaller than 0.04, a loading value smaller than 0.40 and cross-loading of
factors, five factors were finally extracted from the learning engagement scale. The
final learning engagement scale extracted five factors with a communality between
0.598 and 0.942 and a cumulative variance explained of 62.13%, while the education
quality scale extracted three factors with a communality between 0.560 and 0.913 and a
cumulative variance explained of 65.91%, both scales reaching a satisfactory level.

As for the confirmatory factors, this research used Mplus7.0 software and
conducted confirmatory factor analysis using the maximum likelihood (ML) method,
so as to verify the construct validity of the scales. According to the results, the
goodness-of-fit indexes of the learning engagement model are x2/df=2.168, CF1=0.985,
TLI=0.959, RMSEA=0.053, and SRMR=0.072; the goodness-of-fit indexes of the
education quality model is y2/df=2.586, CFI=0.912, TLI=0.907, RMSEA=0.049, and
SRMR=0.069. This reveals that these two analysis models of the confirmatory factors

have a good fitting performance, as shown in Table 1.
Table 1. Goodness-of-Fit Analysis

Goodness-of-
Fitting Indos y2/df RMSEA TLI CFI SRMR
Learning 2.168 0.053 0.959 0.985 0.072
engagement model
Education quality 2.586 0.049 0.907 0.912 0.069
model
Fitting criteria <3 <0.08 >0.90 >0.90 <0.10

4.1.2. Reliability and validity testing

As for reliability, SPSS26.0 was used for reliability testing, and the Cronbach’s o
coefficient is shown in Table 2. According to the result, the overall Cronbach’s o value
of the two scales is larger than 0.80, and the Cronbach’s a value of each factor is larger
than 0.70, indicating good reliability of the questionnaires. At the same time, the
combined reliability (CR) of all variables is between 0.726-0.872, larger than 0.60 and
reaching a statistically significant level. This reveals a good internal consistency of
these two questionnaires and the influence factors, as shown in Table 2.

As for validity, the average variance extracted (AVE) was used to measure the
convergent validity. The validity value of each factor is larger than 0.50, which is
acceptable. In terms of the discriminant validity, the AVE square root of each factor is
overall larger than the correlation coefficient of their respective correlation factors.
This indicates a good discriminant validity of the factors and a good correspondence
between the measured items, as shown in Table 3.

Table 2. Scale of Reliability and Convergent Validity of the Measurement Model

Scale

Scale Factors Items Combined o o Convergent
reliability (CR)  coefficient coefficient validity
LAC 9 0.801* 0.796 0.653
SCE 10 0.793%** 0.783 0.569
Learning ACL 11 0.760* 0.756 0.831 0.461
engagement
SFI 9 0.778** 0.781 0.635

EEE 12 0.745%*%* 0.822 0.632
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KO 2 0.872%* 0.849 0.547

Education AO 10 0.741%* 0.786 0.843 0516
quality

VO 3 0.726%* 0.854 0.620

Note: *** represents p<<0.001, ** represents p<<0.01, and * represents p<<0.05.

Table 3. Discriminant Validity Testing of the Measurement Model

Factors 1.LAC 2.SCE 3. ACL 4. SFI 5.EEE 6. KO 7. AO 8.SCO
1.LAC 0.772

2.SCE 0.425 0.668

3. ACL 0.324 0.311 0.751

4. SFI 0.251 0.365 0.233 0.635

5. EEE 0.310 0.326 0.224 0.259 0.826

6. KO 0.266 0.351 0313 0.367 0.282 0.752

7. A0 0.339 0.239 0.390 0.392 0.262 0.311 0.846

8.VO 0.412 0.347 0.408 0.345 0.277 0.372 0.269 0.854

Note: The values on the diagonal are the AVE square root values, and data in the lower triangular matrix
are correlated coefficients of the factors.

4.2. Structural equation modeling

The first step of structural equation modeling is to set up the model to be estimated.
Based on the research hypothesis, The statistical tool Mplus7.0 was used in this study
to build an influence path model for college students’ learning gains, as shown in
Figure 1. The result of fitting index testing (¥2/df=2.621, RMSEA=0.045, CF1=0.914,
TLI=0.909, SRMR=0.072) reveals that the fitting indexes of the model are in the
acceptable scope and the model can well fit data, as shown in Table 4.
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Figure 1. Hypothesis of China’s higher education quality influence path model

Table 4. Fitting Effect Evaluation Table of the Structural Model
Fitting index x2/df RMSEA TLI CF1 SRMR

Learning engagement

2.621  0.045 0.909 0914 0.072
model

4.3. Hypothesis path testing

The model in Figure 2 clearly shows the factors that influence the quality of higher
education, the influence paths, and the structural relationships of these factors. For
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college students, the five factors of LAC, SCE, ACL, SFI and EEE have a positive
influence on KO, VO and AO. According to the results of the data analysis, in this
model, except that the paths of LAC and VO, SFI and AO are not significant, there is a
statistically significant correlation among 13 paths. There is a significant positive
correlation in the paths between LAC and KO ($=0.561, p<0.05) and AO (p=0.455,
p<0.001); there is no significant correlation in the paths between LAC and VO
(B=0.496, p>0.05). There is a significant positive correlation in the paths between SCE
and KO (B=0.652, p<0.001), AO (p=0.606, p<0.05) and VO (p=0.674, p<0.01). The
paths between ACL and KO (p=0.295, p<0.05), AO (p=0.327, p<0.001) and VO
(B=0.351, p<0.05) are significantly positive. There is a significant positive correlation
in the paths between SFI and KO (B=0.373, p<0.05) and VO (p=0.432, p<0.001), but
there is no significant relationship in the paths between SFI and AO (=0.479, p>0.05).
The paths between EEE and KO ($=0.599, p<0.01), AO (=0.635, p<0.001) and VO
(B=0.624, p<0.001) have a significant positive correlation. Specific data are shown in
Figure 2.

Figure 2. Structural equation model of higher education quality influence factors and influence paths

5. Discussion and suggestions
5.1. Discussion

5.1.1. All the factors of college students’ learning engagement have a positive influence
on the learning gains

According to the results of data analysis, college students’ learning engagement has a
significantly positive influence on their learning gains. In other words, students taking
more challenging courses, spending more time and energy in their learning, increasing
high-quality interactions with their peers and teachers, and actively taking part in
various educational practices, all these activities can effectively improve their abilities
such as synthetic analysis and critical thinking, and help the college students to have a
better understanding of themselves and the world.

5.1.2. The influence of the factors of college students ~ learning engagement on their
learning gains is different

The empirical research suggests that SCE is the most important factor that influences
the quality of higher education, having an effect value above 0.6 with KO, VO and AO.
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The second most influential factor is EEE, which has an effect value above 0.6 with
AO and VO and an effect value of 0.59 with KO. In comparison, ACL and SFI have a
relatively weak influence on college students’ learning gains, with an influence value
below 0.5.

5.1.3. SCE has the largest influence on college students * learning gains, while ACL
has the smallest influence

The empirical research indicates that the influence path of SCE is the most significant
factor for the quality of higher education. The main reason is that the campus
environment has a powerful educational function and can unconsciously influence
students’ choice of values, way of thinking and behavioral tendencies[10]. As to ACL,
analysis reveals a small influence coefficient between ACL and KO, VO and AO. This
could be attributed to the lecture-based approach typically used by college instructors,
which offers limited chances for students to engage in oral presentations, ask questions,
or collaborate with peers. Consequently, ACL may not effectively enhance students'
learning gains[11].

5.2. Suggestions

Today, the information technology represented by big data is developing quickly,
which not only profoundly influences the reform and development of all sectors of
society but also provides unprecedented opportunities for innovating the methods of
higher education. Based on the results of the empirical study discussed above, we have
the following suggestions of improving the quality of higher education by combining
the features and advantages of information technology in the era of big data.

5.2.1. To enhance the construction of the education data platform

First, colleges need to set up an education data platform that integrates massive
educational resources and information. In building this data platform, colleges should
collect a magnitude of educational data and resources by screening and integrating data
information and broadening the channels of data sources. At the same time, it is
suggested colleges strengthen cooperation with enterprises, with the help of modern
information technology, to set up a data platform integrating educational administration,
student management, teaching and academic research. Furthermore, by using cloud
computing technology, colleges can classify and analyze data on the platform, thereby
gaining insight into the features of different student groups and seeking a basis for the
innovation of education methods.

5.2.2. To energize education reform via big data

In educational practices, colleges can get an understanding of the number of
participants and students’ feedback on the practices with the aid of the big data
platform, learn the advanced experience that helps enrich their educational pattern and
content and keep broadening their thinking in the learning process. In social practices,
colleges can also use big data technology to record the whole process of the out-of-
school education practice in real time through various we-media platforms. They can
also adopt a unified educational information-sharing system to accurately reflect
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students’ participation in the practices and their feedback, in an attempt to continuously
improve the educational effect of the practices.

5.2.3. To accurately identify the level of academic challenge and select the appropriate
education model depending on the big data technology

College administrators and teachers can collect and manage information such as the
click rate of teaching content, the keyword search rate and the applicable level
corresponding to students’ abilities by using the big data platform. This helps the
colleges to select appropriate educational content and reduce misguide from
disqualified and wrong educational resources quickly and accurately. Colleges can also
use the big data platform to search educational patterns of other colleges with the same
major features and the same core disciplines, to learn from their beneficial experience
and develop their respective educational patterns by combining their situations.

5.2.4. To build a harmonic teacher-student relationship and peer relationship based on
information technology

In terms of the teacher-student relationship, teachers can use the big data platform to
observe and understand each student’s real situation of study and life and their mental
state. Through data comparison and analysis, teachers can study the type of changes in
students’ thoughts, thereby communicating with students in a more targeted manner.
As to the peer relationship, colleges can take full use of information technology to
break boundaries in time and space, encourage more communication between students
and create a harmonic and friendly peer atmosphere. This will further improve the
effectiveness of collaborative learning and feasibly raise education quality.

6. Conclusions and limitations

Based on a sample of 1394 college students in China, this study proposed and tested
the influence of students' learning involvement on the quality of college education in
the era of big data. The results show that each dimension of college students' learning
engagement has a positive influence on learning harvest, and the influence is different.
Campus environment support has the biggest influence on college students' learning
harvest, while active cooperative learning has the least influence. In conclusion, this
study confirms that in the era of big data, students' learning involvement has a
significant positive impact on the quality of higher education.

This study has some limitations that could be addressed in future studies. First, the
sample size of this study is limited. More participants with diversified backgrounds
could be included in future studies. Secondly, the data in the current study were
collected with self-report and cross section. Although the measurements were widely
used in previous studies and were proved to be reliable and valid in the current study,
might still have led to a subjective bias and difficulties to track the study. Consequently,
it is recommended for future studies to adopt multiple evaluation methods and data
(e.g., field visits, tracking studies) with reliable measurements to evaluate the learning
engagement of college students and the quality of higher education.
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Abstract. This research aimed to determine the relative importance of four criteria
for decision-making by using each one with a popular decision-making method and
evaluating the outcomes and using these criteria to provide ranked alternatives
(according to each criterion’s relative importance) for making an investment
decision. The four criteria were obtained from a comprehensive literature review
related to securities investment. The investment data analyzed were past investment
data on trading securities under the Energy and Ultilities category of the SET50 index
in the Stock Exchange of Thailand. The analysis was done through an Analytic
Hierarchy Process (AHP) and a Technique for Order of Preference by Similarity to
the Ideal Solution (TOPSIS). Opinions of three experts with experience in giving
securities investment advice were collected and arranged into pair-wise comparison
matrices that were used in AHP. AHP and TOPSIS calculations were done in
Microsoft Excel. The results of the study show that the most important criterion was
financial fundamentals with a weight of 44.59%; the second rank criterion was
technical factors with a weight of 20.15%; the third-rank criterion was risk factors
with a weight of 19.64%; and the last rank criterion was fundamentals of structure
and sustainable development with a weight of 15.62%. In addition, the outcome of
security ranking by TOPSIS and the past security ranking data were significantly
similar as analyzed by a hypothesis statistical test with two dependent samples.

Keywords. Analytic Hierarchy Process, Multi-criteria Decision Making, Stock
Investment, Technique for Order Preference by Similarity to Ideal Solution

1. Introduction

Financial investment is the dedication of an investor’s money to buy various securities
in order to generate income in the future. The revenue or return depends on the conditions
and agreements of the securities. Generally, under a low-interest rate state, assets will be
able to generate a higher revenue than the interest that must be paid. Thus, shareholders
can make a lot of profit using low personal investment. On the other hand, if investing
in high-interest rates, the interest burden will rise and will make less profit to
shareholders. Securities have different risks. There are many forms of returns from
investment in securities, such as capital gain, dividend, and rights offering.
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The fluctuations in stock prices may be the result of several factors. Investors in
securities need to have basic knowledge, such as reading financial statements,
understanding the basic factors of the company, and studying techniques for stock
analysis. Therefore, investors need to study various information before deciding to invest
and to find new methods that can make a profit as needed. However, most investors make
investment decisions based mainly on their intuition [1], which requires a reasonable
decision. A good decision depends on the decision-making processes. Important
decisions require a process with steps relying on the reason to lead to the correct and
successful path. The important step in the decision-making process is to determine the
importance of the criteria that will affect the choice of options to invest, especially for
new investors or small investors who still lack experience [2].

[3] applied non-parametric statistical analysis to determine ranking criteria, ANP
Multi-Fuzzy technique to determine the weights. The Fuzzy TOPSIS technique was then
used to rank the top 50 stocks. Some experts believe that 80 percent of ranking results
are based on the first three factors that carry more weight. In addition, the results of
expert surveys about being ranked in the rankings show that the results are very close to
reality. [17] have proposed a model for evaluating India's best pharmaceutical stocks.
using Multi-criteria Decision Making (MCDM). The weights are calculated from
pairwise comparisons based on the best and worst criteria. The main criteria are the
likelihood of bankruptcy score, Z-score, total debit bonus, cash per share, book value per
share, operating profit margin, price-earnings ratio, and revenue. As a result, Wipro is a
stable stock, while Tech Mahindra became the stock with the highest price increase.

The objectives of the study are to study criteria used in making investment decisions
in energy and utility sectors in the Stock Exchange of Thailand, to determine the weight
of the criteria and prioritize the criteria by using the Analytic Hierarchy Process (AHP)
method, and to apply AHP and Technique for Order of Preference by Similarity to the
Ideal Solution (TOPSIS) in making investment decisions in energy and utility sectors.

1.1. Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process is the widely popular method of multicriteria decision-
making techniques. It is the process to support a complex decision, which can be broken
down into a set of criteria relating to the overall goal by the pairwise comparison method
and calculating a rating of criteria and alternatives [4, 5]. Moreover, it can help to make
good decisions in situations of several choices [6, 7, 8].

There are three parts: the goal, all of the possible solutions, called alternatives, and
the criteria on which decision-makers will judge the alternatives. The step-by-step
approach for AHP is followed as:

Step 1: Define the problem and criteria.

Step 2: Define alternatives.

Step 3: Establish priority amongst criteria and alternatives using pairwise

comparisons.

Step 4: Check consistency amongst the pairwise comparisons.

To calculate consistency for scoring criteria by pairwise comparison. It takes the
sum of the values for each criterion in the vertical row. Each row is multiplied by the
sum of the mean values in each horizontal row, then add the multiplied results obtained
together. as in equation (1).

AW =4 W (1)
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Where A denotes a reciprocal matrix by a numerical value normalized to 1.

W denotes eigenvectors that show the relative importance of criteria of the
same hierarchy.

Aunax denotes maximum eigenvalue.
In the next step, to validate the results of the AHP, the Consistency Ratio (CR) is
calculated using the formula, CR = CI/RI in which the Consistency Index (CI) is, in turn,

measured through the equation (2):

_ (ﬂ’max - n)
Cl.= —(n— D 2)

Random Consistency Index (R.I) is obtained by experimentally sampling from
64,000 sample matrices proposed by Saaty [4] as shown in Table 1.

Table 1. The value of the Random Consistency Index

Dimension 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Step 5: Evaluate relative weights from the pairwise comparisons and get the
calculated overall priorities for the alternatives.

1.2. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

The Technique for Order Preference by Similarity to Ideal Solution is one of the
multicriteria decision-making techniques. [9] stated that the main concept is based on an
ideal solution technique. The alternative which is close to the positive ideal solution and
far from the negative ideal solution is the best. The importance weights of the criterion
are defined by the expert’s opinion numerically and the ranking results can be obtained
corresponding to the importance weights of the criteria.

Step 1: Construct the decision matrix and determine the weights of the criteria.
Let X=<xij) be a decision matrix and W =[w1 ,Wz,.--,wn] be a weight vector,
where x;; ESR,wj eR

Step 2: Calculate the normalized decision matrix.
The normalized decision matrix is defined in (3).

_ 2
@_W/V Xij A)

Step 3: Calculate the weighted normalized decision matrix
The weighted normalized decision matrix is defined in (4).

Vi = Wil )
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Step 4: Determine the positive idea and negative ideal solutions.

Positive ideal solution A" has the form shown in (5):

A" = {v{',v;,v;,...f ...v+} (5)

joVn
={(max,. v, |j ejl),(mjni v, |j ejz),i:1,2,3,...,m}

Negative ideal solution A~ has the form shown in (6):

A = {v{,v;,v;,...v’. ...v’} (6)

7’ n
={(minl. v, |J ejl),(maxl. v, |/ ejz),i=1,2,3,...,m}

Step 5: Calculate the separation measure from the positive ideal solution and
negative ideal solution.
The separation of each alternative from the positive ideal solution is given in (7).

= (-4 ) i =123, (7

j=1
The separation of each alternative from the negative ideal solution is given in (8).

n

s = Dy, 4 ) i=12.3m ®)

j=1

Step 6: Calculate the relative closeness to the positive ideal solution.
The relative closeness to the positive ideal solution is defined in (9).

= i=1,2,3,...m ©)

' (s,+ +s[_)

Step 7: Rank the preference order or select the alternative closest to 1.

2. Research Methodology

The data used in this study are divided into 3 parts: 1) primary data collected from experts
2) secondary data collected from industrial sector securities, energy, and utilities listed
on the Stock Exchange of Thailand. A total of 12 securities are shown in Table 2 and 3)
technical analysis data from the efin Stock Pick Up® program. Data is collected from
2021 until 3 March 2022.
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Table 2. The name of the securities company in the research

No  Company Name Abbreviation
1 Banpu Public Company Limited BANPU
2 B.Grimm Power Public Company Limited BGRIM
3 Banpu Power Public Company Limited BPP

4 Energy Absolute Public Company Limited EA

5 Electricity Generating Public Company Limited EGC

6 Global Power Synergy Public Company Limited GPSC

7 Gulf Energy Development Public Company Limited GULF

8 IRPC Public Company Limited IRPC

9 PTT Public Company Limited PTT

10 PTT Exploration and Production Public Company Limited PTTEP
11 RATCH Group Public Company Limited RATCH
12 Thai Oil Public Company Limited TOP

The main criteria have been selected to use in a decision in securities investment
consisting of four main criteria and 11 sub-criteria as shown in Table 3. The experts, who
have experience in advising securities investment, have been selected to evaluate the
relative importance scores. There are three experts, consisting of the first expert working
as a Wealth Relationship Manager, the second expert as a Senior Director of Human
Resources, and the last expert working as Dealer & Products (Global Markets). Those
experts have the following qualifications: 1) Able to give advice for trading or investing
in the stock market. 2) Have basic knowledge of finance and investment in several types
of financial securities, including the ethic of conduct for giving appropriate investment

advice.

Table 3. Main criteria and sub-criteria used in making investment decisions in securities.

Main Criteria

Sub-criteria

Related Research

Description

Financial
Infrastructure

Technical
Indicators

Basic Structure
and Sustainable
Development

Investment Risk
Factors

Return on Equity

Price to Earnings Ratio
Price to Book Value Ratio

Oscillator

Relative Strength Index [1.14]

Simple Moving Average
Governance
[15]
Corporate Image
Beta
[9,16,17]

Standard Deviation

Liquidity Ratio

[10,11,12,13]

All  sources of funds
provided by the business
for its operations, both
short-term and long-term
sources of funds.

Tools Selection helps make
a profit from the market
which can help to spot
signals. or an opportunity
to make a buy signal or a
sell signal

Concrete  practice  for
sustainable growth goals of
the business

Changes that cause the
actual yield to deviate from
the expected rate of return.
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3. Result

All criteria and alternatives mentioned above have been used to formulate a hierarchical
diagram of decision-making. The objective at level 1 is to select securities in the energy
and utilities group. The main criteria are at level 2, sub-criteria are at level 3, and
alternatives are at level 4. Then, the geometric mean of the pairwise comparisons of
criteria obtained by the three experts was calculated as in Table 4, dividing each pairwise
comparison by the sum of the numbers in the vertical column of the main criteria. It is
normalized by having the sum of the main criteria in each column equal to 1.00 and
calculating the importance of the main criteria by calculating the mean of the main
criteria in each row shown in Table 5. It can be seen that the top priority criterion in
making a decision to invest in securities is the financial infrastructure, followed by
technical indicator, investment risk factor, and basic structural & sustainable
development respectively.

Table 4. Consistency analysis of the main criteria

Basic structure

Main Financial and sustainable Technical Investment Eigenvector Product Product/
Criteria Infrastructure " ustal Indicators Risk Factors igeny u Eigenvectors
Financial 1.0000 2.7589 33019 1.6134 0.4459 1.8591 4.1694

Infrastructure
Basic Structure
and Sustainable 0.3624 1.0000 0.7306 0.8707 0.1562 0.6360 4.0727
Development
Technical 03018 1.3821 1.0000 13572 02015 0.8185 4.0620
Indicators
Investment Risk
0.6136 1.1447 0.7368 1.0000 0.1964 0.7973 4.0586
Factors
ﬂ/ 4.0907
nax
ClL 0.0302 CR. 0.0336

Table 5. Weights of the main criteria.

Main Criteria Weights Priority Orders
1 Financial Infrastructure 0.4459 1
2 Basic Structure and Sustainable Development 0.1562 4
3 Technical Indicators 0.2015 2
4 Investment Risk Factors 0.1964 3

After that, the maximum Eigenvector ( /’Lmax) was calculated by multiplying the

product of eigenvalues from Table 5 in each row by the mean of pairwise comparisons
by experts of all criteria from Table 4, then calculating the Consistency Index (C.I.) by
subtracting the number of criteria, which in this research is 4, dividing by the number of
criteria minus 1, then calculating the Consistency Ratio (C.R.) from C.I. divided by the
Random Consistency Index (R.I1.), which is a sampling of 64,000 samples from the
matrix. In this study, there were 4 main criteria for sampling. Therefore, the value is 0.90,
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indicating that the Consistency Ratio: C.R.) has a value of 0.0336, which is not more
than the specified value, which is 0.10, as shown in Table 4.

In the same way, the researcher used the results of comparing the sub-criteria
significance from all experts to calculate the average significance weight. as well as
checking the consistency ratio, which must not exceed 0.10. The calculation results of
the weighting of the sub-criteria under the financial infrastructure criteria show that the
first-ordered priority in deciding to invest in securities is the Price to Earnings Ratio
representing 26.27 percent. The second-ordered priority is the Price to Book Value Ratio.
representing 10.18 percent. The third-ordered priority is the return on equity ratio.
accounted for 8.13 percent.

The result of the significant weight of sub-criteria under the Basic Structure and
Sustainability Criteria shows that top priority in deciding to invest in securities is the
image of the company, representing 9.22 percent, and good governance representing 6.40
percent. The results of calculating the weight of the sub-criteria under the technical
indicators show that the top priority is the simple moving average (9.33 percent),
followed by the Stochastic Oscillator (5.91 percent), and a relative strength index (4.91

percent). The results of calculating the weight of the sub-criteria under the risk factor, it
was found that the liquidity ratio is 9.19 percent, the beta value is 5.51 percent, and the
standard deviation accounted for 4.94 percent.

Then, TOPSIS was applied to help rank securities. All 11 sub-criteria were collected
as follows: Return on Equity Ratio, Price to Earnings Ratio, Market Price to Book Value
Ratio, Good Governance, Company Image, Relative Strength Index, Stochastic
Oscillator, Simple Moving. Average, Beta, Standard Deviation, and Liquidity Ratio.
They are determined as the benefit criteria (+) and cost criteria (-) and determining the
final weight derived from the hierarchical analysis process (AHP) as in Table 6.

Table 6. AHP weights and benefit/cost of all 11 sub-criteria

AHP Relative  Benefit/Cost

Main Criteria Sub Criteria Symbol Weights ~ Weights Criteria
Fi ial Return Ratio to Shareholders Cl 0.0813 0.1824 +
| f‘“imi‘ Price Ratio Per Profit C2 02627  0.5893 +
nirastructure Accounting Market Price Ratio C3 0.1018 0.2283 -
Basic structure  Governance c4 0.0640 04095 +

and sustainable 0.5905

development ~ Image Cs 0.0922 : +
Technical Relative Strength Index C6 0.0491 0.2436 +
Indicators Stochastic Oscillator (oy) 0.0591 0.2932 -
Simple Moving Average C8 0.0933 0.4632 +
Investment Risk Beta c9 0.0551 0.2804 -
eSFacforS ¥ Standard Deviation Cl10 0.0494 02515 -
Liquidity Ratio Cl1 0.0919 0.4681 +

The researcher collected data for all 11 sub-criteria as mentioned above, of 12
securities in the energy and utilities category of the SET50 listed on the Stock Exchange
of Thailand in 2021, between the first quarter of 2021 and the fourth quarter of 2021, all
12 securities are alternatives for making investment decisions. and then create a 12 x 11
decision matrix to calculate the stock rankings. Then adjust the data by vector
normalization method and calculate the standard weight by multiplying the standard of
each alternative and each criterion with the AHP weight.
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After that, determining the ideal solution matrix of the positive ideal solution with
the highest value of each criterion (J*) and the negative ideal solution with the lowest

value of each criterion (y~) were calculated. Then calculate an alternative distance from
the positive ideal solution ( §+) and an alternative distance from the negative ideal

solution (§-) and find the consistency value to be a positive ideal solution weight (CI_Jr ).

Table 7 shows the values §*, - and C;r of securities used in making investment
1 1

decisions in the first quarter of 2021.

Table 7. §*,§” and (' of securities used in making investment decisions in the first quarter of 2021
1 1 1

Securities S:r S; S;* Sl_ C; Order
BANPU 0.1709 0.0860 0.26 0.3346 11
BGRIM 0.1065 0.1169 0.22 0.5233 2

BPP 0.1560 0.0862 0.24 0.3558 8
EA 0.1356 0.0965 0.23 0.4157 3
EGCO 0.1725 0.1048 0.28 0.3781 6
GPSC 0.1422 0.0897 0.23 0.3867 4
GULF 0.0802 0.1692 0.25 0.6786 1
IRPC 0.1679 0.0844 0.25 0.3346 12
PTT 0.1662 0.0852 0.25 0.3388 10
PTTEP 0.1562 0.0857 0.24 0.3543
RATCH 0.1564 0.0882 0.24 0.3606
TOP 0.1581 0.0981 0.26 0.3830

The Sign Test for Two Related Samples is used to compare actual rankings of
securities based on the percentage change of securities and securities rankings using
TOPSIS.

Statistical Hypothesis
Ho: The securities ranked by TOPSIS did not differ from the actual ranks.
Hi: The securities ranked by TOPSIS differ from the actual ranks.

The results of the hypothesis test obtained from the IBM SPSS analysis between the
securities ranked by TOPSIS and the actual ranks of securities, at a significance level of
0.05. The first quarter of 2021 has a p-value of 0.388, which is higher than the
significance level. Therefore, the null hypothesis cannot be rejected. Namely, the
securities ranked by using the TOPSIS method and the actual ranks are not different. As
same as, the securities ranked by using the TOPSIS method and the actual ranks in the
other quarters are not different.

4. Conclusions

The ranking of the main criteria for stock market investment on the AHP. It was obtained
by experts. The experts have given importance to the main criteria in descending order
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as follows: First, the financial infrastructure (0.4459), followed by the technical
indicators (0.2015), the investment risk factor (0.1964), and basic structure and
sustainable development (0.1562).

The researcher used the TOPSIS method to analyze alternative priorities of 12
securities in the Stock Exchange of Thailand during the 1st - 4th quarter of the year 2021,
using statistics to test using the Sign Test for Two Related Samples to test for consistency.
between the securities ranks using the TOPSIS method and the actual ranks of securities
at the significance level of 0.05. The results showed that there was no difference between
the two groups, ranks by TOPSIS are no different from actual ranks of securities.
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Abstract. With the rapid development of information technology, there is an
emergence of the advancement in cultural digitalization and digital
industrialization. By analyzing the implications of the value and technical routes of
a cultural digitization strategy, the present study proposed a cultural digitization
strategy that transforms the related works, knowledge and wisdom of cultural
producers into quantifiable, traceable and tradable digital assets. Additionally, it
promotes a more profound level of processing, including the processing and
service of cultural resources, which further extends the supply chain of cultural
digital resources, while promoting the integration and development within
business sectors. This can assist the upgradation and transformation of the cultural
resources to ensure an improvement of the digital service levels of cultural
resources, along with stimulating new vitality norms of the cultural resources.
Further, it can be a motivation factor to promote the creative development of a
national culture. Libraries are cultural hub enriched with literature within diverse
audience to drive the information circulation. The implementation of a cultural
digitization strategy can effectively promote the transformation and upgradation of
the library elements by providing a solid channel to focus on libraries as an
institution resulting in strategic positions of cultural power in a changing global
environment. By focusing on the key tasks and long term goals of cultural
digitization, the active adoption and implementation of “enabling digital
technology applications by integration and innovation” can be achieved.

Keywords. Cultural digitization; Library; Implementation lines; Development
routes

1. Introduction

Over the last 5 years, with a rapid development of 5G/6G, artificial intelligence,
AR/VA/MR, block-chain and other information technologies, and the integrated
development of science and culture, there is a gradual emergence of cultural
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digitalization and digital industrialization. With the constant unlocking of the
integration of cultural resources, there is a constant evolution of new forms of cultural
industry and new scenes of cultural consumption. With an acceleration of the
developments in the Chinese digital culture industry, cultural digitization has become a
national strategy [1]. The digitization of culture is an important means for the “creative
transformation and innovative development” of culture, and it is considered an
appropriate route to build a strong socialist culture. Additionally, it enables the support
in the development of a digital economy, thereby building a cultural power and
supporting the rejuvenation of China as a nation. As a cultural place for the public to
consult literature and obtain information and spread knowledge, there is a need to
develop high-quality libraries that can adapt to the general trend of cultural digital
development, and strengthen the development of new cultural formats. Currently, there
is a need to transform and improve the traditional cultural formats, enhance the supply
of high-quality digital cultural products, and create sustainable digital cultural samples
by the libraries. These issues are some of the practical subjects that need to be
contemplated by the librarians.

2. Connotation, value and technological route of cultural digitization strategy
2.1 Evolution process of a national strategy ascending with cultural digitization

Tracing its origin, China’s cultural digitization construction work started since past ten
years. In 2012, the Outline of Cultural Reform and Development Plan during the 12
Five-Year plan proposed the implementation of the construction project of “cultural
digitization”[2], pointing out that the comprehensive digitization of cultural resources,
cultural production and cultural communication should be promoted to boost the
integration of culture and technology. The need to promote the digitization of cultural
resources has also been drafted into the report of the 18" National Congress of the CPC
[3]in the same year. Since then, it has opened a new stage, wherein the culture and
technology continue to accelerate the integration and development process. In 2019, the
Chinese Ministry of Science and Technology and other six departments jointly issued
the “Guiding Opinions on Promoting the Deep Integration of Culture and Technology”,
that presented clear guiding opinions on the deep integration of culture and science and
technology in key fields such as industrialization, innovation system construction,
technology research and development, big data construction, etc.[4]. In 2022, the
“Opinions on Promoting the Implementation of National Culture Digitization Strategy”
was officially issued by the two State Offices [5]. A chapter on “Culture” was deployed
in the Report of the Party’s 20" National Congress that clearly proposed the
implementation of ‘“National Culture Digitization” strategy and strategy driven by
major projects in the cultural industry. Since then, China has ushered a new track for
the development in cultural digitalization. The 14" Five-Year Plan for National
Economic and Social Development and the Outline of 2035 vision goals clearly put
forward that by the end of the 14th Five-Year Plan period, China will build a
multidimensional cultural service system featuring a complete network infrastructure,
integration of online and offline services, and full coverage of cultural services [6]. It
further encompasses the acceleration of the development of new cultural enterprises,
innovation of cultural business forms and updating the cultural consumption patterns
[7]. Also, it focused the development and strengthening of the online audio-visual
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platform, digital publishing, creativity and entertainment, and online performance. This
initiative can improve the level of public culture digitization, accelerate the digital
layout of the cultural industry and promote science and technology to empower the
cultural industry, in order to ensure a cultural big data system of quick link, key
integration and comprehensive sharing by 2035 [8].

In the last decade, the Chinese culture digitalization has comprehensively evolved
and developed, and new formats, new scenes, new ideas and new models based on the
innovations in digital technology have been continuously integrated into cultural life,
cultural production and cultural ecology with fruitful development [9]. “Implementing
National Culture Digitization Strategy” was a prodigious decision concerning the
strategic arrangement made by the Party Central Committee to grasp the direction of
digitization, intellectualization and network development. It also enabled an effective
approach to promote the mutual interaction, mutual promotion and coordinated
development of cultural industries, cultural undertakings and cultural forms of business
[10]. The ‘data’ is an important factor in the production and development infrastructure,
which has become an important focus of the Chinese national policies. With the
evolution of the unstoppable and irreversible “digital age”, the “digital survival” is
considered to be an important reality faced by the human race [11]. There is a need for
increasing the participation and contribution of the digitization of culture. The
“Implementing the Strategy of Digitization of Cultural Industry” is a strategic plan
made by Communist Party of China based on the reality that the digital information
industry can promote the rapid development of the society and economy. It is also a
strategic choice to realize the 2035 vision target plan and the great rejuvenation of the
Chinese nation.

2.2 Connotation of the cultural digitization
2.2.1 Connotation of digitalization

With the development of the Internet, digitization and informationization go hand in
hand. The essence of the digitization process is the process of converting real things
from digital equipment to analog signals for processing, storage, transmission or
processing of binary code; introducing the computer to uniformly process into numbers
or data through model converter; and then re-constructing these numbers or data into
appropriate digital models. Digitization emphasizes the refinement and accuracy, truth
and science, norms and standards, efficiency and benefits, and global and systematic
norms. Digitization also greatly improves the product quality, shares information
resources, and stimulates people’s pursuit of excellence in response to the product
efficiency. Application of the digitization methods promote the advancement of science
and technology and foster an improvement in the management level of all social strata.
In the information age, the digitization of information is increasingly valued by
researchers. All aspects of the people's daily life can be integrated using digital
technology and can be “digitized”. As a result, the concepts of “digital economy”,
“digital humanity” and “digital survival” continue to prevail. The application of digital
technology has incubated a large number of new industrial forms, and the creation of
new value by digital technology has promoted the emergence of new industrial models.
Enterprises with new models recognized by the market have rapidly gathered into new
social industries. “New business forms - new models - new industries” is the basic
logical path for the cultural digitalization to promote the industrial development [12].
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2.2.2 Connotation of cultural digitization

Industry + Digitalization present the implication of digitalization in the four links of the
economic society, viz., production, distribution, exchange and consumption.
Digitalization profoundly affects the different forms of the industrial organization,
efficiency of the industrial output, and structure of the human society and economy. It
has huge subversive innovation ability for traditional industries and creates a grand
economic size. “Cultural digitization” is a vivid practice of “digitalization” in the
cultural industry. It refers to the use of modern video and audio coding, intelligent
algorithm, digital copyright, network communication and other information digital
technologies to store, create, transform, spread, consume and trade the existing various
“non-digitalized” cultural resources to form a new “digital” culture. It can realize the
upgradation of the cultural content, cultural transmission and cultural consumption
mode, and assists the innovation of the existing cultural ecological system for the social
and economic benefits. Apart from enhancing the process of cultural digital application
in the process of digital display and integration of cultural resources, it also the process
of amalgamation of national cultural big data system by using digital technology to
serve the national cultural production, consumption and transmission channels [13].
Cultural digitization is a kind of sharing and service mode with interactivity, experience
and innovation. Therefore, cultural digitization is not a single technical transformation
of “using numbers to give wisdom”, but is an iteration and innovation of the integrated
digital cultural system.

The development of the digitization of Chinese culture has three stages, viz., the
stage of production and consumption of cultural content in the pure Internet mode; the
two-way integration of traditional culture and the Internet; and the offline and online
integration and application of highly developed digital technology. Currently, people
look forward for the digitalization of the whole process of cultural “creation,
production, marketing, management and service”, so as to enjoy the cultural feast of
excellence and get the ultimate spiritual pleasure. Cultural digitization is a stage and
process of development in which technology, culture, humanities and economy
constantly integrate, evolve and develop. From the technical aspect, cultural
digitization should include the following contents: technology platform of hardware
facilities (VR/AR, AlI, spatial holographic projection, film and television digital
shooting, cloud service platform for data processing, etc.), software facilities of file
content creation and information processing (Al audio and video production software,
3D special effects production software, intelligent graphics generation software
facilities, etc.), information flow and generated content of cultural digitalization, and
human digital culture consumption pattern. With the development of cultural
digitalization, it is moving forward to the digital and intellectual stage of culture, and
the stage of cultural content digitalization is moving forward to the stage of cultural
industry digitalization [14]. The hyper-realistic function of digital culture has given rise
to a digital cultural virtual person and immersive virtual environment. Cultural
digitization has fostered the cross-border integration of cultural travel and literature,
and enabled them to be used in the related industries of society and economy, thereby
increasingly forming a national cultural big data system with three-dimensional
coverage, logical correlation, key integration and comprehensive sharing.
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2.3 Value function of cultural digitization

The world is vibrant because of its interconnection, and the value of data is available
and deployed around the corner and around the globe. Data factors provide an
important multiplier effect on the capital, labor, technology, land and other production
factors. In the digital information age, big data has become a new driving force for
high-quality social leapfrog development. In the era of digital economy, data is an
important factor of production, as well as, a basic strategic resource of the country [15].
The essence of cultural digitization is to correlate the data in the cultural field and
continuously transform the related data containing the knowledge and wisdom of artists
into tradable, traceable and quantifiable cultural assets. The core driving force of
cultural digitalization is to promote the effective transformation and continuous
development of the value of cultural assets and constantly activate the consumption
power and source vitality of the cultural resources. The emergence of digital culture has
rapidly changed the commercial space of retail, tourist attractions, mass consumer
goods and other industries, and prompted significant changes in the service, marketing
and production mode of many industries. Presently, life scenes such as e-commerce,
live streaming, virtual human shopping guide, virtual human hosting and immersive
visiting experience have become very common. The deep integration of digital culture
and many industries continues to deepen and promote the iterative upgradation of many
industries. Currently, the people’s demand for digital culture shows a “blowout” trend.
Furthermore, digital culture has become an effective way to meet people’s high-quality
spiritual and cultural needs. Cultural digitization enables the real economy and has
become an important engine to promote the optimization and upgradation of the social
and economic industrial structure. Cultural digitization is an internal requirement in
promoting the high-quality development of the cultural industry. The national strategy
of cultural digitization profoundly changes the overall structure, output value and
industrial form of cultural industry. In addition, it influences and promotes the
development of the cultural industry and social related industries. Thus, cultural
digitization is an important starting point for China to achieve the goal of building a
strong culture in 2035, and it is also a systematic project to achieve digital cultural
governance under the leadership of the CPC [16].

2.4 Implementation routes of cultural digitization

The practice of cultural digital production, consumption and communication has been
carried out in China for more than decades. In the digital strategy of China’s cultural
industry, it has been clearly proposed to build a “cultural big data service system”. In
this system, it is necessary to build a “national cultural private network” relying on
China’s radio and television network, and strengthen the construction of “national
cultural big data cloud platform” relying on the national radio and television network.
Furthermore, it also strengthens the construction of China’s “digital cultural production
line”, promotes the integration of information technology and cultural elements,
effectively integrates cultural industries and cultural undertakings, and fosters a series
of new social and cultural business forms in China. The overall structure of the national
cultural “big data system” can be summarized as two sides of supply and demand +
four terminals [2], where the two sides of supply and demand refers to the demand and
supply side of cultural digitalization, and the data generated in the consumption link of
the digital culture field is called the demand side of digital culture. The data sources
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that people randomly pick from the national cultural big data system database is called
the Supply side. The ‘four terminals’ include the resource terminal, production terminal,
consumption terminal and cloud terminal of cultural digitalization. Libraries, museums,
newspapers and other sections and units that keep or collect cultural resources form the
“resource terminal” of cultural digitization. All the institutions that collect process and
produce data for cultural resources make the “production terminal”. The institutions or
places of digital culture consumption form the “consumption terminal”. Finally, the
cultural data service platform or service center that serves the release, transmission,
storage and transaction of cultural digitalization is called the “cloud terminal”. For
example, cloud service platform and national cultural private network are both
available via the “cloud”. In fact, institutions as public cultural resources can
sometimes be regarded as both the “resource terminal” and the “production end” of
cultural digitalization. “Cloud” is the link connecting the other “three terminals”.
“Cloud” can realize the “interconnection” of data in various industries and fields and
gathers rich and massive big data resources, which is the key for the big data to play
the “magic” role.

Digital culture supply side

Resource end (digital cultural resource provider, collection unit)

[ (Cultural data service platform) Cloud (cultural data service center) ]
|
[ Production end (digital culture collection and processing institutions) ]

(Cultural data service platform) Cloud (cultural data service center)
|
Consumption end (digital cultural consumption institutions or places)

Digital culture demand side

Figure 1. National cultural digitization framework system

Interconnection is the key for the successful implementation of the national
cultural digitization strategy [17]. Chinese culture has a long history of more than 5,000
years. The cultural attributes and the elements of each unit, department or platform are
the “gold hills”, but they still remain as the isolated islands of information. The major
hurdle is faced in the extraction of cultural symbols and elements with inheritance
value and to make overall use of the existing or under construction cultural
achievements to create data with unified standards, scientific classification and labeling
standards. Subsequently, under the support of “computing power” and “algorithm” can
be correlated to the large database of Chinese culture and transformed into cultural
production factors. This is the goal of implementing the national cultural digitization
strategy.

3 Relationship between cultural digitization and library development

Digital cultural resources have become an extremely important factor of production
under the condition of digital information. Cultural digitalization is a great historical
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process of the development of today’s society. Cultural digitization converts the related
works, knowledge and wisdom of cultural producers into quantifiable, traceable and
tradable digital assets. It promotes the deep-level processing and service of cultural
resources, extends the supply chain of cultural digital resources, and promotes the
integration and development of different sectors. Cultural digitization strategy
penetrates the whole process of cultural construction by promoting the upgradation and
transformation of cultural resources, improving the digital service level of cultural
resources, and stimulating the new vitality of cultural resources. Thus, it is an
inspiration to promote the creative development of the national culture. Cultural
digitization strategy is a great opportunity to realize the great rejuvenation of the
Chinese nation. China has experienced the development process of “digitalization of
cultural resources - digital application of cultural industry - operation of national
cultural data system”, and will soon adopt the new business model of integrated
development of information technology and culture in a compound three-dimensional
way. The “meta-universe” full intelligent life style of symbiosis of the virtual and real
will be soon witnessed. Development of cultural digitization also truly presents the
development of the new ‘digital economy’ from scratch. It is an inevitable result of
modern information technology to promote the development of productive forces, and
the inevitable result of cultural digital technology to promote the integration and
development of other industries. In today’s information age, mankind has gradually
entered the era of “digitalism” or “intellectualism”. The main contradiction of society is
the “digital divide” between the demand for information and cultural digital resources
and the lack of data in the process of social material production. The process of cultural
digitization is a process in which human beings form a systematic and efficient cultural
digitization system in the production, consumption and dissemination of cultural
resources. It is a process in which human beings actively consider shortening the
cultural digital gap. In order to stand at the forefront of the global information
development, relevant cultural industries must fully adopt the existing facilities and
networks, actively utilize the most advanced digital technology for resource integration,
and promote cultural creative transformation and innovative development. This is not
only a new growth point of the Chinese economy, but also a new level of the
development of human culture.

Library is a cultural building with rich documents, a cultural market with rapid
information circulation, and a cultural island with flexible spatial functions. The library
itself is a culture with profound connotation, which is developed by the progressive
inheritance of the past, the present and the future. It stands by the fusion and reflection
of things (the library), people (readers and librarians) and gods (the wisdom and spirit
carried by the collection of documents). With a development of the society, there is an
ever-increasing importance of the library in the people’s mind. There are several
proverbs in this regard, including “Library is the door to knowledge”, “library is a
university without walls”, “library is not only the organ of cultural crystallization, but
also the organ of cultural propaganda”, “one more library, one less prison”. As a social
and cultural institution that collects, keeps and arranges books, the library's mission is
to provide the people with all kinds of published text, images and audio information
freely and without reservation. This helps to create a good environment for the people
to enjoy reading, improve their study and conduct scientific research. The library
naturally bears the sacred mission of providing basic conditions for scientific research,
independent decision-making, lifelong learning and cultural development of individuals
or social groups, and naturally becomes a “growing organism”. From ancient library to
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modern library, from modern paper library to modern digital library, the emergence of
modern electronic library and network digital library is closely related to computer
network technology, communication technology, and science and information
technology. In the age of information data, people have higher requirements of reading
in the library for “open environment, convenient service and efficient resource sharing”.
For decades, libraries have adhered to the service concept of specialization,
individuation and digitalization by continuously building multifunctional electronic
reading room, carrying out online exhibition activities, storing a large number of
documents and video materials, and constantly strengthening the construction of
information resources. In the digital age, cultural space will enter the new mode of
“third space” from the compound platform, and “virtual space” will become the “door”
through the real physical world. Reading is no longer a process of limited knowledge
acquisition, but a process of “tasting culture, edifying sentiment and enlightening
mind”. People are increasingly demanding the immersive intelligent cultural space of
the “condensed visual elements integrated with scientific and technological features,
complex and multiple functions, and conveyed humanistic atmosphere” in libraries. At
present, the construction of Shanghai Lingang Digital Science and Technology Library
with digital immersion experience as the core is under way. By then, the library will
provide readers with complete scientific and technological information and full sensory
interactive reading experience with smooth international cooperation, which will be a
model and benchmark for the construction of new digital libraries.

In the age of digital revolution, all cultural industries are facing great survival
challenges and great new opportunities for development. In the new era, in order to
fulfill the sacred mission of leading and promoting the reading of the whole people,
there is a need to adapt to the new development and changes, open a new situation in
the changing situation, and nurture new opportunities in the crisis. Libraries should
deepen their understanding of the cultural digitalization strategy, and firmly grasp the
historical opportunity of the new round of information revolution and industrial
transformation. Further, they should strengthen the digital construction, actively expand
the “Internet plus” and “smart plus”, apply mobile Internet, big data, Internet of Things,
block-chain and other technologies, and empower the library supply chain. Enhancing
the library’s response, perception, connection and operation capabilities in the
construction of “national cultural big data service system” can provide a more and
better efficient resource allocation. The implementation of cultural digitization strategy
can effectively assist in the promotion of the transformation and upgrading
development of libraries. Additionally, it provides a solid channel and assurance for the
high-quality development of libraries, and paves a path and space for the development
of libraries. The implementation of the national cultural digitization strategy can greatly
promote the digital transformation and service innovation of libraries [18]. In view of
the implementation plan, specific tasks and strategic objectives of “culture digitization”,
the library has ushered in an unprecedented significant development opportunity. The
library must keep up with the present issues, uphold the innovative mentality, and
maintain the forging attitude. In addition, libraries should constantly strengthen the
digital construction by using advanced digital technology, and accumulate and transfer
the useful and novel information resources. Thus it should “run fast with big steps
when it is certain and practice with small steps when it is uncertain”. There is a need to
find a way to transform and develop this cultural digitization strategic projects that
contain an infinite wealth and development space.
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4  Development path of library under the background of cultural digitization
strategy

4.1 Enabling technology and Upgrading the digital library technology application

With the rapid development in the network, communication and computer technology,
“digital library” - a member of the digital family is known as one of the main
information industries in the 21% century. The library integrates different digital
technologies like information compression, optical character recognition and digital
scanning to establish a distributed network resource database structure model. In the
construction of cultural digitization, the basic requirement is to digitize all the existing
paper documents and convert such documentation into electronic documents which is
recognizable, retrievable, understandable and queried by computers. Subsequently, it
can be applied to library database collection, storage and processing. Most libraries
have employed advanced digital management system in the past, and purchased
professional digital reading terminal equipment, including electronic book borrowing
machine, self-service book borrowing and returning equipment, and digital resource
collection equipment. However, these expensive digital management systems have not
been effectively used due to the lack of visualization system, complete information
digitization supporting equipment and related skilled information technology. This
seriously hinders the depth and development of library digital construction. No matter
how strong the construction of library information digitization resources or the
construction of library think tank resources are to realize digitized, humanized and
intelligent literature retrieval service, it is necessary to rely on advanced hardware
equipment to upgrade a library’s digital technology application system. This includes
display screen, switch, network adapter, database management software, general or
special application software and other software facilities. The library should develop
and establish a corresponding digital application, management and service platform
according to its own library management. Libraries should vigorously introduce system
software, build a service platform by using data analysis system and visualization
system, use Al, big data, cloud computing and artificial intelligence to build a library
system management. It should be followed with a service system through resource
sharing, monitoring and intelligent scheduling, and creating a digital library with
“data-based management”. There is a need to improve the library’s ability of
information mining, preservation, efficiently transmission and sharing of knowledge.
This can help to realize the multi-content and high-quality cultural service supply of the
library and meet people’s spiritual and cultural needs at a higher level.

Cultural digitization is a powerful means to promote the innovative and integrated
development of social resources. As the distribution center of information knowledge
and human civilization, it is necessary to enhance the construction of library
digitization. According to the requirements of the construction of “National Cultural
Big Data Service System”, the library should comprehensively sort out all kinds of
information resources according to the principle of “logical correlation and physical
distribution”. Subsequently, it should scientifically classify them according to the
standard marks of national cultural resources, and complete the collection, storage,
distribution, transmission and processing of all library materials and data in the large
system of national cultural private network. The establishment of library database in
accordance with ISLI (International Standard Association Identifier for Information and
Literature), initiated by China, facilitates the formation of Chinese cultural resources
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database. Based on the innovative and iterative development of digital technology,
libraries should rely on the national cultural private network, build a data service
platform, provide digital culture search and query, matching transactions, identity
analysis and other services. This can assist in improving the digital service and creating
a batch of first-class digital literature resources and culture, thereby realizing the
continuous appreciation of the collection resources. As a cultural highland, libraries
should strengthen the comprehensive and collaborative application of information
technology, such as mobile Internet and communication technology. They should strive
to use new information technologies such as artificial intelligence technology to find a
wide and deep space for multi-type and multi-level digital application, and form a
mechanism for digital innovation technology to augment the cultural integration and
development. Also, they should form a driving force for the digital culture production,
consumption, and sustainable innovation and development. To upgrade the application
of digital technology in libraries, there is a need to strengthen the integrated application
of 3D engine, virtual reality engine, digital human engine and other technologies.
These can strengthen the integration of library information resources, improve the
function of guidance, access and service of libraries, and give full play to the resource
advantages of libraries in the ecological chain of “cultural communication”.

4.2 Integration and innovation to consolidate the new library digital infrastructure

In recent years, new forms of digital culture such as webcast, short video and virtual
environment have increasingly become people’s way of life. Under the pressure of
innovative information integration technologies such as AI, AR/VR/MR and FNT,
information digitization has profoundly affected the whole process of human life in
multiple fields. Digital empowerment of cultural heritage has led to a
multi-dimensional immersive continuous experience [19], and the deep integration of
information digital technology and culture will reshape the new form of social
development. Science and technology are the primary productive forces, while network
information technology is the key means of the digital construction of a library.
Libraries must conform to the developing trend of the digital age, and thus develop new
level of digital infrastructure on the premise of ensuring continued stability, scalability
and compatibility of various library digital platforms. China’s new digital infrastructure
includes VR, AR, MR, virtual reality technology, Internet of Things, industrial Internet,
artificial intelligence, integrated computing and other infrastructure [20], which is an
important basis for the national digital construction. AR/VR/MR fosters immersive
cultural experience, while the Internet of Things technology realizes the real-time
simulation experience of cultural environment. The upgrade of artificial intelligence
realizes the intelligent cultural experience. The application of digital technology
reconstructs the relationship between “people, things and fields”, and promotes the
iterative upgrade of cultural consumption. Integrated information technology provides
feasible strategies for the utilization, dissemination and protection of library collection
cultural knowledge.

The new digital infrastructure can create tactile, rendering and immersive cultural
products that can easily convert the complex data back and forth to realize the
integration of digital resources. It can enable in-depth and high-quality development of
cultural products to create a new environment for data circulation, and build a cultural
lending system with supply and demand matching and efficient circulation. At present,
audio-visual resources such as video and audio in a library only provides a
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two-dimensional display mode. If three-dimensional virtual reality literature can be
generated with the help of virtual reality technology to make these precious literature
resources “alive”, the preservation and utilization of resources can be better realized.
The library should adapt to the development trend of digital technology, actively use
3D digital, VR, AR and MR to accurately locate the location of books. Use of artificial
intelligence and cloud computing should be enhanced to strengthen the underlying
algorithm of the library. The block-chain, artificial intelligence, digital twin and other
technologies can be employed to enable the contents, images and relics of library books
to be presented in a multi-dimensional and three-dimensional way with realistic
pictures. Finally, a “meta-universe” library can be created that integrates the virtuality
and reality. There is a need to employ new virtual digital infrastructure to strengthen
the collation, organization and indexing of library information, build an orderly and
standardized digital information base, convert electronic books, image materials and
information materials into 3D format, build a three-dimensional data information
management system, and complete the basic work of digitized and digitized library
literature information. In addition, it can realize the digital text description of library
literature information, realize the upgrade and transformation of traditional library
resource information and form a new information library. Alternatively, the
“human-computer interaction” information technology can be used to extract the
information from cataloging, circulation, classification, and collection, and digital
processing can be enhanced by three-dimensional reconstruction, digital twinning,
Internet of Things and other technologies. Readers can move into or join the virtual
space with virtual identities, thereby realizing the dialogue scenes between readers and
characters in the book across time and space, and allowing readers to “personally visit”
the world in the book. Meeting the “He, she, it” in the book forms a vivid and flexible
intelligent interactive interface for the reader. It realizes the readers’ intelligent
operation and three-dimensional visual desire in the link of literature retrieval and
information browsing. Moreover, it realizes the readers’ dream of convenient operation
of the super-space-time simulation scene, so that the reader enjoys multi-dimensional
dynamic and materialized reading and greatly reduces the distance of readers reaching
“knowledge”. Furthermore, it enhances the appeal, attraction and communication
power of library collection resources, for the protection of Chinese culture, cultural
inheritance, cultural transmission to fly high with wings.

4.3  Expand applications and improve library digital services

At present, the new forms of digital culture consumption show the characteristics and
trends of “enhancing the senses, emergence of new consumer products, and creating
chained wealth”, and new service industries such as “related intellectual innovation”
keep emerging. Libraries should actively link the scattered resources of different
departments to connect the databases in different fields, and combine audio, pictures,
text and other data in different forms. They should vigorously promote the timely use
of library related resources on the cloud, and promote the deep mining and wide
dissemination of collection resources. To make full use of digital resources and
establish green ecology of digital resources, libraries should try their best to use digital
technology to strengthen digital communication of all paper resources in their
collections through text exhibition, picture display, audio and video playback. This can
help to realize permanent communication and preservation of library digital resources
that are simultaneously displayed offline and online. By combining online games,
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online animation and webcasting with the creation of new library digital industries, the
library digital resources can be widely disseminated through terminals, so that people
can conveniently enjoy the excellent cultural achievements of the collection without
time and space restrictions. This leads to an improvement in the level of library digital
reading and communication, and promotes the structural reform of library digital
supply side. There is a need to promote the digital integration of library collection
resources in all forms, processes and domains. This can be achieved by building the
library digital resource database and building immersive new scene of library cultural
experience. Improving the library computing service system and enhancing the supply
capacity of library digital culture can lead to development of the universality and
coverage of library digital services. Also there is a need to improve the digital service
level of library resources, and realize people's desire for the digital culture of fast
sharing and rendered experiences in the library.

Integrated technology can be adopted to build a library “cloud” resource data
system, which can enrich the means of protecting library collection resources, actively
link or associate with other data sources or cultural industry entities, and lay a solid
foundation for further mining the value of library data resources. At present, many
libraries are embarking on the “digitalization” project, but their digital development is
only reflected in the network communication and sharing of the collection materials
such as video and text, rather than “transferring the traditional content production and
business development positions to the digital platform to activate the digital momentum
of the library” [21]. In the process of digital construction, the library can actively
recombine, deconstruct and create new 3D/4D works that are “constantly surprised and
never get used to” by reorganizing, deconstructing and creating the document resource
elements scattered around the corners of the library. This includes the text data and the
image data, historical biography, text interpretation and graphic design of a certain
theme (such as - A Dream of Red Mansions). Subsequently, it can cooperate with
related cultural enterprises to create a new cultural consumption industry with wealth
index. The library should take “serving cultural communication” as its core value and
promote the development of new forms of business such as “immersive reading,
intelligent library and meta-cosmic library” with its own cultural elements and digital
elements of information. Also, it should promote the internal and external interaction
and transformation of collection resources, strengthen the cooperation with cultural
enterprises, and expand new scenes of consumption of digital cultural exhibitions with
different themes. To create a batch of first-class digital culture consumption service
products, the library should truly build into a “regional network center, nationwide
reading education center, information and a literature resource service center”. These
steps can solely promote the library’s excellent digital culture to the world in a deeper,
more extensive and wider scope, and illuminate the development road of Chinese
culture digitalization.

5 Conclusion

With the rapid development and strong drive of digital technology, the digital
development road of Chinese culture is moving towards an important, efficient and
intelligent direction. As one of the strategic positions of cultural power, the library
should keep pace with the changing times, and focus on the key tasks and long-term
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goals of cultural digitalization strategy. There is a need to increase the digitization
process of collection resources, increase the formation of library digitalization
information flow, content flow and service flow. This will assist in highlighting the
unique resource advantages and professional contributions of library in the construction
of system of national cultural big data. The library should actively face up to the new
situations, new technology and new problems in the process of digital development. It
should strive to imbibe the technology empowerment, integration and innovation
ability and application ability of the library’s digital construction. This can provide
more practical reference value for the digital development of Chinese culture, which is
a vital expectation and requirement of the national cultural digitalization strategy.
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Abstract. The Yangtze River Delta (YRD) is an experimental location of high-
quality holistic growth in China and an important area for realizing the "dual carbon"
goal. Utilizing panel data from 27 important municipalities in the YRD urban
agglomeration from 2010 to 2020, the fixed-effect model is used to evaluate the
stage of advancement in the digital economy on urban emission levels. As an
intermediary variable, industrial structure modification was tested to see how the
digital economy affected local dioxide emissions. The results show that: (1) After
an array of robustness tests, the overall impact on both core variables is inverted U-
shaped, facilitating and then constraining emissions; (2) As part of its function in
cutting emissions, the digital economy also impacts the industrial framework, which
has an indirect, nonlinear, U-shaped effect on the intensity of regional dioxide
emissions; (3) Looking further, regions with high levels of government spending
and investment in innovation are those where carbon emissions are most clearly
affected by digitalization. There is still opportunity for evolution and optimization
of the YRD region's energy consumption process. The study's findings expand our
comprehension of the factors that influence high-quality community growth as well

as how the digital economy works to support it.

Keywords. Digital economy; carbon emissions; Yangtze River Delta (YRD);

industrial structure

1. Introduction

211

Carbon emissions and numerous connected environmental issues have received global
attention. The YRD region stands out as a hub of intense economic development, high
levels of openness, and strong innovation capacities in China. The concept of digital
economy states that the full evaluation index of the sector is built from the two
dimensions of “digital industrialization” and “industrial digitization” by CAICT (2019).
Most studies about digitalization are focused at the scale of the province, and a few are
measured at prefecture-level cities and below in a comprehensive index evaluation
method [1]. The digitalization can be measured from several levels, for example, digital
innovation capability, digital business emergence, digital infrastructure, and digital trade
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level [2]. Meanwhile, the methods used to calculate dioxide emissions mainly include
IPCC method, life cycle method, mass balance method and actual measurement method.
Digital economy has a multi-path and multi-dimensional comprehensive impact on
carbon emissions. Also, it can change urban environments in three areas: production, life,
and ecological space and examined the effect of digitalization on the transition to a
greener urban environment [3]. From a different perspective, digitalization has greatly
decreased the sum of emissions and has a nonlinear relationship with intensity of
emissions, which shows as a U-shaped curve [4,5]. Furthermore, comparing with the
labor efficiency improvement effect, reducing energy intensity can further promote
reducing the emissions [1].

However, the possible margin of contribution of this research in comparison to the
existing literature includes: First, most of the current academic study in this field is
provincial or national, and relatively few studies are based on urban agglomerations, our
study enriches relevant research experience. Second, to better understand how industrial
structure may play a part in the nonlinear link of the benchmark result, this research also
adds industrial structure as an intermediate variable. Third, we conduct heterogeneity
analysis for investigating the variations in how the digitalization affects dioxide
emissions under various policy contexts.

In summary, employing the data of 27 YRD’s cities from 2010 to 2020, we attempt
to construct a development of digitalization index system from the definition of
digitalization, and use the fixed effect model to empirically analyses the effect
mechanism, as well as the intermediary effect of industrial structure.

2.  Research hypothesis

The following three factors may show how digitalization may affect carbon emissions:
Digitalization has significantly boosted the prosperity of e-commerce market, given
consumers access to a wider range of goods and services, greatly boosted demand, and
allowed businesses to scale up production, which has increased usage of resources and
carbon emissions [6]. Contrarily, it may also lead to the phenomenon of “Jevons Paradox”
[7], that is, the efficiency of energy production will greatly improve the energy supply
capacity, and in turn, the market competition of energy companies will intensify, leading
to a decline in energy prices, promoting energy consumption.

According to the preceding analysis assumptions:

H1: The development of digitalization first increases and then reduces dioxide
emissions, forming an inverted U-shaped curve.

Two factors may reflect how digitalization is affecting the manufacturing
framework: (1) The digital economy can restructure the traditional energy sectors which
makes it necessary to update or rebuild a cleaner and more complete manufacturing
industry at the early stage of the development cycle. (2) The improvement of
digitalization can hasten the transfer of information and production components between
geographical areas, truly raising the bar for intelligent production while fostering the
production of labor, land, technology, capital, etc. which can raise the proportion of the
tertiary sector with relatively low emissions of carbon.

According to the preceding analysis assumptions:

H2: The digital economy indirectly affects regional dioxide emission by affecting
the industrial structure.
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3. Research design
3.1.  Model Design

In formula (1), the subscripts i and t represent the city and the year respectively, the
explained variable CE;represents the carbon emission intensity of the i-th city in the t-
year, and the explanatory variables DE;; and SDE; represent the digital economy
development comprehensive index of the i -th city in the t-year respectively the first-
order and second-order items of , controls are a series of control variables, which p;are
city fixed effects, §,time fixed effects, &;;and random disturbance items.

CE;; = ay + a,DE;; + a,SDE;, + Y75 a;controls;, + p; + 8, + €;; (1

The intermediate effect test and intermediary effect model are built by referring to
Wen's (2006) [8] research techniques in order to investigate the potential intermediary
effect of digitization on the adjustment of industrial structure:

1Si = Bo + B1DEj + B,SDE; + X3 Bicontrolsy + p; + 8, + & (@)
CEyt = Yo +V1DEj + v2SDEy + v31S; + Xi—yvicontrols; + u; + 8, + & (3)

In formulas (2) and (3), IS;it represents the i-th city’s industrial structure in t-year
as an intermediary variable.

3.2. Variable Description

Carbon emission intensity (CE) as the interpreted variable is measured by common
fossils, this study employs data on the energy supply that is rather simple to get and is
based on the methodology of Miao et al. (2022) [9] and uses relatively easily available
energy supply data to calculate common fossil, which includes crude oil, kerosene,
natural gas, etc. The following equation is adopted to calculate the intensity in prefecture-
level cities and is based on large part on the carbon emission factor technique described
in the IPCC Inventory Guidelines:

44
Ct =21 Chirecti = 2ie1 Z;‘n=1[Eitj X LCVii’ X CCitj X COFI:S' X E] 4)

Among them, CE represents the total amount of carbon emissions; E fj represents
the j energy consumption of the i region in t-year; LC Vl-g- represents the average low
calorific value of the energy; C Citj represents the carbon content per unit calorific;

C OFl-tj represents the oxidation rate of an energy source; % represents the ratio of the

molar mass of carbon dioxide to the molar mass of carbon element.

Comprehensive index of digital economy development (DE) and DE square (SDE)
are explanatory variables. Considering the accessibility of data and the scientific nature
of system design, this paper draws lessons from Xu et al. (2022)[10], Xie (2022) [11],
Zhao et al. (2020) [12] for the construction of the digital economy index system ,
employing the percentage of urban regions’ Internet-broadband users, the amount of tele-
business conducted per capita, and the number of smartphone users per 100 people, and
the digital inclusive financial index, the comprehensive index is obtained through the
entropy weight method.
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Industrial structure (IS) is the intermediary variable of this article, learning from the
research of Gan et al. (2011) [13], it selects the ratio that the added value of the tertiary
industry is divided to the secondary in prefecture-level cities.

The control variables are set for researching the function of digitalization in urban
emission reduction more thoroughly, as follows: Government interference (GOV) is
measured as the ratio that local general budget expenditure divides to regional GDP.
Energy consumption structure (ECS) is calculated as the ratio of fossil fuel usage to total
energy usage. Urbanization rate (UR) is the percentage of built-up area to urban area.
Transportation capacity (ROAD) is the logarithm of actual road space per person.
Technical level (SCIENCE) is the percentage of local science expenditure to GDP.

In this study, the data includes 27 prefecture-level cities of YRD are chosen from
2011 to 2020. The “China City Statistical Yearbook”, “China Energy Statistical
Yearbook” and other city-specific statistical yearbooks are the origination of data. When
values are absent, linear interpolation is used to fill them. Table 1 displays the descriptive
analysis of all variables considered.

Table 1Variable descriptive statistics

Variables ce de sde is gov ecs ur road science
N 270 270 270 270 270 270 270 270 270

Mean | 0.01 | 0.174 | 0.038 1.011 0.142 0.114 0.123 2.568 0.007
Std.Dev | 0.004 | 0.089 | 0.041 0.379 0.049 0.081 0.091 0.365 0.016
Min | 0.004 | 0.061 | 0.004 0.269 0.075 0.041 0.015 1.396 0.001

Max | 0.034 | 0.454 | 0.206 2.751 0.283 0.476 0.789 3.343 0.163

4. Empirical analysis

The F-test and Hausman test are utilized in selecting a suitable model in research. In the
individual fixed effect model (column 1), The overall digital economy development
index's regression coefficient is -0.021, which is statistically significant (p<0.01) , but in
the column 2, after controlling the individual effect and time effect, there is a positive
correlation among main variables (p<0.05). It is likely that institutional factors will affect
digitalization and emissions simultaneously, and those factors are affected by time larger,
making some variables become endogenous variables, so this model considering the
interaction items of temporal dummy variables can better exclude the influence of such
unobservable factors. The coefficient of DE is positively associated with independent
variable, while its quadratic coefficient demonstrates a significant negative relationship.
This finding supports Hypothesis 1 outlined in this paper.

The coefficients of energy usage framework and government intervention level are
significantly positive (p<0.01), demonstrating that as government spending grows, the
coal’s share of energy use rises. It may lead to the time lag of policy implementation,
also government fiscal expenditure is not yet fully utilized. The negative coefficients
obtained from the regression analysis of urbanization rate and transportation level are
statistically significant (p<0.01), indicating that greater urbanization and easier access to
roads have a positive effect on lowering emissions. The coefficient of technological
development level shows that the increase in science expenditure may suppress carbon
emission, but this effect is not significant in the current model.
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Table 2. Model regression results

@) (#)) 3) C)) 5)

ce_gdp ce_gdp ce_gdp is ce_gdp
de -0.021 *** 0.006 ** 0.022 ** -1.407 * 0.024 ***
(0.004) (0.003) (0.009) (0.954) (0.009)
sde -0.026 * 4.23] *** -0.032 **
(0.014) (1.497) (0.014)
is 0.001 **
(0.001)
ecs 0.024 *** 0.006 *** 0.007 *** 0.256 0.006 ***
(0.002) (0.002) (0.002) (0.174) (0.002)
gov 0.033 *** 0.054 *** 0.056 *** -0.441 0.056 ***
(0.009) (0.005) (0.005) (0.572) (0.005)
ur -0.008 *** -0.004 *** -0.004 *** -0.116 -0.004 ***
(0.003) (0.002) (0.002) (0.171) (0.002)
road -0.006 *** -0.001 *** -0.002 *** -0.128 ** -0.001 ***
(0.001) (0.000) (0.000) (0.050) (0.000)
science -0.048 *** -0.003 -0.001 2.773 *** -0.003
(0.015) (0.009) (0.009) (0.994) (0.009)
_cons 0.022 *** 0.010 *** 0.008 *** 1.240 *** 0.006 ***
(0.002) (0.001) (0.002) (0.185) (0.002)
N 270.000 270.000 270.000 270.000 270.000
r2 0.594 0.881 0.883 0.666 0.885
2 a 0.539 0.859 0.861 0.605 0.863
individual control control control control control
time not control control control control control

Standard errors in parentheses * p < 0.1, ** p <0.05, *** p <0.01

In this paper, industrial structure is used as an intermediary variable to build models,
in which column (4) in table 2 represents formula (2), and column (5) represents formula
(3). Column (4) shows that there is a U-shaped nonlinear link between digitalization and
manufacturing framework. The digitalization leads to the updating and iterating of
industrial equipment, which increases the consumption and added value of the secondary
industry. Industries in the area with high energy usage and pollution have been
influenced in more recent times by policy implementation and public pressure. The
results in column (5) make it clear that there is a positive correlation between the first-
order coefficient of DE and the intensity of emissions, while the second-order term shows
anegative correlation (p<0.05), showing that the nonlinear, U-shape curve between main
variables, in which the coefficient of IS is 0.001 (p<0.05). After eliminating intermediary
variables in column (3), the absolute value of item coefficients for first-order and second-
order of DE increased, while significance level also showed an increase when compared
to its counterpart in column (5). This provides evidence that the digitalization has an
indirect impact on carbon emissions through the intermediary variable of manufacturing
framework, thereby verifying hypothesis 2.

4.1. Robust Test

The robust test includes three parts, firstly, considering the possible impact of extreme
values of results, we replace the dependent variable as the original winsorized by 1%.
Secondly, we change the method of calculating the the comprehensive index of DE from
the entropy weight method to the PCA [14]. Thirdly, considering that policy-related
control variables may have endogeneity, we use the level of government interference and
the level of technological development as two tools with a one-period lag variable [15].
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Table 3Robustness analysis.

@ 2 3)
de 0.021 *** 0.233 *** 0.034 *
(0.007) (0.075) (0.022)
sde -0.026 ** -0.155 ##* -0.039 ##*
(0.012) (0.054) (0.013)
_cons 0.008 *++ 0.073 %% 0.021 **+
(0.001) (0.025) (0.003)
N 270.000 270.000 243.000
2 0.906 0.889 0.567

The outcomes of the above three robust tests are shown in Table 3. In comparison
to the benchmark regression findings presented in Table 2, it is evident that while there
are differences observed in variable significance and coefficient magnitudes, the inverted
U-shaped relationship still holds. Thus, this study's conclusion remains robust.

4.2. Heterogeneity analysis

Heterogeneity analysis is carried out from two perspectives. On the one hand, the sample
is split into two equal portions by fiscal expenditure, that is measured by the percentage
of area general fiscal expenditure in GDP, named high-level and low-level. Table 4 (1)
and (2) display the findings. It may be concluded that the results are more significant in
the cities with greater fiscal spending levels. On the other hand, this study separates urban
innovation into two groups by the median level of technological advancement, citing
Guo et al.'s approach from 2022 [16]. Column (3) and (4) of Table 4 display the
regression findings. It is evident that the first-order and second-order terms of DE in
cities with strong innovation input exceed the 5% significance level but fail to pass the
significance test in cities with low innovation input.

Table 4Heterogeneity analysis.

Fiscal expenditure level Urban Innovation Level

) @ @) D)

Low high Low high
de 0.011 0.051 *** -0.004 0.023 ***
(0.008) (0.016) (0.018) (0.007)
sde -0.002 -0.081 *** 0.003 -0.024 **
(0.010) (0.027) (0.033) (0.009)
_cons 0.012 *** 0.003 *** 0.016 *** 0.008 ***
(0.002) (0.003) (0.003) (0.001)
N 135.000 135.000 135.000 135.000
r2 0.959 0.881 0.902 0.955
2 a 0.945 0.842 0.869 0.939

5. CONCLUSION

From this study, we find the impact of digitalization on dioxide emissions shows an
inverted U-shaped nonlinear pattern that first increase and then reduce. Meanwhile,
within the time frame analyzed in this paper, manufacturing framework serves as a
mediating factor. Also, this impact is more significant in regions with high fiscal
expenditure and high innovation investment.
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Considering the previous results, firstly, we propose to create a low-carbon
industrial structure system in the YRD by a comprehensive plan, which will guide the
upgrade of industrial structure and encourage to use greener energy, while
simultaneously constraining the scale of high-pollution industries and high-carbon
emission energy industries within the region. Secondly, to promote green development,
it is imperative to enhance the low-carbon industrial system and the digital economy
development standard system. To achieve this, we must foster digital innovation and
promote economic growth that is both sustainable and environmentally friendly. Thirdly,
the local policy on environment assessment is still in its early stages and has not yet
completely tapped into the potential for energy saving and emission reduction, as well
as the economic benefits of digitalization. To address these issues, it is important to
increase urban science expenditures and enhance environmental monitoring capabilities
and management flexibility.

The innovation of this paper is to study the relationship of digitalization and carbon
emission intensity of urban agglomerations from a new research scale, to provide
effective experience for digital emission reduction in different urban agglomerations and
regions. Future researchers may benefit from these findings in their understanding of
internal mechanisms among variables and in their evaluation and guidance of local
governments’ emission reduction initiatives. Also, the data used in this paper may not
fully reflect the level of variables given the availability of data. Next, we can establish a
more precise indicator system for digitalization and more comprehensive greenhouse gas
data for calculating carbon emission indicators. The analysis of regional disparities study
also focus mostly on economic factors. The next step is to investigate the driving
mechanism from various angles considering the surroundings.
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Abstract. Under the background of the trend of social new retail, based on narrative
transmission theory, this study collects 208 samples by questionnaire, integrating
social media interaction and consumers’ purchase intention, and analyzes the con-
ditional process of brand stories affecting how to affect consumers’ purchase inten-
tion by hierarchical regression method. The result shows that brand story has a pos-
itive impact on consumers’ purchase intention, and this process is realized through
the intermediary of narrative transmission. Social media interaction negatively reg-
ulates the relationship between brand story and consumers’ purchase intentions. Fi-
nally, according to the research conclusion, it is suggested that enterprises and mar-
keters pay attention to the role of brand story, make full use of various social media
platforms, tell excellent brand stories, increase emotional resonance, and promote
consumers’ purchase intention.

Keywords. brand story, interactivity of social media, consumers’ purchase intention

1. Introduction

Social New Retail is a new model derived from e-commerce platforms, which reinvents
the elements of people, goods, market, and circle of friends, and derives a new business
model with social circle as the core, and is committed to expanding brand content in the
social circle. It is a mode for enterprises to open up online and offline, realizing seamless
connection between online and offline scenes, enabling online sales to provide user expe-
rience of physical store and physical stores to connect online information and logistics.
At the same time, we will realize the deep integration of social economy and new retail,
and create a new retail ecosystem that constantly optimizes user experience and meets
differentiated needs. How should agricultural products brands develop under the back-
ground of new social retail? As a big agricultural country, China’s agricultural products
market has changed from seller’s market to buyer’s market, and the competition among
agricultural products has deepened to the brand level. Brand is an important resource for
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Figure 1. Theoretical model diagram

enterprises to participate in competition and an important business card for the country to
show its image to the outside world. In addition, in the Internet age, the amount of infor-
mation is overloaded, the channels of information collection are increasingly abundant,
and the speed of communication has achieved a qualitative leap. Consumers have lost
their focus and interest in traditional advertisements and empty and sensational slogans.
Consumers’ demand and behavior for agricultural products are more differentiated [1].

Compared with other products, the online marketing of agricultural products is more
challenging, and it is very important to understand consumers’ reaction to the brand pro-
motion of agricultural products [2]. Related researches show that brand story can estab-
lish a connection between consumers and brands [3], and transmitting brand story can
strengthen the connection, thus generating positive attitudes and higher purchase inten-
tion [4]. Therefore, agricultural products enterprises should be good at telling stories
(telling story of farmers, landmark products, cultural tourism, and world heritage in com-
bination with agricultural products) when providing products and services, and tell them
with the greatest communication effect-moving people with emotion, touching people
with reality, arousing the resonance of target users, feeling the connotation of brands,
establishing brand loyalty of customers, conveying strong brand values, and online com-
ments, sharing and recommendation, etc., which can make agricultural products enter-
prises establish a stable connection with consumers. Narrative forms enhance traffic and
intentions, and immerse themselves in story, thus having a positive impact on consumers’
purchasing intentions [3]. Narrative persuasion can take place in the context of consumer
reviews, and the process is the same as hypothetically.

Based on this, this study constructs the relationship model between brand story and
consumers’ purchase intention under the background of new social retail, and explains
its internal mechanism, so as to provide relevant suggestions for agricultural products
enterprises and marketers under the background of new social retail, as shown Figure 1.
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2. Theoretical Basis and Research Hypothesis
2.1. Brand Story and Consumers Purchase Intention

With the increasing power of consumers, people participate in brand story through social
media, which attaches great importance in improving brand awareness, image, and loy-
alty. Storytelling is in every corner [5]. Therefore, marketers need to better understand
the value of brand story [6]. The positive psychological persuasion process of brand story
to consumers is explained with narrative transmission theory and narrative persuasion
theory. Firstly, consumers are brought into the story to get an immersive experience and
will change their attitudes and behaviors because of empathy, which is manifested in
their story-consistent attitude and story-consistent intention. An attractive brand story
can change consumers’ positive attitude towards the brand and persuade consumers to
purchase. The research shows that the influence of brand story with different attractive-
ness on consumers’ brand attitude is different, and the influence of brand story with high-
quality story content on brand attitude is more significant. Obviously, brand story has a
positive impact on consumers’ brand attitudes. Therefore, the following assumption can
be made:
HI: Brand story will positively affect consumers’ purchase intention

2.2. Mediating Function of Narrative Transmission

The foundation of telling a good brand story is the story itself. Excellent agricultural
product brand story that conforms to enterprise values and beliefs is the premise of nar-
rative transmission.

When individuals are "transported" in some way, they are completely immersed in
the story, and the changes after returning to the real world are mainly reflected in the
changes in thinking levels such as beliefs and attitudes. Marketing research also responds
to this view, and holds that the key to improving consumers’ pleasure lies in making
consumers reach a focused psychological state, narrative transmission state, so that con-
sumers can have positive emotions and involvement and enhance consumption experi-
ence. At present, there are also studies focusing on the follow-up influence of narrative
transmission, such as repeated exposure, information search, memory, emotional change,
social sharing behavior, etc., in order to maintain continuous interaction with consumers
and further strengthen consumers’ attitudes and behaviors. The stronger the relationship
between consumers and brands, the stronger their willingness to spread online word of
mouth. Enterprises pass on brand image and concept to consumers through brand story,
cultivate consumers’ brand emotion, and make them form preferences according to their
cognition and perception of brands before purchasing goods or services.

H2: Narrative transmission mediates between agricultural brand story and con-
sumers purchase intention

2.3. Interactive Regulation of Social Media

In the era of more and more active social media, establishing and maintaining a stable
relationship between enterprises and consumers is the top priority of marketing [1]. The
interaction between consumers and enterprises is faster, and positive interaction with
consumers can achieve the purpose of promoting communication and purchase. As con-
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sumers, they also have more channel choices and greater initiative to spread product
use and experience [7]. Consumers’ access to content and information related to brand
story in social media will interfere with consumers’ views on brands and brand story,
and the interference effect may be affected by consumers’ social media interactivity
[8]. The consumers’ social media interactivity is measured from two dimensions: online
comment, forwarding and sharing, or recommendation. Advertisements and information
from brand will make consumers have positive associations with brand, which means
that the difference of stimulation brought by brand story to consumers will be relatively
small. Therefore, the following assumption can be made:

H3: Social media interactivity moderates the relationship between brand story and
consumers’ purchase intention, that is, social media interactivity weakens the influence
of brand story on consumers’ purchase intention.

3. Research Method
3.1. Variable Surveying

3.1.1. Brand Story

This study focuses on the brand story, mainly from the story of the event and characters
of two aspects of the characteristics to measure the attitude of the characters and the
authenticity of the event, adapted from the Escalas [9] research scale.

3.1.2. Narrative Transmission

Narrative transmission has the ability to connect consumers and brands [6]. The re-
search results show that narrative transmission is positively correlated with advertising
goodwill, and story trigger more favorable emotional reactions of audiences, and have a
certain impact on audiences’ willingness to share product information through word of
mouth [10]. Narrative transmission can be measured by the Transportation Image Model
(TIM) scale, which investigates two factors related to transmission degree: image ability
and absorption tendency [11]. Image ability is defined as the ability of consumers to visu-
ally rehearse scenes through psychological images without imposing stimuli. Absorption
tendency is defined as the reader’s absorption of story content [11].

3.1.3. Social Media Interactivity

The measurement angle of social media interactivity is mainly based on two dimensions
summarized by Ye ging (2013) and Su Qisheng (2015) according to the existing research
and actual situation when conducting social media research: online comment, forward-
ing and sharing. The dimension of forwarding and sharing is measured with reference to
the scale developed by Spannerworks (2007), and the dimension of participating in com-
ment is measured with reference to the scale developed by Chen Shunlin (2007). This
measurement dimension division and way have been tested by many scholars, which not
only has been verified theoretically, but also conforms to the use of social media and the
reality of our country.
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3.1.4. Consumers’ Purchase Intention

Purchase intention refers to the possibility of consumers’ purchase intention specific
products [12]. The measurement of purchase intention mainly refers to the measurement
of consumers’ purchase intention by Bauer [1], and the scale adopts the measurement
method of one-dimensional and Likert five-level scale.

3.1.5. Control Variable

In order to avoid irrelevant variables interfering with the causal relationship between
variables, the gender, age, educational attainment (EA), occupation, and disposable in-
come/month (DIM) are selected as the control variables.

3.2. Samples and Data

Questionnaire survey is used to collect data. Use the questionnaire star to design the
questionnaire and fill in the instructions, and send the link of the questionnaire through
mobile internet tools such as WeChat and QQ. Necessary control should be carried out
on the questionnaire collection process, including restricting each IP from submitting
questionnaires repeatedly, and not allowing the submission of incomplete questionnaires.
A total of 208 questionnaires were collected, of which 189 were valid, with an effective
rate of 90.87%. In the sample, there is men accounting for 66.10%, 19-25 years old
accounting for 76%, and junior college or above accounting for 98.30%. From the overall
distribution of samples, the samples collected in questionnaire have certain rationality
and can be used to represent the research object.

4. Data Analysis and Results
4.1. Common Method Deviation Test

Because the four variables of brand story, narrative transmission, social media interac-
tivity, and consumer’ purchase intention come from the same source, there may be com-
mon method bias in the data. Harman single factor test was used to test the severity of
deviation of common methods. The results show that the variance of the first factor in-
terpretation is 39.586%. The interpretation rate of the first factor variance is below 50%,
and shows that the deviation problem of the common method is not serious.

4.2. Descriptive Statistics

Table 1 shows the mean value, standard deviation, and correlation coefficient of con-
trol variables and key variables. The results indicate that there is a significant posi-
tive correlation between brand story and consumers’ purchase intention (r = 0.717,
p < 0.01), and narrative transmission is significantly positive correlation with brand story
(r =0.616, p < 0.01) and consumers’ purchase intention (r = 0.607, p < 0.01).
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Table 1. Descriptive statistics and correlation analysis results of variables

Occu-

Gender  Age EA . DIM PI BS NT SMI
pation
Gender 1
Age 0098 1
EA 0168  0.143 1
r?;fsn 20089 0209  -0.648%* 1
DIM 0.1 0342%%  0291%  0431% |
PI 0038 0205 0058 0076 0118 1
BS 0019 0221 0012 0.04 0055 0717% 1
NT 0042 0116 0097 0082 0135 0607% 0616+ 1
SMI 0129 0097 0033 0.047 0129  0587%%  0.579%  0.639%* 1
MEAN 134 227 347 2.03 168 3706 3797  3.78 3.686
SD 0477 0582 0537 1485 088 0678 0836 0773  0.765

Remark: ** At 0.01 level (double tail), the correlation is significant. * At 0.05 level (double tail), the
correlation is significant.

4.3. Hypothesis Testing

The hierarchical regression analysis was used to test the intermediary hypothesis, and
the results are shown in Table 2. After adding control variables, brand story has a
significant positive impact on consumers’ purchase intention (M4, 8 = 0.884, p < 0.01),
so H1 has been verified by data. By testing the intermediary role of narrative
transmission, brand story has a significant positive impact on narrative transmission
(M2,8 =0.723, p < 0.01), and narrative transmission positively affects consumers’
purchase intention (M5,8 =0.712, p < 0.01), and so H2 has been verified by data.
To test the moderating effect of social media interaction, social media interaction can
weaken the difference of the influence of brand story on consumers’ purchase intention
(M9, 8 =-0.057, p < 0.01).

To further verify the mediating effect of narrative transmission, the PROCESS plug-
in was used to examine the significance of the mediating effect, and the number of repli-
cate samples was set at 5,000. The analysis showed that the indirect effect of brand story
on consumers’ purchase intention through narrative transmission is 0.1670, with a 95%
confidence interval of [0.0650, 0.3191], and the confidence interval did not include 0,
that is, the negative emotion mediating effect is significantly present, and H2 is again
validated.

The influence of brand story on consumers’ purchase intention is interactively reg-
ulated by social media in H3. After controlling the related variables, it can be seen that
there is a negative effect from Model 8 in Table 2, (M9, 8 = —0.057, p < 0.05) , which
indicates that there is a moderating effect of social media interaction. In order to better
explain the relationship between moderating effects, a simple slope analysis is used to
draw a moderating effect diagram. As shown in Figure 2, social media interaction will
weaken the influence of brand stories on consumers’ purchase intention.
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Table 2. Mediation effect test

NT PI
Mi M2 M3 M4 M5 M6 M7 M8 M9

Gender  0.064  0.021 0.087  0.034 0.055 0.029 0.087  0.034 0.053

Age 0306  0.030 0331 -0.007 0.110 0.014 0331 -0.007 -0.021

EA 0112 -0.039 0.130  -0.054 0.088 -0.045 0.130  -0.054 -0.044

g;i‘)’n 0034 0.093 0.024  0.131 -0.016 0.110 20018 -0.141 0.144

DIM 0.038  0.205 0.058 -0.076 0.118 -0.097 20.024  0.131 0.127

BS 0.723%* 0.884%* 0.720%* 0.884%*  0.757%*

NT 0.712%%  0.227%%

BS*SMI -0.057*

R2 0098 0539 0.121 0781 0.579 0.805 0.121 0781 0.793

AR2 0.098  0441%*  0.121 0.660%* 0558  0024*  0.121  0.660%%  0.003*

F 1150 10.130%% 1465 30.921%% 14587+  30.031%% 1465  30.921%* 23.895%*

Remark: ** At 0.01 level (double tail), the correlation is significant. * At 0.05 level (double tail), the
correlation is significant. The coefficients in the table are standardized coefficients.
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Figure 2. Interactive adjustment diagram of social media
5. Conclusion

This study explores the influence of brand story on consumers’ purchase intention based
on narrative transmission theory. The hypotheses are tested by empirical method. The re-
sults show that brand story can promote consumers’ purchase intention, and at the same
time, they are influenced by the intermediary role of narrative transmission and the inter-
active adjustment role of social media. Therefore, enterprises and marketers should pay
attention to brand story, create excellent brand story, make full use of social media means,
increase good brand story, and effectively promote consumers’ purchase intention.
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Abstract. This paper expounds the connotation of high-quality development from
the perspective of "five development concepts”, and analyzes the dialectical
relationship among innovative development, coordinated development, green
development, open development and shared development. On this basis, a
relatively complete evaluation index system of intellectual property to promote
high-quality development has been constructed, and finally, the countermeasures
of intellectual property to promote high-quality development have been proposed.
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1. Introduction

The report to the 19th National Congress of the Communist Party of China pointed out
that the Chinese economy has shifted from a stage of high-speed growth to a stage of
high-quality development, and is now in a crucial period of transforming the
development model, optimizing the economic structure and shifting growth drivers. In
this regard, the academic community has carried out a series of studies, forming a rich
research results [1], such as the connotation of "high-quality development” [2],
constraints and influencing factors [3][4], objectives and transformation path [5][6],
index system construction and measurement [7]-[9] and other aspects of the research.
Have carried out extensive research from theoretical or empirical perspectives
[10]-[11].

In the 14th Five-Year Plan for National Economic and Social Development and
the Outline of 2035 Goals, the work on intellectual property rights is centralized and
separately formulated, and the strategy of making China stronger through intellectual
property rights is clearly stated. In the main indicators of economic and social
development in the 14th Five-Year Plan, the number of high-value invention patents

' The first two authors contributed equally to this paper and should be considered co-first authors;

% Corresponding author, Xuan CHEN, Xiangnan University, China; Email: wgyxycx@xnu.edu.cn

2021 Special Project of Intellectual Property Strategy Promotion in Hunan Province (Research on the
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per 10,000 population is set. Judging from a series of national deployment around
intellectual property work, the emphasis on intellectual property has been elevated to
an unprecedented strategic height [1].

Practice shows that to promote high-quality development, on the one hand, we
need to grasp the connotation of "high-quality development” scientifically; On the
other hand, an appropriate evaluation index system of regional high quality
development should be constructed to guide the practice of regional economic and
social development.

Ma Ru et al. [12] constructed and measured the high-quality development
evaluation index system of China's regional economy from five dimensions of
high-quality supply, high-quality demand, development efficiency, economic operation
and opening-up. Li Jinchang et al. [13], starting from the two aspects of "people's needs
for a better life" and "unbalanced and inadequate development", the main
contradictions of Chinese society in the new era, constructed a high-quality
development evaluation index system consisting of five first-level indicators, that
is ,economic vitality, innovation efficiency, green development, people's life, and social
harmony, and 27 second-level indicators. Wei Min et al. [14] constructed a
measurement system of high-quality economic development from 10 dimensions,
including optimization of economic structure, innovation-driven development, efficient
allocation of resources, improvement of market mechanism, stable economic growth,
coordination and sharing among regions, quality of products and services,
improvement of infrastructure, construction of ecological civilization, and benefits of
economic achievements. Zhang Junyan et al. [15] pointed out that the essential
connotation of high-quality development is to meet people's ever-growing needs for a
better life, and to achieve efficient, fair, green and sustainable development, aiming at
the existing problems of high-quality development index system and measurement in
China.

There are few reports on the research of taking intellectual property elements as
high quality development evaluation indicators.

2. Connotation and essence of regional high-quality development

Development is an important issue in today's society and the top priority for the
Communist Party of China to govern and rejuvenate the country. An important task set
forth at the 18th National Congress of the CPC is to "concentrate on construction,
pursue development with undivided attention, grasp the law of development, innovate
the concept of development, and solve difficulties in development". Centering on the
concept of "innovative development", the Fifth Plenary Session of the 18th CPC
Central Committee clearly put forward the five development concepts of "innovative,
coordinated, green, open and shared". [11][16]

2.1 The Concept of "Five Major Developments"

(1) Innovative development is the driving force

Innovation is the soul of a nation's progress; it is the driving force for a country's
prosperity and the source of eternal vitality for a political party. At present, from the
perspective of international situation, the competition of comprehensive national
strength is essentially the competition of innovation ability. From the perspective of
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domestic economic and social development, after more than 40 years of sustained and
rapid development since the reform and opening up, China's economic aggregate has
become the second largest in the world, with per capital GDP approaching 8,000 US
dollars, but the problem of unbalanced and inadequate development is obvious. The
Fifth Plenary Session of the 18th CPC Central Committee stressed that we must put
innovation at the core of national development and continue to promote theoretical,
institutional, scientific and technological, cultural and other innovations, so that
innovation runs through all the work of the Party and the country and becomes a
common trend in the whole society.
(2) Coordinated development is the method
Coordinated development is an important measure for scientific development, focusing
on solving the problem of unbalanced development. Remarkable achievements have
been made in China's coordinated development since reform and opening up. However,
unbalanced, uncoordinated and unsustainable economic and social development still
exist. The task of narrowing the development gap between urban and rural areas and
between regions and promoting coordinated economic and social development remains
arduous.
(3) Green development is our goal
Green development focuses on the harmonious coexistence between man and
nature, and aims to build a beautiful China that is resource-conserving and
environment-friendly. Green development determines the direction of development. We
should properly strike a balance between economic development and environmental
protection, firmly establish the idea that protecting the ecological environment means
protecting productive forces, and improving the ecological environment means
developing productive forces, and work more consciously to promote green, circular
and low-carbon development.
(4) Opening up and development is a strategy
An important part of open development is the linkage between internal and
external development. Since the beginning of the new century, economic globalization
has deepened, economies are increasingly interdependent and interconnected, and
mankind has become a community with a shared future. At the same time, the world
economic structure is undergoing new changes, the international financial crisis has had
a far-reaching impact, systemic and structural risks remain prominent, and China still
faces grave challenges for its future development.
(5) Shared development is our destination
Social equity and justice are important issues that need to be solved. Fairness and
justice are inherent requirements of socialism with Chinese characteristics, and
achieving social fairness and justice is a consistent proposition of Chinese Communists
and a major task in developing socialism with Chinese characteristics. The socialist
cause is the cause of the vast majority of the people. The ultimate goal of development
is to serve the people and ensure that everyone enjoys the opportunities and benefits of
development. Therefore, sharing is an essential requirement of socialism with Chinese
characteristics and an important measure to achieve fairness and justice.

2.2 The support of intellectual property rights to the concept of "Five Major
Developments"

(1) Intellectual property is an important support for innovation and development. As a
legal guarantee for innovation, intellectual property effectively stimulates innovation,
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escorts innovation, and protects innovators from obtaining actual economic benefits.
We should constantly improve the intellectual property system, promote the effective
connection between intellectual property policies and policies of science and
technology, industry, trade, finance and taxation, so as to promote building a powerful
intellectual property country through institutional innovation [17][18].

(2) Intellectual property plays an important role in coordinating urban and rural
development and regional development. In terms of balancing urban and rural
development and narrowing the gap between urban and rural areas, the development of
intellectual property rights has unparalleled room to play. Intellectual property rights
should be used to promote agricultural modernization, narrow the development gap
between urban and rural areas, reduce the Engel coefficient of rural areas, and
coordinate urban and rural development.

(3) Green is realized in the course of development, which is the internal requirement of
social progress. The key to green development is scientific and technological
innovation. Environmental protection is increasingly dependent on the support of
science and technology and the protection of intellectual property rights.

(4) Intellectual property trade is an important embodiment of intellectual property
support for open development. Intellectual property trade promotes the international
opening and sharing of innovative products, promotes open innovation, and improves
the welfare level of the world.

(5) Increase the sharing of intellectual property between regions, as there is significant
regional imbalance in the development of intellectual property. Increasing the
transformation and application of intellectual property between regions will help
optimize the allocation of intellectual property resources between regions, promote the
circulation and sharing of intellectual property between regions, increase the social and
economic benefits of intellectual property, as well as improve the level of social
welfare.

3. The internal mechanism of intellectual property driving high-quality
development

3.1 The innovative role of intellectual property rights

(1) Intellectual property provides the source power for innovation

@ Intellectual property provides rules for innovation. The systematization and
standardization of intellectual property data is the crystallization of human wisdom and
the summary of objective laws, which provides a steady flow of power for innovation.
To grasp and apply these wisdom and laws in practical activities, the innovation will
form a virtuous cycle, so as to promote scientific and technological innovation,
economic development and social progress[17][18].

@ Intellectual property rights provide resource allocation for innovation.
Intellectual property rights play an important role in providing big data support for
innovation, saving costs for the early preparation and later protection of innovation
achievements, establishing coordination mechanism for the profit distribution of
innovation subjects, promoting the transformation of innovation achievements,
comprehensively optimizing and integrating the allocation of production factors and
innovation factors, and deeply integrating innovation achievements with economic and
social development in various fields[17][18].
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® Intellectual property provides a platform for the dissemination of innovation
results. Intellectual property is the bridge and link between innovation and market, and
it is a very important link in realizing the value of innovation.

So it can be said that intellectual property provides a direct source of innovation.
(2) Intellectual property provides strong support for innovation

Among intellectual property rights, the invention patents with the highest
technical content directly reflect the power of innovation ability. The quantity, quality,
scale and level of intellectual property ownership, as well as the ability to use and
manage intellectual property rights, have become important indicators to measure a
country's economic, scientific and technological strength. Practice has shown that
countries and regions with sound intellectual property systems and better
implementation have stronger innovation capacity and higher level of economic and
social development. For these countries, intellectual property is not only the choice of
development strategy, but also the embodiment of comprehensive national strength.
(3) Intellectual property rights provide support for innovation

For enterprises, technological innovation is the key to win market advantages and

improve competitiveness. Technological innovation cannot be separated from the
protection of intellectual property rights and the incentive effect on innovative talents.
If the protection of intellectual property rights is weak, technological innovation cannot
play its role. Only by promoting scientific and technological innovation and unleashing
and developing social productive forces can we achieve sustained and sound economic
and social development.

3.2 Innovation-driven mechanism of high-quality development

(1) Technological innovation as the source of power to promote the continuous
improvement of social efficiency.

In all kinds of innovation systems, technological innovation is always in the core
position. From the micro point of view, technological innovation can upgrade the
original production factors, improve the production efficiency, change the original
production mode of enterprises, and reduce the dependence on resources. From a
macro point of view, technological innovation has changed the original pattern of social
resource allocation and made the overall allocation of social resources more
efficient[19].

(2) Talent as the core driving factor to accelerate technology diffusion and application
of achievements.

The core factor of innovation drive is talent drive, and human capital is the most
active and positive factor in the whole process of innovation. Innovation needs a team,
and the team needs innovative talents. Only with innovative talents can there be
innovative achievements, and the promotion and application of innovative
achievements must rely on talents. Therefore, from the macro level, the core of
accelerating the construction of high-quality economic innovation drive is to strengthen
the construction of innovative talents and consolidate the foundation of innovation
human capital. From the micro level, innovative talents will produce innovative results,
and the improvement of labor quality will improve labor productivity. At the same time,
the progress at the micro level will promote the development at the macro level. With
the innovation of talents, it will improve our independent innovation ability and
strengthen our core competitiveness. Through the joint action of micro and macro level,
talents become the core factor to promote high-quality economic development.
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(3) Funding guarantees high-quality output.

Only high-quality innovation input can produce high-quality innovation, so as to
improve the quality of innovation investment of Chinese government and enterprises,
thus provide important guarantee for high-quality economic development.

(4) The synergy between the market and the government is related to the ultimate
realization of high-quality development.

How to accurately and efficiently allocate innovation factors such as capital,
technology and human resources to innovation entities is the key to achieve
innovation-driven high-quality development.

3.3 Synergy between intellectual property rights and high-quality development

Synergetic theory holds that the system is composed of a large number of subsystems
with completely different properties. Openness, interaction and self-organization form
the spatial, temporal or functional structure of the system [20][21]. The key to the
transition from disorder to order of the system lies in the interrelated "synergistic
effect" [22][23] among subsystems within the system. Intellectual property rights and
high-quality economic development can be seen as two closely related subsystems
under the technology-economy system. Taking intellectual property as the variable that
dominates the technology system and high-quality economic development [24], there is
a coupling and coordination relationship between intellectual property and high-quality
economic development, and the subsystem of intellectual property and the subsystem
of high-quality economic development constantly exchange material, energy and
information. Intellectual property subsystem provides continuous source technology
supply for high quality development subsystem of economy; In turn, the subsystem of
high-quality economic development provides sufficient R&D guarantee and market
demand for the subsystem of intellectual property, and both of them promote and
coordinate each other. When the new technology is applied to the market, or the
demand of the high level of the market stimulates the emergence of the new technology,
the technology-economy system will produce local mutations, promote the overall
system transition from order to local disorder, and generate disturbances, and gradually
make the overall system appear oscillating and even phased disorder until the
sub-systems within the system complete self-reorganization and form endogenous
variables. At the same time, under the joint action of other exogenous variables, the
whole technology-economic system will return to an orderly state. The continuous
evolution of the technology-economy system has been promoted by a new and more
optimized orderly process from order to disorder within the technology-economy
system [1].

4. Evaluation index system for the promotion of high-quality regional
development by intellectual property rights

4.1 Construction principles of evaluation index system

A high-quality development evaluation index system should be established, and
indicators should be screened according to the following principles [25].

(1) Guiding principle.

Based on the concept of high quality development, research and analysis of
regional development prospects to guide the path of future regional development.
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(2) Principle of comprehensiveness.

It can assess the level of regional economic and social development and existing
problems in an all-round and multi-angle way.

(3) The principle of simplicity.

When selecting the evaluation index, it is required that the index be representative
and can effectively reflect the development of the evaluation Angle.

(4) Principle of comparability.

In order to facilitate comparative evaluation, the selected indicators can be
compared horizontally within the region.

(5) Operability principle.

In order to ensure the credibility and objectivity of the evaluation results, the data
source is required to be authentic and reliable.

(6) Openness principle.

We should not only consider the commonalities of economic and social
development, but also conform to the economic and social characteristics of different
regions.

4.2 Evaluation index system of regional high-quality development promoted by
intellectual property rights

On the one hand, for the high-quality development subsystem, the evaluation index
system for regional high-quality development is studied from the five major
development concepts. On the other hand, for the intellectual property subsystem, in
the existing evaluation index system, many of them only consider the input or output
of intellectual property as a single factor. However, from a performance perspective,
the selection of evaluation indicators must cover the process and results of intellectual
property activities. Therefore, this article studies the creation and application of
intellectual property, and measures their indicators separately, thus form a relatively
complete evaluation index system for promoting high-quality regional development by
intellectual property rights. As shown in Table 1.

Table 1. Evaluation index system of regional high-quality development promoted by intellectual property
rights

subsystem Primary index Secondary index Index description
Innovation-driven Innovation investment R&D /GDP
development . . Number of invention patent
innovation output S
Y1) applications
. . Per capita disposable income ratio of
. regional coordinated development P P .
coordinated urban and rural residents
devel t . L Proportion of added value of Terti
evelopmen Industrial Coordination Development roportion o1 adced value ol Terhiary
Y2) sector of the economy in GDP
. X risk-prevention Rate of qualified Products
(]i-hghl quality Per capita water consumption
evelopment Green Resources Rate of harmless treatment of
subsystem
) household waste
Energy consumption per ten thousand
Green development
. uan of GDP
(Y3) Green Society b
Greening rate of built-up areas
Proportion of energy conservation and
Green Management P 8y o .
environmental protection expenditure
Open International communication Total number of people exit/entry
development international trade Gross Import and Export Volume/GDP
(Ya) Total foreign investment/GDP
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Ratio of urban and rural consumption
expenditure
Ratio of per capita disposable income

d Shlaring " Achievement sharing of urban and rural residents
eve(\o(]:;n en The ratio of regional per capita GDP to

national per capita GDP
Per capita education expenditure
Per capita healthcare expenditure

public service

Intellectual Investment of intellectual property R&D personnel full-time equivalent
Property Number of invention patents per t
Creation Output of intellectual property umber ot imvention patents per ten
X1 thousand person
Number of regional contracts for
Intellectual .
technology flow in the technology
Property market
Subsystem Application of Transactions of intellectual property n
Regional contract amount for
(X) Intellectual .
technology flow in the technology
Property market
(X2)

The proportion of effective invention
Maintenance of intellectual property patents to the total number of invention
rights patents

The rate of patent maintenance

1 & minmin|y, (k) - x; (k)| + £ max max|y, (k) - x, (k)|

yX.X)==3, (E1)
on S |y - x; (k)| + ¢ maxmaxly, (k) - x, (k)
[26]
- | (1, X)
ccording to Table 1 and (E1), we can obtain the grey correlation between

the high-quality development subsystem indicator Yi (i=1,2,3,4,5) and the intellectual
property subsystem indicators X1 and X2, thereby obtaining the degree of influence of
the intellectual property subsystem indicator Xj (j=1,2) on the high-quality
development subsystem indicator Yi (i=1,2,3,4,5).

5. Measures for intellectual property to promote high-quality development

5.1 Accelerate core technology innovation and rationally allocate science and
technology resources.

First of all, we should strengthen the investment in basic research, increase the
proportion of basic research funds, establish a reasonable investment mechanism for
technological innovation, and rationally plan the allocation of various scientific and
technological elements. Secondly, we should establish and improve our intellectual
property protection system and stimulate the innovation vitality of enterprises,
universities and research institutes. Finally, we should deepen the supply-side reform,
deeply study the current input and output structure of science and technology in our
country, promote the application and popularization of scientific and technological
innovation, and apply the core technologies to push our industrial chain towards
high-end development[19].
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5.2 Strengthen the training of innovative talents and stimulate the vitality of innovation.

Establish and improve the talent management mechanism to meet the requirements of
innovation and development and conform to the law of innovation. Deepen the reform
of education system, do a good job in the top-level design of talent training programs,
innovate education methods, improve the talent evaluation system, rationalize the
evaluation indicators of innovation ability, quality and contribution, stimulate the
enthusiasm of innovative talents [27], accelerate the training of strategic innovative
talents with international frontier level, and provide the core power for the high-quality
development of Chinese economy.

5.3 Increase financial support for innovation to provide strong guarantee for
innovation activities.

The government's investment of funds should improve the efficiency of the use of
funds to avoid the waste of funds; Enterprises should establish and improve the
management methods of capital investment, enhance their macro-planning ability and
market competitiveness, and avoid scattered allocation of scientific and technological
resources and low overall operation efficiency caused by low efficiency of capital
investment within enterprises.

5.4 The government and the market should work together to promote development.

The market should play a decisive role in the allocation of innovation resources, while
the government should also provide good management and quality services. Finally,
through the synergy between the market and the government, as well as the effective
supply and allocation of innovation factors and resources, we can realize the
high-quality development of innovation-driven economy[28].
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Abstract. Objective: To understand the status quo of sex education in left-behind
children in rural areas. Method: Self-compiled questionnaires on sex education for
left-behind children, teachers and general public and an interview questionnaire
were administered to the target respondents. A total of 471 valid copies of
questionnaire were retrieved, along with some interview data. Results: (1) There
was a general lack of sex knowledge among left-behind children and hence a
deficiency of the ability and consciousness to protect themselves; (2) School-based
sex education was inadequate, and teachers believed that sex education should be
strengthened at school; (3) There was a serious lack of family sex education, while
the general public showed growing concern for sex education. Conclusion: It is
necessary to strength sex education among left-behind children in rural areas from
various dimensions, so as to elevate their sex knowledge and awareness about
sexual health. The coordinated promotion by schools, families and society is an
inevitable choice and an important measure to improve the effect of sex education.

Keywords. rural areas, left-behind children, sex education

1. Introduction

Along with the acceleration of China’s urbanization, a large number of rural residents
move to urban areas, resulting in an increasing number of left-behind children in rural
areas [1]. Left-behind children are children who remain in rural regions of the country
while both parents leave home to earn a living or one parent leaves home and the other
cannot exert guardianship. These children are juveniles aged below 16 with rural
residency and do not live with their parents [2]. Compared with their urban
counterparts, left-behind children in rural areas are much more vulnerable to sexual
assault due to the lack of guardianship, family care and protection, and children’s
inability to protect themselves and discern sexual assault[3]. The urgent task is to
conduct surveys on the status quo of sex education for left-behind children in rural
areas and help them establish a self-defense mechanism against sexual assault. We
conducted a series of surveys and researches in rural areas of southern Hunan Province,

1 Corresponding Author, Linzi Qin, Xiangnan University, Chenzhou City, Hunan Province, 423000, China;
Email: 3158342060@qq.com.
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aiming to understand the status quo of sex education and sexual cognition among
left-behind children in rural areas and analyzing the problems existing in sex education
among left-behind children. We intended to find new solutions to the socialization of
sex education for left-behind children. A sex education platform for children may be
built in the future based on our survey findings. The current survey notifies the general
public about the importance of developing effective approaches to sex education for
children and finally contributes to the healthy growth of children in rural areas, thereby
promoting the development of rural education and rural culture construction.

Researches on the problem of left-behind children is mainly focused on basic
education, mental health, individual safety, types of guardianship, emotional life,
socialization difficulties, scale, distribution and left-behind girls, but there is little
research literature on "sex education for rural left-behind children". It can be seen that
the current domestic research on this area needs to be improved, and specific feasible
countermeasures need to be proposed for the problems related to sex education of rural
left-behind children.

Sex education is an important course concerns the health and happiness of
children throughout their lives. After a century of exploration and development,
systematic theories of sex education has formed in some foreign developed countries.
A comprehensive education system of sex education content has established and was
integrated into the teaching of different age groups[4].Cheng Zizhen (2017) argues that
rural children have a great demand for sex education during puberty, but the main
bodies such as families, schools and village committees are in the absence of sex
education for children, guardians lack awareness of sex education, and school sex
education is vacant[5].Liao Qinxiang (2019) argues that left-behind children lack
systematic and reasonable ways to actively acquire sex knowledge, and lack the
necessary self-protection awareness when they encounter sexual abuse[6]. LiYi (2022)
believes that the primary strategy to prevent sexual assault is to raise students'
awareness of sexual assault prevention. In terms of intervention mechanism, a
multidimensional system should be constructed to identify potential offenders for early
detection and prevention. Actively promote sexual assault prevention methods and the
laws[7].Zhang Xiaobing (2019) believes that sexual assault prevention education for
parents and protection for left-behind children should be strengthened, emphasizing the
refinement of responsibilities in terms of prevention and control countermeasures[8].
Liu Renfeng (2019) believes that education on children's sexual knowledge should be
strengthened while strengthening the punishment for sexual crimes against left-behind
children[9].

These studies have contributed to the development of children's sex education, but
there are also some shortcomings. The research on rural children's sex education must
gradually deepen to the theoretical level, and carry out research at the practical level to
reveal the essence of the problem of sex education for left-behind children, find out the
crux and prescribe the right remedy.

2. Survey design: respondents, methodology and contents

2.1 Respondents

Our survey was conducted among left-behind children in rural areas of southern Hunan
Province. Located in central China and bordering with Guangdong, southern Hunan is
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geographically dominated by mountainous areas and backward in education and
economy. The coastal areas of Guangdong Province, which are economically
developed and geographically adjacent to southern Hunan, are the destination of many
migrant workers from southern Hunan Province. For this reason, left-behind
phenomenon is widespread in southern Hunan, and left-behind children in rural areas
of southern Hunan constitute representative samples for our survey over this topic.

2.2 Methodology

Our survey was a combination of questionnaire survey and face-to-face interviews.
Different questionnaires were compiled for teachers, general public, children, and
parents. The questionnaire for students was designed to gain a preliminary knowledge
about children’s growth and development, sexual consciousness, status quo of sex
education, and sexual attitude. The questionnaire for teachers was to assess teachers’
mastery of sex knowledge, their attitudes toward sex education, and the status quo of
sex education at school. Face-to-face interviews were conducted among different adult
groups regarding their understanding of sex knowledge, their attitudes towards sex
education, and ways to administer sex education. SPSSAU was used for questionnaire
data analyses, which included descriptive statistics, comparison of means, t-test, and
correlation analysis. The survey findings can be summarized as follows:

2.3 Contents of survey

This survey was conducted in light of the reality of sexual safety among China’s
left-behind children in rural areas at the present stage and the undergoing policy
advocacy for protection against sexual assault. We first expound on such core concepts
as sex education and sexual safety education and discuss the status quo and influence
factors of sex education for children. Our findings provide theoretical support for
children’s sex education in China. With basic knowledge acquired by questionnaire
survey and interviews regarding the status quo and needs of left-behind children in
rural areas, we plan to initiate campaigns to spread sexuality knowledge among
left-behind children through group activities. Our experience will be valuable for
delivering sex education among children in rural areas.

3. Survey results and statistical analysis
3.1 Status quo of sex education for left-behind children in rural areas
a. Sexual physiology of left-behind children in rural areas

Sexual development is considered a hallmark of adolescence and implicates a variety
of sex-related factors, including sexual psychology, sexual consciousness, and sexual
behaviors. In this study, the status of sexual development in girls was assessed based on
secondary sex characteristics, including menarche and other physical changes.
According to our survey, girls whose menarche occurred at an age of 11 to 12 years old
accounted for 9.93% and 23.57%, respectively. Those who begin sexual development
in this age accounted for no small proportion.
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But due to an absence of sex education, most girls felt the panic upon menarche.
The respondents who turned to their mothers for help accounted for the largest
proportion. According to many respondents, their mothers were not around when
menarche occurred because they were left-behind children. This is a typical example of
inadequate family sex education.

b. Mastery of sex knowledge of left-behind children in rural areas

Our survey showed that most left-behind children did not have a correct understanding
of their private parts. Neither did they know anything about sexual behaviors. Without
a clear knowledge about basic concepts about sex, these children can hardly protect
themselves in the face of sexual assault if any of these things happen, because they are
unaware that something bad has happened to them. There was also a shortage of
knowledge about pregnancy and contraception. When asked about the reasons for
women getting pregnant, only a few girls gave a correct answer. Most girls said that
they did not know anything about “the impact of induced abortion on girls”. As for the
knowledge about contraception, barely no one knew anything more than the very
basics.

c. Analysis of the status quo of sexual safety in left-behind children in rural areas

Nothing is more important than to instill the sense of sexual self-defense in children as
far as sex education is concerned. Once being assaulted sexually, children are very
likely to suffer serious consequences, such as anger, anxiety, depression, fear and
personality disorders. One question in the survey was concerned with the status quo of
the consciousness of sexual self-defense. The question went like this: Can any other
person, including your parents, touch your breasts or private part without your
permission? Some children chose “They cannot do so in any circumstances.” Other
girls said that their parents can, and there were also girls who said they were unclear
about it. We can see that few children know how to react in the face of sexual assault.
Another question was “Do you know how to protect yourself if sexual assault occurs?”
More than 40% of the children surveyed were not sure whether they could protect
themselves or not.

As for knowledge about sexually transmitted diseases and AIDS, most children
said that they knew nothing about them or they only heard somebody mentioned it or
felt these concepts quite obscure. As for how AIDS is transmitted, most children said
they did not know. It is easy to see that if children do not know enough about sexual
self-defense before they step into society, they are very likely to face sexual health
hazards. Our survey has fully demonstrated the urgency and necessity of administering
sex education for children.

d. General lack of common knowledge in law among left-behind children in rural areas

Our survey has indicated a widespread lack of common knowledge in law among
the respondents. One question went like this: “Do you know that having sex with
young girls aged below (?) constitutes a violation of law, whatever the cues used or
regardless of whether the girls themselves consent to it or not?”” The respondents gave
various answers as to the minimum age of young girls considered legally competent to
consent to sexual acts. Very few respondents chose the right answer, and some of them
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might have just “guessed right”. Apparently, children in rural areas had a very low level
of legal knowledge regarding sex.

3.2 Teachers’ cognition about sex education for children

Most teachers surveyed (73.33%) mastered more sex knowledge than students due to
their senior age and rich social experience. Only a few teachers said that they only
knew a little about sex (24.44%) or nothing at all (2.22%). Teachers’ mastery of sex
knowledge also affected teachers’ attitudes to sex education at school. We observed that
92.22% of the teachers surveyed believed that it is necessary to offer sex education at
school, which is beneficial to the physical and psychological growth of students; 5.56%
of the teachers believed that it is only of moderate importance to offer sex education at
school; 2.22% of the teachers believed that sex education is not important at all.
Besides, teachers’ mastery of sex knowledge was related to the practice of teaching and
discussion about sex-related topics with their students.

Table 1. Pearson’s correlation-detailed format

4. Have you ever learned
anything about sex?

9. Have you ever communicated
individually with left-behind students in Correlation coefficient 0.161
your class about sex?

p-value 0.13

7. Do you spare some time in your class to
teach about sex? If yes, how many classes Correlation coefficient 0.219
are held per week for sex education?

p-value 0.038

12. What is your attitude when girls Correlation coefficient 0279
consult with you about sex?

p-value 0.008

The intensity of correlation was measured using Pearson’s correlation coefficient.
Whether the teacher has known enough about sex and whether the teacher has
communicated individually with girls about sex.

The intensity of correlation was measured using Pearson’s correlation coefficient.
The coefficient of correlation between whether the teacher has known enough about
sex and whether the teacher has communicated individually with girls about sex was
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0.161, which was close to 0. Besides, the p-value was 0.130, which was higher than
0.05, indicating no significant correlation between the two. The coefficient of
correlation between whether the teacher knows enough about sex and the frequency of
sex education classes per week was 0.219, and the significance level was set to 0.05.
Therefore, the two variables had a significant positive correlation. The coefficient of
correlation between whether the teacher knows enough about sex and the teacher’s
attitudes towards students’ consultation about sex was 0.279, and the significance level
was set to 0.01. Therefore, the two variables had a significant positive correlation.

As seen from above, teachers with a greater reserve knowledge about sex are more
capable of helping students learn about sex and encouraging them to know more about
their bodily development and the changes occurring to their appearance. More
communication with students about sex can help prevent inferiority complex due to
bodily development and raise their awareness of sexual assault and self-defense.

1.0 20

B 9 Have you ever communicated individually with left-behind students in your
class about sex?

10. Do girls in your class read books about sex-related topics in their spare time?

Figure 1 Teachers help students learn about sex

Generally, the number of left-behind children in each class varies. According to
our survey, 61.11% of the teachers surveyed paid home visits to left-behind children to
know about their family background and physical and mental conditions. Nevertheless,
teachers still do not pay enough attention to sex education for left-behind children in
rural areas. Only 32.22% of the teachers surveyed said that they had communicated
individually with left-behind children about sex; 58.89% of the teachers did not know
whether their students read books about sex-related topics in their spare time or not.
But most teachers (65.56%) agreed that there was a general lack of sex knowledge
among their students; 57.78% of the teachers surveyed would communicate with their
students if they were consulted about sex and answer their doubts; 34.44% of the
teachers would only provide simple answers to questions raised by students about sex;
only 7.78% of the teachers said that they refused to answer any questions about sex.
Teachers’ attitude towards sex also had an impact on students. If teachers refuse to talk
about sex, the students may feel that sex is a bad thing. In that case, bodily
development during adolescence may undesirably increase the likelihood of inferiority
complex. When assaulted sexually, the children tend to keep their mouth shut or get
threatened and suffer from long-term sexual assault. Teachers should provide positive
guidance for students when being consulted about sex and make efforts to ensure their
physical and mental health.
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Figure 2. Teachers believed that sex education should be strengthened at school

Most teachers believed that the current sex education is far from comprehensive at
school. According to their opinions, schools should strengthen education in sexual
psychology, sexual morality, sexual behaviors, and sexually transmitted diseases and
their prevention. Teaching activities of various kinds can be conducted at school.
Teachers should also improve their sexual literacy to better help left-behind children in
rural areas learn about sex.

3.3 A survey on public attitudes towards sex education for children

Table 2 Results of ANOVA
8. Do you think that it is necessary for children to learn more F
about sex? (mean + standard deviation) P
Necessary (n=3) Unnecessary (n=297) Let it be (n=81)
7. Have you
ever paid any
attention to sex 1.67+0.58 2.19+0.50 1.89+0.45 13.103 0
education for
children?

Analysis of variance is to compare differences of means in quantitative variable Y
with respect to categorical variable X. As seen from the table above, one-way ANOVA
was used to compare the difference in the answers given to the above two questions
among adults. The public attitudes towards the necessity of sex education for children
and whether the adults have paid any attention to sex education for children were
significantly correlated with each other (P<0.05). There seemed to be a consensus
among the general public on the widespread absence of parents in sex education and
the urgency of promoting sex education for children. Further analysis showed that the
necessity of family sex education was significant at the 0.01 level (F=13.103, p=0.000).
The mean score was compared between the groups, and the score for “Necessary” was
higher than that for “Let it be” (see the figure below).
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8.Do you think that it is necessary for children to learn more about sex?and7.Have you ever paid
any attention to sex education for children?

2.3 4
22 4

2.1 4

1.89

Necessary Unnecessary Let it be

Figure 3 The public concern for sex education

Most adult respondents surveyed believed that children should learn more about
sex. Very few respondents said that they did not consider it necessary. The above

findings indicate that the public shows a growing concern for sex education for
children.

Table 3. Results of t-test

4. Have you ever learned
anything about sex? (mean +
standard deviation) t p
Yes (n=348) No (n=33)

5. Have your parents ever told you
anything about sex? (please answer

this question based on your personal
identity) 2.35+0.50 2.06+0.24 5.817 0

As shown from the table above, t-test (independent-samples t-test) was performed
to determine whether children’s mastery of sex knowledge was significantly correlated
to parents administering sex education to their children (P<0.05). We observed a
significant correlation at the 0.01 level (t=5.817, p=0.000). It was also found that the
average score of parents administering sex education to their children (2.35) was much
higher than that of parents not administering sex education to their children (2.06).

The assumption made for analyzing the differences in answers to two questions,
“Do you know anything about sex?”” and “Have your parents taught you anything about
sex?” using the t-test (independent samples t-test) was that children know about sex
primarily from their parents. A P-value below 0.05 indicated that the two were
significantly different. Long absence of parents means that the parents cannot teach
their children about sex, which reduces the possibility of their children learning
anything about sex. In China, the reality is that the long-term absence of parents is a
widespread problem in rural areas, leading to a lack of sex education among left-behind
children. This in turn has an adverse impact on children’s psychological and physical
health. Therefore, it is necessary to discuss how to promote sex education in left-behind
children in rural areas.
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4. Have you ever learned anything about sex? and 5. Have your parents ever teach you
anything about sex? (please answer this question based on your personal identity)
t-test

3 =

0 4
Yes No

Figure 4 Children's learn about sexuality from their parents

4. Discussion

We arrive at the following conclusions based on our survey:

(1) Left-behind children in rural areas generally have limited sex knowledge.
Without their parents by their sides, these children learn sex knowledge primarily from
their peers or the Internet. We observe a lack of knowledge about sexual assault and
how to prevent it among these children. They barely know anything about laws related
to sexuality, which agrees with previous findings.

(2) Few schools provide sex education through specific curriculum. Teachers are
more positive about sex education than before and consider it necessary for schools to
provide sex education classes and launch other activities to teach sex knowledge.

(3) There is a serious lack of family sex education. Left-behind children do not
live with their parents for an extended period of time, and they usually feel alienated
from their parents. These children have little chance to learn about sexual health and
care and how to protect themselves against sexual assault. Therefore, they are more
vulnerable to physical and psychological hazards in relation to sex. The general public
shows growing concern for sex education, which is a sign of social progress.

5. Conclusion and Recommendation

We have identified several problems existing in sex education among left-behind
children in rural areas through our survey. Such as children’s lack of sex knowledge,
school and family sex education is in the state of absence [5, 6].This is consistent with
previous research , indicating that sex education for rural children 's has not made much
progress. Scholars suggested that strengthen the sex education and the positive
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publicity role of the media should be brought into play[9,10]. However, we found that
most of teachers believed that sex education should be strengthened at school and hope
to take various forms to carry out it .And the public 's attitude towards sex education is
becoming more and more open and positive. This shows the development of society
and the progress of thought. These changes will bring positive help to the development
of sex education.

Children grow up healthily only in a healthy environment [11]. Education is
interrelated and interpenetrated. We should not only start from individual problems, but
also find out the problems of each system from the perspective of €cosystem and the
social structure in which they are located[12].

It is necessary to pay attention to the integration and mobilization of various social
resources, form a linkage mechanism of mutual coordination[13].The coordinated
promotion by schools, families and society is an inevitable choice and an important
measure to improve the effect of sex education. We should step up our efforts to
strengthen sex education among left-behind children in rural areas. which include the
following aspects:

a. The family should pay more attention to children’s physical and psychological
health. In the first place, parents should have correct sex knowledge and a keen
awareness of sexual health themselves. They should attach due importance to children’s
physical and psychological health and provide sex education for their children.

b. The schools should provide sex education classes. They should assign specific
teaching staff for sex education and provide sex education classes to spread sex
knowledge and cultivate awareness of sexual health. It is necessary for schools to
enrich and diversify the teaching materials and teaching method as far as sex education
is concerned.

c. The government should accelerate the construction of policies and legal system
regarding sexuality. Specifically, the government should release more policies and laws
to fight sexual assault against left-behind children and supervise the implementation of
relevant laws to improve the defense mechanism and safeguard the physical and
psychological health of left-behind children.

d. Concerted efforts should be made to establish a sex education model involving
multiple parties. Schools, families, government, and communities should work together
to build a multi-dimensional system that promotes sex education and elevate awareness
of self-protection against sexual assault among left-behind children in rural areas.
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Abstract. With the continuous development of emerging economic forms, the
disadvantages of traditional statistical measures are becoming increasingly
prominent. The performance measure of the emerging economic statistical index is
also an urgent problem to be solved. This paper propose a performance evaluation
frame for emerging economic statistic index which takes traditional index as the
benchmark. The proposed method uses the spectral analysis method to analyse the
periodogram of the time series, determine the appropriate parameters according to
the filter, and filter the time series to obtain the trend and periodic terms of the
sequence. Use the ANOVA method for trend items to analyse the consistency of
trend items, and use the mutual spectral analysis method to analyse the consistency
and leading lag of new indicators and benchmark indicators. By using the method
of frequency domain analysis and mutual spectral analysis, the components of this
frame include the preprocessing, analysis, comparison of innovative statistical index
data, and obtain the performance evaluation results of innovation indicators, which
provides a solution for the quantitative analysis of innovation index. This paper also
give a specific example to present how this framework works to evaluate the
performance of an emerging economic statistic index.

Keywords. ANOVA, Statistical Index, Frequency Domain Analysis

1. Introduction

Nowadays, the world is undergoing a new round of scientific and technological
revolution and industrial transformation. Innovation-driven, fostering and expansion of
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new industries, new forms of business, and new models are the space and potential for
economic development [1]. To quantitatively measure the economic operation status, it
is necessary to systematically sort out the definition, characteristics and standards of
various economic indicators under the new situation, and to explore and innovate the
index system, evaluation system and statistical methods [2]. At present, quantitatively
evaluating the performance of statistical indicators obtained by innovation becomes an
urgent problem to be solved.

Traditional analysis methods include ANOVA, coefficient of variation analysis
method, econometric model, etc. The coefficient of variation is the ratio of standard
deviation to mean of the raw data. The coefficient of variation analysis method can be
used when the two sets of data discrete magnitude need to be compared, and the data
measurements vary widely, or the data scale is different. This method is a common
indicator to measure the degree of regional development imbalance [3]. For some certain
economic fields, the coefficient of variation can also be used to comprehensively
evaluate the index system [4].However, the coefficient of variation is sensitive to
perturbation and lacks accuracy which may require the manual intervention processing.

ANOVA was able to identify the magnitude of controllable influence on the findings
by calculating the contribution magnitude of variants from different sources to the total
variation. For example, Huang Xiu et al. studied the degree of difference between ASPI
and CPI of Alibaba online purchase price index by ANOVA [5]; investigated the
influencing factors of the domestic housing market and its relative importance. The
variance estimate of the tax progressive index was applied to the assessment of the
impact of several fiscal and tax policies on the fairness of the provincial income level
since the reform of tax sharing in China [6].

By constructing the econometric model, the trend characteristics of the statistical
index sequence and the intrinsic correlation characteristics of the indicators are studied.
For example, in order to measure the size of innovation ability, by building
comprehensive indicators, establishing spatial measurement models, researching factors
affecting the innovation ability indicators [7,8].Measurement model analysis can depict
the complex laws between economic indicators in economic systems, but this method
requires strict assumptions, and the outliers in statistical data may affect the test results
of multiple collinearity test, unit root test and hetero variance test [9]. Therefore, it is
necessary to deal with statistical data and choose a robust parameter estimation method
[10]. When dealing with data with rapid changes and large volume like financial data,
the estimation results of traditional models will be lack of robustness [11].

The basic idea of frequency domain analysis is to view the time series as the
superposition of unrelated periodic components. By studying and comparing the periodic
changes of each component, to fully reveal the frequency domain structure of the time
series and master its main fluctuation characteristics. Therefore, it has the advantage of
the time domain method in studying the periodic fluctuations of time series [12].

2. Related Work

Real Economic Cycle Theory (RBC) regards macroeconomic operations as some
combination of long-term growth and short-term fluctuations, distinguishing long-term
factors (trends) from short-term factors (fluctuations) when analyzing problems. In
practice, RBC theorists have proposed that physics can be used to analyse economic
problems [13], and some researchers have used frequency domain analysis to analyse
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macroeconomic data [14].The sequence data obtained by the statistical index can be
decomposed using the frequency domain analysis method into fluctuation components
at different frequencies. According to the periodic characteristics presented by the
different components, the statistical indicators can be decomposed into trend terms with
lower fluctuation frequency, noise terms with higher fluctuation frequency, and periodic
terms with fluctuation frequency showing general economic cycle characteristics.

Spectral analysis method provides a means for multi-frequency mixed data analysis.
According to the spectral representation theorem, stationary stochastic processes with
any covariance can be expressed in the following form:

Y= pu+ fon[oc(w) - cos(wt) + 8(w * sin (wt)] dw (1)

Where p is the overall mean, w means for frequency, a(w) and o(w) response for
random variables. The time sequence data generated using statistical metrics yields the
sample spectrum of the data, and then the overall spectrum of spectral estimation. Thus,
the frequency representation of the statistical index is obtained.

A filter is a frequency selection component that enables a specific frequency
component in the signal through, thus a function to filter a specific frequency. Frequency
selection filters are commonly used in the economic field. The HP filters, the BK filters,
and the CF filters are most widely used in this field. The HP filter is a high-pass filter
that can filter the high-frequency partial data in the signal; the BK filter and the CF filter
are a band pass filter and can filter the data of the specified bandwidth. The periodogram
uses the squared magnitude of the Fourier series of the input time series data as a measure
of the power in the function. Periodogram are an important means of spectral analysis,
which are defined as follows:

(l) B E(AjZ + B;®), (nisodd)or (nisevenandj # g) o
" n(A)? j =3

The frequency f = j/n corresponding to the periodic graph is proportional to the
sum of square of the corresponding regression coefficients, so the peak of the periodic
graph shows the degree of cosine-sine contribution at different frequencies to the overall
index in the overall behaviour of the sequence.

Mutual spectral analysis is also known as cross spectral analysis. After converting
the time series to the frequency domain by spectral analysis, we break down each
frequency component, compare the periodic changes of each component, and make full
use of the spectral density function to get the main frequency component to study the
frequency characteristics of the time series, such as the first, lag relationship and
consistency of different time series.

The coherent spectral formula is given by the following equation. fi,(w) is the
cross-spectral density function of the time series x and y which are the normalized mean
of the component amplitude product of two sequence frequencies w. The cross-spectral
density is used to measure the absolute correlation of the measured time series on the
frequency w. The value of ¢y (w) close to the value of 1 indicates the stronger the
consistency of the two time series over the frequency w.

|fxy (w) |

Cyy(W) = ——,
Y [fe(@)fy (o)

0 < cylw) <1 (3)
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The formula for the phase spectra is given by the following formula, which reflects
the mean of the phase offset of the measured time series at frequency w. If the value of
the phase spectrum is positive, the time series {x,} lags on the frequency w to {y,} ; if

the phase spectrum is negative, then {x,} leads to {y,} on the frequency .

Pxy(w) = tan™! (qy—(°’)> 4)

Cxy (W)

3. Performance evaluation framework of statistical index based on mutual
spectral analysis

The performance evaluation method based on the frequency domain analysis
decomposes the statistical index into: the trend term, the cycle term and the noise, and
compares the trend term and the baseline statistical analysis index to obtain the
performance evaluation of the statistical index. Trend term refers to the overall trend in
time series data; cycle term refers to the regular content in time series data; noise is the
interference item introduced by uncontrollable factors in time series data.

3.1 Data filter selection

Burns and Mitchell et al. have argued that actual periodic macroeconomic fluctuations
usually occur in 6-32 quarters [15].Tang's study shows that the macroeconomic data of
2-8 years can use Ravn and Uhlig-adjusted HP filter and CF filter [16].The specific HP
filter or the CF filter adjusted with Ravn and Uhlig will need to be selected based on the
frequency of the actual data and the sample data size. When the fluctuation wavelength
is for 6-8 quarters and the data size is small, we select HP filters adjusted by Ravn and
Uhlig. In other cases, we can chose the CF filter.

3.2 Find out the cycle of the time series

The periodogram of the statistical index timing data provides a means to find the
frequency information of the data. By analyzing the periodogram, a frequency
component with a high contribution to the overall index can be found. Researchers can
take component components with high contribution as the main frequency component
and select filter types based on the main frequency component.

The intensity components corresponding to the periodic components obtained by the
periodogram are the basis of the filter. If the main periodic component corresponding to
the periodogram is high frequency, the HP filter adjusted by Ravn and Uhlig was filtered
and the filtered intermediate and low frequency sequences were analyzed as trend terms.
If the main component of the periodogram is medium frequency data, the CF filter is
used for filtering. Take the obtained high frequency data as noise term, conduct
perturbation analysis combined with the current situation; medium frequency data as
cycle term and low frequency data as trend term.

3.3 Trend terms analyzed by ANOVA

In this paper, we analyse the trend-term polarity of the time series by using ANOVA
methods. ANOVA is a statistical method for testing whether the populations have equal
means under the same variance conditions. The variance test assumes that different
populations satisfy the assumption of homogeneity of variance. Homogeneity of variance
test is a method in mathematical statistics to check whether the overall variance of
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different samples is identical. The rationale is to make some assumption about the
characteristics of the population first, and then through statistical inference from
sampling studies, making inference [11] about whether this hypothesis should be rejected
or accepted. Bartlett's test is commonly used to test the homogeneity of variance of
normal distribution populations. The population tested passes the homogeneity of
variance test, accepting the assumption that the tested population comes from the same
distribution.

3.4 Cycle terms analyzed by mutual spectral analysis

After the multiple time series is converted to the frequency domain by spectral analysis,
the corresponding components of the following frequency can be decomposed. The main
frequency component can be analyzed by using the spectral density function, and the
coherence and leading lag relations are obtained using the coherence spectrum and phase
spectrum.

4. Case Study

This paper verifies the effectiveness of this analysis using resident consumer price index
(CPI) in China and Alibaba online price index (aSPI) to evaluate the performance of aSPI
based on CPI.

4.1 Data about aSPI and CPI

CPlI is an authoritative macroeconomic index reflecting the changes in general consumer
commodity price and service price level purchased by households. The monthly release
cycle, and it is legal statistics of China [5]. aSPI is an all-network online purchase price
index formulated by Alibaba to reflect the price level of goods and services on the online
shopping platform. It corresponds the smallest leaf category to the "basic classification"
of the fixed basket price index. Accordingly, the price index is calculated based on the
change of the monthly weighted transaction average price of the sub-category, and the
transaction share of the above month is calculated to reflect the change in the overall
online shopping expenditure price level of the whole network. It also contains
information about general price changes at the commodity level and consumer
consumption structure changes under the sub-category.

In this paper, the CPI data [17] from January 2008-April 2016 and the corresponding
time periods used the iSPI extended aSPI as the data source. With CPI as the benchmark
test term, we test the ability of aSPI to reflect the price changes through the
aforementioned statistical index performance evaluation method, and further measure
the degree of CPI and aSPI in the price changes reflect time.

4.2 Data preprocessing and stationarity test

To facilitate the analysis of the data, the above data are scaled on the (0, 1) interval and
unified data representation. Stationarity means that the statistical features contained in
the time series data will not change with time. The premise of using the spectral analysis
is that the time-series data meet the stationarity requirements. In this paper, the data were
tested for stationarity using the augmented Kiddi-Fuller test (Augmented Dickey-Fuller
Test). By testing, we can find that the CPI data during this time period meets the stability
assumption; because aSPI only provides relevant data from February 2011 to April 2016,
the data cannot pass the stability test, the iSPI data is used to expand the aSPI data. iSPI
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Figure 1. Periodogram of the aSPI and CPIdata

Table 1. Frequencies and Amplitudes of CPI Data

Frequency 0.011 0.022 0.033 0.044 0.056 0.067 0.078 0.089
Amplitude 0.129 0.084 0.08 0.001 0.022 0.064 0.439 0.336
Frequency 0.1 0.111 0.122 0.133 0.144 0.156 0.167 0.178
Amplitude 0.019 0.05 0.043 0.012 0.001 0.027 0.77 0.03
Frequency 0.189 0.2 0.211 0.222 0.233 0.244 0.256 0.267
Amplitude 0.001 0.026 0.037 0.068 0.034 0.232 0.114 0.007
Frequency 0.278 0.289 0.3 0.311 0.322 0.333 0.344 0.356
Amplitude 0.081 0.047 0.042 0.033 0.006 0.111 0.08 0.033
Frequency 0.367 0.378 0.389 0.4 0.411 0.422 0.433 0.444
Amplitude 0.059 0.01 0.016 0.099 0.073 0.065 0.055 0.066
Frequency 0.456 0.467 0.478 0.489 0.5

Amplitude 0.099 0.1 0.029 0.017 0.025

This index, also the online shopping price index provided for Alibaba, is a subset of aSPI,
and is also calculated using the Roche formula, with the same data source, only with
different classification. The ADF test for the new data set after the extended aSPI data
resulted that the extended aSPI data satisfies the stationarity assumption of the time series.

4.3 Main cycles analyzed

After profiling of the time series, the time series data can be represented as a combined
representation of the corresponding periodic components. The observation of the data
cycle diagram shows the contribution of the frequency domain components to the overall
index.

Since CPI is the benchmark indicator, the periodic decomposition takes the
frequency component affecting CPI as the benchmark component. According to the
observation of the periodogram and the analysis of the periodic intensity corresponding
to the frequency, excluding the drag tail effect showed the highest intensity at frequency
0.167 and followed at 0.078 and 0.244.Because there are 83 months, the cycle of the
strongest component is 14 months, 7 months, and 20 months. After actually calculating
the periodic graph of aSPI, the first three strongest components obtained after removing
the long tail effect are consistent with the results of the CPI periodic graph analysis.
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4.4 Periodic and trend terms selecting
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Figure 2. Comparison of periodic terms and trend item between CPI and aSPI

Since the experimental data in this paper satisfy the stability hypothesis, the time series
data of CPI and aSPI can be filtered by setting the band pass parameters of the BK filter.
According to the results obtained in the above periodiogram, the lower limit of the
minimum cycle is 7 months and the upper limit of the maximum cycle for the two time
series data is 20 months. The two time series data were filtered to obtain the trend and
cycle term data at the corresponding time points. Trend terms and periodic terms show a
high degree of consistency in the trends.

4.5 Trend terms were analyzed using ANOVA

For the trend data extracted from the filters, the Bartlett test was used to test the
homogeneity of variance of the CPI and aSPI trend term data. Since the null hypothesis
of the Bartlett test is the same variance of the overall data tested and the P value of 0.8765,
we can conclude that the overall variance of the CPI trend and aSPI term data is the same
and the corresponding population comes from the same distribution.

4.6 Mutual spectral analysis

The consistency of the two timing data CPI data and the aSPI data analyzed at different
frequencies is described using the coherence data obtained from the mutual spectral
analysis. As shown, strong agreement was shown in 0.167, 0.078 and 0.244 in the main
frequency components.

Using the phase spectrum analysis, it is concluded that the phase spectrum data in
the main components are less than 0, indicating that the CPI data is ahead of the aSPI
data in the main frequency component.The experimental results use frequency domain
analysis-based methods to verify the strong agreement between aSPI and CPI, and also
extend to analyze the speed of aSPI and CPI in reflecting the speed of price change. The
results show that CPI can quickly reflect price changes, while the online shopping
platform has a certain transmission delay. Therefore, in the experiment with CPI as the
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Frequency Frequency

Figure 3. Consistent analysis of the cross-spectral Figure 4. Phase spectrum analysis of the cross-
analysis of the CPI and aSPI trend data spectral analysis of the CPI and aSPI trend data

benchmark test index, the statistical performance index of aSPI does not reach the
performance of CPI.

The emerging analysis framework of statistical index based on spectral analysis still
has the following drawbacks in this process:

1. The analysis process adds the calculation of the cycle, trend and cycle consistency
and lag relationship, which needs more background knowledge and increase the
complexity of the analysis.

2. The choice of filter directly determines the effect of analysis. But the definition
of high frequency and intermediate frequency requires researchers to choose the filter
according to experience and actual situation. The lack of unified specification limits the
application scenarios.

5. Conclusion

This paper proposes a framework based on mutual spectral analysis to evaluate the
performance of emerging statistic index compared with the original benchmark
indicators. By using this framework, we analyse the index performance of aSPI with CPI
data as the benchmark data. With the update of statistical methods, the deepening of new
statistical indicators and comprehensive index system, this framework give a system
methods to overcome the defects such as insufficient accuracy and strict assumptions,
which provides performance evaluation methods for the emerging statistical indicators
proposed under the constantly emerging new technical methods.

Acknowledgments

This work is supported the project of Science and Technology Department of Yunnan
Province(No.202101AU070158), the projects of Yunnan Education Department
(N0.2023J0788) and the projects of Yunnan Police College (No.19A021, No.19A010).

References

[1] Xianchun Xu. Comparison of some important indicators in Chinese national economic accounting and
relevant statistical indicators . The world economy. 2014, 3(15):145-159.

[2] Jizhe Ning. Statistical exploration and practice of new industries, new business forms and new models.
Beijing: China Statistics Press, 2017.

[3] Chenglin Qin, Hua Zhang and Jihui Zhang. New trends and causes of regional development imbalance
in China based on the measures of the population-weighted coefficient of variation and its spatial and
industrial binary decomposition. China Industrial Economy. 2011(10) :39-47.



256

(4]

[3]
(6]
(7]
(8]
9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]

M. Wang et al. / Performance Evaluation Framework for Emerging Statistical Index

Shuang Yao, Weiqiang Huang, Zhan Zhang and Liheng Zhao. Regional Financial Ecological
Environment Evaluation: based on the modified coefficient of variation method. Technical Economy,
2015, 34(10):61-67.

Xiuhai Huang, Comely Teng, Dan Zhao. Comparative Study of Online Shopping Price Index and CPI.
Statistics and Consulting. 2017(6):25-28.

Shengping Dai. Variance estimation of the tax-progressive M index and its application. Quantitative,
economic, technical and economic research. 2019, 36(3): 124-136.

Yi Su, Zhou Lin. Study on the spatial effects and influencing factors of regional innovation activities.
Quantitative, economic, technical and economic research. 2017, 34(11):63-80.

Xiaohua Jin, Taihua Yuan. International Technology Overflow and Regional Innovation Capacity:
Empirical Analysis from an IPR protection perspective. International Trade Issues. 2017(3):14-25.
Jinwen Zhao. Typical cases of the effect of outliers on measurement modeling. Statistical study. 2010,
27(12):92-98.

Zhijian Wang. Construction and comparative study of robust AR models. The Practice and Knowledge
of Mathematics. 2019, 49(13) :156-166.

Zongxin Zhang, Xuejiao Zhang. Fund trading behavior and market volatility: based on the wavelet and
mutual spectrum analysis of data mining. Journal of Management Engineering. 2012, 26(2):156-161.
Hengzhen Lu, Liping Xu. Futures Market Cycles Based on Time-series frequency domain analysis.
Statistics and Decision Making. 2011(6):146-147.

Prescott K. The Computational Experiment: An Econometric Tool. Journal of Economic Perspectives.
1996,10(1):69-85.

Baxter M, King R G. Measuring Business Cycles: Approximate Band-Pass Filters For Economic Time
Series. Review of Economics & Statistics. 1999, 81(4):575-593.

AF Burns, Mitchell W C . Measuring Business Cycles. Nber Books. 1946, 78(1) :67-77.

Jinding Tian, Qiangzhong Zhu, Fengxia Zhang, Junling Song. Application of ANOVA in product testing.
Journal of Liaocheng University (Natural Science Edition). 2008, 21(1):23-24.

Xianglan Yu. Empirical test of the effectiveness of macro-statistical index data in China. Statistics and
Decision Making. 2011(23):8-12.



Modern Management Based on Big Data IV 257
A.J. Tallon-Ballesteros (Ed.)

© 2023 The authors and 10S Press.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/FAIA230191

Attitudes Towards Framed Communication
of Political Parties in North Macedonia

During Second Wave COVID 19 Through
the Lenses of Supporters
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American University of the Middle East, Kuwait

Abstract. The appearance of COVID19 triggered governments to start managing
the crises through communicating centers to influence the perception of public. One
part of crisis management was through political communication. The aim of this
paper is to explore whether there are differences among opposing party members in
perception of political communication in times of crises. Media headlines from both
parties were evaluated about degree to agreeableness with each statement by the
members. The sample consisted of members of two largest political parties from the
Macedonian bloc VMRO-DPMNE and SDSM (50 members from each party). The
analysis was done through t-test comparison of attitudes towards message between
party members. The results show that each party member supports their own party
framed communication. Main conclusion is that there is a difference in perception
of political communication related to COVID-19 which is in favor of own political
affiliation. The findings provide a solid base for crisis management through political
communication in uncertain situations.

Keywords. Framed communication; political communication; Covid-19; party
membership; supporters

1. Introduction

Beliefs about Covid-19 are regarded complex as there have been different public
reactions to understanding the virus. One part accepted the announcements from the
WHO and the authorities, while another part showed disbelief in the existence of the
virus, implying problem awareness. Political parties, especially those in power, needed
to set up references. The purpose was to ease the interpretation presented to the public
[1]. The existence of COVID-19 enabled political parties to play with public sentiment
even more easily because the public did not not know how to choose relevant
benchmarks in this new situation. Previous research has found that political leaders can
influence how seriously people take a problem and this is a case for party members or
supporters [2], [3]. Scholars already verified that the public instinctively uses heuristics
to reduce the burden of decision-making [4], especially on issues like COVID-19, where
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there is an apparent disconnect between scientific understanding and mass competence
[5]. However, those signals are often unreliable and prone to cognitive bias. When voters
act on signals given by their preferred political party and selective exposure to preferred
media or preferred sources [6], they may do so automatically.

"The pictures in our heads", to borrow Walter Lippmann's famous phrase [7] are
shaped less by factual knowledge and more by various other factors that are not easily
controlled, such as personal experience and chosen cues from the real world. People's
perception of risk (in this case of COVID-19) is not only determined by the scientific
information they receive or their physical experiences. Vai et al. [8] points to the media
that shape public risk perception as a critical factor influencing risk perception. They
also highlight the different types of media factors that influence public risk perception,
such as the type of media, the amount and tone of coverage, and the credibility of the
source. More specific to this research are political identities that also take part in
cognitive factors towards risk perception [1]. As political identities shape components of
cognition, political psychology offers irrefutable evidence that partisan identities alter
political thinking and reasoning [9] on political cognition [10] and social themes [11].
Therefore, the aim of this research is to explore whether there are differences among
opposing party members in perception of political communication in times of COVID-
19 crises.

2. Influence of political affiliation

Opposing views of political polarization maintain influence on political behavior within
developed countries and developing democracies [12]. In Republic of N. Macedonia,
political membership is large and highly polarized [13] and tends to imply an impressive
influence on the range of political behavior. According to some data, Jovanovska and
Bozinovska claim that 13 percent of citizens in Macedonia are members of one of the
three largest parties: VMRO-DPMNE, SDSM or DUIL

Party membership represents a form of group identity that shapes the behavior of
the individual towards the group and outside it. The polarization in relation to the
opponents increases through the introduction of strong rhetoric and is supported by
media [14]. Thus, a polarized political climate is characterized by “a high level of
ideological distance between parties and a high level of homogeneity within parties” [15].
Certain authors [16] point to the fact that political parties in Macedonia constantly use
polarized discourse as a populist strategy that builds the basis of division more
thoroughly. The theory of political polarization proves that as the opposition of political
parties increases over a certain issue, their respective ideological identification
designations will become more distinct and thus more easily recognized by their
members [17]. Attitudes of parties constantly seek to occupy the importance of a certain
issue or problem [18], and this creates additional impact on polarized public opinion.
However, if there is unification of party attitudes, as the Canadian example [19] (usage
of unifying discourse and overcome party short term interests), then political differences
are reduced and there is some cooperation. The specific public that recognizes the source
of the message will be willing to interpret the message with party perspective [20]. As
some authors [21] note, party cues may not indicate the character of politics, but they do
indicate party groups that are important. Through such behavior the parties tend to
encourage the public to judge the ultimate impressions through an ideological prism of
politics [21]. The findings relate to a study that found [22] influence of emotions in
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organizational context. Also, it was [23] found that exposure to candidate rumors is
positively related to belief in said rumors for members of both parties, but the relationship
is significantly stronger when the rumors are attitudinally congruent. Thus [24] it is
demonstrated that rumors are more effectively corrected by subjects who argue against
their political interests than by sources who might be expected to oppose the content.
Research shows [25] that subjects tended to distrust scientific evidence when presented
as subject to party disputes. A review of research on this topic finds that party signals in
media coverage about politics contribute to polarization that increases the visibility of
party views. Politically biased media have been extensively studied. In one [15]
experiment, which was conducted by manipulating the types of arguments (weak and
strong arguments), as well as information about the level of opposition between two
opposing political parties, the results showed a trend toward following stronger
arguments, but also the consistency of the argument, regardless of its strength if it shows
the party. The abovementioned provide a basis for the problem of interest of this study.
The main hypothesis is that there is a difference in perception of political communication
related to COVID-19 which is in favor of own political affiliation.

3. Methodology

The research uses a convenient sample composed of 50 members of the opposition party
VMRO-DPMNE and 50 members of the ruling party SDSM who are older than 18 years.
The data was collected through a questionnaire placed on Google Forms. The study was
conducted in the period of March 20, 2021, to June 5, 2021. The total number of
respondents was 100 (50% males and 50 % females from both subsamples of members).
All variables, except demographics, were measured using a self-evaluation scale
corresponding to a Likert scale. The questions are evaluation of political statements
given by members of parties in the media. The questionnaire consisted of an
evaluation of each statement (media headline) on a 1 to 5 scale where 1 = strongly
disagree and 5 = strongly agree. This approach was used to measure the attitudes
towards politicians from both political parties. The participants of both parties were
shown media titles from their own and opposing party. This included a total of 18
media titles, i.e. 9 of SDSM and 9 of VMRO-DPMNE. To test the proposed
hypothesis, a T-test for independent groups was used e.g., the analysis consisted of
comparison of attitudes between members of opposing parties for own media
headlines and for media headlines of opposing party.

4. Results

The data from the analyzed survey questionnaire shows significant results for each
of the variables according to the hypothesis. For this purpose, two tables for each of
the messages are presented with comparison of attitudes of members of both parties.



260 L. Efremov / Attitudes Towards Framed Communication of Political Parties in North Macedonia

Table 1. Comparison of attitudes between members of SDSM party and members of VMRO-DPMNE party
towards quotes with framed messages by VMRO-DPMNE

Aspects Average  of SD Average of SD P value
SDSM VMRO-DPMNE
members members

1. VMRO-DPMNE: Zaev and Filipche let 1.44 0.20 3.84 0.20 p<0.05

the situation with the pandemic out of control a
long time ago (24 TV, 05.10.2020)

2. VMRO-DPMNE: Citizens suffer from 1.42 0.19 3.64 0.14 p<0.05
the government's inability to deal with Covid-
19 (Plusinfo, 18.10.2020)

3. VMRO-DPMNE: Every fourth person 1.53 0.19 3.72 0.17 p<0.05
tested is infected, the government is doing
nothing to prevent an even bigger disaster
(Plusinfo, 20.10.2020)

4. VMRO DPMNE: The government 1.8 0.19 3.7 0.17 p<0.05
should overcome vanity and elect a new
Commission for Infectious Diseases (Plusinfo,

23.10.2020)

5. VMRO-DPMNE demands the 1.41 0.22 2.51 0.16 p<0.05
resignation of Minister Filipce (Focus,
27.10.2020)

6. VMRO-DPMNE: The government of 1.69 0.18 3.23 0.18 p<0.05

SDSM and Zaev is not capable of managing the
economic and health crisis (Channel 5,
15.11.2020)

7. VMRO-DPMNE: Filipce is the biggest 1.38 0.22 3 0.14 p<0.05
problem for the corona crisis in the country,
resignation immediately (Sitel, 20.11. 2020)

8. VMRO-DPMNE ACCUSES: The 1.65 0.21 2.3 0.19 p<0.05
measures are a lie and PR (Sitel, 15.12.2020)
9. VMRO-DPMNE: The peak of the 1.81 0.27 3.38 0.20 p<0.05

corona virus does not pass as well as the
incompetence that means death for the people
(A1 ON, 04.12.2020)

The messages sent by the political party VMRO-DPMNE, shown in table 1,
offer evidence (p<0.05) in all 9 cases that members of the opposite party or SDSM do
not agree with their contents (message) and are supported by own members (VMRO-
DPMNE).

Table 2. Comparison of attitudes between members of SDSM party and members of VMRO-DPMNE party
towards quotes with framed messages by SDSM

Aspects Average of SD Average of SD P value
SDSM VMRO-DPMNE
members members

1. Filipche accused VMRO-DPMNE of 3.79 0.23 2.00 0.15 p<0.05

blocking: The virus does not wait, the measures
must be adopted urgently! (Focus, 21.10.2020)

2. SDSM: If VMRO-DPMNE had not 3.87 0.23 1.76 0.16 p<0.05
requested a postponement, the measures would
have been passed in the Parliament (Nova TV,
22.10.2020)
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3. SDSM: Since the beginning of the 2 0.18 1.5 0.21 p<0.05
pandemic, VMRO-DPMNE has been holding
back all efforts to deal with the crisis (Focus,
31.10.2020)

4. SDSM: Mickoski remains on the side 3.62 0.18 1.4 0.21 p<0.05
of the coronavirus and acts dangerously for the
health of citizens (Nova TV, 09.11.2020)

5. SDSM: VMRO-DPMNE blocked 4.4 0.17 1.83 0.22 p<0.05
funds for 16 covid-centers, reducing the victims
of coronavirus to numbers (MIA, 16.11.2020)

6. SDSM: The hypocritical VMRO- 3.83 0.19 1.7 0.20 p<0.05
DPMNE and Mickoski feign concern (Channel
5,16.11.2020)

7. SDSM: VMRO-DPMNE is abusing the 3.7 0.17 1.5 0.17 p<0.05

misfortune of citizens infected with the
coronavirus (MIA 17.11.2020)

8. SDSM: Mickoski secretly rejoices at 3.25 0.18 1.34 0.22 p<0.05
the number of deceased (Sitel, 19.11.2020)
9. SDSM: VMRO-DPMNE feigns 373 020 1.9 020  p<0.05

concern and violates measures to protect against
Covid (24 TV, 17.12.2020)

The messages sent by the political party SDSM, shown in table 2, represent a
difference (p<0.05) in all 9 cases for motivated party reasoning, where members of the
same party SDSM support the statements. Members from the opposition party VMRO-
DPMNE disagree with the messages.

5. Discussion

The overall result is that each party member supports their own party framed
communication e.g., when it comes to the media quotes whose message framing
originates from the opposing party, there is a difference in supporter’s attitudes. Each
party member supports the framed communication of the party they favor, while at the
same time highly oppose and disagree with framed communication of the opposing party.
Mostly, the accumulated data using the framed messages in both groups indicates that
the views of the political members are in line with the intention of the message to provoke
opposition [26]. The conclusion is that there is a difference in perception of political
communication related to COVID-19 which is in favor of own political affiliation.
Accordingly, the research confirmed the polarized attitudes among members of
political parties in a communication environment where fragmented political information
encourages and maintains polarization [26]. The research supported the thesis about the
existence of differences in attitudes toward framed communication of politicians who
are in the position between members of the party in power and members of the party in
opposition. Therefore, political parties should take greater steps regarding the strategic
management of political information. The results from this study are in line with research
that shows how information obtained from different sources significantly influences the
formation of public attitudes and beliefs [27]. The study contributes to the effect of
polarization e.g., the tendency of the opposition not to support the policy that is proposed
by those in position, and vice versa [18], as was the case in this study. The
abovementioned finding is interpreted through the prism of politicization of existing
opinion where political members accept and support the position that originates from the
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elites of their preferred political party. As such, information obtained from political
sources not only provides information about the surrounding world, but also enables the
interpretation of that information [28]. According to some authors [29], political
members are motivated to protect their identity and choose its continuity, thus becoming
more motivated to view the competing party in a more negative light.

6. Conclusions

The conclusions that stem out from the research are that there is a highly polarized
climate which is characterized by usage of polarized discourse as a populist strategy.
Again, the theory of political polarization proves that as the opposition of political parties
increases over a certain issue, their own affiliations play a role when it comes to attitudes.
source. The results are due to the political identities of these specific groups and their
affiliation which is fed by polarized climate.

The findings are significant for political communication and communication in
crisis by the state. The conclusions point out that members of political parties need to
take polarization into account when framing the messages in times of crises. This can be
achieved through using cognitive arguments that sound reasonable to members of both
parties. Also, by using ideological cues and frames, political parties can fundamentally
change the way that the same public perceives various issues. On the other hand, both
parties need to use a unifying discourse and overcome party short term interests in front
of public interests. Regarding limitations, the study uses convenience sampling and due
to this selection method, the results should be taken with some caution. A change in the
reasoning and motivation of such behaviors may occur due to different reasons and
therefore further research into potential variations is necessary. However, the obtained
data provides nuances of knowledge about effects of political communication and its
impact on opinion formation in risky environments.
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Abstract. This study applied support vector machine algorithm and adaptive-boost

algorithm to analyze the best division hyperplane of enterprise resource planning
experimental teaching. We used two groups of experimental data to apply support
vector machine and adaptive-boost algorithm. To complete data preprocessing and
assign different weights of each index we applied adaptive-boost algorithm. Then
we used the SVM to calculate and classify the expected samples. After two sets of
experiments, the results show that the expected samples classified by support vector
machine and adaptive-boost algorithm have a better fit with the actual experimental
situation. It means that the algorithm improves the ability of digital intelligent
prediction and feedback in experimental teaching. It supplies a reference for the
experimental teaching of the immersive economy and management major in the
future.

Keywords. SVM algorithm; Adaboost algorithm; digital intelligent; experimental
teaching

1. Introduction

In modern society, emerging information technologies such as 5G, digitalization and
intelligence are developing at a rapid pace. We should maintain new momentum and new
advantages in the digital technological revolution and industrial transformation [1]. We
should strengthen the development of science and technology in human resources and
personnel training, and implement digitalization and intelligence in these two aspects [2].
The trend of digital intelligence represents the trend of digital intelligence in teaching
mode. The use of digital intelligent information technology makes the teaching flow with
the tide, the teaching level is higher and the teaching method is more efficient [3].
Building an immersive digital intelligence laboratory can enhance the educational
application of digital intelligence [4]. This is great significance to the major of economic
management under the background of new liberal arts [5]. This study will be based on
SVM-Adaboost algorithm. The aim of this study was to experimentally determine the
digital intelligent function of the algorithm model in ERP experimental teaching.

! Corresponding Author: Jianghui Liu, Modern Education Technology Center, Experimental Teaching
Center, Guangdong University of Foreign Studies, China; This study is one of the research achievements of
the Guangdong Higher Education Teaching Research and Reform Project in 2022. Email: 247031690@qq.
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2. Background of SVM combined with other algorithm models

Souza, F et al employed SVM to predict risks in general surgery, and showed in the
process of optimization and experiment that SVM model can accurately predict different
types of risks, as well as the causes and measurement methods of risks [6]. Vazquez, J et
al utilized SVM supervised machine learning classifiers to estimate de-identification and
efficient classification of clinical trials [7]. Zhang A et al studied the short-term load of
the micro-grid based on the DA-SVM algorithm model, and achieved accurate prediction
through SVM, which improved the operation economy of the entire micro-grid [8].
Zhong L et al used the GPS/INS combined navigation soft fault detection method based
on LS-SVM and AIME to classify the soft fault problems in navigation process and the
causes. The efficiency of soft fault detection is strengthened by SVM learning. It is
proved that it has good ability in intelligent prediction and processing of performance
evaluation data. Some scholars have studied the experimental comparison of two models
based on SVM algorithm and BP neural network algorithm. The results show that the
SVM algorithm model is superior and efficient in the case of small samples and big data
gray scale. The background of this research is the feedback of teaching effect of
numerical intelligence experiment. The overall sample size was small. Therefore,
support vector machine algorithm model is the first choice in this study [9]. Combining
support vector machine algorithm with other algorithms can make up the deficiency of
support vector machine and improve the actual efficiency of research. In this study, we
combine SVM algorithm with Adaboost (Adaptive Enhancement) algorithm. Combined
with other algorithms, the algorithm model can deal with many kinds of small samples
and complex content well. In this study, considering the actual situation of the research
object, we will use SVM-Adaboost algorithm to solve problem and do research.

3. SVM-Adaboost algorithm

3. 1 Adaboost algorithm
Adaboost is an iterative machine learning algorithm. It can be used as a basic classifier

in combination with other algorithms. What’s more, obtain different classifiers after
training a sample data set. Generally, it constructs a linear combination of weak
classifiers, and then assembles them to form a stronger classifier. After that, the weight
of sample distribution in the sample data set is analyzed to form a strong classifier with
better model performance. Through the iterative analysis of the "discourse power"
among different samples, the higher the discourse power is, the higher the weight will be
assigned in the next iteration. Basic weak classifiers with higher accuracy can obtain
greater weight in the end. A strong classifier formed by its combination will have a better
effect. The basic idea of the algorithm is as follows.

1. Initialize the weights of the sample data set: p; = % the total number of samples
is denoted by N, the weight of the first iteration sample is expressed as p;.

2. After the numbere = 1,2, ---, E of iterations, use the sample data set with
the existing weight p.. After obtaining a certain number E of iterations, the basic weak
classifier in the first iteration is obtained g,.

3. Calculate the classification error of g.. Get the classification accuracy s,.

4. Based on the calculated classification accuracy and the basic weak classifier,
the weight coefficient expression is the formula.
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5. The weights are updated again according to the classification results. The

expression of linear combination of basic weak classifiers is the formula.

W (x) =%ii€ ge () )
6. The resulting strong classifier combination expression is the formula.
] (x) = Sign(25:1€e "Ye (x) ) (3)

Firstly, the Adaboost algorithm is used to preprocess our experimental data, that is,
the weight of the whole data is pre-allocated. At the same time, the error rate of each
weak classifier is calculated, and finally the weak classifier with small error rate is
combined into a strong classifier. This strong classifier is then combined with SVM
algorithm to complete the whole binary classifier.

3.2 SVM algorithm

SVM algorithm is widely used in data regression and classification. As a binary model,
its basic idea is to map the feature vector of an instance into a vector of points in the
space. Then draw a line to distinguish the two types of points "as best as possible” and
keep a kind of feature space after distinguishing them. So that the new points that appear
later can also be distinguished by this line and classified in the appropriate and exact
feature space. In general, we can call this line a partition hyperplane, and theoretically
there can be an infinite number of partition hyperplanes in a sample space. We want to
find the partition hyperplane that is "as good as possible". As shown below, it is obvious
that the thicker line in the middle is the optimal partition hyperplane we are looking for.

Figure.1 Classification of two types of samples by multiple partition hyperplanes

The equation of such a hyperplane can be expressed by the following formula:
Thm+u=0 4)

If there are only two types of samples in the sample space, then there is always a
minimum Euclidean distance between the sample points on both sides and the same
hyperplane of the two samples. This distance is the two sample points closest to the same
hyperplane. The minimum Euclidean distance can be drawn in different ways and the
hyperplane is just trying to draw it as far away as possible. Greater spacing between
sample points means fewer errors and better robustness. Therefore, in the figure above,
we choose the thicker partition hyperplane in the middle as the optimal partition
hyperplane.
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So, the key of using SVM algorithm to solve the problem is to find the optimal
partition hyperplane. The two sample data sets are setas (m;, 1;), i=1, 2, --n. We
use T"m + u = 0 to express partition hyperplane. The constant U can be understood as

the intercept in the equation of the line. T is the adjustable weight vector. They are plane
function weights. The h in the formula (4) is the transpose of the vector. In this case, the
constraint conditions to be satisfied by the hyperplane are the formula.
(T -m)+ul =1 (5)

In order to maximize the accuracy of sample classification, we need to ensure that
the selected partitioned hyperplane has the best generalization ability. That is, we want
to compute a boundary with the greatest distance in all hyperplanes. Since the hyperplane
corresponds to the margin, it is necessary to find the maximum margin to find the best
generalization ability of the hyperplane.

Determining T, u to maximize the margin, then we have the following formula.

, 1
arg ;nai = {mm(r(Th +u)) m} (6)
For the convenience of calculation, equivalently express the formula (6) as follows.
min=||T||2 (7

The norm of dividing hyperplanes is expressed by ||T]|,
Then we use Lagrange multiplier method to solve formula (7), and the optimized
expression is shown as follows.

1
L(T, u, B) =3Il = Xy Bi(n((T - m) +u) — 1) ®)
The L represents the transformation operator, [ is a weight used in the constructor.

We take the partial derivative with respect to T, u. Get a function of [, and turn that

function into an equivalent formula.

n n

1 n
max(B) = ﬁi—EZZBi-Bj-ri-rj(m?-rj)
4 .

i=1j=1

j=

Yi=1Biri=0 )

The optimal parameter calculation formula are as follows.
Thest = Xj=1 Bitim; (10)
Upest = T3 — D=1 1B;(m; -m;) (1)

The optimal classification function can be obtained according to the derivation. Now
we can calculate this optimal classification formula through the previous calculation
process and code package, and then realize the prediction of data through this formula.

F)=sgn[(Tpestm)+upest] (12)
=sgn{[¥ Bjrj(mjm;)|+upest}, meR™
Now the problem seems to have been solved "as far as possible". However, to find
such an optimal hyperplane and completely divide the two types of samples requires a
prerequisite that the sample data itself is completely classifiable, with no indivisible parts.
But that's obviously not possible. So, we also need to consider the case of soft margin.
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Figure 2. soft margin Diagram

Obviously, there are some samples that don't satisfy the hyperplane constraint. At
this point we add a relaxation variable to give the loss of the classification error, in terms
of 7. It can be expressed by a common loss function, such as MSE, Sigmoid, etc.
However, based on the applicability of SVM algorithm, we used another Loss function,
Hinge Loss to stand for T;. Then the original constraint will change as follows.

r(Thm+uw)>1-1, i=12-n (13)

The ; expresses the deviation margin allowed for i*" sample point. We need to

minimize % || T|? to minimize the classification error. So, its formula is as follows.
min = ~||T||I* + P XL, 7; (14)

And we add the penalty coefficient P. The more correct the classification model is,
the greater the penalty coefficient will be. Now we have a new Lagrange formula.

L(T. ws 1) = 2T + Py 1 = By B [ (THmy + ) — 14+ 7] -
i=1Ti (15)

Now we can add relaxation variables and SVM can solve the problem of data

confusion or sample bias. We can vary the penalty coefficient to get different results.

The specific value can also be adjusted according to the actual problem to be solved by
the research object. This is the linearly separable case we described above.

high
A N latitude
A
% R +  flat
A °o° A
A %40 4
A o © A A
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A N LAY R
A A
A
N
7
X,

Figure 3 Search for optimal hyperplane by entering high latitude model.

For example, when two types of samples meet this situation, it is linear indivisible.
It is impossible to select a good line for effective division under the plane display. It
means that the plane needs to be expanded and dimensional zed. Therefore, we can find
the optimal hyperplane in the high-dimensional model for classification, so that the
linear indivisible problem will be transformed into a linear separable problem. In SVM,
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we can use the kernel function to map the map on the plane to the higher dimensional

space to get a linear solution. There are many common kernel functions: linear kernel,
polynomial kernel, Gaussian kernel and so on. Here we use the Gaussian kernel as our
kernel function. Its formula is as follows.

K(x; x)) = exp (— —""iz‘;f”z) (16)

The § represents broadband. Based on the expression for the kernel, we have the
expression for the target formula.

max = Y B; —% X B By K (xis x;) (17)
And0 < B; <P, ¥ Biri=0.
The final optimal classification function expression is as follows.
f &) =sgn[¥,Bimi K(x;, x;)+ul (18)

4. The specific application of the algorithm and experiment teaching

We took advantage of Python programming software for experimental analysis, obtained
sklearn. Adaboost Classifier from sklearn library, and downloaded SVM algorithm
module from the library. Finally, the data generated by the experiment are trained after
preliminary processing. The algorithm steps of this study are as follows.

Step 1: Put two types of sample data sets into the Adaboost algorithm for iterative
classification of sample weights. Combine the strong classifier by Adaboost with SVM
algorithm, Use the combined algorithm to process data.

Step 2: Enter the sample Z= (m;, 1;), i=1, 2, --n. Execute the SVM-Adaboost
algorithm.

Step 3: To find the hyperplane that can best divide the two types of data samples. It

is satisfied to r(T"m; + u) — 1 > 0. Calculate the target function min% IIT]12.

Step 3: Determine whether the sample data can be classified well under general
constraints. If not, add relaxation variable 7; to soften the maximum margin between the
maximum support vectors. It can allow less classification errors to occur.

Step 4: Determine whether the classification of the sample data set is linearly
separable or linearly indivisible. We use different Lagrange functions and optimal
classification functions to solve different situations.

Step 5: Solve the optimal parameters of the objective function Tjesr = Y74 BiTim;
and Upese =17 — Y=y 1B (m]- -ml-) to obtain the optimal classification model. Get
corresponding optimal hyperplane expression f(x) = sgn[(Tpes: * M) + Upese]-

Step 6: Plug in the new sample data set Z*. Use the optimal hyperplane expression
to solve. Get the result and judge the classification.

On the basis of the algorithm steps, we carry out experiments, we found 36 students
and divided them into a group of 18 students for two groups to participate the digital
intelligent ERP experiment teaching.

The results show that the feasibility of the SVM-Adaboost algorithm model is
verified through the comparative analysis of the two groups of experiments. After
calculating the experimental data of the first group of experiments by the algorithm, it is
proved that the data prediction can be made according to the formula obtained by the
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algorithm. The prediction and results of the second group of experiments show that the
SVM-Adaboost algorithm model successfully predicts the correct experimental teaching
method with numerical intelligence. Teachers used the algorithm to calculate the results
of the predicted samples, adjust the teaching method, content and details in real time, and
process and feedback the actual data of experimental teaching more accurately and
intelligently. The algorithm model can improve the overall teaching level.

5. Conclusion

Digital Intelligent ERP experimental teaching is a new teaching mode. It is currently in
first operation, and there are still many areas need to be improved. In this study, we
combine SVM algorithm with Adaboost algorithm to better strengthen the experimental
teaching effect of immersive economic and management courses. At the same time, it
intelligently predicts more suitable teaching methods for future newly added course
content. Our studies used relatively small sample size, and the research process is
relatively uncomplicated. However, it is still a method that provides reference
significance for future immersive experimental teaching of digital intelligent processing
and management.

The experimental index in this study is to verify the effect of ERP application of
digital intelligent SVM-Adaboost algorithm. In fact, a large number of SVM-Adaboost
algorithm is used to strengthen teaching prediction. In order to truly improve the
accuracy of prediction, a certain amount of other indexes need to be increased. Only with
more sufficient indexes and sample data can higher quality SVM-Adaboost training
model be obtained better, and eventually improve the prediction and feedback accuracy.
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Abstract. Using the quasi-natural event of the promotion of China's intelligent
manufacturing demonstration project, this paper takes China's A-share listed
manufacturing enterprises from 2011 to 2021 as the research sample, takes R&D
efficiency as the explained variable, and dummy variable during the experimental
period as the explanatory variable. With enterprise age, fixed capital density, cash
flow, enterprise growth, asset-liability ratio, return on equity and enterprise size as
control variables, propensity score matching and difference-in-differences model
(PSM+DID) were used to empirically test the influence of intelligent manufacturing
on R&D efficiency of manufacturing enterprises. The research results show that
intelligent manufacturing can effectively improve the R&D efficiency of enterprises
in pilot demonstration projects, forming a demonstration and promotion effect, and
these benchmarking enterprises promote the high-quality development of China's
manufacturing industry. The empirical results enrich the research content of
intelligent manufacturing, provide micro-evidence for China's policy formulation
and effect evaluation, and also put forward countermeasures and suggestions for
improving the R&D efficiency of manufacturing enterprises, so as to promote the
process of "intelligent manufacturing" in China.

Keywords. Intelligent Manufacturing, Manufacturing Enterprises, R&D Efficiency

1.Introduction

The manufacturing industry is the main body of the national economy, the foundation of
building the country, the tool of rejuvenating the country and the foundation of
strengthening the country. With the accelerated development of modern information
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technologies such as artificial intelligence and big data, China's "big but not strong"
manufacturing industry urgently needs to transform and upgrade to "intelligent
manufacturing". In 2015, the Chinese government issued "Made in China 2025",
proposing to accelerate the intelligent transformation of production equipment in the
manufacturing industry. In 2021, eight departments including the Ministry of Industry
and Information Technology and the National Development and Reform Commission,
issued the "14th Five-Year Plan for Intelligent Manufacturing Development" (hereinafter
referred to as "Intelligent Manufacturing Development Plan"), putting forward the "two-
step" strategy for China's intelligent manufacturing. This series of important deployment
files indicates that intelligent manufacturing will lead a new round of manufacturing
revolution. China's manufacturing industry will focus on intelligent manufacturing, with
an expectation to improve product quality and seize the commanding heights of future
economic and technological development by superimposing intelligent upgrading of the
manufacturing industry, so as to become a "big and strong" Chinese manufacturing
industry.

At the 20th National Congress of the Communist Party of China, it was pointed out
that China has become an innovative country by implementing the new development
philosophy and promoting high-quality development. By 2021, China's R&D investment
intensity ranked second in the world, second only to the US. With sustained policy
support, China has cultivated a number of outstanding enterprises with core
competitiveness. However, research and development investment is an investment
project with high risk, high failure rate and difficulty in generating the ROI in the short
term (Xie Weimin, 2017)!!. There are not many companies that are truly committed to
research and development and are not afraid to fail. Therefore, R&D efficiency not only
needs to be guaranteed and improved by internal control (Wang Yunchen et al., 2015),
fund management (Hu Yuanmu, 2012), personnel systems (Liang Laixin and Ma Rufei,
2009) and other management systems, but also needs a series of government policies to
truly encourage enterprises to invest in R&D (Akethof, 2009; Lu Guogqing et al., 2014;
He Qing et al., 2022)PRIBIMBIONT Scholars have found that different types of financial
science and technology subsidies (Ma Jiannan et al., 2018) and government R&D
subsidies (Lai Fenghui et al., 2021) have produced positive effects on R&D input Bll],

Intelligent manufacturing has become an emerging production mode in the
manufacturing industry. Through the 14th Five-Year Plan for Intelligent Manufacturing
Development, the Chinese government selects a number of pilot demonstration projects
of intelligent manufacturing in the first stage, and reduces the product development cycle
before and after implementation, reduces operating and production costs, builds
intelligent benchmarking enterprises, summarizes and forms effective experience and
models, and forms demonstration and promotion effects. Based on the quasi-natural
event of the implementation of intelligent manufacturing, scholars have conducted
empirical tests on the aspects of enterprise performance (Ying Limeng et al., 2020; Chen
Jinliang et al., 2021), cost stickiness (Quan Xiaofeng, 2022) and average wage of
manufacturing industry (Yang Xiaofeng, 2018) conducted empirical tests and found that
the promotion of intelligent manufacturing is conducive to improving enterprise
performance and average wage and reducing cost stickiness "1M1121 - However, in the
field of intelligent manufacturing research, few literatures have tested the effect of this
policy. Therefore, this paper uses the quasi-natural experiment of China's intelligent
manufacturing demonstration project, takes China's A-share manufacturing listed
enterprises as research samples, and adopts propensity score matching and difference-in-
differences model (PSM+DID) to empirically study and explore the effect of intelligent
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manufacturing on enterprise R&D efficiency. We look forward to enriching the research
content of intelligent manufacturing, and provide reference for the formulation of follow-
up promotion policies and effect evaluation of China's intelligent manufacturing
development plan.

2. Research Design
2.1 Research Hypothesis

In the past decade, the Chinese government has consistently stressed economic
development on the real economy and encouraged manufacturing enterprises to increase
investment in research and development through fiscal, tax and financial means. In
accordance with the requirements of the development plan, the Chinese government has
strengthened overall coordination between the central and local governments to provide
guarantees for pilot enterprises from three aspects: finance, public services, and opening-
up and cooperation. In accordance with the requirements of the development plan, the
Chinese government has strengthened overall coordination between the central and local
governments to provide guarantees for pilot enterprises from three aspects: finance,
public services, and opening-up and cooperation. It is worth exploring whether the R &
D efficiency of enjoying financial and public services will be significantly improved due
to this policy. Therefore, by examining the relationship between intelligent
manufacturing and R&D efficiency, this paper further examines whether the policy has
achieved substantial improvement in R&D efficiency. This paper puts forward the
hypothesis:

H1: Compared with enterprises not included in the intelligent manufacturing pilot,
the R&D efficiency of intelligent manufacturing pilot enterprises has been significantly
improved.

Similarly, the Chinese government has implemented a series of fiscal and tax
policies to encourage R&D investment of manufacturing enterprises. Whether the R&D
efficiency of policy pilot enterprises is significantly better than that of other non-pilot
enterprises is also examined in this paper. Therefore, the hypothesis is proposed:

H2: There is no significant difference between the R&D efficiency of the intelligent
manufacturing pilot enterprises and those not included in the intelligent manufacturing
pilot enterprises.

2.2 Sample Selection and Data Sources

This paper takes China's A-share manufacturing listed enterprises from 2011 to 2021 as
research samples. According to the intelligent manufacturing pilot demonstration
projects published by the Ministry of Industry and Information Technology over the
years, the listed companies implementing the intelligent manufacturing pilot projects are
identified. In this paper, Stata software is used to process the sample as follows: (1)
Samples with missing data in variables were eliminated; (2) The tail of the continuous
variable is reduced at the 1% and 99% levels. After the above treatment, 13,058
"enterprise-year" samples were preliminarily obtained, including 87 experimental
enterprises (treat) that implemented intelligent manufacturing during the sample period,
and 2330 control enterprises that did not implement intelligent manufacturing during the
sample period. The above sample enterprise financial data are from the GUOTAI
JUNAN database.
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a) Explained Variable

Based on Accounting Standards for Business Enterprises and existing studies (Zhai
Shuping, Gu Qun, 2013), this paper defines R&D investment (rd) as the explained
variable and represents the ratio of R&D investment to total assets at the beginning ['31,

b)Explanatory Variable

In this paper, treat is defined as a dummy variable in the experimental period, indicating
whether or not the sample company belongs to the experimental group. In this paper,
according to the intelligent manufacturing pilot demonstration project publicized by the
Ministry of Industry and Information Technology, the implementation of intelligent
manufacturing pilot listed companies identified as the experimental group, the value is
1, otherwise belong to the control group, the value is 0. The dummy variable post
represents the time before and after the implementation of the intelligent manufacturing
project of the sample company. The value before implementation is 0 and after
implementation is 1. The cross-multiplying term treatxpost was defined as a dummy
variable to measure the R&D efficiency of the experimental group.

¢) Control Variable

controls are the control variables. According to the existing literature, this paper controls
age (age), fixed capital density (fcd), cash flow (cashflow), enterprise growth (growth),
asset-liability ratio (debt), return on equity (roe) and enterprise size (size) respectively.
Detailed definitions of specific variables are shown in Table 1.

Table 1. Variable Definition

Symbol Variable Variable definition
E\),(: rlfallr)l]ee d rd R&D investment R&D investment/total asset in the beginning year
Experimental The listed companies implementing the intelligent
treat rolil Jcontrol manufacturing pilot are determined to be the
& prou experimental group, with the value of 1; otherwise, they
group belong to the control group, with the value of 0.
Exp lapator Whether. the The production mode of intelligent manufacturing is
y Variable enterprise . L
implements disclosed for the first time in the annual approval
post in]taelli ent disclosure of the enterprise, and the value is 1 in the
manufa cgturing current year and subsequent years, otherwise the value
dummy variables is 0.
age Age From company establishment to sample time
fed leggn(;?tr;tal Total asset in the ending year/sales revenue
Cash S . .
flow Cash flow Net operating income/total asset in the beginning year
Control . .
Ve;)rrilagie growth Enterprise growth ~ Tobin's Q
debt assetr—elli?(‘:nhty Total debt/Total asset
roe Return on equity ~ Net income/Net equity
size Size The natural log of the firm's total assets in the ending

year




Z. Guo and D. Li / Research on the Influence of Intelligent Manufacturing on R&D Efficiency 275
2.3 Model Design

In order to test the relationship between the implementation of intelligent manufacturing
and R&D efficiency in H1 enterprises, a difference-in-differences model is constructed
by referring to existing practices:

rd, = S, + Bitreat, x post,, + ,Bchontrols +u,+ A +e, i=12,.,mt=12,..T (D
j=1
Model (1) is a multi-period difference-in-differences model controlling individual
and time points. Among them, the explained variable rd is the research input; controls

is the sample control variable; u;, A , are respectively individual and time-point fixed
effects.

3. Empirical Test and Analysis
3.1 Propensity Score Matching (PSM)

In order to control the selectivity bias of samples, this paper adopts the propensity
matching method (PSM) to pair the basic samples. In this paper, based on policy
documents such as Intelligent Manufacturing Development Plan (2016-2020), matching
variables including enterprise age (age),size (size), return on equity (roe), growth
(growth),and asset-liability ratio (debt) are selected as matching variables.

According to the 1:1 nearest neighbor matching principle, we found similar control
groups for each experimental group, and finally got 626 paired samples (1252). We
further use the annual report, the company's official website and internet search for
manual inspection of the control group enterprise, if the content of public reports has
nothing with intelligent manufacturing, we define it as the control group enterprise which
has not implemented intelligent manufacturing, to ensure that the control group
enterprise has not implemented intelligent manufacturing.

Finally, we conducted a balance test on the paired samples, and the results are shown
in Table 2. As can be seen from Table 2, there is no significant difference between the
experimental group and the control group in terms of company size, return on equity,
company age, company age, etc., which can better alleviate sample self-selection bias,
and it is more reasonable to apply matched samples to conduct subsequent DID tests.

Table 2. PSM balance test

variables treat control t-value p-value
age 17.885 14 1.33 0.185
size 22.976 0.00824 4.87 0.000
roe 0.9389 0.06429 0.63 0.531
growth 1.8069 1.9779 -0.38 0.704

debt 0.46904 0.25088 2.39 0.017
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3.2 Descriptive Statistics

The descriptive statistical results of main variables are shown in Table 3. The average
R&D investment (rd) of the sample companies was 0.032, i.e. the average R&D investment
to total assets ratio of the sample enterprises is 0.032 The results of control variables show
that the average size of companies is 21.62, indicating that the size of companies matched
by PSM in this paper is large, which is consistent with the characteristics of the
manufacturing industry; The average asset-liability ratio (debt) is 0.356, indicating that
the debt of the sample companies is at a reasonable level. Besides, the distribution of
other variables is within a reasonable range.

Table 3. Descriptive statistics

variables N mean sd min max
rd 1,252 0.0320 0.0252 0 0.367
age 1,252 17.58 5.721 5 33
fed 1,252 2.070 1.185 0.601 8.238
cashflow 1,252 0.0557 0.0667 -0.136 0.252
growth 1,252 2.197 1.206 0.957 7.101
debt 1,252 0.356 0.206 0.0470 0.864
roe 1,252 0.0768 0.123 -0.548 0.360
size 1,252 21.62 1.643 19.35 25.35

3.3 Basic Regression Analysis

Table 4 shows the results of differential regression. Column (1) is the regression of the
paired samples after the adoption of propensity score matching (PSM). The estimated
coefficient of treatxpost for the cross-multiplying term is 0.009, which is significant at
the 1% level, indicating that the R&D efficiency of intelligent manufacturing pilot
enterprises has been improved more significantly than that of 626 control enterprises
with no significant difference. Column (2) is the regression using the full sample, and
the estimated coefficient of treatxpost for the cross-crossing term is 0.008, significant at
the 1% level, indicating that the R & D efficiency of intelligent manufacturing pilot
enterprises has been significantly improved compared with other manufacturing
enterprises in the full sample of manufacturing enterprises.

With a series of supporting policies, Chinese manufacturing enterprises have
significantly increased their willingness to invest in research and development. For
enterprises in the intelligent manufacturing development plan, the scale and proportion
of R&D investment are significantly higher than other manufacturing enterprises. The
regression results support hypothesis H1. Compared with enterprises not included in the
intelligent manufacturing pilot, the R&D efficiency of intelligent manufacturing pilot
enterprises is significantly improved.

The control variables show that the fixed capital density (fcd) of manufacturing
enterprises is significantly negatively correlated with the R&D efficiency at a 1% level,
that is, the higher the ratio of heavy assets of the sample companies, the lower the R&D
efficiency of the enterprises. There is a significant negative correlation between the size
of the company and the R&D efficiency. The results show that the larger the size of the
company, the R&D efficiency will decrease. The growth of manufacturing enterprises is
significantly positively correlated with R&D efficiency, that is, the larger Tobin’s Q is,
the higher the R&D efficiency is.
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Table 4. Regression results of intelligent manufacturing and R&D efficiency

a) )
variables rd rd
treatxpost 0.009%*** 0.008***

(5.42) (6.13)
age -0.000 -0.001***
(-0.84) (-5.37)
fed -0.003%** -0.003%**
(-4.19) (-7.75)
cashflow 0.016 -0.006
(1.43) (-1.58)
growth 0.002%** 0.003%**
(2.88) (9.11)
debt 0.004 0.001
(0.95) (0.15)
roe 0.004 -0.005
(0.59) (-0.58)
size -0.003%** -0.002%**
(-4.66) (-2.88)
Constant 0.086%** 0.070%**
(7.61) (5.03)
Observations 1,252 13,055
R-squared 0.076 0.051

Note: 1. *¥** ** * are represent significance at 1%, 5% and 10% levels respectively; 2. the t values are in
parentheses.

3.4 Placebo Test

In order to further verify the hypothesis, a placebo test was conducted for the re-selection
of experimental time. If the improvement of R&D efficiency is caused by the effect of
the policy implementation of the "14th Five-Year Plan for Intelligent Manufacturing
Development", then the estimated results of the difference-in-differences model will no
longer be valid if the policy time is changed. Therefore, we refer to the practice of Quan
Xiaofeng and Li Chuang (2022), by which the introduction of intelligent manufacturing
was brought forward by two years to re-observe the relationship between intelligent
manufacturing and R&D efficiency. The results of the placebo test in Table 5 showed
that the regression coefficient of treatxpost in column (1) was no longer statistically
significant at 0.001, indicating that the improvement of R&D efficiency of enterprises in
the experimental group was caused by the effect of the implementation of intelligent
manufacturing development planning.

3.5 Robustness Test

In order to ensure the robustness of the research results, we used alternative R & D
investment measures to test. Based on the idea of Aschhoff (2009), R&D investment
intensity (rdint) --R&D expenditure/ operating income, was selected. According to the
regression results of the robustness test in column (3) of Table 5, the regression
coefficient of treatxpost, the cross-multiplying term of rdint, is 0.018 and significant at
the 1% level, and the regression results support hypothesis H1. Column (4) is the
robustness test of the whole sample. The treatxpost estimation coefficient of the cross-
multiplication term is 0.017, which is significant at the 1% level. The regression results
still support hypothesis H1.
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We also conducted a placebo test on the substitute index, and the regression results
were shown in column (2) in Table 5. The regression coefficient of treatxpost was still
not significant. The improvement of R&D efficiency of enterprises in the experimental
group was caused by the effect of the implementation of intelligent manufacturing
development planning.

Table 5. Placebo Test and Robustness Test

placebo test placebo test robustness test robustness test
(0] @ 3) @
variables rd rdint rdint rdint
treatxpost 0.001 0.003 0.018*** 0.017***
(-0.46) (-0.72) (-5.46) (-8.29)
age -0.000%*** -0.001*** -0.000* -0.000%**
(-3.40) (-4.02) (-1.75) (-7.89)
fed -0.003*** 0.014%%** 0.015%** 0.013%**
(-5.02) (-7.83) (-7.91) (-24.93)
cash flow 0.007 -0.018 0.003 -0.005
(-0.62) (-0.76) (-0.11) (-0.87)
growth 0.002%** 0.005%** 0.005%** 0.005%**
(-2.81) (-4.05) (-4.08) (-12.58)
debt 0.001 -0.018** -0.011 -0.025%**
(-0.2) (-2.10) (-1.27) (-10.45)
roe 0.005 -0.009 -0.013 -0.010**
(-0.91) (-0.67) (-0.96) (-2.47)
size -0.001 -0.001 -0.001 -0.002%**
(-1.55) (-0.62) (-0.62) (-4.69)
Constant 0.048%** 0.037%* 0.037* 0.068***
(4.14) (-1.76) (-1.76) (-9.22)
Observations 1,252 1,252 1,252 13,055
R-squared 0.117 0.236 0.236 0.216

Note: 1. *** ** * are represent significance at 1%, 5% and 10% levels respectively; 2. the t values are in
parentheses.

In order to study the impact of intelligent manufacturing on R&D efficiency, the
ideal method is to compare the R&D efficiency of the same enterprise in the environment
of intelligent manufacturing and non-intelligent manufacturing. In reality, however, this
environment cannot be realized. Therefore, the above research is a quasi-natural
experiment using China's smart manufacturing demonstration project, using the
propensity score matching method (PSM) to construct "counterfactuals” to control the
selection bias of the sample, and to estimate The influencing effect of R&D efficiency of
China's A-Share Manufacturing Listed Companies.
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The following results can be obtained by combining Table 4, Table 5 :

(1) Through the empirical test of the paired samples with propensity score matching
(PSM), the treatxpost estimation coefficient of the cross-multiplying term is 0.009 and
significant at the 1% level (Table 4 Column (1)), indicating that the R&D efficiency of
intelligent manufacturing pilot enterprises is significantly improved compared with
enterprises not included in intelligent manufacturing pilot enterprises, and the regression
results support hypothesis H1. This result also passed the placebo test (Table 5 column
(1)) and the robustness test (Table 5 column (3)). It shows that after controlling the
endogenous problem, the conclusion that the significant improvement of the R&D
efficiency of intelligent manufacturing pilot enterprises is caused by the effect of the
implementation of intelligent manufacturing development plan is still valid, and the
results are stable.

(2) We also conducted the same empirical test on the full sample of China's A-share
manufacturing listed enterprises, and the estimated coefficient of cross-multiplying term
treatxpost was 0.008 and significant (Table 4 column (2)), indicating that in the full
sample of manufacturing enterprises, the R&D efficiency of intelligent manufacturing
pilot enterprises was significantly improved compared with other manufacturing
enterprises. The results were robust by the placebo test (Table 5 column (2)).

Inrecent years, the Chinese government has introduced a series of policies to support
the high-quality development of enterprises to support enterprises in cultivating core
competitiveness and accelerate the upgrading of China's industries. Considering the
extension of policies in reality. The focus of our attention is whether the "14th Five-
Year Plan for Intelligent Manufacturing Development" issued by the Chinese
government in 2021 will significantly improve the R&D efficiency of pilot enterprises .
The empirical results show that in the context of the improvement of R&D efficiency of
Chinese manufacturing enterprises, the R&D efficiency of enterprises included in the
development plan of intelligent manufacturing is significantly higher than that of other
manufacturing enterprises, playing a role in demonstration and promotion.

3.6 Analysis of Research Results and Suggestions of Solution

The 14th Five-Year Plan for Intelligent Manufacturing Development adopts the pilot plan
before the promotion to improve the intelligent development of China's manufacturing
industry. The research results show that the promotion of intelligent manufacturing
demonstration projects in China has achieved a good demonstration effect. Compared
with other manufacturing enterprises, the R&D efficiency of enterprises included in the
intelligent manufacturing pilot has been significantly improved. It can be seen from the
side that in the past seven years, China's central government and local governments have
provided guarantees for pilot enterprises from the aspects of finance, public services, and
opening-up and cooperation according to the requirements of development planning, and
achieved good results. The research and development efficiency of pilot enterprises has
been significantly improved due to this policy.

This paper put forward two suggestions based on the above research results:

(1) From the government's point of view, China should firmly focus on the real
economy. We will support the intelligent development of manufacturing enterprises
through more comprehensive and fair safeguard measures in terms of improving the
innovation system, fiscal and tax support, and innovative finance. Some works need to
be done to reduce the risk of enterprise innovation and research in many ways, and
improve the willingness of enterprises to research and development so that enterprises
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committed to research and development can achieve rapid development with the support
of the government.

(2) From the perspective of enterprises, under the support of a series of government
policies, enterprises should improve the level of internal governance, accurately grasp
the direction of industrial development, and effectively improve the treatment and
environment of research and development personnel, so that the research and
development results could generate new revenue and become the moat of enterprises.

4. Conclusion

This paper uses stata software to make a difference-in-differences empirical analysis of
the R&D efficiency of manufacturing enterprises after addressing the endogeneity
problem by propensity score matching method. The research results show that in recent
years, manufacturing enterprises have invested more and more in R&D. Under the
implementation of an intelligent manufacturing development planning policy, the R&D
efficiency of pilot enterprises is significantly better than that of other manufacturing
enterprises, and the prominent demonstration and promotion effect is achieved. This
paper studies the pilot enterprises as a benchmark to promote the high-quality
development of China's manufacturing industry. The conclusion of this study enriches
the research content of intelligent manufacturing and provides micro evidence for the
formulation and effect evaluation of the follow-up promotion policies of China's
intelligent manufacturing development plan. This paper selects the quasi-natural
experiment of an intelligent manufacturing demonstration project to study the impact of
intelligent manufacturing on the R&D efficiency of manufacturing enterprises. The
scope of the study is relatively limited, and it needs to follow the main line of R&D
efficiency investigation and expand the research level in the later period. It is much better
to link the implementation of intelligent manufacturing with capital operation
management practices such as risk management, investment management, financing
management, and supply chain management.

Acknowledgment

This paper is supported by (D The Key Cultivation Base for “The 14th Five-Year Plan”
of Educational and Scientific Research (Lifelong Education Research Base(Fundamental
Theory Area))(grant no.XJK22ZDJD58)) in Hunan Province.@Hunan Province colleges
and universities’ teaching reform research project (Hunan Provincial Department of
education [2019] No.291-Item No.867).@)the Chenzhou social science planning project
No. Czsskl2022103.

References

[1] Xie Weimin. Does the tournament encourage or inhibit corporate innovation[J].China Soft
Science,2017,(10): 104 -113.

[2] Wang Yun, Chen Ludong, Gong Yifei. Does internal control improve R&D efficiency?[J]. Securities Market
Herald,2015,(10): 39-45.



Z. Guo and D. Li / Research on the Influence of Intelligent Manufacturing on R&D Efficiency 281

[3] Hu Yuanmu. Can technical independent Directors Improve R&D output Efficiency?—From the Chinese
securities market research[J].Nankai Business Review,2012,(2):13-142.

[4] Liang Laixin, Ma Rufei. R&D Capital management and enterprise independent innovation-based on the
empirical analysis of information technology listed companies[J]. Journal of Finance and
Economics,2009,(B):49-59

[5]Akethof, B.2009 “The Effect of Subsidies on R&D Investment and Success-lo Subsidy History and Size
Matter?” [J].ZEW DiscussionPapers, No.09-032.

[6] Lu Guogiang, Wang Zhou, Zhang Chunyu.Research on the performance of Government innovation
Subsidies for China's strategic emerging Industries [J].Economic Research Journal,2014(7):44-55.

[71 He qing, Liu Jingran, Fan Qingquan.Research on enterprise R&D risk and subsidy policy
optimization[J].Economic Research Journal,2022,(5): 192-208.

[8] Ma Jianan, Zhai Haiyan, Dong Jing. An empirical study on the influence of financial science and technology
subsidies on enterprise R&D input[J].Public Finance Research,2018(2):77-87.

[9] Lai Fenghui, Li Shanmin, Wang Dazhong.Design of government R&D subsidy mechanism under the
constraint of enterprise financing[J].Economic Research Journal,2021(11):48-66.

[10] Chen lJinliang, Zhao Yaxin, Lin Song.Can intelligent Manufacturing promote enterprise innovation
Performance? [J].Foreign Economics&Management,2021(9):83-101.

[11] Quan Xiaofeng, Li Chuang.Intelligent Manufacturing and cost stickiness -- a quasi-natural experiment
from China's Intelligent Manufacturing Demonstration Project[J].Economic Research Journal,2013,(2): 68-84.
[12] Yang Xiaofeng.Will intelligent manufacturing help raise average manufacturing wages?--based on
industrial robot data of 17 provinces from 2001 to 2016[J].Economic Research Journal,2022,(5): 169-176.
[13] Zhai Shuping, Gu Qun. Research on financial development, financing constraint easing and R&D
investment efficiency of high-tech enterprises[J].Jingji Jingwei Economic Survey,2022,(4): 138-143.



282 Modern Management Based on Big Data IV
A.J. Tallén-Ballesteros (Ed.)

© 2023 The authors and 10S Press.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/FAIA230194

Artificial Intelligence-Based Hybrid
Recommendation Algorithm for Learning
Resources

Weibo Huang® !, Mohan Liu® and Hao Chen®
¢ Modern Education Technology Center, Experimental Teaching Center, Guangdong
University of Foreign Studies, Guangzhou, China.
b School of English Education, Guangdong University of Foreign Studies, Guangzhou,
China.
¢ School of Information Science and Technology, School of Cyberspace Security,

Guangdong University of Foreign Studies, Guangzhou, China.

Abstract. To meet the development needs of Chinese learners’ personalized
learning in the context of "Internet+" educational applications, this paper proposes
to fuse the topic model (LDA)with the convolutional neural network mode (CNN).
It helps us obtain the topic information and semantic information of different
learning resources. Then we can obtain the corresponding learning resource feature
vector. Secondly, we use the TF-IDF and K-nearest neighbor algorithms to vectorize
the different persona information and potential interests of the learners. Then we
introduce above-mentioned learning resource feature vectors, use the cosine
similarity of the multidimensional vectors to calculate the learning interaction
degree between the learners and the learning resources. Finally, we use a
collaborative filtering recommendation algorithm based on the K-nearest neighbor
algorithm to combine the knowledge point feature vectors of learning resources and
learners' results. This study can realize personalized recommendation of learning
resources for learners.

Keywords. Personalized learning, Thematic model, Convolutional neural network
model, TF-IDF algorithm

1. Introduction

Based on Artificial Intelligence technology and education theory knowledge, the
companion drama-oriented intelligent teaching system combines Foreign language
learning with the development of the companion drama-oriented system. It changes the
traditional Foreign language learning method with unique companion drama-oriented
features. Besides, it eliminates the obstacles and thought burdens caused by artificial
emotional factors in the process of natural conversation practice of general learners. It
not only improves learners' overall Foreign language proficiency and learning efficiency,
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but also makes Foreign language learning more interesting and helps to increase learners'
initiative in learning Foreign language. In addition, it helps learners change the "search-
and-learn" learning style and develop their collaboration, communication (questioning)
and other skills through "dialogic learning”, and develop their critical and creative
thinking.

2. Current status of domestic and international research

Some researchers have tried to use Metaverse to build language teaching scenarios
[1], such as by building a Metaverse simulation language learning space to promote
teaching reform [2]. Other researchers have used Metaverse for interactive collaboration
in online classes [3] to explore its pedagogical effects. Some educational institutions
have currently collaborated with Second Life platforms to build learning environments
[4], such as some researchers focusing on the design and implementation of immersive
learning environments [5]. The emergence of Metaverse meetings overcomes a series of
problems that existed during previous virtual space interactions, such as too little
interaction, screens blocking emotional communication [6], and poor learning outcomes
[7]. It allows multiple users to use virtual reality technology to enter the virtual meeting
room for interaction [8]. This gives users an immersive experience and optimizes the
overall effect of the meeting. In addition, it has great potential as a learning and practice
platform for communication and dialogue [9]. It provides an economical, individualized
dialogue scenario [10]. In this context, learners can overcome their lack of confidence in
pronunciation, grammatical correctness, and the shyness that most of them may have.
This helps them enter an effective "conversation". It is particularly positive in terms of
taking the first steps towards "dialogue".

3. Current status of domestic and international research

The model of the hybrid recommendation system consists of three main components
and a set-reference impact factor f3: existed information model, potential interest model,
hybrid recommendation algorithm model, and information about the characteristics of
the learning group corresponding to the learning resources (impact factor ). Then, we
define the above three components and set the reference impact factors here.

Existed information model (EIM): In deep learning, diverse raw data inputs can
cause the distribution of feature values to vary widely. It is necessary to convert it into a
form that can be recognized by the framework in advance. This operation, to some extent,
can effectively respond to the basic personal information of different learner’s initialized
multiple educational backgrounds, learning abilities, self-perceptions, emotional
tendencies, and interest levels. They are. We quantified age, gender, education,
profession, identity, style, emotion, and hobby as feature vectors. And after the
subsequently described TF-IDF algorithm for calculating the feature weights, we finally
obtained the weight vectors of their different feature values. They are denoted here as
EIM = {ell,el2,el3, ...... , €18}, and called the existed information model.

Potential interest model (PIM): The PIM is defined here to identify the neighbors of
the current user by using the KNN collaborative filtering algorithm as described later.
Neighbors are groups of users who have similar interests to the current learner and have
common learning resources to utilize. We define the potential interest model as the
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existed information model of its neighbors who have similar interests and are members
of the same learning user group. And after the subsequently described TF-IDF algorithm
for calculating the feature weights, we finally obtained the weight vectors of their
different feature values. They are denoted as PIM = {pl1, p12, p13, ...... , p18}, and is
called the potential interest model.

Hybrid recommendation algorithm model (HRAM): Hybrid recommendation
algorithm model is the weight vector. We merge the above two models (EIM+PIM)
according to certain logical rules and mathematical operations to get it (in this paper, we
use the calculation of cosine similarity). They are denoted as H1 = {h11, h12, h13, ...... s
h18}, and is called the hybrid recommendation algorithm model. Finally, it combines
with the consideration of the factors affecting the numerator and presents the
personalized recommendation reference content generated by a hybrid recommendation
system.

For the hybrid recommendation algorithm model, this paper presents here an impact
factor B that can improve its effectiveness: a model of the characteristic information of
the learning group corresponding to the learning resource. Based on the characteristic
information of the learning group corresponding to the learning resource, it is possible
to understand the type of learning group corresponding to that type of learning resource.
This can effectively reflect the general characteristics of the users learning the resource,
so that the hybrid algorithm can make constant tuning recommendations. The evaluation
formula of impact factor :

M1

p=—"= (1)

sim(x,y)

M1 denotes the average of the multidimensional weight vector of the base
information that the learner itself already has for measuring itself (which is not the same
for each learner). sim(x, y) denotes the similarity between the two models, where x and
y can be M1 or M2 (but not both) respectively, and its calculation method in this study
takes the calculation of cosine similarity. That means sim(x, y) becomes larger, x and y
are more and more similar with each other. Therefore, the role of the impact factor B
explored in this paper refers to the fact that the hybrid recommendation algorithm model
merges the above two models (EIM+PIM) in the subsequent according to certain logical
rules and mathematical operations. If the impact factor § is smaller at this point, it
indicates that the content of the generated recommendation results is more accurate. Then
it is possible to make recommendations to user learners. On the contrary, it indicates that
the content of the generated recommendation results is more deviant and does not
conform to the general characteristics of the learning groups corresponding to such
learning resources. Finally, it will present a more accurate personalized recommendation
reference content generated by a hybrid recommendation system.

The overall framework of the hybrid recommendation system combines a content-
based recommendation algorithm and a KNN-based collaborative filtering algorithm. It
uses the KNN algorithm in the beginning data preprocessing part and the final part of the
recommended learning resources. After that it uses an LDA topic model interacting with
a deep convolutional neural network CNN model for learning to analyze and classify the
proposed recommended learning resources in an enhanced way. Finally, it combines the
characteristic information models (impact factors) of the learning groups corresponding
to the learning resources to recommend suitable learning resources to different learners.
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Figure 1. The overall framework of the hybrid recommendation system.

In building the above existed information model and potential interest model, the
TF-IDF (Term Frequency Inverse Document Frequency representation) algorithm
vectorization is needed to preprocess the original input data of the learner and calculate
its feature weights. The purpose of data preprocessing is to optimize the model for the
raw data at the input side to be more suitable for subsequent neural network processing.

Wyy = tfxy X log (difx) )

In TE-IDF, for each indicator, tfy y denotes the frequency of occurrence of this
indicator among all Foreign language learners. N represents the total number of the
search content set. And df,, contains the number of samples in which the indicator has

N . .
appeared. tf; xy * log d—fxls recorded as the result to the feature vector weights of each

learner.

The reinforcement classification learning model used in this study, implicit
Dirichlet distribution (hereafter abbreviated as LDA), is a topic model. It generates topics
based on the word frequencies in a set of documents. It is essentially a three-layer
Bayesian structure. They are document layer, topic layer and word layer. Usually, a topic
model generally extracts several sets of keywords from a set of documents to express the
core idea of its object, i.e., the "topic". LDA is a very effective method for finding an
accurate and reasonable mixture of topics in a set of given documents. The neural
network-based topic model used in this study mainly uses deep learning to reconstruct
the text production process of the topic model. And it adds topic-word sparsity
constraints to the modeling process to generate more expressive topic words.

The LDA algorithm adopted in this study is to first normalize the d-dimensional
given learning resource dataset (d is the number of features), calculate the d-dimensional
mean vector for each class. Then we calculate the eigenvalues of the matrix and the

corresponding eigenvectors by constructing the between class scatter matrix Sg and the

within class scatter matrix Syy,. Finally, the eigenvectors corresponding to this learning
material will be subsequently used in the calculation of cosine similarity.
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The convolutional layer of a convolutional neural network CNN mainly consists of
two basic operations, one of it is feature extraction and the other is feature mapping. In
this study, we adopt the first feature extraction operation mentioned above. The aim is
processing the relevant learning resources in the input layer. Finally, we combine the
processed data with the LDA model to derive the corresponding knowledge point feature
vectors.

In this study, we specify the input size of the convolutional neural network CNN as
1. It corresponds to the channel dimension of the integer sequence input. Then the input
is embedded using a feature vector embedding of dimension 8. For n element vectors to
be spaced, layer blocks are created containing convolutional layers, batch normalization
layers, ReLU layers, discard layers, and maximum pooling layers. For each block, we
specify 100 convolution filters of size 1 x N and a global maximum pooling layer. The
input layers connect to each block and the concatenation layer concatenate the outputs
of each block. Finally, we classify the output. It includes a fully connected layer with
output size K, a Softmax parser layer, and a classification layer. And K is the number of
classes.

The sim(x,y) mentioned in the above analysis, indicates the similarity between
two models. For the calculation of sim(x,y), the main methods are cosine similarity,
Euclidean Algorithm and Pearson correlation coefficient. In this study, we adopt the
method of calculating cosine similarity. Based on the collected user data, we use the TF-
IDF algorithm to vectorize the original input data of the learners for preprocessing and

calculating as the input of /My and PIMy (or vectors a and b) for calculating the cosine
similarity of the underlying information between learners.

EIMy - PIMy

sim(x,y) = cos(x,y) = M [ 1PIM]

3)

Then, we use LDA and CNN fusion analysis to derive the feature vectors of the
corresponding classified learning resources. And before, we used the hybrid
recommendation algorithm model to merge the two models (EIM+PIM) according to
certain logical rules and mathematical operations to obtain the learner vector. Then we
use the cosine similarity again to calculate and define the threshold value of similarity y
to find the most similar learning resource recommendation set for each user. Finally, we
use the impact factor B to check and verify the accuracy of the recommended learning
resources.
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At the end of the Al-based hybrid recommendation algorithm for Foreign language
learning resources discussed in this paper is a KNN-based collaborative filtering
algorithm. It has the same function as the data preprocessing part. Firstly, this paper's
algorithm calculates and tests the Euclidean distance “dist” from sample points to all
sample points, and then uses the hook theorem to calculate it. We set the parameter K
and select the K points closest to the point to be measured. Then we count the number of
each type or class label from these K points and select the class label number that appears
most frequently as the class label number of the unknown sample. It can feedback the
prediction results to recommend the learning resources that are most similar with the
users' interactions with knowledge points to the recommended subjects. Finally, it
generates a list of academic resource recommendations for each user.

4. Experimental results

In this study, the data of learners were obtained from different types of learners
selected by Kaggle for optimal matching. Each learner sample has different
information/behavioral characteristics about themselves. The Item ID of the learning
resource represents the unique flag serial number of each learning resource. The priority
with 1 is the highest, 2 being the second highest and 3 being the lowest. The point where
1 is located at the line segment is the Item ID flag sequence number of the most
recommended matching learning resource. According to the analysis of the results, the
best learning resource path for a random sample is from learning resource 1 to learning
resource 3 and finally to learning resource 2. It finally leads to the recommended
personalized learning resource path generated by the hybrid recommendation algorithm
system based on the learner's basic personal information.

In this study, we choose the model accuracy (MA) calculation to measure the
matching suitability of the recommendation results generated by each algorithmic model.
The formula for calculating the model accuracy (MA) can be expressed as follows:

Na
MA = Wl @

In this formula, N denotes the total number of recommended learning resources in
general. N, denotes the number of recommended learning resources accessed by learner

users. Nz denotes the number of recommended learning resources not accessed by
learner users.

This study selected the dataset from the learner information dataset of Kalboard 360.
The initial dataset consists of 480 learner records and 16 features. For this study, we
optimized this dataset and extracted a sample dataset consisting of 100 learner records
and 8 features. For these 100 learners, this study calculated the accuracy of the model by
increasing the number of items from 10 to 60. Then we applied the KNN nearest neighbor
algorithm to match the neighbor users of size 20, and use the cosine similarity for the
calculation of similarity between learning resources and learner users. Finally, this study
presented the attempt and innovation of the hybrid recommendation algorithm with the
visualized data.
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5. Conclusion

For now, it is difficult to combine the functions of situational learning, word
frequency analysis, word memorization, and oral communication organically in both
theoretical and practical studies. The Al-based companion drama-oriented Foreign
language learning system references the multiple characteristics of learners in different
dimensions. It visualizes knowledge and provides the necessary feedback and guidance
to learners as they engage in thinking, discussion, and other behaviors. This makes
learning more enriching and oriented for the learner. It adds interest and practice to
learning, slowly increases the difficulty curve of Foreign language learning, and
increases learners' enthusiasm for learning. At the same time, this deep learning
framework-based learning resource recommendation system is based on the previous
resource system, which is continuously updated and iterated on its own. With its
polymorphism, inheritability, and expandability, it eventually forms a more accurate
personalized resource recommendation to meet the diversified needs of different learners
in a targeted manner. It solves the problem of boring and inefficient learners learning
Foreign language through the combination of various innovative experiences such as
situational experience, Al accompaniment and traditional Foreign language learning
methods.
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Abstract. China has been carrying out nationwide efforts to reduce the academic
burden of primary and secondary school students over six times from 1949. In
June 2021, the Ministry of Education (MOE) established a department to supervise
the out-of-school education and training, and suggested to further reduce the
homework burden and out-of-school training for students in compulsory education
(hereinafter referred to as  “Double Reduction” ). In order to understand the
teachers’ literacy in implementing the “double reduction” policy, the study
administered questionnaires to 242 primary and secondary school teachers from
Chenzhou City, Hunan Province, to survey their knowledge, beliefs, practices and
policies. The results showed that primary and secondary school teachers in
Chenzhou city have a high degree of awareness, importance, and sustainable
implementation of the “double reduction” policy in three aspects viz., students’
arrival and departure time, extracurricular training and homework management.
Though, the “quantitative change” in the implementation of the “double reduction”
policy is obvious, but the “qualitative change” is relatively petty low, and there is a
significant difference between urban and rural areas in terms of awareness,
recognition and practice. In order to reduce the burden and improve the quality, it
is suggested to promote collaboration among schools, government, teachers,
parents and other relevant parties to build a new ecology of lifelong education for
primary and secondary school teachers, increase teacher training and support for
“double reduction”, improve the ability of teachers to know, believe and act on the
“double reduction” policy and give priority to rural primary and secondary

education.
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1. Problem formulation

In Chinese education system, “double reduction” is short for “effectively reducing
homework burden and off-campus training burden of students in compulsory
education”. Its purpose is to effectively improve the education level of schools and
continuously standardize in-school and out-of-school training. Though, China has been
reducing the academic burden of primary and secondary school students on six
occasions from 1949 but both in-school load and out-of-school load remain unchanged
in large number of rural primary and secondary schools. In June 2021, the Ministry of
Education (MOE) officially established Department of Supervision of Out-of-School
Education and Training which reported in July its Opinions on Further Reducing the
Homework Burden and Out-of-School Training for Students in Compulsory Education
(hereinafter referred to as “Double Reduction™) [1].

Primary and secondary school education subsequently became the hot research
topic among the scholars. The “knowledge” search “homework burden” related
literature themes amounted to 2982 whereas, the “outside training” related literature
had 5459 sightings. The main aim of the researchers was to create better education
environment to realize quality education goals in policy implementation. The relevant
information revealed that the study of education burden theme mainly includes:
primary and secondary school teachers, quality education, burden policy, and other
related aspects. However, the current “double reduction” policy has failed to achieve
the ideal intended effect therefore, it is necessary to probe this aspect in-depth for better
and effective policy implementation.

In July 1955, the MOE published instructions on reducing the burden of primary
and secondary schools pointing out that it is necessary to improve the relevant teaching
material, optimize teachers’ teaching level and increase extracurricular open activities
to improve students’ mental and physical abilities.

Subsequently, the MOE continuously issued following policies to reduce the
burden of education: on May 4, 1964, the Report on Overcoming the Overburden of
Primary and Secondary Schools and Improving the Quality of Teaching, the Issuance
of the Provisions on Reducing the Overburden of Primary School Students on May 11,
1988, and the Emergency Notice on Reducing Student Overburden in Primary Schools
was issued on January 3, 2000. From 1985 till date more than 50 times several policies
were issued on Education burden-reduction indicating the concern of Chinese
government but many of the policies ended as anticlimactic.

The government is forward-looking and sincere in its efforts to reshape the
education ecology and promote education equity from various perspectives, including
institutional setting and policy protection. After the issuance of the “Double
Reduction” Opinions, the MOE has held eight press conferences and briefings related
to “Double Reduction” to explain the policy objectives, its significance and initiatives,
and held pilot city promotion meetings to take stock of progress in the work. In 2021,
the MOE conducted a comprehensive investigation and cleanup of out-of-school
training advertisements in which the market supervision departments around the
country closed 2,119 cases of out-of-school training advertisements [2]. The data
during the week from March 4 to 11, 2022, revealed that “double reduction” was one of
the top hot issues of education in China’s “two sessions” [3]. At one time it was
debatable that whether the implementation of “double reduction” education policy is
more crucial than the program itself, since the implementation of the policy involves
many influencing factors, the most central of which is the front-line teachers in primary
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and secondary schools, who execute the education policy and function as drivers of
educational change.

Therefore, is necessary to establish a conducive environment which will help
teachers to internalize and externalize the “double reduction” policy and eliminate
teachers’ cognitive and behavioral disorders against the policy to make it more
effective. This is the only way to remove the teachers’ perceptions and behavioral
barriers against the “double reduction” policy and make relevant adjustments in
educational governance and the change the concept of talent training implied in the
“double reduction” policy.

The measures taken abroad to reduce the burden of education have domestic
reference significance. Primary and secondary schools in Finland emphasize
stimulating students’ originality in the classroom teaching process. Meanwhile, the
schools adopt the incentive education evaluation mode to timely optimize and adjust
according to the curriculum needs of the students to nurture high-quality school leaders
and teachers. The specific content of Japan’s “loose education” measures can be
summarized as “two reduction, two reduction and one increase”, that is, to reduce the
teaching content, reduce the teaching difficulty, shorten the teaching time, shorten the
weekly class hour to achieve a complete Friday system, and increase comprehensive
learning time. At the same time, the Japanese government uses advanced IT means to
carry out online courses which is no longer limited to on-site teaching. Online teaching
is more transparent than that in China and is cheaper than on-site teaching and its
combination with the workload of primary and secondary school teachers and reduces
the burden on teachers. The British solutions include: carrying out periodic workload
survey, paying attention to the pertinence of the burden reduction policy, testing the
implementation process and effect, and providing training to teachers. On the other
hand, Germany and Japan governments strictly prohibit in-service teachers to conduct
part-time classes. They classify in-service teachers into the civil service system and
follow strict requirements for in-service teachers in accordance with the relevant civil
service system. Most scholars in the United States advocate the control of intervention
in off-campus training institutions.

Learnings from some foreign countries public school systems can improve the
status of domestic teachers, cultivate teachers ‘professional ethics, constantly optimize
the quality of education in public schools, increase the government’s support for public
schools, so that students can fulfill their needs and demands as much as possible in
school. We should closely adapt to China’s national conditions, absorb the essence of
foreign ways and methods of education burden reduction, and improve the deficiencies
in the implementation of China’s education burden reduction policy.

Therefore, it is important to investigate and analyze the awareness, attitude and
implementation of the “double reduction” policy among the front-line teachers in
primary and secondary schools in order to analyze the difficulties in the
implementation of the “double reduction” policy in a targeted manner. The knowledge,
attitude, belief and practice model (KABP model), focuses on the whole process from
cognition to belief building to behavioral practice and provides a scientific perspective
for analyzing the “double reduction” policy. This empirical study is a survey and
analysis of the current situation of the frontline teachers’ knowledge and beliefs about
“double reduction” in Chenzhou City, Hunan Province, based on the KABP model,
which can lead to effective implementation of the “double reduction” policy.
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2. Study Design of the KABP Model

Since the implementation of the “Double Reduction” opinion, the primary and
secondary schools across the country have taken corresponding actions including
teachers from Chenzhou City. The city has 1951 schools of all levels and types,
including 29 secondary vocational schools, 44 general high schools, 263 junior high
schools, 388 primary schools, and 75,253 teaching staff in 2020. The high school
student population (including technical secondary school) is 745,066, junior high
school 1,864,176 and 1,205,918 students (including graduates, undergraduates and
current students) from various schools. The city’s resident population has an average of
9.58 years of education for those aged 15 and above [4].

The consolidation rate of nine-year compulsory education is 98.5% and the gross
enrollment rate of high school is 93.1% [5]. The strong promotional measures of the
national “double reduction” policy in Chenzhou City resulted in lot of fruitful reforms
in the areas of arrival and departure time of primary and secondary students,
extracurricular training, homework management, etc. The burden of homework and
extracurricular training on students is reduced, and both teachers and schools have
supported and approved the “double reduction” reform. A conducive atmosphere of
“reform” has gradually formed, with a certain degree of representation.

2.1 Research indicators and survey tools

The “double reduction” problem is reexamined by using “KABP” model to structure
and measure the “double reduction” effect and necessary countermeasures. The first is
the horizontal composition of the “double reduction” effect, including the four
dimensions of the policy namely, students’ arrival and departure time, students’
homework, the participation rate of extracurricular tutoring institutions, and the impact
on teachers. The horizontal structure of the “double reduction” policy includes four
dimensions: students’ time away from school, students’ homework, the participation
rate of extracurricular tutoring institutions, and impact on teachers. The second is the
longitudinal structure of identity, including three levels of knowing, believing, and
practicing, which is the “double reduction” effect of knowing, believing, and practicing:
knowing is cognition and knowledge, which is the knowledge level of mastery and
understanding; believing is trusting and agreeing, which is the positive construction of
belief level; practicing is action, which is the behavioral level of practice correction [6].
A questionnaire was designed on “double reduction” based on the “Opinions on
Double Reduction” and the preliminary interviews with some primary and secondary
school teachers, with a cross-section of horizontal and vertical dimensions. There were
19 questions, including 3 basic relevant information questions, 13 single-choice
questions, 1 multiple-choice question, and 2 open-ended questions.

2.2 Sampling and survey methods

In 2022, a stratified random sampling method was used to select teachers from 12
primary and 12 secondary schools in Chenzhou City (6 in urban areas and 6 in rural
areas, 6 in secondary schools and 6 in elementary school), and the questionnaires were
administered to 242 respondents through the Chenzhou compulsory education teachers’
group, of which 10 invalid questionnaires were excluded the effective rate of the valid
questionnaires was 95.9%.
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2.3 Statistical methods

Excel software was used for real-time statistical input of the data, and SPSS22.0
software was used for statistical description. One-way ANOVA or independent sample
t-test was used for the agreement of the “double reduction” effect in different regions,
and p< 0.05 was considered as statistically significant.

2.4 Study hypothesis

H1: There is no significant difference in the awareness of the “double reduction” policy
among primary and secondary school teachers between city and township areas in
Chenzhou.
H2: There is no significant difference in the beliefs of the “double reduction” policy
among primary and secondary school teachers between city and township areas in
Chenzhou.
H3: There is no significant difference in the practices of “double reduction” policy
between primary and secondary school teachers between city and township areas in
Chenzhou.

2.5 Reliability test

Reliability is the consistency of the same object when same measurement is carried out
in the same method, in other words it reflects reliability of the measured data. The scale
adopts three aspects: the awareness, beliefs and practices of the “double reduction”
effect. The measurement dimension includes the time when students enter and leave the
school under the “double reduction” policy, students’ homework, the participation rate
of extracurricular tutoring institutions, and the impact on teachers. The Cronbach
coefficient was used for the reliability analysis of each measured dimension, and the
overall (Cronbach’s Alpha) coefficient is 0.832 indicating high reliability. The
Cronbach coefficient of all dimensions is above 0.7 indicating that the questionnaire
has good reliability.

3. Empirical Results of the KABP Model

3.1 Awareness of the “double reduction” policy among primary and secondary school
teachers

Table 1 shows that all primary and secondary school teachers in Chenzhou are totally
aware of the “double reduction” policy namely, 67.5% and 61.2% in urban and rural
areas while the rest exhibit general awareness. The chi-square test for independent
samples shows that the chi-square value is 0.897 and the progressive significance is
0.344>0.05 hence, the null hypothesis is accepted representing that there does not
exist a correlation between the region and the degree of knowledge.
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Table 1 Awareness of the “double reduction” policy among primary and secondary school teachers

Knowledge level (Ratio) Pearson's
. Number of .
Region surveys More General No chi-squared P
Y familiar Understanding knowledge test
City 160 67.5 325 0
Township 72 61.1 38.9 0 0.897° 0.344
Total 232 128.6 71.4

Note: The expected count of a. 0 cells (0.0%) is less than 5. The minimum expected count was 24.83.

3.2 Degree of belief among primary and secondary school teachers in the “double
reduction” policy

Table 2 to Table 5 show that the standard deviations of urban recognition and township
recognition are 0.716 and 0.776 respectively in all dimensions indicating that the
recognition is relatively stable. The proportion of overall support and firm support for
the “double reduction” policy is higher between urban and rural areas, the proportion of
general implementation and above is higher, the proportion of importance attached to
the “double reduction” policy is higher, and the degree of agreement that the “double
reduction” policy can develop sustainably is higher. However, there are statistical
differences between urban and rural areas in the overall attitudes of primary and
secondary schools towards the “double reduction” policy, primary and secondary
school teachers belief “double reduction” policy ; and schools implementing the
national “double reduction” policy and the “double reduction” policy. There are no
significant differences in the implementation of the national “double reduction” policy,
the degree of importance attached to the implementation of the national “double
reduction” policy, or the attitude of getting sustainable implementation in primary and
secondary schools.

Table 2 Attitudes of primary and secondary school teachers towards the “double reduction” policy

General Attitude (Ratio) Pearson's
Region Number of Strong Not much . chi-squared P
surveys support Support support Against test
City 160 54.3 41.2 3.7 0.8
Township 72 45.8 40.2 8.5 5.5 8.330° 0.053
Total 232 100.1 81.4 12.2 6.3

Note:a. 3 cells (37.5%), the expected count is less than 5. The minimum expected count was 1.55.

Table 3 Teachers’ opinions on implementation of “double reduction” policy

Implementation (Ratio)

Pearson's
. Number .
Region chi-squared P
of surveys
Better Implementat test
Very well . . . Poorly
. implementati ion of .
implemented implemented
on general
City 160 33.8 40.6 20.6 5
Township 72 27.8 34.7 34.7 2.8
5.517% 0.147

Total 232 61.6 75.3 55.3 83

Note:a.1 cell (12.5%), with an expected count of less than 5. The minimum expected count was 3.10.
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Table 4 Importance of school leaders in “double reduction” policy implementation

Level of Importance (Ratio) Pearson's
. Number of X
Region surveys Attention More Not much No chi-square P
important important  attention d test
City 160 51.2 36.3 11.3 11.3
Township 72 50 37.5 6.9 5.6 4.524° 0.237
Total 232 101.2 73.8 18.2 16.9

Note: a. 2 cells (25.0%), with an expected count of less than 5. The minimum expected count was 1.86.

Table S Teachers attitudes towards the sustainable implementation of “double reduction” policy

Sustainable Implementation (Ratio) Pearson's
. Number of .
Region chi-squared P
surveys Able to Hardly Not sure test
City 160 62.5 28.1 9.4
Township 72 62.5 333 42 2.189* 0.335
Total 232 125 61.4 13.6

Note: The expected count of a. 0 cells (0.0%) is less than 5. The minimum expected count was 5.59.

3.3 Degree of implementation of “double reduction” policy in primary and secondary
schools

3.3.1 Students’ arrival and departure time under “double reduction” policy

Generally, the degree of implementation of the students' arrival and departure timings
in urban and rural areas is obvious. The results of the survey show that students have a
higher percentage of time of arrival between 7:30 a.m. and 8:00 a.m. and a higher
percentage of time of departure between 5:30 p.m. and 6:00 p.m. There is statistical
difference in students’ arrival time in the morning, with the urban students arriving at
school before 6:30 a.m. is more than the rural students and after 8:00 a.m. urban
students arrived at school is significantly less than rural students (p = 0.000).For
statistical differences between students leaving school in the afternoon, urban students
leaving school was significantly lower than rural students before 5:30 PM; urban
students leaving school from 5:30 to 6:00 PM were significantly higher than rural
students (p = 0.000).

Table 6 Students’ arrival time in the morning
Time of Arrival (Ratio)

Number Pearson's
Region of Before  6:30to  7:00to  7:30 to After  chi-squar P
surveys 6:30 7:00 pm 7:30 8:00 pm 8pm ed test

City 160 0 11.9 375 343 16.3
Township 72 2.8 15.3 5.6 50 26.4 28.979*  0.000**
Total 232 2.8 27.2 43.1 84.3 42.7

Note: a. 2 cells (20.0%), with the expected count of less than 5. The minimum expected count is.62;
*%
p<0.05
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Table 7 Students’ departure time in the afternoon
Time of Departure (Ratio)

Number Pearson's
Region of Before S:S&pm 62306231' 6:33)[)“1 After  chi-squar P
surveys  5:30 pm 6:00pm p.m. 7:00pm 7:00 pm ed test
City 160 24.4 56.9 5 3.8 10
Township 72 56.9 27.8 2.8 0 12.5 27.619*  0.000**
Total 232 81.3 84.7 7.8 3.8 22.5

Note: a. 3 cells (30.0%), with the expected count of less than 5. The minimum expected count was 1.86;
ok
p<0.05.

Tables 6 and 7 show that there is significant difference in the arrival time of urban
and rural areas besides , there is difference in the students’ departure time e. g,, the
percentage of students leaving schools after 5:30 and 6 p. m. in the townships is only
56.9% while, it is 27.8% in the cities.

3.3.2 Students’ homework situation under “double reduction” policy

It is noticed in the study that the primary and secondary school teachers systematically
take students’ homework. Table 8 shows that the amount of homework for students is
limited to 1 to 2 hours daily barring few schools in both city and township schools.
Training on the homework design is conducted in both urban and rural areas to more
than 70%, whereas around 25% schools neglect it. The frequency of training sessions
on the assignment design in both urban and rural areas is once a semester. However,
around 15% of the schools in both types do not conduct training sessions. It is evident
from Tables 8-10 that there is not significant difference in the frequency of training
sessions on the homework design in all schools (p = 0.015), and the proportion of urban
students doing homework for less than 1 hour per day is lower than that of rural
students’; while there is significant difference in the amount of homework held and
students’ homework per day for example, about 20% of urban and township primary
and secondary schools did not conduct training on homework design.

Table 8 Daily homework done by students

‘Workload (Ratio)
Number N N N N N Pearson's
Region of 0 more 0 more 0 more 0 more 0 more chi-squar P
than 1 than 2 than 3 than 4 than 5
surveys ed test
hour hours hours hours hours
City 160 35 39.4 16.9 8.1 0.6
Township 72 52.8 37.5 9.7 0 0 11.952*  0.008**
Total 232 87.8 76.9 26.6 8.1 0.6

Note: a. 3 cells (30.0%), with an expected count of less than 5. The minimum expected count is.31;**p<0.05.

Table 9 Status of Primary and secondary school teachers on assignment design

Number Convening (Ratio) ,
. Pearson's
Region of N Th chi-squared test P
surveys one ere are q
City 160 25 75
Township 72 27.8 72.2 0.200* 0.655
Total 232 52.8 147.2

Note: The expected count of a. 0 cells (0.0%) is less than 5. The minimum expected count was 18.62.
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Table 10 Frequency of training sessions on assignment design

Training Frequency (Ratio) Pearson's
. Number of - - .
Region surveys 0 times a Once Once per Twice per chi-square P
semester semester year year d test
City 160 16.9 64.4 44 14.4
Township 72 15.3 77.8 0 6.9 6.800° 0.028**
Total 232 32.2 142.2 4.4 21.3

Note: Note: a. 2 cells (25.0%), with an expected count of less than 5. The minimum expected count was 2.17;
sk
p<0.05.

3.3.3 Participation rate of extracurricular training institutions in the “double
reduction” policy

Table 12 shows that after the implementation of the “double reduction” policy, the
participation rate of extra-curricular tutoring institutions in Chenzhou City has dropped
significantly and more than 60% of teachers believe that the participation rate of
students in extra-curricular tutoring is hardly 10%. This shows that the students’
learning burden has reduced after the implementation of policy. Tables 11 and 12 show
that there is a significant difference between urban and rural school students’
participation in extracurricular tutoring before the implementation of the “double
reduction” policy (p = 0.000), and urban students’ participation is significantly higher
than rural students indicating that the such training in urban areas is gradually
decreasing.

Table 11 Students’ participation in extracurricular training institutions before implementation of the “double
reduction” policy

Number Participation (Ratio) Pearson's
Region of Around Around Around Around About  chi-squar P
surveys 10% 20% 30% 40% 50% ed test
City 160 11.9 15.6 27.5 15 30
Township 72 40.3 22.2 12.5 42 20.8 32.019* 0.000%**
Total 232 52.2 37.8 40 19.2 50.8

Note: a. The expected count of0 cells (0.0%) is less than 5. The minimum expected count was 8.38;
**p<0.05; the time cut-off points before and after the implementation of the “double reduction” policy in
Chenzhou is defined on July 24, 2021.

Table 12 Students’ participation in extracurricular training after implementation of the “double reduction”

policy
Number Participation (Ratio) Pearson's
Region of Around Around Around Around About  chi-squar P
surveys  10% 20% 30% 40% 50% ed test
City 160 60 19.4 10 5 5.6
Township 72 68.1 15.3 8.3 2.8 5.6 1.6912 0.782
Total 232 128.1 34.7 18.3 7.8 11.2

Note: a. 2 cells (20.0%), with the expected count of less than 5. The minimum expected count was 3.10.

Table 13 reveals that only 40% teachers believed that students’ participation in
extracurricular training would be beneficial to their physical and mental development.
However, teachers were relatively conservative or on wait-and-watch mode about the
physical and mental development benefits from students’ participation in
extracurricular training. At the same time, it is noticed that there was no significant
difference among the expectations of urban and rural teachers.
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Table 13 Teachers’ opinions on students’ participation in extracurricular tutoring institutions under the
“double reduction” policy

Impact (Ratio) Pearson's
. No. of .
Region chi-squared P
surveys
Not test
Useful . Harmful Harmless
beneficial
City 160 42.5 40.6 3.8 13.1
Township 72 45.8 41.7 2.8 9.7 0.752 0.855
Total 232 88.3 82.3 6.6 22.8

Note: a. 1 cell (12.5%), an expected count of less than 5. The minimum expected count was 2.48.

Thus, in general, it can be concluded that primary and secondary schools are able
to implement the basic requirements set by the national “Double Reduction” policy to a
significant extent with positive changes in the arrival time of students in the morning
and in the leaving time of students in the afternoon, students’ participation in
off-campus training, the daily homework for students, and the frequency of training
sessions on the home assignments design. At the same time, majority (60%) of the
school teachers are skeptical about sharp dropping in extracurricular training
institutions attendance after implementation of the “double reduction”, which
subsequently would reduce students’ learning burdens. Whereas, only 40% of teachers
believed that students’ participation in extracurricular training institutions would have a
positive impact on students’ physical and mental development. However, there still
remain some problems which need to be addressed. First, there are inherent differences
among urban and rural schools in the implementation of the “double reduction” due to
demography. In urban schools, the implementation efforts are significantly higher than
those in rural schools in terms of students’ arrival and departure time, students’
participation in off-campus training before and after the implementation of “double
reduction”, training on the homework design, and the frequency of training sessions on
homework design. The daily homework is higher in urban schools than in rural schools,
so it is recommended that the “double reduction” rules should take into account the
differences between urban and rural areas. Second, the “quantitative change” is greater
than the “qualitative change”. The “quantitative changes” in the time of arrival of
students in the morning, the training on the homework design, and the frequency of
training sessions on homework design is more obvious in all schools. However, the
magnitude of the “qualitative changes” in students’ afternoon departure time, students’
participation in off-campus training before and after the implementation of “double
reduction” is relatively small, which indicate that the promotion of “double reduction”
should pay attention in improving quality, effectiveness and persistence.

4. Conclusions and Recommendations
The results of the present survey of 242 primary and secondary school teachers in

Chenzhou City, Hunan Province, indicates that the “double reduction” policy has been
implemented for more than one year, and the overall recognition, importance and
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support from school teachers is high. At the same time, China’s regional differences,
imbalanced development of urban and rural areas and schools demand top-level design
and coordination of education policies to promote the orderly operation of the
education system. There are significant differences between urban and rural areas in
terms of awareness, recognition, and implementation of the national “double reduction”
program as narrated below.

4.1 Knowledge level differences between urban and rural school teachers

It is noticed that the overall awareness of the “double reduction” policy among primary
and secondary school teachers in Chenzhou is significant. However, urban primary and
secondary school teachers are more aware of the national “double reduction” policy
than their rural counterparts. Therefore, education authorities and schools should
continue to increase teacher training on the “double reduction” policy with an
appropriate focus on rural teachers.

4.2 Attitudes and beliefs differences between urban and rural areas teachers

It is observed that majority of the primary and secondary school teachers are positive
and optimistic about the meaning and effects of the “double reduction” policy on
students’ healthy growth and support the policy. However, specific attention needs to
be given on: many primary and secondary school teachers do not have positive
expectations about the impact of “double reduction” on student’ learning. Urban school
teachers believe in the national “double reduction” policy more than rural school
teachers, and nearly half of the rural teachers have a negative attitude towards the
“double reduction” policy in general. Therefore, education authorities and school
management should focus on the “double reduction” work in townships by
strengthening, guiding, supporting to recognize the “double reduction” work in
townships, so as to enhance the teachers' belief in the "double reduction" policy.

4.3 Quantitative and quantitative changes in student burden reduction

The “quantitative change” in the implementation of the “double reduction" policy is
obvious and is attributed to better implementation of basic requirements of “double
reduction” in terms of student’s arrival time, increase in training sessions and
homework checks and sharp dropping in the proportion of students participating in
training in extracurricular tutoring institutions after the implementation of “double
reduction”, which helped to reduce students’ learning burden. However, the magnitude
of the “qualitative change” in the time students leave school in the afternoon and their
participation in out-of-school training is relatively small. Therefore, to promote the
“double reduction” improve the quality” has to be the starting point for action
otherwise, it may lose the fundamental and “the original will cannot be inverted” [7].
The report clearly points out that “high-quality development is the primary task in
comprehensively building the modern socialist country. ” Compulsory education as a
basic strategy is the process of national modernization, “quality change” is mandatory
in the development of compulsory education [8]. Therefore, the present study suggests
that Chenzhou primary and secondary school teachers should focus on “grasping lesson
preparation”. Under the background of “double reduction”, teachers should study



300 L. Yang et al. / A Study of Current Situation of Knowledge, Attitude, Beliefs and Practices

students’ learning situation and teaching materials and their current level through
“grasping lesson preparation”, pay attention to the recent arena of students’
development, and give full play to the leading role of teachers as well as students’ role.
Secondly, through “grasp the classroom” concept, teachers have to pay attention to
streamline the classroom content on the basis of grasping the classroom. The classroom
is the core place for students to learn, and “grasp the classroom” is an effective way to
highlight the position of students, stimulate their enthusiasm for active participation,
guide students to carry out inquiry learning, and improve efficiency of classroom
teaching. Subsequently, “grasp the homework” will guarantee improvement in teaching
efficiency. Therefore, primary and secondary school teachers in Chenzhou city should
consider the homework content situational. Homework integrates and assimilates
classroom knowledge into specific applied situation. It is closely linked to student’
learning life, and forms a typical case study or project by processing in the real world.
Secondly, the homework design operation needs to consider the difficulty progression.
The assignment is no longer a repetition of knowledge without difficulty gradient, but
an advanced structured design and the design assignments need to be considered in a
variety of ways. It is no longer a unified written homework, but an organic combination
of homework with students’ housework, communication, interview, social experience
and so on, to form mathematics in life, so as to realize the diversity of homework
methods [8]. At the same time, “double reduction” is not just a slogan to improve
quality, the implementation is quite challenging and systemic project that requires
synergy between government, school and family in participation and common
construction. If there is no multi-party collaboration, it will be difficult for teachers to
receive effective guidance and support, and they are bound to become more anxious
and helpless under the demand of reducing the burden and improving the quality.
Therefore, can we find a way to promote the collaborative practice of schools,
government, teachers, and parents, so that the “double reduction” policy can be
transformed from a confident “knowledge” to a reliable “belief” and finally to an
effective “action”? This is the key point to reduce the burden and improve the quality.
On the one hand, from school point of view, we should devote ourselves to integrate
high-quality education and teaching resources, strengthen teaching and research
guidance on curriculum and teaching; empower high-quality development with
information technology, and build efficient classrooms [9], On the other hand, the
education department should work with women’s federations and other departments to
run parenting schools or online family education guidance platforms and promote the
construction of community family education guidance centers and service sites [10],
Only by integrating the power of collaborative governance inside and outside the
school building, developing a new ecology of lifelong education for primary and
secondary school teachers, improving the ability of teachers to know, believe and act
on the “double reduction” policy, and adjusting expectations for academic progress and
development based on each student’s personality, we can provide emotional and
technical support to teachers to confidently and boldly reduce students’ academic
burden and fully implement the “double reduction” policy.

The study has following limitations: on the one hand, the sample range and sample
size are insufficient, the fillers are subjective and random, and there are defects in
objectivity and conscientiousness; on the other hand, the variable design of the personal
information of the respondents is not comprehensive, and the factors such as gender,
age, discipline, educational background, teaching experience, age and marriage of the
respondents are not fully included and analyzed. The limitation of this study and its
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discussion can also serve as an important consideration for further scientific research
on “double minus” problem in the future.
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Abstract. Curriculum Ideology and politics plays an important role in promoting
the development of higher education and training talents. This paper reported the
unique advantages of the ideological education in university physics curriculum.
Based on the practice of teaching physics, some strategies for the development of
the concealed ideological education are proposed. Taking physics learning as the
entry point to carry out ideological and political education, we can cultivate
student’s moral cultivation and patriotism. Therefore, it is not only beneficial to
improve the interesting and ideological nature of the class, but also to enrich
student’s political spirit and build a complete and noble personality.

Keywords. University physics course, Ideological Education

1. Introduction

In 2016 National University Ideological and Political Work Conference, it was clearly
put forward that "we should make good use of classroom teaching as the main channel,
and the ideological theory course should be strengthened, enhance the affinity of
ideological education, meet the needs and expectations of students' growth and
development. Meanwhile, other courses should keep a good responsibility field, so that
all kinds of courses and ideological theory courses can go hand in hand, forming a
synergistic effect"[1]. In the process of human's pursuit of truth and exploration of the
unknown world, physics shows a series of scientific world views and methodologies,
which profoundly affect human's basic understanding of the material world, way of
thinking and social activities [1]. The university physics course based on the basic
knowledge of physics is a significant compulsory basic curriculum for students of
science and technology majors. It is necessary to conduct ideological education in
university physics curriculum [2]. For example, physics experiment is the link between
theory and practice. University physics course can improve students' interest, mobilize
their enthusiasm for independent learning, independent thinking and exploration and
research [3]. At the same time, it can cultivate students' practice and invention. The
physics class and physics experiments can integrate the curriculum with the ideological
education well [4].

This paper explores the use of physics teaching as a carrier to mine the ideological
and political materials of physics knowledge. We could build a curriculum ideological
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and political resource platform by improving the ideological and political awareness and
ability of professional teachers.

2. The advantages of ideological education in university physics course
2.1. Physics course can cultivate students' scientific spirit

Physics is a science that studies the movement of matter and its laws. It can imperceptibly
promote students to develop a correct outlook on the world, values and life [5]. Physical
laws help students to establish basic knowledge of the scientific world, master objective
laws, and form a scientific way of thinking. Through physics learning, students can
understand fully the nature of the world. Meanwhile, physics course guide students to
think deeply and research, and cultivate students' scientific spirit of seeking truth from
facts and innovation.

2.2. Display of frontier knowledge of physics, enhance students' patriotism, make
implicit ideological education logical

Course is the main channel for activating and guiding ideology. We can introduce some
cutting-edge physical knowledge, such as electromagnetic ejection and magnetic
levitation, into the physics classroom. It not only breaks the mystery of high-tech
products, shorten the distance between students and the frontiers of science and
technology, but also stimulate students' enthusiasm for scientific and engineering
invention and patriotism[6].

3. The Strategy of Developing Ideological Education in university physics class

3.1. Clarifying the physics course objectives of ideological education in university
physics

Universities should cultivate people who possess scientific literacy, social responsibility,
national honor [7]. It is indicated that higher education should not only provide
professional knowledge for student, but also give them guidance and attention in the
spiritual level. Ideological education should be integrated into the whole university
physics curriculum, especially in classroom demonstration experiment. We could
cultivate students' thinking methods and the scientific belief of science. Meanwhile,
China's scientific and technological development achievements are integrated into
classroom demonstration experiments, which inspire students’ emotion of patriotism.

3.2. Establishing the Ideological Resource Bank of University Physics courses

We should establish the ideological resource bank of university physics course [8]. The
ideological elements mainly include: socialist core values, education of China's excellent
traditional culture, craftsmanship spirit, national defense education as well as "FAST",
"5G technology", "high-speed rail", "electromagnetic ejection”, and "large aircraft",
which are the world's leading characteristics in the field of engineering technology in
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China. Take the course demonstration experiment as the practice carrier, develop
relevant classroom discussion, situational teaching and other ways to implement
ideological education.

3.3. Integrate ideological education into teaching process

Introduction of new lessons is the first procedure of teaching. Since the class has just
started, the students' attention can’t focus on the lesson. If we integrate ideology
resources into the new lessons time of introducing the new lessons according to the
knowledge content of this class, it can not only play a role in gathering people's minds,
creating a good teaching atmosphere, but also increase students' interest and enthusiasm
in learning. For example, when explaining Bernoulli equation, we introduced the
demonstration experiment of blowing table tennis floating with a hair dryer. This
experiment result is contrary to the expectations of the students. At this time, we paid
special attention to the opportunity to carry out the ideological and political education of
"practice is the only standard for testing truth".

According to the actual situation of knowledge content, the ideological elements
should be properly integrated, so that knowledge elements can become an organic whole.
The history of physics is also the history of the development of human cognition. In the
process of knowledge teaching, the background and process of knowledge generation
should be timely introduced. It is not only beneficial for students to better understand
and master knowledge, but also can increase their knowledge, experience the hardships
of the scientific research process, and cultivate the scientific spirit of fearing difficulties
and daring to explore. When teaching physical knowledge, we should pay attention to
contact philosophy. Physics is the basis of natural science. Marxist "historical
materialism" and methodology are based on the cognition of natural laws. Therefore,
ideological education in university physics courses has unique advantages. When
teaching the microscopic particle wave particle duality of quantum mechanics, students
should be guided to think dialectically from the perspective of philosophy. In teaching
relativity, students should be guided to discuss the law of cause and effect in philosophy
and follow the trend to carry out the education of Marx's historical materialism.

3.4. Carrying out Ideological Education in Classroom by Demonstrating Experiments
and hands-on experiments

Firstly, the basic knowledge of physics and Marxist dialectical historical materialism are
organically integrated in university physics class by classroom demonstration
experiments and hands-on experiments. The experiment points out the opposition and
unity of contradictions, which enhance students' dialectical view of problems [9].
Secondly, through hands-on experiments, students are encouraged to apply physical
knowledge to solve practical problems, and focus on frontier physics knowledge, which
could cultivate students' observation and thinking ability, practical ability, and scientific
spirit of teamwork. Otherwise, the experiments demonstrate the frontier technology
research achievements in China, which enhance students' self-confidence and national
pride, and strengthen students' belief in contributing their own strength to the great
rejuvenation of the Chinese nation. Finally, Ideological Education could focus on
inspiring students to inherit and carry forward their glorious traditions with the great
artisans, learn their excellent qualities of hard work and striving for the rejuvenation of
China, and stimulate students' spirit of innovation and exploration. At the end of the
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section on resolution of optical instruments, we introduce the 500m aperture spherical
radio telescope "China Tianyan" located in Pingtang County, Guizhou Province, so that
students can understand the application of the resolution formula.

3.5. Promoting interactive communication between teachers and students

Teachers should target students' physical and mental development stages according to
the teaching rules of course knowledge, and help students choose the most suitable
communicate style. In the teaching process, it is only the most basic requirement for
students to acquire physics knowledge. The real purpose of teaching is to enable students
to apply the learned physics principles to solve practical problems, apply theories to
practice, and ultimately promote students' abilities. Therefore, in the teaching process,
we must not only start from the textbook, but also extend the classroom. In the teaching
process, we also focused on the relationship between students and teachers. Effective
communication and exchange are the key factors to completing the goal of ideological
education [10].

In sum, "Ideological education" is a teaching concept, university physics curriculum
is the main carrier of ideological education. The ideological education of curriculum is
not an isolated and stiff in the teaching process, teachers should naturally, smoothly and
effectively spread the corresponding content and concept of "ideological education of
curriculum" to students [11]. We can achieve a win-win situation of rational knowledge
learning and perceptual ideological education. Otherwise, teachers themselves should
constantly improve their political quality, personal accomplishment and patriotic feelings,
rather than inconsistent empty words and platitudes. This kind of curriculum can really
move and affect students. The proportion of time for ideological education in the whole
classroom teaching should be appropriate. The ideological and political time of a class
should not exceed 15 minutes, and it is better to intersperse it in the teaching process.

4. Conclusion

Ideological education is a new requirement put forward by the CPC Central Committee
for all kinds of courses in universities in the new era. Under this situation, the aims for
all universities are cultivating students’ moral. It’s important to achieve ideological
education throughout the education process. In the university physic class, we should
clarify the ideological objectives of the physics curriculum, establish appropriate
ideological elements based on university physics, and achieve moral cultivation in the
imperceptible influence. Recently, the teaching reform of ideological education in
university physics is still at the exploratory stage. In the future teaching practice, it is
necessary to constantly enrich the teaching elements of ideological education, and
enhance the education quality.
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Abstract. The translation of intangible cultural heritage (ICH) texts presents
significant challenges due to their rich cultural connotations and unique regional
characteristics. To address this, the author of this study utilized Corpus and
Computer-assisted Translation (CCAT) to assist in the English translation of ICH
during the creation of a parallel corpus. Three patterns of CCAT-based English
translation of ICH were proposed: machine translation, human-machine interactive
translation (combining human and machine translation), and human translation. The
implementation of these patterns can improve the efficiency and quality of ICH
translation, promote terminology standardization, and facilitate the exportation and
transmission of ICH.

Keywords: Corpus and Computer-assisted Translation (CCAT); Intangible cultural
heritage; Chinese-English Translation; Intangible cultural heritage terms

1. Introduction

China’s rich and extensive culture has a history of thousands of years, and with the
implementation of the “the Belt and Road” initiative, promoting cultural “going global”
has become an excellent opportunity for cultural development and dissemination [1].
Intangible cultural heritage (ICH) is a crucial component of China’s traditional culture
and its translation serves as a cultural window for foreign exchange. However, due to the
distinct regional and dynamic characteristics of ICH, its English translation presents
significant challenges [2].

The author uncovered a wide variety of problems in the existing English translation
corpus of ICH texts during the creation of a parallel corpus. For example, in the
introduction of local cultural ICH, there are phenomena of excessive transliteration. For
instance, “ZHK” in Jieyang, Guangdong Province was translated as “Yingge” and “75

B> in Zhanjiang, Guangdong Province was translated as “Leiju”. This simple
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transliteration fails to take into account the acceptability of the target language readers
and could not accurately convey the cultural connotation of ICH [3]. Among them, the
most severe and influential problem on the international dissemination of ICH is the lack
of term standardization, namely, the problem of confusion in the translation of names.
The lack of uniformity in translated names in ICH texts indicates the translators’ failure
in adopting modern translation technology to standardize their translation and also
implies low translation efficiency [4].

Machine translation continuously updates the processing paths and means for natural
language. The introduction of artificial intelligence has induced machine translation into
the era of neural network translation, greatly improving translation speed and efficiency
[5]; Applying the computer-assisted translation system to E-C translation and C-E
translation has advanced the overall quality to a passing level or above, and enables users
to basically achieve the communicative purpose [6]; The construction of a bilingual
parallel corpus has provided the best platform for language research and translation
research [7]. By constructing and applying a corpus for ICH translation research,
researchers can more deeply explore and recognize the laws and characteristics of ICH
texts at the linguistic level, and hence summarize objective and universal principles and
methods for ICH translation [2]. Using modern translation techniques, including corpus,
translators can not only achieve terminology unification, but also greatly improve the
accuracy and efficiency of translation [4]. Corpus and Computer-Assisted Translation
(CCAT) [1] provides an excellent way for translators to improve the efficiency of
intangible cultural heritage translation.

Based on the theoretical concept of CCAT (Corpus and Computer-Assisted
Translation), this research takes the English translation of introduction text of the
national ICH as an application case to explore the English translation pattern of ICH
under the CCAT platform. The corpus used is a national Chinese-English (C-E) bilingual
corpus of ICH, which contains three million aligned words of ICH corpus, covering
national ICH corpus texts from more than ten cities across the country [2]. Translators
can search the corpus for authentic translation examples to assist in translation practice,
and can also use translation assistance platforms, such as Snowman CAT software and
Trados software, to assist their translation, aiming to achieve the goal of unifying
terminology and improving translation efficiency.

2. Literature review

Corpus and Computer-Assisted Translation (CCAT), in which Corpus mainly refers to
bilingual corpus, mainly specialized in bilingual corpus and includes online corpus as
well, while the computer-assisted part specifically refers to CAT software [1]. The future
CCAT system will be built as an online platform and connected to idioms, henceforth
every user of the system, such as the translator, the proofreader, the reviewer, and the
translation researcher, will belong to the sub platform of the system, sharing the public
corpus, terminology, and memory database [4].

Laviosa [8] pointed out that corpus research has been thoroughly integrated into
translation research since the early 1990s, and with the development of corpus research,
it has also exerted a significant impact on the cultivation of our translation thinking
abilities and translation teaching. The symposium on “Corpus Use and Learning to
Translate” held in Italy in 1997 opened a new chapter in the application of parallel corpus
to interpreter training/translation teaching [9]; Since then, foreign scholars such as
Zanettin (1998:616-630) [10], Bowker (1998:631-651, 2003:169-183) [11][12], Barlow
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(2000:106-115) [13], Bernardini (2004a: 15-34, 2004b: 97-112) [14][15], and Pearson
(2007:15-24) [16] have begun to study the application of corpus in translation teaching
and make teaching attempts. Corpus based translation research started relatively late in
China, but it has developed rapidly. In 2003, Ye (2003:41-44) [17] explored the issue of
C-E translation at the lexical level by building an English Chinese parallel corpus. Wang
(2004:27-32) [18] is recognized as a pioneer in exploring the application of corpus in
translation teaching, initiating a boom in domestic attempts to use corpus in translation
teaching.

The application of corpus and computer-assisted translation systems into
translation research has caused heated debate in the translation community. The author
conducted a search on CNKI and the result is listed as follows: Based on “Corpus” and
“Translation”, 9556 results has been shown; Based on “Computer-Assisted” and
“Translation”, 2282 results has been displayed; Based on “Corpus and Computer-
Assisted Translation (CCAT)”, 254 results has been exposed. For example, Shen and
Zhang (2018:254) [19] took the snowman CAT software as an example to explore the
application of computer-assisted translation software based on parallel corpus in
translation teaching. They constructed a comparative experimental model and elaborated
its application in translation teaching, and then proposed an optimized innovation model
based on the results of the experiment; Zhu and Chen (2015:52) [20] developed a
computer-assisted translation teaching platform and applied it in translation practice
teaching. According to visualized research data, few studies have combined computer-
aided translation with the ICH translation pattern for research. However, translation
research and teaching applications based on corpus and computer-assisted translation
software have become a research trend, so it has certain exploration significance
applying corpus and computer-assisted translation in ICH translation research.

3. Three patterns of the CCAT-based English translation of ICH

CAT Translation Memory technology stores and classifies diverse and massive language
data in the form of a technical corpus and corpus and then implement the automatic
matching during translation. Meanwhile, the main popular CAT tools, such as Trados
and DejaVu, also provide the function of convenient text content capture [21]. CAT
software mainly has the following three functions: 1) Managing the translation project,
facilitating terminology standardization. 2) Avoiding repetitive translation thus to
improve the translation efficiency. 3) Establishing a matching mechanism hence to
improve the translation efficiency.

Based on the self-built national ICH corpus, utilizing existing original texts and
translations, the research team has formed a translation memory and then updated it in
real time. When the translator is translating ICH, the computer-assisted translation
system will automatically search and match the same or similar translation resources
(such as phrases and sentences) in the translation memory, and then provide reference
for translators. Therefore, translators only need to focus on the translation of new content,
which can not only avoid unnecessary repetitive work, but also can ensure the unity of
the translation of the same content.

Owing to the fact that national ICH translation materials contain amounts of
expressions with rich cultural connotations, dealing with culture-loaded words simply
with CAT model has revealed numerous drawbacks. Therefore, this study will propose
three patterns of the CCAT-based English translation of ICH: machine translation,
human-machine interactive translation (combining human and machine translation:
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human-assisted translation and machine-assisted translation), and human translation,
based on the terms and special expressions with rich cultural elements in ICH texts.

3.1. Machine translation

Machine translation has a relatively high translation speed and efficiency, and has been
widely used in translation fields with high degree of informative texts. Translation
software can be adopted directly to translate simple and objective declarative sentences
with little cultural connotation and plain language in some ICH texts.

Example 1: 7 {5 (from national level ICH of Guangdong)

CAT: The legend of the five rams
The English translation shown in Example 1 is simple and clear, and can be easily
understood by target language readers, so it can be adopted directly. Then, by searching

for the English translation of the term “FL2{&1i¢” in the network corpus, the author has
further verified that the term is professional.

3.2. Human-machine interactive translation

Machine translation and human translation have their own advantages and disadvantages
respectively. The advantage of machine translation is its fast speed and high efficiency,
but some machine translations may be rigid, obscure, and fail to accurately convey the
cultural connotations of I[CH. Although human translation is more accurate than machine
translation to some extent, it cannot efficiently handle a large amount of translation tasks
or those emergent tasks. The human-machine interactive translation pattern combines
both translation methods, complementing each other’s advantages. By making full use
of parallel corpora of ICH, network corpora, and computer-assisted translation systems,
translators can conduct human translation to maximize translation effectiveness.

The human-machine interactive translation includes two main operation modes:
human-assisted translation and machine-assisted translation.

3.2.1 Human-assisted translation

With today’s technological advancements, machine translation still cannot completely
replace human translation. To achieve a balance between translation quality and
efficiency, human-assisted translation is necessary. Human-assisted translation should
be adopted to translate ICH texts with complex sentence structures and little cultural
connotation but simple and objective declarative sentences. Human-assisted translation
mainly involves text processing before translation and post-editing after translation. Text
processing before translation includes adding a subject to sentences without one based
on context, removing redundant vocabulary, and replacing special vocabulary. Post-
editing includes selecting and replacing words in the translated text and arranging
sentence structure, etc.

Example 2: [55 EHEREEM -8 BN R, A+ E2 G5 EE P EBR
B ST, EEIR S LAE A IS RS Hi X . (National level ICH)
Text processing before translation: A subject has to be added to the first sentence

according to the context for there is no subject in it; The chunk “J55 F” has been
removed for the similar connotations of it with the other chunk “i. 5 i 3&”, which was
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then replaced by another chunk “J#ZZ fii 3£ for the later one is more easily been read by

the machine. Thus the original text has been edited and translated as:

CAT: It evolved from the palace lion dance in the Tang Dynasty. After five dynasties
and ten countries, with the migration of immigrants from the Central Plains to the south,
the lion dance culture was introduced into Lingnan.

Post-editing: As is recommended in the network corpora, it is more acceptable to

L=y

translate “EENTFE” as “court lion dance”. According to Chinese history, it is more

appropriate to translate “FLfX+[E” as “the Five Dynasties and Ten States (907 B.
C.~960 B. C.)". Firstly, “FL{X+[E" is a proper noun, hence it should be capitalized.
Secondly, according to Chinese history, it is not agreeable to translate “—+[E” as “ten
countries”. Furthermore, by searching into the network corpora, the author has found that
in 80% corpus, “FAX+[E” is translated as “Five Dynasties and Ten States”. Finally,
adding the time annotation after the expression “ .+ [E" can help the target language
readers to understand the history and culture during such a period. Moreover, the
sentence structure has been adjusted due to the different sentence structures of Chinese
and English.

Post-edited version: It evolved from the court lion dance of the Tang Dynasty. After
Five Dynasties and Ten States (907 B. C.~960 B. C.), the culture of lion dance was
introduced into Lingnan as the people in the Central Plain immigrated to the south.

3.2.2 Machine-assisted translation
ICH texts contain massive terms with cultural connotations, thus, as previously
mentioned, English translation of ICH terms is deemed as a difficulty. For example,
there are phenomena of excessive transliteration. For instance, “fffi 11113 was
translated as “Foshan Ten Scenes” and “J&Hi” of Jieyang was translated as “Jieyang
Yingge”. Such simple transliteration fails to consider the acceptance of target language
readers, and cannot accurately convey the cultural connotations of ICH. While machine
translation of these terms is also not ideal. According to the literature, “f#i LI+ is a
type of folk instrumental music, which belongs to gong and drum music. Therefore,
“Foshan Percussion Music” is a more appropriate translation. As is recorded in the
literature, there are several types of “Z#(”, including “J%&#” (Puning, Jieyang), “#FH
YLK (Shantou), and “F FJL 5 (Shanwei), all of which have different
characteristics for they originated from different regions. Therefore, the adjusted
translations of “Puning Ying-Ge Dance”, “Chaoyang Ying-Ge Dance”, and “Jiazi
Ying-Ge Dance” are more appropriate and easier for target language readers to accept.
To ensure the terminology standardization, avoid repetitive translation of the same
content, save resources, and ensure the accuracy of translations, translators can adopt
machine-assisted translation with the help of computer-assisted translation (CAT) tools,
ICH parallel corpora, online translation, and translation dictionaries. Translators can
verify their translations of terms via the network materials and Chinese-English parallel
corpora, and then added the verified terms to the ICH Chinese-English corpus for real-
time updating, hence to standardize the translation of ICH terms through the translation
memory retrieval and matching.

3.3 Human translation

Human translation can be flexibly adapted to specific contexts and grammatical
requirements. For special expressions with distinct cultural connotations, human
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creativity in translation can make it easier for the target readers to understand. Based on
the source content, human translators can create new expressions in the target language
by combining transliteration and free translation, which can not only help the readers
understand the source content better but also have a deeper impact on the readers. In fact,
it is more conducive to the dissemination of Chinese culture.

Example 4: EEERGRZE”, “EBIRK”, “W1H-E2R, “BRMEIENE%. (National
level ICH)

CAT: The main routines include “picking green”, “drinking water from high
platform”, “lion spits ball”, “stepping on plum blossom pile”, etc.

The original text contains numerous expressions with rich cultural connotations.
Machine translation mostly adopts the method of free translation to deal with these
expressions, and the part of speech of theses expres