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Abstract: Take the STM32F103C8T6 microcontroller as 
the core. It is to process the relevant output and input 
signals. Use PWM to control the motor to make the smart 
car work, in order to reduce the situation of self-driving 
car driving. The system is used to simulate the recognition 
of red and green colors, and then the smart car makes 
corresponding movements.  
Keywords: STM32F103C8T6; Color Recognition; Smart 
Car 
 
1 INTRODUCTION 
Color recognition is more and more widely used in most 
modern industrial production applications, whether in 
industrial process control, material sorting and recognition, 
robot vision systems and other fields [1]. With the 
STM32F103C8T6 microcontroller as the core, the color 
sensor is used to simulate the eyes of an adult to identify 
the traffic lights, and then used to identify the color, and 
then transferred to the core to perform the operation of the 
corresponding actuators. This design is used to simulate 
the "eyes" of the traffic lights of automatic driving. Of 

course, it can also be used in other fields [2]. The 
STM32F103C8T6 board and the color sensor have good 
stability, fast data processing, and low price. It is expected 
that the corresponding advantages can also be exerted in 
heavy industry fields. The research design provides 
theoretical reference, as well as relevant data and value [3]. 
2 DESIGN SCHEME OF THE SYSTEM 
The flow chart of the design scheme of this system is 
composed of system machine initialization, color 
detection module, and motor drive module. Start to 
initialize the machine setting program to prevent 
interference from previous programs, and then perform 
color detection to determine whether the specified 
command color appears[4]. If the corresponding color 
does not appear, then continue to drive the motor straight. 
If the specified color appears, a series of operations such 
as the corresponding turn are executed. The program 
mainly obtains the color of the outside world, makes 
corresponding judgments, and continues to return to the 
color detection state after the judgment is completed. The 
main program flow chart is shown as in Fig. 2. 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Flow chart of the main program 1 
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3 HARDWARE DESIGN OF THE SYSTEM 
This design uses the STM32F103C8T6 chip as the control 
core of the system, which mainly includes the following 
six modules: STM32F103C8T6 minimum system module, 
power module, motor drive module, tracking module, 
color recognition module, display module. The design 
concept of this system is based on STM32F103C8T6 as 
the central processor[5]. This system uses two TCRT5000 
infrared sensors in the tracking module to track. When 
there is no object, the infrared will convert the received 
information into electrical signals and send it to the 
STM32F103C8T6 chip[6]. The chip generates a PWM 
wave and sends it to the motor drive module to drive the 

car. When an object is encountered, the trolley stops and 
uses the grayscale sensor in the color recognition module 
to detect different degrees of light reflection of objects to 
return the corresponding resistance value, which is 
transferred to the STM32F103C8T6 chip via AD 
conversion. 
The chip generates the corresponding PWM wave to 
control the motor, and lights up the corresponding color 
LED light in the control panel and displays the 
corresponding color in English on the OLED liquid crystal. 
The power module mainly provides power for each 
module to make the system run normally. The overall 
block diagram of this design is shown in Figure 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 System hardware design block diagram  
4 SYSTEM SOFTWARE DEBUGGING 
ANALYSIS 

 
Figure 4.1 The small color square is not detected and the 
car is moving along the black line 
Download the program written in Keil 5 software to the 
smart car for physical debugging. First put three small 
blocks of different colors on the tracking track, namely 
yellow, blue and green. Let the smart car follow the trail 
first. When there is no small color block, the smart car will 
keep moving along the black line. When the smart car 
encounters a small red square while moving forward, 
characters such as "rad" will appear on the display screen 
while the car stops for 5 seconds, and then after 5 seconds, 
turn to the left 90° and continue forward. When the smart 
car encounters a small yellow square while moving 
forward, characters such as "yellow" will appear on the 
display screen while the car stops for 5 seconds, and then 
after 5 seconds, turn to the right 90° and continue 
forwarding[7].When the smart car encounters a small 
green square when it is moving forward, the display will 

show characters such as "green" when the car stops for 5s, 
and then after 5s has passed, it will turn back 180° and 
continue forwarding. The debugging results are as follows. 
(1) When the small color square cannot be recognized, the 
smart car will move along the black heart, as shown in 
Figure 4.1. 
(2) When the smart car encounters a small red square 
while moving forward, characters such as "rad" will 
appear on the display while the car stops for 5 seconds, 
and then after 5 seconds, turn to the left 90° and continue 
forward. As shown in Figure 4.2. 

 
Figure 4.2 The red square is detected 
(3) When the smart car encounters a small yellow square 
while moving forward, characters such as "yellow" will 
appear on the display while the car stops for 5 seconds, 
and then after 5 seconds, turn to the right 90° and continue 
forward. As shown in Figure 4.3. 
(4) When the smart car encounters a small green square 
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when it is moving forward, characters such as "green" will 
appear on the display when the car stops for 5 seconds, 
and then after 5 seconds, it will turn back 180° and 
continue forward. As shown in Figure 4.4. 

 
Figure 4.3 Yellow square detected 

 
Figure 4.4 A small green square detected 
5 CONCLUSION 
This design is based on the STM32F103C8T6 chip as the 
center of the microprocessor. It detects the reflection of 
infrared rays through the TCRT5000 infrared reflection 
sensor to generate high and low levels, and transmits them 
to the STM32F103C8T6 chip. The chip generates the 
corresponding PWM frequency width through calculation 
and processing to control the motor rotation, and always 
Go along the black line to realize the tracking function of 
the smart car. The grayscale sensor detects the different 
reflection degrees of objects of different colors to the light, 
and then the photoresistor returns the corresponding 
resistance value, which is transmitted to the 
STM32F103C8T6 chip through AD conversion. The chip 
generates the corresponding PWM to control the angle of 

each motor to rotate the corresponding angle, and Control 
the OLED screen to display the corresponding characters 
and the corresponding LED to light up, so as to realize the 
color recognition and rotation display function of the 
smart car. The color recognition smart car designed in this 
design is to enable the mobile smart car to better play its 
unique advantages in other industries. Therefore, a small 
size, good performance, and cheap color recognition car is 
designed. This design The development prospects are very 
good. The design results can provide theoretical 
references for various industries, and have certain 
practical value and research significance. 
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Digital Illustration in The Performance and 
Practice of Advertising Creativity 

 
Tong Xin1, 2 
1Guangdong Industry Polytechnic, Guangzhou 510300, China; 
2University of PERPETUAL HELP System DALTA, Manila1008, Philippines 
 
Abstract: This paper discusses and analyzes the style and 
creative expression of digital illustration in advertising 
creativity. It tries to help people better understand the role 
and practical significance of digital illustration in 
advertising creativity. 
keywords: Digital illustration; Advertising creative; 
pattern of manifestation; Aesthetic demand; Applied 
research 
 
1.DIGITAL ILLUSTRATION OVERVIEW 
With the development of science and technology, 
traditional illustration can no longer meet people's 
growing aesthetic needs. Thus, digital illustrations have 
emerged. Digital illustration is known as "CG", English 
full name "Computer Graphics", that is "Computer 
Graphics".It comes from traditional illustration and 
develops with the rise of computer. From a certain point 
of view, it is a form of illustration designed and produced 
by computer. In a virtual state, it is a digital effect of image 
drawing in the form of computer. 
Digital illustration belongs to digital visual art, and digital 
visual art is divided into dynamic and static two 
kinds.Dynamic is generally called "digital animation", 
while static is "digital illustration".Digital illustrations are 
generated by the need for new media, and the application 
of new digital technology has subverted the original 
creation model of illustration art, expanding the 
development space of modern illustration art.Digital 
illustrations have broad and narrow scores.In the broad 
sense, digital illustration refers to all forms of computer 
design and production, including all graphic parts, and 
even forms, symbols, images and so on.The narrow sense 
of digital illustration must have "painting", "static", 
"association" three elements. 
Digital illustrations have a significant advantage as an 
emerging art door class. We know that traditional 
illustration needs to use a lot of materials and tools, and it 
is not convenient to carry, while digital illustration is a 
paperless operation, the form of content storage for CD, 
disk and other media space.Secondly, traditional 
illustration regards the original work as the highest form 
of expression and the ultimate way of appreciation, while 
digital illustration is different. Its essence is a pile of data. 
The original work is displayed on a digital screen, which 
can be realized by using printing and printing 
technology.Therefore, it is more close to the era, it is a 
popular popular public art.Again, digital painting can 
communicate more accurate, vividly convey information 
elements, making the picture of the illustration more 
vivid.It can also fully convey the ideological concepts and 

emotional attitudes of illustration designers, and meet the 
aesthetic needs of the public with its strong visual appeal 
and artistic effects. 
2.CHARACTERISTICS OF DIGITAL ILLUSTRATION 
Digital illustration is a kind of visual expressive art, which 
aims to realize the artistic expression of the virtual form 
of digital technology. The artistic characteristics 
expressed by it have very important artistic value.The 
artistic features of its performance can be summarized as 
the following two aspects. 
First of all, digital illustration has the characteristics of 
virtual reality.Virtual reality is one of the most prominent 
performance in digital illustration art characteristics, so-
called "virtual", there are two main forms: One is based on 
specific reality, which is highly refined on reality, thereby 
performing art to create;another virtual refers to things 
that do not exist in real life through subjective 
imagination.Although in essence, art itself has virtuality, 
it is transmitted through virtual scenes and abstract objects 
to deliver some kind of aesthetic awareness.However, the 
virtuality of digital illustration is more pure here, because 
the external media it relies on are virtual, not real things, 
such as drawing board, color pen or paper, but created 
with the help of digital technology. 
For example, in the movie Hulk, the Hulk is a 
representation of virtual reality. Through the use of digital 
illustration, not only make the Hulk, which does not exist 
in real life, vivid, but also make its visual impact effect, 
more meet the aesthetic needs of the audience.In today's 
digital age, people can create it through digital 
technology.Digital illustrations are the scenes that do not 
exist in virtual reality in digital technology, and complete 
the re-creation of art. 
Second, digital illustrations have interactive features.The 
so-called interactivity is interactivity, refers to the 
designer and the public to have a certain interaction and 
communication.Traditional illustrations can only 
communicate unidirectional information, can't 
communicate well with the public, and unable to achieve 
the needs of the public.Digital illustrations are defective 
in the lack of interaction of traditional illustrations with 
the advantages of digital technology.On the one hand, 
with the wide application of digital technology in 
illustration art, the picture of illustration is transformed 
from the original flat static image into multi-dimensional 
dynamic image, so that the public can feel the subjective 
concept that the designer wants to express personally, 
which is a kind of performance of interaction.On the 
other hand, digital illustrations are put on digital media 
or on the Internet.In this way, the public can interact with 
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designers through the Internet to express their ideas and 
opinions, and designers can also get corresponding 
feedback to improve their works.This process itself is 
actually an interactive process.With the advent of the 
digital era, digital illustration in the rapid environmental 
changes, but also highlighted many new characteristics 
of The Times,For example, simulation, functionality, 
rule, these new features have injected new vitality and 
vitality in the development of digital illustrations. 
3.PERFORMANCE TECHNIQUES OF DIGITAL 
ILLUSTRATION 
The development of digital illustration to today, the 
classification of performance techniques has been very 
mature and stable, clarify the performance techniques of 
digital illustration, help guide the public according to their 
own ability and interest, cultivate the best way to learn and 
develop.According to the current digital illustration of the 
expressive technique, it can be divided into the following 
three. 
Thin coating method is mainly used to distinguish images, 
show the light and shadow changes of colors and the 
volume texture of objects with outline lines. This 
technique is commonly seen in illustration types with 
strong personal style such as picture books and 
cartoons.For example: Japanese quadratic style, Chinese 
classical style and light color fresh style and so on are the 
embodiment of this technique.Thin coating method uses 
lines to strengthen the outline of the object image, and 
uses the turn of lines and the change of dense rhythm to 
show the decorative and artistic beauty of the 
picture.Taking the young painter Zhang Wang as an 
example, the painter has a solid traditional painting and 
high humanistic literacy. The painting style inherits the 
exquisite and rigorous and rigorous of Fan Zeng and other 
older generations.In the processing of modeling, it also 
absorbs the symbolic and complicated processing 
characteristics of details in today's game concept 
design.The artistic re-creation of the characters "Optimus" 
and "Wei Zhentian", achieving the harmonious unity of 
classical humanistic spirit and modern visual tension.  
Thick painting method is a technique that completely uses 
color to show the outline of body structure and the tone of 
light and shadow. It tends to be realistic technique.It is 
also the mainstream performance technique in today's 
digital illustration creation.In the concept of game design, 
film and television animation, designers use thick coating 
to complete roles, scenes and atmosphere maps.In creative 
practice, the thick coating method has evolved into two 
forms of direct coloring method and overlapping coloring 
method, among which the overlapping coloring method is 
relatively close to the western classical painting coloring 
method. Starting with sketch, gradually improve the 
structure, light and texture of the object, and then use the 
"color" or "overlay" effect in Photoshop layers.Create a 
new color layer on top of the sketch layer and use large 
brush strokes to lay out the main color of the object and 
the relationship between warm and cold, then further 
describe until the work is completed.The advantage of the 
stacking method is that the documentation is rapid, the 
steps are clear, easy to modify, suitable for completing 

works that require higher drawing accuracy, and the 
mainstream of Europe and America.Domestic game 
designers are increasingly using this technique to 
complete design.In addition, the direct color method is 
also more common. The designer tends to slightly overline, 
and directly uses a big color block to determine the 
body.For example, The "God of War" series developed by 
Tencent Games uses direct coloring.It has a very good 
visual effect in the color relationship of the large color 
block. 
Collage, a performance technique often used in the digital 
illustration industry.They've been plagued by copyright 
infringement and opportunistic practices, but in the hands 
of good digital illustrators,the collage can be made to 
improve the important creative method of working 
efficiency and expression.In the game, some fine art, film 
and television play in the project with high degree of 
realism, light and tonal processing requirements of the 
objective, structure building property and the perspective 
needs absolutely accurate, implementing these 
requirements, the designer must be flexible to use means 
of "pictures", often in this type of design, designers of 
digital illustration of the instrumental requirement, far 
higher than the pursuit of artistic quality.  
4.DIGITAL ILLUSTRATION IN THE FORM OF 
ADVERTISING CREATIVITY 
Digital illustration is one of the most important image 
elements in advertising creativity. It has profound 
expressive force for the expression of advertising 
creativity. According to its expression form in advertising 
creativity, it can be roughly divided into the following four 
types. 
Realistic representation illustration.This is an objective or 
associative image, plot, and scene, which is a very familiar 
and favorite artistic expression.In this kind of illustration 
works are often poured into the designer's personalized 
creation concept and rich emotional color.With the 
advancement and development of science and technology, 
photography, camera and computer technology extended 
to advertising creative design, realistic illustrations have 
begun to turn to artistic conception and personalities, and 
become a unique personality banner in advertising 
creativity. 
Abstract expressive illustration.An illustration of 
subjective abstract expression composed of points, lines, 
planes and other abstract graphics or color block 
texture.Abstract illustrations refine natural images, 
simplifying new art images, which can be used as an 
important element of advertising creative design, but also 
effectively divide information on communication, 
establishing information conveying level.Abstract 
illustration is a graphic visual form language, which can 
be divided into inorganic form and organic form, and 
generally can be divided into geometric abstraction, 
organic abstraction and free abstraction. 
Decorative expressive illustration.This kind of illustration 
has the formal characteristics of non-realistic illustration, 
and adopts subjective induction and generalization of 
natural form for visual expression.Its modelling is simple, 
pure, it has the sense of form extremely.Decorative 



6  International Journal of Teaching Innovation in Higher Education Vol.1 No.3 2021 

ACADEMIC PUBLISHING HOUSE 

illustrations are mostly flat patterns, and their creation 
draws lessons from traditional or folk forms of expression, 
such as traditional patterns, folk paper-cuts and so on.For 
example, Coca Cola's advertising creativity made use of 
this form of expression to create, showing a different taste 
meaning. 
Animation performance illustration.It is a illustration of 
cartoon, anime graphic, and more anticipated, animal, 
plants or things to exaggerate, with active, cute, distinctive, 
spiritual artistic characteristics.For example, the cartoon 
works "Minions" with lively personality, affinity strong 
cartoon image, left a deep impression on people, loved by 
the public.  
5.THE APPLICATION OF DIGITAL ILLUSTRATION 
IN ADVERTISING CREATIVITY 
In advertising creative performance, digital illustrations 
are more expressive than traditional illustrations and 
applications.Traditional illustrations are single, the 
application range is more limit, which is limited to paper-
based flat propagation, generally more books, newspapers, 
magazines to make a cover or internal page 
illustration.Digital illustration is not limited to this. With 
its technical advantages, it breaks the application pattern 
of traditional illustration and is applied to the scope of 
advertising creative design and performance at a faster 
speed.The most prominent manifestations are in the 
following aspects: The first is the advertising creative 
planning, digital illustrations are applied to the advertising 
promotion and packaging design of the product, so that 
their functions turn from the two-dimensional plane to 
three-dimensional stereose or multidimensional space,this 
application is widely used in the spread of brand image, 
which is often seen in the current commodity 
economy.The second is film and television advertising. 
The progress of digital technology has greatly promoted 
the position and role of digital illustration in film and 
television advertising. The composition of film and 
television pictures, the presentation of dynamic effects, 
the production of post-production content and other 
aspects are inseparable from the figure of digital 
illustration.Many film and television masters, such as 
"Hobbit", "Spider-Man" is a picture of this digital 
illustration, created a number of pictures with great 
creative and strong visual impact.Thus bringing to the 
public the visual experience of a gluttonous feast. 
In addition, the illustrations created by digital 
technologies have adopted a variety of ways and 
media.You can create more novel advertising pictures for 
advertising creativity, enrich their advertising content and 
visual effects, attracting the eyes of Proopers, giving its 
ability to spread and beautify, producing more social and 
artistic value.In advertising creativity, the advantages of 
using digital illustration are significant. It is featured by 
strong expressive force, interesting, diversified forms, 
high production efficiency and repeatable editing. It is 
highly respected by the majority of designers.This form of 
application has greatly shortened the cycle of advertising 
creation and accelerated the speed of advertising 
dissemination. On the other hand, it also reflects the 

irreplaceable superiority of digital illustration for 
advertising creativity.  
6.THE PRACTICE OF DIGITAL ILLUSTRATION IN 
ADVERTISING CREATIVITY 
The ultimate purpose of digital illustration is to serve 
advertising creativity and establish their own brand image 
while prompting consumers to have the desire to buy.As a 
unique expression in advertising creativity, digital 
illustrations have attracted the eyes of consumers with 
their unique advantages, thus achieving consumption 
purposes.From the perspective of an art body, it has 
certain independence, from attributes, and restrictivity.For 
the independence of digital illustrations, the illustrator 
should read the text and grasp the content, so that the 
illustration can improve the text theme and enhance the 
infectivity.Generally speaking, the recognition function of 
graphics is far greater than words. Graphic information is 
concise language, and also the information carrier that is 
easiest to recognize and remember. The so-called "hearing 
is empty, seeing is real" makes goods more persuasive.At 
the same time, the illustration is attached to a certain 
product information for marketing and propagation, so the 
digital illustrations are applied to advertising ideas, and 
their advertising promotion and promotion has unique 
advantages.With the development of digital technology, 
the form of advertising illustration has been constantly 
innovated, and the content has been constantly enriched.In 
terms of the current development, the continuous 
innovation of digital technology makes advertising 
illustration no longer simply pursue the changes in skills 
or forms, but more tend to pay attention to the humanistic 
and creative connotation of advertising illustration 
itself.On the other hand, the development trend of the 
entire social culture is also objective to refer to the 
meaning of the humanized theme.From a certain point of 
view, the creative practice of advertising illustration 
should be an aesthetic re-creation of digital technology. 
As the product of the high combination of material culture 
and life style, it itself has the double characteristics of 
complex materiality and artistry. 
In the practice of advertising creativity, beautification of 
advertising images by means of digital illustration can 
stimulate consumers' aesthetic taste and convey the best 
visual information.Therefore, digital illustration plays an 
increasingly important role in advertising creativity. In the 
process of commodity promotion, it plays an equally 
important role with copywriting, sometimes even 
occupies more position than copywriting. In some 
advertising posters, digital illustration even plays a more 
important role than copywriting.For example, KFC and 
IBM have deleted the copywriting part and only used 
digital illustration for advertising promotion, which has 
received very good social response.  
To sum up, digital illustration in advertising creative 
performance, with the unique advantages of digital 
technology, it has created a lot of novel, different and even 
a variety of humanized dynamic videos and images.It also 
laid a solid practice foundation for the development of the 
advertising creative industry, and it has played a huge 
artistic value. 
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Research on the Relationship between 
Personality Traits and Credit Consumption of 

Private College Students 
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Abstract: With the in-depth development of Internet 
finance, various Internet credit platforms continue to 
emerge, and credit consumption has become more and 
more convenient and easy to use. Credit consumption has 
become one of the more common ways of consumption 
for modern college students. More and more college 
students use online lending platforms, leading to more and 
more cases of online non-performing loans. The credit 
consumption of college students has gradually become a 
key issue of concern to all sectors of society. Take 
Dongguan A College as an example, through a 
questionnaire survey, explore the relationship between 
college students’ personality and credit consumption 
factors. The results show that the more easy-going 
students are, the more likely they are to bear more debts. 
People with cheerful personality have no tendency to go 
into debt, but once they are in debt, they are prone to 
excessive credit consumption. 
Key Words: Personality traits; Private colleges; Internet 
credit platform; Credit consumption 
 
1. INTRODUCTION 
With the continuous upgrading of Internet technology, 
China's Internet financial industry has continuously 
launched innovative products, and various Internet credit 
platforms have sprung up. Different from traditional credit 
card consumption, the Internet credit consumption 
threshold is lower, the credit limit is higher, and the 
operation and use are simpler. Therefore, credit 
consumption has become more and more convenient and 
popular. Especially since 2001, China's per capita income 
has continued to rise, and people's consumption concepts 
have also undergone corresponding changes. As the 
beneficiaries of the increase in household income in China, 
college students' consumption concepts have undergone 
tremendous changes compared with their parents. The 
concept of overdraft consumption is more easily accepted 
by college students who like new things. Therefore, online 
credit consumption has gradually become one of the more 
common ways of consumption for contemporary college 
students. More and more college students are beginning to 
use online lending platforms. At the same time, adverse 
events related to college students' online loan 
consumption have also received increasing attention. The 
credit consumption of college students has gradually 
become a hot issue of concern from all walks of life. 
As an important part of China's higher education, as of 
2020, China has 2,738 colleges and universities, including 
771 private colleges and universities. The total number of 

students in colleges and universities is 32,852,900, of 
which the total number of students in private colleges and 
universities is 7.913,400. Compared with traditional 
government-run colleges and universities, private colleges 
and universities have different investment entities and 
different enrollment positions. Students in private colleges 
and universities have their own unique consumption 
characteristics. 
With the innovation and progress of Internet technology 
and the widespread popularity of mobile payment 
software, digital payment methods have initially shown a 
trend of replacing cash payments among college students, 
and even some college students have appeared in 
diversified consumption methods such as third-party 
credit. Payment. 1]. In the context of the rapid 
development of Internet technology, the consumer 
behavior and psychology of college students are 
constantly changing with the development of society. 
Private colleges and universities are under greater 
pressure on tuition and living security, and credit 
consumption is more popular. Therefore, in this case, it is 
very necessary to study the online credit consumption 
psychology of private college students and grasp the credit 
consumption trend of private college students. 
This study investigates the relationship between private 
college students’ credit consumption tendency and 
personality traits, and guides private college students to 
establish correct credit consumption concepts, develop 
good consumption habits, live within their means, adjust 
negative emotions, and avoid irrational consumption. This 
article will take the college students of Dongguan A 
College as an example, conduct an online questionnaire 
survey on their situation, and analyze the online credit 
consumption psychology of college students in private 
colleges based on the questionnaire data. Because private 
college students account for 24.09% of the total number 
of colleges and universities in the country, they have 
played an exemplary role in the industry. Paying attention 
to the consumption view of private college students and 
correctly guiding the credit consumption behavior of 
private college students are not only conducive to the 
healthy growth of private college students, but also play a 
good exemplary role in correctly guiding the credit 
consumption behavior of private college students. College 
Students. 
2. LITERATURE REVIEW AND THEORETICAL 
BASIS 
2.1 The Concept Of Personality Traits 
The Big Five personality theory, as a classic personality 
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theory for half a century, has even become the "universal 
currency of personality psychology". It is the most active 
personality research topic since the 1990s, and it is also 
one of the most ideal descriptions of human basic 
characteristics [2]. These five characteristics include: 
extroversion: showing enthusiasm, socialism, 
decisiveness, positive, adventurous, optimistic and other 
characteristics; pleasant: having the characteristics of trust, 
altruism, straightforwardness, obedience, humility, 
sympathy, etc.; due diligence: showing ability, fairness, 
Organization, due diligence, achievement, self-discipline, 
caution, restraint, etc.; neuroticism or emotional stability: 
anxiety, hostility, depression, self-awareness, impulsivity, 
vulnerability, etc.; openness: imaginative, aesthetic, 
emotionally rich, seeking differences, creativity and 
Wisdom [3]. 
2.2 Credit Consumption 
Online credit consumption is an emerging consumption 
model, and credit consumption has quickly become one of 
the mainstream consumption methods of contemporary 
college students. It not only brings convenience to people, 
but also brings potential risks [4]. In addition to excessive 
consumption of credit consumption, college students also 
have some curiosity about foreign affairs and unconscious 

bad habits. Many college students' monthly fixed living 
expenses can no longer meet their consumption needs, so 
they choose to use online credit consumption [6]. Recently, 
Ant Huabei and JD Finance’s advertisements directly 
extend their tentacles to lower-level groups, encouraging 
these lower-level groups to consume in advance, allowing 
them to consume things they cannot afford. This has 
caused controversy and criticism of Internet credit 
products [6]. 
3. RESEARCH METHODS 
In order to study whether the consumer credit status of 
private college students is related to their personal 
characteristics, after discussing the literature in this 
chapter, the overall research framework, research 
hypotheses and various research aspects of this research 
are proposed, and a questionnaire is designed. .As the 
basis for subsequent data collection and analysis. 
3.1Research Hypothesis 
In the consumption process of private college students, 
according to the different personality characteristics of 
private college students and the factors that lead to the 
credit consumption preference of private college students, 
the following 8 hypotheses are proposed: 

H1: Different personality traits of college students Consumption Have a positive and significant impact 
H2: Different personality traits of college students s Debt Have a positive and significant impact 
H3: Different personality traits of college students Life satisfaction Have a positive and significant impact 
H4: Different personality traits of college students Debt pressure Have a positive and significant impact 
H5: Different personality traits of college students Income Have a positive and significant impact 
H6: Different personality traits of college students Debt/income ratio Have a positive and significant impact 
H7: Different personality traits of college students Expenditure/income ratio Have a positive and significant impact 
H8: Different personality traits of college students Income/household income Have a positive and significant impact 

3.2Research Design 
This study explores the relationship between private 
college students’ credit consumption propensity, and 
studies the factors that affect private college students’ 
credit consumption based on the theory of personality 
traits. Questionnaire design: The first part is about 6 
questions about the background information of the 
respondent, the second part is about 44 questions about 
personal characteristics; the third part is about 8 questions 
about credit consumption propensity. The students of 
College A use deliberate sampling to conduct surveys. The 
questionnaire was distributed from February 3, 2021 to 
February 25, 2021, and a total of 129 samples were 
collected. After screening, a total of 83 valid 
questionnaires were obtained. 
4. DATA ANALYSIS AND RESULTS 
4.1 Descriptive Statistics 
The basic information of this valid questionnaire survey: 
the ratio of male to female is about 1:1, 61 people in urban 
areas (73.4%), 22 people in rural areas (26.5%), of which 
78.3% use credit for consumption, of which ant credit 
payment is the largest. 71% of the subjects have used Ant 
Credit Payment. 
(2) Reliability And Validity Analysis 
The reliability of the results of this study in terms of 
emotional stability or neuroticism is less than 0.53, and 
other reliability roughly reaches the standard of 0.7, so the 

results of the study are relatively ideal. The data shows 
that the design of this questionnaire is reasonable. The 
validity test mainly uses the Bartlett ball test to determine 
the degree of correlation between variables. The test 
results are meaningful. The personality trait factor 
KMO=0.743, indicating that the validity meets the 
requirements. 
(3) Research Hypothesis Verification 
The reliability and validity of each factor in this study are 
within the acceptable range. In order to understand 
whether there is a causal relationship between a dependent 
variable and multiple independent variables, this study 
uses regression analysis and uses the five factors of the 
personality trait theory to distinguish the characteristics of 
credit consumption. Collinearity analysis and regression 
analysis have been performed before to check whether the 
integrated data is appropriate. Regression analysis results 
for each hypothesis. 
(1) Regression analysis of personality traits and personal 
consumption propensity: The correlation between 
personality traits and personal consumption propensity is 
not significant (p>0.05), indicating that there is no 
significant positive influence between the two. 
(2) Regression analysis of personality traits and personal 
debt propensity: The different personality traits of private 
college students have a positive and significant impact on 
debt. People with more extroverted characteristics tend to 
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have higher debt propensity (t = 2.15). People with open 
personality are negatively correlated with debt propensity, 
indicating that people with open personality are less likely 
to have debt behavior (t=-3.01). ). 
(3) Regression analysis of personality traits and personal 
life satisfaction tendency: It shows that the different 
personality traits of private college students have a 
positive and significant impact on life satisfaction. People 
with open personality are more likely to be satisfied with 
life (t=3.14). 
(4) Regression analysis of the different personality traits 
of private college students on debt pressure: The analysis 
shows that the different personality traits of private 
college students have no significant positive effect on debt 
pressure. None were significant (p>0.05), and the five 
personality types and debt pressure had no significant 
effects. 
(5) Regression analysis of the different personality traits 
of private college students on income: It shows that the 
different personality traits of private college students have 
no significant positive impact on income. None of them 
are significant (p>0.05), and the five personality types and 
income have no significant effects. 
(6) The regression analysis of the different personality 
traits of private college students on the debt-to-income 
ratio shows that the different personality traits of private 
college students have a significant positive impact on the 
debt-to-income ratio. People with open personality have a 
higher debt ratio and are at risk of excessive credit 
consumption. The larger it is (t = -2.68). 
(7) Regression analysis of different personality 
characteristics of private college students on income-
expenditure ratio: It shows that different personality 
characteristics of private college students have no 
significant positive influence on income-expenditure ratio. 
They are not significant (p>0.05), and the five personality 
types and income-expenditure ratio have no significant 
effect. 
(8) Regression analysis of different personality traits of 
private college students on income/family income: The 
analysis shows that the different personality traits of 
private college students have no significant positive effect 
on the ratio of personal income to family income (p>0.05). 
5. CONCLUSION 
This study combines relevant theories to conduct a multi-
level analysis of the relationship between contemporary 
private colleges’ credit consumption tendency and 
differences in personality traits. By summarizing the 
theoretical research results, a causal relationship model 
based on the personality trait theory of credit consumption 
propensity and the difference of personality traits is 
proposed [7]. The main conclusions are as follows. 
1. The different personality characteristics of private 
colleges and universities have a positive and significant 

impact on debt. People with easygoing personality tend to 
owe more debts, while people with cheerful personality 
are less likely to owe debts. 
2. The different personality traits of private colleges and 
universities have a significant positive impact on life 
satisfaction. People with cheerful personality are more 
likely to be satisfied with life. 
3. The different personality traits of private universities 
have no significant positive impact on income/family 
income. The higher the family income, the more students 
earn and spend more. The more you spend, the more debt. 
4. The different personality characteristics of private 
colleges and universities have a significant positive 
impact on the debt-to-income ratio. People with open 
personality are more likely to have a higher debt ratio, 
which may lead to excessive credit consumption. 
To sum up, among the personality traits of private colleges 
and universities, only students with easy-going and open 
personality are related to credit consumption. It is worth 
noting that although cheerful students have no tendency to 
go into debt, once they start to go into debt, it is easy to 
lead to bad credit consumption. 
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Abstract: This article clarifies the origin and 
development of value co-creation theory. Based on the 
literature search in Web of Science, we summarize the 
application results of value co-creation theory in the field 
of live streaming e-commerce, find that there are two main 
research directions: business model innovation and 
customer participation. At the end of the article, we 
discuss the research topics in the future, in order to play a 
certain role in promoting the relevant research of live 
streaming e-commerce. 
Key words: Value Co-Creation Theory; Live Streaming 
E-Commerce; Business Model Innovation; Customer 
Participation 
 
1.INTRODUCTION 
Since the theory of Value Co-creation was put forward by 
Prahalad et al. in 2004, it has become the core issue of 
strategic attention of enterprises, and has been widely used 
in information science, marketing, economics, 
management and many other fields. Some scholars have 
reviewed the relevant research, mainly focusing on the 
following aspects: analyzing the theoretical connotation 
of value creation from the aspects of theoretical dimension, 
evolution process and upgrading mechanism; exploring 
value creation behavior, willingness and influence factors 
based on the user perspective; exploring the ecosystem 
construction, brand effect and business model innovation 
based on the platform or enterprise perspective. In the 
field of live streaming e-commerce, some scholars have 
explored the system model of live streaming economic 
ecological value co-creation with the help of value co-
creation theory[I], and some scholars also analyzed the 
value co-creation mechanism of e-commerce platform 
based on xiaohongshu case study[II]. Therefore, the value 
co-creation theory has accumulated some achievements in 
the field of live streaming e-commerce. However, at 
present, there are few researches or comments on value 
co-creation theory in the field of live streaming e-
commerce, and sorting out the relevant applications of 
value co-creation theory in the field of live streaming e-
commerce is helpful for scholars to have a more 
comprehensive understanding of the application status of 
the theory in the field of live streaming e-commerce. 
Based on the above considerations, this article intends to 
take the source of value co-creation theory as the entry 
point, comb its application in the live streaming e-
commerce, and summarize the shortcomings of the theory 
in the live streaming e-commerce and possible future 
research direction, in order to help relevant scholars to 
have a certain grasp of the application of this theory, 
especially in the field of live streaming e-commerce. 

2. SOURCE OF VALUE CO-CREATION THEORY 
The idea of value co-creation can be traced back to the 
field of economics in the 19th century, especially the 
contribution of the service industry to the economy, and 
mentioning the service process requires cooperation 
between producers and consumers. Early ideas of value 
co-creation showed that consumers were also productive 
in the value creation process, they influenced service 
efficiency and value creation while working with 
producers in specific ways. 
At present, there are two main mainstream views on value 
co-creation. The first is the value co-creation theory based 
on consumer experience, that is, based on the broad 
perspective of enterprise strategic management and 
competition, creates consumption experience with the 
continuous interaction and dialogue between producers 
and consumers in value networks as the basic way. The 
other is the value co-creation theory based on the service-
oriented, that is, from the narrow perspective of economic 
development and evolution, producers mainly put forward 
value propositions, while consumers continue to create 
value through their use and consumption. 
3. APPLICATION OF VALUE CO-CREATION 
THEORY IN LIVE STREAMING E-COMMERCE 
Value co-creation is also regarded as a process of value 
innovation and resource complementation. The process, 
introduced to the field of live streaming e-commerce, 
helps to understand the nature of value creation of 
consumers and its impact on the field of live streaming e-
commerce. In order to clarify the value of related research 
in the field of live streaming e-commerce, this study used 
the core collection of “Web of Science” as the literature 
source, the search theme is “value co-creation” and “e-
commerce”, the literature field is “Business Economics”, 
time selected as “all year”, and the research direction is 
“Business Economics”. Finally, a total of 100 valid 
literature have been screened out. Based on literature 
combing and theme induction, we found that the 
application of value co-creation in the live streaming e-
commerce platform mainly focuses on the two aspects of 
business model innovation and customer participation. 
From the perspective of research methods, value co-
creation has been studied in the existing qualitative 
direction of live streaming e-commerce platform. For 
example, starting from case analysis and literature review, 
the resource classification definition or comprehensive 
framework of common value creation in live streaming e-
commerce platform is proposed to further explore the 
process of value co-creation in the environment of live 
streaming e-commerce platform[III]4. There are also some 
studies that construct conceptual models to quantitatively 
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explore the relationship between customer interaction and 
platform service quality based on questionnaire survey 
data. 
3.1 Application of value co-creation theory in live 
streaming e-commerce business model 
Business model is the answer to how enterprises make 
money, that is, how does enterprises deliver what value to 
its target customers, how does enterprises make profits 
and how do customers acquire value. Through the value 
co-creation behavior, the enterprise value proposition can 
be reasonably put forward, and the consumers’ use value 
can be realized and created. Different from traditional e-
commerce platforms such as B2B, B2C, live streaming e-
commerce platform is characterized by entertainment and 
leisure, encouraging public participation and low entry 
threshold. More emphasis is placed on sales improvement 
based on high-quality content and continuous interaction 
and dialogue between anchors and consumption. These 
characteristics are also more consistent with value co-
creation. In fact, with the rise of socialized business, 
enterprises are also constantly changing and innovating 
business models, striving to create value together with 
customers, and better provide innovative products. For 
example, scholars Hein et al.(2019) have proposed that it 
is a common practice to achieve value co-creation on 
enterprise-to-consumer platforms. Further based on multi-
case research methods point out that in e-commerce, B2B 
can achieve business model innovation by providing 
boundary resource development and sharing applications, 
and further realize the value co-creation of platform 
ecosystem[IV]. Based on Google analysis, scholars Yu et 
al.(2018) proposed the value co-creation circle of social 
commerce platform and its key factors and related 
influences, such as helping to develop value cycle through 
network externalities, improving service quality of the 
platform and creating benefits for customers[V]. 
3.2 Application of value co-creation theory in live 
streaming e-commerce customers' participation 
With the popularization of online platforms such as short 
video and virtual communities and the promotion of 
platform shopping models such as live streaming e-
commerce, the platform business model has become an 
important pillar of today's economy, more and more 
people will participate in business activities through social 
media. At the same time, many enterprises also hope to let 
consumers participate in the process of enterprise value 
co-creation through the platform, and consumers' 
willingness and enthusiasm to participate are also being 
enhanced. In this regard, the research on value co-creation 
theory in the context of e-commerce is also increasing, and 
gradually tends to the value co-creation theory based on 
service dominance. It is pointed out that enterprises will 
not only put forward value propositions, but also create 
platforms to encourage customers to achieve co-creation 
value. For example, based on the perspective of service-
oriented logic, scholars Barrutia et al.(2016) put forward 
the model of co-source of value creation, and further 
demonstrated the positive impact of product type and 
relevant knowledge of consumers on consumers' 
perceived value in the e-commerce environment with 

network research data[VI]. Scholars Clauss et al.(2019) 
pointed out that with the transformation of the platform 
society to a shared society, customers' perception of the 
emotional value and quality value of the platform will 
drive the loyalty of the platform, and even the whole 
success or failure of the platform[VII]. Scholars Alalwan et 
al. (2019) collected a sample data of 300 followers and 
fans of the Facebook online community to quantitatively 
analyzed the mediation effect of social trust in the co-
creation dimensions of social business and customer 
value[VIII]. 
4 CONCLUSIONS AND OUTLOOK 
Based on the retrieval and analysis of the above literature, 
it is found that the research of value co-creation theory in 
the field of live streaming e-commerce mostly take the 
service-oriented view as the mainstream, and explore the 
business model innovation and online participation 
behavior of customers in the social network environment 
of e-commerce, that is, the two-dimensional elements of 
enterprises and customers are in the majority. There is less 
research on the consumption behavior in the live broadcast 
e-commerce platform and the value co-creation behavior 
of the three roles of the platform, consumers and 
enterprises.  
In this regard, a multi-dimensional value co-creation 
model for consumers, enterprises and even the social 
environment of live streaming e-commerce platform may 
be considered in the follow-up research based on the idea 
of value co-creation of multiple participants. In addition, 
the existing quantitative research is mainly based on 
questionnaire survey. In future research, content analysis 
method or experimental methods can be considered to 
obtain the data of value co-creation between consumers 
and enterprises in the live streaming e-commerce platform, 
so as to further improve the reliability of research 
conclusions. 
ACKNOWLEDGEMENTS 
This paper is funded by the University-level General 
Project (GKY-2020KYYBW-10) of Guangdong 
University of Science and Technology. 
 
REFERENCES 
[1] Li Yang. Preliminary Research on the System 
Model Construction and Trend of the Co-creation of the 
Ecological Value of the Live Broadcast Economy[J]. 
China Journal of Commerce, 2021(11):15-17. 
[2] Zhang Shanshan, Zhu Jin. The value co-
creation mechanism in content e-commerce platform is 
based on a case study of Xiaohongshu[J]. Modern 
Business, 2021(08):76-78. 
[3] Mario R. Paredes, Jose M. Barrutia, Carmen 
Echebarria. Resources for value co-creation in e-
commerce: a review[J]. Electronic Commerce 
Research, 2014, 14(2):111-136. 
[4] Hein A, Weking J, Schreieck M, et al. Value 
co-creation practices in business-to-business platform 
ecosystems[J]. Electronic Markets, 2019, 29(3):503-
518. 
[5] Yu C H, Tsai C C, Wang Y, et al. Towards 



International Journal of Teaching Innovation in Higher Education Vol.1 No.3 2021  13 

ACADEMIC PUBLISHING HOUSE 

building a value co-creation circle in social 
commerce[J]. Computers in Human Behavior, 2018: 
S074756321830181X. 
[6] Barrutia J M, Paredes M R, Echebarria C. 
Value co-creation in e-commerce contexts: does 
product type matter[J]. EUROPEAN JOURNAL OF 
MARKETING,2016,50(3-4):442-463. 
[7] Clauss T, Harengel P, Hock M. The perception 
of value of platform-based business models in the 
sharing economy: determining the drivers of user 

loyalty[J]. Review of Managerial Science, 2019, 
13(3):1-30. 
[8] Alalwan AA, Algharabat RS, Baabdullah AM, 
et al. Examining the impact of social commerce 
dimensions on customers' value co-creation: The 
mediating effect of social trust[J]. Journal of Consumer 
Behaviour, 2019, 18(6):431-446. 
 
 

 
 
  



14  International Journal of Teaching Innovation in Higher Education Vol.1 No.3 2021 

ACADEMIC PUBLISHING HOUSE 

Discussion On the Trend of Information 
Visualization Design in The Era of Big Data 

 
Xiaoke Dong 
Guangdong University of Science & Technology Dongguan, Guangdong 523000, China  
 
Abstract: This is an era of big data, data collection, storage, 
analysis and other aspects of the technology update 
quickly, but also let the cost of data processing continues 
to reduce.It can be said that we have effectively achieved 
treatment of massive data, and people who have attracted 
different professional backgrounds began to participate 
and engage in the development of big data.In the era of 
big data, information visualization has become a 
predictable trend.It could make big data more "down to 
earth" and easier for us to understand.We will specifically 
analyze the trend of information visualization design in 
the era of big data and categorize it from different 
perspectives. 
Key words: Big Data Era; Information Visualization; 
Trend; Discussion 
 
Ⅰ. INTRODUCTION 
Big data era[1],the whole society has changed a lot in many 
aspects.The era of big data has also brought another topic 
that needs to be broken through,because the diversified 
massive data often makes people feel confused, so how to 
effectively do the analysis and sharing of data?This 
requires us to be able to achieve information 
visualization.Based on this approach, we believe that first 
of all, we need to truly understand data, establish visual 
design on the basis of data guidance, create a clear data 
level, and then add some dynamic vision technology to 
effectively improve user experience.We analyze 
information visualization design in detail. 
Ⅱ.BASIC CONCEPTS AND SIGNIFICANCE OF 
INFORMATION VISUALIZATION IN THE ERA OF 
BIG DATA 
(Ⅰ)Basic concepts of information visualization 
Now, the era of "big data" has emerged[2],and in the 
different areas of the society have a successful use of the 
case.In particular, since the advent of data visualization in 
the 1980s, the level of sophistication has improved 
significantly over the years.The basic definition of 
information visualization is: through computer graphics, 
or computer image processing technology, combined with 
some graphic means to make the content easier to 
understand, so as to effectively present all aspects of data. 
(Ⅱ)The basic meaning of information visualization 
The basic significance of information visualization is to 
make it easier to understand the content expressed by 
data.According to a series of studies, at least 80 percent of 
all information about the outside world is acquired 
through vision.Therefore, the visualization of information 
is largely digging people's visual potential, making better 
presence on massive and complex data information.It 
contains technical means: virtual reality, artificial 

intelligence, network animation, digital map and so on.In 
recent years, it has also combined with the human gene 
bank, which has born human genome program.The 
processing of these data has become an important subject 
for human beings.And the traditional data processing 
means is difficult to meet the needs. 
Ⅲ.THE MAIN CHALLENGES OF INFORMATION 
VISUALIZATION DESIGN IN THE ERA OF BIG 
DATA 
In the era of big data, the main challenges of information 
visualization design include:due to the comprehensive 
popularity of social networks, it has achieved 
measurements to people, emotions from different angles, 
different details.Therefore, it is necessary to constantly 
explore the habits and preferences of users, and find out 
products and services closer to users from a large amount 
of data.Then constantly improve the level of the product 
and the service level for the user's taste and demand, 
combined with the era to adjust and optimize the 
product.It can be said that the information visualization 
design under the era of data is not to master a larger 
amount of big data, but to improve the level of 
specialization.And that's the biggest challenge of all. In 
other words, we should constantly optimize the 
"processing" level of big data. 
Ⅳ.MAJOR VISUAL DESIGN TRENDS AT THE 
MOMENT 
Discuss the audience's demand for "information 
visualization" in the context of big data era[3],It is not 
difficult to see that the trend of information visualization 
design in the era of big data is mainly reflected as follows: 
(Ⅰ)The needs of the "digital reader" population need to be 
constantly met 
In this era of big data, more and more people cannot do 
without reading and consuming data information, 
resulting in a "number reading" group.This also means 
that visual design must be addressed to a larger 
audience.This requires that we continue to develop more 
intelligent visualization tools.In particular, computer 
network technology is effective in combination with 
visualization technology, so that more visualization 
techniques in the times are constantly born, and the 
original technique is also in a sharp step.New technology, 
new platform, let large data visualization achieve the 
interaction between users with data, and data is integrated 
from acquisition, analysis to reproduce. 
(Ⅱ)Develop data based on multidimensional overlay 
pattern 
The data based on multidimensional superposition mode 
essentially belongs to the effective superposition of digital 
map with social network and living consumption 
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software.Especially in young users, this data pattern is 
unique.It can be shared by the user's geographical location, 
effectively improving its interactive entertainment.For 
example, in wechat, we can effectively screen the friends 
to be added by ourselves and the other party's distance 
information.In some dating sites, for example, we can use 
the "dating map" model to conduct searches based on the 
geographic information displayed on the site.For example, 
in Meituan Takeout or Dianping, you can quickly find the 
scenic spots, cinemas and hotels you want through the 
geographical location displayed above.And the service 
can be evaluated directly on the APP.In this way, it 
provides users with multi-dimensional services in essence, 
which greatly facilitates users. 
(Ⅲ)Collect the main associations among the different data 
In addition to providing an effective and accurate 
representation of data states, data visualization can also 
capture key associations among different data, resulting in 
a visualization solution immediately after data 
acquisition.For example, in the "electronic statement 
service" of Alipay, we can automatically generate a set of 
detailed data charts covering the personalized needs of 
users from the data information generated by alipay in 
transaction bills at the end of each month.In this way, users 
can directly analyze all the conditions of this month's 
consumption.And the user can also through this set of data 
information, to their consumption way to make timely 
adjustment, so as to make their usual consumption plan 
more reasonable. 
(Ⅳ)Develop data visualization technology based on full 
media platform 
As we have a very popular smartphone now, it is a typical 
embodiment of data visualization technology based on the 
full media platform.It is not only a data acquisition tool, 
but also a multimedia data visualization display 
platform.Nowadays, more and more news broadcasts use 
data charts, dynamic presentation and three-dimensional 
presentation of the content of the report;data visualization 
is a common element in movies, TV shows and video 
games,there is no doubt that the work of the work is more 
full.;education and science have a larger application area 
of data visualization, and people have begun to lose 
interest in monotonical conservative words. It is expected 
that more intuitive, efficient information rendering, data 
visualization is justifying this demand. 
ⅤSPECIFIC APPLICATION CASES 
In December 2017, a beautiful new product '' port business 

big data visualization platform 'was wonderful in 2017 
China Hong Kong Airlines Modernization Development 
Seminar.This product integrates big data, cloud 
computing, data perspective, GIS, 3D simulation and 
other technologies. Through the mode of "2D panorama + 
3D local + territorial data", it provides global monitoring, 
terminal resource monitoring, operation monitoring, 
dangerous goods monitoring, logistics monitoring, 
operation analysis and business visualization solutions for 
ports. 
Of course, data visualization is not simply expressed in the 
numeric chart, but to help us discover the law after 
data.With the growth of users' demand for data analysis, 
the demand for data visualization will become more and 
more intense, and ordinary users are constantly required 
or actively involved in the process of designing and 
creating visual projects.So the big data platform can more 
effectively present the data needed by the user, making it 
easier to understand to help users make decisions, and 
experience and participate in more interesting and more 
diversified data visualization technologies will be large. 
Ⅵ CONCLUSION 
In this era of big data, the technology of data collection, 
storage, analysis and other aspects is updated rapidly in 
many fields of society, which also reduces the cost of data 
processing.It can be said that big data makes us effectively 
achieve treatment of massive data, and people who have 
attracted different professional backgrounds began to 
participate and engage in the development of big data.In 
the era of big data, information visualization has become 
a predictable trend.It could make big data more "down to 
earth" and easier for us to understand, and it could have a 
huge impact.Therefore, we need to constantly strengthen 
the level of big data information visualization. 
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Abstract: The reform of computer application basic 
curriculum in higher vocational colleges is 
imperative.In the context of the rapid development of 
the Internet, the teaching mode of professional 
computer application basic courses cannot remain 
unchanged.This should be based on the professional 
characteristics of the computer professional constantly 
reform and update, to the original teaching on the basis 
of continuous increase of fresh professional knowledge 
and skills.In the reform of teaching mode of basic 
course of computer application, we should combine 
with the actual needs of basic knowledge of computer, 
constantly optimize the curriculum system and improve 
teaching modules to train students' comprehensive 
practical ability.This paper carries out the following 
research on the relevant implementation methods of 
computer application basic curriculum reform in higher 
vocational colleges. 
Key words: Higher vocational colleges; Computer 
application; Basic courses; Reform research 
 
Ⅰ NECESSITY FOR THE APPLICATION OF BASIC 
COURSES IN HIGHER VOCATIONAL COLLEGES 
In the actual teaching process, the teaching mode of 
computer application basic course in higher vocational 
colleges is not specific to the needs of students of 
different majors with different foundations.That is to 
say, no matter which profession, which is the 
foundation, students can only use unified teaching 
materials to use the same syllabus.Therefore, the 
teaching content and teaching mode of basic computer 
application courses are very lack of professional 
characteristics, and there is no reasonable 
individualized teaching according to the actual needs of 
students for basic computer courses.And, professional 
teachers' teaching concepts and teaching content are 
quite old, they can't keep pace with the times.The 
ability of teachers to accept fresh things is not enough.  
Therefore, teaching content should be constantly 
updated according to the environment of computer 
development and the frequency of Internet information 
refresh, and teachers should fundamentally realize the 
particularity of this subject from their own.The Internet 
and computer refresh elimination rate is extremely high, 
the development of computer software is also changing 
with each passing day, it can not be compared with 

other traditional disciplines.Because of the particularity 
of basic computer courses, we should carry out 
scientific and reasonable reform according to the 
characteristics of this special computer course..In the 
curriculum reform of the current higher-vocational 
computer basic teaching, we should pay attention to the 
optimization course teaching system, highlight the 
professional characteristics of computer basic 
courses.And to train students to combine the teaching 
content of the school curriculum and be able to apply 
what they learn,use professional computer knowledge 
to better achieve the established assessment standards 
of the major,and the ability to deal with and solve 
practical application problems and sustainable 
development.The teaching goal of computer 
application foundation course is to train students of 
higher vocational colleges to improve their 
comprehensive level of professional, practical and 
innovative ability. 
Ⅱ.THE REFORM MEASURES OF OPTIMIZING 
COMPUTER APPLICATION BASIC 
CURRICULUM 
(Ⅰ)Treat individual differences of students rationally 
and integrate courses 
Because the students in higher vocational colleges have 
different understanding level and practical application 
ability in basic computer application major,teachers 
should take into account students' absorption and 
mastery of knowledge points at this stage in class, 
respect students' individual differences, and carry out 
all-round assessment of students' mastery of different 
chapters.The content of the assessment should be 
combined with the standard of students' comprehensive 
level and the diversified assessment system, and the 
students should be inspected regularly.In the course 
content arrangement, we should pay attention to the 
interesting teaching mode, promote students' interest in 
learning this major, and encourage students to make 
reasonable innovation.The students who have 
established interest groups and arrange different 
advantages to complete the study tasks of professional 
courses, and arrange a research learning task that 
enhances learning interest in improving learning 
interest in each group.Through the cooperation of 
group members, they can express their opinions, give 
full play to their own strengths, and make use of the 
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professional knowledge learned to carry out 
harmonious team cooperation.It can not only improve 
team cohesion, but also find and make up for their own 
shortcomings in the process of completing tasks.  
(2)Adjustment of curriculum system of basic computer 
application course in higher vocational colleges 
At present, the computer application basic curriculum 
system of different majors in higher vocational colleges 
is implemented according to the same standards and 
requirements.There is no personalization in science and 
in accordance with various professional 
characteristics.Therefore, the reform of computer 
application basic courses should be based on the 
characteristics of different majors and the 
characteristics of ability structure.Reset the 
corresponding computer application base curriculum 
system to give it a need for practical application 
performance to suit the needs of the rapid development 
of contemporary society.While cultivating students 
with basic theoretical knowledge and practical 
operation skills, we should pay more attention to 
cultivating students' computer application and 
innovation ability.Training professional knowledge and 
computer knowledge flexible combination.In order to 
achieve this goal and requirement, we should combine 
the law of Internet development to carry out reform and 
innovation.Adjust the computer basic course system 
and theoretical knowledge structure of computer 
specialty appropriately.The curriculum system should 
refer to students' acceptance of this major, and set up 
the corresponding professional modules and 
curriculum expansion, and according to the 
requirements of students to choose their own 
professional elective courses.For example, electricity, 
automation, electromechanical, and construction 
majors can choose CAD design;Electricity automation, 
electronics, electromechanical, measurement and other 
majors, you can choose computer program design 
foundation, digital system conversion, and 
encoding.For architectural decoration, industrial design 
and other majors, take Photoshop and Flash as elective 
courses.In view of the students of different levels and 
majors, the basic courses of computer application 
should adopt the method of module selection in 
different levels and stages, so as to carry out the 
practical teaching activities of the basic courses of 
computer science. 
Ⅲ ADJUSTMENT OF COMPUTER 
PROFESSIONAL CURRICULUM SYSTEM IN 
HIGHER VOCATIONAL COLLEGES 
Higher vocational colleges should respond to the rapid 
change of the Internet era in the future teaching work 
of computer specialty.According to the speed of 
different Internet and computer upgrading, the 
synchronization of professional skills teaching and the 

requirements of knowledge and ability structure should 
be updated constantly, and corresponding adjustments 
should be made in time to establish a perfect teaching 
mode of computer application basic course, so that it 
can play a greater role.Under the new situation of 
Internet technology popularization, computer 
application basic courses in higher vocational colleges 
is a systematic project involving various fields.It is not 
only the key points of teaching work in higher 
vocational colleges, but also optimizes computer 
application basic curriculum system, and cultivates 
students' innovative ability to adapt to social 
development.Not only can our teaching model promote 
students to better adapt to the actual needs of the 
development of modern society after graduation, but 
also can meet our continuous improvement of the 
teaching system, so as to improve the education model 
of computer application basic courses for higher 
vocational colleges.The running idea of higher 
vocational colleges in China should be long-
term.Therefore, the computer transfer in higher 
vocational colleges should realize the training goal of 
students' own value and high quality professional and 
skilled talents.On the one hand, we must start from our 
own actual situation, find out our own strengths and 
weaknesses, constantly summarize and improve 
ourselves in learning, and draw experience and lessons 
in the process of talent training. 
4. CONCLUSION 
At present, many majors in higher vocational colleges 
are closely related to computer, which forces students 
to learn basic knowledge of computer before further 
learning professional knowledge.With the development 
of science and technology, computer science and 
technology have been integrated into all walks of life.A 
certain computer basic knowledge and application 
capabilities have become the basic capabilities of 
modern people to survive and survive.Computer 
theoretical knowledge and practical operation of the 
professional talent has become a hot position in the 
market and scarce talent.The goal of talent training in 
higher vocational colleges should be practical 
employment oriented to cultivate advanced technical 
application-oriented talents with rich theoretical 
knowledge and strong practical ability. 
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Abstract: Steel plate is a plate-shaped steel that is pressed 
with steel water, and then pressed after cooling.It is widely 
used in construction engineering, machinery and 
equipment, home appliances and other fields.The surface 
quality of the steel sheet is an important indicator of the 
degree of evaluation.Therefore, how to quickly realize the 
detection and classification of surface defects of steel 
plates, further improvement of production processes to 
become a problem that the company needs to solve.In the 
process of product automation inspection, machine vision 
inspection advanced, efficient, it has become an 
indispensable core technology.Therefore, this paper 
conducts research on online detection system of surface 
scratch defects based on machine vision.It mainly 
constructs the visual system and analyzes the steel plate 
defective images. 
Key words: Machine Vision; Image Pretreatment; Steel 
Plate Scratches; Defect Detection 
 
1. INTRODUCTION 
The steel industry is an important pillar industry in China's 
national economy.In recent years, the rapid development 
has long been the world's largest steel country.Due to the 
influence of rolling equipment and production technology, 
surface defects such as cracks, plaques, pitting, inclusions, 
pressed oxide scale, edge cracks and scratches inevitably 
appear in the production process of steel plates.These 
surface defects will seriously damage the product's iron 
loss characteristics, anti-fatigue, corrosion resistance and 
other performance, but surface defects not only affect the 
appearance, but more seriously reduce product 
performance.In view of this, this paper is based on a steel 

sheet manufacturer, combined with domestic and foreign 
research status, introducing a machine-based visual steel 
surface defect detection recognition system with high 
precision and high efficiency. 
1 Overview of on-line machine vision surface defect 
detection system 
Depending on the timeliness of image processing and 
control response, the machine visual detection can be 
divided into offline detection and online detection.Offline 
detection image collection and image processing are 
separated, there is no time limit, the collected image can 
be analyzed separately.Online detection is relatively 
complicated, paying attention to real-time, requiring the 
acquisition of the image to the final decision process to 
cohere, detection time and efficiency are the main two 
indicators.This paper first uses the image acquisition 
module of the machine visual surface defect detection 
system to collect steel plate images, and analyzes the 
collected steel plate images with MATLAB software, and 
optimize the detection algorithm, and then use the 
detection algorithm to carry out the machine vision 
system.Figure 1 is a schematic diagram of an online 
machine visual surface defect detection system, which 
mainly includes a lighting module, an image acquisition 
module, an image processing and an analysis module, data 
display and storage module and control response 
module.[1]The lighting module mainly includes CCD 
industrial camera, optical lens, light source and lighting 
mode. Green laser is selected as the lighting source, the 
linear CCD camera is used to collect images, and the 
radiated light is filtered through the filter, so that the defect 
contrast is significantly improved [2]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Schematic diagram of online machine vision surface defect detection system 
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2 STEEL PLATE SURFACE DEFECT ANALYSIS 
Due to the processing of raw materials, production 
technology and equipment, workshop environment, 
human operation and many other aspects of the impact of 
the steel plate surface defects show a variety of types, 
mainly pinhole, abrasion and pits and other defects, this 
paper mainly on the scratch defect detection. 

 
Figure 2. Surface defect image of steel plate 
Scratch shape is similar to scratch, mostly arc, relatively 
long and thin, generally one or two, scratch degree light is 
hidden, no obvious feel, it is not easy to find, the degree 

of heavy can destroy the coating, it can even see the 
substrate. Generally, due to the hard impurities in the 
coatings, people are caused by factors such as human 
scratches during production or transportation.[3] 
3 SCRATCH DETECTION ALGORITHM AND 
PROCESS 
Among the components of the machine vision surface 
defect detection system, the image processing and feature 
extraction module is the key of the whole detection system, 
which determines the detection speed and accuracy, and 
the image processing and analysis algorithm is the most 
important part.The steel plate surface defect detection 
system studied in this paper will also take this as the 
focus.The image processing and analysis process usually 
includes image preprocessing, image edge detection, 
image segmentation, image feature extraction and other 
four aspects. The specific process is shown in Figure 3. 
The whole detection system realizes online detection of 
steel plate surface defects through the cooperation of 
software and hardware. 

 
Figure 3 Image processing and analysis flow chart  
4IMAGE PRETREATMENT 
Scratch detection under a single background can be well 
extracted by using traditional morphology, binary 
expansion corrosion and other operations.However, since 
the material of the steel plate is a gray steel sheet having a 
gray scale, and according to the actual site, the surface of 
the scratches and steel sheets is low, and it is very 
susceptible to uneven light, resulting in scratch 
comparison.In order to solve the problem of noise in the 
surface defect image of steel plate, a suitable adaptive 
filter is designed, which can effectively remove the noise 
in the surface defect image of steel plate, better protect the 
details of defect edge, and it has good adaptability to high 
intensity noise.Histogram equalization is used to enhance 
the filtered defect image to make the defect contour clearer. 
5 EDGE DETECTION ALGORITHM 
Reduce the range detection of the image edge detection by 
setting the detection area of the rectangular ROI image, 
reduce other edge interference.Through careful study of 
the basic principle of edge detection, comparative study of 
several common differential operator algorithm and 
advantages and disadvantages.After careful testing of the 
Canny operator algorithm[4],as well as the actual detection 
effect of each operator, it has been proved that Canny 
operator has strong anti-interference ability and the best 
detection effect, which is suitable for the detection of steel 
plate surface edge. 
In this steel sheet detection, it is considered that the steel 
sheet is produced by the pipeline, and the posture of the 
steel plate is placed, and the area of the measurement is 
different.Therefore, the template match must be 
performed in order to detect the circles and straight lines 

in the area of interest in the settings.The template 
matching is identified by extracting a portion of the steel 
sheet. After a certain matching algorithm, it is found that 
the corresponding position of the extraction portion is 
most similar to the extraction portion, which determines 
the relative position (rotation translation matrix of the 
two).Compare relevant template matching algorithms and 
select the template matching method with the highest 
matching score[5],dynamic tracking of steel plate,to adapt 
to different steel plate different placement of the 
movement measurement.  
6. CONCLUSION 
In this paper, for the detection of scratch defect on the 
surface of steel plate, research on the scratch defect 
detection system of machine vision image processing 
technology, construct the system composition structure 
diagram, analyze the whole image processing process, 
focus on the image acquisition device and image 
pretreatment method.By comparing the edge detection 
algorithm, image segmentation is used to improve 
detection accuracy and accuracy using the Canny 
algorithm.Because the steel plate also has pinhole, crack, 
depression and other defects, the system can also be 
extended to all defects detection system of steel plate, 
focusing on image feature extraction and defect classifier, 
to further improve the accuracy and speed of detection. 
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Abstract: For the core skills required of different majors, 
we reshape the curriculum content, organically integrate 
knowledge, ability and quality, constantly optimize the 
teaching content, reflect the scientific, innovative, 
contemporary and ideological nature, and can well serve 
the talent training goals of various professionals. Special 
attention has been paid to students' moral education and 
full personality education. Moral education has been taken 
as one of the talent training objectives of this course, and 
it has been included into the assessment system.This 
course keeps up with the development speed of the local 
electronic information industry, selected engineering 
cases, fit our hospital heavy practice, heavy skills of 
applied undergraduate talent training positioning, in the 
process of skills training, strive to realize the common 
development of skills and moral education, and for the 
subsequent professional course learning, skills 
competition, to lay a good foundation for social 
employment. 
Key words: Circuit Principle; Course Thinking And 
Politics; Assessment System 
 
1 CONSTRUCTION IDEAS 
Starting with top-level design, teaching methods, 
curriculum content, information means, etc., to improve 
teachers' curriculum ideological and political awareness, 
integrate ideological and political education in disciplines, 
and build a curriculum ideological and political teaching 
team with a large ideological and political pattern. 
(1) Strengthen the top-level design 
Strengthen the top-level design of the college, focus on the 
wisdom and strength of all the team teachers, formulate 
talent training programs with both political integrity and 
ability, implement the curriculum ideological and political 
education program, and improve the ideological and 
political evaluation, incentive and assessment mechanism 
of teachers' courses.Combined with different professional 
directions and according to different perspectives and 
priorities, so that circuit principle teachers can form a joint 
force, promote the improvement of the overall ideological 
and political education level of the team, and implement 
the policy of "big ideological and political" in place. 
(2) Focuses on student development and highlights the 
educational concept of "cultivating people by virtue" 
According to the orientation of applied-oriented talents in 
our hospital, combined with the characteristics of weak 
abstract thinking, strong intuitive thinking and strong 
practical interest in our school, we explore the path of 
moral education taking professional teaching as the carrier 
and effectively realizing the organic combination of 
morality and education.Make full use of the rich moral 

education resources contained in the teaching of this 
course, and flexibly and naturally penetrate into the 
"course ideological and political affairs" in the teaching 
process, so that moral education can give us the 
connotation and value of the teaching renewal.With 
independent scientific and technological innovation to 
stimulate students' pride and innovation enthusiasm, 
develop the habit of dialectical thinking about problems, 
develop scientific, rigorous, teamwork professional 
quality; enhance the sense of achievement, urgency and 
responsibility of national scientific and technological 
progress. 
(3) Oriented to cultivating innovative ability and 
optimizes the design of interactive teaching environment 
With theoretical knowledge learning as the groundwork, 
to master the ability to solve practical problems as the final 
requirements, the teaching content is carefully constructed, 
timely and dynamic update.Course content remodeling for 
the core skills required for different majors[1].The 
engineering cases will be included in the teaching, and 
according to the work requirements of the engineers, we 
will increase the component characteristics and type 
selection, circuit production and testing, and circuit 
simulation, such as the smart bracelet project of Shenzhen 
Xinyingda Co., Ltd.Effectively promote the development 
of students' knowledge, skills and insight, and then lay a 
good foundation for the follow-up professional course 
learning and skills competition.Excavate dialectical 
thinking, professional quality, patriotism and other 
ideological and political education elements in circuit 
education, and organically integrate into the curriculum 
teaching.Enhance the students' recognition of the major, 
and establish a correct professional ethics[2].Combining 
teaching content with modern information technology will 
fully stimulate students 'innovative thinking, organize 
operable and task-oriented teaching activities, build a 
good environment suitable for students to explore and 
learn, and design an interactive teaching design to fully 
mobilize students' initiative and creativity. 
(4) Aims at the service major and reshape the teaching 
content 
For different majors, with the circuit basic and theory 
system as overall planning, with professional 
development as traction, the teaching content is optimized. 
The course team teachers teach professional courses, to 
form a situation of "teachers with deep professional 
attainments teach this professional circuit course".Based 
on Dongguan, facing engineering, follow up with the pace 
of modern science and technology, timely update teaching 
cases, the enterprise frontier engineering cases into 
teaching; highlight practice, strengthen application, 
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jointly develop courses with enterprises, introduce 
engineer teaching, strengthen application talents, improve 
students' ability to solve practical problems. 
(5) Learning-centered, conducting multi-dimensional 
teaching 
In the process of classroom teaching, combining with the 
applied talent training orientation of our hospital, 
considering the characteristics of students and interests in 
our school, learning as the centered, the teaching methods 
are flexible and diversified.Information technology is 
deeply integrated with the classroom, adopts multi-
dimensional teaching methods to carry out rich teaching 
activities, strengthen the interaction between teachers and 
students, create a harmonious atmosphere between 
teachers and students, and create an efficient learning 
classroom.Before class, teachers release resources and 
arrange preview; students learn independently and 
communicate online.Teacher organization analysis, 
classroom evaluation; student simulation operation, 
collaborative exploration.After class, teachers summarize 
feedback and students improve themselves.Teaching 
implementation process of learning as the center, all small 
class, fusion classroom, MOOC, micro class and other 
information technology, using TBL, PBL, CBL, virtual 
simulation, engineer teaching diversified methods, carry 
out group discussion, project design, circuit production 
and testing, simulation debugging, network learning, 
classroom extension and other activities, these activities 
effectively awaken students' consciousness of autonomy 
and cooperation, and then improve the teaching effect.So 
as to better integrate the cultivation of humanistic quality 
into the professional curriculum education. 
(6) Improve the experimental practice teaching, and pay 
attention to the value guidance 
In the students' experimental practice, ideological and 
political education, vocational ability and professional 
knowledge are organically combined to explore the 
collaborative mode of ideological and political education 
and professional education.For example, combined with 
the history of local Huawei companies and corporate 
culture, especially the learning of corporate core values 
and the study of professional skills into daily internship 
work, cultivate students' good professional skills, and 
stimulate patriotism. 
(7) strengthens the awareness of teaching and education, 
and strives to enhance teachers' ideological and political 
awareness of courses 
The curriculum ideological and political consciousness of 
professional teachers is the key to educating people, which 
is also the concentrated display of the comprehensive 
quality and ability of professional teachers.Its effect is 
influenced by teachers' personality characteristics, 
knowledge reserve, professional attitude, life feelings, 
communication skills and many other factors.The 
inclusive education function of ideological and political 
education in the curriculum is mainly reflected in the 
"moral education" and "cultivating people"[3]. Teachers 
must combine their own professional characteristics, 
improve the professional cognition of the discipline, raise 
professional knowledge into ideological understanding, 

and explore the professional ideological and political 
elements.Through network learning, visit learning, expert 
discussion and other ways, all teachers are regularly 
organized to learn the course ideological and political 
related policies and advanced practices.We should pay 
attention to guiding students to establish the correct three 
views; guide students to form a good professional spirit, 
stimulate students' patriotic feelings, the passion for 
scientific and technological innovation, and enhance their 
professional identity.We should train students to 
consciously practice the craftsman spirit. 
(8) takes the detailed assessment indicators as the starting 
point to strengthen the process assessment intensity 
Comprehensive result evaluation and process evaluation, 
static evaluation and dynamic evaluation, individual 
evaluation and group evaluation, will integrate the 
integration of outlook on life, values and professional 
outlook, the socialist core values and the recognition of 
the major, into the curriculum comprehensive evaluation 
system.Make full use of modern information teaching 
means, strengthen the process evaluation strength.In the 
evaluation indicators of students, consider students 
'performance from many aspects of "morality, ability, 
diligence" and other aspects, increase the evaluation 
weight of students' professional quality demonstration and 
practical ability, and incorporate innovative design, 
physical production, paper and research report defense 
into the performance evaluation, so as to improve the 
depth and challenge of course learning.The analysis 
results are fed back to the curriculum construction to form 
a continuous improvement and improved closed-loop 
teaching mode. 
2 OPERATION MECHANISM 
(1) defines the responsibilities of the course ideological 
and political team 
When the teaching and research office set up the teaching 
operation team of "Circuit Principles", the curriculum 
defined its main tasks, focused on promoting and 
strengthening the organic combination of ideological and 
political courses and the teaching results of the course, and 
comprehensively improved and constructed the 
theoretical system and ideological system of the 
curriculum.Do a good job in the overall design, and 
scientifically and reasonably design the content of 
ideological and political education according to the 
characteristics of different professional personnel training 
and the requirements of professional ability and 
quality.Strengthen every teacher's consciousness of khalid 
ents, in the process of teaching, in the specific teaching 
link, each class, each knowledge organically into the 
ideological and political education elements, realize the 
closeness of professional teaching and course ideological 
politics, make the whole teaching process organic, smooth, 
not abrupt, form a synergistic effect, and the effect of 
common education.Launch a number of high-quality 
courses with remarkable education effects, cultivate a 
number of teaching experts in ideological and political 
education of courses, create a number of ideological and 
political demonstration class courses, combine the 
professional characteristics of comprehensive, continuous 
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and effectively integrate into ideological and political 
education, and jointly build a full-staff, whole process, all-
round and new pattern of education. 
(2) Adopt the strategy of step and step by step construction 
Strengthen the top-level design, unified construction 
planning.The course team must conduct phased 
construction from the actual construction 
situation.Because the service majors of "circuit principle" 
are different, the teaching content has different priorities, 
and the promotion of resource construction is different.Of 
course, stage and step by step construction does not mean 
that the plan is loose. The teaching team should have clear 
construction ideas and planning in the construction of 
curriculum resources, scientific research and research, 
teaching echelon construction and other aspects according 
to the actual situation of students and teaching echelon 
construction. Teaching teams should generally go through 
the formation period, run-in period and harmonious 
development period.The characteristics and operating 
mechanisms of each period are shown in Table 1: 
Table 1 Operating mechanism 

period Cooperation 
mechanism 

feature 

formative 
period 

Team leaders 
lead and passive 
participation 

During the formation period of 
the team, an effective 
communication and operation 
mechanism has not been 
formed among the team 
members, and the cooperation 
efficiency is low. 

breaking-in 
period 

Team leaders to 
guide and 
members to 
actively 
participate in the 
cooperation 
mechanism 

The personality differences of 
the team members gradually 
appear, the communication 
channels are not smooth 
enough, and the contradictions 
between the members are easy 
to arise. 

Harmonious 
development 
period 

Team-leader-
induced and 
member-led 
cooperation 
mechanism 
 

Establish a more effective 
information communication 
channel. After running in 
between the teaching team 
members, they are familiar 
with and understand their 
personality differences, 
working style and work style, 
the cooperation atmosphere is 
relatively relaxed, the team 
cohesion is strong, and rich 
results output. 

[6] Establish a working mechanism and atmosphere 
of collaborative trust and mutual assistance 
First of all, a smooth communication channel should be 
established for unified export. The curriculum teaching 
team should design and implement the overall curriculum 
teaching plan to avoid the "lost" and respective situations 
caused by the dispersion of teaching information, multi-
direction and unpatency of information channels.Secondly, 
"building or unified communication platform", the 
mainstream communication media is more convenient, 
promote the consensus of team members, namely teaching 
implementation, resource construction, academic 
communication and teaching and research can create a 
mutual help to build a collaborative working atmosphere, 
so as to strengthen team member cohesion, enhance team 
combat effectiveness. 

(4) Shape the team culture and enhance the team cohesion 
and combat effectiveness 
Understand the professional differences, broaden their 
vision to form cohesion; actively communicate, have 
complementary advantages, build trust, and share the 
work results to form a team support force.The team host 
and core members are relatively stable, and lead the team 
to make achievements in teaching materials, courseware, 
scientific research and research, teacher development and 
other aspects.Gathering members' strengths and forming a 
working atmosphere of group cooperation and 
complementary advantages can also enhance the team to 
resist the discrete risk of members.Conscientiously and 
give full play to the incentive role of the performance 
appraisal mechanism in the growth of the team teachers, 
and internalize the performance appraisal objectives into 
the conscious pursuit of the team members. 
3 DEMONSTRATION AND DRIVING EFFECT OF 
TEACHING MODE REFORM 
Circuit Principles is a basic course for information majors 
in electronic information engineering, automation, 
electrical engineering, automation and robot engineering. 
It offers a wide range of majors, and a large number of 
students. It has the coverage, influence and benefit of the 
reform and benefit of the course of Circuit Principles.In 
2015, in 2019, quality courses and 2019. The experience 
of the teaching model, the reform of other engineering 
courses and other related courses in the 
school.Demonstration and driving effect of ideological 
and political construction of course. 
Course teaching content contains rich ideological and 
political elements, very suitable for national feelings 
education, green development concept and awareness of 
the rule of law education, is an important professional 
course to achieve khalid id education goals, ideological 
elements and professional knowledge, is given priority to 
with professional education, into ideological and political 
education course construction experience, for other 
engineering professional courses of ideological and 
political construction has played a certain demonstration 
driving effect.In the circuit principle course fully excavate 
and integrate the ideological and political elements, 
improve professional teachers ' professional quality, 
ideological and political quality and ideological and 
political education ability is the khalid id fundamental task, 
realize the powerful measures of full education, through 
the course ideological and political reform and practice 
can provide reference for other engineering professional 
courses, further implement the value of professional 
course moral education. 
Through the "principle of the circuit" course ideological 
and political construction, will constantly promote the 
reform of curriculum teaching methods, teaching means, 
further concise course teaching content, focus on 
strengthening the ideological and moral training of 
information practitioners, cultivate more national feelings, 
service consciousness, have the courage to bear, 
dedication, power, patriotism, for the pearl river delta 
region input shortage of high-quality information 
professionals. 
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4 REFORM AND IMPLEMENTATION OF 
CURRICULUM IDEOLOGICAL AND POLITICAL 
CONSTRUCTION 
(1) Research on ideological and political theory of course: 
Through theoretical learning, carrying out ideological and 
political lecture hall, exchange and discussion, theme 
practice and other activities, the course teaching team 
finds the entry point of "curriculum ideological and 
political thinking", explore the teaching design of 
"curriculum ideological and political" in an open way, and 
improve the ability of "curriculum ideological and 
political" teaching design.Realize the construction of the 
education concept of "pooling knowledge in value 
dissemination, realizing value guidance in knowledge 
dissemination", and realize the pattern of "teaching 
forming characteristics, curriculum forming brand, and 
teachers forming style".By carrying out "five-minute 
science and technology celebrities" and "Chinese and 
foreign science and technology comparison", and 
exploring the new mode of "classroom thinking and 
politics" in a way that students like, it fully stimulated the 
enthusiasm of students in class, helped students to form a 
correct world outlook, outlook on life, values, and 
enhanced the sense of social mission and sense of 
ownership. 
(2) resource construction: The curriculum group uses the 
world university town cloud space, superstar and other 
teaching platforms to build school-level quality courses 
and online open courses and successfully passed the 
acceptance. On this basis, it applied for national first-class 
offline undergraduate courses in 2019, and in 2020 for 
first-class offline undergraduate courses in Guangdong 
Province in 2020.At present, the super nebula platform 
resources include teaching syllabus, teaching plan, 
courseware, teaching video, experimental instructions, 
exercise library, test paper library, electrical research and 
training materials, common electrical circuits, annual 
electronic production competition works, etc.Teachers 
and students can learn online and interact anytime and 
anywhere, and the per capita click rate of course teachers 
in the cloud space is more than 10,000 per person. 
(3) main results and typical cases: in recent years, through 
the curriculum ideological and political construction, the 
team has not only improved the teaching level, but also 
sublimated the ideological and political quality.He won 
the second prize or more than 6 times in school lectures, 
and 3 people were awarded the Advanced Individual of 
Guangdong College of Science and Technology.He has 
presided over 3 related projects at the provincial level or 
above, and won 12 projects of relevant scientific research 
or paper awards, including 5 awards at or above the 
municipal level, and wrote many related papers.In course 
teaching combining practical typical cases such as 
combined with the American sanctions on zte, Huawei and 
the trade war with China, into the curriculum of "science 
and technology innovation" and "science and technology 
power", in practice teaching encourage children to think, 
work, steadily improve students' innovation and practical 
ability, curriculum guide students above the provincial 
innovation entrepreneurship projects, more than 100 

related to this course (11 national, 50 provincial, 16 
municipal). 
5 FEATURES AND INNOVATION POINTS 
(1) Long teaching, to gather the ideological and political 
synergy of the curriculum 
In the curriculum teaching, combining well-known local 
information technology enterprises such as Huawei and 
ZTE, "ideological and political elements" are integrated 
into the curriculum classroom, so as to promote the close 
combination of professional knowledge with ideological 
and political and patriotism education, enhance the 
national awareness and social responsibility of youth in 
the new era, and ensure the effectiveness of ideological 
and political education. 
(2) Integrate knowledge and action, practice and education 
into the ideological and political integration of the course 
Combined with theoretical teaching, implement the 
concept of the integration of industry and education, 
cooperate with well-known local enterprises such as BBK 
and Easy Special Group, adopt the combination of 
"enterprises invite in, students go out", and explore a new 
curriculum ideological and political mode with local 
characteristics.A number of experienced and powerful 
enterprise experts should be hired as "knowledge and 
travel mentors" to set examples and benchmarks, and 
gradually build an ideological and political education and 
teaching resource database of off-school enterprises with 
Dongguan characteristics.Organize students to visit 
Huawei and other enterprises on the spot, help students 
understand China's excellent corporate culture, enhance 
the awareness of national innovation and entrepreneurship, 
clarify career planning, and establish the striving spirit 
committed to the development of national enterprises. 
(3) Online and offline linkage to stimulate the ideological 
and political vitality of the courses 
Relying on digital resources to create a hybrid teaching 
mode combining online and offline, online teaching 
platforms and other online teaching platforms, seize the 
network public opinion, improve the ideological and 
political timeliness of curriculum education, combine the 
characteristics of Lingnan culture, promote the integration 
of curriculum ideological and campus culture, create a 
new teaching mode of ideological and political education 
situational network teaching, promote Lingnan culture, 
and convey national feelings. 
6. CONCLUSION 
The course group fully explore dialectical thinking, 
professional quality, xi new era of socialism with Chinese 
characteristics about the country's feelings and the 
important discussion of national science and technology, 
organic throughout the whole process of course teaching, 
by activating the classroom, improving consciousness to 
achieve khalid ents silent. 
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Teaching in Higher Vocational Class 
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Abstract: Aiming at our school’s 2015 electric power 
majors, a total of 140 students adopting group discussion 
teaching in the electric power professional courses, to 
discuss the group discussion teaching in the application of 
electric power teaching, for the future application of group 
discussion teaching method in the electric power 
professional teaching Analyze and summarize, and 
continuously improve the quality of teaching. 
Keywords: Grouping; Electric power teaching; 
Questionnaire survey. 
 
1. INTRODUCTION 
Vocational education is highly valued by the government. 
It is necessary to cultivate tens of millions of high-quality 
skilled talents who meet the requirements of 
modernization. Due to their strong practical ability and 
practical ability, higher vocational students are welcomed 
by employers. Therefore, their future is bright and the way 
out is broad. However, some higher vocational students 
lack self-confidence after experiencing the failure and 
setback of the college entrance examination. In addition, 
the huge pressure of the college entrance examination has 
passed, and they do not set new goals in time after entering 
the school, so they have a sense of emptiness, do nothing 
and don't know what to do. Some students do not have a 
deep understanding of their chosen major, lack a correct 
understanding, and lose interest in learning. The specific 
manifestations are: poor self-control, free and casual, 
listless in class, do not pay attention to listening, often chat 
on the Internet, play games, read novels and pursue 
pleasure. In short, lack of study, inertia, not diligent in 
thinking, did not develop a good study habit. Some 
students do not adapt to the new learning environment of 
the University, do not pay attention to exploring the 
learning methods of the University, and also use the 
thinking mode of the middle school to deal with the 
university learning, so they appear passive everywhere 
and have little effect, resulting in the decline of learning 
enthusiasm. Moreover, there are still many deficiencies in 
dealing with people and interpersonal communication, 
and higher vocational students need to constantly learn 
and improve their comprehensive ability. Facing the 
reality, how to cultivate qualified higher vocational talents? 
We can not simply attribute the reason to the quality of 
higher vocational students, but should change educational 
ideas, update educational ideas and adjust teaching 
methods in time in combination with the overall goal of 
cultivating talents in the new era and according to the 
characteristics of higher vocational students. Teachers 
should take every class seriously, because the quality of 
work is directly related to the quality of cultivating talents. 

If we are still traditional and conservative, preaching is 
tedious and tedious, and do not change and update the 
concept of Higher Vocational Education in time, it will 
seriously affect the quality of classroom teaching and the 
effect of teaching. 
Teaching is an interactive activity between teachers and 
students. Students' learning interest and learning ability 
directly determine the degree and effect of knowledge 
mastery. The application of group teaching in elementary 
and middle schools has achieved good teaching results. 
However, for students in higher vocational colleges, how 
to carry out group teaching? There is no successful model. 
We have made a preliminary attempt on the teaching of 
electric power, according to the implementation situation, 
combined with the results of the questionnaire survey 
feedback from the students to summarize and analyze. 
2. THE PROBLEM 
2.1INSUFFICIENT CLASS HOURS 
The results of the questionnaire survey showed that 58.6% 
of students reported insufficient class hours. For example: 
the general three-stage current protection is 6 class hours, 
but in the process of carrying out the group discussion type 
practical application, the teacher will guide 30 minutes, 
and the students will study by themselves for 2 to 3 hours; 
the group discussion is 1 class hour; then the discussion 
draft is written and the center spokesperson is selected; 
Each student representative speaks for 15 minutes,6-8 
representatives need at least 90~120min (2~3 class hours); 
students' question and teacher's summary takes at least 
45min.It can be concluded from the above that the class 
schedule must be at least doubled to complete the teaching 
plan.  
2.2 DISCUSSION TOPIC IS NOT CLEAR 
The results of the questionnaire survey showed that 60.65% 
of the students reported that some discussion questions 
were unclear and the key points were not prominent; these 
related to definitions and formulas should not be used as 
discussion questions, and students did not explain 
thoroughly; students suggested that more interest is 
needed The discussion questions are related to electricity. 
I hope the teacher will focus on the key comments. 
Regarding the issues under discussion, if you do not have 
sufficient preparations in advance, or have not collected 
enough information, the opinions expressed are often 
general and may not solve the problem. 
2.3 MASTER THE LIMITATIONS OF KNOWLEDGE 
The results of the questionnaire survey showed that 61% 
of the students reported that they were very familiar with 
the discussion questions in this group, and the inquiries 
were relatively complete; 53% of the students thought that 
the literature was insufficient and the channels for 
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everyone to obtain knowledge were similar. Discussion 
questions are understood through the speeches of student 
representatives;if the selected students’ explanations are 
not clear enough, they will be copied and read, copy the 
content of the textbook verbatim to the blackboard, and 
have a deep understanding and knowledge of knowledge 
Insufficient, low credibility; insufficient preparation 
causes students to obtain limited new knowledge. The 
limitation of the discussion time and the mastery of 
knowledge has caused the students' low enthusiasm to 
speak and cannot really arouse the enthusiasm of all 
students.  
3. SOLUTION 
3.1 PREPARATION OF CONDITIONS 
Group discussion teaching must be carried out under 
certain conditions. The first is the arrangement of teaching 
hours. Full research must be done and the arrangement of 
class hours must be adequate. The college must have 
certain hardware facilities to facilitate students' access to 
information. Teachers must instruct students how to 
collect information and through which ways, only in this 
way can group discussion teaching achieve the expected 
results. 
3.2 STUDENT LEVEL 
(1) Interest in learning 
The prerequisite for group discussion teaching is to 
cultivate students' strong interest in this teaching method, 
so as to actively participate in the group discussion and 
make the discussion atmosphere active. The group leader 
adopts a rotation mechanism. During group discussions, 
the group leader must reasonably control the time, and do 
not waste time and effort, so that the discussion will not 
get results.  
(2) Ability to analyze problems 
The ability of students to analyze problems depends on the 
teacher's usual training and cultivation.In ordinary 
teaching, teachers should deliberately design various 
scenarios to allow students to practice analysis,so that if 
things go on like this, students' ability to analyze problems 
will gradually improve.Even if they encounter problems 
in group discussions, they will actively follow a certain 
context for analysis.  
(3) Ability to solve problems 
Teachers encounter difficult problems in daily teaching. 
Not only should they encourage students to analyze, but 
also encourage students to try to solve these problems. In 
the process of practical teaching, students should be 
arranged to participate in teaching practice, combining 
theory with practice, and continuously training students' 
ability to solve problems.  
3.3 TEACHER LEVEL 
(1) Have high creativity and critical thinking skills 
In the teaching process, teachers help students gradually 
form creative thinking tendencies and skills through 
inducing and enlightening questions; the quality of 
students' thinking in teaching is mainly determined by the 
questions asked by teachers. The creative thinking of 
students is mainly stimulated by diffusion problems. Once 
the students' thinking is stimulated, the scene is very active. 
Teachers must be prepared. This is undoubtedly a 

challenge to teachers' professional ability and overall 
quality[1].  
(2) Question design and questioning skills 
Refining teaching goals is the key and premise of setting 
problems. Teachers are required to refine and process 
knowledge on the basis of thoroughly understanding the 
content of the textbooks, distinguish the primary and 
secondary, key and difficult points, and then conduct 
systematic and logical processing. Write out teaching 
plans and outlines to give full play to teaching potential.  
(3) Inspire students  
In the actual implementation process, all students should 
be encouraged to actively participate in the discussion in 
order to ensure the teaching effect[3]. In the discussion, if 
the moderator cannot encourage the silent speaker to 
speak, the teacher should inspire and guide the students, 
and create opportunities for them, so as to fully reflect the 
advantages of group discussion teaching. Otherwise, there 
will be a situation where the whole time is monopolized 
by a few people, and the meaning of group activities will 
be lost. [2] 
(4) Have high creativity and critical thinking skills 
In the teaching process, teachers help students gradually 
form creative thinking tendencies and skills through 
inducing and enlightening questions; the quality of 
students' thinking in teaching is mainly determined by the 
questions asked by teachers. The creative thinking of 
students is mainly stimulated by diffusion problems. Once 
the students' thinking is stimulated, the scene is very active. 
Teachers must be prepared. This is undoubtedly a 
challenge to teachers' professional ability and overall 
quality. 
(5) Assess students 
Find out the actual level of students, teach students in 
accordance with their aptitude, and achieve moderate 
levels of difficulty and ease. Before the discussion begins, 
teachers should emphasize the organization of knowledge. 
Students may only focus on the form. In this way, students 
may only obtain fragments and fragmentary knowledge, 
which affects the teaching effect. Students are required to 
grasp the outline, key points, and difficulties of the 
textbook; consult the materials according to the discussion 
questions and textbooks, and understand the relevant 
issues thoroughly; at the same time, write an outline to 
prepare for the discussion. 
4. CONCLUSIONS 
The group discussion teaching method is different from 
the traditional learning method. Students find the 
problems that need to be studied from the discussion of 
their own experience and achieve the ultimate learning 
goal. It is unquestionable to promote students' ability to 
use different information resources. In the process of 
specific implementation, teachers take corresponding 
countermeasures according to the specific situation, 
whether it is to cultivate students' collective ideas, 
enhance their expression ability, self-study ability, 
improve learning interest, cultivate students' ability to 
analyze and solve problems, and improve teaching quality. 
It is undoubtedly a practical teaching method.  
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Abstract: Carrying out employment guidance is an 
important aspect of counselors' daily education and 
management. As a special group of students, "double poor 
students" especially need counselors to carry out targeted 
employment guidance and assistance. Based on the 
analysis of typical cases and the actual situation of higher 
vocational colleges, the paper discusses the strategies of 
higher vocational counselors in the employment guidance 
of "double poor students". 
Keywords: Double poor students; Counselors; 
Employment guidance. 
 
1. CASE INTRODUCTION 
In recent years, with the strong support of the state and 
local governments, vocational education has developed 
rapidly, and the graduates of vocational schools are also 
increasing year by year. In the market economy 
environment, the employment of vocational school 
graduates has become a prominent problem in the current 
social employment of graduates, and there are many 
"double poor students" among these graduates, and their 
employment has gradually become a hot issue of social 
concern. As the organizer, instructor and implementer of 
College Students' daily ideological and political education 
and management, college counselors play an 
indispensable and important role in college students' 
employment guidance. 
The academic definition of "double poor students" can be 
summarized into two categories: one refers to "students 
with both economic and psychological difficulties" and 
the other refers to "students with both economic and 
academic difficulties". The former is adopted in this study. 
These students belong to social vulnerable groups. They 
are not only weak in comprehensive quality, economic 
conditions and resource acquisition, but also 
disadvantageous in employment and social competition. 
Doing a good job in the employment of "double poor 
students" is not only related to the students' own 
development, but also related to the long-term stability, 
harmony and stability of the society. Therefore, helping 
them do a good job in employment is an important issue 
that higher vocational college counselors should attach 
great importance to and urgently need to be solved.[1] 
As the person in charge of the general branch of the 
college and Youth League of the Department, the author 
received a notice from the Youth League Committee of the 
university that the student H of our department met the 
conditions of a counterpart to support the employment and 
poverty alleviation of students in a county and needed to 

complete the employment assistance before July. After 
receiving the notice, the author contacted the student's 
counselor in time. It is understood that the student is from 
a county in Shanxi Province. He is introverted and his 
family is poor. He has won financial aid for many times. 
After graduation in June 2019, although the counselor has 
contacted for many times, he has not come to the school 
to get his graduation certificate. He has changed job many 
times after graduation, and now the working state is 
unknown. Through a preliminary understanding of 
students' personality characteristics and living conditions, 
the pertinence of assistance work is enhanced. 
2. CASE ANALYSIS 
The student is a typical "double poor student". Relatively 
poor in economy and repeatedly assisted,and he is 
introverted in character and has basically no contact with 
counselors and classmates after graduation. At the same 
time, the student changed jobs several times after 
graduation, lacking a clear career plan. In view of the 
complexity of the student's situation, the author believes 
that the employment problem of students can be 
effectively solved by taking diversified assistance on the 
basis of establishing mutual trust and carrying out 
psychological assistance. 
3. TAKE MEASURES 
3.1 BUILDING MUTUAL TRUST 
After knowing the basic situation of the students, the 
author immediately contacted the students by telephone to 
explain the purpose and inform the government of the 
employment assistance policy. The students' attitude was 
a little indifferent, without the joy of receiving a phone 
call from the alma mater. He told me that he has been 
unemployed since he resigned from Datong City, Shanxi 
Province years ago and will attend an interview tomorrow. 
I wish him success in the interview and hope to inform 
him of the interview results after the interview. However, 
I did not receive the news of the student until a week later. 
I contacted him by phone and SMS, and there was no reply. 
Helpless, the author turned to the student counselor, and 
the answer was that the students were still unemployed. 
The author realized that the student's personality is indeed 
somewhat withdrawn and closed, and there may also be 
low self-esteem and anxiety due to unemployment. How 
to walk into the heart of the students, on the basis of 
building mutual trust to understand the real living 
environment and heart of the students, to help students get 
employment at the same time to promote the healthy 
growth of students, which has become the focus of the 
help work.[2] 
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Therefore, in the later work, the author tried to change the 
working mode, and friend on Wechat to communicate with 
him from time to time. The author makes full use of the 
advantages of kindness and easygoing in his character to 
communicate sincerely and equally with the student, so as 
to really care about and understand the students, identify 
with and respect the students. Guide and infect students 
with their own stories, start with small things in daily life, 
make communication more warm, gradually eliminate 
students' resistance and establish mutual trust. Slowly, the 
student changed his attitude and began to be willing to 
communicate and exchange his ideas. 
3.2 PSYCHOLOGICAL ASSISTANCE 
In the process of daily chat, the author learned that the 
student's family is relatively poor, and both parents and 
brother work outside. The life experience directly affected 
his character and psychology, and brought up his more 
sensitive and inferiority psychology. At the same time, he 
moved around and changed jobs many times after 
graduation, but he didn't stick to it for a long time for 
various reasons. He has a stronger desire to get ahead by 
finding a satisfactory job than ordinary students, and this 
high expectation of job selection makes him frequently 
change jobs in employment and lose many valuable job 
opportunities.[3] 
In the subsequent contact, the author actively helped him 
with psychological adjustment. Firstly, guide him to treat 
his family and living environment correctly, objectively 
evaluate himself, and give full play to his advantages. And 
encourage him to overcome his inferiority complex, 
accept himself, establish confidence and form a positive 
attitude. On this basis, to help him alleviate the anxiety in 
the process of job hunting, overcome and eliminate the 
negative employment psychology, enhance the awareness 
of daring to challenge himself and being good at grasping 
opportunities, guide him to establish a correct outlook on 
employment and seek employment according to his own 
situation. 
3.3 EMPLOYMENT ASSISTANCE 
In our chat, the student once revealed to me that he wanted 
to work in Hangzhou. After knowing his career will, the 
author began to have targeted "personalized" guidance. 
First of all, on the basis of early psychological help and 
other work to guide students to self-help employment. 
According to the change of subjective and objective 
conditions, evaluate the situation and make a good career 
planning positioning. Secondly, provide recruitment 
information and publicize employment policies. I 
encouraged him to make full use of the Internet to find 
employment opportunities, recommended 58.com, 
Ganji.com and other websites to him, and provided timely 
job information related to his major. Finally, the 
introduction of job hunting skills, encourage him to attend 
more job fairs, find suitable enterprises, actively 
participate in the interview, improve the ability of job 
hunting. 
Finally, through the employment assistance work and the 
students' own efforts, the student was finally employed in 
Hangzhou, mainly responsible for signal detection, and 
the work was basically stable. At the same time, the author 

has always kept in touch with the student, often 
exchanging work and life trivia, from strangers to teachers 
and friends. 
4. CASE ENLIGHTENMENT 
4.1 ANALYSIS ON THE CAUSES OF WEAK JOB 
SELECTION OF "DOUBLE POOR STUDENTS"  
4.1.1 LACK OF EMPLOYMENT RESOURCES 
The lack of employment resources for "double poor 
students" is mainly reflected in two aspects: 
The access to employment information is single. Due to 
the weak awareness of career planning, less disposable 
social resources and relatively single channels for 
obtaining employment information, it is difficult to obtain 
more employment information through other channels 
other than school employment network, class QQ groups 
and campus job fairs. Many students choose to go back to 
their hometown to find a job after the defense of their 
graduation thesis, resulting in the phenomenon of "slow 
employment" and "difficult employment". The lack of 
access to employment information directly affects the 
self-confidence and efficacy of "double poor students" in 
job selection. 
Occupational cognitive pathway is indirect. The best way 
of career cognition is to directly participate in career 
through career interviews, professional practice and 
internship. This is precisely the weak part of the "double 
poor students". 
4.1.2 WEAK JOB-HUNTING SKILLS 
Job-hunting skills are the most common confusion 
reported by the "double poor students", which is mainly 
manifested as weak interview skills. Most of them said 
they lacked experience and awareness before the 
interview and did not know how to prepare for the position. 
In the interview, poor psychological quality during the 
interview, feeling timid, nervous and self-confident, lack 
of fluency in on-the-spot response and oral expression, 
especially poor ability to communicate face-to-face with 
the interviewer.  
Usually introverted and shy students, it is easy to meet 
difficulties in interview. They have been locked in a 
narrow world for a long time and have little experience in 
contact with people in reality. Their language expression 
is not smooth enough and they feel nervous in front of 
strangers, which affects the performance of the interview. 
Some of the "double stranded students" who are late in 
choosing a career will also encounter this problem. They 
start their job search late, and their interview experience is 
not mature. They also easily feel that there are many 
problems in the interview. However, with the 
accumulation of interview experience, these students will 
gradually mature their interview skills. 
4.2 ENLIGHTENMENT IN JOB SELECTION OF 
"DOUBLE POOR STUDENTS"  
4.2.1 BE CAREFUL, PATIENT AND CARING TO THE 
"DOUBLE POOR STUDENTS" 
Counselors should work on the basis of careful 
observation, often go deep into student dormitories and 
self-study rooms in daily work, communicate with 
students patiently, and truly walk into the hearts of 
students. Through careful observation, to understand the 
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characteristics and thoughts of students, timely care for 
students, to solve the life, study, psychology and other 
aspects of confusion. 
4.2.2 EXPAND EMPLOYMENT CHANNELS IN 
MANY WAYS  
Broadening students' employment channels is the main 
way to improve students' employment in higher vocational 
colleges. Therefore, colleges are required to do a good job 
in overall employment planning. The higher authorities of 
colleges and universities should strengthen 
communication and coordination with higher vocational 
counselors in employment guidance to ensure the smooth 
employment of students. At the same time, higher 
vocational colleges should strengthen cooperation with 
enterprises, do a good job in the joint work between 
schools and enterprises, let more excellent enterprises 
enter the campus, and absorb talents through various 
forms of employment activities, such as campus job fairs, 
So that more students can get employment smoothly. 
4.2.3 GIVE PERSISTENT AND SYSTEMATIC 
SUPPORT TO STUDENTS IN NEED 
The help for "double poor students" is long-term, from 
learning to employment, from psychology to life and other 

aspects of the system to help, improve their overall quality, 
so that they adapt to the needs of the society. This requires 
counselors to obtain employment in multiple ways, 
establish an employment assistance account for "double 
poor students", make full use of new media, strengthen the 
employment assistance and guidance for "double poor 
students", and do a good job in the education and publicity 
of employment policy to guide them to realize multi-form 
employment. 
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Abstract: Counselors have direct contact with students in 
their daily work. They not only play the backbone in 
carrying out the ideological and political education of 
college students, but the intimate friends for the students. 
Taking the successful theme class meeting of rule of law-
related education as an example, the paper widens the 
ways of rule of law-related education by combining rule 
of legal education with theme class meeting, and discusses 
the new mode of the counselors to carry out the class 
meeting of rule of law-related education. 
Keywords: Counselor; Law-related education; Theme 
class meeting 
 
1.RESEARCH BACKGROUND 
In view of the current situation that college students are 
easy to be exposed to network crimes, the paper takes the 
theme class meeting called "Trap on the thumb", which 
held for a class of grade 2018 of Zibo Vocational Institute 
as an example. Through various forms of legal 
popularization and educational practice activities, 
students' sense of social responsibility and sense of justice 
are stimulated, so as to integrate law into fun, mind and 
practice, and encourage students to use what they have 
learned to speak positively and rationally, sing the good 
voice of the Internet, and spread positive energy of the 
Internet.[1] 
2.RESEARCH METHODS AND IDEAS 
The research field of the paper involves legal education, 
ideological and political education and other disciplines, 
both theoretical complexity, but also has strong 
practicality and pertinence. With the help of the "trap on 
the thumb" theme class meeting, which has a strong 
response among students, a systematic study is carried out 
on the theme class meeting of law education in colleges 
and universities. Based on this, the paper mainly adopts 
the following research methods to carry out research: 
2.1 READ AND ANALYZE RELEVANT LITERATURE 
Consult and collect papers, journals, documents and other 
references related to the class meeting through borrowing 
books and search on the Internet , and summarize and 
analyze them. 
2.2 CONDUCT A QUESTIONNAIRE SURVEY. 
A large number of data were collected by questionnaire 
survey of students in Zibo Vocational College. 
Comprehensively understand college students' views on 
various illegal and criminal acts on the current network 
and their needs and satisfaction for legal education, so as 
to ensure that the proposed countermeasures are practical 
and effective.[2] 

Adhering to the educational concept of "students as the 
main body", the class meeting is completed by students 
and teachers with the teaching method of "interaction, 
discussion, guidance and activities" and the main line of 
"legal education". Make full use of the network hot spots, 
rely on the case around, with multimedia teaching, 
through lively, in-depth participation of the education 
method for students to carry out online rule of law 
education, so that students ideological and political 
education work to match the rule of law. 
3.RESEARCH PURPOSE 
Through this theme class meeting, students can 
understand some network violations, improve their ability 
to distinguish network information, and spread network 
positive energy with what they know and learn.Explore a 
new model for developing the theme class of rule of law-
related education. By giving full play to the leading role 
of counselors, mobilize the enthusiasm of all students, and 
carry out a planned, organized and educational theme class 
meeting, so that the contents of the class meeting can 
really enter the ear and brain. 
Assist the construction of legal education and moral 
education system in schools. Create a good atmosphere of 
school spirit and discipline, and build universities into a 
model place of stability and unity. 
4. MAIN RESEARCH CONTENTS AND RESULT 
ANALYSIS 
The main research content of the paper is divided into 
three parts. The first part: the status survey and 
questionnaire research of current situation of students' 
daily Internet access.The second part is the research on the 
design and implementation of the theme class meeting of 
rule of law-related education and the third part is the 
application exploration of the innovation of the theme 
class meeting of rule of the law-related education. 
4.1 THE STATUS QUO OF STUDENTS' DAILY 
INTERNET ACCESS 
Seven students were invited to form a survey team, and 
stratified cluster sampling method was adopted to select 
six classes from three junior college grades in The School 
of Electronic and Electrical Engineering of Zibo 
Vocational Institute, with a total of 564 students as the 
research objects. A total of 564 paper questionnaires were 
distributed and 559 were recovered with a recovery rate of 
99.11%. After data cleaning, 553 valid questionnaires 
were obtained, and the effective questionnaire rate was 
98.00%.[3] 
4.2 Research on the Design and Implementation of the 
Theme Class Meeting of rule of Law-related Education 
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After analyzing the results of the questionnaire and 
consulting experienced leaders and colleagues, I held a 
class meeting with students on the theme of "Trap on the 
thumb". 
4.2.1 CLASS MEETING PREPARATION 
(1) Knowledge preparation: In-depth study the 
Convention on the self-discipline of the Internet, 
Amendment of criminal law of the people's Republic of 
China (nine), Protection of heroes and martyrs of the 
people's Republic of China, Interpretation of several 
issues on the specific application of law in handling 
criminal cases of gambling, Provisions of the Supreme 
People's Court on Several Issues concerning the 
application of law in the trial of private lending case, etc. 
(2) Information preparation: I analyzed and sorted out the 
survey results together with the students in the 
investigation team, and held the thematic class meeting 
based on the survey data. 
(3) Material preparation: collect and sort out local cyber 
crime cases, recent cyber hot cases, videos and pictures, 
etc. 
4.2.2 DESIGN AND IMPLEMENTATION RESEARCH 
(1) Import the Theme 
Design concept: Set up suspense at the beginning of the 
class meeting, in class meeting, and the "explosion" sound 
effect is played through multimedia equipment to attract 
students' attention. Ask the question: What is that sound? 
What just happened? Cause students to discuss.The 
answer is revealed:The sound effect is the sonic boom of 
an airplane passing by, which is a normal physical 
phenomenon.Popularization of knowledge: Through 
animation demonstration of the scientific principle of 
sonic boom generation and related physics knowledge, 
guide students to understand the truth, which is in sharp 
contrast to previous guesses. 
Introduction topic: through the first part, let the students 
understand that the information in the online world is 
strange and strange. If we are not careful, it is likely to 
touch the bottom line of the law. We need each of us to 
polish our eyes and be careful of the "trap on the thumb". 
(2) Do Not Create Rumors, Do Not Believe Rumors, Do 
Not Spread Rumors 
Design concept: On the basis of stimulating students' 
interest in learning, and then guide students to continue to 
understand the relevant legal knowledge, enhance the 
concept of law.Question discussion: Facing the 
complicated network world, what are our troubles? How 
to face and deal with this information? And how to screen 
and distinguish information? 
Case presentation: guide students to speak, and make 
students deeply understand the harm of fabricating and 
deliberately spreading false information through 
multimedia presentation of the case of fabricating and 
deliberately spreading false information in wechat circle 
of friends or Weibo. 
(3)Rational Voice 
Design concept: through playing videos and cases of 
violating the law due to irrational voice and spreading 
wrong views, guide students to surf the Internet in a 
civilized way, speak rationally and be a person who 

spreads positive energy. 
Case demonstration: Play the video of paying tribute to the 
heroes of Liangshan fire fighting to inspire students to 
inherit and promote the spirit of heroes and martyrs and 
patriotism. The voices of questioning and slandering 
heroes on the Internet are in sharp contrast to everyone's 
praise and remembrance of heroes. Let students 
understand that netizens who insult and question national 
heroes will be punished. The Internet is not an 
extrajudicial place, and the voice of the Internet should 
also be responsible. 
(4)Class Meeting Summary 
Invite students to speak and summarize the harvest and 
experience of the class meeting. 
4.2.3 CLASS MEETING EFFECT 
After the class meeting, many students took the initiative 
to communicate their commitment to civilized surfing the 
Internet on social media such as Wechat Moments, Qzone 
and Weibo. Some class committee have proposed to use 
the spare time to form a voluntary publicity group and 
strive to be legal publicity volunteers. 
4.3 EXPLORATION OF INNOVATIVE APPLICATION 
OF THE THEMED CLASS MEETING ON RULE OF 
LAW-RELATED EDUCATION 
The theme class meeting refers to the ideological and 
moral education activities carried out by the class with a 
distinctive theme. The main field of such activities 
generally stays in the classroom. Although the effect is 
better than simple preaching, such traditional class 
meeting will lead to the failure of the concept of the rule 
of law to affect students in the long term for the education 
of the rule of law that students have little contact with. 
Therefore, in order to enhance students' legal awareness 
and help students establish the concept of law-abiding, it 
is necessary to make the education of the rule of law like 
an invisible net, always around the school and students, 
rooted in the minds of students. This requires that on the 
basis of not abandoning the traditional thematic class 
meeting form, the class meeting should be bold in 
innovation and practice, so that the class meeting should 
be diversified in form, practical in content and realistic in 
education. 
4.3.1 GIVE FULL PLAY TO THE PRINCIPAL ROLE OF 
STUDENTS 
When a thematic class meeting is held, students should no 
longer be passive listeners and receivers, but active 
participants and organizers. In the process of organizing 
and participating in the theme class meeting, give full play 
to students' subjective initiative, truly highlight students' 
dominant position, let students learn better self planning, 
self-education and self-management, and promote their 
healthy growth. 
4.3.2 CREATE CONDITIONS FOR GOING GLOBAL 
The theme class meeting is not necessarily limited to 
classrooms and campuses, but can make full use of the 
opportunities such as The March 15 Consumer Rights 
Protection Day and the December 4 Legal System 
Publicity Day to organize students to enhance law-abiding 
awareness in legal practice activities. In this way, students 
can not only enrich their spare time life, but also improve 
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their legal quality. 
Students can be invited to cooperate with legal personnel 
to organize mock court, court audit, prison visit, etc., so 
that students can understand the national judicial system 
and have a sense of trust and longing for the law. Also can 
go into the community, primary and secondary schools, 
factories and other publicity of relevant legal knowledge. 
By publicizing relevant legal knowledge to the public, it 
can virtually stimulate students' learning motivation and 
encourage students to learn and master relevant 
knowledge first. 
4.3.3 COUNSELORS SHOULD HAVE HIGH LEGAL 
QUALITY 
Counselors should also pay attention to strengthen the 
study of legal knowledge, which is not only conducive to 
cultivating students' legal quality, safeguarding students' 
legitimate interests, but also conducive to maintaining 
social legal authority. Therefore, for non-legal counselors, 
they should establish the awareness of learning law, 
actively participate in various training, improve their legal 
literacy, and master professional knowledge of laws and 
regulations. At the same time, strengthen legal practice, 
implement the student management concept of teaching 
according to law, instill legal knowledge into students' 
consciousness when communicating with students, so as 
to apply what they have learned and truly transform what 
they have learned and used. 
5.REFLECTION AND SUMMARY 
In the ideological and political education of college 

students, counselors should be aware of the importance of 
legal education for the students in the social 
marginalization of vocational colleges. Regular thematic 
class meetings, especially those on legal education, can 
not only improve students' Ideological and moral level and 
legal literacy, strengthen class cohesion and students' 
sense of belonging, but also help to explore all kinds of 
talents in the class and cultivate students' management 
leaders. For counselors, it also promotes their own growth. 
Counselors should make full use of limited resources, 
innovate boldly, break through restraint, lead students to 
go out of the campus to receive education, so that students' 
education of the rule of law is really put into practice, play 
a practical effect. 
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Abstract: In the post-material era, college students pay 
more attention to the satisfaction of personality and spirit, 
and the original educational concepts of benefit-oriented 
and only focus on intellectual development are no longer 
applicable. It is more important to cultivate the humanistic 
quality of college students, and it is of great significance 
to study the new ways of cultivating the humanistic 
quality of college students. 
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1.INTRODUCTION  
In the post-material era, college students have a lot of 
disposable time. If they are in a kind of emptiness with 
nothing to pursue, some people will inevitably have some 
good or bad ideas. When a new idea is widely 
disseminated, it forms an ideological trend, which may or 
may not be beneficial to society. How to make the smooth 
transition of Chinese colleges and universities to the post-
material era is becoming increasingly important, which is 
related to the stability and progress of the country in the 
future. [1] 
Improving the humanistic quality of college students can 
make college students understand how to establish the 
correct concept, how to be a useful person to the society, 
can greatly fill their ideological emptiness, thus forming a 
new trend of thought beneficial to the society. This paper, 
starting from clarifying the connotation of post-
materialism, analyzes the confusion of the cultivation of 
college students' humanistic quality in the post-material 
era, and puts forward new methods for the cultivation of 
college students' humanistic quality, in order to provide 
some reference for the construction of harmonious 
campus and harmonious society. 
2.POST-MATERIALIST 
Post-materialism is an emerging and popular value 
orientation in Europe and America in the 1980s and 1990s, 
and a reasonable substitute for the materialism value 
orientation that is dominant before the 1970s . Post-
materialism is a new perspective of re-observing the 
material world, which is proposed relative to the concept 
of materialism. Ronald Inglehart, an American scholar, 
first proposed the concept of post-materialism in his book 
Silent Revolution: Values and Political Approaches in the 
Changing Western Public, and explained the concept in his 
other book Prospects of Changing Global Values. [2] 
Post-materialism is not only a kind of value concept, but 
also a kind of life attitude. It is the product of the common 
progress of the whole society and the result of resonance 
between social structure and social concept. Materialism 
believes that human happiness and freedom are consistent 

with the increase of material quantity. Rapid economic 
development can bring about the increase of people's 
possession of material wealth. Therefore, all measures 
conducive to economic growth are evaluated as valuable. 
Although people's material wealth has increased many 
times, most people are not happier and more enjoyable as 
a result. This shows that material wealth is not the only 
measure of people's happiness. 
The main characteristics of post-materialistic values are: 
non-materialistic demands for self-realization, freedom of 
speech, improvement of life quality, ecological protection 
and so on. The transformation from materialism to post-
materialism is to pay attention to the quality of our life, 
gradually go beyond the simple material level of simple 
demand and desire, and pay more attention to the 
satisfaction of personality, spiritual pleasure and comfort. 
The conclusion of world Values Measurement shows that 
post-materialistic values are positively correlated with the 
level of economic development. The more developed the 
country is, the higher the proportion of post-materialistic 
values is; on the contrary, materialistic values are 
dominant in the relatively poor countries. Today, with the 
rapid development of economy, the change of social 
values also presents a trend from materialistic values to 
post-materialistic values. China's per capita national 
income in 2006 has reached more than 2000 dollars, has 
exceeded the post-materialistic critical point, therefore, 
theoretically speaking, post-materialistic values have 
emerged in China. According to the survey on the values 
of Chinese youth, the "post-80s" and "post-90s" in China 
have shown the characteristics of post-materialistic values 
orientation. [3] 
3.PERLEXITY OF CULTIVATING HUMANISTIC 
QUALITY OF COLLEGE STUDENTS IN POST-
MATERIAL 
In the post-material era, the puzzles of humanistic quality 
cultivation of college students emerge in an endless stream, 
mainly reflected in the following aspects. 
3.1MORAL CONFUSION IN THE POST-MATERIAL 
AGE  
Material times after people's material life level was 
improved, but the construction of spiritual civilization lags 
behind, especially for the young college students, they are 
fully enjoy the material benefits brought by the reform and 
opening up, but it is difficult to correctly treat the negative 
impact of social development, the moral level is difficult 
to improve, it will breed hedonism and individualism. 
3.2THE SEPARATION OF HUMANITIES AND 
SCIENCE EDUCATION 
The utilitarian thought of education ignored the 
humanistic education to improve the quality of people, 
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and emphasized the professional education to build the 
national economy, resulting in the emergence of some 
popular majors and popular schools. With the shrinking of 
the space of humanistic education, it is easy to appear the 
philosophical trend of "scientism" and "instrumental 
rationalism", which will aggravate the separation of 
humanistic education from scientific education. 
In the post-material era, college students generally lack 
the inner driving force to cultivate humanistic quality 
consciously, so that various professional certificates 
become stepping stones for job hunting, which is the 
fundamental reason why humanistic quality courses in 
many universities are practically useless. Teachers are also 
indifferent to the phenomenon that many students do not 
care about or even attend classes that have nothing to do 
with the entrance exam. However, most of the students can 
still pass the exam by cramming hard before the exam, and 
they can still get the degree certificate and graduation 
certificate when they graduate, but the certificate is not 
quite the humanistic quality that college students should 
have. 
3.3 THE EDUCATIONAL CONCEPT IS BENEFIT-
ORIENTED AND ONLY FOCUS ON INTELLECTUAL 
DEVELOPMENT 
At present, colleges and universities focus on students' 
examination, admission and employment, but ignore the 
responsibility of inheriting and displaying the humanistic 
spirit of the university, and do not pay attention to the 
humanistic care and cultivation of humanistic quality of 
college students. This is contrary to the values of pursuing 
individuality in the post-material era. College students are 
prone to reverse psychology and a series of strange 
phenomena such as loneliness, Internet addiction and 
blind love. 
4.SOME SGGESTIONS ON CULTIVATING 
HUMANISTIC QUALITY OF COLLEGE STUDENTS 
IN POST-MATERIAL 
4.1 MORAL CONSTRUCTION IN THE POST-
MATERIAL AGE 
As modern technology advances, we will be faced with 
the possibility of developing a new morality. So we need 
to create a new moral structure. For contemporary college 
students, we should start from the following points: 
First of all, college students should pay attention to the 
accumulation of knowledge and wisdom. College students 
should cultivate their own appreciation and discrimination 
on the basis of certain knowledge accumulation to help 
them make the right choice. In the treatment of personal 
feelings and desires, college students should not indulge 
or excessively limit their desires, but learn to satisfy their 
desires, emotions and needs with self-discipline. 
Secondly, colleges and universities should advocate a 
virtue of autonomy. In order to survive better, we should 
try our best to cultivate the moral concept of college 
students and change the value system popular in modern 
society. The highest moral principle should be to enjoy life 
and help to survive. Morality is everyone's inner 
conscience and discovery. We should promote a virtue of 
autonomy in colleges and universities, and let college 
students realize that self-esteem and self-confidence are 

the most basic necessities of human beings. 
Finally, college students should learn to respect 
themselves and others. In the post-material era, people's 
autonomy is increasing and the need for dignity is at an 
all-time high. Respect yourself, college students can 
correctly face the problems in study and life, to give full 
play to their wisdom and wisdom; Respect others, think 
more for others, give others respect for life, dignity and 
rights, in order to improve their self-cultivation in 
communication. 
4.2 STRENGTHEN EMOTIONAL EDUCATION 
Emotion is the deepest, core and stable characteristic of 
human being, and the key of humanistic quality is human 
emotion. Emotional education focuses on the basic role 
and positive influence of emotion in the development of 
college students by attaching importance to people's 
emotional cultivation as the starting point of education, 
and uses the emotional mechanism to find out how to 
make emotional quality support the development of 
people's moral, intellectual, physical, aesthetic, labor and 
other aspects. Emotion education takes emotion as its goal 
and content as well as its means and approach. Knowledge 
education makes people wise, emotional education makes 
people more complete. The humanistic ideal of education 
is to pay attention to the all-round and harmonious 
development of human beings, while the emotional 
education is concerned with how the emotional level of 
human beings constantly produces new quality and moves 
to a new height under the influence of education, so as to 
promote the healthy and harmonious development of 
individual students and the whole society. Emotional 
education takes improving people's emotional quality as 
the core educational idea, which is caring for "human 
nature" and returning to the original of education. [4] 
College students are in the period of gradual physical and 
psychological maturity, they lack a complete system of 
ideological concepts and value orientation, often with 
emotional instability, unstable will and other phenomena. 
When social temptation appears or life changes rapidly, it 
is easy to appear the symptoms of moral weakness, 
emotional loss, communication imbalance, role confusion 
and so on. College students' will to be constantly tempered, 
on the one hand to help college students to establish lofty 
ideals and noble humanistic pursuit; On the other hand, it 
is necessary to strengthen the will of college students 
through emotional strengthening education, and become a 
generation that carries on the past and opens up the future. 
4.3 STRENGTHEN COLLEGE STUDENTS' SOCIAL 
PRACTICE ACTIVITIES 
Classroom teaching makes students know what good 
quality is, but the realization of good quality is often 
outside the classroom. The cultivation of humanistic 
quality goes through three stages: acceptance, digestion 
and application of humanistic knowledge. Social practice 
to accept, digest and application of the humanities 
knowledge provides the opportunity to integrate theory 
with practice, provide a more broad platform for the 
education and a more flexible way of education, the school 
education of various tangible and intangible elements are 
fully used, can meet the needs of the students to learn all 
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kinds of knowledge, enabling them to further understand 
and grasp the profound meaning of the humanities 
knowledge. 
Humanistic quality by students in the process of brain 
thinking and hands-on problem solving and find their 
specialty and interest, social practice provides opportunity 
to prompt students to professional theoretical knowledge 
and ability, innovative spirit, humanistic quality and 
practice ability are united in wedlock, make the ideal, 
sentiment in the gradually mature and wisdom. To 
cultivate the humanistic quality of college students is to 
conform to the development trend of The Times. The 
humanistic quality is formed through the study and 
innovation of fine traditions, and social practice provides 
the conditions for this. Social practice constitutes an 
interactive system between teaching and learning, 
between subjective knowledge and objective existence, 
and between teaching subjects and objects in a special way 
of education. It provides a link from imparting to 
application and enables students to personally experience 
the realistic significance of fine humanistic tradition. 
4.4 INNOVATE THE COURSE SETTING METHOD 
Curriculum setting is the main channel of humanistic 
quality education in university. The level of curriculum 
content will affect the breadth of students' humanistic 
vision, the thickness of humanistic connotation, the 
breadth of humanistic mind, the strength of humanistic 
ability and so on. The high-level teaching content can 
reflect the cutting-edge problems, trends and 
achievements in the research of humanities, answer the 
perplexing social problems and humanistic puzzles in the 
real world, and reflect the law of the development of 
modern humanistic quality. Through learning these 
courses, students can not only master high quality 
humanistic knowledge, but also conduct in-depth 
humanistic thinking, and finally obtain practical 
humanistic cultivation. 
College students in the post-material era all pursue 
individuality and specialty, and the original educational 
concept of only profit and only intelligence is no longer 
suitable for the growth of college students. In order to 
cultivate the humanistic quality of college students, the 
curriculum setting in the post-material era should be more 
extensive, high-quality and diversified. 
At present, some colleges and universities try to 

implement general education, which originated in the 19th 
century. The purpose of general education is to train 
students to be able to think independently and understand 
different subjects, so that they can integrate different 
knowledge. The ultimate goal is to cultivate people with 
relatively strong comprehensive quality. Since the 20th 
century, general education has become a widely required 
subject in European and American universities. General 
education is different from China's long-standing four-
year undergraduate education system. Freshmen must 
study general education courses for one or two years 
before deciding on majors. We can learn from the 
advantages of General education in Europe and the United 
States, contact with domestic universities, and explore a 
path suitable for our own. 
5.CONCLUSION 
The age material, in order to build a harmonious and stable 
society, cultivating high-quality talents, we should inherit 
carrying forward humanistic spirit of the traditional 
culture of the Chinese nation, to keep the uniqueness of 
our national culture, overcome the confusion to cultivate 
college students' humanistic quality, through the moral 
education, emotional education and social practice, such 
as curriculum innovation measures to improve college 
students' humanistic quality. 
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Formula in Stochastic Analysis 

 
Maojun Zhou, Li Ge, Kongsheng Zhang 
School of Statistics and Applied Mathematics, Anhui University of Finance and Economics, Bengbu 233030, Anhui, 
China 
 
Abstract: This article summarizes many applications of 
continuous total probability formula in composite 
distribution, probability distribution of random variable 
function and updating process, It also expounds the 
influence of the shape of integral region on the feasibility 
of using this formula. If the integral region is X-type, it can 
take X as the conditional variable; if the integral region is Y-type, 
the condition can be taken for Y, if the integral region needs to 
be calculated in blocks, it is necessary to distinguish the 
range of variables to avoid misuse caused by mechanical 
application of formulas. 
Keywords: Random variable; Total probability formula; 
Conditional method; Compound distribution 
 
1. INTRODUCTION 
The total probability formula is one of the very important 
formulas in probability theory and stochastic process. The 
probability calculation of some complex events is simple 
and easy to find through the "conditional" method. The 
idea of solving the problem has certain skills and flexible 
application. Many scholars have conducted in-depth 
discussion and summary [1-5], This paper extends the 
well-known total probability formula of random event 
type to random variable type, and focuses on many 
applications of continuous total probability formula of 
random variable type in random analysis. Further discuss 
the applicability of the formula to avoid the wrong use of 
the formula by rote. 
The total probability formula [6] Let nBBB ,, 21 be a 
partition of the sample spaceΩ , that is nBBB ,, 21  are 

incompatible with each other, and Ω=
=


n

i
iB

1

 ,if

0)( >iBP , ni ,2,1= , then there is probability formula 

for any event A . ∑
=

=
n

i
ii BAPBPAP

1

)|()()(  

Since random events can be represented by the value of 
random variables (equal sign or unequal sign), using the 
above theorem, it is easy to extend the total probability 
formula to the case of random variables, so as to obtain 
the following conclusions. 
Generalization [7] For any random event A , 

∫ == )()|()( ydFyYAPAP Y ,if Y  is a discrete random 

variable, then )()|()( j
j

j yYPyYAPAP ===∑ , if Y  is 

a continuous random variable, then 

∫
+∞

∞−
== dyyfyYAPAP Y )()|()( . (1) 

Formula (1) can be proved by the total expectation 
formula  

))|(()( YXEEXE = ∫ = )()|( ydFyYXE Y＝  , 

Introducing the indicative random variable X, if event A 
occurs, the value of X is 1, if event A does not occur, the 
value of X is 0, so )()( XEAP = , 

)|()|( yYAPyYXE === .The above formula is 
obtained by substituting the total expectation formula. 
Note that the integral here and the first integral in the 
"generalization" are R-S (Riemann- Stieltjes) integrals. 
This idea of calculating probability can be understood as 
"weighted accumulation" with the probability distribution 
of related random variables as the weight. Where Y is a 
discrete random variable, which is common and easy to 
understand. There are no examples here. The formula 
corresponding to the continuous random variable Y is 
called the continuous total probability formula

∫
+∞

∞−
== dyyfyYAPAP Y )()|()(  , Among them, A and Y 

generally have internal "correlation".When the 
distributions of A and Y are independent, this formula is 
obviously true, but it has no practical application value. In 
practical application, formula (1) is often used to solve the 
problem of probability distribution in the form of formula 
(2). 

∫
+∞

∞−
=∈=∈ dyyfyYDXPDXP Y )()|()( RD ⊂，  (2) 

The following is a discussion and summary according to 
different types of associations. 
2. APPLICATION OF CONTINUOUS TOTAL 
PROBABILITY FORMULA IN STOCHASTIC 
ANALYSIS 
2.1 APPLICATION IN COMPOSITE DISTRIBUTION 
If the parameter Λ on which the distribution of random 
variable X depends is also a random variable, given its 
distribution, the distribution of X is called composite 
distribution. For the calculation of composite distribution, 
formula (2) is the most concise. 
Example 1 suppose a random variable 0>Λ , under the 
condition of λ=Λ , the counting process }0),({ ≥ttN  is a 
Poisson process with parameter λ , which is called a 
conditional Poisson process. If the density function of Λ  
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is
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bbef , where 0>b , find the distribution 

of the conditional Poisson process. 
Solution: Known condition is
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Using the total probability formula (2), we can get
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Because the time interval between adjacent events in 
Poisson process is a sequence of random variables with 
independent and exponential distribution, the parameter of 
time length can also be regarded as a model parameter, 
which has similar applications. 
example 2 Suppose }0),({ ≥ttX  and }0),({ ≥ttY are 
Poisson processes with intensity 1λ and 2λ respectively, 
Find the probability that )(tY  has exactly n  events in the 
time interval between any two adjacent events of )(tX . 
Solution: Let the time interval of any two adjacent events 
of )(tX  be recorded as X , then
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Using the total probability formula (2), we can get
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2.2 CALCULATE THE PROBABILITY 
DISTRIBUTION OF TWO-DIMENSIONAL RANDOM 
VARIABLE FUNCTION 
If there is variable correlation in the function composition 
of random variables, such as calculation )),(( DYXgP ∈ , 
When the respective distributions of X and Y or the two-
dimensional joint distribution of ）（ YX , )are known, 
formula (2) can often be used to calculate the distribution 
of random variable function. Next, calculate the 
distribution of sum, difference, product and quotient of 
two independent random variables. It can also be extended 
to the case of finite term or non independent. 
Example 3 Let random variables 1X and 2X  be 
independent of each other, and 1F  and 2F are their 

distribution functions respectively. Let 21 XXX +=  and 
calculate its distribution function )(xFX . 
Solution:

  
∫
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∞−
=≤+=≤+= )(}{}()( 222121 tdFtXxXXPxXXPxFX
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Similarly, 
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In probability theory, ∫
+∞

∞−
−=∗ )()()( 2112 tdFtxFxFF

 is 

defined as the convolution of distribution functions 1F and
2F . In turn, it can be popularized as the sum of limited 

items. Let ),,2,1( nkX k = be a sequence of 
independent and identically distributed random variables, 

and its distribution function is F , and let 00 =S ,

∑
=

=
n

k
kn XS

1 , The distribution function of nS  is written as
nF ,then ,2,1),()( 1 =∗= − nxFFxF nn  ,here 
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<

=
0,1
0,0

)(0 x
x

xF
, where nF is called n-fold convolution 

of F  [8]. The formula )()( 1 xFFxF nn −∗=  can be 
deduced successively by using the total probability 
formula, which is similar to the sum of the above two, and 
subtraction and multiplication can also be similarly 
popularized. If the variables are not independent of each 
other, this method can also be used for similar derivation, 

and the above 1F can be changed into conditional 
probability distribution function. 
Example 4 The joint density function of two-dimensional 

random variable ）（ YX ,  is 


 <<<

=
other

yx
yxf

,0
10,2

),( , 

and )5.0( >− XYP  is calculated. 
Solution: conventional solution, Intersection of nonzero 
region of ),( yxf and }5.0{ >− xy  
As shown in Figure 1. 

Then )5.0( >− XYP 25.02
5.0

0

1

5.0
=∫ ∫ +x

dydx＝  

If the total probability formula is used, the marginal 
density function )(xf X and )(yfY are obtained first, 
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When 10 << x , )1(22)(
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Obviously )()(),( yfxfyxf YX≠ , so X and Y not 
independent  Conditional probability density functions are as follows:
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If the condition is taken for Y , then )5.0( >− XYP
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The total probability formula is available, but it is just not 
concise enough compared with the conventional solution. 
In the process of calculation, it is equivalent to replacing

),( yxf with 
)(

)(
),( xf

xf
yxf

X
X or 

)(
)(
),( yf

yf
yxf

Y
Y  ,Obviously, the formula is valid. 

2.3 APPLICATION IN THE UPDATE PROCESS 
In the renewal process, when discussing the limit 
distribution of residual life and age, we can take the 
condition for the time 1X  of the first renewal, and deduce 
the renewal equation satisfied by the distribution of 
residual life by using the continuous total probability 
formula. The correlation between 1X and the remaining 
life is not obvious, and it is hidden to some extent. After 
taking the condition of 1X , find out the relationship 
between 1X  and the remaining life through "translation", 
and the problem-solving method has strong skill. 
Example 5 tTtr tN −= +1)()(  represents the remaining 
life at time t , that is, the remaining time from the 
beginning of t  to the next update, and )()( tNTtts −=  
represents the age at time t . The renewal equation 
suitable for the distribution of )(tr  is derived [8]. 

Solution: Denote })({)( ytrPtR y >= ,

 

Take the 
condition for the time 1X  of the first update,
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)()()(1 ,The renewal equation 

suitable for )(tR y  is obtained. 
In the application of renewal theorem, it is often to obtain 
an renewal equation by taking conditions about a certain 
renewal (the first renewal or the last renewal before time 
t ), and then use the key renewal theorem to obtain the 
limit of its solution, and the continuous total probability 
formula is the key tool to solve this kind of problem. 
3. AVOID APPLYING THIS FORMULA 
INCORRECTLY 
In example 4, the intersection region of the non-zero 
region of the joint density function ),( yxf and 

DYXg ∈),( has some particularity. From the shape of the 
integral region, it can be expressed by either X -type or Y
-type. The X -type representation here refers to a region 
that can be represented by only one inequality group. 
Furthermore, the influence of the shape of the intersection 
region of ),( yxf  and DYXg ∈),( on the application of 
the full probability formula is discussed through an 
example. 
Example 6 If )5,1(~ UX , )6,0(~ UY  , X  and Y are 
independent of each other, calculate the probability

)1( <−YXP . 
Analysis: the joint density function and the two marginal 
density functions are obvious. Because X  and Y are 
independent of each other, the conditional probability 
density is the marginal density. If the total probability 
formula is used, The calculation of X  and Y as 
conditional variables is as follows: 

)1( <−YXP )11( +<<− XYXP＝
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Two different results are obtained from the calculation, 
Here X and Y are independent of each other, that is, the 
integrand function of the quadratic integral is the same. It 
can be seen from the value of the integral variable that they 
do not represent the same region. In fact, the calculation 
of Y  as a conditional variable is wrong, because the 
integration area is shown in Figure 2. This area is an X -
type area, that is, when the double integral is transformed 
into a secondary integral, the integration order is y first 
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and then x. if the order is exchanged, this area needs to be 
divided into three blocks, which is not represented by the 
area when Y  is calculated as a conditional variable. The 
reason is that there is an error in the representation of the 
variable range. When 20 ≤≤ y , the range of 1−y  is 

111 ≤−≤− y , but the condition of the subject is 1≥x , 
similarly, When 64 ≤≤ y , the range of 1+y  is 

715 ≤+≤ y , but the condition of the subject is 5≤x , it 
may be easy to ignore the determination of the variable 
range when solving the problem with the total probability 
formula, resulting in incorrect calculation. If we take Y  
as the conditional variable and use the total probability 
formula, the correct solution is as follows:  

)1( <−YXP )11( +<<− YXYP＝

∫ ⋅=+<<−=
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0
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Intuitively, the shape of the integral region has an 
important influence on the correct use of the total 
probability formula. If the region is X -type, it is feasible 
to take X  as the conditional variable. If the region is Y -
type, it is feasible to take Y  as the conditional variable. If 
the region can be expressed as either X -type or Y -type, 
it is OK to take the condition for anyone. The above 
example 4 also confirms this conclusion. If the region 
needs to be expressed in blocks regardless of the 
integration order, the total probability formula should be 
used with caution, At this time, if the formula is 
mechanically applied without analyzing the variable range, 
it is easy to make mistakes. For example, The joint density 
function of two-dimensional random variable ）（ YX ,  is 



 <<<

=
other

xyx
yxf

,0
10,3

),( , and )
2
10( <−< YXP  is 

calculated. The intersection of the non-zero region of 

),( yxf  and )
2
10( <−< YXP  is shown in Figure 3. 

Neither X -type nor Y -type can be used directly. They all 
need to be expressed in blocks. At this time, the 
conventional solution is more concise, the total probability 
formula is not recommended, and the problem-solving 
process will not be repeated here. It can be seen that 
whether the total probability formula can be used to 
calculate the relevant probability concisely depends on the 
shape representation of the region, which actually goes 
back to the calculation of double integral. Select the most 
appropriate integration order according to the shape of the 
integration area. 

 
Figure 1 Figure 2 Figure 3 
4. CONCLUSIONS 
Total probability formula is one of the important formulas 
in probability theory and stochastic process, which is 
widely used. However, it is more used in event type total 
probability formula in teaching and research, but less used 
in random variable type, especially the conditional method 
of continuous random variables, which has outstanding 
advantages in the calculation of compound distribution. In 
the probability problem of calculating the function of two-
dimensional continuous random variables, the concise use 
of the formula can be judged intuitively through the shape 
of the integral region. The idea of discussing the above 
related contents comes from the extended exploration and 
summary of the application of the total probability 
formula in the teaching process. Sometimes it may not be 
the most concise solution for some problems, but only 
based on whether this formula can be used to solve the 
problem. If there is anything inappropriate, please 
comment and correct it. 
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Abstract: Mathematics is a scientific and ideological 
content, methods and knowledge which integrates a 
foundational discipline. Its thought method contains 
profound connotation of philosophy. It is the essence of 
mathematics and is analyzed and the theoretical basis to 
solve the problem. It also is a kind of important thoughts 
to solve mathematical problems. In this paper, a lot of 
several classical methods of mathematics thought 
methods are discussed in its application in problem 
solving. 
Key words: Mathematics problem-solving; Mathematical 
thinking methods; Application 
 
1.INTRODUCTION 
The curriculum reform at home and abroad has had an 
extremely profound influence on basic education. The 
modern mathematics education neither can worship 
foreign things, nor can stick in the past. The passage 
follows the pace of Mr Zhang Dianzhou, and sums up the 
worthy of promotion of the Chinese characteristics of 
mathematical problem solving, hoping to give good 
guidance to basic education. As a mathematics teacher, 
research on mathematical problem solving is very 
important. 
2.MATHEMATICAL THINKING METHODS 
2.1 Application of the thought method of combination of 
number and shape in solving mathematical problems 
The essence of the combination of number and shape is to 
combine abstract mathematical language with intuitive 
graphics, realizing the combination of abstract thinking 
and image thinking.This can cultivate the flexibility and 
visualization of students' thinking, changing the problem 
from difficulty to ease and from abstract to concrete. 
It is very convenient and novel to combine numbers with 
shapes in problems solving.Consider the following 
example, set equation |𝑥𝑥2 − 1| = 𝑘𝑘 + 1, try to discuss the 
number of k different solutions when taking values in 
different ranges. 
Analysis:We cant urn this problem into a definite 
function 𝑦𝑦1 = |𝑥𝑥2 − 1|  and 𝑦𝑦2 = 𝑘𝑘 + 1 , image the 
number of intersections, factor function

2
1y k= +

always represent all lines parallel to the axis (whatever 

value is taken)function
1

2 1y x= − .You can convert it 

to a slave function first
1

2 1y x= −  Then, according to 

the image properties of quadratic function image of

1

2 1y x= − , further draw
1

2 1y x= − .Thus, it can be 

seen intuitively: 

 
（1）when 1k < −  , there has no intersection, At this 
time, the original equation has no solution; 
（2）when 1k = − , there has two intersections, and the 
original equation has two different solutions, which are 

1x = −  and 1x = . 
（3）When 1 0k− < <  , there has four intersections, 
and the original equation has four different solutions. 
（4）When 0k = , there has three intersections, and the 
original equation has three different solutions. 
（5）When 𝑘𝑘 > 0 , there has two intersections, and the 
original equation has three different solutions. 
Through the image, we can clearly see the range of K and 
the number of intersection points of two functions, which 
greatly simplifies our problem-solving and improves the 
efficiency of problem-solving. In the sense of equation, it 
is often very difficult to study quadratic equation with 
letter algebra, but if we first convert it into quadratic 
function and draw the image of quadratic function, the 
problem can be solved easily by using the properties of the 
image. This problem is a good proof. By combining the 
quadratic function image with the primary function image, 
and then according to the range of K, the number of 
intersections, that is, the number of equation solutions, can 
be quickly obtained. Therefore, when solving similar 
problems in the future, complex algebra can be 
transformed into a function, and then the image can be 
drawn.The thinking method of combination of number 
and shape is widely used, which is mainly used in the 
process of thinking analysis, simplification operation and 
reasoning, in order to quickly and accurately analyze and 
solve problems. If the mathematical community and 
thought solve set problems, function problems, 
trigonometric function problems, equation problems, 
complex problems, analytical geometry problems and 

-1 

-1 0 1  
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linear programming problems, using the idea of attribute 
combination, it is not only intuitive and easy to find the 
way to solve the problem, but also can avoid complex 
calculation and reasoning, and greatly resolve the 
problem-solving process. 
2.2 Application of function and equation thinking methods 
in mathematical problem solving 
The idea of function is to use the viewpoint of motion and 
change to analyze and study the quantitative relationship 
in specific problems, and express this quantitative 
relationship in the form of function, so as to achieve the 
purpose of solving the problem. If the analytical formula 
representing the functional relationship is regarded as an 
equation, the problem can be solved by means of solving 
the equation or studying the equation, this is the idea of 
equation. 
The application of function and equation thinking method 
in problem solving is mainly reflected in the problems 
related to evaluation, solving inequality, solving equation 
and discussing the value range of parameters. The basic 
idea is to establish function relationship or construct 
intermediate function. With the help of the properties of 
function, we can achieve the purpose of making difficulty 
easy and complexity simple. 
2.3 Application of classified discussion thinking methods 
in mathematical problem solving 
The thought of classified discussion is also called the 
thought of logical division. It is a mathematical thought 
that divides mathematical objects into different types for 
research or solution according to the similarities and 
differences of the essential attributes of mathematical 
objects. Pay attention to comprehensiveness during 
discussion. 
For example, known set A= {x|x 2  -3x-10≤0}, B= 
{x|m+1≤x≤2m-1}, if A∪B= A, finding the value range of 
M. 

Analysis:Since A∪B=A, so B⊆  A and A= {x| x
2

- 3x- 
10≤0} = {x|- 2≤x≤5}. 
Considering that an empty set is a subset of any set, so, we 
need to discuss B= ∅  and B≠∅ . 
(1) Principle of identity 
The classification should be carried out according to the 
same standard, that is, several different classification 
bases cannot be used at the same time. It can be explained 
by the idea of set. If the research object is regarded as a 
subset of the complete set and classified according to this, 
it is said that this classification conforms to the principle 
of identity. 
（2）Principle of mutual exclusion 
Each sub item after classification should be mutually 
incompatible, that is, each sub item should be mutually 
exclusive. After classification, some elements should not 
belong to both this sub item and another sub item. That is, 
for the research pair, yes subset, and as the classification 
standard, if, it is said that this classification conforms to 
the principle of mutual exclusion. 
(3) Principle of proportionality 
The classification should be commensurate, that is, the 

sum (Union) of the extension of the sub item after division 
should be equal to the extension of the parent item. 
(4) Hierarchy principle 
Classification can be divided into one classification and 
multiple classifications. One classification is to classify 
the object under discussion only once; Multiple 
classification is to classify all sub items as parent items 
again until the needs are met. 
2.4 Application of transformation (transformation) 
thought methods in mathematical problem solving 
Combined with the teaching practice, I talk about the 
application of transformation thought method in high 
school mathematics problem solving. Transformation 
thought is to summarize those problems to be solved or 
difficult to solve into a kind of problems that have been 
solved or relatively easy to solve through a certain 
transformation process, and finally obtain the solution of 
the original problem. 
Transforming thought and method plays a very important 
role in high school mathematics. It is the core and essence 
of mathematical thought. What is mathematical 
transformation thought? Bloom clearly pointed out in the 
taxonomy of educational objectives that mathematical 
transformation thought is "the ability to transform 
problem elements from one form to another", which can 
be transformed from language description to graphic 
representation, or the transformation from language 
expression to symbolic form, or the reverse transformation 
of each situation. This mathematical transformation 
includes the mutual transformation of mathematical 
unique numbers, forms and forms, as well as the 
transformation of psychological standards. 
From a philosophical point of view, transformation is to 
look at problems from the point of view of movement, 
change, connection and development; From the 
perspective of ideological structure, we must first form a 
deep understanding of some basic principles, basic rules 
and the solutions and conclusions of typical problems. 
When encountering unfamiliar or complex problems, we 
can solve the problems by looking for the relationship 
between the problem and the basic problems, "turning 
generation into heat, turning complexity into 
simplification, turning ignorance into known, and turning 
abstraction into concrete". The basic principles include 
familiarity, simplification under the new curriculum 
standard, the connection between junior and senior high 
school mathematics presents the characteristics of "high 
starting point, great difficulty, large capacity and tight 
class hours". The phenomenon of students' learning 
maladjustment is prominent. Teachers and students are 
more urgent to strengthen mathematical thinking methods 
and pay attention to the teaching and application of 
thinking methods. 
2.5 Application of analogy thinking methods in 
mathematical problem solving 
Mathematical analogy refers to a kind of reasonable 
reasoning that may transfer the properties of one kind of 
mathematical objects to another kind of unknown objects 
according to the similarity of two kinds of mathematical 
objects. 
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Application of analogy method in middle school teaching. 
In junior middle school mathematics teaching, the 
teaching of mathematical concepts is an important link. 
The understanding of the essence of concepts is a 
difficulty for students to learn mathematics. How to make 
a breakthrough effectively? Analogical teaching of 
concepts is an effective way and methods. 
(1) There are a large number of concepts in junior middle 
school mathematics teaching. If we understand and 
memorize these concepts in isolation, it will become a 
burden for students to learn. However, from the 
perspective of the definition form of concepts, the 
definition forms of some concepts are similar, such as 
triangle, quadrilateral the concepts of polygons are as 
follows: a graph composed of three line segments not on 
the same line connected in sequence is called a triangle. A 
graph composed of four line segments on the same plane 
and not on the same line connected in sequence is called a 
quadrilateral. A graph composed of multiple line segments 
on the same plane and not on the same line connected in 
sequence is called a polygon from the formal point of view, 
the definition of concept is a restriction on a class of 
graphic conditions, which is consistent in form. The 
differences are: first, there is no "on the same plane" in the 
definition of triangle; second, the number of line segments 
is consistent. Through this analogy, students can 
understand and understand these three concepts from a 
new angle and height, and further understand the essence 
of the concept (2) Analogy of concept formation process. 
When teaching the concept of cube root, consider the 
"square root" and "cube root".The two sections are parallel 
in terms of content and knowledge expansion order. The 
content is mainly to study the concept and solution of cube 
root. The knowledge expansion order is to first give the 
concept of cube root by analogy from specific calculation, 
and then study the characteristics of cube root. In this 
lesson, the concept and representation method of square 
root are students' original knowledge. In order to establish 
the concept of cube root, fully "borrow" by analogy, the 
new and old knowledge can not only review and 
consolidate the square root, but also understand and 
master the concept of cube root. 
The analogy of knowledge structure and the construction 
of network promote the sublimation. Only when 
knowledge is built into a network can students grasp 
knowledge as a whole from a higher angle, and the 
analogy of knowledge structure is an effective and good 
method to establish knowledge network, which can reveal 
the internal relationship between these knowledge. 
Through the analogy of knowledge structure, knowledge 
can be broadened horizontally and deepened step by step 
Horizontal analogy. For example, when explaining the 
judgment theorem of similar triangles, it can be obtained 
by analogy with congruent triangles. The relationship 
between congruent form and similar form: congruent 
triangles are similar triangles. When the similarity ratio is 
a special case, the comparison between congruent and 
similar conditions: 

(1) Two angles are equal -two triangles are similar 
The two corners are equal and the clamped edges are 
equal-the two triangles are congruent; 
(2) The two sides are proportional and the included angles 
are equal - the two triangles are similar 
Both sides are equal and the included angle is equal -two 
triangles are congruent; 
(3) The three sides correspond in proportion - the two 
triangles are similar 
Three sides are equal -two triangles are congruent 
The horizontal analogy not only strengthens the contrast 
between knowledge, but also clearly shows the process of 
knowledge acquisition, forming a clear context of 
knowledge 
Analogy of thinking mode can break through difficulties 
and innovate. The presentation form of mathematical 
thinking is often hidden and difficult to obtain from 
teaching materials, which requires teachers to consciously 
and purposefully infiltrate thinking methods in 
mathematics teaching. Through analogy of mathematical 
thinking, students' mathematical thinking ability will be 
improved accordingly 
Create the following scenario in the lesson "merging 
similar items": 
(1)Physical classification. Teachers mix school supplies, 
toys and snacks (round, square and triangular in shape), 
let students classify according to their own standards, and 
ask students to answer the following questions: what is 
your classification standard? If the classification criteria 
are the same, is the classification unique? How many 
classification methods do you have? (2) Classification of 
terms in polynomials. Observe polynomials and answer 
the following questions: which items do you want to group? 
What characteristics do you classify according to? So 
what, The main purpose of object classification is to let 
students feel the classification phenomenon in life, and let 
students clarify the classification standards and methods 
through object classification. Then show polynomials, and 
students will make an analogy with object classification. 
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Abstract: Trigonometric identity transformation is an 
important content of trigonometric function, also an 
important tool of trigonometric function. Starting from 
concrete examples, this paper makes a preliminary study 
on several common methods of identity transformation of 
trigonometric functions, and expounds six kinds of 
transformation methods, which are respectively: 
transformation of function name, transformation of Angle, 
transformation of formula, transformation of power, 
transformation of constant, combination of number and 
form. 
Keywords: Trigonometric Function; Identity 
Transformation; Method 
 
1. FUNCTION NAME TRANSFORMATION  
In general, a trig function is defined in two dimensional 
plane coordinates, and its domain is the entire real number 
field, another definition is defined in right triangles, but 
not completely. Modern mathematics extends its 
definition to complex systems. Because of its periodicity, 
trigonometric functions do not have inverse functions in 
the sense of single-valued functions. At the same time, 
trigonometric function also plays an important role in 
complex numbers. From the point of view of physics, 
trigonometric function is also a very common tool. 
Therefore, it is particularly important to master several 
common methods of trig function identity 
transformation[1]. In this paper, the common methods of 
trigonometric identity transformation are studied 
preliminary and six kinds of transformation methods are 
proposed. 
In the process of trig identity transformation, choosing the 
appropriate method can simplify, evaluate, prove and so 
on more easily[2]. If you choose the wrong method, you 
may take many detours, and sometimes you may not get 
the conclusion you want. The following six class methods 
are introduced and illustrated by specific examples. 
In the trigonometric function simplification, evaluation 
and proof, we should pay special attention to the change 
of trigonometric function name, cotangent and tangent are 
converted to sine and cosine, sine and cosine are converted 
to cotangent and tangent, can be through the same Angle 
trigonometric function relations, induction formula, 
double Angle formula, square relations, etc. to reach the 
unity of trigonometric function name, transforming 
mutually tangent function, cotangent function, sine 
function and cosine function[3]. 
1.1 COTANGENT AND TANGENT ARE CONVERTED 
TO SINE AND COSINE 
Case 1 Known 𝑡𝑡𝑡𝑡𝑡𝑡 𝜃𝜃 = 2 , Simplify and evaluate:

tan tan sin 1 sec .
tan si

    
n 1 csc

θ θ θ θ
θ θ θ
+ ⋅ +

+ +
  

Analysis: we can find that there are both tangent and sine 
and cosine in the formula, and the tangent value of the 
Angle given by the question is 2, so we can change the 
tangent value of the formula to sine and cosine according 
to the internal relationship of several trigonometric 
functions, so as to simplify and get the result. 
Solution:From tan 2θ =  we have that  

sin sin 1sin 1tan tan sin 1 sec cos cos cos tan 2.sin 1tan sin 1 csc s
        

in 1
cos sin

θ θ θθ θ θ θ θ θ θ θθθ θ θ θ
θ θ

+ ⋅ ++ ⋅ +
= = =

+ + + +
 

 

1.2 SINE AND COSINE ARE CONVERTED TO 
COTANGENT AND TANGENT 
Case 2 Known tan 2 θ =  , calculate 

2 2sin +sin cos 2 cos .θ θ θ θ⋅ − ⋅  
Analysis: This function is a quadratic function of sine and 
cosine, which can be replaced by "1" in the denominator, 
so that the sine and cosine in this function is converted into 
Cotangent and tangent, and then the results obtained 
according to known conditions. 
Solution: 2 2sin +sin cos 2 cosθ θ θ θ⋅ − ⋅   

2 2 2

2 2 2
sin sin cos 2 cos tan tan 2 4= .

sin cos tan 1 5
θ θ θ θ θ θ

θ θ θ
+ ⋅ − ⋅ + −

= =
+ +

 

Analysis:The question which Requires the transformation 
of function name often have obvious characteristics, such 
as the known sine, cosine, cotangent and tangent appears 
interactively[4], case 1 and case 2 are carried out 
according to the questions of the practical need of 
transforming mutually tangent function, cotangent 
function, sine function and cosine function, which is the 
transformation of the function name, with focuses on the 
basic formula of Angle of trigonometric functions, 
trigonometric functions identities and the reduction of 
homogeneous type, what needs special attention is, 
Trigonometric substitution is often simplified and 
evaluated in a holistic way. 
2. TRANSFORMATION OF ANGLE  
In the issues of the research triangle transform, we often 
meet two, or even a number of different angles, at this 
point, it is important to note that the relationship between 
the Angle with known Angle in the question[5], such as 
Sum, difference, multiple, half, complementary, 
supplementary and so on, Properly using the skills of 
removing angles and rounding angles and analyzing the 
relations between the Angles at the same time, using the 
Angle of the substitution of different Angle to the same 
Angle, eliminate the difference between the Angle in the 
condition and the conclusion to achieve the purpose of 
uniting Angle[6]. The specific approach is: 
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⑴ When there are two angles in the known condition, the 
"desired Angle" is generally expressed as the sum or 
difference of the known angles; 
⑵ When there is only one known Angle, the desired Angle 
can be transformed into known Angle by induction 
formula. 
2.1 REMOVING ANGLES 
Case 3 Known 𝜋𝜋

4
< 𝛼𝛼 < 3𝜋𝜋

4
, 0 < 𝛽𝛽 < 𝜋𝜋

4
, 𝑐𝑐𝑐𝑐𝑐𝑐( 𝜋𝜋

4
+ 𝛼𝛼) =

− 7
25

, 𝑐𝑐𝑠𝑠𝑡𝑡( 3𝜋𝜋
4

+ 𝛽𝛽) = 9
15

 , evaluate the value of 

sin( )α β+ . 
Anlaysis:Starting from known two angles 

3,
4 4
π πα β+ + , to evaluate sine value of α β+ , We 

can add two known angles to get the complementary angle 
of α β+ , and then we can get the desired result by the 
induction formula.  

Solution:Since 
3 0 ,

4 4 4
π π πα β< < < <，   Therefore

3 3, .
2 4 4 4
π π π πα π β π< + < < + <   

From 𝑐𝑐𝑐𝑐𝑐𝑐( 𝜋𝜋
4

+ 𝛼𝛼) = − 7
25

, 𝑐𝑐𝑠𝑠𝑡𝑡( 𝜋𝜋
4

+ 𝛼𝛼) = 24
25

, 𝑐𝑐𝑠𝑠𝑡𝑡( 3𝜋𝜋
4

+

𝛽𝛽) = 9
15

, 𝑐𝑐𝑐𝑐𝑐𝑐( 3𝜋𝜋
4

+ 𝛽𝛽) = −12
15

.  

Since (𝜋𝜋
4

+ 𝛼𝛼) + (3𝜋𝜋
4

+ 𝛽𝛽) = 𝜋𝜋 + (𝛼𝛼 + 𝛽𝛽), Therefore 
𝑐𝑐𝑠𝑠𝑡𝑡( 𝛼𝛼 + 𝛽𝛽) = −𝑐𝑐𝑠𝑠𝑡𝑡[𝜋𝜋 + (𝛼𝛼 + 𝛽𝛽)]

= −𝑐𝑐𝑠𝑠𝑡𝑡 �(
𝜋𝜋
4

+ 𝛼𝛼) + (
3𝜋𝜋
4

+ 𝛽𝛽)� 

= −𝑐𝑐𝑠𝑠𝑡𝑡(
𝜋𝜋
4

+ 𝛼𝛼) ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐(
3𝜋𝜋
4

+ 𝛽𝛽) − 𝑐𝑐𝑐𝑐𝑐𝑐(
𝜋𝜋
4

+ 𝛼𝛼)

⋅ 𝑐𝑐𝑠𝑠𝑡𝑡 �
3𝜋𝜋
4

+ 𝛽𝛽�

= −
24
25

× �−
12
15�

+
7

25
×

9
15

=
351
375

.

 

2.2 SUPPLEMENTARY ANGLES 
Case 4 Known 5 𝑐𝑐𝑠𝑠𝑡𝑡 𝛼𝛼 = 𝑐𝑐𝑠𝑠𝑡𝑡( 2𝛽𝛽 + 𝛼𝛼) , prove 

2 tan( ) 3 tanα β β+ = . 
Analysis: We can easily find that the two equations in this 
problem involve different angles, so by observing the 
internal relationship between them, and using the formula 
of the sum of two angles can prove the result. 
Proof:From Known conditions, get5 𝑐𝑐𝑠𝑠𝑡𝑡[(𝛼𝛼 + 𝛽𝛽) − 𝛽𝛽] =
𝑐𝑐𝑠𝑠𝑡𝑡[(𝛼𝛼 + 𝛽𝛽) + 𝛽𝛽] , Simplify, get 4 𝑐𝑐𝑠𝑠𝑡𝑡(𝛼𝛼 + 𝛽𝛽) ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛽𝛽 =
6 𝑐𝑐𝑐𝑐𝑐𝑐(𝛼𝛼 + 𝛽𝛽) ⋅ 𝑐𝑐𝑠𝑠𝑡𝑡 𝛽𝛽 , Therefore, 
2 tan( ) 3 tan .α β β+ =  
Analysis: In the Angle transformation, special attention 
should be paid to the Angle range, solving problems often 
needs to reduce the Angle range according to the 
trigonometric function value[7]. The following examples 
are transformations of complementary and supplementary 
which are commonly used. 

𝛼𝛼 = (𝛼𝛼 + 𝛽𝛽) − 𝛼𝛼,𝛼𝛼 = 𝛽𝛽 − (𝛽𝛽 − 𝛼𝛼),𝛼𝛼

=
1
2

[(𝛼𝛼 + 𝛽𝛽) + (𝛼𝛼 − 𝛽𝛽)],𝛼𝛼

=
1
2

[(𝛼𝛼 + 𝛽𝛽) − (𝛽𝛽 − 𝛼𝛼)]
 

15° = 45° − 30° = 60° − 45°, 2𝛼𝛼 = (𝛼𝛼 + 𝛽𝛽) − (𝛽𝛽 − 𝛼𝛼)
= (

𝜋𝜋
4

+ 𝛼𝛼) − (
𝜋𝜋
4
− 𝛼𝛼),

 2𝛽𝛽 = (𝛼𝛼 + 𝛽𝛽) − (𝛼𝛼 + 𝛽𝛽), 𝜋𝜋
4

+ 𝛼𝛼 = 𝜋𝜋
2
− (𝜋𝜋

4
− 𝛼𝛼), etc. 

3. TRANSFORMATION OF FORMULA 
In the use of trigonometric formulas, such as universal 
formula, auxiliary Angle formula, and differential product 
formula, as identity, not only limited to the formula, 
inverse or deformation of the formula can be further 
familiar with the formula[8], but also more convenient to 
solve the problem. For the transformation into sine or 
cosine, tangent or cotangent, it depends on the specific 
situation and conditions, generally requiring that the 
coefficient of the deformed Angle is +, which is more 
conducive to the study of the properties of the function. 
3.1 UNIVERSAL FORMULA 
After using the universal formula, all the trigonometric 

functions are used tan
2
α

 to express. The universal 

formula is as follows: 𝑐𝑐𝑠𝑠𝑡𝑡 𝛼𝛼 =
2 𝑡𝑡𝑡𝑡𝑡𝑡𝛼𝛼2
1+𝑡𝑡𝑡𝑡𝑡𝑡2𝛼𝛼2

, 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼 =

1−𝑡𝑡𝑡𝑡𝑡𝑡2𝛼𝛼2
1+𝑡𝑡𝑡𝑡𝑡𝑡2𝛼𝛼2

, 𝑡𝑡𝑡𝑡𝑡𝑡 𝛼𝛼 =
2 𝑡𝑡𝑡𝑡𝑡𝑡𝛼𝛼2
1−𝑡𝑡𝑡𝑡𝑡𝑡2𝛼𝛼2

. 

Case 5 Known 𝑐𝑐𝑠𝑠𝑡𝑡 𝛼𝛼 + 𝑐𝑐𝑠𝑠𝑡𝑡 𝛽𝛽 = 1
4

, 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼 + 𝑐𝑐𝑐𝑐𝑐𝑐 𝛽𝛽 = 1
3
 , 

evaluate ( )sin .α β+  
Analysis: By observing the function formula, using and 
differential product formula and simplification can easily 
get the tangent value of the desired Angle, thus, using 
universal formula to evaluate the sine value of the desired 
Angle. 
Solution:From known conditions, Get 2 𝑐𝑐𝑠𝑠𝑡𝑡 𝛼𝛼+𝛽𝛽

2
⋅

𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼−𝛽𝛽
2

= 1
4

, 2 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼+𝛽𝛽
2
⋅ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼−𝛽𝛽

2
= 1

3
 

Divide the two formulas, get 
+ 3tan =
2 4

α β
 

From Universal formula, get  sin(𝛼𝛼 + 𝛽𝛽) =
2𝑡𝑡𝑡𝑡𝑡𝑡𝛼𝛼+𝛽𝛽2
1+𝑡𝑡𝑡𝑡𝑡𝑡2𝛼𝛼+𝛽𝛽2

=
24
25

. 
3.2 AUXILIARY ANGLE FORMULA 
𝑡𝑡 ⋅ 𝑐𝑐𝑠𝑠𝑡𝑡𝛼𝛼 + 𝑏𝑏 ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼 = √𝑡𝑡2 + 𝑏𝑏2 ⋅ 𝑐𝑐𝑠𝑠𝑡𝑡(𝛼𝛼 + 𝜑𝜑)  or 

2 2sin cosa b a bα α⋅ + ⋅ = +  

( )cos α ϕ⋅ +  called Auxiliary angle formula, The 

formula transforms the trigonometric function with the 
shape of sin cosa bα α⋅ + ⋅ (a, b is not simultaneously 
0) into a trigonometric function of an angle, which is not 
only conducive to the simplification of trigonometric 
function, but also a common tool to study the properties 
of trigonometric function[9]. 
Case 6 Evaluate the minimum value of the function 

sin cos 2.y x x= + +   
Analysis: through careful observation of the functional 
formula, it can be found that part of the functional formula 
is in line with the form sin cosa bα α⋅ + ⋅  , so the 
auxiliary angle formula can be used. 
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Solution:Use Auxiliary angle formula,get

2 sin 2
4

y x π = + + 
 

, Since the range of sine function is 

[ ]1,1− , Therefore the minimum value of y is 2 2.−  

3.3 SUM DIFFERENCE PRODUCT FORMULA 
The summation product, which includes the summation 
product formula for sine and the summation product 
formula for cosine, is a set of identities for trigonometric 
functions. 
Case 7 Evaluate:
tan13 tan 47 3 tan13 tan 47+ + ⋅ ⋅    . 
Analysis: Because the angles given are not special angles, 
so it can not be directly substituted into the function value 
to evaluate, we can find that the sum of two angles is a 
special Angle with careful observation, so we can use the 
formula of the difference product to deformation, so as to 
get the result. 
Solution:Since 𝑡𝑡𝑡𝑡𝑡𝑡 6 0∘ = 𝑡𝑡𝑡𝑡𝑡𝑡( 13∘ + 47∘) =
𝑡𝑡𝑡𝑡𝑡𝑡13∘+𝑡𝑡𝑡𝑡𝑡𝑡47∘

1−𝑡𝑡𝑡𝑡𝑡𝑡13∘⋅𝑡𝑡𝑡𝑡𝑡𝑡47∘
= √3 

Therefore 

( )tan13 tan 47 = 3 1 tan13 tan 47+ ⋅ − ⋅     

Therefore 
tan13 tan 47 3 tan13 tan 47 = 3.+ + ⋅ ⋅     
Analysis: there are many cases of using the formula 
directly, but if we can think of the inverse use and 
deformation of the formula according to the structure of 
the problem, we will "have a better picture and a better 
village". At the same time, we should pay attention to the 
clear range of Angle, the range of Angle is related to the 
symbol of the corresponding trigonometric function 
value[10]. 
4. POWER TRANSFORMATION 
An important way of trigonometric identity is perform 
necessary ascending and descending powers on the known 
or to be solved formula in the question, in order to create 
conditions for using the double Angle formula, in general, 
we need to analysis the structure of the question, and 
master the characteristics of the subject structure, thus 
further to judge the ascending and descending powers, or 
with the problem of power conversion[11]. 
4.1 DESCENDING POWERS 
Common ascending and descending power formulas 
mainly include the following formulas and their 
deformations, namely sine formula and cosine formula of 
double angle: 

𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼 =
1− 𝑐𝑐𝑐𝑐𝑐𝑐 2𝛼𝛼

2
, 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼

=
1 + 𝑐𝑐𝑐𝑐𝑐𝑐 2𝛼𝛼

2
, 𝑐𝑐𝑠𝑠𝑡𝑡4 𝛼𝛼 + 𝑐𝑐𝑐𝑐𝑐𝑐4 𝛼𝛼

= 1− 2 𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼 ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼 , 
𝑐𝑐𝑠𝑠𝑡𝑡2𝛼𝛼 = 2 𝑐𝑐𝑠𝑠𝑡𝑡𝛼𝛼 ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼 , 𝑐𝑐𝑐𝑐𝑐𝑐 2𝛼𝛼 = 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼 − 𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼

= 2 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼 − 1 = 1 − 2 𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼. 

Case 8 Simplify 
6 6

4 4
1 cos sin .
1 cos sin

θ − θ
θ − θ

−
−

 

Analysis: Since the values of trigonometric functions 
given in the question are all higher powers, we can easily 
come up with a descending power formula, so we can use 
the descending power formula of double angles to simplify. 
Solution:

6 6 2 2 4 2 2 4

4 4 2 2 2 2 2
1 cos sin 1 (cos sin ) (cos sin cos sin )
1 cos sin 1 (cos sin ) 2sin cos

θ − θ θ θ θ θ θ θ
θ − θ θ θ θ θ

− − + ⋅ − ⋅ +
=

− − + + ⋅
 

=
1 − (1 − 3 𝑐𝑐𝑠𝑠𝑡𝑡2 𝜃𝜃 ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐2 𝜃𝜃)

2 𝑐𝑐𝑠𝑠𝑡𝑡2 𝜃𝜃 ⋅ 𝑐𝑐𝑐𝑐𝑐𝑐2 𝜃𝜃
=

3
2

. 
4.2 ASCENDING POWERS  
Power reduction is a common method in triangular 
transformation, but it is not absolute, sometimes it needs 
to be raised. For example, for irrational formulas

1 cosα+ , it is often raised to rational formulas[12]. 

Case 9 Known 
1( ) , ,
1 2

xf x
x

πα π+  = ∈ −  
, simplify 

( cos ) (cos ).f fα α− +  
Analysis: The known conditions of the subject give a 
function, look ing at the characteristic of the function, we 
can get a square root by substituting the cosine, so to get 
rid of the square root, it's easy to think of raising the power. 
Solution: From known conditions, get 

𝑓𝑓(−𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼) + 𝑓𝑓(𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼) = �1 − 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼
1 + 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼

+ �1 + 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼
1− 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼

= �
1− 𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼

(1 + 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼)2
+ �

1 − 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼
(1 − 𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼)2

 

 
sin sin sin .

1 cos 1 cos 2
α α α
α α

= + =
+ −

 

Analysis: Both case 8 and 9 have large differences in the 
powder of the known formula and the desired formula. 
Consider using the descending or ascending power 
formula to establish a connection between the desired 
formula and the known formula, further simplify, arrange, 
and finally substitute the result of the problem. 
5. CONSTANT TRANSFORMATION 
According to triangular identity 

2 2sin csc = cos sec = tan cot 1,sin cos 1,θ θ θ θ θ θ θ θ⋅ ⋅ ⋅ = + =  
𝑐𝑐𝑠𝑠𝑐𝑐2 𝜃𝜃 − 𝑡𝑡𝑡𝑡𝑡𝑡2 𝜃𝜃 = 1, (𝑐𝑐𝑠𝑠𝑡𝑡 𝜃𝜃 ± 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃)2 ∓
2 𝑐𝑐𝑠𝑠𝑡𝑡𝜃𝜃 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 = 1, 𝑐𝑐𝑠𝑠𝑡𝑡9 0∘ = 𝑐𝑐𝑐𝑐𝑐𝑐 0∘ = 𝑡𝑡𝑡𝑡𝑡𝑡 4 5∘ =
𝑐𝑐𝑐𝑐𝑡𝑡 4 5∘ = 1, 𝑠𝑠𝑠𝑠𝑡𝑡𝜃𝜃

𝑐𝑐𝑐𝑐𝑠𝑠𝜃𝜃⋅𝑡𝑡𝑡𝑡𝑡𝑡𝜃𝜃
= 1, the known constant "1" in the 

title can be replaced by trigonometric function[13]. 
Similarly, trigonometric function values of many special 
angles are listed in the trigonometric function table, for 
example: 

𝑐𝑐𝑠𝑠𝑡𝑡3 0∘ = 𝑐𝑐𝑐𝑐𝑐𝑐 6 0∘ =
1
2

, 𝑐𝑐𝑠𝑠𝑡𝑡 4 5∘ = 𝑐𝑐𝑐𝑐𝑐𝑐 4 5∘

=
√2
2

, 𝑐𝑐𝑠𝑠𝑡𝑡 6 0∘ = 𝑐𝑐𝑐𝑐𝑐𝑐 3 0∘ =
√3
2

, 
𝑐𝑐𝑠𝑠𝑡𝑡0∘ = 𝑐𝑐𝑐𝑐𝑐𝑐 9 0∘ = 𝑡𝑡𝑡𝑡𝑡𝑡0∘ = 0, 𝑡𝑡𝑡𝑡𝑡𝑡3 0∘ = 𝑐𝑐𝑐𝑐𝑡𝑡 6 0∘

=
√3
3

, 𝑡𝑡𝑡𝑡𝑡𝑡 6 0∘ = 𝑐𝑐𝑐𝑐𝑡𝑡 3 0∘ = √3. 
therefore, the special angle in the topic can be transformed 
into trigonometric function value. 
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5.1 SUBSTITUTION OF 1 

Case 10 Known 
2
πα  ∈ 

 
0,  , evaluate the minimum 

value of 2 2
9 1 .

sin cos
y

α α
= +  

Analysis: This is a problem of finding the minimum value. 
By observing the function formula, there is a molecule 
with 1 and the denominator of the two fractions is 2sin   θ
and 2cos θ  , so the substitution of "1" can be used to 
simplify.  
Solution: From Known conditions, get  

𝑦𝑦 =
9

𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼
+

1
𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼

=
9 𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼 + 9 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼

𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼

+
𝑐𝑐𝑠𝑠𝑡𝑡2 𝛼𝛼 + 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼

𝑐𝑐𝑐𝑐𝑐𝑐2 𝛼𝛼
=10+9 𝑐𝑐𝑐𝑐𝑡𝑡2 𝛼𝛼

+ 𝑡𝑡𝑡𝑡𝑡𝑡2 𝛼𝛼 
2 210+2 9cot tan =16α α≥ ⋅ ⋅  

Only when 9 𝑐𝑐𝑐𝑐𝑡𝑡2 𝛼𝛼 = 𝑡𝑡𝑡𝑡𝑡𝑡2 𝛼𝛼, that is when , 2tan =3α , 
use “=“. 
5.2 TRIGONOMETRIC FUNCTION VALUE OF 
SPECIAL ANGLE 
Case 11 Evaluate 𝑐𝑐𝑐𝑐𝑐𝑐 4 5∘ + 3 𝑡𝑡𝑡𝑡𝑡𝑡 3 0∘ + 𝑐𝑐𝑐𝑐𝑐𝑐 3 0∘ +
2 𝑐𝑐𝑠𝑠𝑡𝑡6 0∘ − 2 𝑡𝑡𝑡𝑡𝑡𝑡 4 5∘. 
Analysis: the function formula gives some commonly 
used special angles, so the trigonometric function value of 
the special angle can be directly substituted to obtain the 
result. 
Solution: 𝑐𝑐𝑐𝑐𝑐𝑐 4 5∘ + 3 𝑡𝑡𝑡𝑡𝑡𝑡 3 0∘ + 𝑐𝑐𝑐𝑐𝑐𝑐 3 0∘ + 2 𝑐𝑐𝑠𝑠𝑡𝑡6 0∘ −
2 𝑡𝑡𝑡𝑡𝑡𝑡 4 5∘ 

=
√2
2

+ 3 ×
√3
3

+
√3
2

+ 2 ×
√3
2
− 2 × 1

=
√2 + 5√3 − 4

2
. 

Analysis: according to the number 1 or the trigonometric 
function value of some special angles in the topic, 
consider using the constant transformation, which can 
simplify the trigonometric function formula and improve 
the efficiency of problem solving. 
6. COMBINING NUMBER WITH SHAPE  
Number form combination is a kind of commonly used 
mathematics problem-solving way of thinking, the idea of 
combination of number and shape can often make some 
abstract mathematical problems intuitive and vivid, can 
change the abstract thinking into image thinking, which 
helps to grasp the essence of mathematics problems, 
through the processing of the graph, the abstract concept 
and the concrete graph can be connected and transformed, 
and the difficulties become easy. In the problem of 
trigonometric function, we can make use of the idea of 
combination of number and form to analyze the image of 
trigonometric function, so that the problem can be 
solved[14]. 
Case 12 equation sin + 3 cos =0x x a⋅ +   has different 

roots η  and γ  in ( )0,2π , evaluate +
2

η γ . 

Analysis: the function contains uncertain numbers. At this 
time, the previous common methods are not advisable. 
Through careful observation, we can think of the 
geometric meaning of trigonometric function, which can 
be analyzed in combination with rectangular coordinates 
and unit circle. 
Solution: As shown in the figure below,  
η , γ  is the angle formed by the radius at the intersection 

of the line 3 0x y a⋅ + + =   with the unit circle 
2 2  1  x y+ =  and the positive half axis of the X-axis.  

So the radius of a circle at an Angle of +
2

η γ  must be 

perpendicular to the line 3 0  x y a⋅ + + = . 

Therefore, 
+ =
2 6

η γ π
 or 

+ 7= .
2 6

η γ π
 

 
 y  

  
 
 

 x  
 
 
 
 
 
 
Analysis: Trigonometric function itself has the feature of 
combination of function number and form, so we can 
consider transforming the trigonometric identity firstly, 
and then combined with the geometric characteristics of 
trigonometric function to solve the problem. 
In conclusion, to do the triangle identical transformation, 
The first thing is to use trigonometric formula flexibly, and 
then according the topic, carefully analyzing the structure 
characteristics of trigonometric function type in the title, 
choosing the proper formula will request the target type 
name of the function transformation, Angle, frequency, etc, 
further, we can use known conditions to solve the problem. 
Similarly, a strong sense of goal can be established first, 
and then, under the guidance of the goal, the known 
conditions can be transformed and promoted layer by 
layer until the conclusion of the problem is derived. 
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ABSTRACT. Blended teaching is the combination of 
practical teaching and online learning, and the advantages 
of the two complement each other. It can not only play the 
leading role of teachers, but also stimulate students' 
initiative, enthusiasm and creativity in the learning 
process. Our school implemented offline teaching before 
2020. In 2020, due to the influence of COVID-19 and the 
change of teaching philosophy, we began experimenting 
with blended teaching on line and offline. On this basis, 
we created a top-quality course of blended teaching on 
line and online. This paper mainly makes a comparative 
analysis of the effect of the offline teaching in 2019 and 
the hybrid teaching in 2020, including the analysis of the 
overall situation and the comparison of the scores of 
various types of questions, and finally gives some 
conclusions and suggestions. 
Keywords: Python; Big Data; Online-Offline Teaching 
 
1. INTRODUCTION 
Today is the era of big data and artificial intelligence. The 
deep integration of artificial intelligence, big data and real 
economy is the future development trend. The effective 
information mining and analysis of big data will become 
the necessary basic skills of students in financial colleges, 
which puts forward new requirements for students in 
financial colleges. In order to better meet the needs of the 
society for students' data analysis and processing skills in 
finance and economics colleges, python programming 
course is offered by the school of management science and 
engineering as a compulsory course for sophomores. 
Python language is a programming language across many 
disciplines, which is of great help to improve students' 
Computational Thinking and data analysis ability. Python 
Programming Course in our school has established a 
stable and high-level teaching team, which fundamentally 
ensures that the course construction plays a good role in 
cultivating students' academic level and comprehensive 
quality ability, improving the quality of undergraduate 
education, and laying a solid foundation for our students 
to go to the society and engage in related work. 
With the popularity of intelligent devices,such as mobile 
phone Internet technology, tablet computer and mobile 
phone, Internet plus has brought about new changes to 
education and teaching. "Internet + education" deeply 
integrates education and information technology, and 
many network interactive teaching platforms have 
emerged, such as online teaching platforms such as rain 
classroom, school online and wisdom tree. 

Online and offline teaching have their own advantages and 
disadvantages: 
The shortcomings of traditional classroom teaching mode 
are: teachers can only teach relevant basic knowledge in 
limited teaching time, and students' learning content can 
not keep up with the speed of industry development; 
Students' low interest in learning, often passive 
acceptance of knowledge, leading to students' thinking 
ability and innovation consciousness can not be cultivated 
and improved. The advantage is that teachers can 
supervise and master students' learning situation in real 
time. 
Limitations of online teaching: online teaching mode 
requires learners to have certain self-control ability and 
cognitive level. Most students have problems such as high 
abandonment rate, low participation and unadaptability to 
new technology. It is also difficult to carry out credit 
certification and accurately evaluate the learning effect. 
For professional basic courses with strong specialty, it is 
not appropriate to adopt completely video based online 
teaching, This kind of teaching mode makes the teachers 
and students lack face-to-face communication, causes the 
teaching process to lose direction and adaptability, and 
makes the advantages of information-based teaching can 
not be brought into full play. The advantages are: Students' 
learning time and place are not limited, which can 
cultivate and exercise students' learning enthusiasm and 
initiative. 
Blended teaching is the combination of practical teaching 
and online learning, and the advantages of the two 
complement each other. It can not only play the leading 
role of teachers, but also stimulate students' initiative, 
enthusiasm and creativity in the learning process. 
Our school implemented offline teaching before 2020. In 
2020, due to the influence of COVID-19 and the change 
of teaching philosophy, we began experimenting with 
blended teaching on line and offline. On this basis, we 
created a top-quality course of blended teaching on line 
and online. 
This paper mainly makes a comparative analysis of the 
effect of the offline teaching in 2019 and the hybrid 
teaching in 2020, including the analysis of the overall 
situation and the comparison of the scores of various types 
of questions, and finally gives some conclusions and 
suggestions. 
2. A COMPARATIVE ANALYSIS OF STUDENT 
ACHIEVEMENT 
2.1 GENERAL SITUATION 
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There are 4475 students in Python in the first semester of 
2019-2020. There are 4188 students in Python language in 
the first semester of 2020-2021, of which 4166 have 
scores, and 22 students have not taken the exam for 
various reasons. The average score of the first semester of 
2019-2020 is 81.99, and the average score of the first 
semester in 2020-2021 is 76.47. In the first semester of 
2020-2021, the number of students with 89 points or 
above accounted for 25.23% of the total, and the number 
of students in the first semester of 2019-2020 accounted 
for 40.38%. From these two data alone, the proportion of 
students with high scores has decreased significantly. In 
the first semester of 2020-2021, 15.15% of students scored 
below 60 and 37% scored above 90; 8.3% in the first 
semester of 2019-2020, and 22.5% with more than 90 
points. Thus it can be seen that the proportion of students 
with high grades has decreased significantly, and the 
proportion of students who failed has increased to a 
certain extent. However, the number of students with 
score between 60 and 80 increased to a certain extent. The 
proportion of students with 80 points and less than 90 
points is basically stable. 

 
Figure1 The distribution of students' scores in each 
section of two semesters 
2.2 SCORES OF VARIOUS TYPES OF QUESTIONS  
2.2.1 SINGLE-SELECTION QUESTIONS 

 
Figure 2 Score distribution of multiple choice questions 
In the first semester of 2019-2020 and the first semester of 
2020-2021, 5.30% and 14.28% of the students scored 
below 12 points respectively; The students who abtained 
20 points accounted for 19.78% and 8.59% respectively. 
In the first semester of 2020-2021, the number of students 
with scores from 2 to 16 has increased significantly. The 

number of students who scored 16 was basically the same, 
while the number of students who scored 18-20 decreased 
significantly. 
2.2.2 JUDGMENT QUESTIONS 
The proportion of students with scores below 12 in the 
first semester of 2019-2020 and the first semester of 2020-
2021 is 1.2% and 3.1% respectively; The proportion of 
students who got 40 points was 10.12% and 4.39% 
respectively. From 2020 to 2021, the number of students 
with scores of 2 to 30 in the first semester will increase to 
a certain extent. The number of students with 32 points is 
basically the same, and the proportion of students with 
more than 32 points has decreased to a certain extent. 

 
Figure 3 The distribution of the scores of filling in the 
blanks 
2.2.3 FILL-IN-THE-BLANKS QUESTIONS 
1.9% of the students scored below 12 points in the first 
semester of 2019-2020 and 5.8% in the first semester of 
2020-2021, respectively; The proportion of students who 
got 20 points was 58.75% and 56.82% respectively. In the 
first semester of 2020-2021, the number of students with 
scores of 17 or below increases to a certain extent. The 
proportion of students with 18 points or above has 
decreased a little. 

 
Figure 4 Score distribution of judgment questions 
2.2.4 SCORES OF PROGRAMMING QUESTIONS 
The proportion of students who scored 0 in the first 
semester of 2019-2020 and the first semester of 2020-
2021 was 2.37% and 2.62% respectively; 22.46% and 
23.57% of the students scored less than 12 points 
respectively; The proportion of students who got 20 points 
was 58.75% and 56.82% respectively. The data of two 
semesters fluctuate between the number of students with 
scores below 0 to 20, but the difference is not particularly 
large. It can be considered that, compared with the first 
three types of programming problems, the scores of 
students in the two semesters are basically the same. 
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Figure 5 Score distribution of programming questions 
To sum up, the overall situation of the four types of 
questions is the same, the number and proportion of 
students with high scores in a single type of questions are 
declining, the proportion of students with low scores is 
increasing, but the proportion of students with middle 
scores is on the rise. The main reason for this situation 
may be that the difficulty of the test is increased, which 
makes it difficult to obtain high scores; The students with 
low scores, on the one hand, have more difficulty in the 
examination, on the other hand, have a greater relationship 
with their own learning. 
3. CONCLUSIONS AND SUGGESTIONS 
Based on the previous relevant data, the number of 
students in the high score section has decreased greatly 
using the mixed teaching method, and the number of 
students who fail to pass has increased to a certain extent. 
Part of the reason for this phenomenon may be the 
difference between offline teaching and blended teaching. 
More importantly, the question bank was added in 2020, 
and the question bank of final examination is not exactly 
the same as that of students' usual practice. When the 
students get the questions they haven't seen before, the 
correct rate will decrease obviously. This also shows that 
the students' ability to apply the knowledge flexibly is still 
a little lacking. 
According to the original data, most of the students with 
good grades are mainly from Accounting and Finance 
colleges, while the students with poor grades are mostly 
from Finance and Public Management college and law 
college. 
The difficulty of examination questions, students, teachers 
and teaching methods are four factors that affect students' 
performance. Among these factors, the students are the 
first influence factor, followed by teachers, the third is 
teaching methods, and the fourth is the difficulty of 
examination questions. 
The reform of the teaching method of this course is 
suggested to optimize the original teaching method from 
the following three aspects. 

(1)The difference of teachers' teaching methods 
In the future teaching process, teachers can choose their 
own teaching methods. On the one hand, it is conducive 
to give full play to the advantages of teachers; on the other 
hand, it can fully tap the advantages and disadvantages of 
the two teaching methods through the coexistence of the 
two forms. 
(2)Individualization of students' learning 
Each student has different adaptability and acceptance of 
online-offline mixed teaching method and pure offline 
teaching method, so it can be considered that students can 
choose by themselves on the premise that the teacher's 
teaching method is determined. Strengthen the 
communication with students, timely understand the 
problems they encounter in the learning process. 
(3)Ensure the adaptability of teaching content and 
teaching form 
For the teachers who use the combination of online and 
offline teaching methods, in the future, they will no longer 
strictly follow the online and offline teaching methods. 
Instead, according to the actual experience in the teaching 
practice, they will form a team of teachers to discuss 
which content is suitable for online teaching and which 
content is suitable for offline teaching, and put forward 
specific teaching plans. 
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Abstract: This article in view of the world higher 
education system and health level comprehensive 
evaluation problem of sustainable development, through 
the principal component analysis, clustering analysis and 
time series analysis and other methods, by comprehensive 
analysis of the national higher education system health 
score selecting nine specific indicators to carry out the 
main component analysis and cluster analysis, and 
comprehensively evaluate the static health status of each 
country's higher education system. Based on the data 
representing the national higher education system from 
2010 to 2019, carry out a longitudinal analysis of the level 
of higher education in various countries and monitor the 
dynamic changes in the health level of higher education 
systems in various countries.And then build a research and 
teaching level to establish a relationship between the 
health level of higher education system of multivariate 
linear regression model, using, SPSS and Stata software 
MATLAB model static quantitative indicators, and 
according to the sample data analysis of the dynamic trend 
of nearly ten years. Finally, error correction and sensitivity 
analysis are carried out on the model. Suggestions and 
advises on policy reform of higher education system are 
put forward through model analysis. 
Key words: Higher Education System; Evaluation Model; 

Monitoring Model; Main Component Analysis; 
Sustainable Development 
 
1. INTRODUCTION 
1.1 BACKGROUND 
We are moving towards a "world of education", there is 
no doubt that education is the current problem that all 
countries in the world are focusing on training, higher 
education is one of the most important links, higher 
education is becoming the most core competitiveness of 
the country step by step, it is higher education that can 
cultivate a batch of higher talents. High quality higher 
education is to train people who are of value to the society 
and can think independently, which is of vital importance 
to a country. 
However, the development of higher education in 
different countries is poor. There are two main reasons for 
the development difference: the level of economic 
development and accumulation, and the two reasons are 
also related. The level of economic development, the level 
of accumulation of universities and economic 
development level is strongly related. A good economic 
level can provide university teachers with good income, 
research resources and teaching resources, and can 
cultivate more university teachers.[1]  

 
Figure 1. the Higher Education Spending in Different countries 
As can be seen from the above Figure 1 and Figure 2 , the development and popularization of higher education in 
different countries are different, which is related to their own economic strength and accumulation. Therefore, it is very 
important to establish a sustainable and healthy higher education system. 
In recent years, many countries pay more attention to the quality construction in higher education and train universities 
to carry out the connotation development, because the quality construction of higher education has now become an 
important topic of the sustainable development of higher education, and has been carried out in every link of the 
development of colleges and universities. Comprehensive education reform has continued to advance, ensuring that both 
the size of education and the quality of education have improved simultaneously, and improving the overall planning 
mechanism to ensure balanced development. Optimized layout, expand the increment and the higher quality education 
resources in the 21st century. 
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Nowadays, every country has recognized the importance of higher education and made great efforts to develop it. 
Therefore, it is the consideration of every country to establish a sound, healthy, effective and sustainable higher 
education system. In addition, if there is no sound higher education system, the development of a country will also have 
an impact. [2]Therefore, it is important to build a sustainable and healthy higher education system. 

 
Figure 2. Number of educated people in different countries 
1.2 SYMBOLS 
The notations for this paper are showing in Table 1. 
Table1 Symbols 

Serial 
number Symbols Definition 

1  𝑋𝑋𝑠𝑠 The 𝑠𝑠𝑡𝑡ℎ variable 
2  x𝚤𝚤�  The eigenvector of 𝑋𝑋𝑠𝑠 
3  𝑦𝑦𝑠𝑠  The 𝑠𝑠𝑡𝑡ℎ principal component 
4  𝑍𝑍𝑠𝑠 The 𝑠𝑠𝑡𝑡ℎ year score 
5  𝑡𝑡 time 

6  SL expresses the sensitivity of state variable 
𝐿𝐿 to parameter X 

7  Lt 
express the value of the state variable L at 
the time t 

8  𝑋𝑋𝑡𝑡 
𝑋𝑋𝑡𝑡 expresses the value of parameter X at 
time t 

9  ΔLt 
expresses the change of state variable at t 
time 

10  𝛥𝛥𝑋𝑋𝑡𝑡 
𝛥𝛥𝑋𝑋𝑡𝑡  expresses the change of parameter X 
at time 

11  𝑆𝑆𝑥𝑥𝑗𝑗  the sensitivity of the 1 to N 
1.3 OVERVIEW OF My WORK  
The overview of my work is shown in Figure 3. 

 
Figure 3.Overview of Our Work 
2. HEALTH EVALUATION MODEL: 

DIAGNOSING THE PULSE OF THE HIGHER 
EDUCATION SYSTEM 
2.1 INDEX SELECTION PRINCIPLES 

 
Figure4.The pointer selects the policy 
In the process of determining the index system of higher 
education evaluation, we should follow the following 
principles: First, scientific and representative, the 
construction of evaluation index system must be based on 
scientific theory, comprehensive evaluation of each 
country's own reality, select representative indicators that 
can truly reflect the development of national higher 
education. [3].Second, systematically, the index 
evaluation system should systematically and fully reflect 
the overall level of health evaluation of each country's 
education system. Third, it can be quantified, the selected 
indicators should be easy to quantify, so that quantitative 
evaluation can be carried out, objective and direct 
reflection of the health status of the higher education 
system. Fourth operability, we must take into account the 
difficulty of obtaining indicator data, we should try to 
choose easy-to-access, operability of the indicator in order 
to facilitate future statistical and computational work. 
[4]The fifth level, the use of hierarchical analysis to build 
the evaluation index system, so that the architecture can 
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be clear and structured,as shown in Figure 4. 
2.2 CONSTRUCT A SYSTEM OF EVALUATION 
INDICATORS FOR HIGHER EDUCATION SYSTEMS 
Based on the construction of the evaluation model 
proposed by the existing literature and international 
organizations, combined with the new characteristics of 
the development of international higher education and the 
availability and reliability of the data, this paper constructs 
the health evaluation system of higher education in 
various countries from the four dimensions of research 
level, teaching level, degree value and education cost. 
Specifically, the current evaluation system contains a total 
of four dimensions, a total of 9 specific indicators detailed 
in the Figure below,as shown in Figure 5. 

 
Figure 5.The framework for the construction of a health 
evaluation system for higher education 
The essential purpose of the main component analysis 
method is to make the best synthesis and simplification of 
the high-dimensional variable system. If the most 
effective simplification of a high-dimensional space into a 
lowdimensional space, using the contribution rate of each 
objectively generated main component as their weight, 
this complex set of numbers can be combined into 
exponential form. If it can be reduced to one-dimensional 
space, indicators can be obtained directly to evaluate the 
health of higher education in each country. [5] In order to 
build the model, this paper selects representatives from all 
continents, namely, the United Kingdom, Finland, the 

United States, Mexico, China, Russia, South Africa, 
Brazil, Egypt and other nine countries as a sample of 
relevant data, build a matrix of 9 rows and 9 columns, and 
standardize the variable data, that is, subtract the mean of 
the same variable and divide it by the standard deviation, 
to eliminate the impact of the synth.  
 

𝑥𝑥𝑠𝑠𝑖𝑖∗ =
𝑥𝑥𝑖𝑖𝑗𝑗−𝑋𝑋�𝑖𝑖
𝜎𝜎𝑖𝑖

(1) 
𝑋𝑋�𝑠𝑠With 𝜎𝜎𝑠𝑠 the sample average and standard deviation of 
the ith indicator, the correlation coefficient matrix R of the 
standardized sample data matrix is calculated first. 

𝑅𝑅 =
1
9

(𝑋𝑋∗)′𝑋𝑋∗ (2) 

According to the equation 
�𝑅𝑅 − 𝜆𝜆𝑖𝑖𝐸𝐸� = 0 (3) 

the characteristic vector of the characteristic root of the 
data matrix is analyzed as Table 2: 
Table 2 Main component analysis results 

Serial 
number 

The root of 
the feature 

Contribution 
rate 

Cumulative 
contribution rate 

1 4.5120 50.1337% 50.1337% 
2 2.8321 31.4678% 81.6015% 
3 1.2570 13.9667% 95.5682% 
4 0.2189 2.4325% 98.0007% 
5 0.1048 1.1650% 99.1657 
6 0.0545 0.6059% 99.7716% 
7 0.0205 0.2273% 99.9989% 
8 0.0001 0.0012% 100% 
9 0.0000 0.0000% 100% 

It can be seen that the cumulative contribution rate of the 
first three characteristic roots is over 95%, and the 
principal component analysis effect is very good.The first 
four main components (with a cumulative contribution 
rate of 98%) are selected below for a comprehensive 
evaluation, and the characteristic vectors corresponding to 
the first four feature roots are shown in the Table 3 below: 

Table 3 The characteristic vector moment of the Table 
 𝑿𝑿𝟏𝟏�  𝑿𝑿𝟐𝟐�  𝑿𝑿𝟑𝟑�  𝑿𝑿𝟒𝟒�  𝑿𝑿𝟓𝟓�  𝑿𝑿𝟔𝟔�  𝑿𝑿𝟕𝟕�  𝑿𝑿𝟕𝟕�  𝑿𝑿𝟗𝟗�  
 Eigenvector1 0.3181 0.3514 0.4038 0.1272 0.4303 0.3659 0.0470 0.3386 0.4001 
Eigenvector2 0.4035 0.3751 0.2795 0.2152 0.1976 0.2726 0.4857 0.3904 0.2656 
Eigenvector3 0.1339 0.1198 0.0375 0.7690 0.1800 0.3118 0.4204 0.1633 0.2049 
Eigenvector4 0.4633 0.2854 0.0358 0.4294 0.0110 0.0203 0.6476 0.1458 0.2775 

The four main components : 
y1=0.3181x1�+0.3514x2� +⋯+0.4001x9� (4) 
y2=0.4035x1�+0.3751x2� +⋯-0.2656x9� (5) 

y3=-0.1339x1� +0.1198x2�+⋯+0.2049x9� (6) 
y4=-0.4633x1� -0.2854x2�+⋯+0.2775x9� (7) 

Based on the contribution ratio of the four main 
components, the comprehensive evaluation model of the 
main component analysis is constructed: 
𝑍𝑍 = 0.5013𝑦𝑦1 + 0.3147𝑦𝑦2 + 0.1397𝑦𝑦3 + 0.0243𝑦𝑦4 (8) 
By substituting the four main component values of each 
country, a comprehensive evaluation of the health status 
of higher education in each country can be obtained and 
the following Table 4 of the ranking results: 
Table 4 A comprehensive evaluation of higher education 
in various countries 

Position Countries Comprehensive evaluation values 
1 United Kingdom 1.6146 
2 Finland 1.5018 

3 China 1.0071 
4 United States 0.363 
5 South Africa -0.1523 
6 Russia -0.3597 
7 Mexico -1.136 
8 Brazil -1.2896 
9 Egypt -1.5488 

2.3 CLUSTER ANALYSIS 
The above main component analysis method is used to 
assess and analyze and rank the health level of higher 
education in representative countries on all continents, but 
in order to further reflect the hierarchy and classification 
of nine countries, the following level clustering is selected 
for clustering analysis,as shown in Table 5. 
The correlation coefficient matrix shows that there is a 
strong correlation between some indicators, so it is 
considered to select several representative indicators from 
these indicators for clustering analysis. [5]To this end, 
nine indicators are clustered according to their relevance, 
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and representative indicators are selected from each class. 
It can be seen from the cluster chart that there is a greater 
correlation between the number of patent authorizations 
published and the index of research and experimental 
development funds, the number of teachers and students 
have a greater correlation, as well as the income of 
education funds and school fees have a greater 

relationship, respectively, are the first to be gathered 
together. [6] If you divide the nine indicators into five 
categories, you can cluster nine countries based on the 
number of outstanding papers published, the number of 
patents granted for inventions, the ratio of students, the 
initial employment rate of colleges and universities, and 
the income from education funding. 

Table 5 Matrix of correlation coefficients for country indicators 
 1 2 3 4 5 6 7 8 9 
1 1.0000 0.9362 0.8709 -0.5181 0.4277 0.1753 0.4931 0.0496 0.2061 
2 0.9362 1.0000 0.9391 -0.2863 0.4463 0.3365 0.6144 0.0959 0.3605 
3 0.8709 0.9391 1.0000 -0.3604 0.6124 0.4392 0.4787 0.2979 0.5443 
4 -0.5181 -0.2863 -0.3604 1.0000 -0.2900 0.2319 0.0233 -0.1192 0.1091 
5 0.4277 0.4463 0.6124 -0.2900 1.0000 0.7740 -0.2701 0.9216 0.8794 
6 0.1753 0.3365 0.4392 0.2319 0.7740 1.0000 -0.1337 0.7780 0.9320 
7 0.4931 0.6144 0.4787 0.0233 -0.2701 -0.1337 1.0000 -0.5258 -0.1375 
8 0.0496 0.0959 0.2979 -0.1192 0.9216 0.7780 -0.5258 1.0000 0.8686 
9 0.2061 0.3605 0.5443 0.1091 0.8794 0.9320 -0.1375 0.8686 1.0000 

For Q-type clustering, clustering is performed on 9 
countries based on these five metrics. First of all, the data 
of each variable is standardized, the similarity between the 
samples is measured using Euclidean distance, the 
calculation of the distance between classes is calculated 
using the class average method, and the cluster tree Figure 
is shown by Figure 6: 

 
Figure 6.Pointer clustering tree diagram 
The results of the case study show that there are great 
differences in the development of higher education in 
different countries, and the distribution of higher 
education resources varies widely between continents and 
between developed and developing countries. If nine 
countries are divided into three categories according to the 
development of higher education in each region. 
3. HEALTH DETECTION MODEL: DYNAMIC 
TRENDS AND PREDICTIONS 
3.1 DYNAMIC TRENDS IN THE HIGHER 
EDUCATION SYSTEM 
In the previous chapter, the evaluation model was 

constructed by the main component analysis method and 
cluster analysis method to conduct a static analysis of the 
relevant indicators of higher education in various 
countries in 2019, in order to further understand the 
dynamic changes in the health status and sustainable 
development level of higher education systems in the 
representative countries of all continents, and to test the 
stability of the model, this paper selected 2,010 to 2,019 
The higher education system-related indicators of the 
United Kingdom, Finland, the United States, Mexico, 
China, Russia, South Africa, Brazil, Egypt and other 
countries, using the higher education health assessment 
model, calculate the comprehensive score of higher 
education in each country every year, and obtain the 
comprehensive score change Table and ranking of each 
country[7],as shown by Figure 7. 

Figure 7. Trend chart of changes in health scores in higher 
education  

  
Figure 8. Comparison of Health Scores of Higher Overall, 
the health level of higher education in the United 
Kingdom, the United States and other countries has been 
in the forefront in the past decade, while Egypt, Mexico 
and other countries in the higher education system health 
level is at a poor level, in the course of the development 
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of the past decade, developed countries and developing 
countries between the higher education health level gap is 
large, respectively, choose a higher and lower score of the 
country.[8] draw the lower line chart,as shown by Figure 
8. 
Education between the United States and Mexiox 
Through the line chart below, it can be found more 
intuitively that the health assessment system of higher 
education systems in the world constructed by this paper 
will continue to exist between different regions. 
According to the weight, the sample interval is analyzed 
by the main component analysis model for each year: 

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧
𝑍𝑍2010 = 0.6882𝑦𝑦1 + 0.1871𝑦𝑦2 + 0.0788𝑦𝑦3 + 0.0317𝑦𝑦4
𝑍𝑍2011 = 0.6837𝑦𝑦1 + 0.1955𝑦𝑦2 + 0.0769𝑦𝑦3 + 0.0288𝑦𝑦4
𝑍𝑍2012 = 0.6789𝑦𝑦1 + 0.2073𝑦𝑦2 + 0.0655𝑦𝑦3 + 0.0328𝑦𝑦4
𝑍𝑍2013 = 0.6664𝑦𝑦1 + 0.2153𝑦𝑦2 + 0.0728𝑦𝑦3 + 0.0293𝑦𝑦4
𝑍𝑍2014 = 0.6599𝑦𝑦1 + 0.2381𝑦𝑦2 + 0.0549𝑦𝑦3 + 0.0270𝑦𝑦4
𝑍𝑍2015 = 0.6501𝑦𝑦1 + 0.2508𝑦𝑦2 + 0.0457𝑦𝑦3 + 0.0314𝑦𝑦4
𝑍𝑍2016 = 0.6452𝑦𝑦1 + 0.2627𝑦𝑦2 + 0.0394𝑦𝑦3 + 0.0300𝑦𝑦4
𝑍𝑍2017 = 0.6433𝑦𝑦1 + 0.2648𝑦𝑦2 + 0.0402𝑦𝑦3 + 0.0249𝑦𝑦4
𝑍𝑍2018 = 0.6163𝑦𝑦1 + 0.2845𝑦𝑦2 + 0.0397𝑦𝑦3 + 0.0253𝑦𝑦4

(9) 

By analyzing the static model divided into four main 
components, from the research level, teaching level, 
degree value, education cost four dimensions of horizontal 
analysis, now add four main components of the score 
dynamic changes, each become a vertical analysis and 
comparison. 
3.2 PREDICTIVE ANALYSIS AND SUSTAINABILITY 
Through the dynamic analysis of higher education 
systems in the nine countries mentioned above, this paper 
will use the sample data of the last ten years, with the help 
of the moving average process model in the time series 
model, the first-order moving average model: 

yt=μ+εt+θεt-1 (10) 
The 𝜀𝜀𝑡𝑡 number of systems is standardized to 1 for white 
noise. Known, 𝜀𝜀𝑡𝑡−1then 

 𝑦𝑦𝑡𝑡|𝜀𝜀𝑡𝑡−1~𝑁𝑁(𝜇𝜇 + 𝜃𝜃𝜀𝜀𝑡𝑡−1,𝜎𝜎𝜀𝜀2) (11) 
Suppose 𝜀𝜀0 = 0 , then 𝜀𝜀1 = 𝑦𝑦1 −  𝜇𝜇 , given , 𝜀𝜀1 you can 
know, 𝜀𝜀2 = 𝑦𝑦2 −  𝜇𝜇 − 𝜃𝜃𝜀𝜀1 and so on, calculate the 
{𝜀𝜀1, 𝜀𝜀2,⋯ , 𝜀𝜀𝑇𝑇}entire,q-order moving average process as: 

𝑦𝑦𝑡𝑡 = 𝜇𝜇 + 𝜀𝜀𝑡𝑡 + 𝜃𝜃1𝜀𝜀𝑡𝑡−1 + 𝜃𝜃2𝜀𝜀𝑡𝑡−2 + ⋯+ 𝜃𝜃𝑞𝑞𝜀𝜀𝑡𝑡−𝑞𝑞 (12) 

  
Figure 9. The connotation of the sustainable development 
of higher education 
The sample data from 2010 to 2019 are known, and after 
verifying the smooth process, the health level of the 
education system in colleges and universities in different 
countries is predicted by time series analysis, respectively, 
to make suggestions for the sustainable development of 
the university system. [9] The sustainable development of 
higher education is to realize the harmonious development, 
coordinated development, comprehensive development, 
coordinated resources, balanced elements and to take 
social sustainability as the cornerstone, the construction of 

the university system not only from the research level, 
teaching level, degree value, education cost and other four 
dimensions of internal construction, but also need to adapt 
to the national economy, society, science and technology 
and other coordinated development, produce a good social 
and social effects,as shown in Figure 9. 
4.MODEL TEST: ERROR CORRECTION AND 
SENSITIVITY ANALYSIS 
4.1 ERROR CORRECTION MODEL ANALYSIS 
Theoretically, there may be a long-term equilibrium 
relationship between variables, and the short-term change 
of variables is a partial adjustment to this long-term 
equilibrium relationship, for AR(1):  

𝑦𝑦𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑦𝑦𝑡𝑡−1 + 𝜀𝜀𝑡𝑡 (13) 
Looking for expectations on both sides of the equation, so 
that the long-term 𝑦𝑦∗ = 𝐸𝐸(𝑦𝑦𝑡𝑡) = 𝐸𝐸(𝑦𝑦𝑡𝑡−1) equilibrium 
𝑦𝑦∗ = 𝛽𝛽0

1−𝛽𝛽1
  value, available, will be 𝛽𝛽0 = (1 −

𝛽𝛽1) 𝑦𝑦∗ substituted into the original equation, and 
subtracted on both sides of the 𝑦𝑦𝑡𝑡−1equation available. 

∆yt=�1-β1�y
*-�1-β1�yt-1+εt (14) 

∆yt=�1-β1��y
*-yt-1�+εt (15) 

Where is (1 − 𝛽𝛽1)(𝑦𝑦∗ − 𝑦𝑦𝑡𝑡−1)the error item, taking into 
account the self-regression distribution lag model(ADL 
model) 

𝑦𝑦𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑦𝑦𝑡𝑡−1 + 𝛾𝛾0𝑥𝑥𝑡𝑡 + 𝛾𝛾1𝑥𝑥𝑡𝑡−1 + 𝜀𝜀𝑡𝑡 (16) 
Theoretically, there is a long-term equilibrium 
relationship between(y , x ) and 𝑦𝑦 = 𝜙𝜙 + 𝜃𝜃𝑥𝑥both sides of 
the equation look for expectations at the same time, and 
you can get: 

y*=β0+β1y*+γ0x*+γ1x* (17) 
(1-β1)y*=β0+(γ0+γ1)x* (18) 

Sorting is 𝜙𝜙 = 𝛽𝛽0
1−𝛽𝛽1

 available,𝜃𝜃 = 𝛾𝛾0+𝛾𝛾1
1−𝛽𝛽1

 according to the 
above inference brought in there are: 
∆𝑦𝑦𝑡𝑡 = 𝛾𝛾0∆𝑥𝑥𝑡𝑡 + (𝛽𝛽1 − 1)(𝑦𝑦𝑡𝑡−1 − 𝜙𝜙 − 𝜃𝜃𝑥𝑥𝑡𝑡−1) + 𝜀𝜀𝑡𝑡 (19) 

Among them, the error correction item is to test the error 
repair model of the time (𝛽𝛽1 − 1)(𝑦𝑦𝑡𝑡−1 − 𝜙𝜙 −
𝜃𝜃𝑥𝑥𝑡𝑡−1) series prediction of higher education system 
constructed in this paper according to the above analysis.  
4.2 SENSITIVITY ANALYSIS 

 
Figure 10. Student-Teacher Ratio 
Table 6. The score corresponding to the X4 value of 
different pupil/teacher ratios 
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parameters on system behavior. The sensitivity of model 
parameters is predicted by constant parameter calibration. 
At the same time, make the sensitivity of comprehensive 
evaluation score to student-teacher ratio. 
Make the following Figure 10 according to the Table 7: 
The sensitivity analysis shows that the model has high 
stability and validity. 
5. CONCLUSIONS AND ADVISE 
The adoption of open education: distance and open 
education, that is, learning to properly change and open to 
give access to, flexibility, fairness, cooperation, initiative, 
democratization, social justice, transparency, elimination 
of barriers and many other significance.  
To promote the social and economic development of all 
countries: Level of a country's economic development is 
also essential for with the higher education system, and a 
country's level of economic development for a country's 
educational condition of higher education and the 
development direction and sustainability, [10]as well as 
the content and means of education plays a decisive role, 
because a country's level of economic development so as 
to ensure the material supplies for education and 
infrastructure. 
To establish a dynamic assessment of its higher education 
system: Identify and solve problems in a timely manner. 
Timely and effective to evaluate the current higher 
education system, the only index assessment and check on 
a regular basis to found the problem, and to find out what 
is of a type error, and according to the teaching quality of 
higher education, the influence of inside and outside, and 
the academic level and quality of employment and so on a 
variety of indicators, assessment analysis, adjustment and 
supplement the relevant data in a timely manner.[11]To 
ensure the sustainability and health of its higher education 
system. 
Establish good sustainable health system of higher 
education is an important public affairs, higher education 
system has also been through and in the course of a 
national governance, the United Nations world when it 
comes to higher education also rolled refers to the 
university in a decision or take action in the process of the 
formal or informal arrangement, including external and 
internal management, learning freedom, common 
management, clear authority and responsibility, close 
cooperation is the main principle.[12] 
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Exploration and Research on the Practice Course 
of Music Performance Major1 
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Abstract: In the process of music performance major 
talent cultivation, the major practice course is a key link, 
and plays an important role in achieving high quality 
music education. This paper has a brief analysis of the 
course system of music performance major of Qilu 
University of Technology, specifies the important position 
of the major practice course in the major courses, and 
carries out exploration for course implementation, course 
feedback, course guarantee, etc. by taking the practice 
course of Planning and Organization of Theatrical 
Performances as an example, with the purpose of drawing 
inferences and harvesting better ideas with such a try, 
having more scientific and rational innovative 
explorations for setting of other practice courses and 
different links of major practice, and guaranteeing to carry 
out the practice course with high quality and optimize the 
talent cultivation. 
Key words: Music Performance; Talent Cultivation; 
Practice Course; Theatrical Performance Planning And 
Organization  
 
1. INTRODUCTION 
Major practice is an important part of teaching and 
scientific research training link in the music performance 
talent cultivation. Thorough and high quality major 
practice is important manifestation and guarantee of the 
education quality of music performance major. 
Investigation discovers that many graduates of music 
performance major have the problem of separation 
between comprehensive practice capability and actual 
demand of the post. It requires not only having good major 
knowledge and qualities but also enhancing the 
improvement of practice capability, including the 
theatrical performance planning and organization 
capability, makeup and modeling capability, stage 
performance capability, etc. to engage in relevant work of 
music performance major, so as to meet current society’s 
needs for compound talents. The music performance 
major of Qilu University of Technology attaches great 
importance to close combination of knowledge and art 
performance practice, strict training of creation methods 
and skills, close connection of art theory and actual 

 
Author introduction: Yan Ke (1979-), born in Tengzhou, Shandong, professor of Qilu University of Technology (Shandong 
Academy of Sciences), with the research direction as history of Chinese music.  
Liu Xiao (1998.9-), born in Liaocheng, Shandong, graduate student of School of Physical Education and Music, Qilu University of 
Technology (Shandong Academy of Sciences), with the major as music performance.  
Suo Yixing (1992-), born in Tai’an, Shandong, graduate student of School of Physical Education and Music of Qilu University of 
Technology (Shandong Academy of Sciences), with the major as music performance.  
1 This paper is one of the stage achievements of 2020 talents cultivation and teaching reform project of Reform and Exploration on 
the Music Performance Major Practice Teaching of Qilu University of Technology (Shandong Academy of Sciences) (the project No.: 
rcpy202008) 

application, so as to enable students of music performance 
major to have relatively high professional qualities as well 
as some practice capabilities.  
2. COMPOSITION OF THE MUSIC 
PERFORMANCE MAJOR COURSE SYSTEM OF 
QILU UNIVERSITY OF TECHNOLOGY 
The course system is a system composed of inter-
connected courses, mainly covering cultivation objective, 
knowledge structure, teaching ideas, specific courses, 
study method, assessment method, etc. of the major. 
Construction of the course system is one of the core links 
of teaching activities, and requires constructing complete 
knowledge system through rational module combination 
and course design, and establishing good inter-course 
connection and cooperation. The construction of the music 
education course system of colleges firstly requires 
cultivating students’ comprehensive music qualities, 
including fundamental theories of music, professional 
skills and capabilities, cultivation of humanistic qualities, 
etc., as well as considering both the height of theory and 
the width of practice to form an organic unity of theory 
and practice.  
The music performance major of Qilu University of 
Technology was set in 2009, with the cultivation objective 
of adapting to modern market needs, enabling graduates 
to engage in music performance, teaching, etc. in the 
professional theatrical performance groups, culture 
centers, primary schools and middle schools, etc. The 
small class teaching conditions and brand new software 
and hardware facilities of our school have provided a good 
study environment and atmosphere for students.  
The course of the major are composed of fundamental 
major courses of theories and skills as well as practice 
courses, including basic music theories, elementary 
harmony, sight singing and aural training, stage 
performance practice, theatrical performance planning 
and organization practice, etc. On the basis of completing 
the fundamental major course of the music performance 
major, to help students learn knowledge, enhance 
competition in employment, based on the features of the 
major, by integrating the college’s resources, the course in 
the music performance major practice field is set up 
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creatively in terms of the course setting, constructing the 
professional teaching mode of being dominated by 
creation practice capability cultivation and supplementing 
with art theories and internal quality cultivation. In the 
specific art practice internship week, teachers will in 
person lead students to have art investigation and 
internship nationwide, so as to improve students’ 
professional qualities and expand their vision.  
The music theory course in the major course system 
enables to have theory guidance and direction leading for 
carrying out music practice activities well, and the 
implementation of the music practice activities further 
enhances the understanding and sublimation for music 
theories. Students constantly improve their music cultural 
connotation in constant practice.  
3. EXPLORATION FOR MUSIC PERFORMANCE 
MAJOR PRACTICE COURSE OF QILU 
UNIVERSITY OF TECHNOLOGY  
3.1 Setting of the music performance major practice 
course of Qilu University of Technology  
Qilu University of Technology focuses on the vocal music 
direction in the cultivation of the music performance 
major, which forms the development trend of advantage 
supplementing and mutual promotion with other 
corresponding majors in subject construction. The music 
performance major course setting has its peculiarity that 
each course has both its independent contents and inter-
connections, which requires the arrangement of teaching 
contents to have strong logics, rational progress, and form 
a set of scientific teaching system, as well as setting the 
practice courses as per the cultivation objective of the 
major and confirming the teaching contents, class hour 
arrangement, assessment method, etc. of the major 
practice link. Setting of the major practice course follows 
the teaching principle of topics, practicality, 
comprehensiveness, and pertinence, focuses on unity of 
professional theories and practices, as well as of quality 
improvement of professional talents and social demand.  
The music performance major of our school has 
comprehensive consideration for the mastering of both 
music theories and professional skills as well as the 
cultivation of both theoretical course and skills needed by 
the society, sets up the course by means of adopting 
multiple teaching modes, and sets up the following 
practices courses: “concert observation”, “theatrical 
performance planning and organization”, “folk song 
investigation”, “stage performance practice”, “practice of 
makeup and modeling”, “opera performance practice”, 
“computer music creating practice”, “popular song 
composing practice”, and “graduation project (concert)”. 
Each of the above set up practice course helps practice and 
improve students in a certain aspect, enables them to 
obtain different harvests and experience in each practice, 
as well as discover their deficiency, make up the loopholes, 
accumulate experience, and provides good guidance and 
lays foundation for subsequent further study of major 
knowledge and social entry.  
3.2 Exploration on the practice course of Theatrical 
Performance Planning and Organization 
The setting of the music performance major course of Qilu 

University of Technology stresses the practice feature. 
Under the background that the state powerfully develops 
the culture cause and people are satisfied with their 
material life and pursue the satisfaction in spiritual level 
more, the theatrical performance activities get more and 
more diversified, the capability for theatrical performance 
planning and organization will certainly become a basic 
capability for the professional talents of music field. 
Therefore, our school sets up the practice course of 
Theatrical Performance Planning and Organization, 
plans to open the course in Semester V, and the course 
accounts for 3 credits of the credits of the degree course.  
As a major practice course, Theatrical Performance 
Planning and Organization requires students to have the 
capability of comprehensively applying subject 
theoretical knowledge to solve actual problems through 
study and training. The course is mainly to cultivate 
students how to plan, compose and organize programs in 
the theatrical performance activities, so as to be qualified 
for the theatrical performance planning and organization, 
and other relevant practice activities in the social art 
practice. At the beginning of the course of Theatrical 
Performance Planning and Organization, the course 
teachers need to sort out and discuss the significance of 
the course and questions concerning the specific practice 
contents of the course together with students in advance, 
and lead them to think about and discover problems from 
multiple levels and different angles, which is a critical step 
in the practice. The contents of Theatrical Performance 
Planning and Organization are also diversified, mainly 
including planning ideological contents and art forms of 
the theatrical performance, as well as comprehensive 
planning, publicity planning, etc. The planning for the 
ideological contents of the variety show mainly includes 
stage modeling, sentiment expression, etc., requires 
students to reflect the ideological contents by layers and 
achieve systemization and unification in organization and 
planning; the contents planning for the art forms mainly 
involves the planning for artistic language, type and 
artistic approaches of the performance, so as to reflect the 
diversified characteristics thoroughly; finally, the 
comprehensive planning of performance covers scenery, 
light, makeup and many other artistic links. The above 
training for performance planning and organization not 
only enhances students’ professional skills, but also their 
overall sense, and optimizes their capability of solving 
problems.  
After mastering the basic methods of theatrical 
performance planning and organization, students need to 
actively and conscientiously input themselves into the 
practice link, independently complete the planning and 
organization for the theatrical performance of different 
topics. In such a process, students are required to make 
PPT, plan solutions, explain creative ideas put forward in 
details, give play to their subjective initiative in planning 
and organizing the imagination and creativity by different 
means, and have their imagination and creativity exerted 
upon following the thematic idea of the program as 
stipulated, which requires students to be able to master the 
performance theme, have detailed and rational 
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arrangement for each performance link, thoroughly utilize 
the modern media , etc., have feasible adding for the light 
layout and site effect, and make the performance show its 
actual attraction and presentation capacity. The last step of 
the planning link requires students to independently draft 
one performance contract, which aims at practicing 
students’ capability of considering conditions of different 
aspects from the overall situation, including payment of 
performance expenses, leasing of performance site, 
handling any emergencies upon performance, etc., and 
quality of contract drafting reflects the subject’s mastering 
degree for performance planning and organization, and is 
of guiding significance for the further practice after the 
practice. After the planning link, the students will follow 
the program recording group to familiarize with the 
specific program recording, visit the performance 
companies, understand the performance procedures, and 
visit the light and audio equipment used for stage 
performance. The performance practice activities 
participation includes early stage planning and 
organization, program screening and rehearsal, and 
official performance. To cooperate with the smooth 
implementation and proceeding of the practice course of 
Theatrical Performance Planning and Organization, our 
school has promoted the construction of the platform of 
Peavey Audio Equipment Company practice base, and 
Peavey Audio Equipment Company has complete 
equipment varieties and plays an important role in the 
practice. At the practice base, students are able to put the 
theory into practice, listen to teachers’ explanation, 
operate personally, practice their skills in practice, and 
have better understanding for the knowledge. After the 
practice course of Theatrical Performance Planning and 
Organization, it requires taking practice photos, 
exchanging practice feelings, writing practice report, etc., 
as well as presenting creative planning, draft contract 
completed independently, etc. in the early stage 
preparation work to participate in the final assessment 
scoring.  
After participating in the performance practice activities, 
the teachers led the students to watch different theatrical 
performances all over China, involving more than 10 
cities and covering natural, rich and colorful performance 
types. The students watched Dynamic Yunan, Lijiang Song, 
Naxi Genesis, Echoes of Shangri-La, etc. in Yunan, most 
of which take minority nationalities as prototype, integrate 
some modern elements, and adapt to popular aesthetics of 
the mass more. All costumes of the actors are prototype of 
daily dressing of minority nationalities, the aria is natural 
and the dancing skills are original and free, the traditional 
song and dance integrate with the emerging and modern 
dance perfectly, with the strong folk style of Yunnan 
recreated on the basis of reality. The performance 
integrates and reconstructs the essence of the most 
primitive original local songs and dances with classics of 
folk dances, reproduces strong folk style of Yunnan, 
breaks through the balanced layout of previous stage art, 
and enables traditional plaza activities and modern stage 
art to combine perfectly here. Music, costumes, light and 
props leave the visitors a special impression of 

“aboriginality”, and this performance makes the students 
have a clearer concept for the aboriginality and derivative 
ecology and comprehend the customs and culture 
characteristics of minority nationalities in a real sense.  
In Shaanxi, students watched Tuo Ling Legend, The 
Empress of the Great Tang, The Song of the Everlasting 
Sorrow, Yan’an, etc. Through personal experience and 
observation, they understood a lot of knowledge 
unavailable in books in the local performance, and got 
more previous precious experience by actually observing 
local geographic environment, humanistic environment 
and teacher’s explanation. In the practice, students also 
discovered problems that a lot of intangible assets 
inheritance faces deficiency, the youth and the mass have 
relatively low focus for the traditional Chinese art, etc., 
which has expanded students’ ideas of inheriting Chinese 
traditional culture in performance planning. After the 
performance, students also won opportunities to exchange 
with the directors and actors, discussed the folk music 
elements appeared in the performance and basic ideology 
for setting of the play development nodes, inquired about 
the points in the play which may be possible to change in 
the future performance. The exchange in such problems 
helps students to accumulate their experience in 
performance organization and planning, and lays a solid 
foundation for compiling the planning solutions 
independently.  
In Nanjing, Suzhou, Hangzhou, etc., students watched 
Taibo’s Intentional Departure to Wu State, The Romance 
of the Song Dynasty, Peony Pavilion, etc. Upon watching, 
they understood different performance organization 
methods, learnt different performance planning solutions, 
exchanged with and learnt from the performance groups 
after the performance, felt the charm of different culture, 
enriched their knowledge in theatrical performance 
organization and planning; many performances not only 
overturned the performance mode of traditional opera, but 
also played a good publicity role in the market operation 
and promotion of music and culture products, students 
practiced practice capability in theatrical performance 
organization and planning in stage setup, program 
screening, rehearsal organization and performance, and 
had useful exploration on the resources integration of 
traditional music and dance culture by utilizing scientific 
means.  
In this course, students turn from performance participants 
into planning executors, and have reflection and 
summarize the differences with another identity and from 
another angel of view. During the term, students are able 
to personally operate and cognize the performance 
equipment, learn and accumulate experience for 
subsequent stage performance or personal participation 
for planning a performance. Therefore, such a course 
meets the development demand of the society, improves 
students’ quality, and expands students’ employment 
channels. After the course completion, it enables to 
understand relevant professional requirements on the 
performance expenses by investigating local performance 
companies and troupes, as well as collecting, sorting out, 
inducing relevant knowledge of theatrical performance 
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organization and planning, apply them to the subsequent 
theatrical performance to be organized. After the practice 
activities, students exchanged with the performing staff, 
sorted out and summarized timely and accumulated 
experience for completing organization and planning for a 
theatrical performance independently.  
Besides, to guarantee the smooth proceeding of the major 
practice link as well as the quality of the major practice 
education, the management of the major practice course 
adopts progressive system of university, school and 
teacher layer by layer, the function department of the 
university is in charge of specific arrangement and 
guidance monitoring. The off-campus major practice is 
guided by teachers of the university and beyond the 
university together, with teachers of the university as the 
primary responsible person, fully in charge of the practice 
plan arrangement and periodical inspection and guidance 
for the practice process. In terms of the funds for the 
course of Theatrical Performance Planning and 
Organization, the university sets up some special funds as 
per contents, methods, and other actual needs of the major 
practice, with the special funds used for special purpose 
without expanding the using scope; the school uniformly 
formulates using method and supervises its use as per the 
practice type and number of students participating in the 
practice teaching, and leading teacher of the major 
practice shall be in charge of overall using. The funds for 
the practice teaching is mainly used for expenses needed 
by the major practice of the full time students of the major, 
including accommodation, travelling, guiding charges or 
class remuneration for employing technical persons of 
certain units as the part time guiding teacher for internship, 
internship management fee for the internship unit, 
necessary insurance for the internship, etc., so as to 
guarantee the major practice to go on smoothly.  
The major practice has a long term effect on students. As 
per the return visit to employment conditions of graduates 
of the university, the graduates having better practice 
capability are more popular with employers, but the 
talents with relatively high comprehensive qualities and 
diversified capabilities are still in shortage and there are 
still a lot of graduates having problem of serious 
separation between theories and practice. Many 
employers once put forward that the teaching of the school 
should not just be limited to theories, but also focus on 
cultivation of practice skills, teach as per different 
conditions, enable different students to discover their 
specialties in the practice. The colleges should start from 
the social needs, precisely set talent cultivation objective 
on the basis of professional teaching and talent cultivation, 
reform and optimize the teaching means and modes, and 
improve the quality of the practice teaching, so as to 
improve the comprehensive capability of graduates of the 
music performance major and conveying more talents for 
the society.  
4. CONCLUSION  
Practicality is an important feature of music subject, so it 
determines that the practice capability has an even more 
important position in the music performance education. 
The practice capability affects and restricts the education 

quality as the core capability of music performance major 
students. Therefore, it has been an important job of current 
music education of colleges to complete and create each 
detail of practice link of the music performance major as 
well as raise scientific management level and cultivation 
method for innovative talents education at the practice link.  
The music performance major of Qilu University of 
Technology applies advanced education concept by 
following up and investigating the major practice link, 
follows the scientific principle of seeking truth from the 
facts, has practice and exploration in education objective 
of the practice course, implementation of the practice 
project, display of the practice achievements, guiding 
teaching faculty establishment as well as practice platform 
and practice management, etc., and establishes a scientific, 
advanced, rational and feasible major practice education 
system. This paper takes the actual condition of the music 
performance major of Qilu University of Technology as 
an example, sorts out and explores the objective, 
implementation and guarantee of the practice course of 
Theatrical Performance Planning and Organization, with 
the purpose of further completing each link of the practice 
course, as well as further enhancing the stress for the 
major practice course setting and practical talent 
cultivation of each college. The Theatrical Performance 
Organization and Planning is an epitome of the major 
practice course, able to reflect the implementation and 
completion conditions of students’ other major practice 
courses, such as Stage Performance Practice, Folk Song 
Investigation, and Opera Performance Practice. In other 
major practice courses, students and teachers of the major 
also have the same research in depth. The objective core 
of the practice course setting lies in the cultivation of 
students’ innovation spirits and practice capability, 
enabling each student to give thorough play to their 
subjective initiative as an independent subject, discover 
problems actively and cognize new problems, as well as 
observe and analyze the same problem from different 
aspects comprehensively. The exploratory features and 
practicality of the practice course make the course closer 
to actual work after graduation, which requires students to 
be good at applying the knowledge in the textbook to 
observe life and achieve the integration between text 
knowledge and realistic life, and improve their exploration 
and innovation capability. The course intentionally sets up 
some questions, to help students form a habit of cognizing, 
analyzing and understanding problems from different 
aspects. Under the social background of attaching more 
importance to compound talents, the practice course plays 
an important role in cultivating technical and application-
oriented talents. In the exploration on the practice course, 
the achievements of our school will make the talent 
cultivation in the music performance major more 
complete, help the talents to thoroughly combine their 
theoretical knowledge and production practice, improve 
students’ professional qualities as well as employment and 
entrepreneurship capability, and cultivate application-
oriented music art talents for the society.  
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Abstract: The potential personal credit risk is an 
important hidden danger that leads to the bank crisis. This 
paper mainly solves this problem and studies the personal 
credit risk assessment of bank customers, selects risk 
assessment indicators and establishes a high precision 
assessment model, so as to maximize the bank credit 
income. Firstly, the attachment data is preprocessed: the 
data is standardized and cochemized, and one-HOT 
coding is used for the standardization of disordered 
discrete data. Subject in a known customer credit rating 
quality under the premise of establishing personal credit 
risk assessment model, we preliminary selection decision 
tree, random forests, naive bayesian four methods and 
logistic regression to the customer credit risk has carried 
on the contrast research, through the training data set and 
test the accuracy of the model, were 0.73, 0.65, 0.55, 0.68, 
of which the decision tree of the highest accuracy, so we 
confirmed the decision tree model of personal credit risk 
assessment, and to follow the problem 3 discriminant 
clients "rather bad not good" principle, and continue the 
model parameter adjustment, by controlling the weight 
between categories, select the decision tree pruning and 
depth, make bad customer recall rate is highest, 
Eventually cost matrix for 1:7, the depth of the tree is 5, 
leaf node is 8 when get bad customer recall rate was 92%, 
the highest accuracy of 57%, while the adjustable 
parameter accuracy before fell, but due to follow the 
important principle, declining accuracy can be ignored, 
appropriate thus obtained the optimization of the personal 
credit risk assessment model. For reasonable evaluation 
model according to the test result, and as a result, the 
previous data analysis and model calculation from two 
aspects of test results and risk ability to distinguish 
between KS value for model evaluation, bad customer 
recall rate reached 92%, meet the requirements of the 
subject rather than the good customer as bad and did not 
take bad customer as the principle of good customers, but 
may be due to less data, Feature extraction is incomplete, 
and the accuracy rate of the model is only 57%, while the 
calculation result of KS value is 0.53. Through 
comparison table, it is found that the model has strong risk 
differentiation ability, and the established model has good 
effect on the whole. 
Keywords: One-Hot Coding; Comparative Experiment; 
Decision Tree 
 
1. INTRODUCTION 
In known customers personal credit risk of cases, 

establishing personal credit risk assessment model, we 
first for attachment to the given data preprocessing, data 
standardization and chemotaxis, which for the 
standardization of chaotic discrete data processing we 
chose One - Hot code, the resulting processed data sets. 
Decision tree, and then select the random forest, naive 
bayes and logistic regression algorithm, four is obtained 
by training data set and test the accuracy of each model, 
we preliminary selected the most correct decision tree as 
a credit risk assessment model, but consider for the 
customer "rather bad not good" principle, we went on to 
this model, By controlling the weight between categories, 
select the decision tree pruning and depth, make bad 
customer recall rate is highest, although doing so accuracy 
will decline, but has been in line with the principle, to the 
greatest extent we think at this time of the decision tree 
model is the optimal individual credit risk assessment 
model, finally, the calculation results of model and risk 
ability to distinguish between reasonable evaluation. 
2. PERSONAL CREDIT RISK ASSESSMENT MODEL 
BASED ON IMPROVED DECISION TREE 
In the case of known personal credit risk categories, first 
of all, for all kinds of data preprocessing, and extract 80% 
of the data as a training set, then using the algorithm of 
decision tree, random forests, logistic regression, naive 
bayesian algorithm respectively establish a risk 
assessment model test, the final comprehensive consider 
R square value of the model and the recall rate, The 
decision tree algorithm is adopted to solve the binary 
classification problem. After optimizing parameters and 
adjusting variables, the optimal result is obtained. Then, 
aiming at the principle that it is better to classify a good 
customer as a bad customer than a bad customer as a good 
customer, the final model is obtained by further adjusting 
parameters to make the value as high as possible with the 
recall rate of bad customers as the target. 
2.1 DATA PREPROCESSING 
Data preprocessing is a important part of the analysis data, 
data analysis, the data set is usually not only has huge 
amounts of data processing, and there may be a lot of noise 
data and redundant data or missing data, so the data 
preprocessing is necessary, we to the data analysis and 
finishing the following several parts: 
(1) DATA STANDARDIZATION 
The data set provided in the attachment is composed of 20 
index variables and 1 category variable, which contains a 
wide variety of data. In order to eliminate errors caused by 
different dimensions, self-variation or large difference in 



66  International Journal of Teaching Innovation in Higher Education Vol.1 No.3 2021 

ACADEMIC PUBLISHING HOUSE 

values, it is necessary to standardize the original data for 
subsequent analysis and model establishment. They can be 
divided into continuous data and discrete data, and 
discrete data can be further divided into fixed data and 
ordered data according to the data type. The above data 
need to be processed separately during standardization. 
 Continuous data 
Continuous data include loan term A2, current residence 
years A11, age A13, current loan number A16 and the 
number of persons subject to dependency obligations A18, 
using the standardized formula: 

𝑥𝑥′ =
𝑥𝑥 − 𝑚𝑚𝑠𝑠𝑡𝑡

𝑚𝑚𝑡𝑡𝑥𝑥 −𝑚𝑚𝑠𝑠𝑡𝑡
 

[7] The nominal data 
Nominal data is mainly refers to each kind of situation is 
independent of each other, it contains the loan use A4, 
gender and marital status A9, telephone A19 and foreign 
workers A20, for the standardization of discrete numerical 
processing, commonly used One - Hot coding, also known 
as an effective coding, the method is given to each 
category a n d vector, which for the first class I, The ith bit 
of this vector is 1 and the other bits are 0. For example, 
gender and marital status have five eigenvalues, so the 
corresponding unique thermal codes are (1,0,0,0,0), 
(0,1,0,0), (0,0,1,0), (0,0,1,0), (0,0,1,0), (0,0,0,1), 
(0,0,0,0,1) and (0,0,0,0,1) respectively. For A19 and A20, 
since they both contain only two categories, they are 
defined as 0-1 variables to simplify the subsequent 
calculation, that is, the value of the phone number 
registered according to the customer name is 1, and the 
value of the phone number is 0. If the client is a foreign 
worker, the value is 1. If the client is not a foreign worker, 
the value is 0. 
[8] Sequencing data 
Sequential data mainly refers to the degree of correlation 
between each situation, including current deposit status 
A1, credit history A3, savings account A6, years of work 
A7, other debtors A10, property status A12, other 
installment plans A14, housing status 15, and occupation 
type A17. As the sequential data is similar to the 
continuous data in numerical characteristics, the same 
method can be used to process the sequential data in 
standardization. In addition, the sequencing data are 
orderly classification variables, hierarchical relationship 
exists between the individual values, orderly classification 
variables, for its various state directly increasing or 
decreasing in the direction of a relationship, we hope 
every change a grade, contribution to ending the same or 
similar, also is to have the same change trend, when its 
credit risk increase, The value of the ordered classification 
variable will be increased accordingly. In order to ensure 
that the assignment of its ordered variables would not 
affect the overall training result and make its variance zero, 
isometric sampling was adopted and normalization was 
carried out later. 
(2) COCHEMOTAXIS OF DATA 
Among the indicators given above, some sequential data 
indicators and continuous data belong to extremely large 
indicators, that is, the larger the value is, the better, such 
as years of work A7, other debtors A10, occupation type 

A17, etc., and some indicators are extremely small 
indicators, that is, the smaller the value is, the better. Such 
as A3, the status of the property A12, other credit 
instalment A14, need to undertake the obligation to raise 
the number of people A18 and so on, in order to deal with 
these different indicators, the model establishment and 
solving of providing better data, need to be treated with 
chemokines, will be very small index is converted to a 
very large index, formula is as follows: 

𝑧𝑧 = 𝑚𝑚𝑡𝑡𝑥𝑥 − 𝑥𝑥′  
2.2 MODEL PREPARATION 
(1) DECISION TREE MODEL 
Decision tree adopts the idea of "divide and rule" to 
construct the classification model, which includes three 
steps: feature selection, decision tree generation and 
decision tree pruning. According to the different feature 
selection methods, it can be divided into ID3, C4.5 and 
CART algorithms. The Gini coefficient expresses the 
uncertainty of the set. The greater the Gini index is, the 
greater the uncertainty of the set sample is. The algorithm 
that takes the Gini coefficient as the feature selection 
criterion is called CART algorithm. 
In the classification problem, assuming that there are K 
classes, the probability that the sample point belongs to 
the KTH class is 𝑝𝑝𝑘𝑘, the Gini coefficient of the probability 
distribution is: 

𝐺𝐺𝑠𝑠𝑡𝑡𝑠𝑠(𝑝𝑝) =  �𝑝𝑝𝑘𝑘(1− 𝑝𝑝𝑘𝑘)
𝐾𝐾

𝑘𝑘=1

= 1−�𝑝𝑝𝑘𝑘2
𝐾𝐾

𝑘𝑘=1

 

In this paper, gini index is selected as the criterion of 
feature selection to generate decision tree and construct a 
binary classification model of decision tree. 
(2) NAIVE BAYES MODEL 
Naive Bayes model is a classification method based on 
Bayes theorem and independent assumption of feature 
conditions. It is one of the most widely used classification 
models along with decision tree model. The core idea of 
naive Bayes algorithm is to select a posteriori probability 
as the index to determine the category. The eigenvectors 
corresponding to a given sample 𝑥𝑥1 ,𝑥𝑥2, . . . ,𝑥𝑥𝑚𝑚 ; The 
probability of the category 𝑦𝑦 of this sample 𝑋𝑋 can be 
obtained by Bayes' formula: 

𝑃𝑃(𝑦𝑦|𝑥𝑥1 ,𝑥𝑥2, … , 𝑥𝑥𝑚𝑚) =
𝑃𝑃(𝑦𝑦) ∗ 𝑃𝑃(𝑥𝑥1,𝑥𝑥2, … , 𝑥𝑥𝑚𝑚)

𝑃𝑃(𝑥𝑥1, 𝑥𝑥2, … ,𝑥𝑥𝑚𝑚)  

Attributes are independent of each other, so there are: 
𝑃𝑃(𝑦𝑦|𝑥𝑥1,𝑥𝑥2,… ,𝑥𝑥𝑚𝑚) =

𝑃𝑃(𝑦𝑦) ∗ 𝑃𝑃(𝑥𝑥1,𝑥𝑥2, … ,𝑥𝑥𝑚𝑚)
𝑃𝑃(𝑥𝑥1,𝑥𝑥2, … , 𝑥𝑥𝑚𝑚) =

𝑃𝑃(𝑦𝑦)∏ 𝑃𝑃(𝑥𝑥𝑠𝑠|𝑦𝑦)𝑡𝑡
𝑠𝑠=1

𝑃𝑃(𝑥𝑥1,𝑥𝑥2,… ,𝑥𝑥𝑚𝑚)  

For a given sample, 𝑃𝑃(𝑥𝑥1 ,𝑥𝑥2, . . . , 𝑥𝑥𝑚𝑚) is a constant, so the 
final Bayesian model can be expressed as: 

𝑦𝑦� = arg𝑚𝑚𝑡𝑡𝑥𝑥(𝑦𝑦)�𝑃𝑃(𝑥𝑥𝑠𝑠|𝑦𝑦)
𝑡𝑡

𝑠𝑠=1

 

(3) FOREST MODEL 
Random forest is a supervised learning algorithm. It 
creates a forest and makes it random in some way. The 
"forest" built is an integration of decision trees and is 
mostly trained with a "bagging" approach. Bagging 
methods, bootstrap Aggregating, involve randomly 
placing selected training data, building classifiers, and 
finally combining the learned models to increase overall 
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performance. 
In general, random forest is a subclass of ensemble 
learning, which depends on the voting selection of 
decision tree to determine the final classification result. 
(4) LOGISTIC REGRESSION MODEL 
Logistic regression, also called logistic regression analysis, 
is one of the classification and prediction algorithms. The 
probability of future results is predicted based on the 
performance of historical data. The main steps of logistic 
regression are as follows: 
① According to the data to determine whether the 
function model is linear or nonlinear, and build the 
prediction parameters; 
② Build the loss function. This function 
represents the deviation between the predicted output 
value and the actual category of training data. In order 
to comprehensively consider the loss of all training data, 
the loss function is summed and denoted as 𝐽𝐽(𝜃𝜃) 
function. 
③ Gradient descent method is used to update θ, 
and the minimum J(θ) is sought to achieve the best 
classification effect. 
2.3 MODEL PROCESSING 
(1) PROCESSING OF MODEL DATA 
According to the credit evaluation results, the sample data 
were divided into high-quality customers and bad 
customers, and 80% of the data were extracted as training 
sets and the rest as test sets to test the advantages and 
disadvantages of the model. 
(2) MODEL PROCESSING 
In order to get a better model for credit data more 
accurately, according to the divided training data, the 
decision tree model, naive Bayes model, random forest 
model and logistic regression model are respectively 
brought into the model. Comprehensively considering the 
model's degree of data fitting and accuracy of judgment 
on high-quality users, R square value of model fitting 
degree, recall rate of high-quality customers and recall 
rate of bad customers are taken as evaluation indexes, as 
follows. 

 
FIG. 1 Comprehensive evaluation of the model 
It can be seen from the figure that compared with the other 
three models, the decision tree model has better 
performance in the three indicators. After the initial 
establishment of the model, the decision tree model with 
the best comprehensive effect is selected as the personal 

credit evaluation model. 
2.4 FURTHER PARAMETER OPTIMIZATION FOR 
DECISION TREE 
Through comparing the above test, obtained the highest 
accuracy for target, the optimal model of decision tree, in 
order to comply with prefer to put a good customer as bad, 
and did not take a bad customer classified as good 
customer this principle, the optimal model for further 
parameter optimization, introducing the recall rate this 
concept, and the recall rate is according to our original 
sample, It shows how many positive examples in the 
sample are predicted to be correct, and its main formula is 
as follows: 

𝑟𝑟𝑠𝑠𝑐𝑐𝑡𝑡𝑟𝑟𝑟𝑟 =
𝑇𝑇𝑃𝑃

𝑇𝑇𝑃𝑃 + 𝐹𝐹𝑁𝑁
 

Where TP stands for the correct number of samples 
predicted for the positive samples in a binary classification 
problem; FN stands for the number of samples predicted 
incorrectly for the positive samples; and recall stands for 
the percentage of the positive samples predicted positively. 
Through the recall rate, its bad customer is defined as a 
class, when the recall rate is larger, the actual for bad 
customer forecast for the greater the proportion of bad 
customer, few bad customers are classified as good 
customer, so the bigger the recall rate conforms to this 
principle, we recall rate with bad customer supreme as the 
goal, through the three aspects: optimize the parameters of 
the decision tree, The main analysis steps are as follows: 
Step1: Assign category weight to the decision tree 
For making bad customers all right as far as possible, by 
creating a cost matrix to define the model to identify the 
wrong price, we believe that the credit risk of good 
customer cost the bank is a bank to miss a good customer 
brings four times the size of the loss, equivalent to identify 
bad customer mistake cost increased, and the price of good 
customers and bad customer weight we according to the 
number of sets of categories, Other cost weights are 
selected between left and right, and each allocation is 
sorted out in the following table: 
Table 1 Weight distribution table 

Number weight  Number weight  
1 3:7 4 1:5 
2 2:7 5 1:6 
3 1:7 6 1:8 

Number 1 is the category distribution of the original data, 
and the other numbers are adjusted left and right based on 
number 1. Different cost weights can be set in its classifier. 
Step2: Adjust the hyperparameters of the model 
The maximum depth of the model, the number of leaf 
nodes, and the cost matrix are searched mainly through 
grid search. Essentially, it is an exhaustive search method, 
which permutations and combines the possible values of 
each parameter and lists all possible combination results 
to generate "grid". The optimal model is obtained by 
optimizing the parameters of the estimated function 
through cross validation. We can determine the value 
range of decision tree depth and leaf node, and the cost 
matrix can be referred to the table above. 
Step3: Prune the model whether it is too fit 
The above decision tree is mainly decision tree C5.0, 

0

0.5

1

1.5

2

2.5

3

decision tree Naive Bayes Random forests Logistic
regression

R2 recall(good) recall(bad)



68  International Journal of Teaching Innovation in Higher Education Vol.1 No.3 2021 

ACADEMIC PUBLISHING HOUSE 

while Cc5.0 adopts post-pruning method to prune from 
leaf nodes upward layer by layer. Its Pruning standard is 
that after the estimation of error is obtained, C5.0 will 
judge whether to prune according to "reducing error". First, 
the weighted error of the middle node of the subtree to be 
reduced is calculated, and then compared with the error of 
the parent node. If the error is greater than, it can be cut, 
otherwise it cannot be cut. 
Through the above optimization steps, the optimal 
decision tree aiming at the highest recall rate is finally 
obtained, and its main parameters are shown in the 
following table: 
Table 2 Optimal decision tree parameter table 

parameter Category weights depth nodes 
Selected value 1:7 5 8 

Through the above-mentioned knowledge, when weight 
categories for 1:7, depth of 5, the leaf node tree of 8 
decision tree can be achieve the optimal result, the bad 
customer recall rate of 92%, the overall accuracy of 57%, 
in the end based on bad customer recalling the highest rate 
of optimal decision tree model will serve as the last of the 
personal credit risk assessment model, the main structure 
as shown in the figure below: 

 
FIG. 2 Decision tree model 
3. EVALUATION OF INDIVIDUAL CREDIT RISK 
ASSESSMENT MODEL 
As for the above established personal risk assessment 
model, which aims at the highest recall rate of bad 
customers and takes account of the accuracy of customers 
and the whole to achieve global optimization, we evaluate 
it from two aspects of test results and the risk 
differentiation ability of the model. The main analysis is 
as follows: 
3.1 EVALUATION OF TEST RESULTS 
According to the model established above, the accuracy of 
the model is 57%, and the recall rate of good classes is 
92%. It is not comprehensive to evaluate a model only by 
the accuracy and recall rate. Therefore, the test results are 
sorted out and analyzed, and the confusion matrix is given 
as follows: 
Table 3 Confusion matrix 

actual predict Excellent Bad 

Excellent 60(TP) 80(FN) 

Bad 5(FP) 55(TN) 

According to the confusion matrix, there are 200 samples 
in the test set, including 140 samples with excellent credit 
risk and 60 samples with good credit risk. There are 60 

samples with correct excellent prediction, 55 samples with 
correct good prediction, 5 samples with excellent 
prediction and 80 samples with good prediction. In order 
to further evaluate the confusion matrix, the accuracy and 
comprehensive evaluation indexes are introduced. 
Accuracy (PEC) : One of the classification categories is 
defined as a positive class. Accuracy represents the 
proportion of positive cases in the predicted positive cases. 
The formula is as follows: 

𝑝𝑝𝑠𝑠𝑐𝑐 =
𝑇𝑇𝑃𝑃

𝑇𝑇𝑃𝑃 + 𝐹𝐹𝑃𝑃
 

Comprehensive evaluation index (F α) : it is the result of 
comprehensive consideration of accuracy and recall rate. 
The two indexes are usually balanced and difficult to 
achieve both, which requires comprehensive 
consideration. The main formula is as follows: 

F =
(𝛼𝛼2 + 1) ∗ 𝑝𝑝𝑠𝑠𝑐𝑐 ∗ 𝑟𝑟𝑠𝑠𝑐𝑐𝑡𝑡𝑟𝑟𝑟𝑟
𝛼𝛼2 ∗ (𝑝𝑝𝑠𝑠𝑐𝑐 + 𝑟𝑟𝑠𝑠𝑐𝑐𝑡𝑡𝑟𝑟𝑟𝑟)

,𝛼𝛼 = 1  

The above formula integrates the results of accuracy and 
recall rate. When α=1, the most common comprehensive 
evaluation index is F1. When the comprehensive 
evaluation index is high, the experimental method is 
effective. 
The accuracy, recall rate and comprehensive evaluation 
indexes are sorted as follows, as shown in the table: 
Table 4 Data integration table 

category precision recall F1-score samples 
Optimal 0.92 0.43 0.69 140 
Poor 0.41 0.92 0.56 60 
Overall accuracy 57% 200 

It can be seen from the figure above that the recall rate of 
good credit risk reaches 92%, which means that all bad 
customers are correctly predicted and there are few 
individuals who classify bad customers as good customers. 
Therefore, it can be seen that the processing effect is 
satisfactory in the parameter adjustment part of the above 
model. Secondly, the accuracy of good customers reached 
92%, indicating that the vast majority of individuals who 
predicted good customers were actually good customers, 
which also conforms to our principle: we would rather 
classify a good customer as a bad customer than a bad 
customer as a good customer. However, the overall model 
is not very optimistic. Although the parameter 
optimization of the model above takes the overall 
accuracy rate and the accuracy of good customers as the 
optimization condition, the data is not satisfactory. The 
comprehensive evaluation index F1 of good customers 
and bad customers is 69% and 66% respectively. The 
result is not excellent, perhaps due to the small amount of 
data, the feature extraction is not complete. 
3.2 ASSESSMENT OF MODEL RISK 
DIFFERENTIATION ABILITY 
The risk differentiation ability of the model is expressed 
by KS value, which means that the index measures the 
difference between the accumulated distribution of good 
and bad samples. The greater the cumulative difference 
between good and bad samples, the greater the KS index, 
and the stronger the risk differentiation ability of the 
model. The calculation steps of KS are as follows: 
Step1: calculate the number of good and bad accounts in 
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each scoring range. 
Step2: calculate the ratio of accumulated good accounts to 
total good accounts (good%) and the ratio of accumulated 
bad accounts to total bad accounts (bad%) of each scoring 
interval. 
Step3: calculate the absolute value of difference between 
accumulated bad account proportion and accumulated 
good account proportion in each scoring interval 
(accumulated good%- accumulated bad%), and then take 
the maximum value of these absolute values to obtain the 
k-s value of this scoring card. 

 
FIG. 3 KS curve 
As shown in the figure above, it represents the KS curve 
of the model, the vertical axis is true rate and false positive 
rate, the horizontal axis is the selected threshold value, and 
its KS value is 0.53. The model has a good effect. Refer to 
the meaning of KS value as shown in the following table: 
Table 5 Comparison standard of KS values 

KS  <20% 20%-40% 41%-50% 51%-75% >75% 
effect poor general good Very good Too high 
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Abstract: Although car sharing is developing rapidly, it 
still faces problems such as multiple cost control links and 
difficulty in profitability. Firstly, the data is cleaned, 
integrated, transformed, protocol, sorted, etc., and the data 
that has stopped multiple times at the same latitude and 
longitude is deleted, and the final parking spots of about 
20,000 are retained. At the same time, a map of the 
distribution of about 20,000 parking spots is drawn 
Secondly, the K-means clustering algorithm is used for 
parking spots to reduce the number of parking spots to 50. 
Then, analyze the 50 parking spots and draw their time 
and space distribution maps. It is found that the 
distribution of shared cars is discrete and can provide 
more users, but the main parking spots are still 
concentrated at latitude 34.8 and longitude 32.06; time. 
Although the number of shared car vehicles fluctuates, 
most of them are in a stable state. Finally, the 40 parking 
points in the first question are calculated and drawn using 
the method of systematic (hierarchical) clustering to draw 
the positions of 5 representative parking points. For these 
5 representative parking points, the Floyd shortest path 
algorithm is used to propose low The cost scheduling plan 
calls other parking spots closest to the vehicle, so that the 
daily parking volume and daily demand of each parking 
spot are in a dynamic balance. 
Keywords: Floyd; K-means; Dijkstra; Scheme For Shared 
Cars 
 
1. INTRODUCTION  
With the rapid development of major cities, the increase 
in population density and fierce competition in all walks 
of life, the concept of "sharing economy" has gradually 
entered people's lives. Sharing economy is the realization 
of resource contribution sharing by resource owners and 
resource users. The foundation, in layman's terms, is that 
the original item belongs to a certain person or 
organization, and when the person or organization does 
not need it, the item can be rented to those who need it at 
this time. With the promulgation of a series of policies, 
shared cars are developing in a more standardized 
direction, but the craze for shared cars has not arrived, 
because shared cars face poor user experience, many 
management problems, high costs, and difficult 
profitability[1].Although the “time-sharing rental” model 
of car-sharing solves certain pressures of living 
consumption for users, profitability is still an issue of great 
concern to enterprises. 

2. EXPERIMENTAL 
2.1 PROBLEM ANALYSIS 
First, the data set needs to be processed, data deletion, data 
cleaning, data splicing, and then data visualization, that is: 
according to the cleaned data, the use of shared cars is 
drawn from the longitude and latitude and the number of 
vehicles in the data, and analyzed Use the distribution map 
drawn, and then use the K-means algorithm model to 
select some important shared car distribution points in the 
map, perform cluster analysis, analyze a distribution of 
shared cars, and then analyze and draw the number of 
shared car parking. Time change relationship diagram, and 
finally, the change and distribution diagram of cars in time 
and space is used as the distribution of shared car usage in 
the city. 
Based on the distribution of shared cars clustering, a 
systematic (hierarchical) clustering algorithm is used for 
the distribution of shared cars in space, so that the result 
of the first K-means clustering reduces the number of 
parking spots again, which is convenient for each parking 
spot Implement a scheduling plan, and then calculate the 
final distance between the parking spots and the average 
number of vehicles parked at each parking spot, compare 
the average number of vehicles parked at each parking 
spot, from the parking spot with more parking to the 
number of parked vehicles Call fewer parking spots, try to 
make the number of vehicles in each parking spot the same, 
and require the use of the shortest distance scheduling 
method in the scheduling process, which can save the cost 
of scheduling, and construct a cost formula for scheduling 
shared cars to achieve the lowest scheduling cost . 
2.2 THE ESTABLISHMENT OF THE DISTRIBUTION 
OF SHARED CARS BASED ON THE K-MEANS 
CLUSTERING MODEL 
(1) Model building.The idea of K-means clustering 
algorithm [2] is to divide n points into k clusters, so that 
each point belongs to the cluster corresponding to the 
nearest mean, which is used as the clustering standard. The 
description process is:   known data 
sets that need to be observed 
Each observation is a d-dimensional real vector. K-means 
clustering must divide these n observations into k sets𝑘𝑘 ≤
𝑡𝑡, so that the sum of squares in the group is the smallest, 
that is: find the formula that satisfies the 
formula ∑ ∑ ‖𝑥𝑥 − 𝑣𝑣𝑠𝑠‖2𝑥𝑥𝑥𝑥𝑆𝑆𝑖𝑖

𝑘𝑘
𝑠𝑠=1  , where all The mean of 

points. The basic steps of the K-means clustering process 
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are: 
Step1: Select the number k of categories to be clustered 
(such as the category in the above example), and select k 
center points. 
Step2: For each sample point, find the center point closest 
to it (search for organization), and the point closest to the 
same center point is a class, thus completing a clustering. 
Step3: Determine whether the categories of the sample 
points before and after the clustering are the same. If they 
are the same, the algorithm terminates, otherwise, it enters 
step4. 
Step4: For the sample points in each category, calculate 
the center point of these sample points, as the new center 
point of the category, continue to step 2. 
Step5: Until the center of mass does not change or reaches 
the maximum number of iterations. 
(2) Model solving. 
Discretize the spatial information of each parking spot, 
that is, the latitude and longitude. Find out the latitude and 
longitude range of all parking points as the total area, 
divide the total area into a number of unit grids, in order 
to count the parking points in each grid. Due to the wide 
distribution of shared cars, there may be differences 
between the distribution areas in the use of vehicles. 
Therefore, according to the longitude and latitude 
coordinates of the parking point distribution, the K-Means 
cluster analysis of these scattered locations is performed 
[3], and the location distribution is similar. Task clusters 
and central points. 

 
Figure 1 K-means clustering of shared cars 
First, process the data in the question, delete the data that 
has parked multiple times at the same latitude and 
longitude, and only keep the parking spots of shared cars 
in this city, so the data of more than 1 million is reduced 
to about 20,000 data ,As shown in Figure 2. 

 
Figure 2 Distribution of parking spots for shared cars 
Then, use the data of about 20,000 and use the K-means 
clustering model established in 5.1.1 to meet the 
requirements of car-sharing to classify the 20,000 parking 
spots. There are 50 categories of latitude and longitude, 
namely: There are 50 parking spot categories, and the 
number of each category is stipulated as the table of 
parking spot classification as shown in Appendix Table 1. 
Figure 3 is drawn according to the table, which more 

intuitively shows the comparison of the number of parking 
spots included in each numbered category, and determines 
the classification status closest to it. 

 
Figure 3 Comparison of the classification of shared cars 
SPSS is used to implement K-means clustering. Among 
the 50 categories, there are some abnormal classifications, 
so the final classification result is 40, as shown in Figure 
4 for the classification of parking spots. The yellow dots 
in the picture represent the parking spots of shared cars, 
and the red asterisks represent the classification of the 
points closest to it. 

 
Figure 4 Spatial distribution map of shared cars 
The spatial distribution established by Figure 4 can better 
highlight the general distribution of shared cars in the city. 
Shared cars can not only visually show a distribution in 
the area in space, but also in time. Based on the 40 main 
shared car distribution points identified in Figure 5, the 
number of parking in these 40 parking points in a day is 
determined, that is: a graph reflecting the number of 
shared cars parked over time, and the vehicle data is 
divided by 1000. The operation to obtain the result, so as 
to obtain the relationship between the adjusted vehicle 
data and time, as shown in Figure 6. 

 
Figure 5 The relationship between the number of parked 
vehicles and time 
In summary, Figures 4 and 5 reflect the distribution of 
shared cars in time and space after clustering. It can be 
seen that the distribution of parking spots in space is 
relatively discrete, which can better meet the needs of the 
city. The area of the car; the number of vehicles parked in 
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time fluctuates with time, that is: the number of vehicles 
parked at 1 o'clock, 8 o'clock, and 28 o'clock in the figure 
is the least, indicating that car sharing is more needed at 
this time, so corresponding car scheduling should be 
implemented Plan to achieve the situation that there are 
fewer vehicles parked at the parking point, thereby 
enabling the enterprise to achieve the highest benefits. 
2.3 THE ESTABLISHMENT OF A LOW-COST CAR-
SHARING SCHEDULING PLAN 
(1) Establishment of dispatch parking spots based on 
system (hierarchical) clustering.  
According to the 40 parking points established in Figure 5 
in 5.1.2 as a reference, these 40 parking points will be used 
in the systemThe clustering model [4] is classified again, 
as shown in Figure 6 for the clustering result.  

 
Figure 6 Classification of parking spots in the dispatch 
plan 
It can be seen from Figure 6 that the signs (green dots, blue 
asterisks, red plus signs, yellow crosses, and purple circles) 
respectively represent one type of parking spot, and one 
point from each category is selected as the research object, 
namely : Five research objects are selected, as shown in 
Figure 7. 

 
Figure 7 Research distribution map of parking spot objects 
Among them, the blue dots are 40 parking spots clustered 
by K-means, and the 5 red dots are samples of parking 
spots. Then the most favorable scheduling plan is arranged 
for these 5 research objects, which shows that the 
enterprise should implement it in a small way. The specific 
scheduling method. 
(2) The lowest cost scheduling scheme for shared cars 
based on Floyd algorithm is indeed. 
1) Establishment of scheduling costs. 
It can be seen from Figure 7 that for these 5 parking points 
research objects, because the dynamic shunting process is 

involved to achieve the final supply-stop balance 
relationship, the distance between these 5 points needs to 
be calculated, as shown in Table 1 (unit: km). 
Table 1 Sample parking spot distance. 

Num 
ber 

Dist 
ance 
A 

Dist 
ance 
B 

Dist 
ance 
C 

Dist 
ance 
D 

Dist 
ance 
E 

A 0.00 7.07 7.45 3.93 3.04 
B 7.07 0.00 3.43 8.77 4.42 
C 7.45 3.43 0.00 10.39 5.95 
D 3.93 8.77 10.39 0.00 4.51 
E 3.04 4.42 5.95 4.51 0.00 

Among them, the calculation method is based on the 
latitude and longitude of each parking spot in Figure 8, 
using formula (1) to obtain: 

𝑐𝑐 = �𝑡𝑡2 + 𝑏𝑏2 = �(𝑥𝑥1 − 𝑥𝑥2)2 + (𝑦𝑦1 − 𝑦𝑦2)2 (1) 
𝑥𝑥1 ,𝑥𝑥2 is the latitude of the parking spot, 𝑦𝑦1 ,𝑦𝑦2 is the 
longitude of the parking spot 
Because the cost of scheduling a shared car satisfies 
formula (2): 

𝑐𝑐 = �𝑐𝑐 × 𝑝𝑝+ 𝜀𝜀(𝑐𝑐 > 0)
0               (𝑐𝑐 = 0) (2) 

In this formula, c represents the cost, s represents the 
shortest path, p represents the cost of manpower and 
material resources, and ε is a constant, which represents 
the cost added to scheduling by other factors. 
When the parking spot needs to be dispatched, that is: s>0, 
the cost includes the oil price for dispatching the shortest 
path of the car and the price ε caused by other factors. 
2) Establishment of the shortest path. 
When finding the shortest path of 5 sample points, the 
Floyd algorithm [5-6] is selected, and the basic process is 
as follows. 
 First, find the shortest distance; 
 Then, consider how to find the corresponding 
travel route; when finding the shortest path, a dynamic 
programming method is used. For any shared car parking 
spot, the shortest distance from i to j is nothing more than 
passing between i and j. There are two possibilities of 
passing k and not passing k; 
 Therefore, you can set (n is the distance from the 
parking point), and then check the value of 𝑑𝑑(𝑠𝑠𝑖𝑖)  and 
𝑑𝑑(𝑠𝑠𝑘𝑘) + 𝑑𝑑(𝑘𝑘𝑖𝑖); here and are the shortest distances to and 
to respectively; 
 So it is the shortest distance to pass 𝑑𝑑(𝑠𝑠𝑘𝑘) +
𝑑𝑑(𝑘𝑘𝑖𝑖).Therefore, if there is, it means that the distance 
from starting k to j to is shorter than the original to i to j. 
Naturally, the i to j is rewritten as 𝑑𝑑(𝑠𝑠𝑘𝑘) + 𝑑𝑑(𝑘𝑘𝑖𝑖) , and 
whenever one is checked, 𝑑𝑑(𝑠𝑠𝑖𝑖)  is the current shortest 
distance to i to j. 
 Repeat this process. Finally, when all the k is 
checked, the shortest distance between i to j is stored in 
𝑑𝑑(𝑠𝑠𝑖𝑖). 
3) Implementation of the shared car scheduling plan 
In Figure 8, the 5 representative shared car parking spots 
obtained through the results of the system clustering, the 
average parking volume and demand volume within a day 
are shown in Table 2. 
Table 2 Daily parking volume and daily demand of 
parking lots 

Number Daily parking volume Daily demand 
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A 10 11 
B 9 10 
C 6 5 
D 7 4 
E 12 14 

Observing the table, it can be seen that the daily parking 
capacity of No. A parking lot is 10 vehicles, and the daily 
demand is 11 vehicles. Therefore, the demand of parking 
lot A is relatively high. It is necessary to transfer vehicles 
to parking lot A in time. Similarly, B The management 
personnel of parking lot E and parking lot E should also 
dispatch vehicles to parking lot B and E in time to meet 
the daily demand; parking lot C has a daily parking 
capacity of 6 cars, and a daily demand of 5 cars. Relatively 
speaking, there is another one. An idle shared car is in the 
parking lot C, so the vehicle can be transferred to the 
nearest parking spot where the shared car is urgently 
needed. Similarly, the management personnel of the 
parking lot D also do the corresponding operations. The 
specific process can be seen in Figure 8. 

 
Figure 8 Path map of shared car parking spots 
The content of the brackets in Figure 8, such as [10,11] in 
A, the former 10 represents the daily parking volume, the 
latter 11 represents the daily demand, the content of the 
other parking spots in the brackets is also the same as that 
in A, then, Calculate the distance between each parking 
point as shown in Table 1. The red connection in Figure 9 
indicates the distance between shared car parking points. 
From formula (2), the cost of each parking point should be 
calculated, and the process of dynamic scheduling should 
be considered. In order to achieve the goal of dynamic 
balance between the daily parking volume and daily 
demand of each parking spot, it is necessary to park the 
cars whose daily parking volume is greater than the 
demand in the parking spot and the parking spot where the 
parking volume in the past is smaller than the demand. 
That is: the daily parking volume of parking spot D-daily 
demand = 3, the daily parking volume of parking spot B 
closer to D-daily demand = -1, the daily parking volume 
of parking spot E-daily demand = -2, the daily parking 
volume of parking spot A-daily demand = -1, so it is 
necessary to transfer two of the surplus cars in D to E, and 
the last surplus car in D can just fill A in urgent need of 
shared cars Or B, because DB distance is greater than DA 
distance, the last car in D is transferred to parking point A, 
which has a shorter distance and lower cost. At the same 
time, the extra car at parking point C is transferred to B, 

just to achieve all parking The number of parking points 
per day is equal to the daily demand, so that the parking 
points are parked as soon as possible in the first second, 
and the next second is used, so that the scheduling cost is 
the lowest. 
2.4 THE SHORTEST PATH TEST OF PARKING SPOTS 
BASED ON HAVERSINE FORMULA 
According to the data, it can be seen that the Haversine 
formula [7] is more reliable for calculating the distance 
between two points on the sphere. Therefore, the distance 
between the parking points is recalculated according to the 
Haversine formula to verify the rationality of the data. 
ℎ𝑡𝑡𝑣𝑣𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑡𝑡 �

𝑑𝑑
𝑅𝑅
� = ℎ𝑡𝑡𝑣𝑣𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑡𝑡(𝜑𝜑1 − 𝜑𝜑2) + 𝑐𝑐𝑐𝑐𝑐𝑐𝜑𝜑1𝑐𝑐𝑐𝑐𝑐𝑐𝜑𝜑2ℎ𝑡𝑡𝑣𝑣𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑡𝑡(∆𝜆𝜆)(3) 

ℎ𝑡𝑡𝑣𝑣𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑡𝑡(𝜃𝜃) = sin2 �
𝜃𝜃
2�

=
(1 − 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃)

2
(4) 

R is the radius of the earth; 𝜑𝜑1 − 𝜑𝜑2 represents the latitude 
of the two points; ∆𝜆𝜆 represents the difference in the 
longitude of the two points. 
Table 3 Distances to stopping points after using the 
Haversine formula 

Num 
ber 

Dist 
ance A 

Dist 
ance 
B 

Dist 
ance C 

Dist 
ance D 

Dist 
ance 
E 

A 0 5.821 6.396 3.908 2.609 
B 5.821 0 3.437 7.515 3.682 
C 6.396 3.437 0 9.451 5.523 
D 3.908 7.515 9.451 0 3.996 
E 2.609 3.682 5.523 3.996 0 

From the comparison of Table 3 and Table 1, the distance 
between the parking spots is relatively small, indicating 
that it is advisable to idealize the longitude and latitude 
lines into the horizontal and vertical patterns in the actual 
map. 
2.5 SHORTEST PATH TEST BASED ON DIJKSTRA 
ALGORITHM 
Sampling uses Dijkstra's algorithm for inspection. The 
multi-source shortest path problem can be converted into 
a single-source shortest path problem by looking at a 
single starting point. Choose 1 point as the origin, and 
calculate the distance from the other vertices except 1 
point to 1 point, that is, find all The shortest path of all 
vertices except 1 point relative to the set [1, 2, 3, 4, 5]. It 
is found that the results calculated by the Dijkstra 
algorithm are consistent with the Floyd algorithm, which 
proves that the results are reliable. 
3. RESULTS AND DISCUSSION 
To sum up, first of all, delete the data of multiple stops at 
the same latitude and longitude from the more than 1 
million data, and only keep the parking spots for shared 
cars in this city, which can reduce the data of more than 1 
million to about 20,000. The data of 20,000 parking spots 
are displayed, namely: the distribution of parking spots. 
Then, 50 parking spots are finally formed using the K-
means clustering algorithm, and the location distribution 
map of 50 parking spots and Time and space distribution 
map, this is the distribution of parking spots required by 
the first question. 
Secondly, carry out data processing and screening on these 
50 parking spots, and finally form 40 parking spots, and 
then use the system (hierarchical) clustering model, and 
finally use 5 parking spots to represent 40 parking spots, 
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and for these 5 parking spots Point uses the Floyd 
algorithm to determine the shortest path for scheduling 
and how to implement the scheduling process. 
Finally, through the spatial distribution of parking spots to 
analyze the implementation of the scheduling plan, 
through simulation to show the scheduling status of the 
parking spots, so that the city's shared car companies to 
achieve the lowest cost. 
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Abstract: In order to effectively promote the training 
quality of innovative and entrepreneurial talents in higher 
vocational colleges, the organic integration of innovative 
and entrepreneurial education and specialty education is 
the only way of professional curriculum teaching reform. 
Starting with the professional basic course "new media 
marketing" of network marketing and live e-commerce 
specialty, and according to the current era background and 
social needs, this essay deeply studies the teaching method 
of specialty education and innovative and entrepreneurial 
education, and reflects how the professional course 
teaching infiltrates the concept of innovation and 
entrepreneurship education, improves students' 
professional quality and improves the quality of 
innovation and entrepreneurship in the teaching design 
and teaching methods of this course. The integration of 
specialty education and innovative and entrepreneurial 
education not only improves students' interest in learning 
professional courses, but also cultivates students' 
innovation and entrepreneurship ability, and organically 
combines students' theory and practice. It would finally 
cultivate a group of competitive talents for the society. The 
integration of specialty education and innovative and 
entrepreneurial education has achieved good teaching 
results in teaching practice. 
Keywords: New media marketing; Innovation and 
Entrepreneurship Education 
 
1.INTRODUCTION 
Innovation and entrepreneurship education in colleges and 
universities can stimulate students' wisdom and creativity, 
further improve students' innovation, entrepreneurship 
and creativity to helps students quickly integrate into 
society. It plays an important role in cultivating talents 
serving the national modernization. An important way of 
innovation and entrepreneurship education is to integrate 
innovation and entrepreneurship education into 
professional curriculum education. To improve the quality 
of innovation and entrepreneurship education, it must rely 
on professional education. The course team of new media 
marketing is to integrate the concept of innovation and 
entrepreneurship into teaching activities, understand the 
concept of mass entrepreneurship and innovation from the 
professional perspective of new media marketing, and 
cultivate talents with innovative consciousness, 
entrepreneurial spirit and creative ability and professional 

quality and skills of new media marketing. Under the 
function of such education, students can have the ability 
to solve practical marketing problems creatively when 
entering the society, and make better use of their 
knowledge to start a business in a broad or narrow sense. 
This essay will first introduce the innovation and 
entrepreneurship teaching objectives of new media 
marketing curriculum. Then it will introduce the teaching 
content and build the online resource database of the 
course to finish the teaching objectives. Thirdly, the 
teaching design of the course guided by the teaching goal 
of entrepreneurship and innovation will be explained. In 
the whole course teaching process, the course team always 
focuses on three aspects to effectively implement 
innovation and entrepreneurship education. Finally, it will 
show the teaching effect. 
2. INNOVATION AND ENTREPRENEURSHIP 
TEACHING OBJECTIVES 
New media marketing is a course closely related to theory 
and practice. According to the needs of mass 
entrepreneurship and innovation ability training, the 
course objectives are set as basic ability objectives, 
planning ability objectives, and finally achieve mass 
entrepreneurship and innovation ability objectives. 
Firstly, through the study of course theory and practice, 
students can understand the characteristics of new media 
marketing and the logic of new media marketing platform, 
so as to master new media marketing skills and have the 
ability of new media operation and execution, which is the 
basic ability goal of the course. Secondly, it can effectively 
establish a new media marketing matrix according to the 
marketing objectives; At the same time, the ability to 
formulate new media marketing traffics-driving and 
conversion strategies based on tracking and analysis of 
new media marketing data is the planning ability goal of 
the course. Finally, students can stand at the strategic level 
and achieve the cultivation of entrepreneurship and 
innovation ability by planning and managing the overall 
new media marketing and operation. In short, the new 
media marketing course comprehensively cultivates 
students' comprehensive operation ability of the new 
media platform and the planning ability of new media 
marketing through the course content and organization 
more in line with the industry development and job needs, 
combined with the education of innovation and 
entrepreneurship. 
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Figure 1 training objectives of creative ability of new 
media marketing course 
3. NEW MEDIA MARKETING COURSE 
RESOURCES CONSTRUCTION 
3.1 Course content selection 
New media marketing is a typical work-oriented course. 
In order to comply with the development trend of new 
media marketing and cultivate new marketing talents with 
new media marketing knowledge and skills, the course 
team has independently developed all course contents and 
resources after preliminary course research and long-term 
tracking and research of the industry. In order to make the 
course more practical, while tracking and studying the 
development trend of new media industry for a long time, 
combined with the investigation of enterprise talent 
demand, the course content effectively covers the 
mainstream new media marketing platforms, tactics and 
strategies, so that students can understand the logic and 
operation rules of each platform and have the actual 
operation ability of micro platform; At the same time, it 
also introduces the content of the overall planning ability 
of new media marketing, such as the construction of new 
media marketing matrix and the analysis and optimization 
of new media marketing results. Due to that, students can 
master the cutting-edge new media marketing skills and 
carry out new media marketing planning and management 
from a macro strategic perspective. 

 
Figure 2 content selection of new media marketing course 
3.2 Online course resource library 
With the construction of online course resource library, the 
new media marketing course has fully adopted online and 
offline mixed teaching. 
During the construction of online resource library, in order 
to further cultivate students' innovation and 
entrepreneurship ability, the content of resource library is 
divided into basic course content and expanded course 

content according to hierarchical teaching needs and 
innovation and entrepreneurship ability training needs. 
The basic content focuses on the display of key course 
content, which is used for students' preview and review of 
key knowledge, and focuses on cultivating students' 
mastery of basic knowledge; The expanded content 
mainly includes case study and knowledge expansion 
materials, which are used for students' further exploration 
of the course content. Through teachers' organization of 
students' reading and discussion, students' sensitivity to 
industry development is cultivated, and students' planning 
ability for new media marketing is improved, which meets 
the requirements of innovation and innovation ability. 
4. TEACHING DESIGN AND IMPLEMENTATION 
New media marketing focuses on the educational concept 
of "taking students as the main body". According to the 
goal of entrepreneurship and innovation ability, the course 
adopts modular teaching mode, and sets project training 
modules in line with professional characteristics and 
vocational skills. Meanwhile, in the working situation set 
in each module teaching, the simulation workflow of 
"planning - platform construction - operation - resumption 
- optimization" of new media marketing course stimulates 
students' entrepreneurial interest to improve the effect of 
practical teaching. 
The course breaks the traditional teaching arrangement 
form of "theory to application", and reorganizes the 
teaching module according to the operation process of 
new media marketing. The teaching method is integrated 
into the "modular" teaching mode, that is, the course 
content is integrated into six project modules. 
Through the modular teaching mode, students can not 
only cultivate their innovation ability, but also master the 
whole workflow of new media marketing in the practical 
course and have the entrepreneurial ability through the 
simulation workflow. 
At the same time, based on the construction of the 
resource library, the course has fully adopted online and 
offline mixed teaching. Before class, teachers assign 
preview tasks in QQ group, and students complete them 
independently through online resources; In class, teachers 
guide students to deepen their understanding of the course 
content, and design a variety of teaching interactive forms 
to mobilize students' enthusiasm in learning the course. 
For example, in the on-the-job teaching cloud platform, 
students can rewrite the title of graphic content in the 
classroom in the form of brainstorming. On the result, 
students' participation is very high, which cultivates 
students' innovative and creative spirit. 
In the course teaching practice, the teaching team mainly 
adopts situational teaching--students form a virtual 
company. Through the implementation of different new 
media marketing projects by the virtual company, the 
repeated training of learning content is formed. The 
students' innovation ability and problem-solving ability 
are exercised, to master the operation experience of 
market-oriented new media. In addition, teaching methods 
such as flipped classroom are also widely used in the 
course. In terms of teaching means, make full use of 
network resources, such as hot spots as marketing topics, 
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to enhance students' interest in learning and help students better understand and master new media marketing skills. 

 
Figure 3 modular teaching mode of new media marketing 
5.TEACHING ORGANIZATION FOCUSING ON 
SCHOOL ENTERPRISE COOPERATION, 
ENTREPRENEURSHIP TRAINING CENTER AND 
ENTREPRENEURSHIP TRAINING 
In the teaching process, it is mainly carried out in the form 
of task driven, situational teaching and group cooperative 
exploration. Heuristic teaching is the main teaching 
method. For abstract and profound knowledge, case 
teaching method is adopted. According to different 
contents, questioning and incentive, situational teaching 
and other teaching methods are used. In the process of 
explaining the course content, it infiltrates the cutting-
edge academic development at home and abroad, the latest 
research results and practical experience, in order to 
improve the classroom atmosphere. The pleasant and 
interesting classroom atmosphere cultivates students' 
ability to analyze and solve problems, improves students' 
independent inquiry ability, and stimulate students' 
creative enthusiasm and cultivate innovation ability. 
In the teaching process, school enterprise cooperation, 
entrepreneurship training center and entrepreneurship 
training are the three starting points of the teaching 
process. 
5.1 School enterprise cooperation 
Actively cooperate with enterprises, such as Hebei post 
and Shijiazhuang post, so that students can promote 
course learning and improve the teaching effect of the 
course through practical operations such as new media 
marketing execution. 
5.2 Entrepreneurship training center 
With the help of the entrepreneurship training 
environment of the rural e-commerce innovation and 
entrepreneurship training center, the practical teaching of 
the course is carried out. 
5.3 Entrepreneurship training 
In the form of a virtual brand company, relying on the 
platform of school enterprise cooperation, every 4-5 
students form a virtual company to carry out 
entrepreneurship training with new media marketing 
execution as the business content. In the final assessment, 
students are required to run multiple the new media 
platforms in the form of virtual company, and finish the 
operation report at the same time. It takes the marketing 

effect as the assessment basis. The execution team selects 
and establishes their own media matrix according to the 
marketing objectives and their own characteristics; 
Through the marketing activity, realize unified interaction 
on each platform and complete traffic-driving and 
conversions between different new media platforms. 
In the process of independent new media marketing in the 
form of team, students need to give full play to their 
innovative spirit and creative ability and carry out 
effective and reasonable platform layout. These marketing 
activities should realize linkage among multiple platforms, 
which further cultivates students' new media marketing 
skills and entrepreneurial ability. 
At the end of the term, the new media execution 
assessment is based on the objectives of the course's 
entrepreneurship and innovation ability, highlighting 
practicality. The final score is based on the completion of 
students' content production, and the ability scoring 
standard; Content quality, platform fan acquisition and 
interaction indicators are used as the scoring indicators of 
strategic ability. The operation planning between the new 
media matrices presented in the operation report is used as 
the scoring index of entrepreneurship and innovation 
ability. The assessment is progressive layer by layer, 
which more comprehensively and effectively assesses the 
achievement of students' objectives at the third level of the 
course. 
6. TEACHING EFFECTIVENESS 
Through the course study and training, the students have 
the organization and planning ability of new media 
marketing, and can skillfully use the relevant knowledge 
of new media to solve the actual marketing problems of 
enterprises. 
6.1 The course assessment results have achieved results 
Students majoring in big data marketing, cross-border e-
commerce, cultural creativity and planning studied new 
media marketing in the first semester of 2020-2021 
academic year. A total of 193 students completed module 
assessment and the final report. After comprehensive 
evaluation, the highest score of the three majors is 97 
points, with an average score of 84.4 points. The number 
of students with 80-90 points accounts for 46.63%, and 
students with more than 90 points account for 30.57%. 
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The teaching effect is remarkable. The assessment results 
show that the students have a good grasp of the knowledge 
and skills of new media marketing, and have the ability to 
continue learning and sustainable development in relevant 
fields in the future. 
6.2 Professional skills competition 
Relying on the professional knowledge of new media 
marketing, through learning and training, students have 
the organization and planning ability of new media 
marketing, and can skillfully use the relevant knowledge 
of new media to solve the actual marketing problems of 
enterprises. Among them, 2 groups of students formed a 
team to participate in the 2019 and 2021 digital marketing 
- new retail skills competition of Higher Vocational 
Colleges in Hebei Province, and won the third prize of the 
province. 
6.3 Students start their own businesses  
On the one hand, this form of practical teaching improves 
students' innovation and entrepreneurship ability, and 
greatly enhances students' interest in entrepreneurship. 
During the course, LV Biao and four other students 
applied for and completed the college's innovation and 
entrepreneurship project, and registered "interesting 
culture Co., Ltd." with the local administration for 
industry and commerce. The company's business is to 
serve customers and carry out new media agent execution, 
and successfully won the first customer - Changchun 
Hengyu online business school. 
In terms of the feedback of the students' teaching 
evaluation, the course won unanimous praise from 
students. 
7. CONCLUSION 
With an in-depth understanding of the current era and the 
teaching background of innovation and entrepreneurship 
education reform in colleges and universities, the course 
of new media marketing integrates professional courses 
with innovation and entrepreneurship education, carries 
out professional and technological innovation, and 
constructs a curriculum system and practical teaching 
system of professional and creative integration. Integrate 
the concept of entrepreneurship and innovation into the 
curriculum content, curriculum design, curriculum 
teaching mode and assessment. Reflect the power of 

professional knowledge in Entrepreneurship competitions 
or projects, organically combine the two, and make 
knowledge become students' comprehensive quality and 
ability in mutual imperceptible influence. The integration 
of specialty and innovation not only improves students' 
initiative in class and self-learning skills, but also 
cultivates students' innovative spirit, entrepreneurial 
thinking and creative ability. The integration of specialty 
education and innovative and entrepreneurial education 
can better cultivate talents with high quality and high skill 
competitiveness for the society. 
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Abstract: C4 olefin is widely used in chemical production. 
The selectivity and yield of C4 olefin are affected by 
catalyst combination and temperature. SPSS was used for 
neural network analysis, the data were screened and 
standardized to get the weight of various variables, and the 
optimal temperature formula was used to get the 
coefficients A1 =29.03, B1 =0.007995, C1 =4.415, with 
large Co/SiO2 content and low Co load. The catalyst 
combination of low ethanol concentration and high HAP 
content can be used, so the reaction temperature of 
200mg1wt%Co/ Sio2-200mgHAP-ethanol concentration 
of 1.68 mL /min and 430 degrees can be used, at which the 
C4 olefins selectivity is the highest. 
Keywords: Linear Regression; BP Neural Network Model; 
Correlation Analysis. 
 
1. BACKGROUND 
C4 olefin is widely applied to the production of chemical 
products and pharmaceutical, ethanol is a raw material for 
production preparation of C4 hydrocarbon in the process 
of preparation, catalyst load combination Co, Co/SiO2 
and HAP charging ratio, the combination of the ethanol 
concentration and temperature of C4 olefin selectivity and 
C4 olefin yields will affect, in preparation of C4 olefin 
(ethanol as raw materials), The yield and selectivity of C4 
olefin are affected by temperature and different catalyst 
combinations, Respectively study the relationship 
between ethanol conversion rate, C4 olefin selectivity and 
temperature, and analyze the experimental results of a 
given catalyst combination at a given temperature of 350 
degrees Celsius, and further explore the effect of different 
catalyst combinations and temperatures on the ethanol 
conversion rate and C4 olefin selectivity,so it is of great 
significance to study the preparation of C4 olefin by 
ethanol catalytic coupling through the design of catalyst 
combinations. 
2. MODEL ESTABLISHMENT AND SOLUTION 
Adopt the method of regression analysis to evaluate, this 
paper builds to quantify the one dimensional equation of 
related processing, analysis under each catalyst 
composition, ethanol conversion rate, C4 olefin selectivity 
and the relationship between temperature, if present a 
significant (q significant coefficient is less than 0.05 or 
0.01), shows both influence each other between, combined 
with the regression coefficient values lay down, 
Comparative analysis of the degree of influence between 
the two. F test for the model, to determine the influence of 
the relationship between different factors, temperature and 

ethanol conversion and C4 olefin selectivity, the 
relationship between the linear equation of comparing 
with the original data, and the variance, correlation 
analysis with data in annex ii, concrete analysis of each 
dependent variable and the relationship between each 
independent variable X, Y, if there is a significant 
relationship between X and Y Pearson's correlation 
coefficient was used to indicate the strength of the 
correlation, and the correlation value between them was 
used to illustrate their closeness 
Regression analysis is used to study the influence 
relationship between X (quantitative or categorical) and Y 
(quantitative), whether there is an influence relationship, 
the influence direction and the influence degree; 
Step1: Firstly, the model fitting situation is analyzed, that 
is, the model fitting situation is analyzed by R square 
value, and the VIF value can be analyzed to judge whether 
the model has collinearity problem. 
Step2: Write the model formula; 
Step3: Analyze the significance of X; If there is significant 
(Q value < 0.05 or 0.01); Then, it shows that X has an 
influence on Y, and then analyzes the direction of the 
influence relationship in detail. 
Step4: Comparative analysis of the influence of X on Y 
was conducted with the regression coefficient þ value. 
Step5: Summarize the analysis. 
To solve this problem, we first processed the data and set 
the temperature as an invariant, that is, the influence of 
different catalyst combinations on the selectivity of C4 
olefin was explored at a certain temperature (250℃, 
275℃, 300℃, 325℃, 350℃, 400℃ and 450℃ 
respectively). According to the data, seven data tables 
were prepared by visual processing. The best combination 
of catalysts is determined by the data trends in the chart. 
Similarly, the catalyst was set as an invariant, that is, the 
influence of temperature on C4 olefin absorption rate was 
explored when the catalyst was fixed (from A1 to B7), and 
the optimal temperature was obtained according to the 
data trend in the data table. Then, we analyzed the 
influence of catalyst and temperature on the absorption 
rate of C4 olefin. Due to the small amount of data, the 
interpretation rate and cumulative interpretation rate 
obtained are relatively low and the fitting degree is not 
high. In question 3, we decided to build a neural network 
model to select the right catalyst combination and 
temperature to maximize C4 olefins selectivity. Neural 
network can store specific knowledge in the weight of the 
network, which is equivalent to representing the original 
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sample with a smaller amount of data, which is actually a 
process of compression. Solve the third problem. Co/SiO2 
content, Co load, HAP content, ethanol concentration and 
temperature were taken as five variables, which were X1, 
X2, x3 and X4 respectively. Temperature, ethanol 
conversion rate and C4 olefins selectivity were y1 and Y2 
respectively. 
By setting the control test and adding the amount of other 
products, judge whether this reaction is reversible reaction 
and whether other side reactions of products affect the 
final reaction result. 
Given the optimal reaction temperature at 350 ℃ 325℃, 
the catalyst combination is: equal amount of reactants, 
based on this, the following experiments were done: 
(1) In the first group of experiments, an appropriate 
amount of ethylene was added at the reaction time of 
60min, and its effect on C4 yield was analyzed by 
recording experimental data. 
(2) In the second experiment, the same amount of 
acetaldehyde was added at the reaction time of 60min, and 
its effect on C4 yield was analyzed by recording 
experimental data. 
(3) In the third group of experiments, the same amount of 
4-12 fatty alcohols with carbon number was added at the 
reaction time of 60min, and the effect on C4 yield was 
analyzed by recording experimental data. 
(4) In the fourth group of experiments, equal amounts of 
methyl benzaldehyde and methyl benzyl alcohol were 
added at the reaction time of 60min, and the effect on C4 
yield was analyzed by recording experimental data. 
(5) In the fifth group of experiments, the same amount of 
other products were added at the reaction time of 60min, 
and their influence on C4 yield was analyzed by recording 
experimental data. 
Based on the above five groups of experiments, the 
following predictions are made: 
(1) If the yield of C4 olefin decreases after the addition of 
ethylene through the analysis of experimental data, then 
ethylene has a side effect on the yield of C4 olefin; if the 
yield of C4 olefin is basically unchanged or fluctuates 
little, then ethylene has basically no effect on the yield of 
C4 olefin. 
(2) If the yield of C4 olefin decreases after acetaldehyde 
is added, then ethylene has a side effect on the yield of C4 
olefin. If it is found that the yield of C4 olefin is basically 
unchanged or fluctuates little, then ethylene has no effect 
on the yield of C4 olefin. 
(3) If the yield of C4 olefin decreases after the addition of 
fatty alcohols with carbon number of 4-12 through the 
analysis of experimental data, then ethylene has a side 
effect on the yield of C4 olefin. If the yield of C4 olefin is 
basically unchanged, or The yield of C4 olefin was not 
affected by ethylene. 
(4) If the yield of C4 olefin decreases after the addition of 
methyl benzaldehyde and methyl benzyl alcohol through 
the analysis of experimental data, then ethylene has a side 
effect on the yield of C4 olefin. If the yield of C4 olefin is 
basically unchanged or fluctuates little, then ethylene has 
basically no effect on the yield of C4 olefin. 
(5) If the yield of C4 olefin decreases after the addition of 

other products through the analysis of experimental data, 
then ethylene has a side effect on the yield of C4 olefin. If 
the yield of C4 olefin is basically unchanged or fluctuates 
little, then ethylene has basically no effect on the yield of 
C4 olefin. 
The establishment and solution of neural network model 
(1) Read and preprocess the data. Since the input data 
units are different, it may lead to slow convergence speed 
and long training time of shenji network. Therefore, z-
Score standardization is carried out to scale the data in 
proportion and make it fall into a small specific range. 
Subtract the mean of your data and divide by your 
standard deviation. 
(2) Set training data and prediction data 
(3) Normalization of training sample data. The input and 
output data are mapped to the range [-1,1], and then 
reflected to the original data range after the training. 
(4) Build BP neural network. 
(5) Network parameter configuration. 
(6) BP neural network training. 
(7) Normalization of test samples. 
(8) Neural network prediction. 
(9) Inverse normalization and error calculation of 
prediction results. 
The error of the real value and the predicted value of the 
verification set is compared. 
Neural network is designed by input layer, hidden layer, 
output layer and transfer function between layers. 
According to this model, the weights of X1, X2, x3, X4 
and X5 were obtained. By analyzing their weights, the 
influences of these five factors on ethanol conversion and 
C4 olefins selectivity could be obtained. 
Set a single variable, that is, control each catalyst 
combination unchanged, to explore the influence of 
temperature on C4 olefins selectivity, we divided them 
into 21 kinds, through the data trend and equation solution, 
we can get the optimal temperature. 

 
FIG. 1 Importance analysis of each factor 

 
FIG. 2 Normalizing importance analysis of each factor 
When the temperature is determined, we have analyzed in 
the second question that higher Co/SiO2 content, lower 
Co load, lower ethanol concentration, and higher HAP 
content have significant effects on C4 olefins selectivity. 
When the temperature is lower than 350℃, we need to set 
a boundary value, that is, the temperature is less than 350℃ 
as our boundary condition, to find the optimal solution 
when the temperature is less than 350℃. 
By analyzing and processing the data, we can work out the 
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importance of these factors. Meanwhile, the importance 
(weight) ratio obtained by normalizing the importance is 
shown in Figure 1 as follows (Figure 2 is the normalizing 
importance analysis of each factor, And Table 1 is the 
parameter value and confidence interval). 
Continue to study the optimal temperature and use the 
formula F (x)= A1 *sin(b1x+ C1) to describe the 
relationship between temperature and the selectivity of C4 
olefin. After calculation, we can get the following 
parameter values and confidence interval: 
Table 1 Parameter values and confidence intervals 
coefficient value A confidence interval 
a1 29.03 (23.07,34.99) 
b1 0.007995 (0.003592,0.0124) 
c1 4.415 (3.155,5.675) 

Continue to use the formula to calculate the optimal 
temperature: 

1
1 *1*2

2
max

b
C Π

+−
Π

=
 

The selectivity of C4 olefins is the highest at 430℃. 
In summary, catalyst combinations with large Co/SiO2 
content, low Co load, low ethanol concentration and large 
HAP content should be adopted. We can use 
200mg1wt%Co/ Sio2-200MgHap-ethanol concentration 
of 1.68 mL /min, 430℃ reaction temperature, at this time, 
the C4 olefin selectivity is maximum. When the 
temperature is less than 350 degrees, we need to add a 
constraint to the previous formula: 

1
1 *1*2
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b
C Π

+−
Π

=  

We find that the selectivity of C4 alkenes is maximum at 
325℃. Therefore, when the temperature is less than 350℃, 
we can adopt the reaction temperature of 200mg1wt%Co/ 
Sio2-200MgHAP-ethanol concentration of 1.68 mL /min 
and 430℃, at which the C4 olefins have the maximum 
selectivity. 
Testing of neural network model 
In the training of neural network, the learning efficiency 
of neural network may be not high due to various 
problems, or because of too much interference. Therefore, 
it is necessary for us to test the model. We divide the data 
into two sets, the training set and the test set. We use the 
test set to test the generalization ability of the trained 
model to the unknown samples. The best accuracy is 
toward 100% accuracy. We test whether our model is 
reasonable by the importance of independent variables: 
X1, X2, x3, X4 and temperature are 26.1%, 30.9%, 20.1%, 
10.4% and 100% respectively. Through the relative size 
relationship of these data, we can conclude that, The 
influence degree of temperature is the largest, the 
influence degree of ethanol concentration on the 
experimental results is the least, the influence degree of 
Co/SiO2 content and Co load rate is similar, in line with 

the basic law of chemical reaction, therefore, our model is 
reasonable. 
2.3. Extension of neural network model 
In this paper, the neural network model, not only can be 
used in the subject to explore the different factors on the 
ethanol conversion rate and the influence of C4 olefin 
selectivity, and can be applied to chemical production, and 
guide people in material production, for example, the right 
temperature, suitable catalyst composition, in order to 
increase the income of people, reduce unnecessary 
material loss. At the same time, the neural network model 
in this paper can help us analyze and solve the 
combinatorial optimization problem. We can promote it to 
help e-commerce platforms to choose goods and reputable 
merchants, so as to achieve the effect of combination 
optimization. It can also be extended to financial 
forecasting and management problems in daily life to help 
relevant enterprises and institutions to make decisions. 
3. EVALUATION AND IMPROVEMENT OF THE 
MODEL 
3.1.Advantages 
(1) Have their own learning function. For example, when 
realizing image recognition, as long as many different 
images are input into the artificial neural network, the 
network will gradually learn to recognize similar images 
through self-learning function. 
(2) with associative storage function, using artificial 
neural network feedback network, you can achieve this 
association. 
(3) it has the ability to find the optimal solution at high 
speed. Searching for the optimal solution of a complex 
problem often requires a lot of calculation. Using a 
feedback artificial neural network designed for a certain 
problem and giving play to the high-speed computing 
ability of the computer, it is possible to find the optimal 
solution quickly. 
3.2. Shortcomings 
(1) Unable to explain their own reasoning process and 
reasoning basis. 
(2) To change the character of all problems into numbers, 
and all reasoning into numerical calculations, is bound to 
result in loss of information. 
(3) The theory and learning algorithm need to be further 
improved. 
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Abstract: The iteration of the US President mainly 
affects the development of the Sino-US trade economy 
for the Chinese economy. First select the actual use of 
foreign capital, the exchange rate of RMB against the US 
dollar, the total amount of imports and the total amount 
of exports to establish an evaluation system. Similarly, 
question 1 predicts the total economic value of China's 
trade with the United States for Trump’s re-election to 
571.3 through GM (1, 1), and linear regression analysis 
determines his proposition on Sino-US trade and the total 
economic value is 578.9; use Biden 8 The data on the 
term of office of the vice president in 2016 shows the 
focus of his propositions and the total economic value is 
640.4. In 2020, the total trade and economic value of 
China and the United States is 556.6. In contrast, Trump’s 
impetus to the Sino-US trade and economic On the 
contrary, Biden has a greater impetus to the Sino-US 
trade economy, and the total economic value has 
increased significantly, which promotes the healthy 
development of China's international economy. 
Combining the above-mentioned impact on the Sino-US 
economy, the economic policy recommendations in 
related areas given by Trump’s election: China should 
accelerate the development of advanced technology, 
accelerate the upgrading of technology-intensive 
industries, and support multilateralism based on the 
World Trade Organization Trade system, etc. Regarding 
the election of Biden: Strengthen foreign transactions 
with other countries to compensate for losses with the 
United States, support China's independent enterprises as 
a substitute, and attach importance to the development of 
scientific research and technical services. 
Key words: Multiple Linear Regression Analysis; Grey 
Prediction Model; Economic Impact; Epidemic Situation 
 
1.INTRODUCTION 
In order to solve the possible impact of the election 
results of the above-mentioned candidates in the 2020 US 
general election on China's economy and the economic 
countermeasures in related fields in China, the article 
gives the following treatment methods: 
The impact of different presidential candidates on the 
Chinese economy. First of all, the change in the 
presidential election of the United States first affects the 
international economic and trade between China and the 

United States. China has a vast territory, and the 
international trade of coastal international ports has a 
close relationship with the development of inland areas, 
and they jointly structure the Chinese economic system. 
By operating the president-elect’s economic measures 
and policy proposals, China’s influence on the US 
economy and trade radiates the Chinese economy.Select 
factors that affect China's economy and trade with the 
United States, and establish an evaluation system. In the 
case of Trump's election, GM (1, 1) is used to predict the 
total volume of China's economic and trade data with the 
United States in 2021 after taking office. Describe the 
relationship between the dependent variable and the 
independent variable through multiple choice linear 
regression analysis. In the case of Biden's election, the 
data is also selected as the data of the vice president in 
office, and multiple linear regression analysis is 
performed. Finally, facing the development of China's 
economy, combined with the influence of the different 
elections of Trump and Biden in the 2020 U.S. election 
above on the Sino-U.S. economy and Sino-U.S. relations, 
respectively, give economic countermeasures and policy 
recommendations. 
2. EXPERIMENTAL 
2.1 PREPARATION AND DISCUSSION 
Discuss the impact of the 2020 US election results on 
China's economy. The economic relationship between 
countries is mainly international trade, and all 
transactions are limited by the international economic 
structure. Considering the economic cooperation and 
benefit cost between China and the United States from 
the perspective of trade benefits, the two countries will 
improve the quality of their "comparative advantage" 
goods to export to the other countries, and ultimately 
realize the increase of the economic interests of the two 
countries. 
To sum up, in China's overall economy, China's trade 
income with the United States can be approximately 
small, but the economic policy propositions of the 
candidates of the US presidential election in 2020 will 
have an impact on Sino US economic and trade mainly 
through China's foreign trade [1]. This will affect the 
development of China's domestic economy. This paper 
mainly studies the influence of different policy 
propositions of trump and Biden on China's foreign trade. 
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Through access to data and data collection, foreign trade 
is restricted by the international economic framework, 
and its influencing factors are more complex. In order to 

facilitate quantitative analysis of the impact of China's 
foreign trade, we selected the following influencing 
factors, as shown in Figure 1. 

Figure 1 Influencing factors of China's foreign trade 
Among them, the data contained in all the influencing 
factors in Figure 1 are the one-to-one trade relationship 
between China and the United States. The relationship 
between the total economic data of China's trade with the 
United States and various influencing factors is obtained: 

. . . .w F G K I= + + +  (1) 
2.2 THE IMPACT OF TRUMP'S ELECTION ON 
CHINA'S ECONOMY 
1.Economic and trade forecast based on gm(1,1) 
Assuming the success of Trump's campaign in the 2020 
U.S. election, by analyzing data on the factors affecting 
China's trade with the United States during Trump's 
tenure from 2017 to 2020,analyze the impact of China on 
the total US trade economy in 2021 after Trump's re-
election.  
According to the behavioral characteristic data of the 
specific gray system, the various data and information 
found seek the mathematical relationship between the 
relevant factors themselves and the factors, and establish 
a corresponding GM (1,1) model for the total economic 
data of the United States to predict 2021 The economic 
and trade situation of China with the United States, taking 
the total economic data of China's trade with the United 
States as an example: 
Step1:Constructing the original sequence of the total 
economic data of China's trade with the United States 
from 2017 to 2020 during Trump's administration, 

( )0 583.6,633.5,541.5,556.7X =（ ） 
Step2:Seek grade ratio  
( ) [ ]0.921,0.972kλ =  2,3, 4k = ,so we can use ( )0x  to 

make a satisfactory GM(1,1) model. 
Step3:Calculation: 
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Step4:Build the model: 

( )
 ( )

1
1d

d
x ax b
t
+ =   (3) 

Step5:Solve the prediction equation for the total 
economic data of China's trade with the United States 
under Trump's re-election: 

( ) ( ) 60.0141 1.10 121 9639046.2 0.148173 38489.01 t tX e ek = − −+  (4) 

In the same way, the GM (1,1) prediction model 
relational expressions of other four factors that affect the 
total amount of data are obtained: 
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In addition, according to the GM (1,1) forecast model, the 
changes in the actual use of foreign capital, the exchange 
rate of RMB against the US dollar, total imports and total 
exports during Trump's administration from 2017 to 2020 
in China's economy and trade with the US 7 shown. 

 

 

 
Figure 2 Trump's re-election in 2021 
From top to bottom, from left to right, they are w\ F.\ G.\ 
K. and I. 
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It can be seen from Figure 2 that during the Trump's 
administration, China's actual domestic use of foreign 
capital has increased year by year, and China's domestic 
imports have remained relatively stable. However, due to 
the international economic tensions in recent years such 
as the Sino-US trade war, the export value has shown 
Landslide state. At the same time, the RMB exchange rate 
against the US dollar has also shown a consistent growth 
state, which is in line with the actual situation. 
Finally, the GM (1,1) model predicts the situation of 
Trump's re-election in the 2020 U.S. election, 
corresponding to the forecast data of China's total trade 
economy with the U.S. and various specific impact 
indicators in 2021, as shown in Table 1. Show. 
Table1 Trump's re-election in 2021's economic and trade 
situation with the United States 
(unit: US$1 billion) 

Project .F  .G  .K  .I  w  
Capital 
investment 2.7 704.9 116.0 537.2 571.3 

2.China's economic impact based on multiple linear 
regression 
Step1:Similarly, using the GM (1,1) model to predict the 
annual GDP and various data of the United States from 
2014 to 2016,if Trump has been in power for 7 
consecutive years, the impact of his policy propositions 
and policy guidelines on the US economy will be more 
significant ,as shown in Table 2. 
Table 2 Forecast of economic and trade data with the U.S. 
from 2014 to 2016 

Year .F  .G  .K  .I  w  
2014 177．1 367.9 2.3 588.37 519.7 
2015 164．8 391.3 2.4 614.28 533.3 
2016 157.7 409.4 2.5 664.23 564.8 

Step2:Draw a scatter plot of the independent variable and 
the dependent variable,and observe whether there is a 
linear relationship as shown in Figure 3. 

 

 
Figure 3 Scatter plot of dependent and independent 
variables 
Considering all the independent variables, the multiple 
linear regression equation is obtained: F.\ G.\ K. and I. 
According to Figure 4,the relationship between the 
respective variables and the dependent variable is 
roughly linear. 

Step3:Considering all the independent variables, the 
multiple linear regression equation is obtained: 

4116.1 103 . 1.1 . 3.6 . 6 .y F G H I= − + + + +  (5) 
Step4:Statistical analysis: 
F=117.2,P=0.0000535<0.01,R2=0.98 is very close to 1. 
It shows that this multiple linear regression equation is 
highly significant and the model fitting effect is very 
good. 
According to the above linear regression equation, if 
Trump is re-elected as President of the United States in 
the 2020 U.S. election, in the future China's economic 
and trade with the U.S., the actual arrival of foreign 
capital will have a major impact on China's economy, as 
well as China's international trade imports and exports 
with the U.S. The increase in the renminbi exchange rate 
has shown a positive boost to China's economic 
development. 
2.3 THE INFLUENCE OF BIDEN'S ELECTION ON 
CHINA'S ECONOMY 
Similar to analyzing the impact of different candidates on 
the US economy, the Obama administration from 2009 to 
2016 is used to evaluate the impact of Biden on the 
Chinese economy after his election. The observational 
data on trade with the US from 2009 to 2016 is shown in 
Table 3. 
Table 3 2009-2016 Observational Data on Trade with the 
U.S 

Year .F  .G  .K  .I  w  
2009 2.6 683.1 77.5 220.8 298.3 
2010 3 677 102.1 283.3 385.4 
2011 2.4 645.9 122.1 324.5 446.6 
2012 2.6 631.2 132.9 351.8 484.7 
2013 2.8 619.3 152.3 368.4 520.7 
2014 2.4 614.2 159.1 396.1 555.1 
2015 2.1 622.8 147.8 409.2 557 
2016 2.4 664.2 134.4 385.3 519.7 

Step1:Biden served as the vice president of the United 
States for 8 years, draw a scatter plot of independent 
variables and dependent variables to observe whether 
there is a linear relationship, as shown in Figure 4. 

 

 
Figure 4 Scatter plot of dependent and independent 
variable 
Considering all the independent variables, the multiple 
linear regression equation is obtained: F.\ G.\ K. and I. 
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According to Figure 4,the relationship between the 
respective variables and the dependent variable is 
roughly linear. 
Step2:Considering all the independent variables, the 
multiple linear regression equation is obtained: 

5.997 0.413 . 0.007 0.989 . 1.002 .y F G K I= − − + +  (6) 
Step3:Statistical analysis: 
F=119140,P=0.000051<0.01,r^2=1.10 is very close to 1. 
It shows that the multiple linear regression equation is 
highly significant, indicating that the overall linear 
relationship is highly linear and the model fitting effect is 
very good. 
According to the above linear regression equation, it can 
be obtained that if Biden is elected president of the United 
States in the 2020 U.S. election, the impact on China's 
trade and economy with the United States will be more 
balanced in all aspects, mainly focusing on controlling 
the import and export of Chinese products to the United 
States. 
2.4 QUANTITATIVE ANALYSIS OF SOLUTIONS 
Under the two different situations of Trump's re-election 
as US President and Biden's election as US President, the 
results of China's international economic and trade with 
the US in 2021 and the linear forecast are shown in Table 
4. 
Table 4 Sino-US trade comparison in 2021 (Unit: USD 1 
billion) 

Project .F  .G  .K  .I  
GM(1,1)
w  

Linear
w  

Trump 2.7 704.9 116.0 537.2 571.3 578.9 
Biden 2.6 693.5 120.3 520.4 - 640.4862 

According to Table 4, after Trump'sre-election, the total 
data volume of China's economic and trade with the 
United States in 2021 is 578.9, and the result of GM(1, 1) 
is 571.3. There is not much difference between the two. 
The two predictions are averaged. A slight increase of 
575.1 compared with the original total of 556.7 of China's 
foreign economic data in 2020 indicates that Trump'sre-
election has little impact on China's international trade, 
economics and trade, but there is a certain degree of 
encouragement effect, which affects China's economy 
high. 
Biden was elected President of the United States. In 2021, 
the total value of China's economic and trade data with 
the United States is 640.4862, which is a significant 
increase compared with the original total foreign 
economic data of 556.7 in 2020.  
As far as global industrial production is concerned, China 
is the only country among several major manufacturing 
countries that can produce all the major categories of 
products in the United Nations Industrial Catalog, and 
has a complete industrial supporting system and modern 
industrial system. Since joining the WTO, China has been 
deeply integrated with the global value chain[2]. After 
considering these factors, it can be said that China's 
dominant position cannot be replaced. 
Therefore, the political changes in the United States have 
minimal impact on China's overall economy, and only the 
foreign trade part has an impact. However, with the 

support of a powerful country like China, China's foreign 
trade is still moving forward and growing steadily. 
2.5 POLICY RECOMMENDATIONS FOR 
TRUMP'S ELECTION 
During Trump's administration, they boycotted Chinese 
goods, imposed higher tariffs, and increased pressure on 
the devaluation of the renminbi. Although China and the 
United States are the most important bilateral trading 
partners in the world, cooperation will benefit each other, 
and struggle will hurt both[3][4].  
Through the multi-dimensional linear regression model 
of Model 2, the US foreign policy and China's total 
foreign economic volume have a significant impact on 
US imports and exports, while China's RMB has a slight 
impact on the US dollar exchange rate and China's actual 
use of US foreign direct investment.  
For the above influence, the following economic 
countermeasures and policies are drawn: 
1. In the face of Trump' sincrease in tariffs on Chinese 
goods and the suppression of Chinese companies, China 
should accelerate the development of advanced science 
and technology with the increase in reform and opening 
up, and accelerate the upgrade from production and labor-
intensive to technology-intensive[5].  
It is necessary for China to increase investment in 
advanced technologies to enable independent research 
and development of small and micro enterprises to 
flourish and drive the domestic economy. 
2. In terms of foreign trade, China should firmly oppose 
the US trade protectionism and support the multilateral 
trading system based on the World Trade Organization. 
2.6 POLICY RECOMMENDATIONS FOR BIDEN'S 
ELECTION 
Assuming that Biden successfully runs for the president 
of the United States, it will definitely change the 
economic policy towards China prior to Trump's 
administration. Then the Chinese side needs to 
understand Biden's economic policy toward China and 
prepare in advance accordingly. 
According to Biden's "U.S. Foreign Policy After Saving 
Trump", the basic propositions of the Biden 
administration's relations with China can be summarized 
as follows: 
First, the United States will unite with other Western 
countries to shape rules from the environment to labor, 
trade, technology, and transparency by virtue of 
accounting for more than half of global GDP.  
Second, the United States will take tough measures 
against China to prevent China from leading future 
technological and industrial development.  
Third, the United States intends to cooperate with China 
on issues such as climate change, nuclear non-
proliferation, and global health and security where the 
interests of China and the United States meet.  
And due to the impact of the new crown epidemic, the US 
economy is at a disadvantage [6]. As the general trend is, 
the US will not relax its strategic pressure on China 
because of China's difficult period, but will step up its 
offensive against China from different areas at the same 
time. 
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Based on the above analysis, the suggestions made on 
China's economic countermeasures and policies in related 
fields are as follows: 
1. The United States restricts imports and exports to 
China, so China can strengthen cooperation with other 
countries except the United States, strengthen foreign 
transactions with other countries to make up for losses 
with the United States, such as increasing the proportion 
of investment in the "Belt and Road" development 
strategy Wait. 
2. Support China's independent enterprises as an 
alternative to increase its overall strength for emergencies. 
Vigorously develop basic enterprises for people's 
livelihood, and attach importance to the development of 
scientific research and technical service industries. 
3. Increase investment in medical and military, etc., 
because the new crown virus is raging, and the epidemic 
will continue to exist for a long time to come. Increase 
investment in infrastructure (hospitals) and medicines to 
contain the new crown virus, stabilize people's livelihood, 
and stabilize the economy. 
China's economic stability is good, which is very 
conducive to the economic development of resource 
countries, especially base metal exporting countries such 
as Peru, South Africa and Indonesia, resource exporting 
countries Brazil, Argentina, Russia, Mongolia, and 
cyclical economies such as The economies of Chile, 
South Korea and Mexico are booming [7]. 
3. RESULTS AND DISCUSSION 
3.1 STRENGTHS 
1. The original data established by the model comes from 
the national data website, which has high accuracy and 
authority. The quantitative analysis of the economic data 
of the United States and China is highly feasible. 
2. Considering the analysis of the impact on the economy, 
it is more reasonable and reasonable to use multiple linear 
regression models to analyze the election of Trump and 
Biden. Considering the influence of many factors on the 
model, considering the comparison system, as long as the 
relevant parameters are modified, the data of the year can 
be solved. 
3. Regarding the overall complexity of the economy, 
break it down into small aspects, quantify the complex 
and cumbersome economic data, and turn it into a 
mechanism that is easier to analyze. 
4. A method for solving ambiguous function expressions 

is proposed, which has wide applicability and strong 
practicability. 
3.2 WEAKNESSES 
1. Part of the data sources and estimates of the model may 
deviate from the actual situation, causing the error of the 
model. 
2. Because economic data is complex and extensive, it is 
rough to roughly divide it into several aspects, which may 
deviate from actual economic data. 
3.3 APPLICATION 
1. Multiple linear regression models are widely used and 
can be used to investigate the relationship between a 
dependent variable and multiple independent variables, 
such as investigating the impact of China's fiscal policy 
on the financial industry, China's GDP development and 
those factors, etc[8]. 
2. The model can also be used to investigate the influence 
of some external environmental factors on the fuel 
consumption rate of aircraft engines, and to solve some 
scientific and technological problems. 
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Abstract: With the speeding up of the globalization 
process, improve the quality of higher education has 
become the indispensable factors as education power. This 
paper studies the evaluation of China's higher education 
system by establishing a mathematical model, and 
provides countermeasures for China's higher education, so 
that the quality of China's higher education to achieve a 
healthy and sustainable state. First, we propose a rational 
quantitative blueprint for China's higher education system 
in 2025, and process the model based on principal 
component analysis, entropy weight method and top-SIS 
method. Will get six indexes of principal component 
analysis recorded as blueprint, the our country present 
higher education system and we put forward the health 
and sustainable higher education system scores were 
0.4203 and 0.6473. Then, on this basis, put forward 
reasonable policies; Finally, the blueprint realization 
curve is obtained by polynomial fitting, and the realization 
value of the annual plan in 2021-2024 is obtained, and the 
implementation plan in 2021-2025 is formulated. 
Blueprint has been proved by polynomial fitting, curve 
fitting effect is good, the strategy is effective.  
Keyword: Quantitative blueprint; Treatment of model; 
Polynomial fitting 
 
1.ESTABLISHMENT OF TREATMENT OF 
MODEL 
1.1PRINCIPAL COMPONENT ANALYSIS 
First, we selected six large-scale indicators: input cost, 
employment opportunities, academic exchanges with 
foreign countries, education quality, education equity, and 
China's education response in the context of the epidemic. 
These six large-scale indicators are subdivided into 11 
small-scale indicators: Financial education 
expenditure/GDP, Number of undergraduate 
employment/Number of undergraduate graduates, 
Number of international students going abroad 
(10,000)/Number of undergraduates, Admission rate, 
Number of schools/total population of the country (100 
million), Proportion of Masters and Ph.Ds (in the same 
age group), The number of domestic universities in the top 
200 USNEWS world university rankings, Number of 
internationally authorized patents, The cumulative 
number of SCI papers published (ten thousand), Education 
Gini Coefficient, Educational response measures of 
various countries in the context of the epidemic. Among 

them, it is assumed that China is in the epidemic state, 
does not suffer from economic and political crisis, and that 
higher education is carried out fairly. 
We will analyze China's higher education system. First, 
we will use SPSS to implement principal component 
analysis[1] and select 6 small-range indicators that have a 
great impact on China's higher education system to 
replace the above 11 small-range indicators. Specific 
operations are as follows: 
Based on the collected data, we can obtain the variance 
explanation table, as shown in Table 1: As can be seen 
from Table 1, when the cumulative variance rate exceeds 
80%, the number of principal components is 2. 
Table 1 Initial eigenvalue 

Composition Initial eigenvalue 
Total Percentage of 

variance 
Accumulation% 

1 7.108 64.622 64.622 
2 2.246 20.421 85.043 
3 1.645 14.957 100.000 
4 4.859E-16 4.418E-15 100.000 

In order to more intuitively reflect the proportion of the 
first principal component and the second principal 
component, we provide the following gravel figure, as 
shown in Figure 1. The variance percentage change from 
component 1 to component 2 is steep, while that from 
component 2 to component 4 is gentle. Finally, we decide 
that the number of principal components is 2. [2]

 
Figure 1 Gravel figure 
Then there is principal component 1: 

11

1 i i
i=1

y = k x∑  

Note: y
1
 is the first principal component; ik (i=1,2,…,11) 

is the score coefficient of each index component of the 
first principal component; ix  (i=1,2,…,11) is the 
corresponding value of each indicator. 
Principal component 2: 
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11
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y = a x∑2
 

Note: y
2
  is the second principal component; ia

(i=1,2,…,11) is the score coefficient of each index 
component of the second principal component; ix
(i=1,2,…,11) is the corresponding value of each indicator. 
The score of principal component is the same as the score 
coefficient, which indicates that a country has more 
advantages in some aspects than others, and the larger the 
score coefficient is, the more obvious the advantage is to 
the development of national higher education system. The 
principal component score is opposite to the score 
coefficient, indicating that a country has less advantages 
in some aspects than others, and the larger the absolute 
value of the score coefficient is, the less advantages it has 
for the development of the national higher education 
system. When the principal component score is close to 
zero, it indicates that the influence of all aspects of the 
country is more balanced. 
The score of the first principal component of China is -
0.35355, close to 0, indicating that under the condition of 
the first principal component, the development of the 
higher education system of each indicator is relatively 
balanced. The score of China's second principal 
component is 1.30799. According to the coefficient table 
of component score, under the condition of the second 
principal component, the coefficient score of the 
proportion of the number of schools in the total population 
of China is 0.071, which is positive, but there is a big 
difference compared with the positive score of other index 
coefficients. Therefore, this small range index is selected 
as the blueprint index. The coefficient score of the 
cumulative number of SCI published by Chinese 
universities is -0.280, which is opposite to the score of 
plus or minus of the second principal component, so it is 
selected as the blueprint indicator. 
So we can pick Financial education expenditure/GDP, 
Number of schools/ total population of the country (100 
million), Proportion of Masters and Ph.Ds (in the same 
age group), The number of domestic universities in the top 
200 USNEWS world university rankings, Number of 
international patents, The cumulative number of SCI 
published in China (ten thousand), These six small scale 
indicators in turn serve as our blueprint indicators. 
Table 2 Component score coefficient matrix  
indicators Ingredient 

1 2 
Financial education expenditure/GDP 0.097 -0.238 
Number of international students going abroad  
(10,000)/Number of undergraduates -0.134 0.124 

Number of undergraduate employment/ 
Number of undergraduate graduates 0.106 0.182 

Number of schools/ total population of the  
country (100 million) 0.112 0.071 

admission rate 0.135 0.089 
Proportion of Masters and Ph.Ds 
 (in the same age group) 0.119 -0.148 

Number of international patents 0.010 0.435 

Under the epidemic, response measures  
in education (points) 0.118 0.172  

Number of universities in the top 200 schools 0.122 0.013  
The cumulative number of SCI  
published in China (ten thousand) 0.097 -0.280 

Educational Gini Coefficient -0.137 0.083 
Due to the number of international patent component 
score coefficient is much higher than other indicators, the 
indicators and other indicators are in balance, and will 
pick them in. as shown in Table 2. 
1.2Entropy weight method +TOPSIS method was used 
to score 
Firstly, based on the entropy weight method[4] and Excel, 
according to the principle that the information effect value 
of each indicator does not change with the increase or 
decrease of indicators, the relative weights of the six 
blueprint indicators are obtained by this formula , as 
shown in Figure 2: 
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Figure 2 The relative weights of the six blueprint 
indicators 
Then, we use entropy weight method[5] to forward and 
standardize the data of the 6 blueprint indicators of China 
in 2020 and the relative weights of the 6 blueprint 
indicators, combined with TOPSIS[3] method, The score 
of China's current higher education system is 0.4203 (PS: 
positive standard values of six blueprint indicators are 
4.40%, 385, 7.52, 13, 16258, 75). Then, we used the 
treatment model established above to obtain the score of 
our proposed sustainable and healthy Higher education 
system in China: 
We give the ideal values of the 6 blueprint indicators in 
China 2025 (as shown in Table 3) and standardize them to 
obtain the standard ideal values of the 6 blueprint 
indicators. Based on the relative weights of the 6 blueprint 
indicators and TOPSIS method, we get the score of the 
sustainable and healthy Higher education system in China 
proposed by us as 0.6473. 
Table 3 Blueprint indicators-Values 

Blueprint indicators Values 
Blueprint indicator 1 4.31% 
Blueprint indicator 2 380 
Blueprint indicator 3 7.49 
Blueprint indicator 4 12 
Blueprint indicator 5 16200 
Blueprint indicator 6 75.02 
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Note: we will replace these six blueprint indicators 
successively with blueprint indicator i (i =1,2,3,4,5,6) 
3.Sound policies for the Blueprint 
(1) Pay more attention to the rationality of higher 
education funds allocation and pay attention to the use 
efficiency of higher education funds. 
(2) Rationally arrange educational expenses and 
capital construction expenses, increase capital 
construction expenses, and prevent problems such as 
inadequate school operating conditions and backward 
equipment; In the capital construction funds to increase 
the expenditure of public funds, to prevent teachers 
training and other activities can not be carried out 
normally, thus affecting the quality of education. 
(3) Earnestly study the requirements of local 
economic and social development on the knowledge, 
ability and ability of the talents needed, and develop 
specialized courses with certain characteristics, so that 
graduates can have a wider range of choices, make 
employment easier, and prevent waste of education 
investment. 
(4) To maintain and strengthen the importance of 
comprehensive university construction to a certain extent. 
(5) To improve the importance of special 
professional colleges and universities such as vocational 
colleges. 
(6) Actively expand the enrollment scale of graduate 
students, improve the national higher education system to 
a greater extent, and promote the rapid development of the 
country. 
(7) The scientific and technological front of colleges 
and universities conscientiously implement the spirit of 
the National Education Conference, seize the 
development opportunity of the new round of scientific 
and technological revolution, and improve the 
independent innovation ability. 
(8) Improve the supervision and reward mechanism 
for innovation in colleges and universities, and severely 
crack down on academic fraud. 
(9) Strengthen the investment of scientific research 
funds in universities, promote domestic scientific research 
exchanges, and build an international scientific research 
exchange platform. 
(10) Encourage the holding of technological cultural 
festivals to enhance the atmosphere of technological 
culture. 
4.Polynomial fitting formulates implementation 
schedules 
First of all, we plan to implement it from 2020 to 2025. 
For indicators 2, 3, 5 and 6, we obtained the blueprint 
realization curve 3 based on polynomial fitting for each 
indicator, obtained the coefficient of the fitting function 
by using polyfit() function of MATLAB, and obtained the 
planned realization value for each year from 2021 to 2024 
by using polyval() function. To obtain the implementation 
schedule of blueprint indicators. 
The data for blueprint 1(Financial education expenditure 
as a percentage of GDP)and blueprint 4(Top 200 places in 

the USNEWS World University Rankings)metrics are 
more specific (as shown in Table 4): Blueprint index 1 
along with the growth of the year is on the decline, the 
blueprint indicators 4 along with the growth of the year 
after the first falling flat trend, while our blueprint is to 
make its growth to a new value, can't even get fitting curve 
by predicting model, so we combined with the actual 
situation for these two indicators should achieve the goal 
of every year, resulting in the implementation schedule of 
the two blueprint indicators. 
Table 4 Raw data for the blueprint indicator 1,blueprint 
indicator 4 

Year/ Blueprint indicators 1 4 
2016 4.22% 8 
2017 4.14% 7 
2018 4.11% 7 
2019 4.04% 7 

Finally, we present the following implementation 
schedule (as shown in Table 5). We have listed the target 
values for each of the six blueprint indicators to be 
achieved each year so that China's higher education 
system can finally reach a healthy and sustainable state by 
2025. The fitting curves of blueprint indicators 2, 3, 5 and 
6 are shown in Figure 3. 
Table 5 Implementation schedule 

Year/ Blueprint  
indicators 

1 4 2 3 5 6 

2021 4.06% 8 303 4.76% 9066 49.40 
2022 4.12% 9 328 5.33% 10734 54.99 
2023 4.18% 10 349 5.98% 12481 61.15 
2024 4.24% 11 366 6.71% 14308 67.89 
2025 4.31% 12 380 7.49% 162000 75.02 

 

 
Figure 3 Fitting curves of blueprint indicators 2, 3, 5 and 
6 
5.Determine the effectiveness of policies 
When thinking about how to realize the blueprint of 
China's higher education system, we use polynomial 
fitting to formulate the implementation schedule of 
China's higher education system in the next five years. 
Here, we test the accuracy of fitting based on the error 
square sum SSE of polynomial fitting and goodness of fit 
R2, and then determine the effectiveness of the policy, as 
shown in Table 6: 
Table 6 Polynomial fitting error sum of squares SSE and 
goodness of fit R2 

The blueprint 
indicators 

Error sum of 
squares SSE 

Goodness of fit R2 

2 118.4 0.9970 
3 0.0422 0.9987 
5 176000 0.9970 
6 2.457 0.9970 

From this, we can see that the blueprint index 2,3,5,6 
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achieves good curve fitting effect, which can verify that 
the policy is effective. 
6.Sensitivity analysis 
Here, sensitivity analysis of the treatment model 
established above will be performed. Through literature 
review, we know that in the process of establishing the 
evaluation model, the weight of indicators plays a very 
important role in the evaluation result, so we will adjust 
the blueprint indicator 2 with the largest weight among the 
6 blueprint indicators in the model. 
First, we adjusted the weight of Blueprint indicator 2 from 
18.83% to 20%, while reducing the weight of the 
remaining five Blueprint indicators by 0.234%. We then 
used the adjusted weights with data from China's six 
blueprint indicators for 2020, combined with the TOPSIS 
method, to score China's current higher education system, 
resulting in a 3.21% reduction. 
We then adjusted the weight of Blueprint indicator 2 from 
18.83% to 17.5%, while increasing the weight of the 
remaining five Blueprint indicators by 0.266%. We then 
used the adjusted weights and data from China's six 
blueprint indicators for 2020 to score China's current 
higher education system again using TOPSIS, and the 
result was 2.52% higher. 
Therefore, we can conclude that the treatment model has 
strong stability. 
7.Model improvement 
For the treatment model, due to the stronger objectivity of 
the entropy weight method, there was some error between 
the weight obtained and the data consulted. Therefore, we 
combined the entropy weight method and the analytic 
hierarchy process to calculate the comprehensive weight 
of the blueprint index and re-evaluate the current higher 
education system in China. 
Through the 1-9 scale, the comparison matrix was 
established and the consistency test was passed. The 
relative weights of the 6 blueprint indexes were 18.51%, 
20.63%, 15.42%, 14.87%, 15.69% and 14.86%, 
respectively. 
This formula is used to combine the weights obtained by 
analytic hierarchy process and entropy weight method. 
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We can get the following weights, as shown in Table 7: 
Table 7 Weight of each blueprint index obtained after 
model improvement 

Bluepri
nt 
Indicato
r 1 

Bluepri
nt 
Indicato
r 2 

Bluepri
nt 
Indicato
r 3 

Bluepri
nt 
Indicato
r 4 

Bluepri
nt 
Indicato
r 5 

Bluepri
nt 
Indicato
r 6 

17.11% 19.83% 15.12% 16.27% 16.49% 15.16% 
Then, we use the entropy weight method to forward and 
standardize the data of China's six blueprint indicators in 
2020 and the weight in the table above, combined with 
TOPSIS method, and obtain the score of China's current 
higher education system is 0.4402 (PS: the maximum 
value of the six blueprint indicators of the four countries 
is a positive standard value). 
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Abstract: In this paper, the optimal combination and 
maximum yield of C4 olefins reaction was solved without 
temperature constraint based on the data of C4 olefins 
reaction with catalyst combination and conversion. A 
nonlinear programming model was developed with the C4 
olefin yield as the objective function, and the number of 
variables and constraints were determined. A Gaussian 
process regression was used to fit the objective function 
with a goodness-of-fit R2 of 0.88. The optimal 
combination of �⃗�𝑋 = [223,224,1.149,1.148,529.376,1] 
with a maximum yield of 45.65% was obtained by 
iterative search with a genetic algorithm. Adding the 
constraint that the temperature is less than or equal to 
350°C, the optimal combination at this point is �⃗�𝑋 =
[200,200,2,1.68,350,1] , with a maximum yield of 
26.51%. 
Keywords: Investigation of Process; Coupled Preparation; 
C4 Olefins from Ethanol 
 
1. THE BACKGROUND OF THE 
PROBLEM 
As an important chemical raw material, C4 olefin is 
widely used in the production of chemical products and 
pharmaceutical intermediates. With the shortage of fossil 
energy production and the aggravation of environmental 
impact, the energy supply gradually tends to be diversified. 
Ethanol molecule is recognized as a clean energy source, 
and it is a platform molecule to produce C4 olefins with 
high added value[1], which has great application prospects 
and economic benefits, and therefore has received wide 
attention. 
In order to achieve the highest possible yield of C4 olefins, 
it is important to investigate the most suitable catalyst 
combination and temperature at unrestricted conditions 
and at temperatures below 350 degrees[2]. 
2. PROBLEM ANALYSIS 
Choosing the catalyst combination and temperature that 
results in the highest possible yield of C4 olefins is an 
optimization problem. The catalyst combination is split 
and combined with the temperature to form an optimal 
design solution containing six decision variables[3]. The 
objective function is the yield F of C4 olefins, denoted as:  
𝐹𝐹 = 𝑓𝑓��⃗�𝑋� (1) 
In order to obtain a more accurate mapping f, so that f(X) 
does not deviate from the reality as much as possible. A 
Gaussian process regression model is introduced to fit 
f(X). Gaussian process regression is a widely used 
nonparametric regression method, which is suitable for 

dealing with small-scale data, and is able to learn arbitrary 
types of functions with little constraint while ensuring 
high accuracy. Therefore, the best approximated objective 
function can be obtained by Gaussian process regression 
model, and then the optimal catalyst combination and 
temperature can be solved by genetic algorithm. The flow 
chart of the algorithm is shown in Figure 1 

 
Figure 1. Algorithm flow chart 
3. DATA PRE-PROCESSING 
The yield of C4 olefin for each combination was obtained 
from the yield equation. The yield equation is expressed 
as: 
C4 olefin yield = ethanol conversion rate * C4 olefin 
selectivity 
The catalyst combination was split into several variables, 
including the weight of Co/SiO2, the weight of AHP, the 
loading rate of Co, the concentration of ethanol, the 
charging method, and also taking into account the 
temperature, for a total of 6 variables. 
4. MODEL BUILDING 
4.1 GAUSSIAN PROCESS REGRESSION 
MODEL 
There are many factors affecting the yield of C4 olefins, 
and it is not an ordinary linear regression problem. In 
order to obtain an accurate objective function f(X), a 
Gaussian process regression model is used for the analysis 
considering the small amount of data and uncertainty of 
the objective function for this problem. The model can 
learn any type of function and is subject to less constraints. 
Six variables are represented as vectors, where the six 
variables are, in order: weight of Co/SiO2, weight of AHP, 
loading rate of Co, ethanol concentration, temperature, 
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and charging method. Denote by �⃗�𝑋 as: 
�⃗�𝑋  = [ Co/SiO2, AHP, loading rate of Co, ethanol 
concentration, temperature, charging method] 
Determine the data points as sampling points for the 
Gaussian process, and the sampling points are denoted as: 
𝑦𝑦(𝑥𝑥)~𝑁𝑁(𝜇𝜇(𝑥𝑥),𝑘𝑘(𝑥𝑥,𝑥𝑥 ,)) (2) 
Determine the mean value function. For a Gaussian 
distribution, the mean is at the center of the Gaussian 
distribution. 6 variables obey the Gaussian distribution, so 
the mean is set to 0. 
The exponential kernel function is chosen as the kernel 
function of the Gaussian regression model, denoted by 
SE[4]. 
𝑆𝑆𝐸𝐸(𝑥𝑥, 𝑥𝑥 ,) = 𝜎𝜎2exp (− (𝑥𝑥−𝑥𝑥,)2

2ℓ2
) (3) 

After determining the kernel function, the Bayesian 
probability formula is used for prediction, and the 
Bayesian posterior probability allows the expression of 
the covariance matrix of the predicted points to be 
determined. 
𝑃𝑃(𝑥𝑥|𝑦𝑦) = 𝑃𝑃(𝑦𝑦|𝑥𝑥)𝑃𝑃(𝑥𝑥)

𝑃𝑃(𝑦𝑦)
= 𝑃𝑃(𝑦𝑦|𝑥𝑥)𝑃𝑃(𝑥𝑥)

∫𝑃𝑃�𝑦𝑦�𝑥𝑥�𝑃𝑃(𝑥𝑥)𝑑𝑑𝑥𝑥
 (4) 

The mean and covariance functions of the Gaussian 
process are derived by Bayesian extrapolation to obtain 
the conditions, probability means and variance 
expressions for the required points, and then the results 
can be predicted. The predicted value-actual value graph 
is shown in Figure 2. 

 
Figure 2. Prediction results of Gaussian process regression 
model 
4.2 SOLVING FOR THE OPTIMAL 
COMBINATION OF CATALYSTS 
Create the following nonlinear program: 
𝑀𝑀𝑀𝑀𝑋𝑋  𝐹𝐹 = 𝑓𝑓(�⃗�𝑋) 

𝑐𝑐. 𝑡𝑡. � �⃗�𝑥 ≥ 0
𝑥𝑥6 = 1 𝑐𝑐𝑟𝑟 2 , 𝑥𝑥1, 𝑥𝑥2,𝑥𝑥6𝑡𝑡𝑟𝑟𝑠𝑠 𝑠𝑠𝑡𝑡𝑡𝑡𝑠𝑠𝑖𝑖𝑠𝑠𝑟𝑟𝑐𝑐 (5) 

Where, 𝑓𝑓(�⃗�𝑋)  denotes the objective function and 
𝑐𝑐. 𝑡𝑡. denotes the constraints. The objective function 𝑓𝑓(�⃗�𝑋) 
is replaced by the already trained Gaussian process 
regression. 
Taking into account the operational efficiency and 
accuracy issues that should be satisfied by the data 
requirements, the genetic algorithm is chosen to solve this 
plan. 

To determine the optimal catalyst combination and 
temperature at temperatures up to 350 degrees, an 
additional constraint is needed, namely, the addition of the 
temperature constraint: 
 𝑀𝑀𝑀𝑀𝑋𝑋  𝐹𝐹 = 𝑓𝑓(�⃗�𝑋) (6) 
4.3 Discussion of the goodness-of-fit of the model 
A five-fold cross-validation is performed, and the 
usability of the model is discussed by the goodness of fit 
at the time of validation. The goodness-of-fit R2 is an 
important indicator to evaluate the degree of goodness of 
model. 
The overall sum of squares SST is expressed as: 
𝑆𝑆𝑆𝑆𝑇𝑇 = ∑ (𝑦𝑦𝑠𝑠 − 𝑦𝑦�)2𝑡𝑡

𝑠𝑠=1  (7) 
The sum of squared errors SSE is expressed as: 
𝑆𝑆𝑆𝑆𝐸𝐸 = ∑ (𝑦𝑦𝑠𝑠 − 𝑦𝑦𝚤𝚤�)2𝑡𝑡

𝑠𝑠=1  (8) 
The regression sum of squares SSR is expressed as: 
𝑆𝑆𝑆𝑆𝑇𝑇 = ∑ (𝑦𝑦𝚤𝚤� − 𝑦𝑦�)2𝑡𝑡

𝑠𝑠=1  (9) 
Where we have:  
𝑆𝑆𝑆𝑆𝑇𝑇 = 𝑆𝑆𝑆𝑆𝐸𝐸 + 𝑆𝑆𝑆𝑆𝑅𝑅 (10) 
The goodness of fit satisfies: 

 0 ≤ 𝑅𝑅2 = 1 −
𝑆𝑆𝑆𝑆𝐸𝐸
𝑆𝑆𝑆𝑆𝑇𝑇

≤ 1 
The closer the 𝑅𝑅2 is to 1, the better the fit is. 
The final solution yielded a goodness-of-fit result of 𝑅𝑅2 =
0.88 , indicating a good fit and good model stability. 
Therefore, it is considered that the obtained objective 
function is the model obtained by Gaussian process 
regression. The residual plots are shown in Figure 3. 

 
Figure 3. Residual Plot 
The analysis of the residual plots shows that the above 
Gaussian process regression model passes the requirement 
of goodness of fit. Therefore, iteration can be performed 
to find the optimal catalyst combination and temperature 
to maximize the C4 olefin yield. 
The genetic algorithm has good scalability and fast 
switching stochastic search capability, and as a 
probabilistic mechanism iterative algorithm, its 
stochasticity can meet the requirements of a 
comprehensive search of the data. The optimal solution 
can be found by iterative genetic algorithm. The objective 
function is transformed into an adaptive function after the 
goodness-of-fit test, and the optimal combination is 
obtained by iterating over this adaptive function. 
The final iteration results in the optimal catalyst 
combination and temperature vector as: 
𝑊𝑊���⃗ = [223,224,1.149,1.148,529.376,1] 
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5. CONCLUSION 
The final iterative results show that the catalyst 
combination and temperature vector that makes the 
reaction optimal without constraints is: �⃗�𝑋 =
[223,224,1.149,1.148,529.376,1]. At this point the yield 
𝑓𝑓(�⃗�𝑋) is maximum, 𝑓𝑓(�⃗�𝑋) is about 45.56%. 
The final iterative results show that the optimal catalyst 
combination and temperature vector when the limiting 
temperature does not exceed 350 degrees is: �⃗�𝑋 =
[200,200,2,1.68,350,1]. At this point the yield 𝑓𝑓(�⃗�𝑋)  is 
maximum, 𝑓𝑓(�⃗�𝑋) is about 26.51%. 
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Abstract: Concentric drum game is a team cooperation 
ability expansion project, the players through the rope to 
raise the drum, to make the ball beat on the drum surface. 
This paper analyzes the physical process of "concentric 
drum" game in practical application, hoping to provide 
guidance for game participants. In the non-ideal state, the 
imprecise control of the force size and timing will lead to 
a small Angle tilt of the concentric drum. Therefore, the 
model we established for problem 1 has some 
imperfections and needs to be adjusted accordingly. We 
optimize the model from three aspects of adjusting the 
pulling force of the rope, the tilting state of the drum and 
the horizontal position of the team members, analyze and 
discuss the influence of the adjustment of each aspect on 
the result, so as to give the team cooperation strategy with 
stronger adaptability in the living situation. 
Key words: Concentric drum game; Application cases; 
The problem of adjusting 
 
1 BACKGROUND 
"Tongyi" (also known as "Tongyi Drum") is a team 
development program. This project uses a volleyball and 
a cobuffskin two-sided drum as props, and in the middle 
of the concentric drum body fixed multiple lengths and 
evenly distributed along the circumference of the rope. 
Several players each pull a rope, so that the drum surface 
in the space to the vertical direction of the main movement, 
horizontal movement in the horizontal plane and rotation 
outside the horizontal plane as the auxiliary movement. 
Toss the volleyball through the main movement of 
concentric drums, otherwise the event stops. The process 
of bouncing the ball up and down is repeated, requiring 
the player to eventually bounce the ball as many times as 
possible. When the drum is tilted, the ball is no longer 
bouncing vertically, so players need to adjust the rope 
strategy. Assume that the number of people is 10, the rope 
length is 2m, and the rebound height of the ball is 60cm. 
A tilt Angle of 1 degree is generated relative to the vertical 
direction, and the projection of the tilt direction on the 
horizontal plane points between two players, and the 
Angle ratio between the two players is 1:2. In order to 
adjust the ball to vertical bounce, please give the timing 
and force of all players under the condition of accurate 
control, and analyze the implementation effect of this 
adjustment strategy in the real situation. 

 
Figure 1. Simple model diagram  

2. PROBLEM HYPOTHESIS 
1. In the analysis of the force of the drum and volleyball 
movement, the influence of the air resistance caused by 
the movement of the volleyball and drum and the vibration 
of the traction rope is ignored. 
2. It is assumed that the rope pulling the concentric drum 
is an ideal rope, that is, the rope is not extensible, and the 
rope is lightweight, and the tension provided by the rope 
is always along the rope; 
3. It is assumed that the members participating in the rope 
pulling are evenly and symmetrically distributed on the 
circle with the center of the concentric drum as the center 
of the circle, and the center of the drum always moves on 
the vertical axis passing the center of the circle. The 
horizontal movement of the drum is provided by the 
overall horizontal movement of the members, regardless 
of the horizontal movement of the drum relative to the 
members. 
4. It is assumed that when the drum and the volleyball 
collide, the volleyball always keeps translational state, and 
the instantaneous impulse moment generated when the 
volleyball and the drum collide is ignored. 
5. In order to ensure a stable and orderly game, it is 
assumed that players tend to have regular cycles after 
adjusting the state of bouncing the ball. 
3. PROBLEM SOLVING PROCESS 
3.1 ANALYSIS OF PROBLEMS 
Due to many factors in the actual process, the force size 
and timing of competitors cannot be accurately controlled, 
and there will be deviations in force value and timing. 
Then, the physical process in the simplified model 
changes, that is, the concentric drum may tilt during the 
upward movement, and then the trajectory of the 
volleyball after being tossed changes from the original 
vertical upward movement to the oblique upward 
movement. At the same time, the different forces will also 
cause the horizontal acceleration of the center of mass of 
the concentric drum. Considering the above two 
uncertainties, it is required that the players not only 
provide the vertical displacement and speed to 
compensate for the energy loss in the process of bouncing 
the ball, but also keep the drum level as far as possible and 
rotate a certain Angle appropriately to adjust the trajectory 
of the tilted volleyball. Players are required to make a 
horizontal movement fast enough to reach the rules of the 
game. 
3.2 PARTICIPANTS CHANGE THE PULLING FORCE 
ACCORDING TO THE ACTUAL INCLINING 
SITUATION 
In reality, the players can not achieve the same timing and 
size of the force, which will inevitably lead to the 
phenomenon of the drum surface rotating around its 
centroid plane, so that the drum surface is no longer 
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horizontal, but produces a certain size of the Angle. When 
the volleyball vertical drop collision, it must be slanted up 
throwing movement, so that the volleyball movement is 
not on the vertical line, resulting in uncontrollable factors, 
increasing the risk of project termination. In addition, 
because the amount of force cannot be accurately 
controlled, when the energy input by the team from the 
concentric drum and volleyball system is smaller than the 
energy dissipated by the system during the collision, the 
height of the bouncing ball is bound to decrease. After a 
few bouncing cycles, the height of the bouncing ball 
decreases to the dangerous boundary zone, thus increasing 
the risk of termination of the project. 
All participants should increase the force applied to the 
end of the rope at the same time to ensure sufficient 
acceleration of the concentric drum. In order to reduce 
caused by tilted raised and toss the ball high to reduce the 
risk of uncontrollable factors, players need to adjust 
timely according to the speed and Angle is raised state, all 
the players need to change according to the practical 
condition of raised their respective power size, correct 
volleyball movement, and to ensure that the top volleyball 
height more than the minimum height requirement. 
3.3 THE PLAYERS SHALL ADJUST THE TILTING 
STATE AND HORIZONTAL DIRECTION OF THE 
DRUM REASONABLY ACCORDING TO THE 
OBLIQUE THROWING DIRECTION AND ANGLE OF 
THE VOLLEYBALL 
When volleyball produces stant cast after motion, if the 
team only changed will be raised to the horizontal 
direction, although there is a certain energy loss caused by 
inelastic collision, but the volleyball secondary collision, 
inevitably there will be a horizontal velocity component, 
made the top volleyball ball height further reduce at the 
same time, the volleyball will continue to produce a 
displacement along level in the same direction, To the next 
bounce ball increased the operation of greater difficulty. 
When many adverse factors accumulate to a certain extent, 
it will lead to the termination of the project. 
Therefore, all the players need to adjust the tilt state of the 
drum reasonably according to the direction and Angle of 
the oblique throwing volleyball. The volleyball is 
gradually adjusted from oblique throw to vertical throw 
and free fall movement. Suppose a volleyball falls 
vertically from the highest point and collids with the rising 
drum. At this time, the dip Angle of the drum is a, The 
energy loss is small and negligible, and the height of the 
bouncing ball is basically unchanged, then 𝑣𝑣1 = 𝑣𝑣1’. 

 
Figure 2. Drum tilt correction diagram 
The coordinate system X-O-Z is established along the 
concentric drum surface, then momentum conservation 
along the drum surface can be listed, namely: 

 �
𝑚𝑚𝑣𝑣1 sin(𝛼𝛼) = 𝑚𝑚𝑣𝑣1′sin (𝛽𝛽 − 𝛼𝛼)

𝑣𝑣1 = 𝑣𝑣1’  (1) 

It can be solved by the above formula:α = β − α,α =
0.5β .Then the volleyball goes along𝑣𝑣1’ 𝑣𝑣ℎ ,The vertical 
velocity is zero𝑣𝑣𝑣𝑣 ,The total movement time of up and 
down movement is T, and the following relationship can 
be obtained from the simple falling body movement rule: 

 �
𝑣𝑣ℎ = 𝑣𝑣1’sin (𝛼𝛼′)
𝑣𝑣𝑉𝑉 = 𝑣𝑣1’cos (𝛼𝛼′)

2𝑣𝑣𝑣𝑣 = 𝑖𝑖𝑡𝑡
 (2) 

Easy to find the horizontal movement distance of 
volleyball 

  𝑐𝑐ℎ =
2𝑣𝑣1’𝑐𝑐𝑠𝑠𝑡𝑡𝛼𝛼’𝑐𝑐𝑐𝑐𝑐𝑐𝛼𝛼’

𝑖𝑖
 (3)  

In reality, when the force control is proper, the inclination 
Angle of the drum is not too large, that is, α is small. At 
this point in throwing movement under the condition of 
the initial velocity is not too big, approximate to a straight 
line, set with relative vertical direction after the bounce 
Angle for beta, accessible by geometric relations: β = 2α 
according to the movement of the symmetry, when the 
volleyball next collision with raised, relative to the 
vertical direction Angle is still β ,so, if players able to 
precisely control the timing and the size of power, By 
tilting the Angle of the concentric drum in the opposite 
direction by an α,Angle, the volleyball can return to the 
vertical state on the next bounce. 
In reality, the forces of the competitors cannot be exactly 
the same, which is bound to produce unpredictable 
horizontal centroid acceleration, thus making the drum 
face move horizontally. However, because of the limited 
time of the players, this trend is less. In addition, the 
concentric drum is constrained by the number and length 
of rope, and its horizontal displacement is a very small 
amount. The horizontal displacement of the concentric 
drum can be restrained within a controllable range by 
increasing the pull force of the opposing team members. 
However, when the timing of the force can not be 
accurately controlled, the concentric drum will inevitably 
be affected by the impulse moment, so that the drum 
surface will tilt, and then lead to the deflection of the 
volleyball. When the incline Angle of the drum reaches a 
certain amount, the horizontal displacement caused by the 
horizontal component of the volleyball will exceed the 
radius of the drum, so that the next collision between the 
volleyball and the concentric drum will not be realized, 
and the project will be terminated. Therefore, all team 
member should be based on the actual state of the level of 
volleyball movement, on the level of volleyball movement 
speed and collision point, sets in the volleyball is not yet, 
by the collective translation team personnel, quickly move 
the concentric well-filled heart, near to the collision point 
when raised Angle too, the next time if you want to bounce 
the ball, still let volleyball hit the drum heart, Therefore, 
all the participants need to move 𝑐𝑐ℎ  distance in the 
corresponding tendency to ensure the continuation of the 
project. 
3.4 ACTUAL CASE ANALYSIS 
Again, there is no need to consider the horizontal 

𝛼𝛼

𝛽𝛽

𝑣𝑣1
𝑣𝑣1′
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movement of the drum in this problem. On the one hand, 
it has been analyzed in the second question that the error 
caused by ignoring horizontal movement can be ignored. 
A volleyball, on the other hand, is deflected by 1 degree 
and does not fall beyond the range of the drum, which does 
not need to be moved to catch the ball. To illustrate this, 
the coordinate system can be established with the highest 
point of the volleyball as the origin, and the trajectory of 
the volleyball can be set as y = −a𝑥𝑥2(𝑡𝑡 > 0)  Then the 
coordinates of the volleyball's last bounce are (x0,y0) =

�−�0.6
𝑡𝑡

,−0.6�𝑊𝑊𝑠𝑠 𝑘𝑘𝑡𝑡𝑐𝑐𝑘𝑘 𝑡𝑡ℎ𝑡𝑡𝑡𝑡 𝑡𝑡ℎ𝑠𝑠 𝑐𝑐𝑟𝑟𝑐𝑐𝑝𝑝𝑠𝑠 𝑠𝑠𝑐𝑐 𝑧𝑧𝑠𝑠𝑟𝑟𝑐𝑐 2a ∗

�0.6
𝑡𝑡

,𝐵𝐵𝑦𝑦 𝑡𝑡ℎ𝑠𝑠 𝑞𝑞𝑞𝑞𝑠𝑠𝑐𝑐𝑡𝑡𝑠𝑠𝑐𝑐𝑡𝑡 𝑡𝑡𝑐𝑐 𝑘𝑘𝑡𝑡𝑐𝑐𝑘𝑘 2a ∗ �0.6
𝑡𝑡

=

tan (890),α = 1367 .The distance between the two drop 
points is 0.04m, far less than the drum radius.  
As shown in the figure, suppose that the ball moves along 
the vertical plane in the direction of 1:2 between the first 
and second players. In order to adjust the ball to vertical, 
the drum should tilt 0.5° in the opposite direction when 
receiving the ball next time, that is, the drum should rotate 
around the axis in the figure to make the direction of 1:2 
between the first and second players rise 0.5°. To do this, 
the resultant torque must always be in the direction of the 
axis of rotation. 

 
 Figure 3. Shaft diagram 
We can obtain each group of torques: 

𝑀𝑀1,6 ≜ 𝑀𝑀1 + 𝑀𝑀6 = 𝑅𝑅(𝐹𝐹1 − 𝐹𝐹6)
ℎ
𝑟𝑟

− 𝑅𝑅(𝐹𝐹1 + 𝐹𝐹6) �1 +
𝑅𝑅
𝑟𝑟 �
𝛼𝛼 ∗ sin(780) 

𝑀𝑀2,7 ≜ 𝑀𝑀2 + 𝑀𝑀7 = 𝑅𝑅(𝐹𝐹2 − 𝐹𝐹7)
ℎ
𝑟𝑟

− 𝑅𝑅(𝐹𝐹2 + 𝐹𝐹7)�1 +
𝑅𝑅
𝑟𝑟 �
𝛼𝛼 ∗ sin (1140) 

𝑀𝑀3,8 ≜ 𝑀𝑀3 + 𝑀𝑀8 = 𝑅𝑅(𝐹𝐹3 − 𝐹𝐹8)
ℎ
𝑟𝑟

− 𝑅𝑅(𝐹𝐹3 + 𝐹𝐹8)�1 +
𝑅𝑅
𝑟𝑟 �
𝛼𝛼 ∗ sin (1500) 

𝑀𝑀9,4 ≜ 𝑀𝑀1 + 𝑀𝑀6 = 𝑅𝑅(𝐹𝐹9 − 𝐹𝐹4)
ℎ
𝑟𝑟

− 𝑅𝑅(𝐹𝐹9 + 𝐹𝐹4)�1 +
𝑅𝑅
𝑟𝑟 �
𝛼𝛼 ∗ sin (60) 

𝑀𝑀10,5 ≜ 𝑀𝑀1 + 𝑀𝑀6 = 𝑅𝑅(𝐹𝐹10 − 𝐹𝐹5)
ℎ
𝑟𝑟

− 𝑅𝑅(𝐹𝐹10 + 𝐹𝐹5)�1 +
𝑅𝑅
𝑟𝑟 �
𝛼𝛼 ∗ sin (420) 

Its direction is shown here. 

 
Figure 4. The force distance of each group is represented 
For the drum to always rotate about the axis, the resultant 
torque is always perpendicular to the axis, i.e., the 
component along the axis is zero. Based on the magnitude 
and direction of the above torques, the axial component of 
the combined torques can be obtained as follows:�(𝐹𝐹1 −
𝐹𝐹6) cos(780) + (𝐹𝐹2 − 𝐹𝐹7) cos(1140) + (𝐹𝐹3 −
𝐹𝐹8) cos(1500) + (𝐹𝐹9 − 𝐹𝐹4) cos(60) + (𝐹𝐹10 −
𝐹𝐹5) cos(420)� 𝑅𝑅

𝑙𝑙
ℎ + �(𝐹𝐹1 + 𝐹𝐹6) sin(1560) + (𝐹𝐹2 +

𝐹𝐹7) sin(2280) + (𝐹𝐹3 + 𝐹𝐹8) sin(3000) + (𝐹𝐹9 +
𝐹𝐹4) sin(120) + (𝐹𝐹10 + 𝐹𝐹5) sin(840)�𝑅𝑅(1 + 𝑅𝑅

𝑙𝑙
)𝛼𝛼  

In order for this component to be constant zero, the 
coefficients of h and α are both required to be zero, i.e. 

 �(𝐹𝐹1 − 𝐹𝐹6) cos(780) + (𝐹𝐹2 − 𝐹𝐹7) cos(1140)
+ (𝐹𝐹3 − 𝐹𝐹8) cos(1500)
+ (𝐹𝐹9 − 𝐹𝐹4) cos(60)
+ (𝐹𝐹10 − 𝐹𝐹5) cos(420)� = 0  

�(𝐹𝐹1 + 𝐹𝐹6) sin(1560) +  (𝐹𝐹2 + 𝐹𝐹7) sin(2280)
+ (𝐹𝐹3 + 𝐹𝐹8) sin(3000)
+ (𝐹𝐹9 + 𝐹𝐹4) sin(120)
+ (𝐹𝐹10 + 𝐹𝐹5) sin(840)�  

It is easy to find a solution satisfying the above two 
equations. Here is an example: 
𝐹𝐹1 = 129.3𝑁𝑁 𝐹𝐹2 = 115.5𝑁𝑁 𝐹𝐹6 = 99𝑁𝑁  𝐹𝐹𝑠𝑠 = 100𝑁𝑁(𝑠𝑠

= 3,4,5,7,9,10) 
Pay attention to the𝐹𝐹1 > 𝐹𝐹6 ,𝐹𝐹2 > 𝐹𝐹7, The remaining three 
pairs of forces are equal to each other, so the drum does 
choose to raise the player 1,2 along the given axis.  
Assuming that the drum surface is stationary horizontally 
at the initial moment and its initial position is 0.15m lower 
than that of the rope level, the following calculation is 
made of how long it can be tilted by 0.50, and the data can 
be obtained by substituting: 

 𝛼𝛼(t) =
1

1043.8
(86.01 cos(12.04𝑡𝑡) + 70.56) (6) 

Substitute the magnitude of each force into the preceding 
equation, then calculate the vector sum to obtain the total 
torque, and combine the above equation to obtain the 
differential equation 

0.08652𝛼𝛼′′(𝑡𝑡) + 118.8𝛼𝛼
− (0.3528 cos(12.04𝑡𝑡) + 0.2895)
= 0 

Can solve 
α(t) = 0.003320 cos(12.04t) + 0.002437

− 0.005757 cos(37.06t) 
The image is as follows: 
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Figure 5.Time and radians 
And then you plug it into the formula and you know the 
velocity 
𝑣𝑣1 In the first 0.1s, it increases with time. t=0.0423s Is just 
enough to lift the ball up to 40 centimeters. When t=0.062, 
v_1 is larger than the former, so it meets the requirement 
of making the ball rise at least 40cm. This strategy 
conforms to the meaning of the question.  
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Abstract: In this paper, the research status of high-line 
energy welding ship plate steel at home and abroad is 
summarized, and the composition design, microstructure 
and performance regulation of high-line energy welding 
ship plate steel in literature are summarized and analyzed, 
and the influence rules of trace elements on the 
microstructure and mechanical properties of high-line 
energy welding ship plate steel are obtained and 
summarized. Finally, the controversial issues, 
development prospects and possible problems in the 
future of high-line energy welding ship plate steel are 
expounded. 
Key words: Microstructure And Mechanical; Properties 
Of Trace Elements; Large Linear Energy 
 
1.RESEARCH BACKGROUND AT HOME AND 
ABROAD 
Since the technology of "oxide metallurgy" [1-2] was put 
forward, foreign scholars and enterprises have devoted 
themselves to the basic theoretical research and product 
development of this technology. KobayashiY and YANGJ 
of Nagoya University have studied the nucleation 
mechanism of magnesium deoxidized particles and 
acicular ferrite on sulfide particles during continuous 
casting of strip steel. In addition, Professor 
SridharSeethara-man of Carnegie Mellon University and 
researchers of JFE Company also jointly studied the 
influence of titanium deoxidation on the microstructure 
change of low carbon high manganese steel and the 
gradient addition of titanium on the composition and 
morphology of inclusions in Fe-Al-To-O steel. Many 
domestic enterprises and research institutions have also 
conducted research on large-scale energy welding, and 
large state-owned enterprises such as WISCO, Angang 
and Baosteel have all conducted industrial research and 
development and trial production on oxide metallurgy 
technology and large-scale energy welding steel for oil 
storage tanks, marine steel and other products [3]. 
2.TECHNICAL BACKGROUND 
2.1OXIDE METALLURGY TECHNOLOGY 
In order to improve the strength and toughness of weld 
metal, people have studied its microstructure. It is 
found that acicular ferrite is formed around the 
nonmetallic inclusions in the original austenite grains 
of some weld metals. The weld metal with this 
microstructure has high strength and good low-
temperature impact toughness. These acicular ferrite 
microstructures are called acicular ferrite[4]. Needle 
ferrite is formed in austenite grains, so it is also called 

intragranular ferrite. Intragranular ferrite always 
nucleates on nonmetallic inclusions, which are mainly 
oxygen and sulfur compounds formed by oxides of Ti 
and A1 and sulfides of Mn. According to the fact that 
nonmetallic inclusions can induce intragranular ferrite 
nucleation, refine grains and improve the strength and 
toughness of steel, Japanese scholars J. Tamamura and 
S. Mizoguchi put forward the concept of "oxides 
metallurgy" at the 6th International Iron and Steel 
Conference, and from this, a new technology of 
refining steel structure that can turn inclusions in steel 
into benefits appeared internationally. 
2.2LARGE LINEAR ENERGY WELDING 
When welding with high linear energy, the 
microstructure of heat affected zone will become 
unusually coarse, and the toughness of welded joint 
will drop sharply. In addition, for the traditional TMCP 
process, the carbon equivalent must be increased in 
order to achieve higher toughness and greater thickness 
of the plate. This will reduce the weldability of plates 
and the toughness of welded joints[5]. 
The traditional steel will be heated above 1400℃ near 
the fusion line during welding, and the austenite grains 
will become very coarse. Therefore, in the cooling 
stage after welding, coarse ferrite with low toughness 
will be formed at the austenite grain boundary, and 
upper bainite will be formed in the original austenite, 
and the toughness of the welded joint will decrease 
sharply. One of the technical means to solve this 
problem is the "oxide metallurgy" technology 
mentioned earlier. 
By adding different trace elements, it is a hot topic to 
change the microstructure and optimize the mechanical 
properties of steel plates during reprocessing, so as to 
improve the performance of steel plates in service.This 
paper mainly introduces the characteristics of 
microstructure and mechanical properties of EH36 ship 
plate steel under the influence of different oxides. 
3.EFFECT OF TRACE ELEMENTS ON 
MICROSTRUCTURE OF STEEL 
Summarize the influence of different trace elements on the 
microstructure of steel, and then sum up the influence 
mechanism of trace elements on the size distribution, 
quantity statistics and microstructure of inclusions in steel. 
The main components of inclusions in EH36 rolled plate 
are MnS, Al2O3 and the composite inclusions of Al, Ca, S 
and O; The inclusions in EH36-Zr steel are mainly 
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composed of MnS, ZrO2 and some alloy elements. The 
inclusions in EH36-Ce steel are mainly composed of MnS, 
CeO2 and some alloy elements. The inclusions in EH36Y 
steel are mainly composed of MnS, YO2 and some alloy 
elements. 
3.1SIZE DISTRIBUTION AND QUANTITY 
STATISTICS OF MICROSCOPIC INCLUSIONS 
Table 1 Inclusion size and surface distribution  

aluminium Inclusion distribution/μm 
0.1-0.3 0.3-0.5 0.5-1.0 1.0-2.0 2.0-5.0 5.0- 

EH36 4 8 16 24 56 - 

H36-Zr 12 24 16 48 32 16 

EH36-Ce 8 16 24 32 48 32 

EH36-Y 16 16 12 32 32 24 

aluminium NA/individual/mm2 DA/μm Fv/% 

EH36 108 2.003 3.40E-02 
H36-Zr 148 2.366 6.50E-02 
EH36-Ce 160 2.580 9.20E-02 
EH36-Y 132 2.129 4.80E-02 

Through a series of calculation processes, some actual 
data of volume distribution of inclusions in rolled plate 
can be obtained. It can be seen from Table 1 that the 
number of inclusions per square millimeter in EH36-Ce, 
EH36-Zr and EH36-Y rolled plates is about 1.65 times, 
about 1.5 times and about 1.2 times that of EH36 rolled 
plates, respectively. The addition of trace elements Ce, Zr 
and Y increases the number of inclusions for rolled plates. 
Due to the addition of trace elements, tiny dispersed 
inclusions are produced when austenite is transformed 
into ferrite during processing. 
3.2MICROSTRUCTURE OF INCLUSIONS 
When TMCP rolling heat treatment process is adopted, its 
rolling temperature is lower than that of traditional rolling 
process[6]. At low temperature, plastic deformation can 
promote grain refinement more. The microstructure of 
EH36 ship plate steel is mainly ferrite and a few lamellar 
pearlite bands. The microstructure of EH36-Zr ship plate 
steel is mainly ferrite and uniformly dispersed pearlite. 
The microstructure of EH36-Cr ship plate steel is mainly 
ferrite and some evenly dispersed pearlite. The 
microstructure of EH36-Y ship plate steel is mainly ferrite 
and some pearlite with less uniform dispersion. By 
comparison, it can be found that the addition of trace 
elements in deoxidation process has little effect on the 
microstructure of rolled steel plate. However, the grain 
size has been refined to some extent[7-8]. 
4.EFFECT OF TRACE ELEMENTS ON 
MECHANICAL PROPERTIES OF STEEL 
Summarize the influence of different trace elements on the 
mechanical properties of steel, and then sum up the 
influence mechanism of trace elements on the hardness, 
tensile property, impact toughness and other properties 
of steel. 
4.1HARDNESS 
Table 2 Vickers hardness (HV) of different types of ship 
plate steels as cast  

aluminium test point average value 
1 2 3 4 5  

EH36 152.0 152.5 146.5 133.3 150.5 147.0 
EH36-Zr 196.6 210.2 190.0 194.3 203.5 198.9 
EH36-Ce 178.5 185.2 169.7 175.2 181.1 177.9 
EH36-Y 167.3 176.2 161.1 168.2 175.2 169.6 

As shown in the table, the Vickers hardness of each strand 
from strong to weak is 198.9 for EH36-Zr strand, 177.9 
for EH36-Ce strand, 169.6 for EH36-Y strand and 147.0 
for EH36 strand. Comparing the chemical elements of 
these elements, it can be found that C element has the 
greatest influence on the hardness of steel, and there is not 
much difference between them. This shows that the area 
fraction of ferrite cementite is different due to the different 
content of trace elements, which affects the hardness of 
steel[9]. 
4.2TENSILE PROPERTY 
According to Table 2, the yield strength, tensile strength 
and elongation of EH36 continuous casting billet are 
238MPa, 380MPa and 30.7% respectively. The yield 
strength, tensile strength and elongation of EH36-Zr slab 
are 268MPa, 407MPa and 33.0% respectively. The yield 
strength, tensile strength and elongation of EH36-Ce 
continuous casting billet are 277MPa, 428MPa and 34.1% 
respectively. The yield strength, tensile strength and 
elongation of EH36-Y continuous casting slab are 
262MPa, 387MPa and 32.8% respectively. Compared 
with EH36 continuous casting slab, the strength and 
elongation of the three have been improved to some extent. 
Table 3 Tensile test results of different types of ship plate 
steels as-cast 

aluminium  RP0.2/MPa average value 
EH36 241 239 235 238 
EH36-Zr 266 274 264 268 
EH36-Ce 279 281 272 277 
EH36-Y 263 259 264 262 
aluminium  Rm/MPa average value 
EH36 382 381 378 380 
EH36-Zr 410 408 402 407 
EH36-Ce 432 428 425 428 
EH36-Y 385 391 387 387 
aluminium  A/% average value 
EH36 29.0 39.0 34.0 30.7 
EH36-Zr 35.5 29.5 34.0 33.0 
EH36-Ce 30.2 37.5 34.5 34.1 
EH36-Y 31.8 34.5 32.1 32.8 

In modern steel grade design, the yield strength is the most 
common index to measure the performance of steel 
products. The yield strength refers to a close relationship 
between the slip from the pre-plastically deformed grains 
to the adjacent grains, and whether this kind of transfer 
can occur mainly depends on the stress concentration 
caused by dislocation stacking group faults near the grain 
boundary of the slipped grains, and whether the 
dislocation source in the adjacent grain slip system can be 
stimulated to start[10]. The larger the grain size, the larger 
the distance and the larger the number of dislocations. 
Therefore, the greater the stress concentration, the greater 
the chance of stimulating plastic deformation of adjacent 
grains than other grains. The direct relationship between 
the yield strength and grain size of metal materials at room 
temperature can be expressed by Hall-Page formula: 
𝜎𝜎𝑠𝑠 = 𝜎𝜎𝑐𝑐 + 𝐾𝐾𝑑𝑑−

1
2  (1) 

Where, 𝜎𝜎𝑐𝑐 is a constant, and the resistance to deformation 
in the reaction crystal is roughly equivalent to the yield 
strength of single crystal metal; K is a constant, which 
represents the influence of grain boundary on strength and 
is related to grain boundary structure. D is the average 
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diameter of each crystal grain in the polycrystal. This 
shows that the finer the grain size, the greater the required 
external stress and the higher the yield degree. 
4.3IMPACT TOUGHNESS 
Charpy impact test was carried out on four kinds of rolled 
steel plates, and the average impact energy of four kinds 
of rolled steel plates was 265J, 272J, 265J and 267J 
respectively. Compared with the traditional EH36 rolled 
plate, the impact energy is slightly improved after adding 
trace Zr and Y; After adding trace Ce, the impact energy is 
slightly reduced, but the effect is not obvious. 
Table 4 Impact energy of rolled plates of different types of 
ship plate steels  

aluminium  Transverse impact /J average value/J 
EH36 280 254 262 265 
EH36-Zr 276 267 274 272 
EH36-Ce 272 258 264 265 
EH36-Y 282 261 258 267 

After Zr and Y are added, the microstructure of EH36 
rolled plate is ferrite and pearlite, and the grain size is 
slightly refined, so its impact toughness is slightly 
improved. However, with the addition of Ce, the ferrite of 
microstructure of EH36 rolled plate is slightly reduced and 
the grain is slightly coarsened, so its impact toughness is 
slightly weakened, but the effect is not obvious. 
5.CONCLUSION AND PROSPECT 
In this paper, the research status of high-line energy 
welding ship plate steel at home and abroad is summarized. 
On the basis of summarizing the published literature about 
the composition design, microstructure and performance 
regulation of high-line energy welding ship plate steel, the 
influence of Zr, Ce and Y on the microstructure and 
mechanical properties of steel is analyzed. 
In the rolling process, the trace elements Zr, Ce and Y are 
added to form metal oxides, which have the following 
effects on the microstructure and mechanical properties of 
steel plates: 
(1)Influence on the size and quantity of inclusions: Ce-
containing oxide, Zr-containing oxide and Y-containing 
oxide gradually weaken the ability to increase the number 
of inclusions per square millimeter of steel plate during 
rolling. The average size of inclusions formed during 
rolling of Zr-containing oxide is slightly larger than that 
of Ce-containing oxide and Y-containing oxide. 
(2)Influence on the microstructure of inclusions: After 
rolling, the microstructure of steel plate without metal 
oxide and steel plate with trace element oxide are mainly 
ferrite, but pearlite formed by steel plate with metal oxide 
is more obvious than that of steel plate without metal 
oxide.And the refining effect of steel plate containing Ce 
oxide is stronger, while that of steel plate containing Y 
oxide is weaker. 
(3)Influence on strength performance: The order of 
strengthening effect on hardness of steel plate is Zr-
containing oxide, Ce-containing oxide and Y-containing 
oxide. 
(4)Influence on tensile properties: No matter from yield 
strength, tensile strength or elongation, Ce-containing 
oxide has the best influence on tensile properties of steel 

plate, followed by Zr-containing oxide and Y-containing 
oxide. 
(5)Impact on impact performance: The addition of metal 
oxide has no obvious improvement on the impact 
resistance of steel plate, while Zr-containing oxide has a 
better effect on the impact resistance of steel plate. 
In the coming decades, ships are still developing towards 
the direction of large-scale, light-weight, environmental 
protection and deep-sea ocean engineering, which puts 
forward higher requirements for the strength, low-
temperature toughness, weldability and corrosion 
resistance of ship plate steel. At present, the properties of 
ship plate steel obtained by adding different trace elements 
have basically met the production requirements of hull 
steel. However, from the experimental stage to industrial 
mass production, there are still many problems, and the 
research on service performance is still scarce. In order to 
promote the wide application of hull steel welded by large-
scale linear energy, it is necessary to further study the 
user's application technology, such as the influence of 
element proportion on forming characteristics and 
welding technology. Before large-scale application of hull 
steel welded by large-scale linear energy, systematic 
research and comprehensive understanding must be 
closely followed. 
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Abstract: In order to deepen the understanding of the 
quality evaluation system of postgraduate dissertations, 
this paper makes a statistical analysis of a large number of 
evaluation data produced in the process of sampling 
inspection of master's dissertations in a province in 
northern China, and uses ANOVA, rostea text analysis, 
linear regression and other methods to establish the 
evaluation model of expert opinions, and analyzes the 
consistency between the three total scores and the average 
score of one total score given by three evaluation experts, 
It also demonstrates whether there is consistency between 
the results of text analysis and the scores of each item. The 
results show that: there is no significant difference 
between the independent total score and the average score 
of expert review, and the correlation between star rating 
and text review is not exactly the same under various 
weights. 
Key words: ANOVA; Regression; Text Analysis; 
Sentiment Analysis 
 
1. INTRODUCTION 
At present, with the continuous expansion of graduate 
education scale, graduate education gradually from scale 
development to quality and connotation development, 
constantly improve the quality of education is an 
important task of graduate education in the new era[1-3] the 
quality of dissertation is one of the main measures to 
weigh the quality of graduate education. 
In 2014, the state promulgated the opinions on 
strengthening the construction of quality assurance and 
supervision system for degree and graduate education, 
which clearly stated that it was necessary to carry out 
random inspection of doctoral and master's dissertations. 
Under this background, in 2015, the Ministry of Education 
organized a nationwide sampling inspection of academic 
master's dissertations, with a total of 16275 academic 
master's dissertations in 2014, including 15989 qualified 
dissertations, accounting for 98.24% of the overall 
sampling papers, and 286 unqualified dissertations, 
accounting for 1.76% of the overall sampling papers. In 
this sampling inspection, only 124 of the 286 unqualified 
dissertations are attached with expert comments. Under 
the above background, colleges and universities 
strengthen the management of the training process, and 
guide graduate students to do a good job in topic selection, 
topic opening, research and writing according to the 
requirements of the training scheme and time node; 
Strictly implement the degree grant request, strictly 

inspect the quality of Graduate Dissertations, and suspend 
the dissertations that do not meet the academic examples 
and quality requirements. From the perspective of 
graduate thesis quality evaluation, this paper carries out 
statistical analysis and in-depth research on the data of 
thesis evaluation results. At present, some scholars use 
logit model to make statistical analysis on the blind review 
results of 1874 doctoral dissertations in a domestic 
university, and believe that there is a large gap in the 
control of qualified papers by different experts, and there 
is a problem that qualified dissertations cannot be 
completely screened in the blind review link [1]. Lou Zhi 
et al. (2020) believe that the quality of doctoral 
dissertations is the key index to measure the education 
level of doctoral students, and put forward a doctoral 
dissertations quality monitoring and evaluation index 
system based on process quality and result quality, so as 
to provide reference for promoting the practice of doctoral 
dissertations quality evaluation in China [2]. Li Min et al. 
(2017) took the opinions of national masters' dissertation 
sampling inspection experts in 2014 as the research object, 
analyzed the defects and deficiencies of academic masters' 
dissertation identified as "unqualified thesis" by experts, 
and put forward countermeasures and suggestions to 
ensure the quality of academic masters' Dissertation [3]. 
Gao Yao et al. (2017) empirically analyzed the discipline 
differences in the quality of academic master's 
dissertations from the two dimensions of overall quality 
and sub item quality based on the sampling results of 
master's dissertations[4]. 
2.DATA SELECTION AND MODEL BUILDING 
2.1 Data Selection 
North China in 2019 and 2020, completed the entire 
province province department of education of master 
degree theses of master of more than 15000 annual routine 
checking work, get a lot of review data Selected from 
1246 papers, covering 11 disciplines, each paper has three 
review experts review information, review of each paper 
contains information for analysis Evaluation experts in 
turn from the topic selection and review innovation and 
paper value scientific research ability and basic 
knowledge of the paper standardization,4 dimensions of 
the paper evaluation score topic selection and review 
evaluation elements are studying the theoretical 
significance of the application, the discipline and related 
disciplines category at home and abroad growth state and 
academic dynamics of the understanding level; The 
evaluation factors of innovation and paper value are the 
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value of the new ideas and methods proposed by the paper, 
and the effect of the paper on scientific and technological 
progress, economic construction and national security. 
Scientific research ability and the evaluation elements of 
basic knowledge is the practical level of the theoretical 
basis of the performance of the paper, the discipline and 
the relevant discipline category specialized knowledge of 
the system, on the topic to solve the problem of the ability, 
the scientific way of studying is not to take advanced 
technology equipment information to hold the paper study 
work; The evaluation elements of the standardization of 
the paper are the rigor of the normative style of the paper, 
the accuracy of the language of the paper, the rigor of the 
logic of the writing pattern and the standardization of the 
chart. 
2.2 Model Building 
As the primary element, one-way ANOVA was used to test 
the consistency between the 3 total scores and the average 
score of the 1 total score given by the 3 reviewers. 
The mean of 3 total scores and 1 total score given by 3 
evaluation experts was recorded as μ1\μ2\μ3\μ4. 
Assumptions: 
H0: μ1=μ2=μ3=μ4 
H1: μ1\μ2\μ3\μ4 incomplete equality. 
Now let's assume that each population is a normal variable, 
and the variance of each population is homogeneous, but 
the parameters are unknown. 
Build statistics: 
F statistic is used as the test statistic, and the mathematical 
expression is: F=(SSA/(k-1))/(SSE/(n-k)). Obey F (k-1, n-
k) distribution. 
Where n is the total number of samples, and k-1 and n-k 
are the degrees of freedom of SSA and SSE respectively. 
Use the python third-party library pandas library to read 
the paper review comments of each expert in Annex 1, 
export the reading results into a list, use the snownlp 
library to read the list, analyze the emotion of each expert's 
comments on each paper, and get the comment score. 
When making statistics on whether there is consistency 
between the scores given by each expert and the 
comments, eliminate the papers without comments, sort 
the comments in descending order, and divide them into 
five grades: good, good, average, poor and poor, 
accounting for 5%, 20%, 50%, 20% and 5% respectively. 
The corresponding grades are 1, 2, 3, 4 and 5 respectively, 
and record them as Xkj (k represents the k-th reviewer and 
j represents the j-th paper). The total scores are sorted in 
descending order and divided into five grades: excellent, 
good, average, qualified and poor, accounting for 5%, 
20%, 50%, 20% and 5% respectively. The corresponding 
grades are 1, 2, 3, 4 and 5 respectively, and are recorded 
as Ykj (k represents the k-th reviewer and j represents the 
j-th paper). Determine the grade of the comment score and 
the total score of each paper respectively, calculate the 
difference between the scores of the two grades, take the 
absolute value of the difference with the function ABS (), 
that is, Di=|Xi-Yi|, and judge with the function IF (). If the 
result is less than or equal to 1, the consistency is 
significant; If the result is greater than 1, the difference is 
obvious. 

3. ANALTSIS OF EVALUATION EXPERT`S 
SCORES AND CONSISTENCY TEST OF 
COMMENTS 
3.1 ANOVA 
The observed value and P value of F statistics are 
calculated. When p > 0.05, the original hypothesis H0 is 
accepted, indicating that the average scores of 3 total 
scores and 1 total score given by 3 evaluation experts are 
significantly consistent; When p < 0.05, the original 
hypothesis H0  is rejected, indicating that the average 
difference of 3 total scores and 1 total score given by 3 
evaluation experts is significant. 
It can be seen from table 1 that P values are less than 0.05, 
so the original hypothesis H0  is accepted when the 
significance level is 0.05, it is considered that the average 
scores of 3 total scores and 1 total score are consistent 
significantly. 
3.2 Consistency of review comments and scores of expert 
papers 
Table 1 One-way analysis of variance 

Tag Paraphrase Number of 
cases 

F-
Measure Significance 

01 Philosophy 017 0.472 0.703 
02 Economics 051 0.306 0.821 
03 Law 053 0.145 0.933 
04 Education 072 0.469 0.704 
05 Literature 068 0.278 0.842 

07 Neo 
Confucianism 071 0.009 0.999 

08 Engineering 469 0.215 0.886 
09 Agronomy 064 0.532 0.661 
10 Medical Science 226 0.025 0.995 
12 Management 123 0.391 0.760 
13 Art 032 0.869 0.459 

Taking Philosophy (01) as an example, judge whether 
there is consistency between the comments and scores 
given by the first review expert on each paper. The results 
showed that only the BM score of 17 was inconsistent with 
the assessment. 
Under the classification of disciplines, the number of 
scores and comments given by each expert with 
significant consistency and difference was counted, as 
shown in Figure 1. 
4. CONCLUSIONS 

 
Figure 1 Consistency and difference ratio 
Results show that under the 11 disciplines, used to 
determine the parameters of the hypothesis test results P 
were greater than 0.05, prove expert judges independence 
and there is no significant difference between average 
total score, independent expert evaluation score score can 
reflect the overall level of every paper, neo-confucianism 
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(07) in the overall score is the highest law (03) In 
comparison of the proportion of consistency, philosophy 
(01) is the highest, science (07) is the second highest, and 
agriculture (09) is the lowest.  
Results show that under the 11 disciplines, used to 
determine the parameters of the hypothesis test results P 
were greater than 0.05, prove expert judges independence 
and there is no significant difference between average 
total score, independent expert evaluation score score can 
reflect the overall level of every paper, neo-confucianism 
(07) in the overall score is the highest law (03) In 
comparison of the proportion of consistency, philosophy 
(01) is the highest, science (07) is the second highest, and 
agriculture (09) is the lowest.  
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Abstract: In order to study the relationship between 
temperature and ethanol conversion and C4 olefin 
selectivity, we chose Lagrange interpolation method to 
make the image of temperature and ethanol conversion 
and C4 olefin selectivity. It is found that from the overall 
trend, temperature is positively correlated with ethanol 
conversion and C4 olefin selectivity. For the 350 degrees 
specific catalyst combination, under the test results of 
different time in an experiment, using the cubic spline 
interpolation method, it was found that with the change of 
time, the ethanol conversion showed a downward trend 
and tended to be stable, and the selectivity of C4 olefins 
fluctuated around 38%. 
Keywords: C4 Olefin Selectivity; Ethanol Conversion 
 
1. INTRODUCTION 
1.INTRODUCTION 
C4 olefins have been widely used in the production of 
chemical products and medicine, and ethanol is an 
important raw material for the production of C4 olefins. In 
the process of chemical reaction, the combination of 
catalysts and temperature will affect the conversion of 
ethanol, the selectivity of C4 olefins and the yield of C4 
olefins. How to combine the appropriate catalysts and 
control the temperature is of great value for exploring the 
catalytic coupling of ethanol to prepare C4 olefins. 
Ethanol is an important raw material for the production of 
C4 olefins. In the process of chemical reaction, the 
combination of catalysts and temperature will affect the 
conversion of ethanol, the selectivity of C4 olefins and the 
yield of C4 olefins. How to combine the appropriate 
catalysts and control the temperature is of great value for 
exploring the catalytic coupling of ethanol to prepare C4 
olefins. 
C4 olefins are widely used in the production of chemical 
products and medicine. Ethanol is the raw material for the 
production of C4 olefins. In the process of preparation, the 
combination of catalysts (i.e., the combination of Co 
loading, Co/SiO2 and HAP loading ratio, ethanol 
concentration) and temperature will have an effect on the 
selectivity and yield of C4 olefins. Olefins are carbon 
oxides and belong to unsaturated hydrocarbons. Its 
chemical structure is characterized by the presence of 
carbon-carbon double bond (carbon C), which can be 
oxidized and the addition reaction takes place. Because of 
its rich raw materials, low price, easy processing and 

molding, and excellent comprehensive properties, it is a 
kind of polymer materials with the largest output and 
widely used. (that is, the combination of Co loading, 
Co/SiO2 and HAP loading ratio, ethanol concentration) 
and the effect of temperature on C4 olefins, the selectivity 
and yield of C4 olefins in ethanol production are as high 
as possible. 
2.CONCRETE OPERATION 
2.1.Abstract: Based on the analysis of the relationship 
between ethanol conversion and C4 olefin selectivity and 
temperature under each catalyst combination, we will 
collect data with temperature as the horizontal axis and 
ethanol conversion and C4 olefin selectivity as the vertical 
axis to obtain their scatter diagrams and construct a 
mathematical model. Through observation and guess that 
it is a high-order function, in view of the fact that the given 
data have been obtained by a large number of experiments 
by researchers and are true and reliable, all the function 
curves are required to pass through all points. So we use 
Lagrange interpolation to get the expression of function 
curve to prove that it is a high-order function and get its 
correlation. 
2.2 Suppose: 
1) The shape of the catalyst and the catalyst carrier are the 
same. 
2) The reaction vessels are closed and rigid. 
2.3 Symbol description 

Symbolic description unit 

p(x) 
Functional relationship 
between temperature and 
ethanol conversion 

 

P(x) 
Functional relationship 
between temperature and 
selectivity of C4 olefins 

 

x temperature ℃ 
y Conversion or selectivity % 
S(x) K-spline function  

2.4 Model building 
According to the given data and observing its scatter 
diagram, a function is constructed as an approximate 
function. Because of the authenticity of the given data, the 
approximate function is required to pass through a limited 
number of known data points, so we use the interpolation 
method. 
The basic problem of Lagrange interpolation is to set 
functions f(x). It's on the interval [250,450]. The predicted 
value of the function at about (n+1) 
points x0, x1 , … , xn.Find a polynomial of degree at most.  
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𝛹𝛹𝑡𝑡(𝑥𝑥) = 𝑡𝑡0 + 𝑡𝑡1𝑥𝑥 + ⋯+ 𝑡𝑡𝑡𝑡𝑥𝑥𝑡𝑡 
The value of the function is the same as that of the function 
at a given point. 
The formula of the model is as follows 

 The 
fitting effect is shown in Fig. 1. 

 
Fig.1 The fitting effect 
Eliminate the independent variables in Y2 to obtain the 
regression results, as shown in Fig.2. 

 
Fig.2 Regression result diagram 
3.CONCLUSION 
With the increase of catalyst types, ethanol conversion 
was negatively correlated with time, ethylene selectivity 
was negatively correlated with time at 
[20,40],[160,200],[250,273] and positively correlated 
with time at [40,160],[200,250]. C4 olefin selectivity was 
positively correlated with the time at about 
[20,40],[160,200],[250,273], and negatively correlated 
with time at [40,160],[200,250]. The selectivity of 
acetaldehyde has a positive correlation with time, and the 
selectivity of 4-12 fatty alcohols has a positive correlation 
with time in the range of [20,50] and [163,240], and a 

negative correlation with time in the interval [50,163] and 
[240,273]. The selectivity of methyl benzaldehyde and 
methylbenzyl alcohol has a positive correlation with time 
in intervals [20,163] and [200,240], and a negative 
correlation in intervals [163,200] and [240,273]. The 
selectivity of other products showed a negative correlation 
in the interval [20,40], [70,163] and [200,240], and a 
positive correlation in the interval [40,70], [163,200], 
[240,273]. 
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Variable Coefficien... Std. Error t-Statistic Prob.  

C -43.17940 7.444813 -5.799931 0.0000
X1 0.073443 0.015940 4.607406 0.0000
X2 -3.492964 0.807113 -4.327724 0.0001
X5 0.187604 0.021523 8.716657 0.0000

R-squared 0.697605     Mean dependent var 19.67080
Adjusted R-squared 0.677883     S.D. dependent var 14.69621
S.E. of regression 8.340881     Akaike info criterion 7.156833
Sum squared resid 3200.233     Schwarz criterion 7.309795
Log likelihood -174.9208     Hannan-Quinn criter. 7.215082
F-statistic 35.37292     Durbin-Watson stat 1.568199
Prob(F-statistic) 0.000000
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Abstract: The smoke control system of a building plays a 
key role in building fire protection engineering. Based on 
the knowledge of hydrodynamics and fire and explosion 
disaster control, this paper discusses the smoke control 
and smoke exhaust design scheme of an underground 
garage. This paper analyzes and calculates the smoke 
exhaust volume, make-up air volume, smoke exhaust pipe 
size and fan model of the garage. There will be pressure 
loss during smoke exhaust of smoke exhaust pipe, so it is 
necessary to calculate the pressure loss and design 
appropriate smoke exhaust fan. Since part of the central 
area is closed, it is necessary to make up air in some areas. 
Key words: Building Smoke Exhaust; Smoke Exhaust 
Pipe; Pipe Resistance; Fluid Mechanics. 
 
1. INTRODUCTION 
In recent years, fire accidents occur frequently. Many fire 
accidents are caused by unreasonable fire prevention and 
smoke exhaust design. Reasonable smoke control and 
smoke exhaust design is conducive to timely control the 
fire, protect personnel safety and evacuate people in time. 
2. DIVISION OF SMOKE PREVENTION 
ZONES IN GARAGE 
2.1 STANDARD 
According to GB 50067-2014 "Code for Fire Protection 
Design of Garages, Repair Garages, and Parking Lots", 
Table 5.1.1 stipulates that the maximum building area of 
the underground garage fire compartment should not 
exceed 2000m2. The garage does not have an automatic 
sprinkler system. The underground garage Divided into 
five fire compartments; according to the relevant 
regulations of 8.2.9 of GB 50067-2014 "Code for Fire 
Protection Design of Garages, Repair Garages, and 
Parking Lots", there are underground garages with 
mechanical smoke exhaust, and the building area of 
smoke-proof compartments should not exceed 
2000m2,And the smoke-proof zone should not cross the 
fire-proof zone. Therefore, the underground garage is 
divided into five smoke-proof zones. 
2.2 ZONING STATUS 

Smoke prevention zone Acreage 
 (m2) 

Floor height 
(m) 

Volume 
(m3) 

1 1738.57 3 5215.71 
2 1596.25 3 4788.75 
3 1678.65 3 5035.95 
4 1007.66 3 3022.98 
5 1277.74 3 3833.22 

3. CALCULATION OF SMOKE EXHAUST 
3.1 Smoke exhaust 
According to the minimum amount of smoke specified in 
8.2.4 of the "Technical Standards for Building Smoke and 
Smoke Exhaust System" GB50067-2014, the garage has a 

floor height of 3m. For places where the garage's clear 
height is less than or equal to 3m, its smoke exhaust 
volume shall not be less than 30000m3/h. 
3.2 Determination of air supply 
According to 8.2.9 of the "Technical Standards for 
Building Smoke and Smoke Exhaust System" GB50067-
2014, according to the principle of air flow, the air in a 
certain area needs to be excluded, and another part of the 
air needs to be supplemented. The underground garage is 
due to the fire wall and the firewall of the fire 
compartment. The floor slabs separate the floors so that 
there are no evacuation exits that lead directly to the 
outdoors in some fire compartments, and there is no 
natural air intake condition. For these areas, because the 
surroundings are closed, it is difficult for smoke to be 
discharged. Therefore, supplementary air outlets should 
be added to the smoke-proof zones of these areas, and the 
air intake volume should not be less than 50% of the 
smoke exhaust volume. This design takes 50%, that is, the 
smoke-proof zones 2, 3, and 4 are equipped with a 
supplementary air system and the supplementary air 
volume is 15000m3/h. 
4. CHOICE OF DUCT AND OUTLET 
4.1 Duct material 
This design uses galvanized steel pipe. The air pipe has 
good fire resistance, convenient production, high 
pressure-bearing strength, low processing cost, long-
lasting durability, strong corrosion resistance, and can be 
used for more than ten years in the urban area. Life span 
can greatly save manpower, material resources and 
financial resources. The air duct uses rectangular section. 
4.2 Tuyere size and quantity calculation 
4.2.1Wind speed selection 
According to 4.4.12 of the "Technical Standards for 
Smoke Control and Exhaust Systems for Buildings" 
GB51251-2017, the wind speed of the smoke exhaust 
outlet should not exceed 10m/s, and the design wind speed 
is 10m/s. 
According to 4.4.6 of the "Technical Standards for 
Building Smoke Control and Exhaust Systems" 
GB51251-2017, the wind speed of the air supply outlet 
should not exceed 10m/s, and the design wind speed is 
10m/s. 
4.2.2 Tuyere specification calculation 
Smoke-proof zone one:According to the length of the 
smoke-proof zone, set three single-layer louvered air 
outlets. 
Smoke volume of a single tuyere:  
Q1=3000/3600/3=2.7778m3/s 
Cross-sectional area:  
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A=Q/v=2.7778/10=0.2778m2 

Take the 630*500mm size tuyere to meet the smoke 
exhaust requirements. 
Smoke-proof zone two: According to the length of the 
smoke-proof zone, set two single-layer louvered air 
outlets. 
Smoke volume of a single tuyere: 
Q2=3000/3600/2=4.1667m3/s 
Cross-sectional area:  
A=Q/v=4.1667/10=0.4167m2 
Take the 630*800mm size tuyere to meet the smoke 
exhaust requirements. 
Smoke-proof zone three: According to the length of the 
smoke-proof zone, set three single-layer louvered air 
outlets. 
Smoke volume of a single tuyere: 
Q3=3000/3600/3=2.7778m3/s 
Cross-sectional area: 
A=Q/v=2.7778/10=0.2778m2 
Take the 630*500mm size tuyere to meet the smoke 
exhaust requirements. 
Smoke-proof zone four: According to the length of the 
smoke-proof zone, set one single-layer louvered air outlet. 
Smoke volume of a single tuyere: 
Q4=3000/3600=8.3333m3/s 
Cross-sectional area:  
A4=Q/v=8.3333/10=0.8333m2 
Take the 1000*1000mm size tuyere to meet the smoke 
exhaust requirements. 
Smoke-proof zone five: According to the length of the 
smoke-proof zone, set one single-layer louvered air outlet. 
Smoke volume of a single tuyere: 
Q5=3000/3600=8.3333m3/s 
Cross-sectional area:  
A5=Q/v=8.3333/10=0.8333m2 
Take the 1000*1000mm size tuyere to meet the smoke 
exhaust requirements. 
4.2.3 Mechanical air supply calculation 
Since smoke-proof zones 1 and 5 are connected to the 
outlet and entrance respectively, only air supply ducts are 
provided in smoke-proof zones 2, 3, and 4, each with a 
supplementary air outlet, with the same specifications. 
Make-up air volume for a single tuyere:  
Q*=30000/2/3600=4.1667m3/s 
Cross-sectional area: A*=Q/v=4.1667/10=0.4167m2 
The size of the air supply outlets of the second, third, and 
fourth smoke prevention zone is 1000*500mm, which 
meets the demand for air supply. 
4.3 Duct size calculation 
4.3.1 Exhaust air duct 
According to "Technical Standards for Building Smoke 
and Smoke Exhaust System" GB51251-2017 4.4.7, the 
smoke exhaust pipe is made of non-combustible materials 
and the inner wall should be smooth. When the inner wall 
of the smoke exhaust pipe is metal, the design wind speed 
of the pipe should not be greater than 20m/s. 
The smoke exhaust volume of smoke prevention zone 1 is 
30000m3/h, which is 8.33m3/s, so the minimum cross-
sectional area of the air duct: A=Q/v=8.33/20=0.4167m2, 
according to the "National Ventilation Duct Rectangular 

Duct Data Summary Table", the minimum cross-sectional 
area is 0.5m2, and the duct size is 1000*500mm. 
The second and third smoke control zones share a set of 
smoke exhaust equipment. The total amount of smoke 
exhaust is 60000m/h, which is 16.67m3/s. The first section 
of the pipe is a shared pipe, and the minimum cross-
section A=Q/v=8.333m2, according to " National 
Ventilation Pipe Rectangle Duct Data Summary Table", 
the minimum cross-sectional area is 1m2, and the duct 
specification is 1000*1000mm. The minimum cross-
sectional area of the branch pipeline is 0.5m2, and the air 
duct specification is 1000*500mm. 
Smoke-proof zones four and five share a set of smoke 
exhaust equipment, with a total smoke exhaust of 
60,000m/h, which is the same as smoke-proof zones two 
and three. 
4.3.2Compensation duct calculation 
According to "Technical Standards for Smoke Control and 
Exhaust Systems for Buildings" GB51251-2007, 4.5.2, 
the air supply system should introduce air directly from 
the outside, and the air supply volume should not be less 
than 50% of the smoke exhaust volume. 
The second, third, and fourth smoke-proof zone share a set 
of air supply system, the air supply volume is 12.5m3/s, 
the minimum cross-sectional area A=Q/v=0.625m2, 
according to the "National Ventilation Duct Rectangular 
Duct Data Summary Table", the minimum cross-section 
Take 0.625m2, and the air duct specification is 
1250*500mm. 
The supplementary air supply volume of the second 
smoke-proof zone is 4.16m3/s, taking v=10m/s, 
A=Q/v=0.416m2, according to the "National Ventilation 
Duct Rectangular Duct Data Summary Table", the 
minimum cross-section is 0.5m2, the air duct specification 
is 1000*500mm. 
The air supply volume of the air supply branch pipe of the 
third smoke-proof zone is 8.32m3/s, taking v=20m/s, 
A=Q/v=0.416m2, and the air pipe specification is 
1000*500mm. 
The supplemental air volume of the pipe connected to the 
fourth smoke-proof partition section is 4.16m3/s, taking 
v=20m/s, A=Q/v=0.21m2, and the duct size is 
500*500mm. 
5. HYDRAULIC CALCULATION FOR 
EXHAUST SMOKE 
5.1Pressure loss of exhaust pipe 
Friction resistance per unit pipe length: 

∆𝑃𝑃𝑚𝑚 =
λ𝑣𝑣2𝜌𝜌
2𝑑𝑑𝑒𝑒

 

𝜆𝜆-Friction resistance coefficient 
𝜌𝜌-Air density 
de-Equivalent diameter of duct 
𝜆𝜆=0.05 𝜌𝜌=1.293kg/m3 

𝑑𝑑𝑒𝑒 =
2𝑡𝑡𝑏𝑏
𝑡𝑡 + 𝑏𝑏

 

𝑑𝑑𝑒𝑒1 = 0.667 
𝑑𝑑𝑒𝑒2 =1 
∆𝑃𝑃𝑚𝑚1=13.468Pa/m 
∆𝑃𝑃𝑚𝑚2=8.979Pa/m 
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Smoke-proof zone one:  
∆𝑃𝑃1=∆𝑃𝑃𝑚𝑚1𝑑𝑑 ∗ l = 134.68 ∗ 62.46 = 841.2Pa*l 
Smoke-proof zone two:  
∆𝑃𝑃2=∆𝑃𝑃𝑚𝑚2 ∗ 𝑟𝑟1 + ∆𝑃𝑃𝑚𝑚1 ∗ 𝑟𝑟2=8.97*13.3+13.4*46.83= 
750.13Pa 
Smoke-proof zone three:  
∆𝑃𝑃3=∆𝑃𝑃𝑚𝑚2 ∗ 𝑟𝑟1 + ∆𝑃𝑃𝑚𝑚1 ∗ 𝑟𝑟2=8.97*13.3+13.4*72.8= 
1100.03Pa 
Smoke-proof zone four:  
∆𝑃𝑃4=∆𝑃𝑃𝑚𝑚2 ∗ 𝑟𝑟1 + ∆𝑃𝑃𝑚𝑚1 ∗ 𝑟𝑟2=8.97*27+13.4*18.3= 
488.89Pa 
Smoke-proof zone five:  
∆𝑃𝑃5=∆𝑃𝑃𝑚𝑚2 ∗ 𝑟𝑟1 + ∆𝑃𝑃𝑚𝑚1 ∗ 𝑟𝑟2=8.97*27+13.4*14.8= 
114.76Pa 
5.2Calculation of Local Resistance of Smoke Exhaust 
Pipe 
Local resistance: the most unfavorable for the farthest 
smoke prevention on the pipeline. Smoke exhaust 
resistance + elbow + tapered pipe + fire damper + junction 
of branch pipe and main pipe 
Local pressure loss: When the air flows through the 
fittings and equipment of the air duct system, local 
resistance is generated when the vortex occurs due to the 
change of the air flow direction and the change of the flow 
rate. The energy loss caused by overcoming the local 
resistance becomes the local pressure loss. 

∆𝑃𝑃𝑖𝑖 =
𝜉𝜉𝜌𝜌𝑣𝑣2

2
 

𝜉𝜉- Local drag coefficient 
𝑣𝑣-low velocity where local pressure loss occurs 
𝜌𝜌-Air density 
5.2.1Local resistance in the first zone 
Tuyere:∆𝑃𝑃𝑖𝑖 = 1.95 ∗ 16.672 ∗ 1.293/2 = 350.33Pa 
Fire damper one: ∆𝑃𝑃𝑖𝑖 = 0.52 ∗ 16.672 ∗ 1.293/2 =
86.7Pa= 
Elbow: According to Table 6-1 of Engineering Fluid 
Mechanics 𝜉𝜉90° = 0.131 + 1.63 ∗ (𝑑𝑑

𝑅𝑅
)3.5 

d-Side length of elbow 
R-The radius of curvature of the pipe center 
Take the value of 𝑑𝑑

𝑅𝑅
 to 1 

𝜉𝜉90° = 0.131 + 0.163 = 0.294 

∆𝑃𝑃𝑖𝑖 =
𝜉𝜉𝜌𝜌𝑣𝑣2

2
= 0.294 ∗ 16.672 ∗

1.293
2

= 81.05 
5.2.2Local resistance in the second zone 
Tuyere: ∆𝑃𝑃𝑖𝑖=1.95*16.672*1.293/2=350.33Pa 
5.2.3Local resistance in the third zone 
Tuyere: ∆𝑃𝑃𝑖𝑖=1.95*16.672*1.293/2=350.33Pa 
5.2.4Local resistance in the fourth zone 
Tuyere: ∆𝑃𝑃𝑖𝑖=1.95*16.672*1.293/2=350.33Pa 
5.2.5Local resistance in the fifth zone 
Tuyere: ∆𝑃𝑃𝑖𝑖=1.95*16.672*1.293/2=350.33Pa 
5.3 Compensation duct pressure calculation 
Choose the best pipeline calculation: equivalent diameter 

of duct of 500*500mm pipe: de=0.5m 

𝑃𝑃𝑓𝑓 =
𝜆𝜆𝑝𝑝𝑟𝑟𝑣𝑣2

2𝑑𝑑𝑒𝑒
 

𝑃𝑃𝑓𝑓 = 2586𝑃𝑃𝑡𝑡 
6. SELECTION OF FAN AND SUPPORTING 
EQUIPMENT 
The maximum exhaust volume of the smoke-proof fan is 
6000m3/h, and the three zones have the greatest resistance. 
The third smoke-proof zone exhaust fan needs wind 
pressure = along the way resistance + local resistance of 
the exhaust outlet + local resistance of the elbow + local 
resistance of the fire damper = 
1000+350.33*3+81.05+86.07=2218.74Pa 
It can be seen from "Hanqing Wang, Ventilation 
Engineering, 2010" that the selection of the fan takes into 
account the air leakage of the air duct equipment and the 
inaccurate calculation of the resistance, and the fan should 
be selected after the air volume and pressure are corrected. 

𝑃𝑃𝑓𝑓 = 𝐾𝐾𝑝𝑝∆𝑃𝑃 
𝑞𝑞𝑣𝑣,𝑓𝑓 = 𝐾𝐾𝑝𝑝 ∗ 𝑞𝑞𝑣𝑣 

𝑃𝑃𝑓𝑓-The wind pressure of the fan 
𝐾𝐾𝑝𝑝-Additional coefficient of wind pressure, taking 1.1 
∆𝑃𝑃-Total system resistance 
𝑞𝑞𝑣𝑣,𝑓𝑓-The air volume of the fan 
𝐾𝐾𝑝𝑝-Additional coefficient of air volume 
𝑞𝑞𝑣𝑣-System total air volume 
6.1Choice of exhaust fan 
𝑃𝑃𝑓𝑓 = 𝐾𝐾𝑝𝑝∆𝑃𝑃 = 1.1 ∗ 2218.74 = 2440.6 
𝑞𝑞𝑣𝑣,𝑓𝑓 = 𝐾𝐾𝑝𝑝 ∗ 𝑞𝑞𝑣𝑣 = 1.1 ∗ 3000 = 33000 
According to the air pressure of 2440.6Pa and the air 
volume of 3300m3/h, the Y225s-4 centrifugal fan is 
selected, the speed is 1250r/min, the machine number is 
10.C, the air volume is 34863m3/h, and the total pressure 
is 2698Pa. 
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