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Abstract—In recent years, music teaching in higher education has developed 

quickly, and attracted more and more attention. However, there is not yet a 

mature method to evaluate the education and teaching (ET) effect of music 

teaching in colleges. To solve the problem, this paper combines modern 

information technology and fuzzy comprehensive evaluation (FCE) to design and 

realize a FCE system for assessing the ET effect of music teaching in higher 

education. Firstly, the functional and non-functional requirements of the system 

were analyzed in detail. On this basis, the overall architecture and functional 

modules of the system were designed and realized. Application results show that 

the proposed system operated stably, and met the needs of ET effect evaluation. 

The research results are of theoretical and practical significance to the promotion 

of information-based teaching evaluation, the enhancement of management 

efficiency and quality, and the improvement of ET effect of music teaching in 

colleges. 

Keywords—music, education and teaching (ET) effect, fuzzy comprehensive 

evaluation (FCE), design and realization 

1 Introduction 

The music teaching in higher education is very important for cultivating students’ 

sentiments and improving their artistic literacy and aesthetic ability. In China, the music 

teaching in higher education started late, but it develops very fast in recent years and 

receives more and more attention from people, however, survey reveals that the various 

links of music teaching in higher education are incomplete and immature [1]. ET effect 

evaluation is a key link and a hard work, and developing a sound ET effect evaluation 

system can effectively solve this problem [2], so how to develop a scientific, reasona-

ble, and adaptable ET effect evaluation system is an issue that should be addressed and 

solved for improving the teaching quality and management work efficiency of music 

class in higher education.  

With the penetration of information technology in modern education, informatized 

teaching is now an inevitable trend in the field, and many field scholars and experts 

have conducted all kinds of research on how to apply information technology to assist 
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classroom teaching and improve its quality and they have achieved remarkable results 

[3]. In some foreign countries, the research on ET effect evaluation started earlier, and 

a few of them have built mature and complete ET effect evaluation systems, such as 

British, America, and Japan have formulated unified and standardized requirements for 

teaching quality management [4]. In China, existing works concerning ET quality and 

effect evaluation are mostly theoretical discussions, most of the field scholars focused 

on aspects such as the content and structure of ET effect evaluation indicators, and they 

built various evaluation systems [5]. Principal component analysis (PCA), analytic hi-

erarchy process (AHP), BP neural network, and fuzzy comprehensive evaluation (FCE) 

are common methods adopted in ET effect evaluation in the Chinese academic circle 

[6-12]. Among the four, FCE is a comprehensive evaluation method established based 

on fuzzy mathematics, it can effectively solve fuzzy decision-making questions with 

multiple factors that are hard to quantify; since it can convert qualitative evaluation into 

quantitative evaluation, the method is very suitable for solving various non-determin-

istic problems [13]. Due to these merits, FCE has been widely used in ET effect evalu-

ation studies, however, after carefully reviewing relevant literatures, it’s found that few 

researches have applied it to studying the ET effect evaluation of music teaching in 

higher education in China [14]. 

Out of these concerns, this paper took the ET effect evaluation of music teaching in 

higher education as the entry point, drawing on the FCE method, this paper designs and 

develops a FCE system for assessing the ET effect of music teaching in higher educa-

tion, elaborates the design of the FCE-based ET effect evaluation model of music teach-

ing in higher education; then, the paper analyzes the functional requirements of the 

system, and determines the overall architecture of the ET effect evaluation system and 

its function modules. The proposed system and model could contribute to improving 

the teaching quality and management efficiency of music teaching in higher education.  

2 Modeling 

2.1 EIS proposal 

The ET effect evaluation of music teaching in higher education is to evaluate each 

kind of objects that appear during the teaching process, and it is an important means to 

propel students to grow and develop, and to improve the teaching quality of teachers 

[15]. Referring to relevant teaching effect evaluation studies, existing teaching quality 

evaluation indicator systems, and the characteristics of music teaching in higher edu-

cation, an FCE-based EIS was established for the music teaching in higher education, 

as shown in Table 1 [16]. 
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Table 1.  The proposed FCE-based EIS 

Evaluation 

index 
First-level index Weight Second-level index Weight 

Teaching ef-

fect X  

Teaching objectives X1 w1 

Reflect the requirements of the syllabus and 
the characteristics of music teaching X11 

w11 

Clear goals, throughout, in line with the 

cognitive law of college students X12 
w12 

Teaching content X2 w2 

Teaching content meets the requirements of 

teaching objectives X21 
w21 

The content arrangement is scientific and 
reasonable, close to the age of the students, 

and combines theory and practice X22 

w22 

The key points and difficulties of teaching 
are handled properly X23 

w22 

Teaching method X3 w3 

Flexible and targeted X31 w31 

Teach students in accordance with their ap-

titude, focus on inspiration and inducement, 

have individuality and creativity X32 

w32 

Reasonable use of auxiliary teaching facili-
ties (such as musical instruments, multime-

dia, etc.) to stimulate students' interest in 

learning X33 

w33 

Teaching skills X4 w4 

Whether the music learning demonstration 
is proficient, natural, and contagious X41 

w41 

Clear language, fluent and expressive X42 w42 

Natural teaching attitude, dignified appear-

ance X43 
w43 

Teaching effect X5 w5 

Achieve the expected teaching goals and 

the teaching quality is good X51 
w51 

Pay attention to the cultivation of students' 
music aesthetic ability, creative ability and 

thinking ability X52 

w52 

Students can better master music 

knowledge and skills X53 
w53 

The classroom atmosphere is good, teach-
ers and students interact with each other 

X54 

w54 

2.2 Index weight value determination 

Since the ET effect evaluation data sets contain large data volume and the score of 

ET effect is a discrete variable, in order to avoid the influence of subjective factors and 

improve the efficiency and accuracy of data separation, this paper adopted the K-means 

algorithm in machine learning as the classification algorithm; before applying it, the K-

means algorithm had been optimized to overcome the traditional K-means algorithm’s 

inability to solve the problem of the discrete vector of ET effect score that is distributed 

in 0-1 [17]. 

 

iJET ‒ Vol. 16, No. 22, 2021 61



Paper—Design and Realization of a Fuzzy Comprehensive Evaluation System for Music Teaching in… 

Application of the optimized K-means algorithm in the ET effect evaluation 

system. First, the data sets were processed; a single evaluation result can be expressed 

as: 

 ( )11 12 21 54, ,kX X X X X=  (1) 

where, 𝑋𝑘⃗⃗⃗⃗  ⃗ represents the k-th evaluation result in the evaluation process. 

Multiple evaluation results were combined to get the dataset matrix X as: 

 

1 111 154

11 54n nn

X X X

X

X XX

 
 

= =
 
  

 (2) 

Second, four vectors 𝑛𝐷⃗⃗⃗⃗  ⃗, 𝑛𝐸⃗⃗⃗⃗  ⃗, 𝑛𝐹⃗⃗⃗⃗  ⃗, and 𝑛𝐺⃗⃗⃗⃗  ⃗ were used to represent four random vec-

tors that are relatively close to the focus point (1, 1, ... 1). 

Third, Formula 3 was used to calculate the Euclidean distance from each single vec-

tor to 𝑛𝐷⃗⃗⃗⃗  ⃗, 𝑛𝐸⃗⃗⃗⃗  ⃗, 𝑛𝐹⃗⃗⃗⃗  ⃗, and 𝑛𝐺⃗⃗⃗⃗  ⃗, and the minimum value was taken; then, each data point in 

set X was assigned to the cluster closest to it, namely the four grades of excellent(D), 

good(E), medium(F), and qualified(G) [18]. 

 ( , )i i i id x n x n= −  (3) 

Table 2 shows the evaluation score intervals and the four corresponding grades. 

Table 2.  Evaluation score intervals and grades 

Score Grade 

0.9-1 Excellent 

0.8-0.9 Good 

0.6-0.8 Medium 

0.1-0.6 Qualified 

 

According to formulas (4)-(6), vectors 𝑛𝐷⃗⃗⃗⃗  ⃗, 𝑛𝐸⃗⃗⃗⃗  ⃗, 𝑛𝐹⃗⃗⃗⃗  ⃗, and 𝑛𝐺⃗⃗⃗⃗  ⃗ updated until the cluster 

identification vector 𝑛⃗  no longer changed [19]. 
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where, the numbers of vectors in vector sets D, E, F, and G were represented by 

𝑐𝑟𝑎𝑑(𝐷), 𝑐𝑟𝑎𝑑(𝐸), 𝑐𝑟𝑎𝑑(𝐹), and 𝑐𝑟𝑎𝑑(𝐺), respectively. 

Weight value determination. Formula (8) was used to determine the weight values 

of indexes at all levels [20]. 
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   (8) 

where, 𝜇 and 𝜆 were respectively calculated from the mean and variance of the sam-

ples. 

Evaluation of ET effect. According to the above text, the weight values of indexes 

at all levels could be calculated: 

 1 2 3 4 5( , , , , )X w w w w w=  (9) 

 1 11 12( , )X w w=  (10) 

 2 21 22 23( , , )X w w w=  (11) 

 3 31 32 33( , , )X w w w=  (12) 

 4 41 42 43( , , )X w w w=  (13) 

 5 51 52 53 54( , , , )X w w w w=  (14) 

The teacher evaluation result was assumed to be: 

 1 2 3 4( , , , )ir t t t t=  (15) 

1 2 3 4, , ,t t t t represented the proportions of the four grades (excellent, good, medium, 

qualified), 𝑟𝑖⃗⃗⃗   represented the i-th second-level index. 

Ri represented the evaluation matrix of first-level evaluation index Xi (i=1,2,3,4,5). 

 

1

i
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r

R

r

 
 
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 (16) 

The data was normalized, after calculation, the weight vector of Xi was obtained as: 

 1 2 3 4( , , , )i i iw X R b b b b=  =  (17) 
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where, 𝑏1, 𝑏2, 𝑏3, 𝑏4 represented the probability values of first-level indexes be-

longing to the four grades (excellent, good, medium, qualified). 

In the same way, the weight vectors 𝑤2⃗⃗⃗⃗  ⃗, 𝑤3⃗⃗⃗⃗  ⃗, 𝑤4⃗⃗⃗⃗  ⃗,𝑤5⃗⃗⃗⃗  ⃗ of X2, X3, X4, X5 were calculated 

as well. 

Above steps were repeated until the weight vecotr of the comprehensive evaluation 

index X was obtianed: 
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w
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 (18) 

The principle of the maximum degree of membership was taken as the final evalua-

tion criterion: 

  max i

si S

Score s


=  (19) 

Through the above calculation process of the proposed FCE model, the weight val-

ues of the corresponding evaluation indexes, and the final evaluation results of the ob-

jects could be obtained. 

3 Design and realization of the FCE system for music teaching 

in higher education 

3.1 System requirement analysis  

Functional requirements . The proposed system was developed based on the idea 

of function modularization. According to the survey and research results of engaged 

teachers and teaching work administrators, this paper designed a FCE system for as-

sessing the ET effect of music teaching in higher education, and the system is consisted 

of five main modules, as shown in Figure 1 [21]. 
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Teaching effect 
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User login module
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Expert

Basic data maintenance 

module

Teaching effect evaluation 

module

System 

administrator

Teacher 

Information

Course information

Student information

Teaching evaluation 

program settings

Evaluation result statistics 

query module

System Settings 

Management Module

Inquire

Print

 

Fig. 1. Function modules of the proposed system 

User login module. The proposed evaluation system involves three parts: student 

evaluation, teacher self-evaluation, and expert evaluation. To ensure normal and stable 

operation, the system needs maintenance and management, therefore, besides student 

users, teacher users, and expert users, the system also needs administrator users. To 

ensure system safety and prevent private data leakage, all types of users are required to 

enter the correct username and password and they could only access to corresponding 

authorized interfaces after passing system verification, then they could perform various 

operations such as changing the personal profile or password, giving ET effect evalua-

tion, and managing and maintaining the system, etc. [22]. 
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Basic data maintenance module. Since teachers’ teaching tasks and lecturing classes 

are different in each semester, before giving ET effect evaluation, the system adminis-

trators and teachers should update basic data such as the information of teachers, stu-

dents, and courses. Besides, the EIS isn’t static, but should be modified regularly ac-

cording to the actual teaching situations, such as adding or deleting evaluation indexes, 

or altering the content of evaluation indexes, or inputting the weight values of evalua-

tion indexes, etc. [23]. 

Teaching effect evaluation module. This module is the core function module in the 

proposed system, after logging in to the system, students, teachers, and experts could 

enter this module and give online evaluation to the ET effect of teachers according to 

the evaluation indexes that had been already input in the system; after finishing the 

evaluation, the evaluation results are submitted to the system, and a database of ET 

effect evaluation could be formed; then, the system will assess the ET effect of teachers 

according to the designed FCE model and give the final quantified evaluation grades 

[24]. 

Evaluation result statistics and query module. After finishing ET effect evaluation, 

the system will automatically count and analyze the teaching effect evaluation of teach-

ers, teachers, experts, and school management staffs who have participated in the eval-

uation could query the ET effect evaluation results and history evaluation records. The 

system also provides users with the function to query the evaluation results under dif-

ferent statistical conditions, such as you can query the evaluation results of a teacher in 

different years, different classes, or in different courses, etc., in this way, comparison 

of the teacher’s performance could be carried out horizontally and/or vertically; more-

over, the system can also print out the evaluation results.  

System configuration and management module. System administrators are the main 

users of the system configuration and management module. They can use this module 

to manage the users, user rights, and system log information, etc., so as to ensure safe 

and stable system operation and satisfy functional requirements of different users. Of 

course, other users can also make simple settings using this module, but it’s only limited 

to the setting of their personal information and personalized interface.  

Non-functional requirements. In addition to ensuring safe and stable operation of 

system functions, the system should have well-designed operation interfaces, the oper-

ation process shouldn’t be too complicated, users should be able to operate the system 

easily; moreover, the system’s maximum number of concurrent users should be greater 

than 200 to ensure that multiple users can log in to the system at the same time to give 

ET effect evaluation. At last, the system should also have a good compatibility to con-

nect with other campus systems (such as student profile management system, or the 

educational administration system, etc.). 

3.2 Overall architecture of the proposed system 

To facilitate users to give ET effect evaluation anywhere, anytime, on campus, or 

off campus, the proposed system adopted a three-layer BS structure, as shown in Figure 

2 [25]. 
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Fig. 2. Overall architecture of the proposed system 

3.3 Design and implementation of system function modules 

Due to limited space, this paper took the student evaluation and evaluation result 

statistics and analysis functions in the core module, the teaching effect evaluation mod-

ule as an example to introduce the design of the module and its realization.  

Student evaluation. A student user enters the right username and password and se-

lects the corresponding user type, then he/she enters the personal main page, selects the 

teaching effect evaluation module, and gives evaluation on teachers who need to be 

evaluated, after completing the evaluation, the results are submitted, and the system 

automatically judges the data validity of the submitted results, if there’s missing con-

tent, the system will alert and ask the student to answer again, if the validity check is 

past, the results are submitted successively. If there’s an error in the username or pass-

word, the system will pop up a prompt to tell the user that he/she cannot enter the sys-

tem. Figure 3 shows the activity flow of the student teaching effect evaluation module. 

Figure 4 shows the system login interface. Figure 5 shows the student evaluation inter-

face. 
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Fig. 3. Activity flow of the student teaching effect evaluation module 

 

Fig. 4. System login interface 
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Fig. 5. Student evaluation interface 

Statistics and analysis of evaluation results. After all student evaluations, expert 

evaluations and teacher self-evaluations are completed, the system will store relevant 

data and analyze the teaching effect results of the teachers. Administrators, teachers, 

and experts can log in to the system to query the evaluation results, and they can com-

pare and analyze the results of multiple teachers. After selecting evaluation conditions, 

users can get the corresponding evaluation interface. Figure 6 shows the basic flow of 

the statistics and analysis of the evaluation results. 

Figure 7 shows the statistics and analysis interface of the evaluation results of dif-

ferent teachers who teach a same course, if administrators or experts want to check the 

specific differences among teachers, they can click to view the scores of each item of 

the teachers. 

Start evaluation analysis

Whether there is data

Display evaluation analysis 

results

The end

Yes

No

Choose a teacher

Start

 Fig. 6. Basic flow of statistics and analysis of evaluation results 
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Fig. 7. Statistics and analysis interface of evaluation results of different teachers teaching a 

same course 

4 Conclusions 

Based on FCE theory, this paper designed and implemented a FCE system for as-

sessing the ET effect of music teaching in higher education, and obtained following 

conclusions: 

1. This paper constructed an EIS and a FCE model for assessing the ET effect of music 

teaching in higher education.  

2. This paper analyzed the functional and non-functional requirements of the system, 

divided the system into five functional modules, and designed the overall architec-

ture of the system. 

3. Taking the student evaluation and evaluation result statistics and analysis functions 

in the core module, the teaching effect evaluation module as an example, this paper 

introduced the design of the module and its realization in detail, and the results 

showed that the system could operate normally and stably, and it could meet the 

requirements of the evaluation of the ET effect of music teaching in higher educa-

tion. 
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