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Abstract—There are many difficulties in the evaluation of the teaching 

quality of physical education (PE) in colleges: the evaluation factors are com-

plicated, the evaluation systems are incomplete, and the evaluation methods are 

not comprehensive enough. To overcome these difficulties, this paper introduc-

es analytic hierarchy process (AHP) to the evaluation of PE teaching quality in 

colleges. Firstly, the authors identified the influencing factors of PE teaching in 

colleges today. Next, an index system was established for the evaluation, and an 

evaluation model was set up based on the AHP and grey system theory (GST). 

Finally, our method was proved feasible through example analysis. The re-

search results provide new insights on the application of state-of-the-art theories 

in quality evaluation of higher education. 
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1 Introduction 

As a key aspect of quality education, physical education (PE) is a compulsory 

course in many colleges. The PE presents college students with a wide array of sports, 

making them more aware of the importance of physical fitness. Many colleges have 

strived to enhance the quality of PE teaching by reforming the PE courses [1-3]. 

With the rapid development of science, great changes have taken place in higher 

education. The models, philosophies, means and methods of higher education have 

been fully shaken up, raising higher requirements on educators [4-7]. Being a crucial 

link of higher education, PE teaching must also keep abreast of the times. 

Many scholars have explored the problems in PE teaching from multiple angles 

and levels. For example, Xu and Yao [8] analyzed several factors that affect the PE 

teaching in colleges, and proposed relevant countermeasures. Kwon & Block [9] in-

vestigated the training of PE teachers through adaptive PE e-learning. Lin et al. [10] 

discussed the innovative talent training model for PE majors. Forey & Cheung [11] 

examined the benefits of explicit language teaching for PE classroom learning. Bailey 

et al. [12] analyzed the effect of the “three independence” PE reform, and provided 

detailed countermeasures. The “three independence” means students are independent 

to choose class time, teachers and sports. Sum et al. [13] demonstrated how continu-
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ing professional development affects the sports literacy and self-efficacy of PE teach-

ers and the learning effect of students. 

To sum up, the existing studies mainly focus on the theories and strategies of the 

PE teaching process, without clearly identifying the essential factors affecting the PE 

teaching quality or creating an evaluation system for PE teaching quality. Traditional-

ly, several systemic analysis methods can make accurate reasoning under multiple 

influencing factors, namely, evidential reasoning (ER), genetic algorithms (GAs), and 

neural networks (NNs). However, the applicable scope of these methods is very lim-

ited, because they require complex mathematical models and a large sample size [14-

19]. 

Considering the factors affecting the quality of college PE teaching, this paper 

combines analytic hierarchy process (AHP) and grey system theory (GST) into a 

novel evaluation model for PE teaching quality in colleges [20-25]. 

The remainder of this paper is organized as follows: Section 2 analyzes the influ-

encing factors of PE teaching in colleges today; Section 3 clarifies the hierarchy of 

teaching quality evaluation for college PE, and sets up a comprehensive index system; 

Sections 4 constructs an evaluation model for college PE teaching quality; Section 5 

implements the AHP-based model in an actual case; Section 6 puts forward the con-

clusions. 

2 Analysis of Influencing Factors of Current College Students' 

Physical Education 

After consulted scholars engaged in PE teaching and higher education related 

fields, this paper applied questionnaire survey, expert interviews, literature reviews 

and other methods to explore and analyze the factors influencing the PE teaching in 

current colleges and universities, which are summarized as follows. 

2.1 Unsubstantial PE faculty 

In higher education, physical education is often less valued than other majors or 

disciplines. Especially in terms of faculty construction, the colleges’ investment is 

usually insufficient, which has affected the faculty level and the teaching ability of 

college PE teachers. The quality of the faculty is the prerequisite and guarantee for 

improving the quality of physical education in colleges and universities. Without a 

first-level PE faculty, we can hardly cultivate PE students with top professional quali-

ties. Therefore, optimizing college PE faculty level is crucial for guaranteeing the PE 

teaching quality of college students.  

2.2 Out-dated PE teaching mode 

Current PE teaching mode emphasizes on the traditional test-oriented teaching 

method, which adopts the doctrinaire knowledge teaching mode or mechanically 

combines PE major textbook content with a few body movements, while ignoring the 
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quality education’s requirements on PE teaching development, and resulting in that 

the teaching idea is out of touch with the pace of the times. At the same time, current 

PE teaching mode fails to effectively utilize advanced modern technologies, so there 

is still a big room to improve the teaching mode. Therefore, improving the existing 

teaching mode to make it keep up with the development pace of the times is one of 

the important means to improve the quality of college PE teaching. 

2.3 Insufficient ability to reform PE teaching 

By analyzing the survey results we can know that, current college PE teaching 

textbooks, syllabus, facilities and platforms haven’t been updated for decades; and 

these changeless PE teaching infrastructures and groovelike teaching philosophy had 

deprived college PE teaching from vitalities and vividness. At the same time, although 

a few colleges have reformed their PE teaching textbooks, syllabus, facilities and 

platforms to some extent, but their measures are often aimless, making the PE teach-

ing even more disorderly. Every new school leader brings a different idea to PE teach-

ing, so the colleges do not have the ability to reform the PE teaching systematically. 

Therefore, improving the ability to reform PE teaching and systematically undertak-

ing the teaching reform projects in a targeted manner is conductive to improving col-

lege PE teaching quality. 

2.4 Unreasonable PE curriculum planning 

The unreasonable PE curriculum planning has two meanings, one meaning is that 

the PE teaching content is not formulated according to the different learning stages, 

and the systematic and logical problems in the curriculum planning make the PE ma-

jor knowledge fail to combine with the acceptability of the students; the other mean-

ing is that the randomness of the PE teaching content fails to organically integrate 

with the PE teaching syllabus, and the progress of PE lessons can hardly be guaran-

teed, which is a very important factor affecting the quality of PE teaching.  

2.5 Disconnected PE teaching practice and theories 

It can be seen from the survey results that current college PE teaching mostly fo-

cuses on theoretical knowledge indoctrination. The teaching of basic knowledges such 

as PE concepts, skills, technics and terms is methodical and systematic. But if the 

theoretical knowledge fails to integrate with PE practice and the practice can’t be 

verified by theoretical knowledge, these knowledges can only exist on the paper, 

which is neither conducive for students to digest the knowledge nor to improve their 

physical fitness. To this end, improving the integration of practice and theory in phys-

ical education is an important condition for ensuring the quality of PE teaching. 
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2.6 Low awareness of social service in PE teaching 

The goal of higher education is the quality education of college students, so the PE 

teaching should be conducted around this target as well. The ultimate goal of quality 

education is to serve the society; therefore, PE teaching should not be limited to the 

cultivation of PE knowledge and skills, it also should cultivate college students to 

serve the society from the aspects of sports culture, sports ethics, and sports concepts, 

etc., making them have the social service-oriented PE quality. 

2.7 Poor integration of industry-university-research in PE teaching 

In physical education, the so-called degree of industry-university-research coopera-

tion refers to the degree of effective integration of the PE teaching, PE research and 

sports industry. As mentioned above, the ultimate goal of physical education is to 

serve the society, the sports industry is the joint point of PE teaching and the society, 

and the development of sports industry cannot be separated from the promotion of PE 

research. It can be seen that good interaction and integration of PE teaching, PE re-

search and sports industry are the catalyst for promoting the quality of PE teaching. 

2.8 Improper settings of management organizations and systems of PE 

teaching 

At present, the setting of management organizations and systems of college PE 

teaching often has problems such as redundant organizations, unclear subjects of 

liability, cumbersome administrative affairs, unsystematic teaching management pro-

cedures, etc., resulting in inefficient PE teaching management organizations, and 

failing to providing effective support to PE teaching. However, such institutionalized 

and formalized settings of college PE teaching management organizations and sys-

tems are generally test-oriented, which is unsuitable for quality physical education. 

Therefore, to ensure good PE teaching quality, it’s necessary to have properly-set PE 

teaching management organizations and systems. 

2.9 Imperfect PE teaching evaluation systems and methods 

If we want to find out the weak links in college PE teaching and take correspond-

ing measures to improve them, we must have effective PE teaching evaluation sys-

tems and a set of methods. However, due to the influence of various factors in college 

PE teaching, the cultivation requirements and standards of college PE teaching are 

changing constantly with the progress of the times. Therefore, the PE teaching evalua-

tion systems and methods should be improved and perfected continuously, so that 

they could better adapt to the PE teaching quality evaluation and analysis in contem-

porary colleges and universities, and thereby effectively improving the quality of 

college PE teaching.  
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3 AHP-Based College Student PE Teaching Quality Evaluation 

System 

3.1 Principles for the selection of PE teaching quality evaluation indices 

After analyzing the influencing factors of college PE teaching, we’ll need to select 

a few indices for the evaluation of the college PE teaching quality. Since the influenc-

ing factors of PE teaching are quite complex and varied, to ensure the evaluation ef-

fect of college PE teaching quality, there are several principles that should be fol-

lowed for the selection of PE teaching quality evaluation indices.  

Scientific and rational principle: The selected evaluation indices for the college 

PE teaching quality should have clear scientific significance, and can reasonably and 

accurately express the inherent meaning of PE teaching quality. Meanwhile, the eval-

uation indices should have clear logic and hierarchical relationships, so as to truly 

reflect the essential problems in the quality of PE teaching.  

Authentic and objective principle: The selected evaluation indices for the college 

PE teaching quality should be based on the objective and actual situations in the col-

lege PE teaching process, and can authentically reflect the main influencing factors of 

the college PE teaching quality, thereby ensuring the authenticity and reliability of 

college PE teaching quality evaluation.  

Typical principle: The evaluation of PE teaching quality is a complex decision-

making process with multiple factors, if all influencing factors are taken as the evalua-

tion indices for the evaluation of PE teaching quality, the decision-making process 

would be too complicated, and it’s hard to obtain effective decision-making results. 

Therefore, in view of integrity and completeness, the selected evaluation indices 

should be typical and representative.  

Quantifiable principle: Taking account of the diverse features of the evaluation 

indices of college PE teaching quality, to ensure good quantification effect of the 

evaluation results, when selecting the evaluation indices, it’s necessary to make sure 

that the selected indices are highly convertible, so as to ensure the operability of the 

evaluation results of college PE teaching quality.  

3.2 Construction of PE teaching quality evaluation system 

Following the above principles and based the analysis of the influencing factors of 

college PE teaching quality, the authors constructed a novel college student PE teach-

ing quality evaluation system from four aspects, namely: the ability to guarantee PE 

teaching infrastructures, the implementation effect of PE teaching; the ability to re-

form PE teaching; and the outcome of PE teaching. 

The ability to guarantee PE teaching infrastructures, C1: This evaluation crite-

rion is mainly to examine the college’s ability to make sure of its basic conditions for 

the college PE teaching activities, and this is a prerequisite for guaranteeing the PE 

teaching quality of colleges and universities. Therefore, in the process of college PE 

teaching, we need to guarantee the PE teaching infrastructures in colleges and univer-
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sities, including the PE teaching input C11, PE faculty level C12, PE faulty construc-

tion C13, PE infrastructure construction C14, and PE administration rationality C15.  

Implementation effect of PE teaching, C2: This evaluation criterion is mainly to 

examine the relevant factors affecting the PE teaching quality during the implementa-

tion of PE teaching, it’s a main link for ensuring the quality of college PE teaching, 

therefore, the implementation effect of relevant links in PE teaching must be guaran-

teed, including the advancement of PE teaching mode C21, the rationality of PE 

teaching planning C22, the practicality of PE teaching C23, and the intelligent PE 

teaching methods C24.  

Ability to reform PE teaching, C3: This evaluation criterion is mainly to examine 

the college’s ability to reform and innovate PE teaching, it is an impetus for improv-

ing the quality of college PE teaching, therefore, we should actively carry out PE 

teaching reform works and enhance the ability to reform and innovate college PE 

teaching, including: PE teaching idea reform and innovation C31, ability to integrate 

PE teaching, PE research and sports industry C32, PE teaching content reform and 

innovation C33, and the ability to convert PE teaching reform results C34.  

Outcome of PE teaching, C4: This evaluation criterion is mainly to examine the 

outcome of college PE teaching, which is the most direct reflection of the quality of 

college PE teaching, moreover, it can also reflect the implementation effects of the PE 

teaching reform links, therefore, it plays an irreplaceable role in the effective evalua-

tion of PE teaching quality, including: the students’ sport skill excellent rate C41, the 

students’ PE research ability C42, the students’ PE quality qualification rate C43, the 

students’ PE culture awareness C44, the students’ PE social service satisfaction C45, 

and the students’ PE innovation ability C46.  

4 Evaluation model of College student PE Teaching Quality  

4.1 AHP-based weight analysis 

After the AHP-based PE teaching quality evaluation system was constructed, we 

need to conduct weight analysis on the evaluation indices of the evaluation system. In 

order to construct judgment matrices for the evaluation indices under different hierar-

chies, and thereby obtaining the corresponding weight values, this paper adopted the 

1-9 scaling method to assign values to the evaluation indices. The 1-9 scales charac-

terize the relative importance of each pair of evaluation indices. If the importance 

degree of index ci relative to index cj is rij, then its specific meaning is listed below in 

Table 1. 
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Table 1.  Scale values and their meanings 

Scale value rij Meanings 

1 Index ci and index cj are equally important. 

3 Index ci is slightly more important than index cj. 

5 Index ci is more important than index cj. 

7 Index ci is much more important than index cj. 

9 Index ci is extremely more important than index cj. 

2/4/6/8 The importance of index ci relative to index cj is between the adjacent two status. 

1/rij The derivative of rij, it indicates the importance of index ci relative to index cj. 

 

Assuming there are n evaluation indices in a certain hierarchy of the PE teaching 

quality evaluation system, by referring to expert opinions, scale values of 1-9 had 

been assigned to the evaluation indices, obtaining a judgment matrix R of the n evalu-

ation indices as:  

 
1

11 1j 1n

i1 ij in

n nj nn

r r r

r r r

r r r

 
 
 
 =
 
 
 
 

R

 (1) 

Based on the constructed judgment matrix R, we can obtain the maximum eigen-

value 𝜆𝑚𝑎𝑥(𝑹) and the corresponding eigenvector 𝑊(𝑹)of the matrix, and thereby 

obtaining the consistency index 𝐶𝐼(𝑹) of the judgment matrix R as: 

 

( )
( )

1

max n
CI

n

 −
=

−

R
R

 (2) 

Using the number of the evaluation indices, namely the value of n to look up in the 

scale value table of the average random consistency index RI, and obtain the con-

sistency ratio parameter CR(R) of the judgment matrix R: 

 
( ) ( ) /CR CI RI=R R

 (3) 

If the consistency ratio parameter CR(R) of the judgment matrix R satisfies the fol-

lowing conditions, namely: 

 
( ) 0.1CR R

 (4) 

It indicates that the consistency of the judgment matrix R is appropriate. Other-

wise, it indicates that the consistency of the judgment matrix R does not meet the 

requirements, and the scale value rij needs to be re-assigned until the consistency of 
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the judgment matrix R meets the requirements, and thereby obtaining the index 

weight sequence corresponding to the eigenvector 𝑊(𝑹), which is: 

 
( )  1, , ,i nW w w w=R

 (5) 

4.2 GRA process 

From the construction process of the above-mentioned PE teaching quality evalua-

tion system, it can be seen that the system has a hierarchical structure, and each hier-

archy has several evaluation indices; and for each index in this hierarchy, its influence 

on the PE teaching quality is divided into several status. Suppose the PE teaching 

quality evaluation has m status, for the j-th evaluation status of the i-th evaluation 

index, the corresponding optimal status value is vij, the n evaluation indices form an 

optimal status sequence Vj with respect to the j-th evaluation status: 

 
 j 1j ij njv , ,v , ,v=V

 (6) 

If there is an evaluation object P, for its i-th evaluation index, the corresponding 

value is viP; assuming viP and vij are converted values with a unified scale, then the 

gray relational coefficient of the evaluation object P and the optimal status sequence 

Vj with respect to the i-th evaluation index is: 

 

1 1 1 1

1 1

iP ij iP ij
i m j n i m j n

ij

iP ij iP ij
i m j n

min min v v max max v v

v v max max v v






       

   

− + −
=

− + −
 (7) 

where, i=1, 2, ⋯, n; j=1, 2, ⋯, m; ρ is the identification coefficient of GRA, 𝜌 ∈

[0,1], generally, ρ=0.5. 

4.3 Model implementation 

The weight of the PE teaching quality evaluation indices under different hierar-

chical structures obtained based on AHP is 𝑤𝑖 ; and the gray relational coefficient 

between different PE teaching quality evaluation indices and evaluation status ob-

tained based on GRA is 𝛿𝑖𝑗, then the weighted gray relational 𝜙𝑗 between the evalua-

tion object P and the optimal status sequence Vj is: 

 j 1 1j i ij n njw * w w   = +  + + 
 (8) 

If there is: 

 
 1, , , ,k j mmax   =

，1 ,k j m 
 (9) 
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It indicates that the evaluation object P has the highest correlation with the optimal 

status sequence Vj. Therefore, the evaluation level of the PE teaching quality of eval-

uation object P is the k-th level. 

In summary, the implementation process of the PE teaching quality evaluation 

model based on AHP is shown as Figure 1 below. 

Analyze the influencing factors of PE 

teaching

Evaluation standards of PE teaching quality

Selection principles for the evaluation 
indices of PE teaching quality

Questionnaire 

survey

Literature 

review

Expert 

interview

Data induction

Construction of evaluation system of PE 

teaching quality

Evaluation status division

AHP-based valuation index weight

GRA model of PE teaching quality

Obtain weighted grey relational degree

Obtain the evaluation status of the evaluation 

object of PE teaching quality
 

Fig. 1. Flow of the AHP-based PE teaching quality evaluation model 
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5 Case Study 

By referring to the opinions of relevant experts and combining with the actual situ-

ations in the analysis of the PE teaching quality, this paper divided the PE teaching 

quality evaluation into three modes, namely: high-level teaching quality LH, medium-

level teaching quality LM, and low-level teaching quality LL, therefore, for each 

evaluation index of PE teaching quality, there are three status: high influence on PE 

teaching quality; medium influence on PE teaching quality; and low influence on PE 

teaching quality; and the corresponding value of the optimal status was 1.0, 0.8, and 

0.6, respectively. Through AHP, the weights of the indices under different hierar-

chical structures can be obtained, the specific results are shown in Table 2 below.  

Table 2.  AHP-based index weight 

Indices Judgement matrices Weights 

1C , 2C , 3C , 4C  

1 2 3 2

1
1 2 1

2

1 1 1
1

3 2 2

1
1 2 1

2

C

 
 
 
 
 =
 
 
 
 
 

R  

0.424

0.227

0.122

0.227

 

11c , 12c , 13c , 14c , 15c  

1 1 1
1 2

4 2 3

4 1 2 2 7

1 1
2 1 3

2 2

1
3 2 1 5

2

1 1 1 1
1

2 7 3 5

1C

 
 
 
 
 
 

=  
 
 
 
 
 
 

R  

0.096

0.407

0.171

0.272

0.054

 

21c , 22c , 23c , 24c  

1 2 3 5

1
1 2 3

2

1 1
1 2

3 2

1 1 1
1

5 3 2

2C

 
 
 
 
 =
 
 
 
 
 

R  

0.483

0.272

0.157

0.088
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31c , 32c , 33c , 34c  

1 2 1 5

1 1
1 3

2 2

1 2 1 5

1 1 1
1

5 3 5

3C

 
 
 
 

=  
 
 
  

R  

0.368

0.193

0.368

0.071

 

41c , 42c , 43c , 44c , 45c , 46c  

1 1 1 1 1
1

2 3 3 2 3

2 1
2 1 1 2

3 2

3
3 1 2 3 1

2

1 2
3 1 1 2

2 3

1 1 1 1
2 1

2 3 2 2

3
3 2 1 2 1

2

4C

 
 
 
 
 
 
 
 

=  
 
 
 
 
 
 
 
 

R  

0.069

0.158

0.261

0.169

0.100

0.243

 

Table 3.  Weighted grey relational coefficients 

Indices Converted values LH LM LL 

𝑐11 0.825 0.054 0.096 0.047 

𝑐12 0.940 0.345 0.256 0.157 

𝑐13 0.660 0.065 0.108 0.145 

𝑐14 0.850 0.166 0.241 0.126 

𝑐15 0.735 0.024 0.045 0.034 

𝑐21 0.620 0.161 0.248 0.437 

𝑐22 0.800 0.133 0.272 0.133 

𝑐23 0.685 0.059 0.098 0.108 

𝑐24 0.800 0.043 0.088 0.043 

𝑐31 0.750 0.202 0.337 0.253 

𝑐32 0.500 0.071 0.097 0.152 

𝑐33 0.625 0.162 0.238 0.368 

𝑐34 0.500 0.026 0.036 0.056 

𝑐41 0.875 0.040 0.048 0.027 

𝑐42 0.680 0.056 0.094 0.108 

𝑐43 0.800 0.122 0.261 0.122 

𝑐44 0.700 0.062 0.108 0.108 

𝑐45 0.950 0.078 0.054 0.033 

𝑐46 0.780 0.108 0.218 0.120 

 

The obtained values of the evaluation object were converted to obtain values with 

uniform metrics. By applying the PE teaching quality GRA model proposed in this 
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paper, the weighted gray relational coefficients between the evaluation indices and the 

evaluation status under different hierarchical structures were obtained. The specific 

results are shown in Table 3. 

According to the PE teaching quality grey relational calculation model proposed in 

this paper, the obtained weighted grey relational degree between the evaluation object 

and the evaluation status is: 𝜙𝐿𝐻 = 0.529, 𝜙𝐿𝑀 = 0.740 and 𝜙𝐿𝐿 = 0.598. It can be 

seen that the current PE teaching quality of the evaluation object belongs to the LM 

status.  

6 Conclusion 

The paper analyzed the influencing factors of the PE teaching quality in current 

colleges and universities, it gave relevant principles for the selection of evaluation 

indices of the college PE teaching quality, and constructed an evaluation system with 

hierarchical structures to assess the college PE teaching quality. Aiming at the con-

structed college PE teaching quality evaluation model, this paper combined AHP with 

GRA to propose an improved college PE teaching quality evaluation model, and used 

a practical example to verify it. The research results showed that the proposed method 

has good feasibility and operability, and it is an extension of the existing research 

results, which has a good reference significance for the analysis of complex systems 

with similar processing procedures. 
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