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Abstract—For physical education (PE) in colleges, the evaluation of the
teaching quality is affected by various fuzzy and uncertain factors. Therefore,
this paper probes deep into the fuzzy evaluation of the teaching quality of col-
lege PE, using analytic hierarchy process (AHP), fuzzy system theory and grey
theory. Firstly, the factors affecting the teaching quality of college PE were ana-
lyzed theoretically, and the keys to improving that teaching quality were clari-
fied. On this basis, the authors established an evaluation index system and a
fuzzy evaluation model for the teaching quality of college PE. The proposed
fuzzy evaluation model serves an innovative tool to evaluate the teaching quali-
ty of college PE. Apart from effective measurement of the teaching quality, the
proposed model provides an important reference for improving the teaching
quality of college PE.

Keywords—Teaching quality; physical education (PE), colleges, analytic hier-
archy process (AHP), fuzzy evaluation

1 Introduction

Modern higher education attaches great importance to students' comprehensive
quality, it aims not only to train them to have a solid professional knowledge reserves,
but also explore their potentials in their professions; especially during the implemen-
tation of quality education, the training of comprehensive quality has become particu-
larly important, and the requirement for such training is now an urgent need in mod-
ern society [1-3]. As an important part of modern education, PE has an irreplaceable
role in the training of sports talents, and modern education is laying more emphasis on
PE than ever before [4-6]. To training high-quality sports professionals, the PE major
itself needs to have a high-level teaching quality, and at the same time, only by effec-
tively evaluating and analyzing this teaching quality can we provide a good support
for the improvement of the teaching quality of college PE major. For example, XU
elaborated on the main factors affecting the improvement of the teaching quality of
PE lessons and analyzed relevant measures and strategies, providing a theoretical
basis for the improvement of PE quality. MA analyzed teaching quality evaluation
systems for college PE and proposed a few optimization strategies [8]. FAN et al.
took the special course of dancesport in colleges and universities as an example to
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research the PE teaching quality using a factor-based analysis method [9]. Chen et al.
analyzed the teaching quality evaluation of young PE teachers and provided a refer-
ence for the improvement of PE quality [10]. However, since fuzzy and uncertain
information is often involved in the evaluation process, the teaching quality evalua-
tion of college PE is fuzzy and complex. For such system decision-making problems,
there’re a few existing research results [11-14], but due to the complexity and profes-
sional features of college PE, how to design an evaluation system and an evaluation
model that are suitable for the teaching quality of college PE is of very important
research significance. To this end, based on existing research results, this paper
probes deeper into relevant theories and adopted AHP [15-16], fuzzy system theory
[17-18] and grey theory [19-20] to improve a fuzzy evaluation model for the teaching
quality of college PE.

The research content of this paper consists of 5 parts: the first part is an overview
of the researches concerning the teaching quality of college PE; the second part ana-
lyzes the key factors; the third part establishes a new evaluation system; the fourth
part proposes an improved fuzzy evaluation model and gives the algorithm; and the
fifth part is the conclusion.

2 Key Factors Affecting the Teaching Quality of College PE

2.1  Teaching concept

College PE is an important part in higher education and a key link in the imple-
mentation of quality education. It aims to train high-quality sports talents by impart-
ing professional sports knowledge, expanding their vision of the profession, and im-
proving their comprehensive quality. The development of higher education shares the
features of the times; therefore, its ultimate purpose is to meet the requirements of
social development. Now, with the progress of social development, the demands for
sports professionals are becoming increasingly urgent, and this calls for an advanced
teaching concept to support college PE and make sure that it is heading towards a
right, scientific, reasonable, and opportune direction, and this is also a prerequisite for
the cultivation of high-quality sports professionals. This paper proposes the following
aspects to pledge an advanced teaching concept for college PE, the first thing is to
construct a good and scientific teaching model for college PE and do a good job in
organizing the teaching activities; the second is to choose the right and advanced
teaching tools for college PE; and the third is to design formal and intelligent teaching
forms and carry out them effectively.

2.2 Resource input

The teaching quality of college PE is affected by various resources (factors) such
as manpower, materials, and money, and how to allocate these resources to match
with the sports talent cultivation goals and plans of colleges and universities is a sys-
tem decision-making project that requires scientific and reasonable arrangement,
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planning, utilization and optimization of various teaching resources. This paper holds
that, to improve the manpower input in college PE, three kinds of personnel should be
introduced, namely high-quality professional teachers, high-level teaching administra-
tors, and excellent student source of sports major. In terms of the material factor, the
input in sports venue construction, basic facilities, training equipment, sports research
offices, training centers, and sports teaching and research programs should be in-
creased. This is because the allocation of the teaching resources has an important
impact on the improvement of the teaching quality of college PE, proper resource
allocation can promote the improvement of the teaching quality of college PE, while
improper resource allocation would seriously hinder the improvement of such quality.

2.3 Teaching scheme

The planning of PE teaching scheme means the design of the specific teaching con-
tent of college PE lessons, mainly including the syllabus formulation, textbook com-
pilation and selection, curriculum construction, excellent course design and teaching
task planning, etc. A good teaching scheme is a basic guarantee for the cultivation of
sports professionals, and only by formulating a set of scientific, reasonable, and suita-
ble teaching scheme can the cultivated sports talents have high quality and better fit
the requirement of the times.

2.4  Faculty level

A college with a high-level PE faculty would have strong competitiveness in sports
lesson teaching, which lays a solid foundation for the cultivation of sports talents.
Then, as the school’s reputation and competitiveness are growing, the quality of stu-
dent source would be improved, and thus forming a good development process of
college PE, therefore the faculty level has an irreplaceable role in the cultivation of
sports talents. On the contrary, a college with a low-level PE faculty would have in-
competent teaching ability and low teaching level, which can result in low-quality
student source, in the long run, the teaching quality of college PE would be of inferior
quality. Therefore, the PE faculty level is a basic condition for the cultivation of
sports professionals and sports major graduates, and thus enhancing the PE faculty
level is of great significance for the improvement of the teaching quality of college
PE. One more thing, to enhance the PE faculty level, two aspects are worth notice,
one is the introduction of senior professional PE teachers, the other is the training of
young teachers, in this way, a good PE faculty with talent hierarchies could be
formed.

2.5  Teaching effect

The teaching effect of PE lessons is a direct manifestation of PE quality, it reflects
not only the teaching ability of PE teachers, but also the learning effect of sports stu-
dents; therefore, improving the teaching effect of PE lessons is an important condition
for the improvement of the teaching quality of college PE, and to achieve such im-
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provement, we must do a good job in the teaching activities in PE lessons. In terms of
the teaching of PE lessons, it can be divided into two parts: the teaching of theory and
the teaching of practice, and these two have their respective teaching contents, goals,
and tasks, and their requirements for teaching tools, environment, and classroom at-
mosphere are different as well, and all these aspects would have an impact on the
teaching effect of PE lessons. Therefore, this paper proposes that, to do well in the
teaching of PE lessons, first, proper teaching tools should be selected to form a good
teaching environment; then, in the teaching process, the professional sports
knowledge must be lectured systematically, key knowledge points should be high-
lighted for students; as for the technical movements, efforts should be made to make
the skills more teachable, such as increasing interaction links in the classroom teach-
ing, and fully mobilizing students’ learning initiative and enthusiasm.

2.6 Intelligent tools

Nowadays, various intelligent technologies are developing rapidly, and they have
penetrated into the field of higher education, urging the emergence of diverse intelli-
gent tools for higher education; technologies such as Al, Internet, information tech-
nology and VR have accelerated the development of intelligent education tools and
platforms, as a result, multimedia education, digital education, online education, and
other education forms have appeared and are developing continuously. Moreover,
with the support of these intelligent technologies, the teaching methods and tools are
also being improved to varying degrees, which has an important role in improving the
teaching efficiency and teaching level. The teaching process of PE lessons includes
both the teaching of theoretical knowledge and the teaching of practice, it needs to be
conducted both indoor and outdoor, therefore, the requirements for intelligent teach-
ing tools and techniques are more diversified and urgent. By adopting intelligent
teaching tools, PE teachers can impart professional knowledge more systematically,
enrich the knowledge reserves of sports students, expand their professional vision,
enlarge their learning scope, as well as more intelligently and directly show the tech-
nical moves that are hard to understand and master, which is conductive for sports
students to grasp the key points and difficult points in learning, and thereby achieving
the results of improving the teaching quality of college PE.

2.7  Management system and reward mechanism

The teaching management system and reward mechanism is another important fac-
tor affecting the teaching quality of college PE. As we all know, besides that the de-
velopment of education must be in line with the social requirements, it also needs
certain orientation, and such orientation should be guided by a good teaching man-
agement system and a reasonable reward and punishment mechanism. In terms of PE,
teaching management system and reward mechanism can regulate teaching behaviors
and activities during the teaching process, and in the meantime, they can motivate PE
teachers and students to participate in the teaching and learning of PE lessons. A good
teaching management system and a reasonable reward mechanism can urge PE to

220 http://www.i-jet.org



develop in the right direction, while an unsound teaching management system and
unreasonable reward mechanism will throw PE into chaos. Therefore, in order to
ensure the smooth implementation of the teaching activities of college PE and obtain
high-level teaching quality, it’s necessary to improve the teaching management sys-
tem and the reward mechanism of college PE.

3 Construction of a New Quality Evaluation System for College
PE

3.1  Methods

A variety of methods such as induction method, questionnaire survey, expert con-
sultation, and statistical analysis were adopted and combined to construct the new
quality evaluation system for college PE. Through induction method, research litera-
tures concerning the topic of college PE teaching quality were summarized and ana-
lyzed, which provided theoretical support for the evaluation system to be constructed
in the paper. Through guestionnaire survey, criterions of the PE teaching quality eval-
uation of different objects were investigated and key evaluation indices were extract-
ed. Through expert consultation, the selected evaluation indices were optimized to
make them more in line with the objective conditions. Through statistical analysis, a
few fuzzy evaluation indices were analyzed and processed to get reliable original data
for the evaluation of the teaching quality of college PE.

3.2 Principles for evaluation index selection

The selection of evaluation indices of college PE teaching quality should compre-
hensively consider the objective conditions and influencing factors from multiple
aspects and levels, and the selected evaluation indices must be scientific, practical and
reliable. For this reason, this paper holds that the selection of evaluation indices of
college PE teaching quality needs to follow the following principles: first, the scien-
tific principle, that is, the selected evaluation indices should have clear and specific
scientific meanings and be able to reflect the essential content of the evaluation of
college PE teaching quality, and they should have reasonable logic. Second, the se-
lected evaluation indices must be real and objective, that is, they should be able to
reflect the true and objective conditions of the evaluation of college PE teaching qual-
ity, and have real meanings; the evaluation indices must not be subjective or made-up.
Third, the selected evaluation indices should be comprehensive and able to reflect the
essential problems of the evaluation in an all round way. Fourth, the selected evalua-
tion indices should be operable, that is, it should be easy to calculate and analyze
these indices.
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3.3 Hierarchies of the evaluation system

The evaluation system of college PE teaching quality is a multi-layer structure, in-
cluding the system layer, the criterion layer, and the index layer. The system layer
refers to the college PE teaching quality evaluation system to be constructed; the cri-
terion layer contains the evaluation criterions to be followed; and the index layer in-
cludes specific evaluation indices under each criterion. The hierarchical structure of
the evaluation system of the teaching quality of college PE is shown in Figure 1 be-
low.

\ College PE teaching quality evaluation system |

‘ Criterion2 ‘ ‘ ------ Criterion M

[index 1 [index N2| g [index 1][ -~ | |Index N2| \¢ | Index 1]
]

Fig. 1. Hierarchies of college PE teaching quality evaluation system

‘Index Nl‘

3.4  Establishment of the evaluation system

Based on the above discussion, this paper proposes 5 criterions for the said system,
namely professional quality, teaching content, teaching method, teaching reform, and
teaching effect. The professional quality of PE teachers is a key feature reflecting the
teaching ability of PE lessons, having a high-level PE faculty and professional PE
teachers is conductive to the cultivation of college PE students. The teaching content
offers the knowledge source for the cultivation of college PE students; it is a basis of
the knowledge reserves of college students. The teaching method is an important
guarantee for the transmission of sports knowledge, and advanced PE teaching meth-
ods are very helpful to the improvement of the teaching quality of college PE. The
teaching reform acts as a catalyst to accelerate the development of college PE, so that
it could keep up with the development of the times. The teaching effect is a direct
manifestation of the teaching quality of college PE. In conclusion, the structure and
detailed content of the evaluation system are shown in Table 1 below.
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Table 1. Structure and content of college PE teaching quality evaluation system

System layer

Criterion layer

Index layer

College PE teaching
quality evaluation
system

Professional

quality
of PE teaching

INumber of PE teachers with senior professional titles

Teaching level of PE teachers

Ratio of loss to introduction of senior PE teachers

Teaching planning ability

Teaching content

The teaching content of PE lessons is up-to-date

The teaching content of PE lessons is rich

Key teaching content is highlighted

The teaching content of PE lessons is professional

Teaching method

The teaching method of PE teaching is proper and reasonable

Ability to teach students in accordance with their aptitude

The teaching method matches the teaching content

The teaching method can motivate students’ learning enthusiasm

The teaching tasks are controllable

The teaching goals are achievable

The teaching plans are organized

Teaching reform

The teaching mode is innovative

Integration of industry-university-research

Conversion of sports knowledge

Adaptability of teaching management

INumber of high-level teaching reform programs undertaken

Number of high-level teaching reform rewards received

Teaching effect

Excellent rate of PE students

Loss rate of PE students

Skill level of PE students

Technical movement mastery of PE students

Autonomous learning ability of PE students

Innovation ability of PE students

Physical fitness of PE students

Employment rate of PE students

Social satisfaction

Adaptability of PE students

Coordination ability of PE students

4 Fuzzy Evaluation Model and its Algorithm

4.1

Initial data acquisition and normalization of evaluation indices

Based on the above-established evaluation system, the questionnaire survey results
and the statistical analysis results, the initial data of each evaluation index of the eval-
uation object could be obtained. Since some indices are qualitative, their initial data
are fuzzy data; some indices are quantitative, their initial data may be accurate or
fuzzy, and the scales of these evaluation indices are different as well, therefore, these
indices need to be normalized.
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From the perspective of fuzzy evaluation, for the k-th evaluation object P, the ini-
tial data of the j-th teaching quality evaluation index is R;(P) = [rk] T(p), ,Slg )],
Tej f(P) < rleg (P). If the j-th evaluation index is a positive index, then its normalized
data Uy ;(P)is:

)=[ug" (P).ug® (P)]

rk,-“*(P) lrzgljgr“'(P) i ® (P)—min 5, (P)
Rig Lef ! Rig Lef
maxug* (P)—min r, (P) maxug® (P)—min r,* (P) "

where, K represents the number of evaluation objects, n represents the number of
evaluation indices,and 1 <j<n,1 <k <K.
If the j-th evaluation index is a negative index, its normalized data Uy ;(P) is:

U, (P)=[u* (P).u? (P)]

”""X() 5 (P)  maxui? (P)-y" (P) o
i (P)-min 5 (P) maxui® (P)-pin 57 (P)

4.2  The weight of evaluation index

Generally, different evaluation indices have different contributions to the evalua-
tion result; so their weight values are different as well. Since there are a few qualita-
tive indices in this problem, and the AHP is a reliable and easy-to-calculate method
that is suitable for solving complex system decision-making problems and it can real-
ize quantitative analysis of qualitative problems [21-22], it had been adopted to ana-
lyze the weight of these evaluation indices.

Experts engaged in the field were invited to score the evaluation indices in pairs,
and the score values were judged using 1-9 ratios. Greater score value bj indicates
greater importance, namely greater weight value, the size of score value b; and the
corresponding meanings are shown in Table 2.

Table 2. Value of bjj and its meanings

bij Meanings
The two evaluation indices are of equal importance

The former evaluation index is slightly more important

The former evaluation index is more important

The former evaluation index is much more important
The former evaluation index is extremely more important
2,4,6,8 Middle state between two adjacent states mentioned-above
bj; = 1/b;; The importance of the latter evaluation index with respect to the former one

NN BN RV, NUSH T
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Under the condition that the score values of any two evaluation indices are ob-
tained, the judgment matrix B of the evaluation indices of the teaching quality of
college PE could be constructed as follows:

_bu e blj cee bln ]
B=|b, -~ b, - b, 3)
_bnl bnj : bnn i

By calculating this matrix, its maximum eigenvalue 1max(B) and the corresponding
eigenvector W(B) could be obtained, and then the consistency index Clg of the judg-
ment matrix B could be obtained as:

Anex (B)—N

Clyg =T “

According to n, the number of evaluation indices under in a same layer, by looking
up reference tables, the value of average random consistency index RI could be ob-
tained as shown in Table 3.

Table 3. Value of RI

Number of evaluation indices n 112 3 4 5 6 7 8 9 10
RI 0]0[058(090|1.12 124 (132 |141]|145]|1.49

Then, the consistency index CRg could be obtained as:
CR; =CI; /RI ®)]

If CRg<0.1, it means that the judgment matrix B has good consistency, and the
weight w; of the i-th evaluation index is:

w == (6)

If CRg<0.1 is not satisfied, it indicates that the consistency of judgment matrix B
does not meet the requirements, and judgment and analysis need to be performed
again.
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4.3  Fuzzy evaluation model

In order to effectively deal with the fuzzy and uncertain information in the evalua-
tion process, the evaluation indices were processed according to the fuzzy system
theory. For the j-th evaluation index, after all evaluation objects were subject to nor-
malization, the optimal fuzzy value U;(P) of the j-th evaluation index could be ob-
tained:

U,(P)=[ut* (P)u™ (P)]

=[ maxui (P).maxui® (P) |

(7

And it satisfies u; " (P) < w9 (P).

According to the calculation model of fuzzy distance [23-24], for the k-th evalua-
tion object P, the Euclidean distance D,?j (P) between the j-th evaluation index and its
corresponding optimal fuzzy value U;(P) is:

D (P)=|[45* (P)-ui* (P + 145" (P)-ui® (P)F ) 12 ®

The smaller the value of D,?j (P), the closer the distance between the j-th evaluation
index and its corresponding optimal fuzzy value U;(P), and vice versa. Here, the

fuzzy correlation between the k-th evaluation object P with respect to the i-th evalua-
tion index and its corresponding optimal fuzzy value U;(P)is introduced as:

¢; (P)=1-Dg (P) 9)

4.4 Grey evaluation model

In order to effectively deal with the gray uncertain information in the evaluation
process, the evaluation indices were processed according to the gray theory [25-27].
For the k-th evaluation object P, its corresponding evaluation index comparison se-
quence U, (P) can be established as:

U, (P):{Ukl(P)’UkZ(P)"”'Ukj (P):“'vukn (P)} (10)

Similarly, for all K evaluation object P, the reference sequence U(P) can be estab-
lished as:

U(P) = {maxU,, (P), maxUy; (P).--- maxU, (P),--- maxU,, ()| (11)

1<k<K 1<k<K 1<k<K 1<k<K

According to the grey correlation analysis, for the k-th evaluation object P, the
gray correlation coefficient nfj(P) of comparison sequence U, (P) and reference

sequence U(P) with respect to the i-th evaluation index is:
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min mjindé? (P)+ﬂm?xm?xdlfj’(P)

dlfj’(P)+ﬂml§1xm?xd§(P) (12)

i (P)=

where, g is the identification coefficient, its value is between 0 and 1, generally
takes $=0.5. And there is:
i i ef ef
| (P)—ug® (P +ui” (P)-ug” (P)|

a5 (P) :

(13)

4.5  Construction of the comprehensive evaluation model

With the weight values of the evaluation indices taken into account, the weighted
fuzzy correlation @2 (P) between the k-th evaluation object P and the optimal fuzzy
value U;(P) could be constructed as:

o (P) =3 (w, i3 (P)) (14)

-1

where, w; represents the weight of the j-th evaluation index.
Similarly, the weighted gray correlation 12 (P) between the k-th evaluation object
P and the reference sequence U(P) could be constructed as:

vi' (P)=2(w <7 (P)) (15)
j=1
Thus, the comprehensive correlation of 2 (P) the k-th evaluation object P is:
gF(P):alxka(P)+a2X‘//k(2(P) (16)

where, a1 and a respectively represent the percentage of fuzzy uncertain infor-
mation and the percentage of gray information in the evaluation process.
If it satisfies:

o (P)=max{¢ (P).¢5 (P),+.¢2 (). ¢k (P)) (17)
where, 1 < g <K.

It indicates that the college PE teaching quality of the g-th evaluation object P is
the best.

5 Conclusion

This paper conducted an in-depth analysis on the key factors affecting the teaching
quality of college PE and pointed out the connotations of the improvement of college

1JET — Vol. 16, No. 06, 2021 227



PE teaching quality. Then, on this basis, the paper researched the evaluation system
and the fuzzy evaluation model of college PE teaching quality, and discussed key
content such as evaluation index selection, data processing, weight analysis, fuzzy
decision-making, and gray correlation analysis, etc.; moreover, the paper established a
novel evaluation model and an improved fuzzy evaluation model for the teaching
quality of college PE. The research results provide a theoretical reference for the im-
provement of college PE teaching quality, and it is of certain application value.
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