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Abstract

Fuzzy analytic hierarchy process (AHP) uses fuzzy matrix on the theoretical basis of original AHPs, so it overcomes difference in
judgment among different people well, accords with people’s thinking logics and mental judgment decisions to a larger extent and
has a simpler form. Physical education classroom acts as an important approach by which college students do physical exercise and
improve physical quality. This thesis takes college students’ basketball teaching for example and establishes an evaluation model
about college students’ basketball teaching based on fuzzy AHP theory according to classroom learning status. In accordance with
features of fuzzy theory and AHP and in combination with quantitative and qualitative methods, it selects evaluation factors of
classroom learning, constructs comprehensive and scientific evaluation system and uses this model to implement instance analysis of
students’ classroom learning. Then, it obtains evaluation results, proposes corresponding promotion countermeasures and verifies

effectiveness of the model.
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1 Introduction

It was Professor T. L. Saaty that proposed analytic hie-
rarchy process (AHP) [1]. AHP can analyze qualitative
problems quantitatively and its application is convenient
and flexible, so it is widely applied to research in each field
gradually [2]. AHP can classify many influence factors in
some complicated puzzles in a stratified way, methodize
them orderly, combine some subjective judgments with
objective results like researchers’ analyses and experts’
opinions, implement pairwise comparison for influence
factors on each hierarchy, obtain primary and secondary
importance and then carry out quantitative description. In
this process, it is necessary to apply several subject theo-
ries, calculate weight values of factors’ importance order
on each hierarchy by mathematical method, rank these
weighted values of relative importance again and get final
ranking results at last [3].

However, AHP still has some shortages in application.
On the one hand, when reciprocal scale is used to establish
reciprocal judgment matrix in AHP, the judgment matrix
fails to satisfy consistency conditions because there is dif-
ference between subjective cognizance and objective rea-
lity and inaccuracy exists as scale is adapted to measure
objects [4]. On the other hand, when normalizing rank agg-
regation method and root method are used to solve impor-
tance ranking of each scheme, impacts of one line of ele-
ments are considered in the judgment matrix only, which
leads to low computational accuracy and fails to control
accuracy according to requirements for accuracy [5].

Although there is difference in impacts of things or
elements on system, the difference is transitional with
continuous changes and cannot be expressed by accurate
numerical values [6]. Besides, the factor which cannot be
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expressed specifically is an attribute of things. Therefore,
concept of fuzziness is put forward. In 1965, Chad a fa-
mous American scholar proposed concepts of membership
function and membership degree and utilized a mathe-
matical model to describe fuzzy and uncertain factors, i.e.,
inherent attributed of research objects were expressed by
mathematical language. In application of practical prob-
lems, many factors have this uncertain and fuzzy character
[7]. However, traditional AHPs are qualitative and quanti-
tative analytical approaches which have some problems
that cannot be overcome. On the theoretical basis of ori-
ginal AHPs, fuzzy AHP adopts fuzzy matrix so that it
overcomes difference in judgment among different people
well, accords with people’s thinking logics and mental
judgment decisions to a larger extent and has a simpler
form [8]. Hence, it is used to measure comparison among
elements. For its nature, the possibility that measurement
may be inaccurate does not exist. Though the established
priority judgment matrix is rough, it can be constructed
easily. Since the fuzzy consistency matrix transformed
from the priority judgment matrix satisfies consistency
conditions, it is no need to carry out consistency test again
[9]. Besides, it can satisfy computational accuracy. Physi-
cal exercise is an important way to improve physical
quality and a survival skill nowadays. As future talent of
the country, college students need pay attention to physical
education and learning [10]. However, physical education
classroom of most colleges cannot draw much attention
from students so that the phenomenon that students are
absent from school and late for lessons appears and some
students even have the mentality that they ‘deal with’
physical education and it will be ok as long as they pass
required courses [11]. Evaluation on classroom learning
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mainly focuses on mid-term and final examinations, where
teachers’ subjective judgment occupies a large proportion.
Thus, students’ classroom learning cannot be evaluated
objectively but much one-sidedness exists, which goes
against exertion of students’ comprehensive ability. There-
fore, it is necessary to implement more effective classroom
learning evaluation system.

Fuzzy AHP theory is a comprehensive analytical
method for evaluation based on AHP, which combines
fuzzy theory with AHP. Holding an important position in
multi-objective and multi-factor analysis, the method is
one of the analytical methods used by academic world
widely [12]. Fuzzy quantization for factors that cannot be
determined qualitatively overcomes the shortage that mea-
surement of AHP is inaccurate. This thesis establishes the
priority judgment matrix and carries out weight calculation
and result evaluation. Besides, it takes college students’
basketball teaching for example, constructs an evaluation
model about classroom learning and performs example
verification for the model. This provides reference value
and theoretical support for colleges to carry out scientific
and reasonable course evaluation system and is helpful for
such schools to learn students® classroom learning as well
as supervise and manage students’ learning.

2 Construction of the evaluation model on college
students’ basketball teaching based on AHP theory

2.1 DETERMINING EVALUATION INDEX SYSTEM

When schools comprehensively evaluate college students’
basketball teaching learning, they should not only use
students’ final course scores as a standard but also imple-
ment comprehensive evaluation on many aspects of college
students in the whole process of basketball teaching lear-
ning, such as learning ability, performance and test scores.
In detail, schools ought to do field investigation, issue que-
stionnaires, determine factors affecting college student’s
basketball course and establish evaluation index system
according to practical learning conditions of college stu-
dents’ basketball lessons. Finally, determine ‘the number
of absence and lateness times for lessons’, ‘enthusiasm for
classroom exercise’, ‘situations about participation in
classroom activities’, ‘seatwork’, ‘achievement test at
ordinary times’ and ‘achievement test at the end of a
school term’ as main evaluation indexes and establish a
simple evaluation model about basketball teaching lear-
ning, as shown in Figure 1.

It is assumed that the first-level set of evaluation factors
is U, we will get U={U,,U,, -, U}, where U; refers to each
evaluation factor of U.

Thus, evaluation system of this course involves

U={U,,U,}={evaluation on learning process of the
course and assessment on achievement test}

U;={U11,U12,U13,Ug4}={the number of absence and la-
teness times for lessons, enthusiasm for classroom exer-
cise, situations about participation in classroom activities
and seat work}, U,={Ux,U}={achievement test at ordi-
nary times and achievement test at the end of a school
term}.
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FIGURE 1 Evaluation index system about basketball course learning

2.2 DETERMINING WEIGHTS OF EVALUATION
FACTORS

At present, situations about classroom learning of college
students’ physical education lessons are basically based on
teachers’ subjective judgment. Thus, scientific rationality
is lacked. Using AHP can process several influence factors
hierarchically and comprehensively and determine weights
objectively. Carry out pairwise comparison about each
hierarchical structure in Figure 1 and establish comparative
judgment matrix. In order to make evaluation more accu-
rate, use the proportional scale of relative importance,
which is suggested by Saaty, and then solve relative weight
of each factor. Details are shown in Table 1.

In Table 1, the factors i and j represent two indexes or
factors compared under the same factor state, respectively.
The matrix composed of the scale a;; is a pairwise com-
parison matrix. If the following relation is satisfied, i.e.,
ai=aixay, it will imply the matrix is completely con-
sistent. At this moment, the feature vector that is cor-
responding to its maximum characteristic root can express
degree of relative importance of each index and then
orthogonalize it. In doing so, weight vector can be solved.

TABLE 1 Definition of evaluation index scale

Definition

The two factors i and j are equally important
The factor i is a little more important than j
The factor i is obviously more important than j

Index scale

7 The factor i is strongly more important than j
9 The factor i is extremely more important than j
2,4,6,8 They are scale values that is corresponding to

intermediate state of the two kinds of judgment quality
in the above

It is assumed that the weight factor vector that is cor-
responding to the evaluation factor set is A. Then, we will
get:

A=(a,a,,...2a,), (1)
where a; refers to the role of the evaluation factor u; and

measurement on its position in all evaluation factors and is
called weight.
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Generally, a; > 0, and measurement on its position is called
weight:

>a=1.

2.3ESTABLISHING PAIRWISE COMPARISON
MATRIX FOR SELECTED EVALUATION
FACTORS

In accordance with the evaluation factor system in Figure
1, use fuzzy AHP theory to construct pairwise comparison
matrix and formulate weights of mutual impacts among
factors according to scale values in Table 1. See details in
Table 2, Table 3 and Table 4. This will be a basis on which
evaluation on basketball course learning is carried out. In
addition, we need calculate maximum characteristic value,
priority vector as well as consistency ratio and index. In the
process of calculation, consistency need satisfy the
condition that it is less than or equal to 0.1. If not, re-entry
is needed until it satisfies the condition.

O]

TABLE 2 Comparison matrix about the second hierarchy and the first
hierarchy U and hierarchical ranking

U U U, A A; (weight)
U, 1 1 1 0.5
Us 1 1 1 0.5

TABLE 3 Comparison matrix about the third hierarchy and the first
hierarchy U; and hierarchical ranking

U, Un Uiz Uiz Uiy A A; (weight)
Uy 1 3 3 1/3 1.316 0.29
U 1/3 1 12 1/3 0.485 0.1
Uj; 1/3 2 1 1/3 0.687 0.14
Ujs 3 3 3 1 2.228 047
TABLE 4 Comparison matrix about the third hierarchy and the second
hierarchy U, and hierarchical ranking
Uz Uz U K A, (weight)
Uy 1 12 0.707 0.33
Us, 2 1 1414 0.67

2.4DETERMINING MEMBERSHIP DEGREE
OF EVALUATION GRADE

Since fuzzy theory utilizes fuzzy information that cannot
be accurate to implement quantitative analog processing
for people’s subject ideas, we will use fuzzy data to exp-
ress evaluation grade applied to students’ basketball course
learning in the following. According to practical situations
related to course teaching, a five-grade course evaluation
standard will be used, i.e.,

V= {Vl, Vyseeos vn}:{excellent, good, ordinary,
qualified and disqualified}.

Then, set each level’s membership degree that may be a
value range. See details in Table 5.

TABLE5 Evaluation grade of course learning

sgl:zorgjrfge Corresponding comment ng;zz‘gn Variable
90 <x <100 Excellent performance Excellent L1
80<x<90 Good performance Good L2
70<x<80 Ordinary performance Ordinary L3
60<x<70 Working harder Qualified L4

X < 60 Poor performance Disqualified L5
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As computational process of fuzzy numbers is quite
complicated, it is necessary to choose appropriate fuzzy
numbers to provide convenience for following calculation.
Besides, select L-R fuzzy function. Computational formula
of its five grades” membership function is expressed as

VLi(X)=
@)

where values of parameters a, b, ¢ and d in the formula are
determined according to fuzzy comprehensive evaluation.

\b -8 =|d-C| = error value of course evaluation. It is assu-
med that the course evaluation is 2. Then, we may obtain
L1=(88, 92, 98, 102), L2=(78, 82, 88, 92), L3=(68, 72, 78,
82), L4=(58, 62, 68, 72), L2=(48, 52, 58, 62).

3 Comprehensive evaluations in the process of
classroom learning

Via evaluation ranking results of each factor’s weight and
each factor in the process of classroom learning, we may
obtain fuzzy numbers of the foregoing function by using
related natures of expansion theory and fuzzy numbers.
Computational formulas of the two fuzzy functions are

M=(m1, m2, m3, m4), N=(n1, n2, n3, n4);
M ® N=(m1+n1,m2+n2,m3+n3,m4+n4);

M ® N=(m1xn1,m2xn2,m3xn3,m4xn4).
3.1 PROCESSING OF BOTTOM DATA

As quantitative analysis can be applied to some factors
while some others can only accept qualitative analysis in
practical evaluation on classroom learning, we need quan-
tize factors that can only accept qualitative analysis by
using fuzzy theory. Teachers always need observe stu-
dent’s course learning in the learning process of basketball
courses and keep timely, objective and fair records in order
that accuracy and scientific of evaluation can be ensured
and then the number of absence or lateness for basketball
course learning to evaluate effectiveness of student’s cour-
se learning.

3.2 PROCESSING OF BOTTOM DATA

During learning of different items in basketball teaching, it
is set that fy; stands for the index value of students’ learning
degree of the kth basketball task in basketball course
learning, ty represents the number of the ith student’s
absence or lateness times in the kth baskethall task
learning, avgy refers to average time or times of the kth
index among rating indexes of all learning activities related
to basketball, t.;, denotes minimum time or times of the
kth index time in all students and t, is maximum time or
times of the last index time in all students.
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If t,;=avgy, there will be f;=50;
In case te<avgy, we will get
avg, —t;

f,;,=50- K_x50;
VO, — i
If te>avgy, we will get
f =ﬂx50+5o.
tmin —avg,

Then, carry out fuzzification f,; to get five different gra-
des further. Then,
0 < fi; < 20 will means ‘disqualified’,
20 < fi; < 40 refers to ‘qualities’,
40 < fi;< 60 indicates ‘ordinary’,
60< f,;< 80 means ‘good’ and
80 < fi;< 100 stands for ‘excellent’.

Solve corresponding rating variables L1-L5. According
to Weight A, use weighted mean method to obtain the
formula:

n
u, =" (AixLi) -
i=1
In this way, numerical value of U; comprehensive eva-
luation score in the process of basketball teaching learning
and Li its membership function that is corresponding to
five different grades.

(4)

3.3DEFUZZIFICATION FOR EVALUATION
RESULTS OF CLASSROOM
LEARNING PROCESS

Generally, central part of fuzzy numbers of membership

functions can express importance degree to the largest

degree. Thus, use median method to carry out defuzzifi-

cation for the fuzzy number Xi=(a;b;,c;,d;)). The formula

about its result is

When anFCi:di, M(Xi)=ai.

Otherwise,

M (X)= bi+¢ + [(di _Ci)_(bi _ai)] — 20 +2¢, +3, +h, ]
6 6

Then, we may obtain the computational formula about

defuzzification value of U; comprehensive evaluation in
the classroom learning process is

®)

2b+2c+a+d

M (Up= (6)

Substitute a, b, ¢ and d of Li its membership function
that is corresponding to five different grades into the fore-
going formula. In doing so, we may get comprehensive
evaluation results of the classroom learning process.

4 Final evaluation on classroom learning

4.1 COMPREHENSIVE EVALUATION
ON CLASSROOM ACHIEVEMENT TEST

Since in achievement test about students’ basketball tea-
ching learning, both achievement test at ordinary times and
achievement test at the end of a school term are quantified
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specifically, i.e., they can be measured by data. Thus, we
may obtain comprehensive evaluation on achievement test
according to weighted average algorithm directly and its
formula is

U, :;U ' A where k=1, 2. )

4.2FINAL EVALUATION ON CLASSROOM
LEARNING

In accordance with comprehensive evaluation results of
classroom learning process and achievement test for class-
room learning, use the weighted average algorithm to get
U the final comprehensive evaluation score of college stu-
dent’s basketball teaching learning. There is

U=U;xA1+U,xA,.

Substitute the obtained value of U into the membership
function formula of corresponding grades and then solve
membership degree of each grade to get final values of
evaluation grades about classroom learning.

4.3 APPLICATION EXAMPLE AND ANALYSIS
OF RESULTS

In the following content, this article will carry out investti-
gation and statistics according to basketball teaching lear-
ning situations of college students from a certain grade of a
college. As a result, it is found that the average number of
classroom absence and lateness times of all students in the
grade in this semester is 5, the maximum number is 12 and
the minimum number is 0; average quantized value of
enthusiasm for classroom exercise is 40, its maximum is
80 and minimum is 10; average quantized value of parti-
cipation in classroom activities is 45, its maximum is 75
and minimum is 12. Now, there is a student and the num-
ber of his classroom absence and lateness times in this
semester is 3. On the basis of the formula:

fi :50-%“%50, we may get his corresponding
k min
grade is excellent and quantized value of enthusiasm for
classroom exercise is 30; in accordance with the formula,
his corresponding grade is ordinary and quantized value of
enthusiasm for classroom exercise is 50; according to the
formula:
—avg,

t,.
fig =" x50+50 his corresponding grade is good,
~avg,

t

the student’s score in classroom learning at ordinary times
is 86.5 and he scores 78 in achievement test at the end of
the semester. Then, we may get the fuzzy judgment matrix
Uy, as shown in the following:

0203 00
|0301 00
10401010

02010 01

min
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By carrying out the first-level comprehensive evalua-
tion on U;, we may obtain
Uy;=(0.30 0.12 0.13 0.50),

U,=(0.28 0.22 0.16 0.79),

U13=(0.30 0.19 0.17 0.48),

U;;=(0.33 0.20 0.23 0.47).

By carrying out the second-level comprehensive eva-
luation on Uy, we may get:

U;=(0.29 0.10 0.14 0.47).

Thus,

U;=0.29xL1+0.10xL3+0.15xL3+0.47xL2
=0.29%(88,92,98,102)+0.10%(68,72,78,82)+
0.14%(48,52,58,62)+0.47x(78,82,88,92)
=(75.7,79.3,85.5,89.8)

M(U))=(75.7+2x79.3+2x85.5+89.8)/6=82.5.

Next, we find that the student scores 82.5 in the evalua-
tion on classroom learning process.

According to U,=(0.33 0.67), we know
U,=0.33x86.5+0.67x78=80.805,

Hence, the student’s score in the evaluation on class-
room achievement test is 80.805. Based on U=(0.5 0.5), we
get:

U=0.5%82.5+0.5x80.805=81.65.

In this way, we find the student’s score in the final
evaluation on basketball teaching learning is 81.65.

According to the membership grade formula:

0,x<a,

VLi(X )=
®)

0,x>d.
substitute final score of U into it and solve the membership

grade of evaluation, i.e.,
References

[1]
[2]
[3]

Minle Tian, Shaomin Liu. 1998 A new type of fuzzy neural network
and its application. Fuzzy system and mathematics, 12(4), 56~61.
John D. Cantwell. (2004) The Physician Who Invented Basketball.
The American Journal of Cardiology, 93(4), 1075-1077.

Fromm E G, RG Quinn. (1989) An experiment to enhance the
educational experience of engineering students. Engineering
Education, 79(3), 424-429.

Behrooz Parhami. (1986) Computer science and engineering
education in a developing country: the case of Iran. Education and
Computing, 2(4), 231-242.

Yeomans S R & A Atrens. (2001) A methodology for discipline-
specific curriculum development. International Journal of
Engineering Education, 17(6), 518-524.

[6] Ashish Kumar Parashar, Rinku Parashar. (2012) Innovations and
Curriculum Development for Engineering Education and Research in
India. Procedia-Social and Behavioral Sciences, 56(1), 685 — 690.
Xinping Wu. (2012) The Contract and Project Quality Management
System Based on Fuzzy Mathematics Methods. JDCTA, 6(14), 77~85.

[4]

[5]

(7

Li Lei

VL1(U)=0, VL2(U)=0.85, VL3(U)=0.15, VL4(U)=0
and VL5(U)=0.

Consequently, we know the student’s evaluation grade
in the evaluation on basketball teaching learning is good in
accordance with the principle of maximum membership
degree.

Additionally, the evaluation model can offer opinions
on improvement in students’ classroom learning accor-
ding to judgment matrix and corresponding weights of
indexes. For example, the three indexes U;;, U;, and
Ujsthe student’s factor set U, are relatively small, so the
student need improve himself further.

5 Conclusions

After combining fuzzy theory with AHP, principles beco-
me simple and analytical calculation process of data is rela-
tively easy, which improve scientific accuracy of evalua-
tion analysis largely. The evaluation model about college
students’ basketball courses, which is constructed based on
fuzzy AHP theory, can solve factors that fail to be quanti-
fied in classroom learning evaluation well and give full
consideration to impacts of each index in the process of
evaluation, including qualitative nature, which enables
weights of students’ classroom evaluation indexes to be
more comprehensive and reasonably. This method is able
to evaluate students’ classroom learning well and coincides
with students’ practical situations to a larger extent. More-
over, impacts of subjective factors are overcome in the
process of evaluation, so objectivity and reliability of
obtained results are stronger. As computer develops, the
model can be realized by applying computer programs and
make classroom learning evaluation more standard and
scientific.

[8] Yin Daiyin, Zhang Xiaoran, Wang Xueyan. (2013) Application of
Fuzzy Analysis Mathematics Method on Optimizing Fracturing Well
in Polymer Flooding Period. International Journal of Applied
Mathematics and Statistics, 42(12), 463-473.

[9] Yi-Fei Chen, Xiao-Lin Qin, Liang Liu and Bo-Han Li. (2012) Fuzzy
Distance-Based Range Queries over Uncertain Moving Objects.
Journal of Computer Science and Technology, 27(2), 376-396.

[10] Alan B Forsythe, James R Freed, Harvey S Frey. (1975) Programmed
Instruction Nucleus (PIN): A Simplified Author-language for
Computer-aided Instruction. Computers in Biology and Medicine,
5(6), 77-88

[11]Ma Yong. (2013) Study on Evaluation of Basketball Training Effect
Based on Fuzzy Comprehensive Evaluation Method. Advances in
Information Sciences and Service Sciences, 5(5), 251-258.

[12] Hamid Jazayeriy, Masrah Azmi-Murad, Nasir Sulaiman, et al. (2011)
Pareto-optimal Algorithm in Bilateral Automated Negotiation.
Journal of Digital Content Technology and its Applications,

5(3), 1-11.

Lei Li, 4. 10. 1981, China

Scientific interest: Basketball teaching and basketball exercise.

Current position, grades: A Lecturer at Shandong Normal University.
University studies: Master degree in Sports Science from Shandong Normal University, in 2004.

484



