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Abstract 
The evaluation of thesis by undergraduate has the characteristics of mul-
ti-factor, multi-layer and easy to be affected by subjective factors. To reduce 
the subjectivity, triangular fuzzy number is used as index set to give weight, 
and on this basis, fuzzy comprehensive evaluation is used to evaluate the 
quality of graduation thesis. The empirical analysis shows that the combina-
tion of triangular fuzzy number and fuzzy comprehensive evaluation has cer-
tain practical value in the quality evaluation of graduation thesis. 
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1. Introduction 

Writing thesis is an important learning process for college students before grad-
uation, which plays a role in cultivating and investigating students’ ability to 
comprehensively apply professional knowledge. Strengthening the quality con-
struction of undergraduate thesis is of great significance to the realization of the 
goal of talent cultivation. It is an important indicator to measure the teaching 
level of colleges and universities, and also an important basis for the certification 
of students’ degree qualifications. This means that undergraduate thesis is not a 
kind of formalities, but an important opportunity to improve the quality of tal-
ent training. We need to establish a set of quality evaluation system for gradua-
tion thesis to guide the development direction of graduation thesis writing lead-
ing students to the expected development of graduation thesis [1] [2] [3]. 

Fuzzy comprehensive evaluation is a branch of fuzzy mathematics founded by 
American famous professor Azadel in 1965. Now, there are three main ways of 
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undergraduate thesis evaluation: direct scoring method, weighted summation 
method and experience evaluation method. The above evaluation is mainly on 
the quality of the thesis and defense of the evaluation. There are also some col-
leges and universities to develop a detailed graduation thesis evaluation system, 
but because of the lack of scientific and operational failed to really implement. 
This paper tries to solve the problem of undergraduate thesis evaluation by 
means of comprehensive model through fuzzy mathematics. 

2. Evaluation Index System of Graduation Thesis Quality 

Evaluating the quality of graduation thesis involves many aspects which the sys-
tem is complex. Thus in the establishment of the index system and the relative 
importance of the index value to determine the timing, it should be based on the 
actual needs of graduation thesis evaluation.  

The establishment of the index system should adhere to the following prin-
ciples: firstly, the scientific principle, that is, the design of the evaluation index 
should conform to the basic principles of education and management that can 
truly and objectively reflect the main points of graduation thesis writing, existing 
problems and development potential. Secondly, the principle of universality and 
comparability, that is, the designed evaluation index, system and evaluation re-
sults can be used in different schools and different majors which are easy to in-
ter-school comparison. The third is the principle of systematicness and concise-
ness. It is necessary to adhere to the concept of system and take the complex 
factors of interdependence and mutual restriction into full consideration. Mean-
while, the indicator system should be avoided to be too complicated and com-
plicated [4] [5] [6] [7]. Based on the above principles, an evaluation index sys-
tem of undergraduate graduation thesis quality is established [8] [9] [10] [11], as 
shown in Table 1. 

3. Fuzzy Analytic Hierarchy Process Is Used to Determine  
the Importance of Indicators 

3.1. Construct Judgment Matrix 

The construction of judgment matrix needs to compare the importance of each 
index. In the analytic hierarchy process (ahp), experts quantify the decision 
judgment based on the 1 - 9 scale, which is highly subjective. Here, the 1 - 9 scale 
method of ahp is combined with the tripartite method to reduce this subjectivity 
[12] [13] [14]. 

Table 2 is the triangular fuzzy judgment matrix made by the instructor, eval-
uation teacher and defense team. 

3.2. Calculate Index Weight 

1) The three fuzzy Numbers of each index are integrated into one 
1 2 3 1 2 3 1 2 3

, ,
3 3 3

ij ij ij ij ij ij ij ij ijk k k l l l m m m + + + + + +
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Table 1. Quality evaluation index system of graduation thesis. 

The overall goal 
The indicator system 

Primary index B 
Secondary index C 

Graduation thesis 
Quality evaluation 

Subject quality 
Definite purpose 
Research makes sense 
Topic selection appropriate 

The paper quality 
Title is consistent 
level o writing 
Normalization of writing 

Ability level 

Ability to consult literature 
Ability to use knowledge comprehensively 
Ability to research solution design 
Ability to use research methods 

 
Table 2. Triangular fuzzy judgment matrix. 

 C1 C2 … Cn 

C1 (1, 1, 1) 

( )1 1 1
12 12 12, ,k l m  

( )2 2 2
12 12 12, ,k l m  

( )3 3 3
12 12 12, ,k l m  

… 

( )1 1 1
1 1 1, ,n n nk l m  

( )2 2 2
1 1 1, ,n n nk l m  

( )3 3 3
1 1 1, ,n n nk l m  

C2 

( )1 1 1
21 21 21, ,k l m  

( )2 2 2
21 21 21, ,k l m  

( )3 3 3
21 21 21, ,k l m  

(1, 1, 1) … 

( )1 1 1
2 2 2, ,n n nk l m  

( )2 2 2
2 2 2, ,n n nk l m  

( )3 3 3
2 2 2, ,n n nk l m  

∶ ∶  ∶  

Cn 

( )1 1 1
1 1 1, ,n n nk l m  

( )2 2 2
1 1 1, ,n n nk l m  

( )3 3 3
1 1 1, ,n n nk l m  

( )1 1 1
2 2 2, ,n n nk l m  

( )2 2 2
2 2 2, ,n n nk l m  

( )3 3 3
2 2 2, ,n n nk l m  

… 

( )1 1 1, ,nn nn nnk l m  

( )2 2 2, ,nn nn nnk l m  

( )3 3 3, ,nn nn nnk l m  

 
Among them 1,2, , ; 1, 2, ,i n j n= =  . 

The resulting fuzzy matrix is as follows 

( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )

12 12 12 1 1 1

21 21 21 2 2 2

1 1 1 2 2 2

1,1,1 , , , ,
, , 1,1,1 , ,

, , , , 1,1,1

n n n

n n n

n n n n n n

k l m k l m
k l m k l m

k l m k l m

 …
 … 
 
 

…  

   

 

2) The comprehensive fuzzy value (initial weight) k
iD  of the index i in layer 

K is calculated as follows  

( )
1 1 1

, 1, 2, , ; , ,
n n n

i ij ij ij ij ij ij
j i j

D a a i n a k l mτ τ τ

= = =

 
= ÷ = = 

 
∑ ∑∑          (1) 

3) Defuzzification 
Definition 1. ( )1 1 1 1, ,M k l m  and ( )2 2 2 2, ,M k l m  are trig fuzzy number. The 

probability of 2 2M M≥  expressed as a trigonometric fuzzy function 
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( )
( ) ( )

1 2

2 2 12
1 2 1 2

1 1 2 2

1,

, ,

l l
P M M k m l l m k

l m l k

≥
≥ = − ≤ ≥ − − −

        (2) 

Definition 2. The probability that one fuzzy number is greater than the other 
K fuzzy Numbers is defined as 

( ) ( )1 2, , , min , 1,2, ,K iP M M M M P M M i k≥ = ≥ = 

 According to definitions 1 and 2 to iDτ , formula (1) is used to de-blur 

( )min , 1,2, , , 1, 2, ,i i jd P D D j n i nτ τ= ≥ = =   

The weights above are normalized to obtain the final weights of each index 
( )1 2, , , nw ω ω ω=  . 

4. Fuzzy Comprehensive Evaluation 

1) Determination of evaluation set. Before carrying out comprehensive evalu-
ation, the evaluation set shall be determined by the expert group. It is assumed 
that the evaluation of undergraduate graduation thesis results shall be divided 
into K grades, then the evaluation set shall be }{ 1 2, , , kF f f f=   Generally 
speaking, the fuzzy evaluation can be divided into 5 grades to meet the require-
ments of the evaluation, that is, 1f  means excellent, 2f  means good, 3f  
means medium, 4f  means passing, 5f  means failing. 

2) Evaluation model [5]. After the evaluation set is determined, the single in-
dicator ( )1, 2, ,iu i n=   make a single index judgment, determine the mem-
bership degree (probability degree) rij of the decision level ( )1,2, ,jv j m=   of 
the thing with respect to the index ui, thus obtaining the single indicator evalua-
tion set ( )1 2, , ,i i i imr r r r=   of the ith factor ui. The evaluation set of m indica-
tors constitutes an evaluation matrix R. 

11 12 1

21 22 2

1 2

m

m

n n nm

r r r
r r r

R

r r r

 
 
 =
 
 
 





   



 
where rij represents the membership of the ith indicator to the jth decision level, 

1,2, ,i n=  , 1,2, ,j m=  . We normally normalize it, which is satisfaction 

( )
1

1 1,2, , .
m

ij
j

r i n
=

= =∑   

On this basis, firstly construct the fuzzy evaluation matrix P of fuzzy relation 
between the evaluation set F of each index B of the criterion layer, and then cal-
culate the evaluation results of the index of the criterion layer. 

( ) ( )

11 12 1

21 22 2
1 2 1 2

1 2

, , , , , ,

i i i m

i i i m
i i i i i ih i i im

ih ih ihm

r r r
r r r

Y W R y y y

r r r

ω ω ω

 
 
 = ⋅ = ⋅ =
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where, h is the number of lower indicators of criterion level indicator Bi. 
Let’s normalize Yi 

( )1
1 2

1 1

, , , , , .i im
i i i imm m

ij ij
j j

y y
Y y y y

y y

∗ ∗ ∗ ∗

= =

 
 
 = =
 
 
 
∑ ∑

   

Then the fuzzy evaluation matrix of the fuzzy relationship between the evalua-
tion set F of criterion level index can be expressed as 

11 12 1

2221 2

1 2

m

m

n n nm

y y y

y y y
P

y y y

∗ ∗ ∗

∗ ∗ ∗

∗ ∗ ∗

 
 
 =  
 
  





   



 

Therefore, the evaluation result of target layer index can be calculated as 

( ) ( )

11 12 1

2221 2
1 2 1 2

1 2

, , , , , ,

m

m
N m

n n nm

y y y

y y y
Y W P y y y

y y y

ω ω ω

∗ ∗ ∗

∗ ∗ ∗

∗ ∗ ∗

 
 
 = ⋅ = ⋅ = 
 
  





 

   



 

If I normalize Y, I get 

( )1
1 2

1 1

, , , , , .m
mm m

j j
j j

yyY y y y
y y

∗ ∗ ∗ ∗

= =

 
 
 = =
 
 
 
∑ ∑

 
 

At this point, the final grade of comprehensive evaluation can be obtained ac-
cording to the degree of membership [15] [16] [17]. 

5. Application Analysis 

According to the above evaluation model, an ordinary institution of higher 
learning in eastern China is taken as an example to evaluate the quality of its 
undergraduate graduation thesis. The following is the fuzzy judgment matrix ta-
ble (Tables 3-5) given by the expert group on the index system. 

For the quality of undergraduate graduation thesis A, the quality of topic se-
lection B1, quality of thesis B2 and level of ability B3 at the criterion level are 
equally important. Through sorting out the evaluation data of 10 evaluation ex-
perts, the evaluation set of secondary indicators is obtained as shown in Table 6. 

According to the above data, on the basis of the model calculation can get 
some east normal university undergraduate course graduation thesis quality 
comprehensive evaluation results Y* = (0.19634, 0.239825, 0.28784, 0.13233, 
0.11256), according to the principle of maximum membership degree, under-
graduate course graduation thesis quality of the final evaluation result is 0.28784, 
namely “medium” which reflects the undergraduate graduation thesis is the 
school education relatively weak link that it needs to further improve. 
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Table 3. Quality of topic selection. 

B1 C1 C2 C3 

C1 ( )1,1,1  

( )1,2,3  

( )2,3,4  

( )1,2,3  

( )1,2,3  

( )2,3,4  

( )2,4,5  

C2 

( )1 3,1 2,1 1  

( )1 4,1 3,1 2  

( )1 3,1 2,1 1  

( )1,1,1  

( )1,3,4  

( )1,4,5  

( )1,2,3  

C3 

( )1 3,1 2,1 1  

( )1 4,1 3,1 2  

( )1 5,1 4,1 2  

( )1 4,1 3,1 1  

( )1 5,1 4,1 1  

( )1 3,1 2,1 1  

( )1,1,1  

 
Table 4. Quality of the paper. 

B2 C4 C5 C6 

C4 ( )1,1,1  

( )1,2,4  

( )2,3,4  

( )1,3,4  

( )1,2,3  

( )1,2,3  

( )1,1,2  

C5 

( )1 4,1 2,1 1  

( )1 4,1 3,1 2  

( )1 4,1 3,1 1  

( )1,1,1  

( )1,3,4  

( )1,1,2  

( )1,2,4  

C6 

( )1 3,1 2,1 1  

( )1 3,1 2,1 1  

( )1 2,1 1,1 1  

( )1 4,1 3,1 1  

( )1 2,1 1,1 1  

( )1 4,1 2,1 1  

( )1,1,1  

 
Table 5. Ability level. 

B3 C7 C8 C9 C10 

C7 ( )1,1,1  

( )1,1,2  

( )1,1,2  

( )1,2,3  

( )1,2,3  

( )1,1,2  

( )1,1,2  

( )3,4,5  

( )2,3,4  

( )3,4,5  

C8 

( )1 2,1 1,1 1  

( )1 2,1 1,1 1  

( )1 3,1 2,1 1  

( )1,1,1  

( )1,2,3  

( )1,1,2  

( )1,1,2  

( )2,3,4  

( )1,2,3  

( )2,3,4  

C9 

( )1 3,1 2,1 1  

( )1 2,1 1,1 1  

( )1 2,1 1,1 1  

( )1 3,1 2,1 1  

( )1 2,1 1,1 1  

( )1 2,1 1,1 1  

( )1,1,1  

( )2,3,4  

( )1,2,3  

( )1,2,3  

C10 

( )1 5,1 4,1 3  

( )1 4,1 3,1 2  

( )1 5,1 4,1 3  

( )1 4,1 3,1 2  

( )1 3,1 2,1 1  

( )1 4,1 3,1 2  

( )1 4,1 3,1 2  

( )1 3,1 2,1 1  

( )1 3,1 2,1 1  

( )1,1,1  
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Table 6. Evaluation set of secondary indicators of undergraduate graduation thesis quali-
ty 

Criterion 
level index B 

Scheme level 
indicator C 

Comment set (number of participants) 

f1 excellent f2 good f3 medium f4 passing f5 falling 

B1 

C1 

C2 

C3 

2 
2 
2 

2 
3 
3 

3 
3 
2 

2 
1 
2 

1 
1 
1 

B2 

C4 

C5 

C6 

2 
2 
1 

1 
3 
1 

4 
3 
5 

2 
1 
2 

1 
1 
1 

B3 

C7 

C8 

C9 

C10 

2 
3 
2 
1 

3 
2 
2 
3 

2 
2 
4 
3 

2 
2 
2 
2 

1 
1 
1 
1 

6. Conclusion 

According to the requirements of the current society for talents, on the basis of 
consulting experts and practical investigation, the evaluation index system of 
undergraduate graduation thesis quality is constructed based on the principles of 
scientificness, directivity, comprehensiveness, hierarchy, individuality and ope-
rability. In view of the characteristic that the evaluation indexes of undergra-
duate graduation thesis are mostly qualitative indexes, the analytic hierarchy 
process based on triangle fuzzy number is introduced into the evaluation of un-
dergraduate graduation thesis, and the factors affecting the quality of undergra-
duate graduation thesis are sorted, and the quality evaluation model of under-
graduate graduation thesis is constructed by using fuzzy comprehensive evalua-
tion method. The results show that the model can well reflect the quality of un-
dergraduate theses in ordinary universities. 
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