
Contingency Table Analysis Applying  
Fuzzy Number and Its Application 

Needs Analysis for Media Lectures 

Hiroaki Uesu 
Global Education Center, Waseda University, Tokyo, Japan 

 

Keywords: Type-2 Fuzzy Contingency Table, Fuzzy Numbers, Needs Analysis, Kano Model. 

Abstract: Generally, we could efficiently analyse the inexact information by applying fuzzy theory. We would extend 
contingency table, and propose type-2 fuzzy contingency table. In this paper, we would discuss about type-2 
fuzzy contingency table and a needs analysis method applying type-2 fuzzy contingency table. 

1 INTRODUCTION 

With the spread PCs, tablet PCs and high-capacity 
Internet communication, recognition of university 
students for the media class has been changed 
significantly. In order to the better media class, it is 
important to know what students are feeling. 

Today, there are some of the needs of the 
students, for example, teaching aid, homework, 
feedback and so on. In this paper, we propose a 
questionnaire analysis that applies type-2 fuzzy 
contingency table. 

2 FUZZY CONTINGENCY TABLE 

Def. 1. Cardinality of Type-1 Fuzzy Set 

Consider the type-1 fuzzy set A in universe ܷ =ሼݔ௜	|	݅ = 1,⋯ , ݊ሽ. Cardinality |A|  of type-1 fuzzy set 
A is defined as follows; |ܣ| =෍ߤ஺ሺݔ௜ሻ௡

௜ୀଵ  

where, ߤ஺ሺݔ௜ሻ  is a membership function of a 
type-1 fuzzy set A. 

Def. 2. Type-1 Fuzzy ݉ × ݊	Contingency Table 

Consider the type-1 fuzzy set A in universe ܷ =ሼݔ௜	|	݅ = 1,⋯ , ݊ሽ . The type-1 fuzzy ݉ ×݊	 contingency table of type-1 fuzzy set ܣଵ,⋯ , ,	௡ܣ ⋯,ଵܤ ,  ;௠ is defined as followsܤ

 

where,  ෍ߤ஺೔ሺݔ௞ሻ௡
௜ୀଵ = 1, ෍ߤ஻೔ሺݔ௞ሻ௠

௜ୀଵ = 1 
and, ௜݂௝ = หܣ௝ ∩ ሻݔ஺ೕ∩஻೔ሺߤ ௜หܤ = ሻݔ஺ೕሺߤ ∙  .ሻݔ஻೔ሺߤ
Here, we would expand the definition, we define 

a type-2 fuzzy contingency table. For the definition 
of type-2 fuzzy contingency table, we need the mean 
value of fuzzy numbers, the product value of fuzzy 
numbers and the intersection of type-2 fuzzy sets. 
Then, we could clarify these definitions. 

Def. 3. Mean Value of Fuzzy Numbers 

Let	ݔଵ∗, ,∗ଶݔ ,∗ଷݔ … , ∗௡ݔ 	be fuzzy numbers with ߙ −cuts 
௜∗ሻݔఈሺܥ  = ൣܽఈ,௜, ܾఈ,௜൧	ሺߙ ∈ ℝ, 0 ≤ ߙ ≤ 1ሻ	 

then the mean value ݔ∗തതത	; ݔ∗തതത = ራ തതതሻఈ∈ሺ଴,ଵሿ∗ݔఈሺܥߙ  

തതതሻ∗ݔఈሺܥ = ൥1݊෍ܽఈ,௜௡
௜ୀଵ , 1݊෍ܾఈ,௜௡

௜ୀଵ ൩ 
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Def. 4. Product Value of Fuzzy Numbers 

Let	ݑଵ∗, ߙ be fuzzy numbers with	ଶ∗ݑ −cuts 
 
௜∗ሻݑఈሺܥ  = ൣܽఈ,௜, ܾఈ,௜൧			ሺߙ ∈ ℝ, 0 ≤ ߙ ≤ 1ሻ	 
then the product value	ݑଵ∗ ⋅ ∗ଵݑ ;	∗ଶݑ ⋅ ∗ଶݑ = ራ ∗ଵݑఈሺܥߙ ⋅ ሻఈ∈ሺ଴,ଵሿ	ଶ∗ݑ  

∗ଵݑఈሺܥ ⋅ =	ሻ	ଶ∗ݑ ൤ minሺ௫భ,௫మሻ∈஼ഀሺ௨భ∗ 	ሻ×஼ഀሺ௨మ∗ 	ሻݔଵ ⋅ ,ଶݔ maxሺ௫భ,௫మሻ∈஼ഀሺ௨భ∗ 	ሻ×஼ഀሺ௨మ∗ 	ሻݔଵ ⋅  ଶ൨ݔ
Def. 5. Intersection of Type-2 Fuzzy Sets 

Consider the type-2 fuzzy sets ܣሚ, ෨ܤ  in universe  ܷ = ሼݔ௜	|	݅ = 1,⋯ , ݊ሽ; ܣሚ = ሼሺݔ௜, ݅|௜∗ሻݑ = 1,… , ݊ሽ,		ܤ෨ = ሼሺݔ௜, ݅|௜∗ሻݒ = 1,… , ݊ሽ 
where, let ݑ௜∗,  ௜∗ be fuzzy numbers. Then theݒ

intersection	ܣሚ ∩ ሚܣ ;		෨ܤ ∩ ෨ܤ = ሼሺݔ௜, ∗௜ݑ ⋅ ݅|௜∗ሻݒ = 1,… , ݊ሽ 
Here, we would define the type-2 fuzzy 

contingency table by these definitions. 

Def. 6. Type-2 Fuzzy m×n Contingency Table 

Consider the type-2 fuzzy sets 
⋯,ଵ෪ܣ  , ,	௡෪ܣ ⋯,ଵ෪ܤ , ௠෪ܤ 	
in universe ܷ = ሼݔ௜	|	݅ = 1,⋯ , ݇ሽ; ܣ௣෪ = ൛൫ݔ௜,௣, ∗௜,௣ݑ ൯|݅ = 1,… , ݇ൟ, ܤ௤෪ = ൛൫ݔ௜,௤, ∗௜,௤ݑ ൯|݅ = 1,… , ݇ൟ ሺ1 ≤ ݌ ≤ ݊, 1 ≤ ݍ ≤ ݉ሻ 

௠෪ܤ ⋮  ⋮ ⋮ ଵ෪ ଵ݂ଵതതതത ⋯ ଵ݂௡തതതതܤ ௡෪ܣ ⋯ ଵ෪ܣ   ௠݂ଵതതതതത ⋯ ௠݂௡തതതതത 
where, let ప݂ఫതതത	be mean value 	ݑ∗ ⋅  of grades of	തതതതതതതതത∗ݒ

intersection ܣప෩ ,  .ఫ෩ܤ

Def. 7. Entropy of Fuzzy Number 

Let 	∗ݒ	 be fuzzy numbers with membership 
function ߤ௩∗ሺݔሻ , then the entropy ܵሺݒ∗ሻ  of fuzzy 
number ݒ∗	; 

ܵሺݒ∗ሻ = න ሻ൯ஶݔ௩∗ሺߤ൫ܦ
ିஶ =ሻݑሺܦ ݔ݀ ൜−ݑ logݑ − ሺ1 − ሻݑ logሺ1 − ሻݑ , 0 ൏ ݑ ൏ 10 , 		݁ݏ݅ݓݎ݄݁ݐ݋

3 ANALYSIS METHOD 

The Kano model[1] is a theory of product 
development and customer satisfaction developed in 
the 1980s by Professor Noriaki Kano, which 
classifies customer preferences into five categories. 

 

Figure 1: Kano Model Illustrated. 

• Must Be (Expected Quality): 
Requirement that can dissatisfy (expected, but 
cannot increase satisfaction) 

• One-Dimensional (Desired Quality):  
The more of these requirements that are met, 
the more a client is satisfied 

• Delighters (Excited Quality): 
If the requirement is absent, it does not cause 
dissatisfaction, but it will delight clients if 
present 

• Indifferent: 
Client is indifferent to whether the feature is 
present or not 

• Reverse: 
Feature actually causes dissatisfaction 

The authors propose a method to analyse Kano 
model style questionnaire to the media classroom, 
analysed by type-2 fuzzy m×n contingency table. 

1. We execute questionnaire, we ask two questions 
for one requirement. Two questions are a positive 
question and a negative question. 
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• Positive question: 
“How does customer feel if the requirement 
can be met?” 

• Negative question: 
“ How does customer feel if the requirement 
can't be met?” 

And, we prepare the answer choices of 13 steps to 
each question. 

 

 
Figure 2: Positive Question and Negative Question. 

2. We count the answer of questionnaire by fuzzy 
number, and create type-2 fuzzy sets.  

For example, when a student ଵܵ checks for second 
step (Fig.3.), we interpret as follows: 

The degree of truth of the statement "a student ଵܵ answers ‘I like it that way’ ” is grade 
ଶଷ෨, the 

degree of truth of the statement "a student ଵܵ 
answers ‘I am expecting it to be that way’” is 

grade 
ଵଷ෨. 

 

 

Figure 3: Example. 

Here, we define a membership function ߤ௔෤ሺݔሻ 
of the fuzzy number ෤ܽ as follows: ߤ௔෤ሺݔሻ = maxሼ0,1 − |3ሺݔ − ܽሻ|ሽ 

 

Figure 4: Membership Function ߤభయ෨ሺݔሻ. 
3. We create a 5×5 fuzzy contingency table(Table I.)  

For example, let ଶ݂ଷതതതത	be mean value of grades of 
intersection “Expect(Functional)” and 
“Neutral(Dysfunctional)”. Consider the type-2 
fuzzy sets ܣଶ෪,ܤଷ෪	in universe ܷ = ሼݔଵ,  ଶሽ. Ifݔ
“Expect(Functional)” :ܣଶ෪ = ቄቀݔଵ, ଶଷ෨ቁ , ቀݔଶ, ଵଷ෨ቁቅ 
“Neutral(Dysfunctional)”: ଷ෪ܤ	 = ቄ൫ݔଵ, 1෨൯, ቀݔଶ, ଶଷ෨ቁቅ , 

then ܣଶ෪ ∩ ଷ෪ܤ = ቄቀݔଵ, ଶଷ෨ ∗ 1෨ቁ , ቀݔଶ, ଵଷ෨ ∗ ଶଷ෨ቁቅ , and the 

membership function of fuzzy number 
ଶଷ෨ ∗ 1෨  and ଵଷ෨ ∗ ଶଷ෨ as follows: 

0

0.5

1

0    1/3 2/3 1    
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Table 1: 5×5 Fuzzy Contingency Table. 

 
 

• ଶଷ෨ ∗ 1෨: ߤଶଷ෩∗ଵ෩ሺݔሻ= max ቊmin ቊ−3 + √1 + 2ݔ36 , 7 − √1 + 2ݔ36 ቋ , 0ቋ 
• ଵଷ෨ ∗ ଶଷ෨: ߤଵଷ෩∗ଶଷ෩ሺݔሻ= max ቊmin ቊ−1 + √1 + 2ݔ36 , 5 − √1 + 2ݔ36 ቋ , 0ቋ 

 
Figure 5: Membership Function  ߤమయ෨∗ଵ෩ሺݔሻ. 

 

Figure 6: Membership Function  ߤభయ෨∗మయ෨ሺݔሻ. 

Fuzzy number 
ଶଷ෨ ∗ 1෨  with ߙ −cuts  

ఈܥ  ቆ23෨ ∗ 1෨ቇ = ቈߙଶ + ߙ3 + 29 , ଶߙ − ߙ7 + 129 ቉	
and	fuzzy number 

ଵଷ෨ ∗ ଶଷ෨ with ߙ −cuts 

ఈܥ ቆ13෨ ∗ 23෨ቇ = ቈߙଶ + 9ߙ , ଶߙ − ߙ5 + 69 ቉ 
then, ߙ −cuts of ଶ݂ଷതതതത is calculated as follows: ܥఈ൫ ଶ݂ଷതതതത൯ = ቈߙଶ + ߙ2 + 19 , ଶߙ − ߙ6 + 99 ቉ 

 

Figure 7: Membership Function  ࢌߤ૛૜തതതതതሺݔሻ. 
4. From 5 × 5	fuzzy contingency table, we create a 

cardinality  table(Table II.). 
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Table 2: Cardinality Table. 

 

Where, Let ௜݂௝∗ 	be fuzzy numbers with ߙ −cuts; ܥఈ൫ ప݂ఫ∗തതത൯ = ൣܽఈ,௜௝, ܾఈ,௜௝൧		ሺߙ ∈ ℝ, 0 ≤ ߙ ≤ 1ሻ 
then, 

ܽ∗ = ହ݂ଵ∗ , ۔ۖەۖ
ۓ ܾ∗തതത = ራ ௕∗തതത൯ݔఈ൫ܥ௕∗തതത൯ఈ∈ሺ଴,ଵሿݔఈ൫ܥߙ = ቎෍ܽఈ,ହ௝ସ

௝ୀଶ ,෍ܾఈ,ହ௝ସ
௝ୀଶ ቏	 , ۔ۖەۖ

ۓ ܿ∗ = ራ ௖∗തതതሻݔఈሺܥ௖∗തതതሻఈ∈ሺ଴,ଵሿݔఈሺܥߙ = ൥෍ܽఈ,௜ଵସ
௜ୀଶ ,෍ܾఈ,௜ଵସ

௜ୀଶ ൩ 

۔ۖەۖ
ۓ ݀∗ = ራ ௗ∗തതത൯ݔఈ൫ܥௗ∗തതത൯ఈ∈ሺ଴,ଵሿݔఈ൫ܥߙ = ቎෍෍ܽఈ,௜௝ସ

௝ୀଶ
ସ
௜ୀଶ ,෍෍ܾఈ,௜௝ସ

௝ୀଶ
ସ
௜ୀଶ ቏ , ۔ۖەۖ

ۓ ݁∗ = ራ ௘∗തതതሻݔఈሺܥ௘∗തതതሻఈ∈ሺ଴,ଵሿݔఈሺܥߙ = ቎෍ܽఈ,ଵ௝ସ
௝ୀଶ ,෍ܾఈ,ଵ௝ସ

௝ୀଶ ቏, 

۔ۖەۖ
ۓ ݂∗ = ራ ௙∗തതത൯ݔఈ൫ܥ௙∗തതത൯ఈ∈ሺ଴,ଵሿݔఈ൫ܥߙ = ൥෍ܽఈ,௜ହସ

௜ୀଶ ,෍ܾఈ,௜ହସ
௜ୀଶ ൩ , ݃∗ = ଵ݂ହ∗  

5. From a cardinality table, we calculate the fuzzy weighted average. These weights are as follows: 

Table 3: Weight Table. 

 
 

weight input conclusion

-1 O(N) not actively implement this requirement

- 2/3 M(N) not implement as much as possible this requirement

- 1/3 A(N) can afford to not implement  this requirement

0 I can't decided either way

1/3 A(P) can afford to implement  this requirement

2/3 M(P) implement as much as possible this requirement

1 O(P) actively implement this requirement
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The weight are fuzzy number ෤ܽ, the membership 
function is defined as follows: ߤ௔෤ = maxሼ0,1 − |3ሺݔ − ܽሻ|ሽ 

 

Figure 8: Membership Functions of weight. 

We determine a comprehensive evaluation from 
this fuzzy weighted average. 

4 APPLICATION 

We executed questionnaires about the function for 
the media class for 244 students. 

Questionnaires: 
Q1,Q2 : ToDo list 
Q3,Q4 : Reminder Mail 
Q5,Q6 : Test’s Deadline 

 

 

Figure 9: Questionnaires (Q1,Q2). 

Then, we obtain the response table(Table IV.). 

Table 4:  Response Table. 

 

By using the previous method, we obtain a 
cardinality table (Table V.). 

Next, we calculate the fuzzy weighted average. 

 

Figure 10: Fuzzy Weighted Average. 

 
Then, we determine a comprehensive evaluation 

by calculating gravity of this fuzzy weighted average. 
 
 
 
 
 

No. Q1 Q2 Q3 Q4 Q5 Q6

1 7 7 7 7 13 1

2 7 7 10 4 7 7
3 7 7 4 7 13 2
4 10 1 1 9 10 3
5 7 7 7 7 7 7
6 7 7 7 7 7 7
7 7 12 7 7 3 8
8 7 7 11 3 7 7
9 11 6 10 4 7 7
10 1 10 1 10 7 7
11 7 7 1 7 8 1
12 7 7 4 10 13 1
13 1 10 1 10 10 1
14 1 13 1 13 13 1
15 7 7 7 7 9 6
16 7 7 1 10 7 7
233 0 0 0 0 0 0
234 2 10 6 7 7 7
235 1 13 1 13 7 7
236 7 7 7 10 12 2
237 7 7 1 13 7 7
238 1 1 1 1 1 1
239 0 0 0 0 0 0
240 7 7 2 10 7 7
241 7 7 7 7 7 7
242 7 7 2 7 7 7
243 7 7 6 7 7 7
244 7 7 1 10 10 2
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Table 5: Cardinality Table (Q1,Q2). 

 
 

 
 

Table 6: Result. 

 ToDo List 
Reminder 

Mail 
Test’s 

Deadline 

Weighted 
Average 

0.078324 0.173297 -0.10338 

Center of 
Gravity 

0.084673 0.188755 -0.11257 

Fuzzy 
Entropy 

0.170076 0.372188 0.222228 

5 CONCLUSION 

We executed a needs analysis of the students 
applying type-2 fuzzy 5 × 5 contingency table. As a 
result, it was able to confirm its effectiveness as a 
method. Further, we would like to improve 
analytical methods in the future. 

This paper is a part of the outcome of research 
performed under a Waseda University Grant for 
Special Research Projects (Project number: 2016B-
310). 
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