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Abstract - Classic methods have been well reported to measure the correlation coefficient of crisp observed data. However, the 

uncertainty in the real world sometimes makes crisp data unavailable, especially for linguistic variables. Under this situation, fuzzy 

numbers are often involved in the observed data, but classic statistical methods cannot be directly used to calculate the correlation 

coefficient of fuzzy observed data. Motivated by this observation, we integrate the centroid technique with Pearson's correlation 

coefficient to propose a simple method for measuring the correlation coefficient of fuzzy data. The centroid based method is applied 

into the measurement of correlation coefficient between technology and management. The comparison with extant results shows the 

effectiveness and advantage of our method.  
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1. Introduction 
Correlation is one important and basic relationship for researchers to analyze the intertwined world. Well-known 

methods to measure the correlation have been widely used, such as correlation diagram and correlation coefficient. 

Especially, Pearson's correlation coefficient is the most common measure. These classic statistical techniques are suitable 

to crisp observed data. However, in the real world, we sometimes cannot obtain crisp variable values due to the uncertainty 

and ambiguity. For example, it is an acceptable way to use fuzzy numbers to quantify linguistic variables. Then, how to 

determine the correlation coefficient of fuzzy observed data is a facing problem. Classic statistics does not give the answer. 

In order to deal with the problem, some works have been reported in the literature. Gerstenkorn and Manko [1] gave 

an early interrelation coefficient of intuitionistic fuzzy sets. This interrelation coefficient was proved with good properties 

to measure the correlation of fuzzy sets, but it cannot differentiate the negative or positive correlation. Then, Chiang and 

Lin [2] used the conventional statistics to present a formula for measuring the fuzzy correlation coefficient among fuzzy 

data. Chiang and Lin’ formula extended the correlation of fuzzy sets into [-1, 1] which is consistent with classic statistical 

techniques. However, Liu and Kao [3] argued that the correlation coefficient of fuzzy numbers should be a fuzzy number, 

and then used the α-cut technique to present a fuzzy correlation coefficient. Recently, more improved methods and 

applications are reported such as Hsu and Wu [4], Ye [5], Liao et al. [6], Yang [7], Ban et al. [8], and Şahin and liu [9].  
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We find that most extant methods are with high computation complexity which is not convenient to deal with practical 

problems as a simple way. The centroid technique is a simple and effective way to compare fuzzy numbers [10-13], but 

few reports are found to apply the centroid technique into the problem of determining the correlation coefficient of fuzzy 

data.  

Motivated by this observation, we integrate the centroid technique with Pearson's correlation coefficient to propose a 

simple method for measuring the correlation coefficient of fuzzy data. The centroid based method is applied into the 

measurement of correlation coefficient between technology and management. The comparison with extant results shows 

the effectiveness and advantage of our method. 

The organization of the rest is as follows. In Section 2, we present the proposed centroid based measure of fuzzy 

correlation coefficient. In Section 3, an application example is given to show the effectiveness of the proposed method. 

Section 4 concludes the work. 

 

2. The Proposed Method 
  

2.1. The problem description 
A correlation coefficient is an index to measure the degree of correlation of observed data. Pearson's correlation 

coefficient is one of the most common indices for measuring the degree of correlation. Given two crisp datasets both with 

n  observations, that is, 1 2{ , ,..., } nX x x x
 and 1 2{ , ,..., } nY y y y

 where ix
 and iy

 denote the ith observed crisp values 

in these two datasets respectively, the Pearson's correlation coefficient of these two datasets (denoted as ,X Yr
) is [14]: 
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n  are the means of X  and Y , respectively. This is the classic index for measuring 

the correlation of two crisp datasets.  

However, due to the uncertainty and variability, the observed data are sometimes not expressed by crisp values. For 

example, in order to observe the correlation between the freshness of in-transit fruits and the temperature of carrying 

vehicles, it is difficult to use crisp values to express the freshness as well as other linguistic variables. Then, it is better to 

use fuzzy numbers. In addition, interval or fuzzy values are often used to express the temperature range. In this case, how 

to measure the degree of correlation between two fuzzy variables is a difficulty. That is, given two fuzzy observed datasets, 

1 2{ , ,..., } nX x x x
 and 1 2{ , ,..., } nY y y y

 where ix
 and iy

 denote the ith observed fuzzy values in these two datasets 

respectively, how to formulate the correlation coefficient? In this work, we present a centroid based method to solve the 

problem. 

 

2.2. Centroid based comparison of fuzzy numbers 
Among the extant methods for comparing fuzzy numbers, the centroid method is one simple and effective technique 

which has been used in various fields [10-13]. For two triangular fuzzy numbers 1 2 3( , , ,1)A a a a
 and 1 2 3( , , ,1)B b b b

 

where 1a
, 2a

 and 3a
 are the left threshold, the midpoint and the right threshold of A  and 1b

, 2b
 and 3b

 are the left 

threshold, the midpoint and the right threshold of B , their membership functions are: 
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where ( )
A

x  and ( )
B

x  denote the membership functions of A  and B ,  their centroids respectively denoted by 
centA  

and 
centB  are: 
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As we can see, fuzzy numbers can be transferred to corresponding crisp numbers by the centroid method. Based on 

this observation, we present a centroid based method for measuring the correlation coefficient of fuzzy numbers, as 

detailed in Section 2.3. 

 

2.3. A centroid based method for measuring the correlation coefficient of fuzzy numbers 

For two observed fuzzy datasets X  and Y : 

 

 1 2 3 1 2 3 1 2 3

1 2 1 1 1 2 2 2{ , ,..., } {( , , ),( , , ),...,( , , )} n n n nX x x x x x x x x x x x x  

 

(6) 

 

 1 2 3 1 2 3 1 2 3

1 2 1 1 1 2 2 2{ , ,..., } {( , , ),( , , ),...,( , , )} n n n nY y y y y y y y y y y y y  (7) 

                                    

where 
1

ix , 
2

ix  and 
3

ix  are the left threshold, the midpoint and the right threshold of the ith observed fuzzy value in X  

(that is, ix ) and  
1

iy , 
2

iy  and 
3

iy  are the left threshold, the midpoint and the right threshold of the ith observed fuzzy value 

in Y  (that is, iy ), their centroid datasets  respectively denoted by 
centX  and 

centY  can be determined by Eqs. (4) and (5): 
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1 2{ , ,..., } cent cent cent

cent nY y y y  (9) 

 

where 
cent

ix  and 
cent

iy  are the centroids of  ix  and iy , 1,2,...,i n : 
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Then, we can calculate the Pearson's correlation coefficient of the centroid datasets 
centX  and 

centY :  
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where 
centx  and 

centy  are the means of centX  and centY : 
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In this work, we use 
,cent centX Y

r  to measure the correlation coefficient of the two fuzzy datasets X  and Y . The 

example with the comparison with extant results shows the effectiveness and advantage of our proposed measure. 

 

3. An Application Example 
In the section, we use an extant application example to verify our method. In the study of Liu and Kao [3], they 

collected the fuzzy data of technology and management indexes of 15 Taiwan machinery firms, as Table 1 shows. As we 

can see, we cannot use classic correlation coefficients to measure the correlation due to the fuzzy values of technology and 

management. Using Eqs. (8)-(11), we can get the centroids of these fuzzy indices, as the last columns in Table 1 show.  
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Table 1: The original data and their centroids. 

 

Firms 

Fuzzy technology 

indices 

Fuzzy management  

indices Centroids of fuzzy 

technology indices 

Centroids of fuzzy 

management indices 1

ix  2

ix  3

ix  1

iy  2

iy  3

iy  

1 0.0790 0.2120 0.3527 0.2486 0.4493 0.6616 0.2146 0.4532 

2 0.6348 0.7953 0.9069 0.4902 0.7170 0.9138 0.7790 0.7070 

3 0.4424 0.6287 0.7420 0.2624 0.4243 0.5752 0.6044 0.4206 

4 0.1692 0.3677 0.5585 0.6258 0.8507 0.9680 0.3651 0.8148 

5 0.4674 0.6029 0.7598 0.2331 0.4290 0.6233 0.6100 0.4285 

6 0.6469 0.8472 0.9322 0.1395 0.3139 0.5042 0.8088 0.3192 

7 0.1835 0.3179 0.4605 0.0707 0.2290 0.4003 0.3206 0.2333 

8 0.3636 0.5577 0.6740 0.1076 0.2894 0.4866 0.5318 0.2945 

9 0.0628 0.1992 0.4037 0.1469 0.3175 0.5056 0.2219 0.3233 

10 0.1554 0.3337 0.4934 0.2555 0.4303 0.6218 0.3275 0.4359 

11 0.0085 0.1123 0.3030 0.0448 0.1214 0.2188 0.1413 0.1283 

12 0.2927 0.4170 0.6096 0.3371 0.5442 0.7540 0.4398 0.5451 

13 0.3112 0.5098 0.6399 0.5249 0.7458 0.9495 0.4870 0.7401 

14 0.2757 0.4903 0.6348 0.4957 0.7192 0.8310 0.4669 0.6820 

15 0.3394 0.5011 0.6411 0.3863 0.6115 0.7715 0.4939 0.5898 

  

Then, using our measurement method, we can get the correlation coefficient between technology and management 

based on the fuzzy data in Table 1. The comparison between Liu and Kao’s method with our work is as Table 2 and Figure 

1 show. From the comparison, we can have the following observations: 

(1) Liu and Kao’s correlation coefficient is a fuzzy number consisting of a set of intervals with different a-cut 

levels. The fuzzy correlation coefficient is difficult to be used in conventional statistical analysis. 

(2) The correlation coefficient by our measure is a crisp value, that is, 0.2926, and our measure value is quite 

close to the a-cut value with the maximum membership by Liu and Kao’s method, that is, 0.2950. Thus, our measurement 

method can be used to determine the correlation coefficient of fuzzy observed data, with a low computation complexity 

and a high confidence level. 

 
Table 2: The correlation coefficients by Liu and Kao’s and our methods. 

 

Liu and Kao' result [3] 
Our result 

a-cuts Lower Upper 

0 -0.8281 0.9862 

0.2926 

0.1 -0.7748 0.9704 

0.2 -0.6933 0.9475 

0.3 -0.5947 0.9163 

0.4 -0.4861 0.8743 

0.5 -0.3696 0.8167 

0.6 -0.2426 0.7409 

0.7 -0.1091 0.6537 

0.8 0.0267 0.5425 

0.9 0.1649 0.4233 

1 0.2950 0.2950 
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Fig. 1: The comparison with Liu and Kao’s result. 

 

4. Conclusion 
In this work, we are concerned with the determination of the correlation coefficient of fuzzy observed data. The 

centroid technique is introduced into the classic Pearson's correlation coefficient to formulate a centroid based method. 

Using the proposed method, we can measure the correlation coefficient of any two fuzzy observed datasets with triangular 

membership functions. The measurement method is simple in computation and is verified with a high confidence level in 

comparison with extant results. Further works are needed to prove the mathematical properties and robustness of our 

proposed method. In addition, we also will try to develop more measurement methods using other fuzzy comparison 

techniques such as the integral method and a-cut based methods. 
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