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Chapter 1. Introduction 
 

 Testing Hypothesis is one of the most important topics in statistics. Basically, 

there are two directions in testing. One is the population’s distribution to be known 

and the other is to be unknown.  

 

    Different method is used for different distribution under different significant 

level; however, if the distribution is unknown, nonparametric method is used. No 

matter which way we proceed, the common character of sample data are crisp. 

 

 However, there is some vague information such as intervals appear before fuzzy 

numbers. For instance, we ask a job seeker how much he wants to be paid. The 

answer might appear an interval form like two thousand dollars to three thousand 

dollars will be O.K. Therefore, if we attempt to proceed testing work, then we must 

learn interval arithmetic first.  

By Moore’s definition (1979), given ],[ 21 aaA = , ],[ 21 bbB =  two intervals 

then 
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Furthermore, from 321 III =+  we cannot conclude 231 III −= .  For example, 

assume ]2 ,1[1 =I , ]5 ,3[2 =I , then  
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however 
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Also, from 321 III =×  we still cannot conclude 231 III ÷= .  For instance, assume 

]2 ,1[1 =I , ]5 ,3[2 =I , then  
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 From the above discussions, we find that the computation of the vague data is 

quite different from that of ordinary one.  So, we must solve these problems by 

another way under the same sense of mean and variance. 

 

Likewise there is also some vague information formulated by terms from natural 

language, which is not easy to describe in statistical terms.  To handle this 

information and knowledge, it is natural to use intelligent computing techniques.  

Fortunately, in many expositions of intelligent computing methods, fuzzy techniques 

are described as an alternative to a more traditional statistical approach. Such a 

description makes fuzzy techniques difficult to be understood and accepted for 

researchers who are accustomed to statistical methods. 

 

In reality, more complex situations are possible, in which even an expert is not 

100% sure whether a given estimate ix  is possible; in this case, we can no longer use 

polling to get numerical characteristics of the expert knowledge.  Fuzzy set 

methodology can handle such more complex situation as well. 

 

 Moreover, although we have rules for addition and subtraction on fuzzy numbers, 

it is still very difficult to define sample variance for fuzzy sample numbers. In 

traditional statistics, given n  sample data nxxx  ..., , , 21 , we define the sample 

variance  
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On the other hand, given n  sample fuzzy numbers nAAA  ..., , , 21 , there are only few 

papers defining the sample variance for those fuzzy sample data. 

 

Although the statistical methods used to test fuzzy sample mean are based on the 

traditional decision theory, which is to extend Neyman-Peason’s lemma about most 

powerful test, they are not austerely investigated for two reasons: (i) soft-computing 

for critical region with fuzzy number is still not identified; (ii) distribution for fuzzy 

population are vague, incomplete or unknown. 

 

 In this paper, we propose three methods to deal with vague data’s computations 

and statistical testing hypothesis procedure. In Chapter 3, starting from interval case, 

we use new conception on testing hypotheses of fuzzy mean and fuzzy variance with 

interval data. Especially we give the definition of sample variance on interval’ sample 

data by centroid and radius simultaneously. We do the testing hypothesis of sample 

mean and sample variance by the help of classical methods, say, t-test and F-test. 

 

In Chapter 4, also aiming at intervals, we discuss how to test interval sample data 

from another point of view. We give an innovative concept to define sample variance 

of interval sample data. As for testing, we test sample mean on two ends – the left end 

and the right end –simultaneously. With the help of operation research, we compute 

interval’s sample variance in an innovative way and do the testing work separately. 

 

 In Chapter 5 we test fuzzy mean of discrete and continuous type fuzzy sample 

data.  The definitions of fuzzy mean for two types of fuzzy data are proposed.  

Using these definitions we are able to set up the fuzzy testing hypothesis such as 

fuzzy equal and the fuzzy belong.  These testing processes are very useful tools for 

decision making in a fuzzy system. 
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1.1 Research Objective 
 

When we do the survey work, a vague answer appears quite often. For example, 

when we ask a job seeker how much he wants to be paid. The answer might appear an 

interval form such as two thousand dollars to three thousand dollars will be O.K. For 

traditional statistics, it is an invalid data. Conventionally we process the sample data 

via single value type, i.e. a point on the real line. If the sample contains this kind of 

data, it seems impossible to process these data by traditional statistical techniques. 

 

Furthermore, if a Minister of Finance announces that the salary of young people who 

just graduate from university is two thousand dollars per month in average. It seems 

that this announcement may not exhibit the real situation. Since salary per month is 

quite a vague term. Instead, if he says that the starting salary of fresh graduate 

students is about two thousand dollars to two and half thousand dollars by average, it 

would be more appreciable for people to recognize this kind of information.     

Now, if we want to check whether a proposed interval data [2000, 2500] whether 

it is true or not the best way is to set up a statistical decision criteria under the testing 

hypothesis process for the interval data. In addition to previous discussion, there are 

other testing works such as variance, two populations’ mean and so on. 

 

In this paper we firstly set decision criteria by new conception on testing 

hypotheses of fuzzy mean and fuzzy variance with interval data.  About testing, the 

method and theory are complete in classical statistics for those data and parameters in 

point form. It is not easy to handle interval data.  For example, 
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xxf  is a density function for normal distribution data x; on 

the other hand, provided data are intervals, how do you know if the data fit normal 
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Another question is how to apply traditional testing hypothesis method such as t-test 

and F-test in testing interval data.  In Chapter 3, we propose extended conception to 

test mean and variance, which are intervals. We aim at interval data and describe an 

interval (close and bounded) by its centroid and radius and then give a definition on 

interval data’s sample mean by a different way. We also give a definition of interval 

sample variance by an innovative way. 

 

  In this part we also propose the conception of fuzzy normal distribution.  

Extending classical method, we treat intervals as points and test with the help of 

traditional way by what we call extended Iα−1  confidence interval to decide 

whether to accept or reject null hypothesis. 

 

Secondly, in Chapter 4 we will discuss how to test interval data from another 

point of view: 

How do we make a statistical decision process when the data illustrates the 

interval type? In this paper we proposed an innovative distribution, i.e. fuzzy normal 

distribution for the interval sample. A testing hypothesis process and decision rule for 

the parameters is suggested by extending the conventional t-test and F-test procedures. 

The empirical studies demonstrate that our proposed decision rules are quite efficient 

and realistic. 

Our strategy, under the assumption of fuzzy normally distributed (detailed 

definition will be given later), is to test mean by traditional t-test and variance by 

traditional F-test. We simultaneously test two ends, the left end and the right end, 

under certain significant level. We will reject the null hypothesis if at least one of the 

two ends is rejected. We also provide easy way to compute interval’s sample mean 

and sample variance for interval data under certain simple conditions. 

 

At last, for more complex data with membership, we introduce the concept of 
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fuzzy statistics via discrete fuzzy sample and continuous fuzzy sample.  The 

definitions of fuzzy mean for two kinds of fuzzy data are proposed.  Using these 

definitions, we are able to set up the fuzzy testing hypothesis, such as fuzzy equals to 

and the fuzzy belongs to.  These testing processes are very useful tools for decision 

making in a fuzzy system. 

 

Since our main objective is to promote the understanding of these two classes of 

techniques - statistics and fuzzy - to researchers who may only know well one of 

theses techniques, we go into some detailed explanation of the basic techniques. Any 

reader who is well familiar with one or both of these techniques is advised to at least 

browse through the exposition of their basics. 

 

We present a class of fuzzy statistical decision process in which testing 

hypothesis can be naturally reformulated in terms of interval-valued statistics. To 

describe these situations we will start with a brief motivation of traditional statistical 

techniques, give a brief motivation of the corresponding fuzzy methods, and then 

describes the relation between these two classes of techniques.  We provide the 

definitions of fuzzy mean, fuzzy distance as well as investigation of their related 

properties.  We also give some empirical examples to illustrate the techniques and to 

analyze fuzzy data.  Empirical studies show that fuzzy hypothesis testing with soft 

computing for interval data is more realistic and reasonable in the social science 

research.   

 

In testing hypothesis, we test sample mean of discrete and continuous type of 

fuzzy sample data. We firstly introduce membership function and fuzzy number. Next, 

we show the properties of fuzzy mean and give definitions on fuzzy sample means, 

including three kinds of interval form and discrete form. 

 

For discrete type, we use the method of defuzzyfication. We also introduce some 

properties and soft computing about fuzzy data such as “fuzzy equal” for discrete data, 

“fuzzy index equal” for discrete data, “fuzzy equal” for interval data, “fuzzy belongs 



 7

to” for interval data and distance of fuzzy interval sets by four definitions. As for 

computing continuous type sample mean, we make membership uniform(or we may 

fix 0=α  in cut−α  way) for simplicity. 

 

When we do the testing work in Chapter 5, the traditional 2χ -test is used to test 

null hypothesis about whether equality holds or not on discrete fuzzy mean. Also, 

under the fuzzy significant level δF  and the corresponding critical value δ , we do 

the testing work for discrete type.  As for continuous type fuzzy numbers, under the 

significant level δF , we set rk δ=  to test null hypothesis about whether equality 

holds or not, and null hypothesis about whether the condition “belong to” holds or not. 

After setting the above rules, we then give some examples which are real problems 

that need to be solved.  

 

 

1.2 Organization of the Dissertation 

 

 The dissertation contains six chapters.  Chapter 1 outlines the motivation 

of this research.  Chapter 2 reviews the existing approaches to the problems.  

Besides, it also surveys work related to traditional statistical method and fuzzy 

inference that are used in subsequence chapters of the thesis.  Chapter 3 deals with 

interval data.  We describe an interval data (close and bounded) by its centroid and 

radius.  In this Chapter, the interval data sample mean is defined by two different 

ways, meanwhile the interval sample variance is also defined by an innovative way.  

The fuzzy normal distribution is also proposed to use for designing testing hypothesis 

as well. In Chapter 4 we present the definition of fuzzy normal distribution and the 

statistic related to fuzzy normal distribution.  We derive a testing procedure for 

dealing with the interval data; Chapter 5 deals with the testing on discrete and 

continuous fuzzy numbers.  In this part, the definitions of membership function, 

fuzzy number, and fuzzy mean are presented.  The properties of fuzzy mean are then 

discussed.  Several illustrative examples are reported. Finally, Chapter 6 presents the 

conclusion and future research. 
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The last part of this paper we put on a list references. 


