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Abstract 
 
A variable that roots between the dependent and independent variables is a 

mediator. The fundamental roles in data analysis necessitate various 

variables mainly when the new variables are inflated among reliant and self-

sufficient variables. Several areas especially in psychology, industry, 

edification, science, production area, etc mediation analysis is obliged that 

desire regression analysis. For many studies mediation analysis is feasible. In 

addition to it, using fuzzy mediation theory whenever the variables are not 

plainly distinct at times it is much more logical to articulate the data. For 

instance, the variables using fuzzy numbers are superior to articulate than 

using real numbers (crisp numbers). Some models of unclear mediation study 

using membership grade functions on behavioral science have been proposed 

in this study with few examples. The entire, straight and not direct effects are 

found out using psychological data for the mediator and confounding 

variable to exist. Also the standard error and confidence intervals are 

estimated. 

 

Keyword: Simple mediation, Fuzzy mediation, Parallel mediation, 

Imprecise data, Membership function. 
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1 Introduction 
 

Mediation analysis is statistical process that in relation to happen which 

helps to scrutinize how the cause of an independent variable on a outcome is 

express through an intervening variable (mediator) M. This unpredictable 

indicates asymmetric relation among variables. For mediation to be present 

numerous mediation tests impress that there is a wide relationship among the 

independent and the dependent variable. If the not direct effect is statistically 

imperative, then there is no major relation of an independent variable with a 

dependent variable. 

Mediation analysis instigate with each case of three variables. The 

opinion of mediation analysis, is generally common in psychology, 

sociology, and associated fields. Mediator differs in numerous ways. 

Mediators fluctuate in forbearance of dimensions such as behavioral, 

psychological, physiological, or biological. In a field progresses the 

mediating process is more accurately précised as a measurement progression. 

The regression models based on dissimilar uses of the parameters a , b , 

c , and c are the two measures quantifying the mediated effects. 

a and m  are the product of the parameters, ab , which is the mediated 

effect. The indirect effect is that x  affects y  indirectly through M
~

. 

Direct effect is that the effect of x  on y  after the adjustment.  

The process of explaining the chain of mechanism of these variables is 

that the mediation analysis exists. Several variables with fuzzy analysis have 

been extensively considered. This paper examines about the fuzzy mediation 

analysis models using imprecise data. Also, to analyze the confidence 

intervals and standard error of the mediation. The entire, straight and not 

direct effect is found out using psychological data for the mediator and 

confounding variable to exist. 
 

2 Literature Review 
 

Baron & Kenny (1986) states that the technique outlined is used to 

conduct mediation analyses and Villanueva & Djurkovic (2009:130)[1]. In 

the study of Baron and Kenny’s the technique of mediation based on the 

sense that the simple relationships between three dimensions of variables (the 

predictor, the mediator, and the output variables) focused on investigation. 

According to Baron and Kenny (1986) and Villanueva and Djurkovic 

(2009),in the following study four regression equations was used in a 

multiple regression analysis’s that steps in establishing mediation [1,2].  
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Many authors deliberate that in vague situations the hypotheses testing of 

statistical analysis are carried out. Crisp data are used for fuzzy hypotheses 

testing, Arnold (1998)[3]. Casals and Gil (1989) and Son et al.(1992) 

discusses about the Neyman–Pearson testing hypotheses[4]. In 1990 and 

1994, Saade states that the testing of hypotheses in binary function and 

discussed the decision making process for fuzzy likelihood [5]. Casals and 

Gil (1986 and 1989) considered the fuzzy parametric hypotheses testing the 

Bayesian sequential from the fuzzy information[4,6].  

Grzegorzewski (2000) and Watanabe and Imaizumi (1993) using the 

vague data for the fuzzy hypotheses testing were projected [7]. The 

applications of soft statistical hypotheses were discussed in human sciences, 

Niskanen (2001)[8]. Wu (2005) proposed for fuzzy data ,the statistical 

hypotheses testing by the notions of degrees of cheerfulness and 

unhappiness[9]. Using confidence intervals for fuzzy data, to solve the 

problem of testing a new statistical procedure is developed Ahmed et al. 

(2014) [10]. Based on fuzzy data a bootstrap method is introduced to 

inference about the variance Akbari and Rezaei (2009) [11]. Several methods 

is examined with fuzzy data to erect confidence intervals and testing of 

statistics Viertl (2006 and 2011)[12,13]. For the unknown fuzzy parameter 

some approaches was proposed to construct fuzzy confidence intervals Wu 

(2009)[14]. 

 An approach for vague data upon fuzzy test statistic to develop the 

testing of fuzzy hypotheses Arefi and Taheri (2011) [15]. Statically testing of 

hypotheses using the fuzzy data with the relationship in testing the 

confidence intervals and hypotheses testing, Chachi et al. (2012)[16]. In a 

fuzzy setting, using fuzzy method to test the statistical hypothesis was 

extended by Grzegorzewski and Hryniewicz (1997)[17].  A new study using 

crisp data for statistical testing is widenedArnold (1998)[18]. 

The fuzzy hypothesis testing is done by fuzzy p-value using fuzzy data, 

Miyandoab et al. (2012) [19]. In 1995 Abraham Kandeland Christoph Romer 

considered about the vector fuzzy sample to test the fuzzy hypothesis. In the 

fuzzy environment, the extension of the Statistical Hypotheses Testing is 

discussed Akbari (2012) [20]. By means of likelihood ratio test with the 

fuzzy data the hypothesis testing is done Khamseh and Ghomi (2013). 

 

2.1 Definition    

The membership function )x(
A
~  on X with a  fuzzy set A

~
  is defined 

as 

             A
~

    ]10[  and   ,)x(Xx:))x(,x(
A
~

A
~   .  
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2.2 Definition  

The membership function )x(
A
~  with a subset of a fuzzy number in a 

real line R )a,a,a(A
~

321  satisfying the following conditions. 

(i)   To the closed interval [0, 1], )x(
A
~   is  a continuous mapping from 

the real line R.  

(ii)   For every ] 1a,(x  , )x(
A
~ 0  

(iii) ],[ 21 aa , is continuous and increasing for )x(
A
~   

(iv)  For every  2aa  , )x(
A
~ = 1  

(v)  ][ 32 a,a  is continuous and decreasing for  )x(
A
~  

(vi)   For every ),ax     [ 3 , )x(
A
~ 0  

 

3  Methodology 
 
3.1 Simple Mediation Model 
 

Statistical mediation model is categorized into diverse types. Pure 

mediation takes place when in a mediation model if any one of the paths 

conditional is not on moderation. Simple mediation is that if a model 

proposes with only one mediator. Several methods are followed for 

collecting the appropriate while dealing with real life problems. All the 

collected data may not be accurate that is, it can be vague. So, it is important 

to learn about the vague theory using imprecise data.  

The vague theory and intermission theory are the most important 

imprecise theories currently used on a large scale. Over the past 45 years 

Zadeh in 1965 introduced fuzzy set theory by [21]. For cognitive processes in 

the fuzzy set theory that affects to signify most of the untimely researches in 

the indecision. For conducting imprecise concepts in a feasible explanation 

of the theory which proposes a geometric technique and harms. 

Fuzzy variable is identified when linguistic concepts define a state of a 

variable in which fuzzy set representing various scales are employed. The 

gradual changeover of fuzzy variables possesses a natural potential to convey 

and deal with the uncertainties which is possible between states and 

including measurement. Conservatively, calculations attract utilization of 

information and signs. Most of the human beings use words habitually for 

calculating and reckoning. Computation terms is done with fuzzy variables  
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which involves the massive combination of normal languages. In a real 

numbers R, a fuzzy sets have massive value.  

The actual line is the fuzzy division where the maximum membership 

values are grouped in a fuzzy number, of a given real number. The 

membership function acquires a quantitative sense with the imprecise 

knowledge. In a certain circumstances, all the necessities of the crisis does 

not completely convenience and for the vagueness it is complicated for the 

expert to come to a decision.  

The set of ymx    connecting the method detains the simple 

mediation, that there is just one mediator. In case of more than two mediators 

in the model, (Hayes, 2013) state that multiple mediation can be articulated 

[22]. By initiating an illuminating variable, Mediator widens simple 

regression. Simple mediation is defined when there is a causal relationship of 

x on y with exactly one mediator m .  

Conceptually, in simple mediation the path a means that amends in x  

leads to adjust in m , and the path b ,that transform in m  lead to vary in 

y . The path 
ba  is the indirect effect because it is the result of the two 

paths (path a ) that join the interpreter x  to the mediator m  and the 

mediator m  to the outcome y is the path b. (Zhao, et al., 2010) states that 

several forms of mediation takes place when the indirect effect is statistically 

significant (i. e., 
ba  is larger or smaller than zero). The major basic 

structure of mediation is the simple mediation that unites an independent 

with a dependent variable and permits one to construct inferences concerning 

the primary mechanism. 

11 eci xy                              (1) 

22 eai xm                            (2) 

32 ebci mxy                (3) 

 

3.2  Simple Mediation Model Using Regression Approach  
 

The relationship between an independent variable (X) and a dependent 

variable (Y) approximates a mediation model when a mediator variable (M) 

is included. The mediation model assumes that X influences M which in turn 

influences Y. An additional effect of X directly on Y over and above the 

effect that goes through M is also allowed. A popular method for testing for 

mediation is that of Baron and Kenny (1986)[1]. In this method, the 

following three linear regression models are fit. 
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11   cy    (4) 

22   aM   (5) 

33   bMcy   (6) 

where the intercepts are  α1 and α2 and α3, the reliant variable y, the self-

sufficient variable X, the mediator M, the coefficient relating the independent 

variable and the dependent variable is c, the coefficient relating the 

independent variable to the dependent variable adjusted for the mediator is 

c′,  the coefficient relating the mediator to the dependent variable adjusted for 

the independent variable is b, the coefficient concerning the independent 

variable to the mediator a, and 
1 , 

2 , and 3  are residuals. The indirect, or 

mediated, effect is measured by the ab product estimated from equations 1 

and 3. The regression coefficient c2 from equation is called the total effect. 

Similarly, the regression coefficient c1 from equation is called the direct 

effect. 

 

3.2.1 Illustration 
 

Let X = Age (in years) of a scholar and Y = Outcome of a research 

quality and M = Mediator as social and personality development factors. 

Now, we are going to find the path values of direct effect and indirect effect 

of a simple mediation model using linear regression. 

Data was collected using random sampling. An online questionnaire was 

sent to all the students in the Bachelor and master stream who have 

completed the degree. 507 usable responses were collected at the end of the 

data collection. Data was cleaned and progressed for further analysis. It was 

decided to conduct mediation model using simple linear regression approach. 

XY 011.0367.0    

)007.0(424.0 XM   

(0.151)M + 0.010X + 0.303 =Y  

The mediated effect of the standard error is shortened as 

 

        2222

)ˆ()ˆ(ˆˆˆˆ bSEaSEabSEbaSEbaSE   

SE = 0.0817 

)1,0(
)ˆˆ(

ˆˆ
N

baSE

ba
Z   

= 0.012 ~ N (0, 1) at α = 0.05 

 

The 100(1-α) % confidence interval estimation of lower and upper values 

for βi follows t distribution with (n-p-1) degrees of freedom. These interval  
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estimates presume that the residuals for the regression model are distributed 

normally. 

The asymptotic 95% confidence interval for the mediated effect is 

 baSEbaCI ˆˆ96.1ˆˆ   

= (0.1591, 0.1611) 

Where µ = 29.06, 088.4  LL = 0.1591, UL = 0.1611 

 
 

4 Testing the Simple Mediation Model by Means to a Fuzzy 
Set 
 
 

A fuzzy set defined with the two crisp populations with on X and Y is 

x and y . A random large sample of X { x1, x2,...,xm} with MGs )(~ iA
x , i 

=1, 2,…,m and another random large sample of Y { y1, y2,..., yn } with MGs 

)(~ jA
y  , j = 1,2,…,n . The difference between the mean of the population X 

with respect to
A , ),( xA   is significant based on the two large 

samples, and the population mean Y with respect to
A , ),( yA   at   

level is inspected. 

 

4.1 Illustration 
 

Let the fuzzy independent variable be x  and the fuzzy dependent 

variable be y  and the fuzzy mediator be m . Now, we are going to find the 

path values of direct effect and indirect effect of a simple mediation model 

with the imprecise data. 

Let the fifty samples be taken randomly as S = ( x1,x2 ,x3 ,x4 ,x5 ,x6 ,x7 

,x8 ,x9,…………………. ,x50 ). In fuzzy sets, make the membership grade 

from the sample of collected data.  

Let the fuzzy sets be defined on the model such that x = {Good Oral 

Communication}, y  = {Self Esteem} and m = {Neuroticism}. Now, in the 

fuzzy sets x , m  and y  the section of the membership grades based on the 

collected information are specified for the analysis. 
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Figure 1  Mediation relation for membership grade with independent and dependent 

variable 

 

 

The simple mediation analysis results indicate that good oral 

communication is indirectly related to self esteem through its relationship 

with neuroticism. As shown in above figure 1, the students having good oral 

communication will have strong confidence (a = 0.007, p =< 0.001), and 

lower reported anxiety effects was subsequently related to self esteem (b = 

0.151, p =< .001). 5000 bootstrap samples with 95% bias-corrected 

confidence interval indicates that the indirect effect (ab = 0.001) was 

completely over zero (0.195 to 1.775). Additionally, good communication 

skill reports that strong confidence, even after taking into account 

communication is indirectly effected through neuroticism (c’ = 0.010, p = 

0.05). 

 

4.2 Illustration 
 

Let the fuzzy independent variable be x  and the fuzzy dependent 

variable be y  and the fuzzy mediator be m . Now, for a simple mediation 

model with the imprecise data we are about to get the path values of 

undeviating effect and not direct effect. 

Let the sample size be fifty taken be randomly taken. S = ( x1,x2 ,x3 ,x4 

,x5 ,x6 ,x7 ,x8 ,x9,…………………. ,x50 ) be taken randomly. The 

information is collected to attain the MGs of this sample concerning fuzzy 

sets. 
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Let the fuzzy sets be defined on the model such that x = 

{Contentment}, y  = {Interpretive Research} and m = {Truculent}. Now, 

the MGs of the sample concerning fuzzy sets x , m  and y  are given for 

the analysis based on the information collected. 

 
Figure 2  Membership grade with independent and dependent variable with single 

mediator 

 

 

Simple mediation analysis results indicate that contentment is indirectly 

related to interpretive through its relationship with truculent. As shown in 

above figure 2, contentment testified more effects than scholars with 

unhappiness (a = -0.039, p =< 0.001), and less reported truculent effects was 

subsequently related to interpretive research (b = 0.279, p =< .001). 5000 

bootstrap samples with 95% bias-corrected confidence interval indicates that 

the indirect effect (ab = 0.011) was entirely below zero (-0.018 to -

0.088).Also, contentment  reports that better quality of interpretive research, 

even after taking into account contentment is indirectly effected through 

interpretive research (c’ = 0.179, p = 0.614). 
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5 Conclusion  
 

The statistical hypotheses for large samples and small samples based on 

two types of statistical hypotheses of correlation coefficient with the 

membership function of fuzzy sets were discussed. Conventional statistical 

hypothesis testing is totally different from this cram. In the proposed tests, 

when one variable affects another mediation analysis facilitates researchers 

to look at the processes. Software makes to perform mediations to a greater 

extent, while multipart of modern computers do. The mediator factor 

explains part of the rapport among independent and dependent variable in 

which PROCESS macro for SPSS (Hayes, 2013), were competent to verify. 

Some examples are enlightened in the process within the study. However, we 

then pondered the mediation in which dimension of factors it was driving. 

All mediators collectively can make clear about the association involving 

x and y in which all particular indirect effects add up to the total indirect 

effect. 
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