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Abstract
Test of hypothesis and decision making are generic and significant
concluding part in every field. Arriving better result through statistical
hypothesis test plays a vital role in almost all sectors such as industries,
financial management, education, election commission, transports, natural
resource development departments etc. But it is not always possible to have
precise sample observations when the task is dealing with real time
population. Practically, the observed samples may or may not be precise in
nature. In this proposed work, some imprecise data of dengue and malarial
victims have been taken and the concerned samples are observed in terms of
fuzzy numbers; more generally in terms of trapezoidal fuzzy numbers
(TrFNs). Further, the fuzzy numbers are defuzzified by a unique ranking
method through pivotal spot of TrFNs. After defuzzification, relevant
statistical method has been applied in the test of hypothesis to get better
decision.
Keywords: Test of Hypothesis, Fuzzy numbers, Pivotal Spot, Rank,
Samples.
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1 Introduction
Testing statistical hypotheses is an imperative tool for making decisions
about earth problems. Fundamental information is generally considered
correct, but it is usually much more sensible to take into account ambiguous
properties that are inaccurate numbers. In this instance, the test statistic too
gives an exact number. (Trapezoidal) This article presents a test method of
statistical hypothesis based on alpha cut of fuzzy number.
Testing statistical hypotheses under ambiguous conditions focused on
using the fuzzy hypotheses presented by Zadeh [1] by many developers.
Abbasbandy et al. [2, 3] knew a technique to get the most accurate
trapezoidal estimate of fuzzy numbers. Abhinav Bansal [4] examined
specific mathematical assets of subjective trapezoidal fuzzy numbers. B. F.
Arnold [5] experimented with new information on fuzzy hypotheses. Chachi
et al. [6] described another way of dealing with the problem of sampling
statistic hypotheses. Gajivaradhan et al. [7, 8, 9] conducted speculative
experiments on various statistical concepts in an ambiguous scenario. P.
Grzegorzewski [10, 11] has carried out various experiments in statistical
theories with ambiguous numbers. Iuliana Carmen [12] tests true theories
with the help of ambiguous etymological variables. Liou et al. [13]
determination of the absolutely essential value of the ranking choice among
ambiguous numbers. Salim Rezvani et al. [14] introduction of modelling and
standardized mean coordinate representation (GMIR) for trapezoidal fuzzy
numbers. Thorani et al. [15] with some modifications towards the positioning
ability of a trapezoidal fuzzy number. Viertl [16] has studied some
techniques to create final interpolations and statistical tests for ambiguous
information. Wang et al. [17] introduction of the technique for key formulas
for short fuzzy numbers. Wu [18, 19, 20] suggested several ways to develop
certain fuzzy intervals for the fuzzy-fuzzy parameter. Excluded examples we
propose another measurable fuzzy theory test for two-sided t-tests with
information about trapezoidal fuzzy numbers. Another thought in this work,
is that we have an idea of an investigation, and what will be the
consequences if we reach the level of this relaxed information that is
essential? As a result, we used positions in theoretical experiments that were
derived from the proposed critical positions of trapezoidal fuzzy numbers.
Confidence levels and h-level sentences are not used in the selection
guidelines for the proposed test procedure.
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2 Preliminaries
2.1 Membership Function
A fuzzy set

A

of a universal set X is characterized by its membership

function μ Aɶ : X   0, 1 and we write A 

 x, μ

ɶ
A

 x  :



xX .

2.2 Convex Fuzzy Set
A fuzzy set A is said to be a convex fuzzy set if
μ A  α x 1 + 1 - α  x 2   m in μ A  x 1  , μ A  x 2  where x1 , x 2  X

and α   0, 1 .

2.3 Fuzzy Number
A fuzzy set A defined on the universal set of real number R, whose
membership function μ is called the fuzzy number if it has the following
characteristics:
i. A is convex,
ii. A is normal,
iii. μ A is piecewise continuous.

2.4 Normalized Trapezoidal Fuzzy Number
A fuzzy number A   m, n, p, q; 1 is a Normalized Trapezoidal Fuzzy
Number if its membership function is specified by
0
; x<m

x - m ; m < x  n
n - m

μ A  x   1
; n<x<p
q - x

; p  x <q
q - p
0
; x>q
where m  n  p  q
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3 Hypothesis Test for Interval Data
Let {  ai , bi  , i =1, 2……, n} be a random sample (x) with size m and
{ [c j , d j ] , j=1, 2,…….., n} be a random sample (y) with size n . And
consider [1 , 1 ] be mean of x from a normal population, also consider

[2 , 2 ] be present mean of y as of one more normal population.
Moreover, the null hypothesis H o so that the mean values of the
population of the given samples are the same that is,

H 0 :[1 , 1 ]  [2 , 2 ]  1  2 and 1  2
And the alternative hypothesis is given by

(i ) H A :[1 , 1 ]  [ 2 ,  2 ]  1   2 and 1   2
(ii ) H A :[1 , 1 ]  [2 , 2 ]  1  2 and 1   2
(iii ) H A :[1 , 1 ]  [2 , 2 ]  1  2 and 1  2
Suppose that xɶ and ɶy be the sample means, s xɶ and sɶy are the sample
standard deviations of xɶ and ɶy correspondingly.
Case (i)
Let presumed the population standard deviation is to be same, then the
null hypothesis H 0 :[1 , 1 ]  [2 , 2 ] test will be

tɶ 

xɶ  ɶy
1 1
s

m n

(1)

where

sɶ 

(m  1) s 2 xɶ  (n  1) s 2 ɶy
mn2

(2)

Case (ii)

Let presumed the population standard deviation is to be in-equal,
then the null hypothesis H 0 :[1 , 1 ]  [2 , 2 ] test will be
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tɶ 

xɶ  ɶy

(3)

2
s 2 xɶ s ɶy

m
n

where









 1  m
 1  n
ɶ 2
ɶy 2 
2
s 2 xɶ  
x

x
s

y

and
ɶy

  i

 j

 m  1   i 1
 n  1   j 1


Here, the parameters are denoted with tilde

∼

(4)

symbol as they are

defuzzified form connected with NTrFN.

4 The Pivotal Spot for NTrFN
Consider

a

normalized

trapezoidal

fuzzy

number

(NTrFN)

T  (t1 , t2 , t3 , t4 ;1). In the proposed method, this NTrFN has been divided
into four plane figures namely triangle ABC, triangle ABD, triangle ACD
and triangle BCD. The centroid of these four triangles has been found, these
centroids are m1 , m2, m3 and m4 . Consequently, the four centroids form a
four-sided polygon with the vertices m1 , m2, m3 and m4 . In this study, these
locuses are taken as the better perspectives to locate the most pivotal spot of
NTrFN T . The proposed pivotal spot is the point of intersection of the
diagonals d1 and d 2 joining the vertices m1m3 and m2 m4 respectively. That
is d1  m1m3 and d 2  m2 m4 . As this pivotal spot is taken out from the
centroids of four triangles derived from the NTrFN, this would be a much
more balancing point for a normalized trapezoidal fuzzy number. The
Cartesian form of the pivotal spot of NTrFN has been finally formed.
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Figure 1 Pivotal Spot of NTrFN

From figure 1, it is seen that the centroids of the four plane figures are:

 t t t 1
 t t t 2 
 t t t 2 
 t t t 1
m1   1 2 3 , , m2   1 2 4 , , m3   1 3 4 ,  and m4   2 3 4 , 
3
3
3
3
3
 3
 3
 3

The pivotal spot of the polygon is derived as follows,
Consider a normalized trapezoidal fuzzy number as

T   t1 , t2 , t3 , t4 ;1

(5)

And the centroid of the four triangles has taken as follows

t t t 1
 ABC , m1   1 2 3 ,   m1  s1 , s2 
3
3


(6)

t t t 1
 ABD , m2   1 2 4 ,   m2  s3 , s4 
3
3


(7)

t t t 2
 ACD , m3   1 3 4 ,   m3  s5 , s6 
3
3


(8)
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t t t 2
 BCD , m4   2 3 4 ,   m4  s7 , s8 
3
3


(9)

The diagonal equations of d1 and d2 formulated by point-slope formulas
as follows

y  y1  m ( x  x1 ) where m 

y2  y1
x2  x1

y y 
 y  y1   2 1  ( x  x1 )
 x2  x1 

(10)

Now by substituting (6) and (9) in (10), the diagonal equation d1 will be

 s s 
y  s2   8 2  ( x  s1 )
 s7  s1 

(11)

Similarly, by substituting (7) and (8) in (10), the diagonal equation d2
will be

s s 
y  s4   6 4  ( x  s3 )
 s5  s3 

(12)

Substituting equations (6), (7), (8) and (9) in equations (11) and (12), we
get two equations. That is given below



2 1



t t t 
1
3 3
x  1 2 3 
y 
3   t2  t3  t4   t1  t2  t3   
3




 

3
3
 


(13)



2 1



1
t t t 
3 3
 x  1 2 4 
y 
3   t1  t3  t4   t1  t2  t4   
3




 
3
3

 

(14)
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Solving equations (13) and (14) for x and y successively, it is seen that
the pivotal spot P ( xɶ , ɶy ) of NTrFN T will be of the form
2
2
2
2
2
2
ɶx, ɶy   t1  t2  t3  t4  t1t3  t2t4 , t2  2t3  t3 (3t2  2t4  t1)  t2 (2t4  t1)  (15)


3(t1  t2  t3  t4 )
3(t3  t2 )(t1  t2  t3  t4 )



 

The rank of the NTrFN is defined by its geometric mean of the pivotalpoints is
xɶ and yɶ , R (Tɶ )  xɶ 2  yɶ 2 .
D

Let TAɶ and

M

T Bɶ be any two TrFNs then it can be proved the following

results,

(i ) R (TAɶ )  R (TBɶ )  TAɶ  TBɶ
(ii ) R (TAɶ )  R (TBɶ )  TAɶ  TBɶ
(iii ) R (TAɶ )  R (TBɶ )  TAɶ  TBɶ
(iv) R (T Aɶ )  R (T Bɶ )  T Aɶ  T Bɶ

5 Numerical Example
The following data has been observed by a health inspection committee
in a street of a rural area in Tamil Nadu on disease among people in a
particular area. Due to some unavoidable situation, complete enumeration
about all affected people could not be possible. Therefore, the intensity of the
effect of the disease based on four stages is recorded as normalized
trapezoidal fuzzy numbers that has been given below. For this problem, the
test of hypothesis has been conducted to test the homogeneity of the severity
of the infection the two diseases. Here the given data are in the form of
NTrFN in table 1. These NTrFN are transformed to interval data by using
pivotal spot defuzzifying formula (15) given in Section-4.

Statistical Hypothesis Test to the Fuzzy Samples from Biomedical Observations by
Pivotal Spot of Trapezoidal Fuzzy Numbers 1226
Table 1 Fuzzy Samples in terms of TrFNs

Victims of Dengue
infection
Tɶ1 = (0.2, 0.5, 0.7, 0.9)

Victims of Malarial infection

Tɶ11 =(0.5, 0.7, 0.8, 0.9)

Tɶ2 = (0.1, 0.4, 0.8, 0.9)

Tɶ12 =(0.1, 0.4, 0.5, 0.6)

Tɶ3 =(0.2, 0.3, 0.6, 0.8)

Tɶ13 =(0.3, 0.5, 0.6, 0.8)

Tɶ4 =(0.3, 0.5, 0.7, 0.8)

Tɶ14 =(0.2, 0.4, 0.6, 0.7)

Tɶ5 =(0.3, 0.4, 0.7, 0.9)

Tɶ15 =(0.1, 0.2, 0.5, 0.8)

Tɶ6 =(0.3, 0.4, 0.6, 0.8)

Tɶ16 =(0.3, 0.5, 0.6, 0.9)

Tɶ7 =(0.2, 0.6, 0.7, 0.8)

Tɶ17 =(0.1, 0.2, 0.7, 0.9)

Tɶ8 =(0.3, 0.5, 0.6, 0.7)

Tɶ18 =(0.2, 0.3, 0.6, 0.8)

Tɶ9 =(0.3, 0.5, 0.6, 0.8)

Tɶ19 =(0.2, 0.3, 0.6, 0.7)

Tɶ10 =(0.3, 0.5, 0.7, 0.9)

Tɶ20 =(0.3, 0.5, 0.7, 0.8)

The Null Hypothesis
H 0 : The intensity of the infection of two diseases is same.

The Alternative Hypothesis
H A : There is a significant difference between the severity of the
infection of the two disease
The test statistics and other parameters are denoted by
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Tɶ1  (0.2, 0.5, 0.7, 0.9)
xɶ 

t12  t22  t32  t42  t1t3  t2t4
3(t1  t2  t3  t4 )

0.22  0.52  0.7 2  0.92  (0.2)(0.7)  (0.5)(0.9)
3(0.2  0.5  0.7  0.9)
xɶ  0.560000
xɶ 

yɶ 

t22  2t32  t3 (3t2  2t4  t1 )  t2 (2t4  t1 )
3(t3  t2 )(t1  t2  t3  t4 )

0.22  2(0.7 2 )  0.7(3  0.5  2  0.9  0.2)  0.5(2  0.9  0.2)
3(0.7  0.5)(0.2  0.5  0.7  0.9)
yɶ  0.466667
The interval form of Tɶ1 is Iɶ1  [ xɶ , yɶ ] (i.e.) Iɶ1  [0.560000, 0.466667]
yɶ 

Similarly, the other observations can be transformed to interval form. The
transformed interval data is tabulated in table 2, For Tɶi ; i  1, 2,...., 20.
Table 2 Interval Data of Fuzzy Samples
Dengue(x)

Tɶ1
Tɶ

[0.560000, 0.466667]

Tɶ3
Tɶ

[0.500000, 0.555556]

2

4

Tɶ5
Tɶ
6

Tɶ7
Tɶ

8

Tɶ9
Tɶ

10

[0.500000, 0.416667]

[0.555556, 0.444444]
[0.600000, 0.555556]
[0.544444, 0.555556]
[0.540000, 0.400000]
[0.511111, 0.444444]
[0.550000, 0.500000]
[0.600000, 0.500000]

Malaria(y)

Tɶ11
Tɶ

[0.711111, 0.444444]

Tɶ13
Tɶ

[0.550000, 0.500000]

Tɶ15
Tɶ

[0.441667, 0.583333]

Tɶ17
Tɶ

[0.511111, 0.555556]

Tɶ19
Tɶ

[0.450000, 0.500000]

12

14

16

18

20

[0.375000, 0.416667]

[0.455556, 0.444444]

[0.586667, 0.533333]

[0.500000, 0.555556]

[0.555556, 0.444444]

Based on the interval data calculated above, the test of hypotheses will be
evaluated as per the test statistics given in Section-2.
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Rank of Normalized Trapezoidal Fuzzy Numbers
The rank of the NTrFN is defined by its geometric mean of the pivotalɶ , R (Tɶ )  xɶ 2  yɶ 2
points: xɶ and y
Now, the ranks of NTrFN will be evaluated for the above numerical
example by using the following formula:
R (Tɶ )  xɶ 2  yɶ 2
D

M

R(Tɶ1 )  0.560000  0.466667
R(Tɶ )  0.728957
1

Similarly, R (Tɶi ); i  1, 2,3,....., 20 have calculated and tabulated in table 3:
Table 3 Rank of Fuzzy Samples

Dengue(x)
0.728957
0.650854
0.747424
0.711458
0.817705
0.777857
0.672012
0.677322
0.743303
0.781025

R (Tɶi ); i  1, 2,3,....., 20
Malaria(y)
0.838576
0.560568
0.743303
0.636445
0.731674
0.792857
0.754902
0.747424
0.672681
0.711458

1 m
1 n

xɶD    xɶiD   0.7309956; yɶ M    yɶ jM
m  i 1 
n  j 1
where


  0.718989


xɶD and yɶ M are the extremes of the given interval data.
 1  m
ɶ
S xɶ2D  
  xɶi  xD
 m  1   i 1 D





2

 1  n
ɶ
S y2ɶM  
   yɶ jM  yM
1
n


  j 1






  0.00063

2
  0.00029
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t

xɶD  yɶ M
S xɶ2D
m



S y2ɶM

 1.253859

n

The tabulated value of t at 5% leve of significance with 18 degrees of
freedom is t  1.73

6 Conclusion
The Calculated value of t is t  1.2539 and the tabulated value of

ɶ is accepted and it can
t is t  1.73 Here, t  t  the null hypothesis H
o
be conclude that the intensity of the infection of that two disease is same in
that particular area. Although better decision can be arrived by using the
method of ranking function obtained from the pivotal spot of fuzzy numbers,
it is not an ultimate solution to all problems. Moreover, it has opened the
door for the test of hypotheses involving TrFNs through their defuzzified
forms such as rank etc. and ofcourse it needs further refinement and research
to arrive a finer result.
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