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Abstract. The classical procedures for testing hypothesesiatrappropriate for dealing
with imprecise data. After the inception of theiantof fuzzy set theory, there have been
attempts to analyze the problem of testing hypdsh&s dealing with such imprecise
data. In this paper, we consider the fuzzy datteats of crisp ones, and introduce a
procedure for testing of hypothesis for imprecistadbased on interval type -2
generalized hexagonal fuzzy numbers.
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1. Introduction

In classical approaches to test statistical hymishé is assumed that both the underlying
hypothesis are the available data are crisp. M@e®tatistical hypothesis testing is very
important tool for finding decisions in real lifegiblems. Usually, the underlying data are
assumed to be precise numbers but it is much neadestic in general to consider fuzzy

values which are non — precise numbers. In this tastest statistic will also yield a non

— precise numbers. The statistical hypothesisnigstnder fuzzy environments has been
studied by many authors using the fuzzy set theoncepts which was introduced by

Zadeh [19] in the year 1965.

Casals et al. [5] and Casals and Gil [6, 7] disedsfatistical testing based on a
model represented by fuzzy events. Saade and Sgzlander [14] developed fuzzy
hypothesis testing for hybrid data under which bggothesis is a mixture of a random
and a fuzzy component. Watanabe and Imaizumi [dffpduced a testing method of a
fuzzy hypothesis for random data. Ramer and Kafit#l investigated the impacts of
vauge data on the statistical task of hypothessntg Arnold [1, 2, 3] presented an
approach how to test fuzzily formulated hypothegigh crisp data. Taheri and
Behboodian [15] formulated the problem of fuzzy otyesis testing when the
hypotheses are fuzzy and the observations are dfisptenegro et al. [12] studied two —
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sample hypothesis tests based on generalized nfetrifuzzy numbers. Viertl [16]
investigated some methods to construct confidemesvials and statistical tests for fuzzy
data. Wu [18] proposed some approaches to condtrazy intervals for the unknown
fuzzy parameter. A new approach to the problemesting statistical hypothesis is
introduced by Chachi et al [8]. Asady [4] introddca method to obtain the nearest
trapezoidal approximation of fuzzy numbers. Kalgaihe and Pandian [11] proposed a
method for one sample t- test based on intervalb®umsing triangular fuzzy numbers.
Gajivaradhan and Parthiban [9, 10] analyzed ongkaand two sample t—test based on
alpha cut method using trapezoidal fuzzy numbensthis paper, we introduce a
statistical fuzzy hypothesis testing of one—santglest in which the designated samples
are in terms of interval type 2 hexagonal fuzzy ban(IT2HFN)data.

The rest of the paper is organized as follows:i8e@ introduces basic concepts
and definitions of interval type 2 hexagonal fuzmymber and itsa -cut. Section 3
proposes a new procedure for single sample t—tesspecial interval data with an
example. Section 4 proposes a new approach folesgagnple t—test for interval type 2
hexagonal fuzzy number data based on the procgdopesed in section 3 usirg - cut
of interval type 2 hexagonal fuzzy numbers (IT2HFMpreover, the section gives an
example for demonstrate the proposed procedurall¥ithe paper ends with conclusion
in section 5.

2. Preliminaries

Definition 2.1. (Fuzzy NumberA Fuzzy setAis defined on the set of real numbers R is
said to be a fuzzy number if its membership functias the following characteristics.

(i) A is convex, i.e. A(Ax + (L—A)x,) = min{ A(x,), A(X,)}, for all x,x, OR
andA OJ[0]].
(i) A is normal, i.e., there exists ag R such that,&(xo) =1
(iii) Ais piecewise continuous
Definition 2.2. (He>iagonal Fuzzy Number) A fuzzy numideris a hexagonal fuzzy
number denoted bA =(a,,a,,8,,8,,8;,3) , wherea, <a,<a,<a,<a, < a are

real numbers satisfyinga, —a, <a, —a, anda, —a, < a; — a,, if its membership
function 5 (X) is given by
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Definition 2.3. (In~terval Type 2 Hexagonal Fuzzy Number - IT2HFN)

A fuzzy numberA is a type 2 hexagonal fuzzy number denoted by

A=A A= |t ab el alat e, @ a8 a8 )] where

(af <al<al<a: <al <a}), (a;J <a;J <a; <a;, <a; <a;)are real numbers
satlsfymgag a <8;—8,, 8 ~8 28 ~a,8 —a <a —a, and

U

al -a; =a, —a;,ifits membershlp functiong/z, () and 5, (X) are given by

0 <a
1[ X—al'-j N 0 x<a
o — a <x<a; 1 x-a/ v U
i a; %) 2w o <x<a
&, L L _ U
ila) g i) e
— L
Hzp (X) =41 L 8 SXsa, i () =11 a) <x<a
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1—2(6“;_;“;) a; <x<ap 1—;(;;__65] a, sxs<a;
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Figure 1: Interval Type 2 Hexagonal Fuzzy Number

Definition 2.4. (a - cut of an IT2HFN
The @ - cut of an Interval type 2 hexagonal fuzzy setfithe form:

H[A, A,]GD[O/\)} {[Ag A atp H

[A, A,]G'D[/Ll [Al7 Ag]a'D[OA)
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{[ZG(az a')+a’ 2a(a; -af)+a-|a0[0,.4) }
| |atay -ay)-aY +2a 2a(al -at) &l +2a ) a0[A]
{[ 2a(at -al)+2al —al,—2a(al —al) +2a’ a]aD[OA)}
|- 2a(a; -at) +at ~2a(a ~a¢) +a¢ ] a 011y
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Figure2: a - cut of an IT2HFIS.
Testing of hypothesisfor special interval data

Let {l{lxn i J[x2i » Yo J} {lx3I y Vi Jlx4i » Yai J}JI =12,......, n} be a random sample with size
n(<30) such that

{x1i i=12,....., n},{x2i i=12,......, n},{x3i d=12,......, n},{x4i d=12,....., n},

{y1i A=12,......, n},{yZi,i =12,......, n},{y3i d=12,......, n},{y4i JA=12,......, n} are the
eight random samples from a normal population Aedbpulation mean of the sample

be [{1’71 'y Jl”zwuz H’{lﬂs’rus Jl’74wu4J}]-

Now, the null hypothesis is going to be tested thatpopulation mean of the given
sample[{[f}1 My J|!721/12J}’{|.,73’/13 Jl’74,,u4J}J is equal to a specific interval

[{l’710 , Iu10J|.I720 : IUZOJ}’ {1’730 ’ :Uso]l’ho ’ /140J} , that is,

My =MoilTo = a0 1y = N30rl1s = Mao@Nd [y = [y, [y = Hogs Hy = Hagr Hy = My -
Consider the random sample of lower values of thengspecial interval data,

S, ={x. =120, S, =161 =120}, S =6 = 12,00),

S.,= {x4I i=12,......, } S = {ylI i=12,......, } S, = {y2I i=12,......, n},

S = {y3,|—],2 ........ } S, = {y4,|—],2 ........ n}.
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Now, the sample mean osLl S, S SL4 S0 S, S:and g, are

Su SLz 813 34 Sﬂ Sz Ssand g, ares, ;s s, .S,.S,.S,,.S,,, S, and

S,, respectively.

Test statistics:

t_@—mm e L €/ NI G/ DALY

Lz

s, s. s, s,
a3 B 2 7 LB 2ol 5 LI ¢t AR
S S S S

N Y2 Y3 Ya
Now, the rejection region of the alternative hymsils for levela is given below:

Alternative Hypothes Rejection Region for level test
AR N A R T t, 2t 0ty 2 b,
'[,_3 21, 49 '[,_4 2t, s
>|.{|.,7107/'{10J|_,7207tuZoJ}’{l_,]So’/’130J|.,740’/'140J}J ty, 2t 00t 21,0,
t >tﬂnltU —tanl
(upper tailed test)
A AR A A Sty S topn
t St e t|_ St s
<|_{|.,7107:ulo"_,7207:uZoJ}’{l_USO’:u3oJ|_,7401,u4oJ}J ty, Sty paity, S —tg g
t s tan 1"[u4 < _ta,n—l
(Iower tailed test)
Ha: |_{|_’71 My Jlﬂzuuz J}’{lﬂsuus J|_/74'/J4J}J ‘tLi‘ 2 o000 [t 220
t (=t Lt =t
= I_{Iﬂlo g Jlﬂ 201 Moo J} ’{Iﬂ 307 H3o Jlﬂ 401 HMao J}J t: . t: // ::’ tUL: ‘ . ://22':_11’
‘tua‘ 21, o0 tU4‘ 20201

(two tailed test)

Now, if \th\q i = 1234(one tailed test),

a,n-11 a,n-17

the difference betweel‘ﬁlq1 A J[/]Z, 75 J},{llyg, J7A J[/74, ,u4ﬂJ and
[{[/710,;110][/720,;120ﬂ,{[/730,,uSOJ[/74O,,u40ﬂJ is not significant at alevel. Then, the
population mean corresponding to the given sar{{tﬂg,ul Jl/]z,,u2 H,{[/]S,,u3 ][/74,/14J}J

= [{[/710, ,ulOJl/]zO, ,uZOJ},{lqgo, /'130"_,7401 ,L140J}J. That is, the null hypothesis is accepted.
Otherwise, the alternative hypothesis is accepted.

i = 1234 (one tailed test) an@u_‘ <t
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Now, if ‘tL“<t 1234 (two tailed

a/2,n—1'i:
test),  the between {7, 4 |7 2, s 18 I 11}
[{[/710,;110][/720,;120ﬂ,{[/730,,uSOJ[/74O,,u40ﬂJ is not significant at alevel. Then, the
population mean corresponding to the given sar{{lﬂ?,ﬂl J|.,72'/'12J}’{|.’73'/'13 11’74#4]”

= l{lf}lo, /'110J|.,720’ IUZOJ}’{[,730’ /130][/740, /140J}J. That is, the null hypothesis is accepted.
Otherwise, the alternative hypothesis is accepted.
Now, the 100(1a)% confidence limit for the population

[{[/71 A Jl/]z,,u2 J},{[/]s,,u3 ]l/74,,u4]}J corresponding to the given below:

0//2,n—1'I =

1234 (two tailed test) anqtu“q
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The solution procedure can be illustrated usingahewing numerical example.

Example 1. The Director of School Education claims that thegrag percent of school
students in the particular district of his stateb&tween {[40, 62][46, 65]} and {[74,
92][77, 95]} that is, slow learner boys and girlstiween 40 to 62 percent and 46 to 65
percent respectively as well as fast learner bagsgirls between 74 to 92 and 77 to 95
respectively.

Only 10 schools in the district of the state of Tladadu are selected at random.
Then, the passing percentages of slow learner aogsgirls and fast learner boys and
girls in each school are represented in the speteval form as follows:
[{[35, 58][44, 671}, {[71, 90][75, 93]} [{[41, 62][51, 64]}, {[74, 95][73, 901}]

it ]
[{[42, 64][49, 701}, {[78, 92][78, 91]}], [{[37, 59][48, 65]}, {[80, 92][74, 89]}]
[{[47, 68][50, 69]}, {[73, 88][80, 98}], [{[40, 63][46, 61]}, {[81, 89][79, 91]}]
[{[38, 60][49, 68]}, {[79, 89][78, 94]}], [{[43, 61][42, 641}, {[77, 91][82, 97]}]
[{[45, 65][47, 61]}, {[69, 85][75, 97T}, [{[44, 66][43, 68]}, {[70, 87][85, 96]}]

Now, we are going to consider the testing hypothesi

]
]
]
]

74



On Statistical Hypothesis Testing based on Intefyale-2 Hexagonal Fuzzy Numbers

Ho: l{lﬂl 1y ]l’72,ﬂ2j}’{1’73’ﬂ3J[’74’ﬂ4J}J = |.{|.,710’/'110J|.,720'/'120J}’{|.,7301ﬂ301|!740’ﬂ40J}J
Hat [{lm s Vot 840 1 0 10 8] 2 Wion 2007200 0 B 20 0 1000 220

Now the size of the sample, n = 10 and the pojpmatmean is

K7 220 0720 2250 750 #5070 2220 B = 1740, 621146, 6513, {174, 92177, 95]}] with
unknown sample S.D.. We use 5% level of signifieanc

Now, the mean wvalue of lower and upper interval ueal are
X =412 X,=469, X, =752, X, =779, y, =626, y,=65.7, y,=89.8 y, =936
respectively and the sample S.D. of the lower gpmkuinterval values are

s, =1418s, =943s, =1907,s, =1432,

s, =1027,s, =1023 s, =817,s, =10.71.

Now, the table value of t for 9 degrees of freedrd% level = 1.833

Now the lower values are),, =40,7,, =46,7,, =74,1,, = 77and the upper values
are/'110 = 62’ tuZo = 65’ lu3o = 92’ lu4o =95.

Test statistics:

t, = G =m)in 02676t = (=N _ 3018, t, = 05 =1 _ 5 1990,
le sz SX3

t, = G=nVn _ 0.1987.t, = =) 0.1847.t,, = =)0 _ 5164
SX4 SV1 SYz

t,. = w =-0.8515t¢t, = w =-04134

3 Sy3 ) SVA
Now, since
‘tu‘ <tooss|ti, | < Laoss |ti,| < tooss|ti, | <Laoss [tu, | <Tooss|tu,| <Ttoos:[lu,| <tooss tU4‘ <tops, the

null hypothesis klis accepted and the 95% confidence limits for thgutation mean

[[32.9859.3941.4359.77},{[64.1585.04[69.6087.39]]

0978 /278 8 078 77 | &
[{[49.4265.89[52.37,71.63},{[86.2594.54[86.20,99.81}]

4. Testing of hypothesisfor IVT2HFN

Interval type 2 hexagonal fuzzy numbkaf,a;,a;,az,a;,ag),(af,a‘z’,a‘;,aﬁf,a‘;,a;’)J
can be represented as a special interval number ligr using thea - cut method as
follows:
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(ot ot a2 et e, (a8 b )

[2a(at - &) +a? 2a(ak - at) +at] @ 0[0,A)
_ {[20(«%“ -a,)-a; +2a, 20(a; ~8,) =8, +2a5],aD[A1]}'
B [—Za(aﬁL -a;)+2a —a;,~2a(a -a;)+2a) -aj ],aD[O,)I)

{Pzﬂi-ab+%r2aw§-%)+£105MM }

Suppose that the given sample is a type 2 fuzzy thatt are valued type 2 hexagonal
fuzzy numbers and we have to test the hypothesiatahe population mean. Using the
relation (1) and the proposed test procedure fecisp interval data, we can test the

hypothesis by transferring the type 2 fuzzy data special interval data. The solution
procedure is illustrated with the help of the fallog example.

- @D

Example 2. The ministry of health department wants to clairattthe minimum and
maximum number of peoples affect by dengue fevehéncountry is known to be 3500
and 7200 respectively. Only 12 states of the cqumtere tested because the data
collection is laborious and take considerable timeomplete. The situation was that the
minimum and the maximum number of peoples affetted disease were not known
exactly. The obtained minimum and maximum numbereafples affected by the disease
was around a number. Therefore, the minimum andimar numbers of peoples
affected by the disease were taken to be intepyz# 2 hexagonal fuzzy numbers as
follows.

[(3229, 3311, 3452, 3573, 3645, 3727), (6932, 704582, 7257, 7378, 7489)]

[(3026, 3106, 3246, 3365, 3439, 3519), (7015, 71287, 7347, 7476, 7584)]
[(3081, 3160, 3302, 3426, 3497, 3576), (7180, 72862, 7514, 7631, 7744)]
[(3408, 3483, 3618, 3736, 3805, 3880), (7111, 72385, 7438, 7564, 7681)]
[(3174, 3250, 3387, 3512, 3587, 3663), (6841, 69563, 7164, 7279, 7384)]
[(3385, 3468, 3599, 3716, 3784, 3867), (6778, 68991, 7106, 7228, 7342)]
[(4596, 3680, 3823, 3945, 4010, 4094), (7354, 74384, 7686, 7816, 7918)]
[(3512, 3599, 3746, 3862, 3935, 4022), (7274, 73887, 7596, 7714, 7829)]
[(3249, 3327, 3472, 3598, 3675, 3753), (6969, 70897, 7297, 7413, 7517)]
[(3463, 3543, 3681, 3795, 3862, 3942), (6670, 68862, 7003, 7134, 7252)]
[(3325, 3402, 3546, 3673, 3743, 3820), (7445, 73687, 7766, 7890, 7996)]
[(3097, 3182, 3321, 3436, 3501, 3586), (6685, 68902, 7006, 7126, 7242)]

Now, we are considering the testing hypotheé@g n= 3500 to 7500 and

I:|A: i = 3500 to 7200 where 3500to 7200 is regarded as a linguistic data.
Therefore, we can phrase the hypotheses
I:|0: the minimum and maximum number of peoples affigctiengue fever is around
3500 to around 7200.
I:IA: the minimum and maximum number of peoples affegtdengue fever is
approximately greater than around 3500 to araiza.
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We may assume that the membership function of

3500 to 7200
=[(3300, 3400, 3500, 3600, 3700, 3800), (700007xQ00, 7300, 7400, 7500)]

Now, the size of the sample, n = 12 and the pojunahean is
4, =1[(3300, 3400, 3500, 3600, 3700, 3800), (7000077200, 7300, 7400, 7500)] with
unknown sample standard deviation.

Now, using the relation (1), we convert the typeiZzy interval data and then, we obtain
that the mean value of the lower and upper interahles of the special interval are

% = 222337 +702117, ¥, =160 + 329542, X, = 220170 — 724242,
Y, = 280 + 323575, X, = ~141xr +377742, y, =- 244.83 + 759317,

X, =-1610 +378742, y, = -2215a + 75815 respectively and the sample S.D. of
the mean value of the lower and upper intervalemlare

s, =\7507 +3203 + 66024

s, =V56a? + 7290 +33287 Osa<A
s, =V67a% +158% + 66832

s, =+/81a? +177a + 33556 , A<ac<il
s, =V60a? +93% +32450

s,, = V12572 - 734 + 66557, 0Osa</
s, =56a% — 799 + 33320

S,, 2\/1230'2+2284)’+65048, A<as<l

We take 5% level of significance and the table eaifit for 11 degrees of freedom at 5%
level, t,,; =1.796.

Now, the interval representation pf, [1,] = [{[/710, ,ulojllyzm ,UZOH, {[/730, ,u30Jl/740, /140]}J
where

N, = 2000 +7000, 1, =200z +3300
1, = 200 = 7200, f4,, = 200z + 3300
M, = =200 +3800, 4, =-200x +7500

n,, =—200x +3800, u,, =-200x+ 7500
Now, let A = 0.5, we have the test statistics
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‘- g 02831a=0 _(%,—n,)Jn _[0.3987.a=0
L 0.4255¢=049" % s |00357a=049
115450 =05
‘= ys {0414051: 05 . (%, —n,)n _ |17884a =092
S 05449a=1 5 |18034a=093
1.9089a =1
L _ (%= t)n yl)f 04038a=0 _ (Y~ )Vn _[02820a =0
0.9526a = 049 s, -0.0130a = 049
. (Vs - ys)f 07729a=05 ~ _ (Yo~ #)Nn _[01379a =05
s, 11516a=1 s, -0.0067a =1
5. Conclusion

Since forr, 0<a <05, t <ty,t, <ty 'ty <ty and t, <t,, and for a,

05=a=< 092, t_<tyet, <tys 1t <ty and t, <t,,. Therefore, ﬁo: the

minimum and maximum number of peoples affect bygdenfever is around 3500 to
around 7200 is accepted based on the given fuzaydth condition0< a < 092.
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