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ABSTRACT

Under simple random sampling, an improved family of estimators is proposed by incorporating
auxiliary information to minimize the variation using the known coefficient of variation. The
expression for bias and mean square error (MSE) of the generalized class are derived up to first
order of approximation. The efficiency conditions of proposed family are also derived with the
competitor estimators. The applications of estimator are discussed using simulation study and real-
life data sets for the efficiency comparisons of proposed family with some existed estimators. In
the light of the results of simulation study and real-life applications it is found that proposed
family of estimators have lower mean square errors as compare to the existing once which shows
that the proposed class of estimators is more precis. It is also concluded that when correlation
between study and auxiliary variables increases, the proposed generalized family of estimators

provides more efficient results.

Keywords: Exponential, MSE, PRE, SRS and Coefficient of Variation

INTRODUCTION

There are several measures of dispersion that
can be used to measure dispersion in data, out of
which coefficient of variation is known to be
most efficient, in all the situations where the
interest is in relative measure of dispersion,
coefficient of variation (CV) is used. Several
researchers have used this techniques to improve
the efficiency of their estimators like, Shabbir
and Gupta (2007) used CV of two auxiliary
variables x and z say C, and C,, respectively

to improve the efficiency of the estimators.
Shahzad et al. (2023), Zaman et al. (2022),
Bhushan et al. (2021), Archana and Rao (2014,
2011), Garg and Pachori (2020) have also
discussed the estimation of coefficient of
variation (Cy).

Consider a finite population
U ={Uy, Uy, .., Uy} of Nunits. Let y; be the
observed values of the study variable (y) and
(Xj, zj) be the observed values of the auxiliary
variables (x, z) for the ith unit (i =1, 2, ..., N).
We take a sample of size n from a population

and using simple random sampling scheme
without replacement (SRSWOR). Let y and

(X, Z) be sample means of study variable (y)
and auxiliary variables (x, z), respectively

corresponds to the population means Y and
(X, Z). Let,

R
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—\2 \2 and
S2 . zin:l(yi - y) S2 B zin:]_(xi - X) N - s —t
Y= n-1 ' X7 np-1 D i =) (6 - X)(z - 2)
n _\2 Hrst = N -1 :
- (zi —Z
sz2 = 2'21(—'1) be the sample variances
dn _t th lati . LITERATURE REVIEW
corresponds o the population  variances, Now, we discuss some existing estimators along
2 N (Y —Y)2 2 N (X — X)2 with their properties:
Sy =i N1 KT Xia N1 _ y o
N — (i) The usual sample coefficient of variation is
. (Zi-Z i .
s? = Z:llfl—l—l) respectively. given by:
s t =C,. (1)
Cyzfy,cxzsfx,czzsf are  the g
Y X z

The Bias and MSE of t; up to first order of

coefficients of variation of y and (x,z), hae :
approximation are given by:

respectively. Let the error terms be defined as,

2 2 _
sy =Sy X — X s2 - 52 B(t) = POCy, )
Q=" l=——, 8 =",
Sy Sy
_ _ MSE(t;) = AOC? ©)
7-7 s2 —52 y-Y D=
B3 =—=—,€ = 5 and eg = 2 ——,
Z S: Y Where;
Where; p_c2_ a0~ _ Cy3300
Y 8 2
E(ei) =0,i=0,..,5 A= (%)(6400 —1) + C)Z, - Cy6300.
(ii) Archana and Rao [1] proposed the following
E(6)) =000 -1). E(ef) = 0CZ, E(€)=0(3,-1), ratio estimator:
E(el)=0C!,  E()-0(s,-). E(€)=eC] ty = éy(g) @)
E(eg)=0C0,  E(6€)=0(d-1) E(ee)=6C4,, The Bias and MSE of t, up to first order of
approximation are given by
Eee)=0(, -1), E(ee)=6C0,,  E(ee)=0C0,,
E(ee)=0p,CC.  E(ee,)=0C05,,, E(ee)=pCC, B(ty) = CyeP(l— lp) (5)
K
E(ezes) = 9C25021’ E(ezeo):9(5nzz _1)' E(eze5)=0Cy5m, MSE(tZ) = AeCYZ(l - K)’ (6)
E(eae4) = 9C150l)3' E(eseS):(prszCz’ E(eaes)zecyévloz’ Where’
_1-f n xSy A Sy 1 )
0= n N CX_?' CV_V’ |:§(Cx6210)_CX_PyXCyCX1
A S _ Hrst K = (Cy8210) — C2 — 2pxC\Cy.
C, = = Syt = 252 12 (Cx3210) X Pyx“yLx
M200 H020 H002
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(iii) Another Archana and Rao (2011) estimator
. . [S2
isty = Cy[—g} ()

The Bias and MSE of t3 up to first order of
approximation are given by

B(ty) = CyeP(l _ %) (®)

MSE(ts ) = A*@C&(l— %) ©)

Where;
N 1)-C,8

—5( 220 —1) = Cyd120,
M = (8229 —1) — 2Cy3120 — (3040 — 1)
(iv) The usual ratio estimator is

~ [ C

ty =Cy| 2| (10)
* y[cxj

The Bias and MSE of t, up to first order of
approximation are given by

B(ts) = C,0(P —U -V +W), (11)
MSE(ty) = CZ0(A+W - 2U), (12)

Where;
(8220 =1)  Cy3210 5120Cy
U = 4 — 2 +prCyCX _Tl
_~2 (8040 =1  Cydp30
V=G 8 2
2 (0gg0 -1
W = CX + (LA-) — CX6030.

(v) Another form of ratio estimator when using
the auxiliary variable (z) is

tg = éy[&]. (13)

The Bias and MSE of t5 up to first order of
approximation are given by

B(ts) = Cy8(P ~R-Q+S), (14)
MSE(ts) = CZ0(A + S — 2R), (15)

Where;
_~2 (8004 =1 C;q03
Q=C¢ 8 2
(8500 —1) C,8 0102C
R — 2031 ) 22201 +pyCyC; — 2 y

s (8goa —1
S = CZ +%—C26003.

(vi) Ratio estimator with two auxiliary variables
is

« (c)\(¢C,
efelg) o

The Bias and MSE of tg up to first order of
approximation are given by

B(ts) = Cy6(P -U +W -V - R+ 0 -Q),

17
MSE(tg) = C{0(A+W +S +2(0 ~U - R)),

(18)
Where

o - Boz2 =)  Czdpz1

001-°C
4 ) PxzCxC; — —0ia=x

2

(vii) Ratio estimator with two auxiliary variables
is

t - éy(éj @) (19)

The Bias and MSE of t; up to first order of
approximation are given by

5210Cx _ 5201Cz

2 2
+pyCyCs +pyxCyCyx + Px2CxCz),  (20)

B(t,)=C,0(P+C2+C? -

)
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MSE(t;) = C%G(A+ C2+C2+ 2(py,C,C, Here, d; are constants. Now solving (25) in
terms of e’s, we have
+PpyCyCx + PxzCxC;) — 8210Cx — 8201C;)-
tyrop = Cyl14Ty - %4 g B, o2 &%, o | 5%
(21) S B R 21T 2 2
2
(viii) Another ratio type estimator with two + Tl[ezz - %2 e - % +ef - ? +egey + % - 90291]
auxiliary information is , ,
e e
. (s2)(s2 - Jsz(eg +74—e4esj— J1T1£912 +72—9291J
tg = Cy| =5 || =% |. (22)
SX SZ

2 2 2 2
+ %(eg + eT4 - e4e3j + %[elz + 672 - e2e1]
The Bias and MSE of tg up to first order of

approximation are given by + T1T2[9264 _E2f3 &8s e1e3)
B(tg) = OCy (P + 8102Cy + (8022 —1) + (8040 — 1) 4 2 2

(3200 =1 _ (3320 ~1) 2 & _ €5 _eseg
+ (8004 —1) - 20; - 22% +8120Cy ), —e e o - |,
(23) (26)
2

MSE(tg) = Cy0(A + (3004 —1) + (3040 —1) = (8220 — 1) )

where
— (8202 —1) + 2(8102Cy + 8120Cy + (8022 — 1))

(24) L. B-C

1= 2(A +C+ 1B)’

J fBl + C]_

1= :
PROPOSED ESTIMATOR 2(A +Cy + 1By)
Motivated by Muneer et al. (2018), a new 27 2(Ay +Cy + 1By)’
exponential type of ratio estimator of finite B, + Cy
population coef_f|(:|ent of variation (CV) using Jy = 2(Ay+Cy + 1B
the study variable (y) and two auxiliary )
variables (x, z) is proposed. Some members of torop ~Cy :CY{TZ e24_eg_63_e3294+e§_e52e4+65e3+e04e4_e02e3J
the class of estimators from proposed estimator

2
are also generated, +T1[e22—e§— 1—%%12 —6552+9591+%482‘%;lj
_ ¢ G -D G, - Dy

tprop = Cy[exp(Gl + Dl)exp(Gz +D2 )] = , 2 ) e

— J2T2 ey + 74 — €463 [ — JlTl e + TZ — €56
Where.

A T2 2.8 (2, &

Gy = (A +C;)Cy + fBCy, MY R e R

G, = (Ay +C,)C, + B,C,,

Dy = (A + fB1)Cx + CiCy,

D, = (A, + fB,)C, + C,C,,

A = (dj —1)(dj - 2); B = (dj —1)(d; - 4);
Ci =(dj —2)(dj —3)(d; —4), (i=1 2,3, 4).

€81 €83 €
+T1T2( 244 B 223_ 124+9193j

2
ep ef ese
—e5+e8 o ——520}. (27)
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By Applying Expectation on equation (27) we
will get;

B(tprop) = CyG[P +To(Q+R)+ Ty (U +V) =T Jy(W)
2 2
~Tpdy(S)+ W) + 12 (5) + TiT,(0). (29

Taking square of (27) and applying expectations,
up to first order of approximation, we get;

MSE(tprop) = CHO[TFS + TW + 2TyT,0 + 2TU + 2T,R + A].

(29)

Differentiate (29) w.r.t T; and T,, respectively;
and equate to zero, we get;

OMSE(tprop) o
a—Tl = Cy6[2T1W + 2T20 + 2U],

OMSE (t prop)
aT,

Ty(opt) =

= C0[2T,S + 21,0 + 2R],

RO — SU
WS — 02’

Uo -WR
Ty(opt) = SO UR
WS -0

where
(8220 =1  Cy3210 5120Cy
U= 7 5t PxyCyCx — 72
2 (3040 —1)
W =Cy + % — Cyd030:

(8992 —1) C,8 8102C
R = ZOi ) - 22201 + PyszCz - Y ,
2 (8gpa -1
S=C; + —( OOZ ) —C,8003
dg20 —1) C,d d91oC
0= ( 022 ) — 22021 + p;CxC, ——0122 X

Substituting the optimum value of T; and T, in
(29), the minimum MSE of tprgp,is as;

SUZ +WR? - 2RUO

-2
= C20 A~ = (30)

MSEmin(tpmp)

Now by putting different values of d in equation
(25) some members of the proposed class of
estimators can be generated.
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Table 1. Class of estimators for different values of d; and d,

dr Estimator Bias MSE
L (C, - : ] P S I B D 1 \
1 Faropt = Cy €xp] = 6C,| P=5(0+R)=5 (U 1)+ 50 +S)+T(JJ 005 Z0F +8)-U R+ 30+ 4]
Ll
- [C - ( N 3 \ . \
2 {prapr = Cy uxp{ = a(‘_‘.nP+%(ije:7%u=+:')+%u —;—57%0,\ H(‘}(%:Il'+S]—f‘—R—II_?O+,-1J|
o ) . ) e(“_‘.|.h .f o0+ R _u )+ —n ”| ) X ‘
I (e \ A Ve by / |
ot =C ¢x| 2 ex LV sidwov-—L _piL_044
3 prop3 = Cy NP T '* NG, -n(C. 4 C. 3| o F Y ) l—,nJ 1 =n" =N ‘
+3I_2ll—f)-‘ +4uff)‘g
O DU I 1 \
x P ——(l/ =W S==U+ 4
4 Lorops =, C\p\(‘+( ‘ e(]\kf U +V)+3 \ 9(@\4 i+.;_\
- (C,- (1 [P T T PN . ) 1 \
1 er‘"S:(r:xp‘ f:;+ 0c ‘.[I)f?(glr Ryt {0+ V)= 7557#)] 0CH 07 +8)+U-R-50+ 4]
2 =C, (GoC o0, Petosry+ L en-Lw-Lsilo o Low )00+ R+ 204 4]
2 ! propt = LW‘( | s Prg@ R+ U+ V) =gl - 2S5 ‘ -‘|\T: FS)HU R0+ |
Ay P L [ f Y
. ) R . 6C,, 1-7W(Q+R)+7(!-+! - +\W\ ! .
P R oo T (e L - - NS f f
3 Tropt = O exp| =——= |exg == s+t H + - .R*'—_()+_=i‘
propt p‘(,‘ﬁ{,‘ ) I.2h-'(':—n((‘:+(':), sf OV ; ]‘ |’(| f)‘ 1-n" 200-n )
2L | L ¢
2l2u—1)-‘ H-1) |
4 {props = ¢ L exp| ;(“ \9(]\'1"+%[U+! )—%H" (:1‘ exp ii(("i‘( x) — ‘cx | (_27‘5
¢+ vl / L2NC, -0l G+ ) L+ CL )
) 9(}.|P—ﬁ({’+i']—%tg+ R}-%. , ’“‘ I W :
WG =Cy) |o0- 2 o P .
=C, Wie§-R-—L—U+—L _0+4
L oo “'“' INC, ~(Cy 4 Cy) ) » ) [’ll | -0 m-n ‘
(1-1)‘ 4“—!) ‘
’ C |P f{ v +I)+—(Q+RJ —s \ﬁ‘ﬁr
nC, 7( \) " R 2 f ., 2 |
2| tpgpo=Cy L\l’: 3 - ‘ | : 9(_\w| ,“ |l + 5+R = _m_”o*,a‘
NCy =n(Cy+Cy) ) wi f VO 0‘| - /
2021-1) | EIENS N
WO -Cy) A o ] R ;
=Cponp| ——x 0e |P— S0+ R U+1)+]| L_\'s+ B 0C | =L s ‘ w-—L R
L Pyves—ry +(-\_JJ 1 @+R)- 1(1 il e :l ‘zu )‘ "\‘-2([-‘,'1‘ 35-7) -7
3 )
It - ~ \ 2 \ . P 2
ul(-—(.) | 5 [ f - - |
2=C) | +—N z SN S LY S
TN G0 2\2 ”J >\ ”' =) ‘ —n' s
(e | [T | I |
oy = Cyexp —r ol 0c,| P- (U +1 + 02 L= | w-—L—v+4
4 propt2 (‘L\p{\ z;\’('\.—.,f(.-u‘\-)_,‘ A mm=pt 3“‘-”J gl ’“'“‘ ) T ‘
s (o0, (a1 3 2L \
1 fw.(,yl;:(_‘.:‘xp‘ (;-('- | EJ(J|AP—T(Q+R)+§.5‘| ”‘I\T-“R*-*J
2 s =€, exp‘. GG | o0, Pt m-Ls] 00 Ls+r+a)
s ) "2 37 7 )
aC,-C) A / \2 '3’| S Ve J
i = exp| —z 2l 0C,| P- (Q+R)+ 003 [ 2| §-—L—R+4
3 propls = “"|7\( 0] R TE |’u *|m il ‘“.m—n" ErTRa
4 ! prop16 = Cy 9(-} P e ‘_=
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3. Theoretical Comparison

We compare the proposed estimator with other

estimators in terms of MSE:

(i MSE(tprop) < MSE(ty ) if

MSE(t;) — MSE(tyrop) > 0 or

[su2 +WR? - 2RUO
WS — 02

J >0. (31)

(i) MSE(t prop) < MSE(ty) if
MSE(t;) — MSE(t prop) > 0 oOr

2 2
[su +WR —22RUO ~ KJ S0 @
Ws -0
(iii) MSE(tprop) < MSE(ts) if
MSE(t3) — MSE(t prop) > O OF
2 2
(su +WR —22RUO B Mj S0 @)
Ws -0

(iv) MSE(tprop) < MSE(ty) if

MSE(t) — MSE(t prp) > 0 or

SU2 +WR?2 — 2RUO
WS — 02

—2U +W >0. (34)

(v) MSE(t prop) < MSE(ts) if

MSE(t5) — MSE(t) > 0 or

SU? +WR? — 2RUO
Ws — 0?2

~2R+S>0. (35

(Vi) MSE(tprop) < MSE(ts) if

MSE(tg ) — MSE(t prop) > O or

SU® +WR* —2RUO
WS - 0°

+(W+S)+2(0-U-R)>0.
(36)

(vil) MSE(tprop) < MSE(t7) if
MSE(t7) — MSE(t prop) > 0 0

SUZ +WR? - 2RUO
WS — 02
+ Py CyCx + PxrCxC; = 8210Cx — 8201C;) > 0.

+(C2+C2 4+ 2(py,C,C,

(37)

(vili) MSE(tprop) < MSE(tg) if
MSE(tg) ~ MSE(tpyp) > 0 0
SU? +WR? —2RUO
WS —02(31) + {(5004 _1)+ (5040 _1) _(5220 _1)
— (8202 —1) + 2(3020Cy + 8102Cy + (8022 — 1))} > O.

(38)
(iX) MSE(t prop) < MSE(t prop) if
MSE(tyrop) — MSE(tprop) > O or

2 2
SU”TWR™ - 2RO L W +S)-U-R+30>0.
WS — 0O 4 2

(39)
(X) MSE(tprop) < MSE(t prop) if
MSE(t prop2) — MSE(tprop) > 0 OF

SUZ +WR? - 2RUO
WS — 02

1 1
+Z(W+S)_U +R—§O>O.

(40)

(xi) MSE(t prop) < MSE(tprops) if
MSE(t propa) — MSE(t prop) > O or

SU2 +WRZ - 2RUO ( f )2 1
+ S+=W
WS — 02 21- 1) 4
f f
—U—(l_f)R+2(1_f)O>0.
(41)

(xii) MSE(t prop) < MSE(tpropa) if
MSE(t propa) — MSE(tprop) > 0 OF
SUZ +WRZ2 -2RUO 1

WS—02 +ZW_U > 0.

(42)
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(xiii) MSE(t prop) < MSE(tprops) if (XiX) MSE(t prop) < MSE(t propr1) if

MSE(t props ) = MSE(t prop) > 0 or MSE(t prop11) — MSE(tprop) > 0 or

SU?+WR*-2RUO 1 1 SU2 +WR?2 — 2RUO fo)2 fo)2
W o +Z(W+S)—U—R——O>O. W (2(1—f)) S+(—2(1_f)jw

f f of f

(43) —(1_f)R—(1_f)U +7(—(1_f)) > 0.

(Xiv) MSE(t prop) < MSE(t propg ) if (49)

MSE(t props ) — MSE(tprop) > 0 or (x%) MSE(tprop) < MSE(t prop12) if

SU?+WR?*-2RUO 1

WL MSE(tproplz) - MSE(tprop) >0 or
WS - 0? 4

2 2 2

- f f

SU“ +WR 2ZRUO (2(1_f))w_(1_f)u>0'
(44) WS -0

(W+S)+U+R+%O>O.

: (50)
(xv) MSE(t prop) < MSE(t prop7) if

MSE(tprop7) — MSE(tprop) > 0 o (xxi) MSE(tprop) < MSE(tprop13) if

SU2 +WR2 - 2RUO N MSE(t prop13) — MSE(t prop) > O oF
5 ( ) S+=W 2 2
WS -0 21— 1) 4 SU2 +WR2 —2RUO 1
f f s o2 +2S-R>0.
U-gorR-50- 10 >0 (45) (51)
(xvi) MSE(tprop) < MSE(tprops) if (xxii) MSE(tprop) < MSE(t prop14) if
MSE(t propg) — MSE(t prop) > 0 or MSE(t prop4) — MSE(tprop) > 0 or
2 2 _ SU2 +WR2 —2RUO 1
SU“ +WR 2RUO+1W+U>O. (46) 5 +ZS+R>O'
WS — 02 4 WS -0
(52)

(xvii) MSE(t prop) < MSE(t propg) if

xxiii) MSE(t < MSE(t if
MSE(tpf0p9) - IVISE(tprop) >0 or ( ) ( pfOp) ( prop15)

MSE(t pons ) — MSE(t prop) > O OF
sU2 +WR2 - 2RUO ( f prop prop

2
1
W+ =S 2 2 _ 2
WS _ 02 2(1—f)) 4 SU” T WR” — 2RUO ( f js_—f R >0.
=Y taenore @

-R

(53)
MSE(tproplo) - MSE(tpl’Op) >0 or

4. Numerical Illustration
Data set 1 (Source: Wheat Production (2014-

SU2 + WR? — 2RUO f 2 1 2017)). We took a dataset of district-wise yearly
WS — 02 (2(1_ f)) W+ ZS wheat production in the districts of Punjab for

three years from Statistical Bureau of Pakistan.

+R-— f U - f 0 > 0. (48) There are total 37 districts in the Punjab
@-f) 21-1) province, out of which 8 have been picked as a

sample for estimation. For this study, the current
year will be considered as a study variable and
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past years are considered as auxiliary variables.
This data set will help find MSE and PRE of
different estimators for comparison.

The variables are

y = Wheat production of year (2016-17).

x = Wheat production of year (2015-16).
z = Wheat production of year (2014-15).

The data statistics are

8400 = 2.442830 = 0.081X, = 527.7489 = 553.1440,

5. =0.1671, Z =521.1330N = 37,

210

o, =0.2825,

102

o, =23416, o, =24699, S =279.0132, s = 268433,

8201 = 0.1803, 8gg3 = 03855, C, = 05354, C, =05161,

Sp00 = 23791, 5, =0.3643, p,=09900,  py; =0.9732,

0,,=02490, 0, =03320, p, =09809, s - 2854801,

)

o = 24211, 5 =2.4226, 5, =03457, C_ =0.5086.

Data set 2 (Source: Sarndal et al (1992)).

The MU284 population (the population
consisting of the 284 municipalities of Sweden)
let

y = 1985 population (in thousands).

x = Number of social-democratic seats in
municipal council.

z = Total number of seats in municipal.

The data statistics are

8400 = 88.92, 8300 =8.22, X =22.19Y = 29.36,

8y10=2000, 5 =1715, Z =47.53N =284,

8202 = :|.4.94-:I.,5040 = 3.400, Sz = 11058y =51.56,

5201 = 3.463, 6003 = 1.384))(2 = 0.76pyz = 0.69,

8220 = 4.848, 815 = 1.104, = 0.48C, = 0.23,

8120 = 0.689, 5, = 0700, Cy =0.33,C, =176,

S004 = 5.791, 5, =3.400, 5, =0.902,Sy = 7.25.

Data set 3 (Source: Sarndal et al. (1992)).

y =1985 population (in thousands).

x = Revenues from the 1985 municipal taxation
(in millions of kronor).

z = Number of conservative seats in municipal
council.

The data statistics are

8400 = 88.92,6, =822, X =245.088,Y =29.36,
810 = 7.87, 81pp =1.53Z =9.10, N = 284,
5,, =15.15, &, =88.88,S; =4.94, 5 =5096.33,

8201 = 342, 6003 = 124, Pxz = 0-5vayz = 060,
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S, =78.79, 012 =136, p =096 S =5156, MSE(tprop13)0.0055  0.0032  0.0011  0.0013
8120 = 8.02, 8p3 =8.77,Cy =2.43,C, =176, MSE(tprop14)0.0307  0.0176  0.0111  0.0072

MSE(tpropt5)0.0120  0.0057  0.0026  0.0010
8004 = 5.36, 6, =12.35, 5, =3.14,C, = 0.54.

Table 3. MSE values of different estimators
with respect to t; under different sample sizes

Using above data statistics, MSE value of all for dataset 2

estimators for different sample sizes are given in

Tables 2, 3 and 4, respectively. MSE n=35 n =40 n =45 n =50
Table 2. MSE values of different estimators MSE(y) 08233 07059  0.6146  0.5416
with respect to t; under different sample sizes MSE(t;) 0.8238 0.7064 0.6150 0.5419
for dataset 1 MSE(t3)  0.8992 0.7701  0.6713  0.5915

MSE(t4)  0.8273  0.7093  0.6176  0.5442
MSE(ts)  0.6075  0.5208  0.4535  0.3996
MSE(ts)  0.6691  0.5737  0.4995  0.4402
MSE(t7)  0.8184  0.7017  0.61099 0.5384
MSE(tg)  1.0300 0.8832 0.7681  0.6776
MSE(tprop) 0.4709  0.4037  0.3515  0.3098

MSE n=28 n=12 n=16 n=20
MSE(t ) 0.0153 0.0088 0.0055 0.0036
MSE(tz)  0.0332 0.0191 0.0120 0.0078
MSE(t3) 0.0504 0.0281 0.0183 0.0118
MSE(t4)  0.0013 0.0008 0.0005 0.0004

MSE(ts)  0.0014 0.0008 0.0005  0.0004
MSE(ty)  0.0104  0.0060  0.0038  0.0024 MSE(tpropr) 0.7044  0.6040  0.5259  0.4634
MSE(t;)  0.0656  0.0377 0.0237  0.0154 MSE(tprop2) 0.9638  0.8264  0.7195  0.6340

MSE(g)  0.1083  0.0622 00392 00254  MSE(tprops)0.7982  0.6819  0.5914 05191
MSE(tprop) 0.0012  0.0007  0.0004  0.0003  MSE(tprops) 0.8160  0.6997  0.6092  0.5368
MSE(tpropt) 0.0013  0.0007  0.0005  0.0004  MSE(tprops) 0.7087 ~ 0.6077 05291  0.4662
MSE(tprop2) 0.0150  0.0086  0.0054  0.0035  MSE(tprops) 1.0258  0.8795  0.7658  0.6748
MSE(tprops) 0.0036  0.0015  0.0006  0.0004  MSE(tprop7)0.8272  0.7062  0.6121  0.5369
MSE(tprops) 0.0053  0.0031  0.0019  0.0012  MSE(tprops) 0.8492  0.7281  0.6339  0.5586
MSE(tprops) 0.0157  0.0090  0.0057  0.0037  MSE(tprop) 0.6972  0.5978 05205  0.4587
MSE(tprops) 0.0524  0.0301  0.0181  0.0123  MSE(tprop100.9813  0.8409  0.7316  0.6442
MSE(tprop7) 0.0263  0.0132  0.0068  0.0032

MSE(tpropg) 0.0312  0.01792 0.0113  0.00731
MSE(tprope) 0.0037  0.0016  0.0006  0.0004

MSE(tprop10)0.0258  0.0129  0.0066  0.0030

MSE(tprop11)0.8016  0.6843 05932  0.5203
MSE(tprop2)0.8213  0.7040  0.6128  0.5398

MSE(tprop13)0.6973  0.5979  0.5206  0.4587
MSE(tprop121)0.0091  0.0032  0.0009  0.0004

MSE(tprop14)0.9855  0.8450  0.7357  0.6483
MSE(tprop12)0.0119  0.0056  0.0025  0.0009

MSE(tprop15)0.8034  0.6861  0.5949  0.5219
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Table 4. MSE values of different estimators
with respect to t; under different sample sizes

for dataset 3

Step 1. We select a SRSWOR of size 8 from the
population 1 of size 37 (Source: Wheat
Production).

Step 2. We use the data in Step 1 to find the
values of estimators.

MSE n=35 n =40 n =45 n = 50
MSE(ty) 0.8233 0.7059  0.6146  0.5416  Step 3. We repeat Steps 1 and 2, 30,000 times.
MSE(t,) 0.4354 0.3733 0.3250 0.2864 ThUS, we obtain 30,000 values of different
estimators.
MSE(t3)  3.7968  3.2555  2.8345  2.4977
MSE(ty) 0.2559 0.2195 0.1911 0.1684 Step 4. The absolute bias of the proposed
MSE(ts) 05933 05087 04429  0.3903 estimator is obtained through the following
> ' ' ' ' formula:
MSE(tg) 0.1842 0.1579 0.1375 0.1212
MSE(t;) 05091  0.4365  0.3801  0.3349 AB() 1 3°°°°t .
MSE(tg) 5.2165 44728 3.8943 3.4316 1730000 ;l Py ;
MSE(tprop) 0.1733  0.1486  0.1294  0.1131
Step 5. The MSE of proposed estimator is
MSE(tprop1) 0.3231 0.2770 0.2412 0.2125 obtained by
MSE(tprop2) 0.5292 0.4537 0.3950 0.3481
MSE(tprops) 0.3981  0.3394  0.2937  0.2571 1 &Y >
MSE(tpropa) 0.4123  0.3535  0.3078  0.2712 o1
MSE(t . : . - .

(tprops) 1.3206 11323 0.9859 08687 L \\0 5 Absolute bias and MSE values of
MSE(tprops) 1.6841  1.4448 12579 11084  (different estimators based on simulation for
MSE(tprop7) 1.4637  1.2514 10864  0.9543  Population 1
MSE(tpropg) 0.6269  0.5283  0.4517  0.3906 t 0.4661 0.2172
MSE(tprop10)0.9010 0.7618 0.6536 0.5671 ty 0.4755 0.2261

3 0.7250 0.5257
MSE(tprop11)0.7312  0.6144  0.5237  0.4513 4 0.56991 0.3248
ts 0.5317 0.2827
MSE(tprop12)0.7479  0.6306  0.5393  0.4663 t 06500 04295
t7 0.4638 0.2151
MSE(tprop14)0.9798  0.8401  0.7314  0.6445 torop 03273 01071
propi4/= ' ' ' torpt  0.5502 0.3028
MSE(tprops)0.8035  0.6862  0.5041  0.5211 toropz  0.4824 0.2327
tprops 302.4952 91503.36
tprop4 05152 02655
5. Computer Simulation tprops 0.4503 0.2028
The fé)llowipg sft_e%s sttﬁmmtz)a_rize th((aj si'\r;lwggtior; torops  0.3947 0.1558
rocedure to fin e bias an 0
P irators torop7 1382517 1911352
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tprops 0.4216 0.1777
tpropo 72.47301 5252.337
tpropto  33.93356 1151.486
tproptz  49.5978 2459.9470
tproptz  49.5978 2459.9470
tprop13 0.4978 0.2478
tpropta  0.4364 0.1904
tpropts  204.4998 41820.15

DISCUSSION AND FINDINGS

In Tables 2, 3 and 4, we have used three real life
datasets to check the efficiency of our proposed
class of estimators and observed that mean
square error (MSEs) values of proposed family
(tprop) are relatively smaller than MSEs of

considered estimators which are clearly
indicated that the proposed estimators are more
efficient. We have also proved the efficiency of
our proposed class using the simulation study
that is discussed in Table 5 and the results shows
the supremacy of proposed class.

CONCLUSION

In this research when data on two auxiliary
variables are available, a generalized family of
exponential type estimators for the population
mean of the study variable is developed within
the parameters of a simple random sampling
plan using the known coefficient of variation
(CV) of study variable. The suggested
estimator’s properties are deduced up to the first
order of approximation. Both the theoretical and
empirical comparisons of the suggested
estimator’s efficacy are made with that of other
current estimators. We also evaluated the
suggested estimator’s performance using data
from a known natural population. Findings are
shown in Tables 2-5, which demonstrates that
the proposed generalized class of exponential
type estimator outperforms other existing
estimators by having less mean square errors.
So, it is suggested the use of proposed family of
estimators to estimate the population mean using
the CV for more precise results.

LIMITATION AND STUDY FORWARD
No study covers all aspects of the research
problem. The author should discuss the
limitations or gaps of this study. And also
present the future scope or plan of the study.
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