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1. INTRODUCTION

Non-response refers to the situation, when an investigator fails to get necessary information from some of the units of the selected sample.
The problem of non-response was first analyzed by Hansen and Hurwitz [1]. They developed a classical non-response concept to obtain
information from the sub-sample of non-response group. An estimator for the population mean in the presence of non-response was con-
structed and also derived its variance with the optimum sampling fraction for the non-respondents. It is suitable for the surveys, in which
first attempt is made on mail questionnaires and second attempt is selected from the non-respondent persons by personnel interviews. Fol-
lowing Hansen-Hurwitz methodology Cochran [2] proposed ratio type estimator for dealing with non-response. Chaudhary et al. [3], Haq
and Shabbir [4] and Sanaullah et al. [5] presented some improved estimators for stratified random sampling under non-response.

In order to improve the efficiency of an estimator, auxiliary information is often used to estimate the unknown population mean of study
variable. Cochran [6] discussed classical ratio estimators. Further, Cochran [2], Kadilar and Cingi [7], Shabbir and Gupta [8], Koyuncu and
Kadilar [9], Sanaullah et al. [10] and Sanaullah et al. [11] utilized auxiliary information under stratified random sampling scheme.

2. SAMPLING DESIGN AND PROCEDURE DEALING WITH NON-RESPONSE

Consider a finite population of size N is stratified into L homogenous strata. Let Nj, be the size of hth stratum (h=1,2,3,..., L) such that
L

Z Ny, =N and (yp;» Xn;, z1,;) be the observations of study variable y and auxiliary variables x and z on the ith unit of hth stratum, respectively.
h=1
Let 3,, X, and Zj, be the sample means of hth stratum corresponding to the population means Yy, X;, and Z, respectively. Usually it is
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L
not possible to collect complete information from all the units selected in the sample "h(Z’ ny,=,n ). Let nyqy units from a sample of
h=1
nh provide their responses and 7y, units do not. Adapting Hansen and Hurwitz [1] sub-sampling methodology, a sub-sample of size r,

n
(= %; fh>1) from ny,;) non-respondents group is selected at random and 1/fh denotes the sampling fraction among the non-respondent
h

group in the hth stratum. In practice, r, is usually not integer and has to be rounded. In accordance with most of the current literature
on the topic, let us assume that the followed-up r;, (C 1)) units respond on the second call. Moreover, let Uh denote a dummy variable
which takes value uhi on the ith population unit of stratum /1 and has mean Uj,. Hereafter, U, may stand for Yh; Xh or for a second auxiliary
variable Zh. Let;

(1) Th(1)
2o
_ i=1 _ i=1
Unyy = > Uy, =
Np(1) Ty
and
np, np,
—% (1) — (2) —
Up = —— Uy, + ——Uay, (1)
ny np

where %)y, is mean of ny,;y respondents on first call and %), is mean of r;, units respond on the second call, and 7;, denotes the unbiased
Hansen-Hurwitz [1] of U, for stratum h.

A modified Hansen and Hurwitz [1] unbiased estimator for stratified sampling may be given as,

L
t= ) Pty 2)
h=1
The variance of t, is,
L L
Var (t) = Z WPLS, + Z APLSs - 3)
h=1 h=1

N, o Nie) _ 2
where Sih = Z (uh,- - Uh> /(N, — 1), and Sih@) = Z (ui - Uh(z)) / (Nh(z) - 1) are the mean square error of the entire group and the

i=1 i=1

1 1 -1
non-response group of the study variable with P, = Nj,/N, 4, = <n_ - F) Ay = <fhn ) Wh2y» Wha) = Nuy/Ny, and fy, = np/1y.
h h h
The modified form of ratio and product estimators from stratified random sampling under non-response defined by Cochran [2] may be

written as:
L |X][z
o=7 |2] |Z]: @

and

— [ %] [ Z
=413

where y;, and X;; are Hansen-Hurwitz [1] estimators modified to the stratified sampling for population means X and Y respectively.

The MSE of the estimators ¢, and ¢; are given respectively as

L 2
_ S s 8 S S S
MSE()~ T 3, 4y [ —2 + 2 4 22 2 02 20 )y
~ 2 xR 2 W Y%z

(6)

2 2 2

Iy S S Sha) zshxy(Z) 25hyz(2) Shxa(2)

2 — o 25 i i ’
7 X =2 YX YZ XZ

and

L 2
— Sy SIS S S S
MSE(53) 2 Y ) Ay [ o2 + 2 4 2 o200 5202 4 p 2 )y
7R SIS I v SMS VAR 7/
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S s? s S S S
(L N R RO R0 | )
7?7 YX YZ XZ
Chaudhary et al. [3] presented ratio estimator for stratified sampling when non-response is present only on study variable as,
- aX+b ¢
ts =y, - — ) (8)
a(@xs+b)+ (1 —a) (aX+ b)
The MSE of t5 is
L L
MSE (1) ~ Z Py, [Syn + oV’ g R* Sy, — 2avgRp, 1 SuSyn] + Z PhA7 Sona)s 9)
h=1 h=1
where
_aX Y
aX+b X
The MSE(t5) is minimum for
L
2 Pflllhpxyhsyhsxh
h=1
0= (10)
L
vgR )" P4, S
h=1

The aim of this paper is to propose a more generalized class of estimators for estimating population mean considering the non-response in
stratified random sampling using two auxiliary variables. Also the purpose is to introduce another improved form of proposed generalised
estimator. Another purpose is to determine the optimum size of the sample and the sub-sampling fractions of the non-respondent group
for the fixed cost.

3. PROPOSED GENERALIZED CLASS OF ESTIMATORS

In this section, following Koyuncu and Kadilar [12] we proposed a generalized class of estimators for estimating a finite population mean
in stratified random sampling considering the presence of non-response using two auxiliary variables as,

&z

axY+ hX azz+ bz (11)

x
ay (axxi + bx) + (1 — aX) (ax)?+ bx)] [az (azzZi + bx) + (1 - (XZ) (aZZ + bz)

—x
ta = Vst

where the constants a, & a, (# 0), and by & b; are either real numbers or the functions of the auxiliary variable, in form of coefficient of
variations, standard deviations, correlation coefficients, skewness or kurtosis from the population, whereas g, and g, are known constants
take the value (0, 1, —1) to produce respectively unbiased estimator, different families of ratio-cum-ratio and families of product-cum-
product type estimators, and a, and a, are the constants to be determined such that MSE of the proposed estimator ¢, is minimum. Taking
different values of the constants we may obtain many families of ratio-cum-ratio and families of product-cum-product estimators such as
some examples are presented in Table 1.

Table 1 Families of the estimators #,.

Family of ratio-cum-ratio Family of ax bx az b, ax ay
g =g =1 product-cum-product
8 =8 =-1
£ 2 1 0 1 0 1 1
£ t 1 Pxy 1 Pyz 1 1
fo £ ox | 0. 1 1 1
f t Py 1 Pz 1 1 1
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3.1. Bias and MSE of Proposed Generalized Class of Estimator

To obtain the bias and MSE, we consider

L
¥ = ZP;J; =Y(1+¢) T =X(1+¢), 2 =Z(1+¢)
h=1
E)=0 for i=0,12
and
oL E (G -X0 G - Y@ - 7)) ’
V:f,s,t = Z Ph —Tr—s—t
pr XYZ
1 < 1 <
B == )\ P (S + 4iSpe) = Vo B = = Y P (A4St + A;Sua) = Vano
Y h=1 X -1
L L ¢ (12)
. 1 i 1
E@e) == ) P (lhsz.h + /1h8§h2) = Vo, E eoel = :Z Z /111 yeh + Ap Syth) Vou
h=1 h=
1 < 1 <«
E (ezef) = %{ Z P%l (ihsxyh + izsxth) = VTIO E (eTeZ = _)( Z /lh xzh A szh2) V*Ol
h=1 P
On rewriting we may get Eq. (11) as
=Y(1+¢) [1+avel] ™ [1+a,ve] ™, (13)
where
axX a,Z
vy = ——— and v, = — .
axX + by a,Z+b,

We assume that la,v,e}| < 1 and la,v,e51 < 1, so that we may expand the series, [1 + a,v.ei| * and [1 + a,v,e5] ™, we get

— v (g + 1
t, = Y(l + eé) ll - (gxaxvx) e + ‘%) (axvx)z eTz + ]

&= (g2+ 1) (

ll —ga,v,e + (XZVZ)Z &+ .. ] (14)

It is assumed that the contribution of terms involving powers in eg, e} and e higher than two is negligible. We have,

— +1 . .
th—Y=Y leé = (geaevy) €1 — (gea,v,) epel + M (aevy) e’ — (ga,v,) €

g+ 1
- (g,v,) &6 + (ge,v,) (ge,v,) €165 + ‘# (cvzvz)2 632] . (15)

Taking expectation of Eq. (15), we will get the bias as,

g (g +1) R

Bias (t;) = lgxaxvxv”flo + a2V V300

g (g N 1) (16)
—(gea,v,) Vou + (gxavy) (g-a.v,) Vie + % (av2) VS(Z)Z] .

we take square of Eq. (15) and retain terms up to the order n—' then we take expectation to get the MSE of the estimator fa as,

MSE(t,) = [V*zo + ( X, V. ) V*OO + ( &V, )2 VgOZ -2 (gxaxvx) VTlO

=2 (gZaZVZ) Vou +2 (gx(xxvx) (gzaz"z) VTOI] : (17)
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Minimization of Eq. (17) with respect to a, and e, yields the optimum values as
(Vou1 Vior — Vit Vooz) (Vi1 Vit = Vou Vano)
U = % * 2= * *
&xVx (VTél = Voo Vzoo) &V, (Vl(z)l = Voo V>2k00)
Using the Eq. (18), the expression of minimum MSE may be obtained as
Vo2 Vito + Va0 Vo1 = 2Vio Vou Vit >]
Vaoo Vioz = Vita

MSE(t) = Y [V$zo - (
For generalized family of ratio-cum-ratio estimators presented in Table 1, we can give the MSE expression in Eq. (17) as,

-2 .
Y [Viso + Vioo + Voo — 2Viig — 2Vou +2Vig | = MSE () i=1

2 2
MSE(t;): Voo +v" ;_1 Vao +v j_IVSOZ_ZVX(ﬂ)VTIO
- x( ) E ) 2 357
=5,
=2v i Von +2v_ i1 v _i-1 Vig
2A5) X(57) 2A57)

and for generalized family of product-cum-product estimators, the MSE expression can be given as,

=2
Y [Viao + Voo + Voo +2Vito + 2Viur +2Vie| = MSE(83)  j=2

2 2
MSE (tja) - Voo + v (]' I)VZOO + Vz(j 1)"302 + ZVX(%_l)nglo
— X(—— -
2 2 , j=4,68
+2V j V311 + 2v j 14 j WOI
Z(E_l) X(E_l) Z(E—l)
Where Vel = — and Vi = —
X+ pxy Z+ pJ’Z
ax)_( GZZ
Vo = —— and Vp = —
o X+1 0,Z+1
Py X 0.7
V3 = —— and V3 = —=
PryX +1 Pyl + 1

(18)

(19)

One can think many more estimators from Eq. (11), and the bias and MSE expression for these estimators can be expressed by Egs. (16)

and (17) respectively.

4. ANOTHER PROPOSED GENERALIZED ESTIMATORS

In this section, we have shown another improved and generalized form for the estimator ta proposed in Section 3. The proposed estimator

ts for estimating population mean is given as,

llxX + bx & ﬂZZ + by ¢
ay (axxy + bx) + (l - (XX) (axX + bx) ay (azzg + bx) + (1 - aZ) (azz + bz)

ts = rl}_;:t l
or may also be consider as,
te=nY (1 +e¢) [1+ave] ™ [1+ave]™,
We assume that la,v,e}l < 1 and la,v,e51 < 1, so that we may expand the series, [1 + a,v.ei| *and [1 + a,v,e3| ™, we get

— v (g + 1 ,
t, = I1Y(l + eS) [1 - (gxaxvx) e + w (axvx)z eTZ + ]

. 8 (gt «
ll —ga,v,e + % (a,v,)’ & + ] .

(20)

21

(22)
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It is assumed that the contribution of terms involving powers inej,ejand e;higher than two is negligible. We have,

ey ey < s s % % 8x (gx + 1) 5 %
L=Y=Y—D+Y |e — (gev,) €1 — (gea,vy) eoer + — (aevy) et” = (ga.v,) &
% % s sk & (gz + l) *
- (g,v,) &6 + (ge,v,) (gea,v,) €165 + — ((IZVZ)Z e’ (23)
The bias and MSE expressions of ts may be given respectively as,
Bias (t,) = Y (5 — 1) + Bias (t,) (24)
and
MSE (t;) = ¥ (7 = 1)* + 1> MSE (£2) + 2¥7 (5 — 1) Bias (£) (25)
We differentiate Eq. (25) w.r.t 7, and equate it to zero, we get
Y (Y + Bias ()
n= ( ) (26)

[?2 + MSE (£,) + 2V Bias (ta)] ’

On substitution the optimum value of 7 as given in Eq. (26), in the result Eq. (25), the min MSE of the proposed estimator ¢s is obtained as,

- Y (Y + Bias (t,))
min MSE (t;)) =Y —

[?2 + MSE () + 27 Bias (tu)]

B (1 + Bia%(ta) )2
minMSE(t,) =Y |1 — 27)
[1 + Ms;m) 2 Biaiy(t,l)]

We can think many more improved estimators taking different values of the constants in Eq. (20), such as some example are given in Table 2.

The MSE of the ratio-cum-ratio and product-cum-product estimators given in Table 2 can be given using Eq. (27) as,

[ Bias (£.) 2 T
i <1+—17 )

MSE () =Y |1~ for i=1,3,5,7 (28)

MSE (£) Bias (f)
[1 + - +2 4 ] |

MSE (£) =Y [1- ! for j=2,4,6,8 (29)

Table 2 Families of the proposed estimator fs.

Family of Family of (aysbyraz5b,) a, a, n
ratio-cum-ratio product-cum-product
g, =g, =1 g=g,=—1
t! 2 (1,0,1,0) 1 1 n
£ t (Lpyy, Lp,,) 1 1 n
£ I (6,,1,1,0,) 1 1 n
£ 8 (Py-1,1,p,,) 1 1 n
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5. MATHEMATICAL COMPARISON

In this section, the MSE of the suggested family of estimator has been compared with the mean estimator, stratified ratio estimator and the
class of estimators. Let us consider following notations as:

v Vi + v i1 Voo — 2Vx(i;1)VT10
x( ) Z( ) 2 .
A= ) 2 v 5 2 v i=3,57
=2V i +2v i1 v oo
A5 PO T AL T 5 T

s j Vo0 + V2j Voe +2v_;  Vin
Z J x(i_l)
A= x(2—1) z(2—1) i=468
! +2v j Vk()ll + 2v j v j Vikm T
25-1 x(3-1) z5-D
2 s ¢
Bi=v";_q1 Voo — ZVZ(z‘;l)VZu — Vaoo — Vooz + 2Vii0 + 2V — 2Vipy

2( ) 2

2

B, = <V802VT%0 + Vioo Vi1 — 2W01V511VT10>

% el %2
VZOO VOOZ - VlOl

and

Bias(tfl) 2
(14255

C=
MSE(#) Bias(#!)
[+ 2L md
The efficiency conditions may be written as:
i

Var (1) > MSE (£,) i=3,57

If (30)
Vooo = Ai >0

ii.

MSE (t,) > MSE (1;)

If

min | AEVAI =BV _ (DA VAT = BiVig, (31)
V3o T T V3o

[14pt]

1ii.

Var (t1) > min MSE (t;)

If (32)
B, >0
iv.
MSE (t,) > min MSE (£,)
If (33)
By > V3o + Voo — 2V7i10 — 2Vou + 2Vig
\'A

Var (t1) > MSE (1)
If (34)
C>1- Vi



Vi.

vii.
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MSE (t2) > MSE (t)
If
C>1- (Voo + Voo + Vior — 2Viie — 2Viu1 +2Vig1)

min MSE (#,) > min MSE ()
If
Ci > 1 + Bz - VSZO

6. COST FUNCTION AND SAMPLE SIZE ESTIMATION

Let us assume a linear cost function, the total cost of the sample survey could be written as

L L L
C = Z Chohllp + Z Cmny + Z Chaty
1 h=1 h=1

h=

623

(35)

(36)

(37)

where cho denotes the per unit cost of making first attempt, ch; denotes per unit cost for processing the result of all characteristics in first

attempt and chh denotes the per unit cost for processing the result of all characteristics in second attempt in the hth stratum.

The total expected cost of the survey could be given as

L L

C=EC)= z (cho + et Whi) np + Z Chath
h=1 h=1

6.1. Cost Function for Estimator t,

Let us consider the function for estimator ta

@ (ny,1y,6) = Var (t,) + 6 {C — Co}

Let

and

So we can write Eq. (39) as

L L
— 1 1 Waon (fn — 1 .
@ d) =Y Y P, <——>Sh+ Warlh 1) Si| +6 | D (uo + cmWin) my +
= np - Ny Th

—
@ (s, 8) = Y [Viag + ux Voo + uz Voor — 2ux Vi — 2uzVirr + 2uxuz Vi

I I
+6 lz (cho + i Whi) nip + Z ety — Co
h=1 h=1

1 o 1 2 1 2 1 1 1
Sh = <—S + —th + _SZh - 2ux:Sxyh - 2uzijSyZh + ZMXuZﬁSXZh

TR 2

% 1 *2 1 *2 1
sh=<—s + =SP4+ =
z

?2 Y Xz SZh - Zuxxzysxyh - 2uzﬁ5yzh + ZMXMZXJZSXZ;)

h=1

Where 6 is lagrangian multiplier. On differentiating Eq. (41) we can get the values of nh, rh, and 6 as,

Also

‘ / ?zpish
np =\ —m—m
6 (cno + e Why)

) \/?zp,i [Wan (fi — 1) S}
h =

56h2

Z cnatn — Co

(38)

(39)

(40)

(41)

(42)

(43)
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Co

: =
?Z py, [\/ (cho + c1Wh1) Sn + \/[th (fh - 1) Si] Chz]
h=1

L
Ve

Let

L
D= th [V(Cho + ¢ W) S + \/[th (fu —1) St Chz]
h=1

- & (44)

YD

-

Subsituting 6 from Eqs. (44) to (42), we have

Coy/P2Sh

= —— (43)

DA/ (cno + caWh1)

Similarly, substitute the value of 6 from Egs. (44) to (43) we have

GyR W (i-1)$)

r', = (46)

Dy/cra

7. EMPIRICAL STUDY

In order to see the performance of the suggested family of estimators as compare to class of estimators under stratified random sampling.
The statistics of the two stratified populations have been given in Table 3.

Population-I: [Source: Koyuncu and Kadilar [9]]

We consider No. of teachers as study variable (Y), No. of students as auxiliary variable (X), and No. of classes in primary and secondary
schools as another auxiliary variable (Z) for 923 districts at six 6 regions (1: Marmara, 2: Agean, 3: Mediterranean, 4: Central Anatolia, 5:
Black Sea, and 6: East and Southeast Anatolia) in Turkey in 2007.

Population-II: [source: detailed livelihood assessment of flood affected districts of Pakistan September 2011, Food Security Cluster, Pakistan]

We consider food expenditure as study variable (Y), household earn as auxiliary variable (X), and total expenditure in May (2011) as another
auxiliary variable (Z) for (6 940) male and (1 678) female households in flood affected districts of Pakistan.

Neyman allocation has been used in order to allocate sample sizes to different strata in the two populations separately as:

N, Sy

Mh=nT
Z NSy,
h=1

From Table 3, we observe a positive correlation among study variable and the auxiliary variable in order to use ratio estimators for estimating
population mean. The comparison of the proposed estimators have been made with respect to Hansen-Hurwtiz [1] and ratio estimators
modified for stratified sampling. The information for the two stratified populations is given in Table 3.

The MSE values of the proposed class of estimators are computed in Table 4 two different data sets. The percent relative efficiencies of the
estimators are given in Table 5. Efficiency of each estimator has been tested by increasing the non-response rate from 10% to 30% each with
three different values of fh (2, 2.5&3). From Table 4 it is observed that MSE’s of the estimators are increased if non-response increases from
10% to 30% however from Table 5 it is noticed that PRE of the proposed estimator is also increased if non-response increases from 10%
to 30% which shows that the proposed estimators ta, and ts as compare to the existing estimators (f; and ¢,) can perform more efficiently
even at higher non-response rate. If we compare proposed estimators ta and ts with each other, we observe that MSE values of the proposed
estimators ts are smaller than the MSE values of proposed estimator ta at each non-response rate. If we compare the two proposed estimators
ta and ts on basis their PRE values, the conclusion can be drawn that fs is an improved form of ta.
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Table 3 Data statistics for the two populations.

625

Stratum (h)

Population-I

Population-II

1 2 3 4 5 6 1 2 3
" Ny, 127 117 103 170 205 201 21 34 26
- = ny 31 21 29 38 22 39 06 04 02
=) -8 n'y, 70 50 75 95 70 90 15 17 08
"i & N 883.84 644.92 1033.40 810.58 403.65 711.72 12.14 8.34 5.47
g § Sxh 30 486.7 15180.77 27 549.69 18 218.93 8497.77 23094.14 76.71 31.94 49.55
g g th 555.58 365.46 612.95 458.03 260.85 397.05 19.48 07.10 13.21
3 = Yy 703.74 413 573.17 424.66 267.03 393.84 37.55 37.25 26.39
E‘g T‘_‘a X 20 804.59 9211.79 14 309.30 9478.85 5569.95 12 997.59 116.57 093.00 26.39
g § Zy 498.28 318.33 431.36 311.32 227.20 313.71 114.14 106.50 118.88
@ "g Psyh 0.9360 0.9960 0.9940 0.9830 0.9890 0.9650 0.7914 0.8339 0.7696
i Przh 0.9396 0.9696 0.9770 0.9640 0.9670 0.9960 0.9894 0.8820 0.9669
Pyzh 0.9790 0.9760 0.9840 0.9830 0.9640 0.9830 0.7781 0.6651 0.5935
Y Syh, 510.57 386.77 1872.88 1603.30 264.19 497.84 08.66 10.05 03.95
§ g Sxh, 9 446.93 9198.29 52 429.99 34794.9 4972.56 12 485.10 42.14 13.28 74.22
n ? Szh, 303.92 278.51 960.71 821.29 190.85 287.99 6.25 5.20 20.53
v§ : Psy2 0.9961 0.9975 0.9998 0.9741 0.9950 0.9284 0.9997 0.9995 0.9840
S Pxz2 0.9901 0.9895 0.9964 0.9609 0.9865 0.9752 0.9707 1.0000 0.9999
Z Py 0.9931 0.9871 0.9972 0.9942 0.9850 0.9647 0.9649 0.9996 0.9819
Syh, 396.77 406.15 1654.40 1333.35 335.83 903.91 7.96 8.47 4.06
2 Sxh, 7 439.16 8 880.46 45784.78 29219.30 6 540.43 28411.44 36.50 25.82 59.32
§ § Szh, 244.56 274.42 965.42 680.28 214.49 469.86 5.20 8.18 16.54
968 Pxy2 0.9954 0.9931 0.9960 0.9761 0.9966 0.9869 0.9905 0.8026 0.8601
'§ : Per 0.9897 0.9884 0.9789 0.9629 0.9820 0.9825 0.9623 0.9858 0.9956
2 Py 0.9898 0.9798 0.9846 0.9940 0.9818 0.9874 0.9297 0.8062 0.8112
9 Syh, 500.26 356.95 1383.70 1193.47 289.41 825.24 12.70 09.86 4.50
§ 5 Sxh, 14 017.99 7 812.00 38 379.77 26 090.60 5611.32 24 571.95 37.69 24.02 52.26
@ ? Szh, 284.44 247.63 811.21 631.28 188.30 437.90 9.42 6.83 14.54
.§ : ) 0.9639 0.9919 0.9955 0.9801 0.9961 0.9746 0.9288 0.8335 0.8275
5} Per> 0.9107 0.9848 0.9771 0.9650 0.9794 0.9642 0.9062 0.8859 0.9907
Z Py 0.9739 0.9793 0.9839 0.9904 0.9799 0.9829 0.9696 0.5877 0.7542
Table 4 MSEs values of estimators.
MSEs of the different existing estimators and Proposed class of estimators
Wh fh 1 o o
2 2143.99 1411.42 76.1190 76.0883
10% 2.5 2370.94 1501.89 81.7661 81.7304
3 2597.83 1592.34 87.1097 87.0691
2 2540.33 1667.89 83.2651 83.2284
20% 2.5 2965.45 1886.62 92.3106 92.2641
3 3390.54 2105.42 101.171 101.116
2 2703.09 1753.48 88.1595 88.1179
30% 2.5 3209.59 2015.08 99.6831 99.6291
3 3716.08 2276.639 110.882 110.815

Table 5 PRE values of estimators.

PRE:s of the different existing estimators and Proposed class of estimators

Wh fh 1 t t g
2 100 151.90305 2816.6292 2817.7657
10% 2.5 100 157.86376 2899.6614 2900.9279
3 100 163.14543 2982.2511 2983.6417
2 100 152.30801 3050.8941 3052.2394
20% 2.5 100 157.18322 3212.4696 3214.0887
3 100 161.03865 3351.2963 3353.1192
2 100 154.15574 3066.1358 3067.5833
30% 2.5 100 159.27854 3219.7935 3221.5387
3 100 163.22658 3351.3826 3353.4088
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8. CONCLUSION

From the results of the numerical study, we infer that both the proposed estimators using auxiliary information perform more efficiently
(with substantial gain in precision) than #; and ¢,. Hence proposed estimators are recommended for their practical use.
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