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Abstract:

e This study focuses on the estimation of population variance of study variable in stratified random
sampling using auxiliary information when the observations are contaminated by measurement
errors. Three classes of estimators of variance under measurement error are proposed by using the
approach of Srivastava and Jhajj [18] for the study variable. The properties of the estimator viz.
bias and mean square error of the proposed classes of estimators are provided. The conditions
for which proposed estimators are more efficient compared to usual estimators are discussed. It is
shown that the proposed classes of estimators include a large number of estimators of the population
variance of stratified random sampling and their bias and mean square error can be easily derived.
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1. INTRODUCTION

In survey sampling, the auxiliary information is mainly used in order to gain efficiency
for the estimation. The literature on estimating the population variance by using auxiliary
variable is substantial and widely discussed. Some authors including, Das and Tripathi [4],
Srivastava and Jhajj [18], Isaki [5], Upadhyay and Singh [19, 20], Singh et al. [13], Prasad and
Singh [8], Biradar and Singh [2], Singh and Biradar [11] have paid their attention towards
the estimation of population variance of study variable using auxiliary information in simple
random sampling. While dealing with planning surveys, in case of heterogeneous population,
stratified random sampling has more importance in precise estimates over the simple random
sampling. Singh and Vishwakarma [14] discussed a general method for the estimation of the
variance of the stratified random sample mean by using auxiliary information.

The theories of survey sampling assume that the observations recorded during data
collection are always free from measurement error. However, this assumption does not meet
in many real-life situations and the data is contaminated with errors. The mean square error
and other properties of the estimator obtained with significant measurement error may lead
to serious fallacious results. Cochran [3], has discussed the source of measurement errors in
survey data. Many authors such as Shalabh [9], Srivastava and Shalabh [16], Maneesha and
Singh [7], Allen et al. [1], Shalabh and Tsai [10], Singh and Vishwakarma [15] have studied
the impacts of measurement errors in the ratio, product and regression methods of estimation
under simple random sampling.

Let us consider a finite heterogeneous population of size N, partitioned into L non-
overlapping strata of sizes Ny, h = 1,2, ..., L, where 2521 Ny, = N. Let (yp;, zn;) be the pair
of observed values instead of true pair values (Y}, Xj;) of the study character y and the
auxiliary character x respectively of the j-th unit (j = 1,2, ..., Nj) in the h-th stratum. Also,
let (ynj,xn;) be the pair of values on (y,z) drawn from the h-th stratum (j =1,2,...,np;
h=1,2,...,L). It is familiar that in stratified random sampling an unbiased estimator of the
population mean (py = Zﬁ:l Whpyn; Wy, = %) of the variable y is given by

L
(1.1) st = > Wi,
h=1

?21 Ynj is the sample mean of h-th stratum and pyp = L Z;V:hl Ynj is the

_ 1
where 3, = N,

nn
population mean of h-th stratum. Let the observational errors be

(1.2) Uhj = Ynj — Yhjs  Vhj = Thj — Xnj,

which are normally distributed with mean zero and variances Jgh and agh respectively. Also
let pn be the population correlation coefficient between Y and X in h-th stratum. For
simplicity in exposition, it is assumed that the variables w; and vy,; are uncorrelated although
(Y3, Xnj) are correlated.

To obtain the bias and mean square error we define

6yn =ovn(L+em), 0%n=o0xn(l+ewm), Tn=pxn(l+em),

such that F(g;n) =0, Vi =0,1,2;
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Ayp, Axn 3
E(eg,) = —=, E(e}y) = ——, E(e3,) = —
ny, np

1
E —  (Goop — 1
nlxr’ (eone1n) nh( 22n — 1),

1 1
E(einean) = —(003nCxn), E(eonean) = —(021nCxh),
np, np
where
ol
2 ,U4Oh oxh
Ayn = Yovh + Yeuh—1 U + 5 Bon(Y) = bs0n = ) Cxp=—"0,
JYh 0y, :“20h HXh
2 04h
Axn = Yoxn + V2Vh g Vh t Ban(X) = doan = L,
Xh Xh N02h

Yovh = Pan(Y) — 3, Yoxh = Ban(X) — 3, Youn = Ban(U) — 3,
2 2

g o
72Vh:ﬁ2h(v)—3, Oy, = %7 Oxp, = %7
Oyn T 0 o, + oty
1 1
h
Opsh = %a Ursh = A E (Ynj — pvn) (xh; — pxn)®.
( r s )2 h
HaonHo2h j

(r, s) are positive integers, uyp and pyy are the h-th stratum population mean of study and
auxiliary variable respectively. Cxj, is the coefficient of variation of h-th stratum, €y, and
Oxp, are the reliability ratio of h-th stratum of study and auxiliary variable respectively and
lying between zero and one.

The variance of the stratified random sample mean is given by
L o?
(1.3) V(yst) = ZWh Yh = o,

where 02, = L M i — fiyn)? is the population variance of h-th stratum.
Yh = N, 2uj=1\Yij — K

The unbiased estimator of 02, i.e. V(¥), is given by

(1.4) 52 = ZW? .

where 832/h = ﬁ Zyi \(Yn; — Yn)? is an unbiased estimator of 2. But in the presence of

measurement error szh is not an unbiased estimator for O‘SQt. In the measurement error case

52
. . 2 s A2 L 20y ~2 2 2
the unbiased estimator of o3; is given by 65 = >, Wi =rk, where 6y, = (sy), — o)

The variance of 62 in the presence of measurement error is given by

L (Who
(1.5) Z L Yh [Ayn] = MSE(62).
h=1

Singh and Karpe [12] have studied the impact of measurement error on separate ratio
and product also combined ratio as well as product estimators for the population mean
under stratified random sampling. We have considered the problem of estimating population
variance using information on the auxiliary variable by adopting Srivastava and Jhajj [18]
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method in stratified random sampling in the presence of measurement error. Three classes
of estimators for the estimation of population variance are proposed under stratified random
sampling when both the study and auxiliary variables are commingled with measurement
errors as:

i) Estimator of variance 0% when the mean px) of the auxiliary variable z in the
h-th stratum of the population is known.

ii) Estimation of variance o2 when the variance 0%, of the auxiliary variable z in
the h-th stratum of the population is known.

iii) Estimation of variance 02 when the mean py, and the variance 0%, of the aux-
iliary variable x in the h-th stratum of the population are known.

The crux of this study is to exhibit the effect of measurement errors on the estimates of the
variance of the stratified random sample mean while using auxiliary information.

2. THE PROPOSED CLASSES OF ESTIMATORS

2.1. Estimation of population variance o2 of the stratified simple random sample
mean when mean px;, of h-th stratum of the auxiliary variable z in the
population is known

By using information on population mean wxn of the h-th stratum of auxiliary variable,
a class of estimators of population variance o2 for the study variable is proposed as

2
(2.1) (5’2 = }; <‘2; )aYhah(lh)

where I}, = Zp,/puxn and ap(+) is a function of I, such that ap, = 1. It satisfies conditions given
by Srivastava [17] viz. function are continuous and bounded also the first as well as second
order partial derivatives of the function exist. Expanding the function about the point ‘unity’
in a second order Taylor’s series, we have

(2.2) ah(lh) = ah(l) -+ (lh — l)alh(l) + %(lh — 1)2a2h(1),

where aqj, asp are first order and second order derivative with respect to [, about point unity.

L
62 = Z < )aYh (1+eon) [1 + (I, — Dayp(1) + %(lh - 1)2(12h(1)} )
(2.3) "
. L 2
62 = Z (I:Il/:)a%h(l + €on) [1 + egnarn(l) + ;€%ha2h(1)]7

h=1
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2
( ) o [EOh + eonaip (1) + oneanain(l)

L
O‘ — Ust Z
(2.4) =1
1 1,
+ §€2ha2h(1) + §€0h€2ha2h(1) .

Taking expectation on both sides of (2.4) we get

Low 102
(2.5) Bias(67) = E < nh>0m [521hCXha1h<1) 3 0;{:@%(1)]-
h=1 h

For the mean square error we have

(2.6) (62 —o0n)? = Z <W2>U‘/h{€0h + 52ha1h(1)}2,

h=1 \ "h
L W2 2
(2.7) (&2 - Usgt)z = Z (nZ) Uéh{ggh + 5%ha%h(1) + 2€oh€2ha1h(1)}-
h=1

3

Taking expectation up to terms of order n;”, we get the mean square error of 62 as

(2.8) MSE(& Wh(’” [ o

Ayp + Thalh(l) + 2521hCXha1h(1):| .

>
IIMh
I

The MSE in (2.8) is minimized for

(2.9) aip(l) = — <5ngfh).

Thus, the resultant minimum MSE of 42 is given by

 (Whova)!
(2.10) min MSE(57) = o [AYh - 6§1h9m]
h=1 h

Hence, a theorem can be established as follows.
Theorem 2.1. Up to terms of the order nfl?’,

L
(W,
min.MSE(5, Z hJYh [AYh - 5§1h9Xh )
h=1

with equality holding if a1,(1) = — (m)

Cx h
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The following estimators

L L
W, W32
o= ()™ =3 (G )bl 0)
h=1 h=1 NI
L - L
. W2\ . op + U . W2\ .
0'23 = Z (njj)a}%h m y 0'24 = Z T: 2Yh |:a1h + (1 — Oélh)lh]7
h=1 L h=1
L 2 _
. WgEN . _
025 = Z (nh)d%h Q1p + (1 — alh)lh 1},
h=1 Nk -
L
R W2\ 5 T _
Y —
h=1 Nk -
L
) W2\ ., 1 -1
Gor = Z (71:>012/h in + (1- alh)lh} ;

are some of the members of the proposed class of estimators 2. The optimum values of the
scalars ap, and ag, can be derived from the right-hand side (2.9) of and the minimum mean
square error of the listed estimators can be derived from (2.8). The lower bound of the MSE
of estimators 62, (i = 1 to 7) is the same as given by (2.10).

Following by [17] and Srivastava and Jhajj [18] we have proposed a wider class of
estimators of 0% as

L W2
(2.11) 6h = Z <h> D (654, 1),

where function Dy/(-, -) satisfies

9Dy (+)
Dp(o¥y,1) = 0¥y, = Duloyy,1) = 052 \(aghg) =1
Yh

It can be shown that the minimum MSE of 6% and the minimum MSE of 62 are equal.
We can state that the difference type estimator

L

W2
A2 E h ~2
(2'12) Ostdy = < np, >{UY h dlh(lh 1)}7

h=1

is a member of class 6123 where dyy, is a suitably chosen constant.

2.2. Estimation of population variance o2 of the stratified simple random sample
mean when variance o*%(h of h-th stratum of the auxiliary variable z in the
population is known

A class of estimators of the variance o2 of the stratified simple random sample mean
when the variance U%{h of the auxiliary variable x of the h-th stratum in the population is
known, is defined as

L W2
(2.13) 67 = Z (TL:)&%hbh(mh),

h=1
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~2
where my, = Zg”b, and bp(my) is a function of my such that b,(1) = 1. The function is
X

continuous and bounded in R and its first as well as the second order partial derivatives
exist. Now expanding the function at point ‘unity’ in a second order Taylor’s series, we can
write

(2.14) bn(mp) = b (1) + (mp — 1)byp(1) + %(mh — 1)%bop(1),

where by5(1) and bop (1) are the first order and second order derivative with respect to my, of
the function by (my,) about the point ‘unity’.

L 2
(2.15) 2 =3 (5 o8 |on(0) + G — ua(1) + s — 1% (1)
h=1
L 2
(2.16) &g = Z (ﬁ)a%h(l + con) |:1 + epbin(l) + ;&%thh(l)} .
h=1

To calculate the bias and the MSE of the estimator we can write

L 2
. w
(67 —0%) =Y (h>012/h [50h + e1nbin(1) + one1nbin(1)

(2.17) = N
1 1
+ §E%hb2h(1) + 250h5%hb2h(1):| .

Taking expectation on both sides of (2.17) we get the bias of 67 as

L 2
(2.18) Bias(67) = ) <Ij;2h>052/h [(52% — 1)bia(1) + ;AthQh(l)]'
h=1 h

For the mean square error we have

L W2 2 2
(2.19) (65 —0%)” = Z (n;?) Tyh [50h + Elhblh(l)] )
h=1
L W2 2
@20) 602 = 3 (S0 ) oba[sh+ () + et
h=1

Taking expectation up to terms of order n,:g, we get the mean square error of 65 as

= (Whova)!
(2.21) MSE(67) = Y % [AYh + Axpb3y (1) + 2(892p, — 1)51,1(1)} :
h=1 h

which is minimized for

(2.22) bin(1) = — <522h_1>

Axp,

Thus, the resultant minimum MSE of &g can be written as:

L
(2.23) min. MSE(57) = >

(Whoyn)* [Am (022 — 1)2]'
h=1

’I’L% AXh

Hence, a theorem can be established as follows.
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Theorem 2.2. Up to terms of order ngg,

L 12
min.MSE(d7) > Z 7WhUYh) [AYh — 7(62% D) ,
h=1 , Axn

with equality holding if by(1) = — (m)

Axn

The listed estimators

2 - W}% 2 2 - Wi? 2
h=1 h=1
L - L
w7 nn +m } <W2>
~2 h \ a2 1h h A2 h 2 [ ]
Gs=) (= )ovn|ly | Omu= & +(1—mp)m
b3 ;(w) 3 s, b4 hz:l )0V (L = nup)mu,

W2\ ., 7 _
<h>0%h mn + (1 =) my, 1},

W2 R
<h>0%h mu + (1 —n1p) n%}a

~2 ¢ Wi\ .2 | -t
G =y UYh_nlh‘*‘(l—Ulh)mh} :

are some of the members of the proposed class of estimators c}g. The optimum values of the
scalars nyp, and 79y, from 6?1 to 6?7 can be derived from (2.22) and the minimum mean square
errors of each of the listed estimators can be derived from (2.21). The lower bound of the
MSE of the estimators 62 (i =1 to 7) is given by (2.23).

A wider class of estimators of o2 than 67 is
2 Wi
2.24 o, =
( ) Oe Z ( . >€h(UYh7mh)
h=1
where ey, (6%, myp,) is a function of (6%, my,) and

. Ode
non ) =0t = enl) =1 with emlody 1) = S
Yh

It can be exhibited that up-to third order, the optimum mean square error of 42 and
&g is the same as given by (2.23). It can also be shown that the difference-type estimator

L
W2
A2 h ~2 _
(2.25) Oitdy = ; (nh >{Uyh + dop(mp, 1)}

is a specific member of the class of estimator 62 but not of the 62 class, where dy, is an
appropriately chosen constant.



Variance Estimation in the Presence of Measurement Errors... 283

2.3. Estimation of population variance ¢2 of the stratified simple random sample
mean when the population mean px;, and the variance aih of h-th stratum
of the auxiliary variable x in the population are known

We define a class of estimators 62, for the estimation of variance of the stratified simple
random sample mean when the mean pxj, and the variance Ug(h of the auxiliary variable x
of the h-th stratum in the population are known, as

L W2
(2.26) &3 = Z (T],:>&}2/h6h<lh7mh)7

h=1

where ¢y (I, myp,) is a function of I, = Zp,/puxp and my, = 6§(h/ag(h, such that ¢, (1,1) =1 and
it also satisfies similar conditions as mentioned in [18]:

Ch(lh, mh) = [Ch(l, 1) + (lh — l)clh(l, 1) + (mh — l)czh(l, 1)

+ %{(zh — 12ein(1,1) + 2(1, — 1) (my, — eran(1,1) 4+ (mpy — 1)2eg0n(1, 1)}
(2.27) )

+ g{ah — 1Pciin(ly, mpy) + 3(Ih — 1)*) (ma — Denan(lf, mp,)

+ 31 — 1) (mp, — 1)crom (T mi) + (mp, — 1)*canan (1, m;)}} ,
where

Lh=1+¢(n—1), mp=1+¢(mp—1), 0<¢<I;
{C1h(1, 1), con(1, 1)}, {e11n(1, 1), c12n(1, 1), caon (1, 1)},
{0111h(lz7m2),C112h(lZ,m;§),6122/1(12,7712),622211(12,mZ)}y

respectively denote the first, second and third order partial derivatives of the function ¢, (I, mp,).
Expressing (2.27) in terms of gy, €15 and €9, using ¢;(1,1) = 1 we have

L 2
. W
03 = E —h O’%h(l + 80h) {1 + Ethlh(l, 1) + 51hc2h(17 1)}
np,

h=1

1
+ = E%hcllh(l, 1) + 251h€2h012h(17 1) -+ E%hCQQh(l, 1)
(2.28) 2

1
3 2
+ 6{5%0111}1(127712) + 3e1nespcrionlmy,

2 3
+ 351,182]10122]11;77”&2 + 51}1022211(57;7712)” .

To calculate the bias and the MSE of the estimator we can write (2.28) as

L

. W

Ug — Us?t = Z <n:>0'32/h {{th + Eghclh(l, 1) + EthQh(l, 1)
h=1

(229) + 50h52hclh(17 ].) + thEth2h(17 1)}

1
+ §{E%hcllh(17 1) + 251h52h012h(17 1) + E?hCQQh(l, 1)}:| .
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Taking expectation of both sides of (2.29) we get the bias of the estimator 62

Bias(67) = Z (th)am

921n,Cxnein(1,1) 4+ (d22n — 1)con(1,1)

(2.30) h=1 ® T
1/C%,
2\ 0, c11n(1, 1) + 20030 Cxnerzn(1, 1) + Axncaona,y | | -

For the mean square error we have

o (WA 2
(2.31) (62 —02)* =) o) YR [50/1 + eancin(1,1) + erpcan(l, 1)} ;
h=1
L 2
. W}
(67 —02)* = Z —L ) oYy et + et (1, 1) + elpeay (1,1)
(2.32) h=1 \ "h

+ 2eoneancin(l, 1) + 2e1peancin(l, 1)ean(1, 1) + 2eone1ncan(l, 1)} .

Taking expectation up-to order n;?’, we get the mean square error of 62 as

L
(W, Cc%,
MSE(6 Z hUYh [ v+ 76 clh(l 1)+ AXhCZh(l 1)
- Xh

+2621,Cxpein(1, 1) + 28030, Cxpein(l, 1)cap (1, 1) + 2(622n — 1)can (1, 1)} ;

>

(2.33)

where ¢11,(1,1) and o5, (1, 1) denote the first order partial derivatives of ¢y (I, my,) with respect
to I, and my, respectively about the point (1,1):

(2.34) Cxnfxn (503hCXh} [cm(l, 1)} _ [égthXh] '
0021nCxn  Axn can(1,1) d20n — 1

By solving (2.34) we can determine the minimum values of ¢15(1,1) and cg(1, 1) respectively

as
[503h(522h —1)— 521hAXh]
Clh(l, 1) = 5
[CXh(AXh/ Oxn) — 503;1}
(2.35)
[5031152111 — (0221 — 1)/9Xh]
Cgh(l, 1) =

[(AXh/th) - 5(2)3h]

Putting (2.35) in (2.33) we obtain minimum MSE of 62 as
(2.36)

min.MSE(g,

WhGYh o (6221 — 1) + 621, 0xnAxn — 20x10211003n (522, — 1)
v (Axp — 0230xn) ’

Mh

h=1 h

(2.37)  min.MSE(6 WhGYh

{02110 x1n003n — (6221 — 1)}2]
(AXh - 533h9Xh)

HMN

[AYh — 83 ,0xn —

Hence, a theorem can be established as follows.



Variance Estimation in the Presence of Measurement Errors... 285

Theorem 2.3. Up to terms of order n;?’,

L
min.MSE(q Z ( WhJYh >

h=1

{621n0x 10031 — (D22n — 1)}2
(Axp — 625,0xn)

Ay, — 851,0xn —

with equality holding if

603n (0221 — 1) — da1nAxn
[ ]
[CXh(AXh/QXh) - 533;1}

Clh(l, 1) =

(2.38)
[503h621h — (022 — 1)/9Xh]

[(AXh/ Oxn) — 583h]

CQh(la 1) =

The present estimators

L W2
54 :Z (mil>§%/hlhalhm22h,
h=1
L W2 -
6= (J)a%h onnlin + (1 = @ JmS3t|
h=1
L W2 -
Gl =) (n:>&§h asnlyy + (1 - agh)mgﬁh},
h=1
L W2 -
2 =3 (2 o exp{amn = 1)+ aantn — D},
h=1
525 :ZL: (VV}%> ae )
het \ {1 + anp{lip " mgt — 1}}
L W2
&26 :Z (J)é’%/h [1 —a1p(lp — 1) + agp(my, — 1)],
h=1

are some particular members of the suggested class of estimator 2. The mean square error of
these estimators can be obtained from (2.33) by choosing the suitable value for the constants.
The lower bound of the MSE of the estimators 62 (i = 1 to 7) is the same as given by (2.37).

A class of estimators for o2, wider than 62 is proposed as

L W2
(2.39) 7=y (n:> Fn(6% 1, Iy mn),
h=1

where fh(&%h, ln, mp) is a function of (&%h, ln, mp) such that

) 8fh(UYh7lh7mh) |

=1.
80Yh

(ogfh’lyl) -

fh(athlvl)_UYh = flh(UYhalal
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It can unveil that up-to order n,:g’ the optimum MSE of (}J% is same as the optimum MSE of
62 at (2.36) or (2.37) and is not reduced. The difference-type estimator

L W2
(2.40) oy = Y <n:> {&xth + dsn(ln — 1) + dap(mp — 1)}

h=1

is a specific member of the class (2.39) but not (2.26), where ds; and dy;, are acceptable
constants.

3. EFFICIENCY COMPARISONS

To obtain the conditions for which the proposed classes of estimators 62, 67 and 62
perform better than usual unbiased estimator 62, from (1.5), (2.10), (2.23) and (2.37) we can
write

 (Whova)!
(3.1) MSE(62) — min.MSE(52) = Y %531,@@ >0,
h=1 h
L 4 _1)2
(3.2) MSE(62) — min. MSE(57) = Y (W"U?)Yh) (5222 PN 0,
=1 h Xh
(3.3)

L
W, 4
MSE(62,) — min.MSE(62) = ) % léglhem +

2
{0xn003n021n — (Da2n — 1)} ] > 0.
h=t 'h

(AXh - 5}21039Xh)

Remarks: To exhibit the impact of measurement error on MSE of the estimators, let
the observation for both the study variable and auxiliary variable be recorded without error.
Now the MSE of the proposed class of estimators 62, to the third degree of approximation is
given as

L
. (Who
(3.4) MSE E ATRTYR) Yh |: (540h — 1) + Cg(ha%h(l) + 2521hCXha1h(1) R
h=1

which is the same as the obtained by Singh and Vishwakarma [14].

From (2.8) and (3.4) we have

MSE(&2%) — MSE*(62)

I
—~
=

w|Q
~
>
—
—~~
2
[\
-
>
_|_
[\]
~
7N
—_
|
>
~
>
N——
=~
7N
—
|
>
>~<
>
N————

The difference is always positive in nature, thus we can infer that the presence of measurement
error incorporates larger mean square error than the absence of measurement error.

To obtain the optimum value of the constant differentiating partially (3.4) with respect

to ayp and equate to zero we get
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Thus, the resultant minimum mean square error is

= (Whoyn)*
(3.5) Imnmme&@::E:——%gﬂ—[MMh—l)—5%J-
h=1 h

Now the impact of measurement error can be obtained (2.10) and (3.5) from and as

L (Whoyn)t 1-0yn\’
min.MSE(62) — min.MSE*(62) = Z ﬂ [(’72Uh +2) < 0 Yh)
(3.6) = .

1-0
+4< ; Yh) +03,(1 - 9Xh)].
Yh

The MSE of another proposed class of estimators &7 for the estimation of ¢ in the absence
of measurement error is given in (3.7) and is similar to Singh and Vishwakarma [14]:

~ (Wioy)*
(3.7) MSE*(67) =) % [540h — 1) + (Soan — )b (1) + 2(S22n — 1)blh(1)]-
h=1 h

From equation (2.21) and (3.7) we can write

L 4 2

1-— 1-—
MSE(?) - MSE"(02) = 3 PO | a2 (1500 ) (150
(3.8) N m

1—0xp)> 1-0
+(’Y2Vh+2)< 7 Xh) +4< OX:UL)I)%L(I)]'

Xh

The right-hand side of (3.8) is always positive in nature, thus we can infer that mean square
error of the proposed estimator is always larger when observation is recorded with error.
MSE*(6%) is minimized for

da2n — 1
3.9 bin(l) = — .
(39) ) = - (22
Thus, the resultant minimum mean square error is
L
boan — 1)?
(3.10) min.MSE*(6 hUYh 5wh—1)—(§ml£)
— (d0an — 1)
From (2.23) and (3.10) we can derive the impact of measurement error as
Wioyn)"* 10y, \?>, [(1-0
min MSE(62) — min. MSE" (67) = ﬂ (yourn + 2>( 0 Yh> i 4< 0 Yh)
(3.11) P n;, Yh Yh

_l’_

boap — 1) 1-0x,)° 1—0xp

L =1 (vavn +2) +4 '
Axn(ds0n — 1) Oxn Oxn

The mean square error of the third proposed class of estimators 62 for the estimation of 6%
in the absence of measurement error is given by Singh and Vishwakarma [14] as

L
. Wyoyn )t
MSE*(67) = ) (hn?,Yh) [(540h — 1) + CXpin(1, 1) + (Boan — 1)c3;,(1,1)
h=1 h

+ 2021,Cxpein(1, 1) + 2803, Cxnein(1, 1)can(1,1)
+ 2(d22n — 1)con(1, 1)}-

(3.12)
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From we can write as

L 2
(W, 1-6 1-6
MSE(52) — MSE* (& Z WY" Yotk +2)< Yh) +4< Yh)
— Oy n Oy n
1-6 1—0xn\>
(3.13) +C%4, ( Xh) cin(1) + (vavn + 2)( Xh)
Ox, Oxh

and MSE*(42) is minimum for

[503h(522h — 1) — 6214 (S04n — 1)}
Cxn [5O4h — 03y — 1}

Clh(lv 1) =

9

(3.14)
[503h521h — (6221 — 1)]

[50471 - 58311 - 1}

C2h(1a ]-) =

Thus we can write the resultant minimum MSE as

{b03nd21n — (622n — 1)}2
(Goan — 3, — 1) ’

L
(W,
(3.15)  min.MSE*(¢ E hUYh [ (6a0n — 1) = 03y, —

h=1

which can be easily obtained from (2.37) by putting 0%, = 0%, = 0.
Hence, we can derive the impact of measurement error on the mean square error of the
estimator (62) as

min.MSE(62) — min.MSE* (62) =

L 2
(3.16) = Huown)® [(72Uh +2) <1 — 6Yh> + 4<1 ; 0Yh> + (1= 0x1)03,

n3 Oyn Yh

h=1
B {A1(5o4h — 604n — 1) — Bi(Axn — 07030xn) }
(80an — 033, — 1)(Axn — 62030xn) ’

where

2

A = {503h521h9Xh — (022, — 1)} ,
2

B = {503h521h — (022 — 1)} .

The right-hand side of (3.16) is the effect of measurement error in the mean square error of
the estimator which is always positive in nature. Thus, the proposed classes of estimators
have larger MSE in the presence of measurement errors in both study and auxiliary variables
than in the absence of measurement errors. When the measurement error is insignificant, the
inference based on these data may remain valid. Nevertheless, when the amount of error is
more significant in observed data, the inference may be invalid and inaccurate and often may
lead to unexpected and undesirable consequences.
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4. DISCUSSION AND CONCLUSION

The data available for statistical analysis are always contaminated with measurement
error and may lead to fallacious inference results. When data contains heterogeneity among
units in terms of value, survey users are advised to form several homogeneous groups, and
the sampling design is well known as stratified sampling. To the best of our knowledge, the
study of measurement error for the estimation of variance in stratified random sampling has
not been addressed yet. Singh and Karpe [12] have studied the effect of measurement error
on estimation of population mean in stratified random sampling. Estimation of variance has
vital importance as it has practical uses in real-life. It is discussed by Lee [6], Srivastava
and Jhajj [18], Wu [21] and Singh and Vishwakarma [14] without the measurement error
framework.

The present study deals with the problem of estimation of variance by using auxiliary
information under the stratified sampling framework when observations are contaminated by
measurement errors. Three wider classes of estimators have been proposed. The theoretical
comparisons show that the proposed classes of estimators (62, 6’5 and 62) in the presence
of measurement error are more efficient than usual unbiased estimators. Since the proposed
estimators are defined as a class, a large number of estimators become the members of this
class. So the impact of measurement error on the bias and the mean square error of these
estimators can be obtained easily. We can also conclude that the MSE in the presence
of measurement error is larger than in the absence of it. Thus, the present study for the
estimation of variance under measurement error for the stratified random sampling is useful

and may attract others to carry out some work of practical use in this direction.
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