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Abstract

We have discussed the topic of estimating the finite population mean in double sampling in this paper. In
this article, Singh and Tailor (2005) propose a ratio-cum-product type estimator for double sampling. Up
to the first degree of approximation, biases and mean squared errors (MSEs) were determined. Existing
estimators have been compared to the recommended estimators. An empirical research was carried out to
assess how well the recommended estimators performed.
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Introduction

The finite population mean of the auxiliary variate is assumed by ratio, product, and regression
type estimators, however in many actual circumstances, the population mean of the auxiliary
variate is known in advance. As a result, double sampling is used. A large sample is chosen to
estimate the population mean of the auxiliary variate, and then a subsample is drawn from the
large sample or independently from the population in double sampling.

Singh (1967) B! proposed a ratio-cum-product estimator for population mean using the
population mean of two auxiliary variates. Singh and Tailor (2005) ! proposed a ratio-cum-
product estimator for the population mean in simple random sampling based on the correlation
coefficient between two auxiliary variables. Tailor and Sharma (2013) ™ proposed a
coefficient of kurtosis-based ratio-cum-product estimator of population mean. Sharma et al.
(2014) B proposed a generalised product approach for population mean estimation in two-
phase sampling. The ratio-cum-product estimator of Singh and Tailor (2005) [l is examined in
double sampling in this study.

Consider a population U = {U,, U, Us, ..., Uy} with a finite sizeN. Let y be the study variable,
and x and z be the auxiliary variables, so that x is positively associated with the study variate
y and z is negatively correlated with it.

For estimating the population mean Y in simple random sampling, Cochran (1940) ™! defined
the classical ratio estimator as

5 (%

Ve=7y (;) (1.1)
Robson (1957) P proposed using a product estimator to estimate the population mean ¥ as
Po=7p (E) 1.2)

Singh and Tailor (2003) [ used the correlation coefficient between the study variable and the
auxiliary variate as well as recommended ratio and product type estimators for the population
mean Y in their analysis as

= _ (X+pyx

Ysrr =Y <—£+Z3y/x>. (1.3)
And

S _ (Z+pyz

Ysrp =¥ (rpiz), (1.4)
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wherey =1L, y,k=13¥L, xandz=

n n

1 . . i - - _ .
™, z; areare unbiased population mean estimators Y, X and Z respectively.

YR' YP' YSTR

and

Y¢rp assume that the population mean of the auxiliary variable are known. Double sampling is employed when the population
mean of the auxiliary variable is unknown. In a double sampling process,

i. Alarge sample of size n’ is selected to estimate population means of auxiliary variates x and z then

ii. A sample is drawn either as a sub-sample of large sample (case-I) or directly from population independently (case-11).

In “double sampling” classical “ratio and product estimators” are defined as

7 =5(%) (15)
and

78 =5(2) (L6)
In double sampling, Singh and Tailor (2003) [ define ratio and product estimators as

= _ "+ x

Yér =7 (%) (L7)
and

= _ 7+ z

Yp = (—Zj;yy ) (1.8)

Singh (1967) B proposed a population mean ratio-cum-product estimator based on the population mean ¥ of two auxiliary
variables as

for=5(5)3) @)
Singh's (1967) B ratio-cum-product estimator is defined as follows in double sampling:
74 =5(2)(2) (1.10)

Suggested Ratio-Cum-Product Estimator i )
Assume the population mean of two auxiliary variables is Xand Z and coefficient of correlation between two auxiliary variables
Py are known, Singh and Tailor (2005) ®! proposed a population mean ¥ estimator based on a ratio-cum-product estimator as

Tir =5 (52) (5r22), 1)

Xt+pxz) \Z+pxz

where p,, is the coefficient of correlation between the auxiliary variables xand z.
In many situations, in sequence on population mean of auxiliary variates X and Z may not available. Singh and Tailor (2005) €I
describe the estimate for this sort of scenario in double sampling as

Taf = y (St (G 22

E+pxz/) \2'+pyz
For cleanness, it is assumed that the population size N is large in comparisons to sample sizes n and n'. Thus finite population

correction term (1 — %) and (1 — %) are ignored.

Bias and mean squared error are calculated to compare the proposed estimator to the considered estimators. We write to get the
bias and mean squared error of the recommended estimator.

y=Y(1+e)x=XA+e)x =X (1+e)),zZ=2Z(1+e,)andz = Z(1+ e,) such that

E(eo) = E(e;) = E(e1) = E(ez) = E(e3) =0,
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1 1
E(e}) = C} E(eD) =~ C2,
2 12 2 1.2
E(e”) = ;va E(ez) = ;sz
12 1 .5 1
E(e =?Cz: E(eey) =;pynyCx!
, 1 1
E(eper) = ;pyxcycxv E(egez) = ;pyszCz’
, 1 ' 1 .9
E(ege;) = prszsz E(eer) = ;Cx’
1 ' 1
E(eie;) = n_pszszv E(ece;) = ;pXZCXCZ )
and
' 1 2
E(eye;) = ;CZ .
Now suggested estimator 17,;3 can be expressed in terms of e;s as

Sed _ 7 )‘((1+ei)+pxz> <Z(1+ez)+pxz)
Yep =Y (1 +eo) (X(1+e1)+pxz Z(1+e5)+pxz

_ Y(l + eo) (X+Xei+pxz) (Z+Zez+pxz)

X+Xey+pyz) \Z+Zey+pys

— P14 ) (L) (Lthecs)

1+11e1/ \1+1ze,
=V(1+e)(d+Ae)d+Ae) (1 + Aze)(1 + Apey)t
=V +e)(1+Ae)(A—2Ae; +22e)(1 + Ae)(1 — Ay, + Ade?)
=Y(1+ey)(1—2Ae; +22e? — A2eje; + A1e1)(1 — Aye, + A3 + Aye, — Aieye,)
=V(1+e)(1—Aie; + Ay + A2e? — Aleje; — Aye, + Adef
+,e, — Adeye, + A Aze1e, — AiAzeie, )
=Y(1—Ae + ey + M2 — A2eje; — Aye, + Adef + Aye, — Adeye, + A A,e1e, — A A e e,
+eq — Aejeq — Azepe, + Arege; + Arepe, ). (2.3)
Taking expectation of both sides of (2.3), we have got
E(Vid = V) = VE[R3(eF — ese;) + 23(ef — eze3) + Ay eoe; — egey)
+2,(epe; — €gey) + A A5(e1e; —e1e5) 1,
o(5f) =8 (- 2) (£ D) 0 (=D
o (7= 7) Py Cy G+ M (5= 7) Prs GG
Finally, the bias of the suggested estimator ?;g upto the first degree of approximation is obtained as
B(Vi#) = (3 — ) PEC2 + 2302 = 119Gy G+ 42y Gy G = Mapis GGy ] (2.4)
Taking the expectation of both sides of (2.3) and squaring it, we get

MSE()’_}gg) = }_/ZE(EO - Alel + Ale]'_ - /1265 + Azez)z
~1256 ™


http://www.thepharmajournal.com/

The Pharma Innovation Journal http://www.thepharmajournal.com

— 72 [Cy + 22¢2 (_ _ _) + %2 (— - ;) 20 (— - —) PyxCyCx

1 1 c2 c2 ZZZ CyC, 2411 CyC. 2214 CyC. 22114 CyC. C.
+222(___)pyzCC _ 12_3:_ /12 Z 1229,czxz_ 12szxz+ 1259’czxz+ 125xzxz] Y2[7,2’+(n

1
;) {A2C2 + 23C2 — 221p,C, Cy + zzzpyzcyc 224y Py CeC. }]

Finally, the recommended estimator's ?;g mean squared error (MSE) was calculated upto the first degree of approximation can be
expressed in case-l as

msE(Tzg) =72 |2+ (2= 1) uci(h - 2K00)

+/12sz(/12 + 2(Kop, — /11K12)) }]: (2.5)
where

X _Z
Al - X+pxz and /12 - Z+pxz

In case—I1 suggested estimator Y;¢ can be expressed as

mse(Fig), =72 [(G) e + ez {a (G +3) -5

+C22, {2, (34 2) + oz 2afa}] (2.6)

n n n'

Case-I: Efficiency Comparisons

In this part, we discuss the circumstances in which the recommended ratio-cum-product type estimator would have lower mean
squared error (MSE) than the other estimators discussed.

It is generally known that when using simple random sampling without replacement (SRSWOR), the variance of the sample mean
¥ is written as

V) =122, (3.1)

Mean squared error (MSE) of the V¢, V¢, Y&, ¥4 and Y& in Cases | and I are expressed as

MSE(°,§)I = y? [( ) C2 + (z - —) cz(1 - 21(01)] (3.2)
MSE(?)I =2 [( ) c2 + (— -2+ 21(02)] (3.3)
s (74), = 7 [2) 65+ ) i~ 2] e
st (i), = #[2) 6 4 (2 ) e 2, e
MSE(?,?P)I =72 [(%) Cz + (% - nl) {C2(1 = 2Kyy) + C2(1 + 2Ky, — 21(12)}], (3.6)

The recommended ratio-cum-product estimator Y, 7 ¢ in Case—l would be more efficient than (2.5), (3.1), (3.2), (3.3), (3.4), (3.5),
and (3.6), according to comparisons of (2.5), (3. 1) (3 2), (3.3), (3.4), (3.5), and (3.6).

i. yif

o CF A1(2Ko1—21)

. = , 3.7
C3 22(22+2(Ko2—21K12)) ( )

i, 74 if

: (1-2Kg1)=21(A1-2Ko1)

iv. = , 3.8
E;% A2(A2+2(Koz—A1K12)) (38)

v. YEif

. CF A1(2Ko1—21)

VI, = .
C A2{A2+2(Koz—21K12)}-(1+2Koz)’ (3.9)

vii, 74, if
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€% _ t1(t1—2Ko1)—2A1(A1—2Ko1)

vm.¥< Gt 2(Fog—taknn) (3.10)

ix. 74, if
cz A1(2Kp1—41)

X =< : 3.11
(if A2{A2+2(Koz—2A1K12)}—t2(t2+2Ko2) ( )

Xi. 74 if

L Cf (1-2Kg1)~21 (A1 -2Kp1)

X, = < , 3.12
€2~ A2{22+2(Koz—21K12)}-(1+2(Ko2—K12)) ( )

Case-11: Efficiency Comparisons
In Case II, V¢, Y&, Y&, Y&, and Y& are expressed as

wse(), =7 [()3 + {2+ 2) -2 @
wse(7%), = P[(2) 5 + 2 (2 2) + 2] w2
wsE(ite), = 72[() s+ e (24 ) - 22 =

(142), =7 (
wse(ise), = 7[(0)65 + e e () + 23 wa
(i

(i), = 2[5+ 2 {(+2) -2
(o) 2ot v

Comparing (2.6), (3.1), (4.1), (4.2), (4.3), (4.4), and (4.5), it is clear that the recommended ratio-cum-product estimator f’;ﬁ
Case Il is more efficient then

i. yif {ZK (1 1)}
.. C_z 11 01—2.1 R+?
" () e @9
iii. v if
L anER- ()
S G R “n
v. Yeif
P MR- 1 ()}
VI CJ% < (42— 1){(12+1)( )+2K02} —2/11):12,1(12’ (48)
vii. Y&, if
ez et {E- Gk ()]
G e 49
ix. V4, if

¢ M ()}
X (‘:\% < (lz—tz){(lz‘*'tz)(n 111,)+ZI;°2} 72/11};12,1(12’ (4.10)
xi. ¥4 if
i, & Ca D Gar i) (4.11)

F = G ) e P

Empirical Investigation

A natural population data set is used to examine the percent relative efficiencies (PRES) of different estimators of ¥. The
population is explained as follows:

Population [Stockton and Torrie, 1960, p. 282]

v : “Log of leaf burn in sec.”,

x, : “Potassium percentage”,

x,: “Clorine percentage”.

The required population parameters are

Y = 0.6860, C, = 0.4803, py, = 0.1794, N = 30,n' = 20n = 6,

X = 4.6537, C, = 0.2295, p,,, = —0.4996, Z = 0.8077, C, = 0.7493, p,, = 0.4074.

~1258 7™
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Table 1: The different estimators' percent relative efficiencies (PREs) with regard to y

Estimator PREs
y 100.00

v 96.17

v 62.01
fsdm 96.84
fsos 65.41
v, 81.49
vid 126.21

In comparison to all other examined estimators, Table 5.1 indicates that the recommended ratio-cum-product estimator Y;¢ has
the highest percent relative efficiency (PRES). As a result, when information on the correlation coefficient between the auxiliary
variates is available, the proposed ratio-cum-product estimator may be used to estimate the population mean when the
requirements in 4.3 and 4.4 are met.

Conclusion

In double sampling, sections 3 and 4 compare the recommended estimate's mean squared errors (MSEs) with the variance of the
simple mean estimator, the mean squared errors (MSEs) of the classical ratio and product estimators, Singh and Tailor (2003) ["]
estimators, and Singh (1967) B! estimator. The conditions under which the recommended ratio (4.7) to (4.12) is valid are

expressed as (4.7) to (4.12). Estimator of cum-product }3,;,‘3 has less mean squared error (MSESs) in comparison to y,
Y&,V Y&, Y&, and Vi in case —I. Similarly, expressions (4.6) to (4.11) are the conditions under which suggested ratio-cum-
product estimator Yz¢ has less mean squared error (MSE) in comparisons to y , Y&, Y&, Y&, Y&, and Y& in case —I.
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