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Abstract

In this study, a linear combined product estimatawas
proposed. This proposed estimator combined cladsmaduct
estimator with our usual regression estimator. Twlata sets were
used to determine the efficiency of this proposétear combined
product estimator and this proposed linear comhih@roduct
estimator was found to be more efficient than thdagsical

X
product estimators [1, 2] provide ) <& <1 ang X+p
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1.0 Introduction

Let N and n be the population and sample sizexotisply, X and?Y be the population means for the

auxiliary variable (X) and the variable of inter€¥), X and” be the sample means based on the sample
drawn. Then classically [3, 4],

yx
v
N-n_—
bias(y ) =(—)Y
ias(y,) = ( i WYlpe.c, "

and

_ N-n_=
mse(y,) = (W)Iﬂ[czx +c?, +2pc.c,)]
2)

respectively.

The literature on survey sampling describes a graagety of techniques for using auxiliary inforriaat to
obtain more efficient estimators. Product methocestimation is a good example in this contexthd t
correlation between the study variable y and theliaty variable x is negative, the product methafd
estimation is quite effective.

In sample surveys, supplementary information isrofised for increasing the precision of estimaors
11).

2.0  On the Product Estimators [1, 2]
Suppose pairs (x, y) (i=1, 2, ..... , N) observatiores taken on n units sampled form N population units

using simple random sampling without replacemehEBIB,X and Y are the population means for the
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auxiliary variable (X) and variable of interest (\dnd X and” are the sample means based on the sample

drawn.
= ax+b <

N b+ (—axar+b)

A family of estimators was suggested in [12]

N E))
whered # 0 , b are either real numbers or a functions of thewk parameters of the auxiliary variable x

ﬂl(x)

2 2() and

. O - ... C .
such as standard derivatic ~ *, coefficient of variation, *, Skewness Kurtosis

correlation coefficienp.
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- _X
Yp =%
(). Whenao=1 a=1, b= 0, g=-1, we have the usual product estiry X with
mse(y,) = (M)?z[czx +c?y +2pc.c,]
Nn . (4)
(ii). when a=1 a=1, b=¢, o=1, we have the product estimator[1],
- N—i’l 72 2 2 y y
mse =(—)Y " [c"y +cx (= +2(= c
(Vep) =( i )Y [c”y (X+cx) (X+cx)pcx Bl o
—_ _. X+
Ysr = J’[)? P ]
(ii). when a=1 a=-1, bp ,0=1, we Eave the p@duct estimator [Z,, TP with
mse(Tgr) = (T [e?, + e (o) + 22— pe,c, )]
yST Nn y x )?+p y_'_p pcx y
(6)

3.0 Onthe Proposed Linear Combined Product Estimator

yX
I
X+p

v, =a(

The classical product estimator used in this stigdgiefined a_ while our traditional

v = BlF+b(X - _
regression estimator used is definedy’eg ALy +b( X)] suchtha® * p=1

mean square errors are given respectively as:

. Their biases and

L N-n_ =
bias(y,) = (W)Y[chcy]
and

_ N-n =
mse(y,) = (—)Y?[c*s +c°) + 2pc.c)]
Nn (as given in eq. (2) and (3) above) ,
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bias(7,,) = 0 o

and

— N-n sy > 2
mse(y,eg)—(W)Y [y (1= p7)]

.. (8)
The proposed linear combined product estimatoivisngas:
Y paa = a( ) + By +b(X =¥)]
. (9
which is the linear combination of classical pradestimator, y" , and the traditional regression estimator,
- B A = y-Y A = ¥-X
Vreg , where® = X(1+45), ¥ = Y+ Af)’ g y ~ 7 X such tha‘Ay‘ < and

The bias and mean square error of this proposedrlicombined product estimat y,"““ are given as:-

bias(y ,..) = )aY (pe.c,)

(10)
and

mse(ypaa +c y +2pcxcy]

(11)

X

provided 0 <& <1 gng X+p .
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)>1

The proof of (10) and (11) are as shown below:

4.0 Derivation of Bias and Mean Square Error g paa

Let,

vy =a ¥ Y+(1-a)[y +b(X —X)]

Yo =N, 4 e F=XA+A), F=T(+Ay),
A YT Y A= x—_X

Y * X such tha,‘Ay‘ <l and

Therefore, using power series expansion,

y 1 . )
as earlier defined.

ypaa—a( )+ﬂ[y+b(X x)]= (X )+ (1-a)[y +b(X —X)]
YA+A)X(1+A.) _ o
=a( e +(1=-a)[Y(1+A)+b(X - X(1+A)))]
(X +p)



:af(_i)(1+A_)(l+A§)+I7+}7A_+bA_’—b)?—b)7A; —aY —aVA.
X+p y y y
abX — abX — abXA,
= a?(_i)(1+Af)(l+A;)+7+}7Af —~bXA. —aY —a¥A +
X+,0 y y y
—abXA

:af(_i)am, +A.+AA)+Y +YA —bXA. —aY —aYA +
X+,O y y y y

—abXA.
= aYk +aYkA; + aYkA; + aYkA AL +Y +YA; —bXA; —aY —aYA; +
—abXA .
X
k=( e )
where tp
Bias(y ,,,) = ElaYk + aYkA; + aYkA; + aVkA A +Y + YA, —bXA; —a
—abXA, - Y]
S? S’
E(A)=E(A;)=0,E(A") ===, E(A,") ===
Let, X Y and

E(AA) Sy

Ay)====pc.c
g XY g . Then,

Bias(y ,,,) = E[aYkA ;A ]

N-—n
Bias(y =

yaTk(pe,c,)

N-n = X
= i )aY()?er)(prcy)

(asineq. (10) above)
Mse(3,,,) = ElaYk + aYkA; + aYkA; + aYkA ;A +Y + YA, —bXA; —a.

—abXA. -Y]
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Mse(3 ,,,) = E[aYkA; + aYkA ]
N —
Nn

Mse(y,,.) = ( n)azyzkz(czx +c’y +2pc,c,)

R ¢
= (NNnn)azYz()?+p)2(c2x +c?y +2pc.c,)

(asineq. (11) above)
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5.0 Data Used

The proposed linear combined product estimey”‘,"’ is said to be better and more efficient than the
classical product estimators[1, 2]. Results obthiniél be used to justify this claim.

The question is “at what value ¢ using the two data sets will this proposed lineamisined product

estimator,y Pas he petter”?.
Table 1: Summary of the Data Sets Used

Population I Il
Source [13] [5]
N 16 100
4 4 30
X 75.4313 0.2
Y 7.6375 0.3
P —0.6823 -0.05
c, 0.0986 0.0036
¢, 0.2278 0.0036
X 1.009127881 1.33333

X+p

6.0 Results

The results obtained are shown in Tables 2(a) &éoyd 2

Table 2(a):- Mean Square Error obtained Y , yST, YPp and Y paa using Population |

Estimator MSE
(y,) 0.3387
Classical Produc ™ ?
Vo) 0.3394
Singh and Taylor (200257 ST
Fpp) 0.3376
Pandey anq Dubey (19_9,, PD
Izg)poied linear Combined Product ()when a=1, MSE(J_’paa) =0.3450
Yoo (i), when & = 0.9, MSE(¥,,,) = 0.2794
(i), when @ = 08 MSE(3,,,) = 0.2208
(). when @ = 07 MSE(F,,,) = 0.1690
). when® = 0-6-MSE(3,,) = 0.1242
iy, when @ = 05 MSE(3,,,) = 0.1037
i, when @ = 04 MSE(5,,,) = 0.0689
iy, when & = 03 MSE(7,,,) = 0.0310
(9. when® = 0.2, MSE(¥ ,,,) = 0.0138
00 when® = O-LMSE(3,,,) = 0.00345
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7.0 Discussion
From the estimates in Table 2(a):

a=1, MSE(y,,) < MSE(y,) < MSE(ys ) < MSE(Y ,,,) and
O<a<l, MSE(J_/paa) <MSE(ypp) < MSE(y,) < MSE(yg;)

(). when
(ii). when

Table 2(b):- Mean Square Error obtained Y , yST, YPD and Y paa using Population II

Estimator MSE

y -08
Classical Produc(yf’) 5.2x10

v 08
Singh and Taylor (200: Q’ST) 7.2x10

v -08
Pandey and Dubey (199 (,yPD) 5.1x10

F(’;_}opo;ed linear Combined Product () when o= LMSE(J_/,,M) — 925107
- a=0.9,MSE(¥,,,) = 7.5x10™"

a=0.8MSE(¥,,)="59x10"
a=0.7,MSE(y,,)=45x10"
a=0.6, MSE(¥,,,)=3.3x10"
a=0.5,MSE(,,,,) =2.3x10""
a=0.4,MSE(¥,,)=1.5x10"
wii). when & = 0.3, MSE(,,,) = 8.3x10™"
a=02,MSE(y,,)=3.7x10"
a=0.1,MSE(y,,,) =9.2x107"

(ii). when
(iii). when
(iv). when
(v). when
(vi). when

(vii). when

(ix). when

(x). when

8.0 Discussion
From the estimates in Table 2(b):

o =1, MSE(3,,) < MSE(¥;) < MSE(Vs7) < MSE(3,,)

@ =09, MSE(¥;,) < MSE(P,) < MSE(Vs; ) < MSE(F,,)

o =08, MSE(7,) < MSE(F,) < MSE(3,,,) < MSE(Fsr) ___
0.1< 0 <0.8, MSE(F,,,) < MSE(F,,) < MSE(7,) < MSE(5;)

(). when
(ii). when
(i).  when
(ii). when

9.0 Conclusion

Therefore, from the results obtained above, the@sed linear combined product estima

X

y[')aa , IS

(==—)21

preferred to that of the classical product estimsafb, 2] providedO <a <l gng X+p
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