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Abstract

In this study, an alternative linear combined produ- ratio type estimator was
proposed. This proposed estimator combined claggpoaduct estimator with classical
ratio estimator. Four data sets were used to detiernthe efficiency of this proposed
linear combined product — ratio type estimator anklis proposed linear combined
product - ratio type estimator was found to be ket preferred and efficient to all

other estimators considered provided0,< a<l, Cy =cC,. Cy <C, and the

correlation coefficient between the study variabded variable of interest must be
negative, —1< pP< 0. For all the data used, the proposed linear coméihproduct

— ratio type estimator,)_/praa has the least mean square error than estimat(;'rTG .
Therefore, yp,aa is an alternative linear combined product — ratiype estimator

recommended to estimatoly s .
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1.0 Introduction

Let N and n be the population and sample sizesotisgly, X andY be the population means for the auxiliary variable
(X) and the variable of interest (YX and Y be the sample means based on the sample drawm clssically [1,2],

o -
yp _?'
., v_,N-n_
and
v, N-ns 2
rrse(yp) - (W)Y [C x+C y +2prCy)] (2)

respectively.

The literature on survey sampling describes a gvadety of techniques for using auxiliary inforneet to obtain more
efficient estimators. Product method of estimati®ma good example in this context. If the correlatbetween the study
variable y and the auxiliary variable x is negatitres product method of estimation is quite effexti

In sample surveys, supplementary information isrofised for increasing the precision of estimg®es7].

Many authors [8 — 10] have used auxiliary informatfor improved estimation of population mean ofistvariable y.

2.0 On the Combined Product - Ratio Type Estimator [11].
Suppose a pairs (x, y) (i=1, 2, ..... , ) observat@mestaken on n units sampled form N populatiotswnging simple
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random sampling without replacement sche@?e,and?are the population means for the auxiliary variap¥¢ and
variable of interest (Y), an& and Yy are the sample means based on the sample drawn.

A linear combined product — ratio type estimatothaf form:
yX yX
Voo = f Daa-1)22 @)
Yro = f 5+ A= 1)
y-Y X—-X

was proposed by [lwhere, f :%, Xx=X1+A,), VZV(1+AV), A ZT, A, = < such that

‘Ay‘ <land|Ai| <1

The bias and mean square error of this proposedrlicombined product-ratio type estimatyr; are given as:-

bias(re) = (Y (v + vy, @
and

o _ N-n T 21\ ;22 2 oV
mse( Ve ) _(W)Y [vic?c +c?y - 2vpc,c, ] .. (5

Cy
whereV = p—
C

X

3.0 Onthe Proposed Linear Combined Product — Ratio Type Estimator

The classical product estimator used in this sisdyefined ay/, = a(%) while that of classical ratio estimator used is

- yX
defined as'y, = (1— a)(yT) such thata + (L—a) = 1. Their biases and mean square errors are givpactely as:
X

. N-n-

bias(y,) = (S VA, ] - ®)
mse(yp) = (%)Vz[czx +CZy + 2pcxcy] .. (D
. N-n_-

mwmheﬁéwﬁ—m&] .. (®
and

v _,N-NnG7 > B
mse(y,) = (——)Y “[c°x +¢c°y —2pc,C, )] .. 9)
Nn y

The proposed linear combined product — ratio tygigrgtor is given as:
- _ ¥ yX
ypraa X ( ) <

which is the linear combination of classical prodestimator,y, , and the classical ratio estimatdy, , where

X=X@1+4,), Y=Y (1+A,), 4, =YY A = X_XX such that(Ay\ <land|f;| <1

Y X
The bias and mean square error of this proposedrlicombined product — ratio type estima@)[;,aa are given as:-
. N-ng
bias(¥ ..) = ( N )Y[c*@-a) - pc.c, - 2a)] .. (11)

and
Journal of the Nigerian Association of Mathematic&hysics Volume 33, (January, 2016), 107 — 112

108



Alternative to Thakur and... Adewara Jof NAMP

MSE(Y yan) = -1)+c?y + pc.c, (2a -1)] .. (12)

Provided O< @& <l and—-1< p<0.
The proof of (11) and (12) are as shown below:

4.0  Derivation of Bias and Mean Square Error ofy/ .,
Let,

Yoraa :a%ﬂl—a)& , where, X=X (1+A,), ¥ Y(1+A ), Ay = ~ A, = X_)? such that
X

‘Ay‘ <land |Ai| <1 as earlier defined.
Therefore, using power ser_ies expansion,
- _ WX yX
- 0’:+ 1—0' —
ypraa X ( ) %
YA+A)X@A+A, _
- o ( y)_( x)+(1_a) Y(L+A4)) X]
X X(@1+A,)

=aY (L+A,)A+A) +L-a)Y A+A,)A+A,)™

=aY (1+A,))A+A) +L-a)Y @+A,)1- A, +4%)

=Y[a@+ A +A, + AN )+ A-a)A-D; +A, + D% AN, + D N5)

=Y[a+ady +ad, +aD Ay +1-Dp + A, + 0% =D A G+ AN

—a+ab, —ah, - alx +ab A - ad Nx]
=Y[aDg + oD Ay 1Dy + Ay + Nx =D Ay + A Nx + a0l
- alx + ab; Ay - ad  A]

2 2
S;: =C2x,E(A§,2) = \ézy =c?, and

Let, E(Q,) =

E(AxAy) = S:)(y = C,C, . Then,
XY
Bias(ypraa) :VE[(GAR +0’AyAX +1-A; +Ay + N5 —A;Ay +AyA27< +al,
—_ C)’A2i + aAiAy _ O’AyAzg) _7]
Bias(Vye) = YE[OA A + A% = A A —al¥’x + DA, ], ignoring higher orders.
Bias(V ) :\?E[ZaAfA, + 0% - DA, - o]

Blas(ypraa) Y( )[C X (1 a) pCXCy (1 2a )] (aS in eq. (11))

MSE(V ,.0) = Y2E[(0D + 0D Ay +1= Ay + Ay + D% = A A + ANk +ad
—al’s +ab A, - ab Nx) - Y]
MSE(Y aa) =Y?E[(ah, - A, +A, +al, ]?, ignoring higher orders.
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- G2, N=-n. 2 2
Mse(ypraa) =Y ( NN )[C ><(?’a, _1) +C%y +pc><cy (20’ _1)]
(asineq.(12))
By partial differentiation,
aM—SG[CZ (Ba? -1 +c? + pe.c, (2a -1)] = 6ac’s +2pc.C
aa X y la:x y - X mx y

This implies that,
6ac’« = -2pc,C,

6C°« 6C° 3¢’
Therefore,

,C

= 3C2XV (13)

5.0 Data Used

The proposed linear combined product — ratio ty;;l;imator,)_/praa is said to be better, efficient and preferredinear

combined product - ratio type estimatdf; [11]. Results obtained on the data sets belowhwilused to justify this claim.

Table 1: Summary of the data sets used.

Parameters Population | Population 11 Populatibn | Population IV
Source [3] [12] [13] [14]

Population (N) 100 30 20 30

Sample (n) 30 6 8 6

X 0.2 754313 18.8 0.8077

Y 0.3 7.6375 19.55 0.6860

P -0.05 -0.6823 -0.9199 -0.4996

C, 0.0036 0.0986 0.1281 0.7493

c, 0.0036 0.2278 0.1554 0.700123

V 0.05 -1.57634 -0.74657 -0.4996

a 0.0167 0.5254 0.3459 0.1556

6.0 Results

The results obtained are shown in Table 2:

Table 2:- Bias and Mean Square Error obtainedyny, , Y and Y,
Population I Il 1 \Y%
bias(y) 0 0 0 0

bi aS()_/p) — 4536x107% -0.0156 -0.0249 -0.0239
bi as(yTG) 0 -0.0115 -1.6292107% -0.0041
bias(V .. ) | 9.358910°° 0.00441 0.02343 0.02450
mse(y) 27x107° 0.4036 0.5985 0.0308
mse(yp) 5.2x107°8 0.2408 0.0927 0.0330
mse( Ve ) 24x107°8 0.7794 0.5985 0.0426
MSE(V pra) | 136x10° 0.3846 0.4474 0.0094
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7.0 Discussion
From the results shown in Table 2, for:

(i). Population |,MS&(Y ..) = 136x10™° and mse(y; ) = 24x10%. MSE(Y 00 ) < MSE(Y1)
(i).  Population Il mse(y ,,) = 0.3846 and msx(Y¢) = 0.7794, mse(V ,,,) < Mse(Vre )
(iii).  Population Ill, mse(Y ,,,) = 0.4474 and mse(y,) = 0.5985, mse(V,,.,) < mse(Vg)
(iv).  Population IV,mse(y ,..) = 0.0094 and ms(Y ) = 0.0426, mse(y ,..) < mse(Vre)

Also for:
(). Population l,c, =C,., hence, )_/praa is the most efficient estimator among the fodinestors considered.

(i) Population II,C, > C,, hence, ¥ ., is better thany;; and Y but not better thary, .
(ii). ~ Population lll, c, >C,, hence, Y, is better thany,, but not better thary and Y5 .

(iv).  Population Iv.c, <C,, hence, )_/praa is the most efficient estimator among the fouimestors considered.

8.0  Conclusion
The proposed linear combined product — ratio tygteéretor, ypraa is said to be better , efficient and preferrediltather

estimators considered here provid€< a <1,-1< p <0, C; =Cq and C, <C,. Also, the proposed linear combined
product — ratio type estimzaltoypr‘,,h,j1 is said to be better , efficient and preferrediriear combined product - ratio type

estimator, Y provided 0<a <1,-1<p<0, ¢, =¢c,, €, <C, andC, >C, [11]. For all the data used, the

y
proposed linear combined product — ratio type estm )_/praa has the least mean square error than estimaigr, [11].

Therefore,ypraa is an alternative linear combined product — rgtjze estimator recommended to estimaygy, [11].
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