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Abstract

In this paper, we have proposed estimators of finite population mean using generalized Ratio-
cum-product estimator for two-Phase sampling using multi-auxiliary variables under full, partial
and no information cases and investigated their finite sample properties. An empirical study is
given to compare the performance of the proposed estimators with the existing estimators that
utilize auxiliary variable(s) for finite population mean. It has been found that the generalized Ra-
tio-cum-product estimator in full information case using multiple auxiliary variables is more effi-
cient than mean per unit, ratio and product estimator using one auxiliary variable, ratio and pro-
duct estimator using multiple auxiliary variable and ratio-cum-product estimators in both partial
and no information case in two phase sampling. A generalized Ratio-cum-product estimator in
partial information case is more efficient than Generalized Ratio-cum-product estimator in No in-
formation case.
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1. Introduction

The history of using auxiliary information in survey sampling is as old as history of the survey sampling. The
work of Neyman [1] may be referred to as the initial works where auxiliary information has been used. Cochran
[2] used auxiliary information in single phase sampling to develop the ratio estimator for estimation of popula-
tion mean. In the ratio estimator, the study variable and the auxiliary variable had a high positive correlation and
the regression line was passing through the origin. Hansen and Hurwitz [3] also suggested the use of auxiliary
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information in selecting the sample with varying probabilities.

Olkin [4] was the first author to deal with the problem of estimating the mean of survey variable when aux-
iliary variables are made available. He suggested the use of information on more than one auxiliary variable,
highly positively correlated with the study variable analogously to Olkin; Murthy’s [5] using product estimator
envisaged by Robson [6] used auxiliary information in single phase sampling to develop the product estimator
for estimation of population mean. In the product estimator, the study variable and the auxiliary variable had a
high negative correlation. Singh [7] gave a multivariate expression of Murthy’s [5] product estimator, while Raj
[8] put forward a method for using multi auxiliary variables through a linear combination of single difference
estimators. Moreover, Singh [9] considered the extension of the ratio-cum-product estimators to multi-auxiliary
variables. John [10] suggested two multivariate generalizations of ratio and product estimators which actually
reduce to the Olkin’s [4] and Singh’s [7] estimators. Srivastava [11] proposed a general ratio-type estimator that
generates a large class of estimators including most of the estimators up to that time proposed.

The concept of double sampling was first proposed by Neyman [1] in sampling human populations when the
mean of auxiliary variable was unknown. It was later extended to multiphase by Robson [12] It is advantageous
when the gain in precision is substantial as compared to the increase in the cost due to collection of information
on the auxiliary variate for large samples. Ahmad [13] proposed generalized multivariate ratio and regression
estimators for multi-phase sampling for estimating population mean.

In this paper, we have extended the Ratio-cum-product estimator suggested by Singh [9] to two phase sam-
plingby considering the three strategies proposed by Samiuddin and Hanif [14] i.e. when either information for
all these auxiliary is available from population or available for some auxiliary variables or not available for all
auxiliary variables also incorporate Arora and Bansi [15] approach in writing down the mean squared error.

2. Preliminaries
2.1. Notations

Consider a population of N units. Let Y be the study variable for which we want to estimate its population mean
and X, X,,---,X, are p auxiliary variables. For two phase sampling design let n, and n, (n,<n,) be
sample sizes for first and second phase respectively. x;, and x;, denote the j™ auxiliary variable_s form
first and second phase samples respectively and 'y, denote the variable of interest from second phase. X; and
C, denote the population means and coefficient of variation of j™ auxiliary variables respectively and Py,

denotes the population correlation coefficient of Y and X, .

Further, let 6, :[i—iJ 0, :(i—%] , (6,<86)

n N n,
Yo) =Y +ey(2) ; Xjgy = X; +exj<1) and Xj(2) = X; +exj(2} v =(1, 2, p) (1.0)
where e, Exj(l) and éxj(z) are sampling error and are very small. We assume that,
E(s, )= E(@xm) ) —E (%) ) -0. (L.1)
The coefficient of variation and correlation are given by,

S: S? S S
Cj =\7_y22' le = )Z—X; Py = 5 ny and p, =—2- then for simple random sampling without replacement
1 y©x

for both first and second phases we write by using phase wise operation of expectations as:

Z7X

= \? 22 — Y AYa
E(s,) =6yC, E(eYZexj(z)) =0,7X,C,C, py,
E (§Xj<z>§xu(2> ) =0.X

2
— = — _ e i = = _ T2n2
E((exi(n ~ S )(exi(l) ~ S )) = (0, =) XX €, Cy pyi(i# 1) E(exi(l) _exj(z)) =(6,-8)X{C,

x|

C.Cpy (171) (5, (5, -8 )):(el—ez)Vchycxjpyxj

XN Xie)
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E(€><j(2) (€><i(1) —EXi(Z) )) = (91 _Hz)xixjcxjcxipxjxi;(i # J) (1-2)
X X X... X.. —X. € €,
Let v ——h the v —1= X(_z)j -1 s0, v, —1= X(_Z)’ 1= X(z)'_ X, =1 hence v. :1+exi—2“
X l X; : X; X; X; : X;
Vo —1= X2i = X0i _ S "% _ S T i
— J 7(1)1 7(1)1 E‘(l); + XJ
Also v =21 pen g -@ g -@ g " (1.3)
bRy S T T s S T
)z 1 €X(l)j XJ XJ
ittt
]

@i K i )
v, =1+ J)? =1- J)? . (1.4)
i i
Adj (A
At =i(cT)_ _ Adi(A) (15)
AR A
R, ) _
= :(l—p y.xp) Avrora and Lai [15] (1.6)
R, '
The following notations will be used in deriving the mean square errors of proposed estimators
|R|ygp Determinant of population correlation matrix of variables vy, x,, LOTEER and X,
|Ryx_ Determinant of i"™ minor of |R|yx corresponding to the i" element of p,,
Hlyxp =p !
pfxr Denotes the multiple coefficient of determination of y on x,, X,,-++,x,_; and x, .
pjxp Denotes the multiple coefficient of determination of y on vy, x,, Xyttt Xpa and X, -
|R|X Determinant of population correlation matrix of variables x;,x,,---, X,; and x, .
|R|X Determinant of population correlation matrix of variables x,x,,-, X, and x,
%p
|R|, Determinant of the correlation matrix of y;,x,, %,,--, X, and .
|R|Mp Determinant of the correlation matrix of vy, x,, Xp0 s X g and X, -
|R|y, ix Determinant of the minor corresponding to Pyy, of the correlation matrix of
iYj-2r i
Yir Vi X Xoueos, Xy and x, (i # ).
|R|y_ ox Determinant of the minor corresponding to Py, of the correlation matrix of
i-Yj-%p !
Yir Y X Xoneoe, X and x, (i# ) (%))
2.2. Mean per Unit in Two Phase Sampling
The sample mean Yy, using simple random sampling without replacement is given by,
- 1
Y, = _Z Yi (2.0)

nz i=1

While its variance is given,
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V(V,)=6,Y*C? (2.1)

2.3. Ratio Estimator Using Auxiliary Variable in Two Phase Sampling

The ratio estimator when information on one auxiliary variables is available form the population (Full infor-

mation Case) is:
(X"
te = V2 [_—1J (2.2)
X,

C .
where o, = C—y Py, and the mean square error can be written as:

X

MSE (ty,) = 6,Y*(C; +&C? -2,C,C, p,, ) (2.3)

2.4. Product Estimator Using Auxiliary Variable in Two Phase Sampling

The product estimator when information on one auxiliary variables is available for population (Full information
Case) is:

(%"
t, =Y, [XTZJ (2.9)
1

C .
where o = —C—y Py, and the mean square error can be written as:
X

MSE (ts,) = 6,Y?(C; +&C} +22,C:C, o, ) (2.5)

2.5. Ratio Estimator Using Multi-Auxiliary Variables in Two Phase Sampling

The Ratio estimator suggested by Ahmad [13] when information on both auxiliary variables is available for

population (Full information Case) is:
—_ N/ — V2 — A
X
tRZ — 72 _Xl _XZ | — P (26)
Mon )\ Mep X2

The optimum values of unknown constants are

i1 C ‘Ryxj
= ()t e 2.7
] Xp
and mean square can be written as:
MSE (tg, ) = 6,Y°CZ, (1— p;(p) (2.8)

2.6. Product Estimator Using Multi-Auxiliary Variable in Two Phase Sampling

The product estimator suggested when information on both auxiliary variables is available for population (Full

information Case) is:
- A/ P2 - B
SRR i B 0 B B G p (2.9)
P2 2 X1 X2 Xp

The optimum values of unknown constants are
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inC ‘Ryxj
=y e 2.10
Bi=-(-1)" ¢ R (2.10)

Xj Xp
and mean square can be written as:

MSE (t,) = 6,V °C, (1- o, | (2.11)

. . 1 . . .
In general these estimators have a bias of order — . Since the standard error of the estimates is of order % ,
n n
the quantity bias/s.e is of order % and becomes negligible as n becomes large. In practice, this quantity is
n
usually unimportant in samples of moderate and large sizes.

In this paper, we have extended the Ratio-cum-product estimator suggested by Singh [9] to two phase sampling
by considering the three strategies proposed by Samiuddin and Hanif [14] i.e. when either information for all
these auxiliary is available from population or available for some auxiliary variables or not available for all aux-
iliary variables also incorporate Arora and Bansi [15] approach in writing down the mean squared error.

3. Methodology

3.1. Proposed Ratio-Cum-Product Estimator in Two Phase Sampling
(Full Information Case)

If we estimate a study variable when information on all auxiliary variables is available from population, it is uti-
lized in the form of their means. By taking the advantage of Ratio-cum-Producttechnique for two-phase sam-
pling, a generalized estimator for estimating population mean of study variable Y with the use of multi auxiliary
variables is suggested as:

= Y4/ > \* = \* /< Bl [ Br+2 - Bp
¢ X X, | ] X (2 X2k+2 [ X2 (30)
RP(30) = Y2 - X - < X < .
(21 (2)2 (2)k K+l k+2 P

Substituting Equation (1.0) in (3.0), we get,

j=1 X; j=k+1 X;

— —-aj _— V2 'Bl
k [ € + X. ! h+k=p e + X
_ - X2)j j 2); .
tep(ao) = (eyz +Y )H[ = ] H — (3.1)
j

Using (1.3) in (3.1) and ignoring the second and higher terms for each expansion of product and after simpli-
fication we can write to, ;) as,

_k _ & hik=m €
Lepao) =8, TY -2 a¥ 2t 2 BY = (3-2)
j=1 X, j=k+1 X,
The mean squared error of tg,,, isgiven by,
2 B K —€X(z)j htk=p —€X(z),~ §
MSE (tup(sc) ) = E (taos) =¥ ) = E2| 8, —Z;ajv o ‘Zk;l BY (33)
i= i ke i

We differentiate the Equation (3.3) partially with respectto «;(j=12,---,k) and g, (j=k+Lk+2,,p)
then equate to zero, using (1.5) and (1.7), we get.

R

i Cy ‘ Pilyxp
Ty L yxe 3.4
c. (3.4)

%]

a;=(-1)

Xp
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'y (3.5)

MSE S O P P ET SRt
(tRP(s.o)) =5, &,| 8, _éaj )Zj + j:zm B; )Zj (3.6)
Taking expectation of (3.6) we get,
. k Y_ o k+h=p Y_ o
MSE (tep(a0)) = B2 (82 ) - ;a X E, (eyzex(z)J )+ ,;H B, x E, (eyzew ) 3.7)
Using (1.2) in (3.7) and simplifying, we get,
_ k _ k+h=p _
MSE (tapys) ) = 0¥ {cj —Z;aJ.Y °C,C, Py, + Zk;l BY*C,C, pijJ (3.8)
i= =k
Substituting (3.4) and (3.5) in (3.8), we get,
_ K .. C ‘Ryxj k+h=p . C ‘Ryxj
MSE (t oY CI-Y (-t L cC o p - Y (-)TL——2®CC 3.9
( RP(3.0)) 2 y ;( ) ij |R|lp y xjpyxj Z‘I ( ) ij |R|5p y xjpyxj ( )
Or
MSE —oyec?|14|3 —1"M 3.10
(tRP(3.0)) =0, y| 1t Z;( ) |R| Py; (3.10)
i= o
Or
0,Y*C? ! 2 ]
MSE (tRP(s.o))_nyoth +(_1) Py Ry Ve +(_1) Py, Ry, Ve + "+(_1) ‘Ryxp Vo Pyx, J (311)
Xp
Or
_ R
MSE (typ(so) ) = 67 °C? ||F17-XP (3.12)
Xp
Using (1.6) in (3.12), we get
MSE (teps0) ) = 02 °C; (1= 2., ) (3.13)

3.2. Ratio-Cum-Product Estimator in Two Phase Sampling (Partial Information Case)

In this case suppose we have no information on all s and t auxiliary variables but only for r and g auxiliary varia-
bles from population. Considering Ratio-Cum-Product technique of estimating technique, the population mean
of study variable Y can be estimated for two-phase sampling using multi-auxiliary variables is suggested as:

— o — B y— a2 — B2 — s — Br b bri2 — &
_ | Xan X, Xa)2 X, Xayr X, (1)r+1 Xyre2 Xa)
tRP(S.l) =Y, 7_ Y_ — = = = - -
(21 (21 (2)2 (2)2 (2)r (2)r (2)r+1 (2)r+2 (2)k
- T it [ < T2 g Qs — hoy— = Shit S — 6
) X(z)k+1 ' {X(z)kaj " X(Z)k+2 : [X(l)k+2 ] ’ | Z@h (X(Z)h ] X(Z)h+1 1 X(Z)h+2 ’ X(Z)p
7(1)k+1 >(k+1 Y(l)k+2 Xk+2 Y(I)h >(h 7(1)h+1 Y(l)h+2 Y(l)p

>
=~

x
x
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Simplifying (3.14) we get

o Vi - i - Vi - A _ 5j
X | sk X ) tkeh [ X ) ket (X)) Tketrasp (X,
e By (T i (T (LT T
Xo)i ) i\ Koy ) =l Xa)j ) il Xy ) il A i=hit | Xy;

Using (1.0), (1.3) and (1.4) in (3.15) and ignoring the second and higher terms for each expansion of product
and after simplification we can write tg, ., as,

s "B g S S By By
yz+ZYa = -2VB; < T > Y¢JT
j=1 i j=1 [ j (3.16)
ket=h _ B —B  kit=h _ €, hig=p _ € —€
_ z Yy, Wi i + g L Z Vo, Wi i
j=1 ! Xj j=1 ! Xj j=h+1 ! Xj
Mean squared error of tg,,, estimator is given by
_ ) _ & -8B
MSE (tap(a sy ) = E (tapiany —Y) -E +Zva X“” Bt ZYﬂ S Z Vg, fen
' ' 1 xl = xj
B N (3.17)
kit=h _ e k+t=h (2)J i X(Z)J
- z Yy, 22— Z Y X Z Y5 =
j=1 J j j=h+1 ]

12:.1)

We differentiate the Equation (3.17) with respect to a (1=12,,1), Bi(j=
h), ;(J=h+Lh+2---,p) and

¢j(j=r+1,r+2,-~-,k), 7j(j=k+1,k+2,~--,h), (j—k+1 k+2 .
equate to zero and use (1.6) and (1.7). The optimum vaIues are as follows,

4, C |Ryxi |Ry><- inC ‘Ryxi ‘ ¥Xj
(1 i1 2y VIp i1y Xm yo=—(-1 i1~y Y VX
o I R A K e e I T
i Xp Xm ] %p m
B, :i(_l)MM ) :_&(_1)“1M (3.18)
iTc, Rl " c, R| |
] Xm ] Xm
Cc ¥Xj C ¥Xj
_ 1J+1 Yo y.X ' __y 1J+1 yX
¢l ( ) CX, |R| ] ij( ) |R|
i Xp Xp

Lo (§ -8, ) ro_ B ser=k _ (€ —€ )
MSE (tany ) = EiEon | §| 8, + 2V, ) Sy gy il Sy L

Y g j=1 ij i=1 Xj i=r+1 Xj
(3.19)
k+t=h (§ -€, ) ketsh € (EX -€, )
_ Z Y?’J ()] (2)i + z Y/lj XLZ)J 51_ ()] _ (2)i
i=k+1 j i=h+1 Xj XJ
Or
. EE, (Eyz (6 5 )) : EE,, (E (6 _ ))
_ = X X2)i P Rva Y2 \ "X2)i
MSE (tRP(S.l)): E1Ez/1(ey22 )+ZY0‘j X -2 YBY X
j=1 j =1 i
s+r=k _ E1E2/1 (_ (5)( . )) kit=h _ E1E2/1 [ (E( T8, ))
. 4 ¥2 )Z(I)J @i /) V7, 2\ i K (3.20)
j=r+1 j j=k+1 j
+k+tZ:hY_/1] E1Ez/1( g (ex(z)] )) _h+q:pY | E1Ez/1(ey2 (fx(m ~&) ))
fanst] X; j=h+1 X;
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Using (1.2) in (3.20) we get,

MSE (tup(ayy ) = 62 °C; + (91—92);\72(1] C,, Py, QZY BiC,C, Py,
=

r+s=k t+k=q

+(6,-0,) Y Va,C,C, oy ~(6-0,) 3 T7,C,C, py (3.21)
j=r+l kel
t+k=h — D _,
+e j§+1Y /chycxjpyxi _(61 _02) J;ﬂY 7JCnyprx,

Substituting (3.18) to (3.22) we get,

F2A2 . i+ Ry' ¥-Xp ‘Ryxj Y. X : i+ Ryxj Y-Xm
MSE(RP31) C 92+(91_‘92);(_1) |R| - |R| pyxi_92;(_1) |R| pyxj
Xp X = X
: ) Rl . [R
ris=k a o]y x t+k=h R iy x ST
+(91 92) Z( 1)11 |R|y,p Pyx (‘91 92) Z( 1)Jl |RJ|yp - |RJ|an Py, (3.22)
j=r+1 %o j=k+1 Xp X
t+k=h . Ryx Ry>(J
—0, Y (-1)/" o 6,-0 S| —
2]:k+l( ) |R|§n Py, +(6) Z)jgl( ) |R|5p 7Py,
Or
r . YXily x r+s=k + Yi [y x
MSE (tee(sy ) = V7C [ (6, - 6)| 1- ;( 1) |R|y" " .;1 -1)™ |R|y "Dy,
Xp * Xp
t+k=h . Ryx P RyX
) j+ Hy.xg 1 j+1 Hy.xg » 3.23
+J=k+1( ) |R|5p pyxl+j:zh+l( ) |R|5p pyxj ( )
r . tik=h i
6,1 _q) L ) R 2
o {? PR R,
Or
V2r2 (92_91) J"Ryx Xp
MSE(tRPm)):Y ok =) RI,, ;(—1) A
Xp Xp
(3.24)
L i(—l)i‘Rm“ > —1)" o
|R|&n = |R|&Tl ¥Xj flarat |R|§n YXj
Or
| |yxp |R|Y—&n
MSE (typ(ssy ) =V7C7 | (6, - e)|R| +6, A (3.25)
Xp X
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Using (1.6) in (3.25) we get
MSE (ter(s ) = 2cz((a ~0)(1-p2, )+ 0,1 2, )) (3.26)
Simplifying (3.26) we get,

MSE (tRP(S.l)) = Y_ij (‘92 (1_ p;xp ) +6, (p;gp - p;gm )) (3.27)

3.3. Ratio-Cum-Product Estimator in Two Phase Sampling (No Information Case)

If we estimate a study variable when information on all auxiliary variables is unavailable from population, it is
utilized in the form of their means. By taking the advantage of Ratio-cum-Product technique for two-phase sam-
pling, a generalized estimator for estimating population mean of study variable Y with the use of multi auxiliary
variables is suggested as:

e o e a2 X s Yk+1 e Tk+2 7p
¢ _y, | Z @z || Kok (2)ks1 (2)k+2 G (3.28)
RP(3A2) 2 X X - X X X .
(21 (2)2 (2)k (1)k+1 ()k+2 (1)p

Using (1.0) and (1.5) in (3.28), we get

—_ — -a. _ = 7j
t =(e, +Y . 1 i O | M 1 S0 S J 3.29
RP(32) — (ey + )H _T H X (3.29)

j=k+1 i

><I
x|

X

Using (1.4) in (3.29) and ignoring the second and higher terms for each expansion of product and after sim-

plification we can write ty.;, s,
oSy, B B T B B
tepaz) = Y2 ZYaj vl - z Y7 — (3.30)
i= Xi j=L X
Mean squared error of tg,, estimator is given by,
—_\2
MSE< RP 32)) E (tRP(3.2) -Y )
— 2
T jl) - 1(2) e

MSE (trp(s; | = E; +2Ya — Z ij _ (3.31)

J J'

We differentiate the equation (3.31) partially with respectto «;(j=1,2,---,k) and y;(j=k+Lk+2,--,p)
then equate to zero, using (1.5) and (1.7), we get.

in C ‘RyXJ X
a, = (1) L (3.32)
! C,, |R|5p
C ‘RYXJ x
B __(_l)”l_y Y% (3.33)
! C,, |R|5p

Using normal equation that are used to find the opt mum values given (3.43) we can write,

MSE (t Els |a ky B ~ B k+h7py B "B 3.34
(RP32)) .| &, ey2+j§ ai_)?j _,-:zm ﬂj—)zj (3.34)

Or
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Using (1.2) in (3.35) we get,

Kk k+h=p
MSE( RPSZ) Yy (‘92+(91_92)Zajcycxjpyxj _(91_6’) Z ﬁJC pyij (3.36)
j=1 j=k+1
Substituting Equation (3.32) and (3.33) in (3.36) we get
722 k j ‘Ryxi y.Xp ke j ‘Ryxj Y. Xp
MSE (typ(ss) ) = 6Y°CF | 6, +(6, e)zl( 1) TR +(6,-6,) 21 (-1) T (3.37)
1= Xp = Xp
Or
‘R
MSE (typ(sy ) = Y °C; (2 R | IRI +Z R |”P Pyy +0, (3.38)
Xp Xp
Or
R
MSE (tep(ss ) = V°C1| (6, -6, || ||VXP +6, (3.39)
Using (1.6) in (3.39) we get,
MSE (tep(as) ) = 2c:z((e -6,)(1- p§.5p)+€1) (3.40)
Simplifying (3.40) we get,
MSE (tgpys. ) = V2C? (92 (1-p2,, ), + 002, ) (3.41)

3.4. Bias and Consistency of Ratio-Cum-Product Estimators

These Ratio-cum-product estimators using multiple auxiliary variables in two phase sampling are biased. How-
ever, these biases are negligible for moderate and large samples. It’s easily shown that the Ratio-cum-product
estimators are consistent estimators using multiple auxiliary variables since they are linear combinations of con-
sistent estimators it follows that they are also consistent.

4., Simulation, Results and Conclusion

In this section, we carried out data simulation experiments to compare the performance of Ratio-cum product
estimator in two phase sampling using multiple auxiliary variables with already existing estimator of finite pop-
ulation that uses one or multiple auxiliary attributes. The data for the empirical study are a normally distributed
with the following parameter,

N =300, n = 45, Mean = 45, standard deviation =5

n,=34, p, =07149, p, =06671, p, =-0.6742, p, =-0.7042,
=0.2165, p,, =-02010, p, . =-01834

pXRIXRZ

In order to evaluate the efficiency gain we could achieve by using the proposed estimators, we have calcu-
lated the variance of mean per unit and the Mean squared error of all estimators we have considered. We have
then calculated Percent relative efficiency of each estimator in relation to variance of mean per unit. We have
then compared the Percent relative efficiency of each estimator, the estimator with the highest Percent relative
efficiency is considered to be the most efficient than the other estimator. The efficiency is calculated using the

following formula
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eff (\? ) _%E;;xmo (4.0)

The Table 1 shows percent relative efficiency of proposed estimator with respect to mean per unit estimator
for two phase sampling. It is observed that ratio and product estimators using one auxiliary variable are more ef-
ficient than mean per unit in the two populations. Again, ratio and product estimator using multiple auxiliary va-
riable are more efficient than mean per unit and ratio and product estimator using one auxiliary variable. Finally,
Ratio-cum-product estimator using multiple auxiliary variable is the most efficient of the five estimators in the
two populations since it has the highest percent relative efficiency.

The Table 2 shows percent relative efficiency of Ratio-cum-product estimators with respect to mean per unit
estimator in two phase sampling. It is observed that the ratio-cum-product estimators are more efficient than
mean per unit in the second phase sampling.

Finally, Table 3 compares the efficiency of full information case and partial case to no information case and
full to partial information case. It is observed that the full information case and partial information case are more
efficient than no information case because they have higher Percent Relative Efficiency than no information
case. In addition, the full information case is more efficient than the partial information case because it has a
higher Percent Relative Efficiency than partial information case.

Table 1. Relative efficiency of existing and proposed estimator with respect to mean per unit estimator for two phase sam-

pling.
Estimators Relative percent efficiency with respect to mean per unit in two phase sampling
y, 100
Loy 151
Lo 139
too 256
t 245
terso) (Proposed) 286

Table 2. Relative efficiency of mean per unit estimator with respect to the proposed ratio-cum-product estimator under full,
partial and no information case in two phase sampling.

Estimators Relative percent efficiency with respect to mean per unit in two phase sampling
y, 100
L 145
LI 172
225

RP(3.0)

Table 3. Comparisons of full, partial and no information cases for proposed ratio-cum-product estimator using multiple aux-
iliary variables.

. Percent relative efficiency of full and partial Percent relative efficiency of full to partial
Population " . . . :
to no information in full information Case
Estimator tRP(SZ) tRP(3 1) tRP(a 0) tRP(S 1) tRP(a 0)

Relative percent

s 100 124 186 100 130
efficiency
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5. Conclusions

According to Table 1 the proposed Ratio-cum-product estimator using multiple auxiliary variables in two phase
sampling has the highest Percent relative efficiency compared to mean per unit, Ratio and Product estimator us-
ing one auxiliary variable and Ratio and Product estimator using multiple auxiliary variables in the five simu-
lated populations. This means that the Ratio-cum-product estimator in two phase sampling is the most efficient
estimator compared to the estimators that utilize auxiliary variables.

We compared the efficiency of full and partial information case to no information case and found that the two
are more efficient than the no information case. We also compared the efficiency of full information case to par-
tial information case and found that the full information case is more efficient than the partial information case.
This is clear from Table 2.

Ratio-cum-product estimator using multiple auxiliary attributes in full information case in two phase sampling
is recommended to estimate population mean as it outperform other estimator in two phase sampling. If some
auxiliary attributes are known, the Ratio-cum-product estimator using multiple auxiliary attributes in partial in-
formation case should be used but if all the auxiliary attributes are unknown, Ratio-cum-product estimator using
multiple auxiliary attributes in no information case should be used to estimate finite population mean. This is
clear from Table 3.
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