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SUMMARY

Improved generalized double sampling difference-type and regression-type estimators using single auxiliary variable about first
two moments about zero are proposed, their bias and mean square error are found and then comparative studies have been made.
First, generalized difference-type estimator is proposed and the optimum values minimizing its mean square error are found but the
minimizing optimum values contain some unknown parameters; hence, the alternative is to replace the unknown optimum values
by the estimated optimum values depending on sample observations by unbiased or consistent estimators of parameters involved
in the optimum values of the generalized difference-type estimator and thus getting the enhanced practical utility estimator known
as the practical generalized double sampling regression-type estimator attaining the minimum mean square error of the generalized
difference-type estimator for the optimum values.

1. INTRODUCTION _ 1 & _ 1 &
Let Y=—>Y and X=—>"X, be the
NS N5

Survey statisticians usually make use of the

information available on an auxiliary variable . .
y population means of y and x respectively. Also, let,

which is highly correlated with the variable under 1 o

study for improving the efficiency of an estimator. Sy = N1 (v,-7)

In order to have a better understanding of double e ,

sampling difference and regression methods of S? :L N ( _ _)2, C? = iy ,

estimation, one is consulted to see the details of TON-1FY voy?

these given in Cochran (1977), Murthy (1967), - Sf G _ 1 & B

Sukhatme e al. (1997) and Tikkiwal (1960). TR On —ﬁ;(K‘Y )(X, - %),

Let U =1, 2, ..., N be a finite population of S S

N units with y being the study variable taking the P =ﬁ, B= Syf = PS—y

value Y, for the unit i of U and x being the auxiliary e ’ ’

variable taking the value X, for the unit i of U, ~ (wWhere o being the population correlation

li=1,2, .., N. coefficient between y and x), @, :LZXZ? and
N i=1
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= 20T (X~ X)

i=1

When the population mean X of the auxiliary
variable x is not known, then the alternative is
to take the help of double sampling in which a
preliminary large first phase sample of size n'
is drawn from the population of size N by simple
random sampling without replacement (SRSWOR)
giving the n' sample values on x and the sample
mean X' as an estimator of X , and then a second
phase sample of size n from the first phase sample
of size n' by SRSWOR is drawn and on which
the study variable y is observed. Let the first phase
sample of size n' has the observations on x to be

(x/,x3,...,x], ), the second phase sample of size

n has the value {(3,,%,).(,,%,)..(3,.x,)} on
(v, x) and the sample means are given by

1 & _ 1 _ 1
XY==>x,y=—)y andX==) x,.
n i ni nio
Further, with first two moments about zero
_ 1 _ 1
%X, 0,==)x and g =—>"x"
nig n i

of auxiliary variable x, we propose a generalized
difference-type estimator to be the function

—HX)=g()7,u,v) (11)

T,=g(y.x'-%.0,
satisfying the validity conditions of Taylor’s series
expansion such that

g()_/:Y,u:O,v:O):)7

ag(;v,u,v)} » (1.2)
@ (17,0,0)

The optimum values depending on some
unknown parameters minimizing the mean square
error of the generalized difference-type estimator
in (1.1) give some practical problem in application
involving parameters; hence, the alternative is to
refine the generalized difference-type estimator by
replacing the parameters in optimum values by the
estimated optimum values depending upon sample

observations in the generalized difference-type
estimator giving rise to the generalized regression-
type estimator increasing the practical utility and
attaining the same minimum mean square error of
the generalized difference-type estimator for the
optimum values.

Some particular members of 7, = g()_;, X'—x,

0.-0,)=g(y,u,v) are the estimators

= dl(f’f)“jz(g;*éx) — du+d,y

(i) ye ; =ye

where d, and d, are the characterizing scalars
to be chosen suitably. It may be mentioned that
all the estimators from (i) to (vi) satisfying all
the conditions of the generalized estimators

T, =g()7,)_c'—f,§; —gx)zg()_/,u,v) belong to the

class of estimators Tg.

2. BIAS AND MEAN SQUARE ERROR

Y X ! X
6. -6 0 -6
ezz( 0. X) and eé:( xex X)
so that

E(e))=E(¢)=E(e)=E(e,)=E(e;)=0

and E(eg)z(%—%jcj, E(ef):[l—%JCf,
n
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E(ef):(%—%jl(ym +4)?/103 +4)?2/102 —ujz),

Ty
—_
Nm~

)
N
I
VR

I 1 1 '
_,_Wj_ ﬂo4+4Xﬂo3+4X Ho — ﬂoz)

n 0’
E eoe1 (% %)p
E(eye]) (nl %)pcycﬂ
E(eoez)=(%—%)%9x(ﬂu +2X 1)

Expanding 7, = g(y,u,v) in Taylor’s series

about the point 7' = ()7, 0,0) , we have

I, (7) - £(7.0.0)+ (7T ), +

(u=0)g, +(v=0)gs +5-{(7-F) oo+
(u—0)2g11+(v—0)2g22+2(f—7)(u—0)g01+
2(7-7)(v=0) gy +2(u—0)(v=0)g,} +...(2.1)

_ _ og(y,u,v
where g(Y,0,0):Y, &0 = (6)7 )} =1,
T

&= ou B ov
B azg(y,u,v) _ _o’g(y.u,v)
P _O’g”_T '
v r T
o’g(y.u,v) _0’g(v.u,v)
E»n =T 8o _W ,
T T
g = 62g()7,u,v) o _ azg()_/,u,v)
02 Fov 4P udy .

Putting the required values in (2.1),

T, =Y +Ye,()+X(e—¢)g +0,.(¢,—¢)g,
l y !

+E{Y2e§ (O)+X2( _el) &n +0x2 (82 _ez)z 82

+2¥Xe, (e —e)go +2Y0.e, (e, —e,) gy

e)(e —ez)g|2}+...

or Tg—17:I7e0+)?(e1’—el)gl+9x(e;—ez)g2

+2X0, (e -

1 v ' '
+E{X2 (el _el)2 8 +9x2(ez —62)2 E»n
+ Z)F(eo (el’ —el)g01 +2)79er (e; —ez)g02
+2)?0x(el'_el)(e;_ez)g12}+-.. (2.2)

Taking expectation on both sides of (2.2),
retaining terms up to degree two in powers

of (e.€), i =0, 1, 2, {that is, up to terms of
order O(lj}' the Bias (Tg) up to first degree of
n

approximation is

E(Tg)—Y:E{YeO+)?( _61)g1+9( —ez)g :

l )?2 r_ 2 92 r_ 2
+2 (e/-e) g +0 (¢, ~e) g
+2YXe, (e|

—€ )gm + 27‘9)(30 (e; —-& )goz

£270,(6-e) (e )] 23)
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Or,

, 1 1S
BlaS(Tg)Z(;—;){Tgn_S}:xgm

Loy +AX piy +4X 2 1 gy — 12 -
+( had i 2 2 OZ)gzz_z(Mz"'ZX/ln)goz
+2(y03+2)_(/102)g12] (2.4)

which shows that bias of T, is of order o(lj;
n

hence, for sufficiently large value of », the bias is
negligible.

Mean square error of T, to the first degree of
approximation is

MSE(T,)=E[T,-Y]

=E[Ye,+ X (e —¢))g,+0, (e, —ez)ng

=T E(e})+ K {E(ef )+ E(e)~2E(de,) g
+02{E(&)+ E(e)-2E (ele,)| &

+ 27X (E(e¢)) - E(ee)) &,
+270,{E(ee))-E(ee,)} g,

+ 2/\79)5 {E(el'e;)—E(el'ez)—E(ele;)-f-E(elez )}g1g2
(il Dyl ) (1 1),
_y[n N]cym {n N) (n NJ}CXgl
L (l_i}(i_ij

“l\n N n N

1 _ _
?(/u(m +HAX ply +4X7 1 oz_ﬂgz)gzz

1 1 I 1 1 v
[;wj‘(zw)}ﬁ%*”“02)&&

_ 1
= MSE ( y)+[;—7)[ngf —25.8&

+(/uo4 +4)?/U03 +4X’u 02_ﬂ§2>g§

—2(y12+2)_(y]1)g2+2(,uo3+2)?,uoz)g]g2J (2.5)

The optimum values of g, and g, minimizing
the mean square error in (2.5) is given by

g =
Sy (/104 +4)?/103 +4X oz_lu(?z)_(,um + 2)?/102)(/112 +2)?,U11)
sz (/104 +4X/103 + 422;“ 02 _/lgz)_(:uos + 2)?#02 )2
=G (2.6)
S (:ulz +2)?ﬂ11)_Syx (/103 +2)?/u02)
8277 - -2 2 - 2
Sy (/104 +4X py +4X " oz_zuoz)_(:um + ZXluoz)
=G, 2.7)

and the minimum mean square error of T, is

=MSE(y)+(l—i,j

MSE(T,) i

1

— _ _ 2
{Sj (,uo4 +AX py, + 4X°u 02‘#(?2)‘(/103 +2.X )2}

(5252 (ptg + 4Kty + 4K 1t 183 )

+82 (o +2X 1t ) (1, +2X 1, )
~28,87 (11 +2.X g ) (1105 +2X p15, )

(1100 +4X p1y +4X° Oz—ygz)

28282 (ptoy + 4K pty + 4Kt 1)

+287, (s + 4K g +4X° 11 1,115,

(ty+2X 115, )" +25,.87 (11, +2X 11,

(1205 + 2K 1y )t +4X g1 +4X Oz—ygz)
~ 25, (s +2X tay) (1 +2X 11,

+ 87ty +4X p1o5 +4X Oz—ygz)

(24, +2)?y”)2 + 87, (s +4X 1y +4X° 1 Oz—yjz)
(tn +2X 11,)

— 28,87 (1 +4X ttyy +4X 11 13,

(/uos +2.X tty, )(:ulz +2X 1, )

- ZSj (/ulz + 2)?/111 )2 (,u04 +4)?/103 +4)?2,u OZ_IU(?Z)



Nazia Naqvi et al. / Journal of the Indian Society of Agricultural Statistics 70(2) 2016 111-122 115

2

+287 (g, 42X, ) (s +2X 1)
+28,57 (s +2X 11, )

(bt + 4K g + 4K =113,

(1o #2810, )28, (11 #2111 + 25,

+28,.8; (/104 +4)?,U03 +4X 02_/1022)

M x
(,ulz + 2)?/111 )(:uos + 2)?,uoz )

2 v 2 v 72 2
- 25, (,uos + ZXﬂoz) (/104 +AX pyy +4X oz_ﬂoz)
-28; (;uos +2.X 4y, )2 (#12 +2.X 44, )2
+28,, (IUOB + 2)_(#02 )3 (/ulz + 2)?:“11 ):|

:MSE(;){LL,)

n on
1

{sz (;uo4 +4)_(ﬂ03 +4X2u 02_/132)_(;“03 + 2)?/Joz )2}

2
[_st;zvx (luo4 + 4/\7/‘03 +4X° u 02 _,u(?z )2
+ Sf (,uos + 2/\7/”02 )2 (/ulz + 2)?/111 )2

+28,S; (ﬂo4 +4)?/103 +4X°p 02_/452)

X x

(/103 + 2)_(/102)(%2 + 2)‘7/111)

+ S;x (/103 + 2)?,Uoz )2 (,U04 + 4)?,“03 +4X°p 02 _,u(fz)
-2S, (,u,2 +2)?,u,,) (,u03 +2)_(,L102)3

-S; (:u12 + 2)?/111)2 (/”04 +AX gy +4X g1, =15, )]

1 1

=MSE(7) +[———,j

n n

1

— _ _ 2
{sz (/104 +4X 11y +4X°u 02_/'!52)_(/'!03 +2X 1y, )2}

[ 87 (s +4X pty +4 X 1 =15, )
(=7 (s + 4K p1y +4X° 11 =117, )

+ 28, (10 +2X ) (1, +2X 1y, )
8% (st +2X 10, )} = (pton + 2% )
{87, +2Xp,) -2

(100 +4X ttyy +4X 11 13, ) + 28,

(:uo3 + 2)_(/102)(/112 +2X )}J

:MSE()7)+(l—lJ

n n

1

{Sj (bt + 45 pty + 4K 1t 11y )~ (s + 2% )2}2
[{Sj (s + 4K 1y +4 X0 113,

(s + 2% 11, )2} (=82 (tou +4X 11

+AX g,y )+ 28, By +2X 1, ) (140 +2X 11y

- S.f (;ulz +2)_(,u“)2}:|

~w55(7)-( 12

n n

1

{sz (/”04 +4)?/u03 + 4)_(2/‘1 oz_ﬂgz)_(/"os + 2)?/Joz )2}

S? — —
I:S_yz{si (/104 +AX tyy +4X° 1 _,u(?z)

X

2

_ S _
- (ﬂoz +2X 1y, )2} + S_)z (/uos +2X 14, )2

X

- 2Syx (/103 + 2)?/”02)(/112 + 2)?”11 )

+ Sf (lulz +2)?/1|1)2:|
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{Sj (:uo4 +4)?IU03 +4X2p 02 _,uozz)_(:uos + 2)?/%2 )2}

Sy S N .
3?2 +F(ﬂ03+2Xﬂ02) -25, (/Uo3+2X/U02)

x

(MQ +2)?ﬂ11)+S§ (,Ulz +2)_(,U|1)2:|

1 1Y (1 1)y oy (11
S L N B e I L
(n' Nj ’ [n n’j( ’ }') n n

N ) - 2
{Syx(ﬂos +2Xﬂ02)_SX (,Un +2Xﬂll)}

X

{Sj (/u04 + 4)?/‘03 +4X2p 02 _:u(fz ) - (/uos + 2)?/102 )2}

=MSE(?M)—G—%}

s B B 2
{ S)Y (/103 + 2Xﬂoz)_Sx (/“12 +2X 1, )}

X

- - - 2.8
{Sf (,u04 +A4X ph; + 4X°u oz_lugz)_(/loz +2X 1y, )2} ( )

where MSE(7,,)= (l—i,j(l—pz)sj +[i,—%jsj
n n n

is the mean square error of the double sampling

linear regression estimator of population mean ¥
and

{Sf (1”04 + 4)?,%3 +4X7p 02 _ﬂgz ) - (/-103 + 2)?/‘102 )2}

= {/‘02 (,u04 + 4)?/”03 +4X7u 02~ Ho ) _(:uos + 2)?/‘oz )2}

2

H ;

=ﬂ32[ﬂ024 - (3)3 _1J=ﬂ;2(ﬁ2 _181 _1)>0
Hoy  Hp

3. AGENERALIZED REGRESSION-TYPE
ESTIMATOR

The optimum values g, = G, and g, = G, in

(2.6) and (2.7) minimizing the mean square error
of the generalized difference-type estimator 7, in

(1.1) contain the unknown parameters which may
not be known in practice making the generalized
difference-type estimator T, to be impracticable;
hence in such situations, the alternative isto replace
the optimum values by their estimated optimum
values based on sample observations which give
rise to practicable generalized regression-type
estimator 7 defined as involving also estimated
optimum values to be

n'
X

T :g(‘)—/,?—f, _gxsél’éZ)

ge
:g()_}suavsglagz)

:g(J_}’uovaGAloéz) (3.1)

satisfying the validity conditions of Taylors’ series
expansion such that at the point

7,=(Y.,0,0,G,.G,)

(l) g(?,O,O,Gl,GZ) :7
(i) 5g()7,u,v,él,é2) 1
i =
ay
T,
ag fauava A]a A2
(lli) gle ( ) = Gl
ou
Iz,
og(7.u.v.G,,G,) | (3.2)
(iv) g, = ( ) =G,
ov
r,
ag _)_/,T/I,V,él,éz
(v) g3e = ( A ) :0
0g,
og ?,u,v,él,éz
(Vi) g4 = ( - ) =0
og,
7,
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where &, =

Sy (/[‘04 + 4fﬁ03 + 4)?2/} 02 _/}(?2 ) - (/303 + 2)_6/302)(/:112 + 2)_6/:111 )
Sf (/&04 + 4)?/&03 + 4)?2/} 02 _/A‘gz ) - (,[los + 2)T/‘Aloz )2

>

(3.3)

Si (:&12 +2X 1, ) S (/&03 + Zf:[‘oz)

= Si (,[‘04"'43_5[103‘*'4)_‘2[‘ oz_ﬁgz)_(/}m"‘zfﬁoz )2
=G, (3.4)
for 1, 1 n (x,-x)'
— L=l
N 1 & —\3
Ho —HZ(% ~¥)
i=1
R I < _
Hopa _ﬁ (xi _x)z
i=1
R I < _ _
/’lIZ_Tl (yz_y)(xz_x)za
i=1
R I < _ _
= _IZ(yi =¥)(x, - %),
i=1
_ 1 1 & _ _
P23, =3 (- ) 5 -5,
nio i=1

Under the condition (3.2), we may prove that
T, attains the minimum mean square error of T, in
(2.8) as follows:

Expanding in second order Taylor’s series of
T,, about the point 7, =(7,0,0,G,,G, ), we have

T, =¢(7,0,0,G.G,)+(37-7)

ag(J_/’u,V:GAl:GAz) +(u_0)ag(J_/au,VaGAlaG’\2)
ay . ou .

ég() ’“’ ’j\ﬁé\ )

+(é _G)ﬁg(y,u,v:Gsz)
1 1 aGl .

+((;2_G2)5g(iu,vaépéz)}
T,

G,
1|, =0 0 0
+5{(y—Y)Ey+(M—O)£+(V—O)5
2
: o a 9
+(6 —Gl)aé1 +(6, —Gz)a—éz}
g()_/*au*av*aél*oéz*) (35)

where 3. =Y +0(7-Y), u.=0+60(u-0),
Vi =O+9(V—O) , G, =G1+9(GI—G,),
G, =G,+0(G,-G,), 0<0<1
Now substituting in (3.5) from (3.2), we get

Tge_?:Yeo-‘ry(el,_el)gle-i-gx(e;_eZ)gZe

l1|l= 0 =,, 0
+e3g3g+e4g4e+2—!{Ye()Ey+X(el—el)a

2
0 0 0
+0 (e,—e,) —+e,—+e,—
g-a), ' oG, 46G2}
g(yhu*yv*’GAl*aGAz*) (3.6)
where Gl -G, =e¢, and éz -G, =¢e,.

Squaring both sides of (3.6), taking
expectations and ignoring terms greater than
two in (e,e),(i=0,1,2,3,4;i'=1,2), we have
the mean square error of T, to the first degree of
approximation to be
MSE(T, )= E[Ye, + X (¢]-¢)g,,

+ 9)( (e; _eZ)gZe + 63g3e + e4g4e:|2

=E[I7e0+)_((el’—el)gle+49x(e;—ez)g28+0+0:|2

1 1 1 1)\ S, S -
(hws [——)L— + 5 (o + 20
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_2Syx (/103 +2)?/102)(/112 +2)?/111)
+ Si (/112 +2)?/111)2:|/[Sf (/104 +4)_(/103

+4X°u oz_ﬂgz)_(ﬂos + 2)?/102 )2:|

1 1 1 1 I 1
S LS a2 |(s2 = pis? —(———j
(n' Nj ! (n n'j( y P y) n n

g 3 _
{{S_yx(ﬂm +2.X py ) -5, (/Ulz * 2Xﬂ11)}2}

X

I:Sf (/104 + 42:”03 +4X°u oz_ru(?z ) - (:U03 + 2)?/102 )2}

=MSE()7M)—(%—%)

X

S ) ~ 2
{ Syx (ﬂos +2X/,102)—Sx ('ulz +2Xﬂ”)}

S? (,u04 +AX 1y, +4X 1 Oz—ugz)—(yw +2)?,uoz)2}
= MSE(T,) 3.7)
showing that the mean square error depending on
estimated optimum value estimator 7. attains the
minimum mean square error (3.7) or (2.8) if the
following conditions for Tge are satisfied

()T, at T,=g(¥,0,0,G,,G,) =Y
» 6g(f,u,v,él,éz)
(”) gOe: :1
y
T,
ag yauavaGAlaGZ ]
(iti) g, = ( ) =G,
ou
dr,
ag J_7>M>Vaé1aéz ] (38)
(iv) gZe: ( ) :GZ
ov
-7,
ag(y:uzvaélaéz)
v = =0
v) g, o
ag(y’u’v:élaéz)
Vi = =0
( )g4e aGZ
T,

Taking example of T, for characterizing scalars
d, and d, to be

y+d,(X-%)+d,(0,-0,) =y +du+d, (3.9)

having g, =d,=G,and g, =d, =G, which have
from (2.6) and (2.7) the estimators c;’l = G’l and
‘:]2 = éz and thus, we get the estimator depending
on estimated optimum values from (3.3) and (3.4)

to be y+ élu+(§2v satisfying the conditions of
(3.8)

(@) )7+élu +GAZV} =Y

.

6(y +Glu+ézv)
(ll) gOe = :1
y
7,
8(?+G’,u+é2v)_
(iii) g, = =G,
ou
I,
' 6()7+C;’lu+ézv)_
() &, = =G,
ov
T,

(V) g}e =

establishing the fact that the estimator
)7+Glu+ézv belonging to T, depending on
estimated optimum values attains the minimum

mean square error in (3.7).

4. CONCLUDING REMARKS
(1) We see that

MSE(T, )= MSE(T,)
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()5 Gl ()
HS 2 Tu)-S. (Mﬁmﬂ)}z} /

=\
|:S /-104+4X,uo3+4X Moy — /ng)_(/"m"'ZX/Joz) i|

etz (1-1)

n

HS;:(um+z)?ﬂoz)—sx(ﬂu+z)?ﬂ“)}2} /

|:Sj (/104 +4)?/103 +4)?2/102 _/4(?2)_(,“03 +2)?luoz )2}

(4.1)
Showing that the proposed generalized double
sampling difference-type estimator T, and the
regression-type estimator T, are better than the
double sampling linear regression estimator y,, in
the sense of having lesser mean square error of 7',
or 7, than that of y, .

(2) We Consider the Estimator

)_}ed,(f‘—f)mz(? -0,) _ J—/edlqudzv (4.2)

belonging to the generalized estimator T, with the

optimum values

—¥d, =G, or d, =G7 (4.3)

G

and g, :de =G, or d, :72 (4.4)

and further, the estimated optimum values (4.3)
and (4.4) are

and d, =—2 (4.5)

giving the estimator depending on estimated

optimum values c;’I and aA’2 to be
[%][G?] (4.6)

satisfying the conditions

()T, at T,=(Y,0,0,G,,G,) =Y

o2 [of8HE}
(i) & =—]| ye =1
0 5 )
(iii) g, =— fe[](] -G,
r,
(v) &, =— ?e[q]umv -G,
I
0) & === s ]
1

0 g =~ SH

2

=0 of (3.8);

T,

hence, the regression-type estimator

[ﬁ[iﬁ}{%}}

attains the minimum mean square error in (3.7).

(3) For all the other Estimators

y+(x x) (9' _)dz,)_/+udl+vd2,

we may easily found the optimum values of d, and
d, minimizing the mean square error to be equal
to that of mean square error of (2.8). Now, taking
these estimators depending on estimated optimum
values, we can easily prove that these satisfy all
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the six conditions of (3.8) owing to which these
estimators will also attain the minimum mean
square error in (3.7).

(4) Single sampling results of generalized difference-
type and regression-type estimators will be easily

obtained as special case of n' = N .

5. EMPIRICAL STUDY

The theoretical results obtained in the study are
illustrated here numerically, using the following
data sets respectively.

Population 1. The data set summarized below is
obtained from Singh and Chaudhary (1986) as
given on page 194.

7 =568.58; X =568.25; 0, =590126.8;

s, =499.37; 5 =528.05; i, =326506150560.52;
Qs =215375912.2; 1, = 267218.67;

[, =219770487.1; 1, =235912.60; s, =246169.7;

N =1238; n'=550; ,,—24.

Population 2: The data set summarized below is
obtained from Murthy (1967) as given on page
178.

¥ =144.84; X =434.04; 6. = 288785.8;
s, =10159; 5 =32338; [,y =56292830839;

[y, =48614868.15; 1, =100395.08;
[, =692079.80; f,, =17448.41; s, =18175.43;
N =108; n'=60; n=25.

Population 3: The data set summarized below is
obtained from Sukhatme and Sukhatme (1997) as
given on page 51.

Yy =735.8;, x=927.36; 0.=1183725;
s, =522.17; s_=580.70;

fly, =471425371327.51; 1, =196887322.7;
[y, =323728.87; [, =190116364.6;

[, =266761.40; s, =277876.5; N =892;
n'=395; n=25

Population 4: The data set summarized below is
obtained from Sukhatme and Sukhatme (1997) as
given on page 185.

¥y =199.44; X =856.41; 6, =1255128;
s, =166.08; s, =733.14; [1,, =3637832748576.77,

floy =1062758624; 1, = 521686.59;
fh, =—17880653.6; /1, = 52941.43;
s, =54545.72; N =170; n'=75; n=34.

Table 1. Mean Square Error (MSE) and Percent Relative
Efficiency (PRE) of the proposed class and all the other
estimators considered with respect to y,,

Population I

MSE PRE | MSE | PRE MSE PRE | MSE PRE

Population IT Population IIT Population IV

Estimator

)7ld 1528.60 | 100 | 243.54 | 100 | 2021.59 | 100 | 560.04 100

Tg 1245.44 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

T, 1245.44 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

I 124544 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

Tz 124544 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

T}; 124544 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

T4 1245.44 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

Ts 1245.44 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147
Ty 124544 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147
n 1245.44 | 123 | 196.76 | 124 | 1932.13 | 105 | 380.59 147

From the above table, it is easily observed
that the proposed class of estimators 7, and 7,
have lesser minimizing mean square error than the
mean square error for the estimator y,,. Hence
their percent relative efficiency is more than that

of y,,.
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Also for all the other estimators,

_ 1+d()_c'—)7) _ 1
and 7o =y ——2 = " l_5(1+d 1+d
7 y{1+d2(3'—9)} Y(1+du)(1+d,v)

which are particular members of the proposed class
it may be said that their respective minimizing
mean square error is equivalent to the minimizing
mean square error of the proposed class 7,
and T, .

APPENDIX

We have the following results regarding
E(ezz), E(eye,) and E(ee,):

XHZ
1 1 - 2 1 - 2 ’ = Z7?
:H_3E|:;Iz_llx’ _(WIZ_I:XI ji| __XZEI:Z‘_Z]
( 1< = 1< 2 2]
wherez, ==Yz, Z=—>Z,x'=z,Z =X,
nio i=1
:L{l_L}Sz
O ln NJ]~
with 52=— L _3(7,-Z) (1)
V- &\~

_L[i_L};
0 ln NIN-1
3 N 2

[ﬁ(x,._y)4+4iﬁ(x,._;?) H6T°Y (X, - X)

i=1 i=1 i=1

4% 3(X,~ X) 4 NE* N (4 + X +2)_(2/102)}
i=1
A1 1N

6>ln N|N-1

(/104 +4X ply +6.X 1y, + 0+ X — 15, _)?4_2)?2/102)

11 1] N - %
e [ (o + 4K + 48 =182 (2)

whence, for large N, N
N-1

E(ezz)z(%_%)%(ﬂm +4X y +4X 15, _zugz)'

(i) E(eses) =55 E{(7.-7)(6.-0.)

X

:%(l_Lj(L(Mﬁz)?y“) (4)
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(iii) Proceeding as for E(ee, ), we have

E(e]e2) :)?LHXE{(

R R
X0\n N

from which, for large N with NL =1,

E(ele2)=(

1

1

n

1
N

1

_L(i__)i
X0\n N)(N-1

)

1

X0,

j(N—l),Z]_VI:(Xi -X)X;

) (,U03 + 2)?/102)

(/Uo3 + 2)?#02 )

®)
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