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ABSTRACT
In this paper, we have envisaged an efficient generalized family of estimators for finite population

mean of the study variable in simple random sampling (SRS) utilizing information on an supple-
mentary variable. Asymptotic properties such as bias and mean square error (MSE) of the proposed
generalized family of estimators have been determined. Further, we have shown that the proposed
family of estimators is more efficient than reviewed estimators in literature. In the support of the

theoretical proposed work we have given numerical illustration.
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RESUMEN
En este trabajo, hemos propuesto una familia generalizada de estimadores eficiente para estimar la

media poblacional finita de la variable objeto de estudio que utiliza informacin sobre una variable
complementaria bajo muestreo aleatorio simple (MAS). Se han determinado propiedades asintticas
como el sesgo y el error cuadrtico medio (ECM) de la familia de estimadores generalizada propuesta.
Adems, hemos demostrado que la familia de estimadores propuesta es ms eficiente que los estimadores
revisados en la literatura. Como apoyo el trabajo terico propuesto, hemos dado una ilustracin
numrica.

PALABRAS CLAVE: sesgo, error cuadrtico medio (ECM), variable auxiliar / complementaria,

porcentaje de eficiencia relativa (PER).
1. INTRODUCTION AND PRELEMINARIES

In survey sampling, literature expresses a number of techniques for utilizing auxiliary information.
The ratio, regression and product methods of estimation are widely used illustrations in this context.

When some parameters of the auxiliary variable X have been known such as coefficient of variation
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(C,), coefficient of kurtosis (B2(z)), mean (X), coefficient of skewness (f;(x)) and the coefficient
of correlation (p) between the study variable Y and X, several authors assessed large number of
estimators/classes of estimators for the population mean Y of the study variable (see [6], [21], [19],
51, [20], [27], [31], [24], [34], [16], [25], [26], [17], [8], [9], [22], [38], [28], [15], [32],[11], [1], [2},3] and
[4]). These modifications allow researchers to utilize the type of information (Cy, f2(z), X, 81(x))
which collected from the auxiliary variable X for efficient estimation of population mean Y in simple
random sampling.

Suppose Y be the variate of interest and X be the auxiliary variate defined on a finite population U

n n
t oy X

containing 1 to IV units. Let § = @ and T = @ be the sample means of the study and
n n _ -

auxiliary variables respectively having size n. Let us define e, = % ande; = Z }(X . The expectation

of these e terms under simple random sampling design can be written as:

B = (1) ez -,
s = () 2=
E(eoel) = <17_1f) prcm = Bo1

where C, = % is the coefficient of variation and S, is the standart deviation of variables (z=y,x).
In this study, our objective is to construct the generalized family of estimators utilizing single aux-
iliary variable under simple random sampling scheme which covers a number of estimators available
in literature, also provides more efficient results as compare to existing ones. The properties such
as bias and mean squared error (MSE) of the proposed estimator are derived under first order of
approximation.

The rest of the study is as follows: in Section 2, we give several existing estimators for the finite
population mean. The proposed generalized family of estimators is given in Section 3 along with
its properties such as bias and MSE expressions. In Section 4, we provide efficiency comparisons to
assess the performances of the proposed and existing estimators. The numerical illustration is given

in Section 5, and conclusion is given in Section 6.

2. REVIEWED ESTIMATORS OF THE POPULATION MEAN

A huge amount of literature has been developed on survey sampling for addressing the issue of im-
proved estimation of mean of study variable when information on supplementary/auxiliary variables is
available. Our study is limited to simple random sampling scheme without replacement (SRSWOR).
Some famous estimators in this field are as follows:

The variance of unbiased estimator g is given by

V() =Y?go. (2.1)
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[6] developed the following mean per unit estimator as follows

‘Ir:g

| — |
SR
—_

The bias and MSE of €, are given by

B(E,) =Y [g1 — g1l

MSEE(R,) = Y2 [go + g1 — 2001] -

The conventional regression estimator is given by

Tyeg =7 +b(X - 7).
where b is the sample regression coefficient.
The MSE of fmg is

. - 2
MSE (T req) = V? [go - 901} .
g1
[5] developed the following exponential estimator

A N X -z
T =perp | 52 |-

The bias and MSE of ‘ibt are
A -3 1
B(Tw) =Y {91 - 901}

8 2
MSE () = V2 g0+ 5 — 8]

[20] introduced the following estimator for the estimation of population mean as follows

Trao = [qraolg + Urao2 (X - j)]
where (401 and ¢rq02 are scalars. The bias and MSE of fmo are

B(‘Irao) = Y[qraol - 1]a

MSE(‘EMO) =Y + q72~aol®Amo + q%aoQGan + 2qmolqra02®cmo - 2qmol@Dmoa

where
6Ara,o =Y? [1 + 90] )
Os,., = X’g1,
607‘&0 = XY901’
Op. =Y?

rao

(2.2)



Which is minimum for

opt __
Qraol =

2

9s,..9D,.,,
©4,000B,0, — 0%, |

and

Opt _ CI-')C'rao(_')D'rao
Qrao2 = | — 2 .
04,.,9B,., —9¢, .

rao rao

The minimum MSE of @mo is given by

MSE min(Fra0) = | V2 05100 0D10s (2.9)
e reer CI-')147"¢10(_')Brao - G%qﬂao .
Some authors have defined following form of estimators
T, =N, fori=1,2,..,26, (2.10)

where ¢ = [§ + b(X — Z)], v = % and \; = Ccii(_tg

[12] (for i=1,2,...,5) developed a class of ratio estimators by using the conventional descriptives of

population. After that a number of researchers adopted their strategy and provided several modified
ratio estimators (c.f., [13]; (for i = 6,7,...,10), [34]; (for i = 11,12), (28], [29], [30]); (for i =
13,14, ...,16), [10]; (for ¢ = 17) and [1]; (for i = 18,19, ...,26)) are given in Table 1.

Table 1: Estimators of [12] and those based on their adaptation

Est. c d Est. c d

Ty=PA 1 0 Tu=vA C; My
Ty=vA 1 Cy Tis =yM Bi(z) My
Ta=vA 1 Ba(z) Fig =0 falz) My

=9\ faz) Cp Tir=v\  fi(z) Q.D

Ts=vh O, Bo(z) Tig =M 1 T™
Te=1A 1 p Tig =\ G, T™
=9\ Oy p Too =9\ p ™
Tg=vh  p Co  T;m=9yh 1 MR
Ty=9A  falz) p Tp=y\ C, MR
Tio =P\ p Ba(x) Fog=tM p MR
Tu=vAN 1 Bi(z) Foa=vA 1 HL
To=9vA  Bi(x) Bo(z) Fos =9\ O HL
Tz =P 1 My Tos =9\ p HL

where My, Q.D, TM, MR and HL are median, quartile deviation, tri-mean, mid-range and Hodges-
Lehmann estimator, respectively. For the details about the terms mentioned in above table see [1].
The MSE of €; (for i =1,2,..,26), is given by

MSE(%;) = f [y2S2+ S2(1 - p%)]. (2.11)

[14] proposed four new estimators by merging the estimators of [12]. These estimators are given by
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. (X — b -
Freer = whO y+ (_ )X+ Kc y+b(X )(X—i—Cm), (2.12)
T x4+ C,
. (X b -
Troo = w2 L,)X + wa 2 M(X + B2(z)), (2.13)
z T+ Pa(z)
A b(X - g+ b(X
Treos = uff s LI D gy s LD (x5,(0) 4 02, 214)
T TP (x) +
A +b(X — ) J+bX —7)
T = ch4 y7X+wKC4 2 (CL.X + , 2.15
Kes - o ) (X B0 (2.15)
where optimum values of wf? and wi? for (i = 1,2,3,4) are
w{(CMopt) _ o ’wg(Cl(opt) _ 9 7w{((72(opt) __m ’wg(CQ(opt) _ 79 :
Y10 — Y9 Y9 — 710 Y11 — Y9 Yo — 711
w{(CB(opt) _ M2 ’wg('CB(opt) _ Y9 7w{(C4(opt) __ms ’w;(C4(opt) _ Y9 '
Y12 — Y9 Y9 — V12 Y13 — Y9 Y9 — 713

The MSE minimum of Sxe; (i = 1,2,3,4) is
MSEminCiKCi) - MSE(QReg)- (216)

Similarly, by taking motivation from [14] one can merge any two estimators < (for i =1,2,..,26)
and get a result that minimum MSEs of merged estimators are equal to MSE of regression estimator.

[16] constructed a family of estimators as follows

(aX +1b)

skr_y[a(ax+b)+(1—a)<aX+b)_

(2.17)

The bias and MSE of ‘ikr are

|: Oé 0291 — gangel

MSS(TkT) [go +a *p? g g1 — QQUQGOI}

aX
aX+0b
The minimum MSE of Ty, is equal to MSE of ‘ireg for a°Pt =

where v =

Jo1

g
Note that for o = 1 and replacing (a, b) with different known population characteristics; Ty, can be

converted into [27], [31], [24], [34], [28], [29], [30], [10] estimators.

[17] extend the work of [16] and develop an efficient family of estimators as follows

(Xa+Db) !

a(za+b)+ (1 — ) (Xa+1b)

Tk = WP (2.18)

Note that [21] and [19] estimators are also the member of [17] family, denoted by Tip, and Tpk,
respectively in Table [2].

The bias and MSE of Ty, are given by
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glg+1)
2

B(‘ikk) = w? |: a20291 - gangolj| + Y(w - 1)7

MSS(@MC) =Y? + ’LU2@BMC — 2w®Akk_
where

glg+1)
2

04, =Y? {1 + a?v’g; — gangol} ,

Op, =Y [14g,+ (2¢° + g) a’v’g1 — dgavg,r] .
Which is minimum for

The minimum MSE of €y, is given by

kk] . (2.19)

Table 2: Family members of [17] for (v = 1)

Est. a b
‘ik,‘kl = wzj o 0 1
‘ikkz =wy )f(] 1 0

R (X +C,

Ty = WY a:—&—C] 1 Cy

> _ _ =Xﬁ2($) + Cw

‘Ikk)4 - U/y I 1252(1:) + Cx BQ(‘T) C:L’

-~ _ _ _XCx + BZ(x)

Thks = WY 20, + Bale) Cy Ba(x)
. [ X + 5,

ko = WY | g ! S

2 I =Xﬁ1($) + S

Tk, = WY ENOETA ] Br(x) Sy

A o [ X Ba(z) + S,

Thksg = WY ) 1 5. Ba(z) S

A X+

kg = WY | — +5 1 p

2 _ _ X + ﬂg(x)

(Ikkl() = wy ’Vx + 52(1.) 1 52(1:)

[8] introduced the following exponential estimator for the estimation of population mean as follows

R B X 7
Lip = [%1? + qup2 (X — 53)] exp [X n ;} . (2.20)
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The bias and MSE of ‘ilp are given by
. _ 3 1 _ _
B({le) = qpY [1 + §g1 - 2901] + qlng%l -Y,

MSE(%,) =Y? + qlz,ﬂ@A,,,J + quz@B,p + 201p191p2O9 ¢, — 201519 D,, — 20120 E,,

where

Ou, =Y [1+ g0+ 91 — 2001],

5 391 fo1
Op =Y? |1+ 2 22
Dy |: 8 2 :|7
O, :X}_/%l.

Which is minimum for

qzsf _ @%p@%p ec(:-l)pQ@Elp ,
L AP B T P, |
and
qu _ GAép @Eé,] @Cépz@Dlp
L Aip P Bip T M0y,

The minimum MSE of 5, is given by

2 2
MSE in(S1p) = | V2~ ©5,9p,, +©4,0%, — 22@ 00, O,
1,65, — 0%,

[22] introduced the following estimator for the estimation of population mean as follows

. ~ _ ~ A/ _ a/
Tyg = [qsgly + qsg2 (X - x)] exp Trd
where A = X + NX and ¢’ =z + NX.
By substituting A" and a/, we can write isg as
. _ X -z
TS = s y s X -z P
0 = [aerF rg2 (X =) ey {2NX+X+:J
The bias and MSE of ‘isg are given by
A 5 391 Jo1 s o
B(%sy) =Y -1 s - X9
( Sg) (qsgl )"‘qul {8(1 —I-N)2 2(1 +N) }] + dsg2 2(1 +N)2

Msg({gjsg) = Y2 + Q§g1@ASg + qngG)Bsg + 2qsglqsg2@ng - 2qsg1@DSg - 2qsg2@Esga
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where

- g1 2901
=Y?|1+g, -
©Oa., { ot N 1) (N+1)}’
@Bsg = X2917
R gl
© = XY
= LN 1) g“} |
301 go1
Op,, =Y?*|1 -
Deg [ TN+ 2(N+1)]’
N gl
S} = XY
B 2(N +1)
Which is minimum for ) )
qopt _ GBSg @DSQ — 9059 @Esg
sot | 94,08,-0%, |
and _ -
qopt _ eAsgeEsg - ®ng@Dsg
592 I ®A5g @Bsg _ @%Sg

The minimum MSE of fsg is given by

A _ Op @2D + 0Oy, @2E —20¢. ©p. Of
) ) = Y2 - sg sg sg sg sg sg sg 29
MEEmin(Teg) ©4.,08., — 0%, 22
[9] introduced the generalized form of [22] estimator as follows
. _ Y (X —2)
Tk = y X -z —| . 2.24
gk [qgk1y+qgk2 ( x)] ETP |"l9 (X—l—i‘) T2\ ( )

For ease in calculation they use ¥ =1 and A = —1.
The bias and MSE of ‘:?fgk are

_ 3 _
B(Sgk) =Y (qgkl - ]-) - qgklegkgol + 2qgklegk91:| - qgk2Xegkgla

Msg(égk) =Y’ + q?}klgAgk + q£2]k2@ng + 2001105200y, — 20910 D, — 2d0gk20E,,

where

@
=
I

o = Y2 [1+ g0+ 462,91 — 40901 ,
@ng = X2gl7
= XY 205101 — 9o1] »

gk
_ 30, 9
@ng = Y2 1+ Ll - Hgkgol‘| ;
G)Egk - XYHQ]CQI?
. X
* = FX )



Which is minimum for

qopt _ -@ng@ng - ecgk@Egk ]
gkl | 04,05, -07, |’
and _ -
qopt . @Agk@Egk - @Cgk(—)ng
gk2 | 94,95, — 0z,,
The minimum MSE of ‘igk is
2 2
MSEEin(Eg) = |V2 = O8Oy 94O, ~ 2@%%9’“@%] . (2.25)

2
04,05, — 07,

[23] introduced the following difference-cum-exponential estimator for the estimation of population

mean as follows

- y X-.’Z’ j—X B X—f
= l:g {emp (X+j) + exp (M)} + 419 + q;2 (X—x)] exp |:X+g_::| (2.26)

The bias and MSE of ﬁj are given by

- 5 go1 | 39 Jo 1 - >
B(%;) =Y [qjl(l - 71 + 81) - 21] + 5952 [X91 +Yqj2] ;

MSS(QJ) =Y? + q?l@Aj + C|§2®Bj + 2qjlqj2@Cj — 2qj1@Dj — 2qj2@Ej7

where

Il
=~

1
@Lj 2 |:go — o1 + 491:| )
@Aj 2 [1 + do + g1 — 2901] )

@B]- 291)

I
<o =

Oc, = XY [g91 — go1],

—5 3 3
;= Y2 SY01 — Yo — 7 5
eDJ |:29 1 g 491:|
_ 1
@Ej = XY [901 — 291:| .
Which is minimum for ) )
qqpt _ @B] @Dj — ®Cj®Ej
g1 I ©4,05B, —@%j ] ’
and _ -
qqpt _ @Aj @Ej — @Cj @Dj
72 I 9,4].93].—@%1_ ]
The minimum MSE of fj is
. @Bj@QDj+@Aj®2Ej _2®Cj@Dj@Ej

MSEEmin(%;) = | O, (2.27)

04,05, — OF,
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[15] family of estimators is given by

. _ X -z
Ty = i X -z - _ 2.28
kh = [Gkn1d + drnz ( )] exp {2%)( “ X m] (2.28)
The bias and MSE of %, are given by
2 > 391 Jo1 - 91
B(Zkn) =Y -1 — — X,
(Tkn) [(qkm ) + drn1 {80% Ser H + dkn2 22
MSE(Tpn) =Y + 033104, + G2n2O By, + 2051950200y, — 205m O by, — 20kn2005,,
where
< g1 2gol
O4, =Y |14g,+ 5 — ,
A [ TtE T, }
Op,, = X’g1,
@Ckh = XY {91 - 901:| s
Ck
< 391 Jo1
C) =Y? — —
D [ * 8¢? 2ck]
oo 91
= XY —.
@EM 2cy,
Which is minimum for ~ ~
qopt _ eBthth @Ckh@Ekh
i L 04,98, — ®2C‘kh, ]
and _ _
qopt _ eAkh@Ekh - @Ckh@th
khz L @Akh,@Bkh - @20“,
The minimum MSE of Ty, is given by
MSE. . (‘ikh) —|y2_ eBkn@Qth + @AkhezEkh - 2®Ckh®Dk:h®Ekh (2 29)

2
@AkheBkh - @Ckh

Obviously, a number of reviewed estimators constructed under a very specific modification/transformation.
That’s why, these estimators have restricted applications. So, we get here a motivation to define the

very general class of estimators utilizing available auxiliary information in the next section.

3. PROPOSED GENERALIZED FAMILY OF ESTIMATORS

We propose the following generalized family of estimators as follows

Gy = (aX +) n(X —1z)

wly{a(am—&-b)—i—(l—a)(a)_(—i-b)} +w2(X—:?)] “p ln(2§)_(—¢)_(+x)+2)\

where «, a, b, g, w1, w2, n, ¢, € and X are all constants. When we write the above estimator with e terms

under first order of approximation we get
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Table 3: Family members of Khan et al. (2015)

Est. Ck
Thnt = [akn1d + iz (X — )] exp H] “
20, X - X +7 :

. ) o X-z

Thnz = [Arn1¥ + qrne (X — Z)] exp 200+ 1)X _X_,_A ) p+1

. _ X -z +1

Tphs = [Qrn1¥ + Qen2 (X — )] exp 1 a & 5
2 ('02 X-X+7

R _ X -z +1

Thna = [Arn1¥ + qrne (X — Z)] exp T1 : ’ 3
2 <p3 X-X+7

R _ 1 _ 3
TN = [wlY (1 + e, — avge; — avge e + g<g+)oﬂtﬁe?> — ngel] [1 —ve1 + ’}/2(5%:| .

2 2
where
771? glg+1) 2.2 3 5
— - b — 2 — k = o] k = _— o] + o] - .
K (bk-i-l)nX—i—Q)\’ k §=0 b=avty, ke ( 2 @ it g—|—2’y

Arranging the above equation and subtracting Y we have

(EN -Y = wl)_/ {1 +e, — kier — kiepe1 + k‘g@%} — UJQX {61 — ’yef} -Y.
The bias of Ty is given by

. i +1 3 i
B(En) =wY {1 — kyui + (g(g2)a202 + ayog + 272> “02} + w2 Xyup2 — Y.

The MSE of <y is
MSE(EN) = Y2+ wiAa + wiAp + wiweAcy + wiApy + walp
where

Aar =Y {1+, + (K + 2k2) 01 — 4k1001 } »
Apy = X,

Act =2XY {(k1 +7)g1 — Go1}»

Apy =2Y?{kigor — kog1 — 1},

Ap = —QXY’VQL

By minimizing MSE of €, we get the optimum values of w1, wy as follows

WPt —2Ap1Ap1 + Ac1Ap;
! 4A 1A — AL, ’
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and

opt _ [ACIADI - QAAlAE1:|
2 4N 1 AR — A%l '

Hence, the minimum mean square error of Ty is given by

(3.1)

MSEmin(Tn) = {W _ AmAp +Aulp, - AClADlAEl] .

4N A1 A By — A201
3.1. Some special cases of fN

Note that a number of reviewed estimators or reviewed family of estimators are the members of

proposed generalized family, Such as

e when (a7b7aag7n7§7¢a)‘7w17w2) = (_a _7_707()’ _7_717170)5

Then Sy converted into usual unbiased estimator.

e when (a7bvaag7n7§7¢a)‘7w17w2) = (_a K _707()’ —7—,1711]1,0),

Then €y converted into [21] estimator.

e when (Cl, b7 04,9777757 (ba )\711]1,11)2) = (_a K _707 1a 17 1707 17 O)a

Then €y converted into [5] estimator.

e when (a/vbvaag7na€7¢a)‘7w17w2) = (_a B _7O7Oa _,—,1,’(1}1,’[1)2),

Then ¥y converted into [20] estimator.

e when (a/vbvaag7na€7¢a)‘7wl7w2) = (Cl,b,Oé,g,O, T T 17 1a0)7

Then ¥y converted into [16] estimator.

e when (avbaaag7na€7¢a)‘7wl7w2) = (a7baaaga07 Ty T 1,’(1}1,0),

Then ¥y converted into [17] estimator.

e when (a7b7aag7na€7¢a)‘7wlaw2) = (_7 ) _70777717 17)‘7170)a

Then ¥y converted into [26] family of estimators.

e when (a’7 ba 04,9777;57 ¢a )\7’LU]_,’UJ2) = (_7 _7 _707 1a 1) 1,07’1,0]_,’[1}2),,

Then ¥y converted into [8] estimator.

e when (a’7b’a’g7n)€a¢a)‘7w17w2) = (_7 _7 _703 17N7 —1,07’(1)1,11)2),,

Then ¥y converted into [22] estimator.

e when (a7baa7g7na€a¢7)‘7w17w2) = (_7 _a _7037771717)\71‘}1’0)7

Then ¥y converted into Yadav and Kadilar (2013) family of estimators estimator.

e when (a,b,a,g7n,§,¢,)\7w1,w2) = (_a _7 _7077771717)\7’“}1’“}2);

Then €y converted into [9] estimator.

e when (avb7a7g7/’77€7¢7)‘7w17w2) = (_a _7 _707 1,6,170,11)17’(1}2)7

Then €y converted into [15] family of estimators.
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Table 4: Some new members of proposed family of estimators

Est. a b a g nn ¢ ¢ A
Ty 10 1 11 p 1 -1
Ty 1 0 1 1 1 G, 1 -1
Tns 10 1 1 1 Bofx) 1 -1
Txa 10 1 1 1 By(z) 1 -1
Tys 1 0 1 1 1 N 1 -1
Tye 1 0 1 1 1 1 1 -1
2 n

Tyr 100 1 11 1-% 1 -

4. EFFICIENCY COMPARISON

Here we perform theoretical efficiency comparison for the proposed estimators by looking at the MSE

of the reviewed estimators as given below

Observation (1):
MSE pin(Tn) < MSE(E,),

if

[A31A%1 + Aa1A% — Ac1Ap1 A

—Y?[1 - (go + 01 — 2801)] > 0
L | =721~ (g0t 01 - 200)

Observation (2):
MSE in(Tn) < MSE(Trey),

if

Ap1Ab +AnAL —AciApiAm | v2|1- (g, — it <0
AA 4 Ap — AZ, ’

Observation (3):
MSEE pin(Tn) < MSE(Twr),

if

{AmAle +AaA%L — AClADlAEl} _ 2 {1 iy

1
Sg - 0
1A Ap — AL, 8ot g8 901)] ~

4

Observation (4):
Msgm”l (‘:AEN) < .MSS(@T'QO)?

if

{ABNDI +AmA}Y, - AmADlAEl} B { ©5,.,9D
4AA1A31 — A%’l ®A 6B

rao rao

rao >0
2
- @Crao:|

Observation (5):
MSEEmin(En) < MSE(Tir),

if

|:AB1A2D1 +AnAE - ACIADIAE1:| _ {6142;6] <0
AA 1A — Aél ®Bkk
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Observation (6):
Msgmzn(‘iN) < MSE(QZ;DL

if
@Blp@lep + ®Alp®2Ezp - 2®Clp@Dlp®Elp
64,05, — 0%,

{AmAQDl + Aq1AL, — AClADlAEl} _
4A 1 A1 — AL,

Observation (7):
Msgmzn(iN) < MSE(QS!])’

if
[AmAQDl + AnA%, — ACIADlAEl] Oz, @%Sg +04,, @2Esg -20¢.,09p,,9E,, >0
4A 1A — AL, ©4,,9B,, — @2059
Observation (8):
MSE min(3n) < MSE(Z,1),
if
Ap1 AL + A A — AclADlAE1:| _ Oz, >0
4AA1A31 — A%‘l @Byk
Observation (9):
MSEEmin(En) < MSE(Ty1),
if
ApiAY + AnAg —AciApiAp ©5,,0b,, +©4,.0%,, —20¢,,00,.08, <0
AN 11AB1 — A2c1 ®Agk,®ng - @%

gk

Observation (10):
MSE in(Tn) < MSE(T;),

if

Ap1 AL+ Aa A% — AciAp1Agr O, @2Dj + 914.19%% —20¢,0p,05,
1A Ap — AL, 64,65, — OZ,

}_[@Lj —YQ] >0
Observation (11):

MSEE min(En) < MSE(Tin),
if

@Bkh®2Dk;L + eAkh,@2Ekh - 2®Ckh@th®Ekh
®Akh®Bkh - G%kh

|:ABIA2D1 +Aq1A, — AClADlAEl} B 50

4A 1A — AL,

From above observations we can argue that the new estimators perform better than all of the reviewed

estimators.
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5. NUMERICAL ILLUSTRATION

For assessing the performance of proposed and reviewed estimators, we make use the data set available
in [18] concerning Output for 80 factories in a region considered as (Y') and Fixed Capital as (X).
Details of the population descriptives are, n = 25, Y = 5182.637, S, = 1835.659, X = 1126.463,
S, = 845.6097, p = 0.941 and N = 80. The MSEs and biases of all reviewed and proposed estimators
are calculated and summarized in Table 5. When we examine the Table 5, we can say that members
of our generalized family of estimators have minimum MSEs compared to existing estimators. We
can also see that our proposed estimators are more efficient than regression estimator. It is well
known that regression estimator and classical mean estimators are unbiased. However the ratio and
exponential type estimators are biased. From Table 5, we can conclude that members of our proposed

estimators have smaller biases.

Table 5: MSEs and biases of proposed and existing estimators

Est. |Bias| MSE Est. |Bias| MSE Est. |Bias| MSE

T, - 92665.16  Tpre  13.48  17195.69  Tppe  79.23  10536.54
<, 57.84  139168.40 Tper  25.99  18796.51  Tpus  26.73  10397.59
Treg - 10558.63  Tpes  66.20  59920.87  Tpna  156.61  9882.26
Ty 1523 11857.50  Tppe 14249 133807.40 Ty 1650  7249.20

Trao  19.01  26859.01  Tpro 141.76  133071.70 Tno 10.58  6465.57
Ther 2426 9234657 %, 20.03 1041284  Tys  20.01  8303.64
Tree 142.85 134168.70 %,  107.54 10554.47 FTns 1975 7519.92
Thes 142,56 133880.50 T, 54.60  8766.89  Tys 1277 8417.13

Thea 14275 13406810 % 19.36  10069.72 Tne 18.14  7395.20
Tees 14140 132709.60 %, 86.24  10164.66 Syr 1056  6017.95

6. CONCLUSION

In this article we propose an improved generalized family of estimators which covers a number of
estimators from literature. Also many more estimators can be generated in future through from
proposed generalized family. Theoretical properties such as bias and MSE of the proposed generalized
family are determined under first order of approximation. Moreover, numerical illustration reveals that
the proposed estimators are better than existing estimators in terms of MSE. So, we recommend the
utilization of the proposed estimator for getting more efficient estimation of ¥ under simple random

sampling.
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