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Abstract: The present work suggests some difference-cum-
exponential ratio-type estimators to deal with the problem of
estimation for population mean. The suggested estimators are
based on the linear combination of two auxiliary variables under
simple and stratified random sampling schemes. Expressions
for the bias, mean squared error (MSE) and minimum MSE of
the suggested estimators are derived up to the first degree of
approximation. Different real life datasets are used to show the
superiorities in terms of percent relative efficiencies (PREs) of
the new estimators. The suggested estimators are more efficient
as they provide maximum gain in PREs as compared to the
traditional and competing estimators under study.

Keywords: Auxiliary variable, bias, mean squared error,
percent relative efficiency, stratified random sampling.

INTRODUCTION

In sample surveys, information on auxiliary variate(s) has
an essential role in enhancing the efficiency of estimators
of the population parameters. Considerable work has
been done for the estimation of population mean by
utilising bivariate auxiliary information under simple
and stratified random sampling schemes. Moving along
this direction, some noteworthy contributions in simple
random sampling without replacement (SRSWOR)
have been developed by wvarious authors including
Olkin (1958), Abu-Dayyeh et al. (2003), Kadilar and
Cingi (2005), Singh and Tailor (2005), Perri (2007), Lu

(2013), Lu and Yan (2014), Lu ef al. (2014), Subramani
and Prabavathy (2014), Sharma and Singh (2014, 2015),
Vishwakarma and Kumar (2015), Muneer et al. (2017),
Shabbir and Gupta (2017) and many others. Similar efforts
have been carried out in stratified random sampling by
Koyuncu and Kadilar (2009), Tailor et al. (2012), Tailor
and Chouhan (2014), Lone et al. (2016; 2017), Muneer
et al. (2017) and Shabbir and Gupta (2017).

The objective of this study is to increase the precision
of difference-cum-exponential ratio-type estimators
through the linear combination of two auxiliary variables
in simple and stratified random sampling.

Existing estimators in simple random sampling

Consider a sample of size n drawn by SRSWOR from a
finite population @ = {0,,0,,03, ..., 0y} of size N with
n < N. Let y; and (x;,2;) denote the observations on
the study variable (y) and the auxiliary variables (x,2),
respectively for the i unit of the population. Some useful
measures related to the variables under study are given
below.

Let the sample means be,

n
vy, X= n‘lzxi,

n:
5 -1
i=1 i=1 i=1

y=n
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The corresponding population means are,

N N
17=N‘1Zyi, )?=N‘1in, Z=N"1
i=1 i i

i=1 i

N
Zj
=1

Following are the population parameters represented
by their respective subscripts:

The standard deviations are,

5, = J(N — DI (- 7)2

s, = \/(N DY (g — X)?

s, = J(N—l)‘l N (7 -7

The covariances are,

Syx =N =D EL, i - N - %)

Ser=(N=D' XL, (x; = X) (2, - 2)

Sye = (N =D I, = (@i - )

The coefficients of determination are,

€2 = (¥)71S2, €2 = (R)ISZ, €2 = (7)7's?

The correlation coefficients are pyx = (Sny)_lSyx.

-1
Pxz = (Ssz)_lsxz: Pyz = (SySz) Syz

The finite population correction factor is i = (% - %)

Let Cyx = PyxCyCxs Cyz = Py CyCpy Cop = PrzCiCy

R2 _ p)zlx + p}zlz - Zpyxpyszz
y.xz — 1— pz
Xz

A brief introduction of some well-known estimators
based on the information of two auxiliary variables for
the estimation of population mean from literature are
given below.

(1) Commonly used unbiased estimator of population
mean Y is,

Maria Javed et al.
-
fo=n"1 Z Yi
i=1 (1)
The variance of ,, is given by,
v(¥o) = w¥?c} = MSE (o) @

(2) Traditional multivariate ratio type estimator suggested
by Olkin (1958) is given by,

. (% 7
Yur =¥ w1§+“’2} 3)

where w; and w, are the unknown constants under the
condition w; + w, = 1. The optimum values of w, and
w-, are determined as,

sz + ny - Cyz - sz
CZ+C2—2C,,

W1(opt) = and wy(opry = 1 = W1opr)

With the help of the above optimum values of w,; and

w,, we obtained the minimum MSE of ?’MR to the first
degree of approximation as follows;

(C2+ Cye—Cyp — cxz)2>

MSEmm(?MR) NG (c; +C2-2C), - T

(4

(3) The traditional multivariate regression estimator
Yireg 18 given as,

Vireg = 7 + bye (X = %) + by, (Z — ) .65

where b, = (S§)7'S,, and by, = (S3)7'Sy, are the
sample regression coefficients.

The MSE of the estimator 7MReg to the first order of
approximation is given by,

MSE(?MReg) = w?ch(l - P;Z/x - P;Zzz + Zpyxpyszz)
..(6)

(4) The traditional difference estimator is given by,
V=7 +w0s(X =0 +w,(Z-2) (7

where w3 and w, are the suitably chosen weights.
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Estimators based on bivariate auxiliary information

Minimum MSE of ¥, at optimum values of W3(opt) =

C -
Rl[ y(Pyx Pszxz)

Cy(Pyz—Pnyxz)
Cx(l_pazcz)

and  Waeopr) =R4[ c,(1-p%,) is

given below;
MSEpiy (V) = p72C3(1 - R,) ()

(5) On the lines of Gupta and Shabbir (2008) and Singh
and Singh (2014), Muneer et al. (2017) proposed the

1+ (———) YC2 — wcyz -
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following estimators;

v - 7 —7
YMU,y = [(05}7 + CU6(X - f)] [)/ {2 —exp <%>} +

(1 —ylexp <§- ; Z_>] .(9)

where ws and wg are the constants to be determined. By
us1ng y = 1 and 0, we obtained two different estimators
YMU1 and YMU 0, respectively. The optimal values of ws
and wg are obtained as follows;

N

waz(sz - ny)

o 202
5(0pt) — 2
P(Cep — C
1+ycz +(1-Ywez - 2yc,, ‘(Hc—,gwc)
2 1 _ waz(sz - ny)
e 1+ ( 1) WCE =Gy — 202 (sz - ny)
6(0pt) — ™1 Z_CZ_ 2 C2
Y Y(Cez = Cya) x
1+ 9z +(1-Ywez - 2yc,, -
Using ws(opey and wecopr), we get the following MSEmin(?MU,y);
2
Cer(Coy — C
oc? {1 + B-B)wez —gue, - Lzl = On) "2(2"52 y")}
MSEpin(Yiguy ) = V2 [1 - o " %
X
2 _Y 2 _ M
1+ycz + (1-L)wez - 2yc,, - o 0)

(6) Following the lines of Gupta and Shabbir (2008) and Grover and Kaur (2011), Shabbir and Gupta (2017) suggested

the difference-cum-exponential ratio-type estimator as

5 o _ X-x
Yo¢ = [0 + wg(X — %) + we(Z — 2)]exp ()? - f)

(1)

where w-, wg and wq are the feasible constants defined below;

1-— —1,[)C2
1+9C2(1—R2,,)

W7(0pt) =

1
260

1

— 02 {2 (1= R2.) = (1= 7C2)} + €, (py = prapa) (1~ g0C2)

Wgopt) = Ry

Cy(pyz - pyxpxz) (1 - élpcf)
Ce(1=p2) {1+ 9C3(1 = R3.r)}

Wo(opt) = R,

Ce(1=p2){1+9C3(1—

Rj.xr)}
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Existing estimators in stratified random sampling

Substituting these optimal values, we have the minimum

MSE given by,

,0y} be afinite population

{0,,0,,05, ...

of size N and is divided into L homogenous strata with

Consider @
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(%) be the

1My =n.Let W, =

L
h=

under the condition Y,

(12)

s (") ="
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UNY 1=
() ' =z
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Estimators based on bivariate auxiliary information

. 101 .
known stratum weight and ¥y, = (n_h - N_h) be the finite
population correction factor. Other important measures
are given in Table 1. Some well-known estimators for
estimating the finite population mean using two auxiliary
variables under stratified random sampling, from the

literature are presented as follows;

(7) Usual mean estimator and its variance is given by,

?O(st) = Z Wnyn ~(13)
h=1
and
L
Var(?o(st)) = Z Wipn Yy Cgp = MSE(?O(“)) ..(14)
h=1

(8) Traditional multivariate ratio estimator in stratified
random sampling is given by,

X, Z,
YMR(st) = Z Wh¥n Wiz + Wap = z

..(15)
where w;p and Wz, are the suitable weights which
satisfy the condition wip + wzp = 1. The minimum
MSE of YMR(st) estimator to the first order of
approximation is given as,

MSEmin(?MR(st)) =

2
(szh + nyh - Cyzh - szh)
Cﬁgh + szh — 2Cxzn

L
NG (cyzh + CB = 20y
h=

...(16)

The optimum values of w;, and w,, are given by,

szh + nyh - Cyzh - szh
szh + szh - 2szh

Wip(opt) = and

Won(opt) = 1- W1n(opt)

(9) The traditional multivariate regression estimator

Yureg(st) is given as,

?MReg(st) = Z Wy, [}_’h + byxh()?h - fh) + byzh(Z_h - Z_h)]
h=1

(17)

203

The MSE of the estimator ?MReg(st) to the first order of
approximation is given by,

MSE (Vuregse)) =

L
Z thlphyhzcjh (1 - pgzth - pgzzzh + Zpyxhpyzhpxzh)
h=1

.(18)

(10) The traditional difference estimator is given by,

?D(st) = Z Wi (¥ + w3, (X — Tp) + wan(Zy, — Z3)]
h=1

.(19)

where w3, and w,y, are the suitably chosen weights.

Minimum MSE of ?D(St) at optimum values of

Cyh(Pyxh‘Pythxzh)
CXh(l_pazczh)

W3h(opt) = Rip [ and  Wap(opr) =

Cyn(Pyzh—PyxhPxzh)| . .
R4h[ yn(Pyan=pyanPsan) is given below;

CZh(l_pazczh)

L

MSEmm YD(st) Z Wh lthh yh (1 - Rgzl.xzh)
h=1
(20
pjzth + p32/zh - 2pyxhpyzhpxzh
where Ry xzh =

1- pa%zh

(11) On the lines of Gupta and Shabbir (2008) and Singh
and Singh (2014), Muneer et al. (2017) proposed the
following estimators;

Yuuyeo = Z Wy [{wSh)_’h + wen (X — %)}

Z_h—Z_ _ _Zh
[V{Z_exp< Z'>}+(1_ )exp Zn+ 12 H .21

where ws;, and wgy, are the constants to be determined.

By using ¥ =0 and 1, we obtained two estimators )A’MU,O

and 7MU,1, respectively. The optimal values of wsy and
Wen are stated below;
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1 Y Crzn(Cozn — C
1+ ( )ll)h fll’hCyzh -t XZh(ZJéZZ}; yxh)
Wsh(opt) = o Cx G
1+ pCh, + (1 - %) WnCh — 2WnCyzn — %
X
thxzh(szh - nyh)
1+(g—7% Cyzn —
) ( )= R L szh ( )lph zh leh yzh chh szh - nyh
6h(opt) = ‘1 2 2
2C Yp(Cogn = C Cin
h h h
1+, Chy + (1 - %) YnCh — 2YnCyzn — (sz—Zhyx)
X

Using Wsnpopt) and Wepopt), We get the following MSEmm(}A’MU,y(St)) as

2
3 1 WiCrzn(Cxzn — Cyxn
L c? {1 + (§ - %) YnCh = 5YnCyon — = (zzzz 23
MSE Y ~ W lph xzh xh
mm MUy(st) = 4CZh - 1,[) (C C )2
= x -
= 1+ 9nCh + (1= 5) wnC — 2nCyn — o200
*h (22)

(12) Shabbir and Gupta (2017) followed the lines of Gupta and Shabbir (2008) and Grover and Kaur (2011) to suggest
difference-cum-exponential ratio-type estimator as;

X, —x,
YSG(st) = Z W, [[wm}’h + wgn (X, — %) + won (Z, — Z4)lexp (Xh - )

..(23)
where w7y, wgy, and wgy are the feasible weights defined below;
1- ﬂ/’h@?h
W7n(opt) =
P 1+, yh(1 - y.xzh)
1 2 2 2 1 2 1 2
7th(1 - pxzh) {lphcyh(l - Ry.xzh) - (1 - lehcxh)} + Cyh(pyxh - pyzhpxzh) (1 - §I/)hcxh)
w = h
snore) ! th(l - pyzczh){l + lphc;h(l - Rf/.xzh)}
1. 2
R Cyh(pyzh - pyxhpxzh) (1 - glphcxh)
Won(opt) = Nan
P th(l - pizh){l + l;bhcg%h(l - Rgzl.xzh)}
At these optimal values, we have the minimum MSE given by,
L 1 204 1 2.2 2 2
1 + 6_4_whcxh) + thcyhcxh(l - Ry.xzh)
MSEan YSG(st) = W Yh 1- 1+ C2 (1 — R2 )
he1 lth yh y.xzh '(24)
- 1_ (X x X—x x—X
METHODOLOGY Voo = —yl=4+Z 2~
HS [“143'(92 +X> {EXP ()? + f) +exp <X + f)} *

Haq and Shabbir (2014) introduced an exponential type
estimator based on the information of single auxiliary - X—x
a(X —X)|exp T 7

variable as follows;
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Estimators based on bivariate auxiliary information

Ekpenyong and Enang (2015) also suggested two
exponential type ratio estimators using single auxiliary
variable as given by,

-~ _ —_ _ (X_ f)
Yep = azy + as(X — x)exp( 1%

5 _ - 2(X — %)
Yep2 = asy + ag(X — X)exp <17

where a;, i = 1,2,3,4,5,6 are the suitably chosen weights.

Getting motivated from these recently developed
efﬁcient i:stimators, we combined some factors from
Yys and Ygg,, and added the information of one more
auxiliary variable to form our first proposed estimator. In
the second proposed estimator, we added the information
of one more auxiliary variable in ?EEZ estimator. In this
way, we proposed two new difference-cum-exponential
ratio-type estimators to estimate the population mean ¥
based on two auxiliary variables under simple random
sampling and extended this concept to stratified random
sampling.

Proposed estimators in simple random sampling

(1) First proposed estimator:
5o 1_ X_I_f X—-x N r—X N
=0 TP \xrz) T P\ T x

(1)11(2_ - Z_) + (Ulz()? - f)exp (X — x_>

X+x ..(25)
(i1) Second proposed estimator:
2 _ - - = _ 2()? - .f)
Yoo = w13Y + 014(Z — Z) + wy5(X — X)exp ()?—-I-f)
...(26)

where wqg, w1, ..., w15 are the weights to be chosen,
such that the MSE becomes minimum.

The following relative error terms along with their
expectations are considered to obtain the expressions
for bias, MSE and minimum MSE of the proposed
estimators.

-y

fo="F

& = %Z such that E(&;) = 0, for i = 0,1 and 2.
x—X

2=

205

E@GD) =yCE,
E(f@z) = PPz CiCyy

E(§5) = ¢C5,
E(fofﬂ = ¢PyszCz:

E(¢3) = yC?
E(fofz) = lppyxcycx

Biases of the proposed estimators }A’Pl and }A’Pz, to the
first order of approximation are given by,

wq3R, 5w
12fz 10)]

Bias(?m) =y [(wm -1+ Tl( > 5

(27

and

Bias(?pz) = Y[((U13 -D+ w15T1R2] (28)

MSE of the proposed estimators are given below;

N _ 5
MSE(Yp,) = 72 [1 + w?, (rz + Z‘rl) + w2, R2t, +
2 p2 5
Wi RITy —wy | 2+ 77~ w12R, T —

20190w11R3Tg — W19W12R,Tg +

2(1)110012RZR3‘L'7] ..(29)

and

MSE(?Pz) = }72[1 + (U%3T2 + (U%4R§T3 + (l)%sR%Tl -

2w13 — 2015R,T; — 2w13W14R3T6

— 2w13015R T4 + 2W14w1sRyR377]
.(30)

Partially differentiating MSE(?Pl) with respect to
w;, 1 =10,11, 12 and equating them to zero, we obtained
the optimal values Aof wyg, w1y and wi,. Similarly,
differentiating M.S‘E(}_’PZ) with respect to w;,i =13, 14,
15 and equating them to zero, we obtained the optimal
values of wj3 wy, and wqs. The optimal values of
w;, i =10,11,...,15 are given by,

A1A2 - 2T1T3A3

w =
100oP) =4 4, — 242

276(A1A; — 2717343) + 17(A1 A5 — T1T34,)
2R3T3 (A2A4 - 2A§)

W11(opt) =

Journal of the National Science Foundation of Sri Lanka 47(2)
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_ T1T3A4 - A1A3
om0 T 2R, (4,4, — 243)

157345 — Ag (1277 + T647) + 14474
7,(AsAg — Aé)

W13(opt) =

_ TeAs — A4y
1) T Ry sy — A2)

A;4g — Te4s
w — 778 66
15(opt) RZ (AsAg - Aé)

Inserting optimal weights [wio, w13 and wg;] in
equation (29) and [w;3, w4 and w,] in equation (30),
we get the minimum MSE of the proposed estimators as
follows;

V2

MSE,; (? )= Y [47,B? + (41,7, — 472 + 57y7,)B2
min P1_4T3312 3P1 23 6 1¢3)P2

+ (T1T3 - T%)Bg - (8 + ST]_)TgB]_BZ +

2(2T6T7 - T3T8)BzB3 - 2T1T3BlB3]
.61
and
V2

a Y
MSEyin(¥rz) = —=3 (128} + 11738 + 1,738 + B} —
2P4

2(t1Bsy — T7Bg)T2Bs — 2(14Bs + 1485 + By)B]

.(32)
where
7, = YCZ, 7, = 1+ YCZ,
T3 = WC, T, = PCi (s — 1),
Ts = Pyx o Te = PPy, Cy ()

T7 = PPy GGy, Tg = ltbCJ% (2t5— 1),

A, = 8t3 + 57473, A, = T,13 — T2,
A3 = 2T6T7 — T3Tg, A4 = 8T2T3 + 1OT1T3 - 81—%,

_ 2 _
As = 1175 — 15, Ag = ToT7 — Ty T,

— — 2
A7 — T1T2 + T4, AS — T2T3 - T6,

Maria Javed et al.
Bl = A2A4_ - ZAEZ;, BZ = A1A2 - 2T1T3A3,

Bs = 1,734, — A1A3, Bi= AsAg— A,

Bs = A;Ag — 1646, Be = T¢As — AgA7,

B7 = T2T3A5 - T2T7A6 - T6A6A7 + T4A7A8.

Proposed estimators under stratified random

sampling
(1) First proposed estimator:
Following the lines of Haq and Shabbir (2014) and

Ekpenyong and Enang (2015), we proposed a new
exponential-type estimator as given by,

. N 1 (%, =
Yoisty = ) Wh|wion 77 Z-l-)?_h {exp(Uy) + exp(=Up)}
h=1

+ w11n(Zp = Zp) + w120 Xy — Tp)exp(Uy) ...(33)
Xp—x
where U, = hh
Xh + Xp

(i1) Second proposed estimator:

On the lines of Ekpenyong and Enang (2015), we
proposed another exponential-type estimator given by,

L
Yeasty = Z Wy [w13hyh + wian(Zy —2) +
h=1

_ 2%, — %
w1sp (X, — Xp)exp (%)]
hTh ..(34)

where @ion, @Wi1p, W12n, W13n,W1an and Wys, are the
suitably chosen weights.

The following relative error terms and their
expectations are used to derive the expressions for bias,
MSE and minimum MSE of the proposed estimators;

Fn=7

foh = yhl—(h 2

Ep = Z"‘Z‘hzh such that E(&;,) = 0, for i = 0,1 and 2.
_ Epn—Xp

th - )?h
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Estimators based on bivariate auxiliary information

E(§3h) = nCin = Vago, E(&%) = YnCZ = Vogo,
E(§3) = YnCh = Vooz,

E(§oné1n) = YnPyzrClynCon = Vito,

E(§1né2n) = YrPxznCanCon = Vorn,

E(€oné2n) = YnPyxnCynCxn = Vion

Bias of ?pl(st) and ?pz(st) to the first order of
approximation are given below;

Bias(?,;l(st)) =

W12pR2p

5w10h)]
+ 8

.(35)

L
Z WYy [(wloh = 1) + Vooz (
h=1

and

L
Bias(?}’z(st)) = z Wi ¥y [(013n = 1) + @151Vo02R21]

207

MSE of the proposed estimators ?pl(st) and ?pz(st), to
the first order of approximation are given below:

L
MSE(Voy(en)) = Z WRT? [1 + wly, (1 + Vyoo + %)

h=1

2 p2 2 p2
+ wi1rR5Vo20 + 0120 R21 V002

5
— W1on (2 + ZVOOZ) — W12 R20 V002
— 2010n w110 R3rV110+ 201170120 R2n R31 V011

— W10rW12nR21 V002 (2K — 1)] ..(37)

and

L
MSE(Toagen) = D WETZ[1+ 03an(1 + Vago) +
h=1

2 p2 2 p2
wiapR3pVo20 + 0TspR3pVo02 — 20131
— 2w15pR21 V002 — 2W13pW15RR21 V02 (K — 1)

+ 2W14nW15nR2nR31 V011 — 20130 W14rR3,V110]

h=1
.(36) .(38)

The optimal values w;,,i = 10,11,...,15 are given by,
® _ A1nAzn — 2Vo2Vo2043n

10r(opt) AppAuy — 24%,
® _ 2V110(A1rAzn — 2Vo02V020431) + Vo11(A1nAzn — Voo2VozoAsn)

1ort 2R31Voz0(AznAan — 24%,)
® _ Voo2Vo2044n — A1nAsn

12070 2Ry (AgnAan — 243,)
® _ (1 + V200)Vo2045n — Asn Vo11 + Vo11V200 + VitoArn) + Vooz (k — 1) A7pAgy

13h(op0) (1 + Vao0) (AspAgn — AZ)
© _ Vi10Asn — AenA7n

HROPD T R (AsnAgn — AZp)
© _ A7nAgn — VitoAen

15rOPD = R (AsnAgn — Az
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Inserting optimal weights w;;,,i = 10,11,...,15 in
equations (37) and (38), we get the minimum MSE of the
proposed estimators i.e. Ypl(st) and 7P2(st) as follows;

MSEmin(?Pl(st)) =

T2
—_— [4'V02031Zh + (4Vo20 + 4Vo20V200 — 4Vi40
4Vo20B1n

+ 5Vo02V020) B2 + (Voo2Vo20 — V11)B3h —

(8 + 5Vo02)Voz0B1nBan + 2(2Vy10Vo11 —
Vo20Vo02(2k = 1)) B2 B3, — 2Voo2Voz0B1nBsn)

..(39)
and

MSEmin(?PZ(st)) =

V2

————————[(1 + Vypo) B2, + Voo (1 + Vygo) B2
(1+V200)B‘fh [( 200) 4h 002( 200) S5h

+ Voao(1 + Vi00)BEy + B%, — 2(Voo2Ban

= Vo11Ben) (1 + V00) Bsp — 2(V110Bsn
+ Voo2(k — 1)Bsy, + B4y)B7y] .(40)

where

Cyst
)

CXS t

k = pyxst
A1n = 8Vo20 + 5Vo02V020,

Azn = Voo2Vo20 — V0211'

Aszp = 2V110Vo11 — Vo20V002(2k — 1),

Ay = 8Vo20(1 + Vago) + 10V02Vo20 — 8V,
Asp = Vo2 (1 + Vago) — Vo (k — 1)2,

Agn = Vo11(1 + V200) — Vi10Voo2(k — 1),

Azn = Voo (1 + Va0) + Voo (k — 1),
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Agh = Vozo(1 + Vago) = Vi1,
Bin = AppAan — 243,
Ban = A1nAzn — 2Vo02V02043n,
B3n = Voo2Voz044n — A1nAsn,
Byn = AsnAgn — AZp,
Bsp = A7nAgn — ViroAen,
Ben = Vi1oAsh — AenAzn,
B7n = Vo20(1 4 Va0)Asn — Vo11 (1 + Vao)Agh

— Vi10AenA7n + Vooz (k — 1) A7, Agp,.

RESULTS AND DISCUSSION
Numerical study in simple random sampling

We demonstrate the performances of the proposed and
competing estimators through five natural datasets.
Detailed description of each dataset is given below.

Dataset 1: Source: Koyuncu and Kadilar (2009)

The data for the illustration have been taken from 923
districts of 6 regions (Marmara, Agean, Mediterranean,
Central Anatolia, Black Sea, East and Southeast
Anatolia) in Turkey in 2007. Let y = number of teachers,
x = number of students and z = number of classes both in
primary and secondary schools.

The descriptive measures are:
N =923, n = 180,

Y = 436.4345, X =11440.5, Z = 333.1647,
C, = 1.7183, C, = 18645, C, = 1.3280,
pyx = 09543,  p,. =09794, Pxz = 0.9465

Dataset 2: Source: Ahmad (1997)

Let y = number of literate persons, x = number of
cultivators and z = total population

The descriptive measures are:
N =376, n =159,

Y =316.65 X =141.13, Z=1075.31,
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C, = 07721, C, = 0.8450,
Py = 09106, py, = 0.9094,

¢, = 0.7746,
prp = 0.8614

Dataset 3: Source: Abu-Dayyeh et al. (2003)

This data were taken from the District Handbook of
Aligarh, India and is related to 332 villages. Let y =
number of cultivators, x = area of village and z=number
of households in a village.

The descriptive measures are:
N =332, n =80,

Y = 1093.10, X =181.57, 7 = 143.37,
C, = 0.7626, C, = 0.7684, C, = 0.7616,
pyx = 0.973, pyz = 0.862, Pxz = 0.842

Dataset 4: Source: Singh and Chaudhary (1986)

Let y = area under wheat in 1974, x = area under wheat in
1971 and z = area under wheat in 1973.

The descriptive measures are:

N = 34, n= 20,

Y = 856.41, X =208.88, 7 = 199.44,

c, = 0.86, C, = 0.72, ¢, =0.75,

Pyx = 0.45, Pyz = 0.45, Pxz = 0.98
Table 2:
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Dataset 5: Source: Cochran (1977)
Let y = number of placebo children, x = number of
paralytic polio cases in the ‘not in occulted’ group and

z =number of paralytic polio cases in the placebo group.

The descriptive measures are:

N =34,n = 15,

Y = 4.92, X =259, 7 =291,
C,=1.01232, C,=123187, (,=1.05351,
pyx = 07326,  p,, = 0.643, Pz = 0.6837

The percentage relative efficiencies (PREs) of all the
estimators with respect to usual unbiased estimator ¥, are
calculated through the expression given in equation (41).

MSE(Y,) _
E=——22x100,fori = 0, MR,MReg,D, MU,,
MSE(Y,)

MU,, MUy, SG, P1 and P2 ..(41)

Table 2 provides the PREs of the proposed and
competing estimators considered in the present study.
Table 2 reveals that the proposed estimators, i.e. Y1
and Yp, have maximum PREs against all estimators in
all datasets. These findings suggest that the proposed
estimators are more efficient than the existing estimators.

Percentage relative efficiencies (PREs) of estimators in simple random sampling

Estimators Dataset 1 Dataset 2 Dataset 3 Dataset 4 Dataset 5
7, 100 100 100 100 100
Vur 1164.5160 872.4929 2123.6300 105.5530 195.0976
?MReg 103.8718 129.7944 138.3812 100.8166 144.0968
i 1164.6500 907.1578 2127.8320 125.7143 235.0896
)A’MUV1 1159.6470 906.5428 1202.4890 126.6390 220.4138
)Q’MUVO 1164.3120 907.5504 1207.8530 127.3708 225.6525
Vso 1174.4470 908.3624 2135.4120 127.5962 243.0908
7. 1384.4790 914.8019 2355.4150 128.9184 264.7184
Vo1 1514.4600 930.3748 2484.3000 130.2963 307.2392

Numerical study under stratified random sampling

We considered a real population of Turkey (2007)
used by Koyuncu and Kadilar (2009). In this dataset
y = number of teachers (study variable), x = number
of students (first auxiliary variable) and z = number

of classes (second auxiliary variable) recorded for
primary and secondary schools at 6 regions for
N = 923 districts. A total sample of size n = 180 is
selected through Neyman allocation from 6 strata. The
necessary data statistics are given in Table 3. PREs are
calculated for this population to see the performance

Journal of the National Science Foundation of Sri Lanka 47(2)
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Table 3: Population parameters

Maria Javed et al.

h™ Stratum

Values 1 2 3 4 5 6

Ny 127 117 103 170 205 201

Ny 31 21 29 38 22 39

Yh 703.7402 413.00 573.17 424.66 267.03 393.84

Xh 20804.5906 9211.79 14309.30 9478.85 5569.95 12997.59

Z_h 498.28 318.33 431.36 311.32 227.20 313.71

Syh 883.8348 644.922 1033.467 810.585 403.654 711.723

Sxn 30486.7514 15180.769 27549.697 18218.931 8497.776 23094.141

San 555.58 365.46 612.95 458.03 260.85 397.05

Pyxn 0.9366 0.9956 0.9938 0.9835 0.9893 0.9652

Pyzh 0.9790 0.9760 0.9840 0.9830 0.9640 0.9830

Pxzh 0.9396 0.9696 0.9770 0.9640 0.9676 0.9960
Table 4: Percentage relative efficiencies (PREs) of estimators in CONCLUSION

stratified random sampling

Estimators  Yjsr) Yuresty Yuregsty Yoo Yuu st

PRE’s 100.000  1923.821 110.208 4678.240 2058.423

Estimators YMU,O(SC) 17S(;(st) YPZ(st) 17Pl(st)

PRE’s 2063.828 5089.850 5747.415 9971.986

of the proposed estimators, i.e. (?pl(st) and ?PZ(St))
as compared to other estimators under study, i.e.

YO(st)' }_/MR(st)' }_/MReg(st)t YD(st)' YMU,l(st)t YMU,O(SC) and ?sa(scy
MSE(Y,) y
MSE (Yist))

where PRE = 100,

fori = 0, MR, MReg, D, MU,, MU,, SG, P1 and P2
.(42)

Table 4 clearly shows that the proposed estimators
are more efficient among all traditional and existing
estimators as they have higher PRE values.

In this manuscript, ratio-type estimators for estimating
population mean are proposed using linear combination
of two auxiliary variables under simple and stratified
random sampling. Numerical illustration through
different datasets turned out that the proposed estimators
are more competent than other estimators under study.
Thus, survey statisticians may be encouraged for the
practical application of the proposed estimators, if
bivariate auxiliary information is available.
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