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ABSTRACT

The present paper deals with modified linear regression type ratio estimators for estimation of population
mean of the study variable when the Kurtosis, Skewness, population correlation coefficient and quartiles of
the auxiliary variable are known. The bias and the mean squared error of the proposed estimators are
dertved and are compared with that of simple random sampling without replacement (SRSWOR) sample
mean, the usual ratio estimator and the existing modified linear regression type ratio estimators. As a result,
we have dertved the conditions for which the proposed estimators perform better than the other existing
estimators. Further the performance of the proposed estimators with that of the existing estimators are
assessed_for a natural population. F'rom the numerical study it is observed that the proposed modified ratio
estimators perform better than the existing estimators.

Keywords: First quartile, Inter-quartile range, Simple random sampling, Semi-quartile average,

Semi-quartile range.

1. INTRODUCTION
Consider a finite population U = {U;,U,, ..., Uy} of N distinct and identifiable units. Let Y be

a study variable with value Y; measured on U;,i = 1,2,3, ...,N giving a vectorY = {Y,, Y5, ..., Ynl
The problem is to estimate the population mean Y = %Zi\I:lYi on the basis of a random sample

selected from the populationU. The SRSWOR sample mean is the simplest estimator for
estimating the population mean. If an auxiliary variableX, closely related to the study variable Y is
available then one can improve the performance of the estimator of the study variable by using
the known values of the population parameters of the auxiliary variable. That is, when the

population parameters of the auxiliary variable X such as population mean, coefficient of variation,
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kurtosis, skewness, median are known, a number of estimators such as ratio, product and linear
regression estimators and their modifications are suggested in literature and are performing
better than the SRSWOR sample mean under certain conditions. Among these estimators the
ratio estimator and its modifications are widely attracted many researchers for the estimation of
the mean of the study variable (see for example Murthy [17], Singh and Chaudhary [27, Al-
Omari, et al. [87, Kadilar and Cingi [4, 57, Yan and Tian [67], Subramani [7] and Cingi and
Kadilar [87).
Before discussing further about the existing modified ratio estimators and the proposed

modified ratio estimators, the notations to be used in this paper are described below:

e N — Population size

e n — Sample size

e f=n/N, Sampling fraction

e Y — Study variable

e X — Auxiliary variable

e X,Y - Population means

e X,y -Sample totals

e X,y — Sample means

o S, Sy — Population standard deviations

e S,, — Population covariance between X and Y

e (4, Gy — Coefficient of variations

e p — Coefficient of correlation between X and Y

1 p—
o U= ﬁZ{il(Xi — X)¥, rth order central moment

° B =

, Coefficient of skewness of the auxiliary variable

Foo|Fro

o B, =% Coefficient of kurtosis of the auxiliary variable
273
S . .. .
e b=f3= SL)Z(Y’ Regression coefficient of Y on X

e Qq —First (lower) quartile of auxiliary variable
e Q3 —Third (upper) quartile of auxiliary variable

e  Q,=(Q3 — Q) —Inter-quartile range of auxiliary variable

Qq = (Q3T_Ql) —Semi-quartile range of auxiliary variable

Q.= @ —Semi-quartile average of auxiliary variable

e B(.) — Bias of the estimator

e MSE(.) — Mean squared error of the estimator
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°
=

i(i)].) — i%Existing (j*proposed) modified ratio estimator of Y

In the case of simple random sampling without replacement (SRSWOR), the sample
mean Vsis used to estimate population meanYwhich is an unbiased estimator and its variance

is given below:

_ 1-
V(Tgrs) = 252 (1)

n

The ratio estimator for estimating the population mean Y of the study variable Y is defined as

?R=

X<

X (@)

The bias and mean squared error of Yg to the first order of approximation are given below:

= 1_ —

B(Yr) = S2V(c - pCyCy) (3)
— (1_0 j—

MSE(YR) = 5292(C2 + €2 - 2pC,Cy) (4)
The usual linear regression estimator and its variance are given below:
Vi =7 +BX-%) (5)

S (1-H
V(er) =—5;(1-p?) (6)

The ratio and the linear regression estimators are used for improving the precision of
estimate of the population mean based on SRSWOR when there exist an auxiliary variable X and
positively correlated withY. It has been established; in general that the linear regression estimator
is more efficient than the ratio estimator whenever the regression line of the study variable on the
auxiliary variable does not passes through the neighbourhood of the origin. Thus, the linear
regression estimator is more precise than the ratio estimator unless f = R (See page 196 in
Cochran [97).

Kadilar and Cingi [47 have suggested a class of modified ratio estimators in the form of

linear regression estimator as given below:
= _ = 1 [X
Y, = [y +b&-0][3] (7)

Kadilar and Cingi [47] have shown that the modified linear regression type ratio estimator
given in (7) perform well compare to the usual ratio estimator under certain conditions. Further
estimators are proposed by modifying the estimator given in (7) by using the known Coefticient of
Variation, Coefficient of Kurtosis, Coefficient of Skewness etc. together with some other modified
ratio estimators in Kadilar and Cingi [47], Kadilar and Cingi [57] and Yan and Tian [67]. The list
of existing modified linear regression type ratio estimators together with the constant, the bias

and the mean squared error are given below in Table 1:
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Table-1. Existing modified ratio estimators (Class 1) together with the constant, bias and mean

squared error

Estimators Constant R;  Bias-B(.) MSE(.)
- _ X -
Y, = [F+bX-%)]= Y 1-Hs3 1-9
1=y +b&-RIg R =5 R (Risz +s3(1 - p2)
Kadilar and Cingi [4] n n
??2=[y+b<i—i)][)_”c" Vo oa-08., =00, o0
RG]  Ro=g—— — Ry —— (R3S +S3(1-p?))
Kadilar and Cingi [4] X
- _ X+ B,] -
Y. =[_+b(X—§)][_ Y (1—-1)S? 1-0
=Y X+B|  Re=g g 2 Bl C SRR CRYD)
Kadilar and Cingi [4] 2
s
' < BZ)z + Cx- R4 A (1 - f) S)% (1 - f)
=[F+b&-0] |2 __Pe R (R2sz +s3(1-p?)
BoX + C«] B,X +C n Y n
Kadilar and Cingi [47] 2 X
Y.
5 < CX + B B g 1-DS% (1-16)
=F+b®-0] |22 __GY =R (REsz +53(1 - p?)
CxX + B2 ] CX+B n Y n
Kadilar and Cingi [47] X 2
v v X+ 81- <
= [y ~% Y 1-1f)s2 1-
Yo = [y +b(X X)]L_H‘Bl_ R6=X+B ( D%Ré ( D(R§S§+S§(1—p2))
Yan and Tian [67] ! n n
Y.
KB Y g a-pst, (-9
=[F+bX-R] |22 __ BY 2XR2 (REsZ +53(1 - p?)
BiX + B, | B.X+ B n Y n
Yan and Tian [67] ! 2
Y =[y+b(X—%) [_— Y (1—1)S2 a-0
o =1y ]X+P R8=X—+p - % 3 = (R§S§+S§(1—pz))
Kadilar and Cingi [5]
- _ CX+p -
Y=[‘+b(X—i)][X_ ] &Y (A-HSE (1-f
= CX+p| Ro=rwr — =R} . (R3sz +53(1 - p?))
Kadilar and Cingi [5] X P
- _ [pX + Cy] - (1-9
Vo=l +b@-01P | L oY a-pst, o (Risi+sia
L X | 10 — ¢ < Do
Kadilar and Cingi [57] PR+C Y - p%)
- - [B,X + p] - 1-10
Lo-meb®-RIfEt e a-ns o (Ristesia
| P2 ] 11 — v < M1
Kadilar and Cingi [5] BX+p  m Y —p%)
- _ [pX + B - 1-9
Vo-eo®-0l[Sr2l L oY a-nst, (Rhs2 + 530
L 2] 12 — ¢ T M2
Kadilar and Cingi [5] PX+B,  m Y - %)

It is to be noted that “the existing modified ratio estimators” means the list of modified ratio

estimators to be considered in this paper unless otherwise stated. It does not mean to the entire

list of modified ratio estimators available in the literature.
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The list of modified linear regression type ratio estimators given in Table 1 uses the known
values of the parameters like X, Cy, By, B2, pand their linear combinations to improve the ratio
estimator in estimation of population mean. In this paper an attempt is made to use the Kurtosis,
Skewness, Population Correlation coefficient and Quartiles of the auxiliary variable to introduce
modified linear regression type ratio estimators for estimating population mean in line with

Kadilar and Cingi [4].

2. PROPOSED MODIFIED LINEAR REGRESSION TYPE RATIO
ESTIMATORS
In this section, a class of modified linear regression type ratio estimators is proposed for

estimating the finite population mean and also derived the bias and the mean squared error of the
proposed estimators (see Appendix A). The proposed estimators is defined as Y, g = 1,2,..,14
for estimating the population meanY together with the constant, the bias and the mean squared

error are presented in the following Table 2:

Table-2. Proposed modified linear regression type ratio estimators with the constant, bias and

mean squared error

Estimators Constant R;,  Bias-B(.) MSE ()
? 1 RPI (1 _ f) ) 5 5

_p [y + bX — %)] M = £ a-9 %R%n n (RP1SX +5;(1
=1y X BZ)_( + Ql BZX + Q1 n 3 pZ))
? 2 RPZ (1 — f) 5 5 )

. S G |12,k Y I - 0% . (R2,s2 + 5201
it * B.Xx+ Qs B,X +Q; n _ pz))
? 3 Rp3 (1 — f) 5 5 X

_p [¥+bX-3)] B2X + Q] _BY -9 ﬁRfsg n (Rp3sx +S;(1
=[y+bX-% m T BX+Q, n Y _pz))
? 4 Rp4 (1 —_ f) ) 5 5

—p [7+bX-3)] [B2X + Q] __BY a- 0% 2 n (RP4SX +S2(1
=1y X B.X + Qq B.X + Qq n B pz))
? 5 RPS (1 — f) ) 5 X

_p [_ b(X — % ] -BZX-I_ Qa- _ BZ? a- 05 %5 n (RPSSX + Sy(1
=[y+bX-%) BX+Q, TBX+Q, n Y _pz))
? ) Rp6 @ 2 Q2 2

. S g (17,6, Y R a- 0% T (R3S +5201
=ly X B:Xx+Q, le+Q1 n B pz))
? 7 Rp7 (1 - f) ) o ,

_p [y + bX —%)] BiX + Qs] _ B.Y a- 0% 2 n (Rp7sx +S;(1
e * B1X+ Q3 B:X+ Qs n B pz))
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=

k R 1-n
ps 6%+ Q Ps 8.7 (1-19 §R2 (Rgssg +52(1
=[y+bX—-x)] ﬁ oS ey — <R, _pz))
1 r 1 r
v R 1-9
Ps ) 0%+ Q Po 8.7 (1- D%RZ - (Rf,gsg +S2(1
=[f+bX -9 |[7—7>2 __ bt — < RE, _pz))
_le + Qa_ le + (22_l
v R 1-9
P10 B %40, P10 7 1-19 % ) - (Rlzhos)% + S}Z,(l
= +b& -3 S =F n Y Pw 2
[ PR+ Q4 | pX + Q, —p ))
v R (1-9
P11 P11 , ) ) )
pX + Q3] Y 1-9S RZ S2 +S2(1
=[y+bX-%)] M :L ( = D%R%n n ( P11°X y2
d [PX + Qs pX+ Q3 —p ))
v R (1-0
P12 - ) P12 1— SZ RZ SZ N 52(1
=[§+bX-3)] w — pY ( = D %R%u n ( P12°X y )
! p)_(+Qr pX+Qr _p))
E R 1-0
p p _ ) ) )
13 _ [pX + Q4] 13 oY (1 DERZ n (Rp13SX + Sy(l
— [y +bX - 0] |1 P — RS, 2
PX + Qq pX + Qq —p))
v R 1-9
P1a - ) P14 _ 1— SZ RZ SZ N Sz(l
= [_ + b(X - )_{)] w — pY ( D %R%LL n ( P1a“-X y
il [ pX + Q4| pX +Q, n B p2))

3. EFFICIENCY OF THE PROPOSED ESTIMATORS
The Variance of SRSWOR sample mean Vg ¢is given below:

V(}_’srs) = %S}ZI (8)

The mean squared error of the usual ratio estimator Y to the first degree of approximation is

given below:
= 1_ —
MSE(YR) = 8092(c2 + 2 - 2pC,Cy) 9)

The modified ratio estimators given in Table 1 and the proposed modified ratio estimators
given in Table 2 are represented in three classes as given below:

Class 1:The mean squared error and the constant of the existing modified linear regression
type ratio estimators ?1 to ?12 listed in the Table 1 are represented in a single class (say, Class
1), which will be very much useful for comparing with that of proposed modified linear regression

type ratio estimators and are given below:

MSE(Y,) = 2 (RESZ + S3(1 — p?))5i = 1,2,3,...,12 (10)

n

Class 2:The mean squared error and the constant of the proposed modified linear regression

type ratio Estimators _Yp1 to Ypu listed in the Table 2 are represented in a single class (say, Class

338
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2), which will be very much useful for comparing with that of existing modified linear regression

type ratio estimators (given in Class1) are given below:
g ) _@a-n i
MSE (¥,) = = (R%jS,E +52(1 - pz)),] = 1,2,3,...,14 (11)
From the expressions given in (8) and (11) we have derived the conditions (see Appendix-B)
for which the proposed estimator ?I,]. are more efficient than the simple random sampling without
replacement (SRSWOR) sample mean Vg5 and are given below:

_ . S .
MSE (Yy,) < V(Frs) if Ry, < pLii=123,..,14 (12)
From the expressions given in (9) and (11) we have derived the conditions (see Appendix-C)

for which the proposed estimators ?p,- are more efficient than the usual ratio estimator and are

given below:

MSE (?pi) s MSE(?R) ifY( X ;chy> < Rp] < ?(pcysx— CX>
or
TES) R YOS o)

From the expressions given in (10) and (11) we have derived the conditions (see Appendix-D)
for which the proposed estimators ? ].;j =1,2,3,...14 are more efficient than the existing

modified ratio estimators given in Class 1, ?i ;1=1,2,3,...,12 and are given below:

MSE (¥,,) < MSE(Y,) if R, < R;;i=1,2,3,...,12:j=1,2,3,..., 14 (14)

i

4. EMPIRICAL STUDY

The performance of the proposed modified linear regression type ratio estimators are
assessed with that of the SRSWOR sample mean, the usual ratio estimator and the existing
modified ratio estimators for a natural population considered by Kadilar and Cingi [47]. The
population consists of data on apple production amount (as study variable) and number of apple
trees (as auxiliary variable) in 106 villages of Aegean Region in 1999. The parameters computed

from the above population are given below:

N =106 n =40 Y =22125943 X =27421.6981
S, = 114969102 C, = 5.1961 S, = 57188.9320 C, = 2.0855

p = 0.8560 Baoo = 345723 By =5.1238 b =0.1721

Q, = 2387.5 Qs = 26700 Q, = 243125 Qq = 12156.25
Q, = 14543.75
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The constant, the bias and the mean squared error of the existing and proposed modified

ratio estimators are given in Table 3:

Table-3.Constant, Bias and Mean squared error of the existing and proposed estimators

Estimators Constant B(.) MSC (.)
SRSWOR Sample mean Vsrs -~ - 2057484.9094
Ratio Estimator ?R 0.0807 169.6823 975171.1057
Iélslif;;tor Regression Y, - - 549896.3301
Y, 00807 149.8012  881845.5029
Y, 00807 149.7784  881295.0933
\2(3 0.0806 149.4241 880511.3222
Y, 00807 149.8005  881844.0447
Existing Modified linear ?5 00806 149.6202 880945.1187
regression  type ratio Y,  0.0807 149.7918 881324.8108
estimators Y, 00807 149.7967  881835.5808
(Class 1) \78 0.0807 149.7745 881286.6144
\79 0.0807 149.8009 881844.9044
?10 0.0806 149.3609 880371.3022
?11 0.0807 149.7452 881221.6738
?12 0.0807 149.7275 881182.4501
\c(pl 0.0805 149.0495 879,682.3602
\c(pz 0.0785 141.7068 863,435.9767
\Q(p3 0.0787 142.4035 864,977.6022
Proposed Modified linear ?m 0.0797 146.0321 878,006.1441
:gzzig: type  ratio i(ps 0.0795 145.3086  871,405.2963
(Class 2) Y, 00793 144.8370  870,361.9563
?p 0.0678 105.7788 783,941.8306
?pg 0.0688 108.8656  790,771.6476
?pg 0.0731 123.0159 822,080.5680
SA_(pm 0.0752 123.4180  822,970.2420
im 0.03717 32.7878 622,442.3811
Yo, 00396 36.1459 629,872.6416
SA_(M 0.0532 65.0188 693,756.4581
qu 0.0498 57.1087 676,254.6344

From the values of Table 4, it is observed that mean squared error of the proposed modified
linear regression type ratio estimators are less than the variance of SRSWOR sample mean, mean
squared error of the usual ratio estimator and existing modified linear regression type ratio
estimators. The percent relative efficiencies (PRE’s) of the proposed estimators with respect to

the existing estimators computed by the formula as given below:
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PRE (Y,,) = ﬂ(:]

Table-4. PREs of the proposed estimators?pj; i=123,..7

SE(? ) *100;j = 1,2,3, ...,14 and are presented in the following tables:

—~

Estimators Y, Yy, Yy, Y, Yoo Yo, Yy,
Vsrs 233.89 238.29 237.87 235.68 236.11 236.39 262.45
YR 110.85 112.94 112.74 111.70 111.91 112.04 124.39
Y, 100.19 102.07 101.89 100.96 101.14 101.26 112.42
Y, 100.18 102.07 101.89 100.95 101.18 101.26 112.42
?3 100.09 101.98 101.80 100.86 101.04 101.17 112.82
Y, 100.19 102.07 101.89 100.96 101.14 101.26 112.42
?5 100.14 102.03 101.85 100.91 101.09 101.22 112.87
Y6 100.19 102.07 101.89 100.95 101.14 101.26 112.42
Y, 100.19 102.07 101.89 100.95 101.14 101.26 112.42
Y8 100.18 102.07 101.89 100.95 101.18 101.26 112.42
Yy 100.19 102.07 101.89 100.96 101.14 101.26 112.42
?10 100.08 101.96 101.78 100.84 101.08 101.15 112.80
Y11 100.17 102.06 101.88 100.94 101.13 101.25 112.41
?12 100.17 102.06 101.87 100.94 101.12 101.24 112.40
Table-5.PREs of the proposed estimators? ¥ j=28,9,10,..,14
Estimators Y, Yoo Y10 Youu Yo, Yois Yoiu
Vsrs 260.19 250.28 250.01 3830.55 326.65 296.57 304.25
Yr 123.32 118.62 118.49 156.67 154.82 140.56 144.20
?1 111.45 107.21 107.09 141.59 189.92 127.04 130.33
?2 111.45 107.20 107.09 141.59 139.92 127.03 130.32
?3 111.85 107.11 106.99 141.46 1389.79 126.92 130.20
?4_ 111.45 107.21 107.09 141.59 139.92 127.04 130.33
?5 111.40 107.16 107.04¢ 141.58 139.86 126.98 130.27
Ye 111.45 107.21 107.09 141.59 139.92 127.04 130.32
?7 111.45 107.21 107.09 141.59 139.92 127.04 130.33
?8 111.45 107.20 107.09 141.59 139.92 127.03 130.32
Yy 111.45 107.21 107.09 141.59 139.92 127.04 130.33
?10 111.83 107.09 106.97 141.44 189.77 126.90 130.18
?11 111.44  107.19 107.08 141.57 139.90 127.02 130.31
?12 111.48 107.19 107.07 141.57 139.90 127.02 130.30

From the values of Table 4 and Table 5, it is observed that the PRE’s of the proposed

estimators with respect to the existing estimators are ranging from 100.08 to 830.55. This shows

© 2014 Conscientia Beam. All Rights Reserved.
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that proposed estimators are more efficient and perform better than the SRSWOR sample mean,

the usual ratio estimator and the existing modified linear regression type ratio estimators.

5. CONCLUSION

In this paper we have proposed a class of modified ratio estimators using the Kurtosis,
Skewness, Correlation coefficient and quartiles of the auxiliary variable. The bias and mean
squared error of the proposed estimators are obtained and compared with that of the existing
estimators. Further we have derived the conditions for which the proposed estimators are more
efficient than the SRSWOR sample mean, the usual ratio estimator and the existing modified
linear regression type ratio estimators. We have also assessed the performance of the proposed
estimators with that of the existing estimators for a natural population. From the numerical study
it is observed that the mean squared error of the proposed estimators are less than variance of the
SRSWOR sample mean and the mean squared error of the usual ratio estimator and the existing
modified linear regression type ratio estimators. Hence we strongly recommend that the proposed
modified linear regression type ratio estimators may be preferred over the existing estimators for

the use of practical applications.
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Appendix-A
We have derived the bias and mean squared error of the proposed modified linear regression

type ratio estimator ?pj;j =1,2,3,...,14 to first order of approximation and are given below:

Lete, = y% and e; =

|><.

X . Further we can write y = Y(1 + e;) and X = X(1 + e;) and from the

definition of ey and e; we obtain:

E[eo] = E[e;] =0

@a-f
n

Ele3] = “2¢2; Ele?] = =2 CZ: Elege,] = -2 pC, Gy

The proposed estimators ?Pj in the form of eq and e;is given below:

- _ _ X+ A
nﬁ=Yﬂ+e@+b@—§4 ( ) j=1.23,...,14

(X(1+e)+ A)

=&’)\2 Q3 }\3 Qr 14 Qd AS Qa }\6 Ql )\7 Q3 }\8

where A4 5
2

31

Qa Ql Q3 Qr Qd Qa

7\9=E,7\10=?,7\11—p,7\12=?,7\13=?,7\14=?
= - - X+%)
Yp]. =Y(1+ey) +b(X—X%)
(X+A)< )
=~ Y(1+e)+bX- X
=Y, = ( o) X-%) where 6,, =123, ...,14
j Pj X+7\

(1 + Gp].el)

=¥, =Y +e) +bX-%) (1+06,e,)
=, = Y(1+ep) +bX—%) (1 — B0, + 82,07 — 03 ef + )

Neglecting the terms higher than third order, we will get:

Y,,

=Y + Ye, — bXe; — Y66, — YO, ege; + bX6,, ef + Y67 ef

= 7],]. —Y =Ye, — bXe; — ?epj e; — Y8 e0e; + bYep]. e? + Yegi e? (A)

38
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Taking expectation on both sides of (A), we get:

E (?pj - ?) = YE(eo) + bXE(e;) — Y6, E(e,) — Y0y, E(ege,) + bX6,, E(e?) + Y03, E(e?)

s (1 - f) Tn2 2 Sxy Sxy
Bias (¥, ) =T(Yepjcx = Oy, 5 o+ Oy 52 C )
Bias (Y,,) = 2 (Y03,C2) 3 = 1,23, .., 14 (B)

Substitute the value of epj in (B), we get the bias of the proposed estimator? ].;j =1,2,3,..,10 as

given below:

o (ay_anlc xR
Bias (¥, ) = = <Y—(X+x,-)2CX> (C

Multiply and divide by Y2 in (8.19), we get

~

Bias (7,,) = =2 (¥R2 ) whereR,, = =1,23,..,14 (D)

vy
n X+7\j']

Squaring both sides of (A), neglecting the terms more than 2™ order and taking expectation on

both sides we get

~ 2
E(Y, - Y)
= E(Y?e2) + b?X?E(e?) + YZG%jE(e%) — 2bYXE(epe;)
- Z?ZGPjE(eoel) + Zbﬂeij(ef)
MSE (V)
a-0,._ _ _ —
= (Y2c§ + b2X?CZ + Y262, CZ — 2bYXpC,
— 226, pC, C, + 2bXY0;C3)
MSE (¥, )

(1-9 Y2c2 + SZ 2 202 2 _ Sxy Sxy
= Y<Cy + (52)25 +Y9C SZSSSS

Syy Sxy
_ZYepss SyCx +ZSZS Y9 C
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MSE (?p,-) _ a ; f) (Ych, +Y%05,C¢ + % -2 % — 2Y6; 58_ch +2Y6, Ssi:’cx)
MSE (Y,,) = a - D (YzeﬁjC£ +¥22 - %)
Z
MSE (?(p,-) _a ; f) (?Zegjc,% rsio p2§§S§> since p = SS,();yy
MSE (¥,,) = a ; D (7203,C2 + 52 — p?s?)
MSE (??pj) _a ; D (Yzef,]. C2 +S2(1— pz))

Substitute the value of ep]. in the above expression, we will get:

= 1 - j— XZ
MSE (ij) _0-9(5 ———C2+S2(1 - p?)
n (X+2)
= 1 - ?2 —
= MsE(Y,,) = -9 S X2CZ +S2(1 — p?)

o\ (X+4)

The mean squared error of the proposed modified linear regression type ratio estimators ij is
given below:

_ (1-9 _ Y
MSE (Y,,) = T(josg +52(1— p2)> where Ry, = 25 = 1,2,3,...,14 (E)
Appendix-B
The conditions for which the proposed modified linear regression type ratio estimators (Class 2)

perform better than the SRSWOR sample mean are derived and are given below:

For MSE (¥, ) < V(srs)

j

5

A=D (s coy e 2 a-0
= <RijX+Sy(1—p))S -

= (R3s2+5501- ) =53

= R}, S%+S7 —Syp? =S5 <0
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= R}, SZ—S7p? <0
= R}, S < §7p?

= RijX <Syp

=>p2Rp].S—z

Sy
= Rp]. < pS—X

. — . Sy
That is MSE (¥,,) < V(srs) if Ry, < pS
X

j
Appendix-C
The conditions for which the proposed modified ratio estimators (Class 2) perform better than the
usual ratio estimator are derived and are given below:
For MSE (¥, ) < MSE(Y)

(1-19)

n

1-— _
( - D (josg +S2(1 - pz)) < Y2(C2 + C2 — 2pCiCy )

Ry,

= Y? (R’lgsz,% +C2(1 - p2)> < Y%(C§ + Cf — 2pC,Cy Jwhere R}, = aa

= R;fjs)% +C2(1—p?)—CZ—C2+2pCC, <0
= R}y SZ +CZ — p?C2 — C2 — C2 + 2pC,Cy < 0
= R}y SZ — p?CZ — C2 + 2pC,Cy <0

= (Cx—pCy)’ —RyS220

= (Cx = pCy +Rp,S¢) (Cx— pCy — Ry, Sy) = 0

Condition 1: (C = pCy + R}, S,) < 0and (Cx — pCy — R},Sx) <0

Cx + R*p]. Sx < pCy and Gy — R’f,i Sy < pCy

. _ PGy — G . < & —pGy
ﬁRpj SS—X andRp]. ZS—X
Cx - pr ply — RPj
Sx Pj SX where p Y
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Condition 2: (Cy — pCy + R5.S¢) = 0and (Cy — pCy — R%.S,) >0
p y bj p y Pj

Cy + R’f)j Sx = pCy and C; — R’I‘)j Sy = pCy

pCy —Cy Cx —pCy

= Rpj > S, and Rp]. < S,

:>pcy_cx_ . Cx_pcy
Sx g Sx

That is MSE (¥, ) < MSE(Ye) if ¥ (222 ) < R, < 7(22)

Appendix-D

The conditions for which the proposed modified linear regression type ratio estimators (Class
2) perform better than the existing modified linear regression type ratio estimators (Class 1) are
derived and are given below:

For MSE (¥,,) < MSE(Y,);i = 1,23,..12and | = 1,23,...14

j

1-19 1-1
= (Re 87+ 5301 - p9)) < = (RisE + 531 - p?))
= R}, 5% +S7(1—p?) < R{SZ +S5(1—p?)
= R S} < R¥S
= Rf,]. < R?
= Rp]. < Ri

That is MSE (¥, ) < MSE(Y,) if R, < Ri;i=1,2,3,...,12:j = 1,2,3,..., 14

i

Views and opinions expressed in this article are the views and opinions of the author(s), Journal of Building Construction, Planning
and Materials Research shall not be responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of
the use of the content.
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