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Abstract: This paper proposes some ratio estimators for population mean using known
skewness coefficient of auxiliary attribute. Theoretically, it is obtained mean square error
(MSE) equations for all proposed estimators. The efficiency between the suggested
estimators and some known estimators is compared. The theoretical findings are also

supported by a numerical examples using original data sets.
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1. Introduction

The Naik and Gupta estimator for the population mean ¥ of the variate of study, which make

use of information regarding the population proportion possessing certain attribute, is defined by

V
Vne ==P (1.1)
NG p

Let y; be ith characteristic of the population and ¢, is the case of possessing certain attributes.

If ith unit has the desired characteristic, it takes the value 1, if not then the value 0. That is;

. {1 , if ith unit of the population possesses attribute
=l , otherwise

Copyright © 2018 by Modern Scientific Press Company, Florida, USA


mailto:tolgazaman@karatekin.edu.tr

Int. J. Modern Math. Sci. 2018, 16(2): 87-95 88

where ¥ the sample mean of the study variable and a = X, @; be the total count of the units that

possess certain attribute sample. p =§ shows the ratio of these units and it is assumed that the

population proportion P of the form of attribute ¢ is known.
The MSE of the Naik and Gupta estimator is

_ 1-f
MSE (¥ye) & — [s_f, —2R,S,, + R;s;) (1.2)

where, f =—; N is the number of units in the population; R =§ is the population variance of

auxiliary attribute ¢, S7 is the population variance of the study variable and s, is the sample
covariance between the auxiliary attribute and the study variable (Naik and Gupta, 1996).

2. Suggested Estimators

Following Singh et al. (2008), it is proposed the estimators using the skewness coefficient of

auxiliary attribute as follows:

¥ +£=¢,(P p)

tyrs = 22222 [p 4 B, (9) 2.1)
trs = 2t L [, ()P + B (9) 2.2)
tors = e B [B,(9)P + B (9)] (2.3)
e (ACLETN 24
prs = %[C P+ B (¢)] (2.5)

where C,, B, (@) and B, (¢) are the population coefficient of variation, the population coefficient of
kurtosis of auxiliary attribute and d the population coefficient of skewness of auxiliary attribute,

respectively and by, = ?—j" is the regression coefficient. Here, s; is the sample variance of auxiliary
@

attribute and s,,,, is the sample covariance between the auxiliary attribute and the study variable.
It is obtained the MSE equations for these proposed estimators using Taylor series approach as

(for details, please see the Appendix A)

1-
MSE () & —[3252 +82(1-p2,)] i=12,..5 (2.6)

-_r __ FBle) __ T () __ Pl o __Fop

Where Ry = e B2 = mhtorater B3 = phteraite) T4 T pEerig, MBS T o
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3. Efficiency Comparisons

In this section, the MSE of some known traditional estimators are compared with the MSE of
the proposed estimators.
It is well known that under simple random sampling without replacement (SRSWOR) the

variance of the sample mean is;

1-f

n

V(i) = r2c; (3.1)

In this section, firstly, the MSE of the proposed estimators given in (2.6) with the variance of
sample mean it is compared, so | have the following conditions;

MSE(tyy) <V(¥),i=12,..5 if,

Rfsg < sﬁpgb

o2

i=12..5 (3.2)

When the restrictions (3.2) is satisfied, the proposed estimators are more efficient than the sample

mean.

MSE(t,,;) < MSE (¥yg), i = 1,2,...,5

1—f 1—f
— [RZs2+82(1—p2,)] < — ($2—2R,S,, + RLSZ

RIS, +2R,S,, — RS, < S;pZ,

2 z 2
52 (RF-R3)+2R Sy
2
5y

Pop > = 12,..,5 (3.3)

When the conditions (3.3) is satisfied, the proposed estimators are more efficient than the ratio
estimator suggested by Naik-Gupta (1996).

MSE(t,,;) < MSE(t,,;). i#j=12..75
R2S2 < R2S2

Sa(RZ-R}) <0

@
R?—R?<0

If R, <R,R;>—R;, i#j=12..5 (3.4)

If R;>R;,R;<—R;, i#j=12..75 (3.5)
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When either of the condition (3.4) or (3.5) is satisfied, the ith proposed estimator is more efficient than

the jth proposed estimator.
4. Numerical Illustrations

The performance of various estimators considered here using the two data sets is compared in
this section.
Population | (Source: see Sukhatme (1957), p. 279)

v = Number of villages in the circles

b, = [l . Lf Acircle consisting more than five vilages
o, otherwise

The statistics about the populations | and Il are presented in tables 1 and 2 respectively. Note

that the sample sizes as n = 20,n = 30 and simple random sampling (Cochran, 1977) was used
respectively for populations I and I1. I would like to recall that sample size has no effect on efficiency

comparisons of estimators, as shown in Section 3.

Table 1: Population | Data Statistics

N =89 Y = 3.3596 Bi(@)=2.3267 | R; =4.2529

n=20 P=0.1236 S, =0.5116 R, =2.6359

B>(@) =3.4917 5, =2.0184 R‘p =27.1812 R =3.3852
Pob = 0.766 .!5.'qp =0.3309 R, =1.3711
C_._, = 0.6008 CP =2.6779 R, =2.0683

Population 11 (Source: see Zaman et al. (2014))

y = the number of teachers

&, = {1 , if the number of teachers is more than 60
o, otherwise

Table 2: Population 11 Data Statistics

N =111 Y =29.2793 | B,(¢)=2.4142 | R; =39.7586

n =30 P=0.1171 Syp = 6.5698 R, =23.0721

B.(¢)=3.8981 | S, =255208 | R,=250.0367 | R.=29.7190
Ppp =0.797 S, =10.3230 R, =11.5669
C,=0.8716 C, =2.7810 R, = 16.9073

When examining the conditions determined in Section 3 for these data sets, they are satisfied
for the proposed estimators as follows:
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For population I;

R2S?
Ppy = 0.587 > — =2 = 0.051
Ppy = 0587 >—£ = 0115

¥

2 R355 - . . . e
Ppp = 0.587 >—-= = 0.486 _, Conditions (3.2) is satisfied.
¥
2¢2

R2S
2 _ P _
p2, = 0.587 > 5 - 0.187
s
pZ, = 0.587 > ——*% = 0.308
D 5'12}
SZ(RI—R2) + 2R,S,,
pZ, = 0.587 > ¥ _ _12.9798
S3

SZ(R3—R2) + 2R,S,,

2 _ i _
Py = 0.587 > 52 = —19.7422
5 52 (RZ-R%)+2R Sy - " T
Py = 0.587 > o = —19.371 _ Conditions (3.3) is satisfied.
¥
SZ(R;—RZ)+2R,S
ppp = 0.587 > o (RS “’3 £ — —19.6704
SP
SZ(RZ—RZ)+2R,S
p2, = 0.587 > s(RE—R}) £ — —19.5492

S5
For the MSE comparison between the ¢,,.,and t,,, proposed estimators, the conditions (3.4) is

satisfied as follows:

R, =13711 <R, =2.0683 _ Conditions (3.4) is satisfied.

Thus, the first proposed estimator is more efficient than the second one.

Similarly for population II;

1S
p2, = 0.635 > —==0.021
S.'!f
R2S2
pZ, = 0.635 > ——L = 0.046
S.'!f
5 RISH — - . .
pap = 0.635 > =+ = 0.253 Conditions (3.2) is satisfied.
Sy -
3s2
p2, = 0.635 > —*=0.085
SJ"
2¢2
Ppy = 0635 >—F = 0.141

v

S2(RZ—RZ)+2R_S
pZ, = 0.635 > o(R “’3 PP
S.F

= —62379.5
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SZ(R3—R2) + 2R,S,,

2 _ hia - _
Ppp = 0.635 = 5_1_3 = —62227.5

2 2 2
53 (RZ-R3)+2RySyg
4
s}

p2, = 0.635 > ~60932.6 _ Conditions (3.3) is satisfied.

SZ(R;—RZ)+2R,S,,

2 _ s - _
Ppp = 0.635 > 5_1_2, = —61981

S2(R2—R2) +2R,S
p2, = 0.635 > 6(RE=R5) *+ 2RySy,
Sy

= —61630.1

For the MSE comparison between the ¢,,,.,and t,,., proposed estimators, the conditions (3.4) is

satisfied as follows:

R, =11.5669 < R, = 16.9073 : Conditions (3.4) is satisfied.

Thus, the first proposed estimator is more efficient than the second.
Using the above results | calculated the MSE and the efficiency for all the estimators in Section

2. The efficiency for each estimator with respect to the sample mean of a SSR is defined as follows:

MSE (y)
MSE ()

e(y) =

Where MSE(7) is the mean square error for the each estimator suggested in Section 2 and
MSE(7) = v(¥) for a SSR of sizes 20 and 30, respectively.

Table 3 presents the MSE and the efficiency all for the estimators given in Section 2. As we
can see that the suggested estimators t,,, and t,., dominate all other estimators with efficiency 2.16

and 2.59; 1.89 and 2.44, respectively.

pr2

Table 3: MSE values of the Ratio Estimators

MSE Efficiency
Estimator | Population | Population | Population | Population

[ 1 [ 1

y 0.1579 15.8427 1 1
tye 2.2157 94.5823 0.0713 0.1675
Lpr1 0.0732 6.1188 2.1562 2.5892
Lpr2 0.0834 6.5047 1.8931 2.4356
Lpr3 0.142 9.7908 1.1119 1.6181
Lyrs 0.0948 7.1302 1.6667 2.2219
Lprs 0.1139 8.0206 1.3865 1.9752
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5. Conclusions

In the study, some ratio estimators for population mean using known skewness coefficient of
auxiliary attribute is developed and a theoretical argument to show that proposed estimators have a
smaller MSE than all other estimators is given. Based on these results, we noticed that the suggested

estimator t,,,., has the highest efficiency.

pri
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Appendix

In general, Taylor series method for k variables can be given as;

k

h(%,,%s,e, %) = WX, Ko, o X ) + Z d(x; — %) + R (Xp.a) + 0,
j=1

where
COR(X,, 5, B

7
aaj

and

E ok _ —
_ 1 d*h(X KXo X)) o _
Rk(Xkra)ZZZE éf;—} [lj_XJ)(l;_Xa)+Ok
j=1j=1 ‘

where O, represents the terms in the expansion of the Taylor series of more than the second degree
(Wolter, 1985). When we omit the term R, (X,,«), we obtain Taylor series method for two variables as

follows;

on(c, d) (o—P)+ on(c,d) ]

PF ad lgp

h(p.y) —h(P,¥) = F-1)

where, h(p,7) = t,,; and h(P,¥) =¥

MSE equations of the proposed estimators given in Table 1 compute as follows:

7+ b(P — 7+ b(P —
_ @ (ym p(+ mp) [myP+ mz]) (}’m P(Jr mP) P+ mz]) v
trm‘ -r= L fap P.?(p - P) + L 2._3? ¥.p (T" - Y)
E(e ?)2 ~ (g2 4 mly? 28 m,¥ V() — 2 B(m,P +my) + m,¥Y Covlp, )
prt - (myP +m,)? myP +m, P myp +m, oV, Y
V)
If R, = — taken,
mqp+ms

1-f

n

2
E(ty —¥) = [(B2 + RZ + 2BR))SZ — 2(B + R;)Sy, + SZ]
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Sy
where, B = =22
.c;w

-1 nf “13’;‘”52 + RS2 + 2R, Sy, — 2%—2Risw+5§l
MSE (ty,) = %f R7SZ+ 5} (1 = sf; ;’%)l
MSE(tp) = 1- f[ ISe+SH1-p%) i=12345
n
g __ ¥gile) __ YBi(e) _ _YBile)

where, Ry = and R

P+B1(@) "2 T PBi(@)+Ba(e) 3 T PRal@)+fi(e) Tt PBi(@)tC,
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e,

PCp"‘.ﬁ’ﬂ(P]

95

(4)



