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Abstract

The study suggests a class of regression type estimators for estimating the population
mean when there exist either a positive or negative correlation between a study and auxiliary
variable. The auxiliary attributes have been used in the form of the standard deviation,
coefficient of kurtosis, mean deviation, quartile deviation, median and 10th decile. The bias
and mean squared error has studied up to the first order of approximation. A comparison
is made both theoretically and numerically with some existing regression estimators. It is
observed that the suggested class of estimators provides more reliable and efficient results
than others.
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1. Introduction

From the last few decades, it is usual practice of the researchers to
improve the efficiency of the existing estimators by using the auxiliary
information. The idea of the auxiliary information was first established
by Cochran [1]. In an estimation of parameters, the knowledge of
auxiliary variables improves the efficiency of the population parameters
i.e. variance, mean, and coefficient of variation of the study variable y.
When we are given the auxiliary information x, a lot of new modified
ratio, product and regression type estimators have been presented by
researchers. Among others, Kadilar and Cingi [2, 3], Yan and Tian [4],
Subramani and Kumarapandiyan [5, 6, and 7], Jeelani et al. [8], and Subzar
et al. [9]. The more recent contribution to the theory of sample surveys
is Unal and Kadilar [10], Pal et al. [11], Irfan et al. [12], Zamanzade and
Mahdizadeh [13], Cekim and Kadilar [14], Yadav and Zaman [15].

Regression estimator has wide applications in many real world
problems that may arise in business, economics, times series analysis,
determinants of a particular disease, etc. In practice, the regression model
involves unknown parameters which are to be estimated first. In this paper,
we suggest a novel estimator that uses some known auxiliary information
instead of the parameters. The proposed class of regression type estimators
improves the estimation problem as compared to the existing estimators.
The proposed class of estimators is compared with other estimator’s i.e.
Kadilar and Cingi [2, 3], Subramani and Kumarapandiyan [5, 6, and 7],
Jeelani et al. [8], and Subzar et al. [9]. For the purpose of illustration, a
real data set is considered to delineate the efficiency of the proposed over
existing estimators.

2. Existing Estimators

Lets consider U = (U,, U,, U,, ..., U,) be the finite population with a
total of N units and let y, and x, be the specified value of a study variable
Y and auxiliary variable X. If we take a random sample of size n from
the population of U then ¥ and x be the mean of the study and auxiliary
variable. Other essential notations used in the manuscript are

S, S, Population standard deviation of the auxiliary and study

variable
C,, C,: Coeftficient of variation of the auxiliary and study variable
p,, : Population Correlation coefficient between X and Y

B, + Kurtosis of the auxiliary variable

B+ Skewness of the auxiliary variable
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Q.D: Quartile deviation of the auxiliary variable

M.D: Median of the auxiliary variable

D: Deciles of the auxiliary variable

MSE — Mean square error

b: regression coefficient

SRSWOR - Simple random sampling without replacement

Kadilar and Cingi [2] proposed an improved estimators utilizing
population coefficient of variation and coefficient of kurtosis. The
estimators are given as

—  _ y+b(X-%)

n = gy P HE)

—  _ 7+b(X-X)
Y = e, +py)

(XC, +5,)
The mathematical expressions for the bias and the MSE are
.= Sf, 2
Bzas(yh]_) = /ITRJ. (1)

MSE(7,,) = AIR’S: +S2(1- )] @
. _Yp _ Yc,
where j=1,2 and R, = XpAC, and R, = B
Kadilar and Cingi [3] proposed another improved class of estimators
by using the coefficient of correlation and coefficient of kurtosis. The
estimators are given as

y _ y+b(X- x)( +,Bz)

3 (xp+fr)
—  _ y+b(X-%)
Ir4 — (xﬂ +p ( ﬂ2+p)

The expressions for the bias and the MSE are

. s
Bias(y,,) = /ITXRJ? (3)
MSE@Z )= Z[Rfo + S;(l -pHl (4)
where j=3,4 and R, = R, =P

+ﬁz L Xpytp'
Yan and Tian [4] proposed estimators by utilizing the coefficient of
skewness and kurtosis which are given by

— y+b(X-%)
s = (X+8)) ( ﬂl)
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_ y+b(X-%)
ylré y(xﬁlJrﬂx( ﬂ1+ﬂ2)

The expressions for the bias and the MSE of the above estimators are
defined as

. S
Bias(y,,) = /ITXR]? (5)
MSE, - ARES: +82(1- p*)] ©)
Yp
where j=5, 6 and R, _)Z 7 and R, = RN

Subramani and Kumarapandiyan [5, 6, and 7] proposed efficient
estimators by utilizing the population median. The estimator is given as

— 7+b(X-%)
ylr7 (JCC Jr1\/[ (XC +M)

The expressions for bias and the MSE of the above estimator are given

as
Bias(7, ) = A% R? 7
ias(y,,) = A5 R; @)
MSE(y,) = AIR}S; +5,(1- p*)] ®)
where j=7 and R, = < ﬁYf lM
1 d

Jeelani et al. [8] proposed improved the regression estimator by
utilizing the coefficient of skewness and quartile deviation at a time. The
estimator is

_ y+b(X x)(X,Bl-f-QD)

ylrs (xp,+QD)
The expressions for bias and the MSE of y, ,, is
L=\ S% 2
Bias(y,,) = A3 R 9)
MSE(y,,) = ﬂ[Rfo + S;(l ) (10)
Yp

where, j=8 and R, = X,
Subzar et al [9] proposed regression estimators and improve its
efficiency by using the population deciles and coefficient of skewness.

Their proposed estimators are

—  _ y+b(X-%x)
" = (Zp,4D,)

(X, +D,)
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y+b(X-X)

ylrlO (xﬂ +D (Xﬂ1+D )

The expressions for bias and the MSE of y, ;and ¥, ,, are respectively
given by

e Sf 2
Bzas(yh/) = /1712], (11)
MSE(y,,) = l[Rij + 55(1 -pH] (12)
YA __YB
where j=9,10 and R = Xp4D; and R, _T:Ds'

3. Proposed Class of Regression Estimators

In this section, an improved class of regression type estimators
is suggested for estimating the finite population mean Y by using the
auxiliary information on some specific variable G,,.. The proposed class is

—  _ 7+b(X-¥x)

blri (X+S G(xi(X S G ) izl, 2, 3, 4, 5

G, is to be considered g, ,, MD, QD, M, , and D,,. The estimators are

- y+bX X)
Yon = (x+5 Pa(x)) ( ﬁz(x))

y+b(X-x
Yora = m(ms MD)

_ b(X-%)
yblrs (y++5 QEX)) (X + S QD)

— 7+b(X-X)

Yoa = (T+5, M, )(X +5.M,)

— y+b(X X)
bir5 " (%+5,Dyg)

(X+5.D,)

The bias and the MSE of the proposed estimators up to the first order
of approximation is generally defined by

Bias(yj, )= LAR2 S 1
las(yblri) Ty (13)
MSE(y,,,) = l[RZ[Sf + 52(1 ) (14)
_ Y i
where R, = Xi5.c0 and i=1,2,3,4,5
R -7 % Y Y Y

M XS, By’ 12T X4S,MD’ 13 X+5,0D 4 X+5,M;’ 5 X+5,Dp
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4. Efficiency Comparison

In this section, the proposed class of estimators is compared both
theoretically and numerically with existing estimators of the population
mean under simple random sampling without replacement scheme. The
proposed class of regression estimators will be more efficient then Kadilar
and Cingi [2, 3], Yan and Tian [4], Subramani and Kumarapandiyan [5, 6
and 7], Jeelani et al. [8], and Subzar et al. [9] estimators if

MSE(y,,) < MSE(y,)
MRS +8:(1- p*)] < ARPS? + 82 (1- p*)]
R, <R}
R, <R, (15)

where j=1,2,3,4,5,6,7,8,9,10 and i=1,2,3,4,5.

5. Empirical Study

For the purpose of numerical illustration, a real data set of Singh and
Chaudhary [16] page 177 which is recently cited by [17] is considered.
Descriptive Statistics about the population parameters is given below in
Table 1. It is noted that the correlation between the study and auxiliary
variable is 44% and with a sample of size n=20.

The percentage relative efficiency (PRE) of the proposed estimators

are compared with the estimator ¥, , by using the formula

MSE(y, )

PRE = x100

MSE(]?exisitng and pmposed)

Table 2 describes numerical illustrations of the theoretical conditions
of the proposed (Column wise) vs existing estimators (Row wise) given in
Eq. (15). We see that all the conditions are satisfied and thus the bias and the
MSE of the proposed estimators will be less than the existing estimators. It
has been concluded that the proposed estimators will perform better than
others if these conditions are satisfied. The results of the bias and the MSE
are given in Table 3.

Table 1
Descriptive statistics
N=34 n=20 Y =856.4117 | X =199.4412 | p=0.4453 |S =733.1407
5,=150.2150 |C,=0.8561 |C,=0.7531 p,=11823 | B,=1.0445 |QD =89.375
MD=715 |M,=14250 |D,=283.00 D, =142.50 D,,=144.481 | 1 =0.0206




AN EFFICIENT CLASS OF REGRESSION ESTIMATORS

829

Table 2
Justification of the efficiency conditions
j\i 1 2 3 4 5
1 2.403<4.279 | 0.078<4.279 | 0.063<4.279 | 0.0396<4.279 | 0.0089<4.279
2 2.403<4.264 | 0.078<4.264 | 0.063<4.264 | 0.0396<4.264 | 0.0089<4.264
3 2.403<4.244 | 0.078<4.244 | 0.063<4.244 | 0.0396<4.244 | 0.0089<4.244
4 | 2.403<4.285 | 0.078<4.285 | 0.063<4.285 | 0.0396<4.285 | 0.0089<4.285
5 2.403<4.269 | 0.078<4.269 | 0.063<4.269 | 0.0396<4.269 | 0.0089<4.269
6 | 2.403<4.286 | 0.078<4.286 | 0.063<4.286 | 0.0396<4.286 | 0.0089<4.286
7 2.403<3.459 | 0.078<3.459 | 0.063<3.459 | 0.0396<3.459 | 0.0089<3.459
8 2.403<3.114 | 0.078<3.114 | 0.063<3.114 | 0.0396<3.114 | 0.0089<3.114
9 2.403<3.176 | 0.078<3.176 | 0.063<3.176 | 0.0396<3.176 | 0.0089<3.176
10 | 2.403<2.676 | 0.078<2.676 | 0.063<2.676 | 0.0396<2.676 | 0.0089<2.676
Table 3
Bias, MSE, and PRE of the proposed and existing estimators
Estimator Bias MSE PRE
Yin 9.938 17387.79 100
Yio 9.870 17328.22 100.3438
Vs 9.776 17249.129 100.8039
v, 9.966 17411.67 99.86285
Vs 9.892 17348.06 100.229
Ve 9.970 17415.66 99.83997
v,, 6.494 14438.37 120.4277
Vs 5.263 13383.71 129.9176
. 5.475 13565.56 128.176
Voo 3.887 12205.47 142.459
Yo 1.5676 11561.84 150.3895
Vo 0.0017 8879.68 195.8155
Vs 0.0011 8878.67 195.8378
Vi 0.00043 8877.56 195.8623
Yoirs 0.000022 8876.87 195.8775
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Figure 1
MSE of the proposed and existing estimators
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Figure 2
Bias and PRE of the proposed and existing estimators

Table 3 reflects the bias, and the MSE of the proposed and existing
estimators. It has been noted that the proposed estimators have less bias
and MSE than others. It is evident that the suggested estimators perform
well as compared to the existing estimators.

Fig 1 defines the MSE of the proposed and existing estimators. It
has been shown that the MSE of the proposed estimators is less than as
compared to all other existing estimators. Fig 2 depicts the Bias and the
PRE which clearly shows that the proposed estimators lead to a preferable
result rather than the existing estimators.

6. Conclusion

In the present study, an improved class of regression type estimators
of the finite population has been introduced on using the auxiliary
information. The class of regression estimators has been proposed under
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simple random sampling without replacement scheme. The mathematical
expressions for the bias and mean square error have been obtained
for the proposed estimators up to the first order of approximation. A
theoretical comparison of the proposed class of estimators has been made
with existing estimators in terms of the MSE. Theoretical conditions are
derived and it has been concluded that the proposed estimators leads to a
significant results if these conditions are satisfied. A real data set is used
to illustrate the theoretical conditions and the results are given in Table 2.
The conditions are satisfied and hence the MSE and bias of the proposed
estimators are smaller and PRE is larger for the proposed estimator than
the existing ones. Thus, the proposed estimators work more perfectly
than existing regression estimators of the population mean. Apart from
the efficient results, the proposed estimators are also easy to understand
and simple to use. Moreover, from the proposed regression estimators, the
estimator ¥, . performs better than other four estimators both in terms of

MSE and bias.
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