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Abstract

This article deals with estimation of population mean for missing data in simple
random sampling. The properties of the proposed procedure are studied up-to first order of
approximation and under the optimality conditions proposed estimator outperforms other existing
estimators. A numerical illustration, based on the two real data sets, highlights the efficiency gain
using our proposed estimator.
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1. Introduction

It is known that use of auxiliary information always results in improved
procedures, common examples are ratio, product and regression estimators. Many
authors including Upadhyaya and Singh (1999), Abu-Dayyeh et al. (2003), Kadilar and
Cingi (2005), Khoshnevisan et al. (2007), Singh et al. (2007), Singh et al. (2008), Singh
and Kumar (2011), Singh et al. (2012) and Sanaullah et al. (2012) proposed improved
procedurs.

When one or more values are missing for a case, it creates problem for the
analysis of data. Missing data introduces bias and makes the handling and analysis of
data more strenuous, which in turn causes reduction in efficiency. Imputation is a
technique in which missing values are filled in by substitutes based on the information
available. These substitutes can be constructed in several ways. After imputing missing
values, we get a complete data set which can be analyzed using standard techniques.
Kalton et al. (1981) caused one to think for imputation technique for missing survey
responses. For variance estimation under imputation Lee et al. (1994) proposed some
improved estimators. Singh and Horn (2000), Ahmed et al. (2006), Shukla et al. (2009),
Shukla and Thakur (2011), Thakur et al. (2012), Shukla et al. (2013), Omari et al.
(2013), Singh et al. (2014), Pandey et al. (2015) also studied the problem of missing
values using imputation techniques.

Motivated by the work of above authors, in this paper we have proposed an
exponential method of imputation for missing values and compared the efficiency with
the other estimators considered in the paper.
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2. Notations

— 1 &
Let Y :NZ ;. To estimate population mean a sample of size n is
i=1

drawn. . Out of n units r units responds and (n-r) units did not responded. Also let A is

the set of responding units and A is the set of non-responding units. General method

of imputation can be expressed as:

{yi if 1€A
Yi=y. .. . .
y, if 1€eA

General point estimator of population mean is given by
1 T n—-r

Vo=—| 2y + 2%
n g i=1

We will be using following approximations:

V. =Y(+e,), X, =X(1+e,), X, =X(I+e,)
Z.=Z(l+e,), z, =Z(1+e,)
E(e,)=0 Vi=1234,5

E(e(z)) = er,NCf/ b E(elz) = er,NC"i H E(eé) = 6n,N(jyz(

E(ei) = er,NCji > E(Ci) = en,N(:i

11
Where " rl I\i
SN TRTN
where 852%, Sizci’z‘ , p= Sy and Si,
meaning. o

3. Existing Imputation Methods
Some common methods of imputation are :

3.1.Imputation using simple mean
Here for missing data we have

S2.S

@.1)

2.2)

have their usual
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y, if i€A

Yi=_ . . 3.1
y, if ieA°’

For unknown population mean Y the point estimate is

_ 1 _

Ymean = _z Y.i = Yr (32)

ies

_ 1
V. ==Y (33)
r ieA

3.2. Imputation by ratio method

where

Here for missing data we have

y; if ieA
Yi=qr o (3.4)
bx; if 1eA®

The point estimator of Y is given as-

—_ _ X
Yratio = Yr —n
X (3.5)
_ 1 _ 1
where X =—2Xi , X, =—2Xi
1 jea Tiea
and
. ZYi
b — ieA
in
icA

3.3.Singh and Horn (2000) method of imputation
Singh and Horn (2000) method of imputation is given as-

aty. +(1-a)bx, if icA
y. =4 T (3.6)

(1-a)bx, if ieA®

where QU is suitably chosen constant.

The point estimator for Y is given as-

— — _ X,
YComp =y, + (1 - a)yr X

r

(3.7)
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4. Proposed Method of Imputation for Missing Data
Motivated by Shabbir and gupta (2015)we proposed following exponential
estimator for missing data:-

. k= yl+(1 K)y, ex[{ ()((b Xﬂl] {Zifd__zf))zj ifieA
o k)?rex[{ (é T))ij 1{%} e

@A.1)

The point estimator of population mean under proposed method of imputation is

_ a(X-Xx,) c(Z-7)
Yor =19, (1 k)y‘ep{x +(b-1), }GXP{ZHd—I)Zr} “2

For different values of a, b, ¢ and d we can generate following point estimators:

a b C d Estimators

(

I><1| ><|
><| ><|

1 2 0 - _
Yprl = + (1 k)Yr exp{

)

yprZ = kyr + (1 - k)yr eXp

X r)}

ypr4 = kyr + (1 - k)yr eXp

yprS = kyr + (1 - k)yr eXp

o |- 11 ?pﬂ:kwa—k)yrexp{( }
g

1|2 |1 |1 _ (X-X,) (Z-7)
=ky, +(1-k)y, expi—= ex —
Y oré (I1-k)y, p{Xﬁr} p{ = }

Based on the above approximations equation (4.2) can be written as
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Y, =kY(l+e,)+(1-K)Y(1+ eo)exp{i_i_ (;‘Eﬁ%l - X)}

4.3)

C —Ze
expl = ( _3) —
Z+(d-1)(Z+e,2)
Following results we obtain for our proposed procedure:

Theorem 4.1 : Bias of the suggested estimator of missing data up-to first order of
approximation is given as:-
2

_ h? h
Bias(y,) =Y +{(- k)[jemci +h,h,0, (CZ + (73 + h3h4J6r,NC§

-hler,prnyCX _h3er,prszCz +h1h3er,NpXZCXCZ ) }

4.4
Proof: Equation (4.3) can be written as:-
. . h2 2
(S/pr -Y)=Y{ke, +(1-k)(e, +h3h4e§ —h,e; —h;e.e, +3Te3+hlhzel2 —he,

2.2
11

Sy

-h,e,e, +hh,ee; +
(4.5)
o VLT hi > (D5 2
Bias(y,) =Y +{(1-k Temcx +hh,0, (CZ + 7+h3h4 0,,C
_hler,prnyCx _h39r,prszCz +hlh3er,prszCz ) }

Theorem 4.2: Minimum MSE of the proposed is given by

2
min MSE(y,,) = ?Z{A —C—}

B (4.6)
where
A=6,,C;+hi0,  +hi6,,C; -2h6, p, C.C, —2h6 p CC,
+ 2h1h3er,prszCz
4.7)

B = hlzer,NC)z( + hger,Nci + 2h1h36r,pr2Csz
(4.8)
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C = hlzer,NC)2( + hger,N - hler,prnyCx - h3er,prszCz + 2hther,prsz(:z

(4.9
Proof: Squaring equation (4.5) on both the sides we get
(5, —YF =YV?{(@ +h’e? +hie —2h e e, —2h,e e, +2hhue,e,) +KE (hle?
+hlel +2h h,ee;)—2k(hje’ +hie] —he.e, —h,e.e; +2hhee;)}
(4.10)
MSE(y,,) = Y*{A +k*B - 2k}
(4.11)
Where values of A, B and C are as given in equation (4.7), (4.8) and (4.9)
respectively.

Optimum value of K is obtained from equation (4.11) as

(4.12)
Substituting optimum value of k in equation(4.11) we get min MSE of suggested

estimator as

2
min MSE(y,,) = ?{A —%}

5. Empirical Study

We have considered following two populations for numerical illustration.

Population I Population IT

(Shukla and Thakur (2008)) | (Singh et.AL (1994))
Y 42.485 1031.82
X 18.515 2934.58
z 20.52 3651.49
Cy 0.3287 1.59749
C, 03755 2.00625
C, 0.3296 2.48654
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Pyx 0.8734 0.93

Pvyz 0.8667 0.77

Pxz 0.9943 0.84
N 200 200
N 30 20
R 22 15

Table 5.1: Data statistics for two populations

Using data for two different populations, percentage relative efficiency(PRE) of various

estimators is listed in Table 5.2.

Population I

Population II

Estimator PRE PRE

Y mean 100.00 100.00
Y ratio 126.0851 125.8006

Y comp 129.6281 130.5069
Yol 421.6341 740.1925
Yor2 421.6341 740.1925
Vors 401.879 245.6399
Yo 415.8384 432598
Y ors 418.5873 544.9725
Yo 412177 347.8837

Table 5.2: PRE of the estimators with respect to usual mean estimator

From the Table 5.2, it can be seen that our proposed estimator ypr performs

better than other estimators as it achieves the highest efficiency among all the

estimators.
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6. Conclusion

In this article under imputation we have proposed a generalized class of
estimators. Our generalized class includes various estimators that are obtained after
taking different values of constants. Properties of the proposed class of estimators are

studied under first order of approximation and found that our proposed estimator Y/pr

has highest efficiency among all other estimators and y and ¥ pr turn out to be the

best choices. Thus we conclude that our proposed method of imputation is preferable
over other imputation methods considered in this article.
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