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Abstract 

Two classes of estimators for population proportion using auxiliary character with 

known population mean in the presence of non-response on the study character have been 

proposed. Some members of the proposed classes of estimators are given. The expressions for 

bias and mean square error of the proposed classes of estimators are obtained in case of fixed 

sample size. The performance of the proposed classes of estimators with the relevant estimator is 

supported with the help of an empirical study. 

Key Words: Non-response; Mean Square Error; Relative Bias; Auxiliary Characters; 
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1. Introduction 

In sample survey, the use of auxiliary character has a significant role in the 

estimation of population parameters such as population mean, ratio and product of two 

population means, coefficient of variation etc. Several research works have been done 

for the estimation of population parameter using auxiliary character as a qualitative 

variable. Sometimes auxiliary information is available in the form of auxiliary attribute 

which may also be used in the estimation of population mean of study character. Using 

auxiliary attribute, several authors have proposed different types of estimators for the 

estimation of population mean of the study character. In this situation Naik and Gupta 

(1996), Jhajj et al. (2006), Shabbir and Gupta (2007, 10), Singh et.al (2008), Koyuncu 

(2010), Abd-Elfattah et al. (2010), Singh and Solanki (2012), Malik and Singh (2013) 

and Sinha and Kumar (2013, 14) have proposed different types of estimators for 

population mean using the information on auxiliary attribute. 

 

In sample surveys, it generally happens that the study variable is also available 

in the form of qualitative characteristic such as land ownership, labour force in the 

population, smoking habit etc. For example if we want to estimate the proportion of 

student participation in politics, we may take their education, socio economic group and 

monthly expenditure etc as auxiliary character. Singh et al. (2010) have suggested a 
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family of estimators for the population mean when study character itself is in the 

qualitative form. 

Sometimes, the information on all the units selected in the sample is not 

available for some units due to non-response. In such situation, Hansen and Hurwitz 

(1946) have suggested a technique of sub-sampling from non-responding units. Using 

Hansen and Hurwitz (1946) technique, Cochran (1977) and Rao (1986, 1990) have 

proposed the estimators for population mean in case of known population mean of 

auxiliary character. Further several research works on the estimation of population 

mean have been done by Khare and Srivastava (1993, 95, 2000, 10) and Singh and 

Kumar (2009, 2010). 

In this paper, we have proposed two classes of estimators for population 

proportion using auxiliary character in the presence of non-response. The expressions 

for the bias and mean square error of the proposed classes of estimators are also 

obtained and their properties are studied. Some members of the proposed classes of 

estimators are obtained. An empirical study is also given in the support of proposed 

estimators. 

2. The Estimators 

Suppose the population of size N is divided into N1 responding and N2 non-

responding units. Let iφ and ix denote the value of study attribute and auxiliary 

character for i
th

 unit of the population (i=1,.,.,N). In this case iφ  will take value 1 if it 

possessing the attribute otherwise zero. 

 Let NP
N

i
i /

1
∑
=

= φ be the proportion of the units in the population possessing 

the attribute φ , 1

1

1
1 / NP

N

i
i∑

=
= φ be the proportion of the units in the responding part of 

the population possessing the attribute φ  and 2

2

1
2 / NP

N

i
i∑

=
= φ is the proportion of the 

units in the non responding part of the population possessing the attribute φ . 

Now, we draw a sample of size n from population of size N  by using 

SRSWOR method of sampling and observe that 1n units respond and 2n units do not 

respond in the sample of size n . Again we draw a subsample of size knr /( 2= , 1>k ) 

from 2n non-responding units and collect information on r units on the study character 

using personal interview method. Now using Hansen and Hurwitz (1946) technique, we 

propose the estimator for population proportion P , which is given as follows: 
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The estimator 
*p is unbiased and its variance is given as follows: 
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of φ  for the whole population and for the non-responding part of the population. 

Similarly, for the corresponding rn +1  units related to study attributeφ , the 

estimator 
*x  for the population mean X  is defined by 

2
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x

n

n
x ′+= ,                                                                 (2.3) 

where 21  and xx ′ are the sample means of the  auxiliary character based on 1n  

responding units and r  sub sample units from 2n  non respondents. 

 The estimator 
*x is unbiased and the variance of 

*x is given as follows: 
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where 
2

)2(

2  and xx SS are the population mean squares of x  for the whole population 

and for the non-responding parts of the population. 

Now we propose the class of estimators for population proportion P  using auxiliary 

character x  in two different situations. 



110 Journal of Reliability and Statistical Studies, December 2015, Vol. 8(2) 

(i) When incomplete information on study attribute φ and corresponding rn +1  

units of  auxiliary character x  available from the sample of size n   is used and 

we propose the class of estimators c1T  for population proportion P using 

auxiliary character x  which is given as follows: 

  ),( 11 uwHTc = ,                                                         (2.5) 
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and 111 =)(P, H , where
*pw = , 

X

x
u

*

1 =  and 

)1,(

1
1

,
1,

Pw

)uH(w
)(PH 








∂

∂
= . 

(ii) When incomplete information on the study attributes φ  and complete 

information on auxiliary character x from the selected sample of size n  is 

used and we propose the class of estimators c2T  for population 

proportion P using auxiliary character x  which is given as follows: 

    ),( 22 uwHTc = ,                                                     (2.6) 
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The function )H(w, ui 2,1=i also satisfies the following regularity conditions: 

(i) Whenever the sample is chosen, w and 
iu  assume positive values in a bounded 

closed convex subset iD  of the two dimensional real space containing the 

point )1,(P .   

(ii) The first and second partial derivatives of )H(w, ui with respect to w and 

iu exit and are assumed to be continuous and bounded in two dimensional real 

spaces iD .                                                                                         (2.7) 
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Now, expanding )H(w, ui about the point M)(P, =1
 
by using Taylor’s series up to 

the second order derivatives, we have 
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After putting P)H(P, =1 ,   11 =(M)H  and 011 =(M)H , we have 
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3. Bias and Mean Square Error (MSE) Of the Estimators  

Under the regularity conditions specified for the function )H(w, ui , the bias 

and mean square error of the class of estimators ciT  )2,1( =i  always exists. In order to 

derive the expressions for bias and mean square error of the proposed classes of 

estimators, we use the large sample approximations.     
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coefficient between φ  and x for the whole population and for the non-responding part 

of the population. 

We are retaining the terms involving the powers in 0ε , 1ε and 2ε  , upto second 

order only in the expression of bias and mean square error. The expressions for bias and 

mean square error of the class of estimators ciT  )2,1( =i  up to terms of order )(n 1−
are 

given as follows: 
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The optimum values of (M)H2(1) and (M)H2(2) which minimize the MSE of the 

estimator ciT  )2,1( =i  are given as follows: 

          )2(
222

)2(
2

opt2(1) )1(

)1(

P(M)H

xx

xx

C
n

kW
C

n

f

C
n

kW
C

n

f

−
+

−
+

−=
φφ

                               (3.5) 

and                           

          
2

x

x

opt2(2)
C

C
P(M)H

φ−= .                                                                    (3.6) 

Now putting the optimum value of optMH )()1(2  and optMH )()2(2  in )( 1cTMSE  
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  The optimum value of optMH )()1(2  and optMH )()2(2  in the equation 

(3.5) and (3.6) are in the form of the values of unknown parameters. Sometimes the 

unknown constant used in the estimators are in the form of some unknown parameters. 

In these situations, the optimum value of the constant may be obtained from the past 

data (Reddy 1978) and if the information on these parameters are not available from 

past data, then one may estimate it on the basis of sample observations without having 

any loss in efficiency of the proposed estimators. It has been shown that up to the terms 

of order )( 1−n , the minimum values of the mean square error of the estimator is 

unchanged if we estimate the optimum values of constants by using the sample value 

(Srivastava and Jhajj 1983). Any parametric function )H(w, ui  satisfying the 

regularity condition (2.7) can generate a class of asymptotic estimators. Some members 

of the proposed class of estimators are given as follows: 
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where γβαα  and  , , , , 01aa  are constants. 

4. Comparison of the Proposed Class of Estimators with the Relevant 

Estimators  

When we compare
*p , 1cT  and 2cT  , we observed.  
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Hence .min2.min1 )()( cc TMSETMSE < .     

 

5. An Empirical Study 

To illustrate the efficiency of the proposed class of estimators, we have 

considered the data from Sukhatme and Sukhatme (1997) , p-256, which gives the 

number of villages and the area under wheat in each of the 89 administrative areas 

(These area are known as Patwari circle in the local terminology) in Hapur Subdivision 

of Meerut District, published by Govt. of India (1951). The last 25% administrative 

areas have been considered as non-response group of the population. Here we have 

taken the study attribute )(φ  which is the administrative areas having no of villages 

greater than 5 and auxiliary character )(x  as. 





otherwise. 0,

  villages5an greater th having areas tiveadministra  theif  1,
=φ  

x = Area under Wheat (Acres) in each administrative area. 
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The values of the parameters of the population under the study are as follows: 

124.0=P ,        1102=X ,    672.2=pC ,                 65.0=xC ,  

182.02 =P ,        1242.682 =X , 185.3)2( =pC ,         582.0)2( =xC ,        

  ,621.0=pxρ              665.0)2( =pxρ  

 

The problem considered is to estimate the population proportion of 

administrative areas having the no of villages greater than 5, by using area under wheat 

in the administrative areas as the auxiliary character. The value of optMH )()1(2  and 

optMH )()2(2  from equation (3.4) and (3.5) are given below: 
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Estimator 

40,89 == nN
 

RE (.) in % 

k1  

1/2 1/3 1/4 

*p  
100.00 

(0.00247)* 
100.00 (0.00344) 100.00 (0.00440) 

1cT
 

165.67(0. 00149) 167.93 (0.00205) 169.59 (0.00260) 

2cT
 

127.93 (0.00193) 118.64 (0.00290) 113.99 (0.00386) 

*Figures in parenthesis give the MSE (.) 

 

Table 1: Relative Efficiency (RE in %) of the proposed estimators with respect to 

usual estimator 
*P . 

 

 

 

 

6. Conclusion 

The proposed class of estimators 1cT  and 2cT  for the estimation population 

proportion P  using auxiliary character in the presence of non response on study 

character are wider classes of estimators having a number of estimators as member of 

the classes. The members of the class of estimators 1cT  and 2cT  will have same 
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minimum value of MSE for the optimum values of the constants. The class of 

estimators 1cT  and 2cT  are more efficient than the conventional estimator 
*P . 

However, the .min2.min1 )()( cc TMSETMSE <
 

holds true under (4.3). So it is 

suggested to use 1cT  in most of the cases rather than 2cT . 
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