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Abstract

The sampling theory mainly deals with problem of drawing the inference about the
characteristics of a population based on a representative sample. While proposing a sam-
pling strategy for the given problem at hand we use different sampling schemes along with
various estimation methods for studying the characteristics of interest. In estimation of
population characteristics ancillary information closely related to the main characteristic
plays a very important role. In estimation of population characteristics, the population
parameters can be estimated more accurately by making use of information on an auxil-
iary variable that is correlated with study variable. The ratio and regression methods of
estimation are good examples in this context. In sampling theory, it is well known that the
efficiency of the estimators of unknown population parameters of the study variable y can
be increased by suitably using known information on an auxiliary variable x, which may be
positively or negatively correlated with .

In sampling theory mainly two types of errors are committed, one is sampling error
and other is non-sampling error. The sampling error can be minimized by increasing the
size of the sample but non sampling errors pose more severe problem in estimation part of
sampling theory. The non-sampling error can occur at any one or more stages of the survey.
These errors are broadly classified as non-response error, response error, tabulation error
etc. In presence of non-response, the estimate of parameter of interest under conventional
sampling strategies lead to serious bias as some units fail to respond thereby not covering
the targeted population as per the sampling strategy.

The problem of non response was first studied by Hansen and Hurwitz (1946) related
to a mailed questionnaire. Hansen and Hurwitz suggested a technique for adjustment of
bias due to non-response. The procedure suggested by Hansen and Hurwitz results in an
unbiased estimator of population mean. Hansen and Hurwitz suggested a technique for
dealing with unit non-response under deterministic non-response model. Later, a concept
of random non-response was studied by Singh and Singh (1978, 1985), Singh and Joarder
(1998) among others. Alternatively, a situation when item non-response present in data set,

a technique known as imputation was suggested by Rubin (1976) to mitigate the problem



of missing data.

In Chapter 1, we provide an introductory review on the theory of non-response, impu-
tation and random non-response. Some relevant and important results are stated in this
chapter. This chapter also consists of the basic definitions and notations relevant to this
thesis.

In Chapter 2, we have proposed various Searls-type ratio and difference imputation meth-
ods on the lines of Ahmad et al. (2006). It is a well known fact that the optimal ratio type
estimator attains the MSE of regression estimator (or optimal difference estimator) but
while using Searls-type transformation (1964) this may not always happen. These impu-
tation methods are shown to perform better than the imputation procedures of Ahmed et
al. (2006). These difference imputation methods also perform better than the imputation
procedure of Diana and Perri (2010). The proposed ratio imputation methods may even
outperform the proposed difference imputation methods under certain optimality condition.
This study is concluded with the numerical study alongside the theoretical comparison.
Chapter 3 introduces some improved methods of imputation using higher order moment
of an auxiliary variable while imputing missing values. The performance of the proposed
imputation methods are investigated relative to the estimators proposed by Mohamed et al.
(2017) and by Bhushan and Pandey (2016). A comparative study has been carried out and
it has been shown that the proposed estimators perform better in comparison to estimators
proposed by Mohamed et al. (2017) and Bhushan and Pandey (2016). The theoretical
findings are supported by an empirical study on real populations and a simulation study
using hypothetical situation.

In Chapter 4, we propose some new imputation methods by extending the work of Bhushan
and Pandey discussed in chapter 2 and chapter 3 using multi-auxiliary information. The
popularly used imputation like mean imputation, ratio method of imputation, regression
method of imputation and power transformation method are special cases of the proposed
methods apart from being less efficient than the proposed methods. The proposed im-
putation methods can be considered as an efficient extension to the work of Singh and
Deo (2003), Singh (2009), Ahmed et al. (2006), Diana and Perri (2010) and Bhushan and

Pandey (2016). The theoretical results are derived and comparative study is conducted and



the results are found to be quite encouraging providing the improvement over the all the
discussed works.

In Chapter 5, we have proposed some efficient estimators of population mean in presence
of non-response. These estimators are suggested for both single phase sampling and two
phase sampling. The estimators of mean obtained from proposed technique remains better
than the estimators obtained by Cochran (1977), Khare and Srivastava (1995), Rao (1983,
1986) and Singh and Kumar (2008, 2010) under the derived optimality condition. The
mean squared error of the resultant estimators is found to be less than that of the MSE of
the estimators proposed Cochran (1977), Khare and Srivastava (1995), Rao (1983, 1986)
and Singh and Kumar (2008, 2010) in an empirical study conducted on three populations.
In Chapter 6, we propose some new classes of estimators of population mean under non-
response using bivariate auxiliary information. We have considered two auxiliary variables
which are more efficient for the study character. It is observed that the proposed estimators
are better perform as comparison to conventional estimators proposed by Singh and Kumar
(2010b), Sabbir and Khan (2013) and Bhushan and Naqvi (2015) in order to support the
results a comparative study is also carried out both theoretically as well as empirically.

In Chapter 7, we have constructed some improved difference and ratio type estimators
of the population mean under two different situation of random non-response considered
by Tracy and Osahan (1994) using Searls (1964) philosophy. The proposed difference and
ratio type estimators remain better than the estimators obtained by Singh et al. (2007) in
presence of random non-response. A comparative study has been performed and obtained
some optimality conditions under which the conventional conclusion is reversed. It has
been shown that the proposed estimators perform better in comparison to conventional
estimators.

Chapter 8 proposes some new estimators of the population variance in presence of random
non-response based on Searls (1964) philosophy. The proposed estimators remain better
than the estimators obtained by Ahmed et al. (2005) in presence of random non-response
using auxiliary variables. A comparative study has been performed and conditions for opti-
mality have been obtained. It has been shown that the proposed estimators perform better

in comparison to conventional estimators.
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