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ABSTRACT

Sampling is a process or technique to obtain statistical information about a
finite population by selecting a representative sample from that population, by using
an appropriate sampling design. Furthermore, in the process, the required information
about the units in the sample is measured and the inference about the unknown
population parameters such as means, totals and proportions are done. This study is
focused on estimating an unknown population total for one target variable using single
or multiple auxiliary variables correlated with the target variable. This study also
explores two classical estimators, namely the ratio estimator and the linear regression
estimator, which are used as an alternative to the Horvitz Thompson estimator in the
presence of a single auxiliary variable to estimate an unknown population total. The
theoretical and empirical aspects were used to compare between these two estimators.
The comparison was carried out based on the sample size and the correlation
coefficient between the target variable and the auxiliary variable. The empirical study
using the secondary data set for small and medium sample sizes shows that the linear
regression estimator is more efficient compared to the ratio estimator when the
correlation coefficient of the two variables is positive. For a large sample sizes, there
are no significant differences between the two estimators. Also, the variance of both
estimators decreases when the sample size increases. In contrast, if the correlation
coefficient is negative, then any increase in the sample size leads to significant
decrease in the variance estimate of the linear regression estimator. Meanwhile, for the
ratio estimator, as the sample size is considerably increased, the variance of the
estimator decreases. The simulation study showed that when the variable of interest
has a strong negative correlation with the auxiliary variable irrespective of the sample
size, the linear regression estimator provides an efficient estimate for the unknown
population total relative to the ratio estimator. While, if the correlation coefficient
between the variable of interest and the auxiliary variable is positive and within the
range [0.75, 1], then the two estimators give a better estimate for the population total
compared to the conventional estimators. However, the estimate of the total population
obtained by the linear regression estimator is slightly more efficient than the ratio
estimator. The most important idea in the estimation by using minimum distance
measures is the quantification of the degree of closeness between the two data sets,
such as sample data and the parametric distribution depends on an unknown parameter.
A general distance formula is suggested in this research, based on the concept of the
power divergence function, rather than that used by Deville and Séarndal to measure
the degree of closeness between the calibrated weights (new weights) and the classical
design weights in Horvitz Thompson estimator. Derivation of the proposed general
distance formula involved adding another constraint to the calibration equation
constraints with respect to the sum of the classical sample design weights and the sum
of sample calibrated weights. In order to generate a variety of distance measurements,
the proposed formula was used to obtain a set of new weights that could be used to
construct new estimators based on the inverse functions created by the proposed
formula for estimating the total unknown population. Finally, the problems associated
with calibrated weights produced by some distance measures, such as unrealistic or
extreme weights are examined, leading to inaccurate estimates when these weights
were handled instead of the design weights.
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ABSTRAK

Persampelan adalah proses atau teknik untuk mendapatkan maklumat statistik
mengenai populasi terhingga dengan memilih sampel daripada populasi tersebut, dengan
menggunakan reka bentuk persampelan yang sesuai. Seterusnya, dalam proses ini,
maklumat yang diperlukan mengenai unit dalam sampel tersebut diukur dan inferens
mengenai parameter populasi yang tidak diketahui seperti min, jumlah dan perkadaran
dilakukan. Kajian ini difokuskan dalam menganggarkan jumlah seluruh populasi yang
tidak diketahui menggunakan pembolehubah tunggal atau pembolehubah berganda bantu
yang berkorelasi dengan pembolehubah sasaran. Kajian ini juga meneroka dua penganggar
klasik, iaitu penganggar nisbah dan penganggar regresi linear, yang digunakan sebagai
alternatif kepada penganggar Horvitz Thompson dengan kewujudan pembolehubah bantu
tunggal untuk menganggarkan jumlah seluruh populasi yang tidak diketahui. Aspek teori
dan empirikal telah digunakan untuk membandingkan antara kedua penganggar ini.
Perbandingan dilakukan berdasarkan kepada ukuran sampel dan pekali korelasi antara
pembolehubah sasaran dan pembolehubah bantu. Kajian empirikal menggunakan set data
sekunder untuk ukuran sampel kecil dan sederhana menunjukkan bahawa penganggar
regresi linear lebih berkesan berbanding penganggar nisbah apabila pekali korelasi kedua-
dua pembolehubah itu adalah positif. Bagi saiz sampel yang besar, tidak terdapat
perbezaan ketara antara kedua-dua penganggar. Juga, varians bagi kedua-dua penganggar
menyusut apabila saiz sampel meningkat. Sebaliknya, jika pekali korelasi adalah negatif,
maka setiap peningkatan dalam saiz sampel menyebabkan penyusutan yang ketara dalam
anggaran varians penganggar regresi linear. Manakala, bagi penganggar nisbah, kerana
saiz sampel jauh meningkat, varians penganggar menyusut. Kajian simulasi menunjukkan
bahawa apabila pembolehubah yang diminati mempunyai korelasi negatif yang kuat
dengan pembolehubah bantu tanpa mengira ukuran sampel, penganggar regresi linear
memberikan anggaran yang berkesan untuk jumlah seluruh populasi yang tidak diketahui
berbanding dengan penganggar nisbah. Sementara itu, jika pekali korelasi antara
pembolehubah yang diminati dan pembolehubah bantu positif dan berada dalam julat
[0.75, 1], maka kedua-dua penganggar memberikan anggaran yang lebih baik untuk
jumlah seluruh populasi berbanding dengan penganggar lazim. Walau bagaimanapun,
anggaran jumlah seluruh populasi yang diperoleh oleh penganggar regresi linear sedikit
lebih cekap daripada penganggar nisbah. ldea yang paling utama dalam perkiraan dengan
menggunakan ukuran jarak minimum adalah pengukuran tahap kedekatan antara dua set
data, seperti data sampel dan taburan parametrik bergantung pada parameter yang tidak
diketahui. Rumus jarak umum telah dicadangkan dalam penyelidikan ini, berdasarkan
kepada konsep fungsi perbezaan daya, berbeza daripada yang digunakan oleh Deville dan
Sarndal untuk mengukur tahap kedekatan antara pemberat yang ditentukur (pemberat
baru) dan pemberat reka bentuk klasik penganggar Horvitz Thompson. Penerbitan rumus
jarak umum yang dicadangkan melibatkan penambahan kekangan lain pada kekangan
persamaan penentukuran berkenaan dengan jumlah pemberat reka bentuk sampel klasik
dan jumlah sampel pemberat yang ditentukur. Bagi menghasilkan pelbagai ukuran jarak,
rumus yang dicadangkan telah digunakan untuk mendapatkan satu set pemberat baharu
yang boleh digunakan untuk membangun penganggar baharu berdasarkan kepada fungsi
songsang yang dijana oleh rumus yang dicadangkan untuk menganggarkan jumlah seluruh
populasi yang tidak diketahui. Akhirnya, masalah yang berkaitan dengan pemberat yang
ditentukur terhasil daripada beberapa ukuran jarak, seperti pemberat tidak realistik atau
ekstrem diteliti, yang menyebabkan anggaran kurang tepat ketika pemberat ini
dikendalikan dan bukannya daripada pengunaan pemberat reka bentuk.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This research is a hybrid of theoretical and practical concepts. A thorough
background in probability theory and mathematical statistics is needed to understand
the basic concepts of sampling designs and estimation of population parameters.
Sampling survey is a process used to describe or summarize the characteristics of a
particular population or making some inferences about the population parameters
based on data collected from the sample. The essence issue of the sampling survey is
how to select a sample from a particular population, and how to estimate the unknown

parameters for this population.

A survey can be defined as any activity performed by using well-defined
concepts, methods and procedures to collect information from a whole population or
a part of the population. Surveys are usually conducted by governments, organizations,
businesses, and researchers in order to describe or summarize a population or to make
some inferences from the variables under study based on the sample selected (Franklin
and Walker, 2003). There are two types of surveys: complete (census) and sampling
surveys. The complete survey (census), in which the information is collected from all
units of the population. For sample survey, the sample units are collected from a
portion of the target population called a sample. A complete survey provides the actual
values of the population parameters of the study variables. In a sample survey, the true
values of population parameters are difficult to obtain. The main purpose of using the
sample survey rather than the complete survey (census) is to reduce the cost of study,

save time, effort and increased the accuracy of estimates (Cochran, 1977, Singh, 2003).

An important term in the sampling survey field is a sampling strategy, defined

as a combination of a sampling design (P) and an estimator of population parameter

1



(T). A sampling design is used to select a sample units, while an estimator is used to

estimate an unknown population parameter based on the sample was selected
according to the sampling design. In other words, a sampling strategy is a process of
selecting a sample, coupled with a procedure to estimate unknown population
parameters based on this sample. Sampling strategy involves two stages, design and

estimation stages.

The design stage determines the design used to draw the elements from the
entire population. The estimation stage describes how to estimate the parameters of a
particular population, especially a total. In this study, in the presence of a single
auxiliary variable or several auxiliary variables, estimation of population total for a

single target variable is carried out under unequal probability sampling designs.

A review of the basic concepts and theorems linked to the sampling designs is
needed to develop an effective sampling strategy, which are given in Chapter 3 in
detail. This study focuses mainly on the estimation stage, in particular on two
traditional estimators based on a single auxiliary variable, namely the ratio estimator
and linear regression estimator. In addition, the calibration estimation method in
presence of several auxiliary variables would also be studies through modifying the

traditional weights (design weights) by calibrated weights (new weights).

1.2 Problem Background

Sampling can be defined as a technique or method for selecting a representative
sample from a specific population, with the goal of estimating the unknown parameters
of the population characteristics such as mean, total and proportion. A sample is said
to be a representative sample or a random sample when the units are selected randomly.
Generally, a sample is selected based on a specific probability mechanism referred to
as sampling design. Whether the sample is selected for a descriptive or analytical
purpose, an appropriate sampling design should be used to obtain results with high
precision. Sampling designs fall into two categories, probability sampling and non-

probability sampling designs.



Probability sampling designs are applied when every unit in the population has
a known chance for being selected in a sample. Thus, using these designs for selecting
a sample guarantee no part of the population is ignored before the sample selection
process. Simple random sampling (SRS), systematic, stratified and cluster sampling
designs are types of probability sampling design. In non-probability sampling, the
selection of units is subjective (not random) and totally depends on the researcher or
data collector. Quota sample, judgmental sample, and convenience sample are
examples of non-probability sampling schemes. Although, these sampling techniques
provide fast, easy, and low cost ways of selecting samples, but give less accurate
estimates and are less used (Cochran, 1977, Singh, 2003, Arnab, 2017). Probability

sampling designs can be classified into:

Equal probability sampling designs: These designs give equal probabilities
for the all population units to select in any sample. In other words, all possible samples
have an equal chance of being selected as a sample. The simplest example for these
designs is SRS. The key problem associated with these schemes is that the essential
differences in the values of population units are not taken into account, so selecting a
sample according to these designs produce results which are not consistent,
particularly when the units have significant variation with respect to their values
(Sampath, 2001, Sarndal et al., 2003).

Unequal probability sampling designs. These designs are applicable when
the population units do not have equal probabilities for being selected in the sample.
This research is performed according to sampling designs with unequal probability.
These designs can provide better estimates compared to sampling schemes with equal

probability.

Auxiliary information may be used in a design stage or estimation stage or both
in unequal probability sampling designs. Using this information, an improvement in
the efficiency of estimating population parameters can be achieved through a suitable

sampling design. The next Section is dedicated to highlight on auxiliary variables.



1.2.1 Target and Auxiliary Variables

The simple use of auxiliary information is one of the main contributions for the
paper presented by Neyman in 1934. Before selecting a sample, Neyman suggested
dividing the population into strata, then selecting a probability sample from each
stratum. The official use of auxiliary information in the sampling survey traces back
to the early decades of the last century when the foundations of the sampling theory

were laid down. (Holmberg, 2003).

Cochran (1942) presented an early reference which introduces auxiliary
information that can be used in the estimation procedures. Also he proposed the
regression method of estimation in detail.

Target variables (variables of interest) are that variables we wish to make some
statistical inference around them in a particular study. Whereas the auxiliary variables
are the variables that are directly or indirectly related to the target variables, used to
improve the precision of the estimation of unknown population parameters, such as
population total, or to predict the values of the target variables. An auxiliary variable
is usually any variable for which information is available prior to the information. The
values of the auxiliary variables for the all population units must be known before
selecting any random sample from the population. Using of suitable auxiliary variables
in the estimation stage results in considerable reduction in the variance estimate of the

unknown population parameters.

In practice, knowing only the values of the sample units and the population
totals of the auxiliary variables is sufficient for making any statistical inference about

unknown population total. Usually, referred to the target variable by Y while the
auxiliary variable by X, Z,... or X;,X,,.., X,. The primary objective of using

auxiliary variables is to obtain accurate estimates leading to many sampling and
estimation methods, such as optimum allocation in stratified sampling designs,
probability proportional to size, and regression or calibration estimators, all of which

rely on properties of these variables.



Auxiliary variables are used at the design stage or at the estimation stage or in
both stages in a wide variety of ways. Many works have been published to illustrate
this wide variety of using auxiliary variables, such as such as, Laaksonen (2006)
proposed a particular scheme of auxiliary data services to systematize auxiliary
variables according to different types. Estevao and Sérndal (2002) showed that there
are ten different cases where auxiliary information may be used for calibration in two-

phase sampling.

According to (Franklin and Walker, 2003), before selecting a sample, if
auxiliary information is available and easily accessible from a reliable sources, in this
case it can be used in estimation stage for two main reasons: The first reason is that
the survey results always need to be as close as possible to the actual population
parameters or parameters estimates from another, more accurate survey. The second

reason is to increase the efficiency of the parameters estimates

There are several aspects that can be used to differentiate between the target
variables and the auxiliary variables, such as cost, effort, source of availability, etc.
Table 1.1 shows the key differences between the variables of interest and the auxiliary

variables based on some aspects that are related to a particular study.

Table 1-1 The Key Variations between the Target Variables and the Auxiliary
Variables

Study aspects Auxiliary variables Target variable
Cost of data collection Less High
Effort of data collection | Less More

Sources of availability | Previous studies, secondary | Experiments, current

data, current or past survey | survey

Interest Less More (main)
Error in measurements Less More
Sources of error Fewer More




In order to explain the nature of the target variables and auxiliary variables,
Table 1.2 shows 6 hypothetical studies, with the determination of the target variable

and auxiliary variable for each study.

Table 1-2 [llustration of the target variables and the auxiliary variables for six
hypothetical studies

The study Target variable Auxiliary variable

Agricultural survey The annual productivity of a | The area cultivated, soil
specific crop. fertility

Family survey The total amount spent by Household income, size of
household on food consumer | family, and type of food.

Health survey Measures of risk factors, Tobacco use, alcohol use,
health status diet, and physical exercise

Environmental Total amount of pollution Factory size, number of

survey produced from factories ina | worker, number of units
particular area. produced last year

Business survey Income, profit, number of Annual sales, number of
employees employees and number of

locations

Market survey Satisfaction levels for a Age, gender, education

particular product. level

There are three basic requirements at the estimation stage for the successful

utilization of auxiliary variables:

i.  The auxiliary variables are well correlated with the target variable.

ii.  The sources of information concerning the population must be accurate

and easy to collect.

iii.  The auxiliary information must be obtained from all units selected in the
sample, and assumed the population totals of the auxiliary variables are

known.



Improvements in the estimation of population parameters using auxiliary
variables rely on the degree of correlation between the target variable and the auxiliary
variables available. Although the issue of using auxiliary data in the sampling survey

began to attract interest in the 1930s last century, it is still an active topic of research.

An important concept associated with a sampling design is a sampling scheme.
The sampling scheme is defined as a set of rules that are used to give a detailed
description of how to include the population elements in the sample so that the

probabilities of sampling design are fulfilled.

A classification of the all sampling designs that are mentioned in the previous

section are shown in the Figure 1.1

Sampling
designs

Probability

Non-probability

sampling designs sampling designs

Selection is random
and depend on
probability concept

Selection is subjective
and depends on an
investigator

|
I | I I
Equal Unequal E Give less
- e ast , easy, low
probability probability cost ways accurate Results

Figure 1.1  Classification of Sampling Designs




1.2.2 Statistical Minimum Distance Measures

Estimating unknown population parameters, especially the total population, in
many cases involves using new weights instead of those used in traditional estimators
such as the Horvitz Thompson (HT) estimator. Minimum distance measures are one
of the most effective statistical tools for obtaining these weights. Measuring the degree
of closeness between two separate data sets, such as sample data and the parametric
model used to suit this data, is the key concept of statistical distance measures between
two data sets. The degree of closeness between the data and the model is described by
some of statistical distance measures. Estimation by using the minimum distance
measures was introduced by Wolfowitz in the middle of the last century (1952, 1953,
1954, 1957). He studied minimum distance estimators as class of estimators, looked at
the case when the sample size is large, demonstrated that under general conditions
such estimators are highly reliable, also used minimum distance measures in goodness-
of-fit tests. The minimum distance was outlined by William (1981) as a general
estimation method with desired properties. An extensive bibliography, categorised by
subject matter, was also provided. Vajda (1989) and Pardo (2018) provided useful
treatments based on divergence measures for statistical inferences. In statistical

inference, statistical distance measures can be used across two types of distances:

i.  Distances between two distribution functions, such as distance between
the empirical distribution function and the model distribution function.

ii.  Distances between two probability density functions, such as distance
between some nonparametric density estimates obtained from a data and

the model probability density function.

An important relevant term related to statistical distance measures is the
quantification of the amount of discrepancy between the data and the model used to fit
this data through a suitable divergence measure. Quantification of the amount of

discrepancy is one of the key components of statistical modelling.

The idea of statistical distance was used in sampling survey, especially for

estimating an unknown population total in the presence of auxiliary variables.



Calibration estimation was presented by Deville and Sarndal (1992), by creating a
suitable distance measure between the design weights that are contained in HT
estimator and the calibrated weights. Calibration estimator is obtained by minimizing

the suitable distance measure between these two sets of weights.

This study focuses mainly on the issue involved in estimating an unknown
population total of a single target variable under unequal probability sampling designs
in the presence of auxiliary variables. Two methods of estimation were employed in
this study. The classical scenarios of estimation (which includes linear regression
estimator, ratio estimator and Horvitz-Thompson Estimator) were used in first
category of estimation. The estimation by these scenarios are based on a single
auxiliary variable. The second category is estimation by calibration method which
based on vector of auxiliary variables using different manner of statistical distance

measure rather than that was used in the previous studies.

1.3 Problem Statement

In many cases, equal probability sampling schemes, such as simple random
sampling (SRS) and systematic random sampling, are not suitable for selecting a
random sample because it is affected by the problems related to the population units,
particularly when the values of the population units have essential differences. For this
reason, equal probability sampling schemes do not seem to be an appropriate
procedure for selecting a representative sample. On the contrary, selection of units
using unequal probabilities could improve the efficiency of estimating the population

parameters through reducing the variance estimate, in many circumstances.

Estimation of population parameters can be improved by using unequal
probability sampling designs rather than equal probability sampling designs. The latter
designs take into account the essential differences between the population units before
selecting any sample (Sampath, 2001). Each unit of the population has an inclusion
probability in any sample. The inclusion probabilities determined by using an



appropriate sampling design, such as Poisson sampling design, Conditional Poisson
sampling, Pareto sampling, etc.

Most of the previous works in the sampling design begun in the early 1940s
were devoted to the estimation of population parameters under two sampling schemes,
especially the population total, taking into account a single auxiliary variable. One of
the scheme, is the probability proportional to size with replacement (PPSWR) and the
other is the probability proportional to size without replacement (PPSWOR). The two
well-known estimators for estimating an unknown population total according to
PPSWR and PPSWOR schemes are: Hansen Horvitz (HH) estimator proposed by
Hansen and Hurwitz (1943) and Horvitz Thompson (HT) estimator suggested by
Horvitz and Thompson (1952) respectively. In order to improve these two estimators,
a number of sample selection schemes and estimators were later proposed. Madow
(1949), Narain (1951), Raj (1956 a), Roy and Chakravarti (1960), Murthy (1957),
Srivenkataramana and Tracy (1980) , to name but a few.

Many studies have been conducted to address the problem related to difficulties
in computing the variance estimate of the HT estimator using the second order
inclusion probabilities, such as the generalized regression estimator (GREG)
suggested by Cassel et al. (1977), calibration estimators given by Deville and Sarndal
(1992), calibration estimation by empirical likelihood method proposed by Chen and
Qin (1993) and extended by Kim (2009). Singh et al. (1999) suggested new calibration
approach in order to improve the variance estimate. Guggemos and Tillé (2010)
suggested a class of model-assisted estimators based on the penalization calibration.
The underlying idea in this method is to reduce the calibration constraints by releasing
a few of them and replacing with a penalty term. The penalization added minimization
to the distance measure. They introduced the concept of penalized calibration as a
combination of traditional calibration and adjusted calibration. This method provides
a flexible estimation technique giving improved estimates, when the auxiliary
information, particularly, is not fully suitable or overly abundant to be completely
used. Singh and Sedory (2016) gave the two-steps technique to calibrate the design
weights. In stage one, the calibration weights are made proportional to the design
weights based on a particular sample. The research area in the estimation of population
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parameters in sampling survey, in the presence of several auxiliary variables by using

the calibration estimation technique is fertile and need further work

In all previous works that are mentioned above, most attention was paid to
estimation of population total in the presence of several auxiliary variables based on
the calibration estimation proposed by Deville and S&rndal (1992). In other words, all
these contributions were done by using the same distance measures between design
weighs and calibrated weights used by Deville and Sarndal (1992). In contrast, the
literature of estimation of population parameters suffers from acute lack of studies
related to the issue of statistical distance measures that can be used to find the
calibrated weights, this is as a results of using the same distance measures in the all
previous works. No study was devoted to the subject of statistical measurements of
distances between the design weights and calibrated weights, except that Deville and
Sarndal used some distances measures. Therefore, filling this gap is one of our main
objectives in this research. The study focuses specifically on the issue of statistical
distances measures that can be used to determine the amount of difference between

design weights and calibrated weights.

In this study, conventional estimation methods are revisited based on the
availability of a single auxiliary variable. In order to estimate an unknown population
total, two conventional estimators, namely the ratio and regression estimators, are
compared theoretically and practically by using empirical data and simulation
technique. In addition, proposed a general formula of statistical distance measure, used
to measure the distance between the new weights and traditional weights. New weights
can be obtained via the general formula and then the new weights can be used to create
new estimators for estimating an unknown population total. The key objective sought
of this study is to obtain a variance estimates that are free from the obstacles relevant
to the inclusion probabilities of the second order. As in variance estimates for the
classical scenario of unequal probability sampling designs, calculation of variance
estimates are tedious process and computationally cumbersome. The study of the
problematic part of variance estimates and issues related to statistical distance
measures lead to some important questions related to problem statement represented

in the research questions which include:
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QR 1: How much impact does the sample size and correlation
coefficient have on the estimate of population total to be

computed using the ratio and regression estimators?

QR 2: Which general distance measure is required to find the calibrated

weights under some constrains related to the auxiliary variables?

QR 3: How can the special distance measures be generated from the

general formula?

QR 4: How can the negative and unrealistic weights for some distance

measure be treated?

1.4 Research Objectives

One of the main goals of this study is to re-examine the conventional estimation
methods using two well-known classical estimators, linear regression and ratio
estimators, used for estimating the total population in the presence of a single auxiliary
variable. The impact of sample size and correlation coefficient between the target
variable and auxiliary variable on the two conventional estimators would be examined,
then the results would be compared from a theoretical and practical point of view.
Furthermore, if more than one auxiliary variable is available from a reliable sources,
calibration estimation is used by incorporating auxiliary variables into the estimation
process. To measure the degree of the disparity between calibrated weights (new
weights) and design weights (traditional weights), a general distance formula is
proposed. In order to deal with the problems related to the estimation of an unknown
population total mentioned in the problem statement, we need to define the research

objectives. The main objectives of this study can be determined as follows:

I. To investigate and analyse the effect of sample size and correlation
coefficient on the efficiency of the ratio estimator and linear regression

estimator based on a single auxiliary variable.
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ii. To design a general distance formula that can be used to obtain the

calibration weights for some well-known distance measures.

iili.  Toconstruct a new estimator based on the new weights generated from

the general distance formula.

Iv. To treat the unrealistic values of new weights produced by some special

distance measures.

15 Motivation for Research

Both academic and personal motivations inspired the candidate for performing
this study. First of all, sampling survey is a significant tool for scientific research, and
also it counts as a corner stone for many scientific researches in various fields, such as
medicine, economics, management, marketing, forestry, education, industry,
pharmacy, etc. As a consequence, any progress in this area of study, such as
development of sampling designs or population parameter estimation methods, may
have a huge impact on the precision of the decisions made in relation to a number of

practical problems.

Secondly, making any statistical decision depends on the data gathered using a
specific sampling design. Using an unsuitable sampling design lead to wrong decisions
being made. In addition, the precision of estimate is very important issue for all
tacticians and researchers. This motivates the candidate to further improve the methods
of estimation of population parameters by reducing the possibility of using an

unsuitable sampling design.

Third, Estimation by an appropriate statistical minimum distance method is one
of the most efficient methods in estimating the unknown population parameters,
particularly when auxiliary variables are available and associated with the variable of

interest

13



Finally, in many situations, we need to get answers to certain specific
questions, which cannot be obtained merely through laboratory experiments or simply
using economic, mathematical, or statistical formulation. The answers can be

conveniently obtained by sampling survey.

1.6 Significance and Contribution of the Study

In equal probability sampling designs, the sampling design used to select a
sample and estimation procedures are mainly depend on the study variable only. In
fact, there are many cases where additional information from some variables related
to the study variable is available. Additional information from current or past surveys
or secondary sources can be made available from books, magazines, journals, etc. Such
additional information is called auxiliary variables. These variables play a prominent
role in improving estimation accuracy. This study looks at the topic of estimating an
unknown population total based on two different scenarios. In the first scenario where
there is a single auxiliary variable, two classical estimators (linear regression estimator
and ratio estimator) are used to increase the precision of the estimate of unknown
population total. Whereas, estimation of unknown population total is treated by the
calibration estimation in the second scenario when several auxiliary variables are

available. The expected contributions from this study are as follows::

i.  Description of the effect of the sample size and correlation coefficient
on the efficiency of population total estimate by ratio estimator and

linear regression estimator.

ii. Provide a theoretical overview on the calibration estimation based on

the minimum distance approach.

ilii.  Presenting a new general distance measure used to generate several

well-known distance measures.

iv.  Connecting between classical estimators and calibration estimator for

the ratio estimator and regression estimator.
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1.7 Scope of the Research

There are three key aspects to the scope of this study, including the scope of
the sampling strategy, the scope of the data, and the scope of the methods. These
aspects cover the sampling strategy's theoretical context, the data used in the study,
and the methods used to estimate an unknown population total for a particular target

variable. The following subsections identify the three aspects of the study scope.

1.7.1 Scope of the Sampling Strategy

The scopes of sampling strategy in this research are as follows:

i. This study is restricted to methodology of unequal probability sampling

designs.
ii. Auxiliary information is used in design and estimation stages.

iii.  Study mainly focuses on the estimation stage.

1.7.2 Scope of the Data

The data used in this study are hypothetical data and secondary data, described

as follows:

I. Hypothetical data is used in some numerical examples in order to
promote the comprehension of some fundamentals relevant to sampling

strategy.

ii. Asecondary data is used to compare two traditional estimators; the ratio

estimator and linear regression estimator.
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Simulated data based on one variable of interest and two auxiliary
variables, one having a positive correlation with the variable of interest
and the second with a negative correlation to compare the efficiency of

the estimators.

1.7.3 Scope of the Methods

This study is focused on the estimation of unknown population total in the

presence of a single auxiliary variable or several auxiliary variables. For the treatment

of both cases, two scenarios of estimation are established. The first scenario is based

on a single auxiliary variable and the second is on several auxiliary variables. In this

study many methods are used, which are as follows:

Five random samples of sizes 30, 50, 100, 200, and 400 would be chosen
from a specific secondary data and simulation study to compare between

the ratio estimator and the linear regression.

Comparison between these estimators also is conducted by using

simulation technique.

Disparity measures are used to investigate the closeness between

calibrated weights and designs weights.

Calibrated weights are obtained using the optimization method, via
minimizing the distance measure between calibrated weights and design

weights.

The proposed general distance formula is based primarily on a

theoretical approach.
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1.8 Limitations of the Study

This study has some statistical limitations which may influence the research

findings. The limitations are briefly stated below:

i.  Estimation of population total is carried out for only one target variable
based on the auxiliary information from a single auxiliary variable or

several auxiliary variables.

ii.  The focus of the study is only on the auxiliary variables associated with

the variable of interest, and other variables are ignored.

iii.  Inference is limited to the design-based approach only.

1.9  Organization of the Thesis

This section describes how the thesis is arranged according to chapters. The

thesis includes six chapters listed below:

Chapter 1, Introduction: This chapter gives a general introduction to the topic
of the proposed research work. It covers brief overview of issues related to the
research, problem background, problem statement, research objectives, motivation for

research, significance of the study, scope of research, and the limitation of the study.

Chapter 2, Literature Review: This chapter presents a literature review of
estimation of population total under unequal probability sampling designs. It covers
an overview of unequal probability sampling designs, sampling with probability
proportional to size, estimation of population total using HT estimator, estimation of
population total based on probability proportional to size without replacement under
unequal probability sampling designs, inference under three different approaches, and

calibration estimation. Furthermore, this chapter also reviews the previous works
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related to unequal probabilities sampling designs and estimation of population total
under unequal probability sampling designs, based on single auxiliary variable or

multivariate auxiliary variables.

Chapter 3, Research Methodology: This chapter mainly presents the
direction of the study and overview of the methods used. It includes the research
framework, the basic concepts of sampling designs, estimation of population total
based on unequal probability sampling designs, and finally, a new estimator based on

new weights is proposed.

Chapter 4, Comparison of Two Classical Estimators: To address the first
objective of research, in this chapter an empirical study and simulation study are
carried out to estimate population total on two classical scenarios. Two traditional
estimators, ratio and linear regression estimator, are revisited and used to estimate
population total parameter, when a single auxiliary variable is available. The
calculations obtained from the two estimators are presented and compared from a

theoretical and empirical standpoint.

Chapter 5, Calibration Estimation Using Power Divergence Function:
This chapter covers in detail, the last three objectives of the research. The calibration
estimation of population total is examined. A general distance measure formula is
proposed to measure the distance between classical and calibration weights. The
proposed formula is then used to generate other notable distance functions. The new
weights are then used to construct a new estimator, in some cases where the new

weights are negative or unrealistic.

Chapter 6, Conclusion and Recommendations: This chapter provides the
conclusions of the research work discussed throughout of this study, the chapter also
presents and highlights the contributions of the research and put forward

recommendations for future work.
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