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Summary 

In this thesis, single phase Mixture Regression cum ratio Estimators by using 
auxiliary variables and auxiliary attributes simultaneously have been proposed under 
Stratified Random Sampling. Special cases of the estimator are discussed and their mean 
square errors are also derived mathematically. A simulation technique has been used to 
observe the properties of proposed estimator which shows that the distribution of 
proposed estimator approximately normal.. An empirical study has been conducted by 
incorporating quantitative and qualitative characteristics in the form of auxiliary 
attributes and variables simultaneously to compare the performance of proposed 
estimator. Comparisons are made with Moeen et al. (2012) single phase mixture 
regression cum ratio estimator under simple random sampling. It has been found that the 
mixture regression cum ratio estimator using multiple auxiliary variables and attributes 
simultaneously under stratified random sampling is more efficient than Moeen et al., 
(2012) mixture regression cum ratio estimator under simple random sampling.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 



iii 
 

 

List of Contents 
Chapter 1............................................................................................................................1 
1.Introduction……………………………………………………………………………...1 

1.1 Simple Random Sampling ............................................................................................ 1 

1.2 Stratified Random Sampling ......................................................................................... 2 

1.3 Auxiliary Information ................................................................................................... 4 

1.4 Ratio Estimation under Simple Random Sampling ...................................................... 5 

1.5 Regression Estimation under Simple Random Sampling ............................................. 5 

1.6 Ratio Estimation under Stratified Random Sampling ................................................... 6 

1.7 Regression Estimation under Stratified Random Sampling.......................................... 6 

1.8 Tools for Efficiency Comparison in Estimation ........................................................... 7 

1.8.1 Unbiasedness.............................................................................................................. 7 

1.8.2 Consistency ................................................................................................................ 7 

1.8.3 Sufficiency ................................................................................................................. 8 

1.8.4 Efficiency ................................................................................................................... 8 

1.8.5 Mean Square Error ..................................................................................................... 8 

1.9 Skewness ....................................................................................................................... 9 

1.10 Kurtosis ....................................................................................................................... 9 

1.11 Notations ..................................................................................................................... 9 

Chapter 2..........................................................................................................................13 
2. Literature Review .......................................................................................................... 13 

2.1 Research Gap or Inspiration ........................................................................................ 19 

2.2 Objectives of the Study ............................................................................................... 20 

2.3 Significance of the Study ............................................................................................ 21 

Chapter 3…………..……………………………..……………………………………..22 

3. Some Existing Estimators under Single Phase Sampling ............................................. 22 

3.1 Estimators Based on Auxiliary Variables ................................................................... 22 

3.2 Estimators Based on Auxiliary Attributes .................................................................. 26 

3.3 Estimators Based on Auxiliary Variables and Attributes ........................................... 28 

Chapter 4...……………....………..…………………………………………………….32 

4. Proposed Estimators under Stratified Sampling ........................................................... 32 



iv 
 

 

4.1 The Proposed Estimator-I.. ......................................................................................... 32 

4.2 The Proposed Estimator-II .......................................................................................... 40 

4.3 The Proposed Estimator-III ......................................................................................... 50 

Chapter 5…………..……………………………………………………………………53 

5.Properties of the Sampling Distribution of Estimator.................................................... 53 

5.1 Methodology.. ............................................................................................................. 53 

5.2 Sample Size Estimation .............................................................................................. 54 

Chapter 6……………………………...………………..……………………………….59 

6. Empirical study ............................................................................................................. 59 

6.1 Data set-I: .................................................................................................................... 59 

6.2 Data set-II .................................................................................................................... 61 

Chapter 7…………………...……………..…………………………………………….64 

7. Conclusions and Discussion ......................................................................................... 64 

References ......................................................................................................................... 65 

 

List of Figures 

Fig. 5.1: Normal Q-Q plot of Moeen et.al (2012) Estimators………………………...….56 

Fig. 5.2: Normal Q-Q plot of proposed Regression cum Ratio Estimators …..................56 

Fig. 5.3: Distribution comparison of Moeen et.al and Proposed Estimators ……………57 

 

List of Tables 

Table. 5.1. Moeen et.al (2012) Estimators under Simple Random Sampling…………...55 

Table. 5.2. Proposed Regression cum Ratio Estimators under STRS….......……………55 

Table. 5.3. Relative Efficiency Comparison based on 10,000 samples………………….57 
Table. 6.1. Case 1: One Variable and One Attribute ………………………….………...60 
Table. 6.2. Case 2: Two Variable and One Attributes…………………………………...60 

Table. 6.3. Case 3: Two Attributes and One Variable ...................................................... 60 

Table. 6.4. Relative Efficiency percentage ....................................................................... 61 

Table. 6.5. Case 1: One Variable and One Attribute ........................................................ 62 

Table. 6.6. Case 2: Two Variable and One Attributes ...................................................... 62 



v 
 

 

Table. 6.7. Case 3: Two Attributes and One Variable ...................................................... 62 

Table. 6.8. Relative Efficiency percentage ................................................................... …63



1 
 

 

Chapter # 1 

1. Introduction 

In the research process, survey sampling is one of the basic tools.  To provide 

information about a population attributes and obtain a sample from that population is 

called survey sampling. Survey sampling has two basic categories, probability, and non-

probability sampling.  

When all the individuals of the population have known probability of being 

selected in the sample is called probability sampling. Probability sampling facilitates us 

to use statistical theory to draw valid inferences about population and avoids a selection 

bias.  With non-probability sampling, elements have no equal chance of selection in the 

sample.  


