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ABSTRACT 

Chapter 1 offers a concise overview of sampling theory and underscores the 

significance of auxiliary information in estimating population parameters. It examines 

different estimators for population mean and variance proposed by researchers. The 

summary of the first chapter is given in the following paragraphs.  

 Information can be acquired in two main ways: comprehensively, where every 

detail is considered, or in summary, where the essence of the overall details is provided. 

In specific terms, the former is referred to as Complete Enumeration, while the latter is 

termed as Sampling. Sampling, an inherent aspect of human life, involves actions such 

as inspecting a handful of rice to assess the quality of an entire sack, or meeting a few 

individuals from a country to understand the nature of its people, as well as blood group 

testing. Since a sample represents only a portion of the whole, its extrapolation can lead 

to errors known as Sampling Errors. Statisticians aim to minimize these errors by 

devising suitable sampling schemes or by creating efficient estimators of the 

parameters, or both. In our thesis, we have developed efficient estimators for population 

parameters. The simplest sampling method is the Simple Random Sampling (SRS) 

Scheme, where each unit of the population has an equal chance of being selected for 

the sample, either with replacement (WR) or without replacement (WOR). In our thesis, 

we have focused on the SRSWOR Scheme. 

 Sampling proves to be a cost-effective approach for making valid inferences 

about population parameters, such as mean, variance, skewness, and kurtosis. We have 

particularly studied the estimation of the population mean and population variance. If 

we denote the characteristic under study as 𝑌. Utilizing auxiliary information, which is 
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independent of the characteristic under study but holds some level of association with 

it, enhances parameter estimation efficiency. For instance, in analyzing annual 

household expenditure, household size can be employed as auxiliary information. 

 The significance and evolution of sample surveys have been extensively 

discussed by various experts, including Yates (1949), Mahalanobis (1952), Hansen et 

al. (1953a, 1953b), Yates (1960), Raj (1968), Des Raj (1972), Cassel et al. (1977), 

Cochran (1977), Singh and Chaudhary (1986), and Das (1988). They have eloquently 

highlighted the advantages of sample surveys, such as cost-efficiency, quicker results, 

enhanced result accuracy, broader applicability, and universal adaptability. 

 Ratio estimators are among the most commonly employed methods for 

estimating population mean or total, especially when there exists a positive correlation 

between the auxiliary and study variable. Conversely, when the correlation is negative, 

the product estimator is utilized. Despite the higher precision of the regression estimator 

compared to the ratio estimator, in large-scale surveys, opting for the ratio estimator is 

often preferable due to its simplicity.  

In cases of positive correlation, Cochran (1940 and 1942) devised a ratio method 

for estimating the population mean or total. In cases characterized by a negative 

correlation between auxiliary and study variable, researchers like Robson (1957) and 

Murthy (1964) suggested the use of product estimators for estimating the population 

mean. Watson (1937) introduced a straightforward linear regression estimator, which 

he used to estimate the average leaf area by considering the weight of leaves as an 

auxiliary variable. 

The utilization of auxiliary information can occur at various stages, including 

the design stage, sampling stage, or estimation stage. Our current study specifically 
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focuses on the application of auxiliary information at the estimation stage. Numerous 

estimators have been developed over time to enhance efficiency using auxiliary 

variables. Parameters of the auxiliary variables, such as mean, median, coefficient of 

variation, etc., are often leveraged to increase the efficiency of the estimators. Many 

such estimators have been discussed in the existing literature. 

Goodman (1958) improved ratio estimators to ensure unbiasedness in standard simple 

random sampling. Searls (1964) used the population coefficient of variation for specific 

variable analysis, while Sisodia and Dwivedi (1981) applied it to auxiliary variables. 

Srivastava (1967) introduced a generalized ratio-type estimator incorporating auxiliary 

variables for population mean estimation. Reddy (1974) proposed ratio-type estimators 

utilizing auxiliary variables for mean estimation. Chakrabarty (1979) developed 

efficient ratio estimators for mean estimation under optimal conditions. Sahai (1980) 

suggested two-parameter ratio-type and product-type estimators for finite population 

mean estimation. Bahl and Tuteja (1991) introduced exponential ratio-type and 

product-type estimators incorporating positively and negatively correlated auxiliary 

variables. Upadhyaya and Singh (1999a, 1999b) used a transformed auxiliary variable 

to estimate the population mean and introduced various ratio and product type 

estimators, accounting for coefficients of variation and kurtosis. Kadilar and Cingi 

(2003) analyzed the chain ratio-type estimator, revealing its superior efficiency over the 

traditional ratio estimator under specific conditions.  

Singh et al. (2004) proposed a modified ratio estimator incorporating the 

coefficient of kurtosis for an auxiliary variable to improve efficiency. They derived 

first-order approximations for bias and MSE, comparing it with other estimators. Singh 

and Tailor (2005), Tailor and Sharma (2009) developed ratio-cum-product estimators. 

Yan and Tian (2010) introduced ratio-type estimators based on skewness, showing 
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improved efficiency under certain conditions compared to traditional ones. Al-Omari 

(2012) proposed two enhanced ratio estimators for population mean estimation, 

demonstrating the establishment of quartiles of an auxiliary variable when its mean is 

known.  

 Jeelani et al. (2013) proposed an enhanced ratio-type estimator using skewness 

and quartile difference of an auxiliary variable to improve estimation accuracy. Swain 

(2014) presented an alternative ratio-type exponential estimator, comparing it with Bahl 

and Tuteja's exponential ratio-type estimator and the classical ratio estimator using 

large sample approximations to assess bias and MSE. Jerjuddin and Kishun (2016) 

introduced an enhanced ratio estimator for population mean estimation using simple 

random sampling without replacement (SRSWOR). Ijaz and Ali (2018) developed an 

efficient estimator for determining the mean of a finite population using simple random 

sampling. Yadav et al. (2019) focused on estimating the average peppermint production 

in Barabanki district, India, suggesting various estimators for the population mean 

using field area as an auxiliary variable. Baghel and Yadav (2020) proposed a method 

for population mean estimation using an auxiliary variable within simple random 

sampling. They introduced a new category of estimators, calculating bias and MSE up 

to the first order of approximation. Yadav and Baghel (2021) introduced an innovative 

class of estimators utilizing known auxiliary variable information to enhance 

population mean estimation in simple random sampling. Aggarwal et al. (2022) worked 

on improving the estimation of 𝑌̅ in SRS by combining two already existing ratio 

estimators. Ali et al. (2023) introduced a class of estimators for estimating population 

mean using known auxiliary parameters. Yadav et al. (2023) utilized known population 

median of study variable for elevated estimation of population mean. Gupta et al.(2024) 

improved the estimation of the population mean by integrating additional auxiliary 
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parameters. Yadav et al. (2024) proposed an adroit family of estimators of population 

mean using known auxiliary parameters. Yadav et al. (2024) introduced new optimal 

class of searls estimators of population mean using powered auxiliary parameters. 

Certainly, numerous survey statisticians have contributed significantly to the 

advancement of variance estimation methods by incorporating additional information 

pertaining to auxiliary attributes. Liu (1974) pioneered the estimation of population 

variance by incorporating auxiliary information and formulated a set of unbiased 

estimators. Singh and Pandey (1983) constructed ratio and product type estimators for 

variance estimation. Isaki (1983) further addressed the problem of variance estimation 

and proposed various estimators. Srivastava and Jhajj (1995) utilized auxiliary 

information regarding the third moment of the auxiliary variable to create a category of 

estimators for both population variance and mean. Singh et al. (1995), Agarwal and 

Sthapit (1995), Singh et al. (1996), Jhajj et al. (2005), Gupta and Misra (2006), Kadilar 

and Cingi (2006a, 2006b, 2007), Shabbir and Gupta (2010), Misra and Yadav (2010), 

Misra et al. (2012) have also contributed to this field. Pal and Singh (2018) 

recommended enhanced estimators for finite population variance, demonstrating their 

superiority over conventional and other existing estimators. Singh et al. (2018) 

introduced an improved generalized class of estimators based on SRSWOR. Sanaullah 

et al. (2022) proposed an exponential type ratio-cum-product estimator for population 

variance. Muhammed et al. (2022) and Oluwapelumi et al. (2022) also proposed 

estimators for population variance estimation. 

These researchers have made significant contributions to the advancement of 

diverse techniques and methodologies for variance estimation, addressing various 

survey scenarios and needs. 
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The present thesis “A Certain Study on Estimation of Population Parameters 

in Survey Sampling” is confined in the use of auxiliary variable at the estimation stage. 

Inspired by many authors we have proposed estimators in different situations.  The 

sampling scheme is taken as to be the Simple Random Sampling without Replacement. 

Our interest lies in developing ratio type estimators for better estimation. 

 Chapter 2, introduces enhanced estimation of population mean (𝑌̅) using known 

information on an auxiliary variable (𝑋). The suggested estimator's bias and mean 

squared error (MSE) are calculated up to the first order of approximation. The minimum 

MSE and the Bias values are achieved by optimising the characterizing scalar. The MSE 

of the recommended estimator has also been compared both conceptually and 

empirically with the MSEs of current estimators.  Real and Simulated data sets are 

adopted to verify the theoretical prerequisites for the suggested estimator's greater 

efficiency over competing estimators. 

 Chapter 3 aims to discuss the improvement of the estimation of the finite 

population mean of the study variable by employing an auxiliary variable in a simple 

random sampling scheme. We propose a new general ratio type estimator consisting of 

both exponential and logarithm functions. The sampling characteristics, bias and mean 

squared error (MSE) of the proposed estimator are evaluated up to first order 

approximation. The optimum values for the characterizing constants are observed. For 

the optimum values of the characterizing scalars, the minimum value of the MSE of the 

proposed estimator is also obtained. The proposed estimator is theoretically compared 

to the competing population mean estimators. The efficiency conditions for the 

proposed estimator to outperform the competing estimators are also obtained. Real and 

simulated data sets are used to validate the theoretical requirements for the proposed 

estimator's inherent superiority over rival estimators. 
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 Chapter 4 introduces an enhanced family of exponential-log ratio type class of 

estimators for estimating the population mean (𝑌̅) for the main variable (𝑌) 

utilizing certain known parameters of population for the auxiliary variable (𝑋). The 

bias and mean squared error (MSE) of the proposed class of estimators are computed 

up to the first order of approximation. The lowest MSE and bias values are obtained by 

optimizing the characterizing scalar. In addition, the recommended estimator's 

conceptual and empirical MSEs are compared to the MSEs of the existing 

rival estimators. Real and simulated data sets are used to validate the theoretical 

requirements for the recommended estimator's superiority over rival estimators. 

 In chapter 5, the information on auxiliary variables has been shown to be 

beneficial in improving the precision of study variable estimates. An 

improved exponential ratio estimator is suggested and verified using auxiliary variable 

information for population variance under simple random sampling. The proposed 

estimator's bias and mean squared error (MSE) equations were derived up to first order 

of approximation. Using real data sets and simulation study, the performance 

assessment of the proposed estimator is considered and compared to the 

competing estimators. The empirical and simulation findings demonstrate that the 

suggested estimator outperforms the competing estimator. 
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