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Abstract 

The sample size in the current work has been used as information to more accurately estimate 

the population mean of the primary variable under investigation. In a variety of socioeconomic 

and agricultural surveys, sample size is a crucial component for estimating population 

parameters. The population mean has been estimated using a generalised ratio type estimator. 

The bias and mean squared error of the proposed estimator's large sample properties have been 

obtained to within one order of precision. The ideal mean squared error-minimizing value of 

the characterising scalar has been found, and the ideal mean squared error-minimizing value of 

the proposed estimator has also been found. The suggested estimator has been compared to 

mean. The proposed estimator has been compared to mean per unit estimate and other popular 

population mean estimators. A numerical analysis is also done to compare the efficiencies of 

proposed and existing population mean estimators.    

Key words: Sample Mean, Population Mean, Bias, Mean squared error, Efficiency.  

1. INTRODUCTION 

For the many agriculture-related programmers to make effective policy decisions, credible 

estimates are essential. Reliable crop projections are essential for the successful execution of 

agricultural initiatives. These estimates were derived from a number of surveys connected to 

agriculture, including the CCS (Crop Cutting Surveys). Generally, whenever we deal with on 

variable under study the most appropriate measures of central tendency is Arithmetic Mean. 

Whenever the population is very large, it is natural and economic to estimate the population 
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parameters through appropriate sampling technique. It is inevitable to estimate any population 

parameters through its corresponding statistics. For example, to estimate the population mean 

of the variable under study, sample mean is the most appropriate estimator for the estimation of 

population mean.  Although the sample mean is an unbiased estimator of population mean but 

has reasonably large amount of variation. Generally, it is desirable to have an estimator which 

may even be biased but it should have minimum Mean Squared Error (MSE).  Generally, it is 

an obvious fact that to enhance the efficiency of the estimators of population mean use of 

auxiliary variable is made. Auxiliary variable are the variables about which we have full 

information and they are highly positively or negatively correlated with main variable under 

study. For example, for improved estimation of population average consumption of a family, 

family size (demographic variable) can be used as an auxiliary variable. Well-known methods 

for estimating the population parameters with the use of auxiliary variables are the ratio 

method of estimation and regression method of estimation. Population mean is one of the very 

important measures of central tendency used in almost all fields of society including field of 

agriculture. Thus, the estimation of population mean is of great significance in agriculture 

related areas. In this   present manuscript, a modified ratio type estimator of population mean of 

the study variable using information on size of the sample has been proposed and its large 

sample properties have been studied up to the first order of approximation.    

 

 NOTATIONS AND TERMINOLOGY                                                                                                                                                                                                                                                                                                   2.  

Let the finite population U is made up of N different and recognizable units NUUU ,..........,, 21  

and the ‘Simple Random Sampling Without Replacement’ (SRSWOR) method is used to 

collect a sample of size n units from this population, assuming that Y and X has a strong 

correlation between them. Let ( ii XY , ) be the observation on the i
th 

unit of the population, 

Ni ...,,2,1 . The manuscript contains the notations shown below. 

N - Population Size 

n - Sample Size 

Y - Study variable 

X - Auxiliary variable 

XY , - Population means 

xy, - Sample means 
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yS , xS - Population Standard Deviations  

yxS - Population Covariance between Y and X 

yC , xC - Coefficients of Variations 

xM - Median of X  

 - Correlation coefficient between Y and X  

1 - Coefficient of Skewness of X  

2 - Coefficient of Kurtosis of X  

where, 
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Review of Existing Estimators- 

In this section, for an approximation of first order many Y estimators along with their MSEs 

have been shown by us 

The associated statistic y is the most appropriate estimator for Y , given by, 
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It is unbiased for Y , and given an approximation of order one, its sampling variance is, 

  
22

0 )( yCYtV                  (1) 

Cochran (1940) suggested the usual ratio estimator of Y , utilizing the known X as, 
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Where, 
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It is a biased estimator and the MSE for the first degree approximation is, 

]2[)( 222

yxxyr CCCYtMSE                 (2) 

A different ratio type estimator of population mean was suggested by Sisodia and Dwivedi 

(1981). In this estimator utilization of  the known xC was made, the expression for  estimator of 

Y is given by- 
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The expression for MSE of the above estimator up to first degree approximation is given by 
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Where, 
xCX

X


1  

A new improved estimator of study variable Y was suggested by Upadhyaya and Singh (1999) 

by using the known 2 .  The expression for the estimator is given by, 
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The MSE of 2t for an approximation of order one is, 
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Singh and Tailor (2003) worked on improved estimation of Y using known  between Y  and 

X they have introduced an estimator of Y as, 

 

 

The MSE of 3t for the first order approximation is, 
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]2[)( 3
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Singh et al. (2004) utilized the known information on 2 and proposed an enhanced estimator 

of Y as, 
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The MSE of 4t for an approximation of order one is, 
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Yan and Tian (2010) suggested an estimator of Y by using the known 1 as, 
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The MSE of 5t for an approximation of order one is, 
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Utilization of the known median xM was carried out by Subramani and Kumarpandiyan (2013) 

in the following estimator of Y as, 
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The MSE of 6t for an approximation of up to degree one is, 
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Making use of known information of size of sample, n, Jerajuddin and Kishun (2016) suggested 

the following estimator of Y with following expression,  
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The MSE of 7t for an approximation up to degree one is, 
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Jaroengeratikun and Lawson (2019) suggested a new estimator of population mean expression 

for tis estimator is given by   
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The expression for MSE of 8t for an approximation up to degree one is given by, 
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  Where, 
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3. PROPOSED ESTIMATOR 

 

In the light of the estimator of population mean suggested by Jaroengeratikun and Lawson 

(2019) , we propose the following ratio type estimator using information on the size of the 

sample, n, and  the known xC . 

 

Thus proposed estimator will be, 

                      Tp = [
   ̅  

   ̅  
]
 

                                                                                                     ( 11) 

 

To study the large sample properties of the estimator, we define . 
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Expressing Tp in terms of sei ' ( 1,0i ), we have   

             ̅(    ) [
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Where    
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After Taylor series expansion and ignorance of terms of higher order expression for Tp may be 

written as 

                            ̅(    )[       ( 
   )    

 ] 

                     ̅   ̅[               ( 
   )    

 ] 

After taking expectation on both sides of above equation we are going to get expression for 

Bias of    

               Bias (  )    ̅[( 
   )     

        ]                                                   (12) 

In the same way we have derived expression for MSE of proposed estimator as  

               MSE(  )= ̅
  [  

        
        ]                                                       (13) 

The optimum value of   which minimizes the MSE of       , obtained by using Maxima 

Minima Technique, is given by  

                            
   

   
                                                                                                     

Using this expression, we can find expression for the minimum MSE as 

                    MSEmin (  ) =  ̅   
 (    )                                                                     (14) 

 

4. THEORETICAL EFFICIENCY COMPARISON  

 In this section, theoretical comparison between the efficiency of the recommended estimator 

and the previously well known existing Y estimators has been done by us. We have also 

identified the conditions in which the suggested estimator outperforms the completion estimate.  

When the following conditions are met, the suggested estimator    is more effective than the 

estimator 0t .  

0MSEmin)( 0 tV , or 

                      ̅   
                                                                                           (15) 

 

    The introduced estimator   performs better than the estimator rt suggested by Cochran 
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(1940) for the following condition if, 

   (  )        (  )    

Or                                      

                                ̅   
    ̅   

       ̅         (16)  

   

The suggested estimator    is more efficient than that of the estimator 1t of Sisodia and 

Dwivedi (1981) for the following condition if, 

   (  )        (  )    

  
   

    
                   (17)  

The suggested estimator    is more efficient than that of the estimator 2t derived by Upadhyaya 

and Singh (1999) under the condition if, 

               (  )        (  )    

Or              
   

    
                                                   (18) 

        

The suggested estimator    is more efficient than that of the estimator 3t of Singh and Tailor 

(2003) if the following criteria are met, 

   (  )        (  )                                       

Or     
   

    
                                                                          (19) 

       

The suggested estimator    is more efficient than that of the estimator 4t of Singh et al. (2004) 

for the criteria if, 

        (  )        (  )         

          Or   
   

    
                                                                           (20)  

       

When compared to Yan and Tian (2010) estimator 5t , the recommended estimator   is more 

effective for the condition if, 
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   (  )        (  )        

    Or   
   

    
                                                                     (21) 

  The introduced estimator Tp has lesser MSE than 6t of Subramani and 

Kumarpandiyan (2013) under the condition if, 

                            (  )        (  )     

 Or,                          
   

    
             

 

The suggested estimator    is more efficient than that of the estimator 7t  of Jerajuddin and 

Kishun (2016) under the following condition if, 

   (  )        (  )   ,  

or    
   

    
             

The suggested estimator    is more efficient than that of the estimator t8   of Jaroengeratikun 

and Lawson (2019) if the following condition has been satisfied 

   (  )        (  )   ,  

   
   

    
             

 

5. NUMERICAL STUDY 

We have taken into consideration a real natural population from Murthy in order to assess the 

performances of the suggested and competing estimates of Y and to confirm the efficiency 

criteria of the provided estimator over the indicated existing estimators (1967). Following are 

the main and auxiliary variables of the considered population under consideration: 

 Y : Output for 80 factories in a region 

X : Number of workers 

The parameters of the population under consideration are presented in Table-1. 
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Table-1: Parameters of the considered population 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In table 2 we have shown the MSE of suggested estimator   , the mentioned estimators stated 

above, and the percentage relative efficiency (PRE) of different estimators with respect to 

estimator t0. 

 

Table-2: MSE of various estimators and their respective PRE with respect to estimator t0 

Sr. No. Parameter Value 

1 N 80 

2 n 20 

3 Y  
51.8264 

4 X  11.2646 

5   0.9413 

6    0.3542 

7    0.7505 

8    1.0500 

9    0.0634 

10 MX 7.5750 

Sr. 

No. 

Estimator MSE PRE 

1    12.6366 100.0000 

2    18.9793 66.5809 

3    15.2581 82.8189 

4    19.4592 64.9388 
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6. RESULTS AND DISCUSSION 

In the present study we have proposed a ratio type estimator of variable under study, we have 

utilized known parameter Cx of auxiliary variable information of sample size n. Expressions 

Bias and Mean square error (MSE) of the introduced estimator are derived up to the 

approximation of first order. The theoretical comparison of the suggested estimator with the 

already-existing estimators previously discussed determines the proposed estimator's efficiency 

criteria relative to its competing estimators. For verification of these efficiency conditions a 

population from Murthy (1967) is used. From table 2 it is clear that the MSEs of competing 

estimators lies within th6e range of [1.838908, 18.97931] on the other hand MSE of proposed 

estimator is 1.4399 and PREs of competing estimators with6 respect to estimator t0 fall in the 

interval [64.93883, 687.1801] while the PRE of introduced estimator is 877.6033. Thus, it is 

clear that Tp estimator of  ̅ is better than other estimators in the terms of efficiency. Thus, 

proposed estimator is recommended to survey practitioners for its use in various agriculture 

surveys. Survey professionals are thus advised to apply the proposed estimator in a variety of 

agricultural surveys. 
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