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Abstract 
This paper used an estimator of population mean    of the study variable y (weight of students) 
using auxiliary variable x (height of students) in stratified random sampling. The mean and 
variance of the ratio estimator has been obtained using stratification by taking a sample of 100 
from the expected population of 300 students in 3 different strata of age < 20 yrs, 20-25 years, 
and > 25 years. the result shows that the mean age > 25 is higher than the mean of age < 20 and 
20 – 25 years, while the estimate variance of the combined ratio estimate is > separate ratio 
estimate i.e. V(  rc > V (  rs) indicating that separate ratio estimate is more precise than 
combined ratio estimate. 
Keywords: Relative Performance of Estimators, Population Mean, Stratified Population. 
 

 

1.  INTRODUCTION 

1.1 Background of Study  

Stratification is a method of using auxiliary information to increase the precision of the estimates of a population 

Characteristics. The essence of Stratification is to reduce the population variability as to ensure homogeneity, and 

also, increase. This usually occurs when it is clear that the population is very heterogeneous and the sample size is 

limited by cost consideration in which case it will be impossible to get a sufficiently precise estimate by taking a 

simple random sample from the entire population.  

The use of auxiliary information in estimating the finite population estimators has attracted increased attention in 

recent times. Several estimators that incorporate knowledge of an auxiliary variable known for every unit in the 

finite population have been proposed and their performances examined and compared as contained in works by 

Wang and Dorfman (1996) and Singh et al.,(2012) among others. 

Sampling methods are designed to provide valid, scientific and economical tools for research problems. According 

to Hunt and Tyrell (2004), sampling plays a vital role in research design involving human population and commands 

increasing attention from social scientists, chemists, engineers, accountants, biologists and medical practitioners 

Sampling methods are developed as means to an end originating in substantive research problems especially in the 

social sciences and their applications (Hunt and Tyrell, 2004). 

Research by Singh and Vishwakarma (2007) revealed that in modern surveys the scientific technique for selecting a 

sample is that of selecting a probability sample that is usually based upon a stratification of the population. It is well 

known that stratification is one of the design tools that gives increased precision.  

The stratification ideas begin with independent stratification of the two or more variables that are extended to a two 

or more ways stratification of a population, The original ideas are due to Tepping, Hurwitz, and Demming(1943) 

with extension by Goodman and Kish(1950) and Bryant, Hartley, and Jessen(1960). 

There are several estimators that are used in estimating population characteristics when supplementary information 

are available. These include ratio, regression and product methods of estimation at the first or several occasions. The 

regression estimator is useful when the regression line does not pass through the origin. The ratio estimator of 

population mean is equally good if the regression line is a straight line and passes through the origin. However, in 
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many practical situations the regression line does not pass through the origin. It is of interest in this study to compare 

the performance of ratio estimator and regression estimator in stratified population. 

The choice of regression estimator or ratio estimator in stratified population has generated problems to some 

researchers in attempt to identify of the “best” estimators among others.  As a contribution to the area of the study, 

the research utilizes weight of students in the Nasarawa State Polytechnic, Lafia as study variable and their height as 

auxiliary variable and age of students on the other hand in order to compare the performance of these estimators of 

population mean.  

1.1.1 Aim and Objective 

The aim of this work is to study the Performance of regression and ratio estimators with the view of 

determining the best estimator among them. 

The following are the objectives:  

 To utilize the ratio and regression estimators of the population mean in stratified population to estimate 

weight of student for given auxiliary variable. 

 To evaluate the efficiencies of the ratio and regression estimators 

 To compare the relative efficiency of the estimators. 

1.1.2 Scope 

We consider estimation of average - the weight Y, of students using Height (X) as auxiliary variable. Since 

our desire is to utilize stratified random sampling techniques, Height (X) of students is used in this context 

as the variable of stratification, so that students <20 years, 20-25 and > 25 years are assessed to form 3 

strata of interest. 

2.0     LITERATURE REVIEW 

In this section, the researcher will seek to review the following subtopics below; 

2.1 The Precise Estimators 

Estimators can be made more precise by accounting for auxiliary information such as gender, age, income 

and chronic disease-bearing history that are partially or completely known in a population. Methods of 

improving estimation with auxiliary information have been discussed in a model-based approach (Bolfarine 

and Zacks 1992; Valliant et al. 2000) and using model-assisted or calibration methods (Cassel et al. 1977; 

Cochran 1977; Särndal and Wright 1984; Deville and Särndal 1992; Särndal et al. 1992). In a model-based 

approach, the result is the best linear unbiased predictor (BLUP) (Ghosh and Rao 1994; Rao 1997). The 

model-assisted approach combines ideas from model-based and design-based approaches, resulting in 

generalized regression (GREG) estimators.  

Kiregyera (1984) developed two estimators. One is ratio-in-regression and other is regression-in-regression 

estimator; both use two auxiliary variables. The efficiency of the constructed estimators was investigated 

empirically as well as under super-population model. On the basis of empirical study both constructed 

estimators performed better than simple and linear regression estimator using one auxiliary variable for 

two-phase sampling. The regression-in-regression estimator performed better than ratio-in-regression 

estimator and their performance was better than Kiregyera (1980) estimator. Mukerjee et al. (1987) 

developed three estimators following Kiregyera’s (1984) technique. They (1987) also extended their results 

to the case when multi-auxiliary information was available. 

2.2 Auxiliary Variable 

The use of auxiliary information in survey sampling is geared at improving precision of estimates of 

parameters of interest of the study variable. Cochran (1940) looked at the problem of estimating population 

mean     of the study variable y by using known information on the population mean,   of auxiliary variable 

x and introduced the a ratio estimator which is more efficient than the sample mean estimator especially if 

the correlation between the two variables is positive and high. The work of  Murthy(1964) is concerned 

with the product estimator which has been found to be more efficient than the sample mean estimator if the 

correlation between the study and auxiliary variable is negative and high. 

Upadhyaya and Singh (1983) provided an estimator for the population mean of variable of interest with 

approximate bias and mean square error using single auxiliary variable in sampling and also compared with 

estimator suggested by Singh et al. (1981). 
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2.3 Ratio Estimator 

Hartley and Ross (1954) developed exact ratio estimator. Rao (1987) studied performance of the ratio 

estimator based on small samples. Hartley and Ross (1954) developed a general ratio-type estimator in  

sampling. One of them was an unbiased estimate and followed direct form of the one given by developed 

an unbiased ratio estimator for sampling. 

Chand (1975) developed two chain ratio-type estimators by using two auxiliary variables for estimating 

finite population mean. Kiregyera (1980) constructed a chain ratio-to-regression type estimator by using 

two auxiliary variables and investigated the relative performance to the simple mean, ratio-type estimator 

and Chand’s (1975) chain ratio-type estimator. 

Some classes of chain ratio-type estimators for ratio of two population means using two auxiliary variables 

under a simple random sampling without replacement scheme in sampling were suggested by Prasad et al. 

(1996). Properties of proposed estimators were also analyzed. Empirical comparison of suggested estimator 

with conventional and Srivastava et al. (1989) estimators was made. 

2.4  Regression Estimator 

Swain (1970) constructed regression estimator in which the auxiliary variable z with known population mean 

of z was used to estimate the unknown population mean of x then this estimated mean of x was used to 

estimate the population mean of study variable y. 

Singh (1987) proposed a regression estimator for estimating population mean in sampling by using prior 

knowledge of correlation coefficient between variable of interest and auxiliary variable. He studied the 

properties of suggested estimator and demonstrated that his estimator was more efficient than usual regression 

estimator in sampling. 

Roy (2003) constructed a regression-type estimator of population mean of the main variable in the presence 

of available knowledge on second auxiliary variable, when the population mean of the first auxiliary variable 

was not known. His (2003) estimator was more efficient than Mohanty (1967), Chand (1975), Kiregyera 

(1980, 1984) and Shaoo et al. (1993) 

2.5 The Efficiency 

If statistic 
^

  is an estimation of a parameter θ of a given distribution with probability density function f(x, θ) and E(^

 ) = θ is pure and also        is minimum compare to any other unbiased estimator of θ, then 
^

  which is a 

maximum variance unbiased. 

Estimator (M.V.U.E) of  θ is the most efficient estimator of θ.(Guy,2006). Thus, if E(
^

 1) = E(
^

 2) = θ and (θ1)   

variance (
^

 2) then θ1 is more efficient than 
^

 2 and the relative efficiency of 
^

 1 with respect to 
^

 2 is given as:    
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If 
^

 1 and 
^

 2 are unbiased, then   
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,  where    is  the relative efficiency, i.e. RE (    ), j = 1,2. 

3.0     METHODOLOGY 

3.1.0  Introduction 

In this section, the Ratio and Regression Estimators of Population Mean and variance in a Stratified 

Population is estimated with the view of finding efficiency. 

3.1.1  The population mean in a stratified population. 

According to Cochran,(1977). A population of size N is partitioned into subsets called strata. In stratified random 

sampling, we define the notations as follows: 

                         
                                  



LAJAST: Journal of Engineering, Science and Technology 

ISSN: 2545 - 5583 (online) 

Vol. 1 Number 1, November, 2017 

www.asuplafia.org.ng/journal 

 

 

56 page 

 

                                  stratum h belonging to the i
th

 person. 

yh =  the total weight of persons in the h
th

 stratum 

The True population total is given as:         
  
    

  its Estimated total is then given as:     
  

  
     

  
    

  Estimate variance     is:   
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Let the     stratum means of the study variete y and auxiliary variete x, so   that 

     
    

  
   

  
,     

   

  

  

   
   

        be the unbiased estimator of the population mean of y and x respectively based on the observations. We 

compute the sample mean of the varieties in stratified sampling methods as             
 
   ,         

      
 
    

where only the study variate is considered when Auxillary variable is incorporated, then we do know that: 

 

3.1.2 The ratio estimator of population total in separate stratified random  sampling.  

The ratio estimate of population total for the stratified population denoted as      is defined as: 

      
   

   
     - - - - - - - 1 

for 3 stratum which is our case, let the stratum be called A, B, C, then 

      
  

 
  

   

   
        

  

 
  

   

   
       

  

 
  

   

   
      - 2 

    =WARAµX,A + WBRBµX,B + WCRCµX,C - - - - 3 

which is the estimate of the average height of students when auxiliary information is available. 

3.1.3 The Variance of Separate Stratified Random Sampling 

Given the expressions in (1) to (3) above, we define the variance of stratified random sampling when 

auxiliary information is available and when we assume a separate stratum. 

  Now,               
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; h = A,B,C 

= 

V 
   

   
       

   

   
       

   

   
             

   

   
      

   

   
             

   

   
      

   

   
             

   

   
      

   

   
      

Since the samples are drawn independent over the ith unit, the h stratum of the  covariance terms becomes 

zero so that: 

V(    ) = V 
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 Which can be conveniently written as 

           
  

 
 
 

 
     

  

  
 

  

 
          

   
   

    
 

3.1.4.  Estimate of Population Mean and Variance 

The estimate of population mean in stratified population is: 

     
    
    

      

where c is representing combined population 

V(    )             

                             

  
  

 
 
 

 
     

  

  
 

  

 
          

   
   

    
 

We shall now compare the performance of   rs and   rc through their mean square errors (mse’s) 

 V (  rc) <  V (  rs) if 
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  2R   

      
                

  
    < 0 

now adding R – Rh to and subtracting this quantity from R + Rh - 2βh and then simplifying the result, we 

have that 

 V (  rc) <  V (  rs) if 

 

  
  

       

  
     

                –              
  
    < 0 

 

Equality holds if R = Rh.  If in each stratum the linear regression line of y on x passes through the origin 

then Rh =    and the separate ratio will be preferred to the combined ratio, provided that the number of 

strata is not large. 

 

4.0       DATA PRESENTATION AND RESULTS 

Table 1: Summary of Statistical Data 

 Y1 X1 Y2 X2 Y3 X3 

Summation  1526 4458 3730.5 10599.9 354 993.6 

Pop. Mean  54.5 159.2 56.52 168.6 59 165.6 

Ratio Rh 0.342306 0.3523362 0.3562802 

 

Table 2: Estimation of Population Characteristics in Combined or Separate Ratio 
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Characteristics  Combined  Separate  

Population mean 78.53 48.7115 

Variance  3.3367 9.725 x10
-9

 

Standard error 1.8267 9.8616 x 10
-5

 

Coefficient of variation 2.3620 2.0245 x 10
-4

 

Result  

The result in Table 1 above gives the summary of statistical data where the population mean of study 

variable y (weight) of age > 25 has higher mean than  age < 20 and 20 – 25 years, while the population 

mean of auxiliary variable x (height) recorded a higher average in age 20-25 years than in age < 25 and > 

25 years. In line with the above findings, the work of Cochran (1940), also looked at the problem of 

estimating population mean    of the study variable y by using known information on the population mean, 

   of auxiliary variable x and introduced the a ratio estimator which is more efficient than the sample mean 

estimator. From Table 2, the result shows that the estimate variance of a combined ratio is greater than 

separate ratio, i.e. V(  rc > V(  rs) indicating that separate ratio estimate is more precise than combined ratio 

estimate. also, the standard error and the coefficient of variation of combined ratio is greater than the 

separate ratio estimate in stratified random sampling. 

5.0                                       CONCLUSION  

This work shows that the population mean of the study variable x of strata age > 25 years has higher 

meanthan age < 20 and 20 – 25 years, which indicates that the small sample has better average, while the 

population man of auxiliary variable x of age 20- 25 has higher mean than age < 20 and > 25 years. This 

indicates that large samples have better average in auxiliary variable x. We also realize that the estimate 

variance of combined ratio estimate is greater than estimate variance of separate ratio (V(  rc > V(  rs)), 

indicating that separate ratio estimate is more precise than combined ratio estimate. also, the standard error 

and the coefficient of variation of combined ratio is greater than the separate ratio estimate in stratified 

random sampling.    
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