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Abstract- In this paper a number of ratio estimators in two stage 

sampling are considered and their efficiencies are compared with 

an estimator without use auxiliary information. Numerical 

illustration is provided to compare the efficiencies. 

 

I. INTRODUCTION 

n large scale sample surveys it is usual practice to adopt multi 

stage sampling to estimate the population mean or total of the 

study variable y. The main purpose of using multi stage sampling 

in place of unrestricted  unistage sampling is to reduce the cost of 

survey operations even if estimates derived from multi stage 

sampling are likely to be less efficient then those of the 

unrestricted uni-stage sampling.  Sometimes, all auxiliary 

variable x compared with y may be available either at primary 

stage or of secondary stage or at both the stages to in case the 

efficiency of estimate of the finite population parametric 

functions such as population means or total. Thus, in the 

following we consider different ratio estimators of population 

mean of the study variable y in two –stage sampling using 

knowledge on a single auxiliary variable x.  

 

II. NOTATIONS 

             Now, consider a finite population U partitioned into N first stage units (fsu) denoted by U1, U2, ……UN. Let Mi be the number 

of second stage units in  i
U (i 1,2,....,N)

. Define 

N

i
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
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 
. Let ij

y
 and ij

x
 denote values of the 

study variable y and the auxiliary variable x respectively for the jth ssu of Ui = (j = 1, 2, …, Mi, i= 1, 2, ….,N) . 
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  (i = 1, 2, ….., N) 
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1
Y u Y
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 
 and the population mean of x, 
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, where 

i

i

M
u

M

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 i = 1, 2, …, N. 
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III. RATIO ESTIMATORS 

           Consider the following ratio type estimators under two-stage sampling scheme. 

n
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 without using auxiliary information on x. 
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These estimators belong to the class of estimators considered by Panda (1998). 

T1 requires advance knowledge on j
X

 T2 and T5 require advance knowledge on i
X (i 1,2,....,n)

; T3 and T4 require advance 

knowledge on X  and 
 i

X i 1,2,...,n
. 

 

IV. BIASES AND MEAN SQUARE ERRORS OF ESTIMATORS 

           As known, T0 is an unbiased estimator of Y .  T1, T2, T3, T4, and T5 are biased estimates of Y  and upto 
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V. COMPARISON OF EFFICIENCIES 

           The sufficient conditions under which T1, T2, T3, T4, T5 would be more efficient than T0 (without using auxiliary variable ) are 

given in Table 1. 
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VI. ESTIMATION OF VARIANCES 
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VII. NUMERICAL ILLUSTRATIONS 

          For numerical illustration of efficiencies of different estimators, we consider data from 1971 census of India, described below. 

The population consists of 104 blocks (ssu) divided in to N = 15 wards (fsu) of Berhampur City of Odisha. The number of block (M i) 

in 15 wards are 6, 6, 12, 5, 6, 6, 10, 5, 6, 6, 6, 6, 6, 12, 6. The two variables i.e. number of educated females, female population are 

used as y, x, respectively. For comparison of Mean square error (MSE) of T0, T1, T2, T3, T4, T5 , we consider 30% sampling fraction at 

both the stages. Let the first stage sample size be n= 5 and the sizes of the second stage sample i.e. mi (i = 1, 2, …, 15) are assumed to 

be 2, 2, 4, 2, 2, 2, 3, 2, 3, 3, 2,2, 2, 4 and 3 respectively. 
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Table 2: Statistical Computations 
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Calculated Results: 

N = 15  n = 5 

X 2888.558  Y 99.221   R = 0.343 

2

bx
S 9400.895 

 

2

by
S 1596.344 

 bxy
S 2426.497 

 
 

Table 3: Comparison of Mean Square Errors (MSES) 

 

Estimator MSE Efficiency 

T0 

T1 

T2 

T3 

T4 

T5 

302.105 

221.403 

295.624 

227.860 

221.334 

295.693 

100 

136.45 

102.19 

132.58 

136.49 

102.17 

 

Remarks : For the given illustration, it is observed that 

           4 1 3 2 5 0
MSE T MSE T MSE T MSE T MSE T MSE T    

 
 

VIII. CONCLUSION 

           The ratio estimators considered in a two stage sampling 

set up have been compared  with the usual unbiased estimator 

without use of auxiliary information, as regards their efficiencies. 

The numerical illustration shows that T1 and T4 have nearly equal 

efficiency and are more efficient than other competitive 

estimators. 
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