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ABSTRACT 
Most methods consider sampling only from a homogeneous population in which each 
person has the same probability of becoming infected. In this paper, we propose a 
stratified sampling technique with a new cost effective optimum allocation method to 
estimate the prevalence of the disease if it is present in a heterogeneous population with 
potentially different risk groups. An optimum allocation with a generalized class of 
estimators is discussed and compared with the Neyman optimum allocation. The proposed 
optimum allocation is better than the Neyman optimum allocation in the sense of having 
less approximate variance. The comparison shows that the proposed allocation is always 
better than Neyman allocation except the correlation coefficient between the main and 

auxiliary variables
 h in the hth stratum is equal to zero, in which case both are equally 

efficient.    
Keywords: Sampling technique, Heterogeneous population, Prevalence and Optimum 
Allocation. 

 

INTRODUCTION 
Not much cost effective techniques are available to detect prevalence of a disease in case if 
it is present in a heterogeneous population with potentially different risk groups. Most 
methods consider sampling only from a homogeneous population in which each person has 
the same probability of becoming infected. Those methods are not good for heterogeneous 
population as sampling error rapidly increases with heterogeneity. 
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Sometimes a meta analysis with random effect model has been done when there is 
heterogeneity that cannot readily be explained. A random effects meta-analysis model 
involves an assumption that the effects being estimated in the different studies are not 
identical, but follow some distribution. The conventional choice of distribution is a normal 
distribution. But it is difficult to establish the validity of any distributional assumption, and 
this is a common criticism of random effects meta-analyses. However, simulations have 
shown that methods are relatively robust even under extreme distributional assumptions, 
both in estimating heterogeneity [Kontopantelis et al., 2013]. 
 
THE NEW COST EFFECTIVE OPTIMUM ALLOCATION METHOD  
Starting with stratified sampling technique, which is best suited for heterogeneous 
population, let a population of size N be stratified into h non-overlapping L strata, the hth 

stratum with size hN and also let 
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Where hjY is the value on the jth unit according to a character y under our study in the hth 

stratum, 1,2,..., hj N ; 1,2,...,h L . Further for a simple random sample of size hn

from the 
thh stratum with its values 1 2, ,..., ,...
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Using information on an auxiliary character x, proceeding on the lines of Srivastava (1971), 
consider the class of estimators 
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Where  1 1g  , hx is the mean of the values on x in the simple random sample from the 

hth stratum, 
h
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It may be noted here that the usual sty , separate ratio and product estimators are special 

cases of gy for   1hg u  , 
1

hu
and hu respectively. Under certain conditions and using 

Taylor’s expansion of  hg u about the point 1hu  from [a2] we have the approximate 

variance of gy . 
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hjX being the value on the jth unit in the hth stratum according to the auxiliary character x. 
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derivative of  hg u at the point u = 1. 

It may be easily seen that  gV y is minimized for  
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And the minimum  gV y is given by, 
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SAMPLING WITH AN OPTIMUM ALLOCATION 

Considering the cost function 0
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  where 0C and hC are the overhead cost 

and cost per unit within hth stratum respectively. Minimizing  gV y for the given cost 

restriction 
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By using Lagrange’s method of multipliers, we have the optimum allocation 
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In particular, if hC C  i.e. for the given cost function 0C C Cn  , the optimum 

allocation (4) reduces to 
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Substituting the value of hn from (5) in (3), we have 
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Further we know [3] that the variance of sty under Neyman optimum allocation 

1

;  1,2,...,
h yh

h L

h yh

h

W S
n n h L

W S


 
 
   
 
 
 


 

 
2

2 2

1 1

1 1L L

st h yh h yhN
h h

V y W S W S
n N 

 
  

 
     ……(7) 

From (6) and (7) we conclude that the proposed allocation given by (5) [ or (4)] is more 
efficient than Neyman optimum allocation except in the particular case when the 

correlation coefficient between the main and auxiliary variables  h in the hth stratum is 

equal to zero, in which case both are equally efficient. 

Usually, in practice h the correlation coefficient between the study variable y and the 

auxiliary variable x in the hth stratum assumes high values, hence the proposed allocation 
behaves quite significantly better than the existing Neyman optimum allocation in almost all 
practical situations. It is to be pointed out that in any situation the proposed estimator is 
either equally or more efficient than Neyman allocation. 
 
ILLUSTRATION 
Taking the examples from Cochran (1977) [4] on page 167 and 172, the following table gives 
the relative efficiency of the proposed allocation over the Neyman allocation. 
 

Examples 
from 
Cochran 
(1997) 

 st N
V y

  

 st o
V y

  

Efficiency of 
proposed 
allocation over 
Neyman allocation 

On page 167 3.9334 2.7424 143.17% 

On page 172 37.4403 6.2058 603.31% 
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Seeing the last column of the above table, we infer that the efficiency of the proposed 
allocation as compared to Neyman allocation is very high. 
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