
IOSR Journal of Mathematics (IOSR-JM)   

e-ISSN: 2278-5728, p-ISSN: 2319-765X. Volume 15, Issue 3 Ser. III (May – June 2019), PP 29-37 

www.iosrjournals.org 

 

DOI: 10.9790/5728-1503032937                                     www.iosrjournals.org                                         29 | Page 

Two-Stage Adaptive Pool Testing with Errors in Inspection 
 

Okoth Annette W 
Department of Mathematics Masinde Muliro University of Science and Technology 

Corresponding Author: Okoth Annette W 

 

Abstract: In this study we present a two-stage adaptive estimator p^A of prevalence in the presence of 

test errors. We assume that tests are not 100 % perfect. We obtain the adaptive estimator using 

Maximum Likelihood Estimate (MLE) method and use Fisher information to determine the variance 

of the estimator. We use Matlab, for simulation and veri cation of the model. We analyse and discuss 

the properties of the constructed estimator in comparison with other existing estimators in the 

literature of pool testing. We also provide the con dence interval of the estimator. When the test kits 

have low sensitivity and speci city, we establish that the adaptive estimator outperforms other existing 

estimators. Further more, we demonstrate that the e ciency of the adaptive estimation scheme 

improves as the number of stages increases. This makes the adaptive testing scheme more ideal in 

areas where errors are rampant. 
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I. Introduction 
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situations, hence generalizing the Oliver-Hughes and Swallow (1994) model. 
 

II. Adaptive Scheme 

Here we obtain a two-stage adaptive estimator Ap̂ of prevalence of a trait in the presence of test errors. 

That is we compute the maximum likelihood estimator (MLE) of prevalence and investigate its properties. 

The adaptive model involves testing groups in stages and updating group sizes from one stage to the 

next, with group size at a stage depending on the group size of the preceeding stage(s). That is, testing n1 

groups, each of size k1 in the rst stage; n2 groups each of size k2 in the second stage; n3 groups each of size k3 

in the third stage; for a three- stage model, and so on; where, k3 depends on both k2 and k1 , while for a two-

stage model, k2 depends on k1 . For a general adaptive scheme, at stage i , ni groups each of size ki where the ki 

depends on ki 1; ki 2, ….. k1 are constructed. The constructed groups are then subjected to testing. These ni 

groups at this stage are all of equal sizes, ki . The ni is determined before the experiment is carried out while ki 

's are sequentially determined as the experiment progresses. 

First we introduce the Non-adaptive testing scheme with errors as it will be the basis of our subsequent 

discussions. Suppose we have a population with the purpose of characterising it into two distinct groups, that is, 

defective and non-defective. For clarity of this procedure consider a population of size N . Divide this 

population into n homogenous groups as shown in Figure 1 
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Figure 1: Construction of groups with the purpose of testing. 

 

Each constructed group is subjected to testing as shown in Figure 1. Notice that the test kits in practice 

have errors (cf. Kline et al., 1989). From Figure 1 if a group is tested, it either yields positive or negative results. 

We also observe from Figure 1 that there are n groups to be tested, that is, i = 1; 2; 3,……, n . Suppose X out of 

n groups test positive then X has a binomial distribution simply written as 

 

 
 

Some authors have used Equation (??)to obtain the estimator p^ of prevalence p, for the non-adaptive scheme 

with test errors, for instance see Brookmeyer (1999) and Nyongesa (2011) as 

 

 
 

And the asymptotic variance of Equation (??) can easily be obtained from Equation (??) upon applying Cramer-

Rao lower bound method, see for instance (Gupta and Kapoor,1978, p766-770) as 

 

 
Equations (??) and (??) will be vital in the development of the succeeding sections. 

 

2.1 Two-stage adaptive scheme 
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2.2 Properties of the prevalence estimator in stage-one 
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2.3 Adaptive Estimator at Stage two, Ap̂   
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III. Asymptotic Variance of Ap̂  

This is done by employing Cramer-Rao Lower bound method. V ar( Ap̂ ) is obtained as 

 
 

IV. Results and discussion 

 
where V ar Ap̂ ) and V ar( Ap̂ ) are as given in (??) and (??) respectively, which upon simpli cation reduces to 

ARE
Ap̂  

 

 
with k1 and k2 as de_ned by (??) and (??) respectively. Using this Equation andmatlab software Table 1 was 

generated. 
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Figure 2: ARE vs probability p . 
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