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Chapter 3 
 

Proposed Method 
 

In this chapter, we propose a method for test of clustering and test of cluster detection, 

when we deal with aggregate data. Our proposed method does not require cluster 

shapes, locations or other characteristics to be specified, provided that there is only 

one cluster. 

 In Section 3.1, we will introduce the cluster model assumption and in Section 3.2, 

we illustrate procedures for tests of clustering adapted from the idea of Choynowski. 

In Section 3.3, we demonstrate a method for detecting cluster through two 

approaches. 

 

3.1 Cluster Model 
 

We assume that the cluster model in this study is the basic Poisson model, as 

introduced in Section 2.1. We first divide the whole study area into K regions, then let 

},...,,{ 21 KAAAA =  be the set of census tracts, and let kn , kξ , and ),( kk yx  denote 

the kth census tract’s observed number of cases, the number of individuals at risk or 

population size, and the coordinate of the population centroid, respectively. Under the 

null hypothesis of no clustering, let kN s, the number of observed cases, be 

independently Poisson distributed variables, with the mean of kN  proportional to the 

number of individuals at risk or population size kξ  in tract kA : 

),...,1(,)( KkNE kk == λξ , where λ  is the overall disease or mortality rate 

estimated from empirical. 
 If a confounding variable of interest is to be considered (e.g. age or gender), we 

will partition the population into I categories and let ikn and ikξ  denote the observed 

number of cases and the number of individuals at risk or population size, respectively, 

in the ith category ),,1( Ii K= of the confounding factor of the kth tract. Thus, for the 

Poisson model, we now assume the cases occurred in each tract are independent 



Poisson processes, and the numbers  in the ith confounding factor group of tract 

 are mutually independent Poisson variables. So, under the null hypothesis, mean 

of  becomes 

ikN

1i
kA

ikN ),...,1;,...,(,)( KkINE ikiik === ξλ , where ikξ  denotes the 

number of individuals at risk (or population size of) the ith confounding factor group 

in tract  and, kA iλ  is the disease (or mortality) rate of the ith confounding factor 

group estimated from data. 
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3.2 Test of Clustering 
 

The first step of our proposed method is to check whether some townships contain 

unusually large numbers of occurrences, with idea adapted from Choynowski (1959). 

The following are procedures for test of clustering: 

 

1. Estimate the overall disease or mortality rate, , by ∑=
k kξλ /ˆ .  

2. Calculate expected number of disease (or deaths) of each region, ek, by 

. kξλ̂=

3. Under null hypothesis, , the number of observed cases in each region k, 

are Poisson distributed with common rate ek, as stated above. Then, we can 

calculate the p-value of each tract by 

kN !/)  under H0. 

4. Record the number of regions with unusually high occurrences, i.e., with 

p-value smaller than the significance level . 

 

We can show that the observed number of significant tracts is binomially 

distributed with significance level , under H0. We then conclude that there is 

clustering occurring within the study area if the corresponding number recorded from 

step 4 exceeds (K ). 
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3.3 Detection of Cluster 

 

Cluster detection methods are designed to discover “true” cluster. At this part, we 

suggest two approaches to detect the clusters. In the first approach, we consider the 

linked tracts to be a cluster if there are a sufficient number of significant tracts linked 

together. In the second approach, we treat the linked significant tracts as a cluster if 

the populations at risk within the linked tracts are sufficiently large. These two 

approaches can be carried out at the same time; however, the results may not be the 

same, especially when populations in each tract differ a lot. So, the statistical 

inference on the analysis will be made depending on the objectives of the analysis. 

 To apply our method, we first define the neighborhood information of studied 

tracts. Then, we proceed with the second step: decide whether the observed cluster is 

a “true” cluster by results from Monte Carlo simulations. The following are the 

proposed procedures: 

 

1. By using the results from test of clustering, we know the number of tracts 

with unusually high occurrences tracts. Let l denote this number.  

2. Now, suppose some of the regions among the l significant tracts link 

together into bigger regions. We shall use simulation to check if these 

regions are true clusters. Assume there is only one cluster, we then figure 

out the maximum number of regions linked and the maximum size of 

population at risk. Thus, we have simulated maximum numbers of regions 

linked and maximum size of population at risk for the value l. 

3. For the first approach, tabulate the maximum numbers of regions linked. 

Select a significance level α . Then, we may conclude that a set of regions 

with largest size is the largest cluster in the study area if its p-value smaller 

than the significance level α . 

4. For the second approach, sort the n maximum size of population at risk in 

ascending order. Select a significance level α  and record the n(1-α )th 
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maximum size of population at risk. Then, we may conclude that a set of 

regions with largest population at risk is the largest cluster in the study area 

if its population size is greater than the recorded population at risk. 

 

 Let us illustrate our method with two examples: 

First example:  

If there are 50 unusually high occurrences regions found from 

test of clustering. So, we proceed with 1,000 runs of Monte 

Carlo simulation, assuming only one cluster. We thus find out 

the maximum number of regions linked and the maximum size 

of population at risk in each simulation. Under the significance 

level of 0.05, suppose the probability of the five regions linked 

is less than 0.05 and the 950th maximum size of population at 

risk is 35,000. So, for the first approach, if the maximum 

cluster (with respect to the number of regions linked) consists 

more than five regions, then we conclude that this is a 

significant cluster; for the second approach, if the maximum 

cluster (with respect to the maximum size of population at risk) 

consists population size more than 35,000, then we conclude 

that this is a significant cluster. 

Second example: 

If there are 100 unusually high occurrences regions found from 

test of clustering. So, we proceed with 1,000 runs of Monte 

Carlo simulation, assuming only one cluster. We thus find out 

the maximum number of regions linked and the maximum size 

of population at risk in each simulation. Under the significance 

level of 0.10, suppose the probability of the eleven regions 

linked is less than 0.10 and the 900th maximum size of 

population at risk is 89,000. So, for the first approach, if the 

maximum cluster (with respect to the number of regions linked) 

consists more than eleven regions, then we conclude that this is 
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a significant cluster; for the second approach, if the maximum 

cluster (with respect to the maximum size of population at risk) 

consists population size less than 89,000, then we conclude that 

this is not a significant cluster. 
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