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An Introduction to Pattern Statistics

• Nearest Neighbors
The CSR hypothesis
Clark/Evans and modification
Cuzick and Edwards and controls

• All events
k function
Weighted k function
Comparative k functions



Nearest Neighbors

• The CSR Assumptions
1.  All possible sites are equally likely to receive a point

2.  The placement of a point is independent of the 
placement of all other points

• Quadrats or distances
• The Poisson Distribution

P(x) = λx e-λ /x!   For x=0,1,2,...



Clark/Evans and Modification

• Distance-based

• Finds expected distance to nearest neighbor in a CSR pattern:  [E(d)]

• E(d) = 0.5 [(A/N)]0.5 + [0.0514 +0.041/ (N)0.5] B/N
and
Var(mean d) = 0.070 A/N2 + 0.037 B [A/(N5)]0.5

• Z = [(observed mean d) - E(d)] / [Var(mean d)]0.5

where A = area, N = total number of points, B = length of the perimeter



Cuzick and Edwards and Controls 
(k nearest neighbors)

• A method for detecting spatial clustering for populations with non-uniform 
density.

• Label cases as xi and controls as yi

• Counts the number of cases (xi) among the k nearest neighbors (xi and yi) to 
each case.

• Finds the theoretical distribution by permutation.
• Asymptotically normal.  Provides test:  the locations of the cases and controls 

follow a non-homogeneous Poisson process.



K Function Analysis: A Global 
Statistic

L(d) = {(A[ΣΣ K (dij)]/ π N(N-1) }½

where K(dij) is the number of pairs of points within 
d of i, and A is the area of the region under study.
Used to discern the clustering pattern of the 
specified variable within the entire study area.
An output file gives a table showing L values for 
each distance (d) increment.  E[L(d)] in a random
distribution is d. 
Used to give access to controls. 
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The Random Expectation of K
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K-function for Aedes aegypti pupae
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