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SAHN Cluster 
Analysis
LECTURE 07

Objectives

 At the end of this series of lectures you should be able to: 
 Define terms.

 Understand the basics of classification. 

 Describe different systems of classification.

 Describe different procedures of SAHN cluster analysis.

 Describe the uses and limitation of the different procedures.

 Describe how to select an appropriate clustering procedure. 

 Interpret the results of a cluster analysis. 

 Conduct cluster analysis using R.
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Review

 Clustering methods are characterized by the following traits.
 Hierarchical or nonhierarchical

 Divisive or agglomerative

 Monothetic or polythetic

 Qualitative or quantitative 

Review

 Results of cluster analysis are often presented as a dendrogram. 
 Types of dendrograms include: Phenograms and cladograms.

 How do they differ in their structure?

 How doe they differ in their interpretation?
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Review

 There is no single kind of classification that is the "best" system of 
grouping samples. 
 We must rely on our knowledge of our system to evaluate the end results 

of any classification.

 If there is a markedly discontinuous structure, it will be detected by 
almost any method, a continuous structure will almost always be 
obscured by cluster analysis.

Overview

 Intent 
 Statistical

 Cluster analysis classifies objects or variables on the basis of the similarity of 
the characteristics they possess.

 Cluster analysis seeks to minimize within group variance and maximize 
between group variance.

 The result of cluster analysis is a number of heterogeneous groups with 
homogeneous contents.
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Overview

 Intent
 Uses

 Partition a set of objects into two or more groups based on the similarity of 
the objects on a set of specified characteristics

 Exploratory uses of cluster analysis include:
 Develop a classification system.

 Generating hypotheses.

 Confirmatory analysis to test a proposed structure.

Overview

 Data requirements
 Independent variable – None – Explicit 

 Dependent variable – None – Explicit   

 Data requirement:  
 Data is entered as a similarity or distance matrix.

 Selection of the similarity index can greatly influence the resulting cluster 
analysis. 

 Irrelevant variables will have a substantive detrimental effect on the results.

 Cluster analysis is particularly sensitive to outliers and care should be taken to 
remove them from the data set prior to calculation of the similarity indices. 
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Rationale

 General algorithm
 Begin with a matrix of similarity (or dissimilarity) coefficients.

 Find the most similar pair of samples this is defined to be the first cluster. 

 Next, find the second most similar pair of samples or the highest similarity 
between a sample and the first cluster, whichever is greater. 
 Different definitions of similarity between clusters and samples or between 

two clusters give rise to a diversity of techniques. 

 Repeat until all the samples are in one big cluster. 

Rationale

 Single Linkage Clustering
 Single linkage clustering technique is the simplest form of hierarchical, 

agglomerative cluster analysis. 

 It has been called the nearest neighbor method.

 Definitions:  
 Similarity between a sample and an existing cluster = Similarity between the 

sample and the nearest member of that cluster

 Similarity between two existing clusters = Similarity between the two nearest 
members of the clusters
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Rationale

 Single Linkage Clustering
 The advantage of single linkage clustering is that it is simple to 

calculate. 

 Its major disadvantage is that one inaccurate sample may compromise 
the entire clustering process.

 The results from single-linkage analysis may be unsatisfactory because of 
the method's propensity for chaining. 
 Producing long, straggly clusters in the ordination space, in which many 

members have little in common but are linked together by a chain of 
intermediate units. 

Rationale

 Complete Linkage Clustering
 This technique has been called farthest neighbor clustering. 

 It is conceptually the exact opposite of single linkage clustering.

 Definitions:
 Similarity between a sample and an existing cluster = Similarity between the 

sample and the farthest member of that cluster.

 Similarity between two existing clusters = Similarity between the two farthest 
members of the clusters
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Rationale

 Complete Linkage Clustering
 Complete linkage clustering often tends to produce very tight, 

compact clusters. 

 Like single linkage clustering, complete linkage clustering is very easy to 
compute. 

Rationale

 Average Linkage Clustering
 The techniques of average linkage clustering were developed to avoid 

the extremes introduced by single linkage and complete linkage 
clustering. 

 Average linkage clustering requires additional computations at each 
step in the clustering process.  
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Rationale

 Average Linkage Clustering 
 The most frequently used clustering method is called unweighted pair-

group mean average, abbreviated UPGMA. 

 Definitions: 
 Similarity between a sample and an existing cluster = Arithmetic mean of 

similarities between the sample and all the members of the cluster.

 Similarity between two existing clusters = Arithmetic mean of the similarities 
between the members of each cluster. 

 UPGMA is recommended for most types of cluster applications. 

Assumptions

 Assumes that the data is truly representative of the population as 
opposed to a sample of the population. 

 Multicollinearlity is minimized in the data set. 
 Naturally occurring groups are preset in the data. 
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Issues

 You should begin your search for a classification with a clear 
statement of your research goals. 

 What type of data will be available? 
 Decide on the type of similarity measure you wish to use. 

 Measures of similarity based on binary data are adequate for some 
classification purposes but are much weaker than quantitative 
measures.

 Choice of a similarity measure is a critical decision that with data 
standardization or transformation can greatly affect the resulting cluster 
analysis. 

Issues

 Decide on a clustering algorithm
 The selection of a clustering algorithm can also affect the resulting tree.

 Different similarity measures and clustering algorithms may produce 
different results despite a common data set. 
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Issues

 Selection of SAHN clustering method
 Objective

 Experience 

 Convention

Issues

 Given a set of data there is no single, objective, "correct" cluster 
analysis. 

 If you are to evaluate these different cluster analyses, it must be 
done with additional data, or ecological insight. 

 This is the central paradox of clustering methods-that each method 
is exact and objective once the subjective decisions have been 
made about the similarity index and data standardization. 
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Follow-up Analyses

 Occasionally, a cophenetic value is calculated 
 1.  Somewhat similar to an R2

 2.  Describes how much of the variation in the original dataset is 
conserved in the phenogram.

 Phenograms can be used to develop new hypotheses – however 
the new hypotheses should not use the variables used in the 
construction of the similarity matrix as independent variables. 


