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K-Means Clustering
LECTURE 08

Objectives

 After completing class today, you should be able to:
 Define terms.

 Describe K-means clustering.

 Describe the uses and limitations K-means clustering.

 Explain the assumptions of K-means clustering. 

 Interpret the results of K-means clustering. 

 Perform K-means clustering using R.
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Review

 Classification of classification techniques 

 Hierarchical vs. Nonhierarchical 

 SAHN is hierarchical

 K-Means is Non-hierarchical 

 Agglomerative vs. Divisive

 SAHN is agglomerative

 K-Means is divisive (?)

 Not a classic divisive technique

 A least squares partitioning technique

 Monothetic vs. Polythetic 

 SAHN is polythetic 

 K-Means is polythetic

 Not a classic polythetic technique

 Quantitative vs. Qualitative

 SAHN can be either

 K-Means is quantitative

 Intermediate step can make qualitative data appropriate

Review

 There are several variants of the k-means clustering algorithm, but 
most variants are iterative and generate clusters that satisfy the 
following properties: 
 Each class has a centroid that is the mean position of all the samples in 

that class. 

 Each sample is in the class whose centroid it is closest to.
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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.

Overview

 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.
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Overview

 Data requirements
 Independent variable – None – Explicit 

 Dependent variable – None – Explicit   

 Data requirement:  
 Variables can be qualitative or quantitative 

 Probably need an intermediate step if qualitative

Overview

 Need to decide a priori how many clusters you want. 
 Need to select how distances between points and centroids are 

determined. 
 All standard distance measures
 Possibly use correlations/some difficulties

 Data is not in the form of a similarity or distance matrix
 Irrelevant variables will have a substantive detrimental effect on the 

results.
 Each variable should have a specific reason for being included.

 K-Means is particularly sensitive to outliers and care should be taken 
to remove them from the data set. 
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Rationale

 General algorithm
 Gather data

 Examine for outliers

 Identify how many clusters you would like
 Critical step 
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Rationale

 While we demonstrated this technique in two dimensions, it can be 
extended in many dimensions mathematically. 
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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 present in the data. 

Issues

 Deciding on the number of classes
 Sensitive to outliers
 Different cluster solutions
 Dead clusters
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Issues

 Choosing between SAHN and K-Means
 Intent

 Hierarchical vs. Non-hierarchical

 Agglomerative vs. Divisive

 Monothetic vs. Polythetic

 Qualitative vs. Quantitative 

 Simplicity

 Convention
 Properties

 K-means is faster (Computationally?)

 K-means produces (generally) tighter clusters
 SAHN describes the relationship between clusters.

Follow-up Analyses

 Often just a step in a procedure – indirect gradient analysis 
 Hypothesis generation and testing
 Logistic regression or DFA


