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compositions: grouped data
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Objectives

X To learn how to form groups when the data set is compositional.
X To introduce how to calculate the linear discriminant function as a log-contrast.
X To properly analyse the difference between the centres of several groups using

the MANOVA contrast.

5.1. Cluster analysis

The family of statistical cluster analysis methods focuses on the question: according
to the values taken by the collected samples, can we make data groups? The
answer to this question has application in many fields, including ecology, medicine,
marketing, and social sciences. Broadly speaking, clustering methods are a wide
range of multivariate methods to make heterogeneous groups or clusters composed
of homogeneous samples. That is, we want samples which belong to the same cluster
to be similar, and they should be dissimilar from samples in other groups. But,
what does similar and dissimilar mean? Fig. 5.1 shows one possible strategy. The
idea is to evaluate the homogeneity in each group when comparing samples with
the corresponding mean of the group; and evaluate the heterogeneity among groups
when comparing the group means with the overall mean. With this approach, one
“simply ” needs to decide how to make these comparisons.
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Figure 5.1. One estrategy for evaluating heterogeneity among groups.

However, this strategy is not unique. A preliminary classification of clustering
methods could be:

• Parametric or model-based methods: a probability distribution model is as-
sumed for the data (e.g. normality of the ilr-transformed data). The tech-
niques to make groups are usually based on maximum likelihood methods.

• Non-parametric methods: one needs to select an appropriate measure of dis-
similarity for the data (e.g. compositional distance). The most common tech-
niques are based on agglomerative hierarchical methods (e.g. Ward) and on
k-means type methods.

Nowadays, there are many newer methods (e.g. fuzzy clustering and density-
based clustering) that are described in short in approximately 32 wiki-pages under
the data clustering algorithms category. In this course we are focusing on the non-
parametric methods. The steps to performing a non-parametric cluster analysis in
CoDa are:

(1) Analysis of irregular data: outliers, missing and zero values.

(2) Initial exploratory (logratio) data analysis: univariate, bivariate, PCA/biplot.
Does any analysis suggests the existence of clusters?

(3) Select a measure of dissimilarity: compositional-Aitchison distance, composi-
tional Kullback-Leibler divergence...

(4) Select a clustering method: hierarchical, k-means, etc.

(5) Decision regarding the number of clusters: how many clusters? (e.g. decision
based on Calinsky index).

(6) Final exploratory data analysis using the cluster membership variable: biplot,
comparison of group means, characterization of clusters in terms of original
variables, etc.

(7) Validation: cross validation, bootstrap, coephenetic correlation, etc.


