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Preface

This book explores two distinct yet related multivariate data analysis tech-
niques: Principal Component Analysis (PCA) and Cluster Analysis. Both meth-
ods have found extensive applications in fields like machine learning and ar-
tificial intelligence. PCA enables you to simplify complex, multidimensional
problems by reducing them to a few manageable dimensions, often allowing for
visual representation of the data. On the other hand, Cluster Analysis lets you
divide a heterogeneous set of units into more homogeneous groups, known as
clusters, based on several attributes associated with these units. These tech-
niques are particularly effective when applied to datasets containing numerous

units with multiple numeric attributes.

In this book, I provide a high-level overview of these two techniques, with
a focus on helping you develop a deep understanding of the concepts. I also
guide you on how to use existing Excel-based tools to perform these analyses,
even if your knowledge of Excel is basic.

Why cover both PCA and Cluster Analysis in one book? In my view, a
robust multivariate analysis should begin with PCA before employing other
techniques. PCA can greatly enhance the implementation of subsequent meth-
ods, including Cluster Analysis. I will demonstrate how performing PCA be-
forehand can significantly improve the efficiency of the k-Means procedure. By
working with the reduced dimensions provided by PCA, you can make an in-
formed estimate of the number of clusters needed and optimize the clustering

algorithm.

The literature on Principal Component Analysis is extensive. Introduced by
Pearson in 1901 (see Pearson, 1901) and later rediscovered by Hotelling in 1933
(see Hotelling, 1933) , PCA was initially known as the Hotelling transformation.
Although many computer scientists are just now discovering this technique in
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the era of machine learning, it has been a cornerstone of statistical analysis
for over a century. Similarly, Cluster Analysis was introduced early in the 20th
century, primarily in anthropology, and has since become a staple in marketing
for customer segmentation. Today, it is routinely used by computer scientists
in artificial intelligence.

About the Author

[ earned my Ph.D. in Mathematics from Carleton University’s School of Math-
ematics and Statistics in Ottawa, Canada, in 1997, with a specialization in
the design and analysis of statistical surveys. In recent years, I have dedicated
considerable time and energy to the field of inter-rater reliability analysis, pub-
lishing several papers and books on the subject (you can find some of my works
at https://www.researchgate.net/profile/Kilem Gwet). My successful
use of PCA in analyzing multivariate inter-rater reliability data inspired me to
write this book. My goal was to create a step-by-step guide on how to calculate
principal components, understand what they represent, how to use them, and

what their limitations are. I hope you find this book valuable.

If you have any comments or questions, feel free to contact me at the email
address gwet@agreestat.com. I will do my best to respond as promptly as I
possibly can.

Kilem Li Gwet, Ph.D.
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