Multivariate analysis is a field of statistics that has had a long history, starting with the use of methods such as linear discriminant analysis, principal components and factor analysis models.  Scientists in many diverse disciplines, such as marketing, genetics, computer science, psychology and geology, soon adopted these methods.  Due to the broad adoption, each application area favored a particular class of methods.  For example, factor analysis methods became heavily utilized in the social sciences, while classification and clustering techniques were used by the computer science community and termed machine learning.  There has subsequently been a separation of multivariate analysis methods from the mainstream statistical literature into discipline-specific literature.  This ranges from journals such as Psychometrika, Journal of Machine Learning Research, Neural Networks as well as proceedings from workshops/conferences such as NIPS (Neural Information Processing Systems) and ICML (International Conference on Machine Learning).  

In Modern Multivariate Statistical Techniques, Alan Izenman attempts to synthesize multivariate methods developed across the various literatures into a comprehensive framework.  The goal is to present the current state of the art in multivariate analysis methods while at the same time attempting to place them on a firm statistical basis.   The organization of the seventeen chapters of the book is chronological in nature.  Chapters 1 – 8 provide background on the relevant mathematical and statistical methods necessary for understanding the techniques in the remaining chapters; in addition, they provide a solid foundation of the ``standard’’ multivariate analysis methods.  These chapters alone would make for a solid undergraduate or graduate course on applied multivariate analysis.  Of particular note are the following:  (1) Chapter 3, which provides a comprehensive summary of matrix operations and eigenvalue inequalities; (2) Chapter 5, which provides an excellent discussion of multivariate regression and in particular, the reduced rank regression model, a topic on which the author is a leading expert.  This model can be used to link many of the existing multivariate methods and has certainly been underutilized in the statistical literature.  

Discussion of more modern methods for multivariate analysis methods begins in Chapter 9, with classification and regression trees, one type of nonlinear model that can be fit with multivariate data.  In these chapters, Izenman does a very nice job of providing the initial motivations for the method from a heuristic point of view, followed by more mathematical derivations.  He also attempts to develop links between the various procedures.  An excellent example of this is with projection pursuit (PP) methods, which were developed in the statistical literature starting in the 1970s, and independent component analysis (ICA) methods, procedures for blind source separation that have attracted much attention in the recent literature in a variety of fields.  The idea and statistical description of projection pursuit is given in Section 7.4, while those for independent component analysis methods are dealt with in Chapter 15.  As Izenman writes on page 557,


“Although much of the PP methodology has been incorporated into the ICA toolkit, there has been little cross-pollination in the other direction.”


Izenman provides thorough and comprehensive accounts of both topics as well as pointing out their relationship.  This is one of the tasks that he is very successful at accomplishing in this book. Each chapter has 10 to 20 exercises, along with a discussion section providing further references for interested readers.  

In terms of topics covered in the book, while the first half (Chapters 1-8) provides a foundation on classical multivariate analysis techniques, the second half (Chapters 9-17) provides a description of more modern methods from the recent statistical literature.  One notable exception to this rule is the least angle regression algorithm of Efron et al. (2004), which gets covered in Chapter 5 and is a better fit with discussion of other biased regression methods, such as ridge regression.  A subset of the topics covered here is also present in the book The Elements of Statistical Learning by Hastie et al. (2001).  The current text provides more details in general on the same topics.  In addition, there is more discussion on some newer developments in manifold learning, many of which took place after 2001.  

By no means is this a perfect book.  Bayesian methods, for example, are given very little mention in the book, with a few exceptions.  The second chapter, which is on databases, is neither long enough for a novice outside the field nor detailed enough for a researcher familiar with topics.   In the current version, there are a few typos.  However, the positive aspects of the book definitely outweigh these negatives.

This book would be a fantastic reference for researchers interested in learning about multivariate and machine learning methods.  As mentioned earlier, the first half of the book would be suitable for an advanced undergraduate or graduate multivariate analysis course.  The second half of the book would be a great reference for a machine-learning course.  I definitely enjoyed reading the book.  
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