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MACHINE LEARNING EVALUATION

As machine learning gains widespread adoption and integration in a variety of
applications, including safety and mission-critical systems, the need for robust
evaluation methods grows more urgent. This book compiles scattered information
on the topic from research papers and blogs to provide a centralized resource that
is accessible to students, practitioners, and researchers across the sciences. The
book examines meaningful metrics for diverse types of learning paradigms and
applications, unbiased estimation methods, rigorous statistical analysis, fair training
sets, and meaningful explainability, all of which are essential for building robust and
reliable machine learning products. In addition to standard classification, the book
discusses unsupervised learning, regression, image segmentation, and anomaly
detection. It also covers topics such as industry-strength evaluation, fairness, and
responsible Al. Implementations using Python and scikit-learn are available on the
book’s website.

NATHALIE JAPKOWICZ is Professor and Chair of the Department of Computer
Science at American University, Washington, DC. She previously taught at the
University of Ottawa. Her current research focuses on lifelong anomaly detection
and hate speech detection. She has also researched one-class learning and the class
imbalance problem extensively. She has received numerous awards, including Test
of Time and Distinguished Service awards.

Z0OIS BOUKOUVALAS is Assistant Professor in the Department of Mathematics and
Statistics at American University, Washington, DC. His research focuses on the
development of interpretable multimodal machine learning algorithms, and he has
been the lead principal investigator of several research grants. Through his research
and teaching activities, he is creating environments that encourage and support the
success of underrepresented students for entry into machine learning careers.
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Preface

This book was born a few months after the beginning of the pandemic, at 9:45pm on June
2, 2020, to be exact, when Zois responded positively by email to Nathalie’s invitation to
participate in its creation. Nathalie had believed, for several years by then, that her 2011
book on evaluation, coauthored with Mohak Shah, was not capturing enough of the new
developments in machine learning, and she was interested in reviving the project. Mohak’s
industry career, characterized by many moves and increasing sets of responsibilities, had
made it impossible for Mohak to commit to the project. Nathalie’s move from the University
of Ottawa to American University, along with a new role as department chair, had made it
difficult for Nathalie to envision working on a project as demanding as a new book without
a partner. Nevertheless, with the popularization of machine learning through advances in
deep learning and the creation of the data science discipline, it became clear that writing a
comprehensive book on machine learning evaluation was becoming an urgent matter. Zois’
positive email reply was the long-awaited catalyst! Being forced to stay home because of the
pandemic reinforced our decision, and armed with a contract from Cambridge University
Press, we set out to work. It took time — a lot longer than expected — but, despite new courses
to teach and new administrative tasks to attend to, we made it happen and are pleased with
the result!

Fear might have been an important motivator for this book. As more and more products
embedding machine learning components are hitting the market, and as their applications
are increasing in impact, we believe that it is urgent to inform society of ways to make
these products safe and reliable. We view it as crucial for everyone involved in the design,
application, and release of machine learning products to understand how to conduct machine
learning evaluation, and maybe more importantly, to be aware of its uncertainty and the
risks it comes with. If products like self-driving cars and automated hiring systems are to
be deployed, everyone involved in the process, even the consumer, should know about the
risks associated with their use.

The book plays a number of important roles. Foremost, it is meant to educate machine
learning practitioners about the need for a thorough evaluation and the fact that evaluation
is intimately linked to the application at hand. There are many evaluation tools appropriate
for different applications, and each focuses on the specific goals the application is trying to
achieve. Is the goal to diagnose patients as accurately as possible, like in a medical screening

XV
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device? Is it to balance resources and needs in the fairest possible way, like in a public health
program? Is it to minimize financial risk to make a business viable? Whatever the purpose
of the evaluation, a particular set of techniques will be most appropriate to handle it, and
the central purpose of the book is to expose the reader to these different tools so that, when
the time comes, he or she will be able to select those most appropriate for the purpose of
the application.

The second goal of the book is to sensitize the reader to the fact that neither machine
learning nor its evaluation should be approached with certainty. Machine learning can pro-
duce unexpected results and evaluation, while able to roughly assess the worth of a machine
learning-based system, can miss some very important limitations of that system. Neverthe-
less, neither the learning algorithms nor their evaluation are the results of random calcu-
lations, and by considering the fascinating mechanisms used by both learning algorithms
and evaluation mechanisms, we hope to give readers the tools necessary to either build
sufficient trust in an algorithm or know when to reject one as not being reliable enough for
deployment.

On the practical side, the third goal of the book is to provide tools that make the
implementation of the evaluation process easier. Some of these tools already exist, and
in such cases, we point the reader to them and illustrate their uses. Others are homemade
and, likewise, shared at https://github.com/zoisboukouvalas/MachineLearningEvaluation_
TowardsReliableResponsible Al

Finally, the fourth role filled by our book concerns the future. This is the beginning of
machine learning deployment. The evaluation of machine learning systems is bound to
evolve and improve as more and more approaches get deployed. For the time being, the
certainty with which evaluation tools are assessed depends on statistical principles rather
than customer reactions to deployed products. We hope that with our book as a basis, future
machine learning evaluators will be ready to move to the next level of evaluation to integrate
other considerations such as safety, ethics, and legality.
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