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Fay and Brittain present statistical hypothesis testing and compatible confidence

intervals, focusing on application and proper interpretation. The emphasis is on

equipping applied statisticians with enough tools – and advice on choosing among

them – to find reasonable methods for almost any problem and enough theory to

tackle new problems by modifying existing methods. After covering the basic math-

ematical theory and scientific principles, tests and confidence intervals are developed

for specific types of data. Essential methods for applications are covered, such as

general procedures for creating tests (e.g., likelihood ratio, bootstrap, permutation,

testing from models), adjustments for multiple testing, clustering, stratification,

causality, censoring, missing data, group sequential tests, and noninferiority tests.

New methods developed by the authors are included throughout, such as melded

confidence intervals for comparing two samples and confidence intervals associated

with Wilcoxon–Mann–Whitney tests and Kaplan–Meier estimates. Examples, exer-

cises, and the R package asht support practical use.
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Preface

This book is about statistical hypothesis testing and related statistics such as p-values and

confidence intervals (CIs), which together are known as the frequentist (or classical) school

of statistics. The focus is both scientific and practical, so there is substantial discussion of

study design and causality with a broad scope to attack many types of applications. The

frequentist school of statistics is founded on bounding the probability of errors from false

claims and its theory is based on imagining replicating studies. Currently, there is a crisis in

reproducibility in that scientists and others are becoming more aware that many claims made

from scientific studies do not turn out to be reproducible.

A problem is that statistical hypothesis tests and p-values, the basic tools of frequentist

statistics, are often misunderstood and misused, and this misuse has contributed to the

reproducibility crisis. The American Statistical Association has joined the conversation in

a strong way by publishing a statement on p-values with accompanying commentaries

(Wasserstein and Lazar, 2016), as well as publishing a special issue of The American

Statistician on “Moving to a World Beyond ‘p < 0.05’” (Wasserstein et al., 2019). While

the statistical community can agree that p-values are often misunderstood and can unify in

correcting some common mistakes, there is less unity on the proper response. Many voices

in those commentaries and the special issue propose that the answer to this reproducibility

crisis and the misuse of p-values is to use different methods of statistics to make scientific

inferences. Others state that the issue is not inherent in the p-value statistic itself, and

most of its misuse problems would accompany many if not all of the alternative statistics

proposed (see, e.g., Benjamini, 2016). We are in the latter camp. We believe if the problem

is reproducibility1 then the answer is not to replace p-values, but to better educate users

about their correct use and limitations. After all, the frequentist school is founded on the

idea of keeping the rate of false claims low, and hence will, if properly applied, lead to

better reproducibility in science. This book is largely about the proper use of p-values and

confidence intervals in scientific research.

The level of mathematical difficulty in the book is mixed. There are some very heavy

mathematics that are appropriate for a graduate-level course in statistics (so we assume

some familiarity with basic probability and statistics at the level of, for example, Casella and

Berger (2002)), yet there are many practical and simple examples that are used to convey the

1 The term reproducibility has multiple meanings in the science literature (Plesser, 2018), our use of the term is

nontechnical. In the book, we will use precise technical language about certain reproducibility properties. For

example, we emphasize the validity of the confidence interval, where a valid 95% confidence interval

procedure means that if we repeat the procedure multiple times, we expect that at least 95% of the time we will

cover the true parameter.

xi
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xii Preface

ideas without using mathematical notation. Our professional experience is not from teaching

statistics in a classroom, but from extensive experience in applying statistics in the medical

environment. We have over 60 years of combined experience, primarily working for the US

National Institutes of Health (NIH). Many of the applied problems we have encountered have

motivated us to develop valid and appropriate statistical methods to address those problems,

and thankfully the environment at the NIH encouraged that work and allowed us the time to

write this book. We envision the use of this book as a reference book for applied statisticians

or for graduate students of statistics.

The book is structured with the applied researcher in mind. The chapters are defined so

that researchers handling a specific type of data may skip to the appropriate chapter, as long

as they are already aware of the material in Chapters 2 and 3. Each chapter begins with

an overview, so that readers may get a flavor of what is in the chapter and decide what

sections will be helpful to them at that time. Specifically, before mathematically theoretical

sections, we discuss why we thought it was useful to go into that level of abstraction. This

gives readers insight into whether it makes more sense for them to delve into the slower

reading of mathematical notation, or perhaps skip that section. Finally, each chapter ends

with a summary section that outlines the methods introduced therein and provides context

and recommendations for use, and this is written at a relatively nontechnical level. Because

the applied statistician must be able to handle all kinds of data inference problems, the focus

of the book is for a generalist who needs to know some about many areas of statistics.

A solid theoretical foundation is useful for the applied statistician as well, because by

knowing the theory well, new tests and confidence intervals may be derived using slight

adjustments to meet new situational needs. There will be few mathematical theorems, and

when provided we will only give the conditions of their applicability, and no proofs. For the

applied researcher, many chapters will serve as introductions or reviews of statistical areas.

For example, Chapter 10 has only a few pages on the bootstrap, Chapter 14 covers testing

from models, and Chapter 15 covers causal inference. These chapters are there because

the applied researcher needs to be aware of them, but it is expected that to learn these

topics in a deep way, the reader will need to supplement them with further study with the

references given.

In terms of the use of this book for a graduate course in statistical hypothesis testing,

we contrast it to one of the best books on the topic, Lehmann and Romano (2005). When

using statistical hypothesis tests in a scientific problem, there are both scientific issues

and mathematical issues. Loosely speaking, the mathematical issues relate to determining

the appropriate statistical test and its properties given the assumed probability models

represented by the null and alternative hypotheses. The scientific issues relate to the

appropriateness of those probability models for answering the scientific question, and the

presentation of the results such that the scientific community will properly interpret those

results. Lehmann and Romano (2005) is an excellent book that focuses on the mathematical

issues of statistical hypothesis testing. Their book discusses important properties of tests

once one has already defined the null and alternative hypotheses (for example, validity,

consistency, uniformly most powerful test, asymptotic relative efficiency). Lehmann and

Romano (2005) has extensive discussions on how one determines the optimal test given

the hypotheses assumed, including different ways that optimality may be defined (e.g.,

uniformly most powerful unbiased [UMPU] tests). In this book, we focus on some of those
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Preface xiii

mathematical issues (validity), but much less on others (UMPU tests). We will spend more

time on expanding the scope of applicability. For example, our book covers censoring and

causality which are not covered in Lehmann and Romano (2005). In other words, we discuss

more scientific issues – how to design a study to answer a scientific question, and how to

find a set of probability models (encompassing the null and alternative hypotheses) that can

plausibly be applied to the study.

We have tried to include all of the essential ideas needed for applied frequentist statistical

hypothesis testing. But, of course, the selection of what is essential is subjective, so we will

try to be clear about our biases upfront. We are biased toward ensuring valid inferences,

so some may think we overly emphasize exact methods and de-emphasize asymptotics;

however, we have included asymptotics where we think it is helpful. We are biased toward

experiments over observational studies, so many of the causal discussions will be heavily

focused on experiments. Part of this is our professional experience that is shaped heavily by

randomized clinical trials. Our bias is toward calculating two one-sided hypotheses instead

of one two-sided hypothesis, because, for example, if we find two treatments differ, we

usually want to know which one is better. Our bias in applications is toward biomedical

ones, rather than other scientific, economic, or business applications. Finally, we hope the

reader will forgive our bias in presenting methods that we have worked on ourselves, but

we believe that many of those methods have wide applicability. Despite these biases, we

believe a quick perusal of the Table of Contents would convince most statisticians that we

have included most of the important ideas needed for the applied statistician wanting to

make frequentist inferences, and we even have included Chapter 21 at the end that compares

frequentist hypothesis testing to some Bayesian approaches.

Although every effort has been made to be accurate, please inform us if you find a mistake

(mfay@niaid.nih.gov). We will keep a list of corrections at https://github.com/michaelpfay/

StatHypTest.

We have both had the good fortune to work in the Biostatistics Research Branch of

the National Institute of Allergy and Infectious Diseases since the early 2000s, where

the environment is intellectually vibrant, as well as warm and cooperative. In addition to

engaging collaboration with doctors and other scientists at the Institute, we have time and

space to work on statistical methodology; allowing us to write this book. We particularly

want to thank our Branch Chief Dean Follmann who supported this endeavor, and who has

always been a great collaborator and source of wisdom. Michael Proschan also stands out;

he has a deep knowledge of mathematical statistics, probability, and clinical trials and has

been wonderful to work with. We are grateful for those two and all our Biostatistics Research

Branch colleagues from whom we have learned so much and have shared many enjoyable

lunches.

We thank several anonymous reviewers who provided comments on early drafts of the

book. We thank Dianna Gillooly for encouragement throughout the several years it took to

finish this book, and a great title.

Erica Brittain would also like to thank all her colleagues from throughout her career for

making her a better statistician, but most of all, for enhancing her love of statistics. She

feels especially blessed by the many amazing mentors she had during her education and

in the early years of her career, particularly Tom Fleming, Ed Davis, and Janet Wittes.
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