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Preface

This is a master’s level course on the theory of
statistical inference. To some statistics is a collec-
tion of numerical recipes for data analysis. To others
statistics is a branch of applied mathematics for tak-
ing decisions under uncertainty. These views lead to
the whats and hows of the practice of statistics. What
elevates statistics to an academic discipline of its own
is a third perspective which gets to the bottom of the
whys. Why do we do what we do? Why does it matter
how it is done? Why do Bayesians obsess over poste-
riors? Why do frequentists fret over priors? Why do
we need to learn both paradigms? In this course we
will primarily focus on the whys.

Of course a discussion of whys would be useless
without knowing some of the whats and hows. I will
assume the reader is reasonably knowledgable of the
Bayesian approach to statistical data analysis. You
know how to fit and summarize basic conjugate and
non-conjugate Bayesian models, and have had some
exposure to slightly more complex hierarchical mod-
els. Additionally, I will assume you have been in-
troduced to regression models and analysis (either
Bayesian or least-squares based).

Implicit in these assumptions is a more basic one:
you have studied probability at a level requiring mul-
tivariable calculus. You are comfortable manipulating
probability mass and density functions of one or sev-
eral variables, including the somewhat subtle concept
of conditioning on a continuous random variable. I
will also assume you are comfortable with basic ma-
trix algebra (basic manipulation, ranks, determinants,
traces, inversion, projection etc.). Chapter 1 gives a
comprehensive review of the probability background
we need. We will spend two to three weeks to cover
these in some detail.

On the other hand, I will not assume you have
seen a whole lot of classical or non-Bayesian meth-
ods. Chapters 3 and 4 are dedicated to the whats
and hows of classical statistics. But we will continue
to learn more about these in the remaining chapters.
However, this is not the course where you learn all the
alphabet tests (t, F , χ2 and so on) or ANOVA or how
to fit a quantile regression model. We will learn broad
principles and see some examples for further illumina-
tion. You should take an applied statistics course if

you were more keen on the whats and hows.
As we progress, we will dive deeper into complex

scenarios where the fundamental theory questions will
take a fascinating shape (Chapters 6 in particular),
bringing forth a new set of whats and hows. We
will conclude our discussion with an ultimate how
question: How does statistical practice benefit from
accepting a milieu of both Bayesian and frequentist
thinking?

These lecture notes, written in a book style, are
purposely more comprehensive than the typical class
handout. It is important for a course on theory to
have some breadth and depth so that you have more
things to read and think about than what I will be
able to go over in the lectures. Not all of the addi-
tional reading will be useful. But my hope is that
in every chapter, you will find an interesting question
or thought that you can then pursue on your own to
expand your knowledge and critical thinking.

Typical text books on the theory of inference, pre-
senting essentially the frequentist paradigm, do not fit
our bill. Graduate programs at Duke Statistical Sci-
ence revolve around applied Bayesian modeling and
computing. It is my job to convince you through this
course that while you might remain Bayesian in your
practice, you need to understand both Bayesian and
frequency based foundations of statistical inference
and perhaps, even better, to consider the possibility
that their synthesis is crucial for statistical science to
be useful in science and society.

Each of Chapters 1 through 7 concludes with a
comprehensive set of exercise problems that are mostly
longer and more verbose than your typical text book
examples. I believe much of the learning will take
place by working out these exercise problems and think-
ing deeply about related issues. This course will re-
quire a high level of active engagement from you to
make most out what these notes have to offer.

Finally, these set of notes are a work in progress.
I will tremendously appreciate feedback, proofreads,
error corrections and suggested edits and expansions
to improve them. If this collection ever comes out as
a book, every contributor will be duly acknowledged
and thanked from the bottom of my heart!
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