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This book provides a modern introduction to probability and develops a foundation
for understanding statistics, randomness, and uncertainty. A variety of applications
and examples are explored, from basic coin-tossing and the study of coincidences to
Google PageRank and Markov chain Monte Carlo. As probability is often considered
to be a counterintuitive subject, many intuitive explanations, diagrams, and practice
problems are given. Each chapter ends with a section showing how to explore the
ideas of that chapter in R, a free software environment for statistical calculations
and simulations.

Lecture videos from Stat 110 at Harvard, the course which gave rise to this book
(and which has been taught by Joe every year since 2006), are freely available at
stat110.net. Additional supplementary materials, such as R code and solutions to
exercises marked with (8), are also available at this site.

Calculus is a prerequisite for this book; there is no statistics prerequisite. The main
mathematical challenge lies not in performing technical calculus derivations, but in
translating between abstract concepts and concrete examples. Some major themes
and features are listed below.

1. Stories. Throughout this book, definitions, theorems, and proofs are pre-
sented through stories: real-world interpretations that preserve mathemat-
ical precision and generality. We explore probability distributions using
the generative stories that make them widely used in statistical modeling.
When possible, we refrain from tedious derivations and instead aim to
give interpretations and intuitions for why key results are true. Our expe-
rience is that this approach promotes long-term retention of the material
by providing insight instead of demanding rote memorization.

2. Pictures. Since pictures are thousand-word stories, we supplement defini-
tions with illustrations so that key concepts are associated with memorable
diagrams. In many fields, the difference between a novice and an expert
has been described as follows: the novice struggles to memorize a large
number of seemingly disconnected facts and formulas, whereas the expert
sees a unified structure in which a few principles and ideas connect these
facts coherently. To help students see the structure of probability, we em-
phasize the connections between ideas (both verbally and visually), and
at the end of most chapters we present recurring, ever-expanding maps of
concepts and distributions.
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3. Dual teaching of concepts and strategies. Our intent is that in reading this
book, students will learn not only the concepts of probability, but also
a set of problem-solving strategies that are widely applicable outside of
probability. In the worked examples, we explain each step of the solution
but also comment on how we knew to take the approach we did. Often we
present multiple solutions to the same problem.

We explicitly identify and name important strategies such as symmetry
and pattern recognition, and we proactively dispel common misunder-
standings, which are marked with the # (biohazard) symbol.

4. Practice problems. The book contains about 600 exercises of varying dif-
ficulty. The exercises are intended to reinforce understanding of the ma-
terial and strengthen problem-solving skills instead of requiring repetitive
calculations. Some are strategic practice problems, grouped by theme to
facilitate practice of a particular topic, while others are mized practice,
in which several earlier topics may need to be synthesized. About 250
exercises have detailed online solutions for practice and self-study.

5. Simulation, Monte Carlo, and R. Many probability problems are too dif-
ficult to solve exactly, and in any case it is important to be able to check
one’s answer. We introduce techniques for exploring probability via sim-
ulation, and show that often a few lines of R code suffice to create a
simulation for a seemingly complicated problem.

6. Focus on real-world relevance and statistical thinking. Examples and ex-
ercises in this book have a clear real-world motivation, with a particu-
lar focus on building a strong foundation for further study of statistical
inference and modeling. We preview important statistical ideas such as
sampling, simulation, Bayesian inference, and Markov chain Monte Carlo;
other application areas include genetics, medicine, computer science, and
information theory. Our choice of examples and exercises is intended to
highlight the power, applicability, and beauty of probabilistic thinking.
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