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Preface

Statistics has developed by combining the needs of science, business, industry, and
government. More recent development is connected with methods for generating
insights from data, using statistical theory and delivery platforms. This integration
is at the core of applied statistics and most of theoretical statistics.

Before the beginning of the twentieth century, statistics meant observed data and
descriptive summary figures, such as means, variances, indices, etc., computed from
data. With the introduction of the x 2-test for goodness of fit by Karl Pearson (1900)
and the 7-test by Gosset (Student, 1908) for drawing inference on the mean of a
normal population, statistics became a methodology of analyzing sample data to
determine the validity of hypotheses about the source of the data (the population).
Fisher (1922) laid the foundations for statistics as a discipline. He considered the
object of statistical methods to be reducing data into the essential statistics, and he
identified three problems that arise in doing so:

1. Specification-choosing the right mathematical model for a population

2. Estimation-methods to calculate, from a sample, estimates of the parameters of
the hypothetical population

3. Distribution-properties of statistics derived from samples

Forty years later, Tukey (1962) envisioned a data-centric development of statis-
tics, sketching the pathway to data science. Forty years after that, we entered the age
of big data, data science, artificial intelligence, and machine learning. These new
developments are built on the methods, applications, and experience of statisticians
around the world.

The first two authors started collaborating on a book in the early 1990s. In
1998, we published with Duxbury Wadsworth Modern Industrial Statistics: Design
and Control of Quality and Reliability. The book appeared in a Spanish edition
(Estadistica Industrial Moderna: Disefio y Control de Calidad y la Confiabilidad,
Thomson International, 2000). An abbreviated edition was published as Modern
Statistics: A Computer based Approach (Thomson Learning, 2001); this was
followed by a Chinese edition (China Statistics Press, 2003) and a softcover edition,
(Brooks/Cole, 2004). The book used QuickBasic, S-Plus, and MINITAB. In 2014

vii



viii Preface

we published, with Wiley, an extended second edition titled Modern Industrial
Statistics: With Applications in R, MINITAB and JMP. That book was translated
into Vietnamese by the Vietnam Institute for Advanced Studies in Mathematics
(VIASM, 2016). A third, expanded edition, was published by Wiley in 2021.

This book is about modern statistics with Python. It reflects many years of
experience of the authors in doing research, teaching and applying statistics in
science, healthcare, business, defense, and industry domains. The book invokes
over 40 case studies and provides comprehensive Python applications. In 2019,
there were 8.2 million developers in the world who code using Python which is
considered the fastest-growing programming language. A special Python package,
mistat, is available for download https://gedeck.github.io/mistat-code-solutions/
ModernStatistics/. Everything in the book can be reproduced with mistat. We
therefore provide, in this book, an integration of needs, methods, and delivery
platform for a large audience and a wide range of applications.

Modern Statistics: A Computer-Based Approach with Python is a companion
text to another book published by Springer titled: Industrial Statistics: A Computer
Based Approach with Python. Both books include mutual cross references, but both
books are stand-alone publications. This book can be used as textbook in a one
semester or two semester course on modern statistics. The technical level of the
presentation in both books can serve both undergraduate and graduate students.
The example and case studies provide access to hands on teaching and learning.
Every chapter includes exercises, data sets, and Python applications. These can be
used in regular classroom setups, flipped classroom setups, and online or hybrid
education programs. The companion text is focused on industrial statistics with
special chapters on advanced process monitoring methods, cybermanufacturing,
computer experiments, and Bayesian reliability. Modern Statistics is a foundational
text and can be combined with any program requiring data analysis in its curriculum.
This, for example, can be courses in data science, industrial statistics, physics,
biology, chemistry, economics, psychology, social sciences, or any engineering
discipline.

Modern Statistics: A Computer-Based Approach with Python includes eight
chapters. Chapter 1 is on analyzing variability with descriptive statistics. Chapter 2
is on probability models and distribution functions. Chapter 3 introduces statistical
inference and bootstrapping. Chapter 4 is on variability in several dimensions and
regression models. Chapter 5 covers sampling for estimation of finite population
quantities, a common situation when one wants to infer on a population from a
sample. Chapter 6 is dedicated to time series analysis and prediction. Chapters 7
and 8 are about modern data analytic methods.

Industrial Statistics: A Computer-Based Approach with Python contains 11
chapters: Chapter 1— Introduction to Industrial Statistics, Chapter 2—Basic Tools
and Principles of Process Control, Chapter 3—Advanced Methods of Statistical
Process Control, Chapter 4—Multivariate Statistical Process Control, Chapter 5—
Classical Design and Analysis of Experiments, Chapter 6—Quality by Design,
Chapter 7—Computer Experiments, Chapter 8—Cybermanufacturing and Digital
Twins, Chapter 9—Reliability Analysis, Chapter 10—Bayesian Reliability Estima-
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tion and Prediction, and Chapter 11—Sampling Plans for Batch and Sequential
Inspection. This second book is focused on industrial statistics with applications
to monitoring, diagnostics, prognostic, and prescriptive analytics. It can be used as
a stand-alone book, or in conjunction with Modern Statistics. Both books include
solution manuals to exercises listed at the end of each chapter. This was designed to
support self-learning as well as instructor led courses.

‘We made every possible effort to ensure the calculations are correct and the text
is clear. However, should errors have skipped to the printed version, we would
appreciate feedback from readers noticing these. In general, any feedback will be
much appreciated.

Finally, we would like to thank the team at Springer Birkhduser, including
Dana Knowles and Christopher Tominich. They made everything in the publication
process look easy.

Ra’anana, Israel Ron S. Kenett
McLean, VA, USA Shelemyahu Zacks
Falls Church, VA, USA Peter Gedeck

April 2022
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