Fverything af imporiance bas Baen sold befire e somebody who did et discover it
Alfred North Whitchead

Everything that needs to he sald has alveady Been sald, But since ne one war [isrening,

crervthing myst be said again
André Gide

True to the above quotes, most of this book's contents have appearcd in print hefore, hu
often where hiologists are unlikely o look — statistics journals and books, and methods
papers in other ficlds, My fask is to translate ideas known to statisticians into the language
of experimental biology.! With a background in both hiology (BSc, PhD. postdoc) and data
analysis (MPhil in Computational Biology and over seven years working as a preclinical
statistician in the pharmaceutical industry), hopefully Tam fluent enough in both languages
to perform a successful translation.”

The contents of this hook have litde overlap with other statistics-for-biologists hooks
because they mostly focus on statistical analysis. Analysis is but one step of the scientific
workflow (Figure 0.1 and before you can analyse data you need to do an experiment. This
requires planning. good execution, and quality control checks. These critical topics are
rarely taught to biclogists, wha are expected to learn them on their own. The consequence
of this approach is prediciable; some biologisis obtain the necessary skills, but many do
not, This book focuses on the first three steps of the scientific workflow, and data analysis
is briefly discussed in Chapter 4,

This book was written to improve the guality of research conducted in academic, gov-
ernment, and industrial labs and institutions. Scientists and funders now recognise that bias
and irreproducibility are undermining preclinical biomedical research [2, 5. 2%, 20, 42, 80,
S3R4 123,172,240, 251, 305, 316, 342]. There are many reasons why experiments cannot
be reproduced {discussed in Chapter 1) and this book focuses on the role that experimental
design and data analysis have on making results reproducible.

' The term hiclogy refers to laboratory-hased experimental biology throwghour, “Field biologists’ alse conduct
experiments, and most statistics-for-hinlogsts honks target this audience.

* There are some novel ideas here, such as the distineton between front-alipned and end-aligned desipns
(Section 2,11 and the distinetion berween biologicel, cxperimental, and observational units, 10 replace the
hiological versus fechnical replicate distinetion (all of Chapter 27,
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© The sclentific workflow. This book focuses on steps 1-3. OC = quality control; FDA = exploratory data analysis,

Prerequisites

This hook is for experimental biologists, ar any level, conducting basic research or with an
applied, clinical, or translational focus. Knowledge covered in an introductory statistics-
for-binlogists course 18 assumed, and concepis fike the standard deviation and common
statistical tests such as the t-test, analysis of variance (ANOWA), regression, and correlation
should be Tamiliar. Tt is fine if some time has passed since you formally covered these
topics. Mathematical proofs are not included and eguations are kept to a minimum, but
miven the subject, are unavoidable. The emphasis is on the ideas, concepts, and principles,
and how toimplement therm. Hand caleulations are unnecessary because siatistical sofiware
s available.

Caantitative researchers whao analyvse biological data such as statisticians, bioinformati-
cians, and computational biologists might also find this book useful. Topics of interest in-
clude sources of heterogeneity and confounding in biclogical experiments (Section 2,121,
quality contral checks for biological data (Section 6.1, and undersianding which types of
replication address biologically interesting questions {Chapter 3.

The freely available R statistics language is used for data analysis and graphs.’ Prior
knowledge s uselul, but oot required. The Appendix gives a brief introduction to B and
the examples in the main text asswme Tamiliacity with this material. The topics however
can be Tollowed without learning or using B The data sets can be found in the labstats
package on CRAN and R code can be downloaded from GitHub.”

¥ Available at waw . r-project.com
4 httpa://cran.r-project. org/web/paczages/labstats/
Y attps://stanlazic.github, ie/EDLE. himl
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Preface

The key prereguisile o derive maximum value from this book is experience conducting
biological experiments and analysing the subseguent data — and the more experience the
hetter!

How to read this book

Chapters 15 should be read in order as later material depends on earlier ideas, but Chapter
& on Exploratory Data Analysis can be read at any time. Chapters 1 3 contain no R code,
buet fior Chapters 4 6 sitting in tront of 2 computer and running the code will reintorce the
ideas.

Ideas or concepts discussed in detail later in the book will inevitably have to be men-
tioned earlier. To avoid excessive cross-reterencing, the glossary lists the page where the
main discussion of the entry is located (if there is one), For example, the term experimenial
undf 15 mentionad for the first time in this preface, but is discussed axtensively in Section
3.2, The glossary entry for this term provides a short definition and indicates that further
information can be found on page 6.

Typographical conventions

Constant width font is used for R code. R output, and when referring 1o R functions
or obyects. Lines of code entered by the user start with *=" or "+, These symbals do not
need to he entered, only the code that follows them, A sign like the one in the margin
draws attention to a warning, a key point, a subtlety with R, or a concept that is ofien
misunderstood.
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