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Preface

About this book

This book is a bridging text for students and researchers in the human and behavioral sciences.
The ideal reader will have some familiarity with inferential statistics — perhaps as part of an
undergraduate degree in a discipline such as psychology, cognitive science or ergonomics -
and be interested in deepening their understanding or learning new material. This book aims to
bridge the gap between a reader’s existing understanding of statistics and that required to apply
and interpret more advanced statistical procedures.

I have also tried to make the book a helpful resource for experienced researchers who wish
to refresh their statistical knowledge or who have good understanding of a ‘narrow’ but fairly
advanced topic such as analysis of variance. I hope it will allow these readers to expand from
islands of existing expertise to new territory.

The book starts with a review of basic inferential statistics, beginning with descriptive statis-
tics, probability distributions and statistical inference (in the form of confidence intervals and
significance tests). If you are already familiar with these topics I would encourage you to
look through these chapters to refresh your understanding. In addition, this material may be
presented in a slightly different way (e.g., from a different perspective or in greater depth).

Later chapters introduce core topics such as, regression, correlation and covariance, effect
size, and statistical power. Unless you have advanced training in statistics it is likely that you
will benefit from looking closely at this material - it is fundamental to an appreciation of later
content. Two further chapters consider the messiness inherent in working with real data (partic-
ularly data from human participants). The approach I adopt is to give a taster of some methods
for exploring and dealing with messy data, rather than provide a comprehensive recipe for
checking and solving every possible problem. This is both for practical reasons (as each of
these chapters could be a book in its own right) and because the best approach in any particular
situation depends on what you are trying to do and the context from which the data are drawn,

Later chapters cover what I consider to be advanced material: multiple regression, analysis
of variance, analysis of covariance, and the general linear model. Before covering these topics
[ review alternatives to classical, frequentist inference (and significance tests in particular). In
order to get the most out of the more advanced material in the book, you will need to understand
the problems inherent in relying (solely) on a p value from a significance test for inference. I also
think it important to go beyond criticism of the p value approach and present viable alternatives.
Three are presented here: Bayesian, likelihood, and information theoretic approaches to infer-
ence. There are important connections (and distinctions) between these three approaches. In
this chapter, 1 sacrifice depth for breadth (though there is sufficient material to run a range of
analyses using each approach).

The final chapters explore the most challenging topics. Also included are chapters on inter-
action effects and contrasts. These topics are extremely important for researchers in the human
and behavioral sciences, but are often covered only briefly (if at all) in introductory classes.
My goal here is to remedy this deficit. The final two chapters introduce generalized linear models

XX
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(for discrete outcomes) and multilevel models (with emphasis on repeated measures models).
I have tried to emphasize the links between these advanced topics and the general linear model
and to demonstrate what they offer over and above simpler models.

If you want to learn and understand what is covered, it is essential that you have a go at
applying it. Each chapter contains worked examples. Many of these use real data sets. These are
necessarily a bit messy and don't always lead to clear answers (and several data sets are chosen
because they have interesting or unusual quirks). My aim is to illustrate some of the challenges
of working with real data sets (and the importance of data exploration and model checking).
In other cases I have resorted to creating artificial data sets to illustrate a particular point, or
to make it easier to conduct calculations by hand. These data sets are carefully constructed
to meet the requirements of the example - though you will sometimes encounter real data sets
with similar properties. In general, the early examples use hand calculation while later examples
require you to use a computer.

Hand calculation can sometimes help you to understand how an equation works or demys-
tify a (supposedly) complex technique. This will depend on your confidence and ability with
basic mathematical operations. This doesn't work with evetry procedure, and in many examples
I explain how to use a computer package to provide intermediate values that, when put together
in the right way, illustrate what is going on. From time to time the mathematics is sufficiently
challenging that I merely describe the gist of what is happening (and rely on the computer to
provide a complete solution). Where necessary, 1 refer interested readers to a more detailed
mathematical account of what is taking place.

The contents of the book differ from the coverage of a typical introductory or intermediate
statistics course in the behavioral or human sciences. One difference is the breadth of coverage,
which runs from descriptive statistics to generalized linear and multilevel models. Another is the
reduced emphasis on null hypothesis significance tests and increased emphasis on confidence
intervals or other inferential tools. Several topics have more prominence than you might expect:
graphical methods; effect size; contrasts and interactions. Other topics have less emphasis
or are presented differently: psychometrics, multivariate analysis of variance, non-parametric
statistics; and pairwise comparisons. I have chosen to focus on univariate methods - methods
for the analysis of a single outcome measure (though there may be many predictor variables).
Covering multivariate statistics (in the sense of modeling multiple outcomes) and psychomet-
rics would probably have doubled the page count. Nonparametric statistics are covered, but
in an atypical way. Several methods, often considered to be monparametric’ (e.g., bootstrap-
ping, kemel density estimation, the rank transformation and robust regression), are integrated
into the text at appropriate points. I have, in particular, avoided describing a large number of
rank transformation tests in detail. My preference is to emphasize the link between parametric
and so-called non-parametric approaches and to encourage consideration of robust methods
as alternatives to the usual (e.g., least squares) models.

If there is a single message to take away from this book, it is that statistical modeling is not
a set of recipes or instructions. It is the search for a model or set of models that capture the
regularities and uncertainties in data, and help us to understand what is going on.

Software

Many of the statistical tools described in the book require specialist software to run them.
Nearly all the examples were implemented in the free, open source statistical programming
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environment R (R Core Development Team, 2011). This will run on PC, Mac and Linux operat-
ing systems. Installation on a Mac or PC is generally very easy. For details on downloading and
installing R see: http://cran.r-project.org/

R works slightly differently ory PC, Mac and Linux machines and for this reason I have, for the
most part, avoided referring to platform-specific features of R (e.g., resizing windows, printing,
opening or saving files). There are many online guides and books that run through the basics of
installing and running R (in addition to the information available when you download R for the
first time).

At the end of each chapter, I provide a detailed description of the R code used to reproduce
the examples in that chapter. Data sets and R scripts for each chapter are available with the
online resources for this book. I assume no previous knowledge of R (and only limited famil-
iarity with statistical computing). Although I am not trying to teach R per se, I have tried to
include enough explanation of how R works for readers, if they wish, to learn it as they go
along. To this end, the complexity of the R code being used increases gradually from Chapter 1
through to Chapter 18. In some cases I have glossed over fine grain technical details about how
R works (e.g., the difference between ‘modes’ of vector) and used generic terms such as ‘string’
alongside R-specific terms such as ‘data frame’.

As well as R code, I provide very brief notes on relevant SPSS syntax at the end of each
chapter (where relevant). SPSS is the most widely used statistics package in the human and
behavioral sciences (in the UK at least). These notes are included for two reasons: (1) to reveal
some of the hidden features and capabilities of SPSS, and (2) to highlight the advantages of
using R alongside or in place of SPSS.

Mathematics

To get the most from this book you will need to have basic mathematical competence. I assume
readers will have mastered basic arithmetic (e.g., addition, subtraction, division and multiplica-
tion) and be familiar with concepts such as, fractions, decimals, rounding, negative numbers,
squares and square roots, and cubes and cubed roots. Knowing the order in which to apply
arithmetic operations (e.g., PEMDAS or BODMAS) is also necessary. You should also have some
understanding of percentages, probabilities and ratios (and perhaps reciprocals, exponents, log-
arithms and factorials) and simple algebra. If you are rusty on any of these topics don't worry
too much — as there will be some ‘refresher’ material in each chapter.

I would expect readers to be able to answer the following arithmetic problems without much
difficulty:

4+43x5=? 6(3
102 =?

1)=? V9=?
=? 0.5x0.5=?

NI \O

I would also expect readers to understand what the following equations mean, and {perhaps
with a little help) be able to solve them:

X+1=10=>x=? 4!=? /2Zx/2=?
P(A) +P(~A)=? ¥27=? -2x-3=?
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In addition to mathematical competence, 1 anticipate some familiarity with data collection,
exploration and analysis. This may include experimental design, descriptive statistics and sim-
ple graphical methods such as line graphs or scatter plots (and technical terms such as x-axis
and y-axis). Again, the text contains refresher material on most of these topics.

Many of the examples refer to ‘hand calculation’. This is a fuzzy concept, but I take it to
mean reproducing the calculations step-by-step as if doing them by hand. It therefore includes
using paper and pencil, mental arithmetic, pocket calculators or spreadsheets (if used in the
correct way). In fact, a spreadsheet is one of the best ways to organize hand calculations to
understand what they are doing (provided you know how to use one and are careful to set out
all the intermediate steps).

Boxed sections and online supplements

As well as learning features (such as examples, sections on R code, and SPSS notes), there
are two types of boxed section used throughout the book. One type covers key concepts or
important ideas that are referred to in several different chapters. These are referred to as ‘key
concepts’ and numbered by chapter and serial position within chapter (e.g., Key Concept 2.1
is the first key concept box in Chapter 2). The other is a more traditional boxed section that is
used to improve the flow of the text and contains material that is relatively self-contained (and
that is generally referred to again only within that chapter). These are referred to as ‘boxes’
and numbered by chapter and serial position within chapter (e.g., Box 1.2 is the second boxed
section in Chapter 1).

In addition to the boxed sections there are five online supplements. Supplements 1, 2 and 5
cover advanced topics that are not central to the text, but will be very useful for some readers
(meta-analysis, dealing with missing data and loglinear models). Supplements 3 and 4 provide
more detail on peripheral topics that are mentioned in the main text (replication probabilities
and pseudo-R? measures).
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