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Statistics long ago escaped from its origins as a summary term for tables 
of numbers describing quantitative features of 'the State'. Nowadays it is a 
fully-fledged scientific discipline playing a central role in science, industry and 
commerce. It is the discipline of discovering patterns and structure in data. 
Because modern statistical techniques allow one to discern relationships which 
are concealed from the unaided brain, they have been likened to the telescope 
or the microscope, that allow one to see things invisible to the naked eye. 
The aim of this book is to provide an introduction to some of these statistical 
tools. 

This book serves as the core component of the Open University course M246 
Elements of Statistics. Its objective is to provide a solid introduction to the 
basic concepts and methods of modern statistics. 

Its orientation is that it is problem and data driven. That is, we begin with 
the attitude that statistics is about solving problems. We collect data relevant 
to those problems and we analyse those data to answer the problems. To this 
end, the book is heavily illustrated with a large number of real data sets arising 
from real problems. The data sets are small, to make them comprehensible 
to you, the reader, and manageable in the text, but they are real nonetheless. 

The book is also computer-based. The computer is the essential tool in modern 
statistical data analysis and we assume that you will have such a tool. The 
computer and, to a lesser extent, the calculator permit us to forget about the 
low-level mechanics of the arithmetic, and focus on higher-level issues: what 
we want to know and how we can answer the questions using statistical meth- 
ods. In addition to this, you can use your computer to perform simulations 
which demonstrate statistical concepts in strikingly convincing ways. 

Given its central role in an Open University course, the book is aimed at  
those who will be studying with little or no conventional lecture support: it 
is intended primarily for lone study. That explains why there are so many 
worked examples and exercises, and why solutions are given for all of the 
exercises. 

So much for what the book is. It is perhaps also appropriate to say a few 
words about what it is not. 

It is not a book on mathematical statistics. Although we attempt to give 
sound justifications for the concepts and methods we describe, we have not 
hesitated to side-step any lengthy mathematics which we felt would have 
obstructed the focus on the statistical content. In this vein, we have avoided 
exercises which test mathematical skills and understanding rather than stat- 
istical skills and understanding. 

Similarly there are, of course, many topics which, regrettably, we have had to 

omit for reasons of space. Perhaps chief amongst these is our lack of treatment 
of experimental design and sampling methods. A truly comprehensive book at 
this level would be vast, given that statistics is now a very extensive discipline, 
so something had to be omitted. 

The text comprises fourteen chapters which should be studied sequentially. 
Each of the first twelve chapters consists of teaching material interspersed with - 

examples and exercises and fully accounted illustrative data sets (including 
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references to their source); each chapter ends with a summary, listing the main 
points that were studied. Chapter 13 uses a case study approach to revise 
most of the main methods and techniques taught in the course. Chapter 14 
provides a look forward to problems which require a more advanced approach, 
and includes a brief description of how those approaches may be applied. 

Readers are encouraged to work through the exercises in the text, rather than 
merely to read them. Many exercises by their nature involve the use of a 
calculator or a computer, or may require reference to sets of statistical tables. 
In such cases a marginal icon is used to suggest whichever of these may be the 
more appropriate: but, of course, calculators and statistical computer pack- 
ages differ greatly in their competences and readers may find that they prefer 
to do most of the exercises on a computer or they might manage everything 
with a hand-held machine. Our suggestions, if followed, would ensure skilled 
practical use of all three. 

All the exercises have full solutions at the end of the book (they constitute 
nearly one-fifth of the whole text). Where the exercises are computer-based, 
the solutions provided include no particular command syntax or expected 
output format. We might suggest as part of the preamble to an exercise on 
comparing two means that you 'explore the facilities of your computer' which 
is another way of saying 'learn how your computer does t-tests' before you 
embark on the exercise proper. 

In each chapter there are copious illustrative diagrams in addition to examples, 
exercises and tables of data since we believe that in a statistical context as 
well as in others, a picture is often worth a thousand words and, frequently, 
quite a few numbers as well. 

A word about printed accuracy and precision: often in the course of an ex- 
tended calculation we have shown intermediate results and it is helpful to 
see these. However, just as you would pursue the computation yourself, sub- 

sequent calculations are made to the fullest attainable background accuracy 
(usually 12 or 15 significant figures, not all of which are printed) and this is 
reflected in the final result. So you will see instances such as 

when out of context the right-hand side is 16.5053 and should be printed 
(surely?) 16.51. Actually, the denominator is 16.012 764. . . and hence the 
printed result. 

It is easy to get hung up on displayed precision, but you should not. As you 
will see, results are printed sometimes to two decimal places or to four, or 
sometimes to the nearest integer, depending on what they are . . . there is no 
rule for this (how could there be?): we have used whatever seems the most 
appropriate precision at  the time. 

Finally, many of the standard results and formulas given in the text may be 
proved (or confirmed, at least) using calculus. If you know about differen- 
tiation and integration, and if you enjoy practising those skills, you can do 
this. As a notational aid, we have used the integration symbol to show 
when we are interested in 'the area under a curve'. However, the point about 
most of these results is that indeed they are standard: they are there to be 
used, not checked. You do not need to use the techniques of the calculus to 
understand this book. 



Preface 

This text, whilst standing alone as an introduction to the wide application 
of the discipline of statistics, forms only part of an Open University under- 
graduate course which itself forms part of a degree profile. Other components 
of the course include a statistical software package with associated manuals 
and guides (including a detailed guide to the solutions of the computer-based 
exercises), a series of eight television programmes under the general title 
Statistics in Action, an audio-tape offering an introduction to computers and 
statistical computing, a booklet of extra problems and exercises, and any 
number of support booklets (study guides, and so on). The course is exam- 
ined through coursework during the academic year and by an ,end-of-year 
examination paper. 

If you would like further information about studying with the Open University, 
either as an undergraduate pursuing a study programme that may extend 
over several years, or as an associate student studying courses independently 
of the university degree structure, you should write to the Central Enquiry 
Service, PO Box 200, The Open University, Milton Keynes, MK7 ~ T z ,  United 
Kingdom. 

Finally, we hope that some of the excitement we have found in analysing data 
and answering research questions will be apparent from the following pages. 
And we hope that you, too, will begin to appreciate the excitement of this 
queen of sciences. 

Fergus Daly 
David J. Hand 
Chris Jones 
Daniel Lunn 
Kevin J. McConway 

Department of Statistics, The Open University, Milton Keynes, MK7 6AA, 
United Kingdom. 
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