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Preface

This book is intended primarily for first-year undergraduate students in uni-
versities, polytechnics and colleges of further and higher education, and as such
it enters what is an increasingly crowded market. However, I believe there is
room for a text which tackles a number of particularly important problems at
the introductory level. First, basic statistical concepts, such as those of prob-
ability, independence, randomness and sampling distribution, are emphasised,
and illustrated by in-class experiments supplemented by computer-generated
results. In this respect, the overall objective is to introduce greater rigour with
little or no increase in mathematical formality. Secondly, the student may work
through the text at her or his own pace, checking on the grasp of concepts and
techniques by doing the in-text boxed exercises before reaching the more testing
territory in the exercises at the end of each chapter. Thirdly, I have tried to
show the relevance of statistical techniques to geographic problems through the
use of numerous real-world data sets — some of which are taken from student
project and thesis work — in the text and in exercises, backed by carefully
selected references. Finally, no mathematical competence beyond sound Ord-
inary Level or high-school graduation standard is assumed, and every effort has
been made to minimise the initial feeling of ‘symbol shock’ that many students
encounter. Although complex derivations are avoided, references to more ad-
vanced technical treatments are also provided for those interested. Most of the
ideas in the book have arisen while teaching a course at Reading for the past nine
years and, needless to say, result from numerous trial-and-error exercises which
students have not always borne stoically.

Many people helped, directly and indirectly, with this book. Dick Chorley
and Peter Haggett inspired me to become an academic geographer in the first
place, and all my colleagues at the Department of Geography in Reading
University have provided a very pleasant atmosphere in which to work. In
particular, Geoff Lucas commented on various parts of an early draft of the
manuscript, and Sophie Bowlby, lan Fenwick, Dave Foot, John Hardy, Trevor
Meadows and John Townshend kindly made available sets of data. Ronnie
Savigear provided many papers giving examples of statistical applications in
physical geography, and I am particularly grateful to all those physical geo-
graphy colleagues who patiently explained the background to some of the
physical geography exercises to a ‘mere human’! A number of colleagues in the
Department of Applied Statistics at Reading University, particularly Roger
Mead, very kindly discussed a number of statistical issues with me at some
length, although of course all responsibility for the particular interpretations
presented, and any errors, are mine alone. I am also extremely grateful to Angela



X PREFACL

Gurnell, Dave Unwin and Neil Wrigley for providing detailed comments on the -
‘penultimate draft’ — they caused me an awful lot of hard work which I hope
has resulted in a marked improvement in the organisation and quality of the
text. Thanks also to Joyce Gillo, Patricia Hobson and Linda Tarrant for typing
the earlier drafts, and to Debbie Lewis for producing an excellent final manu-
script. My wife Cathy said there was no reason why I should not be capable of
producing this book, and she was right.

John Silk
Reading, January 1979
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1 Introduction

Statistical methods are used by geographers because they help us to come to
conclusions based upon empirical data, these being measurements derived either
from observation or experiment. Geography was a strongly empirical subject
well before the ‘quantitative revolution’ of the 1960s, and so statistical methods
can be regarded as essential aids to geographic enquiry.

The way in which empirical evidence and conclusions are related statistically
can be illustrated if we consider briefly the difference between mathematics, on
the one hand, and statistics, on the other. Mathematics is chiefly deductive in
niature. Consider the following statements:

(1) A is greater than B(4 > B), and
(2) Bisgreater than C (B > ().

Provided both statements or premises are true, it follows logically that:
(3) A is greater than C (4 > ().

We can be quite certain that the conclusion expressed in statement (3) is correct,
given the premises expressed in statements (1) and (2), just as we can be quite
certain that the theorems of Euclidean geometry are correct, and such logical
necessity is a hallmark of deductive reasoning. No matter how complex the
argument, therefore, no additional information is required to reach a firm
conclusion. In this sense, deductive arguments cannot go beyond the informa-
tion given.

The position is different in statistics, which is primarily inductive in nature.
Inductive arguments provide conclusions which in some sense exceed the con-
tent of the premises upon which they are based. Suppose we polled a represent-
ative sample of adults living in a suburb of a large city, and found that 20% of
them commuted to work in the city centre each day. This may be stated as a
premise:

(a) 20% of the adults in the sample from the suburb commute to the city
centre.

From this, it might be concluded that:

(b) 20% of all adults in the suburb commute to the city centre.
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However, we should feel bound to add a qualification to the effect that the
conclusion is ‘probably true’ or ‘approximately correct’, simply because not all
adults were questioned. Because of the gap in our knowledge, it is necessary to
infer that approximately 20% of all the adults are commuters. This belief or
opinion is the result of an inductive inference. A statistical inference is a form of
inductive inference which allows the investigator to be relatively precise about
her or his degree of uncertainty, stating, for example, that there is a 95% chance
or probability that the true percentage of adults commuting to the city centre
lies between the limits set by 14% and 26%. The techniques of inferential
statistics provide formal procedures for calculating such limits and probabilities,
for testing statistical hypotheses, and thereby drawing statistical inferences.

The overall plan of the book is shown in Figure 1.1. Although Chapter 2, on
descriptive statistics, is primarily concerned with methods for summarising
characteristics of large bodies of data, it should be clear that informal inferences
must be made leading to interpretations based on the investigator’s own know-
ledge and judgement. This also holds true for all ensuing chapters. Following this
(Ch. 3), we describe two contexts in which inferential statistics are generally

Descriptive statistics
(Ch.2)

Inferential statistics

(Ch.3)

P ~
N

/

e Ty

II Natural sampling Basic IIT Artificial

contexts statistical sampling contexts
concepts
real-world processes an unpredictable
giving rise to . or chance element
phenomena of probability is introduced by
interest are i the investigator in
characterised by independence [——  (he interests of
unpredictable or efficient data
chance elements randomness collection
Chs 4-9 Chs 10-15

Figure 1.1  Overall plan of the book.
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employed: natural sampling contexts, involving study of real-world processes
giving rise to phenomena characterised by unpredictable or chance elements, and
artificial sampling contexts, in which an unpredictable or chance element is
introduced by the investigator in the interests of efficient data collection.
Sections II and 1II are devoted to techniques employed in natural and artificial
sampling contexts respectively, although many techniques can be used in either
context, as is made clear where appropriate in the text. The basic statistical
concepts of probability, independence and randomness are discussed in detail in
Chapters 4 and 5, and reappear throughout the book, particularly in Section II
and early in Section III.

Brief comments should be made on the quality of information or data upon
which any statistical analysis is based. The data should be both valid and reliable.
Measurements are said to be valid if they really measure what we think they are
measuring — if we are trying to ascertain an individual’s knowledge of places in
her or his home town, then the number of correct identifications may be
regarded as a more valid measure if photographs of places are presented than if
place names or maps are used. This is simply because use of names or maps is
liable to provide a better measure of an individual’s ability to remember names
or road maps than of their spatial knowledge. Measurements are said to be
reliable if they are free from substantial bias — poorly maintained equipment or
careless handling of soil or vegetation samples may lead to consistent over- or
underestimates of cation exchange capacities or species counts — and liable to
relatively small errors. Official statistics should never be regarded as sacrosanct in
this respect — errors of up to 22% have been reported as a result of checks
carried out on the 1966 Sample Census of England and Wales, and errors
exceeding 5% were quite common (Gray & Gee 1972). Careful choice and
correct use of a statistical technique counts for little if the measurements are of
poor quality — as the computer experts say ‘garbage in means garbage out’!

REFERENCES AND FURTHER READING
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