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PREFACE TO THIRD EDITION

TH1s book is intended to give an introduction to the ideas and
methods of statistics to students on courses such as the Post-
Graduate Diploma in Management Studies and the Work Study
and Industrial Engineering Diploma. To this end I have not felt it
necessary to introduce any mathematical proofs or derivations of
the standard statistical formulae, and have concentrated on indi-
cating the application rather than the theory of statistics. Experi-
ence suggests that Chapter Two in particular will be welcomed
by many students, and I have tried to avoid excessive use of
mathematical notation whenever possible.

I would like to express my thanks for permission to use copy-
right material from the Peblications Board of the United Nations
and the Controller of Her Majesty’s Stationery Office.

I would also like to acknowledge permission to use statistical
tables from the literary executor of the late Professor R. A. Fisher
and Oliver & Boyd Ltd., Professor G. W. Snedecor and the Iowa
State University Press and Professor A. Hald and John Wiley &
Co. Inc.

Opportunity has been taken to revise and bring up to date those.

sections of the book dealing with current statistical practice in the
United Kingdom. Some calculations have been modified to
reflect the use of electronic calculators and mention has been
made of the use of microcomputers in this area.
I would like to thank those colleagues and students who have
made helpful comments on the earlier editions and who have
encouraged me to believe that this book is meeting the need for
which it was designed.

December 1982 D.C



seemed helpful. Lastly, worked answers are now provided for
many of the numerical questions set at the end of each chapter. It
is hoped that these will meet the need of those students who learn

best by practice.

July 1974 D.C.
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CHAPTER ONE
INTRODUCTION TO STATISTICS
The task of statistics ¢

Development of statistics as an analytical tool

THE techniques of preparing. analysing and presenting data
which are now included under the title of “Statistics™ have been
developed in many different fields of study. This has had the
advantage of bringing to the subject a variety of approach which
has prevented any over-formalisation, but has unfortunately led
to 2 multiplicity of different terms and symbols having the same
meaning. Stemming from this varied backgtound is the charac-
teristic of statistics that the methods pioneered in one field of
application are often developed and standardised in another.

Some of the main contributions to statistics may be indicated
by a short history of the subject. The word “statistics” appears
to have been first used in the late cighteenth century, to refer to
the verbal description of the resources and political organisation of
European states then being published. The word gradually trans-
ferred to numerical data of this type, and in the form of “official”
or “government” statistics is still very important. At the same
time, information was being collected on the behaviour of prices,
and measures such as “index numbers” were developed. These
were the subject of considerable theoretical discussion in the late
nineteenth century, and again in the 19205 and are still capable of
arousing controversy.

Another line of statistical development started with the dis-
cussions on gambling in the seventeenth century which led to the
basic ideas of probability. With the growth of measurement as a
tool of scientific inquiry, the results of probability problems were
applied to the study of errors in measurements and so to the
formulation of the theoretical distributions of measurements. In
the exact sciences, where careful control of experimental pro-
cedure was leading to a high degree of reproducibility of results,
these statistical results were little used, but by the late nineteenth
century the study of agriculture and biology by experiment and
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measurement was producing 2 mass of variable results, and these
could only be dealt with by statistical methods.

Much that is still of great value in statistics was developcd at this
stage and the association of statistics with agncultural science led
to the establishment by the 1920s of many of the major methods
of statistical analysis. It was also becoming realised that the same
methods were suitable, with slight modifications, for the analysis
of any measurement showing a mixture of controlled and
uncontrolled variability, and statistical results began to be used
in sociology, psychology and economic studies, and in industrial
and commercial applications Typical of this was the development
of sampling for opinion polls and market research just prior to
the Second Wotld War.

The late 19208 saw the dcvelopment of a purely industrial
statistical technique, that of “statistical quahty control,” but the
major advances in this field came under the impetus of the mass-
production of atmaments during the Second World War. Since
1950 it has become more and more obvious that industrial and
commercial data are well suited to analysis by statistical methods,
and new methods and applications are continually being reported.
Certain fields such as market research are by now largely based
on the use of statistical methods. Similarly in a recent survey of
operational research scientists in which they were asked which
analytical techniques they made use of regularly, only statistical
analysis was naméd by more than 50%,.

“The latest development has.been the increasing availability
of electronic computers and calculating machines to handle
computational work. This has led to a renewed interest in methods
which were known theoretically, but were not thought feasible
because of the amount of computation they required. Some of
these are particularly interesting in the study of industrial and
commercial problems involving many uncontrolled variables.
Even the simpler techniques become much easier to handle, and
the growth of the hand-held electronic calculator industry is
providing tools which allow ““on the spot” analysis and will give
a further boost to the use of stanstlcal methods as a routine
procedure in business.

Modern uses of statistics

Statistics in the modern world have an application in any situ-
ation in which numerical information is handled, and especially
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where the data is of a variable nature. Statistical results and
procedures are used at all stages of the processing of data. When
the data is to be collected, statistics help in identifying the most
efficient methods to use, whether experiment or survey. When
the data is to be analysed, statistical measures summarise the
information collected, and statistical tests examine it for signifi-
cance. When the results are reported, statistical statements
present the conclusions unambiguously and statistical diagrams
display them in visual form.

It is important to realise that the use of good statistical method-
ology can lead to a considerable increase in the value of numerical
information, and that its absence is often an indication that the
information may be poor or even misleading.

Statistics and management
Statistics and scientific management

The art of management is the art of taking decisions, and the
basic necessity for correct decision-taking is good information. It
is becoming increasingly recognised that the more information
there is available the better the decision taken. What is termed
“scientific management” is basically management on the basis of
precise numerical information, and to try to use such numerical
information without using statistics to aid in its preparation is to
fail to use one of the major tools of efficient management. In fact
even when not recognised in its own right statistics is an essential
part of most modern management services. In market research,
in work study, in production control and planning, in quality
control, in stock control, in sales analysis and forecasting, in pro-
ject planning and in operational research there is a core of statis-
tical methodology. Increasingly, also, the nature of decision-taking
and the inherent element of probability is becoming recognised,
and statistics is providing a vocabulary in which risks and confi-
dence can be recognised and measured.

The statistician in management

Given this picture of management as a profession increasingly
concerned with numerical information and analysis, the statistician
has an important place as an adviser. The fear is often expressed
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that the “experts” in measurement and numerical manipulation
will supplant the manager by presenting results which remove
doubt and the need for decision-taking. This is far from true, and
as more information becomes available in any situation, then the
critical decisions become more clearly focused and often more
difficult to make. Where information is incomplete or inaccurate
an incorrect decision can often escape notice, and an inadequate
manager fails to realise his inadequacies. The role of the manager
is likely to grow more important and more demanding as he is
able to draw on more and more expert information.

In this situation the statistician appears as a provider of in-
formation and advice, but not as a taker of decisions. He should
be consulted at the early stages of the collection of data to ensure
that the most efficient methods are used. He will, of course, be
mainly concerned with the analysis of the information collected,
and he will present the results in such a way that their content and
significance is clear. He may indicate the implications of the
results, but taking action to avoid or realise these implications
is the responsibility of the manager.

Statistics in management education

As the emphasis on scientific management increases, so does
the demand for management education, and the interested
managet is told to study a wide and increasing range of subjects.
Of these, statistics is usually regarded as a basic necessity and
there are two main reasons why this is so.

First, the manager will be taking decisions and assessing
probabilities, whether consciously or not. Statistical method can
often provide some degree of measurability in an apparently un-
measurable situation. The manager will sometimes also have to
reduce numerical data to a pattern of information suiting his
patticular needs, and again statistical methods are appropriate.
The need to use statistical method is likely to grow with the expan-
sion of the facilities available for computation on large computers
via remote terminals, and on programmable desk calculators.
These facilities will include libraries of standard calculations,
and their very ease of use places more importance on the correct
choice of data.to feed into them arid the correct interpretation of
the results obtained.

Secondly, the manager will wish to know when the statistician
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can make a useful contribution to the analysis of a situation, and
what limitations there ate on the use of statistical methods. He
may also need to assess the validity of conclusions presented to
him and to argue with their originator.

From this it follows that there is a dual requirement in the
statistical education of a manager. He should be able to use those
methods which are appropriate to non-expert use, and he should
appreciate the power and basis of statistics and should know
when to call in a more expert analyst. There is no better way to
achieve the first of these requirements than the actual practical
use of statistical methods, and some arithmetical labour is well
rewarded by a better knowledge of the methods involved.




CHAPTER TWO

INTRODUCTION TO STATISTICAL
SYMBOLS AND SOME MATHEMATICAL
REMINDERS

-Symbols

Use of symbols

THE use of symbols instead of words in statistical formulae pro-
duces a coasiderable saving in space and time, and there seems
little point in trying to avoid the use of such convenient aids to
understanding. The symbols used in this book have been chosen
in an attempt to avoid confusion, and their meaning will be
described when they are introduced in the text. The symbols-used
correspond as far as possible to those in general use in the United
Kingdom and the U.S.A. Unfortunately thete is no universal set
of symbols in statistics, and the reader is advised to check if
similar symbols have similar meanings when referring to other
statistical literature.

Special conventions

Two particular conventions will be adhered to throughout this
book.

(a) Original quantities will be symbolised by capital letters,
e.g. X, while derived quantities will be symbolised by the
corresponding small letter, e.g. x. If the distinction is not
necessaty, then the small letters only are used.

(b) Statistics derived from samples will be symbolised by
English letters, e.g. m, 5, while the cotresponding population
statistics will be symbolised by the equivalent Greek letter, e. y3
i 0. The use of these conventions will be further explained as
they are required.

Suffixes

Suffixes will be used to distinguish between quantities of a
similar type, such as repeated measurements of the same quantity:



