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The Age of Statistics 

The Age of Statistics is upon us. Almost every aspect of natural 
phenomena and of human and other activity is now subjec(iid to 
measurement in terms of statistics which are then interpreted, 
sometimes wisely, sometimes unwisely. Not even the more in
timate details of human relationships have escaped the candid 
survey of the more relentless researchers and, as they probe ever 
more deeply and more widely into our affairs, it is perhaps not 
surprising that the layman should begin to wonder whether the 
statisticians are not getting a little beyond themselves. Generally, 
however, it is not the statisticians who commission or initiate such 
surveys; their function is to provide methods of interpreting the 
data and of ensuring that the accuracy of the results may be within 
specified limits. Sorne alleged surveys indeed pay little regard to 
statistical requirements at ali and, as a consequence, are valueless. 
Nevertheless they masquerade as statistical surveys to the inevit
able detriment of the reputation of the latter. The best that can 
be said for sorne surveys is that they are ill-advised in principle, 
but the function of the statistician is concerned with the mechanics 
of the surveys and not with the propriety of the surveys them
selves. 

There are two widely divergent views of statistics currently 
popular among the general public. One view is that published 
statistics are themselves invested with sorne quality of meaning 
not unlike the qualities ascribed to n.umbers by the Pythagoreans, 
and that they enjoy such a degree of infallibility that they may be 
accepted without question. This, of course, is just as nonsensical 
as the other and yet more popular belief that statistics can be 
made to prove anything and therefore, by implication, that in fact 
they can prove nothing. This is quite untrue and, although it is 
nevertheless nearer to the truth to say that statistics may be 
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presented in such a way asto appear to prove anything, this is a 
very different matter altogether. 

Both views are erroneous since they are based upon an ignor
ance or misunderstanding of the objects, scope and discipline of 
true statistical theory and practice. But, whether correct or not, 
these general beliefs have in the past helped to build up a mass of 
antipathy which is even now considerable, despite the rapid 
advances and the contributions which statistical method bas been 
able to make in the organization of our affairs and resources. 

The statistician is often thought of as a man of another world 
as indeed are ail mathematicians. But whereas the latter are con
templated with sorne awe by those whose own mathematics 
stopped at the multiplication tables, the particular class of 
statisticians is often regarded with sorne suspicion. This distinction 
is an odd one since a statistician is a mathematician yet, even if he 
is personally accepted as beyond reproach, the statistics in which 
he deals are themselves liable to be suspect. Why should this be 
so? Does sorne sinister influence come to bear upon the purity of 
arithmetic when sullied by its application to practical alfairs in the 
form of statistics? 

This air of suspicion derives, to a very great extent, from the 
activities of people other than statisticians. The practical value of 
statistics is cheapened and clouded by exaggerated press and 
advertising statements which are accorded a spurious appearance 
of statistical significance. These are often presented without any 
indication as to how the sets of data were collected, how they are 
to be interpreted correctly and what true significance, if any, they 
possess at all. The reader is left to fend for himself. 

There is a fairly clearly defined line separating statisticians from 
non-statisticians but this unfortunately does not prevent sorne of 
the latter from putting out masses of .. ~ures in the guise of 
statistics. lt is they who, by accident of ignorance or design of 
dishonesty, tend to give a tarnished title to statistics generally in 
the opinion of non-mathematical citizens. But merely because 
sorne people habitually misuse grammar it does not follow that 
grammar is itself bad. Statistics may indeed be likened to a 
language. Linguists who speak a foreign language fiuently can 
understand each other's conversation perfectly. In the same way 
no statistician can fool another statistician, although they may 
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have legitima te differences of opinion. People who cannot speak 
French will candidly disclaim any ability in that regard; they do 
not understand the language and are quick to confess their 
ignorance. But, although they may not understand statistics, they 
will rarely be so ready with their disclaimers. This may perhaps 
stem from the fact that published statistics usually look so 
deceptively simple and disarming. Most people who can add two 
and two together tacitly believe that they understand statistics 
reasonably weil enough. 

When we are very young we are more likely to believe that a 
conjurer really is a magician. lt is only as we become more 
experienced in the ways of the world that we come to know that 
he is nothing of the sort. The statistician is often regarded as 
something of a pseudo-magician. The statistician, however, can
not see into the future any more than anyone else can and, 
although he may help by projecting a shaft of light - however 
small - from his torch of knowledge, he is still acutely aware that 
his battery is ali too often too weak to give anything but a shadowy 
outline. But the forecasting of quantitative outcomes of specified 
future events seems, to those who do not understand the principles 
employed, equivalent almost to clairvoyance. As a result they 
tend to belittle the statistician's efforts when they accuse him of 
failing to do something which he never claimed to be able to 
do. 

Statistics as a science deserves better of its judges. Reputable 
statisticians do not indulge in the unwarranted manipulation of 
data nor do they stoop to other forms of chicanery in order to 
produce the answers they want rather than the true answers that 
are there awaiting discovery in the data. The problem, however, 
does exist for the general reader as to how he may judge the value 
of a statistical representation of facts placed bef ore him. How can 
he tell whether the presentation is fair or whether he is being 
misled? Very often he will accept the presentation and ali that it 
appears to signify or he will make sorne unjustified interpretation 
which is not supported by the basic data. 

This is a very real problem and there is not always a simple 
solution. Nevertheless there are sorne elementary pointers to the 
truth and sorne criteria, to which reference will be made later, 
which may usefully be employed. The first step in the right 
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direction, and therefore perhaps the most important, is the 
reader's realization that he must treat statistics objectively and 
that he should never accept them at their face value. The know
ledge that statistics should be interrogated ' is clea ly a pre
requisite to the formulation of the questions which should be 
asked and is itself therefore a vital factor in the interpretation of 
data. 

One of the reasons that the problem exists at ali is that in
sufficient attention is paid to instruction in statistics. A mathe
matician, when confronted with a practical problem, will trans
form it symbolically into a form which is susceptible to mathe
matical treatment. That is, he will set up a mathematical model 
in the form of an equation or series of equations in varying forms 
by which he can translate the problems into the language of 
mathematics. Then, from the functioning of his mode), he will 
relate the results obtained back to the original problem. 

The art of teaching mathematics is in this translation of the 
problems into models and vice versa. Not ali forms of mathe
matics can be treated in this way- abstract algebra is one which 
cannot - but applied statistics is a practical science and therefore 
can be treated in this way. Every new concept introduced bas a 
metaphorical translation which, although not always providing 
an exact analogy, can nevertheless assist in putting the ideas across 
to the student. Statistics is a subject which, in its elementary stages 
particularly, lends itself to practical demonstration and, properly 
employed, it could weil be integrated in the various stages of 
mathematical instruction. Integrated instruction is essential and 
due regard must be paid to the student's requirements. In the 
carly stages of his instruction the practical applications are more 
important, because more easily understood, than formai theories. 
Professor M. H. A. Newman, in likening mathematics to a 
language, 1 bas pointed out that children should be taught to talk 
and read a little before they begin on the grammar. 

Mathematics bas been defined by Bertrand Russell as the 
subject in which we never know what we are talking about; 2 or 
in other words · that mathematics exists independently of the 
things it discusses. This view is contested by other mathematicians 

1 Presidential address to the Mathematical Association, April 1959. 
• International Weekly, Vol. 4 (1901). 
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but even if it is true of pure mathematics it is certainly,not true of 
statistics. Methodology as such may be divorced from reality but 
the interpretation of statistics by the use of those methods cannot 
exist independently of the outside world. To explain what is meant 
by a number, as distinct from its representative character, is a 
matter for philosophy but one does not need to understand the 
full significance of the concept of number in order to be able to 
use the numbers themselves. They may be used as the tools of 
mathematics, without the user worrying about their origins, in 
the same way as, in other applied sciences, he may use metal 
tools without considering the atomic structure of the tools 
themselves. 

Provided one can set up a mathematical mode! which is truly 
or approximately analogous to a problem then mathematical 
method takes over and proceeds without regard to the problem 
itself until the solution is derived. The area of a circle is symboli
cally represented as 1tr2 and this can be evaluated without regard 
to considerations as to what a square number {that is, r 2) really 
is. 

The difficulty in statistics is in setting up the mode! , since there 
are often sa many unknown quantities which need to be brought 
into sorne relationshijr between them selves and a iso sorne factors 
whose very existence may not even be suspected, Statistics deals 
with real things and therefore cannot escape from reality, but if it 
is possible to set up a sufficiently good mode! then the subsequent 
procedure is automatic. Data may be fed into a computer and the 
answer to sorne problem derived by purely mechanical processes 
without the computer ever needing to know what the problem is 
ali about. 

The elementary enumeration principles of statistics are by no 
means new. Their origins are to be found in the very beginning of 
mathematics. The basic concept is one of measurement and, as 
soon as man began to count his cattle and to eut notches in trees 
to represent them numerically, so was born the science of 
statistics. But although the origins of statistics may be lost in 
antiquity much of its development is comparative! y modern. As a 
science it is marching forward, probing, testing and developing 
ever newer and more refined techniques, building sturdily upon 
itself and incorporating techniques from other branches of 
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mathematics so that now it is assuming such proportions that even 
the statistician must specialize. 

But statistics is not merely a science; the interpretation of 
statistics conforms also to the nature of an art even though much 
of it can be accomplished by strictly scientological methods. lt is, 
of course, in the interpretation of statistics that the real value of 
the subject exists. There is no point in collecting data for the mere 
satisfaction of accumulation. Comparing measurements or other 
quantities, analysing effects of certain causes, tracing trends of 
changes in measurements against the backcloth of time or in 
varying conditions, deducing from these a norm of behaviour and 
thence forecasting the probable outcomes of certain stated con
ditions - therein lies the value of statistics. 

By the proper use and interpretation of data it is possible by 
such methods to produce meaningful results if, and only if, the 
basic conditions for the realization of those results are inherent 
in the data. Those who profess to find a significant result at any 
cost, although the available data do not support such a conclusion, 
perform a disservice to statistics as great as that resulting from 
the activities of others who, with set purpose, knowingly publish 
false or misleading presentations in a deliberate attempt to con
fuse uninformed opinion. 

In the following pages an attempt bas been made to help to
wards a better understanding of the scope and limitations of 
statistics and to indicate sorne criteria by which published or 
other statistics may be judged. The approach is at times neces
sarily negative since it is perhaps more instructive on occasions to 
explain what statistics do not show and thereby, by contrast, to 
accentuate the subject's more positive attributes. 

There is a real gulf between the statistical and non-statistical 
worlds of ideas, and the statistician often finds it difficult to 
project his ideas across that gulf. This is perhaps partly his own 
fault in that his jargon like ali scientific terminology, tends to 
intensify the difficulties. 1t is paradoxical that eve11 the more 
simple terms suffer the same defects, for statistics has borrowed 
a number of words in common use and bas given them quite 
different or restricted meanings. 

The mathematics of advanced statistical theory is strictly for 
the mathematician only and no attempt is made to reproduce it 
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here. The language of elementary statistics, however, is relatively 
simple to master and, once learned, provides the key to a remark
able and fascinating subject. As Pollock1 bas said: 'A new 
language is a riddle before it is conquered, a power in the band 
afterwards. . . . ' 

1 F . Pollock. C/ifford's Lectures and Essays (1901) Vol. 1. 
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Scope 

The word 'statistics' bas more than one meaning. lts use in the 
plural refers to descriptive statistics such as collected data, but in 
the singular it refers to statistical theory and method whereby the 
data are analyscd. Thus the term is applied to the interpretation of 
a set of numbers as well as to the numbers themselves. 

Of the latter little need be said provided that they are as 
accurate as possible, having regard to the type of measurement 
involved, and that they are relevant to a particular problem or 
investigation. In their recorded state within their own particular 
set the numbers may have little apparent value; their statistical 
meaning bas to be drawn out of them by appropriate methods 
largely based upon the concept of comparison. 

The concept of comparison is, of course, at the centre of much 
of human activity. The very measurements which provide the 
statistical data are themselves the results of comparison, the 
dimensions of the thing measured having been compared with a 
standard unit of measurement. Th us the width of this book may 
be measured by comparing it with standard units- that is, inches
on a ruler. Individual things, having first been compared with a 
standard unit may then be compared with each other in terms of 
the standard unit, but it is essential that the standard should be a 
real one. Many people~ for instance, suspect that during sale time 
the lcss reputable retailers first mark their priees up before mark
ing them down. If a B article is reduced to !2 then thcrc is a 
reduction of 33!%. If, however, the sale ticket shows a false 
original priee of !4 then there is an apparent reduction of 50% 
and the sufferer from sales fever will regard it as being that much 
better as a bargain. This judgement results from the lack of a 
satisfactory standard unit - the article is a bargain only if it is 
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worth more than the priee asked for it irrespective of the former 
priees printed on the ticket. 

Measurement is by definition impossible without comparison. 
In statistical method, however, comparison is not confined to the 
mere checking of measurements against sorne convenient yard
stick. The statistician does compare similar types of measurement 
over a period oftime but he also compares their actual occurrences 
with the probability of their occurrences. The technique of 
quality control, 1 for example, enables managements to ascertain 
whether vàriations in measurements of apparently similar objects 
are due to chance or whether they are due to faults in the produc
tion line which, once identified, may be remedied. 

This is an example of the development of statistics. Originally 
ali statistics were historie; they were ail concerned with the past 
and their processing was so protracted that the opportunity of 
using knowledge derived from them had often passed before the 
processing was complete. Now statistics is very much concerned 
with the present, and this important development bas been made 
possible by the use of sampling techniques. 2 The statistician is 
now able to proceed beyond the comparison of actual measure
ments. He compares the measurements of those things actually 
measured and then by inference, again based upon probability 
theory, he projects the comparison to extend to ali other things of 
the same kind. 

This sampling method is an essential component of quality 
control techniques but it may also be applied in many other 
forms of statistical method. In quality control one is measuring 
something tangible and by inference accepting or rejecting the 
proposition that similar objects not measured will, within limits, 
have the same measurements. But sampling theory is not designed 
merely to detect the odd man out when he arrives as the herald of 
changing circumstances; in times of non-changing circumstances 
its use enables the statistician to estimate important values applic
able to a whole population without having to measure every 
separa te member of th at population. 

Information asto the heights and other measurements of a repre
sentative sample of men, for example, is of the greatest value to 

' Chapter 20. 
s Chapter 16. 
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large tailoring firms dealing in ready-made suits since the measure
ments recorded may be applied to the allied measurements of the 
suits for men generally. This does not mean that they will neces
sarily manufacture garments having sets of dimensions in pro
portion to the data revealed or that every man will always be able 
to find a suit which will fit him perfectly. It is not the function of 
statistics to attempt the impossible but it is a function of statistics 
to provide information that may be applied to the possible. In 
this example the best arrangement would be one which would 
. ena ble the manufacturees to satisfy most customers and at the 
same time avoid or reduce the need for alterations to garments. 

The main function of statistics is thus to provide information. 
All sets of data give information of a sort; the degree of its use
fulness will depend partly upon the purpose for which it is required 
and partly upon the manner of its collection. Tailors may obtain 
their information as to the more popular sizes of suits by the 
more direct method of noting which sizes normally sell most 
rapidly. This, in effect, is still a matter for probability calculations 
and is merely a different way of gathering the necessary informa
tion. 

Masses of statistical data are gathered nowadays, particularly 
by govemment departments. Much of it may appear useless to 
the general reader, but it is not necessarily worthless to everybody 
merely because it holds no value for a specifie individual. It may 
be valueless to him because he bas no use for it, or it may appear 
to be valueless because he does not know how to use it, but otbers 
may have a very good use for it and be weil aware how to use it 
to great effect. A surgeon will find a very good use for a scalpel 
whereas an artist would not - except, perhaps, in dealing with his 
critics - but scalpels are not useless merely because artists have 
no use for them. 

Statistics therefore gives information and, in one form or 
another, is involved in every sphere of activity although it may 
not always be recognized. A person who compares the priees of 
tomatoes at different shops is mentally noting a primitive set of 
data to assist his decision as to where to make his purchase. This 
is a straightforward comparison of actual measurements. When 
he buys flowers before the Easter holiday because he knows that 
the. priees are likely to be .raised on Easter Saturday, he is com-
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paring past measurements with probable future movements. 
Wh en he runs his fingers through a pile of grass seed he is assessing 
the probable value of the whole pile from information derived 
from the sample which has passed over his fingers. 

Ali these actions come so easily to him that he may not pause 
to realize that he is employing basic statistical ideas. These ideas 
are indeed inbred in every intelligent person and it is the uni
versality of this fundamental application upon which rests the 
justification of statistics generally. Critics of statistics might weil 
pause to reftect that they themselves often unwittingly employ its 
concepts and basic methods. 

lt is, of course, an implied condition that the information 
supplied by statistics shall be capable of being put to sorne 
valuable use. In circumstances of certainty the information may 
give exact details of happenings, but the application of statistics 
in its most useful stage is a process of providing information 
which will enable one to make decisions in uncertain conditions. 
This view of statistics as a decision-making process is of com
paratively recent origin, yet it is implied in the condition that the 
information derived shall be useful. Any attempt to make decisions 
without the help of statistics is asking for trouble. It has been said 
that this is 'like asking a doctor to be responsible for getting a 
patient back to health but denying him the right to take his 
temperature, check the pulse, test the condition of his heart or to 
ask questions about his past health' .1 

Statistical method is essentially of the same structure as other 
forms of scientific method in which both inductive and deductive 
processes are employed. The scientist first makes his observations 
of relevant facts and, from a number of experiments, proceeds by 
a process of induction to the formulation of a theory which relates 
ali or sorne of the experimental results to sorne corn mon pattern. 
Having formed his theory he tlien proceeds by a process of 
deduction from that theory to predict results of subsequent 
experiments which could not otherwise have been predicted. He 
then collccts facts to verify or to deny the truth of his predictions 
and so the process continues, either by the development of the 
main theory or by the formulation of a new theory. This, of 
course, is a simplification of the actual process. Statistics is 

1 Lord Woolton, Address to Royal Statistical Society. 
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largely concemed with uncertainty and, where so much is un
certain, the results will often have but a limited application. In
numerable difficulties often confront the statistician in his efforts 
to pierce the mists ofuncertainty and to light upon sorne significant 
fact. 

Statistical method bas in recent years made tremendous 
advances, demands having been made upon it at an ever in
creasing rate in business, politics and in the sciences generally. 
Jts success in assisting developments in these spheres bas brought 
its own reward in an awakening interest in statistics and also in 
redoubled demands upon its resources. As a result of this, its 
problems become more difficult and varied. lts scope is continu
ally widening and the statistician is being hard pressed to devise 
new,or modified techniques to cope with the new demands. Many 
of the techniques are highly complex and sophisticated. Here we 
are concemed with the broader canvas of statistics generally and 
with the basic concepts upon which the theorist has been able to 
build. 

Statistics is sometimes regarded as being remote from reality, 
but this view merely confuses the application of theories with the 
development of the theories themselves. A great deal of theorizing 
is always in progress. Just as statistics studies problems outside 
itself so also it must be continuously looking introspectively at 
itself. This abstract approach is as essential to the structure of 
statistical method as is the concrete approach to problems outside 
statistics. It merely means that one is studying the structure of 
statistical models rather than their use. 

With so much research still being undertaken on statistical 
method itself, it should be apparent that statistical theory is by 
no means complete and will never have a satisfactory answer for 
every problem. There are indeed. many problems still unsolved, 
just as there are many enigmas in other branches of science, but 
this does not detract from the usefulness of the solutions to th ose 
other problems which have not presented such difficulties. 

As to the effective uses of statis_tics we may perhaps quote from 
a speech made by the Prime Minister: 1 'To have any hope of 
carrying out their policies, the Govemment of the day must have 

1 Rt. Hon. H. Macmillan. Speech to Royal Statistical Society. (Journal, 
Pt. IV. 19!59.) 
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knowledge of the facts as they are, together with such information 
as will help it to decide future trends.' lt is true that he dryly 
remarked that it was equally essential for the Opposition to have 
these facts at their command in order to draw precisely opposite 
deductions, but the application of a wrong deduction does not 
overshadow the value to be derived from the application of the 
right one. 

lt is no exaggeration to claim that modern business in its 
present advanced stage of specialization would be impossible 
without the assistance of statistics. In conditions of mass produc
tion of goods it is uneconomic and sometimes impossible to 
inspect every single component produced. Even where 100% 
inspection is nominally effected, the human element will intrude 
itself to prevent it from being fully efficient. There is a world of 
difference between inspection as such and efficient inspection. 1t is 
impossible for wine-tasters to taste every drop of wine that 
reaches the shops for, quite apart from the physical impossibility 
of the task and the detrimental effects of making the attempt, such 
an action would, even if possible, defeat its own object by en
suring that no wine ever did reach the shops. 

Statistics enters the production line long before the finished 
products are ready for sale. The modern manufacturer, being 
concerned in large-scale production which must be planned 
rnonths or even years ahead, must keep one finger on the public 
pulse in order to ensure that he keeps his other fingers in the 
public purse. Consumer tastes vary from one period of time to 
another and the manufacturer must have the earliest possible 
warnings of probable quantitative changes in the demand for his 
products. 

He will also need to know the nature of seasonal fluctuations 
in demand so that he can spread his production evenly over a full 
year. By knowing what stock he must have available at periods of 
peak demand he can arrange to build up this stock during the 
slack selling periods. Without adequate information he might 
well overstock and so tie up too much capital with no 
immediate opportunity of its producing revenue, or he might 
underproduce and th us be unable to meet the demands at the peak 
period. 

Business men also need to keep a wary eye upon statistics of 
21 
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a more general nature. A number of different possible courses 
may be open to them and they will need to have an indication of 
which course will probably provide the best outcome. They must 
know something of general economie conditions, the amount of 
purchasing power available in a particular country, the total 
amount of hire-purchase debts outstanding, unemployment 
trends, changes in priees and supplies of commodities as weil as 
a long list of other statistics, not ]east of them bearing upon the 
likelihood of a particular political party being elected to a majority 
in Parliament. 

Manufacturers must also know what their competitors are up 
to and must be able to assess the general leve] of trading and 
profit-making in their particular trade so as to measure their own 
performances. Ratios between figures published in their annual 
accounts provide pointers to the measure of success they are 
achieving in the utilization of their resources, and inter-firm 
comparison is made possible by this means. Only very large corn
panics, however, at present disclose their total sales figures; most 
companies keep these figures weil hidden because of the fear that 
they might reveal too much to their competitors. This attempt at 
secrecy is not always successful. For a particular trade and for a 
company of a particular size (judged by the capital employed, 
amounts owing by debtors etc) it is possible to make a very good 
estima te of the total sales. A set of figures in the published reports 
will be consistent with the unpublished figures since together they 
comprise a complete and consistent set of accounts. Where 
perhaps six of these figures are published, it is not al ways difficult 
to estimate the seventh. 

This is a very simple example of a statistical process which 
can make a set of data 'talk' and give information about related 
data. Certain sales turnover figur~s may also be derived in quite 
a different way by the process of sampling. A number of sd:emes 
exist whereby a sample of retail shops supply details oftheir sales, 
classified both by product group and by manufacturer. From these 
details it is possible to assess the proportionate share of national 
sales enjoyed by each main manufacturer. A manufacturer is thus 
able to express his own actual sales as a known percentage of the 
total market and, if he can obtain information as to his com
petitor's percentage share, he is able to estimate the actual sales 
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represented by that percentage. This method is, of course, subject 
to sampling errors but the results achieved are sufficient for the 
purpose. 

Statistics also helps business forward by its employment as a 
tool of industrial research and it is, of course, a most important 
factor in scientific research generally. Statistics assists not only in 
assessing the results of experiments but also in formulating the 
design of the experiments themselves. Methods have been 
evolved whereby more than one experiment may in fact be 
undertaken as one. The use of factorial designs and latin squares, 1 

for example, enables the statistician to evaluate more than one 
factor within the structure of one series of experiment:;, and to 
efTectively remove from experimental results such variability as is 
attributable to specifie factors which are not themsclves the 
primary subject of the ex periment. 

This is just one of the many ways which statistics has provided 
to make research more efficient and Jess costly. One of the worst 
drawbacks which statistics sufTered for many years was that data 
collected on a large scale took so long to analyse. This has been 
partly overcome by sampling methods since a sample may be 'an 
instrument of policy, when the whole record may merely be a 
piece of economie history' . 2 It is, however, still desirable in sorne 
circumstances t0 take stock of a whole p:Jpulation (as, for example, 
with a national census) and the processing of the mass of collected 
data has now been speeded up to a rem ::trkable extent by the use 
of electronic computers. These can co:'e with calculations so 
rapidly that very few firms can fi nd enough work for an in!>tallation 
of their own. 

Computers have their limitations but these are at the lower 
rather thau at the higher marDin. There is a story of a repre
sentative who tïiëd to sell l1 computer to a Chinese bank for he 
had leRrned that the clerks still used abaci. He agrecd to a 
demonstration in which the computer and an abacus would 
compete and, in the event, the clerk had completed his calculation 
on the abacus before the problem had even been set up on the 
computer. This was because the calculations involved were 

1 Appendices V and VI. 
• Rt. Hon. H. Macmillan. Speech to Royal Statistical Society. (Journal, 

Pt. IV. 1959.) 
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sufficiently simple to be calculated on the abacus and were not 
sufficiently difficult to justify the use of a computer. 

But, notwithstanding the use of computers, a great deal of 
statistical work is hard and painstaking, whether in using statistics 
as an aid to research or whether conducting research into statisti
cal method itself . . Jt is not, however; duil and unrewarding. 
Crowning success at sport or in the arts is not achieved without 
a great deal of patient practice and a great many disappointments 
beforehand. A properly conducted statistical investigation has 
aU the spirit of the chase, amplified by the forward-pressing 
human curiosity in the search for knowledge, which in success 
brings great and rewarding satisfaction. Not ail investigations 
take us to the end of the road, wherever that may be, but there is 
much to be learned on the way. 

Statistics is essentiaily dynamic. lt is continuaily moving 
forward and probing into new areas of application; more efficient 
techniques, greater computational facilities and the resultant 
decreasing costs of investigation assist in the widening of its scope. 
In the widest sense, statistical success breeds its own rewards; the 
greater the national awareness of the ability of statistics to cope 
with the nation's manifold problcms so the greater the demand 
for its services. 

The future of statistics is assured since it runs parailel with 
human curiosity- both are limitless- but it must not be suggested 
that statistics is infallible. The science is by no means perfect. At 
the same time, it should not be held rcsponsible for ail the errors 
perpetrated in its name. There are sorne genuine paradoxes to be 
encountered in the subject, but there is also an abundance of 
failacies - and failacies result from the incorrect use of methods. 
Both the paradox and the failacy provide traps for the unwary, 
but they may be avoided if recognized in good time. lt is for this 
reason that they figure largely in the following pages. 
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Pictorial illusions, as distinct from purely optical ones, may in 
fact project an illusory deduction wrongly interpreted from the 
data. Although a graphie representation (e.g. of the apparent 
correlation between two variables) may have assisted in suggesting 
a faulty deduction, the fault in an interpretation exists indepen
dently of its manner of expression. The misinterpretation may 
have one of severa! causes, ranging from a lack of logic in pro
cessing the data to actual inaccuracies and inconsistencies in the 
data themselves, and the statistician must follow a strict discipline 
of inspection throughout an investigation. 

Before attempting to interpret data, it is first necessary to 
analyse them in such a way that it is crystal clear what they 
represent. Do the tabulations look as if they really contain the 
type of data for which the investigator is looking? Are they the 
latest available statistics and is the tabulation consistent within 
itself, or have the statistics altered since their original publication? 
In this connection it is worth noting that publication can itself 
affect published data. There are, for instance, many procedural 
theories at large in the stock markets in which a certain percentage 
fall in the priees of equity shares is ta ken, in conjunction with other 
data, to point to the existence of circumstances in which the 
theorists believe they should sell .their holdings. If this practice 
were widely adopted, the additional selling of shares would 
weaken the share priees still further so that the original priee-falls 
would be seen to have borne within themselves the seeds of the 
further deterioration. 

Published statistics are rarely in the exact form required for a 
particuhir investigation. Government departments and other public 
and private bodies which issue statistics cannot be expected to 
present them in just such a tabulation as may suit one investigation 
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better than another. Instead they issue what, to them, seems to 
be the most important data tabulated in the simplest possible 
manner. Indeed, they very often have no idea of the purposes to 
which the data will be applied in the course of time - and they 
would sometimes be astounded if they did know! 

The statistician must therefore rearrange the data that come to 
him and inspect them thoroughly in rouch the same way as a 
cabinet maker must ensure that he has the right timber and the 
right tools bef ore commencing work. Just as the financial accounts 
provide the stepping-off place for an auditor's work, so do the 
data details provide the statistician with his basic requirements; 
neither document may be suitable in the form in which it is first 
presented but each provides a basis upon which one may work. 

There is, of course, a limit to the possibilities of rearrangement. 
Y ou can spell out the alphabet forwards or backwards but it is 
impossible to say it sideways! Similarly a photographie negative 
may be processed so that a man's face portrayed therein may be 
made to face either to the left or to the right in the final snapshot, 
but it is always the same side of his face that appears in the 
photograph. The other side of his face cannot be introduced by 
any manipulation of the negative since it was never photographed 
in the first place. There is a similar restriction upon the rearrange
ment of statistical data; they cannot be made to demonstrate any 
conclusion which is not contained within themselves. 

In any event the rearrangement of data must be accomplished in 
such a way as to preclude manipulations which are deliberately or 
accidentally designed to produce the results which one wishes to 
obtain. This is not always so easy to achieve. Sorne children bear 
a strong resemblance to one of their parents, others do not; and 
yet friends of the family will often remark upon the similarity of 
a child to both parents. Are they merely trying to flatter the 
parents or are there optical illusions involved? Statistics offers 
a fertile field for illusions and it will have become apparent in the 
last chapter that pictorial representation cannot always be taken 
at its face value. lt requires but a short extension of this thought 
to realize that mental illusion can be just as dangerous. 

As a statistician Candide's mentor, Doctor Pangloss, would 
have been no more successful than he was as a philosopher. He 
would always have found the answer he wanted in his best of ail 
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possible worlds. The nub of a statistical problem is not 'What is 
the answer wanted?' but, instead, 'What is the answer wanted 
for?' The use to which data is to be applied will decide the most 
suitable method for their treatment. 

The first questions to ask with regard to published stati$tics 
are who said so, what did he say, what did he not say and what is 
his evidence? One is also sometimes tempted to ask whether he 
knew what he was talking about anyway! Absolute accuracy in 
subsequent calculations will be of no avail if the basic data are 
incorrect or unreliable in any way. It is important to know the 
origins of the data and also to know for whom and for what 
purpose they were accumulated. In times of short supply of goods, 
for instance, a retailer may order twice the amount of goods he 
requires so that, should his arder be eut, he may still receive the 
amount he really requires. Anyone who added together all the 
increased orders from an retailers, to derive the total demand for 
a particular product, and who planned his production on that 
basis would conceivably end up in the bankruptcy court. The 
effective demand would be equivalent only to a half of his figure. 

Particular care must be exercised when handling published 
condensed reports of surveys where only sorne isolated statistics 
are quoted or where the journalistic language has destroyed 
whatever precision was contained in the full report. The effect can 
often be to make nonsensical statements. In a statement on sorne 
aspects of a survey on the operating of staff canteens in factories 1 

the following occurred: 'Out of every 100 employees in the 
London area who took a cooked meal, sorne 46 ate at a small 
canteen; 39 a te at a medium-sized canteen and 45 in a large one.' 
A simple addition will show that, although the statement starts 
off with 100 employees, it provides food for 130 and suggests that 
sorne of the employees were overdoing their calorie collecting by 
eating in two canteens at once! 

This is an error of presentation caused either by a misunder
standing of the basic data or merely by faulty phraseology- prob
ably the latter. The number of dîners quoted for ~ach canteen is 
not meant to be related to 'every 100 employees in the London 
area', although that is wh at the statement sa ys. The figure for 
each class of canteen is in fact related to 'every 100 employees 

1 Canteen Management, July 1960. 
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employed by firrns with that particular size of canteen', and that 
is a very different thing altogether. Thus, for firms enjoying the 
facilities of a small canteen it was found that 46 out of every 100 
employees employed by those firrns did in fact use the canteen - it 
is not that 46 out of every 100 in the London area used a small 
canteen. 

In this particular instance the error is obvious since the reported 
figures sum to more than the assumed total, but a similar error 
might not have been so evident in differing circumstances. Con
densed reports are more often than not useless for serious statistical 
work except perhaps for publishing the fact that a survey bas been 
carried out. The statistician will never accept a condensed report 
but will always go back to the original data. lt is a tragedy, how
ever, that the abridged report is ail that the general reader is likely 
to see and it is scarcely surprising if he cannot understand it or 
construes it incorrectly. 

The statistician is in a better position with regard to data for 
which he bas himself arranged the collection. It is true that the 
collection of data is a routine matter and must be suited to the 
ability of the individual undertaking it. The data will therefore 
still have to be sorted for statistical purposes, but the great 
advantage over published statistics is that they will have been 
gathered for a specifie purpose which was known before the 
collection of data commenced. 

Adequate background information is absolutely essential 
particularly where definitions are involved. 1 The more questions 
one can ask about a set of data, so much the better, since they 
may have been summarized in such a way as to exclude the 
particular information in which the reader is interested. One does 
not ask a serious question of another person unless one is first 
sure that the latter is reasonably likely to be able to give a serious 
response. The ability of certain data to take part in an interpreta
tion must be similarly tested. 

In writing, many authors obtain ideas by a process of what, for 
want of a better term, is popularly called inspiration; but it is 
more often a result of consciously or unconsciously tuning one's 
mind into the right atmosphere of thought and of using a basic 
knowledge and drill to render oneself the more readily receptive 

1 Chapter 8. 
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of ideas. The understanding of statistics requires much the same 
kind of discipline. The statistician must have a receptive mind 
which can analyse the possibilities of a particular situation and 
he must make certain that it remains receptive. Jfyou are expecting 
a friend to telephone you and he does not do so, it may be because 
your telephone is out of order; you could sit by the telephone for 
hours without receiving a message. 

Statistics also requires a good grounding in experience. Data 
may provide a statement of past trends and possibly signposts to 
future ones. Not ali the discoveries to be made may be on the 
main road; sorne unexpected discoveries may be found along the 
minor roads. Many roads are not signposted and it is therefore a 
great help to a stranger if he knows which road is probably the 
right one. Finding his way around is th us made easier but he must 
stiJl take chances. There may be more than one way, however 
twisting, of reaching one's destination. But it is not always 
possible in statistics to know when one bas reached the wrong 
destination. Real road signposts give a definite direction and 
quote a definite mileage figure. Statistical signposts, on the other 
band, show a probable direction and quote probable values. 

Thus, while it is usually open to us to learn from our mistakes, 
in sorne statistical investigations it is not always possible to 
identify the mistakes even when it is evident that mistakes have 
been made somewhere. To overcome this difficulty it is not only 
necessary to check the credentials of one set of data; it is also 
necessary to compare it with similar sets. Research in its early 
stages can never provide anything more than a guide. One 
scientific experiment atone would not be acceptable as proving a 
theory. Similarly the results of one survey alone should not be 
accepted without seeking corroboration from subsequent surveys 
or from in dependent sources. As De Morgan 1 bas pointed out, an 
assessment of the guiding property of the loadstone, when first 
discovered, made it necessary to 'make many passages between 
ports that were well known before attempting a voyage of dis
covery'. 

Before attempting to interpret data it is necessary to be sure 
that they are sufficient for and relative to the purpose and that 
they are as complete as possible. For this purpose one will usually 

1 On the Study and Difficulties of Mathematics. Chapter 1. (Chicago 1898.) 
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need a reading of more than one event and more than one reading 
for each event. Absolute figures of one set may be of little practical 
use in themselves. If, for example, an examination is being made 
of data relating to products rejected by customers of a firm, the 
true significance of the numbers rejected cannot be appreciated 
unless it is also known how many items were originally supplied. 
Two customers may each reject three items. If the first customer 
originally bought 1,000 items, then he has retained 997 and the 
manufacturer will be quite happy about the general levet of his 
products. If, however, the second customer originally bought only 
ten items, then the rejection of three is an indication that some
thing may have gone seriously amiss. This one instance of a high 
rejection rate would not prove anything very definite as, in its 
isolation, it is not known whether it is representative of ali goods 
supplied, but the manufacturer should take heed of the indication 
and should commence an earnest investigation. 

It is not enough, however, that data should appear to be 
comparable; they must be shown to be comparable before com
parison is attempted. An electric appliance may be returned under 
a guarantee for, perhaps, one of twenty different faults . It is not 
sufficient merely to calculate the total numbers of each type of 
fault discovered when the appliance is received back at the 
factory. Appliances with more than one fault will be enumerated 
in more than one category so that there will be a greater total 
number of faults than the number of appliances returned. These 
data, although necessary for sorne purposes (such as the compari
son of the incidence rates of different types of fault), will not be 
enough. lt is also necessary to know how many appliances bad 
one, two or three or more faults, since one fault may always be 
found closely associated with another. There may be a causal 
relationship between one fault and another; the latter may merely 
be a symptom of the first. To that extent they will not be strictly 
comparable. 

The accuracy of the data should also be checked to ens ure that 
there are not more appliances returned than there are faults 
recorded (unless the difference is accounted for by appliances 
being free from fault in spite of having been returned); that there 
are not more instances of one particular fault than there were 
appliances returned; and, where different models are included in 
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the same tabulation, that no faults are recorded in respect of 
models which were not returned. This ali seems so obvious that 
the reader may exclaim that surely that sort of thing does not 
happen. The author's experience, however, is that such things do 
happen; ali three of these inconsistencies were discovered in one 
set of recorded data presented for interpretation. 

It bas been said that the actual evolution of mathematical 
theories 'proceeds by a process of induction - observation, com
parison, classification, trial. .. .'1 Statistics is not entirely a matter 
ofmathematics but much the same stages ofprogress are required. 
Calculations based upon data may follow certain rigid mathe
matical rules and procedures and, because of this rigidity, may 
give a spurious appearance of exactitude to the results. But, 
although these calculations have formed part of a whole logical 
process of deduction, so that one follows naturally and neces
sarily from the other, the original data which is being processed is 
a collection of observations and the problem of finding whether 
they ohey any form of law or order is originally a problem of 
induction. Mathematical treatment may help to reveal sorne form 
of order but the result cannot reveal something which is not already 
there. 'We cannot get more out of the mathematical mill than we 
put into it, though we may get it in a form infinitely more useful 
for our purpose.' 2 

Furthermore, statistics may reveal only a part of the truth. 
Just as one must take care not to produce spurious proofs from a 
set of data, so one must also be able to determine the limits within 
which any derived results may be applied. Certain factors may be 
immeasurable but their effect may be such that they cannot be 
ignored. Bare statistics may tell only half a story and it may weil 
be that the unmeasured factors overrule any apparent result 
derived from the statistics. A Ministry of Transport report3 on 
the operation of different types of road vehicle doubted whether 
centrally collected statistics could be fairly used as a basis for 
judgements about the efficiency with which large numbers of 
vehicles were operated. 

1 E. W. Hobson. Presidential address to British Association for the Advance
ment of Science (1910). (Nature, Vol. 84.) 

1 John Hopkinson (James Forrest Lecture, 1894). 
1 The Transport of Goods by Road (H.M.S.O., 1959). 
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Such statistics cannat indicate how weil the services which the 
vehicles provide suit the needs of the users. For example 'C' 
licence operations1 are extremely varied, having clearly been 
adapted to the particular needs of individual firms at particular 
times and in respect of particular consignments in aU manner of 
special circumstances. No statistics of the operation of the 
vehicles can measure the extent of the resulting economies and 
advantages which accrue to the users at other stages of the 
process of production and distribution. 

Theoretically, a set of data can provide only one true answer to 
a specifie question, for if there are two answers then the set of 
data contains inconsistencies within itself. The data may, how
ever, be able to provide answers to more than one question even 
if the questions are so alike as not al ways to be cl earl y distinguished. 
This probably accounts for the fact that in sorne circumstances 
different people may draw different conclusions from the data. 
lt is not a/ways possible to be sure that one has the true result; 
different photographs may reveal different aspects of an abject 
but it may be impossible to say which, if any, is the true repre
sentation. 

Facts may be weil hidden but no amount of apparent logic and 
deduction can establish a result that is not contained in the data. 
On the other band, illogical reasoning is much more easily 
recognizable and therefore easier to reject. In 1960 the leader of a 
taxicab drivers' union expressed the view that any further increase 
in the number of taxis available in London would lead to a 
smaller share ofwork per driver. No doubt he was alarmed at the 
rapid increase in the number of taxis on the road. To suggest, 
however, that these numbers should be kept dawn by controlling 
new entrants is as naïve as suggesting that no more greengrocers 
should be allowed in our street because we have two already and 
a third one will take away sorne of their business. This sort of 
thing happens in commercial life every day. 

The suggestion, however, has an even more serious fault. It 
supposes that the available work is fixed whereas in fact it is not. 
1t is not even identifiable, for a persan who wishes to hire a taxi 
will not signal one which is already occupied. Yet, although his 

t A 'C' licence authorizes a trader to operate goods vehicles for the sole 
purpose of transporting his own products. 
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unsatisfied want constitutes 'available work' for taxi-drivers, it 
will not be recognized since it has not been expressed. Many 
people still cannot find an empty cab when they want one, and 
it is possible that a grea ter number of 'available' taxis might result 
in an increase in total work since the ability to satisfy more wants 
might result in more wants being expressed. In other words, more 
taxis might mean more work. Whether this is true or not is not 
known, but the pointis that rapid increases in the total number of 
vehicles is not sufficient reason alone to suggest that the share of 
work per vehicle must necessarily decrease. 

Every step in an investigation needs to be closely checked. Is 
the development logical oris the set of circumstances one to which 
logic cannot be applied? The mutations of hu man preferences and 
actions, for example, may well upset calculations based upon 
original data. Logic and mathematics provide a means to an 
end; in statistics they are not ends in themselves. There are many 
short cuts in mathematics but you must know every inch of the 
paths before you can use them. The mathematics may become 
too mechanical ; many of the fabulous calculating prodigies who 
have appeared from time to time have been unable to explain how 
they carried out their mental calculations and have not always 
had a clear idea of the concepts involved. 

The relation of mathematical results back to reality is always 
a difficult and dangerous step and unexpected results should not 
be rejected merely because they do not agree with one's expecta
tion or because they appear to conflict with common sense. One 
must never !ose sight of the fact that statistics is concerned with 
reality. Not only must the investigator translate mathematical 
statements in terms of reality in his final analysis; he must also 
frame the actual investigation in such a way that it runs parallel 
with reality. He must not concentrate on trying to solve problems 
which may be non-existent since he may thus misunderstand the 
nature of the real problem. lt is quite common these days for 
social workers to look for deep psychological causes when faced 
with ordinary day-to-day problems, whereas there may be no 
such causes at ali. Just because a man commits sorne minor kind 
of crime it does not necessarily mean that he does so because he 
was forced to study Latin at school ; he may steal food for no 
other reason than that he is hungry. 
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To attempt to ascribe quite ordinary outcomes of an event 
to inappropriate sophisticated causes is faulty in itself; it is 
also faulty because it is based upon the assumption that there 
must be such a cause. One of the basic errors devolves from just 
such an assumption - that there must be a positive result to every 
statistical problem. This is not necessarily true, any more than it 
is true of mathematics generally. Possibly there is an answer, just 
as there may be answers to ali unsolved mathematical problems, 
but if we cannot find that answer we are not justified in assuming 
that there is one. Many statistical computations result in a verdict 
of 'not proven'. This may be unsatisfactory if it reftects the in
adequacy of the data, but otherwise it may be extremely val ua ble 
in refuting extravagant daims and opinions. 

Statistical decision making indeed provides a substitute for 
intuitive judgement and 'considered opinion' (which is synony
mous with 'hunch'). Opinion and apparent intuition are the 
results of an individual's whole upbringing and environment; they 
are subject to his temperament, his mental state, and any of the 
failings of humanity to which he is subject. The wh ys and where
fores of human activity are the concern of psychology, but no 
psychologist can view his sphere with unfettered objectivity since 
he is himself part of that sphere and he cannot get outside himself. 
His theories must to sorne extent be inftuenced by his own human 
traits. Psychiatrists may stand as much in need of psychiatrie 
treatment as do their patients. Doctors of medicine are certainly 
not immune from the human ills for which they prescribe. To 
sorne extent the application of statistics suffers from similar 
individual disqualifications. Since it deals very largely with 
human activity, interpretation must often be based upon psycho
logical considerations. 

But this disqualification may be minimized. Although each 
psychologist may be affected in this way, a group of them may 
possibly discern solutions to each other's problems since they, 
being themselves different individuals, will be affected in different 
ways. The pooling of their knowledge of each ether, albeit 
coloured by their own realization of their selves, then builds up 
the science of psychology which is more than the total of the 
independent theories of its individual practitioners. 

So it is with statistics. The statistician of toda y is building upon 
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knowledge gained in the past by others and he is using techniques 
which are gradually becoming more and more efficient. Yet none 
of this will avail him anything unless he can get outside himself 
and view his problems objectively. Interpretation depends as much 
upon the interpreter as upon the data interpreted and he must 
be ever on his guard against unreality, prejudice and illogicality. 
If, in the sometimes hectic atmosphere of modern business, he 
finds it difficult to maintain that cool detachment essential to his 
duties he might just as well, for all the good it will do him to keep 
pounding away at his problem, instead put on his hat and take a 
walk round the office block! 
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