10 INTRODUCTION

but also %ow a complex observational record may be
handled with intelligibility and precision.

The subject is a new one, and in many ways the
most that the author can hope is to suggest possible
lines of attack on the problems with which others are
confronted. Progress in recent years has been rapid,
and the few sections devoted to the subject in the author’s
Statistical Methods for Research Workers, first published
in 1925, have, with each succeeding edition, come to
appear more and more inadequate. On purely statistical
questions the reader must be referred to that book.
The present volume is an attempt to do more thorough
justice to the problems of planning and foresight with
which the experimenter is confronted.

REFERENCES AND OTHER READING

T. Baves (1763). An essay towards solving a problem in the doctrine
of chances. Phil. Trans. Roy. Soc., liii. 370.

A. pDE MorGaN (1838). An essay on probabilities and on their
application to life contingencies and insurance offices. Preface,
vi. Longman & Co.

R. A. FisuER (1930). Inverse probability. Proc. Cambridge Phil.
Soc., xxvi. 528-535.

R. A. TisHER (1932). Inverse probability and the use of likelihood.
Proc. Cambridge Phil. Soc., xxviii. 257-261.

“R. A. Fisuer (1935). The logic of inductive inference. Journal

Royal Statistical Society, xcviii. 39-54. :

R. A. F1sHER (1936). Uncertain inference. Am. Acad. of Arts and
Sciences.

Fiswee, K. A Design of Eylpit‘!w\?w‘;s. bth ua,, 35\,

I1

THE PRINCIPLES OF EXPERIMENTATION,
ILLUSTRATED BY A PSYCHO-PHYSICAL
EXPERIMENT

5. Statement of Experiment

A LaDY declares that by tasting a cup of tea made with
milk she can discriminate whether the milk or the tea
infusion was first added to the cup. We will consider
the problem of designing an experiment by means of
which this assertion can be tested. For this purpose
let us first lay down a simple form of experiment with a
view to studying its limitations and its characteristics,
both those which appear to be essential to the experi-
mental method, when well developed, and those which
are not essential but auxiliary.

Our experiment consists in mixing eight cups of
tea, four in one way and four in the other, and presenting
them to the subject for judgment in a random order.
The subject has been told in advance of what the test
will consist, namely that she will be asked to taste eight
cups, that these shall be four of each kind, and that
they shall be presented to her in a random order, that
is in an order not determined arbitrarily by human
choice, but by the actual manipulation of the physical
apparatus used in games of chance, cards, dice, roulettes,
etc., or, more expeditiously, from a published collection
of random sampling numbers purporting to give the
actual results of such manipulation. Her task is to
divide the 8 cups into two sets of 4, agreeing, if possible,
with the treatments received.
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6. Interpretation and its Reasoned Basis

In considering the appropriateness of any proposed
experimental design, it is always needful to forecast all
possible results of the experiment, and to have decided
without ambiguity what interpretation shall be placed
upon each one of them. Further, we must know by
what argument this interpretation is to be sustained.
In the present instance we may argue as follows. There
are 70 ways of choosing a group of 4 objects out of 8.
This may be demonstrated by an argument familiar to
students of “ permutations and combinations,” namely,
that if we were to choose the 4 objects in succession we
should have successively 8, 7, 6, 5 objects to choose
from, and could make our succession of choices in
8X7X6Xx5, or 1680 ways. But in doing this we have
not only chosen every possible set of 4, but every possible
set in every possible order ; and since 4 objects can be
arranged in order in 4X3X2 X1, or 24 ways, we may
find the number of possible choices by dividing 1680
by 24. The result, 70, is essential to our interpretation
of: the experiment. At best the subject can judge rightly
with every cup and, knowing that 4 are of each kind,
this amounts to choosing, out of the 70 sets of 4 which
might be chosen, that particular one which is correct.
A subject without any faculty of discrimination would
in fact divide the 8 cups correctly into two sets of 4 in
one trial out of 70, or, more properly, with a frequency
which would approach 1 in 70 more and more nearly
the more often the test were repeated. Evidently this
frequency, with which unfailing success would be
achieved by a person lacking altogether the faculty
under test, is calculable from the number of cups used.
The odds could be made much higher by enlarging the
experiment, while, if the experiment were much smaller
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even the greatest possible success would give odds so
low that the result might, with considerable probability,
be ascribed to chance.

7. The Test of Significance

It is open to the experimenter to be more or less
exacting in respect of the smallness of the probability
he would require before he would be willing to admit
that his observations have demonstrated a positive
result. It is obvious that an experiment would be useless
of which no possible result would satisfy him. Thus,
if he wishes to ignore results having probabilities as
high as 1 in 20—the probabilities being of course
reckoned from the hypothesis that the phenomenon
to be demonstrated is in fact absent—then it would be
useless for him to experiment with only 3 cups of tea
of each kind. For 3 objects can be chosen out of 6 in
only 20 ways, and therefore complete success in the
test would be achieved without sensory discrimination,
Z.¢. by ““ pure chance,” in an average of 5 trials out of
100. It is usual and convenient for experimenters to
take 5 per cent. as a standard level of significance, in
the sense that they are prepared to ignore all results
which fail to reach this standard, and, by this means,
to eliminate from further discussion the greater part of
the fluctuations which chance causes have introduced
into their experimental results. No such selection can
eliminate the whole of the possible effects of chance
coincidence, and if we accept this convenient convention,
and agree that an event which would occur by chance
only once in 7o trials is decidedly “ significant,” in the
statistical sense, we thereby admit that no isolated
experiment, however significant in itself, can suffice for
the experimental demonstration of any natural pheno-
menon ; for the “one chance in a million” will
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undoubtedly occur, with no less and no more than its
apprqpriate frequency, however surprised we may be
that it should occur to zs. In order to assert that a
natural phenomenon is experimentally demonstrable
we need, not an isolated record, but a reliable method
of procedure. In relation to the test of significance,
we may say that a phenomenon is experimentally
demonstrable when we know how to conduct an experi-
ment which will rarely fail to give us a statistically
significant result.

Returning to the possible results of the psycho-
physical experiment, having decided that if every cup
were rightly classified a significant positive result would
be recorded, or, in other words, that we should admit
that the lady had made good her claim, what should
be our conclusion if, for each kind of cup, her judgments
are 3 right and 1 wrong? We may take it, in the
present discussion, that any error in one set of judgments
}mIl be compensated by an error in the other, since it
is known to the subject that there are 4 cups of each
kind. In enumerating the number of ways of choosing
4 things out of 8, such that 3 are right and 1 wrong,
we may note that the 3 right may be chosen, out of the
4 available, in 4 ways and, independently of this choice,
that the 1 wrong may be chosen, out of the 4 available,
also in 4 ways. So that in all we could make a selection
of the kind supposed in 16 different ways. A similar
argument shows that, in each kind of judgment, 2 may
%)e right and 2 wrong in 36 ways, 1 right and 3 wrong
in 16 ways and none right and 4 wrong in 1 way only.
It should be noted that the frequencies of these five
possible results of the experiment make up together,
as it is obvious they should, the 70 cases out of 70. -

It is obvious, too, that 3 successes to 1 failure,
although showing a bias, or deviation, in the right
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direction, could not be judged as statistically significant

evidence of a real sensory discrimination. For its

frequency of chance occurrence is 16 in 70, or more

than 20 per cent. . Moreover, it is not the best possible

result, and in judging of its significance we must take
account not only of its own frequency, but also of the :
frequency of any better result. In the present instance

“ 3 right and 1 wrong ’’ occurs 16 times, and “ 4 right "

occurs once in 7o trials, making 17 cases out of 70 as

good as or better than that observed. The reason for

including cases better than that observed becomes

obvious on considering what our conclusions would

have been had the case of 3 right and 1 wrong only

1 chance, and the case of 4 right 16 chances of occurrence

out of 70. The rare case of 3 right and 1 wrong could

not be judged significant merely because it was rare,

seeing that a higher degree of success would frequently

have been scored by mere chance.

8. The Null Hypothesis

Our examination of the possible results of the
experiment has therefore led us to a statistical test of
significance, by which these results are divided into |
two classes with opposed interpretations. Tests of
significance are of many different kinds, which need
not be considered hére. Here we are only concerned
with the fact that the easy calculation in permutations
which we encountered, and which gave us our test of
significance, stands for something present in every
possible experimental arrangement; or, at least, for
something required in its interpretation. = The two
classes of results which are distinguished by our test of
significance are, on the one hand, those which show a
significant discrepancy from a certain hypothesis ;
namely, in this case, the hypothesis that the judgments







