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Your Excellencies, Dr. Panse, Ladies and Gentlemen,

May I be allowed to begin by expressing my deep gratitude for the
honor of being requested to address you at this opening session of
your meeting. Your Society, young as it. is compared to some of the
sister societies in Western countries, is one of the^foremost in furthering
statistical research, both as an independent discipline and as an important
tool in the broad field of agricultural research. Much has been already
accomplished. Much more may be confidently expected in the future.
Please accept my best wishes.

I have selected the power of a statistical test as the subject of
to-day's talk because of the importance of this concept in the general
field of experimentation and because, due to certain preoccupations
with other problems, many of the contemporary experimenters, lose
sight of the consideration of power and, thereby, are likely to deprive
their experiments of important scientific benefits.

The power of a statistical test is one of the basic concepts of sta
tistical theory. A test of a statistical hypothesis H consists of a rule,
so-called rule of inductive behaviour, of rejecting the hypothesis H
if the observations fall into a specified category, called the "critical
region" w, and of abstaining from rejecting H in all other cases. (For
the sake of brevity, instead of saying "abstain from rejecting H," we

.say "accept H".)' The practical application of any such rule may result
in errors of two different kinds. First, it may happen that the hypo
thesis under test is true and, through the unavoidable sampling varia
tion, the sample point falls into the critical region, thus leading to the
rejection of H. This particular error is conventionally called the error
of the first kind. The hypothesis H is so defined that the error of the
first kind is more important to avoid than the. error of the second
Hnd, to be defined presently.

[he error of the second kind can be committed only if the hypo-
^ed H is false and an alternative hypothesis h happens to be
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true. The error of the second kind consists, then in our failure to reject
H. Naturally, the importance of an error of the second kind depends
on the degree of falsehood of the hypothesis tested, that is, on the differ
ence between the hypothesis tested H and the hypothesis h that happens
to be true.

Because of the postulated predominant importance of errors of
the first kind, statistical tests are arranged so as to reduce the prob
ability of a first kind error to a low level a selected by the experimenter.
The established term to designate this quantity is level of significance.
Any well-designed test can be applied at any chosen level of significance
which, then, is totally at the disposal of the experimenter.

When a test procedure, .as well as the level of significance, is fixed,
the probabilities of committing errors of the second kind are perfectly
determined. The term power is used to designate the complement to
unity of the probability of an error of the second kind. In other words,
the power of a given test, ordinarily designated by ^ {hjw), is the prob
ability of rejecting the hypothesis H when, in, tact, this hypothesis is
false and the true hypothesis is h. Thus, the power of a test, based on
a specified critical region w, is a function of the hypothesis h that, in
any particular case, is the true hypothesis. Another convenient way of
describing the same concept is that the power ^ (A/w) is the probability
that the test based on w will detect the falsehood of the hypothesis
tested H when the true hypothesis is h.

I wish to call your attention to the use of the concept of the power
of a test in three important phases of scientific research: (i) choice of
a statistical test, (ii) design of an experiment and (iii) interpretation of
results.

(i) Choice of a statistical test.—This point may best be explained
with reference to a particular study. While in Calcutta, I became
acquainted with an important experiment conducted in the All-India
Institute of Health under the statistical direction of Dr. C. Chandra-
sekharan. The experiment studies whether a particular chemical,
taken by women once a month at a certain moinent of the menstruation
period, has a contraceptive eff'ect. One hundred per cent. eff"ective-
ness is not expected, but it is important to achieve at least a substantial
decrease in the probabihty of conception. At the same time, the
question arises whether the effect of the chemical in question is cumula-^
tive in character. In other words, whether a decrease in
ability of pregnancy follovnng the administration of the first pi
Jhe month of treatment, is succeeded by an additional
same probability following the second dose of the
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In this case, the hypothesis H to be tested is that the chemical has
no cumulative effect, that is, that the prohabihty of conception is the
same, no matter whether during the first period of treatment, the second,
the third, etc. The alternative hypotheses are that the probabilities
of conception in successive periods of treatment are different, perhaps
steadily decreasing.

Superficially, one might perhaps think that the appropriate test of
the hypothesis H just defined should consist in a rule of rejecting H
whenever the frequencies of conception during the several consecutive
periods of treatment show a substantial variation. For example,, one
might think of the familiar test for homogeneity. However, upon
examining the situation more closely, it is seen that a straight applica
tion of the test is totally inadequate. The reason is that, according
to the women's age, health and other circumstances, the individual
probabihty of pregnancy during a period varies from one woman to
the next. In fact, some women have difiiculties in becoming pregnant
even under artificial insemination and others conceive in spite of con
siderable care in taking precautions. Thus the whole population of
women can be divided into a number of categories, each with a different
probability of conception, say, ••• < p,. For the sake of
simplicity, assume that there are only two such categories with p^ = |
and pz = f. Furthermore, imagine that these two categories are
equally numerous. In these conditions, the expected number of con
ceptions during the first monthly period of observation of someN = 200
randomly selected women is 25 per cent, for the first category and
75 per cent, for the second, or 50 per cent, for the whole sample. The
women who become pregnant during the first month are thus with
drawn from the experiment. Now, for the second month of observa
tion, the first category of women is expected to include 75 women and:
the second category only'25. The expected pregnancies in the second
period will be 75/4 = 18-75 and 25xf = 18-75, totalling 37-5 for
the 100 women under consideration. Thus, under the assumption of
no change in the probability of pregnancy from one period to the next
the proportion of women conceiving decreases from the 50 per cent!
for the first period to 37-5 per cent! for the. second. This is the un
avoidable effect ofselection. We have verified this effect for the simplest
case of two equally numerous categories of women with two different
individual probabihties of conception, but it must be clear that similar
selection effect must be present in any real study. As a result, the
test apphed to frequencies of conception in successive periods of treat
ment tends to indicate, heterogeneity which must be present even in
the total absence of a cumulative effect of the treatment.
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The question now arises as to what other testcan be used to differ
entiate between the selection effect and the possible cumulative effect
of the contraceptive chemical. The answer is: arrange your test so that
(a) if there is no cumulative effect of the treatment then the probabiUty
of asserting that this effect exists is no more than the level of significance
a adopted, and (b) among all possible tests satisfying (a) select the
one for which the power of detecting the falsehood of the hypothesis
tested is the most satisfactory.

As is well known, the mathematical side of the solution indicated
frequently is not easy. However, the important point is that a rational
selection of an appropriate test is impossible unless it is based on con
siderations of power.

(ii) Role of power in the design of experiments.—I? we go to the
trouble of setting up an experiment this is because we want to establish
the presence of some possible effect of a treatment. In these circum
stances it is expedient, prior to the actual performance of the experi
ment, to visuahze the chances of detecting the contemplated effect if
this effect exists and is of an important magnitude. The simplest
illustration of the point in question is provided by experiments con
templated to study the frequency of success of a treatment evaluated
on a "Yes" or "No" basis. Denote by n the number of independent'
replicates. Each replicate can indicate either a success or a failure of
the treatment. The question is whether the probability p of success ,
is no more than one-half (treatment has no effect or is harmful), or
greater (treatment is beneficial). Let Xdenote the number of successes
to be observed. The hypothesis tested H is the p-^\. The alterna
tives are p>\. . The obvious criterion for testing H is X, the number
of successes. If X be large, we would reject H and act on the assump
tion that the treatment is beneficial, but not otherwise. If the treat
ment is either harmful or ineffective, then the adoption of the attitude
that it is beneficial is obviously undesirable. Therefore, we control
this kind of error (the error of the first kind) by requiring that, for our
recognition of the treatment as beneficial, the value of X be at least
equal to a limit k(n, a) so chosen that, should the treatment be harmful
or ineffective the probability of observing X>k(n, a) does not exceed
a preassigned small limit a, say a = -01. The limit k (n, a) may be
obtained by consulting the available tables ofthe binomial distribution.

All this is a very usual and perfectly routine procedure. The cur
rently non-routine question to which I wish to call your attention is
concerned with the power of the test. Remember: The experiment
discussed is meant to detect the beneficial effect of the treatment if
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