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A New Test for 2 x 2 Tables 
UNDER this heading, G. A. Barnard1 puts forward 

a test which, in language adopted from Neyman and 
Pearson, "is more powerful than Fisher's". This 
means in practice that the test advocated passes as 
significant certain classes of experimental result 
which, by the test I had put forward 2, would have 
been judged insignificant ; and that, as judged by 
Barnard's method, my test is thought to be too 
stringent. However one may choose to express it, 
the cause of the difference in these calculations is 
worth elucidating, and, in taking the view he does, 
Barnard is following the very distinguished precedent 
of Prof. E. B. Wilson, whose similar proposal a few 
years ago• led to some clarification of the issue•,•,•. 

In the treatment of the problem for which I am 
responsible, all possible fourfold tables are classified 
according to the marginal distributions they exhibit. 
Thus in the case considered by Barnard in which, 
using three experimental and three control animals, 
the experimental animals all die and the control 
animals all survive, the two marginal distributions 
are both specified by the partition (3 2 ). Subject to 
this restriction, only four different experimental 
results are possible, symbolized by 

3jo 2j1 1j2 
013 Tf2 2fi 3j o' 

and I have demonstrated that, whatever may be the 
probability of survival, if it is the same for both lots, 
the probabilities of these four possible outcomes are 
in the ratio 1 : 9 : 9 : 1 ; or, in other words, the prob
ability of obtaining the most successful outcome. by 
chance is always 1 in 20. For any other margmal 
distributions a similar series can be obtained, but with 
these even the most favourable outcome has so high 
a chance probability that in no case could it be judged 
significant. It is my view that the existence of these less 
informative possibilities should not affect our judgment 
of significance based on the series actually observed. 

It may, however, be demonstrated that with 
repeated sampling, using always three experimental 
and three control animals having the same prob
ability of death, such outcomes will often occur. If 
it were legitimate to judge the level of significance 
from the proportion of significant judgments in the 
whole series of 'repeated sampling from the same 
population', these cases would be brought in to inflate 
the denominator of the fraction. The least possible 
frequency of these other series occurs when the chance 
of death is ! for both groups, and, in the aggregate, 
they will then occur 44 times to 20 occurrences of 
the series observed. Thus Barnard's argument leads 
to the conclusion that the acceptance of the result as 
significant is at the significance level 1/64 rather than 
1/20 ; or, more properly, that it has some unknown 
value not greater than 1 in 64. 

In my view the notion of defining the level of 
significance by 'repeated sampling of the same 
population' is misleading in the theory sm_all 
samples just because it allows of the uncritical m
clusion in the denominator of material irrelevant to 
a critical judgment of what has been observed. In 
2 of the 64 cases enumerated above, all animals die 
or all survive. The fact that such an unhelpful out-

co:me as these :might occur, or must occur with a 
certain probability, is surely no reason for enhancing 
our judgment of significance in cases where it has not 
occurred ; any more than the possibility that a 
breeding experiment might have too few 
offspring to allow one to draw significant 
clusion should not enhance our JUdgment of sigm
ficance whenever there are enough offspring for the 
significance of any supposed effect to be worth 
discussing. 

Of course, the notion of repeated s_ampling from 
the same population is usually taken to Imply that the 
total size of the sample is fixed. The total size does 
not, however, always suffice to specify the type of 
sample which has been obtained, and it is only the 
sampling distribution of samples of the same type 
that can supply a rational test of significance. 
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A Classical Theory of Electromagnetism 
and Gravitation 

ATTEMPTS to obtain a unified theory of gravita
tional and electromagnetic phenomena1 have assumed 
the form of generalizing the equations of general 
relativity theory, so that incorporate 
which may be identified With . 
potentials and charge and current At 
the moment it seems that these attempts will not 
lead to an explanation of such quantum theoretical 
results as the indetarminacy principle, and their very 
complexity makes it difficult to se? ho:V they will 
yield a hint as to necessary of the 
equations of quantum theory reqmred to overcome 
the difficulties inherent in its present form. In any 
event, such a synthesis of gravitational electro
magnetic phenomena in quantum theory I_s 
regarded as secondary in smce 
tational forces on elementary particles are extremely 
small. 

It seems of interest, however, to return to the 
classical theory and look for a simple set of equations 
which give simultaneously a relativistically c_ovariant 
theory of gravitational and electromagnetiC phen
omena. For regions of space occupied only by charge 
and current distributions, the Maxwell-Lorentz 
equations 
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give a very satisfactory Lorentz _covariant 
equations for the determmatwn of . either the 
electromagnetic field produced by a given 
distribution or the behaviour of a charged body m 
such a field. The equations are simplified if the 
Lorentz condition 

0 (2) 
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