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lower latitudes is a real one, and the question of its 
presence at higher latitudes is debatable. The fa.ct 
that the drop in the intensity curve at all elevations 
occurs at the same thickness of lead near magnetic 
latitude 22° N. supports the suggestion of Swann and 
Morris6 that it is concerned with something happen
ing in the lead and does not depend on the energy 
of the rays. It is intended to investigate this point 
in more detail in these latitudes. 
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Statistical Analysis of Results for 
Successive Tests on the same Organism 
IN a recent letter\ Leech has pointed out an error 

of method which sometimes occurs in the analysis 
of experimental data ; this error "arises from regard
ing successive tests on the same animal a.a independ
ent". With this criticism I am in complete agree
ment. However, as an example of this . error, he 
refers, inter alia, to a paper• for the statistical analysis 
in which I am responsible. Bailey also, in a review3 

of this paper, has made a similar criticism. The pur
pose of this note is to explain the method of analysis 
used, to indicate how it may be employed where the 
independence of successive observations cannot be 
assumed, and to point out that the criticisms of 
Bailey and Leech do not apply in this particular case. 

In the experiment under consideration, the animals 
were divided into two groups, one treated and one 
untreated. The treatment was continued over four 
experimental periods, during each of which measure
ments of various physical characters were taken for 
each animal. In determining the treatment effect, 
the relevant comparison is not the main treatment 
comparison, but the interaction of treatments and 
periods. The interaction measures the progressive 
change, due to the treatment, of the difference 
between the two groups. On the hypothesis of no
treatment effect, the mean squares for the treatment
period interaction and the cow-period interaction can 
be shown to have the same expectation, whether or 
not successive observations on the same animal are 
independent. Consequently, a comparison of the two 
mean squares provides a valid test of significance for 
the relevant treatment effects. 

In the published pa.per•, only the bare essentials 
of the statistical analysis have been presented, and 
this may have led to some misunderstanding. The 
mean squares compared in Table I a.re those for 
treatment-period interaction and cow-period inter
action, which, a.a already explained, give a. valid t est 
of significance. 

Finally, with reference to a. criticism of Bailey•, 
the standard errors quoted for measurements taken 
at the beginning and end of the experiment were not 
intended for use in testing significance, but only to 
indicate the variability of the results. All the sig
nificance judgments are based on the analyses of 
variance. When measurements are ta.ken at autopsy 
only, the standard errors are then, of course, a.ppro-

priate for testing the significance of the corresponding 
differences. 
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IN the paper referred to, Mr. Williams has avoided 
the error • of method originally attacked, and his 
analysis has undoubtedly led to correct inferences 
being made. A theoretical criticism which may be 
of consequence when . the experimental results are 
less definite can be illustrated by a. simplified example. 

Suppose that twelve animals a.re allocated at 
random to two equal groups receiving different treat
ments, and that measurements are made on each 
animal in three successive periods. It is convenient 
to replace the series of measurements on each animal 
by its mean and linear and quadratic components. 
This leads to the following analysis of variance : 

Item 1 
2 
3 
4 
5 
6 
7 

Periods 
Treatments 
Treatments x p ariods-linear 

-quadratic 
Animals 
Animals x periods -linear 

-quadratic 

Degrees of freedom 
2 
1 
1 
1 

10 
10 
10 

Total 35 

The average effects of treatment on the mean 
measurements and on the linear and quadratic com
ponents can be estimated, and tests of significance 
which are separately valid can be made by comparing 
items 2, 3 and 4 with items 5, 6 and 7 respectively, 
the latter three items also providing estimates of the 
standard errors appropriate to these effects. If items 
3 and 4 are pooled and compared with a pooled error 
ta.ken from items 6 and 7, the resulting variance ratio 
will have an expected value of 1 on- the null hypo
thesis; but in the situation which often occurs in 
animal experimentation, when item 6 is substantially 
larger than item 7, the ratio will not follow the 
F-distribution with 2 and 20 degrees of freedom. 
This procedure may also conceal a significant linear 
effect by pooling it with a negligible quadratic term. 

The problem of obtaining the most efficient 
estimate of treatment differences when, for example, 
these differences increase steadily as the experiment 
progresses, is more complicated ; in essence, the 
required estimate in this case will be a linear function 
of the mean and linear components, with coefficients 
depending on the variances and covariance of these 
components. Once the coefficients have been de
termined, the linear function can be calculated for 
each animal separately, and standard errors and tests 
of significance can be obtained by carrying out an 
ordinary analysis of variance on these values. 
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