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After he met Fisher for the first time, in September 1922,
Gosset sent Fisher a copy of Student’s tables ...

"as you are the only man that’s ever likely to use
them!"

The tables had been in constant use at the brewery for the past
14 years, but they were almost unknown elsewhere. Gosset
accepted their neglect by the statistical establishment with a
good grace. In contrast, Fisher’s sense of justice was outraged.
In a “Historical Note” at the beginning of Statistical Methods for
Research Workers (14th ed., 1970, p. 23), we read:

"Student’s"” work was not quickly appreciated (it had, in
fact, been totally ignored in the journal in which it had
appeared), and from the first edition it has been one of
the chief purposes of this book to make better known
the effect of his researches, and of mathematical work
consequent upon them.

Joan Fisher Box, “Gosset, Fisher, and the t Distribution” The American Statistician 1981; 35(2):61-66.
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In 1959, Mantel and Haenszel published their classic paper
on “Statistical Aspects of the Analysis of Data from Ret-
rospective Studies of Disease.”" The first sentence of their
paper states “The present-day controlled retrospective studies
of cancer date from the Lane-Claypon paper on breast cancer
published in 1926.”

So who was Lane-Claypon?

Janet Elizabeth Lane-Claypon was born into a wealthy
English family in rural Lincolnshire in 1877. She entered
University College, London, in 1899, receiving her Bache-
lor’s degree with first-class honors in 1902, a DSc in physi-
ology in 1905, and an MD in 1910,

She was the first woman ever to receive a research
scholarship from the British Medical Society. Her doctoral
research (on the developmental histology of the ovary and the
hormonal control of lactation) was carried out in the labora-
tories of the renowned physiologist Ernest Starling. Her work
was extensively cited in Marshall’s 1910 textbook on The
Physiology of Reproduction, the first textbook on this topic.
In 1907, Lane-Claypon joined the staff of the Lister Institute
of Preventive Medicine, where she researched the bacteriol-
ogy and biochemistry of milk. In 1909, she received a Jenner
Fellowship from the Institute to study maternal and child
health programs in Europe. Her subsequent career involved

research, and ad-
vocacy for maternal and child welfare.

Her 1926 paper cited by Mantel and Haenszel was titled A
Further Report on Cancer of the Breast, With Special Reference
to Its Associated Antecedent Conditions.” This 135-page docu-
ment described a study of 500 hospitalized cases and 500
controls. The methodology (including a detailed

Janet Elizabeth Lane-Claypon

Student / to analyze the data, and controlled for confounding.
Her 1926 study of survival from breast cancer surgery took
into account competing risks and used a life-table survival
analysis.

ane-Claypon married at the age of 52. Restrictions on
the employment of married women | forccd her from the civil

was meticulously described, and the data were exhaustively
analyzed and interpreted using contingency tables and standard
statistical procedures. Remarkably, the findings included most of
the currently recognized risk factors for breast cancer.

Lane-Claypon published 3 books and 30 papers, 2 of
which (besides the breast cancer report) might be considered
classics. A 1912 paper assessed weight gain in infants fed
boiled cows’ milk compared with human breast milk. The
study used for the first time the historical cohort design, used

service, she activities
and moved to the country. She lwcd qutetly with her husband
until her death in 1967 at the age of 90.
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Report to the Local Government Board upon
the available data in regard to the value
of boiled milk as a food for infants and
young animals. By Janet E. Lane-
Claypon, M.D., D.Sc. (Lond.).

S " February 24th, 1912.

(This report embodies the result of an inguiry undertaken in
connection with the Board’s Grant for Auziliory Scientific
Investigutions. )

Part 1. Introductory.
Part II. Experimental Evidence.
Part III. Clinical Evidence.

Part IV. The Special Material used and the
Results obtained.

Part V. Summary and Conclusions.



Material

Parr IV.—MEeTHOD AND RESULTS O¥ WORKING UP
THE BERLIN MATERIAL.

The material for this research was obtained, as already mentioned
(p. 4), from the Infant Consultation of the Naunyn Strasse in
Berlin. This consultation is conducted by Dr. Ballin, to whom 1
am deeply indebted for permission to use his material.

Source of the Materiul—Six years ago, infant consultations were
started by the municipality of Berlin, under the auspices of a
special fund, the Schmidt-Gallisch Stiftung.

Four were first started, and then another, and finally two more,
thus making seven in all, in different parts of Berlin.

Each of these consultations is in charge of a medical officer who
has made a special study .of the diseases' and alments of children.
The attendance is so large that assistants have been appointed to
assist the medical officer in the discharge of his duties. The
conpultations are held daily, and at the Naunyn Strasse (where the
material here dealt with was obtained) the average daily attendance
is about 100 babies.

Each Consultation has its own staff of health visitors attached.
These are women who have been thoroughly trained for work
among children, and are appointed by the municipality to visit the
homes of the babies who are brought up to the consultation.
Their duty is to instruct the mothers in the general care and
hygiene of the infant in accordance with the directions given by
the medical officers at the consultation.

The clientéle of the consultation consists exclusively of the

working classes. The fathers of the children who are brought up
to the conanltatinn ara faw +ha mamnt oo oo © P <
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Selection of Material

[... ] Two main series of infants :-

(1) Healthy babies of the average artisan class, fed upon milk
in various forms, in order to have a control consisting of the
average baby.

(2) Healthy babies of the same class but fed only upon boiled
cows’ milk, in order to study the difference, if any, produced
upon the average baby of the class by feeding it exclusively
upon boiled milk, as compared with the infant of class (1).

It was decided to exclude from the control series all babies who had received
less than four months breast feeding, taking into consideration further points
described below.



Material

TasLe 1.

Showing the age of first attendance and of leaving the Consultation
of the Babies of the Control or Breast-fed Series.

IIIL. Iv.
L. 11 Age on leaving (in months). Total

Age in No. brought | in
weeks. at each day. each
4-5. | 5-6. | 6-7. | 7-8. | 8-9. [ 9-10.|10-12.| week,

1 3.2.0.3.0.4. 4. 2 1 1 0 4 0 8 16

2 5.7.8.06.6.7.10. 9 4 5 3 1 3 |24 49

318,11, 9,15, 12,5, 7. 8 11 5 6 8 9 |20 67

4 9.4.3.8.0.3.4. | 2 3 7 5 1 2 11 31

5 1.2.4.5 2.3.2. | — 1 3 1 2 1 11 19

6 5.2.3.5.2.2.3. | — 6 3 1 3 0 9 22

7 3.1.2.3.4.2.2. | — 4 1 5 1 2 4 17

8 1.2.1.0.3.3.0. | — 3 2 2 1 0 2 10

9 2.2.3.4.8.2.2. | — 3 6 2 2 1 4 18

10 1.1.1.1.2.0. 1. | — | — 3 1 1 Y 2 7

11 2.4.3.3.0.0.1. | — | — 4 1 1 1 6 13

12 3.0.0.0.3.5.1. | — | — — 4 1 2 5 12

13 2.1.0.1.2.0.2. | — | — [ — 1 0 2 5 8

14 1.1.0.0.0.0. 2. |'— | — | — 1 0 1 2 4
15-18 e —_ = |- | — 3 1 3 7

!
~ 21 36 | 40 33 29 |25 |116 | 300
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Tasrw 1I.

Showing the age of first atlendance and o/ leaving the Consultaiion
of the Br(/zms of the /)0&//’(1 cows’ ]i{z/ft Serus

I TI. Agc on leaving (in months). 'J\I(,\t;'ll
Age in No. brought at cach in
weeks, day. each

b | 5-6. | 6-7. 7-8.) 8=9.| 9-10.|10-12.| weck.

S - J0V2 SO S S

1 2.0.0.1.2.0. 2. 1 0 1 1 0 0 4 7
2 2.1.1.1.5. 7. 2. 0 1 4 2 0 3 9 19
3 6.4.3.8.2.4. 2 0 1 3 0 1 2 22 29
4 6.2.4.4.4.4.3. 3 3 2 1 3 1 14 27
5 1.1.3. 1. 4. 2. 4. V] 0 2 0 1 3 10 16
6 1.2.1.2.4, 1. 1. 3 0 2 3 0 1 -3 12
7 1.2.2.2.2.0.5. — | — 1 2 0 1 10 14
8 1.3.2.3.3. 2. 4. — — — 2 0 2. ] 14 18
9 2.0.3.4.2.0. 2. -— — 2 1 2 2 6 13
10 0 3.2 1.1.0.2 — — — 1 0 1 7 9
11 0.3.1.1.1.0. 2. — | — 1 2 2 1 2 8
12 0.3.1.0.0. 1. 1. e i 2 0 0 4 6
13 1.2.4.0.1. 1. 1. — | — 1 1 2 1 5 10
14 1.1.1. 1.1, 1. 0. — = —_ | = | — 1 5 6
15-18 — — — | = | = 3 1 6 10
: 7 6 19 18 13 20 121 | 204
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|. (control) Breastfed series II. Boiled cows’ milk series

Tasee I lowing the acerage weights of the babies of the boiled cows’ milk
series, grouped in periods of eight days, and the wwmber o
abserou

Stnving the average weights of the babies of the control or breast:fed
serics, grouped i periods of cight days, aud the number of obser-
vations made.

11
1L I 1L A . “Total No.
Agoindays, | No.of cbservations on cach day. | Total No. | e
-
18
9-16
17-2¢
25-3¢ 113 3472
334 125 3708
-4 131 3848
¥ 143 3091
& 152 4082
X 155 4240
3-8 159 4407
g 196 4486
2 185 1628
- 162 814
- 173 935
178 52
179 171
171 326
164 436
162 69
160 669
148 831
164 915
144 146
140 242
138 310
129 475
130 6467
133 677
133 3721
11 770




Results

Diagram I.

SHOWING THE AVERAGE WEIGHTS OF THE INFANTS OF SERIES 1 (CONTRO\_ SERIES,

Worgh i CHIEFLY BREAST-FED)& OF THE INFANTS OF SERIES IIL (FED ON BOILED COWS MILK)
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Interpretation

Analysis of the curves of Diagram |[. (1)

Diagram | shows at once that a considerable divergence
between the two curves starts in the early days of life, and
continues well-marked up to about the 208th day, after which it
disappears fairly rapidly.

The question suggested by these curves is, — Is the difference
between the average weight of breast-fed and of babies of the
same age fed upon boiled cows’ milk due to the method of
feeding?



Interpretation

Analysis of the curves of Diagram [. (2)

Diagram |. would seem to have answered this question
affirmatively. Before, however, stating this definitely to be the
case, it is advisable to consider whether some other factor may
not be concerned, to which this difference can be attributed.

Such a factor might be the error due to the so-called “Error of
Sampling.” If this error is significant, then the curves may have
a different interpretation to the apparently obvious one, and it
therefore becomes essential to examine the importance of this
factor, before proceeding to draw deductions from the curves as
they stand in Diagram |.



PE’s

Analysis of the Data by Statistical Methods.*—In dealing with the
error of sampling the important point will evidently be to ascertain
how much the mean value obtained from the observations as shown
on the curves is likely to differ from the mean of all babies in the
same class, that is to say what is the probable error of the mean.

Suppose M, and M, are the means of the two sets of observations,
then the aceuracy of each must evidently depend upon

(@) The number of observations upon which it is based, and
(8) The divergence of these observations from their mean
value.

s . '
In statistical work the expression *67449 oN = taken to re-
£

present the probable error, where s ==the square-root of the average
of the squares of the distances of the observations from the mean,
and is known as the ¢ Standard Deviation,”and where N = the
number of observations. (Cp. Yule. Introduction to the Theory of
Statistics. Chaps. VII. and XVIL)



PE’s

The measures of reliability or the “ probable errors” for the two
means will be *67449 ~S%q=~ and 67449 :;-S}%; respectively.  These

i
ex%resgions may be called E; and B,
xperience has shown that unless the difference between M, and

M, is at least two or three times as great as v E2 + E.? then it is
not safe to assert that the difference found is really significant ; it
might be due to an error of sampling.

This method is only strictly speaking applicable when the
variables, i.e., the observations are *“normally ” distributed (vide
-Yule, op. cit. Chap X.) but it may fairly be used as a sufficiently
accurate test for material such as the present. . ... . .7

This test of the error of sampling has been applied over three -
periods of eight days, in each of the series. The three periods
selected were the three consecutive periods included from the 137th
to the 160th day after birth. These periods were selected as being
those where there were a large number of observations in both series,
and where the numbers of each series were most nearly equal.

* For instruction in the statistical methods employcd and for sapervision of
the results obtained I am deeply indebted to Dr. Major Greenwood, Junr., of
vhe Lister Institute, and have much pleasure in thanking him for bis most
valuable help.




PE’s

The unit of <>Loupm(r taken was 200 grammes, and the results
obtained arc given in the accompanying table.

Mca,n weight Differ- Probable crror.

(in grammes). ence Value of Ratio of
Daysofage.| — | T MY-M, T i e MM,
orics T. | Series TL. | (I - Sorios I ‘/h’"+h*'\7———m-+h}:

Series 1. | Series IL lorammes),| Series L. | Series T1. 1 2

137-144 | 5,929 5,436 495 44-98 44-59 636 7-8
145-152 | 6,033 @ 5,569 455 43-84 41-20 601 76
153-160 | 6,237 5,669 548 4825 44-00 651 84

'lhe mean of these observations bears therefore such a ratic to thc
value of v E 2+ Eg as to show clearly that the differcnce between
the mean values of the two series can hardly be due to an error of
sampling.



PE’s

It appears that there is a difference between the values
obtained for the series of babies fed upon the breast and for
those fed upon boiled cows’ milk, and that this difference can
hardly be attributed to errors of sampling.

It does not, however, necessarily follow that the difference of
food has been the causative factor, and it becomes necessary
to ask whether there can be any other factor at work which is
producing the difference found.

- Health of the children...

- Social class of the children...



PE’s

The following inferences may be drawn as to the divergence of
the two curves in Diagram | up to the 208th day :-

(1) There is a significant difference between the average
weight of infants fed upon the breast and upon boiled
cows’ milk, in favour of the former; and

(2) Animportant factor in this result is the method of feeding.



PE’s

The Curves of Diagram |. maybe divided into three parts,
namely:-

() The first part where the curves cross and then diverge; the
curve of the boiled milk series, which starts above the
curve of the breast-fed series; falling rapidly below this
latter curve.

(2) The second part of the curves where the two curves run
approximately parallel from about the 24th to the 200th day
of life, and

(3) The last part of the Curves where the divergence is
obliterated, the subsequent tendency being for the curve of
the boiled cows’ milk series to show a value a little above
that of the breast-fed series.

From the preceding statistical analysis it appears that the
divergence of the middle part of the curve is to be attributed
essentially to the difference in the method of feeding of the two
series.



Early part

Further Analysis of the First Part of the Curves of Diagram I.

At no part of the curves is the tendency to diverge so markedly
shown as in the first part of the curves, during a period
extending over the first three of the eight-day periods of life.

The average weight of the breast-fed babies shows a rise from
the first, while that of the babies fed upon boiled cows’ milk falls
throughout the two first eight-day periods, and shows no rise
above the first eight day period until the 33-40th days of life.



Early part

It is a matter of common knowledge that every baby loses
weight during the first few days of life, and a drop in the average
weight of the breast-fed babies in the second eight-day period
was almost to be expected. This possible fall in the curve is
concealed to some extent by the grouping of the weights into
periods of eight days, the first period including the period of fall
in weight. In many of these cases the observations would
commence at a time when the loss of weight after birth had
already taken place, and the child was again beginning to
increase in weight.

The absence of fall in the curve of the breast-fed babies
can therefore be explained.



PE’s

When a comparison is made between the two curves, it
appears that while one curve rises the other falls, and evidently
there is either some fundamental factor or factors at work
producing this difference, or some source of error has crept into
one or both of the curves.

It was considered desirable first to eliminate any possible
source of error. The same source of error as was sought
for in the middle part of the curves may evidently be at
work in this part of the curves, namely, the error of
sampling, and this was therefore investigated.
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Statistical Examination of the Average Weights obtained in the
Jirst four periods of Kight Days.

’lhe same method and notation as were used in dealing with - the -
middle part of the curves was applied, viz. :—
1§~—N umber of observations.
s = Standard deviation.
E=Probable error, and is represented by the expression
' 5
67449 v T
M, and Mg are the means of the two serles, their difference
being “D.” :
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By this method the following values werc obtained and arc
tabulated below :—

_ Days of Mean Standard | Probable | a5 D .
Age. | (in grammes). | Deviation. | Error. VE 4, EVAURENTE
Series I 1-8 | 3,185 622 658
D=330 122-0 27
Series IT ... 1-8 3,515 410 §7-4
Series I 9-16 | 3,312 544 373
D=222 60°5 37
Series IT . 9-16 | 3,090 452 48-3
Series I 17-24 | 3,512 632 354
- D=145 495 2:92
Series IT ... [ 17-24 | 3,367 460 357
Series I ... | 25-32 | 3,745 652 341
=272 475 57
Series IT ... | 25-32 | 3,473 522 331




Small n’s

The average weight of the babies fed upon boiled cows’ milk is
higher for the first eight-day period than that of the breast-fed
babies. The former value is based upon 10 observations, and
the latter upon 24; it becomes a question whether any
importance can be attributed to this difference in average
weight or whether it may not be due to an error introduced
by the extremely small number of observations available
for the boiled cows’ milk series.



Small n’s

Ten observations are not sufficient for the formula given in the
above table of results to be justifiably employed, since the

reliability of the method is exaggerated when the number of
observations is very small.



Small n’s

The method introduced by “Student” (ref) is applicable for
small number of observations. It is based upon the
probability of the occurrence of the mean value obtained by the
ordinary method among the average population.



Small n’s

Taking 3185 =+ 85'8 (the * probable error” of 3185 is 835°8)
grammes as the mean weight of babies in the average population it
appears that the chance of 10 observations from such a population

~having a mean of 3515 grammes with a standard deviation of 410
is 1 in 50. Suppose, however, that the mean weight of the average
baby in the population were 3357 grammes, it is then found that the
probability that a population with a mean weight of the babies of
this age of 3357 grammes (3185 + twice the probable error,i.e., 172)
should give in 10 observations a mean of 3515is 1 in 7. It may be

- remarked that so far as the evidence goes, therc is about 1 chance
in 10 that the mean weight of the conirols is not less than 3369,
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. From Gosset's 1-sample Z table, n=10
8 —
=
P=0.14
o
3 —— 10 Cows' Milk: 3515
3]
— 24 Breastfed: 3185 [PE=85.8] $3185
S _
o
3]
o
Q]
o
N



It seems therefore that the difference between the weights
of the two series for the first eight-day period, might he
considered as due to an error of sampling brought about
by the extremely small number of observations available
for the series of babies fed upon boiled cows’ milk. It may
be taken that the babies of both series whose weights were
observed during this period of life can be considered as
average samples of the population, the influence of other
factors, if present, which would tend to cause a divergence of
the two series, being inappreciable compared with that caused
by the error of sampling.

The figures of the later periods, are based upon sufficiently
large number of observations for the ordinary method to be
reliable.

Small n’s



Small n’s

The tabulated results show that the ratio of the difference of the
means to the measure of the sum or difference of the probable

errors (y/ E? + E2) is in all cases greater than 2, and hence the

difference in weight of the two series, may fairly be attributed to
some factor other than the error of sampling.

A source of error might arise in respect of the distribution of the
variables.

In applying the usual method, it is assnmed that these are
“normally” distributed; inspection of the distribution of the
individual weights suggests that this condition is not accurately
fulfilled, and the process is not then strictly reliable (84).

The figures, however, approximate sufficiently to the normal
type for it to be unlikely that an appreciable error is introduced in
basing the results obtained upon the application of this formula.



Small n’s

Some factor other than the error of sampling must
therefore be sought for.

The possible influence of the social conditions has already
been dealt with fully in a previous section of this report (see pp.
41, 42) in connection with the middle part of the curves, and it
has been shown that in this part of the population, which is to a
great extent a selected population, this is a negligible factor. It
need not therefore be raised again.

The main factor for consideration will evidently be that of the
feeding and it seems not unreasonable to suppose that the loss
in weight which occurs in all children is on the average more
prolonged in babies fed upon boiled cows’ milk, than in babies
fed upon the breast.
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