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This contradicts (*). Hence r < 4 is impossible. - A BIOGRAPHICAL GLIMPSE OF WILLIAM SEALY GOSSET
Phitip 1. Boland
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L

Karl Pearson (1857-1936) headed at University College
ndon an industrious biometric laboratory which was very much
Boncerned with large sample statistical analysis. Pearson

d developed an extensive family of distribution curves,
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.s/¥n, where s is the standard deviation of the
" sample and to use the tables of the probability

‘-« jntegral ...

written an important paper introducing the xz goodness of fit
criterion, and initiated the journal Biometrika, Gosset was
introduced by Pearson to correlation coefficients and large

o

There are experiments, however, which cannot
sample theory. It was not long before correlation coefficient ... pe easily repeated very oftens in such cases it is
ksometimes necessary to judge of the certainty of
: tes : " the results from a very small sample, which itself

brewery. Gosset soon realised however that modifications of & i-gffords the only indication of the variability.

Pearson's large sample theory were needed for the special small - gu. Some chemical, many biological, and most agricult-
. * ural and large scale experiments belong to this
sample problems that were encountered in the breuwery. 23 c1ass, which has hitherto been almost outside the

@2 ‘range of statistical enquiry.

of variocus types were being used extensively in new work at the

In 1906, Gosset received a year's leave from Guinness for

J Again, although it is well known that the
smethod of using the normal curve is only trust-
worthy when the sample is "large”, no one has yet
told us very clearly where the limit between large
and small samples is to be drawn.

specialised study. Most of the year he spent in close contac

with Pearson's biometric laboratery in London, where he worked

on small sample praoblems. It was during this time that he

laid the basis for his most famous work "The Probable Error of * The aim of the present paper is to determine
the point at which we may use the tables of the
,probability integral in judging of the signific-

ance of the mean of a series of experiments, and
to furnish alternative tables for use when the

pumber of experiments is too few,
&

a Mean™ which was published in Biometrika in 1808,

Student published twenty-two papers, the first of which

was entitled "On the Error of Counting with a Haemacytometer"
(Biometrika, 1907). In this first paper, Student illustrated
the practical use of the Poisson distribution in counting the

®The Probable Error of a Mean"was one of the first papers
23

ch a clear distinction was made between population par-

number of yeast cells on a square of a haemacytometer. Up

s and sample estimates of them (for example (u,0?) vs
).
fation with mean u and variancenoz, Gosset went on to cal-
® the first 4 moments of s = %(xi-;)z/n, and then

that the distribution of s2? is given by a Pearson

until just before World War II, Guinness would not allow its

Assuming a random sample (xx,...,xn) from a normal

employees to publish under their own names, and hence it was

that Gosset chose to write under the pseudonym of 'Student'.

Most statistical analysis at this time dealt with large i R
1. curve, (Although the conclusion was correct, the

sample theory. When investigating the mean of, say, a normal

was not complete. To show that a statistic has a

population, it was standard procedure to (1) calculate the

distribution it is not in general sufficient to shouw

sample mean x, (2) calculate the sample standard deviation =
(Z(xi-;)z/n)ﬁ, and (3) use the 'normal' probability tables to
make statements about the mean. This was of course reason-

first 4 moments coincide with those of the distribut-

\ question,) In modern language, Gosset inferred that

- 2/0? is a x? random variable with n-1 degrees of freedom.
hesult had actually been discovered by Helmert in 1876,

Ws 'unknoun' to English biometers in 1908. Next Gosset

able for large n, but what about when dealing with small

sample sizes? It was thus that Student's classic paper "The

Probable Error of a Mean" read:

that X and s? were uncorrelated, and inferred (again
tly but without sufficient reason) their independence.

fn’ derived the distribution of z = (X-u)/s to be of the

The usual method of determining the prob-
ability that the mean of the population lies
within a given distance of the mean of the sample
is to assume a normal distribution about the mean
of the sample with a standard deviation equal to

;(z) = C(l+22)_n/2. This was of course the main result

>

=
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of the paper. In about 1822, the use of 1
.p P . ' of z was replaced by o | ol probalility' oa something of the sont. A neat 8lut as
ih_ R.A, Fisher and Gosset with t = ¥n-l 2z, and hence is now knoun 4 4 2Zan as 1 could understand it, quite imprectical and un-
i as Student's t. (See "On the transition of St g to 4 servicealle way of looking at things. {1 undenstood it
i udent’s z when I nead it But it's gone out of my head and as you

|

)
i Student's t" by C. Eisenhart). . shall hearn, 1 have €ost it.) By means of this he thought
‘V 1 he proved that the propen fLoamula for the S.D. is
Iit
If

Gosset checked the adequacy of his theoretical distribut- 3 4 Z(x-m)? vice T{x-m)3
- n n=1

ions for s? and z (equivalently t) on the basis of a data set b
l This, Stratton, the tuton, made him send me and wilh some

1 of height and middle finger length of 3000 imi . Thi ? .
mb 9 . 9 9 ° criminals s ] exeation ] mastered it, spoited the fallacy (as I Believe)
gf was one of the first examples of a "simulated" experiment to ] |- and waote him a letter showing, I hope, an intelligent
1 be used in statistical research. Tab F s isti k . interest in the matten and incidentally making a &lunder.
" . ables for his z statistic 3 70 this he rneplied with two fLoolscap pages covered with
i were also given, and Gosset concluded his paper with 4 pract- 3 i mathematics of the deepest dye in which he proved, Ly
i! ical illustrations of his method (e.g. the 't-test'). v using n dimensions that the formula was, after all

L{x-m)?

n=-1

Due to the general lack of interest in 'small sample' stat- 3

istics at the time, Gosset's method was not extensively used - 1 and of counse exposed my mistake. I couldn't understand
3 his stulf and wrnote and said I was going to study it when

outside of the brewery for many years. It was mainly due to ] iy : ) took it o ok A
the promotional efforts of R.A. Fisher (1890-1962) that it , 1 e shey, < actusffy ook «f up £o 2he o6 @4 weth me -
eventually did become widely used. R.A. Fisher was a student 9
c . . . . . ] 3 Now he sends this to me. It seemed 2o me that if
‘ at Cambridge in 1812 when he first wrote to Gosset with a rig- : 1 it's all right perhaps you might Like to pul the proof in
‘L orous proof of the frequency distribution of the z statistic. a nOi?-t It’s 40 néce an? mathematic?z 2ﬁa$di2 migﬁi
il Ir a subsequent letter, Fisher showed that one should be divid- 1 Zﬁﬁzaopizii:milp?Zf - noany case L dhou e glad of

faps : s . - (The rest of the letter is concerned with tuberculosis
deviation. Not fully understanding Fisher's mathematics, he ‘ ! death rates, a matter which W.S.G. was already in corres-
1 pondence about with K.P.)

!
M ing by n-1 instead of n in the formula for the sample standard

wrote to Pearson:
\ : .
X ] Youns verny sincenely,

iM 12 th Septemlden I912 Woodlands, Monkstown, ] i_ W.5. Gossel
B Co, Dublin, 3 i

! Dean Peanrnson, An indication of the importance Karl Pearson put on

I am enclosing a Letier which gives a proof of Gosset's small sample theory at this time can be seen from his
ry Zormulae for the {frequency distribution of z(=x/s), ] 4 reply to this letter on 17 September 1912, Commenting on the
;ﬁsﬁztze‘;e::Zai‘;ﬁz:c:nzlst?i gzznsoé no;&22§vﬁt3224 ] subject of the standard deviation, Pearson remarked that it
ervations, Would you mind looking at it fLor me; I don't 3
Zeel at home in more than three dimensions even (£ I ] by n or n-l
could undenstand it otherwise. ’

made little difference whether the sum of sguares was divided

fecause only naughity lrewens take n so0 small that the
difference is nol of the onder of the probablle enron!

; The question anose lecause this man'’s tuton (s a
i Caius man whom I have met when I visit my agrnicultunrnal
W Zriends at Cambnidge and as he is an astronomen he has 1
' : R : LS 3
| applied what you may call Airy to thein statistics and 1 5 G i

T have fatlen upom him for 8eing out of date. Jell, I R.A. Fisher, on the other hand, felt that Gosset never fully
i this chap Fishern produced a paper giving 'A _new cnitenion

realized the importance of his discovery. In a tribute to
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Student in the Annals of Eugenics in 1939, Fisher wrote

How did it come about that a man of Student's
interests and training should have made an advance of
fundamental mathematical importance, the possibility
of which had been overlooked by the very brilliant
mathematicians who have studied the Theory of Errors?...

One immense advantage which Student possessed
was his concern with, and responsibility for, the
practical interpretation of experimental data. If
more mathematicians shared this advantage there can
be no doubt that mathematical research would be more
fruitfully directed than it often is.

Gosset was also keenly interested in the problem of det-
ermining the distribution of the sample correlation coefficient
r of two normal random variables (which were say uncorrelated).
This was the subject of another 1908 paper in Biometrika ent-
itled "The Probable Error of the Correlation Coefficient".
Using the same criminal data as in "The Probable Error of a
Mean" paper, he simulated an experiment whereby he observed
750 sample values of r (sample size 4) from a bivariate normal
population with zero correlation. A graphical representation
of the results suggested to him that for sample size 4, the
distribution of r was rectangular (i.e. uniform on [-1,1]).
With his knowledge of Pearson's family of distribution curves,
he felt a (Pearson) type II curve was the only suitable one

for the distribution of r based on samples of size n,. He

wrote

ees working fromy = yo(l-xz)o for samples of size 4,
I guessed the formula

y = Yo(l-xz)(n-a)/z-

He then showed by simulation that the formula worked well for
He made some comments about the distrib-
with non-zero corr-

samples of size 8.
ution of r when sampling from a population

elation, but this more general problem was out of his grasp.

Gosset concludes the paper in writing

It has been shown that when there is no correlation
between two normally distributed random variables,

b

E wi
£ With a balanced arrangement within the blocks
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y = YO(l_xz)(n-4)/2 . .
- gives fairly clos [ [
ution of r found from samples of sizzli she distrib-

Next the general
robl
three distributions ofpr h ve bosy con stated and

th . . .
e sort of variation which must occur, I hope they

may serve as illustratio
of the meonrel ns for the successful solver

(The successful s
e olver was, of course, R,A
g?fegugllshe? tne results (which in p;rtic;lar just
osset's "guesswork") in Biometrikas in lgfgs)-

?uinne?s,as a large consumer of barley, was very inter-
ested in ?grlcultural experimentation, Gosset eventually bec-
ame v?ry involved in the planning and interpretation of such
experiments, many of them carried out under the supervision of

th i i
e Irish Department of Agriculture. His knowledge and advi
ice

on such matters was held in high regard and he corresponded
extensively with many other experimentalists, It can be said

that Gosset did a considerable amount of pioneering work in th
areas of Analysis of Variance and Experimental Design an;nh )
had a lot to do with Fisher getting so interested in ;hese )
afeas. He did, however, come into open controversy with R A
Fisher and his Rothamstead school on the subject of balance.(.
opposed to randomness) in experimental design In al =
to Fisher on 18 April, 1928, he wrote: . T

Leen used fon ex )
rerimenting fefore on on
reason has met with a "straight edge” éackagz Zﬁfjd

ormity in recent 3 (
ontifhcinises years it (4 fLedten to supply it

Gosset
vas not completely happy with Fisher's randomised blocks

€cays
e he felt that often a 9Teater accuracy could be obtaineg

He was furt-

3 |'EImee in lin to a [s} an t det d
: 111i g use t e 1
1 W a] arr ge n eter e h

if the arrangement so obtained was biased in
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In his final paper "Comparison between Balanced and Random
Arrangements of Field Plots" published posthumocusly in Biomet-

rika in 1938, he wrote:

It is, of course, perfectly true that in the long run,
taking all possible arrangements, exactly as many mis-
leading conclusions will be drawn as are allowed for

in the tables, and anyone prepared to spend a blameless
l1ife in repeating an experiment would doubtless confirm
this: nevertheless, it would be pedantic to continue
with an arrangement of plots known beforehand to be
likely to lead to a misleading conclusion.

Although this was a subject on which they never agreed, their
friendship and mutual respect for one anather did not suffer.

In his tribute to Student, Fisher wrote

Certainly though he practised it, he did not consist-
ently appreciate the necessity of randomization, or
the theoretical impossibility of obtaining systematic
designs of which both the real and the estimated error
shall be less than those given by the same plots when
randomized: this special failure was perhaps only a
sign of his loyalty to colleagues whose work was in

this respect open to criticism.

The theory of evolution is another area of interest that

intrigued Gosset. Daruwin's Theory of Natural Selection suff-

ered a setback at the turn of the century with the discovery

of Mendel's work. Many geneticists came to believe that her-

editary traits are conditioned by a 'limited number of genes'

and that selection involving a limited number of genes cannot

lead to important evolutionary effects. They felt that evol-

utionary progress and development must occur as the result of

new mutations.

Gosset (and Fisher) however did not believe in this

About 1932 he became interested in some

'mutation theory'.
He

experimental work of H.L. Winter involving o0il in maize.
felt that here there was evidence of a large number of genes

at work, and that by (natural) selection, important evolution-
Using Winter's work, Gosset

ary changes could take place.

e ——
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?izteltw? papers in s?pport of the Theory of Natural Selection
. volution by Selection - The Implications of Winter's Select
ion Efperiment", Eugenics Review, 1933, and "A Calculation of )
;::afznlzug Numéer of Genes in Winter's Selection Experiment",
.o ugenics, 1934), He sought the support of Fisher
(and ?15 mathematical ability) in this cause, and persuaded hi
to.wrlte up a note in this direction for Nature, The foll -
?wlng letter, written to Fisher in early 18933 on this matt .
1s a2 good illustration of the lively sense of humour th "
Gosset possessed. *

Holly House,
Blackrock,
Co. Dubtin.

16.1.33

Dean Fishen,

When I pensuaded 1 >
) / you to write up th 1
?zzéaglgzne'Aeéectan in Naturne 1 was 402p22§222a5222 ;i
Jaes thatayczgvzoﬁuzt dong paopeaéy't@at I overtooked thz
feci that you in the position of appearing o

That Leing s0 I am taki 1
2 ng the libert 3
gz Zizn:zzczintence, Zot of counse that Ingilzuzgjzt;zi
0 Y my wo ’ 1
copate exaclly m Atade, bGut something of the sont should

*In the January numien of the Eu i
é genics Reviev,

iﬁzzizj 2az zaazq attention 2o an experiment in selection
carnie o[uth i Lnte@ and Qaa shown that the remarkalte
jesutt o a exeeaLment ts consistent with the theon
that Lthe genez which affect the rercentage of o0il in mZi
Gac nuednum ened Ly hundreds; funther that given such =e
neCCAAaaﬁeenA of genes conlinued selective breeding witt
ugiimQtezyyozajZ§f422 the production of individuatls and
nongniigty of sub-s es completely outside the orniginal

7
and Stﬁ;£3;g;men{ hqa. of cournse, a mathematical basis
ol ypuden haé Lnut{ed me Lo examine it in a mone general
4 n he has considerned appropriate 2o an ticte e
e Eugenics Review". anticte in

0f counse it you want to &
] £ ' 4 e tauthful
tizte'dcan himself _/which has the menit 0302425?t47a2t:
nsidered appropriate ,., Review" Lut peopfle whoydon?z
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know Student might consider it nude, which would le a
pity.,

And herne I think I hear you murmur *Damn the man,
why doesn't he refrain from teaching his gnanny. He's
as fussy about his Cittle 4it of stuff as a hen with one
chick”,

7o which I reply, "1 am, cunrse you, Lor the very
good reason that I'?0¢ never have the chance to inculate
an egg which interests me 40 much®.

Cluck. Cluck. Cluck. Cluck.

Fact is that until just recently I was 40 much taken
up with the Lirst part of the thing, "myriad genes”, that
I ovenlooked the Zact that the second is really an essent-
ial cog in the mechanism of Darwinian selection. For at
least twenty-five yeans I've Been reading that the cont-
inued accumulation of infinitesimal variations can do
nothing and all the time I’ve felt in my Lones that Darwin

was night,

Cluck. Cluck. Cluck, Cluck.

And now I have feen vouchsaled a vision,.... and am
Lilled with insuflernalle conceit ... Lor the nonce I foo
am among the prophets, a mene Oladich, Bui still among the
prophets, And (£ anyone wene %o offer to make me a
Doctor of Divinity on the sinength of it, I'd accept with
conscious pride and Zlaunt a scarlet gown through the
scandalized stneets of Oxfornd.

Bear with me, Fisher, Laugh with me tonight; tomorrow
ee. when I'm sane again ... when I know that my Little Rit
was discovered in 1896 and put into 8eitter words than mine
often since then when I have Been shown that my essential
cog will hardly ever Lit into the machine and when it does
i4 a clog ... then I'€L laugh with you - at mysell.

Cluck. Cluck,

Yrs. v. sincenely,

W.5. Gosset

Gosset led a very full life and pursued a variety of
hobbies. He was a keen gardener with a particular interest
in fruit. In the late 1820's, he developed some logan-raspb-
erry hybrids, two of which went by the names of "jamberry" and
"Paddyberry". He made two barley crosses (known as Student I

;fwwﬁwmwQQWMV o

ieray
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and Student II) in his own garden and accelerated their devel-
opment by having one 9eneration grown in Ney Zealand. Gosset
was also a good carpenter and built several boats. One of
these, built with a rudder at each end, was for the particular
benefit of fly fishermen, The design of this boat was desc-
ribed in 'Field! in March 1938, Gosset also tdok an avid int-
erest in fishing, hunting and golfing., However, as Fisher
writes in his tribute to Student in 193g,

) His life was one full of fruitful scientific
%deas and his versatility extended beyond his interests
in research, In spit? of his many activities it is
the stugezt of Student's test of significance who has
won, an eserved to win, a unique place i i

3 e in th
of scientific method, ? ® history
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COMPUTER EDUCATION IN IRISH SECOND LEVEL SCHOOLS

Michael D. Moynihan

In this article I will attempt to outline the progress of
Computer Education in Irish Second Level Schools,

In 1971, the Department of Education initiated a course
for teachers with a Mathematics or Science background who were
interested in Computer Education, but had no previous knou-
ledge of computers. Professor Bajpai of Loughborough College
of Technology in England was invited to run this week-long
course at University College Galway. At its conclusion,
participants were able to write FORTRAN programs and process

them on an IBM 1800 Computer.

From those whose active interest was maintained over the
succeeding year, and from others who had been attracted in the
meantime, sufficient support was gained to consider the form-
ation of an embryo computer society and a repeat of the course.
The inaugural meeting of the Computer Education Society of
Ireland (CESI) was held in January, 1973, and, encouraged by
the Department of Education, the society proceeded to devise a
policy on Computer Studies in schools.

In the search for suitable material, the members uwere
attracted to the materials published by ICL-CES in Britain.
Twoc members undertook an ICL training course and on returning
they ran a week-long course for teachers from twelve schools
in preparation for the introduction of a pilot scheme early in
1974,
scheme and provided the necessary textbooks for the particip-

The Department of Education sanctioned this pilot
ating teachers. The scheme was greatly facilitated by the
free processing time provided by local industry - cards were

punched at an ICL installation and were processed on the ICL

computer at the Sugar Company in Dublin,




