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PREFACE

A GAIN after a long interval the third and final volume of this Life appears.

i\ The delay is traceable to the same difficulties as arose in the case of the

second volume, namely the high cost of producing nowadays a work of this

character. As it was the generous help of Mr Lewis Haslam which enabled

the second volume to be printed, so I have to record my gratitude to two
friends who have assisted me to obtain the funds requisite on the present

occasion. In the first place Professor Henry A. Ruger of Columbia University,

New York, a former postgraduate worker in the Galton Laboratory, interested

Miss Dorothy Chase Rowell in Galton’s writings, and in the second place

Dr F. A. Freeth reported my need to Mr Henry Mond. I wish to place on

record here my deep gratitude to Miss Rowell and Mr Mond, whose gifts so

far supplemented the proceeds of the sales of the first two volumes that

I ventured to send the third to press.

It may be said that a shorter and less elaborate work would have supplied

all that was needful. I do not think so, and there are two aspects of the

matter to which I should like to refer. The writer of biographies usually

belongs to the literary world, and is too often a minor light of that world.

I have no claim to literary distinction of any order. I have written my ac-

count because I loved my friend and had sufficient knowledge to understand

his aims and the meaning of his life for the science of the future. I have
had to give up much £>f my time during the past twenty years to labour

which lay outside my proper field, and that very fact induced me from the start

to say, that if I spend my heritage in writing a biography it shall be done to

satisfy myself and without regard to traditional standards, to the needs of

publishers or to the tastes of the reading public. I will paint my portrait of

a size and colouring to please myself, and disregard at each stage circulation,

sale or profit. Biography is thankless work, but at least one can get delight in

writing it, if one writes exactly as one chooses and without regard to the

outside world ! In the process one will learn to know—as intimately as any
human being can know another—a personality not one’s own; that is the joy

of spending years over a biography where there is a wealth of material

touching the mental output, the character and even the physical appearance

of the subject.

If a work is to be printed, even twenty years after a man is dead some
things, some strong opinions and some names, must still be omitted. Our
lives are too closely entwined with those of others not to call for some
reticence even after two decades have elapsed. Still I think the reader will

find in these volumes a portrait of Galton which represents without undue
repression, and without uncritical adulation, the man as I knew him, and as

I have learnt from his writings and letters to interpret him.
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The farther aspect of the matter lies in the opinion I have formed of what
Galton’s influence will be upon the future. Even since his death I see what
strides in public acceptance the doctrine he preached has made. The dominant
race of the future, the leading nation of civilisation, will not be the one with
the greatest material resources, nay, not even the one with the greatest
wealth of tradition; it will be the one which can claim to have the finest

breed of men and women, physically and mentally. Civilisation has gained
nothing from rivalry in destructive warfare; it can gain enormously from
the rivalry of nations in rearing their future generations from the most
efficient of their citizens. Galton was the first to realise this great truth, to

preach it as a moral code, and to lay the foundations of the new science which
it demands of man. In the centuries to come, when the principles of Eugenics
shall be commonplaces of social conduct and of politics, men, whatever their

race, will desire to know all that is knowable about one of the greatest,

perhaps the greatest scientist of the nineteenth century. I have endeavoured
to put together many things of which the knowledge in another fifty years will

have perished, or not improbably the documents on which that knowledge
could be based will be distributed in many directions. I have to the extent of

my judgment and powers given an account of Galton’s scientific work and
of his social ideas, so that all that is essential to an appreciation of his labour
and thought will be found in these volumes without the need for continual

reference to widely scattered papers, and in the future to still more widely
scattered letters.

With regard to Francis Galton’s letters a word must be said here. I owe
a deep debt of thanks to his relatives and friends for the immense mass of

correspondence which has been placed at my disposal. Galton’s own letters

cover a period of at least eighty-five years, and the family letters stretch

over a century. During that time profound changes have taken place in the

manner of thought and in the habits of the dwellers in this country, and
nothing can illustrate these changes better than the letters interchanged

between the members, old and young, of a large family. We learn from such
a century of letters much of the social history of our own country. We pass

from an age when people travelled on horseback or in coaches to an epoch of

aeroplanes and motor-boats; we note that it was once an open question

whether it was wiser to invest in canal or railway shares, and we trace the

changes from private to joint-stock banks. We see brought forcibly before

us the passage from sail to steam; and—as the chief interest—we grasp how
this evolution influenced the minds of those who were spectators of it. This
century of Galton family letters would in the future be of high value to the

social historian of our country, and it is with grief that I think of its disper-

sion. In a biography like the present there is small excuse for publishing

letters which do not directly bear on the characterisation of its subject, but

in picking out for publication letters from the many placed at my disposal

my delight in social history may have occasionally led me to err in choosing

letters which depict Galton’s family environment even more significantly

than they illustrate his keen affection for four generations of his kinsfolk.
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While the circumstances detailed in the preface to my second volume led to

a great extension of the original plan of this work, I felt the exclusion of

many of these charming family letters was not justified by the introduction

of so much scientific detail, and thus I have added them as an additional

chapter to this volume. To Galton’s niece, Mrs Lethbridge, I owe the privilege

of publishing the selection from letters which, after the death of his sister

Emma in 1904, her Uncle wrote to her almost weekly. They give the most
perfect characterisation of Galton in his relationship to his family.

One apology I must make if the reader feels that in the chapter on the

last decade of Galton’s life the biographer has introduced too much of himself.

To me that last decade was essentially bound up with our joint work for a

subject we both had closely at heart; and I believe that for Galton himself our

common aim—the establishment ofEugenics as an accepted branch ofscience

—

was a leading, if not the principal, purpose of those years. My own enthusiasm
may possibly have deceived me, but I believe Galton during that decade lived

more in the struggles and difficulties of our infant Laboratory than in any
other phase of his wide interests. The sympathy and help he always so readily

tendered to his friends may again have misled me, but I think the history

of the Laboratory he founded and finally endowed was also the essential

history of his own life in those last years. At any rate such is the aspect of

Galton’s many-sided nature that I then saw most closely, and it is accordingly

that which I am best fitted to render account of. To me his final crusade for

eugenic principles was the crowning phase of a life whose labours in medicine,

evolution, anthropology, psychology, heredity and statistics directly fitted

him to be the teacher and prophet of the new faith.

I have to express my gratitude to various societies and editors of journals

for pemiission to reproduce the illustrations that accompanied Francis

Galton’s letters and papers. In particular, to the Royal Institution for

permission to use the figures illustrating Galton’s lectures of 1877, to the

Royal Anthropological Institute for permission to use the diagrams of

Galton’s memoir of 1885; and to the Editor of Nature for permission to use

Galton’s diagrams or other figures from that journal. The permission of the

Royal Society to reproduce illustrations to Galton’s memoirs was granted
when my second volume was published. The copyright in Galton’s books
belongs to the University of London. The copyright in most of the letters

and photographs belongs to those members of the Galton and Darwin families

who provided me with them, and permission to reproduce them again must
be obtained from those members, as well as from myself (if the second repro-

duction be made from this volume).
While I must again renew my thanks to many who have aided me in this

as in the earlier volumes, I am under deep obligations to my colleagues Pro-
fessor C. J. Sisson and Miss Ethel M. Elderton for assistance in the toil of proof-

reading; if in a few instances I have not followed their obviously better

judgment, I trust they will not despise me for being of a perverse heart. To
Dr Julia Bell I owe the expenditure of too many of her free hours for several

years in the preparation of the ample index to this work; while to my Wife,

b
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Margaret V. Pearson, I am indebted for the heavy task of aiding in selecting

and of afterwards transcribing the numerous letters and papers, which has
very greatly lightened my own labours. I cannot conclude without a word of

thanks for the care which my printers, the Cambridge University Press, have
devoted to the preparation of this work and the endeavours they have always
made to meet the very varied requirements of its illustration.

KARL PEARSON.
The Galton Laboratory,

University of London.

March 22, 1930.

Yff Ony thyng Amysse be
blame connyng, and nat me:
I desyr ]->e redar to be my frynd,

yff ter be ony amysse, ]?at to amend.

(Mary Mavdleyn, Digby Mystery.)
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CHAPTER XIV

CORRELATION AND THE APPLICATION OF STATISTICS TO
THE PROBLEMS OF HEREDITY

“It is full of interest of its own. It familiarises us with the measurement of variability, and
with curious laws of chance that apply to a vast diversity of social subjects. This part of the

inquiry may be said to run along a road on a high level, that affords wide views in unexpected

directions, and from which easy descents may be made to totally different goals to those we have

now to reach. I have a great subject to write upon, but feel keenly my literary incapacity to

make it easily intelligible without sacrificing accuracy and thoroughness.”

Natural Inheritance, p. 3.

A. Introductory. Thus wrote Francis Galton in 1889 when the signifi-

cance of correlation and its measurement had impressed themselves upon
him. Up to 1889 men of science had thought only in terms of causation, in

future they were to admit another working category, that of correlation, and
thus open to quantitative analysis wide fields of medical, psychological and
sociological research. Turning to the writings of Turgot and Condorcet, who
felt convinced that mathematics were applicable to social phenomena*, we
realise to-day how little progress in that direction was possible because they

lacked the key—correlation—to the treasure chamber. Condorcet often and
Laplace f occasionally failed because this idea of correlation was not in their

minds. Much of Quetelet’s work and of that of the earlier (and many of the

modern) anthropologists is sterile for like reasons.

Galton turning over two different problems in his mind reached the con-

ception of correlation : A is not the sole cause of B, but it contributes to the

production of B\ there may be other, many or few, causes at work, some of

which we do not know and may never know. Are we then to exclude from
mathematical analysis all such cases of incomplete causation? Galton’s

answer was: “No, we must endeavour to find a quantitative measure of this

degree of partial causation.” This measure of partial causation was the germ
of the broad category—that of correlation, which was to replace not only in

the minds of many of us the old category of causation, but deeply to influ-

ence our outlook on the universe. The conception of causation—unlimitedly

profitable to the physicist—began to crumble to pieces. In no case was B
* “Un grand homine [Turgot], dont je regretterai tousjours les lemons, les exemples, & sur-tout

l’amitie, etoit persuade que les verites des Sciences morales & politiques, sont susceptibles de la

mcme certitude que celles qui forment le systeme des Sciences physiques, & meme que les branches

de ces Sciences qui, comme l’Astronomie, paroissent approcher de la certitude mathematique.”
Discours preliminaire, Essai sur Vapplication de Vanalyse cl la Probability des Decisions, p. i,

Paris, 1785.

t See for example Laplace’s memoir in Memoires de VAcademie des Sciences for 1783, pp. 693-

702, where he entirely overlooks the correlation between the size of the population and the

number of births in evaluating what is really the probable error of the birth-rate.

pg m 1
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simply and wholly caused by A, nor indeed by C, D, E and F as well! It

was really possible to go on increasing the number of contributory causes,

until they might involve all the factors of the universe. The physicist was
clearly picking out a few of the more important causes of A, and wisely con-

centrating on those. But no two physical experiments would—even if our

instruments of measurement, men and machines, were perfect—ever lead to

absolutely the same numerical result, because we could not include all the

vast range of minor contributory causes. The physicist’s method of describing

phenomena was seen to be only fitting when a high degree of correlation existed.

In other words he was assuming for his physical needs a purely theoretical

limit—that of perfect correlation. Henceforward the philosophical view of the

universe was to be that of a correlated system of variates, approaching but by
no means reaching perfect correlation, i.e. absolute causality, even in the group
of phenomena termed physical. Biological phenomena in their numerous
phases, economic and social, were seen to be only differentiated from the

physical by the intensity of their correlations. The idea Galton placed before

himself was to represent by a single numerical quantity the degree of

relationship, or of partial causality, between the different variables of our

ever-changing universe. How far he was successful forms the subject-matter

of this chapter.

I have said that Galton came to this fundamental conception from two
aspects. The first problem was that of inheritance. To take an illustration

:

A character in the Father does not determine absolutely the like character in

the Son
;

it is only one out of many contributory factors. The character is

only a partial expression of the Father’s germ-plasm; so it is with the Son’s

character—it is not at all a full expression of his germ-plasm. Again, the Son
is not a product only of his Father’s germ-plasm, but of his Mother’s also, and
those of both parents in their turn are products of innumerable ancestral

stirps leading us back through long eons of evolution. Nor is the somatic or

bodily character of the Son a product only of heredity, it is the integration

of a number of factors acting throughout his prenatal and postnatal growths.

From the physicist’s standpoint of causation there was no way at all to attack

this problem, the causes were too indefinite and elusive to be individually

grasped and measured. They could only be dealt with one at a time—the

measure of the resemblance of offspring to parent, a partial causation, led

Galton to the idea of correlation.

The second problem which impressed itself on Galton’s mind was that of

correlation in the narrow biological sense. The word itself appears to have
originated with Cuvier who denoted by it an association between two organs

or characters of a family—thus the occurrence of a split hoof with a particular

form of tooth, so that from the discovery of one organ a prediction could be
made as to the nature of others. It has been said that Cuvier’s conception

did not involve causation*. I do not know that any correlationist of to-day

would assert that the knowledge of the length of the femur, which would
enable him to closely predict the length of the humerus, is an assertion of

* See C. Herbst, Ilandw'&rterbuch der Naturwissenschaften, Bd. in, S. 621, Jena, 1913.
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causation in a sense different from that of Cuvier; he would merely think in

terms of associations with differing grades of intensity. Be this as it may,
Galton’s second idea of measuring the degree of relationship arose from the

fact that he had recognised that two characters measured on a human being

are not independent, they vary with each other. The femur of man has its

characters associated with those of the humerus.
Galton did not realise immediately that his two problems admitted of

the same solution. His first actual attempts at solution of the inheritance

problem were based on the weight of the seeds of mother and daughter
plants. In the first place he used, about 1875, some seed like that of cress (see

Yol. ii, p. 392), and he started by endeavouring to correlate grades or ranks.

This could not be very successful because the regression curve and the

“isograms” (see Yol. n, p. 391) are not linear, but extremely complicated

curves. Later in 1875 (ibid. p. 187) we find him experimenting with
Darwin’s assistance on the weight and diameter of sweet-pea seeds, and here

he reached his first “regression line.” I reproduce (p. 4) from Galton’s data
in a note-book the first “regression line ” which I suppose ever to have been
computed. I have recalculated the constants and redrawn the line. It is

for sweet-pea diameters in mother and daughter plants. The correlation

coefficient is
-

33, almost exactly 1/3. Two points must here be noticed.

First the parental mean is considerably higher than the offspring mean. If

the offspring mean denotes that of the general population, this would
indicate that Galton’s parental population was not a random sample of the

original general population. Secondly the means of the diameters of the

daughter plant peas for each size of mother plant pea, give a series of points of

rather irregular distribution, which conforms as well to a sloping straight line

as to any other form of curve. Here we have the origin of Galton’s “regression

straight line.” We see that as size of mother pea increases, so does size of

daughter pea, but whether in excess or defect of mean the daughter pea
does not reach the deviation of the mother’s diameter from the mean value,

the offspring is less a giant or a dwarf than the mother pea. This is Galton’s

phenomenon of regression. In this case the variabilities of mother and
daughter peas were approximately equal, and Galton reached the idea that

the slope of the regression line would measure the intensity of resemblance
between mother and daughter. If there were no slope the diameter of

daughter pea would be the same for all diameters of mother pea. If it

sloped at 45°, i.e. a slope of unity, the daughter pea’s diameter would be
exactly that of the mother pea’s, supposing their means were the same

;
if

they were not, the deviations from their respective means would still be
equal.

It is strange that both Galton and Mendel should have started from peas,

the former from sweet and the latter from edible peas. Galton tells us dis-

tinctly why he chose the former, namely because he would not be troubled
to the same extent by variation in size of peas within the same pod. We
must leave it to the future to judge whether the correlational calculus, which
has sprung from Galton’s peas, is or is not likely to be of equal service with

1—2
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the vast system of factorial genetics which has arisen from Mendel’s peas

—

and this even in the theory of heredity. We see now what Galton might
have done, he might have provided us with data to check Johansen’s later

bean-weight experiments, he might have thrown light on the “pure line.”

He might possibly have reached the correlation coefficient instead of the re-

gression slope in his first attempt to get a measure of correlation. Whatever
he might have done, he reached the idea of regression before he reached that

of the coefficient of correlation. As long as he was dealing with heredity in

the same sex, the approximate equality of variabilities in the two genera-

tions preserved him from any great error.

Galton was driven to his second problem by Bertillon’s system for the

identification of criminals. Bertillon claimed, as I remember Dr Garson did

at a much later date, that the measurements chosen were practically inde-

pendent. Galton needed a criterion to show whether such measurements as

head length, foot length, stature, etc. were or were not associated. He saw that

the problem closely resembled that of heredity, but he was troubled by the

fact that the slope of his regression line depended on the units in which its

two component variables were measured. It was not till more than 13 years*
after his first attack on the subject that Galton realised, namely in 1889 during
a walk in Naworth Park, that the two problems were identical, provided

each character were measured in its own variability as unit (see our Vol. n,

p. 393). With that provision the slope of the regression line becomes what
we now term the coefficient of correlation. It is needful to realise this

history of Galton’s progress : namely that he reached regression and even
the constancy of the array variabilities 12 to 14 years before he formulated
his coefficient of correlation, in order to understand fully the sequence of

his memoirs on this topic.

One further fact it is necessary to bear in mind in order to measure his

achievements. He started like Quetelet from the normal curve as describing

the deviations of a population or of any selected population, e.g. that of an
array of offspring from a parent of given character. He did not start with a
general definition of correlation and see whither that would lead him. His
justification was that he was dealing with anthropometric characters or

measurements on living forms whose deviations from type approximately
followed this special law of distribution. Thus he naturally reached a straight

regression line, and the constant variability for all arrays of one character
for a given value of a second f. It was, perhaps, best for the progress of the
correlational calculus that this simple special case should be promulgated
first; it is so easily grasped by the beginner. But it has had the disadvan-
tage that certain branches of science, as psychology for example, have rarely

got further, and, without taking the trouble to apply tests, adopt linear

* In liis Natural Inheritance
, 1889, p. 79, Galton says his sweet-pea data were collected

more than 10 years previously. His lecture at the Royal Institution, Feb. 1877, shows that he
was then already in possession of sweet-pea data, and the first measurements seem to have been
made in 1875.

t What we now term “homoscedasticity.”
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regression and homoscedasticity where it is quite inappropriate. It is

interesting to note how the history of the spread of knowledge follows with
halting steps the history of its discovery.

Again, if the reader anticipates that Galton was a faultless genius, who
solved his problems straightaway without slip or doubtful procedure, he is

bound to be disappointed. Some few creative minds may have done that, or

appear to have done it, because, the building erected, they left no signs of

the scaffolding; but the majority of able men stumble and grope in the

twilight like their smaller brethren, only they have the persistency and
insight which carries them on to the dawn.

B. The First Idea of “ Regression .” I think these conceptions will be

well illustrated if we consider Galton’s first paper dealing with the Subject

of regression, namely the lecture entitled : Typical Laws of Heredity ,
which

he gave on February 9, 1877 at the Royal Institution. It is the next
forward step he took after the memoir of 1875, in which he had propounded
for the first time the continuity of the germ-plasm. See our Vol. II, pp. 184-8.

The paper itself embraces three fundamental sections, which I will take in

logical sequence if not that of the paper itself.

First : an account of the experimental data on sweet-peas. Galton
assumes here that sweet-peas are invariably self-fertilised, a result which
from my own observation I consider only partially true. There is also a
further difficulty here: he does not take the average seed of the mother
plant as representing the maternal character. He takes seeds of equal

weight which may have been the ordinary produce of large-seeded plants,

or the exceptional produce of small-seeded plants, and treats these as

representing the parental character. This very fact would in itself involve

regression in the offspring seeds, and leaves unsettled two important questions

:

(i) whether in the average result from all the seeds of a self-fertilising plant,

there would be any regression at all, and (ii) whether there is any difference

in the average seed weights of daughter plants grown from light and heavy
seeds of the mother plant ? Had Galton had these points in mind, he might
have thrown light on controversies of a much later date. Again, does the

size of the mother seed influence the daughter seed only by way of heredity ?

Galton’s small seeds led to sickly and often sterile plants, and it is quite

probable that this might affect the weight of their seeds (see our Vol. n,

p. 181). Be this as it may, Galton found from his data* that there was a

linear regression of daughter seed on maternal seed. He does not yet use the

term “regression,” but speaks of a “reverting” towards “what may be roughly

and perhaps fairly described as the average ancestral type.” But it is difficult

to believe that this reversion was solely due to heredity ;
if the original seed

had fully represented the maternal plant and that plant had been indefinitely

self-fertilised, the Law of Ancestral Heredity would suggest no regression at

* He issued packets of seven sizes of seeds, each containing ten seeds, and nine friends grew
the plants. Two crops failing, he had all the seed offspring of 7 x 7 x 10 = 490 carefully weighed
seeds.
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all. It is not possible to say whether the observed “ reversion ” was due to

the weight of a single seed not representing the true maternal character, to

the hypothesis of self-fertilisation not being correct or to other causes.

Theoretically the important point is that Galton reached linear regression

as a first feature of his correlation table. The next point Galton reached was
the homoscedasticity or equal variability of the arrays of daughter seeds

corresponding to a given mother seed*. “ I was certainly astonished to find

the family variability of the produce of the little seeds to be equal to that of

the big ones
;
but so it was, and I thankfully accept the fact

;
for if it had

been otherwise, I cannot imagine, from theoretical considerations, how the

typical problem could be solved” (p. 10).

The second logical stage in Galton’s analysis is mathematical
;
he en-

deavours, assuming that the population is stable and is distributed normally,

to find what relation must exist between the “ reversion ” coefficient and

* Thus far I have not been able to find Galton’s data for the weights of sweet-peas in the

Galtoniana here. It is not easy, however, to find a special topic in the mass of note-books and
undated and unindexed papers. Quite possibly, however, he lent his measurements to somebody,
as he lent many series of observations to myself. It would be interesting to see exactly the

data from which he deduced the two fundamental principles of a normal bivariate distribution,

i.e. the straight-line regression and the equivariability of the arrays. Galton gives the correlation

table of filial and parental seeds in the Appendix, p. 226, of his Natural Inheritance for lengths

not weights. This shows that the mean length and variability of the parent seeds were arbi-

trarily chosen, there being 70 of each. Further, in the table the offspring seeds are modified to

show 100 in each array. We do not know therefore the true means or standard deviations

of either parental or offspring populations. This does not, however, affect the determination of

either means or standard deviations of arrays. I find in hundredths of an inch

:

Diameter of

Parent Seed

Mean Diameter
of Array

of Filial Seeds

Standard Deviation
of the Array

21 17-26 1-988

20 17-07 1-938

19 16-37 1-896

18 16-40 2-037

17 16-13 1-654

16 16-17 1-594

15 15-98 1-763

My means do not agree with Galton’s, possibly he found his before reducing his whole
numbers to percentages. (It could not be by the distribution of the filial diameters “Under 15,”

as this would tend, I think, to reduce all his means below mine.) He does not give his array

standard deviations nor the quartiles. However, on some such numbers as these Galton reached

his results. The array means are not incompatible with a straight-line relation; the standard
deviations suggest that the smaller parental seeds had offspring seeds of less variability than
those of the larger seeds, rather than equivariability being the rule. This view might be modified

if we knew the actual distribution of the filial seeds “Under 15.” Many of these dwarf seeds I

suspect were abortions, as their lumping up at the tail of the arrays really prevents the latter

from being considered as “normal curves.” Galton states
(
loc . cit. supra

)
that he had obtained

confirmatory results for the foliage and length of pod; this indicates that his experiments must
have been carried on for a second year, as he started only with the parental seed.
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the variability constant of the equivariable arrays in order that the popula-

tion may owing to the laws just stated repeat in the filial the parental

distribution.

Now there are two points to be regarded here. Galton first states that

he is going to suppose no sexual selection at work, and further he next
supposes every female to be reduced to an equivalent adult male standard.

It is true that he does this by the aid of percentiles, but what it really

amounts to is this : If m.
2
be the female mean character, cr2 the standard

deviation and A
2
the deviation of an individual female from type, m

1 ,
cr

x
and

Aj corresponding quantities for the male, then Galton replaces the female

m
2 + A

2 by a male m, + A x ,
where A

x
has the same percentile value p for males

as A2
for females. This really amounts to taking A

x
=— A

2 ;
it appears to me

that this reduction of female to male value is more correct than that which
he adopted later in his memoir of 1886 and in Natural Inheritance (see our

p. 15). Having got his midparental value as the mean of the father’s and
mother’s characters, the last reduced to male value, Galton correctly asserted

that if there be no sexual selection and the original population followed a

normal distribution, the midparental distribution also would be normal with a

standard deviation — a,

.

s/2
He next introduces an ingenious artifice

;
instead

of supposing the offspring to “revert” he supposes the midparent to revert

and then to have offspring whose type (i.e. mean value) is that of the

original parentage. In other words, ifX be the character in a midparentage,

then r'X
,
where r7

is the reversion coefficient, will be the same midparentage
after reversion. This really signifies a uniform “ squeeze ” in the ratio of

r' to 1 of the normal curve of midparentages, or the new curve of reverted

midparentages will be a normal curve of standard deviation —L c

r

:
xr', We

v 2

have lastly to distribute the offspring of these midparentages about their

mean values with a constant variability, which we will represent by 2 ;
thus

the standard deviation cr
f

of the distribution of offspring will be given by

o-'^loyV’ + S2
.

But, if this standard deviation of the final normal curve is to repeat the

original population, <y' must equal or we have

22 = o-1
2 (l-±r' 2

).

Here r' is the “ reversion ” of the midparent and is equal to J 2r, if r be the

reversion on a single parent*. In other words, if r be the reversion of

offspring on parent then the constant standard deviation of the array of

offspring for a given parent must be a-
x
sj\— r2

,
if the population starts with

a normal distribution and when reproduced is to have the same normal

* If the standard deviation of the “reverted” single parent be ra-x ,
then J2 ra

1
will be the

standard deviation of the reverted midparent, but if this be taken as r‘a
1
clearly r' = sj2 r.
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distribution. This is the earliest appearance of the symbol r as a coefficient

of “ reversion”; the reasoning by which the result is obtained is only true, if

parental and offspring generations have the same variability; in that case r

is what we now term the coefficient of correlation, and Galton here deduces

the relationship between the constant array variability and this coefficient.

In the course of his work he introduces the ideas of natural selection and

of differential fertility. This section of the discussion is somewhat difficult to

follow. Galton further supposes selection to take place symmetrically round

the population mean or type. Finally to obtain the above result Galton

supposes the selection and the fertility to be non-differential, or gives them
mere percentage values for all parents alike*.

Fig. 2. Galton’s Quincunx illustrating the nature of Regression.

The third point in this paper of Galton’s is the ingenious “ Quincunx ” by

which he illustrates the phenomenon of reversion and the continual main-

tenance by aid of inheritance of a stable population. Galton at first indicates

how closely certain measured characters are given by a normal distribution

and how such a normal distribution may be produced by a stream of pellets

* A paper in which this matter is more fully dealt with by the present writer will be found

in Biometrika, Vol. vii, pp. 258-275, “On the Effect of a Differential Fertility on Degeneracy:

A New Year’s Greeting to Francis Galton, 1910.”

p giii 2



10 Life and Letters of Francis Galton

falling vertically through a forest of horizontal pins. He next, starting with
a normal distribution of variability o-j, reduces the variability to rcr

1
by

sloping his discharge tubes towards the type (see Fig. 2). This restriction

of the tubes has the same effect as giving a uniform horizontal “squeeze”
to his original distribution

;
he thus reaches his population of “ reverted

parents.” If he now opens any single one of his tubes he will get a normal
distribution, about the reverted parent character as type, which will have

Fig. 3. Galton’s Quincunx illustrating the effect of Natural Selection.

the proper variability cr, Jl — r2
if a suitable choice be made of the extent

of “ pin-forest ” through which the pellets fall. Since this variability is the
same for all parentages, the extent is constant, and if all the tubes be opened,
all the “ reverted ” parentages contribute their share to building up again
the population from which we started.

Those who hold the hypothesis of the pure line to be true, apparently
overlook the fact that while the gametic distribution might be stable, they
must appeal to a stringent natural selection, or a differential fertility, to
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maintain stability for two successive generations in somatic characters. This

stability Galton achieved by aid of reversion.

In dealing with the problem of Natural Selection, Galton takes only the

case of selection round type and assumes that those selected to live, not
those selected to die, will follow a normal distribution. This limits to some
extent its general applicability, but he illustrates his idea by a second
ingenious Quincunx (see Fig. 3), in which the middle stage is formed by a

vertical normal-curve diaphragm which cuts off from the descending pellets,

uniformly distributed over the horizontal bases of their compartments in the

top stage, the “selected pellets,” which again are on the removal of the sliding

floor allowed to run down into the third stage compartments where they
form a normal distribution of much reduced variability.

Speaking of the principles of “ reversion ” and reduced variability in

the offspring of a given parentage, Galton says :

“The typical laws are those which most nearly express what takes place in nature generally;

they may never be exactly correct in any one case, but at the same time they will always be
approximately true and always serviceable for explanation. We estimate through their means
the effects of the laws of sexual selection, of productiveness and of survival, in aiding that of re-

version in bridling the dispersive effect of family variability. They show us that natural selection

does not act by carving out each new generation according to a definite pattern on a Procrustean
bed, irrespective of waste. Theyalso explain howsmall a contribution is made tofuture generations
by those who deviate widely from the mean, either in excess or deficiency, and they enable us

to discover the precise sources whence the deficiencies in the produce of exceptional types are

supplied, and their relative contributions. We see by them that the ordinary genealogical course

of a race consists in a constant outgrowth from its centre, a constant dying away at its margins,

and a tendency of the scanty remnants of all exceptional stock to revert to that mediocrity,

whence the majority of their ancestors originally sprang.”
(
loc. cit. p. 17.)

Thus Galton stated his law of reversion originally
;
we see that it really

covers the most marked features of bivariate normal correlation, we have
even the now-familiar symbol r. Whether, however, he was at that time

justified in asserting reversion as a typical law of heredity on the basis of

his sweet-pea results may be open to question. Is the weight or diameter of

a single seed a fair representation of a parental somatic character? Was
Galton justified in considering the variability of his offspring constant ? These
are points which have much bearing on later work and on what correlation

the r really signified in the case of Galton’s actual experimental data.

C. Heredity in Stature of Man. Development of the Conception of
Regression. That Galton had some doubts himself is, I think, clear from the

fact that for eight years he published nothing further on the subject of

regression, but started by aid of his family records to collect data bearing on
inheritance in man: see Yol. ti, pp. 363 et seq. As soon as he had obtained

enough data to deal with the inheritance of stature in man he returned to

the subject, and in 1885 and 1886 published a number of papers dealing with

the topic. The first of these is his Presidential Address to the Section of

Anthropology of the British Association, Aberdeen Meeting, 1885 # . He next
published a more detailed paper in the Miscellanea of the Journal of the

* B. A. Transactions, 1885, pp. 1206-1214; Nature, Yol. xxxn, pp. 507-510.

2—2
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Anthropological Institute*. He further took the subject as the topic of his

Presidential Address at the Anniversary Meeting of that Institute in

January, 1886 f, having meanwhile again discussed it in a lecture at the

Birmingham and Midland Institute entitled: “Chance and its Bearing on
Heredity” J. Finally we have the mathematical basis of Galton’s work more
fully provided in a paper on “Family Likeness in Stature” with an
Appendix by J. D. Hamilton Dickson, presented to the Royal Society on
January 1

,
1886 §. None of these papers is exclusive, each has something

not in the others, but probably those in the Miscellanea of the Journal of
the Anthropological Institute and in the R. S. Proceedings are the more im-

portant for those who have not time to read them all. We have throughout
to remember that Galton was a pioneer, and could not see matters in the

clearer light of to-day when we start from a knowledge of bivariate

distribution with its two means, two variabilities and its coefficient of

correlation
;
he did not yet clearly recognise the distinction between a

coefficient of regression and a coefficient of correlation. It is difficult for the

reader now-a-days to appreciate the paradox which Galton reached from his

data and finds it needful to discuss at some length, namely : that the coefficient

of regression for the offspring on a midparent is double what it is for the mid-

parent on the offspring ||. A further difficulty is that Galton invariably thought
in terms of grades, quartiles and the “ogive curve,” and this I venture to think

is by no means helpful for elucidating correlation, as the reader of the first

ten pages of the Royal Society paper will find. It has always been a puzzle

to me why Galton called in Mr Dickson and placed before him a somewhat
artificial problem in probability the answer to which comes directly from
Galton’s own two statements.

* Vol. xv, pp. 246-263. f Yol. xv, pp. 489-499.

J Reported in the Birmingham Daily Post, December 7, 1886.

§ Boy. Soc. Proc. Vol. xl, pp. 42-73, 1886.

||
Since the midparental standard deviation is, when the female is reduced to male equivalent,

o-,/\/2 in our previous notation, the two regression coefficients are respectively: r anc|

(T ^—
Jj^

r>
that is, r/f2 and >J'2r, or one twice the other. I think Galton was slightly puzzled

here, because he had not yet fully realised that the two variabilities not being the same, he must
measure each variate in its own unit of variability in order to make both regressions the same.

H Galton had discovered that the offspring of parents of character deviation x vary about

(ro-2 /(Tj)a; with a standard deviation <r2 \/(l - r2). Hence if y be the deviation of the n offspring

of the n parents of deviation x, and we assume, as Galton, that parental and offspring genera-

tions both follow the normal law, the number of offspring of deviation y will be

N 1
But n = ~v= — e 2 o-p

,
whereN is the total population of parents, thus substituting for n' we

have n]y 1 ( x
* %rxy

2trcr
l <Ti\l 1 — r2

’ e 2 (l-r2)\<ri
2

01(72

yl\
0

-

2
2
/

as the frequency distribution of offspring and parents, the well-known result, which was not

even written down by Mr Dickson!
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The most noteworthy point, however, is this, that Galton having the

correlation table before him of the statures of 928 offspring and of their mid-

parents proceeded after smoothing the frequencies to determine the contour

lines and found them to be:

(i) a system of concentric and similar ellipses about the common mean of

the filial and midparental statures.

Further:

(ii) the regression straight lines were conjugate diameters to the two axes

of stature.

He also determined from his contours the ratio of the axes of this ellipse

system, and the inclination of the major axis to the horizontal. The ellipse,

which served as type, is given in the accompanying diagram (see Fig. 4,

p. 14), and the observed values on this ellipse and the values computed from
Mr Dickson’s Formulae are* :

Galton from Contours From Dickson’s Formulae

Regression Slope 1 in 3 6 in 17 ‘5

Major to Minor Axis 10 to 5'1 J7 to J2 or 10 to 5'35

Inclination of Major Axis 25° 26° 36'

It is needless to say that Galton was delighted with this accordance.

He wrote f as follows with regard to it:

“I may be permitted to say that I never felt such a glow of loyalty and respect towards
the sovereignty and magnificent sway of mathematical analysis as when his [Mr Dickson’s]

answer reached me confirming, by purely mathematical reasoning, my various and laborious

statistical conclusions with far more minuteness than I had dared to hope, for the original data

ran somewhat roughly, and I had to smooth them with tender caution].”

We ought on no account to overlook the fact that the theory of linear

regression and the associated homoscedasticity were evolved by Galton from

his sweet-pea experiments, confirmed by his stature measurements, and
resulted practically in the form of the normal surface for two variates with its

elliptic contours, before the mathematical theory of correlated errors was
known to him. It is one of the most striking lessons in what may be achieved

by a patient analysis of even crude observations. Yet without being dis-

couraged in our own attempts at similar discoveries, we do well to remember
that only an exceptional mind has the insight to discriminate between the

essential and the non-essential in a mass of statistical data, and to select those

two principles which illuminate the manner in which a population reproduces

itself stably by aid of heredity—and what is more in so doing to pave the

way to the solution of many other problems of a wholly different character.

Fig. 5, p. 16, shows the regression line of offspring on midparent for the case of

stature; it is, I think, the second regression line ever drawn, and Galton
indicates by the line at 45° exactly how much the offspring fall behind the

stature of their individual midparent. He added to this regression diagram,

a picture of his “Forecaster of Stature”—which might equally well be used to

* Journal of the Anthropological Institute, Yol. xv, p. 263.

f Ibid. p. 255. | Ibid. p. 255.



14 Life and Letters of Francis Galton

Fig.

4.

Galton’s

Elliptic

Contour

drawn

from

his

observations.



Correlation and Application of Statistics to Problems of Heredity 15

predict the probable value of any third variate from a knowledge of two
others*. The working of the Forecaster is almost obvious on examination of

the diagram, but for the benefit of those who come for the first time to the

subject ofregression I give Galton’s own words:

“The weights M and F have to be set opposite to the heights of the mother and father on

their respective scales; then the weight sd will show the most probable heights of a son and
daughter on the corresponding scales. In every one of these cases it is the fiducial mark in the

middle of each weight by which the reading is to be made. But, in addition to this, the length of

the weight sd is so arranged that it is an equal chance (an even bet) that the height of each son or

each daughter will lie within the range defined by the upper and lower edges of the weight on

their respective scales. The length of sd is 3 inches = 2/f; that is, 2 x 1-50 inch.

“A, B and C are three thin wheels with grooves round their edges. They are screwed together

so as to form a single piece that turns easily on its axis. The weights M and F are attached to

either end of a thread that passes over the movable pulley D. The pulley itself hangs from a

thread which is wrapped two or three times round the grove of B and is then secured to the

wheel. The weight sd hangs from a thread that is wrapped in the same direction two or three

times round the groove of A, and is then secured to the wheel. The diameter of A is to that of

B as 2 to 3. Lastly, a thread wrapped in the opposite direction round the wheel C, which may
have any convenient diameter, is attached to a counterpoise.

“It is obvious that raising M will cause F to fall, and vice versa, without affecting the wheels

A, B, and therefore without affecting sd; that is to say, the parental differences may be varied

indefinitely without affecting the statux-e of the children, so long as the mid-parental height is

unchanged. But if the mid-pai’ental height is changed, then that of sd will be changed to § of

the amount.
“The scale of female heights differs from that of the males, each female height being laid

down in the position which would be occupied by its male equivalent. Thus 56 is written in the

position of 60 '48 inches, which is equal to 56 x L08. Similarly, 60 is written in the position of

64’80, which is equal to 60 x 1-08J.”

The last words indicate what is, I think, an important point: Galton
obtains the female from the male stature by multiplying by the constant factor

1’08. This he obtained as the ratio of the male to the female mean value,

and he practically assumes this ratio to be the same for all other statures.

In a certain sense I think this is, at least theoretically, a retrograde step

from his suggestion of 1877. He then took the transmuted female mean to be
the male mean plus the female deviation increased in the ratio of male to

female variability. This appears to be theoretically a better process of trans-

mutation. Practically the two methods will only agree, if the ratio of the

two variabilities is equal to the ratio of the two means, i.e. if the so-called

coefficients of variability of the two sexes are equal. This is approximately
but not absolutely true for a number of human characters.

There are of course several other conditions which must be fulfilled to

make Galton’s definition of midparent valid, and some of these he discusses.

In the first place the parents must mate at random with regard to the

character dealt with, i.e. there must be no sexual selection in the form of

assortative mating with regard to stature., tall must not tend to marry tall,

* It would only be needful to adopt scales in accordance with the constants of the bivariate

regression formula.

t In this paper Galton uses the symbolf for the quartile deviate,

t Joum. Anthrop. Institute
,
Yol. xv, p. 262,
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nor short, short. Galton discusses* the absence of assortative mating for

stature and forms the following table, where the medium group embraces
individuals of 67" and up to 70" stature for males or transmuted females:

Husband

Short Medium Tall Totals

Short . .

.

9 28 14 51

Medium 25 51 28 104
Tall ... 12 20 18 50

46 99 60 205

He notes that there are 27 like marriages short with short and tall with
tall, and 26 contrasted marriages f short with tall, and argues that there is

no assortative mating in stature. In a fuller treatment of the same data
by the present writer the coefficient of resemblance between husband and
wife was found to be '093 + '047 which might just be significant. Later
work has shown that there is sensible assortative mating not only in stature

(•280), but in span
(

-

199) and cubit (*1 98)§ ;
in other words big men do tend to

marry big women and small men small women. Galton’s data show, however,
so little assortative mating that his results were not sensi

disregarding it.O O
#

Galton now turns to another point, namely : Does the difference in stature

of parents influence the stature of the offspring? He was clearly conscious

that this was an important point, for on it depends whether his value for the
midparental stature is or is not to be considered correct. As we should now
express it, he was really asking whether the stature in the offspring was
equally correlated with the statures of the two parents, or rather, that is the
question he would have been asking had he transmuted his female deviations

to male deviations by aid of the ratio of the two variabilities and not of the
two means

1

1. If the two correlations be not equal, then Galton’s “ Forecaster,”

based on his conception of midparent, would give incorrect results. Galton
indicates in a table

(
Journ . Anthrop. Instit. Yol. xv, p. 250) that the differential

influence of the parents should not be very great, but he does not really

bly influenced by

* Journ. Anthrop. Instit. Vol. xv, p. 251.

t Printed in loc. cit. 32 instead of 26.

+ Phil. Trans. Vol. 187 A, p. 270, 1896.

§ Biometrika, Yol. ii, p. 373.

I!
If r13 be the paternal, r23 the maternal coefficient of correlation and r12 that of assortative

mating, the bivariate formula shows us that to give equal weight to father and mother we must
have equality of the two expressions

r„ - r„r„.
and

1 -r13
2

{Roy. Soc. Proc. Vol. vm, p. 240, 1895), and this involves r13 = r23 ,
i.e. the equality of the parental

influences.

pg in 3
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determine it quantitatively,

correlations* :

Son
Daughter

Actually for his data we have the following

Father Mother

•396 + -024 -302 ±-027
•360 ±-026 -284+ -028

There was thus really quite a well-marked prepotency of the father in

the case of stature. Later results on ampler and better material have
failed to confirm this prepotency f ;

I think it may well have been due to

amateur measuring of stature in women, when high heels and superincum-

bent chignons were in vogue
;

it will be noted that the intensity of heredity

decreases as more female measurements are introduced. Daughters would be
more ready to take off their boots and lower their hair knots, than grave
Victorian matrons. As we have not since succeeded in demonstrating any
sex prepotency in parentage, Galton’s assumption that such did not exist

justifies his theory. But this assumption was not justified by his actual data
and affects seriously the values of the constants he reached, which are all too

low in the light of more recent research. I think we should be inclined to

say now that the regression of the offspring deviate J is on the average

nearer to f than to Galton’s § of the midparental deviate. Galton, however,

recognised very fully that his numerical values were only first approxima-
tions. He writes:

“With respect to my numerical estimates, I wish emphatically to say that I offer them
only as being serviceably approximate, though they are mutually consistent, and with the

desire that they may be reinvestigated by the help of more abundant and much more accurate

measurements than those I have at command. There are many simple and interesting relations

to which I am still unable to assign numerical values for lack of adequate material, such as

that to which I referred some time back, of the relative influence of the father and the mother
on the stature of their sons and daughters.

“I do not now pursue the numerous branches that spring from the data I have given, as from
a root. I do not speak of the continued domination of one type over others, nor of the persistency

of unimportant characteristics, nor of the inheritance of disease, which is complicated in many
cases by the requisite concurrence of two separate heritages, the one of a susceptible constitution,

the other of the genus of the disease. Still less do I enter upon the subject of fraternal devia-

tion and collateral descent§.”

Galton’s reasons for making a special study of stature are dealt with at

considerable length and summarised as follows:

“ The advantages of stature as a subject in which the simple laws of heredity may be
studied will now be understood. It is a nearly constant value that is frequently measured and
recorded, and its discussion is little entangled with consideration of nurture, of the survival

of the fittest, or of marriage selection. We have only to consider the midparentage and not to

* Phil. Trans. Yol. 187 A, p. 270, 1896.

t See Biometrika, Vol. ii, p. 378, 1902.

} Galton in this paper introduces the term “deviate “I shall call any particular deviation

a ‘deviate,’” Journ. Anthrop. Instit. Yol. xv, p. 252. The term was perhaps unnecessary con-

sidering the existence of “ deviation,” but it has come into general use, and is perhaps more
justifiable in Galton’s sense than “ variate,” which is now so often used, not for a particular

variation, but for the “ variable ” itself.

§ Journ. Anthrop. Instit. Vol. xv, p. 258.
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trouble ourselves about the parents separately. The statistical variations of stature are extremely
regular, so much so that their general conformity with the results of calculations based on the

abstract law of frequency of error is an accepted fact by anthropologists. I have made much
use of the properties of that law in cross-testing my various conclusions and always with

success*.”

Galton considers the fact that stature is not a simple element, but a

compound of the accumulated lengths or thicknesses of more than a hundred
parts, to be a distinct advantage and a source of the beautiful regularity of

its frequency distributions f. He does not see that this may tend to screen

; some fundamental law which may be obeyed by the simple components.
Thus we note that as a rule the parental correlations decrease as we take

characters based on fewer elements, e.g. the parental correlations for span
are less than those for sta/ture, and those for forearm are less than those for

span. There might be—I on my part do not assert that there is—an alternate

inheritance in the simple components, which is screened in the complex
compound J. To this Galton might well have replied: Why should a single

bone be looked upon as an ultimate element, if it develops from a number
of centres of ossification, and pushing the matter further may we not be

driven to find the simple component ultimately in a cell? The “simple com-
ponents,” which obey some equally simple law of inheritance, are still to find

1 in the bony skeleton of man.
Two further terms defined by Galton may here be considered.

He recognises that the individuals in what we now term an array (a column,

or row) of the correlation table are not in themselves -blood kindred, they
are not, for example, all sons of the same parents, or all brothers of the same
individual. Their link is that they are all sons of a set of parents having the

same small range of any character, or again all brothers who have a brother

within the same small range of character. Thus these individuals probably
differ in both ancestry and nurture. Galton proposes to call them “co-kinsmen

”

or more definitely according to the array type “co-filials” or “ co-fraternals.
”

By such terms he only means that their correlated variable (e.g. stature in

parent, brother or collateral) has the same value, or limited range of values.

Galton was thus fully aware that the variability within a family group of

brethren, a fraternity, was not the same as the variability within such an
array or co-fraternity, or co-kinship. Galton’s terms have not come into

general use, it is, perhaps, awkward to call individuals co-kinsmen who are

not kinsmen at all. But the failure to distinguish between a fraternity in

the true sense, and a co-fraternity in Galton’s sense, has not been unfruitful

of error§. It is, perhaps, best to stick to the words “filial array” or “ fraternal

* Joum. Anthrop. Instit. Vol. xv, p. 251. t Ibid. p. 249.

J Those who assert that stature or cephalic index “ mendelises,” have not explained how
the bones on the dimensions of which they are formed themselves react to inheritance. If

these simpler elements “mendelise,” how comes it that the compounds do, and what becomes
of the correlations between these components 1

§ If r be the correlation coefficient of offspring on midparent and R be the multiple correlation

coefficient of offspring on the whole of its ancestry, then, <r being the standard deviation of off-

spring, a Jl- r2
is the variability of a co-fraternity and <r Jl — R2 the variability of a fraternity,

or group of blood brothers.

3—2
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array,” the word array suggesting that we are dealing with a wider group
than a single family.

The next idea raised by Galton is very important for later researches.

He goes to the root of his law of regression when he states that the somatic

character of the parents does not fully define the somatic character of the

offspring. The somatic character of the parents is not the full representative

measure of the germ plasm of the stirp. This is represented by a long series

of ancestors, who become so numerous as we go backward, that their mean
value for a generation cannot differ from mediocrity. Regression in Galton’s

view is the result of the influence of parental heredity pulling the offspring

so to speak towards the parental value and the mediocrity of the more distant

ancestry pulling towards its own value of the character.

Now we may or we may not know something of the ancestry behind the

first midparent. If we know nothing absolutely then the fact that the first

midparent has a certain character value enables us to predict a certain

probable value for the next midparent and so on. If we did know completely

the ancestry, we might replace the whole ancestry by a single midancestor.

To this midancestor, we may give the name “generant.” Again we had better

cite Galton’s own words, because although the idea is suggestive he does not

define it in a manner which enables us to determine mathematically its nature.

From what we said above it is clear that we may have a true generant and
a probable generant based on only a partial knowledge of the ancestry*.

Galton s Conception of the Generant.

“ The explanation of it [Regression] is as follows : The child inherits partly from his parents,

partly from his ancestry. Speaking generally the further his genealogy goes back, the more
numerous and varied will his ancestry become, until they cease to differ from any equally num-
erous sample taken at haphazard from the race at large. Their mean stature will then be the same
as that of the race

;
in other words, it will be mediocre. Or, to put the same fact into another

form, the most probable value of the midancestral deviates in any remote generation is zero.

“ For the moment let us confine our attention to the remote ancestry and the midparentages,

and ignore the intermediate generations. The combination of the zero of the ancestry with the

deviate of the midparentage is the combination of nothing with something, and the result

resembles that of pouring a uniform proportion of pure water into a vessel of wine. It dilutes

the wine to a constant fraction of its original alcoholic strength, whatever the strength may
have been.

“ The intermediate generations will each in their degree do the same. The middeviate in any
one of them will have a value intermediate between that of the midparentage and the zero value

of the ancestryf. Its combination with the midparental deviate will be as if, not pure water,

but a mixture of wine and water in some dehnite proportion, had been poured into the wine.

The process throughout is one of proportionate dilutions, and therefore the joint effect of all of

them is to weaken the original wine in a constant ratio.

“We have no word to express the form of that ideal and composite progenitor, whom the

offspring of similar midparentages most nearly resemble, and from whose stature their own
respective heights diverge evenly above and below. If he, she or it, is styled the “ generant

”

of the group, then the law of regression makes it clear that parents are not identical with the

generants of their own offspring.”

* Journ. Anthrop. Instit. Yol. xv, pp. 252-3.

f This sentence is not, I think, correct as it stands. A man might easily have four grand-

parents all taller than his parents. Galton probably meant to insert the words “ on the

average.”
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If U for any character be the deviate of the generant from the mean of

the race, then the individual endowed with such U’s for all characters would
represent the stirp of any family. Unfortunately Galton does not give us

any method for determining the U of the generant. I think, however, if

we take the character U of the generant to be that linear function of the

characters of all the ancestry which gives the highest correlation R with the
character in the offspring, it throws light on Galton’s idea. In this case U is

simply proportional to the multiple regression expression. If we make the
following hypotheses, which have considerable experimental evidence in their

favour, namely

:

(a) that the individual correlations of offspring with male and with
female ancestors are equal,

(b) that such correlations with individual ancestors die out in a geometri-

cal ratio, i.e. the correlations of the offspring with individual parents (father

or mother), with individual grandparent (male or female), with individual

great-grandparent, etc. form a series r,, r
l
a, r.,a

2

,
etc., where a is less than

unity, then it can be demonstrated that the deviate U will be given by
the formula #

U= y(h1 + + frh3 + . .
. ),

where hlt h2 ,
h3 ,

etc. are the deviates of the midparental characters in the

successive grades of ancestry and y, (3 are constants, which can be found in

terms of r, and a. Further, the fraternity of which U defines the stirp will

vary round U with variability a-Jl—R'1

,
where R (the “coefficient of

multiple correlation”) is known in terms of r
1
and a, or ofy and (3.

The expression for U, or the deviate of the generant which defines the

stirp, has been termed the Law of Ancestral Inheritance f. It is not a

biological hypothesis, but the mathematical expression of statistical variates,

which obey, as many measurable characters in man, certain forms of frequency

distribution, these being maintained in successive generations. It can be
applied with special values of y and (3 to many biological hypotheses. We
are, however, not concerned to discuss these matters here, but merely to

point out that in the papers we are now dealing with Galton was feeling his

way upwards towards this Law of Ancestral Inheritance, though I venture
to think by a faulty stairway. The somewhat complicated mathematics of

multiple correlation with its repeated appeals to the geometrical notions of

hyperspace remained a closed chamber to him, necessary as multiple correla-

tion now is for many practical problems of modern statistics. As I have said

there is a true generant, i.e. one in which we insert the true values of the

different ancestral midparental deviates, namely hlt h.
2 ,
h3 ,

... as above, and a

probable generant for which we only know h
x
and put in probable values

* Biometrika
,
Vol. vm, pp. 239-243.

t Roy. Soc. Proc. Yol. lxii, p. 386. For the fuller mathematical treatment see Biometrika
,

Vol. vm, pp. 239-240 and Vol. xvii, pp. 129 et seq.
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based on h, for k
2 ,
h3 , . .., etc. Galton deals only with the latter. He writes

as follows*:

“ When we say that the midparent contributes two-thirds of his peculiarity of height to

the offspring, it is supposed that nothing is known about the previous ancestor. But though
nothing is known, something is implied, and this must be eliminated before we can learn what
the parental bequest, pure and simple, may amount to. Let the deviate of the midparent be x
(including the sign), then the implied deviate of the midgrandparent will be ^ x

,
of the mid-

ancestor in the next generation ^ x and so on. Hence the sum of the deviates of all the

midgenerations that constitute the heritage of the offspring isa;(l-t-^-i-A-i- etc.) = x\.

Now I think this result erroneous because it assumes that the quantities

y, ya,ya2

,
... of the generant above can be found from the simple regression

formula of parent on offspring. This we know to be very far from the fact,

the multiple regression coefficients have no such simple relations to parental

regression. The fallacy lies, I think, in this: we could imply that value of

the grandparental from the parental deviate by means of the simple regression

formula, but to do this is to assert that all the remaining h’s, h3 ,
hi ,

etc., are

put zero, i.e. are given every conceivable value, with the mean value zero.

But we are going to imply other than zero values for these h’s, hence our

system of implied ancestral values is not consistent and this, I think, is

indicated by the total heritage coming out xf. To get over this difficulty

Galton proceeds “to tax” each contribution to the heritage. He takes as

two extreme cases (a) a uniform taxation of all ancestral contributions of -

,

and
(
b
)
a taxation geometrical in amount, supposing — of the total only to

be transmitted from one generation to a second. He thus reaches the

following expressions

:

/111 \ 1 3
x — + — + — + etc.... = - x -,
\n 3n 9n ) n 2

/II 1 A \ 3
x — +—2 +—3 + etc. . . . = x .

\m 3m 9m / 3m — 1

But x being the midparental character the heritage of the offspring is,

Galton says, %x, thus- = and — = — . From this he draws the conclusion

that both may be taken to be ^ approximately. But here the reasoning

seems at fault, for the offspring heritage of is based on all the other

midparental deviates h.2 ,
h3 ,... taking their average or zero values. The

regression coefficient would not be two-thirds, if they took the values

-gA, etc.

Finally from what Galton has just said it would appear that we might
have two series for determining ancestral contributions, the one in n, i.e.

..., or the one in m, i.e. But this is clearly not what he

* Roy. Soc. Proc. Yol. lxii, p. 61, and compare Journ. Anthrop. Instit. Vol. xv, pp. 260 etseq.
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understands, for having determined the midparental contribution to be \ from

either series, he now writes* of the values of - and — :

n m
“These values differ but slightly from J, and their mean is closely £, so that we may fairly

accept that result. Hence the influence, pure and simple, of the midparent may be taken as £,

of the midgrandparent p, of the midgreatgrandparent and so on. That of the individual parent

would be i, of the individual grandparent Jg-, of an individual in the next generation and
so on.”

Thus Galton reaches his Separate Contribution of each Ancestor to the

Heritage of the Child
,
a principle which is often spoken of as his Law of

Ancestral Heredity. In reaching it he apparently drops his - series altogether

and follows his — series with its geometrical system of taxation. This is
TO o ^

distinctly more in keeping with the expression for the generant deviate U
above, which runs in a geometrical series. If we assume all the ancestors to

have the same deviation h, we have U= r
1-/3

h, and, if the offspring value

might in such a uniform breed be also taken as h, it follows that y = 1 — /3.

Hence if we take the first midparents’ contribution to be i.e. y — \, with

Galton, it follows that /3 = and our series is Galton’s geometrical series with

his radix value, a half. But I venture to think it was inspiration rather than

correct reasoning which led him to a geometrical series for U.

On the other hand his multiple regression coefficients ... suffice to

determine what the correlations between an individual ancestor in any
generation and the offspring ought to be. They take the values for parents ’3,

for grandparents ^ x ‘3, for great-grandparents x ’3 and so on. Galton found
Lj

his midparental regression § and took his parental to be This is not so

far from -

3, that we could say it confutes Galton’s Ancestral Law. But we
find Galton taking the grandparental regression and therefore the correlation

fr,
the great-grandparental fj- and so on. These values form a series a, a2

,

a?, ... for the individual ancestral correlations and lead to y= 1, /3 = 0, or to

the generant U being solely determined by the parents, the higher ancestry

contributing nothing to the generant $. Hence it follows that Galton’s

Ancestral Law is not in keeping with the values he has taken for his

individual ancestral correlations. The reasoning by which he has reached
one or the other is defective. As I have said Galton’s guess at a geometrical
relation for the coefficients of U was an inspiration, but his idea that a grand-
son is the son of a son and so his regression (and with a stable population
his correlation) must be ^ x = £ is fallacious. Regression coefficients cannot
be obtained from each other in this manner.

* Roy. Soc. Proc. Yol. lxii, p. 62.

t This will be equal to the correlation, for the variabilities of both variates are taken to be
the same.

+ See Phil. Trans. Yol. 187, A, p. 306, 1896.
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Galton, by means of seeking the slope of the regression line, found the

regression of brother on brother to be § and this accordingly would be the

fraternal correlation
;
he then said : a nephew is the son of a brother, therefore

his regression on his uncle = ^ x § = •§-. Again I do not believe that regressions

can be built up in this manner. It appears to be multiplying together

probabilities that are not independent, but correlated; for all a regression

provides is a probable deviation, and we cannot apply independent probabilities

to a correlated triplet. Why may not a brother be considered as the son of a

midparent and so have regression f x § = instead of Galton’s observed value

§? Why might we not equally well argue that a nephew is the grandson of

a midparentage, which gave rise to his uncle and thus the nephew-uncle
regression be ^ x § x

-f
= instead of -§-? Why should cousins * be considered

the offspring of two brothers ^ x f x rather than as the grandsons of one
midparentage ^x§x§x-|? Even if we are always to take the “shortest way
round,” no argument is given in favour of it, and it could only be satisfactorily

demonstrated by actual data.

Fig. 6. Galton’s Filial and Fraternal Regression Lines.

I do not think Galton’s method of deducing the degrees of resemblance

between kinsmen of various degrees of blood relationship from the single

datum of the regression of a filial array on its midparent will pass muster;
it is extraordinarily suggestive—no one had thought before of giving

a quantitative measurement to the various types of kinship. Galton indicated

how it could be done by aid of correlation tables and gave at this time two
such tables!, those for midparent with offspring and for brother with brother.

These are both from his R. F. F. (Records of Family Facidties), but he also

provided another correlation table giving the distribution for a special series

of pairs of brothers. In Fig. 6 will be found his regression lines for offspring

on midparents, and for brother on brother. His method of reduction was,

however, very different from any we should adopt to-day. When he wanted
a mean he determined a median, and he did this by roughly proportioning

(graphically) the total in the cell in which it lies, he worked not with the

* The value J x ^ x ^ = is given by Galton: Natural Inheritance
, p. 133.

f If we include the earlier one for the seed-weights in mother and daughter plants for the

case of sweet-peas (see our p. 4) we have here the four earliest correlation tables and regression

lines ever published.
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standard deviations, but the probable errors, and he determined these from the

quartiles by rough proportioning as before. When he wanted a regression

coefficient he plotted the medians of the arrays and fitted these with a

straight line, presumably by testing with a straight edge. The slope of this

straight line is Galton’s regression coefficient. If we assume the standard
deviation of the two marginal columns to be the same, then this regression

coefficient is the coefficient of correlation, but that term was not used by
Galton in the group of memoirs at present under discussion.

It will be remembered that Galton transmuted all his females to their

male equivalent, and then found his regression for offspring on midparent to

be § and therefore on a single parent to be -^ = ‘3333. Reworking the
whole material ten years later I found the mean of the four possible parental

correlations to be '3355 #
,
in singular accordance with his rougher methods,

which, however, had largely screened the significant inequalities of the
parental correlations in his case.

Turning to Galton’s data for brothers I note that he nowhere tells us how
he gets his regression coefficient of §. In the R. S. Proe. paper

(
loc . cit. p. 55)

there is a small graph for the “ Special” data for brothers, none for the R. F. F.

data for brothers. The slope of the regression line Galton has run through
the array medians is, as near as I can judge it, 34°, or the regression would
be '6745, which Galton would call §. In the Natural Inheritance, p. 109,

there are small charts for the regression lines of both the R. F. F. and the

“Special” data, the former (which does not go truly through the mean) has

an angle of 24° giving a correlation of '4452 and the latter an angle of about
33°, or a slope of ’6494. Actually forming tables myself on Galton’s data I found

for the R. F. F. Regression of Brother on Brother '4547, and for the “ Special”

data '5990, not so violently diverse from Galton’s results, when we consider

the difference of methods, and personal equation in selecting pairs of brothers

for tabular entry. But there is a point in which I find it needful to differ

from Galton in the value of his material. I believe that the “Special” data

were really heterogeneous; they contained pairs of brothers measured in an

Essex volunteer regiment, who taken alone gave a regression of no less than

'7175, while the remainder had only a value of '5574. I am inclined to think

therefore that we need to throw out the volunteers, and if we do so the mean of

Galton’s two results, ^(•4452 + ’5574) = '5013,is very close to the mean value

•50 which has since been found on more satisfactory and ampler data for a

variety of characters in man. I doubt whether it is possible to accept Galton’s

original estimate of § for fraternal regression and correlation, and believe that

he may have been led to select the higher value of the two he had obtained

by an idea that fraternal should equal midparental regression.

Anyhow in these numbers we find the first attempt to obtain a numerical

measure of the degree of resemblance in brothers, just as in another part of

the paper he has provided us with the first measure of filial resemblance.

Galton knew quite well that his values were not final, but here, as so often,

he blazed the track for others to build a highway.
* See our p. 18.

r giii 4
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There is another suggestion in the Royal Society paper which has

ultimately been followed up to great profit, namely that the variability

within the family could be ascertained by considering the difference in

the same character of pairs of brothers. Let R be the multiple correlation

coefficient of an individual on all his ancestors or his correlation with
his “generant,” then since two brothers have the same ancestry the

variability in a family of brothers is <r v 1 — R\ where <r is the standard

deviation of brothers. Now if x
x
and x

2 be the characters in a pair of

brothers, for example their statures, we have (x
1 + x

2) for their mean and

^ (x^ — xf for their standard deviation squared, or so-called variance. If this

be taken for a large number of pairs, then it may be shown that

Mean variance for pairs of brothers = \ cr (1 — r) = \ cr (1 — R2

),

where r is the simple correlation of brothers*.

These results have really been given as early as 1886 by Galton. He
does not use R, and instead of standard deviations, speaks of quartile values,

i.e. probable errors. He writes b for our ’67449 cr Jl — R2

, p for our '67449 <r,

and our r is his regression of brother on brother or his w. Thus in his symbols

:

Mean (probable error)
2 of pairs of brothers = \p

l

(1 — w) = \ b
2
.

These results are given on pp. 58-59 of the R. S. Proceedings’ memoir,

and demonstrated by methods which appeal only to the most elementary
conceptions. When we come to actual numerical values, Galton finds a series

of values for b (the probable deviation in a group of brothers) which ranges

from 0
//-98 to —a result which might be anticipated from the rather

heterogeneous nature of his material. If for the reasons already stated we do
not trust to the “ Special” data only, but use also the R. F. F. results, the mean
value (Table, p. 59) found by the various processes for b is 1

//,
179. For p

I find from Galton’s table on his p. 69, l
//
‘684, and thus deduce for R the

value 7140, comparing not badly with the value ’7284 obtained recently for

brothers from probably better dataf. Clearly with these values for p and b

that for w, the regression of brother on brother or the correlation of brothers,

is '5096 and not § = ’6667 as Galton assumed it, trusting to his “Special”

data; this is a result agreeing far better with later determinations of

fraternal heredity J.

The whole paper is a most remarkable one, not only for the wealth of

new ideas it contains, but for the insight it shows Galton had into many
problems which have only been recently, or are only at present, under

* Biometrika, Vol. xvii, pp. 130-1. t Ibid. p. 138.

X A further point worth recording occurs on p. 58 of the JR. S. Proc. memoir. Suppose
samples of size n are taken from a normal distribution. Then the mean square standard deviation

of these samples, ju2 ,
is given in terms of the standard deviation squared, 22

,
of the sampled

population, by jiZ2
= — 22

. Galton puts this in probable deviation form as d- = — b2 and

putting n = 4, 5, 6, 7 applies it to find b2 from mean square probable deviation (in his termino-

logy the quartile) of brothers in families of different sizes. Thus anticipating more recent work
on small samples.
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discussion. He perceived for the first time that the problem of multiple

correlation when solved would give the closest prediction possible to the

probable value of the character in an individual from known characters in

the kinsfolk, but he also recognised that long selection could not indefinitely

reduce variability, that 30°/o reduction in variability was about as much as

could be hoped for (i.e. p to b in his notation).

“ The possible problems are obviously very various and complicated, I do not propose to

speak further about them now. It is some consolation to know that in the commoner questions

of hereditary interest, the genealogy is fully known for two generations, and that the average
influence of the preceding ones is small.

“In conclusion it must be borne in mind that I have spoken throughout of heredity in respect

to a quality that blends freely in inheritance. I reserve for a future inquiry (as yet incomplete)

the inheritance of a quality that refuses to blend freely, namely the colour of the eyes. These
may be looked upon as extreme cases, between which all ordinary phenomena of heredity lie*.”

These words show that Galton fully recognised that his theory applied

only to continuously varying and blending characters.

The paper in the Anthropological Journal Miscellanea, while less replete

with ideas requiring mathematical interpretation than that in the R. S.

Proceedings, contains two matters which deserve notice. Over and over

again we meet with the statement that more able men are bom from undis-

tinguished parents than from parents of marked ability. In the year 1927
it formed the subject of a series of controversial letters in The Times news-
paper, in which neither side seemed to have any statistical ammunition, nor

appeared to be aware that they were dealing with a forty year old paradox,

which Galton had refuted in 1885 :

“ Let it not be supposed for a moment that any of these statements invalidate the general
1

doctrine that the children of a gifted pair are much more likely to be gifted than the children

of a mediocre pair. What they assert is that the ablest child of one gifted pair is not as likely

to be as able as the ablest of all the children of very many mediocre pairs f.”

In 1 900 J the biographer gave exact numbers for the production of ability

on the assumption that one man in twenty may be treated as “able.” It

turned out that in 10,000 matings the 52 pairs of exceptional parents pro-

duced 26 exceptional sons, while the 9948 non-exceptional pairs produced

474 exceptional sons, thus the rate of production of exceptional sons by
exceptional parents was 10 times greater than the rate by non-exceptional

parents, but the latter produced more than 18 times as many exceptional

sons as the former. The result flows merely from the fact that a rate of 10

times the production in the case of exceptional parents is counteracted in

total output, by the fact that there are some 200 times more non-exceptional

than exceptional pairs of parents. It is distressing to note how such

distinguished scientists as Dr Leonard Hill are unable to grasp the interpre-

tation of this simple statistical paradox first provided by Galton in 1885

!

The second point is the publication of a diagram illustrating the vari-

ability of a stable population in the parental generation, for the midparentages,

for the generants, and for the filial generation. The diagram (see our p. 28) is

* R. S. Proc. Yol. lxii, pp. 62-63. t Journ. Anthrop. Instit. Yol. xv, p. 254.

X Phil. Trans. Yol. 195, A, p. 47.
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not described at length*, and I have ventured to modify it in one or two
directions, which I believe will make it somewhat clearer. The main difficulty

I have is to interpret what Galton meant by the column headed “Generants.” If

he meant by “ Generant ” the hypothetical individual that I have represented

by U above, a sort of “midancestor,” replacing the whole stirp, then I think

the variability of this midancestor should be given by J 1 — R\ where cr
1
is

the standard deviation of the population for the given character. For stature,

using not <x, but the quartile, this would be Galton’s b or l"T79, or the

value which Galton selects for b, i.e. In his diagram, we have under
the “Generants” column “Probable deviation” 0

r/,

8 ;
this number does not

occur, as far as I can see, anywhere else in the paper. One solution I can

suggest is that Galton was thinking of the variability of pairs of his new

population; in this the variability of these paired generants would be b/J'2,

and ’8 x \^2 = 1T31, almost the mean between the above values of b. Another
explanation may be that Galton had not reached the comprehensive idea of

the single midancestor, which I have defined by the “ generant ” above, but
that his generant depended solely on the midparent and was to be taken as

an individual with f of the character of the midparentage. In this case the

variability of the generant group would be § of that of the midparental

group, i.e. § (l"'2) = If this be true the generant would be only a

hypothetical individual who produced offspring varying about his own, and
not about a regressed type. I trust this latter solution may be erroneous,

as I should like Galton to have conceived the idea of a single individual

—

not one depending only on the parents—who would represent the whole
stirp or ancestry. At any rate let us preserve in future the good word
“generant” for the hypothetical individual who possesses, in the manner
indicated by the function U, all the midancestral characters which are

capable of showing a blending inheritance. Such a generant is a sort of mean
man for the stirp, who for statistical purposes represents the whole ancestry.

If Galton had not this idea, he provided at least the origin from which it

sprung! If his generants are the receded midparents, let us ourselves use

generantsfor the midancestry, who will notofnecessity involve regression at all.

Of the Birmingham Lecture on “Chance and its Bearing on Heredity
”

little need be said, it only adds to what we have already discussed, emphasis
on the point that in a stable population the whole inheritance of any blending

character depends on the knowledge ofthree constants: (i) the mean character

in any generation, (ii) the corresponding variability, and (iii) a single here-

ditary correlation.

Galton gave a further account of his researches on regression in stature

* Galton is explaining how the new generation is a reproduction of the old and writes:
“ the process comprises two opposite sets of actions, one concentrative and the other dispersive,

and of such a character that they neutralise one another and fall into a state of stable

equilibrium (see Diagram [on our p. 28]). By the first set, a system of scattered elements is

replaced by another system which is less scattered
;
by the second set, each of these new

elements becomes a centre whence a third system of elements is dispersed”
(
loc. cit. p. 256).

This is the only reference to the diagram or its interpretation I have noticed.
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in his Presidential Address to the Anthropological Institute on January 26,

1886 #
. One or two points from this address may be noted. On pp. 491-3

he describes the working model which he exhibited to indicate how the

‘probable stature of any man could be ascertained from that of a kinsman in

any degree. Since the regression is constant all we have to do is to make
use of the property of similar triangles. AB is a scale of stature, where M is

the mean stature of the population.

S' is any particular stature, 0 a

point on the horizontal through M,
so that OM =10 units, then if

Om = 1 Or, where r is the correlation
°

of the particular grade of kinship,

a string from 0 to S' will cut a

vertical line through to in a point -Lb _Lb

S, such that the point S gives the Fig- 8 -

probable stature of the kinsman of the grade r of correlation. Galton put on
a number of lines to determine probable stature in sons, nephews, grandsons,

m M

etc. He also constructed scales based on the standard deviation (crs/l— r2

)

showing the percentile distribution for each grade of kinship. These scales

could be shifted up and down on their respective lines ab, so that the prob-

ability could be measured of any deviation from the probable stature S. As
Galton’s numerical values for the regressions were somewhat doubtful, I con-

structed at his suggestion some ten years later a life-size “ Geniometer ” on
this plan with the revised values we had then determined for the hereditary

correlations. It is reproduced on Plate I. The original figures which are in

brilliant colours t gave Galton and I hope my audience some amusement.
In a presidential address of this kind, it is legitimate to let one’s thoughts

run freely, there is no need sternly to demonstrate each step as may be

thought fitting in a Royal Society paper. Accordingly Galton “ let himself

go.” Some quotations will illustrate for the reader what opinions were
forming in his mind, they are not demonstrated judgments—it is doubtful if

some are demonstrable at all.

(i) On the Normal Distribution or Law of Error (pp. 494-5).

“ I know of scarcely anything so apt to impress the imagination as the wonderful form of

cosmic order expressed by the ‘ law of error.’ A savage, if he could understand it, would
worship it as a god. It reigns with severity in complete self-effacement amidst the wildest

confusion. The huger the mob and the greater the anarchy the more perfect is its sway. Let
a large sample of chaotic elements be taken and marshalled in order of their magnitudes, and
then, however wildly irregularthey appeared, an unexpected and most beautiful form of regularity

proves to have been present all along. Arrange statures side by side in order of their magnitudes,

and the tops of the marshalled row will form a beautifully flowing curve of invariable proportions;

each man will find, as it were, a pre-ordained niche, just of the right height to fit him, and if

the class-places and statures of any two men in the row are known, the stature that will be found

at every other class-place, except toward the extreme ends, can be predicted with much precision.”

* Journ. Anthrop. Instit. Yol. xv, pp. 487-499, 1886.

f The actual artist, who was then a member of my staff, is now a distinguished man of

science, a grave and learned professor, and might not be too pleased if I gave his name away

!



Take the red thread through any value on the scale of stature, say 74", then the average

stature of persons having all the kinsfolk described below of that stature would be obtained

by drawing a vertical line through the mark indicated by the kinsfolk till it meets the red

thread, and carrying through this meeting point a horizontal line back to the scale of stature,

which provides the average desired. For example the average nephew of two uncles, one

paternal and one maternal, each 6 ft. 2 in. would be 6 ft. 06 in., but the average nephew of

four uncles, two on each side, each 6 ft. 2 in. will be 6 ft. 1-8 in.* Again if both parents

and paternal and maternal grandparents were of this stature, the grandsons would have

progressed and be on the average 6 ft. 3T in. The statures are recorded for males, the

corresponding female statures may be obtained by subtracting T§oths from the male statures.

In starting with females the male stature equivalent to that of the female must first be

obtained by adding ^Ards of its value to the female stature. Thus a woman of 5 ft. 9 in.

counts as a man of 6 ft. 3 in.

The reduction from my life-size diagram to the present small dimensions costs much in

accuracy of reading, but serves to bring out the point that the regression ultimately changes

to a progression.

* The regression coefficient used on the genometer was ‘9614.
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Galton was wont to illustrate the beauty of the “pre-ordained niche” on

a marshalled series of bean pods which he had many years before prepared.

This series is reproduced on Plate II. Unfortunately the tips of some of the

pods have bent back, but the general scheme survives.

(ii) The Phenomenon of Regression ,
a great Hindrance to the

Establishment of Breeds (pp. 495-6).

“ It will be seen from the large values of the ratios of regression how speedily all peculiarities

that are possessed by any single individual to an exceptional extent, and which blend freely

together with those of his or her spouse, tend to disappear. A breed of exceptional animals,

rigorously selected, and carefully isolated from admixture with others of the same race, would
become shattered by even a brief period of opportunity to marry freely. It is only those breeds

that blend imperfectly with others and especially such of these as are at the same time prepotent,

in the sense of being more frequently transmitted than their competitors, that seem to have a

chance of maintaining themselves when marriages are not rigorously controlled—as indeed they

never are, except by professional breeders. It is on these grounds that I hail the appearance

of any new and valuable type as a fortunate and most necessary occurrence in the forward pro-

gress of evolution.”

Galton admits that the precise manner in which a new type comes into

existence is unknown, but suggests that a multitude of petty causes may
contribute to reshape the grouping of the germinal elements and so lead to

a new and fairly stable position of equilibrium, which admits of hereditary

transmission. In favour of this view he cites the frequent experience of

“sports,” useful, harmful and indifferent and therefore without teleological

intent. These, he considers, have various degrees of heritable stability, and
form fresh centres towards which some at least of the offspring have a

tendency to revert. He considers that such sports, by refusing to blend

freely, may be transmitted almost in their entirety.

“On the other hand, if the peculiarity blends easily, and if it was exceptional in magnitude,

the chance of inheriting it to its full extent would be extremely small...*. I feel the greatest

difficulty in accounting for the establishment of a new breed in a state of freedom by slight

and uncertain selective influences, unless there has been one or more abrupt changes of type,

many of them perhaps very small, but leading firmly step by step, though it may be along a
devious track, to the new form.”

* Galton gives in a footnote the percentage of sons who are as tall or taller than their fathers.

I have recalculated this table on somewhat better data than Galton had available
(
Biometrika

,

Vol. ii, p. 381). It now runs as follows:

Father’s

Stature

Probable
Stature

of Son

Percentage of

Sons taller

than Father

Father’s

Stature

Probable
Stature
of Son

Percentage of

Sons taller

than Father

Father’s

Stature

Probable
Stature
of Son

Percentage of

Sons taller

than Father

67"*5 68" -56 67-4 7 72"'0 70"'88 31-6 7 77"'0 73"'46 6-4 7
68"-0 68"*82 63-7 7° 73" ,0 71"40 24-5 7 78"-0 73"-98 4-2 7
69"-0 69"-33 55-6 7° 74"-0 71"-91 18-4 7 79" -0 74"-49 2-6 7
70"-0 69"-85 44-0

'/
75"-0 72"-43 13-4 7 80" -0 75"-01 1'6 7o

71"-0 70"-37 39-4 7° 76"-0 72"-95 9-5 7 81"-0 75"-52 0-9 7

The considerable changes from Galton’s percentages arise from the facts: (i) that the sons in

our data had a mean stature 1 " greater than their father’s, (ii) that our regression was -516

against Galton’s '333.
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Whatever we may think of Galton’s arguments, it is clear that in 1886

he did not believe in the influence of natural selection as producing new
forms by acting on continuously varying small deviations. This may have

been due to the influence which the idea ofperpetual regression # had upon his

mind. Whatever its source, Galton was in 1886 and later a firm believer, as

the above passage indicates, in evolution by mutation. He was a mutationist

before De Vries published his first paper on mutations (1900).

(iii) On the Inheritance of Ability and its Application to the

Upper House of Legislature (pp. 497-9).

Galton inquires how far the results for heredity in stature may be applied

to heredity in ability. He holds that considerable differences have to be

taken into account, and he classifies them under three heads:

“ Firstly, after making large allowances for the occasional glaring cases of inferiority on the

part of the wife to her eminent husband, I adhere to the view I expressed long since as the

result of much inquiry, historical and otherwise f, that able men select those women for their

wives who are not mediocre women, and still less inferior women, but those who are decidedly

above mediocrity. Therefore, so far as this point is concerned, the average regression in the son

of an able man would be less than one-third.”

On better data| than Galton had at his command the regression of son’s

stature on father’s stature is about '52 instead of '33, and, allowing for

assertative mating, about *82 on the midparent instead of Galton’s '67.

When we introduce the grandparents the regression is not large. I think

these points will explain Galton’s difficulty as to ability without resort to

the theory that extreme ability does not blend, which he suggests in his

second statement:

“Secondly
,
very gifted men are usually of marked individuality, and consequently of a special

type. Whenever this type is a stable one, it does not blend easily, but is transmitted almost

unchanged, so that specimens of very distinct intellectual heredity frequently occur.”

Unfortunately Galton gives no illustrations, and without statistical

evidence it is difficult to interpret his meaning.

“ Thirdly
,
there is the fact that men who leave their mark on the world are very often those

who, being gifted and full of nervous power, are at the same time haunted and driven by a domi-

nant idea, and are therefore within a measurable distance of insanity. This weakness will

probably betray itself occasionally in disadvantageous forms among their descendants. Some of

these will be eccentric, others feeble-minded, others nervous, and some may be downright
lunatics.”

The same point has been made frequently since Galton’s day, but although

isolated cases can of course be cited, the statement demands statistical

demonstration. We require to know first whether the men “who leave their

* The theory of multiple regression shows us that if an individual mates with his like, he

may regress on exceptional parents, but his offspring will not regress on him, nor further de-

scendants either. A breed may be established if we select only parents and grandparents; the

regression is thus of minor importance compared with the homogamy.

f See Yol. ii, p. 105. | Biometrika, Vol. ii, p. 381.
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mark on the world” are really always the able men, and if so, how many
of them are “driven by a dominant idea.” Again having defined this class,

do statistics indicate that their offspring more often suffer from some form
of nervous breakdown than the sons of men of lesser ability? Ryk ud med
dine tal, bygmester! Talene pa bordet!

I think Galton did not really believe that ability was inherited in a
manner widely different from stature, for he now proceeds to suggest how
a fitting House of Peers might be based on the knowledge gained by his

inquiry. He supposes that in some new country it is desired to institute an
Upper House of life-peers which shall be largely governed by the hereditary
principle.

“The principle of insuring this being that (say) two-thirds of the members shall be elected

out of a class who possess specified hereditary qualifications, the question is: What reasonable

plan can be suggested of determining what those qualifications should be?

“In framing an answer we have to keep the following principles steadily in view: (1) The
hereditary qualifications derived from a single ancestor should not be transmitted to an indefinite

succession of generations, but should lapse after, say, the grandchildren. (2) All sons and
daughters should be considered as standing on an equal footing as regards the transmission of

hereditary qualifications. (3) It is not only the sons and grandsons of ennobled persons who
should be deemed to have hereditary qualifications, but also their brothers and sisters, and the

children of these. (4) Men who earn distinction of a high but subordinate rank to that of the

nobility, and whose wives had hereditary qualifications, should transmit these qualifications to

their children. I calculate roughly and very doubtfully, because many things have to be considered,

that there would be about twelve times as many persons hereditarily qualified to be candidates

for election as there would be seats to fill. A considerable proportion of these would be nephews,
whom I should be very sorry to omit, as they are twice as near in kinship as grandsons*. One in

twelve seems a reasonably severe election, quite enough to draft off the eccentric and incom-
petent, and not too severe to discourage the ambition of the rest. I have not the slightest doubt
that such a selection out of a class of men who would be so rich in hereditary gifts of ability,

would produce a senate at least as highly gifted by nature as could be derived by ordinary

parliamentary election from the whole of the rest of the nation. They would be reared in family

traditions of high public services. Their ambitions, shaped by the conditions under which here-

ditary qualifications could be secured, would be such as to encourage alliances with the gifted

classes. They would be widely and closely connected with the people, and they would to all

appearance—but who can speak with certainty of the effects of any paper constitution?—form
a vigorous and effective aristocracy.” (pp. 498—9.)

Galton does not state how he would start his Upper House ah initio, nor

take into account the possible need of recruiting its stock from outside

ability. His scheme would certainly introduce improved and better planned

marriages among the peers, as they would be anxious to preserve the

peerages within their own families. Here as elsewhere f he points out to our

hereditary peers how little justification there is for their position, while at

the same time he indicates that there is a basis in heredity for a really

effective aristocracy. Such doctrines would scarcely appeal even now to either

Tory or Democrat. Among the many proposals put forward for reforming the

British House of Lords, none has endeavoured like Galton’s to place it on a

* I think this is incorrect for reasons stated above (see pp. 22 and 24). The observed corre-

lations between a man and his grandson and a man and his nephew are about equal.

t See our Vol. ii, p. 93.

FGin 5
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scientific basis by suggesting that the hereditary honour should follow ability

in the stock and not be granted to a preordained individual.

D. Attempt to demonstrate the Law of Ancestral Heredity on Eye-
Colour. In 1886 Galton published in the Proceedings* of the Royal Society

a paper on “Family Likeness in Eye-Colour.” The only earlier paper I know
which deals with this topic is that by Alphonse de Candolle f. That paper has

no adequate statistical treatment, and suffers from two fundamental errors.

The material was collected not only from Switzerland with its mixed races,

but from Sweden, Germany and France, so that beyond the immediate
parents, there must have been great differences in the eye-colours of the

unrecorded earlier ancestry, and secondly the contributors were especially

requested to leave out offspring of “doubtful” eye-colour, and also those of

definite eye-colour whose parents had doubtful eye-colour. I do not think that

in de Candolle’s paper any results of real scientific value are reached. Galton’s

method of approaching the problem is entirely different. He starts from his

Law of Ancestral Heredity, and endeavours to apply it to eye-colour, which
he says does not usually blend. Accordingly he proportions the ancestral

contributions not in the character of the individual but among the whole
group of offspring. As Galton believed he had deduced from his mid-

parental regression of
f-

the system ^ x + •§ + . . . for contributions to the

individual character in the case of stature, so he now supposes that an indi-

vidual parent’s eye-colour will determine on the average that of ^ of the

offspring, that of a grandparent x
]

g
of the offspring, and so on.

“Stature and eye-colour are not only different as qualities, but they are more contrasted in

hereditai’y behaviour than perhaps any other simple qualities. Speaking broadly parents of dif-

ferent statures transmit a blended heritage to their children, but parents of different eye-colours

transmit an alternative heritage. If one parent is as much taller than the average of his or her

sex as the other parent is shorter, the statures of their children will be distributed in much the

same way as those of parents who were both of medium height. But if one parent has a light

eye-colour and the other a dark eye-colour, the children will be partly light and partly dark, and
not medium eye-coloured like the children of medium eye-coloured parents. The blending of

stature is due to its being the aggregate of the quasi-independent inheritances of many separate

parts, while eye-colour appears to be much less various in its origin. If then it can be shown, as

I shall be able to do, that notwithstanding this two-fold difference between the qualities of

stature and eye-colour, the shares of hereditary contribution from the various ancestors are in

each case alike, we may with some confidence expect that the law by which these hereditary

contributions are governed will be widely, and perhaps universally applicable J.”

Galton starts his paper by considering whether there has been a secular

change in eye-colour in the four generations to which his Records of Family
Faculties extended. He started with those who ranked as “children” in the

pedigree as Generation I
;
their parents, uncles and aunts were Generation II

;

the grandparents and their collaterals were Generation III, while the great

grandparents and their collaterals were Generation IV. He gives the

* Vol. xl, pp. 402-416. Read May 27, 1886.

f “Heredite de la couleur des yeux dans l’espece humaine.” Archives des Sciences physiques

et naturelles, 3
ii;me Periode, T. xii, pp. 97-120, Geneva, 1884.

+ Roy. Soc. Proc. pp. 402-3.
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accompanying chart for the percentages of these eye-colours in the various

generations, and concludes that there has been in these four generations

Number
of

cases.

913

1515

1477

5S5

2277

2213

4490

Fig. 9. Percentages of Eye-Colour in Successive Generations.

little secular change in eye-colour. It should, I think, be noted that the

Generations III and IV are likely to be much older than Generations I and II

when their eye-colours were recorded. Galton’s data give the following

5—2
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percentage values on considerable numbers in the groups combined of Light
and Dark Blue, Grey, Blue Green:

Generation

Male Female

I II III IV I II III IV

Percentages

Probable Errors

58-2

±1-92
58-4

± 1-22

62-9

+ 1*33

70-4

± 1-43

58-0

±1-97
58-1

±1-23
58-6

±1-22
56-2

± 1-58

It will be seen that, while there is no significant change in the percentage
of light eyes in the women, there is really such a change in the light eyes

of the men
;
the grandparental and great grandparental generations have

more bluish eyes. Were it not for the fact that there is no change in the

women, we might attribute this not to a racial change going on, but to men’s

eyes growing lighter with extreme age. I have no statistical data to produce,

but my impression of the marked frequency of very light colour in old men’s
eyes is strong. At the same time I know no physiological reason why men’s

and not women’s eyes should grow lighter with greater age.

On the basis of his diagrams Galton considers that he may disregard “a
current popular belief in the existence of a gradual darkening of the popula-

tion, and can treat the eye-colours of those classes of the English race who
have contributed to the records, as statistically persistent during the period

under discussion” (p. 406).

Galton next states that he considers that there are only two fundamental
types of eye-colour, the light and the dark, but under this supposition the

medium tints are troublesome. Such tints he has classified under “Dark
Grey and Hazel.” In these cases the outer portion of the iris is usually of

a dark grey colour, and the inner of a hazel. The proportions of grey and
hazel vary, and the eye is called “dark grey” or “hazel” according to the

colour which happens most to arrest the attention of the observer. Galton’s

attempt to deal with these medium eyes, of which there are in the popula-

tion about 127 7„, is to me unconvincing; yet the fact that he recognises

their existence is more satisfactory than the Mendelian treatment which dis-

regards them entirely !

Galton for conciseness terms all these eyes “hazel.” He defines a hazel-

eyed family to be one in which there is at least one hazel-eyed child, and he

proceeds to inquire into the constitution and ancestry of such “hazel-eyed”

families or sibships. He obtains the results tabulated on p. 37.

Now it is clear from the table that when there is a hazel-eyed child in a

sibship, the percentage of dark eyes in the sibship is only very slightly

reduced, but the number of light-eyed brothers and sisters is 16 °/
o
below

that of the general population. Again in the parental generation, there are

12 °/
o
fewer light-eyed parents of hazel-eyed parents, and this 12°/

o
is

transferred to the hazel-eyed group, the dark-eyed parents remaining at
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Constitution and Ancestry of Hazel-Eyed Sibships.

Generations
Total cases

observed in

168 families

Percentages

Light Eyed Hazel Eyed Dark Eyed

I. Siblings 948 45 32 23
II. Parents 336 49 25 26
III. Grandparents 449 60 13 27

General Population 4490 61-2 12-7 26-1

the general population percentage. The distribution of the grandparents of

a hazel-eyed person is practically the same as that of the general popula-

tion. From these data Galton concludes as follows:

“The total result in passing from Generation III to I, is that the percentage of the light eyes

is diminished from 60 or 61 to 45, therefore by one quarter of its original amount, and that the

percentage of the dark eyes is diminished from 26 or 27 to 23, that is to about [1 by about] one-

eighth of its original amount, the hazel element in either case absorbing the difference. It follows

that the chance of a light-eyed parent having hazel offspring is about twice as great as that of

a dark-eyed parent. Consequently since hazel is twice as likely to be met with in any given

light-eyed family as in a given dark-eyed one, we may look upon two-thirds of the hazel eyes as

being fundamentally light and one-third of them as fundamentally dark. I shall allot them
rateably in that proportion between light and dark and so get rid of them. M. Alphonse de
Candolle has also shown from his data that yeux gris (which I take to be equivalent to my hazel)

are referable to a light ancestry rather than to a dark one, but his data are numerically insuffi-

cient to warrant a precise estimate of the relative frequency of their derivation from each of

these two sources.” (pp. 407-8.)

I find it very difficult to follow this reasoning, or to see from the table

above its validity. It would seem to be essential to follow up the particular

ancestry of each hazel-eyed individual, before we can draw the conclusions

that Galton does from the massed numbers of children, parents and grand-

parents. Galton and de Candolle at least admit the difficulty of the hazel

eyes; many Mendelian writers speak only of “brown” and “blue” eyes;

I others speak of hazel-eyed persons as heterozygotes*.

Galton having thus disposed of his yeux gris, now turns to the same
multiple regression formula as he has used for stature, namely he makes
the regression coefficient £ for a parent, ^ for a grandparent and so on to

higher ancestry. He also makes use of what is, I believe, an erroneous hypo-
thesis, at any rate one inconsistent with his multiple regression coefficients,

* Sometimes a definition is given of pure blue eyes as being those without anterior pigment.

According to one ardent Mendelian this can always and only be tested with a lens; another
' accepted relatives’ statements, and came to the same conclusion without a lens. From twelve cases

in which both eyes were carefully examined with a lens and thus found to be without anterior

pigment, the excised eye when sectioned and examined microscopically showed quite clearly

anterior pigment. Hitherto I have failed to come across any eye, however blue, which is without

some anterior pigment when sectioned. At what degree of pigmentation does the recessive

i
character cease 1
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namely, that if an individual has h of a certain character, the most prob-

able value of the character in his parent will be j^h, and in his grand-

parent ~h and his great grandparent and so on.

Consequently, if we know nothing beyond the one parent of character h,

the expected heritage is

A
{5
+ 2

(s
x
^)

+ 4 G
x
^)

+ -} =Ax0 '30 -

When one grandparent only is known to have h then the corresponding

parent has ^h ,
and the two great grandparents ^h ,

the four great great

grandparents —h and so on. Thus the formula is
O

h
l
x
h^
+lx 1 1

3
X

2 6
= h x

12 + 40
=AX °' 16,

i.e. actually 0T583^.
If a parent and the corresponding two grandparents be known Galton

says the parent will contribute £ of his character and the two grandparents

and their ancestry ^ as above. But I do not think this is correct, even on

Galton’s assumptions. In the previous case we predicted the great grand-

parents and higher ascendants from a knowledge of the grandparents only.

But in this case we have not only these two grandparents, but also the

knowledge of their offspring, the parent, to predict from, and accordingly

Galton’s for the rest of the ancestry is not satisfactory. As he is working
in round numbers, Galton puts ( = *075) as equal to '08.

Three cases are now dealt with : I, both parents only known; II, four grand-

parents only known; and III, both parents and four grandparents known.
I gives 2 x '30 = '60 of heritage with a residue of '40 undetermined. Galton

distributes this residue in the general population proportions of light to dark

eyes after distributing the hazel eyes § to light and ^ to dark eyes, which

give 70°/
o
and 30 °

/ o
of those eyes. Thus the residue '40 is to be given '28

to light and T2 to dark eyes. The corresponding residues for cases II and
III are '36 and T8, which Galton distributes as '25 and Tl, T2 and '06*

respectively.

Galton now combines all these results in a table from which with know-
ledge of the ancestry as far as parents and grandparents are concerned he

considers prediction of eye-colour in offspring can be ascertained (p. 39).

Let me illustrate the use of this table. A family of 12 given by Galton

had both parents light-eyed, 3 grandparents light-eyed and 1 hazel-eyed.

If we predict from parents only we should have

12 x (2 x '30 + '28) = 12 x '88 = 10'56 light-eyed.

If we predict from grandparents only we should have

12 x (3 x T6 + 1 x TO + '25) = 9'96 light-eyed.

* More accurately the latter pair should be 43 and -05.
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And if from all our information

12 x (2 x ‘25 4- 3 x '08 4- 1 x ‘05 4- '12) = 1CP92 light-eyed.

Thus the best prediction gives 11 out of 12 children light-eyed. Actually

all 12 were light-eyed. Take again another family 2 parents hazel, 2 grand-

parents light, 1 hazel and 1 dark. Total family, 7 children. The prediction

is 7 (2xT6 4- 2 x '08 4- 1 x -

05 4- T2) = 4'55 light-eyed, the observed number
was 4. Of course Galton only claims to give the average family, and some
of the results he gives from his Table of 78 individual families are not

good. But his Table III in which he deals with 16 groups of different

ancestries is, considering what appears to me the doubtful character of his

assumptions, really surprising. Out of 827, 629 were observed to be light-

eyed. Predicted from parents only 623 were light-eyed, and from parents

and grandparents 614. As a rule, however, III gives a better result than I;

for example, out of 183 children, all of whose parents and grandparents were
light-eyed (none hazel), 174 were observed to be light-eyed; here III pre-

dicts 172, and I only 161.

Prediction Table for Eye Colour in Offspring.

Both Parents and
Both Parents Four Grandparents Four Grandparents

I II III

Light Dark Light Dark Light Dark

Light-eyed Parent 0-30 025
Hazel-eyed Parent 0-20 0-10 — — 0-16 0-09

Dark-eyed Parent — 0-30 — — — 0-25

Light-eyed Grandparent 0-16 — 0-08 —
Hazel-eyed Grandparent — — 0-10 0-06 0-05 0-03

Dark-eyed Parent — — — 0-16 — 0-08

Residue to be rateably assigned 0-28 0-12 0-25 0-11 0-12 0-06

It is certainly remarkable that the predictions should be even as accurate

as they are—and they are indeed not perfect—considering the contradictory

assumptions on which they are based*. Perhaps in the first glow of finding

such an amount of accordance Galton was justified in writing:

“A mere glance at Tables III and IY will show how surprisingly accurate the predictions

are, and therefore how true the basis of the calculations must be My returns are insufficiently

numerous and too subject to uncertainty of observation to make it worth while to submit them

* In particular Galton’s assumption that the correlations of the offspring with the individual

parent, grandparent, great grandparent, etc., form the series r, r
2

,
r3

,
etc., is incompatible with

his multiple regression coefficients A, Jg-, F
1
T , etc. Any such series causes all those coefficients ex-

cept the first or parental coefficient to vanish, and reduces the ancestral multiple regression to

a simple biparental inheritance. Thus the parental characters determine completely those of

the offspring, as in the well-known case of the Mendelian theory of gametic characters.
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to a more rigorous analysis, but the broad conclusion to which the present results irresistibly

lead, is that the same peculiar hereditary relation that was shown to subsist between a man
and each of his ancestors in respect of the quality of stature, also subsists in respect to that of

eye-colour.” (pp. 415-6.)

The essential fact to be remembered here is that Galton supposes the

ancestral contributions which blend in the case of the stature of the indi-

vidual, will be found as alternative eye-colours in the same proportions as for

stature in the total group of descendants. For example, if an ancestor

contributes l/pth of his stature deviation to his descendant in the final

generation, he will contribute his eye-colour to l/pth of his descendants in

the same generation.

It would be of great interest to rework Galton’s proportions with the

actual correlations found from his data, and with the corresponding and con-

sistent multiple regression coefficients, and ascertain whether accordance

was not sensibly improved. His parental correlation is too small for his

data, and his regression coefficients want considerable modification.

E. Law of Ancestral Heredity applied to Basset Hounds. Galton

having applied his Law of Ancestral Heredity to Eye-Colour in Man sought

for additional material to illustrate it. He found this eleven years later in

Sir Everett Millais’ large pedigree stock of Basset Hounds. This material

reached him at the very time he was himself planning an extensive experi-

ment with fast breeding small mammals*. One can but regret that that

experiment was never undertaken. The Bassets are dwarf bloodhounds, and
there are only two varieties of colour, they are either white with blotches

from red to yellow technically termed “lemon and white,” or they have in

addition to this “lemon and white” black markings; in which case they are

termed “tricolour.” Galton had thus only two types to deal with, which he

terms “tricolour” (T)and “non-tricolour” (N). A full report of his statistical

reduction of Millais’ data is given in a paper read before the Royal Society,

June 3, 1897f.
Galton’s material was contained in The Basset Hound Club Rules and

Studbook, compiled by Everett Millais, 1874-1896, but with this valuable

addition, that Sir Everett Millais had added the registered colours of nearly

1000 of the hounds (this copy is now in the Galton Laboratory). In this

record are 817 hounds, the colour of whose parents are given, and 567 hounds

in which the colours of the two parents and the four grandparents are known,

and lastly in 188 cases in addition the colour of all the eight great grand-

parents.

Galton starts with the same idea as in the paper last dealt with, namely

that each parent contributes 3-, each grandparent Jg and so on, of the heritage

taken as a whole to be unity. Here as in the case of eye-colour, the heritage is

* An extensive series on moth-breeding had been undertaken but had unfortunately failed

to give any satisfactory l’esults, partly owing to the diminishing fertility of successive broods,

and partly to the disturbing effects of food differences and change of environment in differentyears.

t See Roy. Soc. Proc. Vol. lxi, pp. 401-413. An abstract appeared in Nature
,
July 8, 1897,

Vol. lv, p. 235.
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not taken to be that of an individual, but as represented by percentages of

the total offspring, the coat colours being exclusive, i.e. there is no attempt to

measure the degree of melanism. Galton gives some reasons for his law being

a probable one:

“It should be noted that nothing in this statistical law contradicts the generally accepted

view that the chief, if not the sole, line of descent runs from germ to germ and not from person

to person. The person may be accepted on the whole as a fair representative of the germ, and,

being so, the statistical laws which apply to the persons would apply to the germs also, although
with less precision in individual cases. Now this law is strictly consonant with the observed

binary subdivisions of the germ cells, and the concomitant extrusion and loss of one-half of the

several contributions from each of the two parents to the germ cell of the offspring. The apparent
artificiality of the law ceases on those grounds to afford cause for doubt; its close agreement
with physiological phenomena ought to give a prejudice in favour of its truth rather than the

contrary. Again, a wide though limited range of observation assures us that the occupier of each

ancestral place may contribute something of his own personal peculiarity, apart from all others,

to the heritage of the offspring. Therefore there is such a thing as an average contribution

appropriate to each ancestral place, which admits of statistical valuation, however minute it

may be. It is also well known that the more remote stages of ancestry contribute considerably

less than the nearer ones. Further it is reasonable to believe that the contributions of parents

to children are in the same proportion as those of the grandparents to the parents, of the great

grandparents to the grandparents, and so on; in short, that their total amount is to be expressed

by the sum of the terms in an infinite geometrical series diminishing to zero. Lastly, it is an
essential condition that the total amount should be equal to 1, in order to account for the

whole of the heritage. All these conditions are fulfilled by the series of k + sj + ^ + etc., and
u A A

by no other *. These and the foregoing considerations were referred to when saying that the law
might be inferred with considerable assurance a priori-, consequently, being found true in the

particular case about to be stated, there is good reason to accept the law in a general sense.”

\loc. cit. p. 403.)

Modern research shows that the “binary subdivisions of the germ cells,

and the concomitant extrusion and loss of one-half of the several contributions

from each of the two parents to the germ cell of the offspring” may have other

interpretation than that put upon it by Galton. Objections may also be
raised to Galton’s proportioning of the “heritage” among the offspring, and
to his allowance for ancestors whose characters are not known directly. But
the criticisms of the “ancestral law,” made chiefly by Mendelians, have failed

to attack these weaknesses. They have been generally based on citing

individual matings f, as if these had any application to a statistical law

* This seems incorrect : the conditions would appear to be equally well satisfied by

(1 — a) (1 + a + a2 + a3 + ...),

which series leaves a constant a to be determined by observation of one kind or another. By
putting a = Galton excluded his ancestral law from describing Mendelian gametic inheritance,

which corresponds to a = 0 or the parents’ gametic constitutions alone determining the offspring.

t Occasionally hybridisations are cited. Galton in a letter to Nature, October 21, 1897, writes:

“Permit me to take this opportunity of removing a possible misapprehension concerning the scope of my
theory. That theory is intended to apply only to the offspring of parents who, being of the same variety, differ

in having a greater or less amount of such characteristics as any individual of that variety may normally possess.

|

It does not relate to the offspring of parents of different varieties; in short it has nothing to do with hybridism,
for in that case the offspring of two diverse parents do not necessarily assume an intermediate form.”

Whether the limit to offspring assuming “an intermediate form” is needful is another
question, and might raise a discussion as to whether the law could be applied to alternate

P G III 6
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describing what happens on the average in the case of a race or community
mating at random. What Galton’s critics have not seen is that the degree

of accordance between his predictions and observed facts, if not perfect, is

yet so considerable, in the cases of both eye-colour in Man and coat-colour

in Basset Hounds, that it is not possible simply to put it for all characters

on one side as of no importance. No entirely erroneous hypothesis could,

I think, lead to such accordance as Galton shows in his Tables Y and YI
of this memoir!

I have already pointed out when dealing with Galton’s views on eye-colour,

that, because r is the regression coefficient of child on parent*, it does not

follow that r2
will be that of child on grandparent or of grandparent on child.

Galton drops this manner of allowing for the unstated characters of the

higher ascendants when he comes to the coat-colour of Bassets. He argues

as follows: Out of 1060 parents of 530 offspring with tricolour coats 836
were tricolour (J) and 224 were lemon and white (W), i.e. 79 °/

o
and 21 °/

o ;

he accordingly says that the chance that a tricolour offspring has a tri-

colour parent is 79. He concludes that if a dog has a tricolour parent, but
nothing is known of the grandparents, these will be '79 °/

o
tricolour, and the

parents of these grandparents will be ('79)
2 °/

o
tricolour and so on. I am

inclined to doubt the accuracy of this method of correction for the past

ancestry of the tricolour for two reasons
:

(i) if both parent and grandparent

were tricolour, then it seems to me there would be a greater probability of

the great grandparent being tricolour than 79, for w*e know that not merely

one, but two generations of the offspring of these ancestors have been tri-

colour f; (ii) further, in each ascending generation besides the 79 °/
o
tricolour

of a tricolour animal there will be '21 °/
o
non-tricolour, but these non-tricolour

dogs will have also a percentage of tricolour ancestry, namely 56 °/
o
according

to Galton’s Table III, and I cannot see that he has allowed for the non-

tricolour ancestors’ contribution of additional ancestral tricolours in his

method of reckoning his tricolour “coefficients” of tricolour grandparents.

Noting that Galton calls A s the ancestry of the sth generation and a0 the

offspring, we may cite his words from p. 406

:

“Suppose all the four grandparents, A 2 ,
to be tricolour, then only 079 of A 3 will be tricolour

also, (0-79)2 of A 4 ,
and so on. These several orders of ancestry will respectively contribute an

average of tricolour to each a0 of the amounts of (05)
3 x 079, (05)

4 x (0
-

79)
2

,
etc. Consequently

the sum of their tricolour contributions is

(0-5)3 X (0-79) {1 + (0-5) X (0-79) + (0-5)2 x (0-79)2 + etc.}

which equals Ol 632. The average tricolour contributions from each of the four tricolour grand-

parents must be reckoned as the quarter of this, namely, 00408.”

characters in either eye-colour or coat-colour; but Galton’s disclaimer, made with regard to

Professor Henslow’s criticisms of the law (see Gardeners' Chronicle, September 25, 1897) based

on plant hybridisations, has been overlooked by those who more recently have cited hybridisa-

tions as disproving the law.

* r = 0-3 according to Galton.

f Thus from Galton’s Table I we find that if parents and grandparents were all tricolour

the percentage was 89, and not 79, tricolour offspring. Galton treats really correlated relation-

ships as independent probabilities.
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Now I think this does not involve all the tricolour ancestry of the four

tricolour grandparents, for 0'21 of the great grandparents are non-tricolour,

and there will be(0'21) x (0"56) x (0 '5)
3 x(0 '79) x(0 '5 )

2 ofthegreat great grand-
parents tricolour. At each stage a non-tricolour branch will split off, showing
in the next ascending generation some tricolour. It appears to me that
Galton has overlooked the sum of all these ancestral tricolour contributions

in estimating the tricolour in a0 . They may be considerably less than those

retained, but I do not think they can be disregarded without justification.

“By a similar process,” Galton writes, “the average tricolour contribution from the ancestry

of each non-tricolour grandparent is found to be 0-0243.” (p. 406.)

It would seem that this is obtained from

:

(0-5)
3 x (0-56) {1 + (0-5) x (0-56) + (0'5)

2 x (0A6) 2 + etc.} = -0972,

for one-fourth of this is 0’0243.

But the above expression is not, I think, correct, for after the great grand-
parental O’ 5 6 of tricolour we must surely use not 0'56 but 079 to pass from
tricolour to tricoloured ancestry. Thus the result should be

(0‘5)
3 x (0-56){l +(0-5) x (079) + (0'5)

2x(079) 2 + etc.}= 7157,

of which the fourth part is ‘0289.

Here as before the non-tricoloured ancestors of earlier generations who
would themselves have tricoloured parents, etc., are neglected.

Taking Galton’s illustration (p. 406) of both parents tricolour, three

grandparents tricolour, and one lemon and white, Galton’s factor of -8342 is

only changed to '8388 by the above correction, but this gives 100 tricolour

hounds out of a total of 119 offspring in this category, while the observed
tricolours were 101, a remarkably close accordance.

I illustrate the sort of accordance obtained in the following examples

:

Both Parents Tricolour

Number of Tricolour Grandparents

4 3 2 1 Totals

Tricolour Offspring :

Observed
Calculated

106 (119)
108

101 (119)
100

24 (28)
21

8(11)
8

239 (277)
237

Both Parents and three

Grandparents Tricolour

Number of Tricolour Great Grandparents

8 7 6 5 4 Totals

Tricolour Offspring

:

Observed
Calculated _ 17 (18)

16
19 (21)
18

14 (16)
13

6(6)
5

56 (61)
52

The numbers in brackets denote total offspring.

6—2
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Two cases give rather poor results, those for 1 parent and 3 grandparents

tricolour, no great grandparents or higher ancestry known (92 calculated

for 79 observed in 158) and 1 parent, 3 grandparents and 5 great grand-

parents tricolour with no higher ancestry known (18 calculated for 8 observed

out of 31). In the latter case especially it is the observations which seem to

me questionable, because for one parent tricolour and the other lemon and
white, whatever be the more remote d!hcestry we get 139 tricolour to 122

non-tricolour, while with 3 grandparents and 5 great grandparents tricolour,

the observations only give us 8 tricolour to 23 non-tricolour or a drop from

50 °/
o
to 26 °/

o
in tricolour, with an increase of tricolour ancestry. If we can

trust the classification, then no simple Mendelian hypothesis will provide

a formula to fit the data, because neither tricolour x tricolour nor non-

tricolour x non-tricolour breeds true. I have said, if we can trust the classi-

fication, because as Galton points out there is a strange prepotency of sire

over dam #
,
the ratio of sire colour to dam colour in offspring being of the

order of 6 to 5. A more important fact bearing on the classificatory accuracy

arises from an investigation by an entirely different method from Galton’sf,

where it appeared that the resemblance of the offspring to the sire was far

less than to the dam. This suggested that the parentage was more certain

in the case of the dam than in that of the sire, a difficulty not unlikely to

arise from the carelessness of kennel attendants.

In the opinion of the present biographer the Law of Ancestral Heredity

has been shown by Galton to be at least approximate in two very different

cases, and this justifies further attempts to deal with it, either in Galton’s

or a more generalised form, on more satisfactory material and with possibly

more accurate methods of computing the corrections for the unknown
characters of the higher ancestors.

F. Representations of the Ancestral Law. Several graphical representa-

tions of Galton’s form of the Ancestral Law have been provided. Perhaps

the best is that devised by A. J. Meston of Pittsburgh, which was modified

by Galton himself in a communication to Nature
,
January 27, 1898.

The diagram (p. 45) is of the following nature.

It is based on a square of unit edge; 2 and 3 represent the parents; 4, 5,

6 and 7 the grandparents; 8, 9, 10, 11, 12, 13, 14, 15 the eight great grand-

parents, and so on. All even numbers represent males and uneven numbers
females. 2n + 1 is the female mate of the male 2n. The father and mother
of n are always 2n and 2n + 1 respectively. Every ancestor in whatever line

has now got a definite number, and every number denotes a definite ancestor.

For example:

(i) What is the proper number to represent a child’s mother’s mother’s

* In the Roy. Soc. Proc. paper, p. 404, Galton says the dam is prepotent. But on this page

and in Table II, p. 410, sire and dam should be interchanged. This slip is acknowledged by

Galton himself in a letter to Nature

,

October 21, 1897, on the Hereditary Colour in Horses, to

which we shall refer later. It does not affect his work as he has made no use of this prepotency

in his calculations.

t Roy. Soc. Proc. Yol. lxvi, p. 158. January, 1900.

t See The Horseman, December 28, 1897, Chicago.
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father’s father’s mother’s father’s father’s father’s mother? The child’s mother
is 3, her mother 2x3 + 1=7, her father 2x7 = 14, his father 28, 28’s

mother = 2 x 28 + 1 = 57, 57’s father is 114, 114’s father is 228, 228’s father

is 456 and lastly 456’s mother is 913, which is the number signifying the

required ancestor.

Fig. 10.

(ii) What ancestor does 253 represent? 253 is odd and therefore the
mother of ^(253 — 1) = 126, who being even is the father of 63, who being odd
is the mother of 31 who is the mother of 15 who is the mother of 7, who is

mother of 3 the child’s mother. Accordingly 253 is the child’s mother’s
mother’s mother’s mother’s mother’s father’s mother.

This numerical nomenclature is not due to Meston, but to Galton himself,

appearing in his paper of 15 years’ earlier date on “Arithmetic Notation of
i Kinship*.”

We may, to use Galton’s notations, say that:

mmffmfffm = 913, and 253 =mmmmmfm.
The ancestral lines of 913 and 253 separate off at the parents of the

child’s maternal grandmother.

G. Experiments in Moth-Breeding . Before we turn to a number of

papers and projects directly arising from the “ Law of Ancestral Heredity,”
it is desirable to say a few words on the abortive moth-breeding experiments
(see our p. 49). At first sight the idea of breeding moths seems exceedingly
hopeful. They breed rapidly and apparently could be fairly successfully

reared and bred in captivity. Accordingly Galton in January, 1887, six

months after the reading of his paper on Human Eye Colour, issued for

* Nature, September 6, 1883.
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private circulation a circular entitled Pedigree Moths. He had already

enlisted the assistance ofan able entomologist, Mr F. Merrifield, of Brighton,

who had suggested working with the Purple Thorn Moth (Selenia illustraria).

The circular consisted of two parts, one by Galton stating the purpose of the

experiments, and an Appendix by Merrifield asking his fellow entomologists

for advice and help. After referring to the number of pupae he needed,

Merrifield asks his colleagues for information as to the number of eggs, best

means of mating and laying of fertile eggs, preservation of moths, cages,

possible feeding, stupefying, etc., feeding of larvae, and preserving pupae. It

will be seen that the experiments were not rashly entered upon by mere
lay workers. Most careful inquiries were made and the plan of operations

well thought out with no undue haste. I think it needful to emphasise this

as I know of two later laborious experiments in moth-breeding which also

failed to attain any satisfactory results, and of which we might possibly say

that Galton’s experience was not turned to profit by the undertakers. Too
often such experience is overlooked, or the investigator trusts to a belief

in his own greater skill, and the use of a different species*.

Galton in his section of the circular, after referring to his work on
regression in stature and to the Law of Ancestral Heredity as exhibited in

eye-colour, states that he thinks it desirable to obtain data providing more
than the three to four generations he has been able to deal with in these

cases. He considers that moths would form suitable material, and that the

time needful wrnuld be shortened by taking a species which bred twice a year.

He proposed to measure the size of wing for six generations, and in order to

measure the effect of selection to breed from large male and female, from

small male and female, and from mediocre male and female. Thus he would
establish three lines, and from the largest he would again pick the very

large male and female, and from the smallest the very small male and female,

and from the mediocre line the mediocre were again to be chosen; these

latter were to act as a control series whereby to standardise the large and the

small lines. After six generations Galton proposed to reverse the process, and
return by selection to his original wild moth. The whole experiment would
have taken at least six years. In his circular Galton makes two statements.

One is that his Law of Regression leads to his Ancestral Law
;
this I believe

to be incorrect. There is a relation between the ancestral correlations and a

Law of Ancestral Heredity, but the numerical values given by Galton for his

regression and his ancestral contributions are incompatible with each other

(see p. 39 above). In the second place Galton makes the following statement

:

“ It is, however, highly probable from other considerations that though this simple formula

may be closely true for the parents and nearly true for the grandparents, it may become sensibly

and increasingly different for remoter progenitors. It is this fact that I want to investigate,

because all theory concerning the nature of stability of type, and of much else, must be based on
the facts of Regression, which such experiments as those proposed can alone, so far as I see, be

likely to declare in a trustworthy way.”

* It is possible that moths held in captivity for generations, like the silk-v/orm moth,

would show less erratic results than wild moths reared under what must after all be very

artificial conditions.
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Now what is Galton’s difficulty when he thus wishes to modify the con-

tributions of the earlier progenitors ?

I think his difficulty can be elucidated from passages in his other

writings. In the first place, on February 2, 1887, Galton and Merrifield read

papers to the Entomological Society. These are respectively entitled :

Pedigree Moth-breeding
,
as a means of verifying certain important

Constants in the General Theory of Heredity ,
and

Practical Suggestions and Enquiries as to the Method of Breeding
Selenia illustraria for the purpose of obtaining Data for Mr Galton,

and were published in the Transactions*

.

These papers consist of an enlargement of the proposals in the Circular

of January and a fuller account of the methods to be adopted in obtaining,

feeding, breeding, and measuring the moths. Between January and February
apparently the measurement of length of wing had been definitely fixed upon.

Galton in his paper says that the laws of simple heredity as he has pro-

pounded them involve only five constants.

“ These admit of being separately determined, and they are at the same time connected by
an equation that serves to verify their observed values. The equation depends on the fact

alluded to, that successive generations of the same population yield identical biological statis-

tics, although each family or brood is full of variations, and although the ‘ median ’ of each

characteristic in each brood is on the average always more mediocre than the corresponding

characteristic in the mean of the two parents. The first of these events, ‘ fraternal variability,’

increases the variability of the population as a whole, and the latter event, which I call
1 Regression,’ decreases it

;
the two can be shown to counterbalance each other and give rise

to a position of stable equilibrium. The five constants are (1), the Median of the race; (2), the

Quartile of the race; (3), the Quartile of the broods of the same parents, i.e. brothers and sisters;

(4), the Quartile of the broods of a large number of like parents, mixed together in a single

group; (5), the coefficient of Regression.” (p. 28.)

Before we go further let us endeavour to interpret this important passage

in terms of more modern notation and more modern conceptions of multiple

correlation. Corresponding to (1) we have the mean of the race M\ to (2),

the standard deviation of the race cr; to (3), the variability of the family, i.e.

(Tf J 1 — R\ where R is the multiple correlation coefficient of an individual on

all his ancestry and 07 is the standard deviation of the totality of offspring

;

to (4), dfJl— r2

,
where r is the correlation coefficient between parent and

offspring; and to (5), crfr/crp ,
where crp

is the standard deviation of the

parental generation in its totality. Now Galton, I think, throughout

supposes (after reducing female to male values) that 07 = 07 = cr, or he sup-

poses his parental variability to be the same as that of his general popula-

tion and again equal to that of the total offspring population. Further he

supposes M to be the same for every generation, and this is the most
stringent limitation of all, for it hinders the possibility of a continuous (or

discontinuous) change of type. We can illustrate this from a statement in

a second paper of Galton’s, that on the Coat Colour of Basset Hounds (see

our p. 40 and p. 402 of the memoir itself). Therein he writes as follows

:

“ The law may be applied either to total values or to deviations, as will be gathered from

the following equation. Let M be the mean value from which all deviations are reckoned, and

* Trans. Entomological Soc. London, 1887, Part 1
, pp. 19-34.
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let D
l ,
D2 ,

etc. be the means of all the deviations, including their signs, of the ancestors in the

ls£, 2nd, etc. degrees respectively; then

J (M + D
1) + l(M+ D2) + etc. = M+ (| D1 + \ D2 + etc.).”

This is sufficient evidence that Galton had not at the time under con-

sideration reached the full meaning of multiple regression. The Ancestral

Law is nothing but the principle of multiple regression applied to ancestral

inheritance, but in this case the deviations must all be measured not from
a general mean, but from the mean of the corresponding generation. The
Law of Ancestral Heredity is therefore independent of the change of type,

if such is taking place
;

it can tell us nothing of the laws ruling that change
of type, which is something wholly independent of it. Galton’s statements

that the law may be applied either to total values or deviations is only true

for a population stable through the whole ancestry, whereas the application

to deviations (with the proper ancestral coefficients, i.e. the multiple regres-

sion coefficients) is generally true, and if Galton had recognised this, it

would have saved him from doubts as to the compatibility of his law with
evolutionary changes.

That Galton recognised the difference between the Quartile of the single

brood and the Quartile of the clubbed broods of like parents shows that he
fully appreciated the difference between R and r. I do not think, however,

that he recognised that his Ancestral Law, i.e. the values he had chosen for

his coefficients, actually enforced a definite relation between R and r. But he
fully realised the relation between the regression coefficient and r, his “index
of correlation*.” We can now continue our citation from the Entomological

Society paper, which brings out Galton’s difficulty :

“ The laws in which these constants play a part give calculated results that prove to be

closely true to observation in the ordinary cases of simple heredity, where there has been no
long-continued selection, but it does not at all follow that they will hold true for the descendants

of a long succession of widely divergent parents. It is this that I want to test. The point

towards which Regression tends cannot, as the history of Evolution shows, be really fixed. Then
the vexed question arises whether it varies slowly or by abrupt changes, coincident with changes

of organic equilibrium which may be transmitted hereditarily; in other words, with small or

large changes of type. Moreover the values of the Quartile in (3) and (4) cannot be strictly

constant and are probably connected in part with the value of the Median and require a modi-

fied treatment by using the geometrical law of error instead of the arithmetical one
(
Proc . Royal

Soc. 1879). Again the diminution of fertility and of vitality that accompany wide divergence

from racial mediocrity have yet to be measured, by comparing the A [selected large size] and Z
[selected small size] broods with the M [mediocre size] broods. It was assumed not to vary in

the approximate theory of which I spoke.” (p. 28.)

These words bring out the difficulty which arose in Galton’s mind from

treating regression as taking place towards a fixed racial value, instead of

supposing it to arise from measuring deviations from the means of their

groups. In this way a rather mysterious entity “the racial centre of regres-

sion ” was created, which was given biological significance, when it really

was only a factor in the purely statistical description of mass phenomena.

Once recognise that in each generation the deviation is measured from the

* He speaks of his five constants being connected by “an equation.
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mean of its generation and we find no incompatibility of the Ancestral Law
with any change of type. What we obviously must do is to study the

change of type or of successive means
;
regression is a wholly independent

matter, and “the racial centre of regression ” something which has no essen-

tial existence, biologically or statistically.

The next point that Galton makes is that the variabilities (Tf J\—R~
and af J 1 — r2 cannot be quite constant

;
it is not clear whether he only

means by this that crf and therefore a, the population variability, changes

with the course of evolution. This is very possible, though there is small

likelihood of its being discoverable in breeding only six generations of moths,

if kept under the same environment. Selection might equally well change
type and variability; but if the distributions of frequency were normal, the

type and variability would be uncorrelated, and the selection of one would not

necessarily affect the other. Hence I do not see why Galton says the change
in the Quartiles is probably connected with the value of the Median

;
least

of all do I grasp why he should refer at this point to Macalister’s curve for

the geometric mean. Whatever application that curve may have to variation

in sensations, this is the only occasion on which I have seen it suggested

that it has any claim to be used for bodily measurements. It might be as

justifiably used for physical measurements on man as for those on moths, but
I can hardly imagine profit coming from such an application.

The last point made by Galton, namely that the fertility and vitality of

stocks widely divergent from the mediocre are likely to be affected, is a very

important one and is probably the reason why it is not possible to carry size

selection far, at any rate by rapid strides. This has been demonstrated not

only on the moth material at present under discussion, but by more recent

endeavours to modify small mammals by selecting for size.

The reader who is interested in this matter would do well to refer at

least to Merrifield’s first report* on the moth-breeding experiments. He will

then quickly understand why they failed to satisfy Galton’s thirst for data

!

The spring and autumnal broods were really dimorphous, the males appeared

to be larger in one and the females in the other; the wing lengths were not

the same in the two. Thus the fact of two broods a year would certainly

not expedite matters. Further, the fertility of the largest and the smallest

was reduced below that of the mediocre, and when Merrifield took steps to

obtain by forcing under higher temperatures more frequent broods, not only

did he increase the size of his moths’ wings, but the “giant’’ line and the

“dwarf” line became sterile and he had to start again from the mediocre.

In fact artificial means had to be used to get the moths from the pupae near

enough in time to breed with one another. Further, changes in environment
or food had to be made to hasten the larvae to the pupal stage because food

supplies were getting low. And all these changes appear to have been
associated with variations in size so that finally the irregularities were too

widespread for any statistical treatment of the data, or as Galton himself

PGIXI

* Trans. Entomological Soc. London (Dec. 7, 1887), 1888, pp. 123-136.

7
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expressed it ten years later: “No statistical results of any consistence or

value could be obtained from them*.” Thus ended what had at first sight

appeared to be a hopeful series of experiments, experiments upon which

much thought and labour had been expended.

H. Correlations and their Measurement. As I have already pointed out

the conception that the regression coefficient for inheritance could be applied

to a measure of the relationship of associated variates, provided each was
measured in terms of its own scale of variability, first occurred to Galton

while he was taking a walk in the grounds of Naworth Castle in the year 1888

(see p. 393 of Vof. n). On December 5, 1888, Galton sent to the Royal
Society a paper read fifteen days later and entitled: “Co-relations and
their Measurement, chiefly from Anthropometric Dataf.” The twentieth of

December is therefore the birthday of the conception of correlation in

biometric data as apart from the idea of regression in heredity which Galton

had reached some years earlier, without perceiving at once its capacity for wide

generalisation in the treatment of associated variates in all living forms.

Like so much of Galton ’s work the present paper reaches results of

singular importance by very simple methods; his methods are indeed so

simple that we might almost believe they must lead to a fallacy had not

Galton deduced thereby the correct answer. It is the old experience that

a rude instrument in the hand of a master craftsman will achieve more than

the finest tool wielded by the uninspired journeyman.
The first three paragraphs of this memoir define Galton’s method of con-

sidering correlation, and indicate that in 1888 even the spelling of the word
had not been fixed J :

“‘Co-relation or correlation of structure’ is a phrase much used in biology, and not least in

that branch of it which refers to heredity, and the idea is even more frequently present than

the phrase
;
but T am not aware of any previous attempt to define it clearly, to trace its mode

of action in detail, or to show how to measure its degree.
“ Two variable organs are said to be co-related when the variation of the one is accompanied

on the average by more or less variation of the other, and in the same direction. Thus the

length of the arm is said to be co-related with that of the leg, because a person with a long arm
has usually a long leg, and conversely. If the co-relation be close then a person with a very long

arm would usually have a very long leg
;

if it be moderately close then the length of his leg

would only be long, not very long
;
and if there were no co-relation at all then the length of

his leg would on the average be mediocre. It is easy to see that co-relation must be the consequence

of the variations of the two organs being partly due to common causes. If they were wholly

due to common causes, the co-relation would be perfect, as is approximately the case with the

symmetrically disposed parts of the body. If they were in no respect due to common causes,

the co-relation would be nil. Between these two extremes are an endless number of intermediate

cases, and it will be shown how the closeness of co-relation in any particular case admits of being

expressed by a simple number.
“To avoid the possibility of misconception it is well to point out that the subject in hand

has nothing whatever to do with the average proportions between the various limbs in different

* Roy. Soc. Proc. Yol. lxi, p. 402.

t Ibid. Vol. xlv, pp. 135-145.

| Five years later in 1893 when the volume containing the letter C of the Oxford English

Dictionary was issued, the Galtonian or biometric sense of “ correlation ” was not given.
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races*, which have been often discussed from early times up to the present day, both by artists

and by anthropologists. The fact that the average ratio between the stature and the cubit is as

100 to 37 f or thereabouts does not give the slightest information about the nearness witli which

they vary together. It would be an altogether erroneous inference to suppose their average

proportion to be maintained so that where the cubit was, say, one-twentieth longer than the

average cubit, the stature might be expected to be one-twentieth greater than the average

stature, and conversely. Such a supposition is easily shown to be contradicted both by fact

and theory.”
(
loc . cit. pp. 135-6.)

Let us now describe Galton’s procedure. In the first place Galton does

not use means, he uses throughout medians, both for his marginal totals and
his arrays. Further he does not use standard deviations, he makes use of

the quartile measurements. Thus if Qx ,
M and Q3 be the measurements at

first, second and third quartile divisions, he takes M as his median and

2 ($3 — Qi) as his measure of variation. Thus his results, unlike our modern
treatment, depend essentially on assuming that all his data follow a normal

(or “curve of errors”) distribution J. IfMc be the median of any character c

and bMc the median of an array of this character for a given value 6 of a second

character c', then Galton plots:

bMc-Mc
b-M

c
.

m-Q>)c i (&-&)</
In other words he reduces the deviation of an array median from the popu-

lation median to its unit of variation obtained from the quartiles, and plots

this to the deviation of the second character from its median reduced like-

wise to its own unit of variation. Then he plots

:

~ Me .
a-Mc

KQ-Qf' ±(G-G).’
where a is a value of the first character and aMc

, the median of the corre-

sponding array of the second character, and thus gets a second series of points.

He takes six or seven values of a and of b, plots two sets of six or seven
points and notes that the first and second series of points are nearly on
one and the same straight line§. He draws this straight line as closely as

he can to the points and through the median, and reads off its slope. This

slope is Galton’s measure of co-relation. If we take the mean deviation of c'

for a given value of c, Galton calls c the “Subject” and c' the “Relative,” but
perhaps it would be best to call the latter the “Co-relative.” Galton’s data
consisted of about 350 males of 21 years and upwards, of whom the majority

were young students, measured in his Laboratory in 1888. He deals with

* [The variation in the ratio of stature to cubit does, however, provide a means of determining
the correlation. K.P.]

t [Rather 100 to 27 or thereabouts on Galton’s numbers, i.e. 67‘20" for stature and 18'05''

for cubit. K.P.]

1 In the table given on p. 52 for the correlation of Stature and Left Cubit it is very difficult

I to see any approximation to normality in the distribution of stature.

§ In order to get the same straight line, if c be the subject and c' the co-relative, and the

“subject” axis horizontal, then it is needful when c' is subject and c co-relative to plot c

along the same axis as was used in the first case for c. In other words the character axes must
be interchanged.6
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six characters: Head Length, Head Breadth, Stature, Length of Left

Middle Finger, Left Cubit and Height of Bight Knee. But he only provides

as illustration one table such as we now term a correlation table, and one

diagram illustrating how he found what we now term the correlation co-

efficient. The table and diagram dealing with the co-relation of stature and
cubit are given below. Readings were made to one-tenth of an inch.

Correlation Tablefor Stature and Cubit.

Length of Left Cubit in inches, 348 adult Males.

Under
16-45

16-45—
16-95

16-95—
17-45

17-45—
17-95

17-95—
18-45

18-45—
18-95

18-95—
19-45

19-45

and above
Totals

Above 70'45 1 3 4 15 7 30

69-45—70-45 — — —

-

1 5 13 11 — 30

68^5—69-45 — 1 1 2 25 15 6 — 50

67-45—68-45 — 1 3 7 14 7 4 2 38*

66-45—67-45 —

-

1 7 15 28 8 2 — 61

65'45—66-45 — 1 7 18 15 6 — — 47*

64-45—65-45 — 4 10 12 8 2 — — 36

63-45—64-45 — 5 11 2 3 — — — 21

Below 68'45 9 12 10 3 1 — — — 35*

Totals 9 25 49 61 102 55 38 9 348

* Printed as 48, 48, and 34 respectively in the Roy. Soc. Proceedings.

Diagram illustrating the Graphical Process of finding the Slope of the

Regression Line, i.e. the Correlation Coefficient of to-day s terminology.

Fig. 11.

Galton says he constructed tables and diagrams like the above. “ It will

be understood that the Q value is a universal unit applicable to the most
varied measurements, such as breathing capacity, strength, memory, keenness

of eyesight, and enables them to be compared together on equal terms not-

withstanding their intrinsic diversity. It does not only refer to measures of
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length, though partly for the sake ofcompactness, it is only those oflength that

will be here given as examples”
(
loc . cit. p. 137). Galton already saw clearly

that his new method enabled comparison to be made on equal terms between
variates with such intrinsic diversity as acuity of vision and head breadth*.

I have endeavoured to check Galton’s work. I expect he found his

medians and quartiles by plotting an “ogive curve” (see our p. 31 and
Plate II) and smoothing it. The process of checking is rendered difficult by
the following statements on p. 138:

“ It is unnecessary to extend the limits of Table II [that of stature and cubit reproduced

above] as it includes every line and column in my MS. table that contains not less than twenty

entries. None of the entries lying within the flanking lines and columns of Table II were used.”

The first statement seems to suggest that the whole table has not been

printed, the second leaves one in doubt as to how to find the medians of the

arrays, or indeed of the marginal totals, if none of the entries in the flanking

lines and columns had been used. Unfortunately I have not succeeded in dis-

covering the original work and manuscript tables for this memoir among
Galton’s papers {. Putting aside the possibility of re-examining Galton’s own
work by more modern methods, we can, I think, indicate how closely his semi-

graphic median, quartile and regression slope methods accord with those

obtained from much longer series by more accurate processes. First let us

consider the correlation coefficients

:

Character Pair

Correlation Coefficient

As found by Galton
from 350 Male Adults

As found by Macdonell
from 3000 Criminals

Stature and Cubit 0-80 {0-82901 0.7999

Stature and Head Length 0-35 0-3399

Stature and Middle Finger 0-70 0-6608

Cubit and Middle Finger 0-85 0-8464

Head Length and Head Breadth 0-45 0-4016

Stature and Height of Knee ... 0-90 {0-8665] —
Cubit and Height of Knee 0 -80 {0'8028} —

The values in the first column of this table were the first organic corre-

lations ever published, and on that account are of great historical interest.

* It is not without interest to note that more than a quarter of a century later, Major
Leonard Darwin could assert that the influences of environment and heredity could not be com-
pared, because there was no common unit of measurement applicable to them both ! He
appeared still ignorant of Galton’s use of Q. See Eugenics Review, Vol. v, p. 152.

f My colleague, Miss E. M. Elderton, has taken out the first 348 entries for male adults 21

years and upwards from Galton’s Laboratory records, and the resulting values from her tables,

computed by modern methods, are given in brackets in the above and the following tables.

Our table for stature and cubit differs somewhat from Galton’s but with a probable error of

•0113 the correlation is hardly significantly different from Galton’s value. Both Knee Height and
Cubit are measured in the Anthropometric Laboratory at University College, but the former is

measured to the lowest point of the patella with the subject standing at rest, while Galton

measured to the top of the knee with the subject sitting. Galton deducted the measured heel, we
measure with boots off. Our correlation for male students of Knee Height and Cubit is only 0 -66.
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Macdonell’s values, obtained by a far more refined and accurate method, indicate

—especially when we remember that they are for a very different popu-

lation—how successfully Galton solved his problem. Doubtless he was some-
what aided by the fact that anthropometric physical measurements are far

more nearly normal than many other variates. Had his distributions been
more skew, his median estimates would not have given as accurately the

correlation coefficients. We can now compare the mean or median values

and the standard deviations as found from the quartiles with later results

:

Character

Means Standard Deviations

Galton
(Adults

21 and
upwards)

Macdonell
(Criminals)

Schuster
(Oxford Students)

Galton
(Adults

21, and
upwards)

Macdonell
(Criminals)

Schuster

(Oxford Students)

Stature (cm.) 170-69* 166-46 176-50 {170-25} 6-58 6-45 6-61 {6-80}

Cubit (cm.) ... 45-70 45-06 — {45-85} 2-11 1-96 — {2-04}

Height of Knee (cm.) 52-00 — — {52-15} 3-01 — — {2-62}

Middle Finger (mm.) 115-32 115-24 — 5-63 5-4S —
Head Length (mm.) ... 193-55 191-66 196-05 7-11 6-05 6-23

Head Breadth (mm.) 152-40 150-04 152-84 6-82 5-01 4-92

Cephalic Index 78-74 78-28 78-02 — — 2-92

Considering the difference of social class in the three series,' Galton’s

results can hardly have exception taken to them, except in the case of the

variabilities of Head Length and Head Breadth. These are excessive, but

as we have not the original tables from which the quartiles were determined,

it is not possible to investigate wherein they are anomalous f.

The degree of accordance reached by Galton’s process may be illustrated

by his tables for Stature and Knee Height

:

Stature

in inches

Mean of corresponding
Knee Heights

Height of Knee
in inches

Mean of corresponding

Statures

Observed Calculated Observed Calculated

70-0 21-7 (30) 21-7 22-2 70-5 (23) 70-6

69-0 21-1 (50) 21-3 21-7 69-8 (32) 69-6

68-0 20-7 (38) 20-9 21-2 68-7 (50) 68-6

670 20-5 (61) 20-5 20-7 67-3 (68) 67-7

66-0 20-2 (49) 201 20-2 66-2 (74) 66-7

65-0 19-7 (36) 19-7 19-7 65-5 (41) 65-7

— — — 19-2 64-3 (26) 64-7

The figures in brackets give the numbers of individuals upon whom the

observed medians of the arrays were determined. It will be observed that

the accordance between observation and theory is again very good.

* For a general hospital population: Stature = 170-59
(
Biometrika

,
Yol. iv, p. 126).

t Galton says “The head length is the maximum length measured from the notch between

and just below the eyebrows” (p. 137). Is this the glabella?
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Table V on Galton’s p. 143 is noteworthy. In Column 3 we have the co-

efficients of correlation tabled under the now familiar symbol r. In Column 4 we

have the values of fl — r\ to enable the Quartile of the arrays to be found. In

Column 5 we have, placed one under the other, the two regression coefficients,

and in Column 6 in the same manner the Quartiles of the arrays (i.e.

•67449 crx fl —r3 and ‘67449 oyVl — r2

)

#
. Throughout, without referring

directly to the matter, Galton assumes linear regression and homoscedasticity,

i.e. he is thinking in terms of the bivariate normal surface. Next he draws
attention to the relation of his present work to his former work on heredity.

On the fifth line of p. 144, he has the words: “ from
it

t0
i
x
pi

= 1

to 0’44, which is practically the same.’

1 1

3
X

1-2

from — toThis should read

= 1 to 0’47, which is identically the same,” as it should be since it

expresses the coefficient of correlation found from the second regression

line. Galton emphasises the importance of the reduction in the variability

of the array, as measured by J 1 — r~, and points out how this affects the

efficiency of Bertillon’s system of identification by anthropometric measure-

ments. Bertillon had asserted that his measurements were independent

variates. A reference to Plate LII of our second volume will show that

Galton had chosen several of Bertillon’s “ independent ” measurements and
determined their actual correlation.

Galton next outlines a method by which the influence of n variates on
another might be determined. He suggests that after transmuting the

variates we should sum them, when the probable error of the sum would “ be

Jn, if the variates were perfectly independent, and n if they were rigidly

and perfectly related. The observed value would be almost always some-
where intermediate between these extremes, and would give the information

that is wanted” (p. 145).

This would not, I believe, be a feasible method of approaching multiple

correlation; it neglects the possibility of negative correlations, and does not
provide for the influence on one variate of all the remainder. It is an
attempt to obtain a sort of average value of the interlinkage of a system of

n variates f. I do not think that at this time Galton had realised the
existence and importance of negative correlation.

* A large proportion of values in the 5th and 6th columns have rather serious numerical
errors, corrected by Galton on a copy of the paper in my possession. He also states thereon
that he wishes to change the symbol r to p, presumably because he was thinking of it as the
“ correlation coefficient,” not as the regression coefficient, when units are reduced to respective

variabilities. The regression coefficient without reduction he had termed r in his memoir on stature.

f Let#!, x2 ,
...xs ,

...xn be the n variates, and o-lt tr2 ,
...<rt ,...<r„ their standard deviations,

n
ajj, x2 ,

... xa ,
...xn their means. Then if ^ =S(xs — xs)/crs ,

we have:

<rJ = n + 2 S'(rsA
= n, if all the correlations are zero,

- n + 2\ n (n - \ )
= n2

,
if all the correlations are plus one.

Hence c

r

x = Jn and n in the two cases respectively, as Galton says. But the actual value of v
x
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Galton sums up his results as follows*. Let x be the deviation of the

subject, and y,, y.2 , y:J ,
etc. the corresponding deviations of the correlative,

all deviations being reduced to their proper unit of variability, and also let

the mean of the y deviations for the given x be yx ,
then we find

:

(1) That yx — rx for all values of x; (2) that r is the same, whichever of

the two variables is taken for the subject; (3) that r is always less than 1 ;

(4) that r measures the closeness of correlation.

It will be seen at once that we have here the first fundamental statement

as to the correlation coefficient and its properties. Probably Galton did not

recognise that r = 0 does not signify independence of the two variates, only

the independence of means of arrays. In addition to this, complete independ-

ence involves the arrays being similar and similarly placed curves. It was
not till normal distributions were seen to be non-universal that the distinction

between the vanishing of r and the absolute independence of variates was
fully recognised. For the same reason the idea of non-linear regression did

not cross Galton’s mind. He got as far as an acceptance of the normal

frequency distribution permitted. Only when we look at what has happened
since 1888, do we realise the importance of that short paper on “Co-relations” !

Thousands of correlation coefficients are now calculated annually, the

memoirs and text-books on psychology abound in them ; they form, it may
be in a generalised manner, the basis of investigations in medical statistics,

in sociology and anthropology. Shortly, Galton’s very modest paper of ten

pages from which a revolution in our scientific ideas has spread is in its

permanent influence, perhaps, the most important of his writings. Formerly

the quantitative scientist could only think in terms of causation, now he can

would not be proportional to the sum of the rss
’ even if they were all positive. Perhaps a better

measure of the same type would be to use oy", where

n

X = S(xs
- xfl(Ts

2 and x = «

;

l

hence : cr
2 = mean (x - x)

2

= mean \s (xs - x
6)

J
/oy* + 2S' (xs

- xsf (ay - fy)*/*,* oy
2

11

,- 2nS(xs - xt)*/<r* + n2
Y

= 3n + 2S' (1 + 2

r

s/) — 2

n

3 + n2

= 2n + iS'{r\),

if the variates follow normal distributions, and thus cr
x
2

lies between 2n and 2n2
. This at any

rate would present no difficulty arising from the existence of negative correlations. We see, how-

ever, from this result that possibly the best measure, u, of the total correlativity in a system

would be simply to take
2S (r„/)

^ / -I \>n (w— 1)

for in this case u will always lie between 0 and 1, the former value corresponding to no associa-

tion in the variates of the system, and the latter to perfect correlation of all of them.

* Galton has interchanged his x and y variates. The paper shows here as elsewhere signs of

haste in preparation.
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think also in terms of correlation. This has not only enormously widened
the field to which quantitative and therefore mathematical methods can be
applied, but it has at the same time modified our philosophy of science and
even of life itself. The words which I have cited at the beginning of this

chapter show that Galton, if he expressed himself modestly, still realised the
importance of his work. The root idea at the bottom of correlation must not

be treated as merely rebuilding on a securer mathematical basis statistical

science. It is a much greater innovation which touches in its philosophical

aspects the epistemology of all the sciences.

I have already referred (Vol. II, pp. 380-386) to Galton’s attempt to

introduce the conception of correlation # to anthropologists in 1889. It was
a hopeless task ! Most physical anthropologists in this country lack a

thorough academic training, and statistical methods will only penetrate here
after they have been adopted in Germany and France as they are being-

adopted in Russia, Scandinavia and America. English intelligence is dis-

tributed according to a very skew curve, with an extremely low modal
value; we have produced great men, who have propounded novel ideas, but
our mediocrity fails to grasp them or is too inert to turn them to profit.

Years later these ideas come back to England, burnished and luring, through
foreign channels, and mediocrity knows nothing of their ancestry !

In 1889 Galton read at the British Association (Newcastle-upon-Tyne)
a note entitled: “Feasible Experiments on the Possibility of transmitting

Acquired Habits by means of Inheritance it is published in the B. A.
Report, p. 620, also in Nature, Yol. xl, p. 610, October, 1889. Galton
considers that creatures reared from eggs would be most satisfactory and
suggests fish, fowls and moths. He considers that fish may be taught to

adopt habits not conformable to their nature (Mobius’ experiment with pike

and minnows). Fowls have an instinctive dread of certain insects, but might
be taught to eat mimetic and harmless insects. Larvae are fastidious in

their diet, but can be induced to take food which they naturally avoid, and
which is found perfectly wholesome. Would acquired habits of this kind be
in any case transmitted to their offspring ?

I. Natural Inheritance. The ideas on heredity and correlation which
had been working in Galton’s mind during the decade of the ’eighties found
final expression in his book entitled Natural Inheritance, published in 1889
when Galton was 67 years of age. It may be said that this publication created

Galton’s school; it induced Weldon, Edgeworth and the present biographer

to study correlation and in doing so to see its immense importance for many
fields of inquiry. It is idle to overlook the haste with which it was prepared
and the many slips and positive errors to be found in its pages, but no one who
studied it on its appearance and had a receptive and sufficiently trained mathe-
matical mind could deny its great suggestiveness, or be other than grateful for

all the new ideas and possible problems which it provided. The methods of

* Spelled thus in the Presidential Address of Jan. 2, 1889, and, I think, ever afterwards.

PG III 8
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Natural Inheritance may be antiquated now, but in the history of science

it will be ever memorable as marking a new epoch, and planting the seed

from which sprang a new calculus, as powerful as any branch of the old

analysis, and valuable in just as many fields of scientific research.

In its application to inheritance the work suffers from the same misinter-

pretation of “regression ” that I have several times referred to, namely making
the regression of offspring of given parentage a great biological law, when
it really arises from the clubbing together of all offspring of given parentage

without regard to their earlier.ancestry

.

Given selected parentage and grand-

parentage alone, then with our present numerical values of the multiple

correlation constants, it seems highly probable that the progeny of selected

offspring would progress rather than regress on their parents and grand-

parents. In other words, given a line in which by chance or artificial selection

there has been marked ancestry for two or three generations, and which is

then isolated or inbred, there is reason to believe it would progress even

beyond its ancestry rather than regress. Statistical investigations of heredity

since 1889 seem to indicate a progressive evolution in selected lines, rather

than a general regression to a population mean*. That would only arise from

the far too frequent mating with mediocrity or worse than mediocrity. If

Galton’s misinterpretation . of regression runs through Natural Inheritance
,

and makes him appeal to “sports” for evolutionary changes; if the reader

is puzzled to know why Galton should study “ variations proper,” which

according to him have no permanent value for evolution
;

still the book is a

great book, for it applies a wholly new calculus—if one still in its infancy

—

to an important biological problem.

I think, however, that Galton fully grasped how much more important

was his method than its special application. He writes that his conclusions

“depend on ideas that must first be well comprehended, which are now novel to the large

majority of readers and unfamiliar to all. But those who care to brace themselves to a sustained

effort, need not feel much regret that the road to be travelled over is indirect, and does not

admit of being mapped beforehand in a way that they can clearly understand. It is full of

interest of its own. It familiarises us with the measurement of variability, and with curious laws

of chance that apply to a vast diversity of social subjects. This part of the inquiry may be said

to run along a road on a high level, that affords wide views in unexpected directions, and from

which easy descents may be made to totally different goals to those we have now to reach. I

have a great subject to write upon, but feel keenly my literary incapacity to make it easily in-

telligible without sacrificing accuracy and thoroughness.” (Chapter I, pp. 2-3.)

Galton in his Introductory Chapter states that there are three problems

with which he will be principally concerned. The first problem is to deter-

mine how a population can, under the laws of heredity, keep stable from

generation to generation. The second problem regards the average share

contributed to the character in the offspring by each ancestor severally.

The third problem is to measure numerically the nearness of kinship in

* There has always been this element of truth in Johansen’s theory of “pure lines,” that

selected lines do not regress if they are isolated or inbred. The doubtful dogma of that theory

is that exceptional members of a “pure line” are only “fluctuating variations,” and so no further

selection is of any value within a “pure line.”
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various degrees (pp. 1-2). Such are the three fundamentally novel problems

which Galton set himself in Natural Inheritance

;

we shall endeavour to

show the extent to which he has solved them, or at least has suggested

methods of solving them, in the following discussion of that work.

Chapters II and III are general in character, expressing Galton’s own
views on heredity, and erring, if at all, in rather too much appeal to analogy.

In the lirst of these chapters Galton states his opinion as to “ natural ” and
“ acquired ” characters, indicating that he considers the inheritance of the

latter extremely doubtful; he emphasises the importance of closely criticising

the evidence offered in each case to prove the transmission of acquired

faculties, citing especially the possibilities of intra-uterine influence*. He
refers to the difficulty of combining male and female measures, and states

that:

“Fortunately we are able to evade it altogether by using an artifice at the outset, else, looking

back as I now can, from the stage which the reader will reach when he finishes this book, I hardly

know how we should have succeeded in making a fair start. The artifice is never to deal with

female measures as they are observed, but always to employ their male equivalents in place of

them. I transmute all the observations of females before taking them in hand, and thenceforward

am able to deal with them on equal terms with the observed male values.” (p. 6.)

Galton for stature multiplied every female stature by L’08 to reach its

male equivalent, or added about one inch to every foot of female stature. He
does not tell us how he demonstrated that equivalence, whether from the

ratio of the mean values in men and women, or more adequately by finding

it held (approximately) for all grades f. The true method is to reduce each

deviation from the mean by dividing by its standard deviation, or other

measure of variability, and it was an inspiration on Galton’s part that led

him to recognise that at any rate for the case of stature, the ratio of vari-

abilities in male and female was close to the ratio of their mean values. See
our p. 15 above.

On p. 7 Galton deals with what he terms Particulate Inheritance. He
recognises that an individual may possess characters, which are known
to have existed in an ancestor, but were not in the immediate parents.

From this idea of latent characteristics Galton reaches the conception of

inheritance in the individual as a “mosaic” of ancestral factors, and illustrates

his views by twrn analogies, that of a builder’s yard, with fragments of old

buildings ready to be used again (p. 8), and the vegetations on two islands

which spread to adjacent islets (pp. 10-12). I think he would have done
better to have retained his earlier conception of the “stirp” (see our Yol. n,

* The complexity of this latter source must be borne in mind, if we can accept Galton’s state-

ments on pp. 15-16, that not a drop of blood passes from mother to child, and yet that a mother’s
system may be “drenched with alcohol and the unborn infant alcoholised” during all its intra-

uterine existence.

f Probably in this latter way
;
see his p. 42, where he says we are to transmute female to

male measures by comparing their respective “schemes,” and devising a formula which will

change one to the other. A “scheme,” supposed normal, depends on two constants, the mean
and the variability. Galton does not point this out, or state the inference which follows from
his use of the factor 1 -08.

8—2
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p. 185), that is of the continuity of the germ-plasm. It is only in a figurative

sense that we can look upon the inheritance of the individual as a mosaic, and
speak of the contribution of an ancestor to the result. The individual is the

product of the germ-plasms that go to his production, not of the individual

ancestors. The study of the characters of the individual ancestors is only

ancillary to a study of the possibilities of those germ-plasms. The correlation

of a somatic character in a great grandparent, say, and great grandchild is

not in any sense a real measure of what the former contributes to the

latter, nor is the corresponding multiple regression coefficient such a measure.

We are testing what on the average we can predict of the somatic characters

of the offspring from a knowledge of what the germ-plasms of the “ stirp
”

have produced in the past. In other words the term “ contribution of an
ancestor” should be interpreted as, or be replaced by, “contribution of the
ancestor to the prediction formula.” It is in no sense a 'physical contribution

to the germ-plasms on which the somatic characters of the offspring depend.

I do not think that anyone acquainted with the theory of multiple correlation

would interpret the Law of Ancestral Heredity in any other sense
;
but

Galton’s use of the terms “ particulate inheritance,” “ mosaic,” “ heritage

from distant progenitors,” must be admitted to be easily capable of mis-

interpretation.

Galton then deals with the “ heritages that blend and those that are

mutually exclusive,” citing as an illustration of the former, skin-colour in

crosses between white and negro, and of the latter eye-colour. He does not

here, any more than in his fundamental paper on eye-colour (see our p. 34),

explain for what reason he assumes the distribution of eye-colour in the

array of offspring due to a definite ancestry will be in the same proportions

as in the case of a blended character in an individual offspring. Galton con-

cludes that:

“There are probably no heritages that perfectly blend, or that absolutely exclude one another,

but all heritages have a tendency in one or the other direction, and the tendency is often a very

strong one—A peculiar interest attaches itself to mutually exclusive heritages, owing to the

aid they must afford to the establishment of incipient races.” (pp. 13-14.)

So far, however, as the struggle for existence and evolution are concerned,

this last sentence must mean that a mosaic of the characters of two distinct

races is for some environmental reasons more fitting than either pure race,

and what is more, that the characters in the new mixed race will be stable

and not segregate out again.

In the concluding paragraph we read :

“The incalculable number of petty accidents that concur to produce variability among
brothers, makes it impossible to predict the exact qualities of any individual from hereditary

data. But we may predict average results with great certainty, as will be seen further on, and
we can also obtain precise information concerning the penumbra of uncertainty that attaches

itself to single predictions. It would be premature to speak further of this at present; what
has been said is enough to give a clue to the chief motive of this chapter. Its intention has been
to show the large part that is always played by chance in the course of hereditary transmission,

and to establish the importance of an intelligent use of the laws of chance and of the statistical

methods that are based upon them, in expressing the conditions under which heredity acts.”

(pp. 16-17.)
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Galton in his Chapter III deals with the theory of Organic Stability,

illustrating it by the model of a polygonal slab, which has positions of stable

equilibrium with various degrees of stability, i.e. which may require large or

only small displacements to pass from one position of equilibrium to a second.

He considers that his model (see Fig. 12) shows how the following conditions

may co-exist: (1) Variability within narrow limits without prejudice to the

purity of the breed (i); (2) Partly stable sub-types (ii); (3) Tendency, when
much disturbed, to revert from a sub-type to an earlier form; (4) Occasional

sports which may give rise to new types (iii) (pp. 27-30). Again the whole
argument is one of analogy, and the reader may be pardoned a little vexation

when he finds such important topics as the Stability of Sports and Infertility

of Mixed Types only discussed (pp. 30-32) by reference to the analogy of

hansom cabs and the impossibility of their useful blend with four-wheelers *

!

The fact, I think, is that Galton’s own ideas at this time were obscured

by his belief that the ancestors actually did contribute to the heritage
;
he

regarded the incipient structure of the new being to be the result of a clash of

elements contributed from many ancestral sources, and the resulting building

up out of more or less opposing elements of a particulate individual inherit-

ance as the result of chance f. A further source of difficulty to Galton in his

interpretation of hereditary phenomena lay in his mistake as to the nature
of regression. This forced on him the conception of positions of stable equili-

brium, each with its own centre of regression, and led him to the view that

evolution must generally proceed by sports, and not by minute steps. It is

true that on p. 32 he draws a distinction between the two views that the steps

may be small and that they must be small, but as he has elsewhere applied his

view of regression to indicate that small steps cannot be the source of evolu-

tion, the distinction is not really much of a concession (see our pp. 31-2).

The following words of Galton deserve, however, to be quoted not only

* I find my copy of the Natural Inheritance, read and annotated forty years ago, defaced by
many marginal notes expressing anger at Galton’s analogies in this Chapter. But these notes

were written before I had read and grasped the value of much of the later work in the book.

t Of course the Mendelian appeals to the same doctrine of chance to explain the variation

in the members of an individual brood or litter, but he does so on the basis of homogeneous
germ cells having a heterogeneous factor formula. I am inclined to believe that the germ cells of

the same individual are not always and absolutely homogeneous, at any rate in the higher

organisms, and that the clash of elements to be determined by chance need not lie in the

factors of the formulae of the gametes, but in the fertilising germ cells themselves.
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because they express his own strong convictions, but also because they may
serve as a warning that we must appeal with caution to the continuity of

the palaeontological record :

“An apparent ground for the common belief [that evolution proceeds by minute steps only*]

is founded on the fact that whenever search is made for intermediate forms between widely

divergent varieties, whether they be of plants or of animals, of weapons or utensils, of customs,

religion or language, or of any other product of evolution, a long and orderly series can usually

be made out, each member of which differs in an almost imperceptible degree from adjacent

specimens. But it does not at all follow because these intermediate forms have been found to

exist, that they are the very stages that were passed through in the course of evolution. Counter
evidence exists in abundance, not oidy of the appearance of considerable sports, but of their

remarkable stability in hereditary transmission. Many of the specimens of intermediate forms
may have been unstable varieties, whose descendants had reverted; they might be looked upon
as tentative and faltering steps taken along parallel courses of evolution and afterwards retraced.

Affiliation from each generation to the next requires to be proved before any apparent line of

descent can be accepted as the true one. The history of inventions fully illustrates this view.

It is a most common experience that what an inventor knew to be original, and believed to be
new, had been invented independently by others many times before, but had never become
established. Even when it has new features, the inventor usually finds on consulting lists of

patents, that other inventions closely border on his own. Yet we know that inventors often

proceed by strides, their ideas originating in some sudden happy thought suggested by a chance

occurrence, though their crude ideas may have to be laboriously worked out afterwards. If,

however, all the varieties of any machine that had ever been invented, were collected and
arranged in a museum in the apparent order of their evolution, each would differ so little from
its neighbour as to suggest the fallacious inference that the successive inventors of that machine
had progressed by means of a very large number of hardly discernible steps.” (pp. 32-3.)

In concluding this chapter Galton apologises for largely using metaphor
and analogy, on the ground that he wished to avoid any “entanglements
with theory/' as no complete theory of inheritance had yet been propounded
that met with general acceptance (p. 34). This seems to me to show that

Galton looked upon his statistical analysis of inheritance not as a theory of

heredity, but as a description of hereditary facts, which it undoubtedly is.

Chapter IV deals with Galton’ s “ogive curve” (see our pp. 30-31) by
which he represents a frequency distribution by aid of grades or percentiles.

Galton had discussed this manner of representation in numerous earlier papers,

and we may refer to Plate II for a graphic representation of his curve. The
only novel point in Chapter IV is the suggestion, not very fully worked out,

that the scheme of grades or percentiles might be applied to “ inexact

measures,” i.e. to our present so-called “ broad categories,” and that these

may be measures of a great variety of characters including relative professional

success. He cites on this latter point Sir James Paget’s analysis of the

successes of 1000 of his pupils at St Bartholomew’s Hospital. Sir James
made five classes: (a) Distinguished,

(
b

)
Considerable, (c) Moderate,

(
d

)
Very

limited success, and in the fifth class (e) he put Failures. Galton made the

numbers in each 28, 80, 616, 151, and 125 respectively. Among the fore-

most were the three professors of anatomy in Cambridge, Edinburgh and

* It is a strange but widely spread notion that those who believe in continuous variation of

a non-fluctuating character, must ipso facto suppose evolution to proceed by “minute steps.”

Given a race with mean cephalic index of 75 and a range in index from 65 to 85, there is

nothing to prevent by isolation the establishment of a brachycephalic race of cephalic index 82

—

a spring as great as from Englishman to Jew—without transition through all the small inter-

mediate steps from 75 to 82.
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Oxford, and the three last were two men who committed suicide under

circumstances of great disgrace and Palmer, the Rugeley murderer, who was
hanged. There is possibly little knowledge to be obtained from the result

for a single medical school, but comparative statistics for several would be of

considerable value.

Chapter V deals with Normal Variability
,
and Galton shows how the

distribution depends only on the two constants, the median and the quartile,

and further that if two individuals whose grades are known be actually

measured, then the median and quartile, and so the whole distribution of varia-

tion, can be discovered (p. 62, footnote, and cf. our Yol. n, p. 385). The origin

of the normal distribution is illustrated mechanically by aid of the “ quincunx
”

(see our pp. 9 and 10). Nor is Galton able to avoid becoming poetically

enthusiastic in a paragraph headed Hie Charms of Statistics, for he writes :

“It is difficult to understand why statisticians commonly limit their inquiries to averages

and do not revel in more comprehensive views. Their souls seem as dull to the charm of variety

as that of the native of one of our flat English counties, whose retrospect of Switzerland was
that, if its mountains could be thrown into its lakes, two nuisances would be got rid of at once.

An average is but a solitary fact, whereas if a single other fact be added to it, an entire Normal
Scheme, which nearly corresponds to the observed one, starts potentially into existence.

“Some people hate the very name of statistics, but I find them full of beauty and interest.

Whenever they are not brutalised, but delicately handled by the higher methods, and are warily

interpreted, their power of dealing with complicated phenomena is extraordinary. They are the

only tools by which an opening can be cut through the formidable thicket of difficulties that

bars the path of those who pursue the Science of Man.” (pp. 62-63.)

Galton at the end of his Chapter V gives the two fundamental proposi-

tions on which his normal surface for the distribution of characters in two
relatives depends. He envisages it in the following manner.

“(1) Bullets are fired by a man who aims at the centre of a target, which we will call its

M, and we will suppose the marks that the bullets make to be painted red, for the sake of dis-

tinction. The system of lateral deviations of these red marks from the centre M will be approxi-

mately Normal, whose Q [Probable Error] we will call c. [This is the distribution of the first

relative.] Then another man takes aim, not at the centre of the target, but at one or other of

the red marks, selecting these at random. We will suppose his shots to be painted green. The
lateral distance of any green shot from the red mark at which it was aimed will have a Probable
Error, that we will call b. Now if the lateral distance of a particular green mark from M is

given [a], what is the most probable distance from M of the red mark at which it was aimed
1

?

c2 •

It is ——r-„ a *.

<r + b~

“(2) What is the Probable Error of this determination? In other words, if estimates have
been made for a great many distances founded upon the formula in (1), they would be correct

on the average, though erroneous in particular cases. The errors thus made would form a normal
be

system whose Q [Probable Error] it is desired to determine. Its value is

jyTf -z
t.”

(pp. 69-70.)

* Unfortunately Galton has the value
c2 + 62 ’

which is very liable to confuse the reader.

t In more modern notation, this may be looked upon as the variability of the array of the

second relative = c
2
( 1 — r2); therefore r = Vc2

/(c
2 + b2). Hence the regression of first relative

c2 .

on second relative = rc/vc- + b2 x a = „ x a. Again the variance of the difference in character
c + 62

between the two relatives = c2 + (c
2 + 62

)
— 2cjc* + b2 r = b2

,
or b has for physical meaning the

probable error of the distribution of the difference in character between the two relatives.
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It was by the help of these propositions that Galton discussed the action of

inheritance in stable populations. Assuming normal distribution of characters,

as he did, then the above relations really involve the fundamental properties

of bivariate regression, stated with a truly amazing minimum of algebra.

In Chapter VI Galton describes his data. After referring to the moth-
breeding experiments then in progress, and to his much earlier experiments
on the characters of sweet-peas, he passes to his Records of Family Faculties

obtained by the oiler of £500 in prizes. He obtained the records of 150
families, 70 by male and 80 by female recorders. The records contained data
as to Stature, Eye-Colour, Temper, the Artistic Faculty, and some forms of

Disease. As a measure of the amount of material thus obtained, we find 205
couples of parents and 930 adult children of both sexes. A further set of

Special Data was obtained by circulars requesting measurements of the

stature of pairs of brothers. The constants for this material differ consider-

ably from those for the Family Records. I think Galton thought the former

material more reliable, but in working through his data in 1895* I came
to the conclusion that the Special Data, owing to the heterogeneity of their

origin, were scarcely to be fully trusted.

The chapter on Data concludes with some account of Galton’s work on
the weight of sweet-pea seeds. He states that

:

“The results were most satisfactory. They gave me two data, which were all that I wanted
in order to understand, in its simplest form, the way in which one generation of a people is

descended from a previous one; and thus I got at the heart of the problem at once.” (p. 82.)

Galton had thus first learnt of the nature of regression in 1875 from his

sweet-pea experiments. He gives in Appendix C, pp. 225-6, of the Natural
Inheritance, the first correlation table for inheritance, that of the diameters

of parental and filial plants. The regression is about I have drawn the

regression line (see our p. 4). Galton also states that he had made con-

firmatory measurements on foliage and length of pod, but he does not enter

into details.

Chapter VII contains the Discussion of the Data of Stature. This

chapter covers the same ground as the papers dealt with in our pp. 11-20,

but there is some amplification and some attempt to simplify the mathematical

reasoning^. The table on p. 133 is, as I have indicated on our pp. 23-4,

very doubtful as far as the numerical values are concerned. In particular

Galton terms the mean regression w, and then says that the probable devia-

tion of the regressed array is p J 1 — w\ where p is the probable deviation of

* See Phil. Trans. Vol. 187, A, pp. 283-4.

f Certain corrections should be made. On p. 127, formula (2), there should be no radical

c~

before c
2
/(6

2 + c
2
). This is a relic of an error on p. 70, where a should be read for

/ f See p. 224. The numerical value for b deduced from (2) is correct. On p. 128, the
A* c

2 + b"

numerical value for b should be -96 not -98, and this value, '96, should be inserted in the table

on p. 129 instead of the CIO given under the (3) heading. The mean is then T03 instead of

1-06.
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