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CHAT. I1.] PROCESSES IN HEREDITY. D

in features and disposition from their earliest years,
though brought into the world under the same condi-
tions and subsequently nurtured in an almost identical
manner. It may be that some natural peculiarity does
not appear till late in life, and yet may justly deserve
to be considered natural, for if it is decidedly exceptional
n 1its character its origin could hardly be ascribed to
the effects of nurture. If it was also possessed by some
ancestor, 1t must be considered to be hereditary as
well.  But “Natural” is an unfortunate word for
our purpose; it implies that the moment of birth is
the earliest date from which the effects of surrounding
conditions are to be reckoned, although nurture begins
much earlier than that. I therefore must ask that the
word “ Natural ” should not be construed too literally,
any more than the analogous phrases of inborn, con-
genital, and innate. This convenient laxity of expres-
sion for the sake of avoiding a pedantic periphrase need
not be accompanied by any laxity of idea.

Transmutation of Female into Male Measures.— We
shall have to deal with the hereditary influence of parents
over their offspring, although the characteristics of the
two sexes are so different that it may scem impossible
to speak of both in the same terms. The phrase of
“ Average Stature” may be applied to two men without
fear of mistake in its interpretation ; neither ean there
be any mistake when it is applied to two women, but
what meaning can we attach to the word Average
when it is applicd to the stature of two such different






11.] PROCESSES IN HEREDITY. 7

6 feet, as 6 feet + 6 inches; if 5% feet, as 5% feet +
5% inches ; that is to say, as 5 feet + 11} inches.’

Similarly as regards sons and daughters; whatever
may be observed or concluded concerning daughters
will, if transmuted, be held true as regarding sons,
and whatever is said concerning sons, will if re-
transmuted, be held true for daughters. We shall see
further on that it is easy to apply this principle to
all measurable qualities.

Particulate Inheritance.—All living beings are indi-
viduals in one aspect and composite in another. They
are stable fabrics of an inconceivably large number of
cells, each of which has in some sense a separate life of
its own, and which have been combined under influences
that are the subjects of much speculation, but are as
yet little understood. We seem to inherit bit by bit,
this element from one progenitor that from another,
under conditions that will be more clearly expressed as
we proceed, while the several bits are themselves liable
to some small change during the process of transmission.
Inheritance may therefore be deseribed as largely if not
wholly “ particulate,” and as such it will be treated in
these pages. Though this word is good English and
accurately expresses ifs own meaning, the application

! The proportion T use is as 100 to 108 ; that is, I multiply every female
mensure by 108, which is a very easy operation to those who possess that
most useful book to statisticians, Crelle's Tables (G. Reimer, Berlin, 1875).
It gives the products of all numbers under 1000, each into each ; so by
referring to the columm headed 108, the transmuted values of the female
statures can be read off at once.






L. | PROCESSES IN HEREDITY. 9

they did. They form what is well expressed by the
word © traits,” traits of feature and character—that is to
say, continuous features and not isolated points.

We appear, then, to be severally built up out of a
lost of minute particles of whose nature we know
nothing, any one of which may be derived from any
one progenitor, but which are usually transmitted in
aggregates, considerable groups being derived from
the same progenitor. It would seem that while the
embryo is developing itself, the particles more or less
qualified for cach new post wait as it were in com-
petition, to obtain it. Also that the particle that
suceceds, must owe its success partly to accident of
position and partly to being better qualified than any
equally well placed competitor to gain a lodgment.
Thus the step by step development of the embryo
cannot fail to be influenced by an inealeulable number
- of small and mostly unknown circumstances.

Fanaly Likeness and Indwidual Variation.—Natural
peculiarities are apparently due to two broadly different
causes, the one is Family Likeness and the other is In-
dividual Variation. They seem to be fundamentally
opposed, and to require independent discussion, but this
1s not the case altogether, nor indeed in the greater part.
It will soon be understood how the conditions that pro-
duce a general resemblance between the offspring and
their parents, must at the same time give rise to a con-
siderable amount of individual differences. Therefore I
need not diseuss Family Likeness and Individual Varia-
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11. | PROCESSES IN HEREDITY. 13

by what we may see in plots of wild vegetation, where
two varieties of a plant mix freely, and the general
~aspect of the vegetation becomes a Dblend of the two,
or where individuals of one variety congregate and take
exclusive possession of one place, and those of another
variety congregate in another.

A peculiar interest attaches itself to mutually exelu-
sive heritages, owing to the aid they must afford to the
establishment of incipient races. A solitary peculiarity
that blended freely with the characteristics of the parent
stock, would disappear in hereditary transmission, as
quickly as the white tint imported by a solitary Euro-
pean would disappear in a black population. If the
European mated at all, his spouse must be black, and
therefore in the very first generation the offspring
would be mulattoes, and half of his whiteness would
be lost to them. If these mulattoes did not inter-
breed, the whiteness would be reduced in the second
generation to one quarter ; in a very few more genera-
tions all recognizable trace of it would have gone.
But if the whiteness refused to blend with the black-
ness, some of the offspring of the white man would be
wholly white and the rest wholly black. The same
event would occur in the grandchildren, mostly but
not exclusively in the children of the white offspring,
and so on in subsequent generations. Therefore,
unless the white stock became wholly extinct, some
undiluted specimens of it would make their appear-
ance during an indefinite time, giving it repeated
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of acquired fuculties requires to be closely eriticized.
For example, a woman who was sober becomes a
drunkard. Her children born during the period of her
sobriety are said to be quite healthy ; her subsequent chil-
dren are said to be neurotic. The objections to accepting
this as a valid instance in point are many, The woman’s
tissues must-have been drenched with aleohol, and the
unborn infant aleoholised during all its existence in that
state. The quality of the mother’s milk would be bad.
The swrroundings of a home under the charge of a
drunken woman would be prejudicial to the health of
a growing child. No wonder that it became neurotiec.
Again, a large number of diseases are conveyed by
germs capable of passing from the tissues of the
mother into those of the unborn child otherwise than
through the blood. Moreover it must be recollected
that the connection between the unborn child and the
mother is hardly more intimate than that between some
parasites and the animals on which they live. Not
a single nerve has been traced between them, not a
drop of blood ! has been found to pass from the mother
to the child. The unborn child together with the
growth to which it is attached, and which is afterwards
thrown off, have their own vascular system to them-
selves, entirely independent of that of the mother,
If in an anatomical preparation the veins of the mother
are injected with a coloured fluid, none of it enters the
veins of the child ; conversely, if the veins of the child

I Bee Leetures by William O, Priestley, M.D, (Churehill, London, 1860)
Pp. 50, 52, 55, 59, and 64.
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CHAP, 1L ] ORGANIC STABILITY. 19

apparently exhaust all reasonable possibilities : first, that
in which each element selects its most suitable immediate
neighbourhood, in accordance with the guiding idea in
Darwin’s theory of Pangenesis ; secondly, that of more
or less general co-ordination of the influences exerted on
each element, not only by its immediate neighhours, but
by many or most of the others as well ; finally, that of
accident or chance, under which name a group of agen-
cies are to be comprehended, diverse in character
and alike only in the fact that their influence on the
settlement of each particle was not immediately directed
towards that end. In philosophical language we say
that such agencies are not purposive, or that they are
not teleological ; in popular language they are called
accidents or chances.

Filal Relation—A conviction that inheritance is
mainly particulate and much influenced by chance,
greatly affects our idea of kinship and makes us con-
sider the parental and filial relation to be curiously
cireuitous. It appears that there is no direct hereditary
relation between the personal parents and the personal
child, except perhaps through little-known channels of
secondary importance, but that the main line of
hereditary connection unites the sets of elements out
of which the personal parents had been evolved with
the set out of which the personal child was evolved.
The main line may be rudely likened to the chain of a
necklace, and the personalities to pendants attached to
its links. We are unable to sce the particles and

¢ 2






1. | ORGANIC STABILITY. 21

likings of each individual inscct in a flying swarm may
be supposed to determine the position that he occupies
m 1t.  Hvery particle must have many immediate neigh-
bours. Even a sphere surrounded by other spheres of
equal sizes, like a cannon-ball in the middle of a heap,
when they are piled in the most compact form, is in
actual contact with no less than twelve others., We may
therefore feel assured that the particles which are still
unfixed must be affected by very numerous influences
acting from all sides and varying with slight changes of
place, and that they may occupy many positions of tem-
porary and unsteady equilibrium, and be subject to
repeated unsettlement, before they finally assume the
positions in which they severally remain at rest.

The whimsical effects of chance in producing stable
results are common enough. Tangled strings variously
twitched, soon get themselves into tight knots. Rub-
bish thrown down a sink is pretty sure in time to choke
the pipe ; 1o one bit may be so large as its bore, but
several bits in their numerous chance encounters will
at length so come into collision as to wedge themselves
nto a sort of arch across the tube, and effectually plug
it. Many years ago there was a fall of large stones from
the ruinous walls of Kenilworth Castle. Three of them,
if 1 recollect rightly, or possibly four, fell into a very
peculiar arrangement, and bridged the interval between
the jambs of an old window. There they stuck fast,
showing clearly against the sky. The oddity of the
structure attracted continual attention, and its stability
was much commented on. These hanging stones, as
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and invariably tends to establish the following staff of
officers : President, vice-Presidents, a Council, Honorary
Secretaries, a paid Secretary, Trustees, and a Treasurer.
As Britons are not unfrequently servile to rank, some
seek a purely ornamental Patron as well.

Every variety of Crowd has its own characteristic
features. At a national pageant, an evening party, a
race-course, a marriage, or a funeral, the groupings in
each case recur so habitually that it sometimes appears
to me as if time had no existence, and that the ceremony
in which [ am taking part is identical with others at
which I had been present one year, ten years, twenty
years, or any other time ago.

The frequent combination of the same features in
Landscape Scenery, justifies the use of such expressions
as “true to nature,” when applied to a pictorial com-
position or to the descriptions of a novel writer. The
‘experiences of travel in one part of the world may
curiously resemble those in another. Thus the military
expedition by boats up the Nile was planned from
experiences gained on the Red River of North America,
and was carried out with the aid of Canadian voyageurs.
The snow mountains all over the world present the
same peculiar difficulties to the climber, so that Swiss
experiences and in many cases Swiss guides have been
used for the exploration of the Himalayas, the Cancasus,
the lofty mountains of New Zealand, the Andes, and
Greenland. Whenever the general conditions of a
new country resemble our own, we recognise character-
istic and familiar features at every turn, whether we
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of frequently recwrent forms. The word etymologically
compares these forms to the identical medals that may
be struck by one or other of a set of dies. The central
idea on which the phrase ““ stable forms” is based is of
the same kind, while the phrase further accounts for
their origin, vaguely it may be, but still significantly,
by showing that though we know little or nothing of
details, the result of organic groupings is analogous to
much that we notice elsewhere on every side.

Subordinate positions of Stability—Of course there
are different degrees of stability. If the same structural
form recurs in successively descending generations, its
stability must be great, otherwise it could not have
withstood the effects of the admixture of equal doses of
alien elements in successive generations. Such a form
well deserves to be called typical. A breeder would
always be able to establish it. It tends of itself to
become a new and stable variety; therefore all the
breeder has to attend to is to give fair play to its
tendency, by weeding out from among its offspring such
reversions to other forms as may crop up from time to
time, and by preserving the breed from rival admixtures
until it has become confirmed, and adapted in every
minute particular to its surroundings.

Personal Forms may be compared to Human Inven-
tions, as these also may be divided into types, sub-types,
and deviations from them. Every important inven-
tlon is a new type, and of such a definite kind as to
admit of clear verbal deseription, and so of becoming
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ances, each a distinet step in the improvement of one
or other of the three primary types, and there are or
may be in each of the three an indefinite number
of varieties in details, too unimportant to be subjects
of patent rights.

The broad classes, of primary or subordinate types,
and of mere deviations from them, are separated by no
well-defined frontiers. Still the distinetion 1s very ser-
viceable, so much so that the whole of the laws of patent
and copyright depend upon it, and it forms the only
foundation for the title to a vast amount of valuable
property. Corresponding forms of classification must
be equally appropriate to the organic structure of all
living things.

Model.—The distinction between primary and sub-
ordinate positions of stability will be made clearer by the

FlG.1.

A
help of Fig 1, which is drawn from a model I made. The
model has more sides, but Fig. 1 suffices for illustration.

It is a polygonal slab that can be made to stand on any
one of its edges when set upon a level table, and is
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the shorter diameter of the oval, it stands in 1ts most
stable position, and in one from which it is equally diffi-
cult to dislodge it by a tilt either forwards or backwards.
So long as it is merely tilted it will fall back on being
left alone, and its position when merely tilted corre-
sponds to a simple deviation. But when it is pushed
with sufficient force, i1t will tumble on to the next
edge, B ¢, into a new position of stability. It will
rest there, but less securely than in its first position ;
moreover its range of stability will no longer be dis-
posed symmetrically. A comparatively slicht push from
the front will suffice to make 1t tumble back, a com-
paratively heavy push from behind is needed to make
1t tumble forward. If it be tumbled over into a
third position (not shown in the Fig.), the process
just deseribed may recur with exaggerated effect, and
similarly for many subsequent ones. If, however, the
slab i1s at length brought to rest on the edge ¢ b,
most nearly corresponding to its longest diameter, the
next onward push, which may be very slight, will suffice
to topple it over into an entirely new system of stability ;
in other words, a “sport” comes suddenly into exist-
ence. Or the figure might have been drawn with its
longest diameter passing into a projecting spur, so that
a push of extreme strength would be required to topple
1t entirely over.

If the first position, A B, is taken to represent a type,
the other portions will represent sub-types. All the
stable positions on the same side of the longer diameter
are subordinate to the first position. On whichever of
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electrical batteries was that which is still known as a
Grove battery, being the invention of Sir William Grove.
[ts principle was quite new at the time, and it continues
in use without alteration.

The persistence in inheritance of trifling characteristics,
such as a mole, a white tuft of hair, or multiple fingers,
has often been remarked. The reason of it is, I presume,
that such characteristics have inconsiderable influence
upon the general organic stability; they are mere
excrescences, that may be associated with very different
types, and are therefore inheritable without let or
hindrance.

It seems to me that stability of type, about which we
as yet know very little, must be an important factor in
the general theory of heredity, when the theory is
applied to cases of high breeding. Tt will be shown
later on, at what point a separate allowance regquires
to be made for it. But in the earlier and prinecipal
part of the inquiry, which deals with the inheritance of
qualities that are only exceptional in a small degree, a
separate allowance does not appear to be required.

Infertility of Mixed Types—It is not difficult to see
in a general way why very different types should refuse
to coalesce, and it is scarcely possible to explain the
reason why, more clearly than by an illustration. Thus
a useful blend between a four-wheeler and a hansom
would be impossible ; it would have to run on three
wheels and the half-way position for the driver would
be upon its roof. A blend would be equally impossible
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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 illus-
trates this view. It is a most common experience that
what an inventor kuew 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 laborivusly
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.

The object of this and of the preceding chapter has
been first to dwell on the fact of inheritance being
“ particulate,” secondly to show how this fact js com-
patible with the existence of various types, some of
which are subordinate to others, and thirdly to argue

D
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iv.] SCHEMES OF DISTRIBUTION AND OF FREQUENCY. 37

the distribution of any faculty has been ascertained, we
can tell from the measurement, say of our child, how he
ranks among other children in respect to that faculty,
whether it be a physical gift, or one of health, or of
intellect, or of morals. As the years go by, we may
learn by the same means whether he is making his way
towards the front, whether he just holds his place, or
whether he is falling back towards the rear. Similarly
as regards the position of our class, or of our nation,
among other classes and other nations,

Schemes of Distribution and their Grades.—I shall
best explain my graphical method of expressing Dis-
tribution, which I like the more, the more I use it,
and which I have latterly much developed, by showing
how to determine the Grade of an individual among his
fellows in respect to any particular faculty. Suppose
that we have already put on record the measures of
many men in respect to Strength, exerted as by an
archer in pulling his bow, and tested by one of Salter’s
- well-known dial instruments with a movable index.
Some men will have been found strong and others weak ;
how can we picture in a compendious diagram, or how
can we define by figures, the distribution of this faculty
of Strength throughout the group? How shall we
determine and specify the Grade that any particular
person would occupy in the group? The first step 1s
to marshal our measures in the orderly way familiar to
statisticians, which is shown in Table I. T usually work
to about twice its degree of minuteness, but enough
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w.] SCHEMES OF DISTRIBUTION AND OF FREQUENCY., 41

position will be exactly Middlemost, after the Strengths
of all the men in the group have been marshalled in
the order of their magnitudes. In other words, he is
of mediocre strength. The accepted term to express
the value that occupies the Middlemost position is
“ Median,” which may be used either as an adjective or
as a substantive, but it will be usually replaced in this
book by the abbreviated form M. T also use the word
“Mid " in a few combinations, such as “ Mid-Fraternity,”
to express the same thing. The Median, M, has three
properties. The first follows immediately from its con-
struction, namely, that the chance is an equal one, of
any previously unknown measure in the group exceeding
or falling short of M. The second is, that the most
probable value of any previously unknown measure in
the group is M. Thus if N be any one of the measures,
and u be the value of the unit in which the measure is
recorded, such as an inch, tenth of an inch, &e., then
the number of measures that fall between (N=3u) and
(N + ), is greatest when N =M. Mediocrity is always
the commonest condition, for reasons that will become
apparent later on. The third property is that whenever
the curve of the Scheme is symmetrically disposed on
either side of M, except that one half of it is turned
upwards, and the other half downwards, then M is
identical with the ordinary Arithmetic Mean or Average.
This is closely the condition of all the curves I have to
discuss. The reader may look on the Median and on

the Mean as being practically the same things, throughout
this book.
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both the ratios and the differences between either pair of
values would be sensibly the same.

A different way of comparing two Schemes i1s some-
times useful, It is to draw them in opposed directions,
as in Fig. 5, p. 40. Their curves will then cut each
other at some point, whose Grade when referred to
either of the two Schemes (whichever of them may be
preferred), determines the point at which the same
values are to be found. In Fig. 5, the Grade in the
one Scheme 18 20°; therefore in the other Scheme it is
100°—20, or 80", In respect to the Strength of Pull
of men and women, it appears that the woman who
oceupies the Grade of 96° in her Scheme, has the same
strength as the man who occupies the Grade of 4° in his
Scheme.

I should add that this great inequality in Strength
between the sexes, is confirmed by other measure-
ments made at the same time in respect to the
Strength of their Squeeze, as tested by another of
Salter’s instruments. Then the woman in the 93rd and
the man in the 7th Grade of their resective Schemes,
proved to be of equal strength. In my paper® on the
results obtained at the laboratory, I remarked : Very
powerful women exist, but happily perhaps for the
repose of the other sex such gifted women ave rare.
Out of 1,657 adult women of all ages measured at the
laboratory, the strongest could only exert a squeeze of
86 Ibs., or about that of a medium man.”

! Journ. Anthropol. Inst. 1885. Mem. : There is a blunder in the para-
graph, p. 23, headed *Height Sitting and Standing.” The paragraph
should be struck out.
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limits, but they will never actually touch them. A chess
board has eight squares in a row, and eight pieces may be
arranged in order on any one row, each piece occupying
the centre of a square. Let the divisions in the row be
graduated, calling the boundary to the extreme left,
0°. Then the successive divisions between the squares
will be 1°, 2°, 3°, up to 7°, and the boundary to the
extreme right will be 8°. It is clear that the position of
the first piece lies half-way between the grades (in a
scale of eight grades) of 0° and 1°; therefore the grade
occupied by the first piece would be counted on that
scale as 0°5°; also the grade of the last piece as 7°5°
Or again, if we had 800 pieces, and the same number
of class-places, the grade of the first piece, in a scale
of 800 grades, would exceed the grade 0°, by an amount
equal to the width of one half-place on that scale,
while the last of them would fall short of the 800th
grade by an equal amount. This half-place has to be
attended to and allowed for when schemes are con-
structed from comparatively few observations, and
always when values that are very near to either of the
centesimal grades 0° or 100° are under observation ;
but between the centesimal grades of 5° and 95° the
nfluence of a half class-place upon the value of the
corresponding observation is insignificant, and may be
disregarded. It will not henceforth be necessary to
repeat the word centesimal. It will be always implied
when nothing is said to the contrary, and nothing
henceforth will be said to the contrary. The word will
be used for the last time in the next paragraph,
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from the 18 Schemes, and find it is easily understood
and mueh used at my laboratory.

Application of Schemes to Inexact Measures.—Schemes
of Distribution may be constructed from observations
that are barely exact enough to deserve to be called
mMeasures.

I'will illustrate the method of doing so by marshalling
the data contained in a singularly interesting little
memoir written by Sir James Paget, into the form of
such a Secheme. The memoir is published in vol. v. of St.
Bartholomew’s Hospital Reports, and is entitled “ What
Becomes of Medical Students.” He traced with great
painstaking the career of no less than 1,000 pupils who
had attended his classes at that Hospital during various
periods and up to a date 15 years previous to that at
which his memoir was written. He thus did for St
‘Bartholomew’s Hospital what has never yet been dﬂﬁe,
so far as I am aware, for any University or Public
School, whose historians count the successes and are
silent as to the failures, giving to inquirers no adequate
data for ascertaining the real value of those institutions
in English Education. Sir J. Paget divides the successes
of his pupils in their profession into five grades, all of
which he carefully defines; they are distinguished ;
considerable ; moderate; wvery lmited success: and
Jailures.  Several of the students had left the profes-
sion either before or after taking their degrees, usually
owing to their unfitness to succeed, so after analysing
the accounts of them given in the memoir, I drafted
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by the process of comparison. Suppose the second
Scheme fo refer to the successes of students from another
hospital, we should draw the two Schemes in opposed
directions, just as was done in the Strength of Pull of
Males and Females, Fig. 5, and determine the Grade
i either of the Schemes at which success was equal.

Schemes of Frequency.—The method of arranging
observations in an orderly manner that is generally
employed by statisticians, is shown in Fig. 3, page 38,
which expresses the same facts as Fig. 2 under a different
aspect, and so gives rise to the well-known Curve of
“Frequency of Hrror,” though in Fig. 8 the curve is
turned at right angles to the position in which it is
usually drawn. It is so placed in order to show more
clearly its relation to the Curve of Distribution. The
Curve of Frequency is far less convenient than that of
Distribution, for the purposes just deseribed and for
most of those to be hereafter spoken of. But the Curve
of Frequency has other uses, of which advantage will
be taken later on, and to which it is UNNECEssary now
to refer,

A Scheme as explained thus far, is nothing more than
a compendium of a mass of observations which, on being
marshalled in an orderly manner, fall into a diagram
whose contour is so regular, simple, and bold, as to
admit of heing described by a few numerals (Table 2),
from which it can at any time be drawn afresh. The
regular distribution of the several faculties among a
large population is little disturbed by the fact that its

I
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selected Grades will be always those of 25" and 75"
They stand at the first and third quarterly divisions of
the base, and are therefore easily found by a pair of
compasses. They are also well placed to afford a fair
criterion of the general slope of the Curve. If we call
the perpendicular at 25°, Q.;; and that at 75°, Q.
then the unit by which every Scheme will he defined
is its value of 1(Q..—Q.;), and will he -called its
Q. As the M measures the Average Height of the
curved boundary of a Scheme, so the Q measures its
general slope. When we wish to transform many differ-
ent Schemes, numbered I., I1., ITL., &e., whose respective
values of Q are ¢,, ¢u, qs, &ec., to others whose values of Q
are In each case equal to g, then all the data from which

Scheme I. was drawn, must be multiplied by 2°; those
1

from which Scheme IL was drawn, by 2%, and so on, and
qs

new Schemes have to be constructed from these trans-
muted values,

Our Q has the further merit of being practically the
same as the wvalue which mathematicians call the
“ Probable Exror,” of which we shall speak further on.

Want of space in Table 2 prevented the insertion of
the measures at the Grades 25° and 75°, but those at
20° and 30" are given on the one hand, and those at 70°
and 80" on the other, whose respective averages differ
but little from the values at 25° and 75° T therefore
will use those four measures to obtain a value for our
unif, which we will call Q, to distinguish it from Q.
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accuracy of measurement, and without the slightest idea
until the time of Quetelet that they might be applicable
to human measures. - But Errors, Differences, Deviations,
Divergencies, Dispersions, and individual Variations, all
spring from the same kind of causes. Objects that bear
the same name, or can be described by the same phrase,
are thereby acknowledged to have common points of
resemblance, and to rank as members of the same species,
class, or whatever else we may please to call the group.
On the other hand, every object has Differences peculiar
to itself, by which it is distinguished from others,

This general statement is applicable to thousands of
mstances. The Law of Error finds a footing wherever
the individual peculiarities are wholly due to the com-
bined influence of a multitude of “accidents,” in the
sense in which that word has already been defined.
All persons conversant with statistics are aware that
this supposition brings Variability within the grasp
of the laws of Chance, with the result that the
relative frequency of Deviations of different amounts
admits of being caleulated, when those amounts are
measured in terms of any self-contained unit of varia-
bility, such as our Q. The Tables 4 to 8 give the
results of these purely mathematical calculations, and
the Curves based upon them may with propriety be
distinguished as “Normal.” Tables 7 and 8 are based
upon the familiar Table of the Probability Integral,
given in Table 5, vid that in Table 6, in which the unit
of variability is taken to he the “ Probable Error” or
our Q, and not the “Modulus,” Then I turn Table 6



3
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am satisfied to claim that the Normal Curve is a fair
average representation of the Observed Curves during
nine-tenths of their course; that is, for so much of
them as lies between the grades of 5° and 95°. In
particular, the agreement of the Curve of Stature with
the Normal Curve is very fair, and forms a mainstay of
my inquiry into the laws of Natural Inheritance.

I't has already been said that mathematicians laboured
at the law of Error for one set of purposes, and we
are entering into the fruits of their labours for another,
Hence there is no ground for surprise that their Nomen-
clature 1s often eumbrous and out of place, when applied
to problems in heredity. This is especially the case
with regard to their term of ““Probable Error,” by which
they mean the value that one half of the Errors exceed
and the other half fall short of. This is practically the
same as our Q.' It is strictly the same whenever the
two halves of the Scheme of Deviations to which it
applies are symmetrically disposed about their common
axis.

The term Probable Error, in its plain English inter-
pretation of the most Probable Error, is quite mis-
leading, for it is mof that. The most Probable Error
(as Dr. Venn has pointed out, in his Logic of Chance)

! The following little Table may be of service :—

Values of the different Constants when the Prob. Ervor is talen as unity, and
their corresponding (Fradés,

Erob Brror...ooivvieiees 1°000 ; corresponding Grades 25°0, 75°0
Modulus .................. 2:097 ; o B T8, 920
Mean Brror............... 1°183 : i »  21%3, 18>8

Error of Mean Squares 1483 ; 5 »  16°0, 84°0
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should have to express ourselves from another point of
view, and at much greater length, and say “the Prob.
Deviation of any, as yet unknown measure in the Scheme,
from the Mean of all the measures from which the
Scheme was constructed.”

The primary idea of Q has no reference to the existence
of a Mean value from which Deviations take place. It
is half the difference between the measures found at the
25th and 75th Centesimal Grades. In this definition
there is not the slightest allusion, direct or indirect, to
the measure at the 50th Grade, which 1s the value of M.
It is perfectly true that the measure at Grade 25° is
M—Q, and that at Grade 75°is M + Q, but all this is
superimposed upon the primary conception. @ stands
essentially on its own basis, and has nothing to do with
M. It will often happen that we shall have to deal
with Prob: Deviations, but that is no reason why we
should not use Q whenever it suits our purposes better,
especially as statistical statements tend to be so cum-
brous that every abbreviation is welcome.

The stage to which we have now arrived is this. It
has been shown that the distribution of very different
human qualities and faculties is approximately Normal,
and it is inferred that with reasonable precautions we
may treat them as if they were wholly so, in order to
obtain approximate results. We shall thus deal with an
entire Scheme of Deviations in terms of its Q, and with
an entire Scheme of Measures in terms of its M and 0,
Just as we deal with an entire Circle in terms of its
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used not one Grade but two Grades for the purpose,
namely 25° and 75°; but in the Normal Curve, the
plus and minus Deviations ave equal in amount at all
pairs of symmetrical distances on either side of grade
507 ; therefore the Deviation at either of the Grades 25°
or 75°1s equal to Q, and suffices to define the entire
Curve.

The reason why a certain value Q' was stated a few
pages back to be equal to 1015 Q, is that the Normal
Deviations at 20° and at 30°, (whose average we called
Q') are found in Table 8, to be 1'25 and 0-78; and
similarly those at 70° and 60°, The average of 125
and 0°78 is 1'015, whereas the Deviation at 25° or at
7o' 13 1°000.

Two Measures at known Grades determine a Normal
Scheme of Measures.—If we know the value of M as
well as that of Q we know the entire Scheme. M ex-
presses the mean value of all the objects contained in
the group, and Q defines their variability. But if we
know the Measures at any two specified Grades, we can
deduce M and Q from them, and so determine the entire
Scheme. The method of doing this is explained in the
foot-note.!

! The following is a fuller description of the propositions in this and
in the preceding paragraph :—

(1) In any Normal Scheme, and therefore approximately in an observed
one, if the value of the Deviation is given at any one specified Grade the
whole Curve is determined. Let D be the given Deviation, and o the
tabular Deviation at the same Grade, as found in Table 8 ; then multiply

every entry in Table 8 hff Az the tabular value of (s 1, it will become

changed into D

il
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accidents befall each shot in its career. In rare cases,
a long run of luck continues to favour the course of
a particular shot towards either outside place, but in
the large majority of instances the number of accidents
that cause Deviation to the right, balance in a greater
or less degree those that cause Deviation to the left.
Therefore most of the shot finds its way into the com-
partments that are situated near to a perpendicular line
drawn from the outlet of the funnel, and the Frequeney
with which shots stray to different distances to the right
or left of that line diminishes in a much faster ratio
than those distances increase. This illustrates and
explains the reason why mediocrity is so common,

If alarger quantity of shot is put inside the apparatus,
the resulting curve will be more humped, but one half
of the shot will still fall within the same distance as
before, reckoning to the right and left of the perpen-
dicular line that passes through the mouth of the
funnel. This distance, which does not vary with the
quantity of the shot, is the  Prob : Error,” or “ Prob:
Deviation,” of any single shot, and has the same value
as our Q. But a Scheme of Frequency is unsuitable
for finding the values of either M or Q. To do so, we
must divide its strangely shaped area into four equal
parts by vertical lines, which is hardly to be effected
except by a tedious process of * Trial and Error.” On
the other hand M and Q can be derived from Schemes
of Distribution with no more trouble than is needed to
divide a line into four equal parts.
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VIL ] DISCUSSION OF THE DATA OF STATURE. 56

their number. The beautiful regularity in the Statures of
a population, whenever they are statistically marshalled
in the order of their heights, is due to the number
of variable and quasi-independent elements of which
Stature is the sum. '

Marriage Selection.—Whatever may be the sexual
preferences for similarity or for contrast, I find little
dication in the average results obtained from a fairly
large number of cases, of any single measurable personal
peculiarity, whether it be stature, temper, eye-colour,
or artistic tastes, in influencing marriage selection to
a notable degree. Nor is this extraordinary, for though
people may fall in love for trifles, marriage is a serious
act, usually determined by the concurrence of numerous
motives. Therefore we could hardly expect either
shortness or tallness, darkness or lightness in com-
‘Plexion, or any other single quality, to have in the
long run a large separate influence.

I was certainly surprised to find how imperceptible
was the influence that even good and bad Temper
seemed to exert on marriage selection, A list was made
(see Appendix D) of the observed frequency of marriages
between persons of each of the various classes of Temper,
m a group of 111 couples, and I caleulated what would
have been the relative frequency of intermarriages he-
tween persons of the various classes, if the same number
of males and females had heen paired at random. The
result showed that the observed list agreed closely with
the caleulated list, and therefore that these observations
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The effect of Artistic Taste on marriage selection is
discussed in Chapter X., and this also is shown to be
small. The influence on the race of Bias in Marriage
Selection will be diseussed in that chapter.

I have taken much trouble at different times to
determine whether Stature plays any sensible part in
marriage selection. I am not yet prepared to offer
complete results, but shall confine my remarks for the
present to the particular cases with which we are now
concerned. The shrewdest test is to proceed under the
guidance of Problem 2, page 68. I find the Q of
Stature among the male population to be 17 inch,
and similarly for the transmuted statures of the female
population.  Consequently if the men and (transmuted)
women married at random so far as stature was con-
cerned, the Q in a group of couples, each couple
consisting of a pair of swmmed statures, would be
v/2 X 17 inches = 241 inches. Therefore the Qin a
group of which each element is the mean stature of a
couple, would be half that amount, or 1'20 inch, This
closely corresponds to what I derived from the data
contained in the first and in the last column but one
of Table 11. The word * Mid-Parent,” in the headings
to those columns, expresses an ideal person of composite
sex, whose Stature is half way between the Stature of
the father and the transmuted Stature of the mother, I
therefore conclude that marriage selection does not pay
such regard to Stature, as deserves being taken into
account in the cases with which we are concerned.

I tried the question in anmother but ruder way, by
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