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(1) Introductory.

. ABOUT eight years ago I determmed to supplement the data cobtained by
Mr Francis Galton for his work Neatural Inheritance by a rather wider series of
measurements on blood relations in man. Mr Galton had most generously placed
his original data at my disposal and I had used them as far as stature was
concerned in my memoir of 1895+ and in a joint paper with Dr.Lee in 18967
The eye-colour data of his Family Records were not reduced§ until after the
discovery of a method for dealing with characters not capable of exact quantitative
measurement(,, and it is only recently that the full scheme of relationships back
to great-grandparents has been completed¥. There were about 200 families in
Mr Galton’s records and only one measurable character, stature. The conditions

* I must gratefully acknowledge aid in the publication of the elaborate tablea which a.ecompany this
memoir from a grant made to my department in the Univeraity of London by ‘the ‘Warshipful Company
of Drapera.

1+ “Regreaaion, Hetedlty and Panmixia.” Phil. Trans. Vol. 187, pp. 253—-318

1 “On Telegony in Man.” R. 5. Proc. Vol. 60, p. 274 et. seq.

§ *“On the Inheritance of Eye Colour in Man," Phil. Trans. Vol. 195, pp. 102—121,

|| *On the Correlatiorn of Characters not quantilatively Measurable.,” Phil. Trans, Vel. 195,
pp. 1—47. ’

1 F.E. Lutz: “Note on the Influence of Change in Sex on the Intensity of Haredlty " Biomatrika,
Vol. . pp. 237—240.
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358 On the Laws of Inheritance in Man

as to age of the measured, or to method of measurement were not, perhaps, as
stringent as might now be considered desirable, but Mr Galton’s data were amply
sufficient to lead him to his great discovery of the general form of the inheritance
of blending characters in a stable community. The full significance of this
discovery is hardly yet understood, and one constantly notices grave misinterpreta-
tions of Mr Galton's theory in the works of non-statistically traimed biologists.
The constants as determined from Mr Galton’s stature data did not seem to me to
be final ; they were to some extent irregular and were not in full accord with the
more uniform eye-colour results. It therefore appeared to me desirable to obtain
further data, not only for several physical characters and to compare the results
for these characters with those for mental characters, but to deal with both in as
wide as possible a system of blood relationships. This was provided for in the
following series of observations: :

1. Family Record Series. About 1893 T drew up in conjunction with. my
then colleague, W. F. R. Weldon, the directions for family measurement ‘which are
"described below. The measurements were in great part carried out by college
students*, and I largely owe the success of this series to the energy and time
devoted to the collection of the data by Dr Alice Lee. In the course of four to
five years about 1100 cards were filled in. The tabling of the data on these cards
and the ecaleulation of the statistical constants, some 78 tables in all, are due
entirely to Dr Lee, and occupied her spare time for nearly two years.

II.  School Record Series. This series was started some years later and was
aided by a grant from the Government Grant Committee. Its object was to
record the mental and physical characters in pairs of brothers, of sisters, and of
sisters and brothers in schools. About six thousand children were observed and
measured, and provided more than 3000 pairs of brethren to illustrate in a great
variety of ways the intensity of collateral resemblance in man. This seriea will
only be dealt with incidentally in the first part of this paper, about 150 of the
tables have been formed and the correlations deduced from them, but much work
remains still to be done on the data for schools.

III. Cousinship Series. A third series on the ten kinds of first cousins is now
being started with aid from the Government Grant Committee to complete our
quantitative conceptions of collateral heredity. But 1t will be a number of years
before the data here desired can be fully collected and still longer before the
reductions can be completed. The above series form the material from which it
is proposed to obtain quantitative measures of the degree of resemblance between
blood relationg_in man, The present memoir deals primarily with the Family
Record Series.

(ii) Nature of the Family Record Series..

It seems desirable to give the actual form of the instructions and schedule by
aid -of which the data were collected.

* T must take this opportunity of most heartily thanking the many helpers, who devoted much time
and energy to measuring not only single but often 10 or 20 families.
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FAMILY MEASUREMENTS.

Professor KanL PEanson, of University College, London, would esteem it a great favour if any
persans in a position to do so, would assist him by making one set {or if possible several zets) of
anthropometric meagurements on their own family, or on families with whom they are acquainted.
The measurements are to be made use of for testing theories of heredity, no names, except that
of the recorder, are required, but the Professor trusts to the bona fides of each recorder to send
only correct results.

Each family should consist of a father, mother, and at least one son or daughter, not
necessarily the eldest. The sons or daughtera are to be at least 18 years of age, and measure-
ments are to be made on not more than two sons and two daughters of the same family. If more
than two sons or two daughters are easily accessible, then not the tallest but the eldeat of those
accessible should be selected.

To be of real service the whale series ought to contain 1060 —2000 families, and therefore the
Professor will be only .too grateful if anyone will undertake several families for him.

Copies of this paper, together with cards for recording data, may be obtained from

or from the above-named Professor.

The measurements required in the case of each individual are to be to the nearest quarter of
an inch, and to consist of the following :—

(L) Height.—This measurement should be taken, if possible, with the person in stockings,
if she or he ia in boots it should be noted. - The height is most easily measured by pressing
& hook with its pages in s wvertical plane on the top of the head while the individual stands
againgt a wall, :

(IL) Span of Arms.—Greatest possible distance between the tip of one middle finger and the
tip of the other middle finger, the individual atanding upright against a wall with the feet well
apart and the arms outstretched,—if possible with one finger against a’ doorpost or corner of the
Toom.

46—2
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(IEL) The Length of LEFT Foreaym, The arm being hent as much as possible ia-laid upon
a table, with the hand fattened and pressed firmly against the table, a box, book, or ather hard
object is placed on its edge so as touch the bony projection of the elbow, another so as to touch
the tip of the middle finger, Care must be taken that the hooks are both perpendicular to the
edge of the table, The distance between the boolks is measured with a tape.

The arm heing bent as muck os passible the elbow is pressed against the corner of a room or
the doorpost, the hand being flattened and pressed againat the wall. The greatest distance from
the tip of the middle finger to the corner or doorpost ia to be measured, :

Sample of filled wn Data Card of Family Measurements

Height* Span of Arms | Left Forearm

One Family only Feet |Inches| Peet |Iuches| Feet |Inches

Father... ... B at | 6 13 1 7%
(Not step fa.ther)
Mother ... 5 03 5 2 - 1 -4}
(Not step- mother)

Age
Son ... 26 5 7| s | 11| 1 | 6
Son ... — | = — — - _ | =
Daughter -| 30 5 1 4 | 5 | 5 | 1.1 4
Daughter- | 24 b 64 5 6 1 5

Name cmd Address of Recorder (not to be published in any
way, but for convenience of refarence).

Miss A. L. Robinson,
Blounts Court Mansions, Kensin.gton, 8W.

Both father and mother are a,bsolutely neceaaary and should
not be over 65 years of age.

All the measures are.to be recorded to the nearest quarter
of an inck, Before measuring read the notice cirenlated with
this card, and kindly return the card as soon as possible to

[Name of individual collector was here inserted)
or to Professor Karl Pearson, University College, London, W.C.
* Put B against numbers if measure iz taken in boots. If any

person measured has ever broken a leg, arm or callar-bone, put
L, A, C against all his or her measurements.
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It is not for a moment suggested that the instructions or schedule form are
ideal ; they are of course open to criticism of a variety of kinds. But they were
not settled without considerable thought and a definite reason for each point
stated. Thus full growth is not reached at 18 years of age, perhaps not till 25.
The growth, however, from 18 to 25 is relatively small, although sensible, and by
fixing our limit at 25, we found a very large number of families would be cut off,
for both parents would not be surviving, or, if surviving, beyond the age limit
fixed for parents. Further, we should have been unable fo interest college
students effectively in the matter, as the bulk of them fall between 19 and 22.
Again, it would have been better to take a lower maximum age for the parents,
but in doing so we should again have greatly limited our available material,
Better organs might undoubtedly have been selected than stature, span and
forearm, e.g. head .and finger measurements, but in such cases instruments and
greater elaboration are needed, and the difficulty of obtaining upwards of 1000
families, already very great, would have bheen much intensified. We chose organs
eastly measured ‘with moderate aceuracy and asking for the nearest quarter-inch,
only tabulated stature and span to the nearest inch, and forearm to the nearest
half-inch. Thus the slight diurnal variations and the errors of measurement of the
characters will not sensibly affect the constants calculated from our tables. - Only
a small percentage were measured in boots; we could not ingist that ladies and
gentlemen in middle life must remove’ their boots, or we might have met with a
far larger number of refusals to be measured. Still the bulk of the measured
did remove boots. After some experimenting on the effect of heels on apparent
stature it was found that the subtraction of an inch from the recorded stature
fairly represented the averagé increment due to boots. Hence the small per-
centage of boot entries was reduced before tabling by one inch.

~ Of course each family card did not provide us with four children, our maximum
number allowed. Thus the number of our parental pairs lies for the different
tables between 1000 and 1400, while for the fraternal correlations we have results
based on .‘35Q to 1400 pairs, according to the nature of the table. ‘This is due to
the fact that it. was found far more difficult to get the measurements on fwo
adult brothers, than on two gisters®*. It was partly this defeet in the number
of pairs of brothers which led to the wider system of school measurements on
brothers, The latter, however, do not modify but only confirm the results
obtained from the smaller series in the Famaily Records.

I now propose to deal at length with the results obtained from our material,
(iii) Theory applied.

The regression in all cases is essentially linear, i.e. very closely linear within the
limits of random sampling. It is impossible to give diagrams of all the 2 x 78

* Prabably two adult hrothers were far mote rarely found both living at home, or if at home declined
to be submitted to & measurement, which offered na immediate advantage to themselves.
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regression lines of the 78 correlation tables, but the following three cases are a
fair random sample of what actually occurs®.

Diagram 1. Stature of Father and Son.
Diagram II.  Span in Mother and Daughter.
Diagram III. Brother's Forearm and Sister's Span,

the latter being an example of a cross-correlation.

Disaram I,  Probable Stature of Son for given Father's Stature.

Regression Line: S=3373+-516F, 1078 Cages.
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It will be seen from these cases that, except pear the terminals, where the
numbers of cases are very few, that the regression is closely linear. We are thus
relieved from any difficulties about regression or correlation. We have only to
find the ordinary coefficient of correlation 7, and the regression coefficient roy/a,
and these will suffice to describe the average degree of hereditary resemblance.
All this is done without any assumption of the normal curve of frequency. As a
matter of fact, however, the normal curve very closely suffices to describe the
distribution of many physical characters in a human population. This is illus-
trated in the accompanying diagrams which are fair samples of stature and
span frequencies. In Diagram IV. we have the following data for stature in
mothers, plotting frequency observed against theoretical frequency.

* A further case from the data, that of cubit in Father and Bon, was given in Bigmetrike, Vol 1L
p. 256,
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Disgram I1.  Prabable Span of Daughter for given Mother's Span,
Regression Line: D=354'18+473 8. 1370 Casea,
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Draaram IV.  Distribution of Stature,
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Stature in Mothers. 1052 Cases. Mean =62"184, Standard Devtation = 273904
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mmchea%gﬁkété%ééé Z.|§ % f’é @%‘é&‘%%&
Observed | . 1. . . . . . . . .
Frequency.15 i1 2|65 18 |34'5 795\1355 163 . | 183 163 1145 | 78+5 | 41 16 75|45 | 2
Normal - 679|209 | 4475 | 80° . 5 [1743 | 1594 | 122:8 | 795 | 432 20°1 | 77 [2'5 | 8
Frequency g 2679|200 1440 | A0-8 | 124-1 | 1603|1743 | 1594 8

Sheppard's Tables* were used. If we test goodness of fit by my general
method+, using Elderton’s Tables and notationf, we find: x*=1447, and for

* Biomatrika, Vol. 1. p. 182 at seq.
+ Bigmetrika, Vol 1. p. 155 et se4.

+ Phil. Mag. Vol. 1. pp. 157—175.
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collections of data. I may have been unfortunate in my choice of the forearm as
more difficult of measurement, or more subject than span to growth influences, but
the results for the forearm diverge considerably more from normality than those
for stature or span. I give my conclusions for the three cases I have investigated,
These are as follows:
Forearm in Fathers: 14 groups, ¥*=35'18, P=-000,
in Daughters: 14 groups, y*=3351, P =003,
s 1n Sons: 15 groups, ' =38076, P =-007.

The improbability of the normal distribution is, however, in all these cases
chiefly due to a littie lump of “outliers” at the “ giant” end of the distribution.
There are four fathers with excessive forearms, four daughters with the like and
four sons also. These twelve cases cannot, I feel sure, be in the bulk due to
slips of measurement, they may be due to some anomalous growth or to.a
reversion to an excessive radius. If we remove them we find roughly: P =45
for fathers, =-21 for sons and = -18 for daughters, i.e. we obtain an excellent normal
curve fit in the first case, and quite fair ones in the other two. We are therefore
forced to the conclusion that forearm .in the bulk follows fairly closely a normal
distribution, but there appears to exist in man a small abnormal group with
excessive forearms, of less than ‘5 per cent. The following is the table of observed
and theoretical results for forearm in fathers: '

Forearm in Fathers. 1050 Cases. - Mean = 18”31, Standard Deviation ="-963,

"

: wlelw | & 1w | x o @ -
Forearm (5 (7 |8 [ ] [ § | ] [ PSS [T s8]
in inchea | | | | Loy | Loy v Jﬁ v CL o | | @ af

RISIS S E s 3 IB IR 2|8 8 |||
Observed ) . . ) . . .
Frequency 1 |6517 .49 125-5 | 200 | 2355 | 1835 | 127 575:31518 35| 2 |25
o 12l a7l ma - L=
Frequency 1-9(67[230| 596 119'Q 182-2| 214'8 | 194311350 | 72-0 | 205 | 9-3 |22 ]

This is shown in Diagram VI. The mere graphical inspection of such a
result as this would bardly lead us to give proper weight to the abnormal
group of outliers, which carry P from ‘43 to 000. To some it might seem a
good fit, but the trained eye sees at once defects and P =000 shows how great

they are*.

* It is almozt in vain that one enters a protest against the mere graphical representation of goodness
of Ait, now that we hive an exact measure of it. Aa typical cases in which quite recently arpurenta are
based on mere graphical appreciation, I would refer to an article by Thorndyke on * Fettility in Man *
{Popular Science Monthly, Vol. 63, pp. 64 and 84) wherein the skewness of fertility distributions ia
denied on pgraphical appreciation of curves, which are analytically akew hy odds of the order of a
1060 to L! Another transgressor is Jobmansen, who in his recent work Usber Erblichkeit in Popu.
lationen und in reinen Linien, asserts on mere graphical appreciatian that certain data are normal and
other non-normal and bases arguments on these assertions, whereas the aye alone cannot possibly
indge whether ar no hia distributions follow the marmal law, If hiclogists use biometric methods,
they must be reminded thak no vague sppreciation will answer biometric problems, they must study
sufficient mathematics to apply the necessary testa and criteria on which alone biometric arguments éan

be safely baged.
' 47—2
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The follewing is the Table for forearm in sons. .
Forearm in Sons. 1156 Cases. Mean =18"52, Standard Deviation = "083.

wlw | w | e | w e~ e &g w = v = v = |w |8
e I VS ™~ @ L - ™~ [ ™~ & a3 & ap — ‘ &
b | | = | "~ | S | ~ | & | G | |
NN | kK | 19 | w | 1w 1w
=T | W ] s [24] i e ) o0 ] [ < =) i)
PO g™ ™~ il ™~ = = ~ ~ & & | = | N
Frequency 1141 5510 39 5. a5 1775 | 2606 | 225 1865 | 105 [ 41 145 | 75 1 45| —
—_ . : —= ———~]—~——
Frequency 2 140 | 47 171 [ 47-5 | 102+7 | 1717 | 9938 | 225°7 | 177-3 | 1077 ‘ 510|187 |53 1-2

22225
22528

This Table as well as the previous one suggests that a small but sensible
element of skewness In the forearm as well as the outlying group contributes to
the divergence from normality.

. It will be seen that our present data justifies Mr Galten's original use for
stature of the normal curve and the normal surface, ie.

1 2 2 2
Ll myr+y

& A et

z= é

Drragay L — 1
(where 2 8z 8y is the frequency of a group of relative pairs having characters with
deviations from their means lying between z, y and z-+ 8z, y +8y; N being the
total number of pairs, a,, o, being the standard deviations, and » the coefficient
of correlation of the two characters: see Phil. Trans. Vol. 187, A, p. 264 et seq.).
It also is fully justified for span and even for forearm (if we remember that there
exists a small group of “outliers”). The normality of the distribution adds little,
however, to our investigation, as long as we can show that the regression is
practically linear (see Diagram IIL). The practical value of normality arises
chiefly when we pass from measurable characters in man to those that are not
capable of exact quantitative measurement, for here every exception to normality
weakens our general position. :

The general linearity of our regression lines enables us in the present case to
apply a simple theory, as soon as we have calculated the means, the standard
deviations, and the correlations of the various characters.

These will enable us, by using the formulae of simple or multiple correlation,
which depend simply on linearity, to predict the probable character in any
individual from a knowledge of one or more parents or brethren (“siblings,” =
brothers or sisters). But without further assumption they do not enable us to
test the effect of long-continued selection in establishing stocks; for we have
no ancestral correlations, beyond the parental, for the characters dealt with,
Ancestral correlations beyond the parental are, however, known for man in eye-
colour inheritance (up to great-grandparents), for horses in coat~colour (up to
great-great grandparents), and for dogs in coat-colour (up to grandparents).
Hence, if the parental correlations for men, horses and dogs are sensibly the same,
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we shall have small hesitation in assuming that the ancestral correlations for
stature, span and forearm in man are closely alike in value to those for his eye-
colour and for other characters in horse or dog. We shall thus be able to extend
our theory, so as to deduce from our data the rate at which selection, natural
or artificial, would establish stocks in man, and further, the limitations there are
to the conception of an indefinitely active regression following on the suspension

of selection.
It will be found that as far as the actual values are concerned our Family

Records give values for heredity in man very sensibly larger than Mr Galton's
stature data, and much closer to those obtained from his eye-colour data and for
coat-colour in horses and dogs. '

(iv) Size and Variability of Characters in the two Generations.

I will first consider whether there is a sensible change in type between the
older and younger generation of our own epoch. The problem is not so easy to
answer as it might d priori appear to some. We have the following results:

TABLE 1 Alteration in Type.

Mesns " Stature Span* Farearm
. Father 8768+ 06 GR"-67 + 07 18731 + 02
1st Generation { Mother 62-48% 05 | 61780£06 | 16”5102
: Son ... ... 6864 + 05 8994+ 06 1852+ -02
2nd Genexation 3 Daughter... |. 6387405 | 6340405 | 16775+ 02
Branparp DeviaTions Stature " Span Forearm
f Father ... 2770+ 04 314+ 05 096 + 01
Lst Generation § 3oy er 939 % 04 28] 04 086 £ 01
. Son ... ... 271+ 04 3711 ++04 98 ++01
2nd Generation { Daughter... | 2°61+03 | 294%04 | 081501
COEFFICIENTS OF VARIATION Statare Hpan Forearm
. Father ... 3799+ 06 | 484+ 07 579244+ 08
1st Generation Mother 3783 + 06 462 +07 521 + 08
P N Son ... ... 395 + 06 4"5] + 06 520 + 07
2ad Generation ) 1y pier ... 409+ 06 | . A"T1L 06 543 % 07
Stature and Span and Forearm and
OraaNte CORRELATIONS Ypan Forearm Stature -
. Father “783 + 008 7624009 640+ 012
lst Generation Jyroner 10 | 7564009 | 677011 | 597 +-013
. Son ... ... 802 +-007 © 758 + 008 686 £ 011
2nd Generation { Daughter... | -$28+008 | 7714007 | “716%-009

* We note here a secondary sexuval difference, the span on the average is about L” greater than the
atatare in man, and about -5 less than the stature in woman.
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Now this Table contains a number of most interesting points.

In the first place the probable errors show us that for all three characters in
both sexes the younger generation is distinctly larger than the older generation,
son than father, daughter than mother. Is.thig a real progress in type? Taking
Mr Powys’ diagram for shrinkage in stature*, we should expect our men to reach
a maximum at about 28 and our women at 25. Hence, since the average age of
our younger generation is not more than 22 years, the younger generation cannot
have reached its maxiroum. On the other hand, our average age of parents must
be about 50. Let us suppose them to be 55 even. The difference in age of
patents and offspring would thus mark a shrinkage of about '6” at a maximum.
But the difference hetween fathers and sons is about an inch for stature and
span, and for mothers and daughters about an inch and a half. It seems impos-
sible therefore to attribute the whole change between the two generations to old-
age shrinkage. In the next place, can it be due to periodic selection, ie. only
a portion of the younger generation become fathers and mothers? If so, we
should expeet not only a change in type, but a change in variability between
the two generations. Comparing the standard deviations of fathers and sons, we
see that fathers and sons are within the limits of random .sampling equally
variable. On the other hand daughters' standard deviations are in every case
sensibly larger than those of their mothers. It would thus seem highly probable
that the causes at work in the cases of the two sexes are not entirely the same.
Mothers of adult children are a more stringently selected portion of the population
than fathers appear to be. Of course some change in type between mothers and
adult daughters is undoubtedly due to the fact of child-bearing, independent. of
any selection in childbed. But it is difficult to see how a physiological effect of
this kind could change variability as well as type. I have shown that there is
a slight correlation between size and fertility in woment, and this may be partially
the source of the observed effect. Whether, however, the result be due to natural
or reproductive selection, the change in the variability of the two generations
of women seems to me to indicate that there is a selective change going on in the
women of the middle classes in this country. The difference in type between
fathers and sons,—since there is no change of variability, —might be more likely
to be due to improved physical exercise. Of course a portion of the change in
the women must also be attributed to this, but the change in variability forbids,
I think, its being entirely atéributed to this source.

However we judge the matter, whether we consider it due to selection, or to
better environment, nourishment, or exercise, there seems no reason to suppose
that the population, as far as the middle classes are concerned, is degenerating.
In span, stature and forearm the younger generation is sensibly better than its
parents,

* Biometrika, Vol. 1. p. 47.
+ R. 8. Proe. Vol. 59, p. 303, See also Val. 66, p. 28 «t'seq.
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If we compare the two sexes, we see that except in the matter of stature the
martied woman iz relatively as variable as the married wan, while in all three
characters the young woman is relatively more variable than the young man. The
supposed preponderance of male variability is thus again very fully negatived,
for large statistics of typical physical characters in mankind*.

Turning to the correlations we see () that in the older generation the mother
is less highly correlated than the father, (b) that in the younger generation the
son is less highly correlated than the daughter, (¢) that the younger generation
of both sexes is more highly correlated than the older generation. Now the effect
of selection is to reduce correlation, hence if selection—a selective death-rate—
be a real factor in the case of man and we know it to be so, we should certainly
expect the correlations between the ages of youth and of middle life to be reduced.
They are thus reduced, but far more markedly so in the case of woman than in that
of man, Now as far as our data at present reach we know that the male baby
is more variable and more highly correlated than the femalet. In youth the
woman is more yariable and more highly correlated than the man; in adult age
after child-bearing she is less highly correlated and perhaps very slightly less
variable. It would thus seem that between birth and manhood the male is
selected and falls in both variability and correlation below his sister. With
womanhood comes her period of selection, sexual selection for wifehood, natural
and reproductive selection for motherhood, These act with a little expected
intensity and leave mothers of adult families with far less variability and corre-
lation than their husbands have.

Of course these changes in variability and correlation may be partly growth
changes, but since on the average the man reaches bis maximum size four or
five years later than the woman and at least four or five years beyond the average
age of our group sons, it is difficult to account for the wide difference in variation
and correlation between daughters and mothers as compared with that between
sons and fathers by growth changes only.

I am inclined to think Table I. is very illustrative of the nature of selection
among mankind, and further that it is also hopeful, not as regards the qoantity,
of which it takes no account, but as regards the quality of the offspring of a fair
sample of the English middie classes.

(v) Direct Assortative Mating in Man.

We have seen above that all women, if they indeed become wives, do not
become the mgthers of adult children, Le. the mothers of the second generation are
not a random sample of their own generation. However it may arise there is

* Bee The Chances of Death, Val, 1. pp. 256--377, A recent criticism by Mr Havelock Ellis of my
view that there is no preponderating variability of man over woman seems ta need no reply, for the
aathor does not appear te understand what weight is to be given to selentific evidence as compared with
vague generalities.

t R. 8. Prac. Vol. 66, p. 24,



