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NATURAL INHERITANCE.

CHAPTER 1
INTRODI1

tain problems thaf
and during

mg them, a hst of whiel riven m Appendix A.

This volume contains the mor mmportant of the
set forth in an
than has hithert
amount of new matte

The inquiry relates to the inheritance of moderately
-:'.‘U"'|I|illli;|| -:J'..i::- 2 DV i-:'lllill."llllll-i- :II:'E I|:ZI||iI.HJI'-
I'.'Il;':-.'J' Lan |- Ijllli".illlililh. .':I:'l --'ii'I':-'ll 011 |"-.
more rehned and .--.'.ll'f'EIilI:_' methods than those I;.--'.é;LH.'-'
.-:||]||.._'|,'|--:. i he :'l'-!]il:.'_'l'«' :Elli'.lll.'il'.'-.
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INTRODUCTORY

ed ';].'II':. e

1
0

d not feel much I'-.-I'_'“I'I-T that the
travelled over is indirect, and
admit of being mapped beforehand
clearly understand.

[t also_{

-:1i|-|':-'. ot

i & WAV '.1:||"|.' can
It 18 full of interest of i1fs own.
: amiliarizes us with the measurement of

VArl-
|]-fiil_h. and with eurious laws of chance that ‘1-]||_1..' G

a vast diversity of social subjects. This part of the
to run along a road a/#a high level,
views 1n unexpected directions, and

easy descents may be

&Y

Inquiry may be said

I|::|i affords wide
from which

l]]i:':.!':\ T I'.l[:i'”_r
different _L"-:-:||:«' to those we have now to reach. [ have

feel keenly my
laterary iuu-:||n:||-i1.x' to make 1t easily irlﬂ.n-l]j;_fihlt? without
sacrificing accuracy and thoroughness.

great subject to write upon, but




CHAPTER II.

PROCESSES ¢ HEREDITY.

Natural and Acquired Pec
Measures, —Particnlat

Variation.—Latert Characteristios,—I

'."-.I!I.ii_"u Likeness and Indiv

leritages that I
that are Mutually Execlugive.—Inheritance of Acqui
Variety of Petty Influences

A CONCISE account I:_i:. i||l' |'||i|-l E-J'ur-u.'- ill |;":'-'||i|‘n'

will be given in this chapter, partly to serve as a
reminder to those to whom the works Darwin 3 1
and of other wnters on i are not
familiar, but l||'-i|||-i}|:|||_‘» for the sake of 1:-1-----|-r|',ij|g them
lllilll-.'l' an ;|-]||'|". that best I.i’l'-'.i|:.-'-'x the methods of

iiI\L‘=-|:j_"iI|iIII| about to be |-[|!|||||'-,._-_],

."'rr-'t"'-':'."l-fe'r r]'.lr-:!! ,‘rrllr-.l'ul_-'q'rl'l .|”r.'.--'-'Ie.--',.'-.-".'-.'«', —r|'|||' El-'r'.llii_:l]'i
ties of men Iy be i‘nll-_-5||\'r sorted into those that
are natural and those that arve acquired. It is of the
former that 1 am about to speak in this book. They
are noticeable In every direction, but are nowhere so

remarkable as in those twins' who have been dissimilar




PROCESSES ON HEREDITY

¥ TE 1 y g Berel | ¥e T 1 i 5
in features and (LISposition Irom Tl r earlest VEeaArs,
:

though brought into the world under the same con-

ditions and subsequent y nurtured m an almost identical
manner. [t be that some natural peculiarity does
ot dppear till late in lite, and YEl J|l:|l'-.' .i”.'-Il_'L- ll- Serve
to be considered natural, for if it is L:.'!'l'illl"i.;_"- exeeptional
E:I 1ta I'||:|‘.'.Il'l--J' .;l:w '5'.'_':. '-»!.':jll :'..'!|'=||_'-. he i'-CI'I'E-Ei".'I] o
the l'!}ll': s ATTture. “ i‘. was also ‘!-|-~~-'-'.-~-'=] I-‘\ S0Ine
iT must be --|r|-:i-|--|'|--l to be |I.'-']‘|'||i|\||_--1l.l a8

But “Natural” is an unfortunate word for

our purpose; 1t implies that the moment of birth is
the earliest date from which the effects of surrounding

conditions are to be reckoned, alt] ough 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 plirases of mmborn, con
genital, and innate. This convenient '..I.*-.'E{“-.' of expres-
sion for the sake of avolding a pedantic periphrase need

ot De Ci""'-.r:’llllilllil"i EH"-.' L1y |i|:'\'i1|'x' .:,11‘ jl]l';l.

I'ransmutation of Female into Male Measures —We
shall have to deal with the hereditary influence of parents
over ‘.|;L";‘.‘ III!.-RE-:'iI:g, :||1|I-IIL_:'I_| the c':'l'll‘.!-'I-.'I':..HIil'% of |]II'
W0 sexes are so n’lil:"--l'wl.‘. that it may seem .-tnll--.-n-i]”;:'
to .'C[II .'I|1 |-|I illll}| il'_ |]II' sSame terms, ||' [||'_I‘:!~|' ol
* Average Stature” may be applied to two men without
fear of mistake in i1ts interpretation ; neither can there

+ any mistake when it is @ plied to two women, but
what meaning can we acl o the word * _\1.'--:‘::_:'--1

when it is apj lied to the " two such different




NATURAL INHERITANCE

ngs as 1'r||- Father and the Mother ?
appraise the hereditary contributions
cestors whether 1n this or
we take into account the s
tidh to his or her characteristies ?
group of progenitors transmits qual
measure to the sons and to the daunchters
}:-J,-in:‘._{ on [||-- ".".|||:l||', ]l"ﬂ.' virtue Ill. i:JlI'iI' L e,
1:1];-:']'., ]:',:I]'-»:':,:']', ]L'.—-- 4'[?'!*-'.-i1.-tllii. .II:~] S0 r.-':'il.. than .i-:l"
daunghtérs. A serious complexity due to sexual differ-
ences seems to awalt us af EVery step when 1investigating
the problems of heredity. Fortunately
evade it altogether |-_';' using an artifice :
looking back as I now ecan, from the _
reader will reach when he finishes this book, 1 hardly
know how we should have succeeded in making a
fair start. 'The artifice 13 never to deal with female
measures as i]u-}' are -::-in,-x--l"n'e--]. but ;!]‘-'»:\.‘-'--' Lo --‘.|||I|Il_"-'
their male equivalents 1n the place of them. 1 trans
mute all the observations of females before taking
them in hand, and thenceforward am able to deal
with them on L-».1|.:;-,l terms with the observed male
values. For example : the statures of women bear
lljll_.H"i' “1. men the E'-‘.'--||u|':-il-]| of .'!il--':li [".".-':'\\.I
teen. Consequently by adding to each observed
gtature atl :EI" rate of one j]l_l'l; for EVETY fond

Utlélllli"l Lo COIN pare '.]I-."ll"v‘.eli':l]'-. 8 50 1nereased ;||-_-:. [rans

muted, with the observed statures of males, on equal

LErms. [‘Il the observed stature of a woman 18 5 feet,

. 3 + £ Sy A AR, M - g
it ".‘.'..l. count vy Lils I'ilc as J feet 4+ O 1nches y Ll b
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NATURAL INHERITANCE.

now made of 1t will be better understood through an illus

T IR T J || g _— . | 13 . . " -
tration. hus, many of the modern buildings in ltaly

are historically known to have been built out of the
rl.”'_':l] structures of older ll_ 3, Here we may ohserve
a column or a hintel -w:-l"ailﬁ-_' the same purpose for
second time, and perhaps bearing an inscription that
testifies to 1ts OT11m, W hile as to the other stoni 3, [EJ--iI'_.‘i-
|;'|" 1133001 1:|'.'_"~' ||:|‘\-' [ -|IE!'|""i. '}Il'n‘li }Il'l'l' ;:|||| f].|l'['l', -_:|||
-I||.'I'- =| |;I='i|' r-il:.‘|l- s a httle, 1 W, if anv, came direct
from the quarry. This simile gives a rude through true
idea of the exact aning of Particulate Inheritance,
fl-'J!Il"!_'n. that each i‘.' see of the new strueture is derived
from a corresponding !IEI'-'-' of some older one, as a lintel
s derived from a lintel, a column from a column, a
]Iil'l'l' |-|I ".'-.'.||| |Ii'--|.| i

[ will pursue this rough simile just ome step further,
which 18 as much as it will bear. Suppose we were
building a house with second-hand materials carted
!-I".sll'_ H -;.!':I].='I'I'~' _"'."._"I]_ W -|.IIIE!I1I' hﬂ'!']l |-|'I||i. l'lll::-in:]l'l'.'i.:.-lf'
portions of the same old houses to be still arouped
together, Materials derived from warious struetures
might have been moved and much shuffled together
-‘I IE|-- ‘n.:IJ'-i_ _"-": _l':-'-" = i-i"'HI ?:l" 2Aame source '-'-'lllllli
|':‘--:'||-I.'.';_'-; remain  In i'.:‘-.,I.'lg.---i]i--|, and 3 b
entangled. They would lic side by side ready to b
.-_-|['|uJ :!'.l:c_k Al I-'||' |ir|||- .'|||#] L e ro-proctocd
lll'_':':.'ll'|' dLI1EWY, S0 1n the process ot |I"1,’|-'r||i-..c:a,;]| 5,,.'-,'
iheritance, elements derived from the same ancestor
are apt to appear in large groups, just as if they had

1 1 R . ¥
the pre-embryome stace, as perl

¥
Al ek | e
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) 3 1 ko MO ) ]
Vv, Continuous leatures and not

We appear, then, to be everally built up out of a

host 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
agoregates, considerable groups being derived from
the same progenitor. It would seem that while the
embryo 18 developing itself, the particles more or less
qualified for each new post wait, as it were in com-
petition to I-|Ii.||!. l"|1= that .'],||- !!};Il'f'il'||- fEi:IT
succeeds, must owe its success partly to accident of
position and partly to being better qualified than any
..]1l:|]:n well 55;|---=| |-|-]|'_-E---Tf[ T TO galn A |-|-'l.-_-;t]u-r|1_
Thus the step by step -.l*"-'!.-l:,-fl:"!l[ of the J'Hﬂ::'_'-.'n
cannot fail to be influenced by an incalculable number

llf. .-‘]'.|'::i L] - [IE---l|'-.' '|!||~:t||-'.'. I --fl'l'lll.|--'.":_‘||'-e--'.

j—'.;r”.',-"l,-; Fikeness and Individual Variation.—Natural
peculiarities are apparently due to two broadly different
causes, the one is Family Likeness and the other is In-
.5:1.'5-||',.|l i'l-.i:!'iilfi'lli. ||‘\ geem to he ‘.rl;nl[;||t1|'||'..|||l'-.'
opposed, and to require in lependent discussion, but this

1se altogether, nor indeed in the greater part.

be understood how the conditions that pro

eral resemblance between the u]"['.cpl':'n'_r and
parents, must at the same time give rise to a con-
ble amount of individual differences. Therefore |

not discuss Family Likeness and Individual Varia




the otherwise bare

frequently studied them tha

].I:!'-.l' '-"-'.:.-iulll;l”_'-, -';::|_|:u-'_|'-i. '.i|| 4] re monre
aspi ot of ':il-- vaorata

httle :;:I]'li- ns, but of

size, to represent the

some parficular pare:

t]n.‘z]u-nl far away to a desolate s

near together, to represent the two parents,

iI:'I.':_:'in:' H I.I;i'|1]u-|_' .||' :. I3, |-,|.-|. constractadd ..|'

1|.L'jl' l'.'.*-|'!'l'|"i'-.-' VeoraL: | 18 then -._||-|.||-.

":IHI'-"||

Nexi

that was wholly destitute of seeds, to be reared near

them. Seeds from both

make their way to

winds, currents, and bird

and when the islets are cox

aspect s will represent the fi

[t 18 almost i|||~:-.--.-fl.|.- that the
distributed equally among the

."li.'_'h}li. differences between them 1 X oSl
conditions, corresponding to difference

|'||I.':.-'.l 1On=
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NATURAL INHERITANCE

imnalocous ftact
LB --|'.|1i--.‘:. |

way | find to |

IPTLEATLY

Heritages that Blend and those that are Mutually
Fxclusive.—As regards heritages that blend in the
offspring, let us take the case of human skin colour.
The children of the w and the negro are of a
i-|l'lj-:i|'ll E;!II: [!I"_‘-' Hi N 1either '1.'-.:'|||||_'-. '|.'~|:i|-.' WLy
1.-.||.pl]_x' black, neither ar I|:--.1' |-i--f..||-i. but of a I".'|i|'il~.'
uniform mulatto brown., The |i;|;|:]|'-;--:-!| child of the
mulatto and the white has a quarter tint + some of
the children may be "'||".:"1'|:' r darker or ii:_!-'.!|].-|' than
the rest, but they are nof piebald.  Skin-colour
therefore a good example of what I e blended in-
heritance. It need be none the less “]I.';Iﬂ;il"lll;::‘_l'”
in 1ts ='!'i'.1'.-il. but the result may I':-I'_:-.I':||-L'l as a hne
2]:||.~.':E|' IFa L] :|:;.I.':‘.|- lllrt' its elements to be -I.E.-‘::.rl_:l'-li.=:l|e'll
in A Ty neral view.

Next as |'-'.'.;--|"|' El"l';:il_:'t'-» that come altogether from
one |'t'|';'c'lli|\'-!‘1'i [EII' exelusion of IIHI' r'est, |':_'-.'L-—|'1-],c:-iz]‘
18 a fairly good illustration of this, the children of a
hght-eyed and of a dark-eyed parent being much more

.|||[ [N |.I|~Z" |!||'i|' eve t'.n!_-f_n'_-» ::|'|--|' 1;;,- one or l.'||- ||1|:-']'

than to have intermediate and blended tints.

There are [II."']'JI..flll'\' no heritages that ]-:-l'I'--- tiv blend

all e
Ul heritaces

or I|=,;Ll .'||----.lj‘|'. X :.I'.'.t:' one i'lilll:'ul'l': I.:-LI‘;

have a tendency in one or the other Ilil'='-'i§-tr|, and the

tendency i1s often a very strong on This 1 paralleled




$M HEREDIT?Y

. _. AP 2wy - 1
varieéty conoregat

A |-|---|:||:|‘_' interest attaches itself to .'|||;!',|.|;;I'-. exclua-
ive her taces, OWINg Lo Lhe .|i-| t attord to the estab-
lishment of incipient races, A so itary ||-'-'|i:i:lll'.'-.' that
blended freely with the characteristics of the parent
stock, would =i.a.||-lu.||' N 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 wvery first peneration the offspring
‘.‘.u-li!n] 1--1' I:IIii.!II---'H, a1 ||I| -:Z. vhiteness ".'x'-rIE.'-i
be losf them. [f these mulattoes did not i|:L:-|'

whiteness would be reduced in the second
generation to one quarter ; in a very few more genera
tions |: I':'I'H-_;I:if..lillir wrace HII il ".‘.'I-':||{] ]|;|‘-.'-- rone.
But if the whiteness refused to blend with the black-
Nness, some of '.|5- --’:]'.H‘:-l'il__u of the ‘-'-||i|-- 11 'L'.||L||-] |--'-
'\.'\E'IIIH_'» "-"-jl-.il' i-I-lll :!!' I'est "-'.-!Illlll'l.' ‘lllw
EvVent ‘-".ll‘.l||] occur 1 !||-- '_i'Z:.'II|I'|Ii|I||'t'II. |lI!'.':]I.'\' ]Illl

1ol -xrlll:—_‘.'m-f‘-_' L |||| iren ol 1!||- ‘.-.||:i| -l|!:.-‘;-:'|!|'_'.

and so on in subsequent generations. Therefore,

1 Ll I ] | 11+ &
unless the white sto h DOCEINE WDNOULY  eXtinct, some

undiluted spe ns of it would make their
|

ance QGauring indetinite time, ewvine 1t rep
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/

I aw wnh :n_\- F

a fraculties — Hoetore—etasomy

words must-be—smmd on the obscure,
muech discussed subject of the possibility
- .'.:E|'|'|| ::I*':I!'.il':*. TZII' I'.i.'!il'. t"l...'i'-'lll'l'
thie dual chance of the 1nstinets of
in conformity with changed habits, and

through :lll'il'-:iL'.-IT-I"-..'.':.-I'IE:.--JI to their surroundings,

1-I|.'.']"t'~'i--' ::]'-]1:-.:'|'I|‘.|k' Il;;ll; :i,['||1|-_-'|| the :Ijll!.ll_"lll'l' ”I.

Natural Selection. There is very little direct evidence

of 1ts 1nt: in the eourse of a .'-'il._!'ll' IE"".II'I.'.'l[iIII'._, if
the ;-i.t::-- ."I.|'||IlII--~',I Faculties 18 used 1n [u:'ll':-é
strictness and all inheritance 1s excluded that could be
refi I'I'i'll to some form of :\;."III'.I| :"'\«'I-e'l'“lll.-_. or of
[nfection before birth, or of peculiarities of Nurture
and Rearing. Moreover, a large deduetion from the
x'n;_l:i,’;i:;:l I'|. rare cases Imust ]-n' ]||_:||||- O ’.||L' f_?l'ul_;;nl]_
of their |nil:_"_ accidental coineidences When this
15 done, the R T HARTERIES, instances of :||'a|'.|i1-\'| disease
or faculty, or of any mutilation being transmitted from
|l::‘-l'!|E to child, are v I'y Iew S0me apparent evidence
of a |u|-i|i'~-' kind, that was formerly relied upon, has
been sinee found capable of bemng |||Ix-|'|=|'|-I1'|| in another
way, and 18 no |'II:_:- r adduced. {n the other hand there

|'.| g ..',||'|| a2 Vast TNnass |||I ||i".i|||'|l.".,' 11 ".'I!i".-.' |"-,ii5i|'r|-i|'.

that everv instanc ftered to m s the transmission
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born childais hardly more intimate than that between
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has been traced between i!ll'ill, nov a

has been found to pass from the mother

The unborn child toeether with the
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AL INHERITANCI

constituent
growth tha 3 popularly
the mother is as old as the mothe
|i:"-.| i-li:- 1n her -'1I.:'I|'.1'||I:.-' =] FE 8 FiH ll-' OV iI 01
tamns in her adult hife were actually or potentially present
before she was bort . Al d tl Y ETCW as she oTew. There
more reason to look on them as collateral with the
mother, than as parts of the mother. The sam: may
he said with little TEBETVATION CcOoncerning thi .‘||:|||-
1-||'E||| Nnits. It 18 1] erefore l'.‘xl:'-'|:||-!.\. -:!;E']iu-|\|[ to 860
how acquired faculties can be inherited by the children.
It wonld be less difficult to conceive of their inheritance
||_‘.' |:.'Il' _ur:ln-i- n]!-]l Tl. I'Il"-.- =| |||"~ i*—:'|| l f'-.|-|-|'5.'||- 1l i]|1u

1 \ ' 4 | ¥ i . 3 =
the hmits of the power of mherttine acquired ftaculties
Ls 1

and mutilations, whether 1n plants or animals. 18 one of

the present desiderata in hereditary science. Fortunately

ol 18, our 1enorance of bth --|i||i-'|'5 will 1ol II_:I'-HEI.'-: e
. - 1200 1. . M - y s
LI 4[--i';;|| dimcuity in the Inguiry on which we are

now engaged.

Variety of Petty Influences.—The inealeulable number
petty accidents that concur to }-t'--||||--- variability

amongc brothers, make it :r|||n|--_--;"-|., Lo |rr|-.-,_|i,-1 the
Lald ,

& " . : . . ||. :\_.“..'._'-x. |:‘
'L"I_'.l.,T_ |||[:|]'l'_. g of anv mdividual from 1'{'1’|"|"-H"—Hi—|’-. fasbrat e,

But we may predict average results with great

tainty, as will be seen further on, and we
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In @Very congre
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that have become familiar
currence and partial persist
than other combinations,
[l"Il]]m-t':Ji'i.'_"E t‘"'l""::a:ll" |'~|'|'I.'|-
needed to show that their !
smaller than that of all the : ng ol
the same elements. I will briefly give as great a
4|1"..'|-1'.a§r:.' of 1mstances as think of, taken from
Governments, Crowds, Lands it oS, and even from

E'urtrL--i'_'*'. and shall afterwards draw some illustrations

from meechanieal inventions. to illustrate what is meant

I:'_,"'- -.'IIJ;II'.II'F-']'i-'lll' and stable '-:I-I|||i]|_'_"-. From some
of them if will also be gathered that ECOnaary anil
other orders of --I;|-|-.=iil'-.
Ones.

In Governments, the primary varieties of stable forms

aAre very lﬁl"u'-' 11 ]IIII.‘|.!.--:'|'_ | o 8L h as AN TOCracLes, o
At tiornal i aroho -
stitutional monarchies, olicarchies, ol :"i"""l” 'he
secondary forms are far more numerous : still it 18 hard

to meet with an instance of one that cannot be pretty
|'|-|~x'5_"~- I'I:r':.—|||'|---| i-_'-.' |= A CUTTOS -'«'E||-:.-' lli.
tf'|-' :n'.llll” Varu '._'-,' of i-<'-1-i|l|l' il b
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are numerous and independent,
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e
the brookside,

and good dish, though th
the proportions of the
used in making them mighf
» gtill eatable. 1 consult:
facts anthoritatively, a
“1 have constantly kej
of this work, namely, to
the most exact .J;.'.'”'_-..'.-'.r
cannot be too caretul ; 1
to those u}n]-]'n-.‘{Jlll_;lii1-3|~ and doubts which will
steps of the inexperienced, and which aceount
many people eating indifferent meals at home.”
[t is the triteness of these experienc
the most varied lifte monotonous atter :
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lament that there 15 nothing new under the sun.
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well-defined frontiers. Still the distinetion is ver

viceable, so much so that the whole of the laws of patent
and COPY I'Z-_‘]Il -5"]ll'|'.-i upon it, and 1t forms the |l|.|_*-.'
toundation for the title to a vast amount of valuable
property. Corresponding forms of classification mus
be equally appropriate to the organic structure of all

|h'tt1:_{ []uE:u_:.--,
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most nearly corresponding to its longest diameter, the
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in other words, a ** sport ™ comes suddenly into exist-
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Ir. | MAGANIC STABITETY

whoae tescendant BVart 5; i|.‘c-_‘~' ]|.:_'_"; t he |-n-L|-;I

I|5-e-!| A48 Tentatly nil talternno ste -.";'LI".I HEmn !:-.':I':lnl'i
coursges of evolution, and afterwards retracted. Affiliation
trom each generation { he xt requires to be ||I'||'~"":i
il--llu;n- any apparen ine of 15-'-|'L-:|i CaAn be ;!|'|'c-|:-';|'L|_
as the true one. The vy of inventions fully illus-
trates this view 10810 COMIMON "'*.'|I-'I':s‘.:l'.-!"' that
an mventor 'I{]'--‘.'.' to be nnl']-__-i|!:||, :41,] 1|n-!i|-'..'|--] Lo

new, had been 1nvented il_-.}-ill'll:]'lii.._‘-.' 1!-I'\.' others
an} |-!'|III'3'- \i--'."-lll'l', and had never |IL!'Hl]I" IZ.Hl'i-.-:E.H|!l;_‘|1.
Fiven 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 1deas originating in some

audden ||::]I]"'n' 1|I"|l_'.'_h1 rH_'.l__.'_-“-i"d by a chance occurrence,

though their crude ideas may have to be laboriously
worked out afterwards. “I, howewver, 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
successlve inventors of that machine had progr: ssed ]l}
means of a very large number of hardly discernible
.--|I'§"-=.

The -rll_jn-.'f of this and of the i-‘rr.-n'm]il!_:_f .-]::|]|1-_-]‘ }J;Lr:
bean frst to dwell on the fact of 1mhertance ]-l'ifl_if
'jn:ll'.’i=-|l|;ll-'." -'l"'-’.II“_‘-' to show how this fact is com-
patible with the existence of wvarious types, some of
which ar L ] others, and |!’I1.]'li.'.'-.
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CHAPTER 1V.
SCHEMES OF DISTRIBUTION AND OF FREQUENCY,

Fraternities and Populations to be treated as Units.—Schemes of Distribu
tiom and their Grades.—The Shape of Schemes is independent of the
Arplicati

.IJ"i"I"'"" .'”:I-.‘L-Il g .:lunlliI _.'rhl'."‘."rl"- ng 1 T, | 1.8
d

i

The science of heredity 13 econcerned with Fi
and large Populations rather than with individual

must treat them as umits. A c---|-||n-:|-ii--|;.-- method 1s
E]”'tll'f‘llrl.' l'l"ll!E:-‘il-- || 'L'-|_:|'| Wi |:|:'_'-.' -‘-_i-!'--- t]
tribution of each faculty among the members of

large group, whether i1t be TAternity | Il

Population.
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ur' i|:1.'.l|"I'_.I:':-'f|. ||,.-,., 8 18 | I || ‘,]|- ||;|]||
statement that the averace 1 " English families 1s
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SCHEMES OF DISTRIBUTION AND OF FREQUENCY

; s . . ;
the CIsLrIDpnton of any faculty has Deen ascertained. wi
. : : y mq w
Cin '.-'|| Irom the moeasuren nt, savy of our CHOLICL, DOW |“-
ranks among other chudren in respe: I To that IiJi'|||| v
WHELNEr 1T LE a |'..'-. -.l'.'|| UG, Or one ol '|-!'.||I,1, or of
intellect, or of morals. As the vears oo by, we may
learn by the same means whether he is making his way

Ill'-'-:ll"i':- I| T.inll.-'., whnerner ne I .'||||l|.-~ || |l|:il'l'\ 0T

I he 18 |-.|||EII-_I ||;||'|-. owanrds 18 I'GarT, T“*itlli]:‘:l']"{

ards the ||-.---in|-|L of 11 ".'..--, or of our J|i||i||tj__

. . . 1 i1 . 3 o
otner classes and other nations

Y .'.r-";.li( ] I':IIF'I .|'r-J'.'L'|".' -.-'I.-'-"r:.-"h l"'.'|"-"I f.j'rT'i',-" f;lf'-'-’r,l'.rl‘_'\'_ - E '-|I|-I||

best explain mv

T method of -'h|||'--.v-'ill_<_f J_IE“-
tribution, whie ike the more, the more I usge it

.:-'|n-._ i!_'-. .--il'l'n.'-iln_'_': |."U"-"\-'
to xil".l'l'll.ih" 1| rrade I an !1-“'-.I||I:.|| d O e J|i*~
fellows in I':-«Ju'l". 1 iy particular .".'|-".||I.'\, L";'Ili-]lll:-'l.'
that we have ;||]'L-;1-i_'» mut on record th measures of
many men i respect to Strength, exerted as ],_...- Al
araher in pulling his bow, and tested by one of Salter's

Wil L:II"-'-I. t!l.':.l INsStrnments 1.-.':!'

movable 1mdex,
Some men will have been found strong and others weak,
how can we picture in a compendious diagram, or how
Call we ;]-'.’il.- Dy, houres, the distribution of this |I-Cl"'|l]|_‘~'
of Strength throughout the croup ! How shall we

determine and specify the Grade that any particular

person would occupy in the group? The first step is
A » & 4

hal our measures in the orderly way familiar to

I |.|"H.'I||"| WOrk

but enough
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intelligible.

The fourth column of the Table headed “ Percentages”

I S . e 1 | B L g o . T T
ol oims Irom the besinming, 18 |""""|--'l||‘-. translated
. 2. and the third eolumn headed “ Percentages”
¥ o

Il.'-:|."i'." |||l.=-.'|"'='-.'ll..- il].'" ]I_ e, -lllll' ,~:.-:1'-- llt-

'J,| b

F :-. + TNF

Ibs. is given at the side of both Figs. : and the com-
partments a to g, that are shaded with broken lines,
have the same meaning in both, but they are differently
disposed in the two Figs. We will now consider Fig. 2
only, which is the one that principally concerns us.
'H]q- [u-]‘c‘e-]l[.'r_l_rug,u: 1n 1]11- l;IHT 4'||]1|11'|1| 1';1‘ T.-L]n]n' I hel‘-'t*
been marked off on the bottom line of Fig. 2, where
1}I.L"'.' are :':-.5.|-‘.] {-:'--||1l---j1|:.'||lfl 1;I':|||l-. -r:"u' number “f

lbs, found in the first column of the Table determines




SUHEMES OF DISTRIBUTION AND OF FREQUENCY.

third line 1n the Table for

!
had Strengths less than 70 Ibs. Therefore, when drawing

ilnstration : it te 1at 37 per cent. of the oToup

be raised at the 37th

to that of 70 lbs. on

in th 'l':||l|-- 1-'J|=~ I E

iad Strengths less than
a pe I'I.I'Ii-li-'l.:.'il' must be raised at the
ight corresponding to 80 lbs. We
proceed in the same way with respect to the remaining
l:__-_';n'- s, then we ||1 the tops of these ]u-1‘;J|-I‘|xli+'lllall'-'-
].-_'\ -CII':::'_-_i'I lines,

As these observations of H-‘.l'-];:‘!h have .[h'l.'ll hi]l"[i"l
mto only 7 groups, the trace formed by the lines that
connect the tops of the few perpendiculars differs sensibly
from a flowing curve, but when working with double
minuteness, as mentioned above, the connecting lines
differ lhittle to the eye from the dotted curve. The
dotted curvi may then be iII'|'--|_I[1'I.l as that which would
result if a separate perpendicular had been drawn for
every observation, and if permission had been given

to .-C]};'hll}' smooth their EI'J‘i'j;Lll:L]'ﬂil'.i. I call the figure

that 1s ]-Hll[]i]n-:] by such a curve as tlliﬁ, a Scheme of

Distribution, the ]..-t-]u'nu]iu-'.J]:n'.q baife( first rubbed out .
that formed the scaffolding by which it was constructed. ha

.-'.!lu'-.,l;-' I'!lii!'-E!"' & il; 4 moment ©o I]I:-i I_i|l- H[';uil'




L0 NATUEBAL INHERITAN(

of Rank tﬂl.l-lJL'TMthHWLﬂ?N.|? L0 ““'1'4.HH}
person in the group to which he belongs. The mea
strength of the person is to be looked for in the
scale of the Scheme ; a honzontal line 18 thence drawn
until it meets the curve; from the point of meeting
a iJi'F]ll'Elllil'l:l;lr 18 li]-IE-]'l'll upon 1 he scale of Grades

at the base:; then the Grade o which 1t falls 1s

— s P S e i e

the one required. For example: let us suppose the
Strength of Pull of a man to have been 74 Ilbs,
and that we wish to determine his Rank in Strength

among the f.ll'_';-' group of men who were measured

at the Health Exhibition in 1884. We find by fj:_

]Jﬁ centesimal Grade 18 507 : 1n other words,
|||-|,' Cent. .,.1. Lhe -:I'“'.'II"i' Wl e wWeaker than

tronger., His




iv.] BCHEMES OF DISTRIBUTION AND OF FREQUENCY

|l->-=ili.|_r| will be exas :|.‘.' 1';1|||.;', INost, alver he Stren |
ot :||| the men 1 ¥ gTO0N ave been ,'I'..Il"*:iliq'-ijl";. i_il
the order of the agnitudes, n other words, he 1s
of medioere strencth. The accepted term to exXpress
Ell-' '-.;I]H." 1|..‘!T Wk .I||I|'-- !il" "'||i' J {lemost |u:.—~‘|1illl| i:-
““ Median,” which may be used either as an adjective or
as a substantive, but it will be usually replaced in this

."I'l'\-'iiil'- :--I 1] M l .:i---l nae |:.'II' ".'.IIJ'-.i.

“ Mad i a tew combinations, such as “ Mad Fraternity,”’

to express the same thing. The Median, M, has three
properties. The first follows immediatel from 1ts con-
struction, namely, that the chance 18 an equal one, of
any previously unknown measure in the group e *-lullmn'
or falling short of M. The second 1s, that the most
1|]'cr|f.r;l]+|-- value of any previously unknown measure 1n
the group is M. Thus if N be any one of the measures,
and # be the value of the umt 1n which the measure 18
|'|-.-1~]'||,-;-||_ :--‘.Iu'h A8 an :.‘:Il'h. 'I"]I[]l of an jllt']l. L‘\\Ii'.. []II'II
the number of measures that fall between (N — 4u) and
(N + Ju), is greatest when N=M. Mediocrity 1s always
:]Il commonest condition, for reasons TI.'llII ".'-.Il become
.'i]l.l-l:|.|'|.'||-| |;|I--|' 011 |_|'|I .]lllq t-t'lli-ﬂ]']"l.,' 18 1_|J.'if ‘;kl]e'[]!'\.':"l'
the curve of the Scheme is symmetrically disposed on
either side of M, except that one half of it 18 turned
Hp'-.x';-.rul». and the other halt |]-n~»1|'~'~:|1'~1la. then M 1s
identical with the ordinary Arthme » Mean or Average.
This 1s |'|-!.--'|_k the econdition of all '.|:- curves | have to
discuss. The reader may look on the Median and on
the Mean as being practic: y ue same things, thronghout

|t|:" |"r' 3 o
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group «
102 |

irom

LTI T,

.'il' 1O TE

number of

t'lﬂ. SNOWSs

30 : therefore

of Pull ranging

"Zil._!' their res

that will change

one 1nto th her 1 the case of Stature, the

the ‘i'”i"' il ) )8 was found to do this with
suthecient

If we wish to compare the re Strengths of two

different or ups ol persi : Y one consl liul'_f of men

and the other of women, we have simply

WO .ﬂ'||--1|||-.--, For

|' .Ill IS,




SCHEMES OF DISTRIBUTION AND OF FREQUENCY.

and th hifterences tween either prall ol
JAIINE.

o TWO oChemes '\-\. 20T e-

1
[0 I|I:-"~'- thém 1n --‘|'|'I'-+"!

T!ll:" CUrves "L f||l 1 CUT e';ll'l'.
h|u:-.-¢|' |:='I'!:.|l' '\‘-il"]l I"'f..-'l'l"'l]
iemes (whichever of them may be
which the =same
values are to be | . y Fig. 5, 1 rrade 1n the
one Scheme 18 20 her the ther Scheme 1t 18
100 —20°, or 80). respect 1 the = renoth of Pull
of men ::I'.li women, ; ears that 1 WOoman '.‘.l'ur
II-'-.":I|Ii- } Lhe -ade of 96° in her Scheme, has the same
strencth as the man who occupies the Grade of 4° in his
Scheme
[ should add that 1 great inequality in Strength
between the sexes, is confirmed by other measure-
ments mad at the same time in |.'I'.*-|I|'-.'1 to the
Strength of theil \queeze, as tested |-r_‘; 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
['«.-.-;1111.-1 obtained at i]|- .];_.!llll'.'l'.l']'_'».'. i iy ||1.i:'|{--l]: o ELI_'F:,
powerful women exist, but happily perhaps for the
repose of the other sex such gifted women are rare.
Out of 1.657 adult women of all ages measured at the

laboratory, the strongest could only exert a squeeze of

., or about that of a medium man.”

Wem. : There iz a blunder in the para-

Standing” The paragraph




gTed

that

Then the

--.II‘.I|I|I . I-I

tlons us -|| 111 |'.|-';i. ST

d4I't Never oo -Z|i.|i| f-lll' '!'!'i.:l' =1 tieal !-||||u-:-»1'-;-,
The only recognisable differences between the Schemes
will be, that, if the nun

-~.'||_!||||| 15 VEry large, the upper marein of the Scheme

will fall 1TLEO - & I'~':_-'|||.||' LTV E-u'.'i:l'nl.~

elther of its limits. SOme EI'I'-L-_-_-|||;||'ii'1' will be found i

the above curve of the Strength of Pull ; but if the obser-
vations had been ten times more numerous, it 1s |||'|-]-;1||||-_
.%'-J_Il_'_'.'ill_". from much CLpEerience of such CUrves, '.||.'|‘:
1!_'11- ::t'l'-'-_;ll|.ll'5'i_\. would have
[l-.']'..ili:|l*- would hav l]l«-‘i".-i'-'-!l"'
E[--‘-*-:"-"T IUmerons
curve will always be
extreme ends, becans
grearer or ]l'h-* I:i'r'.l
Again, the position of the first and the last observation,
,a1|F-';-!lhiIiI1' each observation to have been laid down sepd
i

ravely, Call Nevel |'--'_:|i"i|]" with the :|'|_!': ent lhimait

.| - 'V & L10x]
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Data for Eighteen Scl
constructing anvy Schen
be printed in a single line
a uniform |||;||'. that 1z
The measures to be rec

“'I'.‘I'i.-':-u I.‘--"_'il'.":-:I!-: BAY AL O , 8

every intermediate tenth Grade

convenient to add tl

space permits,

different Schemes,

which this tabl

call (centesimal) Gr:

:]II' values at the

the 5th and the 10t}

that the word per

:u].l].-l-.-‘.i.lf' 111, hut

in the present

more technical

it will be ]l--~--i|-|.

the new and more 1mporta
A series of Schemes that

various faculties, 13 valuabli

tory, for they enable

find his Rank or Grade in ea

:[]iil_:'l':lll'l'-l |||i|_".' il.l""' bé ¢

lines, each divided int

round number of

:““I'! I'.'l
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Becomes
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had attend
periods
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in Engli

of his pupils in

which ne cocar
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Scheme 18 capa
1]!".i|:.! |:'II' CATCRT
clustered about each
those that are used

| y 1 , [, | L : .. 7.oks !
adopted this method when estimating 1¢ Variaouity ol
]

the \Ilih]];i!.i"-i'll',f Powel i_-"l.--'J."-'-.:'.'.r-.w' a1 Fi .”‘-'J Jlr‘:"'.':'.'illf_l'll'.‘r_

.1"||_'x' data were very lax. In this method of
got all the good out of them that the:
IEII' present case, 11 appears that towards a summil
of the successes achieved within fifteen Vedars of -_;l_i,;',,l.!
their ‘1"_'—["-""'“*. gtand the three Professors of .I".I:JI'.III[JI'I.
at Oxford, Cambridge, and Edinburgh; that towards
|l|<' |:~|-II1-]|E of Y N lie two men whao "l-llzflii".l-{
.-xll-ii'll].- |||1-_E|-'|' -'i|'. umstances ol oreal I . and L-w'-.u--l
of all Palmer, the Rugeley murderer, who was hung

We are able to compare any two such Schemes

;|]-||'w.-. Wit NNImeries
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-.*_‘-. 1||. !-!-H'!'-- t.":\ I'IIII'Il.l.'Il'i.:-H:I_ T‘-‘I’.Erlll'lril. ”!r.‘ .-CI.":‘IZH:]'I
me to refer to the successes of students from another

Wi --!|||.|,-, |||',|'L'L the tTwo o -'|:'|I'|-.'.-'~ it] lltl[lllh'."ii

4 Was ljulll'.- 11 -'-ill' :"'.'.]'l':I:'i-ll llll ];]I.;l l:j.

Fig. 5, and determine the Grade

y e emes a4t whlCch. SuCcCess Wias Lr.ilil].

Schemes of f*.:'r'-l,i'--'r:m'ml.'_- The method ot :II'L'.'IHIu'in_{
observations 1n an orderly manner that 1s I'_':"!JI'I'H”:;'
employed by statisticians, is shown in Fig. 3, page

which --_'~'.i-.r'|-----|-.- ‘i]||- AT tacts as ll- b Hllll--:' a l{EH-I'L‘I'H'[

-aspect, and so oives rise to the well-known Curve of

“ Frequency of Error,” though in Fig. 3 the curve 18
1|||'r|x-|] at 'r‘:.:|_[ i!ll._'_fl.l.": K] [.fl:' ]:H.«it;n[] i]] \'\'hir'h 1t 18
usually drawn. It 1s so placed in order to show more
clearly its relation to the Curve of Dhstribution. ,The
Curve of Frequency 1s far less convenient than that of
Distribution, for the purposes just deseribed and for
most |-|\ t!!,u_—.:' L0 |1|' ||- ."'l-:lf'.:-l‘ a]u-L».-u llf. Hlit t]||- [1111‘1'1:
of Frequency has other uses, of which advantage wjll
he taken later on, but to which it 13 unnecessary now
to refer.

A Scheme as explained thus far, is nothing more than
i l‘lJ'I'I'Il.Il'lu:.i_Il]l'l of a mass of ll]""‘-l.'f"\'-:“i'!*['l-"; 1;'.']1i<'h, on ]if'iﬂ_ﬂ
marshalled in an orderly manner, fall into a diagram
whose contour 18 80 ]‘e-:':,]'_:u', :~;_r1|]1]t', .'i|:|-:| ]m]d. as to
admit of being described by a few numerals (Table 2.),
from which it can at any time be drawn afresh. The
regular distribution of the several faeulties among a
1

J;;!-_--_. WI.:r!m|.|1||1}| :.- II.!\.J -]i~1l_|_|"'u1i by the fact [EHI.[ ;.in-‘.




il NATURAL

members ar

il

-i .':|||I!'|!_'\l‘|

mate ll- -:-‘:'ii-iill:: !'_'-. -II.-i_'-. -..||:||'--_ A1 :!ll' |.II'-!'l --."Ii-'--

ol their |lllll|i-iilj_:1‘ Curvi 3, Will be described in the next
n'lux[m-r_




CHAPTER
NORMAL VARIABILITY,

:':l'!:t'tlll" --I' Dy :!!'.E-'I: MNormal Carve of |_'| A R RRFRATR] C 1||E|;|_|;'E-L| Tl
the observed with the Normal Corve.—The value of a single Devia-
tion at a known Grade determines a Normal Scheme of Deviations.

Measures at two known Grades determine a Normal Scheme

Two
of Measures.—The Charms of Statistica.—Mechanical illostration of

the Cause of the Curve of Frequency rder in i irent Chaos.

Problems in the Law of Error

Seliemes '_J-?- .I'I-lir "."-'-'.f.'-'.'r.'-. We ha oW seen how e AN,
i.' 18 r--r.-|nn-----.r4‘. the 'ii-'.."i-f'llli‘.'fl of any n|||:.|i|_1. amaong a
multitude of men, either by a simple diagram or by a line
containing few figures. this chapter it will be shown
that a conside r-;:inl_x briefer di 'i'l'i|"|i-2u'| 18 ;||_||I|'||_'\-.i]|;.lll'l_'-.
ni.![iil'il'll.r.

livery measure in aScheme is equal to its Middlemost,
or Median value, or M, a certain plus or minus Devia.
tion from M. The Deviation, or “Error” as it is
',|~|-|.t!|i|-:||i_‘-.' called, 12 ,u""l'-'-'? for all orades above 50°, zero
for .]I.}”M and mnus for [ rades below 507, Thus if
lr'_*_']]Tl be the deviat ] 1 any _;-.'ll".i-'l:llil:l‘ CARE,

every measure 10 ay be expressed the

s )
K 2




|-|-I'II-|iE O the ¢cOorT SPOnCIng
willch the axis of the curvi

A strong family likeness runs between the 18 different

Schemes of Deviations that mav bhe respectively derved

|'|'-r|.| the -'l.ll:l in the 18 |i1_||-,~ of '|'-;i|||- 2. 53 ‘.|||- .-:|||!|
ol ‘|||-' CUrve 1in one r".':l'llil' 18 ste per 1||:‘.|| that of
:|1|||||||'I', Wi el only to |--I'-'-=~|!-II".:-I. :lll' "i""|"'l'

] y 1 B % . J % #
ocheme, by inehn ng 1t away irom '.||-' ].:n:' ol .H:-_-|||. Il

|||'||--| O I'eclued i|= :|||]|:_:|'I:' -Il'-]lﬂln'.--h' ;\‘r! to l!l'ILI il

identical w th :;I' =-5||"i. Lr, b LLar --.”

te vertical ACHLLCE I|;;|! will enable

th a umform h!,-ri.u :

that we have o |_'-. two Schemes, A, and B,

Lo companre, Let L.,, L. be the ||'Ij_:-'5|-= of

the |H'I'E--'III|-:-'Ii|;:!'-; at TWo -||--'EH:'I| ';‘.':I-i:'— 1 H!']Il'r]ll' A,

and |":.: |"& the Loy _-__-|§:~' of those at the Jame ';_fl';H]!W. 1M

every one of the data from which
RS
KiK. 7

series of transmuted data will be obtained for drawing

Scheme B, - then

Scheme B. was drawn be multiphed by

a4 new Scheme B.. on such a vertical secale that its

_-_l;n-:n--l‘;ll -5I"!" between the selected orades shall be the
SHITC A ;i: :";".'I"II'." i ]-l...i i=|':h'li--;|| e-|.1|a|-|:i.'ru'z 1|||-
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They
:..:I" ;'il"".

compasses. They are also well placed to afford a fair
criterion of I:*'.-' pLgEhal ¢ of the ( Urve. || W l'iIJ.i
the perpendicular at 25°, Q.,: and that at 75°, Q..
”H'I_l the unit ]'_'-.' which EVErY scheme will be defined
18 du value m—=it of 3{Q.;—Q.,), and will be ealled
its Q. As the M measures the Average Height of the
curved ]-lll“||I!I|.|I':'.' of a Scheme, so the Q measures 1ts
general slope. When we wish to transformn many diffe
rent ?‘:l'h-'ll'.-'*-. I:'.HIIlI-'I'I'-i | ” H[ "n.l ‘n".ElllHl' I't -.|||---:::1,.:-
"-iJE'lJ'-"‘ of Q-'I"!' Gy Yoy Gay d&e.. to others w NOse 3 ;Ilill'ﬂ of Q

F | F |"
fd
|| .. I|:-

areg 1n each case |"|::|.'.'; L0 -:",'i oI '-'.i|i-.'!|

Scheme 1, was drawn,must #lf be multiplied by 4

il
i
F.

from ‘-"-'jl‘:l'..'l :“""i.-"ll.-' 1. was drawn, by { . and so on. and
i LS

1
new Schemes have to be constructed from these trans-
muted values.

Cur Q has the further merit of beir o practically the
same as the wvalue which a iticians  call  the
3 ll|'I:l-:J.'||I|I' II'..EI'-II'_. |||. WIHICGH weé '-.'IC;.I 31 "'::1. i.III"_lll'I' On.

Want of space in Tahle 2 prevented the
the measures at the Grades 25° and 75°

20" and 30" are given on the one hand, and those at 70°

;1]||] Ay OI1l Ilu' w:lll'l', '~'|-|5ll:-1' respeclilve averaoes 1|I,']l']'

but hittle from the values at 25° and rher 4
will-use those four measures

LI 1
wnit, which we wall




it NATURAL INHER

4R " 1 |
|]l|'.'~'.' are noi |||l ntical 1M value

the Scheme 18 a curve

difference between t s small, and 18 approximatel;
the same 1n all Schemes t will shortly be seen tha
Q'=1'015 x @ approximately ; therefore a series of De

viations measured 1n I the large un Q are

1

numerically smaller than if they had been measured in
terms of the small uni tl'-n|' the same reason that the
numerals 1n 2, 3, &c., I.-"rln ¢t are smaller than those 1 the
corresponding values of 24, 36, &e., inches), and they
must be tllll|ii|nl:u1. !n_'-,' 1.015 when 1t 18 desired to
change them into a series having the smaller value of Q
!‘II'I' TllL'iI' illlil.

All the 18 Schemes of Deviation that can be derived
from Table 2 have been treated on these principles, and
the T'|"-‘~l];.'.'-' are '. Il il'. |I|'| Ther iy neral accord
ance with one another, and still more with the mean of

all of them, 18 obvious.

Normal Curve of Distribution.—The walues in the
bottom line of Table 3, which 1z headed ** Normal Values
when Q 1,” and which corr -!n-||-| with minute pre-
cision to those in the line immediately above them, are
not derived from observations at all, but from the well-
]{]III'-.'nll Tables of the ** Ill'llt:.lll,.iii.‘., Inte -_-_'r';1| "in oa ".\.:I:','
that mathematicians will ¢ aslly understand by comparing
the Téll'l"-‘* 4 to 8 clusive. | need |L:|J'n||j-.' remind the
reader that the Law of Error 0 pon which these Normal
Values are hased, was l-?u---i”.lll-;. for the use

1 N 1 1 .
nomers and oOLOeErs who are <concerned witl




SAINE Dame. or can b T ||-|;: %

| s | | r .
there by .II'IkIlll'n'.al |||| to hawve COInmion |-I-22]'.=- 0l

resemblance, and to rank as members of the same species,

class, or whatever else we max please to call the group.
Un the other .II.';.'|-:J, Ve e.-.iu-.-[ has Ihfferenceas
| .

itself, by which 1t is distinguished from others,

=

lhis general statement is applicable to thousands of

finds a footing wherever
are 1ki_-|||'., lll'.-' GOy I!I" HIE
- . . & pra - o
Infiuence of a multitude of accide
RS e, T | ] )
In which that word has alread
rsons COnversant - ] 1 s W' AWwWare
ha
1

unit of varia-

8, dek® give the
calculations, and
ropriety be

o gkl




biz NATURAL INHERITANCE.

IH‘|-;'i-|]|' out: as 1 WEerse, |||-||k:'|_:' the ~ aromment
Tables 7 and 8 from the entries in the body ol

and making other easily intelligible alterations.

Comparison of the Observed wnth the Normal Curve.
—1I confess to having been amazed at the extraordinary
coinecidence’ between - the two Fottorr lines of Table 3,
:rnnr:idt-rmg the great variety ¢ facultier centained 1n
the 18 Schemes ; namely, three kinds of linear measure
mment, besides one of ".\r'lll"_'l.l.[, one of |'.'||-::-.-':[_'1'. two ol
strength, one of vision, and one of swiftneds. It 1s
obvious that'weight eannot really vary at' the same rate
a8 height, even allowing for the fact that tall men are
often lanky, but the theoretieal impossibility is of the
less practical importanee, as the variations in weight are
:~'=]'|:h'l” 1:1!'I||'[|:|]‘1--§ 1o the 1.':.'-'5_g|'.* lli‘ ‘|.|:ZJ--' we gee from
the value ”!-\Q in the first column of Table 3, that half
of the persons |]g<-'..i:af1'll from their M ':r_\ no more than
10 or 11 lbs., which 18 about one-twelfth part of its
value, Althoueh the several sertes 1n Table 3 run
ill'll". well I"I-II_I:I'Ji.lllt'. | should not have dared to :.'Il'lll'
that their il'r'u-;_r|[|:1:|‘ilil--= would have balanced one another

B0 ]li':fll'[ifli”_‘m' as they have done. [t has been .|||_:L cted

to some of mv former WOT'K, CEP clally 1n ff.--,.-.--:.l".ll.‘-.l."_-,r

(Genius, that | lru.-ahq-nf the applications of the Law of
l'l‘|'e‘||lll.'!H!_".' hl‘ 1':]an -|||!|I""-'~||:|| too far. | ]I:.I.'-.' have done
8O, rather ]'_’m' Incautious ‘i-'m':v-'-*-: than 1n reaxlity , b
[ am sure that, with the evidence now before us, the
:1“}]]5L-;l].iii£.\' |||I ||.'i.l| law | more than _.|'.I-i5|'|.'l| 'ni'.!lil:

the reasonable limits asked for in the present book. 1
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satisfied to elaim that the
represe ntation of
of their cour:
as lies between the of 5° and
E’-ll".}t ular, 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,

It has :|]:‘x':|n|_x been said that mathematicians laboured
at the law of Error for one set of purposes, ;II.II| Wwe
are entering into the fruits of their labours for another.
Hence there 18 no ground tor ~'|;|']-!'i.~- that their Nomen-
clature 18 often |'|lr||]|1'-|l:.- and out of ]-;.CII'I'. when .'|}||I|j|'|1
to ]-]'-r!li-'lll:i in 'i||-|'.-|]i|.'-., This 1s :-aE.-»--:".;|||_'»' the case
with z':-'__-;:‘.|| to their term of *° Probable Error,” ||_x which
the Y JNEan the value that one halt of the Errors exeeed
and the other half fall short of. This 1s [sl'i'."':!-.'.'llll'-.' the
same as our Q.' It is strictly the same whenever the
two halves of the Scheme of Dewiations to which, 1t
applies are symmetrically disposed about their common

aXx18.

The term Probable Error, in its plain Enghsh inter-

l']l"'“'”"l‘ of the wmost Probable Hrror, 1s lllli1-* mis-
leading, for it is mot that. The most Probable Krror

(as Dr. Vennhas pointed out, in s Logwe of Chance)

ble mav be of serviee :

ag unily, and

16°0. 84°0




NATURAL INHERITANCE

Wil

i : : . 'ty N i

y ..Elfl jrel |-|-"':-!-||.- ol Inen, nave not

|4 | : . N gy Fpira B 5 1 |
2 d001Nns LIIE Cumbrous, '-|Iil--.'-ll'll .

and misleading phrase. They really mean what 1

4:I--II||| l':l!I ‘_||. "l]; .! |-'_!-:|.|'_ . It thelwr phrase 18 too T‘IJ'IIJE_‘J

estabhshed 1or me to UPToot 1. [ shall however alwavs
: o : : .
Write -'!l" WOTrd ﬂ"llllllg'\.'lll- wIlET Ii.-"ll 111 TNI8 Bens2e, 1n 1.ll"
form of “ Prob, "+ thus * 'rol urror,” as a co itinual
" ; d s | 1
protest against its illegitimate ; | as some slight
.-:51.I'=_'II.II'-| :'-".|:' t ita 11. NLOTeover ‘.||l'

— |'. ] |
LErm robable
. &
sUD]ects now
"

Artistie
speak

'[.ll"”'._:l the wvalue of Our 15 the same as that of
the Prob. Deviation, {1]( 18 not a convertible term with
|’1'||||, I:'- ‘-.§;|:i..]|_ & ||.| ||I."-|: |_:|'\.-- 0 .*-u]u-:ll_-u of I|.-"
one without immediate ref rence to the other, _iu_»*; 5
of the circle without reference
as, 1if lines are drawn from
circumierence, :}:--_'-. will
|' - Q |'|. i ""-| eimne 18 as -i--}inir--

i I'-"‘...ll:||| ;

] 1
wcleme




take place. It

between the measures found at the

‘entesimal Grades. In this definition

slichtest allusion, direet or mdirect, to

measure al r.'||' .'51'|i. 1;|'.||i- Wi illlj .*- '.||| 1p'.||lll' n:‘ M
When a Scheme 18 normal, the measure at Grade 25° 18

75" 18 M = Q but all this 15
Primary conception. Q stands

as nothinge to do with

we shall have to deal

no reason whv we

suits our purposes better,
Alalements '.-'|.-L:l (F 0] ]-l' 20 CUID=

FeVia Lol 18 "-'.I'll'llI!I:'.

|8 ‘.'.ilil'i' we have now -:.:.'|'i"|ll.5| 13 rl-.i.=, |[

dustribution of wvery difterent
approximately Normal,
onable precantions we

{ | 20, 1n order to

L 3 0 J E L b R i 1 1 1 .- ’
O DRI :||||'I'»\ mare resuits. We shall 1!||LH cleal with an

entire Scheme of Dewviation 1 terms of 1ts Q and with
! M termsa of its M and Q,

Circle mm terms of 1its
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r':.'iil‘.lh. or with an rrllil'-- Ellipse il. terms of il.a ‘_|i;|~:-||'

JJ!I-i I||i|||||' H R 1'|"'-| Can .'I|---l .'||||||'\. 1||- ‘-.'II'_.-.-il-C ||. HEN S

.‘i1'll| [i'['lil]ll'l':ﬂ':-i of the Law of B I'-':{'.l:'l'.-‘}' of i':l'l'*-T L
the observed walues of Q In 4|Hi]|-_f_ so, we act like
woodsmen who roughly calculate the cubic contents of
the trunk of a tree, by measuring its length and  girth
at either end, and submitting their measures to formule
E]I;:l ]m‘.'e' heen Ilt'i]]ll.'l'll from the !:!‘n[n't'lil':«' ot ]I'!]I.'il]:_".
perfeef straight lines and cireles. Their results prove
serviceable, although the trunk is.only rudely straight
and cireular. 1 trust. that my results will be yet closer
approximations to the truth than those usually arrived

at i'n.' the ‘n'-'uuu'.*-tun-n_

}r'_-",.r{ i"rfl'l.-.'{_' -'_l_.fl i _..-r'.r,.”r_-",e f}-'-'.'.--'-'-'.-.-.l.- it ) .-’L'.«rr.l-'-"?i! lrl-."lnllnlll"
rJ'I--."r‘.r".-.l;'.!.?:f’a' L .'-..'\'F--r.-.'-rr."' n"":f.'.-'lu'.f.'fl' rljf era'-'-"-r-"-'.a}.-..x, -"n'l._in-u
Normal Curves of Distribution are drawn within the
SAIme HI:TH%. T.fl"_'w' Ili”ll'l' |IT'III|'. each ||r}|g-|- ﬂllll'l. i|1 '.||l':.t'
general slope ; and the slope is determined, if the value
Hj- 1|||' i]q-\i;:'.illll '- ;_fl.‘n.'l']] Al :e'lll'-.' one -‘]ll'l'i||l'|| 1;!'iH.ll'_
[t must be borne in mind that the width of the limits
]"'l"-"-"-‘t.'ﬂ which the Scheme is drawn, has no influence on
the values of the Deviations at the wvarious (Grades,
because the latter are proportionate parts of the base.
'Ip- Ih;t' ]imﬂe VALY ';r| 1.1.5:11|k\ S0 llu the il:Z:'I".'.‘L|.~C. lrc-]'~'-'|'-_-1l
Grades. When measuring the Deviation at a specified
Grade for the purpose of determining the whole
'['I.:I:"-.'l'~ iI i.- of COUrse convenient to .u]]:--"l' L0 1|I-- ame
Grade in all cases. It will be reeollected that when

dealing with the observed curves a few pages back, ]
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Grade but two Grades for the purpose,

but im the Normal Curve. the

are equal in' amount at all

symmetrical distances on eithbr side of orade
therefore the Deviation at either of the Grades 25

18 equal to Q, and suffices to define the entirt

Lurve, s rm-rrf'r|{:hc‘llll;-‘f‘.t’.~r*sf’q'.'m#ht‘.’nr'dd--iﬁﬁ'-hfﬂr dArttocgrade.
‘|'.|||- I'eason '-'-].l_'-.' a certain '-.|]',':' Q Wias :~I;li--i a few
pages back to be n--||L:|5_ to 1015 Q 18 that the Normal
Deviations at 20° and at 30° (whose average we called
Q} are found in Table B. to be 1925 and 078 * and
.-C'i‘lli].'ll'|l'-.' those at 70° and 60° The average of 125

and 0°78 18 1015, whereas the Deviation at 25° or at

.

fa 18 1000,

Tivo Measures at known Grades d. terrane 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 varniability, 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

' L 1
toot-note, !

l The following 18 a fuller li.il'JI.':'i.Ell.jI:l':] of theld tefa ll-ulir.rp; 'EJT-l]l:rﬂi-
tions Lde e, ant «« We fpeeccd g fratag "'-?r"{ !

(1) In any Normal Scheme, and therefore approximately in an ohgerved
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 d the
tabular Deviation at the same Grade, as found in Table £: then multiply

Gk D g 2 S o P
every entry in Table 8 by — Asthe tabular \'JLIILJ-JIQ 18 1, it will be changed [ &
| ., .

il
Into —
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erages, and do not
\'il".k='_ I|-']I|'il' .-'|IL|- Q0BT A
as that of:the native of one

whose ]‘|'||_'|J*-'|||'|"| of Switzerland was

taing could be thrown into its lak

would be f_’l'-'; rid of at ONnce, An _.%'-.-'I':;:-' 12

Hl*lil:n‘}' fact, whereas if a single other fact be added to
it, an entire’ Normal Scheme, which nearly eorresponds
171 [hi' i:l::H'iI']"‘r-l'll one, starts :u-ll-'||1i.':”'-. i!.l-: l-,'xi--:u-l:-'-
Some people hate the very name

find them full of beauty and interest. Whenever they
are not brutalised, but delicats ly handled by the higher
methods, and are 'n"n'.'ll'i|l".' mnterpreted, their power of
dealing with complicated phenomena is extraordinary.

They are the only tools by which an opening can be cut

(2) If the Measures at any fwo gpecified Grades are given, the whole
Schema of Measures is thereby determined. Lot A, B be the

lat a, b be the values of the tabular

Massures of which A is the larger, and
Deviations for the same Grades, aa found in Table 8 not omitting their
-"i[_:T'-!‘"' of J?..E'J.',l: OF mifiis s the caap
o i ; H -
Ih:'nuu _{-'1 ] .J (Th
! ' | i}
y magnitude,)

M

Example : A, situated at Grade 55°
-H. mitnated at Grade 57,
The corresponding tabular Deviations are :
Larefore
Therelore '1 e 1G L 944 i Lhk
M = 14.38 019 w 2

¥ Gl d »o
o | 4l » 2

14-38 g9-12

ar 4
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through the formidable thicket of difficultios that

he “'- 01 Inan,

.1J'rf I"."..ll.'|'-|'.-:'-'|"ll _I'r'll|'r'-'.'iu.'.'I ."rl'-J.l.'-,'.' .._,I'- |'l.'!-|.:- Ir I|.| 1LS¥ ||_||' ,’,l!-” { I-':;""'r' |.l_||'-

Fre rIJJ-'-f'm'.a,.'.—'J'.'n- Curve of Frequeney . and that of 1hs

tribution, are convertible - therefore 1t the genesis of either
of them can be made clear, that of the other becomes
also intelligible, 1 shall now illustrate the origin of the
Curve of Frequency, by means of an apparatus shown in

Fig. 7. that mimics in a very pretty way the conditions

on which Deviation depends. It is aframe glazed in front,
leaving a depth of about a quarter of an inch behind
the glass. Strips are placed in the upper part to act as

a funnel. Below the outlet of the funnel stand a
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BILCE -=.-il-:| W ] SUUCK -'--|ItL:!'I'|'-' illill '5||-' |Ii'||':'§-
board, and below these again are a séres—ef—veriica
compartments. A charge of small shot 18 eneclosed.
When the frame 18 held topsy-turvy, Il the shot runs
to the upper end ; then, when it is turned back into
1ts 'L'~"I|'I\.i|'._" |I||-~ilillll. the desired action commences
.ateral ~||'i|.4, shown in the diagram. have the effect of
1]5:'I'|'|illf;' all the :-'»}!'.i': I||:|| |I;|f.1 collected at the |iil|ll'l'
end of the frame to run into the wide mouth of the
funnel. The shot passes through the funnel and issuing

from its narrow end, scampers ni»-xmu«]}.' down througl
:5]!' |l5]|‘-c in a |-:I]‘i||||--1 .II!I| illl--."u'.--'.i!l_'_ way , gach of them
darting a step to the right or left, as the case may be,
every time it strikes a pin. The pins are disposed 1n a
quincunx fashion, so that every descending shot strikes
against a pin in each successive row. The cascade
i:-a'--u]'u_-_l" l1t'|-;|| the ﬂlTl[]l.'I ]I]'I'Iil'!I"II-'. ns il 4||'_-\-_--;-]|||_-;. .-m-i. al
length, every shot finds itself eaught in a compartment
i]ll,'llil_t.i;,;ih.l:\' :iﬁl'l' 1'I'-.-"]]|'_" 1'1:-'-'|E5" 11I'r.rr]| [211' [:I*-\.'I_ row of
pins. The outline of the columns of shot that accumulate
i'II Ih-- .--'|_||'|'|-.-1-i'-.'|' I'|l]ll't|;|'|‘lr:|-'I:|'-C .".E!Fll'i"\i.[il.fllr'.':-'\. D ‘||||'
Curve of Frequency, (Fig. 3, p. 38 ), and 1s closely  of
the same "]'”i"' however often the :'.‘-.'|II'I'iIIH'IIl 18 re-

peated. The outline of the columns would become more

JLL'C“'I_"' identical with the Normal Curve of |'~|'*"|'l"IH"-..

f the rows of !i-il_',,‘-i were much more numerous, the shot
smaller, and the compartments narrower ; also if a larger
.|ll;11|1il_1' of shot was used.

The prineiple on which the action of the apparatus

depends 1s, that a number of small and independent
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bhefall each shot in its ecareer. In rare CRBES,
run of luck continues to favour the course

shot towards |I| r ontsid J|| D1l iII

o ||_.|j-'-|':'.l'w.' of instances the number of .'II'I'iI]|'|:.|.?‘4

cause Deviation to the right, balance in a greater

oTe ¢ 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 Frequency

with which shots strav to different distances to the right

or left of that hne dimimshes 1n a much faster ratio

than those distances increase. This illustrates and
e'.‘u|-|;:fi|- the reason \a|'._x medio t'-lll‘\' 18 80 COMMON.

If alarger quantity of shot 1s 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
hefore, reckoning to the right and left of the perpen
1|i:-1|]-;|' i_il_]-- |||::i passes [||'I'-|I'.~'_'L'r1 1]||' monuth Uf 1|h1
funnel. This distance, which does not wvary with the
quanfity of the shot, is the * Prob: Error,” or “ Prob:
Deviation,” of any single shot, and has the same value
as our (). But a Scheme of Frequency is unsuitable
for finding the values of either Mor Q. To do so, we
must divide its strangely shaped area into four equal
||:sl'1.=- ].I_'l..' vertical hines, which 1s lhllwﬂl‘-.' to be !ﬂlt'l'[t'll
except by a tedious process of “ Tral and Error.”  On
Jhc- +|1|:L-i' |::||ul M .'I!J-:] Q can ]'I' lll.'ll'i‘n'1'l|. t't'II]L] HI']II'IHI!H
of Distribution with no more trouble than is needed to

divide a line into four l'||li..|| parts,
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T

|r.ll,-‘-'||'l|l'|l' (&', '.r'l'll“l'l'..'ll'l"l f LS.
i
I|:i||-_1-' 20 APt 1o i.'lll.ll'-'-- e ' 10
o : o .
form of cosmic order expressed b
quency of Error.” The law would have been |.--|'~..|:i|i..

by the Greeks and deified, if thev had known of it. i

1"'i1!||'- ‘.".'iil’l Seremty .|.I.|i. 111 c';-:‘||||||-:- _-'||-|I.'..."'!'I!: nt

amidst the wildest confusion. The hueer the mob. and
the greater the apparent anarchy, the more perfect is its
SWaY. It 18 the supreme law of Unreason. Whenever
f ];tr'}_:'t' ﬁilt]l]':'-' of chaotie elements are taken in hand
and marshalled in the order of their macnitude, an un-
:—C'I'I_-'Erl."l"ll"l .'I|l|| M OaE] |-:';='.I!i|.ll| rlw.‘lll of ;'l'g_l'll|;.l.’i!l'-.' |-|'|'-'..1-¢
| ] ]I;!"-'-' :C1 |i;'.|-lfl all ;!_;-'J‘!I_'_:'. |'|- 1 a of the mar-
shalled row form a flowing curve of invariable pro
[II'I':EIHI":: .'!I!Ii' -.ll'|! -'||-n||-r|‘..:-- ' 15 --lll'f--.] into |||.'I-'-*_
{IH]I:E*-_ s il were, a .:- e ;|--|'|:L';|-‘-:-|_k'
Lli]u}ul-r.] to fit it. If the measurement at any two
specified Grades m the row are known, those that will
be found at every other Grade, except towards the
extreme ends, can be predicted in the way already

L'Y]Jl;lfln-:[r and with much '||'|'|,-|';;_-':.:|.[|_

J”."ulrj.l?ru.u.:.\' 19 -":'I-* -I'ra”f" lff- J'r'.‘.l‘."a].". I||.|| Lhe ]-'.-'II|H'I'] i) -It-
the Law of Frequency of Error ean be expressed in
terms of Q or of the Proh: Krror, .iH--I as those of a
circle can be "“illl'-"*-"| in terms of its radius. The
1,'iq'l||||' Schemes are mnot, L‘"P".'i.l"'.'l,'i'l to be removed too
goon [from our i1|::|-_;fr|;|.‘;'->:|. [t 15 ;1Fn:|.'-. s well to retain
a clear oeom tric iew of the facts when we are ll--;|||1|-_-'

with statistical problems, which abound with dangerous
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|

pitfalls, easily overlooked by the unwary, while they are
:antering gaily along upon their arithmetic. The Laws
Error are beautiful in themselves and exceedingly
cinating to inquirers, owing to the thoroughness and

-|||'.':-!|--i|.x with which thev deal with masses of materials

appear af first aol o be entanglements on the

I'ores ||| :5]||:! aof a ||-||l|"||'.~=.-i|_'-.' "-*'."ITLII*-'w'm] iil'hf't'i]lTillll.
| will mention five of the laws.

(1) The following iz a mechanical lustration of the
first of them. In the apparatus already described, let g
gtand for the Prob: Error ot any one of the shots

are dispersed among the compartments BB at 1ts

Now cut the apparatus in two parts, horizontally
1|1['|-1I'_‘_'.:| the rows of ]'i.[]"i. H-'|I:I:I':|1|' the ||;:L'Tr~ and ::!]Tl'l']'ﬂfﬂ'l'
a row of vertical compartments AA, as in Fig. 8, pagebd,
where the bottom compartments, BE. l.":'[':'l'-‘*|'“"“'l.iu'—': Ly
those shown in Fie. 7. are reduced to half their depth, in

1.]'|[--}' Lo |||'EI|_U

the whole figure within the same a1zed
outline as before. The compartments BB are still deep
enough for their purpose. It is clear that the inter-
polation of the AA compartments can have no ultimate
-'”.-'I'I 0l '.ill' ’.-Illill xji-»||--l'.-1'--|'_ -'!ﬁ the -l|||'| ill[-:r those af
3B. Now close the bottoms of all the AA ecompart-
ments : then the shot that falls from the funnel will be
retained in them, and will be r-|mj;;||'.'|'ri'n.'|-|}' little dis-
].-u'l'.u'l}. Let the Prob: Error of a shot 1n the AA com
partments be called a. Next, open the hottom of any
one of the AA compartments ; then the shot it contains
will |';|=.r-;u]|- -|-!-'\.'1IJ'-.'\':|‘.'|].- and u]l--|:|- iy ] & I|:--!_'||.-=|'|\'I'-= 2 on o
the BB compartments on either side of the perpendicu-

F 2
i




||:|:'I::|.-..'-
sahot had a Frob: ILrror

Fi

’ ; '
looked upon 45 con .-.-:*_:|:]|-.; (11
¥ | §

iIndependent systems of dispersion.
;tt-fin_-r «'jll'_-'.'_‘;, cach shot has
the other, whe actingo II"|
Error of b, y regult of the
a Prob: Error of q.

i

lation between a, b, and q : Caleulation shows

I']'I. a + rl".- In ".:l“'ll '-"-:-'f'l.l-. J corresponds to

thenuse of a l':.!'_il': :-.‘II:i- :"i':.‘l_g'i-- of which the otl
“"‘i*].l'h are o -';il-] b i'l'=;'-"".i'-:'i.'«..

\2) [t is '-"]I"!ll'r'_" of the |."|"'_'.='-.-I_E' that a system Z,
in which each element is the Sum of a "":J_i'-" of inde
pel dent Errors, of which one has been taken af random
from aNormal system A and the other from a Normal
system B, will 1tself be T‘\'-.ti1,|,,||lr Calling the Q of the 7
system rl,r\.||:|'L thi Q of the A and B systems resp
(r :L[l'-;l ‘rr. ':.'I-."I'. { ;.-"+.I','_
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of shot laterally : its outline will still

E T : il . 3 . . <17
of Frequency, but its Prob: Error will be
. :

of Krror are
110 l!||'|l||||:-
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will call b. Now, if the lateral distance of a particular

Ireen II]-‘II':'L III"IIiJ M 18 _'.'i'-.l-.‘l_ what 1= [ ,n'""";""'-'l-frr'

distance trom M of the red mark at whieh was aimed ?

: £

[t 18 A/ 4.

Sl X

(5) What is the Prob: Error of this determination ?

In other words, if estimates have been made for a great
many distances founded POt the formula 1n (4), '.|||':~'
would be correct on the averaoe, ||5"|'=_'_!|- erroneous 1n
]Hll'ﬁr‘.]]ul' Cases, The errors thus made would form a
normal system whose Q it 18 desired’ to determine, Its
value is ,,f_a_'l
Vll'." i r,'l

H‘-. the |u-1|:+ of these hive ||I'u':=-l--]|1.a the statistics of
}:l'l""!il.'-. become e Z'|I-"'||rer !I!.ll--l.'_'”i'i'l"- [t will be
found that |Ei-'_"-' enable us to deal with Fraternities
Populations, or other Groups, just as if they were units,
The largeness of the number of individuals in any of
OUT :‘_[I"II|||:- s 80 far from Hl';|J'iIi_: us., that they are actu
ally welcomed as making the caleulations more sure

and none the less simple,




CHAPTER VI.
DATA.

F. F. data.—Special Data.—Measures

Experiments on Sweet Peas.

ect all my data for myself, as nothing
& 1 iy i . L-.,trl..l..r_ Sq,.f._:-l
existed, so lar ag | know, that wes=sartsfie even t my
. 14 2 sy Lsnina e L : . i
Primary prpese, I'his was to obtain records of at least two
generations of some ]...|.1,||_-i'_j..]] of econsider-
They must have lived under conditions that
» of a usual kind, and in which no oreat vaneties of
ngture were to be found. Natural selection must have
] 1 1441 SO, 3 o
Il ntele 1mfluence on the characteristics that were to
','«.Z.‘.'i:-. .--__I',-|--:_|_=I:.I': Il and
individual. The result of
] AEs, i:|::-i-- of the IMOST G e eI | 2018,

Jall my IL'.'\.'|ll'|'-.l1||':|i~-~ many vears agco on

|II.I'~. :II!'l -.]Iil1 al e Tresent |i]|'.' |
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more imteresting by far than one of sweet

meths,

Record '8f Family Faculties, or R.F.F. data.—The
gource from which the larger part of my data is derived
consists of a large collection of “Records of Famils
Faculties.,” obtained '.1HI'LH1_'_1'|: the offer of ||I'ix.| - '|'i||'_'-..
have been much tested and cross-tested, and have borne
the ordeal Very E":-.ir{}'1 g0 far as it has been .'I!:=[-|in-|l. |1
is well to reprint thé terms of the published offer, 1n
order to ?ji“.ll - .i'-l-“‘:- 1dea of the conditions under which
1|u-_1..' wWere l'nll:1]1:.|l-.=., [t was as follows:

“ Mr, Francis Galton offers 500[. in prizes to thos
Jritish H'*]I'-‘_i"":“' resident in the United Hil..!:"lur1|".a'1|n
shall furnish him betore ."l.]:|l'-.' 15. 1884, with the best
Extracts from their own Family Records.

.hrrlll-*" }‘:\‘.“.""I"‘ ""]” be ll'l':lll'-E as -:'|-|i|'lt3|'l'|2-';.'l| |||n'lt-

ments, to be used for statistical purposes only, the

insertion of names of Persons and |l|ili'|"~ ‘:-:'ill’-'_ l'-'-|1|.il'---_i

solely as a guarantee of authenticity and to enable Mr,
Galton. to communicate with the writers in cases where
further ux ation may be Necessary.

“The value of the Extracts will be estimated .i',"" the
degree in which they seem likely to facilitate the scien
;i:i" -Inl"-"-{l'if-w].]”tl"' |||-a:'|'i|u--:. :.II ||!'-' jrLe 1.”:_'_ Lo 1]ll'
2 |'1\.'.'I'Il'|'li. ot ]‘1i4!||'1|,:.. Faculties ’r

“ More « -|I|'-';L:IH_'-.';

‘(@) By including every direct ancestor who stands
within the limits of kinship there specified.

1

5 "-F'l-;l Ih i”"'lll-'l-il-:.: brief notices ot the hrothers and




. | . '
NUmber ol

~le) “'-. 1!:.' I'i..';l'.':-".-'l' of th

furnish the name and address

ling (magstrate, clergy-

man, laws

b wWho 18 Dersonally
| .

W

| [103] NOguiry may
] o g - § .
he made. 1t e

1=.|:' [ |l'||.'i'|'!ii||'|'_

“The Extracts must

addressed to Francis Galton, 42 R
S.W. It
(Record




TR ||-
be award |i,
sted
Imore
.|i, .I|.I:.

Illjll' numoer l;_'- J'I;|,||i|'-.' E,: SOIR

offer, thad I]'-m'l"-.-'l| I-l.
adjudging the prizes, bar
being contributed by male:
mainder were i!l!l‘.- I'l
r'|-||.:.,-I::E-|'.|.

1
deoran

temale writers

husbands_ if

Lkt |'i||||".-.__|'_ i

i ‘:l:|-.q|-[|1::.::1.'- " |'I :l ::-_-'1i ||| I'SOTNS ;||||; |.iiilil ]
(2) Army and Navy; (3) Chureh (various denomina
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throughout : namely (1) the value of Q in the General
|'~3‘|-'.15_~|Ii|-u_ which was found to be 17 ineh; (2) the

value of Q in anv Co-Fraternity, which was found to be

¥ T i "
ori L---_‘."-'--||-|| i1 '.|1| stature ol

1°5 inch ; (3) the Avera
the Son from that of the Mid-Parent, which was found
to he ; [ wrote down these values, and !||:|':s«:.'|:_- the
problem in abstract terms, disentangled from all refer
ence to heredity, submitted 1t to Mr. J. D. Hamalton
Dickson. Tutor of St. Peter's College, Cambridge (see
.'i]-]n'l:-ifh B). I asked him kindly to investigate for
me the Surtace of |:'II'-'-_'.|:-|||'_1 of Krror that would result
from these three data, and the *.';|1'i--i|-~.~:|::]|-:-x and other
||:H'1i:'1|]:||'-' |-|' |I --I'I'Ii--|..-- that were r:|:.ri- ]I_'-.' i.-ri‘i?:lnlllr'll
||];E’.|:---_ 5_[1;|42|||:|'l. o= .":|:'.'-. 1-1]_:'I|'| 1.0 r'.-rtu 'ill.l' ".llill.'“'"" 1-1-
which I spoke.

||- ]-‘.|-II~!.- 11 I1|i._i' Tl he -;.;,I"_i-'|||I L Il :|l'l'-l|!|]-:.:.-]|l'-E
mathematician, but I certainly never felt such a glow
of loyalty and respect towards the sovereignty and wide
sway of mathematical analysis as when his answer arrived,
"i'llii-l'ill”I'_:. il_’\ purely mati matical reasonng, my various
and laborious statistical conclugions with far more minute
ness than I had dared to h pe, hecause the data Beem
which | had—towoek ran somewhat roughly, and I had
to smooti 5.-"! '~L.I1|! . T CAUTION. l]'- -"]-'I:|:|‘.5|-I|

3 1 " ra i} i .
COTT™ | i | L ET 111 i i) ] i '| =1 "’..
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Error holds through-
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crown of the
. Lol -
.||:.:'-f Wr, B oL ITon

head. . (In the Poj ulad

the level of mediocrit

The law of :-;r.“,._;‘.

J:!ur'e!am] as follows: nam 1 3

Sons from P are, on the average, equal to one-thin

the deviation of the é;ﬂ-!'.'!'l'le:' from P, and in the s:
Or more briefly still :—If P + (2= D) be 1

s oy

Stature of the Parent, the Stature of the offspring
on the averace be P + (4 - D).

[f this temarkable law of
only on those experiments
observed it it Jlli.:'.:n'. well be
confirmed, If it had been borated by a compara
tively amall number of ohservations on human stature,
BOII ;;“-'!Z::?E | b before its '.‘.Illl: I'--'.I..-I!
|"' ]I'I"':_IIE-:'
child tends to resemble its parents. But more ecan
urged than this. It is easily to be shown that we ought

t0 expect Filial Regression, and that it ":3.1-':-' Lo amonunt

to some constant ifractional PATT of the value of the Mid

Parental deviation. All of this will be made elear in a

FII].---|-||'||.,-||I -Cl'-":-"ll. "-'-!I"'I we shall disenss the eanse of

the ¢ urious atatistical constan 'Y 1N SUCCEES1V orenerations
meantime, two different
OCCUrrence
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pare LS, [-.||'I|*. from his ||, BEVery Ir;-|||||:.'||||.-‘|
CNAT INTErMAITIES 116 '.|---,_-‘-. Ol any man

. e e - | - e =1 1 ]l 4
15 |!.|'l"| Iar backwards, s ancestry wild beée Iound to

1 I8N

consist of such varied elements that ||.l_u ari
ouishable trom a .~.|||'_:.-i|- taken at |:.|ln]|::;¢:|1'-| from the
f;.-|[--l'.-a| f'n-|-|||.-|[:.--|'.. The Mid-Stature M of the remote
ancestry of such a man will become identical with P ;
in other words, it will be medioere. To put the sams
1'||]||']||--i--|| illlu :”,|l-|||||' ';-III'III_ II moOst lll"'llllij.:}ll' 'a;zll_i--
of the Deviation of his Mid-Ancestors in any remote

generation, from P, 18 zero.
E'I-II' E.!|" MOMmMent |-". s I'I"Ilfl:h:' our attention to soms

rene :';:':-:I. 111 the remote ancesiry on the one :*.I];ll,

the ?"-li-|-|':*:'-'lii ol [‘:Ii' I-l|ll-1'_ ::1|=| '!'_rl'n:-l'!- all

and to
other generations. The combination of the zero Devia-
iénl: of the one with ‘;E|-' ohsi ]"\l'-] “*"-.'i.'l:'i-ll] of 1]||' II[.:I:'I'

combination of 1|||f|:i|:.=' with :--:IH:'ILiI'.'_{. [ts

resembles that of ||l-'.|:'-|||'_r 1 Mmeasure of water
vessel of wine. The wine is diluted to a con-
1 T |||I ||-. _':||'||||-I|i-' ':'!'I'I._'_iil.. "-"-i'.:ll' vir 1]|i|1

{
oy it
Ll LA0R]

trength may |:;I‘\'l' ].a--:'l'I!,

Similarly  with I'-_-__l':lj'll to every other :u-lil-:'\.{::-lt:,

The Mid-Dewviation In any neai rEIeTrA won of the

ors will have a walue il.‘.--l'r|||--|i:.'-.- 1:"'l'-t'-"':l 1|::|1

f ‘;]|w 2T |]‘l"\ HAANil -.*Z- '..lll' remote andc '-|I'_'. 5 ol li of 1]||'

observed Deviation of the Mid-Parent. 1ts combination

with the Mid-Parental [’l"'.i:':.':-‘.l will be as il' | mixture

of wine and water 1n some dehimte |-|'-|!,--.|-','_. n, and not
pure water, had been p ured into il The process
and ths
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i..i]]1 |'I':-|'|'I |-i' | r".' ‘.!||'|| 1 o '-.‘-.--;!|{-.‘| !"|-' -:I"-_-'i1|;1f

.u'l.lll.'ll.lllIJI-.Z strength 1n a cor

The law of Regression tells Eje';:‘-'i|l'-.' against the full
hereditary transmission of any gift. Only a few out of
many children would be likely to differ from mediocrity
so widely as their Mid-Parent, and still fewer would
differ as widely as the more exceptional of the two
Parents, The more bountifully the Parent had—bean
gifted by nature, the more rare will be his good fortune
1t he begets a son who 18 as richly endowed as himself,
and still more so if he has a son who is endowed yet
more largely. But the law is even-handed : it levies an
equal succession-tax on the transmission of badness as of
goodness. If it discourages the extravagant hopes of a
j-_i-lﬁ'ull Parent that ]Liwl']:ih]n n will inherit all h1s powers ;
it no less discountenances extravacant fears that |I|.-_~\'
will i]l}lt.‘t'ii all his weakness and l..ii.'“.:l--»:-_

[t must be clearly understood that there is nothing in
f.l]t'!h'ﬂ statements to Eti'-.';||i-.:::|5:- the .'.'_':'1II'I';I| doctrine that
the children of a _I_{il'[rli ]-.‘lir are much mori |i|.;.-|.-.|- to be
gifted than the children of a mediocre pair. They
merely express the fact that the ablest of all the
children of a few gifted pairs is not likely to be as
gifted as the ablest of all the children of a very great
many mediocre pairs.

The constancy of the ratio of Regression, whatever

may be the amount of the Mid-Parental Deviation, is

now seen to be a reasonable law which might have been

foreseen. [t 18 .*IJ\-III its relations. simple) that I have
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contrived more than one form of apparatus il_'\ which
the probable statur of the children of known parents
ean be mechanically reckoned. Fig. 121sam presentation
of one of them, that 15 worked w 1th llil].;i'_"-'.-c and '\"\"-"..!'I:I|?~.
L B, and C are three than "|'l.':'.ll'l.'l-"~ with Eroovea rourd

Elll'il' l"-i.:""-n .JVJII'_"'-.' are :-'~I'I'I"~"~|"|

together so as to form a single :
e O (N - % TO FORECAGT 57/

plece that turns r:u.ail:.' on 1ts

P s
axia. The weights M and I are |
3 |

attached to either end of a thread |
that passes over the mowvabls :
pulley D. The pulley itself hangs
from a 1]LI'<'::-;. '.*.-i|i.']| 13 W |':|l|||-'-i
two or three times round the
rroove of B and 18 then secured

to  the wheel. The '«.'\'-':.:|'.‘. =D

hangs from a thread that 1s
1.~.':';3]-]-¢-|1 two or three times round
the groove of A, and 18 then

secured to the wheel The dia-

meter of A 18 to that of B as 2
to 4. |.:|H't'._1;, a thread 1s """"l'l""l
in the opposite direction round
the wheel C, which may have
any convenient diameter, and is
;|I|.‘.'L-'h~:-n] Lo A |'||1IIL[:'1'}1<.~L---. M refers -'.|11".1|' male statures,

F to the female ones,

The scale of Female Statures differs from that

Males. each Female ing laid down .

v 1 1 ——
POSILLIOIL W
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Thus 56 is written e position ol 6048 inches. which
60 15 written in the

|"|.\:' on of 6480, w T = equal to 60 x 108

[t is obvious that ral

vice versd, without affecting the wheel AB, and there

fore without affecting SD ; that is to say, the Parental

Ihfferences Iy be varied |||,|,. withont '!I1'|-|-‘__;i_.._

the Stature of the children, so longe as the M;-Parental

Stature is unchanged. But if the Mid-Parental Stature

15 |'|i::1|-'_“---i (o any --J--'l'ilfl'x.! amount, then that of S1D

will be changed to £ of that amount.

I|'|||' 1'~"i_:||1- 1'.] and F have to he s f .|i.|...ﬂi; iy ':il"

heights of the mother and fither on their 1 pect
scales ; then the 1.'\'-.'j_'_!':'.: s will dhow the moat |.| il

heights of a Son and of a Daughter on the corresponding

18 the hducial

Fl'i!':".'-i. ]II l"-l"F'_'-. one of r]]!"-ﬂ.' Ciases,
mark in the middle of each weight 3»_1; which the reading
18 to he made. But, in addition to this. the

the weight 8D is so arranged

|'L:||: even 1} ‘|||;1‘. the |:-.:_-i.'

Daughter will lie within the rance define y the upper

1

and lower edee of the weicht. on their respectivi
The ]:']:;_-Ii: of 8D 18 8 ine 5, which 18 twic the
the Clo Frati i'|;ii_~.': thaf 19, ) imeh.

d. Fraternal - In seeking for the value .
hegression,
H||--|-i:_-? data
more  tru

Yy treating

15 COnStrmetoeod
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value for Fraterna

UNENOWN Dol

we Imay i':'l"'fl"l'

ElG
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5 I T  I—— . 1. 4F, '
UNENOW! | 183 tWo difterent tend NC1Es, 1|I"

)N ILE
to resemble the an, and the OLNEr TO Ies :JLH .
His FAace,

much

Parent to the
20T 18 TWIce as T his J'll"-'-!l"l'_

i IMan 1 { ] = | TREY, LY Al as I|I'.II|'- 1 '!Z. '|!_
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We have now seen that there 18 R rom the
arent to s =on, from the 1 g Parent. and from

the Brother to his Brother,

|n--=~5|-i-- lines of kinship, nam !I'lif'-!l'-

::I|-| -'-||:.'||--‘.'::'. 1T Imust be a universal rile :.'i:' the un

known Kinsman, in any degree, of a known Man, 18 on

the average more |||--|“|-~ ' '.]Ii.:l he. !.I'i, i':._-—_“ be the

» of the known man, and P+ D! the stature of his

as }I'l I.]‘:|.|-.]||,|'.w.]| kinsman, then 1t 1s anfe to wWager, 1
1]|l'— ;|.||-:|_-=|.;-|' |||. ::;“ II||.' | iy i'-;l'lll'-\.'\l!"l.'_!"_ 1|'.:|1 |I! 15

than D.

.H‘.i,ra;.-.-a.ir.rr:n of Statures.—It 1s an axiom of statisties,
as I need hardly repeat, that every large sample taken
at random out of any still larger group, may be con-
sidered as identical in its composition, in[inquiries{ Such
as these in which we are now --1|r_"-|._----l~ where minute
accuracy s not desired and where ]:i'_:]l]l'-.' --'x-"|-1il-1|::|.
cases are not regarded. BSuppose our larger group to
consist of a million, that is of 1000 x 1000 statures, and
that we had divided it at random into 1000 samples
each containing 1000 statures, and made Schemes of
each of them. The 1000 Schemes would be |||';|:-1i|'::H.'-.
identical, and we might marshal them on hehind the
n','ln-]* i]-L :-'.l:l'l.'-."*."i".'l' 1'.‘|]1]~'..a', :]1l|1 ”'n 1'1'51:-{ |‘-||'|‘:| sty I‘"'--|1'.:||]

ron.” numbering 1000 statures each way, and standing
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nare base. Our Squadron may be divided
1000 ranks or into 1000 files, The ranks
series of 1000 identical Schemes, the files
sertes of 1000 rectangles, that are of the
th, but of dissimilar heighta, (See Fig. |.1.}
by this illustration to give a general idea,

oped as we proceed, of the way in which any

ample, A, of a Population gives rise to a group

to retain no family likeness

0] II|. !I".j| Ly in -[.I|:.'~1.E-.'ZL||".' ]I]:.li_i'\-'\.1j]|l._'|:'|i-:!|;|!'|J:' |:'|'|_|]||_ [:‘||'
F'.ll‘_.ltlil';.h.l generally, as |'|-_;_].H'|[,~.' the distribution of their
statures. In this case the samples A and Z would form

similar Schemes. I must suppose provisionally, for the

purpose of easily armving at an approximate theory,

that tall, short, and mediocre Parents contribute equally

to the next generation ‘.il"ll'_-']l this mav noil gtretly
|

b 1|Il' Case.

1 Oddly

mely, sixteen children, of whom fourteen were measured

enongh, the shortest eouple on my list hawe the larg:




inother
different rectangular
tical Schemes 1n 7, arranged

Though all the Schemes in Z, contain

1|Il|'_]‘!.1:-]' |.||I MEeasures, |-:||']i_ will contain manv

measures than were contained in the files of A, because
the same kinsmen would '.1HII:=.i.'- be counted many
times over. Thus a man may be counted as uncle to
many nephews, and as nepbew to many "uncles. We
will therefore (though it is hardly necessary to do so)
Buppose each of the files in 4 to have been constructed
from only a sample consisting of 1,000 persons, taken a
random out of the more numerous measures to which 1t
refers. l'1r_‘~' this treatiment Z becomes an exact Bguadron,
consistine of 1,000 elements, both in rank and in

and it i1s 1dentical with A i 1ts constitution, though
o1 il: ;',~: ;|1Ii§!f-i-'. ’,Hl-' =".‘.|.:-.'- .-I'}’.. ‘.'w.];lll || AT “";-'!:- mes,

have been derived from the hles of A, which are rect-
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stand at richt
o, . 1he upper surface

1 i
1 » LAt ol

1le and horzontal in rank.

Squadrons

A snd 2. Fronl

both 1n rank and
the members of :
-"l‘.l'“l a |:'.-': 1'.!;|ii.-j|
thos
tollows that
when I|.--_‘\ are br

es, would form
18 clear that a law exist
rank and in file

vatures are Luarvi

Q values respecti

than 4 wil be re-
10TTNS AT'é :]li--l'llll'-li;c::'

e shown 1n

| S T

somewhat ecurved

Kinsmen of all

||i. 1!||' |'ll|'li|;_1]:-'|| ll|l 'n.'x]li: 1 |!Z'

every intermediate Squadron
afresh into ordinary

emes. Thereftore, 1t

onnects the eurvatures in
Both of the eur

call their
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of kinship until they
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1|:|II-. ]'r i|' clurvatures
the eye can '_|;:|'|||I’-.'
del, without turning it

and aspects. A '|-':|-i- T .‘Hlui--]
form was exhibited at the “-I_H';L]

J D. H. Diekson, when my paper on

Hereditary Stature was read, together with his solutions

of the problems that are given in the Appendix. I also
h Tanfements of files and ranks |]Ii|'| Were
-1'|||'. |rJ L0l [lll']l_fil':]]l-l] ||:_;|‘| i_E“-

_ p R 5 o e i

Properies ol e Sill'l.ll'l' of ==

showed that no .-\‘.J'jn-l].-; 31 l'.u;_l"hl line could

be drawn upon it

Successive Generations 'I'.l'--'-’ j}fl-'l,ih;'d..—lﬁ‘t' are far too
apt to regard common events as matters of course, that
|'.L-1--El_i|'.' 110 |'_'~,}|.!.'I||_;|1]1'|.|:1, whercas l]ll'}' may he ]lrll‘i:].t!Hl:'i
of much interest and of some difficulty, and still await
~-|-|_|ilill||.

Why 18 1t, when we compare two large groups of

CTR0S selected at random from the same race, but

cing to different generations, that they are usually
found to be |-|..~--l_~.' alike? There may he some
small statistical dissimilarity due to well understood
differences 1n the '._:!']II'I'Cl] conditions of thelr Ji"-'l'r-'-, but
with this I am not concerned. The present question
is a8 to the origin of that statistical resemblance between
snccessive generations which is due to the striet pro-
Ceas0s :-E' ]||-|'H!,:_I:-.,_;:!_.--|L 'n.\'l;in'h ]*—- n'n-l1111:c|11|_'«. llllh'l.'l."'l.'i'll 1n

-':|| 1.II|L'|-' ol ]'_.r-r_
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of female heights to their mali
||.'-.' 1]1-- |':||'[ l!|:|1 k' n the .
of females are raised in the proportion of 100 to 108,
the Scheme drawn from them fairly coincides with that
drawn from male Statures. Marmage seleethion was found
to take no sufficient notice of Stature to be worth con
gsideration : neither was the number of children in
Fraternities found to be sensibly affected by the
Statures of their Parents. Again, it was seen to
of no consequence when l|-.'||il'._-1 .-I.:|Ii-ii~"'.:_x with the
offspring, whether their Parents were alike 1n
not, the <-|l.|_~. datum deserving consideration being
Stature of the Mid-Parent
value of (1) the Stature
Transmuted Stature of the Mo
not one of these deductions ma
the error introduced into the conclusions ':-_a' BUpposing
them to be correct proves not to be worth taking into
account in a first approximation.

I':':-.-Epu-l:-; the same Imnay he said : :|!|- ulterior ste
in this ;||_.||I'wi«_ Kvery one of
E:-t'u'[n'l'“--.—'» of an i-l--:cl.i} perfect
has there been need to make any sensible departure

from the ohserved results, exe p 11 :;»--':_-_'j'.u;n-_- a uniform

value to Q in the different Co-Fratermities. Strctly

speaking, that value was found to slightly rise or fall as
the Mid-Stature of the Co-Fraternity rose or fell. Ths
HLI_Q'_:'L'A*.L--E the advisability of treating the whole :i‘.|-|':iI'I‘~
on the principle of the Geometric Mean, \ppendix G.

1 1_1‘i|':.i i._|;:i :ll";:||'i||]-' -,;I "-"-.:Iill '--'-'ill-ll to be .| sl
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(1)
mdividual, and

Frat ['II”I‘-.'

Third Method ; by the Vanability mm the value of
5.'..--;.51.i||:|:|' CASES | { |_"]',!E|-|':|:;| |:|_--__.'-'---.'-'I| ;---—'i"u-' |:.’_"]H'I""
in each hine of Table 18 are found to have g Q |-.|||::| Lo

‘24 1nch, and they are the results of two :_-_-5-}-- ndent

of variation. “First, the several (MF) values (see

|.!' 111 II Ii"."' ) H Il i'!

1 |
- |':'If'|!"\.' e

them Wi } na wil call o i




Substituting

1 |
_'__'I'.I|III|. Wi DLl

.I'I-J
brothers taken at random : In  thi
Paira of Brothers are taken at random,
ences between the statures in each
under the I.--':-:'-L-. T reservation.
differences would have the Prob.
regervation ' that

r 1 T ¥ 3 1 11N " " . y {
tAEen out of eachh Fravernity as are in lependaent.

|'1]';‘:'_.-!'| |I |||' Tl :-I' '.: .' | TR -'.llu- Palrs,
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lETeIOre -;i'-.l‘.l-_‘ an i|:.-|'.-::«|-|] ‘.\--.':._'__']I'l

nities, but 1n other I'n-|ll'l'1- the 'davstem

.-,.- wetionable The introduced error must
it .-|'jl|':'|"|'\-. ‘.‘-.':-t".]l while now to
By ‘the system adopted, I

1:55. which divided

the ~1i-'-'i::»l data only.
less trustworthy R.F.F. give larger values of 4 in
An epitoms & the vesults appears n

following tablé.

(3} From thea 1'.':l:i:l.':-i“l_".' of
Fraternal Regression.....

1Y From Pa:rs of PBrothers
taken at random o 110

1-06

The data used in the four methods are somewhat
different. In (1) I could not deal with small Fraterni-

1ta weps obtained from brothérs only apd. not from

]:'-u..:: Ly of the data
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ties, so all

four individuals.

1II:| use large

selection WAS, 45 We

makes the accordanc

H]-:--'-iul data all the more

R.F.F. data accord less

measures are not sufficiently exact
delicate ealeulations. ‘Their results,

of b and of their tende: cy to deviate fro
are nece -.-;||'£il".' o0 e, and should be
gather from all this that we may safely
‘l.'-!ihll." of b L0 be less ||I:'.;| 1:06, and that :
gsome want of '[ll'm-n':.rii:-h in the .‘"-;u-r'i:-.l data,
convenient wvalus of 100 inch may reason

::r;-:||1-. -'

.||f .I"l'"."\"ri'l"r.li".'l.'ll.' --.'-'-".N'-“' af the Constants.—There 13 daitheults

in correcting the results obtamed from the R.F.F. data,
Illlnlzl'_f]'t we can make some estimate of their general

Inaccuracy as compared w the Special data. The

S e e PR Seic .
reason oL the nculty 15 that the Inaccuracy CANNO1
be aseribed to an uncertammty of equal 4= amount in

every entry, guch as .‘::i:i.' be d to a doubt

"f}-h]||||'-. off ' or "_-;';es---: ||:;..-
Error of a single value of the R.F.F. would be great

than that of one of the Specials, whereas if proves to

]Jf.: Z]||' SAINE, [i 'H ||'L']I '||;:'. ||I|.' | 1ACCuracy i.~ . COIm

]"'T|||'| first of the uncert 11 Iy abowvi 1I!l':lli"‘-ll"]. whose

eftect would be to increase the value of the Prob., Error
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and secondlvy of & tendenev on the part of mv corre-
to record medinom statures when thev were

v affeet would be to reduce the value of

Prob. Error. The R.F.F. data in Table 12 run so

larly that I cannot interpret them with any

wmce. The value they give for Fraternal Regression
ertainly does not exceed 4, and therefore a correction,
'::|!|-'.1E11ic.: to no less :\!u.:r; -.'_. of its aAmount, 4« ]‘l-tjuin-ql
to bring 1t to a parity with that derived from the
Specia lata (because 4 + & x s = %) Henece it
;||;.¢‘.I‘-l,i."|u- : --_'l.n'-i_ that the wvalue of |.'u-;_f]'--.~'.~éfn|| from
Mid-Parent to Son, which the R.F.F. data gave as §,
oncnt J'n'-.'l'-:"--' A :-J.!|:i..;|i' |'=I:'."l'l'|illll. [f =20, i! 1.'|.'IIII]c1'.
be raised to § + 2 8 but I ecannot believe this
high wvalue to be correct. My first estimate made
from the R.F.F. data, was £, as already mentioned. If
this be adopted, the corrected value would be £, or §;
nstead of §, which might possibly pass. Curiously
enough, this value of # for Regression from Mid-Parent
to Son, coincides with the value of . for ]ii-gl‘l':ﬁbitlll
from a .-f|.:;|:- Parent to Son, which the direect observa-
tions showed (see pageqq), but which owing to their
']--:l'u-i‘._x and to the f|'1'--_-_:|||:|1'il_'~ of the way in which
]I ran, | '!'I'_.;""I'i-1 and stall I'«'lil"l'lz at least for the
present. While sine |-.-!} desirous  of 1-':|T:|-i:|:.|'_l1,_( a
revised value of average Filial Regression from entirely
‘.Ei”‘l'l'l'fl-: anda more accurate groups 1r:--;..'ll;|1 :'5|-_- ]-rl:l-
visional value already adopted of § from Mid-Parent
to Son may be accepted as being near enough for the
]11'|--|‘I-3._ : jh iI!'}lll'-w-»E.!||" ] I""-.i--'u' one ui;|1llfll T 1|Jl'

[l ]
[ L T
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h.lllll-r-cl'li

LIe |:||"'.

equest, pure and simple
mMmust now [I-:\'\. R 4|i‘:l"-"\-'-'|'.
|:l'_u|'l'r-:nll'.. i1 wWias -i|||-.-,:-
implied a peculiarity of % of

Parent. C(Call the peet _

the i‘!lll“.-.:.'-l P -.-1||i'::||_'-; of the _
Parent, that 1s of the Mid-Grand-Parent of the ¥
would o6 = ¢ above -»ZI]-FIII-Z':'-II b "1" that of the M
Great-Grand-Parent would b ]1 and so on. H
the total ]I-'-:_l]:':a':|1.L|-|-- propert;

1

I{14+5+§+&e)=D43

Do the .-""'!H"‘-:'* from each
tions reach the child without anv, or
III'-.'TI_'“".‘.;!‘\' { | ;'5:‘---]|-|i anthicient -i.‘ni-

reply, and must theretore trv limiting suppositio

1'11!'“'«:, Suppos the b quests by the varous pe
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:.,:Ifhll".ll'l'. ||1|J'L- .'|:|=] .~'.'|||-|-'. of the

] i | =
Kén as ,I,_ and I|..|: {1e L1cl-4aTa

and so on. Consequently the influence
]

Parent would be £, and of the individual

._1“. and so on. 1t would, however,
present slender basis, to extend this
fidence to more 'E.:.-=|:!'II! {T{ !I:'I'.:!E--i.'-.

f;r!.l'l.'..',".-‘rr _”-J-F.-‘I.l.x' | aIm -"I:||I avi ".'.il:'-
to obtain data that will enable me t«
ilt-_g E‘-x':flg'rn'-' :"I.]nri:_'r-_, thanks to the aid of
Merrifield. The moths Selenta Illustraria and Ilunaric
are chosen for the purpose, part ly on account of their being
‘\H'h;!,[ iw-: l':||:;'|-| |]||I[||]|' ]l'l'-:-'--.f"ll . ||L..I? | Lo '| I|1- ||:|-C--
normally through two generations in a single year, which
18 a great _-;|~.'i|:_;_- of time to the -.'.x'|n-|':|||--'!1|'|'. '|":||'_'1 are
]L:lrll}'. ['l'll::;.’riu-ul'u'l variable, and are found to stand chlore
E'II'I'I'.I '.,'.,'.-|_L tﬂ'-:'\. Il.!'-. LK1 .:-. il:_r |:||'::-Ii.i'---| il -E '.':|--!_ I||||
Every member of each Fraternity is l-:'.-.-:--r';---l along
three lines of descent—one race of long-winged moths,
one of ]L]:'||i1ll=_| '-‘-'.rl_;__r-.ai_ ;lI'_ll one of short '~k:!;'_-'|'-'l 3|'.-IEE|-.
The three ]-:-.:':||]--1. sets are reared under identical con
ditions, so that the medium series .n'.||u|-|i--- a trustwort '||_*.'
relative base, from which to measure the increasi
divergency of the others. No one can be sure of the
suceess of any extensive breeding experiment, but this
iHTr'!Illli has been well -l'ﬁ.'h'li and seems to P 2Nt no
}H'c'l:]_'[u]‘ |!,:_[‘IILI'I.!..'|_'\. Among other reasons for l.fl'lll'ilj;_[
moths for the |-|\‘.'}uu.~|'. 18 that I:|=-.'-.' are born adults, not
'L'I}'I:HI'_';.HI'_[ in stature after thev have emerg

chrysalis and shaken out their wings
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about only two-thirds of the gramdpasents, but this
The results are given in

the distribution of eye colour

imong the gran !Jn::!'-;u‘..« of the |:.|:.-'?--'_k'---f families 18
15--xl'!_‘n identical with that among the }h-]-ll]en!il-n at
\ree But among the parents there 18 a notabla
they have a decidedly larger percentage

-colour and a shehtly smaller |||-u|u|1'1ir|1:

-i-:l'f-.. '-.-.||i|-' e i|;,_,;!.] element 18 nearly lll.l||il|l'l.].

A -§I:||.:|' |'|:.|Ij_"-- - -ilii;.--'J':Illll-.-li ::4 l_l[-.' L'hi:.g]'r-][, r[l'
total resulf 1n passing from generations I11. to 1., 1s that
the per cntage of the l'_[I‘ eyes 18 diminished from
60 or 61 to 45, therefore by one quarter of its original
amount, and that the ]||-1'|-:-t|1illu'|- of the dark v:-.'-.-;a 18
diminished from 26 or 27 to 23, that 18 to about one-
original amount, the hazel element 1n

illl"-"l'ilill';' the difterence. [t follows that

light-eyed parent having hazel ofi-
about twice as oreat as that of = J:.['}-;-n-::n'||

pari nt. 'i'HI'_.----:_I.'||-|',‘.|_‘.,', ginee Euz;*.--[ 18 twice as ]i.[{u-]_'..‘ Lo
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 |.;j||'-]i:'lli-'ll|.:”_'-.' heht, and one-
third of them as fundamentally dark. 1 shall allot
E||-',‘|| I';!‘_n-.'rlll‘- ilt ‘-|',.'E! !t'l-||-|['1i-l|l. ||--';‘.'.|'--r] i'i:]l[ .II!x:|
dark, as 1;-.i|':_'- as may be without using fractions, and
get 1id of them M. ."'.].|-]|H||.='-' de Candolle' has

| 1 lenr dea yenx dans esp i ..:.-."_.'!' 'ﬁ[.."L!i"ll"'r'

W Arch, Sc. Phys. ot Nat. Genéva,” Ang 84, 3rd period




with
known

Parents.

orand-parents of

T Y .
corresponding selections
| .

ALy -‘_|n-]{-. !'I:'lu..-|: WO

Tables 19 and

data.
19 1 have classified

rents and four _:'I":lel-

combination of Eve-colour,

howev that contains less
'Il:-nl.l'. LWency --:|ii||I' |If= ;.'[1'-|-- q-|i;,!.=,l.-
| the law I desire

i
| T ITie T |
i L LU

Imany lamiies

|||'- '.I;..'Il"':l -




149

20 1 have

the families,

f six or more children.
» trustworthiness of the
families. [t will be
1T them, that smaller
not b :-.'.';:l'|‘|:|'_:'1'::‘.1:'41:',-‘
 not printed the number

of these tables. They

are implicitly given, and are instantly to be found by
the number of light-eyed children from

tal fnumber of thildren. Nothing would have

been -_":il'.---| ]-_'-.' their insertion, while 'I'I'I'.I]Ii::i".l_"::'-' would

have been sacmhiced.
The entries in the tables are classified, as 1 said,
according to the various combinations of light, hazel,

nd dark Eve-colours in the Parents and Grand-Parents.

There are six different possible combinations among the

two Parents, and 15 among the four Grand-Parents,
making 6 x 15, or 90 possible combinations altogether.
The number of observations are of course by no means
avi :||]}'+-11.-!:"|':11'Lt--|] among the classes, ] ]::i'-'-' no returns
al all under more than half of them, while the entres

licht-eyed Parents and four light-eyed Grand-

0l TWO

Parents are proportionately very numerous.
f_shall—not—here—diseuss The question of marriage
selection in respect to Evye-colour, whieh is a less simple

_-.|;:‘|!-|'.".'|| Questlon wnan a T.,

v sigcht 1t may appear
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- ¥ e - ] r..
them 050 of the ]ll'l'll'..ll".l'\ ol o, the four :I'-!IL||-
parents t wether with what they mmply the previous

& - oy g a1 ] . < iy i ' " ' ]
ANCcCesiTY concribute Wwos, DeInge an @ eraLc | Vba,

]l':l'\:lll'_f a residue of 0°18 t« ¢ Tareabl HEL as

012 to hght, and 06 to dark. A bhazel-eyed Parent

18 here reckoned as contributinge 0°16 to licht and 0-9 to
dark : a hazel= Vi d Grand-Parent as contributing 0°5
to light and 03 to dark. All this 13 tabulated 1n
Table 17, and its working explained by an example in
the columns headed ILI. of Tabls

Results.—A mere glance at Tables 19 and 20 will
show how .~'.11‘|||'i~fri-;i_'-.' accurate the ]-1‘---ii|'lin-1:-- are, and
theretore how true the basi: the caleulations must b
Their average correctness is shown best by the totals
in Table 19, which .:i‘-'-' an aggregate of calculated
ht-eyed children under Groups 1., II., and

numbers of I1

[II. as 623, 601, and 614 respectively, when the observed
numbers were 629 ; that 18 to say, they are correct in
the ratios of 99, 96, and 98 to 100.

Their trustworthiness when ;1|-1-:f---i to ndivedual
families 18 shown as ~'_'.'-=|!-_'_:_1. in Table 20 whose results
Are 4'|JE|~.'|-|‘.i|-|';:'_"-. summariged in Table 18. I have there
classified the amounts of error in the several calculations :
thus if the estimate in any one family was 3 light-
eyed children, and the observed number was 4, I should
count the error as 1'0. 1 have worked to one place of
l;.r't':l‘!l.ial.' in this ::i!’r|-', in order to i'l'iH: out the different
shades of trustworthiness in the three set

tions, which thus become wvery apparent.
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ANy T ndeney,

among the Artistic and the Mot Artistic, to marr

their respective castes. It the observed fre-

three ]....--:iI.I.-

and wife artistie ;

not artistic. The

the three

classes, supposing the pairings to be regulated by the

laws of chance. LThere 18 1nk *.'u-:,'.-.n|".||_'f evidence

of the existence of "_'Ell disinchination to marry

within the same ecaste, for signs of it appear in each
of the three sets of f{: Al the Tal

deals. The total result is that there are only 36

i 1
the very muel
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.l'rl\fl-.'r'r ~.'.~c.-.-..-.-,—- }lil'\.'llj__' lil--‘:----in |-|' these |_.l'|'|i|'.'|‘.‘.::||'i--.~',
Wi '\'\.” now examine il.l,ll the conditions of thi I!:LliI i'i|
ance of the Artistic Faculty, The data that bear upon
it are summarised in Table 22, where | have not cared
o -C-']I:i]‘:l’i" |I|:' eXas8, - |:|.'-.' data are not numerous
-]||||'L_:h | E :!._;--'«.'\. f mMore -'ll;r-...:f‘-'.'--illl 1!:.II.

]H'l[:u»]. _"n-nn, '::-.-:"_'.]-- from .~'.]l'|| l';|||'ll...:'.'.--‘|'~.'-'- [ i‘li:‘n'

made, the hereditary influences of the two sexes I

respect to art appear to be pretty equal : as they are

n respect to nearly every other characteristic, exclu
of diseases, that I have examined.

||--L|'- ctly
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and their ages at death, and
in the Table below. It

15 nothing 1n the Table

!n.lil'rli. The Fathers are
themselves, and the Mothers as a

1 !lL'[]|.'::']". s,

IR I¥ WHICH

I
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fraternities to which the f[athers and

of intercat beyond what iz included in the above.
contrast is here most Hlt'i]{in;_f between the
ies of the Father and Mother to transmut a
serious consumptive taint to their children. The cases
ted without the slightest bias in favour of
this result; in fact, such 1s the f:||-:|]u|-'"lt}’ to
see statistical facts l'|l'.I|"lih' until TI.'i-'I".' Are ]uui]|1-'-11 Out,
that I had no idea of the I'.‘-'.E]'Ll"l'\i-ll'llll':-.' il;lnil"[':i'_‘-.' on
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an accident
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Another waxy

respectively,
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Mid-ag
the Fathers
The only

number of instances (i
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nities ari .:['I'il|i'-.' attected

.IPLII' ;‘.I-'_:.:II'I'.-C aroe I'I.;I'-.' 110

;|T&.‘Li_&'.—-i.-~ of them, not for any walue of their own, but
in_order to bring the peculiarities of the consumptive
fraternities more strongly into relief by means of com-

parison. . In one of these there was no actual death

threngh—tt, thouch three had weak hearts and two
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en them '-'-l.H'.E.'«.-‘.IIIH‘ *'-:J]H]'r-n,
1ily. The number of

from ruptured

tion and lung disease

i WHICH

cancer, L. r|1':|.|'|' 18 NO -r!u:l-.r'.l-i Ili”I' rence hetween E]IL‘

diseases of their Fathers and Mothers as shown in the

['able. other than the smallness of the number of cases
would account for. Their mid-ages at death were
.-].|-:-|_'.' the same. 70 and 72. and the ages m the two
:._'-"l"l'l‘li'-c I :'_'_l-:'

[ must leave it to medical men to "*'ll:‘ﬁ'r the amount
of truth that may be contained in what I have deduced
from these results x'ulll'-']'ljlll'rf the ll-l.“hli.H'.'[l:'." ""d]“"ril}r
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much more commonly than con
to offer what seems to be
plar ation. f'--|:--:||:|!-ii--|: 18 ||:II'|'|_‘~' .':---|iii|'--|]
form of contagion or infection, 1 ]
4|i‘..||'_‘-.' 1|'_.-;'!'--!-r||;|1i-u.-|_ So far

nse already mven to the word * mal-

formation,” 1 ay perhaps be transmissible equally by

='i'||‘.|'1' ]l

infectious, w
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suthcient |]|5_"l-. ].IIII'_;'I".'iI'x.
must all be by the
whereas in the case

they are not affected to any sensible extent.

ever L;ult.n}-r:w that these influences tend to

one another. it 18 true that I'I-I!--Z.'.‘|||l|i'1l- persons
early, and many of them before a marria

Un the other hand, they certainly marry ¢

rule than others, one ecause of which lies

j'MT'-"j'J"'rll great attractiveness ; and again,

marry, they produce children more quickly than
*-"III::H'-lllL'JLI|_'»' those who die even |.-:|-_-' befor:

age, olten contrive to leave large families. The
r;t;:idil}' with which the generations follow each other,
]F‘-u ii[hll a consideration of some ir:||-|-l'l.||:-'--. IHI"I'.'
18 therefore a fair doubt whether a group of voung
persons destined to die of consumption, contribute
I.'l:H]*il]l']'il]Jll‘.' less to the i_‘i_:|:||'|',- ]'4.-}-1.11,.'|ii|||; than
r'l|=.l;1||l‘-r large group who are d

=

_ I'.--Ii!ll'-; to die of Othner
diseases. 1 will at all events assume that consw ||-'.ix."
does not affect the numbers eof the adult child
simply as a working hypothesis, and will
compare its results with observed facts

[ should add that the II||I'.*-',i"fi whether
transmit eonsumption equally, lies outside the present
1|"|'l.'|-'|'i'\." at least for pra tical Purposes ; for whether th
transmit 1t equally or not would not affect t
tul:iEn-l"L:lfl.}'. Our st - data 18 therefore limited to
these :—that 16 per cemnt. of the population die of

1'-r|;.-il!||[nli|-‘.|. Ifj.'|l --:-.'|~:|||:'}-:‘=1.'il'-. |,~-_-|.~_|ll'-; diatr-
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Let the Q of the Co-Fraternity be called
at which thiz amount of deviation o

found in Table 8 opposite to the

!I".' L.

Next as i'l'_'::J."l|'~ thi

may be assured that the
exceed that of the general

cannot exceed 1. In the case
|!|i,‘1‘i,1|r'l'|'|] the Q of the Co [*-I'.Il".'r..-'._‘«.'

Population was found te be as

li']"'[Hl't'Iiﬂll held _L'I'ml here, its wvalue would

This 1s I think too high an estimate for the foll
reasons. The variability of the Co-Fraternity deps

on. two. groups of causes. Iirst, on fraternal vamability
which itself is due in part to mixed ancesiry, and
part to variety of nurture in the same Fratermity, both
before as well as after birth. Secondly, it depends upon
the variety of ancestry and nurture in different Frate

nities. As to the first of the two groups

]..li';f”.!i[!if-lh.‘l‘. = .;!'"‘t"i..‘.l-l: E+.+-4'4u|:='1.|.|-.1'|:1 i;{-i'!:_rﬂ:-'"-".".".-';' bo-—me
hl.lf :'L'ﬂ; .{iin:nlfu' aecond group, Hiere— 15 A considerable
lljlﬂ‘rre‘-}hu', r”]-ﬂ' |lII||_.--I‘|'.'|'I-|I| :II'l"‘.!I:,_I'II]:'I'.'.- of '\'i:_{ll]'f-':l
of ]']'I.l.'H]l.'['Jﬂ.l']l".' \'jlu"rl'cﬁtl.*. and of invalided parents are
not alike, | have ;lll'n;ui_\' rli.-.||\-*2| of infection.

18 also a tradition in families that are not wig:

L]||' ]tl=<'1‘-i:¢ii_.:;' 1-|' .-Lx'uiulin;' l’ihli.{ and of never
professions that involve physical hardship.

no such tradition in families who

there must be much greater vanability u

ments uf a group r-t\ Persons taken from the
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i |,.|i nt Elements are transmitted

numbers, 1t 18 ditheult

:||||||||--' that Ul = “in  be |I.'.|'3'.!| difference il,

VATrleLy.
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Pure Breed.—In a perfectly pure breed, maintained
-:_'.H‘il_:_' an ;I:-:.u'|'.!|:.l-'|.'-' Il'!-l'__' P riod ]'_‘w caretul selection,
the tendenc regress towards the M of the general
population, W uld disappear, so far as that i--|:-L|-|-:-_‘~

may be due to the il.l.ll'l“_',;n,|.--- of mediocre ancestral

aqualities, ani 0 Caulses -:'IIIII::-|'1I"i with the relative

stabilitvy of different types. The Q of Fraternal Devia
ions from their respective true Mid-Fraternities whicl
also diminigh. because it is ]-.'»Ii:'1|_'«.'

the same tamily taking

unlike progenitors. But




considerations make 1 obable that inquiries 1nto
human heredify may be much sim They assure
us that the possibilities of inheritance are not hkely to
|[i|:','|-|' much more thai 1086 '_- AL are au :Ii..l”l"\.' --IZ'.-I'I"\I".:

Amono i:||' e | - il |:l|'_'_'_'-- |"|'.':'.|'|':|:i'- ||' ‘_|_--I: Wi

have full life-histories of the Parents and of numerous

Uncles and Aunts on both sides, we ought to have
very fair basis for hereditary inquiry. Information of

this limited kind 18 incomparably more easy to obtain
than that which I have hitherto striven for, namely,
family histon during four sueccessive generation
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the desired

processes

inserted
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aw of Frequency of Error

[t was not NeCessary for

Jves with any details

the fact, that descent

| as if 1t were so. I need
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orrowed from Darwin's pro-
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aocounti l ['|||'_ ||!l| i_!ll
be reckoned

;Z-1||'-'!l]"l- .E_'n.' discuss

The ratio ot fihal
up with eo-fraternal
~_f_i'f|'1| the other
means of deducine the measure of fraternal -,::-',;f.i|i1.~,-
.~'-ll|-'l|_‘-.' from that of co-traternal. Lifter Dy an alement
of whieh the 'l.'.Llll.!' 18 thus far wm . ['--:-.-.i|_.1;; Y
the measure of fraternal varial a3 to be ealeulated
separately, and this cannot be done directly, owing to
the amall size of human families. Four different and

indirect methods of attackine the problem suggested

i < g " ] —) # i w3 | 1 . i § s s i
||_.|\_'|'_'|_-\.|':I-.|'_'\-\._ il tne ¢a W i W OO Qellcate o

kind to Justify r hance on the R.E.K. data. S parats
lenli more accur: F INeasSures, 1tanl for the pur

had theretore i a collected The four P oblems wert
then solved by heir means, ai although difterent
oTOupS of these measures had to be used with the
different problems, the results were found

toratner.

point where
kinship 1s s distant as not to be worth taking into
account, was easily solv vl t 18 merely a guestion of
the amount of the Regression that 18 approprate to the
different degres
.x':.-:-]l', or I.':.".' e-|' ':-'-iI:_:' '.-' E' '\..Illi-'-i [-IIII.IF]

in this inquiry. A table OTESS10NS Was given,
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BTl 108 to 1Lt !ni-l I'l'l|. WRN R |.--."1.'1-:!|
through illness. verwork an ey will make even mild-tempered
M & .‘-:r-:-r.:.il.-_:'_'-.' |=-I'.|'..'|_‘.' and cross

['he aceurat discernment

bevond the reach of any one, but, «

lmiql'.':Ivaw---'l".-‘.i n of 1ta PO inent featm

.3
and 1t SeaImns To Ine that the teat

who has seen and observed a pers

and nnder Very varied circumstance

-|.|"~|"|""..:.;_' '1- I|-'-|C'!I i l!lil E"l--':'-

writing this paper if 1t leaves a clear 1mj reasion of

and '-.L:'il'-_'-\-' af temper Among persons of botl

and middle classes of  English society

Halection ; ol the great admixture

1n the same far ||i_‘\' - and of it

&8 Any ot har qu Wit b ll|.|.-~ll, that :L]T:I--'.I_Jin i I ImMmeansa

influence for good or ill on domestic happiness, 1t ma that good

temper has not baan I'~Ir|--:'i:L.|.', looked for, nor ill temper esp cinlly

shunned. as it ought to be in marriage-selection.

l THE GEOMETRIC MEAN, IN VITAL AND BOCIAL STATIETICH

My purpose 158 to show that an ass imution which lies at the bass
¥ purf I

of the well-known law of * Frequency of Error 18 inecorrect when

applied to many groups of vital and oeial phenomena, although that
law hasz bean .".'l:lEI-.'\il d to tham by statisticians with '|-.|IEI!|i. BOCOSS.
Next, I will point out the correct hypothesis upon which a Law ol

Error suitable to these eases oy to ba caleulated : and subsi (] uent

¥
|

¢
[ will communicate a memoir by Mr. (now Dr.) Donald Maglister,
: i

- & : 1 i . E 3
'.L'|'4.'|, at Iy BUgFestlon, nas L|:'-..|||'!|.:L|'-.'.|.||1. investigatad The :-H]-|---“-.

Tha assumption to which 1 refer 18, that arrors I exgess or in
I
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\PPENDIA

defimmency of the truth are equally probable ; or conversely, that if two
fallible measurements have been made of the same o yject, whear

arithmetical mean 15 ikely to be the true measurement than

tal phenomena, For ex
I_||;|.|,-I :-.::E-!|n-|- wWe MAdeavTour i 113 Il i LLILL Weber's |.|.'.'|I 1N 1LS

ApproxXimative and S1I0 P P | I b SENEALION Varylng as the

logarithym of the Stimulus, tells us that a series of tints, in which
the l|i1:|.lli :';I'H of w it :-:'.'.Ill'l.'l."l 06 A i'i:“'.l'\- ETOUnG ard o |

8, 16, 32, &c., will appear to the eye to be separated by equal in
tervals of tint herefore, \n matching o grey that contains 8 po

tions of white, we are just as likely toerr by selecting one that has
| by portions as one that has 4 |"-'}'I.:IIII:'- In the first case thers
would be an error in excess, of 8 unita of absolote tint: in the
gecond there would be an error in deficiency, of 4. Therefore, an
error of the same magnitude in eXeess or in deficiency is not equally
probable in the judgment of tints by the eye. Conversely, if two
persons, who are l;"l:l.ji_'-' good judges, describe their i”'E'L""“i"”"" of
& certain tint, and one says that 1t containe 4 portions of white and

the other that it contains 16 portions, the most reasonable conclu

BlOn i-. :l.:|| it !'-.'.:_l:_'.' |':.'|."Ll.|.j'|'-'\- 8 |:I'-'-'I'ti_||ll.‘-i. The :|]'}‘,|.I:IL|'['i|’_L ean Of

the two estimates is 10, which 18 net the most jll'u'.-:li-h- valua ; i
is the reometric mean 8 (4:8:: 58 : 16) which 15 the most 'E:'lill.\-_l_lll'_
l':'ri'i.-n':;«' the same condition illlt'.ll'f_l."l'z""-' evary determination l'."
each of the senses; for example, in judging of 1""1"‘"ia—':'i of bodies or
of their ten peratures, of the loudness and of the pits hes of tones,
and of estimates of lengths and distances as wholes, Thus, three
rods of the lengths a, b, ¢, when taken successively in the hand,
appear to differ by equal intervals when a@: b : : b : ¢, and not when
ag—bmb—-¢ In all ]|]-__-,':-\.E--i|l_'_’i.-.'il..| phenomensa, where there is on the
one hand a stimulus and on the other a response to that stimulus,
Weber’s or some other geometric law may be assumed to prevail ;
in other words, the true mean 18 :,:l-unu-[:"l»' rather than arithmetic.
The geometric mean appears to be equally applicable to the ma
jority of the influences, which, combined with those of purely wital
phenomena, give rise to the events with which sociology deals. Itis
difficult to find terms sufficiently general to apply to the varied topics

of "'”.'L-iIl;l',:-T‘l-- but thera are two categones which are of common ‘oc




currenes in which the geometri
one 18 INerease, g exemplified
already large nation tends t
one under similar circumstal
business mereases in proporti
the influences of cirenmstance:
l':LI_:|'I!Il such a5 a E:-'I'i- o of ||.|-:,
hsinegs yie ldeg & groater axcess
one. Most of the eauses of the
concerned, and which are not p vital phenomena, s
I_I:'-"\.‘_::ll,'l'\-i.‘.' |]i-..'i]-~-\'| | I |:!_'n.' be el : :.--:' Oqe Or oOf |=,|'1' Hf
two categories, or under such as are in principle almost the s
In short, sociological phenomena, like vital phenomena are,
:'_H"'.'.:'I'-I.i rile, h'...!"_.l.'l": to the o I.!:.'Iii-.:-‘.. I.E.:jl_.' i metric mean

The ordinary law of Frequency of Error, based on the arithmetic
mean, corresponds, no doubt, sufliciently well with the observed facts
of vital and social phenomena, to be ve v serviceable to statisticians,
but it-is far from satisfying their wants, and it may lead to absurdity
when |..1||||. to wide deviations. asserts that deviations 1n excass
must be balanced by deviations of equal magnitude in deficiency ;
therefore, if the former be greater than the mean itself, the latter
must be less than zoro, that 1s, must be negative, This is an i|.-|[| VS,
bility in many cases, to which the law is nevertheless applied by sta
tisticians with no small success, g0 long as they are content to confine
its application within a narrow range of deviation. Thus, in respect
of Btature, the law is very correct in respect to ordinary measure-
ments, although it asserts that the existence of giants, whose height
is more than double the mean height of their race, impliea the possi-
hility of the existence of dwarfs, whose stature is less than nothing
at all

|_| 18 '|.|":'-!"..-::'"' &I --I:_!I'I"'- not only of

™

] theoretical interest but of
practical use, to thoroughly investigate a Law of Error, based on the
;;u--u:|:|-r1'f|' mean, even though some of the l'xl.ll"|l'=i regulta may

perhaps be apparent at first sight With thas view [ placed the fore-

goang remarks in Mr. Donald MeAllister's hande, who contributed a

memoir that will be found in the Pro N ! Soo., No. 198, 18749,

r"'-||-|1-’-"'..'1_:_’ my own. 1F doaclsd b e F; Ahed ¢ 140t ~
; :

il Fi * ] 4 I od
e didy 4 &als A T LA -I.{I'-l':" ‘"r:-l.-l'l'-l'"-.
b




PROBABLE EXTINCTION OF FAMILIES.!

men who occupied conspicuous posi

ibject of frequent remark, and has

It 18 not 1.|_‘.' tha Z-'I'-I.‘:|:|"- of men

ROV who tend to '|ll'."i:-|1, but it ia

in any way, even such men

concerning whom Mr, Doubleday has
LNces Are very numenrous in which

GIMIMon Dave p-i"!-:'-' bacome scarce or ]'.--"-'II.l

y tendency is ur iversal, and, in explanation
hastily drawn that a rise in physical
sarily accompanied by

in its widest sense

Our l_..l.-||;|:i.w|1 18 r'!|'1.-‘.|_~.' maintained
tarat.” and thus o large element of degradation
otod with those other elements which tend to

:I'.!I-'!'.ll:..:.|l' he race On the other |.';||-]. AL -"'L}ll!-l"'l-"t' de Candolle
has directed attention to the fact that, by the ordinary law of
chaneces, a large proportion | f families are |'||lLtiI.'.:.1]!}' |]_1".1'.5: out,
and it evidently follows that, until we know what that proportion is,
wo cannot estimate whether any observed diminution of sur-
NAmMAas AImMongE the families whosa ]ij-‘.-l'll‘f we CAn trace, 18 Or 18 not o
ion of their diminished “fertility.” I give extracts from M. De

I--:L:'_-:Ill-:".?': '.'L-:‘]'}\'. jll i ]\|'|:_.; L ,. :!I.-I '|!,|_l_.'-.' ill]ll :!Iil.'.I .'I.I.[.Jl-u":f.;_f]l 1 ||.iJ'||'ﬂ
not hitherto 'i||:':-|'l-.i'|.--i_ _1_::.l|'|.:|i[|'._f on the matter, I took considerable
pains some years ago to obtain numerical results in respect to this
I Reprintad,

An  mili

MM. Benoston de

¥ 1 : .
eantré la réflexion |
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how all sur
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generation
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vitiate any
the wvalues
agive generations. I6 is

ions must -'|'.'.-|.::|!-_ and the n g
saying, that at any given
.::|-'l 'h h':"i.‘[II]:L!!'.'i, l:f any
in average number of
ympensate for this by mving
yet come 1nto being, ns are not

bar of panerations removed from

up to . be denoted by the sym-
I 00 h J

bals ¢, &, &, ete., up to £, 1n other words, let £, f,, etc., be the

chances in the first and each s ding generation of any individual

-

man, in any generation, i | . one son, two sons, and 8o on,

who reach adult life. F { be the original number of distinet sar-
names, and let m, be the fraction of N which indicates the number
of such surnames with s represel tatives in the rth Foneration.

Now, if any surname have p representatives 1n any generation, it

follows from the ordinary theory of chances that the chance of that

same surname having & representatives in the next succeed gene

i

in the Xpansion of the m tinomial

AT l.'."-l'll'1'-.|l|l | 2 e =4 L, = !Il_u rapre
apnted by the svmbaol T.
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the determination of the
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NATURAL INHERITANCE
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at. first, a 1'.-Ll.i-i gxtmetion of surna
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his Mother @ tha
FMF 10, and for her ther FMBM 11.

When the : her or Sister haa
t igning letters
:.I' ||||._r |||

& - 1§
0 write Grss

All thesa symb

and they are |---|']'|'|-',i~.' expli
'.".lll'l gaed as “the F.".L:L-L'“:"-.

own notes simply FF

gymbaol 1n the e

" e
I have not aat ned mysed]

Ii"-l'l'!!'l-:’ll'l'l':. .llillll:'-.'l':.'.-_|:'., 'i:-:- ;:iu.n','u- '-i|:_;!‘-_'

extension by the v of negative indices, but the
tion of the idea seems:

We and the Frencl

ICI sy Wi | 8 '-'--II'-I that

to stand for Brothers and Sisters. Fraternity refers

brothers only, but its use has been lag

mean 1 rothers g15t F&, after the lattar
}'l:l."-'lL bean I:'-]I:I'-'Il to their male eqmivalents. The Greak word
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nent like a tree v

of Bpace, each gra: dparent ynd his own

a sot of three oo I'ui-.l]'l LTy

course, Iour grarx lg arents

:-'-'|Il.'l.]l.-:l'. |:-"..I‘"l.'ill'l' L 38 Lpilgs nd IS i L =3 Ii| W

how these compartments are filled up. The re f the Schedals

oxplains itself. The children of pedigree are written below

the I'II'I.I|I wrtment -'.""i_'lll d to he i T her brothers and

HlSUers 1 HpRCeEs M LIAUCEO O5rn '-||'.i||'| Lo recelve
ments as well

as for notes. It is astonishing how much ca got into such

schedule by w L'il"l;_' on ruled paper vith the lines one-sixth of an

inch apart, which is not too close for use, f course the writing

1 - | i ot . 1 1 g ! 3 " " 1k st b
must be small, but i MAY be |.l'l..I|, L0 G 1:_:_’5II|'*- WA De WTritian
very distinctly,

For a less ambitious attemnpt, 1nclad "'.'.'LIll]|l.'.|'||.'.- and
1

=]

i =,

l'r:L!l-T.‘i::}', but not going further back, the left-hand page

suffice, ]'I-i'-'il':'_’ ‘Children® where ‘ Father _ now stands,
¢ Father's Father' for ' Father,’ il!lii..I 20 On Ei|1'||l-:'_:i.:.-l'4'..
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