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Zur- Theorie der Korrelatlon 

Sehr vel'schiedene Meinuugen scheinèn liber die Begl'iffe Kor
relation und KOl'relatiolls-Koefficiellt ZU herrschen. Dm dies zu 
beleuchtèu el'laube ich mir zu citiel'en. 

Professol' J. C. KAPTEYN schl'eibt (l): 
« There is 110 doubt, what is meant by perfect correlalion 

correlation-coefficient r= 1.00 - between the two val'ying quantities 
x and y. Il means that ally val'iatioll of x is accompanied by 
a definite variation of y. H implies that y is a pure fUllction of x. 
Neither is there a doubt about what is meant by r=O.OO, that 
is, absolute absence of cOlTelation. It means that the val'iation of x 
alld y are pel'fectly independent of each othe'l~ ». 

Pl'otessol' H. L. RIEl'Z schreibt (2) : 
«'l'he recellt papers of REED and HARRIS in these Publicatioll 

have bl'ought to my mind 801ne simple cases in which a corre
latioll coefflcieut is ze1'O a}.1 hough the two vW'iables are rnathe
matically functions or each other repl'esented by certain simple 
types of coutinuous cUl'ves ». 

Pl'ofessol' C. V. L. CHARLIER 80hl'eibt (3): 
« 1st del" Korrelatiolls-koefficiellt r gleich null, so bedeutet dies, 

dass die betl'achteiell statistischen El'scheillullgen VOIl einandel' un
abhallgig sillrl und nichts mit einander ZL1 thun hauen ». 

(1) -« Monthly Notices of Royal Astronomical Society:. v. 72 n 6, 
A pril 19] 2, p. 518. 

(2) ~< Quarterly Publicatiotls of the American Statistical Association 'II 

Septembel', 1919, p. 472. 
(3) C. V. L. CHARLIER - Vorlesungen iibel' die Grundzuge der ma

thematischen StaUstik, Hamburg, 1920 p. 90. 
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Proféssor G. UDNY YULE schreibt (4): 
« It shouId be noted that, while r is zero if the var'iables are 

independellt, the converse is not necessarily true ». 
Die Anschaungen sind, wie man sieht, direct entgegengesetzt. 

Ich ,,1enke daher, dass dia folgende Darstellung der KOl'relations
theorie von einiger Interesse sein konnte, da keine dergleichen Ge
gensatze vorkommen. 

Die erste Definition von dem Begdffe Korreiation stammt, so 
viel ich weiss, von Sir FRANCIS GALTON. 

El' schreibt (5): 
«Two variable organs are sai~l to be co-related, when the va

riation of the one is accompanied on the a verage ,by more or less 
variation of the other, alld in the same direction ». 

Die Untersùchungen tiber Korrelàtion wurde von Professor KARL 
PEARSON fortgesetzt. Professor PEARSON gab folgende Definition (6): 

4( Two organs in the same individuaI or in a connected pair -
of individuals are said to be correlated, when a series of the first 
ol'gan of a definite size being selected, the mean of the sizes oC 
the corresponding second organs is found to be a function of t.he 
size of the selected first organo lf the mean is independent of this 
size, the organs are said to be non - correlateò ». 

Der Sinn diesel' Definition ist, denke ich, folgender. 
Man hat eine Menge - eine Verteilung - von gleichartigen Ob

jecte, die in Bezug auf zwei veranderliche zahlenmassige dat'stelbare 
Merkmale karaktel'izil't sind. Die Merkmale (the organs) nennen 
wir Variable oder Argumente. Wir bezeichnen die Variable mit x 
and y. 

Wir betrachten nun diejenigen Objecte unserer Verteilung, wo 
die eine del' Variablen, z. b. x, einen vorgeschriebenen Wert X o 

hat, Wir bestimmen den Mittelwert der anderen Variablen y 
alleI' dieser Objecte. Wir hezeichnen diesen Mittelwert del' Varia
blen y mit fio' Wir betrachten fernel' diejenigen Objecte unserer Ver
teilung, wo die Variable x einen anderen vorgeschriebenen Wert 
Xl hat. 

(4) G. UDNY YULE - An Int1'oduc#on to the Theory of Statistica, 
London 1919, p. 174. 

(5) <II: Proc. Roy. Soc.» v. 45, 1889, p. 135. 
(6) <II: Phil. Trans. Roy. Soc, ) A. 187; 1895, p. 233. 
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Wir bestimmen den Mittelwert der anderen Variablen y aller 
die'3er Ohjecte. Wir bezeichnen diesen Mittelwert der Variablen y 
mit Yl U. S. w. Wenn die Vet'teilung unserer OlJjecte so beschaffen 
istl dass wenn Xo v~n Xl verschieden ist, dann auch yo von ?il 
verschieden ist, oder allgemeill gesprochen, wenn der Mittelwert 
del' Variablen y fiir einen vOI'geschriebenen Wert von x variirt, 
wenll X variirt, so sin1 die Variablen nach PEARSON korreliert. 
Die Korrelation del' Variablen hangt also von del' Verteilung unse
reI' Ohjecte ab. Die Variablen x und y sind mathematisch IInabhan
gige VariabÌen, die unsere Objecte karakterisieren. 

Ein Beispiel (l) einer Verteilung eines Objects karakterisiert bei 
zwei unabhangigen Merkmalen ist die folgenòe so gennante Kor
relationst.afèl. Die Tafel enthalt 5.317.000 Ehen, karakterisirt bei den 
Alterstufen x und y ftir· Mann und Frau. Die Zahlen sind 1000. 

Altel' del' Frau 
Summe 

15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85-
--- - - - - - - - - - - - - - - --

15- .2 2 4 

20- 16 173 46 4 1 2<» 

25- 4 185 402 84 10 ~ 1 688 

30- l 41 265 411 84 1~ 2 1 817 

35- 9 69 251 369 80 12 2 1 793 

40- 3 17 71 219 009 66 12 2 1 700 
c: 
c: 45- l 6 20 66 178 252 59 lO 2 1 595 CIÌ 

~ 
:.. 50- 2 8 19 57 146 195 44 lO 2 48B 
Q;) 

.~ 
55- 1 

:.. 3 8 lS 46 110 141 35 6 l 369 

~ 
60-.< 1 3 8 16 39 81 101 23 4 1 277 

65- 1 1 3 6 11 26 53 68 13 2 1 175 

70- 1 1 2 5 8 18 31 31 6 1 104 
~ 

75- l 1 1 3 5 lO 14 12 2 50 

SO- l 1 1 1 4 5 3 1 18 

85- 1 1 1 1 ( 

- - - - - - - - - - - - - - - ~ Summe 23 4.14 808 854 781 669 556 437 317 226 134 65 27 8 1 

TabeJlen dieser Art bilden die statistische Grundlage unserer 
Untersllchtlng. Das allgemeine Problem ist die Bestimmung dea ana-

(1) G. U, YULE, L c. p. 15H. 
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lytischen Ausdruches f (x, y) des mat.hematischen Verteilungsge
setzes unserer Objecte, die von den zwei unabhangigen Variablen x 
und y abhangen, aus den gegebenen statistischen Erhebungen. Dies 
al1gemeine Problem habe ich an einer anderen Stelle (1) behandelt~ 
Der Zweck dieser Linien ist eine Darstellung des Korrelations-Pro
bJems an ein specielles Verteilungsgesetz. 

Wenn wir ein Object z betrachten, das nur von einer einzigen 
Variablen x abhangt, wissen wir, dass viele solcher Objecte das 
Gaussische Verteilungsgesetz z == C e - h':c

l folgen. 
Betl'achten wir ein Object, das von zwei unabhangigen Variablen 

x und y abhallgt, zeigt es sich, dass oft so]che Objecte das gene
ralisierte Gaussische Vert.eilungsgesetz, erst. abgeleitet von BRAVAIS. 
Z == C e -(a~t+2b:cy+cy2) folgen. 

Das Bravaische VerteiJungsgesetz wird im alJgemeinen, wenn 
wir die Konstanten bestimmt haben, in del' folgenden Form (2) ge
schl'ieben: 

wo Origo in dem Mittelwert der VariabJen x und y liegt, N dia
totale Anzahl der Objecte, o!., O'~ M (:KJtY) die Mittelwerter von 

2 2 :J M(~,Y). d . dI' ffi . -x, y, x.y UIllI '/'=. SIJl ; r 1St er KOl're atlonskoe Clent .. 
O' :r;.uy _ 

fst das Verteilunggesetz eines Objectes: 

z = f (x,y) 

und bezeichnen wir mit y~o den Mittelwert von der Variable '!J! 
fur einen vorge~chriebenen Werth X o del' Val'iable x, so ist 

Yxo = 

J: yf(xo,y)dy 

J:f(Xo,y) dy 

(1) ~ Comptes Rendu8 du Congrès International des Mathématiciens .,. 
Strasbourg, 1921. 

(2) Vgl. z. b. ELDERTON, Frequency curves and correlaUon,. p. 112. 
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und analog, wenn Xy, der Mittelwerf. der Variablen x fUr einen 
vorgeschriebenen Werth yo der Variable y ist 

__ L:Xf(X,Y.)dX 

Xyo - Joo 
-<Xl f(x,yo)dx. 

nas fundamentale Problem der KOl'relation ist, die Werte Y:1Jo 
und xl/o als Funktionen von Xo l'espective Yo zu bestimmen. 

Folgt unser Object das Bravaische Verteilungsgesetz, oder 
bat "man, wie man sagt, nOl'mèt}e Korrelation, so findet man nach 
einer kleinen Rechming: 

- ay 
Ya: == l' __ o X o 

o (la: 

Variiren wil' xo, SO erhallen wiI' die Gleichung der Regressionslinie 
von y auf x. 

Ganz analog finden wir: 
(la: 

Xy = f)"--' Yo 
o ay 

Variiren wir X o SO el'halten wil' die Gleichung der Reg're
ssionslinie von X auf y. Wenn unser Object das Bl'àvaische Ver
teilungsgesetz foIgi, sind die Regressionslinieu gel"ade Linien. Die 
Werte der Variablen X lInd y fiir welche unser Object am hau
figsten eintrifft, werden die 1.oahrscheinlichsten Werte der Variablen 
genannt. Teilt man del'einen del' val'iablen z. b. x ejnen vorge
schl'iebenen Wel't Xo an, so nellllt man den Wert del' anderen 
Variablen, hier y, flir we]che unse!' Object aro haufigsten erscheint, 
den wahl'scheinlichsten Wert dieser Variable. Das Problem der Be
stirnmung der wahrscheinlichsten Werte der Variablen, wenn das 
Verteilungsgesetz z = f (x, y) unserer Objecte bekannt ist., ist ein 
einfaches Maximum-Problem. 

Dm den wahrscheinlichRien Wert von y flir x = Xo zu finden, 
baban wir y aus del' Gleichung 

(j f(y,a:o) = 0-

iJy 
zu bestimmen. 

FoJgt ulJser Object das Bravaische Verteilungsgesetz, findet 
man 
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Wir finden also den selben Ausdruck ftir den wahl'scheinlichsten 
Wel't der Variable y fUI' X = Xo als fiir den Mittelwert del' Va
riable y ftil' x = xo' 

Ganz analog finden wir filr den wahrscheinlichsten Wert von 
x fùr einen vorgeschriebenen Wel'te y = yo 

{JtlJ 
X=')'--'1/ 

O'a; ,';/0 

Variil'en WlI' In den zwei letzten Gleichungen xo und yo, el'halten 
wiI' die Gleichungen del' Regressionslinien fUI' die wahrscheinlich
sten Werte respective von y auf x und von x auf y. 

Folgt unser Object das Bravaische Verteilungsgesetz, fallen 
also die Regressionsliniell flir die Mittelwerte und die wahl'schein
lichsten Wel'te zusammen. 

Bezeichnen wil' mit u den Winkel, den die zwei Regl'essiollsli- . 
nien mit einander bilden, hat man 

l __ r 2 (J x (J 1/ 

tg u == -1"- (J'2 + (J2 
x y 

VOl} dem analytischen Ausdruckdes Bravaischen Verteilungs
geset,zes, sieht mal! dass mall hat l-r!>Od. h.1,2<l. Nahert r 
sich zum l, nahern die zwei Regressionslinien sich zu einander. 
1st l' =0, stehen die zwei Regressionslinien senk recht allf einander. 
Ihre Gleichungensind da: 

Yx = ° unà Xy == ° 
d. h. die Mittelwerte del' Variablen y respective die Mittelwel'te der 
Variablen x sind unabhangige von irgend einem vOI'geschl'iebenen 
Wert aio von respective yo von y. Wir ·haben kein Korrelation. 

Bei diesel' Darstellnng der Korrelation sind die Variaolen x 
ulld y unabhàllgig entweder Korrelation existirt oder Ilicht (1'~ O). 
,. = O). Wir sehen anch direct den Sinn des Kort'elationskoefficient, 
weno unsel' Ubject das Bravaische Verteiluogsgesetz folgL 

Die Frage ist vielfach diskutirt, ,velche Bedeutung der Korre
lations - Koefficient hat, wenn unser Object ein willktirliches Ver
teih.ingsgesetz folgt. 

In einel' bekannten Abhandlm'lg hat Mr. YULE diese Fl'age be
handelt. Er schliesst die Abhandlnng mit folgender WOl'te (1): 

« We can now see, that the use of normal regr'ession forIDuloo 
is quite legitlmate in alI cases, Sp lang as the necessary limitations 

(l) « Proc. Roy. Soc. London ., v. 60, p. 489. 
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of interpretations are l'ecognized. Bral"ais l' always remains a coef
ftcient of correlation ». 

Mr. YULE geht in seiner Abhandlung von der Voraussetzung 
aus dass die Mittelwel'te del' Variable y respeetive x ftir einen 
bestimmten Wert Xo von x respective Yo von y anniill1'ungsweise 
wenn X o respective Yo variiren, auf ger'ade Linien liegen. Unter diese 
Voraussetimng bestimmt Mr.YuLE 2 gerade Linien, nach del' Methode 
der kleinsten Quadrate, die die 2 Mittelwertscurven appl'oximieren. 
Die Gleichungen diesel' so definirle gerade Linien haben dieselbe 
Form wie die frtiher,unter Voraussetzung des Bravaissche Vertei
lungsgesetz, gefundene Regressionlinien. Nur untel' diese specielle 
Voraussetzung del' Mittelwel'tcnrven gilt also Mr. Yulle's Aussage. 

Uebrigens ist es unmiUelbar klal', dass es unmoglich ist eine 
willktirliche Vel'teilungsge~etz dUl'ch eine eillzige Konstante zu 
karaktel'isieren. 

Del' Begriff Korrelation, del' wil' bis jetzt betrachtet haben, ist 
unlOsbal' mit ~inem Verteilungsgesetz verbunden. 

Der Begriff Korrelation Wil-'d aber anch bei einem ganz ande
. 1'ern statistischen Pl'oblem gebraucht. Ich citil'e das Problem nach 

M. MARCEL LENOIR (l): 
c Ayant deux courbes representant deux séries numél'iq ues re

latives à deux phénomènes, désignons pal' Xl et X2 les écarts à 
leurs valeurs moyennes dans tout l'intervalle considél'é de deux 
nombres corl'espondants ....•..................... 

Si les deux com'bes considél'ées sont fout à fait semblabes, les 
écarts Xl, X2 sont dans un rapport constant, et l' Oll a toujours, quel 
que soit le couple considéré Xl X2, Xl == b'J, Xli, OH X2 == bI Xl, et, en 
ce cas bI b2 == l. En tout cas, mème si les deux cOUl'bes ne sont pas 
tout à fait semblables, OH pOUlTa tOUjOUl'S déterminel' un certain 
ceefficient bi tèl q ue 1'equation Xl == b2 XI flonne pour Xl, si l' oÌl 
remplace XI par ses valeurs réelles, les meilleurs valelll's possibles. 
La méthode dite: méthode des moindres carrées, permet de calculer 
b, de manière que que la somme òps carrées des diffél'ences entre les 
vraies valeurs de Xl et les valeurs ealculées en prenant x l ==b2 Xli' 

soit la plus petite possible. L'e~uation xl==b'1,x2 qui permet ainsi de 

(1) M. LENOIR: Etudes SUl' la forrnation et le mouvement des p1-ix, p. 69 
Das Problem behandelt auch C. V. L. CHARLIER, l. c. p. 86; G. U. YULE: 

Theory of Statistics, London, p. 197; S. D. WICKSELL: Elernenten al' Statis
tikens Teol'i, p. 17 Ilnd p. 76. 
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calculer les meilleurs valeurs approchées de ah est dite equation de' 
~x X2 

, 'l'égression. Le valeur de bl est donnée par la formule b:t= ~ l 2. On 
"'X2 

peut calculer de meme une équation de regressìon qui donnera les 
meilleurs valeurs approchéesde Xl correspondant aux X 1,X2 ==b1, x 1Y 

~X1X2 
~xr 

et içi la valeur de bI est bI 

Si les deux équations de régression étaient. rigoureusement exac
tes, on aurait, comme nous l'avonsdit, b1b!==1. Ce produit ditfére 
peu de l si les deux éqllations donnent des valeurs de Xl et X2 peu 
differents des vraies valeurs. On peu~ donc considérel' le coefficient 
1"== Yb l bl com me mesurant l'exactitudè des équations de régression, 
et par conséquent la rassemblanee des deux courbes. Le coefficient 

n'est pas autre chose que le coefflcient de corrélation, au signe prés~., 
Wir sehen, dass das hiel' betrachtete Pl'oblem ganz verschieden 

von Professors PEARSONS Korrelations-Problem ist. 
Wir bezeichnen mit 

X l1 x 2, ••• x n 

die Ahweichungen von ihren respectiven Mittelwerten zweier stat,i
stichen Reihen, wo Xi und yi gleichzeitig beobachtet sind. 

Wir konnen da in unendlich vieler Weise eine Funktion y==-F(x) 
angeben, die fur die Werte X1,X2, ... x n die Werte YI, Y2, ... Yn annehmen., 
LAGRANGE'S interpolation formula gibt z. b. eine ganzè Function 
(n-l )8te Grades diesel' Al't: 

Yl t: Y2 'Yn 
y== ( (' . (X) + ( _ ) (' (X) + ... + ( . _ ) ('( ). fUll) 

X-Xl) (x.) X X 2 (X,) . X X n 'Xn 

wo 
(:Je~ = (X-Xl) (X-X2) ", (X-Xn ) 

Wir habeu also in' dieser Weise eine funktionale Relation, 
zwischen die beobachteten Variablen X un y. 

Wir konnen nattirlich immer eine get'ade Linie y==-bx zu der 
Curve, deren Gleichung die gefundene Funktion Y ==- F(/)J) ist, nach 
del' :\'lethode der kleinsten Quadrate approximiren. Wir finden da 

~xy 
bI = x.~ . Setzen wi r: 



n.a:x:.ay 

lautet die Gleichung dieser gerade Linie 

ay 
y=r--·x 

a:x: 
Diese gerade Linie hat selbst verstandlich nicht dié Bedeutung 

der Regressionslinie von y auf x bei unseren friiherp. Korrelations
problem. 

Wir konnen in diesem Fall seh .. gut 1" == O finden (d. h. dass 
die approximirte -gerade Linie die x-a x e ist) wo eine funktionale 
Verbindung zwischen y und x best.eht (cfr. H. L. RIETZ l. c.) 

Die zwei hier genannten Probleme werden leider meist.ens nicht 
aus einander gehalten. Ich schliesse mich vollstandig Professor 
CORRADO GINI an:(l) «La teoria della misura delle relazioni tra i 
caratteri costituisce indubbiamente uno dei campi della metodologia 
statistica maggiormente suscettibili di progresso. Condizione neces
saria per tale progresso è che vengano debitamente distinti e pre
cisati i varii aspetti sotto CIIi possono essere considerate le relazioni 
tra i cara t teri ». 

(1) «Atti del R. Istitnto Veneto di Scienze:.,1915, t. 124, p. 600'_ 



AL. A. TSCHUPROW 

OD tbe mathematical expeetatioD or tbe 
moments or rrequeney distributlons in tbe 

case or eorrelated observatlons 

CHAPTER - IV 

§ I 

l) Let us distribute the N observations in S groups, the 
first of which contains the. first n) observations, the secolld 
of which contains the fonowÌng n2 observatiolls and so 00 

(n1 + n! + ... + ns == N). Delloting by X~,j the value taken by 
the corresponding variahle in the j-th experiment of the i-th 
group, put: 

l ni l S 

-- ~Xi,~~Z~ , S ~z~=Z(S) 
ni j=l j=l 

E [z,],. - M(i) E [ZI, _ M<i)]r = M(i) 
i r, l 1 _r 

E [z:T[z:.F·[z:T M~:,~::::::~: 

E [z;, -Mi"f[ z~ -MI'·f .. [ z;, -Mi"f= 

where Sz denotes, as above (chapter I, § I) a l-fold sum extended 

to alI. unequal values or il, i2, ••• , il. Let us put fUl'ther: 

Efx' . . ]" == m (i+J) l t,J r 

r 
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so ono 

E [X' -rn/'-: jJ]r = /1.('-: j) 
i,j 1 ,r 

M(i)-o 
_1 --

2) lf alI quantities m r , alI quantities mrl ,f'2 and so OD are
equal, we find: 

M~i) = n~l 

-1 n·-l 
M(i)=--m +-'- m 

2 . 2 l,l 
ni ni 

M(i1,it)-m 
1,1 - 1,1 

l n·- l . (n·-l) (n·- 2) 
M (i)-_- +3 -'-- +' , 

3 - n~3 . . .. m2,1 ..' 1nl ,1,1 
(ni)2 (ni)6 (ni)" 
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Ul2,1,1 +-

(ni l - l) (nil - 2) 

(nil)2 

(ni}-l) (ni2-1) 

Hellce: 

M[l;S)==m1 

ilI ==m11 + -' -~ -- [m2-rnl1 ] [ 
l SI} 

[2;S} , S i=1 ni ' 

M =1n 
[1,1;8] 1,1 

M ==m1ll -t- 3 --~--. [rn21-ml1 tl + [ 
l S l l 

[3;8) , , S i=l ni ' , , 

[ 
l S l l . +- --~ --o -2 [ms - 3 1n2,1 + 2 1Hl,I,1] 
S i=1 (n,) 

M ==m +- -- -- 'In -'m 
[

1 Sl]_ 
(21'S] 1,1,1 S ~ , [2,1 1,1,1] 

, , i=l- n, 

M -m 
[1,1,1;8) - 1,1,1 

M =rn1111 + 6 --~-- [m2l1 -mll11]+ [ l 8 1-] 
[4;8) , , , S i=l ni ' , , , , 

11ll ,l,l,l 

'In1,1,l,1 

-+ --~ -- [3 m 2 ') +- 4 '1n3 1 - 18 1n;a Il + 111n 1111] + . [ 
l SI] 
S J.j ( .2) ,,,, , , , , , • 

i=l n, 
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+ --~ --3- [rJ'tA - 4 m_ l - 3 m 2 2 + 12 1n2 Il - 6 n~1111] [ 
l SI] 
S ~ ( .) '" .. ViS, , ,,', , , 

i=l n, . 

[ 
l SI] M =rJ~ +3 -- -- m -m + 

[31'8] l,l,l,l sE. [2,1,1 1,1,1,1] 
, , (=1 n, 

,[ l 8 l ] + -;-~ (nSl [m3,l - 3 m2,l,l + 2 mI,l,l,l] 

[ l . 8 l] 
M =1H +2 -- -- m -m' + 

[22'8] . l,l,l,l 8 E . [2,1,1 l,l,l,d 
, , ,,(=1 n, 

. l [(8 1)2 8 l] + -- - -- m-21n m 8 (8-1) E. E ( .. )2 [2,2 2,1,1 + l,l,l,l] 
i=l nt i=l n, 

. [1 8 1] . M =1n -- -- m -'ìH . 
[211'8] l,l,l,l + P E . [2,1,1 1,1,1,1] 

, , , J i=l n, 

M[l,l,l,l;S] = rJ~l,l,l,l and so 011 

SulJstitutillg' for the quantities m the corresponding quantities 
p, we obtaill M~i; M~I\';':) an so on, M[r;8] M[rlo r S;8] an so ono 

3) lf the olJservations belonging to the different groups are 
uncorrelated, we obtain 

,n (ittis-:-j,n = m (ihj) m(ia,f) 
. rhrS rl - rs 

I/.(ito i a-:-j,f) = I/.(il .i) I/.(ia,f) and so on and 01) the other hand' 
rrhra' rrl ,-ra 
M(ihia) = M(i l ) M(ia) 
_rht"a _rl _ra 

M(it,ia) = M(il ) M(il ) and so on. 
rhrS ~ ra 

But in the genera! case {Cf. above chapter I, § I) 

M [rhrS;S] :j:: l{ [rl;8] M [rs;8] 

~[rhra;8] :j:: M [rl;8] M [r,;S] 

§ II 

1) Let UB eonsider the quantities Z: as the variables which 
have to be dealt with and put: 

E [z(sJ = Mr,(sJ 

E [z(SJ-M" (SJr -Mr , ($l 
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_1 t [Z~-Z(8)]r =N[~;8] 
S i=l 

E N[~;8] =N[r;8] 

We can use for the calculatioll of M r ; (8)' Mr ; (8)' N(r;8] the 
formulae of the chapter I and of the chapter III, if we substi
tute therein tor the quantities 1n the corresponding quantities M 
and for the qualltities Il the correspondhig quantities M. We 
obtain thus from chapter I (5): 

M. = 1~f +-- M -M l [ ] 
2,(8) [1,1;8] S [2;8] [1,1;8] 

(1) 3 [ ] MS (8) = M +- M -M + 
, [1,1,1;8] S [2,1;8] [1,1,1;8] 

l [ ] +2" J.11 - 3M +2M 
S [3;8] [2,1;8) [1,1,1;8] 

. 6 [ ] . 
M4,(8) = M . +- J.l:f • --ili . + 

(1,1,1,1,8] S [2,1,1,8] [1,1,1,1,8] 

l [ ] +23M + 4M -18M +llilf + 
S [2,2;8] [3,1;8] [2,1,1;8] [1,1,1,1; 8] 

+_1 [M -3M -4M + 
S3 [4;8] [2,2;8] [3,1;8] 

+12M -6M ] 
[2,1,1;8] [1,1,1,1; 8] 

We obtain similar formulae for Mr , (8) , if we substitute in 
(1) for M[r;8] the corresponding quantities M[r;8], for M[rhr,;S) the 
corresponding quantities M[rhr S;8] and so ono 

From chapter III (l), (2) and (8) we oLtaÌn similarly: 

l 8 [ ]2 l 8 [ ]2 
N[2;8) = E-~ Z' -Z(8) =-~ M[i)_~1,8) + 

S i=l S i=l 

S-l[ ] + S M[2;8) - M[1,1,8] 
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2) If the numhel's 1i.,n2' •... ,n8 are ullequal, the ullweighted 
average of the quantities Z~ - i.e. Z(S) - does Ilot coincide with 

l s 
theil' weighted average-i.e. X(N)=-I:n i Z~ - and it may be 

. N~l 
preferable tocalcnla.te the deviations of the qnalltities Z~ fromX(N). 

Noting that 

. l l S .s (' E x 2 =- ~(n·)~· M (i) + ~ ~ n. n. M (ilria) 
(N) N't. ~. t 2 .~....,. "I 'ta 1,1 

. \ i=l "1=1 i S::J:'l1 .. 

we ftnd: 

E ~ t, 11; [z: - X(N}]' = E ~ t, n; (Z;)2 - E xrN} = 

l S l S . 

(4) == - ~ n·(N-n·) M(i) - -"-~ ~ n· n. M(iJ,i2) N't. ~, , 2 N't. ~ .~ ·1.1 "a 1,1 
i=1 il =1 1.a::J:il . 

(J2 l S . [' ]2 _ E) l ~ [Z' X ]2 [l ~ (I\T ) M (i) N ~ nt Zi-X(N) - ---~ni i~ (N)O - -2~ni H-ni !-
i=l olV i=l . N i=l 

-~~ ~ n~' n· .Ll1(iJ,ia )·] t = 
~~~. tI t2 1,1 \ 

11=1 la::j::ll ° ) 

= ~.t n~(N - 11;)2 [ Mi" - (M~i))"] + 
i_l . 

+ _1 ~ ~ n. n. (N-n. ) (N n.) [M(i t ,iS )-M(i1) M(i 2)] + 
N4~ .~: ti '2 'I - '2 2,2 2 2 

'j,1=1 'j,~::j::.'j,l • 
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§ III 

The generaI formulae or § II are for themselves or no special 
interest; their use is étn auxiIiary olle, -to make the analysis of 
the specialized problems more easy, as they permit to spare in each 
single case the deductiolls which resurt in the generai ca$e in the 
unwieldy formulae of § II. The sillgle problems can Le, of 
coUrse, more or less specialized. I shall "analyze below (chaptet' 
V and chapter VI) some problems which are of actual statistical 
interest. The following formulae shall fUl'ther facilitate hereby 
the calculations. 

Suppose that ali qualltities nt~, all quantities flr, alI quantities 
fl rt,T2 and so 011 are egual. SulJstitutillg the corresponding values 
of M~i), M[r;s], M~:,~:~ M{r l,r2;S] alldso 011 (se e above § 1,2), we 
obtaill : 
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. 3 [l S 1]2 [ . 7<. ] 

+ S S ~n; #2,2 - 2 #2,1,1 + #1,1,1,1 + 

+ ~, [ ~ ~ (':i )2 ][ 4 PS,l - 3 P2.2 - 6 /42,1,1 + 5 Pl,l,1,l] ~ 
3 [1 S l ]2[ ] +----- - -2 + + 8 2 8 ~ ni #2,2 #2,1,1 #1.1,1,1 

+ ;3 [~ ~ (n:)2] [P2,2 - 2 P2,l.1 + Pl,l,l,l} + 
l [l S 1 l [ . ," 

+ Sa S ~ (ni)3, ,#4 - '4 #3,1 - 3 #2,2 + 12 #2,1,1 ~ 6 #1,1,1,1 

, r s [ , ]2 8-1' ,[ l SI] [ . -] E s·~ Zi-Z(S) =-8- S ~ ni- #2-#1,1 

. l S [ , ]3 
(7) ES ~ Zi ~- z(S) = 

(8-1) (8-2) [ I SI] [. ] 
= --8-2 - S ~ (ni)2 #3 - 3 #2,1 + 2#1,1,1 

l S [ , ]4 E S ~ Zi- z(S) == 
ì=l 

(s-) ) (82-3 8+3) [ I ~ l,] [ • 
= 8 3 S ~ (ni)3 #4-4#3,1-3#2,2+ 12#2,1,1-

] 
~ 3(8-2)2 [1 SI] 

-6#1,1,1,1 + ( 8 2 S ~ (nf)2 + 
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CHAPTER V 
• 

§ I 

l) From a closed urn which contains al tickets marked 
with the number ~p a2 tickets marked with the number ;2' 
and so on, ak tickets marked with the numlJer ~k, a tickets 
are drawn snccessively whereby the tickets which happen to be 
drawil are not replac~d in the Urne Settillg a1+a

2
+ .... +ak= A, put: 

K a. 
~ --L ~;=mr 
j=l A 

r 

~ (-1 t C>n ~-mr -h == Il,. 
h=O 

Denoting by Xi the Ilumber marked on the ticket which 
happens to be drawn at the i - th drawing, we find without dif
ficulty that 

E [ XI -;- 1111 r = /lr' 

In the cha ptel' III or my paper on «Ube1~ den rnittle1'en 
Fehler des DW'ckschnittes von gegenseitig nir.ht unabhangigen 
G1'6ssen » (*) I have demonstrated that 

C) Cf. A. TSCHUPROW, Zur TheOl'ie del' Stabilitiit statistischel' Reihen, 
S. 216 - 219 «Skandinavisk Aktuarietidskrift» 1918. 
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. E Xi = E Xl = nl1 

E X~ = E X~ = m 2 

E E 
A 2 l . x· x· = X X = - m - - .fn 

'J l 2 A-l. l A-l· t 

l 
E Xi Xj - E Xi E x;' = - .A -I #2· 

Putting 

we have consequently: 

'tn(i,j) =m(1,2) =~/m2 __ 1_m 
1,1 1,1 A _IlA -l 2 

IJ(i,j) = U(1,2)= __ I_ Il 
t"'1,1 r1,1 A-I r 2 

• 

Similarlywe find: 

(193) E ~ aj(a-l) [a .... 2. ~ ah ,] 
mI,i:i = X)X!Xa= ~ A(A~l) ~~ 1-2 ~j+ ..... A-2 ~h + . 

. .1-1 h+J 

K a . a· [ a·- l a ·-1 ah] 
+ ~~ A(~-~) ~j ~i 1-2 ~j+ ~-2 ~i+ ~ A-2 ~h ~ 

.1--=1 i:j:j . h:j:J+i 

A(A- /HA-2) ) [t, aj ~j ]' - 3 It, àj çj ] [t, aj ç/ ] + 

+ 2! aj ç/( = (A~I)\A-2) )A' m," - 3A "', m. + 2ni.\ 
m (1,2) = '1'11,(1,2) = _1_ ~ A;n 'In - 'In~. . 

2,1 1,2 A-l t 1 2 3 ~ 

. l 
m (1,2,3,4) = . 

l,l,l,l (A-l) (A-2)(A-3) 
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,n(1,2,3)' m(1,2,3) = m(I,2,3) = l 
2,1,1 1,2,1 ] ,1,2 (A-l) (A-2) 

.) A·In,2 m.-2Aml "'3- Am;+2m. 
\ 

n/1,2) = _1_ \ An~2 -m l 
2,2 . A-I t 2 4 , 

(1,2) = (1,2) = _1_ ~ . _ .. ~ 
m3,1 m I ,3 A-l t A mI m3 m4~ 

and hence 

(1,2,3) _ 2 
fl} ,l,l - (A-l) (A-2) '!la 

,/1,2) = flO,2) == __ 1_ fl 
2,1 1,2 . A-l 3 

(1,2,3,4)__ 6. + SA 2 

fl),l,l,l - (A-l) (.A-2)(A-3) fl4 (A-l) (A-2) (A-3) fl2 

. 2 A (1,2,3) == (1,2,3)_ (1,2,3) = _ 
fl2,1,1 fll,2,1 _. fl),],2 (A-l) (A-2) fl4 -(A---I)-(-A--2-) fl2 

(1,2) ____ 1_ +~ 2 

fl2,2 - A-l flo! A-l fl2 

(1')- {l,2) l 
fl3,1-' ~ PI,3 = - A-I fl4 

. Let HS denote by (m~))j the value which m.~) assumes, if 
a ticket marked ~j happells to hp. drawll at the first drawing. 
Noting that 

( (?») aj-l ~ ah. A l 
m r'" j = A-l ~j + ~ A-l ~~ == A-1 #li 1• - A-l ~j, 

. ht:J 

we find: 

(2) ~K aj (9») A l 'fn = - 1n N =--m ---1n ==m 
r A r j A-l 1" A-l 1" 1" 

j=1 

K 

nt(l,2)=~ aj ~~I(m(2») =~m n~. ~-'I-mr+1" 
rh l"'l ~ A J r2 j A -l 1"1 1 Z A. -1 1 \I 

. )_1 .' 



658 

Similal'ly we find: 

( (2 3)) _ A -1 ( ') () l ( ) nl1, '1' . --. - m r} . n1,r2 . - -- 1nt 'l +7'2 . == 
l' % J A -2 J J A-2 J 

= l )A2nlrlnlr2-A['mrl+7'2+mrl~/'2+ 1Jlr2çjrl] +2~/,!+r2 ( 
(A-l )(A-2) . , 

and hence 

,) A' m1'/;",.m", -.:. A [111"1 "'1'.-H, + 111 ".m"l+r, + m", m"l+r, ] +2111",+"....-1', ! 
It is easy to demollstl'ate in the same mallner that 

On the othel'. hanò i t is easy to see that 

m l ~ A 3 111, ]}l }n 'In -
1'111'2,1'3,1'4, (A-I)(A-2)(A-3) ( l'l 1'2 1'3 r4 

- A 2 [ m111, 1Il +')11, /m ln -~~n 11~ 1U +'m 1/1, rn . + ' 
1'1 r2 1'3+1'4 1'1 1'3 1'2+T • 1'1 l' 4 r 2+1'3 1'2 1'3 1'1+1'4 

and that in generaI 

1 ~ k 
A [-kJ t A lìtr/il r2 ···rn)'k 

-Ak-l[rn nl.···1U. 1rì + ... ]-~-
1'1 1'2 1'''-2 Tk-l+rk 
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- ... + (-l )k -1 A. 1 .,,2 .. ~ (k - l) m .. . ~ 
r 1+1)l+ ... +1 k' 

Substituting for the qualltities m the correspondillg' quantities 
p . and noting that fl l = O, we obtaill the formnlae for 

P r l' flì' 'l' 'l' and so ono We have, for example, 
1,2' 1,'2,'3 

2) Substitutillg the va]ues of p.&i), fliY') an so 011 founel 
above in (5) and (9) of the ch::.ptel· I alld in (3), (7) aneI (9) 
of the chapter III, we fÌlld after due trallsforr~ations: (*) 

A-a 
111 2) (a) = 1JI~ + fl2 

(A-l) a . 

(1) 
3 A-a 1[' ,a-l (a-l) (a_2)] 

1n~(a)= mi +3 mi fl2+ -2 1-3-- + 2 ) fl3 
. (A-1)a a A-l (A-I)(A-2 . 

A - a l [ a - l ( a - l )( a - 2 )] 
1ìl4, (a)= 'mi+6 mi[l2+4-2 1-3--+2 1n1p3+ 

(A-I)a a A-l (A-I)(A-2) 

+3--- 1-2-+ 1/2+ 
A(a.l) [ a-2 (a-2) (a-3) ] 

. (A-I)a:3 A-2 (A-2)(A-3) r2 

l [a-l (a-l) (a.- 2 ) (a-1)(a-2) (a-3) ] +- 1-7-+12 -6 Il 
a3 A-l (A-I~(A-2) (A-l) (A-2) (A-3) (,""4 

C) 'l'he gelleral fOl'mulae being excessively ullwieldy, I do limit my
self in the ~enel'al case 1,0 the calculation of mr , (a) for r = 2,3, 4. I give 
below (§I,3) the geller'al fOI'mula for (11" (a) in the case, when A and ~ are 
great numbers of the same order and in the chapter VI (11) alld (12) the 
generaI fOl'mulae for m1'7 (a) an (1r, (a) in the special case of statistical fre
Duencies. 
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. A-!I l [ a-l] l 
t'2' (a) = ~4 _ 1 -;- !l2 = . l - A -l ~!l2 

. l [ a- l (a-l) (a_2)] _ (A-a) (A-2a) l 
(2) !ls,(a) =-;;;: 1-3 A-l + 2 (A-I)(A-2) !ls-- (A-l) (A-2) -;;;: f:J<;t; 

. l ~[_a-l (a-l)(a-2) (a-I)(a-2) (a-3)] 
P,.,(a).=-;;;; ( l-I A-l + 12 (A-I)(A-2) -6 (A-I)(A-2)(A-3) #. + 

A (a-l) [ a-2 (a-2) (a~3)] 2 ~ 
+ 3 A -l 1-2 A-2 + (A-2)(A-3) ~2 ~ = 

A-a~(A-2a) (A-3a)-A(a-l) .: A(a-I)(A-a-I) ~. 
--, /;1+3 !4 (*) 
- a3 f (A-l) (A-2)(A-3) 4 (A-l) (A-2) (A-3) .... . . 

v[2;a] ~ E -~ t [Xi - X(a)] 

2 

== ~ A~l P,2 
a i=l a 

(a-l) (a-2) A 2 

1J[3;a] = a2 (A-I)(A-2) P,3 

(3) 
(a-l) (a-2) (a-3) 

v[4'a]= . , a 3 

A 

(5) 

r) Cf. L. ISSERLIS, On the conditions under which the « Probabl& 
. errors» of frequenc.lJ d'istribut-ions have real signiflcance, p. 30,31 «Proc. R. 
Soc.» A, voI. 9~, London, ]916, (note that to my (.11',(0:), f.!.3(X) and f.!.4(a) corres
pond Isserlis .1.11/, M 3' alld M 4' for u== 1); L. ISSERLIs,On the value ofa 
mean; as calculated from a sample «J. R. St.at. Soc.», voI. 81, London, 1918;. 
G. MORTARA, Elementi dz' sta tist 'ica , p. 356 Roma, 1917; A. TSCHUPROW,. 

Zur Theorie der StabiUtiit statistischer Rez'hen, p. 219 « Skandinavisk 
Aktuarietidskrift, 1918 ». . 

; j 
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l . . ) 
--- [a A2-3A2+6A-3a-3]!4 ~ == A-l , 

( a - l) A (A -a ) \ 
- ) [a A-A-a-l] [II. -311':..]+ 

a S (A-I)(A-2)(A-3) f ,4 • .t. 

2 ( + A -l [a A 2 
- 3 (a +-1 ) (A - .1 )] Il: , 

3) With increasing A and cOllstant a (1) -(5) tend to as
sume the form of (Il) alld (26) of the chapt.er I and of (7) 
and (23) of the chapter III of my paper ~ On the 'Inath. expo ». 
Part I (*) If A and a are great IlUin oers of the same order, 
we have approximately: 

__ .2 [l l] 
nl2 (a) -Utl + -- - 112 

• 'a A 

m ( ) = »1.~ + 3 [~- _1 ] tn Il + _l [1-3 ~ + 2 ~~ j /I. 
3, a .. VI a A 1 r 2 a't A A~ r3 

(*) «Biometl'ika» voI. XII pp. 151, 155, 186, 193. 
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V[2;a] == fl2 

V[3;a] == fls 

Noting that 

2 

we see that, as A alld a i ncrease, the relation fl~,(a) tends to 
fl'2,(a) 

zero and the relatioll fI:.<a) tends to the limit :3provided that 
, {12,(a) 

the relatiollS _1_ fI: alicI _1_ fI: do telld to zero. lf further the 
a [.12 a {l2 

]' t' a fii' ~ 'h ' , t l" 3 4 5 re a IOn . i tellllS Wl t, lIlCl'easlllg-a o zero (or 1= , , , •• ,,00, 
[a fl2JT 

!12r+l,la) 
then tho relatfon -~_:.---

[fl 2,(a) ]r++ 
tellds to zero, and the relation 
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I P2r,("] tends to the l imi t J. 3. 5 ...• (2 ,'-1) for ,. = I, 2, 3, •.. ,00 
!-12,(a) r 

and the law of distribution of the values of X(a) teuds to the 
GAuss-LAPLACE law, as A aIld a increase. 

§II 

l) Let us òistribute the drawings in s groups the first ot 
which cOJltai~s the first al drawillgs; the second of which contains 
the following a2 drawillgs and so ono Putting al+a2+ .... + a.s=a 
and substituting in the formulae ol' the chapter IV, § 111,2) the 
vaJues of 1n1;1, !-l~,1, m1,1,b !l1,l,l and so on found above, we filld: 

E Z(SJ ='m1 
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l [l i-, l ]2(, A(A~-3A+3) 2 A ~l 
+ S S ~ a; ,~ (A-I )(A-2)(A-3) #2- (A-2)(A-3) #,' 

(Il) E\-I: ai Z~-X(a) - -_ -#2 = 
'l S [ J 2 A 8 - l . ~2 
(a i=l . A l a 

= ) ~ ~ (a:, )'~ )(A_l)(AA_'2)(A<~) [(A + I) .a. - :3 (A-l).ai]l + 

+ 'CA 2 -3A+3)1J2 -(A-l) IL -

(8-]) (8+1) A . ( "~ 

a2 (A-I )(A-2) (A-3) ( , r 2
.. '. 

__ (8-1)2 ~ 2 . 

a2 (A-l)2 #2 

2) lf ali gronps are equally nurÌ'lerous, we find, putting 
lJ.i= ao ami S ao = a alld 1I0tillg that llnder these cOllditions 
Z(sJ = X(a), 

(12) . E [ Z(S) - ,,,.]'= ~~~ ~ .a. = [I -:J -;;.a. 
l S [ ] 2 8-1 A 

(13) E-s~ 'Z;-~(S) =~ A_Ifl2 

l S [ ]2 8-1 A 2' 
Els~ z; -z(S)---;;- A-I !L. ! = 

(8-1)(8+1) \ A(A2-3A+3) 2 A { _ 

(14) a! l (A-I) (A-2) (A-3)#2- (A-2)(A-3P4 ) 

(8-1)2 A! . (8-1)2 \ A2(A+l) 3 A! , t 
- ~ (A-I)% #~ + ~ t (A-l)(A-2)(A-3) P4 - (A-2)(A-3 !l~ j 

3) the calculation Or!l2 from the empirical data can proceed 
IU dHferellt ways. COllsideri Ilg' 'alI drawi IIgs as a whole, we filld: 

A -1 l a [ ]2 
(15) #2 -= E ---x- -.-1- I: X~ - )[(a) 

a i=l , 

and 



" (A-I )(A-a) '! [ ] 
-= a(a_I)A(A_2)(A_3)a A - A -a-1 fJti 

·or, tOI' A and a sufficiently great IInmbers of the same orller, 
,approximatély: 

lf the drawillgs are ,distribut.ed in s group~, we fimI, OH the 
-other ha Il d., 

1 A",1 l S ,[ ]2 
fJt2=E 1 8 1 ~ 8-1 ~ Z~-Z(S) 

-~-- i=l 
s i=l ai ' 

{ 18) 
A-l 1 8, [ ]2 

ft2= E-- --~ ai Z~-X(a) 
A 8-1 i=l 

, l A-l' 1 S [ ]2 '2 
E 1 8,'1 ~ 8-1 ~ Z'i-Z(S) -fl2!== 

-~-- l=l \ 
s i=l ai , J 

A2-3 (A-I)2 
----- fJt2 - !ti + 

A(A-2)(A.-3) 2 A(A-2)(A-3) 
{ 19) 

" .... 
<, 
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lf ali gl'OUpS are equally llumerolls, we have: 

(2 l ) fL2= E: l ;~ j~ [z;- z<S)] 2 
i=1 

\ A-I a s [ ]2 ,2 
(22) E i A 8_o1~ ~~ - z.<S). -!l2 f = 

_ A-l \ [A(A+l) 8+1 ] . 
--(A-l)- /I. + 

A (A-2)(A-3) t a . 8-1 r4 

[
_. . 8+1. A(A-2) (.A-3) 3A(A-l) l ~. + (A2-3A+3) - -. - -- #~ 

- 8-1 A-l a 

Confronting (22) and (16), we see that, i f #: L A - 2, the-
#2 

standard error of the estimation of the value of #2 from the· 
empirical data does iucrease, if the observatiolls are distributed 
in equally numerous groups. l'he calculation or #2 011 both ways 
remains, llotwithstanding that, of great iuterest, as we can thns 
check the assumptions which llllderlie our calclllatiolls: if the 
value ol' #2 fOllnd from all observations, as a whole, does deviate 
from the valne of fl2 fouud on the other way more than is com
patible with their standard errors, it 'must be admitled that the 
assumptiolls are c.olltradicted by the experiment. Following the 
exemple of Dormoy-Lexis, we can calculate the quotient of 
the value of 1!2 fòund -from the grouped ouservatiolls and of 
the value of 112 found from all observations, as a whole. As 
criterion appears then the approximate equaH ty of the relation 

~1 .± a i [z~ -X(a)] 
2 

S 1.=1 -----=----=-- to l. 

- ~ X~,-X(a) l a [ ]2 
a-l i=l 

Comparing this criterion with' the traditional divergen
cy-coefflcient of Lexis, we see that the assumption that drawn 
tickets are Ilot replaced in the urn does Ilot alter the constru
ction of the criterioll. It follows herefrom that by means of the 
calculation of the Lexis'ian divergency-coefficient the «normal 
stalli li ty» - the case ot the replaced tickets - callnot ue em
pirical1y distinguished from the «super-normal stabili ty» which 
characterizes the special case of cOl'related observations when 
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the tickets are not rep]aced into the urn. This compe]s to mo
dificate substantially the. theory of dispersion of Lexis. * 

§ III 

1) Suppose that the A tickets are distri buted between t urns. 
Let the i- th urn contain ACi) tickets,- ait) tickets marked with 
the number ~1' a~) tickets marked with the number ~2 and so 
on; and put': 

t 

~A(i)=A 
i=1 

t 

~ay)=aj 
i=1 

Il 

~aj")=A(i) 
j=l 

k 

~aj=A .. 
j=l 

lf, in conformity to the llotations 

mr=± ~ ~j,I'"=± ; [~j-ml]'" 
j=1 ' j=l ' 

we put 
À a(i) !k a(i) [ ],.. 

m(i)=~-j_t,.. lJ.(t)=~-j- t.-m(t) 
T ~ A (i) ~ j , .,.. ~ A (i) "J 1 

j=l j=l ' 

we find: 
l t 

rn =-~ A<i)m«) 
r A ~ r 

i=1 

(23) 1'2 = : t. A") l'~') + ~ t. A';> [mi') - m1]' 

Il. =_l_~A(i) n(i) + ~ Ch_l_~·A(i) Il(i) [m(i)-m ]Il+ 
'T A ~ '"r ~ / r A ~ '"r-Il 1 1 

i=1 h=l i=1 

C*) ep. A. TSCHUPROW, Ist dt'e normale Stabilitiit empirisch nachwei
~bar? (Zur Kritik del' Lexis' schen Dzspersionstheorie). «Nordisk Statistisk 
Tidskrift» (in prass). 

Metron - VoI. IL n. 4. 43 
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+ _1_ t A (t) [~') _ m
1
]r 

A 1,=1 

2) Suppose that from the first urn a(l) tickets ,are drawn 
and that the tickets which happen to be drawn are not replaced 
in the urn; that from the second urn a(2) tickets are drawn and 
80 ono Putting a(l) + a(2) + .... + art) = a and noting that the 
drawings from the i-th urn are independent from the drawings 
from the j - th urn, we find for the i - th urn: 

l 
Il,W - - /1.(1,) 
,1,1 - ( A (i) -l) ,2 

(i) _ 2 (() 
#1,1,1 - (A(i)_I)(A(i)_2),us 

,u(il l Ci) 
2,1 - (A (il_l) ,us 

(il 6 ,u(i) + 3 A (i) [,uO)] I 
Pl,l,l,l = (A(i)-I)(A(i)-2)(A(i)-3) 4, (A(i)-I)(A(i)-2)(A(1,)-3) 2 

(i) _ 2 Ci) A (i) .[ (i)] 2 

#2.1,1 - (A(iJ_l)(A(i)_2),u4 - (ACi)-I)(ACi)-2) #2 

# (i) ___ 1_ #2+ ACi) [# CJ)]2 
2,2 - ACi)-1 2 (A (i)_l) 2 

l 
#(i) - - ,u~i) 

3,1 - (A(i)-l) 

3) Let us denote by X~) the number marked on the ticket 
which happens to be drawn from the i- th urn at the h- th 
,drawingand by X(aCi») - the average of all nurobers drawn froro 
the i- th Ilrn. We have then: 

1 aCi) 
X - ~ XCi) 

(aCi»)- aCi)~ h 

h=l 

(24) E X(aCi») = mi') 



Putting 
l t 

X(t) == -t-~ X(a(1"J) , 
i=l 

we find: 

(28) 

(29) 

E rI '" (i) X (t) = -t-~ mI' 
(=1 

E x2 - _~ (i) +_~ f-t~i) 
, [" l t ]2 l t A(i)-a(i) 

(t) - t ~'mt t2 ~ (A{i) -1) a{i) -

E X --~'m(t) --~ - P, (t) 
[ 

l t .]2 l t A < i> _ a < i> . 

, (t) t ~ t - t2 ~ (A (i> _ l) a <i> 2 

Putting 

X = _1_ ~ A <i> X~(i) = ln +_1_ '" A <i> [ X O/;(i) -rnii)] 
(t,A) A ~ l A ~ 

1=1 t_l 

we fiuti : 

(80) E X(t,A) = rn i 

') ') l t [A<i>]2(A<i>_a<i» i 

EX~ =m~+-~ fI/) 
(t,A) t .L'P ~ C4 <i> _ l )a<i> 2 

[ ]

2 _ l t [.ci <i>]2(A <i>_a(i» (i) 

E X(t,A)-nt'l - A2 ~ (A W-l) a(i) f-t2 

[ 
_ ]3 __ 1- t [A<i>]3(A<i>_a<i>)(A<i>_2a<i>) 

(31) E XI!, A) mi - A' ~ (A'i>_I)(A'i'_2)[a<i,), 
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E [X(/,ArmJ= 
l- t [A a>r(A a>_a (i»[ (A (i>-2a <i»(A (i)-3a (j»-A (i>( a (i>_l) ] p,~i) + ' 

= A' ~ [a (ilJ"CA <il_l )CA (i>-2) CA <il_3) • 
3 t [A(i>]4(A(i>-a a»[2aa'(A<i>_a <i»(2A<i>-3)-A(i>(A(i>-1)2] . (i) 2 

+ -:4-; ~ r a (i']"CA (;l_1 )"C A (il -2 )(A 1il_3) [ 1'2 ]+ 
+ 1_1_. t [A W]2( A <i>_a <i» (i) l2 

• 3 A l ~ ( A <Il_I) a (il 1'2 I 

Putting 
l t 

X(t,a) =-~a<i) X(a(i»), 
a i=l 

we tind: 
l t 

E X(t~aJ == -~(a<i» rn~i) 
. a i=l 

(32) 

[ 

l t ]2 l t a <i> (A a> -a (i» 

E X2 = -~a<i)m(i) +-~ p/i) 
(t,a) a ~ i a2 ~ (Ati> _ l) 2 

i=l ~=1 

(33) [ 

l t .]2 l t a<i>(A<i)_a<i» . 
E X --~a<i)m(i) ==-~ p,(') 

(t,a) a ~ i a 2 ~ ( A (i> -1) 2 
i=l i=l .li. 

4) From (30) and (31) we find: 

E X(t, A) == mi 

(J 2!] ]2 1 t [A (i>]2(A w_a<t» 
X(tPj = E X(t, A) - mI = A2 ~ (A <i>_l )a(O P,q) 
lf all a tickets had been drawll in the same way from 

an urn containing alI .A. tickets, we would find, denoting by 
X f the number marked on the ticket which happens to be drawn 
at the f- th drawing, 

l a 

- E-~Xf= mi 
a f=l 

E [ : ±xr-m\ r = CA~;) a 1'2 
1=1 

If the grouping of the observations shall diminish the 
standard error of the empirical estImation of the value of lnlJ 

the necessary and sufficient condition thereto is, consequently, 



A-a 

(A-I )a 

or (cp. above (23)) 

<1 

t t [ ]2 
A (A-a) l ~A'" "'~) + ~A'" m~i) - mi 
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<1 

lf alI quantities mii ) are equal, this coudition can not be 
fulfiJled. The grouping of the observations is then accompa
nied by diminished precision of the estimation of the value of 
mI provided that the expel,"iment is performed i n such manner 
that the tickets are not replaced in the urn. On the contrary, 
in the case when the quantities m~i) differ considerably, the 
grouping of the observations can be of great use. Suppose, for 
instance, that all A (t) are equal, that alI ft~i) are equal and 
equal io ft~O) alld that alI a(i) are also equal; the quotient of 
the standard error of inl found from grouped observations and 
or, the standard error of ln1 found from nngrouped observations 

A-l (o) 
.A-t 1-'2 

and can be rGuch 

lesB than l, if the dispersion of the quantities n~ii) is great 
compared to ft~O). 

t t 

Noting that, if ~ Zt= l, ~ ~~ assumes its smallestvalue, 
i=:l i=l ~ 

when Zi = /It: , we see that the most profitable value of 

~YK; 
i=l 

a<i) which gives the smaJlest standard error or the empil'ical 
estimation of the value of mI is 
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'l'he quantity 

1 t [A U>]! (A (i) - a(i» fi) 

"Ai ~ (A W_l) a(i) P2 
is then reduced to its minimal value and b~comes equal t& 

_2 }-' ~ [A(I)]3(.L2(i) __ ~ 1-'2 ~ l ] 

[

t ]2 t [AW]2 (i) 

A i a ~ (A(i)-l) ~ CA <i>_l) ! . 
lf the quantities AW are sufflcielltly great, we can put~ 

without appreciable disadvantage 
A (i)l/ p(if 

a(i)=a r 2 
t ' 

~ A wl" pki
) 

i=l 

5) Noting that' 

t [ ]2 t ~ X ({X(i» - X(t> = ~X(2 (X(i» - t X
2 

'=1 i=1 (o , 

we find: 

E t~l± [X(a(i)) - X(t>]2 , 
i=l 

= _~ p(i) + _~ m(t). _ -~n~(t) 
l t (A (i>_a<i») . l t [. l t . ]2 
t ~ (A (i)_l )a<i> 2 t-ll~ '1 t ~ t 

whereas (see above (23)) 

P2 = _1_ t A (i)p~) + ~ tA (i),[m~)- m
1 

] 2 

A i=1 A i=1 

Thus, even in the case when all nt~i) are equal, the value 
of ~2 can not be estimated on the basis of the empirical data 

by means 'of the cal ulation of ~ t [XC C((i»-X(t)]2 \Ve must 
t l i=1 • 

proceed on a more entangled scheme. 

Noting that 

l a (i) [ ]2 (a(i)-l) A (i) E -(i) ~ x1i)- X(,a(i») = ft(i) 
a ~1 aW (A(i)-l) 2 ~ 
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we" find: 

CHAPTER "VI 

§ I 

Suppose that· the variables Xl , X2 , .... , X N can assume 
only two values - l and O - and that an event A depends on 
them in such manner that it happens when olle of the variables 
assumes the value l and it fails when the variable assumes 
the value O. Let us denote by H the frequency of the event A 
at N observations; by Ph alld qh = l - Ph -the probabilities of 
the valueH l and O at the h - th observation; by Php h2 - the 
probability that the event A happens at the hl - th and at the 
h2- th observations; by Phph2,h3 - the probability that A happens 
at the hl - th, at the h2 - th and at the h3 - th olJservations and 
so on; and put: 

l N 

po =-~ Ph 
N h=1 
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Noting that the 8.v~rage of the observed values of the va
riaples does coincide un der these conditions with the frequency 
of A, we- finò (cp. chapter I (9)): 

E H=Po 

('Il) cp. G. BOHLMANN, D'ie Grundbegriffe del' Wahrscheinlichke'itsrech
nung ,in ihrer Anwendung aut die Lebensversicherung « Atti del IV Con
gresso internazionale dei matematici » voI. III; Roma Hi09, p. 262. 
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Noting that the differeuce X~ - X(N) can take under these 
conditiolls on]y the values l - H alld - H and that it assurnes the 
va]ue l - Il NH timeR alld the value - H N-NH times, we find 
(op. chapter III (l), (2) alld (S)): 

V~2;Nl = ~ t [X~ - XeN)] 

2 

=H(I-H) 
N i=l 

(2) v~3;NJ == H(I-H)(1-2H) 

v~4;Nl = R(I-H) (1-3 H (l-Il)] 
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§ II 

l) Let us put in the fO"mulae of the chapter V K = 2, 

~1 = l, ~2 = 0, :1 = p, 1 - P == q. The average - X(a) - does 

then coincide with the frequency of the ticket marked with l 
. and the quantities !12' [l3 and f-l4 assume the values: 

(7) 

P-2 = P q 
#3 = P q (q - p) 
#4 = P q (l - 3 P q) . 

Hence: 
A-a l 

P-2,(a} = A- l -;; P q 

(A-a)(A-2a) l 
#s,(a) = (A-l) (A-2) 7 p q (q - p) 

Il. - (A-a) p q ~ [( 4-') a)(A-3 a) - A(a-l)] + 
'-4,(a)- a3(A-1)(A-2)(A-3) t'<--

+ :'I [A(a-l)(A-a) - (A-2a)(A-3 a)] p q 1(*) 

l a [ ]~ a-l A 
V[2,al = .E -;; ~ Xi - X(a, = -;- A-l P q 

C) Cp. «Biometrika» voI. V, p. 174. 
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(a-l) (a-2) Al () 
V[3.a] = al (A-I)(A-2) p q q-p 

(a-l) (a-2)(a-3) A [ ] 
17[4,«] == a 3 . (A-l) (A-2) (A-3) pq (AI_2A+3)-3AJpq + 

(a-l) (2a-3) A 
+ a:J A-I Pq 

(9) 2 (a-I)A(A-a) I[A A l] 
O , P q' a- -a-

v[2,a] a!l(A-I)(A-2)(A-3) t 

2A [a (2A-3)-3(A-I) I ì 
- A-l P q j 

2) In the same way, as above, we could easily obtain from 
chapter V, (1) the va]ues of m2,(a), ms,(a) and m4,(a); but I 
prefer to give the generaI formula fOl'mr,(a)' 

l'he probability to draw x white balls and a-x black balla 
from an urn which contaills a white halls and A-a black balla 

a [-,v] [A-a ][-(a-x)) 
is, notoriously, equal to C: [ ] 

, A-a 
Denoting by W the Ilumber of the white balls which happen 

to be drawn at N drawings, we have, consequently, 

On the other hand, noting that 

we find: 

t e! m,[-O n[-<S-i)] ==[n~ + n ][-8\ 
i=1 

a [-x] [-(a-x)] E lt (-1'] = ~ eX a [A-a] (-,,] _ 
~ a A [-a] X 
x=O 

a [-(a-x)] 
=~ ~ a(a-I) ... (a-x+l)a(a-l) ... (a-x+l)lA-a] x(x-I)."(x-l'+I):=: 

A[ ] x=o ' 1. 2. 3 ... , X 

a[-r]a[-r] X-1'=a-,' [-(X-1')] (-(a-x)) 

~ eX
-1' [a-r] lA -a] 

[] ~ a-1' A -a x-r=o 

[-,.] [-"J[A ]H«-")] a a -1' 
[-1'] [~1'] 

a a 
A[-"] 
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Henee (ep. «On the math. expo », Part I, lntroduetion (2» (*) 
r r a[-t] 

E wr = E ~ ar,i WC-i] = ~ ar,i A[-n a[-iJ == 
i=1 t=1 

l' r-j a[-<J+i>] 

(lO) = ~ a j ~ (-l) t a r .j + i (Jj+i,i A [-(j+t)] 
J=1 ,t=O 

Putti ng ~ = p, l - P = q, 

we obtain: l 
1Ur (a) = E-r W r = , ..a 

~1_, _l_~ i ' . [Ap] [-(r-h+i)] 
= ~ ah ~ (-l) ar ,1'-h+,{3r-h+i,t A[-(r--h+i)] = 

h=O i=O 

[Ap][-1'] l, [Ap] Hr-l)] [Apl[-r] ì 
(Il) . A[-r] +-;i ar ,r-l A[-<r-U] - {3r,1 A[-r] ~ + .... + 

l r-l
i 

[Ap ][-<1+i)] 

+ ar-1 ~O (-l) ar ,1+i{31+i,i A[-<1+t>] 

Putting 

a1',j+i{3j+i,i-ar,j+i-l{3j+i-l,ì-l+·· .. + (-IYar ,j{3j,O = Dr,},i, 

we find from (Il) after some trausformations 

{14.,(a)=E~;;[ W-ap r = 
l A, -(1'-1) 1'_11'-2 a,h [a-Ij[-<1'-2-h) 

=,-pq-- ~ __ a ~ (l)hOh - + 
a1'-1 A-l t A ~O 1'-2 A h [A_2J[-<r-2-h)] 

1'-2 .j r-2-j ah [a_IJ[-<j-h+i)] I 
( 12) + ~ aj~ ~ (_I)h+i eh D - - = 
, ~O ~ ~o r r-h,)+l-h,i Ah [A_2][-<j-h+Ol 

_ A ,r-l 1'-2' h Yh ah [a_l][-<r-2-h)] 

- pq A-l ~ - A~ (-l) Cr -2 A h [A -2J-(r~2-h)] + 
l [1,(r-l) 1'-2 h ah [a-l] [-<r-2-h) J l +- --~ (-1) eh - + 
a 2 ~o r-2 A h IA_2j[-<r-2-h)] 

,1'-3 l j r-2-j ah [a-I][-<j-h+O] 
+:~ -~ ~ (_l)h+iehD .- . + 1#-1 ar -1-j ~O ~ r r-h,j+l-h.t A h [A_2J[-<J-h+ O ] 

l 1'-2 , [a-ll[-i] 

+ ar-1 ~o (-1)' li+ l]! ur -1,'+1 lA -2) Hl 

lf 1~ be pUI. equal to 2,3,4, we get again the formulae (7). 

C) «Biometl'ika, voI. XII, p. 142» 
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ZUSAMMENFASSUNG 

Dureh MARKOFF'S Untersuchungen tiber kettenartig verbundene 
Versuehe, sowie dureh die sehone Abhandlung, welehe von G. 
BOHLMANN dem vierten internationalen Mathematikerkongl'ess vor
gelegt wurde, ist die wahrseheinliehkeitsreehnel'isehe Grundlegung 
del' statistisehen' Theorie auf lleue Wege gewiesen wOl'den, an 
deren Ausbau sowohl die allgemeine Theol'ie der Statistik, wie die 
statistiseh verankel'ten Spezialwissensehaften in hohem Masse inte
ressiert sind. Namentlieh hat sieh in der statistisehen Physik del' 
'Gedanke, die Annahme der gegensei tigen Unabhangigkei t del' Ver
suehe fallen zu lassen, - in del' çìestal t des von SMOLUCHOWSKI 
'unabhangig von den Mathematikern gefol'mten Begl'iffs del' «Wahr
seheinlichkeitsnaehwil'kung» - als fl'uehtbar el'wiesen. 

Das Chal'akteristisehe an del' Vorgangsweise von MARKOFF 
'besteht darin, dass an die Stelle del' Annahme del' Unabhangig
keit del' Versuehe keine spezialisiel'ten Annahmen in Bezug auf 
tUe Art ihrel' Verbundenheit eingefuht't werden, sondern die allge
meine Formel ftir den mittleren Fehlel' des Durehsehnittes del' 
empirischell Werte einel' zutalligen Variablen abgeleitet wird, von 
del' dann die weitere Behandlung del' betraehteten Einzelfalle 
auszugehen hat. In gleieher Weise wird in ilen ersten drei Kapitelp 
del' vorliegenden Studie ftir den Fall von beliebig verbundenen 
Versuchen das ganze System der Formeln entwickelt, welehe die 
Gl'undlage ftir die statistisehe Behandlung einel' zufalligen Variablen 

- bilden. Diesen Formeln liegt nur eine Voraussetzung zu Grunde, -
namlich, dass an einer Variablen, welehe bei jedern Versuche 
versehiedene Werte mit bestimmten 'Vahrseheinliehkeiten annehmen 
kann, eine Anzahl von Versuehen ausgettihrt wird, welehe eine 
entspreehende Anzahl von empi risch-zufalligen Werten del' Val'ia
blen liefel'n. Wei tere Voraussetzungen werden nieht gemaeht, -
weder in Bezug auf die Form del' Vel'teilungsgesetze del' Wel'te del' 
Variablen bei den einzelnen Vel'suehen, noch in Bezug auf die Art 
der Verbundenheit der Versuche. Aus del} allgemeinen Formeln 
lassen sieh dureh geeignete Spezifikationen Formeln fUr beliebige 
-Einzelfalle ableiten. 1m Kap. V werden z. B. aus ihnen die Formeln 
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flir das Schema der «nieht-zurliekgelegten Nummern)J deduziert; 
im Kap. VI wird zunaehst die BOHLMANN' sehe FOI'mel aus del' 
MARKOFF' sehen, a]s ein Spezialfall davon, erhalten Ulld dann, als 
Erganzung zur BOHLMANN' schen Untel'suehung, das ganze System 
von Formeln flil' den von ihm behandeltell Fall aus den allgemeinen 
Formeln del' ersten drei Kapitel in gleiehel' Weise abgeleitet. 

Die allgemeinen « voraussetzungslosen» Formeln der ersten 
drei Kapitel ~!'estatten, die Grenzeù del' voraussetzungslosen Empirie 
bei del' Behandlung des statistisehen Materials seharf abzusteeken. 
Es zeigt sieh, dass eine voraussetzungslose Betraehtung del' empi
rischzufalligen Werte,· welehe itmeh die statistische Beobachtung 
geliefert werden, zu keinen weitgehenden Schllissen zu flihren ver
mago Del' arithmetisehe Durehsehnilt der empirischen Werte behalt 
zwar unter alleI) Umstanden den Charakter eines Naherungswertes 
del' durehschnittlichen mathematisehen Erwartung del' Variablen. Die 
Prazision dieses Nahel'ungswertes bleibt jedoeh im allgemeinen Falle 
ganzlich unbestimmt, - nicht einmal dal'auf darf man sich ohne 
weiteres verlassen, dass del' mittlere Fehler durch die Vermehrung 

. del' Beobachtungen beliebig herabgesetzt wel'den kann. Es sind 
solehe Arten von Verbundenheit zwisehen den Versuchen denkbar, 
bei welchen das Gesetz und das statistisehe Gebot del' grosse n 
Zahlen nicht mehr gelten. 

Die Unergiebigkeit del' vOl'aussetzungslosen Deutung del' empi
rischen Werte wil'ft die Fragen auf, unter welchen Voraussetzungen 
sichere Schltisse in Bezug auf die ihnen z'u Grunde Iiegenden aprio
rischen Grossen statthaft sind und wie man sich in jedem Einzel
falle vergewissern kann, ob die einen oder die anderen Voraus
setzungen tatsachlich zutreffen. Auf die pl'inzipielle Bedeutung dieser 
Fragen flir die statistisehe Theol'Ìe wird in del' «Introduetion» 
kurz hingewiesen. 

Das im ftinften Kapitel behandelte Schema del' nicht-zurliekge
legten Nummern entspricht vielfach den talsaehlichen Voraussetz
ungen, von welchen die Behanitlung des statistischen Matel'ials 
auszugehen hat, genauer, a]s das Schema del' gegenseitigen Unab
hangigkeit der Versuehe, weshalb· die Englander mit Vorliebe bei 
ihren stochastischen Konstruktiollen da von auszugehen pflegen. Eine 
besondere Bedeutung gewinnt dieses Schema dadurch, dass das an 
AJlsehen von Jahl' zu Jahr gewinnende reprasentative Verfahren in 
der Praxis meistens eine ihm angepasste r-;orm annimmt. Die stoch
astisehell Gl'undlagen des auf diese Art gestalteten repl'asenta
tiven Verfahrens werden im flinften Kapitel eingehend analysiert. 
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Namentlich wird in § IV die Frage nach den Bedingungen unter'
sucht, unter welchen es von Vorteil ftil' die SchiHzung des Mittel
wertes ist, die zu untersuchende Masse in Teilmassen zu zerlegen, 
bevor die zu messenden Einheiten ausgelost wel'den. An sich ist die 
Zerlegung in 1'eilmassen bei dieser Modalitat des reprasentativen 
Verfahrens von Nachteil, da der mittlere Fehler des Naherungs
wertes der gesuchten Grosse durch die Zel'legung vel'grossert Wil'd .. · 
Die Dispersion der Mittelwerte der Teilmassen kann jedoch den 
Naehteil mehr als aufwiegen, falls sie hinreichend gross ist im Ver
gleich zu der durchschnittlichen Dispersion der Teilmassen. 

M~tron - VoI. IL n. 4. 



J. W. BISPHAM, R. E., O. B. E. 

An experiolental determinatlon or 
tbe dlstribution or tbe partial eorrelatlon 

coefficient In samples or thirty. 

Sa'l1'tples ('J"om a highly c01~'J"elated universe. 

I. Int1~oductory. 

In a previows papere) the author describéd an experimental 
determination of the partial correlation coefficients in sampies of 
thirty fl'o.m an uncorrelated universe. The distribution was found to 
be not significantly different from the theoreticale) or 'observed 
distributions of total correlation coefficients for sampies of the 
same size. 

l'he present paper extends' the investigation to sample.s from 
a very highly cOl'l'elated universe. 111 the equation expressing the 
partial correlation coefficient in terms of the appropriate tot8.1 
corre]ation coefficients, viz. 

l' - r 23 - r 12 'J"13 (i) 
l 23 - 1/( l _ 2) (l _ 2) 

Y r 12 r 1B 

the denominator of the right-hand-side becomes vanishingly small 
as rl!' or 1'13' approaches ullity. In this case, }r!3 becomes a 
quotient of two small quantities and there would appear, prima 
facie, to be some gl'ounds for expect.ing higher variability. 

In or~er. to test this point closeIy values of PIi and Pi3 

as high as .975 were dealt with. Such yalues of P gave 00-

casionai samples in which r was greater than .99 so that the 
test was a very thorough one. 

(1) c Proc. Roy. Soc.» A. voI 97. 1920 p. 219. 
(2) 4( Biometrika », voI. Il, p. 328, et seq. 
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2. Nature of sarnpled population. 

The sampled population was an artificial one obtained as 
follows: 

a, Case of population for which PI2 and PI3 are of the orde1" .85. 

Two sets or fifteen bone discs or «counters. had each mal'ked 
upon them one of the numbers l to 15; so that when the thirty 
count.el's were placed together in a bag there were present two 
representatives of each of the numbers l to 15. From the thirty 
counters ten were drawn at random, and as they were drawn the 
numbers upon them were written down. 'l'he ten numbers were 
added togethel' and the sum so obtained formed an individuaI value of 
the first attribute (A) to be cOITelated. The relation ot the second 
and third attributes to the first is best indicated algebl'aically, thus: 

Fi.'sf. attribute (A) = (al + a2 + as .... a9 + alO) 
Second attr'ibute (8) = (ax + a2 + as .... ag + alO) 
Thil'd attribute = (C) == (al + a2 + as .... ag .+ ay ) 

In the second attribute, it.self the sum of ten items ax replaces 
the al or the fil'st attl'ibute. Similarly the thil'd attril:mte is obtai
ned by replacing alO of t.he first attribute by o,y' 

a:p and ay were themselves items similar to the rest, deter
rnined by l'eturning ali the counters to the container, shaking up 
and rnaking two new dl'aws. 'l'he first two items drawn wel'e", 
t.aken to be ax and ay respectiveIy. 

Ii wiIl be seen thel'efol'e that evel'y individuaI value dealt 
with in the conelations repl'esented a surn of ten i tems, the fil'st 
and seconti aUr'ilJutes (A) and (B) had 9 cornrnon elements and 
one differing ai randorn. Similal'y (A) and (C) had nille common 
elernents; (8) and (C), on the other' hand, had 8 common elements 
and 2 diffel'ing at randorn. 

A t.heoretical examina ti 011 of this case leads to the prediction that 
the valnes of P121 PlS, P23' respectively .are .86~, .862 and .740. 

'l'his case was not pUl'sued in great detai!. About 3000 indi-
viduals were obtained and correlated in samples of thirty. The 
partial cOITelation coefflcients were found to be apPl'oximately 
gr'ouped about zero as mean, but did not give a significanUy greater 
dispersioll thall those obtained from an uncorrelated universe. It was 
therefore deeided to investigate cases of sti Il greater skewness. 

b. Case uf a population for which P12 ami PlS are of the or'del' .95. 

In this case every individuai attribute was the sum of thirty 
component iterns each item being òrawn independently as descri-
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bed above. The first attribu'te (A) and the second (B) had 29 ele
ments in commonj so too had (A) and (C). 

Similarly (B) and (C) had 28 common elements and two dif
fering al, random. 

In all, the three aUributes of each of 6,000 individuals wel'e 
obtained and thesè were correlated in the order olJtained in 200 
samples of thirty each. The values of 1:'12' 1"13 and 1'23 for the whole 
six thousand individuals taken as one sample were .9559, .9553 and 
.9111 l'espectively. The observed value of l,he pal'tial correlation 
based on this sample of 6000 was-.0248. It was theoretically 
deduced that the values of P12' P13 and P23 should be .95 l, .951 and 
.905 respectively. (see appendix). 

I c. Case o( a population (01' which P12 and P13 are o( the ordel" . 97 5. 

Every individuai was a total of 60 items obtained as alJove. 
The pairs (A) and (B) and (A) and (C) had 59 common element.s 

. and l differing at random. (B) and (C) had 58 common and 2 diffe
ring at random. The preliminary arithmetic in these cases was, ot 
course, very bulky. 

In alI the three attrilJutes ot' each of 3000 individuals were 
obtained and these were correlaied in the order obtained in 100 
samples of 30 each. The values r 12, r 13 and r23 t'or the whole 8000 

r individuals taken as one sample were .9770, ,9766 and .9551 
respectively. The value of the observed partial correlation based on 
this sample of 3000 was + .0220. It was theoreticallv deduced that 
the values or p12' P13 and P23 should be .9754, 9754 and .9513 
respecti vely. 

Size o( samples. In ali ~ases, whether the individuaI attributes 
\Vere totals of ten, or thirty or pixty items, they were correlated in 
sample groups of thirty alld all the results described below are 
concerned with samples of that size. 

3. Comparison o( observed distribution o( total C01Telation co
efflcients with the01'etical dist1'ibution. 

The theoretical distributioll ol' total eOl'relation coefficients for 
various sizes of sample alld Var!OllS values of p has b'een treated 
comprehensively in a co-operative study (1) to which l'efel'ence has 
been made above, The particular examples dealt with formed an 
extremely good test of the theory for cases ot' extreme skewness. 
In the paper referred to tables ar'e given of t.he ol'dinates of the 

(1)« Biometrika", VoI. II. p. 328. 
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freq uency curve of correlation coefficients for valnes or p from o 
to .9 for samples of variollS sizes up. to 400. The pal'ticular case 
of samples of 30 is 110t dealt with although distributiolls for V;t

lues of p up to .9 are given for samples of 25 arid 50. Further, 
no fl'equency distributioll for values of p greater than .90 was eva

luated. 'l'he method of interpolation moreovef' W3S clearly inade
'guate 1,0 give even an appn'ximate value of t.he ordillates so that 
i Il 1 he present investigat.ion i t was necessary, applying t.he eq ua
tions of. the co-operat.ive study 1.0 calculate ab initio t.he t.heore
tical distribution t'or t.he valuess of p of iII question fof' samples of 
30. or the various alternative methods of computating the Ol'di
nates described the method of «expansions» was the one employed. 
H was found tha1 succe~sive tel'ms convel'ged with sllfficient l'élpi
dity to save excessively labol'ious arithmetic. l'he wOl'king was 
check~d in oue case hy realculatincg by an alternat.ive methodo 
There was the further check that on the application of graduat.ion 
formube the t.ot.al frequellcy nnder the curve was correct.. 

At first the dist.ributions computed were for the f()llowing even 
values of p, Ilamely .99, .98, .975, .97, .95, alld .90. These or-
dinates and frequelley distributions are g'iven in Appendix I. l'hey indi 
·cale the extl'eme steepness of t.he moda) region or these excessi
vely skew curv·es. It was hoped fhat. the dist.riblltions fol' the values 

of p «most appropriate» IO the observed distri butiolls would lJe ob
t.ainable by int.~rpolatioll t'rom sueh closely placed values. In pl'actice, 
this \vas found not fo be the ease as a lal'ge part of (he frequency 
area was comprised in an extremely narrow strip lyillg alJOut the 
mode, theordinates diffel'ing so great.ly fol' small changes in the 
value of pand r that i nt.erpolation did not gi ve satisfactol'Y 

resu Hs. In addition 1.0 the above val ues therefore, the distributions 
were also calculated fol' t.he followillg «most appropriate» values of 
p, namely .977, .955 and .91~. 

l'wo main groups are discllssed iII detail; firstty, two hun
dred samples of thirty for which P12 ami P13 = .955 and P'J3 
= .912. This wi Il be referred to as Group I. Secondly, one 
hundred samples of thil,ty for which P12 and P13 = .\:)77 alld 
pza = .955, This will be refel'red to as Gl·OUp II. Below are 

ta bulated t.he « llIosl appropriate ». predict.ed freq uency distI-ibutions 
togethel' with the olJserved freq uencies of total correlations. At the 
foot of each column of observ,ed values is given t.he value or P 
(the measure of goodness of fit.) for t.he relation to the predict.ed 
distl'ibutiol1. 
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T ABLE Io Total correlation Goefficients. 

F1"equency distribution, .!l = 30, P = .977. 

Range of Group Il (1000 samples of 30) 

]' r 12 r 13 
Predicted 
fr'equency 

(1) (2) (8) (4) 

.99 lo 1.0 2 1 1.6 

.98 lo .99 40 37 37.1 

.97 lo .98 41 41 39.9 

96 to .97 15 14 15.2 

.95 to .96 1 5 4.3 

.94 to .95 1 1 1.1 

.93 IO .94 O 1 0.3 

1'()TAL 100 100 100 

p = .78 P = .90 

TABLE II. 1'0 tal G01'relation Goetfìcients. 
Frequency distribution n = 30 and p = .955 in each case. 

Range or GI'OUp I (N = 200) Group I I (N = 100) 

r 1'12 1'13 
Predicted r 2B 

Pl'edicted 
fl'equency fl'equency 

(1) (2) (3) (4.) (5) (f).) 

.99 to 1.0 O o .0 .0 O 

.98 lo .99 3 2 3.8 '2 1.9 

.97 to .98. '24 27 27.8 1'2 '13.9 

.96 to .97 56 48 59.0 28 25.0 

.95 to .96 52 50 47.\ 20 23.6 

.94 to .95 28 34 32.2 21 16.1 

93. to 94. 16 19 18.6 IO 9.3 

.92 to .93 8 H 9.8 3 4.9 

.91 to .9~ 8 4 5.0 3 2.5 

.80 to .91 5 . 5 5.7 l 2.8 

TOTAL 200. 200 200 tOO 100 

P = .76 p= .91 P= .84 
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TABLE III. Total Correlation Coetfìcients. 

Frequency' distribution Il == 30 and p - .912. 

Range of Group I (200 samples of 30) 

r 1'23 
Pl'edicted 
frequency 

(1) (2) (3) 

.97 to LO l .6 

.95 to .97 14 14.2 i'" 

.93 to .95 39 44:1 

.91. to .93 52 53.0 . 

. 89 to .9t 46 40.1 

.87 lo .89 19 23.9 

.85 to .87 '15 -12.5 

.75 to .85 14 11.3 

.65 to .75 O 3 

TOTAL 200 200 

P= .82. 

It will be seen that there is a very stl'iking agreement indeed 
between the predicted and observed distributions in these CaSeB. 
The collected values of P, are .78, .90, 76, .91, .84 and .82, so that 
more than 8 times out of lO on the average worse agl'eement 
would result from the enors of random sampling. 'l'he means of 
the observed distl'ibutions are as follovs: 

GROUP 1. (200 samples) 
.9536 1- .0009 
.9529 1- .0009 
.9073 1- .0016 

GROUP II. (100 samples) 
.9774 1- .0006 
.9758 1- .0006 
.9541 1- .0009 
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4. Observed dist1~il)ution or partial c01'relation coefficients. 

In ol'del' to determine whether a pat'tial correlation coefficient 
obtained in an investigation is significant 01' not it is of advantage 
to know what is the probability that it should appear as a result 
of random sampling from a true zero value. in this invèstigation 
. tberefol'e, as a first step, it was intended to de termine the l'ange 
of variation of partial correlation coefficients for' the case in which 
lPZd was' zero. In order to obtain a zero value for lPZ3 if 18 

necessal'y that the relation should hold 

P23 - Pl2 . Pl3 = O (ii) 

The device by which it was hoped to attain ihis, namely by deal
ling with totaJs of a numbel' of componellt iterns dl'awn at random, 
has been described above. That this meihod was successful is in
dicat,ed by the fact that after the actual distributions and the 
means of the dislr'ibutions of total correlations had been olJtained 
and the «most appropriate» values of PI2' P13 and PZ3 deduced 
from them, the conditioll (ii) was fulfilled to the extent shown 
below. 

For Group I. 

Pl2 P13 = .977 and P23 = .955 
su that 

P23 - P12 P13 - .000471 

FOI' Group II 

P12 = PI3 .955 and P23 = .912 

P23 - Pl2 PI3 .000025. 

It is seen therefore that the condi tiolJ holds that the true 
values of the partial correlation coefflcients range about a mean 
value not significantly differenf. from zero. 

l'he following table gives a detailed statement of the observed 
frequency distribution of partial correlation coefficient together 
with the predicted values based on t.he cooperative study l'eferred 
to above fol' total correlation coefficient. A similar table is given 
in Pal'i I of this' illvestigation fol' the case of partial correlation 
coefflcients fl'om an uncorrelated univel'se. 
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(1) 

Range 

+ .475 to 

+ .425 ~ 

+ .. .375 ,. 
+ ,B25 ~ 

+ .275 " 
+ .225 » 

-+ .175 » 

+ .125 " 
-+ .075 » 

+ 09 --• _D " 
- .025 » 

-- .025 " 
- .075 » 

- .125 » 

- .175 " 
- .225 » 

- .275 » 

- .325 » 

- .375 » 

-- .425 » 

- .475 » 

Pw'tial Corr'elation Coefficients 
(n = 30 in each case) 

Group ] (200) 

(2) (3) 

--

of ]' )1'2~ 
P.'edicted 
rl'equPllcy 

-+ .525 1 .6 

+ .475 ~ 1.0 

-+ .4~;) O 2.2 

-+ .37;') 4 3.~ 

-+ .:12:') 7 n.:! 

+ .)--.-', .) 5 9.0 

+ .225 1n 10») 

-t- .175 1n ]5.n 

-+ .125 18 18.4 

-+ .075 19 20.2 

-+ .025 15 20.8 

- .075 18 20.2 

- .12:-) 21 18·4 

- .175 19 15.6 

- .22;) 13 ).) ') 

- .275 11 n.o 
- .~-{25 5 n') 

- .~n5 ~ :~.8 

- .425 '2 2:2 

- .475 4 1.0 

- .525 2 .6 

TOTAL 200 200 
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Gl'iJUp Il (100) 

(4) (5) 

Irta 
Pl'edictl'd 
fl't'ql1f'ncy 

O .3 

l .5 

1 1.1 

4 l.~ 

2 3.1 

6 4.5 

~ n.l 

ì ì.R 

11 9.2 

lO 10.1 

Il 10.4 

6 10.1 

~ 9.2 

10 7.8 

4: tU 

l 4.5 

f, ~-{.1 

!l 1.9 

) 1.1 

o .5 

O .3 

100 100 

In the case l'eJerred to as Grollp I (200 cases) Pa == PI:! = .955 anrl 
P~3 = .912. In Group II one hundl'ed samples P12 == P13 .977 and P%3 == .955. 

'l'he above 'l'able is given in more condensed form below OH .15 ranges 
ahout the mid-values indicat.ed finii the goodness oC fit is indicated al the 
feet of the apPl'opriate columns. 
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TABLE V. Pa'rtial COY1'eiation Coetficients 

(n = 30 in eaeh case) 

Group I (200) Group II (100) 

(1) (2) (3) (4) (5) 

Mid-Value of r 
Predicted Predicted 

}1"~ frequency }r23 fl'equ~ncy 

0.60 etc. O .4 O .2 

0.45 3- 3.7 2 1.8 

0.30 16 19.1 12 9.5 

0.15 50 46.2 26 23.1 

O 52 61.3 27 30.6 

- 0.15 53 46.2 22 23.1 

- 0.30 18 19.1 lO 9.5 

- 0.45 8 3.7 l 1.8 

- 0.60 etc. O .4 O .2 

TOTALS 200 200 100 100 

P == .50 P= .96 

l'he observed dist.l'ibutions of pa1'tial eorrelation coeffieients 
are very weH fiUed by theoretieal distributions of total correlation 
coefficient.s. If the dispersions are expressed in summary fonn by 
the valne of o a similal' resl/It is obtained . 

For Group I o = r 

Theoretieal val ne = 

. 1944 + .007 

.1857 

l'he difference between the observed and theoretical values is. 
only slightly gl'eatar than the probable error and therefore not 
significan t. 

FOI' Group II o.. == .1901 + .009 

Theoretieal value = .1857 

The differenee in t.his case is less than half the probable error~ 
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6. Conclusions. 

It has been shown in Part I or this investigation- that for
samples of 30 in the case of pm'tial correlation coefficients from 
an uncorrelated universef that the dispersion observed is not signi
flcantly different from that of total correlation coefficients derived' 
from samples of the same size. In _ ~ll 1000 samples were deal t 
with so that the results have considerable weight. 'l'he present 
paper deals with smaller groups of samples (200 in one case) be-
cause of the pl'ohibitively laborious arithmetic involved but the
evidence of these groups from a highly correlated universe is to, 
the same effect, nameIy that the l'ange or dispersion, owing to
errors of sampling, of partial correlation coefficients whose tl'ue 
value is zero is not sigllificantIy different (the samples being of the' 
same size) from either the dispersion of the corresponding partial 
correlation coefflcients derivecI from ullcolTelated materiaI, 01' the
dispersion of total correlati 011 coefficients whose meall value is zero. 
. 'l'he method of partial correlation is often used in order t.o-

a void the spuriolls cOl'J'eIa1 iOll t.hat may be obtailled in usillg in
dexes; as fol' example in cOITelating mortaIit.y l'att's. In using the 
method of parjial corl'elat.ioll in such cases very high iotal cone
lations ha ve fl'eq uenj Iy to be used and ii was 1.0 test the validity 
of the use of extremeIy high totai correlation coefflcients in dedu-
cing partial cOl'l'elation coefficiellts that the present investigation 
was undel'takell. 'l'he resul fs, so far as they go, appear to indicate
that no seriously large il1'cl'ease of dispersion iII the partial COl'I'e
Iation coefficienfs is likely to be intrùduced, even when the sam
pies are as small as 30, hy making use of total cOlTelationcoef
flcients as high as .975. 

In Part I of this paper the practical import.aJlce of the results: 
there obtained was indicated. The present investigation indicates
that a stili furthel' freedom in the use of the partial correlation, 
coefficient is justifiable. 'l'he [lreliminary arithmetical wOl'k has been 
extremeJy laborious. It has' involved the handling of individuaI 
« countel's », of something of the Ol'der of, half a million times 
and the subsequent sllmming in gl'OUpS of teu, thirty or sixty, in
order to obtain the individuai attributes. 'l'his would not have been 
possible without the gellerous help of scool children (l), who made-

(1) Most of the work done by the school children was supervised by 
Miss A. FOWLER alld to her and to Mr M. E, WILSON for a large share inl 
the calculation and checking of the coefflcients I am especial1y indébted, 



the drawings, recol'ded them and summed and independently che
'cked the results. 

; 

\ 

In conclusion, I owemuch to the help and advice of DI'. E. C. 
SNOW in the early stages, alld of Dr'. M( GRENWOOD in the later 
stages ot the work. 

TABLE VI. 

Value of 
r 

(1) 

.998 

.996 

.994 

.992 

.990 

.985 

.98 

.975 

.97 

.965 

.96 

.955 
95 

.945 
. 94 

.935 

.93 

.92' 

. 91 

.90 

ApPENDIX 

Ordinates or rrequency cw'ves 
n = 30. N = 1,000 

p = .99 p= .98 P = .977 

(2) (3) (4) 

174.2 .1 .0 
18010.4 205.6 21.7 
78952.1 1706.1 565.9 

116595.0 8849.8 3634.5 
10f)5f18.6 22855.8 8783.0 

35411.2 56201.1 40621.0 
8142.0 53061.'2 51159.2 

1795.6 33827.8 40613.4 
4'717.7 17719.5 25737.9 

105.2 8586.7 .,.. 1450:17 
28.9 40lì.5 7701.2 

8.6 1863.0 3977.1 
2.7 868.6 2034.5 

.9 410.5 1042.0 

.;{ 197.4 537.9 

.1 - 280.9 

.0 48.5 148.7 

.0 12.9 ,4:{.6 

.0 ,.) ..... .'.1 ]3.6 

.0 1.1 ' --{,:J 

P - .975 

(5) 

.0 
9.5 

270.2 
2027.0 
7018.0 

31:{52.1 
4678~·t4 

42554.5 
30098.1 

J8595.3 
1067:?2 

5890.8 
.3192.2 

1719.6 
9]6.0 

504.2 
276:5 

86.2 

:?8.:~ 

0.8 
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01~dinates of Frequency Curves. 

TABLE VII. n = 30. N = 1000 

Value or 
r p - .955 P = .950 P - .912 P - .900 

(1) (2) (3) (4) (5) 

.995 .1 .1 .0 .0 

.99 79.8 27.0 .1 .0 

.985 1375.4 629.0 - -

.98 6169.0 3355.8 41.7 6.2 

.975 14010.7 8858.2 - -

.97 21469.6 17370.5 726.0 273.1 

.965 25706.8 20825.8 - -

.96 26193.2 23512.3 3270.8 529.1 

.955 23879.1 23501.8 - -

.95 20146.0 21545.3 7420.5 4190.5 

.945 16085.~ 18543.0 - -
· 94 12345.0 15235.5 11311.4 7537.~ 

·935 9220.6 ]2094.4 - --
.93 6728.2 9356.5 13422.5 10359.2 

.925 4845.7 7101.4 - -

.95 3408.6 531~.7 13503.0 lJ875.8 

.915 2451.4 3934.7 - -
· 91 1724.2 2891.8 12127.1 11991.1 

.905 1212.6 2114.2 - -

.90 352.1 1540.4 10056.2 11051.6 

.89 - - 7876.1 9525.3 

.88 - - 5918.9 7810.4 
· 87 - - 4316.2 6168.1 
.86 . - - 3079.3 4677.8 
.85 26.2 65.9 2162.2 3556.3 

.80 1.3 ~-l.6 329.8 710.9 

.75 .1 .3 48.9 128.2 

.70 .0 .0 7.7 23.8 

.65 - - 1.3 4.5 

.60 - - .2 .9 
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TABLE VIII. 

- Range of 

r 
.990 

(l) (2) 

.99 to 1.00 541.2 

.98 to .99 430.8 

.97 to .98 26.5 

.96 to .97 1.4 

.95 to .9R -.1 

.94 to .95 

.93 to .94 

.92 to .93 

.91 to .92 

.90 to .91 

.89 to .90 

.87 to .89 

.85 to .87 

.75 to .85 

.65 to .75 

.55 to .65 

TOTAL 1000 

F1~equency distributions 

n = 30. N = 1000 

Fl'equency for 
athead or 

.980 .997 .975 
------

(3) (4) (5) ------
41.4 16.4 10.5 

498.0 311,7 2g8.1 
341.3 400.2 -411.0 

92.9 152.9 19l.5 
20.5 42.9 62.7 

4.5 11.4 18.2 

~ 
- 3.0 5.3 

1.3 1.0 1.8 

~ 
- .3 .5 

.l .1 .2 

\ 

.1. 15.4 

------
1000 1000 1000 I 

values or p 
columns 

.955 .950 

(6) (7) 

.1 .1 
19.1 9.7 

139.1 92.5 

250.0 201.5 
235.7 229.0 

161.1 182.7 
92.9 120.1 

49.0 71.0 
24.8 39.4 

912 .900, 

(8) (9) ----
~ 3.0 1.0 

~ 70.8 35.2 

~ 220.3 ]48.8 

t 265.2 232.6 

12.3 2i.2 ( 

\ 200.7 218.9 

119.6 156.2 

15.4 28.5 62.6 94.7 

1.3 56.5 108.7 

1.3 3.8 

.0 .1 

1000 1000 1000 1000 

Tables VI, VII and VII are calculated from the equations of the co
.{)perative study referred to above. 



RAYMOND PEARL 

'Tbe interrelations or tbe biometrie 
and experilnental methods or aequiring 
kllowledge I with speeial 'referenee to 
tbe problem or the duration or life (1) 

I 

The Pl'oblem or the dUl'ationof life would seem to tl'allscend in 
its significance and interest Ilearly all othel' problems of phenomenal 
biology. By that I mean that, sho1't of the existence of life itself, 
,as a cosmic phenomenon, the obvious fact that the duratiOlI of that 
stat,e of ol'ganization or matter which is recognized as Jiving is ge
nerally finite and limited, rather than infinitelyextended, presents 
a problem or the first i!llportance to the inquiring biologist. Why 
do not living' aggregates of matter persist in that state to a degree 
{)f extensinll or coutinuity comparable in magnitude io that exhi
bited by llon-living aggregates ~ And why do some living things 
li ve so much longer than others, similar at least in the important 
respect that they are living? 'l'his proulem of the duration of life 
has interested me because it has seemed that in addition to the 
intrinsic interest and obvious practical bearillg of the problem per 
se; it has a much heightened significallce by virtue of the conside
rable a priU1~i probability that if we succeed in attaillillg some 
reasonable insight into the problem of duration, we shall concur
rently get a greatly improved understanding of life itself. 

I wish to invite your attention this evening to a cOllsideration 
()f certain aspects of this problem of 1.he duration of life. These 
aspects will be chiefly methodological rather than phenomenal. In 

(l) Papers {rom tlle' Department o{ Bz'ometry and V#al Statistics, 
School of Hygiene and Public Health, Johns Hopkins University. No. 56 .. 

The substance of a leèture to the Harvey Society of New York, Aprii 
8, 1922. 
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other woras I wish to examine with some partieulal'ity what me-
thods are, on the one band, "available, and, on the other hand, 
likely to prove most useful for the elueidatioll of this problem. I 
make no apology for occupyng yOUl' time with a eonsideration or 
methodolog'y, because none is needed. The plentiful exhibition or 
quinille iII malaria may not be immediately the most entertaining 
thing in the world, but it is indubitably good for the patient. If 
I corredlyunderstand your President's invitation to take over the 
management of yOllI' case this evelling, what he particularly 
wished me to do was to administer a reasonable dose of me
thodological quinine. 

II 

Every thoughtful student of medicine. and of biology gellel'ally,. 
has been impressed wi th the evel'-increasing prevalence and im
portance of the quantitative viewpoint in his science thl'oughout 
its historical developrnent, but to an impressive and accelerating 
degree during the last quarter of a century. The fact is obvious, 
and needs no elaboratioll. It is usualJy interpl'eted as a somewhat 
isolated phenomenon in the history of the biolog'icaJ scienees, as
sumed 1,0 parallel what is thought 1.0 have oecuned at a much 
earliel' stage in the development of the physical sciences. I am in
clined 1.0 the view, how~vel', that it re11resents, in its more recent 
developrnents certainly, only a phase or a much more pl'ofound 
alteration which has been going on in the methodology of sciences 
generally and inclusively. This alteration has l'esulteti from the 
invasion of statistical modes of thought and reasoning into all 
branehes of science, whether physical or biologica1. (1) It is im
possible to say precisely when this process began, But it is appa
rent enough, on the oné hand, that priol' to CLERK MAXWELL'S work 
the fundamental coneepts of physics had been essentially non-sta-

. tistical in charaetel', ami, OIl the other hand,- that the generaI view
point of LINNAEUS and his contempol'al'ies in biology was equally 
non-statistical. It became apparent to- a number of philosophieally 

"minded persons, wOl'king in different branches or seience, about the 
middle of the last century, that groups or aggl'egates of things, 
whethel' inanimate or animate, had distinetJve and important attri
butes of theil' own as groups, not diseovel'able or even describa~ 

(l) Cf. MERZ, J. T. A History or European Thought in thg Nirte
teenth Century VoI. Il. 1903. 
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ble in terms of the attributes of any single individuaI in the group, 
however typical that individuaI might be. This was equally true 
whether the popuJatioll was composed of gas molecules or of meno 
Now the distinctive, and at the same time ullique, contribulion of 
the statistical method in science is that it furnishes a means of 
describillg aecul'atèIy and scientifically a gronp, in terms of the 
group's attributes l'ather than in tenns of those of any individua} 
in it. (I) These methods have in recent years become highly reffned. 
In the beginning when CLERK MAXWELL bega n to think about the 
attributes of populatiops of molecuIes, and DARWIN about populat.ions 
of living things caJled species, i t was essential1y with the idea that 
populations as such have attriblltes distincf. from those of any in
dividuaI contained in thern. 

This idea has beell extraordinarily fruitful in the last quarter 
of a cel1tury. To it we owè, essentially, such fundamental scien
tific advances as the kinetic theory of gases, natural selection, 
Mendelian inheritance, and a host. of other major developments in 
near]y every branch of science. Medicine has been singularly slow 
to irnplernent. to Hs advantage this perhaps greatest advance of the 
nineteenth century in philosophically scientiflc rnodes of thought. 
Why this happened seerns cleal'. It is because the great outstanding 
evenl. of the nineteenth century in medicine was the founding and 
development of bacteriology. The philosophicai effect of t.his deve
Jopment upon the progress of the science of medicine was scarcely 
less profound and much less happy than its 'material effect.. The 
immediateIy resulting tendency, and one from which medicine is 
only now beginning to get away again, was somewhat unduly to 
stress the idea that the science of etiology began and ended and 
was ~omprised within the discovery of the bacteri al fador' iIlvolved 
in each parlicular disease. In bis recent.ly revised and extremely 
valuahle tl'eatise on constitutional patbology BAUER (2) states the
case with gl'eat clearness in the following words: 

« Diese nichts weniger denn neue Erkenntnis de')' Multiplizitat 
atiologischm' Fakt01'en ist nun zu einer Zeit vielfach vergessen 
oder zum m'indesten vernachlassigt worden, in ,de?' die Bakter'io

, logie als (ùhrende medizinische Disziplin die volle Erledig'!-tng von 

(l) Cf. PEARL, R. Modes or Resem;ch in Genetics. New York, (Mac-
millall) 1915, Chapters II and III. . 

(2) BAUER, J, Die Konstitutionelle Disposition .zu z'nneren Krankhett
en. Zweite Au:tlage. Berlin, 1921. 

Metron - VoI. II; n. 4. 
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ProbZemen v01·tauschte, wo nu,' ,Teilf'l'agen dieser Problemeg~16st 
waren. Gegen die ungebuhrliche Vernachlassigung atiologisch in 
gZeichern Masse wirksarner Momente zugunsten eines einzelnen 
ausseren, bequemer'weù~e fassbaren und e'f'sichtlichen Faktors er
folgte alsbald eine Reaktion, eine Reaktion die bei VERWORN so 
weit ging, den Ursachenbegriff nicht nur fur d'ie Medizin, soridern 
uberhaupt fallen zu lassen und auszumerzen ». 

It was at once recognized after PASTEUR had paved the way, 
that a bacterial organism was probably an obligate factor in the 
~ausation of, at least, many diseases., To recovèr this organism 
from a case of the disease, cu!tivate it in pure cultuee, and to 
reproduce the disease by inoculating the pure culture irito a norma l 
animaI, and then recovel' the organism from the animaI once more, 
was some times taken to prove that this organism was the sole 
cause of the disease. Of course such 'a procedure logically proves 
nothing of the sort, but only that the bacterial organism is one factor 
associated in an obligate mannel' with the occurrence of the disease 
in questiono Thel'e may be, and often' are, one or more other fac
tors equalIy obligate for the produetion of the disease. This ,is well 
illustrated in the ease of tulJerculosis. Nearly alI persons or aduìt 
;age in cities have at some time or other been definitely infected 
with tubercle bacilli. But, roughly speaking, at the most only about 

'1 in lO ever develops clinical tubel'culosis. The reason for this, as 
is now piainenough in generaI terms if not in details, is that 
.other eonditions are necessary to produce clinical tuberculosis in 
addition to the presenee of the tuberele bacillus (l). Some of these 
-conditions we pel'ceive in a generai way to be directly biologica), 
:sueh as the inherited constitution of the host, while some are 
undoubtedly immediately related, to the physical environment. The 
fact that the precise quantitative relations of the fairly considera
ble number of factors that are involved in this problem have yet 
to be worked out, in no way detracts from the main point that 
,something more than the presence of the tuberele bacillus in the 
body is necessary to cause clinieally active tuberculosis. 

Methodologically speaking, the intellectual content of bacte-. 
1'Ìology has been, until very recently, generalJy non .. statistical in 

(1) Cf. KRAUSE, A. K. Envz'ronmental fact01's t'n tuberculosis, «Amer. 
Rev. Tbc. » VoI. 4, pp, 713-728. 1920. 

Also PEARL, R. The relative inftuence of the constitutional factor in 
the etiology or tuberculosis. Ibid. pp. 688 - 712. 
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character. It has worshipped rather exclusively at the shrine of 
the crucial experiment. The consequence is that we know little 
as comparedwith what we shall presentIy know about such ob
viously important matters as the specific reactions and relations 
generally of groups or populations of men as groups, to group or po
pulations of bacteria as groups. We have given a name, epidemio
logy, to one particuiar phase of-this subject and the leading workers 
in that field recognize clearIy that the phenomena of epidemioIogy 
are group phenomena, and that thel'e is only one method of deal
ing adequately with group phenomena, the statistical. 

III 
In order to understand clearly just what it is that the stati

stical method has to offer medicine it will be desirable to examine 
briefty the various methods which are available for acquiring know
ledge of natural phenomena. Broadly speaking there are but two 
general met.hods, viz: 

l. The descl'iptive or historical. 
2. The experimental. 

Some may wonder why the statistical is not included as a 
thil'd method particularly as a precedent has been set for it, by 
so distinguished an authol'ity in these matters as the late JOSIAH 

}{OYCE (1). 
This might be done if one feels strongly about it, but it seems 

to me thàt the statistical method is in the main only one aspect 
01' phase of the descriptive method philosophically considered. 

Because of the nature of things, the two methods, description 
and experiment, have proved in the course of the seientific expe
riellce of mankind io be of quite differellt value in respeet of use
fulness. Neithel' ean be dispensed with, but the experimental me
thod ullquestionably furnishes, when successful, a far deeper and 
more eertain knowIedge of the true causaI relationships of pheno
mena than does thè descriptive method. Why this must be the 
case will be appal'ent ii we consider for a moment, in generaI 
terms, the nature of phenomenal relations as we know them. I 
shall wi th a good deal of diffid~nce, venttire to present a view of 
the ol'ganization of nature, considered philosophically, which is in 
no way originaI but which l have found helpful in planning .and 
condueting researeh. 

(l) ROYCE, J. The mechanical, thi historical and the statistical. 
11. Science». 1914. 
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Consider a particular phenomenon or event A (Fig. l). Let this 
be of any nature' per se that one pleases. We know, if we have 
any knowledge about it at alJ, that its existence, or Hs magnitude,. 
or its attributes generally, in both a qualitative and a quantitative 
sense, are influenced and finally determined by a seri es of other
phenomena or events, which generally may be termed causaI fac
tors affecting A. These are in part, diagramatiealJy represented in 

Fig. L Hypothetical diagl'am of cause relationships discussed in text. 

tli,e figure by the circies B to H surrounding A. The magni tude 
of the influence ina quantitative sense of ,Some one (say B) of 
these causaI factors upon A may be, and quite commonly is, over
whelmingly greater than that of any other, one, or indeed of aH 
the others put together. When the latter fact is true we say, in 
common parlance, that B, is the cause of A, meaning merély that 
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Hs influence in deter'mining A's state, eondition, or existence so far 
outweighs ali t.he rest, that these others may for pl'acticai purposes 
be neglected in establishing a basis foe, the conduct of our lives 
relative to A. But always if we search the matter minutely, and 
to a philosophical rather than a purely p:'actical end, it is appa
rent that in some degree, perhapsextremely minute 01' remote, 
Gt D, E, and ali the ['est are involved in the detel'minat,ion of A. 

Again the situation may be such t.hat instead of one causaI 
factof' B being, in a quantitative 8ense, overwhelmingly potent in 
determilling A, there may be sevel'al factors, say B, E, and H, 
each about equally influential in deteeming A's state or existence. 

Furthermore it i8 apparent that since B, C, D, E, F, Gand 
H are themselves phenomena or events, any one of them might 
equally well replace A in the diagrarn, and form' the center or 
unknown element for which we 8ough!. to find the, signiflcant causes. 
In other words any one of our ci l'cles, so far as we know any
thing about the organization of natuee fl'om accumulated scien
tific experience, is connected with every other one by correlational, 
« functional, » or causational bonds, l'epresented in the diagram by 
the connecting lines. Some of the bonds' are very long aneI very 
tenuous, of couI'se; so slight inrleed as noi. to be measurable or 
observational1y det.ectable, buI, philosophically t.here seems no escape 
from the conclusion that they must exist. A phenomenon completely 
isolated, both spatially and temporally from alI or any other phe-' 
nomena, something in short which had neither antecedents or con
sequences, or associates, is unthinkable, fOl' the simple reason that 
experience has never presented the human animaI with such a 
phenomenon. 

In other words we may conceive the phenomenal universe to 
be an infinite net work, filling space and time in all dil'eet.ions, of 
mutually and genel'ally cOlTelated events. (l) 'l'he" degree of cor
relation quantitatively considered, between any two of these events 
may be anything between O and + l, as limits. When the cor
-reJation between A and B say approaches closely to the limit + l, 
and B in Ìime is always antecedent to A (even by the ~lightest 
amount) we 8ay commonly that B is the cause of A. And if the 
correlation between C and A approaches close to the limit 0, we 

(1) Cf. FRANKLIN, W. S. A much needed change of emphasis in me
teorological research. «Monthly Weathee Rev.)) VoI. 46, pp. 449-453' 
October 1918. 
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are accustomed in the practical usages of life, io say that these
two phenomena or events are in no way related. The task of science
is, in theory, to measure precisely the value of evel'y one of the 
corre]atioilal bonds. Practically what happens is that we .pick out . 
of the great manifold" which is nature, a cerlain event or pheno
menon in which fol' some reason we are interesteò, and then en
deavOl' in the most scientific manner possihle to' find out the rela
tive strength of the correlational (01'« causational») bonds between 
it and a relatively few othe1' events or phenomena, which from 
a p1-vtori considerations we think like]y to have important relations 
to it. 

1'0 do this science makes lise, as has alTeady been said, of the 
descriptive anò the experimental methods. The descriptive method 
has as its ideaI to make a generalization about the correlational 
or causational bonds between A and B, C,. D, •... N, by descl'ibing 
careflilly what the relationship is observed to he uetweell these phe
nomena, at some particulfl1' time or times and at some pa1'ticular' 
point or points iII space, the numbel' of times or spaces being finite 
and generalIy smalI. From what is observed in a particulal' situation, 
supposed to have come about solely from the action of undisturbed 
natural causes, ·(he descl'iptive 01' 'historical method dl'aws inferences. 
as 1.0 what the causes leading to the situation were. On the other 
hand, the experiment.al method goes about. the· same task in quite 
a different way, It says, in effect: «I will forcibly control B so 
that it shall remain constant during the cOUl'se of the experiment,. 
and leave A to vary. In this way,' by- comparing the behavior of 
A when B is constant, v,·it.h Hs ~ehavior when B is free to vary I 
shall find just in what degree and in what way B influences A •.. 
SO similarly the influence of C can be detel'mined, and by holdi ng 
both B al1d C constant theil' combined influence, anct so on up to 
the limitations imposed by fhe physical possibilifies of experimen
tal controI. 

The statistical method functions t in the main, as an adjunct 
and supplement to the descriptive and to the experimental methods ~ 
in relation to the former by enabling a more precise and quanti
tative descript.ion of any phenomenon, and by furllishing the ollly 
known methodof describing a group, as group, in terms OL 
its own aUributes rather than in terms of the attrilmtes of the 
individuals composing it. In relation to the experimental method 
the statistical calculus makes possible the thing which the expe-· 
rimental .method in itself wholly lacks, namely th€ ·quantitative-
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evaluaiion of the resul1s. For, to go back io our diagram, in order 
to interpret correctJy the behavior of an eveni or phenomenon A 
while another, B, is held constant, as compared with A'sbeha
vior when B is not held constant, we need always to know what 
pl'oportion of A's hehavior in both cases is purely fortuitous or due 
to chance. 'l'his information can alone be given by the proper ap
plication of the statistical calculus. Science knows no other method 
of correctly evaluating this essential datum. Parenthetically it should 
be remarked, of course, that the so-calI ed fortuitous or random 
chance e)ement in A's behavior is presumably merely the element 
due to the infinite multitude of causational factors remote in time 
and space acting upon A, each separate one to an infinitesimally 
slight degree, and in infinitely varying directions. AlI ihese remote 
infinitesimal cosmic iufluenees together produce that element in the 
result, which in common speech we call «chance~» (l). 

IV 
Let me give briefty some Goncrete examples of j he helpfuilless 

of the statistical method along the lilles suggested in what has 
just been said, fil'st consi'dering the statistica} method as the hand
maiden of the descriptive method. Duration of life is obviously a 
quantitative phellomenon. It therefore follows that for Hs proper 
analytical investigation one essential requirement will be the most 
refined method of quanti tat.ive descrjption possible. Such a method 
has been well worked out fol' this particular problem by the ac
tuaries, be cause of Hs important practical bearings UpOIl the con
duct or human life. If we are to study with any real penetl'ation 
the problem of duration of life in a lower organism like D,~oso
phila we need to describe t he facts about this character with the 
greatest attainable precision. This means that we must construct 
life tables for these flies just as the actuary does for human beings. 

(l) H will be noted that this is the position of complete determinismo 
It 8eems to me that there are two overwhelming objections to any form 
of indeterminism which is self-consistent or logically structured, at least so 
far as science -is concerned: in the first pIace there is no sound evidence 
for it, and in the second pIace, if adopted as a working basis foe the conduct 
01 life, it renders completely nugatory and futile any attempt to aerive at a 
knowledge of nat.ure by means of scientifìc investigation. It should in rair
ness be said, however, that some persons take another view of the matter. 
Cf. FRANKLIN, W. S. 10e. ez't. snd BOUSSINESQ, J. Conciliation du, véritable 
déterminisme méehanique avee l'e()]istence de la vie et de la liberté mm'ale. 
Paris ]878. 
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This we have done (l). Fig'ul'e 2 shows one fUllction, the sUI'vivol'ship, 
fol' both sexes and two stocks ol' D1'Osophila melanogaste1'. The 
4< long-wi nged» stock is of t.he wild type and the «shortwinged • 

stock is a type, ca/'rying in gelletically pure form several mutations. 
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F g. 2. SUl'vivorship lines (numbes or individuals surviving at the ages .stated 
at Ille bottom or the diagralll) OUL of lOOO stal't.ing -life tugether, fuI' t.he males 
aneI females of two strains or the fruit-fly, lJmsophila melanogasCer. The eircles 
givp every second ohservation actually made. To put the uhservations al, more 
frsquent age inlervals would unduly cmwd loe diagram. 

In these diagl'ams the cil'cles repl'esellt actual obsel'vations on 
5440 male flies, ami 6332 female flies, alI grown under the same 
constant conditions of temperature, food, etc. The smooth cUl'ves 
represent the ordinates of equatiolls of the type 

log Ix = e g":C (a -+- bx -+- cx2 -+- dx3
) 

fitted 10 the observations by the method of least squares. These 
CUI'ves furnish a tl'ue scientific deseription of the facts ,'egarding 
duration of life in D1'osophila. They enable exact and quanti·tative 

(1) PEARL, H, alld - PARKER, S. L. E:x;pe1'imental studies on the dura
tion of l ife, I. Int-roductory discussion of the duratiort or life in Dao
SOPHILA,« Amet'. Nat. » VoI. 55, pp. 481-509, .1$)21. 
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comparisons with othe .. fOl'ms in respect of dura.fion of life, and a 
statement of the attriQutes of Drosophila populat.ions as such in 
regard to this character. 

'l'hus we can see at once t.haf t.he law of mortalit.y in Droso
phila is fundamentally similat' fo t.he la\v of mortalily in mano 
This is shown. in Fig. 3. 
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Fig. 3 Comparing the .ul'vivorship distributions of Drosophila and mall (maleg 

in both cases) over the equiv.alent life sl,ans. 

Since fol' reason which need not be g'one into hel'e ,ve stal't our 
observations OH the duratioll of life or D}'osophila at the beginning of 
Hs life as an imago (upon emel'gence f,'om t.lle pupa] stage of its 
lIfe histo,'y), we leave out the compollent of t.he life curve which 
cOlTespouds fo the mortalit~, or infancy and childhood in mano 
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Upon what basis shall any life 1able functioll, say lx, of the-
Drosophila life table be compared with that of man~ The life span ot 
one of these organisrns is best measured in days, while that of the 
other is measured in years. This fact, however, offers no insupe-
rable di ffieu l ty fo the comparison. W~at is needed is to superi m
rose the two curves so that at least two biologically equi1,alent 
points coincide. The best two points would be the beginni'ng and' 

. the end of the li fe span. But in the case of Drosophila our life 
tables start 'with the beginning of irnaginal life on}y. 

I think we can ~est get ai this starting pointby putting the 
human and D1~osophila la: curves . fogether as a starting poillt at 
the age for each organism where the instantaneous death t'ate 
qa: is a minimurn. In the case of Drosophila, I think we are safe' 
in concluding, on the basis of the work of LOEB and NORTHROP aB, 

well as from our own obsel'vations, that this puint is at or very 
near the beginning of imaginal life. W é shall accordingly take 
Drosophila age l day as this poinl. OUl' life tables show that cer~ 
tainly after' t.his time qa: neve)' again has so low a value. 

The latest edition of GLOVER'S United States Life Tables gives 
for white males in t.lle originaI registration states the following 
values for qa:: for age 11-12 2.28, and for age 12-13, 2.29. We 
may, therefore, with sufficient aceuracy take exactly 12 years as 
the minimum point, particu lary as the Lx figut:es we shall ha ve to 
use are tabled as of the beginning of t.he age int.erval. 

For the other end of the life span we may conveniently take 
the age at which there is Ieft but one sUl"vivor out of 1,000 star
ting at age 1 day' for Drosophila and age 12 yeal's for whit.e ma
leso This age for wild type Drosophila is, to the nearest whole 
figure, 97 days. It appears that in man there is almost exactly 
one survivor at 98 years out of 1000 starting ut age 12. So t)Iefl 
we have as biologically equivalent life spans 

97 days of Drosophila life as imago = 86 years 
of human life. 

Whence it follows that 

l day of Drosophila life ==.8866 year of human life and 
1 year of human life = 1.1279 days of Drosophila life. 

We are now in position to make an exact comparison bet.
ween the life talJles of the t wo organisms. This may be done per
haps most instructively by setting up lx lines for the two forms 
on the basis of age in I~entiles of the lire span, l'ather than days 



or y~ars. Tbat is io say, the whole comparable life spans of 97 
days in Drosophila and of 86 years for white males wilI each be
divided into 100 equal pal~ts, and the survivors at the attairiment 
of the beginning of each centile int.erva( will then be computed. 

This is done for wild-type (long-winged) Drosophila males and 
male whites in originaI Registration states in 1910 in Fig. 3, plot-· 
ted OH an arithlog grido We have, in Fig. 3, for the first time, so 
far as I am aware, a precise quantitative comparison- of t.he life-· 
spans and one of the mathematical functions of the mortality of· 
two ditferent ol'ganisms. 

It will be noted that: 

l. The fOl'm of the lx disLributiolls is fundamentally the same 
in both of these organisms over the equivalent life spans. Consi
del'ing the extreme differences in habi1.s of life, stt:ucture, physio
)ogy, and environmelltal stresses and strains in the two cases, this
is a truly remarkable l'esulL It seems fo me to mean that the 
factors which determine individuaI Iongevity, and differences in 
this charactel', are bioJogically deeply l'ooted, at !east as fUllda-· 
menta!, appal'ently, a:s the fadors which determine the specifici t.y 
in the nlOrphogenesis of organisrns, and perhaps even more so. We 
are accustomed 100se1y 10 think thai the prime factors in deter
milling human 10ngevit.y are sue h things as the infectious diseases, 
exposure to unfavorable environment, etc. But Drosophila, ,,:hich, 
so far as is known, has no infect.ious diseases, alld in gelleral meets 
a set of envil'onuJental conditions wholly different, both qualitati
vely and quantitative1y, from those which 'operate on mall, shows 
fundamentally the same fOl'Ill of distribution of degl'ees of longevity. 

2. When compared exactly, on the basis of comparable life 
spans, the human heillg has at every equivalent age a higher re
lative expeetation of life than does Drosophila, measured in terms 
of Hs own life spali in each case. 

From this fact the cOllciusioll appears wal'ranted that while 
the laws of mortalit.y are fundamentally the same in kind far' Dro
sophila aild . for man, they differ somewhat quantitativeIy. There' 
is a temptatioll to conclude further that the quantitative difference 
finds its cause in man' s OWIl ('.011tr01 and amelioraLion of his envi
ronment though sanitation and hygiene. Such a conclusion, howe-· 
ver, seems to me not to be strict1y warran1ed, in the light of OUI' 

present knowledge. There is some suggestion that it is true, from 
the fact that fhe progressive change of the human 1m curve jn-
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for'm duriog historical times has been in the direction of moving 
from the form typical of Drosophila to that now found for pro
gressive, highly civilized groups of meo. But definitiye conclusioos 
00 the poiot must await further research. .... 

So much for this example of the application of refined stati
stical methods to what is at bottom a pl'oblem in accurate scientitic 
descriptioo. Let us consider anothel~ of a wholly different chal'acter, 
,00 the experimental side. This example is takeo from a recent 
paper by two clinical wOl'ker's (1) io Germany aod deals wit.h the 
,effect upon uric acid excretion of radiating the thym'us gland. 
-Though or intel'est, no gr'e~tt impol'tance appears to attach to the 
investigatioll per se, but ii. may well ~erve' as 'an illustration of 
method. Six expel'iments were pel'formed IIpon as many different 
subjects. Each experirnent consisted essentially of the following 
procedure. 'l'he uric acid output -of the patient was measured 011 

,one, two 01', three days immediately prior 1.0 the day on which the 
thymus was radiated. Then on a certaio day X-rays ,vere applied to 
-the thymus aod the uric aCld output 00 that day determined. l'hus 
for 1, 2 or 3 days fbllowiog the day of l'adiation the uric acid output 
was measured. The l'esulfs ill grouped ,form are shown in Table l. 

TABLE 1. 

U1'ic acid outp'lt t in 1~elation to 1'adiation or thyrnus, 
(Data o{ Rother and Szegei). 

Ul'ic acid output 

Experiment Mean or Mean or 1, 2, or 3 days Day of rati iation 1, 2, 01' 3 days 
before day of after radiation 

l'adiat.ion 

l 0.364 g. O.38R g. 0.474 g. 
2 .353 .386 .515 
:3 .262 .364 .286 
4 .355 .402 ,363 
5 .273 .642 .539 
6 .336 .455 .316 

A B C 

(1) ROTHER, J. and SZEGO, E. Ubilr die Beeinfliiss'llng del' lIal'nsiiu
l'eausscheidung durch R6ntgenbestrahlung del' Thymusdn:;se. «Zeitschr. 
l. d. ges. exper. Med. )) Bd. 24, pp. 262-269-1921. ~ 
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The first question which one wishes to answer in experimental 
work or this kind, where the seri es or ob8ervations or experiments 
is, for Olle reason 01' another, statistically relatively short, is as to 
whether the differences which appeal' in the results can be regal'ded 
as really significant. Or, put in another way; what i~ the proba
bility that the differences are pureJy fortuitous, and without ne
cessary relatioll to the experimental procedure? In the particular 
illustration under discussion one wants to k'now whether the in
crease in uric acid output on tbe day or ratÙation, and OH the 
days following can be regarded as significant, whell tlle whole basis 
of experience on which it is possible 1.0' reason comprises but 6 
experimen ts. 

The statisticaI method enables olle to get an exact answel' tÙ' 
questions or this sorto I do not propose to bore 'you with the de
tails or the procedure, but wilI mel'e]y say that a method (l) has 
been worked ou t tor dealing wi th these short series. In . our par
ticular example, the probability that the mean output of UI'lC acid 
on the day of radiation (Column B) is realJy greater than the mean 
output on tbe days immediately preceding radiatioll (Column A) is 
equal to .959, or the odds are 23 to l that the diffel'ence is 8i- . 
gniflcant. Similar]y the pr'obability that the avel'age output of uric 
acid aftel' radiation of the thymus (Colum)) C) is l'eally gl'eater than 
before radiatioll (Colullln A) is equa} to .952, 01' the odds are 
20 to l that the differenc'e is significant. This puts the case on a 
quantitative footing. If one is aH optimist he wiU l'egard an event 
which wilI happen 95 or 96 times in every 100 triaIs as a cer
tainty. If one is a pessimist he wiIJ say that the event is not quite 
certain but rather highly pl'obable. But in either event, and this 
is the important consideration, we ha ve a quanti tati ve measure or 
just precisely how much basis there is for eithel' optimism or pes
simism in the premises. And let it be emphasized again that this 
method, and other similar ones, are jq.st as applicable to important 
expel'imental problems as to the perhaps somewhat trivial example 
~ have used for illustrative purposes. 

The service which the statistical method can render to medi
cine, as an adjunct io the desCl'iptive and experimental methods, 
is of a high ol'der of value. And I would strongly emphasize, that 
in rendering this service the statistical method, if intelligently used 

(1) «STUDENT», The probable error of a mean. «Biometrika» Volo ()~ 
pp. 1-25, 1908. 
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,-as a helpfuladjunct to the descriptive and expel'irnental rnethods, 
'should not and need not wholly dominate the situation, 01' by any 
.apparent tendency to do so, w9rk to the confusion and disgust of 
the non-:-st.atistically tl'ained or minded experiment.alist. After all, 
what has just been said as to the way in which the statistical, 
method can be helpflll to the investigator merely means that i t is -
'a powerful and trustworthy aid in enabling the experimentalist to 
dl'aw, on the one hand, correct conclusions, and on the ot.her hand, 

'more and more penetrating conclusions than without it he would 
,be able 1.0 atf.ain. Furthermol'e just because it can do this the sta;.. 
tistical method is ol' the greatest aid in plannillg experim€ntal work. 
With a well-trained statistician of vision and imagination aL his 
side, the expel'imentalist will find his equiprnent for his own work 
el~ormously augmented. 

v 

In addition to these adjuvant fUllct.ions which have been men
.tioned the statistical method offers one wholly unique boon to the 
:investigator. It enables him te get the precise logical equi valent 
,of an experimental result on lal'ge classes of material, for which 
,in the inherellt nature of things the physical manipulationof the 
objects in a -laborat.ory experiment is wholly and absolut.ely im-

-possible. Because of the l'eally great significance ,of this point I 
shouId like to develop i t in some detail (l). 

The essence of the experimental method, as practiced in the 
,1aborat01'y, and in theory, is that, of the' multitude of variables 
-condltioning a phenomenon, as many as possihle are, by appro
.priate methods, held constant while one variable (or at most a very 
few selected variables) is allowed to val'y and the results are 
noterl. One may then deduce the relative significance of the se
lected variable in determining the phenomenon under observation. 
One frequently hears about the experrments that Nature makes. 
ActualIy the true conditions of an experiment are rarely if evel' 
realized in the course of natural events. It is just because Nature 
permit.s manifold and haphazard changes in aH variables at the 

'same time, that recourse must be had to the method of experi-

(1) In so doing I shall follow closely R discussion of the matter which 
I have already given in another pIace. Cf. PEARL. R. Inftuen;a Studies II. 
«Public Health Reports). VoI. 36. p. 274, 1921. 
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.mental control in the laboratory. What is needed in order to in
terpret the results, in the experimental sense, and detel'mine the 
meaning of the manifold and ceaseless changes and val'iations in 
the flow of naturally determined events, is a method of picking out 
of the manifold some selected constant condi Hons of a series of 
variables, and then measuring the extent and charactel' of the va
riations in a single ~elected variable, whose tl'ue relative infiuence 
upon the phenomenon it is desired to know, while all these other 
variables are held constant. If this can be done we shall have l'e
-alized alI the epistemological advantages of the experimental me-
-thod as practiced in the laboratol'y, and have fl'eed oUl'selves at 
the same time from the limitatiolls which in so many cases inhere 

. in the material itself and make the labol'atory type of experi
mental inquiry impossible. In ot.her words, we shall have let Na
ture perform the experiment, in the sense of detel'mining the 
phenomena, in her' own way, while we evaluate the results in 
·critically analytical terms of precisely the same sort and meaning as 
those in which ,ve evaluate the results of a laboratory experiment. 

Now exactly thisboon is actually afforded in a very wide 
range of natural phenomena by the method of partial or net cor-' 
relation, if properly handled. This method enables one, out of a 
'manifold complex of variables operating in an entirely uncontrolled 
and natural manner, to determine the variation or any selected 
single variable, or the correlai ion of any selected pair for constant 
,conditions or vahies of the other variables in the complex with 
only the 1imitation that the regressions shall be linear. I judge 
tbat the possibilities of this mefhod al'e IlOt yet fully grasped by 
scientific men generally. When they are I believe it will rank as 
a fundamental method of acquiring knowledge, combining certain 
of the advantages of the descriptive or histoncal and of the ex
perimental methods. It seems to me much more effectively to 
justify ROYCE'S (1) eulogy of the statistical method than any of 
the arguments which he advanced.The best elementary, and at 
the same ti me adequate, account of the method is that of YULE (2). 

I have recentlyapplied this calculus of partial correlation (3) 
to an epidemological pl'oblem of the first importance, the problem 

(1) ROYCE, J. Loc. cito 
(2) YULE, G. UDNY. An Introduction to the Theory of Statistics. Fifth 

,Edition, pp. 228-253, London, 1919. 
(3) PEARL, R. Influenza Studies" I - IV incl. «Public Health Reports:.. 

VoI. 34 pp. 1743-1783, 1919, and Vol. 36, pp. 273-298, 1921. 
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of the determination of any factors which had a significant. influ
ence in causing the obviously great, but vel'y puzz1ing variation 
observed belween òifferent cities in this count.ry in l'espect of the 
explosiveness of outbreak of epidemic mortality and it,s totai des
tructiveness in the 1918 pandemic of influenza. By the applicatiml 
or the techllique of pal'tial correlatiOll it was possible to demon
strate, with the exactness and pl'ecision of a critical labol'atory ex
pel'iment, the following broad facf.s: 

1. Neithel' the age distribution, noI' the proportion of th& 
sexes, noI' the density of the population had any significant influence 
whatevel' upon eithel' the explosiveness of ouibreak of the epide
mic mortality or its total destructiveness in the 1918 infiuenza epi
demic in Amel'ican ci ties. 

2. l'he same was true in respeet of the longitude of the city 
~nd the rat.e of its l'ecent growth in population, a factor which in 
some degree at Ieast is indicative of its industr'ial activity. 

3. On the other hand, the explosiveness of outbreak of the 
epidemic mortality and its total destructiveness were to an abso
lutely high and statistically cel't.ainly significant degree influenced 
by the biological make-up of the population or any particular citYt 
as indicaled by its Ilol'mal pre-epidemic average rate of mortality 
from organic diseases of the hearL 

4, 'l'he norma l death rate of the population from pulmonary 
tuberculosis had a significant inftuellce upon explosiveness or out
break, but only doubtfully so upon total destructiveness. 

5. The nor'mal death rate from a acute nephritis and Bright's 
dis~ase definitely influenced explosiveness of outbreak, but was 
wholly without relation to tolal destl'uctiveness. 

6. Tha norma l death rate from typhoid fevel' was wholly with
out influence upon either explosiveness 01' destr'uctiveness. The 
same was true of cancet'. 

I shall not discuss these results in detail here, as I wish me
rely to show by a concrete example how modern statistical methods 
enable llS to get just as clean cut analytical resu lts as experimen
tationwould, in an instance where the possibìlity of experirnental 
procedure is excluded, from the natul'e of the case. It is further 
of interest to see that in this case it has been possible to get at 
information as to biological relatiollships, apparently or a very 
fundamental character, which so far as I aro able to see could 
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not bave been reached by any but the statistical method. And the 
way to, furthel' research on the problem of epidemie influenza is 
cl~arly indicated. lf the nOI'mal stàtus of the population in l'espect 
of organic disease or. the heart was the most poteot inftuence yet 
demonstrated in determining how severely a community was going 
to be attacked by the influenza epidemie, then clearly the next 
thing we want to know is how this relationship was brought about 
biologically. The necessity for a dift'erenf type of clinical study of 
influenza than any so far done is clearly indicated .. And further, 
000 wants 10 know what is the reason or basis fol' the wide va· 
riation among different conmunities in respect of the normal inci· 
dence or prevalence of organic diseases of the heart. Certain pha
ses of this latter problem we are now studying in this laboratory. 

VI 

The analysis up to this point seems to me to have indicated 
. clearly that the most effective method now available to acquire ;.> 

useful knowledge of the significant causes of dynamic phenomena' 
is by an intelligent combination of the experimental and the sta
tistical modes of research. I wish now to return to the discussion 
of the main problem of this paper, the problem of the dural.ion or 
life, and give some conerete illustrations of the effectiveness of this 
methodological combination. 

The problem or' duration of life is fundamentally a problem of 
the causation of variation. What factors are most significant, in a 
broad sense, in determining why one individuaI lives substantially 
longer thananother? Since we are dealing here with living things 
it is al once apparent on purely a p,'i01'i grounds, that any signi~ 
ficant facl,or influencing duration of life must fall into one or the 
other of the two broad categories, heredity and envil'onment. Or, 
toput the matte!' in another way, it will be clear that factors or 
heredity and fact.ors of environment 'al'e both involved, in some 
unknown proportion or ratio, in determining how long an indi vi.;. 
dual shall live, just so soon as it shall have been demonstrated 
that this character is inheri ted at ali. 

Is duration of life inherited ~ Unequivocally the answeli is af
firmative. 1'here can be no doubt on this point. It is impossible to 
presen( all the evidence here, but two quite different and indepen
dent sets ~f results will demonstrate the fact. 'l'he tirst is purely 

Metron - VoI. II: D. 4. 46 
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statisticaland derived from ALEXANDER GRAiIÀM BELL'S (1) Study or 
the Hyde genealogy.- Table 2 shdws the extent to which the -expee
tation of human life at birth is increased by virtue solely of ha-
ving re18 tively longlived parents. - . 

TABLE II. 
8howing the influence of a considerqble degree of longevity' in 

both father and rn.other upon the. expectation of1ire oftlle 
offspring (Arter BELL). In each cell of the table the open figU'i"e 
is the ave/rage _duration or lire or the offspring and the brac
keted figure is the number~ or cases upon which the a?,erage 
is based. 

Fathet"s -age Mothet"s age at death 

at death Under 60 60-80 Over 80 

Under 60 32.8 years 33.4 years 36.3 years 
(128) -( 120) (74) 

-

60-80 35.8 38.0 45.0 
(251) (328) (172) 

Over 80 42.3 45.5 52.7 
(131 ) (206) (184) 

We see that the longest average duration of life, or expectation 
of life at birth, was of that group which had both mothers and 
fathers living to age 80 and over. The average duration of life 
of these persons was52. 7 years.Contrast this with the average 
durationof life of those whose paren ts both died under 60 years of 
age, where the figure is 32.8 years. In other words, it added almost 
exactly 20 years to' the average life or the first group of people 
to have long-lived narents,instead of parents dying under age 60. 
In each column of the table the average duration of life advances 
as we proceed from top to boitom - tha t is, ~s the fath~r's age 

(17) BELL, A. G.The Duratt'ou of Life and Conditions associatedwith 
Longevity. A Study or the Ryde Genealogy. Washington 1918, p. 57. 



7·17 

,.at death inereases - and in each row or the -table the average 
'expectation of life of the offspring inereases as we pass from left , 
to right - that is, with increasing age or the motherat death. 

,However the matter is taken, a careful selection of one' s parents 
~n respect of longevity is the most reliable form of personal life 
insurance. ' 

Just how significant this is can best be realized by a compa,
,rison with the increase in expectation or life at birth, which would 
result from the tot.al and complet.e el'adication -or the disease tu

,berculosis. Dr. LoUIs L DVBLIN (1) has lately made an interesting' 
study of t~is point, with the results shown in Table 3. 

TABLE 'III. 

Average after life-time at a,qe zero, and number of years lost 
because of tuberculosis., Experience of Metropolitan Lire In
surance Cor.npany. ' 

Industrial Department, 1911 to 1916. (After DUBLIN). 

Tuberculosis White White Colored Colored 
males females males remales 

Present. 46.05 51.8 37.19 38.6 

Not present 49~53 54.4 42.14 43.7 

Years 10st because 
of tuberculosis . .3.48 2.6 4.95 5.0 

It is at once apparent that even this maximum extension of 
life whiçh wOllld be expected to foJlow the total eradication or so 
important a cause ?f death as tuberculosis amounts to only one": 

'foui'th of the increase which follows upon having both parents live 
to an age or 80 or more. 

1'urning t.ho the experimental side one tlnds equally striking 
and qui te different evidence -that this character duration of life is 
'definitely inhel'i ted. It has already been shown that Drosophila 
populations exhibit life curves of fundamentally the same form as 

(1) « StatisUcal Bulletin MetropoUtan L'ife Insurance C~. ~ VoI. 1, 
No.2, p. 5, and No.3, p. 5. 1920. 



· 718 

those of 'man, measuring in days in the one case andyears in the 
otber. The DrosophUa lifecurves already presented (Fig~. 2 and' 3} 
show that there are wide' differences in duration of.life in different 
stocks of this animaI. What now will happen if we cross these 
long-lived and short-lived forms together,andcarry out a typical
Mendelian experiment in l'espect of this character 1 Tbe outCOIDe
of such an experiment has been independently described by HYDE. 

(1) and by PEARL, (2) with entire]y concordant results. What thes& 
results are is shown in Fig. 4. 
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Fig. 4. Life lines showing the resuIt of Mendelian ixperimentB on the du
ration of life in Drosophila. Explanation in text. 

In the second line from the top of the diagram, labelled «Type, 
I, l..:, lt is the mortality curve for an hereditarily Jong-lived pure 
stl'ain of individuals. At tbe bottom of the diagram the «Type IV 
Ice:' line gives the mortality curve for one of the hereditarily short
lived strains. Individuals of Type I and Type IV were mated to
getber. The result in the first offspring hybrid generation isshown 
by the line ai the topof the diagram marked « Fl la; ». The Fl 
denotes that this is the mortaliy curve of the first filial generation 
from the cross. It is at once obvious that these first generation 

(1) HYDE, R. R. « InherUanoe or length or lire 'in «Drosophila am-
pelophila». « Indiana Acad. Sci. Rept. » for 1913, pp. Il 3-123. ' 

(2) PEARL, R. The biology or death. VI. Emperimental studies on 
the duration or Ufe. «Sci. Monthly». August 1921. 
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bybrids haveagreater expectation of life at pr'actically ali ages 
than do either òf the par'ent strains mated together to producE> 
the hybrids. 

The average duration of' life of the Type I originaI parent 
stoch is 44.2;- .4 days. The avel'age duration of life of the short
lived Type IV flies is 14. 1 -+ .2 days, or on]y about one third as 
great as that of the other stock. The average dUl'ation of life of 
the first hybrid generation shom in theFl l~ line is 51.5 ;- .5 days. 
So that there is an incl'ease in average duration of life in the fir~t 

hybrid generation,over that of the long-Ii ved parent, of approxi
mately 7 days. In estimating the sig:nificance of this, one should 
remember that a day in the life of a fly corresponds, as has al .. 
fAady been pointed out, almost exact.ly to a yeal' in the life of a mano 

lf we consider sepàrately the long-lived sécond generation 
group and the short-lived seco~ld generation group we get the 
results shown in the tWQ lines labelled «Long-lived F! Segregates 
]~,., and «Short-lived p~ Segregat.es 1~ ». It will be noted that the 
long-lived F 2 segregates have a mortality curve which almost exa
ctly coincides witb that of the originaI parent. Type I stock. In 
other words, in the second generation after the cross of the long-. 
lived and shol't.-lived types a group of animals appears having 
almost identically t.he same fOI'm or morta!ity curve as that or' one' 
()f the originaI parents in the cross. The mean duration of life of 

, this' long-lived second generation group is 43.3 +-.4 days, while 
.that of the originai Iong-lived stock was 44.2 -+ .4 days. The short
lived F,. segl'egates shown at the bottom of the diagram give a 
mortality curve essentially like that of the originaI short ~ Iived 
parerIt str'ain. 'l'he two curves wind in and about each other, the 
F,. flies showing a more l'apicI descent in the first half of t.he curve 
and a slower déscent in the latteI' half. In generaI, however, the 
two are very (~le(lrly of the same formo The average duration of 
life of these shol't-lived second generation segl'egates is 14.6 +- .6 
days. 'l'his, it wiU be recalled, is àlmost identically the same ave
rage duration of life as the originaI parent. Type IV gave, which 
wasl4.1 ;-.2 days. 

Besides these Mendelian results it has further heen shown by 
PEARL and PARKER (1) thatlines or strains of Drosophila may be 

(l) PEARL, R. and PARKER, S. L. E{cperimental studies' on the du
ration or lire. Il. Hereditm'y dz'fferences in dW'ation or lire in line-bl'ed 
~~tra'ins or Drosopkt'la. «Amer, Nat.» VoI 56, (In press). 
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isolated by appropriate breeding' procedure, which ditfer by smaller
amounts in mean duration of life or in forms of the life curve 
than do th~ stocks shown in Fig. 5. But these smallèr differences 
in duration of life are found by repeateu tests to be const:ant (I). 

VII 

By way of summary it may be said that the endeavor of this 
paper has been to show whyand how the statistical method can 
be useTu}' to medical research. That it will play an increasingly 
important role in this field admits of no doubt. There is no sub·· 
stitute for it. The ti me is near at hand when tbe investigator of 
medicaI problems whose conclusions -are not grounded on an ade
quate qllantitaf.ive base will find it diffi,cult to get a respectful 
bearing in the court ofscientifie opinion. 

In conclusion I cannot do better than to quote soiHe remarks 
of thedistinguished ·statistician, ,Dr. MAJOR G~EENWOOD, (2) made 
some years ago, but still extremely pertinent. H~ said : 

« At the present ti me few choose to understand the language of stati- . 
stics,' and manyattempt to excuse themseives by the assertion that a know
ledge or the language is not attail1able- by the average medicaI mano This 
asser.tion is wide of the truth. D-uring the past few years I have had in my 
laboratory several workers~whose preliminary training in mathematic8 had 
been neither greater nor less than th~t of alI qualified medicaI meno Any of 
t,hese would bear me out in the statement that a knowledge of statistical 
processes sufficient to enable one intelligently to adopt the modern methodt 
requires no more applicatioll and effort than are necessary inbranches of 
investigation universally admitted to be within th~ competence of alI 
post-graduate medicaI workers. I do not mean to suggest that the acquire
ments necessary for the originaI investigator in puré statistical theory can 
be 'Conferred uponeveryone. rfo assert- that' an ordinarily intelÌigent man 
CM Iearn to play a fair game 01 chess does not mean that Morphys and, 

(1.) Unfortunately in this brief' discussion nothing can be said of th&' 
methods used in carrying out any of the exp~riments with Drosophz'la the 
results of which are herein describ-ed, nor the care exerèised to control and 

"keep constant various faetors. l'he reader must consult the detB:iled papera 
whieh ha ve been referred to in order to get information on all points of 
experimental technique. 

(2) GREENWOOD, M. On methods or research avaflable, in the study;, or medica l problems «Lancet, ~ Jan. 18, 1913." 
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Laskera are the product of environment alone. The analogy will indeed 
serve us a little more. _In a complèx position on the che.ss-board it may 
require a master to indicate the right continuation to enable, Bay, black to 
WlD. But a man with an ordinary knowledge 01 the game wiU be able to 
follow the line of play proposed by the master and to .sati~fy himBelf of 
its correctness, or the reverse; he will ignore the confident assertions 01 
those who do not even know the moves that no rational line of play can 
be laid down in Buch complex positions, that success is a matter of tem
pèrament or personalequation or «experience ». 



.... 

DO'!'T. LUIGI COLOMBA' 
prof. orde di Mineralogia, nella R •. Università di Modena 

La' Statistica e le Scienze Naturali 

In una delle sue sedute la Facoltà di Scienze della Università 
di Modena, su mia proposta ed a voti nnanimi, deliberava di 
porre l.a Statistica fra le materie a scelta alle quali si possono 
iseri vere i laureandi in Scienze Naturali. 

Credo utile dì esporre i motivi che mi hanno illdotto a fare 
tale proposta la cui opportunità è ora notevolmente aumentata 
in seguito al movimento manifestatosi nel campo della Statistica 
metodologica, ollde ottenere che tale insegnamento venga tra
sferito nella Facoltà ti i Scienze. . 

È Iloto che sperimentalmente le leggi naturali SOIlO ricavate 
mediante un criterio empirico; esse vengono cioè dedotte dal
l'esame di un numero più o meno grande di casì singoli, dai 
quali poscia, mediante processi pure 'più o meno ampi di inte
grazione, di interpolazione e di estrapolazione, si giunge a 
quegli ellunciati che ne dovrebbero costituire le formole ·teo
riche, considerate" come pure espressioni matematiche. 

In generale però i dati sperimentali, presi tanto singolar
mente quanto nel loro complesso, non corrispondono mai ~sat

tamente a quelli teoricamente richiesti; essi invece, sebbene 
in grado molto variabile, oscillano sempre intorno ai detti va
lori teorici, per cui in realtà si può solo parlare di leggi limiti 
od approssimate. Le cause che influiscono sul loro grado di 
approssimazione sono molteplici e se talune, dipendendo solo da 
insufficienza dei mezzi di osservazione, possono considerarsi com!=, 
transitorie (l), altre se ne hanno che sono direttamente colle-

(1) La insufficienza delle nostre cognizioni può anche pOI'tare ad una ine
satta intel'pretazione di un fenomeno. Cio avverrebbe ad es. ad un individuo" 
avente solo cognizione del circolo e non dell' ellisse, il quale constatando 
che l'ol'bita terrestre è quasi circolare, stabilisse una legge per cui le orbite 
dei pianeti sarebbero circolari e considerasse quindi come deviazioni da 
detta legge le variazioni derivanti dall' esseL'e tali òrbite realmente ellittiche . 
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gate alla natura dei fe.nomeni che si esaminano, oppure ad alcune 
loro particolari condizioni. Infatti studiando lo svolgimento' dei 
fenomeni naturali si osserva che si può iII certo modo stabilire 
una seria continua che da quelli che sembrano obbedire a leggi 
di una precisione e di un rigore assoluti va ad altri i quali 
presentano oscillazioni talmente grandi da rendere ,dubbia anche 
la possibilità di formulare per -essi una qualsiasi legge, definita. 

, Però anche le leggi che si riferiscono a fenomeni il cui 
svolgimento deve considerarsi come definito in modo assoluto, 
si presentano a noi come semplici leggi limiti od approssimate-

l per vari motivi come ad èS. per il fatto che sperimentalmente 
non possiamo e forse non potremo mai opel'are in quelle con
-dizioni che sarebbero necessarie per la loro completa realiz
zazione. Ciò appunto si verifica ad esempio nella -legge di BOYLE e 
MARIOTTE la quale, come è noto stabilisce che il volume di un 
gaz è inversamente proporzionale alla pressione a cui è sottopo': 
sto, rimanendo costante la temperatura. Ora, per quanto non vi 
sia alcun dùbbio sulla reale esistenza di questa legge, tuttavia 
essa è dal lato sperimentale una semplice legge limite, perchè 
-occorrerebbe per il suo completo avverarsi che i gaz fossero 

,.allo stato di gaz' perfetto, cosa impossi bile averi ficarsi fisica
mente. 

Ad analoghe conclusioni si giunge considerando altre leggi 
fondamentali, come ad es. quella delle proporzioni definite e 
multiple così importante per la chimica, perchè direttamente 
~ollegata ai valori dei pesi atomici. Questa legge si éIluncia 
dicendo che in una combinazione chimica gli elementi entrano 
secondo i loro pesi atomici o secondo loro multipli (il che è 
logico se si ammette che' chimicamente l'atomo rappresenti 
l'ultimo grado di divisibilità dei corpi). Però anch'essa ha per 
noi un valore solo di legge approssi mata poichè, trattandosi di 
dati ponderali, i valori sono sempre collegati col grado d~ sen
si bilità e' di esattezza delle 1>i lance. 

In questo primo gruppo di fenomeni quindi nessuno pensa, 
a meno di non voler demolire addiritturA le attuali basi della 
Scienza, che le oscillazioni e le deviazioni osservate possano 
infirmare in qualche modo il contenuto delle rispetti ve leggi, 
~he rimangono quindi ancora assiomatiche. Così riferendoci an
cora all' ultimo esempio soprariferito, quando si voglia stabilire 
la cost.ituzione molecolaré di una combinazione chimica partendo 
(falla sua composiziooo centesimale e non si voglia negare il 
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fondamento stèsso della' teorIa' atomica~ i rapporti fra', i. vari 
componenti vengono sempre ricavati partendo dalla legge delle
proporzioni definite e multiple e, poichè fra i dati sperimentali 
e quelli' teorici vennero talvolta notate differenze troppo grandi 
per poter essere spiegate semplicemente come errori di os~erva
zione, piuttosto che considerare falsa la detta legge, si è pre
ferito, di applicare il principio dell' isotopismo secondo il quale 
i pesi· atomici degli elementi chimici, possono variare, fatto 
questo ormai confermato sperimentalmente. 

Ma oltre a queste leggi, altre se ne hanno che sono dedotte 
. da gruppi di fenomeni i quali presentano un grado di varia .. 

bilità molto maggiore nei loro dati sperimentali. E, se per ta
lune, come ad esempio per la legge di DULONO e PETIT sui 
rapporti fra i pesi atomici e i calori specifici dei singoli e le": 
menti (l), si ammette ancora che si tratti di leggi aventi un 
valore assoluto malgrad.o le grandi oscillazioni che si osservano 
nei risultati, per altre invece occorre necessariamente di am
mettere una molto' maggiore ampiezz~ nei loro limiti di realiz
zazione e quindi. nei loro enunciati che diverrebbero molto più 
larghi 'e comprensivi, non essf'ndo anche da escludersi che ta .. 
luna di esse possa scindersi in leggi nuove, le quali, pur deri ... 
vando da un u,nico ceppo potrebbero in seguito divergere più 
o meno sensluilmente, - col' moltiplicarsi dei dati sperimentali 
che v i si riferiscono. 

Ora è appullto in questi gruppi di fenomeniche i met.odi 
statistici vengono ad assumere una grandissima impOl;tanza de
rivante dal fatto che ci troviamD in presenza di problemi la 
cui soluzione richiede una impostazione moltD differente da quella 
richiesta per quelli precedentemente esaminati. 

Infatti DCCDrre in questi cast- di ricDrrere, e taJvolta in con
dizioni mDltD sfavDrevoli, a procedimenti di carattere puramente 
sintetico ed integrativo, i quali dall' esa~e dei singoli dati, ci 
debbonD permettere· di stabilire se si tratti di fenomeni che 
possano venir collegatigli uni agli altri in mDdo da essere 
esprimibili mediante leggi definite, ed in caSD affermativo quali 

(I) Questa legge, che nel suo col'ltenuto teorico si può esprimere me
diante una iperbole equilatera, $i enunciA. dicendo che il prodotto del peso 
di combinazione di un elemento chimico per il suo calore specifico porta ad . 
un valore costante, detto calore atomièo ed in media uguale a 6,4. Questa 
costante però oscilla notevolmente. 



possano essere le estensioni di dette leggi e quali i loro enun-
ciati più logici e concordanti con quanto venne realmente os-· 
servato. 

Questi risultati si possono evidente'mente solo ottenere accu ... · 
mulando il massimo numero possibile di dati e, per un lato
~ompiendo sq di essi un lavoro accuratissimo di selezione che 
ci ,permetta di eliminare i dati 'meno attendibili, e per altro 
lato compiendo un processo di elaboraziòne che ci conduca a 
considerare le q~estioni dal punto di vista più largo ed obbiet--
tivo po~sibile, il che disgraziatamente non succede spesso nello 
studio dei fenomeni naturali che vengono piuttosto studiati da 
un punto di vista molto ristretto, immediato e soggettivo. 

I fenomeni appartenenti a questi tipi sqno frequentissimi 
nel vasto campo delJe Scienze Naturali, per cui non v.i è alcuna· 
difficoltà nella scelta degli esempi. 

lo mi limiterò ad accennare a taluni presi quà e là in. 
campi anche molto differenti, onde far vedere a quali risultati 
si sia giunti in alcuni casi in cui i detti metodi vennero am
piamente impiegati ed a quali, a parer mio, si potrebbe giun-
gere in altri casi, se si evitasse di studiarli, co·me ,enne fatto 
fino ad ora, da un punto di vista troppo limitato ed unilatè-
rale. Si vedrà così come si siano ricavati relativamente a 
problemi talvolta anche molto complessi dei risultati che, ,non 
solo hanno permessò di considerare ·Ie questioni in essi trattate 
con tutta la ampiezza richiesta, ma pur anche hanno servito a. 
dimostrare come molte devi~zioni ~d oscil1azioni dipendessero· 

'da una incompleta valnta:lione dei dati sperimentali, perchè non 
sempre erano stati sufficientemente definiti i fondamenti ed i 
limiti delle leggi che si consideravano. 

In' alfri casi poi molto più difficili, perchè riferibili ~ feno-
meni assai oscuri nelle loro cause e nel loro svolgimento, si 
poterono ottenere dei risultati non indifferenti che permisero 
di rendere meno arbitrarie le loro possibili curve di integrazione., 

Vediamo ad esempio la legge dell' isomorfi~mo come ·era. 
stata primamente definita da MITSCHERLICH. Secondo questa legge 
i corpi che hanno analogia di composizione chimica e di strut
tura molecolare sono capaci di dar luogo a cristalli misti i èui 
carattèri variano fra quelli proprii dei cristalli dei sillgoli cOlopi 

. in rapporto alle loro rispettive proporzioni. 
Questa "legge quando venne Amessa aveva tutta l'apparenza, 

di una leggé assoluta; ciò proveniva però solo dal fatto che, 
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,era stata fondata su un numero troppo esiguo di casi eccezio
nalmente favorevoli ed infatti in breve si ebbero tante devia
zioni e talmente grandi che essa venne da tal uno addirittura 
negata supponendosi che i casi ad essa favorevoli dipendessero 
.semplicemente da fortuita èoincirlellza. 

Le cose cambiarono però uUovamente di aspetto quando, 
,avendosi potuto accumulare un grandissimo numero di osserva
zioni, queste poterono essere convenientemente elaborate, dopo 
di essere state sottoposte ad un diligente lavoro di epurazione. 
Ed invero, mentre -per un lato si potè affermare la reale esi
:stenza della legge dell' isomorfismo, fissandone in modo ben 
chiaro i suoi veri limiti, per altro lato si potè dimostrare che 
molte deviazioni dipendevano dal fatto che erano stati erronea
mente riuniti dati riferelltisi ad altre leggi le quali, pur avendo 
un fondamento comune con quella deIl' isomorfismo, se ne stac
cano poscia nettamente. 

Tali sono appunto le leggi dell' isogonismo e delle soluzioni 
solide; di queste la prima ammette che corpi dotatI di una 
certa analogia di struttul'a molecolare e "di volumi - molecolari, 
molto prossimi, possano cristallizzare in forme molto vicine, pur 
non potelldodar luogo li cristalli misti; la seconda stabilisce la 
P9ssil,ilità di analogie fra i corpi liquidi ed i corpi solidi nel 
loro comportamento per ciò che si riferisce al fenomeno delle 
soluzioni che potrebbero anche avvenire direttamente fra corpi 
solidi colle stesse leggi colle quali avvengono fra corpi liquidi 
e fra corpi liquidi e solidi. 

Di queste due leggi la prima non ha per il momento che 
una importanza Iimitatà, essendo piuttosto indeterminata; la 
seconda invece ha ormai acquistato un grande sviluppò, non 
solo nel campo della pura Chimica-fisica, rpa pur ant}he i '1 

-quello della Metallografia riguardo alle questioni riferentisi alla 
costituzione delle leghe metalliche ed in quello- della Mineralo-
gia, dove è stata, e spesso ~on molto- successo, applicata per 
spiegare la costituzione di molte specie che furono considerate 
come soluzioni solide di corpi differenti in proporzioni variabili 
non potendosi ad esse applicare la lègge dell' isomorfismo per 
la mancanza di analogie chimiche. 

Un altro esempio degno di nota è quello riguardante l'au
mento graduale di calore che si osserva co.11' aumentarA delle 
profondità terrestri, in rapporto colla esistenza di un calorico 

;cj nterno proprio del nostro globo da taluni considel'ato come Ul! 
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residuo del calore siderale della 'l'erra e da altri invece come
dovuto, a fenomeni esotermici ,di natura chimica e fisica che 
avve.rrebbero nell'- iutel'llo de' glob.o. 

Però, siccome )e n.ostre ricerche B.on hanuo fin.o ad ora 
raggiunt.o che una massima prof.ondità di circa 2.000 metri 
80pra 6.500.000' che rappresentan.o la lunghezza media del 
raggi.o terrestre, si c.omprende facilmente come, per quanto ri
guarda il pr.obabile mod.o di sv.olgersi del fenomeno nelle z.one 
molt.o pr.ofonde, non si possan.o avere risultati concreti, essendo 
necessari.o di ricorrere a pure formule di estrapolazi.one. 

Tuttavia anche in questo caso qualclÌe buon risultat.o si 
potè avere accumulando il massimo numero di .osservazioni e 
S.ott.oponend.ole ad un diligente lavoro di allafisi. Infatti si p.otè,_ 
non s.olo stabilire che dett.o aument.o non è· arbitrario, p.oichè t 

pur avend.osi nei casi. singolinotev.oli .oscillazioni, si è consta
tat.o che l'aumento di l° c.orrisponde in media ad un aument.o 
di pr.ofondi tà di circa 30-4 O metri (grad.o geotermico), ma pur 
anche, come appunto fece il Fritz, si è -giunti alla conclusione 
che a'l centro della Terra la temperatura n.on può essere supe
riore a circa 3~500°, mentre dapprima si era giunti da taluni 
a cifre fantastiche superiori ai 180.000°. (I) 

Porterò, togli'elldolo dalla Biol.ogia, un ultimo esempi.o con
nesso colle ricerche hiometriche che a mio parere. conforta la 
mia affermazione secondo cui molte volte la mancanza di buoni 

. risultati dipende dal mod.o troPP.o unilaterale col quale molti 
problemi vengono studiati, senza che si cerchi di utiliz7-are nel 
m.odo migliore P.ossi bile i l materiale di studi.o che si ha a di
sposizi.one. 

Poichè si tratta di Un arg.omento già molto trattato e di
scusso per opera di numer.osi aut.ori c.ome VOLTERRA, PEARS.oN, 
WELD.oN, G ALT.oN, QUÉTELET, DE VRIES, CAMERAN.o, ecc. special
mente in quant..o si riferisce alle .osservazi.oni dei. caratteri S.o-

(1) Nei primi tentativi si era infatti pHrtiti da un' equazione lineare 
del tipo KP-T, essendo P. la profondità, T la temperatura e' K una co-

. l 
. stante rappresentata nel caso specifico da G essendo G il grado geometrico. 
, , 
'Posteriormente invece si parti dalla equazione di secqpdo grado T%=] 18(P-50) 
dalla quale; sostituendo a P il ra~gio terrestre e non tenendo conto del 
termine -50 perchè del tutto trascurabile difronte al valore di P si ottiene,. 
al centro della terra T V 1,8 X 6.500.000. ' 
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matici, mi limiterb ad accennare a quelle ricerche biometriche 
istituite allo scopo di vedere se sia possibile di' stabilire' a 
quale specie appartenga un' individuo, mediante uno studio 
,comparato delle varie parti del suo corpo, rimanendo perb sempre 
'nell' ambito di specie molto vicine. 

Il metodo consiste ileI prendere una data parte del' corpo 
'dell' individuo come unità di misura, ricavand<:> posoia 'le di· 
'mensioni comparate delle altre parti. Ripetute queste misure su 
molti individui appartenenti alle specie considerate SI costruis
cono le curve di frequenza e -si osserva se e come esse si dif
ferenziano le uue ~dalle altre. 

Ora le dette' ricerche hanno diìnostratoche. nel caso di 
'speci~ molto vicine le curve' di freq:uenza, aventi il solito tipo 
-campanulare, sono molto simili e per ~i più si sovrappongono 
quasi completamente le une alle altre, per cui i campi di sa
turazione delle singole specie vengono a . confondersi. 

lo credo che 'questi risultati così poco confortanti siano di
pesi sopratutto dalla imperfetta impostazione del problema, la cui 
soluzione nei limiti prima accennati già a priori' si pot.eva 
intravedere, essendo logico .che fra specie molto vicine si ab· 
biano minime, differenze biometriche, dato che gli stessi biologi 
affermano che è molto difficile dì stabilire in detti casi con 

-esattezza le differenze specifiche. 
Non deve quindi far stupire se le ricerche compiute in questo 

'senso, non portino' a quei risultati conclusivi che invece molto. 
probabilmente si otterrebbero se il problema fosse studiato sotto 
un aspetto più generale, come ad esempio. quello di ricercare 
qua1i siano i rapporti di affinità che esistono fra i caratteri 
'specifici ed il complesso dei dati biometrici nelle varie specie 
-,che entrano a formare un genere od anche una famiglia, vale 
'a dire fra gruppi di specie più differenziate. Invero i,n tal~ 
,caso si potrebbe vedere se le singole curve .di frequénza, cera 
tamente molto più differenziate che non nel caso di specie af· 
flni, presentino' o no' nel loro sviluppo qualche relazione che 
,porti a rapporti precisi e ben definiti. 

Non credo necessario di spingermi più oltre perchè. suppongo 
"..che sia sutllci-ente quanto ho detto per dimostrare la necessità per 
. ,j naturalisti, considerati nel significato più esteso della parola, di 
·eonoscere i metodi della Statistica come mezzo di indagine. 

rrale convincimento deriva anche- dalla impossibilità di se· 
,parare nettamente i fenomeni naturali dai fenomeni sociali, non 
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.essentlovi alcun, motivo perchè la serie continua che dai fenomeni 
riferenti~i alla così detta' materia _ bruta,va gradatamente fino 
,a quelli proprii della materia orga.nizzata, si arresti quando si 
giunge all' uomo. Invero, se anche in molti casi la attività co
sciente dell' uomo ha potuto. e può notevolmente inflUIre sullo 
.8volgimento di molti fenomeni ed anche può dar origine a fe
nomeni nuovi, non bisogna scordare che ve ne sono molti in cui 
tàle sua azione cosciente ha una importanza nulla o molto li
mitata, e di tali fenomeni sono piene la antropologia, la antro
pometria ed in parte anche la demografia. 
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J. BOKALDliJRS-

Lettland8 Agrarproblem 

Lettland VOI' dem Kriege war sei t al tersher typiseh das Land des 
Grossgrundbesitzes, denn die 1300 privaten Gtiter(l) nahmen 48 % 

des Gesamtareals, oder ungefahr 3 1/ 2 Millionen ha ein. Dem- St~te 
gehorten voro Gesamtareal lO 0/0 oder ca 650.000 ha, wovon 80°/

0 

Walder waren. Die 225 Staatsgliter hatten durehsehnittlich eine 
Grosse von ca 300 ha. Die 150 Pastorate - bildeten 1% oder ca 
68.000 ha. bei einer mittleren Grosse von ca 100 ha; 1,5 % oder 
89.000 ha. waren in Nutzuog der SUidte u. versehiedener Institu
tionen, un::! nur 39,5% = ca 2,6 Millionen ha Gesamtareal entfiel auf 
kleine u. mittlere bauerliche Wil'tsehaften. 

Eille Erlauterung fUI' die Entstehung diesel' -Agrarverhaltnisse 
geben die- eigenartigen Gesetze bei Aufhebung del' Leibeigensehaft, 
sowie rlie lokalen Bauerngesetze, welehe von den ortliehen adligen 
Vel'waltungsorganen - den Landtagen - ausgearbeitet u. erlassen 
wurden. 

Erst naeh Aufhebung der Leibeigenschaft - im Anfange des 19. 
Jahrhundel'ts -fing del' Adel an, aut freie Vereinbarung Laud zu 
verkàufen. Die Regierung bestimmte ftir Privatgtiter aber weder 
die Zeit uoeh den Preis ftir den' Verkauf des Bàuernlaudes. Nur 

. der Verkauf der rlem Staate gehorigen Bauernlandereieu wurde 
durch ein allgemeines russisches Bauerllgesetz geregelt. Daher war 
·vor dem Kriege Iloeh ein betraehtlieher Teil des Bauernlandes un
verkauft und die Ànzahl del' in bauerlichem Besitz beflndlichen 

(I) Man unterschied in Lettland 8 grosse Giitergruppen: l) Privatgiiter, 
2) Staatsgiiter n." 3) Pastorate, d. h. Giiter in Nutzllng dar landischen Pastore. 

Lettlalld zerfallt in 3 Provillzeu: I. L'ivland, bestehend aus 4 Kreisen; 
II. Kurland, welches aus 2 '!'eilen besteht: a) Kurlaud mit 5 Kreisen u. 
b) Semgallen ebenfaIls mit 5 Kreisen u. III. Lettgallen, aus 3 Kreisen 
bestehend. 
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Einheiten elTeiehte nur 90.000. ·Eine mittlere Bauernwirtschaft oder' 
ei)} Gesillde in den Provinzen Livland und Kurland hatte ungefahl~ 
30 - 40 ha; in del' Provinz Lettgallen (den 3 Provinzen des frtiheren 
GouVel'llements Witeosk) aber erreiehtell 4iie BaUel'IlWirtsehafteu . 
nur die Grosse von 7 - 8 ha. Ausser diesen Wirtsehaften gab es 
in stal'k bewohuten Geg.end.en, in del' Niihe grosse l'e l' Stiidte und 
langs dem Meeresstl'ande aueh noeh kleinel'e Wi l'tsehaften. 

Dureh die historisehe Entwieklung des Landes, so wie auch 
dureh den Einfluss del' adligen Grossgnmdbesitzer auf die agraren 
Verhaltnis~e des Landes kam der grosste Teil del' Landbewohner 
nicht zu eigenem < Lande. Der kleinere Teil derselben pachtete in
folgedessen Land von den Gtitern oder den grosseren Bauernwirt
schaften. Der weitaus gl'ossere Teil der Landlosen war indessen 
gezwungen, sieh ais Landarbeiter auf den Gliter'n oder' den gros
seren Bauernwirt,schaften zu vel'dingen, in die grosseren Stadte 
zu ziehen, ode l' naeh Russland auszuwandern. Dahel' betrug die 
Einwohnerzahl in Lettland VOI' dem Kriege 40 Persone n pro CJ 
klm. Jetzt ist die Einwohnerzahl bis auf 25 Personen pro Cl klm. 
gesunken. Die GesamtbevOlkerung Lettlands belragt- zurzeit 1,9 
Millionen. . 

Die mittlere Grosse des pl'ivaten Grossgl'undbesitzes liberstieg 
2.000 ha, doch gab es GHter mit bedeutend grosserem AreaI, unte ... 
diesell eines - das Gut Dondangen - sogar mit 70.000 ha. 

Von allen privaten Glitern in Livlalld waren 70°/0 gl'osseI' als 
1000 ha, was 94 °10 des Gesamtal'eals del' Privatglitet', oder beinahe 
die Ualfte ganz Livlands ausmaehte. In Kur]and waren 47,5°10 diesel' 
Gtitel' gl'osseI' ais 1000 ha d. s. = 90°10 des Gesamtarea]s del' Privatgti
ter, oder 37 010 vom Flaehenraum. Kurlands. In Lettgallen nahmen die 
Privatgtiter von je tiber 1000 ha Grosse 561.545 ha eill, oder ca 
77°/0 des ganzen Privatbesitzes, was etwas weniger als die Halfta 
Lettgallens ausmaeht. Pl'ivatgtiter von 5.000 - 10.000 ha umfassten 
in Livland 25,68 °10 des Gesamtareals diesel' Gtiter, in· Kurland 
24,58 %; aber die Privatgtiter in solehem Umfange in Lettgallen 
== 7,65°10. Diese Gtiter hatten den Charakter von Latifundien und 
umfassten 1,4 Millionen ha ode.. mehr als 1/5 ganz Lettlands. 
Gliter vòn tiber 10.000 ha Gl'osse reprasentierten in Li vland 18,25°10 

(208.562 ha) des Areals aller PrivatgUter; del' Pl'ozentsatz fur 
Kurland war 24,45% (381.470 ha) und fiir Lettgallen sogar 34,19°/0: 
(250.102 ha). 

Die grossen privaten Gtiter, welehe von einem Zentrum aus 
nicht bewirtsehaftet werden konnten, zerfielen meist in m~hrere 

Metron - Vol. II; n. 4. - 47 
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Wirtschaftseinheiten, die teils vom zentralen Hof bewirtschaftet, teils 
,verarrendiert oder auch zum l'eil an LandarLeiter als Lohn ver
geben wurden. Diese grossen Besitzlichkeiten waren bis zur letzten 
Zeit fast ausschleisslich im Besitze des Adels, welcher die landi-

'sehen Verhaltnisse ordnet.e. Von alleti 41,4Privatglitel'n Livlands 
waren in nichtadligen Handen nur ca 50 Giitel' mit ungefahr 60.000 
ha, also Ilieht voll ]/16 des' Landes. Ebenso gehorten aueh in Kur
land 92,2 o/Q aller Privatgiiter dem Adel, und die gleiehen Verhalt
nisse waren in Lettgallen. Diese adIigen GrossgrundlJesitzel' waren 
gewohnlieh anderer Nationalitat als die eingelJorenen Bewohner des 
Landes - die Letten: in Liv land und Kurland waren . es Deutsehe, 
und in Lettgallen - Polen, 

Zu der durch sozialen Antagonismus in der Agrarfrage her
vorgerufenen Unzufriedenheit gesellten sieh aueh nationale Gegen
satze, welehe sich durchdie den Grossgrundbesitzern zustehenden 
Privilegien noeh verscharften. Diese feudalen PrivilegiÈm, welche 
seit dem ~1ittelalter bis zum Weltkriege bestanden, waren: 'das Vor
recht des Bierbrauens und des Spiritusbreunens, das Jagd - und 
Fischereireeht. In der VerwaIt.ung des Landes ulld in den Selbstver
waltungsorganen fLandtagen) standen den Grossgrundbesitzern in 
Gem~insamkeit ma russisehen Regiel'ungsbeamten ebenfalls das 
Bestimm ungsl'eeht und das aussehlagg~bende Wort zu. (l) 

Diese Agrarverhaltnisse ulld die sozialen' Zustande riefen schon 
vor dem Weltkdege unter der Landbevolkerung Unzufriedenheit 
mit den Verwaltungszustiinden und de'r bestehenden Agrarordnung 
hervor, was besonders deutlieh in den Unruhen i. J. 1905 zlIta'getrat. 

Durch den Weltkrieg, die russische Revolution und endlich durch 
die Gewalthei-rschaft der Bòlsehewisten wurde der Grossgrundbesitz 

. sehr in Mi tleidenschaft gezogen. Viele Besitzer hatten ihre Gliter 
verlassen, ander,e verliessen sie infolge der Kampfe bei Riga llnd 
Wenden und wegen del' Bermondtatrare im Jahre 1919. 

Darum hatte die Regierung LeUlands noch vor dem InkrafttrHten 
dea neuen Agrargesetzes schon fast die Halfte aller Gtitei' 'Lettlands 
unter ihre Aufsicht genommen und zwal': die von ihren Besitzern 
und deren Bevollmachtigten ver'lassenen und die infolge der Ber
mondtatra.l'e sequestrierten Glitel'. Die Anzahl soleher von ,der Re-

(l> Solche Giite.r, welcbe das nach dem Gesetz bestimmte Minimum 
(300 ha. land l irtschaftlich genutzer Flache) aufwiesen nnd deren Besitzer 
bestimmte oben erwahnte Vorrechte genossen und samtlich Glieder del' pro
vinzialen Landtage waren, hiessen Rittergiiter. 
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,,gierung iibernomrnener Glitel' betrug zu Ende des Jahl'es 1920 - 629. 
'Gliter und 16 Pastorate~ 

Das Arealaller diesel' Gliter, betl'ug ca 800442 ha. 133 dieser 
Gliter mit 182,671 ha Gesàmtareal, 'darunter 22.213 ha Acker, be.;. 

,wirtschaftete die Regierung selbst,' wahl'end sie die librigen auf 
;kurze Zeit an GI'OSS = oder Kleinpachtel' abgab. 

Gegen Ende des Jahl'es 1919 begannen schon die Vorarbeiten 
fùr die Landaufteilung, die dann wahrend des ganze n Jahl'es 1920 
forlgesetzt wurden; òie abgeteilten Grundstticke wurden vel'pachtet 
und die VOI'arbeiten fii l' die in Aussielit genoromene Agrarreform 

· in Angriff genommen. Unter soichen Umstanden entstand der erste 
Teil des jetzt bestehenden Agrarrefol'lngesetzes. 

Dieser erste Teii «liber den staaUichen Landfonds,. ist am 16. 
Septempel' 1920 von der Konstituante angenommen worden, der II. 

· Teii «libel" die Nutz~mg des staatliehenLandfonds» - aro 21. De
zembel' 1920; del' IV. Teil «libel' die Landeinl'ichtungskomitees» 
- am 17. September 1920, und del' III. Teii «enthaltend die Besta
tigung der Agrarol'dnung» am 3. Mai 1922. Aussar den ob~n er- ' .. 

· wahnten Teilen des Agral'gesetzesgibl es noch eine ganze Reihe 
von verschiedenen Instruktionen, die vom Landeinrichtungskomi
tee, das libef' die Nutzung des staatlichen Landfonds die Aufsicht 
hat und die Landverteilungs = und Zuteilungsarbeiten Ieitet, erlas
sen worden sind, uro auf administrativem Wege die Agrarreform
:al'beiten in del' PI'axis durchzufiihl'en un zu regulieren. 

Das Zentrale Landeinl'ichtungskomitee besteht aus 13 Glìedel'n, 
von denen die eine Halfte von del' Konstituante ernanut u. die 
andere Halfte-mit dem Minister der Landwirtschaft aIs dem Vor
sitzenden des Komitee$-von del' Regierung eingesetzt Wil'd. 

Die Ziele der Agpa'l"reform sind laut Gesetz folgènde : 
l) Die Einl'ichtuilg neuel' Wil'tschaften und die Erweiterung 

schon bestehendel' Kleinwirtschaften, 
und 2) die Befl'iedigung vel'schiedener wirtschafticher, sozialer 

,und kulturelIel' Bediil'fnisse und El'wei tèrung del' Stad te u. Flecken. 
Del' I. Teil des Agral'refol'mgesetzes bezieht sich dil'ekt auf 

die Aufteilung des bisherigen Gl'ossgrundbesitzes und die GI'lindung 
neuer Wirtschaften, wahrend del' II. Teil ohne direkte Angaben 
sich weitere soziale unct kultUl'elle Ziele steckt, die als Folgeerschei
tlungen einer weitgehenden Agrafl'efol'm zu betJ'achten sind. 

Um die oben el'wahnten Ziele durch das Agl'arreformgesetz zu 
~rreichen, ist speziell der staatliche Landfonds gegrlindet. 

Dieser Landfonds besteht: 
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1) aus dem Staatsbesitz (Gliter u. Walder), 
2) aus dem Privatbesitz {Privatgliter mit Ausnahme der VOll 

ihnen abgeteilten u. verkauften Bau~rnhofe.) 
u. 3) ausden PastOl'atslandel'eien. 
Die unverkauften Bauernhofe, so -wie die in der deutschen 

Okkupationszeit zu Kolonisationszwecken zugewiesenen undabgeteil
ten Landereien, der Besitz der russischen Bauernagrarbanken mit 
den von ihnen gekauften Bauernlandereien, sind vollkommen dem 
Landfonds einverJeibt. Nieht enteignet wird der den frUberen Land
bésitzern nieht zu enteignende Teil, der nieht mit dem Gutszentrum
gleichbedeutend ist, einer mittler'en verkauften Bauernwirtschaft 
gleiehkommt und in jedem einzelnen Falle dureh die Regierung resp. 
dureh das Landwirtsehaftsministerium zugewiesen wird. DieGrosse 
eines solehen nicht zu enteignenden Teiles ist auf 50-100 ha bestimmt. 
Ferner sind vorlaufig noch nieht enteignet: die Gliter u. Landereien, 
welehe den Stadten, Flecken, Kreisen und Dorfern gehoren. Zu
gleieh kann mit dem Lande, gegen Entgelt, aueh das del' Regierung 
notige u. tauglicbe Inventar enteignet werden. 

So sind dureh das neue Agrargeset.z dem staatlichen Landfonds 
fast 'l/a allen Landbesitzes Lettlands zugezahIt worden, d. i.: 

landw. genutzt. Flache: 1.654.739 ha, 

Wald : 1.496.884 ha, 

Unland . : 558.791 ha, 

Gesamtareal: 3.710.414 ha. 

In diese Summe sind nicht hineingerechnet die' durch Grenz
regulierungen und Friedensvertrage Lettland zugefaJlenen Gebiete. 
Wenn man von obigem Areai die den frliheren Besitzern und Pasto
ren belassenen Landereien abrechnet, so verbleiben dem Landfonds ~ 
3.573.000 ha. Den grossten Tei! des Landfonds (81. 3 %) bilden dia 
ehemaligen Privatgliter mit: 

1.409.501 ha landw. genutzt. Flache t 

1.128.446 ha Wald, 

, 477.902 ha Unland 

3.015.849 ha Gesamtareal; 
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<den nachst kleineren Teil (16,9 %) die Staatsguter und W iilder mit:' 

188.782 ha landw. genutzt. Flàche, 
362.374 ha Wald 

76.578 ha Unland 

627.734 ha Gesam tareai ; 

und den kleinsten Teil (1,8 %) - die frtihel'en Pastorats - u. Kir
ichenliinder'eien mit: 

56.456 
6.063 
4.311 

66.830 

ha landw. genutzt. FHiche, 
ha Wald, 
ha Uniand 

ha Gesarntal'eal. 

\ 

Diesel' oben el'wahnte Landfonds ist vom Staate folgendermas-
'sen zu nutzen: 

l) Die Waldel', Gewasser, das Unland, historische Gegend,en, 
Landereien mit ·Naturschonheiten u. Bodenr'eichttimern, oder sol
che, welche archaologischen Wert haben, bleiben' als Staatseigen
tum in staatlicher Vel'waltung und zwar ineinein Umfange, 'der 
durch ein besonderes Gese1.z, das aber noch nicht herausgegeben 
ist, festgesetzt werden wird. Eben betl'agl der Staatsbesitz - an 
Waldern u. Unland - ca 2 Millionen ha. Jeder neufundierten 
Wirtschaftseinheit konnell bis 5 ha. Unland u. Wald zugeteilt 
werden, wobei der Wald 3 ha. betragen kann. 'Gleichfalls enthalten 
auch die den frtiheren Besitzern zugeteilten Landstticke Wald u. 
Unland. Der Staatsbesitz hat sich durch das neue Agrargesetz ver
dreifacht und zwal' ist er von 630.000 ha auf 2 Millionen ha an
gewachsen. 

2) Die lalldwirtschaftlich zu nutzenden Land~reien des staatli
,chen La~dfollds sollen in erster Reihe zur Grtindung neuer Wirt
schaften, verw~nd t werden. Ftir diese Wirtschaften hat das Agrar
,gesetz als Maximum ~7 ha bestimmt, davon konnen 22 ha land
wirtschaftlich genutze Landereien sein (Acker, Wiese, Weide) und. 
·die UlJrigen 5 ha diirfen Wald u. Unland sein. 

In den staatlichen Landfonds silld vorlaufig auch alle langbe
fristeten Pachtgrulldstticke aufgenommen worden. Diese sind aber 
nicht aufzuteilen, sondern nach Reguliel'ung del' Gl'enzen endgtiJtig 
<ten bisherigen langjahrigen (wenigstens 25 Jahre) Pachtern zuzu-
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durchaus nicht V'on den verkauften Bauernwirtsehaften (Gesinden) 
und haben aueh einen genligenden Prozentsatz (12 %) an Wald 'u .. 
Unland. In Liv]and, Kurland und Lettgallen sind die auf Hofesland 
gelegenen BaJlernwirtsch~ften nicht zu teilen, wenn sie den Cha-
rakter von GesiIiden tragen und die Grosse von 100 ha nieht tiher-
steigen. , 

Sehon bestehende Kleinwirtschaften, ~erea. AreaI òas del' neu
fundierten Wirtschaften nicht erreicht, konnen vom Landfonds bis 
auf 27 ha Gesamtareal vergrossert werden. Kleinsvirthsehaften sind -
laut Agral'gesetz, Wirtsehaften mit bis 15 ha Gesarutareal. Sehon 
vor dem Kriege gabes in Lettland viele soleher' Kleinwirtsehatten,. 
besonders in Lettgallen. 

Das AreaI, welches zur Grundung neuer Wil'tschaften lind zur 
Vergrosserung sehon bestehender Z~Jr Verfttgung' steht, betragt ca 
1.655.000 ha landwirtsehaftlieh zu nutzender Flaehe, - ohne Wald 
u. Unland. Da Blln fùr jede Wil'tsehaftseinheit 5 ha an WaJd 
und Unland hinz\lzul'eehnen sind, was fur ea 60.ÒOO Wirtschaften 
300.000 ha ausmaeht, so stehen also dem staatlichen Lar)(lfonds 
in naehster Zukunft ea2.000.000 ha tlir die Zweeke del' Agrarre-
form zur Verfligung. Del' libl'ige Teil des Landfonds bleibt Staats-· 
eigentllm u. wird erst allmahlieh fùr die Zwecke del' Agl'arrefoJ'm 
ausgellutzt werden konnen und zwar nach Troekenlegung von Stim
pfen und naeh Ausftihl'ung von umfassenden Bodenmeliorations
a.rbei tell. 

Nach dem Agrarreformgesetz habenein Anrecht allf Land' 
aus dem staatliehen Landfonds a])e Burger Lettlands zwischen 18 
und 65 Jahl'en, welche kein Land oder wenige1~ als 22 ha besitzen" 
u. welehe sich verpftiehten, dass ihnen zuzuteilende Land zu be~ 
wit'tschaften. Andere Bedingungen stellt del' Staat den Lanfordern-
den nicht. 

In den Jahren 1919 u. 1920, als die Regierung zum ersten 
Mal die Landaspiranten registrierte" meldeten sich unter dem Ein
fl'usse der ungeklarten politisehen Lage nm' 43.000 Personen (mit 
den Familiengliedern 72.474) in Livland u. Kurland ZUSanUYlen. 
(Lettgallen und aueh ein Teil Kurlands waren damals noch 'V'on 
Russland okkupiert). Diese Registrierung ergab folgeilde Daten: 

2/3 aHer Landaspiranten hatten. das zur Einriehtung derWirt
schaft notige Inventar und zwar: 61,07 % hatten ein oder mehre
re Pferde, 81 % - Klihe, 66 % - Pfltige und 67 % - Wagen,. 
da 55°/; alJer LandwiiRsehenden bisherige Pachtel' oder Halbkorner' 
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waren. 1m Jahre 1921 ist die Zahl aller Landaspiranten bis auf 
100.000 Personen angewachsen und in manchen Gegenden macht sich 
ein relativel', Landmangel fuhlbar'. Wahrend in Livland u. Kurland 
die Landaspiranten zum grossten Teil Landlose sind, sind es in 
Lettgallen meistenteils BE\sitzel' von Kleinwirtschaften. So waren 
z. B. im Ludsenschen Kreise, Ilui' 14,84 % alleI' Lan~aspiranten 

Landlose, wahrend 68,05 % -- Personen waren, welche Landin 
Pacht o(ler zu eigen besassen. 1m Durchs'chnitf betrug die Land
forderung i m Ludsenschen Kreise 4 ha pro Person. Die Pach ter 
hatten grosstenteils bis 15 l/a ha Land von den Glit.ern oder den 
Gemeinden in Pacht, wiinschten aber fast alle bis 20 ha pro Wirt
schaft. Nnr etwas mehl' als 1/4 (28, 8 6/ 0) alleI' Landaspiranten des 
Ludsenschen Kreises hatten kein Pferd; 62,68,% hatten zu einem 
Pferde, die iibrigen 8,58 % hatlen rnehr Pferde; 8,40 % del' Land
wlinschendell hatten kein Vieh ; 20,37 Il/o - keine Pfliige uno 2:3,32 % 

- keine Wagen. Es ist somit die Hauptaufgabe der Agrarreform 
iÌ} Lettgallen, die Kleinwirtschaften zu vergrossern und Einzelhofe 
einzurichten. Ferner ware die geringe Zahl del' _Landlosen mit Land 
zu versorgen, wenn auch dUl'ch Verpflanzung in schwacher bewohnte 
Gebiete Liv lands u. Kurlands. 

Das Agrarl'eformgesetz erkenntallerdings jedem BUrgel' Lett
lands die Berechtigung auf Land zu, doch wird man in del' nach
sten ~ukunft nm' einem Teile ..,- wenn auch dem grossten - der 
Aspiranten gerecht werden konnen. 

Darum teilt das Gesetz alle Landaspifanten in Kategorien ein. 
Zunaehst ist vorgesehen, die Anspl'tiche der Kleinwirtschaften zu 
befl'iedlgen, wolJei die letUandischen Freiheitskampfer den Vorzug 
haben. 

Zur I. KategOl'je gehoren vor allem die Landaspil'anten der be
treffenden Gemeinde: die Kavaliel'e des Barentoterordens (1), die 
Familienglieder del' in del' lettlandischen Al'mee Gefallenen und 
die Kriegsinvaliden. ; , 

Zur II. Kategorie gehol'en die Landwtin~chenden aus andel'en 
,Gemeinden: Krieger, welche wenigstens 1/2 Jahr in del' lettlandi
schen Armèe oder einem lettischen Schtitzenregimente gedient und 
an den Befreiungskampfen teilgenommen habeu, die Angehorigen 
der Gefallenen und dia Invaliden. 

(I) Die Kavaliere dea Barelltòterol'dens sind Krieger, welche an den 
lettJAndischen Befreiungskàmpfen teilgenolllmen haben und dafiir mit dem 
im Jahre 1920 gestifteten hòchsten - KriegsQrd~n Lettlands ausgezeicbnet 
worden sind. 
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Zur III. Kategol'ie gehol'en die tibrigen Landlosen der' ol't.li
chen Gemeinde, 

zur IV. Kategorie - die Landloseu alls anderen Gemeinden, 
die das ntitige Inventar haheu 

U" ZUl' V. Kategorie - alle tibrigen Landwtinschendell ohne 
Inventar. 

Vor den oben à'jlgeftihden, in Kateg'ol'ien eingeteilten Land -
wtinschenden muss jedocl,l Land zugeteilt werdell : 

1) den Vel'waltungs, SellJstvel'waltullgs u. offentlichen Insti
tutionen, so wie mI' soziale, u. kulturelle Zwecke; 

2) zur Erweit.el'l1l1g del' Kleinwil,tschaften und ZII l' GI'tindung 
bisher angefordel'ter neller \Vil'tschaften; 

3) den langjahl'igen Pachtst.ellen, welche den Charakter von 
Gesinden haben und Ilicht wenigel' als 25 Jahre von:ol't1iehen Land
wirt.etl bewirt.schaft.et worden sind; 

Il. 4) ZUI' Abrundung del' n'icht ZII enfeignendeu. \Virtschaften 
unci zllr Liquidierung del' Stl'eusUieke. 

Diesen ausserhalb del' obigen 5 Kategol'iell stehenden Gl'uppen 
sind im Jahre 1920 26 % aller vel'teilten Landstticke zugewiesen 
wOl'den. Allf die- I. Kat.egorie entfallen: 39 Einheiten (1.57 %) der 
vel'teilten Landstticke; auf die II. Kategorie: 501 EiJlh. (20,12 %) ; 
auf die III. Kalegorie: 1.104 Einh. (44.34 %); auf die IV. Kategorie: 
175 Einh. (7.03 %); und auf die V. Kategol'ie: Il Einh. (0.44 %). 

Bis zum I. Januar" 1922 sind in Liv- u. Kurland 1020 Grund
stlicke mit 787.948 ha Gesallltal'eai eingeteilt lI. ihre Teilungsprojekte ' 
lH~statìgt wordell. VOll sdiesem Gesamt.areal ìst der grossere· l'eil 
- 385136 ha. - fuI' neufulldiel'te Wirtschaften ver'wandt;, 42958 ha. 
sind den langjah/'igell Pachtern belassen, 46468 ha sind fUI' Selbst
ver'waltungs - u. soziale BedUrfnisse verwandt llnd nur 6307 ha 
sind den Kleinwirtschaften zugeteilt worden; die tibrigen, mehr als 
300.000 ha, sind dem Landfonds verblieben. 

Bis ZUI1l Jahre 1922 sind 22966 Wirtschaftell VOll durchschnit
tlich 15-16 ha Grosse nen eingel'ichtet wordeJi, 4.46 % (1024 Wil't
schaften) sind zu 2 ha gross; 3.83 % (879 Einh.) - Zl1 2-5 ha gross ; 
3.73% (857 Einh.) - zu 5 - lO ha gross; 14.61% (3355 Einh.) 
- zu 10.15 ha gross; 60.91 % (1398D Einh.) - zu 15-22 ha gl'oss; 
u. 12.46 % (2869 neue '\Virtschaftseinheiten) gl'osseI' als 22 ha. Fast 
3/4 aller neu gegrUlldeten Wirt.s<'haft,seinheiten sind grosser als 
15 ha. 

• 
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In derselben Zeit sind in Lettgallen ca- 80 Dorlet' mit 18236 
ha Gesamtfache in Einielhofe aufgeteilt u. ca 1700 eillzelne Wirt
-schaften gegrundet worden. 

1m Larife von 2 Jahren siud èa 30.000 Wirlschaften - teils 
neu gegrtindet, teils bestehende erweitel't u. abgel'undet - und 
teils neu vermessen wOl'den. Von d'iesen sind bis zum I. J anual' 
1922 - 10.000 Wir'tschaften den Eigenttimern schon zu eigen tiber
wiesen wordell uud zwal' sind darunter 8.000 neu fundim·te Wil't
schaften und 2.000 frtihel'e Pachtgesinde. Nach demo Agrargesetz 
konnen die vom Laudfonds fundiel'ten Widschaften als Pl'ivateigen
tum el'wol'ben oder arrendiel't wel'den. Ein sehr gl'osseI' Teil del' 
Neuwirtschaften wil'd zu eigen angefol'del't. 

Allf gesetzgebel'ischem Wege ist die Frage betI', del' Ordnullg 
des Auskàufes del' zugeteilten Grundstlicke noch nicht geIOst. Das 
AgrarrefoI'rngesetz bestimmt wohl, dass das Land gegen Ent.gelt 
« zu eigen » abgegeben werden soll~ abeI' die Zahlungsbedingungen 
werden erst noch durch ein Gesetz bestimmt werden. Dieses Gesetz 
nimmt als Ausgangspnnkt die zur Zeit. <leI' Begl'tindung des Land
fonds (i. J. 1920) oestehenden Landpreise ano Ungeklart is!' ebell
falls noch die Frage tibér die Entschadigung del' frtihel'en Besitzer 
u. die Finanzierung del' neuen Wirtschaften, tiber die Verpachtung 
und die· Korraboration, d. i. die Eintl'agung des Objekts in di~ 
Grundbuchel' ZUl' Sicflel'stellung des Eigentumsrechts. 

Halld in Hand mit del' Landaufteillung geht auch die Zuteilung 
del' nicht zu enteignenden Teile des Gl'ossgl'lll1dbesitzes (50-100 ha) 
an die friiheren Besitzer. 1m I. HalbhjaI' 1921 sind 166 Besitzerll 
ihre nicht zu enteignenden Anteile iioerwieson wOI'dèn und zwal': 
131 Personen (97 %) das Zentrum oder Teile desselben. 

, Die Agrarreform hat wahrend del' Kampfeszeit begonnen ulld 
die infolge del' Kampfe u. del' Gewalthel'fSchaft des Boischewismus 
ungiinstigen Verhaltnisse haben einell gl'ossen Einflluss auf ihre 
Entwicklung gehabt u. sie natul'ge.mass sehr behindert .. Die Arbei
teu der Agrafl'eform schreiten erst jetzt schneller vorwarts, aber die 
€ndgUltigen Resultate derselLen wil'd erst die Zukunft zeitigen. 



MARCELLO BOLDRINI 

La déeroissanee sénlle ehez l' homme 
et ehez la lemme 

I. - Pour étudier les caractères quantitatifs de l'homme 
aux différents ages, les anthropologistes distinguent le plus sou
vent dans la vie extra-utérine deux périodes: la période de
croissance qui commence à la naissance, et dont la durée est 
variable, et la période de l'age adulte, pendant laquelle l'équilibre 
morphologique atteint est considéré comme pratiquement stabIe (l). 

CeLte ·distinction tl'ès grossièl'e contraste avec une autrer 

plus subtile, adoptée pal' les physiologistes. Ils considèrent, dana 
la vie extl'a-utérine (la seule qui nous intéresse en- ce moment}" 
une première période, pendant Jaquelle les phénomènes de con
struction, QU· anaplastiques, ont la prédominance et au cours 
de laquelle les fOllctiona se développent et se compliquent; une 
deuxième période d'équilibre énergétique, caractérisée par la 
stabilité dea fonctions; une troisième périodede déchéance, ou 
cataplastique, pendant laquelle les fonctions subissent une lente 
involution et où l'individu elitre, peu à peu, dans cette phase 
de vieil1esse physiologique qui aboutira' à la mort naturelle. 

On admet que les phéllomènes de la période anaplastique, 
de la période et' équilibre et de. la période cataplastique se 

(l) Toute vie humaine - écrit le Dr. APERT dans ùn bon livre qui 
aparu récem ment - se partage naturellement eu deux gral1des périodes: la 
période de crOiSSRl1Ce 1 qui englobe la vie pboetale, l'enfance et l'adolescence; 
la période u1t.érieure ou a,ge adulte, qui s'étend de 1a terminaison de la 
croissance à l'extrème vieiIlesse. Voir: La croz·ssance, Paris, 1921, Intro
duction. Toutefois,nous devons rappeler que, bien qu' on ne l'aie pas 80U

mise à une étude détaillée, la régressiol1 sénile a été signalée par QUETELET 

et par d'autres savants qui se sont occupés des variations physiqnes du 
corpa humain en fonction de l'àge. Nous citerons, particulièrement S. WEIS
SENBERG. Das Wachstum des Menschen nach Alter1 Geschlecht und. Rasse, 
Stuttgart, 1911. 
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rattachent directement à la constitutioll somatique et l;éa~issent,~ 

par cOllséquent, sur Jes caractères morphologiques. 
Pour cela, il est illdiqué d'approfondir 1'analyse anthropo

]ogiqu~ de la phase d'involution, qui ne devrait pas offrir un' 
intéret moindre que la phase de croissallce, puisqu'elle procède
à l'inverse eL détruit ce qui avait été créé précédemment. 
En outre, étant donné que ]' àge' adulte est le point d'arrivée
de la croissance et le poillt de dèpart des phéuomènes de la 
Séllilité, c'est sur les périodes extremes qu' 01} devrait surtout 
concentrer son attention. 

Malheureusement, les difflcultés qui s' opposent à une étude· 
quantitative systématique des phènomènes de la ,croissance aus-
8i' bien que de ceux de la sénili tè SOllt tellement nombreuses, 
qu' il est aisé de se rendre compte pourquoi, cillquante alls après 
la [lublication de ),Anthropométrie de QUETELET, nons ne som
mes pas encore arrivés à des conclusiollS défillitives. 

2. - Nous Ilous proposons d'examiner l'illfluellce du 
vieillissemellt ~ur la taille etsur le poids du corps et de ses 
orgalles chez l' homme et chez la femme. 

II est aisé de compl'endre que, à l'exceptioll des dimen
siolls ext~rnes et du poids de l'ensemble de l' organisme hn
main, il est matèriellement impossible de suivre chez les indi
vidua au fnr et à mesure qu' ils vieillissent, Jes modifications 
des caractères quantitatifs que nons voulons cOl1sidél·er. 

D'autre part, il est très difficile de snivre la taille ~t le 
poids d'un individu depuis l'achèvement de sa croissance jus
qu'à l'age extreme; meme ell ne comptant pas sur P éventualité 
de :la mort, il est fort douteux qù' on pnisse réussir àsuivre 
un groupe d' hommes ou de femmes qui vieillisseut suffisammellt 
nombreux pour une étude statistique. 

C'est pour cela qne les observations directes ont toujours 
, été extremement rares qnoique su"ffisantes ponr confirmer l'ob
-- servation commune qne la tail1e de l' homme qui vieillit su bit 

une régression indubitable (1). 

(l) Dans un Uvre bien connu M. VENTURI a pu indiquer la tailla d'un 
certain nom bre d'aliénés adultes des deux sexes à deux époques différentes 

......... pendant leur maladie. Ayant soumis à l' élaboration statistique ces données, 
dès que ce mémoir avait été livré à 1'imprimerie, j' ai pu constater que 
les aliénés hommes, aussi bien que les a-Iiénés femmes, accusent une dé-
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Dans ce domai ne poul'tant commè dana celui de la morta
-lité, on a dù et on doit l'ecourir, d' ordinaire, à l' observation 
indirecte. On fait porter ses observations sur des individus d'une 
population, appartenant aux différents ages et, en suppoaant que 
les valeurs moyennes dea cara{}tères quantitatifs des différents 
groupes observés aient été les mèmes au mème age - fin de la 
croissauce dans notre cas - 00 cherche à déterminer 1'influellce de 
la variation de l'age SUI' ces valeurs moyennes. Que l' influence de 

,{}et artifice puisse ètre cOllsidérée comme négligeable ou non, 
c'est un fait que nous discuterolls à la fin de 1l0S recherches. 

C'est à POWYS et PEARSON< que revient le mérite ti' avoir 
observé les premiers, selon cette hypot.hèse, que la taille, après 
.avoir atteiot SOIl maximum, commence à 'fléchil' . d'une allure 
rectiligne. Ils virellt que ce fléchissement commence pour l'hom
me à 1'age de 27 alls et pour la femme à l'age de 25 ans 
et que son lntensité est de 34" - 35" tous les dix anso Ces 
faits ont été confirmés ensuite par les ètudes de GORING et de 
HARRIS, qui, comme les deux auteul's précédents, ont pu se servir 

. "d'un matèriel statistique suffisamruent sur et àbondant (1 ). 
Si nou~ étendons ces recherches à d'autres caractères, il 

nous sera facile de constater que leur dècroissance - toujours 
vérifiée- par l' observation indirecte - est aussi, en général, 
grossièrement rectiligne, comme la décroissance de la taille, et 
peut ètre décrite par un parabole dn premier ol'dre (droite) 
représentée par la formule: 

y=A+Bx _ 
,dans laquelle y est la mesure du caractère considèrè, exprimée en 
-centimètres, kilogrammes ou grammes, x est]' age exprimé en ana, 
A et B sont des constantes, que nous déterminons sur la base des 
-observations recueillies, par la méthode des moindres carrés. 

·chéance annuelle d'autant plus intense que plus grave est. la forme de folie 
par laquelle Hs ont été atteint. Si les données de M. VENTURI semblent 
donc confirmer le faH de la régression sénile, tel qu'il 110US apparatt par 
l' observation indirecte, elles nous revèlent surt,out la possibilité que l'action 
de l'Age soit accélerée et inlensifiée par l'action 'ti' un processus morbide. 
Voir: S. VENTURI, Le degeneraz~'oni psico-sessual'i. Torino,_ 1892. 

(1) A. O. POWYS, Data fotO the problem of evoluUon in mano «Biome
trika» 1901, pp. 30-49. K. PEARSON a collaboré à la rédaction de quelques 
_parti es de ce mémoir. C. GORING, The english Convict. London, 1913, pp. 
191-193. J. A. HARRIS, Decrease in stature. Note on the medico-actuarial 
investigaUon. «Quarterly Publication of the American Statistical Association», 
1920, pp. 219-221. 
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Comme l'allure croissante ou décroissante de la droite 
dépend' du sig'ne ,de B, le signe de B sera négatif là OÙ leSe 

.caractères sont en décroissance. 
En outre, comme l'inclinaison de la droite dépend de la 

valeur absolue de B,' la ,droite accusera une chute rapide là 
où la valeur absolue de B négatif sera assez grande, tandis 
qu'elle accuse l'a une 'chute lente là où la 'valeur absolue de B 
négatif sera petite. . 

Nousdevons fàire remarquer c]airement que la représenta
tion de l'allure de la décroissance par une parabole du premier 
ordre a une signification tout à fait empirique: elle ne prétend 
pas exprimer 'une loi quelconque, mais décrire 1'illvolution sénile 
tel1e qu' elle apparaH comme le résultat des causes dont elle 
dépend et faciliter la compal'aison entre les ditférents caractères 
du meme sexe, ou bieu entre les deux ,sexes pour le meme ca
ractére. 

C'est surtoul le premier de ces buls qui a étè envisagé par
POWyS et PEARSON lorsque ils ont fait remarquer que, dans 
l'étude de l' hérédité d'un caractère - pal' exemple de la taille -:
on doit compare.' la taille du père et celle du fils, seuJement 
après avoir éliminé l'influence que la ditférence d'age exerce 
sur les'mesures (I). 

3. - Nous nous bornerons, par contre, au deuxième objectit 
dont nous avons parlé,- en étudiallt l'intensité de la décroissance 
de la taille et du poids du corps et de ses organes chez les deux 
sexes, toujours d'après ]' hypothèse que nous .avolls exposée (2). 

(l) Etant donné l'équation de la taille des hommes d'après les releves 
de BOYD (voir le tableau): y = liO·7967 - ·0380 x, si la taille d'un indi
vidu Agé de 76 ans est de cm. 162, sa taille probable à l'Age de 25 
ans (Iorsqu' elle avait atteint vraisemblablemeut son maximum) sera:: 
T= 162 + ·0380 (7(3 - 25) = cm. 163,94. Pour comparer la taille . de cet 
homme avec celle d'un de ses fils Agé de 25 ans, il faut tenir compte d'une 
involutioll probable de 2 cm. environ. 

(2) Malheureusement,les données statistiques dout nous disposolls sont 
très défectueuses. Ellea ont eté relevées, pour la plupart, sur la table anat.o
mique et ne peuvent donc pas donner ulle idée exacte des dimensiolls et des 
poids tels qu' ila seraient s'il était possible de les obaerver sur des individua 
normaux. En efl'et, il suffit d'analyser les relevés d'autopsie pour se convain
ere des a1térations quantitatives profondes dét.erminées 'par la cause de 
decés, altérations qui afl'ectent très difl'éremment les .divers organes et les 
difl'érents tissus. En out.re, étant donné la différence de pr'ObabiJ.ité que les 
individua des deux sexea soient frappés par les mèmes causes de decès, cell!'s-ci 
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Le tableau, suivant donne les équatiolls de décroissance d'un 
certain nornbre de caractères à partir de 25~ ans environ. Les 
sources des renseignernents statistiques sont illdiquées dans la 
note {I). 

Dans la prernière colonne du tableau, nous avons indiqué les 
,difl'érents caractères auxquéls les équations se rapportent; 'dans 
les colonnes 2 et 4 les valeurs de y pourles hornmes et. pour les 
fernrnes; dalls les colonnes 3 et 5 les ra.pports entre les écarts 

>/carrés rnoyells auxquels l'adjustement mathprnatique des valeurs ' 

-observées -donne lien (VI:') et -les moyellues arithméliques de 

chaque dirnension ou poids (A); dalls la colonne 6 enfin, le signe, 
cf lorsque l' intensité de là décroissance (établie d'après le signe 
et la valeur absolue de B dans l' équation) est supérieure chez 
l'hornne, et le signe ~ lorsqu'elle est supérieure chez la f~mme. 

4. - Une re'rnarque générale doit etre faite à propos de 
l'appl'oxirnation obtenue par l' ajusternent mathérnatique cles 

· séries observées. 
Les .écarts carrés rnoyens entre les intensités moyennes pour 

chaque groupe d'age des diff'érents caractères, données par l'obser
vation, et les intensités calculées d'après l' hypothp,se d'une dé-

· exercent une infillence inpgale sur les caractères moyens des hommes et des 
femllles. (Voi .. : M. BOLDRINI. Sul peso relativo del corpo e dfJl cervello se
condo la causa della morte. «Rendiconti del Reale Istituto Loiubardo di 
Scienze e Lettere», 1921. M. BOLDRINI. Differenze.sessuali nei pesi del cor
po e degl't· organi umani. «Rendicon,ti ~ella Reale Accademia Nazionale dei 
.Lincei, Classe di Scienze fisiche, matertìatiche e naturali», 1920). 

011 doit ajouter que la plupart des cadavres portés sur la table anato-
· mique est fournie par les plus basses o-lasse8 sociales. Ce fait non plus" ne 
rnanqlle pas d'exercer une illfluellce sur les dimensions et sur les poids. 

· {Voir: M. BOLDRINI. l cadaveri degli. sconosciutl. Ricerche demografiche e 
antropologiche sul materiale della Morgue di Roma. «La Scuola Positiva», 
1920). Si 1I0US ajoutons que l'état de conservation des cadavres observés 
,.peut étre très variable; que la technique employée dans l'ablation des or
ganes n'est pas la méme chez tous les anatomistes; qu'il est difficile de faire 
des déterlllinations quantitatives suffisamment exactes et que la diligence 
des opérateurs n'est souvent que relative, nOU8 devons nous convaincre de 
la nécessité d'employer avec beaucoup de prudence les données statistiques 

,que nous o,ifre la litt,érature. 
(I) R. BOYD. Tables or the weights or the human Body and Internal 

Organ~, etc. «Philosophical Transactions of the Royal Society», London, voI. 
15J, ]ère partie, 1861, pp. 241-262. H. L. W. V. BISCHOFF. Das Hirngewicht 

-des Menschen, Bonn, 1880. A. O. POWYS, J. A. HARRIS, ouvrages cités. 
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croissance rectiligne, apparaissent quelque fois considérables. A 
vrai dire, la moyenne de tous les écarls carrés moyens relatifs t 

c'est-à-dìre des écarts carrés moyells rapportés à la moyeune 
arithmétique, donnés dans les colonnes 3 et 5 du tableau, n'est 
pas trop gra'nde. Elle est, en effet, de 4.0 l % pour l' homrne, 
et de 3.01% pour-Ia femme. Cepelldant, on ne doit pas oublier. 
que pour un caractèremasculin l'écart carré moyen relatif at
teint nOlo et pour UIl. éaraclère !erninin 9. 7~. Mais nous ne 
devons pas pel·dre de vue Ies défauts du matéFiel statistique dont 
nous nous servons,. ni le role de simple description que nous 
avonsattri bué à l' ajusternent rectiligne de l'allure de la dé
croissallce. Comme par l'ajustemellt adoplé HOUS ne prétendons 
pas établir une Ioi mais seulernent décrire quelques faits, nous 
deVOllS admettre. que notre but est atteint le plua souvellt d'une 
manière satisfaisante. . 

6. - La colonne 6 du tableau fait ressortir immediatement 
que l'intensité de la décroissallcé estordiuairement supérieure 

. chez la femme que chez l' homrne. Sur 25 couples d'équatioIlS 
coÌltenus dans le t.ableau, cinq fois seulernent 1'involution ma
sculine apparalt supérieure à l'involutioll fémilline (l). C'est 
le cas de la taille (d' après les chiffres de BISCHOFF) et du 
poids du eervelei, du poumon gauche, de l'estomac et du pancréas 
(d'après les ch iffres de BOYD). Il suffit de queiques considéra
tions pour réduire la portée de ces exceptions. 

En ce qui concerne la taille, les équations calculées d'aprèa 
les données de POWyS et PEARSON, HARRIS et BOYD, surement pl,!!s 

(1) J'avais déjà livré ce mémoir à l'imprimeur, lorsque j' ai f~it des
calcu]s ana]ogues à ceux dont il est question dans le texte, prenant pour 
base les données publiées par S. WEISSENBERG (voir ollvrage cité). J'ai 
trouvé que la régressioll sénile fémillille de la taille, de la taille assise, de 
la gl'Rude envel'gure, de la longlleur du tronc, des bras et dea jalllbes, est 
toujours p]us forte que la régression m/'lsculine corl'espondante; et. que là 

, où il y a progrés en fOIlCtiOIi du vieieillissement, commé il en est le cas pour 
la largeur biacromiale, le diamètre par les hallches, et la circonférence par 
les Risselles, ce progrès est tOUjOUl'S p]us fort chez l' homme par rapport à 
la femme. Voilà donc 9 couples d'équatiolls qni ne font que confil'mer 
(sall8 aucune exceptioll) les résllltats exposés dans le texte. A ceux-ci nous 
pOUVOllS ajouter les 3 couples d'équatiolls, que nous avons établis prenant 
ponr base la taille dea alielléa, et qui mOlltrent aussi une décroiasance fé
minin,e plus intense par rappnrt à la decl'oissance masculine correspondallte. 
NOllS devons avouer par là que le fait qui nous iutéresse est probablement 
gélléral. 
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cHgnes de foi 'que les chiffres rle B1SCHOFF (1) ne peuvent pa! 
laisser de doute sur la chute plua rapide des courbes obtenues 
pour les femmes; et, quallt au poumon gauche, nous ne devons 
pas oublier que le poumon droit se comporte d'une manière 
opposee (2). 

Par conseqùent, les veritables· exceptions se reduisent à trois 
seulement, dont l'une concerne un organe (l'estomac) SUl' le poids 
duq uel les processus autolytiq ues post mortem, exercent une 
enorme influellce. 

Il y a des cas où la droite d'ajustemeJlt monte au lieu 
de descendre. Ce fait peut ètre attribue soit à l'àge, quelquefois 
trop precoce, auquel nous avons suppose terminee la croissance 
(25 ans); soit'au fait qu'il y a des organes~ tels que le coeurt 

qui ne décroltrait que fort peu, ou qui ne decroltrait pas du tout, 
ou bien encore qui augmenterait jusqu' à l' extrème vieillesse 
(DEMANGE, R1BBERT, etc). Dans ces cas il alTive que B est po
sitif pour l'homme et negatif pour la femme: ou, lorsqu' il est 
pOsitif pour les deux sexes, sa valeur absolue est superieure chez 
l' homme et inferieure chez la femme. 

6. - Il n'est pas aise de se rendre compte de la si
gnification de ce fait sillgulier. Après une longue etude de la 
question, dont il n'est pas nécessaire de relater ici tous les de
taiJs, nous n'avons pas réussi à l'eclaircir d'une manière complète. 

On peut formuler plusieurs hypothèses. Avant tout, il faut 
se demander si nous ne sommes pas victimes d'une illusion r 

étant donne que notre ohservation ne porte pas SUI' des individus 
qui vieil1issent mais SUI' les survivants de chacun des groupes 
d'age choisis. 

Mais, en faisant abstraction de l'idee que nous discuterons 
plus loin - d'une selection differente exercee par la mort parmi 
les individus physiquement plus ou moins developpes, on ne sau
rait pas considérer comme accidentels des faits qui apparaissent 
a vec une très grande constance. D' autre part, en ce qui con-

(1) J'en ai fait la critique dans ma note: Sul peso relativo, etc. déjà 
citée. 

(2) BOYD, d-' ail1eurs, a très bien fait remarquer qu'il est rare d' ob
server un cadavl'e dont les poumol1s soient normaux, ce qui empèche d'at

,tl'ibuer trop d'importance au poid de cet organe. 
La valeur très grande de B ohtenue pour les poumons semble confìrmer

dall8 un certain sens ces const.atations. 

Metron - VoI. IL n. 4. 4& 
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cerne la taille, nous sommes surs qu' elle décroit réellement en 
fonction de l'age, et par analogie on serait tenté de dire que 
les poids des ditrérents organes pourraient se çomporter d'une 
manière analogue. 

Si une régression de la taille et des poids du corps et de 
Bes organes a réellement lieu à la suite du vieillissement, nons 
devons nous demander pourq uoi cette régression serait plus in
tense chez la lemme que chez l' homme. 

Nous croyons avant tout devoir écarter l'idée que la dif~ 

terence puisse etre attribuée au tait d'avoir considéré la croissance 
achevée au meme age chez les individus des deux sexes. En realité, 
lorsque les caraetères quantitatifs fémiuins commencent à fléchir, 
les caractères· masculins correspondants se développent encore: 
de là une influence SUl' l'allure de la courbe d' ajustement peut· 
en resulter, courue qui, à parité d'autres conditions, devraH 
descendre moins rapidement chez l' homme comparativement à 
la femme. Mais les valeu.'s absQlues de B sont souvent si dif
férentes pour les caractères correspondants des deux sexes, que 
cette cause d'erreur, si elle existe, est dans la plupart des cas 
impuissante à en donner la raison. 

Le cas de ]a taille est très significatif à ce propose Eu effet, 
elle montre un fléchissement plus fort chez la femme, meme 
lorsqu' on tient compte - comme l' ont fait POWYS et PEA RSON 

- de l'age exact auquel la croissauce s'achève. Il y a, d'autre 
part, des organes, tels que ]e cervau, don t le poids commence 
à flèchir avant meme ]a vÌllgtième année. Si on ne tient compte 
de la décroissunce de ces orgaues qu'à partir de la 25.ème 
année, l'aHul'e de la droite d· ajustement Il' est pas du tout in
fluencée par le commencement de la régression, et cette-ci est, 
cependant, plus intense chez la femme. 

Il reste à savoir si la différellce peut etre attribuée à la 
plus grande intellsi té de la mortali té masculine, Si la mort 
choisit ses victimes parmi les individus les mòins doués au point 
de vue physique, il est naturel que les sllrvivants à un age 
x+h aient été, en moyenne, plus robustes que tous les survivants 
à l'age x, ]es moins robustes ayant succombé dans l'intervalle 
h. Si on pouvait démontrer que les individus Ies plu8 dèveloppés 
d'une population - c'est-à-d i re dont la taille et le poids du 
corps et des organes sont plus grands - Bont aussi les -plus 
réc;;istant8 à l'ensemble des causes de décès, on comprendrait 
facilement que l'i Iltensité de la régression sénile serait. plus ou 
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moins masquée par le fait de la survivance des individus qui 
-ont été parmi les plus développés aux àges précédents. Dans ce 
-cas, cette erreur d' observatioll serait plu3 intense pour l'homme, 
-soumis à une mortalité relativement plus forte, mortalité qui 
,éliminerait dans Ulle large mesure les individus physiquement 
moins développés, et moina intAnse pour la femme, frappée par 
une mortalité relativement faible. Ainsi la différence observée 
dalls l'iutellsité de la régression sénile serait due simplement 
aux conditions de l' observatioll. 

Malgl'é 1l0S efforts, nous n'avons pas pu vérifier d'une ma
nière satisfaisallte l'influence du développement physique SUl' 

la mortalité. Les observati<>ns faites sur Ies recrues, et les as
-surés, qui sont contenues dans l'Antropometria 'tuilitm'e ita
lienne, et dans la Medico-actuar'ial nwrtality investigation, l' ou
·vrage americain bi-en connu, laisseraient croire que la mortalité des 
personnes de pet.ite taille est tout au plus égale, sinon inférieure à 
celle de l'ellsemble des recrues et des assurés, Mais pour de 
nombreuses raisons, que nOU8 renonçons à développer ici, nous ne 
-saurions pa8 affirmer d'une façon ahsolue que ce matériel, quoi
que très intéressant, puisse conduire à un jugement définitif ( l), 

(l) Une ètude ultéri-eure des données l'elatives à la mortalité das as
surés américains nous a permis dè cOlIstatar, dès qua ce mémoir avait été 
achevé, que le- pourcentage de mortalité des jellnas hommas de patite tailla 
-et des hommes mùrs de grande taille serait inférieur au pourcentage de 
mortalité des jeunes hommes de grande taille et des hommes mùrs de peti te 
taille. Par con tre, le pOUI'centage de mortalité des jeunes femmes de petite 
taille et des femmes mùr'es de grande taille serait supériellr au pourcent.age de 
lnortalité des jeunes femmes de grande taille et des femmes mùres de petite 
taille. Si 1'on pouvait attribuer une portée génél'ale à ces conclusions, on devrait 
admett.re que la décroissance_senile féminine était partiellemellt masquée par 
la telldellce dHs femmes de gl'ande taille à survivre, tandis que la régression 
senile masculine était accelltuée par la tendance à survivre des hommes 
-de petite taille. De là, la conclusion que la différence sexuelle constatée 
aurait été plus marquée si on avait pu éliminer l'illfluence de ces facteurs. 

MalheUl'eusemeut, les groupes d' hommes et des femmes qui nous ont 
suggéré les obsel'vations précédentes n'étaient pas parfaitement homogènes 
entre ellX, et les femmes n'étaient pas si nombreuses comme on aurait pu 
le désirer', de façou à nous permettre de parvenir à des resultats d'une 
génél·alité illcontestable. POUI' cela nous devons nous contenter d'attribuer 
aux faits exposés la simple valellr d'indices. 

Voir notl"e note: La mortalità secondo la statura nell' uomo e nella 
donna, «Rassegna di Studi sessuali -", 1922, pp. 161-170. Pour les données, 
voir: ASSOCIATION OF LIFE INsuRANcE MEDICAL DIRECTORS alld ACTUARIAL 

SOCIETY OF AMERICA. Medico-Actua1'ial Mortality Investiga#on, New 
York, 1912-1914. 
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Mais si l'on devait renoncer à expliquel' la différence d'intensitè 
de la régression sénile chez les deux sexes - telle que nous 

. l' avons observée - par la di1férence de la mortalité des hom
mes et des femmes, il ne resterait qu'à la considérer oomme 
un caractère sexuel secondaire. Noua tendons à admettre cette 
idée, quoiqu' il nous soit impossible d' en obtenir la éertit'!lde. 
S'il en était ainsi, nous devrions considérer la régression 
sénile comme un des caracterès sexuels secondaires les plus 
constants et les plus typiqries. Mais, rien ne nous autori se à 
aller si loin, com me, du reste, rien ne nous donne un démenti 
décisif. . 

A part cela, nous tenons à faire remarquer le contraste exi .. 
stant entre l'intense régressioIl sénile de la femme, et l'intense 
mortalité de l' homme. Si l' involution est un signe iudubitable 
de déchéance physique, éomment sa grande intensité pourrait
elle s' accorder avec un faible taux de mortalité 1 

Cependant, il n'est pas difficile de se convaincre à l'aida 
d'une table de mortalité d'après les causes de decès -'- qua 
lè caractère vio]ent de l' homme; son intense participatioll aux 
travaux des champs, son . séjour prolongé dans les milieux 
infects de la ville et de l' usine ont surement une part 
prépondérante dans la forte mortalité qu' il subito Il y a lieu 
de se demander, alors, si nous n' assisterions pas à un excés 
de mortalité féminine le jour où la participation de la femme 
à la vie sociale et économique. atteindra le meme degré que 
ohez l' autre sexe. 

Si la diff'érence de l' involution sénile de l'homme et de la 
femme était réellement un caractère sexuel, le doute que nous 
venons d' exprimer présenterait un haut degré de probabilité. Et 
ce serait alors le cas de se demander: quelle influence a exercé 
jusqu'ici sur la mortalité de la femme sa tendance progres
sive à se ~ masculiniser » ? Quels en sont le inconvénients, au 
point de vue de la santé individuelle et sociale, . de l'hygiène 
et de l' eugenique ? La régression sénile chez la femme en re
sulte - t - elle ultérieurement intensitiée, et la valeur eugénique 
de l' individu de plus en plus réduite ? Ou bien l'élimination des 
femmes moins douées au point de vue physique, ne serait -elle 
un resultat souhaitable conduisant 8. l'amélioration des races 1 
Voilà une foule de vieilles questions qui surgiralent sous un 
nouveau jour si on pouvait démontrer fondée l' hypothèse for
mulée sur la regréssion sénile des deux sexes. 
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L'ai.. séduisant que ces questions ont dès maintenant et 
les revelations qu' elles semblent nous promettrA au point de 
vue biologique et social nous induisent à espérer de voir attiré 
fiur elles l' attention des savants. 

Le mérite de les avoir posées sous une nouvelle lumière 
.serait, dans ce cas, le meilleur résultat de nos recherches. 



GUGLIELMO TAGLIACARNE 

Contributi e comportamenti delle reM"ionl~: 
d'Italia in guerra 

Sommario: 1. Frequenza dei disertori in gueITa condannati dai tribunali 
militari dell' esercito operante, distinguendo la regione a cui il disertore appar-
tiene. - 2. La frequenza dei disel·tori nelle varie regioni in rapporto al contributo 
dato alla Ruerra (muti lati) dalle regioni Iltesse .. - 8 .. Disertori con passaggio al 
nemico ed in presenza del nemico per ogni 100 disertori in complesso nelle varie 
regioni. - ~. Relazione fra la frequenza dei disertori e la frequenza dei decorati 
nelle varie parti d'Italia. - o. Misura della sperequazione o differenza media fra 
regione e regione in guerra di fronte al contributo di sangue (mutilati), alla fre-
quenza dei disertori e alla frequenza dei decorati. 

I. - Ho potuto cono~cere il numero dei disertori in guerra,. 
distinguendo la regione in cui il disertore è nato e a seconda 
che questo reato di codardia si sia verificato con passaggio al 
nemico, in presenza del nemico o lontano dal nemico. I diser
tori di cui mi occupo sono soltanto quelli condannati dai tri-
bunali militari dell' esercito operante. 

Di' tali di-sertori fu operato lo spoglio per regione, ed essi 
costi tuiscono ci rea il 7 O per cento del totale òei soldati che 
disertarono. 

Mancano, per ciò, i disertori condannati dai tribunali ter
ritoriali entro la zona di guerra (17 per cento) e quelli con
dannati dai tribunali territoriali fuori dallazona di guerra (13 
per cento). 

Ciò nondimeno, i dati, riguardando una massa imponente _di 
casi, che costituisce la grande maggioranza dei disertori, non' 
sono certo privi di interesse. 

Ho calcolato il rapporto fra il numero dei disertOl'i e la 
popolazione maschile che,' secondo il censimento 1911, figurava 
in quest' anno con un' età dai 12 ai. 40 anni e che, quindi, du
rante la guerra costituiva la massa speeiflca da cui fu tratt(}. 
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il nostro esercito in armi. In flne, ho ridotto a numeri indici i 
rapporti calcolati' come sopra, considerando uguale a cento il 
rapporto ricavato per tutto il regno fra il numero' dei disertori 
e la popolazione maschile sopraindicata. Ho così ottenuto i dati 
esposti 'nel1a tavola seguente. 

TAVOLA l 

Distribuzione regionale dei disertori condannati dai tribunali 
,nilitari. (l) 

Disertori Dlserter! Iisertori TOTALE IIsertorl Numerllndlc:l 

Regioni e. flssll,le il Jltstllla non I. preseall disertori eer 1000 •• sckl lase (100) 
il ra.porto IItr Il 

al te_le. del nemico del ae_lce (2+3+ .) da 12140 Inl Real' fra dlsert. 
e pO,. (UO) 

(1) (2) (3) (4) (5) (6) (7) 

Piemonte. 249 533 4.295 5.077 6.94 71 
I.Jiguria. 53 134 Ll92 1.379 4.95 50 
Lombardia 237 927 9.973 11.137 10.70 109 
Vt'neto. 534 1.161 8.779 10.474 15.23 155 
Emilia. 139 387 3.770 4.296 7.58 77 
Toscana 134 355 3.169 3.658 6.44 66 
Marche. 35 102 746 883 4.29 44 
Umbria. 28 97 686 8 l t 5.91 60 
I..Iazio 34 245 3.894 4.173 14.24 1.45 
Abruzzi e Molise 58 179 1.238 1.475 6.36 65 
Campania. 104 758 '10.521 11.383 t7.71 ; 181 
Puglie . 85 377 4.076 4.538 10.20 104 
Basilicata. 21 76 723 820 9.44 0'0 96 
Calabrie .- 44 241 2.145 2.430 ~.OO 101 
8iciiia 159 592 5.94'7 6.698 8.46 86 
Sardegna. 16 51 627 694 3.73 38 
Estero 27 71 627 725 - -
Ignoti 4t 29 121 191 - -

Totale \.998 6.315 62.529 70.842 9.80 100 

Italia settenll·. 1.212 3.H2 28.009 32.363 9.79 100 
~ centrale 289 978 9.733 -11.000 7.66 78 
» mel'idion. 254 1.452 -17.465 '19.nl 13.50 138 , 
» jnsulare 175 643 6.574 7.392 7.56 77 

(1) Nel 1921 il MINISTERO DELLA GUERRA (DIVISIONE GIUSTIZIA MILITARE) 
pubblicò una relazione dal titolo La delinquen~a militare durante il})eriodo 
belUco. In tale relazione figurano le cifre complessive per tutta l'Italia 
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Nella tavola precedente la Sardegna appare con la quota 
minima (numero indice 38) subito segui ta dalle Marche (num. 
ind. 44); invece le quote più alte SOIlO rappresentate dalla Cam-. 
pania (num. ind. 181), a cui tengono dietro i l Veneto (num. 
ind. 155) e il Lazio (num. ind. 145). 

2. - Ma è chiaro che per avere UIl· indice che riveli in 
modo più significativo il comportamento delle varie regi Oli i di 
fronte al reato di diserzione si dovrebbe tener conto del di verso 
contributo che le varie regioni hanno dato alla guelTa. 

Ad esempio, il basso numero indice che nella nostra tavola 
figura per la Liguria si deve mettere in relazione con la scal'sa 
partecipazione di questa regione alla logOl'ante guerra di trincea, 
a causa dei numerosi esoneri concessi agli operai delle industrie 
e al largo cOlltributo che quest.a regione ha fornito alle marine 
di guerra e mercantile. 

Epperò per poter misurare il contributo dato alla guerra 
dalle varie regioni, mallcano sia il numero dei militari forniti 
all' esercito dalle diverse parti d'Italia, sia i l numero dei morti 
che oglli reg'jone ha dato per la causa comune. Solo si hanno 
dei dati circa la distribuzione regionale di 30,770 mutilati. Si 
tratta di una pubblicazione della Sanità militare (l), la quale 
anticipa i risultati di una parte dello· spoglio operato sulle 
schede dei mutilati. Le schede per ora spogliate si riferiscono 
ai mutilati i l cui cognome incomincia -per le letterA A, B, C, D, 

degli imputati e dei condannati militari per i vari reati. Le cifre che si ri
feriscono alla diserzione, secolldo la pubblicaZIone citata, sono le seguent.i 
(riporto solo le notizie per i condannati): 

Disertori con passaggio al nemico 
» in presenza del » 
» non in presenza del ." 

Totale disertori 

2.022 
6.335 

93.30S 
101.665 

70.707 disertori furono condannati dai tribunali di guerra dell' esercito ope
rante, 17.474 dai tribunali telTitoriali entro la zona di guerra e J3.484 dai 
tribunali territoriali fuori della zona di guerra. 

Si noterà che la cifra complessiva indicata nella nostra tavola l per 
i disertori condannati dai tribuuali di guerl'R (70.842) non coincide perfet
tamente con quella fornita dalla relazione del Ministero, ora citata (70.707). 

La differenza è però trascurabile e si deve imputare (almeno, così mi. 
hanno informato) al fatto che dopo che fu pubblicata la surriferita relazione 
del Ministero della guerra, furono rintracciate un centinaio di altre schede, che 
si fecero figurare nelle classifiche per regioni, riportate nella nostra tavola 1. 

(1) MINISTERO DELLA GUERRA (DIREZIONE GENERALE DI SANITÀ MILITARE): 
Dati statistici su 30.770 invalidi di guet'ra. 
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E, F. - I dati forniti dalla pubblicazione sopra ricordata sono 
in cifre assolute e riguardano le varie provincie; io mi limito 
,a indicare i dati per regione e calcolo quindi il rapporto fra 
mutilati e popolazione maschile da 12 a 40 anni (censim. 1911), 
presentando nena colonna (4) i numeri indici che si ottengono 
ponendo uguale a cento il rapporto ricavato per il regno (4.29). 

Infine, nell' ultima colonna, faccio il rapporto fra i numeri 
indici dei disertori (col. (7) della tavola l) e i numeri indici dei 
mutilati (col. (4) della tavola seguente) e molti plico il quoziente 
per cento. Gli indici così ottenuti possono forse mostrare, meglio di 
quelli presentati nella prima tavola, il contegno delle varie re
gioni per rispetto al reatù di diserzione. 

Ora la quota minima viene ad essere rappresentata dalle 
Marche (num. ind. 40), seguite dagli Abruzzi (num. ind. 44) 
'e dalla Sardegna (num. ind. 45); la Campania figura col nu
mero indice più elevato (202) e viene appresso il Lazio (num. 
-ind. 169). 

3. - Si osservi, però, ad atteuuare l'impressione che po
trebbero lasciare queste ultime cifre, come esse ci fre risultino 
neJla loro composizione. 

Infatti, mentre, per il regno, fl'a cento disertori se ne con
tano 11.73 con carattere di maggiore gràvità (passaggio al ne
mico e in presenza del nem iCo), se ne hanno soltanto (veggasì 
tavola N. 3) 7.57 nella Campania e 6.69 nel Lazio, che sono, 
come si è visto poc' anzi, appunto le regioni iII cui sì è con
statato la maggiore frequenza dei disertori. 

Anche per rispetto alle varie zone cl' Italia si può fare la 
stessa osservazione. Mentre considerando tutte insieme le varie 
forme di diserzione, l'Italia meridionale (in ragione della sua 
partecipazione alla guerra) figura con la maggior quota di di
sertori, quando invece si osservi la composizione della massa 
dei disertori, si rileva che appunto l'Italia meridionale ci dà, 
in proporzione, il minor numero dei casi in cui il reato di di
serzione si presenta uelle forme più gravL Per cui l'impressione 
che si riceve sulle prime, osservando la maggiore diffusione 
di questo reato in certe regioni, si viene a correggere quando 
si ponga mente alla gl'avità del reato stesso, com' ~ posto in 
luce dalla colonna dei numeri indici della frequenza dei diser
tori con passaggio al nemico e di fronte al nemico, ragguagliata 
a)]a popolazione. 
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TAVOLA 2 

Distribuzione regionale di 30.770 mutilati e misura della frequenza 
dei dise'rtori ragguagliata alla frequenza dei mutilati. 

Mutilati 
N. I. disertori 

Num. indici X 100 
Regioni Cifre Per 1000 maschi Base (100) il 

rapporto per il 

I 
assolute da 12 a 40 ani 

re,no fra mu- N. I. mutilati ti ati e pop. 
mas. 12-40 an-
ni (4.29). 

(1) 

I 
(2) (3) (4) 

I 
(5) 

Piemonte. 2849 3.89 91 78 

Liguria 664 2.38 65 90 

Lombardia . 3737 3.59 84 130 

Veneto 3470 5.04 117 132 

Emilia. 2394 4.22 98 79 

Toscana 2593 5.00 117 56 

Marche 959 4.65 108 40 

Umbl'ia 644 4.69 109 55 

Lazio . 1084 3.69 86 169 

Abruzzi e Molise. -1457 6.28 146 44 

Campania 2472 3.84 89 202 

Puglie . 1723 3.87 90 115 

Basilicata. 345 3.97 93 104 

Calabria 1072 4.36 1.02 99 

Sicilia. 3024 3.82 89 97 

Sardegna. 680 3.65 85 45 

Estero. 136 - - -
Non indicata -1467 - - -

Totale 30770 4.29 100 100 

Italia settentrionale 13.'114 3.97 93 108 

~ centrale 6.737 469 109 71 

• meridionale. 5.612 3.95 92 150 

« insulare 3.704 3.79 88 87 
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Questa serie di numeri indici ha un' importanza particolare. 
Essa considera il fenomeno nella sua espressione più morbosa~ 

e più significativa;. d'altra parte, essa tiene conto di quasi tutti 
i casi consimili verificatisi, come si rileva confrontando le ci-~ 

fre complessive delle colonne (2) e (3) della tavola l con le 
analoghe cifre riportate nella nota alla stessa tavola 1. Infatti 
i disertori con passaggio al nemico e in presenza del nemico" 
ammontano, secondo ]a nostra tavola l, complessivamente a 
8.313, contro 8.357 che figurano nella relazione del Ministero· 
del1a guerra e che rappresentano il totale di tutti i disertori 
che commisero tale reato di codardia nelle condizioni sopra ri
cordate (presenza del nemico e passaggio al nemico). Invece i 
disertori che disertarono lontani dal nemico sono in complesso 
(relazione del Ministero della guerra) 93.308, contro 62.529 
considerati nella nostra tavola l. 

Può quindi sorgere legittimo il dubbio che la ripartizione· 
nelle varie regioni degli altri 30.779 militari da noi trascurati,_ 
che disertarono lontani dal nemico e che saranno stati condan
nati dai tribullali territoriali entro la zona di guerra e dai 
tribunali territoriali fuori dalla zona di guerra possa modificare 
quella gl'aduatoria risultata dalla sel"ie di numeri indici della 
nostra tav. l, mentre siffatto dubbio non può nascere quando 
si consideri 110 i soli disertori COIl passaggio al nemico e in pre
senza del nemico, come si fa con la serie di numeri indici 
della tavola seguente. 

Non si può a questo- punto tralasciare eli osservare la par
ticolare posizione che viene ad assumere la Sardegna. 

Questa regione che ha di già UIlO scarso numero di diserzioni 
nel complesso, appare COIl un numero veramente esiguo di di-
sertori che passano al nemico o disertano in presenza di esso .. 

Quantunque in questo breve saggio non vi sia neppure il 
tentativo di stabilire una graduatoria fra le varie regioni per 
riguardo al comportamento fii esse di fronte al reato di diser
zione nella recente guerra, maneando troppi elementi indispen
sabili per un ponderato giudizio, pure si deve mettere in ri
lievo il fatto che i dati sin qui esposti concordano nell' attri-
buire alla Sardegna il posto d'onore. 

Il forte numero dei disertori del Veneto si deve spiegare i Il 
gran parte con la circostanza che, durante la ritirata di Capo
retto, i veneti avevano una particolare tentazione dì fermarsi: 
jn paese. Del resto vedremo fra poco che i veneti hanno ripor .. · 
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"TAVOLA 3 

Distribuzione regionale dei disertori con passaggio al nemico o in 
presenza del nemico. 

Disertori con passaggio al nemico e In presenza del nemico Numeri In.lcI 
I lase (100) 

Per ogni Su 100 
il flpllOl1o ,et 

Regioni Il Reao frl disertori Cifre 1000 maschi con plSSlaalo 111e.let 

dai 12 ai 40 disertol'Ì in e In J/tselll del 
assolute Re_la e IIOpOllzIeIe 

anni cumplf'sso mascllile dal 12 Il .1 aul (11.40) 

(1) (2) (3) (4) (5) 

Piemonte. 782 10.70 15.40 94 

Liguria. 187 6.7"1 13.56 59 

Lombardia 1164 il. t 9 10.45 98 

Veneto. 1695 '24.65 18.18 216 

Emilia. 526 9.28 12.24 81 

Tosrana 489 8.61 13.37 75 

March~ 137 6.66 15.52 58 

Umbl'ia 125 9.10 15.41 80 

I. .. azio 279 9.52 '6.69 83 

Abl'Uzzi e Molise. 237 iO.22 16.07 90 

Campania 862 13.41 7.57 118 

Puglie . 462 10.39 11.18 91 

Basi licata 97 11.17 t 1.82 98 

CalaLrie 285 11.61 11.73 102 

Sicilia. 751 9.4\J 11.2t 83 

Sardegna. 67 3.60 9.65 32 

-- Regno. 8145 11.4l 11.n 100 

Italia settentrionale 4354 13.17 13.45 115 

» centrale. 1267 8.82 11.52 77 

» meridionale 1706 12.02 7.90 105 

; :. insulare. 818 8.37 11.07 73 



tato gran numero di medaglie al valore. L'alto numero di di-
sertori del Veneto concorre a mantenere ,alquanto elevato anche 
l' inòice dell' Italia settentrionale. 

4. - Ho voluto anche tentare dI scoprire se vi sia rela
zione· fra il numero dei diserto)·j ed il numero òei decorati al 
valor militare delle varie regioni. 

Per quanto riguarda i decorati mi riferisco a uno' spoglio 
da me compiuto sopra 80.942 medaglie al valor militare con
ceSRe dall' inizio della guerra sino al 15 luglio 1920. 
Le medaglie al valore sono d'oro, d'argento. e di bronzo. Ho 
creduto opportuno di ridur]e tutte allo stesso valore., cioè tutte' 
a medaglie di bronzo, trasformando il caratte.re qualitativo della 
medaglia in un carattere quantitativo in base all' assegno annuo, 
che è stabilito in L. 800 per le medaglie d'oro, L. 250 per 
quel1e d~ argento e L. 100 per quelle di bronzo. 

In tal modo si tiene conto non solo della diffusione, ma 
anche dell' intensità del valore dimostrato dalle diverse regioni. 

Si deve, però, avvertire che i numeri indici che si pre
sentano nella tavola seguente riguardo al numero di medaglie 
concesse ill ogni regione in rapporto alla popolazione maschile
da 12 a 40 anni (censimento 1911) non possono costituire la 
base per una graduatoria di valor militare fra le varie regioni. 

Mancano, per poter stabilire una simile graduatoria, ana-
logamente a quanto si è già detto esamillando i dati dei diser ... 
tori, parecéhi elementi, che non si dovrebbero trascurare per
una conclusione di tale portata. 

Così, se la Liguria nella tavola seguente figura in uno 
degli ultimi posti, non si può dire per ciò solo che i liguri 
siano stati, per quanto a valore in guerra, da meno degli altri 
italiani, g!acchè, come ho avuto occasione di ricordare più sopra, 
la Liguria ha dato alla guerra un contributo minore delle altre 
regioni (si veda la quota di mutilati, tavola n. 2), per cui era 
qui vi d'attendere un minor numero di decorati, il quale pertanto, 
non può costituire una prova di inferiorità nel valore. Chè anzi, 
se si tieJl conto delIo scarso contri buto fornito dalla Liguria 
all' éserci to com battente, vediamo i liguri apparire fra i più 
ardimentosi (veggasi tav. N. 5); liguri, in altre parolA, sarebbero 
stati pochi al fronte, ma quei pochi si sarebbero distinti per valore,. 
come si rileva dallo specchietto seguente, nel quale si sono ap-
punto calcolati i rapporti fra decorati e mutilati. 
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"l'AVOLA 4 

~a distribuzione 'l'tegionale d! 80.942 medaglie al valore rnilitare . 

. 
s;:~ Totale SiI. 

~~. l"~-med. med. .. '" ~ !III med. Totale medaglie 
.. e .. 

Regioni d'ar- di i== :! =; : 
d'oro t:!" "C --I. 

medaglie ridotte - .... I g=j'--" 
gento bronzo =li: ~ ~!a'" 

a bronzo ;i i - ~:i :.: - .. 

(1) (2) (3) (4) (5) (6) (7) (8) 

Piemonte 37 3983 5848 9868 t6tOI 220.23 124 

Liguda 8 979 1444 243\ 3955 141.91 80 

Lombardia. 31 4576 .7799 12406 19487 187.26 106 
, 

Veneto 23 3362 5666 905! f4255 206.90 117 

Emilia 18 2423 3834 6275 10036 177.02 100 

Toscana. -19 2284 3783 6086 9645 169.80 96 

Marche 6 865 1483 2354 3694 179.44 101 

Umbl'ia. 1 604 998 1603 2516 183.23 104 

Lazio. 9 1546 2162 3H7 6099 208.H 118 

Abmzzi e Molise H 1097 1648 2756 4478 193.08 109 

Campania 17 2329 3567 5913 9526 148.22 84 

Puglie 4 1452 ~258 3714 5920 '133.09 75 

Basilicata 3 312 497 812 1301 \49.76 85 

Ca)ahrie. 9 890 1435 2334 3732 152.04 86 

Sicilia 16 2420 3696 6132 9874 124.73 70 

Sardf'gna 13 1066 1424 2503 4193 225.37 127 

Estero 9 791 1234 2034 3284 - -
Non indicata . - 393 560 953 1542. - -

Regno :>34 3\372 49336 80942 129638 177.00 100 

Italia settent .. 1f7 15323 24591 40031 ()3834 193.15 109 

~ centrale 46 6396 10074 16516 26432 184.05 104 

» merid .• . 33 4983 7757 12773 20479 144.24 81 

~ insulare 29 3486 5120 8635 14067 143.89 81 



'TAVOLA 5 

Piemonte. 

Ligmia . 

Lombardia 

Veneto 

Emilia. 

Toscana. 

Marche. 

Umbl'ia. 

Lazio 

Regioni 

Abruzzi e Molise. 

Campania .. 

Puglie • • 

Basilicata 

C\llabl'ie 

Sicilia •. 

Sardegna 

H. lIMI. decorati X 100 

H. In'. mutilati 

137 

H4 

126 

99 

102 

82 

94 

95" 

137 

75 

94 

83 

91 

85 

79 

150 

Regno 100 

Italia settentl'Ìonale t t 7 

» centrale.. 95 

meridionale • 

» insulare . . • 

88 

92 

761 

Nello specchietto precedente, per meglio valutare il carat
tere ardimentoso delle varie regioni, si è inteso di tener conto 
del diverso contributo che le differenti parti d'Italia hanno 
avuto occasione di dare alla guerra, e si è assunto come mi
sura di tale contri buto, in mancanza di dati più diretti, il nu
mero dei mutiJati. Si tenta in tal modo di scoprire quale sia 
stata la frequenza dei decorati fra quei tali piemontesi, quei 
liguri, quei lombardi, ecc., che presero parte attiva alle opera
zioni belliche. 

Ma errerebbe anche chi credesse di poter assumere le cifre 
>cosÌ ottenute per istabi lire una graduatoria dt merito, di valo-
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rismo fra regione e regione; chè la frequeuza regionale dei de
corati non è sempre in funzione del maggior valore di cui furono, 
animati i combattenti delle varie parti d'Italia. 

E' notorio, per esempio, che gli ufficiali e i graduati ot
tennero, in proporzione al loro numero, assai più medaglie della. 
truppa. Ciò si deve in gran parte a una maggiore distinzione, 
anche per quanto a valore, degli ufficiali e dei graduati. Spesso,. 
anzi, il grado era conseguito appunto in seguito a prove di 
valore. In altre parole, ufficiali e graduati costi tui vano già 
una massa' selezionata e il criterio della scelta fu spesso il va
lore dimostrato in guerra. 

Ma non si può tacere che la maggiore frequenza delle me .. 
daglie agli ufficiali e ai graduati si deve ricercare anche nel 
fatto che essi erano pi ù in vista e, rappresentando il repar~o,. 

spesso la medaglia era a loro concessa più facilmente o come 
segno di riconoscimento del valore dimostrato dal reparto. 

Ne deriva che le regioni le quali maggiormente fornirono al
l'esercito ufficiali e graduati (sono specialmente le regioni dell' Ita
lia settentrionale) figurino con un maggior numero di decorati, che 
non sempre corrisponde a un maggior numero di valorosi. 

Limitando, come ho fatto, la portata delle cifre ricavate 
dallo spoglio da me compiuto, non voglio dire che tali cifl'e 
siano prive di interesse. Esse hanno pur sempre un notevole 
valore indiziariù e, non fosse altro, valgono come sicura riprova 
della conclusione a cui sopra sono pervenuto nei riguardi della 
Sardegna. 

Infatti dai dati dei due precedenti specch ietti relativi aJla 
frequenza dei dècorati, vediamo che la Sardegna compare sempre 
al primo posto, confermando in tal modo il suo tradizionale spiri
to ardimentoso, per cui i sardi si distinsero tanto nobilmente in 
guerra. Così mentre da un lato abbiamo veduto questa regione 
apparire ultima per riguardo al numero dei disertori, la vediamo,. 
ora, DI'ima nella gara di valore. 

E, quindi, per mezzo di due caratteri opposti si prova in mo~o 
sicuro quale sia stato il contegno dei sardi durante la guerra. 

Ho misurato quale relazione esista fra la graduatoria delle 
varie regioni per rispetto alla frequenza dei disertori (colonna· 
(7) della tavola N. l) e la graduatoria secondo la frequenza 
di medaglie al valor mi litare (colonna (8) della tavola N. 4),. 
adottando all' uopo la formula a cui é pervenuto il GINI per gli 



\' indici di 'concordanza tra le graduatorie. (J) L' indice ottenuto· 
è-O, Il. 

Sostituendo nel calcolo, alla frequenza dei disertori in com~ 
plesso quella dei soli disertori COli passaggio al nemico e in,;:,: 
presenza del nemiéo (colonna (5) delJa tavola N. 3) }-' indice 
risulta - 0,08. 

Perciò possiamo dire che fra ì due caratteri esaminati, fre
quellza dei diserw.ri e frequenza dei decorati llelJe varie regio~ 
ni, .. c'è r accellno a ulla contrograduazione, per cui le regioni 
che danno il minor numero di disertori tendono a presentarsi 
col maggior numero di decorati; però la éontrograduazione ri
scontrata è debole. 

6. - Ho voluto, infine, misurare la sperequazione in guerra, 
fra regione e regione, di fronte al contri huto di sangue (frequenza 
~ei mutilati), alla frequenza dei disertori e alla frequenza dei 
decorati, per tentare di scopl'ire quale sia s!ata in quest'occasione 
}' importanza della disparità di sforzi e di comportamento delle 
diverse regioni italiane e in quale delle tre forme esaminate la 
differellza fra una regi~ne e l'altra sia stata più grave. 

Ho quindi calcolato degli indici di variabilita, o in altre parole, 
di «quanto le diverse quantità rilevate differiscano fra di 101'0,., 
adottando come indice di variabilità la differenza media A (2). 

TAVOLA 6 

A) 

B) 

C) 

D) 

Differenze medie fra regione e regione 

del Rumerl Indici .della frequenza di IJIedaglie al val. m". (col.8, lavo 4) 

.. mutilati (col. 4, tav. 2) • • . 

.. u., " .. .. disertori, In complesso (col. 7, tav. 1) 

con passaggio al nemico e ,. 
Il ,",~~DZa d;1 Re~ìco (cor 5, t;;. 3) ". • . . • . . 

20,83 

2t,48 

46,72 

37.05 

Gli indici presentati in questo specchietto ci avvertòno che 
la sperequazione o differenza media fra regione e regione è 
minima quando si consideri il numero di medaglie concesse al 

(l) CORRADO GIN!: Di una misura delle rela::doni tra le graduator'ie 
dl due caratteri. - Romft, 1914, - Tipografia ditta Ludovico Cecchini. 

(2) CORRADO GINI: Vm'iabilità e mutabilità - Estratto dagli «Studi 
economici-giuridici» pubb1icati a cura della facoltà di giurisprudenza della 
R. Università di Cagliari - Anno IJI, parte 2&. 

. Metron - Vol. IL n. 4. 49 



,\falò!" militàre -e éonserva quasi la stessa .per rispetto 
. al contributo di' sangue, ma si intensifica notevolmentè di fronte 
al reato di diserzione.' 

Epperò per rispetto a tale reato la SI)erequazione appare 
minore quando si esamini il fenomeilonella sua manifestazione 
più grave (passaggio al nemico e in presenza del nemico). Ciò 
ha particolare importanza per il fatto già accennato che quasi 
tutti i casi di questa diserzione più grave ~ più significativa 
80110 considerati nelle nostre statistiche . 

. E si aggiunga che la differenza media (~) per tale diser
zione (lettera D), esselldo calcol~ta su un complesso di elementi 
notevolmente più esiguo in éonf1'onto alla massa totale dei dis.er
tori (lettera C) dovrebbe' perciò essere, a parità di ogni alt'ra 
circostanza, assai più rilevante e quindi la diminuzione che in
vece si riscontra fra le differenze medie C) e D) viene ad 
acquistare maggiore importanza e un più preciso significato. 

Pertanto,'ove per rispetto alla diserzione si tenga conto sol
tanto di- quella che presenta caratteri di maggiore gravità, 
com' è consigliaLile, e d'altra parte si ponga mente al diverso 
numero di casi compresi nel calcolo deHe varie differenze medie 

- indicate nello specchietto precedente (lettere (A, B, D), possiamo 
infine concludere che la sperequazione fra regione e regione non 
pare sia molto dissimile a seconda che le varie regioni siano 
(}onsiderate di fronte ai sacrifici di sangue ovvero alla frequenza 
dei decor~ti o ancora alla frequenza dei disertori. 



ARTHUR MACDoNALD 

Death Psychology ofHlstorlcal Personages 

A surnrnary of the last words of those distinguished people in 
history, where records have come down to us, is a psychology of 
their death. 

Before presenting ttre l'esults of such a summary, and in order 
to understand better the significance of words during the dying 
hour, it may be useflll to note a few points as lo death itself, 

The Dying Hour'. 

In another pIace, the author hastreated in detail the physio
logy and psycology of death (l). Here it may be stated that death 
is neither rapid Ilor sudden, but. is precededby a period of tran· 
sition, which begins as soon as the reactionary forces of the or;. 
ganisrn have ceased and com bat has ended. 

The· death act is often confoundeò with the symptoms of dis
ease which precede iL Dying begins after ihese symptoms have 
subsided, there is .a pause in naturè, the disease has cOllquered, 
the battle is over, and all is tranquil. 

This transition stage, or dying hour, may last for a longer 
or shorter tirne; in the great majority of cases persons are un
conscious, thus the natural death appears to be a brain death. 

But when there is consciousness during the houl', it depends 
upon nutritioll and provision of the brain with blood. As there are 
tbree ways of physical dea,th (l) by LH'ain by heart and by lungs, 
so there are thl'ee kinds of psycological death. The first is little 
or no delirium, and intelligence continues not only to the end but 

(l) See Anthropology or moderncivilised Man ·published by the Anthro
pological Society of Bombay; also in «Western MedicaI Times». Denver. 
Color-ado. July, 1920; also in «MedicaI Times» N. Y. City 1920. - See aiso 

. « Medicar Times ». N. Y. City, June 192], and «Westel'l1 MedicaI Times .. 
Denvar, Colorado, July 1921. 



becomes very acute; physical pl'ostration appears to be replaced 
by intellectual exaltation. Another kind of psychological death l'e
fers to diseases only secondarily connected with the brain; the 
mind is a mixed state between reason and delirium. The third 
kind of mental death includes all tbe lesions of the brain, which 
are almost always accompanied with loss of understanding; deli
rium ig a. symptom, there is a generai obscllration of intelligence, 
and complete loss of cOlIsciotlsness. 

Fea1' Qf Death 

In life the fear of allytillg is often much worse than the thing 
itself. This is especially true in the case ofdeal.h.When the d~ing 
hOllr comes, tbe fear of death disappears. 

Whether it is tbe brain, heart or ltlllgs which give the signal 
of death, t.he brain forces are usually weakened or destt'oyed first., 
causing sensation io lessen or cease. Wether there he consciousness 
to the last, or at times, depends upon the nature of the disease 
and the mentai and morai character of the person dying; and this 
in connect.ion with sUlTounding condit.ions. In olcI age death is the 
last sleep, showing 110 difference from normal sleep. The generaI 
consensus of opinion based upon the experience of alI ages is, that 
tlle dr'eadfuiness oi death and its physical pain are for the most 
part in. t.be imaginatioll. 

Psychological Summw'y of Death 01 Distinguished 

Pe1'sons in History. 

Thè average man usually dies 'unknown, whatever he thinks 
and says is soon forgotten. Fine and significant words may be lost. 
Now and then a physician may take the pains to note the last 
words of some of his patients. It may be a dozen cases, or more, 
but it is smalì compared with the great llumber of those dying 
every day. Therefore almost aH the last words t'ecorded at death 
are those of eminent anò distinguished persons. 

This table represents a first attempt to summarize the mental 
condition, at 01' just iJefore death, of distinguished persons from 
the beginning of history up to the present time. Only the most 
reliable sources have heen ut.ilized, and even here, where tbere 
appeared to be-any doubt the persons were omitted, sò that we 
have remaining but 894 cases. It must be remembered howewer 
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that very few death-bed experiences are published, and still fewer 
described with sufflcient 'accuracy to b~ made the object of .scien
iific study. 

Taking in to consideration the very many and varied sources, 
·in aH periods of history, which have been consulted, the regularity 
Df the figures in the talJle is rèmarkable. Such uniformity coming 
Qut of most heterogeneous conditions, when put into statistical form, 
suggests that death is a great equalizer and Ieveler for all huma
nity. In a way, the conduct alld last words of those facing death, 
are a mentai and moral test of their reai character. 

The persons, whose reco~ds we have studied, are classified 
according to occupation, -into ten divisions, as indicated in the first 
column of the talJle. Those whose profession was of a religious 
character, are the lal'gestin number (192), which is due doubtless 
to the power of religion throughout all history. Under c 'philoso
phers» are inclllded mathematicians and educa torso As the llu~ber 
of women was not large enough lO make subdivisions, they are 
.all placed together. 

It will he seen from the third column of the table, givillg. the 
average age, that the great majority ofmen who become eminent 
lUlist live al least fifty years. The Royalty and milHary show the 
lowest average age, due inpart to the large number of deaths by 
violence, which is the case also with the Religiolls, Statesmen and 
women. In shori, alI the ages in divisions where there are many 
(]eaths by violence, would of course have a much higher average 
age had they lived their natural Iives. 

Eliminating this factor of death by violence, the poets anei 
artists die the youngest, thus Keats died at 26, Byron at 36, Burns 
37, Poe 38, and Addison at 47. In the coIumns for pain or little 
or no pain ai death, it will be seen that in onIy 80 cases out or 
894, was any. reference made to this matter, indicating. that the 
question of pain at death is regarded as of little importance. In 
the last 14 columns of the table is presented the ment.al state at 
death or just hefore death, as shown by the last words. It will 
be noted from -column 13 at the bottom, that 17 percent were sar
castic or jocose, indicai.ing a high degree of mental contro!. In fact 
some of the. dying complained that ii. was taking 1,00 long and 
they were getting tired. A relatively large number (24, or 37 
percent) of writers and 'authors (literateurs) were jocose orsar
eastic, or uoth (columo 13); they also were relatively the freesf. 
fl'om pain (columo 1O)~ 



Psychology of~deàth of clistin 

Manner of Death 

Violenr.e Numoor :t 
PROFESSION 

01' 

OCCUPATION 

..... 
o 
s.. 
Q.I 
~ 

El 
Z 

o 
c 
s.. 
o 

;1\1 1 

\ l 

\ [I 
\[ 

t------------II---I------------I---II----I Il 
, __________ -+_2 _-+-3---\~4+-5_+-6-l-7~-8~-9---1L..:....i-0 _L' \\ i 

Religious 'J92 56 42 O O 4. 46 146 t2 , 

Royalty 91 50 23 5 2 7 37 54 5 

Military 75 51 21 21 6 49 26 3 1~1,./ 
Philosophers W2 66 6 O 5 2 t4 88 iO 

JJiterateurs , 106 64 7 2 12 11- 95 5 O -

Physicians and ScÌentists , 54 64 3 O O O 3 5'1 4 2 
Artists 39 63 O O O O O 39 4 2 

Poets . 69 56 3 O 5 64 3 ~ 

Statesmen , 96 65 18 2 6 27 69 6 4 
i \ 

Women 70 56 19 O 3 O 22 48 7 

1---1----------1--11-----1, 
Tot::t)s or average8 894 60 142 30 15 27 214 680 59 2t 

-.. 

,,~r Last W Ol'ds at or just before Death 

Number or Persons 

'~ 13 H 15 16 

j 6 

;{ 7 
! 

12 l 

) 6 
,,:'9 24 

4 { 

'~ 
3 _ 2 

, , 4 5 
,,\. 

J! 

'J 8 5 

!~7 3 

26 

8 

20 

11 

8 

8 

o 
8 

14 

9 

lO 

H 

8 

t4 

9 

3 

8 

8 

10 

6 

66 

13 

15 

28 

23 

15 

7 

t7 

26 

17 

17 f8 

17 30 

15 . t6 

12 17 

8 17 

iO 27 

3 iO 

4 9 

2 t8 

14 17 

11 9 

Average Number or Words 

.~ 

CF.l 
C 
c:.:> o 
~ 

20 

10 

t7 

11 O 

9 18 

18 12 

9 O 

21 13 

20 .24 

14 45 

12 34 

21 

17 

23 

16 

H 

14 

8 

-o 
14 

18 

63 

22 - 23 

2 

6 

6 

5 

5 

5 

5 

3 

3 

8 

23 

20 

H 

8 

14 

22 

12 

15 

W 

ti 

24 

22 

23 

16 

H 

15 

ti 

16 

16 

14 

15 

s.. 
o 

f: o 
;;S 

25 

19 

f2 

1'1 

20 

16 

to 
9 

t5 

1't 

15 

,':::';-----------------------
:':~~3 60 H2 87227 96 no 18 20 19 5 16 16 14 

/~i-=- -----------1---1--'-------
35 :' 

,'.;;tf6 t7 31 26 46 t9 35 
>;~".~ ,~~~. 

1---I-----------I--IIr-----I, 
2 3 24 76 65 3 Pet'centages 16 



The military show inuch the rel~tively highest number of re
quests, d-irectiolls or admonitions (column 14) in their last words. 
The philo~ophers stand relatively high in questions, answers, and 
exc1amations (column 15). In genel'al it will be llotecI (columns 12-15) 
that requests, directions, and admonitions were most frequent (31 
per cent). 

More than twice as many (46 pereent) were contented than 
discontented (19 per cent), as seen at end of columns 16 and 17; 
this accords with the fact that 65 percent had little or· no pain 
and 35 percent pain. Thirty- five percent were indifferent (column 
18), but they all took about the same number of words to express 
their feelings (averages columns 23, 24, 25). While relatively few 
of the Statesmen and women were sal'castic (column 13), they took 
many mOl'e words to express it (column 20), than the others, the 
poets also had as high an average as 24 wOl'ds. In r:equests, di 
rectiolls, and admoni tions the women show an average of 63 words t 

which is three times as great as any of the others, except Hoyalty' 
which was 23 (column 21). 

As to expressing contentment or discontentment, the religious 
and Royalty used the most words, except for contentment the phy
sicians alld scientists had an average of 22 words (co]umn 23)~ 
The art.isf.s and scientisl,s used t.he fewest words of alI (averages 
9, lO), to express their indiffer'ence (column 25). 
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