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Since 1930 AHIENS KAPPEI~S in the Praceedings of the Konin.klijke 
Akademie van Wetenschappen te Amsterdam has published a sene~ of 
papers on cephalic index frequency~curves of a great many p~pulatiOns 
. d th conclusions to be drawn from the form of these curves wJth regard an e . . 
to the races and suhracial groups which have taken part in co.nstJtu:lllg 

each population. He started this series with an investigati~n on th~ dlmen~iOns 
of the heads of 141 Armenians measured by him 1). Thls matenal conslsted 
partly of students of the American University of Beirut, partly o! people 
in the towns of Beirut and Constantinople. The headform of J of the 
students was separated Erom the rest, as these students came from ~ p.a~t 
of the country where Persian admixture was probable. The othe~ l~dlVl~ 
duals, 97 males and 39 females, were studied together. The ceph~l~c llldex 
of each member of this group was computed, classes compnslll~ one 
index~unit each were formed and the 11l1mber of individuals belongmg to 
each class, i.e. the class~Erequencies, were represented graphically. These 

frequencies are as follows: 
... 

Index-classes Frequencies Index-classes \ Frequencies 

75.0-75.9 85.0-85.9 12 

76.0-76.9 86.0-86.9 17 

77.0-·77.9 4 87.0-87.9 12 

78.0-78.9 0 88.0-88.9 9 

79.0-79.9 89.0--89.9 7 

80.0-80.9 3 90.0-90.9 6 

81.0-81.9 5 91.0-9l.9 5 

82.0-82.9 11 92.0-92.9 3 

83.0-83.9 19 93.0-93.9 6 

84.0-84.9 13 97.0··97.9 

From these figures it appears that the highest frequencies are in ind~x~ 
classes 83.0-83.9 and 86.0-86.9 respectively. As the two classes lymg 
between contain a smaller number of individuals the frequency~curve 

-1) C. U. ARIËNS KAPPERS, Contributions to thc Anthropology of the Near-East. I. 
The Armenians. Proc. Kon. Akad. v. Wetcnsch., Amsterdam, 33 (1930). 
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presents two peaks corresponding with the former classes (see Fig. 1 
and 2). AdditionaI peaks correspond with index~classes 77.0-77.9 and 
93.0-93.9. Consequently the frequency~curve is somewhat irregular, it is 
not as smooth as an ideal curve of varia ti on should he. 

Now the anthropologist is accustomed to irregularities of the frequency~ 
curves constructed by him. He is weil aware of the fact that the material 
studied by him is as a rule far too limited to yield results correspond'ing 
with the results of random sampling. In the case of KAPPERS' Armenians 
deviations from the ideal frequency~curve may be expected almost with 
certainty for the following reasons. 

In the first place his material cannot be regarded as representing a 
homogenOlIs group, as his Armenian students probably came from many 
different parts of the country as did undoubtedly the Armenian population 
of the big town of Contantinople. 

Secondly in his material both sexes are represented; KAPPERS studied 
them together since the average length~width indices differed only very 
little. Now it is a well-known fact that as a rule sexual differences can 
be found in the cephalic index of all populations of which enough indivi~ 
duals have been investigaoted. 

In the third place KAPPEI~S studied the distribution of 136 observations 
over 20 index-classes. Without knowing which should be the relation 
between the total number of observations and the nu mb er of classes in 
order to get a good notion of the form of the ideal distribution (YULEI), 
p. 87, mentions a number of one thousand observations at least), one may 
expect almost with certainty that in distributing 136 observations over 20 
classes severe deviations from the ideal curve will be brought about. 

For these reasons one is inclined to ascribe the occurrence of peaks in 
the frequency-curve of the cephalic index of KAPPERS' Armenians to 
different outer circumstances; one hesitates to accept KAPPERS' view, 
according to which these peaks should be considered as indicating the 
presence of different subracial groups among the Armenians. 

In his first paper KAPPEHS did not draw the latter c'Onclusion, but in 
a second paper on this subject 2) he did. It was the study of the cephalic 
index of other populations in Western~Asia and Lower~Egypt which 
induced him to do so. The frequency~curve of the cephalic index in 206 
Lebanese present'ed namely two peaks at about the same places as in tbe 
Armenians, but moreover an additional peak at 80.0-80.9 was present. 
This occurrence' of a larger number of individuals with lower cephalic 
indices accounts for the fact that the mean index in the Lebam'.se was 
found somewhat lower than in the Armenians. This difference, in the 

1) G. U. YULE, An Introduction to the Theory of Statistics. 10th Ed. London (1932). 
2) C. U. ARlËNS KAPPERS, Contributions to the Anthropology of the Near-East. H. 

The Spread of brachycephalic races. Proc. Kon. Akad. v. Wetensch., Amsterdam, 33, 
N°. 8 (1930). 
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following quotation indicated as "the first factor", KAPPERS explained as 
follows (l.c., p. 804): "The first factor is due to the fact that the brachy~ 
cephalic popu1ation of the Lebanon is mixed with a subbrachycephalic 
(ind. 80-80.9) population as appears from a superposition of the Arme~ 
nian and Lebanese (male) frequency curves. The question as to the origin 
of this admixture is answered by the second curve that gives the frequency 
of the 1ength~width index as found at the foot of the mountainous country 
on the desert border from Homs to Hauran, including the popldation of 
Damascus, a large town, the popu1ation of which is rather mixed but 
shows a typical top at 80-80.9. Superposing the Lebanese and desert 
border curve we see that the main top of the latter coincides exactly with 
the additional top in the Lebanese curve, so that apparently the population 
of Damascus causes the extra top of the Lebanese popu1ation." 

The last sentence of the foregoing quotavion is the first p1ace where 
KAPPERS gives expression to his view that peaks occurring in frequency~ 
curves of the cepha1ic index correspond with the main tops in the curves of 
the races or subracial groups which have taken part in constituting the popu~ 
lation in question, or at least point to the pres en ce of such races, for, as 
appears from later papers, the exact p1ace of the peak may vary a litt1e. Now 
the sentence in question does not give any proof whatever of the exactness 
of th is fundamental surmise. And it was in vain that in later papers I 
sought for arguments. In the first chapter of his monograph "An lntro~ 
duction to the Anthropo10gy of the Near East" 1) KAPPERS with regard 
to the frequency~curves of the cepha1ic index writes (l.c., p. 6): "Whereas 
averag'es always more or 1ess take away the differences existing in a 
group, or on1y express them by their spread and deviations, a frequency 
curve gives the complete analysis of its group. This is the more importélnt 
as every group - even such as are stamped with a racia1 name - is 
always mixed. In these groups, provided they are large enough (my 
experience is that only groups of a hundred or more individuals give 
reliab1e relations ), we may distinguish the chief component or highest 
peak from its variations or admixtures. Especially thc admixtures may 
vary a great deal, according to the country where the group lives. While 
with racial groups 2) usually one and the same peak is found, it is a 
curious fact that in some groups - e.g. the Armenians and Khaldeans (see 
below) - the are a1ways two high peaks, which have a certain constancy." 

This moreover not on1y ho1ds good in studying different sets of indivi~ 
duals representing the same popu1ation, but a1so in comparing different 
more or kss close1y re1ated groups. KAPPERS;») even found the same peaks 

1) Noord-Hollandsche Uitgeversmaatschappij, Amsterdam (1934). 
'2) This is in opposition to the preceding thesis according to which every group is 

mixed. 
3) C. U. ARIËNS KAPPERS, The spread of primitive humanity and its links with the 

more differentiated races, as revealed by cephalic and cranial index curves. Proc. Kon. 
Akad. v. Wetenseh., Amsterdam, 39, N°. 10 (1936). 
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in groups which at present are geographically separated as far as the 
Melanesians on the one hand and the African negroes on the other. The 
peaks present in the cephalic index frequency~curves of these groups 
confirm thei!' racial relationship, established by modern anthropological 
research (VON EICKSTEDT 1) ). 

Such are the facts on which KAPPERS' explanation of the occurrence 
of peaks is founded. Thc existence of these faCits cannot be denied. But 
still one may ask whether the peaks observed in the frequency~curve of 
a population are a typical character of this population, or if they are 
brought about by chance only or by some other outer cause. The circum~ 
stance emphasized by KAPPERS, that the peaks have a certain constancy, 
may plead in favour of the first possibi1ity; still it secms worth while to 
study their reliability from a statistical point of view. In case the peaks 
should prove reliable, thc difficulty as to their exp1anation again arises. 
For KAPPERS' explanation certain1y is a possibi1ity; but he has given no 
proof whatever of its correctness. Therefore it seems necessary to consider 
other possible explanations too and on1y in case no other effort succeeds 
I should be willing to admit the exactness of KAPPERS' surmise. For one 
should not lose sight of the circumstance that in anthropological research 
different groups cannot be sufficiently differentiated by one criterion only. 
lt is generally accepted in anthropo10gy that races are C'haracterized by 
the pr.esence of a cOll,lp1ex of characters, each of which may separately 
occu!' lil other races too; in the given combination they are however typical 
of the race in question. Consequently it is very remarkable that in 
KAPPERS' anthropologJica1 work not only one character --- important 
though it may be - should suffice, but that even the distrinution of this 
one character over the index~classes of the group shou1d enable one to 
telI its racial components! 

In the case ofhis 136 Armenians KAPPERS even has gone sa far as 
to try and separate the frequency~curve into two composing curves each 
showing only one top which corresponds with one of the main peaks 
of the original curve. He has not drawn the component curves themselves 
but he has given their statistical dates. With regard to the main tops 
of the origJinal curve he states namely 2): "The probability that these 
tops have the va1ue of a reality has been tested by a mathematician and 
confirmed so that ûhere is some reason to accept that among the Arme~ 
~ians two essentially different groups occur, one with an average Lw. 
mdex of 83.48 (+ 1.16), the other with an average Lw. index of 86.53 
(+ 1.49)." He has repeated th is statement in his "Introduction to the 
Anthro~ology of the N ear East" in writing (l.c., p. 14): "The probability 
calculatton of my own Armenians (men and wamen) shows that there 
~two~~oups, one of 83.48 (± 1.16) and one of 86.53 (+ 1.49)". 

1) E. Freih. VON EICKSTEDT, Rassenkunde und Rassengeschichte der Menschheit. 
Stuttgart (1934). 

2) Proc. Kon. Akad. v. Wetenseh., Amsterdam, 33, 808 (1930). 



602 

As I wanted to investigate if in combining these two curves a compound 
curve provided wibh two peaks should result, I tried to reconstruct the 
ideal curves which are characterized by the above mentioned dates. Now 
however the difficulty arose, that KAPPERS has not mentioned which 
measure has been put behind the -+-- sign. One is inclined to suppose that 
it is either the standard error of tihe mean or its probable error. In the 

first case the standard deviation of each series should be V-n times as 
large. Now supposing each group to consist of about an equal number 

of individuals, Vn- attains the value 8. Consequently the standard devi
ation of the first group amounts to about 9, that of the second to 12. 
Taking M -+-- 3 a as the limits between which practically all values are to 
be found, bhe first group should range from index-class 56 to 110, the 
seconcl from 50 to 122. In case the probable error of the mean should 
have been given, these ranges should still be wider. From this rough 
calculation it is evident. that the measure of deviation given by KAPPERS 

cannot be a measure of the mean; it must be the standard deviation or 

the probable error of each series. 
Supposing the distribution of frequencies in each component group to 

be an ideal one, it is possible, witih the help of the standard error and 
of the probable error respectively, to calculate which area of each curve 
falls on each class. Therefore it is possible to express each cIass-frequency 
as a fraction of the total number of individuals of the group. I made use 
of J OHANNSEN' stabIe (1), p. 77), but other tables wil! do as weIl. As a 
matter of fa ct the two curves overlap. In the compound curve, bearing 
on the combined groups, the frequencies of the classes 83.0--83.9 and 
86.0---86.9 must be the same as in the original curve of the 136 Armenians, 
investigated by KAPPERS, as in these classes the main tops of the latter 
are situated .. These frequencies are 19 and 17 respectively. Therefore the 
sum of the fracüons of the number of individuals which in each of the 
two component curves fall in index-class 83.0---83.9 must be 19, whereas 
in class 86.0-86.9 this sum must be 17. From these equations the number 
of individuals of each component group can be computed. If in this 
calculation it is assumed that KAPPERS has given the probable error of 
the groups, the number of individuals is 59 and 78 respectively, or 137 
in tata!. If KAPPERS had given the standard deviations of the groups a 
rough calculation shows that the numbers should be about 51 and 61, in 
total 112. As in the first case the total number of individuals agrees very 
weU with the number of Armenians measured by KAPPERS (136), whereas 
in the second it does not agree, we may assume that the measure of 
deviation given by KAPPERS is the probable error of each series. Taking 
th is for granted I have calculated the frequencies of each class in the 

theoretica I curves. The results are as follows: 

1) W. JOHANNSEN, Elemente der exakten Erblichkcitslehre. 3. Aufl. Jena (1926). 
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79.0- 80· 81- 82- 83- 81- 8S·-l6':' 87- 88- 89- 90- 91-
79.9 80.9 81.9 82.9 83.9 84.9 85.9 86.9 87.9 88.9 89.9 90.9 91.9 

1 3 7 11 13 11 7 3 1 - - - - (n= 57) 

- - 1 3 6 9 13 14 13 9 6 3 1 (n= 78) 
I 

--- - ----
I 3 I 8 114 119 1 20 I 20 1 17 1 14 I .9 I 6 I 3 I 1 I (n = 135) 

From these figures it appears that the usual way of rounding oH 
fractions has decreased the number of individuals of the first group from 
59 to 57. Still the total number (135) corresponds very weil with the 
number (136) in KAPPEr~s' original curve. 

In fig. 1 the two theoretical component curves are represented by a 
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Fig.!. Frequency-curve of the Cephalic Index of 136 Armenians aftel' KAPPERS 
(crossed line). Ideal frequency-curves of the two groups which, according to 
KAPPERS' dates. should occur in these Armenians (dotted lines). Frequency-curve 

resulting from combining the latter two theoretica! groups (full line). 

---

dotted line. The curve resulting from combining both groups is drawn 
with a fuIl line. Moreover the curve of the 136 Armenians measured by 
KAPPERS is figured with a crossed line. It appears from this figure that 
the frequencies of the 83.0-83.9 and 86.0-86.9 classes in the original 

ril 
Proc. Kon. Ned. Akad. v. Wetenseh .. Amsterdam, Vol. XLI, 1938. 39 
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curve and in the resulting theoretical curve are the same. But the depres~ 
sion which in the origina1 curve lies in between, is not present in the 
t'heoretica1 one. In stead of it the 1atter shows a flattened top in the 
corresponding area. 

I do not know in which way KAPPERS has succeeded in separating his 
material into two groups. In my opinion such an enterprise seems wholly 
arbitrary, iE at least he has been gUided by the cephalic index only. At 
any rate the two groups separated by him and characterized by the means 
83.48 -I- 1.16 and 86.63 -I- 1.49 cannot have shown a nearly normal 
dis tribu tion. 

It may be added that abo in the case it is the standat'd deviation which 
KAPPERS has put behind the ± sign, in the resulting theoretical curve no 
depression appears between the frequencies of the classes 83 and 86. 

From the foregoing I must conclude that the probabi1ity calculation 
does not support KAPPERS' view according to which the presence of two 
main peaks shou1d prove that the Armenians consist of a mixture of two 
different groups. 

In the beginning of th is paper doubt has already been expressed with 
re gard to the question if the reIation between the number of classes and 
the total number of Armenians investigated by KAPPERS is such as to 
justify the expectation that the frequency~curve based on this material 
will give a good idea of the normal distribution in the who1e of the 
population. According to Y ULE (l.c., p. 79), the conditions which guide 
the choice of the magnitude of the class~interval "will generally be 
fulfilled if the interval be so chosen that the who1e number of classes lies 
between 15 and 25". Now in the case of KAPPERS' Armenians the number 
of classes is 20. But l.c .. p. 87. YULE states: "When. in any actual case. 
the nu mb er of observations is considerab1e - say a thousand at least -
thc run of the class~frequencies is generally sufficiently smooth to give 
a good notion of the form of the idea1 distribution; with small numbers 
the frequencies may present all kinds of irregu1arities. which. most pro~ 
bab1y. have very 1ittle significance". As in the case of KAPPERS' Armenians 
this number is on1y 136, the conclusion is obvious. 

More reliab1e results might possib1y be attained in increasing the 
frequencies by enlarging the class~interva1s. Therefore I took together 
every two successive classes of KAPPERS' curve. This of course may be 
done in two different ways. The resu1ts are shown on the following page. 

It appears from these figures that the curves which cou1d be drawn 
shou1d be smoother than the origina1 one; the curve corresponding with 
the first row of figures would even present one top only. Now it is 
self~evident that in en1arging the class~interva1s some of the irregu1arities 
of the first curve must necessarily disappeal'. For in drawing the new 
curve we treat all the va1ues assigned to each of the new classes as if 
they were equa1 to the mid~value of the new class~interval. Therefore if 
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I Frequencies /-
----"-" 

Index-classes Index-classes Frequencies 

75.0-76.9 2 74 0-75.9 1 
77.0-78.9 4 76.0-77.9 5 
79.0-80.9 4 78.0-79.9 
81.0-82.9 16 80.0-81.9 8 
83.0-84.9 32 82.0-83.9 30 
85.0-86.9 29 84.0-85.9 25 
87.0-88.9 21 86.0--87.9 29 
89.0-90.9 13 88.0-89.9 16 
91.0-92.9 8 90.0-91.9 11 
93.0---94.9 6 92.0-93.9 9 
95.0-96.9 94.0-95.9 
97.0-98.9 96.0-97.9 

an enlarged class corresponds with two successive classes of the original 
curve in which a peak and a valley respectively fall, it is deal' that this 
contrast will no long er be visib1e in the new diagram. Hence the disappe~ 
arance of many of the origina1 irregularities does not prove that the latter 
were not trustworthy. The reliapi1ity of these peaks must be studied in 
another way which will be discussed below. 

First however I will consider the way in, which Miss KEERS 1) has tried 
to diminish the irregularities of the curve without enlarging the c1ass~ 
intervals. This author assigns as c1ass~frequency the mean of the observed 
frequencies of the c1ass in question, the preceding one and the following 
one. ~n the Armenians studied by KAPPERS the c1ass~frequencies according 
ta thlS procedure wou1d be as follows: 

Frequencies 
Index-classes (calculated Index-classes Frequencies 

af ter KEERS) 

75.0-75.9 1 85.0-85.9 14 
76.0--76.9 2 86.0-86.9 14 
77 .0-77.9 2 87.0-87.9 13 
78.0-78.9 2 88.0-88.9 9 
79.0--79.9 89.0-89.9 7 
80.0-80.9 3 90 .. 0-90.9 6 
81.0-81.9 6 91.0-91.9 5 
82.0-82.9 12 92.0--92.9 5 
83.0-83.9 14 93.0--93.9 3 
84.0-84 9 15 94.0-94.9 2 

The frequency~curve which might be drawn from these figures would 
present hardly any irregu1arity. Especially all deflexions in the midd1e 

1) W. KEERS, Een anthropologisch onderzoek van de Karo-Batak. Geneeskund. 
Tijdschr. v. Nederl.-Indië, Vol. 77, 328 (1937). 

39* 
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part of the curve have disappeared, on the other hand its top is very flat. 
The way in which these changes have been brought about can be explained 
in the easiest manner by taking the calculation of the frequencies of the 
classes 83.0--83.9 and 84.0-84.9 as an example. The frequency of class 
83 according to this method is one third of the sum of the numbers of 
individuals which according to observation should belong to the classes 
82, 83 and 84 respectively. In the same way the frequency of class 84 is 
one third of the sum of the observed frequencies of the classes 83, 84 
and 85. Therefore the difference between the frequencies of classes 83 
and 84 according to this method is one third of the difference between 
the numbers of individuals which according to observation should belong 
to the classes 82 and 85. The difference between the observed frequencies 
of classes 83 and 84 however does not play any part in -constituting the 
difference between the frequencies of the same classes computed after 

KEERS! 
The latter fact is in my oplllion of great importance. I for my part 

cannot approve of a method which effaces any difference between the 
observed frequencies of two successive classes, without even putting the 
question if th is observed difference be reliable. However great the observed 
difference may be, it can never appear from the frequencies of the succes~ 
sive classes in question computed af ter KEERS. The latter author applied 
this method in order to reduce the influence of errors of observation. As 
has been explained before, it does more; I think it overshoots the mark! 

In the foregoing some methods have been discussed to reduce 

irregularities of the frequency~curve which might have occurred as a' 
fluctuation of sampling. They were more or less unsuccesful. It goes 
without saying that the best way in which this object could be attained 
consists in increasing the number of observations. Now KAPPERS has given 
the frequency~curves of the cephalic index of 530 male Armenians and of 
326 female Armenians, measured by himself, CliANTRE, KRISCliNER and 
VON ERCKERT (in Introduction to the Anfhropology of the Near East, 
l.c., p. 15). In Fig. 2 I have reproduced these curves, slightly altered, and 
I have added the curve bearing on the 136 male and female Armenians of 

hts first paper. 
It is interesting to note th at the curve of the 530 males is the most 

regtdar one of the three. The two main tops are still recognizable but the 
left one has shifted one class~interval to the right, while the valley lying 

between is far less pronounced. 
Although we should bear in mind that the three curves of Fig. 2 are not 

independent ones, as the individuats represented in the curve of the 136 
Armenians, are also included in the curves of the male and the female 
Armenians respectively, still one gets the impression that in increasing 
the number of observations an increasing tendency towards fusion of the 
two main peaks can be detected. Therefore the question arises if perhaps 
by further increase of the number of observations a curve with one top 
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only should have come into existence. This question cannot be answered, 
but it is possible to study the odds against the occurrence of two main tops 
in an other investigation of the cephalic index of the Armenians. 
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Fig. 2. Frequency-curves of thc Cephalic Index of 530 male Arrnenians (full 
line) , of 326 female Armenians (dotted linc) and of 136 Armenians of both sexes 

(crossed line) , af ter KAPPERS. 
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Let us first consider the curve of 136 individuals of both sexes. Here, as 
in all three curves, the deepest point of the valley between the two main 
peaks corresponds with class 85.0-85.9. The frequency of this class is 
12 (N1 ), the number of individuals not belonging to this class (N2 ) is 124. 
The total number of observations being N, the standm'd deviation of the 

. -VN XN 1/12,X 124 frequency of class 85 IS 0S5 = IN 2= V -~=3.311). In the 

same way 0S3 :-- 4.04; 084 = 3.43; 0S6 = 3.86. 
From these figures it appears that in a following investigation of 136 

Armenians of the same sexual proportion the frequency of class 85 will 
almost with certainty be found Iying between the limits 12 +- 3 085, i.e. 
between the values 2 and 22. We may therefore conclude that the valley in 
the frequency~curve of KAPPERS' 136 Armenians which corresponds with 
class 85.0-85.9 may be explained as a fluctuation of sampling. 

In the case of the 530 _ male Armenians the frequencies of the classes 
84, 85 and 86 with their respective standard deviations are 60 +- 7.29; 
57 +- 7.13; 67 +- 7.65. Again it seems )quite possible that the two main 
peaks and the valley Iying between máy be explained as fluctuations of 

sampling. 
In the foregoing way it is however impossible to study the probability 

of the absence of two peaks in a followihg investigation. But th is may be 

done as follows. 
In the series of 136 Armenians the average cephalic index according to 

KAPPERS' data must fall in' index~class 85.0-85.9. Therefore the 

frequencies of classes 83 and 86 are highe~, or those of classes 84 and 85 

I) One might also have used the equation û = VpqN in which p is the fraction of the 
N 

total number of individuals belonging to c1ass 85, hence p = NI, and q is the fraction 

N 2 
not belonging to it, hence q = F/ . 

,/PI (100 - PI) 
Also the well-known equation might have been used (}I = V '------- N _. in which ûl is 

û 
û in percentages of N, hence ûl = F/ X 100, and PI the c1ass-frequency in percentages 

NI 
of N, hence PI = N X 100. 

a,= V~(I0~-P,)=V~~oo~~=J:~o)= 
= l~ 'VN1 (~ !JI) = 1~0_VN:2 = -h- X 100. 
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are Iower than ought to be the case in normaI distribution. The difference 
between the observed frequencies of classes 86 and 85 is 5. What is the 
standard~deviation of th is difference? According to Yuu: (l.c., p. 210) the 

standard~deviation of the difference of two variables is 

ODi{f. = V(Oj2 +- ol-- 2['01 (2)' 

in which al and 02 are the standard~deviations of the varia bles in question, 
[' their correlation~coefficient. al and 02 have already been calculated, 
t is as yet unknown. It is however clear that r must have a negative value. 
For if the total number of observations is constant and the frequency of 
class 85 increases, the number of individuals not belonging to this class 
must necessarily decrease. Hence also the frequency of class 86 will tend 
to decrease. If the latter tendency be considerable or not might only be 
derived Erom the study of a series of investigations of Armenians, each 
extending over the same number of individuals. As such series are not 
available, we must confine ourselves to stating that between the 
frequencies of neighbouring index~classes a negative correlation probably 
exists, the exact value of which is unknown. Consequently we may assume 

th at ODi{f. > V (01 2 +- ol). In the case of the class~frequencies 86 and 85 

ODitf. > V3.86 2 +- :3:312, i.e. ODi{f> 5.06. The difference of the frequencies 
(D =c: 5) is therefore Iess than '99 times its standard~deviation. 

IE in a following investigation a difference between the frequencies of 
classes 86 and 85 should be found which equals or is smaller than 
D - '99 X 5.06, the class~frequency 86 shouId not correspond to a peak 
in the curve, as D should be 0 or even attain a negative value. IE therefore 

the difference should equaI or be smaller than D -, ·990Di{f. the frequency 
of class 86 should already be smaller than that of class 85. Now the 
probability of the latter occurrence can be calculated from a normal curve 
of variation the mean of which is D and the standard~deviation of which 

is ODi{f .• From the tables of norm al distribution (e.g. JOHANNSEN, l.c., 
p. 77) the probability that in a following observation a difference will be 

found which equals or is smaller than D -'99 0Di{f. appears to be 16.12 %. 
The odds against such an occurrence are about 5 to 1. Therefore 
the odds against reliabiHty of the peak corresponding with index~class 

86.0·--- 86.9 are about 1 to 5. 
In the same way the difference between the frequencies of index~ 

classes 83 and 85 is D +- °DI{f, , or 7 ± > 5.22. The difference here is less 
than 1,34 times its standard~deviation. The probability that in a following 
investigation of 136 Armenians of the same sexual proportion the dif~ 

ference between these class~frequencies will be fonnd to have a value = 
D _. 1.34 ODi{f. or even smaller than that, is about 9 %. The odds against 
reliability of the peak at index~c1ass 83.0 -- 83.9 consequently are about 
1 to 10. 

From these probabilities it will be clear that I do not agree with 
KAPPERS' statement already cited: "The probability that these tops have the 

~ 
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value of a reality has been tested by a mathematician and confirmed ...... ". 
Usually in statistics far greater probabilities are required before one is 

inclined to assume certainty. 
In the case of the 530 male Armenians of Fig. 2 the difference between 

the frequencies of classes 84 and 85 is 3 -+- > 10.20. Hence th is difference 
is less than '29 times its standard~deviation. The odds against rdiability 
of the peak at class 84 consequently are about 1 to 1 Vz. In comparing the 
frequencies of classes 86 and 85 the difference appears to be 10 -+- > 10.46; 
the difference is less than '96 times its standard~deviation. The odds 
against reliability of the peak found at index~class 86 therefore are about 

1 to 5. 
From these probabilities one is compelled to conclude that it is far from 

certain that the two main tops occurring in all three Armenian ceplhalic 
index frequency~curves of fig. 2 are typical of this population. It is 
especially remarkable that in increasing the number of observations the 
odds against reliability of these peaks appear to increase too. Therefore 
there is a not unconsiderable possibility that the real frequency~curve of 
the cephalic~index in the Armenians should not show two tops and that 
their presence in the groups investigated must be ascribed to fIuctuations 
of sampling, if not to accessory circumstances which favour an increase 
respectively a decrease of the frequencies of particular index~classes. The 
latter possibility will form one of the subjects of a following paper. 

In later papers KAPPEHS has called the peaks occurring at index~classes 
83 and 86 "associated index peaks", because both of them. together or 
separately, characterize his Central~Asiatic race 1). Therefore the 83 and 

86 peaks should each represent a subracial group. 
In frequency~curves of other populations peaks may occur which 

according to KAPPERS should be ascribed to different races. In case such 
peaks do not lie too far from each other their reliability can be investigated 
in the manner described here; if their distance is larger another way must 
be followed which will be discussed in a following paper. 

1) Proc. Kon. Akad. v. Wetenseh., Amsterdam, 37, 612 (1934); 38, 686 (1935). 

Physics. - Determinatian af the rate af infectian in fuberculasis. By 
Dl'. G. C. E. BURGER, head af the Health Service of the N.V. 
Philips at Eindhoven, and Dr. H. C. BURGEH. Lecturer in physics 
at the University of Utrecht. 

(Communicated at the meeting of May 28, 1938.) 

The tuberculin reaction according to PIRQUET and its later modifications 
(including tuberculin ointment reaction according to MORO, HAMBUIWEH) 
have not only been found to be of great significance for the dia gnosis 
of tubercular affections, but have also made it possible to obtain with 
the aid of statistics an insight into the spreading of tuberculosis amang 

the different classes of the population. The quantitative utilization Çlf these 
statistics of tuberculin reaction has practically always been confined to 
comparing the percentage of the positive (and negative) tuberculin 
reactions for different classes of the population. 

Recently an important attempt has been made by MUENCH in America 
and by STI~AUB and particularly by HEI]NSIUS VAN DEN BERG in Holland 
to obtain from the data regarding the sensitivity to tuberculin, with the 
aid of mathematics, some information regarding the rate of infection by 
tuberculosis 1 ) • 

If at a certain moment a group of persons of different ages is examined 
by means of a tuberculin test and a graph is made of the percentage 
of positive reactions as a function of the age, great regularity will be 
noticed here. This phenomenon caused HEI]NSIUS VAN DEN BEIW to arrive 
at the conclusion that there existed a constant "factor". He assumed 
that this constant factor was formed by a constant rate of infection 
during a number of years of life. On the basis of a uninfected persons, 
and assuming t,hat annually x % of these individuals becomes infected, 
there are th en af ter 1 year: 

a - l~O a or a (1- -1~0-} 
af ter 2 years: 

1) H. MUENCH, Journalof the American Statistical Association, Vol. XXIX. p. 25 
(1934). - STRAUB, Report of the Genootsch. tot bey. v. Nat., Genees. en Heelk. Ned. 
Tijdschr. v. Geneesk., p. 1540 (1936). - HEIJNSIUS VAN DEN BERG, Report of meeting 
of the Ver. Ned. T. b. Artsen. N. T. v. Geneesk., p. 1872 (1937). - Reports of the 
Dutch Tuberculosis Committee (1937). 


