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I.—A STATISTICAL STUDY OF THE CHINESE
HEAD

BY
P. C. MAHALANOBIS

1. The material for the present study consists of
two series of measurements on living men taken by
S. M. Shirokogoroff (Anthropologist, Russian Academy
of Science) in 1908-12 and 1923-24 respectively, and
published hy the North China Branch of the Royal
Asiatic Society in the form of two reports :—

(i) “Anthropology of Northern China, etc.”” Extra
‘ol. 11, Shanghai, 1923.

(i) “Anthropology of Kastern China, ete.” Extra
Vol. IV, Shanghai, 1925.

Shirokogoroff classified his material according
to the province of origin (birth place) of the person
examined, and in the earlier portion of my comparisons
I have retained his classification. The following list
gives the names of the different provincial groups. The
number of individuals available in each case is given
within brackets.

The so-called “non-selected” data in every case
consist of persons measured in hospitals and asylums,
while the “criminal” data belong to inmates of Shanghai
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and Hong-Kong Municipal gaols. It will be noticed
that although Shirokogoroff uses the name “non-
selected” such data do not really represent a random
sample of the general population but are selected with
reference to disease and disorders of the mind.
(i) Manchuria (96).
(ii) Chihli (114).
(iii) Shantung (185).
(iv) Kiangsu “non-selected” (102).
(v) Kiangsu “criminal” (113).
(vi) Chekiang “non-selected” (62).
(vii) Chekiang “criminal” (44).
(viil) Anhwei “non-selected” (44).
(xi) Kwangtung “‘non-selected” (110).
(x) Kwangtung “criminal” (220).

In addition to the above Chinese samples I have
also taken (xi) Koreans (141), consisting of men from
North Korea and the maritime provinces of Siberia,
and (xii) Manchus (81), from the Aigun district of Hei-
lung-Kiang.

2. In the present paper I have considered only the
measurements on the head (flesh), altogether 16 in
number. Shirokogoroff gives the mean values for each
province, but does not usually give individual measure-
ments or standard deviations. I have therefore been
obliged to use standard deviations calculated from
a long series of measurements of 550 Korean men
published by T. Kubo.

Mean values of groups discussed in the present paper
are given in Table I(A).

(*) “Beitrige zur physischen Anthropologie der Koreaner” (Mitt. med.
Fakult. Kais.-Univ. Tokio, Bd. xii, 1913).
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TasLE I (B).

Mean values of certain samples from Northern Asia
and China (Shirokogoroff). The Chinese groups are
obtained by pooling together some of the provincial
means given by Shirokogoroff.

Korcans. | Manchus. | Northern | Eastern | Southern
Character. Chinese. | Chinese. Chinese.

N (Mean| N |Mean| N | Mean [ N | Mean | N | Mean
Head Length 141| 183-1| 81 | 181:0| 297 187-8| 365 186+4| 330 1852
Head Breadth . | 1537 80 | 151°3| ,, | 1483f ,, | 15271] ,, | 1480
Morphological Face
Length. , | el ,, | 79|, | 1178 ,, | 1158 ,, | 112
Bizygomatic
Breadth. . | 143879 | 1402 | 1405 , | 1419} ,, | 1379
Nasal Height , | 40:8| 81| 45+4|296| 4106 , | 427, | 400
Nasal Breadth . 37-3| 81 379 298| 379 ., 375 ., 370
Cephalic Index . | 837 80 | 83| 207| 794| ., 817!, 799
Nasal Inde‘x v 92-5| 81 830| ,, 899| ,, 876] ,, 932
Morphological
Facial Index. 140 81| 79 | 839 295 839 , | 817 ., | 816
Minimum Frontal
Diameter. 141| 106-3| 80 | 105-4| 298| 1047 ,, | 1049( ,, | 1034
Bigonial Diameter | 140| 112-3| ,, | 1105 299 109-2| ,, | 107:2| ,, | 1053
Physiological Face
Length. 141{ 194+7| 79 | 188-3] 296| 192-1| ,, | 1866 ,, | 1836
Internal  Ocular .
Breadth. 142| 339( 81| 34:1297| 343 , | 349, | 340
External  Ocular
Breadth. ” 95-3| ,, 935| ,, 95'6| ,, 92:2] ,, 881
Height of Head . » | 13475 ,, | 132°6| 208| 1346 ,, | 134.3| ,, | 1315
Ear Length 141 63-9| ,, 650 296 64°1] ,, 61-2| ,, 596
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3. We shall first test whether the different provincial
groups may be considered to be samples drawn from the
same general population, or whether they must be
considered to be statistically divergent, i.e. belonging
to different populations. I have used Prof. Pearson’s
(2 test for this purpose?, and I give the values of C? for
the 45 different pairs of groups in Table II.

The mean value of C* for two groups which belong
to the same population is zero with a probable error
of4.67449+/%, where p is the total number of characters.
In the present case p=16, and therefore the probable
error=+40.24 approximately in every case.

The test therefore consists in comparing the observed
values of C* with a theoretical value of 04-0.24. If
the observed value does not differ from zero by more
than say 0.72, then the two groups may be considered
to be drawn from the same general population ; on the
other hand if the observed value is greater than 0.72,
then the chances are that the two groups belong to differ-
ent populations.

A glance at Table IT will show that all the coefficients
are significantly greater than 0.72, with only two
exceptions, namely, Chihli and Shantung with a co-
efficient of 0.65 +0.24 ; Kiangsu criminal and Chekiang
criminal with a co-efficient of 0.54 4.024. We also
notice that comparatively high values of C? occur several
times in Table II, e.g., 53.79, 45.04, 45.78, etc.

We conclude that speaking generally the different
provincial groups must be considered to be significantly
differentiated from one another.

(%) Biometrika, Vol. 18, 1926, pp. 106—117.
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4. 1 shall now proceed to discuss the actual magni-
tudes of the divergence between different groups. I
have used for this purpose a certain coefficient of
divergence defined by the following equation :—

D2 [%S (Mp ;ﬁ”"”z ]_("nj}’)....(x)

with a variance given by
z'_4 ”+'f'). P+ —2-(’“'"')2 ...... (2)

P \nn P\ nn'

where M,, M’, are the observed mean values of the
pth character in two groups of size n, n’; o.2
is a reliable value of the variance of the pth character
which is kept constant throughout the whole series of
comparisons, and D?1s the mean value of D2, The
summation extends over all characters, the total number
of which is given by p.!

Table III gives D? (together with the probable
errors) computed in accordance with the above formulze.
I have used the standard deviations of a long Korean
series for s, in equation (1), and observed values of
D2 for mean values D’ in equation (2).

I need hardly mention that D? measures dwergence
between two groups, i.e., the greater the value of D? the
greater is the divergence, while the smaller the value of
D2 the greater is the resemblance between the two groups.

5. The “non-selected” (i.e. hospital and asylum
inmates) and the ‘“criminal” groups from the same
province all give very low co-efficients. For example,
Kiangsu .071 4-.017, Chekiang .0944.024, and Kwang-
tung .0744-.011. The divergence is statistically signi-
ficant but small in magnitude in every case.

(1) The theoretical foundations of equations (1) a:.d (2) have been discussed
by me in a separate paper which will be published shortly.
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6. Chihli and Shantung are both situated in the
north, and naturally enough they have a coefficient of
only 4.0104- .006 which is negligibly small. We have
also seen that as judged by Pearson’s C? test these two
groups may be considered to be drawn from the same
population. I have therefore clubbed them together to

form a single “Northern Chinese” sample for later
comparisons.

7. The 5 samples from the eastern provinces of
Kiangsu (“non-selected” and “criminal”’),Chekiang (“non-
selected” and “‘criminal”), and Anhwei (‘“non-selected”)
all with one exception give coefficients less than .100
(values of C? less than 5.0), and therefore exhibit com-
paratively high association or resemblance with one
another. The case of Kiangsu ‘“non-selected” and
Chekiang “criminal” with a coefficient of+ .1624-.27
(C2=4.99) is the only exception ; but even here the value
of D? is not significantly greater than+ .100.

All these groups may therefore he considered to
belong to a slightly generalised “Eastern Chinese”
population, and I have accordingly pooled them
together to form one such group.

8. Kwangtung (which lies much further south)
appears to be definitely divergent from the other
northern provinces. Here I have clubbed together the
“non-selected” and “criminal” samples (with a small
coefficient of + .0744-.011) into one single group of
“Southern Chinege.”

In this connection I may note a curious fact that
Kwangtung “criminals” show distinctly greater resem-
blance than Kwangtung “non-selected” with every other

sample. Prof. Karl Pearson to whom I had shown this
2
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result sugpested as an explanation that “the “criminals”
in this case included a larger proportion of men from
other provinces (who for some reason or other wanted
to keep dark their real province of origin), just as a large
proportion of the criminals of London are foreigners.”

9. I shall now compare the Manchus (80), the
Koreans (141), and the Chinese of Manchuria (96)
with the pooled samples of “Northern” (297), “Eastern”
(365), and “Southern” (330) Chinese.

Table IV gives the observed values of Pearson’s
C?. The theoretical value (on the assumption of no
divergence) is 04.24. It will be noticed that all the
coefficients are significantly greater than zero, showing

that all the groups may be considered significantly
divergent.

TasLe IV.—Value of C* for Chinese samples.
(Probable error= 4-0.24.)

Chine-e

Rienns Mumokng  of Northern| Eastern |Southein

(141) (80) \::;n(cg;’é‘) Clég_e’s)ze Ct(ggg;;e c(hglggsc
Koreans (141) . . o 1810 | 397 | 2068 | 2537 | 7575
Manchus (80) . .| 1810 s 589 | 1771 13:12 | 43-58
Chinese of Manchuria 3.97 589 . 10045 | 11'64 | 4919
N(gft)llxem Chinese (297) ! 2068 | 17'71 | 1045 o 3275 | 80-64
Eastern Chinese (365) . | 2537 13:12 11-64 32'76 - 49-58

Southern Chinese (330)| 7775 4358 49°19 8064 4958

10. Table V gives the values of D? together with
corresponding values of the probable error.

Koreans show very great rtesemblance with the
Chinese of Manchuria (.0704.013), and moderate
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but quite appreciable association with the Northern
(.217+.016) and Eastern (.2844-.018) Chinese. The
difference between the two latter coefficients
(.0674.025) is not significant, which is not surprising
since these two regions are actually contiguous.

Manchus (.348+.028) are substantially differentiated,
while the divergence from the Southern Chinese
(1767+.029) is still more marked.

11.  Manchus show fairly close resemblance with the
Chinese of Manchuria (‘1364-'020). Association with
the Northern (.2804-.023), and the Eastern (‘1994-018)
Chinese is also quite appreciable, the difference between
the two latter coefficients (‘0814-1029) being again
negligible. Divergence from the Koreans (.348--.028)
is moderate, but is pronounced in the case of the Southern
Chinese ("675-+°035).

12. The Chinese of Manchuria show great resem-
blance with Koreans (‘0704°'013), suggesting strong
intermixture or intense convergence, and Very appre-
ciable resemblance with Manchus (-136 +°020), Northern
Chinese ('1444-'015) and Eastern Chinese (‘154-+°015).
The Chinese of Manchuria would thus appear to have
been derived largely from the Northern and Eastern
provinces. They show marked divergence from the
Southern Chinese (.6644.018).

13. Northern Chinese. Resemblance is greatest with
the Chinese of Manchuria (0'1444°'015) and is fairly
close with the Eastern Chinese (‘2004-°'012), Koreans
(*2174°016) and Manchus (*2804-"023). But divergence
from the Southern Chinese (*5174-°019) is again quite
marked.

14. The Eastern Chinese occupy an intermediate
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region and quite naturally show fairly close resemblance
with all the other groups. Association is closest with
the Chinese of Manchuria ('1544-'015), and is almost
equally great with both the Northern Chinese
('200-+£.012) and the Manchus ('1994°018). The
resemblance with Southern Chinese (‘2854--013) and
the Koreans ('2844-'018) is only a little less in degree,
but is still quite pronounced.

15. The Southern Chinese are markedly divergent
from most of the other groups. They are almost equally
differentiated from Koreans ('7674-:029), the Manchus
(-675-4°035), and the Chinese of Manchuria (1664 4-"018),
and only to a slightly lower degree from the Northern
Chinese (5174°019). They show however an appre-
ciable. degree of resemblance with the Eastern Chinese
(‘'2854-'013), which is not surprising as the eastern
provinces are situated fairly close to the province of
Kwangtung from which the southern group is drawn.

16. We thus see that all the Chinese groups from the
northern provinces e.g. the Chinese of Manchuria,
Northern Chinese and HEastern Chinese are closely
associated with one another, and all show fairly close
resemblance with both Manchus and Koreans who also
come from the north. The Southern Chinese on the
other hand are clearly differentiated from practically
all the northern groups, with the single exception of the
Chinese from the eastern provinces (which are adjacent
to Kwangtung) with whom they show fairly close
association. '

Koreans and Manchus, although both show appre-
ciable resemblances with all the Chinese groups from
the north, are distinctly differentiated from each other,
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They however resemble each other more closely than
either of them resembles the Southern Chinese.

17. If we confine our attention to the Chinese
samples and look at Table V as a whole and compare it
with a map of China, we perceive a very simple relation-
ship between geographical proximity and physical re-
semblance : the smaller the distance between any two
reqions the greater is the resemblance between the inhabi-
tants of those two regions, or the greater the dustance
between any two regions the greater is the divergence
between the inhabitants of those two regions.

The Northern and Southern populations are in fact
highly differentiated from each other, the change

occurring gradually through the eastern provinces lying
In the centre.

18. Tt will be interesting to compare how the
different characters vary from group to group. One
way of doing this would be to determine the inter-class
(or “extra-group” as it may be more conveniently called)
standard deviations for the whole family, and compare
these inter-class standard deviations with the corres-
ponding intra-class S. D.’s*

* The inter-class (or extra-group) variance is defined forany particular
character by

Z2=§S 0 (3.0)

where M is the average for the whole family, and Mg is the mean for the
gth group, and thesummation extends overall g groups. It will be seen from
the above definition that Xp represents the average separation (for the pth
character) of each group-mean from the gencral mean. If we denote by gy
a reliable intra-class standard deviation, then it represents the average
separation of an individual from its own group-mean. Xp thus represents
the variation from group to group, while 6, represents the variation
within the group. As already mentioned T have used throughout Korean
values of intra-class variances,
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Table VI gives the average value of the ratio 2 £2/o2
for each character separately (for all the 12 provincial
samples discussed in the present paper). Remembering
that the mean value of (M—M')? is simply 2 =2, we
notice that 2 £2/c? will give the mean value of D*=
(M—M")? for the whole family for any particular charac-
ter. The quantity 2 =?/o* therefore gives the average
value of the coefficient of divergence (neglecting the
small correcting term for the size of the samples) for
any character for the family as a whole.

TaBLE VI.—Inter-class and intra-class standard deviations,

(Z2) | (e 2 R

Interracial | Intraracial 238 c*

variance. | variance.
Head Length . . . 4-823 50-341 5:219 0-191
Head Breadth : ; : 5167 31-066 3007 0333
Morphological Length . ; 4436 34137 3:849 0-260
Bizygomatic Breadth . . 3541 24346 3439 0-281
Nasal Height . ; . 2:154 10774 2500 0400
Nasal Breadth . 4 : 0-028 7-949 142°857 0-007
Cephalic Index " . . 3311 24663 3723 0269
Nagal Index . . . ‘ 10-779 58777 2727 0369
Morphological Facial Index . 1:199 19-192 8000 0°125
Minimum Frontal Diameter . 0-892 20322 11-389 0087
Bigonial Diameter g . 5'170 33014 3187 0313
Physiological Face Length . 14-749 47594 1614 0610
Internal Ocular Breadth . 0392 7-873 10040 0090
External Ocular Breadth . 10-876 17-970 0-827 1210
Height of Head . " > 2086 46529 11'161 0089
Ear Length . . . . 3985 20-442 2566 0390
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19. Looking at Col. (5) in Table VI we notice that
the variations of Nasal Breadth (-007), Minimum Frontal
Diameter (1087), Height of the Head (7089) and Internal
Ocular Breadth (1090) are extremely small, and therefore
these characters remain practically constant for the

whole family.

Morphological Facial Index ('125), Head Length
(*191), Morphological Face Length (-260), Cephalic Index
(269), Bizygomatic Breadth (-281), Bigonial Diameter
(-313), and Head Breadth (333) are moderately variable,
while the greatest variations within the family occur in
Nasal Index 367), Far-Length (:390), Nasal Height
(400), Physiological Face Length (‘610), and to a much
Enore I)>ronounced degree in the External Ocular Breadth
1:210).

20. A glance at Table I(B) shows that among the
Chinese there is quite a gradual decrease in the External
Ocular Breadth (from 956 mm. to 88'1 mm.), Physio-
logical Face Length (from 192'1 to 183:6), Ear-length
(from 64'1 to 59'6), Morphological Face Length (from
1178 to 112'5), Bigonial Diameter (from 109°2 to 105°3)
and Head Length (from 187'8 to 185'2), as we pass from
the northern tg the southern provinces. Koreans fall
in line with the Chinese for every character except the
Head Length, while Manchus differ only in Head
Length and Physiological Face Length.

21. The present study indicates therefore that Nasal
Breadth, Minimum Frontal Diameter, Height of the
Head, and Internal Ocular Breadth are constant or
family characteristics for the provincial samples dis-
cussed here, while the variation within the family is
most strongly marked in External Ocular Breadth,
Ear-length, Morphological Face Length, Bigonial
Diameter, Physiological Face Length and Head Length.
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