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CORRELATION BETWEEN ANTHROPOMETRIC CHARACTERS IN
SOME BENGAL CASTES AND TRIBES

By P. C. MAHALANOBIS ano Mrs. CHAMELI BOSE
Statistical Laboratory, Calcuita,

INTRODUCTION

Extensive anthropometri¢ data were collected by Sir H. H. Risley in 1886-88, and
were published by him [11, 1891] in 18g1. Conclusions based on these data have been
incorporated in official publications by the Government of India and also in books of
reference and text-books. A critical review of Risley’s work on a scientific basis is therefore
of fundamental importance for progress in Indian anthropometry. This question was
considered by ome of us [7, 1933; 8, 1934] in two earlier papers in which the following
points were noted :

(a) Risley’s measurements were taken on one definite system and under the
supervision of one single individual.

(b) The material consists of measurements of 5784 males between ages 25 and 45
years belonging to 87 different castes and tribes distributed over ptactically
the whole of North India. In the case of 73 samples the number of individuals
was greater than 20, and in the case of 6o samples the number was greater
than 4o.

(c) The number of characters is also fairly large. Eleven mcasurements (comprising
stature, weight,. and nine measurements on the head) and eight indices are
available for practically all the castes and tribes ; two additional measure-
ments on the head and two additional indices are available for 53 samples.

2. Risley’s data thus represent the most important anthropometric material relating
to Indian castes and tribes for which individual measurements are so far available.
Extensive series of individual measurements were taken ten years ago at the time of the
Indian Census of 1931 ; but these have not yet been published or made available for
scientific examination and analysis.

3. The instructions 1 Risley’s survey, however, included sentences reconnmending
the rejection of persoms of very black complexion and with very broad and depressed
noses in the case of higher castes, and of men of very fair complexion among lower
castes owing to the suspicion of intermixture. This may exaggerate the difference between
high and low castes. But how far, if at all, the samples have been actually vitiated
cannot be determined on a priori grounds and without comparison with unbiassed
measurements. Fresh material is necessary for this purpose. Even when such fresh
material becomes available it will be necessary to work out the statistical constants for
purposes of critical comparison. A detalied analysis of Risley’s material is thus essential
even in order to settle the question whether the material may be accepted for scientific
purposes or has to be rejected.

4. A second and more serious objection to Risley’s data was pointed out long ago
by Karl Pearson [3, 1902—03]. The numerical figures given in Rlsley s volume showed
serious discrepancies. These were examined critically by one of us in great detail in two
earlier papers [7, 1933; 8, 1034]: In the case of the material relating to tribes and
castes of Bengal and Chittagong Hills it was found that the real defect in Risley’s data
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creeped in during the calculations of average values. Most of the discrepancies in the
primary material could be reconciled without ambiguity. In the case of the Bengal
material, out of 142 discrepancies not less than 133 could be corrected and confirmed by
cross-checks with complete certainty ; in 8 other cases the corrections were plausible.
Only one single measurement was really doubtful and had to be rejected: In the case of
the Chittagong Hills material there were only 7 discrepancies in 3080 individual measure-
ments all of which could be traced to obvious printing mistakes, mistakes in using the
index tables, etc., and could be corrected without ambiguity. The primary measurements
(with the rejection of one single measurement in the case of Bengal) after correction can
therefore be safely used for scientific purposes. The averages were recalculated and were
published in the earlier papers.

5. This completed the first phase of the scientific review of Risley’s work. The
next important question is that of statistical methodology. The object of taking anthro-
pometric measurements is to investigate the degree of resemblance (or lack of resemblance)
in the physical appearance of different castes and tribes. It is convenient in this con-
nexion to think in terms of what may be called the caste-distance a concept which was
introduced by omne of us [4, 1925]. Two castes which differ very much in physical
appearance may be considered anthropometrically to be far apart, i.e., to have a large
caste-distance. In the same way, two castes which are nearly alike in physical appearance
have a small caste-distance. Since 1925, considerable progress has been made in the
statistical. theory of the subject which has been summarised by the senior author elsewhere
[6, 1930 ; 9, 1940 ; 10, 1940]. Professor R. A. Fisher recently reviewed the wliole question
in Annals of Eugenics [1, 1938] in which he gave a connected account of the work done
on the discriminant function by himself and other workers in London ; tests of signi-
ficance in the case of multiple characters by Professor H. Hotelling in the United States ;
and on what Prof. Fisher called Mahalanobis’s Generalized Distance (D*-statistic) Dy
workers in the Statistical Laboratory in Calcutta.

6. The generalized distance (D*-statistic) may be now considered to have been accepted
by statisticians as a convenient single measure of the degree of divergence in the mean
values of different characters between different samples or groups. Further work by
Fisher himself in London [2, 1939] and by S. N. Roy in Calcutta [r2, 1939; (13, 14),
1940] deals with the question of differences in variances and correlations [13, 1941]
between different characters.

7. 'The point which requires to be emphasized is that the coefficients of correlation
explicitly occur in the formula for the generalized distance as well as in the more recent,
work of R. A. Fisher, S. N. Roy and others. It is now established beyond any dispute
that for a walid and scientific comparison of anthropometric measurements of more than
one character it is mot sufficient to resirict the work to the mean values and standard
deviations. It is essential to take into consideration the coefficients of correlation in
measuring either the generalized distance or in measuring what Fisher has called the
direction or deviation from co-planarity of different castes and tribes or anthropometric
groups.

8. A detailed study of the coefficients of correlation between different characters
is thus of basic importance in anthropometry. With the exception of an earlier study
by one of us [9, 1940] of material relating to persons of mixed Furopean and Indian
parentage in Calcutta, the question of inter-correlation between anthropometric measure-
ments does not appear to have received adequate attention in India so far. In the present
paper a detailed discussion is given of the correlations for one Bengal caste, Brahmins,
based on the revised version of Risley’s material.
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NATURE OF MATERIAL

In this paper only the measurements on the head have been analysed. Measurements
of the following nine characters are available :
(1) Nasal height ; (2) Nasal width ; (5) Cephalic length ; (6) Cephalic breadth;
(7) Minimum frontal breadth ; (8) Maximum bizygomatic breadth ; (9) Height
vertex to inter-superciliary point ; (10) Height vertex to tragus; (1) Height
vertex to chin.
The serial numbers in the above list show the standard order adopted throughout this
paper. (Two measurements, namely (3) Bimalar breadth and (4) Nasomalar breadth have
been omitted from the above list but occur in the case of a number of other castes.) Thus 7,,
will invariably mean the coefficient of correlation between Nasal height and Nasal width ;
and so on. We have already stated that the measurements were taken on adult males
between the ages of 25 and 45 when physical growth had already taken place.

GENERAL PROCEDURE

The coefficients of correlaton between different characters were calculated directly by
grouping the material into a suitable number of classes in the form of two-way tables ;
and corresponding regression equation were worked out. The significance of the regres-
sion was tested in each case by an analysis of variance ‘‘between groups’” and ‘‘within
groups”’ with appropriate degrees of freedom. The adequacy or otherwise of the linearity
of the regression was tested by further splitting up of the ‘‘hetween group” variation into
two parts: (1) deviations due to regression, and (2) deviations from the fitted regression
line.

TaBLE 1. BENGAL BrRAHMINS (N=100): COEFFICIENTS OF CORRELATIONY

| |

(1 @ ®) © o | ® @ ' 0o
' Height
Mini- |Maxim-| vertex Ileight
Characters Nasal ‘ Nasal Cepha- Cepha-| mum um |to inter- vertex Height
height | width lic ' lic |frontal bizygo-| super- to vertex

| length | breadth|breadth . matic |ciliary tragus tochin
| | ibreadth! point

(1) Nasal height - ‘0‘328.6' 0'3042 012741-0'1024 0'3545 _0'0782 00649 02596
: | (33 { . se . ..
(2) Nasal width 0'3286‘ .| 02731 01713-0'1690 03238 01357 02485 03454
(5) Cephalic length | 0'3042 02731 .. -0'0419-0.0712 0.2175-00268 01137 00587
(6) Cephalic breadth | 01274 0'1713;—0‘0419 . lo4314 04435 00982 01750 02041
(7) Minimum frontal | we ¥ .
breadth [-0°1924 —0'1690.—0'0712 04314 0°4070 0'2453 01780 00786
(8) Maximum bizygo- P ool A .e . i »
matic breadth | 0'3543 0°3238 02175 | 0°4432| 04070 .. 01000 01692 02149
(8) Height vertex to in- l i . 19 27
tersuperciliary point|—0°0782| 0°1357/-0'0268 0'0982, 02453 01000 - 02649 0°6037
(10) Height vertex to . | ’ . .
tragus | 0'0649| 0'2485| 01137 01750 01780 (0'1692 0'26<9, - | 04640
(11) Height vertex to .. " . .’ . .
chin | 02586\ 0'3454| 0'0587 0'20¢1| 0'0786 02149 | 0'6:3T 04640

t Measurements of serial no. (3) Bimalar breadth and serial no. (4) Nasomolar breadth are
not available in the Brahmin Caste.
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CORRELATION BETWEEN -DIFFERENT CHARACTERS

In Table (1) the figures give the coefficient of correlation between pairs of characters
in the corresponding intersecting cells. The size of the samiple, that is, the number of
individuals for whom measurements are available, is one hundred in each case.

For ninc characters we have 36 correlations altogether. Coefficients which are signi
ficant on the 5 per cent level are marked with one star ; and those significant on the one
per cent level are marked throughout with two stars.

1t will be seen that out of 36 coefficients 30 arc positive and 6 negative ; 18 coefficients,
all of them positive, are significant at the five per cent level, and out of these 18 no less
than 12 are significant at the one per cent level.

The highest correlation (+0°6037) is between ‘Height vertex to chin’ and ‘Height
vertex to inter-superciliary point’ which is just what is to be expected, as ‘Height vertex
to inter-superciliary point’ forms a part of ‘Height vertex to chin’. After this we have
four coefficients lying between o'50 and o°4o, five between o'4o and o°30; and finally
8 coefficients between 0’30 and o°'20; the remaining 18 coefficients less than o'20 are not
significant.

For purposes of compatison, significant coefficients have been shown below in order
of their magnitude.

Name of Characters Correlation
coefficients.

(g) Height vertex to inter-superciliary point x (rr) Height vertex to chin '6037**

(10) Height vertex to tragus x (11) Height vertex to chin ... ce 4640%%
(6) Cephalic breadth x (8) Maximuimn bizygomatic breadth ... oo 4432%F
(6) Cephalic breadth x (1) Minimum frontal hreadth e 43147
(7) Minimum frontal breadth x (8) Maximum bizygomatic breadth ... ‘4070%*
(1) Nasal height x (8) Maximum bizygomatic hreadth e 3543%F
(2) Nasal width x (r4) Height vertex to chin ... ce 73454
(1) Nasal height x (2) Nasal width ... ... 3286
(2) Nasal width x (8) ) Maximum bizygomatic hreadth R X Lo
(1) Nasal height x (5) Cephalic length . 3042%
(2) Nasal width x (5) Cephalic length 2731FE
(9) Height vertex to inter-superciliary point x (10) Height vertex to hao us  2649%F
(1) Nasal height x (11) Height vertex to chin ... ... 2506%%
(2) Nasal width x (10) Height vertex to tragus ... *2485%

(7) Minimum frofital breadth x (g) Height vertex to mter-superc1l1arv pomt "2453%

(5) Cephalic length x (8) Maximum bizygomatic breadth ... ... ‘ai7s¥

(8) Maximum bizygomatic breadth x (11) Height vertex to chin ... 2140%

(6) Cephalic breadth x (r1) Height vertex to chin ... ‘2041%

We find then that the characters are mnot independent. Most of them are positively
correlated. The actual magnitude of correlation, however, is not high; and in most
cases. is probably of the order of +0'4 or less. We may mention here that similar results
were obtained in the case of measurements on 200 Anglo-Indians of Calcutta. There was
}nodetahe] or ‘small positive correlation less tham +o0'4 in the case of Amnglo-Indians

5’ 1949‘ .
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LINEARITY OF THE REGRESSIONS

In Table (2) the regressions of ome character on another are shown in detail. The
first column gives the names of characters ; columns (2), (3) and (4) give respectively the
correlation coefficients, squares of the correlation coefficients, and squares of the correlation
ratio (Pearsonian Eta). The next two columns (5°1) and (5°2) give the variances due to
the linearity of the regression and corresponding degrees of freedom ; columus (6°1) and
(6°2) the variances due to deviation from linearity and corresponding degrees of freedom.
Column (7°1) gives the sum of columns (5'1) and (6°1), i.e., the variance ‘‘between group'’,
and column (7'2) the corresponding degrees of freedom (i.e., total of columns (5°2) and
(6°2) ). Columns (8°1) and (8'2) give the variance and degrees of freedom of ‘‘within
group’’ variation ; while columns (9°'1) and (g9°2) give the total variance and total degrees
of freedom, respectively. Columns (10), (11) and (12) show the ratio of variances due
to linear regression, deviation from linearity, and ‘‘between group’ variation in terms of
“within group’ variance, respectively.

In most cases the deviations from linearity are statistically insignificant. Out of
72 cases the results appear to deviate significantly from linearity at the five per cent. level
of significance only in 4 cases:—

(1) Cephalic breadth on Nasal width.

(2) Maximum bizygomatic breadth on Height vertex to tragus.
-(3) Height vertex to inter-superciliary point on Nasal height.
(4) Height vertex to tragus on Cephalic breadth.

Such deviations may, however, be considered to have arisen from sampling fluctuations.

Linear regressions thus appear to be quite adequate for describing the present aterial.
Although larger samples may show significant deviations from linearity it is likely that
a linear connexion between the characters may be assumed in dealing with samples of
the size usually used in anthropometric work.

FREQUENCY DISTRIBUTION OF INDIVIDUAL CHARACTERS

The normal curve was fitted to each character and the goodness of fit wus tested by
the Chi-square method. The results are given in Table (3) in which the class interval
is shown in col. (1), and the observed and expected frequencies in columus (2) and (3)
for each character. The observed value of Chi-square is shown at the bottom in cach
case together with the available degrees of freedom. The probability of occurrence of
deviations equal to or larger than the observed deviations from expected values (P) is also
given for each character. For example, in the case of the Nasal height the observed and
expected frequencies were grouped into seven cells. Allowing for the constant size of the
sample and the two fitted constants used in graduating with the normal curve four residual
degrees of freedom are left for the Chi-square test. The actual value of Chi-square came
out as 3'11. ‘The probability of occurrence of such a value of Chi-square with four
degrees of freedom is 0’5411 ‘This shows that in the case of 54 per cent of similar
samples the observed deviations would he worse than the present set of deviations. The
graduation may therefore be considered quite satisfactory. The value of (P) is usually
high ; the lowest value is practically o'os, and the average value for all nine characters
is 0’53, 'This shows excellent agreement between expected and observed frequencies. All
the graduations thus appear to be quite satisfactory in the case of Bengali Brahmins.
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So. far as the frequency distribution of individual characters is concerned we find then
that the normal curve is quite adequate for the present material. Significant deviations
from normality may be shown by samples of much larger size, but in working with
samples of the size ordinarily used in Anthropometry the normal curve is likely to be
adequate for all practical purposes.

We may conclude therefore that the nine characters discussed in this paper may be
considered to conform, within the limits of errors of sampling, to a mormal multivariate
linearly correlated system. This is a result of great practical value as it enables the
theory of sampling from normal populations being used in anthropometric work.

SUMMARY OF RESULTS

Recent advances in statistical theory have established beyond doubt that the com-
parison of anthropometric measurements cannot be based merely on mean values and
standard deviations but must take into consideration the coefficients of correlation between
different anthropometric characters. In the present paper a detailed correlational analysis
has been given of the revised version of Risley’s measurements of g characters of the head
for 100 adult male Brahmins of Bengal. The chief results are given below in a summary
form : —

(1) All the nine characters can be satisfactorily graduated by normal curves within
the limits of errors of sampling.

(2) The characters are not statistically independent ; 18 out of 36 coefficients are
significant at the five per cent level.

(3) Significant correlations are all positive and moderately large in magnitude and
lie between 0’2 and 0°6.

(4) The regressions are essentially linear in character. Four significant deviations
from linearity (at the five per cent level) out of 72 regressions may be con-
sidered to have arisen from sampling fluctuations.

(5) The whole system may be thus described as a random sample from a multivariite
linearly correlated normal population.
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