A STUDY ON DIFFERENCES IN PHYSICAL
DEVELOPMENT BY SOCIO-ECONOMIC STRATA

By RAMKRISHNA MUKHERJEE
Statistical Laboratory, Calcuitn

1. The author took ac tric on fifty-five scbool children
in the montbs of January and February, 1941, in Calcutta. Twenty-eight and thir-
teen of them were the students of Calcutta Corporation Free Primdry Sthocls in
Fern Road, Ballygunge and in Bijoy Mukherjee Lane, Bhowanipore, respectively.
The remaining fourteen belonged to the Model School in Lansdowne Lane,
Bhowanipore. The last one is a public achool for which the lower economic groups
would rarely be able to find the necessary school fees. On the other band, average
and upper middle olase families would consider it beneath their dignity to send their
children to a free schaol. Thus the cbildren in the -first two and the last school
broadly represent two different socio-economic stratu; the first two that of the poor
and the last one that of the well-to-do or more of the middle class people.

2. The measurements were taken to colleot evidence on the relation between
physical development ot the ohild and the economic dondition of the family. There,
fore, keeping other factors of variation as constant, we can show from this study whether
(i) the childien of the three schools have the same type of physical development, or
( i) they represent three entirely different types, or (iii) the children of the public school
ciffer significantly from those of the two free schools. Needless to say, two free schools,
instead of one, were selected for study as & contrcl to extablish the difference between
the two economio strata.

3. To avoid variation due to differences of sex, age, region or communities
all those measured were six years’ old Bengali Hindu boys. Furthermore, since the
physical types of Indian people bave been shown by several authorities to vary for
different castes and communities {Risely; Mabalanobis, Mazumdar and Rao), the
distribution of these boys by their caste-groups is given in Table 1 below.

TABLE I.
number pen\enwge.
ceate scheduled caste  scheduled
achool hindu castes total hindu castes
(1] 2) 3 @) (B) L]
Ballygunge—free 20 8 28 n 20
Bhowanipore—free 10 3 13 77 23
Bhowanipero—public 1 3 4 k] 21
Lotal 41 14 ] 5 28
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It is apparent from the table that tbere is no significant difference between the three
samples as regards their caste distributi An application of the Chi-aquare teat on
the above frequencies (with due correction for the figures of less than five in twc cells)
gave a value of 0.122 for two degrees of freedom, while the probability limit at the five

per cent level of significance for the same degrees of freedom is 6.901.

4, The measurements taken on the boys were the following: Heights to Vertex,
Acromion, Radiale, Stylion, Trochanterion, Tibiale and Sphyrion; Girth of Thorax;
and Body Weight. The techuniques followed in taking these measurements are thoss
laid down in Rudolf Martin’s Lehrbuch der Anthropologie. All the measurements were
taken on the left side. The boys were clad only in a pair ot shorta or amall dhoti, and
the upper part of the body was bare. It was not, therefore, difficult to locate the
landmarks for the neasur The troch ion could be felt by moving fingers
over their clothes, since none of these boys was unusually fat. To eliminate variations
in height due to time of the day, the measurements were all taken between one and
three in the afternoon. This period was more than three hours after the main meal of
the day, hut within an hour or two of & small snack. The boys’ clothing would weigh

very little, certainly less than a pound.

5. Characlers analysed: Stature; weight; girth of thorax, calculated as the mean
of the measurements taken respectively after breathing-in and breathing-out; lengths
of femur and tibia, obtained indirectly from heights to, trochanterion, tibiale
and sphyrion; lengths of humerus and radius, similarly calculated from heights to
acromion, radiale and stylion. Table 2 gives the mean values of the above mentioned
characters for the three samples separately, and for the pooled data.

TABLFE 2

mean valuees

Ballyguaye Bhowanipore Bhowanipore  pooled
f5 fi b

charactor Feo Tee ublic lata

(1= 2R) (n=13) (n=14) (n=56)

(U] 2) 3) ) )
ntature 1135.61 1133.54 1181.29 1148.75
hily weight 175.71 172.00 192,70 179.34
girth of thorx 548.43 562.5¢ A681.21 652.66
length of fomur 270.46 2090.08 287.20 274.42
longth of tibin 253.21 248.38 266.43 265.43
longth of humerus 210,06 202.15 218.21 210.72
length of mdius 156.75 156.60 163.93 158.08

8tature, Cirth of Thomx ond thoe lengths of limb bonos aro in millimotres; Body Woight in
hectagrame,
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It.will be seen from the table that the mean values of the publ'c scbool sample are
consistently higher than those of the two free school samples. Between the two free
school samples with the exception of the girth of thorax and the radius, the school at
Bhowanipore shows a lower value for all the characters than the school at Ballygunge.
Howover, for the girth of thorax and the radius also the differences between the two
free school samples are smaller than the corresponding differences between o:ther of
them and the public school sample.

8. Table 3 gives the standard deviations and the coefficients of variation of
the seven characters for the three samples separately, and for the pooled data.

Ballygunge Bhowanipore  Bhowanipore pooled
—freo —freo

character —public dats
T T e ® 7 ®
T Standrd deviation
stature 852.45 04,81 56.00 3G. 44
hody weight 19.48 30.16 24,07 23.90
girth of thormx 21.85 32,50 43.40 29,968
feraur 17.72 2].82 23.80 20.21
tibia 18.06 25,42 2241 20,01
humerus 11.18 30.88 10.77 13.01
radius 0.45 14.99 14.66 12.00
T coofficient of variation - T
staturo +.62 5.72 4.80 4.02
hody weight 11.00 17.48 12.95 13.03
wirth of thorax 3.08 5.88 7.3 b.40
femur 6.55 8.03 8.32 7.38
tibia 7.13 10.23 8.41 3.19
humerus 5.29 15.28 0.08 R.58

rading 8.07 0.57 8.04 7.65

‘Tho standird dovintions are the estimator of the population from which tho remples werw drawn,
snd have been obtained by dividing the sum of squared devintions from the sample mean by tho total
dogroes of freedom, n—1.

Although the characters are seen to have different orders of variability for the three
samples, in no (ase, compared with the available sSomatometric data from cther studics,
the variability seems to be beyond the human range. Furthermore, the differences in
variability of the three samples are mostly due to sampling fluctuation, and are the
result of the small number of boys under consideration. This is shown in Table 4
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which gives the values of variance ratio derived from the corresponding variances of the
characters for the three samples.

TABLE ¢

variance ratio

gunge (free) & (free) & ipore (froo) &
character h ipore (free} pero {(public) Bh ipors (publio)
[¢H] 3} 3) )

sature 1.5208 1.1870 1.3084
body-weight 2.3986° 1.8431 1.4878
girth of thorax 2.2124° 3.9453% 1.7838
femur 1.4886 1.8176 1.2210
tibia 1.9811 1.53907 1.2867
humorus 7.8554° 3.1382¢ 2,4307
rading 2.5162° 2.4068° 1.0485

*significant at P=.06
The table showa that the variance ratios are s gnificant only in seven out of the total
twenty-one cases of comparison.
7. Table 5 gives the coefficienta of correlation between all characters in the
three samples, and for the pooled data.

TABLE &
coaficient of correlation
B h ip ip pooled
Character freo froo puh\lic dats
i) 2) 8] ) (8)

stature & weight 8506 .7663 .8237 .8282
stature & girth of thorex 7269 .8402 .8483 7337
stature & fomur 7260 9266 .8538 8053
stature & tibia .8840 5080 9308 8920
stature & humorus .8803 L8140 .98220 1738
stature & radius 5604 9267 .681) .0728
woight & girth of thorax .8647 .7488 .8388 .8307
woight & tibin 5008 7432 L7781 .8781
weight & humerus 53689 6882 .7637 .8228
weight & radius L4248 .5881 .28 5368
girth of thorax & fornur 548 7280 .6208 L6215
girth of thorax & tibia 5047 e L5667 .0285
girth of thorax & humerus A847 .8060 5740 .5361
girth of thorax & hadius L4963 .8476 .8082 .5808
fernur & tibia 5606 .8246 L8118 L1181
fornur & humerun L4410 .7808 .T470 6871
fermur & radius L4562 8641 L4458 L5476
tibia & humearus L8501 L6905 .8628 .7188
tibia & radiua 8757 7794 +.8043 L8540
humerus & radius L2048 .6872 .6161 4295
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It will be seen from the table that all the characters are positively correlated with one
another and, with the exception of the value of the coefficient between humerus and
radius for the Ballygunge-free school sample, which is below the level of significance,
(Fisher 1948), tho magnitudes of the coefficiént are fairly high. The highest values are
generally exhibited between the stature and the other characters.

8. Variations in the corresponding values of the coefficients for the
samples are not very marked, and in most cases due to sampling fluctuation. This is
shown in Table 6 which gives the test of difference between the corresponding coeffi-
cients of the three samples.

TABLE 6
t-toat of signifi of diffe betwoen the lati Mcionts!
Ballygunge free & B, freo & Bh ipore froo &
characters Bh ipore froe Bh ipore public h ipore public

) (2 (3) )

staturo & weight 0.750 0.426 0.200
stature & girth of thurax 0.801 1.242 0.343
stature & fornur 1.883 1.000 0.780
staturo & tibia 0.560 0.384 0.797
stature & humerus 0.834 1.273 1.768
stature & radina 2.675(%) 2.320(**) 0.369
waight & girth of thorax 0.912 0.682 0.217
weight & femur 0.122 0.213 0.718
weight & tibia 0.708 0.229 0.786
woight & humerus 0.488 0.605 0.927
woight & radius 0.582 9.6801 1.005
girth of thorax & femur 0.693 0.518 0.164
girth of thorax & tibia 0.903 1.087 0.097
girth of thorax & humerus 0.463 0.138 0.285
girth of therax & radius 1.882 1.918 0.024
fomur & tibia 2.601(%) 1.348 1111
femur & humerus 1.215 0.101 1.128
fomur & radiue 1.047 2.189(**) 0.030
tibis & humorus 0.198 1.258 1.210
tibis & radius 1.037 0.519 0.458
humerus & radius 1.958 0.342 1.391

(*)-Significant at P=.05

(**)-Significent at P=.01

»The test in based on the z ion of the jon coofficients ss suggested by R. A.
Fisher (1848).

The table records a significant difference only in the case of four out of the total of sixty
three sets of comparison.

9. It is how evident from the above analysis that the variablity and mutual
correlation of tho seven characters are of similar order in the three samples. There-
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fore, the pooled values shown in column 5 of Tables 3 and 6 would give a proper repro-
presentation of these parameters. Consequently, the difference between the three
seta of data should be ascortained finally from the mean values.

10. In view ol the main objeot of this study, which is to different:ate the three
ssmples according to the physical development of the boys, it is necessary to abserve
how the three groups behave when all the characters are considered together. Thus,
to blish the group bekaviour of these boys, a multi-variate analyss of the three
samples is indispensable. For this purpose the D®statistic suggested by Professor
Mahalanobis and developed by his school in Calcutta has been used. According to
tho theoretical implication of this statistic the differentiation is not affected by the
differences in sample size of the characters chosen, or by the correlation between the
characters. Otherwise, a large sample of some characters, or a very high correlation
between some of them could have given an unreal magnification of the real difference
between the groups, and this cannot be completely eliminated even by the reduced
Coefficient of Racial Likeness devised by Professor Karl Pearson (Rao, 1948). The
derivation of the D? values was as follows.

11. The means of the characters in the three samples were first expressed in
terms of the pooled standard deviation units {c.f.col.(5) of Table 3). This is shown
in Table 7 below. The characters are now represented by their abbreviation in upper
case letters.

TABLE 7

mean values oxpreasod in poolol
standard «oviation unita
Bullygunge Bhowaniporo  Bhownniptie
clinractors —{roe —Froo —public

1] 2) 3) 4

8 20.1207 20.0840 20.9300

w 7.5080 7.3700 8.2380
G 18,3720 18.5108 18.8010
¥ 13.3826 13.3142 14.2152
T 12,1095 11.8785 12,7418
H 11.7133 11.2243 12.1100
R 12.8825 12.0003 13.5501

12, A eet of transformed characters were then obtained from the coefficients
of correlation shown in column 5 of Table 5. These chaiacters are independent of one
another, and it will be seen from the formulae used to derive them that beaides showing
the dislance between the three samples,these characters would show at any stage
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whether an addition of a character is contributing any extra juformation or not. The
transformed characters have been derived from the following formulse: (Rao; 1940,
Appendix in Mahalanobis, Mazumdar and Rao, 1949).

transformed characlers variance (y X y)

n==3 1

Y= W—a,8 1 ~agby,
gy = by, =

Yy =G-8 —agW L—ayby,
gy = by =7,y —ttysbay

gy = bygiconyslf)
byy = Foy—tyly,

Y =P=al, ., gP—1)—. —0, 8 b=ty 07
b‘[) - p -1
—u[l'lhp'l

The following equatiops with their vdriances have been obtained by working aut the
formulse given in the previous paragraph.

transformed characters variance
¥, =8 1.0000,0000
yg = W—0.8282y, 0.3140,8476
¥a = G—0.7101,6754y; ~0.7337y, 0.3032,8301
Yo = F—0.1840,7205y,+0.1128,6500y, — 0.8053y, 0.3372,1485
9y = T-4-0.0390,3763y, —0.0573,8302y,-+ 1809,6000y, ~0.8020y,  0.1014,9321
Yo = H,—0.1049,9861y5+0.]_003,5043_1/4-}-0.06l9,2772y3 0.3938,5271
-+0.0669,7672y, —0.7738y,
Y7 = R+0.2483,1166y, —0.2284,0037y,-+0.0440,6178y, 0.4772,7257

—0.3361,1240y,+0.0651,0128y, —0.6726y,

13. The transformed characters for the three samples can be caloulated from
thess final equations and the mean values with unit standard deviations given in Table
7. This is shown in Table 8. This table gives the final set of the transformed charac-
ters, which means that each of the values derived for the three schools from the above
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equations has been divided by the standard deviation of the respective transformed

character.

TABLE B

trunafarmord Ballygungo  Bhuwanipore  Bhowaniporo

character —fron o —public
m (2 ) )
" 20.1207 20.0840 20,9300
" — 15,3386 —18.6127 - 10.2300
" 18.3617 18.7881 17.9840
o — n.8421 —10.0024 — 94527
" —10.1508  —10.0853  —1p.2822
" — 54828 — G785 — 5.8082
¥ — 5.0485  — 5.6061 — 5.2873

Now subtracting the corresponding values and squaring and adding them the D3
values are calculated for the three samples.

14.
(8)

TABLE 9
Dr.statistics
Ballygunge  Dullygungo  Bhowaniporo

{froo) & (froe) & (freo) &
charactors (free) {public) (public)

U] 2) ) “
» 0.0013 0.0550 0.7167
srw 0.0324 0.6083 0.7858
Btwtg 0.2142 0.8080 14422
stwigtf 0.2399 0.0606 1.7444
stwigtitt 0.5260 0.9779 1.9069
a+wegtlrtth 1.0006 1.0838 2.0440
Bdwrg it 1.0133 1.1508 2.1450

The following conclusions emerge out of the D3 analysis of the data:

All the seven characters bave the power to differentiate the groups,

but their effect is not uniform for the three sets of comparison.

(b)

Stature does not differentiate the two free schaol samples, but its effect

in differentiating the free school samples from the public school sample is fairly well
marked, and it is patticularly so betwcen the two samples at Bhowanipore.

(¢) Body-weight, after stature, contributus very little to the differentiation
of the Balygunge-free and the Bhowsnipore-public scbool samples, slightly between
the twe free school samples, and a little more between the free and the public school

samples at

Bhowanipore.
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(d) Tho introduction of the girth of thorax somewhat increases the distance
between the two free sohool samples, while its effect on the other two comparisons is
not 8o marked. The effect is, however, greater between the free and the public school
samples at Bhowanipore than hetween the free school sample, at Ballygunge and the
public school sample at Bhowanipore.

(e) Femur at tbis stage has the least to contribute to the differentintion
between the two free achool ples, but appreciable b the free and the
public school samples at Bhowanipore, and also some between the free school sample
at Ballygunge and the public schcol sample at Bhowanipore.

(f) It is intereating to observe that the introduction of tibia and humerus
after the above four mesurements sharply increases the distance between the two
free school samples, but their effect on the free and the public acheol samplesat
Bhowanipore is comparatively very little, and that between tbe free schocl sample at
Ballygunge and the public school sample at Bhowanipore is almost negligible.

(g) Tinally, radius has the least to contribute to the differentiation between
the two free school samples, but some between the other two comparisons.

15. It is evident from Table 9 that the two free school samples are closer to
each other than the position of either of them with respect to the public school sample.
This feature is very clearly marked when the D? values are calculated from the three
measurements generally used to determine the constitutional type of a person, viz.
stature, body-weight and girth of thorax. ‘There is no appreciable change in the re-
lative distance between the three school samples with the introduction of the length
of femur, but, as stated above, the lengths of two other limb bones, viz. tibia and
hutnerus, considerably affect the distance between the two free school samples.
Sinee the relative distance between the public school and either of the two free
school samples remains much the same for all the seven cbaracters, the change due to
the lengths of tibia and bumerus sharply increase the, distance between the two
free school samples in the final set of the D2 values for the seven characters. Asa
result, the distance between the two free school samples finally becomes 1.0133,
while the distance between the free achool sample at Ballygunge and the public
school sample records a value of 1.1505. Still the public school sample is seen to be
further away from the two free school samples and the distance between the
free school sample at Bhowanipore and the public school remains as high as 2.1466.

16. Referring to-Table 2 we can sce that the boys of the public school are dif-
ferent from those of the free schools in the fact that they are taller, weigh muchk more,
bave a broader cbest and greater lengths of the limb bones, Between the two freo
schools again the boys at Bhowanipore show a pocrer physique than those at
Ballygunge. Thus, although the public school .is also &t Bhowanipore and the size of
the sample obtained from this schoo! is nearly the same as that from the free school at
Bhowanipore, there is a marked difference between the types of boys belonging to
these two schools. And this difference between these two samples finally confirme
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the view that the economic condition of families has indeed & significant bearing on
the physique of family membera.

17. Tt is not possible to explain from the present data why the two free schcol
samples are differentiated partioularly by the lengths of some limb bones, while they
are almost identical as regards the stature and the body-weight. But the fact that,
oven with the small samples and the few characters under consideration, such differ-
entiations could be detected by the DE-statistic, indicate the high order of reliability
and precision one can expect by using this statistic in biometric studies.

18. The author gratefully acknowledges the help received from Professor
K. P. Chattopadhyey and Dr. P. C. Biswas in meking necessary arrangement for the

ic measur ts of the free school and public school boys, respectively;
from Dr. C. R. Rao for statistical calculations; and from the authorities of the Museum
of Archaeology and Ethnology, University of Cambridge. for allowing the author to
analyse the data in the Duckworth Laboratory.
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