Comparative Pathology. — The relation of head-length and head-index
of JOHANNSEN and the spurious correlation of PEARSON. By G. P.
FreTS. (Communicated by Prof. J. BOEKE).

(Communicated at the meeting of April 24, 1937).

In a publication in 1907 JOHANNSEN discussed at length the fact that, if
head measurements are arranged in groups according to the length, the
average head-index decreases as the length increases. This observation was
first made by him with beans.

The same fact was demonstrated by Boas in 1899 with Indian material.

Similar calculations were made by me in 1922, following on JOHANNSEN
and Boas, and corresponding results obtained for the length and the head-
index, also respectively for the breadth and the height and the head-index,
for my own material and that of TOCHER,.

In 1897 a communication was made in the Proceedings of the Royal
Society by K. PEARSON, regarding what he calls “spurious correlation”.
He defines spurious correlation as “the correlation which will be found
between indices, when the absolute values of the organs have been selected
purely at random.”

PEARSON also deduces a formula for this spurious correlation. Different
statisticians have taken up this question. (YULE, GUMBEL).

Spurious correlation appears with the correlation of indices and, in
general, if magnitudes of which the correlation is calculated are compounds
and contain an equal component part; thus with indices, e.g., if one calcul-
ates the correlation of LB and L D, of L B and BD, of L D and B D; also
with the correlation of L and LB, L and L D, but not with that of L
and BD.

This spurious correlation is large. If spurious correlation appears, the
correlation calculated can be taken as total or gross correlation and this is
equal to the sum of the organic (true). correlation and the spurious correl~
ation. Spurious correlation may be greater than the gross correlation.

In 1897 PEARSON stated “that the difficulty and danger which arise from
the use of indices was brought home (to him) in an endeavour to deal with
a considerable series of personal equation data” and that it was some time
before he realised that “this spurious correlation had nothing to do with
the manner of judging.” He concludes that “the method which judges of
the intensity of organic correlation by the reduction of all absolute
measures to indices, is not free from obscurity.”

YULE (1910) concurs with PEARSON in thinking that “the interpretation

of correlation between indices is not free from obscurity”, but in his view
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“this obscurity is no less for correlations between absolute measurements.””
YULE then points out that we “at present have no real knowledge of the
process of growth to guide us. We do not know the factors which deter-
mine the ultimate form of the individual.” :

With reference to PEARSON's publication, GALTON wrote a note, “believ~
ing that it might be useful in enabling others to realise the genesis of
spurious correlation.” (1897, p. 498). “The results arrived at,” he says,
“which are of serious interest, have at first sight a somewhat paradoxical
appearance,”’ ')

Collaborators and pupils of PEARSON have determined the spurious
correlation in the total correlation found by them. (WELDON, PEARL with
the lower animals; FAWCETT, MACDONELL with the human skull).

FAWCETT (1902) found for Nagada skulls (Egypt) for 130 male skulls
as correlation between L and L B the gross correlation equals ~.551 =+ -.04
and the spurious correlation ~.770 =+ .023 (according to MACDONELL
~094 = .031); for 169 female skulls these figures are ~.560 =+ .037 (acc.
to MACDONELL ~.613 = ,032) and ~.624 =+ .033 (acc. to M. ~.673 = ,028)
respectively.

MACDONELL (1904) found for 131 English male crania the gross correl-
ation of L and L B equals -.547 =+ .041 and the spurious correlation ~.658
+ .033 and for 130 English female crania ~.541 =+ .042 and ~.689 - 031
respectively. In all these cases the spurious correlation is thus found to be
greater than the gross correlation, As the organic correlation equals gross
correlation-spurious correlation, the organic correlation is here positive.

JOHANNSEN does not mention the investigations of PEARSON regarding
spurious correlation, nor PEARSON those of JOHANNSEN concerning the
relation of head-length and index; PEARSON is acquainted with the public-
ation of Boas (1899),

In my investigations regarding the heredity of the dimensions and the
indices of the seed of Phaseolus vulgaris, I found, the same as JOHANNSEN,
that the average index decreases as the length of the beans increases
(1934). I also noticed that, if the beans are grouped according to weight
classes, there is a negative correlation of the length and the breadth for
beans of the same weight class. Farlier (1922) I had found that there is
a negative correlation of length and breadth for heads, of which I, + B+
H (as expressing the size of the head) are the same, Like PEARSON and
his pupils, I also found a negative correlation of I and L B,

In recent years (1932) TIMOFEEFF-RESSOVSKY and ZARAPKIN have
determined with material of beetles that, besides dimensions and indices
the direction of the variations (das Gerichtetsein der Variationen) must’
be studied as well. As an example they also discuss the relation of the

1 .

). PEARSON (1924) defends spurious correlation against criticisms,
the appropiate word to describe these correlations which are due
“covering” factors” (p, 356).

“It seems to be
or largely dug to
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skull-length and the skull-index. These authors make no communication
from the literature. :

If we endeavour to determine the significance of the findings of JOHANN-
SEN, that with increasing length the average index decreases, then it be-
comes clear that this relation includes spurious correlation,

We may replace this relation by the correlation of length and breadth
for heads of the same capacity and then find that this correlation is
negative, likewise by the correlation of the length and the index, which is
also negative,

If in the correlation table of L and index we calculate the average index
for each length class, we get the result obtained by JOHANNSEN, viz. with

TABLE 1. Classification of L B-indices according to head-length classes.
2765 measurements of the head. Twenty years and older. The material till 1929.

L B-Index
of I;;Ielglilad N Ma}es N Females
M-+ m 6+ m M+m st m

16.5 : 5 186.2

17 2 180.8 29 |84.42+0.65| 3.56 4- 0.47
17.5 8 (82 197 |83.1 +0.17| 2.76 +-0.14
18 62 |82.41+4+0.35{2.77 1 0.25 483 [81.29+0.1 | 2.27 +0.07
18.5 150 |81.65 4 0.235/2.87 +0.165|| 506 |80.28 +0.11{ 2.49 4-0.08
19 318 80.05 -4~ 0.125/2.29 + 0.09 296 {79.1 +0.17] 2.4 +0.1
19.5 317 179.17 +0.155/2.74 4 0. 115 80 |78.3 +0.22/2 +0.16
20 199 178.39 0.2 |2.7340.165 17 177 .4

20.5 76 77.194:0.3 |2.58 1+ 0.21 3(77.7

21 17 175.74

1149 ' 1616

increasing length a decreasing average index. (FrETS, 1922, tab. 14—16,

p- 512.) L E

The correlation of length and breadth of a head-material selected at
random is positive. As stated above, 1 have already calculated before that
for heads of equal size (expressed by L + B + H) and for beans of the
same weight there exists a negative correlation of the length and the
breadth. '

In the following manner I have demonstrated the spurious correlation in
my results,

PEARSON, when he regards the notion spurious correlation, says approx~
imately : if an imp mixed up the observations belonging to each other and
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if then the indices of these numbers not belonging to each other were
calculated, and from these, two by two, the correlation, then one would
obtain a correlation, and a rather high one,

I have done the same as PEARSON's imp, in order to demonstrate empiric-
ally the spurious correlation. I copied out the lengths and the breadths of
the heads of adults of part of my material, arranged chronologically, and
the indices and also the lengths, but now also showing the breadths in the
reverse order in which they belong to the lengths; thus I now obtained
side by side lengths and breadths, which do not belong to the same head,
and from these dimensions calculated the "indices™ ).

If, in accordance with JOHANNSEN, I calculate from these indices the
average indices for the different length classes, then I also find here a
decrease of the average indices with increasing lengths (tab, 2).

TABLE 2. Classification as in table 1 for “spurious heads”, which are
composed of the same material as of table 1.

L B-Index
of r;:ngltad N Males N Females
M+4+m 6+ m M-+m 6+ m

16.5 6 189.2
17 2192 4+ — 36 {87.32+0.5 | 3.034+0.36
17.5 9 188.6 - — 187 84.27i0.22‘ 2.47 +0.16
18 63 (85.3 +0.515/4.13 +0.365| 478 182 -40.11| 2.36 4+0.1
18.5 150 183.27 + 0.255/3.15 +0.18 505 [80.1 +£0.13] 2.36 +- 0.9
19 315 |80.83 4-0.18 |3.2151+0.13 294 |78.12 +0.17] 2.35 + 0.12
19.5 322 |78.9 +0.16 |2.85 +0.11 82(76.9 4+0.3 | 2.714+0.22
20 199 76.65 +-0.19 |2.7 +0.135 18 174.2
20.5 80 (74.77 - 0.71 [3.21 4+0.56 3171.7
21 | 17 |74.1 + —

1157 ‘ 1609

I likewise find a negative correlation of length and index, L and L B,
(tab. 3).

A comparison of tables 1-—3 shows that the spurious correlation is
greater than the gross correlation. As gross correlation equals organic
correlation plus spurious correlation, the organic correlation of I and L B
is positive. (tab. 3).

1) I see that WELDON determined the spurious correlation of his material in a
corresponding manner,
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TABLE 3. Correlation.

Males Females
Correlation
N r j; m N r-+m
Gross correlation of Land L B 1149 | —0.426 4- 0.01 || 1616 | —0.506 = 0.02
Spurious  ,, e e 1157 | —0.698 4+ 0.05 | 1609 | —0.65 +0.014
Organic  ,, . e T1--0.272 -+0.144
Stature and head-length ‘
{Material of TOCHER) 787 | --0.23 4 0.03

This is a remarkable result, JOHANNSEN (1907) does not discuss the
significance of the relation found by him. He points out, it is true, that
the length is a unit of measurement in the index and he mentions that for
different bean species the results are not the same. He gives some examples
in another field. v

Boas (1899) studies the biological significance of the index and, if he
finds that with increasing head-length the average index falls, he points
out that the cephalic index is (also) greatly influenced by causes other
than the length and breadth of the head. No more than JOHANNSEN does

BoAS recognise in his results the element of spurious correlation. He con-:

cludes (p. 460) “Among skulls belonging to the same type, a breath
above the average is compensated by a height and length below the
average. The law of compensation of VIRCHOW holds good also in normal
skulls.” “The correlation between length and breadth is not an expression
of a biological relation between the two measurements, but an effect of the
changes which both undergo when the capacity of the skull increases or
decreases.”

The negative correlation of head-length and head-breadth with skulls
of the same capacity (or of length and breadth of beans of the same
weight) was also explained by me (1922, 1934) as an expression of com-
pensational growth in the sense of TSCHEPOURKOWSKY (1905). I would
further mention that ORENSTEIN (1916) was struck by the “fact that the
correlation coefficient for the length and the breadth of the head varies
much from race to race” and he is inclined to believe that “a correlation
really exists, but that its variation in value is very probably due to special
factors, probably working independently and tending to modify the real
measure of relationship. A close study of such factors is being undertaken”
this author concluded.

TMOFEEFF-RESSOVSKY and ZARAPKIN (1932a) put the problem as
follows: “es kann die durch einen bestimmten Index charakterisierte Form
in Abhéngigkeit von der Grésze des betreffenden Merkmals variiren : das
wird in den Fallen stattfinden, wenn die Raten der Grészenzunahme der
zwei in Index in Relation gebrachte Masze verschieden sind.”
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TIMOFEEFF constructs ~'Formtendenzkurven”, e.g. for the skull material
of MACDONELL. These authors conclude (1932b) regarding “das Gerichtet-
sein der Formvariation” “(dass) die Variationsrichtung (die Spezifizitét
der Manifestierung) vorwiegend, wenn nicht ausschliesslich erblich bedingt
ist und gegeniiber Milieueinfliiszen sehr resistent.”

It is clear that TIMOFEEFF overlooks the spurious correlation. An ana-
lysis of his results is also necessary and the share of the spurious correl-
ation must be determined. ’

100 B
L
100B

becomes smaller, because in /, i.e. in 5 L appears in the denominator.

The correlation of L and I, ie. is negative; with increasing L, |

This is the spurious correlation, which is an arithmetical phenomenon aris-
ing as a result of our comparing length and L B-index, and these possess
the same factor, ‘

Spurious correlation has nothing to do with compensational growth, as
was assumed by Boas (1899) and FReETS (1922) in explanation of the
negative correlation found by them, nor with heredity, as TIMOFEEFF~
RESSOVSKY assumes in explanation of the Gerichtetsein der Variabilitat.
Only when the spurious correlation is removed from the gross correlation
found by these writers can the possibilities of explanation for the then
remaining organic correlation be admitted.

As stated above, in so far as the correlation of L and L B differs from
the spurious correlation, there is an organic correlation; thus organic
correlation equals gross correlation minus spurious correlation. With in-
100B

I’

creasing length the average index changes, because L appears in

B is a varying percentage of L.

Because the numbers ascend in arithmetical progression, the spurious
correlation arises. This must be removed from the gross correlation found.
In our case there remains then a small positive correlation.

These correlations are low and the results of others vary. (Cf. PEARSON
and his pupils; PEARSON p. 495, FAWCETT p. 454, MACDONELL p. 244).

If the positive correlation has any significance, the explanation by com-
pensational growth lapses®), A small positive correlation may be regarded
as an expression of adaptability. From parents with very varying shapes
and sizes of heads, a potentially very great length with a potentially very
small breadth may be found together in the shape of the head of the
children; it is possible that as an expression of adaptation the potentially

1) D'ArRcY W. THOMPSON in his book ,,Growth and Form"” (1917} attaches import-
ance to this principle. He considers the volume primary; “the volume is less affected
than are the linear dimensions.” (p. 776). «If thus a dimension changes, there will be
an inclination with the other dimension to change in the opposite manner, in order to
keep the volume unchanged.” ¢The skull varies as a whole.” These hypotheses are
only to be proved empirically by further investigations. ¢
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very small breadth will be somewhat less small. Consequently for heads of
the same group, so of equal length or of equal capacity, a small positive
organic correlation of length and breadth would arise. (This small positive
correlation of length and breadth is something else than the positive
correlation of length and breadth of an arbitrary head-material, so of heads
of different capacity; it is the difference of “interracial” and “intraracial”
correlation). Still further investigation is necessary here with large and
reliable material. PEARL also, on the lines of DRIESCH, takes up the general
significance of the small positive correlation found by him in his material.
He argues that DRIESCH’s law of the proportionality of the parts, that is
independent of the size, does not hold. There is a significant correlation
between shape of body and absolute size.

Finally an observation regarding the negative correlation of stature and
I B-index may be made. This negative correlation also, in my opinion,
contains spurious correlation. The head-length is partly an extension of
the body axis, i.e. a component part of the stature; there is a positive
correlation of stature and head-length (tab. 3). The negative correlation
of stature and L B-index is thus partly the same as that of head-length
and L B-index and consequently contains spurious correlation. (Vide also
* JOHANNSEN),

In this communication I have aimed at showing that different authors,
partly in other terms, have discussed the correlation of head-length and
L B-index and that this correlation contains an untrue or spurious correl-

ation not belonging to the organic correlation, which spurious correlation ,

is fairly great, in our case greater than the total correlation.

It is necessary that this spurious correlation be taken into consideration
in anthropology. Besides the index, also the dimensions of the material
investigated must, therefore, always be mentioned.
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