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The physical characters of hair have 
often been given a leading position among 
the attributes used for the classification of 
human races. Many of the descriptions of 
hair features used in the past, however, 
have been lacking in precision. Only re- 
cently have investigators begun to apply 
more precise measures to human hair char- 
acters. 

The variability which occurs among the 
hairs from a single person, and among per- 
sons known to belong to the same race, 
however, presents a serious obstacle to the 
use for racial classification of even pre- 
cisely measured characters. Considerable 
uncertainty exists about the amount of 
variability among the hairs of a single per- 
son as compared to the variability among 
persons, and about the variability among 
persons within a racial group as compared 
to the variability among racial groups. 

This study supports and extends previ- 
ous studies of hair types of human races. 
It applies a set of measures to the treat- 
ment of variation in hair characters; and 
submits these measures to an analysis of 
variance to determine the amount of varia- 
tion within and among races. 

METHODS 

Collection of sample 
Hair samples were collected from 86 

males who were 20 to 30 years old as fol- 
lows: 20 Chinese who had been born on 
the Chinese mainland; 21 individuals who 
had been born, or whose parents had been 
born, in Great Britain, Germany, France, or 
Holland; 26 Asiatic Indians who were born 
in India; and 19 Negroids of whom 9 were 
born in Nigeria, 9 in the United States, and 
one in Jamaica. 

In no case was any individual excluded 
from the sample on the basis of hair char- 

acter, although no individual was included 
who acknowledged mixed ancestry. 

Each hair sample was cut as close to 
the scalp as possible from the area over- 
lying the external occipital protuberance. 

Preparation of specimens 
Hair samples were cleaned by soaking 

for 24 hours in each of 5 changes of 100 
ml of carbon tetrachloride. The samples 
were blotted with paper towels and air- 
dried for several minutes after each im- 
mersion before being placed in the next 
jar of cleaning solution. 

Parlodion was used to embed the hairs 
in preparation for sectioning. The sections, 
cut with the Hardy sectioning device (Steg- 
gerda, ’40) and a Gillette microtome blade, 
were mounted on a slide with thin pic- 
colyte. A glass coverslip of “0” thickness 
was applied, and subjected to light pres- 
sure to flatten the curled film of Parlodion. 
The slide was placed in a drying oven for a 
week. 

Measurements 
A research microscope equipped with a 

2 mm N.A. 1.30 apochromatic objective and 
15 X compensating eyepiece was used to 
measure the mounted cross section of hairs 
under a magnification of 1350 X. The 
Kohler method (Shillaber, ’44; 93-96) of 
illuminating the field was used. A microm- 
eter disc served to measure the lengths of 
the hair axes to the nearest half quadrat of 
the micrometer disc. Each quadrat meas- 
ured 8.2 microns (p) on each side. 

Measurements were made on a single 
cross section of each hair, about 0.5 cm 
from the proximal end. The first 30 cross 
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sections of hair encountered in each 
mounted specimen were measured to avoid 
any bias in the selection of hairs. Pre- 
liminary statistical analysis indicated that 
a sample of this size would be adequate to 
measure the variability. 

The shape of hair in cross section is el- 
liptical and varies from a nearly circular 
ellipse with major and minor axes approxi- 
mately equal in length to a more flattened 
type with the major axis twice the length 
of the minor axis. Rare modifications im- 
part a kidney, pear or triangular shape. An 
index, the quotient obtained by dividing 
the length of the minor axis by the length 
of the major, is used as a measure of shape. 
The area of a hair cross section is calcu- 
lated from major and minor axes by as- 
suming that the shape of all hairs ap- 
proaches that of an ellipse, and by using 
the formula (pi D1 DJ4) for the area of an 
ellipse. 

RESULTS 

The measurements of each character 
indicate that much variability occurs 
among the hairs from each person, among 
the persons within each race, and among 
races (table 1). The measurements have 
accordingly been subjected to an analysis 
of variance (Snedecor, '46: 214-226) 
which reveals that the variability among 
persons in each race is significantly greater 
than the within-person variability among 
hairs (table 2).  

Further analysis indicates that, for each 
of the 4 traits measured, the variability 
among the 4 races, here considered, is sig- 
nificantly greater than the variability 
among the persons within each race 
(table 2). 

In an effort to determine which races 
differ significantly from the other races, 
each group was compared separately with 

TABLE 1 
Racial means and their standard errors of length of major axis, length of minor axis, area and index 

of hair cross sections 

Index 
Major axis Minor axis Area minor axis 

major axis 
~ 

P fi  lu2 
Chinese 94.28 -t 3.05 76.79 t2.12 5816.92407.2 0.82642 0.0117 
Western Europeans 81.94 * 2.47 56.74 t 1.33 3786.5t 185.9 0.7116'-c0.0141 
Asiatic Indians 92.94 2 1.93 66.49 ir 1.54 4993.5 2 202.6 0.7292 C 0.0112 
Negroids 98.23 -t 2.45 58.522 1.87 4648.9 -c 255.8 0.5996" 0.0107 

TABLE 2 
Results of analysis of variance of the measurements of hair sectims 

F values l? values obtained 
required for ___ 

Degrees of significance Length Length 
Index freedom levels of: o f  of Tests 

ma3,or miqor Area 
0.05 0.01 a X l S  axls 

Within races: 
Chinese 19/580 1.61 1.94 18.952 19.512 30.802 10.312 
Western Europeans 20/609 1.59 1.91 12.452 11.26% 13.472 12.05= 
Asiatic Indians 25/754 1.52 1.80 9.452 16.722 14.862 8.702 
Negroids 18/551 1.63 1.97 13.642 19.442 23.14* 8.38* 

Among all 4 races 3/82 2.72 4.03 7.772 26.931 9.452 53.372 

Between Iaces 
Chinese-W. Eur. 1/39 4.09 7.33 10.102 
Chinese-As. Ind. 1/44 4.06 7.24 0.02 
Chinese-Negroids 1/37 4.10 7.37 1.01 
W. Eur.-As. Ind. 1 /45 4.06 7.22 12.872 
W. Em.-Negroids 1 /38 4.10 7.35 22.102 
As. 1nd.-Negroids 1 /43 4.06 7.26 2.95 

1 Shows significance in the 0.05-0.01 probability range. 
Shows significance beyond the 0.01 probability range. 

65.872 
60.432 
41.522 
21.992 
0.62 
54.002 

28.102 21.072 
3.76 35.222 
6.07l 202.152 
18.642 0.97 
7.712 37.722 
1.14 65.762 
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each of the other groups in regard to the 
various traits. 

Length of major axis 
The mean length of major axis for the 

hairs from any one person ranges from 
58.49 f 2.46 LI for a Western European 
to 125.00 & 4.30 for a Chinese. The vari- 
ances of the length of the major axes of the 
hair sections from each person range from 
52.092 for a Negro to 726.520 for an Asi- 
atic Indian. 

So far as length of major axis is con- 
cerned, Negroid hairs are on the average 
the largest; Western European, the small- 
est; while Chinese and Asiatic Indian hairs 
are intermediate in size (table 1). The 
difference between Western Europeans and 
each of the three other groups is signifi- 
cant, although these other groups do not 
differ significantly from each other in this 
respect. 

Length of minor axis 
The mean length of minor axis for the 

30 hairs from any one person ranges from 
43.05 2 1.16 LI for a Western European 
to 100.18 f 2.99 for a Chinese. The range 
of the within-person variances from 25.428 
for a Negroid individual to 313.478 for an 
Asiatic Indian indicates further the vari- 
ability among individuals for this trait. 

If length of minor axis is used as the 
criterion, the Chinese have on the average 
the largest hairs and Western Europeans 
the smallest (table 1 ). Asiatic Indians are 
in general intermediate between these two 
extremes. The Western European and 
Negroid subjects are similar to each other 
and are the only pair which do not differ 
significantly in regard to length of minor 
axis. 

Cross-sectional area 
The person whose hairs have the small- 

est mean cross-sectional area is a Western 
European with a mean of 2017.4 f 122.7 
u*. The hair sections with the largest 
mean area are from a Chinese and meas- 
ure 10105.2 2 535.0 $. The within-person 
variances for area of hair sections range 
from 362,163 for a Negro to 8,585,186.5 
for a Chinese. 

Hairs from Chinese have the greatest 
mean area (table 1); those from Western 

Europeans, the smallest. The cross-sec- 
tional areas of Asiatic Indian and Negroid 
hairs are similar to each other, but inter- 
mediate between those of the Chinese and 
Western European hairs. The differences 
between the Western Europeans and the 
other three groups are significant. The 
Negroid subjects differ from the Chinese at 
the 0.05 level of significance. The Asiatic 
Indian sample, however, does not differ 
significantly from the Chinese nor from 
the Negroid samples. 

Index of hair cross sections 
The hair index provides another meas- 

ure of the combined effect of the major and 
minor axes and is used as a reflection of 
the shape of the cross section of the hair. 

The smallest index measured in this 
study is 0.50 which is the index of a hair 
with the shape of a flattened ellipse and 
with a major axis twice as great as the 
minor axis. The largest index measured is 
1.00. In such hairs the shape of the cross 
sections closely approximates that of a 
circle. This range is in agreement with 
those reported by Danforth ('25) and Kne- 
berg ('35). 

The smallest mean obtained from the 
indices of the hairs from any single person, 
a Negroid subject, is 0.5370 k 0.0078, and 
the largest within-person mean index is 
0.9146 r+ 0.0129 for a Chinese. The with- 
in-person variances for the index range 
from 0.0018 to 0.0221. Both of these in- 
dividuals belong to the Negroid group. 

As measured by the index (table l ) ,  the 
Chinese hair sections are the most nearly 
circular in shape; the Negroid sections are 
the most flattened; and the Western Euro- 
pean and Asiatic Indian hair sections are 
intermediate in shape. The latter two 
groups do not differ significantly from each 
other, but all other differences between 
races in regard to hair index are statisti- 
cally significant. 

DISCUSSION 

The methods for obtaining, sectioning, 
and measuring the hairs were designed to 
secure samples suitable for statistical treat- 
ment. Sampling was restricted to subjects 
between the ages of 20 and 30 years in 
order to minimize the effect of age on hair 
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character (Trotter, '30; Duggins and Trot- 
ter, '51). Between these ages, the amount 
of variation in hair character due to age is 
slight (Trotter and Duggins, '48). The 
possible variability in hair characters due 
to the difference in the sex of the subjects 
(Trotter and Dawson, '34; Steggerda and 
Seibert, '41) was avoided by measuring 
hair specimens from males only. Measure- 
ments were made on a single cross section 
taken from approximately the same area of 
each hair in an effort to minimize the vari- 
ation that occurs in each hair throughout 
its length from base to tip (Kneberg, '35; 
Garn, '46). 

The Chinese, Asiatic Indian, Western 
European, and Negroid individuals who 
supplied the hair samples for this study 
may not be a randam sample of their 
respective populations, as most of the sub- 
jects were university students. Conse- 
quently, the racial differences here ob- 
served cannot be extended to the whole 
populations of these 4 races. Nevertheless, 
bias was avoided so far  as possible in tak- 
ing the hair samples and it is believed that 
they do represent adequately the individ- 
ual and the series of individuals measured. 
Consequently, it is believed that the differ- 
ences between the races shown by these 
measurements indicate the type of racial 
differences in hair characters which ac- 
tually occur. 

Chinese 
Although the Chinese rank second in 

regard to length of major axis, they have 
on the average the largest hairs of the 4 
groups in terms of length of minor axis and 
area of cross section. They differ signifi- 
cantly only from the Western Europeans 
so far as length of major axis is concerned, 
while in terms of length of minor axis they 
differ significantly from each of the other 
groups. In terms of cross-sectional area, 
they are, again, significantly different from 
Western Europeans, but differ from Ne- 
groids at only the 0.05 level and from Asi- 
atic Indians not at all. 

The shape of the cross sections of hairs 
of the Chinese is more nearly circular on 
the average than that of any of the other 
races. The mean index for the Chinese is 
0.8264 & 0.0117 and is significantly differ- 

ent from that for any other race. Wood- 
bury and Woodbury ('32) obtained indices 
for North American Indian tribes that, al- 
though smaller than that obtained here for 
the Chinese, are larger than those obtained 
in the present study for the Western Euro- 
pean, Asiatic Indian, or Negroid groups. 

Western European 
The Western Europeans have on the 

average the smallest hairs in cross section 
of the 4 races here considered (table 1 ) .  
This holds true for length of major axis, 
length of minor axis, and, concomitantly, 
the area. The differences are significant in 
all cases but one, namely the difference in 
length of minor axes between Western 
European and Negroid samples. 

The shape of the cross section of hair 
from Western Europeans is on the average 
like that of hair from Asiatic Indians, and 
intermediate between that of Chinese hair 
and that of Negroid hair. The Western 
Europeans do not differ significantly from 
the Asiatic Indians but are significantly 
different from each of the others at the 
0.01 level of significance. 

Asiatic Indians 
The cross sections of hairs from Asiatic 

Indians are generally intermediate in size 
relative to the other groups. They are sig- 
nificantly larger than those of Western 
Europeans in all three measures of size. 
They exceed the cross sections of Negroid 
hairs in length of minor axis (difference 
significant at the 0.01 level) and in area 
(difference not significant) but are sur- 
passed by those of Negroid hairs in length 
of major axis (difference significant at the 
0.01 level). Cross sections of hair from 
Asiatic Indians are out-ranked by those 
from Chinese in regard to all three meas- 
ures of size, although, except for differ- 
ences in length of minor axis, these dif- 
ferences are not s i m c a n t .  

Basu ('41) in a study of 50 adult male 
Noluas of BengaI reported a mean cross- 
sectional surface of 0.00315 mm2 which 
differs considerably from the mean area 
obtained in this study, 0.0049 mm'. Such 
a difference, however, might be anticipated 
since Basu's Noluas are a small isolated 
subsample of the Asiatic Indians as a 
whole. 
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The shape of the cross sections of hair 
from Asiatic Indians does not differ sig- 
nificantly from that of Western Europeans 
(table 2). Both of these groups have hair 
which is intermediate in shape of cross 
section between those of the Chinese and 
Negroid groups, and these differences are 
significant. Basu ('41) obtained a mean 
index of 0.774 for hair samples from the 
Bengalese Noluas, a value intermediate be- 
tween the mean index, 0.7292 & 0.0112, 
obtained here for the Asiatic Indians, and 
0.8263 2 0.0117, the mean index obtained 
here for the Chinese. 

Negroids 
The cross sections of hairs from Negroid 

subjects have the longest major axes, on 
the average, of all the groups here con- 
sidered, although they differ significantly 
only from Western European hair cross 
sections in regard to this characteristic. 
When the other measures of size are con- 
sidered, it is found that the Negroid sample 
is outranked by the Chinese and Asiatic 
Indian groups but exceeds the Western 
European. Most of these differences are 
significant (table 2).  

The elliptical shape of the cross sec- 
tions of Negroid hairs is in general the 
most flattened of those of the 4 races, and 
consequently the average index for the 
Negroid sample is the smallest. Further- 
more, the differences between the Negroid 
group and each of the other racial groups 
are significant at the 0.01 level, so that 
shape of cross section is apparently a more 
useful criterion for distinguishing Negroid 
hairs than is any single measurement of 
size. These results are in agreement with 
those reported by Steggerda and Seibert in 
'41. 

SUMMARY 

Measurements were made of cross sec- 
tions of 30 hairs collected from the occip- 
ital region from each of 86 males, 20 to 
30 years of age. Of this group, 19 are 
Negroid; 26 are Asiatic Indian; 21 are 
Western European; and 20 are Chinese. 

Among the hairs from each person, vari- 
ability is high for all the characters meas- 
ured: length of the major and minor axes 
of the cross section, cross-sectional area, 
and cross-sectional shape. 

Among those persons of each racial type, 
variability also is high for all of these 
measures. Highly significant F values were 
obtained from an analysis of the among- 
person and within-person variability within 
each of the 4 racial groups. 

Among the races included in the study, 
variability, for each of the traits measured, 
is significantly greater than the variability 
among persons within each race. Racial 
differences consequently do exist within 
this sample for each attribute. 

Chinese have, in general, the largest and 
most nearly round hairs of the 4 races 
measured in this study. 

The Western Europeans included in this 
study have, on the average, the smallest 
hairs in cross section of the 4 groups. 

The Asiatic Indian hair sections ex- 
amined in this study are indistinguishable 
in shape from those of the Western Euro- 
peans. Both are intermediate between the 
most nearly circular Chinese hair sections 
and the Negroid hair sections, which were 
most flattened in shape. In size of cross 
section, hairs of Asiatic Indians were ex- 
ceeded by those of the Chinese in all re- 
spects and by Negroid hairs so far as length 
of major axis is concerned. 

The flattened elliptical shape of the Ne- 
groid hair sections is their most character- 
istic feature. In mean length of major 
axis, they are not significantly different 
from the Chinese nor from the Asiatic In- 
dians. In the mean length of the minor 
axis, they are not significantly different 
from the Western Europeans. In mean 
area, they are not significantly different 
from the Asiatic Indians. 

It is believed that the differences be- 
tween the races shown by these measure- 
ments indicate the type of racial differ- 
ences which actually occur in hair char- 
acters. 
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