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Abstract

We have applied the method of factor analysis to the problem

of reducing the number of the observing parts required for the

- calculation of the average skin temperature of the human body.

'~ 'We have analyzed the observed data on the twenty—two parts

adding to them the air temperatute and-the age which are

considered to influence -the skin temperature. It has been

thus, found that the observed values were rather well collected

at every part, and that air temperatwe is actually one of the
factors which controlled skin temperature. ’

1. Introduction

In the Research Committee on Climate physiology, they use the temperatue val-
ues of twenty-two parts of skin for the calculation of the average skin temperature
of human body. For practical application, however, it is difficult to measure the
temperature at so many points, nor so high an accuracy is needed either, so that
the problem of reducing the number has been suggested. Among the physwloglsts
in the United States, too, -it is said recently eight parts’are enough 88

To solve this problem objectively, it is most important to know what kinds of
common factors control skin temperature and to what extent. For this purpose,
the method of factor analysis seems to be very excellent. This ana1y31s, however,
has a defect of having no theory of exact sampling at present

2. Method of factor analysis
The method of factor analy31s is shown bneﬂy in the following. Supposing that
the observed value X j(j=1,2,% 1) by the Judgement i(j=1,2, -, n)—in this
case the judgements equal to the skin parts——is estimated: as normal distribution
N(mj, o4, ’
X j—mj

Z j= 7,
will submit to N(0,1). ‘
‘We put, . .

1) _ Zi=apFitapFetesstapmFntaiU;
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‘where the common factor is Fy(s=1,2,:-- ,m), and the unique factor is U;. And A
suprosing that F, and U; submit to N(0,1), and that they are independent from ’
each other, the following relationships hold. '

(2) » lea=E(ZjZ/a)_=7:2“jsw/cs
(3)  bss=hi=3Yag )
(4) . 0z jF3=a'j;

When the sample size is large, we can approximate mj; and o;% to be z; (Sample
mean) and 87 (Sample variance) which are calculated from the sample respectively
and also we can"‘ap;}roximate 0iz to be sample correlation ' coefficient rj... Then
from the ‘correlation matrix, we can calculate the coefficient of comnon factor
Fj.. Although there are various methods of factoi ana1y51s, the centrmd solu‘non
is used in ‘this study.

' Z; is expressed by a point in m. dimension, .

) ; Pi= (s Ay +oeees ) (G=1,2, e )
Determmmg the axis-of the first factor as-it- -passes through the centre of grav1ty
of the point 1, the coordmate of centre is expressed as follows;

And then the following formulae hold,
' oo ' Tia= 505"
E T Iz
\/ EE rj/a

and the coefficient of the first factor of part j is obtained.  For r;;=(h?), the
maximum value in [rj;] in. the row j is used The coeff1c1ent of the second factor
can be obtalned in the same way by using # 7 ‘ ' '

TJ/c—"J/c_au“/c
In the same manner, the followmg coe:tne1ents are obtained. (2,]

3. Data

For an example of practical analysis, the data on fifty persons and at. the air
temperature of 15°~20°c, were extracted from the whole- data observed under the
same regulation as that. of the Research Committee- on Climate Phys1ology mentioned
above,

In this case, we used twenty-two parts, namely, head (No.1),face (Nos. 2 and
3), neck'(Nos 4 and 5), breast (Nos. 6 and. 8), abdomen (Nos. 9 and 10), loin
(Nos. 11 and 12), upper arm (Nos. 14 and 15), fore arm. (Nos. 16 and 17), ‘hand -
(Nos, 18 and 19), thigh (Nos. 21 and 22), 'eg (Nos. 23 and 24), and foot (No.25).
The ages of those fifty persons range from 20 years to 60 years old, having the
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" mode near-25 years old. - - -

4 Results obtamed and conslderatlon.

When we try factor analysis, -it is the most difficult problem to know what the'
factor is. If the factor is presumed, we can recognize whether the estimation is true
.or not by calculation, ‘putting the estimated factor into the judgements.. When the
estimation is true, fofmula (4) will be- satisfied and the communality of thé factors
will be close to the umit 1. s
. We tried factor analysis adding air temperature and age, both as the estlmated
factors, to the observed skin temperature at- thosetwenty-two: parts. - Namely, we
analyzed the problem .assuming the sample size was twenty-four.. The teason why
we took up those two factors as common factors is -as follows ;- as for the air temp-
erature, it controls greatly the skin temperatures of the naked parts-while it haidly
does those of the covered parts: as for the age, generally speaking, the older the
age is, the more conspicuosly high is the skin temperature of- the upper legs and
the lower are those of the other parts. . :

At first, - we calculated the first factor Fy and the socond factor F,, but, as the
‘remaining coirelation coefficients were found to be insignificant, we gave up the
calculation. The coefficients of F; and F; are shown in the figure. :

® Furts of Head T 72

O Afarts of [runk . ”7—
X Purts of. tper Legs 00

A Partsof Lower . Q51
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Factor Coefficients. (A Summary of ‘the Research Comrmittee on Climate Physiology )
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It will be preferable to consider that age is not contained in the two factors
estimated above, because the communality of age is rather small. As for the air
temperature, though its communality seems not to be very near the unit I, it is
_considered to be one of thé estimated factors. In the figure, the coefficients at each
-part are counted after rotating the coordinates, and then as the tendencies of vari-
‘ation of the counted coefficients considerably resemble those of the correldtion
.coefficients between temperature and each part, the factor F' seéms to be of tem
perature itself or of elements relating to temperature. i -

Though F, acts on the parts of trunk perceptively, it scarcely does on the parts
-of upper. legs. While the first factor is one related to the radiation of body
heat,—for instance, one which controlé vasomoter,—F,' seems to be a factor
related to .the heat production of human body, that 1s, externally, it may be consi-
dered to be the condition of wearing. ,

“FThe observed values on the conditions of each part are collected comparatively
well,: as is shown cleatly in the figure. :In any part of the trunk (neck, abdomen,
and loin), the coefficient of F,' is small while that of F»" is relatively large excep-
ting at:No6. 8. - In the parts-of upper: legs (upper-arms, before arms, and hands),
the coefficient of Fy/ is large while that of :F2! is small, and those of Fy and F)'
at the lower legs and at the head excepting at No. 2. show intermediate values.
And, the conditions of the back (No.8) and the forehand (No. 2) are remarkable.
The skin temperature of the back (the part right under the spina scapula along the
scapula line) is not controlled so much by Fi/ and F,' as the other parts of the
trunk. The reason of this fact, however, and also whether it is concerned on the
whole back or only on this part are not obvious. For those two factors, the condition
-of the skin temperature of the forehead (the point 2cm’ above the eyebrows, the
middle of forehead) is the sarne as that of the trunk
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