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<Abstract>

The obijective of this study is to investigate the relationship between clothing microclimate and physiological
responses, including subjective sensations, when, in a 15C environment, a range of temperatures inside clothing is
broadly produced from using various combinations of upper and lower garments. Six male subjects participated in
the investigation and the results were as follows. For all types of inside garments, the temperature of the clothing was
lower than the skin temperature for the whole body in each case. The mean temperature for inside clothing (Tq)
significantly showed the highest correlation with mean weighted skin temperature {r = 0.816) and was less positively
correlated with the temperature of the inside clothing at the chest (r = 0.326) {p < .01). Values for both the energy
expenditure and the heart rate were less positively correlated with the clothing microclimate {p < .01). The change of
body heat content showed a negative correlation with the surface temperature of the innermost clothing (r = -0.519)
and there was a difference between the innermost surface temperature and the outermost surface temperature of the
clothing at the chest {r = -0.577). As Tq increased, the increase of body heat content declined (p < .01). There was a
negative correlation between body fat and some of the temperatures inside the clothing {p < .01) and body fat had
no significant correlation with the humidity inside the clothing. Subjective sensations were more highly correlated
with Ta than with the temperature of the inside clothing at the chest and had not significantly correlation with the
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humidity of the inside clothing. In conclusion, through these resuits, it can be seen that the temperature inside the
clothing was related to various physiological responses and subjective sensations, and that the mean temperature of
the inside clothing (T.) showed a higher relationship with the temperature of the inside clothing at the abdomen than
that at the chest.
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Tabie 1. Experimental clothing

T0.36  29.44

Shirts with long sleeve / Trousers
T - shirts(short sleeve) + Shirts({long sleeve) + Down jacket{opened) / Trousers 129  30.46
A T - shirts(short sleeve) + Shirts(long sleeve) + Down jacket / Trousers 130  30.65
T - shirts(short sieeve) + highly insulating jacket + Parka / 0.36 31,41
Underpants(long legs) + lower training wear ’ ’
Shirts with long sleeve / Trousers 033 21713
B Singlet + T ~ shirts(short sleeve) + Thick sweater / Trousers 071 30.06
Singlet + T - shirts(short sleeve) + T ~ shirts(long sleeve) + Down jacket / Jeans 1,32 30,97
Singlet + T - shirts(short sleeve) + Shirts(long sleeve) + Duffle coat(knee length) / Jeans 157  30.39
T - shirts with long sleeve / Jeans 0.62 29.086
o Singlet + Sweater(V -~ neck) +Down jacket / Underpants{long legs) + Jeans 1.30  30.65
Singlet + T - shirts(long sleeve) + light jacket + Down jacket / underpants(long legs) + Jeans 1.29 31.64
Singlet + 4 layers of training wear / Underpants(long legs) + 4 layers of training wear 144 3133
Shirts with long sleeve / Trousers 049 28.39
D T - shirts(short sleeve) + Shirts(long sleeve) + Duffle coatthip length) / Trousers 141 29.37
T - shirts(short sleeve) + Shirts(long sleeve) + Sweater + Down jacket(opened) / Jeans 171 3080
Singlet + 4 layers of training wear / 4 layers of training wear 117 30.67
T - shirts(short sleeve) + Shirts(long sleeve) / Trousers 0.44 2970
T ~ shirts(short sleeve) + Shirts(long sleeve) + T — shirts(long sleeve) / Trousers with lining 0.65 3007
E T~ shirts(short sleeve)+T ~ shirts(short sleeve)+T - shirts(long sleeve)+ ' :
Cardigan(hip length) / Jeans (loose style) 1.33  30.97
T - shirts(short sleeve) + Shirts(long sleeve) + T — shirts(long sleeve) + Down jacket / Jeans 169 3118
Shirts with long sleeve / Trousers 0.36  29.67
T ~ shirts(short sleeve) + Thick sweater / Trousers 0.69 28.62
F T - shirts(short sleeve) + Down jacket / Jeans 198 2978
T - shirts(short sleeve)+T - shirts(long sleeve)+T ~ shirts{long sleeve)+Down jacket : :
/ underpants(long legs) + Jeans .78 3195
Singlet + One layer of training wear 0.31 29,16
Same Singlet + Two layers of training wear 0.63  30.63
Singlet + Three layers of training wear 0.95 30.86

Notes: The same socks, briefs and shoes were worn in all experiment and panties are excluded from the list.
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= Temperature inside clothing

m Skin temperature
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Fig. 1. Relation of the each region between skin temperature and temperature inside the clothing
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Table 2. The regression equations between each skin temperature(X) and mean temperature inside clothing(Ta)(Y)

Skin

temperature(X) Regression equation r R? F-value
Forehead Y = 0.275X + 20,963 0.134 0.018 18.39"
Abdomen Y = 0.652X + 8.417 0.759 0.576 1181,49°
Arm Y = 0.633X + 9.605 0.584 0.341 473.00°
Hand Y = 0.077X + 28.023 0.170 0.029 46.70°
Thigh Y = 0.305X + 21.038 0.300 0.090 135.34"
Leg Y = 0.089X + 27.538 0.110 0.012 48,94°
Foot Y = 0.125X + 26.639 0.205 0.042 52.22"
Mean skin temperature Y =1.318X - 11,523 0.816 0.666 2151.79"

*p {.00L
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Table 3. Correlation coefficient between temperature
inside clothing and skin temperature at the each
region,

Abdomen
Arm
Thigh
Leg

Foot
Mean

*p {.001.
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Table 4. Correlation coefficient between clothing microclimate and physiological responses

Clothing Energy Heart rate Change of Insensible
microclimate expenditure eart r. body heat content  perspiration
Abdomen -0.118 -0.133" -0.420" 0.203
Arm 0.057 0.043 -0,296"™ 0.185"
T insid Thigh 0.073 -0.091" -0.255™ -0.084
i Leg 0.070 -0.114" -0,213" 0.115
clothing Foot -0.060 0.002 -0.031 0.092
Mean temp. (T) -0.035 -0.071" -0.435" 0.150
Chest 0.100 0.024 ~0,268" -0,044
Humidity inside  Chest -0.175" 0.105" 0.060 0.183"
clothing Thigh ~0,236" -0,122" 0.179" 0.054
Surface temperature of the innermost . _ . x
clothing at the chest (D) 0.072 0.081 0.519 0.181
Surfacetemperature of the outermost _ _ - - _ -
clothing at the chest (@) 0.022 0.119 0.450 0.278
Difference between @ and @ 0.057 0.120™ -0.577" .27
Clothing thermal insulation ~0.462" -0.104 -0.709™ 0.217"

"p<.0L *p .05,
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Fig. 2. Relation between mean temperature inside the
clothing and the change of body heat content

o) Wslke A7l W) Z1Ho] ekt Aoz B
% gl

4. g7 |zt HXILE W EUSHY

AAYELS 7RsE A JEUE( = -0.319), Yok ®
A AEWLE(r = -0.296), BFAEWLE(r=-0.239) &
45 gRf2rEet W Fo FHAAE e L(p <
0D, SEHEE: Fo3 AHHAE bR Qetch
AYAFAFY, 199N AALES 7Ha79 28]
220t SO g Holu, AEUiGEE 4l gle A
o2 vehyt, I2iu 7k Rel oEE B9k ozt
o2l 9 FFAEHXENME 9 JBUAE el 23
<, AgdTolA Aatt BE L= FF Eh o Hs}
Ago] A e E& Adshe AT FA=H 5y
37159 2oo7HA FFe vid A2 e,

o] 9lof| AAFEL UA B8 (r = 0.836)F 2 ¥
FHBAE HePRcHp .00, AR B2 JA &
§30| S7RIdE e A FskAEe] 4FAE
dESORN A2 F83 QYL Arhe APAT

15°C EZ0IM QlE7|%et x2S niol fHY 7

(AL, 1973: 83-88; Hayward, & Keatinge, 1981;
Stocks, Taylor, Tipton, & Greenleaf, 20042} Y2]3tc},
T3 Azste] AUBAE AuEH, HPAFL (Y,
1997)fl M= SAZ T AAEC] o ATEAE Kol
I 3o B drolA AANES AR AU
§ Hojz ¢lal(p) .01), HAZHr = -0.273) e & &
o] AT Bod(p (.0, Akej7t AUitt.

EASATFL ofiERg JBEYE, 7R oEY
FE FET W2 AHIAE K3 1(p .01, Table 3), A4t
Z(r = 0,530), &5 TH-2(r = 0.528) $H= HoI3t AT
Hrkp .0,

5. ol=7|%9} Fax 22t

FAZLS YA = -0.333)2c} AAF AU = -
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EoF 2H 293 g F4lH oz Ay oy
7 o) B3gt Ao E Yeldch A oAk oE)
2rofAe] Azte}l vz i §9 Bkt
Yot 23y 473 o 52 AWHAE UE
W1, BuSEE 30 24T JAIAE A Bolx|
U= Ao g Ueldtip (.01, Table 5). 22U A43a 7
BEH001)9] Ftofrle BTt S 7ol B2
AHFAE 7H Aoz et Rfo|§ BT, of23t xjo|
£ JEYEEr} AEoE Hol U T2 30 =& 4]
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A=}, 20000 HE) £ A AL FAA oj2ojz 4
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Table 5. Correlation coefficient between subjective sensations and clothing microclimate.

Thermal sensation

1.000 -0.333%* ~0.475%*
Thermal comfort -0.333** 1,000 0.513**
Tolerance ~0.475%* 0.513** 1.000
Mean temperature inside the clothing(Tc) 0.593** -0.182%* ~0.354%*
Temperature inside the clothing at the chest 0.333** -0.105%* -0.195%*
Humidity inside the clothing at the chest —-0.001 ~0.063* 0.025
Humidity inside the clothing at the thigh ~0.136** 0.030 0.051
Mean skin temperature 0.627%* ~0,259%* —~0.428**

**p <.01, *p <.05.
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