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Women’s Comfort Temperature Range and Dynamic Temperature Change
for Maintaining Thermal Comfort in Low Temperature Environment
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Abstract: Various types of clothing are being developed to boost thermal comfort during cold winters along with
research on change of body temperature when heating is applied. There is a noticeable behavioral difference by gen-
der when using heating panels in a cold environment; however, research on women has been insufficient. This study
find a temperature range that provides sustainable thermal comfort in a low temperature environment by observing
temperature and change of temperature when subjects are classified according to physical activities or cold sen-
sitivities. For the study results, 8 women in their 20s were subjected to experiment in a low temperature envi-
ronment for 75 minutes (sitting position: 30 min., running: 15 min., and sitting position: 30 min.). Subjects were
asked to turn on/off the heating panel freely to analyze the range of comfortable temperature and clothing micro-
climate; in addition, skin temperature and heating panel temperature were measured and analyzed at 9 points. As
a result, temperature at which subjects turn on and off the heating panel indicated a statistically meaningful dif-
ference between the cold sensitivity group depending on exercise or non-exercise. The range of comfortable abdo-
men temperature was wider than the lower back and was significantly reduced when the subject was running. The
range of comfortable temperature was also largest for the heating panel temperature, microclimate, and skin tem-
perature in suggesting that adequate adjustment will be required depending on the surrounding environment or

movement of the wearer.
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Table 1. Body dimension of women participants in their 20~30s (Subjects vs. Korea 2015) characteristics

Mean (+SD)
Height (cm) Weight (kg) Chest Circumference (cm) Waist Circumference (cm)  Hip Circumference (cm)
Size Korea 160.6(+5.2) 56.6(+9.3) 85.9(x6.1) 73.9(x8.4) 93.3(£6.9)
Subject 165.0(+5.7) 56.3(+2.5) 85.9(+3.3) 66.9(£3.4) 93.1(+1.7)
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Fig. 1. Measurement positions of skin temperature, microclimate and surface temperature on heating pad.
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Table 2. Temperature difference in the heating plate, skin, and microclimate of clothing depending on the cold sensitivity when the heating plate was

turned on
Group Group A Group B
Location of temp. Mean SD Mean SD !
Abdomen 35.7 35 37.0 4.6 749
Surface temp. under the Lower Back 34.6 42 33.6 2.3 652
base layer Shoulder Blades 30.1 2.5 30.9 1.5 =811
Calf 25.6 2.8 223 1.5 3.576%*
Chest Under The Shirts 232 1.5 243 1.5 —-1.644
Temp. under the Abdomen Under The Jumper 203 3.8 2.4 6.1 _747
clothing
Calf Under The Pants 20.7 24 19.1 1.9 1.780
Abdomen 327 4.6 332 12.9 -.116
Heating pad temp.
Lower Back 304 9.0 25.7 7.2 1.366

**p<_0]
Group A: cold sensitive, Group B: cold insensitive
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Table 3. Temperature difference in the heating plate, skin, and microclimate of clothing depending on the cold sensitivity when the heating plate was

turned off
Group Group A Group B
t
Location of temp. Mean SD Mean SD
Abdomen 429 3.6 06 34 169
Surface temp. under the Lower Back 383 32 39.9 2.6 -1.283
base layer Shoulder Blades 30.8 1.8 30.4 2.1 398
Calf 254 2.8 224 14 3264
Chest Under The Shirts 23.0 1.7 24.9 12 2823
Temp. under the Abdomen Under The Jumper 313 195 328 9.7 _211
clothing
Calf Under The Pants 20.3 2.1 19.0 1.8 1.661
Abdomen 51.0 11.8 57.1 103 -1.157
Heating pad temp.
Lower Back 46.5 12.7 553 153 -1.505

*p<.05, **p<.01
*Group A: cold sensitive, Group B: cold insensitive
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Table 4. Temperature difference depending on the exercise or non-exercise when the heating plate was turned on

Step Step 1(rest 1)

Step 2(running) Step 3(rest 2)

Location of temp. Mean SD Mean SD Mean SD F
Abdomen 33.62 1.65 3829 5.99 36.94 1.57 2.560
Surface temp. under the Lower Back 31.40° 0.96 35.60° 433 35.00° 2.56 4.143"
base layer Shoulder Blades 32.03 138 30.57*° 1.76 29.26° 192 4.189°
Calf 24.54 274 22.74 324 24.82 229 1.292
Chest Under The Shirts 24.71° 1.36 24.35° 145 22.52° 0.97 5.740"
Tem‘z'k):’;‘:g e Abdomen Under The Jumper  23.09 1.98 2342 7.65 18.53 3.63 1.682
Calf Under The Pants 20.83 2.70 18.88 241 20.17 1.46 1.509
Abdomen 28.45 3.11 38.63 13.81 3115 6.73 2.148
Heating pad temp.
Lower Back 22.56 2.99 29.27 9.34 31.84 8.70 2.829
*p<.05
Te 27 o 9, sl vl 98 U 2Ee 2E = A7} Ao R ARG onFlS A SEHE(LE A F4,
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Table S. Temperature difference depending on the exercise or non-exercise when the heating plate was turned off

Step Step 1(rest 1)

Step 2(running) Step 3(rest 2)

Location of temp. Mean SD Mean SD Mean SD d
Abdomen 4349 446 41.66 3.65 4330 1.72 0.557

Surface temp. under the Lower Back 39.49 357 39.93 2.57 37.85 2.82 1.071
base layer Shoulder Blades 31.65 1.08 29.66 2.53 30.52 1.46 1.853

Calf 23.83 239 23.13 338 24.93 2.09 0911

Chest Under The Shirts 24.79 144 2427 1.79 2322 1.57 1.480

Temrc’iolt’}:iegr e \pdomen Under The Jumper  39.48 17.23 23.56 8.02 34.19 8.30 2.644
Calf Under The Pants 20.00 207 18.92 243 20.17 1.51 0.868
] Abdomen 61.60° 8.58 45.84° 10.69 58.79 470 6.034°

Heating pad temp.

Lower Back 49.77 14.51 5235 16.52 4981 13.98 0.075

*p<.05
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Abdomen ; Lower waist
070 - ;
60 avg. ceiling temp.
- i <——when swicth was off
50 r g
40 - Heating pad temp range
30 ¢ «—— avg. floor temp.
20 when swicth was on
10 Restl Running Rest2 l Restl Running Rest2

*Rest 1: Restbefore running
*Rest2: Rest after running

Fig. 2. Comfort temperature range of heating plate in the abdomen and lower back waist.

Abdomen
(°C)70

60
50
40
30
20
10

r1rr1rrvrrrr1r 1711

I I BRI R

Lower waist

«— avg. ceiling temp.
when swicth was off
Comfortable skin temp range

«—— avg. floor temp.
when swicth was on

Restl Running  Rest2 Restl

*Rest 1: Restbefore running
*Rest 2 : Rest after running

Running

Rest2

Fig. 3. Comfort skin temperature range in the abdomen and lower back waist.
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Abdomen under the jumper

O
O 70 C avg. ceiling temp.
60 | <—— when swicth was off
50
40 i Comfortable temp range under the clothing
30 «— avg. floor temp.
20 L ‘I‘ when swicth was on
10

Restl Running Rest2

*Rest 1: Restbefore running
*Rest2: Rest after running

Fig. 4. Comfort temperature range of microclimate pf clothing in the abdomen.
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