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Abstract : In this research, consumer awareness investigation and wearing test were carried out for obtaining useful data
on the development of thermo-sensitive functional clothing material. A survey involved 216 people in Seoul and Kyeo-
nggi-do, and 200 questionnaires data were analyzed by descriptive statistics and frequency using SPSS 17.0. Four healthy
men in twenties were participated for wearing test. Subjects in normal loungewear were exposed to temperature change
from the initial temperature 30°C down to 5°C for an hour in a climate chamber. The environmental temperature, surface
temperature of garment and skin were measured. As a result, most of respondents have all season clothing products such
as underwear, hosiery, and jogging suit for loungewear. Also, thermo regulator y functional clothes are frequently used
as underwear and sweat shirt. The consumer awareness investigation on thermo regulatory functional clothing showed
that the most important key buying factor is quick climate temperature response, easy maintenance, design and cost, in
that order. Surface temperature of garment went down with the cooling down of environmental temperature. The lower
environmental temperature, the greater temperature difference by body part showed. Skin temperature change by envi-
ronmental temperature showed similar tendency of garment surface temperature. In comparison between garment sur-
face and body skin, temperature difference became larger under the lower environmental temperature.
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Table 1. Questionnaire summary

Measure

Scale

Product category

Seasonless clothing Wearing condition

experience Textiles

Dissatisfaction factor

Multiple choices
Multiple choices
Multiple choices
Only single choice

Product category

Thermoregulation functional Wearing condition

clothing experience Textiles

Dissatisfaction factor

Multiple choices

Multiple choices
Nominal

Only single choi
nly single choice scale

Only single choice

Appropriate product category

Appropriate wearing condition

Perception on thermo-sensitive

. Performance expectation
smart clothing

Weakness expectation

Buying criteria

Only single choice
Only single choice
Multiple choices
Multiple choices
Multiple choices
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Table 2. Physical characteristics of subjects

Table 3. Body region taken image using infrared camera

Height(cm)  Weight(kg) Age(year) BSA(mz) Front Rear
Subject A 175.0 60.1 23 1.75 Area 01 Left chest Left back
Subject B 175.0 63.5 25 1.79 Area 02 Right chest Right back
Subject C 180.0 74.0 22 1.95 Area 03 Lower chest Lower back
Subject D 170.0 61.0 20 1.72 Area 04 Belly Back of waist
MSD 1754 647564 225320  1.8+0.1 irea 82 Left upper arm Leﬁhuppef amn
Right Right
M: Mean, SD: Standard deviation rea ght upper arm gt tpper arm
Area 07 Left lower arm
Area 08 Right lower arm
Area 09 Left shoulder Left shoulder
9 v 37(1.5%), 1009HE o] 2007+ 1|9 47H(2%), Area 10 Right shoulder Right shoulder

2009+ o)t 3009k IRk 239 (11.5%), 3005+ o)t 4007t
A \IRE 44%(22%), 4005+ o] 5009Hd WIRE 548 (27%),
5005H ©]’d 6008F mIRF 3278 (16%), 60058H o) 7005+
w9 119(5.5%), 7008k o] 8009+ w]¥h 167 (8%), 800
Tl o) 13 (6.5%)°1 A
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Fig. 1. Body region measured the surface temperature of garment using

infrared camera.
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Table 4. Seasonless clothing experience

(Unit: N(%))

Possession

N=200 Yes 176(88) No 24(12)
Underwear 152(33) Pants 22(5)
Socks 118(26) Skirt 6(1)
Prodt;\c]t_:;\éegory Indoor sports wear 54(12) Scarf 6(1)
(Multiple choices) T-shirts 39(9) Outdoor sports wear 5(1)
Shirt 29(6) Dress 2(0)
Hat 23(5) Cardigan 2(0)
When comfortable at home 121(35) At work 25(7)
WearinNg:;:;r)ldition When exercising indoor 87(25) When exercising outdoor 13(4)
(Multiple choices) Whenever 58(17) Etc. 5(1)
When going out 41(12)
Cotton 165(61) Silk 5(2)
Nylon 26(10) Etc. 4(2)
Lei‘;‘;e; Polyester 25(9) Rayon 21)
(Multiple choices) Do not know 24(9) Acetate 2(1)
Polyurethane 12(4) Acryl 2(1)
Linen 5(2)
None 54(31) Manageability 15(9)
Dissaﬁs}f?f?;’é‘ factor Durability 32(18) Texture 12(7)
(Only single choice) Adaptation to outside temperature 31(18) Design 11(6)
Hygiene 21(9)
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Table 5. Thermoregulation functional clothing experience

(Unit: N(%))

P ‘I’\SIS:ZS;:)O“ Yes 135(68) No 65(33)
Underwear 104(44) Pants 6(3)
T-shirt 37(16) Jacket 6(3)
ProdLIl\cIt_zc;;egory Indoor sports wear 30(13) Skirt 4(2)
(Multiple choices) Outdoor sports wear 24(10) Coat 3(1)
Socks 10(4) Etc. 3(1)
Jumper 9(4) Cardigan 2(1)
Wearing condition When exercising outdoor 57(26) When comfortable at home 34(15)
N=220 When exercising indoor 54(25) Whenever 16(7)
(Multiple choices) When going out 49(22) At work 10(5)
Do not know 66(49) Nylon 2(1)
Polyester 27(20) Rayon 2(1)
Lefll;e; Cotton 20(15) Acetate 2(1)
(Only single choice) Polyurethane 5(4) Acryl 2(1)
Linen 4(3) Wool 2(1)

Etc. 3(2)
Design 30(22) Etc. 6(4)
Adaptation to outside temperature 27(20) Hygiene 3(2)
Dissaﬁslf]‘f?;; factor Durability 24(18) Manageability 32)
(Only single choice) Texture 18(13) Fit 2(1)
None 12(9) Trendiness 2(1)

Price 8(6)
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=7 5)E w74

2219, 11%), FLH(16%, 8%) wo=2 =7 Uehyith 2= = ltﬂl Uebsth 25469 A58 ARaAlE 83 Al
168 A5Y ARAAET BEII] AR ARRE 4G o] 2D A, WS ARES Tl A el A
Table 6. Perception on thermo-sensitive smart clothing (Unit: N(%))
Underwear 99(50) Etc. 3(2)
Shirts 21(11) Vest 3(2)
Appropriate product Socks 16(8) Indoor sports wear 2(1)
C;\‘If%ggy Teshirts 13(7) Skirt 201)
(Only single choice) Pants 13(7) Coat 2(1)
Outdoor sports wear 12(6) Workwear 2(1)
Jumper 12(6)
Approptiate wearing When exercising outdoor 74(37) When comfortable at home 17(9)
condition When exercising indoor 37(19) At work 12(6)
N=200 Whenever 29(15) Etc. 3(2)
(Only single choice) When going out 28(14)
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Table 6. Perception on thermo-sensitive smart clothing(continued)

(Unit: N(%))

Insulation 106(19) Vapor permeability 25(4)
Permeability 92(16) Water resist 12(2)
Texture 71(13) Keeping original shape 12(2)
Wind shielding 41(7) Absorptiveness 10(2)
Performa;c_e;:pectation Durability 40(7) Crease resistance 4(1)
(Multiple choices) Anti-bacterial 30(5) UV resistant 4(1)
Quick dry 30(5) Antistatic 3(1)
Lightweight 29(5) Antistaining 2(0)
Easiness to clean 26(5) Stitch durability 2(0)

Stretch 25(4)
Price 118(21) Hygiene 42(7)
Weakness expectation Manageability 91(16) Manufacturer 37(7)
N=566 Durability 86(15) Trendiness 28(5)
(Multiple choices) Design 75(13) Adaptation to outside temperature 18(3)
Texture 59(10) Fit 12(2)
Adaptation to outside temperature 139(24) Texture 60(10)
Buying criteria Manageability 103(18) Hygiene 54(9)
N=576 Design 67(12) Brand 14(2)
(Multiple choices) Price 67(12) Trendiness 5(1)
Durability 63(11) Fit 4(1)
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Fig. 2. The average surface temperature of garment by environmental
temperature 5°C intervals - The front of the body.

Fig. 3. The average surface temperature of garment by environmental
temperature 5°C intervals - The rear of the body.
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Fig. 4. The average body skin temperature 5°C intervals.

Fig. 5. Temperature difference between surface and body skin 5°C
intervals.

e Fig. 29} Atk A0 R AL el g8 2 Swh ) Uehdeh we, S5iels 5 shed) Rie) &
o ¥W ew E@ ezich $ewst 22 0 uo e i ulad Wl 2P,
m AR R4 SRERewe] Aol Agon ot Ja%
478 B sl e B2t e ) AA 322, I gt
9 F SlE B = opls) 1% YEo] £ wokow] o FAeEe] WE WA BEE WHLE FhE Fig. 49}
go] o, Tl wollom, of Jldt W) HEE Be & g Hrew oA oB ewwslel niEe Sews)
7} SRR, ST, BRI RN & o] R e o) detkend, s)71e] e o ek
BERere) a7 o] AA s BTt W el 24 e ) A 2o HRewe] Rolrh Ak A Az, v
H9ick. 971w W A 0BES} 9% 0] L e 2 o} okl R EE X ZHHCH, B34 o)+
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A2 me EJWFBI o 5 FAE Fig 39 323, AERALES} VR 5 WS W
2ok 3R S wolls A4 F91E oBEHeRE] A Table 72 AW 67-(ks, v, 5, o7, 91, olel)e]
7h A gtort BRLET EDSE 2% AL AM A A G5 ThIEE olgd JuERLEs) SReE 2%
s} e AP Uephdth BHeE ANHos 9% /)8 Rl ZYT ARemgke] FRpS vt Hold,
3} ogm e] ex Ax HMEen o), 5, 98¢0 Fig S5 JRews) eBuHergke] AolS vEl Aol
Table 7. The average body skin and surface temperature of garment by environmental temperature (Unit: °C)
Env. Temp.* Chest Belly Back Shoulder Upper arm  Lower arm
0'c Skin Temp.” 33.25 34.26 33.49 33.54 33.24 33.74
Garment surface Temp. 33.08 32.77 32.90 3342 32.69 33.54
o Skin Temp. 32.96 34.05 3292 32.64 33.02 3331
»¢C Garment surface Temp. 30.69 29.90 28.40 30.43 29.76 31.17
20°C Skin Temp. 31.99 33.26 31.86 31.79 32.61 33.06
Garment surface Temp. 28.45 26.43 25.70 28.11 27.23 28.32
o Skin Temp. 30.91 32.26 30.69 30.74 31.97 32.53
15e Garment Surface Temp. 26.23 23.92 23.30 26.13 24.74 26.13
10°C Skin Temp. 29.51 30.50 29.02 29.15 31.02 31.25
Garment surface Temp. 24.39 21.45 21.10 23.81 21.93 23.21
sc Skin Temp. 27.65 27.98 27.00 26.98 29.48 29.71
Garment surface Temp. 21.43 17.30 18.15 21.18 17.98 19.31

*Environmental temperature, **Body skin temperature, ”

*Average surface temperature of garment
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Fig. 6. Design plan for thermo-sensitive clothing.
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