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Differences in Skin Temperature and Perceived Thermal Comfort Based on Age, Sex

and Clothing Weight of Participants in a Room at Recommended Room Temperature
Kim, Myung Ju
Dept. of Clothing & Textiles, College of Human Ecology, Seoul National University, Seoul, Korea

ABSTRACT

The purpose of this study was to examine the differences in skin temperature and
thermal comfort of participants in a 19°C room (the recommended room temperature in
the winter) depending on age, sex and clothing weight. Subjects were divided into four
groups (6 young males, 5 young females, 6 old males, 6 old females) and experimental
trials consisted of three conditions: wearing underwear in a 19°C room (19CUW), without
underwear in a 19C room (19C), and without underwear in a 24°C room (24C). The
results indicated the following: 1) There were no significant differences in mean skin
temperature based on age or sex, and the mean skin temperatures of the four groups
were in the range of 32.4~34.07C. 2) In the 19C condition, the skin temperatures of the
hands and feet of old females were higher than those of the other three groups. 3) In
terms of perceived thermal comfort, young females showed a tendency to feel the most
uncomfortable. Both old and young groups agreed that the 24C condition was the most
comfortable. 4) Relational coefficients between thermal comfort and skin temperatures
were higher in the young group than in the old group. Furthermore, the perceived thermal
comfort had a stronger relationship with mean skin temperatures than with local skin
temperatures. 5) The mean skin temperatures of subjects who indicated they were
‘comfortable’ were in the range of 31~36°C regardless of age or sex.

Key words: mild cold, aging, mean skin temperature, local skin temperature, thermal
comfort
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Eo] AL 7HA sith 248 HAHP= 83
L, §5, BAl 2%, &% Wi, 7IF, dAt
Z, Fe 27, MUY o)d EF APET o}
Uz, AF A9, vo), A4, A =9, $73 4%,
AN Ay 5 98 £dx Busa ot
(Parsons 1993). ©]& 3t thokdt @3 8AE &
2g B yRex 9 ARrE 29 HAHY
7 Bt FAH e #¥He Rolud, G EF
3 e fR2ERtE ARLE F719 o
#Ho) 23, FHUAM A% =74& Ad¥ex #
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al. 1971; Mclntyre 1980). 121} o] AFHQ
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A&l o 1, gA4AF F AFHF ¥t
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AgEigoy #e oz 1 Ho| FE sl
Z 23 Yo| Ayl FejstgthTable 1). 53 2
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Table 1. Physical characteristics of subjects

2o gHHMA 57

Skinfold thickness (mm)*

. 2,
Group N  Age o Height em) " O8" “Chesy  Abdomen hien BMI™* Bsf*im)

ke) Triceps  suprailliac &
Young male, YM 6 20305) 173.00.7) 66.709.3)  19(8) 2000 215 223) 1810.1)
Young female, YE 5 21.0(14) 1602(54) 536(64) 2203) 24(4) 215)  21(1)  1.56(0.1)
Old male, OM 6 75335 1640(79) 60.7(12)  22(6) 31(5) 158) 23(3) 16700.1)
Old female, OF 6 67.7(4.1) 1623(63) 59.7(39) 23(4) 25(6) 246) 232) 1650.1)

(Values were mean (SD), * skinfold thickness : Chest and abdomen for male, triceps and suprailliac for female, BMI**:

Body Mass Index, BSA***: Body Surface Area)

2. AEd #A gl wo| =AH

APy &TE 19T 24CE 5 7Fxjold,
&S 40%RH, 71H+ 03myso)3t2 §2) 5T}
o714 19CE =9 Agd AF 4 2=
18~19C( R Bl T 2048 Eiz ZAH
Zrolm, 24 CE 0.7~0.8cloe] el o)A Uwt
Hoz A¥se ALH AU &x BHE dFR
DEEEE T 2001, £3F 5 1993)S EdQ=E
A" otk ol% ¥4 FA g =F
3l wrEolR AY AL M JMRE, 3AA, |
9Tl WEL U] e A$(19C 23, A,
19CA WES gL AL(19CUW 27), A,
24TColAM BB F83}A) FLe A9(24C Z27)
ojcth. Ul¥ &3 A{gle) Al 2R EFA
APAE B 10% 9 31 20 EM2(610g), 1
uhR|(464g), WEl(6T7g) L EhEok6lg)S 283}
4 tHTable 2).
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Table 2. Characteristics of experimental garments

o7} 49 9Fog o} Y 08 IS HY
F AY A4 1208 ==Yk 1208 =3
¥4 24 ¥Ee dF A A¥LxEkn
temperature, Tg)9} =& )& 7o (Table 3), T
Fere Fui§ H¥2x ZA7|LT 8A, Gram
Corp., Japan)E ©} &3t 1 & Z¥AS= Q1A 7
¥9) HELEE 2% ¥, Duboise] 7 924D
& o]83le] HFYP-2%(mean skin temperature,
Twe Astach

T~ 007X Toeneas0.35 Tounic+0. 14 Tammy+0.05 %
Thand+0.19X Tarigh+0. 13X Teate+0.07 X Troox
(4D

¥ HAHYFL 108 7tFdeg HER Ax
2 71E3 &Y th(Table 3). HPA}= 1208 =
£ B¢ YAl gre AAZ AU 7 digl
E 3= 2 stgoen, Z+ =44 s F HY w
B =23 sile] £ Y MAyE F 6 3
Hok dF7) EEE nEEe Wd BYS AL
of gL AANFIL A e AFH S
o] Wold] 2§ EAE Folv] Y| AP Ag

(* from ISO 9920)

Ttem 19C 24C 19CUW Material Weight (g)

Briefs o) o] O 67
T-shirt with long sleeves 0 o) o Cotton 610
Long trousers o o} o} 100% 464
Socks (ankle length) O o (0] (Except 61
Shoes @] @] (@] shoes) -
Underwear, shirts with long sleeves - - O 145
Underwear, trousers with long legged - - O 159
Total clothing weight (g) 1202 1506

Estimated clo*

0.7-0.8

1.1-1.2
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Table 3. Voting scales which were used to determine
thermal sensations and comfort
Thermal comfort
Comfortable (1)
Not both (0)
A little uncomfortable (-1)
Uncomfortable (-2)
Very uncomfortable (-3)

Rl 12 Yol A&t ojFal 1 ol FE3IA
o}

4. B 24

EE §2 120 ¥ =&3le 9] w(mean)
7 EZAAED)E AA SR, 2F FH 2zt
A $HL F ST i HS(BEE A
Qo Wl Fe F AL @A, =< 9A, =2
oz A 4zt AR goz 43 AH7 J=
of 3 F THFE 156 /(120 B F<H 13 3
S x 6 ¥ x 2 3 wE)o|n, & oz d
oA Holerng F $EFE 130 s§(120

EQ13 3 ¢ x5 8 x 2 3 wEyyck 4
%74 5o s} SPSS FA X E ©] 83t
ANOVAE #3% ¥ {-2|% &8 tf3) Duncan
o AF AAL AAsldz, A FEEN 4
B[RS 7Y} Pearson] FAATE 7L

, oz dhgol ok gl oisixve ¥Ry

Mz o

N GlolAE B ol s folie B
35tk p<0.0SE Held o2 AT

m A 9 33

1 Zfe2x

HEWRerE 24C ZZoA 7 B9,
1I9CUW 27, 19C 231 2.8 e AL B
Qo p<001), ¥l Y BT T 324~340T
Atolz A3t g HFARLE HAH
ThTable 4). £ A7AAM BFFHF 2= 43
2 dgae 9h4g ¢ Qo HFAREEe
Az7h @zleg gon Bng uE QAT
(Haymes - Wells 1986), & 7oA AR5 Bo]
A gL olf= P AALEY Ao} ARL
T 9% I AL AAE FURI, HF-L
T 93 %ok ohet AE EF dd §
o 29lol o3 FFS o] & Aol
Alg gtk

TR SReTEA uf HETE ¥ B
A, A =& 247 §9F Ao #AE F=
oy, ARl WEst, ARG =4 uf
HR2w7t F95A =R THp<0.001)(Table 4).
B dFdMe w 399 FJaAe Gt F
Al Axks & o 9 FQ] AFAE 7Y

Table 4. Summary of clothing microclimate temperature, humidity and subjective results

Young Male Young Female Old Male Old Female
Mean SD Mean SD Mean SD Mean SD
Mean <kin 19C 32.5“b 07 324 04 22 0.5 32.8° 05
) 19CUW 328" 03 32.9° 04 32.8% 02 33.2° 0.6
temp. (C) 24C 33.5° 04 340 05 333 0.7 339" 038
Abdomen skin 1€ 33.8?2 1.9 35.42 0.6 32.3: 1.3 34.7;2 1.1
19CUW 342 11 362 0.3 337 1.1 350 1.0
temp.(C) 24C 34.3' 09 359 05 33.6' 1.1 348" 1.6
Hand <kin 19C 29.7% 1.3 28.32' 0.7 2962 1.4 31.1% 1.0
> 19CUW 302 12 303 1.6 30.4° 1.9 3L1° 1.0
temp.(C) 24C 3.6" 11 329" 0.7 32.5% 14 34.0% 02
Foot skin 19C 30.0;23 2.1 27.5" 1.7 29.4;7 23 30.7“23 15
19CUW 301 19 273 0.8 285 22 31.4° 08
temp. (C) uc  RIT 19 318" 18 304! 3.1 326 1.9
Thermal 19C 0.1° 05 -0.2: 05 0.1° 0.4 o.z“b 04
19cuUwW 02 04 0.4 0.5 0.1° 0.1 0.3" 0.1
comfort 24C 07" 0.5 0.6 05 07 0.4 0.6° 0.4

(abgc, ab mean the difference of three experimental conditions; 1,2,3,12 are the difference of four groups)



HE

AaAE S48t ZG3A Hlag £ go
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a7t et AL FA A o7 AL ohd
3t} 19T 24T A=< FAHAA Fd9 »f
2 EIEE EAG A dFES AY B
o, o]F9(1999)8] A= 19T 7|24 7}
2 9], 21 X g FALI(F FHelF 1065
g) 1208 =23 U 9 79 HR2:E o
Zte) AS 34.8T, @A 23CE A=} YT 2.
5C o 8ok 28u & A 48 Ay
BN HAA 2o Feig =H3I 7HF(1996)
9] AFdA= HH AR EToA 53] Fog
Aarg BAY 5 AT BEhA, uf B9 2
=7t ALE Ad) 71ddA ofvisle AAE v
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o Aud AF AZe] aFEL

AR ZE: 79 FReras &3 3 7Y
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(Green 1994). o]} & 2L VEFE =gz Q)
# 42l i WRE £ AL =W Jlsy wa
£ REHozE X QX 9 oz oEo,

ypHozt: 49 sdel £4d A7 Bde
o EHE A% AF YT WAL J)se HuE

oy 5% 23 7159 AdsE {24350 (Green
1994), ol= AM=g BAHAM T2 7Y ERHF
7HA FFE Fol &7 ARLES wA £
AZHE 7hsAel Aok ey AA olfjrt o
Wolgtd =91 Exte] L& ¥4 AR I2ERT F
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sue 85 Jd2ER TR TAE A
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3 #dd HIES AR AF d4EZ
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z9 24 7)% sl 97 Qo AztEel
tx @an Utk o] ¢ AA X*%ZE A Qe
shyrt WeldEgwoe g ol AL
4 2 q2ERRA v= F7 J—} #do] Qe
Roz A Ut

g71e $ElE =9 Ao A w2
%2 B9 HREEE Hole Hdfleg HAEes
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olo
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Table 5. Percentage of responses to thermal comfort

g 4 U

2. 2¢g L

A 7R A8 24 F M AA-EA =1 =
AL ¥ AY BFE 24C 20|, 19C 2L
713 4 HFH3A =72 Hp<0.001), 28 HF
7o g A 2 dFd wE Aole ¢l
tiTable 4). v} Ag BF A 7}A 24 F 24C
Z1L 7P A =4 ole &0y i,
IZ 5 7)ol =9 HEEH Be IV 2
o BEPY T2 29 W g & % &
T Adle Fagd & 9L vX=dl(Vokac
et al, 1971), 19CoIA W8S 283 AT
24TCAN WES F83R 42 A+E g3
2 B A& e olfT &olu 9= §
=28 ¥99 2%} B #A zH) 77
7] W&otk

9, ¢ ¥z Au BHE, 19CHA |
ES AR e AE =% 9y, de @ A
& ‘ozt Bsinh oA ‘FAsh Alo]e] HY
A gy, e A4 I B
oA ‘FHH3TE Alol2 RIS ¥ AG F 7t
4 BtEgch o]F94(1999)8] AFME FA
Hog #oF zol= ofYAR 19T =% Al &
& FARyg #de oAxyt 2E8xez o B3
A =71e Ao ANeH, BIFHoZ Az
iR of 03T ¢ ¥ 1&g Midddn
BE 3 ¢JtHObome 1994).

9, 19T WES AA & FS =0

A 7

Adno egdxos o EH3A =4 Aol
Aoy EWs a2 AYL HAY Fe
A%k 120 B $9ke} H@o) ohve z &

T s e

% 3 2 1 0 1 % 3 2 1 0 1

19C 00 00 51 718 231 19C 00 00 122 628 250

Young Male 19CUW 00 00 51 718 231 OldMale 19CUW 00 00 00 8.7 103
24C 00 00 00 333 667 24C_ 00 00 00 263 737

Young 1I9C__ 00 77 154 654 115 19C__ 00 00 128 513 359
19CUW 00 00 69 485 446 1I9CUW 00 00 00 654 346

Female 24C 00 00 08 423 569 |remale 24aC_ 00 00 00 391 609
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it ¢ Bt & $E9E @2 oA
231 %, =9 A2} 128%, =9 9=} 122%, &
H2t 51%2 3L AV b BEuEya, Y
3] kqlo] Adrn o EAsA =7l A X
< ¥k BE =050 29 #AFL 3 o &
2 2§ dzddz Ao 28, Colins
9} Hoinville(1980)& 16 He] %913} 16 wo] 4
Wg e g A4gs A3 5 159 M3 72
L BE211T 2 v&sitkn 3y, =9le) &
Aol Fgsithe AL Y A F
g Fol7] W U Ae2d Aol gtk
Rohles(1969)%. 70 ©] o]4re] =9 64 & )4t
o= 3 Az d%ae RNev, Fanger(1970)%
=903 Ade) F4 LEe fARIGR A
3 olfrE =Rlo] tiAtgo] ZHAIVIE Rt
A BAFdE it 3 EQY &
=91 A¥RG 48 @ AR sl €
Qe Aot

24d & Fejol de AHEL -2 u 7R
AEHE BT 9ol itk AA, AAe 47 ¥
A ejok 31|, @582 comfort limits ©)fjodol

=Qle] &

Table 6. Correlation coefficients of skin temperatures and

31, YFIRLEE comfort limits oLfefo} &},
B 2g Edzto] glojof FHcHParsons 1993). 1
ZUEL 249 J3& A %ﬁz
o)A FEEUL obd S 7IYgsfof Fth &
A7t E€d A lo: egdHos ﬁiﬂz}
4= qlth. &3l Rohles®} Nevins (1971)2 800 X
o] gAbok 800 o) qAE UG L R 0.6 clo F
31 3 Fx 9 7129 2§ 2UA =
2 A8 43 16.7C~367C7A 25 #HH3 B
A2 38 F Az FEAU

3 O 250 29 xzinle| Atz

nR exel o9 Az FBE AR
A= 3ZA gL Y 7HRE 29 4 k. A
A, € HH7AF JF2EEY T2 QR
ot Ado] © Hotm, Ado] {3%
WoltkTable 6). 4] ZRL Z§ale] 3
W, 53 @& oA B¢ o9 AH%e B
WreE, BR2E, Her §3 Fud 4@
B o k(p<0.01), =3 H=te] AL o
Fex ¥ET 29 HHZAH FAT ABL B

.,,
02(_4‘
Ja
bt
in)

thermal comfort

Condition

Group Item oc 19CUW 24C Total
Mean Ty 0.022 0.168 0.233 0.351°

Young Male T swdomen 0.287 0.248: 0.037 0.149
T tand 0.007 0.298 0.046 -0.167

T o 0.087 0.185" 0351 -0.074

Mean Ty 0.07 0.08 0328 0316

Young Female T abdomen 0.125 0.267" 0.231° 0.195"
T tand 0.149 0.132 0.196 0.203

T foot 0.316" 0347 -0.056 0.130"
Mean T 0016 0.132 0,016 0.112"

T abdommen 0.067 0.116 0.169 -0.064

Old Male T tand 0,005 0.125 20.119 0234
T foor 0.112 0.272" 0.161 0.262

Mean T 0234 0.111 0.160 0.038

Old Female T sbdomen 0.065 0.263 0210 0272
T tand 0.170 -0.026 0.121 0.101

T fout 0.114 -0.096 -0.270 0214

Mean Ty 0.060 -0.076 -0.160 0.189"

Total T sbdomen 0.170 0.024 0.155 -0.086

T fand 0.033 0.067 0.081 -0.250

T foot 0,013 0.027 0.142 0217

(p<0.05; NS=Not significant)
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o]A) ¢k%T} (Table 6). ol& =219 ZA¢ HIR
o Je 24 e 29 3P {18 4
Hol FEE 9t} B Ko, Lo i HR
2% At 24 A¥y #Abo] deul(Vokae
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718 3k Hojot

A, ORere) ojud gEx 249 HHY
] 4f AFrt 048 EXE @UcHTable 6).
FBAAFEOF F AT FEBA ] A=E v

FE Aold, FBAFY AFY AAALC)
 A9EE v dTHIAY - 2 2003). £
AFHY g @A FIE 04 ol3folA oFgH
243 BAE ouidtn, gy ZAZAS 0.16 o]
sete AL IR e HLE 249 HFFH
olghe WMo MINEADHE 16% ©l3t vhg A
g = dohe Eolth 248 HHARS B 25,
F&, BAL &%, &= dsE, 7R, dAbE, &
9 A 5 AA FEgL F= J1E 245
Ael o)A AF Uk ol XY, o], A,
Z9, 87 Az, A F2 Folx AA &3}
D Z(Parsons 1993), 24 HF7 ] g HAH
Rero duygo] 16% olsigle AL FAF
Axto|t). gher YAFHA ALH AU 7]20)A
2 AHLH FRex 7l A A dAL
usithd 238 948wt Ad ol 19
U BAlE 299 A9, ¢ gl 3, =
QA odzte] 2 HHZ HE F FJF LRI A9
2 5 A=
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FBBAE
=9 29

e
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to wo rlo

iy
LT
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A cHTable 6). B o F2x9} 2

o A% #AV EAFdde RAe & EeA A
oln], o] ¥ WAE kEHE 84 Fo] yold
$E A 41, &5 874 o] Ford
G2 ABAAE Zol W] YT AAE 7o

ok 167CY wRE] W5y A&, 255C

o]do] HH E& Y=Thheat gain) &iA 3
THWoodson 1987). £ @79 A8 %A% 19T
¢} 24T JA7F BAHAE, €8 QAT ¥
ZZo|c}. uhef, B 4AF Ao IeE {4
Az v AV HE&S FEE Az ¥
< B30 THHUC Y, 29 AAAH} HF
& 2% 2k F o Zd 4F AE P
F AAE Aol

), & AFEL &, 0, v o 2L 579
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