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ABSTRACT

This study aimed to provide information on the thermal sensation of junior high school
students in summer air-conditioned classroom and the relationship with their climate
adaptability. A survey was conducted on 326 junior high school students (181 males and
194 females). The questionnaire included the general characteristics, physical
characteristics, climate adaptability, subjective thermal tolerance, and subjective thermal
sensation in a summer classroom. The data were analyzed using SPSS Statistics 22.0.
The thermal conditions were 25.8C, 63% R.H., and the clothing insulation was 0.39clo
in a summer air-conditioning classroom. Approximately 54% of the students responded
‘neutral’, showing that they were thermally satisfied with the summer classroom. On the
other hand, more students responded cool to very cold (26%) than hot to very hot (19%).
Hence, the temperature can be adjusted higher in the perspective of energy efficiency
and climate adaptability. Females felt colder in the classroom, and they complained more
about the local cold sensation than males. The climate adaptability was related to the
subjective thermal tolerance. These results can provide a guide to increase the climate
adaptability by suggesting the optimal indoor temperature and wear behavior based on
the subjective thermal tolerance.
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Table 1. Physical characteristics of the respondents
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Total Male Female value
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Table 2. Exercise hours excluding PE (physical education) class per week
Hour Total Female 2
ours (0n=375) (n=181) (n=194)
Under 1 hr 89 (3.7 22 (12.2) 67 (34.5)
1~3 hr 112 (29.9) 53 (29.3) 59 (30.4)
80.489
Over 3 hr 139 (37.1) 102 (56.4) 37 (19.1)
None 35 (9.3) 4(22 31 (16.0)

DN(%)
“"p €0.001



T ZF AoA iﬂ* ‘3110151—4 ”é‘
@S AR 23 2AF 717F St A W 3
+ 0.8C(24.7~27.10), £+
62.9 + 2.9% R.H.(57.9~67.5% R.H.)Sct
AP} o]0 71710 ALe 2= 7V (Korea
Meteorological Administration 2019)°lA A
Lsl= A5 E A5 T AP} o]Fo0jA £ 6
U7 FA9] I 72 24.6 + 2.0C, 1L
712 B 285 + 2.8CHAT

ﬁi/ﬂ JJr ZA} ER! “ﬂﬂﬂoﬂ ﬂM A 2

Yo 14 e g9, 24 E, 38
sitt, 44 ‘Ageith, 54 Alssi, od &
o, 74 e FTF o 71 AR H=E AM8S
Sstalrt. B W 22 18 e A=
s, 24 Axsi, 34 oft Axsi, 44
sk, 53 oRE i, 68 g, 74
e Fsiehe] 74 EFE HEE ARSI
T2 A 7P 2918 ks RelE O

/M, @ & @ 7K/, @5, © &, 0,
T, ® o, © gh& & ShHE Adds== 5t

ME o

)
b

o

el @ e o%

.—Vr"

H1
i
NIV
1“’
rr
M
Ol
mﬁ
tlo
>
Ji
o
)
o
o
M
ol
o
il
(O8]

o
N

0.

T
N
N

Aol sh9lacle] E&wgitkTable 3).
L S0 AT 4 S0
2 A, AF ohmrk(-), & vz sleh )
Pl A% AU PO T4
HAS AE 0067401, o] Wt g9
L 522 L YROR ‘ojFd 175
55t TS ] Dol e Hol
o] Ui olcf, ‘U H9lE F Bk, ‘e A
Yrch o222 We) A Y Mook = T4
on], AEAGE ¢=0.7740Ic}. H9| g
52 B9le] sl Sls) HFHo= Yokt
S0l Hiet Ao oigae] oeid 0401 A%
RORE B9 o)7d] FEshh(),
o ofelzlg B Ex Aol EF, @éﬂ
HI9IE 41517 Sloh 242 EA H Holry,
pddoN

)
-,
i)
Hu
o

‘o] 5H ofojA, AF71et T2 YT glol=
g & o]FA E3F 2 AFEASE ¢=0.700
olH, 713484 T Q919 P2 56.2%0]

oh 17 Az E oY UEE, e 83
-5—6&%% 13 ‘A 28R Yo¥, 24 ‘JEA] &
337 g, 44 WS Igo o) 43 9A
E ’35§ SAst. 7 EE A9 2255
AA7 © Azstar, T elel wzsh, ©ejol o
5ot A5402 Peohe As Quldith

o] giofl §qd et o ofoldlE I ®
AARE 3 2ko] F91 o582 MHsHA sto] A
A A Wi 2] AEiE FARSHe] 2o uje}
o9l HHS FoIgit) oF 299 Had &
9] o} ofolH o] HL2Y FHAE T FAbsto]
F5FG9HChung et al. 2013).

11,



324 BIAX|CIAIEMETISIEIX] H31H 35 2020

Table 3. Factor analysis on climate adaptability

Factor % of  Reliability
Factor Statement . .
loading  variance (a)
Healh 27 h;a s ©) 0513
am often sick. (- .
te of 19.815 0.674
srate ° I always feel tired. (=) 0.536
consciousness
I often get cold. (=) 0.758
I suffer heat compared to others. 0.739
Heat I sweat profusely. 0.787
18.869 0.774
sensitivity I am sensitive to heat. 0.766
I tend to wear summer clothes earlier than others. 0.647
It is enough to use the fan only without an air conditioner. (-) 0.778
Thermo-— I prefer to crank the air—conditioner up in summer. 0' 698
regulatory T tend to enjoy cold food in summer to cool down. 0' 523 17.512 0.700
behavior I cannot sleep well without air—conditioning equipment(air ’
.. . . 0.710
conditioner, electric fan) in hot weather.
Total 56.196

3. Xtz &4

2 A9 Am B2 SPSS WIN 22.0
e AREste] AR QA %"3
w W A wetslr] flsf Wk BAS A
/\]’8]-0311}. 7]61—4.—”9] Skl AHd= Tofshr] 9
AAISHAL WA A =F Yotk
7] 913l Cronbach’s e &= AFESIRATE QA
o[glof tis Hd HAE EUst] s Bt
I FARA (D) DA A B4, 34 W

A, 7152340 BAS serelr] 98] 4

H
Hh

B AN A2 g 2] ol
e S1FA842] ol Helsp] Sistol Al
'E‘/{_'EJ—\%](ANOVA)E AAISF & Duncan AF-A
= AAISHA
. 23
1. GIEE W TN Y ST a8

Table 4°ll= w4 W MaT S84 2 97
2] Hiet RS AR E A 9] Bkt

AEE AR AHE AAST WA, 2 Y

RLN

o]—/\‘]7]-_,] HiE u%_H;_Uf[ Xq’lﬂ— q— %O] 7(-]
A2} 54.0%(=F 56.6%, A 51.5%)F Hrt o]
ol o8 WA wEstla, AEskAY
ZHcool~very cold)= H]E(26.6%)°] wH=s}
AY ‘%j"/]'(warm'vvery hot)= H]€(19.4%)Ect
UottH(Table 4). ¥ £2& HY AsstAY
E0h= S8 9APF 21.4%, A} 31.4%% 0
H, TEsHAY "ok S92 HAPE 21.9%, o
A7F 17.1%% A7 AEsHA| 7= Bl&o] ¥
=2 Z0E Yyttt wA W 7] BdtghkE
A7 Bt 4.08(x 1.10)011, X7t Bt
3.85(x 1.10)2 25 Agsirto] 77HRAet &
A7F B WobA oxiHT ¥ YA 7l ANE
E%E}(p €0.05). =2 49.7%7F Aottty

Golelal, AF otttk SE-2 oRA7H27.8%)
2 161'7‘}(18.7%)_”%_‘:} WA, Fohe~mi9- 55t
tHhumid~very humid)e= YxK12.1%)7} o=}
(6.2%) ot gobd 3t wA oA At
H g1 oA wrl= ;c}'*— Heloh 2434
v ol digt RhARRE et 2.618 @Y 7t
2tol7h ATt



Al
L=

Table 5= 1L LH
of gt SATE 2=

R

2ok et S¥L 710z v Ao WeHE et

Fo] = 35k A, 9o 43t

A, Tl 9ol

e g
o] 15284 89l tho) B4 ANE By,
z9j0] e Aol 1529(40.4%) 0.2

FHe

7}% oL, H9I9 F9j] mE

AlSHA
st

ot 6j9lok £910) B oR

HoiAM 5 &

=5t
SHS

29.0%), ©i9loll 7ot

FAHO|

81

Ao

oFst (109

W 21.5%), ©

Table 4. Frequency table of thermal sensation and humidity sensation in the classroom in summer

Scale Total Male Female
(N=376) (N=181) (N=194)
Very hot 9 ( 247 5027 4 (2D
Hot 44 (11.7) 25 (137 19 ( 9.8
Warm 20 ( 5.3) 10 ( 5.5 10 ( 5.2
Thermal Sensation Normal 203 ( 54.0) 103 ( 56.6) 100 ( 51.5)
Cool 80 ( 21.3) 33 (18.D 47 (24.2)
Cold 17 ( 4.5 4( 22 13 C 67
Very cold 3( 08 2( 1D 1( 05
Total 376 (100.0) 181 (100.0) 194 (100.0)
Very dry 5013 3( L6 2( 10
Dry 18 ( 4.8) 9( 49 9 ( 4.6
Slightly dry 44 (11.7) 16 ( 8.8 28 (149
Humidity Sensation Normal 187 ( 49.7) 98 ( 53.8) 89 ( 45.9)
Slightly humid 88 (23.4) 34 (18.7) 54 (27.8)
Humid 24 (6.4 16 ( 8.8 8 ( 41
Very humid 10 ¢ 2.7 6( 33 4 (21
Total 376 (100.0) 181 (100.0) 194 (100.0)
DN(%)

Table 5. Thermal sensation and humidity sensation in summer (inside/outside classroom)

Total Male Female
(N=376) (N=181) (N=194) tvalue
Inside Thermal sensation” 397 + 110 385 + 110 4.08 + 1.10 2.10"
Humidity sensation? 419 + 1.06 423 + 1.11 415 + 1.02 -0.65
Outside Thermal sensation 261 £ 1.6 266 £ 1.3 256 + 19 -0.56
Resistant to Resistant Resistant to Sensitive to
heat and cold to cold heat heat and cold F-value
(N=34) (N=152) (N=81) (N=109)
nside Thermal sensation 376 + 1.08° 368 + 107 443 £ 1.04 409 = 1.07° 988"
Humidity sensation 415 + 126 428 + 1.13 4.00 £ 091 422 + 010 1.25
Outside ~ Thermal sensation 288 + 127 237 + 118 321 + 260° 240 + 1.11° 596

Dy, very hot, 2. hot, 3. warm, 4. normal, 5. cool, 6. cold, 7. very cold, 21, very dry, 2. dry, 3

normal, 5. slightly humid, 6. humid, 7. very humid, ®Mean * SD

kK

p <0.05,

p €0.001, a<blc

slightly dry, 4
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Table 6. Coldest body part in the summer air-conditioning classroom

Face/Head Neck Chest/Abdomen Back Hands  Feet

Arms Legs None  Total X

Total 27 10 14 8 47 16 130 57 67 376
(N=396) (7.2)Y 2.7 (3.7 (2.1) (125 43 (346 (152 (178 (100.0)

Male 21 7 7 5 15 10 34 25 58 182 8355
(N=182) (5.6) 1.9 (1.9 13 @G0 Q@1 0.0 (66 154 (484 '
Female 6 3 7 3 32 6 96 32 9 194
(N=194) (1.6) 0.8) (1.9 08 ®5 (1.6) (@55 @5 @4 (L6

UN(@%), ""p <0.001
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Table 7. Number of garment items worn and clothing insulation
Total Male Female t—value
Number of garment items 53 + 09 48 + 08 57 + 0.7 13.46™
Clothing insulation 0.39 + 0.1 0.39 + 0.1 0.39 + 0.7 -0.074
"'p <0.01
4. 015 W SHH0IM HAaHS| J7IEM3Y ArHTable 9). A% A2t 52 H91%} 99
Table 8= 719243442 Al 81 A7 =+ o= 7S AeH2.74 + 0.52)°] 7P A7sicha
ZHpE, o9 e, 89 d8d3sY B 1A, B fjet 9o BF ek He(2.45
AA SEA] Axet A B4 AnE A A6 1 0.40)°] 7P 2173skA] Qrkar Q14stodA(p <
o} '@ S A% A 2 B 2.57(+ 0.001) S8 A2 A2 Wk W
0.40)2 AR F33F FFolr JHEE 7t GAS Htodel= Ao Helth H 9o digt Wzt
7} 2.50(+ 0.38), A7} 2.64(+ 0.40)2 FA7F == E9ll gt FH2.12 £ 0.61)°] 7HF ¥
o] A7stetar Q1AsATHp €0.01). B S3HY of | wiIZskal F9lof et o] 7Y =obA
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9ol di-gshe FE2 she A= UERAL(2.70
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AZPEQ] e YRS B gl tia 58
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o] A380= sk Z3E EAtHp <0.001).

Table 8. Climate adaptability of junior high school students

Total Male Female t—value
Health state of consciousness 2.57 £ 0.40 2.64 £ 0.40 2.50 £ 0.38 3317
Heat sensitivity 2.52 + 0.64 2.54 + 0.67 2.50 + 0.62 -0.62
Thermoregulatory Behavior 270 £ 0.62 2.66 = 0.62 274 + 0.62 1.30

YMean + SD, “"p <€0.01

Table 9. Climate adaptability of junior high school students by the

subjective thermal tolerance

Resistant to heat Resistant Resistant to heat  Sensitive to heat Fvalue
and cold (N=34) to cold (N=152) (N=81) and cold (N=109)
Health state of consciousness ~ 2.74 + 0.52° 2.58 + 054 2,60 + 0.54° 245 + 0.46° 9.53""
Heat sensitivity 235 £ 0.69° 276 + 0.63° 212 + 0.61° 2.53 + 0.49° 21.08™
Thermoregulatory behavior 2.38 + 0.60° 2.87 + 0.58" 2.40 + 0.66° 2.78 + 0.53" 15.43"""

PMean + SD, ""p <0.001, a<b<c
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b. AH0 ME MME E4, sy, 7|2X3Y 2255 T 9o vt ArHos wA Uy g
of 27 Ago] Aot ) ¥A e dgle] A3How

Table 1091 A4 54 % BMISH AZYHE  ohgah BB sk Zo= tepget

A, LU W SN, A7 A S B9 ug

=, S BE Alolo] HUBAS WA A Iv. 22
S oz o Aust ¥ B4 A AN
Gtk LA W PGS BMIE 245, Apg A ¢ OTE BAES e AME ad
FHAO] ZF24E Uoba of=H WAl FAo)A] zkolgkall ShA O] AEjE ZAVSIAL 7154843
H9IE B ol Lrjt FuE ngr ol gy o URHS UoRRORK A S 2
qeos A AEEgo] Gop mueape 9 BHA BA W A% Helel] g ]
ulolo] Fe2 ojZd Al YolA HoE o F& A=t 712ARE Aok AS 54
Ll RS ulaie), Jeht oo Aot Ay o e 0 WA Wit 249 55 A
S4n 14 ) @A Aol o] gelsly TR IAREC W A4S et
olojt} T3t BMIZ} S48, A2 FEHZO] ZAF A3t of5d WA AN E B
54.0%7t Aokl SHste] 25.4% wo] A

Table 10. Correlation analysis between the physical characteristics, health state of consciousness,
heat sensitivity, and thermoregulatory behavior

Health Thermo—
BSA/BW Ther@al state of H.e?t. regulatory
sensation consciousness sensiaivity behavior
Total -0.962"" -0.138" -0.084 0.287"" 0.093
BMI Male -0.963" -0.189" -0.055 0.295"" 0.124
Female -0.968" -0.056 -0.036 0.276"" 0.085
Total 1 0.153" 0.092 -0.276" -0.094
BSA/BW Male 1 0.209" 0.040 -0.276"" -0.148°
Female 1 0.055 0.020 -0.276"" -0.082
Total 1 0.063 -0.286"" -0.324™"
lii;‘gi Male 1 0.018 —0.289: —0.356:
Female 1 0.053 -0.280 -0.314
Health Total 1 -0.008 0.036
state of Male 1 0.051 0.084
consciousness  Female 1 -0.050 -0.042
Total 1 0.521"
Heat sensitivity ~Male 1 0.519"
Female 1 0.531""
Thermo- Total 1
regulatory Male 1
behavior Female 1

*p €0.05, ~"p €0.01
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