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ABSTRACT

In this study, we have investigated the multiple effects of the environmental condition,
physical characteristics, and swimwear condition on children's thermal sensation (TS)
during elementary school swimming class, and evaluated the standard condition for
wearing thermal swimsuit. Sixth-grade elementary school children (n=68) participated in
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a swimming class 8 times. Multiple regression analysis was performed to make estimation

equation of 7§. The following two regression equations were developed. The equations

contain 3 predictors of water temperature (Tw) , swimwear condition (Suif) , and
physical characteristics (surface area per body weight: SA/BW or BMI). (TS = 0.58Tw +
1.218Suit -126.2SA/BW -11.3, TS = 0.58Tw + 1.21Suit +0.139BMI -17.8). The thermally

comfortable area was indicated by the estimated equations. Based on these equations, we

suggested functional equations expressed by Tw and physical characteristics for wearing
thermal swimsuit (Tw = 217.3SA/BW + 18.6, Tw = -0.24BMI + 29.9).
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1 Thermal swimsuit used in this study
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1 Children's physical characteristics

Age Height BW BMI MSFT SA SA/BW

(year) (cm) (kg) (kg/m?) (mm) (m?) (m?/kg)

Min. 11.2 1275 24.6 134 4.5 0.92 0.027
Max. 12.2 160.5 58.6 22.7 19.8 1.57 0.038
mean 117 1453 36.2 17.1 8.5 1.19 0.033
SD 0.3 6.1 5.8 1.9 3.2 0.11 0.002
\X5% ki e L7, AL DR EN. TwB X U Suir o[l

2. 8 R

REOHEEHEER1ITIRLZ, FEEEICK
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< 2 Environmental condition through
the eight swimming class

RRBIIARICBVTRETH - 72,
TS = 0.58Tw + 1.21Suit -126.2SA/BW -11.3 (1)
TS = 0.58Tw + 1.21Suit +0.139BMI -17.8 (2)
RESETEN (1), 2) BT HEERES
L UEHHERERARRERY (R,y?) R4
RU7Z. BHBEZERIIB T 5 EECERR K
i, KEE&EHE, FAENEOMRICEELRL L.

4 Standardized regression coefficients
of two estimated equations ’

Tw Ta WBGT %RH
() () (T) (%)

Min. 235 220 20.3 56.5
Max. 280 316 288 78.1
mean 255 26.8 245 64.8
SD 16 35 3.0 7.6

RIFELEOMMRE LR L7z, MSFT %
B ETOERBE TS OMICAE B MR
L7 (p<0.01). BR¥ESEMH (Tw, Ta, WBGT)
DEEBMIHmCHRBRRT RO, Eif4EHE
(SA/BW, BMI, MSFT) D&AZEMIC D EVHIE
BEAR & N7z (p<0.0l).

TS # EBER L T HERFBHITOMER, UT

OEEFEN (REFERFHAKXL, 2) Maonk.

TN TN OERESRG (Tw), KEZRH
(Suit), BREEYE (SA/BW £7213BMI) ®320

Tw Suit  SAIBW  BMI R,
equation (1) 0523 0341 -0.161 - 034
equation (2) 0521  0.342 - 0.152 0.351

Tw B & U Suit OFEHEAL D542 Ed v & BRI
BOWCREET, ST SR LR R EK
DFEIHED RSBV TIFIZEETH 7. T/,
Ry? bR BWCABETH Y, WEBETH
A (D, Q) OFRENIIFABETHSZ LHTR
ey (WAR

Ehi, REBTFHEN (1) 2d &I, TS=-
0.5, 0, +0.5 & %2 % SA/BW & Tw @ 4% % NSS
(Suit =0) BLUTSS (Suit=1) OWEHIZON
TE2R L. Fiz, BKERBFIZBVT, TS
=0 (neutral) DFFIZ, SA/BW & Tw DEFHERT
UFoX (1-1), (1-2) »Eohi.

73 Correlation matrices for each variable

TS Tw Ta WBGT Suit SA/BW BMI MSFT
) 1.00
Tw 0.47% 1.00
Ta 0.44* 0.85* 1.00
WBGT 0.46% 0.86* 1.00* 1.00
Suit 0.27% -0.13*% 0.02 0.04 1.00
SA/BW -0.15*% 0.00 0.00 0.00 0.00 1.00
BMI 0.14* 0.00 0.00 0.00 0.00 -0.96% 1.00
MSFT 0.06 0.00 0.00 0.00 0.00 -0.61* 0.65% 1.00

Values are Pearson r coefficients *: p<0.01
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2 The relationship between
SA/BW and Tw at TS = -0.5, 0, +0.5

Tw = 217.3SA/BW +19.5 (Suit=0,75=0) (1-1)
Tw =217.3SA/BW + 174 (Suit=1,TS=0) (1-2)
BHEFER (2) 2L, TS = 05, 0,405
%% BMI & Tw DR % NSS (Suir=0) BL

TSS (Suit =1) OWMEHIZOVTHEIITRL .
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3 The relationship between
BMI and Tw at TS = -0.5, 0, +0.5

¥/, BKRKEEEIZBWT, TS =0 (neutral) @

BlC, BMIE Tw OBBRZRTUTOR (2-1),

(2-2) PfFohie.
Tw =-0.24BMI +30.8 (Suit=0,TS=0) (2-1)
Tw = -0.24BMI + 28.7 (Suit=1,TS=0) (2-2)
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BSERTHRX (1) Q) oFEHKICB T 5 1EH
LAREL (B4) DFERD S, TSIZHT HEF5 3K
W, KESFRME, FERSHE (SABWE723BMD O
JEIZEWI LAVR Sz, £/, WiRGSETH
RICBI B R PHBIZAETH o2 L 2D,
MO FHENRIFRETHY, 61T, Twik
Suit DEFFREDIZEZFEMETHHZ Lhb, FiE
HFHOEHKE LTSABWE/2EBMIO L L %
HWTHEHOTS BT S NEZ LARE S
7z. SA/IBW, BMI &b 5K EARED O BEICH T
TELEETH Y, PNEEAKKIZEBRB~ORT
BFURXOILHES L HEZ O,

BREETFHRX (D (2) BV, Suit DEIF
BEA121 2R LTHBY, NSSHEHEE (Suit=0)

ICHART, TSSHAHBE (Suir=l) ICTSH 121 51ME

ERTEEZ LN

SA/BW & Tw DBfR (1-1), (1-2) ZBWT,
NSS & & TSS FHOXDEHIHIZ 2.1 DED R,
bt ¥, BMIE TwOBFEN (2-1), (2-2)
BV THRKIC, EBHIC2IDENR O,
INLDERPS, FA—0gEREETHNIT,
NSS &k & b b KiRA2.1 TEL TH TSSHEHIC
IWEEDTS #RT o LASRmRI N, bhb
NATRE AL ERE % 2512 60 20 F D 2K & # B 12
To7-MeC, KB29CERBETNSS ZEH L/
etk L KR 26 CERBETTSS 24 H L7 &4 CH
ROBHEIRENTEY W), TSSHFH AR
T BV TKRITHORBEIRENH S Z &
PHBEINT, T, BRAERNRICI05HEOK
HUES) % T b 2RE TIE, R ES T TSS
AHICEONSSEH LD D BVEIHEKEEZRL
P2 L, RS TIXEANRS T,
JEB)RBE ORI AEV TSS A IS X 2 IRELEI R D
HEINEL BB I EDRENT. TS DHEST
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3. 2 BHARETEE

E R HHE 1SO7730Y Tid, Fanger? ORL7-F
WAMEZR (PPD) IXEOE, REE (TERER
FE) 1BWTO (neutral) % HulsZ+ 0.5 DFEFHT
i390% O ADRBMENARE L L 2 EHE LT
Wb, ZIT, BAMPERELYRYRICBIT
[-05)] 56 [+0.5] FTELHREL, TS=-058B&
U'+0.5& % % SAIBW & Tw DBk % Figure 2
(TS=-0.5, +0.5) 1, BMI & Tw DBk % Figure 3
(TS= -0.5, 40.5) 12, ZNENNSSB LU TSSO
M RBEEFICOWTRLZ:. TS= 058 X U°+0.5
D D [ TR TR T 72 I A IR B 5
LEILND.

EHIZ, WRIBEEBLDSAIBWOLA LTS
L0, EHMESABW = 0.033 m¥kg & Hl& L
THRERBEDNDIOR 2 ELH#B L RO L T A,
0.030 m%/kg #* 5 0.036 m%/kg DHEFIZE& E h iz,
ZTIT, BAEEEICOWT, BERE [-05] »
5 [+0.5] DT, SA/BW 5%0.030 m¥/kg 75
0.036 m¥*/kg & 7 % & PR % FEvE iR B i Pos g5 P &
REL, 2P s LTRLA. FRkIC,
BMI 22T, 14.1 kg/m? %5 19.8 kg/m? D FEH
WX RIBED 0% & h, BEHERSAY P
Fz 3 IcR#REE L LTRLZ.

3. 3 REBEKEEBEREE

T B & RS RETEB 2 S, fRiR
KEFHDOREEL 2 2 BHENHD LUSHFED
PRz RE L7z, NSSRMHIZBWTTS =050
BED SA/BW & Tw OBIRZ R L2EM (F2) %
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21 CHEL THRBWPEES MRS NS, T
bbb, UTORBRK (1-3) 2MREKESHO
FUEL 0B SAIBW E TwOBBRERLTEY, 18
BOSABWERALTKRE S Tw 2IE¥EHOKE
WTRIZHE% TSSHEHIZL RIEXKE#HL 2
BRLERT.

Tw = 217.3SA/BW +18.6 (Suit=0, TS=-0.5) (1-3)

BIRRIC, FHFHEOZERE LTBMI A7
BaiE, I3ONSSEMFICBITATS =050
?D BMI & Tw DRAR & 7R L 72 1B R A 1 B Y [Rd P
AR TH-OORBKEERELELEZ SR,
PTICBfRR (2-3) &mRL7%.

Tw =-0.24BMI +29.9 (Suit=0, TS=-0.5) (2-3)
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ArgEIng.
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(E, JEEORBMAPE Y % T 5 IRANPLEE
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FEKBEGHRZRLZDDTIELZ W, LALENDL,
KA RO RE DORGE & FREEA L OBRNE
PHRESNATEY I, BEDOKKFED % HEY
WCHED D ETORRGEREELEZIONS.
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TS =0.58Tw + 1.218uit -126.2SA/BW -11.3

TS = 0.58Tw + 1.218uit +0.139BMI -17.8

F 7o, MBETFWRNG, HEARMNG S



WKIKIREZ AT 720D, BRRAE S LHEZ R
AtL7:. ZoR, DTIORLUAKRE 680
L DR L RIBKEEREEL LTRELL.
Tw =217.3SA/BW + 18.6

Tw =-0.24BMI + 29.9
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