ANNRERE®R ERH
2008&11% E059~080
HREAZBANEEERZMN

FEA L ER AR ] 2 AL
P& ok A8 T AT R

& IE
ST LA SCRER B DR B

w =
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& (p=.002, W'=.48; p=.038, N'=1.23) 5 (EHEEAE EHHEHATARRAY /2 HIRE
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BLAF g B RS 5 Ri  E Rl M -
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Fitness and Gender Difference on
EEG Coherence in Preschoolers

Jung-huei Lin

Associate Professor, Center for Humanities and Science Education,

National Ilan University

Abstract

The purpose of this study was to explore the relationship between
physical fitness and gender difference on electroencephalograph (EEG)
coherence in healthy children. Forty-eight boys and thirty-eight girls
between 60 and 66 months old participated in this study. Each child’s
physical fitness status was tested using the Children’s Physical Fitness
Tests, including the elementary one-foot balance, the standing jump, the
10-meter shuttle run, the sit-and-reach, the sit-up and the 20-meter dash.
In accordance with the scores of their physical fitness tests, all participants
were classified into three fitness groups (higher, intermediate, and lower
levels). EEG was recorded for three minutes in four trials from 12 sites
during an eyes-closed resting condition (i.e., F3, Fz, F4, C3, Cz, C4, P3, Pz,
P4, O1, Oz, 02). Coherence was calculated for eight electrode pairs (i.c.,
F3-Fz, F4-Fz, C3-Cz, C4-Cz, P3-Pz, P4-Pz, O1-Oz, 02-Oz) within each
of the delta, theta, alpha-1, alpha-2, alpha, beta-1, and beta-2 bands. Two-
way multivariate tests (physical fitness x gender) were used to examine
the effects of fitness performance and gender on EEG coherence for eight

electrode pairs in seven bands. The results showed that there was an
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interaction found between physical fitness and gender on beta-1 coherence
in the left occipital area (A=.690, p=.028). Furthermore, boys with higher
or intermediate physical fitness showed higher beta-1 coherence in the
left occipital area than boys with lower physical fitness (p=.002, n2=.48;
p=-038, n2=1.23). Within both higher and intermediate fitness groups, beta-1
coherence of the boys was higher than that of the girls in the left occipital
area (p =.004, n2=0.84 ; p=.003, n2=0.54). In addition, boys showed higher
alpha-1 coherences in both left parietal and left occipital areas than girls
(p=.042, n2=0.65; p=.009, 12=0.53). In conclusion, this study indicates that
boys who have better physical fitness reveal higher beta-1 coherence in
the occipital area due to more active cortico-cortical communication that
relates to better visual coordination. As for gender difference, higher alpha-1
coherences in both left parietal and left occipital areas signify that left
hemispheric development in boys is more mature than that in girls during

the preschool age.

Keywords: frontal area, activation, coordination, brain development
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PR A 5 B e RRRESE AR AHE 2 W0 SORK - 19305 A i 5ee
PSR 17 2% e <y s 3 S P 348 o i o i (G Y S
B o S ISBASEN M (Lindsley, 1939) ° SdE /47K LRI
W Hdeltafthetal{ GBI AT EE » BEZFHEaHHTIN > 32 W {E{RAEECE
WY 5 R EE (18 5d 25 I I = SN al pha S be ta By Y 15 S E S fin T 28t
¥ (Matousek & Petersen, 1973) o WF5EfEH! © 42 75k R thetalf 32T
WD o alphallR WG % 5 102 135k R the tal BHIATEMEEZWNA K » i
% L ZalphallR WS E T AGE R A KUE (Matsuura,Yamamoto,
Fukuzawa, Okubo, & Shimazono, 1985) © B—ill » #/alphalk 53
% alpha-1 (7.5-9HZ) ~alpha-2 (9.5-12.5Hz) AREEGT & 2% SaATH]

(frequency band) E2FEnfEIRYFHERME » FEHBEE FlaryHO0 » BRI
ZTA G WIS E - M AEZRH IR Hal pha-2 th g RE 5 70 - finH) 72 S 1
(Matthis, Scheffner, Benninger, Lipinski, & Stolzis, 1980) °

5 TR L TS A 1 ) 2 SR B SR A SR ELHR AT I - B TE B B 5
AL IR L E B #E T2, (Matousek & Petersen, 1973)  {H
A LR g R B RS AR B2 5 (Cohn, Kircher, Emmerson, &
Dustman, 1985; Gasser, Verleger, Bacher, & Sroka, 1988a) ° [tt4} » AUt
FeaEtiont bl - W E LB B AR HH¥ thetall K5V #fH ¥ alphaiff -
VBRI 22 B e SE A B Y al pha-125 A 5 8 - (HIEFEZERalphall{/h9K
DIEHE  (MatthisSF, 1980) © KIHKZ B SERER » 208 (£
H A R R - (HEMmBREF DFERRIAF L (Clarke,
Barry, McCarthy, & Selikowitz, 2001 ) o

HEEAH T (coherence) FERAMEANF] [ lsk .2 8 - @ AEZSHH
A B = AR AN (] B 8 Nt A 10 I AR A EL Vi % - B e
RN 25 [ b BB R RS W8 L E T o BRI B AT 755 12 M B AN (7] [
S A E B o DR (A T 3B ] oz e R A I IR D Re ) 5
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(Luria, 1973) ° AHF5CE 78R P ERTSEZS Dh 2 i A2 RS AT 2% [
SIS BB ESS (Clarke®, 2001) o MiAHT M@ (R MW B MR
(OBl > w] ARESEAS T b R A\ 5E T IRE [ 1 ) R B 2 M S R 2 RS

(Shaw, 1981)

R0 A i T A 2 SRR B R 0 A HL A 57— e BE B A [
KN B2 [ el pfr B0 B8 B R [R] Z R PERBR (R L2 o sk B2 AL S
FHTPERE AL — RR SRR Y BREE R > BR 1 W VAR 1 LA s E SR TH
(5] 25 AL BLAR ALY — 1 o A [F) B AR A2 — i - USRS A [ e s
G HASRE (Fein, Raz, Brown, & Merrin, 1988) ~ DJAEM: (Thatcher,
Krause, & Hrybyk, 1986) ~ FEALHE (Petsche, Lacroix, Lindner,
Rappelsberger, & Schmidt-Henrich, 1992) ~ DJGREfEI#H (Gevins5s,

1989) EIFEIMEIf7d (Gray & Singer, 1989) BUEHT M - 5 258
SO EE 4-6 BR A B AR B S e AT AE-PUE - Re8- 1050 (4 P ER A 4H- M5 5
11-145% » 155%- R T80 FHEH AR A1AH T 1 B3 MM 5 12 - SO A
Al iR AR SR IE e 5 (B0 RA 7€ 0 B RHE BEE 5 & F finfg i) FE 1%
i (Barry, Clarke, McCarthy, Selikowitz, Johnstone, & Rushby, 2004) ©
{EERIRINEFE L > Barry3F 385 8- 125K M 55 & L 20 B A S BEAY AH T 1R
5 UH Ralphall? ; Hanlon, ThatcherBdCline (1999) thf5Hi8-125%
IR 22 B A 52 T Bl BB TR HEAE 4R 8 B A 5 Wiiodis (MIRD) thigd
i (8 - din e i 5 B AR R s ) VA RS AR L e EAHATIK S (BelllisS,
2001) > ATLLGE RS 0B ) B S R AR AL o

FHBE SRR 3 B > 5 IS I B RS Ui DO RE B H B B (Esser,
Schmidt, Allehoff, & Geisel, 1981; Satterfield, Sesser, Saul, & Cantwell,

1973) - S LEAF SRR IR NG T RE S B HARSEBIG I (delta ~ theta) 1M
EEIBKD (alpha ~ beta) o AHI] G SR AL FEER AL L2888 % {EL I A o
G  (cerebral palsy) BT (epilepsy) H A (Gibbs, Rich, Fois,
& Gibbs, 1960) ° JohnZF (1977) it L FH & Bl 2 75 G AEp &I
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T3 TEIALUE SR B 0 i e e S s .0 AR BRI - £1,000137
S5-165% TLAGREEE ~ ARG PR fe 275 2K 3 2 5 i B T BT RIN R ge
R Gl B HodeltaBlthetalH BN RAZE HI NI » Talphald B HIREE D
(John, Karmel, Princhep, Ahn, & John, 1977) ° MarosiZ¥ (1995) i
WIEEESGE )N [FIRE B S sE (O T AH -1 » S8 BRRE T8 Hodelta
thetafJFHTVEBR > alphall AH T PRI 5 [Rl4E 5d s A2 -3 1% 15
W] > BEIHER T thetaldt » alphall B LR K o (& FIAAHBRIITEHS RE
2K > ANE T LISEEE SO T PERI N 734 > delta ~ thetaSR{RAHIE DIZEHY
J8/V Kalpha ~ beta™s = AR HIHG N > BARSEIL B = SR AT U 5 LUK
B2 '8 B B2 FEAH TR 30 > ERAC SR S B Bl R A O AR B R 2
15 R AEL LR R R H I 2 — » THE S Halphallt A
K o
A EREE o EHE) IS E B - 2 RS IR & K
AR ¢ MRS ~ BBV S - ERSERR s » Wit
BN B ESER#E R (Black, Greenough, Anderson, & Isaacs, 1987;
Herholz, Buskis, Rist, Pawlik, Hollmann, & Heiss, 1987) ° fELLH B
HEERIMETT T > IFEE R A - B E R ~ i
A B eI RH o il R o B e i ] B BRSSO A ] - A BT i R B
(el it e A AR G 2582 = AR A=t D - 38 B e Eh 5 L A RS A
fUr¥a%E (Van praag, Kempermann, & Gage, 1999b) ° H—EEath 5
B e B AR RIS B S RR R AT A > th (s A K FR R e 1R 2
RILEE 5 DIEEAH] & SIS A il A < 2275 B S TR AR B T A BRI &
ARk EA (long-term potentiation, LTP) » #& St 53 5 EH B FH
HLTPHY SR E LA E B S RS = (Van Praag, Christie, Seinowski, &
Gage, 1999a) ° WF5eEEE2EIIEE) (locomotor activity) HiliiEEHET)
thetal¥ (5-8Hz) ArEEMHRA (Oddie & Bland, 1998) » & G #8315 B
1S RS R AP RE Ze i n] Y2 (synaptic plasticity) ° i&se K EiEBE
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AAEIE L | REHHE AL 22 A g > sa L RS Ze RIS (Valentinuzzi,
Xcarbrough, Takahashi, & Turek, 1997) s dES)thyeE i K] 38 5 B i
## K- (neurotrophins) HURHAK/KHE (Neeper, Goomez-Pinilla, Choi,
& Cotman, 1995) > JLHZHETHEAME RN AR 72 (FG-F-2) (i
RSB (progenitor) HYHIAEEL /MU BBEENE (Gomez-Pinilla,
Dao, & So, 1997) ° 5 —HH DA = 8 Bhry 2 S E S i - EheAH Ak
SRR A AR AE R RF (NGF) RIS 2K 1 (brain-
derived neuorophic factors, BDNF) Gty B4 (Neeper,
Gomez-Pinilla, Choi, & Cotman, 1996) ; & HEEEAMHE T EBDNFHY
G > BDNFRHETHFEIE » (@ iS22 ifin E0E - W03 5 gk
Repa PR H UIRAGRIY RIIME =R 5 R EEH I S REBDNFHY) &
BUZRHIEB) 25 (Bolton, Pittman, & Lo, 2000) ©

AR (2003) BEEHEHENY L8 (motor clumsy child) TE/1 AL
TS RNEBERIE - IRV LIBIE o &5 RIS WA deltal)) 28 Bl E
Biae ) 2B EHERA « MR N alpha-22) 28 BLE B RE /1 HHBRRE AR E
RESE - () 2 HUIEMHBREISS » RTINS #E 1 Bl ) (5018 e e AR S L o
FRERKE (2004) LLERRTS 2 mAVEHERIRE » PRETENEHRE R I Bl 1 1|
TERS I ERY A5 5 R R8I E Jalpha-2B1 22 # Y alpha-1 D) 2R 7E AN A
BIVERCRER BT MR RE 52 B IE AR B Al RE R B2 Bt - BUR S i)
1'F B IR ()7 T e (5 R

f ey Ladt » LR IE B RIS M il A2 B AR SRS Rl AN -0 — 2
T AR IR A 1w AR A A (] et s P ) ¥ 3 DA B BRI T RERY 8 e -
If5E B ] (i AL RS AR B & ~ B B PIRURS & - $& m AAE 2 A1 R A A
KUE > GEAL ARSI M i - Hhn s (X SR BR B 48 A R 8 2 B2 Bl A
TERHI RINSG R R 5 KIE - AS22 LS B HE s Bl /K 4B s gs s RE Ik
RE B 1| B U RH T FE B2 A7 A 2 T SERR0R 5 BT LAASHIF9E H AR5
AN[EIPE RIS B RE K 42 ¥ 5 B FERAH TR R
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M AFHERLIE » (£ HRM T » FIUGREEERE (frontal) ~ CURHIR[E
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P3~P4~Fz~Cz~Pz~ Ol 0z O25F 1214 MAS > i LI% HH#%
ALRB2IAIE » DFpzfB iR (ground) 5 A% H1 EEMIR EE1E B)
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B FEKYE o ML LELLEE2 X3 (PRI X BEERE ) K12 88
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HE— LLANO VAR E £ [ds 2 72 RAE T - S 5UA B HTEEP3-P2
@ O1-0zE ¥ KA #E (p=.042, n°=0.65; p =.009, ’=0.53) * AIF=F
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AT S HIl S 31 55 A8 he RITEL AL B s A R - T Re SR IR AR
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VE » BZSVER B 25 (8 B (F 2 T R b A B VY 3 22 - 5 ERRE K

72



BECAT L W AR ] £ 2 AR TR

ST FH O S S B e e - DAL IR & S R B AAVUE o (LS
Ak R E B FE U0 — R - AIIRFIF R ~ ARFE a5 - Rk
SO A R AE P BE AT s e 1 e O e B BN 2 | 0 ER IR
ATFER ~ R ERAEE o HH S B RE S B T G 5L B B R A RE ) 0 R
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