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Investigation of the brainwave changes of Taekwondo
athletes in different training models and during the

preparation and each rest time of simulated contest

Abstract

Taekwondo is one of our national medal-winning sports
in Olympics. However, due to the competitive atmosphere in
international sport field, the glory in 2004 Olympics in
Athens has come to an end. As a result, the relationship
between three types of training, namely physical, tactical and
technical training, and the corresponding brain wave before
the game was investigated in order to shed some light on the
method for improving sport performance in international
games.

Twelve elite male Taekwondo athletes from National
Taiwan University of Physical Education and Sport were
studied.We used zigbee multi-brain-instrument developed by
Neurosky and Alchemytech to collect the brainwave in three
kinds of training during the preparation period before the
game.

The result showed that 1. Technical training: subject’s vy
wave is more prominent in kicking than in resting. 2. Physical
training: subject’s B wave is more prominent in running

(heartbeat at about 110-150 bpm) than in resting. 3. Tactical



training: subject’s y wave is more prominent in analyzing the
game video than watching the cartoon video. 4. Simulating the
game: No significant difference between the two contestants
was found during the preparation period before the game.
However, The & wave of the winner was always more
prominent than that of the loser at the moment of 30 seconds
before the begining of the second round. In addition, the «a
wave and y wave of the winner were significant lower than
that of the loser.

This research showed that different patterns of brain
wave were elicited for different types of training. The most
important signature for winning is the brainwave of the
resting and tactic analysis after the first round. The planning
of the <coach and the execution of the athlete were

significantly correlated to the game result.

Key words: Brain wave -~ EEG ~ Taekwondo ~ training

models ~ simulated contest
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2975 Hz) o A N A AR ELF R RF R DR
4

F P > high-P e & i & # w] 2 i ( Ramos, Cerdan, Guevara
Amezcua, & Sanz, 2001 ) - ] BE X G P E R B
;—é'ttﬁﬂi‘gfﬁl?i’:}'fé%é{?f%mm T Rk 3 M % ( Kubitz &
Mott, 1996 ) # 3 4p I B A F & M 2 F & L K % F & v

5
¥ s G MR § R E R D 2R AT § A A
( Baker, 2007 ) - 5 & ¢ & 5 & & 7 & £ & & ( acute
exercise ) & d_#& % B R &

o ¢ fiE o o3 P o P A o2 A% ( Jakovljevic et al., 2012;
Moraes et al., 2007; Youngstedt, Dishman, Cureton, &
Peacock, 1993 ) » F] B & 3 4v » A 5 A+ M L K B o
# % ( Kubitz & Mott, 1996; Youngstedt et al., 1993 ) - Crew

# ( maximal exercise) > B & &

(11993) & m 3 B F %2 & £ 2 374 22 F % ™ % & p 2 ¥
v, Fo% B A L BI(13-20Hz) 2 B II (21-30Hz) - %
S HE o AE 6 LK R (2% 4 C3-~C4) 2% o &
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B4 B LEBET % HEFLE S & p IR G P EL
BB P R o FFE R B (TS5

BE LR > d 7 R B R AL A
I 2 N A A S SR A
PR s F o B R B 4
ER 2 ERAE G TEHE ¥ b A E

BB ol T B SR H R H AR M S o R TS
PO ok o % o Moz - > £ H A OB A E B2

( Nielsen & Nybo, 2003 ) -

B ooa Lo oa Bl

e
e

T6 )2 + % %
AR RN

TR E LR

g
14

—=\
|
i
7
=

il

HENE R

H

ot
s
2

ﬁm

(=2 ) 0@k (4-7Hz) (B 2)

AWM R FEE RO E LB R
TR R E G A G L BB B AR ER 0 Tl A
LA - T N T T S L - I
( Hyper—suggestibility ) » » & - 4 i 4o B R Rk & P > 0 it
Foom BB ottt 0 0 i kg R E &M o
7R R 0 R e 0 F] 2 0 ks %‘ﬁ;“e?]:%iiiié‘c'fﬁ—ﬁ’%?
v f ™ ( The gateway to learning and memory )( Hasselmo &
Eichenbaum, 2005 ) - & # #% o & #f F % ¥ & 5.6 - 7.5 Hz >
L O KL = a;‘p&i@;*7Fggﬁaﬁ'r&_(Cahn&Polich,ZOOG)o”ﬁﬁﬂ
TR 36 F AL ARRERY A FAgH S N
WA F T 6 F Mo BE P R R E®H L E R OE R
B FR - BEREAELARERX Y 6N RREEFR
AR w0 G e S ABF . X F 4 2
FBH R p AR EERERE TR R IR

W
F oot TR e 0 G op M P MR ¥ R ( Puetz,

ks

2% ) @t == -»-b
¢ » ~ "y TR % ’I"L

b
TS
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Flowers, & O’Connor, 2008 ) - ¥ * 5 # 3 45 & &

Byw™ » 3T A F g7 RS > Flpr 2 egikEgT ik
2Ok a3 w3 M (Aftanas & Golosheykin, 2005; J,
2000; Jevning, Wallace, & Beidebach, 1992 ) - #

G ERyY 2 RERY 0K R AR g R ok F (L. Aftanas
& Golocheikine, 2001, 2002; Corby, Roth, Zarcone, & Kopell,

- B

1978; Fenwick et al., 1977; Hebert & Lehmann, 1977; Travis,
Tecce, Arenander, & Wallace, 2002 ) -

Kirmizialsa ( 2006 ) 4] * GO / NOGO iz 5% 2 & % & ¥
# 7 = 3+ (cued continuous performance task, CPT ) B % 24
tH R ERBHREFSL O F T S EET 0 ER A GO/
NOGO iz #+ 2 CPT eh F Jdr 4]+ 5 3 5 «h 48 % > %] o 42 B 0
AT R B FE g F Al TR E G B GO/NOGO v
CPT &4 fa# g o Pl » g R EAHFRILILS 220 0 4
FEF BRI EEE L 4 o GO/NOGO = 7+ 4 - B % Bl
BFFE OB WA a0 F % ( Kaiser et al., 2003; Leimkuhler &
Mesulam, 1985) »CPT & * =T € 24 & 1 &t 4 2 H % % F
e drdl 2 s g B R 4F e 5 TR ERA 0 il R4 A
2~ A 2 H o o oE E M OB T ( Ballard, 1996;
Gonzéalez-Garrido, Gémez-Velazquez, Fernandez-Harmony, de
Alba, & Ruiz-Sandoval, 2001; Seifert, Scheuerpflug,
Zillessen, Fallgatter, & Warnke, 2003 )
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(e ) 84 (0.5-4Hz) (8B 2)

o A E 0w B ook W oF o & 2 g BB pE R
( non-rapid-eye-movement sleep, NREM ) & % 3 E 4% ¢ M

% o NREM » & & » & > % - K2 % - K& ol iEd 7

Booh B R0 2 PF A B Brb iR~ R ELR G 0 FOEOAY Z Ko w
m&ﬁ@m%&A%&ﬁi%#@’@%—ﬁﬁﬁfﬁ%ﬁ’

SWS ) g

=

& 4 A AL A Mo pER ( slow-wave sleep,
FFA IR RERR®L A p ¥ E R

% ~ ¥ & & < g ( Parkinson's disease, PD )~ /L & 4 4 Ka $

=k

# j& ( attention deficient hyperactivity disorder, ADHD ) =2
B b B F bos o M % delta gt Bt R p R R A TR
& ( Clarke, Barry, McCarthy, & Selikowitz, 2001 ) - ¥ “ 4 3
FXHh Mk e sy s SRR @
MR R ¥ gk 0 Tt R S s B e R R 2 R ¥
ip Bt ( Nezu, Nezu, & Geller, 2003 ) - Kirmizi-Alsan ( 2006 )

et

9 CPT @ ik /i § ¢ > % # RO M # &34 § o g
LF O B P AF R aPF - T2k 2 &34 0 CPT iz 43¢

7 OH OB IR % oo

(2 )vya (31-50Hz) (2 ® 2)

y ok E B AR BHEEAEF > AR D LG E o E B S
AR RAE  FEZ TEAELEL A MEE ML o 3§
X R E BRSO ATE R MR A SRR ELE
Y 6 H BRI RN A H ik R e A 4 5k & ( Paulsen

& Sejnowski, 2000; Singer, 1999 ) v #& A& & ¥ K & T & 7
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fAR AL G EBRES KEEF B F S LT
y okt s HER L L - E L T A
i

T N R TIE B A EE T R

oy
ELA
a2 I
( Fries, Reynolds, Rorie, & Desimone, 2001; Rodriguez et al.,
1999; Srinivasan, Russell, Edelman, & Tononi, 1999;

Tallon-Baudry, Bertrand, Peronnet, & Pernier, 1998 ) - ¥ %
2l

My 8 % 34 - 64Kk F2E KB EE X BB EFNLF

e @ B R OFARE IS5 E 0w b2 gk o &2 10 LA CE FE S

S B A F 4 W
i

B oo & e 22 - 24 ROB o2 g
¥

- B AT BB S B koo F OBk B AR R B R >R
REFF L2 F2 B L SHE BT ARNTRENIT E X
BEA > BB EEFTNINER 2P R o HE
ook ooy

hE R EEFYCHRBRE AR AAR SR RET oy
hFEE G RwAEY o AR BYRFEEGH IR LR
:' S .m

Fifph @3k vy kFEH L DFLHFL RGP
oo F O AR AL IHEERSS RSB NER S ZFE RS
SAEEFE N RN DRE N ERE SRR LR
PR e L o Bt R R L2 R OE AR

FE R FAERRE R FRIVE T AE SRR NS

Lutz, Greischar, Rawlings, Ricard, & Davidson, 2004 ) -

= & %% Rk~ R E (Meditation) ~ % i
( Attention )

2E (7 EFLMHEB) %a%ﬁdﬁﬁ? Loz w2
BB E o e b S R R B AR E S 2 B
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¢

B E R K g4 B P o ow i=ogx b (Vaitl et al., 2005 ) o

FHEFERG B AL R L LR EF S G SR R
g %W R LEE (Decety,1996)on*vﬂ?+ﬁf@gﬁ—ﬂ;‘iﬁ;a! ¢
SR RS ek H X B EA A B DAY R

( mindfulness )~ & ¢ ® f # i ( concentrative meditational
techniques ) & A" W H 2 2 23 4 F RRAE > LERY
GRS N i AN R A A S SRE A s
BFYRBHE MR RERLIL R AR AR T ER
+oe P EABHITEWEEA B REF REE PR R
21 & 4 ( Alan & Shapiro, 2006; J, 2000; Jevning, Wallace,

w4 B GR ROR
g M E R R E R A H R AR RN TRE
WA ¢ 7 "% > Aftanas & + (2001~ 2002 ~ 2003 ) # % &

g

)

s s
=FOE

M-

& Beidebach, 1992 ). 82 %X B 8 R @ 27 i ¥ %

o4

Woywp AR E T E LB RS R ER AR B AT
FHRRLRERF S FRED S E B LSRR
R A R R MmO F oA 0 -apt (6-12Hz) @ &R+ 38
BE o0 R AEZHEREYLRDF R GO FR R 2L
2o A g Zowm R OB N Z I A Do AR RS

( approach behavior ) %2 #4p M F % o 2 45 L &£ g > Fl 0 0%
HE VR 2 AR REEEL BT 2 AR T
T M oo
B A4 S g o0 EBERP A 0 F - fBER AR TR
7 HE #u g & & x> > Nideffer (11976 ) #i1 & 4 & 9
B AR (width) 2 & » (direction ) = # 2 » 0 3 if 1 f%
ﬁés\ﬁv*ﬁ%kzi&"i%’.ﬁf"ii%”éﬁﬁ?)i:(7‘%“%)%
g EH R FRE A AN S R e TR L R

I
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P ERPEBEHF P 2ERR - FF R B Y
P RF R ERAEIH AR R EEE G
EEPFRAEH IS E DR E N EE R L L GRS
FRondy £ R R B TR R R R a0 T
MoAgE R R R F R G ORB R LA s KO B A B 4o b
§\%%~$ﬂ%ﬁ$$ﬁﬁﬁﬁ#&%4ﬁ?£%6&%
o Ak oA LR e (PR~ A ) Ry R
LA BN ER R AL PR EfOR LA R Y AR B T
# 4 ek m bo. Csikzsentmihalyi ((1975) 45 & § & # f # %
A 2 P o R F P o 2 o P Aok B ( flow
state ) > § & B R R R B o T § 2 A p L E RN
L EE Y AR R E e RS M R BRR G E
bR F R R ESNE R R TR LR F R
B¢ b R T N RO RN OEE R F R Y E R T
AL R TN K LY E R | g ped Fo g T p B
FE A - SO AEE AL (N S R B AP A MR ) SV
o Kahneman (11973 ) 45 & & & % 32 & Jc 3l 2 3 & pF 0 1
AR LA R R R < SR S TR FHR € & REERY
SRR S - AN CHE S BT I RO O E A AL T S 4
feih o R T Feork gL gy »52BRE ¥ - R
BRI R A M FRE S AT LR G PR FF R
WA F DR FAEY N R ERERLREERRZEG
e F o FR 0 o B Z PR AR BH o R RE R R
FgfE s p R R RERELFEG T AR
ARk v Ehrop # 0 4R B (K BL AT > 2005 ) -
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F5% PR EN R

AP LR s BEEEE L AV R R
B AR TR RS F P BAE B RE o 5 RA AEY
?fg}i’ﬁ:&@f;—%é_’}f:;\‘?”fﬁ’—ﬁ#ﬁg)"fﬁ’}’ﬁ:j\é.g?:b"‘_:_ =

Eo2h o oo Pl BB RSB X EEFAAGLSF PO
PIRE ROE D R F X FR U TR Fp R EY S LA
EEF R E o BB BFRFHE IS 9:00 B b oo
EATBOE R RNF e T

(- ) #i"3m (R 3-1)
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B RR A R HEY R AT EE 8RS
FHEHPOVE FIR L - o BHE KRR R T
N WA AR I FARRFT ARG RRA
ih T IR T R ¥ oo F - X R B E R R e

U B3 ELEer FHRT =g LE TR
R BV REARY R R B BB TR = ke ¥
F Y R Y R Y 2 A r FRiE o Y T RE L
e How 5% 3¢ B iF R R T Ak e AR RO R

7= > Bt % >3 Fif ¥4k B iR &R

oy
e

%‘

mu
\?W—“k*@a

ml4

*

Hs
|
=

gt

l“"k— éL = b o ﬁ7, § # (T8 B 4o T

i gﬁ I/{ ? g’:’ fi:_ . ’ﬁ:’\ﬁ;’ ~ j’F‘ -H} —%ﬁ;‘\ﬁ;’ N ;';%- +}'7 fE'J &;ié . T @ o
FOR T B0 0 gk B R s ow gk v oEoHr R EE
Ay %r’ s @ o

(=) ®a»®w (B 3-2)

AR KT B BB PTGV RKE R E R
* Polar ~ gt Pl E 4k e b o 2 ¥ F B R L LR o P EHEFR
Mo gk F T A X B KRR W AR R e T E R R E T g
K E BB R B o TR E ST R A
R AR MRS R E L A FE R T LR e R R
oo M2 N L X REFEAAFE R BB 3B E TR
e B o BB R A O~ e o Rl B E Y OBTH NY RRE
o A F %k 2 T70% - 85% B+ oo Bt F L¢P o B F P2 TR
(A @ % > 2010) > B+ o @ X8 3 N 208 - (0.7
: )( Tanaka, Monahan, & Seals, 2001 ) » % & #& % * & > #& 5
ko BB At 0 F o & oo Bt F o 100 T s B 4 4
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30~60 # » F B H 4 10 T E B 4o e 4 30~60 f 0 P HF 3
w43 o B F i 150 T f5 30~60 f B &k Bl &% o
(z) w5 (B 3-3)

R R EE A RS A N R
LA AT S I LR S . T
PR R - FRERT L 2448 3% 8 K644

|

Raid
oy
=

MEAY BFHR - FHR L F RS EEFR LD
10 & & o F R %“#%*fw@fzﬂs‘;”ﬁ@z#ﬁ%f%m&,a%

5
VR TH R X LY 6 A8k Rk

R EL T ARG L L

%t R RFER L RN T E
g 3 &7 11 ii%ﬁ:%‘ib“% # 2 & * Daedo p
TR E RPN F R LR P2 ]
CurfHF PETINHFITEN S FLHERD F- B FF
B0 FE L0 P B S ARPEFEINSARBE  HRD 1A
@R 2 LR RS By LY RRL 1 Aa

EHG AR E o E s 2w g o Fot R Rk
IR S RS S

C

B

=
-

1% A=

|
=
nd
=
T
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Mook 3 BL T B (B 3-5)
ARy R Y 2% T A R E KR E S NeuroSkyZigbee %
Ak ok kR ( RS232-DTE-3.0, Alchemy Technology Co.,
Ltd., Taiwan ) - & 2L Bl & " % A & % X & & * i 42 4F f&
Bt w2 RF TR R A L NeuroSky 2
ok o B % 10-20 ¢ & = - (Klem, Liders, Jasper, & Elger,
1999)F % S »g b B 8 H k> 1 % & & H 27 & H -t W 3p
e X K- BB R B T < A TR R
AR e R AT A G T o B BT R OB
ThinkGear™ & % > ThinkGear™ § i g © 2 FOR e g o
X BB TR RGN E Fvp &R T A 4 R
NeuroSkyeSense™ & ] & ;2 f2 3 > & & & * B % % T B

g International Organization of Societies for

3
R AR B R AR MG T LGB KA S

Electrophysiological Technology )% % B # & & - % #& 4~
= ¢ (0.5-275Hz) ~6 (3.5-6.75Hz) ~low - «a
(7.5-9.25Hz )~ high- a (10-11.75Hz) ~ low- B
(13 -16.75 Hz) ~ high- g (18 -29.75Hz) ~ low -
vy (31-39.75Hz)- mid- v (41-49.75Hz) % ~ @

4
B

BF L RS BREREYT R Zigbee & & @ #j A A 4
¥R Jm I Ok oo ?'F%ﬁi%]ﬂ:%é‘:iﬁ»ﬁ%i??&lé:%«"l A A @
oot oo @ﬁiﬁi@ﬁ&r}%‘]- ( Neurosky, 2009 ) -

Mg kR PR P A Y B EHE
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E
&=
"
i
=
=
e
3

T T ARG TR R o oA f F AR 4
TR O A NG s s o@m A ch i H o A R R 2B LR
Bt X e e L 0 A2 T R KSR E e B
NeuroSky 4= @ g ® 3 & = ¥ % % & 1 5 3F e o

ZigBee #_- fé_?tﬁ‘i@ﬁiﬁ&g%ﬁ;@@?]jijﬁ’;ﬂ#%3 4
(=N NI L <R N A @ﬁiﬁ&&%ﬁt{. AT A A - SR Y
B opF R 52 A g Ak & ( Choi & Zhou, 2010 ) - Zigbee
A gk ROE

/z\
( coordinator ) ~ g d = (router )& ¥ =3 £ %

(ﬂd\

AN

= K E & & Z =R R

L

BE 4 15-30 2 ¢ > 2 i b g g o bgh g2

B i@ PR 2# > RR2PEELETFRIS BD G E A H
£

oo EE SRS HE RPN R R

-

W

o
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RN R

A~ F % e PR B U i eSense™EH | B Mg R ok fEH G
eSense™ 4 H > & 7 X F X f ¥ om o g o Rk i 0 % i Excel 2007

AR B R RN DR > Ed L1 F A (%)

v e
A4

)

AW

o Bl E % oo Azt ok ¥ xR * SPSS 12.0 for windows

WP £ B 4% e iR AT 0 oG B TR
BoAw T gk + 8L 22N R

(-

IR 0 £ 4 E % R Bk~ 17 ( Repeated Measure
ANOVA ) » i ik L fi & 2 2w # 0 £ 8 -
Bopr R 0 £ 47 E #ic¥%¥ R #ic s 17 ( Repeated Measure
ANOVA) » g ik Lk b~ B + L B % 2 R F
B2 4R

a0 £ A4 E % R B~ 17 ( Repeated Measure
ANOVA ) » itk A R fE 2 % F o Bt 5 2 £ & o
v F o S HEKRA R R A E S

Fwo2 A w &R AL T2 LR
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¥

E o 1~ R

L

L

G

i

=
3
B

-
=
B

=

%

k3

1y

&

-

2 5% B m o

¥ T %

oy o B OF

3

fE S b R EE R

& R RN

ok FERY 2 R R

e otk A R AL Rt BT

(p<0.01) > # &4 ik KA AP K
Wi Fh T EEY Hok LR ENY

2 EH P L g
i £ R

7o E R R OR P OL N R

A R T Mo E R

X X FEEFEI R

B ) SN I R R G 3

C ok LGk B B A ¢

~ 130~ 140~ 150 * = > B

E SRR G R

B

g oy T

i o otk 4
SRR T A F (8-0a~Py) o

b W R R kLR E R R
H

WO F LR E RPN R

FHR oy TTEHR

R

’

S SN

g0 (4 4-1)

ﬁ’g‘i

~

R

ERFEE T

=
48 o g N
0 3F B %
NN R
O
[ S 1

(p<0.05; p<0.01; p<0.05;pc«<
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eh R EFLE (F
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FELE @

F Rk U el B H L B o % 5 EE TR P
PURES (oot R P ARE) I RBEEES (o

Mg %) RER ARG M FE e AR R 2 R

REF ML RFAUL B EREAT YT B e R R
o R EREF R AR DPERY AL FR o F SRS

&
s

2
BB F b B AR M R ER Y g R R
#5

FrEESEBEEFY ERLE 2 R

e
ey
E

F -8 B RERABERL

A% fE R R TR o £ REE AR A
N 2 E AR LKRE T RMAFEERE  F Ry
ABEFER o f FEFRD LA AERD G B E Y RHFLD

402 e o b2 1 g 4 A~ pe ( Kiroy, Warsawskaya, &

S
i

Voynov, 1996; Smit, Eling, & Coenen, 2004 ) * §F %% f & (7
BOEE TR R L AR EPESN S PFRRE R RE S S
yARBERE RLKREP SR R FEL AL DS
2 oy AL Tt L i AR G TH OB E R (Fell,
Fernandez, Klaver, Elger, & Fries, 2003 ) - & X & & i # 4
LI S AR LT R S S -9 A S A I B I S I B L
A4 e L Lok B E 004 ) - % p

2
(arousal ) 745 & #8 4 & o e E R L > H R4 M3

gy
5
frt.
a
T

2 ( Kamijo et al.,
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Fi-d¥ys . pwENEAAE o FEATARARELRL
AR PR E G T o R F R e g B f e A
Ferga & s FpLa :c® (Tomporowski P & Ellis
N, 1986 ) R B 2 & 4 & 5 # & A § &8 1 & 4 ¥ & & ¥
Pl gt o el R HRERBEER A FH R R
B R EH L e 2 B R AFRERTLY S BRI RE KR
AT T g A X2 RFF MRk TR R R ARSI R
P BE Y AR I MEE FE S - B R AT R R
#oooF EEF B RE PR BRAE B F R D R A
A T RTHREAIE e ) e B i Ao R R
BAot e iR R M 2 WL i R AR E LR A _LT;KJF
Eobrp B b AR H (M B AT 0 2005) 0 @ 4 F @B A v A A
PR PN S B MIAPERKRE o WS AP RES A
¥ % o ( de Souza, Yehia, Sato, & Callan, 2013 ) ’fi.}cjx:;'
BT 0 12 EXFHFRIEREEVREE L0 £ 24 KE
By kg o l22E L 2RPMY 2R = FF 4 FP R
Rl12 R R E AR T ER TR R H LR R
fo o 4 E MRS BERI8 2 TEFF L Y RS F
£ FWE AL TR S ECHEET D S RFEE RS
2oy ok B e R F B A e LR M F T o
d N R B A ESEEDERFERT o FRRE Y E B
LR o @y R % A A o F b gL B e Bt
FoME  FRFARFITER I RFEAERF < T HFH
FERBad s Ed M 2R EHp > J KPR E
ke - THFBRE YRR AW FPL R i R BR2HE®
B Rt TP AR FEAEY T EFRI Rk PR



o

N

F TR BRI KRR NER G N

¥ -8 HaiyvReEmALEHERL

R EHE SRk e TR RE S 5 ] A HE R
ALY ek R AR G FF R R R ARTE NG R
B E S N EREARY I RE R F RO R R R Y E
Bl s S B N A S = B I U - R = S G N R~ o AL - |
B AR P o2k ARk G (RS 2011 ) o A F &K
Z e bR EREFHREY EREYT B H R REE ERS
g BpF L P R R o T g e 4 D E B i AR ¢ R R

£ R 2

R 3 &0 0 =

~l"'
>
[

i:l

e W R 6 F E R R R B A

Eopr A o3 o FEAF R B D

cortex ) Rl & F 4 % ¥ ¥ % it ( Brummer, Schneider,

Strider, & Askew, 2011 ) Fumoto % % (2010) m;m % % & +
F OB

A& @FH AL F % (primary motor

i F 15 A sy P P M REFR LR R
PR MR A I % RPN NATRY BN ERTEY
% gi.;—] #Fw %ok B ( Encephalan-ES, Medicom, Russia ) @ 3

ésf:—siﬂ'pé = FEEFEHEFHRE? BT 20 & s B R B AEFH
oo o R E ok AR AR F R R AR 0§ FE
5% B W dem 3O OB AR A P R ER (R

# 5 5 70% - 75% £ & oo @) o o o FokOL R B OB R
nE b EAEY R LETRE PP ER (ARG
2011) -~ A #H > 2 % 5 0 K LR R 2 p o E R T
A48 100 T E R o B R kG PR 2R R XEH

=
3

=i
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LR A xR E R EY R RER S gk PG ORE L

A
B B BB b P EH R KRG AP ¥ Y F R E
g

CHR A G E R AR ERE AR D R A
FihaR B YA RINEF AR 44 P54 AEH
o a s /T 7 OH e AR R > T ogp ROH B OME K o2 4 KOk
S8 0~ Bk nER L EE S § G TH R ALK
FABR oo g ARG B ALE (Vogel, 2000) - ® 4
F %W REFER D TR EAMRY A KRR LR TR RF
Bom B E R R R ER > e R RRBRE LD
PR & HALH B AR ERSRE PR H

&

AF B AR FHLYRB A ER P F RS P
45 110-150 & H B g 3l E ¢ % R E# K ( 70-85%%
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3-1 %- -~ ;;;é—*ﬁ%d\fw—'
Participant characteristics Age (years) Height (cm) Weight (kg) BMI ( kg/m?)
Male (n=12) 21.7+0.83 177.8+354 65.0+6.45 18.28+1.80
Values are mean £ SD; BMI, body mass index.
4-2 % = ~HRLE 2 Wi 2 T A IR
(%) 6 0 @ B Y
rAHE  6452+6.24 1658+175 7.89+1.82 6.36+225 4.65+1.43
-y 66.87+2.78 1549+ 154 7.94+057 6.62+056 3.26+0.76
= % 66.32 +3.02 1547+ 1.48 8.01+0.69 6.72+0.65 3.51+0.60

FRARRLRE S REFTLE,

*p<.05, ** p<.01

4-3 4= - RALBEBHERY 2 b ooprF hn A g

(%) 6 0 o B Y
R4k 6847+656 1556+ 1.69 7.71+1.90 5.15+2.17 3.10+1.34
HR100  63.28+557 18.82+2.62 9.16+1.75 6.73+1.47 2.67+1.78
HR110  65.14+7.15 16.02+3.30 8.88+1.43 7.97+261 2.64+1.33
HR120  63.88+6.02 16.62+3.09 9.23+168 8.41+1.19" 255+ 1.22
HR130  66.06+5.06 14.99+1.92 9.13+ 147 8.63+0.94 258+ 1.42
HR140  65.59+5.11 1535+2.82 891+124 838+1.27 238+1.10
HR150  64.29+4.68 1592+ 1.68 8.87+1.67 837+1.05 270+1.11

HR: Heart rate

MEEAGLRELEHFLR,

*p<.05, **p<.01
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d-ddmw s REBREGVFRT S TERT 2%

TG

(%) 6 0 @ B i
wLHKE  6477+730 1655+305 803+215 6.02+1.91 458+ 131
LR E 5546+7.91 1651+0.83 886+136 8.23+3.14 869+342
+idF Y 6056864 17.89+222 959279 818+341 4.62+ 190"
R Rk EERF LA, *p<05
HE B R ERF AR, #p<05

4523 ~HWEVFWEE T ERLYEE] A S EL g
¥- v g BT 30 4 5 0 a B Y

B 71.86+3.71 14.31+250 6.72+0.63 5.05+1.41 2.06+0.82

i 74.84+3.18 12.37+151 6.12+1.36 4.57+1.17 2.10+0.98
¥ ow & B4 30 f 5 0 a B Y

B 75.75+3.31* 11.99+1.78 5.80+0.99%* 4.79+1.24 1.68+0.53*

_ 72.18+3.88 13.18+2.83 7.12+0.87 5.11+0.80 2.41+0.79
¥z w £ B4 30 f 5 0 a B Y

B 75.13+4.87 10.99+2.24 6.32+1.33 5.61+2.32 1.94+0.68

i 73.23+5.70 12.45+2.72 656+1.30 5.47+2.07 2.28+1.11

*ARABEE OV REHFLE

*p<.05, ** p<.01
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