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B1E #H¥S

BITED H AL TlEmlinE (2361 2 FRAHERR IR T & FBAERFE OB, 5 SFiR L
DIERIE BB OB RIE L 7> TV D . FREVE X ATEE TR O R IE B O T
WEET L2 EBRMAENIIN TV DD, HERIGEGIEDOHETFICITE > T2
(Dickerson and Sperling, 2009). 9 DJFHICEALTHE /7 IV RZIT L DENLTFEN
BETHDZENHRA S, T T ARBIBEA LV TOMERED LT 5234
WHEPPIHEIC SN TWRWVWORBURTH S (Shigeto, 2005). Z D K 9 ITFEHER
FERB IR 7R & OIERFERCVR IR IS ITRR 2 2 FE R D BTN D 22y, T4 CTIES)
DIEEREZ ) LS DT DIZHRNTH L LWV O HmEN SN TWD (Banich et al.,
2000, Milham et al., 2001, Kramer et al., 2006, Hillman et al., 2008, Prakash
et al., 2009). TEB) L O BEEZ WE L T 5 3hi F2 5 TIIESh 23 IS O AT A4 23
e S VFEFLEA M BT 52 LR LN SN TS (van Praag et al., 1999).
£, b PTIEIARERER ) ATERTE REEAED 1 > TH 5 ITHEL m® (Kramer
et al., 1999), SOHIJKHELHEOKEZ BIINESEL &) (Colcombe et al.,
2006). ZDO L HITEBEZ I AILD Z & THICRY T 4 7R Re bbb 22 n%
COWETIRINTWND I ENnD Y, ElhE MEEORMEIZ O\ TS bR HEE
HEDDEENRIEIND.

VEE) & MEEEE 1T B9 D BFSE Tl Kramer et al. (2006) 2NEREHIIC S < OHEZ LT
W5, B OIEEMM R RREERIC Lo TRIB AR ET 52 L (Kramer et al.,
1999) . — ik o> g BEE BN AN IR OISR 2 FEAE S5 2 & (Davranche et al.,
2006) ZHE SN TE 7. 2O X D ITHmEEE) S bk ORTEHRTEFIZR T« 7728 R
%5 Z GRIBERENN A BT LORB AN DD, T B O THW BTV D IR X
BREE R E DN IEREICAT DI TR W EORMBEA N Z T 5415 (Colcombe and Kramer,

2003). F7-. EENE BAMEORETHOV LN TEX - EINIEMN 2 LONITEALL



T, —EMEOBEINRICONTIHE SN TWR) 72 (Kramer et al., 1999, Milham
et al., 2002, Colcombe and Kramer, 2003), RHIAYZEENIZ X250 RI%, HEHEAF
ANNET DL, BAEENELT D LR CkAx RERN G EN 720, —iltkE
DIEFNNFIZOWTH LN T HHEDNRE IS, ME—, Millham et al. (2009)
(2K DA @M O MEENC XV AR AR RS O 1A B fE O TR ENERAL IS SV T
LTW5, LaL, ZOWECIERMEREO R LIC & b 725 BT 2 36 12 R E
THITIEES TV, T OATHIE NG, — Mo iR B S 23 A BE Al O B
REZ M &5 ATREMEIZ MW SFEIIAI CTH D L W) ONRBLRTH 5.

ATSHATE OFRREIZES, FUE, R, EHERRAEE R &S LR MR TH 5.
ZAIVETT, RISAATEAAE 2 HE T D kL LT Go/No-go FRRES> Flanker #R7H, Stroop
PRER EBHVONTE . PTHHMREEEIC L > TR ET D DX Stroop FRER
Flanker i CRTli C& 2 EITHRETH D L mEF ST D (Kramer et al., 1999,
Schroeter et al., 2004b, Colcombe et al., 2006, Kamijo et al., 2007). ZiL5
DYATWFIE & iR FEIEE) S FR AR AR IC G- 2 D B 2 M+ 2121, AifgHnTE o 17
WREZHET 2MEZHNDL LN EUYTHD L E D, TIMEEE) T Stroop FfER
Flanker fE ORAEANA 325 Ly 9 @13 Z A (Kami jo et al., 2004, Harada et
al., 2004), BREEZATICBEE L7 MBIEEAL 2 K iE L72 b DITMD TH 7. £ D7
., JEE) & FREIFERE DB 2 B 5 2T 2 IIEEBEETIC & b 72 O IR EE AL & R E
TOLZENKETHS.

b4 D R R B 2 444 L CALEE 9% Neuroimaging HEICAAER SN EEICHRY ha v
Wr fE % (PET, positron emittion tomography) <° 8% g 1Y f & 36 08 ) 1 2& & (MR,
functional magnetic resonance imaging) 23& 5. Z 0 2 - 03 & |3 iE B 2 fE IR 12
% golden standard T&H Y, FRFIRRERFOFEMEACHBZFEMICHETE 5. Lol

HE DB HERE 13 S — b R — DIRE S NI B OR N F ¥ F—D T,



AT e o TR BB CERE 2 [ E L 72 (T AUTRIE A R 2. 2 D72 DREERCHIE 5
HERREAFIESNTLEY, BHATE T CRRAERRZ T2 0l S /2. #
DR, BARZPLICEHBERED STV DHEREN S T v o RV IRIMR Y ik e &
(fNIRS, functional near-infrared spectroscopy) I adMEAMK <, FHRBERICHIE TE 5
(Koizumi et al., 2003). Schroeter (2007) &% fNIRS % W\ CTHHCmE A, 840
JiE B 72 O hE &2 T SR E OFBINGRE T (Stroop FRE) O B RRIRENC W T LTV
% (Schroeter et al., 2002, Schroeter et al., 2003, Schroeter et al., 2004b,
Schroeter et al., 2007, Jourdan Moser et al., 2009).

EEINDEE £ T, BEEDD SIS £ CIEA < #5% LT\ % Schroeter et al.
(2002) 2AHVNTUN % Stroop R IE, TEEMERE 2 & Lo [EBRAY 2t 2RO SR T X R & L
TSI TV L ATEERTF OB T A N Th 5. b MIXFE R D E\EHRICZEDE
REAGBALTCLED 2D, XFOOEHMT2ONKNEICRD. a2 RME T
(stroop F¥) & FECY, ATEHATE ORINEITHREZ KT 2 L SN TWD (Stroop,
1935, Zysset et al., 2001, Derrfuss et al., 2005). F7= fNIRS |ZIEREETY 7L
H A LI FTMILFE (rCBF: regional cerebral blood flow) ZHETE 5 HETHD
(Ito et al., 2000). Schroeter et al. (2002) X fNIRS % FV T Stroop FfRHIF D K
0> G BE LR AT AN ML 0 255 2 A0 o0 CHIAE L7z, A0S K AuiE i MR A i FRas e
FT AT Stroop AREHRRRE N HE < BTTERTEF IS 4MAIES (DLPFC, lateral prefrontal
cortex) DM ENEFEZH LD GEWVWI ERRETHDL Z ER RSN
(Schroeter et al., 2007).

L2rL, Z9 L7z £NIRS (2 X A HIE X fMRI X° PET (2 Eb~% & HIE D I 1A DSHENT L
TWRWET T2 < ZERMRREDS W DHETEIR B BIK 2 b D L 72> T D (Tto et
al., 2000). Stroop AT MIEENERALIZRRIRGEIC & b 72> TELT 5D T (Leung

et al., 2000) FRERHEICE - T2IREN N 2 B E kR VoI kR 2R8EE S 2 5.



BT 2 O L7eRIBEICx LT, INIRS OZEMBREEL HIT 572007 Y X (RN—F
FILLTUANL—va k) BTSN (Okamoto and Dan, 2005). Z @ J5iklE, fMRI
R° PET & [AER, AAL X° LBPA40 72 &t F OFEHEZ FIW 2 & DT, ZEMPERER AR L T
ki3 b D TE 5% A HE N AEATE | Ll U BT R ICHE— L ORI 2 E W ATRE L 72 o 72
IS Ko THEWBRE OFT — XA XL D 70— & MR <° PET 12 X B WF5Ei#
L DN RS T > 7= (Okamoto and Dan, 2005). ZD/NN—F ¥ /LL IR KL —3
3 AL Lem AN OREE CRHAIRZME RICRBLTE 272 MR FH2E < TH NIRS
72V CTREI L~V D ZEFENT S FIRE & 70 5. ZOWEEEZEANT S 2 & T, Mid7e ik
T OMRBIEA RS S 2 ENAREE feoTn. ZOHEE WD 2 & TR R

ATEARTEF OFREBERRIC G- 2 5B A M5 Z L BHKRD.

LLED Z &5, ENIRS IE PR EE)NC L 2 R AREEE DR L& B S nIC o Ic KRER
M@ ThHDES 2D, L L INIRS (ST 2Ry fRie oM b R 3 FRAE DR & &
LD, FRABEEED T = TH DM TEBALELEFE 2 7 2 FBLIZ1E INIRS Ot PET,
fMRI, MEG, EEG 23& %. H1CT#% MEG X° EEG |XRF[EI 3 fFREIC KB TH Y, FREEE
fir (ERP, Event-Related Potencial) 2K H#iRIEEIDZ LA 1000 530> 1 By E THIE
THIENARETH DH. —J7, INIRS THIE T& 2 MRITFHEER) O 6~8 B IZHIN D
728 (Schroeter et al., 2004a) ZALLL L WEE# COREIZRAEETHD. Ll
fNIRS DR ZZEE L TH HBITE T CRFAMMLTEIREZIECTE L 2 &, mVZERS
fERE CEIBIDIEEN 2 E B TE DL L W) R TAERICH LZEETHL L ERD.

Z 2 CARBIE IR EEN 12 ST AEA R L, 2 OBRORTEATEF R TS 4 %
fNIRS CHIE L CIEBI A 3R S 7o WRHREE & o bl SIEBV R 2395, 25 <,
BN D ST FREMHCII N 7 4 —~ o AN & FH LT, S5 B R AT L a2 )3
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2R SRITHIZE
1. AgERTE

RMBE IR & < misASE, BHTALE, (EEIE, BEEIIHITOND. 205 HHULIE
LV ENCS D2 RE AR TH 5. AIEEEL, PO H 25 1 YESh T,
Z DENZ & 2 ET T EOM R B B e O OB R EGE &, Z OB REET LD b S
SIZANC S 2 AisEATE (RSEEA ) (2o bhvd . RISHATE 2 R R 2 5 &,
IR DRI & 2 WD S MRERMEO R 221 TV D Bl ERTH 2 &b T
& % (Alexander and Crutcher, 1990).

HIEERTE OMREIZ Y 4 A v — KY— k7 Ak (WCST, Wisconsin Card
Sorting Task) <> CWST 72 EOFBMFREZ W CTE OEEEN Gl S CT& 7= (Stuss et
al., 2000). ZHHOWEND, HIEAATE ORI TEIKIZHZ5 Z EAH L)
IZ72 TN D, FITEARTEF OIS RIEL<CEH (Broadmann’s Area, BALL, 12,13) XI5 8)<0m)
PRAT T & OBIRATRVOIK LT, HAMIERIERLIE, EE, 78, T#hos=4U v
7, EEOT0 I IvT, V=% AEY—ZEDLZLERPLNIINTND
Z OMINZ b ATEHATE TN, TR, BOSHEROFHE, ATEHNH & OBE bRV L
O ATEHRTE XM RERE D % < L BB > TV D HERTH L L EX 5.

YT CIE, RTSHATEF O RE & IS BRI A K7 E 3 X < B iU W@ ik (PET, positron
emission tomography) <> #¥ BE i A% i 5 3 IS 1) 15 B 52 75 (FMRI, functional magnetic
resonance imaging), fNIRS | X o THEEOIEEN &2 IR BEMICHIE ST 5 Z LB AgE L 72 o
7. BE, ek, B, VX7 A% Y -8R L OBAT OB RTEHATE 23 E ML
T Z LR JEE S, TE TIEEBAE, 9 O, ADHD & o 7fiEdk & B o

WT ORI ED B IRRS TRIICE T 2 MG shTnd



2. JEHE)E mIRER R EE
2-1. tLa—<wURAET 4—

HOMRIKTIC L VI EEZ SN MBEE LCTRAYE, 92, ADHD e E013d 5.
FOFNAE TN (AW FLIB I RO AEREE MR T3 2R TH Y, milmfbit2TH D HA
INBRANTKIE L7 < TUIWITF R WO —>Th 5. FREVEICIZT VY A ~—HIER
HUE & I MEYERFER H 5. 20 5 BRI AE PERREE O R IK & 72 2 /)N i FE 2
& o T, Stroop dENF O HIEARTEFAMAUES O R PTG 2ME 9% (Schroeter et al.
2007). F7z, EEEE 2T TRIEFITHEML TV D 9 D% b BTEERTE MR I 36 1)
DIEMEDIRTRRRTH LD EBEZHNTEHY (Ebmeier et al., 2006), HRTE#INZ
DY A7 ZEWT 5 &V (Kramer et al., 1999).

WIS AEEZET ECXEL S -9 EEXN - Z28MERESE (AD/HD, Attention
deficit / Hyperactivity disorder) IZ7 & &7 5 KA E TIAWHAR TR EILSH. AD/HD
IXREAE ) 72 BN O ), SR D O KA & o T SEMR 2RI ARUT ST 3R O AR 23
fE# L0 AR ATEARTE (2 d 1 2 iR 2 MdE & & %725 (Jourdan Moser et al.,
2009). WTEE, Z AD/HD IZXf L THEIBN T OIER ZEMSED L) Z L THER
PEEFE > TS (Barkley, 1998). Z DX 5 ITEB)NTE b DOOBERRIL T & #0325

72T Tl EEMICHERF T 2720 b A AR FEE L THIRF STV D

2 - 2. TE=wALARET 4—

Ea—v U RAYT 4 —IZB W CGEBIARAEREL M LS LW ERIE, £<0
B ER THRE SN TWD. [HERAR A — & Wz BRERTT L2 HV 2 EBR T
Jibd 1 Sk 4% 5 22 [K ¥ (BDNF, Brain - derived neurotrophic factor) MR Z NS85 2
ERH B E 757 (Neeper et al., 1996). Z OMUC HAFREFT AL REI T L2 &

LFEEEREAR LSS LR LR IILTUW S (Kempermann et al., 1997, van
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Praag et al., 1999).

2 - 3. EBE)CZ K 2 ATEEATE OIEMEALDSTRAIEREIC 5- 2 2 R

BN RAERBIC 5 2 DB L LT, HIRIEE L~V & & < HERFT D 2 & D3RR A
REZ#MEFF T 52 & (Yoshitake et al., 1995, Friedland et al., 2001), WA
PEREN 2 FFOF TR0 IR, RZEM, EE LV omRIgRE LBV A ST D
(Colcombe et al., 2004). HEEFEEIZ 4 » AT 72 AEBRTIT, V%m®ﬁh
AT L CEREIT A b OfE b A EICI L L7 Kramer et al., 1999) Z & 72 &b,
A OEEVEE A BB MERE ) DS i ORISR IR % 5 2 5 FIREME XS T
mV. 7, MR B 720 T < iR O E T O R RE N E S D L D
Wb dH 5 (Hogervorst et al., 1996, Cian et al., 2001). f&# #7201 Tl < ik
REEEITX L C bmin OEIEIT o728 25, EENC K - Tl PERRREE N WET D &
[FIRFLS, FRAERERGE N A B B L7 (Parekh et al., 2005) Z &2vH %, —i@fE
DIEE) SR H ARG L~ DT RAERICEEL 55BN,
MO EEN I T B IR & FRASAE D M RICITW U FOBMRA R SN TR Y SR
WX > CTRABKENME T T2 b H 5 (Chmura et al., 1994). FREEREDM EIC
AR U EE IR L0 ROK 120 ([B1/57) 3@ Td Y (Delignieres. et al.,
1994), B ARBEZEBEE (V02max, maximal oxygen uptake) @ 40 %225 60 %IZIBUNT
REIMSREZ ) LS D Z ERHE SN TS (Davranche et al., 2006). 2 m R
FETEB R I XRRASRE MK T35 £\ 9 (Brisswalter et al., 1997). Zh b OWE
26, —IEPEOER) T ORI M LT 5 2 & & RS REEEBRE TH D Z &
PR SD. Lonl, —i@PEo R EEER)IC L o CRREIRRBERE IS MM IS & o X 9

B L CWD OIS TR > TRV,



3. AUSHRTE OO 5N i Eh e
3 - 1. Neurovascular coupling

FRREH TR R O ST IS K > TN 2 = 3 L X —FE 2w = 372D, EHEEALIC
PN T/ ILIAE ASEE N4 % Neurovascular coupling & Z 9 iiEi#éHE2 % % (Roy and
Sherrington, 1890, Lauritzen, 2001). Neurovascular coupling (T & 2 JEjPT ik i
(rCBF, regional cerebral blood flow) ®#ihni%, ##FEIZ XKML TWD EE X 5. IEe
PRIRENC LK 5 IR ZE AL D A T = X WOV TIIRBAZRENL N DD, HRRIEEO
WEZ 7 ) T7THRO—FTHLT A hat A b (BRI 28&m L, B 2hx
R D EWVWIHIMMNAF I THS (Haydon and Carmignoto, 2006). 7 A b ¥ R,
BRRZEEAZMIT L —H 22 B0 T T RCHE LSS, bIH)—HEMEDEY 2] &
CEITEV KL SN TS, MRIFEINLET LT XA hath A Fd CatREZE(L
WGl &R Lo TT 7% FUBORBMED D S, WENLESND.

FRESGHIE L ~LTIE, OMBHEEINTEEN T 5 & 3B IV ~HBEI VB Lo
7R SUSEE Z 2. ARG ANE Z o o MBEIRIC B\ TR TN R IR R VH B =Y 2
il R, BRFAL~F 7 1 (oxy-Hb) BREENBA L, BERF{L~T 7 0
(deoxy-Hb) JREEAHGIMNT 2 &[RRI MLE OYLRAE Z 0 MfH T & i &2 4 2.
fMRT X £NIRS 13 Z D i it AR EN 8 2 IR ERRY I E el E 3 5 2 & TR TIEH 2 7

MREEIZHET 52 L2 mREL LT EETH S.

3 - 2. =IRGRENERE & RITSHATEF O J& P i R Eh R

FRHEREERF O rCBF BREIIFR AR OFIHIZ K > TRV FEHLRE (Yamamoto and
Yamashita, 1999), F'R & (Sakai and Suga, 2001), BEflTaR&E (Hock et al., 1995),
T4 ARAay e h—RY—F 475 A~ (Kwee and Nakada, 2003), FEViiGiRRE
(Hock et al., 1997, Fallgatter et al., 1997) Z4T-o T\ 5 & & OMRRIEBE)iENE N
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fMRT <> PET & W 72 A TH G20 & T 4. IMRT R PET 1EAX OB & CIEPEENL
EENCHRET D Z ENFHRETH 5. F7- 1993 4ELIMRIE NIRS 23 ASAERIE I % < H
WHERTWS (Villringer et al., 1993, Kato et al., 1993).

o 2 RINFRAD T EIKGBEIBERE D 5 b EITHERE & INHIMERE O TR 2 & AR
THAEZ DL LT stroop i3 5 (Zysset et al., 2001). Stroop #REHIT
HLMBEHANWLN TV S ERHFRET A kT Eriksen Flanker R & 3 OVE IR ERENEEBE %
JXBd % (Stroop, 1935, Eriksen and Eriksen, 1974). Stroop sfiHILSE/THERE & =)
% & SNDHHEIHEREE (ACC, anterior cingulated cortex) (Pardo et al., 1990, MacLeod,
1991) & DLPFC (MacDonald et al., 2000, Schroeter et al., 2007), LT D%k
BINCBES % 2 TR E & 2 — KA EF (Pardo et al., 1990), SfEx vy hUV—27 T/ 1
—HE T =y T EETDEYIVE T ADIEENFICIEEL T2 2 LR ENT
W% (Indefrey and Levelt, 2000 , Maess et al., 2002).

Stroop FREEHDAE & rCBF 2B 7 598152 <, Schroeter et al. (2002) % NIRS
% FAVN T Stroop A RERFO F LB L 2 MREBMREZ JHIE L= & 2 A, mlmE 135E 1
AR TMFEEAEN NS N & 2L LD (Schroeter et al., 2003). F7=, M
P R FR T OO SO R R < MR HE N &/ &0 2 & B Z DL A A3 SR RIS
B> TV D E/RIEL TV (Schroeter et al., 2007). 9 -DiF<CadllE BH & %4
I L7 i, ARt BT 2 MR T 2383 CH Y (Hund-Georgiadis et al.,
2003), RISERATEFIZIU HIGEMHEOR T AEAERENR T T 2RRIZEE2 5T 5.
Z DX D iR ERAE & CBF O BIfRIL stroop sREETZ T TR <, REIRIGARETH 7 /1Y
A~ —HBEOLEFEROIEWEMETT 5 L5 (Fallgatter et al., 1997). ZhH D
W RATILATEARTER 2 351 2 RANEZE BB 50 D 77 v 20— ZAREF O T 28 M SO D
K F&2#H< £ E9 (Hund-Georgiadis et al., 2003). ZO#EE, FHRAHIEBRED A E

— RMMETFTH5Z &0 (Prins et al., 2005) Z OEOR T ITEB N D L 95 72

10



a4 200FNTL5ZLIIRERERLHOLERD.

4. PRBERVUTARIMIRSY LIEIEIE  (FNTRS)
4 - 1. JAER

Rt RE DT EY 2 I 9 D IMHEREA A —Y 0 /3L LT a v va— 2 ERE (CT,
Computed Tomography), #RERVRLKILIGEIRYE (FMRI, functional Magnetic Resonance
Imaging), B4fEX (MEG, Magneto encephalography), b5 1 i@k (PET, Positron
Emission Tomography), H— Y1 g iRk 5 (SPECT, Single Photon Emission Computed
Tomography) 72 ENRd 5. MEG (3= =—1 » OIGFEVEMN A EHENE L TBY, FEsY
fEREICBI L CTIL 1/1000 £ CTHIET 2 Z L ARETHDH. LA L, MEG X PET |4 {#
HMEAE S IR 72 B B MRV O TEMEICHIBRIN A b EIC S fE 2 & 723 — 7,
UTAEBR 3 & N 72 T ARAMER 23 Y1535 (NIRS, near infrared spectroscopy) (33EE A0 T/R
AT (rCBF, regional cerebral blood flow) % U 7 /L% A LZHIET D Z L N A[RET
&% (Villringer et al., 1993, Ito et al., 2000). F 7=, HIRARHEIMTE A EETZHFE
D2 i/ NRICH A D 2 L3 RS .

UL ARIMERS HEAEILIE ARSI (785 1M & 830 nM) 28 B IR DRI 77 2 3R S %
FroME 2R LIZASE T, MfEE O T IZfHE 5 BRFEA~E 7 1 e (oxy-Hb) &
BILHA~E 7 m v (deoxy-Hb) DIRFEZALAZHIE LT 5 (Villringer et al., 1993). it
RN S Te %, BEREHBET ZIRE L THRNIZAY, NFFHROT7T—F %
MNTT B =705 2-5cm OMEfEE TEY 2 FICHROMBIC S, WSS, i
TR SN2 D> =N DOB T ITHREEE OFRR E TR TL 20Rt 7 e —712 X
STHRHENS. EFRMEIEZO XL I L THEOE T S hZEhETho 7\
— 7 TR ISNIOEDOEND Hb IREZHE L TWD. —i%HYIZ oxy-Hb & doxy-Hb
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DWSEREIT R 2720 2 T OB E O RGO E VD 2 & TREZZ R
W95 Z LnHskD. FAAIC Beer-Lambert OJFHEL & [F— D TH B M, AWK TIIH
RTBY 7R IR E A BEARIET 5 2 127 5. INIRS (2 X 0l &7z oxy-Hb & deoxy-Hb
#hHE1X, fMRI |2 X % MM ii (CBF, cerebral blood flow) @ & —&H L TE Y
(Kleinschmidt et al., 1996)7 — ¥ DM O @ SIL L DR TEIEI N TV D

(Koizumi et al., 1999, Obrig and Villringer, 2003).

4 - 2. K

fNIRS 23 IMFEREE 2 E L VN TV DR & LT, 1) rRkidse a2 IE R Tl
DRLOHENRAETH D, 2) REAZHELIRIT TWHId~E/ e ks
0.1sec &\ 9 MR BE £ CHIET 5 2 LN A[RET, MOMFHZ U 74 A4 Al
RS2 Z ENTE S, 3) FERPITHERE O S IR 722 B 1 EEAS i < BUE AT R OB R
A BHIRE 5 2720, 4) NS FFLEORT 52 ENARETH D, —J7, ZOMOM
L D> TWNDHERSE LTIE, fNIRS MAlE L TWANESZ v B e, 1) A%t
(7254 T o 0 Mt 72 B 2 BIER 9 5 Z L Ak, 2) STARAMNE D FRS BREfE S T
N2 3D KIMHT R E DRy 2 JE T 5 ORI T, 1T T D EEIERRIE ok
72V, 3) ZEMIIRRES RZER . 4) BHER PG 2% L T\ 5 O THO MLk B e 72
JT<, ISR DR MR EIE DAL DS 5 S ATREMEA E VY (Buono et al,

2005, Davis et al., 2006).

4 - 3. INIRSFIEDIRA (ZF ¥ > F/AALD R R)

BN EF & RIEHATE I MO BN Z L TV D 2 E R MRRFIICH L Mz ST
% (Barbas and Pandya, 1987, Luppino et al., 1993). =D 7-®, EHE#A2 T 52 L2k - T
EHEAD L IXHMBRICHTER OGRS EDL L LThEN LRV, HEERED
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rCBF % & 9~ 2 (11X BREE SO IR 22 K7 7E 72 & fMRISC PET K 0 % fNIRS 23 L T
WA, Loy L, INRIC & 2 R 8 ik B 5F-28 INIRS 15 5128 4 B 2 % (Davis et al., 2006)
LVt B, EBIRFO fNIRS OF — X I F LG 72 S OR 713 8T 5 =
EREHIND. FEEBNMERLMEOZLE b2 b 3720, FEIC LD mikAE
b &EENC L 2D M2 b & XA L2 i AUIHRIEE OB L 2 63 5 Z L ITHk
AN

HEE) T OMIEE)Z INIRS THIE LI@®ENH 50, ZORRIT—EH LD TIER
VY. Miyai et al. (2001) I A1 T &) H1 1 KN R E — VOEED B & Al e B EF 12 30 T L
MEIM LT L WE L TWD. Eie, AMEERE TO RG24 0 & & &I AH B
TR SIVELANZ K > CRUSHER A D Z L 2R L5 H 5 (Williamson et
al., 1999). Z X 912 fNIRS % W CiE@h D ix i BN RE & B & 22T DI E 2

HREZBAEND ZEPLETHD.

4 -4 BT xR FHAOHEHENT

fNIRS 12X 5% F ¥ VR AMENTREL 7o > TH D, TOT —HENTICH L THR
TOIMERDD. 2T % FNVEHINC L - TH DT ¥ o R DBIRIZHE > TS
L HE SN DMRITT v o X VOB E LB X 5. il ORE TILA EREE
& SWKHEIZTED TV DT, MIGIECHE —RMOmR a2 03 hks. Larl, £
F ¥ U RVEHAITT ¥ o RVEDN 20 fEICHE 2 % 2 & TRBMEIL 20 51278 D, ZoF
¥ RNV DOEEINC & B 72 D (AEYED Z L % family - wise error (FWE) & IEQY, T v
YRVEHIITIL FEW 3 5 7 DI L B ES B L 72 % (Singh and Dan,
2006). fNIRS DT TEITME L T 5 % E A IE(X Boferroni %, FDR ffiiE{ET
& % . Bonferroni =14 BME D HEL &2 BB ICHIEIT 5 &V ) B CTAHZRMIE S ETH
L. UL, ENE LT CHERIEEZFERNL TLE S ERIERE V. 207,
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FERHORE D OIK F 285 <7212 FDR A IE1E23 % 5 . FDR Al IEEIX B E & it S vz
BET, AETEAE U D ATRENE (FDR, false discovery rate) 92 &) &E 2D b
D T& % (Singh and Dan, 2006). fNIRS O 7 — % @ K 5 (& HfRE D RIS fHIR & 2 ERIIT

BT 52 &R MHkD 2 & n, INIRS FHANCE L 72T L E 2 5.

5. JHIESEIR oD 22 [RIEAT
5 - 1. HEEE10 - 20 VAT A LIEHERRERE RO Y v 7

fNIRS FHHNIEAR L2 B IS S DERAMRITEIC L » THIE S 5. INIRS (3%
F ¥ CRVRIEN FREIC R Y, IHENEE U TV Z A LTHIES DR~ v B
DIETH LS. PMEIEE~ v B 7 Lid, IMOEEPEEERIC oL T D & D R
(Collinsetal., 1994)IZ % & DWTC, MO & EDOWEZFODITHEVI D THS.
L2 L fNIRS TIIMOHEIEF T O W T2 D 22 [ S3 fRBE DM 6O TRV & v 5 RifiE
Z Y % CUhz (Koizumi et al., 2003). % Z CTERZ EOMEZFLR T 57201 d < 2B H
W HAL TV B [ERS 10-20 & 27 A% {HH LT MNI (Montreal Neurological Institute) 3 7k
JUENLERE R (Collins et al., 1994) % &})& S & CTHERGRIIR L U A L —3 3 VA%
S #7= (Okamoto et al., 2004).

Z DM LY A R L—3 3 1% 1988 4F|Z Talairach & Tournoux (2 X > THERK

S ATz 3 IRICENAEENNERE R D FAE D D A E % (Talairach and Tournoux, 1988). Jix ™
TRERIC & D T AOE & %R AT M2 D k% y dill, AIZZE» G y il & A IS IE PR T I
X L7eMz zihe L, 2L T, ZOyz#FEORERZ 8L ME xiihe Lz, 20
J51E T ANE DK% Talairach ZEfICAF~ 25 Z & 23 A[HE & 72 0 [RIRFIC TR T ORI ONLE &
XYZD3ODOFEETERT Z ERRELRoTo. ZOREEREZ MWD Z L THiE Z L
DO AR T& 5. UL, Talairach BEH¥ERIIREERIC X 0 BRESME E - 720K %
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HWTWA Z EMNDIEMMEICRITAEWVI REALELEDEYE T\, ZD7-DITET
IR RAY IS L 72 MNI23BEZE &4 (Collins et al., 1994) MNI1 152 73K < & LT

2.

5-2. NR—=Fy)LLIARL—T 3

NR—=F /LT A KL —v 3, INIRS O v —7 R —%EEE 10-20 150D 1
YERICHE L CHEETHIEHEBMER E NS L VWO ETar Ba—X 2o Tv
2ab—varE L CUEMEEZRETDHEVI LD THS (Tsuzuki et al., 2007).
N=F ¥ LLTVA ML —va T, T MRIBBOT =2 X—=2Anhb Uo7 v
TIEZ LD N—=F ¥ VERFEZ AT 5. £ L TINIRS O7 10 —7 R F—DRk)
BNRN—=Fx )b« T —TRNVE—EERTDH. D%, ZhbDOR—F X UIEFHREE
A U CHHE O 7 m — 7 (LB A RN AR R A L, MR~ BHT S

ZONR=F ¥ VLTV R M= a U EEHWSBRICEBEL R L0087 0 —7 ORE
MEICHBEMERS DLW 2 ThDH. FIT, EHEE10-20 157 EORERELRZE D T
FETDHENIFENEONLINEHEL 2D 80 1 ST TIE7 e —7 R EEEL TLE
VDT OF/BMEELI D Z Entikievn. 22 T2 AU EOREESEZED THEETHZ &

IMLELL TR D

5 - 3. fERPHLIIANL—v 3z

MR LA N L—3 g > b0, EEE 10 -20 o LRSS 2B & LTINIRS OF ¥
VANMIEE MNIEFERICL DA RL—3a v 5252595, ZOHEICK - T
BrE O MRITEE 23S TH INIRS CHIE L7=F v > RV EZ[RET D 2 L 23 HE
T®H 5. fNIRS DRIEDOBICEE 10-20 > 27 L& L LT r—7 4K E L T 3D
JEREREREE 2 AN TTF v o3V OEMEEAET S, £ LT, [EEE 10-20 &
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A7 5@ Nz (nasion zentrum), Iz (inion zentrum), Cz (central zentrum), PL (preauricular
point left), PR (preuricular point right) % J:¥E(Z FEREZS 2 4 L "C MINIAE HEfi 22 ] |2 2545
DHETHD. Flo, FARICHME EA~OERBITA 5720, EEAOEBRE 2 HED T
LY A b= g VICHIHT 22 RIMOR 209 2 & TREFRICLET 5 & T Ok
R ET5. HEREIZBLZ 1emURNTH L Z L2 s, IMOMREHNL T & 5 ikE]
LAV DOREMT A FIRE S 72 % . ZHAUZ K - T fMRI X PET & W o 7l O FHAE THIE S

NIle7—2 L DGRBS 2 5.
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¥£3F WMREMBIURE

e H Y
g I BN % ORBNERRE N7 4 —~ v A O[] R B 2 BiTEE AT o R TN i e Bl
REANBI 579~ 2 DRGET 5.
e

ARBFFED HWZ T 270, UUTOMEREZBE LTz, £/,
TN O/ & RE LTz,

Wt TERRIE

[WF7EdRE 1] ATEEATE O JmFTIK M TEIRE 2 NIRS THIE ST 272D DERT 1 k 2b
DAERK
1 - 1.

FE oI & [l

Hh g R SR L X V) N9 % RTREES B A S & o R IR o, i

fNIRS 13 F & ML & KR AMEIR D52

=N

1z

I3

AT WET —Z 2B O D Al Rethn

DTz, HRELES) T IO 2 BTRRES A M & A B AR . i B 73 2
FFOMEICIEE T 2 £ TICET DR ZH 6T 5.

WIFERRE 1 — 2. oRAEEE) T E 2 ada
i i 5 S 2 % BN S D 2 2

A X7 o — o A VL RTEE BT R T

Hh R BESE N (L D B I & R Bl R i 3 0 RE 0D [ it R 2 B L CHERR L
eFEBRT e haLcHnT, TREEH TEED

SRNFRE T oy —~ o ALRATEA]
B AT RIS B O KE & 72 9 REET 5.
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[F 7638 2] Color-word Stroop HRE0D A 2 W % MISHATER TN . s 5
D

MFZERREE 2 - 1. STAREEIZ X 5 rCBFEIREDHIE ~block 7 A > & event - related

THA DL~

ARG O RIE, BTEEATERIC I 1T D IEHAEEfE oM Eb L <ixEh
SRMRICHEEET D L5 IR o iR TH L. £ 2T, MR & Ok %
B 5 2229 2 72D (R T O BTEARTEF R AT M ML TS D¥E R % Block 71 > &
Event-related 7 ¥ » TR 2. e L CRREA EIZ T2 Block 7 4 > D J57 1

ATSRATEF R AT LSS DRI RE SR DT T TH 5.

WFZEaREE 2-2. Event-related 7V A BT B HE 7 2507 HIF R 2 pijgA BT B

JRFTIRISE DIERICBI G4 5202 2

AT T i 0D 35\ 703 RIS AT Je) P i . PR 25 OO 8 RS % L TR 2 D RAIE S

%, SRS D RPN LG £ C O REM I B R C— & TIXE WV o TRTT

] T8 203 368 1) C 732 1 LRI AT BT J) BT A L 90 28 2 I E 97 % 2 & S SR 2 i d

THD.

H

WFZERREE 2 — 3. CWST WKED rCBF 281k & 59~ 5 7= & D AT 5 1 DO WeST

h={{1}
2

Color-word Stroop FREEIZ K 2 BTSARTEF &P LRI E ORIET —Z 1L 7 1 V&
Vo TFTBHIETIARERETDZENATEIMRTT S, Zhick > CTHLHE
WO MGG D /A RANBRESNDLOTHNIT, Stroop THHIC X 5 IEENEE %

EfECRIET D Z ENARRICRDITT TH 5.

WHIERRE 2 — 4. CWST DORRE Rk & RIS A= Bk i 5iehs 24 (244 2% R L
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VDB

Color-word Stroop FfEH O RRBERAE & ATEARTER R PTIMIS 2 I3 E R L - TR
DIRGEET S . EEVEIZ K o TRIEERTE /PTG E 2N AT 2 0O T UL EBRA)
B7> BRI AT T Stroop TR K 2 ATEARTEF RPTAMICE 2R E <R 213 TH

2.

[AFgeifiE 3] iR EERI % ORBAGRE T 4+ —~ > A%, BISEBTE O 7 AT TS
BEOWERBEET 502

ST MU N7 4 —~ o A3 HTEHRTE O JR T ML B RE I B 53 2 RGeS 5 . i

RERAE & 25k o> Neural-Correlate 73 5 & 2V AUE, R E OREIRIZ 351 5 PR TE S

DEACEH SN T D ENHKRDES D .

[BF7ERE 4] FRENFRE AR & rCBF SN 003 B % {2 9™ Bl F ] D A 7t
—EPE DO HEREEER) T £ DR EIRE/ N T +—~ U A TR T BEE RS
REST 5. ERADEBNC K D MEE R N A RE & F] B S 5 D7 b ITE B R

4S8 < C b ARATBEAE D181 |- & RIS BF R TN L FE R DRI A8 8 B 1T 5.
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93T PoREEEBNC KV MY D AiTARHS R ML & RN B AR . 52 O N & [a]

e (WF7EaE 1 - 1)

1. B

VTAE, JEE) & SRS AEICRE 9D b D Tl Kramer et al. (1999, 2006) & 2 /L — 7 Z Hi.by
\EEREEN R YT 4 TRARE ST ZENRENRINTE . HOEO—#HDHR
TR MM 22 E B 3R EFERE & [ | S ACC <X° DLPFC OJREIMENE 92 & i S
TV D, 2009 FEIT 1t H oD H o BEEHEN 23 SR A RE & 1) b S, £ O RICITRTEE
AR & BHIEE O RYEBI O LN & 5 Z & 23/r S 472 (Hillman et al., 2009). L2>L—
b PE D) K 2 FRAIEERE OO 7] b 723 B G- 2 iR B BRI & R E T D ISR o TV,

AR BHSE DS HE A TERMRREA A — 2 o 7 ARE O T INIRS (ZH (ARI A A @ <
LESZENHWRERTHDL Z D, —BMHEOEE O R 2T T 2 DI idmbiE L T
W5, fNIRS 2 W CIEEBN I BT M 23835 Z L AR ENTWAH A (Miyai et
al.,, 2001), Z=DOZEHEITITN O DOREP TR LTV D.

fNIRS (IS 7 0 — 77 b I S TR ML 28 B PR 2R 1% L CTIRAIS
ADRIMBEICE . £D#%, —HOIRINRIGIT AT THRO T —F i Tt~
n—7 TSNS, ZORISERNBICT RO S, I E N Z DR
DENNPDRIMEED~E 70 B REOZELEZRET H. Lo LIEENC X 5 iED
HIRRIT RN OMEE A LS E L T-OME LT — 2 BSHRIEENIC L 5 ~E 7 m
EUIREDOEMME IR LW EREREND. LLEDZ &0 bAMGED B84 ERK
T H720IC INIRS ORIET —Z Bz 5 2 5 2 T RMBENARMFEEE (MCA Vinen,
middle cerebral artery velocity mean) (Molinari et al., 2006) & FZJ& i (Davis et al., 2006)
DEEIZEST DM Z AT 20BN D 5.

MCA Ve iFJUELEFJIJE]’}O JOMA| —EL/\% g< UDLﬁlﬁﬁz%@En‘Sﬁ‘é%ﬁHﬁVCﬁM— S 50 ~
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170 mmHg £ TOFEFHOEE THIIL —EIRIZN D Z LN LTS (Aaslid et
al., 1989, Hellstrom and Wahlgren, 1993, Brys et al., 2003). L %>L. MCA V pean 1Z 7 12—
TR EBAMICL > TET 2 L0@HELHDHZ L2 5H (Moraine et al., 1993,
Hellstrom and Wahlgren, 1993, Pott et al., 1997, Ide et al., 1998)iE &) t% > [A]1 (2 9~ 5 FER
ZWHEC T D ME R D D .

F7o, BTG MEIIEHARIR O RIS L, B2 A AR U CEVE RSN
9%, RIS RIS oD B2 MLl R0 ek U Tt oo S AR D B R 12 bb~ i b Bl
KTHY, EHFAKRICHMOMBALY B ERZHBEOZEPHRESNATND
(Melchior and Hildebrandt, 1967) = & 7~ & | i&E &) #% O FIEIZE$ 2 K DWW TH] 58T
L2 iEe 72w,

% ZCHFZERNE 1-1 TUE, PIREEEEIC K D MCA Vien & SBF 325 L~ [AIHE

THETICET LM EZHL T 2 AE L.

2. FHik
2-1. WERE

PeBRE IR A B R4 10 4 (22.0 £ 1.4 5%) . $EBRE B R ITHBRIEORA
KRR 2PIFOMNE L Uiz, ER~OSIMCBE LT, TOHBRE IO B,
iE, PRI a2 FmIC T Hoa L ECSMoRE LS. FERITT

NTHPR AR BRI R BESHE TSN TERM L7,

2-2. EBRFINE

BWRE T FRNCY A 7 VB L T A= — (A P LT ATV 240, —ZEERE,
Japan) CHHIAM~RZ Y o VIEBRE OGN 2% HE L, Voum 2 3HII L72. HIE S
T e RIS IE TR D PR = L 1T 509V Ogmay 1824 OEBN IR (W) 2 B L 7=
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(Table 1).
BeBRE OFEEIC X, #BF I K~ 77— (TCD, transcranial doppler) 7' v —=>7, L —
— R v 7 Z —Miiit (LDF, laser Doppler flowmetry), MEAH A~ A 7 2455 L=, £
IPDLZHDW, 5006V 0y DB T 10 S DKV o ZEB 24T DA, i
B THRIL 20 DR OLFR 2RI, H3T7 A= ERIE Uiz, ~F U 7@ 3E

LETITVY, 4345 60 [AlEZ D~ — 2 TiTht7- (Fig. 1, 2).

2-3. PRMENAR ML FEEE (MCA Vinean)

MCAV nean (Mm/sec) DHIE T E W K> 77 — it (WAKIL, Atys medical, France)
Z T RIEEBALIEAE I ANREE LIS S WEAEE 0 B D b— b &Y MCA Ve
ZRPE LT2. MCA Ve PIRIEICIE, £FREEEEE SO LRI > TFr—7%K
Vi, BEGREICEINLTHIR, TE, BEOWVWTINORVME 155 585
ERLTZ. T LT, EAREL 55 — 65mm i LT YA U RERILE ORKEH S M
30 mm R F T/ Ei 5 M & o KIKER  (MCA, middle cerebral artery) & L72. MCA
OPNTEGRIE 13 45—60 mm (Keith, 1992) T, 2 O @il k73 B IRV O TH 5 .
HIEENL DS F > 72k, WIIED~y FE7 2 T, MCA ORIEMER TRV E D
A~y FETZMOWTHEIC T 0 —7 ZHEFICEE L. 7—X13 AD s

(PowerLab, ADInstruments, Australia) (280 7 X VAR L 20 B a— X IR fF LT,

T E O (mm/sec) & MCAViean & L CHEH LT,

2-4. FZREIRE (SBF)

SBF OMIEICIE L—H— K v 7 F —Iiat (FLO-C1, OMEGAWAVE, Japan) % i\
72, EER 10-20 D Fpz DALEIC T 7 A N— DS E2 R—F VRO ‘T — 7 Tk
(HF7=. ZE V==X EWEEERT S MEHEE (velocity), Ye iR & 25 Mk &
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(mass) ZHIE LT, MyidHE & MmREORE» SR S - i E (flow) I[ZFHY% T 5.
T — & X AD Z#i2% (PowerLab, ADInstruments, Australia) (2L 0 5 O X LEH L, a2
2—ZRAFE LT, BONTeT —ZITLFREL 100 % & L72HMEICHE L, 15

[ OFRE & L TR,

2-5. WP A

SEBIC - TR B IPA 2 ORI & B4 5 72010, IR 25T (AE
-300s, 3 RERMY, Japan) % VT breath - by - breath ¥ THIFEAIE 2 Lz, 1T
A EV0, (5 HFERRIRIURL), VCo, (S HpHER A A HEH ), VE (WA ), ETCO,

(FERIPARR B T AP L) 2 TEEIBRAA N DA T £ TENENMIE LTz (Fig. 2).

2-6. LMAKK
DT EHR A AR — Y LG (POLAR HEART RATE MONITOR, POLAR
ELECTRO OV, Finland) % v 7=, OAEUTLEERED B a0 HIE L CEENE T% 20 7

EFTLIHITLICHIELE.

1N

2-7. TREHENT

i

MCA Vpean & SBF 1L 0.1 P TH 7V 7 &7\, WIEK THIC 1 MO EE
BH LU, MR AL S BT LY 7Y v 7270, JIER T 14 0P
FEHLZ, DT 108 IS U7 BTV, RTHRIC 1O FEAE &
LCHRMH L. TXTONRT A —F —DOfFHTIZIE— Bl E O 53 BT 217V post - hoc
ELTEERBME L LT Dunnet 2 W2, T —Z 13T XYM S AEHERRE TR L

7o, WEFHAULER 21X SPSS for Windows (SPSS Inc., ver.11.0) Z W CHEKAEL 5% & L7-.
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Table 1. Subjects’ characteristics

\}Ozmax
RQ RPE HR (bpm) Work Load (W)
(ml-kg-1-min-1)
50°A)\;02max 09=*01 147+ 1.0 135.1+ 6.5 83.9 + 13.3
V.Ozmax 13+0.2 20.0%= 0.0 1859+ 15 207.0 = 19.2 46.3 = 10.4

Inter-subject mean values of respiratory quotient (RQ, VC02/V02), rating of
perceived exertion (RPE), heart rate (HR), workload (W), and maximum
oxygen intake (VOZmaX) recorded at the end of the exercise at an intensity of
50%\'/02max and at an intensity of VOZmax. Data are expressed as mean = S.D.
(n =10).
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Rest Exercise Recovery

(10min) (20min) >
| | | |
-1 0 5 10 15 20 25 30 min

Fig. 1 Experimental design

Physiological parameters were measured while subjects performed exercise
using a recumbent type cycle ergometer.
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Power Lab

GAS analyser

Fig. 2 Measurments of MCA Vean and SBF during exercise.

We performed time-line monitoring of MCA Ven, SBF, HR, and VCoz to
find the time interval required to stabilize these physiological parameters of
exercise after 10 minutes of pedaling at an intensity of 50%V0;max.
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3. fHE
3-1. MCA Ve

MCAV mean [T FRIRFICEL A TEBIFMATE 3 DRI E DN ARE L2 45K
— 7 fEE R LT, W CGEEESETICH 2200 6 THIEEIME T LT, 7 2%ICIEE
R L LR THBEEN A LN R L 2 olz. 2 OIRBEIETBIMEHE 7 /0 OMEITESR) 2 &

T L CHERF S L= (Fig. 3).

3-2. SBF
SBF [ZEFPHAGE &2 SN L, BAshiTR 8 0 CHERMEMA R LIz, £k, Hl)
PlIRt% 9 0 CE— 27 L7 0, HEEHE T 10 £ TAERMEMZ =T Z L 3R S iz,

HEENHE T RIS LT 20 LA LE LTz R LTz (Fig. 3).

3-3. ETCo,
ETCo, [ZEEFHARIEL R (THIIN L, 3EE) 1 D% 6K TH 2 o E THEREMZRL
7o, EEETH 3 LI RE K EHT L2 &R ERHIFLFE—DO L~V EHER LT

(Fig. 3).

3-4. LAk

EE) T OLENIBGER 1 20 b TR 2 o THERMEMNZ R Lz, EEDHKT

T 5 & HRITESSIZIL T L, EEWE T 2 0 DIRRIE L E L2z~ L= (Fig. 3).
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EXERCISE
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Fig. 3 The effect of exercise, compared with rest period

Trends of the physiological parameters of exercise before, during, and after
an acute exercise bout. Inter-subject mean of physiological parameters at
each time point are plotted. Error bars indicate standard deviation. Time
points with significant exercise effects compared to the signal intensities at
the onset are indicated with asterisks (* p < 0.05, ** p <0.01, Dunnet’s test).
MCA Vnean, middle cerebral artery mean blood velocity; SBF, skin blood
flow; HR, heart rate; VCoz, Carbon dioxide output at rest and during
pedaling at 50%\./02maX of maximal o, intake (VOgmaX). Data are expressed as
mean = S.D. (n = 10).
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4. &

2

AR FEBR Tl 50%V 0 T T 10 45 D FEB) % 17\ MCA Vipean & SBF DFLIE & [ 38
RRICOWTHE L7z, ZORR, EEPHE T L THEED T MCA Ve, & SBF (TR
LIR—DUL I ETHET L Z LRGN L o T,

MCA Ve B E K Z W TIIREEZHET 2 FIETH LD, ZOLEDEMEL
THEL TCWAEAROIMENREN —ETHDH I EBRETHS. LL, BIfEE Tl
o MCA OIMERIZOWT B LZRMIIELN TS, mi s T 7 N
THIZE D K9 A1 MCA OIUHEAE Z 1 . MCA Vimean 23 LI & 2 SCBE L 722V AT R
WD EDHEL HD (Jorgensen et al., 1992). MRIIZ X 2845 Tix, & o MCA X
KERIFEIIRL Z 5720 E S TWDH A (Serrador et al., 2000, Schreiber et al., 2000),
MCA LIS o if 3 CIXEBNC X 2 M /47 K LF U o oBM<LE ki F o L7235, i

BINAENS SR ZT VI MELH D (Ogoh et al., 2005). A [E] Dk 5T & E kit 1

™

MCA Vypean DMK T LD T2 Z &5 MCA OB NN EAL L7z Al REMEIZ B & 1%
= %72\ (Pottetal., 1997). WFAUIZH L 50%V0omex D IEENHE T 415 MCA Vigean 13722 50

LAYLIZERY —B L TEET DLWV RBGE LN, U EORRNOEENE T L
TWVIUE MCA Vo ITZ I & A IZLE L TH Y, INIRS ORET — X ([T BE 5
ZHZEFmENEE RS,

SBF (CBH LTI, EEBHBIAE S SN L T 8 SHRUMBICHE L o/, E#E
D & HARITEE R T DI OWREIRIED ERT 5. 2O, BAEEIMNIEIHT 72
R & M AE SRR T 5. AEOFERT HIEBBRAAHE 7 7 d 720 2 HHERE ORI RITHR
RN b RIENENILRLIZEB 2 b5, FRICA R SBF 2 HI7E L 72 BifgEES
DFENTLAL D Z (AL O B2 JE I He R CTHUK CER) 2 BALET 5 L LTI E DS IERT 5
ZEMEHE I TS (Melchior and Hildebrandt, 1967). fNIRS O E IXFAR 25T

TRAMVENEZ RETT 2720, SBF OO TR B b THIET — 20" LTCLEY. £D
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7=

WIEENC LV BIEEE O SBF 238919 5 BIL INIRS ORIET —ZI1ZiX /) A AnEgGEh

TLEI.EBRICZOXL I BRENNH 5T TH INIRS JIE TR AEETIX /AW 2Y (Suzuki

et al., 2004), SBF OZALBMIRIEENZ L AHA~NEZ v DEfLE B> TLTLE S A

REMEIT Y. T O OEENTIZIR D FZ OREIEERE TS SBF ALl O £ THIE L

THEELTWDZ RS TMBHIETHIONLEE L. SEIOFEEND SBE NELE

T2 OILEBBIAEHER 25 40 (K THK 15 ) Tho7z. ZhUBETHIE SBF A

fNIRS IZHB A 52 52 NN EZBND. F 2 CTRIFIETIE, 2574 CGEERKT

# 157%y) TINIRSZHIETHHDET 5.

. HER

R PEIE RN Z & D MCAViean & SBF ORITEZ 30 L T, BB ORIEERIC OV THE

BRAAT o TofE R, LT OMR A5,

50%V Opra C 10 43 O IEBN 21T > T B L.

1.

2.

MCAV pean ITIEFIPHAGTR 4 75 TleEEZ R L. UBRIKT L7z,

MCAV ean [ZHEENHE T L2 & SICLH L~V ETHIE L TR Y IR ZIET S,
SBF [XEBBAAATR 947 TRl & 72 0 GEENE TR 1 0 £ CHERMMEZ R LT,
SBF 1% 25 73 (#& T4 15 70) CLEFRFOMEIC E TRIE L TLET 5.

HR, FRRH A THEERK T 3 0 UL ETHD.

T KDY, HEREEER I K DEIEEES SBF & MCA Ve P IRIEEEEA A & 5272

DEBRT 0 b LB BT D 2 ERFREL o Tz,
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FA4E PREEHTEFDHRMBERE/ T +— 7 2 R LEEATE AT RKLTRGE %18

msEdmnh? (FRREE 1-2)

1. HWY

WFZERRE 1-1 1238 T MCA Vipean & SBF OEEN % O [RIEBRIC OV TR L7z, %
DOFER, HEBF, Wo 2 AL TIIL S D/RT A — 2 — LB %K 15 57 TLEFR LN
JNZEHET 5 2 & 2R L. 202 & biEENE 15 4> ThE INIRS OHIE 2 7l 6E
ThdD I ENREIND. ANFFETITREER % O CWST B O M = IZ B3 2 Al
SHATEF OTEEEAL 2 MEIC T2 2 E AR TH S, CWST H1 rCBF ZAkiT#fiiEE)
DOTLHEIZLE D BMIME L~ D MRt Tdh D, ZiE MCAVipean X° SBF IS &
D T/INS WD T 5. & 2 CHFZEREE 1-2 TIIMFERE 1-1 OfE R %2 S L IT/ER L
TR m b a3z IV CREEICHIREERRIC CWST 21T 272, ARIOER TIT 9
CWST X Schroeter et al. (2002) |2 X > CTHESZ SNTZFEBRET LT D, ThbbiEs
ERIBEDFRERZFELT 5 Z & AHIUL MCAVpean & SBE 3L TNV EE XD

nN5.

2. Gk

2-1. W

RIZBRCTIIFERRE 1-1 & [A—OPBRE 2 AV CEBRAEIT o 7. PR am 2
SREHIBTRE TR HE 23 2 <O o THIRRME DI KPR FI 22 R A HE o T
LR LTz, BB AR AR Sl s LRIERRIAAGETHLE L Lz, FEh

TR A E MR TR BRI IS T EE LT
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2-2. FEERFIA

F AT ORI A 2 AT = A — 42— 2 I TV O ZE L7, 7
U CHHIRE DOV O 1> B> 509V g HIE % T L 72, E 72, B LA KR CEMT
% CWST ZA&F LIA—D7 1 b a/LT7 EEE 2TV, REIC 0 E - L TARER
ST o7 (Fig. 4). FEHY PRS2 b — B0 @B & 25 1L LT, EIRBIIAD 2 Fei oL
NICIXRFEEZ E LRV OHIRR L7, FEBRTIT O EENIIMtRE 1-1 o1 7 uAlo
= R 5 FAVNT 50%N Ogmax B O TET) & AT DA 7=, TEBN A I3 A3 D & %
55 60 [IHE0D < — R THMIRE 0 50%N Oy HIE T 10 5 HI OB & L7z, CWST 0

FER T ERFIE & U, AREP ORTEERTE R PTitsZ % fNIRS THIE L7z (Fig. 5).

2-3. Color-word Stroop i (CWST)

AMFFED CWST (3 Stroop (1935) 12 K » TEL LRk 4 Zysset et al. (2001)7252 B L
7= color - word Stroop #f#H (CWST) T %5 (Schroeter et al., 2002) (Fig. 6, 7). CWST i
A7 V=B L TERIZ 2 SOOHGENRFR SN, HREIT LERICH 2 HEED T O
BN TEIZHDLFOERE B L TWDHENERR ST DAl 5. #RE LA
FLEFOFETE =R — FDes”&“no” DR X L TEET S, “yes”& “no”d
RANTF—R—FD ICl & M) IZ—&LTW5.

Neutral & (neutral)lZ7 1+ A 7 L A EICERR SN D LFIEL EERxxxx”TH Y, 7R,

%, T, #H, BOXFETRRIND. TEROXFIT DI, bk, “HEDH», &

i

WA”, X APEREMTRRIND. Congruent 7R (congruent) & incongruent 7§

a

(incongruent)i, EELC«“BH D, “bI”, “HLEV», “ENAH”, X ADLFENENE
Nk, #%, %, 8, BOoXFEaFERINDS. FEIZIE, neutral & F—D“h i, “b B,
“HEYT, CENWATRBREAETRRIEINDS. SEIOFEERTIE, neutral 10 [, congruet 10

R, incongruent 10 &t 30 i % 7 o # A2k L7 (Fig. 6). #8E oI ks b
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DILFDNE FOXLFSLNAICEIZEEZRSL ST 27018, FRMNREEN LB
b TEICHE D £ TICET % 100ms DFEIEZ 5 E L7z (MacLeod, 1991). il o> [H1 28 iRy ]
F1IMICHOE 12T, EOXFRERIND L 2BBICEEIZZAICRY, 7427F
—Tay (EHRA) B 10 BHE RIS, BIET 2 RE%E S R THL0MEET S
Z ek, BN T EEOIFE & TEOIFORERN BT D HERIE 50%
ThHY, =B - A —BIT7 X AR REIND. WMERRT A FHEEmD / — M
XY Ak RGTATY, BE2 S HE TOEMBEREEZ 65 cm &722 KO ICRE L.

BRI IXE [ LAMCRE R SN L 51, 3B a—Z ZHTeEil T 2 B\ CE -

7=, ARIEDOSHH & ERREIE PCICT V2 M RIFSND.
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Fig. 4 Stroop performance in the course of practice

Prior to the experiment, a practice session consisting of seven trials was
performed.
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color-word Stroop task

Fig. 5 fNIRS measurements

Brain activity was measured while subjects performed the Stroop task.
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Neutral Congruent  Incongruent

XXXX &> HEY

Fig. 6 Color-word matching Stroop task

Instances of single trials for the neutral, congruent, and incongruent
conditions of the color-word Stroop task are depicted. Question given was,
"Does the color of the upper word match the meaning of the lower word?"
For the top three examples, the correct answer is, "No" for the bottom three

examples, the correct answer is, "Yes".
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HB HI HE
=AY M X5

%

A
4

+ (f +
Os 0.1s 2.0s 2.1s 14. Os

Fig. 7 Color-word Stroop task appearance

The top row was presented 100 ms before the lower row to achieve
sequential visual attention (MaclLeod, 1991). The correct answer rate
assigned to yes and no was 50 % each. Each experimental session consisted
of 30 trials including 10 neutral, 10 congruent, and 10 incongruent trials
presented in random order with an inter-stimulus interval showing a blank
screen for 12 s (Schroeter et al. 2002, 2004b). The stimulus remained on the
screen until the response was given, or for 2 s.
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2-4. EERTHA
CWST [LEE 412 1 |9 > % L7 (Fig. 10). EEhE 10 2y o rhiaEES)  (50%

VOuma L) ZATVN, 2 D% 15 4y D224 & > 7= SEBET0O CWST % pre - trial Stroop,

iEB) % D CWST % post - trial Stroop & L 7-.

2-5. fNIRS JI &

SEOFEFRTHWZ INIRS 1%, ZF ¥ R ARGE SRR LIEEE CL R 77
4 —ETG-7000, H. AT 4 =2, Japan)ZfEH L7=. Z @ fNIRS 2%, WMEZER L=
AR Z SR B RV BEENICAT TR L, A @ L ClROSEESN OB B
TE AR OTBELA AT T 5. KINEE O KM B O MLk > oxy-Hb,
deoxy-Hb DZEAL 2 @ife i > D IHRIREVICE T 5 2 & T, KIMEZED~E 7 1 e 8
REZMET D Entks. MET 16 HOTa—7% 28 (G488 F v o FREH L

CHISHATEF @ rCBF Z I L7 (Fig. 8). MIEfEEIE, Tsuzuki & (2007) (2 Xk B/ X—F
FILLTRA L=y g YEEZHWT, T CWST TIEMED R ST\ 5 DLPFC #
AN—=F 2 X OIThE L7z, EEE10-20 54 EEICL T, £ e —7 08 ch 13 it 7' e
— 7 & FTTICEbE5—J7, o ch 7,14, 21 IZIEHH & WAT9 % XL 9 ICEE L7- (Fig.
9). Fi7¥u—7Lch24 BE 70 —7 % FT8 1A, ch4, 11, 18 ANIEFHE L FATIC
B EDICEE L. T RTOT e —T7 OMelm X BRI L5ty LT

HETA b —TEE RO PC & INIRS % [ X H7=. fNIRS O¥E( 352 T 5
EUBBRE N AL — bR &Y 2 L CER) LB 17 BRIC LB O £ IR
IND. AL — b REZ EML T LERNIC TOI, RERENERRE 17 Ik

WRETT 5.
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2-6. WERHEHT

A a0 FEER T Stroop T#RIZ X 2 MLt he s 2 )X~ % incongruent (2 % oxy-Hb %
HE R O L7-. £ HLREE T incongruent (2 X A MR 2 B H 5 72 DIZFR
BFR M L2 MY A —% 10 [E4®D rCBF ZMEEH Lz, 20X HIC L THIE
NIt T —#16, WENREHEZ R LIEOE R % 3 (@4 - 78) 26X
] (Peak), AR /RAT 2 P DO~_— R [X[H] (Base) & L7=. £7=Z ? Peak & Base D7
(Peak - Base) % hemodynamic response & L7=. i#E&)fj> CWST % pre - session, iF
Btk % post - session & L 7-.

AR 2 & @ hemodynamic response [ZHENNN A E T D 0HER T D 12O LEFEEN D
DOHEfNE (Peak - Base) # 1 sample t-test THiE L7 (Fig. 11). & D14, 1 sample O t-test
THE L7z p EIZK L C FDR #i1E#4 (false discovery rate) T EILEMIES L7z, #
LR 21 SPSS for Windows (SPSS Inc., ver.11.0) % AW T, F—Z 33+ X CEHE &

AR TR LI, ks, AEAKETS®wE L.
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Fig. 8 fNIRS probe position

We set the region of interest (ROI) to cover the DLPFC activation foci as
found in previous fMRI and PET studies (Derrfuss et al. 2005; Laird et al.
2005). Specifically, we used two sets of 4 x 4 multichannel probe holders,
consisting of eight illuminating and eight detecting optodes arranged
alternately at an inter-optode distance of 3 cm, resulting in 24 channels per
set. The left probe holder was placed such that optode 5 (between CH 4 and
CH 8) was placed over FT7, with the medial edge of the optode column
parallel to the medial line. Likewise, the right probe holder was placed
symmetrically.
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Fig. 9 International 10-20 system

We placed fNIRS probe according to international 10-20 system. The left
side probe5 placed on FT7 and the right side probe8 placed on FT8.
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Pre-session Post-session

' Rest
EX experiment Stroop E?ﬁ)rrﬁ:ﬁ)e (15min) Stroop

Fig. 10. Experimental design

All subjects attended exercise (EX) experiments with the order being
counterbalanced across subjects. In the EX experiment, subjects performed
a Stroop task before and 15 min after the exercise. Brain activity was
monitored with fNIRS while subjects performed the Stroop task.
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Fig. 11 Sample of Hemodynamic response in oxy-Hb

From the preprocessed time series data, we obtained channel-wise and
subject-wise contrast by calculating the inter-trial mean of differences
between the Aoxy-Hb of event (4 - 7 s after trial onset) and baseline (the
first 2 s after trial onset) periods.
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3. Ak
3-1. CWST @ RT

AR IRE O - RO RER 1L neutral 28— F.< | %2V T congruent, incongruent O JIE T &
7= (Fig. 12) . &R post - stroop 1 pre - stroop & Fhiig L C, neutral (770.3 + 210.7
vs. 614.4 + 158.8, P<0.01), congruent (781.1 £ 181.0 vs. 663.0 + 228.9, P < 0.01),
incongruent (882.6 + 235.7 vs. 733.3 £ 223.7, P<0.01) L7220 FEISELS 2D Z L1

ST, = F —3- (3 pre - stroop & post - stroop fi] TH EZIL R b7 hr - 7= (Fig. 13) .

3-2. CWST @ rCBF

Pre - trial Stroop Ci% DLPFC % H.0» & L CTEH S BH O hemodynamic response 73 2
iz, &5 % 2B IT HIEMEIX Fig. 14 12/~ L7=. pre - session ¢ hemodynamic
response DN HETZ>7=DiFch2,3,6,7,9,10, 13, 14, 16, 17,19, 37 TH ~7=. Post
- trial CTi, FIEFTXTOTF ¥ > /LT hemodynamic response OEENMNHFE & 72 o 7=

(Table 2).
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Fig. 12 Reaction time
The black graph shows reaction times in the pre-trial stroop task and
the white graph shows shows reaction time in post —trial stroop task.
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n-s! not significant

Fig. 13 Error rate
Each graph shows error rate in pre-trial and post-trial Stroop task.
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Fig. 14 Hemodynamic response during incongruent task

Illustrate an example of one channel timeline data for oxy-Hb during the
Stroop task. We observed increases in the oxy-Hb signal during the Stroop
task compared to the baseline in almost all CHs. Blue line indicate pre —
session. Pink line indicate post — session.
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Table 2. Summary results of hemodynamic response

One sample t-test

pre—session

post—session

Average =+ S.D. statistic Average =+ S.D. statistic

2ch 0.03 == 0.04 0.02 * 2ch 005 £ 0.05 0.00 *k
3ch 003 =+ 004 0.04 * 3ch 006 £ 0.05 0.00 *k
6¢ch 0.04 == 0.05 0.08 6ch 005 =« 0.04 0.00 *k
Tch 003 == 004 003 * Tch 004 = 0.04 0.00 *k
9ch 003 == 0.04 0.04 * 9ch 0.03 £ 0.03 0.00 *k
10ch 003 = 0.04 0.03 * 10ch 003 £ 0.03 0.00 *k
12ch 0.00 = 0.03 0.62 12ch 003 £ 0.04 0.01 *k
13ch 002 = 0.03 0.02 * 13ch 004 =£= 0.04 0.00 *k
14ch 002 = 0.02 0.04 * 14ch 003 =£ 0.03 0.00 *%
15¢ch 001 = 0.05 0.0 002 £ 0.03 0.05 *
16¢ch 001 = 0.02 0.03 * 16ch 004 = 0.05 0.00 *%
17ch 002 = 0.03 0.05 * 17ch 003 =£= 0.02 0.00 *k
19ch 001 = 0.02 0.06 19ch 003 =£ 0.03 0.00 *k
20ch 0.01 == 0.03 0.15 20ch 004 =+ 006 0.02 *
22ch 001 = 0.04 030 22ch 005 == 0.03 0.00 *ok
23ch 001 =£ 0.04 035 23ch 001 =*= 0.05 0.31

26ch 001 £ 0.04 0.27 26ch 004 =£= 0.05 0.00 *k
27ch 0.00 =+ 0.03 0.81 27¢ch 005 =« 0.05 0.00 *k
30ch 002 == 0.04 0.12 30ch 0.04 == 0.05 0.00 *%
31ch 000 = 0.02 0.61 31ch 004 =£= 0.04 0.00 *ok
33ch 001 £ 0.04 0.26 33ch 003 =£= 0.04 0.00 *k
34ch 001 = 003 0.14 34ch 004 = 0.04 0.00 *ok
36ch -0.01 = 0.05 0.60 36ch 002 == 0.04 0.04 *%
37¢ch 002 =+ 0.03 0.03 * 37ch 003 =£= 0.04 0.00 *k
38ch 000 =£ 0.03 0.86 38ch 002 =+ 004 0.04 *
39ch 000 = 005 094 39ch 003 = 0.04 0.00 *k
40ch -0.01 = 0.03 042 40ch 003 = 0.04 0.00 *ok
41ch 000 = 0.03 0.96 41ch 002 = 0.04 0.04 *
43ch 0.00 = 0.03 0.86 43ch 002 £ 003 0.01 *k
44ch 000 = 002 1.14 44ch 003 = 0.03 0.00 *k
46ch 000 = 0.04 0.77 46ch 002 =+ 004 0.04 *
47¢ch 001 =+ 0.03 0.59 47¢h 002 =+ 0.03 0.00 *k

Contrasts (incongruent - neutral) that were above the significance level are
shown with asterisks (* p < 0.05, ** p < 0.01, two-tailed.). All data are
shown as mean * S.D. in units of mmol - mm.

47



4. &

2

ARl EBRClE, CWST OSSR Neutral < Incongruent & JEATAF%E & — 803 2 %
R L 72 o 7= (Schroeter et al., 2002). CWST D#5 1T Neutral 23 HAL<, #HEVL T
congruent, incongruent & 78> TW\W5. SEIOFERIZINEZIBEL TNDLZ &b, i
RAPETNATON T2 Z L 2R LTV D, BEWEIZ- DUV T pre - session & post -
session & H 1T 100%IZIEVMETE S 72T DN A bV iro b D &b s.
FOGKREIZ DU T post - session THAMENAE TH D Z & HIEEN D FRIEEE L 510 5
ZEERTHRIETHD LS 2D (Hogervorst et al., 1996). CWST D akig %, EEhHZ k-
T neutral ¢ 156 ms, congruent ¢ 118 ms, incongruent ¢ 149 ms 45§ < 41, McLeod et al.
(1991) <> Schroeteretal. (2002) & —EHT 5D Th o7z, £z, —iwlEO#EE) T CWST
O RSB 2MERNE 325 &£V 9 Kubesch (2003) 5 DG L~ L7722 &b, TEROME
THWHZ CWST ZARFEBR THBLTE 722 & 25 CWST [Tl IThit Tz e »
z5.

KIZ rCBF {22V pre - session & post - session @] /5 ¢ hemodynamic response % |
ETH I LK. Post - session TiL, Pre-session & ¥ % AV iEIE T hemodynamic
response MSFEFE A7 Z LB U CITEBNC X 0 MAF OSSR ER M B L7 2 & S EIA
LB ZHN5. CWSTIZ L 2 hidihEh 2 Wil L7 B/ ThFJEIC & % &, DLPFC 23 CWST
BREICIEE LT 5 2 &3 5T %  (Schroeter et al., 2002, Schroeter et al., 2007). 4[]
DFEERTIX pre - session & post - session D 55T DLPFC % H1.0» & 7% hemodynamic
response DA E T 5 Z & 23HEFR S F17=. Hemodynamic response 23RS S 7= F
¥ U RNETNI T OIEEREZEN TS Z LICEAL T, RNZ U2 M3 EOEED)
REIRKEH OZENEALG L TV LA EBETIZERICHET L I LT TE RN
(Courtney et al., 1998, James V et al., 2001). L 72>L DLPFC % H LI IEPEREIR DY A28 - T

WBZ EMBAREO (CBF O LA+ ) LI EEIZORBIZLALDEEXLLD L

48



Stroop TV LD MRRIEEIOTLHE L= B 2 5 5030725 9 (Roy and Sherrington,

1890, Villringer et al., 1993). L7723 > TEHOHT#% 2B 57 fNIRS 12 L %5 CWST B

OHFZEE (CBF ZHET DI ENAIRETHDL I & L, TORYUMENIEHTE/LLF

25,

HEENER ICZE LT CWST (Z K 2 R BE O 5 B ik M st EhRE 2 I E T & 2 22 5202

THIDITEREZITY, UTOMAEZST.

1.

SEME D 50%V Oy D25 Y o 7 BB % 47 ot 7= i

IEE)FT (pre - session) TiX DLPFC % H.0» & L 72 hemodynamic response 2338 S 41

alp

EEtL (post - session) Tl pre - session & [AARIC DLPFC % H.ly & 2 fHIK T
hemodynamic response 23 fEd S AL7z.

HEHE)#% (post - session) %, pre - session & ¥ & [V EiPH T hemodynamic response 73
5.

RS IE#IE neutral, congruent, incongruent 9= C CIEENE A B R G A A8

5.

ZHUT XY, EEBFTRICZE LT CWST (T & 2 F5 B o Jmj A ivd i it 880 78 4 2 3

L2 LINAIRETH D T & DS ST
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% 5% STHREEIC X 2 rCBE BiEEDHIE  ~block =% A > & event - related 7% 1

DI~ (WFERRE 2 - 1)

1. HWY

WFZEARE 1 — 2 12\ CHIGREDIEE) T M £ DA/ N7 4+ —~ & A IXATEHRTE )
TR RIS 2 A HE R & 2 3l LD Z A PEIC DWW TIREE L7z, 2 OfER, E#h# 15
47T CWST & 329 % Z & EE R II USRI O & rCBF OB AE TH D Z
MRS TE 7. T ORERD B IR EE) 2 OFR NS RE O 1A LITARREAE TH D ATHE
PEDMBR D T e o7z, Lo LEFZERREE 1 -2 @ fNIRS OJIE T — X 121X/ A XD <
IRAEL T Y Stroop FHHIT L D TEMELRD T/NS WHERE D72 < edno 7z, NIRS
(3 DM D AT L CW DB TH D03, 7T — X/ A ARNRIE LTV
EWVHEE R > T DL D7 ® Stroop T K 2 M 23 HE M9~ 2 5 E Ak fE Ik
ZEET DT D ) A X MR DMENRH D.

BUE £ TICHE T2 INIRS 2 W2 FEBR Tk, FRE T o i & Wil L2 1 E
7 block 7% A > BL 7H A ) ZHOTKIEEIZFHMEL TWD D% (Ide and
Secher, 2000, Matsuda and Hiraki, 2006). Z #UI3455 7> & £+ O /R AT K L it 2 8 E 5 5
FETHY MRZ L ZHEICHEST 5 Z ENAEETH L, ZOREEREIZRED ) A
XOBRENRBIELLT W HETH S, INIRS (ZHER B2 BT RN &2 BRI 5729,
VTl A XD (SIN, signal / noise ratio) 2KV E WO FREN R I N TWS. =
ML INIRS 7213 T72 < fMRI 72 & O FE(R BRI INTE Bh 2 ) E 3 2 MlRE A 2 — v 7
FEEIILETHMEATHLEE25. fIMRITIEZ D/ A AOREICKT LT, Mk
TEENC L DIEE) 2 IEMICHIE T 2 70 OISR &2 2B 2> & F+H- Bl 0 R U TS
(ER, Event - related) D MfiicZEwH T2 &) Hikad &> Tunb. NIRS OERT
YA o THREECHWRE IR AT 2 CHIET — X O E 2 LS5 A0 &
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NTVWDENB, BLTYA U EERTVA L DOELLRRVONRE —ED AT LN
TV, 22T, HAIFERTYA VEBBORRGTEEZERD LT/ A X%
BEZRMRV KL +5 2 L 2R 7. LLED Z & HAFFEFREE 2 - 1 Tid CWST OfllET —
ZD)AREMZDTZDITBLT A E ERTYA D2 2% iEd 5 Z & T stroop
T#1Z X % hemodynamic response % IEHEIZHIET 2T VA v 2 RETHZ L2 HI L
L.

A [al > 3EBR Tld Stroop T-¥EIC K 2 ML OEEINIE DLPFC 2 iMIi 25 Z &b,
ATEAATEF O DLPFC 2 HiiZ 7w — 7 ZBLE L7z, M O BRIZ 1 DLPFC (2 ROI (region
of interesting) ##X > CHEMT AT o7, & U CIdEICiREZ1T 9 BL T A v

WCBWTICBFIRENRELS RDEERD.

2. HiE

2-1. WRE

PR X e — AN THEME T A L 14 (228 £285%) & L7z, #BRE 136
TR EREHIWRE N B E 08 2 <, oo THEME DI RO Y 72 5 & > T
BRNZ EERMER L., £, HBREIIABAREHE LRERFRIIAAETHLE L L

Tz, FEBITT N THERARERMHEZ B2 BUEIC SV THEE L.

2-2. EBRFINE

KEBRTIEBLTHF AL L ERTHFA LD 2O0DF YA L & ik d 5. BrE 1314y
B DN, 2ODFEBRTIFA L OELLNET X LIITY. ERIZLHIZ?2
BT 9 72D, NAFF RN L D IZRE L 7.
PRFILFERBICAE L TOOLHE LV AREREFE O 1 k3L TR S Lz
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CWST % 3 /RIEEE L. #m%, fNIRS O 1 —7 A igapiiF o % L CAEE %
fTo7-. 1B EOEBRNK DA LHEBIZINIRS D7 a2 —7 %4 L 30 5D H%E L ~7-.
ZOLELHENE LM ETHEFBSIT AL L CERENZEHHBICENTS LD IZ

L7, LEZRIIEIZE LFA—DOFIET2EHOFERZITHOET.

2-3. CWST

SEIOERTIEBLT YA & ERT A D2 ODEBRT A L CTlilig L7-. CWST
(IN—=YF N a v Ea—2—THIEILT, 17142 FT 4 AT L AIZRRSNICIREE
F—AR—RORZ L EMFT L THELZ L. BLTYA L ERT YA LIS
DFRRERIKRFIZINIRS IZ MY T—Z2 M LRk L7z, BLTH A, ERTH AL
H I BT Neutral 30 [, Incongruent 30 [ > AFF 60 T & L7=.

BL 7 A > TliL 1 >® Block IZ[F—DFEEZ T (Neutral & 721% Incongruent) 7% 10
fldfe TR SN D & 9 IR E L THEFMIFA 0.35 B2 L7z, 1 Block O [aIZRFfH]IE
21 #»C, neutral % 3 Block, incongruent % 3 Block @57t 6 Block 17> 7= (Fig. 15). ER

FHA I ERIRE 1-2 L RBEOHETIT -7 (Fig. 16) .

2-3. fNIRS D¥:5%

Ta—7 OREIXERREL -2 LFREOFIETDLPFC 289 L) IcdEE L. %
Tz, TxorxN L OMEEBRERARICT 572012, TVFA =2 HNTF v o3
JUPREREE 22 A U C AR ] CHIE fE Ik & AR R RIS AL L 7= (Tsuzuki et al., 2007) (Fig.

17). &F ¥ o2 L OHIENE L Table 2 (2" L7-.

2-4. WEHEMT
Stroop T-#51Z & 5 hemodynamic response (X DLPFC % H0xMZ rCBF & 23 N4 2% =
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LD (Zysset et al., 2001), ROI % ch 12, 13, 16, 36, 37, 40 |2k~ C#MT 11 ~>7-. BL
F ¥ A - TiE, Neutral & Incongruent O 7 1 7 = & (2 F52 B D i 2 A INELE2)
L CrCBF ZH H L7=. 4 Block B#ffT 3 70 % Pre, 4 Block D& 71 3 ¥0% Post % &
L7z. Pre 725 Post £ TIZ 3T L 0 FEHEZFHMN L TR EBDO BT DOH &%

EES

=111}
A=

L HEIZ Dunnet 2 W72, ER WA o CIXGREE RATO 2 #0[E % Base,
Rt% 4~11 % Peak & L CED#E%A B L7=. Hemodynamic response [ZAFFEAR-H 1 - 2
ERBED FIETR M L72%, lsamplet-test THEHENT 24T ->72. ERTV A DL HE
P IEI21X FDR 2 W=, BL 791 >, ER %1 > & £1Z neutral & incongruent
@ hemodynamic response 77> 5 Stroop T¥#IZ X 5 Mt & & H i L7z (Fig. 16). #t
FHALER 21 SPSS for Windows (SPSS Inc., ver.11.0) & AW T, F—Z 3+ X CEHE &

EHFREATR L. 2B, ABEKHEIZ%E LT-.
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ITI:0.35sec

Fig. 15 Experimental design in Block design

Block design contain neutral block and incongruent block. All blocks
configure 10 trial.
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Fig. 16 Experimental design in event-related design

Event-related design contained 30 neutrals trial and 30 incongruent trials.

All trial appeared in random order.

55



(Sample of digitizing data: N=1)

(Measurement place analysed statistically: N=8)

Fig. 17 fNIRS optode positions using a 3D-digitizer

We measure place of physical measurements for optode positioning each
subjects.
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Table 3. Estimated fNIRS channel locations

Probe holder 1  Left side

MNI coordinates

Probe holder 2  Right side

MNI coordinates

CH Macroanatomy CH Macroanatomy
X y z X y z

1 - - - - 25 - - - -

2 -41.9 53.3 -134 Inferior Frontal G., Orbital P. 26 44.1 54 -13.7 Middle Frontal G., Orbital P.

3 -23.2 66.9 -8 Superior Frontal G. Orbital P. 27 25.7 66.9 -8.2 Superior Frontal G., Orbital P.
4 - - - - 28 - - - -

5 - - - - 29 - - - -

6 -38.7 60.2 -2.4 Middle Frontal G., Orbital P. 30 41.2 60.5 -1.9 Middle Frontal G., Orbital P.
7 -16.1 70.2 4.2 Superior Frontal G. 31 18.8 704 5.2 Superior Frontal G.

8 - - - - 32 - - - -

9 -49.8 45 4 Inferior Frontal G. Trigeminal P. 33 515 448 4.4 Inferior Frontal G. Trigeminal P.
10 -32 62.4 13 Middle Frontal G. 34 34.2 62.7 134 Superior Frontal G.

11 - - - - 35 - - - -

12 -56.4 217 134 Inferior Frontal G., Trigeminal P. 36 59.1 213 14 Inferior Frontal G. Trigeminal P.
13 -42.4 494 21.7 Middle Frontal G. 37 448 49.2 219 Middle Frontal G., Orbital P.
14 -19.6 61.3 288 Superior Frontal G. 38 21.9 60.5 28.3 Superior Frontal G.

15 -62.3 6.1 222 Postcentral G. 39 64.7 6 222 Precentral G.

16 -50.5 305 30.7 Inferior Frontal G. Trigeminal P. 40 52.7 30.2 30.7 Inferior Frontal G. Trigeminal P.
17 -31.3 46.6 37.7 Middle Frontal G. 41 333 46.6 37.7 Middle Frontal G.

18 - - - - 42 - - - -

19 -54.6 113 38.4 Precentral G. 43 56.7 10.7 37.8 Precentral G.

20 -38.1 30.9 458 Middle Frontal G. 44 405 316 46 Middle Frontal G.

21 - - - - 45 - - - -

22 -58.7 -8.6 45.1 Postcentral G. 46 60.7 -8.2 44.8 Postcentral G.

23 -42.9 143 54.1 Middle Frontal G. 47 443 15 53 Middle Frontal G.

24 - - - - 48 - - - -

Their most likely estimated MNI coordinates, most likely Brodmann area

estimations, and most likely macroanatomical labels are listed.
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Table 4. Reaction time

Neutral Incongruent

RT =+ SbD. RT =+ SbD. statistic
Block design 779.03 =+ 113.81 956.10 =+ 167.52 *k
Event—Related design 72371 £ 116.88 919.68 £ 161.75 *k

Stroop task performance for Block design

experiments.
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3. FER
3-1. CWST ® RT
FOGHRIE BL TV A & ER TV A v CTENEN-T- (Table 4). £7-=7—% b

ZIXR oo Tz,

3-2. CWST @ rCBF

BL 7 ¥4 > ™ hemodynamic response /% Neutral, Incongruent & & 1Z pre 2> S A
Bl 5 Z 372 o 7. Neutral T, 21 B ORIZ ch 12, 37 231172 Y @ hemodynamic
response R L7=NZFNLNDTF ¥ o R TIRITE A EBR A SN > 7= (Fig.
18) . Incongruent T %, [L172 » @ hemodynamic response % /K9 F % > R VITHERE T 720>
-7= (Fig. 19). %7z, Stroop F#HDFEE?D hemodynamic response & L T Incongruent —
Neutral T% Block OB LT ETIEE A EELB R G 72 ) > 7. Incongruent -
neutral Ti% ch 36, 37, 40 Ti& Block ™ %% T Incongruent J ¥ & Neutral O i 25 517>
SlelebiEnw b ol b TARDT DHHER L 72572 (Fig. 20, Table 5, 6) .

—7%, ER 7 ¥4 > Tl Neutral, Incongruent & HIZIZIEFT X TOF ¥ > R TT T A
@ hemodynamic response 23 st = 417= (Fig. 21, 22). Stroop T2 & % hemodynamic
response CT& % Incongruent — Neutral T & IfiLjis OEEMN 2 R C& 7= (Fig. 23). 2 b %
Dunnet O bl % W CIRBERRATO 2 B0 b OZELERE LTz & 25, Neutral,
Incongruent & HIZHE /2NN H D Z L 3R S 7z (Table7,8). 7= Incongruent —
Neutral T REI 72 EWTH 72y, T X TOTF ¥ RV THERMEIN A R THRER &

ot
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Fig. 18 Hemodynamic response during Neutral task

Aoxy -Hb change during neutral task. Channel numbers indicated

correspond to Table 3. All data are shown mean + S.D.
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Fig. 19 Hemodynamic response during incongruent task

Aoxy -Hb change during incongruent task. Channel numbers indicated
correspond to Table 3. All data are shown mean £ S.D.
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Fig. 20 Hemodynamic change compared Incongruent to Neutral

Aoxy -Hb change in Stroop interference (incongruent - neutral). Channel
numbers indicated correspond to Table 3. All data are shown mean £+ S.D.
All data are shown mean + S.D.
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Fig. 21 Hemodynamic response during Neutral

The graph on the right column shows the grand average of Aoxy-Hb
(Incongruent - Neutral) time courses from a representative channel.
Aoxy-Hb signal change is shown in arbitrary units (mM - mm).
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Fig. 22 Hemodynamic response during Incongruent

The graph on the right column shows the grand average of Aoxy-Hb
(Incongruent - Neutral) time courses from a representative channel. Aoxy
-Hb signal change is shown in arbitrary units (mM+mm).
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Fig. 23 Hemodynamic change compared incongruent to Neutral)

The graph on the right column shows the grand average of Aoxy-Hb

(Incongruent - Neutral) time courses from a representative channel. Aoxy

-Hb signal change is shown in arbitrary units (mM-mm).
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4. &

2

Al DR T, CWST IZ X % hemodynamic response % & ¥ IEFEICHIET D721
BLT7 WA & ER T WA L OHAEIT 72, G CIXiE L #ft CRRT 5 BLT ¥
A > DJFHITI (inter - trial interval) 7% 0.35 b & fixed THIV 72 hemodynamic response
DREL 72D, ERTHA NI ITIN 12's & 5 7= & hemodynamic response [3/h & < 72 5
EEZT. Lo, #RLE LT BL 7HA TR L 72 b DO HR K E <
MRt R A BEITMER SR oTz. — . ER 7 A U CIRRIEI NS WS DDA E
7% hemodynamic response 23 fEad S 4172

AEOFEBRTIEBLT YA & ERT VA OB A —EIC L CREREE 25— L
7=DIZH 59 BL T A > Tik CWST (2 X % hemodynamic response 238 st 1228
LR S Niehofz. ZORICBE LT BL T4 » TIEEBREROIE L 2 N AKX
Mol Z ENHBELTEALND. ERPITEINCLD / A XTEP -T2 0D,
DERNRKE L Ieo o & L THRSIZ L 2 Ml F 0% 142 5 M2 b33 2 Hivd.
—FHERT YA NI 1R Z & O AE = 8, Stroop T2 & % hemodynamic response
WREHRTZEEZBND. Bl ER THA /BN TR SR A TR E < M3 28
L7 L CHRMEDF R T LIC Base 725X 2 B) HEET DHT-0OF DAL
B/NRICHNZ 2 Z LR HKRD.

LEDZ &b, CWSTIZ & D rCBF Z IEREICHIE T DITITER T A 25 2
ERVETHDZ ENPALMNI-72. L L ER T ¥ A > T% hemodynamic response
INETE LIRWBRE SN2 Z L InD . ) A XA D ITEE ML T D D45 1% ORET

RETADDH &P T
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5. %

CWSTIZ X5 ICBF D& bZ BLT A L ERT A U THI L THREELTZE 2 5,

LITF ORI R 2157,

1. BL 79 A TIHEBREMOIXILESDE N REL R D7D, CWST IZX5
hemodynamic response Z#E x5 Z L IXKEETH 5.
2. ERTYA U TIE/ A X&E<SIMZ, FEREMOIXL & 2/h &< $ 5728 CWST

12 X % hemodynamic response % IEFEICHHIET 2 Z E N A[RETH 5.

ZHIZXY, CWST #17T-oTWA L XD ICBF #IET A7 0DEERT VA %

RET DT EHRTE.
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H 63 Event-related 7 VA N2 D E 72 23T IR 23 B SE AT R R AT MG A O HE

RICBET 5022 (WFIERE 2 - 2)

1. HWY

CWST D%{TH' . DLPFC 7 iy & 3 2 Sl CHIEIEEIZ A L2 2 & 28 E O fMRI
LPET ZHW e B 6 ST 72 (Peyrin et al., 1987, Leung et al., 2000,
Carter et al., 2000, Banich et al., 2000, Milham et al., 2001, Banich et al., 2001, Norris et al.,
2002, Milham et al., 2002, Milham et al., 2003). ¥T4=(% fNIRS % FH\\ 7= 312 C 4 RO %
ENHEONTEY  BRERGE & Fl L C DLPFC OJFEIAE E 5 Z L3 fER I N TN D
(Schroeter et al., 2002, 2003, 2004b, 2007). HWFCFRE 1, 2 CIXEfERT —Z 2 ET D
o7 a k) EER L, FEERFRE 2 - 1 T Stroop T X 5 F5EEE O rCBF
EIIZER T A Ul L TWD Z ERH LN ST,

L UBHERRE 2 - 1 OFERN S ERTHA » Th o TH INIRS DHflET — Z IZKE
RI)AARPIRIELTLED ZERHDLI MmN ole. ZOLIIT ) A ANRKENG
A% Stroop THIC LD rCBF NN LERFE Z{b L2 &iZ7e>TLEH. /AKX
ARSI A D Z LN HRRAVTERE T 238 Z L IR MR A LN 53T Th b, £
CTCHET =200 ) A RERET D00 FEEMWSLT 512Dk & £ond 5[
f (ITI, inter trial interval) # fiifb 32 2 & BB T L 5.

AREBRTIE CWST OFAe 2 ITIHZE D ICBF IREZREL T, bo & bR HN
THIM zZFETHZ Lz ANET 5. KERITI ZFET 5 Z & THiEZL CWST O
ForbRaE R E L FER T 7 F ) VOERBAEEE 725, KHE LCTIEERZR S ITI T

HEWIT D ICBE JRZIIRE LS B EEZT-.
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2. Hi&
2-1. HeBRFE

WBRE I IMEH 20— R CTHEME 64 (238 + 327%) & L7z, HBE o a2y
SREHIMTRE IR 3 2 <, D TR O KR R R 2> T2 &
gl Lz, £/, #RE TAmAaR Ehis LRERFIIAAFTHLH L L. FEhR

TT R THEREFRFERmEZBESBE RSV TIThRT.

2-2. EBRFIE

PR 1L CWST & 43108 L ECEBRZITo72. SRIOFERTIXITIZ 6 7, 9

B, 128035032 =25 ToREEK L. 1 HIC 1[E CWST 217\, it
INT TERETWV,EFZRBEN K S ICEET DIEFRILT v ¥ L TITbE .

PERE (T FEREICA > TLH & L o 7ctk, AFEREF—D7 1w k=L T CWST % 3

SyHIFRE L7z, £ Dk fNIRS O 7' m— 7 2355 U CHEfi 23 IR CWST & A % — b

L2 EFRIZB L ZF 105 TRTITHZ 00, CWSTOKR TREROK TEZEKT 5.

2-3. CWST

CWST OFRTFILFERBE 2 - 1 LR —-DOHIETHERE IR R L. SEEE L
CWSTO 7o haiid, ITIZ6Ff, 9, 2o 32& L. Rornd HRERIZT
T neutral 30 fif], incongruent 30 D& 60 [T, AREDEES E 3 “yes” & “no” TH72 5 &

VW9 B 2N S congruent (3378 L 72 A - 7= (Schroeter et al., 2004b) (Fig. 24) .

2-4. fNIRS D%
o — TR E T EREE1-2 EREED HFETDLPFC 27 9 Ko IChdiE L7z, 77,

F LT EORIEER AT 012, TP —Z2HNTF v o RV
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B2 B U CHBR A [ CIE ik 2 FE AU AL LU 7= (Tsuzuki et al., 2007). 7 > %

N EDORENETERIE2- 1R LIZbD LA TH 5.

2-5. HERHIRHT

CWST (Z & % hemodynamic response i oxy-Hb & deoxy-Hb 7> & H H X% total - Hb
RV 21T > 72, 4lalid CWST 12 £ % hemodynamic response &3 5 7= 9,
ROI i£ DLPFC OE. EToh 5 F ¥ RV OIR &M Uiz, B TlX chl2, 13, 16,
AHERTIE ch36, 37, 40 ZENTHGOTF v o xb & LTz, ER 79 A v OREHENTIZ
AREZRATO 2 B[ % Base & L, iREFK %O rCBF 1% Pre 726 D INEL 1 A&D
OYHROYHT CHEMT L 7=, ZEL#ET Dunnet & FlV 7=, HEEHALERIZ (X SPSS for Windows
(SPSS Inc., ver.11.0)Z VT, 7 —X LT X CPEYE L EERZETR L. 0B, A&

KHEIT 5% L LTz,
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neutral m incongruent
RRARALA
l 2s 2s 2s 2s 2s
155 N | 6s | | | 6s | N | 68 | | | sewmmun
N 6s | 6s N < 6s > | N -
1 /I\ 2 3 4 60
+
neutral m incongruent
SRRARAA
l 2s 2s 2s 2s 2s
41_55; N 9s | 9s N |9, | cerees | N
1 M2 3 4 60
_|._
neutral [ ] incongruent
RrARAIA
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15s| N 12s | 125 | N |12s,| | | ===rer N
1 2 3 4 0

Fig. 24 Experiment protcol

Each experimental session consisted of 30 neutral and 30 incongruent
trials presented in random order with an inter-stimulus interval

showing a blank screen for 6s, 9sand 12 s.
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3. MR
3-1. CWST @ RT

SO RERIIE neutral XV & incongruent O 5 A3 HEIZEWZ MR SN, LavL,
ITI 6%, 9%, 12 WM TIHMEICEITALNZR -7 (Table 9). =7 —HHAETRS

VANAYIIEY

3-2. CWST @ rCBF

ARFEBRTIEL, CWST D 1 2 & OFRRHFEZ 2L S % Z & T hemodynamic response
XD ICBF R ED L DI T D Et Lz, ITHX 68, 98, 12803 5nar
T 42 aTICBFIGEZRIE L. ITI 6 B & % D hemodynamic response (%75
HT (pre) @ 2 Fpf & g L TRE <HINT 5 2 &1~ 72 (Fig. 25). BTl
16T ¥ RN CWSTORRIZE D EBZ LD T T AOHNMNZ R LI HEEHRICA
ECIHED -7, AR CHREIC LD MpHm & A 5 5 B LI > 7=,

WA ITI9 B & % @ hemodynamic response /& pre L b L C, AREICEM LT v
YARMIH DI oo RO chl3, AFERD ch36, 40 (TERE DR RITHE D
hemodynamic response 13 . 5172 7> > 7= (Table 10).

ITI 12 ¥ & = @ hemodynamic response (& pre & kb U CAEERKD chl2 @ 3 > TH
MNFETHDZ PRSI LT= (pre vs. 6sec: 0.001 + 0.001 vs. 0.005 + 0.019, p <
0.005). FHEBRTRZ L H- 0 2 — 71T L7=%, 9 TITHERIZHE D L7 (0.001
+0.001 vs. 0.001 + 0.020, p < 0.05). [A] U/c -ERD chl6 C & AR 7514 9 B CHIMM A
& L/p o7 (-0.001+0.002 vs. 0.006+0.011, p < 0.05). 5 Fb2 HHEINN LEA®H - 1L72 0 O
ML 8 &2 B — 712 LT pre D L-~ULIZRE - 72, 4B TlE ch37 O EFR R
3 #) (0.001 +0.002 vs. 0.007 + 0.014, p < 0.05), 6 F (0.001 0.002 vs. 0.012 +0.019, p <
0.05) IZBWTHIAARE LR o1, 2B AR EFE—DO T 7 20T 2HHIZY
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MHRZITHM LR T iflE 5 Wi 2 —2 L3258k holz. 2D, 9
BTl pre D L~ULIZERE 572, chd0 Tid 4 B0 SN LG s 72 i i R ER =~ 1% 6 B

THIMMMNAHE & 72572 (0.001+0.001 vs.0.006 +0.017, p < 0.05).
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Table 9. Stroop task performances for Block design and Event-Related design experiments

Neutral Incongruent

RT=*SE RT=*SE
ITI 6sec 789.61 £ 206.32 1081.7 =+ 259.18 *x
ITI 9sec 81827 =+ 251.04 1066.2 =+ 277.85 *k
ITI 12sec 84474 £ 207.01 10889 £ 233.83 *

Stroop task performance for 6s, 9s and 12s. All data are shown mean + S.D.
Asterisks (* p < 0.05, two-tailed.).
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Fig. 25 Hemodynamic response during color-word Stroop task

Illustrate an example of one channel timeline data for oxy-Hb during the

Stroop task. We observed increases in the oxy-Hb signal during the Stroop

task compared to the baseline in almost all CHs. Asterisks (* p < 0.05,

two-tailed.).
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=
2
2

ARFEBRTIL CWST OFEAR L ITIZE D ICBF ISEZHEL T, bod b RKE
THITIZRETDZEE2ANE LTEREZIT-72. &@EQ ITI ZFET D720 ITI
X6, 9, 2D I NF—rERELL. YONTERRD ITI OFTHEWV L
FOBEMBRENE WG Z T T, fRELTITIRZBDOE ZITCWSTIZELD
hemodynamic response fixH K& < 72D fER &7 o7,

ITI 6 7 Cix CWST ®D[aI%Z X % hemodynamic response (X7~ 7=, fighrxts & L7z
DLPFC %8 5 F v > % /L1Z fMRI <2 PET, fNIRS % V7= #4572 & Stroop ¥ T
NG5 Z ERB L ETUW 5 (Carter et al., 1995, Leung et al., 2000, Carter et al.,
2000, Banich et al., 2000, Milham et al., 2001, Banich et al., 2001, Milham et al., 2002, Mead
etal., 2002, Milham et al., 2003, Schroeter et al., 2004a, Derrfuss et al., 2005). % ? 7= &4 [A]
D FEER T 1 DLPFC (I E 3 5 3 T hemodynamic response 23 Z 5 72U M E 9 1T 72 W A3,
ITI6 B CIIMDOEAL bR CE 2oz, ZOBM & L TABIOMNTIZ W INE
YNZIRIK N B D Dt Livzew. fi#HT Tl neutral30 i & Incongruent30 [ 2 38 2 & 12
1 RIOBER IR 2TV, £ O M OS2 INE R Uiz, % Y BEERATD 2 7 % Base
& U CRRBEZR R O M N 2 JIE U 7=, rCBF [MMHE & 1387 0 i8NS X A& L e
—JI\ZETDHETeH~8 T EMNND (Schroeter et al., 2002). Z D 7=, ITI 6 T
RETHE, CWSTIZEAMENAE—2712705 & ZITITRORENLR RSN TLE .
A B neutral & incongruent @ 2 Fi¥fi% T o X LA THRIR LD T, BIAREIC X 5 i
AR OB 5> TLE D & RFREED Base M2 m < 72 5 AIREMER & 5. IR
TIEZEOHE EREINDLIDOTE L2 o7 Base ([Zxf LT Stroop T¥IZ X5
hemodynamic response 73t FHIZ LTINS~ X 7 ST H A EFE TIT ARV,

ITI 9 # ™ hemodynamic response i pre & el U CHEIMA AR & 725 F ¥ VI3

Mol-. L LAENERD chl3, 16, £73Ek? ch36, 40 I2BWW T, ITI6 F X v & CWST
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IZ £ % hemodynamic response & L X 2R3 H5H. LILINLDTF ¥ RLid 3
5 8T~ A T AT MIZMRAZAL L TE Y Stroop THIZ XL 57T AD MmN &
THR 5. THITE SITRIF L ORHOE YD OISE DR R S LT BTl & 720 1T
9 B CITFRER R~ 2 O D CIRGREMN TR I LD . £ D=8 Schroeter et al. (2004a) 23 #: 55
LCTW5 X 912, hemodynamic response OHEMNE— 7 IZETHET6 ~ 8H0nd
LD, prefHICEIET H7OICET HKIT 12 ~ 14 ERD. ZOLHITE X
% & TI9 B CIERTRE O MR EE 23 [E1#E LT 537, hemodynamic response D #1173
VAT EPTND ATREMED E .

ITI 12 ¥ ? hemodynamic response IZ chl12, 16, 37, 40 TN AFE L e~ 7-. iUz
12 o T 25T 72 2 & CHIGRE O MR 2% pre fEIZE > THHIRFEEN R R I
el EllkneEXOND. KIFLEDEHMNST D L MREINN~ A7 Sghol
ZENMFEME RE S LIEDEAS .

L EIOFERTIZITI6 £, 9 B Tix hemodynamic response (2 L 5 LA HE N A & & 1%
Bl holo. Ll fMRI X° PET 12 X 2 ATHF%E0 D 26 OFEREREIC b
hemodynamic response {2 X 2 MR MMNIEE Z > T\ b £ & 2 55 (Carter et al., 1995,
Leung et al., 2000, Carter et al., 2000, Banich et al., 2000, Milham et al., 2001, Banich et al.,
2001, Milham et al., 2002, Mead et al., 2002, Milham et al., 2003, Derrfuss et al., 2005). L 7>
L, AFEOFERTIET CWST Z2EEEITY, TRE2MEEE S5 &0 i 21T - 7.
ZDD ITI 6 7, 9 B TiL CWST @ Stroop T¥#IC LD M ENR~ A7 S CTLE
W12 B CORMPIEMBEE L 2070255 . AENXITIZ 68, 98, 12Tl
WLIZOT, 2SO ITIICOWTIEAHTHS. Ll KEBROKME T T
fNIRS | Z 1T % 12 #0272 1 Ui $ 52 B35 C hemodynamic response O HIE 1 Hisk 72>
EWS ZEDRHLNE RS, RRISTRIEERT ITI 2 15 BX° 20 ICEEL TiT-
lo& 25, $REPBEDOIRK ZHF AT, RSDPWET —F DEMRMEEZEZ D L T2
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BREETHLREERFEWE WV Z 2 L TE<.

5. ER
CWST (Z & 5 hemodyanmic response DM i b KE L 2B ITI 2 RFET H 720D 3

DOFRMFD G L FEREIToI2E 2 A, LUFOMRERT.

ARERELZITI6 B, 9., 12 DDORERNG LI T OfEmAE -,

ITI 6 8, 9 TIE., BEOLL AR EO MM RGREICHE L CLE ) D EHE

=

LEE D rICBF ZET 5 Z L IINETH S.

2. ITI12 B CITRTERE O T MO B 2R < 2 2V Enn, FHREIHEO rCBF

ZHETAH-DICE L TN,

TR XY, AREFFED ST TiX CWST @ Stroop T-#12 & % hemodynamic response

EZHETDOIETITI Z 2 RICRETDSLENH DL ZERHALNERoT.
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7% CWSTH®D CBF L Z5HiE T 2= DT A EDHEL (PZRE 2 -

3)

1. HI

fNIRS Z JHWTHATH O rCBF ZHIE L7zl CITEPIC T r—o 3 Fh b e
DK T A ABBAEL T LIV, EMRAENRETHL EF2 5. FHTRIET D
7= OFT LM MR MNE RTT =2 &R bbb D, o THRT
HIERMENEED. FEZEDRVIETS /A ADNRIET D2 b 5720, EiR
THA RN STE DTN R AR TS . NIRS ORET —X 035 ) A RERET
D HEIIREMLEN TN FEERT VA G o T G2 S L T il
2BV BFTRERRE 2 - 1 TILERT A O A 1TV, ER 7 A LAY CWST IZ &
% hemodynamic response DJIEICH L CWD Z ENH LM E o=, HFZEiRE2-2 T
(X CWST D ITHX 12 B3 @I TH Y | il E R T 244 I T 2RET HZ LD
Kefo. & ZTHIZERE 2-3 TIXINIRS DIIET —F 2D /) A R & RET D720 DEHT
FHEERFET .

fNIRS 23BHFE & CTH 5 (Koizumi et al., 2003) Vb N T E = EBRT VA X BL T
YA U BNED Tz, BLT YA I3 EORM (T uvyr) 2@ CEOMICHEES
BREHITAT D &V D Z e &k D IRTRRT YA o Thd. WELLET—ZF7ny s
TLICE LD TNEREETHZETEEOREL LT 52 Entks. 2o X 5123l
ELTe—HOT7T— 2 ENEEET 52 & T SINkKAEN EEEDZ ENAREL R DM,
ISR TIET — 2 BEE LR WEANRE . T2 TIHFEANLNTWDHDNR ER 7
YA ThD. ERTFA o TIHBREFERHET (Base) & JEHEEL LT, #EHIC L 2 ik
J% hemodynamic response & FE5. Z OF A AXET —Z WLEERTBLT A v
EEEL MRV, A AR E e E OB EZ I L EEMICHEEZT 52 &
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PSR 2 FTREME S @ .

L22L, ER ¥ A U DOHIETIE Base D RKEL <A TR TWVWHEE
hemodynamic response 23 RilZ K& < 705 Z &R0, W Base P K& 7T A2/ > T
V55413 hemodynamic response 23N IZ /NS < 7e b E WO RERIC/R D, & 2 THFSE
AR 2 — 3 TIX fNIRS O E T — & ¢ hemodynamic response 23 i & K & < 72 2 fif iy 5 14

EWENLTHZEHBRE LTHREDSRMTRAW 7 —# L O EMG 21T - 7-.

2. Hik
2-1. BeBRE

WERE I IUE R RN B T 44 (FEHR 210 £ 1.9 5%). WBRE I35 BE 0 S35 HIWmE
INTEFE B2 <, IO THIRRIED R RSOR R 2R E N 220N 2 L 2B L. £z,
WERE T AW AR & & LRERRIIAAGETHLHE L Ui, FERITT TR RS

BRGHEBESHEICE S\ TIThhT-.

2-2. EBRFIE

F9, RAW 7 —Z 2 Z D EFFHITNEFE LT —F LT D 4 SO Z1T 5 72
7 — % T hemodynamic response O % tbig 9%, 179 4L LT 1) Baseline fitting, 2)
Local fitting, 3) Motion check, 4) Band pass filter T&H 5. Z i1 5 OWLERIX Schroeter et al.
(2002) 5 DAV FiEAEFRA L=, 1) Baseline fitting 1%, M L7ZHIET — &% Oif
JARTREI 2% T0) & LTHIIEET . 2) Local fitting:27 —# O ~7'm v MZ—KE
5 CEMRZ OV THIIE L7=. 3) Motion check: 0.1 F2fiZ 0.1 mm/mol LA B3I L 72 % @
ZHIFR3 5. 4) Band pass filter: High pass filter: 0.7 Hz, Low pass filter: 0.04 Hz (Z3% &3

% (Fig. 26) .
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2-3. CWST
CWST D71 h 2 /U XEBFRBE 1-2 L [FRO HFIETITo 72, 72, KFEBRTH Stroop
THRIZ X D rCBF 721125224 T 572 Congruent 13387k Lo 7=, BIESE ITI

(TRBRERE 2 -1 & [FERD GIETIT o 72,

2-4. fNIRS DIz
Stroop T2 X B IfLif 2 &3 5 7=, fNIRS O 7 10— 7Ll ¥-Ek > DLPFC % % 5

FOICHAE L, HEI3EBREE 1-2 LRERICIT - 2.

2-5. FLEHRHT

CWST # @ rCBF % ER 7 %1 > C{T\ > hemodynamic response % % it} L7=. JIET —
41X ETG-7000 C RAW 7 — # (continuous mode) %z 7 % A k C output L 724, POTATO

(AL AT ¢ 2, Japan) & W CHEMAHLEE 21T 572, £ 7=, Stroop T-¥H1Z X 5 ity
N7 #EFHAOIALER 3 5 BRI, Neutral #REE D Peak & Base 7 & Incongruent 7RH D Peak
& Base DAENGHEM LA MWz, 7ok, §3TO RAW 7 — (3 1.0 BOBE) T
BT L CTHW:.

A [ElIE oxy-Hb & deoxy-Hb 7 BH H X5 total-Hb & EATIC W=, &£ F v %L
@ rCBF |ZiEE <A 2 FoR] % Base, ifhdd# "tk 3 ~ 9F% Peak & L T Stroop ¥
2 X 2 I N % Peak — (minus) Base THH L7z, £ Dk, B L7=7— % % 1sample
t-test THufE L 721 FDR fi1E1E T HE A IE 21T > 72 (Singh et al., 2005). #aHLs
(21 SPSS for Windows (SPSS Inc., ver.11.0)Z F\ T, 7 — Z 133X T fE & 12 #e R 2=

TRLEE. 7ok, AEKETS%E L.
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Blocking Data from ETG-7000

Base Nor I Peak

2sec 12sec

Continuous Data from ETG-7000

Neutral: 30, Incongruent: 30

LAy O

14min

Fig. 26 Blocked data and continuous data
We output the measurement data at blocked and continuous mode. No filterd at

blocked design. Continuous for the Atotal-Hb of each channel were preprocessed
with a bandpass filter using cut-off frequencies of 0.04 Hz to remove baseline
drift and 0.7 Hz to filter out heartbeat pulsations.
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3. Ak

FREEFR AT O 2 #P[ % Base & U TRl Z & DM ZE b & B INE -4 L7z fk 5
Base O AT ENVIZR DA THL Z NP0 E o7 (Fig. 27). —J7, 74V
2V 7 LT — % CIEiiEFR R IZ X D hemodynamic response 2877 A D it & LT
7T IR T W, 20 2 DOfENT 1715 C Stroop T K 2 MEE MM A B I2E W
W& B0 ERERT H7-9I2 1 sample t-test THEGHEHNT L7=. 2 OfE R normal Tl ch37
(V¥ +S.D.:0.013 +0.006, p < 0.01), ch38 (0.012 + 0.003, p < 0.05) & 72 0 47 [-Ek T #

BRBMAHER SN (Table11). —J5, 74 A% U > 7 L= —# TiZ ch17 (0.019
+0.010, p < 0.05), ch37 (0.013 % 0.004, p < 0.05), ch 38 (0.012 % 0.003, p < 0.01), ch4l

(0.012 +0.004, p < 0.05) & 72 V) BiEHATEF O WAl CMFEHMN NG & 72 - 7=,
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BRI E (mmolmm )

—— RAW ——  Analyse

0.04 1 0.04 1
0.02 - 0.02
0 - 0
-0.02 | -0.02 |
-0.04 J Base Peak -0.04 | Base Peak
2 0 5 10 15 2 0 5 10 15
(ms) (ms)
Normal Analysed

Fig. 27 Hemodynamic response during color-word Stroop task

The graph shows the grand average of Atotal-Hb (incongruent - neutral) time
courses from a representative channel (CH16). Normal: no-analysed, Analysis:
analysed several parameter.
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Table 11. Summary results of spatial and functional analysis

1sample t-test

Average + S.D. Significance Average + S.D. Significance
Normal
13ch 0.003 + 0.005 37ch 0.013 + 0.006 b
14ch 0.004 + 0.006 38ch 0012 + 0.003 *
15ch 0.006 + 0.005 39ch 0.005 =+ 0.004
16ch 0.004 + 0.007 40ch 0.000 + 0.006
17ch 0.019 + 0.015 41ch 0.012 + 0.006
Analysed
13ch 0.003 + 0.003 37ch 0.013 + 0.004 *
l4ch 0.004 + 0.004 38ch 0.012 + 0.002 ol
15ch 0.006 + 0.003 39ch 0.005 + 0.003
16ch 0.004 + 0.004 40ch 0.000 + 0.004
17ch 0019 + 0010 b 41ch 0012 + 0.004 *

/Joxy-Hb values from (incongruent - congruent) contrast are shown.

Contrasts that were above the significance level are shown with asterisks
(b p< 0.1,*p<0.05 * p< 0.01, two-tailed.). All data are shown as
mean £ S.D. in units of mmol « mm.
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4. &

2

SEOERTIE, A—ERENOT —F THIITOFEEEZ D2 LICX>T ER
THA D ICBF NRDNE S EF LIz, i LTE, 742U 7 &7
72 WAL Base 231X 52 & Stroop T2 X 5 hemodynamic response DK & I 73 F 72
% &AL, —J7, local fitting Z1TH 2 WIGAIXMEOHM (K 7 FELS) O
Peak DENF 72 % & TR L Tz, S EIORER % A% & normal # & analyzed #£ D 7 7
T 5 T Base DENE S 2. Z DiEW analyze BE D5 — # % local fitting (2 X ¥
IELTWD72D 7 T 7 DORMERENOICHIEIN TSN THD. Ll
DEIREBEANNRRLNDICHE D BT Stroop T#IZ X 5 MFE#E N (incongruent -
neutral) CiZ normal #f & analyze Bt CZE T~ 7=, ME— B2 258 LT analyze B3
EHOEFNMZEND LW D Z ENGho o, ZOfE R Stroop T-#12 K& % hemodynamic
response % Base &bl L7- & & N AE L2 DHF v R LIX analyze BETE < 72
-7z (Table 11).

%7 ¥ VA ANIRS ORITE TR Z FORD THE 7 n—7 ZBET .
Z DX % ROI (region of interesting) & FEOY, fMRI X2 PET 72 & D TIFIE A &
LD HLS. AlE ROL I Stroop T TiEMEA LT 2 Milo> DLPFC & L7z. Z DfH
BUXEFBRNGIEMNZSE ~ 10emZETFTA LT E ZATHETFNBHL WS, 20
T a—TRRENTLESTD, RENCED ) A ABRE LG L T —EBRIEHON
TLEOAEEENEW. AR ORI, normal #f & analysed % T Stroop T2 & 5 I
FEINTIIZEZN IR T2s, NTOEEZMADHEVWI R TT A NZ ) T OEEE L
TRBEESELLDOL o, —HOERBRICHO LADED L, ER 7 A T rCBF
ERRNT T DIIE 7 4V Z ) T % T H T ETIEL DI MRIMZ HAL Stroop T2 X 2 i
FHEMAE N2 Z LR AEE L e D EFE 2 5. —J7, normal BEDOMENT L TIXA AR
BHAZR L TLEIBSBEEBBEEND. LLEDZ Lb ERTHA I2 X5 rCBF
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OFEFNTIZIZA W7 o V2 ) o 7R LT 2T 5 EREET LWVWEE A 5.

5. K
ER 7 WA > @ rCBF % BT % 7 D DT 771k D 224V % normal # & analysed #f &

DI LY Bt LICRER, T omAzSI.

Al BETCHWE 7 4B ) 7T =2 L RAW Z R LT & 25,

1. normal & analyze BECTIERNT O F 7 713 K& ED DN, Stroop THIZLD
hemodynamic response DA TR L7200,

2. Analyze O T 4N EZ V7 EHEATHZ ETHET —Z DXL DT N/hSL 7R

v . Stroop T¥HIC K 2 Mt Nz EMEIZFE T2 Z L AlRE L 72 5.

INEDOEMIE CWST 12X 5 rCBF % IEREIZT T 270D &M L TEEE Eb

no.
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8T CWST DR & AigHAlE /AT ML B ST 2 F B L~ LB 5. (W

1. HAY

CWST @ Stroop ¥ Cl% DLPFC D& B TTHET % = & 23 fMRI, PET, fNIRS 0
ETHLMNZENTWD (MacLeod, 1991, Carter et al., 1995, Leung et al., 2000, Carter et
al., 2000, Banich et al., 2000, Zysset et al., 2001, Milham et al., 2001, Banich et al., 2001,
Schroeter et al., 2002, Norris et al., 2002, Milham et al., 2002, Mead et al., 2002, Milham et
al., 2003, Ehlis et al., 2005, Derrfuss et al., 2005). — & o> Hf 58 B8 S B A3 F21 THERE % 17 b
THLEVOIMENRH DN, ZOMBERIZOVWTITREHLNZS A TR
(Kamijo et al., 2007, Hillman et al., 2009). Z OfREIIZOWTHEAT =012, Fx
IR EEBIC R T HMRER A AMEIC T2 2 L 2 HNE L TERZED TE 2. AN
8Tl Z Z £ T CWST (2 X 5 hemodynamic response % | &3 % 720 D EERT A L D
B, LR v b 3 VDR, BT T IEDRENLICOWTRRFI L TE 72, T b DR
2 D R FETEENC &2 RREIBERE D 1h)_LEHAE 3D 720 DG IER NI T D T & HIRT.
LU, S Eh 2 K42 rCBF 13 T/ 2R ZB{LTH 5 7o O YR DARFHS°
DR R EEIC K> TEB LT, FRCEREICKT T2 BB OE WL rCBF (28
BaG 2 5N m. BRVEMRWEERE TIE, SREDFER SZRRIZEVWT L
EFO L, RFUEMTLEICHATLE D 2 &, BROLDEICHETE A ER Lt

HZENEZLND. DX D REE Stroop T X B LA HE N O MBS DT
MR L TLUE D mREMEIRIREND. S HICBRRITERZEHND D 2 OITER S
NDTeH, RO BRI TIIEDORMETICBIT DR EF 5 T LB HRZR .

H LERIT KLY CWST 10 r(CBF IZZ b3 dh % & LT b, AWFFETHR &3 2 AR5
1 -2 TIFRR LR T v F a L TIEERORELZT TLE S 2D — @0 iR
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FEEE) DR A A T & 720,

Z 2 CHFZERRE 2 - 3 TIX CWST ZEH[ETT» THEHZIZ & $ 729 hemodynamic
response % fNIRS CTHIE L, ZAERENLINE I PHIOENITHZ L2 HIYE Lz,
i & L CEBRWE TIX hemodynamic response 13/ & 722254k L 7>89", Neutral &
Incongruent OZEN/NS W ERTFEIND. —TF, FEBREBEY CIXEAIZEN Neutral

& Incongruent @ hemodynamic response A KX < 725 Z LR FHRIND.

2. FHik

-1. #ERE

i e — RN CHM 24, L84 (312 £ 1095%) & L, AESMERDOERE
DN AR LT ECHERICBIML T b o7, 7ok, 4RO FER TIZ CWST ©
RIS ICBFICOWTHRHT 5728, 4FT—HH CWST 20072 L NS,
CWST ([ZOWTT D HGEE S N 2R & L7c., #BRE I a a2 f = i b L RERE
FHAETHLE S Lic, EBRITT X THERFRERMMEZE S EITE SN TT

bz,

2-2.  FEBRFIH

BERE I CWST DI ZATV, kD7 v b 2L TR 2 SE 72, #E 0HiEIR
neutral %z 10 f#E L TH 5 o724, incongruent 2 10 i LCTH 5 5. D, 7
> & A Cneutral Z 10 [ & incongruent Z 10 2R R L CH o8 ififa L T\W5H 2 & & fE
RBULT ECARERZITo 72, RFEBRTIE, 2 BB CTHEFE 10 [BlD CWST Z#4T7- 7. E§r

TEofRIZ2A & LT, 1A 2EO CWST & % L7z (Fig. 28).
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2-3. CWST
CWST ® 7' h = VT EBRRE 1 -2 L RO FIETITo 7. £72, RFEBRTH Stroop
T & 2 rCBF 72 IS 22 T 5728 Congruent [ZE R Lo 7=, BB E ITI

IXFEBRGRE 2 -1 L [AERIC T 72,

2-4.  fNIRS D¥E7%

fNIRS O 7' v — 7Bl | L FEBRERE 1 - 2 & [AIFR D 15T DLPFC 2% 5 X O ICHlE L
To. £72, Fr a3 OREEBEZIREICT 572012, TV F—2HWTF
Y o RVERAE A BRI [ CIE BRI A AR HAOIC AL B L 72 (Tsuzuki et al., 2007).

Fr o ZN T EORIEMBEITEREE2-1 LFETHD.

1N

2-5. MeatfRAT

i

CWST (Z X % hemodynamic response 3 total - Hb % W\ TENT 21T - 7=. total-Hb (&
oxy-Hb & deoxy-Hb 2SR SN AT DMl FOENE KT H T A =2 —Thb.
A E1X CWST 12 & %5 hemodynamic response z #|E 3 5728, ROl X DLPFC ®E T
HHT ¥ U RNDIREMENT LT-. ER 7 WA » CTIXFRERRAID 2 B[] % Base, ifd
FoRtk 4 ~ 11 %% Peak L LTZDOEZHH L% lsample t-test = T
hemodynamic response {Z L 2 Iyt N %& #7=. BL 7% A >, ER T A L HICEE
PEHAHIEIZ 1L FDR & W 2. AREBRTIE 5 AMITARE 10 Bl CWST #47 - 72, fighr
DOFRIZIE L [EH O CWST D & & D rCBF # Kl L L THV .

HEEHLERIZ 1 SPSS for Windows (SPSS Inc., ver.11.0) & AW T, F—Z 3+ XTI

BEEERETR L. B, AEAKETI%E LT,
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StroopiRRE StroopiRRE StroopiRRE StroopiRRE StroopiEfE StroopiERE StroopiRRE StroopiRfE StroopiRfE StroopiRfE

lmg 2@\ -1 4am Smm 6ma Tmm 8mm 9mg 10m8

| 188 | | 28 | | 3BB | | 4mB | | sBE |

Fig. 28 Experimental design

Subject conducted 2 trial each day. All experiment finish within 14 days.

—_—nN T — FiY

ms)
g
=]

o T T T [ 1

16l ElH OB 408 smB  s@B  mEE @B smE w@EA

Fig. 29 Reaction time

The reaction time through all experiment. Neutral is quicker response than
incongruent.
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3. AR
3-1.CWST @ RT
FOSKRE I neutral #f2H & ¥ incongruent R ZE D 1% 9 23 RUGRFR 23 A BUCIEEW Z & D3

ST, BRSO RUSKEHE O REEC = 7 — O ZAIT B~ 72 (Fig. 29).

3-2. CWST O rCBF

FEERWIHNZ BTl Ek D DLPFC (23T Stroop T-#:12 & 2 Mg (N < 1) 23
BETHDZ LRS- (Table 12). EBYIHIZ I 1T % DLPFC @ rCBF 1% (16 ch),
TiX neutral #RRH, incongruent ffE & HAREMN TR I TS, B LRI KE <
L7z (Fig. 30). EBREH CITAEN LRI D T ML,

EHAZHE D neutral & incongruent OZE (k% ANOVA CREMNT L7-fE0, %k L HE ~
5 HH) L& (neutral, incongruent) @ EZWRTITHEERZEDE N2, ZRAEEHT

IZch16, 25, 36 THEENH>T-.
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Table 12. Summary results of spatial and functional analysed

1sample t—test

1HH 2HH 3HH 4HH 5HH

ch2 0.10 0.02 0.26 0.17 0.61
ch3 0.92 0.07 0.73 0.72 0.33
chb6 0.43 0.1 0.35 0.33 0.11
ch7 0.57 0.09 0.96 0.62 0.13
ch9 0.97 0.51 0.80 0.32 0.14
ch10  0.71 005 * 040 053 * 002 x
ch1i2 074 x 075 0.96 0.75 0.80
ch13  0.62 0.11 0.15 0.74 0.12
ch14  0.70 0.08 0.65 049 * 0.07
ch16 091 =* 0.8 017 * 092 *x 005 *
ch17 0.82 0.15 * 048 0.63 0.08
ch19 0.17 0.64 0.87 0.60 0.28
ch20  0.50 0.09 0.24 0.77 002 =
ch21 0.70 0.32 0.24 0.38 0.03
ch25  0.97 0.04 0.05 0.93 0.11
ch26 0.10 015 * 087 * 055 0.21
ch28 0.78 0.08 0.36 0.94 0.15
ch29 021 * 046 0.09 0.78 0.74
ch32 091 0.16 0.46 0.61 0.08
ch33  0.52 0.67 0.62 036 * 0.22
ch35 093 004 * 038 0.72 0.08
ch36 0.68 0.10 0.29 0.77 0.21
ch37 0.92 0.86 0.89 0.72 0.34
ch39 0.73 0.14 0.23 0.42 0.81
ch40  0.34 0.81 0.53 0.92 0.16
ch42  0.18 0.07 0.92 0.28 0.40
ch43  0.69 0.01 0.62 0.98 0.26
ch44  0.27 0.82 0.37 0.37 0.06

Hemodynamic response increase that were above the significance level are
shown with asterisks (* p < 0.05, two-tailed.). All data are shown as
mean = S.D. in units of mmol + mm.
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Neutral Incongruent

<EBH QRE) > s /\ o M 1
T ot | | =
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g ot b T NG, o i .
80 0 80 ; N~ s
“—R L—> < " . s 14
Ch100DrCBF

Ch160rCBF

. A~ | e
A -l |

*
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Fig. 30 Hemodynamic response during CWST

The reaction time through all experiment. Estimated fNIRS channel
locations are exhibited in MNI space. The center of the circle represents the
most likely estimate for a given fNIRS channel. T-values are shown
according to the color bar. The channels that did not reach the significance
level (p < FDR 0.05) are gray. The channels excluded from the analysis due
to low signal-to-noise ratio are not shown.
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Table 13. Summary results of spatial and functional analysis

AR EE
Y2 EHE FHFEE FE R F ELENT-Y BEMENG BEZ(FOR)

dch E# 400 000 148 0.20 5582 038 038
fich E# 400 000 184 0.25 7.83 050 027
Gch B 400 000 223 027 5.82 0.56 017
loch  [@# 400 000 280 0.33 11.61 0.68 068
12ch @ 400 000 296 0.33 11.54 070 0.08
lich  [@& 400 000 1.21 017 4.83 0.32 045
T4ch  [@#H 400 000 232 0.28 9.28 0.58 028
16ch @ 400 000 173 022 5.9z 0.45 020
25ch  [@# 400 000 1.05 015 418 0.:28 218
23ch  [DO& 400 000 151 020 5.02 038 1.88
dech  [DO#E 400 000 078 01z 312 021 1.25
dach @& 400 000 181 021 5.43 042 055
dch [ 400 000 168 0.22 572 0.44 075
dfich [ 400 000 0858 014 3.83 0.26 054
Fch  [@E 400 000 022 0.03 087 0.08 088
40ch  [@# 400 000 010 0.02 0.40 0.07 088
dch FEE 100 000 032 0.05 032 0.08 088
fich R 100 Q00 214 0.26 214 0.24 1.55
Gch FEE 1.00 000 041 0.09 0.61 010 062
10ch  ZRE8  1.00 000 108 015 1.06 014 09z
lzch  EREE 100 00O OM 0.06 0.4 0.08 058
lach  ZR88  1.00 000 002 0.00 0.0z 0.05 088
T4ch  ZHEE 100 QOO0 1M 014 1.0 014 113
16ch  EREE 1.00 000 173 0.22 1.73 0.20 054
2ch  HEE 100 000 148 0.20 1.48 018 1.07
28ch  EREE  1.00 000 328 0.35 3.28 0.33 064
32ch  EREE  1.00 000 020 0.03 0.20 0.07 083
d3ch  EREE 100 000 148 0.20 1.48 018 053
3bch  EREE 100 000 067 010 067 011 078
3bch  FREE 1.00 000 018 0.03 018 0.07 077
Fch  EREE 1.00 000 025 0.04 0.:25 0.07 1.02
40ch  EREE 100 QOO0 4O 040 4.0 0.39 1.47
dch BHELx 000 267 0.3 1069 0.65 008
fich HE 000 187 0.25 7.88 051 021
9ch B« 000 167 0.22 5.68 043 025
10ch HE « 000 249 0.28 5.86 0.62 028
12ch BEE 000 049 0.08 1.96 015 074
Tach BELx 000 348 0.37 13.83 0.78 0.07
l4ch BELx £ 000 169 0.:22 5.76 0.44 021
16ch BE 000 359 0.37 14.36 078 004 *
25ch BEfx 000 587 050 23.88 0.96 0.03 *
28ch HE 000 269 0.3 1074 0.65 030
dzch BHE« 000 234 0.28 9.37 059 02z
dach HE« 000 1.00 014 4.00 027 053
3hch HE 000 067 010 268 018 [ails]
3ich HE 000 364 0.38 1456 0.30 004 *
ch HEL . 000 1.3 0.24 7.65 048 032
40ch HEN« SRR 400 000 381 0.38 15.25 0.52 012

The rCBF data were analysed with a repeated measure 2way-ANOVA
including condition (Ex vs. CTL) as a within-subjects factor and session
(pre vs post) as a within - subjects factor. Significant interaction effect
occurred at CH16, 25, 36.
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4. &

2

FER W C Neutral R & Incongruent & hemodynamic response % Lk L7= & =
AT T AD MRS % LT ¥ R VIEEEERD DLPFC B X2 DO F v
KOV THERR &=, Schroeter et al. (2002)23 45 L TV % DLPFC @ Lt #4nix ch 16
DHTHER S, FFERTIIEN 72, L L, ZOEILTF v o /0 CHIMERIZ S
%L S HERR S 7=, Schroeter et al. (2002) D 512 & 5 W -ER D ML N & H g %
Kot FRELTEZLNDDIE, BIESHERRIC X D% )8 Stroop FH#HIZ &
LM E~ A7 LT LE RN RE I D.

FEBRT% W) CTIE Neutral 3 & Incongruent #f#H ® hemodynamic response % thigg L 72 &
Z AT T ADMBRIEE %~ Uiz O1E/E DLPFC % b & 3 2881k T - 7= EBRATH &
H72 %5 D% ch 10, 16 (23T neutral FREIZ %95 Incongruent FREEH O I FiEHE N 23 A &
Lol R ThD. AEETE)>TZMM O DLPFC % .0 &3 % 18T Stroop T
WX DMy b -t 525.

2way ANOVA 7% FVCF#RREE (Neutral, Incongruent) & H%k (5 HR) oE4 Lz &
25, FEENIHIN S EREINI T TEHRAOREN R 5o 72 (Table 13). Z DO
Bne | Stroop T-#:1Z X 5 hemodynamic response [X1E 52 & 238 % 2% DLPFC % HlMZ
7T ADMFISENKLZ 0 BRADOEEEZ T nW) Z kS, 2way ANOVA
TR AR MER SN, Z OB E LT5 BRI oFER (10 [A]) T Neutral 23K
LB LTEHBREDN N EBB I OND.

CWST D pfi# & hemodynamic response (385 IZ X 55 T OEHBMEITH L H DD,
Stroop T2 & 5 MR INTEHF CTEMT 5 Z LIFENZ LARES L TND
(MacLeod, 1991, Menz et al., 2006). SCISERFRICES LT 6 BRI S % BN T TXE
MTHDHZ LRI (Menzetal, 2006). F7-, CWST 72 E 20K LIT>TH

FREEEREZ B B & ) S 13y (Nature Neuroscience, 2007). 4 [0l o> F258 CTriwk
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x4 ¢ hemodynamic response (L& #IZ & 722 o T LAgW & W ) RGR & 13572 555
B lipolz. ZORERIT MacLeod et al. (1991) D EFIZH D LB Y CWST IZ#LHETH
STHLEMTRIERAZIMET D ZENHPROBRETHL L2 FTLHHDOTH
D. ZOREREID CWST % a4 BRI, BBE NiEE 2 ICHEM L CnD 2 &

WD ETHERRMEEM T LI LKL EEALND.

5. K
CWST DOHEH T EW RT & rICBF AR ZFE L T 10 O EERZ1T 5 hTEHRIZ &

LROBNRONDDBRELTE 2 A, U TOMRZGT.

AT 5 7B R S5 CWST O RihE & rCBF B D2 ki

1. EBRIHA S EBRB I T T CWST @ Stroop T-#12 L 2 M E 1T 2L L7,

2. Stroop T¥#IZ K o THLEISZE 235807 % fHikIEL DLPFC & £ DI D F ¥ % /LT
H5.

3. EBRAIHAN S EERE T AT T CWST @ Stroop T2 &5 RT I3 L L 720,

ZIUZ LV CWST D #4A% hemodynamic response |2 528 % 5z 2 Al REM: 1348 6O TIK

WEEZ25.
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FORE PIREEE % OB N T —~ R, BTEERTE 0O JR TN LR D

RBBEGT 5002 (WFERE 3)

1. HAY

ZHETIZ fMRI = PET % IV T CWST (2 X % Stroop T-#572 DLPFC O #h#&I%HE) %
EmHDHZ EDRWE I TWD (MacLeod, 1991, Carter et al., 1995, MacDonald et al., 2000,
Leung et al., 2000, Carter et al., 2000, Banich et al., 2000, Zysset et al., 2001, Milham et al.,
2001, Banich et al., 2001, Milham et al., 2002, Milham et al., 2003, Derrfuss et al., 2005,
Menz et al., 2006). [FIARDRE RN INIRS Z W AFE T H e ST % (Zysset et al.,
2001, Schroeter et al., 2002, Schroeter et al., 2003, Schroeter et al., 2004a, Schroeter et al.,
2004b, Ehlis et al., 2005, Schroeter et al., 2007). Z 15 D#HEN S CWST TR+ 5 Z &
DT E 5 EITHEEIT DLPFC (281 D MRIEEI O M L3R5 L TV D ATREMED N m V. i
I L0 RBEBEEED M B2 LW MEITIEEZ S B D RO BTH 5 —imik
B & R RE A R EE N DA L N LM IFBEDO L 2 A 1 D V. FEITHE
AE & — B MEB O RHEICOWTHE L TWAME—d o & LT Hillman et al. (2009)7
WEND D, ZORE CIERERAE O M EIZIX ERP @ P3 By ORIENE S LT\ 5%
LA LT D DN RRE M TEIE 2 B 5 23T 21T TR - TV /ey (Hillman et al., 2009).
22l ZoHETIEFE A DHWTWSD CWST TlidZe < Flanker f&EZ W TW 5 73

FATHERE &2 APl 9~ 5 RS RCIHEE L TWD.

mm

Z 2T, WHZERREE 3 TIIMFSERVE 1. 2 THESL L2 EBRE 7 /L2 W T i PEEE)

LA HERE D1 IR G4 2 FrE MBI Z B BT 5 Z & 2 AR E L.
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2. FHik

2-1. PR

FEBRTITAET 2B 20 44 & L7, FilnId 215 + 4.8 5% (FRfie: 19 — 24 5%, Hk 17
%, 34 (AHE 622+7.8kg, HE 170.1+£5.1cm) T X TOWREITORICRE
N2, BAREEZREREETLIHF L L. £, BEICHRERDOREESWEL 72,

KRR B FEFE T 9 DR 72 EOSEIR NN D & LT,

2-2. EBRTIAE
R RN 1 K D RS EE D ) B AR 5 72 01T, EEhRTZIC CWST H o =TI

S A IE U, SEBNEA A 2 LT L A — 5 — T 5006V Opma MUK D FEE) - 10 43 F

IToEENRE S . DR MERFT 22 bue— L BEA X IT 72 (Fig. 31).

2-3. fNIRS O #E53E
TN LR O E (21X TNIRS (ETG - 7000, Hitachi Medico, Japan) % fv 7=, HIE$

LHEERIB KON 1 — 7 OREEAE T ERGRE 1-2 & RO HFIETITo 72 (Fig. 32).

2-4, N—=F ¥ )LL TR NL—T a3 ik

fNIRS OF ¥ > x VT EDREMBEZFET DD =F ¥y VLT A b L— 3
iEZ IV (Tsuzuki et al., 2007). fNIRS THEH OFRIZHWZ FT7 & FT8 K #E R & L
T, Ty oI L OMEEELE MNIZPES L7z (Brett et al., 2002). MNI (2 $¢5f U 72 JEAE
HEIZ MRl OF — 2 X=X LG L TF v 10 Z & ORIENLE % MR im0
7E L 7= (Okamoto et al., 2004, Okamoto and Dan, 2005). Z i1 & OHIENLE O #E 1% Table

14 DEY) THD.
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2-5. WeatHfRAT

RT & =7 —¥DfighriL, #E = L (neutral, incongruent) |2 %5+ L C, EEYDOH M (Ex

i

-, CTL - group) &EBIORIE (Pre-, Post - trial) TLo#k L7z, #ati: ol E DK
S3HT & NI, Post- hoc 1213 Turkey’s HSD % JH V7=,

fNIRS D7 — XL 2 DN RARRAT 4 V2 @il LT, XR—=ZXAT7 A4 U NED R
U7 b &BRET D7D Low pass filter (0.04 Hz) & 08I K2 A& FRET 5720
\Z High pass filter (0.7 Hz) %@ L 7= (Schroeter etal., 2002). = ® %%, &F ¥ R/ D
Aoxy-Hb 5 — % Z #8# Z & 12 Mablab 0> OSP (2 X » CRREFRAT 2 7, Peak % 4 -
NCRRE L CRME S S ITMEE) (T r vy X 7)) L7z, Peak & 4-11 PICRRE LT
P & LT, ZOXMEIZ hemodynamic response @ B — 27 REEH L TV HTH D,

£ [El D F2ER Tl Stroop T K % rCBF A {IiE 7 % 72912 Neutral (Peak — Base) &
Incongruent (Peak — Base) D=4 H I L. % L C, Stroop T-#i2 X 5 Mif#EINNE &
PoleF ¥ R EERD (p < FDR 0.1) “tllED 8o 21772, Z DO,
Stroop F¥HZ & B M MMN B B 1Z 5 12T v » RV 7 ~ U2 SN T 4 2O =
U772, (L2,6,9, IFC area; L3, 7, 10, PFC area; L13, 14, 16, 17, DLPFC area; R37,
DLPFC area).

COTELE DS ATIE = 5 ¢ 23 > (neutral, incongruent) & & > 3= > (pre, post)
23 TATV Y, S EE A (121X FDR %% v 7= (Singh and Dan, 2006). F7-, v
T RARNRT Ry 7 A2 Y ANOVA TR TE 72 WAlEEMENH 572 Post
(incongruent — neutral) - Pre (incongruent — neutral) TH H L 72fi% 1 sample t-test THE
L7=. #aHLERIZ 1% SPSS for Windows (SPSS Inc., ver.11.0) % W TCAHEKHEIL 5% E L

7.
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Pre-session

Post-session

EX experiment Stroop

CTL experiment Stroop

Exercise Rest
(10min) (15min) Stroop
Rest
(25min) Stroop

Fig. 31 Experimental design

All subjects attended exercise (EX) and control (CTL) experiments with the
order being counterbalanced across subjects. In the EX experiment, subjects
performed a Stroop task before and 15 min after the exercise. In the CTL

experiment, subjects rested instead of performing exercise.
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Table 14. Estimated fNIRS channel locations

1samplet-test

Pre - session
E{E + SD statistic
2ch 003 =+ 0.04 0.02 *
3ch 003 =+ 0.04 004 *
6ch 004 =+ 0.05 0.08
Tch 003 =+ 0.04 0.03 *
9ch 003 = 0.04 004 *
10ch 0.03 = 0.04 0.03 *
12ch 000 = 0.03 0.62
13ch 002 =+ 0.03 0.02 *
14ch 002 =+ 0.02 0.04 *
15¢ch 001 =+ 0.05 0.80
16ch  0.01 £ 0.02 0.03 *
17ch 002 =+ 0.03 0.05 *
19ch  0.01 £ 0.02 0.06
20ch 001 = 0.03 0.15
22ch 001 = 0.04 030
23ch 001 = 0.04 035
26ch 0.01 =+ 004 0.27
27ch 000 £ 0.03 0.1
30ch 002 =+ 004 0.12
31ch 000 =+ 0.02 0.61
33ch 001 == 0.04 026
34ch 001 =+ 0.03 0.14
36ch -0.01 = 0.05 0.60
37ch 002 = 0.03 0.03 *
38ch 000 = 0.03 0.86
39ch 000 = 005 0.94
40ch -0.01 = 003 042
41ch 000 = 003 0.96
43ch 000 =+ 0.03 086
44ch 000 =+ 0.02 1.14
46ch 000 == 0.04 077
47ch 001 = 0.03 059

1sample t-test
Post - session

E5{E £ SD statistic

2ch 005 =£ 005 0.00 *k
3ch 006 =£ 005 0.00 *k
6ch 005 £ 004 0.00 *k
Tch 004 £ 004 0.00 *k
9ch 003 =+ 003 0.00 *k
10ch 0.03 =+ 0.03 0.00 *k
12ch 003 =+ 004 0.01 *%k
13ch 004 £ 004 0.00 *%k
14ch 003 = 0.03 0.00 *k

002 £ 003 0.05 *
16ch 004 =+ 0.05 0.00 *k
17ch 003 =+ 0.02 0.00 *k
19ch 003 =+ 0.03 0.00 *k
20ch 004 £ 006 0.02 *
22ch 005 =+ 0.03 0.00 *x
23ch 001 =£= 005 0.31
26¢ch 004 =+ 005 0.00 *%
27¢ch 005 =£ 0.05 0.00 *k
30ch 004 =+ 0.05 0.00 *k
31ch 004 £ 004 0.00 *k
33ch 003 £ 004 0.00 *k
34ch 004 £ 004 0.00 *k
36ch 002 =+ 004 004 *k
37ch 003 =£= 004 0.00 *x
38ch 002 £ 004 0.04 *
39ch 003 == 004 0.00 *%k
40ch 0.03 £ 0.04 0.00 *k
41ch 002 £ 004 0.04 *
43ch 002 =£= 003 0.01 *k
44ch 003 £ 003 0.00 *k
46ch 002 £ 004 0.04 *
47ch 002 £ 003 0.00 *k

Hemodynamic

response during color-word Stroop task. All data are shown

mean #S.D. *: P < 0.05
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Fig. 32 fNIRS measurements

Brain activity was measured while subjects performed the Stroop task. (C)
Front view of the probe arrangements. (D) fNIRS channel orientation.
Detectors are shown as gray squares, illuminators as white squares, and
channels as circles. The international 10-10 standard positions and other
positional information is indicated. One holder with 24 fNIRS channels was
set on the left side of a subject’s head so that the optode between channels 4
and 11 fit FT7 of the international 10-10 system, and the medial edge of the
optode column was parallel to the medial line. Channels that were not used
in the analysis due to low signal-to-noise ratio are marked with an X.
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3. MR
3-1. CWST @ RT

EEER O BSFFRICEB W T ANOVA OFERNH a5 2 3 > (neutral /
incongruent) (Fq 19y = 20.48, p < 0.001) & & > 2 3 & (pre / post) (F.19) = 61.86, p < 0.001)
TEIRN DTz, £72, TH 2OOMICKAEMNH 5 Z & DB S 72 (Fuae =
27.89, p < 0.001). Post hoc (Z Turkey’s HSD tests % i\ 7= & Z AIESERTIZFV T Neutral
& incongruent @ SR 22 bR U 72 & 2 A incongruent iR O OSSR 8 A ISR < 72
> TV /= (873.7+99.3 vs. 728.0 + 214.1, p < 0.05). IEH % Tid neutral & incongruent 7%
ITBEE T2 -> 72 (651.6 £122.2vs. 575.5+106.8, N.S.). ZDOFEENE, &A%z @L
T neutral £ ¥ % incongruent OGN A EICE WD &0 HER S 7= (Table 15) .
07, B va Al K D i CIEEN £ 121X neutral & incongruent & B I SN B

\ZHMET D Z & A HERR S 472 (Incongruent: p < 0.001, Neutral: p < 0.05, respectively) (Fig.
)., arvFavarittyia yOREEHEMRET H7-HIZ, neutral & incongruent
DFEZFEM U CHE L. £ OREE, EEifE CIXED%C neutral & incongruent D ZE7A
AREINEL oo TOD Z & DR S 72 (Tag) = 5.28, p < 0.001: two-tailed Student’s
t-test) (Fig. 33) . 24U 5 DO FIT—1@ME D i FEB) 23 neutral & incongruent @ i ks
Mz A EICHEMS Y, ZhidStroop THERKBL TWHHDEF I ZENTE 5.

AT LT, EENE O SR ORI TERE IS T A ENOREN BRI NLDL Z
L, v hu— R (ZEF) Tb ANOVA IC K BT 24T > 72, TORSE, avF
43y (Fui = 54.63, p < 0.001) IZBWVWTEHRNHER S neutral X ¥ %
incongruent O USHFFRNEWZ ERHAGMNER-T2. LrL, By a TIEEDR
WHER SN2 o7 (Fuig=024,NS). F£7=, 2 b 2 2O EZERITH L TR AIEH
INEWNT LD (Fue = 2.86, N.S.) SEENFED Post (235 1F 2 SOkt IR i oD R | ZNE RIS
HHbDTERNEFRD.
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3-2. CWST D=7 —
HEEF O 7 —#L= 7 ¢ = (incongruent / neutral) factor (Fi9) = 27.60, p <
0.001) &, w3y (pre/post) factor (Fuig = 1.31, N.S.), (B TENEN R S
7. Flo, REAFERICAEZITE) 572 (Fue=0.14,N.S.) (Table 15) .
—J,ar k=LA oI —HlE= 7 1 a > (incongruent / neutral) factor (F 10y =
57.00, p<0.001) &, &> = (pre/ post) factor (Fu1g) = 0.00, N.S.) (235U TEZHEMN
WENTz. ZRAEERICHEZITED 572 (Fu9 = 0.00, N.S.).
AT 4 v a T EOT T 4Tl Incongruent O = 7 —# A3 IEZWRER Lo T

(Ex:p<0.01; CTL: p <0.01 two-tailed pared t-test ).
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Table 15. Stroop performance

Reaction time Error rate
Pre Post Pre Post
Mean SD Mean SD Mean SD Mean SD
EX experiment
Neutral 7280 * 2141 5755 + 1068 05 = 22 00 + 00
Incongruent 8737 + 199.3 6516 + 1222 80 = 77 70 = 6.6
CTL experiment
Neutral 713.7 £+ 1473 687.5 = 154.0 05 + 22 05 + 22
Incongruent 8413 + 189.7 8428 =+ 209.5 80 = 70 80 = 6.2

Inter-subject mean and standard deviations of reaction times (ms), error

rates (%) are shown for each session of each experiment (mean + S.D.).
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Fig. 33 Stroop task performance.

Comparisons between incongruent and neutral conditions for reaction time
(RT) (A) and for error rate (B). The mean difference of reaction times in
incongruent and neutral conditions indicating the Stroop interference for
exercise (EX) and control (CTL) conditions are shown in (C). Stroop
interference difference between post- and pre-sessions in reaction time (i.e.,
[[incongruent - neutral] of pre-session - [incongruent - neutral] of
post-session]) contrast is shown for the EX and CTL conditions in (D). The
mean difference of oxy-Hb signals in the left DLPFC in incongruent and
neutral conditions indicating the Stroop interference for EX and CTL
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conditions are shown in (E). Stroop interference difference between post-
and pre-sessions in oxy-Hb signal (i.e., [[incongruent - neutral] of
pre-session - [incongruent - neutral] of post-session]) contrast is shown for
EX and CTL conditions in (F). Error bars indicate standard deviation.
Statistically significant effects are indicated with asterisks (*** p < 0.001).
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3-3. fNRIS Dk H

Fig. 34 {Z CWST 10 Aoxy-Hb DF — & %75 L7z SHOERTIHITE A LT RTO
F ¢ RV T CWST IZ K o T oxy-Hb 23N L7z, EFLO ISR O R )5, Stroop
THPHRIFAETH D 2 & 2RI 5 7291 hemodynamic response (235 H L T neutral
& incongruent O FEDHNE % H M L7- (Peak — Base).

£9, £F v KT Stroop TR BT T ¥ RAZFEET H7-9IZ Peak-Base
% 1sample t-test THEREMEZ R LIZF ¥ XUV 1L F v 1L &g o7 (1 sample
t-test, p < FDR 0.05) (Laird et al., 2005, Derrfuss et al., 2005). & D%, ZILH DT ¥ %
IV ESRE T RO FEDSN T2 Y 72451 T ANOVA 21To7-. ZOREE, av 74 v
2 NCRDEDRBH o T-F v 1L ch 2, 6,9 area (Fui9)= 7.6, p < FDR 0.05 ), Ch 3,
7, 10area, condition (F(119) = 6.9, p < FDR 0.05), Ch 13, 14, 16, 17, condition (F(,19) = 6.8, p <
FDR 0.05), Ch 37 condition (Fi.1) = 5.0, p < FDR 0.05) & 72 5 7=. & v a i k5340
H$C1E ch 2, 6, 9 session (Fu.i = 0.2, N.S.), Ch3,7,10 area (F15 = 0.4, N.S.), Ch 13, 14, 16,
17 session (F19 = 0.0, N.S.), Ch37 (Fu10=0.1,N.S)) &7 o7c. 7o, avT 4 a v
Ly rarORAEEMEch2, 6,9 (Fuig =2.9,N.S), Ch3,7, 10area (Fui9 =7.2,p <
FDR 0.05), Ch 13, 14, 16, 17 (Fu10) = 14.78, p < FDR 0.001), Ch 37 (Fui = 3.2, N.S.) T
ST, XAVEHPSH-7-Ch3,7,10 & Ch13, 14, 16, 17 82 % LT Posthoc & L C 1
sample t-test  (Post (I - N) —Pre (I-N)) #17>7-& Z A, ch13, 14,16, 17 (t=2.9, df = 19,
p < FDR 0.05, 1 sample t-test) (ZHBWTHEZDHIR INTZ. T DORREIZT TIX
Simpson’s paradox (2 K> TIEMENAEE THRWEHESNTET ¥ U RIANBLT-D, T
¥ LT EIT 1 sample t-test A {TUWETED L & ATz

1 sample t-test 1T > 7= & Z A, pre - EX TIXA¥-EkO HgijgaEl (Ch 2,3,7,9, 10, 13,
14, 16, 17: two-tailed t-test p < FDR 0.05) 0[5V Vil & 45> (Ch 37) CHAM A4 7 &
ol ZRHOIEMT Stroop THIC L AN TH D EE 25, post-EX TIHIFIET

115



RTCOF v RV THERENE 72> 7= (two - tailed, one-sample t-test p < FDR 0.05,
Fig. 34). IEEHNZ KX D% #5728 pre - Ex & post - Ex D 7% 1 sample t-test THiE
L7- & 2 AENEROIMAES (Ch 12, 16, 22) & 4 -ERORiTEAMR, ZMAlES(Ch 27, 31, 40, 43)
Z UM U7 3RPED HERR S u7= (FDR: p < 0.05, two-tailed, one-sample t-test, Fig. 34). =
> b —/VEETld pre - CTL TIX/AE DSMURES T2 K & 717223, post - CTL Tl Stroop
THIC X 28T 72> 7=, pre-CTL & post-CTL # Lt L7-& Z A Ch7 & Chi4

THERBD PR ST,

3-4. RT & rCBF OB

RT & rCBF OFABIIZ-DU T Spearman O AHBAMREZ HIWCTH#fT L7 & 2 A, A E7etH
BRI D5 Z LIXTE o Te. £2TC, 7 —XOEEX & A5 7= McNemar 12 & %
FIVWTCRT & rCBF O RAfR A 7=, Z D#ER, Ex - Ch2, 6,9 (y*mc = 7.69: df = 1, p < 0.01),
Ex—Ch3,7,10 (mc=8.07:df =1, p<0.001), Ex-Chl3, 14,16, 17 (x¥*’mc=10.89: df = 1,
p <0.001), Ex—Ch37 (¥*mc=9.09:df=1,p<0.01) 72V, RT & rCBF I%[F L J7lf]~
HRL WD ZERHLNZRST2. ZHIEAEWICHBEBEEGER D E VS 2 EHTX
5. —J, ar ha—BETIE CTL-Ch2,6,9 (mc=0:df=1,N.S.), CTL-Ch3,7,10
(¥’mc=0.36:df =1, N.S.), CTL—Ch 13, 14, 16, 17 (x*mc = 1.78: df =1, N.S.), CTL—Ch 37

(’mc=0:df=1,N.S)) & 720 IR SN - T,
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Fig. 34 Results of functional analysis.

(A) Cortical activation pattern during Stroop test at pre-EX and post-EX
sessions. T-maps of oxy-Hb signal change for [peak period - base line]
contrasts are shown in the upper row. T-values are shown according to the
color bar. The channels that did not reach the significance level (p < FDR
0.05) are gray. The graphs on the lower row show the time lines of oxy-Hb
and deoxy-Hb signals from a representative channel (CH16), which had the
highest t-value for Stroop-interference contrast in pre-Ex/pre-Ctl conditions
in the left DLPFC ROI (refer to B). Error bars indicate standard deviation at
given time points. Each time line is adjusted to the average value of the
baseline period. Oxy-Hb and deoxy-Hb signals are shown in arbitrary units
(mM-mm). (B) T-map of oxy-Hb showing Stroop interference effect
(incongruent-neutral) at pre-EX and pre-CTL session average. Red solid
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lines indicate the ROIs based on the anatomical labeling. Other descriptions
are as in (A). (C) F-map of oxy-Hb signal change showing the interaction
between exersise (EX and CTL) and session (pre and post) conditions.
Locations and activations four the four ROIs (left and right DLPFC, left
FPA, and left aVLPFC) are shown. The center of a circle represents the
centroid of the channels consisting the ROI. Other descriptions are as in
(A).
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EX-post — Ex-pre experiment

{t-value)

<30 o o0

Fig. 35 T-map of oxy-Hb signal change

T-map of oxy-Hb signal change showing the effect of exercise on Stroop
interference (post (incongruent- neutral) - pre (incongruent-neutral)). Left
lateral, frontal, and right lateral views are shown. The color codes are as in
bottom color-bar.
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4. &

2

A Bl O EERTIE, — Mo PR EE) % (2 /£ DLPFC OfRIEE AN m L L7z Z &IC Xk
D RT A BEICEM L7 2 ERB BT/ - 7=, /2 DLPFC 28 Stroop F#IZEE 535 =
L, EHFEZ < O INIRS OBFFE CRIEEDHE S 4 TWv% (Schroeter et al., 2002,
Schroeter et al., 2004b, Menz et al., 2006). A<k, Stroop T-¥# CiEEN7 2 HHTIE ACC

(anterior cingulated cortex) % H/LMZT 5 & FHOILTU 572 (Carter et al., 2000)fNIRS T
ITHER DFEIZ L > THIET H Z LR FRETH S (Villringer et al., 1993). L~ L,
fMRI T % DLPFC 7% Stroop T¥#2B 59 % = & 7»5 (Leung et al., 2000, Banich et al.,
2000, Milham et al., 2002), 4 [=] 0 i FILHTFEFTEF O RBAERE 2 )+~ 5 rICBF TH 5 =
LATEEV T2V (Fig. 35) .

A 8l SEBR TlXEEN% |2 Stroop T (incongruent-neutral) (2 1 5 bt FREE 23 KA L 7=
Davranche and Audiffren et al. (2004) 1% 5006\ 0may 3 FE 0 MR 73 5% 52 hi 5 1] 4 A o
L2 EHWME LTS, CWST Z W TEEI O R & 72 % O Tl Hogervorst (1996)
BIZED2bDRHDH. ZHbOHE TIE—H L CHEENMRIZRSRER 2N ERE T2 2 & 2
5, Bx DEBRMREEZBEET L0 THD. L, ZTb0@ETIE RT 7217 T
RIEENCE TS AL b O, Fo, =7 CIHERC L2 B Ao en
STERIZBE LT, pre-EX B EZERNZ LD TEPo I EXRREE EEbs. =
UL, MoOME THRATRTIZEM T 52, =7 —8IXZ b L 72\ (Schroeter et al.,
2002).

RIZ, rCBF [JuEBENHE, =2 b o —/ L& § 12 Stroop ¥ T ER IO I IS Z 23
WU 72, ZAURSEATIFZEIC — BT 2455 CToh 5 (Schroeter et al., 2002, Schroeter et al.,
2003, Schroeter et al., 2004b). EEhEE D post-session Tl Ch 13, 14, 16, 17 235 b8 < 1%
PN U7z, 24006 OfEE T CWST T @23 L4 5 DLPFC T& % (Ehlis et al., 2005).

RT 23 4EAE L 7= /5 R 2 & 2T Z @ DLPFC (Ch13, 14, 16, 17) (23 THLEIZ 23 HE N
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L7722 &3 stroop FHEZRILSMRIED L)1 hoTcBFZEx b5, 4,
spearman D AHREFRE A VT RT & rCBF D&% 7= N A E 72 BT ) - 72
(Schroeter et al., 2002) & XS HFE & ICBF IZA B/ AHBABIR 2 H L T 528, FEBRo
PRBRE KL 2 (50T < & D . Z U Spearman DFRBIREE CTHE L e bR o R IA TS &
BExbD. F£1o, SO post- EX TiE/37 -2 & 23/ & < Restricted range 235K T &
HENIBEZHFHTEDL., ZHUTEMZE2FRITEALEBRIL, —ETE AN
TZOIN/NEL 2D rCBF OHMEI T DM HIR L T LE -2 Z ERFRELE L
FAbND. ZORZEZBEL T McNemar #E T RT & rCBF Z#E L7z & 2 A4
[l —HHIZEINTWD 2 E AR TE . DFE Y, EBIC K D RT OFLfE & rCBF X[
CHIMMEZ R > TELLTND &V ZEnD, 20 2 2O/RT A —% — | TFBEBE&
NDHDLEEDOERTHD EE 2 5. Stroop THHICHER L 7= DLPFC D&M 1%, #E
ERRRTHBEO e A0 THD EV) 2 EMNTE S (Banich et al., 2000, Banich
etal., 2001).

VL EO#ERA b IEE 2 RT 238 L 72 01X DLPFC % Hul & 3 % SR O I 23 ) E
L7 &ildabneE2 NS, EHPMREHNCGRZDOHEL L TEXLNDD
DELT, #HREOHENL~NIVOBIENH S, EB AT D &I &> THRITENIC
REBRN 7D SIWRERE N1 B L2 Z &R FWAERRT 2 A 80— RE#D 7R,
B REM 23 MG U 7= T REME 2N &V (Hogervorst et al., 1996). & 7=, e THFZE CIdiESh |z
XD TaTF7 I OBNEELTND EORENDH D (Peyrin et al, 1987). LavL,
SRIOFERNS ZN N EDOREREL 52 TV L0 E BT 5 2 LIk

B, AHROBEE LTHRATOERPDHD LEAD.
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5. K
R SE BN S ATEEATEF O 7 A FREICKT T A EZ MmO 2 RICER L, EDORE

D FE U THEEMMOMATEREOMEtE 2 5 2 E 5 MARGEE LIZHRER, SUFOmME

157,

— i@ 50%V0,max BT L BH Y v S B AT ol 25,

1. hEREEEENLIC RT N BICEMT 5. 20 & & Stroop T-# % K3~ 5 Incongruent
& Neutral DE S FEIZET D.

2. TIREEEBNC L D SR O MAEIL, /2 DLPFC OIFEIREMNT 5 2 LI2 L5 D

Thd

ik —EEofEREERNC L 0 f) B 5 CWST OFRERGE L /E DLPFC D&

B THET D Z SIS K DR "W D ERIRE NS .
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5510 T FRANRREART & rCBF RGN 0> 1 B 2 {1 9 IE B F ] O M e (WFFERR

n»u

g
ﬁn‘m
N
N~—

HEE) & FREIRERE D BAMRIC W T, B OMEIIERED S D XLV K - TImEOH
PSR BB O R RBHAREOBEZ X E LT &) WEI LV (McMorris and Keen,
1994, Brisswalter et al., 1997, Kashihara and Nakahara, 2005, Davranche et al., 2006). &% 7=,
& OFEE D EENKAT IR 23 e b R EEREO M LIZE L TV 2 03— L 72 RIS 5
WTH ST, 35D 6006V 0~ U > ZTEEIIT K o THER SRS 21T He
g I NS (Arcelin et al.,, 1997)X° 45 73D kL K ILAEMN ST O RT % 4
Mg S B WME2RH 5 (Lichtman et al., 1983). L2> L7243 5 Arcelin(1997) 5 1% 3 4y D2
Z T EENC L o GEIRGUSKRAM E L2 L2 MELTWDL 2 s, KIKT
b 30U EOEE) THITRIERELAM LT 5 LE2LND.

FCITHFFERRE 3 TUE 10 43 [ D R EEE B AN SR AN AR i & rCBF &1 L X5 =
LEMERLTVD., TNEHE AT, P8RS 4 CIREEGRHARR 558 TH

R L EE O B R DNRINIRE AR & ICBF IZHh 20t T 2 2 L2 AR E Lz,

2. ik
2-1.  HERHE

PR 1T A B T- 844 (220 £ 1.45%) & L7=. #BEICIZFOMIZEO ALY,
FiExEFICHBL, FEICE > THEREIZR D Z EDREBELGS. EBITT T

BRFPHRERHHEZ RS BEITE SV TITo 72,

2-2. FEBERFNE

BB B | R | T 1 4 {7 e B 52 %TVo max ZHIE LT, E£7-, CWST 22N bH7-
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DICHEMEE 7 7y MW, ROGRERNLET 52 & 2R L TARERETo 7.
EBROY A, HREIL 2 BREMETICRFLZE TS, AIENLI T =AU ROT IV
a—LOERAEEIL LT

EERIEITEB kGRS 1 4y, 54y, 10y @A 4TV hr—L 0 4l
L Lz, SHBREIERICERT2EES LT v F a i+ oicE@Bni-d L RE
B % 1T o 7o S R T L = X — 4 — 2 U T R VO B B L7 50%
VOzmax@Eﬁ?ﬁ‘TGCJZ v hL72. EB~Z'v ba/uiX Fig36 (IR L7z, #RE 1L 4 FE%E
DERE 1 B Of 4 BT Tiro 72, EFEIRZ BB L TlBE 2 L1795 Bk

G E QA VNl Byl

2-3. fNIRS D #:7%

fNIRS DHEAE I IMFFEREEE 3 & RO KL TEEA L.

2-4. HEHLE

rCBF OFEMTIZIX oxy-Hb & T, BRI 3 & [FERD H1E TR 21T - 7.
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FPre-sassion

Faost-session

CTL Stroop Rest Stroop
(7.5 min) (45 min) (7.5 min)
EX-1min Stroop | _}-omm I.?,E.?F Stroop
. Rest
EX-5min Stro op {5 rnir} {15 minj Strﬂﬂﬂ
EX-10min Stroop E:ff:i:nljse Rest Stroop

Fig. 36 Experimental design

All subjects attended exercise (EX) and control (CTL) experiments with the

order being counterbalanced across subjects. In the EX experiment, subjects

performed a Stroop task before and 15 min after the exercise. In the CTL

experiment, subjects rested instead of performing exercise. Brain activity

was monitored with fNIRS while subjects performed the Stroop task.
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3. KR
3-1. CWST ® RT

CWST D513 Fig. 37 & Table 16 (27~ L 7=. SEBEN AT 0O S i B 1] % i Bk foe s ] o
EWTHEET 25 &, control (2% LC EX -1 min TIXRUGSEEICH BERZT R S e
> 7=. LA L EX-5min & EX - 10min T Incongruent ™ 5 )i B 5 AN M 6] 12 & - 7=
EBRGEM T L2 Post — Pre TRT @3y h 7 A RNERHLIZfEZLEE L& 25,

control {Zxf L T EX -5min & EX - 10min IZ RT 0N A E TH - 71-.

3-2. CWST O rCBF
HEEFTH O rCBF OfERIE Table 17 127k L7=. £ pre (28T incongruent 38 T
hemodynamic response DEIMNHE LR STT ¥ o RUTIFEAETRTOF ¥ %
nEigolo. ZOREND, MOEIERESHIC T v > xvZ2 01 ANOVA Z1T- 72 &
ZAK3BITAT L HITEX-5min & EX-10min TtENKE < o7, EBEIREHIC &
%5 B W5 T OTEVERASON T F — map Z2{EpL7c & 2 AMlo> DLPFC, FPA L /&
aVLPFC NAEIZEVMIEZ R L72 (Fig. 39). ZOfRA2 L EILHEL7-& 2 A CTL

LI LT EX - 10 TORMBEHIMBAE Th 5 2 L RS- (Fig. 40).

4. B
CWSTDRTIZEX-5min & EX-10 minlZBWTEMET 5 Z LRSI, £/,

EX - 1min (ZB8 L TliX control & Lbifs U CH B2 EMEITE) N> T=. < OIATHIFE S

ot

g B EE S RAAREO R A ) LS5 & LTV 2y (Brisswalter et al., 1997), — %
AR EE) & L COERIT I NANME TH D720, SRIOERD EX -1 min TI3A
MFREEE L COMREBEICEL o EBEZXLND. SEIOERERIZI ~ 5
Oy DIEBNZ X - CTEAR SO REIE] 2 4888 S H 72 Arcelin et al. (1997) oG ERT D1
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DT D. AEBRIE 5006V 0me CHOF Y 2 FTEEThH Y, Delignieres (1994) B D
B4 o EEN R 1 s 120 | / A THDHEWVWI DI KT D, £, 40 ~

60%V Opmee O [ 2838 & A REIZ L VB E B2 5 L WO MG L b — KT 5
(Davranche et al., 2006).

ZAVET CWST & rCBF (ZB7 2 #As Tl RiEiE = FRiZIE, FRISARENICZHWT
fMRI (Leung et al., 2000, Zysset et al., 2001) <> PET (Carter et al., 1995), fNIRS (Schroeter et
al., 2002, Schroeter et al., 2007) % i TH E 72 rCBF O KBRS TWD. T b D
WA TR SN TWDEMLIE IR 2908925 DLPFC THh 5. A4 23R L7c
ch2,6,9 @ aVLPRC OJEMEIZ Z N K W HTOEAL Th 5D, Z D5 R Ehlis et al. (2005) &
WS L =BT 5. —RICEL O RIMFERZ el L72Bs, AR SELESCEE
fRICRED D Z LB AEREROIEENFZIC/ D 2 L 3% % (Thirion et al., 2005). #®
728, AW CWST (X575 BIfR L2 S350 2 b & 9 2 7o 0 ER D TEME S
A iz EFEZBND. Lo, aVLPFC DA O CHIEMEREm < o> THD,
ANOVA (2 L % effectsize 2 & V. Ko T, SENIIHKERE D72\ 72 OB ITIEE) )3
1 E o 72 aVLPFC 72 M A BT 7 o Te M O SR & 10 23 [ O @B D 2h A S5 L

TWDAMREMEDR RV, SRITPRE R ST UERHDHTE5 ).
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Table 16. Stroop performance

Pre Post
Ave == SD Ave == SD
CTL 8310 =+ 3038 8475 £ 270
EX-1 8245 =+ 64.1 8149 £ 708
EX-5 863.1 =+ 935 696.1 £ 493
EX-10 9248 =+ 76.9 746.1 £ 470

Inter-subject mean and standard deviations of reaction times (ms) are shown

for each session of each experiment (mean *

compared to control, p < 0.1

128
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Table 17. Summary results of spatial and functional analysis

CTL EX-1 EX-5 EX-10
Ave =+ SD Ave =+ SD Ave =+ SD Ave + SD

Left

aVLPFC  -0.03 =+ 0.01 -0.01 =+ 0.01 0.00 =+ 0.01 ** 0.03 =+ 0.01 **

FPA -0.04 = 0.02 0.00 =+ 0.00 -0.01 =+ 0.01 0.03 =+ 0.01 *x*

DLPFC -002 = 0.01 000 = 0.00 ** 0.00 = 0.00 0.02 =+ 0.01 **
Right

aVLPFC -0.02 =+ 0.01 0.01 = 0.01 0.00 =+ 0.01 0.02 =+ 0.01 *x*

FPA -0.04 = 0.02 0.01 = 0.01 ** -0.01 =+ 0.01 0.03 =+ 0.01 **

DLPFC -0.01 =+ 0.01 0.01 =+ 0.00 0.00 =+ 0.01 0.03 £ 0.01 **

Under Pre and Post  columns, Zoxy-Hb  values  from

(incongruent-congruent) contrast are shown. Contrasts that were above the
significance level are shown with asterisks (b p< 0.1, *p < 0.05, **p

< 0.01, two-tailed.). All data are shown as mean + S.D. in units of
mmol « mm.
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Reaction time in Stroop tasks
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— 1200 ¢
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Fig. 37 Stroop task performance for each experiments

The left graph shows the mean reaction times (mean + standard deviation)
for the different Stroop conditions. The right graph shows the mean
difference of reaction times in incongruent and neutral conditions (mean +
standard deviation) indicating the Stroop interference effect. Sessions and

conditions that exhibited significantly different reaction times are indicated
with asterisks (** p < 0.01).
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CTL EX-1min EX-5min EX-10min

Y T T T ST TU  CET G TR ST T —
3 b H . L] 3 n 2 N ] 2 4 ] ] m s 3 e 3 4 | ] m s s ® 2 . L} L ] 10 s
Pre Post

Pre EX-1min post EX-5min post EX-10min post

50 o 50

Fig. 38 Results of spatial and functional analysis.

(A) Baseline and peak periods are indicated. Time line is adjusted to the
onset of the Stroop task. Oxy-Hb signal change is shown in arbitrary units
(mM-mm).

(B) T-map of oxy-Hb signal change showing Stroop task effect. Functional
results are based on oxy-Hb signal change. Estimated fNIRS channel
locations are exhibited in MNI space. The center of the circle represents the
most likely estimate for a given fNIRS channel. T-values are shown
according to the color bar. The channels that did not reach the significance
level (p < FDR 0.05) are gray. The channels excluded from the analysis due
to low signal-to-noise ratio are not shown.
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Fig. 39 Effects of exercise duration assessed by fNIRS.

F-map of oxy-Hb signal change showing the effects of exercise duration.
Locations and activations for the five ROIs (left and right DLPFC, left and
right FPA, and left aVLPFC) are shown. The center of a circle represents
the centroid of the channels consisting the ROI. ROIs that were not
analysed or that failed to reach statistical significance are gray.
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Oxy-Hb signal change [mM-mm]

Oxy-Hb signal change [mM+mm]

0.08 4

0.04 1

0.00 4

D.08 -

0.08 4

0.04 4

0.00

D.04 1

0.08 -

Fig. 40 Effects of exercise duration on

Oxy-Hb change (Post - Pre) in
left - FPA

CTL EX-1 EX-5 EX-10
left - DLPFC
—km Iilﬁ
F
CTL EX-1 EX-5 EX-10

performance.

0.08

0.04 4

000

0.04

0.08 -

008

0.04 -

0.00

0.04 4

008 -

left - aVLPFC

CTL EX-1 EX-5
right - FPA
e

CTL EX-1 EX-5

EX-10

EX-10

incongruent Stroop task

The mean difference of oxy-Hb signal increase during inongruent task

between pre- and post-exercise conditions are shown for five ROIs. Error

bars indicate standard deviations. Statistical significance for planned

comparison against CTL condition are indicated with asterisks (*p < 0.05,

Bonferroni-corrected).
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5. %
AWFZE T IR ] OEE W DSFREIBEREIC & D K O R e KIFT D, et d
ZALDJRR Z R KRB B2 G T2 2 LA B E L TITo 2. ZDORER,

UTOHmANSELNT-.
—iEPEO IR EE A 14y, 557, 10 0 ATV, TOMBEERIELTZ & Z A,
1. 5%y, 1040 FagfEiESR) ¢ CWST @ RT 1Z control [C bR THZIZEHMET 5

2. 10 4o d iR EeES) CTRIBARTEF © aVLPFC I3 1T A M3 A 22 ¥+ %

UbDZ Ldnb, 10 5 ORZY v 7 A3 A O ROSHE & 1A 1 S B33 ambgae 2 i

S A R ST,
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B11E BRE

mlu

<J_

=110
=

AFHICTIE, P TR A E RN I 2 R EIEERE OO [ IR E O RTEERTEF I 1
LHRIEEN O TCEDRE D L WO REZRRGES 5 2 & T, TOMEBEES. 2R ET D
ZLaHEME Lie (WIERREE 3), ZAUTSENL D E 9 s EEEEN (T & 2 AiTAEHD B I

it & IR Eh IR . 703 BE O TTAE & (el E (WFSERRE 1- 1), oRBEESE) Cm F 5840
AR R T o —~ A ILRTEERT R R AT IS B 2N & 5002 (BFZERREE 1 - 2) 12

DONWTHRET LT, ZORERND, EEKIZ INIRS ZET 27200FEB®R e hark
VERRT 5 2 & DSk, Wiz, ST #EIC L 5 rCBF »Z1kiX Block 7% A > & ER 7
PALOELLNEMICHIET D22 ENTEH0? WEHE2-1), ERT A I
P 1T BT I RIRR 23 R SH AT EF R P IK S 2 O HE RIC B 53 5 2> 2 ST FR O W0 6
OffE (WHERE 2-2) . CWST Br O FLEEIGE & LT rCBF AHIi{E D% (WF5E
A 2 - 3), CWST OB & RiSE AnE Jo BT M i 2 2k 5 B L~ L OB 5

(WFFERRE 2-4) IZOWTHET L7z, ZORRENOMERTROZ A I 7 L fNIRS D
BIET — 2 DT TEEIESLT 2 2 LRk, Zh o O R A B E 2 THFERE 3
T, PREEENE ORBHGRE /T 4 —~ A XETFERTEF O 5 P AK M b 2E D HE K D
LS 222 120 TG L7, £ ORER, —il ko HroREEH) I K 2 58 mBERE D)
X DLPFC OIEENREFH 5 Z LI2XL D 2 L WRmB Iz,

—IE PO EE) CRRAEEE M BT Z LI < b HE SN TR Y . FIRA D EE
EBENTREE T D REMEN B2 & AR S LT X 72 (Tomporowski, 2003). Z O &
L CGEENZ LD REE O EARBINTWA N, HEZ E IR KIS Z R T
ZEMD, FEMITH L NS TRV, F, ZOBROMREEMIZ OV TIZH S )
IZENTWRNoTc. 2 TR TIE @O ER O A MEET 5 72 DICHH 72
fNIRS # W\ T, Z ORI AZ AT 2L & Lz, LAL INIRS ZHWTZ DX
D BME IR STV oT7e7e®, INIRS ZHWD 72D ikfma sy 52 &
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MOAT I BN D o T,

N

fNIRS [ZEHRZ 17 & 3T ARAMIRON 2 BRS L -C R B2 B 0D J) 7T b oL it 3 4 TR 7 9 2 g
WHEA A=Y 7D 15ThDH. MECHRENTHDL LWV AU v M EFRFOHPINE
\Z K B R & i B 5725 INIRS {5 = 12528 % 5. 2 % (Davis et al., 2006) &\ 5 FRIE S & 5 .
Z D7 DEE O INIRS HIE 21X SBF DA HIE T — Z I A 5 2 5 AletEiT
VN (Buono et al., 2005). Ide et al. (2000) % fNIRS % VN CIEE)H 0> rCBF (B4 %
Z LT 2 3 B2 LR O AN AREN 30 5 EBRIT ) A ABBIEL T LE 5. E7-EH)
I LD MERDOIERCMED FH-H NIRS 7T — X T BE 52 5 Z b, WIRIEE)
\Z X N9 % vascular response & & OO TR X B MFEEE N & X BT 5 M E B
5. TNHOMBEAEBET 52 & THID Tt R EEERNC L 2 RAEHE & 1
RIEBOBEIZOWTH LN T 52 ERHRLDTHD. ZhbOWEEZITTH
Bl OBFFETIE 10 43 O HBREETER) (50%V0umay) CHILITIEBIFE 71 15 4T SBF &
MCA Vpean [T ZFFIFOMFIC R 2 Z & D3RR S L7272 fNIRS Z I\ 4 1S E -5 224
PRS2 Z BRI EB 2D (FERE 1) .

WFZERRIE 1 TIRRIE L7z INIRS IS/ A AN E OFEENHREIC /e > 72728, BF
ZERRE 2 TIXE L7727 — X2 OfEHEEZ R ST 2570 DICERT A o & 2O/
7 Bl OWTHEE L 72, Ehlis et al. (2005) 1% BL 7% 1 > 2 Xk 5 CWST D it hin &
ZHE L TWBHH, Schroeter et al. (2002) 5 (4] T ER 7 A > C CWST |2 X % I i
IS B A L2 INIRS IZ K D FEBRT VA X BLT WA v Tirbh b Z EnEno T
0, KV IEMZRFMZ T2 72DI21E fMRI THWHTWD ER 7Y A 2 K 2 |ED
BE LV, ZHhOOEITHIEN S, Bx i @O hisEEER) & M 5 BT Y A
v ERNTEDORE 21T o 7o, TORER, BLT A IHBRE Z L DXL 2 A RE W
72O ERT WA DIEH 3 CWST D rCBF ZHliET 5 DIZH# LTS Z LR ghoT-.
KIZ ER THA 221272 ) ER R OB Z REST 20BN H o7, M
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BIIMRIEDICLI2MEFELWMAETLOCENTEZIZZERMONTEY
(Schroeter et al., 2004a) fNIRS Till]’& L 72 rCBF |4 ~ 8BII L BN T — I/ 5,
Z DO D TI TR Z g L7z & 2 A ITI12 723 ER 7 %1 > C rCBF % i
ETHIENREE LN & &fE L, TIZ, TRV TH RAW T —X 27
ANE N TR EDWE AT H 2 & TEREEO MIISE 2T 5 2 LN FRETH
LZEBH NIRRT, TNHDERT A U ROMERROS A I TDOREL
FRMNT S5 Z ENE LT Z E S INIRS O 7L D5 S 2R T 5 Z E N FREL oo T,
—iaMEOEENZ IS 1T D IR L FREBERED ) RIZIT U FOBMRA R S TR Y R
WX > TERAERENME T35 2 & & 5 (Chmuraet al., 1994). FRENEERE D ) _EIZ2h=R
D L TEBNREE LR 120 1 DEGETH Y, VOuma D 40% 735 60% (2 550 TERA
MEZ M E&E5 2 ENME SN TV 5 (Davranche etal., 2006). L2, s 50)E &
BRI ITEREREN R T T 5 L E-o ol D H 5 (Brisswalter et al., 1997). ZiL 5 D
HEZT, WO RREEENC KD CWST O LISy, SR B L 72 i
MDD MPRIE BN Z — 2 DNEIR D7 & S ARG DUV TG L7 (WFFEIRE 3) . £ DOfE R,
LRI & EE % O CWST &R @ hemodynamic response # LLig L= & = A, iE#Ehtk
IZ RT A3 B ZH#ME L C DLPFC % HDCTEME 2SI L 7. RT OFLfFE & rCBF DN
SARBIBR AR SN2 2 LD HIEENC L D DLPFC OFFMEAHEMLIZZ Lick Y
MRRTEEN S YT 72 0 ROCKRFEI N ERE L7 B2 b b, S BIZZ O REEHOR)
RPN CTHHEBT 2 2 L BHERD D E Lz & 2 ARIGRERIE 5 43 LA B TR L,
10 3 b AEMEBRKE WD ERH LT o7, F72 CWST @ rCBF 1% 10 43 DiEH)
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