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F2FE FLITHE

1. FIEERTEFAYE] 5 E1THEEE(Executive functions)

RIPE TR & < ATEASE, BATALE, MIEATE, RO 4S50 b D, AIEEATE
X, KIORTT % 58 2 AiEARED EEN R & BB AT, AL EBEEF A RV T
H Y | HERERICIE BB S I RIS, IS & m vk AR s s WA BRI B o
DHMAEIC R E < 3T LD, R, SMAER AN B 2 = IRER RN AR & SEATHERE & RS, 5
ITHERE L 13, D2 BEA R T 272010, FHHZ T, EERCITEZHET 2 Th
% (Miyake et al., 2000),

K EDOHF T, MEENY —REn2 0 ELEV R LIETE— RO
MR T, ATEEATER SMARE 0O 1 T & FF /MRS (dorsolateral prefrontal cortex, DLPFC)
fiE SRS (ventrolateral prefrontal cortex, VLPFC) . % L . M (frontopolar area, FPA)
TNt < D=a—n A A= TR L > TENENDRRERALN e 578

FNIREI 2 5 Z L 23 57372 5 7= (Gilbert and Burgess, 2008),

2. RITHEEORM FAETE
2-1. fNIRS [Z X 52 #ZEBDRIE &ERF

MMPERE A A — 2 V@ IT, & D MEAL THBRIEEI N 2 - 72 B, R IN if. ik
(regional cerebral flood flow, rCBF) 23¥4 /17~ % Neurovascular coupling O J5 ¥ % JLA & -
%(C S Roy, 1890), FHFRIHEN E 5 MIMIEA LD A T = X DTIFAE X ARG 8 5 D3
MRRIEENOBEZ 7 ) THIfO —FETH L7 A hathA b CRIRHMR) 2AEE L, M
M &JET 5 &V I nA 1 THh D (Haydon and Carmignoto, 2006), 7 A 4 A k
X, BHRZEEAMIZ L — 22 B0 F FRCHE LSS, b9 —FE2MEDOE Y Z2HY

BLIITEVELINTWD, MRIEEINTTHET S ET A bt A o CaEELA



NI & & Lo TT T FUBORBEY S S, IENIRE SN D,

fNIRS (. Neurovascular coupling D JFEEZ IV, BERZ B2 L7 0 — 7 0Btk
SR A BEHAE PN I HRGS U 5H 25 2 % C RN RO O il % it L CHFOWEE RICR - T &
T AT IRIMRE DBRFE AL, FESEE~F 7 1 B (oxygenated hemoglobin, oxy-Hb) &
il #{b~F 27 1 £ (deoxygenated Hemoglobin, deoxy-Hb) D X &2 DFn
T DH~FZ 1 (total-hemoglobin, total-Hb)DIEFEZHIE T2 Z L NAEETH 5,
F£ 72 INIRS THlE &7z oxy-Hb & deoxy-Hb BRE I, FEAE AR S N M4 75 (functional
magnetic resonance imaging, fMRI) (2 X 5 K1 (cerebral blood flow, CBF) #jfi& & —%
L TH Y (Kleinschmidt et al., 1996), % < OHFFETT — ¥ OFFMENH O MRIES LTV D
(Koizumi et al., 2003; Obrig and Villringer, 2003),

FrIZ, INIRS 1%, O iiRe A A — 2 2 7A@ I~ JIE R ORI HRI AN 22T
DALV ANRDRLS HETE FTORIERRETH 5 2 Lo SVEEE) DS T RE
15 2 BROMRRILBRAENT IS S THE Y W< OO INIRS % F VO CRiTEEFTEF
OFRRIE B 2N ES P ICHI NG 25 Z & 24 LTV D (Lucas et al., 2012), EB)EF & BiiEAR]
B AR AR A MO IS 2 LTV D 2 8 3 BT e > TN B 72 D (Barbas
and Pandya, 1987; Luppino et al., 1993). E &) -F (2 FTEEATEF O FRIEEN 23N L T H I L
<7\, LsL, RSN R CHE 3 2 @i 9~ 2 720, BB X - TIN5 KO
LR AN B BN LR A A T 2 R MBI IR L3t 7 & ARS8 & S 3~ 2 o BT b L
ZALLISN D MR D2 LA INIRS OFT — X IZIRA L TLE 9 A[REMEA EVY, Yanagisawa

5 (2010) 1% 10 FyfH] o> o5 B2 e E) 23 58 0 AR IRF O BT ER BB O ARG ENC B 2 5 B A
FREST 2 722, PR B 4 (B ML TP RN AR ML 72 & D 7' m — L 2R i i 48
ERZFHEL~VETERTT 2 ETORMAEBRTT 22 L TERY R b a2 Lz
L 2D O MFEEACITER) O IR CRERNKAE L CE LT D720, B7p 2 B &M T

EBREAT OB EICIIHRETOLERD D,



2-2. fNIRS [Z &k 5 R1TH#AERE (CWST) BROMEIBDRE

FLE S DOWFFEE TIL, EITHREE ISR T 5 2EER O R & INIRS THEFTT 5 72912,
A MV—THEOL B T& 5 Color-word matching Stroop task (CWST)%Z, —2>—2D
AT OMIMRZ 221 T, 2N ENORATISN T 2 RFTIK IR IGE A 7 5 SRR T 1

(event-related design, ER design) % T\ 5, Z ®JHiElE, Schroeter ©(2002)7%

i)

NIRO300 & CWST Z HW\W T, #EIC XL 2 a78AR1EF O KT IS E 21X U THIE L

k=

Totge e g & LT s,

CWST FREIF, HERE 1T/ a L OEEICRR SN D EEOLTFOMA L TBO LT
DEWN—FHL TWDL 22§ 5, Neutral if#IL EBEOXFNT S THY |
Incongruent iffHIL EEEDLF DA L RN R 5 ADOHFEIC/e > T b, B MILF%
HHBRT, ZOBEWRICKH L CHBIMICKGE LT LE S Z &5, Incongruent ifdH TILH
FEO BRI L THBIMICE 2 2 4B 2 MH LT, £ OBFEO AT L TG LT
72 57, ZOFER, Neutral FE & Oxf 230 T Incongruent 71#H 0 SO R 0 1
R T —RPHIRT 5, & 51T, INIRS 1T X 2 JHFNILHTRE & . Neutral FREEIZ H~
C. Incongruent fEEHIZ L » TR&E < 725, Z D Incongruent #H & Neutral FEE D757 %
A RN —TFYR LR, FEATHREE A MR D FEIE & 72 D, IMRIX° PET & W72 P58 T
H A ML= T TN K DR RIS BN X, EICATHCIRECE (anterior cingulate cortex,
ACC)& LPFC THIEEN TS, LA L., NIRS (Z% DK EEEEDHIEN & 5 728,
ACC 7¢ £ ORiSHFTE A OIS BN E T E 3, SMUESO RHER ATEETH L,
FERIZ INIRS Z# HHWT A M —TF TR LD MRIEB A€ =4 Y 7 L2 E Tl 4
it & BAfR 72 < Wiflil> DLPFC Ok iE 8h 2358 < #E 78 & 41T U 5 (Schroeter et al., 2002;

2003),



2-3. fNIRS TRHWEHIC K 5ETHEER L & T OMmFELRE

WA, Fox OAFFEETIX, —ild ko g o E#) 235 meE 2 &4 5 2 L IR
L. & Am Ea B E LT EENL G TR 2R DN D8E Th 5 HPREOEE R & 20
PR LA 2 B 5 /M2 L C & 7= (Hyodo et al., 2012; Yanagisawa et al., 2010), Yanagisawa
5 (2010) DOAFFETIL, 20 AROE RN & RFZRIT, 10 43 O —i M R iR AL o B 55
SEE (50%Y Onpen) S FEATHERE B FEAIIT 5 R b /L — 7 B 0D Bl X2 RRRE I 0> T B 1T B 0
PREENC 5 2 D Ba it Lic, ZORR. 10 oMo fmEo@E T, X hr—7
AREEIZAT & BT 2 RS AT B AMAR O IE B 2 U S 5 2 & CTRRERAR & 5 o)
% Z LW LTz, Hyodo HIEXEEHE IZFERDERZITV, A M L— 7 REPITRER
FRRRIE B A 2 5 2 L 2R L. VT REE (VOspea @ 50~60%7KHE) @ 10 43 [ o iEE)
T E RN 3R 20 AR ORI O RRIEE) 2 BRI E D 5 Z & TRRERRE &
mExEsZ L@l L,

3. RITHEELEY
3-1. EITHECTOHRERORERTF

FATHRRE & ) 2 ATEHATER 1L, BREECMER R L O s RBER DA 2 T 7 v a Tk
DS - BEEERVIC 2 E L T <,

KR, SIS PE > THREZ MO ZEME L, & b O @ REBAEEE &2 5 5 B AL TR B2y
IZBilZ2 & D (Kramer et al., 2007), 21X, Raz & (2005) 1&. JOfHIZ &> TR % 7
% — R B e & OEREIZBAD BN R Do T2 b OO | mIRGEIERE 2 1 5 AR
ROMEE OERFEITAD LT e 2 & 2 Lo, B, FATHRELZFMCE 5 A hr—7
MESCAA T 4 T T ITA I TR EDNRT =< ANMEIC L > TR T+ 5 2
MM X TW % (Prakash et al., 2009; Verhaeghen and Cerella, 2002) ,

TUEATEF D FEHE & EITRBEDIK TICIXE 5 W\ 9 B3 & 5 7>, Schroeter & (2003)



1%, NIRS Z MV T CWST RNy O B8 B L 2 AIEERTE o0 5y T i M i B G A i L
Too ZORER, Ml TITE BN TS L2 MR L/ VW2 & 2l
LTWo, £/, AIEATEFOZFEMRE N L 5N 5 MEEOHREE TN TS CWST
ARREIC T 2 SRR AR < 725 TR Y MMTELE b/ S W2 &2 b | FiTEERTE 26 12
& 2% F 5 BE LRy AT AN L 3 FEATHERE R OO BUGRF T B » TV D FIREME DN /R S
% (Schroeter et al., 2007),

HELNB IR TBMEDOHIFETIL, NGRS O X FL— 7 F I &
2 A IE B A WL T2 = > 72 (Hyodo et al., 2012; Yanagisawa et al., 2010), fNIRS %
V72 Hyodo & (2012) 1., #FBEE A TIZA b b—F THRIC X D RIEEN N E A & TR
LNLDIZX LT, mlind TIEMAITROND Z & 2ME Lic, ZOMRIT. Bl A

IZHRE I IZ 1T D A ML — TR O RIEEY A FRIEAR] (inferior frontal gyrus) @
B TEIVRSEND Z & E2WME Lz IMRI 2 W AFZERE R & — 209 % (Langenecker
et al., 2004), L2>L. HIESIC K 20RO ZEL SOV TEMET O R b #AE STy
%, fMRI % 72 Milham & (2002) OWFFEIE. HlnpA\FH CTld@mna 2T v
— 7TV & T AL C & 2 RIS AT B SMART O MG B R W 2 L A WA L TR
Y . INIRS % M\ 72 Schroeter & (2003) & A b /b— 7 BUEBIE I FNL O IIEE) & & &
7 NIRS 155 @ amplitude NEFFITHEANFEIE DMELS o T0AH Z A2 @EL T

Do

3-2. EBICKHAERFOREE - NG EIL

UTAE OAPERMEAFTEIC X o C, BT b b O @ KEREEHE & 5] 5 Bl SE A1 21 E O
Wil - R bz sl SR T enbho TE T,

bt = —~ UHFFRICEB VT, Colcombe ©(2004, 2006) (el okt LT, 6 » HRM.

I 3EIOMEE T 1 o hREARFEIS 2B I Rb- s 2 A, BiEERE 2 0 & L

10



IKEE - AEORENEM LI-Z & S OICITETHEZFMT 27 7 v b —ifEE
AR L7z X\, HEA N TS 23 7 b T BGHAL (RTSEZE, MIBEZED ) 23, 7h
<HHEDLNDEHIITHR-oTWNIZZ E B B2 L7z (Colcombe et al., 2006; 2004), F 7=, 1
~2AEMOER) b L—=2 7LD | IS X BIEE OFEHESA I S D Z L, i
FInE BT D 2 ERH LN o> TV D (Erickson et al., 2011), Z D X 912, BIEH R
HEENTE D OROREER, BERERIK F 2 Mk 92 720 Th REOMEIC L FERTH D
ZEBbhoTET,

BMAFFEIC I\ T, TEED Y ZE MR AR RE L IE & B D MR O ETAE AR L, v
T ARBERLMET EE®mODH T & THBRERNSEDL Z L HRESNL TS (van
Praag et al., 2005)., F4 OWFFE=ETiX, EENZ LD A N U AKISR D72 WMRIRE D kL
v NI VEEENE T VA S U ARTREE O — @M OEECED) N L —= 0 IS O
EOMAEIC KT T B L MG L T a7, TORE, KK OEE THIEEOMRIEE 2
% Z & (Nishijima and Soya, 2006) <> T A=A K] - 0 i F AR RS 22 K -1 (brain
derived neurotropic factor, BDNF)DRHLNEE TRELZ L2 LN LTEY (Soya
et al., 2007b), {KSREEE) TO F L—=1 FRNEHEES) 2 2 HUEE OMRHE % E o
52 EEHLMNTLTVD (Okamoto et al., 2012).

L L., BRYHMOEBZRIL, EIFEAY A VOB REROFELR EOffx o8
KR EEND, LIeh-> T, HMIZRESOHRESL, RHOEBINR & e 5 EER

MAZRDT20IiE, —BEOEEBZHRIZOWTH LIS T 2B EEDRH 5,

3-3. —BHEHICL>TEEFIERTHEDKAA D =X LA
T, BT a—n7T I AEEEO Y S—\IEDEENZ L - T, [ U XK 5 I2FEITH
BEDN BT LM SN TWAD, EEIC L VNS A2FHEO T a—L7 I 0%k, A b

L AR & B 5 BRI e R I 0i5cR 2 i U CTHUR THBIC D722 > T\ % B
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TR O feedback 1R & BIE RN 8 5, —i@MED PREELL EOEB)TIE, HUE T 6K
W~ EBIT, THRADWMENDI DT a—LT I KD EBRBKGHEZ 5, i,
BT A=)V T AT D T T A OMRREYE & LB & MNO Lo e
F 7V VRIS K — 8 2 RIS A IR ML & FETHERE 2 5] 2 RiTEE AT B O 4R R TE B ST
[CEBEREEZE D, RIS, EEZOMETIIV —F 2 F AU T A b, FRICETH
B & BET HAEIT, /4T RUF U EES F— "X VEIROIEWENMLETH 5 & i
LTW5b, £/, PET 2 W= a—ua A A=V ZHETIE, V7 FLF U ve R
—8 3 UNFEATHERE & B 5 DLPFC X° ACC, ¥R, JLJEE: (basal ganglia) & fHI5A
A IEMEALT 2 L5 LT\ D (Artiges et al., 2000; Aston-Jones and Cohen, 2005; Barbas,
2000; Jahanshahi and Dirnberger, 1999), L7273 - T, H5RELL EOEBEITH & ML
T A=V T RGP E FL, FEATHERE & 4 O AiTEHATE ORI B TUHE I BT 5T D AT REME

NHEZz b (Fig 1A),

4. HEELBH DY UEEMEHR
4-1. RBREESHTEMILLT S VEEERE

BT OBHIFGE CTld, — i ORI S XA 5 72 F 2 Y v 05k
ZHINESEDZ EE2HE LTS (Kurosawa et al., 1993), 7 F /L2 U 0%, A3
RENTARZEME Th Y . RIECHERFIE BT 5, Tl AR SRS - Bk -
fpig 7 Sz a U AEEIEAR S TFEE L, ChAT LW O 72 F L al v a2 EakT D% %
FHT D, FAEETH DT Y A ~—JF TlE, KIMEE O ChAT IHHERSE L KT
LTEY, ZOERTOEGWABAEDK FOESWEMHEAT L Z L hmE STy
% (Perry etal., 1978), #FlZ, & MO ERGBIEREZ T DRSO KRMRE O =2 U AEEE
FRAEIE, RIS & 2 K& I RIS 463 2 O T SR B O HE R K 7T

& % AT K D RBAERE DA T T IS PR B E D = U AEEMPE AP R O B
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X TRIDWHEMEREZ BN TS, L, Bk Lz X Hic, ~ 7 A&V
T, BRVVEBNIC K o TRIMEIEH O~ A XV MR T8 F a2 ) R H5WT 52
& & (Kurosawa et al., 1993), =2 U AEEIMERIRR O B GHEAL C & 5 ATEARTEF O M #8115 B T
HIZHEHT D2 LM STV (Furey et al., 2000a; Kukolja et al., 2009), Zi 50 =
b, ARTREESIC X A RRIEEN O LI 2 Y AFEIMEMROBEE R B X b b

(Fig. 1B),

A B

A

.....’

VTA
Brain stem

Nucleus basalis
of Meynert

o

Moderate Exercise Mild Exercise

Fig. 1. Exercise-intensity-dependent increases in neurotransmitters (A) Moderate intensity exercise
increases the levels of NA from the locus coeruleus (LC) and the levels of DA from the ventral
tegmental area (VTA) in the brain stem. (B) Low intensity exercise increases the levels of ACh from

the nucleus basalis of Meynert.

4-2. MEMNIZAETZTLIR7DEL

—iB PO EEN K 2 EITHEREO R EIZiX, HOMAREES AT LAOIEHEIZ L - Ty
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W SN DMRIZEDE AN EZEZbND, LML, & FOFFETIE, EBICL->THE
¥ 5N OMRREDE ORREZ EMICIET 2 ZERARWRETH D, Lien-> T, i
T & B REEO LA 2 BHEEAICIIE T 5 720l DERA AR & U CREBEKYEZ JIE T
& DRRA DB REMEDIL TV D,

T, [ RRELREED 28 725 2T CHET 22 LWL ool
(Sakairi et al., 2013), Z ® 2 KILK 5 RE (two dimentional mood scales, TDMS) (%, &
Gy A DR E L R & 28 & 2 i RIS E AT 5T L ORI IR ST ZERE T V)
[ZHASWTBRIE STz, Z OB RIAE D FHEIT. BRI 23 B> B R A e/ NRIC
B TWDHIeH, HHRERTORSGZDAH T R UEICHE TE DRI 5, L
Teildo T, —WEOERNICL 2K/ OELZRET L LICbAHTH D,

B, ZIRGERGRELRIC L DI, REE L REED 2 RL TR D&, 47
FAD Fe70 2550 I FATHEREIC KT R B A Wt L8 CUk, PR BE o 28k & BEEIIRIC
REBENSWI LT, EIAHBRBORGREAEMKT L LAREEATND
(Kuhbandner and Zehetleitner, 2011), £7-, WA NIRRT AL ZITHZ LIV TU—
XU T AEY —LHDOLIRETR 74—~ ANKTFT5H I & (Perlstein et al., 2002)
K> Number Stroop task FflZ Incongruent i@ C/N 7 4 —~ U AWK T35 Z & (Hartetal.,
2010) 72 ERHEINTWD, WIT, PFEEREC DRHCITFRAEED /N7 4 —< AN
A B L. Z O SV RTEHATE - AIAPREOTEBIR S E D Z E NP LNICR>TH
% (Perlstein et al., 2002), LA EDOZ &b —i@MHEOEEIC L > TEITHEN S E LY
AT, [ E B D IMNEERE O = 235 2 b 52, 72— 8O EE)IC L 2557

TALDN EATHEREIZ - 2 D B O AR IZ O W TIEA S 62722 > TV,
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$53E HMREMEIUVRE

1. WFFERE

—IRPEORIREEEE) S b S OEITHREIC KT TRE L ZOMRIEEEZA ST D

2. WFITERE

AHFFED B Z R T 72012, LA T OMFERRELZ R E LT,

(WFFERRE 1] AR50 AL E ) THm LA O EATHERE 135 £ 2 >

HFICRRAE 1 — 1. B7p % 3005 ONEBN #1035 1) % T4 BRI M 052 2 INIRS THliE

THEDOERT T o AERK

RN K0 | SEE R RE MRS MR N3 5 3. T AL 1% INIRS TH SR B
AL A I TE T D IEIS ) A R L 72 2 ATREME DS & < | TEENTR | AiTEE AR = AT f e Bh
Rex EMICHIET H7-0ICMBEE 2D, £ 2 CHEIRE 1 Tl Bl A Z x4 L L,
BB R B E A L LI R D00 (K - B - &5REE) o 10 5y o BiggE T L =
A—& —@EB) 2 I L, BB ICEN O DT A —F —PNEEH L VICEIET S F TIC

)

IRFfH] & R L 72

AR -2, B OISR ER 43 W A D FEATHAEIC JIE T 2 L 2 Ok S

it
it
PR N 31T % B DR SR I BB 23 SATHERE DS & OV DR AEAR |2 R 1T
EHE L, HATRRAZ S E L, O SREED ORI A L — 7 HE
AL, ETHRIEEIE L, 20l MIRIMRS LR (INIRS) % AV CHREH o

PR B 2 AT L7,
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[BF7EE 2 ] AR EEEE) (3 minE O FATREED W ICAZ TH L7 ?

WFFERRAE 2 — 1 . — i PR O R5R B E SN 1% 12 46 1 2 S 5 B R I ML A i 25 A2 INIRS Tl

ETHEODOERT 0 b a Bk (EfE)

R kg L U KTREDESN% (T INIRS 4 F 72 RS0 3R Hh oD e P A i s 285 6 2 38
ETDIODFERT v b aV Ok ERbl, ERERE 2R E L, 10 SO
SR S B XEE) (R REEE O 30%) A% INIRS (2 X 2 F55 B = AT A i 37 i
BOREIHEL G2 HEBN IR T XA =2 =Dl | ZDRT A= —NZFHL X

JAZIEIE S % % TS B 2 Ryfi] 2 BT L7z,

DFJERRRE 2~ 2. il oD (30 T B I i 2 O A THERE % 33 5 70 2

FFERREE 2 -1 M DIRE L ER T 1 b a o L v, @F&mE 2 e —@arkofk
SREETEE ORIRIC A b — 7R 2R L, FATHREZ IE Lo, £ OB, RIS

HEE (INIRS) % JH U CRVE T O thiet 6 8 2 3P L 72,
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B4F EBROLBREOEPHRICETIEREENMITLEZ INIRS TRIET S
HOEBRTO L OER (HRFEE1-1)

1. B#

AR SN TVWDMA A=V 7HETH D INIRS (X, BRI B S & < 22
HRKIDB D22 D MDD = 2 — 1 f X — VAGEIT AN\ O EE R R AT T D Z &
W2 L CTW5D, ZALE T, INIRS Z HVCIEE) o o /AT ik i it & 2 w5 L 72 s 03 <

D7 % 3 (Miyai et al., 2001; Suzuki et al., 2004), FEB)H I HINT 5 B O B RE i 72

El3, INIRS THIE 9 % 5 B B i i i B S 5 B & ST 370 JUTE D 24Pk
R S,

fNIRS 258 2 I 2 I B O I E IS ITE ARG 2 T 2 B 7 a0 — 777 & BRGE
SN R HIT R EPHE T 2R E L, KMEEE Tlom<, ZO%, RN
D—INI AT RO T —F 2 N TR KT r—T TRIHEN D, 2O, TR
RN DRMBBEO~NEZ n B REOEEZHET D, Ll EENZ L5 REE
PN D B & ML DHE AN 72 E D OWERI B2 KIFT T 720 IE LIc T — Z 3 phikig
EZ LD ~ET v B REDEEZ EMICKBEL R WATRBIENR B 2 b b,

% Z "C. Yanagisawa 5 (2010) (I FERER] O ok EEEEY 2SR AR AE & 2 O phifk
I RIETHBELREFT L OOFERT 0 b a LA B LTz, INIRS 7 — & O E
(ZR B2 AT T REME S S WAEBR 228 T A — & —OEE & @@ AT, EE, EH)% 2

SRR L. 205 D/RT X — 2 =N EER O L REFTR R AR R Zb DR
BRI EHEE SN AEEOR R GEBIR 15 47) LI L, HREEE%ICE T
% fNIRS CJRFTMMITIGE 2 E TE HERT 0 F a V2 {ER LTz, LavL, $e %
BRSO NI AEBRIN 22 8T A —F — (TR DB A KT 72 Ba7p 2 M O IEE) L)
F &2 ORI A INIRS TH D IS T 2 72D, AR O K v 27 5488

72T A =2 —DEEEZMFTO2LERD D,
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ATEE A 2P 4 X OV BB IC 2 < O iR & 45 9 2 o KA IR o L i 3 C & 2
MCAVmean (%, MfJE2Y 50~170mmHg F CO#FH TIE—EIZRh7-NDd 2 ERHmE S
TW5% (Aaslid et al., 1989; Brys et al., 2003; Hellstrém and Wahlgren, 1993). L7>L. i#E#)
FCIXHEIC ISR BT, EEBREIC K > T OEBNTR A D 7w, K OER)IC
£ o THEE 572 MCAVmean 372§ £ TIZEIE 32 O 2 e 2 BRI 5 2 203
AR SR

F7o. EENC X o TR L3 DB RPN OTE P (homeostasis) & #ERF 9~ 2 72
. % < DR FGILAE ML S NEVE RIS T2 2 & CRB MR 2 & £ 5, FFiC
RITAEH 0D B8 MRV | A oD By SR 0D B2 Ji I T e~ TR R BN I L 0 B A Z T30,
BB NS WERBIORIE O E L Z TV LD EBIBI AR IO X
DR EHEZBD D Z ENREE SN TW5 (Melchior and Hildebrandt, 1967), 3B 231444
ROATHEES O B2 B IR M AT TR TEB O TR IC K 0 B 572  RIREER) 2 5 e 7
% SR OFER % | BRSO B ML FE 3 [ E TS DR 2 Rt 2 MER H D,
L7223 » T WFFERRVE 1 — 1 Tl 5272 5 E OEH)Z L 2{k$ %5 MCAVmean & SBF
2 INIRS 7 — Z MBS E 2 RIAT S R WL L ~VVICEIE $ 5 & TIZHE T 5 R 2 B

MCTHZERZANE LT,

2. Ak

-1. WERE

RFAE144 (206 0.5 5% ; B S A, M8 4) BNERICSM LT, ER~OSMIC
LT, o0 UOHBRE IR By, HiE, PRI EREL S L7 BT
ZIMORE 257z, ERITT N THERAERE R ML R SR EITHESWTEM L7,

Pl (T 2 & BUE, MRCROTRERRORENENE L L, 7o, TN TOHRE X
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FRETHY, AARGEZRERRL L, 17 - RN IEF TH L Z &2l Lz, AER

CBIM LT 14 £ OFIKEEE, BEBRHEERE (VOypaw) &7 OREOEBIAR (W)

DOI-H)fE & FEYEFE 2 % Table 1 (27~ L7=,

Tablel. Subject’s characteristics in the young

Age Height Weight VOZpeak Workloads (W)

(years) (cm) (kg) (ml * kg * min ) (Low / Mod /High)

36.1 4.0 (Low)

Average 20.6+0.5 163.5+2.0 53.9+£2.0 393+2.1 71.6 = 7.0 (Mod)

107.1 + 10.0 (High)

Age, height, weight, peak oxygen intake (VOzpeak), and relative workloads for low, moderate,

and high intensity are presented as the mean and SEM for 14 subjects.

2-2. ERFIE

BB E T EA T A I AR L T A —2— (R RV AT LT 240, = TR
HA)  CHARRY ) v 7 E B ONR AT A ZRE L, VOyeu & FHA L7=, HIE S
N7 R MR BB SR = E12 30, 50, 70% Voo FH Y O Z 21 0O EE & T
(W) ZFH L7 (Table 1).

WeERE ORI IX, BE I N> 77— (transcranial doppler, TCD), L —#— v~
7 — gl (laser doppler flowmetry, LDF), MEH A~ A7 | fEIZ HR & =4 — % %%
75 LTz, F2BRIT 3 oo th ., A MEEIZFE Y 3 2 A/(W)T 10 5o~ Z Y o 7))
AT, BN T 1% 20 S5 (BHREE D 30 43[H) DORFRERIZE, KT A —H—
ZHRE LTz, &Y o ZEENTEN LB TITV, 357 60 [FHR D~ — A TIThE 72 (Fig.

2),
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Rest Recovery
3min 20min
—_— 1
-3 (/] 10 30 min

Fig. 2. Experimental design

Non-cortical physiological parameters were measured before, during and after 10 min of

exercise using a recumbent type of cycle ergometer.

2-3. hRKNEARMTEE (MCAVmean)

MCAVmean (cm/s) OJIEIFHEEFR K~ 77 —Miikit (WAKIL, Atys medical, France)
Rz, JEEBALITE E 2R LIZ S WEHEF S0 D D/— F &8O MCAV pean
ZHE L7z, MCAVmean OALEDRIEIZIL, MEESEET SO LRI~ T e —7%
ACET IR, BEES B D L TR, PR, BEROVTNNLRVMESHE LN DY
LI, T LT, BAIEEZL 55~65mm 2 LT YA U AR OKAKELD HIMI 30
mm 2 F T E b mE & RANEIIR (middle cerebral artery, MCA) & L7z, MCA @
BN EREE 1IAY 45 ~ 60 mm (Keith, 1992) T, I O ms a7y 2 IR W O Th 5,
EFALRE T2, MCA OREMERTNRNVE I IT~y RETH2HWTHREIZY
n— 7 ZHEICEE LT, T — 1% AD 24425 (PowerLab, ADInstruments, Australia) |
IO TFUANEBLa s Ca—ZITREFELE, | I & OFEHE (cm/s) %

MCAVmean & L CHEH L7,

2-4. KREMmK (SBF)
SBF OHIEIZIZ L —H— K v 77 —mikit (FLO-C1, OMEGAWAVE, Japan) % H\»
770 EEE 10-20 D Fpz DALEIZ T 7 A N—0D a2 R—F RO E 7 — 7 Tk 0 £f

7 A5 V— PO JEPR T & Iy (velocity), JED TR S 2> 6 MK & (mass)
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ZRIE L, My & mREoRE»OE I N miEE (flow) 2HHET 5, 7—4%1%
AD ZH#izs (PowerLab, ADInstruments, Australia) (2L VT VX VEHL, aL B a—H
WCERAE LTz, BN T — X IXZHEEE 100 % & L72BEINRICHBE L, 1 oMo FHME

LTk,

2-5. BERAHR

EENC X > THEIT 2R A DRIEIBE 28239 5 72012, FER T A0 8TH% (AE -
300s, X7 MERE, Japan) % AU C breath — by - breath % Tl € %2 L7z, FER Y A
IZVO, (IR HEIUE), VCO, (51 0 A Pk ), VE (5 PR &), ETCO , (]

RIFRUR L AT A PR ) 2 BB PR AR DR T £ TENENHE L7z,

2-6. A%
DA T IR0 A AR — W0 15 (Polar heart rate monitor, Polar Electro Oy., Finland) %

AWz, DIEBITZFER D S o lE U CEEE TR 200X T 1o Z LIClllE L7,

2-7. fREtniE

MCA Vmean & SBF X 1 B Z &% 7 U v 7 &7V, MIEKTHIC 1 R0
EEHEH LTz, PR A LI 1S B2 7Y U 7 %470, BIERKR THIC 1
SEOFEEEEZFRE T Le, 7. ZnllE S T 21TV, post-hoc & LT Bonferroni
BERAG, FREOEICLDK/8T A= —DOBENIT LIz, £z, L3 5HO
FEZ 100 &L LTREL, £nb O {bEZRE I L, £ b— Tl E DSy
B 24T\, post-hoc & L CHEILBARE & LT Dunnet & 72, 7 —Z 13T~ CTEHE
CHEYERRFE TR LT, FUEHLHRIZ I SPSS (SPSS Inc., ver.21.0) Z AW THEKUEIL 5%

L7,
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b=

Power lab

Gas analyzer

TCD

Fig. 3. Measurement of non-cortical physiological parameters including MCAVmean and SBF

It was conducted a time-line monitoring of MCAVmean, SBF, HR, and ETCO; to find the

proper time interval required to be stabilized of these physiological parameters after 10 minutes

of erogometer exercising at intensities of 30, 50, and 70 % VOzpcak
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3. &R
3-1. BEFREICIVELGIEEMNGNIA—E2—DZEIL

HEE) R ORI SIE, EEIRE N R E D & THEICHEINL72(108.0 £ 2.6 beats
min” at 30% Voppea; 131.4 % 2.3 beats min™ at 50% Voopear; 160.4 = 3.6 min™ at 70% Voapeats P
< 0.0001), JEHH D MCAVmean DZEALITIT, EENVREIZ L DHERENAL LIRS
Too FTo. EE)HP O SBF OZALITEENRE O & & ITHBEITHEM L2, F

SR PETED) & SRS LV mFE D SBF OZKICIE, AEREFA LR -T2 (Fig.

4o
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Fig. 4. Changes in non-cortical physiological parameters
Heart rate (HR), Middle cerebral artery velocity (MCAVmean) and Skin blood flow velocity (SBF)
during exercise at 30%(Low), 50%(Mod) and 70%(High) of the peak O2 uptake (VOzpeak). Values
are presented as the mean and SEM for 14 subjects. *** Significant difference between exercise

intensities (p<<0.0001).
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3-2. FREDEHIYSFELIE/NTA—2—DEEBERE

MCAVmean (%, ZZHFRFIZ AR THEBIBLS 1| 0% 0O T X CTOMEOEIC L > TH
BICHIML, 3A®%IcEhEN Y =2 lE /R LIz, Z0%, EHTICH 2 0b 5 FHE
EZD Lol L, EE#KT O, 7. 8% (K- F - mBEDIH) (TIXLErF &t
RTHERENHRLNIR) -7 (Fig. 5A).

SBF I%. EBBHLA DR A ML, EBBAA 755 (IR - PORE) & 647 (FTRE)
BCENTNAHBERIEME R LTz, Z0%, E#BA 1 0% T —27 Ly | HBK

Gy (IR - BREE) & 84y (MIREE) % E CHERMME RT 2 LA B STz (Fig.

5B).

ETCO2 %, EBIBHAAEZICHM L, EEIBHL 1 0B R TH 20 (IR - PiRE)

Gy (BOREE) £ CHEBERMMAE TR Ui, KEBKET 5 0% F TITITLHIF L F—0
VAULIZEIE L, ZO0O%KELSE#HTHZ Lided -7 (Fig. 50),

ERh o LBIT, EBIBAE | SBRNOEBK THR L, 4, 74 (K- P &R
) ECHEBEREMAR Uiz, EBIZK T3 2 & DMBULERRE & BfRR < ESH
IR T Le, 20k, K - FRE DS SITEIK T 5 0 LIRICIX L E LI-lE R LTz,

R DA IR, WK F L1 50U E L=z~ L7z (Fig. 5D),
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Fig. 5. Time course of changes in levels of non-cortical physiological parameters in response to

differential exercise intensities.

Inter-subject mean of relative changes in physiological parameters at each time point are plotted. Error

bars indicate with standard errors. * p < 0.05; significantly different from the baseline levels. (A)
MCAVmean: middle cerebral artery mean blood velocity (B) skin blood flow (C) ETCO,: end-tidal

carbon dioxide output (4) HR: Heat rate at rest, during, and after the 10 minutes of exercise at 30 (©), 50

(O0) and 70 % (/\) of peak oxygen intake.
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4. EE

EENR ICFREGRET O INIRS 7 — % OWIEZ B 72 5 B, EER & £ 2 KAKED

AR ML S0 R 8 M. 72 & DRI/ R T A —F — |37 — Z | T2 RIF Lo, 1§
R ZNHDONNT A—Z— T RIF T EHEREIC L B AREENEZ N D,
ARFZETIE. 14 4 OWEF 2 EFF 2RI, AN FEIED 30, 50, 70%

FAM 00 B 70 2 S BRI C 10 SR 0 Bfisf e L 2 A — & —E @ 21T, K5 OED)
IZK DT A—F —DXH) &g 4 E& % 20 5[ (S5REED 7 30 43fH]) F TGt
L7,

Z DOfEHR . MCAVmean & ETCO, (I, 1EB L & BfR 7 EBFGEZ S Ice—21
0 JEE P ITAEC N | BB T # BRI LB T 1 08 I3
I L~ L THIE L7, SBF & DAEITEE GRS & Hef] L TN, EE# TR R T —
o & 7podz, SBF MWLERE & [Rl—I27 2 £ CORERFFIETREIC L > TR o7z,
IRSREEER % > SBF X, iR EEE) & [FARIC I T 1% 2 0 AN TL#IF & [ —o L
AVETIZEET 2 Z LRGN R o7z, —J7, @BEEHOLET, EHIZL->T
HINL 7= SBF & BUTEEIR T 8 /3% (SBF) & 73#% (L1EK) F TLefply &
THEREMEZ R L, TRUBLHRE L X THERET RS Rolz, LEN- T,
fNIRS DOHIERHT ) A XL 72 VG L EBM RN T A —F = NEFHIF L [A—O L~V
TR S 2 B 2N EEBREEIC L o> TR D Z L BSHRTE, T TH SBF MSEENHRE O
EWI LB LR OZTOT VI EBH LN o7,

TCD Z vy, FRMMENRE L 2 IE 3 2 72 0iid, WET 2EIRONER —ETH
52 ENEIRGETH D, Ll A THEBFOMMEEROELICONTIE KL
TAERIIAE DN TR S P B &M EE OB A 512 K > TS OIUE N E Z 0 |

MCAVmean S FiSEFTE IZE ST Z K L CWRWAREEERH D LW iELH D
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(Jorgensen et al., 1992), EENZ XL Hifd /7 KLU o O#EINSLENRMLE O _E5H 134
WL AR 2 5 2 2 23743, MRI 2 W2 FZE Tl B b MCA 1Tk & Ui L7220
LA STV D (Schreiber et al., 2000; Serrador et al., 2000), A EIOFERTIX, T

DFREEDEE 1T MCAVmean 23R % (TR F LTV D Z & HEE O MCA ORED
ZAL L ATREME S e VW IXE 220, L L, TR TOMEOEBIC L - THM L 7=
MCAVmean OEITEEKEZT IK T L, 1 SURNICLHFEFASETHDLLLVRED | %7
ELTWD7ZH, INIRS DRIET —ZITIXEEEL L XN EF R D,

SBF (2B LTIk, &y &l BB AR 7> & 97X T O 58 L O #E S TR 2 [ZH I LI
U, JEER 5~6 ORI E OFERAENH BV, HEE TRA T X CTOME
TE— %R LT, EEREIC L > TE— V7 ERER S 7=, L E CloEE T
% W & B R OB X > TR L otz EENC X o TREISTTHE L, RESAIE
EHT L BEBRMCHHESE L7010, REOMEITIERT 5, FFiC, aifEmiL, i
D B ARENL O BT L A~RIR EFCBUR T H 0 | TEBHBR A 00T KR ML 23 B 09
D ENHEINTWD (Melchior and Hildebrandt, 1967), AZEER T fNIRS 7 — & D
WEIXTARL Eo S RIMEOE 2 IR 5 72, E@hC X5 SBF DAL 2SR T 4%
EENC KD RFTNE 7 B B REOZEZ AT LTLE S ATRMERH D, £ D
7o, HEEHZ K VN L7z SBF WELFRE L ~LE TREIE, L& L THbH INIRS 7 —#
DRMEZATH ZENRLEE LW AEIOFKERD S INIRS 7 — & OIE IR KT T AT
7287 A =2 —@OHT SBF [FHRERMFEERH Y |, BIERM GRS ES 57290, INIRS
DWEZA I T kD HEHERK T THDLZ LR TET,

AR CIL. 30%V0pen FH 24 O FEBIREE T 10 430 HEZET L I A — ¥ —EBH % 55
Z729 & INIRS 7 — % OWERFZ FEEE T T HE KT Tdh 5 MCAVmean & SBF [

TEENIK T 2 1R ICLERIE £ TIZEIE L, INIRS OEEE 72 COM 2 &te 5 5% 53+
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X

DLETDHZENHEGINE R JEEK T 5 45% 05 INIRS C 342 B8 5 AT Ak I 37 e &
ZHIETHZ ENAREE L E BN,

5. Efy
7 BIRE OEHNC LV ZE{L+ 5 MCAVmean & SBF., FER T A, DA RIE L.

EENR OFEIEEFR IS OV THRE LICRER, BLITomAzEZ,

KBREE (30,50, 70%Vose) CHERHET LT A — & —EB % 1 0 47[1T - 725,

1. EEBHREICE D 5T, MCAVmean 137 < E—ZEIZE DD, EEE TR LN

TEREO L~V E THIE L, THUBRZE LT,

2. SBF %, W N OEE) R T HIEBBAIAERZR N OIR 2 TN L, EE#K TRATE
— B DN, FOHMEITESBEKFN TH L, EIK TH 25 (K- FoRED) 7
5874 (MME) £ TLHRHILNTHERESMELZ R L, £ ORLHHFE CTHIE LZE
L7z,

3. HR &R “RRML R B IREEOHNNT, FREERMFANTHEIN L, EEK 7%, <

LEREDO L~V E TR LLE LT,

LibDZ Enn . AHED B & B $ 2 KR EER) 2 K > THIN$ 5 MCAVmean
& AITEEHEL D> SBF OOEENHE T 1% ORI FRNH 52T 722 0 | AR5 E ) 7S B4 B i
(2T 2 ATHATE OMREEENC KT T84 INIRS TRHld 2387 7 b 21 2 1ERk
THIEMWAREL oz,
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B5F —BUHOEBREEBNAEHHRAORTHECKRIIZEL ZORER
B (BIERE1-2)

1. BW
—iEMEDEENC T D IEEN R L FRMIRE R T —~ A I U FOBRR D D

ZLEPIRENT WD, DEY | EBRE ST IIIRRRRE N T 4 —~ AN BT
DN, e e WEEE A8 % % e PR EB) RF IS LA ISR RE MK T 5 (Davranche et
al., 2006), % Z T, %< OWFFEN T — 2 & < EEHFRE 2 T I E L, —@EtEo
IR EEEE) D 2 R R I B A B A D T LA mE L TE T,

Loyl EEPEEOENMEAR DO hTiE, RMICEREOER 7 0 /T A
TN f5e 0T 5 #kfoe =R 23KV 72 8 (Cox et al., 2003; Duncan et al., 2005; Jones et al., 2010; Lee et
al., 1996), EH) 2 EHEANTIK 200 ZENEELRY | EMICER A ER TS5 LT
BONDEBOUNREZEZT DL ENTERVDS LILRW, i, A b L AEH)
RRPEIEL TWDHHEITEWN T, HERFEHEDOE TIC L 2EENEFLEEBEREICH
HISFTRETH O | EHEEIE S L CH FEHERN R WERESNIEREDEE > TV H R, K7
KR EEE AN b N ORIRBAEEZ R D 2 NI OV TIRMBI TH 5,

Box OFFRETIE, T, BEREIC I O WAE RN &2 3R, 10 53 O —iliiE
SREE O EERHUES) (50% VOnpea) M FATHEREZ FAIIT D A F L — 7 HRED ARATOIR
FREIRF D RTEARTE OMRETEENC 5 2 2 B2 Et LTz, £ ORISR, 10 Mo ok o

IR ML—T 7 A NEAT & BT L pEATE S AMAE O shtiE B 2 T S D 2 &

i)

TR Z @D D Z & 2wl LT,
T, WIERRE 2 TiE, WIERRE 1 THESZ S EBR T e b b2 v T, i
PE DR 58 B T B A3 2 F i N O EATHERE 2 i 00 5 0 & DA IOV T S

MCTHZExZAME LT,
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2. A%
2-1. HEBE

AMFGE TIIAE T 72 BN 25 255 & Uiz, FlnlL 20.6£1.8 i Th 7= (4l -

1925 8% ; Btk 13 4, &M 12 4) o TR COWRFIIEHICRERS 2, AATE

REEFEE T2 & Lic, £, EICHBEROEGESRIEN 2 < BB REFETH

DIRIR EDTERN N L AR LT,

2-2. EEFIE

Mg EB AT DR SR B RN EOREZ Lotk 1 EFELAIC,

MR D 2 D FEERE T o F AT T,

R B - KX DR EE D B & Ry OB EZ TN T 5 72012,

LY ES U}

BT 25

DEALZRETE D TDMS & FEITHERE A LT 5 A ML —TEEZFR L. T O, T

TROMRR ST ICIEAEE  (INIRS) &2 MV, T OS2 5 1AM L7z, EBNI Y 7 LR

TV A — 2 —T 30%Vo2peak WEEDIEB) & 10 AT EBBEL . TATA—F—D

TR A MR T D RS 2T T2 (Fig. 6).
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Con T Stroop Rest T Stroop
D 6min30s 1 5min D 6min30s
M M
Ex S Stroop Exercise Rest g Stroop
6min30s 10min S5min 6min30s

Fig. 6. Experimental design for the young

All participants conducted the exercise (Ex) and the control (Con) experiment with a
counterbalanced design across subjects. In the Ex experiment, participants performed the
CWST before and 5 minutes after exercise. Cortical activity was monitored with the fNIRS

while they performed the task.

2-3. TDMS DHIE

TRITTRSRE (TDMS)IE, £ 0D & & DKy & MEICHE X 2 EMMIETH D,
BREBEIL BBV, 4947 L) TEIHR HERIZbShz) VI Yy
JALTZ) TV L] (607 ¥4 FLk] O8S>OHEHATHY, [
W TREEE] © 2 >OLBEMRIELZFHMET 5 Z LA TE S (Sakairi et al, 2013), K
FEBRCIX, RO ERIC K 5 OBRREEO L LA WE T L5720, Pre & Post D A

ML —7FREDRIZIC AT 8 DI H Z# R ICEM L, ;i L7 (Fig. 7).
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Pleasure

(High)
Stability Vitality
(High) (High)
10 10
SN
Arousal Pe Arousal
(Low) 0 (High)
5 5
10 10
Vitality Stability
(Low) (Low)
Pleasure
(Low)

Fig. 7. Two-dimensional mood scale

The illustration of self-regulation using the Two-Dimensional Mood Scale
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2-4. Color-word matching Stroop task

ARFFETHUVZ CWST 1%, Stroop (19352 & > TIES NTZ7RE % Zysset © (2001)72°
B U778 (color-word matching Stroop task, CWST) T % (Schroeter et al., 2002), A<
METIEIANY a0 7 ) =00 BB E TEIZ 2 DOHGENRRIR S, #BRE 1L LBIC
b DHHEOLTFOEL TERICKRRIND LFOERN—B L TV L 0E W 5, gk
FIIETFEETOANELIETCY—AR— KD lyes] & Tno)] OFRZ 2L CTRHIZE LT,
yes| & Tnol ORZ L EIF—R—FoD [C) & IN] AW,

CWST X, ™3 (Neutral) & —% (Congruent) . A~~—%r (Incongruent) D —=->D
HETHRIND, EHLHD0BEL, T4 A7 bA TBRIZIX Thr) . Thk) . T
EV . T&EWA] ODAXLTFONWTNINREATERINDD, EBRICRR I DTN
ENENORE TR > TWVD, PALFRETIE, 74 27 b A LITid TXXXX] &9
e FRIN, BICRR roalZT oS, —8EE e A —EEE T, BB
iz Ty o This) . [HED] | T&EWA] OXFRENENR, H. fk JHOX
FERRTRINLID, A—EREOL G, SHICLFOARLEERN—HLARNE I
o TN D, A—EGERETIE, HEEOBWICRD I NS 720, FALFfBE L 0 b o i
L5 TW5 (Fig. 8), AFEBRTIX, Pz 10, —F 10, R— 10 BDFF 30 ]

TR NTFKR LT,

34



Neutral Congruent Incongruent

MICHX & hH HEY

(RED) (GREEN)
hEH HEH HE
(BLUE) (BLUE) (BLUE)

XXX X HE HhH

(BLUE) (RED)
& & B b &
(BLUE) (BLUE) (BLUE)

Fig. 8. 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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70, WBREORRNAREEDS LOXTND FOXT~EIEICH X 2IcT 570,
FEPRREN TS FTEDEREND ETOIZIE 100ms MOBELZHRE LTz, EB
PEIR ST 2 RICHEEIZZERICR Y T+ MOT7 4 72—t ay (ERR) BER
SNDH, WOBEE TORFMIZ, B A IV 72 THISEREL D 9~12 DM T
TUANI LT, X2 PRRE LA TH LN, BIET H 2 LTk, &RE
NTEEOGL TEOXUTFOERN —BT DHERIT 0% THY , — - R X7 4
LZFEREIND (Fig. 9), MEIERITZ 17 A T EED /) — MY a0 & DT T,
B2 5 B E COEMBEEEA R 70em & 725 KO IZERE Lo, #BRF ITEmLISMI K%
WMol H, ar v a—& & el )y 2 H2s TH - 7, & 8O BOSKREH & ONE

MBUL PCITT VX NMARAFE LT,
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Neutral Congruent  Incongruent Neutral Incongruent

......... @19?@

b hb + XXX XXX
HhH hb
0-0.1s 0.1-2.0s 2.0-13.0s 13.0-13.1 s 13.1-15.0 s
Time (sec) >

Fig. 9. Examples of Color-word matching Stroop task in event-related design for the young

The letter on the top was presented 100ms before the lower letter to achieve sequential visual
attention. The correct answer rate assigned to [yes] and [no] was 50%, respectively. Each
experiment 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 cross mark (+) for 9
to 12 seconds. The stimulus remained on the screen until the response was given, or for 2

seconds.
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2-5. fNIRS T—42 DAIE

ARFEBRTIE, A M —TREP ORI RIEE 2 ET 5720, £F v o3 AR

SR EIEERE O bR 7 Z 7 4 — ETG -7000, HIL AT ¢ =2, Japan)& A7z, ZD
EIL, MR OE D 2 ORI (785nm, 830nm) & FV . KN i fF T O J& FT i
10 oxy-Hb & deoxy-Hb DAL 2 IR EAYICFH I TE D, Z D 2 HEOMAE D
I%. deoxy-Hb &£ ¥ & oxy-Hb O HIZi# LTk Y (Sato et al., 2004), oxy-Hb IE deoxy-Hb
EVbEVES/ ) A XA/ LR T WV, LIchi - T, REICKT 5 oxy-Hb D& L%
JIi & 8 2 9 2 ML B & L TR IS V72,

% < DRATHRIE N B A MV —T' 7 2 MREOIRE B AN fERE S LTV D Al 58 Al B 4150
(lateral prefrontal cortex, LPFC) DRI DOIIEBE 2 ET D72, 4x4 DZF ¥ RV T
0n—7 RV —% 2 K, EAEYERD LPFC 1 /3—79 2% £ 5 IZALE L 72 (Hyodo et al.,
2012; Yanagisawa et al., 2010). 1 DD HEAX —|ZZEN T r—T L2 T a—TRNER
ZN8 5T, 3R TRAICHKESINTEY ., 1 2OKNF—T 24 & (ch) FHlll
THZENTED, EHEE 1020 52T LT, A7 m—7 1L ch4d & chll ORIZH S
ZHT v—T % FT 728G, ch7 -chld-ch2]l NIEHHR & FATICRD K 9 ICRE LTz,
H7m—71% ch3l & ch34 DFIZH HEN7T v —7 % FT8 |25, ch28-ch35-ch42
PIEFHREFATIC/AR D KO ICRE LTc, T TOT a—7 ORI BERIC BT 5 X 9

ot v kL7 (Fig. 10).
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Nasion
Vertex <\WE %

Fig. 10. Probe positioning of the fNIRS

The region of interest (ROI) is setted to cover the lateral prefrontal cortex as found in previous
fMRI or PET studies. 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 optode 5 (beween 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 was placed symmetrically.
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fNIRS 7 — % OfFHTALEIL, B SLIERERFZERT A3 BHIE L 72 fi#tfr ¥ 7 h Td % PoTaTo %
T, Matlab ECTEZ72o7, £7°. £NZE1LD oxy-Hb, deoxy-Hb DK RF|T — X |2
%f L C Bandpass filter & 7>F. 0.03Hz LA F ORE B A4y & 0.7Hz LA &8 i 5l 5y %
EL, B0 KU 7k EMERLLIIC KD EMNR ) A XEFRE Lz, RIS, 7
EREEREORIT Z L ICNEEH 2B 2, TNEN— 2D EER Lz, &
T, BRERRET 2 BER AR 2 POXB TR I Ro7, 6T, itz
ANET 2 PO & IR KB % O 2 FPITxE LT set zero level Z 73T, ~N— R DfEZ#E—
L7e, £, RENC K27 —F 77 7 ERAGRTZFHITIZ O TiX Mark edit THEHT 2>

SRS LT,
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0.04
E
i 0.03
= 0.02
z 0.01
5
; 0.00
g 001
-0.02!
0.04
-:‘— 0.03
E
-
- 0.01
5
&
]rl:: 0.00
é 0.01

Neutral

Task
2 0 2 4 6 8
Time(s)
Interference
Base Peak
line period
Task
0 2 6 a
Time(s)

Oxy-Hb
Deoxy-Hb

Oxy-Hb
Deoxy-Hb

Oxy-Hb signal [mM - mm)]

Incongruent

Baseline
Task

Peak period

Fig. 11. Changes of hemodynamic responses in oxy-Hb and deoxy-Hb

Oxy-Hb
Deoxy-Hb

Graphs illustrated the timelines for oxygenated hemoglobin (oxy-HB) and deoxygenated

hemoglobin (deoxy-Hb) signals from a representative region of interest, left-dorsolateral

prefrontal cortex. Error bars indicated standard errors at given time points. Each timeline is

adjusted to the average value of the baseline period (set as 0). Oxy-Hb and deoxy-Hb signals

are shown in arbitrary units (mM * mm). Periods of peak cortical activation for oxy-Hb (4 to 11

seconds after the task onset) and baseline (2 seconds before the task onset) are shown for the

Stroop-interferenc conditions.

41



AREBRTIE, A —BGREIC LD oxy-Hb IREZE(L(Joxy-Hb)» & HNLFREIZ X D
Aoxy-Hb Z 2 LW i Z A M —T7F I K D Joxy-Hb & L, FEATHEREZ BT 5
BMIEEN & LTI+ 5 2 & & Lz, N— AWM 23 ERET 2 Mic, ©—7 KM%
4~11 B0 7 IR E L, oxy-Hb @ B — 7 X OFHED b N — X X[ O E % 7
LIl . 4TIk 5 Joxy-Hb & L CRFTICAW (Fig. 11), ©—7 K& E
DOEHIX, ZOX A LKAV M Aoxy-Hb D=7 BNEF L TN 2odThH D,

fNIRS OF v AN T EDREMELZFEST DOIRBL VA M L—va viEx
V7= (Tsuzuki et al., 2007), fNIRS 25 DBV FT7 & FT8 #L#ER L LT, F
¥ IV T E DJFEFE & MNLIZFST U7z (Brett et al., 2002). MNLIC 5 U 72 JEFE & ¢ & 12
fMRI DT —H X—A LA L TF ¥ v X2 & ORIEN B & e R am i HEE Lz

(Okamoto et al., 2004; Okamoto and Dan, 2005) (Fig. 12).
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Right side Front side Left side

owwre | Dorsolateral PFC ‘ Ventrolateral PFC A Frontopolar area

Fig. 12. Virtual registration

The spatial profiles of fNIRS channels used in the present study. Two sets of probes consisting of 8
illuminating and 8 detecting probes arranged alternately at an inter-probe distance of 3 cm were
placed on the bilateral frontal regions. Estimated fNIRS channel locations only used for data
analyses are exhibited in MNI space. The channel numbers were denoted just above the

corresponding location. Three lateral sub-regions of the PFC are also indicated as color.
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2-6. #frEtniE

KERRTIE, EITHEE A BT 5 2 FL—7T ¥ (Incongruent-Neutral) D1 53— it
PEDENC L > TEDX BT 2ONTEREY T, LER->T, £T A Mb—
TTWBREZ > TWzh i3 5720, RUSKH & =7 —RIx LT, & GESY
XTHR) . BRI (prefpost) . FRRH (neutral/incongruent) > 3 JLELE S ESHT 28 2720,
RO FNRAMR LTc, A M—T T E R LItk WRIZA ML— 7 T OfEIC
LT, &tk GEEN/SR) xBifE] (pre/post) O 2 SRdESHIINT 2B 2 >7z,

FT. A M—TFHICEDIEENIE Z > TOW DAL 2R T D72, EEhS
i & RHRSAT D pre A M V—TF 2 hD, A Fb—7F ¥ (Incongruent-Neutral) (2 X%
Aoxy-Hb O 2 B WEBREICH T Lz, D%, 6 DO ROLEIC 1 2T D t

& (Bonferroni filE) #8272 ->7=, Pre A M —7F X FOFEREFH LIZDlE, &£
LoDty v a b EBOLHFOREEZIT TRV LTH D, RIC, AERIGEN
RO ROL T, A ML—7FUOEIZH U TEM GEB)/AI) <K (pre/post) @ 2
TCALE DT 28 272 o7,

TDMS (X, B TED DN B LI o T, PRl B K OVRERE &2 J i L7z,
ZNENDAATITR LT, S GEB)/XRII) <Rf (pre/post) @ —JehLiE 73 #oiT %
BIiol-t, ZHERR L OEDEN ST Bonferroni #£12 £ 5 post-hoc 7 A k & 33
ol

HEYC K DR, MM IRISE), KD ETNENDOELDOBRMEEZ A2 D720, &
SIREDZ =27, CWST @ RT @ Stroop T, & 51T Joxy-Hbierference P+ BT T
DZEAL (post - pre) D BAFR % pearson DFEFFEBIRE A H T HHr L7z, ROI f{ @ kg D
7= ® . Bonferroni {512 L D HIEA i L7-, #EFHLERIZIE SPSS (SPSS Inc., ver.21.0) % H

VN B EKHEIL 5 Yok & L7,

44



3. #R
3-1. EHIZLDHR & RPEDZE1L

B O HR & RPE % Fig.12 (278 L7, HR & RPE DZHHME & 1EH) 10 43 0 FHfE
R U, &M GES)/KTE) <EER (pre/post) D 2 STELE BT A B /o7, T D
R, HR & RPE IZBWTHEBERRZAEERNA LI (HR, F(1, 24) = 318.0, p < 0.0001;
RPE, F (1, 24) =71.56, p < 0.0001). 2%, 10 s3] OEEKFD HR & RPE O LA, #
BIBECENZHI 1051 £7.9,98 £ 1.8 L7320, AFEBRTHUE 30%VO00pe DT/ = A —

Z —EEH)IRBE CTh o7 2 &R ST,

HR in Con and Ex sessions RPE in Con and Ex sessions

120 12
10 - Con
g 100 % = Ex
z 80 & 5
60 4
Rest Exercise Rest Exercise

Fig. 13. HR and RPE in response to an acute mild intensity exercise.
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3-2. CWST O K HFfE(RT)

Hyva DR M =T RBEOKISRH & =7 —3 X Table 2 (TR LTz, £7, A
M —T TR > T D0 EERT H72010, & GEEY/KIER) <FERH] (pre/post) x
8 (neutral/incongruent) @ 3 JTALE DT 2 I 22 o7, T ORME, BEICK LT
TR SR (F(1,24) = 161.16, p<0.001, Fig. 14A) & = F —=R (F(1,24) = 10.66, p<0.01,
Fig. 14B) IZBWTH LNz, LD > T, KEBRTHOWOLNIZ A ML— 73 XA L

— TR > T2 NS,

Table. 2. Reaction time and error rate in the Stroop task for the young

Reaction time Error rate
Pre Post Pre Post

Ex session

Neutral 675.7+109.9 673.4+101.7 3.6+5.7 1.2+33

Incongruent 854.3 + 148.4 806.4 + 128.3 40+6.5 6.4+6.4
Con session

Neutral 711.2+109.0 681.5 +100.6 24+4.4 1.6 4.7

Incongruent 854.0+162.4 863.4 + 160.4 6.4+8.6 44+82

WIZ, POGFER] & =T —FD A ML —7FWOfE (Incongruent & Neutral & D7) %
BHIL. &t GESE/XIR) <Kef (pre/post) @ 2 TEE SO &I /o7, Z OfE
R, KISKMRIZBWTHERZEFERNA B (F(1,24) = 5.12, p<0.05, Fig. 14C), & Z
T, BT, A MA—F T pre & post D7 (post-pre) ZHH L, MIEDOH 5 t
Ex BT TofE R, EERSIE TSI ARSI O A M L— 7 TR A EICHE

i L TV /= (Fig. 14D),
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A Reaction time in tasks B Error rate in tasks

1200

g —
E —
> 900 o\o
£ ™
[0} 600 = @
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2 = :
g 300 w
& =
o =
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Control Exercise Control  Exercise Control Exercise Control Exercise
Neutral Incongruent Neutral Incongruent
C Stroop interference D Stroop interference difference between
post- and pre-sessions in reaction time
2504
m %)
£ 2001 £ 1004 |+|
£ £
£ 150 s
1004 o
o |53
@ § o
g £
Q -
0 e -50
o
Pre  Post Pre  Post %’ 1004
Control Exercise Control Exercise

Fig. 14. Stroop performance in the young

Comparison between neutral and incongruent conditions for the reaction time (A) and for the error
rate (B). The difference in reaction times between incongruent and neutral conditions indicating the
Stroop interference for control and exercise conditions is shown in (C). The contrast between post-
and pre-sessions in Stroop interferences (i.e., [incongruent-neutral] of post-session —
[incongruent-neutral] of pre-session) is shown for each experimental condition (D). Data are

presented as mean = SD. * p <0.05; ** p <0.01; *** p <0.001.
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3-3. EFLDIRNDEL

TDMS O A a7 TR LTEENZ L 50 DEZE Fig 15 1TR Lz, KR EE) 2R
R JBE SO B 2 N S B A ERR T B 1ol Sofh GESh/XIR) xHERT (pre/post) O
2 LR ESHON E B Z R odz, TORR, REEICEWTHERZAMEMFQ,24) =
43.89, p < 0.0001)F L TR (5 (F(1,24) =5.12, p < 0.05) & BB ( F(1,24) =22.58,p <
0.0001)) 37O BT, EEFEIZI W TR IZEER %A BEICHEI L7225 =5.53,p <
0.001) (Fig. 15A), L2 L., REEICE W CTHERZAEEMA L ERITR D N7

(Fig. 15B),

3-4. BHIZ& D ARICHEREE IREEDORER

TEF IS BV CHEENC L 5 REEE OHIN & SOSEF O A Ly — 7 s, A

B2 A OFBIBIR TR B iz (r = -0.45, p < 0.05, Fig. 15C),
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Fig. 15. Relationship between the arousal level and Stroop performace

Changes of the arousal level (A) and pleasure level (B) in both Con and Ex conditions. Correlation

between exercise-induced Stroop performance indicated ([incongruent — neutral] of post session —

[incongruent — neutral] of pre session) and arousal level contrast in Ex condition (C).
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3-5. fNIRS T—#4

A R =TT K D MIRE N Z > TV B 2 BT B =01, EERME, xHH#
FMED pre A MNV—T T A MIBIT D, A MA—TFURIT K D doxy-Hb D F-H1E 2 H Bk
FDLICEB L, F0%., HRERITEH L, 6 DO ROI Z &2 1H LD tREE
Blhot, TOME, #XTO ROl THERA M —7TFUIZ LD Aoxy-Hb

(Incongruent > Neutral) DOIENANEL Z - TU 7= (p <0.05, Bonferonni fifi IE, Fig. 16),
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Fig. 16. Cortical activation patterns during the Stroop task in both pre-sessions

Presented data are based on the average value between pre-Ex and pre-Con sessions. Graphs
show the timelines for the oxygenated hemoglobin (oxy-Hb) and the deoxygenated hemoglobin
(deoxy-HDb) signals from 6 regions of interest (ROIs). The middle figure is a -map of oxy-Hb
signal change reflecting the Stroop interference effect. T-values are shown according to the

color bar. All of 6 ROIs exhibit significant Stroop interference (p < 0.05, Bonferroini-corrected).
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KIZ, ROI Z &I A M —T T BTk LTS GEB)/XIH) xBEfHE] (pre/post) @
2 ESHM N E B 2 oTz, EORRE, left-DLPFC (F(1,24) = 13.94, p < 0.05,
Bonferonni ffi 1) & left-FPA (F(1, 24) = 8.30, p < 0.05, Bonferonni /i IF) (24 & 7248 H.AE
MR bz, £Z T, 2ODFALTDA M= THWOEICE T % pre & post D7
(post-pre) ZHHH L., BEERFMETHICOD D t-IRELXZB o7& T A, EEFRMT
KEMHFICHA_XTHEIZA M —7FWIZ KD doxy-Hb OHIMBE Z » Tz

(Ieft-DLPFC, t(24) = 4.69, p < 0.001; left-FPA, t(24) = 3.09, p<0.01) (Fig. 17),

52



Stroop interference Stroop interference
between Con and Ex conditinos between Con and Ex conditinos
% 0.025 % 0.025
e 0.020 3 0.020
ng 0.015 ng 0015
oL 0010 oL 0010
XE 0.005 22 0.005
T o T oo
g -oos o s
Pre Post Pre Post Pre Post Pre Post
Control Exercise Control Exercise
left-DLPFC left-FPA
Stroop interference difference Stroop interference difference
3 g o
2w 2 0
a_ n_
IE oot IE o
25 0.0 35 000
R — 8 E a1
E -0.02 E .02 _l_
o Control Exercise g8 Control Exercise
left-DLPFC left-FPA

Fig. 17. Exercise-induced cortical activations in ROIs

(A) Left figure shows F-map of oxygenated hemoglobin (oxy-Hb) signal changes reflecting Stroop
interference effect. The interactions between exercise (Ex/Con) and session (pre/post) conditions are
shown. F-values are denoted according to the color. Among the 6 ROIs, significant interaction can
be seen in the left dorsolateral prefrontal cortex and left frontopolar area. (B) The upper of right
graphs indicates the mean difference of oxy-Hb signals between incongruent and neutral condition
reflecting Stroop interference in the both I-DLPFC and I-FPA for Ex and Con conditions. (C) Stroop
interference differences between post- and pre-sessions for oxy-Hb signal contrast in Ex and Con
conditions are shown in the bottom of the right graphs. Oxy-Hb signal differences in Ex condition
are significantly greater than those of the Con condition in both areas. Error bars indicate standard

deviations.
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3-6. BHIZK D ARIGHFERE & Aoxy-Hb D%

EENZ & D SR O 8E & 2 D DORENAL (1eft-DLPFC & left-FPA) @ Aoxy-Hb HE 1N
DOBIfR%E L5 7-D12, McNemar #EZ AWz, BOGKEH & Jdoxy-Hb OFNZEHLT, A
ML= T OIS LT, JEESAED post-pre & RS post-pre DFEZE KD 7= (E
B—%tHR) , FLTC, lER~YA T ANT T ANOREZRH L, McNemar & 21T - 72
(Nunnally and Bernstein, 1994), % Of5H., EENZ K 2 SOSREH O A b Lv— 7" PREHE &
2 DDORIENLD A b )V— T T2 X D Aoxy-Hb BEINE, AEIC—E L T\ iz & ZHERR
L7- (Ieft-DLPEC, »2me (1,25) = 12.19, p < 0.001; left-FPA, %’me (1,25) = 4.50, p < 0.05) (Table

3)o

3-7. EHICK D AREEE & Joxy-Hb D8k

EENC KL D, AREEE & 2 DOMENL (1eft-DLPFC & left-FPA) DA hL— 7 I
X% Joxy-Hb $#IMORELEE 25 72512, McNemar ME % AWz, AREEEE & Aoxy-Hb
DENZENT, AR —TFHOMIZR LT, EHSMHD (post-pre) & xtfREMHD
(post-pre) DAEZ KD (FEE—XIH) , LT, HER~A T ANT T A NOHE2RH M
L. McNemar EZ 1T o7z, ORGSR, HEEIZ KD AREE O L 2 D DRGHALD A
ML— 7T X D Aoxy-Hb BiNix, AEIC LT\ Z & 2R L= (left-DLPFC,

e (1,25) = 20.04, p < 0.001; left-FPA, 3’ne (1,25) = 13.06, p < 0.001) (Table 3),
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Table 3. Contingency tables for McNemar test in the young

Oxy-Hb in left-DLPFC Oxy-Hb in left-FPA
Total Total
- =+ - +
- 0 19 19 5 14 19
RT

+ 2 4 4 4 2 6
Total 2 23 23 9 16 25

+ 2 22 24 9 15 24

A Arousal

- 0 1 1 0 1 1

Total 2 23 25 9 16 25

This contingency table demonstrates two associations. The upper line of the table shows the
relationship between Stroop performance and cortical activations, and the bottom line of the table
exhibit link between exercise-induced arousal level and cortical activations. Frequencies of
Stroop-interference-related oxy-Hb increase in the left DLPFC and the left FPA and
exercise-induced Stroop-interference-related shortening of reaction time (the upper line) or
exercise-induced arousal level (the bottom line) are summarized, respectively. RT stands for reaction

time, and A Arousal means exercise-induced arousal level.
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4. EBE

AREBRTIEL, B AIZH T 5 — MO (R EEN I L 5 REEOWINE & bITk
DLPFC & ZEFPADMIEE N A L L2 Z LIk D A M —F TR EICER SN2
ER BN RS,

CWSTiZ & b D& REEAEEE Dt THIHIHRE 2 3+ 258 makE & L T b TV 5,
AR FEER THE DA 72 CWST Tk, Neutral #f BH O i FEfH] & = 7 — 3 % Congruent ift #H X°
Incongruentif B L VKW Z &, DF D X ML —TF &\ 9 Bl 2 3T O TR
THIENTET, £72, INIRSZHWT A ML—7FURCER T 2R A & LT\ lateral
prefrontal cortex D72 /> T, FFIZ, W ODLPFCAEL BIG- L TWDH Z ERBHLNITR -
Too ZORERIL, ITHD % < OINIRSOAFFE TOHAE & —F L TV 2 (Schroeter et al., 2003;
2002; 2004; Yanagisawa et al., 2010), L7=23> T, AMFFETIX, Z OGS %HIC L TEM®
FEEEN AN A N L— T P & R BRI O RIRENC 5 2 A B R ST A T L 3]
HECTh o7z,

£, AMFZETIE, EREEBIC L Y X AV — T T L B RUGRER 2 M8 L7 2 &
Zffsd Uic, i, RIREDEENIC X 5NN T + —~ A0 _LATDMS THIE L 72 7 HE
FEDOWEME EOMBEBERTHD Z L 2R L, EITHEEIRBEOZICEE THDHDT
(Arnsten, 2009; Ramos and Arnsten, 2007), 4[A], (KGR EE)IC L HFENT +—~ A D
) I ITEENC KX A REEEEE ORI 53 2 ATREME S RIB SN D, A4 £ THL ORATHF
7% TUE50%V OpouFLE O B FETEEN 23 385187 4 —~ o ZAD [ LIS R Td 5 & Wik
SNTWDD, ARER G | ARTRE OFEE) b FEEE 2 NS, BEnreom Licsh R
MThHHEFZD,

AT, AR B AL O AP RR TR BN X, KGR EEEB) % . /EDLPFC & ZEFPACTH EIZHN
L7, ROSEERINEM LIcER 2B E 2 T, 20 2 DOREAL OTFEIE MR A hr—7F

FYOMPIZE#RT D TN B 2 15, Schroeter ©(2002) 135G REfH & #hidIEE) & D
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AEZMABEZRSE LTV D08, AR TIE, RUGRER & /AN L2 o B A & 72 48
BIRRIIFB D b o T, OB E LTIE, #BRELDEITHEOLH LT TH D
Z &, INIRST —H DREMEFIT/NENZ BB NS, Fic, BHICHELT, £
BR# O SR TR LT ZAL D 3 BN/ N S o 2726 SR T O MERL P E I BRI 234 U
Spearman D BRI CII A B RBBRE ML T 2 Z ENRETH > RN B 2 B D,
Z DR A ERE L CMcNemarfi /& T HUSRER O 2k & piRTEEh O 2L O BfR A E LT &
A BRIZFEFRIZEIN TS Z R ER SN, DFE D, EENZ X 5588
7t —~ v ADM L & R B AL O FR R EE) O TUHE IR U Mt A R o T L T
WD EMD, ZD2OD/NT A =2 —THERBRRH LD LFROFRTHL LE X
%o A MV—7THICEE L= ADLPFC &£ FPADTENEIX, A M b— 7 T & MRk 3 2 B
DT7aBRAEERLTCND EEZBHND (Banich et al., 2000; 2001),

WA, ARFREEE R K0 BN L2 RERE & 2 SOOI (left-DLPFC & left-FPA) O A
ML= T TN K D Aoxy-HbH M D FfR & - 2 72D, #F O'MceNemarfii iE & 3 Z 72 o 72,
ZORER. 2 D DML ORI B O TLE & TEREE O INEIFE — kA R o T\ b
ZEBHBLMC IR ol DX W RERFE & 2 D ORMEAL OFERIE BN IR A H D L F
A

— M OARTREEIEE S FRESRE A ) b S D AR A I = X LDV TIERTZH b
272> TWRYY, ZHET, —lPEoEE) & IR O BIR 2 2 FE T < i S 1L
TEEL, EENIRES XA T 2RSS, MNOE ) 7T IoaWwaERESE 5
L TCRAEEZEmD D E VW H I TH D (Dietrich and Audiffren, 2011; McMorris et al.,
2011), ZOMGRIZHED < & RFREEENITRE S A7 HCHM 2 52 MNE S, 70
REZ FH S, BEARELNVIOES 2 & TRAKRL SO L AREERH 5, T
ST HB WV Tpost A b /b — T FRERE O A RRIEEI NIZ L AL DL THELZZ &b

Fx OMIEEOREFR L —EH L THY (Hyodo etal., 2012; Yanagisawa et al., 2010), 1543 [H D
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LTI RBELSLVORTFRREZ 722 &N PRI, Lo, E#%iXIncongruent
RO SOGKRFE 23 Neutral iR BEIZHES TRV EME L2 2 L3, REEENSEDL 2 LITE-
THUCHIE DO L MR Ao 72 Z LT TIEEATE 2V, w7 2 & W2 if%E
Tk, A7 aZ A7 Vv REZVRIRE OBITH, IMANO~ A 2L MENLDT &
Fal rOpWERESERIEEATE CTEE > TWND 2 ERREIN TV D (Kurosawa
etal., 1993), L72 > C, IKMBEEIIC L > TEE 727 B F /2 U 2 FigERTE CHEH

L. A =7 FHICEAD L HERAHE L&D BN EEABER LB bND,

5. Efy
TR EE S B AN ATEE AT O I RE 2 3F MM T2 A M —TEDO T p—~ 2 R % F

D %7 & ORI 2 T LI2AER. LT of R 21572,

1. ARGREDEENR ., RATHREZ KB 2 X b L— 7 3B BOS I M 23 A B REHE L7z,

2. [RIREEBNC K o TREEIIEML, ZTEIBIC K > TH LT 252 hr— 75748

RT p—< AL TEOBEBEERH - T,

3. (KRHREEEENC L A A ML— T 87 p—< 2 AD[A 2%, £ DLPFC & FPA O#if%IE

O TUHED B L 72,

4. EENZ LY S E D MRS ENTHE L REOBINE, AR -BLTEI -7,

ko Z &b, —PEORRAEER) L, FER & B & 2 FEE BE i o) i 45 )



BT LI Lo TR T —~ A% A EESED T ENRRBEIND,
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