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Abstract

This study examined the effects of a 2-month treadmill exercise program on executive function.
The researcher designed treadmill exercise program to promote cardiorespiratory fitness. Thirty eight healthy
volunteer students of Boromarajonani College of Nursing, Chon Buri were assigned randomly to exercise
group (n=18) or control group (n=20). The experiment comprised three sessions: The baseline session
consisted of measuring maximum oxygen consumption (VO, max), the P300 component of an event-related
potential (ERP), and the behavioral response on the Madrid Card Sorting test (MCST); a measure of executive
function. In the exercise session, the experimental group exercised using the treadmill exercise program. In
the third session, each participant was measured the same as in the baseline test. The data were analyzed by
using a t- test.

The result showed that the mean VO, max in the experimental group was higher than control
group (p<.05). Two months of treadmill exercise can improve executive function. When comparing the
behavioral data, it was found that the experimental group performed the MCST more accurately and faster than
the control group. Neuroelectric data indicated a significant reduction in P300 latency and an increase in
P300 amplitude at F3, Fz and F7compared to the pre-exercise condition and the control group. These data
suggest that a 2-month treadmill exercise program can contribute to development of cardiorespiratory fitness
which in turn increases executive function.

Keywords: treadmill exercise, executive function, event- related potential
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Aosing (Cortex) wazduiinaauluiiniliintuusinantidsveiiondn n1snsaanaulninauss
(Electroencephalogram: EEG)

nsAnueauliihauewadihianssulutisaaniimmndudismdy q Bundn dndluliid
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nsflaussomwasilauazmsvnglaiiftu dwalifmsUdsundamsaisinewesszuus 4
Tusnene wasiidnariliu3inandenlidesaues (Cerebral blood flow) tindu fnavilhinnisUdsuudas
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12 Wsunsumseonmdsneuugialuin fideeenuuulsunnilagedouuiAnnisesn
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Mnfaerantounti Lﬁaﬂmﬂﬁ'wmsJﬁmﬁiJ%’U@fﬁﬂmmﬁ'mmimmLﬁuﬂﬂmmwﬁ’ﬂmjﬁggqmmﬁumiﬁﬁu
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AILTIBINITRRNAAINeTiazdaglutsdunvinsn o veenisin AU wRINNSRniaI e AuUnRT
Fodliifintuegnimnsviethauiull Tnenisiiunnuusiazsseznaimenisinasdediiundt 10 %
sadun Y (Powers & Dodd, 1997)
2. \sesileflflunsifiunusudeya Usznoude
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vp9 Oldfield (1971)
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Y9IUTEN ELECTRO-CAP INTERNATIONAL, INC
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TUsun3u Superlab 4.5 MCST Uszneusenidnnszdu uaznn$aenads 4 nda mdalufinis Wuaumdou
Auna 1 8y mdalufiaes iWuamdde 2 §u ndelufiananduninumamides 3 $u wagnialuiidilursnay
A 4 $u (vmdl 2) n$adsBaris 4 Tu 1 lumdenlunsdangu TneGesddu 1 8 4 andregluan

1 4— MSe9neds

L
*

< N13ANSTAU

AWF 2 Madrid Card Sorting Test (MCST)

n9idedTaadulnihauesasyinfanssmaaey Tnefnsgidgnglaihauosfiduiusfume nnsal
(ERP) Fatlufanssusig 9 ‘17iﬂ@jmmamv‘mmzﬁﬁﬁmiﬁmmaa‘u Fosiinsdsdnyaas (Marker) wiagfanssud
v Tdsngfilsunsuiufinadulaihaves iieaglinsuiadulrihauesfitufinldludazdisaaniungg
fudanssula wifieannfanssunageusiiun1sneldlusunsy SuperLap Sedasiinsdeuselusunsy
SuperLap fulusunsutuiindulniiaussdeeios StimTracker 289U3E Cedrus Corporation $11¥a 11
TWanunsatandulniinatesfiduiusiunisyfanssumeasuld
LUULNUNITNAADY

Uun939edamnans (Experimental Research) T uuuaunisnaassuuuiinguenunuinnou
LazndIN1IAans (Pretest-Posttest Control-Group Design)
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IngnTskazIne Nl U9 10 adun 2

Sadun1sneasd
1. seevrouneans dudunssdl
1.1 1denngusnedslaedndenamalinsiitanaudfmuinasintmaly
1.2 duNgueiiag 1 iINgUVAABILAYNENAIUAN NENAE 20 AU
1.31Ussfiunrumdouvaandusihegnsdeuumanns Iiun anatnaemdusmuasauend
Suiindnsnaduresidlavusin Saiwiin Sadauge
2. 3TUENAABY
2.1 Ussiumiifiuivsdanisvesawes Inglinguiegeiandumaaoasenguaunaiianssy
ypdoy MCST WleUsuiiumhiuivmsdnnmsuesannd 18 4 S 137 nda meviivensufianes dnstudin
paulihave sy AanTsmeaey Tnediddutusasdrsnamilldtuiineduliihaues 36 (nmd 3)
2.1.1 UnngamdsUssnouseni$nd1eds 4 miamaihuuuemiineneuiimes wasnie
nsvduidesiluinnsandnnguiuniiné1sds egmsnuasnssnansuesaenouianes nmiiusingaslails
fmuaszezna wiagmelyidlonduieganatindondiney
2.1.2 ngushaganadudendineuainuiudenney aiaudennou 4 Ju iFeaddu 1
89 4 ndnelnile Wuleatunisngisdat 4 Tu udmniuasiinisneundu (Feedback) Usingiinti
soneufiames nelunan 1,400 fadiund (ms) ilelmauindangulinssmuleulundels dngudedn
denniindnedelinsstuFeulafisoanislidangy asusingdrin “An” desfiansanlniiiazsasululy
Goulala Juvdedn 2 Geuly ieldlunsiandunidanseduludeluiunind1ads uddngudegraden
minadansstuioulviidesnislsidandy awusingdin “gn” WildiReulunisdanguiguidusely aunda
wwuinsasudoulalul
2.1.3 wiiwhsaouiamesitunaneundy (Feedback) azdsngiliuszerina 50 Sadiuni
umnely wdsanniu 1,350 fadiuit Sausingaimeely mianssduiielidnnduazasuluiFen 4 Tas
nsgatusnannsmesUuuulilulusunsy Superlab 4.5 suasu 137 Tu (18 %)

1400 ms 50 ms 1350 ms
— —
‘ -] J:f—J———\ —A— i
1 K——_’ Feedoack ———» Ll » rcedback
natden |

v

A 3 asutusaztimatlunsiuinedulnihaus warvinfanssuneaay MCST

Tuiinaaulihauswarinionssunagou MCST Tngld33n1siauuudaien Suiinmnusiis
Fndlnihseningdidnlnge (Electrode) unianiauumilsfsuefusianlnsndnsds (Reference electrode)
Tngldvinnfindalulih (Electro-cap electrode system) 16 fuis ¥in1sduiinedulniaues 15 fumis
1#uA FP1, FP2, F3, F4, C3, C4, P3, P4, O1, 02, F7, F8, Fz, Cz, Pz uasAnfineminsiiiloiduiumiedneds
1 funds asregeuanudumulnilundasdundedianinge lideandn 10 Alalasy (Kohms) vinAns
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AR WRDISHAULNA LAZLES TALYL/ masuaqmiaaﬂﬁﬂa”amauuaﬁﬂw%dawﬁwﬁu%mﬁmmieuaaama: AsAnwaduliinauea

FuiinadulnihauesuauzyhAanssumaaeunmmthasaeufinmes lasvenedyaia 2,000 Wi NIINTEY
250 Hz Iuﬁmﬂﬁﬁ’amiﬁ?{uli/\lﬂﬂamwaﬁmmé’a%mmﬁ%’aLLaz'imnmiﬂfyﬁyﬂ UNINYIRYY TN
2.2 faprwanansalunisldesndiaugean (VO, max) Inelngusedsdudnsemuuudingeiu
17971 (Monarch cycle ergometer) #u%aNN15U09 Astrand-Rhyming Test
2.3 ﬂ’]i@@ﬂﬁ’]éﬁﬂ’]ﬂG]’]‘J,JI‘U?LLﬂﬁ?iJﬂﬂﬁ@@ﬂﬁ’]ﬁojﬁﬂ’muu@:éﬂlWﬂﬁ Ingaaniiasnieduaivias 3 Ju
fiduneunisoenidsmesiei
2.3.1. auguinane Fusensivinieuivsiensedusruuiilanazvasaidon Jaayd
nsifiunausazaTluN SN EUA muFsnsimBeandiesiua 10 vin
2.3.2 naumpaesusayAutuisuLgielih Tussriensiasinsfismudannmadurasiale
greLiles fMui3es Polar Insuiurnuiesgisluiudlelvisasnaduvesidleeglutasanauusses
mseendidaneidudmng Saimuneunsivesnseenfidaniefisedulunansdain (55 - 80 % HRR)
Aastaiu faus 15 uait 89 30 wndl muﬁﬁmumi”ﬂuiﬂmﬂwmiaaﬂﬁﬁqmwuﬁﬂw% RUADIULTIAY
UANAINAMMIITDINSEN ALLTILAzSEEATtUNIToaNNEaIN1e Ty 10 % sedUa1n (Power &
Dodd, 1997) Taeduniiusnaziduiinanuuss 55- 60 % HRR 1aa1 15 1l el siuasseezia1nseen
fadamendu 10 % MnFuRaeUfoR ufedunif 4 huanausadu 73- 80 % HRR a1 30 uad
MEWINTUAIANILT wasamseenfidseluauasy 8 dUanv (msnedl 1) f?]y’ma’mamé‘wuaq@ﬁqlw%
159 0 o9
2.2.3 slaumen (Cool down) sremsBanduitle nendsannisis S1uu 10 v

999 1 ALSAESTEEaINseenfiaIngluLdasdUa 9

é/ﬂﬂﬂﬁ ﬂ’JWlILLiQSUENﬂ’]i@E]ﬂﬁWéJQﬂ’]EJ swmmmiaaﬂﬁwﬁqms
1 55-60% HRR 15 w7
2 61-66% HRR 20 W91
3 67-72% HRR 25 U
q 73-80% HRR 30 U
5-8 73-80% HRR 30 W19l

3. svezvdaeans JarauliihaewaziiAanssmeaeuntidiuimsinnig lagTandeann
Auaelusunsuniseansidanisuugisingi 1 Yu uastreruannsolunslieontiaugian
nausIUTINTaYA

fudayaanngunaaesiasnauaivau laeinanuaunsatunisldeandiaugegn arugnaesly
A1SADULALTLHEIANNITADUALEIINNITIN MCST  wazTnaduliiiinanosvasdivin - MCST mentiae
poufinmed Tnadnadulnihaueriane 200 faddundl neuusnguiiseuaninIneundu (Feedback)
Weuanslingusognmauineugnuienin wazndaan Feedback U51ng) 800 Hadiunil uiins1zsi ERP
LaZAINATUNIN (Latency) wagAI3Es (Amplitude) y93AAY P300
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IenTITeuazIne N1l U9 10 atun 2

N1331A11UaYa

AinsesieaiaiiugIurenguiiesa warlinrgiiuieudisuaiaivestoya srurinenoud
vdsnseenidsnsuugisinilungumaaes uazszminangunaassiunguauauaendanisesniidsnig
vugsliihedsdoileadunan 2 feu TneldadAnaaoud

NANI578

1. nguvaaesiiongieds 2061 U finsaadazamade 2.70 Anadesviinanie (Body Mass
Index: BMI) 20.91 Alansy/ A1193AS LLagﬂl’]LagEJﬂ’J’]@Jﬁ’]ﬂJ’]iﬂIUﬂ’]ﬂ%@@ﬂ‘%Lﬁ]qujﬂ (VO, max) 33.89
fiadans/ Alan3u/ ui (mU kg /min) ngumuauiiongiade 2065 U insnadeazauiade 2.75 wavildiade
Ftlinanie 2083 Alan3y/ ma19ns Aedemuasnsalumslioondiaugsan 30.03 ml /kg /min Vieaog
nauAedufuinaneeglunasifiimuaesussansive (18.5 Alan3u/ maasns < BMI < 24.9 Alanda/
p1ans) wazdidnads VO, max aglunasitudmosnsgiutesszensiveiiausiae deivenaans
N5 nsinusUsswalne dewFeuifisuaadenny Anedensaaduayay dnededviiinaniy way
ANaAY VO, max s¥minngumaasifunguamuauiounsvaaes waadiiiuitliuandetu (M 2)

2. wamsisuliieu VO, max 18snguMnaes WarnguaIuAN Aoulazidsn1seonindameuigis
Iyt wamdliiiiuin Avadenrmanunsalunislisondiaugeaalundunaass mendsnisesnidaniougis
Iiheeseiloniuna 2 Weu gsningumunn ediidsddamsedafisyiu 05 lnefinguvaanimeonds
panrdmeuugidlnih dauads VO, max ity 40.58 mU/ ke/ min dndlundguaruaudslaildoondids
nela 9 1oy finnade VO, max anaadu 31.98 ml/ kg/ min (il )

3. wansieuifisumiiivimsinnisvesanss neularvdsnssonidenieuugiifinedig
seifloaduna 2 Wou lasUssiiunthfiuimsdanisvesauesunsuiuiuasunsldlanuaniunisal
viodunszduiludsuly (Shift attention) TnAnugnFadlumIney srezaMSIEUABI ANNAILAYAYLIZS
Ya3nAY P300 YUy MCST uandliiifiudn rouseniidsnie fidnaerugnieslunisneumintu 14.22 asuu
AlAYSYERIaNMSIe AL 2,453.02 Sadiuii mWé’aaaﬂﬁwé’qﬂwuuzﬁﬂvdﬁwashwiaLﬁ'auﬂunm
2 hau ﬁ'wLafﬂ"ammgﬂé’f@ﬂumﬁmammﬁu 16,50 ATLUY ARADTYHEIAINTAOUALDIYINAU 1,179.82
fediund Tifuhnendniseanidnieuugidiai fauedsanugniodunismeusnnniiuas srogiian
MImpUALBIaENIIfousenidnTy ogiluddyneedftissiu .05 (3 3)

ndunaasInevdsoanmdsnpuugisliihegwodeadunan 2 ifeu fduadvauniiswes
AdL P300 tosasniuisdidniyiss usil 3 duwnifdwadermuniiwesnau P300 mevdsnisoeniidsne
Uu@ﬁﬂlvﬂﬁwﬁaﬂﬂdwdauaaﬂﬁﬁﬂmﬂ aﬁmﬁﬂfﬂﬁﬁmmqaaﬁﬁﬁzﬁu 05 L@ fums F3, F7 way Fz Inefineu
ponMane FedsAininsweseAy P300 fisums F3 iy 42978 §ad3undl F7 windu 441,56 Tadiund
uay Fz Wiy 443,78 fadiunil mevdseenmdimeuugislafiedaitloaiuna 2 Weu anuninewes
AR P300 Tisumia F3 windu 383.67 Sadunit F7 winfu 435.22 fad3undl uay Fz Wiy 395.56 fiadiunii
(il 5) AdsAugIYesndu P300 Mendseenrdsnisuugldluihegwieideadunan 2 e genin
dauaaﬂﬁwé’ﬂmauuzﬁﬂlﬁ/\lﬁw agallfedndaeadafisyiu 05 isuwia F3, F7 uas Fz Imﬁf-ﬁ%aa‘laﬂ'smqwaq
AL P300 MM uva F3 wiiiy 5.06 fiadlaad F7 ity 4.36 fadlhad wag Fz winfu 5.01 Tadliad uds
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AR WRDISHAULNA LAZLES TALYL/ masuaqmiaaﬂﬁﬂa”amauuaﬁﬂw%dawﬁwﬁu%mﬁmmieuaaama: AsAnwaduliinauea

ponmdsneuugialnih Arwgeuesndu P300 fisfuis F3 windy 9.15 fiadload F7 wiriu 8.44 fiadlaad
uay Fz Wiy 7.70 fadliad (2wl 6)

4. wansiSeuifisunthiuimsinnisuesates szuinengunaassndsniseeniidaniouugie
Ineessiodonduna 2 ineudunduauns uandliiiuin ngunaassnievdsesnidsnisuugialii
fifnadsamgniadlumsmeulindy 16,50 AvuuL ARABTEEzNAINIB VALV 1,179.82 fiadiundl
nauAUANTALadsAmgndedlunIneUMNtU 1310 AzlUL ANRAYTTIZNANNIABUAUBAVNTY 2,486.33
fadiund  loliesviiseuiioudadsnugnaedlunisney srognaInsnoUaLes 3INA5¥1 MCST
sTMeNgunaaBInevdIniseanidanmeuugidliihiungueiua Pidfiudn mevdanmseanidaneun
gl nquneassiidiedsamgnaedlunsneuannniuagszernainsnouaLsstsniINguAIUAY
agalifddun1eadafisysu .05 (Ansnsdi 4)

Aadununi1IueIndu P300 NniuvtBidninInueingimaaesevdeeniidsneuugis
Iyhegsiarlondiuna 2 Wou desninguaunm uill 2 dumisidatadsauniesndu P300 douniy
naumUANRENTITaddyMNaRATISEAU 05 THLA duvtis F3 uay Fz mnunineueandu P300 Adumia F3
Wity 383.678083U7 Fz Wiy 395.56 fiadiunil Aldsalnunineussndu P300 Yeengualuam Adume
F3 Wiy 462.10 fa@3undl uae Fz Wiy 473.60 fad3undl (1wdl 7) Aledenugevesndu P300 Vs
ngunAassnevdseanitdsneuugislviinegisderleadunat 2 1oy ganinguaiuay egrediuddny
yaafiTisEsy 05 Fiduviis F3, F7 uag Fz Inefidadsniigsuaindy P300 vesngumaasiniendsooninga
Meuugashiin Adumia F3 ity 9.15 fiadliad F7 windu 8.44 fiadliad wae Fz wihiu 7.70 Saalaad
AYMIIBIAAY P300 YBINguAIUANTAIIY F3 Wiy 4.91 fiadlaad, F7 wirfu 4.34 fadliad uae Fz
Wi 4.46 Tadlan

A19199 2 MsSpuiieudateeny ARtenTawayEray Aedeaviliianiy wasmandausalunisly
AONTIUGIEN TENTNNGUVAGBITUNGNAIUAN ADUNITBBNMAINE UL ISt

. NANNARBY NANAIUAN Mean

a3 M sD M sD Difference daf t P
27 @) 20.61  0.98 20.65 0.75 -0.04 36 -.14 .89
\nsnAuATas 270 0.32 2.75 0.36 -0.05 36 -43 67
fuilunanie (nn./ Lmﬁiz) 2091 275 20.83 3.28 0.08 36 .08 .94
VO, max (ml/ kg /min) 3389 594 34.03 6.84 -0.14 36 -07 .95

Wa1849f: M = Mean, SD = Standard Deviation, df = degree of freedom t = t-test, p = p-value
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m foudanidame

W vdsaniidime

e

30,00 + |
45,00 4
40.00 o
35.00 <
30.00 4
2500 o
20.00 <
15.00 <
10.00 «
500 4
0.00 «

VO, max (muikg/min)

NgUNAADY NHAAN oy,
4

A9 4 NsIUTEULTEY VO, max Yeanaunaaed LasnguAluay neulagnainIseanmainieuug

Falolsin

M990 3 wan1slSeulfiguARaeANgNABIluNIINEULAL TEEELIAINTTABUALDS AINN1TYN MCST Yadngy

NAAB foukasnaINTIToRNMaINIEuLg 9N

fuUs NANNARDY NANAIUAY Mean df t
M SD M SD Difference
AnugneaBslun1snay 14.22 1.90 16.50 99 228 17 -4.92*
(AzLUL)
JrezhlaINITeauaus (ms)  2,453.02  770.27  1,179.82  226.42 1273.20 17 7.35%

*p<.05

dl oy ] 1 d' 2 o 1 1
13190 4 Naﬂ'ﬁLUiEJULV]EJ“Uﬂ?LQaEJﬂ'J']lIQﬂG’]E]\ﬂiJﬂ?W]’EJULLﬁ%i%EJ%L’Jﬁ']ﬂﬁG]@Uﬁu@\‘i INMINT MCST ITWINNQU

VABBINIEYEINTORNANAINBUNG TN Aunguaiuay

s NEUNARDS naNAIUAY Mean df t
M SD M SD Difference
AwgnaedlunIsneu 16.50 99 13.10 2.40 340 36 89*
(GETIT))
FLYLLIDINTADUAUDY 1,179.82 22642 2,486.33  697.45 -1,306.51 36 -7.59*
(ms)
*p<.05
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AR dRISIUNA Lazlas Taud/ masuaqﬂ1iaaﬂfﬁ’wa"’qﬂ1auugﬁﬂwqﬁwdamﬂwﬁﬁmﬁmmﬁ%mm:

AsAnweduliinauss

g

Latency (ms‘;
= = g

8

A 5 WSeuWieuaeagaunIwnenaT P300 Yaevin

Latency (ms)

—4=fiouoanmdimy
—g-VA0AMAIMY

*

F3 F4 C3 C4 P3 P4 OL Q2 FT F8 Fz (z Pz

*0<.05

fuwsAiaalase

MCST Y@4nguynaaeInaulasnainiIsaanidaniy

vugalih
£00.00 - —=NAUNARDY
—B- AR
500.00

400.00

100.00

0.00

F3

F4 €3 C4 P3 P4 O1 O2 FT F8 Fz Cz Pz
*p<.05 fMumisitaalase

A 7 WisuiguARRe AN INaYeIRay P300 Yyl
MCST $¥7I19NGUNARBINIEVAINITOBNMAINEY

vugaluih Aungueiuny

30

Amplitude (pV)

——NuBaNMAINY

% -E-vaw0niany

*

F3 F4 C3 C4 P3 P4 O1 O2 FT F8 Fz Cz Pz

o -
AusdsdiAaalase

*p<.05

AN 6 LUSBULITBUARAIAINEaIREY P300 Unizvn

Amplitude (uVv)

MCST Yednaunaaeinoukasnasn1seenit&s ng
yugelvliln

4= NUNARD

- NUAIUAY %

F3 F4 C3 C4 P3 P4 O1 02 FT F8 Fz Cz Pz

xpc05  PIMLABLENINGS

AN 8 LUSHUWIBUARREANEUDIATY P300 YRz

MCST 5¥7I19NguNAABINIEMaIN1TBBNMNAINIEY
vugdliih dunguaduay
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IenTITeuazIne N1l U9 10 atun 2

anUTeNa

ramTidetiuandiisin navaaeId s s seenidsmeuugldniiegwraiies asumu
fmun Sessnmeesialaagnameladindy Yssduldnanadsauansolunisldoandiaugegn
(VO, max) maamjwmaaﬂmwé’ﬂmiaaﬂﬁwé’ammﬁmﬁu owisuiuieuseniidame wanifleuiunguaiugy
Fadulusunsuniseaniidinisuugisliihiigisvoonuuy Jumnsavlunmsimuaussnameesilauas
nsmelalufeglnanewdu dalieeenidimennneuld §idetlusunsunisoenidaniguuglaluiily
THlunisWammihiusmsdanisvesaues aﬁ‘dﬁ&Jmamﬁ%&mmi’mqﬂismﬂ%’éﬁ{‘:

1. whiluimsinnsvesanesnendanisesnidansuugishifiegsadeaduna 2 ey
UINNTINBUBBNAIRINIEY LAEWUTT NUNARBINIENAI8DNANGINLAINTITAVIAINTIUNAZBY MCST L6l
andeufintu Tszsznalumanauanas daifleutureusendidnie uaziiiadearuniiswesadu P300
YDENI @hl,a?{ammqwam?iu P300 1nNAIMeUBBNAIEINTY Tisuns F3, F7 uay Fz daidusumnusd
AseuAquIUAenaesdunth (Frontal lobe) finsfnunidliiiudn uiihfiuimsdanisvesanadludui
\AeatumsUudasuanuldlanuaniunisaluardsnszduiasuly Nerdestunisiuvesanesdy
i1 (Crone et al., 2005) wazann1sAnwmeUszaming dsdiidiuin avosuinududwweaudonauos
druninseusia (Lateral Prefrontal Cortex: LPFC) wosauesdndis fsmssiusumia F7 1Agadesiy
AENLaR LT TU3 s Ian1suasanes (Barcelo et al., 1997) uananiinIsAnyIn1siauYesaNDs
$e33 VR uandlisiu nendeoniidimnisauisseduiiaussnamuesilaasnsmelafitu Uinmuess
nasvesUfenauesdiunt (Median Frontal Gyrus) ﬁmiﬁwmtﬁmmﬁu YUz Eriksen Flanker Task
FadufanssunaeeurtTiUInIseAnISUReEes (Colcombe et al., 2004) LanN13398U89 Yanagisawa
wazAuy (Yanagisawa et al, 2010) Fel933n5TaUSnaeendaudilUiassaneadieds  Near-Infrared
LU‘%EJ‘ULﬁﬁjw%mmaaﬂ%wuﬁlﬂL?ﬁyaﬂauaa%mwmjumaaﬂmwé’ﬁﬂéﬁ”wﬂ’nmmﬁzﬁwmﬂawLﬁmﬂ%gq
\Aen funduaiuendslaldeeniidanie wui1 ngumaaeaunigii Stroop Test Fadufanssumaaauntii
Wmsdansvesdues finnsldeendiauriiuinntuudion Dorsolateral prefrontal cortex Uad@URsTNgY

NN finansITedadlfdiun nduvAansendseenindsnisuuglalniied ey
nan 2 ioudiAnedsrmiugeaseiu P300 gandndeusenidane uazanuninawesadu P300 tesninnousen
fdame Gerngavesndu P300 duiusiunsvhnuresaueiignnszduragihAanssudidesordorinidle
Fududvifivsuenis aaldladeranssuiivh fsdurgeveseiu P300 ity devhAanssuiidedlimm
Tdlanniu uenaninmsusudasumnldle dewdyiuanunisaifigenUasunnia fetedunildled
LNTUNTLAY AENTBsARL P300 galiuniintigUnd duamuniwuesadu P300 eadeatunsruauns
dansiudeyailésuidild (Polich, 2007) ﬁqﬁuﬂﬁjmmaawé’qmﬁaaﬂﬁﬂé’amwu@ﬁﬂw%'] I PRFGRRTN
AL P300 LRuTL AR I9UDIARY P300 anasdliiiui nauneassiliniuldlanazandeegivfianTsuns
Jnngunseninisusuasuteulevesmsinng vildinrsiianatslunisneutiosas szeziialunisney
anas

nanTidonansliiiiuin ngunmaesiiinfalsunsuniseeniidneuugisliitegsdelilos
Junan 2 deu Taussanimwesirlouaynmsmelafty wesarwanmsadunifivimsinnisvesaues
1nTY Imﬁmmqwmﬂﬁu P300 LAY AL F3, F7 oy Fz UViTle asesduminiinigyinauanny
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AnnN WwidasSaund wazlas dandy/ ma@uaamsaaﬂﬁwé’ﬂmEruu@ﬁﬂw%damﬁwﬁﬁmﬁﬂm?ﬂaqamaa: Asanwrdulnihauss

orflonnaneundululy 4 Usznis Usemsusn nseenidmesthsdewdies vilndmidenlatush
I¥egaiiussansom dwalisnsnisinavesdenldifesauownniu wasauedd§uanemnsinsame
sondauiisndusonssuiunisumueasuveneadiiivi sarhnmageuIdininennsitélunssuauntsmn
nangundseunislusgadiiiieae Fligaduszamvianuldun uasiussansam Lifnein1sdr Ysenisd 2
nseenfdenivetiededsuiinunaaisdeuszamlauniu wazreifinauaiisalunistians
Cholinersic ndunlddunszsiansieUssamesisiialadu inszuIunsdsdayaniieg Eatu Uszmsdl 3
finsifiuues BONF uaz Nerve growth factor du 9 dsdwalifinisiiusuaunisideusoseniiaead
Uszamuinugalszaulsvamiivnnauesdiuntd yufednnsnsedueaddszainliioufiaty
(Currie, Ramsbottorn, Ludlow, Nevill, & Gilder, 2009) vilsasasaumingineuanniu

2. yhivimsdemsvesansswesngunaaendssoenmdsmeuugislitinegwseideaduian
2 oy snnningueuau newudn ngumasesmendseanidsnieiidiadsaugndedunisnouainnis
¥ MCST annnin uagAnledgsygznanisneuaussiiosndn Weiflsuiunguaiuny uaﬂmm‘fﬂ&jwmaaq
Mé’qaaﬂﬁwé’qmawaﬁqlw% ﬁmmﬁammqwamé"u P300 1MNN77 wazANadEANN I8 IAdL P300
tondn Wlalsutungumunu fisumis F3 uae Fz mnsans@nwinandliliuil ngumaassniendsnisean
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