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The Use of Event-Related Potentials in Psychological Research

Hiroshi NITTONO and Tadao HORI

Faculty of Integrated Arts and Sciences, Hiroshima University
1-7-1 Kagamiyama, Higashi-Hiroshima, JAPAN

Abstract : Event-related potentials (ERPs) are voltage fluctuations of the brain that are time-
locked to some physical or mental occurrence. These potentials can be recorded safely from
the human scalp and provide valuable information about the brain activity associated with
perception, cognition, and behavior. This paper deals with theoretical issues concerning the
use of ERPs in psychological research. Following a brief description of the basic method of
ERP recording, technical problems that can occur in the recording and analysis of the ERP
were discussed (e.g., ocular artifacts, averaging, and individual differences). Then, the
problems of isolating and interpreting ERP components were addressed. Finally, the
relationship between the ERP and other psychological measures was discussed in the light
of functional systems of the brain. It was concluded that the ERP can serve as a valuable tool
in psychological research only if it is combined with other psychological measures.
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1. FLC®HIZ

HEHBEEN (event-related potential: ERP, 2 M8) iX, S MH 2 WIIHNAARERITHREIANC
BEL TAL RO —BHEDEELEEHTHD., EFL bo UHEHTIAMPOLRLCEKETE D
O, DEBIZBTLZY—NVELTRHAINDZ LBRFHEL T, ERP2E-> TABDLOBZX
BRANRE O T AHER, BAaUEAEY GRAEmAEY cognitive psychophysiology) & MR
#15 (Donchin, Ritter, & McCallum, 1978). #£3 DITEIHEREICIM X TERPEZRIET D Z &It XY,
APOIIBETERWLEEEICET X EIERMARELA TN,

AR T, LDEZEOMEICBWTERPB DX 5 RAHERCHEBIZESWTHBEN TSI 12 #
T B, BN, ERPEZRIETAHELFOLEZDOEERIZOWVWTHRRS (FE2H). &z, QI
NI A GERPRE Y 2 2 BE L TR T ABOEEIZS>W TR LS (3B 3 Hi). &#%IZ, ERP L 178
R - EBUEFE L OBGRE, MOBEREWVWOSBRAPLOLEEL, LEEMAICKIT S2ERPRIENDE
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BIZOVWTEETD (F4H).
2. ERPOAIE

2.1. RE

EETWBABOEEIZ 2 D OEBERE Y DT B L, FOBICOTIRENZE (BE) 34U 3.
ZFOREERFEA~A 7R b (uViRI00HF 3 DIV) 2T E20H, MIKEH (ZEEESR) TK
FECHEET D E, VX b2fotziil LTHETE 5. Z 3K (electroencephalogram: EEG)
ThD. WX, TOAEBEZTWEIRE DR ER BRNICHERT S, i, ERPIX, %L
E, HbANZIERURER L VoS EOERICEE L TBHICAELIMEMTHY, BHIREMNEK
WCEELTESEIND. FIHOMIETIE “BHELL (evoked potential: EP)” LW HEEEV, ¥
HHEAE R ITHREMRIEEMRIZLTE R, LiL, 0%, Vi &L FO—EiITRIED
BERRPER LV LEMNERICE > TEIT D Z L, EAMREIS 2 THOEUIMEM (K
HEAT emitted potential) 235%2 Z L BEHALNCR o1z, FD®, BIETIR, AR E OEE
BIRETRT “BR” BATIZAL, XS “EREEE (FRICHRMMICEELR)” BiLiw
HFEBEILLFEDLITNS, 28, ERPIZIIZFDERLEPLEENTH Y, LEATKIZEELERN
HHERE 272 ZERP & FEL 1 TiZ A2V (Picton, Bentin, et al., 2000). %7z, ERP*4£ L X¥5
LWV EEIZT “elicit” WO ENFRRNMEDN, “BET D" LRINDBZ LEBEV,

ERPD Bi&Ry72 RIE FHt X # AT 572 DI, Fig. Lic A FAR—/V3EE (oddball task) O#l %R
L7z, A RFRF—1RELIE, ERPORIEBICE<HWOh D BHMARBMORBRETH S, FURES
BOVRLEREINDRFIOFIZ, xR oHE (FRR—V L “BbhE” OEK) A
Eh3d, HREZI2OOFEERINLT, FFNICEL>TRKIEET 5. #lxiE, Fig laic’RL
ek oiz, “y” LIS BENFIBL->TRHXY “Ly” LW EWERETRIN, ERETENT

(a)
e, Ry, Ry, By, #y, My, oo ] —BBRE~OHRR—
"Ry ELWSENEIZRLYT, EEFLEEEYLLSHLVEM
S MoAFY. BUOENETCAERER > THR TS

HAtEIZI86E

ARL-BEUZTILE
A;'.ED;IF& ;’L’S?i@ 5 ms/pointLl LD

Z2E—H BETHWIETS
(b) pob Bl
. . . : . . . . < >
BB |
24N3% :
plveis: 4 R T
: : : - : : -
: : : : : < P3(P300): : : : 50 uv
S __,!\ Ay iy :l'l S Ay Pttty +
Standard T Standard ' T Target ' " Standard | T Standard |
N -100 600 ms

B a2
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(c) Standard Target & . N1 — Standard
—Target
P2 ™~ P3 (P300)
| ; 5 uv
- — — - T T T T \
-100 0 600 ms -100 0 600 ms

Fig. 1. # FR—VEBEIZ X 2ERPRIEDEAK (20 LHEDERFT —FIZ&K-3<).

(a) &% (1000Hz, p=0.8, HEAHI# Standard) & &F (2000Hz, p=0.2, RHH|H Target) %7 ¥ LR2MAFT
LSHIIEPOA =AM bERL., FOREZEF50ms GIbERYILTHEY EbmszElr) ThHhoTl. MEI,
0.05-30Hz D# @B 7 + VF AR L, MBEREELEREL LTEPREDLE (C2) 2oRE L. HBELILES
ERECERLT, arEa—Z AN L (b) 5HES (WT758) OMET—4%. LRIFEGSNIRER. $&
TN 7 7 BBOESH A RE IS EDICEBERT V7V T7 4 V45 (587THz) 28R L-HOKERE. (o) 2EENTE
FlM D ERAT100ms 2> H%600ms £ TOMIE T — & (REH) 22N ENRATLERTHVZLO (EBR) &b
EMEEY LER (TR, ThFholkil, RISEI00msHOEHEMER—2 T L LTHIZ . #EBOX
RIS ETRINEREBEZRT. (d) BB LR EZREADOEICHT D ME .

OEEZR->TEZ DL IRERIND., Z0 L EE 2 2R E BRI (target stimulus), ¥z
7R A R KRB (standard stimulus) &FER, Z DL 5 RBEEIT > TV D & & ORI & ii#&
+%. ERP2BIETZHAITIT, MOBRIEBOEELZ TS WHMICH Y SiF - EEBL2 KR L
L T, B _E OFEMER (active electrode) 2> HAXIE & 508k 5 DA —RKE TH 5. BB (reference
electrode) 1%, Blzs (BZ%) LIKEZERE (mastoid, FOBROMITIRICH DEE), BK, T|E
S CGE-LSEMEBREE L - AMESERBES LOBE L ERET D) KB Z L8\, EHERIT,
Fig. 21277 L 7= @E#ER10-20%: (Jasper, 1958) 8 L N F L& HEL5R L 72 #1538 10-20%% (10%+£, American

Fig. 2 [EMER10-20%: L HE3R10-20%: (10%H:) 12X
ZHEFE LOEBKE. BRI OEFEEHETTORE
BLUOERDHEBEMNE (BEORDOFHDL IFR) Mo
EEDFNFNI0% &L 20%% BAL L L TEROME R
wd B EP EOEAIZ, ATH SIEIZ, Fp (frontal
pole, #fEE#R), AF (anterior frontal, BTZHATER)
F (frontal, ®fi8E%), FC (fronto-central, ASR-
.0E), C (central, #.0:8), CP (centro-parietal,
.0 -FHTEE), P (parietal, SHIEH), PO
(parieto-occipital, SHIE-#%8%8), O (occipital,
HEEM) LMES, EFHERE “z (zero)” &L T,
EHE»SREERICET TIECES 22115, E¥
BROSATEK, AEEROMBECTH D, AX“H o (auriculan”
EREET. AERALIIMOLHRTHEIND Z &2
»%. FT (fronto-temporal, AISH-RIELE), T
(temporal, IZEEE), TP (temporo-parietal, {A)
9H-SHTEMR). T3/4, T5/6, FT7/8, TP7/8i%, #h
#hC7/8, P7/8, FC7/8, CP7/8& LRI 5.

() The original 10-20 system () The extended 10-20 system
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Electroencephalographic Society, 1991) ([Z##L L TH Y 2} 5. Fig. lan#iTit, EHADERIZ
EEEBERLY S, EFHREFLBOESEERIOMELEHRL VS, Z0LE, FIELZY
WS OERPY, BAHRE/ A XTEHETE DL, HWHBBT 4V F EAVDLOBE—KHT
b3, WELEMRIET Fel /720 (A/D) L TEMETS. @, 1EIZ2008 1 >~
F GmsiZlRA N ULOBIATE#RL, MEVYHHa L Ea— 2TV AT.

D5 LTEESNEBMBEOF #Fig. IbiiR L. E»bAE~LERSERLTRY, BT
BB RENTEREOZ A I 7 LBEMRINTWS, BRMICA L 5ERMIK (210 Hz
O/BIET LT 7 ) MERENAEWHIZ, FRIEASEET IMEMN (ZOHBIZERMKE D
0 DIBEL/NEW) 2B->TLES. TV 7 BREBEIRDIEDICTIVINT AN ZENTD
L, FhENOERBICH T BERPBRTMCR L TL 5. EHEE CER S NIRMRIB ORI,
Bt (R TRE) ORRBSELC TS ORED LS. ZHik P3 (P300) LFEHENDZRNATHS.
MBI R A MBS % L Y ABRICER Y T 72ic, MEEHE (averaging) BKAVWONRDS. Z
DFER, MTEOMET —F %2, BEOEROBMARFAICHIZ T, BERA v P T LIThEEY
FTBZLicky, FOERICEELEMEMEZMETILOTHS. HRMEILER L IZEHRIC
ALDERETS &, MEFHTSZ L CHRMBEIIHZ SN, FRICH L T—EORRHBFRLZE -
72ERP/Z T 037 5. EAER) B & A=A D £7RAT100 msA» 5 %600 msE TOMKE T — % ()
P FNFRBRATHERTHVWELD L, T o 2METE L TROIZERPER %, Fig. 1cilRL
7r. MESEHEOBHITHST, FRITOEFBIIKRELEHLTNS, LirL, 2FOEME LT,
RE YRS o U T IR B BR A 200 ms iz, EAYHRIBIC xT L CIidil4BALAH 300 msfhiic T &
DENBEFLTRY, FUPMBEEHEFICLHEATNS, 2 20MEEHREEZERTHEHW
b D #%Fig. 1diz7 L7z, ERPEFIZV K 222 DRI (deflections) 2L S TW5, REITHR
Lk oz, eErm (BT kM) oEh % “N (negative)”, BtEHM (FrR&) ORENLE: “P

(positive)” LFEW, HBIEICES 2050, EENRTEAEE (I YPEA) 200 TEHT
5. BlziE, PTFDIEAERESE X %300 msi2DTP300 & LIEN D, o, BHORBICHTS
P2oN20 L 512, BAEE ETIZ-Z2 ) LIz —278372< TY, HITHESCHDOERSEMHFI HHER
LTEDOEHHETEL TS LEX LN BERPKRS B.26i28) K OoWTRAREDITDZ LD
5, B, TOF—F TIIHETRVS, PLIERKS0 msTHHRT 5.

ERPHF 2 FoRT 5 & 1T, LTI T&OEHICiE > TREEMEZ R ZIcH#i< Z L 3E 0o
7o. LU, A TIIBNEM L2 M IC#< Z L3z T 5, EREReEEEEES (IFCN)
i3, EF#R LTl E LTRGSINIEMIFEEEZ EM& & UTH HiEE#ER L T %25 (Goodin,
Desmedt, Maurer, & Nuwer, 1994, p. 18), ZEB#F7E Tid—3 L 7z RA82372 < (Picton, Bentin, et
al., 2000, p. 140), K IZHEELZARTIVUEELLDOHFETHRDOLN TN D,

2.2. QIEI=HIT2BER

LA ERAIZ X 512, ERPOBIERBIZFEEBEETIIRW. LIL, EBRICERPEZRIEL XS
LB L, SESEFLRHFBICHES. AXTVIABONEEZ2EL<ZRTDIZ LT, RLTEHE
B2 Gik72v. ERPORIEIZSOVWTIE, BARKE - HEXES (R - AARBRKBEERYSR)
ORIEBIEHE (BF - TR, 1997) 7 2 V) hErAE2e (Society for Psychophysiological
Research) @41 K54 » (Picton, Bentin, et al.,, 2000) BZAFIEHTWEDTHREIRRD. ZZ
TiY, BICEER 3 OOEIEIZOWTRARS,

!
I.
I
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221. 7P—F 779 b+

ERPZMEBDIIE L U THE S 7 dDITit, TRBBENITHONELSELZLDOTHY, FhLl
AORBTELLLOTRRNWI LEBRILARTIRORY, METFCEATIMEUAOTE S
7 —F 777 b (artifacts) L5 (KHE, 1999, p. 60). 7—F 7 7 7 hMzid, A&icHE TS
DEENLUADLDHHD, EEICHKTET—F 777 hTERPAZHT S & X iC &L I/
S0, RKESE F1X/cE (BH) KXB7—F 777 kb (ocular artifacts) ThH 2. HRERIT,
L) EHBMO+HB—BOXSI1Z, BRELABEESEYE, PEGLRECEELTWS. 20
e, RERZ LTEGICEH» T LAROBHELIENT S, £, $3x2T5L, BHECHEL
AR EEZESETBRATA FTH0T, BIV EUICHEEBCEEZ2EBL THBEOEMMED
% (Picton, van Roon, et al., 2000). IREGEE L £iX7- X i3, ERPOI00fELL LD EMZ A L X85,
FORBIFEBMEICETHEIEL, ERPEEAED S,

IRECEESNCF XX ICEAE LT —F 7 7 7 ML 3512iE, 3005 &ERH 5. %1%, ERP
DESHKTICREHCE I E 2 LRV E O ICHTRT I FHETH S, HBREDORANCERSAL LL
BNEREERLT, ERPOEEYEIZNEZROO TR X I8 RTE, REBES I
BEHCMAOND. L2L, FEREIBERETICELDZ LB8HBDT, ZOHFEZ T TIR+5
T —=F 77 7 MBRETEIRV.E 2 O, IREROIE (28 U7 B HERER (electrooculogram:
EOG) Zi#& 75 Z L CIREGESRC I E2BH L, HHEHE Bl2iX+80uV) 28z 2B
ELLRITEARBRPOR ZETHD. ZOFETRMIRT—F 777 V3% B0 T, EOG
ZERPLFIRFICINEFH L TEKRL, BokT7T—F 777 FOBREZBAOLNCTILERD S, &
SICHIEERH D, T, TR ECRKEIC L DEMD, MELZEHLTWBEF ¥+ R
WZEDLS BWMEETIPEHEL T, BT — 2 2@ ETHHETHS. MERFICESENBEOG
DEIG Z BRI L > THE L, EOGT — 7 ICER1R% (0.01-0. 3072 ) 2 #1772 b O % Bk 57—
IIOEIET S LTS (Bruniaet al,, 1989). & HIZHEAZER L LT, RKES L 13
T2 DERBEREEMER YA RV TERL T, FOEELREEEILOR VB HELH S (3.1
HiBR). L2L, MEEITERESEETHY, E-HELLERS “BOERPER” IEV W
SIRERLT L LELNRNDOT, BEDEZS BROBREEZ SIZER LTV,

EERICHETDT7—F 777 Mok, BREBRCER X CEBE LT —F 777 b USC, &
BB, BT, LBRICEBZT—F T B35, kESNCHETET—FT7 72 Mz
3, EROREARCHKIE - WRICL2100, EUR  EXBECLITREERERDS. &
NoDT—F7 72 MELFRE LUK 2EHETIREATRRELTRET S, NKICBATS 7—
F77 7 FOEEEEZOMEIZOWTIE, KEE (1999, pp. 60-66) B3HBEITRD.

2.2.2. MEFE

ERPEFIZS DI MELHEIC L > TRk D, MEFH LWL, EEME LERPERATE A
WOT, —EI7ZIFLPEZ HRVWERRICHT HERPEFITAIE TE 2. MERKS#E 2 DIt 0
THRMKIZFEAEL, ERPRHBICENTL 3. FEMEIERERIZH L TELRICT VF AT
EE L TWE (ERSAER), MERKEZHERT I L TEORIBIIHEZEINT, BEICiIPac
8%, ZhCRHLT, 7—F 7727 bR EERSH LARVWESE, NEOMELE T, /NOHKIE
WKHETLH, WOETHLHEEZEShPIIEDS. 20D, 7T—F 777 2 SHLRFIE, TXAE
FMEEHP LB L HICT 5.

RIBETFEET I VBHETICEL PR (FEREM FLUOEMNERICE > TEEZTIZL
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WOT, MERKSZVEEEELLEERSBOLNDS, LL, FRUBICELZFEIKRS EE
FT5LXITi, BEVVETHS. MEEKEZHEOTEODIRATE2ECT L, HECEFRLED
EELPZITT, EROBRVLERTRITTLDERPBE/L L TLE 5 mléEtEs3H 5. ERPEFEET
BOLHEERENTH S EROPS (P300) i2oWTiX, 20EDOMETEE LEKRENELND Z L2
#rH» b T3 (Cohen & Polich, 1997). —#&%IZ, BEt L 72V ERPDIRIE3E BB I H AT/
EVRY, Z<OMERKSSLETHS. P30 L LTERPERM L L S T2 HEICR, T~
TOEBREMHETRHIE0EULOMERKIE SN, RBPOHBRESENTLE S ANCEHEI KD
X5 RERFHBEENLTD & LV,

MBEEEE WS & &3, RIBCRE, ERRREZTRL T, BRIOEITTTE 57217 F LERP
BELDLSCEETS. LrL, EBOHETIE, FORAMBPELSHEENDD. FxiE, BHE
REEREOARRAMEME SRR T, FALRMEZRVELTELIRY. Z07d), HRELELE
AR TERELRNBEHRT IS, FERAETHIU L, BL2REHAIEDRY, 7z, Y
FIZR LRI T, i3 DRIECRF I BT, BET 5 ERPIZE 5 (Squires, Wickens, Squires, &
Donchin, 1976). 2D X 5z, FRATICRITBERPBRELR - TWAAREMENRH D L &1, FNLET
1DICEEDTVWEERIT IV %2, FLWMERIRESWTEROTMI T IV L3, £hEh
COWTIAEHEFE 2RO THD & I,

#EIOERPHELRBHDr —R L LT, BITIT L 0#EREDIX 50 % (latency jitter) 3% 5. ERP
OREMR S Bz P3) X, ERODNWENVWIX—RFHRERBRICE - T, RITI L ITHERH
TET5Z L2355 (Ruchkin & Sutton, 1978). MEEHKFK LT, HARLLE—7 2L lz2WE
FEOENSE LI L Fi2iX, QERICZOL S RBRESEHE L TWD, b)FARRE—7 %%
OIENBRITT L ICRR ST THERLTWS, W) 200FEENSEZOLND. BEOHE
Iz, BISEARES 7 ¢ L ¥ (adaptive correlating filter; Woody, 1967) LRI 5 —FfED /¥ —
vy FUTEERVT, SR TOERNOBREZHETE L, TOBRIIHI X TNEFHREL2ROE
FTIEHETEDS (REHRFHREIE, A, 1990 28).

FLvdl, MEAEHELZAVWD L &L, UTO3IHRIKEBETD LIV, Q7T—F777 b %25
ORITEZBRL, D)BRITTELDIERPERTER L IIEHEICRD X 5 ICEBET S, (OFRAITOERPH
LETRWIATESEEDHD L XL, BRITITY 2L L TR X ITMBELHHER L RO, EEF
FABEEZHNWD R ELTRATS.

2.2.3. BAZE

BEOBRENLOBOLNIMETLHER 2 S SICMEBEEH UL 0N, BMEEHEF (grand
mean waveform: GMW) Th 5. ZDX 52T 5 ¢, EREM L ITEEFELAAZESCRERED
Wz, FHWRERPERE 2B ENTES. GMWi k5 L %1, BAMEEHERZOL D
FTOTEIZF v 7 LT, MERKBEFR+ZTHoDT—F 777 h2EBLLELTF—F 2R &
217 3.

Fig. 3aiz, BEHEK%Z Az 2 BOER KGR FRE TH b 364 DEAMBELHER (£) &
ZOGMW (£) ZRL7c (ZOF—#i%, Nittono, Nageishi, Nakajima, & Ullsperger, 1999%
B L bDOTH D). GMW T, EEERIB A 2R I TH 57400 msBICTES % b OBHED
ENP3 (P300) BB OIS, FHEREDERPEFIIAEZ SBRBRR - TWDD, T ITOHER
FICHBLT, EEERBIIERI00 mstfhI THREDENEEFRE L TN 5.

B U IC 31T 5 RS- 2 Fig. 3bicR L. ERPOBAZICHART, RIGHEMOMBAZEIZ
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(a)
uv GMW
9 -10
A [y K -~ 0
~v\/(~\‘ ‘\/"' \ 10
13 s 15 16 17 18 20 ¥ P3(P300)
19 20 21 22 23 24
TN T BRI T NG WA Frequent
—— Rare
25 -Zi\// 27 28 29 30
31 32 33 34 35 36
) 1 2 3 4 5 6
[% _% Mean RT
7 8 9 10 1 12
7 0
Ig 200
7 400
13 14 15 16 17 18 600

20 23 2

S

O Frequent

l

Rare

25 26

o

29 3

_%‘ ms
I

31 32 35 36

L 0

Fig. 3. BEHFK BV 72 2 BBRRCELEREICR T 5364 0O%%REDERPEY (a) L EHKGER (b) . 2 BiED
BFE (3 LT #ara—F7 4 A7 A LICEHEE (Frequent, p=038) L{EHE (Rare, p=0.2) TF &
LARIEFTER LT (FEEEAFRI300 ms, HIBMAIRIE1S00ms). FHENOREICH L TEFOAEL L DIETTE S
FRITRSERIZRZ VEFLTRET D L5 IR Lo, SBREIIRTEE - KFERAE (BH144, &ME224, 20-258%,
WH21.88%) T, HERVTAHFERE Thor-. BRI, 0.05-30HzO @B 7 A A F 2 ERAL, BERER LB
ELUTHES (Pz) Lo, (EEEHBOZF%300-600msD R ABEE—2 #P3L LT, +0OHEIE %2 H8E1
N—Z2F7A4 PLRE L. BAF— 4%, PIRBOREZWVIEICESTES 2O THRR L. KIGHBOLETEY
7S 7 Ok, ERERELRT.

SRS

X500/ E v, REERIBIC 2 2 PIRIE D& A34.4-27. 74V (mean 16.64uV, SD 6.17,V)
ThHoTleDizst L, KIGFFE O 12328-524 ms (mean 433.1 ms, SD 46.9 ms) Th o7z, L)
=¥ (coefficient of variation, SD / mean X 100) #&&+5% &, £h¥h37.1, 10.8¢720, P
SIRMB I I EFE 0 3ELUL EDBAZENED Sz, 2Dk 51z, ERPIEEO@EAZITIES IC X
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WODT, ERPOERIITEX Z75ITHBRENLET VA VU TIT o FBHRS IV, HRREM LT
PA T, ERBIEOHRERET D20iL, THREZHAVEERU LIS OBREBHE
iz 5.

ERPDEAZE DI, MEHZNL2BAZICHEKTS. #l2iE, BEFIERLBELIZL VDT,
HEEVPEVNTEDCANICHEART, ER ETRFINDIBMBI/NEIL RSB, LrL, FRUSNSDE
HouEZBEXOND. FUL S RBA-EHEHNEZF-LBREBCONIT, “TEXB3F TR ERIZ &
WHOTTBIEEZRENTHEE, ROOLNTWEIBETEBOBAZI/ NSRS, LirL, RLTH
BEELYERTIEDDOFEIT—DLEIMLE SR, Fig. 3OERT, B#RENEL - ERITHKEH
WTWeZ Lid, BHEERBICHT 2ERPEE 2 RVES 15, HREICL - T, EEEHEL X
SPIFIGEBHBE LT Abniud (Bl xiE, No. 11, 22, 31), < RIEBRELTHARNA LN
5 (B z2iX, No. 12, 16, 25). Z DFEWI, EHEERBICHT ERIGOKE & LIZBRESRVWDT,
BHENRBAZITRBT S Z X TER., BHEMBICHT 2ERPIE, S48E OSSR
ZENLEZTERSLEL T erERKBRLTWSEEXDZ L TE 5, ERPICIX, 178 L 2B HEES
FRLLWKEHLEND (485R). 207, THEEICEST, #REOERY, /EERMYZ
HRDOENBRBMENRT V. ERPEAVEERT, HREMTEEL LT —Z 2B 50T,
FRBIROKMZ TEX D722 TH L ICHEERLERETLRTS & L.

3. ERPT—42 DR

3.1. ERP¢. L THNI 24 ES

ERPIIBTEBIDIE T > TH, MTAELBZTRTOMRIEE 2 KT 5 bid TizZev. ERP
PERFTEXDHDIR, ERETHEETEIEH*HRTILOCERBENZHIBEAE REMRER

(ABEIZIE, BERICEERAEICET L THAL KBS EO#EHNEE V) RA—FIEHT

DLERTTHD. MOPTE, TRLUMZILZE OMREBBAEL TS, DX 5 RRiED
X, ERPLI} D BpiH sERIE = Bl 20X, FBiREIE (BREX, magnetoencephalography: MEG) %
HRERIZRER IL"E E 8 (functional magnetic resonance imaging: fMRI), B3 & 7 W@ % & (positron
emission tomography: PET), iE R/ RN ML #HAI (near infrared spectroscopy: NIRS, %CT
optical computed tomography & H\'5) — 2HWAZ L TRETEX S (EW, 1997).

FRETESHINDEBAIT, EEROMER TRA LLBMOBIMTHY, B TFOREKOES 2
RBRL TWB D TR, < O Hisk LERPOZER A2 \BREMICKRER T B0, B
B LENM DA (topography) ZERT D Z L 3bh 5. KERBME 08 LIRS EBWLE T
NHDT, DL LEOTMBIEH L THI00L5IZR2S. L, EREEMSHARICII,
KRDO2ODOBRBHD. Flic, BMAIHREERL TVWEE (EE) D% LS|
TH5 (Pivik et al,, 1993, p. 554). EBRIZEH L TW WA TRADEM ZFTHIEBLND T
DD, TORBRIL, BRTF ¥ VU RNVOBRICRA >R ERH S FRECTHEICHBRTILENSD S,
#2112, HR EDBEMSA & HERERII—ZAITHHE L2V, HEERPERSBEHRIRTAELET
FEENTL LTS, TOHRBEFRIIELRICEETIZE LD 59D, Z0BRKIT “HERK LEM
DB DFRZE (topographic fallacy)” &MEiXid (Coles, 1989, p.263). 6l zi¥, EBIOHERNCIZ
EEHFEROREEMBER LM LEFETE S, EHFRIRAIXRETH DD T, EF0OESHC
FEFRTREREREEBMBEEIND. LirL, REERZ LiIC, AROEHKRICITELERTK
TR EMREREIND. Zhid, FREEZXET 2 EHEF S KMALERONRIEIZ AV IAATAL

TR W

94 |

f
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BILHDl, FZTEULLERITELERICHP > THRFEINDINLETHSD. T2 EH77
B, —MRIC, KR EBMAHAE? OBMABERICOWVWTERTDOIE LY.

BRETRESINLEBLAI ORNBEREHET 121X, BERFBLEBE ST (source analysis) &
WO HEEES ., ZOFETE, BR ETERINDIEMORERZEFRICET VLT B0,
HMEH Y A K—/v (equivalent current dipole) &\ H#&&AVWE, HMERKY A H—1id,
BEROBREEHLPESHICHR LIZES KD X BT A REMARBROKNTHY, B - F
M- BELWS 30DBMERD. BER EOBMAAE, W OLOEMER S A K-V OMAE
DETRBLLS LT508, BRBLEEIN THD. EMEBEHRFA K-V OLMEIX, LFTLLE
HZERRRBAERLE B LAVWS, FORELIVILEEERICH D LEEINATWS, BIE, &b
I<HWOLNDIEHRBEERSHTY 7 b Y = 712, BESA (Brain Electric Source Analysis, KA
MEGIStH) #3% % (GEMIE, F—AX— http://www.besade/ BF). 2DV 7 b7 =7 Ti,
B > THRELSERT 2EBOSMERK S 1 R— LV ERNTREL, FR OB %
RAITEHBRICEZD I LIZEST, ERTELNEHE LEMIFERL LS ERTED F A R—
NOEBEZRLHET BFZEM &1 K—1E5 ) spatiotemporal dipole model). %7-, 2.2.18i T
WAz LS, REKEFHXCEX . EOBHREER A EMER S A K-V TEUL T, FORELR
BEPOEMOBRSZEHTED GELVWMEMRIL, Picton, Lins, & Scherg, 1995, pp. 46-66 BR).
BRMBERDINE, BoONTF—F2ERT 3L IaL—3a L THEDT, —DREVNI LD
VR, 207, EARNBICEAMTERYELTY I ab—Y 3 VT, ZORBESEST
LREE (BEKH) 2HRT5Z8RkD5NS (Picton, Bentin, et al., 2000, p. 146).

3.2. ERPHS

ERPEHiZ, W< 22DiRh (E—7RR) »PoOERINTVS. TRAFhOEROKE X (R
1R RCHRZ A 207 () BRIESCERBEICL - GRBROICELT S Z L26, ERPERIL,
HEDORRDERD “B% (components)” HEHA - ZHMICEE LZL DL EZLNR TV,
SEUHNIZ X > THRMICE & B Z ST BERPAL S 2 7B 5 (exogenous components), P
REL AR EBEETI2HELEELRVES L H D) xR L TAE LU SERPHRS 2 REMER
7 (endogenous components) & 5,

ERPHZZERT DT, 25D RHS. F1 OB, FR ETHRINZEMNZOLOD
CEBL, (afEtE, (b)#ER, (OFEK LM, (d)ERBECHT ZRECEBEBEOEL \F—, D4
2D E 1 GERPE S # E# T 5 (Donchin et al., 1978; Fabiani, Gratton, Karis, & Donchin, 1987).
% 2 DI, SRR ECEIB I A B Tidis <, BN OfsRR AR L ERPRR S 2 €855 (Nddtanen &

DEMNBEFRPOCERTDZ LIXBICE>TWA., LAL, ERPERS ZMARERERN»SESTS
&, RARBERL D ORVIEER EBMIT, ERBECI > TEARICEECELILELTY,
ERPHE 7 L i3~ < 725, LEFOMEETIE, RIEOBKT, PROEHETF v X LTI
TEY, 70 OMEREREZHETERVHEE LRV, Lo T, LHEZEOHRE T,
R ETHEINIEBMOKHE» CERPR S EZEET 2O0OBEANTH S, HEOEMY - #EE - 5§
RESTZRD, BEOERRBIEICH L TRIBECERSELT 2BE EOBMEERPRY LEHEL
TET, SHRRABHIE, TORBEREREZHEET S LV 2R THELEDD L L.
ERPHR 7 IR - ZRIRICEE L TW DS OT, BE LORRRICIEEOERPR A & EN T
W5, i« OERPER Loikh (B %1, Fig. LT R LZNIRP3) 13, HFEDPERPR22Z < EA
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TiEn 32, ZOERPRA7ZT THERINTWADITTERW., 2%, “RBh=Ka" TixR<,

“Wh=Fo+a OKRS]” TH3. ERPRS 2T 5 L X2, HEDENDIRIECHER: % 5
T2 eB3H283, TRIEEHRZLDOTHD. aB+FIT/NEINVWEBELRLET, HFEDEN
DIFBELER: %, ERPRODHEEME LTHESDTH S, FEFEICESE LZERPRS % 78t - #iH
THIHITIE, RITERD5|HE (subtraction) °EKZ 4 (principal component analysis:
PCA) BHWHHR B,

SIEER, 2 o0& THELONIERPERZ, REIRA L M LIZBIETHZ LItk Y, FHEM
DEBRBIEDOEVVICEHE LZERPR 7 #5655 TH D, 5I1EET, ERBECEI-TELS
ERPR AN, £ DEEZ M 2 5 LIFTOERPEFICNERMICEE TS L WO REBRESWHTITbh S,
ERBENLMOMIEE) BICFOER) 2B LI IHRBICERETI L, FBHRIEEINAEL T
W2 WEEEEENZ, A0 “BD” BBEIB LV - RESREZ S, 20y, 5IEEEEHRRTS
L xi3, SIERORER 2RBICERT S Z LB HRBEIN TS (Picton, Bentin, et al., 2000, p.
140).

TR BITE, EROEREMETEOSNIZERPEE» L, ZOREBOLEH #FHATE ZEVICHM
SUTE (FRSD) 2EEMICHET 55 THS (Donchin & Heffley, 1978). BRI FRHx
EAE (1990) 12580, ZZTREFOEMELRAD. BELHERTAIEERRA 8 B2, 0,
20, 40, -+, 980 msD50 KA > b) Z#hl L THOZRITER GOKRTLEM) 28BETH L, &%
4 THELNZERPEIZZDEFADO—R L LTERBETE S, £ERE - £5&M4 - KL 6EB7
BEADOERPEH 2 ZEMMNICKREL, ZOBERDOABER TEEZTRES DL IBRFLVE#(E
1ERD) EZRDZ.FLWEHE TOE (D F Y, FEHFRA > ) & DB % 2 AR E (component
loading) &R, L WEETOME4~ DERPEFEOAE (EE) #K573 %5 (component score)
EREER, KIZ, BRANCTROTE 1 ERD LITERT 28 (FE2ERSD) 2RDT, ALX5CKS
AMBLRABELZENT S, EBOMETH, 496 8BEOEFRDZEIRL TANY 2y 7 Z[E
BELT I, RAAFRELRAPBELZERTS. J<HHIEY L, £&HTHONZERPHE
Wik, BREIN/ 4 — 8 DERPRS (RAARHELXFHEE L7 ey NLTRRTES) BENE
NEORBBRIZTEENZLDOLLTEZDZZ LN TEDS, RSHBAIR, THLIRE &R, #H
BICEM S D, ERSOIIE, BEHICEEL TWHEMOERPRS & 3BT 572 V5.,
L L, EROFETIE, ERPRADEZED—DOTHIHEK LAMOEREZERL T2, ZD
REEROTDIL, B2F v RNVEHK L ERETOREBOMBBRKICE ST, VML
B LB RY — 2 U (BREINERS ), TORPBEET—F L LT, ERORHE
BMERDT DT EERT LD BFZERIERD 2 spatiotemporal PCA; Spencer, Dien, &
Donchin, 1999). ZOFEIZL > T, BECHEE LM 2D, ERBECHLTELE->TEL
THEMDOESEL LT, ERPRSZSBE - fIHT 5 Z &8 TE 5.

3.3. ERPT— 42 OILEBPHEGK T 1T

EHETEX 2 FETRIE SN ZERPEFE B ERSHBMTRER - TV LT3, ZOEIMBARLES
i, FlziE, BEROBEREL OB ONTEFICOWTEEIRA v N LIZEBED t RERITS
T L THERTE S, Fig. 4T, 2.2.3fi T~z 2 BB IR KIS REDOGMW 2Lk L TR LT,
MIEDOH D t REDOHER, 2 2OFEBITHEMETHIS0 mshObFRICEL>TWE, LiL, Zo
T L 2 o ORIBIC R DO IE DBV 3180 mSA DI E 572 Z LA ER LAV, 3. 1H T~/
L9, ERPE LTHREANRVWHREFEBLEET IO TH S, ERPEFELETERAE L DR AITL
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----- Frequent

—— Rare

' 1600 ms

T T L T

0 ' 500

T T

Fig. 4. 2 >OHlgIc s+ 2ERPER D% (Fig. SOGMW 3Lk LIz b @), B EOXKKRIL, HEDHD t RETH
Bz (p<0) BEDLNLBRELTT. REZ, 2o0REIARNCHERCOMLRZRT.

ARICEL L b FOREAE TIZIIMEICENREZ > TnH W) ER” 277 (Rugg & Coles,
1995, p. 31).

2 S>DORIBIZ T SERPEFICAERES DI, 2 OOHEBMTRR > TREILTWEZZ
EWBHD BYVERLICRDD, ZOFRETIEZL, ERPEFBIESRS THROLEAF U7Z-
Tmeidvzewny), £z, WBICESE L DEFE2ADZ LT, LEOBEVHBEEVO2L4UT
WEDBRDNE. EHITHEAT, FOLBREDL SRR > TW 2551213, ERPER 2K
FIZDBEEL T, ZFERPRAOBENREILEZDLERDHD.

Donchin & Coles (1988) i, 1H#MLIE.LEEORBMAITESINT, K4 DERPR ST, H#L
B AT AOFTHEOBENREZE YT L—F v (EVa—N) OBEERBLTNDE
1298 U7-. ERPH S DERE LIRIEIX, FOV T A —F o0 “FIRAIND ETITHHh 58" L “F
AENZRE 2R LTW5S, DEFIZRBITAIEEL LTERP.ME S 12)icid, FERPER2 B ED
I OREROIERE L EEL TV AR EALLCTIZI EBRERBETHD. FOHITE, K
#HTHR~B K 512, ERPZMOLEFERELHA L TRIET S Z L3R»E2v. BEHLRERPR
SOBEHRENZOWTRETHZ L3, AROGHEZE 2 2. #LE, FCRELEHELS
BLTIELW.

4. ERP & E DD ILEEIERR & DR

Y EOHET, ERPORIE L 347, 2L TTF —#BROLEFICOVWTRNTE . ZOHITIE, ERP
LRERDITEIEE - TBRE L OBRICOVWTEET D, TOHDEEREHL L LT, FHROHS
R L7238 - TR FREHE T v GFEE - 31 - 4R - &1L - 8, 1985) 28T 5. Z0OF
FATE, AESBRELZZRTTE L&, MBOKE - FHECHIDD “FIBLER” L RGO
& - BIR - EFTIC20D “RICAER” O 2 008%F L TEITL, T 60FRF LD ikl
R Tk THIE - FHISh 2 LAET S, AERERICE, @QEERELATHIREZESE
DERL BN EBRST TARMICIEET S, OIEBSNICRILEEGERT S & 9 ICHBLERCRK
B RB L UOER L ORI 258 - BRI D, OREOEITIELTH L ZEIE - EFT 5,
Lo ltiERD D, 30DREFIENENRERARD, MACHELLAGLMIELLTE &
REENTWS, B, FESEIHATRLTWRNE, 3O0RBEFIEHFHTIZHIE, £hb
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KRNV F 2B TIHOREZBETILEL DD, FRFETRENE “KER” LMY, bbH
TA4->DHRERZBNICEELE. &6, RIGLEREVWSEICIIHERESGLS TR 2V DT,
Zh# “EshlER” icHgH.

ZDX D RBMOBERICLEZTHAHVWON D IBELE XIS S ¥ 8BS % Fig. 5ITR L. [TEfe R
X, EFNEROEITHD. TEHRELE I DT, EEMLERUINOBERICELRDD &
ETYH, EHUERBZINDIISICERBEELTIRLRTERL2W, LrL, £5FT5HZ L
T, B TOIREROBENEDOLNDIEREH S, Zhizd LT, ERPIX, #BRFICITHRIE
ZERLAZLSTHRBTE S, SEERD I LARMERS £ T2 EAERPIY, #IBLHE% - EE)
MR - HGEEROWTROBX L RELL 5 5. TERELNAEBBELEASDESZZ LIZL
D, APLBBINITHREDOL ) RMOLBBERIZL > TETINTWAILBRFTINTE
(#H, 1992a, b).

B
KRR = e
HERHR -
MIRER RN ER AEUER —» | TEiEE
A 4 A 4 y
( ERP |

Fig. 5. B 4 >OMRER & LEETHV O HEE & OIS,

DEZ TR, FEREDSMCEEBEELAVWORS. UL, EEiE, FoEEL Lidul
FRETDHOT, FREEBMENER2EINBLTHE. R (1998) iX, MEORMLEETIHLO
WX 2HAT A0 “BEN” REEEMFT—ZBXRESNTREY, X hEENRFE— LOR
BERANCEESND BEEINTWS EBRTWS, Giorgi (1976) 2 X 5 &, fTEBI/Z 1T DL
HR2IFAZLRLEZETHY, ERBMELEOCBETIHEROT—FBLETHD L), ¥
25, DRI EAEOITENL, TORRBFE=ZF»DL “BHH 2L 5 Rx 5P TR,
MR SRFDABEFDRREZ LI RENICL - THRESNEINLLTH S, BESNIERT — 513,
EBRREBFOSBMEIZL > TEDXOBREBERERF->TWed, BMEXMAE2ELMEENELT
TE L T e 2 HRIT 2808HC 2 5. EERRILOKFARITIBIZE-S W THRIBLE RO E B0
REFH - ERT 201, HEHEROBETHD., TOBEXOTRTHRERMELTE D 2D TidR
W23, ZFO—EIINEREICE > TRHENS.

FHIEE 2SI & LIERPOMZEL, 1TEHE4E L ERPEZMAE DRI RICH R TH 202,
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WL OPFET 5. FIEBRICEVWES (F) 2RI ELIERTIE, BHREVEELZ L TESS
HolebZxTc L X2, EBROEEOFE L IIEFER<, P3 (P300) #34: LTz (Squires,
Squires, & Hillyard, 1973). ¥7z, HlEICx L TEDL bWEEZET TWZ 2 ERFEESLES
L, RV EBLTWE” LEZTCRIBUTIZI R E 2P3AHE LTy /2 (Sommer, Matt, & Leuthold,
1990). =264, RASD L LTWAHEBREICEREEZ SR, ZOBRMICARR.OM (AR LiE
LIZAE L 2B LIREER) BHoh o0k RESIRD L, 0D OBCERIBIC T
5P3DREI/NE L 2> T (GEM - # « #§, 1997; Michida, Hayashi, & Hori, 1998). Karis, Fabiani, &
Donchin (1984) %, BiEY X MNCEFFICERPZ L& L, Z OO T2 HREICEERESE L.
BTHAESNICHERDR, BEINWRDPTCHERKAT, T#EEHFOERPEE S X Y BEICEL TY
Tehs, EEFBICE - T, ZTOBMEOBEF LK EAHNREL > T\, BEfliEMn ) ~—3
NI T R TCHRERE T, BLERR D400 msPARRICHL-BRTEE CTZES A U T iz s, B Bk
HIEEAL TS % RV T2 888 % T, 500 msPARRICRTEEER TESAE U T\, Ul E4 >0 EREERIT,
HRE D EHRBET 2 FBORROFEXITHBOBEVS, EBRICEELZZITLTVS & X OMKE
BOBWE LTREFTELILEZRL TS, THREL EBHEEX LI LEFET I 0%, @mE
PRZDBEROBEZLZRBLTNI05THY, EEEBEOEHELEIME V2L TRV, EHL
HEROH N THDITEIBIE L TEV, ERPONEMER ST, TEIEE L BEGR LI-ABHHROSE
ELRMEIND, FEHBELMABBESHASLEDZ LIZX Y, AEREDEREELERTS
TENTEB.

HEROB X, BHEMICRMRICRKRIND D, HEEIFHC.LE-MERES 2 L oAk
BEZECLRMENS, BESEEER, ERPAREORMABIEEICET, @QRIEBELZDNE
VW, (DEALDH BRI GBEN TV, OFIRD L < IIBEICERA TR, (d)LBREREDEVIC
BRMTRY, LEb 5 (Nadtinen, 1992, p. 74). L L, NAEFEISED &SR EEICH T
HICRESEVWDIT T2V, ERPIZIIBEN VWA, HEAREEIIIRBIN I HBEES L FEET
DL THD. FlZE, R-FRE VS TZEFBHORTTICE L TIXERPOEREIXSH £ b & < 72\ (Lang,
Bradley, & Cuthbert, 1997). /=, REEZR D@ % 2ME T LZBRES L, OB R - EBHUER -
HBHIERONWTNOBEGIETL, ANREICHT2RECKT, TEIRKIGOMHE, BEROEKT
BEEZ D (38, 1997). KRN DREIR~ & E D ARBIC, SA9RIBIC T 5 TE8IRESCERP 2 L& L,
SLIFBMERLYER LIZE O O—EOMIER, EEROEHE /MO ROEE 2 RKESELS
®5Z L %R LTW3 (Hori, Hayashi, & Morikawa, 1994; #k - hniE - #8, 1998; 4 - /48 - FMH -
M - B - #, 1999).

Uk ko, LEZETHWONIEELZMOBER LI ETEELTAD L, ThFhO
BEIMBEOAEEZ KL TRY, MOBETHRS> TROAZLIITERVWI LBHELNIRS.
DEDODRERZTIZEDS &, ANBIZHTIREBOEDIBEINTLES., WWEF (1998) i2X 5
&, AFOEBFISOMZE T, 1#€k16, FBHRER, BENRITE, £ABORRISEVS 3
DOORERHINTER L WS (BRI L LT, Lang et al., 1997 28R) . HENIR S,
AFDOLEERICE, A —1TH—4ABO3AEEH 5. Fig. Siim Lz Xk 91, 260 3 A,
DHESHEZ X2 5YWENER THIMOBE LEESITSZ L THRAETE S, AR TIXEENIZE
N oTe s, FERPER S OBEEMREIZHEOIZL TV XY, 20X 9 RkEhili g
FRT2OREHIZLEELONS,
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5. BbYIC

AR TIE, DEZEOMEICBVWTERPR YD LS RFETRIESN, FOX S REMRLREIICE
SNTHERINTWBLE2RN L., MAEBEESFE > CLEZEOMELZITO Z L%, AMZHEIR
HEHITOX O CEBT DI LIZORPD LBIRTIARND. HEIIC, ABZBEROUEERL AR
L, FORBTEDL S REFEBTOALTVEINICER LTWITE, &EBICITMERZICITEEL.
L L, LE%TIE, £0X5RHEGRSITTRL, 2R EXITLTEL 2 TENERCEET
BB LD, BEMBL AL F LV TORBERDIELIERLTWIHRE, B
MOHEAEBRZCRO LN TV DI, MAEEESZAVW SO LZAEZFEYS, MoBELEL
BbRBILICLE-T, BERLEEEE->TW Z L ThHS. ERPIE, BMOF TEL 5 EHE
BOREL2RBNICT TRV, Fhid, TEEERCTHEERIVZOMOARIFELHAAADY
THRIRTBZ LT, MIDTOEFNARESRLED, AXABOR2ENIVOLELORIFEHRY —
MZIeBDTHD.

=
EREENEN (MFERBEEN event-related brain potential) & b\ 5. FEFETIX, E4xD
FENLHR D% “an ERP”, 20X 5 RN PER -2 b D (HFE) % “ERPs” LY, %7
BLOBITIZZ bbb RNn—i4&#HE LT “the ERP” %25 2, AW Tid#%—L T “ERP” &
%57 5. ERPIZOVWTORIEDHEHREIZIE, M - & - KIE - F2 (1995) A3 - 8 (1997)
BHB. iz, thHE - EBE (1998) R°KHE (1999, pp. 481-525) IZHFEL WL H D, EFEOT X
A kT, Johnson & Baron (1995) %°Rugg & Coles (1995) »EHLTW3.
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