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&G TEBRCRY Lz, ZOFBBRIEHPSYORR
EEBLTWw3, EREHEEFIIAREESFEFRIC Y
~V D R IGRR & Overtli—ifé’@}’bﬁf’ ZhEb
57, ERNRIEOABBIRD LT, ORI, £
RIS ARG L FARED T 4 —w R %
W1 2527, LVELOEBERELEEL
B, 7S SN SEREERBSBIL,
KB L T ERN BBOEMA 534 Ul L IR T &
%,

AEER D RS TIE, BIRREORIBE RS
wERENA, EEESME TIIEIERED RIGH &
BEIC BRI EMA T2 L1208 ¢, EREO ERN #KiEs
EE LT T, ERIOMREER O KIGH
FIEERE I BT A EEEROBRSER L LD,
BHEBAET NIRRT/ TLI X5, LrLAH
5, EREFREI& M0 22 ERN RIBOBA D 4 5 1, #]
BERBRETCOREERB T I EE o7,

¥ 72, FHREORICHEEICIZE—FME LMo 3 &MA
YO EEENASNIZIZ Db 5T, ERNK
B i B — el & EURBEEISRM & OICE U EREEY
AbNT, B—BEETVIREFEENLZOTHNE,
[ iR & FRE, ERN RIEIC b B—FfF L o 3 5
HeOREEENELCZRT THS, LdoT,
EFRORERIY, 70BN L TREGEET )V
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BIVHE-FEETVOWTHELERLEVWEES
BOESFEBERIN TV LRATFEBRLTWE,

LEEFIIHET S OBR E 8T 5,

ERN OREFETH 2B REE R, THER(K
ISHTIBREE) & H 5 WEIER & KGR (BRFE) %45
TR L EsN 2D, WAL ORI iz—F 505
b3 2 L fbFME s RS w3 EREGESEE
LY, ERN RERIZFCYRIEEEL Twvwa 2 &
fMRI 2 5 REE T W59, ZH 5 DR 2 ARFED
MRICERT 5 &, EREEEEECIIREED N ET
ZUENREETH 7272912, RIEOFHNC EEILE
U, BKIGEIRIZBE 3 2 40812, & v K& R EEID -
THREMN D 5., T ORBRE, HIEHEIREE TR
DIEFERE & WREEOIHEHNHIE L, ERN HRIEIZ
BAOLIzbDEEZONS,

AP Tl RGP < B fe & 2 7 E Bk AT &
HeRELTD, BEBRETTVREETAREL
motzo ERN BEEBIKICOFE CES 4 2 E8)
B % £ (movement-related cortical potential :
MRCP) W BE#LBEFEsH D, WEIBHL <178
ZRET 59, ZOERIWE, EYRIGEEET 2 —X
EEEF - 7R EEE - EHRIH L & ORME G EEHE
HEHEL, ERN OREFETH 2 gk L g & wig
EEEAEC & > CTERBMICER S T3 &S gl
HEESH 2, LihoT, 2008% 2 BHKIG
B, F—OERMEERRE CRE LS D EEglkiEsuT
i ERN OIRIEEA 2 FHEI & #1523, EEI2id ERN
RIEICE L B o T, FA—BHRAEERENTORE
BB LD b, R 2BRLEREETORESR
BEOMEOABPAREVE VI ERIIERE N, X5
KABDEEREIC AR 2 M 52 2T, =5 —KH
Wiz BT 2 EBEFEOES HFEERETT 2 LER D
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ARROT — 5 OREI, ZEEFE (BREHRKERERA
FIRIEPIRED OB e/ L, ZCEHHBEELET,
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Stages of Information Processing and Error-Related Negativity (ERN)

HiDEAKI TANAKA*, HIROAKI MASAKI**, NORIYOSHI TAKASAWA***
KATUO YAMAZAKI****

* Waseda University Graduate School of Human Science

apan Soctety for the Promotion of Science
> J Society for the P Iy f S

*** National Research Institute of Police Science
***x Waseda University School of Human Science

Models of multiple resource allocation assert that mental resources are allocated to
information processing stages. In this study, we examined the competitive allocation
of mental resources to each stage of information processing in single and dual tasks,
by using measuers of performance, and error-related negativity (ERN). The ERN is
a component of the event-related brain potential (ERP) that is associated with the
detection of erroneous response, which has been regarded as an index of resource
allocation. In the single task condition, we used the Eriksen flaker task, whereas in the
dual task condition we used the Eriksen flanker task as the primary task and an
auditory choice reaction time task as the secondary task. We manipulated the diffi-
culty of the secondary task including the load on each stage of information processing
(stimulus distinction or response output). In comparison to the single task condition,
longer reaction times and dereased ERN amplitudes were observed in the primary task
of the dual task condition. It is suggested that reduced availability of mental resources
resultion from manipulating the difficulty of the secondary task interfered with the
error detection process in the primary task, causing the decreased ERN amplitude. In
conclusion, these results indicate that error detection in the primary task may decline
when mental resources are allocated to stimulus distinction in a secondary task.

Key Words | Error-related negativity, Mental resource allocation, Stimulus distinc-
tion, Response output



ATLLES O BMAERSE  22(1) | 3-18, 2004
BE IS-HERMENEFERL AMACEREERMREDER

T 5 —BERRMEELL
—fTEE=41) & L TORRENER "

BRAEHKFEA R — VB
EAR W
University of Michigan
William J. Gehring
NP Za s
s A
BREHKRFEA R -V BZER
g 55

The functional significance of the error-related negativity in action monitoring

Hiroaki MAsaAk1

.School of Sport Sciences, Waseda University
2-579-15 Mikajima, Tokorozawa, Saitama, 359-1192, Japan

William J. Gehring
University of Michigan
525 East University Avenue, Ann Arbor, MI 48109-1109

Noriyoshi TAkasawA
Department of Sociology and Human Studies, Edogawa University
474 Xomaki, Nagareyama-shi, Chiba, 270-0198, Japan

Katuo Yamazaki

School of Sport Sciences, Waseda University
2-579-15 Mikajima, Tokorozawa, Saitama, 359-1192, Japan

2003.11.21 5%, 2004.2 .23 SH

1) RBFFRO—EIE, FHR14—1SEERZHERBYE - BRMAC)REF 515530478 (BIFRAEE | (L
BB IUTERISEERMBRESCEEME (AR E | EAE)2003A— 94008 % 1T TEML

~—.



AELOHE 2%1%5F 2004

A growing area of research within psychophysiology concerns the error-related negativity (ERN), an event-
related potential component that was first observed independently by the Illinois and the Dortmund groups about
fifteen years ago. Since then, evidence has accumulated that the ERN represents action monitoring processes exe-
cuted presumably by the anterior cingulate cortex (ACC) . In this review paper, we discuss the functional signifi-
cance of the processes reflected by the ERN in action monitoring. We first introduce fundamental aspects of the
ERN, including its morphological characteristics, the tasks in which it has been observed, models of its neural
generator, findings concerning the involvement of attention, and the relation between the ERN and the continuous
vs. discrete nature of error. We discuss the ERN elicited by external feedback signals in light of its independence
of motor responses and its relationship to negative affect. We focus on the error- vs. conflict-detection contro-
versy, discussing recent reports addressing this issue. Because proponents of the error-detection and the conflict-
detection theories have each reported convincing findings in support of their views, the controversy is not yet set-
tled. We suggest that one reason for the difficulty in resolving the controversy is that theories and models have
not specified in sufficient detail how error-detection and conflict-detection are conceptually distinct. In the final
part of this paper, we introduce latest findings of the ERN and speculate on future research in this area. (Japanese
Journal of Physiological Psychology and Psychophysiology, 22(1) © 3-18, 2004.)

Key words: Error-related negativity (ERN); Feedback-ERN; Error detection; Response conflict; Error- vs.
conflict-detection controversy

[(E %] =5 FEERWENM (erorrelated negativity: ERN) &, FIEfHIREEOTEE=Y ") ~
LR - HSEEEM TH Y, EFEERNICHT 5B EE o Twd. ARTIE, TBHE=Y
)Y 7O HERNICREE S R 2 B ERICOVTHRT 5. I TERNOESME LT, BERIOHE,
M REESN, EREOME, EHENIS-LORELLYERNT A T, HNT ARV T
BB Lo THRSNAERNICOVT, EEBIRKIE L OMILES & CAOER & ORI, SBRT 2. &
BCi (25— iy 7Y 7 MRbERS] FRLCHY B, BEOMRERE A LNFORLS.
WEDL 10, HOOUBLERHTIMELTRLTEY, YURRFEREMREAT ALV, AR
DEEOVEDIL, TI—HHETYT) 7 MRHAEEEED &) CRHSADPIONT, WER
PHBELTI ado kI EXd 5. BRI, BROMREBNL, SROMALEET 2.

1. @U®HIC
Falkenstein, Hohnsbein, Hoormann, & Blanke
(1990) & Gehring, Coles, Meyer, & Donchin
(1990) DRE% AFFEI NV — T2 X o T, FZH
BRI RESI Ny —ERMEEN (eror
negativity: Ne / error-related negativity: ERN, YN
£ CIXERN & I.53) 13, 04EMURAIE X TZ DA
BXBIBO T Rd oz, LeLEDL, 904F
Rz b L, ERNIFRIZEEEBOIED 5.
#5012, 19984 KEREMAEZE MRS CREZ
OF FHF8=) CREENIZERNY VRY Y
ATORBIIKREL, HELZSOMEEDOH
HIFE LR R L7, BE, 20RDTIHER
TERNBER CHIIBH L, EEREENARO
EREIELEVLDICAZ L. FOH, 200347
H 1Z1%, Michael Falkenstein & Markus Ullsperger
A —HFAF—LT5LT7 —EER:

(Errors,

Conflicts, and the Brain) 2SFKA Y « FV b A ¥

FCEES R, BREOMR IOV TERZH#R
RbaEN7Iz.

KfETIR, ERBEEM (eventrelated
potential: ERP) D TH b oL dFEENFE,
FNW ZNEERVEFFEFRE SN TEERNIZ
OWVWT, FORBHERLEBENWMREHEL,
iy —MHEEFNVET YT Y 7 PETVICE
TERFOMERRICESLH T,

2. ERNICBAT 2 ERIFR
2.1. 5 —RibICBAT BERPH S

I — IO EM (electromyogram: EMG)
BRARE SIS B 2 W R CINEEH T 5 &, BRY
100-150ms {2 ¥ — 7 2 ;R TERN VB E S %
(Gehring, Coles, Meyer, & Donchin, 1993a). ERN
HBE&ICIE S5, =T — RIEH##K200-500ms D

_4_.



EARM : =7 -BEEEEEN L ITHE=F ) VT

#HHEIZE — 7 %R T EMER 5 Pe (error positivity)

MNE 8 XN A  (Falkenstein et al, 1990;
Falkenstein, Hoormann, Christ, & Hohnsbein,

2000). ERNZHIZH—F AT T B DI LT,
PeldH L —HIEFEZIZHoMA T 5. ERNIZLT —K
HAERKML, Peid =T — DML TEBINFME X
BmL-bDEEZLNRTEL
Hohnsbein, & Hoormann, 1994).

(Falkenstein,

2.2. ERNBIRETRHWWoNSBRE

ERNFFE TR LT —RIb 2 FRT 5 REVLE
kb, TNEITEICRAZINTEAHREL, K
BB ERE, 4 RCFRHEE, Go/NogoiRfE Il
THETAILNTEA.

BRED- LD L (HRASN TV A RICHATRE
W$7 7 v h—ETHSH (Eriksen & Eriksen,
1974). Zhid, BHRIEE ) A TRIETRAL
XFFNERIH LT, ENHBEOERT 2HOF
TRIEYT 2 (& 2 TEMRESHEHEF, S
ROAFTRIETS) RETHL. XFHFRIC
BT H2ENREE /A ARESEET 25681
i (HHHHH, SSSSS), Mz 52 & % EVK
GBS b, —F, BRREEE ) A XTRED
B L %2WVIHAICIE (SSHSS, HHSHH), /4 X
RUIBSLER AL ) FUCBEADEZ Y, FUCKBILE
BEL, T7-FKb¥KTH. ZOFRETIE, &K
MEWLS —RERELRTHEHRIBOALIL
75, ERNEFERICELZERE L o Twa, Ed
Wb, A4 ETHRE (Leuthold & Sommer,
1999) R ZM A bV — THRE (Mesaki &
Segalowitz, 2004) 7% EARIGHEREL LTH
WHNTWA,

ARFICHERETIE, £EOE—BLUEZ
BHhL2VEIOEZHAVERBIRIES 2T
(Bernstein, Schefferes, & Coles, 1995; Falkenstein,
Hohnsbein, & Hoormann, 1996; Gehring &
Fencsik, 2001). [OOSR ETORIRLT T —
LYV OEGREFHTORBRZ —DhHH, =
T-BERES LD, COUEEFALT,
ERNO L7 —IBETFTVFREI ATV S
(Falkenstein et al., 1996).

Go/NogoiR & Tid, HHD 2 W IZBIRUT K

REDOEITFICRITER S 15 NogoRBlI BTN L
TRISEHHIL 2T E e o %wv, HEOEEIC
&, GoHlE 2/ R% ICNogofE BV EREN B A
My TV T FVEREHDH B (Logan, 1994). Nogo
BB LTRIGE LTLE) T -1, 740
AT T—2Ah (false alarm) EM:EN 5728, Zo0fE
NDILIT—ICLoTHERNIFZERZI N
(Falkenstein et al., 1996). 7 # VA7 I — AL ER
TERICHBIRIT L OERIRICOFETH 5 7:
%, Go/NogoatZ T ERLHHBEELN L T
T-RUEPFBESTHL LV
1996) .

ERNBIZE Tl BMIC & » THRELEE T A
L, $YBEISCTBERZMATWS. BRIV —
THITHRZ IR LEFTHERTIE, HBOR
BEHWLZEPEI LW, F070, 77
A -RETEEREL L THERT AN LH 5.

(Falkenstein et al.,

il

2.3. ERNO TS —RHEEF N

ERNWE T — i 2 i L 7-IBUEN TH S &
DA B, Coles 5 lllinois 7 )V — 7AREL 72
I —-KRHEETLVEZUTICEMNT S (Coles,
Scheffers, & Holroyd, 2001) . Z A&/ 2 i
Falkenstein, Hohnsbein, Hoormann, & Blanke
(1991) ®DortmundZ )V — 7" FEED £ 7L % 12
BLTWwa. |
ZDETFTNVTIE, T -MEUATLIE2DOD
WorofElRINsL LTS, —Fi, =7—
ERETHATLATHY, iFE, =7t
o TEHT ABEATE Y X7 4 (remedial
action system) Td 5. & X, #IHl (inhibition),
IE (correction), #ifE (compensation) &\>9) 3
DOLT —LEICHELAEAREEZTEL Ty
. LI7—FZ%) r7OLEIICE, KB
(comparator) 2 E & v, K EE #
(basal ganglia) Z*FDEHEZE) LE2 LN TW
b, COREZHTIE, ERGICHETIERREER
DREICICHET ARBLEVHEENS, EREOE
BIZIIHITERTEF (prefrontal cortex) S5 L Tw
5. b LEESBEIAEROSA LR LI5S
2, EZOIT-REI AT LATHLHEETH
VATAILLS —EEFELNDL. IRICEo

___5_....



EBLHE

T, T7—REEHEh, ELVRIGICEBES
nan. &6, BULI—RIDERISBVESD
2, HEEH 7% (strategic adjustment) A5E) X
(W), ROFATTRRERHOBEFIBRESR
B, LI-BREEFNVICEBE, T7-BEIE
AT VAT L CBREL - & 212, T REE
(anterior cingulate cortex: ACC) 75 ERNAAEE
THEV)., INHL—EOLT —REIZ, 1TEYE
= %) v (action monitoring) &WIHIEEEE L
TEAEENTVS (eg, Gehring et al,, 1993a).

RERESH I, N2 YR
(mesencephalic dopamine system) & B§:& 0172
EFNUNREBENTWS (Holroyd & Coles,
2002). HifEL T2 L ) RSB VG EIZE,
F—X IV EBROEHIEI—BHIET TS, 2
D\BRT, IR F—NRIVRPOLELNIZEFIC
Lo TACCIZBEMHIZ4E L, ERNZER S ¥
L,

2.4. ERNERIRELIERELICTH
ERNDV.H LA ) Bepiid, EMGRBRA LY
LEMICENTEELINS (eg., Gehring, Goss,
Coles, Meyer, & Donchin, 1993b). % LERN?S,
I7—RnERICEIREPLD T4 —FNv 7
FEy, FROCICETAIRREDRBICE > TR
BT AEMTHALEOIE, FONLLEN)RHEI
EMGHBHAII100ms \ICBE I NHI3TTHAL. L
PALEDS, I DIREIXEMG L ERN & O R H
BRICFETAH. FD0, ERNY*EHEELE
813, bo & BEAICEET 2 MEBREIIRDO 2T
TS 2w, K2 L 0FBRIVKFELE Y, P
ZBFE 74— F Ny 2 EREFIATRE T 58K
BOLELRS. :
FOLHRBEOMD RERL LT, &
¥ — (efference copy) %% (Angel, 1976). Z
i, EggS0oa¥—F, KHEIELNLES
LRRICPREAERNICE N, ERCORR L
DODHBIZHWOLNAEVIEETHS. T7—K
JeOELET Y —1%, BEESVHREFICELN
7o & ZCRECFIHTEEE 2o TWwAH T2, ERN
DEBIAI VT EZFHBTLHIENTEE. Ly
Ladh, #R¥5L910, EFRLERLL

2 %15

2004

b, 74— FNNw 7EFILLoTEREINLI VD
WhHT7 4 — KNy ZERNIZDOWTIE, TOHRHEX
Ho X LDEHEI AL, FO8®, ERNEE
Ba¥— L ERLRBLOEORE LS, &L
ARH EN ZIHT AL (7L I TRADHF
B) FRBLLTCVWAAEEIEREINTVS
(Gehring & Willoughby, 2002).

2.5. ERNORICEY U T 4 O ERER
&BLL
ERNORABIZDWTIE, ¥4 K- VIEEED
BARLIMRIWC X » TACCICHEEENTE T (eg,
Holroyd, Dien, & Coles, 1998). #fi & & &) Ef
(supplementary motor area: SMA) D5 b HE
TE %W OO (Kiehl, Liddle, & Hopfinger,
2000), I& ALDOWRTACCERERL AL
Twa. F7:, YMURTSEAEIIERN RBRICER
M5 Lawbon, RIGDEREFNIILEZFEHR
¥ACCILE > TWAHTEELHTTH S
(Gehring & Knight, 2000).
ERNIZEBIFOIEE L 3MZ L T, ACCHH
EHRRT 5 Ehs, RMLEE KL -EMRS
ThHreEZOLNE, L7225 T, ERNIIFED
BEIEMICAKE L 2 VWHBERHEZ R T 0 & F#l
Ens. £E, EBILLsz7—Kis (Holroyd et
al, 1998), ¥ v A 74 v 7RKEBHTHOIL T —
FU (Van't Ent & Apkarian, 1999), EFE L7 —
(Masaki, Tanaka, Takasawa, & Yamazaki, 2001b)
THRBOBRERESHINT TICBEIATY
. Fiz, BT AL, EFUCEIEIEDD
%, BRIGEEZ DT A —FNv 7EFICES
THHUDOBMESPERLINS (Gehring &
Willoughby, 2002; Miltner, Braun, & Coles, 1997,
EiE - SETy - LG, 1990). b oBmER,
I —RERIT—FRICLoTERINLEY
BALAS, RUCH &M L, RN L B L7z
BETHALILERELTNS,

2.6. EEHEEREDOR:E

ERN{RIBIZEE L OBBETEMNT LI &I
FTICHRE ShTark ezid, A¥V-FLIE
FEHED b L — FF 71200 CRE LB,
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EAM = -HERKEMN LITBITE=F ) V7

EHEIPEREND LG TERNIZERL L
(Gehring et al, 1993a). IE L\ RJG&AT % HE#F
LEIETAERET T, 27— REBEIEISIHICE
BErhh), BEXMTICNTIEELZSDLILLE
% A. ERNOBRBLIXZ S L-EEOETH &
KWIZEEL TS,

EERBEORS HFM¥E LRI T 59 2
T, ERAVOLNTELFEICZEREEVGH 5
(e.g., Kahneman, 1973). FiRE L BIFRE L R
IZEIT &, ERBEOHSEHRIEICED BFRED
N7 A= VAET 20, FEERES 2RI
ABREETHE., —HOBRBHELZEOLHI LI
LoT, MADBRERITIRES SNLIEFEEEFE
RHEMHICHLER LI LN TED.

b LENY BTHLNZFEEKIFEE ZERN KBS
HOTHhNE, —HFORBEEZEDOLZI LI
ko T, {5 DR THE S 1L 5ERNICERIEL
PELLFITTHE. HP - ER - &E - LIF
(2002; 2003) ¥, BIRBOHSEZHAEL, =
S — UG ZAEDERN & FERIRE L OBBRERET L
7z, TIZTIE, MR ERELIERY, A
MEOHSEIRETAILT, FRETORIE
BEf & ERNASRR S iz, FEEIRES OBRIER
ik, BIRREOEE LRI FRECERD
BIEE, T9-FROLAEIPLERAINL. —F
ERNIZIE, FEEFRRAICED IRIBERTIZRO L
nr-.

FoMIch, F7 B> SBHEI0R T TOEL
EEXITICEI > TR S L, EEETICND
ERNIRADSHRE STy B (Scheffers, Humphrey,
Stanny, Kramer, & Coles, 1999). T D Z & iFER
BERTROEEERIC L o CERNIRIBASFRE SR
BT EERRBELTWS, 72721, RROEVIKE
CBEEDORETT S V- REEHITLICERT
i, EROFEBIZERNTIE %2 {, PeDIRIERD &
LTEDLNZICABET, 7 —RHEDLDIZ
REDEBL LI ESTT VI LARBIATY
% (Murphy, Richard, Masaki, & Segalowitz,
2003).

2.7. 74—F/Xy JERN
ERNIZRIGEL & 37 U CIER# F CRAREY

Y. RGeS ) 54 LOMIELACCHED
BN THALEEIR, ERNIEHLEZ BT SE
MTHAIEERLTWVE, LLEITHDHED
i, BEBREICL T —REMEREERLINNES
2 ERLEBEICD, ERNIERINLINE ) »
BEKEVWTF—<TH 5.

Miltner et al. (1997) %, BRRIEFMEE % HHER
FICERL, BROMBEGAATA—FNv I
2 (LTFBES) BERICERISNALERPEIRET
L. FBEBICIE, HERRY, BERH, mE
RO 3B AV, ZOHER, BHEESY
FAICEb ST, FEREORRIGEZIEZL HFB
BEICL o T, ®E230-330msic¥—27 %27RL,
- PO ERER I T AREEN T R L
2. Tho DBEBEMOFEERIZACCICHEEE &
n, AT -KEB# (generic error detec-
tion) % ML+ ARBEMENMN & L CERNEF—1R S
iz, AT OBYEN % FB-ERN & FE5,
FB-ERNiZMBEDZRITE I~ 2 BELHICLE
E b &»5 (Miltner, Brauer, Hecht, Trippe,
& Coles, 2004; van Schie, Mars, Coles, & Bekkering,
2004), =T —BIEREROBRML NV TORME
L -BEHEME VRS,

BROMBEL LTERSNALBEFILLE ST
MRS PERE SRS Z X, BiES (1990) »°
BECHE LT3, 5l EE&0EF | TENEEES
HHT 2BETIE, BREEMOELFBESE
RICE o THEI210ms D ¥ — 7 BEE % 71§ MR 4
FER IR, BRFEVT &0, SRR THR
SHEBO-EETIE, TOBRMRSEERL:
(Fig. 1).

o —HEEFIVTIE, FB-ERNIZH L TIER
IBEFEEBORGEDHERRLEHAET,
57— fEEFDLDOHFERNEFRIE TN E EER
Twh. L2 L%HS, FB-ERNIZBEHEREDOER
T ATHIEZREERO 74— Ny 75 L
BEBR LB VBAICAERT A L) TREED RS
nTwab., # 2T, Masaki, Tanaka, Takasawa, &
Yamazaki (2001c) i%, fZERREENIREZH
W, RICHERICETA2FHHE T — v 71
2L o—FMd» SFB-ERNZHRE L 72, RUSEI
WBREIO CHEREEZ FRAESE, TORER L
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EELH

= 9

Tow_

FB-ERN
I'e

ER

oT DR

ERREEENRETERLE 71— FXy
7124 ERPER (BES, 1990). REIE
T4 = RNy 712K o THEHEE#210ms |2 BB
FhEERIN: (BE). —FH, ERC74 —
Xy 72T, BERSGEEEZESI 2o 72
(EM). Nd (negative difference) &, BKIC
T 4= KXy 7 BREOERPRHLERIGT7 1 —
KNy 2B DOERPRZFIE L TRO-ZEK. N
dDKEZIZRENRTVE L S IZ, BERSIE,
BRELSEL L o BECHMAMERHTKE
(ol ETHREEELMY, DT-BEEEMN,
Z:ﬁ%)ﬁﬁ@ﬂﬁbu%f#, DR: % & & S A4

.

Fig. 1

BL7A L, FPHRRLE 74— P9 I7EBD
A—HHPFB-ERNOARER THE, ERSE
B2 A 74— 82Ny 75 THFB-ERNA RO H
NHIFTTHs. EBOER, BRRE74—F
Ny ZEFETTRL, THERRELET7 14— FNy
TIEEOR —HEICHFB-ERNHE I N
(Fig.2).

HELESMOMEDL & E R (Gehring &
Willoughby, 2004), ¥ — 7 i&EOER, KB
X ORI 7 )V O E TFB-ERN & ERN & D E [T
HAORMERLTVWILOD, EFREEED
%< EHVBETE S L) FB-ERNOYFIZEH
FT2E, FOFHEGERILVEEZZONE. BK
ICERICEREET LR NV TOLS — 0
BEEED TR 2 B 1T 0 B, BB ELE T A
BEOLT —HEBBLRFTREE2506TH
5.

2.8. TS —&ERN
HBAR—VFEHOMLEL, FEHTELN
BE7 4 - A2 EBRTIEE LT A4S, B

2 %15

+200 +400 #6000 ms —290 L, 0 +200 *“ll) ,*690ms

2004

BEE L ERBEOBEL DREXPESLTHI LN
BEFEOREL EINAE. —F, BREKETIL,
BE#SHErOORERZ, 7L L THEHNES
KRB e A, BE (BH) »o0RE3ERT
J — (continuous error) & L CTHET A I L AT
X, REOEEIILI-EOREZILLTERD
N5, BRICBICEZRY Y HLEEERY, =
-2 TERNE RO E LTkt b &SRR
ZEL T L. ZOEKT T — ORI A ERNIRIE
RSN D% 51T, BHARZFMET LY -V
ELTOBEHTREENAZ TL 5.

£, EET T — SERNIRIGE OBFRE AN
7R T, WMEOMEZROHmE (HY - E
A - & - ILIE, 20000 SRELEL LT AHE
(de Bruijn, Hulstijn, Meulenbroek, & van Galen,
2003; Masaki, Takasawa, & Yamazaki, 2001a)
FhENTNES,

5l X2 E&OFEF|TEWREEL BT 5 EHFEE
BEYHV, EFHOERERNICEHEEENL
e L 7-BFZECiE, %479 AHMMEN (readiness
potential: RP, Kornhuber, & Deecke, 1965) %* &
GERPEF ICEFEMOE T o2 (EAR - W
B, 1992).

Masaki et al. (2001a) % FEEEDERHEEL
NERET Y, BHaEE: EROES|MEEE
DREDORZEPLATE 32K ITL, ThE
NOERPIEFE* B L7z, EBIGES 2 HEfTH
n, RMTEICHBREOREEYTILZ:. 5lz&
DFEF B E A2 X ICRELTMETY LR, &
BEAICATES TAREIVEREN (ZZTRER
_F monitoring-related negativity: MRN & FE.5) %
TRTCOXSGTED (Fig.3). & DOMRNIRIE
X, EWHEEED L DREFPRKEVRAITERED
INEVERITRICE I ko 7z, BEBREWVWT &1,
MRNIZEH HEEEICEVWNELRELZFHATT
tLAKEDo7. ZOFHRMEMRNIZ, F—H
BOERIIOABE S, F_HEH TI3MhOZEH
ERUVARVETICRA L. MRNB LS —DK
E& LG LA V728, ERNEDERIZAHD
FETHL. LLedhs, ERNICEVEEED
HAICHRI L& SITRESKEDP o7z ) &
R, MRND ZALRDE=FY VY 7L E R

_8_
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DAY 1

DAY 2 o

Fig. 2 EREAEER D EBEETOEE 7 1 — KNy 7 HROERPHEF (Masaki, ct al,, 2001c). #EREOHR TR L
EEDT 4 — NNy 27 LOMIEDIS 4 EBCHB L. MG ERE - FRIB RS, MMC: ERG - A8
et ML EEG - P&, MML BRIG - Ahstt. BUESRSE, BRI 71— 23y 7703 TR

, FRICRLZBGIIRERCTOLERS R, FHOEALE22BETHEETH 7.

Koy 7 BREBEREIRY .

ML7-bDEHEETEXD.
ERrapEER I RE T, HEREIILENEY
BB CTHSDN T+ =<V ADERE, 74— F
Ny ZEBRF R ELHIAREERICEVHETS
TENTES (IEK, 1994). ZD7-®, MRNHE
KIZEVE ) OBER NI TELZ &I By
A% (salience) ICEELZZLDND LW,
b LD ZOFHANE LT, HEEOREEIC
o TMRNOBE AP FE S NS 25, EERIZ, &
EBEDOREEVFE P> 2HAIRBIEIAE 2o
7:.

2.9. BOEEHLERN
BIIRLTREI LA —RKIBEHRE ) A
WERWTHA). LA TIFT—IlL-oTROE

A —@MEICE AT THE. KEERICES

Bt 7 1 —

ELBLRTT 4 TEORESEL, BOBHFHORLT
HhH. DL, TIT—ERLAOFEELIIY
DNEETZLASTERW, 72, < idPapetz® [A]
¥ (Papetz, 1937) WA LB & HIC, HREAR
R BERER L OXRTHEAF SINTE 2. ACC
REAEVEE T AERNIC, BOEENE OBKRE kD
LT ERBKRTHA.

A - (g (2000) &, A € VEERTHO
Iy - LT, 8§ (RRE: BRENT
Blof& < E, 95dB/SPL) %252 A&t L, Fi%
Bz W& CERNER B L. §ix 52615
BARRREEIETI LD, TT—F=F ¥
FEBOBE 13T, ERNIEIHEATLIIDELT
BERzz, L2Lieds, EBRICIIERNIZ S &HF
DHEB/NE o7z (Fig.4). ACCORREIETRITE
CEALE I, WRTIEEOEEICEhENES

_._9_
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2 %15

2004

----- large deviation
- | ===small deviation
— close to target
— simple

|Fz

Fig. 3

100 ms

R L S — L ERPIES (Masaki, Takasawa, & Yamazaki, 2001a), BM%5|X£&0ZEF|ToBMERSE

HB LA, BBEESIRICIRE RBEMRS (monitoring-related negativity: MRN) 7254 & #L 7z,

MRNE, BREEEMED? S OREORE & MR TH o /2.
e fta 25 EB BN AL RT. simple Bz 5| X £DFEF], close to target:FEH

MRNE K& » o 72,

L2 L%d s, REMBEMEIZEE RIS,

SEEMEEBEOE T, small deviation:ABREEEE D S DREAV/N S WSS, large deviation:ZRIEEEE D S O

EPEREVEHE.

LTBY, MBI —FOEEITEIC L > T
DEFHIFHAFMENL L) BHBERID S
(Bush, Luu, & Posner, 2000). i{4h02£E 9 ERN
DERELIZ Z OREPBEREE R L-EE2D L
nzve. b LERNDOREAEFELACCYHIE L v %
FIHFET A% 61, SI&HFORPIRRIEI W
BIERDIEEITLAEIC & - T, ERNAMEIRIE(LL 5 5
PHETHA.

FOMIZY, BOFBHFELE ORTHERET
13, EBRBHER I CSIRBOERNVEE SN,
DHEFBRT A EFPHFREINTVYE (Luy,
Collins, & Tucker, 2000).

FB-ERNIZERN & F—Bf & A I hTw5 &
ITHHY, ¥y 7IViEE% H\v:72Gehring &
Willoughby (2002) DFFFETIE, AHAIFIHREMERE
ff (medial frontal negativity: MFN) & L CERN
EREFIENRTWS, FhiE, “HIR—CHE%
BIR L7256, BUOAFOIZALY LG LAEERE
BICEIBOEB EMINIRB L 72720 TH 5.
BiEL (1990) b, @HBM&MHTOTT -
L o CFB-ERNAERBICZ A Z LA R L Ty

5 (Fig.1). INHODOFERIE, FB-ERNRSMFNAS
BOBH BRI 22 L 2RELTWA.

3. IS—REMEIEa 7YY MRS
3.1, RGaV7UY PROES

ERNOHERERERIE, TORRUE, =7
HThHbBEEZEZSLNTE7 (Falkenstein et al.,
1994; Gehring et al, 1994). L » L %25,
Carter, Braver, Barch, Botvinick, Noll, & Cohen
(1998) H#fMRIZHWC, RICHARERTHO
ERERIZO»PDLT, ACCHRDFEFT XK
ML CERBEI-EL FSOBELL
(2702 MEHoTHhLT @i RRT
TACCOEEPHBOLNI PO THL. ZOKR
ERNIZ L J —#RIH T % <, IE - BERICORE
CRESBEE»LEL [RIC2 VY7 27 b
(response conflict) ] * RBL7-BMTH 5 L E
RENBL I RoDTHE. TRHE >0
&Y, ERNOWH® 5 [ 15—kt 2 ~
797 Vawg] hRE o7

FV T FNVDOLT—kHE (Falkenstein et al.,



EARA

Fig.4 BDHEENERLERNER (EXK - LUK, 2000).
T -t LT % 5- 2 % & ERNIZRIRIE
fbpsE L7, Hpoftmis, K7 VRS %E
Y.

1994; Gehring et al., 1994) TiX, ERIE &R
T ARZELRET A hBEIEES R TY
7203 LT, Cater b D ERT A [RIna v 7
)y ME TREEZEIEEIRTYEWL. 20
EAHEFAVERXBLTWARIIAZSL. LL
s, ERICE, av 77 POBRE T I
BEISEELTWS. RIE2 77 PETFTLVT
i, E-B22o0cREOEZEHL TN
A, THEEFEEE2L 26T LIl NLT
»HbH. F77, Carterb DRWZIRETIE, Ko
BRIIBT LT =D ECRTICEAL TV
TRk H L. ZOHE, MEHRINLIOE, W
Whro—RICTiE%R <, HREBTHEMGL NIV
TOES LT — (partial error) 2%, ERIGFRATIC
BATAIHEETHA.

9 L-EErL, EBICIE, 7 -RHEER
eIy 7Y FOWMEFTNVEREEICKTAZ L
BEEEEL Z>T0E. FRIZHP2bET, WY
NOEFUHFRETHLPERATHIERRS Y
Ialb—-varvFEIhETIfThRTAL.

3.2. RiEav7UY MREZFTEIAR

b L, ERNFREI Y77 MRETIIR
I ERBLZBMTH S %51, [ERN
FHHAIC T — R E RS 5] W) ayEAT

I —EENEM ETEIE= ) v

EHE AR ITER S v, ZOHA, ERNIER
w2y 7)) 7 MVREEOERICKICEERE LB L2V

kS, LLEMS, DTFICBATA L)
2, EBEEORIZIZIZOTHIIRT 5 D DR
LHENTW D,

KICBEARETA—THRMIC Lo TEREINS
Risa > 7 U2 Mg, RICEEE W X0 Ii3mE
EREACEHLTWLILDEEZLNAE. F0O
7%, Riear 797 PRFELVWOTHNIIT,
il 2 RER B CINE T L ZERPIEEIC RIS T >~
7Y P ERBLAERSVBRETELHRITTH
5.

Carter 7 )V — S Iea > 7 1) 7 FEHDOIESHE
RRT 20, RICEAREO A —BGRIcNL S
N5 REEEERE EEEFROSE SRR L, W
BOEE & RGO EBFRERET L7 (van Veen
& Carter, 2002). & Hix 75 v 7 —BELX ML
L, FROBEHLENST 22X E ZIETEFR
B, HE 3P0 L E3AEFRICET ) £ ) I
BRE \ZHR L. ZO¥4E, SSXSS, HHPHH &
V) XFEFIERTIE, ERFEE /A XREC
FREOE TR LEZVWL OO, [ UK
FELTWVWARTHERARLTBY, MEHI Y
TV FRIBEREREZLDTHo 2. —H,
SSPSS, HHXHH & \» ) XFFIE/RTIE, /4 X
I E RICE A AEED O, e3> 77 b
FEIERZ LB TESL., —RT5L, MIAT
ORI E LFE L XFFHEO L) THHH, Rv
2797 PO AP ORIE 5 S

CTHEE Do TNA.

EBOER, RCERICIE, —20nE, m#Emn
avy7) s PR, Kina 7Y 7 FRIBOMEIC
BENAON. 72, ERCRERICI 7))
7 M TRECETLA. —F, HEERRAL
% EHEICINE T L -ERPETSICIE, #ERE340—
380ms(ZHIHE — LA T AN2 BB E .
CON2RREIET Y77 NS ERECEIRIE
ExFEL, FOREFIIACCIKHEESIN. &
DIFERIL, Cater SO FRYEMITLHOT, =
TR EENTARENTERDO LD ITAR
5.



G R

3.3. Riba V77UV MHEDEalb—Y 3y
I & BHREE

Carter 7V —7I13&5\2, a2y 71 7 MR
HAERPICKEE S N AR ZETEETVIZE - T
32 2V —} L (Botvinick, Braver, Barch, Carter,
& Cohen, 2001), ERNE /R T 3 —< Y ADIk D
BORFEHL VS, HHOETLTIE, a ¥ 7
V7 FEZY) VT oTary 7Y 7 b
FME N, ZOFEHEIRAREHHKIIESND
&EC, a7 FOHEICEILEVS . 2
. TIX, 79X =2 T (crosstalk interference)
EHEN ABFIMEFERI A TS, 7T R
b= i, ZOoORIBIH T A MRS EE
LTWiRWEAIZIE, WmEFFITLTRESINS
25, b LIODRERBEEI NP TRET HHE
i, MEERETRAETLIL LR, WALAEIZ
BEWICTFHLDY) L2 EWRT S (Mozer &
Sitton, 1998). Carter5iZZ D7 T A M—27 2 %
PERNZREBHEELINLEZTND. DF ),
FRCEEEERDRBLO 7 OA M- LE
UKz 717 FMIZACCH KB L, ERN%
EREEL L. FOREIC, RIEREIAT
L) bICELHHE WL T — RIE (impulsive
error) Tid, FUCHE D FIBGEHEIZFHRT A L, &
RIGHEL220H 5P TH L7 —BEE{EIIE
FIZHEVWEBTITORAZEEZE T TnE.
72, FMERPSRETE T2 BEOMT»E2
b, MWD RWIRIRTE, =7 — e
RXTHZ7OX P—273ELCEE WO, ERNIZEH
g &% <% 5 (Dehaene, Posner, & Tucker,
1994). ZD XS IZ, EVBEBER, FRIC%k
¥ o8RRI OREL A —N—=F v 7L, T~
TV VEERIELEEZTWVA.

wmenyIal—aryTid? Riear7Y
7 VEEARRTAIANF—EIX, =TS
BOFPENCELIDOREL, BETHI LN
raNnf FLAIFI-REOYIab—varyT
X, HEOERNEEAHERT 5200 L9512, Kb
av7) 7 MIZT-RICER 2> LR LIED,
KicEHIEKRE 7. —F, EREOY I 2
L—2avTik, RIeav7) 7 M3XYhEIR
AL, RILBRNcY -2 1ELZ.

v3ia

N &1 5

2004

L—>a VEERIL, EROERNOHRE RS FLH
BLYALDTHo7:.

3.4. TS5 —RBEROER

—7J, ERNO L7 - Z FHT HH5EED
FRIE, REav 707 bR WEETOLT —
BBz & o CTERNASERT 5 L) JildH o 7.
72 & 2L, Falkenstein et al. (2000) &, HALZ%
R BUS B I 2R B R Go/Nogoik & C HERND B &
ENBEEIT, 7 -REFHEENIFTFT LA
HTHHEERL. BELDIL, Go/Nogoikid
DT FNVATIT—hZE, Riea>r7) s MdHE
BLAWVEW) BRI S REV. oz HfF)
LIHegALEbOD, RnxERSIETLE
IBEBADSRIEIY 7Y 2 P EFEBETHILER
HENSH AL THAS (Nieuwenhuis, Yeung, van
den Wildenberg, & Ridderinkhof, 2003).

Iy —HEHETREIA, T -REVBEHLFE
BOFY, HETHAIHEI D SERNIZRE (%
LI EFFHEHISNE. —F, Reary7J) 7 bR
TiE, T7—RECEELZERBOHY, IV 7Y
7 MIB AL A72®, ERNIZKREL 2BHZ
FREIN5.

Go/Nogoi BB B A 7+ VAT 7 — LK

2) Botvinick et al. (2001) &, 237 v a3 = At
EFVICEIOWTERNE Y I ab— LT
B, HEOEHMIZEZIZELY, FhEofH
BRIZLLTOEBNTHD, 777 —FED
BE, AN, Bh, FEo3o0eVa—-
HEEINDE, ANEV2—-VHOXEL
Z—v M, ZEEEL=v N (B, $R, )
EHazZv b (H S) WERTHEEEID
BHihTwad, —F, EVa—-IVHOL
Zv b BREENRMICEEI TS, 7
SUh —BRBEFRENTFEIIRICT HHRE
THhoriw, Yial—IaryTtirET, &
LOEEEELIZ v MZARI TR, RIZ
XEMNE T R XFELS Y MCER L TE
BEnhz, 20HR =7rvddhaz=v b
DEGMEEICET A ECEIEZRYEY. &
512, EHEYAI I VBICI VLI AXRE
2=y PORBELANVICERATAI LT,
B4z OCEEZEVHL, BRI —%
FlaR ot it IksnhTns, FEHI,
WhEVa—NitLTarzy s bEZd
)y SRR ISR ET A LT, Kb
Bora V¥ —fixiEEl, ERN. T I 2
L—FLTW5.



1AM =7 - BERMEL LTEE= Y v 7

&, MOBRUOCKHEREO LI -FL L ) %
GlATh s &EE2 LN DL, ERIZERNIRIEZ
TANAT T —LEEOFIFIAEL, E—r D
49\ (Falkenstein et al., 1996). X512, 4K
oRHBEL HVWAERTY, ERIGE LI —K
JICDRZENPKEIVCKORERL T —HITOH
A, ERORICHEORIR T 7 —3#47 £ ) HERNIZ
= RIE T o 72 (Bemnstein et al, 1995;
Falkenstein et al., 1996). TN OLDERIZ, =
T-REROTFELZTRLTAE., LaALED
5, MEIZ & 2% 4 RCEEEEE CRBORSE %
ML L 7-Gehring & Fencsik  (2001) D EERT
i, RIEa 702 b 08b ok b5 25, @
DFRDERT T —BHZERNIZRKE o7z, &
DI T—REERS & ORFHEUE*
ELIETIZAR DS —F L Twizw,

3.5, TS5 —1REROEERIIRIE

Masaki & Segalowitz (2004) &, K2 > 7
V7 NOREPRRL 3 OO - Ko V5 F
Y1) 7 4 & (stimulus — response compatibility:
SRC) 2l&ETHrILE, MHyTI— (N7 4 —
YUALRERETH-ThH, FRIETLTHE
I OB EFBEEINLIGE) LEBTAS
ET, TI—WRHELFET Y 7)) 7 FRHORY
HEMIEL TWw5. 22 Tid, Komblum (1992)
DETVIZEDOVWTLREN,:: “FEHEO A £
RELZMA MV TRE (FRFN, arrow-
task: AR, arrow-Simon task: AS, arrow-orientation
task: AO) 2 HEIL7-EZ A, RICEMORBIES
VLT —RD LR IZARKASAODIETK &
&), RIna» 707 FOERPHEINT:.
b LERNBRIG I 70 7 M EEBRTHI
W, N7+ - Y REDOTFME R L, ERNIRIBHE
CREHOEZEE VW ENFHEI &SNS, LA
A5, ERNIRIB S /87 + —< » AEEOBEFRZ R
L, AR<AS<AODNEIZHE KL 7-.
ZOMFETIX, BT T — 2 HERN (B,
1998; IEAR - B3% - IUI&, 1999; Vidal, Hasbroucg,
Grapperon, & Bonnet, 2000) (ZFE 3T A2 & T
b, Rita> 7Y 7 PEEET L Twb. SRCEE
BTRICHEE LT —RICHFELR T %

RIGEEIZH#SEMG

a
7N\
/N
#HLTS5—EMG // ,,\\- e
R YN
, \
4 \
. \
/ \
4 vy

R REa279yok

Fig.5 AT -LBIESEroBEISEULR
G377 FOBER. RIGEAHERECTTH
RRDIREL BT, BEBEIREY
L(@—b—c). RIEar707 b, Hoxs—
EBIERICOBIENRKET 2BETELS. £
Tz, #0ar70) s MEER, HEOELYO
KESTRESNE. a7 7 R 3T,
Db>cDIETRIEIT > 7Y 7 ML 2 5728,
ERN 3 Z DM TRIRBIL L ¥ — 7 BB S
RTLDEFREINS,

5. 722U, HBREISEARCETRIELETL
FoTh, BHELZZ I — Kb (overt error) % 2
YR, ERIGHEORRIC) F{BETER
i, ZOFITRERIGE LTHEENRE. 20k
I REATIX, L HBTHWVWI I — (covert error)
THY, BRCKEDOEMGRBIET A L TIEL
HTRIESINS.

FUCMBEEZ B E- 8o s -3, ERIGE
LTHEHINLbDOD, BEXELRNII—K
SR IERIEZ Y 7)) 7 P3RS TH
L. LTz oT, Rieary79) 7 baicEo(
&, ERNIRIBIZE D7 —RITBOFTIBED %
WL —RIEHI D IRELR2IDETFRISN
7. Carterb DETF N A O LT —RITICEHT
A&, Fig S DE)ICHBEND. ERISHIC X
HBIEEMGO Y — 7B EIE, THHENOKE K
- TENA. RIEI 7Y 27 M, FERGEK
DB EEMGIRFE D BA UL DEMGIETE & &b 5
RWETHEL, FOBERHENELZ)ORKE S,
LREINDY, L7dFoT, Rga»7Y9 27 b

)R 7) 7 P EFVIIEBEZOFHEIG,
Cameron Carter{ 1 & U'Nick Yeungi =+ 5
BEZFE>SZT:. WRIZBRHLIT.



A ELH

FHICETCE, THEHREOW KIS TERND
E— 7 BRI S RIRIBL A TR S WS, LaL
AL ERERIZ, (1) ERNIRIBIZH G5 —
DHVREB LT - L Db/ EL, (2) E- 8
EMGH DR SBIEIX, ERNO Y — 7 &0
BE52%0wb0on, RELZLLABKAKSES
ERL, IRy 77 b ATRICRT A
bDTHo7z. BEMICASNIERNEKIE, =
T Y HHE /T E (salience) 25 b E
HEN) B L 2ERT L, TOEBRERR
EEMICTT — ﬁma%iﬁtﬁémthé

& Z AT, ERNIRIBICKBL &S N5 L5 — 8
BOBEL,O LT —HREHIIZ, £9EIRE
(all-or-nothing account) & ZJECHIMEH (a graded
account) D DODVIENAEEINTWVWAS. FiFE
&, TI—ZRBLAZEZIZVWOTH FEEDERN
PHET LD, ERCEICIEECEBLEZVE Y
VB THAH. BB, T —HREIES TERN
FHBRT L8, »7-BREBBORIRICL - TEF
DIRBEIHRE SN L VW IHBTH A, HERD
MR, FREFNRONEE2THLZD0PH 5
P, RERITHROFEER, BRI E
(salience) R (distress) & Vo 72 LEBHK
o, BOBBAEROEE, 12X o TEEEIREL
T5IENEC, ERNOGRIRIEERE S &
LT ENTXA,

REBEOITH

if%ﬁtfétio C Reavy s
bmal7 m&%@w?nﬁméfééﬁ%&
HETAHZEIE, ERICEIBOTHETHS. AL
ERNDFELFENEHET AN FRHTHI LS
{, ETVIRE: —RBHR#EEL T4 —-HIIh-oTw
5. F7 Kearyozy sz yo “/Ke” & “av
707 M &, FRERAREWNI@AERLEZLO
BOPIZDOWTIIEKRZ L ZAPEFIHL. B
RRIEI T B FES %1 ) EBRIC/ZT TR
(, TI-—RIBHEHI>BEOBHERLIRLTH
D, TRIFBERICOBEICER THhE, FEo
PTY I INERRRZENTEL. Ay 7Y
7 NOERIHREMTELTORL-THBY,
COREPIYT) T NREOBRE S SITHEEICL

2 %15

2004

TW3,

LI —RREPREII 7)) 7 MEEPE WS K
FiX, YOEETNVERBT L0, DL
RERIEDVTHREZBET 20912L T,

—HEEXBELRLLDOD L ) ITAHATWAIEeMED
HbH. OB, BEETNEXETANEEFN
TS, 3oL LVWHIRZ2/RLT, BHDE
IREBETELFERBIILROILLR2E. 2L
TZEEPS, YERFIE, F—HEORIAFIE
HL7-EEER (semantic) RIZEIZE X2 \WTTHE
HIAELTL 5.

WTRIZLTYH, BIEEFT I —RIE & G2
Y77 MREICOWT, ALK % B
LTZ ol lAIlGBEXRBROBERYH
5.

4. Z@Hhod ERNsE A B

HERAEOBRE IEVEEBRE TR, =5 —-K
JIENDEMT I & - T, ERNAYMEIRIEL T 5 & w
I LR (Dikman & Allen, 2000), #4 %47
R EOERICH 5 B L ERN & DG
PEEEINDE L) Chol:. BETIR, HAKR
ML BEDD 5 MEERRLHESEICOVWT LR
FENTWS (Pailing & Segalowitz, 2004). 3
EROBVHEBRE CIIRR EEE 2 BITT 5 /-
%, ERNIZEHEHZMBEICE LS FAREVWD, WE
HOENEEERE TIXSEIRAEEIC L o> TERNIZZE
b3 5. 72, MEEEROBVHEEBEE L ERVE

FELRY, S8HMMEICL > TERNFELT
5. TEIOE= %) v 7 #EE D S5 5ERNIEG
&, HRIFEOBAZEZIRZ 53BIC% D ) A7
O, BEWSBTOICH HFEINL. 5%,
fE 4 OMEIFHE EERNE OBBESEER SR, b
FOTEBBAICKECEMTA2bDLEZ LN
5.

ERNIZXT 9 5 53E - MEOEEIC OV T L HE
P2 TWD, ERE TIERNICERIE(LAA 5
n (Falkenst_ein et al, 2004), FERFOLT —
23t AERNORBEFITEERA LR AMEIC
#E 3N Twb (Dywan, Mathewson, &
Segalowitz, 2004) .F7-, ZEH (7% »oF
E8 (18%) (IS TOERNZ AL TIE



EARM: =5 —RERYEN LfTHE=F) YT

ERNOZERBEZ T TR, BREIICBIT LR
FOWEFERNARET 2 & v ) BIRREVEERD
mEINTWAE
Schmidt, 2004).
BREAIC OV TAITEE= Y ) Y DIEEL
L CERNBEHOBAP TR E L. TRET,
N=% vV VKR, REKRRE, MENEE
(obsessive-compulsive disorder: OCD) 7% & TERN
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Abstract. The effect of time interval memory trace on temporal processing was investigated. Event-
related potentials (ERPs) were recorded in a time reproduction task. Ten healthy participants were
asked to memorize the encoding interval (3000 or 2700 ms), retain the interval during the retention
period (3000 or 9000 ms) and reproduce the interval. The reproduction error of our study suggests
that the reproduction of the interval was relatively difficult under encoding-2700 ms conditions. In
the ERP activities at the 500-1000 ms period of the reproduction phase, the contingent negative
variation (CNV) amplitude of retention-9000 ms conditions was significantly larger than that of
retention-3000 ms conditions over Fpz. Our study suggests that the length of retention affects the
time processing of the time reproduction, and the CNV over the frontal cortex seemed to change as a
function of the remains of time interval memory trace being accompanied with attention resources
allocation to efficiently execute the time reproduction task. © 2004 Elsevier B.V. All rights reserved.

Keywords: A time reproduction task; CNV; Frontal cortex; Attention; Memory

1. Introduction

Time is always involved in completing our behavior. The temporal processing of a time
interval is a very important function in the behavior; however, the actual underlying
mechanism still remains unclear.

As the mechanism of time processing involves attention and working memory {1],
timing is thought to be related to the function of the frontal cortex [2]. The contingent
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negative variation (CNV) over the frontal cortex develops in time perception tasks. Casini
and Macar [3] used a time reproduction task and reported that the CNV over the prefrontal
cortex fluctuated as a function of the allocation of attention resources. Peeuty et al. [4]
investigated the relationship between memory trace and CNV in a temporal task and
suggested that the amplitudes of the CNV over the anterior frontal cortex changed as a
function of the remains of memory trace in the interval-based time processing.

This study used CNV to investigate the time processing of reconstructing a time
interval memory trace in a reproduction task by varying the retention duration (3000 or
9000 ms). The CNV under the retention-9000 ms conditions in the frontal cortex would be
larger if a participant might allocate attention resources to the reconstruction of the time
interval to correctly complete the task. Meanwhile, each participant had to press a key at
the optimal time. Since the duration of motor response was thought to be a part of the
motor program before response execution [5], the early CNV was predicted to increase by
allocating attention resources to reconstruct the time interval memory trace.

2. Method
2.1. Subjects

Ten young healthy and right-handed participants (2 females and 8 males; 24.7+2.8
years old) were paid (2000 yen per 3 h) to perform the experiment. The experiment was
conducted with the informed consent of each participant.

2.2. Task

The participants performed a time reproduction task. The task consisted of four
conditions (encoding-3000 ms/retention-3000 ms, encoding-3000 ms/retention-9000 ms,
encoding-2700 ms/retention-3000 ms, and encoding-2700 ms/retention-9000 ms). Each
participant was asked to memorize either of the encoding intervals (3000 or 2700 ms),
retain the interval during either of the retention periods (3000 or 9000 ms) and reproduce
the interval by pressing a key with the middle finger of their right hand. The feedback (FB;
early, correct or late) was given 2500 ms after pressing the key.

2.3. ERP recording and analysis

Electroencephalograms (EEGs) were recorded digitally from 27 electrode sites and
referenced to the right ear lobe. Horizontal and vertical electrooculograms (EOGs) were
simultaneously recorded. The sampling rate was 250 Hz. A bandpass filter of 0.016-100
Hz was used. Event-related potentials (ERPs) were obtained for each condition. The
averaging period was 4000 ms, with a 200-ms baseline before the onset of S1 (the start of
the reproduction). A three-way ANOVA [site (Fpz/Fz/FCz/Cz/CPz/Pz/Oz)Xencoding
(3000/2700 ms)Xretention (3000/9000 ms)] was performed on the mean amplitudes in
each time window [time window 1 (TW1; 500-1000 ms after S1), time window 2 (TW2;
1000-1500 ms), time window 3 (TW3; 1700-2200 ms for encoding-2700 ms conditions,
and 2000-2500 ms for encoding-3000 ms conditions) and time window 4 (TW4; 2200-
2700 ms for encoding-2700 ms conditions, and 2500-3000 ms for encoding-3000 ms
conditions)]. A four-way ANOVA [lateralization (left/right)xsite (Fpl, F3, F7, FC1, FC5,
C3, CP5, P3, P7, O1/Fp2, F4, F8, FC2, FC6, C4, CP6, P4, P8, 02)Xencoding (3000/
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2700 ms)Xretention (3000/9000 ms)] was carried out to test the lateralization of the brain
activities. A two-way ANOVA [encoding (3000/2700 ms)Xretention (3000/9000 ms)] was
performed on the reproduction error time of four conditions.

3. Results
3.1. Behavior

The ANOVA including encoding (2)xretention (2) yielded a retention Xsite interaction
[F(1,9)=6.51, p<0.05]. Post-hoc analysis indicated that the reproduction error under the
encoding-2700 ms/retention-3000 ms condition was larger than that under the encoding-
3000 ms/retention-3000 ms condition [F(1,9)=5.92, p<0.05] and the error under the
encoding-2700 ms/retention-9000 ms condition was larger than that under the encoding-
3000 ms/retention-9000 ms condition [ F(1,9)=38.22, p<0.01].

3.2. ERP

Fig. 1. shows the CNV waveforms over Fpz during TW1 and TW2 averaged across 10
participants for four conditions. The ANOVA including site (7) x encoding (2) Xretention (2)
yielded a retentionxsite interaction tendency in TW1 [F(1,9)=2.10, p<0.10]. Post-hoc
analysis indicated that CNV amplitude during retention-9000 ms conditions were
significantly larger than that in the retention-3000 ms conditions at Fpz [F(1,9)=9.78,
p<0.05] and tended to be largerat FCz [ F(1,9)=4.33, p<0.10], Cz [ F(1,9)=4.73, p<0.10] and
CPz [F(1,9)=4.88, p<0.10]. The ANOVA also demonstrated an encodingXretention
interaction in TW1 [F(1,9)=3.90, p<0.10], TW2 [F(1,9)=4.54, p<0.10], TW3
[ F(1,9)=6.64, p<0.05] and TW4 [ F(1,9)=15.22, p<0.01]. Post-hoc analysis confirmed that
the encoding-2700 ms/retention-9000 ms condition was significantly larger or tended to be
larger than the encoding-2700 ms/retention-3000 ms condition in TW1 [F(1 ,9)=6.28,
p<0.05], TW2[F(1,9)=4.33,p<0.10], TW3 [ F(1,9)=4.94, p<0.10] and TW4 [ F (1 ,9)=4.20,
p<0.10]. The ANOVA including lateralization (2)Xsite (10)<encoding (2)Xretention (2)
revealed the main effect of lateralization in TW3. The amplitude of the left hemisphere was
significantly larger than that of the right hemisphere [F(9,81)=2.55, p<0.05]. A

— encoding—2700ms/retention-9000ms
— encoding-3000ms/retention-3000ms
- encoding—3000ms/retention-3000ms
«+« encoding—2700ms/retention—-3000ms

’+"V| —TW1—=—TW2 =

500 ms

Fig. 1. Grand average CNV waveforms recorded over Fpz during time windows 1 (TW1) and 2 (TW2) for four
conditions (N=10). The vertical line shows Sl (the start of the reproduction).
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lateralization Xsite interaction was also yielded in TW4 [ F(9,81)=2.55, p<0.05]. Post-hoc
analysis showed that C3 was larger than C4 (p<0.05) and CP5 was larger than CP6 (p<0.01).

4. Discussion

This study investigated the effect of time interval memory trace on temporal processing.
The CNV amplitudes in TW1 under the retention-9000 ms conditions were significantly
larger than those under the retention-3000 ms conditions over Fpz and tended to be larger
over FCz, Cz and CPz. The retention-9000 ms seemed too long to maintain enough of the
memory trace to execute an optimal time reproduction. Attention resources were then
allocated and neuron networks reactivated to reconstruct the memory trace. However,
relatively enough of the memory trace remained under the retention-3000 ms conditions,
hence, a newly acquired memory trace was not reconstructed. The early CNV seemed to
reflect the difference of the activities. The encoding-2700 ms/retention-9000 ms condition
tended to produce a larger CNV than did the encoding-2700 ms/retention-3000 ms
condition over midline areas in the 500-2700 ms period. Under encoding-2700 ms
conditions, which seemed relatively difficult to reproduce compared with encoding-3000
ms conditions, as a result of the reproduction error, the effect of the memory trace was
thought to be maintained in whole time windows.

In the reproduction task used in our study, a participant had to press a key to reproduce
the interval. In other words, time processing was used to control pressing the key at the
optimal time. The duration of response is thought to be a parameter of motor programming
before response execution [5]. Our study showed that the CNV in the left hemisphere was
larger than in the right hemisphere in TW3 and that, over C3, was larger than C4 in TW4,
indicating that preparation for motor execution must start around 1000 ms before the target
time. The assumption that the early CNV of the frontal cortex before motor execution
might develop under retention-9000 ms conditions was supported. The early CNV of our
study seems to fluctuate as a function of time interval memory trace.
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Abstract. In this study, we investigated the effect of affective valence on the stimulus-preceding
negativity (SPN) using the international affective picture system (IAPS). We adopted a S1-S2
paradigm, in which the subject could know the content of the forthcoming affective-slide (positive,
negative or neutral picture) by the S1 cue (three types of gray-and-white striped squares). Our
procedure differentiated these affective valences which were assessed by questionnaires. The self-
assessment mannequin (SAM) data showed that the emotional score (pleasantness) significantly
increased in the order of negative, neutral, and positive picture. The arousal scores of the SAM and
the multiple mood scale (MMS) for negative picture were higher than for the other pictures. The SPN
over the frontal regions significantly increased preceding the negative pictures, but not preceding the
neutral and positive pictures. Our results suggest that the SPN might represent arousal induced by
emotion-inducing pictures. © 2004 Elsevier B.V. All rights reserved.

Keywords: Affective anticipation; Stimulus-preceding negativity (SPN); International affective picture system
(IAPS)

1. Introduction

The anticipation process plays an important role in human behaviour. We can quickly
determine our next appropriate behaviour by anticipating forthcoming events. In addition,
the anticipation process might change the affective-motivational state, resulting in higher
arousal (e.g., Ref. [1]).
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0531-5131/ © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.ics.2004.11.135



386 S. Takeuchi et al. / International Congress Series 1278 (2005) 385-388

Recent event-related potential (ERP) studies have reported that the stimulus-
preceding negativity (SPN) might manifest the affective-motivational anticipation of
forthcoming events [2—4]. In most studies of SPN, however, the direction of affective
valence (i.e., positive or negative) was not clearly manipulated. In addition, it still
remains unclear if increased SPN represents affective anticipation or just higher arousal
induced by affective-motivational stimuli. Thus, we investigated the influence of the
direction of affective valence on SPN using the international affective picture system
(IAPS). The IAPS assesses emotion with orthogonal dimensions (i.e., arousal and
affective valence). Because our main concern was to clarify the effect of affective
valence on SPN, we used negative, positive, and neutral affective slides that would not
differ in arousal values.

2. Method
2.1. Participants

The 11 participants (8 men, 3 women), between 22 and 33 years of age
(mean+S.D.=25.1+3.4 years), were mostly recruited from the Waseda University
community. All participants had normal vision or corrected-to-normal vision. They were
paid 800 yen/h (US$7.2/h) for their participation. Informed consent was obtained.

2.2. Task

Participants performed an S1-S2 paradigm task. The S1 cues were three types of gray-
and-white striped squares (one cycle per degree) (i.e., vertical stripe, horizontal stripe, or
lattice pattern). The S1 cue was presented for a duration of 2000 ms. The S2 cues were
three types of pictures, chosen from the IAPS, representing each affective valence
(positive, negative, and neutral). The duration of the S2 cue was 4000 ms. Participants
could anticipate the affective valence of S2 pictures from the S1 cues. Each participant
performed a total of 192 trials.

Emotional and arousal state during the preceding period and the subjective affective-
valence of the presented pictures were assessed using two questionnaires. The multiple
mood scale (MMS) was used to estimate mood during the period preceding picture
presentation, and the self-assessment mannequin (SAM) was used to assess the content of
the presented pictures. After the experimental session, participants rated both scales by
viewing each S1 cue and S2 picture.

2.3. ERP recordings and analysis

The electroencephalogram (EEG) was recorded from 27 sites with tin electrodes
embedded in a nylon mesh cap. The left ear lobe served as the reference. An averaged ear
lobe reference was derived off-line using right ear lobe data. For the detection of artifacts,
the vertical and horizontal electrooculogram (EOG) was recorded using tin electrodes. The
digitized sampling rate and online band-pass filter were 250 and 0.16-100 Hz,
respectively. Mean SPN amplitudes over the 200-ms interval preceding S2 were calculated
at F3, F4, C3, C4, P3 and P4, referred to a baseline of 200 ms prior to fixation.

To estimate arousal during the period preceding S2, the alpha power density (alpha 1:
8.5-10 Hz and alpha 2: 10.5-12 Hz) was compared among the preceding periods of
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different affective pictures. Power density values were computed log-transformed mean
power density over midline electrode sites.

3. Results
3.1. Questionnaire

The questionnaire data showed that our procedure evoked affective valence during the
preceding period and on picture presentation. According to the SAM results, the emotional
score (pleasantness) significantly increased in the order of negative, neutral and positive
picture (F(2,20)=130.13, p<0.0001, post-hoc test: ps<0.05). In addition, the arousal score
was significantly higher for the negative pictures than for both neutral and positive
pictures ( F(2,20)=3.78, p<0.05, post-hoc test: ps<0.05).

The depression, liveliness, and friendliness scores of the MMS showed that participants
estimated negatively in order of the preceding periods of negative, neutral and positive
picture presentation (depression: F(2,20)=25.74, p<0.001, liveliness: F(2,20)=37.00,
p<0.001, friendliness: F(2,20)=42.78, p<0.001, post-hoc test: ps<0.05). In addition, the
hostility, well being, and startle scores showed that participants rated more negatively for
the negative condition than for both the neutral and positive condition (hostility:
F(2,20)=25.74, p<0.001, well being: F(2,20)=33.21, p<0.001, startle: F(2,20)=30.91,
p<0.001, post-hoc test: ps<0.05). Moreover, the scale of concentration for positive
condition was lower than for other conditions (F(2,20)=5.08, p<0.05, post-hoc test:
ps<0.05).

3.2. ERP

Fig. 1 shows the grand-averaged SPNs prior to the negative, neutral and positive slides.
The mean amplitude of SPN was subjected to a repeated-measures ANOVA with
Condition (preceding the negative, neutral and positive picture), Electrode (frontal, central
and parietal), and Hemisphere (left and right). The ANOVA revealed significant
interaction between Condition and Electrode (F(4,40)=2.80, p<0.05), indicating that the

Frontal

Central

Parietal

- Negative
== *Neutrat
~—Positive *+ 800 ms

Fig. 1. Grand averaged SPN waveforms recorded at F3, F4, C3, C4, P3 and P4 (N=11) separately averaged for
each condition (Negative/Neutral/Positive). The vertical line indicates the onset of S2.
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SPNs over frontal regions became larger preceding negative pictures than neutral and
positive pictures ( F(2,20)=4.12, £=0.80, p<0.05, post-hoc test: ps<0.05).

The alpha 1 and alpha 2 power density significantly increased over occipital regions in
comparison to the other regions (ps<0.05). In addition, alpha 1 power density for the
preceding period of negative picture presentation was lower than for the preceding periods
of positive and neutral picture presentation (F(2,20)=6.22, p<0.05, post-hoc test:
ps<0.05), suggesting higher arousal for the negative slide.

4. Discussion

We succeeded in manipulating affective valence as was indicated by the SAM. The
negative- and positive-emotional pictures in our study induced negative and positive
affective anticipation, respectively. This was also supported by the scores of the related
items of MMS (i.e., liveliness and depression). Regardless of our careful choice of
pictures, however, the negative-emotional pictures resulted in higher arousal. The alpha 1
power density was higher during the waiting period of the negative-emotional picture than
during those of the other pictures.

The SPNs increased over frontal regions during the waiting period of the negative-
emotional picture. On the other hand, the SPNs did not increase before the positive-
emotional or the neutral picture. The SPN associated with the negative affect-emotional
picture seems to support the affective-motivational account of the SPN. However, if the
SPN represents affective-motivational aspects, it should also increase preceding the
positive-motivational picture; this is not the case in our study. Thus, it is plausible that the
SPN might be more sensitive to arousal than emotion per se generated by emotion-
inducing pictures.
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A study of attentional resource of discrete and gradational allocation strategy using
error-related negativity (ERN)
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Noriyoshi Takasawa (Edogawa University), and Katsuo Yamazaki (Waseda University)

The error-related negativity (ERN) is a component of the event-related brain potential (ERP) that is
associated with action monitoring and error detection. The ERN amplitude reflects attentional resource
allocated to error detection. The present study examined whether discrete or gradational allocation
strategy of attentional resource in error detection using the ERN amplitude. Only Eriksen flanker task was
used in the single task condition. Eriksen flanker task was used as a primary task and Sternberg memory
search task was used as a secondary task in the dual task conditions. The task difficulty of the secondary
task manipulated in the present study included the memory load. Memory set sizes of 2, 4 and 6 were used
in the Sternberg memory search task (M2, M4 and M6 conditions). The results indicated that reaction time
was gradually delayed in the primary task as the task difficulty of the secondary task gradually increased.
However the ERN amplitude of the primary task decreased in M6 condition alone. In conclusion, discrete
allocation strategy of attentional resource was adopted in the error detection.

Key words: attentional resource, discrete allocation strategy, gradational allocation strategy, error detec-

tion, error-related negativity.
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Figure 1. A schematic representation of the temporal
structure of the single task (single condition) and the dual
task (M2, M4 and M6 conditions). Alphabet in a figure is

each stimulus of primary task and secondary task.
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rate, and mean EMG error rate for compatible and incom-
patible stimuli in each experimental condition of primary
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Theories have proposed that both the stimulus-preceding negativity (SPN) and the medial
frontal negativity (MEN) reflect affective/motivational processing. We examined the effect of

the motivational impact of feedback stimuli on these ERPs using a simple gambling task,
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focusing on the influence of prior losses and gains on ERPs and choice behavior. Choices
were riskier following large losses than following small losses or large gains. The MFN,
however, was larger following larger gains. The SPN preceding the outcome was also larger
after a greater gain. Thus, we confirmed that both the MFN and the SPN respond to the
motivational properties of the feedback. A dissociation between risk-taking behavior and
these ERPs suggests that there could be two monitoring systems: one that leads to riskier
responses following losses and a second that leads to heightened expectancy.

© 2006 Elsevier B.V. All rights reserved.

1. Introduction

The rapid evaluation of response outcomes and the anticipa-
tion of future events are important for enabling humans to
guide subsequent choices to avoid other negative events.
Recent event-related potential (ERP) studies have reported
neurophysiological activity that is involved in rapidly evalu-
ating the motivational significance of ongoing events. A
number of these studies have focused on a medial-frontal
negativity (MFN) elicited by reward feedback in simple

* Corresponding author. Fax: +1 734 763 7480.
E-mail address: wgehring@umich.edu (W.J. Gehring).

learning and gambling tasks (e.g., Gehring and Willoughby,
2002, 2004; Holroyd and Coles, 2002; Miltner et al.,, 1997; Yeung
and Sanfey, 2004). The MFN in these studies is a negative-
going deflection in the ERP that has a frontocentral distribu-
tion, most likely reflecting neural activity generated in the
anterior cingulate cortex (ACC). Functionally, it appears to
reflect a process involved in evaluating the motivational
significance of ongoing events (Gehring and Willoughby,
2002; Holroyd and Coles, 2002). It peaks approximately 250 to
300 ms following a signal conveying feedback about the

0006-8993/$ - see front matter © 2006 Elsevier B.V. All rights reserved.

d0i:10.1016/j.brainres.2006.01.022



2 BRAIN RESEARCH XX (2006) XXX-XXX

incorrectness of a response or about a monetary loss (for a
review see Nieuwenhuis et al.,, 2004b).

Gehring and Willoughby (2002) hypothesized that the
process reflected by the MFN was involved in quickly
determining the motivational impact of ongoing events. A
related but more specific hypothesis was offered by Holroyd
and Coles (2002), who suggested that MFN activity (or the
“feedback ERN") is elicited when an error processing system
detects events that are worse than expected. Gehring and
Willoughby (2002) reported that losses evoked MFN activity
even when the loss was the most advantageous outcome
on a trial, suggesting that the MFN responded to the gain/
loss status of the event rather than to the indication that
one response was correct and the other was not. Their data
also suggested that the MFN elicited by a monetary loss
was also influenced by the motivational impact of previous
bad outcomes, because a monetary loss affected the risk-
taking behavior and MFN on subsequent trials. Other
studies also indicate a strong influence of context on the
MFN elicited by losses and negative events (Holroyd et al,,
2004).

A fundamental question concerning the factors that
influence the MFN is whether there is a potential effect of
anticipating the outcome (i.e., expectancy) that is distinct
from the monetary value associated with that outcome. The
response to losses could occur because of the negative utility
(value) associated with the outcome, but it could also occur
because the subject, choosing a gamble, chose the alternative
that seemed most likely to resultin a gain. The loss is thus not
only a negative event, but also, potentially, an unexpected
one. In many of the tasks that have elicited the feedback-
related MFN (Gehring and Willoughby, 2002; Helroyd and
Coles, 2002; Miltner et al, 1997), negative and positive
outcomes have been equiprobable. That the probabilities
were equal does not rule out the possibility that at some
level the chosen outcome was seen as more likely than the
unchosen one to result in a gain. Likewise, risk-taking
behavior could be driven either by the perceived value of a
gamble or the perceived probability of a gain.

One way to dissociate anticipatory and evaluative proces-
sing would be to record ERPs in the period between the choice
and the appearance of the outcome. In the present study, we
explored the anticipation of outcomes by recording the
stimulus-preceding negativity (SPN) during the waiting period
prior to the outcome (Brunia, 1988; Brunia and Damen, 1988).
Brunia and his colleagues have identified negative slow brain
potentials that precede the occurrence of predictable events.

! Authors have referred to this deflection in the ERP waveform
as the error-related negativity (feedback ERN; e.g, Holroyd and
Coles, 2002). Others refer to it as the feedback-related negativity.
We use the term medial-frontal negativity here as a generic term
to describe its scalp distribution and polarity. The relationship
between this feedback-related MFN and the response ERN is
currently an active area of investigation. The more anterior and
right-lateralized topography of the feedback-related MFN sug-
gests that there must be a difference in the configuration of
generators that gives rise to the two components, although one of
these neural generators may be active in both cases (Gehring and
Willoughby, 2002, 2004; Holroyd and Coles, 2002).

The SPN is the non-motoric component of the late contingent
negative variation (CNV) (Walter et al., 1964), which is distinct
from the motoric component, the readiness potential (Kern-
huber and Deecke, 1965). Feedback stimuli normally used in
the SPN paradigm provide the participant with knowledge of
results. This SPN shows a right hemisphere preponderance of
negativity and largest amplitudes over the parietal cortex
(Brunia and van Boxtel, 2001) and is referred to as the pre-
knowledge-of-results SPN (Brunia, 1988). Although other types
of SPN have been identified (Bocker et al., 2001; van Boxtel and
Bocker, 2004), the paradigm used in the current study should
only produce a pre-knowledge-of-results SPN, therefore for
brevity, we shall refer to it simply as SPN.

According to a thalamic gating model (Brunia, 1999), the
SPN is a manifestation of anticipatory attention. Recent
studies have reported that the SPN represents anticipation of
the affective-motivational valence of feedback stimuli as well
as their informative value. The SPN shows the largest ampli-
tudes during anticipation of stimuli with emotional valence
(Bocker et al., 1994, 2001; Donkers and van Boxtel, 2005).
Emotional valence comprises affective valence that gives rise
to appraisal and motivational valence that directs behavior
{Bocker et al., 2001).

Although the stimuli in most studies that showed the SPN
were aversive, increased non-motoric negativity was also
reported by studies that used stimuli with positive valence,
such as nude slides (e.g., Howard et al., 1992; Simons et al,,
1979). In addition, the SPN increased with monetary reward in
a time estimation task (Kotani and Aihara, 1999). Thus, factors
that induce affective arousal - both positive and negative -
might be critical for development of the SPN. These previous
findings suggest that the amplitude of the SPN should be
sensitive to the motivational incentives delivered by outcome
stimuli.

Interestingly, in previous reports, a symmetrically fronto-
central SPN, consistent with involvement of the ACC, was
observed before stimuli that involved negative affect (e.g,
fear slides) (Bdcker et al., 2001), whereas a right-lateralized
frontocentral SPN, possibly due to activity of the insular
cortex, was observed before stimuli with motivational
valence (e.g., monetary reward and punishment) (Kotani
and Aihara, 1999). Using a spatiotemporal dipole analysis,
Bocker et al. (2001) also found involvement of insular cortex
in the SPN. Bocker et al. (2001) suggested that the ACC is
more involved in the SPN related to negative affect, whereas
the insular cortex is more involved when there is motiva-
tional (incentive) information conveyed by the feedback
signal. This line of reasoning suggests that the SPN
preceding motivational feedback would show a right-later-
alized frontocentral distribution, whereas the SPN related to
negative affect would show more symmetrical negativity
over frontocentral regions.

Because both the MFN and the SPN might represent
affective-motivational processing, one could hypothesize
that they would respond similarly to the motivational impact
of the previous outcome and that they would both vary with
the probability of risk-taking behavicr. On the other hand, it is
also possible that risk-taking behavior would be independent
of the motivational state reflected by the SPN, in which case
the SPN would not vary with the probability of a risky choice.
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Thus, we focused on testing whether the processing associ-
ated with risk-taking in a simple gambling task depends on
the motivational impact of the previous outcome or on the
affective-motivational state induced by the current choice, or
both, using the SPN and the MFN.2 First, we tried to replicate
the findings of Gehring and Willoughby (2002) that the MFN
represents processing of monetary losses rather than the
detection of choice errors and that the MFN becomes larger as
a function of preceding outcomes (i.e., the larger the monetary
loss on the previous trial, the larger the MFN elicited by a
monetary loss on the current trial), which would link the MFN
to the probability of risk-taking behavior. Second, we tested
the hypothesis that the MFN, the SPN, and risky choice
behavior would all be similarly affected by the motivational
impact of the previous outcome: after bigger monetary losses
they should be largest and after bigger monetary gains they
should be smallest (Gehring and Willoughby, 2002). Alternative
scenarios are possible, however, in which the two components
do not show the same relationship to the previous outcome
and to risk-taking behavior.

2. Results
2.1. Behavioral results

The mean monetary gain was 385 yen (SD = 674). Fifteen
participants gained money at the end of the experiment. The
best score was a gain of 1560 yen and the worst was a loss of
1140 yen.

Table 1 shows the mean probability of a risky choicein each
outcome condition. The participants tended to make risky
choices (i.e., choosing 50 yen rather than 10 yen) on trials fol-
lowing losses of 50 yen. On the other hand, they did not make
risky choices after gains of 50 yen. This result is similar to the
finding of Gehring and Wwilloughby (2002), whose results
showed a strong linear relationship between previous out-
come and riskiness of choices. We also found a linear rela-
tionship between the riskiness of the choice and the value of
the preceding outcome (F(1,19) = 12.78, P = 0.002). A one-way
ANOVA revealed a significantly higher probability of a risky
choice after Loss 50 than after Gain 50 and Loss 10 (F
(3,57) = 5.43, P < 0.01, post hoc test: Ps < 0.05) and a trend of a
higher probability following Loss 50 relative to Gain 10
(P =0.07). In addition, there was a trend of a higher probability
of a risky choice after Gain 10relative to Gain 50 (P = 0.08). Table

2 An anonymous reviewer suggested that variation in the MEN
or SPN associated with previous outcomes might reflect repre-
sentations of the outcomes in memory rather than their motiva-
tional impact. The effects reported in earlier studies and those we
report here, however, depend on the valence and magnitude of
the previous outcomes. An explanation based on memory
representations alone would have to postulate that the repre-
sentations are specifically reward-related (rather than being
value-neutral representations of sequence length or some other
aspect of the past outcomes). It then becomes difficult to tease
the motivational and memory-based explanations apart, because
the motivational changes induced by previous outcomes should
be tightly linked to memory representations of the outcomes’
reward properties.

Table 1-The effect of the preceding outcome on the

riskiness of behavior with the standard error of the mean
in parentheses

Preceding outcome Risky choice (%) Reaction time (ms)

Gain 50 39.6 (3.6) 622 (34.0)
Gain 10 47.4 (3.2) 613 (33.9)
Loss 10 48.0(2.2) 602 (33.6)
Loss 50 57.1(3.4) 615 (35.2)
Control 788 (40.2)

Mean reaction times are calculated by pooling Current choice 50
and Current choice 10. Note that the participants did not choose
between the monetary options in the control condition, so that
risky choice is not reported.

1 also shows reaction time (RT) for choice responses in each
previous outcome and control condition. A one-way ANOVA
including the control condition revealed longer RTs for the
control than for the other conditions (F(4,76) = 17.46, € = 0.28,
P <0.001; post hoc, Ps <0.001), but no differences were observed
across the previous outcome conditions.

To explore the effects of preceding outcomes on riskiness
of behavior further, we computed mean probability of a risky
choice according to the number of successive preceding gains
or losses. A 3 (sequence length: 3, 2, or 1} x 2 (sequence type:
Gain/Loss) repeated measures ANOVA revealed a main effect
of sequence type, indicating a greater proportion of risky
choices following successive losses (53.5%) than following
successive gains (42.9%) (F(1,19) = 10.97, P < 0.005). A main
effect of sequence length was also significant (F(2,38) = 3.57,
& = 0.83, P < 0.05). Post hoc tests revealed riskier choices after
sequences of length three than after sequences of length two
(P < 0.05) (1st trial: 47.6%, 2nd: 46.7%, and 3rd: 50.2%). In
addition, an interaction of sequence type by sequence length
was significant (F(2,38) = 10.19, & = 0.75, P < 0.005) (Table 2). Post
hoc tests revealed that following successive losses the
probability of a risky choice increased with the sequence
length (1 loss vs. 2 losses: P <0.05; 2 losses vs. 3 losses: P =0.06).
Following successive gains, risky choices were less probable
after 2 successive gains than after 1 gain (P < 0.005), but there
was no difference between 2 and 3 successive gains. The
probability of a risky choice following gain sequences differed
from that following loss sequences after sequences of length
twao ((19) = 3.54, P < 0.005) and after sequences of length three
{t(19) = 3.64, P < 0.005).

2.2. The MFN

Fig. 1a shows grand-averaged ERP waveforms at FCz and scalp
topography of the difference wave obtained by subtracting the
ERPs on the gain trials from those on the loss trials. As can
be seen in the figure, the frontocentrally distributed MFN
peaking at about 250 ms was exclusively elicited by the
feedback signal that informed the participants of a monetary
loss. The negativity is also slightly lateralized to the right,
consistent with the topography reported by Gehring and
Willoughby (2004).

Fig. 1b (left panel) shows the grand-averaged ERPs at FCz
elicited by feedback signals based on the larger subset of trials
showing all combinations of correctness and outcome (i.e.,
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Table 2 - The effect of the number of successive preceding
gains or losses on the probability of a risky choice and on

SPN amplitude with the standard error of the mean in
parentheses

Sequence of Risky choice (%) SPN (1V)
preceding outcomes

Gains

1 47.8 (2.3) -2.61 (0.41)
2 39.5 {2.7) -1.72 (0.44)
3 413 (3.2) -1.68 (0.62)
Losses

1 475 (1.9) -1.38 (0.46)
2 53.9 (2.5) -2.28 (0.56)
3 59.1 (3.6) -2.22 (0.50)

Loss/Error, Loss/Correct, Gain/Error, and Gain/Correct) and
right panel shows the ERPs derived from the 4 conditions
chosen by Nieuwenhuis et al. (2004a).

We carried out a 2 (Outcome: Gain/Loss) x 2 (Correctness:
Correct/Error) repeated measures ANOVA for the MFN ampli-
tude measure at FCz (Table 3). There was a significant main
effect of Outcome (F(1,19) = 30.43, P < 0.00005), but no effect of
Correctness for the conditions shown in the left panel of Fig.
1b. However, the ANOVA revealed an interaction between
Outcome and Correctness in the analysis shown in the right
panel of Fig. 1b (F(1,19) = 15.62, P < 0.005). Loss trials showed
greater negativity than gain trials only for error outcomes
(P < 0.01), not for correct outcomes.

Fig. 2 depicts the MFNs at FCz, quantified from the loss-
gain difference waveform and averaged according to the
outcome on the previous trial. A 4 (Previous outcome: Gain
50/Gain 10/Loss 50/Loss 10) x 2 (Current choice: 10/50) repeated
measures ANOVA revealed a significant interaction of Previ-
ous outcome x Current choice (F(3,57) = 4.19, ¢ = 0.79, P < 0.05),
indicating that following a monetary gain (previous cutcome
Gain 50/Gain10), the MFN was larger when the current out-

(@) (b)

L

Table 3 - Mean MFN amplitudes (V) at FCz with standard

error of the mean in parentheses for the Gain/Loss status
and for the Correct/Error status

All conditions  Critical conditions (4)

Gain/correct choice 8.16 (0.73) 6.19 (0.63)
Gain/error 7.76 (0.86) 7.76 (0.86)
Loss/correct choice 5.88 (0.59) 5.88 (0.60)
Loss/error 6.09 (0.58) 5.00 (0.55)

ERPs for four conditions based on all conditions shown in Table S
(all conditions) and based on only the four conditions, as indicated
in Table S (critical conditions).

come was 50 Yen than when it was 10 Yen (at previous-
outcome Gain 50: t(19) = 3.34, P < 0.01, at Gain 10: t(19) = 2.92,
P < 0.01), and the MFN was larger after Gain 50 than after
Loss 50 for Current choice 50. A repeated measures ANOVA
analyzing the effect previous outcome on Current choice 50
trials showed a significant main effect of previous outcome,
F(3,57) = 3.20, £ = 0.84 P < 0.05; post hoc test: Gain 50 vs. Loss 50:
P <0.05) (Fig. 3).

2.3. The SPN

Fig. 4 shows the grand-averaged SPNs for the 50 current
choice, the 10 current choice, and the control conditions. SPNs
for both the 50 and 10 choices developed gradually over
centroparietal regions and showed a prominent negativity
especially 1 s before the feedback signal, which is revealed by a
visual inspection of waveforms comparing waveforms in the
choice conditions with that of the control task.

A 2 (Current choice: 10/50) x 5 (Caudality: Frontal/Central/
Parietal/Temporal/Occipital) x 2 (Hemisphere: Right/Left)
three-way repeated measures ANOVA was carried out on the
subtracted SPN amplitudes. The effect of Caudality was
significant (F(4,76) = 6.39, ¢ = 0.52, P < 0.005). The SPN was
larger over central, parietal, and occipital regions than over

l — Loss
== Gain
Feedback

Feedback

Feedback

— |_0ss / Error
= == Loss / Cofrect
-——- Gain/ Ermror
— Gain/ Correct

Fig. 1 - (a) ERP waveforms at FCz and the scalp topography of the difference wave obtained by subtracting the ERPs on all
gain trials from those on all loss trials. (b) The grand-averaged feedback-related ERPs separately averaged for each case

(i.e., Loss/Error, Loss/Correct, Gain/Error, and Gain/Correct). Left panel shows the ERPs for the four conditions derived from 12
possible combinations and right panel shows the ERPs for the 4 conditions chosen by Nieuwenhuis et al. (Kotani et al., 2003).
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Fig. 2 - The grand-averaged MFNs and the difference waves (loss minus gain) for each previous outcome. The topographical
maps of the difference waves were drawn based on amplitude values taken at the mean peak latency of the MFN in each

condition.

frontal regions (Ps < 0.005), and the SPN over temporal regions
was marginally larger than over frontal regions (P < 0.08) and
marginally smaller than over parietal (P < 0.09) and occipital
regions (P < 0.06).

Because choice behavior and the MFN were both affected
by the outcome on the previous trial, we also averaged the SPN
according to previous outcomes. Fig. 5 shows the SPNs for
each previous outcome, following subtraction of the control
task waveform, and it also shows the topographical distribu-
tion of SPN following Gain 50 trials, for both Current choice 50
and 10 (top). On trials where the subject chose 50, examination

of the waveforms suggests that the SPN became larger as a
function of the previous outcome in the order of Loss 50 < Loss
10 < Gain 10 < Gain 50. In contrast, on trials where the subject
chose 10, the SPN became larger in the order of Loss 10 < Gain
10 < Loss 50 < Gain 50.

We carried out a 2 (Current choice: 10/50) x 4 (Preceding
outcome: Gain 10/Gain 50/Loss 10/Loss 50) x 5 (Caudality:
Frontal/Central/Parietal/Temporal/Occipital) x 2 (Hemisphere:
Right/Left) repeated measures ANOVA on the mean amplitude
measure computed over the 200 ms epoch preceding the
feedback signal. It revealed an effect of Preceding outcome (F

1 Current Choice 10
R Current Choice 50

*

8r r wk
Rl
®
°
=2
a4
£
©
&
s 2
Gain 50 Gain 10

Loss 10
Preceding outcome

Loss 50

Fig. 3 - Mean MFN amplitude (V) at FCz for each preceding outcome condition. *P < 0.01, *P < 0.05.
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Fig. 4 — The grand-averaged SPNs for the 50 choice, 10 choice, and control conditions. The SPNs are depicted from the response

onset, 2.5 s preceding the feedback signal.

(3,57) = 3.55, ¢ = 0.69, P < 0.05). The SPN was larger following
Gain 50 than following other outcomes (Ps < 0.05). The effect of
Caudality was also significant (F(4,76) = 6.36, £ = 0.49, P <0.005).
The SPN was larger over central, parietal, and occipital regions
than over frontal regions (Ps <0.05), and the SPN over temporal
regions was marginally larger than over frontal regions
(P = 0.07) and marginally smaller than over central regions
(P = 0.07). A significant interaction of Caudality x Preceding
outcome was revealed (F(12,228) = 2.42, ¢ = 0.42, P < 0.05). A
post hoc test showed that the SPN was larger following
Gain 50 outcomes than following other outcomes at
frontocentral electrode sites (simple effect of Previous
outcome at frontal: F(3,57) = 5.32, £ = 0.79, P < 0.01; central:
F(3,57)=3.70,¢=0.67, P <0.05) (Table 4). This effect also existed
at temporal electrode sites (F(3,57) = 2.61, € = 0.80, P = 0.08). In
addition, the interaction of Caudality x Hemisphere was
marginally significant (F(4,76) = 2.96, & = 0.49, P < 0.07). The
interaction of Current choice x Preceding outcome was
marginally significant (F(3,57) = 2.64, ¢ = 0.78, P < 0.08).
Examination of the waveforms suggests that on Current choice
50 trials, the effects of the different levels of prior outcome
were more distinguishable than on Current choice 10 trials.

Table 4-Mean SPN amplitude (1V) for each preceding

outcome condition, indicating an interaction of
Caudality x Preceding outcome

Gain 50 Gain 10 Loss 10 Loss 50
Frontal ©  -1.86 (0.80) -0.71(0.76) -0.26 (0.70)  0.03 (0.78)
Central®  -3.98(0.79) -2.99 (0.81) -2.37(0.71) -2.64 (0.85)
Parietal -392 (0.64) -2.90(0.73) -2.55(0.61) -2.78(0.70)
Occipital  -2.99 (0.57) -245(0.76) -2.54 (0.66) -2.51(0.59)
Temporal® -2.24 (0.51) -1.64(0.53) -161(0.59) -1.50 (0.49)

Standard errors of the mean are in parentheses.

Note. The SPN was larger following Gain 50 outcomes than following
other outcomes.

? P<0.10.

* P <0.05.
" P<00L

To explore the effects of preceding outcomes further, we
computed SPN averages according to the number of
successive preceding gains or losses. Fig. 6 depicts the
SPN at C4 (where it was largest, see Fig. 5) averaged
according to the number of preceding gain or loss out-
comes 3 (sequence length: 3, 2, or 1) x 2 (sequence type:
Gain/Loss) x 5 (Caudality) x 2 (Hemisphere) repeated
measures ANOVA revealing a significant interaction of
Gain/Loss type by sequence length (F(2,38) = 8.59, ¢ = 0.99,
P < 0.005) (Table 2). Post hoc tests indicated that the SPN
was significantly larger after three Losses and two Losses
than after one Loss {an ANOVA restricted to loss trials
showed a main effect of sequence length: F(2,38) = 4.58,
e = 091, P < 0.05; three and two Losses > one Loss:
Ps < 0.05). For Gains, the main effect of preceding outcome
was marginally significant, F(2,38) = 3.27, ¢ = 0.81, P = 0.05.
Post hoc analyses indicated that compared to one Gain,
there were smaller SPNs after two Gains (P < 0.05) and a
trend toward smaller SPNs after three Gains (P < 0.08). The
significant Gain/Loss x Caudality (F(4,76) = 2.79, ¢ = 0.76,
P < 0.05) interaction indicated a disappearance of the
amplitude difference between frontal and temporal regions
after gain sequences (Loss: frontal < other electrode sites:
Ps < 0.05; Gain: frontal vs. temporal: P = 0.12). The
interaction of Caudality x Hemisphere was marginally
significant (F(4,76) = 2.73, ¢ = 0.59, P < 0.07).

3. Discussion

The main purpose of this study was to clarify the affective and
motivational influences on the MFN and SPN by relating those
components to choice behavior, reward anticipation, and
reward evaluation.

3.1. Choice behavior

Consistent with Gehring and Willoughby (2002), we found that
the worse the outcome on one trial, the riskier the choice on
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Fig. 5 - The subtracted SPN waveforms for each previous outcome case on Current choice 50 trials (top) and for each
previous outcome case on Current choice 10 trials (bottom). The SPNs are depicted from the response onset, 2.5 s preceding the
feedback signal. Vertical lines represent the feedback signal onset. The SPNs showed steeper slopes about 1 s before the
feedback signal. Scalp distributions of the subtracted SPNs for the Gain 50 condition on both Current choice 50 and Gurrent

choice 10 are also shown above these waveforms.

the subsequent trial. Thus, the probability of a risky choice
was higher after a Loss 50 trial than after the other outcome
conditions.

3.2.  Reward anticipation and the SPN

A central goal of our study was to examine how previous
outcomes would alter the SPN that develops during the
waiting period prior to the outcome, in order to clarify the
role of expectancies in the effects of prior outcome on risk-
taking and the MFN. Importantly, in the present study, the
amplitude of the SPN differed depending on previous out-
comes. The SPN was larger after a Gain 50 trial than after other

outcomes, regardless of the amount chosen on the current
trial. In addition, the effect of preceding cutcomes on the SPN
was observed over frontocentral regions. This result seems to
be consistent with previous reports (Kotani et al, 2003;
Ohgami et al., 2004}, which found a prominent effect of reward
on the SPN over frontocentral regions. Thus, our result
suggests that the motivational state represented by the SPN
became much higher on the trials following a large monetary
gain. The trend-level interaction between current choice and
previous outcome suggests that the different levels of prior
outcome may influence the SPN more on Current choice 50
trials than on Curent choice 10 trials, perhaps because of a
lower motivational state associated with a choice of 10.
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Following Successive Gains

Following Successive Losses

Fig. 6 - The effect of successive outcomes on the SPN delivered from C4. The SPN increased after successive Losses

and decreased after successive Gains.

Although our results showed the SPN to be related both to
performance and to motivational properties of the feedback,
the pattern of results presents some challenges for interpre-
tation. Drawing a broad distinction, one might hypothesize
either that the SPN reflects anticipation of a positive (gain)
event or that it represents anticipation of a negative (loss)
event. If it reflects anticipation or preparation for a positive
event, then the effects of sequence length on the SPN and on
the probability of a risky choice would be consistent with a
gambler’s fallacy. Gains are seen as more likely after a run of
losses, with the SPN reflecting greater anticipation or prepa-
ration for a subsequent gain. Behavior becomes riskier in such
conditions to take advantage of the greater perceived likeli-
hood of a positive outcome. A run of gains leads to the opposite
pattern, with more cautious responding and anticipation of
losses.

It is still plausible, however, that the SPN reflects anticipa-
tion of a negative event rather than a positive event, which
would be in line with some suggestions that the SPN reflects
an anxiety/arousal state (Bocker et al., 2001; Takeuchi et al,,
2005). For example, the SPN was larger following Gain 50 trials
than following other outcomes. Because choices were more
cautious following Gain 50 trials, one could postulate that the
SPNreflected anticipation of a negative event, leading to fewer
risky choices. Also consistent with a relationship of the SPN to
a negative anticipatory state is the idea of a “winning streak”
or a “losing streak:” losses would be seen as more likely
following a run of losses, and gains more likely following a run
of gains. In that case, the larger SPN following losses would
reflect the greater subjective probability of loss (i.e, the
anxiety/arousal state). Still, however, this interpretation is
difficult to reconcile with the observation of riskier choices
following losses.

In summary, although we demonstrated that the SPN was
related to the motivational significance of the previous
outcomes, as proposed in the Introduction, the data are
ambiguous with respect to the relationship between the SPN
and a particular negative or positive motivational state. It
will be beneficial to future studies to incorporate richer
subjective and performance measures that allow a finer-
grained analysis of the subjects’ motivational state during
the period corresponding to the SPN. In particular, incorpo-
rating subjective measures such as confidence ratings into
SPN studies may help to determine for a given context of
previous outcomes whether subjects expect positive or
negative outcomes.

33. Reward evaluation and the MFN

Gehring and Willoughby (2002) found that the MFN was
modulated by the loss-gain valence of the outcome, rather
than by the information it delivered regarding the accuracy
of the response. We observed similar results. However, the
analysis using the more restricted set of conditions chosen
by Nieuwenhuis et al. {2004a), which controlled for outcome
value, was less clear, showing a greater negativity on loss
than on gain trials only when the outcomes were errors.
The reason for this discrepancy is unclear, but it should be
noted on gain-correct trials that there was a greater
negativity than on gain-error trials, which is not consistent
with either possible influence on the MFN (sensitivity to
losses or sensitivity to errors). In addition, the negativity
peaked earlier on gain-correct trials, making it more
difficult to interpret the present result: it is possible that
this peak is a different, N200-like component. Other studies
have noted the possibility that the MFN in studies such as
this might reflect a combination of an N2 and an MFN
more specific to the reward propertes of the feedback
(Donkers et al, 2005, Donkers and van Boxtel, 2005).
Furthermore, as shown in Fig. 3, the MFN effect was absent
on Cumrent choice 10 trials, suggesting that the 10-yen
rewards may not be motivating enough to produce robust
effects. Despite these anomalies, on the whole, the present
result is consistent with other studies that have shown
evidence for motivational or incentive influences on the
MFN (e.g, Takasawa et al, 1990; Holroyd et al, 2003).
Recent studies have explored the relationship between
feedback-related negativities, such as the MFN elicited by
gambling losses, and the ERN observed in speeded response
tasks. An influential theory of the ERN, the Reinforcement-
Learning theory of the ERN (RL-ERN), is intended to account
for both phenomena, arguing that the speeded-response
ERN and the feedback-related MFN are both reflections of a
dopaminergic negative feedback reinforcement-leaming
signal generated when response outcomes are worse than
expected (Holroyd and Coles, 2002). Recently, Nieuwenhuis
et al. {(2004a) presented a study in support of this theory.
They devised a task in which the perceptually salient color
change indicated the cormrect/error dimension rather than
the gain/loss dimension of the outcome stimuli. They
showed that, in their version of the task, error feedback
elicited a larger MFN than did the correct feedback,
irrespective of the gain/loss status of the outcome. They
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suggested that their results showed that the MFN could be
sensitive to either type of information, depending on which
is perceptually more salient.

A different possibility is that the MFN is not sensitive to
error/correct or gain/loss distinction per se. Rather, in both
cases, subjects view the stimulus as global “good/bad”
feedback, indicating how well they are doing according to
the standards set by the experimenter (see Yeung et al,
2005 for a similar interpretation). When a perceptually
salient stimulus attribute affords that information, the MFN
can provide a rapid assessment of the feedback along that
dimension. Future studies will be needed to evaluate this
hypothesis.

Gehring and Willoughby (2002) asserted that the higher
probability of a risky choice following a prior loss than
following a gain was related to the difference in the
motivational state induced by a prior loss and that induced
by a gain. The interpretation was supported by evidence
that the previous outcomes affected MFN amplitudes and
risky choices similarly. According to this line of reasoning,
such a change in motivatonal state could affect the
tendency to take risks for a number of reasons: a loss
might have seemed less likely after a prior loss (the
gambler’s fallacy) or a loss could have induced a change
in the subjective value of the options (perhaps via a
context effect similar to a framing effect).

However, in this study, we found that prior outcomes
affected MFN and the probability of a risky choice differently:
as in the Gehring and Willoughby (2002) study, riskiness
increased following losses (i.e., 50 yen choices were most
frequent after Loss 50 and less frequent after Gain 50). Contrary
to their finding that the MFN was larger following large losses,
however, the MFN in the present study was smallest following
high loss trials, especially when the choice was risky. In
addition, pattern of data observed for the SPN mirrored that of
the MFN3 Across the two studies, then, this dissociation
between the MFN and the probability of risky choices suggests
that the underlying process of risk-taking behavior facilitated
by a previous bad outcome can be independent of the affective-
motivational processing that influences the MFN (and the
SPN). One possible methodological reason for the discrepancy
is that the waiting period prior to the outcome was longer in
the current study (2.5 s) than in Gehring and Willoughby (2002)
(1 s). A longer waiting period could permit different processes
to engage prior to the outcome stimulus, affecting the
evaluation reflected by the MFN. For example, an expectancy
similar to the gambler’s fallacy could drive the MFN at short
cue-feedback intervals, whereas a winning streak/losing
streak expectancy could drive it at longer intervals. As with
the SPN, subjective measures may help to identify the factors
that control the relationship between the motivational process
associated with risk-taking behavior and the evaluative
process reflected by the MFN.

? We also calculated correlations between the MFN (FCz) and the
SPN (C4) amplitudes, which would be sensitive to individual
differences. We found a mild positive correlation between these
ERPs for Gain 50 on current-choice 50 (r = 0.56, P < 0.05), suggesting
that the participants who showed larger MFNs also showed larger
SPNs on trials following Gains of 50 yen.

34.  Implications

Our study is consistent with the growing literature showing
a relationship between the MFN elicited by negative
feedback and evaluative processing. Taken together, we
replicated the findings of Gehring and Willoughby (2002)
that (1) choices were riskier following large losses than
following large gains and (2) the loss-gain status influenced
the MFN response whereas the error-correct status did not
(cf. Nieuwenhuis et al, 2004ab). However, the effects of
previous outcomes on the MFN and risk-taking behavior
contrasted with the results of Gehring and Willoughby
(2002). Although the trend of greater risk-taking after a
greater monetary loss seems to be a fairly robust effect, a
consideration of our data and the Gehring and Willoughby
(2002) report suggest that there can be dissociations between
the behavioral changes associated with post-loss risk-taking
and the MFN and the SPN. The dissociation suggests that a
profitable research strategy will consider the functional
relationships between the behavioral control system that
causes responses to be riskier following a monetary loss, a
second possibly related system reflected by the SPN that
causes an anticipatory motivational state to be greater
following a monetary gain, and finally, the evaluative
system reflected by the MFN.

4, Experimental procedures
4.1. Participants

Twenty participants (13 men), aged 19-26 years (mean x SD =
22.9 + 2.0), were recruited from the Waseda University community
and paid for their participation (500 Japanese Yen/hour: US$4.78).
All participants had normal or corrected-to-normal vision, a mean
handedness score of +79.6 (Oldfield, 1971) and informed consent
was obtained.

4.2, Procedure

We used a monetary gambling task similar to that of Gehring
and Willoughby (2002), differing from that study in the time
intervening between the choice and outcome. As in that study,
participants’ choices were followed by feedback signifying both
the monetary gain or loss resulting from their choice and the
potential gain or loss had the other option been chosen.

Each trial began with the presentation of a white fixation spot
between two blank squares (subtended visual angle 1.1° x 1.1°)
displayed centrally on a Sharp LL-T17A1 monitor 80 cm in front of
the participant (Fig. 7). After 800 ms, a “10” or a “50” (alternatives)
appeared in each square. Participants were instructed to choose
one square by pressing a button with their right index or middle
finger (corresponding to the left or right square, respectively). The
fixation disappeared upon the button press, but the squares and
numeral remained. 2.5 s after the choice, the color of the numeral
and square turned red or green, informing participants of the
outcome. Green would indicate that the amount represented by
the chosen numeral (Japanese Yen) was added to the total amount
awarded to the individual at the end of a block of trials, red
indicated that the amount would be deducted from the total.
Simultaneously, the square not chosen also changed color to
indicate to the participant what they would have gained or lost
had they chosen the other square.

For example, a loss of 10, when the unchosen alternative was a
loss of 50, actually corresponded to the most advantageous
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Fixation Alternatives

[1o] - [50]

Time

Choice Response

i

Qutcome

800 ms

/;
l 7.

2500 ms

Fig. 7 - Sequence of stimulus and response events in the gambling task. In the example shown above, the “10” and
surrounding box tum green, the “50” and surrounding box tum red.

(“correct”) choice; it was the better of the two outcomes. On the
other hand, a gain of 10, when the unchosen alternative was a gain
of 50, corresponded to the disadvantagecous (“error”) choice—the
chosen response was less consistent than the alternative with the
overall goal of maximizing gains and minimizing losses. In
addition to these “loss-and-correct” and “gain-and-error” condi-
tions were “loss-and-error” and “gain-and-correct” conditions
(Gehring and Willoughby, 2002).%

Inter-trial intervals ranged from 0.8 to 1.2 s in a randomized
fashion (increments of 200 ms). Eleven of the participants were
assigned green as the gain color and nine were assigned red as the
gain. The experimental session consisted of 20 blocks of 32 trials
each, separated by short breaks. Each participant initially received
an allotment of 2000 Japanese Yen and was informed of the
current total amount at the end of each block. Both losses and
gains were accumulated across blocks.

Before the experimental session, the participant performed a
control task (2 blocks of 64 trials), in which the identical stimuli
used in the gambling task were presented with the same temporal
order, but instead of the feedback signal, the squares disappeared.
The participant was asked to respond by pressing the left or right
button with the right index and middle finger, respectively, and
then to keep gazing at the fixation until the squares disappeared.
This control task was used to estimate the movement-related
potentials associated with button press.

4.3. Recording

The electroencephalogram (EEG) was recorded {rom 28 electrodes
(Fp1, Fpz Fp2, F7, I3, Fz, F4, F8, TC1, Tz, TC2, TCS, TC6, T7, C3, Cz,
C4, T8, CP5, CP6, P7, P3, Pz, P4, P8, 01, Oz, and 02; American
Electroencephalographic Society, 1991) with tin electrodes em-
bedded in a nylon mesh cap (Electrode-Cap International, Eaton,
OH). The left ear lobe served as the reference. An averaged ear lobe
reference was derived off-line using right ear lobe data. For the
detection of artifacts, the vertical and horizontal electrooculogram
(EOG) was recorded from left supraorbital and infraorbital
electrodes and left and right outer canthus, respectively, with tin
electrodes. A ground electrode was placed on the forehead. The
time constant and high {requency cut-off for the EEG and EOG
were 10 s and 100 Hz, respectively. Electrode impedances were
below 5 kQ. The EEG and EOG were amplified by the BrainAmp
amplifier (Brain Products, Inc.). All signals were digitized on-line at

* Note that the terminology “correct” and “error” in this case has
a specific meaning: an error occurs when one response would
have been preferable to the response that was actually executed.
Such a definition is consistent with the definition of “error
detection” in the work of Coles and colleagues, where error
detection occurs by comparing the response that ought to have
been executed with the response that was actually executed
(Bernstein ¢t al,, 1995; Schellers and Coles, 2000). The use of these
terms in the present case presumes that subjects had the goal of
maximizing gains and minimizing losses.

a rate of 250 Hz. All trials in which EEG voltages or both vertical
and horizontal EOG voltages exceeded a threshold of 100 mV
during the recording epoch were excluded from further analysis.
The trials containing muscular activity were also discarded. EEG
data were corrected for ocular movement artifacts using the
procedure described by Gration ct al. (1983). After these proce-
dures, the number of trials per average ranged from 66 to 199 for
testing the Gain/Loss vs. Correct/Error status of the MFN, from 26
to 39 for testing the effect of previous outcome on the MFN, and
from 50 to 76 for testing the effect of previous outcome on the SPN.

4.4. Data analysis

44.1.  Risky choice influenced by preceding outcomes

Gehring and Willoughby (2002) found that a risky choice (ie.,
choosing 25¢ rather than 5¢) depended on the outcome on the
preceding trial. Participants made riskier choices when the
immediately preceding outcome was a loss than when it was a
gain. We calculated the proportion of risky choices by dividing the
number of 50-yen choices by the total number of trials, according
to the previous outcome (i.e., Gain 50, Gain 10, Loss 10, and Loss
50). Both the SPN and the MFN were also averaged according to
these categories.

Table S -Possible combinations of chosen outcome and
altemative outcome

Chosen Alternative Condition
outcome outcome

-50 -10 Loss and error
-50 +10 Loss and error
~-50 +50 Loss and error
-10 -50 Loss and correct*
-10 +10 Loss and error
-10 +50 Loss and error*
+10 -50 Gain and correct*
+10 -10 Gain and correct
+10 +50 Gain and error*
+50 -50 Gain and correct
+50 ~10 Gain and correct
+50 +10 Gain and correct
+50 +50 Gain

-50 -50 Loss

+10 +10 Gain

-10 ~-10 Loss

Note. We averaged the MFNs for 4 conditions derived from 12
combinations of chosen and unchosen amounts (Fig. 1b, left panel).
Asterisks indicate the four conditions that are analogous to the four
conditions chosen by Nieuwenhuis et al. {20043); these conditions
should reduce superimposition of the P300 on the MFN (Fig. 1b,
right panel). We excluded from averaging the equivalent-option
cases, shown in the last 4 conditions.
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4.4.2.  The medial frontal negativity (MFN)

To obtain the MFN, ERPs were averaged using the feedback signal
as a trigger according to previous outcomes (i.e., Gain 50, Gain 10,
Loss 10, and Loss 50) and the combination of correctness and
outcome (i.e., loss/error, loss/correct, gain/error, and gain/correct).
In the latter case, we first averaged the MFNs based on 12 of the 16
feedback types (Table 5). However, that subset confounded the
correct vs. error comparison with differences in the amount of
gain vs. loss, which would affect the P300 amplitude (i.e., larger
P300s are elicited by large gains and losses than by small gains and
losses) (Nieuwenhuis et al., 2004a). Thus, to reduce the influence
of the P300 on the MFN, we also averaged the MFNs from 4
conditions chosen by Nieuwenhuis et al. (2004a) to eliminate this
confound. The averaged waveforms were digitally filtered with a
12 Hz low-pass filter (24 dB/octave roll-off). The MFN was
quantified as the mean amplitude at FCz in the 200-300 ms
epoch following the onset of the feedback stimulus, relative to a
100 ms pre-stimulus baseline. In the analysis of gain/loss effect
based on previous outcomes, peak amplitude of the difference
wave at FCz obtained by subtracting the ERP on the gain trials from
the ERP on the loss trials was measured relative to a 100 ms pre-
stimulus baseline (i.e., maximum amplitude within the 170-320
ms latency time window)®

4.43.  The stimulus-preceding negativity (SPN)

Brunia (1988} observed a right hemisphere preponderance of the
SPN, reflecting an expectancy of the following feedback stimulus.
In contrast, the readiness potential has a contralateral prepon-
derance of negativity (i.e., negative slope, Shibasaki et al., 1980),
that is, a larger amplitude over the left hemisphere when the
responding limb is the right hand. If the readiness potential is
cancelled out by a subtraction method (Damen and Brunia, 1994),
only the non-motoric stimulus preceding negativity would remain
as an index of the magnitude of anticipation. Thus, to assess the
SPN prior to the feedback signal, we subtracted the ERP in the
control task from that in each condition.

Mean SPN amplitudes over the 200 ms interval preceding the
feedback signal were calculated at F3, F4, C3, C4, P3, P4, 01,02, T7,
and T8, referenced to a baseline of 200 ms after the response (i.e.,
2500-2300 ms before the feedback signal). The SPN amplitude
measurement in each choice (i.e, choice of 50 vs. 10) was
subjected to a three-way ANOVA with repeated measures on the
variables of Previous-outcome (Gain 50/Gain 10/Loss 10/Loss 50),
Hemisphere (left/right), and Caudality (frontal/central/parietal/
occipital/temporal). Where multiple comparisons were required,
the Newman-Keuls test was employed. The degrees of freedom
were adjusted with the Greenhouse-Geisser procedure, but the
original degrees of freedom are reported with the epsilon value
(these corrections were also applied to performance and MFN
measures).

We also averaged the SPNs according to the number of
successive prior gains or losses. The SPNs after one Gain, after
two successive Gains, and after three successive Gains were
calculated, as were the SPNs after one Loss, after two successive
Losses, and after three successive Losses. Gain trials were pooled

5 Different analyses required different measures of MFN ampli-
tude. Because one of our aims was to compare ERPs across gain/
loss and correct/error statuses, we scored mean amplitudes
referred to the baseline; the Gain-Correct trials did not elicit a
distinct MFN peak to use in scoring the negativity. On the other
hand, we scored the peak amplitude of the difference wave (Loss-
Gain) to investigate the influence of previous outcomes on the
MFN. In these analyses, the difference waves showed distinct
deflections that allowed the peak amplitude to be scored.
However, there were sometimes two peaks in a difference wave;
in such cases, we scored the peak that was distributed more
frontal-centrally.

across Gain 10 and Gain 50 trials, and Loss trials pooled across Loss
10 and Loss 50 trials. If subjects behave according to the Gambler’s
fallacy, they should expect a gain after a run of successive losses
and a loss after a run of gains. Thus, if the SPN is more sensitive to
the anticipation of positive outcomes, it should increase after
successive losses; if the SPN is more sensitive to negative
anticipation, it should increase after successive gains.
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FUAEREEE

FA4 L7 L REEE R A

O”A #7  (RREEAEAEFAMESTRE
Mt BB (BEEAKE)

BiE RIE (REEEE

Ui BB (RERRAEAR— YR

(B ]

HE S A I 2 JHET, BRI A LS E R
BUIZRIETREZF/ . OW /35 54 5 (S1-S2+#
BRS MR) 2 VS, BUSEFHE (RT), BaE{FEMEEMEES)
(CNV) Z 4B VM-, TR, EHDIRIR T o T %2 1&
IFFFUIH BN, T H OB IST OARIZHER L ITI
MEA I RIETREIR > T2V, £FZTK
FZEI, IST & ITI BRI & 8iE L7-.

[» &)

HRE  EAFNRGREORA194 (BFT74, K
F124), 24.1%2.38%) Z#ESREL L.

f W24 GRHICHELT,SIIZZ Y v 7 F (800Hz,
90dB, FEEREH 50m s), S2 IR (REERED
A5 1miZ$ 5 CRTIZERR, B S5cm, RHERFH 100
ms) ERLE.

& SI-S2+ MRS H A LEEAL L, HHK
PRREH 4 RMEFER LU, SR LITISI & ITI &b
s, HRME21XISI 3s TITI 10s, &HE3IXISI 5
¥ h(2s, 3s, 6s, 8s)T ITL3s, &fF4iF ISI
G A (GE3 ER) TITI 10s & L7

FEEE HEREITE (27U v FOL LBICEEN
HEAEmIRTEINET. REAREE R HER
MZF—H EFTLIEE . ) 8RR L. SRE
S2IZxf LCRIAICERE L= — 2 AP0 MRET)
WL DX — LT &7, &M 1 2HBONZITV, £0

oD 3 RUIZBERER T F—NRF U Rl o,

LB E L UM I « EEG i3, Fz, F3, F4, Cz, C3,
C4, Pz, PIPA OB ERES L EBIINEKSs, &
IR 4K 100 Hz ¢, EOG IXB¥ESL 5 s, BRiglENT
JEE R 100 Hz T, EMG IXRFESL0.03 s, AIBOENTE M
#1500 Hz CHEH U7-. EEGIXS2 2RIEAL MU M
LTINEES Uiz, 77— 48 RT A% 130-800 ms
HOEBITEDWRRE L. OV, &1 Lfk2D
ISTICHIRYT BB L, RS- R4 DT ¥ 05t
D5 H ISI A 3s DRETE IR E L. COW (X Fe,
Cz, Pz IZBF%E& -7, 3 LT ISI % 500 ms i
o, BREREOESIRIBMEICOVT ISI@s/ T 7 A)

XITI(3s/10s) TH# & 1T > 7= RTIX ISI(3s/F >~
¥ 1) X IT1(3s/10s) THE ST & 1T o 7.
[FERB L UER]

RT %5388 LR, ISI, ITL Wi hoxsE s
BHon F [1,18] =189.83, p<.01) (F [1,18]
=10.65, p<.0l). FDi=¥, ISI3 s EESRM (&t
1 e DIZHER LT, ISI o & AR (&M 3 &
DD RT IIEEIZEIEL, ITI 3 s &M (&M 14
N ITHEE LT, ITI 10 s it (k2 - &5 4) DRT
ARICEIE L. OV FEIRIBE % 2 8ot L7
&, Fz T#L, 500-1000 ms (F [1, 18] =9.30, p <.01),
1000-1500 ms (F [1, 18] =4.47, p<.05) T ITI ®
ERRBH oM. FDRD, o 2 KT, ITI3s
SRUFICHE L T ITIW0s RENFEICHMALE.
2000-2500 ms TiL ISI & ITI OXRE/EANSH -7~ F

(1,18) =6.07, p<.05). ISI3s K¥EZRITH ITI
DEMELRNHY (6%KHE), R 1120 L TEHM:
2 BEEICWAK L. Cz Ti, 500-1000 ms T ISI @
FHR F [1,18] =4.51, p<.05) & ITI OIFEHHHR

(F [1,18] =10.81, p<.01) MIH-7- (F1iF, SI
A5 1000 ms XREICEIT B Cz DEHTH D). FOFE
B, 500-1000 ms T, ISI3s EESRMIZLHE LT ISI
FUEAGERERICER L. £, ITI3s &
P LT ITI10s Sk ASEEITHIA L7, 1500-2000 ms
TISI & ITI OREEAMRH -7 (F [1,18] =4.72,
p <.05). ISI3s /KEEZIITD ITI OWMMEENH
D (5%7KHE), Gl 1 1L U TR 2 BNHEEITHAL
7o, Pz idEMN 2o Tx.

S1 & CNV A1 - RIS IS1, 1T1 OFE 2T
TWBZ &N b, StHBIZESHIZERNENThI
ez eI, BERNS A I SERETORE
FRAEIE, I1SI L& BIZ ITI BEEICLVEBANS
T AR &N

S$1~ 1000 ms

B 1. CziziT s ONV B
MOCHIZUKI Yoshiko, TANAKA Hideaki,
TAKASAWA Noriyoshi,  YAMAZAKI Katuo
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H.OFE67EAZ (2003)

ZAI T R B ENL

Q¥A FF m 558
(BRE B KFEABR 2R
key words:

(8 1

AT L, RISCRLE B &AL AETH7D D8
FTCHD. AFRTIL, CNV 2SFF A AL(S1-S2 + B S &
BRI EIR X, EENF A SEET, R MR LR
|ABICRITTHEBE R, BUSKHERT), HtttER R
(CNV), N1, P3 #EHEIC AV,

EME, CNV SFF A L1, FIEBEBRISHERELTORER
LORERF LN TEZ. LaL, RITHMMBAT) 28ELE
WEIL2V, TE, SRR T COTHREROHEL S
(Trillenberg, Verleger, Wascher, Wauschkuhn, & Wessel, 2000;
Wascher, Verleger, Jaskowski, & Wauschkuhn,1996). L#sL, Z
OO ISIDAICE B UITINZAI 7 I RIX TR BIR
STV, FITARFIE, ISUE T ORI MREHR{EL.

(7 #]

BRE HAEREREDORAIA(BF 14, xF124),
241223 ) R HBREL L.

# B4 4 REIZHESELT, S1IC/Yy 7 E (800Hz, 90dB, F#
#REER 50ms), S2 1Tk G M EK BREF OIS ImiidhHDd CRT
[o 3R, BAR Scm, FGIFFR 100ms) 2 2R L.

% {5 S1-S2+EBRA (MR) SFF A LE AL, BHARIT
MAE 4 REFEMLL, KA TIRISIEITIELIZY s, R 21
ISI3s TITI10s, 231218 5% 1(25s,35,65, 89T
ITI 3 s, Zeitb 412 ISI S L (%fF 3 LEER) TITI10s LTz,

FREEREFIRTRTOEETIZVVIEDLLKRICK
ERREAEERIRTENET. RERREEALERHIC
F—% FIFTIEE . JEHRL, ISI T ¥ LR (& 3-4) T
RIELSTS F AIRBDTEBRLTIEEN, JEVIHIBGREM
X7 HEBREL S2 I L TAT R BEN X — & EF RO
B EBEBIC L% — LT &21Tolk. & 1 ZFYNITV, TOM
D 3 EEIHEEBREMTHI LIRS A LT,

HHRBLIUDT S EEG 1, Fz, F3, F4, Cz, C3, C4, Pz,
P3 Pa MOLEESRRES L LM EL 5s, BT E R ER 100
HzC, EOG 2B 3 5s, BIBER A $ 100H2 T, EMG 15
TER 0.03s, HEOERTE LK 1500Hz CH LA EEG 11 S2 £
REESEZNIHELTHEES LT, 7 —F 4381 RT A% 130-800
ms WCHARITESFTRIHRELI. CNV i3, & 1-&RE 2 @
ISI3000 ms IC IR T DR L& I R4 DT F LEEDID
ISI A% 3000 ms DEITENHFHELI. NI 1L S1 %<& 2 &%
0-200 ms, P3 13 S1 #& S2 #% 0-500 ms IZHR IR BHIREL
FOWBEESRRELE.

CNV 1 Fz, Cz, Pz 123478 8-7-. 3 BRI T, I1S] % 500 ms
BIooT, HEEMOZHIBEEIZOVWT 1SI8s/ T F A) X
ITI(3s/10s) Ty BT & 4T o7z, N1 1%, S1 & S2 T ENH
f2(Fz/Cz/Pz ) XISI2) X ITH2) TR T AT >72. P31, Pz il
BT S %L 2 HEFNFNISIC)XITI2) CHBai&iT o7,
RT #2 1SU2) X IT2) T B T & AT~ 7z,

[(RBRBLUER]

RT ¥ YA UT-REER, IS ITI WhoEHELED N
(F[1,18] =189.83, p<.01) (F(1,18]1 =10.65, p<.01). £D7
W, 113 s BE RS 1 S DITHEBLT, ISI 77 Lk
(Zafth 3« Rt YD RT XA BIBREL, ITI 3 s &l (Gt 1- &
INTEEBRLT, [T 10 s Sefth(Seft 2+ Zff D RT IXH EITRE

B %M 1AM122
mE A% ey B§%
(R2E8RPRe) (BIEXFAMRER)
CNV N1 P3
L.

CNV FEYIRIEME%E DI LI R, Fz T, 500-1000 ms
(F[1,18]=9.30, p<.01), 1000-1500 ms(F[1,18] =447, p
<. 05) TITIOEZ B HoT-. O, Z0 2 XHE T, ITI3s
REIZILERL T ITI0s &EEAFRBICH K LAIEMNRENE.
2000-2500 ms T2 ISL& ITI DR E/EM A8 72 (F[1,18] =6.07,
p<.05). I1SI3 s 7KYEIZISIT B ITI DB E SR HN(S% K HE),
Gt 1 T8 L TAE 2 RAEICH KL, Cz T, 500-1000
ms C ISI DEHE(F[1,18]=4.51, p<.05) & [Tl DEHE(F
[1,18]=10.81, p<.01) A3&H-7=. £OEEHE, 500~1000 ms THL,
ISI3s BESR{EICHEL T ISI U7 ARGENRFEICHRLLIE
IURENTIZ, Fe, ITI3s R{HiTb® LT ITII0s &RENFEIZHE
KU EAREN. 1500-2000 ms CISIEITIOREAERMH
7= (F[1,18] =4.72, p<.05). 1S13 s KIEITISITS ITI DBFEE
BEMNHNG%AKNE), Rk 1 ICHEBL TR 2 BFEICHEKL
T=. Pz IZZEMN2ho7e,

NI RSB R, ERLEEOTROBICED
BAsdor=5%, 1Sl & 1TI BT A-0. N1 IR ZeE R
BORBELLTHAVWLNAAS, R A ORRIZIIR 62
VWEWI A 23 B(Miniussel, Wilding, Coull, & Nobre,1999). &
HETH N1 DRIBLERFLLIZREDOELZL A>T

B 11X Pz Sl&, S27% 500 ms DEFTHD. P3RDES
B LIRS B, S % DIRIBICITI 0 F BB mA3dH-7z (F[1,18)
=4.13, p<.10). ITI3s R{FIZHEILT ITI10s FREDBEMA S
IR AEB Thh-oT. Eie, SIEOMERIISIEITIDREE{E
Antdro7-(F[1,181=67.08, p<.01). ITH0s KIEIZHITS S
OHMESDENHV(1%KAE), K 2 ITHBLTERE 4 BAE
IOBIELT, e, 1SI FU 4 Ak IsITD 1T OBMEZHRAS
HO1%AH), ik 3 ITHBLTERHE 4 XEEIZBEL:. 82
BOIBIBIZIT ISI O XHERH-T(F[1,18]=9.82, p<.01).
1SI13s ER&REICHEBLTISI So¥ LRI FEITHARLE.

S1 4% P3, CNV BiT- PR AT 1S, ITI OREEEZF TS
TEhsh, R R AGELAIETHIZY, S1 EEICHAHME
AT MRITHON I ARSI, B S A S BB TO
FERIERALERIE, IST LG I ITI BEICIVEBENDHZENTE
Q-

& 1. Pz IZRITDEN

MOCHIZUKI Yoshiko, TANAKA  Hideaki,

TAKASAWA Norivoshi, YAMAZAKI Katuo
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J2A3-02  (EEFHI L SPN

i RRAEY, IEAR REA? mE RIEY, i BH2
D BERERFERFER AMBEWER, 2) BEREAE AR—-VRZH, 3) BEREMENR

SPN(stimulus-preceding negativity) &, 7 +—EF/Nw 7 2RICHETUTHIRL, T4 - 865, g
T RIEEE KT 52 EARBENT NS, BIERSOHEME B VAR T, #7505 RIEELRA T
SPN B A E TN TN S, LnL73ass, IS OMR T EEREOZLUMICHENH S, =2 T
AR T, TORERETDI LI > THEE & SPN EOBESZERHFLE. SIELTERIN
FI3FBBOBRERBICE>T, SCOBHRNENFHTEEINSYALZHEALE S2&0L T
international affective picture setIAPS) 25 A K2 2RL 7%=, ER 1 THEOEHTFHOLEBIEL
TRRESR, FNITHEED SPNHERMFBO SN, LaLass, EOBHTHIE SPN & ORBEMIC DOWNT
RS ORMERL 2. T TRE2 T, B Rk PHEOSEESHRIBITEITT S SPN 2 kT 5
TET, IE-BOBETFEN SPNICKIEFTEZICOWTREL &,

J2A3-05 A5 LEBREEEN

2/ FTU B FRA® EKR RHY mE RIEY Ll BB
1) BERRHEAT AMBEPRR, 2) KEMKFE, 3) BRMEBARE AR—VEFH, 4 BEERGET,
5) BEREHKFE AR—VRZEH

AW T, EFEOY 27 ERT, BERMBEENS CNV, P3, NLIZKTFTEELFH~. CNV
NG A L BERRIRERA, ISI& ITI ORBMBEREL 2. TORRE, ISIEEREICHEL T,
ISIZ 2% L&D RTHAERL, Cz O CNV MO ALE. Z0Zens, BEME®@ITE L
S1EHZO CNV RS ICRBEN D Z EMMER N £z, ITIEMSHICHRL T, ITIEESRE
ORTABIEL, Cz® CNV RIS E Fz O CNV & - PRS2 AL . ZORE, S EHIC
EEMTZ BERUENTON I MBS N, S2ED PIRIIBICISIOFEENH D, IS] EESLMH®
ITHBL T, ISI S A ASED PIRIENIE AL, F/- NLITIZISI & ITI ORI 2mn - /-



FLEMAREEE

BHEHREE TS5 —HEREEA
OHY FH(ELHENLSHFEFHIHER)
EH FF(RRBREREEAMEEHER)
R RUE (B %BRmR)
Ll B5E (BB AEAR—VRFH)
1. BM

HBHLEBIZFEZOEMRETHY, EER
WOBESELEE LRNEERMNLETHD. HiE
ELEIIEERIORALZRETH Y, EERROE
PDELELTIEBROLETH L. ABOITENL,
FHICLoTHML, RIEALED LB BROE~
BATT 5. AMRTIE, =7 —BERMEEN (ERN)
EIFEL LT, BBHNLAEN T —RIBICEITSE
BRROBESFICRIZTREII OV TRMN L.
2. Ak

WERFE BRAI0R (BFT14, KF34) Tho
7.

FhEE AR T, RAOMEERMEY RS,
Stemnberg memory search task ZBIREEE LI-"H
BEAARIT LT

REMBEREIL, WL ST THERENDAXFE
PO RICF FERRE) I L TRIGT 5 L DT,
ERRROTR 4 XFIX/ A R THo 2. 1E
FNRISIERN T & /A ZHB E DM AEhEL 6,
— B3 (HHHHH, SSSSS) & A~ — R (SSHSS, HHSHH)
B SN, BB CRT EiC—EHIK (40%),
R—EHN% (60%) DEIRTT v F LEREN, EH
RIBICR LT TE DIITELS OIEREC, B3R
HHINMIEEIRROMRERIC L5 —LTREER
ITO LHOIHREFICEE L. ENXFLRIEFO

)Y TIHBERER THI =T R Lol

Sternberg memory search task (X, FESRLAERT
W77 7Ry MEEHMEEL, CRT LIERE
NAXFOPIZRE LI XFRFEETINENEH
Bri, EIELICXFRFEET IHEIC, TEHRET
EREICRC RS EEDH TRIGT2EETHD. &
BTOENXFIL6XFEL, PEXFH 6 XFOD
HMAgbt e L, EBOXF, EXFET Fh
A EDEZ. WFRLHEBERN 0% E 2D LD
i L7, ¥£72, ABFR Tid Sternberg memory search
task T, &7 2 v/ TENXFLXEET S OM &4
E7ay s TEIENXFERLIEDS WM Rit%

ERLE.

CM &k & WM &0 EBIEFIEREM T Y
B—RG Rk b ol HERECHOWT, - BIRR
BREbIZs7mry 27 (170 y 7 100R17) Ehe L7,

R LU ST  BEG X, Fz, Cz, Pz 226
HEERZEBICIFER S5s, BEEREKE 100H
z G, EOG {3BEES 5s TRIE L7,

3. BRPLUER

R T — T OM FMAEO—EHIEHS 0. 8% (1. 0%,
T Ay afid sD), A—BuRliaAs 0. 6% (1.7%), WM
RMED—BRIBAS 1. 6% (2.2%), R—EHIKA 1. 0%
(2.2%) THo7=. BRESRMY (2) LREO—EE (2)
DT THRERGOEINROFEESRD LN
7= (F(1, 9)=19.26, p<.01). Tz, BIFRBERICEER
(CM %1t 383ms (11ms), VM eft 386ms (10ms) )iZ->
WT t BEZIToEZA, BEEBM TH -2
(£(9)=-1.92, p<.10).

B4 1 iR - — BRI ERN (Cz) DEFAR
L7=bDTH D, TBEIRBICOWVTERBEEM (2) &
R D—EME (2) OFBSTEERLIZE IS, B
BEMHOFEEENR LN (F(, 9)=15:06, p<. 01).
VM SR Hole U T CM Sef4- @ ERN IRIEASHER L7z,

BIRRRADORGRRIL, VM RIS EEB LT oM &fF
OFMBERFLE. ZoBRE ENXFEEETS
M & EDFPBREDOZBRN LT ), MEHT
OERREENBEBMNLBIIBITLELDELEZLND
ZFLT, MEHORIRED BEHUEB~OBITIZ X
STRESOEERFRVERBET I —RH~EZ &
L, FHREERN ORMEIMEARL. FRICfE>T=
S—RgENAEL, MGEOEFREOT—R
BRI L HETED.

— CM Error
<*++VM Error

B 1 FEIRED ERN

—— CM Correct
» VM Correct



EFNEMAXEE

RE LT & RIS
OZ2A ¥¥ (FWMARFRFHRARMEHER)
M BE (RREBRFRFHRARBETFER
EAR ZH (RRERFEAR—YHEH)
miE RIE QLRIRE)
i BEE (BRERFEAR—YRE)
(B &)

BERHE BB OBFILIRIE D AR L > T D, 2-3
OB —F /AT DRBRENRZEX LN
5. BREAREIIRWT, B LELETO NV &
B LUFEIIZ. L Lienis, RFFHho ERP %
BELUHFEID 2L, BELTHRTHS. AR
Tid, VEMEEAVREPOBMEDZRA LT
ERP IIRTEAER TSI L, BAMSHRICEERS
HoBEEERATFRI NI,

[ ]

WRE  MESEREORAL04L (BF84, XF
24) AERE L Ul L 24. TX2. 8 ThHoT.

it L RIS BB ABREY AV, MR
(3000ms/2700ms) &, {RHEERT (3000ms/9000ms) & H{E
L, 4 52RELE. £8P BARFHFHEScn
X2 om FREDHS ImiZH 5 CRTIZER)NT,
FOEBBA LML TIBE L. L, ERA%
SR BAEL BAEFEEXF—HLTHELE.
BARTRICZ 4 — Sy 7 2BRLIL

Ferx 2N TREMNRARBET AL DBTRLL.
BAL, WEHMEELU &M LERST, BTFICR
BLAX—2AETHRTHTLOCERLE. 4 &fF
REEBREMTH I E =T R E o

AR L UMINVTIE | BEG I, Fpz, Fpl, Fp2, Fz,
F1, F2, F3, F4, F5, F6, F7, F8, FCz, Cz, C3, C4, CPz,
CP5, CP6, Pz, P3, P4, P7, P8, 0z, 01, 02 hHEH
FAh EUEICREER 10 s, FRISOENTEREK 100 Hz T,
EOG IXREER 10 s, A IBOIENT /R 4K 100 Hz THEE L7z,
EEG IX, {REFRMETRE MU AL LTMERES LI,
F—Z T, BN UBEERDE500 ms i2HD
RITEOWTRIER L Li=. ERP {3, Fpz, Fz, FCz, Cz, CPz,
Pz, Oz 24Ttk & Lz, 7 BT, {REFMI A 500 ms
Fic s, XM 1(500 ms-1000 ms), XFH 2 (1000
ms—-1500 ms), XM 3 (f#$F 3000ms Ff4:2000 ms—2500
ms, {%4F 9000ms Z&{t:8000 ms-8500 ms), [XPH] 4 (FR¥kF
3000ms Z&ft:2500 ms-3000 ms, {%FF 9000ms k{8500

ms—9000 ms) O FHIIRIEMEITDVVT, EBAL(T) X FTEE
(3000ms/2700ms) X {53 (3000ms/9000ms) > 3 EHE /3 EK
ST EIT 7o, BARME, BAELERMERM AT
(2) X {RF5(2) O 2 ERSBIT 2T T2

(KRB LUEBE]

4 GMEOBARERME BN LR, X
RO ERRANFEE TH -2 (F[1,9]=6.51, p<. 05).
B FESR A0 LIRER, &4 1 (GE8E 3000ms/fRFF
3000ms) & ¥ 44 3 (R4 2700ms/£-#F 3000ms) (p<. 05),
Ze{tk 2(3R4% 3000ms/f&HF 9000ms) L ¥ &ff 4(FEER
2700ms/{RH% 9000ms) (p<. 01) DFARRZEN K E oz,

FEhL, BMEEngRan-. K113, Fpz il
BITAEBETO®RETHS. 3 ERSESTORE,
XA 1 X BEOREIEAREE TH -7 (Fl6,
54]=2. 44, p<. 05). Fz, FCz, Cz (ZF\V\TECEE 3000ms
ZMELD b, T08K 2700ns RIGOBIEREN K E 2T
(Fz, FCz:p<. 10) (Cz:p<. 01). E 7=, BAL X RIFOIZELE
BMNEEEATH -7 (FI6, 54]=2. 08, p<. 10). Fpz, Fz,
FCz 103\ T, {5 3000ms Seft & ¥ b RFF 9000ms 52
(DB BN AR X Ao/ (ps<. 01) . XM 2 (2L
DEHEMNH Y (FI6, 54]=5. 38, p<. 01), FCz, Cz, CPz,
Pz OIEEAH R L7 (ps< 06). X 3, K4, Tig,
ELX BEEX R OREERANEE ThoT27/ed), %
B X RO BMZEERZ ST LI, €D
FE®E KR 3 TiX Fpz, Fz T, XM 4 Tl Fz TREEEX
RO EERANBEE ThH o7 (ps<. 01). 4ot 2 (FL
3000ms/{%5%F 9000ms) & ¥ b, it 4 (FL8E 2700ms/HRF¥
9000ms) DRFHEREI AR LT,

AW TIE, BEHEE RO TRREPOBEERNS
2 b, BEEERORFICERTZ&NEXLN
7= &7, KR, X3, KEI4iCBWT, BIERERT
T L RBEODRESED b, L, RV VRFR
flic7ed L, BAEORER GG THMEEBASER L
ZenELLNE.

T B R 2000marf # 1000ms
TERnAN

2ay
-

500 me

X 1. Fpz lcB) HER
MOCHIZUKI  Yoshiko, TAKEUCHI
Hiroaki, TAKASAWA Noriyoshi,

Shigeki, MASAKI
YAMAZAKI Katuo
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£

Fr U ILVRERITEOSM S & EREHEL3)

ORI (FRBREXFARMMEHER)
EEARZEH (BREAEAR—Y R
William J. Gehring (University of Michigan)
ETERIZE (IFRIAEHEEm)

WSS (ERmAEAR— Y R

[B/Y]

HBLATRMEENLL (SPN) 1, EROMBIC T 2 T
S, B EE-SIT E OBE SITEIC R DL
BERQRTOEALZKBTBHERP L EXLNTWVWS. K
WRTIEF v T ABEF AV, ATRITOERNRKR
TTOY 27 BRE LUBROTFICE 2 58— 8)
BT OREE SPN HHOH L7z,

[FiE]
BBRELAFEERTFLTIRA204 (229£2.05%) .
BRER  BRAEITIL 500 FORHE & & HiZ, 2000 FOFT
FE&r 52, Fr o 7NVBEEBR L. #8BED 80 em
AIFICERBINTZT 4 A7 LA LOFRICERAS, *
DEBIZEF#ER L. £0O800ms %, EE&FA2D
FIOPIT 10 F7213 50 DEEVFTR S #REL,
EADFEIIKG LimR Y w2 AFEOFREE L hig% A
TEREIS LT, R Z L%, EEAEDHEEL, 2500
ms RITEBEOBR/[LAKR, FEDOT 4 — Ky o2
(I7R) EHEUE (10/50) 12 Lo TER L7, #RRITEIK
1E32384T x20 7o v 7 DF 640 | & L7z, 1T
1000 ms (£200ms) & L7-. R¥Z AHLIC L 5 EEHEEE
BT D7 DICHHISRG & LT, &880
A= Ry JHERNRERENRVEITEMRIT x27
=S NS SSY
ECERAHIE - IR (EEG) 13, EEE 10%IEIC ) L7 31
HANOERE (Al) ZEEC, BFEE 10s, B
JEEE 100 Hz CEH U7z, TER X UVKERECES &
BEEE 10, EEGEWTEREE 100 Hz CEH L. BIE
BRIV 7Y B 250 Hz TRIEL, 7754
LB IR L.

DHHE ATEMEEEIL, VAZBRRL L. YRy
BRBIL, HEATRITOKRIZE - T 4 58 (Gains0,
Gainl0, Loss10, Loss50) L, ¥3%Z3R{TT S0 H@R L7
BEREZEH UL, SPNIX, 74—y J{EE% MY
FELT, BEFRITOBREYEURATTORR

22 %2 %

2004

(Choice50, Choicel0) 35, Zeft T L IZHIEAEE 7=,
INBEBERE, 10 Hz D low-pass 7 4 L Z 2t L, #s)s
2 Ui, F3,F4,T7,C3,C4, T8, P3, P4, 01,02 Iz
WT, 74 —=FRy 7{EFERD 2500 ms 75 -2300
ms ZN—AT A &L, T4— Ky 7 R SRR
200 ms DEHEMEZFHH L.

[RER]
U A7 IERE  BRBRITO/BRIZOWVT | BEESESY
WEBI ot 25, 50 FHKIFIC U 27 BREss
50 M7&4%, 10 MK~ ER L= (F3, 57) = 543,
p< .01 post-hoc test: ps<.05) .’
SPN : ERAECE % L% TTI#R (Choices0, Choicel0) x
EATRRITOE R (Gains0, Gainl0, Loss10, Loss50) x 4=
ER(left, right) x BRI (F, T,C,P,0) & L7~ 4 ERK
BRESBOINTEB 2o, TOKR, §IRITHE
DYRERBFETHY (FG, 57) =3.55, p<.05, £ = .69) ,
Gain50 +X, Gainl0, Loss10, Loss50 (2~ fath B A
KU (ps<05) . ERELOZEDRD HIL (F@, 76)
= 6.36, p< .005, € = 49) , central, parietal, occipital i
frontal &V LEVEMEMNEZR L (ps< 005) . X5
(AR & FROZEERBEE THY, fontal T
FHEREM THo7 (p<.05) . BRERHL & BIERITHRE
DEBEERBEETRD b, AT T S0 MBS L~
Y&, frontal 38 L TX central DEAIAS 10 5, 10 1
Hik, S0 MEEL Y HHARLE (5s<.05) .

C4

|~ aaaann + + + Y

4p\Vidiv,

e ‘ g
[ 1.4 3%34F ChoiceS0 @ SPN (£) & BHRE L4y (F)
[(E%]

ERIEAT T 50 MEHE LIEE10Y, AXRO/EE—
LS L UBATEER T SPN 3K L7z, Y17 To
BIREFAL Vb, BATRITORBEN X ¥ 7 VRE
TP OEE B SIHISRS BT 5 Z LR &N,
TTEIRNTIE, U A7 %05 BEDRIRT 50 FRKERIC
L B bALTR, Y R RIRIT SPN ITKB &N 5 Ehis
ST EIRERI T XCBEA L LD EEZ NS,

Gain
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EREARZEE

Fv o 7NVRERTHROMRT T EWREARA (2)

OLEARER (EmEXFERR-VREH
YIRS (RREAERERAMREHR)
William J. Gehring (University of Michigan)
BERIE (FIKEHLFE)

ILESES 5 (RRmmAy A R— Y BIEE)

(E#Y)

Fv O TIVEERTROBEOKIERL, SBOR/RE
KRS TBET A2 ENHMSENTN S, KERHKE
®BiIciE, NTURZ - NTUFT—2DBRRR (R
BRE) NERTS. IHLABRTTOEED,
Bk Lo TER I NS WA % E L (medial
frontal negativity: MFN) {2 & Bk & 11 % (Gehring &
Willoughby, 2002).

MFN BT 5 —MERMEML EOREBIERINT
XM, Fy o TNBETHSBORRIS—LDD
HEFERIC MFN BBEIC RIS T 22 &M 5, T —R

HTIE2 < ADEHERRLU B MRS NTND.

¥7=, MFN Rif & ) 27 BIRBITITRBHEND 5
TEMMESNTHED, METTORRERICERT
BEHETITOA NI hERBRLEZDBDEEZLSNT
W5,

AIFFE T, Gehring & Willoughby (2002) Dk L7z
INSOHRE, HEOHNBMEKR)DOFLRMZ 1s 05
25s IR L &G TTERLL.

(HiE]

EER1EIL, SPN (stimulus-preceding negativity) {2 % B L
FATEOmE (TR, ¥y > T IVERERITH O
DI EEHKEEEM (1)) EERTH- .
A% BRIRTORRICE > T 4 & (Gains0,
Gain10, LossS0, Loss10) Z5L, &V X VERE (50
MZ2&RL®R) 2BH UKL MEN T 4 — KNy
VESORRESAE NUMIZ, BHMRITHERBIUY
FERIT T DB L%3(Choice50/ Choice10)H!1Z i 2
BEHLTEHRLE. 35612, BRIS—KE->TE
HEND MFN bR L. BIRTS— &3, S8mH
ERELZHO0, JOBRBEOFVKELHMEZD
S ULEEGE, WTNOBRRBBLRTHS5H00,
BIOBIRBOHINE RBETEAIZBEZIEBELTY
% MFNEFICIZ 10z DO— AT 4 VT EHERL,

FCz I2 B\ BIRIBE Z ~ U H#T 100ms DFHELL &5
BEUTERILZ.

€1
URDBIREE U 2 7 RINBZ EANRIT ORRME TR
Liz&l A, LosssO BIIRU AV RRENERL,
Gains0, Loss10 & DA RENRD SNIZ(F(3,57) =
5.43,p< 01) .
MEN @ WTNOLRHEIIBVTH BRRKRITIIATEE -
FLEICATET S MENSEES N (K1A).
(1) T5— vs. 8% : FCz I35 ERP RIBEIZDN
T, YHRIT#H B (@ Gain/Loss) X ER D IE 8] (2
Correc/Erron)® 2 BRI BT £1T 0 1ok R, EIROIE
RN ITIRIEZE VL2 5 7248, Loss B D 4% Gain FF &
D HIRIBITKE D 0 7(F(1, 19)=30.44, p<.00005).
Q) BB DIT D308 AT ORI TMEN 2
L7 EHE(Loss— Gain) DIRIBEICDWT, EiRE
B XARITHR@G)D 2 BRSO EIT o I2RER,
REEANEETHS2(F3, 57)=3.90, p<.05). ZHiT,
FTIIT T Z 1S L BT, S50 FLERFF O
210 MEREXL DS MFN 1 EKE < (Gain 10:
£(19)=2.77, p<.05, Gain 50: (19)=3.09, p<.01), F7Z 50
FI34RF T Gain 50 DA Loss 50 KD D
MEN (2K &M o7 Z &(Choice 50: F(3, 57)=3.02, €
=84, p<05)ERLIZHDTH o7 (K1H).

wv . éholice 50

(100ms/aN.)

MEN Gain50
-~ LossS0

K1 MFNZEEESE () & MFN RIEFESER (5)

(E£]

U BIRBIIEROHRICAR L. £/ MEN 1T
S—t D HADHHERLZEMNTH D & DHER
TERE L L5, UAZBRIREE MFN OIRDH#
WIIITREEAN A 5 N2, MEN 1 GainS0 #RICERK &72
D, %775 SPN DHERIZAEKL TWiz. UAVER
REET SETITER &, MEN/SPN ICRRENDE)
WOTERIZERDZEEREL TS,
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H/LE68EIRE (2004)

£ B 1PM0S3
EREEEMICLATS—FAEBEORR
O R s EA #H 98 %7 wE Al LS B
(BBEXERER (RAAR—VBEN)  (RAKER  (FEERORP)  (SAAH—VEEH)

key words: RArTT—R0—A1, RAMBEFEELN, —5—BEREEN

{B#&]

BIREIGHMBEETIL, =7 —RISIZHE O R E<
ZET, HHBRIT CORIEHEM(reaction time: RDIITEBET5. =
DEBILRARTT—R— A2 (post-error slowing: L F PES)
EEEINTEY, USHABOAN TOICRERELEZBREEZLN
T&E. L Laenh, REORKIT, SVRITHMNE
(response-stimulus interval: RSIHZEE T 5 LEAREHLLER
HTED. AR T, PES AT —#BIZB S TARNTT VI
BRLCRSR2OY, CEMNFISIZEERLZRKRZR2OMIZON
T, RSI ZAELID 2 T, RBRIMEREMR EL(lateralized readiness
potential: LRP)DIRDE O ZDE R AL =X AL/, O
BHRSICER T 2854121, RIBER LRP (S-locked LRPYZ
ENAEL, RISAN TPICRET 25811, KGR LRP
(R-locked LRPUZZENETELDEFBEN, 26iZ, =F7—R
TR DML PES COBBMER R T 57012, =5 —M
H &M B (error-related negativity: ERN)&-ZREL7-.

[Fi#]
WEE  BMAEE 11 & (EHER:21.8 5).
BRRH B S—R o SF YT A,
FHEERARREIL, ETWTOERTHAKEN, &
HLED ETOThr MBIt EREN . BEIT, BB ERAT
BEREHALT, BEEHOFMIIARLE-FHEOMEREEICL
STHED D ERIZK IR TAIETHoT. FHEOMBLHKD
FHBEELTWAHEEE—EIHK, 8L TWeWgaxrR
—EHEE U THEL-. RSI i 300ms D4 RSI &k, 700ms
D RSI REEFREL. EBREIL 2 AETHA, & RSI &4
i 20 7wy (64 BT/ Toys)FoFTEN-. B2 HEIX
RSI &0 S RIBFEEL -
SRS 1L N (EEG) 1%, Fpz, Fz, FCz, Cz, Pz, Oz, Fpl, Fp2, F3,

01,02,A2 IWEFEEANEZELEIZ, FREE 10s, &EEN AR

% 100Hz THML, 7—F 777 NERACEE RS IUKER |
BB EFEL 10s, MIGELTEARL 1000z THHLE. WiE |, X
BRIV TV BRI 250H TREEL, AT7T0BIcH ¥
L7, B ERE RT QIEL, FXAAI—T (EET A AH |

IS-720 AV Tachistoscope) T{To7x.

S H B RTIEERMGFEIC, HEEREAOORIGHESETEIY
AL THRAILE. ERIGHEO RT(Corr.-RT), =541 3 RITE
0 IE KI5 B 1 (BE3-RT), =7 — R/l 2 RITEDERKIEHERM
(BE2-RT), =5 —EATRITOERIERHE(BEI-RT), =7 —ED

RIS BEEI(EmRT), =7 —H&RITOERK¥M post-error '

(PE-RT)DMCHIEDHD t REEITo7=. F=, RS &4 (2) X
R Q) 0 2 ER B OHIZLY, PES ERDH EAFEIEL:.
EEG RIERIGRITE, =7 —RIGERITORRITE IR,

WEFRRRENTELTMEESYL, S-locked LRP ZE L.

EHIL, EEIRAEEFM A ELT, R-locked LRP ZEH L. A0
BB 10Hz Ou— ARV Z % B AL, S-locked LRP
L, R 2RE1 200ms KA OB BN FERICITH LAY EEE
ZEHAILT-. R-locked LRP i3, KIGHT 600ms 225 200ms XD
B FEBLELUTEHRILK. LRP O L FAVERT, —023
uVEBII-FEEEELE.

v

¥ s.locked LRP
F4, F7, F8, FCl, FC2, C3, C4, T7, T8, P3, P4, P7, P8 PO7, POS, |, i

a4 N0 2 aE ) W I T @ M K T D XS

ERN 13, 25— B SR NI MEFHL TR0, HAR
R L TR S ARIBE 2 A R

(BRLER]
RT: #ERE 6 £ 1240 RSI &+ TPES 2336z, LsLas
b, & RSI T PES XA LNARD 7=, £ RSI &fETHiE—
Bl R—EHE LG IS 14ms O PES A34H b, & RSI St
A — BRI TE, Corr.-RT>BE3-RT>BE3-RT>BE3-RT>Em.-RT
DNRI MR b BT (ps<.05).
LRP: PESIX & RSIRHFORITHEBES NI/, LRP 1IERSI
FHFIZBRELTEHLE. &1 (EF) I35 RSI &t A —EHH
TOERERITETT—HEERIT (EXIS) O S-locked LRP X
Uf R-locked LRP OB FEIIFH TdhD. S-Locked LRP iZiZ
FHERYZ2 2213205 72b DD, R-Locked LRP (ZIXEN LT,
xF—HE%RITTILR-Locked LRP D37 H EAVERS1Z 14ms D
BIEBELE. LEEDoT, ZORGETD PES RRIGANS TV
WERRALELDEE X NS, —F, & RSI & —BHIETIT
(K1 A%), ERIGERITICHBL T —E %R T S-Locked
LRP O3 H EBVERIZ 14ms DERAELT. LIz T, D&k
T PES I UEMARRICRRALIZIEIZRS,
ERN: ERN OTRABEFICIL, #lE— BB I RSIOMRIA
o7l RIBIE PES 2R UIZ# 8R4 & (PES BY) C—B0HB L
DAR—EH DT MK ED>T=(F(1, 4)=8.79, p<.05). PES #RL
T- 4B B (PES B) Ti3, & RSI &£ ERN I KEM 23R
Me&ire. &biZ, PES BT, S RSI & F—BHIE{ T, ERN
#IE& PES BEORICADMEBEMBED LN (=— .62, p<.05).

H !
[V S-locked LRP

Correct trial ,

w

Correct trial

Post-error trial

SAARRMAIILAIRRLEEE. N SV CRED | W = U V- e NORTIVSIRIRIN WS> S

B 1 & RS! {8175 LRP MBI, £ F—XKA¥. &:
— BRI SR, :

TAKEUCHI Shigeki, MASAKI Hiroaki, MOCHIZUKI Yoshiko,
TAKASAWA Noriyoshi, YAMAZAKI Katuo
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H/LEB68EIRZ (2004)

£ %1 3AMO0Y6
R B SR AL - B R B B
O¥HF ¥7 N R EXR ZEB =iE R s B3
(BFEEARFEAMBEFER) (ERXARBRETER) (BRAR—VHZR)  (FBFEEEFEEF) (BARFE—-VEZH)
key words: FERIEAEME CNV  BHEH)

[B ®]

BRI AL OB LR ATIR LR TS, 2~3 B
WEFRIRRIZIZT —F I AT DR ENEZLND. ITE, UV—
FLUATY RIS OE ST REORETHY, 0w,
R E ML O R, ATHEMEEEEDBEE TEX LN TET.

RS SRALERRF T T, BRI AEREENAV SR TY
D RBLLIEAGER)TO CNV 2882 UERITEL, 7+
—wANRBWERET, BARD CNV BODBBREN TS,
REFPIL, BERMETBOCBETIBEEBZBREL TS
D, HERNYAE ROV BRETREBELSTHETHD.

AR TR, SEAMEEBG, £8P, BT, BETOE
IEEBEREFTL. B, REFEFOBEIZFE L. BELE
HENIE S T, MENNPIOEMTIE, BEPIZRITEE CNV
RIER D S FARE N,

(F #]

WRE BB EREORA 0L (BT84, &£F 24) %%
BRELL-. WBEOEMITI 24728 B Tho7z.

BB A 4 RMFICHBALT, I8P, BEDT, #1 c X845
em DEFFE, IHBEZFORIS 1miZdhHd CRTIZERLT-. B8
T, BOOEFHENT, FEORBEBE ELLTIZmhoTH
Bl BETIL, BAOEFFEEETRLE.

S FREEBABRICBEMRMEERT, TH8EFRM

(3000ms/2700ms) &, & FFEEH1(3000ms/9000ms) = #ELT-. & .

f# 1(ZCEF 3000ms/4RFF 3000ms), &eff 2(328% 3000ms/{%FH
9000ms), Zef4 3(FC&E 2700ms/fREF 3000ms), Seit 4(524% 2700
ms/{RFF9000ms) AR E LT, Fie, BAEMKT 2500 ms £IZ74—
Kook 2R,

FREX FREIO, 254 TREFMETETALIHTRL
7o BATT, REMEFRAOREBM AT, ¥—MLETS
IOBURLT, BBE AN IR ESNX -2 A FPRIETY —
MLEIToI. 4 RFEREBREMTHV I — KT RE LT,

RHBIUT 1L EEG 13, Fpz, Fpl, Fp2, Fz, F1, F2, F3,
F4, F5, F6, F7, F8, FCz, Cz, C3, C4, CPz, CP5, CP8, Pz, P3,
P4, P7, P8, Oz, O1, Q2 MbEBEREMIIFFEL 10 s, Fik
HEETE L 100Hz T, EOG 3B EE 10 s, %m0 & i 2 100
HzCEMH U7, EEG 13, 1288, {75, BALLIZ, BB 2R
FRNHELTIMEEHLE. F— 2 0BITEARER 500 ms
LHDRITE ot &L FREEENIL, Fpe, Fz, FCe,
Cz, CPz, Pz, Oz ¥ #stREL7-. 7T AL T, 888, 2F, BA
$% 500 ms BT, & HMBALEL D 500 ms~1000 ms XfH
(LI#%, X[ 1), 1000 ms~1500 ms X EI(LIt%, XM 2)&, &3
#7525 1000 ms ~500 ms ATEEE(LA#, KR 3), 500 ms ~0
ms AT ME(LLTE, XE )0 FHRBEIZOVT, EBAL(T) X FisE
(3000ms/2700ms) X &£ F(3000ms/9000ms)> 3 ER ST E
To7-. EAEMIIRZEZ/FM%E, RFF(3000ms/9000ms) X 3248
(3000ms/2700ms)? 2 BE Sy B3 AT 21T >7=.

[BERBIUER]

4 REOFARBRERMEYSBIITLICER, RBXRFOR
EEBNEHEE TH-7-(F[1,9]=6.51, p<.05). HHI =D EE DT
Ui, & (8 2700ms/{R¥F 3000ms)k & 1324
3000ms/#&#F 3000ms), &t 4(F2£8 2700ms/$RFF 9000ms)LNSk
£ 20348 3000ms/ R 9000ms) D H A/ EN /hEh o7

(F(1,9]=5.92, p<.05) (F[1,9]=38.22, p<.01).

eI, BHETHABEEINT. CNV ZE5461(7) X 3285(2)
X R THBFEIToER, KM 1, XH 2, X[ 3288
RO EBHENHY (F(6,541=8.63, p<.01) (F[6,54)=11.11, p<.01)
(F(6,54]=9.55,p<.01), Fz, FCz, Cz TIRIEAHE K L7 (ps<.05).
E7o, XM 2 TERER 2700ms (%4 3,54 4)XDEE4E 3000ms
SRR 1, DHMRIERD LT (F[1,9]=6.66, p<.05) .

K1, J2, REPoRM3, XM 4L, BEFORM L, K
il 2 @ CNV T 5.

BT, BHEETSEESNE. 3 BERSBSTORE, X
M1, X 2 282D £ 3 F 438 0 (F[6,54]=5.38,p<.01)
(F(6,54]=7.04,p<.01) , FCz, Cz, CPz, Pz DEMEHE AL
(ps<.05). X 3, K 4, T, B X BEXEHFOLTEER
D oTooD FENL BRI Q) X RFQD 2 BRSBTS
1To7=. TORER, XM 3 TIX FPz T, X 4 Tid Fz TRRHE X
BEORZEER N H -1 (F[1,91=6.31, p<.05) (F[1,9]=5.81,
p<.05). BRIEZEA ML ER, BRELY, & 234
3000ms/#&FF 9000ms)LDY, & 4(3088 2700ms/{#FF 9000ms)
VIR KM b,

BATT BEEDPBEBINT:. OEOWTORER, XM 1,
XM 2, XM 3, XE 4 CEHAEOEDRERNHY (F(1,9)=11.12,
p<.01 ) ( F[1,9)=14.60, p<.01 ) ( F[1,9]=15.36, p<.01 )
(F(1,9)=7.13,p<.01), XF 113 Fz, FCz, Cz, KR 2 IX Fz, FCz,
Cz, CPz, Xffl 31X FCz, Cz, XM 41 Fz, FCz, Cz DIRIGEHE
MR L7=(ps<.05). £z, XM TRREEQ) X FKHFQDAHIE
A 255 - 7= (F(1,9]=4.54, p<.10) ( F[1,9)=11.86, p<.01)
{F[1,9)=6.64, p<.05) (F[1,9)=15.22,p<.01). B F LR A2 47
L7-fER, £XHE T4 458 2700ms/ £ 9000ms)Lhd &t
3(EC8% 2700ms/ 1% 3000ms)DIRIE 2SR IR R 18 Tho7-.

AR TIE, LT, BEPICERMES, RETICHBELDH
BROHLIE. BEARKEROT, BYEEBHENEDLNT.

Fiz, AT F -7 ALL, FE8E 3000ms SRt 1, &iE 2)d
BAEMEINNED -T2, BEPICHRED CNV BERD T
BHLNT, R E XL ol BADO CNV 1213, &8
D EFE(9000ms/3000ms) o LD CNV IRIBRBAEREN, T
2700ms (G 3, £ OTIHRFRBBEOHENTEDL
- REERENEVRETIE, BABAEEISRIBSE R
TRAIENTRBEINT. EFDPORIBEIL Cz THERDLNEM
ofted, BETIIEBEINAREFHBIEOHRIL, REFK
TEEOGRME 3 &M 4 DIRBENLELDZN—ATA R TIE
nEEZLND.

e S 1 (F2H83000me/ $R18 X00ms)
+= %2 (J2#53000me/BHI000T)
— G FR (125527005 / R M 000}
=+ = 24 (J2H.2700ms/FHHHE000mS}

e ~A

- Y~

N 3~ N 4 g 1— N 2—

B CoDERAERER) B2 ComAEES)
MOCHIZUKI  Yoshiko, = TAKEUCHI Shigeki, MASAKI
Hiroaki, TAKASAWA Noriyoshi, YAMAZAKI Katuo
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Poster Session 2

_P-2-59.

A study of temporal processing by event-related potentials

Yoshiko Mochizuki', Shigeki Takeuchi', Hiroaki Masaki',
Noriyoshi Takasawa®, Katuo Yamazaki'

'Waseda University,
Saitama, Japan
2Edogawa University,
Chiba, Japan

Purpose: Event-related potentials were recorded during a time reproduction task to inves-
tigate temporal processing.

Method: 10 healthy subjects underwent a time reproduction task, which varied the encod-
ing interval (3000ms/2700ms) and the retention interval (3000ms/9000ms).

Results: The reproduction error, encoding-3000ms/retention-3000ms condition was smaller
than encoding-2700ms/retention-3000ms condition and encoding-3000ms/retention-9000ms
condition was smaller than encoding-2700ms/retention-9000ms condition. The ERP activities
in encoding, retention and reproduction phases were larger around the midline, compared to
the other areas. The encoding and reproduction phases were shifted negatively while the reten-
tion phase was shifted positively. At the 500ms-1000ms period of the reproduction phase, the
contingent negative variation (CNV) amplitude of retention-9000ms conditions were signifi-
cantly larger than that of retention-3000ms conditions over Fpz, and tended to be larger over
FCz, Cz, and CPz. Encoding-2700ms/retention-9000ms condition tended to produce a larger
CNY than encoding-2700ms/retention-3000ms condition over midline areas in the 500ms-
2700ms period.

Conclusions: The reproduction error of our study suggests that the encoding-2700ms
conditions were relatively difficult to reproduce the interval. The CNV activity suggests the
length of encoding and retention interval affects the CNV of the reproduction phase. At the
beginning of the reproduction phase, compared to the retention-3000ms conditions, the reten-
tion-9000ms conditions produced relatively larger CNV which seemed to represent inefficient
temporal processing as a result of losing time interval memory trace. The early CNV of the
reproduction phase was thought to reflect a difference in the efficiency of temporal process-

ing. The difference seemed to remain in the whole period when time interval reproduction was
difficult.
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Poster Session 2

_P-2-64-
Stimulus preceding negativity represents negative anticipation
induced by affective picture

Shigeki Takeuchi', Yoshiko Mochizuki', Hiroaki Masak?,
Noriyoshi Takasawa’, Katuo Yamazaki’

'Waseda University, Graduate School, Japan
*Waseda University,
Tokyo, Japan
3Edogawa University,
Tokyo, Japan

Purpose: Recent researches have reported that the stimulus preceding negativity (SPN)
reflects affective factors. However, the affective direction is not clear either positive or nega-
tive, otherwise both direction. In this research, we investigated the direction of the affective
valence reflected in the SPN using the international affective picture system (IAPS).

Method: We tested eleven subjects in S1-S2 paradigm. The S1 cues were three types of
gray-and-white striped squares, with either of two orientations and of overwriting two orien-
tations. The S2 cues were three types of pictures contained each affective valence (positive,
negative or neutral). Participants could anticipate the affective valence of S2 pictures by S1
cues.

Results: Our procedure differentiated these affective valences which were assessed by
the questionnaires. The self assessment mannequin (SAM) data showed that negative pictures
induced more unpleasantness than neutral pictures. The multiple mood scale (MMS) showed
that subjects rated more negative for waiting negative pictures than for waiting neutral pic-
tures. The SPN data were calculated mean amplitude during intervals of 200 ms before S2.
The SPN significantly increased over frontocentral region preceding the negative pictures, but
not in the case for the neutral pictures.

Conclusions: In the present study, we found maximum amplitude of the SPN in negative
affect anticipation. Our findings suggest that the SPN might be a useful tool for assessment of
the negative affect.
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Poster Number: 096

MOTIVATIONAL INFLUENCES ON THE STIMULUS-
PRECEDING NEGATIVITY AND THE LOSS-RELATED MEDIAL
FRONTAL NEGATIVITY

Masaki, Hiroaki, Waseda University
Takeuchi, Shigeki, Waseda University
Gehring, William J., University of Michigan
Takasawa, Noriyoshi, Edogawa University
Yamazaki, Katuo, Waseda University

Descriptors: stimulus-preceding negativity, medial frontal negativity, motiva-
tional impact

We attempted to elucidate the effect of motivational impact on the stimulus-
preceding negativity (SPN) and the medial frontal negativity (MFN) elicited by
monetary losses using a gambling task. Participants were instructed to choose one
of two squares, each of which contained the numeral 10 or 50. Each square turned
red or green 2.5 s after the choice, informing participants of the outcome.
Consistent with Gehring and Willoughby (2002), the MFN was sensitive to
whether an outcome was a gain or a loss but not to whether the chosen outcome
was better or worse than the other outcome. Choices made after greater losses
were riskier, but were not associated with a larger MFN. On trials following a
monetary gain, the MFN was larger on Choice 50 trials than on Choice 10 trials.
On Choice 50 trials, the MFN was larger following a Gain 50 trial than following
a Loss 50 trial. The SPN preceding the outcome was also larger following a Gain
50 trial than following other outcomes over right frontocentral scalp sites. The
results confirmed that both the MFN and the SPN are affected by the
motivational impact of the feedback. Although we observed a higher probability
of risk-taking behavior after a greater monetary loss, the lack of such an effect on
the MFN suggests that there could be a dissociation between risk-taking behavior
and ERPs. Thus, there may be two systems: one causing responses to be riskier
following a monetary loss, and a second affecting feedback processing.

D-19 IS—REHORGEMEEOCREREN —RE

EAR EB, A OREL 28 FT &mE ORIEL W

HEFEICL SRE—

b bIRARRE TH D, AR TILRAMEREREY A

o B
'BRRERFE AR HEH, PR A RKFERE R AR
KH, IFIIRFHEFE

BEBRITPINBRIGLTLEY &, =5 —OEREBS
L OICAERE NS, FORSE, KEITTRRICH
RIDBIENBE SN D, Z DI, post-error slowing (PES)
EMMTINRTED, =5 —RISMENCEE L FisaRED
BNEMIRENTER, LMLars, RBRBTLENTR

W, ERS-RIERMBERSDOEV &S & RS &iF &L 0tt
&7\, PES OREE % {RAIMEEREMNLRP) ) 5 ~7=,
PES M AREVFAIC L D DA 6, B RSI THLERD LI,
RIGEE LRP OREFMEEN TR & NS, —F, PES
LDEARGICERT 20261, BIEEL LRP 0 EESE
EATFR D, ERORER, —EHBICIILBETED
BE23, A—EARBICIEFROBEOEE SRE I,
FERZRAMICT A2, RSIEZIRLEERL2IZIT-TC
W3,



G LRI &

FRHIMHIRR A SRALER & B R B IAT
—CNV & LRPIZ &k Bfe-

CEA ¥ (EMBRERFHRARMBEER)
N e (BRBERFRFGARBENER)
EAR ZH  (BRREREAR—YRFEWT)
BiE IR (CFRNRFELSEM)

i BB (BRERERF—YREEN)

(B #]

Niemi & Naatanen (1981) 1%, HMRIEEREEAWT,
BOGHER I RS 334 TRHIRMIME (inter—trial interval,
ITI) OEEE AT, B LIRS X BE &
Ml b— K7 TREL, BIGFHE (reaction
time; RT) BABHET A& ITI §fF13, Mmias&si Shi
WHEIZE WS,

AR TIX, ITI OEELFIERHIRING (inter—stimu—
lus interval; ISI) DEIERIZE X AHELETL
7=, BEAAERETEZSE) (contingent negative variation;
CNV) /RZ &' A I (S1-S2+MR) & AV, RT, CNV, {RARItEE
{#E(r (lateralized readiness potential: LRP) #¥§§
L L7=. Niemi & Naatinen O{RELITENT 5 &, EEH)
SFEATRTD B THIHIZIED B &, foreperiod-LRP {ZF
ERREHLND & TR

5 #]

BERE RRAN9SL BT 64, LT34) ¥HRE
& L7-. fEENX 25 1£3. 8 Th o,

Geff, RIB, FHE OV T H A LTES B
RIRRRA 2 Seftf (%M1 (ISI 3 s/1TI3s), Seftk2(ISI
3 s/ITI 10 s)) #FEM L. 2 &k é bESTM+X
S 7 /T h—:3 s ) DEFRRIZ, muRiEe L
THRE G2 B 7 /7 N—) B SR Lic. #E8R
B, MBI LTERHIZ, AREEIEHDIVIE
EFEIBEOBBEMNHCLIF—LT2{To7-. AKX
B2/ 7n—) bRIGE (EFEREIB/EFEIH
L DOFIG, 2 REEREFIIERERMTIV A F37
AL,

RIS L UMHT A5 « EEG 1 Fpz, Fpl, Fp2, Fz, F3,
F4, F7, F8, FCz, Cz, C3, C4, T7, T8, CPz, Pz, P3,
P4, P7, P8, 0z, 01, 02 D>/ Hied EUEIREES 10
s, EIENTEIEEL 100H z T, EOG IFFESK 10 s, &
HERTRR S 100H 2z THE L7z, RGO EMG (38
E$0.03 s, FEIEERTA RS 1500 Hz THIH L7, EEG
LSl EREZMYNELTMBREY L, T—F0HE

BE2E

2005

X RT A3 100-800 ms PIZUN E BBRIT 2 OHTRIR L L.
CNV V%, Fpz, Fz, ECz, Cz, CPz, Pz, Oz 5ttt
L7=. LRP[ (BEFRISHRFOEZBAL(C4~ C3) DME T
BB TG + B F RS R D 253 BATL (C3-C4) DINE FEEI B
) /214X, C3, C4 2oHrxs s L.

CNV (%, 7 #MiLT S1-S2 f#% 500 ms &S, 6 X
IO EHIRIBEIZ DT, BL (Fpz/Fz/FCz/Cz/CPz/
Pz/0z) XZkft ({1 (ISI 3 s/ITI 3 s) /44t 2(1ISI
3 s/ITI 4 s)) D 2 BRI 24T o7, LRP I3,
X 1~ 6 OESRIEMEC-OWT, Bt REERIT
o575, RT ARt REZIT- 7.

[HRB LUEE]

2 D RT HFATAER, 4 1(237.29ms) L9 &
£ 2(262.64 ms) DFDHFEITEIE L 7= (t(8)=3. 95,
p<. 01).

CNV 2 8BAL(7) X =04 (3) T 2 BRSO EITo 7=
FEFR, XM 2, XR 6 IZEMIX RIGEDOXZEERBH-
7= (F[6,481=2.58, p<.05) (F[6,48]=2.76, p<.05).
SEHEBL-EER, XM 213484421238V T Fpz < Fz,
FCz,Cz ; 0z < FCz(ps<.05) & 720, X6 T 11z
VT Fpz < Fz,FCz,Cz ; Fz < Cz ;: 0z < FCz, &2
2T 0z <FCz, Cz, CPz, Pz Tdh -7 (ps<. 05). F 7=,
FCz(p<.10), Cz(p<.05), CPz(p<.10), Pz(p<. 10),
0z (p<. 05) 2RV THESRMF 1 > &2 ThoT-.

B 1K, S1-S2 B0 LRP W% TH D, KR 1-XR 6
DEDRIBELTBIHER, K4, X6 THRME1D
&Mtk 2 OEEMAEED Hii=(t(8)=2. 06, p<l. 10)(t(8)=
2. 26, p<. 10).

AR TIE, & ITI &ML Y LA ITI &4 TRT BE
HA{b L7=. foreperiod-LRP DiRZFE x5, & ITI &4
£V HE ITI FETRISERO RIS R EN 3.
Niemi & Nafiténen |IZEJLTEBET D&, RITI&HET
ORIGHERIIMEI SN T b0 EE X BN 3.

....... &1 (151 3s/1T1 35)

| —— & 0181 35T 108)

St _".n"

EM1 BM2 EM3 RM4« EMS5 EM6

500 ms

X 1 LRP &5



4 oL B

B oERMEENTS—RIED
BRE=S)TIZEZADER
O E— (RRmEXEAFARMBERE
TR EH (RREKEAR—VHEEHT)
BH —F (BBAEETERAL AT ABTHE)
I B (RREmAEAR—VREENTD)

FESIEEV OB EZBE, TT5—DEREEBLIT
(BRI —E LTI T IR SDEIN (=F—K
ISDE=FVT) bEELRMBETHS. HEERERDIEE
R ICE - THlERBIEN-IREDOEMCfE-T, =5
—RUSDRMRNE=2Y 2% KR35 ERN(=5—BEEa
HEM)IBRBIIBL TS BENZINTEY
(Scheffers et al., 1999), IRKUT =5 —FIGD R E=FY
TITHREEEXTODEEZLNS. TRETIT, B
DEREFAERITIFHEORK =7 —DERIZED TH
DTENALHNTI2 2TV VB (e.g., Hayashi ef al., 1999). L
»L, (RERD B DT —RISDENE=LY LTI ED
IR 5 X AT OV TTESREEILTU VR,
ZIT, AR TH B POERRRIRY =7 —RIGDE
=V T B X AR R,

A&

FEIREEICRIRENVES, {(RERDBIEME 8 BDRA
ERRELT. AT 14:00~14:30 (T —/FA—
LNTHER 20 HSORIREED%M4E, (RIRDODVIZK
RBERMDHRMHELRELL. BMERERGFIC1ATHB
mu, WO EEFIZE W THRIEH AV VIR ORTIZ
1 session, %17 3 session DFRMMEFERBEL{T-/-. Zh
HERAG0ms #R)D _ E TV Eic Lmx
M TFRIED B AKEQOOms)ZHTR T LD Thol., %
BREVITRBIR R EL ERL, REDFMmIcHL T
— BT RIS T A RUT. BITHIT 1 session 100X,
800 trials (100 trials x 8 blocks) &L7z.

ABFE TIHE= T — % E ISR KR 21T S
|EUT-, AEBIFELL T, MIEEEG), IREX(EOG), R
HOHEBEREMG A ESLI. EEG 1, Fz, Cz, C3, C4,
Pz, O1, 02, 8LV FCz &b, Al #EKMEERLL T, TC:
10s, High cut: 100Hz THEMHL 7. RERF D EEG 2s>HEE
IREAFEHIERIT o7z, ERN RIA—ERBIC 428K
IEERTRITH— B RIGER A ELT session Lo e
FEHLUTe. IRI@H FCz BT DV THEATD BHEE — o

BHE2E

2005

© ERN Dt — 7 ECEBRILI. &5IT visual analog
scale (VAS)% MV CIREED NI IZ 3517 5 EEMZIRE S
REL, EDFEE session T TEHEHIRE D
FIFELL. REIITHIEDHS t BREZ RV, session &
EIC SRR TR A LT,

B/R

AT B OBLR, BRI RER CHERIR 227k,
e, ERPORIRFROSUL, MBIREPE 1 £ 2 Th
HHEATV V., FEAIRKIZEL TIX session 3 123175
(REESRMCOIRE DS H EITEH (¢ (7) = 3.23, P < .05),
session 4 {ZBWTIL{RIRSEMATOIRZ M5 VM A35R
DB (t(7) = 1.91, P < .10). KRR TIL, session 4
RN T—EAIT T D G RIR G TR B
RIASFRDLII=H3(s (7) = 2.20, P < .10), =F—%%& ERN
RIFILK 1), W ho session ThSERIc A T E1372
ot

ER

FEORTRERGRENL, BITHROBREIZIT IS
L7, ERN {RIBIZ RO ERBD LN - T fs R
i3, RERIZE > T=5 —ORRNET=FY i ES N
WIEETMT 5. LinUasih, =5 —uc &Mt
RhofeZll, EBRMRICRGRERTRL O E
LT TholcZ e EXDL, KITHRLEELT, &
MRTIX, BRONT+—= R EZ BRIBOHEE
DHODFGTH T RIREMEDIH D, FEEREYBEHIED S (RIE
PUTHEIRELRS 3 ICBLELIRE A DL AURIE
S, (RERDOBHFEZFHD I LNEZ LN

_20 -

—nap
-15 + - rest
_1 0 -t

-5 +

Amplitude (1 V)

0 } L i v 3 1
¥ ¥ T | 1 i T T

5=
-200 -100 0 100 200
Time (ms)

1 session2 (#1135 ERN
KATRIL 2004 FERRBAER ESUEFROREBICLD
RBERIH-. '

~—109—



£ O R

Foo o TNBRBERITHORRER L

OfHARAE (RRERERFERAREEHTEH)
YAETF (SRERERERARMBERAMN)
EARZR (RREXEAR—YREEIN)
ETERIZE (IFNAFHEEE)

(LIRSS (RRERAFEAR—Y BEEHTR)

[Br]

Xy TVBECHRERET S L TR LR

HE-317 23 SPN I RISTHEROBREZMRET LI,
[HiE]

WRE HFLHATLTOMAIRSL (23.8:345)
B R E I I2000 B OFT &R TIC N — N — L EX
YT VEBBEEFIT UL, EITETRENDRFA—REF
B h— N U TR R E T DB Th-o7. R
SRR (300ms) |, WREFILER O TIHORF AT
Uit ko TSI s8R REL - (A BT~ 10M, BFF
15— 50M). REARLICHE- TRET@BBRTRIN, T
D2500ms B ICHFED — i RENT. WREBHON
— R, MEH—FEFO000msFZICRTINT
(700ms) . FHFLH—RIMRFED —FE LESBE LR
biL, BEH—FETE BEEFATEL. I—Fi
SHEIETHY, 3REDIER, Jack < Queen < King < Ace <
Joker Tar-oT-. 171, Jokert I ERFEFED L DETA L.
LiztioC, HFEHI—FIZ T 2HBREOBRITLITO
WY T o7 Jack>100%, Queen>75%, King=>50%,
Ace>25%, Joker->0%. FEBRIL, 3284Tx 207 By 7, §
640BRIT B o 7=, SPNERI A DFEMIGRME LT, &8k
HEE 5LV SRR 64 TX2 T By JBATLIC.
AR IE TR, ERR10%IEIC HERLL 72 28ERAL (FPI,
Fpz, Fp2, F7, F3, Fz, F4, F4, F8, FCS5, FCz,FC6, T7, C3, Cz
C4, T8, CP5, CPz, CP6, P7, P3, Pz, P4, P8, O1, Oz, O2)
b B fEd EUEICREERR(TC)10s, Biflil /& B3 HCO)
100 Hz G LT-. TE B X UVKFIRKEEZTC: 10s,
HC: 100Hz CEHLE. RIEFRIIY 7Y/ A
250HzTHRTEL, F 7T 0BTt
SR DEBEELLT, BRI —NEETRIZBETD
TBOREIMESEZRIEL. SPN 1T, RFUHLK
EENIHELT, EATRITORR, YT TORRE
1A, HFEI—FOBEIICMELEL. MREMIL,
10Hz Du—/RAT7ANFITHEL, HHISREOEFERE

BHE2H

2005

L7=. F3, Fz, F4, T7, C3, C4, T8, P3, P4, O1, O2 &XIHIT
RE L AFUERT200 ms OB A N—ATALLT,
FAFEH—K 2RERT 200 ms DEETHERLFHLL

— K ESRERT 200 ms OREEYEMEIRILL. T,

HFED—FORRICE>THESND P300 IZOWTHHE
B% 250 ms—350 ms KD TE ARIBEL IHRILT.

(2]
OERHEEE | £%8(10, 50) X 71— F(5: 0%, 25%, 50%, 75%,
100%)7 2 ERS B ORBR, ZEEANEETH-
7 (F(4,68)=6.0, p<.001). Tk, 50 FHZREF T, Joker
< Ace < King < Queen < Jack (ps <.05)DNEZHifA3 480
L, Jack, Queen Ti 10 FEREEL ¥ bIfFII&E <,
Joker TIED 2722 & AR LTV 5 (ps <.05).
P300: 50 PIBIREED L 10 FEREFL D bRES
(F(1,17)=15.71,p<.001), King, Ace < Joker, Jack; Queen <
Joker (ps<.05)DIE T & - 7 (F(4,68)=7.36, p<.001).
SPN : 50 [ & 10 AI&REFDE 4 T, 77— F(Jack, Joker)
x MER(E, &) x BHEEML (FT,C,P,0) ®3 ERDH
LSHT R M LTS R, 50 FhBIREHCITA IR THiRIE
FEINT 3> o 7=(F(1,17)=3.74, p<.07). E T2k — K X EALD
ZEAEANEEIER T Y (F4,68)=2.25, p<.07), /LA
T Jack > Joker DBFRAVRBE STz, & BIT, Queen,
King, Ace I CRISGD BN E B LI &L 25, 50 F
BIREEIZH— FXEBEBHEMOZREERABED LN
(F(8,136)=2.41, p<.05), Queen, Ace EARFFHTDZ OP T
RIEIEED Lz (ps<.05). —77, 10 MBRBHTIE, &
REOTHENREETH Y (F(4,68)=4.00,p<.10), C,P>0,
T Toh o' (ps<.05).

-7
£ /
S
: e S——
&2 e A
2 —®— Quean (75%) AT
—8—King (50%)
- - -k - Ace (25%) }
[v]
Frontal Central Parietal Occipital Temporal
i® 1 50 FI%EREF SPN HRIEHE

[&8]
SPN HUBFIET T, AP UHORIBESERTH. ¥
¥ I NMEOBWERET T, 58— g5 aEo
EE0RRELT, SPN I8R5, &I, B
R 50%DboEbTREEEREDOEH VEMHTIL,
frontocentral AAAD ML b IEMEAL LTz

—155—



BB AREE

X o TILREARTHD ERP L/ —YF YT o

OEXRLH (RRMEXEAR—YHEEH)
VIR (RREXEATIARBER IR
FEIERIE GIF)IKEH2540)

GRS S (RREEAREA R— Y F28T)

[Bm]
Gehring & Willoughby (2002) B ¥ ¥ o 7 )V iREEHAT
PIZEE S N D AR ATEE & ¥ E {7 (medial frontal
negativity: MFN) & HJ 3 Al & £ & {iZ (stimulus-preceding
negativity: SPN) (Zid, 15E) - BI DT BN KBRE N
D. £DT®H, b ERPRIE S ¥ ¥ T OVEREERIT
(BAE B1TE) - MRS & ORIICITSBERER H B
LOLTFHRIND., EHETIE, FRELERENSE
IR ED/N\—Y F VT 4188 & SPN - MFN RIg
¥ OBHRE AT

(FiE]
BRE EF2EAFLTHMA204% 229:205) .
BB HERE I 2000 HORTR&® 5 % 1-. BBRER
7780 e (ZBREINI=T 4 A7 A PRITERE L,
EDERICGBMRTAR Yy 7 A2 ERLE. BEAE
TR 800 ms 12, &R w7 AT 10 F 71T 50 DE{ENS
BREN., ERETIELENThLOEE Ry 7 X%
EFREEPHETRIRU, BRRIGE & HICERSA
IHE L, £D2500 ms HIZRBR Yy 7 R E2FR TS
ZETRIG - BRERE T — RSy 7 Lk, @RA
v 7 APRBIIE LTINS RSB OMAE 2 ERL,
FEICETIVIRREER L (BLFIE - Ak
ORI REBM CH VI —NR"F R L o). ¥
BITEIE 28T x20 7 a v 7 DE 640 A TH - 1.
F—HF LIS ERREEM Z AT A0, 7o
— KNy 7 2 L CORBIGRG 2 ERANI64RIT x27
oy 7f7or.
ECERJTYS - AR (EEG) 1%, EBS 10%EICHEHL L 7= 28
LA b BEd U, REESL 10s, milEE s
100 Hz THEMH U7, F|EIS LUK FZIREREE IR ERK
10s, ERIERTEREEK 100 Hz TEM L=, 2RIEHES
Y 7Y S EEE 250 Hz TIRTEL, 7 54 4L
BITHE LT,
IATHIE  HREITORBRICESINT, HERTL 4
%/ (GainS0, Gainl0, Losss0, Loss10) 2% L, &%

DY X2 BB (50 MEBIR LI e®R) 2 BH U,
SPN & MFN {37 4 — KRy J{EBEDOE RIS % LV
T, L4 &ML 4R IT D8R &% (Choice50/
Choicel O)AIZINBEEH Li=. ERP FEFITIZ 10 Hz D1
—/RRT7 AN %A L, MFN X Loss—Gain D 2H
T LT b U TR 100ms OB & EHIT, FCz
B K HRIEE % 3 L7z, SPN 1% k U ##12500—2300 ms
DELEALEEBRICT 4 — F/3y 7 ZRERT200 ms D
EBALE AR LT, AR TRWODERER, #
WA >R R B (sensational seeking scale: SSS), YG #H&RZ,
STAI, MPI, CPI, PANAS THh 7=,

(5]
YADBIRE : U 2 7 BIRR 4 EATRIT O R Tl
L72& Z A, Loss50 $12 Y 2 7 BIREBMN EH L, Gains0,
Lossl0 & DENZHBEENERD L =(F3, 57) = 543,
p<Ol). £7z, Y 27 BIRF L SSS-ES HA & ORI,
5V IEDFRRERELR TR H 7= (=46, p<.05).
ERP : MFN & SPN DIRIE(E & SSS, PANAS & DFE722
BRI TEROLBY THoTe., BHITHIIHEENY
P<05)%7R7.

PANAS

CRKG BUALMGLLIUNOY AR OR

LS - E
0.2 0.0 FAHE 00N 03 001 D29 0.03
010 012 DU 008 020 017 D09 042
0 Q010 020 001 223 001 0.29 002 0N
031 031 419 0N 042 009 001 03}

MFN (FC2) Choiceld Gain30 003 016 0
Gain 10 0.21 004 0.
Lo 0 431 002 0.
Lews0 001 010 0

Chokes0 Guin30 039 - 035 0.8 5B
Gain0 0.3 043 0.

012 020 041 019 621 004 041 Oof
0.21 {3005 040 006 042 D11 038

Lowst0 0.8 007 3
Lowso 003 005 0

SPN(CA) Chokel0 Gainid 004 D28 010 00F 0i2 022 009 039 o
Gain$0 033 023 026 019 000 020 032
Lonmi0 023 013 0327 024 003 005 0.08 YK
Low0 026 0« O 004 05 0Nt 012

Choice$0 Gain30 013 004 009 048 046 03 007
Gain10 017 0.1} 009 031 007 03 02}
Loss 10 025 003 002 025 048 006 020 o
Lows 30 029 003 007 027 025 02 004

[B%£]

U R 7 BRFEL, Loss50 TEK Gains0 TEW & WL ST
ROMRBEY Thote., Y X7 BIRR L BIFAR
& OB AR X 7. MFN & SPN I3V % Gainso
THEA THh 7. MFN (213 Choice50/Gain50 o4tk T SSS
& DEERL L, XY NVERD B5EIZE MFN OB
ETRTH/ERTHo. Fio, HRERD & RS
B R X FL7z. SPN {21, Choice50/Loss50 §:44 T SSS
& ORIIZERWADOHEE (FEER) B4 bh=b oo,
SRRANTHERBFHE & ORBEMIT R VSRR o7, L
DLRN G, RREFTET HIEBEOF T, 3
R THELLE IS BIBETAA LN, ZhbD
FEFRIL, MFN & SPN KRBt S N DIEE-BIE 513 7
TRFRLE S TR EEZTRRL TS,
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HIE  2PMO063

Xy 7 VR TERD SPN &/ —YF T

OffE4!, ZAFT' EAEW?, SEE’, LEmsE2
(' BRREAEARTRIEIGH, 2 ERMARERR— YR, TR I REEREE)
keywords: SPN, F¥ 7/, —VFUFy

[B#]

FRBTAYEENL (SPN) 1%, BROMBIIT 5 TH0#
7, B8-S0 L oBE»GITEICR U2 EELR
T ARAERBMTAERPLEZX LN TS, UL, HE—Bhif
SHERE A=V T OREEEL RIT . FAHFR T,
HMEHI—FOERIZE > THE (100%, 75%, 50%, 25%, 0%)
MELT AHEBX v o 7 VBBERITHOERP & S~V F )
T4 EOBREE R L.

[FiE]
WEBRE - HFXERAFLTARAISS (23.8£3.45) LL7-.
BB EBREIIIS0M OREEELIZ, 2000R DT R4S 5 X,
FyL T NVBEAR LI, HBRE OSOcmBlF LR BINZT ¢
AT A bRz, —REHEU AP ER A %2300 msET
L7, HAOEHRASEELUSE, HREIEFRIBELPIER
AOWCBREGZLE R 10MBEG, T 50MBH) . K
ISk, REMUTRIE U7 DS A EAI22500 msRmREiTs,
HED-ERTAT7 7y bTHRHNIZ3000 msRRaNT1%, B
MARETHEHOH—RBHAIZT00 msRRSNT-. BT,
BMEOHI—FULEHLELL, BEI—FETEHLEEEAIT
LT ERLA—FOfEELESIE, Jack < Queen < King <
Ace < Joker TH¥, MBHEFEOLI JokerAFIE A& L=,
HEHI—FLBHOI—FORZEDLEIEAIVLF—RTFU 2%
otz Lo T, MEHI—RO BRI A TYUSRITOBENL,
Jack (100%), Queen (75%), King (50%) , Ace (25%) , Joker (0%)
I ESN, RRITERIEERZRIT x 200 0y 20dt640EIEL
7=. ITHZF491000 ms (2200 ms) &L7=. REMLIZLAEE)
B TMT /DI HBRELLT, HF, 8FDI—F
MEIZBI&ERITERY, SEEBMNE X SNV RITEARIT x
27 ay 7T o7.
BB IR (EEG) 1, EIBR10%IEIZHEILL 722880 (FPI,
Fpz, Fp2, F7, F3, Fz, F4, F4, F8, FC5, FCz, FC6, T7, C3, Cz, C4,
T8, CPS, CPz, CP6, P7, P3, Pz, P4, P8, O1, Oz, 02) oA EE
(A1) ZEBIC, BFEI0 s, BIENTEREEI00 HzCTEH L.
BEEBLIOKTIRRIEDEEELRI0 s, BIRERERK K100 Hz
THEHLE. RIEBERITY LTI 7B E250 HeHRTEL, +
TIA B LT,
S G ATEMEIEE, VAZBRIRBEH LT, S0M&ERREE10M
BIREED SIS ZEL LT, YAZIRIRRIT, 2EDYR7BIRR,
BEATRITOR RIZL D428 (Gains0, Gainl0, Lossi0, LossS0) ,
BLUEBRITCOEENI—NZIB548 (Jack, Queen, King,
Ace, Joker) IZ0WT, URITCSOMRIRU-BEFEM L.
BUGHMZII W THLYAZBIRBLERRICHELE. R—YF
U7 12B84 B RE 2L, Sensation-seeking-scale (SSS) Z2HTMZ
NEO-FFIZf\ /=, SPNiZ, REU UK EN A ELT, EAl
RITORRL L MRIT CTORREBFEL -6, RETLiom
HAMEL-. MAEFIZ, 10 HzDlow-pass7 AL ZIZHEL, B
iAW T-. F3, Fz, F4, FCS, FCz, FC6, T7, C3, Cz, C4, T8, P3,
Pz, P4, Ol1, Oz, 02{Z-2V T, RF L D-200 msh:b 0 msE~
—AFA kL, HEL—F, BRERETIBHD/I—FETHE
B1200 msOEHB/AEHEBL. TRHEHEAIZOWT, &
HZEIZI0MEBIRD S50 RROE L EARDT -,

(HReER]
TBhE 3 F V71 S0MRINEEE IO RIR B 0O UG FRE 2 &
NR—=YFUF L LDOHBEBGRERN U, BB50%DKingd3 51T
EECERINZBE, UERIT O —FRIRKHOBITES
St IcFE RSB LN (=-48, p<.05) . FEEDFH
WIS FAKing% 2RULIZKRRITC, SOFBIREEO K
IEEE A B LT, YRIBIRBTIL, KITRITTSOMA L
Licth&, YRTTOS0MBIRBLIMIELOMIZFBIAR
BHT (=52, p<.05) . PWIEOEVHEBREIZIS0ME K
#%IZ, SOMERIRTHIELNRENT:.
fTEHEERP: 10 R IREF L L L T, SOMRINIFIZ SO B
LRI BIRREIZY, ATHH — PO T, FFEL—FERERT,
BRI EE A B OSPNAB T+ 2HEEBEAENED LN
(r=-.65—-.50, ps<.05) .

VAZBIRBOBOEEREIZY, 10FLBRIRICH 500 & REr

TxHEAE F A Joker® R UIBE, BRUR E E ATFEOSPNAS
FCZIZBWTET LR (=49, p<.05) .
23—V F VT L LERP AR AE MM A A OVRBRE 1T X 10 Rk B
LHEL T, SOMBIRFFICTRIE - %A CHEH— N ERERD
SPNAE T+ 2HEBEICRENT (=46~ .58, ps<.05) . F/=,
SSSIEAMNBEVIKBREIZL, R LLEMICHITTHRESI—F
STRERTOSPNBETL (7=49-.61, ps<.05) .

10 RBIRFF IZHBEL T, SOMRIREE COMBBEEERT D
SPNER—FUTF 2L DBIR TR, FCz&SSSICHEBAMELRAER
bh (,=.50, p<.05) , SSSOE LR FH 1T L 50BN EFIZSPN
BT L. A—RENZRMLAECA, FHEM Jokerk 2L
B, SAEEOBWEREIZEFCe, C3, P3, P4, O, Oz, 02T
SPNAE T4 28EER LI (=48—.62, p<05) . £/, [Fkk
IZSSSIE R D EEEREITLFCz, C3TSPNAEFL (FCz:
r=.47, C3: r=.52, ps<.05) .

AR T, 178, ERP, LEREROBIFHEIZOWTIRY
BIROMENASRM U, TOBR, /=Y UT 4, 1TH), ERP
HAIZHBRERNED LN, SRt EKIZEDITE), SPNAS
T AZLRENT-.

T FCz

*

Cardt
[ —Jdack
~—Queen
1 —King

-—Ace
-==Joker

o= e

-10 -5 ] s w0 1
SOMEIOATHRRE W)

(1. FCziZ33i1 50 MIRBEDIBHENE S (£), A@MERSALS0MLI10A TORRE (L),
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F?HE  1EV089

by o] ] o {5 AL B L B G RRE R A

O€¥A ¥+ N A

EX ZH

HiE A% H B

(BRRBAXFEAMBFEFRER) (BERAFMBEHER) (BRAR—-YREENRR) GIFIIKE) (BRAR—VEZE2M5)

key words: CNV  LRP
(B #])

R (R R A B (CNV) /3T F A A(S1-S2-MR) & AT, RIF
[ [ & (inter trial interval:IT) @ ZE Bh A3, KI5 B ] (reaction
time:RT), CNV, {R{tE #&{#H B (literalized readiness potential:
LRP) (252 BRCER P ~T-.

HA -\ HIBLBF2003)I%, CNV RSFALLEB/NWT,
ITEZBIELG s/10 s), ISIEEREOBBRET R, TORKRE,
ITI DEEDOREELTRT & CNV MBEEHLT-.

ARFRTHL, ITIRHREL(3s/4s5/6s), RT, CNV, LRPIZ
RIZTREEW . BV ITI &84Tk, RT 23BIEL, CNV Al
IR OB AR FREN. LHLRas, &4 33T 6 s} ITI
233 s DIFHKOTD, bL, 3 s ORBEFIBLTRIGERITTS
2OIE, R 3 LR M 2 KOOLRIEDFIAIL T HES LY, RT
14 1AM 3K 2, CNV BT OIRIBIZRYE D&M
itk 2 LIRBI LN TREN.

(F %]

BHRE  TUESEREORA 0L (BF54, KF548)%8K
BELL. WREOFMIT27TE6.13BTH-T-.

B3 RS EUT, S1 IS+ (HERE 5 om, #riBER) 3 s); S2
ICARF(ER 5 cm)% CRT (EBRFORTF 1lm) (TEFLE.

i CONV NIF A hEEARLL, BHIFKIGIRE 3 &4 (%41
(IS 3 s/1TI 3 s), 4oftk 2SI 3 s/ITI 4 s), Zftk 3(ISI 3 s/ITI 6 )]
BERELR.

FHE T RTORGET, C27FFZTL—0+% 3 sEFR
B, CoERE TNV -OARBEERICESRLEL. B0
+D®ITIREIOARRT, TA—D+D%IZIZTAV—DAK
e BmRUic, BEIL, ARBICHLUTERHIZ, BIHICRE
ANk —%, BEEIFHIVVIEFTE I BOBBEENICLS
¥— Eif%#fTofk, ARBE /TN —)E, RISEEFE 3
B/EFE 3 BEORGITEBRER THV A —_F A%l
7=, 3REBETRIEFIIEREM CAVL =T AL,

RE I LU 55 EEG i1, Fpz, Fpl, Fp2, Fz, F3, F4, F1,
F8, FCz, Cz, C3,C4, T7, T8, CPz, Pz, P3, P4, P7, P8, Oz, O1,
Q2o EEE4# EUICHREL 10 5, MmIgENE KL 100H2 T,
EOGIIFFIESEL 10 s, FIEWT B 100Hz CH H L7, EEG,
S1 BREFNAELTMBERY L, F—F 41T RT 5 100-800
ms WHDHRTFEDIFHMBLEL. CNV i, Fpz, Fz, FCz, Cz,
CPz, Pz, Oz 25 at&EL. LRP{{EFE RGO ESBAL
(C4-~ CIDOMBE LK+ FEERHDOZEDBH(CI-CHD
A EEHER) /213, C3, C4 &5 at@RéLT-.

CNV 1%, 7 BR{izC S1-S2 1% 500 ms 244}, 0-500 ms X
FI(LAt%, X/ 1), 500~1000 ms XHI(LAE, XM 2), 1000~
1500 ms [KRR(EL#, KM 3), 1500~2000 ms XEI(LA%, KR 4),
2000~2500 ms XH(LAt%, X 5), 2500~3000 ms(LAik, X
6) X [ D EHIRIBEIZ 2T, EBAL (Fpz/Fz/FCz/Cz/CPz/
Pz/0z) X Zefth (&AE13SI 3 s/1T1 3 s) /it 20S1 3 s/ITI 4 5) /
et 3(1SI 3 s/ITI 6 8)) D 2 BRIBIHEIT-72. LRPIL, K
B 1-KH 6 $TOEMIRIBMEIZOWVWT, | ERSESIFETo
7= RTi¥ | ERSEITEITo.

{ERBIUER]

SREDRTEZIER BT LR, FELE1NEDLNE

(F[2,18)= 4.72, p<.05). HEEBLIEE, &4 1(269.8 ms)&

ITI

214 2(270.4 ms)&h itk 3(278.4 ms)D3H B ICBIEL 72 (ps<.05).

B 1%, S1-S2 IDFCz 123115 CNV B TH5B. CNV 2
L X &HFEQ)C2 BRI EIT IR, R 2, XM S,
X 6 (CE D X RS -7 (F(6,54)=3.75, p<.01) (F[6,54)=
3.31, p<.01) (F[6,54)=4.22,p<.01) . ZEWELBLI-FER, K21
FCz>0z, XM 5L CPz>Fz, CPz>0z, X} 61X Cz>Fz, C2>0z,
CPz>Fz, CPz>0Qz T3 o7=(ps<.08).

7o, XM 2, XR3, K4, XM 5, R 6 IcRkEDEHE
MHIBH LN (F2,18]=9.28, p<.01) (F[2,18)=6.92, p<.01) (F(2,
18]=4.68,p<.05) (F[2,18]=4.10, p<.05) (F[2,18]=3.73, p<.05). X
2 LM 3 Ciddkib1ivdH 2, &4 3 D CNVIREMNE KL
7=, B4 CIERE1LDERE 2 DIRESE ALK, X5 LXK
6 Tiddelt 3 X0t 2 DEESH AL,

R 2 t%, S1-S2 Ml LRP I THa. K 1-KiH 6 0 EHIR
AT | ERSBSH TR, 2TOXMTEEZIL,
hols,

CNV IZRIET ITI ORI, CNV BIHIRS (X 2, X 3)
LB (R 5, XM 6) TR EMABRENI-. CNV %
BERR AT, RT BEATRUE 1T Sfth(&itk TR LI,
EBHEE R LI2bDEEXLND. LM Ledh, CNV BT
S(XE 2, XM DL, BITI&E(&E 2, REEDNTRKRLEZE
Mo, & 2, R 3 TIIATEEROETENE D72 E2RE
ENf, S1-S2 D LRP ICREZENBH N2l E05, C
NVOEE IDES M T, BamERuEnEL Rk
LisbhnbEZ HND,

RT: &ft 1,50 2<%&4F 3, CNV Ry &l 1<RHEF 2<%
& 3, CNV %Sy Rl D&M D&M 3 LVOHBRIL, &4
33SI 3 s/IT1 6 8)Tik 3 s #FA LIS FBIZEDILT, ITID
EIMREBEERITUSAIEETRLTA,

- &I IS 3s/1TT 88

....... %42 (IS1 38/1T1 45)
1 {IS1 38/IT1 36)

1 FCzlzkliT5CNV EH

T —— &P (11 38/1T1 39)
e e SR (IS1 38/ITL 4s)
| oS3 1S 3/ 8s)

K2 LRPEW
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