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An ERP analysis of mismatch feelings from semantically mistaken words

by visual and auditory stimuli in Japanese
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Abstract Two ERP experiments were conducted to examine the semantic processing of mistaken words in
Japanese sentences by measuring ERP. ERP is a kind of brain wave that describes brain activity elicited by light
or sound. In the first experiment, participants were visually presented Japanese sentences. Each presented sentence
is categorized into three types. The first variety is sentences with no errors. The second variety is the sentence
which have a word violating world knowledge. The last variety is the sentences with a semantic violation. In the
second experiment, participants were presented auditory Japanese sentence from the same set as visual version of
experiment. In each experiment, presented sentences were segmented into chunks. Time 0 is the onset when the
target words are presented. We measured ERP after correct words, world knowledge violation words and semantic
violation words to examine whether N400 ERP component that reflects mismatch feelings from mistaken words
was elicited or not. As a result, N400 ERP component was observed after each category of mistaken words was
presented in the visual stimuli experiment. On the other hand, N400 ERP component was shown after semantic
violation words were presented, but N400 was not shown after world knowledge violation words being presented in
the auditory stimuli version of the experiment.
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I, BEORZTFIEEL FOEEr» S ENELHA L L SIIZD
BRE 74— F RNy 7§52 %2525, APFRTIRENRE,
SEOR D PRI FPAS R WEESH o & EITAL
R, THRLEEISEIINTE IRy F Lo kEE L
L, XHOMY BEICNT 2 MO8ICEEHT 5, 29 L@
% 5T (Electroencephalograph:EEG) % T, SRBYHIE
fiz (Event Related Potential: ERP) %\ CTHHI§ 3.

XD S 7 RIS T 28I BT 209 h3 4 7 v 55E
T&Eﬁbnfw [1]. COWETIINhD 2 MDD H

WL CRRBGEBEM AL, ELVEEIOTT 2 KR
@%&#ﬁbhk.%@%%,mbﬁ XL CRREE AT
N400 2l X 4, 1E L WHLEE & 3o 72 BRI 5 SOS I E
WIH B ZEDHS DI T,

ATk, HREETEN N400 ICHEH L, HAECHICE
2 ERICBIT 23R D IS 2 HRBGEHEN O Kh & HE L
HOMRBICOWTHET 5. & 7 v FRETITbN i Ti%R
EARRICHARGESICB VT 2 FHOERE D 1o L ChHR

HEEAL N400 2Bl I N FE R L, [FU %2 M CRETE RN
21T o 15 b ARRIC N400 FEBT 5 2 L 2R T

2. EERMAR

2.1 By &

SHE BICE» N BBIICET 2b T BMAEICEH 2 Y
RALDHEL D, ZDOV RLZFESLELMETH 5. XK
WNOMFEMIEOFE KIEENC R L, BRI Z < HBLL
%TT%O,:“%%%MW&w% T35 o> Hh 3K 13 e et o
a2 —n NI EMDZEI Zo&EMOENETF T
A% ua;o,m%@em%@ ﬁﬁﬁhé.ﬂﬂ%@yf
7 ABEMORIEIE 100 mV & IEFITK E DRI 2YE X
Z1ms TH2D70, MEICIEHEOEML 2\, F2, Pl
> F T ABEMTHRET 2 BMOBEIIER /NI VDT, K
&@ﬁiAE@®/%7x% B, TH B EHZEZLNTVS (2],

XL, JeeED &) AR EENC N L TET D
% *ﬁ#%b,;n%E%%@$Ukw5m RPN

O AFRMICHER LT 2 RME L ELE->THL S, F
RBIHFEN1E 2 D BAFEM RN I AR TRIFDSIER 1T/ S w i
O, 1EfTHICBMT2 3Ly, 22T, TokhlEo
FAT TR S NI T — 8 MG L 2 W ERNE 2 o Rl &
FEHEL LCZ A A, MEFET 2 45k% & 5. HRPIHEMIE
AATHICH CEIE 2 T EES 5 2 L TE, METHZLT
9 & BFENME S & O&RIT I LN 2 £ XERATE 01
HEOOTHL, 29T ELICE>TS/NIERLSTEIER
AREL %%, /A ZADEHTH 285G, NEMEEEE2T) &
JAXDIRMS < £ %, T, FEFENR A XL TR
+ L5, BEBOPEFIC X 2 BREPEBEMZINEL 72 b DI
MBS (Grand Mean Waveform:GMW) &\ 9 [4].

HREHBNILEE, W00 SR BIIF L LTl
SN, E2NZFNDOP%)EST (component) & K&, &5 ERP K
TBHBT 2854 2 v TR T ROICHROMK D SIHD
HAEToORMZ ms B THIET 5, 20z THAEIN (peak
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Fig.1 Schematic diagram of ERP. Onset is the time when the

stimuli are presented. This kind of graph can obtain av-
eraging hundreds of effects against the same category of

stimuli.
latency) £\ 9. F£7%, WOKREIZRIE LWL, u V HHLT
WIET 2, @, EHEE 7 2 DX (R 280E L, Thzs
#R (baseline) &£ LCTZ 26 DEMEZMET 2,

HRPPHE NI LB (positive) HRAINDEMD S 7 b L3

HY, PTERT R1DPIPP2HRENINIIHS %‘Ié
(negative) HIAINDEMD S 7 + iz N TRIN, I_Jﬁ%
N2 2 & LRI G, £/, BREEEN iﬁi%&@ﬁ@ﬁ
A% D CWEHEN S 2 &3 D, P300 5 N400 531 & L C1F
5N %, ZNZ ORISR L O B TR I & -
TR T 2700, HRBIHBEMOWEZIZHEEORL 2
BE OB SR> B HWICER L TRl SN boTh
BEEZOSNTVDS, HHIEIC X > TRARNICH S Z s h
2 X9 A RN, ANRRERIC k> T ERI 3N
B9y % NIRRT & v ).

2.2 BEHREEEN

HREPHEBEN O TH 5 N400 132440, BHROAR TR
LCHIERIZIND DL INT W[5, BT N400 25
LN ZOWETIE, 7 HED S 7% 5 R MEEE I RS
L, SRE, @HEIZZDEITNICAD BB WHEIEBA- 7 L EiC
N400 BFEBT 5 2 LRI N TS, N400 DIRIFEDR b
RELHZDIE, ZTOXk) HPREE) HESXDOREZICKS
LA ETRED ICXDM Do A TH B [6]. N400 BhEDH
ZEI3 M), ICEAMIRED, 2 ICSTUTELHGEL LT
ELWbHDLHEESZODOZHEL, KT 29— Db D
H%h o7 [5][7). N400 FERDFAD 721 T4 <, MFEOREIK
ZOLORMIMT 2WBTHHND L EIN TV [8][9]. 7,
N@Oim# Lo TZOMBIRRIANES 55 2 LA ST

% [10]. HEBICEDBHoLBPAE T, 2 2IELEORED
@%ib@o#% Al O FREAFEEN TH B P600/SPS 28
FET 22D hoT w3 (1], T, EROED &30k
DFD IIBIEBCR LHDBDTH S LWL 5,

Haggort 5 DHFZEIC & b, N400 i3 & + 0 H & HE> tHH
i (World Knowledge) & EH231 T\ 2 XD MICHEHEGHE L 72
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Fig.2 Electrode arrangement of EEG.
BAICHRIZ I EDBTLoTWS (1], ZOMETIE, XH
2% 2 MO Mz L Tw 5%, 30 #HEko—DoH
i, AERIC K > TED ThH B Lo B HiFE (World Knowledge
Violation Word) TH 5. Z DHENHICH 255613, —H
THREXZDHDIFIELWERL I L2H S, Larl, X
BT 2HERBH TR TH B L35 &) RHEFEN I NI
H1eb, ZOHOHEY HFERER, WFlL LTOE) EEVHD
DXNREZ DK S Z & DI \»HEE (Semantic Violation
Word) TH 5. T 5IFHFAGRRICN T 230 OHEE & iy
ZEBMOTHL DTN, Z0 2 FHDORD Bk
AT E ISR D D e WIE L WHEEER A7 30k B &
EOHRRPPEBEMN 2 KT 2 &, B HEFEL N L F12 N400
DBHIS N, ELWHGEE FL7 & 1213 N400 3Bl S a7z

3. EBAE

AWFFETIX, BOMBERALLERAL, Z2ORIEEHR
B A2 W CRGEE S 2 EEE 2T o 7o, R BRI E L <
XFTRRT2b0 L, HEHBE L TEFTIRRT 2 /i
DT A LERGT.

3.1 RRINERIRIE

Iz IR 1 Brain Products #:#¢ BrainAmp % {#H L 7z.
W st D EBMEIZ 32 F v 2T 2 D X 5 I FICEE
L, B0z 77 FE Lk, B E-E Bz
W, EEG ¥ vy 7 CHE LICEmREZBEE L2, £EMDOA v
v — v A G EBROBICY 2 V2 %5 2 LT 5kQ A
TR, MIEHIEIR 500Hz TV, 250Hz 1287 v
77U R T 7,

3.2 # B &

BB X, 22 005 25 IOMABEE MR E L7 (525 1:5
%, HKER2:5 4) Y WERE D4k & LTI, HiBRE I3 B

(1) - RSB, RIFRERE 2 GRS IS 5 7 o % R R BAER
FBERFOMBER 2% & HEHENED KB 2137 L THEZ2T> 72,

H2R1TH 720, HMETH 2 &, KEBoBAE g 2
&, MRICEEN W L, HEHMEIRR T2 Z Lo HE
ICRES N L L LT,

3.3 B ® X

BEF PR T 2 AARGE S, SERICIEL W3 E S —H#
RO ZEALRXEM VT, F42DLIZY =7y P OHGE
2R, Zo¥—7y bOHGER R L EORREHEEN 2
W2, 7=y P ORFEIICHICE W TIE L WHEE, HEH
WA DI B HIEE, BERICN S AR D R0 SR A RE L
oo ZODWYHED I L, HiEOMAAGRICNT 25D 13,
COWEER A & FICHWHREIICONBEHI DR AR E D
RS FIENEL 27DICRY THL LD 25D TH 5. Hif
WY OHEEIZ Z DHEER H- L S ICHESEROBISE 2 S BT
ZOWRLITHIGL S BVHFETH S, £/, IELWEVS
TRV B YRS BN Y =7y FOHEELE o Tw A UFHA
L LTHAICELWITH 3,

DIF, #1%2%F %555 ZfEO SO T O 2 /B 5
LEBICHAT S, Mo, UTokd X a2ERT 5.

el #EEwn

CORRTI OISR TL e n & v ) HEE
WARIZHAFEE L TIELWXTH S, 2D, XDEHZH
ET B DDAMMPHE G ERENG TS5, 22 TIE iy @
Bl TV RERD) LI EREMA S,

YUiRiRD feld #EEL,

EERICy R RDOEIZHE A D I DL, EL WX ek D,
722 L, TOXDIEL W EIEHWT 520121, R
ROEPEENE VI FEELZ A>T 0ENH 5, 2 ZCTH
RENZHGEHIMAAGTDH 5.
Kz, ZoXhich 3 T,
I HERICE EZ 5,

W) HEER THY Lw

FYINIRD TEld  FL.

WY Y RROLREO D, ¥V RRDEE B OFEL
RIET Z DWEER R BB 1 A ORIGR L B 2 NED L%
R LUEMRZREZ S, 20X e HRARKR ) oL &M
RIEETE. BRBIIELWHEEZ AN XD T#n ) O
ax TE») ICEEHZ S

FURKD T Eu.

M8 L) HEEIE TEfy) TRy ERIUTBAFETIED %
bODY Yy REDILEHHT Z2HEEL L CAEYITH 2720,
COXITH L CTHHEBHRF IR D BERMEETZS. Z0k5%
XEBREYDOLEMRZIE LTS, R1ITky Loz F
L35,

DX 3OoOMBEDOXE 1Y FEL, 0k b, &Ef
270 XEAB LD OZRECCE LT L .

Y =5y FTHBHEBONFNE, WAL T TRAHLD)
FbLHWR, £21L, ¥=7y FOHENLFTH ZHILE
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Table 1 An example of sentence set

A5 3 X

ELW FURRD fElE Ho,
MHRFRRD | s v AR fhid B
HRER D FvRRD fhld o,

#2 ¥—7y FHEENLFOH]

Table 2 An example of sentence set which target word is noun

AT X

ELw HATIE Hix AHfiz E77 2.
HHAGGRD | HATIE iz Az ETT5.
RRELD FHATIR Hix e ET7T 5.

z

3.4 REBORTAE

3.4.1 5 %

WERIEE T, R L7 90 o 3 ofl, 270 X% F >~
FIHAREEZ, Z2REND LD —ET PR L 72 ®2,

Y, BIREICOTICE S TRETRAZSEEZND =%
WKL I N2 X2 A on k8% L o7, FEEdIzHZH
F, HERRUATORE PhoB X 2P, RRENns
X, MREEZZLRDS RS X )ICBRETok, EEBROBA
B LT OARIEERENEE T 7. £2DOXEFRRT 5
WAL XY ) X E AT S K IC R 3 Hkz vk, #7173
B OIFEA LR ERL TH DD, LOREKE BT 24
B SEBOANEEB A KY ) HOTFET 570, A
TR XEXY) 2 A2 BEROEE D 2RTF v 7 LIERZ &
ET3, BF v 7305 BTOoRRIN, FrrRRE
NI 0.5 D 77 v 7 (il b FR S i »wE S G (R EE)
ERECRDF % v I DBFRREIND, XA E TRRNINIE,
ROXIKEL ETO 1 DHEEEERIMTH 2 " + 7 23R R S
3. ZOMORBEE 2 EOFEEITH T LA BERE IR L 7.

3.4.2 IE W%

BRHE L AR, RT3 F v v 7 IR D R L 72,
TR W 7 SUFRAEFRE T W 270 XE 1 X o5iA L
J, BELZbDTHSL., INSDFERT77ANE T VI LIC
Ty 7N L bDETAEL, WHREEA Y THALTS
N XEEEREEZ P OB 2 & CREMBEZTo 72, Bk
FEDRBTICEED, UV Iy 7 AL HZHWIRETRAI NS X
ZHE, RT3 ELEDHORFILAL Tk % B3 F %
ZBENICHR BTN, Ay bDIYAL IV TIEY =Ty
M HGEOFSEIMER E L., Fr v 7 oREE 058, —o
DXDBET LT oRDXEHET 5 ETORBEEZN 1, —
DDXPSRDIA~NES FTORRER 1 ICHRE L 72,

3.5 ERP 24F

ERP SHTICIZHATERICH B Cz F v v V2R L 72, fili#

(H2) : HEZERIIT VI LRATVS D, ALATITVDI—4 v +D
BEESTTHBT 22 bdh Y, Tzl L) iz v aiRcids
V,

X3 SRRSO IR T

Fig.3 Timing of presenting the visual stimulus
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Fig.4 Timing of presenting the visual stimulus

RRDBTbNMZ%Z 0 £ L, 1IELWHE, HRAEEED 0¥
B, B Y OHGEOMIE T — 5 % ¥ —77 v b OHEIEDSHER X
nlRHZRA 0 & L TmEFI L, —100ms 25K 0 £T
DRRIDEN %2 T 0uV 225 X I ITR=2F7 4 VHIE%
fTote.

4. EBER

4.1 HEFHEER

K 5D777&ZNZFNDHhT 3 OHEER G CRR
Lt E0ERBETFMEZREL DD TH 5. HellIIRIE [«
V], BElEREZ] [ms] TH B, 7T 7 R OWEIIE L WEEEE B
7L EDORIE, RBSHFAGRICS T 28 ) R R L &
DO, FEEDSERICK T 23D OHFER 7 L Z2ORIGTH
3. =y FOHEEIZ T 7 7HORZ 0 DY A 2 v I THRR
XN, -100ms 2> 6 R 0 F TORHAZR—RF7 4 v LTw
%, Fy )L Cz T, 250ms 2> 5 450ms [T TG~ D
TALD > 7 b 2SS N D BFEIT T 5 A 2 9 N400
D Z iz,

FAGRIC T 23D B3R L BRI 23D O HgE% Rk
SO DOIRMEAEDHERMIZE [1] TIZFE EEDMEDL S 72 DITR L, A
FEERTIEZNZNOHFEICNT 2 N400 OIRIFICHE R 220 R
N7, ZNEFNDORIEDFEL t BUE (p < 0.05) 12 & D HREM:
DER S 7z,

F7z, M6 IFIELWHEE LD HEE L DIRIEDAETTH 5.

4.2 BEREFIHEER

M7i3ZznZhohT 3 OHELZEEAM AL L Z
DORRPHEBENEZR L7777 Th 5. MEIZIRIE [v], Wi
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Fig.5 Time O is onset when the stimuli are presented. X-axis
is pV and Y-axis is ms. This graph is ERP waveforms
comparing correct with world knowledge and semantic vi-
olation in visual stimuli of experiment. Broken line is cor-
rect, dot line is world knowledge violation and solid line is

semantic violation word.
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Fig.7 Time O is onset when the stimuli are presented. X-axis
is pV and Y-axis is ms. This graph is ERP waveforms
comparing correct with world knowledge and semantic vi-
olation in auditory stimuli of experiment. Broken line is
correct, dot line is world knowledge violation and solid line

is semantic violation word.
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Fig.8 Difference of amplitude between correct condition and

0 100 600

world knowledge and semantic violations. Dot line is world
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Wz [1]. —JT, &7 FETORITIITE & L ARk
I 23R8 D HiEED N400 ORISR D IS 238D o H
FELHE L OIS L E LI E o7, HAFEC TR
XRICHREFEZANDL ZETXOEERELEZ 5 2 Lotk 57
&, XrRhE TAKILETY—7 v FOHFEDELDIR
EDHRZ N T & A N400 DIRIEDHA T2 2 Licokdi o7
LN S,

¥ 7z, WETERRHSLECIIRREA D O HEE IR L T N400 3L
HENleoizx L, R D O HEEITN T 3 SOGOIRIE X
ELVWHEEE MG L CHRARENR SN Aok, TOEHRD
5, SEDOBY I 2 EMBIIBERE R B\ TR ISR
TR L TIBEH LT, AR 2380 IcBAL T
FEH LI wEw ) eI NS, SloFEHE TR
XDF v v 7 OB, FHGEL BN 2 0E, RIMHEE O & i
B it T IcEB 2T 72720, HEEETIEE— S 5cHE
b o TRARCD»BREIIZFAL TH 2 DI LT, FHEflgT
DEETIZY =7 v F DHEDRRICL» RIS > E
Hot. LdL, =4y b OHIEDOHA LIFIHO O %E 0
&L CHRPGHBM DWW A2 FH L 727, HEBEEL %E
TEROHBY £ 2 v T OEFDBRED» > T ODBFRKRD—>TH
2EEZLND,

6. XEHESERDRE

AWFZETIE, SCho R T 23 ) BEE & Emukic )
TRMY HEAZHEROEE TR L2 & S ICHRREEEN
N400 MBI SN 20 &8 ) 2 WRALT 2 FE 2T o7, Z D
B, GRREE FO72 ERRIC B W T HR BT N400 A3t
FAERIC T 235 0 HGE L RICBIT 234 ) BRI HIck v
TEIE N, F7o, BERERSE WA FEBRTIIERICNT 2
) HEE R PUR L G 0 A HRBGEEN N400 2Bl S 1
TR IS K9 238 D BEEE I3 N400 Il S e o 7.

Sk, BERHMICE T 2EEEZ L2008 TH . <
NEMFRT 2 7-DICEBRTH O XDEGEEHHIL T ) —&
MFERRE (T, SHEIMCEIBEIHET 254 2 v J 0L
ZEDPNILTE-DIERBER L, GELHER L bIcH
Bizfr9. £/, Zo0E) HEEICN T 2 HRBIEE M OIRIF
FEDSEMBRD RN METH 2 2 EMNRBETH 20 122o0» T
HFAND,

BEE AU, () EHRCEETTRER O BRI TEGE -
Bea/ Uy PO 7Y TEBSSORE S A 7 L OWFYEE%E
D—EE UCEML 72,
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