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The processing of negation: A event-related brain potentials study
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TIEERR B 2o W AT A A - FEEMRES A -
A FE H R R LB RIS BE A2 s T HARRT R A T A 3
MEER T4 R B E AR HEEE SR o AR
MSER T HERIEER (A ARREFESRE > BYT
TR (ERIMHIMIEREM - FER2EE AR

iEE

HEH - i€ 15 ERSEEFEN YRR - HEREER
(MRREFEE - &BYREHE) - fERSEE Cirirry) o

IR 19 300-500ms IR T N400 %L - 55 Bk B E 5
PR ERRIEER DA EH  RULES - N T RESRES

EEEZS A PR A T

HORIEE - DABRIS A 28 T & [AH N400 ZUE -

BT« S~ IS E - FHBIEEL - N400

24

.%:‘ 4% 30

3 7E (negation) f£&E 5 i ¥ 2 L N
#t 1Y (Clark & Chase, 1972; Tian, Breheny, &
Ferguson, 2010; Yurchenko et al., 2013 ) - fH#&
NEEM  BEMGESEFEEME - Wk
MR EEIIMNIGER _LAYEM (Xiang, Grove, &
Giannakidou, 2016 ) -

— & % (negation)

HEEH s 2o R —E AN FEHE
eV BERERER A DUE B K E

£ B EANEER Y LUZHEEMER - Z(E

At AT DU F TR E R R K - &5 E YRR
MEFEREWIFESEHEE - MRTEMEH
8 (Cruz Diaz & Mafia Lopez, 2019) -

(—) B % % (explicitnegation) #F%
t: & % (implicit negation )

In this study, we examined the process of the negation in Mandarin using
event-related brain potentials (ERPs). Previous research had shown that the ERPs
component, N400, was associated with semantic processing. We hypothesized
that the negative sentence with the explicit negation comparing the affirmative
sentence would have the N400 effect. 15 right-handed adults read the sentences
which divided into three types (1) the affirmative sentences, (2) the negative
sentences with the explicit negation “bu (-~ ), not”, (3) the filler sentences which
were contained the affirmative and negative sentences half and half. The result
showed the N400 effect was elicited in the negative sentences. We suggested that
the N400 effect was correlated with semantic integration.

Keywords: negation, explicit negation, event-related brain potentials, N400

HMES T EE NS E 8 & 5 Fodor »
Fodor Ed Garrett (1975) & Clark (1976)
f2 H T 5% A B9 &R B - Fodor % A (1975)
RENH 4 MG Y A DUE & 6 E /Y

35 ¥ 7= 18 (semantic representation) ° ZF —

HEGERENREMENEHFAZNS EG
(explicitly negative free morpheme;) * " not |
e B MELERENREE R (bound
morpheme ) * 41 in- > un- > im-; B =FHEEH
TE AR H IR RN B HEAZR A5 25 (implicitly
negative morpheme ) - 5 LG EEEE LA
EEE » 41 > any » much ~ give a damn Z55% ;
% DT 2 B % & E (implicit negation ) -

11 &t B i 5 72 B8 L B9 75 %€ &4 (morphological
negative ) & BH B 1) & 43 - 40 doubt * deny -

fail S

G o BFIYEEPT = EANE  BHSER
T EFIZE (negative morpheme ) ~ tHAFFE
S EMMEIEH (negative polarity items) HY

BERYE > (EEEEE LEE T ER S © Clark

(1976 ) thiZEEEMES E B & E RYE 53 7]

DM A - (EE -t rTae 2 iR ek & N Al 78

TR RS -

TRfG K T AE 0 ERAJLUEER

HMESEMNRESE > fEKERFARER

BS53H



B 5E B2 1l G
P —BHE M
B BE

(& T

EATERENY (assertion) 5 REKHNFHREE
#e L ATER & AU % (presupposition ) S
(implicatures ) - SEFESE KR IR E R
AP RE (morphology) - MiEfEE T LAETT
Al (Xiangetal., 2016) -

(=) & Rt d
(negative polarity items * #% 4% NPIs)

L EMMEEEZEF (words) B =
(expressions) {EFEHIEEE G EEENGE
# 1 (Liu, Konig, & Mueller, 2019; Penka &
Zeijlstra, 2010 ) - Xiang (2019 ) 22 9: 25 #H U5
Yy Tany ; F1 Tever ; Ry fl - #2255 a5 (%
BEHIR T &5 %F (negation)  &iEZ T » H[F
FERF S REF AN AERT R E » BTRE A& E MR
HH B ERE N BE L E R R T RVERzEHIE
il

Lee (2016) f5Hi & &M (:2H H HHBLAE
2 FRETHY A E A M Ay FE S (downward
entailing contexts) M7 ° Horn (2016) #& %I
M IETEE M A N RN EE A —E
DB EEEMER —HEEE S —(E
T 51 ] # 5w (licensing inferences ) °
Xiang (2019) &t #t @ T #& ¥ (downward
entailment * fiff # DE) H & — & #y 57 B4 -
Xiang $2 7] & & BA SOE R AR EY I
AE » M E (negation) {572 BLALAY ) N 7B
HIEREF - BBAEGR B E Rl - Ay
WE TALEORE ) ERE THME THE 0 AL
ORI ZH AT (subset) ; (HFE{ESEH
B R BT AR R RS T Bl T Y
R EALERE ) IAERE T EE
B R TR EEE ) BRE TAwW
WHBEALGOHE, (AF1) -

VF L 1A T R AR A

(A)  John bought a car.

(B) John bought a red car.

(C)  Johndidn’t buy a car.

(D) Johndidn’t buy a red car.
5F 0 EACIE ¢ ( Xiang, 2019)

John bought a red car.
John bought a car.

John didn’t buy a red car.
John didn’t buy a car.

=N EFRBESRIA ML T4
(event-related brain potentials, ERPs ) ## %2,

(—) #tH+ M %12 (eventrelated
brain potentials, ERPs ) # N400

1. %140 B % % 12 (eventrelated brain potentials,
ERPs)

(EBA K7 RO IR Ay BB AL AL > BRI f
Electroencephalogram ( & i EEG) ° [ FT a8
WM B E RIS EE (L (ERPs) fEAYZ ST HH—
FrE R (B8 ®ED EEEKE EATERE]
1Y fiki % (2 2 (L (Kropotov, 2009) AT LAAH
FIFREENAL (ERP) 2 — 4 78 (L 1Y T 5%

(EEG) - HAyzEpIfERHRE S E L2
SR e SR B ETT i R R L
FrE R ATE AR EREMIE(L - FHE
R RE (L B = R TR L - AT DARC S T
3% (ms) (Luck, 2014) - 2T
e NMeE S EERREETLA -

2.N400 &b 48 B 57 5%

Bl 5B = E (F FREAE A A Y AH R B (- IS B 2
(event-related brain potentials * & f# ERPs )
kg > N400 J2 H Az — - fTEEHY N400 & —
(&l EE PRI - 28 AR FEAH R 25 R I i e TR /Y
300ms %] 600ms 2 [ » H & (peak) Hi3H
{F 400ms ° H £ IR THIERY BE MR i A HY
ARV EE o 0 FE b= €l lENER N A o
At &1 #Y (Kutas & Federmeier, 2011; Luck,

2014) -

5 — & 2 25 N400 B iff 7% ¥ F Kutas B
Hillyard (Kutas & Federmeier, 2000; Luck,
2005 ) ° Kutas B Hillyard (1980) Wi %2 DA
b)Y Bt — (R FR B A EE R A — B AGR &
ERLAH [ Z5 I BE LAY (I R E HYAE L (specific
types ) HYBABRTEE - H haad F A - FARYEE
Fbd BN HEER AR RS S [ —(H &
WP - THEHEE MR IERE " FERA
HAE E W E(E (reprocessing of semantically
anomalous information.) | FJ—{EELEIIE
55 o

Kutas 8 Federmeier (2000) £z %] N400
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HNEEREEIEEEERMIERRL - 3
ZAFFCHNEE IR T N400 - FEE S BERF5E - N400
A & Ry it i i T am VR & — 2
N400 B G5 2 — 2% (congruency) - FH %
& (integration) & F# » HAHRA YW 52 L1 -
1 FH 0 0 5B R B — {1 )+ R SR BE R Y
B - 2EIHEEFEFEE (semantic anomalies )
51 # T N400 %% & (van Berkum, Hagoort, &
Brown, 1999) ; ffit & 55 -H PR R A ELHY B I
(turn-taking ) A B EST » BIRWEE N —
W A]F ( semantically incongruent sentences )
7 4E 7 N400 %% & ( Goregliad Fjaellingsdal,
Ruigendijk, Scherbaum, & Bleichner, 2016) ;
M FEREFE o (F R R TR R S T
(a semantic categorization task ) |7 a5 H[E
FrZ ERGAHRT - S HANGm A R/ (20~80
5% ) #b Hi 3 N400 — E 1% L (The N400
congruity effect) (Kutas & Iragui, 1998) ; &
i T 5L ATE% (world knowledge ) Eil 5 3K FE I

BRI SRR A A AR BN = AR aE B2 5 Bt
FRRIRRAHTTRIE DL - 3830 5 AR BRI T 570
AN e s B B2 B ) B R T A A T
N400 % fE - 558 —TEREFRE S HITETE (Hald,
Steenbeek-Planting, & Hagoort, 2007 ) °

(=) #% % (negation) HMA M th F

Fischler » Bloom * Childers * Roucos Ei
Perry Jr. (1983) FIHZAMEE EF "not, FEE
B9 45 Ea] (4 > A sparrow/ is not/ a vehicle. )
PLUK A]+fn BB H B (true-false) B f% @ 2%
T AE 57 &R H PR % B9 250~450ms H BH EH Y &
R N400 - LT K] 2 5l F1 <2 Gl . ] 3 3= B 1
VCfid (mismatch) Firi&pk @ 256w AN — Y
N400 -

Nieuwland Ei Kuperberg (2008 ) FI|FH 2814
27 "oty AlA] T AV E R ~ FEHEF
Bl 75 (pragmatically licensed/unlicensed ) £ &
3 E HBE A - A SR B i Ry (R 75 o A ol
A IR 2 19 300-450ms 237 T N400 & - [t

Ah » EEFRIERAUTE R Z T AMTES EnysE g
B Ean g CHYEE S o
e A 5 M Mk T B Y B AR 0 Xiang
(2019) 2 20 == 4 HH B I 86 L 19 FF € 557
> N400 B 5 E MM H ABEE AR > £5
R4 TE H H IR % 7Y 400ms » 555 5 & 1)
DUET ST 8 i R T H 2 5 D & Y FE R
1 3 Yurchenko % A (2013) ffF5e&H &5 F
i 4 3& 2 (negative polarity violations ) 5[ &%
7 N400 X0 JE - SERJRE B X IE T E EdEH
D TR EMmMETEHEEE —2E 5 Saddy
Drenhaus E# Frisch (2004 ) & EMM4ETEEH G|
251 NA0O Ry EL e HHFEFRFE G /EE (semantic

integration cost) °

=N AAE B R A G

(e EHARIITT RbF7e a8 B - & e VB AR
F 12 JfEE I i B 8 26 TR BR A 15 T 7 22 1Y I
i [t ( Glenberg, Robertson, Jansen, & Johnson-
Glenberg, 1999; Hu, Vender, Fiorin, & Delfitto,
2018; Wason, 1965) - e [EI =75 E
it B R (B TEA A] RE 7e 2 1Y SR A (Clark,
1976) ° B TIETTRERHRFE AT E B i
ZAN o BRI E A b E TR E A Dl—
HEANMTEIR S EE R EEEE - R
B ISE A SRR R T T 2 —1
AT LD S s v ey £ BE 67 B0 s P 5
HY P 2 7 B RE i A2 (Pulvermiiller, Shtyrov, &
Hauk, 2009 ) -

A BRI S E B Y A Y A BRI ZE R W
= I A EENGES - % FE (Dudschig,
Mackenzie, Maienborn, Kaup, & Leuthold,
2019; Fischler et al., 1983; Liidtke, Friedrich, De
Filippis, & Kaup, 2008) - & & (Drenhaus,
beim Graben, Saddy, & Frisch, 2006; Haase,
Spychalska, & Werning, 2019; Herbert & Kissler,
2014; Lidtke et al., 2008; Liu et al., 2019;
Saddy et al., 2004 ) ~ fa7 &5 (Pablos, Doetjes,
Ruijgrok, & Cheng, 2019; Schiller et al., 2017;
Yurchenko et al., 2013 ) ~ +HEH:E ( Yanilmaz

& Drury, 2018)  WiARAHEEMHBME o B
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WrFERy H A0 R PRAT 358 1) T & A B D E &
" R HAEARESEE Y -

N AR iE

AFE 2 DAHE SRS E (L (ERPs) E
Ritst LR - S ERSEENNGTTEE
TE RN EBEEER - DU Rt 5 E
2 - FEREGT > HRERF - MR &'
o thrEdafiat 5 =GEFTRREA -

—~TRARE

KIFFEIE 15 (L EE2EE (BS54
P10 L) FFEE TR 20 ~ 54 5% > SEHAE
B Ry 40.06 5% 0 FFESIREER R 92 HEA K
B FHERE - FrEER2EEEERLT
o AMmEMMEERLEFOES - rE
MBS HEET S IEE - A RHBIE
BENEFRR S - G B2 EEH AR
TRIGHE ~ RRIME - B AR A R R
EIEDE 27/

- 25 ] 2T 2
— ﬁu*‘]—axv

A se A 3 {E B4 (conditions) » 5
— R EEM B lEEREEEE
A TN R ER BB AR R E R A
(fillers) o & — il fb& {4 B2 28 — {8 R (R&1 A5 40
EEERE (trials) » 25 = {EEAFAIE 80 (&
EaTE (A) TRUBFIRE2) R 20/DIEH
HF— BRI TEEDL TR, RBAEE - R
F—El R i evE =R T T, DA
Ah o FTEFAZERAELE] o HrR TR, 2T
HIRABERR - R =HEM B A& H 40
fHEREEEEE T, WEEAEA - B
40 HEBIEEEEAIP -
| 72 2 =BG )2

L3kS il

RfFE—  mES WMRRFHTE - &YRIEE FEea -
PRF= : TEH WRRFHTE - BRYRRIFF S -
Bi= : s WRMERHFE « YRR Ry -

WMRGERHITE » Y FREIESEREY -

ERNE Y

Bl R DA e e 22 T -
B2 B E AR ESFES R L Beaak
& HI A STIM 1T fim i B Fox e i - DA 22
728 (ACER) Him EHGER - Bz
HTEIEREE = 70 D47 o

BB E 2 ERHERE
TH AR THEEE T ®EHFMHE
(Oldfield, 1971 » E}figk—) » BT EEHF
MEEHE TR ETRE ENRE - FEE=
EE PR ERERREETEER - X8k
HI A TR S 2 DUERE (500ms) BAA @ BE
BAE R mAIEFF S EL T 2058, (1000ms ) >
EEBZHEER "R, ZF BERRH
HEBIEAVKGLG  BEEEFER2HEE T
B IE R B B R (E R (485 ) Pl
FREE I AS RSB GRG0 T IRFF R
(1500ms) - [ f&eE Ay IE R g HIF —F
A ERE +2IEE / NRIEE - W T 'Y2IE
W/ TEYAZEIFE 5 (1500ms) - BEEEE
T EFHREHH T+, (500ms) - FERAE
o e IR — 255 - a0 T ey
(1500ms ) » Z#&IGERRF (500ms) » f{%
TR IE o IR TR [BZE (2000ms) -
L - SEE B2 B E A 2 mipr R Ry A E
EERELEH  WRATFREEASE AT
RS T s RAFREEAGE AT
WEEGHE T2, - EERSEEMARE
T g A EHERET N EE s B E R
SEE R A - AE 2 B E g —(E
A (HBEERERE 1) - EhEiEd
B E B2 EE N TR SRR - &
T+ BREEAZR -

(38) _
N | ik o8

N L .
P 16

N
T
| o
iR/ '

- IRTEZIY

T [ 1 B ERAR
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EFRILA 160 {H505H - 5}524“@
E% (blocks) 1T - HEFAETEFERF 9 1)
Tt B #) 6 3-8 - Tm B LT B 2 R R L 3 %ﬁa ,
EEEEAT 33 78 -

w ~ % . (electroencephalogram, EEG )
344

N 2 FROFR 1Y AC 8% 5 o2 % i EE M iE
(32-channels Quik-Cap, Compumedics
Neuroscan, Charlotte USA) /Y32 EER &
18R & B2 & <& (Ag/AgCl sintered ) 1175 fit &
Hﬁ?’%ﬁjﬁ FEARIE LAY B M, B PR IR Y
10-20 3%4% ' (the extended 10-20 system ) FR7E
wE (EMmBMAREMNERE 2) - 2MREER
Eb\ FEAHEE®NE (mastoid) - fh4h
B IR BN AYEE MR EL VEOU HiI VEOL F1
B R IRSMI (canthal ) B EEMRET HEOL
A1 HEOR = 285 72 iR i 52 H 17 AR AR Bk 7K S
% )y I 7 £ I WL EE 31 5%  (Electrooculogram »
EOG) - B2 §1 /) EEG I EOG #R 5%
B K 28 NuAmps ( Compumedics Neuroscan,
Charlotte, USA) EFTEHIRIUKN » HPTHERAE
10kQ LU - GHERAYERERER Ty 1000HZ - 5755

SCAN 4.3 77 EEG FHRAVENRT S 8% -

FP1 /-\FPZ
/

/ F3 FZ F4 \

FT7  rC3 gez Fc4  FT8

c3 z

1 8 2 BRI B E

1. T 28 A 8% 95 /Y 10-20 32 (the extended 10-20 system ) E[J 27
% 10-20 247 (standard electrodes from 10-20 system ) HY 19 {[EZE %S

(Fpl, Fp2, F3, F4, C3, C4, P3, P4, O1, 02, F7, F8, T3, T4, TS5, T6, Fz,
Cz, Pz) Fh0 ARSI 11 {EEE M (FT7, FC3, FC4, FC4, FT8, TP7,
CP3, CPz,CP4,TP8,0z) -

AN

JEFR HBERR (off-line ) J3MfT 25BR T BB AES
5% (electrode drifting) ~ A&7 ~ IREIZENE
PR R » ETT ISR I B (epoch)
Fifr 485 I ) 82 st R B et 5] HH BRL .2 BT 100ms ]
B # 5A FHBR 72 19 1000ms » Y (filtering ) Y
755 (band-pass) £y 0.1-30Hz - &S5 (the
averaged ERPs ) 7t [ #f 5] [ B HY 1] 100ms &
177 EH4 2 IE (baseline correction) ° {BEiZE
% (artifact rejection ) By -50uV~50uV ° Z1&{#
ARG T SR TR A I DA -
MR — (L E B2 Bl HIAE N40O [
B tg (BIRASREER L2 HY 300-500ms )~k
i (mean amplitude ) ETTFHEEA t-test FET
53T

24
2 n\ﬂ AR A P# ﬁm
— N &R

e lEl 3 ] DL HH 7 B # R HH 3R % 59 300-
500ms [RFEEFAE H » 8 ARSI HER T &0k
A Eﬂf RIS 5R IR 2 1Y 300-500ms BRF [ E9H%

75 7E A MHE T E E A T N400 % FE -
HEtlE 3 AHa9ist P B8R - HERREE
f) v 75 E A RS RA PR Y 300-500ms FF [ &
frh > BT EMRENER - RS
HEREY 300-500ms FFEEEH » BEMZERE
ﬁr&li@ﬁfz °

FRG—EF FEH—LE F

[

-100 3uu b{JO 700
. f‘- -~ 1
50 0 :
e \ -

uv ———FE{
261 & KRb—% BRE—F
100 |0 ?*oy— @00 700 900 ms _ IO
ol |
SOT ’ 1
9 ——HRH ' '
u e s T T |
R -
2l ST yre-x BRE-£
L F————+— l
N N
-100 0 S0 700  om ps
T ! Na_ =N
v |
50+
> %
uy uV

N RE S A

Rt LV HE%’%E@%E’J EmEEFZ ~ CZ ~PZ IS FH9[E (Grand

average ERPs waveforms) : 75 A 15 17 B B 22 Bl & 19 Ji§ s 72
(Topography ) » &K Afit J:ﬁ A~ ZEHBE

HS5TH



DAIFBHRARAS t B i 3830 - B8 A8
JE 1) HAE B $ 5] H B 2 B9 300-500ms HY S
fEfE (mean amplitude ) B B 725 » 1(449) =
16.78 » p < .001 * d = .60 - &3 & f)7F B f 2r) HY
% Y 300-500ms I HRIE (M = 1.16, SD
=2.61) HHE/NRE E A 1E B S EA H R R Y
300-500ms SRR (M =2.92,SD =3.17) >
HI75 78 A E RS EE HH B2 /Y 300-500ms AHEC Y
5 E A 1E B #E R B 22 /Y 300-500ms HH 3 T
N400 ZfE (FERFR3)

| 2 3 &8 FEL T E ) 300-500ms SRR 2 75 2 ¢ i E

(N=450)
A SEHE (R (SRET; S WO B
[l Heh  BEd @ ¢ P (d)
FERIE  2.92(3.17)  1.16(2.61) 449 16,78 <.001 0.60

=3

AHFFEHIE SRS B Fischler A (1983 )
F0 Nieuwland i Kuperberg (2008 ) #&5SEAH[E] -
HI A BR # 55 HH BR £2 /9 300-600ms BE ] HH B T
N400 % - B =W EE AMEHEAFHEFE
T EFAIRIRE R - IS R RS E Rt a1
FEFRE AR PO S R F AN — 2 IR AE B
W& R - 2 8 H A BA # 56 £ 1Y 300-500ms 2
HEERES  TRERESHFEERED
—EUMEAERY » 2RI ARHFFEFTEE BLAY N400
35 A FAY R LT Ry 3 92 ) HE 25 7% B9 300-500ms
It B Fischler & A (1983 ) # Nieuwland Eil
Kuperberg (2008 ) HJ N400 HIRF[E &4 E AT~
[A] > B r]REEE B A T HESE R (Augurzky,
Franke, & Ulrich, 2019 ) &% & 2 E /N HT BB
R B (7 (Pulvermiiller et al., 2009 ) , {H 15 F ™
BE—SWSE -

BN & HadB

24
- é% ﬁ/ﬁ

Autge AR RIS ER A (F
RWhFERM - WrFE AP E A RUE RIS -
HgG RBHEANRBEEGER " 5 ATy

75 76 A A B i 5 B 1R #Y 300-500ms FE A T
N400 %A & » 58 )7 AT R B8 PR 45 78 5 P B Y
BENEH - A —HE -
BEEE S 2ol — P ELUERITT
AR S E AL S TR EE S
H B fifl (Glenberg et al., 1999; Hu et al., 2018;
Wason, 1965 ) - [MAHFFCIR(H: T AT EHAE —
HHMERA S E A L E B E — T B A
EHEEE R - RRME T2 —rIRF R
fEtr SR HERE I T AN G E H R E)RE
EIEREAR o AN - EH-HRNS BN RS S e
FRFERZHIMISE RIS T REE ~ 1858 ~ (a7 RRIGE
THHEESEES  MAHEENEES ER
"N ERERET - AT SEE A DL R LA 2 -

_‘:.\;%%%

—EFESHEREL ENP ALK -
2 B THEHE TG e EER - 0]
DIGE— P BEFIEE M T € (implicit negation)
# & 47 % (double negation) DL Fz H fll 75 &
i EEE (e AR~ g fE R
WrgEE st - DUBE AT 5y A T3 R 25 7 Y R
TRREH H B IATERSE 5 te4h » BAM L a] DUF
FH i 5¢ Fir 15 59 B 28 3 ER 5T 6 77 9 (source
reconstruction ) 7317 » PAERIR S & M iR HIFERE
o GRS AN A7 2Bl EAE -

S8 H
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