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The processing of negation: A event-related brain potentials study
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TIEERR B 2O Ry A - FE R RES A -
AW FEE R LR RIS ALy TR R R T & 68
WEER "4 R B E Ry EsE SR o AR
MESER T HEREEER (A ARREFESRE > 'Y
TR (ERIMHIMIEREM - FER2HEE AR

B E

HEH - i€ 15 L ERSHFEN IR - HEREED
(MRRFEE - &BYREHER) - fERFERF Chrirty) o

4 B9 300-500ms 2 B T N400 S HE » 58 = W B 5
PR EREESS BN & B - ASUCED - B8N T RES RS

EEEZS

HORREE - DU IS IS 230 T &7E AR N400 FiHE -

BT : 4E - BIEEE - FEFHHBAINFERL « N400
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73 %E (negation) {EEE 5 iR 2 LB K
#t 1Y (Clark & Chase, 1972; Tian, Breheny, &
Ferguson, 2010; Yurchenko et al., 2013 ) - fH#&
NEEM  BEMIGES EFEEE - Wk
R EEIIMNRER _LAYEH (Xiang, Grove, &
Giannakidou, 2016 ) -

— & % (negation)

LEE T o R —E SR - FEE
FERYFRE A BERERER A DUE B 2K E
o B EA R EERATLUEHEER - 2
At AT DUZ EH AR AR RO (B - 5 E R
NMEREBEWIFESS2EE - MRT 2 EH

EEN=s

8 (Cruz Diaz & Mafia Lopez, 2019) -

£
=

(—) B % % (explicitnegation) #
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

HMEAS T EE NS 8 & 5 Fodor »
Fodor Ed Garrett (1975) # Clark (1976)
f2 7 5F A B9 57 B - Fodor & A (1975)
REH 4G EHE R A DUE A& S ERY

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

HEGERKEREMENEHFAZNS EG
(explicitly negative free morpheme;) * " not |
g B RN ERENREE R (bound
morpheme ) * %l in- > un- > im-; F=FEEH
TE AR EH IR RN B FHEAZR A5 25 (implicitly
negative morpheme ) - 5 LG EEEE LA
EEE » 41 > any » much ~ give a damn Z55% ;
% T 2 B % & E (implicit negation ) -
I &t B i 5 )P 8 B 1Y 5 72 7 (morphological
negative ) A BH ZH 1Y & 53 41 doubt ~ deny
fail 5555 - B VUMHEDFT =N [F]  BEMEL ER
EEEAZF (negative morpheme ) ~ tHAFEE

5 EM M IEH (negative polarity items ) HYJ
ERE  EEEE LEE S ER S - Clark
(1976 ) thiZEEEMES & BRE & E WYE] 53 7]
DM A - (EE & -t rTge 2 iR ah & N Al 78
TSGR
PRAGEKER » T AE ) BEFR ALK Gt
HMESEMBMESE - BiEKE R

Fx
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EATERENY (assertion) 5 REKHNFREE
#e L AT & AU B % (presupposition ) S
(implicatures ) - JEFESEHIERZEIIERKE R
P& (morphology) - Mi@fEE S LAETT
HlEr (Xiang et al., 2016) -

(=) & &t e
(negative polarity items * #% 4% NPIs)

L EMMEEHEZEF (words) B =
(expressions) {EREHIEEE G EEENGE
# 1 (Liu, Konig, & Mueller, 2019; Penka &
Zeijlstra, 2010 ) - Xiang (2019 ) 22 9: 25 #H U5
#y Tany ; M Tever Ry fl - $EF]E LL G B (E
BEHIR " &5 %F (negation) | &iEZ T » H[F
IFRF S RE AN AR LED - SPTEERY S E Ml
HH B ERE N BE L E R B T RYEAzEHIE
il

Lee (2016) f5 Hi 45 & i 14 76 H H 3 7R
2 FRHHY A E A M AYRE 3R (downward
entailing contexts) H1 ° Horn (2016) #& %I
L E MG IETEE M A N RN EE A —E
R BB —HEGE S
T 51 ] #E 5w (licensing inferences ) °
Xiang (2019) &t %t @ T # ¥ (downward
entailment » 5 #§ DE) & i — 4 1y 37 BH >
Xiang $2 £ ] 8 & B A SO R 1 BA £R I I
AE » M E (negation ) f52 HLAYHY [A] T 4B A
HIEREF BB AEGR B E ERlA - Ay
WE TALEORE ) ERE THBE THE 0 AL
BHEZERTFE (subset) ; HEELEH
B R BT AR R RS T Bl T Y
PR HEALERE ) IAERE T EE
B R TR EEE ) BWRE TAwW
WHBEAMALGOHE, (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.
o T B ¢ (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 ERGEERF AN TS
(event-related brain potentials, ERPs ) # 2.

(—) 4+ %12 (eventrelated
brain potentials, ERPs ) # N400

1. & 149 M 8 F 42 (event-related brain potentials,
ERPs)

(e 7 F o sk IRy B 7 8L - FRMIRE R
Electroencephalogram ( i f5 EEG) - [f] T &8
FIFHRBA S IS E A7 (ERPs) fRAVE S8 H—
RS (5~ W) fE8ERZ A& ]
& BE (2 28 L (Kropotov, 2009) - Fit DAFHEA
HEGE (L (ERP) 2 — Il 86 (i AY A 5%

(EEG) - HHYZEFHERHREAIERZ
PR e B R RIS R RS T R e E I
FrE B EER EEEMAYEL - EEHER
H&EE A7 B A = BRI R AT R - mT DAGC k& T
73 Z—% (ms) (Luck, 2014) » 2R T
R NMEE S EIFRMEET R -

2.N400 & 48 B 41 .

Bl 38 = E F A2 B 09 AH B 25 - I =R 2
(event-related brain potentials * & f# ERPs )
Ak g > N400 2 HAr .z — - fTEEHY N400 & —
(&l EE PRI - 28 A fEAH R 25 R I e (R /Y
300ms £ 600ms .~ [ » H & (peak) HiFH
{F 400ms ° H 7 IR THIERY BE MG i A HY
AL » PRI E R IR IR IS ARG ZE A
At &I #Y (Kutas & Federmeier, 2011; Luck,

2014) -

5 — & 2 25 N400 B iff 5% % F Kutas B
Hillyard (Kutas & Federmeier, 2000; Luck,
2005) - Kutas Ed Hillyard (1980) i 3¢ DA
b)Y et — (R FR A EE A — B AR &
B [ Z5 R I RE LAY (R E HYAE L (specific
types ) HIBARRTERE - B Bafh R - FAHIEE
Fbd BN HEESR AR R E 5 [ —(H &
WP - THEMEEE MR " FERE
HE E W E(E (reprocessing of semantically
anomalous information.) | FJ—{AELEHIIE
55

Kutas Ei Federmeier (2000) #2 #I
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HNEEREEIEEEERNIER R - 3
2R #E P T N40O - [E3E 55 LERfF 5% - N400
HIANE B Ry o B el am VR e . — 2
N400 B 55 2 — 214+ (congruency) - FHFEEE
& (integration) & Fd » HAHRA YW 52 AL15 -
1 FH 0 0 5B R B — {1 )+ R SR BE R Y
B - 2EIHEEFEEE (semantic anomalies )
51 # 7 N400 %% & (van Berkum, Hagoort, &
Brown, 1999) & a5 1 B8 30 A B Y i i
(turn-taking ) A BjEHETT - BHFER L —
) H)F ( semantically incongruent sentences )
7 4 7 N400 %% fE ( Goregliad Fjaellingsdal,
Ruigendijk, Scherbaum, & Bleichner, 2016 ) ;
MR FERE R E Fr (F R A R TR R T
(a semantic categorization task ) | a5 E[E
FrZ RS AHRT - S AN GmF i R/ (20~80
5% ) #h Hi 3 N400 — E % % (The N400
congruity effect) (Kutas & Iragui, 1998) ; &
S TH 5L A1 5% (world knowledge ) Bil = 3525 15
(discourse context) ~ [EHIZR AAEH — Skt
BRI SRR E AT A B ke R e o
SRFIERABTFRITEDL T - 8 S SRR BRI R4
A B E RS S A TR EL T
N400 %5 fi& » &2 —THEER B A HYFEIE (Hald,
Steenbeek-Planting, & Hagoort, 2007 ) -

2

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

Fischler » Bloom * Childers » Roucos Hi
Perry Jr. (1983) FIFEAMEG EF "not , EE
HY45 E a] (4 > A sparrow/ is not/ a vehicle. )
DA R a) e B H R (true-false ) Bi £% - 5%
T AE 57 &R H PR % B9 250~450ms H BH BH Y &
R N400 - LT K] 2 5l F <2 G o T 3 3 B 1
VCfid (mismatch) Firi&pk @ 256w AN — Y
N400 -

Nieuwland Ei Kuperberg (2008 ) FI|FH 2814
2 7 "oty AlA]Far A E R ~ FEHFF
Hil 75 (pragmatically licensed/unlicensed ) £ &
3 E AR - A SR B e Ry (R 75 o A ol
FA HH B #2119 300-450ms 237 T N400 55 - [t

65
F 6%
(& )

Ah -+ EEFRIERAUTERZ T AMTE S EnysE g
B Ean g LHYEE S o
e A 5 MM T B B9 B R AR 0 Xiang
(2019) 2 20 == 4 HH B IS B (L 19 FF € 197
> N400 B2 5 E MM H H ABEE AR > £45
TE MG PETE B H IR 2 1Y 400ms > 35S B & A
DUET ST 78 i (R T H 2 5 i D8 & Y FER
1 3 Yurchenko % A (2013) #fF5e&H & F
i 4 3& 2 (negative polarity violations ) 5[ &%
7 N400 50 JE - SERJRE B X IE T E EdEH
D TR EMmETEHEEE —EE 5 Saddy
Drenhaus E# Frisch (2004 ) & E M M4TE H TG |
251 NA0O XYL 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
5 [t ( Glenberg, Robertson, Jansen, & Johnson-
Glenberg, 1999; Hu, Vender, Fiorin, & Delfitto,
2018; Wason, 1965) » AN F A E
it B R (B TEAT A] RE 7e 22 1Y S ERRF R (Clark,
1976) - B TIEATRERHRZE AT E B i
ZAN o M BRI E A L E TR A Dl—
HEANMTEIR S EE R EEEIE - R
B ISE A SRR R RT T 2 —1
AT LD s e ey T BE A7 3O s P S
HY P 2 7 B RE i A2 (Pulvermiiller, Shtyrov, &
Hauk, 2009 ) -

A BRI S E B Y G Y A BRI ZE -
= I AP 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 ) ~ faf & zE ( Pablos, Doetjes,
Ruijgrok, & Cheng, 2019; Schiller et al., 2017;
Yurchenko et al., 2013 ) ~ +HEH:E ( Yanilmaz

& Drury, 2018) - [WAH HEREMHRIIIZE
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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 - e ERSEENNGTHEE
TE RN EBEEER - DU Rt E
ZHE - FEREGT > HRER - MR &'
o thrEdafiat 5 2GEFTRREA -

—~TRARE

AtfFeta 1S B2 uE (B (7
ZME10462) - FEITIR 20 ~ 54 5% > SPEI4E
Ko Ry 40.06 5k > FECIRMERET 9.2 HAAF K
B EAERE - e ER2EEEERAT
o A4 UREMMEERETORE - irE
WEBRSHEER NSRS  SEARERE
RENEF W] - 125 B2 U E A (TR
AR ~ TARSIME - B0 RSk AR R
[EifiSE 27/

- 25 ] 2T 2>
— ﬁu*‘]—axv

A se A 3 {E 4 (conditions) » &5
— Gt REEM  BlEFREEEE
g TN R EA 0 B AR R E R A
(fillers) o & — il i {4 B2 25 — (i bR R A5 40
EE B TE (trials) » 25 = {E G AIE 80 (&
EaTE (A) TRUBFIRE2) R 20/DIEH -
HF—EEARATEEDL TR, RBAEE - R
E—El R R RvEa=bR T A B
Ah - FTEFAZERAELE] o Hrp TR, 2T
HIRABERR - R =EM A FAE G H 40
fEREEEERE T~ WEEAEA - B
40 HBIEEEEAP -
| 72 2 =BG )2

L3kS il

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

WRFEFFHFE - VPRI EHEY -

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
72k (ACER) Him EHGER - Bz
HTEIERE R A 70 D57 HR o

Bl rE 2 EERHE R
TR REGERE » EEE T ®EHFMHE
(Oldfield, 1971 » E}figk—) » BT EEHF
MEHE TR ETHRE ENRE - FEE=
ELF PR ERERREETEER - X8k
HIE A TR 2 DUE R (500ms) BAA @ BE
BAE R A IEFF B T 2058, (1000ms ) >
EEBZHEER "R, ZF BERRH
HEBIEAKGFLG  BEEEFER2HEEE T
&R B IE R B B (E R (485 ) P
FREE I AS RSB GRG0 T IRFF R
(1500ms) - [fij & Ay IE R g HIF —F
A ERE +2IEE / NRIEE - W T BY2IE
W/ TEYAZEIFE 5 (1500ms ) - BEEEE
T EHREHH T+, (500ms) - FERAE
o e IR — 255 - a0 TRy
(1500ms ) » Z#&MGEHRRF (500ms) » %
R IE o IR TR ) [BZE (2000ms) -
I - SEE B2 B A BT R By A E
EERELEH  WRATFREESE - AT
RS TR s RAFREERAGE AT
WEEAGHE T2, - EERSEEMARE
T g A HERET N EE  EE R
SEE R A - HIE 2 R E g —(E
A (HBEMERE 1) - EhEiEd
HE B2 EE N B S R R R o &
WHE T+ BREETEIR -

(28) J

| ¥
| ¥

Hi B 4y

fedh s ARR/
i R RN

! (A BFIET) 2/F A | 2000 ms

S

T [ 1 B ERAR
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BAE BRI 160 (HalEH - 776k 4 {ILE
Bt (blocks ) HEFT - FH{EF ERHALRT 9 1 -
B B 6 o - i BB B [ RS 3 ﬁﬁﬁ :
R E E BatR 33 108 -

w ~ 7% . (electroencephalogram, EEG )
344

fs W BHO5R /Y AC Bk JY 2 & & E R IE
(32-channels Quik-Cap, Compumedics
Neuroscan, Charlotte USA) /Y32 @SR, &
18R & B2 & <& (Ag/AgCl sintered ) 15 fiit &
Hﬁﬁ%ﬁk FEARIE LAY B M, i E PR IR Y
10-20 5%4% ' (the extended 10-20 system ) FR7E

wE (EMEAREMNERE 2) - 2MREER

Eb\ EAHEZPME (mastoid) ° LAk
& FY AR N Y EE MR G VEOU M1 VEOL F1
E R 7EARSMID (canthal ) HYEEMES HEOL
FI1HEOR -~ 22 i 72 iR 1 22 E HZ IR AR ER 7K S
% &)y I 7 2E I WL EE 31 5%  (Electrooculogram »
EOG) - B2 f1 /) EEG I EOG #R 5%
B K 28 NuAmps ( Compumedics Neuroscan,
Charlotte, USA ) #E1TEHIE K » THITHERFAE
10kQ LU - GHERAYERERER Ty 1000HZ - 57
SCAN 4.3 377 EEG FHRAVENRS s 8% -

FP1 /\FPZ
/
o F3 FZ F4
£ \

FT7 FC3 FCZ FC4 FT8

T3 = - T4
ce3 P2 cps

TP7 TP8
g %

1 18 2 BRI B E

1. T 28 A 8% 75 /Y 10-20 32 (the extended 10-20 system ) E[J 2 7F
% 10-20 24% (standard electrodes from 10-20 system ) HY 19 {[EZE %S

(Fpl, Fp2, F3, F4, C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, TS5, T6, Fz,
Cz, Pz) Fh0EEESMH 11 {EEEMES (FT7, FC3, FC4, FC4, FT8, TP7,
CP3, CPz,CP4,TP8,0z) -

-L\d*‘]‘\*ﬁ'

B i
A
A )

N Y BERR (off-line ) 73T 2K5BR T BB MRS
5% (electrode drifting) ~ A&7 ~ IRENZENK
P REBLAUER R » 1T ISR I BB (epoch)
Fifr 485 I ) 82 st R B s ] HH B .2 BT 100ms ]
el 7 5] HH PR 7% #Y 1000ms » JiE Rz (filtering ) HY
755 (band-pass) £ 0.1-30Hz » &S5 (the
averaged ERPs ) 7F [ $# 57 H 2R AU 1 100ms
77 4+ IE (baseline correction) © {BFfiZE
% (artifact rejection ) By -50uV~50uV ° Z1&{#
RN RN T BB B T R BRI LSS -
T TR — (L E B 22 B I AE N400 B
B tg (BIRASREER HFL 2 HY 300-500ms )~k
i (mean amplitude ) ETTFHKEEA t-test FET
53T

24
2 n\ﬂ AR A ]3# ﬁm
— D ..Frl; gp

e lEl 3 ] DL H 7 B # R HH 3R % B9 300-
500ms [ EFAE H » 7 E A RIS HER T &0k
A BIE RS AR FHER 2 Y 300-500ms BRFFH E9H%

T E A TRE A B E A HEL T N400 X FE -
HELE 3 AoV EEx - SRS E
f) > 5 AITE RIS SR IR AY 300-500ms FF L &
frh > BT EMRENER - RS
HEREY 300-500ms FFEEEH » BEMZERE
FE AR -

zsﬁ FEG—EF FEH-L IS

3uu 500 700 \
Vw -
<
. A

uv ———FE

w B
o
t |
(=1
~N
€
Y 4
A
f’g
7/
g
| @
w
a Y8 T
3
o
=5
4 P
= g
\ |
(=}

; TR
u a
___.§'k_"| |
a5l P2 T kme-k Fra-2% |
L e ————+—
AT .
-100 0 sg0 700 o ps
50+ |
» 5
L uV

T 18 3 B IR fE E st
et R 15 ﬁ%%’%ﬁ%ﬂ’ﬁﬁ% FZ ~CZ ~PZ WIS 19
average ERPs waveforms ) : 751 % 15 (17 B B 22 B & (1) il 40

(Topography ) » {7 BfiE J:ﬁ HiE -~ FEABETR o

HS5TH ul




T
]
(& )

DAFBERARAS t B i 38R - B8 A BTS
JE ) AT BE i 5 HY R % #Y 300-500ms HY S 37
fEfE (mean amplitude ) B B 7= 5 » 1(449) =
16.78 » p < .001 * d = .60 - &3 & f)7F B f2r) HY
% Y 300-500ms Y HRIE (M = 1.16, SD
=2.61) BE/NRE EA1E B s EA H IR R
300-500ms SRR (M =2.92,8D =3.17) >
HI75 78 A E RS ER HH B2 HY 300-500ms AHEC Y
5 E A 1E B #E 3R B 22 /Y 300-500ms HH I T
N400 Z4fE (FERFE3) -

| 2 3 &8 AL E ) 300-500ms SRR 2 75 £ ¢ i E

(N=450)
A SEHME (R (SRET; S WOE R
e Bt Ewed (@) B p (d)
FERIE  2.92(3.17)  1.16(2.61) 449 16,78 <.001 0.60

=3

AHFFEHIE SRS SR B Fischler A (1983 )
A1 Nieuwland £ Kuperberg (2008 ) fF&E5EAH[E
H11E B B 5 HH PR % 59 300-600ms T fi] H 3 T
N400 %L - B =W EE AMEHEAFHEFE
T EFAIRIRE R - IS A RS E Rt a1
FEER A AR PO G R F N — 2 IRl AR B
W& R b 2 8 H A B #E 5R £ 1Y 300-500ms 2
HEERES - DREREESRIERAN
—EMEAER « 2R - AT AT N400
8 B FRF ) Ry 3 2 5] HH 35 7% Y 300-500ms
It B Fischler & A (1983 ) & Nieuwland Eil
Kuperberg (2008 ) 1\ N400 [ &S A8H Fr i~
[E - B REEE R ASHIER AR (Augurzky,
Franke, & Ulrich, 2019 ) &% & 2 E /N HT BB
R B (7 (Pulvermiiller et al., 2009 ) , {H 15 F "
FE—S ST -

BN & HadB

24
- é% ﬁ/ﬁ

Autge AR RIS ER A (F
RWhFERM - WrFE AP E A RUE RIS -
HGRBEHEANRBEESERF " A ) AT

73 7E A B 5 ) HE B R Y 300-500ms 784 T
N400 %A & - 58 )it AR B8 PR A5 78 57 Fimads Y
mEANGHE s A —EATE -
BEEE S 2ol — P (ELUERITT
AR S E AL S C R EE S
H B fifl (Glenberg et al., 1999; Hu et al., 2018;
Wason, 1965)  [MAGFFCIR(H: T 4T EHAE —
HHMERAISE A L E B E — T B A
EHEEE R - RRME T2 —rIRF R
fRtT R HER R 7RIS & e B AR B RE
EIERERR o AN - EH-HRRNSEA RS S e
FRFERZHIMISE RN T REE ~ 1858 ~ (i RRIGE
THHEESES  MAHEENEES ER
" ERERET T AW T Al DU R I A2 -

.‘:.\;%%%

—EFEESHEREL ENPA 5K - i
2 » Fy TRESE TS ERVEELEIEE Y » n
DIE— P BEEIEE M T € (implicit negation )
& & 5 % (double negation) DL k& H fh & &
e ETEE (Al AR~ R ME R
WFFEE At - DUBE AT 5L A3 iR 75 7 B R
TEREH E 2 HAIERSE 5 BeAh - BAM AT DU
FH i 52 Fir 15 09 B 22 3 GRS 6 77 9 - (source
reconstruction ) Z3HT » DL TS & HR R 1Y R L
MR G R RESEN A7 22 Bl TEAE -

F 58 H ul
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