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BEETLWBNEMI: k8 EMMN BB

T x#e' TUB® E#E' % R

( FEILIRE RO B e, HIOR AT 05 0 B S 500, 22 730070)
C AL BTG KNI 2B 2 52 S K N SC s, dEE 100875)

W OE AT A Sk TS F R SAE 8 AR A AR T 18 1 49 & I Ao JK (mismatch

negativity, MMN)EF?E ey b #t—F KR b T &AM K B R JK (expression mismatch negativity, EMMN), A

HEAMEHEEAEETNEZEN LA EEZIAF. HAEN — R &K & A5 K T H 5 K (visual mismatch

negativity, YMMN)A i X 3], EMMN At %, % £ T A M 44T § sh4thn Lo 87 T ey 415 6. S o ey a5 2248

T AREAG @A, FRMEA . SIKAKRE /AR EMMN £ 57, A A HE. WARGE. Hiv o2

& 7% MK EMMN #94% & ;H;ﬁr INFRM 2 25 44 fo LB T EMMN 89, 45 49 B A 42 5 £ EMMN

BV KRG W AE 7 e A, HRAR % & F EMMN 694F &, JFit— 4487 EMMN 6949 204

XA @AM, TEEm T, KT A K N170; oddball 58 X

NES B2

1 35 A% 819 [ 3h K W AL ] (Naatinen, Tervaniemi,
P [ AR 2 FR 8 o (1 LR T Sussman, Paavilainen,f Wi‘nk‘ler, 2001‘)<? -

5. KN . FESRIER E, FEIEE T — 2 R B,

%, MR AGOA RIS ATty by sy LB A7 2 00 S

”Zjﬁﬁ"lﬁ' BTN RAA R, REARA

A Y 'ﬁé{ S5 55 0 [ LI R 2 & DS IC 67 3 (visual mismatch negativity, vVMMN),
VMMN 2 i ) AT — B A W7 5 52 0 A 1) R0 9 (e
BRI SRSE, BB 2 22 M BIRRNS oo o o o 300 RO 2 L) 7
change blindness phenomenon; Simons & Levin % i) (evoked)ERP G5, WIS H (LA vMMN
1997) Htt, S-S0 A R0 50 728 o A D00 B 0 5 8] S A2 R E HA 1  % f9 ERP =[]
BEREAE LS A AL A5 BRI i B T A F 2, O L Y 24 {E (Kimura, Schréger, & Czigler, 2011; Zhao &

IR A Wtk R S B AR 15 2006). BEE vMMN HICHFIT RO, Pdshs
KA BEHZZ A A 22 Bk — P T (Simons & % g g A gy 2 U7 % MMN {59 Bl A% (Naiatanen,
Rensink, 2005), FLEA ML ? —LEH5EM]  paavilainen, Rinne, & Alho, 2007). #3542 ) BF
K, AR TR A e S FARRIBOEOC g0 Hoff sy — Aoy i SR m e g 15, 9F HLT 46
B S5 ke B BRI AR TSR sE i 5 e — KARH M E ., 1 vMMN R 5B 5, B
A EY WY ERP A 43— 2% UG FiE 171 3 (mismatch (Thierry, Athanasopoulos, Wiggett, Dering, &
negativity, MMN), Fifi % #H OCIESE AN WrFR 22, BF Kuipers, 2009), £k 7%5i11(Czigler & Patd, 2009),
ST MR 3 A MMN AR T 0 o} T 58 A B 23 ()58 (Sulykos & Czigler, 2011)% ffij Bk
FIERAE AR AR A SR T AL E 2 80ES2 . Ak,
WK B A B0 00 ¥ (Miiller, Widmann, & Schroger,

e H Bz 2019-06-06 2013), A L {5 B (Shtyrov, Goryainova, Tugin,
* o SR 4 b IX T o .
. %%Hmﬂ%%%ﬂﬁ? J,,HG,I_%OISI)\ Ossadtchi, & Shestakova, 2013)% 5 KA 5 g P
EEES: X E, E-mail: jianyiliu_nwnu@163.com . B .

TTEM, Bl momars om0 A9 F1 3 Ko I BLR L DR B B vMMN 75 . —
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ANE R ), XA A AR I AL 2 T
DU )™ 2 H OS2 fk 2 PR 1R B R i T i 2
(Kimura, Kondo, Ohira, & Schroger, 2012), & T &
FEIX— ), WFSE AT 22100 S 1 25 728 1k i i
HEEM T A vMMN 93 57 40455 (Zhao & Li,
2006), FHIEWFFRIES, RIMiEEEERET, 4
MK SR BRI 1 3 Ak HbJin Tl A T 5 219 19 A8 Ak OF:
7= 4 vMMN 1% ) (Stefanics, Csukly, Komlési,
Czobor, & Czigler, 2012), A T X434 5AE15 4%
VMMN, BF5EE TR R & (1 vMMN Fr
215 9% DL E 471 1% (expression mismatch negativity,
EMMN).

ITAEH (2006 ~ 2019) A Wi /il 9 EMMN B 5%
#HESh T VMMN G K Jg . — 5T, AFEiam
WFSE 7 AW R BT, o3 — T, ST xR IR
HEMABAE | £5EAE S5 A R AT 5 A8 H o BAR
[ A A1 272 T M SR VBT 670 38 A AT 5 (B, AT
FEZE, Z24F, BRI, 2017), RVCHL L5 B
A2 I K FR (Czigler, 2013), LK K DL f i
AP 2 X (Stefanics, Kremlacek, & Czigler, 2014;
Winkler & Czigler, 2012)Z /&, %} vMMN Fl
MMN AT T A A A, fHE X EMMN AH G
WHIE IS EE R AT . ST, A SCEE B YT 245
TCRE N T 58 BB ka3, 2 40 1l 1] Bt i
T EMMN AR, IR AR DGR I8 A A A 701 fie
B, LU A I 1 28 RV G R0 n T 45Ul i) F 5
R ENS %,

2 EMMN BMR 5%

EMMN i # 7E“#%3)) oddball JE=rhikfs .
“oddball ¥ =2 7 & 5 7£ A Wr 5 & 19 br i ) B
(standard stimulus, S)/F %1 FF2xFEHL B/ NE R )
i 2 #i] 34 (deviant stimulus, D) (May, Tiitinen,
Ilmoniemi, Nyman, Taylor, & Niitinen, 1999). Hf
FEW LA H DM T S AR — BIREHE(FFIRFE
FRFAE) b B Bl A SR B R RIF ST 1 B AR 5t <)
BRI AWML L S FN D 1y P R AT —
SETESAE S5, UL XT T ARLE B AR R IR AR L AR B
T R—fdE W ER . Ak,
EMMN Z 5 WF 5738 # %z X i 47 = 5 1 19 1
M . —REBAFER S D LB
R RBAE, RS R, D™
M ARG R T, SR EARRIRET 5

2.1 EIRRFEEWERHSIFERHHEE

5 385 AT TAE A o SR BRI s 22 S e 9 1 2
WA =GN Ek, AL R AR,
W HIE EMMN 858 (Zhao & Li, 2006) LR H T
—(LiE O3 T AR AR, IXRE BB R LA HEBR
S H D Z [ /KF- 4y 025 S U B2l o 3 2 PR D e
FE TH AL 22 [ AR K P 4R AIE 22 S 38 Bl 1) 401 90 B 221 3,
MRE MG R E R M TR, AT
S RX AN R) 8T, Astikainen 1 Hietanen (2009) A
FERFT 4 F 52 2 L) i 11 2155 1 S
AR, X EETE 51 AN R R I e S A D 7E
[l —> block Hr 53, Ak, A BT IIKE A [R] 3
By 0345 B R JiCAE AH B 57, 19 block H1(Gayle, Gal,
& Kieffaber, 2012), Hi— Bl i)y 51 2 il g4 —
LGS F D AL, BARKEE AR 4t
— &I — block i # Z AT block i1 BT,
ALl JTIAS 1] B 453 119 T8 LA 428 SRR K S 22 5 9 O ik
WSS SR TN X (N)E: a8

Fok, s S I E LB AR, A
R IR T L R, AN S A Sk T H
o BSCER B 1), T L e 30 T LR 7 AL B A7
B[R], e 1Y 2R B 5T (Astikainen & Hietanen,
2009; Gayle et al., 2012; Kimura et al., 2012; Li, Lu,
Sun, Gao, & Zhao, 2012; Susac, Ilmoniemi, Pihko,
Ranken, & Supek, 2010; Zhao & Li, 2006)¥34 1)
FOUSR SETE AL BT e 52 % A T AL R A A2 AL B
sh#E |, {8 Stefanics ZF(2012)MIMFFE 51 A T Hr
B S B0 LT, R T LR B AE R A Y Y S
T o XAPBTHAAREAE RN H 5 A= 1% v 0L 0 2%
) TE B R AR A, 1T LA fil B G b A o R R
P X R 5 AL 5 — Le 5 vh A5 LK
2295 FH(Liu, Xiao, Li, & Shi, 2015; Liu, Xiao, &
Shi, 2016; Wang et al., 2016), UNHAH i i
Tl B, PR v g ) B T AL R A0 SR Y 22 T
FLEI T AT 5T MRS AL, IR
EENCIE i

w5, S D BN B BEA 6] o R ER AR 55 0
W rEmfLES S, M PURTLIES DI (—F i
ZERN), B B0 ARG 26 T AL (CRLAE A, R4,
RMEHMEN D2 (O — P 22 W00 o ST, —LERF5E
FAELR BRI IMA T S m 4P (reverse block)
(Kreegipuu et al., 2013; Kimura et al., 2012; Stefanics
etal., 2012; Wang et al., 2016), TEXFEEITH, bR
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Y AR O 22 BB 2 TE AN TR A9 block  Hh A i B
B3, BN, 7E Stefanics SF(2012)MWFTEH, —FHY
block ¥ PEEFLIER S, WA FLIEN D, Tid
— 2 block NPT EFLAE Dy S M TEFLAE S Do
AT ) EMMN 38 5354 2 D 8o 2 4E 0 S
TR 4% F 75 & 1Y ERP 345 . X PS40
T ) ARSI B R i A 1 7 S SRR AN TR, (H SEBR
LB e A A0 [N 0 R P, X ST 3R AR
EMMN 5¢ 42 b 1 AR KOF 25 5 R E - BR T
FREATEZAS, WA — AL T R
Hny Hofth 223X, dnf A kR U m fL(Chang, Xu, Shi,
Zhang, & Zhao, 2010; Kreegipuu et al., 2013)%%
22 GEEBRIERERBUH

EMMN BT £ 2558 o8 ok . 056 LA S AR T [R]
3 ) =R T0 AT 55 R B 72 . Zhao 1 Li (2006)
B2 LAY MMN BF5E(Wei, Chan, & Luo, 2002),
2k A B il 4E 3R R Y i X (cross-modal
delayed response)¥&iE I EMMN [AFETE, %L
BRI S BUAE T FL 2 BT R R
535, BB RZ BRI S . ER
PHIURIESE ST &1 T i3 THEUE 55 (Astikainen &
Hietanen, 2009; Gayle et al., 2012), Astikainen 7l
Hietanen (2009)HF5T Y, 76043 I R
R B, AT — B, IR EOR BT
Ty ISR AR E o T Gayle %
(2012) A BIF 58 W ZE R RT3 v DL BTl
HCKOIFL MR R H o AR TEE BEIIAE 5,
W E THEUE 55 pOXERE TR, PRk mT DS A Al 4%
HE R BEIR . SR, X ERF T % o A A — DA
Z 2R AR, BT S8 AL D8 3 T A S R R ]
REELA — & A R A M, R T 98 A 45 7T R
AR B AL 06 1 BB (Czigler, 2013), UL,
— BB 5T Al T ALY (] 28 AT: 55 ke 42 il o 1
TR IR N, 7E Vogel, Shen Fl Neuhaus (2015)
AR FE Y, WA AT A SR N AR 10
PR, T E RN AE bR A BT AL R
P AR SRRV o JXRE B 2 I AR AT DA A
il B 0 R, H R 2 IR G v Y A 25 M
T 10 3 % 3 %) 957 575 (Stefanics et al., 2014),

T — BB AT 55 (R — AT 55 ) A B IS
B 25 M BE AN A A 09 v R R AR, B A
EMMN AF 58 Hg i o 46 1 0 3 P A0 5 X0 3
25 MR 5% Y T FL T4 S % (Kimura et al., 2012; Susac

et al., 2010). X5 e B B AT R T
W (Liu et al., 2015; Liu et al., 2016; Stefanics et al.,
2012; Wang et al., 2016). X 5t%e i ge+F 11 %
S (Kovarski et al., 2017) Xt F 2, [# FE S ¥ (Soshi
et al., 2015)5%, (H_ LR R AWML S MR KZ
V8 T LRI TE S LB AT: 55 (5, IRBE 55 )R &2
IR AE LT o e AR AT S AT 55 19 [
WENE—ERE b avmfLrms| . anfA4ge
HEBR X — AR 2R 7 il SCHE B AR LA L CE
e AL B Ab A B O7 2 O i O — MR BF Y i %
(Stefanics et al., 2012),
2.3 RIHFFIRER

TEAEGEH) oddball JE=Hb, A v 2 B
W2 o AT BE b7 FH A S50 1 T 9 IHR 43 g
[, iy L2 5 3 A X AR TR A AN R S
T, B 5E A 22 40 U ) A A X (roving
standard paradigm)fe ¥ il b v R Bl £ S
B R DL M (Kreegipuu et al., 2013) %1 30 # 7E
B — B vk ] Py B A LR, G SR N ) e A
DB A AR SRR, G s R R A A A I ) S B Ry
fzEdlig. Hm, 2] 6 wihkmilS)E, #
EEW S RBUREAL, 25 XER 7T RbrEEAL,
WRIEHESR . Kb — R ERW L2 S
U B A 1A TR L A AR D 22 AL (DY), i A5
R E R, BHE B — b v
LIRS 58 4 Ot 2 SR B (D2) o 33X A A4 b 4
T EMMN BF5¢ s i S g it 8], iy B e et oe
A3k — 25 PR 5 it 26 R o O T/ A 2235 8

T3 — PP RS P Y J5 22 7E oddball J7 4
FRI A S 2 72 511 (Jacobsen & Schroger, 2001),
fin, 78 Li %012)MBF5EH, BR 1tk S Fidk
113 D AU oddball 51 block 4, HF5E# ik B E:
T AL S M) AL D AR,
PRUF T AL . PR R T L DA R 2 AR T L 2H B A 45 16
% block, & HiIF31 block H ) 5 Fhofil i H A A 7]
R HE AL, AT B P Ry SRR P 1 . S Y
EMMN i oddball Jy-51 #3545 11 FL 15 4 1) ERP
FAEMER TS ARG AL & 1Y ERP 3R . X fiff
73 EMMN (53 75 1 F 1 B v, DA TG ik 4
TARIEXS EMMN J83 B2 00 o AR Rt 507
G S E AL, At aT R HRER 3 A AR K P
P B2 S e o DR 98 B A A R i = aT LA
B R 3RS B 52 vVMMN” (genuine vMMN, F82
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A REHERR T4 5153 31 vMMN 363, 30
Stefanics et al. 2014), & FiZ 0 3 53 il =2 1

% (Astikainen, Cong, Ristaniemi, & Hietanen, 2013;

Kovarski et al., 2017), {H 2% 7 W7 7E—LL )
MR TERSSIRTHEA, RN RS I E L,
BR T b 3A 0 3% 50 itk gy i Ak, — e
AT G T 4 A PR e X 1 FLAR Tk E s T AL
Tl R AR T, AT HINET B AT T AN R BE h
(Kimura et al., 2012; Vogel et al., 2015), A 0¥ 78
5 ST — HB XT3k SE I ST HE AT VR N 2R A A AT

3 EMMN g945 5

3.1 EMMN Ry iE) F 22 i8] 53 76 45 1iE

SR TR P N170 200
SEAMEAE B AR, EMMN BB E] 2 10 9 R
FE o HEHT MMN I W A1 8 2k 5 — B i) oy
87 P (R R A o, PR G O R BT AS S gl e 17 2
H 2K DCC T 3 9 & A I 200 5 SCHY . IAERAT B BF
FERAF, 1E100~520 ms WARRES 3K1F EMMN
(Kovarski et al., 2017), Hop— 258 ) EMMN
g | LR (Gayle et al., 2012; Kimura et al.,
2012; Susac et al., 2010; Stefanics et al., 2012; Zhao
& Li, 2006), 175 —LE0F5% 1 EMMN D2 000 |
41 B B (Astikainen & Hietanen, 2009; Chang et al.,
2010; Kovarski et al., 2017; Tang et al., 2013), X &
EMMN  #3A Sy 5 3 Sl i (] 7 11 14 9 S0 5P
434 % . Chang %5 (2010) A9 B F0KE T HF 16 2015
K XL EMMN (19 i 391 (120~200 ms) A1 5 1]
(220~320 ms)iEF), 43 HIfFEFEH N170 F1 P250 AL
3R] 28 O 22 R 22 S SO, T 3 A1 R 2 A
FIWFFE A T3k EMMN 1 h 9 51 3 0 s 0
S T R AR X N170 1 P250 (14 5
(Stefanics et al., 2012; Zhao & Li, 2006), J+5% [ 5
F PL ALY AT REALE AR RS 281k A ShiG I f HL
HlH FARE A — 2, 40 Kovarski %8 A(2017)
&I AL 257840 e i AR A i TR R P
P o

L B3R EMMN BFSE R Z5 R Z5 18 T L&
W, THERRAE AR B s THLE R T 24
F i 2 . Astikainen %5 (2013)f# JH] 45 48 2R 5 i
oddball JEHIHFF KB, BIKTE oddball J¥51
SRR h, R BUS 130 ms Al 170 ms
ZAHIEL T EMMN {3, (HHA 130 ms 2

) EMMN RIS [R] Fe 91 28 8 ) 1) Sk B 73 A1
ZE5r o UWIFEINA, HB—BrB EMMN TR
ot 3 T R AR AR B R A L, AR R Be
EMMN W Jsz e 5 46 45 S 0 I T o e ale 1) — i
30 3 5 T L P i 22 T 28 D 2 17 8 AN T+
EMMN Wi, #f— 7R T &G 24 H 3k
Jn T ML A [ By BE (Kovarski et al., 2017), X3
R FREAS 5] T W% EMMN, I H & BSR4~
WrBL EMMN, 15 45 fi 22 1) 22 5 0 0 1o 24 HAT B
KA RRZEmS (], oAb, PIASBr B EMMN #E 1
R T EE G B 0UR Rl RS HEN,
T AR A2 A 1Y 8 Sl R0 2205 K A ) 14 i
HEARGE, RS2 AHR A A — SBPERLR G — By
BOFIFLE M TAHLE G B o T BUA ST
UEHE T AN 7853, PRIt JC 1k e 0 1 5 2 175 722 £ 1 i
TR EALH 5% 34 & W 2 BAK 7 1 43, T Tk
T IX 2L 3 Z (B DG 2R o (H X ToBE 2 — 1A R
It HAEAS 8k — AR T )L

DIMEWFSE Y EMMN #8431 75 B3 - Ha Ak
XA, Hoh— SR o R, 1 25 O 25 0 R
LB EMMN f77E 47 2 BRUE 4 (Gayle et al., 2012;
Li et al., 2012; Vogel et al., 2015), XS4t B4
T REA7 2 ER R 10 (right hemisphere hypothesis)
(Borod et al., 1998), Stefanics %¢(2012){#i Fi“/ [i1]
MBI, R G R 25 - RME bR ) — (TR
IR 25— SRR UE ) 9 22 5 e A5 31 1 Sk B0 A1 A TR
JE R ROOR R R 22 355 T A O R A
90~120 ms AP fi 22 B B 25 5 5, AELPR AR D
22 RENBAT 2 BU R ABL 0 R0 22 5 S B o XA
DR AT 2P BROG T I 4 17 S S U . B S
2, HH 360~390 ms VIR AR fi 22 40105 A 1Y
2P Y 22 5 R IR, AR D 22 CAE R i A
DRI B H T A PR AR e 22 00 B p e 1, HL
PRI i 22 A0 A R B e A0 ) o G #
AN TE M BROC S B L 19 73 B LR S Fs
T ¥4 R i (approach-withdrawal hypothesis), X
RGN, 20 B 4 S 0 in AR /A2 3 P 1 1
26, T A il D) o0 9 AR/ T sl AR 2 o AR A
(Alves, Fukusima, & Aznar-Casanova, 2008),

B AR AR A, — SIS A T
R B F B 7 B A9 3 TR AR EMMN I i
(Astikainen & Hietanen, 2009; Csukly, Stefanics,
Komlosi, Czigler, & Czobor, 2013; Stefanics et al.,
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2012; Wang et al., 2016), XM, W5 EOLH
TR )R A Sk T, "TREW R T E 42
T 32 1 i P 445 2544 . — S8 RIFSE7E oddball 785X
Fent I, A fMRIMEG £ A X 1 &8 2 1% A8 AL 7
W TR BEW K M IS5 F HEAT T /125 IR R
Large, Cavina-Pratesi, Vilis, & Culham (2008)%J#ff
FEE AL T OFA W REAE N T #E B AT =R 42
W AYIEYE o BfiJ5, Stefanics £ (2012)WF T & PA,
G AR (8] AT AE S EMMN AP0, i Li
2:(2012)i 1 X EMMN B934 BT 455 7 58 )
12 WK JE B R, PEAEE E hoE
I Iy o AN Ty

3.2 EMMN H;H R R[]

TR — e ALIE G RN TR R B, AR
TOIS o488 A U5 2 1 T 5 R 1 LA B SR I
N, 3B BR Z 2 I AR AR ] (negativity bias) (Luo,
Feng, He, Wang, & Luo, 2010), 7 EMMN A
W, 15154 (Kuldkeppetal., 2013; Kovarski et al.,
2017). Z:H(Stefanics et al., 2012) ., FE45i(Gayle et al.,
2012; Zhao & Li, 2006)55 {22 Hl 3354 rh R sl pl
SRAm 255 & T B KW EMMN IR, X it—24
WESE T IR . (2, DB T AR
2550 BURFNE IS 26 1) EMMN %I 2 [BIAS A
1% %% 5 (Astikainen & Hietanen, 2009; Astikainen
etal, 2013), A 22H NNy, 15 LK LEAN [F] 45 2 1 Ji
R FT 6 A2 BP0 8 117D 35 T ) e 0 5 R g 2 3R 38 45
5 (Kovarski et al., 2017),

F L, FEIRF VI b, FRE
YR FH T AL A R AT A A A 2 R o T A
AR 17) 7 TA Ry 2 — i N 2 b 3 R e A 1 3
BUL, BRI R G2 055 U SGE R A . ©
R FE UE W T AR A 1] AN SR B0 1 SRS R Sy, T
XA 5 AR A S 05 B AR A R A 3
JA 4% (Franken, Muris, Nijs, & Strien, 2008), A4,
R A I FRAT TR 3] 1) AR SR 0 SR 57 45
TGS 7 AU EE B R F 1 1 T L E 2 A W
Bl 55— Bl A AL SR B th A\ AE TR S — B4k
ROMBERE | S 25 IR MR R A 58 A
BANMEFE BN T B 2RI R, Ak
KK ETE B [F AR RME R o 5 — RO TT RE 2R
THE B AR BT BRI, T2
HE— 2 M FIEAL s 105 A G SLIF IR — e
B & o (B2 BA 1 EMMN 2503 =0 A HERR

TS R WG s, I — Y L,
AR BRI ZFE ol . it L L
FATAT LA g LM R AR R, X EWE S5
2338 Vi AE ) BB A TR A ik in TR &
Al BETE S I L T A S AR R E AT L%
R, AFL 3 I AS 52 M << A DR 1 1 4 28 6 F 3l
TAHLH] RIS . BeAb, A4 D22 R T A
s 1) B A SR BRI, BR T UM LA Ah, AR IR 25
XTI L ELAT At 3 3 I B 1 2 AR AR BT R
FEAYHNT.(Gayle et al., 2012; Li et al., 2012; Zhao
& Li, 2006), il anxt 1640534 0 o3 M a4 vl gE &
X AN 1 -2 S (1 7 D W VAN = &
T7]” B4 A 7 AR 7 DT RE
33 mEAMBRAEESENER

[E{R (SN TR e i S ISR LN IES T
K, BRIESHFERIN, BLEEN NS HER A
ATTT LA 3 Ao 1 L oA ) Tl A A A £ N 1Y
WY OREHIRES, BT LR LR ICAZ AR A
YW RHB RN SER, HX SRR
T BZ M INIIN T . B4, X4 HFLERAE i 728
bR 2T A I 9 vMMN T5 3l KRR X i s
T ALAF B8k 1y 8 S n T 5 mALIE 255 548
TR B shikin T XA A4 X 517

Susac, Ilmoniemi, Pihko F1 Supek (2004)a9 7
FEEIRTE oddball XTI THALBGHEES
T2 15 B A5k A sh# I i T/ 5% 7] (Susac et al.,
2004) BT E T Wil oddball 31 514, &4
Lo 0 i 22 855 s o 98 2 A )8 % 1% 79 o T
TR (I 22 A ok, A HERDECH PR, 5%
A 2 18 25 TR IR 5 o A TR SRR S T 5 ) e
Lo WLAMZBIGTR IR E T 54540 1. 2 fil#E 4L
AHFEMER B SRS 3. 4. BRINE, XA
5 B R TE T A A 22 i 38 b R4S B 1 45t R A v )
W S TSR Y ERP IR, HR IR 15 21 45 1R
ZMB M mEZ M EER. 6 4F/5, Susac F
(2010) T W Ad FH 58 4 40 7] 1) SE 30 1 kAT T — 30
MEG 5%, %W &8, IELE&HET, B0
TN 2 25 B & T 2 vMMN R
W1, (HF 0 VMMN JIRTIRA R R H 2R
BEAR, DR 43 47 A5 21 B R O 2 0098 B sl I AL
Tl 8 AT i DX 2 ] A, B W W o3 8 . PEIACH,
HF RS R A R DUl R B vVMMN {5 3))
I8 T A8 W T T L B O3 2 1 2K AR 4L B B
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M, X2 vVMMN 3 2l ] BB Bt T LR B
ALY H SR, BARE A IR R, FEmfLE
US4 100 ms P, RS0 AT LAAR f-dtb i TG 26 5
& F 43 2545 B (Liu et al., 2002), {H T3 (4 W7
S, T AL B 03 R 46 A5 BB I T2 A LA Ny Y
(Bruce & Young, 2011), =5 I, Susac %£(2010)f9
WFGTACR T 44 V8 B3 0 T LB R AR S R, RD
B (5 B AL A —Fh, EEAANBIN ARG
P 5 07 121 B R 22 (9 T FL B A R A =2 )
B, B2z, A Km0 5T e 3 B T L B
By FE 445 B B AR 0 TALH], {2 EMMN
MAMFRFEMH, GHMIEEZMESW AT
o T BE S 4 S T AR [ B9 0 ML AN 22 5
fith o B FAH B OF T IETE B B AR 2, B AR REHE
Fr —#F A BT T REM:, X BATHEE ZHR
E—H I,

1 FLIE 2615 B 50 045 228 4k A skl = i
I 2% 57 Wang 28 A (2016)BFFE P83 T 267,
ZAGTK 4 Tk mFLE A R EEET AN E, i E
T 425 block: 1HA AR block #4417 4 7RI
WAL R (2 55 2 ZOfEAbRHERI, A F 4 5K
TR E LA E (2 55 2 ZOFE IR 22 0B A5 4450
B8 Ak block JULKE 15 26 B 25 4k block H i) v 3l
RN O 22 ) B 5B AR K block Wi 7 4 9k &
PEHEFL A R (2 B 2 O ME I hn R, B
4 5 5 M T FL B9 P R (2 R 2 T AR 1 A i 2 338
2 PEAE 4K block UL 53 4 25 1k block H Ad A 1 Hil 8
Il 22 0 R 9 AN A B T B A 4 AR Ak
25251k . B AR LAY vVMMN 630, 15T
FHiINN, AR VMMN (% B2k 7T g Sz sk T i $L
PETNAS AL 4 8 BRI I AN A AN T a7 5 (%) T AL 43
FRAE, M H & Z 8 LB S E B,
Eoan 53 & b A B B A I P (Cross &
Campbell, 2011), KB M mEALAHIELR S 51
AT, 1Ak, FHEZE L vMMN BRI
(240~320 ms)EH 257251k vVMMN A9 7508 391 (B -
200~400 ms; % : 120~520 ms)E M, XEIE T
SERTHR R M AL 2515 B 0 m T AL I
s B nFiiE . HAHFENBEIRS TED
(Amihai, Deouell, & Bentin, 2011), 4}, %5
KT AR 22 LB 22 . 5B M (w22 19 EMMIN 119
IR R, HEAERYRLAN, EEET
TG BN, L) T B 1 4 8 A TT BE Eb T AL

HoAAF 8 AL T 25 5 s 1 Shali 2 A BN T,

B LAk 205 B A shikin T2 4h, mfL
RUE B S5E4E S H LN T2 R f e R g2
TG OCE  WFSE A R AR A Y A S
F S T, B A [ %0 1 45 T LR R 5T i (]
B, Kimura Z2012)8F58 &8, @8 mfLEIE
SLTAFLE & ) EMMN ARG, (0 — R
] fY) 22 SO0 R B 3, 0 T LB B AR o 1E ST
IS BT L P 175 2 O 2 OB 2 B i T, (Ll
T8 AL AR A BB IR, P AR A
A IRl $RT, Susac 28 (2010)WBF 5T HIAGE] T
AN PZER : ANFEIEST ST, 15 26w 22 0 T
PAig5 & B 5 i) EMMN 6301, /E# I, XFEg
Ut B 15 28 D 22 55 b o R R I AR P 22 S 0 A2
EMMN =4 g A, {F 3t 38 o 2 AL 1 78 A
BREEHEEARKEELR, Chang 55(2010)
B 5T 2R FH T 16 7 FME] 8 Y R R A, 5F EZ
FEIRNT LU T AR E B S E s R
EMMN i Jij 22 5 o X IBF 58 & B0, 76 1E 3 B Y
FME AT 2 BR MR 5 b, TE 57 T LR 45 I 22 03 b
{808 T FL 2 D 22 0 BB EMMIN SR S8, i 22
A ER EMMN I IR 2 [BJf o8 &2 5 SR, EE
POARAE £ 3 H I A B b i 2 RS & Y
EMMN 2 [H] 4T o] S 2 25 5%

4 BHETUBEIUMIHNMMEESR

R R 22 BB 58 T IR O TR TH AR R 1 H sl A
MRS, WARREYES (Li, Zhou, Zheng, Liu,
& Zheng, 2018; Xu, Yang, Wang, Sun, & Zhao,
2013), AR[FE4F#E(Liu et al., 2016) . FARG AR 71
(Liu et al., 2015). A[ELA#E #h 35 B (Soshi et al.,
2015). Ib4h, AHIGE(Gayle et al., 2012), EEH]
AiR4E (Chang et al., 2010; Wu et al., 2017). K5#4>
Z4JiE (Corcoran et al., 2017; Csukly et al., 2013;
Farkas, Stefanics, Marosi, & Csukly, 2015; Yin, She,
Zhao, & Zheng, 2018). AL M: AT (Tang et al.,
2013)45 I RS EMMN 32 3 7 1F5E % #9 56
TE o ASCRUARFMES il KA 5 1E 5 A A
EMMN 25 Jg {3l #EATfR] 2o Hr o
4.1 EMMN W4 3IZE 5

KRBT R, Lok BAT 1 48 B RE 1 1Y
fi#(Li, Yuan, & Lin, 2008; Lithari et al., 2010). {&
25 f5 B2 ALY A S BRI T2 Mt A 72K Y
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BN 7 Xu 55 (2013) R A5 (8 FH T 1 FL (17 28 1),
HEET B AL TC AR S50, 5 45 0 1 LA
27205 £ 1 EMMN W3 iR BB, 54
25 R DA A 22 RO R T oM b Bk R Y
EMMN &3, XRW T L HEEES 20 A 3R
R B A AN U . AN, AR R
U5 7 Bt (SLORETA) 19 45 2 B 7~ , 2o v i 5 1
EMMN & g R84 € M e R ml, 5 EMMN 8
FE CAETRE R 0 1 55 7 A R EMMN #5203 78
Wi, 5 EMMN 8 o 76 &b nl X sk
EMMN SRR 2Z [6] /4 25 55 i T 58 o fe A sh il 4
AL 3 A v R B R R BRI AR — 3, iR
() — ITURIE o B L T o P A T AR Ak B B4R
FPAEAEAE BB FTIEYE (Li et al., 2018), 5 FIRAFSE
— 3, PR KGN, LB MR
(100~200 ms)FIJ5 #1(250~350 ms)A) EMMN % 1%
FREER, X — S T L PEE RS 45 22 1k
S TP SRIMZVE 5 IR KIS L AEn
TR0 EMMN MR 2% 5. BFEE AR,
X AT BE A R T RARAT 45 TE 5 2% e 4 Hh U B
1o, MR B R Rk .
42 lGRBHEFEERN EMMN $FiE

FI FATAE 3% 2 B % (ASD) J # TR AR AR AL 2 52
Vi B . Gayle 45 (2012)4R 5T T 1 i % 4if 22 1k
EMMN 5 WU4E N B BIAERR BT Z R o b5
R Z 9 ) oddball 537, R T = w22 Hl

PR < B i 22 (b SR8 TR L) BT € Dy 2 (),

TR AR 210 22 (PR AR )RR 11 4 i 22 (R A7) o 3 30
WFFEUESE T EMMN 5 [ PARE 45 5T 22 ) 47 8 S B,
S 25 2215 & 19 EMMN iR 5 1 PAE R 5L
(AQ)Z B A 7E 2 WY IEAH OC, (HIH AR % 26 I 25 4%
PN EMMN Il AQ Z[AIAHC K RIFA B2 WFF
FHINN, XA BEULH TS IR 17> 5 ASD 1% /8% b
RA AR AH B AR T

B HIARSGE (major depressive disorder, MDD)
A BRI XSG B NS IAmIn T,
A% 0 AR 1 25 PR AT 8 2 L (Leppanen,
2006; Persad & Polivy, 1993), — L5 3 B L
it 1B A TR FRURR 0 T AR T 5 2 1 B A AR D e
[#i(Persad & Polivy, 1993), Chang %&(2010)#£5¢ T
TARAE f8 52 15 A7 75 1 HR R A5 22 10 A 3ln T4 5k
Fa, TR R AR EMAS, 4 oddball JFH iz
BTSRRI O 22 0, B OE S B B

PRSI, SR A MDD 5 IE % 0K 15 & 0
EMMN 55, M, 5L LM, MDD
EMMN -3 280 H 5 18 5 83— A 1% < i FL A3
BERN, H) MDD 3R R 45 3% 90 T AL {4 As) Y
{5 BINTRES1 ZH.

G #4324 (schizophrenia) H % 3 & 1117 76
JE A IE AR AT, U R I R A AR
5l B8 J1 % #it (Kohler, Walker, Martin, Healey &
Moberg, 2010), & A 5745 1 EMMN i jij i) 4
RAE T O 24 LI RE R RS, IF H 54
ZUAE B H H UIRE 2 1A ¢ (Light & Braff, 2005).
Csukly F5(2013)MTF 5T B0 UE T 1 6 R G i &
1) EMMN i 1 558G i 43 240E 8 3515 46 R T 55
TR B R A et . BRI, K54 2458
BE EMMN £ 0E % #i8 EMMN Ak 55 72 B 5
1 LR E 55 B R el TE 22 R I G, AT
FHFH I, EMMN 13241 7] BE S L T A5 43 240E
BEEHEZ AN TRMZH . XiEasS
FUHRARTIRETT B, B2 It ST RE R AG

BT LR R Z AN, A K& L
EMMN N48h5, 5% T %28 54 Sl 25 T 6
J1 5 R RS R A sk i A% 26 281015 8
HIRE ST, AN P B A% (Tang et al., 2013)%F . X
28 Z N 5T AU F T4 7% FH DK #5201 B AL,
T L 2 33 S Pl 132 W FNIA 7 S50 SR 10 PRA $2
HET ETE Y PR T8 AR

5 MN4mARIERERTHEIRRER
ik T

5.1 FUMZmRSIEILE

KT MMN/vMMN 32 19 /2 8% 0 ) B2 B
Bl BRI SN T X — e,
GEHE NI T R [ WL A5 . 9% 57 15 Y (fatigue
model) FlCAZ 45 L4 & (memory mismatch), Fij#
TR, XA ) e AR AE R AT S 1) 42 7T
FERTT RE & 77 AR AR MRS, I 22 0 A R g
VRO B I P 2 T RER o DR IR A 25 VR 2s L R
YT 75 & TR G ANEYE ERP ALY, AT EOE
SR 2 SR TG B o T I S iy 2 S L AR (1
ZAEMIE, IR HARRINVAIZIREE L (May &
Tiitinen, 2010). J&5#& WIIAR, KAk &H5E4ext &5
5 BT ICAZ AR, FE 80 BB 10 B3 5 1,
W HE B A A RAE AT X L, 0
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%28 %

BB ARFEN S EH LA . MMN/VYMMN B & 1E
S X PP SR AE o B 1Y AF 4 3% B (Todorovie & de
Lange, 2012). #K M0 3T 42 ) 09 15000 2 A 2 1%
(predictive coding)fBlF- 7] LA - 3R WG Ff A [5] 1) i
B G N —K, ZIIB I (R B AR 45
(7% T 10 5 A AR 30 2 3 IS 7 1 R AZ R AR 1Y

00 G B 4 ME U T — R AR S AL B
Ao BT A SCIAE B — WA B P 4 3 K
SEOCAY, PR X AH SR ] 1) 22 S 2R AT A,
3 g S e Ak B A ) YR T I R AR T
DU G A% B8 A A, RG22k T T 2L oy ok
RGP ZBIRIAN KA R — L,
BN T B 2l b B AR Rk ZE RN R T,
M2 B 255 O A 2850 R HE BN 58 15 20 1
B, DT TR )% 03 the 5 i A i o 30k v KA o A1
S TH S 10 5 2 T ML e AR 2 S A R A
(generative models, Clark, 2013; Kimura et al.,
2011; Winkler & Czigler, 2012), HZ {2, HH—
i 208252 25 B 5 O & T8 i R A — 3T,
R 23 PR ) K 33X AN — SR AR AR Ay < T000 5 8
{7 BEAT s, IE4E R A R . 23R
o, RN B A% O AT 55 S AN B 3R AR << T 5 R,
NI PRI AR T8 1) it o g B8 o 3 A4 R T LA ]
REML T GEIR, JF HAR RS0 H 2 S i

TR 2, 50 G By L35 3R 1) kg AR o AR
WA SR WE 2 Friston (2005, 2008, 2010)#2H T
KA Y 43 J2 T 44 A5 HE B2 (hierarchical predictive
coding framework), ZMESLEE N AE KM N 4% 52 7%
o E AR INETE 0 Bl (Amal & Giraud, 2012;
Kiebel, Daunizeau, & Friston, 2008; Wang, 2010),
AR BA 22 H 0 T g 2121, A2 )
HBAL B W FP I 2 TTREAR . 45 1R 5 IT (error units, E)
A BA TG (representation units, R), /)2 R il
o X BRI o S R S T LR 1 4 IBOR TE AR
F8) T A L (BRI SC b i 3 A AR s ), I T A%
B IUZ S Eo MARJZS B W2 T3R5 o
BT ET N SRS, IR )RS R BB
K HE N B TR 4% % {5 % (precision-weighted
prediction errors, pwPEs), FRAEHICS A Wik i
pwPE {5 5 R B H H {5 B (Clark, 2015; Rao &
Ballard, 1999; Friston, 2005),

W52 TS MMN/VMMN 2 0 24 55 fin T

ST pwPEs RU4MNHE L (Friston, 2005; Stephan,
Baldeweg, & Friston, 2006; Wacongne et al., 2011;
Stefanics et al., 2014; Kremlacek et al., 2016), I H.
BT L) Z N OFSEIEN], Horp R 4 — 2
I‘Eﬂfﬁiﬁﬁ(Auksztulewicz & Friston, 2015; Chennu
et al., 2016; Garrido, Rowe, Haldsz, & Mattingley,
2017; Phillips, Blenkmann, Hughes, Bekinschtein, &
Rowe, 2015), A5 — 86 R FIR R AT 21 1) B
BUEYE (Kolossa, Kopp, & Fingscheidt, 2015; Jepma
etal., 2016),
5.2 FUNZASIEIL7E EMMN gAY 36 E

R ZTE EMMN o 75 E 14 4 T 10 A R 1
5 {7 B0 JC B R B A SR 7 A2 7 Kimura 45
(2012)IA 4 oddball J¥4 H1 5| 2K EMMN A{LA]
VLR fife o Ay << Tt et i, T EL [ A 7T LA 3
“ICAZHE L (Czigler, 2013; Kimura et al., 2011), N
WCIZAFTEAE T RR IR AR 51 - PRI Iss 24 T AL
GRAR AR AR ) A7 R 14 232 5t B (CRMAR AR v 25 1
PIRPRIEZEAE) o (HAER R B R vp, P2 AL
HBAT T BE 28 SR 1 T A B RV 25 4% 14 AR AR
it 2 25 ) o B A 55 2 X B TR 5 1 T LA T
PR N o I H0 P AN E R O R A,
A 3 B T DA B R PRI T 2R e 0% 3 ik
i 26 50 0B B T AR AR A 0 EMMIN
1, ST LAE B EMMN 2 f1 5 35 7 R0 0 ) 3%
Jiigs ., B EMMN J2 R fii Tt 4 12 S 07 4 SN
R WA, RO TEECE T EE TS, LR
EMMN s e i) F5000 4 B 37 2 2 75 40 T 18 L 19
BARE R . SRR, RYVE NI i 22 0 B4 B
VBRI EMMN G 3l, HIE N7 SR ) & A0
) EMMN Y& (R 01 5 4

Vogel 25 (2015) T 53 W & B T 1% 26 19 257 Tl
D s % b 2 v AR S I T I v Y Al 25 2%
PEIEASZ BRI, i = 227 5 . DR
VI T 5B 2o & — 44 18 51 10 b P AR AR AL R A
SRR, AR BB, ERPGRKSEER Y 40
AR AR UE P ) (G R 5 R kAL S &2
A A R L) . R IESE g, B
WL AR E 91 (15 70%) Rl = 280 22 5 97 (4% o
10%) 4 A RO o =38 M 22 7 910 43 3l Ry, 1)
AU 22 PN G B 5 e ) VI 48 A 25
Fe 3 (e v 55 i 28 L) LR 91 15 45 2 R 0 22
PGEP T SRS BRI, 1H 4 28w 22
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BFHI AR 22 19 EMMN AR IERT T 100 ms,
9 44 SR i 2238155 K 1 BT B 28 B Al 22 A BROE
K EMMN I 5 22102, WU (sSLORETA)
SIATAS B, 1 g R I 2 WO T ST R R
4, IR AL SE 1 LIS 2515 B2 i B
B Ak T 00 g A5 B 2 ) B R AR, i L
IS UE B 1 285 P9 25 B8 A% 3 A T O3 6 0 2 A
W53, JFHE s KRINA 2 XEWRE,
AR OC 1 TN 9 % 3% 2l BAT B i AL e g, R
IR e I A S T A R E S T TR
e 9 S A RN 2 1Y S B T

EAS — A2, T 0 — I 5858 o i 22 1
SFRIARYIER], EMMN B S S T 55000 2 A 2L v
i pwPEs (Stefanics, Heinzle, Horvath, & Stephan,
2018), TR TSN ARMEIE R, BE T LA
I 2 D O 22 RRORAF . DFRE B oy =
e Ik %%(the Hierarchical Gaussian Filter, HGF;
Mathys et al., 2014), 7E{BE SR DL ik Hrl g2 24 1
TEOL T, 8 B EEG {5 5B T XSk
A5 (oL B0 T L 26 72 A ) B AR &8k . HGF
SR R A B R 2 ) ST DLt AR, Bl
F9 JLITTRIE 5 R FHIZ A RS HRTE T NG 4 )2 2 0000
1R R (Iglesias et al., 2013; Lawson, Mathys, &
Rees, 2017; Powers, Mathys, & Corlett, 2017;
Schwartenbeck, FitzGerald, Mathys, Dolan, & Friston,
2015; Vossel, Mathys, Stephan, & Friston, 2015). il
it HGF i 1 25 Rl 4% O 2 3455 F (1 pwPEs
BULE, BESEE A CSHUE R Bk L
BT (GLM) (1 22 £ [71 I Rl F(quantitative regressors),
T IFALHLE T pwPEs A9 AL T FHb I (&1, 45
REH, BUEFNE 2 22 70T H AR pwPE i
L 69 3k Bz 73 A (I 18] %7 1 2 320~500 ms A
405~455 ms)-5 15 58 75 1 (i 22 R P —Am RO 15
F B EMMN 3k B0 Afi (8 [8] 3 1 2l 324~484 ms
1 420~452 ms)HH 4 W) &, % WFFEFE EMMN i [
AT T SRS ES ST, I H SR T
JERTAIRES . MMN/AYMMN AT DL gl B o 43 J2 DL
- 307 4 T i T R B BESEHLAE (Friston, 2005;
Garrido, Kilner, Kiebel, & Friston, 2009),

6 RESRE

NI nder B shAehn TBE 07 2 R 255 8.2
BEFEHMIAH EMMN, 4858 T #8152 16 1 3h

I TR 2L . I i T RS . BRI
WK, DIROER 55 %A K Z I EMMN
FE5E . BLAL, TR TR G A% BRI 0 F R, BT
EMMN [H7=AEPLE AL . FEL b, KTH
AR A B A SR T, IR A K Ry ) EE S
e NP EAT I
6.1 IiF EMMN 7EI& KIS BT FR Tk B AT 1714
Kremldcek %5 (2016) % A% #ft 43 244 | 0 355 i
. 2. MEBRITHER . R ERER . 5
RUEEAFAE 33 Tl AR A AU H) vMMN 5T AT
TICHHT . ZAEF NN VMMN % MMN ) —~ &
FLAR A JE ] LA B 5 A 2 BT 0 T B (i
PEBE N T A2 HH A 6 P e 32 2 B IR i T
), I L AR A O R U, SR, A
F MMN, vMMN Kl PRAFFE 840 F e A5 B B,
Rz ¥ 77 w8 R AT B 3843 19 . EMMN 1R —
FRESTR Y VMMN, REAS S WA 5 306 T8 155 26 17 8 0
AN T 5B, X —2 e sh T vMMN 11l R
WEFE, K AH SN H s F8 3 22 L 1 4 1L N
A BRFR AR 5 AR A L AR R SR I 5 R 3R
R Tk, Wi, &FHFRa nEill—E%
AP 1 25 0 TR A5 1) AH A Pl i 2B TR 4
A H BRI RE ) b B pE R B, IR 2R R
EMMN £ PRIZWT . IPAS 45 5 18 8 FH B T A5k
6.2 Y RARBETAEMAEMILIBE EMMN
B =
ANEAEB Z Aok A HHE R, XLk
AR AL, B FIRR . AR E
BEEEL T RGBSR L, DL
LB F B2 L A s A 3 A HLHRI GEL . 37
WrdE, 2017), ARIRVE M HLGEETE 1% 4515 B Rk
GBI 7 — A HERHAARGEI . T/, FREA,
&, 2017, T/ht, BREHE, B, APE%E
2017), 2 EA SELmLLAHLA EMMN {H15
i — & % %% (Ding, Liu, Kang, Wang, & Kret,
2019), BbAk, HRIRFIELRR TR LG L% E B M
SE(E BAERTEE RN T R B AE e B0 KRR
TS EEN EMMN 2EFEEZER? KRR
SR RIRR RN S ARG Z M EMMN 134
Sl A i Tk — 54
6.3 &7~ EMMN FYE 7E #&2 E Al Ao THN 5
EMMN/YMMN/MMN F9fiff 55 32 5 3 37 75—~
RO AW SR L, RIS 3 — A0k a4
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TEMEE G, KMGTE 0% = Ok SRR i A 2R 150
W, RIS 2 MR R R BOR A . 2R DL e i 3l
TE 2 R R S BN T T e A . B 1K
WESEERAE G HA W) 0 R 34 VE i — 1, ol 2
AR SC T A A ) AR X R Tl O AR R A B B
SR, SR T X AR T 114 53 Hh— T —— K I {5
LA ) PR 78 AT B[R] B2 22 (Stefanics et al.,
2014), T 4w 5% IS 7E 1 2622 005 2 B Sk il 1
X EMMN FWZSEAUGER T IE4 I T.5 —
AU T2 18] 0 S K AR, T LU 1 00 2
PRI KA 5 0 P 28 SRAGE AR A I L o 3 A )
T2 B TSRV o AT RO 5T R 12 058 XoF <R T 55 —
R E A, JFE— B PRGN 45 A 24k 7 B
) 24 24 v 1) 2 SCRIHBAY
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The automatic processing of changes in emotion: Implications from EMMN
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Abstract: How does the human brain automatically process changing emotional information? Based on the
theory of mismatch negativity (MMN), which is generated from our auditory system, a new concept named
expression mismatch negativity (EMMN) has been developed by researchers. EMMN is regarded as the
index of pre-attentive processing. EMMN is primarily responsible for detecting the variation of information
that contains emotional details, and this is where it differs from the visual mismatch negativity (vMMN) that
accounts for processing common visual information. Current review mainly discusses how EMMN differs in
regard to different facial expression, gender, and fluid intelligence. We also focused on EMMN in aberrated
populations such as autism, major depression, and schizophrenia. In addition, we sheds light on the
mechanism of EMMN through a perspective based on the predictive-coding theory. In addition to further
exploring the neural mechanism of EMMN, future studies should focus particularly on the application of
EMMN in clinical diagnosis and therapy, as well as pay close attention to the feature of EMMN in different
emotional cues.
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