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EMMN varies with deviant-standard stimulus pair type and emotion
type: Evidence from a meta-analysis study
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Abstract:
[Objective] The automatic detection of facial emotion changes is crucial for survival. Numerous
studies using event-related potential (ERP) technique have found that the amplitude of emotion-
related visual mismatch negativity (EMMN) could be used to test the automatic processing of
facial emotion. Previous studies suggested that deviant — standard stimulus (D-S) pair (different/
same) and emotion type (negative/ non-negative) might modulate the EMMN effect, however, the
evidence so far was mixed.
[Methods] Therefore, we conducted a meta-analysis to analyze the findings of 36 studies
(involving 733 healthy participants) on EMMN.
[Results]Results showed that: (1) EMMN effects emerged at both the early- (0 — 200ms) and
late- (200 — 400ms) stages, demonstrating that infrequently presented deviant stimulus elicited
more negative ERPs at both the early- and late-stages. This suggests that EMMN reflects the
probability effect of early- and late-stages emotion-related ERP components; (2) the type of D-S
pair moderated the EMMN effect at the early- but not the late-stages. Specifically, the EMMN
effect of different D-S pairs was significantly larger than that of the same D-S pairs at the early-
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stage; (3) in the studies of same D-S pairs, the evidence between equiprobable and non-
equiprobable paradigm showed no significant differences in EMMN at both stages; (4) a negative
bias was found in both early and late EMMN, i.e., the EMMN elicited by the angry, fearful, angry
faces was significantly larger than that of happy faces.

[Conclusions]These results indicate that the EMMN effect is affected by experimental
manipulations such as D-S pair type and emotion type.

Keywords: Emotion-related visual mismatch negativity (EMMN), Meta-analysis, Negative bias,

Deviant-standard stimulus pair.
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5K + 10 = 255), TREREICE BN EAH R BT A A fefli g RAGAEE .
i Duval and Tweedie JMZ, JBCFN T 10 SRS & REFEAR R/ FL, 15
B IE J5 751 MMN RN AR SR & B2 1), d = -0.51, CI: —-0.63 to —-0.39, H
S5RIERTHAN E LS EZES (p = 0. 11) o I EMMN 2505 1) & 26 0 125K 560 A
AR 25 H, Egger FIHA IS R ERIEFEGFAEEEWAXNHYE, t(5B3) =
—6.54, p < 0.001, FFE 2912 5K + 10 = 280) o X BN AH [ (IHF 7
ARAT S RBE TR Lo A T 13 AN & K EFEAE /NS, BRIFIES
FRTRGE JU MMN 25 B4R SR 2 S 35 1F), d = —0. 44, CI: -0.57 to —0.30, {HERKIER]
MR R 257 (p = 0.03),

FH RIFERT IR A9 BT EMMN Y5 A5 e ) F S0 00 R Rl o Egger [A1 Az 56 /i I - 441
RN R IR S R AR A, t(23) = 0.05, p = 0.96, IR =F B2 XT R,
t(26) = -1.6, p = 0. 13, FIWF M NEs N 87, WalASE 109, /NF 5K + 10.K
F Duval and Tweedie JAME A I HHBIE 5T E0 P8 ARG HH 00 25 A 75 B2 3047 JCRD
BRI R FARAT « Z UG TP A — s RN REAAE R B AWAY, PIIZE 2R
To KT o
5 g

BATRH TN AR, R HunlE T BLEMMN 48 b i TH FL1E 25 B 30 T
o HRERS vMMN B 5T — 3, FATIGE KRN Z G558 0 — 400ms 12 5% 4>
EMMN o &5 5 5 3 Akt 22— AE RO CRH [R] /AN [R]) S5 35 52 1m0 1 5 B EMMN 2580557 1 GG B
EMMN AN 52 50, -5 B ARG 59 EMMN ER52 1) 1 15 265 25 80 GE AR/ B0 52, 1A
[F] fhst 22 — B A RPN BT S R, TE e RIS R M I X (], MRS (SRR /3R
SEMER) YYASFZ I EMMN 2508
5.1 MMN RBR) ERP B4 FRIRE R 3 L

AWFFEITE T 0 — 200ms F1200 — 400ms [X [a] () EMMN 2087, & B EMMN 7£ %
AN DX TR P B RN A B 2 . FE 0 — 200ms [¥ X (], EMMN (79 B 1] % 5 7 %02
165ms, 5 J5 #M =k Bz 2 A T FL AR 5 10 N170 3843 PO 8] o+ o & 1k 621, —
T T FLAE 45 15 A I NLT0 TG0 B B, AT 25 AH DGR B 25 s i 45 1 N170 115 4%
RN, AT TR N170 (15 28 80838 K, 5 R T0 /0 o AN Rl 22 -
P AE PO B 25 IR, BN AEAS[R) 22 — b 7 EMMN Bt 52 A s 22 R BOK 2 1
gittmsl, FRvERERZ A I AL. ARMATUC A HTIE R, MEREm T
N170 FIENE, B8 AR 1R 2= —Fr O 1 EMMN 7E 0 — 200ms /& 2 2 1

200 — 400ms WYX T P9, HIIL T SRR S5 A, EMMN B [A) & 1 A7 £
275ms, 5 N250/P3 [ [ G20 . A W 7RI ERP 143 2 Bl %6 T FL 1S 45 1 28 4L
Mk, SrhEmFLA LG, 1558 T L2175 & 38 K19 N250/P2501%% 4 R It 43
MR IRAI 2518, FERE LB FL S AT25Jo 0 EMMN B A, 82K HE B i) 1 25 1k
T FLAF XS 400 2 HH B0 A v v T FL 55 R HE R R 8 B i (RS TR B 4 22 — s v R O



EMMN) . 53 —5 T, AH R 2Z—An RO S R ER, BAHIKEL SRR
MeHH ERP j 4 WA LW H AL E /i, REWMEAEYERE LETE—
R . RIEEEM T B FLIE S5 ERP B4 .

FHeg b, RER AN N FHIT 55 ARG 2] EMMN B 52 060, S8 % S ERP 1
B3 72 N250+ P250 BOE A Ak 77 iIX R B, AR S IR1E 25 11 FLAF 75 ERP il &
f£0 — 200ms #1200 — 400ms f [ fk#% 1, RN, EMMN JBRiiifL1%E 2% ERP [FIME2
VNS
5. 2 YR —HREREON X EMMN 2508 ) 5

W EATR, 7E0 — 200ms, A ZE— b RO BB T EMMN 808,  AH X
T A 5] P O 22 — B E SRS, A 70 ) i 22 — b v SRISBONT 95 & B EMMN 2 28 58 . 17
7E 200 — 400ms N, PIFHERZENAEE., XEELE Li 2 NP REE 18—,
{25 Kovarski % NP fil Kreegipuu 28 N FIRF A — 3, X LLffF 5078 [F] —#it
AR PV BIEFT T AH R RAS [R] ()4 22 — A B IO EMMN. /T NI SR B, IR 22 -F5
YE TR AN — B0, 5 E R X A N1 B N170 2508 2 05 AR A, T 7E 200ms
ZJE RN S T AR ML E R AR AL i B sh i RS O, RRF R RS T I
EMMN A/ 58 R B, LB R AR A5 20 B shin T AR IS5t . 2R, HhE
T AR R AR B 2 AR e &2 1) EMMN R 3, 760 — 200ms, AH[E IR 2= 45
Mt A 7 BN EMIN, RHHEES: TR ES, AL EE BIRIREEAE
FAX (] 4 B BN T 45 1R, SRS R B 3 TA R, BfAds
5 A R Bl R R RE R

IX 53R FH A5 2R 3 5 1) EMMN BF 98 45 SRR —3CH %, —ANT g 0 DR (R A2 S5
RAE A EMMN 2 25 M 2R 14 AH 7] 25 — Ao vHE I O6T /) ERP 22 5 0%, WTRE L& 79
T JE V) 22 SAHER () 22 5 . FEGNRIBT R, A R 22— vH d SO0t A AR
A BE 2 HAM (I fz 1) ZEL B r f O 222 0 SBORT s oA 0 S8 PO MR S22 A I A 100%) 5 3 75wk
PR MR Z R E YRR R — K, ERIMRGAEEMEER N TR
IO ST 75 RS EMMN RS2, FRATTELEE 7 A Rl 22 bR vE S R, SR A
SEMEER I EMMN RUM &, RILPIE BZE S AE 0 — 200ms 1200 — 400ms #A &3,
X Ut B AN 2 520 EMMN 08, BT FLI 2615 B AR AL BEAE 0 — 200ms A1 200
~ 400ms P33 H s LHARMER AN . H—J71H, BN R &
RER AL (2 TUWF70) AT T IR MER ST (11 TR ) EAR 2, RokRFRE
B2 BEXHPERIT O R Sk it — P B0 IE % 4518
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FEMAEN . 7, BATH Egger IR KR B RIS FRPE, A B T EMMN
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fEE ANy EESCIES) BJiy(SD) T ZE- bR FEES brife- T2 LE pes] R E IR B 7% EREST HL/ROIT TR FEA RS
Susac et al., 200451 8(NM) NM AN Oddball 80%/10% EYNTTER 1 PRI EE 150 ms POS pO
Zhao & Li, 20065" 14(9/5) NM AN Oddball 80%/10% EYNGED 1 PRI H b 100 ms P7/8/PO7/8/CB1/2 pO
Astikainen & Hietanen, NM NM AN Oddball 90%/10% EYNGED 1 T H bt 200 ms 01/02/02 FO
2009'")

Chang, Xu, & Shi, 2010 16(7/9) 36.6(11.2) ENE] Oddball 71%/9% [EESTEAIER 1 *THE H bR L 150 ms TP7/8/A1/2/T5/6/01/2 pO
Chang, Xu, Shi, et al., 201059 15(5/10) 36.9(11.5) AN Oddball 80%/10% [HESEaEN 1 *HEH BRIEAL 150 ms TP7/8/M1/2/P7/8/01/2 pO
Susac et al., 201077 5(5/0) 24(NM) ENGT Oddball 75%/13% EYNTTER 1 *ERIAREE 150 ms POS pO
Kimura et al., 201229 12(2/10) 22.1(NM) AR bR 41%5.9% EYNTEN 1 PRI BT 250 ms POS to
Lietal., 2012™ 12(6/6) NM AR TFI&ANTF] SRR &Oddball 20%/20% FLNHIAL 1 PRI T 200 ms CB1/2/0z pO
Stefanics et al., 2012 24(13/11) 33.1(9.9) AT AEEEES 90%/10% EWNTEN 4 PR 200 ms Ja AR Fo

Astikainen et al., 20132” 10(2/8) 23.9(NM) N Oddball 80%/20% B AL 1 Wr e B HER 200 ms Pz/P7/P8/0z IR AR EZ

Csukly etal., 201327 24(13/11) 33.2(9.8) AHIA] J A2 90%/10% EYNTTER 4 s+, 200 ms FLERIX B At 22
Jietal,2013%) 13(7/6) NM AN Oddball 75%/12.5% TRIZE L 1 PRAIEE R 100 ms TP7/8/P7/8/PO7/8/CB1/2/01/2 pO

Jia etal., 2013P 15(5/10) 37(11) NG Oddball 70.9%/8.9% [EESERTER 1 *HEH BRI LA 150 ms TP7/8/T5/6/01/2/A1/2 P e 22

Kreegipuu et al., 201372 11(5/6) 23.1(3.7) AR &ANTF] S 25 & Oddball 62.5%/25% [EESERTER 1 R ZSEEEATE 249 ms FLIX p0

Tang et al., 20135 17(6/11) 39.4(14.7) AN Oddball 80%/10% [HESETaEN 1 * T H AR T LA 150 ms TP7/8 pO
Xu et al., 2013 29(15/14) 23.7(NM) AT B NM [HESENaEN 2 PRI+, 150 ms P7/8/PO7/8/CB1/2 PRtz
Liu, Rigoulot, &Pell, 20155 19(9/10)& 25(3.9)& AHIA] GRS 80%/10% EYNEN 1 TR 800 ms POz/PO3/4/7/8/9/10/02/01/2/P5/6/7/8 Fo
19(9/10) 24.6(2.8)

Liu, Xiao, et al., 20157 19(19/0) 13.7(NM) NG Oddball 80%/20% EYNGED 2 PRI+ 22 150 ms TP7/8/P7/8/PO7/8/CB1/2/01/2 BIEAbREZE
Soshi et al., 20155 21(6/15) 29.2(NM) NG Oddball 75%16.25% [ERSTiE 1 ZRENA 200 ms BEX pO
Vogel et al., 2015F7 20(15/5) 30.5(6.3) ENGT Oddball 70%/10% EYNTTER 1 BRMLT R 150 ms P7/8/PO7/8/PO9/10 B AhrtE 22

Liu et al., 201629 17(8/9) 26.2(NM) ENGT Oddball 80%/20% EYNTTER 2 PRIFHAH A 150 ms TP7/8/P7/8/PO7/8/01/2 B AhrtE 22
Wang et al., 201617 19(10/9) 24(2.2) AN Oddball 80%/20% FLAHIAL 4 PRI 1E, 200 ms FLIX po
Kovarski et al., 20175 14(10/4) 24.2(4.1) AR A& ANTF] A &Oddball 16%/10% EYNTEN 1 PRI 1E, 150 ms 01/02/PO3/PO4/PO7/PO8 p0
Liu etal., 20177 18(8/10) 21.8(2.0) FEIE RS 80%/10% B AL 1 PRI T 800 ms POz/PO3/4/7/8/9/10/02/01/2/P5/6/7/8 FO
TEF R EESCIES) BJi%(SD) T ZE bR AERT O FEES PrifE-mZ T TR ERFW ST 5% TR 5230 HL/ROT TR FEAR
She etal., 2017 3(12/11) 32.6(113) PG oddball 80%/10% ML 2 LRI+ 100 ms PO7/8 SRR
Wu et al., 201774 30(11/19) 64.8(6.0) AN Oddball 80%/10% TRIZE L 2 s+, 150 ms P7/8/PO7/8/01/2/M1/2. pO
Li etal., 20185 38(19/19) 32.4(7.4) AR RS 82%/09% FLNTHAL 4 ol 200 ms P7/8/FCZ/CZ PEAbRHEZ /pO
Song et al., 20187 NM NM ANTF] Oddball 80%/10% [EESERTER 2 PR 150 ms P7/8/PO7/8/01/2 pO

Stefanics et al., 2018" 34(17/17) 23.9(3.6) HHIH BhbaE 86%/14% EYNITETR 4 PR+ 2 200 ms FRHIX FIRR X pO

Vogel et al., 20187 18(15/3) 30.6(6.5) AN Oddball 70%/10% EYNITETR 1 PRI 150 ms P7/8/PO7/8/9/10 BE b2
Yin et al., 2018%" 25(12/13) 30.9(13.2) ENG] Oddball 80%/10% [N 2 BRI+ 1 100 ms P7/8/PO7/8/01/2/M1/2 pQ
Kuehne et al., 2019%7 19(11/8) 26.3(7.7) AHIA] ERTES 100%/10% FLAIAL 2 Henl e+ 200 ms P7/8/PO7/8 PEFIFRAEZE
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