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VR RIS T = b 2 AR I A s A il 72

o EESLR I ERLBIBYEE (90~140ms), 454 T FIAH BIPE35 52 T 4%
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1 5]

RSP NE =R NG S I S ST B R
(predictive coding theory ) 2}, JRHE—1E )
(R 2 ( Clark, 2013; Friston, 2005 ) o KA
Az IO AT ) TN S fl i, RS S BR ) J%
ERAMTR, DACRIERAALS ( Summerfield &
Egner, 2016 ) . MRIEHNAGEES, BRAIR T80
{55, (prior) FURE (sensory) {5 HMEIARE,
SR AR AT E B BN E 5 B Z 10 C AT R R
5 (Teufel & Fletcher, 2020 ) , HA{UEHTH
W, BRI EA SR it ( Walsh
etal, 2024) . SEIfE B UM RAS )T RE & SRS it
TSR B BRI 5 sl ) DG T R
RN ihS, AT D RE A g 2
PRfs . Mkt AR A AR T TR EHIFSE (Alink
et al., 2010; Richter et al., 2018; Stefanics et al., 2018;
Zhou et al., 2020 ) . XEEAFIE ZEEH THEPL
I 18] B P22 05 B0 F s — 2R A6 U0 A4
I (expected stimuli ) , 3 — 2233 B U 174 3 8
(unexpected stimuli ) . FI&E 556808, FENS
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Jedn iR o XS HINEOR T SR A HESL T (1 45
SRAERE, HHS SRR IR E A S TR,
P TR 2 (prediction errors ) , FEIMIRBHIZ
1581754k (Friston, 2005; Rao, 2005; Rao & Ballard,
1999) o SR, XA ST a2 s T ISt
ROEZE FEHEERN T, RIS HE BRI T5%
AFA TN 4 id S AU Z [ s L, 491 i Je
VBRI AR S U, AR S4TGB
e AR

TEALE T i it 5T rh, SIA R IBE S
FEEPUBARL” X8 RO B A Be 5
XA ELAT B RS S U R R . — 5T,
HARKFLCAE Y b (4020 (0 I8 2 QR IE B2 51 55
mZGEME) SREPUH R 2 S —Jrm,
T IX O TR e A5 G AT py S, Rt AT
J& T30 S I ) o s AR BT R Sy
PRZ T0I i i P RS R R 4G TR A B
XA pih 28 S AR S A G U IR — 2L
DU s 8 R AR AL s )2z,
TR ) i 28 WA 3 S U I — 2
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D) B P B AR X 9400 3 B e B TR A, iR
SRR P A 2 S oy A X T i 2 R S b R ) B ] ) 25
FHIE, B, R BRI 546 U — B,
17T ISR 7 B DO 2 A oAy 5 3 S T — B, ik b
SR AT RE S TN R AR AR E B SR Y A
B2, RS RAT G R SO R AR R
TRVZN AT G RO AESE , A BT T 4 T e AR A R 4
PR, ORXT TN g e ) B AN ST 56

BT, ARG E MG~ 1E (visual
statistical learning paradigm ) FIEE/FAHICHA] (event-
related potentials ) FEA , PRFEAF AT i UM H
5556 W a3 AR, (unexpected-similar, AL
i U ) R B U HL S A S TR A RO A AR

(unexpected-dissimilar, JEAHRIMEE R ) —Fh

FARNEAEA R Rl sl sh 25 5%, JFE
LIRSy T4 R F T B

B, DMENFTE R BT & FUH R 2 el e
T LS R 22 s s B, {4 oddball
LRI R A S B, 55 U0 15
PGS TR P1 AT (Kouider et al., 2015; Saurels
et al,, 2024 ) ; AT WFFEE S W s 2 R WAL SE R
PR B[] s AL TN | 25 R & BAT 5 P s 257 A
B NT ALY (Xuetal, 2021) o P15 R 7
H 54 5 (Di Russo et al., 2002) , 1 N1 5% i
B EEFEA I (Luck, 2014 ) o HIL, XEBHFSY
RUIFFG PO BRI A E ARG T 2
P8 B AR T . PR, S
AN AL, EATR 2 RAE B 230G
HOPEAERR AR, ( Cichy et al., 2019; Edelman, 1998;
Wardle et al., 2016 ) . Kitt, 24335 s FiH I S5 457
B TSRS, AT REs 23R SE I T A S
B B e ST G USRIBAR L M ik a5 . Pt de
BGRE 1 AR EE T ARARRU: 3 S UM BRI, 455
UG FNAR RU: 3 2 S A AT 7 A TR Y P1 O
N1 J§43

TEALSE NN T 5 BA B Be, R ZEr 58 15 % 30
i B TR B 0B 2 O B 5 1 #2295 Bl (Hughes
et al., 2013; Klaffehn et al., 2019; Le Bars et al., 2019;
Todorovic & de Lange, 2012 ) . RS2 JLIAF5Y
WAERLSE NN TS A B0 T P g s Xy e e - 497

n, 3 S U R RS T SRR P400 I 15
% (Kouider et al., 2015) . B KA N2 i/ (Xu et
al., 2021 ) F1P3 i 4y (Saurels et al., 2024 ) . N2 J
ML T X 0 BT S K A RS ( Folstein & Van Petten,
2008 ) ; 1 P3 WLE—FhZUIREIE R T , 5 RS
TAEICAC RN 5 S S A R A O, I A2 21 )
HE MR PEAY (Glazer et al., 2018; Nieuwenhuis et
al., 2005; Polich, 2007 ) o PRIHEREYE, 55 T
Sy A A 5 22 S AR R A i TR RS B
DI i YA A (R BT . ELAT B 2 i 8 T i
SRR E M, Yl SO A S A A U Y
A ARARL ST, AT fig 2 PR ) e e A A/ N 3
TG HNTRAEAY ( Meindertsma et al., 2018; Press
etal, 2020) . K, FIREALERS “EHN AYAEFL
P38 2 TUHA B SIECA B ik & A I T A N 2
B S . Pt s 2. AHEETAF G SO0 A
AR AT S FRUHA o, SR AR R 88 S5 o vy o) 33
S TR N2 P34

TV, AR B0 s I HESE T 5|
AR S PRI — BT AR, b
S5 G TSR AR AU 5 S5 I P BCE AN [ s ]
HERR bR 28 SO AR 2 S, A T T 4 T e L e
Wb 0 S ZSHLE
2 Hik
21 5%

] G*Power fliEAEAR T (effect size= 40, p <
01, power=95) AEHELER T 24 N, A5 26 44
Z 5, K f 3 %2535 080 K s ool i) 2
PR TCR ., SRR 23 A, Hrp B8 A,
TS NCFER 19% (SD=11%) . ifi%
HEITCMABG R S, W s0F IEMLTIES . 58
WS S5EWNEENER A, 5558805 -5
IVE{HLIE
2.2 STt

AL R H B R R =K 1B L g i T,
S NAFE U AR UM IS B TR A E AR R A s
W =ALR A, ARG T FIehn (T
FIERRE ) Ik AEHR
2.3 gkt
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SIS RN AR A AR R, FiE
{#i [l Dufiabeitia %5 (2018 ) JF & B —E N F.00 3
SRRl 2RSS A i 45K (B 1A );
Jii# A Cohen %5 (2020 ) WF5YH i FHAY 4 i 2R (0 28
k(KA ) o SEPEPIRh PR P 2 R AR ]
W RIWE R R B bR, AT #es S5 H e
R IRE

N
“"T

)
)

B 1 &ZRRE (£) MBWRRE (F)

W2, s BRI RS FIAR RIE
Mohan I Arun (2012) HIWF5ERI, [RIZRZAAR 5]
ISR . A PR [R12E A g ) B A A
I, HASE B ARl e e B o 22 5, A s
ot BAR R TR 5 . A gn g R L L, (R
A5 RS 5F E R RAFERIE, BAFEARRR
SMERE S TC 35 25 5
2.4 SLETRT

SIS FE 24w H Richter fil de Lange (2019 )
o e g T2 20k, BIPafEsit
A B BRI S = AP B, Seit e
AT R A RO S O B Ak L, PRUEAS TR SE 56 2%
P B B AR BB AR R — B, dE gy
WP E XA IE B2 ( Feuerriegel et al.,
2021 ) o >k H E-Prime 2.0 ( Psychology Software
Tools, Inc., Sharpsburg, PA ) 45 LI FEF , i #s
TPHER N 1024 x T681RFR , BlHTHA 60 Hz, 5
5 rh 2 5 8l S FE 8 S 380 S, DUORFFAE S
B R IR 5 BRI PR B 60 cm,

241 gt B

B, S 5HEFEICICEFANEM B iRz
[EROCHR, FRMAEANZER S HARRIZ RIE S
BRI anl&l 2 2R b L AR R, T
RFHEL RN G I B, B— 14K
IR A 5 HAR R R HEAR 0 H AR, 72584
HRicHELA RS HnZ B XRE, EHTEAE>

BB SEIAT55 . R RAHIRH EREARS 5
(AT A, DAHGTS SEga bkt 17 B 25 55 i s LAY 52
M)

it 2] W Bep SE g A 5 I aCsE i AL (&
4) o EARIEMSAE, FOAKRNE 50 x
5o, ELPUAFIE N 300ms, TEAMSTE K, B
300ms AU AL, KR 110 x 11°, 7ELRH
TH2K 400~600ms Ji, I HAREIEL. HERR#E 2
PREFE] Ry 67ms, K/NH 16° x 16°, A4 Hn il
B I Ty 254k .05, ERESIHRIEE, =
5 35 5 ST 20 W7 M I 2 0 P — X O R S e
MrBe—2, MR EICICE ", R R
80% IR, IR BT 45 G2 B By
20% RS S CAZ B BUIY . BRS 5 R
WER AR B, B 2000ms A VEZ B %R vk
WS TRIAR . R HSERNS, BZA S IE
WRMA S 5. YIEMRILT 90% I, %4k
A, Goiter I BBtk 480 MRk, EH R 6 4
g,
2.4.2  [HBRIBBe

g BRI B B b A2 58 w8
wil” — AN A B B BRAKSE B SR, L
PRI MEEE S 538 AR — B, il 4
R T ARMHAS[A] 2 5 38 i ST A T X L i SR 1) 5
M AR, AT SR A RIE T

i1t MATLAB R2018a ( MathWorks ) X} H 5 i
WO TR R, 8 20 AR T MR RS (MR Y
22005 B .24 ), B s N EGRRYE I (s 191 IL
B3 22) o RN AN, BRI B A I
RN 3 45, WILEBTRE MRS T 2500 12, R
— KT E BB (FRAK .01 AN 728 ) |, BiE
SEAOS —IRBEAE— B (35 .01 MRS 722 )
5 PR B B A1 T 80 ANk, LUG 40 ANk 4
SERHEAE N IER S M E . JiTS 40 MR &
A BRI EI N 10 K, S55 T2 Wofl
WORAT 2o TR IN BEFE T J7 20 SRS I 107 19
PR, JFAE IR 2 5 E XA 4%
G VA s T 3| 2 B B 3 s U R (2 W B | i
B, F RE DU AR E HER BRI RR , 2k S
EEAEE WP 5 SO SCAER, MR BT,
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AP MUEER  dEMEE
(80%)  BU(10%)  RHI(10%)

AT AR RS
(60%)  BUMER0%)  RHUH(20%)

L1 |— . T2 T3

L1 |— . T2 T3

L2 | — . T1 T4

L2 |— . T1 T4

L3 | — . T4 T1

L3 | — . T4 T1

L4 —>. T3 T2

4 | — . T3 T2

B2 SitFIME (£) MEXKHME (4 ) SERE0 BRI BHfEXR

2000ms A< 52 W P2 A B R IR
2.4.3 IEUR R B

IERLIR AR AR LA 4. ENSLR T 5%
THEI BB =R B9, IESR B H s
SR 1) o BT P My 2 R I R o B 1) 45 SR S R
Hk, EXTEH B, AF5 U A R
UL 60%, AL AR AR 35 S T 25 A Ak
W b R E 20% (B2 47) 5 e, 5%
T BT H AR 4

TER SIS B BeRE R 120 Mk, 3610 M4
Yo Z25F 580 32 MK o eIk,
RN LL 100% F9A ZCHERIN B bR, B2k
KEHEREH 8 Mk, E S A RFLLT ] 2y
50 435, S5EAAEAIYE [ e RS R TE
2.5 JHICSES T

& H] Neuroscan 23 w42 7 ) Curry 8 FR G0 RN
HLACHE, IR E PR 1020 2P AT 64 T H AL IE
47 BEG ic %, PAAHRIRAE AR 1.5cm 4L A9 H
e Sic s 3E H AR (VEOG ) , LLZEHR FiTAy HR A1)
1.5cm AL A FELARIE SRR L (HEOG ) o i i 45cdh

RAERFLAZEMIZLR NS ol . AFLoE e i
e, HEALLDE AT 8y .05~400Hz, A/D RAESHR N
1000Hz/ 5. VA AFz pdiih, i Sk Bz Al i v
/NF 5KQ

i Curry 8 3R 4:5¢ WAL BRI B TAE - X LR
e IR F TR TR AR, SR A SN L 28 - 34 1
JZH ;5 DL 1~30Hz ST IR, [ S B ik i
ML £ 100pV Y HE MR Ol s HBCE ARl SR
200ms Z H BRI B 800ms B a] 7 P fiki B 2 i
A% ERP 45, IF LA B bR il 3 5 BT 200ms 1E
ek i3 T MATLAB R2018a ) ERPlab T HAY
( Lopez-Calderon & Luck, 2014 ) X fii kb B 5 A ik
FECIEA TPy L St B SR A A

PLPL. N1, N2 Fl P3 P44~ ERP W 431E N 43 Hr
T bmo A A R SR N TR0 K 2 2% b e 5%
( Marzecova et al., 2017; Koivisto et al., 2017 )
SEAS N B B B S R ) 7 1, 2 R - B
Oz, O1/2 =AW il A5 F0 B A5 H] 3 5 90~140ms i}
[) 77 %) S Y EAVE AL X P1 A48 0% i B Fz,
F1/2. F3/4, F5/6 L A~ ML # &% F1 100~160ms A [i1]

2000ms

67ms

300ms

B 3 HRMERRRIEMEIRG (£) MERMEREE (F)
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2000ms

67ms

400~ 600ms

300ms

300ms

B4 BARmiEE

T 0 S 24818 Ol A6 N A SF Y 9% 1% B FPz,

FP1/2. AF3/4. Fz, F1/2, F3/4. F5/6 + — 1~ H )
SR 200~280ms B[] 77 - Y (E A A AT AR N2 1Y
SRR B Pz, P12, P3/4. P5/6 -EANHLAR AT
350~500ms Hif[H] 7 1 1) FAEAE R T P3 A-F-2 3

i
3 HFR

XoF s SRR v B MR 2R (A TR, O
PIE A 23 (SD=.01) , BEH5EW A )
22T EIE R 3 MRiEZE; IERf%N 91.8% (SD
=42) , AS5ENIERBETEEER 3 M
HEEZ N,

3.1 frhEdEL:

XoF IE A R E AT LR 2 A A T 25 00 AT, 4
REW], SIS IER RS 5.3, F2, 21) =
19.01,p <.001, n° = .64, PHHSAFRIPEF TRCKTREAS ¢
GIEE R BN A TIAAFIERE (949 +
3.5) WER THUWEE R A (846 + 78) ,
1(22)=6.23,p < .001, Cohen' s d = 1.30; £5& il 514
(R TEAff 23 5 3 v TARAR IR I U451 (89.8 +
7.3) ,1(22)=4.02, p < .001, Cohen's d=.84; LALLM
i R TR A A %) T A 3 0 v AR R 35 s T %
4, 1(22)=6.23, p < .001, Cohen' s d=1.01,

T3 ST A B A R R, R Rz e A 7 B A
FEME T 2000, G5RFM, SRS SN
IFROSEIR B2, F(2, 21) = 34.50, p < .001, n°= .61,
WIS R R TR XTAEAS ¢ S IR 25 R s fF 5

AR SON T (739 = 150) 5838 T AR
R A& F (801 + 139) , #22)= 6.55, p < .001,
Cohen' s d= 1.37; & BRIV B &40 T
AR S T 254 (819 + 150) , £22)=6.15,p
<.001, Cohen' s d = 1.28; FHRIM:IE S T 4521 s
o7 B S 2 AR AR UM R T 4R, 1(22) = 2.62,
p <.05, Cohen' sd =.55,

3.2 [ gngs

XFNT, P1, N2 Hl P33 PUAS 4343 kA 7 5 A
REL M T2,

N1 A REW], S50 2516 N1 -2
IS L%, F(2, 21) = 1.89, p > .05, fi& MM
(-2.44 £ 2.06) | FARIPET T (-2.42 = 2.15)
FHEM I B R B (-2.68 + 2.33) =AFKMHTF
) N1 R IRAEE D 225

P1 B A5 SRR, SEER 45X P1 YT X 0
IESI 2, F(2,21)=4.44, p< .05, n° =17, MK
S A TR REAS ¢ K5, GEiTah R R 74
TS0 0E (-.02 + 3.35) FIARRIME R
WA (-.03 + 3.54) TR FEZER, 1(22) = .08,
p > .05; AEARARIPE S e B A5 1 i~ Y i (-.33
+ 3.41) WERTAEINEM, 1(22)=2.84, p<
.05, Cohen' s d = 1.21; FARAHMRUM:ES S T S5 AR (11
Y R 0 I T AR PR S S U 25, (22) = 2.46,
p <.05, Cohen'sd =1.05,

N2 o A5 AR, S0 S50 N2 () T340k
BRI, F(1,21) =498, p < .05, n°=.18, M
W SRAE R EATBORAEAS ¢ K25, Gt 45 R Wos « 4F
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AU A BB (-6.10 + 4.57 ) FAHALYE
BRI A (-6.11 + 4.59) LR EXES, 122)=
07, p > .05; MHTFRABEISME, JEHPIED R
U2 U5 R (-6.60 + 4.52) L, #(22) =
-2.84, p < .05, Cohen' s d= 1.21; HILL FARRIM: S
T2, AEARARUIA: 5 s T HA A5 A2 A P-4 8 s B £
1(22)=2.62,p < .05, Cohen'sd =1.12,

P3 WA A RR I, SEE0 S50 P3 By P34
IS E, F(2,21)=452,p<.05, n°=.17. ™
WIS (AT O RTAEAS ¢ K556, Geilaii s 4F
AW R 00 (5.84 + 4.58) W EE T4
WIPETE R T 464 (5.04 + 4.94) , 1(22)=2.53,p
< .05, Cohen' s d= 1.08; 4G Tl ] S5 A4 (1) °F- 25 0 g
2 TARAR U s U A5 (5.17 £ 4.61)
#(22) = 2.53, p < .05, Cohen' s d= 1.08; LT
TOUI 2 A 08 - X80 R 5 AR AR DI 32 S T 2% 4 T Y
FXES

P1. N2 I P3 i =458 0 2 1 o 1 s 191
A IAREE N ASTN SIS

A \A
4 itig
Pl oz
P A
------ A
3 A R
2
N 2
" Nl " " N " "
'WP 100 M. 3 3 4 E 7 i m
P1 B
‘
i
P1{90~140ims)
i WOEN RTINS R
g
— WATW
P3 w0 e R B R
ap AL T
200 “100 0 1 2 E [ s v e

= ()

P3(300~300ms)

fiResiit]

-

H.
u
:

A G T VG R ERP R, AR
RETAFE TN . AU B U A AR R i s
T =R SR AR RIS (R b R e 2895 3 25 57
TR EE R I T Lo P00 S 2 B B R Ze v i e
fIE, &7 T R W nl ZEAEf M A0 Z [ A AU -

FERT B, AH LT AEAR R I3 S ST i i
A5 TOU R AU 55 s 1 P SRSB4 0 A T ) R
X Plo 45 SR TR 1. BLIX P1 St
TR RO e, HOERIE Az AR
BB ACHTE _ET R B9 RS2 (Di Russo et al.,
2002; Herrmann & Knight, 2001 ) X % B 7F L1
M, 447G WU e BB s 5 | R
A=A L0 LS R AR B BT R Auksztulewicz
& Friston, 2016; Todorovic et al., 2012 ) . TiAH{RIE
i1 S TS A RN AE B ARSI ) 5 TSI A A T A DT
Be (BlanEh &2shdy ), P e g PRaE s A
N R AR, I RO 2 IR, Xt 51T

B H SO B AR 25 SR — 30, AH B TR AR R S
PABRIEL , 255 XRRL i B TR A R 38 e 1oz B
o X ey AL EIR], BP0 R0 4 5 5 AT fig
ARSI, FFIEE 2

— #any
------ ilviesdmgin
—eeaee  AEHRELIEE R HN

N2(200-280ms)

syl S EE e R :

MEEEETS AR

B 5 P1. N2 70 P3 s 5 iR 5 R AR R 7 E At L
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WAk, 75 N1 FIRR LIS P LS —30m
SRR =R AOERIAY N1 JRIEAIEE B E 2R, NI
EAEXTHI A e HERIAEE (Luck, 2014 ) , 5
N1 ey A R LBt # (Vogel & Luck,
2000) o 5 Pl s 322 S v B 4 25 N ]
N1 5358 22 Az SR B s v (s 448
KBS ) MK 2550 (Ronga et al.,
2013; Scott et al., 2006 ) o FEAWFFEH, FRATR A
BIGEIT2E2] (2T B2y 20~30 434h ) R HESr 9t
PO A U . SRR AT BB B0 a0 = Fof]
i eI OR AV HIEZY s s o S S A N (T [ R NI D T
AFFE T AU B T A AR AL 3 S T
A IR N SE BB B CRIENT ) Ain T, X
PER A H N1 AT RERT 2 sn o MR AR 22 2], DL
SRR TR AN 25 . ARMTF 58 1] % [EAE K G¢
Thef ) B Rl S AR e (filneg A
I~ ; Girshick et al., 2011 ) RKHZHH , DI BZLF
BT« AL B T A A AR AR i TR — A
ZRMAE N iy B ESR A2 Bk

SRR, N2 T b, T 4 RS A O 1) R
TR AR AR AR, 5 B 98 A SR T R R
(N2, IZEE TR SRR 20 AT N2 S sl
) R 5 3 7 4 9k i B A MR i A ) o 25 7 B
( Folstein & Van Petten, 2008 ) , X FE TR ZE(F
SRS, Il TR 2 G T LA T N
#i%I ( Arnal & Giraud, 2012; Friston, 2005 ) ., {Hf& ,
FEARLE 5 i T I A RIS TR N2 AL
I EARTE ARy E S HUHA—20 (Flanxg
RN ), (HHAERREE EA 5155 7
WIS —E (B FS A E T8 25) o XFE
SYVCHE AT BEVEES T v oS s BumR 22 1 KN, fEASAH
LI 3 T A 11 SR SRR RIS TR ) N2, ARk
Ui, N2 B RS SRAE s T 00 e A i — A T
FROE,  ROTRIN5E 22055 i o B B 0 3 5 Ut
TR FRRE . MHIETE A B 13055 T AR — B
TR 25 e, il & T IR I A BT PR
BRI, H YA AR S S L B 3 s T, 1
MR 2ZZ (55 HXT RS, BB Al BT PR RrAa e .
X R GRS IR “4ulde” 1Y, R
ot R T ) EL A e 25 A B R A T R TGRS

B Je— A R e B TR B I e 2235 S 11

T ORA: T8 RS o A LG T PR S S Y
FAF, £ A UM EHEE T KM P3 . ARIER
B, P3 TN AR 5 N2 B — B 4s 5. P3
TR ERE SUAR B R A%, MRS [A] ) O B
LA AKX, P3 AT —204) 24 P3a Fll P3b, P3a
E 5 A SRS R A G, AR
DX P3b DU S AT R SR A O, B
AR TR X 38 ( Verleger, 2020 ) . % FARMF5TH
P3 5y EE A A Tt X, PR L & T P3b,
KFIGEEEEME T SR, AL NEE
1K) P3 FEAEPFET ( Zhang et al., 2022) .
PSE BN IS0 K3, AR EE RT3 (245
BT ), PSS BB R4 ) eI
HIELT B KA P3 s (Koivisto et al., 2017 ) o 3
BRI, XHSE T 0 (5 O R B T PR A T P3
RN, M2 5EPORE.OE iy, Tirt p3 8
K (Yeetal,2019) . FETLILEAM, AIHENAEH
BRI A A v I A b (ARS8 R 1
SRR ), AFE USRI H T
TR L R B B0y 1350805 B —80, i
AT RELEALSE NN TS JARAS S A B . S MR
S DA e PSR A 0 o X BEIA RS N TS 3,
T SRR s it — DA AL . XA B BEAR L
i R AU RO A2 SIRE R B T A RUE A
T T B At O g A M LSRG, X
Pl BTt AR ER .
AR, 78 P3 W LAk 4 R S50
NHIBFFE 45 - A—3, 7E Kouider 55 (2015 ) FIHWF
FEH, A56 T RO BT T R P, T
i I T SR NG TR R ) P400 TR IS
—Fh T 5B Y fi B2, Kouider 58 (2015 ) BYBTFEXT
GBIl M T RN, BULRREIY B FIE =
V2 M o 2 T AR R SRR, R T
i 193 EA R At A T A TR 14 R SR AN B, TIAE Xu
& (2021) WBFSEH, AUAE N1 AT N2 043 | & 3R
T HESE BRSO T R L 3 AT RE =R R Xu 45 2021 )
RIS (o FH A E A2 o8 T SRR ( double-flash,
MUNAT ), b2 5 #H RS0 B AR RIEOE B 5 )2
PIMESIZ AL, MR, A — PR
TR ol FH ) 2 B 2R Rk, R e 2k
FORTMAL SR, TS RCA RIS R iy 25
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S PR 38 T8 P AR AR T, XoF X e 2 L (A A o
T B 5 S SR ST N LA 5

38 L E S AR AE SR T 5 | AR R BUBME 5155
TR AR LR RS, ASHIFFE 45 5 AT Sk T g hth 2L
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Abstract Visual predictive coding theory posits that the brain actively generates predictions about incoming sensory input and computes prediction
errors when the input deviates from expectations. Numerous studies have investigated the neural correlates of predictive coding by comparing brain
responses to expected and unexpected stimuli. However, most research has focused on the dichotomy between stimuli that either conform to or violate
expectations, neglecting an intermediate stimulus type that falls between these two extremes: stimuli that violate expectations but share perceptual
similarity with expected stimuli. Incorporating this novel stimulus type into the predictive coding framework could offer a more nuanced understanding
of the neural mechanisms underlying visual perception and the updating of internal models. The present study aimed to investigate the dynamic neural
processes underlying visual perception in three conditions — expected stimuli, unexpected-dissimilar stimuli, and unexpected-similar stimuli — by
combining event-related potential (ERP) techniques with a visual statistical learning paradigm. We hypothesized that the perceptual similarity between
unexpected and expected stimuli would modulate neural activity in a stage-specific manner, revealing the dynamic interplay between expectation and
perceptual similarity in shaping visual predictive coding processes.

In this ERP study, human participants were exposed to sequentially presented pairs of visual object stimuli, where the identity of the first object
predicted the second object to varying degrees of expectancy based on learned conditional probabilities. On expected trials, the first object effectively
predicted the identity of the second object with a 60% probability, whereas on unexpected trials, the first object only predicted the second object with
a 20% probability. For unexpected stimuli, perceptual similarity was further manipulated by presenting either two visually similar objects or two
perceptually distinct objects. These were referred to as “unexpected-similar stimuli” and “unexpected-dissimilar stimuli”, respectively. The experiment
progressed through three phases, including an initial statistical learning phase to implicitly establish predictive relationships between the object pairs, a
thresholding phase to calibrate task difficulty and equate baseline performance across participants, and the main experimental phase.

The results revealed clear differences in the pattern of neural activity related to predictive coding over time, demonstrating dynamic influences
of predictions on visual processing and consciousness. In the early time window around 100ms, both expected and unexpected-similar stimuli
elicited enhanced P1 ERP components. Considering the cognitive functions referred to P1 components, this indicates rapid attentional selection for
both stimulus types. In addition, only the unexpected-dissimilar stimuli subsequently elicited a greater N2 component around 200~300ms, which
is consistent with neural surprise responses and suggests that the prediction error signal is activated, triggering higher-level processing to update
the internal model. Finally, in the later time window around 350~500ms, only the expected stimuli elicited an enhanced P3 component, suggesting
facilitated perceptual discrimination and decision-making for expected inputs. Beyond that, the absence of heightened N2 and P3 components
in response to unexpected-similar stimuli reflects the presence of intricate mechanisms in predictive coding process. In other words, although
violating predictions, unexpected-similar stimuli do not prompt the updating of internal models, and are incapable of forming more accurate visual
representations.

By incorporating the novel stimulus type of unexpected stimuli with similarity into the predictive coding framework, this study sheds light on
the characteristics and necessary conditions for updating internal models, providing a more comprehensive understanding of visual predictive coding
processes. The results highlight the dynamic interplay between expectation and perceptual similarity in shaping neural responses across different stages
of visual processing. This research not only advances our theoretical understanding of predictive coding mechanisms but also has practical implications
for optimizing the design of brain-inspired artificial intelligence systems. Furthermore, the findings may offer valuable insights into the neural basis of
perceptual and cognitive dysfunctions in certain neurological and psychiatric disorders characterized by impaired predictive coding.

Key words visual perception, predictive coding, perceptual similarity, ERP, visual statistical learning paradigm



