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Figure 1 Experimental paradigm of multisensory integration and Bayesian causal inference model. Figure A—C show the stimuli, task, and expected
experimental results of the ventriloquism experiment, respectively. Panel A shows the combination of visual (Gaussian cloud of dots) and auditory
(white noise burst) signals and presents different positions in the experiment; panel B represents an example of the spatial location judgement task of
audiovisual stimuli: Subjects are required to report the location of a perceived sound signal or visual stimulus; panel C shows unpublished data from
one participant, reflecting the auditory bias (implicit task) and the proportion of common-source judgments (explicit task) observed under conditions
with different audiovisual differences. The error bars represent the variability across trials for each participant. Panels D—F on the left illustrate the
causal structure resulting from different sensory inputs in the external environment, such as seeing a car and hearing a horn. These sensory inputs may
come from the same car or from different cars; panels D—F on the right illustrate the probability distributions of sensory representations under different
assumptions, along with the optimal estimate of the stimulus location (indicated by the downward arrows) and mathematical formulas derived from the
Bayesian model. S, Sy and S,y represent objective auditory, visual, or multisensory physical stimuli, respectively, and X, and Xy represent sensory
representations triggered by their respective sources (i.e., subjective spatial location distribution). Panel D assumes the stimulus sources are
independent (C=2), so the optimal estimate is the best estimate for each individual sensory modality; panel E shows the case of forced integration,
assuming a common source (C=1). In this case, the optimal estimate is the weighted average of the visual and auditory estimates, with the weights
determined by their relative reliabilities; panel F illustrates that, in Bayesian causal inference, the brain simultaneously considers two different
hypotheses (e.g., common or independent sources). Using a model averaging strategy, the optimal estimate is a nonlinear weighting of the best
estimate for the individual sensory modality (C=1) and the integrated best estimate (C=2)
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BJE, A100EI£J200 ms, il FLA5 = 5 2 S WL T 9]
RGBS T B AL E, R IXAEY B2 2T
ST MSLECm. 200 msTHUG, KK A &% EAM R
S5RGBT e, RS S E
BEAT R AR, DL R BRI A sz T
AR R IEUEI L Fldn, 76N YRS S Y, WA
TR A NGB B 7 . 45 IR R R AR AR
TR B B (120 ms), KBS SLZRAE N KRG IR AT S
BRBE. 25, EREEI)E450 ms, K2 Ul
I S48 K1 SR D o it A 7 e LS,

BT, Cao N FH v it 2% 43 1% 2R 10 i i VL 5%
A (magnetoencephalography, MEG), & A4 iR
T2 B E DR SEHE W AE R R I B3l A R AE. MEGHE
H 5 EEGAH [F] =P G 7] 4y #8223 0] 4 B3 1
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TEEG. At i J& [l 1 4H Z3AN 22 52 e ME Gl & (1) 7
), (A g I EEGIN & 1 HLAL. 24k B R i B S
S 30 P R S B I, AT 2 A L I EE ek . 1K
G20 Z00F K= A I 3 72 AN e, Rk, MEG
A EEEEGHR it 5 #Emf 11 R v sh S 1Al fdi ik, JFResE ]
SEHE AR ThRE. W70 ST SRR T B I 5
RIIREIE S, DA SRR 2R R DX A8 AE AT IR SR FH e Fof
T HERBRRIAERE(E R, s8Rk, WU E &Y
TES H I 57 JE AT MO Gm b, 451 G Ul PR 3R Ry
JZ(bilateral calcarine cortex, RIFIZFMH I ZE, VM
100 msFHE X AL B A5 B HEATIN L, Wr ot 2 J= A 140 ms
FEAEXTUr A5 BTN T, BiJS, 7£180%260 ms/if,
oMb e] B AT N RS 0 R R A S
R0 ] 88 R i X 338 2 AR ] S P AR S AL AT
B RIE. )5, TR EDF620 msE A, B 4MuF
JISZ A/ MO FiT A 7 J2 (R Al e AT [ ) &5 B s 4 1)
I DX A AR D] SR A W AT IR e RAE. e A, AT TiE A 1
FE Tl B R B G ) BT I I e 30, BB
B15E 43 T (response-locked analysis). %% 5 [FFE &I, 7F
B S ST 1403220 ms, THUEH-FAT (B2 HiF 4 48 i
1 B A AR AT IR S i 1T PE A S S 77803 100 ms,
R 1 B A 4 DL e 7 ] SRS D A 2 g A T i ) B
X ek BRI R PR R AR AR T I U 2 )=, Bl
Ja G BTN X B AT R R, A BRI AT R R
HEWT(E2A). FEIXTU Fe T, B 9038 IR 5 =
T YA R R HE 5 . XA A T Rohes A 7 45
SR, B AT SR A TS T P V) G b, JER T T R A AT 9 AR
For BRI AR X 35, B 2 R SR E0AT 55 I AR ZE ok A ik
AIAfREEAT R SR AT, 76 ) —WF A, 2R MRIBE
3N SRR A 5 25 2 P — 3 2 G 0 49 ] SR A1 W
SRED,  JEF R R S T R DRI X P #ECao%s
NI s, 1F & FIMEG @ AL R R A, B
B A P PR E LM NGB,  BRIIHAE TR N VA (IPS) A
I RLER B 3 25 1] 5 1) il & (posterior IPS), Fi 2 R i
IR RAE T (anterior IPS)¥E AL 2 4514 (K12B). 1X—45
REWT W RMATR RIS it e A 22 5.
4, Cao% NP JERoheZs NP FL 4550, K &
R E 28 Y e BT VA X 3z 4b. DL &g
FIUESE LRI B, ¥ R T i R v R AR A
AERHEE L () B BT AT AR o) R R X 33, T
Je Ui S ] SREHE W7 I L0 AR GBS PRI B R IR, FRAESL

e R R DX s rb A A .

4.2 Fifk R AR

[A] S5 By ) FEL AR B AIE 37 5 50K [ Fang %5 A P2ITE
BB AT FAR R TSRS, WA RO RS
BT LA — A5 H bR(“reaching™{15%), HERF
ARG AR (T DAL ) P o 5 ] s e B L SEF R (R AT
DY ) A 5 H A 132 28 (R &S 5 2087, Al B,
AR SE (proprioceptive) & 5 (F S8 ) AL S 5
OB BT — 20, B TR E S, YERZ
BB, BRAEIMG R TS S B X AT
AT DA DU 37 DR SR W ASE 28 iy Yol Ak, S E Y
R, I AR AR T SRR K I R RS B, WA
FRILATIE 8 7 JZ (premotor  cortex) HH 1 48 TEHEIA 1)
TS WS B (P RNV AH — B IX B, PR SR AHE
W gt 3 B S R e B R M A T i sh A <P, il
Ja, AR P AR AL S8 70 At — 5 HE BT A 2
HIE 3] J7 A0 7 2 (parietal area 5 and area 7)7E
AT SR BT b e 3 248 BT Se 30 RN R R i R AE. AT
R B T 6 38 3L 2 20 i 5 =S B D i By ] AR
WG, Hrharias) 2T Do 3L EkRIEEAT B B
MNRRBUIN T, FF HAz X s s T 57 2 317 8t
BEINESE. ATiss) K JZ AT S G
&R ERE, AT CAShAS SR R R A5 b, X FER
ibi BE % BEAS B AG TS 5 oRIED. phah, EBLSAETS
o RS AT RO S ), B4 K e £E
2 G R FAT 5 P B S i IX L6135 B 2?2 Houds AP
T 3 O T ) ) S AR (e P B ) B L AR
RS BT SE MR S AR A R A TR
38 11 BE (vestibular) 5 105 79 AR A 1A R o £ JE R 4
HAGMEghJrm. a8 RKIAEHLTI AN 78 MU EE (1at-
eral intraparietal area, LIP)FI#ZE C RFA RIS
SRS, B 70 3 — 0 @ i e 22 X 4 (1) 7 R X
A ot 22 0 A < 208 1t AN AR M 2 M B AR 2 i (invariant
linear probabilistic population code, ilPPC)F] Ji7 ), B[ 4
22 JURE AR IR S 3 HL Y B TT DL B R R AR (S BN
APEEME. AR TR R B B N AT R A A
AR TR B LG PR 2, i nT LASEIAE JE 1 DL 3T e
BAEB XU R, BRI 2 R R NS
DU By DR SR HE DT IR BE, S L BE A R Bk 22 1Y) F A B IE
P FpH 2 TORE AR Gm D Sk 0 B, A . R #R ZE HIL A
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A HEmse BT R A BEHBS ER MR
Wﬂ&» @s@ @& 63
DERAH R DRFHRER — T — A

—
1 B
.
505
5]

VP 3]
"o Q%Q%Q%Q‘b

f588 (posterior)

B 20 DR R iy DL 7 R SRAHE T ) 2 0 5. AR T DB SR 4 T 28 i o 5 7 380 DR R IR ) 2 20 o 7 BEIR R
FETH P YE(IPS) P S 1] i A P S 4 U i) 2 B AU Y. Cale: calearine (RIV 1WA B2 /80K IX ; mSTG/STS: middle superior
temporal gyrus/sulcus H3 50 L [B/78; HG(EPA1): #fjiti /K [B]; pSTG/STS J& 5L [51/74; Prec: R#2M; vPCC: JEMIJ5 07 [7]; FFG:
MR pMCC: H 5407 5] & 5 TFGorb: U [HI(HEHE); Insular: &0 MFG: & [5]; SMG: T0k[5]; IPS: THP4); L/R, /42
BR. BB F OR AL — A AT RE MR R FE b, BRI RE 4 1 X g S — AN 5 e AR T B T (1) SR AE A AL A% 20 (representational
similarity pattern)AH % T2 A% Ath 5158 45 1 BT T0I () SR AE ARSI 458 2 B0 A5 6 B30 17 4 0 AT e

Figure 2 Hierarchical structure of Bayesian causal inference in the cerebral cortex. Panel A illustrates the hierarchical processing from unisensory
separation to forced fusion and then to causal inference; panel B shows the hierarchical representation of causal inference from posterior to anterior in
the intraparietal sulcus (IPS)!"*. Calc: calcarine cortex (V1), primary visual cortex; mSTG/STS: middle superior temporal gyrus/sulcus; HG: Heschl’s
gyrus (A1); pSTG/STS: posterior superior temporal gyrus/sulcus; Prec: precuneus; vPCC: posterior-ventral cingulate gyrus; FFG: fusiform gyrus;
pMCC: middle-posterior cingulate gyrus and sulcus; IFGorb: inferior frontal gyrus (pars orbitalis); MFG: middle frontal gyrus; SMG: supramarginal
gyrus; IPS: intraparietal sulcus; L/R: left/right hemisphere. Exceedance probability quantifies the likelihood that a given model’s representational
similarity pattern, as encoded by a specific brain region, aligns more closely with the data than the patterns predicted by alternative models

peSLiNTS:

AR, TEE N ME_E X (dorsal medial superior tem-
poral area, MSTd)FHT0i P V4 i il [X (ventral intraparietal
area, VIP), fA{E—RFIRIMZT0, BAT [ —J7 W
PRI B AN 5 A5 S 2L A Y 1R M (tuning properties), R
XL TOAFAE R 8 I 7 Al P i, FLZERT R 5 00

558 WA [ ()R 7 ) BSOS e, PR A AR A ]
] #1128 JC(“congruent” neurons); 11 3 —ZAH 28 o I Xt
AH 7 0] B R R AR A5 BB R, R AR
[ 4 22 76 (“opposite” neurons)!' . A iE i, [F] [
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2 TUR L AT BEZR R A th Ze A 0L, T e ml p 2
TR 28 2% B R T 2 Lo i e 22 2% 1 7 08 e 2 0
F2180°. W Ft K I [F) [m] #4022 T 28 T W S 14 2 2 AL )
JELU, 4 1 R i A AT B B 10N, g e 48t
AR H AT AN 2E. (R S0 R I A0 5 26 2 R T e
LR 2 A8 R, ) 0 22 70 ) SRS A 2 1 o,
DRI AT W A AT E F IR SR T ) i,
F L T A TR B ) 4 A7 2 25 B (decen-
tralized network model), ANMYRIHHBFEIL I R4 6
VRV R 1, I IE B [ m) A [l 2 e R 3 HAN I
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e BRI, [\ FME e i TR RS, R A
TR ESEMARZ R, A RG] DR PEAL
LA R, 1 AR 2 0 B A B AT DASE B
R 2 B 5 BAREEPOL phAb, RideauxE AR
TR X 4% 3t — 20 4 s [R] 1) R 2 1) 40 28 s A Bk ] 56
J8 2 B R R PR DR SR . AR AT SER TR, R R
YIZRFI A T 5 2t 28 AN A AR 1T 2 J2% 3 1E AT A B A
W, AT X 732402 B IS 3NIE A stig s, A, X
o o A i AT DR SR AHE Tt 2 — PR, DR
B AR E B HiEa s sissh, mHTkEE s 5
LW E HiEsh 5P wE B %G — A LR
(unconstrained) [ Fif 45 #4125 I 268 SR PR AT D] SR 4 1T DL R
X3 L B AT, 1% 2 A4 S A AN T RE RN
MR AAETRE(x, y)s AR 17 (2) AR (r) (B Szl g
7 1) E DA R EE R B B AR EE 5, kAR
(1) 7% 3l 4% 36 B % #X - 4k JZ (convolutional-pooling
layer; X RN fR#middle temporal “MT)ZE). B &%\ i
VYA v i A 2R, AR B 4 B A R E
JEANFEAEMBEES. ZRMAR - M2 EEE
(fully-connected layer; XI5 PN Al EE % /2, parie-
to-insular vestibular cortex, “PIVC/Z”)#&HL. L. B
Ja, WofE SRR S Bt — b L RV R B — AN A
A4 2 O B3 7~ [X, dorsal  subdivi-
sion of the medial superior temporal area, “MSTdJ)Z").
R M EEsh 2 I 2] CURGD H B A% 5
BB AL T, AT RIS HERT. 1288 28 0 25 15 AN
ARty b A0L S 8 N SRR B b W52 38 1) 77 1v 4 A1 55
BIAT AR, 16 R B AL T AEBR M S Tdi [X 3550
SKE R [ A AR TG, [R) [ #4870 B oG 32 B
PONEE= S| K rrna S 1) -a R GELYTE W E S-S =A P
W sttt teah, [EA A SR A T R Bl
AP AT DRI SR Al e R SR A W o 3. ot 2 i, 4 )
) #4128 0 B VG BRI, (B S A AR T E — A, T
2R AR LR J6 B B VBRI, (B S A A E S
fle]

gE EPTR, BEE SR B AT A ORI K R, &
B R B IR TN RN REAT K SR HE Wi B R 30
JENN TARF IR RAE. SR, $RFT 2 I8t 5] SR 4 i
HIFP AR ) R S LA TP B, VR 2 i)
E et —2B i gE. flan, =R B ATt FeiE s R R4
T BT S (IR0 X, L i (X 2 [) 1R D) R A 0 AN 42,

ART] K F Bl R R R R 2 B v) B b4k, ERAR H Al
(RYRIE 02 WA T A7 B[R] SREAE DR, (R AR AR i = DR SR M
FREHE. G S7 AN S IEATL i 5 7Y 5 IR W #2235 5 5 47
AR SRR 2R, R4 ph 2008 i g T H, il
JEIBAE, T IT R BRE LU i IR S A e 2
ARy & SR B R Bl 78 NS S Hh 28 il gl )
BU(TMS) )48 F 1 mT DLSE R A 48 7~ 2 5 22 8 R 2R
HEWTIph 22 I 2%, TS 58 BARI B LT, JFH
AR AR DU ST A 5 A5 2R A e R B A AR B R T ) 2
REITHIAE. Besh, B AT T R JE(BLA AT e
(/) R 2 T ) [ S ey SIC B DL P 7 B 110 2 s o % A
P8R4 PRS- B SR Rideaux S N AR SV 2 1T
DR R AE TR AL AE P BN AT AT AL, (H XL
A AR AT R R B TR BRGNS, 9 I AE AT
L TN LR A2 75 BT IR NG T . PR R et
BT T A 2 oA AE B EMS TAFI VIPRN X A B, 1%
KA o A R ER a2 B U IRFE TR
A0 At J G B S (A0 W v i) PR K i R e —
SPURAE. SRTAT, X LA RN [f 35 B SE B R RAHE T i< 22
HSHL(multiple realization) n] 8 75 Z43 B AL SLE
AT SR AHE W7 AN 75 222 53 24% P ML 23 Ak ot A R DL et S0 42
FoARMUHR L RESEIL. X2 i R 2 8 R S AHE KT 2
Z PALH L AR F B2 Ak AN ol A, ARk 7T R 2
I FH A 22 B HE AR P R 29 R ER 8, FF 58 7 R R A 2.

5 EfiERY

EMRTAAE T R Z ARG, IR BEAT BRI R
HEWT ARG O A5 2 IF AL DR SR LA AR Ji 5558
HEL XX A R AR AN BT B A A P AR ]
BEAT Z KL SR, IERENIT RN TR e R HE AR Y
AR, AR R MI0Z 155, 2 JRnt BE A 10 DRl SR 4 i
BURIBT SIS 1 23, o w5 AT T 7T 2 T A
B RPN E LA . JOH AR AR N SRR
W, WU QAR R IR B s e L], oA
ARRAHICHI T B E FEfll. AU — ek, (H 40
DR RAE BT BT TEATI AL T RIZ B B, AR ORI TEATURATI 2R
BN, V2 1) R AR BT AL

R SCAEA 1 22 IS B IR DR HE TR AR S, E
PR N M- 58 B8 & (23 [ IR RN AE 55) AN B AL - il B2
B (AR SRR 7 P A 55, (E DR R HE I R AR
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AAZ i 1% R R 38 T e Ath bt 1 AT 45 P,
Bl KN EREEEP. | Fi@sh )y s, bk TE
BRSO Ak, W TR R B SR 3 Bh % gk
(sense of agency), W [ H AT BXT 7 A= 45 IR 1 R O
FFNWT, ARy UE S UL -7 DR SR A A TR SR R 62,
ArOL, DRI SRHERTE R — R B IR, Tz R
FEHMENAT NN, SRR, W REMERNES
B0, HAR o A A R SRAHE T ) B A 5 . SR, H AT
vy NI HE AN [T 55 R AN [RIABES BT R 14D R SR P ot
SR RT B, AR TR LLNEES B A IR IX
2151 7 R e S et o =N S 7 6 V= IPS R e
BLHIIN R AR RS20 a2, X 8 LN SR RIS 11
BT Ry R A M. ARk AT BLSR AR [A] 1) SE 4670 2K A
FEN P LA B 5 VSRR X — W, DA — DR IR A
SRR it ) 7E HEAL IR P s AL 103041,

R, HATRT 2800 54 1 D R AR A 22 42
W IR FUIE T R REAR, D EE TR 4 ) L(6~8%).
K& JLEE(9.5~12.5 8 )M BN AE i AT 55 TP ORI, K&
BB LI SATFAR,  AMA R RE % 4 W 2 1% 5 5 1 A
RR RO pehh, NI A R R HE AT
SR SR NI EE /1, HR R E K 45
OB RN, ZFRRCRIUN PR R s, IR
AT 5 TR R S R I O0). X LU S AR TT A
RHEWTE NSRS ER R REPUE, (HH T SRR TS
MEFERSOR,  H TR T R SR W 72 22 LB B Rt 8 A T
BUD L ARSI T W] LA SR FH B ] B SR AT 55 1
ORIEPR, RIRTTE LIRS, TR XA ]
BUEA BT 101 N R BR SHEWT i RE ) 2 RAE B IIE
FEJE R AR e R e R IR, Ak
FIHATH H B 22T . AR ) AR A5
PR F. RN, T EORE R S XA H O OTE BRIk
TR I DR SR AE BT e 77, 49 L TOBCAE 28355 4] 5 Js R 2R
HEWr. WEFLE RN, EARIIUME AR TE R A 22 8ol il
PRI 5 R AN RARLRI A B R Re 7, (H 440
Wr {5 5 22 BRI m TS 4L R, K50
SRAEIRTASE Y B TN AR Sz, 3R B AATIZE 4 B A5 B2
L BEE R ST Sy BT AR RE JIBEAS. P a2, 1R
B EE 5 2 S RIE T LR R R RS, AbAT
i 5 [ 5 R AT BE PR BE /N, X 1 B AIOMUEE B A4 AT B8
AELE—FRAMENLE, AEARAT M0 ] T 7E A AR 55 A TR AR
Az, BARZH AR S AR SRR R A 7 i3
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AT DR R AHE T R IAN R, AE H A 5¢ TR AT A
SEHEWT I T AR 2D, FH OB AT SR AN 2,
T st — DR .

DU $oir DR SR HE By B A AN AE VR 2 B S S5 AT A
HARm Y, RO T H AR i oAby se
Wk IR AL ST AR BRI, DR
RIAT DA E B e ALK pR) 500 5 B0 7 22 B B 5 b Bt
RAEGFERTOL fldn, #FE7E RIFT BT 4
BR ORI AR 2 IR A N, SRR X A 2
R i o R PR 1 PRI 52 A VA IR T R i 2 S e e
1151 0 R A, Zhu e L0 3o 400 & DR SR HE IR A 70, % B
EATT S BB 5 Rl Be S T 57 1 00 B A 4 A0
o i L (AR R HUR A 2522, BRI, R SRR A R AR
B3 1) R Je T W — S R = B P V7 T T 25 %
AKREINA, BIRZRNA R e — P& Bk,
{HX FFAS ARG A B A R B 2 2 e B A AT
FrAEH]. RO R EE B R A BE RN I R 2
T A E B RN A A R B, 1 dn s X
Acost(s,s) = |s — §|PILERT IR Z AR, AP,
TE B RALBAEE I, 2850 1% 22 A bR B A e o
W5 JE 5 AT R AL B AN R IME. dhAk, FEBSER
EWUE S, O/LSA KRBT REE N A HE. HEH
T, NBAE R IE 5% > Hh A ) A oR e,
AT /INEZG I N IR IR AR, e KIRE
E NI (1 e 7 % N = N [ IS e R Sk

PN RS R E S C A v NG & 3 0 R S BN
JEAE, AR B b 58 RSAS B HSOE IR S5, AR
DX A B AR 2 R 2 FER, JF LT REREE £ 1A K
JETIAE AL, — SRR A2 AT SR DA R
BFET SCRAEIRT 0 kA 2 17 BEHLR A
B LA RS, R XL L TN,
EEAIHRE R ARBIRZES 5 MR BUERE. XHERAIESS
27 >3 3 30 A R B AL T s B, R P 5 H
Frxt BEHETT R AR ZE (S SR A R B, 4k, 18
RN AL A A bR B N R e AN sl e R 27 58 AU
(A AT PR 5 R, (B A AR — 2P W,
BEAL, DU SR R AR JEL Al T I B R MR R i
B, SREZXRAEYF R RSN EE. 5L,
DU SRR R BB A AR M PR 52 2% 0 22 SRR TR SRAT
N, ABIFAEVEARIN A A AL R R AR Y (pro-
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cess model). YT, FHZE M 2% Rl & B oA~ £
TR DR SR HE AL i 2 BT I SR R B o, AR A
TR B T A 27 J8 R R Rh 28 X 2 SRASEANL 2 [ B
MR, M 152 8 R T A BEA gD EL U gk
Y EATAT AR N 4. A& Sl it B R A R
fih 2 422 P BB AR 22 TR (— SR R T AR T, — Ak
PRBEARZET0), AT I 22 B B o RS E AR KA
B TS RS o A S, 325, W0 e R Ay
FAf b, M RHERTALE]. B B i = R AR 4 4
PR BT 20 i dm s W it AL s, B2
[F) IO M Ay PSR MM BB, FF W TS =B KL
R, 12 AR AL I 0 R 2 R A e SR e 4ok s
P ER SR AHEWT, B A AT A B UK TR 2 L A%
#r, TONAS [F) A7 B UK G 2% A B0, 33X F 5 fid
SERL AT LA i 2 I 2 K X AN IE B 0 O, IR E AT
ST HAFEF=A. EIREERNREEL T,
BHE S VORAAE AN ILFIRIE, AR A A,

S5 3k

M7 A S TR ) 2 S 8 0 LR (W AR AR R ). A
TERE AR OL R, R 2V EERIEOR B
ANTRI B A NI, 3K DX A 0 ) P DU s = 2 AL
A R 75 R T Ve R S= W = DN B P2
[ 28 T 9T 22 R B TR SRAE T AL U1, Rl ) — U 5 S
7, I AT A TR R 0 2 SR I P A
W%, LEFURPH IL BRI EAT 55 R B T i
R HEWTRE ), ELE R RS B, MM s
HEBIZ A2 — 2 e, ABATIAT AT 1) Sy [l 25
F PR R PR SFAL AL 2 B LR B RAL, ARk
WF FE A AR AT IS I i A PRLR G 2R R 5 PR BT A )
TR BRI A 19 AU, (R Ao I 2% 2 75 e BE i
AR RRAEWT. BbAb, 1K e f 2% A7 8 7530 7% 21 HAfAE
S LA R AR EARIAEE, BHEE IR
wJa, BEENLTRERERRRE, B ReLEE A R
2% R AL T 2 [ERE A5 2 FREAT IR RAE T L AT R (A P
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Humans and other animals continuously receive multisensory information from complex environments. To efficiently perceive, make
decisions, and respond, the brain must integrate sensory signals from common sources while segregating those from independent
sources. This process requires organisms to solve the “causal inference” problem in multisensory information processing. This review
traces the evolution of multisensory models, from the early forced integration model to the recent Bayesian causal inference model,
and summarizes commonly used experimental paradigms and foundational computational principles in multisensory causal inference.
At the neural level, the brain encodes causal inference information dynamically and hierarchically. Specifically, this process begins
with the rapid representation of unimodal information in the primary sensory cortex, progresses to forced integration in parieto-
temporal areas, and ultimately culminates in causal inference within frontoparietal regions. Future research should integrate multiple
experimental paradigms to further explore the neural mechanisms underpinning the causal inference model, especially in individuals
with cognitive disorders. Additionally, it should address the limitations of Bayesian causal inference models and examine the potential
of network models to reveal the neural basis of causal inference.
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