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Abstract

Investigation of brain mechanisms

underlying binocular rivalry

Gou MATSUMOTO

A study on neuronal mechanisms associated to conscious visual perception dur-
ing binocular rivalry. The brain mechanism underlying conscious perception is one of
central questions of modern neuroscience. Binocular rivalry has been used as powerful
behavioral paradigm for investigating conscious visual perception. Binocular rivalry
is a perceptual phenomenon in which perception alternates between different images
presented to each eye. Although there have been a lot of neuroimaging studies using
binocular rivalry, brain mechanisms underlying this phenomenon are still largely un-
known. In this study, I am conducting fMRI experiments using binocular rivalry, and
investigating neuronal mechanisms associated to conscious visual perception by focusing
on intrinsic fluctuations of brain activity and brain activation patterns that represent
perceptual alteration during binocular rivalry. Subjects were scanned in two experi-
oments. First experiment, it measured brain activity when viewing pictures of face,
house or object. Second experiment, it measured brain activity when viewing an image
of a face in one eye and an image of a house in the other eye with polarization glasses.
In brain decoding analysis, it found primary visual cortex is better grade than other
brain areas. And it was found that , LFF of FFA does not affect the decision making
the subject respond as ”face” under the rivalry condition by the paird-ttest for low

frequency fluctuation At the last, several regions correlated with the FFA region were
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found by PPI analysis.

key words fMRI, binocular rivalry, brain decoding, low frequency fluctuation

(LFF), psychophysiological interaction (PPI) analysis
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SRR = A3, ISHPREE, A MHERCE T a—F 1 v ZVEES R S . EE e NR
DT A—T 4 v 7R o, FEfiRE], A RESEY - i EB R, 4T R, 72 V2,
g EcE e T a—F 1 v OER R N, FEHB RN OF a—F 4 v IRER» S, 4
V3, FEHiERR, 45 V2, e EER], A V1, AR, AEREREEETICE T a T4 v 7
BAERR ST, LA 2 E LD D ER6.1~6.4 DX ) 17> 7. MNI EEERICE]

L, o 3D 7 iz 7ay b LHRIZN 6.1~6.4 TH 5.
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6.1 M7 3—5 4 v VDR

#£6.1: FHBMRR OT a—7 4 v 7 HER

X, y, 7] I JTu—Fvryx)7
[21,-70,12], [12,-82,6] V1 17
[54,-37,26] % -] 40
[45,-46,22] PR R 31
[-9,-46,50] (N ERRYTRGNE 7
[-24,-64,4] V2 18
[18,-58,6], [18,-61,8] Mgk i et 23
21,17,-22] T g A7

#£6.2: FHBMNN OF a—F 4

N S

X, y, 7] IS4 VA=Eal e g
[33,-40,-12] i SN 37
[-57,-40,36], [54,-40,22] o LIl 40
[54,-1,-8] i EENE| 22
[-36,23,14] THTSER] = A 45
[0,-40,46] T HIBRAPR B E 31
[36,2,-40] T EEE] 20
#6.3: FHHENROT a—7 1 v IR
X, v, 7] FHIRA 7a—Feryz)7
[-51,-52,-12] O RINE 37
[-39,8,46], [24,-10,60] WIS - i ) BT 6
[30,29,-22] N RS ATEY 47
[-3,-85,-2] V2 18
[-54,-28,38] & L=l 37
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N

(
(

6.1 W7 a—71 > 7 DR

~

(a) ZE2EHRO Pl (b) 472EERD P
(c) ZEFBRDSM (d) 47 2EERD SH

6.1: FEMRR DT a—F 4 v 7HER
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»

(
(

6.1 7T a—7« v 7 DfEHR

~

S0 H

(a) ZE2EHRO Pl (b) 472EERD P

(c) JeFEROD A4l (d) A BRI

6.2: FEHIMNN OFTa—F 4 v 7FEH
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6.1 M7 a—7+4 v 7 DRiR

&

(a) ZE2EHRO Pl (b) 472EERD P

(c) JeFEROD A4l (d) A BRI

6.3: FEHEBNR DOTa—F 4 v EHE
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6.1 M7 3—5 4 v VDR

#6.4: FEHB\/RN OF a—F 4 v 7fER

x, v, 2] IR 7a—F3rxz)7
[15,-70,30] V3 19
-30,56,2] TR 10
[15,-49,4] V2 18
[-69,-28,-8] SR 21
6,-73,14] Vi1 17
[48,-58,16] fi ] 39
[-21,-76,46] M RGEA 7
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6.1 M7 a—7+4 v 7 DRiR

(a) ZE2EHRO Pl (b) 472EERD P
(c) ZEFBRDSM (d) 47 2EERD SH

6.4: FEHEBR RN OF a—5 4 v 7FEHE

— 24 —



BTE

= FER A EB) D Hh & RETHIRER R

EDFER

7.1 FFA ORETEHER

FT, B—AIAPFAF 2> VI TRONZBEHRE T LD FFA DFEREIFR 71 DX HIT%k-
7o, Bl 2 OMPEER & BiEE 5 L 7T OAEKRD S FFA RRAETE Lho -,

#£7.1: FFA O L #etE T

L [x, vy, 7] T (p<0.01) R [x,y, 7] T (p<0.01)

Subl [-42, -55, -20] 7.53 [51, -55,-26] 7.83
Sub2 - - - -
Sub3  [-42, -55, -20] 9.16 [46, -49, -18] 6.20
Subd  [42, -49, -24] 8.94 [42, -46, -22] 7.29
Sub5  [-36, -49, -20] 4.41 ; ]
Sub6 [-45, -70, -26] 3.76 [45, -67, -22] 3.76
Sub?  [-39, -49, -24] 3.21 ; ;
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7.2 LFF O t ERSHE

7.2 LFF®D t REHER

TANYZAFX v /IZBWT, 2NoDMERICH S VOI @ BOLD S5 oiE#i# ML,

YERAZ 4 NF T . WRERD S 3RO LFF OftiZ g8 & &g L 2SR

IZDWTREZ LD ¢ BUEZTT o 7ofi B, BADNE XN 723UT E KANE I N BT ICH B e 2

FRSNED 57 (p=0.2480).

LFF signal

0.5

04 r
03
oz r

01 r

01 F
-02
03
-04 1

—0.5

—F— Select FACE

—F— Select HOUSE |

7.1: FFA ©® LFF

— 26 —

05

04

03

02

LFF signal

FACE  HOUSE
7.2: REER 3 BHED

LFF &~V¥fH



B8E

PPI B D#HER

8.1 PPIf#EDIER

AN 2% 2 RO FHIEE R ISR U< PPI @7 %2 177 > 72, 2nd-level fRHT D KSR, /2
AfUEG, e ERRIm], g E R, Aok bl 4 V3 TGS R o e (p < 0.01). HEEE & H
B4%F D2 EH£81DEHITho7. MNI BEERICEHL, Mo 3D EF LI 77y k

L7fiRIZX 8.1 TH 5.

7% 8.1: PPI f@fr ot

X, y, 7] T (p<0.01) FHEA 7u—F=vx)7
[-27,53,-2] 5.11 i SEL A 10
[-66,-49,-2] 5.03 I RNE 37
[18,-25,-20] 4.95 ity Bl VA 36
[-57,-34,40] 4.72 T LIl 40
[51,-61,14] 4.52 V3 19
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8.1 PPIf#HTDFEIR

@ |

(a) ZE2EHRO Pl

® |

(c) JeFEROD A4l

8.1:

(b) 472EERD P

4.5

(d) A BRI

PPI f#@tr D55
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BOE

2R

9.1 O—HAWFMTFAXxv2ETFANVRAFVYVDEREFRIC
21T

O—A 74P ZF v VICOWT, 8l 1, 3, 4, 6 TIFMEBRICT FFA & b 5%
FETEDDD, #iiHE 2 OMEEREBEE 5 & 7T OHEFRICEWTRETE Ld ok
FTANY ZF 2 LUTOWT, S TFZE 2] THe O T k) 20 B2 2L D,
7ANE 25 LTI HICHRGEHFEIFPEI DT WEREZEZ 22T, L
L, S LSRR EIBET 21CH7-> T, & HUNC W Z 72l 28R § 2 H A& D05 03%
ot WEER T v T LI TICHIGZEE L & L &, 2 E HElO RIS S ik
TR 63%, JExhE HMDORADINE S iR 20%TH > 7. 4D HIZ[FARE DRI
BHEZIZELTH, IFEALEDOHEBREDRMEINERZIINEHICE S 2 EDBKRE WD L2
MTET. 72720, FFA DYRETE 0> - 1o 2 1220 TR & Bl JlDISE S i
I 19% (hDBBRE X 50% L |) DfERTH 7. FELE LT, MEHITHEI NG W
ERETNEZEZLZEBEIToNS.

9.2 FA—Ta14VJEBRICDOWT

FEBRROTAMERDS, 7a—7 4 V7 HREOE IR E L TR 2 E S
e, MRGEESORBERE L LT, A EHEROLELE 52 IBEL TV TH T4 N
FAECIRE I E AT L L TR TWwa., 20 E TORITIFS [2] Tl FFA $ PPA

— 29 —



9.3 HIFEMIMTEB OBUERTRIZ DOV T

% ERRBEES OGBS A Z OFGRICHEEL T % EF 2 ST 208, YIRS A3
IRGEFER G Ic B\ CHEE L@ & 255> L ¥ L7z A Polonsky[8] & & F Tong[9] & DWf%E
REFFT AR E o, FHBRR 2ERT 212H7-5T, 74 NV EFICTHEIRES
NIGAT &R LI SN BAT OIS 8 8 — v & 22 HER, PIIEERICE T 3 2 MORE
Ry =MD DEBH L ZEBEZLR L. £, MRHAEH»LD Ny T
MBI CT VB E b EZ 5N D

Fh, Fa— VORI RA=F Ik o THEENET 2 2 IR T 208N H 5. S,
HEHLZ/$7 A =% L LT ROI O#if% 7.5mm (107 voxels) & L7z. FEEIZFAE 5mm
(27 voxels) TT a—7F 4 ¥ 7N 2 T > 725 & D &, B8 Tmm DFERD S5 I FFRE D
B I& 2 0% % 8 L7z, & 512, searchlight analysis (28T, future selection & L CTHk
HE L Jp B SR 5.2 7 dr o 72, future selection 1 FFA D2 LMCES 2 & T, X D
D ROFERIE SN2 WREED D 2. 2 DD 8T X —FIZB W TH#MYAFREIC > T,
IOBED L OHERPBONE2 L Ltk o,

9.3 BENRBEEORERFRICOWVT

FATIIZE [2] IS BV TEYTH O FFA @ BOLD B3 Ic oW THEERH - LGS h
7z. L L, KEBETIEHIEETD S 0~3.2s D FFA @ LFF DfE5122oWT, 74 N &fF
ODHEIREINTRTEREIBESINATIREREIRs N0/, DD, FFA @
LFF 37 A4 N ERFRFICH L INE T 2 BIEIREICET 2 LIS 2 R I L¥bh ok,
ME LT, RAEBROWERE IV LB on 3.

9.4 PPI#FIcDOWT

2nd-level FEHTDFERD 5, [FE S N7 TH 2 R, HEEER], V3 1%, BT
£ & FFA LIDWALIE TR OB H 2 LEZ o 5. fx LN O WTH ARG HR DM
fEdg & U CBEMED D 5 £ B Z 5 5. BT OEARERIERENC D W TIEEIEP B APE 1T
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9.4 PPIMEHTIZOWT

b5 T EPREINT WS [10][11]. 22 L, BICEARFE—D Y = 2R L2T T, il
RSB 4 & B 72 WIS BAC RN EEE D BT 2 0D 5.
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E10=

&

FERIVRITIC BT 22 A = X 5 0%, BIR ORI O R LN R MEDO—>TH 5. Eilk
72 RGN 2 TR 5 12 & 72 o T, MIRGIE RIS & v ) BIRITHEHE L 7. AWT72 13 i IR
Bl ORGEBE) D 2L £ IEE) Y — IEH L, BRI A SRERANC B T AR = A L
ICOWVTHRLIFETH 5.

IR IS+ IS D W T DRI RRA A = AL 2 PRS2 H 72> T, BlEAHI 2 WPE$ 2 67
(FFA) 2% T 27000 - 54 F2A ¥ v v &, TREHESHoRES 2 203 2 5 4
NYRX Y v Z2fiot. 702278 EWHRHEPEET 2 AN IHmET7 4 VY 25T 5
LIk, ERPAELGOBHICR R 2P ERING B 22 7. 7AN) AFX v v
DEIRFFICOWT, HEREER 2 EADBICHY. L TRRT 2 7 4 3 &&fF, 8L Kl
%7 z— FIEBliz EGOHICERT S/ v 74N M2 HE L 7. #0513l
b LBl 2 25, mEICEL S (BID L CIER) 3L D RA 2 InE 387,

NI TR E LT, 7 a—7 1 v ZRbt, HAENBIEEIC O\ T O, PPL #2171 7.
TaA—T 4 VIBITORERE LT, Ta—T 4 VI 74N FFICTHEIREI N
T EREINEINTRTICN L CT a—7 4 v 7L 2st-level @i 2 {To7 25, 7
=T 4 VD E O E LTRSS RE S, T E TOEMTIIZ 2] T
ER BRI DTG A Z DERRICHE L T2 EEZ o Ty, PIIEGRREE b B
{B) % % F5> L ###5 L 72 A Polonsky[8] & & F Tong[9] & OWZe% T 2 /5% & 7.

HFEMIBTEENC DO W T ORI T, ANV AF 2 D I A4 N FEICTHEEINE SN
7T ER BB S NBUTITO W T, JdR 12K 3 R FFA @ LFF 2 #hiH Ui
TP EER L. COBEE L OFEEICN L TNIBEDH % t BEZTTo &2 5,
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2SI AR 6 N ho e (p = 0.2480). SOC L5, FFA ® LEF 1354 Y
SRS LIBE T 2 BRREICHET 2 LRF ARV Ldbho T,

PPI f@#hrTix, FFA @ BOLD %5 £ il § % & ) Rz 3R L 72. PP i@l & Ka
o, MRy ERRMEl, AT, HESEEE], A RElL V3 ICETEDS R S e (p < 0.01). FFA 46
I E MBI % R T TH D, Functional Connectivity Z/R 9 5HIKTH 2 LR I 7.
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]

A X DT — 2RO D & FEARE, GSCORHNIC H72 D, THIRE W 700 7SR LR
HFEREEZIC, DX DEHEBL BPET. 610, FAAUZEOREIAE LY L Tniiiwni,
TRARB = Bd%, EMHERHERE 7 & NS, A2 ED 512 H > TITWE 2 V72
Aoz —vavitfty Y —EARERBEICOESIEI AL ET.
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