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Exploration of spatiotemporal neural dynamics for emotional expression processing

VRN
BYLAICR O R T ¢ 7 A7 a7 MBS v AFgE T — A
Wataru Sato

Psychological Process Team, BZP, Robotics Project, RIKEN

B0k

Emotional facial expressions are primary media for human emotional communication. Although
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functional neuroimaging studies have revealed brain activity associated with emotional expression
processing, its temporal profile remains unclear. | review our two studies combining functional
magnetic resonance imaging (fMRI) and magnetoencephalography (MEG) in an effort to resolve
this issue. In Study 1, MEG was recorded while participants observed dynamic facial expressions
and source-reconstruction analyses utilizing previous fMRI data were conducted. In Study 2, fMRI
and MEG data while participants viewed dynamic facial expressions were analyzed using dynamic
causal modeling. The results revealed neural activity and connectivity in response to dynamic facial
expressions at high spatial and temporal resolutions. These findings suggest the effectiveness of
combination of neuroimaging and electrophysiological measures to identify the neural mechanisms
underlying emotional expression processing.
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FIGITe MEBIA I 2 =0 —2a VOFERAT 7 Th 5. HEReRIINEGATZE IR AF 0T
(B LR 2B SN LT E A, ZORMIFRIIAATH 72, ARTIE, o
M % Fed 2 72 O BERERIRE K LR E] 4 (functional magnetic resonance imaging: fMRI) & fixfisé
[(magnetoencephalography: MEG)Z#t A HINIAEH L7=Fex D 2 W5t a4/r3%. A1 T
1%, BRI 28122 O MEG A3FHEI S 4, IMRI O AT T U CRMIRHEE 72372 417z
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fFE2 TI, BRI 2 BIEHh O IMRI & MEG 77— & AEHIIK T T U o 7 Tl S i-.
Z DFER, RAFWIZI51T 2 IMOTEE) & BERERS 578, MV O IRFZE 0 RRE CHI B v & o 7z,
Z 9 LIEERMN G, RIEWPLOMEA = X L% FET D BT, HERERMNE & B AH
FHIEEZMEGT DI ENANTHD Z LIVRIRIND.

[FLHIZ

HEITI 2= —2a b OFEAT 4T THY, tHEBUROIA - HEFHIRE 7285%%
R DEAISEE, RIEDTIIO BB S, BRA ATEIROS &5 &
T EHRRLUTCER. BRI, RIHIX 1S 2 Mk 9% (Sato & Yoshikawa, 2007a), 5
R A2 OE D) (Sato & Yoshikawa, 2010), H B2 &AEH A & 72 597 (Sato & Yoshikawa,
2007b).

FEREAORE R LIRS H}{4 (Functional magnetic resonance imaging: fMRI)72 & % FV 7= BEREA AN ]
BAFTEIE, RIELILS 2.001372 6 & ORI DA 7 = XL OFFIAICEIRL T & 7e.
fMRINC LD, &2 OMGEANTEET 25 &\ D ZERERE, U L O@ERERECHl
ST ENTE S, WIZERIL LT, RELBISETD L, HELEICEE LR TEH)
T Z BN ST (Breiter etal., 1996). F 7-EAOERE I LT, ORI
D& SNDHFERKENR HAERE, X7 —=ox—n 2 (il OEEEIEE L B 5 OB FET
DELLTHIFENT D) PFEET D & SND FRTEHENEE)T 5 2 & A3 S 4172 (Sato,
Kochiyama, Yoshikawa, Naito, & Matsumura, 2004). = 9 L7=Z10%, FiEE WO HEATIC
% LA TEhH ) 2 A2 2 PR O T LB C D T, MO REIN) - ERAT — 21285
W BRZ R L T <D,

LinL, RGO A ) = X L ORHIEH—OIEET 2723, AR %<
RSN TWD. Ziud, MRIZSIFECBR U7 Stz % 7o ORI EE DS FD L~ LTy
D EWVI RFUTHBRT 5. RGN, MECEBIOITEIH ) 2 AT 8E I VB0 9 biz
FHREND L aBA L L, TOWREZRE M 70T\ RESAFRE CIMTEEH 2 51
THIENMELRD. EBIT, @R REE TR SIS BY 7 — 2 (2D TN AR
IOMERER B AT 2 Z & THID T, LIRS 2SS 2 1 X 7 2285
INCT DT ENAREL D, T 5 LIZAMZERT 5 1 SOFRIE, I VB L-VLomn
5 [ 45 i BE % 435 - i i (electroencephalography: EEG) <2 ik £ [X] (magnetoencephalography:
MEG) & W\ o - BRI AR 2, MRl SHHAAEDE TR T2 2 & ThAH .
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AFETIL, ZOREICHOWTHRENT 5725 MEG & fMRI Z 5S8R LT-Fex D 7L
— 7D 2WFRERENT D, Fox DRENS, FIELZBERTDHEEHEI VPO BITHD
BAEIHIH B DR & o CIRE) UERERE & DTS D L 7o 7.

%8 1 : MEG BAZE

5% 1(Sato, Kochiyama, & Uono, 2015) T3, BRI I3 2 TS sh D IRF i Re: 2 i 4~
Dz, BEE - BT A 7 2815300 MEG 23l L7-. IMIEBIOMAT T, fMRI
DR Z A AHEEIZI T 2 FRER S UOEM U CEREHEE L. BEREE S 2 M
L7, BNKEET Y > (Friston, Harrison, & Penny, 2003) % 1T L 7.

PBREY, B 154 CThodz. e LT, Y & SEEOBRIES L OEHT YA
7 &ERUT (K1), RIEREOMEHIEAES E& »~ M(Ekman & Friesen, 1976)7> 53R L
T, B=7 4 7280 PR LIEBRIE OB AR L, BRI E L.
BRIV A 7 I TBRIRNE O =~ 20 EAHEE L TR S e, I —dfie LT, 888
ETERENDZ—Fy Ml RNT T 2~—2) ORiERD, BIRNER - BT
A 7 R BN P ORE BN A2 SR L 72, IMBEOFHANCIE, 210 Fv kLR
RS AT I ANz RTIZIE, SPM8 & HIV -,

FPMAEENT OV, RN CTEIRIRIE > BTV A 7 OXfEEA 50 X VR 2 L ORFHZET
FRT2 &L 2 A, 150~200 I VR (B L ULUE D D DIREHHE)  CREFEIRIEIC_EAEEHE
ZE TR BERE OEEIAVR Sz (K1), #2V T 300~350 X U RDDBFET, TR
[E|DIFENAR S 417z

WICENNRERE T U o 712 8o C, FRVEIEEOMRER » b U —7 ZMat L7z, SRR
& U CRl & fE Rl —ERIK N D Z & (Oram & Perrett, 1996), - {AISE & T RiEER] 2
ST —=a—a VAT ARHH T L (Hamilton, 2008) & RifEE LT, I 9 LIckEE 38
MBI G- 257%y, FIE - 8B 50K THEDLMTONT, 7 DOET /VE
b U Tz, BT VIBIRORER, 2 TOREIZIWTIE - Wi a3 B F L
WZBAGT D VO ETANSEFI S (K1), W2 X0 IS~ 5725 50 2
Moz > 7 ST TNESMOR LNESERTROET N2 i LTz & 2 A, Wi
NES M DIHDET NMIFFS TR, 150~200 X U RS OBFENBIIE « i S A3 B2
TEOBIZ B0 2 BT NSRS 7z,

29 LI D, BRI 2 S BI0 971350 < B2 R & N e
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Sl b FEA 5. BRIRIGOHRTAIBIET HHHRRERC_ HAERE R 2134 150 < U B
BpEorEEh L, EEVPHICER 595 MRIEAMENAY 300 X UM TCIEENIT 5. 61T, 29 L
TR T IR BRE R v R — 7 2B L Tl D, EHE - B X 2 2 Eh R ALEEd
DI - AR &, SR EEBAFEROIT DI T —=a—n U AT AR, ATHEE
HOWINCED D Z L3RS iLh. 203y NU—27 T, £ TMEAAICHRFAABEORER
DSEEESLE X DI, el Tl Al EENE R A GRS 2 & S BT OALEE
MWEHIND L HTE

#3282 : fMRI - MEG BAZE

7% 2(Sato, Kochiyama, Uono, Yoshikawa, & Toichi, 2017) Cl, BZIEERLIZIS1T 2 Rtk
1R LB OBERERE & D 5181 Z2 e\ R ZER I REE T S NS 5720, BRI 285
DOEEFD fMRI 7 — 4 (Sato et al., 2004; Sato, Toichi, Uono, & Kochiyama, 2012) & MEG 7 —#
(Sato et al., 2015) % FHitT L TRt L7=. JEfT0 IMRIARSEIL, BREEZEIETH L E0
bkl & F R OIEBORNAREI N A U 5 2 & 23t LTy 7= (Foley, Rippon, Thai, Longe,
& Senior, 2012).  L7>LZOFANIAT, FEER S RATH 72, Foxld, DEEEITE
DRI FEDNT, WA TIER0TEE) U CHIRCE OIR B 2 53592 &) 2 (G L C,
ERGET Y 7 CTNAERGE LTz,

WERFL, 2 50D IMRIAFTEE MEG AFFEDMER# 22 - 13 - 15 4 Th o7z, HlIL,
YT B+~ N (Ekman & Friesen, 1976)7)> AR S 407- R4 & sem OB - FRZels - 8)
HIEYA 7 Thole, BEE LTH I —ifille E&iR L, ZEREET OSSN ZFHI L
7o, fENTICIE, SPM12 % v -,

BRRET Y 7T, B TSN T ERKE I T —=a—n VAT
LEFFOFEDT y N T —7 BRSNS Z L, BIUOBRE MR XL RIS
ANBHH Z L EAHRE Uiz, £O LT, RHMELHREOFBEDITINZONT, Rk
DD TR, HRCE D Rk, BOF1872 & 5 DOET VAL L TR L. T OfSE,
2y hO MRl 7—% & MEG 7 — X ZOWTOBREET U vV OfERIET—-E LT,
A S EA~DOBIRIF IS L 2 B2 LTS AN, OFTF VLY b7 =X
BT DI LIRS (M2). 295 LIHRER S ORHHIRAE 231~ 5 728D 50ms § O]
Bay 7 b SETRIME-ETRE LB E - RIMADOET V2 i L7, Rbkis—H
BEEA~DET ME 150~200 X U OB B RSz
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29 LIHERN D, BIEEEZEET2BOMIER Y U —2 L LT, WA EE
LT, £200 I UL W) FIERWERE O BHBE R Y MY — 7 OfFB AR 5 2 &
BB o7z, RMRIIFSEICEE TH L 2 Lnb, RIFLBUZRW T, 178
WUERDSETRE ORI G35 505 « 580 « BB &\ o Tk x AR B E 52 TND 2 LD
RREND.

Byl

MEG & fMRI ZAR AW~ 5 2 & C, BN 2 RI-BHICi = 2 8ok
e @O ZER M FRE TS L, E722 ORIy N —7 2T 2 Z L TE .
T LIRnbE, RIFLBLL WS LDIFT2 b & ONEREFEIZHOWT, 1TEI7 —# Zfie
Dl a1t 9%,

LrL, BURTIFZ < ORYENR STV D, BIZIEEH—IZ, SMEE OB IR OIS
EZOWT, ZOLPERESD TR D BN 5 5. AWFFE TITERNE 2B
5 OMTEEY 23 L CIISENVZ [RIE L, Z OBEREIZ DU CIIMIAFZED Fn R FD U THE
B LT=DHThD. Sk, RIETONTOMERZ, DHRREOMEHERET Y v 7
TRDBILDH/NT A—=Z LSS TS RERHH12A 5. H AT, IMRI & BRI
IRaRt a9 DRl /2qtll « T ST A DERR L TSR H S, AN, [RIERORR
% fMRI & MEG THINZIZERIIL, fMRI 7 —% Oz #AE MEG it % il
We LUAERT 272 L L7=ns, fMRI & EEG #[FRFFHAIL 720, fMRI 77— % ORFHIE A
FIF L TEEGIMEG &ExfiDiF720 95 2 LT, KVMMRABHENEER TE D08 LiL
720N,

S1% S BITHRERIMmEIG & BB ARG T DR ER L, RIELELT 2.00137
O E DOFMRIZH HIRRFZEM 2 A T 7 ADOBENIRE D Z L sl s D,
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Figure 1. Study by Sato et al. (2015).

Upper) Hlustrations of dynamic facial expressions and dynamic mosaics.

Middle) Statistical parametric maps showing activity in the superior temporal sulcus (left) and
inferior frontal gyrus (right) in response to dynamic facial expressions versus dynamic mosaics and
the waveforms of peak activity.

Lower) The selected model (M7) and results of model selection in dynamic causal modeling. The
arrows and circles indicate intrinsic connections between brain regions and the modulatory effects of
dynamic expression, respectively. The model with modulatory effects on all feedforward and
feedbck connectoins were supported. V1 = primary visual cortex; V5 = middle temporal area; FG =

fusiform gyrus; STS = superior temporal sulcus; IFG = inferior frontal gyrus.
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Figure 2 Study by Sato et al. (2017).

Left) The hyothesized model (M1) in dynamic causal modeling. The arrows and circles indicate
intrinsic connections between brain regions and the modulatory effects of dynamic expression,
respectively. The modulatory effects from the amygdala to neocortical regions were expected. Pul =
pulvinar; Amy = amygdala; V1 = primary visual cortex; V5 = middle temporal area; FG = fusiform
gyrus; STS = superior temporal sulcus; IFG = inferior frontal gyrus.

Right) The results of model selection of functional magnetic resonance imaging (fMRI) studies | and
2 and magnetoencephalography (MEG) study. The amygdala — neocortex model was consistently

supported.



