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Abstract We may imitate the other's action unconsciously. Not only facial expression and gesture, but contagious yawning
is also known as a representative example. Previous studies suggested that the frequency of contagious yawning is rare in
autism spectrum disorder, while contagious yawning between in-group is more frequent than out-group. Thus, there would be
robust relation between contagious yawning and empathy. However, it is not clear that the sequence of empathic function when
we observe the other's yawning motion. Present study investigates the temporal sequence of brain activities observing other's
yawning motion with event-related brain potentials (ERP). In addition, we use standardized low-resolution brain
electromagnetic tomography (SLORETA) to investigate the spatial dynamics for observation of yawning.  As a result, when
we observed the yawn, although the inhibition function of reaction was activated, the mirror neuron system (cognitive

contagion) would be automatically elicited, then affective contagion (i.e., empathy) was induced, from the evidences of
event-related potential. The presented study suggested that the cognitive contagion and the affective contagion were
qualitatively different with each other, because they were processed by different brain areas with different temporal dynamics.
We demonstrated a temporal dynamics of cognitive/affective empathy as well as spatial dynamics.
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1. I ®Iz

1.1. H G B

Fxll, MEOTHBICH L TEEROHICEAAT D Z
BB, EEBORARERLLIEOENZ, LV
BEzoRBELEZEZORTWVWS, B UOERIZ, &F
EFThbhiZ, HbL BB LTWH5BE % L&, 20
FEE2EOHK 40-60%DEAETHIUNRELDZ AR
HEhTWwW3I[1]. £z, RERIBEORELRVS
MEZEESSVCOBROBENG NI L bBRESNT
W3, ZOREEREPL, BV BERO LT I, #
ROBEOXFY XVT A THIEEZLR TV
(7, B VOEREE FEFTRRELS, FURUY
—RHF AN THLEOBEREIBDOENTVWE I b, &
LB HbEB ENTWAHARETH 5[2][3]-

1.2. HVCD s B & 3R
HLAUVDOELRLERICBLT, BRBEV VAR LHE
ENTWD . HEMLDRN Y BHEOE» S O F R,
HLUOB LV EBERLRLTVWI ERBREIRTWS[4].
ERTIE, MVAEW KA REOCHL UBEICHT
ZBEBEOHSVCOBRREEERAILL TS, RIK,

EN, BVAEVDIBIZHL CORREAEN G > T=[4].

H Wl NEFIZH L CEMEEZF>TWVWEIHEE
EF R P—THLROLNTEY[S], —H T, <
UREBELIZSWEAIZSDVWTEREN IR TWS,
—RICASRMEOLOBE 2 AT IEATH DL
DBHBEIELLFTARVEREASN S L EELS
SFEL TR, DSUOBROEERBRERTFELICHK
RTENWZERAHEERLTWVWB[6]. ZhboERIT,
HVDOERIZFILOBERBOEBROBELRIBEEL
THWAZLEEHRLTWS,

1.3. HLVO= B & 30 1R D Fpé FH IR
EBIZMEOSS COBBRTOMEH 2 BB R
& 4t "8 T # ¥ (functional magnetic resonance imaging;
MRDIZEVHRIZBLEZEFRIZHBEIRLTWVSD
[71[8]1[9][10]. K V' Z L TWHABIE L EKEZE-TW
PEEE LTS L, H VR L THBEREFRESR
BREIMOBBHIREINTVS. ZhbOEKE, ft
FEOTHEBEB LZLEZEHT IR T TIEARL, L
DEHROWED 1 D THIMEORAIMBIZET HH
MOEBENRBOLTWVB[T]. &b, HhLUOHEE
RTWaHEL, BMABLO2BIT2E8EZRTVW2H
&% H~% L, E{EEF (superior temporal sulcus; STS)
BDEVEBLTWARZ ERBEINTWD [8]. Z0D
BRI, MBEITHIFTAGEL, BEMITF 52 LE)7%
T, RRPERBOMARY R EICHAETS
ERPEISHATWVWS [9][10]. EBI2, MHEDITAE2E
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BL, TOTHVCENORBIITOLERBACEDT
% T A28 B (inferior frontal gyrus; IFG, BA9)H 1 © &
S PIEH LTEBTIZZEAHREINA TSI, —
FT, HbVEF v, BOBELTLBELILES, &
< WNIC B U T i BE 9 A EE A R & (ventral medial
prefrontal cortex; vmPFC)=<° HR % Ail 88 X H (orbitofrontal
cortex; OFC)R L VEBLTWVWB Z b, H TR
BRLBFBHHRERICBAVEERDDLIZ LA DLMPST
WA[12]. Th 5D fMRIFFEN S, b 0BT
FERCLOBEBOBENERS BbL-o-TVDH I B DA
S>TW5.

1.4. XHFREOHB

INETOMRETIE, B UOBECHLT, H#E
ODEE~DRMPLEBREOBRBOBEREFHH S
WIIEABHIIBVTWEZtnAaERLTEY, A&
BIZWw-D -« PO X)) RABIMEOS S CIzx L THT
bRTWVWBON, ZOREMNRZREBEZRITD > TRV,
FITAHETIE, MEOHS CEHT B FORME
BOBRMHMLEBIZELT, PLUBHEEZRTVWIER
FTOREEE, BOREOMETONSRRRERE
1 & {7 (event-related brain potentials; ERP)% F \ 1 &
T5. &6, IMRIFFROMR LGS THET D
=iz, ERPOREF2MEEL, EOHEHK TLERT
bhie»rb BT 5.

2. 5
BMEBIIKRSEE - RERESL (B3I A, FTHER
2458, SD=4.8, 2BHF ).

2.1. FIBLREE

FIWITBEM 44 &M 44 D H < B(Yawning) L TV B
BhEL BEMICOEBIT TS Mouth)BI{E2 EEmM D
BEL-BEQOS)ZERA L. BEIX, EBERKE 3
s BICOZHEITEEBOODOKREERERIIRD IR
E£L7-. BETIE, NECIHEL2RE, BEIK
TLEOLIZ, BEEEREAD B BELLKELER
FURLRIGICEVEIE S EHRITHEMERBZ 8.5
s, HI D RRIETT v & AT - 7. B SR BB,
1 7oy o2& mME&HAEbLET 16 BE
(Yawning:8/Mouth:8) DE)E # 4 BIE2/RL, Thx 27
oy 7ERBL, # 128RIT7E -7,

2.2. JIE LS HT

B 7 0 B 8 13 E BE 10-20 35 10%IEIC E SV 72 64 FAL
Mo Cz ZE¥ELLTEHLE, BEORRESIZL
57— 4777 FEERTBHEDIZ, EREBELTH
HwrLEEBREREY, EARAAPLKERERE2 N
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BEH L7, EEILEGI#E D SensorNet Z L 7=.
BEALVE—F A% SOKQUT & Lz, £4&(E ST,
A7 7 (EGI #E 8! NetStation300)i X » #4g L, +
7Y 7B 2000 Hz TR L, 75742 T
Ny RNAT 405 0.03-30Hz 20 1F, &F ¥ XV
DOEHIRBEICHEEREAL L. BIERGE» SBEBE
4 s EMAFEH L TRBTLICERPEFREZRD I, M
BRMRERKICE50 pV U EOBMNLED b ZRT
W, MBEEHLBENOLRA LKL, £, HLUBLED
ERITE, /A XOBARBELWEZY, ME» BRI
L., WBOHKE, BRERERT—T 1777 +/
AZXDBEABRDONTZEMER 1L WS, SHH»
LR L.

APFRETHH, CZIZBWVWTHE LN ERPERICH L,
BERBRICBITIREFMELZITo. FERBTEN
ROLGNIFEEF L, EHELEHOEFBICHEL T
ZEMEMEREREEORNR L Liz. ERP DFEAR
# E © 7~ ¥» , Standardized low-resolution brain
electromagnetic tomography (sSLORETA) % EfE L 7= [13].

HLUVOEREZRBETDIED, V2T W AZICLD
EREZZBEL, bSUOoLEEREZEELE. 5L
WEHBEERBEEHELS 7TsLARRERLEZHLS B E
DEEIZLVBERBIINZHIVTHHEEHEL.

3R

HLODOERRBEEIZ ST Figure 1 12787 . Yawning
ST L TIX, Mouth FHIZHNRT, H VDOEY
BDHEBREEholZeBRENTE. ZOZ b, K
RBRCTHERALEBEIISNMEIZL > TH OB EHRT
ZEE ThoZ LR TRENT.

12)=2.37, p= 017
10+ K12) p

HUHBREY

Mouth

Yawning

Figure 1. » < GO HBEIEKW=17).

EERBFIEXTE Cz IKBITARME ERP H® %
Figure 2 IC/R" 9. R EL T, TTHEREZL 1100
ms 3T Yawning &4 CRBEHEEMLRE O LN, £z,
#1800 ms fHE CIX M &H TREDEBMNBEL L. &
LIZ, BREBITIZ20XPRERKICRDZZFAIVITTHD
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#) 3000 ms {3 TiX, Yawning &I L TRE 2R
HOBEMBRD L.

INLDBMRSENLT, FHEZE2RETDHED,
BADOIHEY HHKDY A 500 ms X % 50 ms oD
HERICEKTY, FXECEYRELZRD, FHEMT
MEDOHE t REXZEB L. SHIZ&EBMDEIZS
WT, BERZHEEL .

(3:’) ~ Yawning
-—- Mouth

Mean amplitudes

0 1000 2000 3000 4000
Time (ms)

Figure 2. Cz IZ BT 2R ME LW E R (N ="17).

3.1. BRI AR EM

RREDRER, BIEBAE 1150-1300 ms 2B 5B
MEAIZEB VT, Yawning &4 Mouth S ICtb <R T
ARBIZKRERRBEZTRLTWEZ., £z, &EFEMOED
REFRLZHELLELBER, FoYAMATHEMERE
(dorsolateral PFC; dIPFC)*° IFG f13E (BA9/45)\Z F £ IR
VBB LI, Zh b Ok R% Figure 3a,Figure 3b I
i B

t(12)>1.70, p < .05

Rx o b dn

1
w-d

XM 8 ()

P W N e O

Yawning Mouth

Figure 3a. 1150-1300 ms (Z 3 ¥ % XK EH 1E 8 H.

0 T (y) | (%Y. 246,20, 35} jmen] ; (B6OE)  c27150.1300ms ; Oma] SLORBTA

-39.

NI | -El ectronic Library Service



Figure 3b. 1150-1300 ms X IZ i} 5 B EA O
£

3.2. IR E TR AR EAL

B B BA 46 % 1800-2200 ms XA IZ B W T, MEHFTK
EREHEMNLARDOONE. MEHTHEEREZRRYD
bhiholeledd,, FHEOEHEMERD, £D
BMNORABRHEELR2I T, TOHKRE, POLHENE
(paracentral louble; PL, BA7/S)f L B E AR & L TR &
Nz, REBRKEEDOR R % Figure 4 IZ7R T,

T RT(v) [(X.Y. 2020, 46.51 )fmj : (9% 0] [1900,both; Ores} SLORSTA

5 D <Sow (X) 5 0 Sem |X)

Figure 4. 1800-2200 ms K Ic BT HBEHEBM O R AE
.

33. b —7EREF ICKIT DR EEN

tREORKR, BHE A% 3050-3100 ms 2B 5 (Z
THEELRL) BHEEMMIZEBW T, Yawning &4
Mouth £ IZH_XTHFEIL X ERREEZ R LE. £,
FHEROEEFREIETVWINBANZEAETRETHEL
T-%R, A0 OFC fEBA4T/IDIZEAFTERNRD bR
. ZhbofER % Figure 5a, Figure 5b (2R,

#12) = 1.88, p < 0.05

EMESl @)

Yawning Mouth

Figure 5a. 3050-3100 ms {233 F 2 X FHEEfE.

5 0 Sem (X) () 5 : ) “Sem (%)

Figure 5b. 3050-3100 ms KB IZ BT S HE N O F
ARHEEDORER.
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4. BE
4.1. ROELYD

AMETIE, HSUBBEICHTI E FOFXERRLLO
HAOKEIZIOVWT, FENLBB 2RI T LD,
HBLULHEMBRDRITOBIEEZITo TV IBIEZBE
TOERPZAEL, ZORARLHEELL. TOKE,
HLCICEET AMEBN, b VBB TSN,
B UBEOORRLRELSRZFASAI VI TAE
CTWBZENRENTZ., £, ELIEERMMKE 2
METIE, bSOLEMANDBIBHED RARICEED
BUETELCIETWE.

o, HOBRBHE CROLONEEBEEMICEALT
X, D dIPFC R IFG OfEXRER L LTE DN
7o, 2s IR TIE, MM CRIEZENR Lo EBHENM
B L TIX, PLEARAR Cho . BIERRRICR S
3sfHHILTiX, OFCHAHENRBERLE L TRDLNT=.

4.2. HTTH T 5l B HE

BEBIAE, 1 sHHET, HLTIZHLTIEKRE
RBMHEMNIRBO LN, TOBEBEMICBITEEHE
EORAERIX, O AIPFC Thol=. Z OEALIX, 1T
BRRIGOMIME E T 5BICESHTI LN E®EIN
TW3B[14]. ZOEBMICBITHEIZ, £HERMTHL- &
LbRERBMNETHDII DL, FHEOEVERBL
THEY, HbLUBE L ODBTEEIZIX, ZOBMET
HERIFEREENITLORLEZEREBLZOND, B
FRZOZAI VI THEEPOSTVOBMETHDI LR
WLz, BDOHBLLTEMBEILE S LT 2R
A, BM2oRTEE L bR BV =D TIEHL2Y
mEEZLND.

4.3. HLUBE~DOEB EfL

BERREGEE 2 s HEICBVWT, B REMED
BAUNERINE., ZOBMIZEEAEERSRBD LR
Moliz®d, HLPREFBELLEL > BRALABEIXTORE
Mol bHREIND. BERGETOEHRELZRD, %
DEALAFZHELLER, PLAASEGBADICEARIR
ODONDIBEMNFETHDIZ X bhot. Z OFEEIT,
MNS OFTH PFEF LTINS HMAICHEE L, TH%
BETIRAGLERIIESTEITTIREOH ST THE
BT EABMESNTVAREMNTHB[9]. HLTYH
AT THLHEOEMIHALLTH DD, T OFEE
DEBRRDLONT-FEELIHS. 2FY, ZOFA
VTR, EMEROS /OB TEEEFCHLTH
EOBRRCEMEZBETIRANERELSER LT
WhetEZX6h5.
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4.4. HAVDOE Bz BE T A1E B RO IR
BEMBEN 3 s BBV T, D UBE DRI
FLTESHZZEEEMNLFEFHEL TV, Z0EBMAD
BARITOFC o7z, ZOFEBTIX, HFEIZH L THE
BB HACLENEESDZ DX 5T TEER)
LB EEEHN T2 BB/ EISNRTWA[I5]. 25
LiEEit, XBoFTCHLHEHNLER L FiEh, BE
DEMROETOBERRLEICETZ B THHIRHH
RERBRLEFIENENDZLDTHS. 2%, HL VT
TOREZAMHALELS ETHH0D, HWT, BED
BEBHORRAFALEL, T2 L EHH R RHAER)
VDEBETHIARESATEOERLOTRERE. Zh
LOZ LR FBHHEFERA (37— 27 L0) L EH
BRI (ER) NENICERZLEBTHE I L 2R
WLTW3,

Figure 6. < VBB OLBBEOKHHNES.

5. fE R

EHFETIE, HSUCOBEBRBXELHIBIZITbRATWY
2¢EBxOND, MEOLLVITHTIEHOELED
BEORKRBMNBBZRHLE. TORERE, L TICH
TH2MEEITV, RIZCZFOBERCEED B #Y 0 BAR N
L, TOHKE, BHHLERRELDZZL2HL M
Wl HBLUCOGEREZBAL, £ROA D= LD
MHBBEZHAL M LR,
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