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A5 25301 (affective  empathy) FITAHI I (cognitive
empathy) W PYERE. IE 25 G 28 AR 15 25
g aata e LN 7 &l = I T o i N S B E A O - 135 8
AR A W FE A AR B A R 4% B
RN, #5 S A BT A RPN R T O
TS o SR SR IR A B, $8 AT
Mo NPEIR RN L FIWTFIE 28 R0 e BT R
RIS 0 o A PR AR SR R S R
FLREP B RS A AR At A A T TR kA 2
BURS BT 09— Z5L08m T2 53 25l A BT
WAZ Mt SHE R . B AT A SR v R
AR A0 S 0 Y, AR S Th B MRS LR 1A% (Func-
tional magnetic resonance imaging, fMRI#F5Y & BH, 4=
PP AR S RNt S P AR 5 T 1 i DX R A A
FSWAEMLES. HIIN, NovembreZE APV &I, A Ptk
PR LAE AL 2 PR I 1 255 A MR S mr ity
[m] Ji7 22 R0 A R 45 (] g Sl 2T . (R, SR MK
JRAEAH L, Aot LI B B ROE T 5IA
SR U L B PR A G B 2 A B Iml L A L
Ml ZEOUET [ 22 M LR ZE MR T & X 4, 5
SRR IS LY, A B S R
TG 1550 26 A5 A S A ZE O e Hh s o] g S22 S X

DIERFGE FURIR T T8 R S AEE L IE 5B T B,
FEBA 25 TR A MR 1% R 2800 28 A5 s 1z F) 5 ).
HEE, PR, NSRS, TGS AR, A
IR A CIHE AR M SRR, HERMENIE
B AR ZU A A A o C T, A A B A O 1) 255
MR AR B A A 247 R, LIRS R PR, Ta)— e SC
PEHIAN, B 75 5 7 A ) PR A i e s v ) 2N
KW Jpds, FZG@EATFE R EZ G RE R, X
Pl 38 R B AR AR L AR TR
A2 HW AR KA, SR T A T A
[N 27 N -2 E YN8 Y A e e
BRI A S m A A AR A — A H IR R EA
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R AR B At S A v o e 75 23 B N A
ENEENGIECYN U NSNS RS

M, L B N SN RN T 5% S LR G
FEe UAEBMEPRR I mir s x g, REEA S
B 1] 3 9 5% %) S5 14 FH 5% B V7 (event-related  potential,
ERP)RAR, 58 MRS 18 N AN IR RO & A 1)
rBe. Sk BVEPAOm IS R ERPHITFE R W, AIX N1FI
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N2AL A R B T P A b f v T i A 1 25
EWE; TR P3FINEHAIE B /7 (late positive compo-
nent, LPC)ELs it TR S it B v B L B i
B B2, RS R, S TR A R
PRI TR PN AMEEARION 1T 8 & A T W1 26 o
=B HlB AT R M, 7ER S T WA AE kA
TEMEHA RN B BECY, HRGRUL, DR E B
fMRITM JE ERPHE A 58+ 25 PE 50 L5 9 b 22 L
HIPY W TSR R L 4 N SR 3
AT A HIRE: R E AR S
s R AEAE N AMEEIRRLNE, AR R S & A A 3]
75 45 53 22 W B & e A A B B2

RS IR I, AR R R s B
BN N L AR IETTIX . T EA SR
SRR TR, BRI ABRS U AR S HE R
T 55 25 55 8 N At S M 2L 19 IN SN
SHERF SRR HAD A SRR T 20 HER RS,
EHEARR LR T R AE R TR kAR e, &
51 % 5 Z AL SRR HLELA 58 £ i B AR AR XoF
AR, Fei SRR T 45 b, AR
e BRI S PRAt Ae 5 B R T i BAR A PG 2
MESZ. ANFFTREBCS 1 IEH KA i, &%
HE BB AR A DA T A SRR = 0 K2
Kb, ik 2 5 W A LA R AR TR, FRRARTROE mik2x,
S NZ RS Em s ey, Bk, #AREEEIL
T FIR A2 A NN IARSON (B A5 FRAT T 25450

AT IG BT H AR G N AR i &
R (b 23 g R A SRR R DA SRR A R (4
TR/ N BEAR),  PRIAR B AR TN 35 (S N s R IE
B %) FIURIEL 1] F 375 & BERP A B . ASBF 5% 0,
W N S R S A AR, IR 4
WA 2h 2 B3 U A S A 2 HE R
ARSI FNIERG. 5346, WRE A SR I
(1) N AMEEIR RN, & A e A I 25 00 =B B, IR A 4b
FEAR)E 2> B &S ERPR AL N URIN2 A S iR 0
BN S R U A MR AR SEON] & AE R B I T
VAN B B, R4 N AIMEEAR i3 21125 ik 375 i ER PR 1 A
J3P3FILPCHY I .
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SRR 2N FRGS:, JEA Ry 2 2 5 A I ey 25T,
it W E M Ha=0.05, GRS 80.80, BN
FE025(R AR i), LA TR REA R N AN T

24N AHFFE IR R AN 24 BE (1) 3444 B AAFRE
B4 il 21.59+1.39%). B R
WCEWT F3 455 (>90 dB), F-fdi F v [ F-iF(Chinese Sign
Language, CSL)YERMATTH FE AR TF-BL. A #k1
FARNFE, IR R SO IE R I, B IR IR
BT RS Sh AP & RGP, B A AE ST 2%
BAERIEA, SCRss oG YR — . AL
TR OIS N E S LR EREE R SR
20230428002t #EA] &, FMR Y CGB/REHE T ) 1R
WA T

1.2 SE8H R
ARG NI T 4 A AL 23290 /HE T+ - A E (image

database of social inclusion/exclusion in young Asian
adults, ISIEA)"PEEFEIFMI] T B 1065K K Fr (7147549
sfrt g I RS TakAE R R Y. s
Y34 B s T PR 2 BB g s (B s e g RN
o). AR R/MAR,  H11200x800153 (300
dpi). PSR R P BRARAE(RP MR A i . 52 B Fd
WETC W #2257, TErA K, ZLaBE N A
Yk HER A

AT AXTISIEA H B & | LAy (valence) . Mg
(arousal). 447543 (inclusion score)fI#f /& (vicarious
feeling) 47 T HLTEPERE . 76 A SR 7 T, ik
XAt E 7 o 3 s Tk SRR E . 7R
R R T T, B A SN I R B e
TR S HE R R MR AR NS o b, St
MR AR b, AR HERR B R B4R 2 AR GR AL
SHEFR R ). BT T, Bakat S
R R B m At SR E . AriE T & A
P PIRER Y] FEBCA SRR T, BARLTC
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Figure 2 (Color online) The pipeline of the current experimentm]
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Figure 1 (Color online) The example pictures used in current
experimentm]. An example of social inclusion picture and social
exclusion picture is displayed in the left and right panel, respectively.
The person in the red ellipse is the target person
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A, 2R B FE4 AR QR R A Sl
B 2Nk B SHEFRE ). X4 b iy E
ATEIER GG P AT, R4 475K S g I A
FSSakt S HE R B R /K- B05E 5 PR R EA R, R
AFIEASLR A E R S 52045k K B (10258 5 4G
B R A 025K K- Bl I 9 1 D).

EIE SR, ARk R A HR B —ik, Bkt T T
204K, AN SIS 2N B (block), BB
1024500k, RGBS AN R 280414, IERSE s
o TR R AT DA — 2o R DU A, BEA (A
SR (52 K)  AMEEAR A S HE R (54
U~ IR0 (42 ) A I A 4L 23
HEF (56 MIK). T X 2L & - He REH LI S BLAY. 3
A 2 IE T E-Prime 3.04% 44 3EF 74561

14 iR 4

A5G K % E Brain - ProductsZ 7] [ ERPiC 5% &
45, (%A FactiCHamp 245 I 193 E PR 10-20 R 40
PR 1645 HL AR M [R]A12 S 1K ¥ 1 HL 755 B (electroen-
cephalography, EEG), iC%R S5 B TFzAb, Hth
F M o7 TR0 5 . EEGTE 3R FIDCRAE, 7l
FIDC~280 Hz, HEZERAEHA 1000 Hz. 1Lt F2
A HR S Sk Bz [ A RPN T710 kQ.
1.5 Fr Bl b

w5, IR TE R AR R A S
TG <HMEERE S HE R PR SR Ry
B2 HER ) T AU SOV B (reaction time, RT)FLIE AR
(accuracy rate, ACC). 7 {H i, WIS i
B T Z A R (] V- 389 S0 B 243 o 22 B3 0
BR/TC RN, VAT AR 2% 4 SO B AR A G2 IR.

HK, X TR R E R (BIRTHIACC), FA15
MPAT—A2(E 268 dhSiag/itSHEF )< 2Bk
Y SN/ RER) B A2 I 1 T 25 53 HT

1.6 JisiHLEHE Ak EL

3 44 R A i H 5 i 1 B R T HAHEEGLAB
13.00b"/HIMATLAB 2013b (MathWorks, Natick, MA)
H 4 5 RIS BRI T PAC B, WS (1) B
3% S EE G 8 1A B Jik o 137 308 % 2% (finite  im-
pulse response filter, FIR)#170.5~30 HzHr i i
(il) REERFEIRE250 Hz; (iii) S Ml ks

1106

FLIEH A (Iv)fH FH3000 msfr R[] 4 1 (F0 45 4L
SR/ HE R R R AT AY 1000 ms 15 BLE 1Y
2000 ms)HEHAFI AAFRIEEG /B, LA S B AT G
OB BEL AT REEACIE, (V) WSRIEA Y RO
AHER T BRI R TR SF 24 2 g s 2 A 22 8
TSR/ TE RN, TR 260 (Vi) 38 R AG I 5
USRIl BRI R S48 (A 2 A T IR A
fAkh; (vil) A7 1853 53 M (independent . component
analysis, ICA)%F1EEEGE M A4 BT (ANAZ AR . HR
B WLHL AL L DR 0 ) FI R AR B O 328 (AN IR HL B

50 Hz TART40); (vill) 4nSRHEAEEG A BEAEAT AT H AR 1Y
ARG TE) s (B 100 VI ZEEG 7Bl Bk

1.7 ERPIEMT

R TS HTERPIIE, Fe B 24 9 e B A 2544 Filsh
S EEGEE AT R B A BrK 1200 ms(B 45 A
FRIET 2200 ms FTHIELS 1000 ms), I LARIEAT
200 ms hFELR AT IERAG IE. K5 JE T AR ) 256 25 R G
EEG/r Bt A7 BL W -2, DS BB 25 14 1 Bl
RACFERPIEIE. Bl X PR /K- R ER P T 51 1%
R, RIS S5 E] S Y ERPUE.
T SRR ] B ERPIE,  FoA TS H 4N ERP
M4 N1, N2. P3FILPC. BSRAHIZT RS H Rl b4l
ALK R, SRR AT A £ 150~200 ms XUl
L IX M EL RN 1701853, X ] RES& tFAE S0
BT 2 MR B LA AF JE T S 2R R HIW bR A
PIE Az ARPEAIE G gl iR B ER PG IE
Bl HIE B A SE SR, N1 N2, P3FILPCHY i g 4
W FLE F120~150 ms. 220~290 ms. 300~450 msFil
500~700 msH [E] &5 1PN P24 R 83 XX SEERP
B3k B A A R, FRATTEZBL: (1) N2WLor e g
HH FURIRER S (2) N1 P3FILPCAETRAL AL ki
R ARZAE R, FATE LT HAERPRLS B4R
B M (Electrodes of interest, EOI). ERPAY;N1AJEOILS)
HMPOzAI0z; ERPAZIN2AYEOINF3. F4. Fz.
FC3. FC4FIFCz; ERPWIP3HILPCHIEOLNP3. P4.
Pz. PO3. PO4FIPOz.

X TR R RS F, £ ERP T B I IR B
FE LR FLX R I EOTAIES [a] 7 H A3 0 IR E. AR5,
X HRAERPI T BB IR AE, HEAT2(B 288 thags
YA HERR ) 2(HEARISHY:  AMERA/ YRR A T
7 257Hr.
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2.1 fihshg

TV T4 SL50 55 08 (R <SR AR + 4 25 42
RN S 1 N e o B ENNI PN Y N S s o2 4/ S
B SHER ) B A T A FE PR (BIRTRIACC) 1 F- 1
{E FFriETR(Standard Error, SE).

SFRTHEAT T 22500 B0 (1) PR 28 B0 G 25400
%, F(1, 33)=7.92, P=0.008<0.01, 7,°=0.19. #1-£x$%4&]
A BYRT 2 558 T2 HER B R IRT. (2) BEAEHI £
RN 3, F(1, 33)=4.86, P=0.035<0.05, 5,=0.13. 41
i s B I RT 8 35 K F W EFA S shi gl (R T.
(3) W RAISHARRM AL HEAER B, F(1, 33)
=9.37, P=0.004<0.01, 5,> = 0.22. faj AU /MM (1&13):
(1) RS s, #2238 R RT 54k S HER K A
IRT2: AN i 2(P=0.55>0.05), {HJ2SMEFIAR)S shi, 4t
SN E A RT3 M T4 &S H R B A MRT
(P<0.001); (2) WHHAIS i+t 2HEF B R BIRT 5
THMEAR S shi#t 2 HE R B R IRT  (P=0.001<0.01),
EJE I BHA S SRt AL BN K A AORT S5 4 MEE A St
S A RTIC B 3 25 5:(P=0.362>0.05).

STACCHEATII T 2243 Fr & B (1) A SR FIREA
HIP) FRHON IR B3, Fs<1.9, Ps>0.05; (2) 8255
HRARERM L EERRE, F(1, 33)=8.62,
P=0.006<0.01, 7,7=0.21. HE— {7 SRS HT S B0
(E3): (1) HBHAR)E shistth 23 B R ACCE 3
TS HER B IACC (P=0.04<0.05), {HIZ4MEEA
S B AL SN T I ACC 835 1w Tk 23 HE R ' 1)
ACC (P=0.009<0.01); (2) WHHARE shif+E AR A
IACC I 2 = TAMER G shif S HER K i ACC

(@) 1 (b)
ns

ko ns 100 |-
800 |-

80 |-

g 600 |- zz el
400 |~

e 2 40

200 20 |-
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R 1 AR AR A ER R

Table 1 The mean+SE of the behavioral metrics of four experimental

conditions
RT (ms) ACC (%)
ShEL FaREE | 773.69+24.87 92.00+2.02
taHE R 827.24427.92 86.65+2.60
— FaRE e 785.96+23.89 90.67+1.59
aHE R 777.21422.48 93.54+0.59

(P=0.01<0.05), {FL& PUTRE (A I Bt 2 B 44 16 A )
ACC 5 SMEEFR BN 2 e I ACCTE 25 25 57
(P=0.58>0.05).

2.2 ERP&5H

FNERP R 78 HBOSER L A ( R L TR A
T TR PN 1) LT IR DA Bt L MR A T e T E o3 BT A 245 51
4. BART 7, XA ERPRAMG BRI T8 5
BT 45

NS (1) BRI RN A RE, F(, 33)
=2.84, P=0.10>0.05. (2) FEAAIN FR00 W3, F(1,
33)=35.85, P<0.001, 7,°=0.52. PRI SN 1R L
SN SIETNTR R B 2 T 1. (3) B A SRR
MRAZHEAEHIAR B3, F(1, 33)=0.02, P=0.90>0.05.

N2 (1) B RRIR) FRO0A B3, F(1, 33)=
1.82, P=0.19>0.05. (2) HEARISHIAY TR0 4% 3,
F(1, 33)=3.01, P=0.08>0.05, 1,’=0.09. LM Shit
N2 R AN RS SN2 i i 4 . 5 6. (3) A
R RRI SRR EAEA B3, F(1, 33)=5.16,
P=0.03<0.05, 7,’=0.14. 3lt— 251 faf BN SIHT B /s
(1) AN stk 2 HE R At 2348 R N2 i S
225 (P=0.41>0.05), {HJENBHARSS shitdh 23294

ns
N SNEHAH RN
INBHAHERHER
B GEHA RN
BN EHAH I RHR

Bl 3 ARSI A IAT 2R AR, IREAFIR T IEN — M RER. (a, )R BIAMRTIACC. FAF I A BT A B4y B2
HMEFAHAT LA IR AR S HE R PR S B R PR S HE R . % P<0.001; **: P<0.01; *: P<0.05; ns: NI

Figure 3 The behavioral metrics of the four experimental conditions. Error bars represent one standard error (SE) of the mean. (a) and (b) represents
the RT and ACC of participants, respectively. In each panel, from left to right, the four columns represent “Outgroup + Social Inclusion”, “Outgroup +
Social Exclusion”, “Ingroup + Social Inclusion” and “Ingroup + Social Exclusion” respectively. ***: P<0.001; **: P<0.01; *: P<0.05; ns: non-

significant
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R 2 AWML T IANERPE S5 R B S (EL5R 4 1R

Table 2 The mean+SE of amplitudes of four ERP components across four experimental conditions

=1
B

Pl

N1(uV) N2(uV) P3(nV) LPC(uV)
sk AR —2.71+1.07 -9.72+0.85 5.86+0.81 3.38+0.60
& HEF ~2.32+0.94 -10.01+0.83 6.64+0.81 3.69+0.64
o FaRAS Tl ~3.90+1.09 ~10.78+0.89 5.24+0.86 2.97+0.70
thaHEF ~3.48+1.04 -9.90+0.89 6.74+0.85 3.45+0.68
(@) © P
5| 10 /\
N \
2 0 e J g1 S 51
[ 0 /200 400 600 800 S
X AL HIRER (ms) =2 | |
) CTTTTTTTTTTTTT r """" === g 0 ‘/"
sfkok
SolL SBE  PIBK el el S Y ERlme)
: 5 uV : I’
It @ % : 2 110 15 BE  PBHA
[1::] 1
| Ry
| HEHR 5 pV] H :
| | 1
H N1 I N1 81 1 i
_______________ - ————————————— 1
1
(b) 2 g
10 "\\ i
1
1
5 1
. 1
i 1
= 1
1
1
1
1
1

]

1

ShBEHE  PaBHA I == ]

12 vl 12 s w1 1
RN | 1 — EEE SBHAHRER
HEEA % g : == SEERAHR
] — W EREALREN
1 —— BRI
1
1
]

_______ Ll R ... D
Bl 4 BAERPMIFEHEDSGER A AR R 38R 033 T P A T (81 DA RO LB e A T BE i W A5 R (2) N1 (b) N2Jidr; (o) P3F

LPCI{ . *#%: P<0.001; **: P<0.01; *: P<0.05; ms: A% B3, ns: NEE. HEF BRI HEDGER L. G407 BB WAL I ATE A
IINFTR ONE AL IR AR AR 2 A N R A 2R

Figure 4 The ERP waveforms averaged across EOIs, topographical maps and the statistical results of each ERP component. (a) N1; (b) N2; (c¢) P3 and
LPC. The white highlighted electrodes are the EOIs. In each panel, from left to right, the four columns represent “Outgroup + Social Inclusion”,
“Outgroup + Social Exclusion”, “Ingroup + Social Inclusion” and “Ingroup + Social Exclusion” respectively. ***: P<0.001; **: P<0.01; *: P<0.05; ms:
marginally significant; ns: non-significant

BR FON2 % R He At 2 HER B R BIN2 PR B 3 T . 22 5R7(P=0.79>0.05).

(P=0.015<0.05); (2) WHHAS shiFHho42 a0 & N2 P3RSy (1) KR 2SR E 500 3, F(1, 33)
PR FCAMEEV S S S BN I R NI IR B B0 =33.97, P<0.001, 5,’=0.50. F-&HERIE 7% & HIP3 U
(P=0.004<0.01), (BENEHAR S HESHER A BIN2 08B 20 TSR s LIP3, (2) BEAISH
PR S5 MR S A SR R ION2BIRAR L 8. RO AR B, F(1, 33)=1.80, P=0.19>0.05. (3) K i
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RAERHARRN L BEAER R, F(1, 33)=4.21,
P=0.048<0.05, #,=0.12. FiRZN AT R (1) /L5
PIREA S Sh AR IS Bhint, #h2sHE% B A B9 P3 4
W B T AL S N R P 3 0 e (P B AR
P<0.001; ¥MEEA: P=0.003<0.01), H2 & SFT7, SMEE
WIa shisk, Fh2HER R st S a0 & R P3 o B D%
e 25 (8 W & A% T N B R s i b 3R P 3 i 225 (A
(P=0.048<0.05); (2) AMHEAARJE BhETHESHENIE B (P3
TR b BRI St d k2340 PR (P 3 I8 S i 3 E
(P=0.046<0.05), {HZNREHA)S SIS HEFR K A P3
W 55 MR S Ak 2 HE R R 19 P3 I 1 AH LG 5
25 5(P=0.67>0.05).

LPCHr: (1) B R 28R R0V A 2, F(1, 33)=
2.63, P=0.11>0.05. (2) FEARIHIN) TR0 2% 3%,
F(1, 33)=3.15, P=0.08>0.05, 7,’=0.09. #MEEA IS St
LPCI I He BRI st A LPCIE iR 2 1 # W 1E. (3)
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The ingroup/outgroup effect of social pain empathy in deaf
people: evidence from event-related potentials

Xiangci Wu', Huibin Jia', Chonggao Wangz, Jiaxi Liu’, Enguo Wangl* & Yongxin Li"
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It has been discovered through recent studies that empathy deficiencies are prevalent among deaf individuals. Moreover,
most deaf individuals have opted to create a distinct culture and separate themselves into an in-group (deaf people) and an
out-group (hearing people). It has yet to be determined whether deaf individuals exhibit an in-group bias in their empathic
neural responses towards stimuli evoking social pain.

To answer this query, the present study employed a word-priming paradigm and ERP technique to explore the temporal
dynamics of neural activities when deaf people process social inclusion/exclusion stimuli from both an in-group model
(i.e., deaf people) and an out-group model (i.e., hearing people). At the start of a specific trial in the experiment, a white
fixation cross was presented for 500 ms in the center of a black screen, followed by a cue word (“Hearing People” or “Deaf
People”) presented in the center of the black screen for 2,000 ms. The cue word was presented in Chinese and provided
information about whether the model in the following picture was “Hearing People” (i.e., an out-group person) or “Deaf
People” (i.e., an in-group person). The cue word was followed by a blank interval. Then either a social inclusion or a social
exclusion picture was presented in the center of the blank screen. The deaf participants were instructed to judge whether the
model was painful or non-painful as quickly and accurately as possible within 3,000 ms. All the trials in the formal
experiment could be further divided into four types according to the pairing of cue word and the following picture:
“Ingroup + Social Inclusion”, “Ingroup + Social Exclusion”, “Outgroup + Social Inclusion”, and “Outgroup + Social
Exclusion”. In the data analysis, for each type of behavioral metric (i.e., reaction times and accuracy rates) and amplitude of
each ERP component evoked by social exclusion/inclusion pictures (i.e., N1, N2, P3 and Late Positive Component [LPC]),
a two-way repeated-measures ANOVA was conducted using two within-participant factors: “Picture Type”(i.e., Social
Inclusion vs. Social Exclusion) and “Group Membership” (i.e., Outgroup vs. Ingroup) as independent variables.

For the behavioral data, we found that the reaction times of deaf participants were significantly shorter in the ingroup
priming condition compared to those in the outgroup priming condition. Regarding the amplitudes of ERP components, we
found that: (1) the N1 and N2 amplitudes of ingroup priming trials were significantly more negative than those of outgroup
priming trials; (2) there was no significant difference on the N2 amplitude between “Outgroup + Social Exclusion” trials
and “Ingroup + Social Exclusion” trials, whereas the N2 amplitude of “Ingroup + Social Inclusion” trials was significantly
more negative than that of “Outgroup + Social Inclusion” trials; (3) the P3 amplitude difference between “Ingroup + Social
Exclusion” trials and “Ingroup + Social Inclusion” trials was significantly higher than that between “Outgroup + Social
Exclusion” trials and “Outgroup + Social Inclusion” trials; (4) the LPC amplitude of ingroup priming trials was
significantly lower than that of outgroup priming trials. These results indicate that there is an ingroup bias in social pain
empathy among deaf individuals. Furthermore, this effect occurs both in the early emotion-sharing phase (N2 component)
and in the late cognitive appraisal phase (P3 component) of social pain empathy.

deaf people, social pain empathy, ingroup/outgroup effect, ERP
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