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4, 2016), B SCARMTIE IR I 2 WA R 4 [A) )R
T DGR AT, WS X H 2 T i g 3t
i, 3K BRI I IR 5 Y N BE R 00 (Mathur et
al., 2010; Sheng et al., 2016; Sheng & Han, 2012),

SR B FOULEE 5 2 (B 1 6 2R 2 PR 15 R
e, (HRX AN ORI AR W E AR/, 1520
B FMAZ R, RIS EERER R R R
(BRI, 2014), H FAG EAE R —Fh A e 5T s e 1
AR B A ORI A SE R, DILHAR A C
S A4y B B R AUFLEE (Cross et al., 2011; Markus
& Kitayama, 1991), [ 3R E R 53 BARE {3044
AR R IR S, IR BAR R [ IR A AR
AR A S YRS S, ¥ A RS A B AR
5N TR VARV E 3 g i pralitif R A N R R R
X5, ¥ A AL AR (Markus & Kitayama,
1991; Zhu et al., 2007). IT4FkK, —LEHF57 X HE B
(1) A FAG 2 SR i B s e, 38 LR b
AL A S BRG] (0, <Ry sk B AR AR IR (e
1YW, LU shEF R A 3 A8 & mim), M
5% H FRAL XA TG 52 0 (Jiang et al., 2014;
Wang et al., 2015), {40, —I ERP #fF 57 % g ik ik
11 A I &8 sh (i sz 8 | 3R A S s, BEARRL A
A &G s A A G, iR A A AT
S 42 A2 YA 9 i AR A T R TR R O D TR e
NP R BIEAZ B . 53 BN, BAKE A A&
Ja AR T i E RO LS A N2 B, i Sy
R A &R SRR T P 7 R R 1 N2 &%
N o IR IR W I A FRAA S S RE RS R
PN PR e, ELIXRI R T R0ON A A SOk 22
St(Jiang et al., 2014), Wang Z5(2014) I BIF5T & B0l
S A A IR S s A B SR A AT [ O PR RN 1Y)
RN, A, I FRAG & 2hid 23 5 i o v
1 H FAHFEHN T (Lin & Han, 2009; Sui & Han, 2007).
H &M E e E BB LB RN A
T, AR EAR, Rtk QRS
JEMARTEAR I SO 256 1 5% T T B RS R I
ELAG MR i I 9 e B B TS B vk B TR, R
PE A Pk & 1 e T i 5 A T PR Y Y R
M, BI7E SRS P2 iy Bosk £ & 42 (Chen, Yuan et al.,
2020; Sui et al., 2013), ik, AT HMWZ — &%
LRI M B A A AR A 2 A B OC R S CH
[ 2 AR AR

WAL, AN bR, S e 5 A B A N AR

RONE, R0 PR A D A2 BRI B, AT
2 5% ) e 4E I v (Mathur et al., 2010; Sessa et
al., 2014; Sheng & Han, 2012),— Uil fMRI ffF 57 & BX,
HARAY [ FoAE A Bl 23 3G 9 R S 0 R AL
D7, BV A S 9 DL ) T 28 S iy S 5 T XAt e
I TR FL A A 28 B N 5 T 7 A8 ) FRAG) A S Bh 23 I 55
P T ) P AR RSN, B X At 7 A T FL B4 i 22
SN SR T B R R A TR 9 T L A i 28 SV (Wang
etal., 2015), XIWFFEE B T B B HAE
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1 H W Z B ER R AR E S
i HAF 1 AR RGN

KFEIFIIER ERP WFFE L& BLLE A WL E
A2 32 PR RV L L WA A 322 32 ARSI, £
T T AT i DX A TR A0 B s Ak TR (N1
R N2)FIFE S To0 - il DX 57 A TR ) e S0 42 i A T g
41 (P3) (Decety et al., 2010; Fan & Han, 2008; Sessa
etal., 2014), AirIX AT N1, N2 B0 R S S ik
PR A 1 R IS 4 o = A F AR JR AR, I TR X
1 P3 i3 S e TR A R R P A HIPEAY (Decety
et al.,, 2010; Fan & Han, 2008). XEEHFFE IR T K
I L 0y 0 sk R AT A3 SR R A 4 o = B B R
e A PR B B . 48T ERP R EA [
PR, AR ERP HiARZ £ i A 3R
FE 5N L AMERIAREIR LG 1 ¢ R R R A AE RE
451 2B B 2 WA PR B B

DA BT 0 38 2 R AR % T L 0 A 76 T L 452
YEN . AMEEIRAS G (HJR, Walxd A% 1 FL 1Y 2%
JEE S TR T AL, SRR BT e 235 Y M REIAR AL
[ (Azevedo et al., 2012), & T HEFRZGEEE A2,
ARSI SR H PSR LI 7 Y R AR R T AL, 38 0 45
P H IR S RIS R TIMN . SMFIARRY X
T (ERRAR, 2011), [AIE, AHFFCR A B I &t
(self-construal scale, Singelis, 1994)¢ i & ¥ i nY 45
FutE B IR S FATTRH EARSY 7 A &
F A HOR A N A [ IR s R A B Z 22 E N
oAb () FE R, R0 R AR EAKE A
FRAL) A0 1] R, 3 BSOBRAIG R I AR Y [ FRAL A& i
1] if% 55 (Chen, Yuan et al., 2020; Chiao et al., 2009),
HARA H R SIEFHECR SR, AR SMmA
A Bk 25 (Markus & Kitayama, 1991), [Kit, FA] 0
HAR T [ 3R AL AT ) 56 Al N R A e I A 1E AR
KKFR, HVEARAD [ FAL S0 ) (B AR TR o3 B8l
SE IR RO B, Rt AR I T (RS IR R A%
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W, HrhZE 13 A, AER R 17~25 B2, FIH
G*power 3.1 T, BRI &= R HE(EF=0.25), 5
TS 14 0.80, o K4 0.05, 7 2x2 A &y
ZorHTeR, R F 3 B L RN A S sS HAE T &
MTEL 24 290K L, AW EEAR BT A E
Ko R T HAF AR £ 80N, BRI R AR
HE S S, I H I AR O YA 1 i e
By, 75 L RFAZAE—HREER S B
W AR T, W EH S ER I ER, JFAK
A5 B 12 o R A SR BT S 2
AR E N, LA G B — R . AL
25 1) e TS R 2 N B B2 R b ME R 2
2.2 LIedA

PUSEAN A RS 64 skTmFLAR A, FE A hBLEE
) TR LA e 2 B P s, R A A 9 s oA ) 4
22 527 PR U (e S 8 B S 2 i ) sl Al 0 SR (A

Sl o TESS AR EE Sk C 2 Arik AL 3, goF Ak,

NSNS G IR RIBRRE BT E o 1E R AR
PR i, SCHE e f 16 24 MR F A (B A
SRR LA [R] B DG 2R A% PF RIS SRR BT T EAT 4 I,
X LR K2 5 S Y B SE e A AR TEAA IR
AR, BT AR A4 2 e A2 R RO
B, 224 BTV (16 AR <2 R 452
B = 04 5KIE F, HaKiEfLA 4 5K A

1000 ms
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() B8 F- 45— % il PhotoShop CS6 #EEFT (0% . R
SRR R A
2.3 & iEm

BIH S H SCRR Y [ F A4 & 5 2 (Self-Construal
Scale) LA £ 1 FoAy i), iz R 2 A
AR Singelis (14 [ 34 ik R BRI ALY, 5
HAR B FRAG &5 HE RN ST [ FAG 253 12 (Singelis,
1994; #ATZ 4%, 2009). @AY F FAD &0 1 45 T
P R 2% . R EAK A IR S E R
Bom L B IR SR RSB R KT 0, B4
RN W S AR B IR A S, HoAAO8
B EAK B FA A A AN R EAR R &
HFREORE T [ A SRR EEERNT 0,
AR 23w 2 m il Ry A <7 8 [ T i), HLA 5K
AL, WSz B 3R AL &R B8R (Chiao et al.,
2009), FEAFFE R, Pl E KR [ Ty 2550 %1(62.63)
835 R TS A 7 AR 50 H8(58.48), 1(26) = 2.59,
p = 0.015, Hrf 19 A BAKE [ A8 55051
KT A [ IS8, 1 AP 19 5 50
[, 7 ##al iy EARKHY [ Al o BN TS A g
WA X E VARG —3: R R E L
SRR, MARRUEARE [ 34 &k 32 5 (Markus
& Kitayama, 1991),
24 ELWIERF

RSz K E-Prime 2.0 {45 B2 56 ) 80T
T SRAT R B o SEEO T VRl S8 b I A Y T L
KR 4 2 %5 % 2 BEFAE 2 £ BF b 0 5 4 EA T 40 3%
MRS Y o 78 IE S50 i Rk e 25 B IR
], AW, DR Ok 2 B E R N
KHBE G, BARSEmEME 1 R, Bk, B
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P Je 2 EE 500 ms AYTERL L, HE R IA DR
7] (M AR AR 1 B0 HoA A4S £7)1000 ms, FFEAL S
B 500~800 ms HYZS 5, B BT AL IR A (I 1
JEEIF L) 1000 ms, fJ5 B2 P 1500~2000 ms 1Y
2Bt BTS2, LA m LI R B an SR A o
A N R e F AR, IR O,
i N AE B R HEA T A . — 2 4 PP R 1R R
F: ZBSIN . B AN, B2 RmMAER
S NPT R L, 4 3 B I B AL
LA 4 A4 block, &> block A 64 AR .

B A S 0 2 R T 6 S B N sz
N E B JE M A CWE B R G WMEsZ B 17T
g1 o PRI R AL SR AE 1T R (Faces Pain Scale-
Revised, FPS-R), 4 6 P25 (1 Fan— S WA
o — SHARMEZ, 6 FoRIERREAER MEZ). PEE
TR LIS AR AL, B L S R I O PR 1,
FHE2MAWE R, SRIE g0 B R A 5 A
BERNE O XEZ BB IEAT 6 G5y, TPRAraT R BeAT
REL A o
25 HEXREESW

K HTEE ANT (ANT Neuro EEGO Inc., Germany)
M HLICSE R G0, FREPR 10-20 RGP R 64 Sk
FL IR RAEBA Y EEG 55 A S H SN CPy,
Pl 507 F FPz 5 Fz (9], Bl (5 S oREER N
500 Hz, Wit 5k HBT4ERRTE 10 KQLLTR .
i1 7F Matlab 2014a iz17 ) EEGLAB T HAL J H A
' ERPLAB %} EEG #4fs #1754k 53 #1 . 75 EEG %%
PEFAL B B SEHEAT 0.1~30 Hz BYAFEIEN, T
Bl LB RS E] B LA K U K Sk sh 45 Ohalh B, 1A
FAAl ST B 3 AT IR AR B AR o SRS N 275 i i i
JyRNFLRE S, #H EEG 204 A2 (BRI 1E A 303
EIET 200 ms BRI 1000 ms), LLE ST
200 ms AFELIFIEAT R IE . IR, DA
+80 wV WU B A Dbk H 3l 51 o

WIEATITT BB . LAFEBF I8 45 5 LA S A5
S fis I RN TR B AR AE, FRATT 0 T SE 8 I A
AR N1 (70~120 ms), VPP (135~185 ms). N2
(220~280 ms)LA Kz P3 (300~400 ms)fil 3 S 2471
g, oA R4 N1, VPP, N2 BEHHT A X (F3
Fz. F4)FEH JL X (FC3 ., FCz, FC4)M M T T4
Mr; P3 e B L TH X (CP3. CPz, CP4)FITH X
(P3. Pz, PA)AHLBLHEAT A3 HT o XT3 B il AL B A
TE FIT 3 A A P A R R T S T3

fifi 1 SPSS 23.0 3 5% 9% 1 s g Bsf | A 2%

PEIFR 3 JE VT 43 FUXE 32 3 17 43 DL R 45 Mg H i 49 1 °F-
VMg AT 2000 AL . S R L ARSI <
2(FEARSAL : N L SN (%) J 52 D £ 5 22 53T
WA RERIEARE, 22001 P {ERMH Green-
house ®CIE. LAk, W A FAD 5B H AT R G HL
FRARHEATAI G/ M, JFR FDR (false discovery
rate) X AH AT P AELHEA TR OE

3 4
31 1THER
311 KRMEFAEFHELER

5 S 25 TR Bl T A T L RS S I
IEWRRIAGIT SR 1,

® 1 HREFTBAFGTARBAENREMHMERBEM

+ SE)
pilb e IEH (%) J2 b7 Bsf (ms)

IR

N4 88.33 +3.55 555.82 + 13.96

HMHEIR 88.89 +3.26 565.02 £ 9.74
32371

N4 93.15 + 1.87 578.20 + 8.20

HNEER 93.15+ 1.86 575.00 + 8.12

TEIERAR b, 7 2250 4h 5 2 I 0 il s 77
IOEC OVATE N SR WAL LY b ORI ESTE YNy
JESIR ML AER 2R, F(1, 26) = 4.60, p= 0.04, 1, =
0.15, FEARZS R T80 A 3, F(1,26) =0.14, p=
0.71 o Ff A2 T o) 0 2 100 9 58 |4 AR B 3,
F(1,26)=0.14,p=0.71, FEJN AT I, Jr2Z5081 %
TR AR SIS TR R S 35 28 R ) = ARG A R T A 2 DAY
MEAEHY AT ZE, Fs (1,26)<2.17, ps > 0.1,
312 EREEENEZIETELER

B AE AN [ 52 56 4% 17 1 95 9 o8k B 31 43 R X
Z VY IR G R 2.

%2 WIAETRAERGTHEBEEEMEZETEM + SE)
2 7Y P R T MEAZ BE A
PIR
NHEA 3.18+1.13 3.23+1.23
HMEER 3.15+1.14 3.23+1.32
e[z 2]
A 1.65 £ 0.62 1.55£0.58
SRR 1.59 £0.55 1.51 £0.54

XTI R BE I, J7 2540 4 AR R I s
TP FE RGN d 3, 3R A A I TR %) A O i T A
B TR R, F(1, 26)=38.57, p < 0.001, n, =
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0.60, FEMARISH FRLN A B, F(1, 26) = 0.86, p =
0.36; MR AFFFIAR R L BAEA R, F(,
26)=0.24, p=0.63, X FHEZEIE, FIHHIENE
U8 F2 3400 i 2, T A R ) A2 B
TR AL, F(1, 26) = 42.86, p < 0.001, 1, =
0.62, FEARS A F 300 A 3%, F(1,26)=0.23,p=
0.64; il ¥ 24 780 RN B A 25 AU 1 22 B4R A AR B 3
F(1,26)=0.38, p=0.55,

FATEE A FAD & B AR AL 37 7 550 5
DAL I A R AR 174 S 9 ik 5 AR A2 B 50 (0 ik
R A1) DI G, 25 3 2 B A Feb & 4 L
i, XD AN A R B R AZ BT A
(UL 2a-2d). BEAR, PN SMEEUAR A0 5 B FME
ZREAYERZ [0 AR i 2 I IE A SE5E R (ps < 0.001),
32 ERPsS%&R

FE N1 F VPP B4 b, R 53500 . B
IR ) 800 LA R W 5 AR AN 3, Fs (1,
26) < 3.66, ps > 0.05, 7£ N2 pi4r b, MR R &
WA B E, F(1, 26) =2.44, p = 0.13; BEAREAIRY
TR RE, F(1, 26) = 1.36, p=0.26, Hi#3E R
RIS EAE B, F(, 26) = 6.27, p =
0.019, 1 = 0.19., FE— & FLUR 4P & B0, Xt 74
PR, PR HGZ & 10 N2 IR (—1.83 pV) B KT

PR
r@®
7=0.44,p=0.033

W

IR 38R BE (PR 2 Ul R 4 1)
N
T

1 1 J
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S B (PR A AR AR 44 15)
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RIS & N2 JEIR(—1.04 uV), F(1, 26) = 8.68, p=
0.007, n; = 0.25. X TAMEHA, PIEHI1.13 uV)Fl
AELIF R (—1.25 pV)IELER N2 IR %2
5, F(1,26)=0.17, p=0.68 (WLI& 3). [FIIF, PIREIAR
PR RS & 1 N2 I8 R S 3 K T MR AR e
PRI N2 R, F(1, 26) = 10.2, p=0.004, n; = 0.28;
H I PN S MR A 20 B0 2 ) N2 e 1
FEEES, F(1,26) =044, p=0.51, 3 HAHXE
Mg rm « A5 g X N2 25 55 30 0 (P9 TRE AR A Dkl
SR AT IR 55 R I R P M A2 BE T A3 (R R
TACYA i Bk S AR P SO 52 0 AR ARG, 1 =
0.4, p = 0.049, {HJ2& 5 XA ol 3% 1 5 ot 32 0
(PR AT T ) R sk & A 2 R R T AT I 3 A,
r=0.25p=0.22,

TE P3 4 I, FRESEAIAY 3500 B2, F(1, 26) =
5.08, p=0.03, n, = 0.16, P K 1 P3 IR
(4.88 uV) B ERFAREIR NS &0 P3 PR (4.30 uv)
(LI 3)  BEARZS R 23500 A i 3, F(1, 26) = 0.89,
p = 0.35. FRESEARVFEARE ALY A8 B AR WA
#,F(1,26)=0.002, p=0.97, Mit—EH5 [T
SHPRIRLEOCR, AT A W& B(EAK
RO ST R H0 5 0 L MRS sh & F T A ok
DX Y X N2 DL K R YT X Y P33, LPP 25 538

5
. MR
r=0.44,p=0.035

w

PO SR B (R AR AR 4 )
[\
T

-15 -10 -5 0 5 10 15 20 25

H R
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5-(d)
=045, p=0.042 - .

S B (IR R MR AR 25 10)
[\S)
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ARG R ERP FARFER TG BE
RN DA KR B ME F FRA & 5 N L SRR R S i
KT, WIS R A, 76 N2 o BT %8
LI I BRSO, RIAE NBEA S Bh 2510, 9K
3 FE AR PR R BOA & T R A N2 IR, iirESh
RIS B2, PIRIEGA & 0 N2 %0 AT B
25, 78 P3 B4 b, WL SMIEIRIS sh &1 R
L AR IR AR S & T IRy P3N, (A2
PP S 17 2550 I (R 9 I RS R I B A6 P D i 3
AR WS X Seg UL AN AR N
Xof PRI AT 110 L 2 o S B A W IR, T
RN NI U b e S B I (T = W E 3 a4
XN SNSRI T AR AR R S5 Kk
(1) P3 DL MRAR S W E W IEA SR, I H W A
KRBOEH BEXEST . XERAR M AR &S X
WL AN R LIS A B DI R, HAHSG
PR AR

UG A L 1% o i 1) 280 07 2 9 K Bt F 5
FFESZ(Xu et al., 2009; Sheng & Han, 2012), {HJ&
XA P B i 1) 7T B 43 52 B K [R) F e T AL A S
PR P 22 S s e, PRR SG TF ETFL N TR B R
XA (] o e T L 9 om0 R0 5 o T B Bl A7
TE25 . fln, —I5 ERP #1595 &M, 7EmfLEIG
120 ms 727 (N1 Ao ) AT THE BE X 1o £L B A% oE
X4y, 7EmFLE IS 19 180 ms 2247 (P2 AL fH BE
X FL AR AT X 43, X R B AATTREXT LA 9
FRARAEAR B 1T H sh b Y 4a % T.(Ito & Urland,
2003), AWM, FATED E S FMIEE S G
AR AN AMIFIA, XOERORIE TN AMEEA T
LAEHE M F R —8n . RS ER N N1 M
VPP W53 A AT AR =08 Fn A2 BAE T, (HAE
N2 B4 b, BB T RIS R RS A B 22 BAE
FH, RIS 0 02 PUREU B DA B, R g L AR IR
A RIOA & TR N2 PR, Y50 & R IR
R, PRI SRR TR N2 iR BE LR, X
F2BRTE N2 A0 TR B b 37 20 45 B 7 A Ml
M. AW Cui Z5016)BBFERML, Wl 1R M
)18 )5 8 X (word-priming  paradigm) i AE = Fl
AN TR AE K TR . TR Rk ) . NiE
TEARCGRANIL) . PPEA R, BFSEZS R R B, 29K
oA 5 A TR I T P A R B, AR SRR e R AR A
WA KR TR N2 B0, Y508 & =R NIRRT,

PP SEF T 1 N2 B IR A 5 22 5 0 N2 B Begh
PR HAE B F S TR B, R T R 1
J&/> 5 (Fan & Han, 2008; fER M 4§, 2017), H-H,
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Abstract

Empathy to others’ pain is key to human social interaction and development. Previous studies suggest that
pain empathy is influenced by numerous factors, including different characteristics of the observed target and
the observer. Moreover, the relationship between an observer and the target also plays an important role.
Self-construal, a personality trait, reflects the extent to which people consider themselves as connected to or
separated from others. Recently, researchers have found temporal self-construal priming could modulate
empathic neural responses to pain and change racial in-group bias measured in the neural response to pain.
Unlike temporary, situational self-construal, the dispositional self-construal is a stable trait, the formation of
which is influenced by long-term cultural experience. Previous ERP studies have found dispositional
self-construal to modulate self-relevant processing more rapidly than temporal self-construal. Thus, the present
study explores whether dispositional self-construal is related to empathic neural responses to others’ pain and
whether in-group bias mediates such modulation. It has been shown that the temporal processing of empathy for
pain consists of an early emotional sharing stage and a late cognitive evaluation stage. Accordingly, we assumed
dispositional self-construal would correlate with either automatic emotional sharing or top-down controlled
processes of empathy for pain.

Twenty-seven Chinese participants took part in the present study. Before the formal experiment,
participants were informed that the models in the pictures were selected from their fellow-townsman WeChat
groups (ingroup) and other WeChat groups (outgroup). Next, we recorded electroencephalography (EEG) while
participants took part in a word-priming paradigm, in which a word cue (“ingroup” or “outgroup”) was
presented for 500 ms, indicating the identity of the model, followed by a picture of the model’s face touched
either by painful or non-painful stimulation. Participants were instructed to judge whether the model in the
picture was feeling pain by pressing a button using the left or right index fingers. After the EEG recording,
participants rated the intensity of pain supposedly felt by the model as well as the degree of unpleasantness they
felt when they saw each picture. Participants also completed the 24-item SCS on a seven-point scale to evaluate
their interdependence and independence of self-construal.

The ERP results showed a significant ingroup bias in the early N2 component. Painful stimuli elicited a
greater negative shift relative to non-painful stimuli in response to ingroup faces. No such effect was observed
on outgroup faces. The N2 component has previously been associated with automatic emotion sharing. A long
latency empathic response was also observed at P3 over parietal electrodes. Painful stimuli elicited larger P3
amplitudes than the non-painful stimuli in both ingroup and outgroup face conditions. The P3 component is
related to the cognitively controlled process of pain empathy. Importantly, correlation analysis revealed
significant relationships between dispositional self-construal score (interdependence minus independence scores)
and the amplitude difference (painful minus no-painful stimulus conditions) of P3 in both ingroup and outgroup
face conditions. Furthermore, correlation coefficients were similar between ingroup and outgroup face conditions.
In addition, we observed a positive relationship between the level of the interdependent self-construal and subjective
rating of perceived pain and self-unpleasantness.

In sum, the present study demonstrated a significant ingroup bias in the early N2 stage, but not in the late
P3 stage. Moreover, dispositional self-construal correlated with both ingroup and outgroup empathy for pain, and
high interdependence was associated with enhanced P3 response to other’s pain regardless of group membership.
Key words pain empathy, dispositional self-construal, ingroup, event-related potentials, N2, P3





