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Fak AR

(A RAE OISR & E B A T ORI st T B R 52302, JEat, 100871)

BEAE LA ATE ARG h BRI, AR AU RELIAM I ERE Ty, Andbis. ZET I mzuitie, A
PUBRM I REASENS Cantificial empathy ) Sy 328, [RIRMES 5 A B BESURBIIRTIIY, RESLEE T4 58 RRHIL A G AL
BEARVFISSIERTSE , IFE5G RIS # 0T, XSRS 2 BRI T AT 2 0. 18 IMTEARBITE T, %0 RE: | IARIRhZ
PR BB AR IT T RCR , TR AR RR A R R T BT, XL AL RETH i A 25 B4R,

TEC A5 B B A R R R AR 25 240
A EREMILE MBI ANLSCH 4T

BHE IS HLER AR REFS 2 T R R R
(R, fe/hill | 2016 ) , (HEMVLESSAILAR “fE
I17 BARIEAS JE DI EH S AR B A0 AR
HAEZ R — s T 5 ML, e T A
TEIR” , MELIXT A IE T SR R 46 25 B B 5T
g A 3E 2 v (Valuch, Pfliiger, Wallner, Laeng, &
Ansorge, 2015)

X AR, DEsE b T T2 9. (B
AT A IE R O AR A LA IR R, A2
T 20 RS E A TG OER A, FEMA TN
RO (BFEe Sk, 2004) o GRS
TR it AR . UG TR, dEim
SRANE AMLE R B E SRR, VR ABRTER)
KiGl, HERZIRENTOCE (XIIREE, £k
M, AR, FHZE, 2009; ks , 8, HEH,
2017; gidiam , FREHE  2017; Shamay-Tsoory, Aharon-
Peretz, & Perry, 2009 ) . #R1fi, HAIEHDIRE L
SR T AR I s, MEDHE AN il fE
T KB HAE FRak TS JCRERT AT K2
M ERE LS N R A EEE L, BT L

pede =L

W, ASCUN ST X — BRI 2

BRI A R BT TE A T RGERIRLRE, iy BN 1 Ja&
TP NHITE R BB TS

1

1% (empathy ) J2 45 4> 1A J1 58 I A 11
1% 28 I M0 18 24 5 WV ) BE 1 (Decety & Svetlova,
2012) o ERERAMAT A R 2T N L,
W EIE TS T A HEAT ( Decety & Cowell, 2014a,b )
HlT, BARBISGE AR F 2G>
B F B E iR (de Waal, 2008; de Waal & Preston,
2017 ) 1WA T 4% % ( Decety & Fotopoulou, 2015;
Decety & Jackson, 2006; Decety & Meyer, 2008 )

S BRI N AR S = DN ZR N7
S 2R S IS A ARG s 2 TR R O
R 5 = RN WA Hhrra i, =
KK EE (de Waal, 2008 ) o i, SE— 2N
Bk, AR NI B A Bk, EE R AEIR 2
Y)Y W AA7E (de Waal & Preston, 2017 ) .
X ARG BT Bl N LA A2 BU AT RE BE 22 1 4L
MiX — ZH 65 F- 5 de Waal AN[A], Decety Fll
Meyer (2008 ) MINHIFHZERI2EMIFA AT, LAGAL

* AR AR E K A ARFIF IV H (31571134, 31872782) MwEhl,
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PGAIFFE B R R BRI T RO TSR AR %A
R, SAEIN T AEAE R SAE B . — SRR
il B ATTAR Ay b 22 St i F B AR, SR
AEBEPFARIRE I G I T e o0 —4%
ERTHEGMLITRGEN A S bry A T A,
SR I TR e . ARSI TR R,
IR S ARG AR R, A R AL AR AR A A
SISO, AR R A RIRE T W 2™ A 1
SRR, DA A AR RE 68 T 47 X R 1 ) 1
HRNHITER (EET , REHE,2010) o

SR E, WIS I TALE] ) A Rk U, R
%2 2= i A B (de Waal, 2008; Preston & de Waal,
2002) HEZEIR TG LEKIE, SHldes:]
PSRRI 22 S MRS AR G . RS S iIA PR
SRR AHLUE N, AFUE— R,
X 5 ARG R A ERZ i 2 A e F 2,
ANZEFEE AT 5738 BTN &
JErr), XA, AR RRE A IO R R
THLESAN, IBAMEIT AR =], Hlas A2
AT REMS B AL B R T A 3R 222, AT A
Ji& tH AN ANZAR I RS RS2 (Asada, 2015a) o2&
1M, ST TR T IRIG BT B, e %
DRFFR R A, VIEBRMEMEZZO0REZ A
Qufar UL LA ATEAR KRR EATR AR R I
MHZTT, BT (Decety & Meyer, 2008 ) N
MG —A A B I HLAE NS ) S e it T H 51, B
REINLES A D71, by B A R i e B shik
N3 AT DUE B AILES N B AR 25 22 e B 1 ik
Arpamny (R, 5K, 2017) 5 H LM FAIA
SN T3 B 0 AT DI Hh S A AR e T i ek
PEREETE, DT IR B Bl A AR SO, A8 I 7 R 5
il CHRENESE | 2016; 5K, FokiEE, 2016 ) o SEFx |,
SNBSS TR BRI A 9
LTI EA LA AL AR AR

2

—Sepi S A B E HL G A LA N RS
Sl T “artificial empathy” —in], ZARTE R
S6H Asada NHAAEFER T, My @R, 7EHIR
TR LB 8 e R L1 ( Asada, 2015b; Damiano,
Dumouchel, & Lehmann, 2015a) . {E N — %8 M Hi
WA ST SR, B BRI X — 5 TR 5% o Ak T
WIZER B, BRI GG AL IS, — SRR

IEAEZ A B e A AT H LR,

Asada (2015a, 2015b) LA de Waal (2008 ) Jirf2
B R SR, F TR BB AL AT RETT
BZ A SR Tk A TR g A4 /A
AALNE (W 1) o R ETE TR R, e
SR A TE 21— A sk iis g, Hig
A G, Hym NG TG Rmg (A
el , {H M BK , Jiti 22 B2 |, 2009; Oberman, Pineda, &
Ramachandran, 2007 ) . Asada 5 A 1FEH 0 =23 f
T — MR E LR G AT AR ( Nagai, Kawai,
& Asada, 2011) o IZBERYIEE T2 LRG]S BORLE B
il B KB ) Bt ——iz S i A 2~
PR AN B2 53 BB 56— B AEiS 3
A2 FILSE SR Z VAT OCI s 5 B B2 E X
FROCHER AR B X2 “FR”7 A1 “HEFR” o XA A
KBS AITCREIEIA B TR T figplas A n
farARE S AR N F AR RS SR, NI AL AR A
X NG 25 WA o T XTI 26 1 TSRS i D) RE
B, AIReR ZHE B FALS ARS8, IEAA
FKILEREN L R—F, S0 mEH H
HEIEFEEME (Cole & Moore, 2014; Perone,
Almy, & Zelazo, 2018 ) . BHIKUL, Asada 25 AAYE
RERILIE RN de Waal Tt (R ERRIAR—2L,
HN AR EAT — B N O RG]
R, I HIGE T LAGE R 5SS AN B o8 35
XERS

Rodrigues, Mascarenhas, Dias Fl Paiva (2014 )
DR R BB AR (DL 2) AT RE BB G AN
Tl AR, ST A ROV AR, HRR
JE AR LA AT A AT R RN AR B AR 1) N A
ML, 4351 %F 1 F de Vignemont Fil Singer ( 2006 )
FIrEE H IS A ( empathic appraisal ) A1 2 b

( empathic response ) . FEIEPEMT R G0 URAE T AH A

FHOCER BN i R A A E A TIPAS AT A 3244
FEA AN A E TS 44 (empathic emotion ) 5 2
Dy R G R i T 7 A ) A 15 28 A AR 1 P 1
174 (empathic action) . #7522, Hlas N ZMFT
s s A g2 AL . RS slaB 8 i i o i i
e SRR A — BN 25, T R E 2R
5 G R AR D HEA TR hs A S s B
(9474 (Lim & Okuno, 2015) , Mix A4 4k
1§ RN o Rodrigues 55 A\ fFE A 5 Decety T $2
AR BRUM TR —2, U MARA —&
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BR-AX DRI

R WBEE RO R GE, S8 A s b i3LE S
[l ik B —EIUPPAE R GE, AR A
IR A o

B BHELAR

BB i
BENIIER
PRI

HETH
B 2 BEEFLERITH R AR ( {82 Rodrigues et al., 2014 )
X3 P 28 RE AL R 1 T AL R A T 0 BT
AT PAKR B, AATH B Z B IF AR, 56, Asada
(2015a) # Rodrigues 25 A (2014 ) &R R EAA %
REMAIL IS TR E T, — B A E—RE A WIHR A S,
255, ATLUEAR Asada FTHE H AR F FLAE B 15 0

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

Asada, 2015b

ZCHiE R, a2 Rodrigues 46 A (2014 )

JIr g i e A LI O RSB s Hak, A7)
HRN Fgax i) s ) He 1 S R Ge 2 AT AT AN
Mo KFHARMIIEESE, Asada (20152) A KT
PR S ANSIE R IRNFE S, BB EITRE N
JEfil, HEASHLAT NGBS A1z S Fliz 2 A I
SER AT R R BIIX gy, MHLEREE T A
AT, DAV FBALHNLES ALE RGER
;5 T Rodrigues 25 A (2014 ) WK AT L AIEAE
RN R C R &, R 2 T
FUARANEIR G BB R, B HZ, M
B ETE EAIHL S AR ARG, Rodrigues 55 A
(2014) PRt Rt BRI A Sl f 5
PR, (AR AR AR AR, 177 Asada( 20152 )
JUTHE R A R LAE A TR N T - P T DABRAMX AN

3

FAR B AE HERIG I T N S5HLE8 N .3,
XAEAFHLAS ASE S B A AR L, WX e
) T —Set R R A, AR, TEANFESERMIE ST
FAERIBME T, HLas ARIDIREIS 2 TNt 58 35 1
R, Ha B N 1E 45 PRAR R 26 36153
TR M $EF. 9l 4n BARTHOC Jr. #L#8 A,
ZHLAF N BB Bl 28 B B I 105 5 A
BN 2E, T H REUE BE R b3k X 615 2% (Hegel,
Spexard, Wrede, & Horstmann, 2006) . % 4b,
Ishihara, Yoshikawa £l Asada (2011) %% A #F il B9
Affetto HL#F A A = B R TE W HFLEHIT, REGE X
NBY R FAG I T30 MEMRR RO . iRERR Y
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Fﬁ%ﬁ‘%%i‘%ﬂﬁﬁﬁ%ﬂ%ﬁkﬁ%%? N QN EuR =

%Zﬁﬁiﬂﬁﬁ%%@ﬁ%’ﬂﬁ Ui, T BEMAILASAE AL
LHHRERBE LG5 T — ﬂb@?ﬁiﬁ’]?ﬂiﬁﬁ;&o

#ilin, Leite 55 (2013) Wit T — M NS
5, Hlas A (iCat) fEREE =5 WA THE, FEXTZE
Rt FEe, Hlgs At — /\J\E’J/i MR
M —LEfE L RIG I (. “O, x5
EBABABEN ") DRI, X5 — 5 WA
?ﬁ’ﬁfi%@, 2P SR (n: AR )
R BN OCTERY N EEE S LS N2
De Carolis, Ferilli 11 Palestra (2017 ) B2 55 geik
LGRS T By st NS S B il
PE RGN FIELOR BN 4, Mo g4
VL BT 4175 R AL A NI TG 2 FAR 1 A TR ) 3R
ik, BRE A, B, 4— ARJEE R, JF
M CFRECERS OB, AL AL S R AR
AE BTN M I A — R G A T R F2
. FRORPRfE . R E L ST ) o A,
BRI BB RO WA B T RO
7E, B, Lim Al Okuno (2015) 7EA4 #% gE A 3L
TR RIET, N A8 BT A i R A Q1
HARISAENLAS N BB T Tt A L AT FIAL AR
NBREAE AT, SLas AR A T s
o KPR AT R RETE, BB Y e T A
ST R TR, (R A S AT AT (S
PUARIRSE 2 1EHARA

F?TJ::?EE%%TXT*R%&)\ LGS TS,
A5 E DAL NS E T, R
NACFREE . BLAR NG 28 192 I8 RN 3L 46 DX 2R 52 i

HRER

175

1901 19082 1003 1004 995 1008 1007

( Damiano, Dumouchel, & Lehmann, 2015b ) . 5K &%
(2017 ) #EEEH8H, AL AN AR B AR 1 — > S
RAE T ERVT R AT B AL A, BARIXSERFSY
5 OCRREAILN MBS A S —E W, HiX
S FRIHLER N WELE AR 7] RE -5 AT TR L™ A= 1
TR R AFTEADCER L TRl RE, XA B T ANLE
ZﬁJliﬁqjﬁzl-‘ (G L6 R A, #Em it B
A HE R E@*ﬂ%ﬁ)\%ﬁﬁ?ﬁ%ﬁﬁﬁo TEIX AT
g AR ACFR S 21 20 5T 3 B O
TR VPR , M, SRR, ahlsts, BXEE, 2017,
EBH, EJHT, 2016) o Mimig S8 A (2015) #8557
— AT ML N TR S 48 SO R SE, X
ST ZO AL AT AR B R B TR, LA
2%, B AR R R . AR, A
FERBHE XML AT AT RIS A5 285 TR LA T IER A1
LEITURINT . IEAh, DLER NN R s
TELE LRI S A TERGR, AP i g 262
RUFIWT R 8 S . JF AL AN LA
B, M5 R NS S8l . Matsuda,
Hiraki F1 Ishiguro (2016 ) DAk B & sl () o $1if
iz s dets, R T ARTEWE A . AR
ar AR TSRS N2 SIS B I L Sy o 45
R, HEWE NFATINLES B A 20
WIS o SRS
R TP RS R A — A SR JZ T T
fift, WHRESIEIAM LD “artificial” | “robot”
Fl “empathy” & F AR ER T 9L CSCHREHE 2 Web
of Science FlH1 3 SC IR 4 rh [E A1 (CNKIT)
K HIS 2017 4F 11 5 20 H. HFJLFRA L

1008 1900 2000 2001 2002 2003 ov 2005
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PR SCCHR, PRI R ZR BN 175 5 92 SCCHRR
FH VOSviewer #f4: ( van Eck & Waltman, 2010 ) 47
TOCERT R AT (B, RELE, 2017) , A
IRGEIRILE 3, K 4. BHORE, BRI REIAILE T
W AR LA R IR R U, (R I 2L
HIAMRARR, RN WRYIE, MR

WA ERTAREUN AL T L.
HATE (72 FLLE@aRIY) 5

(1) AL H RS
(2) B Yl

FIE CH_E&EED)

(3) ATHRE Rk,

AT ORIy ) o FUR, KBS BRI
AT AR BE T e AR A2, [RId R ATER
B, B BRI A S B R 2R BT 38 )
AR, UHIE O AR R LR 2

4

Tl

T LA N BT AL T 28 B B, MiZa bl

/
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wNEA CHE WA eyl B,
9T Z o Bl S8 U T RS BT, AHe
SEUERFSEIRARD 1T LA O B R 2 B2 A A 5T
TR AT LA — S IR ASRIE 25 7R

HE, DBERAEE ™ N — VR R T
PP N HE R A B T o8 5 8 e i i
BHUERL, ANATEFATC 208 T B RN
AR BE A A LB R (1) AL ] B 2]
PIVER, (HX SRR I E AT 25 18 [ 3R > sy, i
TER RIS IE G, AT EE X
X5, BRI TH B FE R Bl T DA 2
(Lim & Okuno, 2015) . H:52, B4 JLJ7 18 19 L
P2EE S O T 06 3 i AR L. 10, Meltzoff
(2007 ) Fr42H i “like me” HHISHLHE H, MIh
PR AR 2 S5 % R s SO T RE T 1 i
MR — e B, B o & N BIL
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AT, B TSR R A R AENL s A5 E i
S ( Demiris & Meltzoff, 2008 ) . [& Bsf, .0 P 2%
W HRAT B FIF & R TG R RIS 1 e 1
H, —Jrm, BARAZOUR 58 A Sl g il — 2
AH 2% 19 PEAE 1. 2. ( Rosenthal-von der Piitten, Kramer,
Hoffmann, Sobieraj, & Eimler, 2013; Tisseron, Tordo, &
Baddoura, 2015 ) , {H X &6 T H7¢ & il < F2 vp 3 1
ANRET S AR I A A OCRRY, BUHARETE
R BE TR AT, 3T 22 MO BN St A B R T8l
FRVANE; J3—J71H, O3S i — g L
WA AT LU AL AR B SE BRI &R,
Kano I Call (2014 ) MWL, BIRKIE L0 Ik
T HARA T A AT, H AR RO S TR
BN, AT T s sl . X
ARFEAT, XA SR BT LU TR ALES S
NZEHIAHBLEE

HWk, SCHkTH R o T I 25 R R FRATTR RB IR
G R T REW S BN 2228, A5 e
BTV RRAARSLAG I 22 T 2R G 5
L. B, FEFOA O NP # G
FHABE ST R, Asada 55 N (2015a) #EvE ) T 3k
577 A T REMOR B A 28T B, AR JLAEXT BOR
H R RN 7 S R R v KB i R R 4]
EFEI g, 2JLa9%i T [l (inferior frontal
gyrus, IFG ) Flfiki & (insula) 7 5E8E IS, ZJEme
S5 %1 35 O A 40415 B ( dorsal anterior cingulate cortex,
dACC) . TE¥ZJa, MRS FRCGRBL AR
NG, B LN 2% AR Z T IC ik A T
BEARBE o X PN T Ay 5 Bt Lo FE AL e N B
A SEBER M TR TR . T AT R
AT CANWLRCR PR ) FfENLE NP e Bt A
MTERAEATS I AL D G W0 38 T ol 28 I 2% 0 T
FE AR T (AR 2% AR BB R B AT A B T X — ]
WA f# D ( Tamir & Thornton, 2018 ) .

PR, HERALER A R AR RERY I IRTE 44t
SHRBMGE M RIES, W51 & T AT e R
BT o BHLIMER BT P S IAR 48 s T L A
IR0 CBRYE  2015) , HOGERZOHZE “AE
Dotk x—md, P, BA RGeS L A
RO EAAGEEMERER B AT
WPERY IR, — 7 TH, AW e N T B
B AT R R S NRE RN ( EART
2014) 7 y—J5iH, NLEREGHEN LA ER

AT R AR A ST (™55, 2017) 7 R SEBRTm
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S S bSEeu FNEIDIR PN BN 4 U] 1
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AISEERIIA 7 RO, WRLER ARG T ERER,
HoA B BB s P e R B R s 2R IR 8 5t
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SREELL B/ L (2016). AT RE S AR BE—— MR E AR
PNRE NIURER . I A2 R (T FHEEFFFIR ). 53(4). 145-154.

BRI . (2015). Bl e SARRLE 0« BTPESCI NP A AU IR |« 4
Iz 12(2), T1-81.




305

FEF=53 . (2017). HLE METR R ROETESTAL MIRIRIE . F2 2000 . 35(11),
1608-1613.

HBENS | PALER | TEEREE . (2009). BERIZAIT REAIBIIT M K R . Lo
FFIAHRE  17(1), 118-125.

T, HEHE . (2010). JERE R EIARIE IR R RO R L
IR (FLEFIEH ), 36(6), 13-19.

XUBEEE , Tk, AT R, T2 . (2000). L5 R0 G PRAR K s
BUREHT . OFEFFFAE . 17(5), 964-972.

RlSR BRI . (2017). ARSRERAERLA N IR B E AR L IR S /7
LTEE A . 4. 17-28.

SO BRI, BT, B i EHE L R UK . (2016). AL AlphaGo
BetaGo—AEFE55 1] SE LT RO SE M T RERYE 1k S . 2270 2
165 L 33(12), 1572-1583.

Bt | SRR | (2004). BT NZENE Rl ABLEE IR T /&
T IR . 1,29-32.

ERNE . (2014). AT REIRS R IETEsh IS RIN S 0IER . B0 5E . 2.
68-73.

VFRRBL, W, B R L. 2017) AL - BN B b7 .
DPEFIZIERE , 25(11), 1942-1954.

BURIR , S, JREHE . (2017). SRR AARIT : — R s on s
DFEFEAR G, 5(10), 578-585.

PSSR, JREHE . (2017). JEHHFTE TR A ——ok A STk 2A A TES: .
DFEFF , 40(3), 699-707.

KR . (2014). BF C AHLAEHH AIAZSIE 5 % ) . Al544K . 59(31),3108.

TR . 2017). SIS TR RE L AL ) g ritd i . 4. 1-2.

5 L EIKEE L (2016). Hlawsy: > BHSEABRERTTE . A1 fEUA 7]
( SRR ). 23(2), 10-18, 24,

SRR B (2016). WAL « AWISCE OB ERIH] . LR 5 57
JH , 4(5), 296-305.

Asada, M. (2015a). Development of artificial empathy. Neuroscience Research, 90,
41-50.

Asada, M. (2015b). Towards artificial empathy: How can artificial empathy follow
the developmental pathway of natural empathy? International Journal of Social
Robotics, 7(1), 19-33.

Cole, P. M., & Moore, G. A. (2014). About face! Infant facial expression of emotion.
Emotion Review, 7(2), 116-120.

Damiano, L., Dumouchel, P., & Lehmann, H. (2015a). Artificial empathy: An
interdisciplinary investigation. International Journal of Social Robotics, 7(1),
3-5.

Damiano, L., Dumouchel, P., & Lehmann, H. (2015b). Towards human—robot
affective co—evolution overcoming oppositions in constructing emotions and
empathy. International Journal of Social Robotics, 7(1), 7-18.

de Carolis, B., Ferilli, S., & Palestra, G. (2017). Simulating empathic hehavior in a
social assistive robot. Multimedia Tools and Applications, 76(4), 5073-5094.

de Vignemont, F., & Singer, T. (2006). The empathic brain: How, when and why?
Trends in Cognitive Sciences, 10(10), 435-441.

de Waal, F. B. M. (2008). Putting the altruism back into altruism: The evolution of
empathy. Annual Review of Psychology, 59, 279-300.

de Waal, F. B. M., & Preston, S. D. (2017). Mammalian empathy: Behavioural
manifestations and neural basis. Nature Review Neuroscience, 18(8), 498—
509.

Decety, J., & Cowell, J. M. (2014a). The complex relation between morality and

empathy. Trends in Cognitive Sciences, 18(7), 337-339.

Decety, J., & Cowell, J. M. (2014b). Friends or foes: Is empathy necessary for moral
behavior? Perspectives on Psychological Science, 9(5), 525-537.

Decety, J., & Fotopoulou, A. (2015). Why empathy has a beneficial impact on
others in medicine: Unifying theories. Frontiers in Behavioral Neuroscience, 8,
457.

Decety, J., & Jackson, P. L. (2006). A social-neuroscience perspective on empathy.
Current Directions in Psychological Science, 15(2), 54-58.

Decety, J., & Meyer, M. (2008). From emotion resonance to empathic
understanding: A social developmental neuroscience account. Development
and Psychopathology, 20(4), 1053-1080.

Decety, J., & Svetlova, M. (2012). Putting together phylogenetic and ontogenetic
perspectives on empathy. Developmental Cognitive Neuroscience, 2(1), 1-24.

Demiris, Y., & Meltzoff, A. (2008). The robot in the crib: A developmental analysis
of imitation skills in infants and robots. Infant and Child Development, 17(1).
43-53.

Hegel, F., Spexard, T., Wrede, B., Horstmann, G., & Vogt, T. (2006). Playing a
different imitation game: Interaction with an empathic android robot. In 2006
6th IEEE-RAS international conference on humanoid robots. Genova, Italy:
IEEE.

Ishihara, H., Yoshikawa, Y., & Asada, M. (2011). Realistic child robot “Affetto”
for understanding the caregiver—child attachment relationship that guides the
child development. In 2011 IEEE international conference on development
and learning. Frankfurt am Main, Germany: IEEE.

Kano, F., & Call, J. (2014). Great apes generate goal-based action predictions: An
eye—tracking study. Psychological Science, 25(9), 1691-1698.

Leite, L., Pereira, A., Mascarenhas, S., Martinho, C., Prada, R., & Paiva, A. (2013).
The influence of empathy in human—robot relations. International Journal of
Human—Computer Studies, 71(3), 250-260.

Lim, A., & Okuno, H. G. (2015). A recipe for empathy: Integrating the mirror
system, insula, somatosensory cortex and motherese. International Journal of
Social Robotics, 7(1), 35-49.

Matsuda, G., Hiraki, K., & Ishiguro, H. (2016). EEG-based mu rhythm suppression
to measure the effects of appearance and motion on perceived human likeness
of a robot. Journal of Human—Robot Interaction, 5(1), 68-81.

Melizoff, A. N. (2007). 'Like me': A foundation for social cognition. Developmental
Science, 10(1), 126-134.

Mirnig, N., Strasser, E., Weiss, A., Kithnlenz, B., Wollherr, D., & Tscheligi, M.
(2015). Can you read my face? A methodological variation for assessing facial
expressions of robotic heads. International Journal of Social Robotics, 7(1).
63-76.

Nagai, Y., Kawai, Y., & Asada, M. (2011). Emergence of mirror neuron system:
Immature vision leads to self-other correspondence. In 2011 IEEE
international conference on development and learning, Frankfurt am Main,
Germany: IEEE.

Oberman, L. M., Pineda, J. A., & Ramachandran, V. S. (2007). The human mirror
neuron system: A link between action observation and social skills. Social
Cognitive and Affective Neuroscience, 2(1), 62—66.

Perone, S., Almy, B., & Zelazo, P. D. (2018). Toward an understanding of the neural
basis of executive function development. In R. Gibb & B. Kolb (Eds.), The
neurobiology of brain and behavioral development (pp. 291-314). Amsterdam:

Elsevier.



306

Preston, S. D., & de Waal, F. B. M. (2002). Empathy: Its ultimate and proximate
bases. Behavoral and Brain Sciences, 25(1), 1-20.

Rodrigues, S. H., Mascarenhas, S., Dias, J., & Paiva, A. (2014). A process model of
empathy for virtual agents. Interacting with Computers, 27(4), 371-391.

Rosenthal-von der Piitten, A. M., Kramer, N. C., Hoffmann, L., Sobieraj, S., &
Eimler, S. C. (2013). An experimental study on emotional reactions towards a
robot. International Journal of Social Robotics, 5(1), 17-34.

Shamay—-Tsoory, S. G., Aharon—Peretz, J., & Perry, D. (2009). Two systems for
empathy: A double dissociation between emotional and cognitive empathy in
inferior frontal gyrus versus ventromedial prefrontal lesions. Brain, 132(3),

617-627.

in Cognitive Sciences, 22(3), 201-212.

Tisseron, S., Tordo, F., & Baddoura, R. (2015). Testing empathy with robots: A
model in four dimensions and sixteen items. International Journal of Social
Robotics, 7(1), 97-102.

Valuch, C., Pfliiger, L. S., Wallner, B., Laeng, B., & Ansorge, U. (2015). Using
eye tracking to test for individual differences in attention to attractive faces.
Frontiers in Psychology, 6, 42.

van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer
program for bibliometric mapping. Scientometrics, 84(2), 523-538.

Watanabe, A., Ogino, M., & Asada, M. (2007). Mapping facial expression to internal

states based on intuitive parenting. Journal of Robotics and Mechatronics,

Tamir, D. I., & Thornton, M. A. (2018). Modeling the predictive social mind. Trends 19(3). 315-323.

From Human Empathy To Artificial Empathy

Yan Zhigiang, Su Jinlong, Su Yanjie
(School of Psychological and Cognitive Sciences and Beijing Key Laboratory of Behavior and Mental Health, Peking University, Beijing, 100871)

Abstract As robots are increasingly important in human’s life, people begin to pay attention to their other potentials besides intelligence, such as
empathy, which plays an important role in human sociality. The prerequisite for robots to become our partner is to share and understand the human’s
emotions and to react properly. In fact, current research on empathy mostly focuses on traditional interpersonal interaction, and little attention has been
given to human-robot interaction. This paper aims to review related research on psychology and human-robot interaction under the background of
developing artificial intelligence.

Russian Doll Model and Dual-Process Model are the two most influential theoretical models of empathy. Russian Doll Model considers empathy
as a construct comprising of three layers: (1) Motor mimicry and emotional contagion; (2) Empathetic concern and consolation; (3) Perspective-taking
and targeted helping. Dual-Process Model stems from relevant findings in cognitive neuroscience, and proposes that empathy work via two routes:
bottom-up processing and top-down processing. Both models as well as empirical studies drawing from them suggest a possibility to program artificial
empathy analogous to human empathy.

Focusing on the topic of artificial empathy and based on classic models, the current study reviewed the latest research in artificial intelligence
and systematically discussed existing theoretical models and empirical studies about artificial empathy. First, we did a bibliometric analysis to draw
an overall picture of artificial empathy studies. By analyzing 175 articles, we found that studies in the field of artificial empathy were expandingly
concentrated on three topics: (1) Interface and form of human-robot interaction; (2) Computerized simulation of empathy; (3) Artificial intelligence.
Second, we introduced two computerized models of artificial empathy. As mentioned above, these two models were derived from the traditional
empathy models and assumed that robots needed a main system of empathy and another system for learning.

Recently, preliminary application of research in artificial empathy has been successful in board game industry and medical treatment. In order
to promote further research, we argue that it is important to draw on progress in four areas below: (1) Due to the importance of self-learning, insights
from developmental studies will contribute to building theoretical models and developing scales with satisfactory psychometric properties in the field
of artificial empathy; (2) According to the results of bibliometric analyses, interdisciplinary cooperation will help to delve deep into this field; (3)
Ethical issues should not be neglected as studies on artificial empathy proceed, since there is still so much work to do on these issues and government
participation is indispensible; (4) Last but not least, consciousness is a hot topic in the field of artificial intelligence. It is possible that authentic
empathy cooccurs with consciousness, and if this is exactly the case, we would have to consider the role of consciousness in developing artificial
empathy. In sum, based on the present research achievement and theory models, we propose that the actualization of artificial empathy will be the key
for robots to open the door towards the real human-like reaction and to better serve humans in the future.

Key words empathy, artificial empathy, robot, human-robot interaction, emotion understanding



