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Figure 1 Embodied processing during social interactions: The mirroring network and the shared neural circuits for mentalizing about the self and
others. (a) The major brain regions in the mirror neuron system. Each red sphere represents a gray matter region of interest (ROI) and the blue represents
the tractography-reconstructed WM pathways between ROIs. IFG, inferior frontal gyrus; IPL, inferior parietal lobule;STS, superior temporal sulcus;
ACC, anterior cingulate cortex; Al, anterior insula; AMG, amygdala. (b) The major white matter tracts for the mirroring network. The SLF(superior
longitudinal fasciculus) is a large association bundle composed of medial and lateral fibers connecting the frontal, parietal, and temporal lobes. The UF
(uncinate fasciculus) is a hookshaped ventral associative bundle that links medial temporal areas to portions of frontal cortices (both medial and lateral
OFC). The ATR (anterior thalamic radiation) is a major projection from the thalamus, which carries reciprocal connections from the hypothalamus and
limbic structures to the prefrontal cortex and anterior cingulate cortex. The IFOF (inferior fronto-occipital fasciculus) begins in the ventral occipital
cortex, continues medially through the temporal cortex dorsal to the uncinate fasciculus, and terminates in the inferior frontal, medial prefrontal, and
orbitofrontal cortex. (c) Location of the main regions associated with the lower level system of the self-other shared representation together with their
anatomical interconnections (red). Visual input to this system mainly originates from the posterior mid temporal gyrus and superior temporal sulcus
(blue). Motor output is sent to the primary motor cortex (M1, green). AIP, Anterior intraparietal; PF, area F of the parietal lobe; PMv and PMd, vental
and dorsal premotor cortex; pMTG, posterior mid temporal gyrus; STS, superior temporal sulcus, S1, primary somatosensory cortices; M1, primary
motor cortex; IPL in the text, AIP + PF. (d) Shared neural activation patterns for mentalizing about the self and others. The shared mentalizing
representations (white voxels) are defined as the overlapping areas of the self representation areas (red voxels) and the other representation areas (blue
voxels). It signals that mentalizing representations about the self and others are largely recruiting identical neural circuitry. R/LTPJ, right/left temporo-
parietal junction; PCC, posterior cingulate cortex/precuneus; ATL, anterior temporal lobe; VMPFC, ventromedial prefrontal cortex; S1/M1, primary
sensorimotor cortex
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AN RETE I B DL R 1 A3 A R A, otk
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(32 S X (MIT+ 1) F 2 75 WL S0 R S 3013 74 e 4
FHENG . TR R R I, ik B Xt s el A
Pitar, It HAE 30 B sl X AR A 33
BRI, RIEREDT rp LT T 3o T S S
29605 Adamovich APVl T —I0MRIFFST, i
TR SE BEAT AT RO N B SIS, 25
TERBR SR SIE TR, R oy S 0% 7 ) kg 0
IR EIVE I TERAR T R, 2 1 ORI T e rh i
1K), S5 SR, ShEELE T R R A 2 IR Be Y
FEAE RN - T 1 B P 8. O A R, X — Pt
Sl TR T e R TE BB paR BEARY L ERIFSY
FW], EAT RO BB Tob, MK B B85 2
SOHE A% 2 AR .

4.2 E2mn T

1% 2# (emotion) (1] JE £ & “motion” 5 “emovere” (i
T8, B Ato move), X /R A MESHEAE Z ), AR
AR 51 3 B WIS, 5 S 0A T — kAR,
A 25 B9 5 B T G 2615 25 SR /4N
Z A K NHT R B 20 2 R A HLEE & Filan, gl
NBIPERNE, S00h % A 2 POESEAER A X L
FEM N A B R AIE Y, SW0E A B0z s
[l R 098Dt 12 BB (perception-action model,
PAM)#5 i, X 55—~ A1 IER A B4 SR AT 25 B
LEH WA R FAEY, i EAT, BB T AE
Z RGOS SR TR B, B andfl . 12570
BT (I 26U AF.

421 HEW: By HREZE RS

SE15 (empathy) Je BRI I BR AR AU B0 R 1Y,
S R TR SR A 2E s 2 —PY, T ScPAMAE
RUFTIR,  AMARREAS I8 L 0 S B IR AG 28 RS E IR 5
e 22 ] i S A A\ 2. EUARE SR, SR P A
S TR BSR4 WS 215 26 A0 1 SRS RS, K
g 2Ll HEA T — R B JE R R B T, A
fETE A BRI EOCIC 2 5.

CAMEZHAEgE R, SR e A3
Bt N 28 AAH DGR X A 2 5 (0T /i), W Rl
YR A FLE B0 1 2 B9 [R]85 . BorgomaneriZ A
{ii FHi2 31175 & Ha. (v (motor evoked potential, MEP)RZR
FAH PR R SR, BRI B g a] L)
W RN G 28 ST . A B R B, Pt
12351 B EEE R B RO A BES A P R AIK,
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77 A H Sz B IR PR I 4 1 1 B2 TR A o O
KeysersZ A7 E1 57 1 14550 FH ARG A% B AR HEA T B89
ILEWTY, K IR K 2 S AMTTE il AR A4
YIRS = AR G . DA BRSO SR H A AR
TERNRAS, RN T B B 525 5 T A S 25 Be il
ARG 26 R4, g R i B SR E o X5
YN R iBL AT
422 BHEDS REHGCH LEATIRNFS

1546 B AL (mimicry) W R 2% (4, Jg %40 (cha-
meleon effect)””. 54 MR A JSZ A A3 A
], % 2L R A R MATE A S BBl R Y T
BRSO, HAT P i L e o5 7 LA
REKRM, MRS A &ALk 1)1 25 50 AL
FOTET R S0, 0 DR [ 7 Bt 48 i 1 o R .
AR, Toie s 4 R E A 2R Y, SSER g ik
AMER R E R W, TSR B T
LA R e R AU (<R &30, g m gh
PRI AR BB AR Lhb ] g B s ek e

XA NG 2 ST LU A7 T 32 sh S
SRS Hrh, B s AME B T
FEALL . BAREHVERT 755, AU, iy ol e
AN 11 T 5 AT et ke i Tl — 110,
5T R, TERLITBOMEE IERRG 1 AR, TS 5)
A UK 555 B AR (B DL 32 B Bz J2 1) B S 4 s 0 28
UG A AT L PR RE AT B RE 2 R B LA
Y2 T BN U 32 10 DL S 5 2 AR 56 A O B R
DXIR IR, [RIREH, 7EFRIE U TS & B,
MNATTHE RSN 18 B 25 % AR AH L 2R WL 3G, WL
LR 5N T B B AR 25 AR LB ILH SR Bian, WE
R AN | R K2 0 ) A I =2 1V N (UL
—HH——B FUE, 8RR ANTRERA RS 30 A
KIE, OFARSEME . BEFLEAS . PRI R S 7 ik
S S R Craig! " FHOK SEBRGI T — 2
SRR R, RIMGOWE R AR S A
EYPIR AR T % AE B KT = BEARAEL. Prochazkova
FKret™ i A% 2544 388 R 28 A KB (neurocognitive
model of emotional contagion), TA iz shIAF1 A F 4
DZEAHEEFKRR, HPEEMLcRie 2EZE
S AN G | P B R T .

BienkiewiczZE A" i, S5 S5 SR
SN TR EZE NS, FEDIREIZ A B OCER, Il
WEHG M AT R RS Z TN, AU R,



P A

FEAR XAt AN 2 A SO 7 28 F ARG X 1 2 5,
I BIESEI2 3 B R AR PR 8] T B W2
SN E B R T BB I T AY4FE, B BARTETS
ZEINT O E M @, P R AMER SR
R, HOCHRNAERY A BIE 5. XAl i R B A
LSS B RE AT SRR, BB A A 25
T RS, WiEZE i st— L AL T X ABRE 3l
HEPEI T AR,

4.3 INAVZE R H SN

GalleseE NP0y, ARREIREIER H 2 — 7
AR 7 TR AR S 7R S ASRAE
FIEME T, AT B IR OERRESGERS BEESRAA
U (A FLRE A HE R ARG I At A O BRAS. ULASR R
(perspective taking) il 2 3l 76 fl A ff BE A0 25 (1 fig
S MRHERABR AR AN TR T LASY =2 R/ 25 ]
W5 K P (visual/spatial perspective taking, V/SPT). 1A
W 15 K £ (cognitive perspective taking) R M 15 K
P (affective perspective taking)' . Jirb, W56 AR £
(VP24 MATEA S i M AR F 5L, AT
N RN U O N SRk 2) p < d was I |
RIRMIERE, Ao m sk SRR RigRE
NAERIE ORI A FR B, R0 | iR S
WA T, AR BN R HEVPTIIRE ST, B TEM AL
FAASCH T

VPTHYCHAN Tt R AT Lo R AN B B 75
—BrBt, MATEALN A O SRR B R B E
AL E (OB EHARERS), B B E e UG, 1
TRTEREREEE DAL A T S8 Bt E AR S0 A TR0 e
(FEMCREAUA T BB T 55 BA5). Wardds
AU, R BN T B, AMAL B
H MR BB AR I T HAREAR, Db aets EH23K
TEPRBEF ISR, YuanZE A" VR IR, 7R AR
N IR AT 18 BRG] DARE S 7R A IR T
XFAEA T ARG IS B e AR TS W IR, X — 2 SR AR
SERH AL 2 I T A SR B HL B i T
Rk,

XPVPTH RSP TR UG, A 3K -l A== L]
RIS VR, 2R, LI P AR s [ —M. A~
At S AR TP A FaT A Sk A ATHESE
HAELL AR N ORISR Z . SamsonZE AMA
H, TERBEAAASE AT, ANTSE A A HE S

5. Wim, MR B FROE A 15 S A R U DAl AR
. XFE A BE B FECR MR I 22 1 5
R M B 3 Hhat T3t (egocentric intrusion), B R BES T
HN RS R A S E SRR, PTLL, fERREiG st
ERRTR T, BB Tt A A TR BRI A
Ferhuen. Zacks® NP, 15 AR SN
SR, B AU U R K S AR B T
i, X I A 2 SR AT N 2 AR B A A A
e nl 5 FRALA I, PR AF BN TRy B AR g, ST IR
o Lz FiE sz e A RO g R R, 1Y
AT A -5 45 2 B AOME LIRS [ A 7 B
A, TSk el CR B S F O R A AR RS
B, RS T X —25 R R, SREERIN
FEATE 2R T XK B RNE, A Al GesEH A
K H L 1) AT AR A e i . O
WREER, X KA 0 E B M T S5 A& e
o ) %35 VI RH S A9

5 g5

FERE A TREE T, bR I 38 R B 2k T B
i, LRI TR T AN B AR AR R A
SCETERHE A AT A BN T, S RIS
TRFT BTG, g Pt LI T A A A0 B8 o 2
HUBIHEATRIFT. A SO S IR 1< L 2 10 95 b K
RS A, IR T SCr e L AR B LRSS, 3
A R RAEAE AR I AR )R T e TR
S Eh AR BN T, 38 o AT P =
(STBTEE, BR T 1 3R - A SR R B0
YEH. B 8n T Bt s80 P st &t —4
Gris ALl T B G A SIS, T 704 R B A Y
70 FER LIRS A S, S 3t B
AALHERE TS, Rl PRI 2 K e o7 A
BRI TE RGN [, X RS T RS
SEOE 2 TG R, S LB N T A 1 3 T
FIES RIS IEE. NHITE B S TR SR T R, A S0t
TAT -4 DA == 2 T 0 g R A ) 28 TR0 33 B g L
BV, S AT A T B SIS, AR
R T R . BOLRL AR SIS, L
BN T AR 238 T R G AU A TR R, 2
TG 24 B A AT i — Bl 2 T SR AR A3 32 B
RAE TN, P2, TR R 2 |
DAL AT LA ETE, DA fe B 0 395 By 5 2 By 2
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ASHEATHERE, AT I TAb AR A — A BB 2
(383, TERLRAL A IR AT PR LS T
T 347 5.

RSCHER T —Fh A FR- M AL, LR
(T AT B B h S ST e R AR, M
) AR A TR . AT B BhX 5 B A s RA
i, BB AN TS 252 B S RER SR BT ATE A B
BERIERZ RN, R B 2 23 T X s A AH 356
DEBIE RN T, Ban, AR R B 4 R
SEAMETE AT A TS, R, EdER
S AR R I, R LR SR TR
3 A B R TR B S | R T F T AR IS B #
017 & N 1T = R A G SIE R A (DR =N =2 I
BRI [ERES Pazzaglia%}\[ng]f)ﬂ'ﬁﬁTﬁ%ﬂﬁiﬁiﬁtﬁ%mﬁ
(R, LR X A LRS00 R DG i L i S
I AFTEREE I BIG. SR, AEREE, —iMRIBFS R
B, SERTE T I AAE W B A BT 40 42 Bh VR, 45
TG [0 385 00 5 S T O 18 9 (5 1 B
LS BB AR T R AR e
B, LR RIXT SR A e — E R L RERS IR
AMRBFIRZE BN FAE, TR MM ESE R R E
. R, BFSERIL, S RTE b RHATE AT T30
SHYE IR B R B AR B, 5 E R AL
S T Y TR A AR S, X e R HE B
1 i (B e 252 5 1, R A
ZHE RIS RIBANFEM T B TR L, WAk
BBEA RS 7R S PR, AT A I 31 B
BRSKE, MAR SN G, BRI
i, AMAARIREENS BN T . S2IASH, il
SR T B R FAESEATI0, IFN LR 5 o i 3
SIS, IEATRT SO, RN TS R e g ik
AT, 6T MR BebE al g AR IS TR SR T
B
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WA AL, EAREAE SRS, BTy
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PO, BB SR 5 Ok, LIS 215 B
WS T AMRBE RN E o RS, X E S|
KT RF RN, WA R LS ST
FINK, L L2 BRI A ARG 25 0 T X,
AR WUBAS f 2 PR Rl 25 PR A B 7 U2 el Re
Hi, X TR R, A I & X B S P T i
BEHEAT T3k, 0120, SamuelE AN, AMRIER
S HY T AR A NI T, R gz
FAAS AR AR 50 % B AR A T ) RAE ST
FEE, HORBEIN T AT 41 T PR (snapshot) Z )5 4%
s KN, HGE R T A A RS . I,
XA A G AT S BAEERAEXT G A T 58 Bt H Bl
WATIN T RRIT, 9T R WA A A — B A e
Lindblom™ MBS 246 T A S SRS T 2
O FR. Mk, X H B SR H B 2 [A)h 22 R AT 2
AT LTI X ERG, BT REE R — i 2 rh e
Bz, WREIN T RIS TIAAL B, BB T8
B FE LN R AT A B S R AR i g 1210
B KA e 240 T AR B, T
PURI R R A R IE T SR, 1R, 15
NGB 2 s EL B B Geat 2 A SN BRIS 1 508 5 25k
De Jaegher®: N5, HRHBWMAEH 200 Bl
TR, AL TR AR B, (AR sh . TEBEfkn,
X — AR 2 A S AN BRI 5 T AR SR e
ARG TE AR AR RS, SR TR
I PR R AFAE B, Rl R B R ST RO A . 1E
WA SCRTZEIR ), At o MEEA St O B R 1Y
W IEAER G ISEHE:, E SR AP B
fata. FEX I HARIATE R EIE 55K, EGUEE
BIEHAHN IR RS M E R,

gi LR, #ha s by H BRI T BB 4 A
PRXT AR, PR R ABR BBl & A, JBAt sl
G N EEIR R, A SCGE NS B hH &
PEIN TR RO S i E S, PR T YT B A4
B H B S B R SR, H RS B s
H eI TApRaC 518 St MaA 2. Bk, X
FAEE E SN SRR S F T, B ahixt
LOTRE RSP A YY), B TR — A H TG 8
A AT, SRR B R HERR — R BV R,
2 P EOLIBON B 8UE B IR AR ), jad
SE R R SRR, AT & H SR AN
SURE, LB T DU AR A S s ) R B S



P A

&5 SRR AU S (virtual reality, VR). Mg i
S (augmented reality, ARy AZE"1 Hyk, BB
KA ARG S, 2 metserh, nTLGER S A
ZASH BN GG BB FLSLR. Ak, Aokttt
S BGPTSR A B TGS, fln, A5
ORI, MAFEE AN SRIBIE L SITERT, 251
IO RS 932 35 A R XA R, SRR BITAY
AT LR B (AR 2200 B R FH A1 e A B R bRtk AT Rl
PACEBL. filin, VPTHIEE— BB, DR S RS
T2, SEBR AT DA BB AR R B Be—— Mk
PO A RERE RN REBEFNALE, AL Bin I

Be MU TAB AR, AMERLEXA B B4 T 5 S
KA —AHEX SR, AR IREIR T 50 HH N
JE AR by A AR SR sh Ve a2 25 o
ATDME I UE B Bk A0 i A A Il X —ad . )
Ah, el R N T, A s B S v m TS A2 T4
N BE T B AT R AR AC B, AR Erh SRR BERY &
JE. flan, AR, il AT (alexithymia) 5 B>
AL BB aEE Y, X AE 2 R 2.
TRBEUE 25 T AT TAR Y I FE 7R, IR H B T 1Y
1, SFREE eI R T RS, DM &R
T MERE.
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In interpersonal situations, a person perceives the social scene not only from an egocentric (self-centered) perspective but
also from an altercentric (other-centered) perspective. Research on embodied cognition indicates that one important way to
achieve mutual understanding in social interactions is embodied processing, during which people read a wealth of bodily
information from others, and make use of such information to effectively interpret their behaviors, emotions, and mental
states. Although “embodied processing” has been widely implied in various social processes and is crucial to successful
social cognition, there has been a lack of clarity regarding this concept, and a mechanical understanding of how bodily
information is used in such processing remains unclear.

In this paper, we reviewed relevant literature on embodied processing with an emphasis on analyzing its possible
mechanisms. We first reviewed the concept of embodiment, based on which we highlighted a hierarchical understanding of
embodied processing. At the neurophysiological level, existing theories and empirical studies indicate self-other shared
representation as the foundation for “embodied” understanding of others and the Mirror Neuron system as the neural basis
of such shared representation. Specifically, social interactions evoke the internal representations of the observer’s body
states, which are associated with others’ expressions, actions, or mental states, as if the individual was going through the
same psychological experience simultaneously. We then summarized the brain regions and neural connections of the shared
representations. Instead of one unified system, there are two processing levels when it comes to representing self-other
interactions. The lower level is activated in situations when we execute and imitate others’ actions, and the higher level is
activated when reasoning and emotional components are involved, while the brain regions in charge of these levels are also
highly interconnected.

As the core neural foundation for embodied processing in social interactions, such evidence of shared self-other
representation has been from or implied in social cognition research that focuses on three different aspects: behavior,
emotion, and mentalization. Therefore, we reviewed research focusing on these aspects, specifically, behavioral imitation,
empathy, and emotional mimicry, as well as perceptual perspective-taking, to scrutinize the understanding of embodied
processing. In behavior imitation research, the observation of other people’s physical movements and postures is
considered the basis of imitating actions, as such bodily information—Especially bodily representations—Is deeply
engaged in the relevant social processing. Observation and imitation have also been considered as the stage in which
embodied processing occurs. The embodied characteristic of behavioral imitation serves as a foundation of other important
social cognitive functions. For example, the process of empathy is inseparable from the observation and identification of
other people’s facial expressions and emotional physical states. Similarly, in visual perspective-taking, one may mentally
project their bodily self to the agent’s physical location and seemingly experience direct visual input from the
corresponding perspective, as the agent does. These reviewed studies jointly highlight that underlying shared self-other
representation allows for approaching other minds in an embodied manner. It enables individuals to make full use of their
own experience and knowledge, and achieve social understanding directly and effortlessly. However, behavioral
mechanisms of embodied processing, for example, in empathy or perspective-taking, are largely understudied. Another
potential limitation is that social interactions in research have often been simplified. The field could benefit from more
ecological contexts in the research design.

In conclusion, we combined different research and experimental evidence to bring out a general neural mechanism of
embodied processing in social interactions. Our review helps to extend current knowledge of the nature of “understanding
others” and offers insights as well as future directions on relevant social cognition research.

social interaction, embodied processing, self-other shared representation, mirror neuron
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