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[Abstract] The theory of embodied cognition considers that the human cognitive process is constructed through
the interaction between the body and the environment, emphasizing that the body and the environment have an important
influence on the cognitive process. Embodied cognition has now been widely applied to the fields of virtual reality,
human-computer interaction, and intelligent robotics. This review summarizes that the activation of the mirror neuron
system, the compatibility effects of stimulus-response, and the production of illusions may underlie neural mechanisms of
embodied cognition. In addition, the application of embodied technology, which is based on embodied cognition, in the
fields of virtual reality, augmented reality, and brain-computer interface is summarized. Several brain electrical signals
that are related to embodied cognition and have been applied in human-computer interaction are presented. The future
research direction and trend in embodied cognition and embodied technology are finally provided.
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Tab.4 Several ERP signals related to embodied cognition and their

applications to BCI
fFRAM (FE4H LB 16 BCI PN

gz MU (mu W HESESNE R S EEG X0 5§
fﬁé}_g thythm) X, BTHEEZS K4y, WTLIHERS BCI AR
S B (beta PRREHMERE mofewtE, HHEATR
7 rhythm ) LiiES SRR R SRR

AR % ey, iBITHEIE SSEPs (5L,
£ (Somasto SSEPS PTPMEN Srp et e e e

A A FERRERRR, PPAL el L
s sensory Evoked 1P o 2% FAEE A AL B T (4
R Potentials, E‘g“‘m,ﬂj' S, N BCI AR % Rt
SSEPs ) SRR e
AL \iwps st i w8 BOL WS
it R A s R JT0REE: 1T
55 W Potentials AT S BikiEg) b, v LI BhiE S
by MXHIES  ABHREIZE S0 S
s)

DRI RP AMUZBI AR SSEPR BCI AT R IR
PORINE e ERGEEIEN, R, WSS KE,
{55 1 (Readiness A ZFIMEEMIES iz 3h &4 2 AiH LR E il

Potential, RP)  iZafsm ¥, MIMIGsRphZ ] 8

BCI 1] LS BBl 5 A\ Fh 28 PP IR O I
WITTEN S RGNRE ), PP R RS I T T R
MITH SR BRRES) o #F BCTH AR TR
AR, ATRUE U, Gl B T B
A, B 25 TE R EHIRE T 1 N ER AR DG g
J1o BCLikRELE RS B9 A2 il HEAU T8 0T 5 i
BT, AR AR A T b
ERH R, B R =T LASE e BCI ok
FERIPUMTE, JEFH RATREHE, g 5PN TFE
Z AR, B Ry [ 2 S R — o,
X EFAT DM AN R 22 D RE g O, s
DB, I, B EIAHEE S R Y BCLKE BCI

KK RS, W BCLHE AR, Ak
WIRAESCEE BCT 5 Ao SRR A, winl ge2r™
APTER) CTEASINT B TR, XRRELS
BARE R SHAYE eSS, BARIANRE S
PLERHINAIRE IR . B REMS B A FIHLER 45 F
MIRRR, B BE LA EAMES, TE R =K1
BfE. ik BCT A5y U By B A 5 R ]
B BE AN A R, 1 A8 T i
BLHI A S AR T B S TR .

TS BEARFE IENA
gz | [R— (REIEE)
THE VAL, EEGEE

(SnmitEn%)

RE T | i

A
[ﬁm-ﬁmﬂ/ im‘?w*

BHELE

- V [ msmsen
T > F
[ AT | | s P

E1 MHENEINEARARFRSTIENA
Fig.1 Technical means and engineering applications
related to neural mechanisms

3 RHESRE

S B EARTB R 2 A8k, i VR
AR AREAR ., SifEfif AR . FHRUBIEAR
MBILEE T E AR R AMLAE B RS, XS AR AN
[ABess 572, IR BRI IR BE | o1 4 b il
ABCF IR S S BRI A B S, XA R U
ARG AL G P B T TR A TR S A
HARE, RERFERNIABRR MR A SHEARZ
ERERR, BB S ISR A BN E R, Ak
Bl JCRR AT BE

FRKRE BRI ZZFAN, B EERE
YEHESIIALAZE O . VR BHARSHBh SEHARAR W25
DI AN B AR AL, S P AR,
TESERIAR LML T T, AR A I8 AT B2 TR AL
TR KM A XIS, AW A R b i L 11 4
AR, FHIF LTIk h 2 BRI 2] SRR
RN 7, BB ER AT LU F B g IR
L, B THATRER AR SR, FEBYT RIS
T, HSEORATLUHE TRE GRS, #



(YR TR ) 2024 475 45 55

1 M FEREYMIRE

7

Bl #8FK S S RE SRR 7 o R 100 SR R 28 45 40
s, BB R AT AR BETOR A5 A B 56 1 T Xk
RE, REBURNMEMH PS5, i, HE4H
ARBA BN BT GER R, HEsh BB R hE
WE TN IT I KR, AN R 2
HAEAEA] o SR, AEE B HOR) 2 b i e,
WAFEH VISR, A axm A, il & PE
MREERERL, B BAR A AE B 24, R
B P B AA A , JE AR BB A SR AL BRI o

ERRUE, HEAMTEM 2Rl RS A
AL AU B S AN T, kst ANTHYLE 6
AN HARAR AL TR al ek, i IRABFTEAME
SRS IR E S, NSRS S PR R A
FHIT S I REFIAT & AR A B T H. Bl
R A AT s 2 RHIF SRR A, R A
PR ZAF HINE 3 A oy T, HESRHE S A
AT R KR, ORGSR AR TR R S,
Foi ok S 2 BRI FIEIHT

LK

[1] EFFRON D A, NIEDENTHAL P M, GIL S, et al. Embodied temporal
perception of emotion[J]. Emetion, 2006, 6(1): 1-9.

[2] WANG H L, LIJ R, WANG X S, et al. Embodiment effect on the
comprehension of mandarin manual action language: an ERP study[J].
Journal of Psycholinguistics Research, 2019, 48(3): 713-728.

[3] CROSSLEY N. Merleau-Ponty, the elusive body and carnal sociolo-
gy[J]. Body & Society, 1995, 1(1): 43-63.

[4] KEMMERER D. Does the motor system contribute to the perception
and understanding of actions? [J]. Language & Cognition, 2015, 7(3):
450-475.

[5] BUCCINO G, BINKOFSKI F, FINK G R, ef al. Action observation ac-
tivates premotor and parietal areas in a somatotopic manner: an fMRI
study[J]. European Journal of Neuroscience, 2010, 13(2): 400-404.

[6] LUPPINO G, RIZZOLATTI G. The cortical motor system[J]. Neuron,
2001, 31(6): 889-901.

[77 SCHUBOTZ R I, CRAMON D Y V. Predicting perceptual events
activates corresponding motor schemes in lateral premotor cortex: an
fMRI study[J]. NeuroImage, 2002, 15(4): 787-796.

[8] PELLEGRINO G D D, FADIGA L D, FOGASSI L, ef al. Understand-
ing motor events: a neurophysiological study[J]. Experimental Brain
Research, 1992, 91(1): 176-180.

[91 GALLESE V, FADIGA L, FOGASSI L, et al. Action recognition in the

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

premotor cortex[J]. Brain, 1996, 119(2): 593-609.

FADIGA L, FOGASSI L, PAVESI G, et al. Motor facilitation during
action observation: a magnetic stimulation study[J]. Journal of Neu-
rophysiology, 1995, 73(6): 2608-2611.

GRAFTON S T, ARBIB M A, FADIGA L, et al. Localization of grasp
representations in humans by positron emission tomography[J]. Ex-
perimental Brain Research, 1996, 112(1):103-111.
PULVERMULLER F, HUMMEL F. Walking or talking? Behavioral
and neurophysiological correlates of action verb processing[J]. Brain
and Language, 2001, 78(2):143-168.

BOULENGER V, HAUK O, PULVERMULLE F. Grasping ideas with
the motor system: semantic somatotopy in idiom comprehension[J].
Cerebral Cortex, 2009, 19(8): 1905-1914.

HAUK O, JOHNSRUDE I, PULVERMULLER F. Somatotopic rep-
resentation of action words in human motor and premotor cortex[J].
Neuron, 2004, 41(2): 301-307.

PULVERMULLER F. Words in the brain’s language[J]. Behavioral &
Brain Sciences, 1999, 22(2): 253-279.

RIZZOLATTI G, FOGASSI L, GALLESE V. Neurophysiological
mechanisms underlying the understanding and imitation of action[J].
Nature Reviews Neuroscience, 2001, 2(9): 661-670.

DINSTEIN I, THOMAS C, BEHRMANN M, e al. A mirror up to na-
ture[J]. Current biology:CB, 2008, 18(1): R13-R18.

ALEGRE M, GURIDI J, JULIO A. The mirror system, theory of mind
and Parkinson’s disease[J]. Journal of the Neurological Sciences,
2011, 310: 194-196.

BAK T H, CHANDRAN S. What wires together dies together: verbs,
actions and neurodegeneration in motor neuron disease[J]. Cortex,
2012, 48(7): 936-944.

ELISABETTA F, FRANCESCA B, SIMONE P, ef al. The mirror
neurons network in aging, mild cognitive impairment, and Alzheimer
disease: a functional MRI study[J]. Frontiers in Aging Neuroscience,
2017,9: 371.

GOODGLASS H, KAPLAN E. Disturbance of gesture and pantomime
in aphasia[J]. Brain, 1963, 86: 703-720.

KELLEMS R O, CHARLTON C, KVERSY K S, et al. Exploring the
use of virtual characters (avatars), live animation, and augmented re-
ality to teach social skills to individuals with autism[J]. Multimodal
Technologies and Interaction, 2020, 4(3): 48.

LAKOFF G, JOHNSON M. Metaphors we live by[J]. Ethics, 1980,
19(2): 426-435.

SCHUBERT T W. Your highness: vertical positions as perceptual sym-
bols of power[J]. Journal of Personality & Social Psychology, 2005,
89(1): 1-2.



c 8- CEYIBE 7 TR IR RE ) 2024 455 45 555 1 1 T FERENIRR
[25] MEIER B P, ROBINSON M D. Why the sunny side is up? Associa- Med Image Comput Comput Assist Interv, 2011, 14(1):81-88.

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

tions between affect and vertical position[J]. Psychological Science,
2010, 15(4): 243-247.

KUTAS M, PETTEN C K V, KLUENDER R. Handbook of psycholin-
guistics(second edition)[M]. Academic Press, 2006.

ARAVENA P, HURTADO E, RIVEROS R, et al. Applauding with
closed hands: neural signature of action-sentence compatibility ef-
fects[J]. Plos One, 2010, 5(7): 1-14.

LITTLEMORE J. Metaphors in the mind: sources of variation in em-
bodied metaphor[M]. Cambridge University Press, 2019.

CAOLA B, MONTALTI M, ZANINI A, et al. The bodily illusion in
adverse conditions: virtual arm ownership during visuomotor mis-
match[J]. Perception, 2018, 47(5): 477-491.

TSAKIRIS M, HAGGARD P. The rubber hand illusion revisited: vi-
suotactile integration and self-attribution[J]. Journal of Experimental
Psychology Human Perception and Performance, 2005, 31(1): 80-
91.

MARAVITA A, SPENCE C, DRIVER J. Multisensory integration and
the body schema: close to hand and within reach[J]. Current Biology,
2003, 13(13): R531-R539.

EHRSSON H H, SPENCE C, PASSINGHAM R E. That’s my hand!
Activity in premotor cortex reflects feeling of ownership of a limb[J].
Science, 2004, 305(5685): 875-877.

MEL S. Towards a digital body: the virtual arm illusion[J]. Frontiers
in Human Neuroscience, 2008, 2(2008): 6.

JEAN-MARIE N, ELIAS G, BERNHARD S, ef al. Multisensory stim-
ulation can induce an illusion of larger belly size in immersive virtual
reality[J]. Plos One, 2011, 6(1): 1-11.

SANCHEZ-VIVES M V, SPANLANG B, FRISOLI A, et al. Virtual
hand illusion induced by visuomotor correlations[J]. Plos One, 2010,
5(4): e10381.

KE M, BERNHARD H. The virtual-hand illusion: effects of impact
and threat on perceived ownership and affective resonance[J]. Fron-
tiers in Psychology, 2013, 4: 604.

SLATER M, PEREZ-MARCOS D, EHRSSON H H, et al. Inducing
illusory ownership of a virtual body[J].Frontiers in Neuroscience,
2009, 3(2): 214-220.

LUCA R D, MAGGIO M G, MARESCA G, et al. Improving cognitive
function after traumatic brain injury: a clinical trial on the potential
use of the semi-immersive virtual reality[J]. Behavioural Neurology,
2019(8): 1-7.

TRAN H H, SUENAGA H, KUWANA K, et al. Augmented reality

system for oral surgery using 3D auto stereoscopic visualization[J].

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

OERTEL M K, GERARD I, DROUIN S. Augmented reality in neuro-
vascular surgery: feasibility and first uses in the operating room[J]. In-
ternational Journal of Computer Assisted Radiology and Surgery,
2015, 10(11): 1823-1836.

BORNIK A, BEICHEL R, REITINGER B, et al. Computer-aided liver
surgery planning: an augmented reality approach[J]. Medical Imaging
2003: Visualization, Image-Guided Procedures, and Display, 2003,
5029:395-406.

TONET O, MEGALI G, D’ATTANASIO S, et al. An augmented re-
ality navigation system for computer assisted arthroscopic surgery of
the knee(Conference Paper)[J]. Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics), 2000, 1935(1): 1158-1162.
CABRILO I, BILENGA P, SCHALLER K. Augmented reality in the
surgery of cerebral arteriovenous malformations: technique assessment
and considerations[J]. Acta Neurochirurgica, 2014, 156(9): 1769-
1774.

GONZALEZ-ROMO N, MIGNUCCI-JIMENEZ G, HANALIOGLU
S, et al. Virtual neurosurgery anatomy laboratory: a collaborative and
remote education experience in the metaverse[J]. Surgical Neurology
International, 2023, 14: 90.

TARIQ M, TRIVAILO P M, SIMIC M. Mu-Beta event-related (de)syn-
chronization and EEG classification of left-right foot dorsiflexion kin-
aesthetic motor imagery for BCI[J]. Plos One, 2020, 15(3): €0230184.
FANGHELLA M, GAIGG S B, MATTEO C, et al. Somatosensory
evoked potentials reveal reduced embodiment of emotions in autism[J].
The Journal of Neuroscience : the Official Journal of the Society
for Neuroscience, 2022, 42(11): 2298-2312.

BEHBOODI A, WALKER A L, BULEA T C, et al. Evaluation of
multi-layer perceptron neural networks in predicting ankle dorsiflex-
ion in healthy adults using movement-related cortical potentials for
BClI-neurofeedback applications[J]. International Conference on
Rehabilitation Robotics, 2022: 1-5.

PINEDA J A, ALLISON B Z, VANKOV A. The effects of self-move-
ment, observation, and imagination on u rhythms and readiness
potentials (RP’s): toward a brain-computer interface (BCI)[J]. IEEE
Transactions on Rehabilitation Engineering, 2000, 8(2): 219-222.
SEINFELD S, FEUCHTNER T, PINZEK J, et al. Impact of informa-
tion placement and user representations in VR on performance and
embodiment[J]. IEEE Transactions on Visualization and Computer

Graphics, 2022, 28(3): 1545-1556.



