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ORI, T e A 53 0 St T AR e R S S i R AR5 2], LA Kolodner® 9 AGER BN TR
FE SR, A RS MR R L. 1991 4F, @ R E RS E TS
(R E) BIAIT], AREAE 5 IR R RS FLAUSIE L. 2007 4F, fEEE Y
BERZEAFFRAIMEE W, “4E+S” VBB kg e . Hed,  “4E+S” P94
“B” ralfRER A S (Embodied) A%, #k A (Embedded) A%, 4= (Enactive) TAKIFILE
(Extended) Al “S” AFAEEE (Situated) TAKT. XF “4E+S” N AT IRAR AL IR 25\ A0
IR K RW AT, A B THE 7L IR AR RN R QT2 2] ), IS 22 S B2t Fi e (it
HitS%,
— SRR R

S IRPEEANAENNRE R IR B, SHARI A S S aid 2. RAESE I 7 RE R0
FLB, S — AR 2252 KT LR sz ma ), 5k TARIRNZ . AT N BEAGEE & R il 45T
SHITFE . B, NewellPHg i Kk — MO S RS, sh&in (&ML KPS
R RFFS IR E AR, AR R A SR BAUA N AMT 55 B2 D, 1708,
PEMEEIN TR . 3B — AN FIRFARIAE Go il SR A% O A, A e R R 1 17 T
U R AT 5 RAER B st 5O, mf I, 3B — AN AR N L EES) SR B4 FE
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KT NI 5 “ Nt AT 87 KB R B )2 1 B A RBR I — 71, AH
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W E O AT A BRI
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1 E5iA% (Embodied Cognition)

H B N2 28 AR AR B i Je RO ESR Y, 3R A O B A IR T R X —
XA R8T H EARS R R A B A M 2 5 R AR, B S RAT RS Ok T R RS B
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SRR R A S B e T 2 B R [ BRI SR R R . PRRR R R T A
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BRAN; @l PMERE, (et e me b B OBt HseiE s RS, LAt
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AP, IR R SIS kNG AN TR 1. LR R R, AR T AR SR
ST A )M, AR S M ) ) g, A IR A5 T TG S 4 IR

PRI BEAEAR WRAMED ARNETTR AEE T A LRI, Rt S ki)
RN ) B EEAL R, RS ST R Sl AN N R H AR BARRHE AT 3. B0, GeorgenSIEE 7.
AR G IS BRI R 52 2] 2], IR T B 5 BS S B R R i v H AT AT
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5 R B T idi2 e R MBHA B . PES: 2] b5 2] 3 T35 (0 A Bl T8 HE B 78 o 4
HBE BRARDS), A RT SRR AR IR R PR

2 RAARTHIBF 2=

RANENEIR AN, INFIE B ORI B RIS 1 24 AR AS 22 R R e 4k B Bhe),
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FHE AT I, i N AN 5 R A 53 A8 I A2 A A e ot A2 1R 0 P AT R T 1
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KA TAE % FAE 1995 4, Ballard FEMEH & | —IUSLIef 7t, RS 5#H fdi i
SIFENLHE T A, REFHEY G T BN 25 E PRGN, KNS HEER T “&
MEIZEERE” , B 5 E M T lEm e E S, REHREMERE, AL — Rk
BB R 534, Kirsh ZBSUEE BT, RIUR D W7 Huliiek mh A 2500 o] @ i o 3 F A AU T
MEFTR B SEBRAT3N, AT R ORI R “INFAT R s MATIEYE H, HEEAMY
e A R, T HAA R 1) AR R — AR, X i RO T AN P R S B R
AP, SR S 75 A8 A B IR e T AN A SRS BRI I REE . 1 Gray S5 PVK I, 440
HE B LLESEY ik, 2538 FERE/NE SRR (A2 ANE S R eilid 24 m
b s (B Bk, S 53 B T RS2 TR — RS AL 2T R s S 80E
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(2) BANWHRLA RS2 T7 0 B A 05 2 Bk

RANNFI BRI “HE0E 72 )17 07, I Bag 2 “ W3 o A 2052 o) BEAR
(The Theory of Physically Distributed Learning) ” o 4347 SO\ AN A TAMA S He A/l
WAL Bz A, W AAES MBS Y B R A2 HIO1, Martinl®' il T 22 /S8R 46 E
B AR IR ik 9~10 S LE MY ERE (HEEIRBO M & (RN R L
SHTEI B AR ED SRR B, 25 SR I YRR R LE MR T2 L IER
N TEZHH, JFREkRME THEZHIERE SR, AT A B B R I E H
FREMIFIBF IR, A BT 2% 2] 53

HAFERZ, VEEREFRELN. Stull SO 122 A A E Y B A sl b A i U B AR 7
(Terminal User Interface, TUD), $UAT FIfGILECAT 552K 2% 21 70 F ALY . TUL [ 20 180 2 B 00T,
HHAZHEREFLRME, 4 RAesE e Bial, My b0 DR SRS AL . i
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3 AN SERN SR S5ILR

BB, AR RGN R IE AR I R AL D, W 2 A A e MBS R R, IF
XA BN N AN AE e A N BRAE 1) 08 RATIE BORE I 4t o TR RAE SO AW s, AR S A5
A2 HAE N R G ALRGER 4> » Loughlin ZE8HA R, AE A %0 5k OB FEAMN B K pih 2
SO, SRR LA S S B R AR FH 8058 By TS R AN 5RO BRI FE AN AL T L
IR R, 3k DA 2 by A e B MU BT b IR . RAEATE M EN SRR H, EH
U B AN CE PRI R B A, (E 3 A5 R A ol 5AT A VI R, FHEAE LR LA 7 A sk iR,
O TR BRI E ;. @— 4 O EE R WESRIANTERE; @ MBERIE LT3
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“AEHS7 I HIELIR B H ) “4E Cognition” #5522 T AR A Co B A% L NPT 2256 W i (520
7E Newen 201881 (8 4B INFITFMY 9— 5, (A T “4E Cognition” SREIHKAHICHE
o “S” FHCERIEE NG R ANT] “4E+S” I FBSHRId ), Ha @i XS
BN E VIR, ARG ) MR R S IS5 . Ao 32 S s . A
SAERI BRI, AR AT 2 BRSSO B A R .
2B, BN 4B NS AR AL E AR RAE . 40, Wilsonl 5K MTEZE (Online)
ML (Offline) WNMEMRER RGN WELETKE, INHIESHRALE 5154 KW
AHMERIE SR, W RO BEGA R TAE IS AT AR E 4 WNERZETHRE, 0TS &
FERPIAAEIAI 52 AR RS IE 3 BRI T ARG S, 57 A AT e GOE 2 1 2R A
AR T S T E B RS PR EN 450

1E “4B+S” INFNER AR ALK R FIRS, WAFEE N IR AN OC RN EE 5 AE. Flan, 7E
WHIBHER “4BA” @3RI R R ITE BN, Mgl N TS (Affective) BFIZRANRXTIA
HE FRIARRE  (HAG 2 U, BB T B S AR S E e A HEAEH . 5140, Shapiro [
£ (RSN FeRE T —Bdal, B, A Bl EETIZEZZE (Dynamic).
A7 (Ecological) WAIERRER RIS INFNIX — KR BRRHELE R R KA. Ikl W, 155
IWHITE N S HE 4B A NES R B OIA S S BRSO AIA KR A0 SO T 5Tk,

I &

HAT, NRIRZ2AUEEE T “4E+S” VBB R DR+ 038 SRS, Wt
XF “AE+S” WFHBLIS AR AR I BOE 5 T BB R I, T SRR S R B O N
BT HE ARG, JPAHN REEE SRR . kT “4E+S” IFIELB AR (AT 7T EE 2 1
SER S FIRTT, X MAE— @R ERm 1 H B RIS ESe e 5 5 BT (0 S 5 i AR
S REIE I AL H BT R SE B EAR T 0L, (EATT AR, “4B+S” INRIBIRAR R A RIREE
GEEREAEN T WS 7T, (AT T Ge N2 2RO BORE s NRBE 5 2 S id A,
FERIR AN SRR T B AT REERIZ 4R W Fe 23 M8] o fieJa 7 B4R HH o2, ASHEFURT “4E+S” ARIHR
RS, IEAUBGEON T H A S B BEAT I W A AR IX 7, T A8 S 7T DL & R A
KR LLR SRR A —AONFIRF AR A0 A S BE . IR S R I 2R A
T P AR SR 7838 2 e AR ST U7 VR AR 208
28



Vol.31 No.8 2021

SE M

(1A A A AR ACHE, 55 2 ST R 98 2 R R SRR [ TFTRE A W1 9¢,2007,(2):15-20.

[2]Kolodner J L. The learning sciences: Past, present, future[J]. Educational Technology, 2004,(3):34-40.

(31 R AN, 22 I e 2 B 2 T FE S r R JB 5 [ 0] IR 2R B0R ,2018,(1):12-18.

[4]Fodor J A. The modularity of mind[M]. Cambridge: MIT Press, 1983:10-12.

[5]Newell A. Physical symbol systems[J]. Cognitive Science, 1980,(2):135-183.

[61FRMA . [H AN R 5 5N R B S0 SR VP [J]. 30 2430 45,2011,(8):83-86.

[71[4512 200, T #5088, 7K P S A EIRL 22 B2 S Rl 2o 25 0 DRGSR T3 HE R 2 F 1 98,2018,(4):29-39.
[8]Gibson J J. The ecological approach to visual perception: Classic edition[M]. New York: Psychology Press,
2014:39-43.

[9]Matheson H E, Barsalou L W. Embodiment and grounding in cognitive neuroscience[A]. Stevens’ Handbook of
Experimental Psychology and Cognitive Neuroscience: Fourth Edition[C]. New Jersey: John Wiley & Sons,
2018,3:1-32.

[10] Searle J R. Minds, brains and programs[J]. Behavioral and Brain Science, 1980,(3):417-424.

[11]Glenberg A M, Robertson D A. Symbol grounding and meaning: A comparison of high-dimensional and embodied
theories of meaning[J]. Journal of Memory and Language, 2000,(3):379-401.

[12]Lakoff G, Johnson M. Philosophy in the flesh: The embodied mind and its challenge to western thought{M]. New
York: Basic books, 1999:75-76.

[13]Zwaan R A. Embodiment and language comprehension: Reframing the discussion[J]. Trends in Cognitive Sciences,
2014,(5):229-234.

(14125 F 4t N dn 588 AN ARLE 4 [I]0 B 22 4R,2008,(12):1306-1327.

[15][18]Shapiro L. The routledge handbook of embodied cognition[M]. London and New York: Routledge, 2014:1-6.
[16][35] EREmE. E B A S BRI Hb: BOR SCH T 1S 5548 B [I]. AL BUE 1 92,2018,(7):20-26.

[7)BEE X 2 B Lol A 2 2 S B AR R LR A 0] R - M- 05,2015,(7):57-65.

[19]Rizzolatti G, Craighero L. The mirror-neuron system[J]. Annual Review of Neuroscience, 2004,27:169-192.
[20]Shapiro L. Embodied cognition[M]. London and New York: Routledge, 2010:99-102.

[21]0’Regan J K, Noé A. A sensorimotor account of vision and visual consciousness[J]. Behavioral and Brain Sciences,
2001,(5): 939-1031.

(221 551 3 N RAE B 3L AR S AR A O B R [J]. V5 R 22 2 (1 2 AR 2 BHER),2019,(6):104-113.
[23][26][29]Walter S. Locked-in syndrome, BCI, and a confusion about embodied, embedded, extended, and enacted
cognition[J]. Neuroethics, 2010,(1):61-72.

[24]X14F 2= i 2 b A0 R—— IR 30 20 T 1 4E A 0] L0 R BT KM (SR 240R),2014,(2):7-14.38.
[25][58]Kirsh D, Maglio P. On distinguishing epistemic from pragmatic action[J]. Cognitive Science, 1994,(4):513-549.
7182, T/ i “AE+S IR 27 1 — 3387 25 i 2[J]. 27 24T 92,2014,(1):96-101.

[28][33][36][63]Loughlin V. Mark rowlands, the new science of the mind: From extended mind to embodied

phenomenology[J]. Phenomenology and the Cognitive Sciences, 2012,(4):891-897.
29



Vol.31 No.8 2021

[30]Varela F J, Thompson E, Rosch E. The embodied mind: Cognitive science and human experience[M]. Cambridge:
MIT Press, 2016:205-206.

[B1TAEALAL. H S FIRRE 0 825 —— DL S A x5 52 2 B S e A 81 [ D] VL 75 7 U K %72,2012:4.
[32]F/NahAE P PR SR 54 P )R 5 (0] B A B R P 24001 92,2017 ,(5):43-49.

[34]Thompson E. Mind in life: Biology, phenomenology, and the sciences of mind[M]. Cambridge, Mass: Belknap
Press of Harvard University Press, 2007:5-8.

[37]Clark A, Chalmers D. The extended mind[J]. Analysis, 1998,(1):7-19.

[38]7a A% fH, £ R AE A SR B AL [J]. 0o B 25 4R57,2015,(2):105-110.

[39]Sutton J. Exaograms and Interdisciplinarity: History, the extended mind, and the civilizing process[A]. The
Extended Mind[C]. Cambridge: MIT Press, 2010:189-225.

[40][41]Menary R. The extended mind[M]. Cambridge: MIT Press, 2010:227-243.

[42][43]Kirchhoff M D. Extended cognition and fixed properties: Steps to a third-wave version of extended cognition[J].
Phenomenology and the Cognitive Sciences, 2012,(2):287-308.

[44]Brown J S, Collins A, Duguid P. Situated cognition and the culture of learning[J]. Educational Researcher,
1989,(1):32-42.

[46) BL7K 21,2 1t o B 7 B DA 1 B A 0 B HOGS DA AR [l ] 25 9] 5 27 325,2015,(12):89-98.
[47]Lindgren R, Johnson-Glenberg M. Emboldened by embodiment: Six precepts for research on embodied learning
and mixed reality[J]. Educational Researcher, 2013,(8):445-452.

[48][51]Abrahamson D, Lindgren R. Embodiment and embodied design[A]. The Cambridge Handbook of the Learning
Sciences[C]. United States of America: Cambridge University press, 2014,(2):358-376.

[49]Zudini V, Zuccheri L. The contribution of ernst mach to embodied cognition and mathematics education[J]. Science
& Education, 2016,(5-6):651-669.

[50]Abrahamson D, Sanchez-Garcia R. Learning is moving in new ways: The ecological dynamics of mathematics
education[J]. Journal of the Learning Sciences, 2016,(2):203-239.

[52]Dackermann T, Fischer U, Nuerk H C, et al. Applying embodied cognition: From useful interventions and their
theoretical underpinnings to practical applications[J]. ZDM Mathematics Education, 2017,(4):545-557.

[53]Georgen C. “Can’t nobody floss like this!”: Exploring embodied science learning in the third space[A]. 13th
International Conference on Computer Supported Collaborative Learning (CSCL)[C]. Lyon, France: International
Society of the Learning Sciences, 2019:280-287.

[54] De Koning B B, Tabbers H K. Facilitating understanding of movements in dynamic visualizations: An embodied
perspective[J]. Educational Psychology Review, 2011,(4):501-521.

[55]Claire P, Lagrange-Lanaspre S. Metaphorical reasoning together: Embodied conceptualization in a community of
philosophical inquiry[A]. 13th International Conference on Computer Supported Collaborative Learning (CSCL)[C].
Lyon, France: International Society of the Learning Sciences, 2019:424-431.

[56]Clark A. Précis of supersizing the mind: Embodiment, action, and cognitive extension (Oxford University Press, N,
2008)[J]. Philosophical Studies, 2011,(3):413-416.

[57]Ballard D H, Hayhoe M M, Pelz ] B. Memory representations in natural tasks[J]. Journal of Cognitive
Neuroscience, 1995,(1):66-80.

30



Vol.31 No.8 2021

[59]Gray W D, Fu W T. Soft constraints in interactive behavior: The case of ignoring perfect knowledge in-the-world
for imperfect knowledge in-the-head[J]. Cognitive Science, 2004,(3):359-382.

[60]Hutchins E. Cognition, distributed[J]. International Encyclopedia of the Social and Behavioral Sciences,
2000,(138):2068-2072.

[61]Martin A. The representation of object concepts in the brain[J]. Annual Review of Psychology, 2007,58:25-45.
[62]Stull A T, Barrett T, Hegarty M. Usability of concrete and virtual models in chemistry instruction[J]. Computers in
Human Behavior, 2013,(6):2546-2556.

[64][68][70]Kiverstein J, Clark A. Introduction: Mind embodied, embedded, enacted: One church or many?[J]. Topoi,
2009,(1):1-7.

[65]Newen A, Bruin L D, Gallagher S. The Oxford handbook of 4E cognition[M]. Oxford: Oxford University Press,
2018:3-8.

(6611 5, 52 BRI AR A AR 1) = KRR A S [J]. LI #UE B, 2012,(1):37-41.

[67]Wilson M. Six views of embodied cognition[J]. Psychonomic Bulletin & Review, 2002,(4):625-636.

[69] Shapiro L. The Routledge handbook of embodied cognition: Cognition[M]. New York: Routledge, 2014:361-373.

The Connotation and Application of “4E+S” Cognition in the Learning Sciences
ZHANG Jing-jing' NIU Xiao-jie? LIU Yang? WANG Ci-xiag![Corresponding Author]

(1. School of Educational Technology, Beijing Normal University, Beijing, China 100875;
2. Institute of Education, Tsinghua University, Beijing, China 100084)

Abstract: The learning sciences is an interdisciplinary emerging field that originated from cognitive science. Recently,
the new “4E+S” cognition model attempts to integrate embodied cognition, embedded cognition, enactive cognition,
extension cognition and situated cognition theories into a meta-theoretical framework. The “4E+S” model integrates
multiple theoretical claims from the second-generation of cognitive science, which could establish an integrated
connection between the individual cognition and the body, the environment and the situation. In the concequence,
“4E+S” model helps the learning scientists focus on the cognitive processes in the brain as well as outside the brain.
Exploring new ways and appraoches of human learning and cognition using the framework of “4E+S” model could
helps promote the transformation of research paradigm of cognition and learning in the field of the learning sciences.

Keywords: embodied cognition; embedded cognition; enactive cognition; extended cognition; situated cognition
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