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TR AP RIAL . =R BORRR M A 4k
N LU AR 52 80 B J 2 2% 1 2t B A 109 AR e A
(European Commission, 2019) . AL #% 77 22 8 1 X
e O e 0 2 B AL 1Y R S Oy 38 T) A &
AR Bl R AR, By kR NS R R i A
Bl o 2 28 3k 4 T () I XA PEA , LAB DR IA 3] 42 42
P, PR BERCE N & 2R

2. ZHE BRI

B PR N R RE 2R Ge A 2 A A i R S 8 2 R
(DRSNS B P R (T U I DA S L
(European Commission, 2019) . #7 A T2 RE [ 1)1 %
s A s WA, IR 4 F R AT R 23 A 22 2l
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KIA A2 0L o R PR B A BLE R 3  BoR
R, WIFEF RN TR RAG NSRBI EMSHE
FEAC AR A I 2R B8 4R, 3l B B0 R s D 5 7
&N T fiE 2 40 i T B 5 AE 3, AR AR,
i HARBEVE MRS T2 At S B, Ay a5 715 5
Ll £ g 2 FE A0 Y 85 22 BT BN, 23T, FF R
W, e FnisE N TR R b % EA
[ /9 WL 5 . 7% 5K A1 B 5 (European Commission,
2019), iE it 2 7 Fl g2 OCHE 2 5 FE AE S R i O)
NN AR S THER % filan, A
TR RE RGBT RIIT & N AT B I B2
8T T, M — R R TG R A Y R B, 2 A S
e ok, Bt SR G E RN TR
REZR G0, VIS5 8 B T A0 3E TP A Rk

3 AMLATEIE R R

N TR RE R G0 00A S0z M 75 7 78 AL 5
B | AT fi R AN AT [n] 53 A0 5 4T 5¢ &R FE 4l I (Felzmann
etal., 2020) . H—, N T8 A8 ARG T LA A=K
1 AR PR A I, O NS BR AR DR Y e A D PR AR
et o=, SR AMLIMRI A R0 ) — Tl
B, BN T RE AT ZX AT S Mok
FATT, IO ELE T[] TEAL ke HE e S . B,
AN TEREARILF T EN NEFL . WA
PR AERR, N TR RIS R ESE
XA B R 2R DL R BB TR .

4 NTHBERFHAT

N TR BB R F7 i iR ] DU G ok A T3
RE flA A 2325 I 1T, I A A0k S B AR R R Bk
BARWMHESARGR. NTEBERATY LA
RSB R LA IT A S A& T3 5 3l fir b 75 1)
— BRI FRE A . BRA E OB S 45
PR T B S 58 BB E ARG A ER 2 bR
(UNESCO, 2021b), Jf-7E (6 F A T agny b nr Ik
TS ST 3 25 o e A1 F T SO BT
OB RE S, DM ZN R BB AR P &
B T AE M E £ (UNESCO, 2019) . A WL R] 2027
YA N TR e R4t th 7 3 S 2Kk, Rtk A
TR FHBE N TIA S5 RIS A MG T
EAEME S EXEE, THX— B, FEHAT
HRRERBAENASHEE . Tl kRME G
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2, SR HBHT A W5 ) EE Tk, JfE
T TS m A S SRR EAN TGRSR
(UNESCO, 2019, 2021b)

(Z)AAAEREIRFH AR FEN 7 A F
v 7 4

1AL 2s 920 5 BEHOR A

BRER AR U MEAE AL R 27 I e iy
T2 . 412 9250 (social experiment ) & — Fit S 56 4
FEBUR . & BHE RG] A B g 5 ™
A= BN 28 LTy e (EE R AT AR, 2022) o BFSE T
MHE—FE G R WF IR S5 BT B Y B0 HE
S350, 8 7 R R I A 2 E AR A Bk R AR LA,
FEAEBE SR 2 X Ik Bl T P il (B R AT
2020) . 7EAMLIBRI AR, BE A SSE N
FZHRAH R BB AR B BE AN ZE | Bk A
ML R 202300 7 5 28 B A 0k S 4 1S T8 Y vk,
AT 2 L DI R] 28057 50 B T 3l A I e o ELAART
& HEHE DL R 20 BB A S SR g g AT L =
T AT — R R R, SO SRR B
MLK . R . SCER FEHL S WF 5 £ RS 5 S0 05T
T B SR, XA S S A AR AL TR B
HERR L BEUR IR B R A T R AT ST, R BE R AE
TR R4 A5 g ST AR AR Y SC I R — R S
DX S B0 A5 R, AT ZUAH G 1Y) S R AL R 4, I i P
[FIBFSE, Sl 5T kAR 3E T+ 2 5 R 44
St 5 4 P RE

2. B R S HON A

AMLMRI 2 5 50, ML 1T 4 38 45 F £ €2,
HHM—EAM TR EH T Bin. AVLPMER
Bz — 2 “HEMUt 47 (Kaber, 2018), AfL
I R] 2802 S B T 2 W A AL 25 AR B0 AT LA S5 1l R
TR (o AT 55 o 4N, bb4e 40 %5 (Bittner et al.,
2019) 2 T AMLYME A1 BAZH B ATAIL A5 Ff 0y o3 2K
Ik IR E B R M E AR R TH]
PERL A LR AP A . Bz, AILASAS I B
NI A AR BT A ff 0, Hi 2 1 58 e
T g MR T U IR WS A 4N I RN =
(Dellermann et al., 2019) . {40, E & Pk B
BIRLPE TAE AT AL 7 57, Bl PE | I8 I AS &
PETAE I by 0 5 5% (DU 2S5, 2018) o AHLP3 )

HeE T BRI B 5 T ARG R 2R B s
W oR B LA BUm 22 Ak M, BIEE T iE
UL SRR o SN ININE RSy S P iU
Wi PR 2R, 7 S 60 h R B AR R o R IR B 456
FRLATT 28, LABLYE S B35 s A I

3. AHLP R 10 20 5 T A

TEAG AT T 0 H AR S BUAR B, WGBS 2
i A O 18] e o e B N [ a2 I E S =
BT A EESEMAE . HEE AN R BT
Al 1) A5 AT SR A DL I

Ho—, EVPALF B IR e R B VN T
ACRIAILH A e o BT E 3 P AE LA B SR SR AR,
Fa g AAIL U R B0 i 3R i 3k b, SR FH R B
ST SRR M S X B A E NI R %
VT, R EA 2 S B S
B TE S5 R A RE RN 19 48 2K, T AL 5E
PEM AR RR . T, R P g ) 6 T R RE
AN PRI B 2 2R BE W R 2k
HOE R PEAL 3 M SO0 HR UL R 0 = A, 5
FEPEAL IR G B bR L SEEURT Bk = A T 2
B, R 8 A PG R R, S8 LA AR 2 (Stracke,
2017,2019) . H =, 7EPEAhaR AR FoR a8 REH R 22
FHE UG IR IE FAE S50, R SO S B
Sl EHE RS, W R E L F
Ao N, FOE A2 SR AT T AE RO IR R A
HUPM R 22 5 B AR XA A Ry v A 52 ), A8
WL JZ T BIF 58 A AL 3 ) 20 o 2 2 7 1 2R A R
7% W2 T R 98 48 AR B0 I G A 25 BUR S5 1 52
M) (fif Jo 5 55, 2023) o RS, 98 AR L R Y
B AL ST T L RR N A R S IR ER L A3 AT RN PR A
BR A 2E At SRR Ik 12 .

AN

AL 22 R R AL RE RN TR BEH A #2
ARG S R W E B IR . AT RAL
YENATEh & N B T, 78 O A SRR B i Al L,
P B A RHON 5 A B 2R A M AL
T N PR oo 1) = I T I 5%, A5 FLA A AL
Rl A HEZR RE AT B AR 25 5 7 MMESE #1L#1 H 41
AHLE R 27 o N—HL—3R 58 R 58, Xl or AHLE3 R
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Intelligent Human-Machine Synergy in Collaborative
Teaching of Intelligent Era: Path Design
Based on Avatar, Digital Twin, and Robot

HUANG Ronghuai'?, LIU Dejian?, Ahmed TIili"?, ZHANG Guoliang'?,
CHEN Ying"? & WANG Huanhuan'?

(1. National Engineering Research Center of Cyberlearning and Intelligent Technology, Beijing

Normal University, Beijing, China 100875; 2. Smart Learning Institute, Beijing Normal
University, Beijing, China 100875)

Abstract: Generative artificial intelligence (A1) is driving the rapid evolution of intelligent society,

while Al-enhanced education is leading the profound transformation of educational organization and

service mode. Educational practices are shifting towards the complementarity and integration of human

intelligence and machine intelligence. Intelligent Human-Machine Synergy in Collaborative Teaching

(IHMSCT) is poised to become the mainstream teaching form in the future, catering to the diverse needs

of personalized, efficient, and inclusive education in intelligence era. This study integrates the guidance

of the "Computers are Social Actors" theory (CASA) and the revelation of related practice cases to

release the potential of IHMSCT and promote its safe and gradual development. It analyzes the practice

forms of IHMSCT in physical space, virtual space, and mixed space, defines the essence and key

scenarios of IHMSCT, and proposes the framework of Intelligent Synergies between Humans, Digital
twins, Avatars/Agent, and Robots (iSTAR). The iSTAR framework categorizes the practice levels of
ITHMSCT into four tiers: Human-Utilize machine (HUM), Human-Machine Collaboration (HMC), Dual
Human-Machine Collaboration (HM’C), and Complex Human-Machine Collaboration (HM'C).
Meanwhile, it emphasizes the human-centered ideology in planning the development pathway of iSTAR,

including the reasonable design in the entire process from data collection to human-machine

interaction, assurance of technologies norms, ethics, and digital literacy, as well as technology

admission, scenarios, and impact assessment driven by social experiment. The iSTAR framework can

provide a theoretical foundation and action guidelines for the development of IHMSCT in intelligence

era.
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