PEYFHTZN

2024.6 4495

Digital Education in China

T EwAHKH

X E %S :1006—9860(2024)06—0038—008

B <7 I RUAE DX R i et % -
— I TAEER P 28 0 R M 45 I B A

wHR, WY, R, A B, R

VAR R HHEHLABE, 7R T 510631
2AERIINER Y HEGEHARYBE, 7R T 510631

T FIAARERA Y T EBEFRAEL, R PEXFIEOEAWELNTH, R TFIEXZNLHE
Pho NZMLBATRADH, TOEEL P AN R F T AR, ZAT R BMAER LI A AT 3] & R W A3t AT
oA, BRI EATHERRNELREREESE, FERFTERXRRBEZ L LANEAZ LA F T RERLINT %,
RAEWANABRBIEEFTIR, EAROFIFZERARNETHITE RSN . ZREN, PR BGONF R ZIZRE T H £
F BB T A EMAR, BT A R ER oA KR AR ATHAES AT, SFESERT A FF I HFHELR
IWRAITARB R R I, ’E, BR “HETANT I AR —FF AR Z 8] s 5 F—R 3 S 4 R 69 Z 3 S F—35 47 2

A TF R RLR AR 8 T RLAE RO AR e il R AL

o

IRBRRHRELK, AR EFAEEIERF REE

Kl FFH KRN ; WESH; FIRMR; HRLA; HFEE

Wy IS G434 SCHRbR S : A

* AXABERAAMFEALHERE “BIUNFIFRETENHIESFRFEIEZLARNENE SRR LG EARL” (RA %

. 62077045)FF KA o
D #RweFUA A B RAE

—. 58

20234E5 A 29 H 2 i1 B id R AL ih e BUA R
SRR, LUIBTITE S i — KB N H Y,
R I E R AR R R E | BRI R X
—E R, ML E R R A, SR e
BeeE A AL RIE AN % AbAbRES: . I AT AR
FIE AR, WiE CEIBRM T BHAR, FEZRARIX NS
FHIRME T HETHE SRS, WREME UL I AR A
R 5 R, P R AR R 8 8 T 4ok e 2k 2
2 XA R T B, AR B £
LN (CNNIC) & AT A 520 (i [ B RN 2% & SRR e 11
) R, #E202346H, & EKEMEIX10.7912
AP b KA S, 2 RETE Ll . 78 Tk
REMR s TAL S AT AL B TE LR 7 ) B L X, K M R
AV B R TR R, USRS T R A4 X i
TNFFA R LS 2 ) At S p gt . R, 40 XA v
TR JEIE N IR R JRARAE, A RE R 2 Rl s i fR L
TR, RIS 1A SR USRI 2 ) B 2

HREBE, I B CR o A

EENGILPN el e v 2 S S
45 MAELSA ) E S AR R AR, WUE T 1R
A BRRMG . (LR E KRG GIEL I I E
LR HIRHE T SCE YA, BT 2 Z Y
ARh CBGE” AT, IINGE A IORTE L BEE Y
T BB LR UMESAT . SRR A 2%
(oA AR P S R S A T i 22 B B AIL I g
P, 27 2] B R AR M2 I OC R A h A M [R) 2 20 2%
B AR )27 T AT 55 o >0 3 B R A, DR RAT A Y
FETEMESAE . TR R, 2R
RS AEAEZE 5 o ) 4 ATy D AT AR e,
X HHEATIR AT AT LA T fif 2 2] 35 92 2] PGB AE A 2
PRAS, BN He kot . ST T ISR AR
BB X TAEL 2 ) H KRGS, A BRI 2
KA W IMEBCR DY, et PMEE S ERE, i
TR 2T S AL 2 8 S R A, e 3ok
At XA PME S RO, IR Hh ML 2 T H LR K
28T A 2 ) A X, RO AR ISR AR L I

38 re



2024.6 F 544947

PEHFHTZH

T EwAHKH

Digital Education in China

6] 20T iR ] PR PR 27 ) AR X BRI TR AT

TEER 2] B KR MR T A A DRSS, JFHdS
TEREE . BRI, BB S o) R X A B
AR R EE . AR MR 7 2] B R ST
A A, PUIMEAT TR > AT FARAY 7 ) R
BEAh, ST T PO DCRIE BE B R BRI M7 > B X oy
Jite A FEOCHEFE AR AT AT AR DA Bl > B S M o
[, T LU A A X TG 3 2 D), BT,
I DRI R Z I OC R, IR AR
B> B DCURIE P B ZhIRE R .

=, BxXHR

()2 Bt X

FE DB VR AR R 27 2 AU A 2 1 15 1) o 2 L6 /5
W 11 X (Community)BE &R IR T8 E AL 223 K
TonniesfZEE (FEIX 5422 ) |, Tonniesth Rt X2 2
AAAREAE . B R RO R B VT AN A
SRR RIS 2Dy I B A4
Hh s MR . 7E2 22 M Zsrh, Il —41M 2%
TR NER R, AN, 84X T SRR
F— AL XM B BT R R IR 3 2] B AL ST Y ik
e WEMAELAEXAER, et “ANE¥ . dbat
A . BB AR i RE AR 20234E9 H HOEEN & K
(2 ) B 2B AT 55 ) PRI R o] AR
X7 R ) RS | S ] BUR BRI R
ESTET A s R 3w P Sl B RS R e P M NI B i
AR ) E R EEME, IR T — AN > 4
Ko PRI, BRI PR > AL X0 208 58 T 114 P e B
SCo A BRI, JEdl S e A XA A, DL
XAF IR R AU HEA, it & 2 entx
NS, AR RZ S H A, A S0 52 E X
S R R B A TG B, AR — N T RREL A R 127 >
R T XA, CA R IE TR R
B (R T g i ) A e M, I H 2% 557
ey o] MA XA 2] 3 (I RRAE

(OVTELS T H LR M 3BT

TEL 2 2] 56 3R M 25 73 B 32 22 0 k25 R 2% 73
D7 V5 R A 78 W R AFAE R ARAE , E T A B2 ) 3 12
ARAS, ATRIR G S22 2 Tt . BEIRHERE LA S BT 45
IREIRHE ST . D4R, (L E 8 KR ML i AH
KW H #idlh 2, Hoh 24048 M AFEI i, 527
1520 INHUR LA 27 2] IOC 2R S AN ) 43 B R F
FLo MIZRRAEI B 22 0 T sk fedn it , fildn,
XFFEE TR RRMGHT, TN B4 W45y

s N 2T 5 X e MOOC2: M F k1402, TR
T8REA RS HEMR%TEH . A H RN 5 Hr
TR ) H S WML B R B 5% 01T R Z [ A 5
PE, INNPIE Z AR IEMSEN . AT TELs: ) B R R
W26 AR S 2 (B AR AR C R, B2 AR
BAF NI LLeMOOC I 2 ) 548 1.6 2 464l 4%
BEXF 4, XA 25 0 265 st A3 -5 DA JR0ABE A& I 488 A 7K
2B e R PEAT T IR AT, SR R B )
25t P S HON AR AR 0 3 B AR DG . R IRSE 2
B30 % €A S (o R Y N e B E A S
W26 AT AR B M e, Kb o 3 R LR T 2 R A 5 2 5
SRS R AT T SUE T, BUS T B AR

BARUL, B RS TAEYE AR AR LI T
TELR 2 2] 3 5 BB BRI, AR R4 TAE
HBIN2E 2 B AR B R AT AR AT, I ) A X
KIS PEA TR BT T e — 2B AT .

(F)MSEBUR B B2 5 R

h T TR R, ARSI E A W 2R 4%
X EBEIEE TAEHR R BUA 2~ . B AR A X &
PLEA AR E, 10 AT LA 2 2542 B IR 2
BR324 rh A2 HR A A A LA S DG £ )
SRR VER S . H RIS N B4 X R B A5
2R EAR N 2 T . B e R R, A
X A B & T — 38 OERH T ), kh 22k W
L BEED AR BRFESE 2 RH ISR TR
RO, HA iR TR e KA Y BT AR
BEALRRI T P T a0 i i T I R TR
S ) (R R O ARSI ) kAR A B, HET
TREE2F 2 I 7 R A s R I NS AR E 4 2T B )y, s
A ASRAS B A X R BLE R FEN 2, X R
IAEALZE 2% . AEH B R R ML . AEYE B LK
T D 2 A4S ST I 2% 3 K L (HAE2E ) B
R LR A Bk, HrE NS ST ER
TR E T2 2 A O BIESY, IF B H = At IX
R BRAR SR R 2R 2 ) 3 5 R S A TR A ST O 92 o
FLRA A ARE A 24 S BIRE X, i B 9T 2 2] Al
XL, AW T OA I A, TEL
2 3] B R R AT AL T2 S AL X R B, LLR
A AR ) X488 HLE R B3 22 2 BER, XA B T3
fift o ) B BRI 2E 2 AT oA, BT ATl s 45 2
H TR TELR S I, TRAEHCE o %

=, ETFEINEHREIANFIEXRRZMEI AL

() A BRIy P

o 39



PEYFHTZN

2024.6 4495

Digital Education in China

T EwAHKH

A WAL R IITEIE R, S 28R A
I, ALRES B AER M AZ SRR AEAL X, T ELA R TR A
X HEATHAAE AT 538 A, T B it X R B
2, AU BT ITEL S 2 8 R R S Il 1%
IR DR TR, AMUFI 27 2] 3 2Z 1R 5 & A5 B
WRRRBOCHERR), THEF ) E e ) i
PR SCAR N R B T2, b 3 A e PR AR
(R HEAE B ANPRFE R A OB R . 2] R R AT
WK F,

hFEGF BRI I 2] 3 G R 445 BASCAR N 3R
BT ) BRI X ORI, B e E 2 R M 48 5 B
B TAESIR 57 ) F R R A AR TR (E A 1R
IRV A 2] Z (B SR, ORIl E4%), 2]
U N AT IR IR A R e 46 0y 2% 2] 4 RRAE 1) AR
X (XH 1 T 3R B 3R A I A REAIE TR 75 27 2] 35 SCAR I
A BAARIR), SRS B RTTEM 28 R T iz
1 FHHY @%*ﬂmgﬁcmph Convolutional Network (GCN) [2304m
AFIXAE i A GRAT 2 2] 8 WA R R B Z, a R
jEﬁ%ﬁ%%ﬁ’ﬂF(Non—negative Matrix Factorization, NMF)%
AV 2302 T 53 fife I TR A5 2% 2 4k IX SR i G 2R P
WHIA X R R FE R H . A58 A 2 ) B X R T
TEAREAHESR AN L7, o P R R 25 GCNFINMEF
RGO 2H T S5 1 B AR S B4 Sl A 43
T

HP o8, 4 = p-1/24'D-22, ' = A+1.
DA A A (X £ BE A R RN B R R, W ORITW 243 1)
GCNEEZ M2 ML Y25 S50, SigmoidMReLU
BIRAR L MRS s . N UIZRGON, 5 B Ok i Bk
Loss, 3 AT DAIE i 75 7 FH 776 7 4 42 40 B A i 7= A 1412
ZRIIR

Loss = ||A—ZZ7||2 2)

(QNMFZRIAIY . GONYI LRGSR 5 il FRAG e 1) 2
S EREHEEZ, Bt X ECh K, NMERT D25 oA
n x kZE Y27 ) F AL SRR SC R AR FEW AL x kZEAt X R

FEFFHIEAUTR . Z~WH' o 5 %SOl oK
T LAY RAS W ARTH A 32BNy
(ZH);
T 0
ZTW);
Hyp = H;‘pﬁ )

HrprWaT DR R AW R — 2 ) E kX A s . B
WIS, TR H, WHEITTICE PR B
(BAE B TR Ry SR & 4t X 45

()2 > AT DXARAE B i i T

DAL XN OB AN AbabgE | i
Bf Rl g s ) Al Stk MR UEHE R ELR A
VAT AT TR R, DEE RElEN R E
BUR B Z A bR . N TIRIEFELR 22 2 3 7T LA 3Z 15 [a]
B BH RS R BF ), B

A

i !_' icjed
. 4 ﬁﬁ%‘/a :> PRI 28 [ A |:/‘>
2% i: i E

2 2] B FHIE GCN
------ T X

/a‘e;%m% HE ﬁ
FEPE |y | GON @

GCN

¥ o AME BUJR
5%1%25 s JEE RTINS

O 3 VA 7 2 2% 5 o 3 40
EE (25 GRS
VDR [, LA I S 5 5
:> KRl
3] B
pevt Eﬁ SRR s Tk
T R 1 T A K

LSRR | S B BLTE (¥ 5 B2 A (Y

B, X2 > B XA B 5l

Bl FELFIEXRRNESNAATHEIBHXEINFEIESR

(HFEBFMHZMNLEGCN, GONAYVERITE Tt HE i
AFRIXFATn x d4ERY~2 ] H RN Z, oo~ ] 5 AL
o BAEXME A T E A SRR, BT AT RN
W25 G, it 22 2 GON (AR T I T 7 R 12
2T KRR A SR A, 2 22U GONAY
YNGR T S R A RS ST . B — AR 2k
JEARAF 7 2 FRAE IR Z AT IR T R AR

Zt = Sigmoid(AReLU(AXW1)W?) (1)

40 re

JEFEH

INAL, PEH BT TR 5 0 9

FLAE A SR 2 DR
S O) AR ST IR R ORI AR A, A
RE A DL BT 27 S BUAE KR ST AR, BT 27 2] AL S il iR T
RAESS, ARUXTTEL 2E 2 3 R RN HAT T, TR
) B R M EEAL AR T 1027 2 B DO 51 B 755G 22 0
AR, WHESORNEREE R, FRd] Rt —2
RHR H A2 2 47 A5 B (O E . BahAch .
MAAE), Ik SR AR A 2 > B DRI 1 23 B i L ai
KR g2 2 R DR AR B AR A TARFAE 53-8
W BETT T &% (Density) . SCAS P FRAE - 24401




T EwALHE

2024.6

B 4494

PEHFHTZH

Digital Education in China

E(Avgsim) L HW R Egﬁ(lmportance) DS e NES
(Activity)iX PUMFAEBEREAE bR, o i 369% B2 AE- YA
BLEE AT DA 27 2 U X BEA T AR 3T . 27 2] 3 A
R R BR R T DA > B X e ) 2 ) 25 B AR
HEATRFE ST o 45 BE R AR BRI AT AR
X4 E At X e, HIEHE B Density & LK :
2 x (e PO EIEREE)
e (el — 1) )
Horfrle | F IR e, 2% 2 35 BB VB o SCAR N A RFAIE
SR ARLEE (Avesim) & SCM At DX HR I I 27 2] 3517 SCAR TN
FERFAE 0] 12 A% sX AR RURE AP0, ABOE o AT A2
S B, v, X8 R HG SCAR P ZEREAE 53 59, A,
HEA B L R eosCopag) =i, < - T Ny
) 1 Y S BUESEAT, W Avesim e SR
2 X Yy, e vaec; €05 (Xp, Xq)
leil (el — 1) ©
02 2% I 2 U (A RE DA 58 B il AR, 2R D 286 v )
WA Z , WRZY SUBE L, A5 AT LU
I EEOR B B A2 S R X P B . X T4t IX
e e Oy, (B AR A(y,), o PR
R i/ INEFE 3] Fmax(d(c;) Flmin(d(c;), TR
FH R K s N 532 AT ATy ZEA DX e H A 2

Density(c;) =

Avgsim(c;) =

d(vp) —min(d(c;))
max(d(c;)) — min(d(cy) (7)

Importance(vp, ci) =

S EMIIONA . HEAEH . > BRI AR T O A
R DU W IS ERFE R, AN RIZR AL T Ry 5
BRIEABA B AR, AT T IIA Y 2 > 3506
BREETHEE vk . BkH, BUE s T md 1T, %
T IR IR Ms(i=1,2,3..m), w,(i=1.2,3....m) g HHI Y
BUE, W2 v FEAT X o R R TG R 5 SR

Activity(vp, ¢;) = XL, w; s ®)

Forp ST wiml | R T AR SR R
HEFUEE . AN, FESERRHAN ., Activity(v,, o)t
TR /N — Ak R

M, HELFIEXRMBEITER

SR R TE L2 2] O R A BT R B2 2]
RIFEIX E B, AR ERERSSHEH EHE
5 1B 27 B R 2 B FE B SR MO O C Cube X PO A K4
RUR, ALHE I R | SCAR I A0 G A A
FUPEE) DA K2z S A7 B (RO . > 3 0 ) 5t
Wag)%s, HPREAREE R AerafFRFRIT. T

=
it

B REATP MR SRR A SRR . RS
N FHBET A 2 ) BT X B A2 IR AL X, fe i 3
T B R B R AR TR S AT o
(—) KR PG R AE R nT 94k . R Y G 2R
2% 0y et 3 2 2 [ A I e 3 B R4, SEPRERN TG
R4, HIEARMGG P NR TR . WRIATUL
B B IR RECHN046, DEIHZINL ELAT R
SRS, R 25 A SR hZ M 25 5 Tl fAk
SrMrEnE2R), dn] LA A e T s R
SEF . R FHANIFT B G 2 20 A X R B A S % 2
B GEIAE A SI TIAEIX RS (Modularity) /R 7
ERERIPEM RS, AR AL 40.68, #HIX AL
H79, F A XA GO 1040, f/ M XA EON3,
FEX AR R 1411
R EIELRANEGIHSE

i RRAE A R i
REEY 11149
HE 21677
S 3.89
R 6.1
o4 HA% 23
RERH 0.46

g

B2 ZFIFEXRMEARMNL

() S R XA AE BE B A3 0. X ARAS I 451>
B XA TR IE R S i, LA 459 i Density
SCAR N B ALL B Avgsim, FRAE HEAk bR R P2
%U%‘?ilzE@Density*ﬂAvgsimﬁ:}’%ﬁ(ﬁﬂ?ﬁ@3%%)0 MK
3T LAE KRR s o A AE Lk A 4 1 sl )]
B, UiBADensity MlAvesim B A, il o i —A 115
P P 5 ZZAHOC R B, 42— N0.78, R E A AR
A IEAE I . Density FlAvgsim ) 5C 2R 156 HH 1 1226 55 4%
AL X, RO A SO N AR B L, R AR T
(7] Ak DX B 5% AR AR 2 > SR TAEARL, R i 53 ) 3 42
R, UMEY S EAT O, Nil2 e A il
T 0 Z A 522 AR SCAR NG B, s > oA

odq 41



PEYFHTZN

Digital Education in China

T EwAHKH

OB N S L I B = A os

1.0 1

0.8

0.6
Avgsim

0.4+

0.2 1

0.0

0.0 02 0.4 0.6 0.8 1.0
Density
E3 &38R XFDensityFlAvgsim#

2 2] RURE DX 18 B — > B 53 A QIR AR N 1) SCAS N
PR ), QRSN IR R A DX BT A B O R
R, A2 REE TR B e T4 R A DX 2 2] 2480 32
M, F25 T HARGRMER 4222 24 BRI, H
RIEFR L Density . Avgsim A SCAE X A H B G A 104S =)
WRFIETR] . NR2ATLAR Y, SRR 18] 5 A R 4 DX Y 27
> D8R RS R B VIR G

F2 BMBZINGEETX

F PGB FM | Density|Avgsim AR TR Top 10

S TN I NI TN,
CoBEFUT | 062 | 053 by "ot shy, . baA. Sl

otk ok, Wk mm x4 JF
TR T A 0.65 | 0.49 ?ryz TR, B A A, B,
[ e

erE . RS, Bl R
Y/ TEaT ) 0.58 | 0.52 ?E A, Y. B TR

GFEHL . R B TR E LW
KPR 051 | 055 [ . 20k RIE RS . BURIE .
Internet. Office. 155 B4k

(=) 2 A DX R B AR REAE B i A A . 2 2
DA 2% B0 53 AR S 2 (7) RN (8) 43 i) 1 o J3E AR BR
(PRI . > 80 % [n A TR, AR 73l
HEHoON0.3, 0.3F10.4), FFeifil & md bt m) = 8 B RS BR A 43
Mo B4R TR A X TSR, TR
272 L E"JE%Elmpoﬂanceﬂ]?ﬁ&EACtiVity%%w*a
Kny, HBGHERAYRL AR R R G n LU
BN FEBORER, W PS5 B 8 28 iAo i
W, ERBEIG IR R K ), XS W B
ESHMHTEER R A S, WA R M4 h
RO R

T 200 B B ) R B R R AT R R Y, AT
VI EHE T e > AR X TG BR AR 01, X 7 AR LR 11

HOWSAT B 1 e D HE AT BT RS, I
Il B R SR A BRI AR A 25 T 2 SR I T i

1.04
0.8
Importance 061
0.4

0.2

0.0

0.0 02 0.4 0.6 038 1.0
Activity
B4 &3 EMImportanceFlActivity 5

(V)27 2 B IR 5 27 2 B O R AT IR
FEE R X FHE 55 S ST R, BERCER 258 R
RGN ) 2 30 BT B8 A 4 X (R DX AR E X B Ry 43
MIxE 4, FFRE5A WA ) BUAE X 45 D3 1 20 BT 2 Jl 4t
HEAT 30T o AR 2 BUAL DS IMARRRIE 7 T, 25 I 4
A AT IR 2% B 53 ) Importance Al A ctivity FRAiE & 1IEAH G Y,
PRIt R A etivity FRAEVE AR S B P4 X5
AR 5 H > B s (2 AT 5 — AL BRI
Score) (I HR, S RMEISHR . MR LUE H Activity 5
Score sz IEAHICHY (H 7 25 A0 RECH0.53), BIH BRI AL
i A, T I 2 2] TR DX D 3 R T
ESRINE =P e S R ek b R (AR

1.0 1

0.9 1

Score

0.6 1

0.5 1

0.4 1

03{ o e
0.0 02 04 0.6 08 10
Activity
E5 3R XERRE SRS FActivity s> %

A2 3 B X R ARG AE 710 ﬁZ[XAE/‘JDensity*ﬂqZ
9 Activity{H43 51066 F10.51, #EX B Density A1y
Activity[H 53 %1°00.34510.32, 7] DL X A B AL Tk X
B: #EIX AR ERE T B, GRS A

42 re



2024.6 F 544947

PEHFHTZH

T EwALHE

Digital Education in China

FE DX B3 1) ) 8- 35 i & 0E — 25 43 il e AN S5 9 (0—
59, 60—69, 70—79, 80—89, 90—100)#k1 T ¥4 %t it
X, SR anEe R, MEI6RT LIE i, XA
MG R (>=804) ] i & TAEIXB,  BEAMS Kk K (<60
WAL TFA4E X B, XA X LA B A4 R EAE X A 5
)2 2] G AT — B R o AT DATA R i SRk X3 o X
U A7 B ab N L N S 8 S1 A B2 K RS T O ) R P
2 ) AL KRR ) AR S R R, A I i sk b
B RFEHIR A AN G A, A H TR 24>
R . 2 R AR IX BB 22 ] B AT
HAAEZ, WRFIFIE R 2] B X A 2] UL
TN 25 2] G I — R AN R 52

40

mil XA mtLIXB
35

29.56 29.57
30

25 3.76 228

0.22 10.74

127

90-100 8089 7079 60-69 0-59
El6 SRR RNFESIRES T

F. BREEXFIEXEZNESTAATHEIR
XM A R E 2 1% R R

(—)itig

AL S R DO R I, Gs IR S # R
WIS TIATRIRLA, SRR T OS2 B DCRFAE B H R -
BEREHE . SORNARRFIEF R | 2~ F A 2
PARCHERRIE , I3 50f 2 > A DXCHEA T RE (A A S AT F 7
DE AN RBATREE 0T, IRARIHIRREH 7 56 e
B RAARRRAR . DFEARRIT, 2 ) B X o o~
HRBRIER R, RERBAHE I NG PRI R i ) B¢
W, i NEPMERM B SIS ARG, sk, Jf
TERE R R It A FEA L AT RO St . )Y
TREREER 2 ) IGTA WE R, SRITTAFAE RS o il A 22
HHBCRAS, P, A BRI HGE TS . 37, T
WL BRERFIMEE, DARTHREAR) 2 TR S 5,
M e I BRI i, IR o B i 42 ) AR DX )y
NHFREEBL LA THOFEABA I RER, RSO
TREFR P2 B A B B IX v I A 4 i 0 S B L Sl A U
fi, PO RN ) FR BRI OGN R, JFIRIIE 1 7EZK

o 2 TR DX L2 SR 70 BT 55 I BR, LUK
N AU SN RS Gy

G, A E A ) A R RN R BRI A A% O A
o WICRBL, (BRI BRI G | 2 7 ) 3 5
SEUEE, P HAE S T B IX P A X SR ER
027 2] 3 BERE 2L s o A9~ > BRUAR X, T 2 BR A
e Tt ) A DR SR O B R i LARTBISE SR
B, HHXFAES 2 SUR R EY], 2 2] & Z R
HARER SRR . PERERAEEMIA™ Hk, #UT
A SRS R 2 — . TERA T — e S i
&, I ERR IR R JRH, 2 E R
BRPE IR S S, IRFBA BRI ] i
A SRR AL T LuofE N RIS, IEB [R]—4t X
AR B AR 27 2] DGR AR D), 7 BB IR HE K, M
S HAT R AR, A DR GRS AR A
B B S A s o A S ) 1R S R A e 1 ]
WA, W E R S BRI, IR = 1
EREE, BRI 5, X SEHRA R TR 7 > 5t
e, WREHCE R ERE., CARRLRERS
IR UME S E BRSNS, SR B TEAL X P A B
B i, PEIEUME SRR, i FEL s ] th s
MR R R MGE, AT H SRR A AL X P M AR
SREE, X A I T R U

TEMZ A, BIRCADITEWIRI 1, 7Efg > &l
Foaryd R, RS ) GUSIES T4 25 I 26 2 A 1 B
FVERZ A, AR T 2 TR A, B
SRR, SEAPITARLL, ARSCEE T SR 9 45
IR B TAE L ) B R R ML T, s i
) 20 o B 7 S Bk 2 AR . 7R A IX rpag
2] B AR R R AT R AR SCHITSE S R T X
WA, JE 2 S R DCRRIE 5 27 S S R R BT, A
SO 2 2] 35 B S5 T BRI S TE A OG- IR R 14
B G . RSO T E AR RRYE, fE R
TR R SR BR T R R S B2 —T7
THT, 270 2 M T R 27 T B DX G 2 M 284 % BRI E
BT AT BT AR, LA B BN B3 M RO A X
AR B B, T IR E BRI O 2 ) B 5 — T,
T A DR R AN AR R A T BE R 04T, o ) B TR R
JE | BRR B AR AR il e o) Bk ol S G, {2
BRI A7 A, A e A o ] O P P

(TR ) A X I BE 0 7 o ] A 1 SR

T B 3 R i E AR R R BRI R
G, Lhog o J RIAEIXON B, HETAEL ) H R R W
AT T BE RO R i e, SRR RIRAR, A

od 43



PEYFHTZN

2024.6 4495

Digital Education in China

T EwAHKH

WFFERE R T R AT LAl o 2] A X —TF A X 2 ] A
W E— e A XA B3 SR —dR e St B i R ik
7 BTEL 7 ) RIAL X R AE 27 o R e s . 157k,
TER AT 2 T R O T, B ) 51 )R, ABIE
FURHEAY S R R BE S Wy ) 3 Z AR SE R & o K]
PACHA R AR, A n] gLy ) B DA H
S E R BGE R T E A . AR R X RE
iR [ B S SR ) A PR A S A AT RO, fie
BEA X F B RR SRR R B . O, TETT A
DX Z 8] A R 505 1, DAy SR A A R R 5
SRR EDIEAIRARC R . & HHETE 7 T BRI =
TELR A7 2] B 27 > B IRAR U R AN, Iy~
OB AN Bl XA >0 A DO 20 o el g i
BT R ROHESIAE AT, R R T ot e i 2R AR
Z—o IR, TEfEH S E S GIET T, BEfhE
S RIAL o R | TGRSR, ik AL
J G Z ] A HR 2R o TRk 2] BUAT DO SR RO T Y 2 >
B, bR EAMUTER BRE T, RS WRERE T
Ao TELS I BRI ORI TR L E Z MR, 155
HAZISE] 2 WA RRE, BER R ARES SihE .
2o AEASR, NEAIHRAEHE R B R 2y o) A X RE 2R
SRIE RS, ) HRMEZRER . K5, e
BN B BEAEAT T, B TR ) IR L S A
PRI R SRR AR S 158, B AE LA O IA E
o e R AR, i 2 W S R, A
AL ISR 7 I A DR i, DI TR 7~ 4t
DAY B FIASCR, s IR FEAE XS R rh, AR SE PR B
X HCE BRAR AR Rt A7 2 58 0 AUk, B fige o il
2y o] RIAL IR AR R SR TR AR, Tl ad 24 e oo
AR X B A A A R R B R T R,
XHE X A R0z TEER 2. R, AR RHZE N
REF I H BTGB, AT LN e XA, A3
BCESEIALSS . WAL IR | B E AR AR 5507 1
T, R EBEL R B At I H I BRE, STl
BRBEELRAY 2 ) 3 — B R R T T DL R
AR ILEIR, G > R DAt U A 50 6 ) R
P, MRAEZA R R AL

N BEiE

ABIFFE T A DX AL A A 727 T 35 G AR M 28
Br, it AR B RE X BT A DCRRE JEE R R
HUIER ST SHT A 08 f), fEHs
(2 2] SR R R P AT 1R I S SR AR I e
S BT ITIE AR RIS A B ARRFAE AT 70, Tl

44 re

FLAT DO DR BRI BEAT 204, [R] AT DA it —
i ELL T i 252 o B RSB AR o DUHRRFAIE A1 5 2] 36 R
JERY AR . AR, AR S ) SIROC R 1Y
OIMTEESR, AT LR A AR LRI 3R 5 | e ko )
WSS H EMEAT A, AR B e T A XA . A
WFTEHE T IR I FE L ) B G R A i L Ay T 9 D 22
PR o] AR XK RE 2R o E A DR, B IRE N HH
R el o) 220 7 i P O P A

TS SN AR, RER AR T A DX 3 A 4
Jrak, WIS o7 2] 2 ) POB LA TR 2B B, 1%
FEPERERIE ST AT A BN DT Wiy o7 220 7 o ] g
I R AR EOK , TR IR A B FARIE LLEZ AL
AL TR B R, R R DI A X BEA TR S IR B |
FE T E RN RIS 257 5 204 DX USRS S04
T WL S SR R P A R i, A5 S 2B )
TR AR ZF, IRAEAEEIE i A sk

5% ik :

[1] BiHept. PSS 08 5 R ik ). 1 [ AA,2023,(10):5.

[2] /IR I BB R A 2 TR B T B SR BOMBHE 1 73BT .
MIRHE 5 30k,2023,15(5):40-47.

[3 7 [ ELJ6 0 21 0, e B 5 290R€ o [ EL IR 0 2k SR R B e 1A S )
[EB/OL].https://www.cnnic.net.cn/n4/2023/0828/¢88-10829.html,2023—
08-28.

[4] Siemens G.Connectivism:a learning theory for the digital age [J].
International Journal of Instructional Technology and Distance
Learning,2005,(1):3-10.

[5] Z08 A0 0 A7 55 . 2% 43 B 75 R AE IO 26 07 T X AT T 2553 ] T
22 ) WF5E,2020,(2):55-62.

[6] X = 5 A7 XA 2% PRIE T REAACE. 2l 3 7347 (89 1o TS
FT A2 L TP B AL 7 ,2017.361(2):5-12.
[71135] FRIGEFLFAFCR AL 8 S HTAL AT ARG~ 2T AL RE SR g

SRR R R, 2014,24(10):73-80.

[8] KU JH L1755 AE LA 2 10 2 itk DR BRI e ). Pl A3 5T 1
1,2020,64(9):142-152.

[9] XA 24 F WA B 2R O R SRR A R A B A (2
FABlEER),2024,45(1):118-126.

[10][14] fLTEF.“ FLIK I+ 90 R+ DX 0 2 Ol Bl 037 10 B
AWGE[I]ARELEF W 57.2023,(11):56-60

[11] Girvan M.,Newman M.E.J.Community structure in social and

biological networks [J].Proceedings of the National Academy of the
Sciences,2002,(99):7821-7826.

[12] Lin,X.=F.,Chiu,T.K.F.,et al.Teacher learning community for AR-
integrated STEM education [J].Teaching and Teacher Education,2024,
141:104490.

[13] 5K/ B 5 Pl A4 B 2% 0 TR X A B A SR B S B 52 0]
FEIRVT 0N K 27 5 2% 412,2023,42(2):151-153.

[15] T3 IRIE G A TS A AT AT BLE 1 eMOOCAE ] 5 R0
FEIFE 2T 5%,2020,25(1):10-21.

[16] A H R, X =20 45 F T AL WA BT AL AT R o3 B e
FE A E A (5 B 4.2019,(1):5-10.




2024.6

T EwAHKH

BB 44985

PEHFHTZH

Digital Education in China

[17] £ PRI .eMOOCHUF AL 23 2R AR Sz HOR 2 2 UK e 1y
SR P EEARE ,2019,(11):15-23+92.

(18] FAVA AT D 3= 825 o v A 100 205 M 5755 HCABE 8 I 285 R (14 O
FRIRFE——EET MOOCH UMIREEAR /32 H. A A A9 70 B[]+ [l s 7

H,2019,(10):9-19+51+92.

[19] X =4 o BRI A AR DG FRE SO AEZR A T 2R A i b 52 2]
B FZ——LASPOCIRIZ A BN ].H HEE WHE,2020,(3):80-90.

[20][31] Newman M.E.J.Modularity and community structure

in networks [J].Proceedings of the National Academy of the
Sciences,2006,(23):8577-8582.

[21] Garza E.S.,Schaeffer E.S.Community detection with the label propagation
algorithm:A survey [J].Physica A:Statistical Mechanics and its
Applications,2019,534:122058.

[22][27] He C.B.,Fei X..et al.A survey of community detection in complex
networks using nonnegative matrix factorization [J].IEEE Transactions on
Computational Social Systems,2022,9(2):440-457.

[23][25] Jin D.,Yu Z. Z..et al.A survey of community detection approaches:from
statistical modeling to deep learning [J].IEEE Transactions on Knowledge
and Data Engineering,2023,35(2):1149-1170.

[24] Fortunato S.,Hric D.Community detection in networks:A user guide [J].
Physics Reports,2016,(659);1-44.

[26] Lee D.D.,Seung H.S..Learning the parts of objects by non—negative matrix
factorization [J].Nature,1999,(401):788-791.

[28] AE3C S S SR b 2 SR P i 24 A 2 5 R AR
H445.2011,29(3):14-20.

[29] S 3 RVFIEESS F ey ) BRI AR H e i 7o B A,
b E HL AL ,2023,(3):17-24+45.

[30] Yu J.F.,Lu M.Y..et al. MoocRadar:A fine—grained and multi—aspect knowledge
repository for improving cognitive student modeling in MOOCs [A].Proceedings
of the 46th International ACM SIGIR Conference on Research and
Development in Information Retrieval [C].New York:Association for
Computing Machinery,2023.2924-2934.

[32] Vossen,T.E.,Henze,l..et al.Finding the connection between research and
design:The knowledge development of STEM teachers in a professional
learning community [J].International Journal of Technology and Design
Education,2020,30:295-320.

[33] Luo,T.,Freeman,C.,et al.“Like,comment,and share”—professional
development through social media in higher education:A
systematic review [J].Educational Technology Research and
Development,2020,68:1659-1683.

[34][36] S, 5K T-1 25 W 4527 2] STURAE 55 VR Ik £ ) 45 43— 3
TCSSCIRY SCHk AT ] HL AL, 2017,(2):96-102.

EqiF S
WA Fagk, WE, AR @k BRI R S AR
MR Bl W, AT MAFERT . HFNHF
SR .

Empowering the Construction of Education Power with the Learning Community: Based on the

Analysis of Online Learner Relationship Networks

He Chaobo', Lin Xiaofan®, Cheng Junwei', Tang Yong', Zhang Yinuo®

1.School of Computer Science, South China Normal University, Guangzhou 510631, Guangdong

2.School of Information Technology in Education, South China Normal University, Guangzhou 510631, Guangdong

Abstract: The building of learning communities contributes significantly to the realization of education power. Various collaborative and
interactive behaviors of online learners in the community facilitate the formation of learner relationship networks. A deep analysis of these
networks can uncover intrinsic characteristics of community learning. This study proposes to analyze the learner relationship networks
from the perspective of community discovery. It starts by designing a novel method for discovering learning communities based on graph
convolution networks and nonnegative matrix factorization, integrating information from the learner’s relational network and textual content.
It introduces four community feature measurement metrics for applications in read-world learner relationship networks. The results show that
the proposed analysis method can effectively uncover interest-themed communities within the learner relationship networks. It also allows for
the characterization of the community as a whole and individual member, providing the decision support to guide the online interaction and
collaborative behaviors of learners. Finally, it develops an online learning community enabling strategy, comprising “building visual learning
communities, facilitating knowledge sharing among communities, promoting interaction and cooperation between communities, and reflecting
and iterating under the feedback of indicators”. Through the strategy to enable the high-quality development of learning communities, with
the combination of community new quality productivity to foster a learning community, which will boost the development of education
powerhouse.

Keywords: learner relationship networks; network analysis; learning community; community discovery; education power
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