2023 4755 7 HH(EES 363 1)
2 JHEE &R

DOI:10.13811/j.cnki.eer.2023.07.008

URAIT: 2] SEARME A 1 [l S5 DA R P8 T

(LAHIFEASY ATHEEHEFH, #db RN 430079;
QEEF R EFR, ME HELJE 463000)

(8 B WA SRR A AR ST R A BT S B AME R ik R B Z UGN KA | LR ey 21 4 A
HUKF-Bembrag S Re 1, BRI 6T anfaffid ke 2] 2 3= s 8% | A ) IO e R [l ISR 2 802 ST OF R AN 2 AFE
A 38 B H AR F LA ARE ARSNGB SR E 2 > 35 [ AR BRI 27 > S, B2 ) B2 S
Tt B 8 A R SCAR B , SR N B o3BT SRR 153 BT AR I 28 23 B 114 75 76 DA B B i 14 1 B8 R 9 DRI 2% )
SCHRSE 2 20 3 Tl A RTA A AR T . BFFE R B0, 70 IR S o B s & A AR e | 1R 9 A e ) 0 444
2, 2 2] W 5 N 7K ST i g T8 O A RV AR A WO A5 AT S A R, 3 IR T2 2 S AR AR i 2 =] 35 [l A i 5 A 7K
BT, A e B A A T R T fh 2 8 R WO A SR ST AR B 25 b ) 12 2% ) 2 PR ATR B A T

[RBIR] PRAT: 2T ;5 24 20 S5 A k) 5 KR

[FESZES] G434 [SCERFRERD] A

[WEE®IAY] XI5 (1969—) , 5, WIHLABK A B8 , 11, E B S EARAZHE 68 S IW 27 21 /30 5 AR S5 52

E-mail ; liugtang@mail.ccnu.edu.cn,,

—\gl _é-

2 B SRT HAMEA BR G X B A
A MRS, R R SRR RS e
FERH AR, A F R A CIRAEZR S T &
TR, 27 2] A H BRI AT AR A
SR, FRTIRATEZR 25 ) TP R IHAEAE 7 S B AR
BN L SRZIRALE 7 I HORZE A T2
A EERA AT R, e AR T2 2] 2 > 1
PR AR D3l A 2 D5 0 o > 3 R 2D SR
AT A ) B T2 2 B fesr il AR v B A
FUINT MG . ARG AR iy ) Blag, 5 ) —Fh i XA
TIPS M 5 30, 2~ Fd i 2 2T b
B RITREES Y T S A SRR A 5 ) R0 I 2
> DRI, MR 5 B el 2 e ) F A TR =2 )
VAAS IR 77 3R AL, 67 AN TR] B9 27 > S i E A7

TR S 27 S AR F kR | BETTAA AL A TR R

S B AR S AR URAT - IR, T AL
TR FRIARISS A 1 B4 Sy = AR s A ey, 32
B T AR T T T, RS Ek
L F S B 2T B IR, BT ]
Ke 2 NIIBTTE R, Bt ZRALIELSHE T 31 AT 55
SR BRI 2T T B AR TR ) A
Lt I I AER, AREGEE— 3R e ) B R
FERI RN A BT A RSB AY SR, e B
) E WS P MR BRI A 2, AT
HEAPERE JHR A SRR FIETED, i, 2>
IOEFHER TS~ ST 7= A ) 2R 80 A Il T RS R R
e iR ) F NI T RS YR 3, A BT
RN SR B 1 A LR B S ] S 1Y
WP TE 22 M O ) SRR R SR 207 SRS ) 1
AR SR A BHIR AT R0, BN 27 > SR ]

FL I H 2020 4FEZ A AP IEE HARIRS) 92 ) SIPLS WL KR HIFTTE” (R B %% :61977035) ;2021 45 f 45 18 A5 407
BRI SEB (— A T H B SO SR R sl = — M AA IR 5 5L (57 B 45 :20218)GLX531)



60

RAHE TR

ORI AT TE 2 R AE AN e = N Zh A it R i e
FPEAL PRAT > SN B RIRCR . R, AF5E 40
BRI IR 5 > 2 T BUA B BRI =7~ SR, I
W2 > 3 DR 2] O AR SO B | DTS Y
AL LN RIK P P A B A B BE P s 255~ i A
HRER AT~ ] SCARE Rt 5 T 3 TRl A IR,

(— ) B ) R SR R

A I TR U 7 2] B I GEAR OGS > N MR
PG R AN SR K TR A4 R B R, 2~
A () R T B A TR S R B e ) A 3K
PEMMPIRRIESE N, FRT, 557 > 3 2 Uk ) A K
R R A T RS B B ah AR RS, EAE
PRATAAIIEEC T, AR RE RS Y Bh 22 ) 3 5GTE
L MERN A, A BT ) IR 7 D AR PR
FAS i A B BEA TR B I TR SR, SR TH
WZ IR AR, [ , 272 ) 3 A P Im] A e B e
DR SIS AR 27 ] TR 5 O RE R DR AR %
BRI RB A DR 4 2 D I Bl A P (Rl A 38
FIAMAHIREAG BT 7 A 1 35 3R s S B R 3R, (2 itk
o) B o TR )R, EA S AN A R S B
SRS TR

LA S — b £ 35 I A7 0, RER WL e
B RPNAUKE R By I BE Ty, B IR 7~
Fit, EA R ERATE -~ 28 P el IE | B i LA P
SERSh AT WO TR g ) R R R
Pt R SR L SF 2l T RS R I, i
T~ 3 B A M > Y ERATS: > SR, JE M
PR n B Btk sh g Fe A oo SR HTAIA A
RO, BT RZ 2] B RN R BN R 28t
Jr PP SR D ROR A - IEA K B AR e 28 BEE
Biggs ] SOLO £ FRE RIS {1 9 HITH IR B U S50,
p ) VR ) A AT WA, 2 2) 3B A R )
WA IRk, 2 2] 2 TR~ i A Pk TR) 2 5
M=z ) 5 B LRSS AL MR-, 5 Ao ) 3 RS
MWL, P, #5251 G52 20 3 LI B s ME TR
AT I INRIRCR A 2 755K, A B AL 7 K e
fi 5 A RIS A 25 > 3 DR 22 ST A AITRCR

(Z)FEIXREENA

SCARBIRBEETR B TR A fe s R X B
JERS A ) o 2] i BRI SR, LASE BRI A R X A Y
FIRAIBE T R, SERH Al R R R N 52
FORERIE IS5 ST RGBS, eI F e il

o) I RIS ) 27 > SR AR SO DRE SRR
M HH SR NS ISR RIS S 20 IR SR
FISHHLZZAN, T SRR BUE 2, SR 4k ) el
PR S MU A AR ERRE IR, sk, SRR
HA H AT ESEMZE S PR RAIE , BT 5 AR 2L
PSRBT A e T S RS AR T AL
DXL LA, ARG d R A R Bt
ENGIENES:0 NI 772 €2 7l R (371553
2R, e R IRA TR B T AR e St R DR P AR
Ja =B S FEM R H s~ i s, 2
BT THOR TR RS 1L BB TR AR
PUEHEIS ) S8 o | U SR B E T
) B TS IMESE T AR TR, 27 E A, 2
I SRR BRI S 5 ) B R IAR O

DR 27 1 Sl A 7 T I 2 518
TS | B R TR AR, PR~ S A R
T RESEIAL TR 7 ) RO R R AR, | R i e X 1=
2wy s s E AN DN aY 1) S SV VAR El e o]
Wl KB AR R 22/ A2 8k, 7 PR AL 8l
EEh AR R R 2 ARG RIAIE S,
TP TR, 2 ) B AR AT T 127~ 2
WP R S BORF S OCTE AT, H TS A A
AT, BEAATAEBRZ NI RSE R A A, 3228
VB 3 o ) i e O SR I i B i S5 5
5 By, Al LA 1oy o AR E B e o) A F R
PUR R BB de T R R IX7 | S BUR T 27 > Hh AR Y
[V, R, BERfor > SE 2R AR AT ) T sl 35 Bl
S ) B ARBURR Y [N 2R SR R~ [l L, E3h 3Rk
M BEREE

(=) T 10 (808 A6 B O 32 2R SR B A 52

SO AT BT ) TR R RUE R
FURATA I D, 48t PRAT 2 ] T A7 75 (9 1R RO
FHIA A N AR R R A C RIS o B SR ) RN fig
GG 7~ 3 7 A e o 4 A SR DR, R R
] ) IR O 2, HEAT TR ANE 5 RO WA A R B
PRIIIR A PR AR AL R 54 B4 TR A A
TR FEREEE TR SR N, 2 a8
AR ARIRML, XU R 2 AR R I
s F AR AL A PR RV A S o SRS T
P 2 o) SR Sl A B RS 9 Y B
P SRR 2y > 25 W o7~ FL bR | A 5 AR
A ARSIk E A IR A ) AR, TRl R 1
H—FRTCINAISC A, T e AU A B 4 [R]i, do
REAZHE Bh= ) B AN MR AN TRl gy 2552



Bl HARP, s A B R I R Al
SrAT R GE AT AL > S5 R A ) B AR S B ) LR
IR, B R R BT ERE A O B AR,
PEAT BB SR, R, PR ) SR B
L N NI e S B MG e e 9Ny
A B f30 IRy B ah 2 5300 ok
o) R WA ) AARFIT (], SO S ) Hh A A
R B2 5 ) TR, B SER sEI ~
155 SCMN 2 o U SRS R ) B R ) .
P56, LS SR G ) A b BRI ) PR R, il
Bl 2] 25 WA IO FH 27 ) BRI 1) BT 55 H s Aoz
A TTER U R AR /R Rl A S 2] OB S A
A H TR A CERAT IS PR e ok
AR ZE VR 2T NS A I S A AL R ] 1 G
WROG AR BRI ~) T A7 A B BE R TAf 27 ~) T oK
8, A AESE K ) RO SRR E R T, 52~
B R BT RA WA,

HIFFEAE N R AT~ ) SRR [ S 2 ) 24
JSAE S 2T FP T i Y T AT ] Rt e ) o AR P SCAR
R, 8 1 o b 2 B AR R DR R 2R R R [t fe
AR R AR AN PR AT 2] Sl it 25 ) 35 TR
AN AIRCR . NERFR 7 ) B [ BerE 3 25 ok
AR LU BEFEREL (1) 27 2] 2 A ek i) 2 B
FEAGMARRAIE ; (2) 22 B HUKF E BUERERY
IIARRFAE 5 (3) 2720 B AR R Tl R LA K
BUERERYEAFIE ; (4) 2720 3 LE Pk Rl S UL
TR ERER 2252

= HR&t

(— ) IRETE STt

BN 27 > 2 AR FI G AR B i aod 2 ) ke
#, DL WG] S ) F LR 87 U A 57
AN [ 6427 T SRR E A HR S o 2T ARG Z i
K, LI A AR R | 2 2] S O A5 A
PN RN 2 FAGIE O URAT =2 > SR AL BT E
Frfee I FE 0, 51T~ F AT H AR R
HMBRITRESHY o > [ RN~ ) /55K o P, 5Lt~
A 55 B2 2] S A5t XL 52 L Y ER AT =7 ) SEARASE
Freg BT IRAT A DT (e B 1 P77 ), 2 0L 55
FAERAET &5 ReE ) Foe o) Bis R e~
B SR 48 T AL 2] ARS8, 27 2] SR
A 2 T B AR T 15 2 IR S P S 2 ) R 5t
LI S R G 30 R SRR LSy~ O B
AT, R AVATR S R T LA TR RN SR )

2023 4755 7 HH(EES 363 1)

AT B AR 5o o T AR PR (] s
P ST 7R 5| 557 2] 35 BEAT AR A FA R Y
AR 2T 2 ST AT 55 BRI o RO BRI 27 ) SR
(0952 H AT PN 58 27~ 3806 DRAT =% > BORHE I T L
AR RTRAYZH S RS 5 Mk

s FIRmE |
¥R AT
e
! o
eI el
)
AR |, ICEE
T | | ik

1 (Rt S BB A IR EIF S T RiRT

(=) iRETE S L2

ABEFEAERE R AL T BRI R TR
H BRI, DN G08 38 A F AR
Ll AR o B AR 11 N A 27 A eI
bl R Y27 R E A IR e S 2 B ik
HITELR H 77 eI,

RN AR B EOR SRR G BN LAl 2
PR BB ST R N TR A BT ) 4
12 e, PR E IR BEOR SIRE R AR
M= Ll BT R B B, = #OfZd 2
SRTVIAMET PRASRER R 2 A B e RST . il
AR ST =B, 7RI IR 27
2B GHRAT) SORNE M ST e
FETURAT A ] RO A o F AR UE AR AT T SO
FFHRYEF I B IRRT S~ S B N A BT RS T 30

(=) B ERST TR

WHTEH FEOR A ) B B PR AT~ ~) S
AR SCARKICH , F45 27 >0 25 i A JORA A TR AL A X A
JOL IR R WL R0 o A R AR 27 ) AR 45 7 B
SIS R R B A ORI R R 7 AR Y, e ]
B IRATATRIEACS AR DA O , T R RUR Ha
it o PG BT 15 2 Mayer 7EN 27 T B
=) HR BRI B AR Y 78 A5 (DS AR )
PEREZRP B30 A R L R L s AR K P S 2
A IH B S5 0 R R 2B T SR AR TP 2 P 0 A A
BEAGRHEZL R B TR R R AL 5 B

& UL RS R AR AL AN E U, BAR G
HERE AR A WA 1,
(79) B Ak 553 4

W T FAE =D HCEBT B (12 A5 )Y

61



62

BULHFHR

®1 A R R R K B R WA A F K T 4R AR AE SR
HE E5l 4R P
T A F i ] SRR REAS R TP S R TR R AR S ] ) [ et
e figp R R [ E A5 16 JUER 3 0 2 BT AR A A DRV I A, o Bk — A R B UE B D ] 4 )
T AR R ) p 8100750k APBRANRG SR ] FBR I 2R U 7 1 RS 11 4 e [ st
B3 2 ] C $5 1] B P AN R, 75 A AR TRV EREUE M R R 1 ] [ 250
R IS 52 B Oy TR SCRAFUR A 27 ) B A LR
Ak T P LA PP 5 ) F P NV B TR BB N W e — 2P i i e
R LA PEX 7 ) F BRI N BB I AT A O SR R i
AL A PEL 2 2] H VR AR AN NSRRI F 20 B AR TEAG R el
&2 A R )RR 2R B K WA AN 7K T 4 A o 51
ID | REET | REMER mEAE B ZEEY | W IAEN K
BT ZBHAZE I ST 2R R H R B T2 B 1 FAR
S08 | 4w | I | FREET A ZBUARRIERR ©TREEAES A A KB RI R 255 A E PP

T AR B N2

T i3 A BB G TR Z (AR, AN BE B ST B IR T I A%

S03 | BT : ) o
AT P S BALE RS : PEX
BE DI —O0R B 2R, S AR A s B AR #
P ARG AESE T ATt A 2 S ik . O BEOMAIK
S15 | S 12#&E | 5 C PEX

AR SRR A i S U W

ARG B I A RIS NS S A B R R B AL R R

PRA 7 ] s B, 15 R A e e IR
T 2E 2 ID W PR B Excel FeAg b, Hik iR
)2 >0 5 AR A TR DA R A% (R 25 2] 3 BT R 5%
WL, IR N 25 7 R o B, OB R 477 i
WETT, RIG, WAL N B GRS 2 00T T 0
N T4t Gt s 6] 3% 2., dufithod e , X 2
PEAT — B Le B, Wb g iY — B R ECR T 0.8
(Cohen’s Kappa=0.84) , PI{ZIFTEN B3 XS A — 24
S RTINS, SEF R E A i, B
S5, A B A N 28 53 BT BT 225K 1 B A
3, R AR 2N A 45 23 A T B (htips : //www.
epistemicnetwork.org/ ) #4784

m HiES &R

(—)F I XEFFNEF S E LR 5 R

i X PR AN [R] B B o o 2] B R T T A A
SRR RIS B HEAT S o AT, 45 31045 A v ) Bk
BRI AR (AR 3), ATRUEI, 7 ) E TR AR By
Berhas 2Bl BT 5 LU B TR] . AE AT AR S
SERY AL (F) AR RN (B BT o B Bl s ; i 401
R IR R (K ) A R BY [R) RS (P) I o b9 s
MEEASRT | i BB ) () B o He ol fe ey, He Ol 3
SERIAEL(F) o INHEARFN R &R JZ 1 5, 613 2 [A] R
(C)FT i L B fik . P SRFER AT AL EE R (2w B 2 P

) AT AR B, URA AU A U ] A A R B 22, i
SRR A P IR BB AR 2 At BER IRAR A A
Wi, S SR R R (1) AR i s/, ik 2 ) it
(E) AO%c: S B ARG i, i A2 [ (P) A4 2k
BRI , 1 B (C) H B A 38 i Y 22
o B2, BEEURFE R AR, 55 > 38 A i ]
AR T 238 i vy o TR L R ERI A 3
3 FIFEMMRBMER G TR

AR R 2R A
AEME EHxA R FEEY pug=:Lidl elpesidl
BE(F) | @&(E) | @&(P) | @HE(C)
GUES 30.51% | 38.98% | 20.90% 9.60%
i 2549% | 49.67% | 19.61% 5.23%
Ja i 11.56% | 59.18% 19.73% 9.52%
Je8a 23.06% | 48.64% | 20.13% 8.18%
AFEA | CNEN F P .
' DHEsE]
B c e
' 4 B € e
RN F S
‘ ‘ P iSRRI
TR 1 B8 T 5
0 200 400 600

B2 BMEREMEEEREE
(Z)FIZRIFFRIF S FE N KFE S T HEHE
A X DR AN [R] B B 27~ 3 WL R i



T gmts AT A5 B SOAHIK i R (A 4), W]
AR, A2 A I — BN RRIE . IR
ZARE GBS A 25 BT |, 2R E R BT
(IS) It o5 b il dse g , AL LS5, (PEL) T 7 L 3 AR, #h
WA A K L ] AL 25 R (4o B 3 B ) T L
BRI, AP R BT 45 B B 850 5k YA
Bl B URFE AW i {7 853 (1) A 7K 1 38 7 ik
A PR (PP ) TA IR T 52 B 4 Joe | it A OR o5
(PEX) FIAHALL 5 (PEL) IAHIK -2 038 0, i m]
U, Bt 25 PRFE (R N T R, A i [ T 2% > 5 W0 A
INFZKAE- R MR ZBIR)Z R R

Fz4 FIEWANAMKERIT AR
W = IAEN 7K
TEME |GEES= |EBHWS | SRS | Ee0s
(1) (PP) (PEX) (PEL)
Hii 61.71% | 2457% | 4.57% 9.14%
i 4837% | 21.57% | 16.99% | 13.07%
5 3333% | 23.13% | 23.13% | 20.41%
Bt 48.63% | 23.16% | 1432% | 13.89%
MW =
o s Is [PEL| PEX PP
A |" T AR
| "' @ IS f5EH=
L N B PeL s
[ B\ U PEX B
I L] | | PP RS
e {1 A E) =7

0 100 200 300 400
3 EMEMSINKERERE
(=) %335 4 UM E) R8 R A N 7K SR B B B 1 3
AFE S
A 4 TR BB O L E, LUK
L, PRAE AT B ERTT | T BRI FH AR R 2% Jo
BT Y FA0, 05 385 A% 1A R 28 o T
Y BZEM A B BEIA N IR £ 25 A0 [ p AT 0 B Y
L& AT LUE A5 B 2055 (19) F WL (PP) Al 51
R (F) S 2N HIEER 34 T Y Sl O i i g
WL (PEX) (AL LS (PEL) A 1 4 ] 5 C) 25 2

HHR-e svp2
(13.9%)

AIHA-fHA

SVD1,
(27.3%)

SVD2

(13.9%)

2023 4755 7 HH(EES 363 1)

IWHIEZ M T Y MZEM, 25 B BOA IR 2% B0 i X
AT B AEATRS (S B 4 P ), HAT I I RN
RN Z NI R R,

TEPRFE AT B HRIT B B, (5 B 70 5 (1) (5K
RUR)EE(F) B2 WL (PP) i AL )8 (E) 22 [R]FFAE
SRR, 7RI TP IEOR R B, 7 PR R AT BEE
I B s Ao L Ay Rl I, 52 B A B 0L
(PEX) 5 HARY S Z 2L . TR IS R G 1T
BrEe, 5 B (18) (SR SL R (F) (42 HH WAL (PP) |
fifp R R Tl RO (0 ) 222 [ 4 56 DRl 583, fe R 2R )il ()
L AR )AL (P) A BEUL L (PEX) (AL WL A3 (PEL) Z
(] ) A AR | 02 R ARS5AL 1] 2 M D 7% o

SVD2
(13.9%)
BH-BAT
HIHB-EIRSS
IS
PEX PEX
F
PP
SVD1
(27.3%)
PHB-RRRLE
L W AEE-EROIRTS
PE.
; B H-FRRI
PEL®C
B EH-BATS

F
PP

B4 FEMEBIAANMEEHAREROCNE BT

(FO) % 3035 4 R 1B BB R A SN 7K SE B B BR 1 2
SAFED T

i — 2RI B BON RN 45 22 ] ) 22 57, 403l
oI IR Bt Z (Rl 22 S N 4% (e B 5 P 7)), E G,
AT TS R G RN A 91 AR N FH B B R I 45 22 5
PR BT R WA, 2% 2] B AERT RS rh i ) T %
3SR [n] R ) i 2 [r) B AT 1 B = (F—IS, C—
IS) , MiAE FPHHEE AR R FH BB, 27 20 35000 ] T4 X i e
YN 3k A 7 [n) 1 ) B H RO S (E—PEX, P—PEX)

svD2
FHA-InHA (13.9%)

SVD1,
(27.3%)

5 BMEBIANNMZEER ST

63



64

RAHE TR

vk, WHTHHBRIS R ST AU HH A A 12 B B Be 0 X 4%
2SS AT S SR T4 | 2 2] 3 F I AR R S S R R
5 B 522 (F—I1S) , A 275 B3 5 AR
ML (1IS—PP) , TFEfG AT B B, 7 > #
Tia] T X6 fige B 4[] A1 ) A AN 4 Ak B R 55 (E—PEX,
E—PEL) , WAk {7 B 7025 48 W S5 E A0 5 i
TR R, e, 1T A4t £ U0 o 38 % )22 TA R 2 i) s i o
(IS—PEX, PP—PEX,PP—PEL) . fit)& , N HHE AR
FHRIG 338 A S DU W 25 22 S o Al 4 SR T A &
I, J5 B G RS B B R 9 28 B ffg 7] T ZE M ST R 1)
TR, WNET iR 1R ) R I AR 2 AL (E—PEX,
E—PEL) , 17 H HHHE AN B BEA R 28 fw In] T 45 T
MITCER AL, FERIN IS8 SR R R 205 B
FNHE WS (F—IS, F—PP) .

MANI 48 At SR 2 BR, FE R AT 27 2 S 4R
FH R 27 20 38 A B (R DA A TS 0] = S A4 ) A8 o) )
ffE R R 1) 305 70 [ R AR Ak A X A s [ A8 g SO T
K-, S BT A5 2505 | B U0 e i R
RJE AR SR A AL i 22 SRS IR Aok
Y, A B (R BRI 17K S AR RS A ) A
TAN I 286 AT 22 DA RN 20 22 TR S AN 2 e

GRS SITIR

(—)IRBTE S LR S F @A R

IERER ) B Bt s S BT |, 2 >0 38 2R itk ]
R B 1) = Y [P) A R A A IR T B R B
Bt RO RSl R E R HE B AR SRR
AHEEE IR R S TR TR R R FH A S
G B TR RN, 2 H T 2 X
AR e M s A 3T 2 10 A e g —
AR A RIS L FERRAR =B B 2 ) R B
Bl AU )@ D SN, R R RERT LU AN W
HEhN, 3K AT R A BRI A% 2 S48 S AR ) R
SIFE ) B RA O SRR, R R
ZSIR1ER R A R BOA MAIARN vhae AT fR it — 20
HHBRT A F R R BT, S DA o 8 R T 5 T =
BIE RIS, IEAN Belland AW, 2424 ) EARYE T
23] ORI R RO B IR AR, S5
FEISCHAET AN DT EAR G R 22 2 5, R
FI2E 2 SR VE IS BT, 27 20 35 %2 2 bkl
ARG AE BN T IF Wi 22 S i /8 7e = A s
SR NP I 18 AL R b B A s ) st

(Z)RATEIZEMARBINNERE

MIRFE B B s A FE R |, 2% 2 E A A

TR TR JZ A5 S 422 R4 A 1) A 8 U AN &l £k
WS TR NI S . A5 B2 0T o LuAgz it L
SRR A RN 20 AL A A TR 2 KIS ES i, DR 27 )
IR G5 48 T AL S 485 | 2 > 38 AW F R A
FELRITREE A, SR AR T X RN PN 2 G A 25 S PR Y
TREEF , FEULEERE b ORI R SR | Fe2
2N A N AT A IR AR WA A TR
2, R 2 A ANE R ZE B B2 3 R A4
A NIRRT o 3K 5 XE B4 AT 272 H b R S
A By T 2] AR R ORI 25 A R A TR B 2 2T 1Y
R R —3, L5 RF 2 B RS TR
27 ) SR e 3 5 P R SEUPE ) A it TR T 2 )
TG B T 2 B IR IZ IR AR

(Z)RBEXREREEESRENDZ BEFEEX
BX R

HRAEAS 27 2T B BO TR 28 BT O 81 s Sk
LK ZERTT LA 2 20 3 A i il R R A b
FAT R, 2 )5 1282 1) fiff g TR R s 784 ] 45 /=g By
(R e, JF B FEA PRI R 5 | 5 T, 5 2] B
TN 5 AR N2 R B 15 8, 0 22 R O A5
[ AR LA R 240 T U 5 P B A i B A R B 2 ) R e
TEURBRRTIAT TP | 2 ) B R 2 o AR 2 i 5
[RGB AL R | iR 5 W S 12 By
B, 5 ) B AR R (R RS R AN A A A A T
B, IF AT 505 R UL s N A A U A B R
AT AT UL AN RIS AU A AR R ] RE A fik
RANFINHIKF B W 2k | IR = A g i o )
AR EE R AR E 2 0 X S5
S NIRRT 45 SR —3, B4R ) TR )Z 36 (R 55N AT
Lb & PFIRSEAT 0 T BRAR HE IR B2 >0 B [l FE M
Koszalka S57EPE 2% 2] H IR AT S S UME S B A0 26 1)
WG h BB, ) F RS LR b B 25 N 2
I3 4 R A E R R R A, Rt 27 )
TERRATE 2T v BT L0 A TR 2 R 2 e 1) i, HE 6%
PR 28 2 B A N A p 58 | fil 2 2 > 38
AR FRIE I T8l 2] R A Il R R
S ETEURAT A > rh 4 ), 572 2] 3 Il R R
RIR, BBE A 27 ) B Z NI | B R4k fe T R
JEUN ISR B 22 2] TR

NG IR

GBI IR AT 27 2 SR B Btk sl A2y 2] i
T2 A BE PR T i 1R A 2 2] SR ik 2% 2] & Tl
A BRI N R oE 45 S R I IR AT 24 ) 4R



2023 427 7 HH (R 363 1)

et 2 o B TRV UAE B R Z N A JE , H e i ARIEAE LR G o 2598 Bt A7 e AL A SRy BR A
PER B Rt ) HIRIZVONIILE R IR . BEsd B e, RGBT E R X S0 HIZSOR 952
W, BN BB Zon U BRAT S S SAOIFRAGRATY: WL IBA L LE T — P WSS TP LR G 5 IR T E AR
SN, R XA N AR R AR IRA T SRR X N [R] S AL 2 2] 3 (4 AL
FAIN TR IRATE T L, IR H e B A il K SRR N sh A kSR 2] SRE Il il oE 2]
A TR At Y R r 2L, AR D AL A RIRCR B9 70 i — 2P IR SR B IR A 2 > ST Y
aoR BT IR HEA I ), AR L N H R RAEL,

[ % 3 k]
(1] far iyt B SR 5 S RBN Bt BOHAR B b i D —— SR B (U 163 S5 BOARBIT TS T (5 v p ) U EFRATTER 32 3 A i S
Z—[N- P EAEE,2017(4) :1-9.
[2] KE F, XIE K. Toward deep learning for adult students in online courses[J]. The internet and higher education, 2009,12(3-4) . 136-145.
(3] WA, 2o W6 4 it , 55 R Pl X 7 B A5 008 DR 2 A TR R R 27 > 52 W (D] AR AR I R 22 4l (3 A A %), 2022,40(3)
112-126.
(4] 2% HISHERR A IR 57 > R A 35 T 1 BT S8 SR B 55 10 S el D] BRA QI B 2 7, 2021(3) :89-96.
(5] &t , h0. B IR A R AT RZ UK 2 > 0 [ S A 1R s ) FR AR 3 R 9, 2020, 41(11) : 101-107.
[6] YU F Y, SU C L. A student—constructed test learning system: the design, development and evaluation of its pedagogical potential[J].
Australasian journal of educational technology, 2015,31(6): 685-698.
[7] SCARDAMALIA M. Collective cognitive responsibility for the advancement of knowledge [M]/ SMITH B. Liberal education in a
knowledge society. Chicago: Open Court, 2002.67-98.
[8] BIGGS J B, COLLIS K F. Evaluating the quality of learning: the SOLO taxonomy (Structure of the observed learning outcome) [M].
New York: Academic Press, 2014.
[9] WEBB N L. Depth—of—knowledge levels for four content areas|[]J]. Language arts, 2002, 28.
(10] BERM, 5K SR, s, 4. B S - LUAR SO R HE 27 S PO ARU R 2 (T FEAR R S, 2019,40(7) 1 13-20.
(1) $ AT, 220, S, XA, AR S STEM #r Wit B S bl 8 —— T 1) s B RV RE ) 15 57 (0] A R RS 0
2019(3) :56-64.
[12] #Ie s, PN, . HI I+ 7 AR & 35 ) - 5 T BN 5 0L A 6. h LR R |, 2019(2) . 7-16,92.
(13] AT, AoF 30 B — T4 T2 2 [ A DR RE ) ) [ R3S 0 P RE SR —— 6 T % IR A i SRR Y (D] AL B WFAY, 2020, 41 (2):
115-121.
[14] ZEAfF, 55 OB FE T3 B B FELRWME2E 2] LA R ISR I FE 2 20, 2021 (1) : 40-47.
[15] VD, 23020 B R & s T IR 227 > B AT 22 TR (D] LR I FE , 2017, 38 (12) : 44-50.
[16] KIM M K, KIM S M, KHERA O, et al. The experience of three flipped classrooms in an urban university: an exploration of design
principles[J]. The internet and higher education, 2014,22.37-50.
[17] HWANG G J, ZOU D, LIN J. Effects of a multi-level concept mapping—based question—posing approach on students” ubiquitous
learning performance and perceptions[J]. Computers & education, 2020,149.103815.
[18] CHU H C, HWANG G J, TSAI C C. A knowledge engineering approach to developing mindtools for context—aware ubiquitous
learning[J]. Computers & education, 2010, 54(1).:289-297.
[19] KAO G Y M, LINS S J, SUN C T. Beyond sharing: engaging students in cooperative and competitive active learning [J]. Journal of
educational technology & society, 2008,11(3):82-96.
[20] XUTRE , X, VFIET 313019 27 2] SCARXEZR R B 27 > s i ML B (0] AL B FSE , 2022,43(8) : 77-84, 100.
[21] HILL J R, HANNAFIN M J. Teaching and learning in digital environments; the resurgence of resource —based learning[J].
Educational technology research and development, 2001, 49(3).37-52.
[22] OUYANG F, CHEN S, YANG Y, et al. Examining the effects of three group —level metacognitive scaffoldings on in —service
teachers” knowledge building[J]. Journal of educational computing research, 2022, 60(2):352-379.

65



66

RAHE TR

(23] 4 E o SRV R DR R BRTRE Jy 55 7% v i AR FE (D). o AR, 2018 (1) 1 42-49.

[24] WEIGLL B 2 2 T, A8 B W0 28 25 o] 23 (] T2 ~) SCARA Bl IR A IF 50— 11 [ PR BE 2 ) BB S 9B ). P R AR
2018(11):25-33.

[25] Syt kT SCAHLE R LR 2 X BRIETF A 52 ()] LA BB 9T, 2014, 35(11) : 46-50,58.

[26] MAYER R E. Applying the science of learning[M]. Boston, MA: Pearson/Allyn & Bacon, 2011.

[27] BELLAND B R, GLAZEWSKI K D, RICHARDSON J C. Problem —based learning and argumentation: testing a scaffolding
framework to support middle school students” creation of evidence—based arguments[]J]. Instructional science, 2011,39(5) :667-694.

(28] H/ N, FR AR BRI TSR IV 58 T2 B D R T S R s R (9]0 IR e S 207, 2005 (1) - 6064

(291 B LR TR ARF, BEABFY S ) SRR R 7 ] RS - AL G 22 PELRID L FI e SR ], FL AR BT 9, 2021, 42(10) : 40-47.

[30] X34, K, M. 2> H S S S FABet K s GRS H (T B IZ T B 207, 2021(5) :3-11.

[31] WeAELE, 24, BRI, J3 e i T S B2l (0 [R5 S 30 R 2 A IR AR B 27 2] S ERICRIFSE 1)) AL B B IF9 , 2022,43
(1):113-121.

[32] KOSZALKA T A, PAVLOV Y, WU Y. The informed use of pre—work activities in collaborative asynchronous online discussions; the

exploration of idea exchange, content focus, and deep learning|J]. Computers & education, 2021, 161.104067.

[33] 5K, RFEUE, LR IR AT B BAR 5N R R )] - E b3 E ,2014(7) . 51-55.

Pre—class Learning Scaffolding Promoting Students” Question Generation and
Cognitive Improvement

LIU Qingtang', CHANG Yubei', WU Linjing', WANG Chunhua®
(1.Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan Hubei 430079;
2.School of Animation, Huanghuai University, Zhumadian Henan 463000)

[Abstract] Question generation is a generative learning behavior, which helps learners to externalize
knowledge and trigger deeper cognition, and objectively reflects learners” cognitive level and higher—order
learning ability. Currently, there is insufficient research on how to promote learners” active learning such
as active thinking, generating questions and explaining questions before class. 38 undergraduate students
majoring in educational technology were selected as research subjects, this study designed and
implemented a pre —class learning scaffold to promote learners” question generation. Based on the
generative text data from learners” pre —class learning feedback sheets, content analysis, descriptive
statistical analysis, and cognitive network analysis were used to explore the effect of pre—class learning
scaffolding on learners” question generation and cognitive improvement from the perspective of stage
development. It is found that in the dynamic development of course teaching, the higher—order generative
questions gradually increase, and learners develop deeper cognitive levels of explaining ideas and refining
ideas, which indicating that the pre —class learning scaffolding facilitates the improvement of learners”
question generation and cognitive levels. In addition, the higher—order generative questions and the deeper
cognitive ideas they trigger are interlinked to promote learners” deeper learning before class.

[Keywords] Pre—class Learning; Learning Scaffolding; Generative Question; Cognitive Level



