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Liu et al., 2022), f&5 025 A 20l ol sk (%) =2 22
R 2 & (Xie et al., 2020). 1E A2 AR S
AT ROMEIRAS L N T SR A e T A FH A TR
FEW ARG, Rk, 2022), anfadisssR
R 2% 2 2 AR AKE T 42 8 S A a4 A
FET R WE O R BB B2 SR 55 3 DG i 1 A
[Al R, KA AH AR RN R A 52 3] H 1
2 ) 3o R o 3R I B A% ) AR %% U0 A O¢ (Meiller,
2015; Rotgans & Schmidt, 2011; Walker et al.,
2006), HINFHEA &2 5% 38 MEERE
B, WA R . BB L R
BT NG E E WS 5% H MR EE LR
PEH T AE HOAN 4 A & AR sh (5 E K 4%,
2021; Appleton et al., 2006), TEIRA RHFE KT,
FERF IR GE M E I IR SIS 2 H5 W
TNHE A 3 B M, {H E FAH S 0F 58 38 50 B
Z WAk, FEINHR AR, PRERAE
R 1] 90 i 5 A 2, A2 T LR 2 R [ R
BR, MELLR MO B A TEAS FG S B 5 T A
fh(F5m 45, 2018), BUMTIRIRT 2 HE AR K
RN A KT, MR ] 29 202280 1 %)
P, P, BOR A R s 3 3
At A ik B AR TSR g X R TR A SR
BAETMHIDE L SIENE.
REXHFOASTL LAY B SL T HEHNE
PRACBT B, &k F AN BOEE YA A FETL
BEUR, WE AL, TG T TR B B DL
Ui T, =AW B AR A 8 MUHR I R
B LA, SSEARAE R, BEE, 2004),
— I, SEBLAE ) F DA B AR T 2 e
R S IR IR, B BRI T
N AR IR TR RS R LB . Oy — 7, 4

T RRN A TEL BRI T B BUR B G,

2R 12 3] i B RO R R N iR a2 Y
R IR EXE, EH, 2021), it
PR ARE, RARXHFE TN A NI FH
BT S H R Gt b, FERT R
2 W B 5 0 4k 2 T %o T S I B 00 3 S ek A
R GOR e AR DR RSO o SR, DAFEBR I A A IR
TRAT IR 1Y) B — B BETT 8 280 B2 0F 9 B S AR
R, BT IRA R B BOE 5 o 8 I A7 i AR
FRAE . DR, ARBFIE SR BOR A R #0F B BebE 45
RS BEREMESE S M, ZREMEERET

&b LT RIRG RSB INF R ALR T g
Y SRR o

AR BEHEIERAGRE, L ICAP £ R
(Interactive-Constructive-Active-Passive) N ¥ |
KA N A I X F, IE B
AR HE O SRR FE S ST Y 28 SR
WA TT e R YA . A ARSI . M
WA BT RAR . IR 338 ER R R 50 BN A 4R AR,
TN A R AR, N ZH T RANAER
SR G R A NI A BT ik, IFfE ST
TR A URE TP I uE A v, DA BRah 22 3 3h 48
PO T HOA I B A B TR, DI EGE =
FINFIHRA, 3 I ROR i TF A5, i
WP FR A TR A 22 2R DI AR AR L85
P R BRI it %A%

2 PRGNy SRS

21 BERBIANDEBAFHRIRR
211 REREINNBANREER

N AR T8 22 2 A2 S R LS
57KF(Li et al., 2021), BT 2% AR 58 lLF 2T AT
55 IF 1R 0 % 7 BE DA R SR I 1) g FH 72 B (Liu
et al., 2022), 52 >) %00 B % AHH X (Xie et al., 2020;
Xu et al., 2023), H 5t 580l DLk — 20 70 o
Wb (Krause & Coates, 2008),  [H 35 7 VA Z5H8
AT K 2% Michelene T.H. Chi $2 ) ICAP fE%2
TR, R A BT S i T Z M S AR 5T 1)
A hr AT S LN B g A Y 5 1) 38 R (Chi &
Wylie, 2014), ICAP HEZR4Z Y, 52442 (0 F 3 FAT
AT DIGRBHANA AR E, BIRnh 4 A
By 7K SF, B9k 3 (Passive) . & 3l (Active) . )
(Constructive) il H 5l (Interactive) , A~ [F 2 B 19N
HIATFAEATRI I BAT AR Wesh 2% 2] 5
AR B2 AR, T RAE VRS B MR EeE
SRS F IR, idEid; #i A ) 4
AT RA AR AL 1R R B C AR, Wi
A O B B2 3T 2 A X il ) SR A
WAL, AT, RIS AL TR ke
INHER A B R B35 3l, BE9E 8 S TAES AT LA
HRAE A1 AT A HE S0 2 2T 3 A R A KT (BRR
4.2020).
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FEINJI AL B8 A A, HOR B Hpk i 1%
S50 I B AR =R A IR A
Mo 0 sk, Greene (2015)38 1 [w) 45 15
WM, FFBRIE A 52 20 & Bk H b
ZIRIOE R . WA ITE IR w - BrdR,
BXTAC T AN BN AT R GE . R URE A
(Gasevié et al., 2015), Lee (2020)ffi FHj [ 31N &5
BT 2 G2 5K 43 B 75 A0 4F 3508 5 A i i A 4 AR
JE o At A 22 R0 18) M4 2 JE g A A 4y
BrHESE, i 5t N 2500 B S BRI A A K SF- 1 43
Mo JH2E, R BIERE T EAT AR AR AR AR A
PAHEWT 22 20 3 A B AK T . Xu %5 (2020)K A
A AN AT A [R5 Rk . REURIEF AR g A2
B, SRICP 25 3 AT vk X 2 A AR T e 1 TG T EA T
INFHE AT . XA GE I i A — 1R
B, 3] 40 e = 7550 10 5 00 RN R, e DL 4R AR
BhAS A HE R A & AR A

Z & 2% 2 4 B (Multi-modal Learning
Analysis) & M AT R FE I MEMAER T X —F
ThT, AH L BRSSO 8 A A7 7 10 5 R U5 R R A
FE TN 2 2] 25 B8 B 2 2T R AR DG A B
HAIC AR B SR M), o FH AR S B T LA s 45 51
AR, NHE TRt E RS,
W Liao H1 Wu (2022)7€ [R] £:2% 2 B 1a) (9 £ P4k
ROFERE |, W4E Facebook 2% > /N ) H.Bfid %
AL S 50 R MR, X2 2T BLER i i
BERIEE T 5%, 73—, ZESHHEERAZ
LR BB ER, BRER R, T
A AR 1 5K B e R R AR AR, 2022).
22 RS B30 A R TS [) 1) 5, 30 3 1 T
B EEE M, 530 2455 SO BAR
PETT DL A A S R 2 2] B AT A T 1 A TR
(Sinatra et al., 2015), BE&E 5 B 5L R R LR,
T L SR A PR b R AR 2 A i 2 BS B 2R
FEE

e 485 OB SR A U 25 1 58 35 O B2 2] oy
MrERHE T/ 300 i B, Lee % A(2019)R &% 2]
I B TR FL % 2l e ek L AE 1 % 2% 2T T Bl A
4% A ; Baceviciute 45 A (2022)44 AR 235 155 F1 i
FL AR 9 27 25 A JE 400 B0 52 2 > R85 o i O 4%
Ao Dubovi (2022)FLF IR . IR shil B f
Jok HL 5 2 OSBRI OL L 4 T b X DA 4R
ARG A A AT 5L, JF 4R I8 I 2% 2 it 1)

MR o (BB I — TR G SCHRZR IR S 1, <2 pt
A2 2 43 AT R BIE S 0 A IS B ), T 2R
A HAEAR TR D i Bk Ak, SR AT A 3t 2.0 A B
T2 04 BIF 538 A (PR T B B0080E U (Sharma. &
Giannakos, 2020), AAF5Y B 768 0K A WG5S
SMRFIAT R L AR BRI AR G, BRSO
20470 IRShEE . OB R AR S IR AR
HAA N AR AR, % 5R G HUr i
i 2 ) 5 N AE A AR S A O BIF 5 S i

A, B NS B B 5T R 2 0 2 b
WrIRIAF 5T, BV R B2 R S I ) s Bl A8 A RN 3 A8
P IR HORZS, XA B 5 RO A8 56
T, JF HBOE R MO A R sh 82l fe . o
5 I 22 177 (2020)32 FH 28 536 BURE 15 78 22 30147
L AR TR A 202 > i i v A R P 5 A KR
4R I 28 S o A5 3 3 A 2 >0 B B N 1) K di,
VLS 2 ) B AE A ) 2 2] B B il 5 A 22 1) 118 56
Fo VA HSRIA TN | RRgiE, (HE 2R
BURE R BRI 2] 0 B B FR A BE, S B
BRI ) A AR . AR MR AR IR,
AT X6 5 1225 8 A 80 B 7 A — 5 52

TN 2% 53 A (Epistemic Network Analysis)if
o X T TR RO AT E B AT, R AR A N EHA A
INAHEZERE, B i 248U . I G OCR .
WEEAZ I EE . ShaS TPl 27 21 3 A9 RS 4E K e
BB BRI (RIT 55, 2018), BG4 by
BN 3T | 18 AT | DL g > A (Rl %R
k2 20 5 B N BRI NS5 4, i) T4 27 1 A7 o
HAE AR AT, MELLAT . S8R e
N 2% S50 R RS AR (E R, B,
2019) AR L83 BT AT LU 27 2 e i o BT 52 3
7 A B, ST A R NI R Z B) AR A
B SCHR A5 1, TR 2 U S W 5 2] 25 I 25 A 1Y
A

FAER N RTEL R AW S SR ER, #
DI 323 SR ] A 802 SR s AT R 5| 52 A
2SR MER . O T VT AR BOM R 1 B SR
S ARL, WEFER 8 H R IR B0 T S 2
A 2 SRR J5 Bk HEAT I, (HX A 7R IR
REA RS et 207 SR ) 5 | 2 A K e F B A
L HA HRA b7 fif 205 SR 1 AR S5 (RIS T 2
2 SR S0 ) B0 R0 22 A B AE L), AT BES
J5 EEHUF RS BT K SR B SR . PRI, R Him
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A A B TR A RS AT N R 28 B, S i RS
PRAE A A AN I 2 A8 Ak, X 20 SR 1 3R
HATIEAS

25 FRTR, DMEXT R X FANHHR A B 2 A
F2 WL VEAG 1) 25 WLAE bR Wi 0, N 22 A B T
TINMBEA T IR A R, AR EE RS
B B2 NHERABIS AT . BEAE SR R %
[, AW ST HARL & SO . IRShEE . )
F12R L 3 5 s 45 22 M BN T 2 ) A
HHRA WAL, DL 92007 2 3R A OG-
2R T EUF A AN A AR (9 SE B LESE . )
B, TERSLHFBEEHT T, 55NN ZE
I3 AT LA BT HEMS 5 2 AL B R 25 1 1 BIp I
Ak, RN A AR AR AL 22 2 TE 4
212 RAREFHINMBANNRMER

1 2 F P A SR T LAGR 2 2R TP AR A
2¢ ] (Anthonysamy et al., 2020), &R
MBS SRR S, REEREMMLE ¥
S Z R ZE R AL (2%, 2019), #How
HAF AT, & E AR SR THFNX
Wi, RIRGIREHF IS 5 I E 5
TERY ) LGl R, BB2A, 2023),

TEZL b AR B, AR 5 EF N AN
DL RN, ORI R A ) R
WS SR RE M 2R 1 2% 5] i AR MACR G R # . it
S I HCE N A 5 7 OA B TR T A AR
BN o DA A B2 1 A o 8 1 2805 A 380 1 2%
AL, AR 22 1 (Instructor-Generated Drawings)j&
— i ) B 22 B T B il A A (B 2
TP A5 ) 5 B0 1 11 Sk R R 20 A, T i 3%
Lo 2% S AR5 2 AR TR, WU BRI )
A L T 5 O S T, O 2 2 i 40 ) Y
HIE TR SL R BT R HINIE
RV A R S 23 R o ) A NI
FE I HOR (B LF 45, 2019; I 55, 2021).
Ui HAALBE A ST BN 5 15 1918 F B, i H AT
PLG |27 ) 3 0 T 0 T O 0k AR i At 2
NE, 50 27 > 3 AR R, AT X 2 ) RO
HEAER . BUTFRME BN A 237 0
455 REA SR HEAR S X B2 SRR . TEBIES
BIAMT, BUNEAEMFEG] SLTHERM
thl, FEKE G ES R RN HFE N A I
BT TR B, REAEHEE B ) H BRI 2

[ OC R, M RGN HIRGH

He iR > %H%(Generative Leaning Strategies)
SEAR REE TE 2 2] s B v 5| 52 20 3 )3 2l 2 A
I CnAE B HE L RS, AR AR U2
ST R R ) R (B JLERS 4%, 2021; Fiorella &
Mayer, 2015). {5 A4 & fift B 5 0 (Learning by
Self-explaining) 3 ¥ 2% 2] # 45 & B 2% 1 F0 1R AR %
F 3R, A Sk A R B S TR T A
IR Wt e LA ) T S N A 2T N AR B ) T Ak
AR AEAT AN T, A DR B 5 5 [ A
HVERIE R (Yu & Kuo, 2024), [ TR i< ) it
AT HE MRS S M EZFAA
BERYAT BRI T SR o o AN RO RS, SR
AzEEE” (CNEL) ), B LR G« Ba 2k
55T A A 2T SR R 2 2T SOR 1 A
YERT 2t — 5%

RERAF R Z —ZH IR 5L T
HUA T S LSS SRR BRI, PRIEER, 2015; H
%, I, 2020), HEH NG CHES M H K
R, RATF IR A PR 5 1 SR WS T (iR R,
R, 2023), BFAEETEL A 325 ) i B v iy )
A2 S B IR R T A 1R A LA & 2 SR THE
BUREHCEBOR SRR 2 — . TR G XA
FAEL T BUEB BOC T AL TR BEMEAR 2 . 22k
P B )R, AMER IR A T B IR, X
XF 2 2] NS ORS I TRC A B2, 000 B
B A I R MR B N A Z H AW 2,
FEOP R B AR . 12N, Fak R S A5 5 I,
2R B I R LA 8 BO R, IR A S H e
B BB SR TR ANG G,
Tit, 2020), HTA R BB A 5| T AR5 >
HX ] N EATIREE S RIS H . [R)R S A4R
RIA RN FITC AR 2 T B (i 2 ) Sk, RG] 5/
2% > ) 1] B4 (Ge & Er, 2005), PARIH SN
FEmh o i URFR N A, LRI Y Oy 2ok B 5 g
TOMFEZE 45, 2019), ZOMHT 22428 [ )ik
AT 4RI, SR A [6] A [ 8 52 4R T e AN (] 1 2
SFRCR, RO EC Iy g A R o A
O TR 1) 8L 3l A S0 A B TR AR R B %

#2425t (Teaching Feedback) &35 Jy 2% > &
FEAEAY T 2T 55 S WU AL R AR R, wT LAE Bl
22 B T R4/ HFRIRES 5 2N 2 2R ]
A4 2% fE (Hattie & Timperley, 2007), &—Fh gt
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SRR BTGB AR R A 5 22 R A R A
PR BRSNS B (Shute, 2008), 137 84 5 B i IA
2 ) 3 B[] 24 RS AW, RS 415 0 A A4 [l
S TEARAE B IER b, W2 3 3% TE 1% B R 4T A
B, MR A R PN 25 1) 2 57 DK S ol 2 RIS AR,
L E R PR . AR A RS AT X
2 2] B 1) G DL T AR IS sk Y
B, T B 0 B B TR R R G
Xif 2 2] AR 2 > v B )R R T DAV A A
B, WM T XTSRRI RGERFE S — &,
2013) St A I 2 R B S5 s M 2 2T B8R, it
PIZSBORT AN, B RE S I8 1 2 ) H e 25 ) i R M A
FALRERR . SIHLLL S Fh R B (Wang & Wu, 2008),

O S A5t 2 X 2 2] 3 2 S ORI A2 it A

M52 3)7E 2] % A SRR (L8, 216,

2021), #lan, AHME SR AR 2 T &, R
SEI AR 2 2] 3 1 2% 2] i A F BE R (Fyfe et
al., 2012) 7EIR A #2# 0T, a4 B IRM
A E2=2, REHAHUKE 2% 2 3 iR 1 A
S, RINE BN 2% 2 & B H
E A EKOE, TR 4 B2 B EEEM
SRR AN, I, FEIRAHEAIESR T, UL T
Lt P 0 RS R 2 ) 352 I RO e A ]
RSN 2520 A B AN AUK P AR R T AEAE 2 52

J R 45 B AT LA Bh2p ) B AR w4
HIEIRN, R TEEEY(ES 45, 2021a),
WFFE R, X RUSHE 1B R BT BE IS i & 2 2
H ORI &, RT3 A B AR SN 4R A D4
FFA H RN A(ES 4, 2021b), B
BT = RE B A A AR = 2 2T A AR A . IR
98 2RI 27 > v 18 S A5 2 R0 519 4 11 1Y)
YGRS BOR B2, A CE S 25 R AR )
FINRA HA G5 F A R RS .

RBAE R S W R R SRR T, R
M S ROR B R 2 —(REE 55, 2022).
FE2F ) s Z R IIR A B, 222 F T
St H A 2 3] AR v B P9 A SR AT TR A
ATLGE BRI AN | BRI IR S A AR
S H RS e T R R GRS R B,
B BB R B E HE R 8 A B LA SC
FIE A0 24 2] 4 B AT BRI R ( DB
W 4%, 2022), AR T4 F i i, Mkt
) EER L RPN R DR SRS, i —

HARTF K FOGANAIRE (LR 25, 2011),
JE A G R T AL I S A 1R, T AR R ) R
A WNERICIZ . BrE KB, ITifeiEaE 2] #
R FATHR2E S WA ER 4, 2019), HETE >
F ST L bR PR SRR A ROR R B AR
£2Z20 . BB EERBES AR B AROR
PR, N SRR A R R I HF
LB, =2 H B G0 EE AN AAE
BB AT SRS DT S B SR RT LT I PR
g2 2] FAREOC T AR S A B RER RS B ER
BHEMEAEEEH Y, 2HIBAE LR, AF
T2 H X NAEE T B RS B b AR i 17K
Mo FE/NHAVERIEA T, SRR R E BT
AT BEXHHE T 2% 20 B B F TSR AR

i b, WEHMBRARBFTL L LTHF
A W E bR, ABFTER R B . L R,
MFE MR IR A R 2E A AR A W SR B R Y A B
PRVTIR A 2N HA I DA TSR s I8 8
R TR T HURISE S .
22 EHIREX

R JTTE, ARG I Rl 2 RS R AR ST
N A AR, S 7 5 TR G IR 1 27 AR A
I ARGURIE, o2 JE IR HE G SR R
M DA R0 43 AT M L T 4 At G B A . S BB T,
ABFFOR IR B R T E A A AR A
2T, PRI A TR E N AU 5 T B 4L
FARET B T, AN TR RBIR A E #He4
T AR I R B R B T E R B

3 WR{E

PAFEBIE TS A B~ A2 B A B A K S-S 52 2
AJRORM N R o ISR A BZ N R,
RICARAE A . RIEZBSHARIF S S H R
AT BOG IR BEAT MR S A AR 2 AR 2 52
B H AR A A RO, W SEBIR A A HR
AT EERTE . REREBAZHE. BE
B , Hrp RRCE s ) B E L R B
B BN 27 > 1 R B 1 2 2 A A A
A B R AR . R, ARBFSE I LA AT 5 5 S R
B AR, FEMKAEE SR . #F OB
R, NP Z B8 bR . Gl 5
B2 920G 5 B A R TT G IE AT 58 5 2242 TSR
AR L ECH T HOMIR A IR A B
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Multi-modal quantitative assessment mechanism and intervention of
learners’ cognitive engagement in blended classroom
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Abstract: Cognitive engagement refers to the degree of learners’ mental efforts and the application of
cognitive strategies during learning, which is the crucial factor affecting learning performance in blended
teaching. However, researchers have previously encountered challenges in accurately assessing learners’
cognitive engagement because of problems with the evaluation method, such as subjective and single-mode
approaches. Thus, improvement in the learning effect in blended classrooms is restricted. The study aims to
combine mathematical modeling, laboratory experiments, and quasi-experiments in teaching to explore the
quantification and intervention of cognitive engagement in blended teaching. We will endeavor to establish
a multimodal quantitative assessment model to represent learners’ cognitive engagement in blended
classrooms and identify strategies for improvement. We will also create teaching schemes for blended
teaching in higher education and develop an integrated digital tool for cognitive engagement identification
and intervention. We anticipate that the study findings will provide theoretical and practical support for
improving the quality and efficiency of blended teaching.
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