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BrHEZE, B {8 — A0 ol —d B S0 il
(ISAR) A E H 107 FH GAT FF & = B A 196 35 5 0%
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H ISR (65 S B8 T 8, WRE A B
A SO 5 1] B9 ALY ) 27 > 35 8 7 58 45 530 4%
WIS
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¥, $ TR 7 T B P Ak 2 2T RO T T R
A EZWIVER . 5T (Fang et al., 2026) i
I SRR B T A N T B SCHE T ML
] 2% 2 X LB AL S A AERE ) | I 4 B AE ) A E
PR ] R g ke e ) AR FHE A . GALE I R 2E A
PEUURE R, BT WL F 2 S e i S 5 %
FG 5, {2 i 27 A2 3% ] (Pahi et al., 2024) .
NI EULRE S PEAS 2 & HE, AHLYMAE] 7] 7 P i
SIS AT DA FE AR 0 60 YL 4 A0 T B 2R 4 m
T BT, i H A R R MR I B3 T 5 R
i T 1 (Guo et al., 2025), LA K FE AL Z B3 H
TR R S AN S5
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ffi 2 > 38 O T () @ PR AT 55, 10 HLRE I 1 51 S A0 AT
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S AR r 2, 5 REERITR B B3, i 2
22 F BRI MR Lo 3T 58 LR X4
TR KBRS Hr B A R RIR L R TG &R
PRETZHE Ber BB B, TR Z T Ak 2 38, A
AR AR RALE ZE R . 4) 7=t SE3e X
SE N KRR A B s DL, S R (LA 2) .

(Z)mzLh

AW FEME GAT S5 B9 A LB ] 27 21 52w 4>
A A R R SR Y B IS AR T R A ) 4, 3
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(9 PN 3 — SO 5 FEAE 0.753 DL _E, 1) 4 B AR Py 35—
HMEAERE N 0.918; ZUE KMO i 4 0.956, Bartlett 3k
FEAS I i AN T 0.001, AL T BT 251
kKA 78.183%, 5Bk 2 & 15 FE (A 7 0.805 L) I,
S 34 $R UTT 22 M AE 0.509 DL b, 4% 88 iy DR 7 28k
KT 0.5; F B AT B4 U 2206 F HFIRB KT
TS HAMBI AR L, X LR, A NS
RO A AR R

J TN B GEit A AE SR GAT fE i [ %o 4>
PR B R SO B 52 ), AR B 938 2o T REAS ¢
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(4 A B SCEER KT JE 25 55 B R T 22 0 B
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(F=0.326, P=0.897>0.05) Fll GAI i ] §i % (F=0.421,
P=0.907>0.05) 5 fifi ] % &l (F=1.379, P=0.250>0.05)
()2 A R A R R S K o 22 5 (LT 3., 11 4)

S /NREE Sy T R WL 3) 43 AR Rk L AR
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2250 BB n AR R R 1 5y TC ] B 22
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Sex Grade
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B3 AOSHFEEXMIMEERXBEEMHTESHR
GSM (s) GSM () P45 53 25 5 AN W 2, OF B 5 Aw fE 22 50 B R
5 S5tm 7 3.8571+£0.5076.  3.8579+0.5185.  3.8834+0.6073,
| 3.8602+0.6076. 3.8741+0.5571; 7 GAI{i | Z E J7
s =[] W, JE R AR > YRR BLAR My 8
5; . % . DU DR 52 2% [R]85 A4 5 B A o B A, 2 A i 2
' AR SR 542 SR 8, P (Sl 25
7 ) s 5 1 3.648140.8982., 4.0049+0.8434. 3.9187+0.5864.
3.8562+0.5324,
1 1 . ST ERAE R, ATIE AN REHERRE D) 42,
& FF S E &*& ¢ & & 2B GALfd AR | GAT i & B A= i X X
S) > P . e “p
N S R RS A1 B, O 22K 7 R AR A TP A ik
& S v
3 ) | EHIELEP.
requence Intention

B4 GAIERBEMERZ MM EERXEEEH
VEL

R SO 22 AN 3, I SR 2E 4y
58 3.9033+0.6573, 3.9776+0.8298 ., 3.8025+0.4333
3.8571+0.4907. 3.9296+0.7260; 2L F . C°F . Fi2F,
T2, ZRZFRHE Lok 224 AR X s O 45
RAF W YE S HE2ZE T B 2 5, 450 8
3.8862+0.6185,  3.9757+0.6330.  3.8370+0.6940.
3.8675+0.6297. 3.9386+0.5594 ., 3.8419+0.7122,

S PR [ T 55, GALL s FH A1 238 0 225 (6] 4 k2
A A R SO TE B W i (UL IET 4) 5 7F GAT il
FHBR 7 T, A FH A 23 %) 2 A 1 A e SOt

. 80 -

w9 BT AR

P A AL 5 HHE 0y 405 AR BE 2 B 45 R UK,
x= 13622, p<0.001, H W & df=7, ¢/df=17.028,
RMSEA=0.053<0.08, CFI=0.950>0.9, TLI=0.907>0.9,
FUIZBRY N TE i i 38R

(—) B &I

A5 0 FH Mplus8.3 WAl i AL 43 32 AT A
B 451 512 (BootStrap ) , MK F 45 #4) 5 R AR F G 46; v
ZHH K B AR HE, (Rubin et al., 2008) , 1 UE A BF 5%
A BB (LR 1),

s o, AR R SO 32 GAL S HF . AL
PhIRI 2% 20 L SEET AR L eI AR Y B OE 5 )
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Fz1 BESREKRE

i Bz BERH RItRAEE 95% EfF X 1§ BEEZHRY #R
H1: GAI-HMC 0.769 0.053 [0.665, 0.874] 0.000 1B % BT
H2: GAI-GSM 0.469 0.097 [0.286, 0.656] 0.000 B ST
H3: HMC—GSM 0.161 0.090 [0.021, 0.237] 0.008 R BE L
H4: PRK—>GSM 0.131 0.063 [0.007, 0.255] 0.019 (89
H5: PRK—HMC 0.010 0.049 [-0.087, 0.107] 0.420 BB AR ST
H6: PRK—GAI 0.959 0.004 [0.951, 0.966] 0.000 B ST
H7: MCN—HMC 0.144 0.016 [0.023, 0.086] 0.000 B 5 ST
H8: MCN—GSM 0.120 0.021 [0.079, 0.161] 0.000 B ST

HY: GAI*LMN—HMC 0.195 0.018 [0.160, 0.230] 0.000 135 ST
H10: HMC*LMN—GSM 0.217 0.029 [0.161, 0.273] 0.000 B ST

7E: GAI R & GAT L #F, HMC R AAMNIF 5 T, GSM R & A s X & UM, PRK AR A LT 4238, LMN R & % 5T Zhu, MCN K& Tik 4

(H2. H3. H4., H8 BRI Wor ) ; GAL XX HF . JTLINHI
X AMLPR ) 2% ) BAT 35 1F [0 52 i (H1 L HT 5%
S7) 5 e T EN IR GAL 3 HF HA 3% 1F 5% i (H6
AT o I BIHLS GAL 3245 W28 & 14 22 5./E
XN HLE ] 24 2 7= A2 52 1) 1% 42 Z B0k 0.195,
95% E {5 X [ 24 [0.160, 0.230], % W] =~ >] s HL7E
GAI SCH¢ 52 W) N ML P R 27 2T 1Y) A28 v 4% 1F )
FIVER, B 24 2] shAL#kss, GAT X A ML R 24 2T (1)
SCRFVE AT B (HO 1o7) o 2% 2 sl 5 AHLPF]
2 > AR i 1 28 AR DG A R S 7 A R
A% 22800 0.217, 95% B A5 IX 8] 4 [0.161, 0.273],
F W] 2% 2 S HLAE B[R] 2 > 52 e A X St
T4 1) B A8 TP A E T A AR, B 2 2] S L o
BF, AHL IR ] 27 20 XA~ A A il o2 S A 532 i)
B4 (H10 Bor ) o 2 2 LA LR 45 5 &R 4%
Ay IE SRR DL 5,

SR, MLHE B AR R I 25 2R, B A2 “ SEmi il —
AALPR R 22297 19 2500 0.010, 2 35 M R ECH
0.420, & 15 X [8] &y [-0.087, 0.107], X FHH, 4L

251 - —0.80 M—1SD — OM — 0.80 M+1SD

3.20
0.50
- ¢ 3.15
=
W05 &
oy 5 310
i 0 Y
FZ MM 3,05
= ®
= 025 =
< & 3.00
-0.50
2.95

—0.75-0.50-0.25 0 0.25 0.50
GAIHf

-0.50-025 0 025 0.50
ABLB RS 2 i 3)

Es5 ZFIHIEXRBEPHAHIER

TEGE TR L ERAT . BRI e, B R
Ji R 138.42, p<0.001, H 1 h 8, CF1=0.950>0.9,
TLI=0.915>0.9, iR A AU 5 %5 4f 48045 B A8 15 01 iy
A S Fe I8 B A HL IR ) 27 20 % AR AR il X
SCHERE g 52 ) R 3R ARSI 6.

(=) 57

1. BN 5 RN X LY

AW 57 iz FH BootStrap 5 & il B 3%, 1158 JE /i
HIR L GAT I HFFITTIA A = A28 i xR iU X
SR 11 LA RN AL L ] B2 2880 7 A B 45 880 AL 1) o
b & 95% EAF XA (W3 2) .

A LASERT AR SN AR &, AR R S
PR N VR AR 1) = AR BE AR R, A AR il A
() ELIE RN (B 0.134, B 4, 5 19.09%; H:
I] $22 R4 0 PR R 45 B AR BR Bl: LA GAT 32 4% 4 il S7 o
N HIERAR “SEFT AR > GAT 35— it 3 st
7 FILL GAI 3235 HMC R A my s #2 “ e
HI AR —GAL 32 RE— AW R 2% ) -8 iU X

HO  0.195%** (0.017)
CI[0.161,0.230]

E6 GAIZEHMANBEZIXNNMEERRNBEXEG
e [ = E LR
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&2 AR, GAIEZFE. wiIAM. EIHWERE

MEES
el o amE | 207 giEF | BuE
1= BV .
B = X & HEE
PRK—GSM 0.134 [0.011, 0.253] 19.09%
PRK PRK—GAI-GSM 0.449 [0.264, 0.627] 63.96%
PRK—GAI—
0.119 [-0.011, 0.253] 16.95%
HMC—-GSM
GAI-GSM 0.468 [0.276, 0.655] 79.19%
GAI
GAI-HMC—-GSM 0.123 [-0.011, 0.265] 20.81%
MCN—GSM 0.121 [0.080, 0.162] | 83.45%
MCN
MCN—HMC—GSM 0.024 [-0.005, 0.032] | 16.55%

HAG” o GAL SCRE= A A ST TR A 308 Bk 0.449,
VR, (5 63.96%; GAI X 5 HMC 7 4 (1 5%
AR AE R 0.119, W PRI . BT UL, Seng
AR E I GAT SZREXT A A A i a8 Sy 7
A, - HL A B8 Bz R S A A il X S

FELL GAL SZHF M MR AR &, AR X X
A Sy TR B R R AR v, A A A i SO
P10 T 350 % 1 0.468, W PESR, (5 79.19%; [f]
RO LA HMC 7= A= 8 0 57 H A 3800 A 7, 3500
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Research on the Impact of Human-Machine Collaborative
Learning Activities Supported by GAI on Individual
Generative Meaning Construction Results

Jin Tao' & Wu Tiansheng?

(1. School of Education Science, Guangdong Polytechnic Normal University, Guangzhou 510665,
China; 2. Educational Technology Center, Guangdong Polytechnic Normal University,
Guangzhou 510665, China)

Abstract: The human-machine collaborative learning activities supported by generative artificial
intelligence (GAI) could improve the quality of individual generative meaning construction results.
Based on distributed cognition theory and the mechanism of generative learning, the paper utilized the
structural equation modeling method to develop the influential factors model of individual generative
meaning construction results. Furthermore, fuzzy sets qualitative comparative analysis results suggested
that the functions of generative artificial intelligence and human-machine collaborative learning
activities were indispensable for generating high-level generative meaning construction results. Seven
distinct conditional combinations influenced the individual construction of generative meaning.
According to the above results, the study proposed that learners' prior knowledge determined the
direction and specific usage of GAI support, and both factors could generate a synergy, learning
motivation would catalyze the conditional effect of GAI support and the carrier effect of human-machine
collaborative learning activities; meta-cognitive ability could directly determine the quality of
generative meaning construction results. Based on the findings, the study concluded that subject ability
factors (prior knowledge, meta-cognitive ability, and learning motivation) and object behavior factors
(the supportive role of GAI and the elements of human-machine collaborative learning activities) should
go hand in hand, jointly contributing to the improvement of the quality of generative meaning

construction results.

Key words: GAI support; Human-machine collaborative learning activities; Generative meaning

construction; Influential factor model; Conditional combination
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