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Abstract: As artificial intelligence (Al) is increasingly introduced into primary education, evidence on how to design
effective scaffolding for young learners remains limited. Prior studies have often examined guidance type and feedback
modality separately, and most have focused on older learners. To address this gap, this study employed a 2 X2 experiment
to investigate the effects of guidance type (direct vs. indirect) and feedback modality (text vs. multimodal) of a generative
Al pedagogical agent on elementary students’ Al learning. Students’ conceptual understanding was captured through
drawing-based representations and analyzed using Epistemic Network Analysis (ENA). The results showed that guidance
type significantly affected learning performance (total score: p = .034; bias dimension: p = .024), whereas feedback
modality alone did not produce a significant main effect. Their interaction was also significant: students who received
indirect guidance under the text-only feedback condition achieved the highest performance scores, and exploratory ENA
results further indicated that this condition was associated with denser patterns of conceptual co-occurrence than the
other conditions. These findings suggest that, in the context of this study, combining indirect guidance with text-only
feedback was associated with stronger Al learning outcomes on the primary measures and more tightly connected
conceptual co-occurrence patterns, offering implications for the instructional design of GAI pedagogical agents for
elementary learners.
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MAANTIRELMEE PR LE, BREDFNE Al FRERGIT T IEALAFTLEE
Mm, (Algahtani et al., 2023; Ng et al., 2023; Touretzky et al., 2019). A, K&F 3] H M Z i
®., k&t LAV T ANHLET RENE, RILBFGHF X FFATLRERD T IFR
Fo WMANFARTRTEMBIAERERELTENG ALFI IR, CRAGAIATHAREER
E R Xz FAM, (Parketal,2022)

R, DFREPAHRGEIFLRT FFR 2 HIT @5 S FAEGHEN, &
T AR A BATZF R FE 5 R, (Rohl et al., 2025)

AR K AL SRR A X — PR T TR, s R RIS ARIE 2 £ i N4
RPet R, FEBETRR MG F7 X EAH XL HF55 0442,  (Abbes etal., 2024) €4 #F
RIT, BERFAYTERTFOINE RS, mERAXREARTUTREES FHT
Rt EF 0G5t M) SRESRIMAELTRAEE®, BAKXRFRET. LA IERRD
s FRAEXRIMBREEAR R R GAR, LEHZ RO DNF AIHF S TOF R,

(Kim et al., 2022; Giannakos et al., 2025; Kirschner et al., 2006; Klahr & Nigam, 2004 )
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AE g bk F G, AFREERRETRE22KE, RAFEIFEE (AN
#) HRHRE (LA/ZEE) DN FAEALF I RN, FEEEETLEZHOK
FENA P ERAREMHTHSEMGZ 7. FRERXEANEL: L—, AL
HEAALEZRAGH AT ARN? L=, OHEHTORSENLEMAE HELR?

2. AR F ik
21 FBRS5FZ5FTHF

L EHENERAPEPE—DFN 174 LZFBFE (H89%) . FIAFAER
HB A ETARTENEZERED, ARTEENERFEEEREFEMNE, T
KR 2x2 ik, YAl £ A (Direct vs. Indirect) A= 35424 (Text vs. Multimodal) 4
AT E., WAAHNAHA DT=44, DM=44. IT=41. IM=45, £FF iR a7 2 T 98 514
2 F 2% (DT: M=59.06, SD=16.43; DM: M=60.57, SD=15.93; IT: M=59.63, SD=17.94; IM:
M=59.88, SD=14.83; F(3,143)=0.294, p=.588) , & BAZLIa X & 7T it

2.2 FHEHASRHELZA

ALBERREPEEE, KFRLET Coze FEFAT @& 3 Al 5 3 B8 FH LR
SN, B RARE KBS RAIRS), SRR A, IR EY RS B TERE R M
d, NS REIFTRAERMBRELAEAEE2S, EAEHFFE. REAZSEITFH
RF—H%, AT FHAHRERVNAGBHEREE; MEI| F54F L2038 R 5RTIRE
ARG, L AFHFRRELFRN; FREFHFAEALFEAMEELSARIRETF L
1z 8,

Wl 1R, FRHSEERE. F—BATRATNFRITR—OFRMERIZI; F 25
W TR Z RS TIHRAE, BK 40 o4F, AT 10 28 ARITR—3HL, B 30 4P A
FAELSOAFREMSTRDDE TRERAES; $FAAFREN. RAEZIA LR BARKR
RBET: MBFIFALESEM, HBEYOKE, FRESREZK; NESNKG R A A
HAEMBFIIRAEATOER; BE SR ERRAARK#EE,, LRZHAALTHARXL
B 5#H M TEENRE L,
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HABENZ QL IEATN 5 BN AANKS . AN AHKE Al &f N, HAEEAR Al FLHX
HEIFTER mF, 4010045, 5 3HATM, SEAFAf | EELT, =LA
SRR EEAS IR I S MR, MEF IR IRGAM, URBOHMAXZGEKRIEE, 2
BT ifiE S A58, D%, MK 5k £ SRS A B 445 LR I,

MK AL Emits, FASRA-NLEAEEHRG Al 2%, FiBiEL® 2R LdefT
Bk, MEouiRAE AIAK12 4B AV /N4 34T 50 #7 P37 % : Data. Training. Test #= Bias, #
ANER0—4 2, 0169, BEARGGRAAN LKL 1. #tikfE@ M S, Data, Training 5
Test £ &R BFANIE F ) AAZGEFEE X ZBILHE, Bias#HE—F B RFELELRR, K
A By IR R PR it R R A I R . AL BT NG H R L TR AR, VR AR
BT B mANH, W —H M R4 (Cohen’s k=.82) »

BT )G M o # kR E S WARIR, AT 7K A Aligned Rank Transformation (ART)
ANCOVA #35] F £ 2, RBIBEAREREINER; HHB Ltk mtf A o T RER T K
ENA, VAR WA 22 B 2 18] 69 2 264
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15 HEY —AFHRYEHRE,

g WETITRFHRD XEMRE; KABEA 20 d5dS—HE R KORE,
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3. R4
3.1 #FJEILE ANCOVA £ F
BMNER2PEETOMERLIHTFIRAE,ORER G TSR

%2
o S A T ek
DT (N=44) DM (N=44) IT (N=41) IM (N=45)

I 1.77 2.07 2.17 1.98
N 2k 1.30 1.84 1.76 1.73
)X, 1.18 1.50 1.68 1.53
1 £ 0.30 0.56 0.98 0.47
B 4.54 5.95 6.59 5.71

BT 55 RS HABE T AR ESHRIL, AR RN F4k454 (Aligned Rank
Transformation, ART) ANCOVA k(421 35| F XA 5R MBSO R ERXN. %7 kA —FIE
BESM TR, EARERZAERIT ANCOVA Z a7 2B 45410 £,

%3
23 F NI FG ANCOVA (#24E)

il AR LTS X EAF

K 4% F(1,147)=0.946, p=0.332,1p>=0.006  F(1,147)=0.002,p=0.963,np>=0.000  F(1,147)=2.050,p=0.1541p*=0.012
% F(1,147)=2.270, p=0.134,np>=0.013  F(1,147)=3.491,p=0.063,np>=0.020  F(1,147)=3.480,p=0.064,np>=0.020
Mi&  F(1,147)=3.484, p=0.064mp>=0.020  F(1,147)=0.306,=0.581,np>=0.002  F(1,147)=2.092,p=0.150,np>=0.012
f £ F(1,147)=5.213,%p=0.024p>=0.030  F(1,147)=0.052,p=0.820,1p>=0.000  F(1,147)=5.661,*p=0.018np>=0.032

B F(1,147)=4.548 %p=0.0341p>=0.026  F(1,147)=1.311,p=0.254p>=0.008  F(1,147)=5.426,%p=0.021,qp>=0.031

*=p<0.05
E3PWEREAYN, BFIERIA/SETHINFEANEZ T AL (p=.034) ARSI
FRAGRBRSZ G EZEREER (p=.021) , MmAMEESAFFAERALE BF K
o EAAmE, /£ Bilas L, MR ARALERFE THE (p=.024) , B kA HREEZ
M A ELEXEER (p=.018) . Am, /& Data. Train #= Test = NgEHF L, LiLAEH
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