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A IRGTHAT VAN . IR AR 27 AR BE S 1 2 A SCAS rp Y S T R MR A A A BE S HE BN 43 A SCA
HRTR I S PR 248 24 AR BB XS SCARHEAT DEA R T 5 o FH D2 48 2 A= B A K P 1) A1 iR 32 3
HoAb s B v, W H Yy R R, Ak 100 43, Hirh s 35 43, HERE 30 4, WEHY 25 4, W
10 53 o AR H 3 6 BA F 8 B4 5 B0 S 170U P TAE, 4 st 9 4 N AH G R BUE A
0.86, 1A 3 {57 UM (4 743 B AT 358 v 1) — B0k

B A HLNIAG . B EEE 6 R, Hik1HZ% T Linetal.(2021) AR5, IF ARG A A5
() LA B0, X A) - HEAT T IS SE B, il an, AR TR BUS AF S R IR A i 0 A . R
2Ry TS R (AR M 10, i o3k 5 43) o #5000, 2 AR B B &5 o [R] 4211 Cronbach's al-
pha {4 0.85, HA 8w iy — Bk

B =L BRI TNVANZ IR i . il RGET- B ic sk T 225 2 16 g b i ) 2880 . e S i
THef, B 22 A 5 TR AR Rk T 8 AR o FEER Sy BT B B, X 2 A 1 & R AT T i A, JE bR Al
RE b B 52 I BB A i A ] 25 R 2 B MR 2 B R A B, DA PR AT 9 &G SR ) B S ] A
PR B XX S, ABFSE S % Biggs et al.(2014) $2 1 SOLO 43353k, 1 2% A 1) JELAE DA 0 J2 Tk DA 7 2
BN ZARK AN 5 AT ZE R (PS) | B S 5 (US) L 28458 (MS) | SCHRE5 48 (RS) Fldh 52 40 JE 45 44
(AS) o ZEE A Gt TAE M 3 A 0F5E A RS g 5 R A5 N T4, JF 47T — 20k i, ¥R A5 B
Kappa {8 47 0.89, 1] 3 £ BF 58 A G2 1P B A 85 vy 1 — B0k

. HRER

(—) Z3I/5%

ABIF SR 2 A 2 2] LS A Dy DA e, S AR Ay PR AR e, SR FH B BRL 3R B 2 3 B R A 6 T 2 2
S MG L ES . Ta R 2 Fin, WAl 2= A A 2% Bk (F=12.842, p<0.001,
n’°=0.234) | #EFH (F=13.938, p<0.001, n°= 0.249) . ¥4} (F=16.026, p<0.001, n°=0.276) Fl i F (F=7.412,
p<0.001, n°=0.150) 2 i IR0 0 25 24 52, MiE F 4 ERAAfE EE R, 2R RN, HTe
BB ) B AL 2 2 3 Sl T DS 3 R R 2 A A ) G

®2 FIMGNBEEREMHBESN

TE 4 5 N Mean SD Adjusted mean Std. error F L&
. SEI 4 24 73.46 3.99 73.77 0.35
B4 12.841%%* 0.234
A B 4 24 72.25 3.78 71.94 0.35
N L 24 28.46 2.48 28.86 0.23
FH 0.016 0.000
ot R 2 24 29.21 1.74 28.81 0.23
) L 24 21.67 1.01 21.59 0.11
#E 13.938%%** 0.249
ot B 2 24 20.92 1.10 20.98 0.11
. L 24 15.63 1.21 15.67 0.12
Y 16.026%** 0.276
ot B 2 24 15.00 1.25 14.96 0.12
X SEI 4 24 7.71 0.46 7.65 0.11
Io¥: 7.412%* 0.150
ot B 2 24 7.13 0.61 7.18 0.11

i **p<0.01, ***p<0.001,

(Z) Z3JzH

ABIF 5T 27 A 2 2] SPLTET AR Dy DA &, S AR Ay PR A28 i, SR FH B0 B 3R W 2 29 A R A 0 7 4 2
AR AL B ZE T . AT RN 3 FTR, B4R 124 ) BIHL(F=15.557, p<0.001, n°=0.257) &
U 35 25 5 o SRR, T 2 BRI IR B A 1 Bl S A B TOR AR 1 T L
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A 5 N Mean SD Adjusted mean Std. error F n
S 4 24 3.72 0.23 3.69 0.05
15.557%%% 0.257
pagicEk 24 3.35 0.30 3.38 0.05

s ##%p<0.001 .
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FHLIC R T 146 DN YRtD, 525641 (RS=45%; AS= 14%) 1E TR 24 > 2 R E 895 25 T %5 I 2H (RS= 16%;
AS=3%), T X} HRZH (US=32%; MS=49%) 75 1% J2 2% > J2 I B M R 155 F 3L 50 41 (US= 6%; MS=35%) . iX
Szt B, LT 208 BEAR 1) 3 il L 2% 2 1% 8h B RE AR i 2 AR IR 2R 2T

®4 RMEFERINNERRBHUR

- SLE 4 T e 4
% Y

N it N it
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* B US 4 6% 24 32%

MS 25 35% 37 49%

s RS 32 45% 12 16%
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TR A3 A, SR INEE S FoR . [E 5(a) s T S22 AU IR 4 24 AR R T I % o Horp, SEG A 2 AR Y
NN 25 T 2T 05,38, % B2 2 AR DA 0 I 45 0 FH 5 3R o 5940, TR 5 (b) v i 40 6 A AR e S e 2
PRI I 48 Jo O, G0 A T AR A Al A 5 A O ) R 43 i S5 TR B 2 21 A G (B RS AS), Ul B 5200 4 2
A A FUREE 2 2R o i 0 T R AT HE A A DA 0 X 486 T, L A3 A 1 A A il 22 05 22 00 1) A8 43
MSEIE 2 () PS, US. MS), BN IR 22 Z4b TR E 2 R IR .

L 5Cc) FEL 5(d) 4350 2 5256 20 AT BRAL BN I 2 o nl LAk B, i 2 O MR ) 2287 B 5 454
(US) . Z 454 (MS) FISCIE S5 A (RS) 4 b #E ST T MG RE, LT 4k (L 2H) ) 32 B A £ i 454
(MS) . RERZ5H (RS) M 40 e 4540 (AS) 4 J Sy T2 M4, BLAN, ABF I8 X P4 4 4E 1A
A 22 AT T ¢ KRB0, W 5 im o X Fp 45 SRR, WAl # A A M 45 i DA B E 225
(t=—6.43, p<0.001, d=1.86) . [F L, Wit 23 k& SR nl UL B, 5% B AH b, S2ub 4l 22 A e >
R A R 2 R o) IR B 2 S 2R

75 1Tig

FE2E ) BT I, S A AE A AR A AR VTN R A R A A B R T IR A X S
FAER R, T 25 A8 R 0 P B 2% > 16 S A Bl TR 1E 2 AR X2 o] J2 R RH TR B, BT
SO SR . X — IR T AR (2024) 25, 2 2 BRI 2 18] (1) 58 B AIDME, BE N2
Az )2 2] 2 RR PR T i Z2 R AR R A, A BE DU 20T Ak, SE TG A ) B B A RNR B . LA, Bl
U2z )35 B h SRR R RIS T 2 8 AR AR AR 2R, ARG WM RN S8 R T T AR B AR T, e T
“LIHE [ R 2 A R AR 1) 1R T (Du et al., 2024) o R, SEB0 AT 24 AR B8 1) RS E L TR AR 22 2] Y
B RTE T 2E I K, Je SRR G AE Sy (ROHERE PR SR D) o AR, 2H 2 Ak AR T R A RS
RTINS W 2, X TR S LR R EAE G B A, SIS G S B A I 1 BR A A KA AR R, A
ATTAE 5 1T PR A X — JE R A 2 K O A BRI EE ), AR 4 EoRRE AR B i = 5 . LK,
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us CG EG
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(a) X HAZH 55 52062 A TN R0 I 45 %6F LL (b) X M 2H 5 5256 2H AR 45 J o
AS AS
MS MS
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RS RS
(c) XoF HEZH AN I 245 (d) SERZH AN 25

5 MEFEEEINAMLE FITER
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X Y
4 7 N
Mean SD t d Mean SD t d
SEI 4 24 —-0.30 0.28 0.00 0.27
—6.43 %% 1.86 0.00 0.00
pagickl 24 0.30 0.36 0.00 0.42

o #5p<0.001

TE27 2] SHLTT I, WESE 45 SRR WY, 5T 258 RR MR (4380l 2L 27 > 3% 2l m] LA 35 19 5 2 AR 192 ) 5

Bl XATREIR T LUT LA w5, AR LA REIA, 2280 REMR L& 0l i Sh 25 s2 T AL, RE RS A et o
HAG 152 A B IR RAAE, 2024) o FLUK, a8 i BEADL B SC it rp (g i A B3, ol 2 AR 2 B AR 5
SR NIRRT AR K LS, XA B T sl AR 3 S B 28 RE IR Y S e 2R AT R A
f#. AN, AOTTOR ARCS SIHUBEIVE y —FhEAHESL, B S PSR NE Rl 207 A 43R0, X RE A 45 44
AR SR R B A T 1T R S RS LA A S AR 2 ) BBl KETSE AR W, 5 ARCS SR Y
VB — P A HE R LUAR T HOR SCRF I 27 I R84 Bl 455 FUk 2 AR 35 552 > (9 8 17 (Chang et all,
2024; Lietal., 2023) . K1, {EAF A, 2280 BEMR AL AG 7 A= n] 8 DN T B A0 30 50 1 1 7 L 301 P4 3 B
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SR o7 2T S AL, XA BT A SO0 AR AR SESCHR P A i IE (Deng et al., 2025) o BARSLRASR BN ZH
REMA AL~ 2E A S AL 3 2 2%, (X — B R TR BB R 235 7 i — AP SRk
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IFFE A B, S 2H A TR 2% (2 B 22 i A5 . SQIR S5 F i G 3 R 254 22 [) ) EU Xk IR 2H A A R0 R 6%
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5 28 BE R BEAT TP HOME SE U, A6 5 Bl v AT UL AR AR, AR ELS | O AR, £ AR A R
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From Single-agent to Multi-agent: Motivational Learning Activities Design
and Empirical Study Supported by LL.M-based Agents

Huang Changgin'?*®  Zhong Yihua' Wang Xizhe’ Han Zhongmei’® Wei Tongquan'
(1. Shanghai Institute of Artificial Intelligence for Education, East China Normal University, Shanghai 200062, China;
2. College of Education, Zhejiang University, Hangzhou 310058, China;
3. Zhejiang Key Laboratory of Intelligent Education Technology and Application, Zhejiang Normal University, Jinhua 321004, China)

Abstract: The continuous advancements in large language models (LLMs) and agent technologies have made
LLM-based agents a promising new tool for enhancing the quality and efficiency of teaching and learning in the edu-
cational domain. Based on the functional positioning of LLM-based agents, single-agent systems are capable of sup-
porting various teaching and learning tasks, such as content generation, intelligent feedback, and assessment.
However, due to the homogeneous nature of their interaction characteristics and functional attributes, single-agent
systems face limitations in promoting deeper cognitive development. In contrast, multi-agent systems can simulate
various educational roles, enhancing the diversity and depth of learning interactions and thereby providing more per-
sonalized and profound learning experiences. Considering that the application of agents in the learning process
primarily relies on learners’ initiative, this study based on the ARCS model designed motivational learning activities
for both single-agent and multi-agent systems to ensure the effective implementation of learning activities and con-
ducted a quasi-experimental study in the context of English reading. The experimental results reveal that motivation-
al learning activities supported by multi-agent systems significantly outperform single-agent systems in improving
students’ performance in reasoning, evaluation, and application tasks. Furthermore, multi-agent systems exhibit
stronger motivational effects and effectively promote deeper cognitive development, particularly in abstraction and
generalization skills. The study underscores the value of multi-agent systems in supporting deeper learning and
provides insights for further exploration of their applications in education.

Keywords: large language model; multi-agent; ARCS model; motivational learning activities; deeper learning
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