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P& A AN T EE (Generative A1) ZBIGEE - AN{AERAEAE [FIH SCRFRp HIEEE SR
BERRZBE LG EERERE - AE 5 ERTESHE A A4 (Multi-Agent System >
MAS) FERIFAEI T 8EE T A RRAIRTEL ) BT Ay - iHZE R A FAH IR MR B st
DIEZErp B R 2 36 (/LR 24 R > &0 R B BRdHAY 2 A S I
HAYEAEEA S35

AFess & BA LSRR A B AR 21T RRIIR I TIR T - $SRBUR > Wit
B8 7RG SRS EY > H B A SRGUE U H (R EEE 2 e P ) B 50 2 i
BEAERTET] - AT RBERETTTH - QLN AT BN 2805838 T ad AT RelUttsm ~ S 2L
Rl BN EAEA AL AR E ARG B2 T AR T -

WHFEsE RS T - BME Ry TEERR eI ZREA Al il 54t © sefeft
BEFH TR A RE RS [ 28R B FHENERE R - AiTthsE T S REA
ATEERIEBER20E T Z B SHRFE » TR Ry Al BHEDERE 217 RS2 (4t 7 558
st HINARKEAE EWIEE SR ZM AN B R RS EHEESSEE -

BT : AR - B2 - BREREHSEE - HEEE - 1T
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Abstract

With the rise of generative Al, constructing instructional systems that support both
cognitive and affective needs is critical. This study investigates the effectiveness of Multi-Agent
Systems (MAS) in a junior high school mathematics "Patterned Numbers" unit. A quasi-
experimental pre-post design was employed, involving 36 ninth-graders in Taiwan divided into
an experimental group (MAS) and a control group (Single-Agent System).

This study combined quantitative statistics with the frequency of behavioral coding of
learners’ self-explanations. The results show that both groups of students made significant
progress in mathematics achievement, and the multi-agent system model demonstrated greater
remedial potential for learners with lower starting levels. In terms of behavioral patterns, the
multi-agent Al-assisted system elicited cognitive behaviors such as reasoning, rationalization,
and regulation, and was more effective than the single-agent Al-assisted system in guiding
students toward deeper problem-solving thinking.

The findings confirm that a multi-agent Al-assisted system, through the division of labor
among experts and a task-specific framework, can guide learners’ behavior from negative
affective stagnation toward positive self-regulated learning. This study validated the
effectiveness of multi-agent collaboration mechanisms in providing adaptive support in
mathematics education and provided empirical evidence for the behavioral transformation
mechanisms of Al-assisted learning. It offers significant reference value for the future
development of personalized instructional systems equipped with affective support functions.

Keywords : Multi-Agent Systems ( MAS ) - Mathematics Education ~ Self-Regulated Learning
(SRL ) ~ Affective Learning ~ Behavioral Patterns
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2 HIE

IR BERF e » AR TEEE (Generative Al) B H @ KIVEEE
HE » BEfRIREEEHVRIR AR AR BENE - R E LV EELE - HEES [EAEH
HFREETEE (Self-Regulated Learning » SRL ) FERE - 3l 75 48 B[N S G514 H 50 (22 )
1% ( Zawacki-Richter et al., 2019 ; Molenaar, 2022 ) - {F/EEEFEE) Al 2400F - & By
ReESHEA (LLM) Z2RE 7 BE— A RGBS A A 2248 (Wu et al, 2023) - 28
11> i 7E 2 3 B — (A A SAT R B R e 2 RHE SIS » (LT = PSSRV 47 & SR ARE
JCHEAT A R B R R B R 2 D B SRR B B e R e e
B JIAYEPE ( Bommasani etal., 2021 ; Weietal., 2022) - (Kit » BE—(CH AAYRIENME » R
S8 T BRI RIS TENE - 0 H S DA R e R RE R (i S B MR o B i 20 it [
HERRS & (Wuetal., 2023 ) -

seied » BRI 2 G REE R F R A R 2R E - IR R e
# ( Self-Determination Theory > SDT) » {E RS- FEAEAVE) ST = KL L ELFE K
E T H TR B R EARAR R - Tt = e R BR ) e 2 B iZ. 008 /7 (Chiu, 2021 )
T TR A O E i e L TR OK - R RE RS I T BRI AR A LS BB E M

(Chiu, 2021 ; Wuetal., 2026 ) - [t » Al 240 ERS RS 28 B LTRSS - Ik
R AR IhREEE -

R EE R (108 3R4T) LR = JUFER T AHRAIMNE (&%
B EER R B EE R B4 S 2R A A - IR TEREEE A
= FE AR (R R 2R R AN BE ) - DU T TH AN SRR iR 200 - TR E8IR » B8 ETE
BRI UM SR ESES BRI E TR E A B R M B A E i
FuBE (Ashceraft & Krause, 2007 ) o

W5 2 4R ;e DA A B S - = B > B2 5 u] DU B - & B sk o -
ZPHEREHME S TEIREE ) Al HEEBYE o AR SERFTEAZSZREA Al
BB 242 B TEE RIS FERNE B 5T - B Al #ifiB)
2 B S S H B RE (E RS EhRE RS - HASY BE FINFEE CLER R AN S |
B R R AR O sEE E e tba A A AT EEA 225 2 B G Wu
etal., 2026) -

RIEE » By T Bes A E A EHBNER T A e A B2 iy B2 o B 228 T Ry it
R R P R T E - WA E L T BN ¢

— ~ BRI AR AL BB 2478 2 BRI A G B 2R SRS 5 | B N B R 2 -

T BRREEETEAEAEA AL B RS S [E T o BAE BRGNS T

Ry R RREA S #fT -

B~ SURRERET

— ~ ZREALGNEBEEE 2 Rk

AR ERAANTEE (GenAl) HEEHIMENEAENR EEFEEATET] > BER
ERESFL A IE A o Ty e Bl DB - SRR H > KRR SR (LLM) BUR R TE IR AVE -
e L o ORI PR B R e MRV R B - B R E LIRS > BEGEEERE
th$f (Jietal,2023) « pEA » BB AEAEEELARIRF SRREE LR TRV E HE - 1R
& Wuetal. (2023) HYEREL - BESHEH AL AR ENERAES T EEAfHe
AT RS M B RS [E By A e

Fofi e E— R RIR - ZAHELA S (Multi-Agent System » MAS) f2{it 7 —f&fH
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4H1E H BT IEISUERZRHE( Wu et al., 2023 )- MAS FVRZUAEN A 53 T( Lietal., 2023 )
B ZEMAZHVAIA(L (Hong et al., 2023 ) ©

AWHFEMAE _Laliip[EI 288 - B — BB H = 0 AZ 24t - e A - £
BEREY - L5 HEERY - HHEAE A T EEAaTER IR E RT3 -
BB E o NP AR R - W SRR B S T2 s [
AE OHEBER AR ENEE R 2 5 Bl A B iy RIS E#E R

BB R AR HEY - BEFEIRENERE I Al 24t > RERIBEEEHE
HENIRRE - B 4a TR E 8 E RIS [E - 8 E - BF4ERCHREEREIE
FHELTRNE ~ NEE B RIVE L ELE - SEARUGE L T B B % T T T RyiEifS
F55L (Panetal., 2025) -

FEZ Rt - B2AGHREDEEAL Al SE5 (41 ChatGPT ) EIE B B8ag a1y
FREMEEERERN ENES - fofrEeit s B e T 2L S
HVE 220 (B DR A B ARG T B - M e e
RETHEL 4G CHV R EER » IRILFFEBEE B —EEOlEE (Wu et al., 2026 ) - iff954#E
—Hfe > B ERET » BRGRERMIEFEME bV ES |  MIEREELEE HEE
% R AU A R A BT > T v bR A 2 B B R IR (Dever &
Azevedo, 2019 ; Wu et al., 2026 ) -

= BEREREEROER RS

FHEHET - (BEEEE (Affective Learning ) 717 R BRI K155 e [5] 5 B SRV HESS
(McLeod, 1992) - Wt5e5H! - 4ERFERE E WA EFIHE B 2255 TR kB (Chiu,
2021) - MRIBEBOAE R (SDT) - {EfREEE 2 HEAYE) I EE A 5 AR - M H
AZRFEAR R e © B FRG - PHEEEERRREL (Chiu, 2021 ) « EHfir 2E R
BEA R FrE b F ok > sERE R REEEENY B EIEREE (Chiu, 2021 ) > WHEEAHIPHI
A (Dever & Azevedo, 2019 ) - fEEEREERLh > IEHFIE B TR MEITE - R ABEEENEE
SRR E A TR -

s R T B EERE 0 ZREA LS (MAS) BEAEATCHE - &8
FE O A ) OB E K - PRI B E g HEEEN T ERLEER » B8
FREERIAE T (Ashcraft & Krause, 2007 )  {i¢ SDT #BEfR > > IR EEIRIAE 252
BESVAIFRIAN) £ F R 0 HAE L REEEEEHER Ei# (Chiu,2021) - At » A
Woeasat 2 SRR R B A  AMEEE TR ERY Al (B3 > FROHE A (LB 5
(b5 |2 T fF R TR S5 TR AR TR RE » 2 00 B2 35 (R 58 = S Bl T Fea AP R ER( Wu et al., 2026 )-
LEAh > & B EZRR T & B EE S [ AW BRli% ( Dever & Azevedo, 2019 )»
AF e E R IR AR ERE DT (FEEZFIRE N2 EERE > 18 b
H R B5E R 5 3RERETFE /] (Zimmerman, 2000 ) ©

B T RHERAVERTL » ABFEEETHY MAS (£ FrE2E M E T R 5 T 2
R EHE DR A BB RIES - £ H L ECZ RS L > MAS ZEEBEERIAR
{ERVENRETRRE > APEEEEE S AR RS B RIS s e T T BN > IR 2 whE)
B2 RGN E—5S ¢ IERRE I E T 15k > BIERIIRR i P aEE e =
MEEE |2 > GEAE LY HHEEFEIENYEIZHE (Dever & Azevedo, 2019 ) -

ERIBE RG4S b AR BB S OHEREZAE A DR E ABET
HEhOaE - EREHITEE - M EAR AL BEEETESE R AL ARESHE
ERfRRAARES - SA RO e B2 E R R R oK o R DIIREL - AT I B E 0 B B RN

(Wuetal., 2026 ) - fEEELILIESS » AR A Al BB 2 40RE ST IR EEARSS - FE
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FEEL-EHARART (Wuetal., 2026 ) °
= - B X G B AR T R AR

HIFEEIEEE (SRL) # BE 8 TEETE ~ SIEFHEHEEA ~ BIRET R -
DU RGERE H AR ENREE SRS (Zimmerman, 2000 ) - {ESERARRAIEH T > SRL TRHEHY
A (4 BT ~ RES B - HEE) RE LR AIRE T BRSO
§# (Pintrich, 2004 )  ZA[f - BFEHEH] SRL SRESILIERFRERTE - 1S — &P M
HIFT Ry ff (Winne & Perry, 2000) - Y E(ENTZE (41 : HGEHE) EEERERTES
BEEEH S PEEsE M EDMEG (Winne, 2010 ) 5 (RL > FEERGEEE EEE S IS
ER[EERRERT - 1B SR AR R (5 0 AR 40 T BTHR 5 B SRS Y SR N R

Ry TR B EE R AR T A B BIRE > W98 A& %S Neuman (2000) F2HHY
H AR T Rt RFERE AR T AR ERAY O SN IR R BACHITT Redmtls - HEIM
NBEEREREHAEE N Al B AP A BT R 2R - EEbstiEt - &
HEHEE—-HEA Al 2 FER >SS E BB EERE IR Al SERIRER AR HUTER
ARFETRE - BIJRF &5 T3 HERY SRS s 2R PRI A 801530 (Pan et al,, 2025) - 55
— 5 - $HHEEEERE R E BB - TR BB SRS AR R IEE R
IE A s B e - KRS TR 8 B Y H AR Z R EEL SRL K3 (Chen et
al., 2024) - & EALHIRTT R Z BALSHR TR SRR > AWTTthi 2 MAS 5%
EENREEAR B (LA EAKIEIES - HERE T (B RS A B A A A P Ty S5 48R 1 AR iR
HREAAE IR EIRL - B (L RERRR R % O OB K (Wu et al., 2026) ¢ FEH E 4l
SCRHE > ABTFEEIS RE B ERE F e B ML AR - B P bR HE =g K
Z H#MEERETT A -

2 ~ PIEE T

AW EEFRTE S RN RS ER SRR H HEEEF R EE T 2 & - AE RS
AT GBI EIRE - BEELETE T E - (T R4S - BRI ITE TR -

— ~ DIt R E R

AHWTFERAE AR - USR] B th B U R R DU DR 2 SR A A F Rt e -

2B\ HEE Fy 36 (L - ERSIEECENBIIZETHE REREZ TEEE , ATEE
EEV G - UITETRENUFREETRE T AR (SF200IEGE) - 2681
SRR E I Ry E R B R - AR RSN RRAT > IR A B R S B (A A - A
it PRECERRTEE RS B [E E 1 -

ZEEEGTETR

KHFERA FHATR AR T SRET - e AT T » B RHIEEE LB e R
G RAIRN T FE It iebai2 B2 AR REA ALEBI RS ARTE Z S ERESGEF
HEIEE | R AR A > SR T BUNEE ) SFEETEE - K
BARGICE R HERHBE IR - BhHRAZAEA AL B RS - B ORELER
BB T A RN ER  H T HEOEBEE > Bl T HHAEA L 2L
PR BRI AR B R SR - HIRHBR A A AL SN 240 > (BHE— T2
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M ) AL A S FATARVER e G &) -
=~ TR

Fo TR BRI AL SHE)ERE 2 L B RRAY SR RIRAR - AW FTet e
LB GHRIE AR TR M A B GRS - AdmiB2EME27 Neuman (2000) f2HHYEEL
AR T Ryttt - EEAREIIL OESMER RE R A AR YA BB Ry v AT Ry
iR EMEREEIR TR -

AWTFERERAEEL AL LIRS EEC SRR R8I LT T /BT > IRIBEEE N
Al Ry T T R4 (3R 1) - RTECRAmESHVRIEREGENE - AWIREE ML EAZE L
R 2O SHE TN RES A5 T 5T Kappa — 24 (R E( Cohen's Kappa Coefficient )
DIt OR B aF & (5 BB PR IR v 2 #5224 (Kappa>0.80) -

1 OREIRIA Al BEE) 20000 1 BBTR T 5 B LT Bl
Lt % ] B BB T

— ELEOEWEERE iRE Ge EER dRRTE
CLR  SE% A CANEDE - 5k ) SRt a2 - |

P/

B X
N g EEAEETEERE R OO TR EA T
TN g el

 REELh R TR ARG B I

IST  &H1L  # > Rw T AAE, ekl - MEECEEE =

Vo mm  FENETTANE MR R EEERE R

B e WO o RRET o,

REG  mm | DR e bR K | T R AR
T D S S % AR FARE -
%@%@ié%ﬁﬁ%f@ﬁ%ﬁl%%zg CUREF |~ T 12345~ THEL | S

U . L e e
S A\ - = ~ ke

g ~ Bt

AR REZ ERMEESEEME - BERUNEEDLUE "BEE | 2% &2 G F)
wEl o NEE A DU NERET T A T AT
(—) BR¥EMEA ¢ fm7E (Paired Samples ¢ test )
PRETAE] Al SHBNEEE 4 2 AR BRI RO 2 52 28 AW R ¢
JE (Paired-Samples ¢ test) > 53 fllt ¥ IRAHEI B a1 T Al BENEEE 248 2 Ehapig
MR = BELHT » DIRHE W2 A A E B -
() 1T RSB bt ot
R R ATRTEAE] Al ZEREEEET B 2 528 Attt gl s e e
0y AL SRR (T Ry e T4mAG B IR 5347 © k9% Neuman (2000 ) HYZEREAEITIT Rdmlls o
BT AR 1T Ry 4y HER AR MR BRI 5 73 b AR - B AT RIH AV e AR T
Ry EREEREMEFRIR R -

B - SRR

AW7E S ERST A FEREA Al @BV E 2N BEER H Z 2B & Rl
e [E] ATARER SIS B F O IR T R - B TR A e > W03k 2 -
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RO A A Z B4R NI 78 84.00 35272 92.00 43 (1=-2.629 >
Pp<.05): AR A BB 1% HISEES 5 B 25.63 SYERTH & 42.50 47 1=-3.282>p < .05 )
PEWTFR4E R8T - RNERELA AL BB 240 & 22 A4 IR TR B R HIER B A B
B

%2 AEREA AL B RS RTR N RARER B tiE )
S SR (EE Ve (M) fREE (SD) t{g B (p)

— S 20 84.00 14.654 56207 017
AN %A 20 92.00 10.052
P SOE 16 75.63 17.877 3580 005
FREN —7 16 42.50 19.149

E D *p <05 ¥¥p <01

AWt e e B EA R E ARG T LRI TT RIRRE AT - BB AHAY
1T RSB MARGETR (3R 3)» AJ LIS S R 2 N A HYRB A B R SRR T R e
A T AR T R -

TRIESR 3 ISR TEEREU AR AL 28t th > SARNTT s EET/E OTH

(65.0%) 81 CLR (30.1%) » B IAEENE 7 =/e1T R 95.1% - fHELZ T » ZAHEA

ALB 2 ey ERAE - #EZR OTH EEBIAHEL (65.6% ) > (EAEEFEEEAITT A4 INF (3.6%) »
REG (2.6%) B4 JST (2.3% ) HyHIRARR - IEE S R BB AH (S Al{E (S 0.5% ~ 0.5%
B10.2% ) - RN Al B eV E 50 TG - Retb BB E ARG %52
A TR BN S -

% 3 [ AL B) 2 L2 A4 1 BT Bt &

AT RS YNINE RN A AL B 2%
o IR HIRE e AR HIREH e
&5 (CLR) 602 30.1% 280 21.8%
Hezm (INF) 10 0.5% 46 3.6%
A R (JIST) 5 0.2% 30 2.3%
E=1e (MON) 74 3.7% 53 4.1%
881 (REG) 10 0.5% 34 2.6%
HAr (OTH) 1300 65.0% 844 65.6%
T 2001 100.0% 1287 100.0%
{ﬁ N \%nﬁﬁ

— ~ b5

A 5E i i A B Rl M B SR AR YT R ERRE AT IR ST ST A RIER A AL
TN RSERR A S ZEAGH LR AT
(—) ATEBIERE BA S BRI
WA RS T - S R B AR EE S ALY Al 2GEHE T AR
SIS BT b S RERE T B VSRS - ERUNERLEHERRTE T > ALY
Ry S BRI B RE(F Ry A S SR B A - BB A RS
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