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[#H2] A% (GAD) EEANHITHE QAN EE, RBARFERKZ LT PHEE Al TLELSME)
RE HF T HFREFLR, HFRT I RLFIE . T R 4427 L ALTPACK 78, A%
T H AR B AR R R, AFTRAMET —AMEATEHRAEZLE (MAS) MHF T IRHITE, AT aEs
Homir g ek (CK-Agent) . #F & A&tk (PK-Agent) fo3 32 T B4 etk (TK-Agent) , R XL F# )%
B F IR, FRBIE 20ZIRATHIT, MLy R ERA (EH MAS) FesfiBa (ERAERITAL) , &K
HANZ A F RS, AT A-TPACK AE R # AT F 7 £k 6. b, FREETHANEETT Al-
TPACK % %l if. #FL R AU, MAS A ZARABRATHITIHF X M2, B F R AILTPACK & %89
Rk ARRTHTHRETERIET MAS £ FHF T T, & T ALTPACK 88 A%, FARKRF R
TN A GGt R T RIERIE,

[£4235]) 24 84KA % AITPACK % 4c; BRAT#HIF; ikt ALE R

Abstract: Artificial intelligence (GAI) is driving the intelligent transformation of teacher education, but pre-service
teachers still face challenges in integrating Al tools, selecting teaching methods, and fostering innovation in
instructional design. Addressing how intelligent systems can enhance their AI-TPACK literacy has become a critical
issue in teacher education. This study developed a multi-agent system (MAS)-based teaching design support tool, which
includes subject knowledge agents (CK-Agent), teaching method agents (PK-Agent), and teaching tool agents (TK-
Agent), working collaboratively to support the teaching design process. The experiment involved 20 pre-service
teachers, randomly assigned to an experimental group (using MAS) and a control group (using traditional tools), who
were tasked with completing teaching design tasks and evaluating their teaching plans based on the AI-TPACK
framework. Additionally, the experimental group underwent pre- and post-intervention AI-TPACK literacy assessments.
The results showed that MAS significantly improved the teaching design quality and promoted AI-TPACK literacy
development among pre-service teachers. The contribution of this study lies in validating the feasibility of MAS in
teacher education, expanding the application of AI-TPACK, and providing empirical evidence for the design of future
intelligent teacher training systems.

Keywords: Multi-Agent System; AI-TPACK Literacy; Pre-service Teachers; Instructional Design; Artificial

Intelligence
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1.37T%

ATIgRe (AD) EAATHIAANRETFRAAS, HAEAXKFELREFHEALAX
B, ERREAFRRET, HFARAMEEZEREFHAL (CK) fFoF 7k (PK) , FE#
GELSABRIE (TK) , URAHKF T A=E, FANMRREFRALKS (GRE & B
#%,2023) o AI-TPACK AEZR 694 B E R X —FKRE K69 & g, € AE% TPACK A 49 K
b, BIAAIBRRKERKSZREEPOREHN. A, DALY, RATHRIFLE Al TLE
B BEFE T ERRFRAFF IR E T RMAELELEZRL, FEEF T ENEE ST REL
AR IR (E36,2020) o 4o fTi8 4 AL F BRI ARAT 4T 69 AL TPACK % Jc, €A &
AT HTHCR ARIR R AR R 69 S P AR,

SRR EL (MAS) MEA—M o AALFRRM, RHELHEEE, 8 LxFia)
RERRS, EEFABENS S 2698 A AT % (Hava & Babayigit, 2025). MAS #8958 0 2
B FRITIAR, HEIPHEITORFE R, FRE4THGFR L. B, ¥ MAS
K2R T ERAT AT 69 3 2 % D SR, AR A BORANE AL-TPACK & 3694348, Bh /) AR iE
K% R H B T

R AITPACK R AT HFRET R TF, BoMaEER P RABRATHITH
ALI-TPACK % = A43R # 2 A A 69 # % § # T B (Karatas & Atag, 2024). R X H HAMET
— AT MASFREKF T IREAL, §AEAIFHIRTMRA (CK-Agent) . HF T
R AR (PK-Agent) et TR A4k (TK-Agent) @9 EI4E R, HKACIRATHIF 69 3574
it A2, A RMEL R R IIE MAS ERIFHF FaT4TH, KT H 3 AL TPACK & %
RAGH R, ARRTREITIZI R LG E R FIE L,

RQ1: MAS & 7% i H AR BRAT R IT 69 K 1T A ) 2
RQ2: 1# 1 MAS 347 # 5% = F SR IR AT H T 09 AI-TPACK & % K & ?
RQ3: £ (MAS X 4) 5xMae (BALR) AHFRARELREAERE £ 7?

2. L #K 47

AlEHTHE PRI BZRNAEFRFITAL, FRRAMIE ARSI HSE
T8 Blhe, HEFITRREBREOTEIFORKFITH, AHLREH AT EN (Park
etal., 2023) ; AL R TALE ) T8 T K AR AT A ) Bk, FRBIEITRALK T KRR
(Chenetal., 2024) . stsh, FFREH, ALRFHGAEAS 2] L IFRESH FIR S HIF e H 5
EEA ), A AERFIAEFY R R EHAERS HE (Jinetal, 2024; Zhang et al., 2024)
R, BATETF Al 4ofT LAK3E32 % )T 69 TPACK & 5%, 472 AL TPACK % &89 5F A5
A A o

MAS & £ AN 8 247884k (Agent) VR ITAE, B EMEFNF ) e FHRE, AR
R, MMESF ] SAMRMBR TS 2o R, Plde, HRHFRALAET MASEH, TRESD
A0y 3) % 424:7% (Johnson et al., 2014) ; WMES 3] RGP 69 B EARAL A5 A T /) 40 B ah A X,
AT 5 5] 4R35 (Dillenbourg et al., 2011) o ZEFITH FH ANk, MAS 695 AL TIREA N
B, 2O AHRIET, MAS B9 A AL L H3 )Tk 5342, RS HE #2109k E A4
#H P (Pughetal,2016) o AAFTALLRE, #l A MAS L FRATHITHFILT, A
IRANILA AI-TPACK & #2337 77 NG9 N2,

AI-TPACK 42 R & T 145 4% TPACK A, ¥ E T H R41R (TK) #92L, FF Al T2
KR N IF M & 476wk (Mishra & Koehler, 2006) o ZAEZR 5%, HIFARE BEHRF
it (CK) Ao F 5k (PK) , L FEMAIBRGHFMNE, FRERKFIZ TIPS
WHELSAITR (TK) . AAARLEAN, B RAARMZNFRR, HITFRS I FRA AL
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TPACK &%, Mmtib L& 7 £ay% a4 E (Koehleretal, 2013) o KR, 4ofTid it
BHHAR Z AR A IRATH T4 AI-TPACK £ 5%, R LA T a,

3R T ik

3.1 ZHEREKF HRA

A TMET —A AT MAS 9 F 0T L TR, RS IRATHITE) AI-TPACK F Jko
% F AW P AR (CK-Agent) . #F EFH ik (PK-Agent) Ao ¥ T A% 4k (TK-
Agent) MR T4, @I FRLFEAKLKFZEARS. L, FHAFREAETAREBETL
72 (Natural Language Processing, NLP) # K, 4 s iRAE N, RBEZSHIR R, H
Ak FriR BB, AR BT PR B AT A B M R AL S ) R B R AR AR
AERBEFFEEEAIFRE R, REOHEELXN, A Xfe L) XA NG S IHF RE,
AR FHIFARERF B Anfe sy ) H MR ERESGRF T F, HFTEFRANIREREE
KAt BAR, EHSEN Al THE, ARG AKFESAT TR, DML Al EHF T
SRS A

ATRSHZHRKZRLGIE TAERFE, AT K4 MAS K A Mixture of Experts

(MoE) %Ay, AR izLF I gEMF, FRFRAZINGDEES 9B, FABIHFS

8 3] Fe i, ABRATHRIFRBEA B FIZT N, FHSHAERR R RARGESRE,
AR SR 6 BRSOk . B 1 BT T AFF M S A7 AR TIME R

a

Input
Router
I
Expertl Expert2 Expert3
Intelligent (CK-Agent) (TK-Agent) (PK-Agent)
Collaboration
Knowledge Teaching Method Al Tools

!
@

Output

B 1 %% etk e =R A B
AT — R MAS ERRHFHZ T2 SARKES W, KAFRIIATTE
5] (Meta-Learning) AU, 1% Ae AR AR 9538 i3 A MR a9 | 20 AF Ak A B2 AL A 8, AL ®
SR XA R E B A KR
Bk ZE, MAS K B Model-Agnostic Meta-Learning (MAML) #:% (Finnetal., 2017) ,
VA CK-Agent. PK-Agent #= TK-Agent A L5 J 4509 £, BIXAESAKFHES Ti L
AT LN, BMEH S —ANEIEE DX, Yi), MAML i 1§ VAT SUE R AHUH] 2147 D1 24 -
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(1) A EMHA (Inner Loop) : M FHMNES Ti, HAAT LS ATARKORTHE TSR
LA
0i'=6—a V OLri(6)

b, o T &, LTi AAES Ti EEHK LK.

(2) $FEMKM (Outer Loop) : A ZANMESH LT HHRE S, AR AL k& 1t
%09 fik
06— B VOLLTi(6/)

b, pALF ] FE (meta-learning rate) .

5 MOEER, MM TAME 5 A FARRFRE, LRI AUl i 4
BeEAL, 8 e AR IR E, #5 MAS £ ALTPACK £ 484 Faom AN, 4o
B 2 Fras, ZRRARR A B AR ST MAS 6932 LAE 7 . ANEALE B M fesh SRR, A
AR RRHITIED R R E T L ah,

()  Rume

(ERRIBSHALER)
MoEf&IR
(EREESESHE) cXre
Meta-Learning J
d=t D TK-Agent PK-Agent
a'EE' (MAML: HRIRiERY)
. p—
et —
Mgt
{ESSHERRIRIR

B 2 MoE + RL + Meta-Learning 17 [F] 2R #4)
3.2 8K
AR R I3 AR, AR MAS S RATH T ALTPACK F k89 % 0, o L3 %
A 20 LHATHIT, MG AFEAFftBA, H44 10 A, FRAEME N MAS #4785 %
i, AR NE AAEGHE ST T A (B PPT. Word %) o £3B4E 45 & KA A #X TR
—MRENEFIRTFTE, QERFERRE., IR eRE, HFHTEEFRHF T LESL
FHT ., BAXA T K, TUER MAS £ L FIRATHITHF X1 7 @9 A 2.
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SCIGH) >> sigeh > IR
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1| BEFIRITEE v E¥E (Edz3] (. SN I
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RIS AEAN BT, BARNERAALARE 3T, A, MARKESENE S
A AI-TPACK F AR MR K, ApE LKA KT, B85, ERXFIHESFNE, FRass)
MAS # 7 #F 7 FiXH(REZR BB 4 H77) , wxRBAN R RE%RT ERLTRES
HFR SR RE, TR AIRE B oL3EAT AI-TPACK & 5 3E, Wit Tt &%
A Hm. I, A TENT M MAS EHFI TP EARMER, FHRAGHXNE S
¥ gmiirik, OKERE AR ARSI ARG, &G, BT 2/ MAS
F# IR R BN R, TR EIE AR E RARAURA F BT AR IR AR T AT
T, EPARERE IR SRR, HFEREBLSENE, Al TEELSHERLFTHRS
L
2:43 GLN
foie e A
@ m_&mmﬂ. PRI FROYFIBLS AN
ck |§m=a$wwﬁmr=$m
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3.3 R x

AFRFEARZ TS WL T ik, AELITFHE MAS M IRATH T H 5% R 24 Al-
TPACK 4 8%, AL, EARFERI A=W IE78E, = F XL THRELTISEXR
STREA IR T HERITIEY, HAELERA5RBAN-TFHIEN£F. Xk, £ Al-
TPACK % & t9it4E 7 @, AP & B ALTPACK MR %, AER&R (TK) . #Fikdain
(PK) . A4 (CK) AHE I A, (TCK. TPK. TPACK) >SAN%4 & % BR AT 2 )7 49
AL-TPACK & %o TR 4iK 69 B B 45 R 34T AT M A= 5 M b4, A5 47 AI-TPACK Z 49
R o eI, FIAARG 7R EIEFF R A A5 (Thematic Analysis) 77 %, 1344
£ 3+ MAS 694% AR50 B 3t #2350 a8 A A 89 F ik

4.5 R 554

A RA T R4, 3 MAS ARAIRATHIF AI-TPACK ZRhfe K F kit =7 @49
HBMHTT HM. A ZEOHERFIRTT M= F0 0 b4, AI-TPACK & R 69427+
B, VARG RIAEE AN, AR MAS E8IFHF Fa9ER.

4.1 HF R T EFHD 5

AT HAE MAS HIRATHIT R F B R EG W oh, FLEFZLHFHAF LR A

Fodxt BAR R HFHTERT TR, 0B EOERRESI (CK) . #HFEHERHF

(PK) . Al TE#4& (TK) . #l#h (IN) ZA¥EARE (0Q) . 5K A 554 (1=K
£, 5=H%) , AANITFIHBREAAEFRGFHE, 12T T FEAfRBALEE TS,
B Eeg3l (M) fednk £ (SD) &

PSR T80 % i

28 %) IR HFEREF  AITREEES Gldi ¥R &
(CK) (PK) (TK) (IN) (0Q)

53228 (n=10) 4.32+0.48 4.21+0.52 4.45+0.50 4.18+047 429+0.42
xF RE 48 (n=10) 3.65+£0.55 3.72 £ 0.60 2.94 £0.58 321+0.54  3.38+0.50
t1a 3.24%* 2.89%* 5.27%%* 3.56%* 4.12%%*
pf& 0.004 0.008 <0.001 0.003 <0.001

(iE: **p<0.01, ***p<0.001)

BSETTFhafdBarsitit Reids Lagstt, 8577 MAS A4S IRAT#
R F R R ARF T ROLEFN. RIFAERERE T, FREAAMATIHEE L
HREZHTBaE (p<0.01) , LHEZAEAI TEESL (t=521,p<0.001) F%KFE (t
=4.12,p<0.001) 7@ ZFRAILEH. XEH, MAS il L CK-Agent. PK-Agent #= TK-
Agent B9 F) XL #, FWEHIRATHIT LA M S Al TR, ALK FR%, R EARKF
1R 89 R AT AR T =
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507

TR |
L b
a5t
& 4.0
R
T | @—
¢.‘ 3.5
3.0}
25— - - - -
RS BRIEE Al TEES BlUFRTE EFEE
(CK) (PK) (TK) (IN) (0Q)

B 5 %I n 5 At 84 69 # kT iR At it
X—2ERIIET MAS A FHE FOOTITH, HATRAATAERKS LITIAEATR
PEAT 3T M09 A A R, TRANIRATH T A Al TR AAH 403 5 @mad4aik . 452 TK-
Agent £ Al T B A7 @eg X ¥, 181552 02T Ak 4% & Ao 32k B AL R 31T %05 %
it, #4 AI-TPACK # ##694.0 B 4R,
4.2 AI-TPACK # 7 # A 547
AFF KA AI-TPACK Z AR MFEF A, STRIGMGIRATHIT A LI (A7) L kE
(BMm) 4 AI-TPACK & < ut4T T W&, AET MAS - # )% AI-TPACK & & &%k, NiE
HE SR H AR (TK) « F4H40 (CK) « # %R (PK) . BRR5F4HEL
(TCK) . #RE5# 5 LKL (TPK) AA IR AI-TPACK K-F (TPACK) . 22 ETFT
EI AT 5 B M 6934 (M) Fedn £ (SD) , R AECHHA A t A3 3T 2t 9 7.
% 2 923540 AI-TPACK & A7 /& il 3 L

%5 ATl (M£SD) )= a4 p1i
(M+SD)

AR JmR 3.41+0.62 438 +£0.51 4.92%%%  <0.001
At Fa iR 4.02 £0.58 421+0.56 1.32 0.212
# 5 k4R (PK) 3.78 +0.59 4.32+0.53 3.75%*  0.003
BA-FAHE S (TCK) 3.54 £ 0.60 4.29+0.52 4.45%%%  <0.001
HAR-#F R %4 (TPK) 3.62+0.65 4.42+0.57 4.89%%*  <0.001
¢z 4 AI-TPACK (TPACK) 3.58+£0.57 3.58+£0.57 5.12%%*  <0.001

(iE: **p<0.01, ***p<0.001)

BT HE At AR R A0, SRAAR KR (t=4.92,p<0.001) . #HFEmmit (1=
3.75,p=0.003) . HAR-FAELS (1=445p<0.001) . HR-HFEELS (t=489,p<
0.001) & %24 AI-TPACK 4 (t=5.12,p<0.001) 7 @¥3A L ERHA, mFHmR (t=
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132,p=0212) AHAIZET, XHH MAS T 2RF TIRAHTA Al TELE A, #HF
FkEB RS FA RSN T RGRFA, AR RSO,
4.3 FENHT

AT #—F M MAS £ X HBRATRITRF X P aER, AFRITEIRME 10 L4
BT T FEMT R, FRA AP ERBRXE LA,

SRR, TRF BB INN MAS ERF TRIEHR . HF T EHKFamin REHL
TERET AN LH. L, 80% asiX AT MAS #2469 Al TEEFRS THAMNGITH
AR, T0% BRI A B G a9 Fm iR B B 5 35 B A AT M AR IRAE 2, 60% B9AK
KINH PK-Agent #5692 5 Rk 16 B TRAV AR HKF 7 ik t)ikdm. Ri, LH 40% 9%
RET, AR L FOHFHEEF, MASWIEFERRMAREEH—F ik, URER
BLAF ST A AN AL F

5.1 5 4%

5.1 71+

AT MAS 9% %t 5 ¥ T B A IRATH T AITPACK % 2R ARE T IE2 RS/ .
FAHJe iR AR (CK-Agent) . #FEF A (PK-Agent) 5# % T A& A4K (TK-Agent)
BIFRIMET R TR KO L HER, ERITFRYS Ll B0 EREHFRELES, AR
Rsmrit (TK) A R-#HFEES (TPK) 7@, MAS EALE T 2 EHY, FHBHIT X
RAFHIERE Al TRA S R, TRA THANERFR TP HQFEEHAFTH, REdesl, F
AR B SR by LA RARIT RS, R d KR MAS & A FAMTURIR A IZ 6 2 10 Fe Ko

MAS AR 2 RS AI-TPACK £5h 7 @ KR, © %A T #ITAERKF R T 49
BHHA . FRIEEZAARTIRET DR &, FTIERMH T ER, AN BITHRE%
HFER, RARESSAHF RN X HITAMLN MAS B R BE, RAMIAGER A
RO ARFES), AARFIESHURTFE, SRR FLENTE, Ra, 3
SHIFALIG S, EREAKFHIET, MAS K RIS A BT KAk A A MR B IR0 5 M,
B2 RGN . IAFMABTT MAS RAEB SRSt pH @M RE, X
AR GGAT REAR R SR BB AN PR F A B Bk,

HAROFINARAE R B J Bl A ek 0y, HITAYIE 3 B A MAS & Al a9 R B0 h X 4.
BARAMAS ARFRET FENHF IS, BEETREAT, AP FRHZAHSHEKRHE
FAeRE ) B B A RMIE, HABB A § KX Z, FEFRIITAR T LML
RS, X—AEBFRBATRRBRALF TG L LM, B TAKRFR P RS
HIFHARIZEL ENERFBRET N LH, ARERAED TIF IR H T HIFOAMEE Kfad
F o
5.2 4476

AAFREY, T MAS 8935380t L8 T A AR IRATHIF AI-TPACK F fr Ao 57 1%
e T EEH B EAE. MAS B4 AR VR, A HIPRBE T 5% 2A L4, EHTH
FiR it a9 el AT, FEBRITF R A BN Al TR EHF T REL, Am, RE MAS BT 3%
K&GHE 7, NELXFFFIRRI e ) RAMAZ KL LB K. KRG MAS FATE R4
ANPEALIE R P A B 4T Ak ) BB AT#E— F 694, RIEY, AesREOmat R K 6942 E A A
KINF, ARHEARAEBEERS THFE KR, BT XL #, MAS K AERKIFZINFHF €]
b RIER KGER, I F AR LB AL,

Bt
AHF % B R RS A 4300 k9| 47 B +%1(202310337023) % 8.
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