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A Generative Al-driven Cross-domain Learning Support System with Digital Toolchain

Integration
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Abstract: This study proposes a cross-domain learning support system integrating generative Al and digital toolchains.
The system is applied in project-based learning in vocational high schools. It adopts a three-layer architecture (context,
Al logic, and action) to connect user data, Al reasoning, and feedback, providing real-time design suggestions and error
diagnosis.

The learning process includes problem framing, Al-assisted design, toolchain-based implementation, and testing and
revision. An evaluation framework is proposed to analyze learning behavior, problem-solving ability, and system thinking.
Keywords: Generative Al, Cross-domain Learning, Digital Toolchain, Learning Support System, Human—Computer
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1. &7

AL BARATIERRERGOTRT, HF BiEHEFE— SR BRI ) 35 A
R, BAZHEREKXEZLELSAPERD G T RNATRE, 2 EALFEHERRALD
iZ 5 FmEE IR,

R, AR Al (Generative Al) fE4ezk £ R FFHEBISLEP B @48 75 & R L /)

B X FRG TR, TR, ARKX Al THEALS Y L5, R»it EPH%’E’?/?"
ﬁ?%‘ﬂ #* % 4 (Kasneci etal., 2023; Holmes et al., 2019), R 8, %% 64 F L4+ £ (learning
by making) & ByAMEE 4ok Z A (Kolodner, 2002; Harel & Papert, 1991)

ikﬁ“Jlﬁtjbja AFRRE—BHLSE RN Al HEA: T A2 BREH I FRHK, A
IBRATMRBBREY ., AVESBE T T ARESENFEH IR MA, T4 47K
BREE ﬁ&ﬁ%%ﬂﬁ\ﬁz%% AAFRMEATRA: (1) 2R Al E#4/2 T L4t
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Z e T T ARG R AR AR, (2) Al BB @A H de TR B R AR R R 4L B M 20 R
(3) ZAGLAELBEHIHE PR R 7 XSLHE AR,

2. FEHED#K

AERABBAEATE, SURLXRH, ARERX Al FIBROEE 24, X
- N g E A eI
2.1 REEHETHFHRESE X

MEIE A0SR AGEE, FHETELSRABHA . THMTEZRETFH
RTle HETHIRBBESGMAMRTS, LHRAZKDHE, ADEETHE K.

22 BUEFTRAGRAERE

HEIFBBEANE (o loT R SR FEYR) By, 2HFETREATHA: (1)
B ARBE: FRFBESIHBEIL, ZHouFEEL;, Q) O gdE
PEER R A G E M AR, 3O R Bl ey 45 3]

2.3 4EKRX Al EH G FEF £+ M

4 R X Al (Generative AI) ERAGE R, EESATHBHIMEIRE /), TAEFHBAZFP

RALBPIEF DA E, AMRARGE T E, Al NMEFZHEpRTH, TITEALAHREYE IR
(dynamic scaffolding) , 1805 H H AX ST IEBAL PR ATHE,
2.4 KXFLEMEZ A

BAE LRSS, BBEVRRFTNAELAEELS TN REEEEFMAE, BEZEE
B BRALP QMBS E, F—T @, ARN Al LB AR L HH ), 12
KIERAMUAHFEXNZ R AL, BEFILELSAR,

MBI A, RN Al THEAHSH LR, REFPIFEHERIER L HF (Kasneci et al.,
2023; Holmes etal., 2019) , %3133 &4 H kb 8 Bh 72 403k 245 (Kolodner, 2002;
Harel & Papert, 1991) o

B, AARRAGESALEE, MEATHA: (1) AR Al #FK /2T Ligz ¥
Bdo T X HFGTEAEREAZ: (2) AL BPBF @A F e (T3 5 PR R R R B % (3)
A RAEISIRG H P 6 R R 7 BB E1R{E

3. A&t

3.1 FHEBEEH

ARG — B AKX Al BB Z 358 E Y X A%, REANEE, Bo4EmX Al #
Bz TR, VAR EAEFAER NI EHIER. FAREWE | i, 886 ~4%m
/& (Context Layer) . 432/ (Al Logic Layer) $213t474 (Action Layer) o

GicnAl-driven Cross-domain Learning Support System

B
Context Layer(User data, task status)

A
Al Logic Layer( Analysis, guidance)
-

AT

Action Layer(Feedback. adjustment)
1 FREREEE
(1) B4 (ContextLayer) : ¥ A&#{x T B4 (GmM4RIFEREHF
AR, A E A IRE, HRFEH BRAE T A
(2) #2E (AlLogicLayer) : A m X Al #REARE T A RS Y BAREIT 0T, R4EH:
FETHA G R, TRBEBRERE E A R4,
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(3) ##A4T/ (ActionLayer) : #Ff Al AR EFRBAHLEITEH, 2R, ARXIE

AR, AWBIE E E TS E,
3.2 EFRAEHEFYEHM#E (Learning Flow and Key Features)

ARGRAEH T QP HRA, OOMMAE R, ALK, TR TAE ARG EF0F
Blo AN Al R PPIF RSP E LR, IHFHHETHFEBIE,

FRELSUATHE: (1) BRETALESLS: IR TEAMERTHES; (2) ALY
BRI X R IRBARMF R AR RS E R, (3) HETEAME: AR THERE
BEBEREARK; (4) R T4 (GESFH HELM R KM Z MBI,

LR ET, R BIRERXE T LB 2) o AU RAEATHALE, KEH
T4, MAMRRENEZRSHES O EETH)F, T8 H K.

Iteration Loop

A AT i T FLEREH A4
GenAl + Digital Toolchain Learning System

Learning Process Data

L 4

3145 g ) Evaluation Dimensions

L% ®47% Learning Behavior
2 3 EREsiAE /1 Problem-solving Ability
344G System Thinking

SEEH BRI
Learning Outcomes and Feedbacle

2 S RALE

4. RRA%G%

ARGRAASRFATNIZEBFENR, BEERX Al ERET L4, IHRUA
FRAALTMZIEH LS. FATTARSABREA Cofy BRSTE N B N EHE)
FaEhMARTERARTFZ B4,

HEFEARF, S ARFETHAT R, B EE FRTFERARMSE, 28X Al
BIEBRBBFE R DM, AL E AR T Lk B RRFRALE X HAE

o— R RILRY R e TS Al B T LA 4R 4F, R M H HETHBEL M
AR, BRI EG EZFE AL,

5. T

AFRREZAERK Al BRI IZHBEE X HF A M, &6 EF (DesignMaking) « A
A% (HCD %4z T R4, DRELEBAFTETHEREHFRARDLEZAZIT K, AR
ARG FRE X, RAREF AT ERG EARE Lok M, 584 R X AL 3R B 1 = 4%
mEH E R,

IR IR E, ARG RS E L 41¥#%H (Woodetal., 1976) , #:iB i & 5|3 8h4$
HH AR L3R BRAZ T B T w5 H E40b § 2 82— 2 (Kolodner, 2002;
Harel & Papert, 1991) , & FARFRAFIE LR NL, BHFEUERAE BT S HFRA

(Norman, 2013) , EAFAZAHAFE L H LayR A/ (Dede, 2014)

394



GCCCE2026

AR Al G TR AT I M, BB = REME, RETRFIBFERERER
%@% 158 5 @ HHEE R RGBT, BRI 4., B ERFTIEIARE

2, A BRI AR R A

RUEE 4 f&ﬁ”ﬁ‘ﬁ%\ulﬂéﬁ;ﬁ%}ﬂ RSB IRELS ARG W IZE, AW EE L
BFAR, KRR AEFEEE (LB 2), REFiITAH, MARRRIRAGLEHSH
19 1 4T A7

AFAAR BRI 2, HALBTTERE. ARTEBTRIGIALE Y
Wik, E—FIRAALHEFRK, Ao HRETHRIVE, THRAARNIEZFE
# X (Mollick, 2024) .

6. 43

AFRH —B2ELE RN Al BELE T L4 B5REH I F A%, E8-Km, EEHE
PATZRRAR, RO TASEBAZTREPIFEGRS| G, BT TFEMARER, £
f/ifl‘éﬁi‘i&écﬁ aﬁk’fg/\

MEAGGHERER, REAKBRALRN Al AZHELPOIEASC, THEBRZT
b B AT mAER DM, ARE R4 D HSLEIRAE ) B

b, KRLRE —FEFEME, AU EEIT A, MBEMARIRZGDE, ELHEZSG
EHEFRZ A,

AARAZRGHARLERAFTE AL, HREFTTEFRT . ARFARTEHBERLFTRE
Ho#grik, WA ZHGHEERA, A AMELEOHIVE, THEIELAR LN
T R4k B S MH
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