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Abstract: To address the risk of “cognitive offloading” that learners may face when using generative artificial
intelligence (GenAl), this study aims to clarify the impact of GenAl on learning outcomes in higher education and its
boundary conditions. A meta-analysis was conducted, incorporating 27 experimental and quasi-experimental studies to
examine retention, transfer, and delayed test results, as well as moderating effects. The findings indicate that GenAl
significantly improves learning outcomes overall, yet its effects are highly context-dependent. While it significantly
enhances immediate performance in retention and transfer, its delayed effects are less stable. Long-term interventions
(>4 weeks), scaffolding guidance, and scaffold-based interaction effectively promote cross-contextual transfer and
long-term maintenance of competencies. Future applications should shift from mere “tool access” to systematic
“mechanism design’ in order to mitigate the risk of “cognitive debt”.
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Instructional Scaffolding
1.51 %

%4 ChatGPT A K& 89 £ m XA L A% (Generative Artificial Intelligence, GenAl) K&
BNBEHE, FIFOP Lk L EABRAZDES (Zhang,2025) MR TFAHF LT
£, GenAl FAREAZ &bk, RBIARMHE, TAIRET XNAEMNEZEIMEF
ig42 (Villar-Onrubia et al.2025) . Z*HFFT, AF#F#E (Cognitive offloading) M4 H #
2 EAR GenAl REME AN T R I BRI R AL S5 G2k, 120 5 F B F ) F W 8 i
BEB SRR TLEL A%, MM R“AFmir$” (Kosmyna et al.2025; Risko et al.,2
016) o F3FH MMEIFAE £ BARMBY BTN 30 KR E = by, ARG A5 5452 10 69 R 1R 3%
#® ¥ 554K (Soderstrom et al.,2015),

A3t GenAl 8952 3] AR, BRA SRR 245 L 2 L8 ¥ 4% (Bastani et al.,2025; Kest
in et al.,2025) , XRFHEZY LA & EG KRN, RELMTAH XL LHHIRITT Ge
nAl &t 52 4 % 5] & 69 B4k Frh (Wang et al ,2025) , 12X A7 50 5 R A TR K42 469 7~
AR, MAARS—EA—ERF R LRE QN ERER LT mpieie. i, A
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HLEHARARAGEFLEANNGAR S, Plie, SREFEBR TR, BXE
H 5 RN Z 2, WS AN TRIARIT L R E R e, N 2T REAR R £ M Ae T
A0 H K #I4  (Soderstrom et al.,2015;Deng et al.,2025),

gz b, REEE RGO ENLGSET, BF GenAl 23 AR WA R F/HERIER F], Ak
Fafiy 55700 h U S RAE R AR ) 09IE R . AFT A B BB AT S FIAL: (1)GenAl A A3t
MFERBFIIERGERRSAT? LAERF., THEHERMNK=AERER LG8 K
EfaeMREAEER? (2) FARFK, HHFIESXERELGETZEFAE LA 2 5@
B2 MR SRR R 09I 5% . RN R AE?

2. X BK g

% GenAl XEHNSZEHKE, EARCABMINFE I EWikFe Tiif, SERE
28 GenAl F 3] R GIMLH F, TERET AR T AR T At TLRHE R T Ny
#,” (Bastani et al. 2025;Risko et al.,2016) . —7 @, HFX LAk AR5 R Z, GenAl1E
MRINF Z B2 H—7 @, FREERKNG R %A, NTRFHREAXEHTHR, £57
B AAF G AR IR, MELUTIR A B IFE T ) RALRMNE F 44 (Kestin et al.,
2025) o Ak, HEF ML P4 R AZARE — 69 BP BT R Gy, ®ARAF. A HAERNKF R RE
09 4E R BB AEAP

RAENIFIEAR T BT GenAl 553 R A EmKIK, XL L EELEFR
% (Wang et al., 2025) « AKX E, WA LS EMBERE FREE, 228 EED
FERARFIEKXED, KERANKZZLRF M., TR KRS A F ST RN 5K
M- 64 ELAR IR T AL

FEHUE] B @ 0 B Z 98, FAEAT A GenAl 52 3] 2w 69482578 0Lt B F 09 F R,
R BT A H TR LR F . RE S A TAIKE GenAl f8IE @) $2 A BRBF 5 5]
EILRFE R, 12X 2N GF FREA ER AL HIAL (Wu et al, 2025) . AAIEHREX
W, AHZHFPEGEBARLELY, FAFEHHILRE N BEANTRL, EmlliEE50E4%
R KBB4 F 69 & 3 (Bastani et al.,2025) ; AR, EAL T F RN E KX Al #H 5
W) 2 A A F A8t iR 69K & L (Nelson et al,2023) o sb4h, Ttk 455 M A5
BRXELTEFEAWESR, LFHTHARLELHE—FT 0, Xk, 24874 GenAl &9
HEWME, TE2RARIRANFAERY h LR G AT R %,

ik, RAFARXPHORBAREHTRAGBEMA = KATHRE. £—, FIFREFE, £
AEHFT, BB FLE FRABES A AL B EARBE L ERESEHKR, ARk
KT mirhkF 524083, A=, HH4FE, MR THFRAAERARLYHE, RME
%, A&, PMES TGS FHITREEN, SR ABEEORITS, =, RE
FiE, BEFIPEG IRV DB HEIFL NI, HFERKFE GRS,
RERTARBGOBRAE L L, 42 LATE, KR AKFI ARG, ARG 5 1E R N X s 4t
VA IRAERAR, AR T LA = REZEMBRATEERLKRR, GLEEBTENES, RE
BARE I A IS, GenAl 5 3 2 K & 5 MM 69 N AEHH
3.5 %%

3.1 ##EXRF

A F ERFA, A% TG PRISMA AN TR AR %t %, iEEEMRE A 2022 F 1
1 AZ2025F 12 A. HEMFAFEL LUK THEN, &% 3B EGFE Web of Science. Pub
Med. ERIC % 3| X 5% 4% 7| # 4% %, VAR ElsevierScienceDirect. Taylor & Francis. Sprin
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ger Nature Link 5 & JA 7 3048 B . #& & ) B] X 4279 Generative Al/GenAl/Large Language Mo
del/LLM/ChatGPT/GPT-/Claude/Gemini/Chatbot/Conversational Agent/Copilot ## Human-Al int
eraction/Human-Al collaboration/Practice mode/Pedagogical mode/Scaffold/Tutor/Learning com
panion/Teaching assistant #= Learning outcome/Higher-order thinking/HOTS/Critical thinking/Cr
eative thinking/Problem solving/Self-regulat/Skill acquisition YA % Experiment/Quasi-experiment/
Randomized controlled trial/RCT/Control group/Pre-test/Post-test/Comparison group # T4 % o
IR, KRR E AN GG 5 E AR AT @, AN A R R 89 KA SRR R

AR R IRAZ LA 1. WAL RIT 893 KLk, AL, MELHXEEMIG, HIRE LT
R AERFIFR LA T AR 532 B, AN232 Bt ANT—%, t—F @A TER
Bt AR i iR 428 | A SRIE HAFRCE AR AT 00, AR i AL B SR R IR 56 A,
188 Fho &L HEMBARIE LA it £ KHR S B ARTRIN, XEET T EH R A
AZESBILRH 132 &, HRE 56 K. MBHITAE—HMEEE, BIRTAH R GenAl F %
5 AR EE, mAMHMN 2T BFIE L,

g
K1 U#ktek 5o NiRAE
3.2. X%

TG T AR G 2 2 & QL AE TR IAFAE . MAHFIE, REMFIER R IEFO N4 E .
AR EF I FB(FERERTE., EXAF., LFRE). THEHK (<1 A, 1~4 A, >4
B) 533X (AEZRE, T3] F/FR L) ; HHHFIERZFHHRA RAFHFA
AN, SR N (BE/RMESFER/SMES) RERREER (ALK, KD
Ak, ZHEELER)  REFIERERLACBIH. F4). RERFHGERE, LEA)Ff
B AR A 8 B (45 R R AR BTRM): Gt ied 2 Xk EH A F. HAZ 5R B
¥, AR RGN E 5EE, KFOURRARAR ZRG, B %M H 5T L
By 5 B LRI mAD, FRRPAZERDER, MEN LA LK REEXRD, %
—H M VA Kappa & #3746, K=0.88, £ —HK BRI, pHERZIBEWHER—K.
3.3. FX7*

KRR S 75 %, 1£ B Comprehensive Meta Analysis 3.7 3% & FF. B b, AN
ARG 27 Bk FRIBARXR At =, ARG, T HESF AL, RIBEEIHF X EAHFH GenAl
ST ERF FAF I RPGEAR AL, B UANG LR SEIT R ERERE, 6, 1T
TR, R R R AT ARG AL R X AR G T R . ATR 27T BAEKR
SCHR P ARI 105 AAEAE. Beoh, HHTR MR KALG R0, FF AL R AT F HelR 3k — R o
RO T RBRATH M. BT E, YA Lo P RGAERFF L,

AFFRER
4.1. XEBHEESFERELE
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REARBREGHTERBEOARABRAIEZGTARLEDRE LWL, T TRFH LY
WaKREFWRRAET. AT HERF LR GFRMENE, KFRX KR KT E. BEgger A E I
AR R %A R EA Tk, AN E AT 47 4 1745 (Borenstein,2021). i@ i{ % FiEHE 3T
XA RN, IHWEREARSEN, THEEZ TR hE. RELNLNK-FEE T
SRR R GRFP TIH) HGAMGBIEXARME, /2% A R 849 Egger &AM E )24 R 8 T HIE t
{£=0.520, pl1=0.302,p2=0.604,t 15<1.96 E p2>0.05, HL9H G & & E A E ey T e &),

Funnel Plot of Standard Error by Hedges's g
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4.2. EBERE 1B GHH

A RERA R ERER | FITHT. FRERRERI R, AN 105 MRZEARE
zaGEESEIFGFRE (Q=795.735, p<0.001,’=86.930%) . iX % ¥ & ik 86.93%4 3 i
ELRBTARLEEARMEE TMHXNALZR, IFFLGMFERE, £T, AR
K AR A AR (Random-effects model) xF & 3w & st 174 4E 71,

BT, GenAl 35 ] L RGERRFAERN B L ERTFEL LA, L RIRR
i B At A (g=0.267,p<0.001) . FlB, HMEey PEABTTZFHARE T EAHEELEN
WK ), &Y GenAl 89 IR FME B BARM TR AR S th. X —4HIE A B 47 &R
TREL AT BE— T IRAF R IG IR R RIS HF R FRET BRG %I F Ak,

k1 BHRZuAEBER

) 95%CI #iik BB P I
A k g
TR | EFR | Z4A | PR Q df | p g
R | 105 | 0.245 | 0.209 | 0.282 | 12.074 | 0.000
— 795.735 | 104 | 0.000 | 86.930
ALz | 105 | 0.267 | 0.162 | 0.371 | 4.992 | 0.000

At — AR GenAl MK ETR ERZREZ L EF, AL, FILERE5T
AMETHTT FTHM (k& 2 F7F7) « BAME, GenAl MEHF M. T4 MG AN
AR ik 7)) BARER 0, LaERNBRG. FAFHELEFISLERE L
AMEE R AN . I, SHERTENFABERIFE PIAKS, AAKXLZERE
R G EBRK B, F—006H KR TR AR A% 3 355 506 B 5F AR5

FILERBREPH LSRG B EI L. £l R ED, GenAl SFRH M4 (g=0.338)
Hi#Hmat (g=0381) ¥HEAA L FNERREER, BTHARFAEEE (BRERL QU
8)=172.994; iTA%m 4 Q(37)=268.981) . ABEZ T, AR M XA HT 89 & H 2 AL B FK-F
(g=0.053) , AERRXAHAARELFRHEEE (Q16)=65270) o EANHLH, GenAl 4
N R OGP RIS E I FE ) E, HALE KB IER N E P A F 69 BAREH

HAEAMBIRKE S FFHERMERER. £5F I IEEZD, GenAl ik R T 2T F
MR (g=-0411) , 22 F A E2F (Q4)=16.511) . XAt & FHHIAELRTHESH
ARESIRETNEF. 4 GenAl feBA A ME WA, TREHKFIEHNER
By RZ, BHZLCENHFTE, FIHFERNEEE RS RIS 3o LK 69 I3k e
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R %7 (Bastani et al.,2025) o BB, GenAl 2 FRHA T F I M (g=0.347) , {2i% 454769 7
R R AL TRz (Q(20)=162.909) . XA, A THRKIFREESFEAET R
MIEH, ESREIFER KR TATREZLARZTOALNRE R, RETH TH a9
R o

ETFILE5EEHER, STRaARKELV BEFREITT, SATiEEHLEIH
FhfaEa ARG, A5 EALETR, GenAl A ZEHKFFII AR MENE B FN
HEHRMEEHBREESF, PHBORFELISHBITERZ LR, RERMNBRRIZT
Wh, IENRBRBRARNTEINLA R E, B2 HATGERETH, b, &T#
Wt PAEFREPIE, KRR B IEIBR IR E, MR P REN R AR EHAT
IR o XAARALBEFRANRIEAAREAT @, BERd— T3 TRFIERE, HH
BV 5 B AF IR A% B EAR4E GenAl 6948 20 & I 20 A #4000 K ER 6942 € 3] 15,

22 REZHBER

95%CI # F A B
TRO| LR | z48 | P | Q |df| P )
iN%m 51 47 5 |-0411 | -0.786 | -0.035 | -2.144 | 0.032 | 16.511 4 10.002 | 75.774
FH L5 R 2 | 0.652 | -0.682 | 1.986 | 0.958 | 0.652 | 17.070 1 | 0.000 | 94.142
& 3] FHH 20| 0.347 | 0.069 | 0.626 | 2.446 | 0.014 | 162.909 | 19 | 0.000 | 88.337
FIHER 4 | 0.058 | -0.218 | 0.333 | 0.409 | 0.682 | 8.148 3 10.043 | 63.180
PR R St 19 | 0.338 | 0.098 | 0.579 | 2.763 | 0.006 | 172.994 | 18 | 0.000 | 89.595
ARG 38 | 0.381 | 0.212 | 0.550 | 4.420 | 0.000 | 268.981 | 37 | 0.000 | 86.244
HERMIK ARG | 17 | 0.053 | -0.177 | 0.284 | 0.452 | 0.652 | 65.270 | 16 | 0.000 | 75.487
4.3. FRIBTE RN FLF T HRGEH
4.3.1. Y IBLREGHTHE S : FTHITKES LR FXEEET

R IR TR FHTXGEF AT, THATSTERET, GenAl MiLH
RAWRBEERNRESH THEZRFESGZAMAT (Gvk 3 T) « AAdmE, T
KA S RFayam £ 7 (Qs=13.742,p=0.001) . £AHMAN (VT 1 ) Kbk =449t
#¥a, FAN (1 24 8) 20 iR EmeEfF X EHHAARERE (g=0.272,p=0.090) ,
BAKBANN (KT 4 B) THRFTIEFHRETRGEAEEE (2g=0.503,p<0.001) . XX
BT AS R ) 0TS R B AR AR SRR 5] R E IR B35 5 8 AALs, 488069 THEANT L
BN AR B IFE N RS . Ik, 3l F 7 XN ERZRTFEASELEGRATER (Q
8=14.605,p<0.001) o AHIJF5| FRBFREIFFHT, TG EANEF ERT (g=0.449) ,
MAESHRZ PG ZREFMHT, HENER T EREE (g=-0.171)  X—3F LR IESE,
AN E N EZEMEFIE TP T RBEABATHAR. AHIEFIZRANAGESER, T
FMRTE B4 L0, GenAl &9 4 L TR A ML 5L L0 E M, S#tmkST5H
W R EFEENR, FIARK., FHMBAESFLLEFAATEALRA L ZE A
MEF. ETHSTHANNHREEZRY BAT DR THRk, EFRREEZRATLAEFRETL
RAPER, BEFRXVEBIY KHFAZIR AL T F X LB AL RETH@ER,

& 3 GenAl & iE45 nx &t 0918 1 8 55 A7

HRETE K g

X 5 . 95%CI 3t 28 18] 7 W AR
— U | —BERE | ATEESL | K
& | rm [ rm|zm | pia Q

N " RIE R 7 10277 | -0.118 | 0.673 | 1.375 | 0.169
E785-2 F 3] R QB=2.099

, - TR IRIE, 3 10.135 | -0.232 | 0.503 | 0.721 | 0.471
4L IRIE S P=0350

AFRE 28 1 0.437 | 0.227 | 0.646 | 4.088 | 0.000
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P <1 A 5 | -1.101 | -0.327 | 0.125 | -0.878 | 0.380 —_
HE 1~4 & 6 | 0.272 | -0.042 | 0.585 | 1.696 | 0.090 P:oém
>4 JE) 27| 0.503 | 0.274 | 0.731 | 4.312 | 0.000 ‘
CEXETS 4 | -0.171 | -0.432 | 0.091 | -1.278 | 0.201
‘3\] % Py QB-=14.605
VN Mo 5 4 34 | 0.449 | 0.269 | 0.629 | 4.879 | 0.000 | P=g.00
FA4t g R4t 12 | 0.288 | 0.022 | 0.001 | 1.965 | 0.049 | Qp-o56s
AR, AT AL AL 26 | 0.425 | 0.011 | 0.217 | 4.015 | 0.000 | P=qs
| EF | ME/RMES | 1| 0311 | -0.137 | 0.759 | 1.360 | 0.174 | Qp-ooss
ijr BB | B4/5MAES% | 37| 0384 | 0.211 | 0.556 | 4.346 | 0.000 | P=q767
Ena - - X
EN5 LA AR 30| 0.359 | 0.182 | 0.537 | 3.969 | 0.000
M | R | 7] 0494 | 0126 | 1114 | 1561 | 0.118 ?f“‘m
£A4 | ALK | 1] 0311 |-0137 0759 | 1360 | 0.174 | =
XE Bh# 7 1 0.156 | -0.278 | 0.590 | 0.705 | 0.481 | Qp-1.318
Ae FAE 31| 0.433 | 0.246 | 0.619 | 4.550 | 0.000 | P=¢2s
XE| XA XA 11| 0.226 | -0.049 | 0.501 | 1.610 | 0.107 | Qp-1.54s
SR | TR IRA 27| 0.445 | 0.236 | 0.655 | 4.169 | 0.000 | P=02i3
Bk LR R 2 | 0.014 | -0.474 | 0.501 | 0.055 | 0.956 | Qg3
Hrtm B 1B Bt 36 | 0.403 | 0.226 | 0.580 | 4.450 | 0.000 | P=0.14

4.3.2. ZRMABESGTHTRERI : 5| FF KNG ZRA I AE g X F A

Aafat R MR (ek 4 PTFR) , BRERLSFARBEARGITHFERE, 12AFT LM
BTRTIFHTAERLRFIMAETFGEN £2F (Qs=9.871,p=0.002) . Bfkdm T, AHZ
EMEHREATLHERALLNEMHT, ERMKXEALE I FG AaEE (g=0.680) .
ARG I REERIFEF FOEST, R EETREAEGEAKXEF (g=0.102) . X
& B GenAl AN R GG BP B 38 & 2 K AT B 2 oF A M KRB E, KBBS54
FRERBTAARLR G RFRGHRETFIEZABORENR I KRBT,

& 4 GenAl 3t 3iE45 i Gt 69 18 35 20U 947

. . 95%CI #r 3 28 1) 2 57 A
—RE | —BEE | ATESHE | k
- * =7 € I rm | tm | zm [Praa Q
N EERE | 2 | 0161 | -0.587 | 0.909 | 0.423 | 0.672
53] R QB=5.048
o T &R 1| 0654 |0.141 | 1.167 | 2.500 | 0.012 P0.080
NI R =VU.
ARy 14 | -0.000 | -0.252 | 0.252 | -0.003 | 0.998
. <1 4 | 0222 |-0.265| 0.708 | 0.893 | 0.372
783 F# QB=0.754
, 1~4 & 4 | 0.064 | -0.614 | 0.742 | 0.184 | 0.854
FIE w K P=0.686
>4 J3 9 | -0.027 | -0.312 | 0.258 | -0.186 | 0.852
EERAE 1 |-0.680 | -1.114 | -0.247 | -3.076 | 0.002
RS gy QB=9.871
N ) 16 | 0.102 | -0.122 | 0.325 | 0.890 | 0.373 | P=0.002
B3R & H
F A4t B R A} — QB=0.000
Mt AT, A A A 17 | 0.053 | -0.177 | 0.284 | 0.452 | 0.652 | P=1.000
rsgnd 4% W¥/RAAES | 2 | 0.086 | -1.008 | 1.180 | 0.154 | 0.878 | QB=0.004
BB | E/5 M4 | 15] 0.051 | -0.189 | 0.291 | 0.417 | 0.677 | P=0.951

66



GCCCE 2026
% 4 GenAl 3t A% s G698 s 47 (%)

o ALK | 16| 0.017 | -0.217 | 0.251 | 0.142 | 0.887
EN NP - N ‘ ‘ ‘ ‘ ‘ QB=4.911
N AR 2 AR, —
£ — - P=0.027
SREEAR | 1| 0654 | 0.141 | 1.167 | 2.500 | 0.012
RE Bh# 6 | 0.140 | -0.322 | 0.601 | 0.594 | 0.552 | QB=0.261
e 1k 11| 0.002 | -0.254 | 0.258 | 0.017 | 0.986 | P=0.609
XA XA FHAX A 1 | -0.680 | -1.114 | -0.247 | -3.076 | 0.002 | QB=9.871
REE | FREIME XA 16 | 0.102 | -0.122 | 0.325 | 0.890 | 0.373 | P=0.002
B 2R BN — QB=0.000
At B B | 17| 0.053 | -0.177 | 0.284 | 0.452 | 0.652 | P=1.000

5w B ET

5.1. BFLX 7

AT T EREZ N, GenAl d 5 FHF F ) LR SR LN T FH20 IS8y E @ ie
B#ER. A, SENTREFREBTT Z 2 LA RRE FAHRM M

EFERGER SN L, PP EHRATHENANKRKTF, AwmE R 5@, GenAl £
TR B A AR FRIF HEA RN, RERNKGEARESFR R TEF HEF XA HAAR
Bo X—LERIIET FIAAFHEHLE, PRRKAETOSEANFAFR TAENIAA
f(Soderstrom et al.,2015;Deng et al.,2025), HifEIF, A5 G x5 X4 TR T AL,
BRI, BRI HFENERANEEELSRBERANTVCOAL, IA25477 @, GenAl RfER
FIER N BT IERAF IS, BF DL EEEHERIFRRARL LH, £PTHERAK
B RENTHTESENERLRAEEALRE,

R QAR HME, KBOKERERM R RO EF LT, AP SIEE, THERGHF
HRF KRB AR, AIMNEAT AL E, ndid 4 BKREFRN gL
GG SRIMIBFRER R AR FNHIFELA, BN, I FH7 AL LB ATER. &K
Tl FEMFRIBFEHATHISASLERENIEZRT A ZRKE, LELRPGHREE R A
RN ISP BERH ARG RN RN ET. FR2B/ENR, AT EARARTFESR
FESRTEATHEERE, FEMEEELH GenAl L&HHFZ BT EE M, 42 LATA,
GenAl AZFH A T HF R ZGATR, REZWHALETARY TR, 500G R
G| F VAR AS B B R F 45 2 HF T RMZ A
5.2 LT

Hy FLEE N Fm Fp B K e 3R A 4r IR ALHE R ) GenAl AR 3052 0 A 3 4 89 T L3 N4 @) &
B AR, AEETEMERELEINH EFHE TR Ao RIE“L FXEF 21 (Ne
Ison,2023; Bjork et al.,2020), #5552 5 (k%] GenAl“rk se L 76948 A%, # & A
BRLEEHFREAEF )G RFRESN LI GenAl F 3] & G35 H AH MR R E 7]
BT HF S AR INFdhi B, BEREF I H BB 54 ET K, B350 T it
ARSI E AL, B, AR E AR E K 69 TINF W PE(Fan et al.,2025), Fi#ik
i E SRR R SRS . ATk R X, 2@ R BEGIS RS LR,
F AT E AR RAHRINRIE, Bt ik iEaah & 3E, B H B RMINEA
716 B &8 T 89 5 R B ARATKINSON R K,2003;Ryan et al.,2000).

PN R G TAREMET, HERR T W E KA AHLEEBP B & L 69 3 R3O 5 HARAR
SR MER, T2 -2 HFORHHBEENF IR, ALEHEYRE LKL
FHE GBI MEE T, EIFREANPEES MBS ERENZOR T, Tladd T K44+ 455%
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PIEAIR S T U/ T T AL 58 7 690k 21746, AR F 3] H R A E A A Az &, H YR &7 50T fk
5 5] 4388 A 690 & iE % (Bastani et al.,2025). bil, T E ASNM S FEF I EAX LT L
TmBHRMAL, 5] R TR I 50 PR LR (Pierce et al.,2001). Bk, #4685 F 5
B ZECAR TG A ITEAR, RIEIE W 5 A L B85 4 R L4 (Chatzichristofi
$,2026; Iranmanesh,2026), # k5 3] # IR FIBT 5 R A Z R T RA — =5, Bk HiK
B LAY AEFHL, AE R E OB mx AR 3k R 2 B 4 R B9 K AR
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From Model-Driven to Intention-Driven: An Orchestration Paradigm for

Educational Agents
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Abstract: As generative artificial intelligence evolves from content generation to task execution, educational agents are
increasingly entering more complex educational scenarios such as instructional design, classroom support, and
learning assessment. However, most existing applications still remain limited to localized functions such as question
answering, recommendation, and grading, lacking a collaborative mechanism that supports the entire classroom
process and thus failing to enable integrated alignment among instructional goals, learning activities, and assessment
evidence. In response, this paper proposes an orchestration paradigm for educational agents that shifts from
model-driven to intent-driven logic. It further constructs an orchestration chain of goal-planning—action—feedback and
explains its educational implications from the perspectives of the goal layer, mechanism layer, and governance layer.
The study argues that the core value of educational agents lies not in enhancing model output capabilities, but in
transforming pedagogical intent into classroom processes that are interpretable, executable, and auditable. This paper
provides a theoretical reference for moving educational agents from tool-based application toward instructional
orchestration.

Keywords: Educational Agents; Intent-driven; model-driven; Orchestration paradigm; Intelligent classroom
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