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From Tool to Partner: Research on a Teacher-Centered Human-Computer Collaborative

Teacher Performance Assessment System

FHBE, X2, RS
P2 AR R SE K

*
sunzhong@cnu.edu.cn

[W&]) Ao R8F 2N & ERME R, RAS D A AR RE B, AFRHET —AKL
TR R ERGANDE RN E G RAEBESAT—IPA—RKEGANHRE T X, B ELRATHSFLT.

RPHF R FAMA ALRESATREF Z REE, MELEMHF EFE, 50K F BGE-M3 A 847 LA
MERERAIIFEDIE L, HINET ERORITEIEFNER ., ZEAAH R T ARITREZANDE, R
S R P HE R R 3R, B AR AU AR IR s K A9 B B AR R T a9 EARME, AATH R I FHITF L L Kz
T THREGEBERZ,

[ X4 FIFERLMEIFN; ABIRE; #IFHLRK

Abstract: To address the practical challenges of traditional teacher performance assessment,which heavily relies on
experts,incurs high costs,and is difficult to scale,this study constructed a human-computer collaborative assessment
system with teachers as the reflective subject. The system follows the analysis—negotiation—improvement paradigm of
human-computer collaboration. It integrates multi-source data including pre-class instructional designs,in-class
teaching videos,and Al classroom analysis reports to build a structured teaching case library. The study employed the
BGE-M3 model for text vectorization to support case retrieval,and trained a dedicated teacher performance assessment
model. The system forms a closed-loop empowerment path from teacher questioning to human-computer negotiation,
ultimately generating improvement strategies. It aims to reduce assessment costs at scale while safeguarding teacher
agency,providing an actionable practical path for Al-supported teacher professional growth.

Keywords: Teacher Performance Assessment,Human-Computer Collaboration, Teacher Professional Growth

1. ARH X

W5k, ABAMBEFREFLERL, HFELRKEFNNFGTECRAEDIHT S
RERREOBOES. PEFTRESR AKX TRREFRFRELARGASFHBEAZNE
W) BB BME LT, KRN FaRIT MR R, RERFAETFN T EAE LK.
RAEBRFORAIE @I LM, RERIRN, 1BHITEF RPN TP EIEE X E .
RPN R 2T 5 R FR, B RAMR, LEwAL, AR IT N 695
% K (Borko Hetal.,, 2008) o #Jfik I FM A BB R L H, LRBFF PNk
NBHEHFP, TABLEHKIFNTIEMFTASNERENE K, BT AARKITRE R S4L
BN A, RERKIFEF LK. A, FIFERLE TR T LN, FEREAS. R

TUH RS ACREFARRFEEES AWM E BRI SR R E AR T (WH w5 : 62477033) BBtk
WA RR. WHAEH: Fhk sunzhong@cnu.edu.cn
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. EAARLEFFEAA (B, 2022) , FlERIF6 TARE AN TP ERIE, AL
RRBRGERES N, ARERX— AR IR, BT A TR EERAIREAT AT
WRABATEATF . AMZHITELEXEMF, ARITELRERET 2% & (2TH
A, 2024) o AIHRAFRAEL LG T EER, mARERAKFLRALGPEE. B,
RAF AL T APE 9 IF R I IFN ZA %, BHESEFRELARIFIEZIEZq SR =E
B

2. #i ek

HA R A NG90 B AR, Ede F RN FH %P Rikdpr = (Daniel L.
Stufflebeam et al., 1966) i FM R E R EEILA TIEW,mAN T 3t H HKIF R AN
ERZ—FMEAFREERTEGRERFHRITELTANN NG BARRF 6
RFeTrik T RMFRBRERFR=E, RAHFELRK, ERLA T —FARMEINR, KT
R IEN R AR A LR AG S REF, HITERILEIFNA—F G A IPNASTHF RN
T it fE, CRBAELFEHFEEFTHERITOE L RER, BIREHNELS; KL AN
B, RBEIT EARMAE R, R, FAKIFTERAE TN BE=ER/E, L—, TN IEHE
RMERAIR, HLTIABTHARAS D, EUSLAABLE L, L=, AAELARTE
MEVATS AR R IR EE, AT RIS A KRB 5 MER; L=, BN R
Jo L2 WF35ALM L, R IZRAER A ZAE L A IR T HE, THRENEERTE,

A ANTHBREARG R AR, BB R LA RFERETHO TR, AR XALEY
T A AN IRBNEFITAFERSIIRE, 5 KEFHRAENERRE R, =itk
TR ERFE A IR e IPRFART FORRN I, 869 A -2t -
A A A ARG AP R ST R L IFMTE X, B TRIF 2RAL, REHTFRE, #AHK
TR (FIARFA, 2025) o dofTH AT H AR % 53T R NN R akbs, stmifE
BRE. Ak, TIRESIEN AR, RAFBRBKRZWEAME R, Ak, AAREEMEZLT
ABUIRB) 69 20T R LR R R, £ F AR R KA G R B AR T AR L, B AT SR HT
FU R K, #EhEHERE LKITAIEE IR,

At —F A BREAREIZEIF, KRITATHEME R 2,

(1) )T & I EH

T &R I IFN AR IRNARGE R, £—F G EFNAEHFEROELIFE, ©X
ERIFERBFAFI]PHRIREN. TR FNA AN AL BAREOE—T HIFF
M TR AS A AHAR S F A 55 (AL HFA, 2020) « Ehkms, CEATASRY
HEWEH, @aHFITR. HFFER, PNF D KAESFE RO FE RIEHE, AT
BFEAFIIHELEESE S (ALHEA, 2021) o B, ©RHEIFG IR, SEHH
S EEHhE S,

(2) AMIR

EARFRF, ANMBRIBEE TN 7T TARKITFEALFRRZAMROIEX Z (XA
FA, 2025) , EBOCETHESAT—WNB TR LFIRE . § A3 T B RKAE SN
Al ATEE R @ /N TTHRAE R 69840, BB 48 F 2T & S P 5 /8 TR H Az,
TR SRR R R Z 4, | R SR AETAARF IR AT @ AT ALIEIE 49 R BB RS
FHRAER, I—HAAZEEAY T HORKF PN ELRBFHAEEHHMMELREG (Fh
RFAN, 2025) o FAME EELE SIEEREE SR T EFHG A EKIL,

3. A KK

k:
g
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ARG AEINGEIT R I PN, FHHITERAN LR %, REAME—ANUAKIT

A RE EAR L ADIBE] 69 2T R IR R B 183 ABT T R B AN B 69 H T IFN R A,

WO IFRA TR, RERTFELRK. 2ABRAAZENE L R A RER AT L IANME
MR- AN E . HFREGHIR, B 1T

SRARERA SRERERN

IRAHEIGT R HERR
PGS T .
- M gy M
RS ) HIRIR
g a— #WEE
w7 A | B8R BRI
i x| & #— .
IR & | o I [RLE ]
REHTRR P < —
REHFTD 2 S | =
TR 2
Aittiin T #, .&\6\,/'" R
i gy _}‘é‘z’" 4

= st ’
> R BRBEXRSER | -

B 1 AMERRE 8 HIT IR F 4
3.1 H#ZREHIELHEIHFEDE

RO A EBRHIT EAEREHF SRR, P B EEANTH, OERTHFET. R
PR EFAMARE O AL IRE SRS EEARFIP, REB AT RT RS FE RAMEE
B AR A )T A AR E R, R A EFREEFARSHF RN PR EFESILT
AR AL REDHIRE PO HIE——3 . MEOAIITHIELRE AR ARG X
Fo AR P HITI AR ULEMETHE, AFTERZ K LA G AR #7340
F I, RAER BGE-M3 BAEA LA ER, 8T 53530 BGE-M3 A& AKX % F
FIH96.7%09 B @ F | HREA R, @i KEE A AR ITEERAE, B&
—NGEHA, REGIREHF EBE, NG SRR G REHIE T H,

3.2 HIFEI M IFHEE

AL A0 E A ARIT R LM IR IR 5 H N B 24 K69 (TR IENE L) %S
#, TROLEIRRIRIERLA R, 8 R EH LML HIT R I 228 5 A8 X AR
M ERHAEE. R ABOARART LR KRR BT %, DS A GE AE LA
W HIT R IR N . 8 AEARP, HITIR S BRI, A EHFEE, kb
PR ARG TR EARIBAE AR O, A& AR5 8 B AL R i Ak 3,

RAG B3 2 AMEN S REEIFOHFENE, TEATKEZHFRRTHER
{25 ST IEME S EAROGIEER B, AEEARFTRETENY LT LI, ZEAK
T L AE GG IRAZ T AT R AR BN A R 5T %, MBA A RIBE—HFFT—RITER I RN
ZHESLUE G|, P18 TAER KR GE I AL R AT IR B H )T R L IR A ey K42,
B MR TIIRT, FREERAER (RAG) ATIRINGY % RIEARIEAL A 55 53T R AL
PEIR M ARE GG . FTARAE A9 R R B

BEALBRARN, RABMHNENEHEE, & LE@id BGE-M3 Sk AR ALK F 1835 3L
MER, BRRERGEENE, BEERETHAFIEHLE, BRI Top-K XA &, &
E2: 5ERLSG AL ST RBRE, FRHEFARTHLFREFRE T, FIFEAE TN A
edTPA A% %%,

3.3 UKIFH ZHEANBHXEZFE 4
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AN XL R GARBEANAEKITER I IFNARR, T ERFESPTIEEENL AN SE LR
Je B bho HEMAKIT RN LR A DR AR, MERARE ERE DA —R %A R
B 3642
BERXDWE EE, RGFRHET ARAREG) A 20 A6 A . Y 3T 4R
REAREF, BimB ARG ZIRROGTERF IR, B3 EHEEHES (FITENMIT
MEE) ALV BRHFIL L LK ER MR R IETHEAN ETLE 0. A, R4 FH
AR R AT AR, AR GIEAN R B4 atiE . S HIT AR RS ITA RS A A
REE, K kAR BiEB T, A MM HEG TS, AFR R L HHET
AR B 8T & LR R &, B 2 BT,

B 2 ABLEr R 69 2R R LR A R

AOTEFILT p—W B —s sl B3N Web REF &, XLHHIFA
P EEHF RO A, RERFAMA Al 0T REF SEESHAE. HARIERH, REaN
KPR FREXFKHAFK, WP RIET RAPH TR SRR EZGH R, Balizi
GBI N R ER Ao RAFIATAK L RILHEN N TBATHHRER, Rl LEHK
FHeMK, RET AR RERL, SR g T A A 2 FREBAS, EAB L
RAGH T AT o) ——F #t— TR AWRE F HIT 8 B SEAH], AREATHEL LR
WA AE R IR, AR RIFEHRLFEHITF LR KR H#HLSA

BE LK

FEPR BH5E Q019X TERUEKFRFAELARIZAFHEIRAETNE N P EAR LS
¥ AR BUR. https://www.gov.cn/zhengce/2019-07/08/content 5407361.htm

FEFFKRE. (2024). BFREARIXALBREET LA 5 E S FREKFHMT, 303), 37-44.
FPAR A EHAR . (2025). AA AT AR IR E H T 0 AT B AMUIR B 69 007 & b ik K P HF 837,
38(04), 4-12.

JA St .(2020). 2T IR IR A A0 E A F—— i MR RFE S RIHR A RKF R D,
49(12), 3-12.

JA S et Ao g E . (2021). 300 R M PN R AT R 5 E4EH: A edTPA AB| K FH KA
%, 41(12), 20-27.

JASLrt. (2022).45 8) B A BT R AN A REH R E, 51(04), 129.

KA, G HATRAZA.(2025). 2D AL it AL A T A LAY AR K AE 2L F A9 12 R 5 W R L) oF 50 4 A 32
w5 % &, 45(34), 25-30.

Borko,H.,Jacobs,J.,Eiteljorg,E.,& Pittman,M.E.(2008).Video as a tool for fostering productive
discussions in mathematics professional development. Teaching and Teacher
Education,24(2),417-436.
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How Do Multi-Agent Human—AlI Collaborations Support Critical Thinking? An
Empirical Study Across Collaborative Configurations

EEZRY", 2R xunE!, BRAR!, B!
"I KFHF FE

" xiaoyanchu@zju.edu.cn

[H&]) MAEARIKALE AT AR R RSN T LA @ INF I, £ —F AR S F M B2
TanaERk. ZH/AZABT S AES) T HRN, AXFSMINRETAR, 2R AMIIF B E 7
AVIA AR . AT A 8T B AAAEAT AR, RAERBRAFEARDRARE (FEA-ZF fIRFA-
o5 RARIR)) 2tk R E AV BE M H R, ERET, ANMBRE X Efm B m ELEH £ 7, 2
WA-% %5 fe AR B 690 B = ih 24K, rﬁﬁﬁ—/\¢ﬂ/§-’ht% MEAETIREERNZE, HEFINSHE—F BT T HH
MY AT by £ AT,

[X43F] ERIAALFAR; ZHRERER, ANMBRFT; FIHT4E
Abstract: With the increasing adoption of Generative Artificial Intelligence (GenAl) in education, human—AI
collaboration has shifted from tool support toward cognitive partnership. Single-agent interactions may suffer from
limited perspectives and echo-chamber effects. Multi-Agent Systems (MAS) offer a potential solution, yet the effects of
different human—GenAI collaborative configurations remain underexplored. This study examined how different
MAS-supported human—GenAl collaboration configurations influence learning performance and critical thinking. A
quasi-experimental study involving 87 undergraduates was conducted. Results showed that collaborative learning with
MAS led to higher project performance, whereas individual MAS-supported learning enhanced critical thinking

awareness. Lag Sequential Analysis further revealed distinct interaction patterns across configurations.

Keywords: Generative artificial intelligence, Multi-agent systems, Human—AlI collaborative learning, Critical thinking

1. 3|55 REA

K& A R AA L% #% (Generative Artificial Intelligence, GenAl) #9Bif X &, AMLHE] 5
S) BB T AE B B @ A ME T B, R ERAEZ U A BARFOEF ] EHE T,
GenAl #t—F MAA B E G, M EREayikFe ik, Rin, AAFTRLSERET LR
RAIIFOANLS), LEZFRFIHSLE T RO AR ELESF . ZHEKRER
(Multi-Agent Systems, MAS) #24% 7 #7893 42 (Haoetal., 2026) . i@if5| NS A LA RE
A e b5y Ta Rk, MAS BB M S AL A &5 9 H Xikdeid A2, 41 8 A 8 46990
Farf REELWHA I I, MAS 892 R < B AMIIRE B B 6 %5vh, BRAAMKL & AR 7
X5 MAS 27, URR#S Al £F 3RV AECr TE5W4EXE (Chu & Li, 2025; Tai
& Chen, 2024) . AAFT T BRI R EZZIFRAIFHANMDEF ], 128V ILETRBIA
MPRB B E 69 £ F L #vh, EaTHuhl B g ey TR ERR ., AL MAS L HT, %
KERXLNRAMRBE(FA-ZHRAFRA-ZHFRAR)IATF LRGP T I F R

RQ1: EZHAAIFT, RRANMIREEMF ) H 695 ) RAA TR R?

RQ2: AZHMKIET, REAMMEEE T o0 5 ] & e b B2 iR 7

RQ3: EFRWWRBET, PP ELETH F IR X E I AR AFIE?

2. FARHZE
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2.1. ZHHAFERSHHHE

PRV T Y 45 69 R AT AT A7 A9 A0 A0 S A9 88 /) (Ennis, 1985) ,
B S RRIR B 1E B IERR L IE AT IESR IR AR R kT A R % — % )ik 4 it 42 (Facione,
1990; Murphy, 2004) . @it Z5), FI)HAALREK A FIEE, A AL B4 EH]
BT, A X AFRLAIE R K. GenAl &5 3] H 6otk Hipm it B il A2 A2 2] L REA,
BFEREALT LT IE— P, BT ERE”, BPAINGE SNBSS 55
5] E AT AT i ENBG LA,

AR ER B, SRR RGARINAR TR R T E 5E—FRAETE, MAS
BV SAEA FII AT R, Ba—MoH XAIKAHS (Haoetal, 2026) . i@id
B LA AxiELS E 3P AMEESE, MAS X B69F ) RBERSHF I F 0BT EHN
B TR EIKGFRIE A F R AIA
2.2. AMBPREE

% GenAl R F 96 71, AMIPRE G RE LD WEBE 7 X6 R EFrh, Q&R
# X5 Al #47 X &2 (Chu & Li, 2025; Tai & Chen, 2024) . MRBEMNL T %, R4t
S Al EHEEF KX, RETINRT RSB T XARAE LR HEIZ,

SRR R RN, #—FTBEFELLENT ANBEERE. MAS 7T AEAHEF45A 5
XIR, AW phE S E B A AR R A AT B A A R R AR sk, BTREAERN A £49
F=HA5 54, B NGB R DX BRI IR 3mSR T BR A B A IR, B AT,
Z A ILE T B AFe % 5 AR UL B BT B 4o 7T 5 vf 52 b & L 5 e p| e B 42 69 SRR A 5040 R AR
e, B3 TFWESAET IS K LG, THZENFRR,

3. BRIk
3.1. FEAMLEL5ZEHE

AFFRA (AREBHK) BREEAERERFTE. ZRELASFNELTFO 5T E
IRF 4L, AHNSHRIRIFOANME F 3] FHRE T EWNIFRE, FHRFEHFE—
iz b H B e AA A, A 87 LA 5558, B 32 A, XM 55 A,

AAFRIAFA T Unity3D M AT R @, B 3m%Em CozeAl % # At ARMER 5 DeepSeck 1%
A, OSBRI HFIF., HFHFHE AT, KEERKBERT, HFiGH505
WA FE DR, ZARKKITICILEELERIREERF DR, BT A CRTERILE
RRARBY IR T A R 5153 A&, T E2 AL, T EFEN NI LH, BERASHNRER
o AT RAG MUHI N £ HAURLIRE, ARBER 6 bt 5igta Ak, =42 B % 6k
KA I HEET. AT EIFSEERL,

3.2. TFXAA

AFRR A AL S A AR (B 1) » FRAMRIGTRLETE®R, FIEF
Z 5 R RS FRARDE TR — MRAIR R, BB =AM 54 HHREAATA—4
TRAES, TMER AL L H; EA-SHRAREOFENME SHEIKRAZ R RA-FH A
N E A EFAELERTIE, 2RSS FRARZALELZRXTESN. =M EHHHRE—1z
FIRIZR, RERE., F3I AT, BFALKFT -, THATE 9 A FE w5205 5 pA) M
Bt BRI, 2RI R R AR S
A1

G IR AE
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| WA s |

BiREE
PP T YT LEBWR
(n=26) (n=33) (n=28)
— o 7
g | | BAZSERARR | | A5 L8 waHEE
ﬁﬁ:ﬁ;f 5 RHCFRAT AR
olSle
a A
~z

| Bl A%, RRMRRT AR | [ morws |

. WELELHIEDHT

%k%%@%wﬂ%%%i&%uﬁﬁaﬁﬁ\%ﬁ FIR M I 6,4 10 B, AR
W BRI KR B Rl A AR 1R, i aﬁé%%@o&%uﬁﬁaﬁm@@ﬁ#aﬁ
(10 )+ #F%F 304 - HRAER QQ04) « AEKRER (20 4) Hal &%+ (20
) A E B NITIEN, Pt KAk ZiF4, Cohen’s kappa 1474 0.806, —H P R4F.

PR 2 IR 2 A% A Hwang 5 (2018) 89 A &5 ZF %42 %, Cronbach’s a # /&
ARG P 2R R 0.774 2 0.924, R A E RAF,

APHFEEL SRR AL LA P HRAIEE4 I THE KX, KT Murphy (2004)
AR R A ST iER B AT R (LA 1) o MBI FRIR T a4 2] RAF—2 % (0.848) &
%1
PLA B2 2 A5 FE

M8 ELES Eoy
Al RARRATHFLE, BRI

MM EAMEIEE., FiR, R, A5 A

S BFEFE, BB E, RAAmE L, SRS MA AR A RIS
A AF 8 IR RS BT AR

% AR AR, W ER KL, HhmAE RS A

B FHIEAT A HLESD)H, £ H Kruskal-Wallis 438 b3 57 3] & AL 5 3 p) b 2 4 &R
7 @89 £ 5, K Dunn F )5 #5553 17 Bonferroni A 1E . =48 /& A %‘mﬂﬁx/m Fa b )Pk B 4
FIRASFEZ 7, RA&KFHY. KA GSEQ 443t 4ol 5 693t 36 34T 6 7 7| 50 4o

4. £RX5F#®

EFVERINET, ZAAEB N IR 5 Liﬁﬂliﬁf‘% (p=0.161) , 127 B fF5 4
M EZFERBIFE. FEAREN, VA-ZHARKDBEIEEF %ﬁWﬁmp(mw>%$A-
SR RAMREZE (p=0.044) o X—2ZR L, RRAFIRELZEHRESEFIRE, ™
JEF R MG, MAL R ERYE, ETTRHMELE S HTRARIFOELEL RESFE
T LA B 269 TR AR

AMAMEHERER, ZHEMNEIrEELTEER (p=0024) . FELELEELN,
PA-ZHREARDEI A ES I E S TRA-ZHERDRA (p=0.019) . ZERXEYW, 5t
AR, A% #%¢WH%7h%7%&#Tiﬁ%¢%w%L@ 1% H & 5k 5 K
1 E IR, 7 EIRE S R R AR AT

weERIsER (B2) 27, E?AQW BEWIT AR TR RN R H
BTARFEIRAE, PP 5] B 5 T AR B BLR AN SAT 89542, RN BT 5 T,
BB AAR Ay s 3RIFZ AR 5IF A0 A B TR K, AL T, MAAWYIF

1T A H A R e ALK, RILA RAG P R G 450, P H— iR B X R,
9

Om>d7°
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AR FERE, TFE B ZOEF LN, FFREANZBMEN Z €8, XA, MEFBEYF
SF e iNsem THAEAMIES, RABIRAWMEH. BHFHELSR T EAREREM, H AR
eyt T E. BAEAKRPATFIREFTATF I LR, RAAWAAMB EESFaAT
BOPE, TR AMAMMAALRGRE; MEALBSNARME Sk EE 40 R,
12 7= o B A3 R T e B K
A 2
A ST AT 2E R

(a) BA-SHEARBITHFT] (b)) WA-SHHAREITH F 7
5. ARARREEARED
KRN GA—Z Bk, BTFHARRTE—SRIBLLERNESRILT, FRELH
L AT A A R, SRR B AR T BAR M E IR, MAKA RS EBA
. BHFRBMAT AT RE— TR, Gk, AFRILTEDINLELEZKMGH
FlBtE 54 A2 g, BATRRREASD., KRALEES PROERMEE R, Lok, AT
RO EGE—FEA S ik, SREGHENIAELR, sHAI R 2T A me0 %)
B, RE, ERA5ES BEGTERESERIKANDE LI XI6RERREHEHET Y
B, I A TR B ARE ) AR P 6T A5,

BE LK

Chu, X., & L1, Y. (2025). Interacting with a humanized dual-LLM agent: An exploratory study of
individual and collaborative modes in language proficiency and critical thinking awareness.
Interactive Learning Environments, 1-21.

Ennis, R. H. (1985). A logical basis for measuring critical thinking skills. Educational
leadership, 43(2), 44-48.

Facione, P. A. (1990). Critical thinking: A statement of expert consensus for purposes of
educational assessment and instruction : research findings and recommendations. P.A. Facione.

Hao, Z., Cao, J., Li, R, Yu, J., Liu, Z., & Zhang, Y. (2026). Mapping student-Al interaction
dynamics in multi-agent learning environments: Supporting personalized learning and reducing
performance gaps. Computers & Education, 241, 105472.

Hwang, G.-J., Lai, C.-L., Liang, J.-C., Chu, H.-C., & Tsai, C.-C. (2018). A long-term experiment to
investigate the relationships between high school students’ perceptions of mobile learning and
peer interaction and higher-order thinking tendencies. Educational Technology Research and
Development, 66(1), 75-93.

Murphy, E. (2004). An instrument to support thinking critically about critical thinking in online
asynchronous discussions. Australasian Journal of Educational Technology, 20(3).

Tai, T.-Y., & Chen, H. H.-J. (2024). Improving elementary EFL speaking skills with generative Al
chatbots: Exploring individual and paired interactions. Computers & Education, 220, 105112.
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Construction and Application of a Multimodal Data-Driven STEM Project-Based Learning

Process Assessment System

WM, fxH
T AHITFERFHF F R
* giaocal@126.com

[#&]1 4t3F STEM-PBL iM% SB35, AFFRHXIF A RIE—2F I LAFHE R %, RAAT R
RN, bR, REFA, FIERRBERT. Ax, M@iEENm, ITA, a5 Tikfetg K6
fEIEATIER . BT KRR S BEERBERE . BEDITE TR RE R %, & RiAm % ATH T ik,
RIFF 3 E Gt Az ey a ST, REBBLERBERPIFL, EARRE PARRLA KK, FK
HEITF ) BN MR E B Lk by R oabidl o AFF 50t R 4 STEM-PBL A2 R0 5 R R B B &1 77 K,
AL BRI R 09 3 5 IR A R R AR

[ X491 STEM-PBL: 5] iff6; SREHIE: FI9H

Abstract: This study plans to address practical challenges in STEM-PBL assessment by developing and validating a
learning process assessment system through design-based research. Following a "theoretical construction—prototype
development—empirical testing" sequence, it first establishes a multi-dimensional assessment framework. around
cognitive, behavioral, social, and metacognitive dimensions. A prototype system is then built to integrate multimodal
data collection, fusion analysis, and visual feedback, applying methods like epistemic network analysis to automatically
parse collaborative and design processes. Finally, classroom quasi-experiments and case studies evaluate the system's
effectiveness in enhancing learning engagement, collaboration, and metacognition.. This research plan to offer an
integrated solution for formative assessment and feedback in STEM-PBL, along with actionable insights for

technology-supported dynamic evaluation.

Keywords: STEM-PBL, Learning assessment, Multimodal Data, Learning analytics

1. A B8

43t STEM A B X5 3] (STEM-PBL) ¥ K1 4& £ 691 FM e 5 K EZBLT FIA, BiE Rt
B KM AR b2 B 4 PR IAZ PN T4, MESE RS (Gaoetal, 2020)
AR RIME, FHRABIE—/AN RN T STEM-PBL 3 320 EEIHSIFRE %, AT
WEE, BAHFIMF, RARINELEEF IS MARE, MERBZ BN, 4
R ITAELNF S Y REGTARIREER, VRS ENHKE BRSNS S iEEZ
BlagE A, ERREFTERE®, FREESKFEZEMIIESTARG R %, @iLstdE
LM T ALK ARG O BNAREAT, B MER 2 F RS HLA T 26 H iR, AFR
Ed, TEAFREFREPERBRIZAARGETAZKERR PFARE, KT L@ R, TN
ey AL R %o T A0 TN Fe B8 F R R, AT R A4 % 1% STEM-PBL # 5 69 iF 4%
I A5+ EN,
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2. ARHE

VEATFRAS, R, T, HFLZFHTHRGBEFHEZLHKE, STEMAFHFEL
ATFHFRHEFOBASAZFMER A, Z2H5ITHEREPEAELSEK, STAESFENS
B2 hl /. ARRARRE I ARG RE ) 400 ) B A T 24F A (Sanchez Carracedo et al.,
2018) . H % PBL 5 STEM # % #9454 (STEM-PBL) T ARMEHFL AL 25, f£5
ARBAEAR FLL., RAGHEFE, BR. TEHFHSL” (Capraro & Slough, 2013) , &
AEHETREHRFER. Rin, LIFMARZGRLREFE T STEM K5 E X618, faA
ZEFHH,

H—, AR E 5] B AREM X S A 15 3 AR B AR B S KR
e /1 (Gaoetal, 2020) , 4k KXt P e FAEE, B P in ES RN K LT 5389
FiM. X, M T EEEE. ZAESTHRMER LGEEHR. HITFNERFE QT I
MR B 5 = £ E it (Hsiao et al., 2022) ; mF I FEALDESHEZRET AEHAR.
FIRKFEEREITAH (Xia& Qi,2024) , iR NI EHAAMEFHERENH, L=, K
RIBAE NG9 HE N KA IZE. BATHARA R A A EHL., FEoH R0 T HE (Karakaya &
Yilmaz, 2022) , #2352 RFAMBIER T KE. BRESH HEP I R0 T EFEH,

AFERDH, KFARASESF I AN A L EBIER, I AR LR L
5 EEAY, E3AIEET 285 TiES. T, A RS ZEASRBERT. BT 24K
REF T HRORXEHE, REBURNELFEFIILZ AL, EULEmeshS kit B
B, AFREN THREGZOPMAZITETFRA-—NETEIREFIFHGBRER,
AR, TAALE & X34 4 69 STEM-PBL f& /7 2 A3k 47 AL I-4E, KB KR HKF
520K EE5XE? AL RE UGN FT L, ARRKENHESF ] I-ER
HRELR,

3. AR Tk

A RIIEICTE A BT R -FIER R 05k 2, F—MBEANEELME (B 1) ,
i R LR A 2390 A A, B 3t — 4 STEM 2T R 24 Rt TR L ik 5 & &
NRITE, RIERE K. Ak b, RRABRIFEIAZERLEN, sy mEa IS4
B G AATHAT IR, 2B A R0 S S STEM-PBL id A2 M i F AR 2,

1RSSR | T | 2. SHREKEH = 3. fERIEEREN

l l l

Bk RGGA Pk REBM AN piE EREGSE
R EY SRS ) | W% STEMSRIB+#MER| ) | WK TRE (10-15)
RIS 18R A S TEBR IRITEEE, AT

| | l
P E> FEH E> 7

ECIEIRMALERE SLHRBRRS HEIRER

ECTHMEEL R
SIS STEM-PBLISFEMIAEIELS

B 1 e ERHEAER
F_MBAZARBFR (B2) , BSEHFAREAIERBUATETHEREE, A
o, AFFRETTEEHBERE, RSN, TALRBZEZEMI ZARM, ERBEXR
RE, AoaELSEREAN, 2FEEMNEFI)EE-FE6 APL#E 2, /& PBL £ 447342
12
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PRIV HERETM. AMAKFH B E, BREBESHIBER. RIS E N A LR R IEIT
wARE, ZRAHMETRANEARBETRERKR, s EERITHE 5EL R, Fil
FINFe R AT B AE AT IE T A9 EA K R M), A2 LiR4E STEM-PBL 5 3] id 4269 % 4
®E . Bk, ARHRIMEFGIETIELS, RAFIALT MediaPipe &6+ FAALE 7 %,
BRI ESFETRBAR G FRAG., FHEMEFHE, EmitFehama=mmERE S
“UE SR R BRI, AR BRINESA SR X5EE N 0. I, RRKEF I
RAZ AR P IR X, R TIARIAEIT A ZERIEL2EH BT RS FE eSS
A%—FHBE, BIHESFHXKELERMER . RBLERKALFERILEE, HIFN
R 10 e RIFT —k, AFHRIRANESRERAMME. £ TR ENKLT Web
RFAXEKXRFFNEAE, ¥ EESHERURAIL, RE&E, AHBEHXHSZA, H
#H 5Tt A MARYE .

ARtRRE

|

|

i

I =~

! Jos TSR R EARRIE
|

|

|

|

|

> o

INKIRILRE METRRNE  FREREEE

|
|
|
| BESIRIRHA SR
|
|
|
|
|
|
|
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Pipeline 1 Pipeline 2 Pipéline 3

Ry R frRiE
QuEst | |LR MY | O FESE

B2 Z2ARAFRAALRE

FZMBEANFIERE, EPFARFRPFRALERF L. 25K TIHTFTEL,
ARG AN RERAFTHREIFEERK, BORHATEGTHRESTER, a8
HERE—/#F STEM R B HEF &, RRALAEFARTKXT, 2@FEZFNKERRE
(V1.0) o HBERERETHRTHREMER FARE, KT INRLEER, TEARANHER
AEREHL LT, AP REAZHARFDRERNRF T RELEG TR, H#EFH KR
V2.0 ZGmA, ABLEFRETRGKRFIEATEL T T A, AHENREG EXTRLE Y
AAHITRRBRIESZANFIRE, BORLBRAEHKFTA XM FRLELEMR, RAELR
Hit, AP RESESIAEAKE, HARKTFRFHBRAGTARELSNK, F—2ZFETEE
WHTFAR TR L H AR AT 0T, ARARIFATFAMREIT L, EEMNE A,
A2 S A RKIE. FRmR G POT R T, AT, ARRLHURTEWIFNER, &
AT AER%, HEEHTEAHSZR XHFHG STEM 5 3] AL RN RN 5 EHR @

4. ARG BEERT RE

BAr, AT TEXF#RGBHEEEANK. ATAHBA SRR 2R, FTELH A
EAR, TRENFTF AT E, WBSITAENTREMG T 2w EE, EFTERAX X7 @,
C2RRTAHACTHRE MGG ST L “RTFIRTGFH R AES, B RA T R0 B4R
RN AR BEARBACENAH, PEBIMESIRSUBERESSINER, FAX

13



GCCCE 2026

STEM-PBL % 3] A28 51k, 2“2 E, RAF A, FiEABR WA RBEARACLE
B, HTRT T ST AR IRE 5 A5,

ok, AEAEMERRKELE T ®, CERRTWIHEERI/E, ARCARSHE
52 5] S ATSTEM AR M WS 2 M7 T )2 LaRF, HR T AF 5. F 334
P Feit & LA EA AT RGBS LN A. B, O XBEERGTIIREFTT T
Wk 5K, P4 A ILA TR TR (3o MediaPipe) 53X T BRE AN T ARE L6945 R,
FAE B A 545 F R AR S X T A iEH B e R F .
5. ARFRIHE

BETR¥EARFIESRE—NEESL U EY I, BARAXT. F—F, TRERIESLE
eyt 53hiE, i A AR AT 15-20 % STEM 27 5 4+ R a5k 8%, HAH
N E K, AL EFIERIE, BREBLSIFFBRIFER, MBRFHFF. FI 0.
STEM #F 4Bt R (4 10-15 A) FRAEZ#4ERIELRN, BFH5TpTEKRGE
ZW 5T IR, AR RIF AR TR X IPEAER, T R AFS 34 MA.
F_F, BASBRESNEARNBRAZITEFRK, ERERZALH TG, #TE2AEFEMILT,
AR IEA LB ARRA, FREBIFFTELFIRANRBELSER, BT FEMBELRA L
i, BERIFHATT ABRARKENR, AARRERESHRTETOERBRAERA VIO, AF—
BRIE R MIT RS, B=F, RS —BFIEHF. EAEFRER—EA STEM 7 B,
B PRERLE VIO AR IEHRMEIFE, KERABRRKEREIE. TAE R FARE RS
REBRERIFEMT PER, BB THEOA R, B0 RABELRRA. LXK
MR HFEASTERF, AFRPAELH A V2.0 2 AREBHAERIE, AR T T ET —BEZRE
8 A 508 7

BE LK

Capraro, R. M., & Slough, S. W. (2013). Why PBL? Why STEM? Why now? An introduction to
project-based learning: An integrated science, technology, engineering, and mathematics
(STEM) approach. In R. M. Capraro & S. W. Slough (Eds.), STEM Project-based learning: An
integrated science technology engineering and mathematics (STEM) approach (pp. 1-6).
Rotterdam, The Netherlands: Sense.

Gao, X., Li, P., Shen, J., & Sun, H. (2020). Reviewing assessment of student learning in
interdisciplinary STEM education. International Journal of STEM Education, 7(1), 24.

Hsiao, J. C., Chen, S. K., Chen, W., & Lin, S. S. (2022). Developing a plugged-in class observation
protocol in high-school blended STEM classes: Student engagement, teacher behaviors and
student-teacher interaction patterns. Computers & Education, 178, 104403.

Karakaya, F., & Yilmaz, M. (2022). Teachers’ views on assessment and evaluation methods in
STEM education: A science course example. Journal of Pedagogical Research, 6(2), 61-71.

Sanchez Carracedo, F., Soler, A., Martin, C., Lopez, D., Ageno, A., Cabr¢, J., ... & Gibert, K.
(2018). Competency maps: an effective model to integrate professional competencies across a
STEM curriculum. Journal of Science Education and Technology, 27, 448-468.

Xia, X., & Qi, W. (2024). Driving STEM learning effectiveness: dropout prediction and
intervention in MOOCss based on one novel behavioral data analysis approach. Humanities and
Social Sciences Communications, 11(1), 1-19.
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AT RABENTREFRENSFFLE AL F ) RAAFhb M B4 QR

The Impact of Design Thinking -Based Intelligent Pedagogical Agents on Middle School

Students’ AI Learning Achievement and Critical Thinking

FRBEXR, R, REF T, RPRL FRK!
IR KRFALER ERTHBALRE
M P T G R A A AR S
2R ERKG FHAE R

*sandy0692@gmail.com

[#&] AIABF]EHEABFAELSGFE, TRAFIALIFTRGA X EHR. RAm, FAEEAIADF
AEN TR X I RHE, BB THRAMDEGLE. AT, AFRFRTEAFIBFERTEB AR
B REH P KIZ(IPA), KT HEAEAF I8 T A F 4 Al 32 3) malfe b P Sk, 58K 45 L5 —
FREA, FhaE AT R g F R KIZ (PA-DT), #4142 % A% %69i%it B4 (C-DT) 7 k. 4
R 27, 5 C-DT #atk, IPA-DT At A AL 5 A 69 FIME By, 12 Al 52 3] mECL A 3251, Bob, LR EH)
JE 4R T 2t IPA-DT WA ko B R AT X ZRET 5%,

[ X&) FrezsXKE; &t %, AT 4E;, AIEKF

Abstract: Al project-based learning activities feature interdisciplinary integration. They have become an effective
means of learning about artificial intelligence. However, students often focus on completing work, limiting their critical
thinking development. Based on this, this study developed an Intelligent Pedagogical Agent (IPA) with guidance and
reflection functions. It explores the IPA's impact as a support tool on students' Al learning achievement and critical
thinking. Participants included 45 first-year high school students. The experimental group used the IPA-based design
thinking (IPA-DT) approach. The control group used the traditional design thinking (C-DT) approach. Results show the
IPA-DT approach promotes students' critical thinking more than the C-DT approach. However, it does not significantly
enhance Al learning achievement. Additionally, the experimental group reported positive perceptions of the IPA-DT
approach following the activities. The findings provide valuable insights for instructional designers.

Keywords: Intelligent pedagogical agent, design thinking, critical thinking, Al education

1. A B8

AFF G AT Ak 45 R IZ (Intelligent Pedagogical Agent, IPA)4efTH ALK T %+ %
B AT B FS], MEEFARFIMEGEGRE, S, FAEAIABEH T FLEXE
BRIEGMRZE, mZHFEAAR, BrFTERFIIRGREARE, RFTHNZ
YRt N 09I, RN, HAREFRIFEARMBIFE. MR F U X —FE T,
A RITEBP IR, AHFRITRE T e A R, §AEE [PA RERH, LRL
5l FERE IS, B —TERRIL, AFRLEARLKT “IPA-DT %7 &” 5 “C-DT 7
E” g A Al F I RAE MNP B LG hR, FIAET F AN IPA T R4 AR
A 328 b EHE IPA AR 8L Uik B 2 H P 8 Y F 694 R DU R B KGR, JF A 5K 3 Bkt
HRXE . XFEHEKEN ALR B 5 2 a4 KA E,
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QHATREE

ALF R (Al) LRRAAMNGEE, BHF . EJ7 428k F45R K £ X 4 1F A (Kalmatov et
al., 2025), E M, EHREFFRTROGAT TRAKE MBI T Z B4 (Fang et al., 2025), —
WAL E A, BANRTEENY ALF, 51 FFESHRAFT K. MK, kT ZHRAFAE
So R A R RiLAR, WA S ) Ao B Al 4012 #2 B A% (Aranda et al., 2020; Azizan &
Abu Shamsi, 2022; Wu et al., 2022), XA 7 &2 B F 4 R Efepist, 87T F AT ) £ A
PP 4 (Tang, 2020). P14, Ngetal. (2024)4B35 T 35 & b 52 4 HI4E A T4 A8 IR 5 49 =l
3, ATRLERRTZA B A F AT ] FhFe s 3] XA BB R, Kuo etal (2019) 4957
RAIMATHHRE XNF], TMURKRT FANfIR LA g B, TR T F L s
PR A,

R, —RHREN, EATRABLEGAIRBFI)EHNP, FAEREZETNALAL
FIVEAE S, B2 3R ARGREIRT . R T LIV EIFE AT g & 5 2] iTA20 R
B, FEBLAIM D4 KA IF E A AIE SR (Choi et al., 2026). LI, HBREFEFH P, HIFHEIAE
B RIEPTR AR FRERIT, MG T, 0T AR AKX T EE HER KR
RIFAKEF, FREIXBER, 5 HEEMK, £ 275 WA (Lesseig et al,, 2016), iX
AP BT 09 B K AT T 5 3] 69 IR E Fe H SRtk

A& K& 5 # A (Large language models, LLMs)&9 5 2L, SRS A F ) F 74
B AndsF, A5 HEE HER R RN B, 8 R B F 5] F RS ) AT,
LXHFFIFHTRERARE, ALt pP 2 469 & & (Baha et al., 2023; Daradoumis &
Arguedas, 2020; Kim & Baylor, 2016). 4=, Alharbi (2017) #£& 1% Fl & 154X Botocrates ik
AP A5 R EAitiE, @il M EIE SR T A8 BLP M B 4L AL /7 . Chinetal. (2014) 45 &
R F RILREAE A R AR AF R AT )T, AERAEA AR B 69 R I Ae L HF A0 5 TS
Hiksm KR, VARFF ) 5B F R s &4, Fang FA (2025) K, /& STEAM iR4ZF
fERAALRREFREGFTE, AFIFTARINEALE ZRMENT KIPIH—A KA R4
AR, MIEMRRBETHESRIEERETE. XLV IPA AR F LG EE)ANEE
HATI FERERRERE, MmEiTh EdE EAsdbe D469 RS R A &4,

FRHAFREDLTRALEOMFS, EREFEFIIRERAELLETEIINEE
K &9 # 71 (Leavy et al., 2023; Hostetter et al., 2023). H i, A& % LAM K EZ(Human Computer
Interaction) ¥ HIRIE, FRT —FBHITE IR TR LT EHKFTRIE, INF
RHFREEAIBFRTELEBORTNE]R, EAOIEE K2 L (define) . 41 FLR
(ideate) . RAHIME (prototype) A=K FRMK (test) o AAFXIF%%4 At 5 R PA) L F
TP AR RAE, FiFE TR0 SEGFRAFNRIZ (IPA-DT) 7 Efetd by ixt &4
(C-DT) 7 ikt & b 4 89 Al 52 3] kAt e B e 69 ok o AT R ARBE 20 09 AF 70 1) 4 :

(1) 48%F C-DT 7, IPA-DT 7 kf42 5 5 b A 69 Al 52 5 s 3?

(2) 48%F C-DT 7 %, IPA-DT 7 kA 38 5% 5 o A 69 St h| 1t B 4759

(3) IPA-DT #44= C-DT A5 A 695 3) L2 fe R £ A2

3ATHARRKRFREGETRES &K

AFFRAESL T Liand Zhan (2022) 8933, R\ T —AETRT B4 FTER, HARE
ERFEFARBATTELBAELSMKRL, HFARTT B ARERE K2 L(define). €] &5z
(ideate). |4k /2 & (prototype) VA B 5 FRill] 3K (test) WA K 4 F 3%, AAF 4B iR B 7 IPA-DT 7
EOLE ), B AZFANRIFFAEF I AATFRERBHIAE TR ELIFEE IPA
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SN ERMFENBT CH R L, LOIEWTER IPA,
PR R, AT AR TN, Bz alsFiEs

ﬂ 71:+§7'€U é{J 73—/%0

(Detme ) DTN
IPA IPA

¢ R#BPALTFTREL
o Gl AN B £
o H/FRHMBAFTE

Student

/ﬁ

« REMBAHF

o REIEFE S AR

oy

o REFIG T RALEF

Student

. REMBIKF
o FREEBPEF R B RS
o RAEFING T RARIG T

Student
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GLREG BN, URCHESES)
|46 52 4 T8 H R E 8 Rk

Booons, <y par T

IPA
o Bl FAAIM AL L
o HAMAZL A KT

T Student
o DMIHEAL o HRHIRR M, i o WA RN R o SRR
o BN B £A 15 &8 fe 5y 4 A o REE QKT
. HRAAFE © HERMETRERRE, o AP 0RO IEA o ARIB A AT R AL
#AFRL T E ) A7
\_ o e AN AN Y,

B 1 IPA-DT 7 &
5 K%L (Define)Wr i, & 5E T A LA WL, FHRAERA P E X
SR A HODRAAF A A 7 5 AT A LA, SR RAT %

PRI, FIAY A IPA 89480 T, IWEIFOMAERBALNAZC N, FHaFIbE it 45
WAL E B (3 A 2),

Group members interact with AIPA to
discuss, explore, and establish their
group theme.

Input and output sound
through speakers.

(¢« Mo XK o = ¢

© npran R —HEA TRIER
5 amms.

HRT, UTREHEATRE
T mieE:

I LERERERS
2BERANESEM
JAREBES R SERN T
4HENAE SEKIRS

N 5-BFEN 5388
6. TEANBRHA
TRERERG
SHIRAZEA
9 ASREEITISHI R
10.49 62 3538 12 R Gt
LR RER BIEHI R G

nhEiseses  Ea
el \ v
14 AR R G =

When answering, the
LED lights flash.

The ability to convey emotion through gesture interactions
and facial expressions.

B 2 IPA R 2@

A ZEFH M (Ideate)h B, JA#ATRNE, Fl 2 Al FLENA T E, FhaF4E L

S BT A R IPARAE A B 7 EAE, IPARIEFARGHAER B 7% P& 5 6 FA,
LN B R ek

AFERA (Prototype) £, F AKX T H EEKAA Al 4 B4k, HRBRTELR
KIMNERARE. FAMKEMXFMHERESE, £ IPA KB FT TG INE, HEE,
53R E, AlidfEP, IPA TMEFAERBE IR, LB TES5 5] 5 T RR
B89 &A%

FEEFRM K (Test)hr £, FAMRK Al F5 R0 a A= P RIS . ARABM X 2
Al st Gegii, Fax#F) , FA TR
1LY 52 4 B it FTaTE st 4T 1R 5 25T o

4. FRYE

0 B 3 BT N A A BARIRAZ, TIT4ERT, AR AT Ardl,

A MAIE SR, TR HL 8, &HFiE
17

t R, FHIR
ITiE KA, TPAs R IE G4k 21T

VA4 R AT 52 7]
fT2«m“ i%ux?“)f}é?éﬁ%i%?o Ziﬁﬁ4



GCCCE 2026
B, FRabRass AR — 2 HIFHRFT, ERASBLERAIDFTAINAES, A
WM FINEEFHEHT L — . HN, &Mﬁ ARET 5aetiERKE (IPA/KiEE
BAD) #AAZCAENIERIHRT 5T, ARKiAe fletRtnd 3, 2B ARTE
J&, FIR R IPA-DT 5%k, sRBANRKA C-DT 7k, MAFESHFRAI4 A A
FAIF BRI 54, THLRE, AEFAHNTR AL FIRASMARTHG SN, #
ENT RF AN AR RO F kR, AFREBRERE ST EE P S AIIR O L5 4 3
Tk, BRITRAA 20 94,

RBAN=22) AN =23)
IPA-DT 77 & C-DT7
~z ~z
FHRATAE
(AL 3] i) B o ) PE 4 9] )
FHM &

AT ﬁﬁﬂhfjuﬂ)

................................................

A/xfﬂ/ ; ! Alffé]l
WA F@ A VR A (4 )
il it 5TPA-DTHY i | @i 5C-DT#
EHRKALRE L EHRAADIA
____________ h A, JEURURTRRRNRURRRRRTITS, NP
AL A 2 i i NETE
azitit@m L AXIGHUA)
il it 5IPA-DT#Y ; ; il it 5IPA-DT#)
EHZ AT B i ' A ZMALT B
Ly
FHEAE
(AL 3) AR 3 9) B Aot )b 2 19 )
7k

K 3 L IRAR

AFRARNGNE TEOHEANTFRAESRIFMEN, A DB SH B L FF LEM T3 K
.,

AN T R AE S i 15 B AL A ARIE Fang et al. (2025891 & B S K ® k89, 4ok | FiT. %
WAEZIAE AP F AN LA A S AT 09I F 1R 3, ZEAEMEELChAE. I, SR,
BIF . LK), BEEITHTEEN 020 9 ALEKFEREFZHELETFRT T IFH, AT
SHZ M — B EIEF S, £F 0.89 (Cohen, 1960).

k1. AR RS IFHEN

Item 4 3 2 1
MRE ELEIRH SR, & FELHIRH Sk, BAIR FELIRAS K, E O FELIRA 5K, K
2R E A IR A Al 4% LA 3K EAIRA 1-2 %
ShAL EIARALME A2 AR EREM H 1A R A B FEAT
BR B E SRR ES
i RAEMAFERNHT AIREHMAFE A2AZHIE AIXHRZSH
] 77 LA T B
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Item 4 3 2 1

@l B& 3R EaAEF A244F GRE A1 &AGEH (Bl LalE (T
CREABAHA, 52T BEHHR, 5T 4o, 5EIFHIRE HIFHIZOA

HILHHTA AR, Bt HIRWABRF) I E M, 2445 a)
fif e 52 R 2] AR) ERR%)
FE RMTONRESHA AT IAAE  EALEER  JLFRA DA
F (g, HRE (BB R (REAREIE s
) £%) %)

MFI M B2 KA T Chaietal. 2015)7F K 9 MFIE B L ML mKk, €w 687
M, RAERAFS 22ik(1 REEFIRRZE, 5 KEIFEFRE F). H Cronbach® s alpha {42
0.90,

7% K2R A AR Y& Hwang et al. (2009)89 17 K 3 R X 2 dn K 69 o ARIBAT 79 BLARIF DL, X
=] AL oA A o

5. FRLER

5.1L.AI % F s #

AFFIIET Al 5 3) R E A M, AT 4 4% (Shapiro-Wilk = 0.79, p < .001)F= 5 ] # 4%
(Shapiro-Wilk = 0.82, p <.001) 8 B/ AREES MK, Bk, AFF KA T Mann-Whitney U Test
Fiko 4wk 2 P, $I4E9 Mean = 17.64, SD =2.36, #=#|4049 Mean = 17.22, SD =2.24,
Pairwise Mann-Whitney U Test (U =227.5,Z=-0.66,p=0.51>0.05)8 4 X &7, AAF4E Al
5§ RAAMA BT H £

% 2. Al 5 3] s AT M Z Mann-Whitney U 4 & 45 %

T 28 | N ¥ E R E W 4z %% U p r
AL F I £k 22 17.64  2.36 16 2275 0.51  0.10
AT 4 A 23 1722 2.24 16

ok 3 BT, K IR 4069 Mean = 18, SD =2.39, 44| 4849 Mean = 17.39, SD = 2.86, Pairwise
Mann-Whitney U Tests (U =227 ,Z=-0.66,p=0.51>0.05)82 X 7, FIAFfi=%84E Al
F ) A GE MG R E E St

% 3. Al ¥ 3 s 36 M Z Mann-Whitney U 4 = 45 %

28 51 N ¥)4E R E W 4% U p r
ALZE R Ska 22 18 2.39 20 227 051 010
7 Pl
e 1739 2.86 16
5.0, HL A Bt

ARG AE T B A SR ANCOVA D ATRIAT R F . B RET, KBRAHARE
(Shapiro-Wilk = 0.961, p = 0.134> 0.05) #=42#] 284t 4% (Shapiro-Wilk = 0.950, p = 0.051> 0.05)
iR E &S Fe ik 2 Leven’s test #945 R(F(1,43) = 0.388, p = 0.537> 0.05) 7 5 I 40 Ao ds ] 42
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AT E B REAR L &M R(F(1,41)=0.27, p=0.606>0.05)F 7 % b Auds b 55 A0 A
)3 &R B BRI dmk 4 P SRR A PP BT A 429, A G -FH A 4.29,
AT o 385, AKEFHHN 3.84, HRAT M HmZ )G, FRETEKLTIES
40 (F(1,42)=9.184, p=0.004<0.01).

k4. WA E4Z ANCOVA &R

Te 28 7| N ¥)4E SD PG ¥ 4h SE F n2
WHEEE  Eim 22 429 054 429 0.1  9.184%* 0.179
e kN 23 3.85 043 3.84 0.10
*xp< .01
5.3. 57K R

AHFRHE Chenand Lee (2021) #AEZE 738 A B iTHA, £HRF 112 5A4=2 5
(FRIRM Tl %%, =940 41 5) « RS ETT HAITARIMK.

AEBRERETE, FALRENERLE, BIES5AEWREEIR, FREFE MG
F A IPA RAEGZEATLHE, XLkt % 7 KR, #lde B0l 28] “&K 2 LA 2
LAWFARNE R, "IFHANE @3 A AFEE L AT o5tk X THER
o9 RE, FIMF A ERINH IPA £ ES., REHFM. THRELEERIEETRLT
FTE I H. Plde E0S &, IPA FFh LR &7, E06 IAA BT T K9 5587, farkz
T, U A KET R IFAF A BRERFFHE L, BB IEE 8 FE S T3 B P
fie, EAE BRI L SIRM5 4 R IPA BERE. RBTAR, LELHF—26FREMSH
(E08: “ECM-FHRERMREL) , A MBBINE AT, B FARELREH T RS E
AN, FEHRAFAEN R THERRELEHAERIK, BHENE LT R,

K5 RERN I, BT E BIRBRE

A ZhA% R H

X

\&b
B
=
Ly

=

E &5 R E Ik % H
% & IhiE
R
FLFHE AT
Hags) st

kI R B P B R
FRAEAPEAAE F
AL 5 3] AHFF
B T

1& F] IPA T H a9 56 % Rl
] R
A PEALAR B

T N I N NV RN TN - RSN IOl o
S B NN OO O NN N N

6.7 54#®

4 3tar e A 1, IPA-DT 5 C-DT £ Al 5 3] s L L 8 £ 7, 5 Fangetal. (2025) —
B, RREP ARSI, REFEMAFES, HHEMELSHIT, F45IPAFF
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REZHEA . 12 IPA 69 83T 1EEMIAT 38 Mikde R AT, BrRBLERE; RA Ak
5 5 Mt #) A2 (Sikstrom et al., 2024) B A7 RE K -F AL ST RE T AR TBAT, i3k F 78 A ROk

A3 A 5 R R 2, IPA-DT 48 C-DT R fe &b p| i B2, 5B AL % — 2 (Alharbi, 2017).
IPA B # B3| FRZEH, BRFANRE; A EFKE, AREOGEHLS TRmERET
PRAE 5 ) H R84t ﬁOW%Amxﬁﬁm HEFREGAL KR RERRE AT T
(Sikstrom et al., 2024). £ Al 2R B %4+, IPA 69 % R E54/FRHET LT L5 A Kiftl

APl # 3, IPA-DT & C-DT # fe R st ARMINFr B R, 5 BRLAE#F %0 — # (Hostetter et al.,
2023). +%m&£m\A%\ﬁw%FL¢ﬁiﬁ 5 T IPA 8B B RUGE . dLPIMS] 5
TRIFF, WHETERERIERE, FHRALECE4EEZ EgE, TRIETHEA ZH 53
IR GIAR A o

BE LK
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How Intergenerational Educational Expectation Shapes Adolescents’ Well-being in Tibet’s

Border Areas under Digital Transformation
BEL, RHHK, £TA
A TMEMR RFALARHFF R
wuruilin@buaa.edu.cn

[(BEIRFHFNE—BBREF S FFREEML, BRFUFIRFT S FARTANER L A AT 2025 F
T 10250 42 A A 169 A2 K AR, WA AT FABRRE R, KIFHEFHE R ERRH
FA FNFME, AARHARXEGF WA . HFHFIBALRTEHE L — BB o0 TN F 4K T A
BE, £, AR AETLETAMER, AIFLFTE LIFERSFTAMER . MEIT LHKFRA, KFR
FIBNG TR F LR, AAABRIERE K. ERERAEMRAFTA, KB BELE, RIEL
BHRY . REFREFZIKESE, RHFRNLME; BT RAENE, FRAMRELAK.

[X&8] KREHFNL; TAFRE FIEN HFRFUEL, ZRAWR

Abstract: The consistency of intergenerational educational expectations is closely related to teenagers’ happiness.
Digital learning can support teenagers to realize life values. Drawing on ecosystem theory, this study analyzes data
collected from 10,250 elementary and secondary school students and 169 school principals in Tibet in 2025. The results
indicate that the consistency of intergenerational educational expectations positively impacts on students’ subjective
well-being, although this positive impact is attenuated in border counties. Digital learning engagement mediates the
relationship between the consistency of intergenerational educational expectations and subjective well-being, exhibiting
a complete mediating effect in border counties and a partial mediating effect in non-border counties. As the
improvement of teacher support levels, the mediating effect of digital learning engagement is strengthened, with a more
pronounced increase in border counties. Implementing home-school-community collaborative education. Promoting
regional coordinated development and leveraging local advantages in border areas, narrowing disparities in_family
endowments and enhancing the public value of schools, seizing the opportunity of digital empowerment and achieving

holistic adolescent growth.

Keywords: intergenerational educational expectation, subjective well-being, learning engagement,

educational digital transformation, home-school-community collaboration
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i, oM A AL E, RS, AP T L0k, b FREEERT. AR
TEES., RAEMBRAE, BFRERE, ORAZELABEFTREAD LMKk, B4R
HERRERAES, MTRERIK. RBREDHTRENE (FER, 2024) . HFHF
WRFTHETREF, BATFIFTXEE, HORAFTEMEF TR EAER. FAR
ERAENTHAHEE (FHFH, 2022) . ERHFRER, RAFIHAN, HFFLRAL
BRABFE T ERBAARA, TTHRBRIRES, B0 EFEEYARERE. HFTNFE
THENF, REHFHREZ —RMRBEATREIIN, RELEFITEPREALELS
W, R, EHBAK, TREARZFRA R EIL R, ESRKAAETHKT
Bb TAEF A IENE, FTREF BN BT, KRR A RAERH A F X,
RIFHFN L2 LR, ABERAENERE, TTHEHFT R FEFLESNEMR KK
FATAHH G TR, FREFRFUER, X TREARKETRIPHGAEEVFREAL
AHEMFIHRN, RFEREZGEARRITRBT BT, FRIFHFNLEEAEFR? SFAEF
VERAMEBRGAEEER, KARXRAMRBIES ) FIREER R RKRER EHL,

2.2 % X 8 5 A AR K

FROEFRMRETENE oL, FRCEFEHRGT HIAREGLES RAEL
KA, MEBRETREH R — R RRZ P, RE&ERBE/NRAE LA AT RE AR
Ko BRI F it — 5 M TWA——FA—— R R AR, WHFT MRAT H A
MR ERAFE T S RAL RN EX R, REFEZ LM EHLEHRBIZL, TE. FR,
HaMRRK T & ZERE &R, BAKITABSHITEH ML (RI&, 2019) .
gk, AXREE 1 ATREIIER, IMRINEREAN G E, FMEFRFIBANER
AL R, RERABEMAARBRZRBWOHNZ %, KIEKEFHL — B2 ERAREF
WS BANGHE . FRAMERLG IR G, HIFKIRE ARG, 2P L Hik
BRANRBEFHF ] BNGE R AL FRE. BREARNR G, BETMRERE, F
B I b ) AL T A A £

B 1MR-RE-FR-ARRAER

20 RGHFHE S ZY F 754

RIFHH L O3 LR TR, TR A RKRERRSFLUARKGA DR 5. KEFHFH
PEARKBFINPHES, ATREHENL AT, IAEREKFVFUARELF
Fo R A F A LR, A KRGELEKRSOBRMEN LRI (Diener, 1984) « KER#EFH HZ —
BEWEEHN, FFTREFIHELEEIMER, METABRSHLRAF Y FHORLE X,
smRALERE (FEE, 2014) . MRRHEFTHRL —HEBIKE, 55 EKRF B
R, AN ET GRS (EERX, 2025) o AOFEAE, TRELL N HRTEYE,
REXFABBELZHRE., RBIMETd. RREIANFAT ., Kde S0 (RiE4E,
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2025) , BT XAKRFREG, HETFFLOGHFAR. EHXFHEAKR. GHRABK, KAHK
BB, HEHEKIANERLE”, HRTFTFLIAMOEEELR, £E2FFAAZT
FAE“E B R, mZz RREHER, BT RPERFTHE, AT BN HRELR, ¥
FRRZ IR A BAAELIZM, T TFLBREZ EIR, MEEIFOREZEAEZTHAS
A E AT A RTLR e 3g e (K, 2021) o 42 E, R TIHRIX:

Hla: KIF#F L —E M3 TN TR~ 4 LG A,

Hlb: #ZA3%, KEFEHKF AL — B 20 FE 4309 B Q& Rk 5 55,
22 HFHFITHEA

HEMPOERRELINIAR, TE2EMBLE, A EZNFIHRAN. RFHRBRETFIL
B. B TEHERIMFNFISR, FAXEMBEML. AMEFNCEANL S INFot T, F3)
SLARA L R ) AOH K, PP RIS R R AL, RIRHF I Z —H &G, TRAESEM
ARG INERIAF P B 2R 2 B AR, B RN S AF AT RA 5SS (R R4, 2021) .
RIFF L BAR S REL T M T, HTHRE, §8F U HIATNEBHINRKGER, 2
WA BB, T OEE Romii e, EBgER ) ok (%, 2025) . RERLF I IR,
AR RANZIZE (Ross, 2006) , #F R F BRG] LA R 953t KA R BT R
ARG AFE A T AR KOGATHSE, ABETREZ WA ELNTELE WRT
WA, Ao RAFEEZANMDNE, R DF, FrrEE, 803, £EF5F3 Bimagdfd
A B INFMAEINR, KA TRETARAR B KOG A F RIS, b, Rb=THRIK:

H2a: HFUFIBANLERFHFTHZ BB 5 TN ERRZNE KFEFIMMEA,

H2b: 245, #FHFIBRANERFEKFPL A E TN EREZ MG PANERZ K,
2.3 HIFEH

HIFO)RIE, B IERBRAFENT LR G, SEBEE., ABRARFfERES (BF
AR, 2024) , MEIRFAMRIE, AR, ML HEAT AL, SHEBEGPANMMER, R
HFAEGFIBRN GFRE, 2023) » ABRLBE, T ARFHRAIRERF, RERE
e A5, HIFRFAERMREINFTATRE, RPILL I HFO TN, HIFH3] S5
RAFARALRKATBETHFTOEALE ., YFAEBF VM, A RKFN, HIFOLEE
RBHHFATRLEZS, RADBKRARE, SMFLEE, LT ARG T ENM. £
HITHANRT, FELBZLEBABE R, SHFOETHFLE QLEMHFE BART%LA
R, HBRBHGFIEEARIFHFEI] IR, SR EEEFEaRTHEZEH S,
BEHRNF]ERPRIFIZEHRL, A, BB TRIL:

H3a: FA#IT X FHKFORA, HFUFIBALERTH BT INL —BH L TN E/RRZE
8 P ANE B 3%

H3b: A3, M#EFEHKFORA, HFHFIBRANEKRGTHKETHRE AR EINE
A8 R Z 18] 69 P ANE B 38R K
3.5 ikt
3.1 EFXE

202554 A, RAMAGRGAT. BENT P OFFEFAS, @dE5HIF. RKE
KT X TBERAERFOER, FACHEBEES T @KL, 2025 F 7 A3EE 7 AAHH
MAEFHR, CFRFAERFELALT, KA B, BIHIE T KX, HIESHT b X
N & XL AY) GDP & R B ST &, ARIEE T Aol X 49 5242 8 2 A0 2 1% M By 24
o AERNEDBRNKIFHFTHNL., HFLFIHAN, HITELH, TNFTREFAL. AN,

WPTIAE PR KT BN EREMEFHIL. BMRHFRFAXPIEE, AATHTT
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kB 42 Fran e A= 127 B 5269 10250 0 A FLA . 169 ik KIF K. ¥, aLiER A 18 FF
AFEA P Ao 58 PIIABE N0 3234 LA A0 76 mAi K. AFAHEARFT, BAL 48.6%. &
4 5 51.4%; BAEFE L 96.4%; RTERFAE L 263%, SHFERFEE 73.7%; BFRF
45 652%, EFAFAE L 34.8%. FAE-FHFEHHN 13.87 (SD=0.77) -

32 FFHY
RIFHEFHNL2ORERXBFHFT AL RARKFTHL, NEHF LW RFLAINGRFE, RE
BHEX, P, P, KFE. FRAESANER, K04 RARE, XEXFTHLE ax%
FHINE EAAGG T AAR ), A TRFERBFNZE BT, TNFREAFHR A A8 F
MBI TR, MEFARIRR, SHF%., RBEH, HHALTE 4 BA63HE. KA

B H A B, CORRAR, ARER, HECHEARN 0804, HFLFEIRAL

FHFAELERFHREIEFOITH ., INodalf BN ME )T AR RRE, AINFRFH
ITERHFN, FARGRERIAR, RBEM, MERFIBXF, L5 dA0HMHE. RAZ

EHE LY, CETEERAE, CERTETAE, HECHEARY 0837, KT L4

ME e TEXZESIM (TR, 2012) o FHFERERIE TR T 5T AL ERT,
ARG G B B AR 6 WA ME. R A Z R R R, “OPRTIET G 4E, “47

RRIEEHA, AHECHEZ R 0.844,

45 REF

4.1 $52E M 471 5 £ F M7

SRR, ABEFAELSIFAFEEFAEZNFIEGKE, SHARAZ L 5L L
ZWGER, ABEFANEINFRRET TIHELSELFE, ABEXERXFTHLHHEAN
273, REAKTAELIR 69 2800 A BEXFHAMEZ AT AEGLS A 17.81%, TEIKT
JEA BB 24.10%. ABEE B KRB ILAIHARN 296, HFKTIELE L6 3.08, AL
O REFIZD AT R AR 27.71%, BFIKTIEL L4 36.05%. L35 EXIFHF HZ
—H A R 64.19%, BFAKTIAEAIFE LG 66.29%. AFEXBEH TN LA XK FT LY
A AR AR & 20.10%, BF & TIELE L6 13.32%. AR EF AR FIE I HBANE BRI H T
XEFKFHTILEE,
4.2 REFH FHF — B[] 2 Y F 75869 B )7 4 R

ok 1 . RIFHAPZ —BMBAZ, TAFHEAAZML), EANFRET IS
T2 Em# ik 2EM2), Hla . A THRTAEEEI L EZ MG £ 57, MEX
REFHRL BB EAFEESHOLELR, DB LAMI), £Ank, KIFHFGHE—
o £ E ARG E S F AL 55, Hlb R o

k1 RIFHB M2 —AMAN TN ERRG T 254

T M1 M2 M3
B 0.723%**  (0.123)  0.768*** (0.129) 0.728*** (0.130)
RIFHF L — M 0.016%*  (0.006) 0.016**  (0.006) 0.027*** (0.008)
HFHF T HEN 0.275%**  (0.009) 0.276*** (0.009) 0.276*** (0.009)
HITF X 0.212%**  (0.009) 0.210%** (0.009) 0.210*** (0.009)
RIFHF L — B AL -0.034**  (0.014)
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R2 0.264 0.265 0.265
HAE 10250 10250 10250

E: EHEE: MAL R RE. BAT L, REARZRHME, FR, FE. KERAME. FRRS9H. ABEESH.

HFHEH, BIFEI, HAREF. FRAE, LRIV MEZHEIEZ . FRER; *p<0.1;%%p<0.05;**+*p<0.01,
4.3 HFF T BN G FINE 9 H7

HEAERY, KIFHKFHZ AN EQR B FF TN, ANEFHF TN EI
FraRk# i EE, KFEKFHZ BB ENEFRRGY R TR, HAKFLETHAN
ERFHEFRE —HME TN TR KIEFANERN, H2a i, BAEEHFAFT, AN
FFAFIHANFETDE, KFKFHL BT ENEFRROY AR NFEF, HAK
FRFIHZARINZLEPNMMERN. MAIFAEL, AAKFLFIRNE, KRIFEHFHZ—
HMA EMERER A TR, HAKFF AT FANMER, H2b . K
A Bootstrap 77 ‘&3 /T PR RARR, FH M 5000 K, ANEREST—HGERTE,
AFRRAE T 2 ROAZ N, t— T P RFUFIBRANEAFTAGNERZE ., AEXL 52
KR EAFEART, MAEXE A 0.033, & 58.38%, HAEXKE A 0.023, & 41.62%. L4355,
HFRFEIBANRL AT REFET NP2 — B ENFREG YR, EEARE, HFR
FIARRNIRD AT KIFHF L — B3 TN F4R R0, 04T 4 0.028, & 44.47%,
HEHRE R 0.035, & 55.53%;
4.4 FIFF M FHF T BN FIEF 895 7 L

HFWFIIRANLERTFHF L — 2G5 20 F 48R Z 869 P A1E A LA 2T L HHK-F
RAIFEIE5%, H3a 2o WA 2 A, A EEEHZAZALGFFEN 0.007, K TIELHEE
=2 FAL A &G4 E 0.005, BRAAE L, FARmE| IR L HH, Y E RKEEHRR
& HFFIHEN, #miRAERARIE, H3b R Lo

— BRA = AL

AE M

0.030

0.025

KI5 A

¥ 0.020

25 3.0 35
P XA

B2 BT X FAKF TR FAF ST BN FAE A
5.4 587

MR ZLRITHEN O FEGFRENHEBRLEL FE Y, MAERKFLF T ERFP
A FAREN. ALK, RKIFTHKFHZ —HANBNEINERRTE IR M. RIFHFHZ
—H, FTHSEN, RFEANTREBAREGHAEL S, AFHE REGEMNLEH
¥— IFATR, HERLHRERRE, REXFRANZRFILE, THXETHFY
MEBAEE. KAREFUZTIES R R A ARARKGHRF 7 X (Lareau, 2011) ,
K HF FTHERAALFAR, VB TFTFL ARG FAX, ERKFHKFTHZL —HBAT £
M A% A B R A 5o M F W F T BRARKRTHF L —BHELAFRO TP,
HAEAGHERIZAFPANMER, LA MASRERETLELE A (ML, 2024) .
AXMERTRE DB FHFEIHN, BUREARZEFHAZ TR FAGRIHFLS
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I e AR DA F AN T RIRANRERIE LRI FIH, £ RS IHNP
REFRARIL, HALERAFETURE A RSHAAMERGEY ), Bl K
W, TF, BEFRERI?, BREHEZANRFGFFRIA?. HITLFRLT L
MER . BAAFTRRK, MEITIFKFRA, RFHFIZRNPTNMERGERE K, £
FARERARMBIT I, KAEFOFNPTE R, TARRF (2022) FARAMNHEF X
T4y iB 043 Fo 3T HT 69 R R E AT R KFEE RO E 4. P AT RE TR, K
FEMFERAEMMALEKXER, RBHLFAEA TN, BERREERGAESEER, AF
AREIRANLE, BAREES., 2R FTRAMHREFTREFR. ROt KRS RE L
FREEMASFTANS, RAKBIFLE . FITHE. FREF. RERAT. 5455, 4L
FHFRRAME FAKBREAEAR, HF T Fined R RRKGRRE,
5.0 BHEB AL E KIELRAEHNE S

J-FERRAEH: “AEREBR, RAZFHF. "AERERXE, TREREZFA
EegARt S B, FUFOERRMNAT AT, TREGENALEMN. T RINRAKEF X E
BB N AR 5 55 ARG HF A B2 R ETR, MBIRE A RETHL: R B OKER AL
BEERE, BITREF A REHE AN REE—AN. E—, BBEHAFHFLIRES
AR Fa o A0 B4 g A FHF AT EER, FASGHE ERTY LB L, KE
HFT RO LS, RIEFOBRAEF O HFHEX, RARITFRRRKE TREF,
BN FATF & ITRREH”, FREBRBEREGR. RIRFMERAEFS, HEHREH
FRFEFLHAH. A=, TRABHEZER L LA HFRKIRNE, EZBEFR, GIFIE,
AT 09 HIT AR K ZIH . RIFFRITRF T IZF E, ARLFERIT, AL 545
By AN EFEHITER BB . TERTREINBR, EHHEGALT AR XKL, RAAE
HITE LR, HAERITAAIRE L REF G, BBAFHTAEBRE, L=, LHHF
R, EWAE A R BTG AR T F L LR 5 BT A FAER S R4 &,
BALRZ A, veEasy. LIRAROERSR, BARFIFEEFTR. & AKXFHKREZHEF
ERFBAAINFGIERRL, HXREFHFTLEL, RERAFEAINARKT IEFH
B P B ) R .

5.2 A REEBMEIE BHFRINANE
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MBS PE = fhie: RFEARFAEZEGENNIPAERHERLERL A

From Static Assessment to Three Dimensional Representation: Advanced
Assessment and Practical Application on Critical Thinking of College Students

BRI, IHT', FEA
R RS HE R

[H2] ®AAMSEEARBAFEBCERNA L, LEAZEHF AR FRER I ZROFH AL 69 XM
F, 12X THAE S L GG N B AN IFAE R B 2 BB AT, SR P T g R R IR RARAZIR R, XA
BTEENESKENEA, AT IRAREERFEFLERE, THRIEFHERIE, ABT H5HEMEE X
F AP SN IFER, tm, Bd =Nk AT RIER B R T IREIZEBTT ARG F
S H R AEBFA, DARANMRE @I B AR, BRI ) A B sk AR e K, EALE
W BT LARAB SR G MR, B BARG E BE UP RAEE XA PR NEMEF S &
L A RARR T8 5 TR AL T B AR B e T AT AT 3R 22 R RCE AP M B GG #E 3 5R

[X4ia] depl B ge; MHEDLFNN T, [ERIEE; K REHHT
Abstract: Critical thinking, as the cornerstone of cultivating students' core competencies, is also a key lever for higher
education to cultivate innovative talents during the digital transformation period. However, there are still problems with
the advanced evaluation of critical thinking, such as the lack of hierarchical representation in the evaluation framework,
insufficient data mining of the development process of critical thinking, and difficulty in revealing the dynamic
development of thinking. Based on literature research and Delphi expert consultation method, reconstruct an advanced
assessment framework for critical thinking of college students that covers behavioral representation, cognitive
regulation, and emotional orientation. Furthermore, deep mining of empirical data through three-dimensional
Epistemic Network Analysis revealed the cognitive network characteristics of learners at different stages at the group,
group, and individual levels. Research has found that learners’' critical thinking progression does not increase linearly,
exhibiting a structured transition from discrete flatness to three-dimensional coupling, and emotional tendencies play a
key role in thinking progression; And propose how to cultivate advanced critical thinking based on the design logic of
group collaborative learning activities, intelligent agent prompt words, and workflow, in response to the evaluation

results.

Keywords: Critical Thinking; Advanced Critical Thinking Assessment; Delphi Method; Epistemic Network Analysis

1.51 %

AR BLEAE A 21 A ERGE S, TR 5C 48 /) Z —(Ravitzetal., 2012), 2 F
FHREEKRFUHRIERGFTBAT G RXENT. R, FAELERIALE it (Generative
Artificial Intelligence, GenAl) &9 /i 5 Fl, 5 2] @l k& sh 6,69 e (R R & EFUR,
2023), &5 5] H s 2 MR T 69 TARME BRI FALRE A, B PN A A A B89 st FI R,
TR ZEFHREFINES. A, EANBRERFEST, LofT @K EGNIES] F5
APV D RN RO RN EE BARSIBRRAFMREGFA, REFARITHAIEE LG E
MAZE B S RFT, BAHGN T AERZELZEMERE, RINALK S HEMNFTEE RAR
AN A RIS KPR, IMHERFOOHINIFAZORF]FH AL R & LA
FZO9 PP TGRS, BEARBLTUORRNSRAFR, HFRETELEZETMG L 430
FBEKEFE, EUBTEF ) E AR L P AIET SR EH NS FERT 5 TR Y B S
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R ILE Fh R EAIE, B, AR FA0 SR EAEREX, mAZNGKYN 2 F
Yr 69 B R M3 K (Kaldaras et al., 2024), 574 69 3P0 B4 b g & B 3R 7e 8 3t X 09 R B AF4E
(Liu etal., 2014), R, B ATX THHME DY o928 358 A A A2 N IFAR R S 2 & 2R R AE
ﬁ%ﬂi%%ﬁ%kﬁﬁ%%ﬁ “RA B IR 28 R 5 H A B ) R B R = K AR AR,

AR ERARA, FAMNFPHEZIRNELANENNDHERBERETIARANA, %A
At ) KR Z I E AR B 3 U 69 & ok P 3KE(Wilson, 2009). B AT, A 2R ZEE H5ikd M 4%
4 #7(Epistemic Network Analysis, ENA)% #& K é’J 75;@ , FFVAAIETE K BRI P IR IBGA S 254
Frra bk 6y & 3 AZ A TG WA B4 B, B9 RBEERZEOF T TR, RS
@ﬁ%%Q%?kuﬁﬁﬁﬁﬂﬁ%&®MMQMﬂoE%M%%%ﬁ%%ﬁﬁ%*%%ﬂ
P Y B AR T AT 89 T R 1 AE

KTk, AR BMER G KRS A PP B3N EAESR, A 3D ENA A T A3 14
PG B LB AR T AL M 2k e 4T B, B SRR AR T F ) H AT R H N M LAY A e
B & AAE, AT RN E B A AT B AL U)%ﬁkk?%ilﬂﬁﬂ EOPNE DB
B REAER? Q) AT EHEAEERE, WATRRHNK-FQF ) H LK, JABRA
B 2 I BN R & ABATHAE?  (3) PeF)bh 4] i 49 25 R 4o T RO L) M B 22 49
B IER?

2.K & & pe P b B 4 3 B0 R 69 R AEAR R A

2.1 #EHY 14 B2 69 254 5 F B Y 7F 69 % LEFE JE 2% 7F

B ThAMEHERL —FSHE ., ZREFRGERINTAE, ERETREEFEITH.
N5 RFREZOLAWRE. B, FARARZANE., REAREEZEALLRN, AE A
B RE A IR B LM A R DGT A—IRFr— I B A5 — R0 R Gl A Tt
FIE B M BAT AL AR AR RIEF RE W09 7 XA 2 dL P 0 B 4 25 M) 5 3t )
ﬁ%%&ﬁ Ko WA TGP, [THRR NI T OIT AR, REMRAME DAL
RF ISP TIERA, FIAKT., WEEM, WEHEFIRTA; ATk ES
88 RRE, RAMAERI E . THL. TRELE EZFHGE, &W%%%€%%&%
A8 71 Fﬁ%Wéﬂﬁ%%ﬁ%h%Fm%w FLH)PE T 2 3 N IR 09 R AEAEZE 3R, AT R
ﬁ%ﬁﬂﬁ%kﬁﬁm¢%ﬂ%%ﬂ&€% B KA éﬁﬁﬂﬁemlmwyéﬁﬂﬁ@

e A b, ¥ BEE RS ARG, FIEGHEAKRFELR. RE, FRMT L

A5 3 AN—ZARAR, 11 DB AGAR. 33 AN & 69 LR b 2 4 st Yy ) 2 69 & R AE 3R
zz#ﬁﬂ@ﬁﬁ%%#ﬁﬁﬁ%ﬁ@i

Ay 3o JE L) M 2 B IR R AEAE R 69 AT M B A B, AT R G H T BRI A g
FIAERGERE RGP R, ARAER 17T LaRHEBERF T LOHTHENIER, KAK
12 SRtk RZ 0 7 Xt T, 2394704, AR ERXENIENE, &/NIBATT 69 -F AR &
WK, THREAHRHESG ) (wk 1), FAFRELRHAR,

% 1 AR ERE NI ARBEITER

R HER FETR A S HIEEE FREZ TR A 06 A LI
Bt 17 2.65~4.82 0.39~1 0.25 271 (0.27. 0.28
)
% 15 431~5 0~0.52 0.12 0 71>0.12

221 F—HERKELIE
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g%“%%% i, F—HERORRAEN 0812, FT 0.7, FHERKELAEZHIR

, BWEERTT (X, 2018) HBEERXRMENL, HARXMEIAERG S LFEILE. %ﬁw
Z%X%@ YRR BATHRA, BRAZROE: (DK—RIGREE o —BAGRERE XA,
AN EBARG NI RAT A, A R4 TINSm, EMf%%fZ%ﬁﬁﬁﬁﬁ%&\w%ﬁ
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BHMEHGE ST, SHASHTELMEE S, Q)ERB TN LIRAGITHSES
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T 4456 @095 AT EhefT, BIER PEBED . (2) ZLEANALN EGK. P55 0
A BK-FE—H, 2AREFTRE NG MR T LG ENIE 2 o, PP EE
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. REKF | A fe gL S B RIEH
L P g | AR RARASRE AR AS BRI LI, KRB LKA
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. PR | AR FIRBANAM S ETE, FERRBGETE, B2 4301 5T
B | RBR T A THERERRL, A AN &
o KW KE | e Ty @ Kk, STRAILERTFEBRTHZ ERAIEE S5 d
- A REH TR AEINT AL &, S 3t F AT B4, 12/ R AL 33l R R &
ik Bk B AT RBATENBIHT
1 B BN | EFHELSSHTNE, FIANFRETE, RN EN SIS AN & OB
AR 1) I AKF | EINES IS TR G R E A, H2 THREARE—FTHELER
TR FHKF | RRAEESHETREETEE-THEEORE, RALAKRGIERTER
o AR R EMNERESF TR T HERE PR, RHESAAERE P, Rl
49 15 FAE 50 & IR

BRFAMAMTLFENRIFRIEERGERE R

3.1 ZRAFRE
3.1.1 FFEAM £

AR AR TR SR E HARFEF 0t 49 4 A —FRIFEAE AT AT £, %%#%
2021 %, BA28A, kA2l A FIAFAHEFRLFEI] 2, P Bt EMsiTE
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& ARG GenAl 3136 7 Ak N 4B AE 5 54 5
3.1.2 FXLESFL TR
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PR FEIT R B SEL T GREITHA SN B ITRD 5>, F=HE (3-10 &)
ARFFREAZ, T2 FEHAERIT ARG NAES D . TARDEESTAEP, AT
HF A E T 5% AR AT 335 38 S B AR F a0 RS AT AT A R R IMEAE S,
FAEFEEQE]EHNNEHHE . HFETRERS, KRR #E (FEMREF
RRARAY LA E AN R, DAKEF TR, DNARETF) T LAEF, FHITHRAD LT
3.2 HIBEME S HH

RNMETHFET AN FAERMESEDMARFAE LA R X S ARG ENE, Ak
M A PR DK RE ERHIE, ERIR AT IEN TG, 2R 1273 358 4E.
B, WAL A ST RALE IR E) 537 & (B AT IERIE G 42%) KABH A AT R 2 4D
AL — R 0.856, FAIR—BG#HITASITE, MBS I T mF REIEGRAD,
3.3 FXELREHH

A5 R R ENA 89 75 ik 3 52 £ 6 db P M B4 KB AT 04T, IRERF AT ATE 69 hF &
% REHIZ. ENA F A TONFEIHHZ TG E, AMETALGNAREERE N0
M 2% K 4B 52 5] H AR A Z ] 89 & A A= 45 A (Shaffer et al., 2016). KR, 15469 ENA 8 %@ i3
FRAS R ANEELE_®-F R DT, AAEEAT AbhE, XEALELZAT L%
B E M, A, 5 ERMEOMNFIEELE = MM, KFRAZL4ER BT a9k
M 25 A7 A B35 (Yu et al., 2024), i@iE A 3E 3D ENA 5 A7 5 A& S Pl Bt 2 47 R R AR, K4 il
T 5 BAR G 6 SR BRI, TS BN KT RERZE, §ARA BT L KR T
BPRTHEANBOCZERALLALE X, KB TCNONEXF,

st AT (% —M &, First stage) 5 F#6 (5 =M #&, Second stage) 495 A& X L L
A, pHBERFIEZFHK, FAFIA, FIFANMMBETT LEHELGABREIHT. LK
MER=ZANERENF ) H N RBEEMERRFE -, RAHEHBATFE ZARBEGRE
TRAEY, AR EFRMGIERN B Ma K 2ER. Bit, ARMEMAEF—ANFIE D
4 R B AT R T
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%R, STLmANEAY AT S E 5 R &6 EM, TIARI A EANXRE LB @R E
MRIAE, AN BERANG ZFARALET EREL ZH(FRMeERE L, #£—F 5
MR, B 40b)F— BT FBEEX-M)E 5 H(AN-M)5 8 & k& #2(SM-M)#=4% %4k (ED-M) Z
W6 KRBEALE RR, LEAE — 6 DEFHEOT-M), 12904, iz, a&BATF4
BASBNAKFEARL, B, #FHTHEGT LS &0 6EXE T AHBEEX-M)E A
K I A2(SM-M). A &K AT (SR-M)M s by — 4 B &, X & AmARey N B 3h £ 2 Bk TH 45 E
& B IRAE AT 5 A 69Nz thifl, 2 SHEZOHEREBEN. B 4b)F A EH N BsFli

DN MR, stk A, FoNBENFANAENE L ZHOMPIRELET EH5T L
Z@i%%%k%oﬂﬁ,@%ﬁvm\ﬁ%@%m%%%%%ﬁﬁmlMLﬁ%&@DM%
Q&“LSMMLQ&%%SKWiM%%&Q%%%%&&&ﬂﬁf%%ﬁﬁﬁmum\

2 69 FF AP (OT-H). Q&%%@Km XA AP EERERRNHT, ZAEK
kﬁr%&ﬁ I, BB R LM AE Z FhTr @R TR ST, FR T KA BAR 5 (OT-M)
AR B89 ARG 2 % X—RAABRTFAE N AT AT LRGN XEE, FEE
AR IFFRMAIE TR NS, KU AR R A AT B 269 15 27 S Bt T A AT 69 AR
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REPAKF, BFANIASE _HEHMAEDLHERET, AREEAE I LT R5385%
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SRAERAEIIE T KF A PP T e ok i R AEAE R A9 A 20, AT 3D ENA SR AL T AF X
A PSS AR EN R ST AR AR, HAEE T AR K S A ARARIR A 69 ) 8t
EFIRAZXIEDRFERIIEE LRGN RE, AT, §E3—F KT TH ARFLE
R REACHAE 2 3] X Ao A R AR ARG T IR, AR B FIE B g ey H I35

— 7@, SRR S ERPIELHEMA L — BB ORI R RIFESORBELETRR, K
5069 3D-ENA £ R 27, #AMESEGBEMN IR LR MERK, ML HMLIBIEH
BRE, X—RIAAH Y THEUEL TRIAIRZHARBLGHFME, LB g FFNRT AE
PFIPE A 0 B LEM(AKTF etal, 2009), BT s BT R E BARARE —H AL 4,
et S A RN, B, HFEERLDAMEF D FFHGRT, i A
MRRFTAEHE, RERAFZEIHEFAE, RXEEHFOMEEIIE, 2K ) ars
AT —M AT L AR AT — B RSB IRE, B AET ARSI NF BT Z 08 > 4
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FA RN IAIE T LR ERS, AN FAEARTHEFT T A48T, A TIFMNER, K
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B—F @, RFRIINERR S A AR A IE AR, R A T4 G AR 5 20T 3 B £ 69t
AR ALK, FRERKELFTDETHFROGAE, BFIHEBNNREBEN, ik
BB RARFPIMIFAERBELEE, AR ETFIEORE, I, FREALT
GenAl B AR 693 1EM B ARE BT DI DL KRB (FRZE etal., 2024); X 55 T4 R 249
GenAl 89 E A 5T URAF 3] F A B LR FLEF KM T etal,2025). B, &
SRR TRIRBRTHARLIREEHREFTRARIFRANEHE, FALATFEARIAR
HFEEN L ZHRR . S5 ARG N 2] 5 A& SR B0 ikdn R & A7 5 B &R
T AR E AL, N ARG TR R LB AR B R AR X3 h) Wik de BUOEAE X, 1R
EFEFAATHDHEINMIEN R EELFLER. BN, RTPFAEHFCHRTEGERA =9
& R TGS b, ABRBRAR AT LR R TR LB, ARG BT, XA TS
MiB TG ey 50 X IR, RS ERIEGHRKERE, AR DL ZEMLKE,
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ZHRRBE R AN EWIE, TET BREM A BEG ey X4 R, R DA
FEAEAT L A RARRTIE G TAR R AT B = AT w4 e AT AT R 25 R RO AL F M
FEgENIESR. R, TRTREESEERRAY, AFL LA L R2IRMLAEENH,
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Abstract: This systematic review synthesizes the distribution of Multi-Agent Systems (MAS) studies in education from
2015 to 2025, analyzing 523 peer-reviewed studies preliminarily. The results reveal a significant surge in publications
after 2024 (n = 112 in 2025), possibly driven by the integration of Large Language Models (LLMs) and accessible
agentic frameworks. Higher education dominates the research landscape (61.57%), partly due to its infrastructure and
flexible ethical constraints, while the K-12 and vocational sectors remain underexplored. Pedagogically, MAS
applications centralize subject-specific Knowledge Mastery (n = 128) and Learning Process Optimization (n = 91),
while placing less emphasis on broader 2 1st-century competencies such as collaboration and ethical development. This
study highlights a critical disconnect between technical advancements and holistic educational needs, aiming to provide
a landscape for bridging the gap between MAS innovation and pedagogical effectiveness in the generative Al era.
Keywords: Systematic Literature Review; LLM-based Agents; Multi-Agent Systems; Educational Technology

1. Introduction and Related Work

Multi-Agent Systems (MAS), rooted in distributed artificial intelligence (Al), integrate Agents, Environments,
Interactions, and Organizations (AEIO model) and operate through decentralized cooperation (Hamal et al., 2021).
While early agents relied on symbolic Al or conventional machine learning approaches (Jiang et al., 2024), the
integration of Large Language Models (LLMs) has revolutionized the field. By incorporating LLMs, MAS now benefits
from enhanced collaboration among specialized agents, more sophisticated reasoning capabilities, and dynamic
adaptation to complex environments (Li et al., 2024). These LLM-based MAS surpass the limitations of single-agent
systems, demonstrating remarkable success in addressing complex tasks.

In educational contexts, pedagogical agents (PAs) have been a subject of research since the late 1990s (Martha &
Santoso, 2019; Sikstrom et al., 2022). Earlier review studies mainly focused on specific characteristics of these agents.
Some explored their visual appearance and role design within virtual learning environments (Kim & Baylor, 2016;
Martha & Santoso, 2019), while others examined their communication effectiveness and pedagogical strategies,
particularly in K-12 education settings (Sikstrom et al., 2022; Zhang et al., 2024). These prior works primarily
addressed single-agent systems developed before the emergence of LLMs and thus did not reflect the capabilities or
dynamics introduced by LLM-enhanced multi-agents.

Researchers and educators need to discern emerging trends and develop corresponding strategies to align MAS
innovations with pedagogical priorities by supporting the development of high-order competencies such as critical
thinking, creative problem-solving, collaboration, and metacognitive regulation (Miao & Shiohira, 2024). Emerging
reviews on MAS focused on diversified application scenarios in education (Jiang, 2024) and the framework for
LLM-integrated intelligent multi-agent collaboration in personalized education (Zhao, 2025). However, an overview of
MAS distribution in educational technology remains underexplored. To bridge the gap, this study synthesizes the
distribution of MAS studies in education over the past decade. It aims to identify whether there is a potential shift in
MAS publications in the context of LLM applications in education, examine relevant research across various
educational levels, and assess their alignment with contemporary pedagogical objectives. This study seeks to answer the
following research questions (RQs):

RQ1. How has the volume of publications on MAS in education evolved over the past decade?
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RQ2. How are MAS applications distributed across different educational levels?

RQ3. What are the primary educational goals addressed in MAS research?

2. Methodology

In the searching and screening phase, this study employed a systematic literature review method following
PRISMA guidelines (Page et al., 2021). A comprehensive search was conducted on December 3, 2025, across four
major academic databases (i.e., Web of Science, Scopus, IEEE Xplore, and ACM Digital Library) restricted to
publications from 2015 to 2025. Rounds of iteration resulted the search string: ("multi-agent™" OR "multi agent™" OR
multiagent™ OR "multi-agent system™®" OR "multi agent system™" OR "multiagent system™®" OR "multi-agent systems"
OR "multi agent systems" OR "multiagent systems") AND (education OR student®* OR teacher* OR teaching OR
pedagogy OR pedagogical OR instruction). The initial search yielded 7,626 records. After removing 1,423 duplicates,
79 non-English, 459 non-peer-reviewed (e.g., book chapters), 45 non-retrievable, 134 short papers (<= 5 pages), and
4,963 irrelevant abstracts, the remaining 523 abstract texts. This abstract was conducted to serve as the first screening
round and to inform the subsequent full-text analysis.

In the coding and rating phase, to ensure data validity, the selected article abstracts were evenly assigned to two
independent researchers for coding using the initial analytical frameworks of educational levels and research objectives.
An inductive approach was subsequently adopted to capture publications on MAS in education that lacked a specific
target learner group or learning goal. The initial inter-rater agreement was calculated at 73%. All discrepancies were
subsequently resolved through a consensus discussion involving a third senior researcher, ultimately achieving

agreement on the current classification.

3. Key Findings and Discussion

3.1. Potential LLMs Surge in MAS Research

Research temporal trends were analyzed by publishing year (see Figure 1), revealing a sharp acceleration in
educational MAS research. Publications increased from a stable baseline (2015-2023) to 50 in 2024 and reached 112 in
2025. Related research indicates that authors’ motivations were influenced by the integration of LLMs (Malik et al.,
2024). The increase in publications observed in 2025, rather than immediately after the release of foundational LLM
models in 2023, may be partly explained by a standard academic publication lag in social science disciplines (Bjork &
Solomon, 2013). This surge is further interpreted through emerging agentic frameworks that increased functionality
(Durante et al., 2024), accessible agentic applications that lowered technical barriers (e.g., Coze, Dify), and supportive

policy and post-pandemic education digitalization that provided fertile ground (Holmes & Miao, 2023).

Figure 1 Figure 2
Annual distribution of publications from 2015 to 2025 Distribution of MAS research by educational level

Distribution of Publications by Year
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3.2. The Predominance of Higher Education in MAS Research

Among the 523 reviewed publications, higher education dominates (61.57%), followed by K-12 (10.9%),
cross-level (7.65%), adult (3.06%), and vocational education (2.1%), with 14.72% unspecified (see Figure 2). The
predominance is likely driven by readiness-optimized infrastructure and institutional capacity suitable for research in
higher education (Pedr¢ et al., 2019). Compared to higher education, the smaller K-12 portion might be due to the
restrictive, protectionist safeguards typically required in K-12 settings (Akgun & Greenhow, 2022). Adoption in the
adult and vocational sectors remains limited, underscoring the adaptable MAS’s span across the educational spectrum.
A notable portion of studies with unspecified levels is largely simulation-based or system-design research lacking direct

human involvement, and these will be further analyzed to determine whether they should be excluded from the review.
3.3. Educational Objectives of MAS Research

The educational objectives emerged in seven categories (see Table 1): Knowledge Mastery for subject acquisition,
such as STEM and language learning; Cognitive and Metacognitive Skills for critical thinking and self-regulation;
Ethical and Affective Development for emotional growth; and Social and Collaboration for teamwork. The remaining
categories include Practical Skill Training, Learning Process Optimization for personalization, and Others for technical
studies that lack explicit human evaluation or pedagogical goals. The analysis reveals that Knowledge Mastery (n = 128)
and Learning Process Optimization (n = 91) are the predominant educational goals, indicating that MAS is utilized
primarily for subject-specific content delivery and adaptive tutoring, instead of fostering broader 21st-century
competencies like critical thinking (n = 25) or collaboration (n = 18) (Miao & Shiohira, 2024). The marginal attention to
Ethical and Affective Development (n = 6) highlights a critical gap in addressing contemporary priorities such as
social-emotional learning (OECD, 2021). The high volume of technical studies (n = 231) in the current dataset needs to
be further analyzed or removed to focus on the educational impact of MAS, rather than its technical architecture. This
distribution suggests an imbalance in pedagogical objectives across MAS applications, underscoring more immersive,
human-centered pedagogical goals (Zawacki-Richter et al., 2019).

Table 1
Pedagogical landscapes of MAS

Pedagogical Goals Number Pedagogical Goals Number
Knowledge Mastery 128 Practical Skill Training 24
Cognitive and Metacognitive Skills 25 Learning Process Optimization 91
Ethical and Affective Development 6 Others 231
Social and Collaboration 18

4. Limitation and Future Plan

The limitation in the current study lies mainly in the methodology. First, a preliminary, abstract-level coding may
overlook complex pedagogical objectives or the specific technical nuances of MAS architectures, and may therefore not
be precise. Second, a Cohen’s Kappa coefficient or a percentage agreement of 80% should be established as the
threshold for acceptable consistency, requiring a refined coding framework to ensure inter-rater reliability. Third,
regarding RQ3, some studies exhibited potential pedagogical overlap and necessitated a multi-label coding approach or
theoretical framework for MAS implementation that serves varied instructional goals. Future phases of this review will
include an updated criterion and a full-text synthesis to elucidate MAS innovations and pedagogical functions in
education, focusing on the evolution enabled by LLMs across system architecture, pedagogical configuration, and

empirical impacts on learning outcomes.
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Abstract: This study is grounded in the neurocognitive framework of prediction error, appraisal, curiosity,
exploration(PACE), investigating how middle school students evaluate scientific knowledge gaps in science education
contexts and how this evaluative process influences subsequent exploratory learning behaviors. Specifically, the study
addresses three research questions: (1)How do learners’ uncertainty perception and curiosity intensity change when
encountering scientific knowledge gaps? (2) Whether and under what time cost conditions does curiosity intensity
trigger subsequent exploratory learning decisions? (3) Does prefrontal cortical activity mediate the relationship
between curiosity and exploratory learning decisions as a value-based evaluation mechanism? Theoretically, this
research deepens the understanding of the mechanisms underlying curiosity and learning. Practically, it provides
actionable insights for the design and assessment of inquiry-based learning environments in science education.

Keywords: curiosity; exploratory learning behaviors; fNIRS; science education

1. 31 %

HFEHF R FFAEBRND R EMA R TETY, I HFE I EHFZER TS
(Berland et al., 2016). F 4 A 54 F 4R EM A B Tk K Ao 5552 £ 6945 3 S (Al et al.,
2025); AFRRACEZRMNAAAFERKELA T2 A (Chietal, 2025). A, ILAFL
P %K iEHIRE R A A seiR B A% (Kidron, 2025; Zhou & Moon, 2025), &'V %iz%5
) B iR sk 0 B R G B e T K A S iR 95 A S RIRGIR AR F AT A T
JT 2 AR IR 5] H AR R AT R 89 M 423 /) (Grossnickle, 2016). KEAF &, +F4 Se4s
R 13 &:F K (Korniluk et al., 2025), 3£ 7% 5 3] & A\ (Van Schijndel & Jansen, 2025), *f#4=i24T
125 32 fi# = £ A2 % " (Fandakova & Gruber, 2021). A, ZBELEFIHHEF, FHSHI—
& #EAL N IR & 4T # (Gruber & Ranganath, 2019) « %52 3] H £ & A4t sk 2 B, f242 ) B &
Fa Bl AR M B ARG R B 545 ) oA, Kt 4T 4 =5t 3F £ 5048 % (Lau et al.,
2020) X BLEAR AME BF K RA F I L RMEANF AR, EUAFIBTEIRF I L ETRA L,
FE RT3 £ A G 0 IRAE 5 sk R AEI A TR MEA LSS ik £EX T2 (Polietal., 2024).
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NF ST 40 R K AF 4R 5145 869 F K A8 Z (Grossnickle, 2016), ZIRTITH K A6 X
Go A X T ik dF F 0 o8 0 2 % R R A Jwif 9] A58 X(Kang et al., 2008), 84215 &5
O KA F AT 48, FFRENF Jfitiety#oh, %58 XN B 7474 S e S h{E 5 4
ZABRET EBIEE, BEARAET: —F®, St X K SMHEAKEAHEE, $3
H M ARV R E S ) BARG A A, SHFF I AR QTR RE R X
(Poli et al., 2024); B —7 @, AR RAEEAZWIFHIEDRF I LRI, B X IE4
ARG URAEATH S TN RRGIRELFITA,

AT, RFREREAFHTFH P 5INA R 2050 K, 8 i M@ A5 S iR B3,
FRF A F AT, FE—F P O R TG SRR T R, A
AL BB AT S B AR SRR B S AT A B R AL, A BT HAL T 45 )
R W AT AR EA PR,

2. ZRFREFARY

2.1. PACE Z#HEF

Gruber #= Ranganath (2019) A4y 2ik4e B @42 8 7 PACE 2R, M RMZFLF 069 = £
R HAL B 5 5] HATICE R o ZAERINA, FFA S AR B A TN IR £ TS, 2R £ A
FH TR A5 BIFHS, FRENIEEN B LT — F P L0 H A NE R A% 4% ( Silvia,
2005). KANATEA»t BLE 6 E BN RIR T 5 3] 3445 &ML 53K & s A 69 % &4t H (Gruber &
Ranganath, 2019), % MRIANE &L EIME LT HRIET, K#FARENH, #—F F K8y
28, BIZERT, TR EERRTOERKEORERT, B2 ZWEEF I FHEF
o9 BLAARAE AL Vb 2 B 3209 K040 00 . L ARAEALFRHOMFIRFRET, FHIORAEUR
I TR A RIRGIRE R F DT AGRFL AT, AT A PACE ZRAERAHSHAA,
REFGEFREXEHELTT, §AFRFIFAGTAFLRE O, 54501044
(EREACEY=F- 2 S L D
2.2, AFHSIEEBIFPLENA

PACE 2R ¥ 45, $F3 SipEM &, Barsi-t B E {7 ittE 5 & DIRR AT 4o ir & JLE A8
KOG FAM I £ 45 8, A B N E £ 5 K694 4 O XA EF 4 69 1E A ¥4 2 (Gruber &
Ranganath, 2019). % 4F 3 Qi &M R0, A7 80 vt BUE 69 & A2 38 3% (Gruber et al., 2014), £
ki, SEABRGHREEERAFEFRFFLEFETEL SR FIFEN, SMMATH T R E
(Lateral PFC)#9 4y 2 & 3 & 2 & 38 3%, LPFC A5 7 K & 17 A 89 K A2 3 R (Gruber & Fandakova,
2021; Gruber & Ranganath, 2019); % & & hu T 54 & P F= 1F 4% 13 & B, BE 37 »+ % (orbitofrontal
cortex, OFC) & £ % # & (Korniluk et al., 2025) o £ 53 F P, MR T HEAFIFWEX, 775t
KERELSEORES SATHATRN, Bk, KFFRBILAAT R EEFF I GIRE
RF P RIERBEAER, EAVEEN TR RT3 3HE EMMASIRE R A ST A,
23 FTERRXSEETHRE

WFH IR E R, WETAE T RKeWahHIES), mIERM IS AERZ T (Poli et al.,
2022). ZITAER I IRRBAE A AR EEE), BiEEpF A4, BUANEEFETH
(Murayama, 2022), A XK, —F @, FH S H5REREEAX, FHosks, FIH
IR R FRARE, ARB P R 69K K A8 X 754 (Van Schijndel & Jansen, 2025), 124 54 6945
RATATEF )t R E BRI ARG LR 5] F, 2IEMH LM Z KRS (Komniluk et al.,
2025) B —7 @, WFACEAKE, MAEEFERE. REARAERBOHIKR(Kidd & Hayden,
2015), MR 28 AT B — 2 B 18] 35T JR A A (Bennett et al., 2016; Lau et al., 2020), 12 & & A&
TRIPHIRET A XEAFFOERITAHENIEPT, HKEREARRWIREIT AR
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BT R AL AR SOESKE, RBEERYRESRINFIPTEIFAREERTEXK
FIREZ MR, B, KFRIINTERAMEAFREEZ, FRERRAREAEHT, 4
S IAE R T ARG ATHAL A )6 B0 IR R ST H
24. AR

AR E P NFFH AR EF K AP ) IR T REFTRER, AMTRE T4
S HIREAT AN Z G KX R ALRIA R 515 G AT S K-F 55 5 2 R 6948 X 547,
BV A AL A ARSI I B AT B o 6 SR R T R, LRI HIEERART
R AiEthsh, B, AFFALT PACE Mit4E%, BEAFHFIHE T, K Rikkivs
FE ik, BIRF ) Ems4iRts 0 i 694 O i g 342, 84T A AR Ae AT E et ik B AY 2
EANAGAR, RAEFE FIFH @R R DT A AN . ARG F A4 T

(NF L LA IR b, LE RN R In HIF O 5% B LA A 694127

Q)% £ A AFF S P BT R I AT A 3R, R T ABAATAY B s A R T, A4
R JG IR F M5 3 RO

Q)iFAE M BLAT SR ot BB 894 2 E S R T AE A ML IR, BT S HIREWFE T R
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3. HEF ik

3.1. 884

R FTAK AR E AN BREZ E RN A FERIXT. F—MEdd
Frifdk 0 FEFRF ) HEIMNE LA LML TG EMAITERE, AR @R FFH oI N
AL B RN AR CLHRGAMLE, JIAKERA, FREDEREGH LM
REHUARFGIRERFZIITH.
3.2, F8%A
3.2.1. EBIMEFLHH

R E G A F AT A, U ERBEIF T SHE R, AT CEA-RE R
FARMBFERAEFEX F—N B FHSHF RN B AT EHAF 17 57 7058 XA & (Gruber
etal, 2014) XA AT, MEFESRFHA TR F oA EGeHIE, T4, A-F
A8 KA AR E ). A KKK EZ N (DFF LR R, SR EELE; Q)R L AT B A4
5 K GIF SRR E AT EMIES, MEB: RPN EER Z474? (1=3E%F R 4F3, 7=
FEFIFA); QOMAMNEETRH TR BRI iT ZWIFS, AB: ARFZFAMAGEER S H?
=k F 1, TIEFHT). HMB: WEEF I REMB BLRRENE A S a0
] AR KT (B /MAK), METRR IR E R EER . EMKARKEN: (DREFR®LHF, M H:
ARG RIR T 30 454769t ] iX sk B — F IR KR ? (/F), WikE T F B R FH5F Rt
ANRE; QRMTARE, FHREFIRE, W EI—K 150-200 F M UANEAF S iRt
H, AIRT AR B4 R
32.1. WE#ir5TH

F—M B EARAR: (DFFCRE: QFRTMRIEBIn: Q)R A2 AP
KB Ty B PRI LI o AR R AR, A K IEATA T B A A 4L & & (oxygenated hemoglobin,
HbO)() 5 M. . £z 22 & & % fL(deoxygenated hemoglobin, HbR). % =M £: (NAF#&BFHREZER
RIZF): QIFEERERR I ; B)FE R E SN,
33 FBRESLEHIERE

A BB AL R 6 2 AE M U 4 O i R AR X & R IR I SR AR TR 8) A F 9 (215 NIRS
Revo)o. %X &l id K 445 2 L K 2 9h - = 2 2 40 22 P a9 Bl AL, ROB K i &
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HbO #= HbR 49K & T . H3FTIL Lot Rk K 785 A= 830) 89K A 4 12.5Hz. £ A 492 4x4
B RMRAR, A8 A?i%ﬂ‘tﬁ(sources)ﬁv 8 ANRM & (detectors), A Ta]agla]fah 3 B K,
MR 24 ANiBIE K T AT Pt BB BN A AT Ok E 5K & AT N A 69 X 4 s X (Gruber &
Fandakova, 2021; Gruber & Ranganath, 2019), £/t 5 AR HEBAER S EZ S, 1'4}&#% l I Ji
w4 10-20 A4, umn$h¢%ﬁ% AR AR B B A AT B et R K B 183
Az 6 77 kR A R LB 5N e KR B3 e 6942 B (Singh et al., 2005; Tsuzuk1 et
al., 2007) »

4. FF B

KA B AT AL T R I AR BAR I B, B A A R4 iR BT 708 K AR A 5 iR
BT 89 R B AR R, i R R 29 40 ANROK, FRR SR I Fe iR K P B AR & s A HEAT R éfn%k%;o

5. T—¥ AR I

B BB EAFHFARE R, — KBRS AN R RS W& T IR,
FR R LML RATRR I, HERBMH R TR &R, AL RENETERE,
EREFRETE, FREXER, SERIFBRTRESSN, FHRLTFRLELHES,

BE LK

Ali, F., Wang, Y., Wang, S. J.-W., & Zhu, G. (2025). Triggers of curiosity in social
constructivist classroom discourse. Npj Science of Learning, 10(1), 33.
https://doi.org/10.1038/s41539-025-00330-5

Bennett, D., Bode, S., Brydevall, M., Warren, H., & Murawski, C. (2016). Intrinsic valuation
of information in decision making under uncertainty. PLOS Computational Biology, 12(7),
€1005020. https://doi.org/10.1371/journal.pcbi. 1005020

Berland, L. K., Schwarz, C. V., Krist, C., Kenyon, L., Lo, A. S., & Reiser, B. J. (2016).
Epistemologies in practice: Making scientific practices meaningful for students. Journal of
Research in Science Teaching, 53(7), 1082-1112. https://doi.org/10.1002/tea.21257

Chi, M., He, P., Li, G., & Zheng, C. (2025). Development and validation of an instrument to
investigate secondary school students’ desire to engage in scientific inquiry. International Journal
of Science Education, 1-25. https://doi.org/10.1080/09500693.2025.2546460

Fandakova, Y., & Gruber, M. J. (2021). States of curiosity and interest enhance memory
differently in adolescents and in children. Developmental Science, 24(1), e13005.
https://doi.org/10.1111/desc.13005

Grossnickle, E. M. (2016). Disentangling Curiosity: Dimensionality, Definitions, and
Distinctions from Interest in Educational Contexts. Educational Psychology Review, 28(1), 23-60.
https://doi.org/10.1007/s10648-014-9294-y

Gruber, M. J., & Fandakova, Y. (2021). Curiosity in childhood and adolescence—What can we
learn from the brain. Current Opinion in Behavioral Sciences, 39, 178-184.
https://doi.org/10.1016/j.cobeha.2021.03.031

Gruber, M. J., Gelman, B. D., & Ranganath, C. (2014). States of curiosity modulate
hippocampus-dependent learning via the dopaminergic circuit. Neuron, 8§4(2), 486-496.
https://doi.org/10.1016/j.neuron.2014.08.060

46



GCCCE 2026
FIMNFMATRRAUFALT FH MAPS FHhEA Mg R TRE T

FAEHR K
Construction of the Early MAPS Literacy Model for Top Innovative Talents from the

Perspective of Learning Sciences: An Empirical Study Based on In-depth Interviews

EmL, REL fEZ2 BmAT

'R KFHFFRFIHAFTREE, L7 100871
AT IR REHAFA LI, LR 100029
* jjshang@pku.edu.cn; swwang25@stu.pku.edu.cn

[#&] HRREHAT TR LG ATHF AR EZ DA, GAT T BR R QAT KR Z IR 0T, S
ZHFE, RAHEREA, AFRZRAFIRNFAA, Kikde BRIt B IR R A3 AT F 44542 2L 20
LB ARG R A NI R RIR TR, R EZASATEME MAPS A ABA, REREHS . F
AF K. FEHR, AP EMFIWREERT KB F R, HARERTARKCFAL FHRA, 25k
HiphRELIE K F ERBRMEL, EHOUFTAT 2B LK FAFOHER,

[X#A) FI85: KRUMAL; AP B FR

Abstract: Early identification of top innovative talents is a significant issue in education. Current talent selection in
China still relies on empirical judgment and lacks a scientific and systematic literacy model. From the perspective of
learning sciences, this study identifies early characteristics of top innovative talents from cognitive and non-cognitive
dimensions; it conducts in-depth interviews with 20 middle school students with innovative potential and uses thematic
analysis to construct the MAPS core literacy, which covers four dimensions and ten core literacy including motivational
foundation, academic literacy, practical skills, social impact and leadership. The findings provide a theoretical and
practical basis for the early identification, cultivation, and evaluation of top innovative talents and promote the

transformation of selection from empirical to competency-oriented.

Keywords: Learning sciences, Top innovative talents, Thematic analysis, Core literacy

1.51 %

&x@%kﬁﬁﬁ%%% 5ARE BRF AL, R AR A T I 89483
Mo LATAREK K QAT RFIR BT FINT, SZHAFRAGZFRER, BAFFhmK
PR R ARG R %, EASIMRERH 5AMESR (FET, 2025) .

FAMFELN, FFAEEERE, ABMKRFAT FRFIERME T e 1 3%,
EMEL, LAFRER, AREAZELFFZIHNFEL, LRBTTEINEZHE, RER®
5REEHIF, SRECUNHAT ZHEREONEGERE, ROAAFRERRE—HE
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W, BV BFIAFE LR RMNITAT FTIEFRIREZFTELES, AT T HRAE 497 7
AEZE,
ETFTEAFZTEHNERE, KRR FIAFZNA, ok, dEiAFEE, REHIK
RAVHAT FHAFAE; 8IS 20 L EAE KA HARGPFAEARTRE TR AT, #
Z MAPS IO EAZER AFHRAN S ARBETBRESEEELE,

2.3 3% B Bh R 45 A 3 4

HREHAT RERKZABEGEREEAERERER., TALRAAERIRS TE R KL
FTEAFHEHK (AFFSH, 2023)  FARFHEALLSCHSE, HF FH5iAFeAF 0554
AR, SRIAMINE . FEiNFn HIF B L A0 69 B ARAL A LR 5 S AL, A R AMAE R GIITAF
TR AR T A F 5 ATER (MRA, 2023)

AR AF A F B A XIE, Kikde 5k 5 K4 EARIZR R 013 AT T4
IEo NG, RIEEME L, Tiks3Z8 (Flavell, 1976; Vygotsky, 1978) , #bkdi 3]
At 7). AR, LikkifdE. ST ALAIE B 5 E A M R XA, AR NI,
AT AREEEL, RKACHK, €& ) %K 2t 542 A4 32 (Deci & Ryan, 2000; Hong
etal., 1999; Sternberg & Lubart, 1991) , V3% AAESIA. B KBS, SHEME. 81 AL,
HANMER G BATIMES T 2R

XN ) B AR B GR R RIFTAT FHAFIE, ABEME MAPS B A HREAHE
€T AU B 3 mk,

3.5 5%k
3L.FEERX KRR KERARBARLTEN, AEASHEAZS 27 % (Braun & Clarke,

2006) o EAEELSMIFTIELAP MG A, RESED BARFLHFEZIFTHERESE
# B AR,

32BFLA L AR B, AB T ERREHTFHLE., FREFAERFRES, &
B2 LEARKANFHHERGEFTVFAFRNE. BERBEEMP., 3P RIKFRARFAE, LF
BA 4L, kA 64k, BAKE, B, T4, Al. ALE KB ARIET R 5 HE 5K
P

3.3. M ENME LN BT F MR E T IRICERH, £k K 60 £ 90 H4F, A4EF
& H 4 F LK, £ ] Braun & Clarke (2006) >~ % T B 47k 3T AL, BT 55 X H mag,
CALIERAMREEERE, REARKEBSERER.

4.MAPS FHRERME

ATEAAE T 52 A S AL A AN Fn 5 A i Je 2 L B A 09 R R RIATAT TR, A AT LS
FARMGE R TALFE A, SIEMESERARE, MERLBANAER) HERAANES,
Bk, AFR#E—F LM FIRRATAT GRETRE TAPH, TARAFIERF R
FomEi, EXimAEME, FRELSFIAFEBEREH R B IR, HITEFNRD,
RFEZCHE S, B R EAZAAMNE, REABGRREIA, JIRELRAXKERBYNE,
A 7% MR JZ 5 71 (Motivational Foundation) « 5 3] % 9& (Academic Literacy) - %% # 4 it (Practical
Skills) . #£ &% k5405 /1 (Societal Impact & Leadership) YAN 7 & #2 05 ih 45 K 437 AT A&
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REXENTREOER, FSEEELUAR, MESRKECE, B&ikf S g &KL,
Aikga, FHARALGE, A EFIRG . Q). PFIRAAEMERS . ARIMERA 5
7). AR MEE TR S,

AT LA, FRMET —ANZE MAPS B EABA, Wl | T, RENN AR
SIREGCHELAL, AEEREEAR. MRERKAECE., FWea KiAmmE i KRFA
Az, ERM R KRS BRG], ARG IR INRAA T m . AT PR
FREFR (B—FLHE, 2015) . FAFRLZIESHAF I ENELGARIE, T
NfmiRdE, BEFIRNEFTHXRAARLEWDR RS, HIHNMEARNF ] T4, 5L AT
B RAMKAEERZLE, FASZREIREN GIEE, 2024) . FHRERZEN EAL
AR B IR RO R EBAR. REQIFTAT REBRSGPARARN SR EAESN, EALE
EHE PRGN EHAATIT T ELEBEARE, TRAIKNI D) FE G EINL FERE, 2023) .
A oh HATF A W IA I A, AFRIME 54ATF 7 350 81 37 AAMR A 2% A ) AR
*H4), MBI ATERSE Y, INMAKELTEAELER, BRAREAMES, FAAN
APE S AME %— (B, 2025) . ZWKREFEME L IE, BEHSE, HRHFEX
FREM, AERKAFHAT FIIRANGERRET ZRELE,

e < Wy
0
§oR b\
v« MMPFEEENE ¢
O ER N
< R
N [ # Ik
| p mEEEE TS
AF K R
1 2 &Q MAP IS CH
¥ 0N/ AN
SR
'@ ) &
oz W %3
b % >
2 B 5 W PN
£ w A

B 1 EKELAFTAT MAPS & AR

5.4#8 58T

AFFRETFIAMNFRREFRFIE, REHGOSRENN . FIFH, FHRMAR, £
AR ERF AW REGHERCFTAT ZELEH MAPS s Eh: EB5EUAR. @
HERKBCE, ARINmEARFER, Tk, FHAEAASE, AEFIRS. €S,
Bl RAKIE xS . AIRWAERE S BAIF ) AR AL 2 tMA S TiEie g .

R, TR REFALT R ERHI, K. FEREASNEANE K o942,
XA ARARNE ARG F AR KA X MR R AL IR AR R R TIRE. AFEHRED, K
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HATRICABA, RXABBK . Lkl ARFPIARR KR, ARSI AF 7 & R 2L
BARFIERGIIAT, EHIKRAIAT GIR AR I A0 A e A2 TTHRAES F IR

6.5 5 /5 TR

AR EE— LB, F—, TR METIEA B M, KLEHRE, A~
BEASRLOIAT HEBRFZAGERER, —RAERLLYOBCHE DK, 2,
BR G AP ARSI KA, FRFRRA, TRERMEGE, AEAIRARRAEA. RF
KBGO AT KRB BER. $=, AARAIRERRIL, HALEEREAR,
LRI BN AT, RARTY KA ANAL, RILMEEH, FEoTH
FRIGEAN R, VARAEA 645 b 5 4 i

BE LK
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Effects of Multi-Perspective Reflection Scaffolds Based on Multi-Agent Debate on Preservice

Teachers' Instructional Design Competence

X R
THZ e FRBEARRELA T EERE
2R FHE FIZ

* jiazhu@zjnu.edu.cn
[(H&])] HF TR ARFELRENZOER, RBRATHITERKIAZT F @IEEL 5 REKLT 6 FA,
HBRZ T RREHFREH I IIF, A E—RERS, HARLTRATETSHERHRREGSAARD L
REG. ZARREZHAFRIK, FIAH T OFRAF AT OAFMRIK, 58052 AGHE X0, B
A BRTHITFAFRAK ST LT HE. FHRKR A ZBERRILT, KAEFILT R EE, T8 R R.
HERARE. REFAHRAEF 7@, WHEZFASRATRIF0HhR. BT, LERFEARGATIT A F L E
AR, W LE R KA ZALA SRR B T HIF A R R IR A R, RIFERBR A B R EAKF.
[X4#A]1 ZAfeik: PRt RBXR: Rari

Abstract: Instructional design competence is central to teacher professional development, yet pre-service teachers often
face theory-practice gaps and insufficient reflection support. This study developed a multi-agent debate system
comprising a moderator, learner-centered, and content-centered agent to help teachers examine instructional design
from multiple theoretical perspectives. A three-group quasi-experimental design is planned to evaluate the system's
effects on instructional design knowledge, self-efficacy, lesson plan quality and reflection depth. Initial system
development and small-scale testing have been completed, with early results showing that multi-perspective debate
effectively bridges theory and practice, deepening teachers' understanding and reflection on teaching design.

Keywords: multi-agent systems, instructional design competence, reflection scaffolds, pre-service teacher

A2 B : ALANTHEELEESBEA D BHIRSBEERKIEZRLSBH T L HMIRT R EFIRSFTR AT
A7 (2026C02A1236) « BRAAAFLELE LA A5 inax bR T AT S LA FFWE LA R XK FHEBZ
X B RAE R (625770500 695F 50 o

2. WE

HPRAGAEBEHF AREHFEROBORT, ARERARHF R EEF AT I HE,
HEAF R LGB R AT E AR AR PRI (T2HF, 2025) o Am, HFRTRRHK
IR B P AT S AR FEE, FHTRRF BAR, MBFLeyrR, LA, £X
HIT 5 FHITO AL EFTFNAETHEHRORSEE, PATARTANERTRX TR
BRGHHE FRIT, HARAEBAREEMOE E % 6928 (Berliner, 2001) o A7 4 Jb 5 b7 A%
N EEHITFSE TP R DA BRI R R, SWHITERKZ T PREFGOIEZD
R, P A @A AR BRI, 22742558 aE (&%, 2012) ;
ABRHITN B TGRSR Fo B A E R IERLZE T ARERLS (F4E, 2014) , ¥
BHFR G AL OREELER, EALTAA LG ELRK,
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HREARAIAEEZ Y TFAAKFIOTRX, TRABRI THFHE, HLTRFE

HITL BT RAERAL, PFUELRLEF ERAIMRERS . Ak, AFRFRTET

ZARRARIF RN ZAAR DT EIR, B EAARLEMEF ) EHHANEAMLA Z 10 69 3F

HHEE, BAHIFORAEELE, IHLRANTRARERLE, BAT, AR Tatizh

DEBERN, PR TEA RIS T E A EERNLES, FRLANKELT &R Rt
H T REM KR LT Ko

3. ABA I

2.1. HFEELFIALEFE

NI R AE A TG MEAR R, oA T RS b M A F R F R R IHEH A
F9 R Rim, SAAIEREXKFEZFTFORERNKRSRETHERA, otk £ REM
TR HE (ARFE, 2025) . FAIFRREAMBE LR, HFAEAF G HERTA,
T AR AR KB F R, EETRRNEIFHGIREZLTHE L AR R GME RN
(Blomeke et al., 2022) - LT, ALHFREXF TR RS P % I HHIT09 545 58,
mAE B Rk R, A dF B R £ R BT BT RE S R K,
22. HEFHEHMAKELR

CAARER, SAFRAEALR —FRRETHL, REFRAMEERTEEFREHNK
(Du %, 2023) . X—#HEMF THEADFRARLFTAA FE 5. RAZHRF, dtmE R
KT E—FRR MR, Riy, AAARKZRETRAFTRALA IR, & VKT
KL AR AR L B THRIFELRE 7. RELIFE, SHRITRFEREAANESE
M55 EhAA YL ATE, BARAL A A6 £ FH RN G R B, TR A N T, 3R
FNHITEFNFA A FHFBIL, SmidE il BiE, s LR RS A qih) i R %,

4. R %Rt

AFRAOTFATSMAREIETE, O ANFRK: ZHATRAEK QTR E
A, FAFZPOHFRALEAZRT SHBEANSANRERELR TR ZHR T, BIBEMS
A A FEL 5 FHIT IR S 89 L AR,
3.1. FHEAEEZA

EHATRADEDRAEAE: SHEEFREZSDA, 5| FHANH KRR -Fm
HRBOITIE, RAELT I E VLB KFIFRE,

FAFPOHEARARFAEIHTAHE, REFLCHLE5APAEKRT. AEHR
REB GRS ARF ) IFEFEEN, FRLBEREFAERESEREEZD

AT SR RREE TFARIRRRZNANETHE, FEHFARWARZLEEFFDR
B\ iR MR TR iE, IR B RS R SRR
3.2. BBRAEL

FoGK R Lt huh, SRt ORARE: ZHEAREHEL S
A, QU ERE: ANTREPHINE D ZHES: QREHD: WHMER R 5K ; )
AT IRAELSNE, REHIFLABASE, B 1 ZNT AAANFLH BT,
3.3. BFAEAES

AR MM AR THELIT R, DA EABEKR: Al B LHIRA &5 KA.
HRAER BN RN, SATHEE BERR LIRS 25, WNiERRELR T2
W RNy HHEN EARIBEFEN BN S, HEESTRRERFT ZH R £ KRB EELY
stHiE K
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HR G- ST WA, BEAIARES STHER: igi
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BRI @ |

SR (BEsH)

B 1 %4 e that 5wl B2 RBnih
5. R k5 gt

fk—hu;ﬁ}]%%%k% AR GERE S T) , KFRHRIFRESR, %%iﬁ%&é’z
A BB TR AT IR AT IR S X AL A 0 R A SUAR SRR B AL A e LR Lo R
M, %3"35—*‘%)%3*}1’50
4.1. X3 £
AFARFEANL AR EFITFEERE T BARFZELARKFTER LT LEEFESER
st %, dXIBETIS 25 E5H, MAFHLRAZAARDIRE, FAAR LA
GenAl 3F1& R B 40X =AM A, AR &AM A F=& W 776 b oy L AT,
4.2. FERFE
R B R R R F I, AL 3 AT RATA ., FiA G N6 7 EIRAZ, B 2 BT
To MMME, IALALEZELEZRERERE, TRINTMNELRFRAN T EOERBEAS R
AiX—F PR EHRREETARIMIEREND, ATNE RGNS, & A 10 5
69 A GIFD A S TANE, 2AARZIRUFHKERIEAARLTFRANEZAGSE,
MAEF D HEPOHRAREG AR T SH IR 3488, LMARTARIHES, MiLh
I —Fr 209 AR E R AL, i@ H GenAl AR XK EE 58 ] K2R &
RIS N, TRERE, IASSHA 50 4 AGITH ES5IEE R EIRE. B Y B
TR A 55 ZmBEFIE TR RMK, HFRTARKRERERRRAT AR EXR, Hrm
FhEGY AR A 5 H TR F AT K
4.3. FXLA
KR LEAE R 2 ENE T Efo @ MAIEICE 7k, 580 2R MR 7% B Koh %
(2013) t9& %k, Q.4 15 B EBFMA, & L2559 K e, ?i%ﬂ‘i‘%é‘m,\\ # ikt BN Fe g
SIESATEA G . #HFET A B R E LK% A Holden 5 (2011) WL E, &4 124
ME, KA 7 ELkert £k, RERE PSR AFALART LG E 2R, AEF BARAW
B BEFEHEE., HFRB LR, FAEAPORAIPETENER TS, B4R 04
,5’77\20 o, MR SH IR EIES ffﬂ’;E’FICC B R B A AE SR (RDCS) 7 % B Hatton
& (1995) éﬁa‘sev;*!, KRS AFEEERE (14)  eEERE (24) AdtHH L% (3
f\) EANER. RAHGTAMEE R (SUS) KA Brooke (1996) #94n/E T B P46 R LEX Ko
FEMAITGTRIRE S 5 HFOR RS Fo K F T B E T,
4.4. FESH
TENHKRREREW T Z504, AITMFSAME €, R ZAEKF TR E.
ARARERIESE, HERERRABRESFHATE LN 2R, $5 % L& K A Bonferroni &

iE, FitHE#mE (k123 Cohen'sd) « FHEM7rd@m, RZHEMEA RDCS ER#ITES
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B, FREARR R EA AR, RBRAZA LIERGE SR BRI AI, IR AL
#HTIE

6. MR G T —F 550+ R

AHRT 2025 F 12 A #3F 3 IRATHIFHAT KA, 2 E5EEHARBFRRFF L5
A, DRI ARA AR REF 2R, RAREEF: (1) F%iBd 50 A #
WonH G4 BIRBIHF VTR AT, ARRETZH5RENEE; 2) ALK
AFRNL, R RE S AN R, (3) EBUE L LRERGHET

BeA R BRAT = | a4t Bk, 5K ARBMKA R Ri%T, 4k
WG5S R AT IAE, TEHRAABT, FARTFANL L LSRR R FREEN 3
K, BRAFRFEOFHHFRILT, BETS LBRAHITF) A ZAFRERBRAR, F-EZL
SHFHF R ERFREKFHRTHR. K6, ERIERAAZEGEME, #t—
TR SHRARFRNA AL EEZITFELRAES TR RNES, iR EEE, FAFNSF,
o — 7 Rt e ATl N o R AR ERSEMG], HARTFFRREELRE, AR ER
JEBOHFEER T ENE L) S RK 5RA,

BE LK

T 28, 57N R(2025). AR AT B FAG:AL £ a3 £ 3T B IR UECF 3 F RO R0T 68 ) 69 %
o 5T T S8 K B F AR (GE R FHFHR),(05),42-52.

9 7% #.(2012). 78 FOTERAT R AL F 09 ) 4 3 40 F A 70,33(05),84-89.

3 F R4 .(2025). 8 w38 A TR AR i AR A9 40T TAE: Pk b i 56 wALHF AF
7.,46(07),5-12.
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Berliner, D. C. (2001). Learning about and learning from expert teachers. International journal of
educational research, 35(5), 463-482.

Blomeke, S., Jentsch, A., Ross, N., Kaiser, G., & Konig, J. (2022). Opening up the black box:
Teacher competence, instructional quality, and students’ learning progress. Learning and
Instruction, 79, 101600.

Brooke, J. (1996). SUS-A quick and dirty usability scale. Usability evaluation in industry, 189(194), 4-7.

Du, Y., Li, S., Torralba, A., Tenenbaum, J. B., & Mordatch, I. (2023). Improving factuality and
reasoning in language models through multiagent debate. In Forty-first International Conference
on Machine Learning.

Hatton, N., & Smith, D. (1995). Reflection in teacher education: Towards definition and
implementation. Teaching and Teacher Education, 11(1), 33-49.

Holden, H., & Rada, R. (2011). Understanding the influence of perceived usability and technology
self-efficacy on teachers’ technology acceptance. Journal of research on technology in
education, 43(4), 343-367.

Koh, J. H. L., Chai, C. S., & Tsai, C. C. (2013). Examining practicing teachers’ perceptions of
technological pedagogical content knowledge (TPACK) pathways: A structural equation
modeling approach. Instructional Science, 41(4), 793-809.

54



GCCCE 2026
AT BB T HIFH FAEF R A BREARAFL: REMREL GALF4

T

Empowering Teachers’ Interdisciplinary Instructional Design Competency through

Human-AlI Collaboration: Model Construction and Generative AI Platform Intervention

RAA 2 E33
FIFERFARELFT FIR, k&, 519087;
AT R RX & LFAR, I, 518105
ARIFEKRFHF F, LR, 100875
lilychenferc@163.com

[#H2] Hrh R EA M) 02K, B —RIFTE KISAHFH = m @ik 6935 2 AHL T AL
NHE, AFRIRE T ANMBE GRS 2. ARG HE: (1) ME-NELSAERRAALTR (GAD 4F8
T AR SR AR A AR (ALITPACK) 5 (2) VAR EF A4 GAl F&“BAH =B H Tk, @ik
F I LT BT IR AL HIT AL A R A BRI 53R (3) RAHR—ETH 69 FBAE X R H" K
R HLERAE L A NS BAR . AMR E R T 5 LA F i E K- FZ LT R AT 2, i@ P AL EAD 5,
B AP B K A 2T 95 AL AT Ay 69 AR

[ X433] AILITPACK; ARAAILFA; HFARFRTBES; ANBE; A TRTHFR

Abstract: In response to the national Compulsory Education Curriculum Plan (2022 Edition)'s mandate for
interdisciplinary thematic learning, and to address the critical bottleneck in interdisciplinary instructional design
competency faced by frontline teachers whose professional backgrounds are predominantly rooted in single-discipline
pedagogy, this study proposes a human-Al collaborative empowerment pathway. The research pursues three
interconnected objectives: (1) to construct a teacher interdisciplinary instructional design competency model
(AI-ITPACK) that integrates a Generative Artificial Intelligence (GAI) dimension; (2) to employ a self-developed GAI
platform—the Three-Question Interdisciplinary (TQI) platform—as the intervention vehicle within a quasi-experimental
design, thereby elucidating the specific mechanisms and effects through which it empowers teachers' competency
development; and (3) to ultimately yield a replicable and scalable practice model. This study operationalizes the
"empowerment mechanism" into three measurable mediating variables: the degree of cognitive offloading, the quality
of human-computer interaction, and the level of metacognitive activation. Employing mediation and moderation
analyses, this research aims to unveil the specific pathways through which human-computer collaboration empowers
teachers' interdisciplinary design competence.

Keywords: AI-ITPACK, Generative Al, Interdisciplinary Instructional Design Competency, Human-AI Collaboration,
Design-Based Research

1L.AT &

(L HHFRESTE (2022 FiR) ) FHFH IR ELANEEZR, defT@EHS
FEERIBRFAMELREPAGZ SRR, CRABRREAEGEREE R, Ad, HEATK
AR FHELHE R, —~KFIPAEFTFRX — 2K L1887 2 F 6B FARF LT BT
VAR (XM, 2023) , BEARERNAEL L FA iR B, 638 A RIR T B 5L
BAXIT &M FHEE (FFEE, 2024) . I BEZHEZRH5HITEZRAE N TRL”
Z a6 LEMPME T R, A T S AT IR E Ik 6 IRAR P P oL AR R 694208 R B AL

AMAALFERGAIZERE, AR BRI, RAEFITE L R BT H R KHEZ,
CHFRN T BT T GAl BRI T TR AR B KEF X T ER T @eGH ) (F3#5,2023;
BFE, 2023) o Rin, AAREHEERNAZLHR: L—, ZHARKBTARARARES
BA, LA RABREEEUFER SR ERGR AN, REBRFKFILTZH, 23

55



GCCCE 2026
KEEAMBOEIMLER (ARRF, 2025) ; =, MXAREZEP TIIE GAI T A4
“RERA N, T H TR AR 69 N EIH] ——BP ABID B TAZF BRI e L B 56 ) R
JeitAL— 2 ENG AR (BRE, 2025) o X T GAL AL T35 AL AE A
B9« B RATIT, WXEANTF KA A L T T AR FWGE L5

A RAN BB AR 0 R LG AR IR M- RIS IR A B AR AR, AR AN K AR
FF 5 AR S LT A A 69 BARAE K
QAR T &

A FZABRRAERRNALE R (GAD KA T 5 HF 35 A3 80T AL 77 69 2 AL
5@, AFFRAR TR AN GAR T kb LR, AR, R
3t R AT A ZFGAL 6 09 HIT 5 F AR ST KA ISR B T T K. BTG
VEPH T DBR 53k (B 1 FrR) , H—REFRAHEL S ANRFR T &, AR MRE
ZNFF R R,

RSOOSR NRELT: AL, RO THE-ANELST GAl LEWHITHFZHHKS
R AL ) # AR (AT-ITPACK) o R B T TPACK FTiR i “H KR —FA—#FH = T4,
AR ITPACK f bt K ah b m N5 A S % F 6947 &, AILITPACK 89S #ET: RET
HEHTFEL GAl HER LIy, ABFHRAR I WTER R ET—FTA RGNS
A A, GAL AE AN s B VEAKAE, B RPBT R, FTRAEREBMAES, MARIFRAF
Aot W& 6935 ik de GRE) ; B RTHEER G FEMPIEGIT, IERITAE TN E
BEMILTEHE (TH) ; RAEFEAI & PHEE LA ) QLA TiEA40 5 LR
K (RBA) o T—EMH R ALITPACK R A TRAEA GRS, L2 KRS
AR,

Rk, A EHR. KA ML KL HF L (Understanding by Design, UbD)
FHOHKFTEARBEAFE —BHZFABSTREA (ARESE, 2025) . LKA
RRBE, HaxbEi GeiEd R A, HFRATEERTSY) 5haH GeFsMhiis
H. FERLAINDHN) RS T X, FABERIZTFEMNHITEAEDGRAZE, HUASH
RA##E#® (Distributed Cognition) A B CMEHFAER, ELHikHR E5F KT RS, K
NAB T AN B 691 Al ALH] . RAFRLA9ILL T 4050 24T 5 Rokse 8 £ iRk s it 425
FEHRTAMRAZE, mAPHRTA. TEEIFEMR R AP (Hutchins, 1995) . ZHAE
BT, #IPH5"HH=ZF"FE MR —PMAMIIAI R G GAL K125 3AFm o at, @iT ML
RTEFEFR/AEREILINZIER, AR HHITE L ARG IR, FETa0%
FAE LA, SIER, T4 R469 UbD Z 43 UK B F R 091 X35 LRI 695+ 2
%o, Sl FHRNFHIRZAG BFRAE, X—EBERREASTEMBLIL, PEEHRKF TS
Wit ZHE: FEESEMGY BT, BTG HE, HREMH KRNI R GbdpHi—
PIE— AL 89 35 AF JR 32 A AR

A1 A XBEARAKREE
2.1. #£—#-DBR B3 : BESBLLIGIRFMES I FH R
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A% DBR § £:i@id /GO E. REGIREBRAT, T MEFRLRERLR, HBS A
—Fe RGN RE, AR RRIERAT R E R A,

211 M —: EREAMFE NI ALFLR

B2k, B SURRAT 50 R B BUR LA, 1 RIGER IS FARF XTI  e9 X 25
MG, RAZRIEFMEFBIELZEMIEAR,

RABBRNE S 25 RN, #iF 15-18 (2 E R A 5% M, FRMEOFE: 1) HEFHRARR
AEEHFRABRTEH (4-542) , TELEBBBRAIMEF, FARELEHRARERFTR;
2) PIFEFHHZLITRTRHAR (6-812) , TEAAFULEZHAHFEERET
23, G EIH/ A5 EHAHIRE, FHREZHLEL T, BRREBEAT ISR TSR, #
FTRARGIT:; REMERAFZ LA ERRATERZH TN, 2RRMATER GYE. 7k
2. TRERK) AERRL LR, RAFERPAEZK (W) #EERE, A W>0.5 H p<.05
AR

AT RAHR BH (IFE 2AHF TS ARRA) 5T 7 EiRhEN) .
MG, 34T KA RN KA IS T BAZ 5 K o
212 M B =29 KAEIHMNIRE 5B E AL T

HCHBFZ R FEmE g RGP, RNEBAIGE N EAZ, Ak AR SRR
R o

AR R S BRI RIBR K EFMERN], LI 4-6 L5 G5HIFEHREH), #
RAEAEFHTR (/) . #& GIF/HF) . #RELATN (HMK) EBEAFFRHE,
A HRTEF ® T a9iE AR,

KE 1) AN E: B3-FEE6 AN ITEKEIFTHRETAFI2) NI F2RIE: £
KHPE#TRTESHR T HITA Z BRRE, FERERETFNI3) DAL RIE: £
H$ERG, TR RITIHATFEMNIT L) A RIRIE: AR RE, HAKS
o (SH AT ELR) #HITNE,

A B BRI R G5 R AT E A0 ARBSA KNS 3L M E A4S RALAE SR,
AT BAT A ERIEIT. RE, FRABRIHFEO X IR (W RTEAZEREE) 55
& BEFHERIT AR I HATR A A F RN TR ST, FAKBE=ALIE, AmBTm
& 09 IR AL AL o

AT H—8PEIR R, BPA1F 6 AR AR B AL TR R R AT RS 6 [ AL, A TR
ot F R A R R Z PR AE T IS AR T O T R KA, HEANF
ZBHAR,

2.2. £=—#DBR B3 : MEBLEGBIEMEESHELEE

REPER 0 B AR ARG 69 R AL R A2 ST R R IIE, ot — TR EHIBEBAIHFLE
Bx &,

B AR A RS AT -G M A R IR, B AEFIATAE R, BRT M ERT.

B 5% Gt @i A R M4k, 48354 180-220 & P ) F ABRHIT . IRIE H S A4},
HIH B AT AL 1G0T R, HEPA=ZM, MBETEHER T KT RIFHIT
M HEHATZIOANDN, BRBRFET: E0H XIAFAEET, AN R Lo9iE4E
AT BIAMRIN T TR & SR MW T E . ERmE: ORBELAF LT KA
FE®. RE\EFLREN KL (Berliner, 1988) , #7F )T L5 % F KT A FA4HE X4
FERELGELEZANER: RFHITELERL T ENFHIIRRL, T2 A ZHA R GAI
B ST RIS R il B A EZ A PR NS EAEN; M FHIFT
AE R b2 B 450 e B Jmint, AL F R GIRIMALE £ 5, Mm R It RE 6% /) =iz,
QFHFEF (X/E) AMZLEA AT LTS, TR S A AT £ 400 24 69 54
7R MEAANEGEMES A A EF (Lattuca, 2001) , XTRFHIE L GAI R 34T
A AN ZAAR iR, EmIAT FRARERDE TG GRS F o1
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ABRTENEEANDT 20, BARHRWIEE S £ F3TERGRFRE, FAkTRA%
RAETT AR, 2 MEBETEAECEAPOEERH: HEEFHAFTTAHARATE
7, MAFIAENEE, ZZAGATITPRERRAGAE 5Dk,

FEH: AP IRAEIRZG BEAREH: AF TS FREBEARAHH=F"F&,
AABRFHEREEMIT: (—) “ZF"OAREFHAES S UbD # @ik it =M BRAER,
M FHEFIRIT ORI KK F—FI“NMEELE? 7 5] FHIFIR A A AN B 5 H
Z B 6 RS K IR, R B FATE LA RMER, 2 UbD J "4 AL R "W B,
HFAEFEFiATE GAI 93 #E XKL, MAELSNEHE 24, GAIREBEABMAR LA
BAELIELE 7 ), PHAT IR IR 5 HTA. 5 ZFI“PTIAAIE? »: 3] FH Tkt e oA
F A T IS P AL IR0 R L IR AL 4, AT UbD "4 T A 0 IR AEIE B T L. GAL & T
F PN EL TR, REPEESHFR, RITEESAEFHFRTEITEHENLILT.
FZ A TR 2 7 5 FRIFREAT A P AR REBA BRGGF ) EF /5], HARETNLS B
ARy RAEME S — M. GAl REEBFHEREZ N, HIFHTES,BEERAR . (=) B
BaHerrma. Famat 8-10 B, " A=A F 12 AA“T@E5ANITH, aEF
EHRIFI . F—FTERG AHFEHNELE) , TEEIANBDRGERRL LI,
% 3-6 B AR, T VAN AAETS RARK TR =B 89 T2 RAL, o — 035 524t
HFXt T EME, EFRAFE—RELEHZARE; F 7-10 AASIT S5 WL, &KIFET
+ AR R 3t 7 BHATERSIT, FEARAARRZIOHES LR ER AT/, (=) #
FAEFEFHERLI 7 XN: HIFBTARESHIEIES GAIRE, FERE=ZLXLEHLIR
TEMK, FEBEANEEANLERXELDE, FELAERTRRLIZ MR, ZRHFAE
BREITER B R4 R FIER, ARHETAIR D, B AT RS TFZELIE,

HAEAE: 1) AT, B &R (RIFHFARF LT RE S AR R) SiTmE, 2) &
AEPEHIE: KERREAETS LA EAZA S, 3) SRBHIE: KEMALSHITY
RAHFE T T E, B 23 L RFHERDEIFNINNER, KIE GLFEt 7 R0 A)
BT H RS, FE s E I — A (e AMERHICC) . 4) RBANERIE: £
FHLERG, NEFEFERIF;HITHITEEDEFTE, AWFEAERSLERETEHRA,

HEMHAITR: 1) ZREEE: RAWMT E0H, FaUEMEANTE, BB =104
BMMAEN BEFZETHTERP LERGTHEERSFEE R, 2) PG K50 IR A
FIORAELA T EGPALIET S, 2RO OileHELE BaEs5rseF inek
1F Rt Temg R BINE AT ESE) - QANRER® GRiEFS6 8 & FRTEERIUL.
BITREFITAAREN) ; QURmEERT GEEA FBEmD T o X hizE RS M5
EMEERIE) , THEw@ET ERPANTE GARFFEALE. REM=. TikmK-F) 1F
ATHREE (BFEHEFRIBENFrERFRITTERERS) . FHZOLLAEE
(FREA: FRE/FB— B ) >FPNEE GAHEEE/XLRE/LiLeKF) —
REw (BEHARAZ/TEREED) WEEAZEA, HK R Bootstrap F /M Ib A LK 74
BT RTIEIE, 3) AT RS KA B ENT, BIEFITARAFIENT LR P AR 2
R TAER. 4) AT AHAEE RN KIS EPNMREAERLA, K642 0 E44E (R
TR ERS . FESITHA, FEEAFKYSF) ANTPANATEMNE, HaTEN £ AT
AR, VAR AR BADENE 89 4T A4 Ko
23. FERERESHE

AR FIA S ERTEFRA LN MR RXAE, T4, BEAGSHA, FEZPH
WmER TR, AREFARFTELLEHERE., TAKENFIE. XK, ITAHRIEHHT A
RAAEIE, R T RF RS, FEEE. @R A ERRE T, SHENR, = A LiL,
AR #0915 3 B A Aot iy 5 13 B AR Y, R KRR ayFhs =g,
3AMBF TR S M R E
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AAFR B TR AR AA LA 68K HITI5 F A F 0T I ) S hd 536 2. R E B
AT, AR IAVEEREELTIANF TR, CEmP - e mt s T AME FAH,
FFTHBMEFNT H R IERBHE KT/, LMK, A6 XE S TR IL 0 H A
Faf &%, BANAALFEHFEE P HITRS F R0 FIERIE S WA B AR,
3.1. F—HK: BEGEEHESHFELLTFL

AU BLE A ZA I = A ek, & 5 M EaRS Al & 509 HIT 5 A 30T et
7 6988 A ML A (AT-ITPACK) #9408 B 4R
3.2. WELAEMESFX

A F LA A28 AILITPACK A, #F % B Al Est NBLEN & T A6 £ 505 IiEYr
o

EAFTHEFELDCANE S DATFTE, TR IR P NFRHITHEFTHKR
HRAR. Wk ANETRANELRARANEALRGTHFE—RIER, ARAEEARMRERE G
EE L, AHERE R LA RIATO R RN B .
3.3 F—#H%

HRIAE &R K RAERBTRERED T oA L (FH A AE>150) .
3.4 i

g2 EPTR, KPR B AT LR T MU B 4, Bradidig RIEE, MEHBE
TEA & E NI —B M ALITPACK 35 A8 F 0T e ) WA, Sa7, ARELR
T2 TEFRGMIENE, M ERTEm—ANEW . 2 LELE RIFH AT % 9L AE
R, HEBLAT DBRIEXFRFIEFAR, BpSA=F-F6 6Tt 5k E,

B Lk

M. (2023). HIFHBFHARFRAGXEEFT HEMNBEAERNTL— R TREFT LT &,
AHEFRZ, 52(8), 70-86.

T3, L, TRAE (2023). HRARAT R T OB FHFEI: AA, REZH, FRENS5HL
B IR EEF K, 33(2),24-32.

KA. (2022). HAH X TOPALSHE RAL T FARALIRAE (2022 FHR) 49ilfe. B A
https://www.gov.cn/zhengce/zhengceku/2022-04/21/content 5686535.htm

PR, ATE, R, 5 (2023). ARXALFRGOKXTEAEREP— ¥ ChatGPT 2%
A P EZAERKF, (4),24-31+51.

B, BER, BAEE. (2025). ARIAALFRIKERKS LT TR, TERRE FK
#F A%, 31(1), 61-72.

B, WF R, RFAF, F.(2025). GenAl WAL # T AL # £ R 93E %
R Re-F S A AR E KR, 35(7), 54-63.

EEE BRR, AEE, ¥.(2024). A THIRARGHITHFZ AP FHREAF T, AKLZIE
AHF, (6),3-15.

B

AR % 2 B 3H A FALRRA A R KA LR AR 35 = 9] AL 20T 35 2 A3 5380 9 o
7% (EHA240435) ¥ .,
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MERLFTRRTERIAAIFTRATABREILER? AT 2T REREAER

B 09 L HT
How Does Generative Artificial Intelligence Affect Learning Outcomes in Higher Education?

A Meta-Analysis of 27 Experimental and Quasi-Experimental Studies

EARBT E1H
REXFHEFFIR
hbujiaweiwang@163.com

[#H&] A5 HENERRALR R (GenAD THE G LM “INFnsp BRIE, HFR G £ZF GenAl 3 &%
HEFIERGYARAR 5 AARKRAASM Tk, AN2TAREBEEERF R, LksF, £ 5L
RMKXLERBR TR . GenAl BAREFERIFILER, B RGHEKBFH; LI FRAERKHEH RN
R, MERZPGARE. KPFTM (S48) . BFRIFEIRBREAA SRR A FHITS LKA
et AREREARTEEN @ DB, ARB N iy 57 R

[X#A]) A RXALRR; Nodpd: FILER; THOW: HFIE
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”.
Keywords: Generative Artificial Intelligence (GenAl); Cognitive Offloading; Learning Outcomes; Meta-analysis;

Instructional Scaffolding
1L.31%

A& ChatGPT AR & 694 R XA L4 A (Generative Artificial Intelligence, GenAl) K&
BNBEHEF, FIF P Tl L EAMALER (Zhang,2025) . MR TFHAHF LT
£, GenAl RARREAT &%, B4 midE, TR F 7 XABENMNEELHESF )
id42 (Villar-Onrubia et al.,2025) . Z£H X T, A%e#p# (Cognitive offloading) A% H &
N2 &K GenAl B iNs TRk RALEIES Gk, BEM S FEFIHK o XM
BEHEEESEXEATILESL AR, #twAR“A%mii%” (Kosmyna et al.2025; Risko et al.,2
016) o FHHH MMEITF V) T BARMBI BT M IS SR E & oh, ARG AR 3 F 200 89 IR
™ & 55 (Soderstrom et al.,2015).

43t GenAl 895 3 &R, BRA SFIEaF 245 L2 L8 ¥ 9% (Bastani et al.,2025; Kest
in et al,2025) , XRTFHISE LA & AN FHRMME, RELMTA RS AHIEITT Ge
nAl 352 4 52 5] & oY SR (Wang et al.,2025) , 12X 550 % R E TR 48169 =
AR, HARERF—EH—ERF L LRXLN N mERER Lt iTmpiate, ik, AN
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HEZATRARADEFLIENMNGAR S Hlde, SXEZFEBRTRE, BXZ
ME RSN T ; WS LAEARZARIT R, W £ TR R A e T
AL A K B (Soderstrom et al.,2015;Deng et al.,2025),
gz b REBTRAGENLGE AL, BF GenAl 33 A a9 A R 45 K& X E], Al
Fafi 55709 B IF AR £ B 09iE 4R . AT B AR A AT S AL : (1)GenAl AN A
MEHFFIERGEBARMK L 4o fT? LA, T4 HERENKEZANLERER LGRS K
52 AEAEER? () FAEE., AHNFIEES L I RIER G B2 FMEEA &AM
BN MEEHRM ALK, RRRRIE?

2. #RERH

B& GenAl REHBNGFHE, AARTABMNFE I Z WO iNFom Tidd, SAFRAE
2% GenAl 3] AR MFN F N, T2 RETHE XL RMES TERMA T L% KT A
#” (Bastani et al. 2025;Risko et al.,2016) . —7 @, ERXEARMAFEESRZ, GenAl &
MRiNen L3, B—H @, BAREPRBNE %R, WTRSREAXEHEH, £F3
M GBI R, AU A SIS AL /) RALR M+ 44 (Kestin et al,
2025) o Bk, FEHE ML) IPAE RAZARE — G BPB Gy, W fRAF. A HAER MK F LR E
8945 R BB,

RAGUEIMFIEF LM ABT GenAl 553 R Iy Ew KBk, 240X L85 EEHF R
M (Wang et al.,, 2025) » A XENE, AA ;I EBRBERIR FMEE, 128 EEN
FRRFIRXER, KERANRT LRI, FHEKAHF P EF SN i 5K
% & LR TE 3 AL o

BHE BB A LR R Z S, FAEAF A GenAl 5 2) 803 #9305 78 200 B3 69 M,
%%%'ﬁé&i&*&qﬁgi%qa‘—#%;iéﬁﬂ)}i{%'{*o )i{%'%;#lzﬂ:%;'ﬂ@(@] GenAl ﬁ%ﬁ@j&%’ﬂ‘ﬂ]’"ﬂ‘j‘#}]
EILRMF R, 2L EFARENAHRFARTHIL (Wu et al, 2025) . AAEEX
B, EHREZEFPEGBAIEY, FIAXEHENREZABBARL, EmHBEHN 5%
B KB SEIRAE P 69 & IL (Bastani et al.,2025) ; AR, HAFLEHEETRNG I EXAIHF
W & A A FAR e iR 69 K B WAL (Nelson et al,2023) o #bdb, T K, EH5 L RHERLF]
RREHFRFEBOES, LIRTARLROE— DL, KAV, &4 @ GenAl 4
HEME, F2FARANAFRBY LA HLGATEE,

A, RARRPORBAREGTRREIAAZKRATEL, L—, FIARERIE, £
ARHET, HITORF 4] FAATE S A0 AL 1E A B LR BIEEZTER, Kbk
KR Jin R Bt e it, L=, MH4E, METHALALBERAABRGEE, RAE
%, A&, SHESFROEFIFHTEETY, EnABHERORI IS L=, B
WA, B&EF AL L RA T ERBER L RIS b, T E R REAR R M AR A,
BERTFAMAGHERERE, 2 EHE, KRR RS, T84 R4 5 & RN KRG
R BSIFEaAR, HAAT LR REAMEATESHDAER, §AEBISNES, RA
B EREP I R I, GenAl 5 5 208 K & F R M 89 M 2 L)

35 7R+
3.1 HERK
AF L#FR, ARG PRISMA ER & Z %k, BHEGEERE A 2022 4 1

1 HAZE2025 F 12 A AEMFAZEEZH LT TN, ¥BEHIEEOIE Web of Science. Pub

Med. ERIC % 3| L 55 #+% 5| $ 4% %, AR ElsevierScienceDirect. Taylor & Francis. Sprin
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ger Nature Link % i hk B #0438 & . 42 & #] B] X 4273 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 # /74 % o
I, KRR EHENANTF RO LFE LRI TDH, AL HAER RO R ETIET T

AR R LIRAZ LA 1. WA EIRIT 893 KLk, &AL, MEHXMEAMGF, HRE LT
F. AFERHFRELR EATAIRAARL 532 F, AN 232 BHANT—%., #—FHEFALELER
SR AR R 4EE AESRIE B ARRE 5 AT R, VAR it RFEALAT B AR S IRt 56 F,
& 188 Ho AXHFEMBIRBAS;AT AT ERKHR I ERTRI, XA L ZHEXIMF
AEEEAKRE 132 B, RE 56 K. MERTAR—RMEHEE, BIRTRHA GenAl T K

S5 R ALY, mA&MN 2T BIFIE L,
EN G D s

B 1 L#AE & 5 MNRAL
3.2. X#tm4

T AT AR G AL Y 5 QL AE RS AFAE . MAHAFAE . R EAFAE R AT A5 W9/ NM%0 O 2
AR ZF ) FB(FRERTE., EXAE. BRRE). THEHK (<1 A, 1~4 A, >4
B 5357 X (A2RE. LT3 F/BFRILF) ; AR S SR AFHA
AR, EH N (RHE/RHRESFRER/SHMES) PERAREEE (ALK, K
AR, FEREAER) ; REFMEBEX LA G, FH). REZRFEEERE., LRXA)F
B A 4 B (45 R B BTRARAR); Rtk & LdktEE R 0. FAZ 5588 a
K. NARTI; RGN EERE, AR ABRARL M, B 5%RESH 3T AL
Ay 5 B LARBAT R, BB T ERDIER, BB LA KT REXBD., Rl
— B VA Kappa Z #OF4E, K=0.88, £A—HMRIF; S HEREIBEHAER—E,
3.3. FXZ*

AR R S 75 %, 1£ B Comprehensive Meta Analysis 3.7 3% &FF. A&, AN
MR 27 B L#k P RBARX Rt . KRG, THEESF A, RIESHZZIEHFE GenAl
N HEHEFFAEFITRBENEARK AL, BN R EITRERERR, RE, 3T
AN RLARLE, e rhtkiF i e, T RGAER MK R G ANT EE. AR 27T BAEA
AR P ARE 105 AR AE. soh, AHRMEREALG Rivh, AF AL R Lo A7 HEMR 3k — AT
KOG T RHATH 5. BiZAR, SAT Lo F A EF T L.

A REFR
4.1 XEBHFEESLFFMLEE
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REMGABATEREFOARBIAEENTH LI EHHMAELGINE, XTRFELS
MEKEFOHERAET AT HERA R LRGN, KK R KA. Egger &= =24
AR K %o ZREAT T ik, AN L E AT 47 617 45 (Borenstein,2021), @i % EiE4 3
AR RN, THoWEREARSAEN, REEZETRE GG, REAMAELRTBAETY
DHERER CRFP T BAMBIENFARE, 284 X889 Egger &AM =34 F 2 RARIE t
{£=0.520, pl1=0.302,p2=0.604,t {5<1.96 E p2>0.05, VL9 G & K K E ey -T e teE ),

Funnel Plot of Standard Error by Hedges's g
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s 5 % o
031 / o C @

700 o o @0

K2 /”+HE
4.2. EHRHE TGRS )H

AR RTHERK SR ERE | I T. FRABEEREZER T, AN 105 MR ZE L F
zZ W GESEILFGFRE (Q=795.735, p<0.001,=86.930%) . iX % & ik 86.93%4) 3 &
EERRBRTHRLBFEAFIES TR RXGALEEZF, MAFLGWIFRE, £T, AR
K AR 2 AR (Random-effects model) *+4&5F % 2 & #7441+,

BT L, GenAl 35 5] 28 RO EARLHE A B L &Rt FEXL Lagfa i, (2L 2R
g g At A (g=0.267,p<0.001) o FBt, WM& PEABTTZFARE T EAELELED
WK A, &Y GenAl 89 R IREFME & BRM TR AR5, Z—8HIEh B 8FRA
TARE S #H—FIRHE RS IERR R BRI F FERE T BEGETF A,

k1 BRZEARER

95%CI i 5+ AR B
TR | LR | Z4 | P | Q af | p e
B30 | 105 | 0.245 | 0.209 | 0.282 | 12.074 | 0.000
AL | 105 | 0.267 | 0.162 | 0.371 | 4.992 | 0.000

A — AT GenAl MR AR EARAEE LW EF, AFXHHNFILERE5T
ARTERTT FHEMI (k2 7)) o BARA®E, GenAl MR&FR 4. T4 KGR H
ARG (ks R FT) BA R E R, RARRMNERSG., FAHREEEFILAEE L
AR B R A, HI, SHERTENFRAEALREE L PAKS, 2NXLELETR
R G AR KB, E—096 58 RE AT 2R &35 50 EFE 2o

FILRBREPHERMKG B E . £ihFE R E®, GenAl A4RH R4 (g=0.338)
Bt msr (g=0.381) ¥ AR L FWEMREER, LFHANRFRAELE FRFFRL Q(
8)=172.994; it#% &4 Q(37)=268.981) . AKX T, MERMZX KRG E&H 3 Kkik T FKF
(g=0.053) , AERRAHAARELFRHEEE (Q16)=65270) o X AHNHLH, GenAl I
N RGBT RS HFHEF W HE, HALE K IR RN E P LN A 69 BARKE 3

HAEMBARKERFEHBERMERFR. 2553422, GenAl k& I EZAL
FOMi e (g=-0.411) , 2R FAHEEE (Q4)=16.511) . EFZFRMELRTHE
5 AR5 IR EF. 4 GenAl B 95A A0 ML 2BEAR, TRERMKEIEWAL
RFT; RZ, HHZLBHHFIF, FIHEERANES A ML RITM Y 3 L X A9 IF3RA

A k g

795.735 | 104 | 0.000 | 86.930
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%2 177 (Bastani et al.,2025) . R i, GenAl 2 F#4 T F It (g=0.347) , 12ixI54789
FRER LT &1z (Q20)=162.909) . X &M, A FTH R & HES5MEAM T k404
NI S, EHREITFREIRPTFRTREHEUABLONEI TR, REATHTHEL
B 5L 3 o

ETFILE5EEHERE, ETRaARKEL )V HEFRNEIT, SATiEEHLELH
il AatE ey Bk b, 26 ERERETI, GenAl HZFHBEFIXRNOHMEINE R EH
Y B HBRE BRI REE . FPITMRFESESB/ITERF ERY, mERMNBK AL
Wa, TAEMKEBEAERT SN LA R E, 242 MR ERfAEME. I, ETH
Wby PAEFREPIE, XN PR ARIFIREZ, mAH R IREN R AR R FHAT
R IARALGLEFTRATRLEEHZAT I ®, BPEEE—FIITAHFEIER, M
BtE 5 B AFIE AL A5 A EAT4E GenAl 694380 & I 4o A 3540 A K AR 09452 3 15

22 RESHBER

95%CI % SR MEAR B
TR | EFR | Z4E | P4 | Q |df| P V)
iNFm QT 5 |-04111 -0.786 | -0.035 | -2.144 | 0.032 | 16.511 4 10.002 | 75.774
FALHE 2 1 0.652 | -0.682 | 1.986 | 0.958 | 0.652 | 17.070 1 | 0.000 | 94.142
3 FH 20 | 0.347 | 0.069 | 0.626 | 2.446 | 0.014 | 162.909 | 19 | 0.000 | 88.337
FIHEER 4 | 0.058 | -0.218 | 0.333 | 0.409 | 0.682 | 8.148 3 10.043 | 63.180
PR % S 19| 0.338 | 0.098 | 0.579 | 2.763 | 0.006 | 172.994 | 18 | 0.000 | 89.595
A R G 38 | 0.381 | 0.212 | 0.550 | 4.420 | 0.000 | 268.981 | 37 | 0.000 | 86.244
MR MR ARG | 17 | 0.053 | -0.177 | 0.284 | 0.452 | 0.652 | 65.270 | 16 | 0.000 | 75.487
43. FRATEESNFLFITERGEH %
4.3.1. BHLTBLERBGBTHE I : TR KEG LR F4XRER

RAEIBERE TR KREIN FHTRGEF AT, THATONERET, GenAl i #
RO R EETH THEHFEHNZARAT (ki 3 Hxw) . Athms, T
KEME R FeGmn £ F (Qp=13.742,p=0.001) . @AM (VT 1 B) ki = AEELaiT
#iE, PHAN (1 24 8) AR BEAHEGEERLZRBHBEHEEE (g=0.272,p=0.090) ,
BAKBANN (KT 4 B) A HRATIEFHRETRAEAEEE (g=0.503,p<0.001) . Xk
BITAS AL ) 0T R B IR MAF S ] RIT R SR 555 0 AbLs, e TEENT R
AR AR R G5 HHE R AR o o, Sl G F XN EBARTEAZELEGATHERA (Q
B=14.605,p<0.001) o ZHJF3| FRBIFREFHFMHT, TBAGEAEF ExT (g=0.449) ,
MAERZIPEG D TIREFMAT, AENER RGELREHE (g=-0.171) o X —3F b £ 55,
A E N M TP A RRAE TR K. RASFIHFREFRAGESERK, L
FEMRTE L L H0, GenAl 94k + TR AL LG EM, tmREHTH
WHRE R, MFEENA, FIRK, FHMBRAESFIFEFALTEAR AL E SO
M £ F. TN TFUHANNTARKERY LG8k, IHREERRAEFETL
RPAER, BEFRXE BT KHFAZ IR A AR 7 F 3 XL H AL R T @ER,
% 3 GenAl L4555t 6918 1 82 5 A7

HREE | K| g

. . R 95%ClI it 48 1) 5% AR
—RME | ZRERE | ATEESE | K
& v [rm|zm [P Q

) . FIE IR 7 10277 | -0.118 | 0.673 | 1.375 | 0.169

7853 %3] R QB=2.099
, 5 VX785 3 10.135 | -0.232 | 0.503 | 0.721 | 0471

e 785 — P=0350
ARRE 28 | 0.437 | 0.227 | 0.646 | 4.088 | 0.000
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<1/ 5 | -1.101 | -0327 | 0.125 | -0.878 | 0.380
T QB-13.742
1~4 /& 6 | 0272 | -0.042 | 0.585 | 1.696 | 0.090
ik P=0.001
>4 Jg 27| 0503 | 0274 | 0.731 | 4312 | 0.000
BiiEE | 4 |-0.171 | -0432 | 0.091 | -1.278 | 0.201
HE Py QB-14.605
7 X, ‘ 34 | 0.449 | 0.269 | 0.629 | 4.879 | 0.000 | P=o.000
g B 5
A a4 [ 12] 0288 | 0.022 | 0.001 | 1.965 | 0.049 | Qbeoses
AT, AscitA |26 0425 | 0011 | 0217 | 4015 | 0.000 | P=ous:
i M4 | BR/RMES | 1| 0311 | -0.137 | 0.759 | 1.360 | 0.174 | Qs-ooss
"l mzr | maisMmES | 37] 0384 | 0211 | 0.556 | 4346 | 0.000 | P=oser
HAE - : -
AR SAAR |30 0359 | 0182 | 0.537 | 3.969 | 0.000 0
M | RaA& | 7] 0494 |-0.126 | 1114 | 1.561 | 0.118 :0.225
£R | SMAAR | 1| 0311 |-0137]0759 | 1360 |0.174|
x5 B 7 1 0.156 | -0.278 | 0.590 | 0.705 | 0.481 | Qp-131s
fi e e 31| 0433 | 0246 | 0.619 | 4.550 | 0.000 | P=o2s:
%5 | %E ] 11| 0226 | -0.049 | 0.501 | 1.610 | 0.107 | Qbo1sas
MAE | R R 27| 0.445 | 0.236 | 0.655 | 4.169 | 0.000 | P=o0213
Bk SERRM | 2| 0014 | -0.474 | 0501 | 0.055 | 0.956 | Qp-ries
¥mE | BREE | 36| 0403 | 0226 | 0.580 | 4.450 | 0.000 | P=oia

4.3.2. ZRMALERIGH T AL : 5| F7KEKZIR#MAH X FA

At RMR R (Gek 4 i) , BREREFRRE ARG T FILE, AT,
BRTIHFHTAEX LRI MALETF AN £ F (Qe=9.871,p=0.002) . BthmT, AsHZ
M EFREATLERALLNESHT, 2RMKEARLEEFY A a0z (g=-0.680)
M ELEIRERIPAEINFOERT, o EkEtEENEGEAZXEFEF (g=0.102) . X
F 9 GenAl AN KOG RP BT 38 5 & KBS SEM 2 b A AR KA R B, KB0kH a9t b4
HARABBRMTAAR ARG RANFGHREFIEREORERTS g R BT,
& 4 GenAl ¥ if A% s 4t 698 9 20 547

X . . 95%CI 3t 48 1) 5 AR
— ol | —HBgE | ATEENE | k
= = 7 ¢ I vm | rm |z | pia Q

. FIFERSE | 2 | 0.161 | -0.587 | 0.909 | 0.423 | 0.672
7] — QB=5.048

) T &R 1 | 0.654 | 0.141 | 1.167 | 2.500 | 0.012
R ——— P=0.080

ARy 14 | -0.000 | -0.252 | 0.252 | -0.003 | 0.998

i <13 4 | 0222 |-0.265| 0.708 | 0.893 | 0.372
785 F# QB=0.754

) 1~4 & 4 | 0.064 | -0.614 | 0.742 | 0.184 | 0.854
rignd ik P=0.686

>4 J3) 9 | -0.027 | -0.312 | 0.258 | -0.186 | 0.852

AERE 1 | -0.680 | -1.114 | -0.247 | -3.076 | 0.002
RS Py QB=9.871
7 X ) 16 | 0.102 | -0.122 | 0.325 | 0.890 | 0.373 | P=0.002

g e &t

FA+ B R FA — QB=0.000
At AR, A A4 17 | 0.053 | -0.177 | 0.284 | 0.452 | 0.652 | P=1.000
rignd PEE S WE/RAMAES | 2 | 0.086 | -1.008 | 1.180 | 0.154 | 0.878 | QB=0.004
BB | B4/5M4E4 | 15] 0.051 | -0.189 | 0.291 | 0.417 | 0.677 | P=0.951
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% 4 GenAl M LA R E AT o4 (42)

. izii 16 | 0017 | -0217 \_0.251 | 0.142 | 0.887 B0l

R s an | 1] 0654 | 0141 | 1167 | 2500 [ooi2 | | 0%

x5 sh# | 6 | 0140 | 0322 | 0.601 | 0594 | 0.552 | QB=0.261

e #4 |11 0002 | -0254 | 0258 | 0.017 | 0986 | P=0.609

%A| %E #RE | 1] -0.680 [ -1.114 | 0247 [ -3.076 | 0.002 | QB=9.871
gepr | A | xxa |16 0002 [-0122] 0325 | 0890 | 0373 | P=0.002
)%y 25 R Bt — QB=0.000
Hrem | BRRsE |17 0053 | -0.177 | 0284 | 0452 | 0.652 | P=1.000

5.4#® 58

5.1. FFE %

ARG M EREY, GenAl 33 FHH F LR ERLZINL F208 B IRA 09 E 4L
HER. Am, B AR IEFHABT T %202 B A MR 69 SR B .

B ERGEZE ML, BRI E AR KRKITF. AeE X5 &, GenAl £
T B A R AT LA RN, (2R N KBRS F RS R F L EAZ XA HAR
Bo K —LERFIET FAMFZILE, PRRKETOHEAFRFR TAEEGINI A
f(Soderstrom et al.,2015;Deng et al.,2025), H i3, 2 50 5 % 5 F X4 T 4248 T B304
BRI, BRI HFENERANEREELSRBRANTVCNAL, I TT @, GenAl RE R
FEMKING R RITF IS, 2505 5K 5B EEIFAREHAE L, RALERK
LR EMTHTESEN ERERESEE6R 4.

BT L, KEBOKERBARY R AL H L. AT HAIEE, THERG G
ERFGN RIS, BIAMNEAG mfa it s, mAad 4 Bag KT aEds
G0 BRI BEE T AR FNE TS, A, 57 X228k HATER. &
Tl F 5 FRIBZAHTHISELEREAIERT A ZRE, LARF B KAE R L
RIS PR B A NF T B NERE T, F2H/ENR, T EARARTFER
FEXRTEHEANTFHAELRE, RuMEEIELH GenAl R &I HIE LT EE M, 42 AT,
GenAl AR FH A T kAP ATR, REZRHALETARS TR, SR
Gl F AR A G TR F R 2 HF T RMZ A,

5.2. FXRB T

A HLEE N Fo #7 B G F R A SR ALBE R, GenAl IRAEH S B ML 409« T B4E N4 9 &
GALEHLHRIT?, ARAETEMARBERING 55 TR F. RIEL LB Ne
Ison,2023; Bjork et al.,2020), Z 5% &2 5 k%) GenAl“mk se L 76948 AL %, B A
BRLEEAFRENEF I RAREN 215 GenAl 53] A % 4 A AHA IR X8 7]
BT F M RN B, BBERE F I H OB S5 E K, FIRERTERENL
ARSI EAE, BIE, A& EKIALZEAURBE K69 TS (Fan et al.,2025), T#i%
EGMR TR BN R SRR, KT F e mk B X, B A R RS R BT
H AR B AT RALBG IR IZ, @it ikfe T A RIE, T H T RMINEA
I 1) B &I 69 % B AAATKINSON R K,2003;Ryan et al.,2000).

BN R G ZHREME G, HPRERE W E A A APLEBP I & LAY 3 R 5 B AR
FIRHMER:, ETE - EFORSSZHFEENFIHXER, ALEHEWYR R
FHE I MEE o BIFFANPEE S SR EEZEHEGR N, TEE T X E55%
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WIEAR S T /3T A5 R 7] 69 R 04, ARE 5 ) H R A E WA RAE &, 4B 47 503k

3] 43 A8 /) 9 & #E k (Bastani et al.,2025). O, TE AN FRFIFALBFTR

T B, 5] R ZARM 55O 3T A AR iR (Pierce et al.,,2001). Hit, #4585 A

BZECAH EF, WA GIEAT, RIEEGFE 5 B MBS 29 R HLH| (Chatzichristofi

5,2026; Iranmanesh,2026), #tk 5 3] & EiERPIBT 5 R AR FOPRA — B HIR, B gFR
JBAm TRy AR HL, A% BOR FLIE iR A AR 3 R 2 B 2 RO B9 K L AE .
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From Model-Driven to Intention-Driven: An Orchestration Paradigm for

Educational Agents

Wi, HEM, Xkpe 1k
TERMERFHETREHRF R

*vhwu(@deit.ecnu.edu.cn

[#%] AL RXATR RGN EERAGEFHAT, HHHRIRTBEAKT T, REIFEHF DN
FREFROEF DT BAAR A ZFE TER, fHE. B2 FHATT, K2 @@RE LI BRI,
ML AFHF BAR, F 3 EN HIFMEREG — AR . ATk, ARG MARA IR 2] & BIRF) 094 H 4 hit
WoRHTE X, M2 BAR, AR, 1730, RA%BHEELEE, FABARE, WHESEREEBLKET &k, R
AR, HEFRKRGBORAETREERIMERS, RETHAFETERLNATHE, THRIT, THIGRE
A2, AT ARKH KA QEFRIREIZLLE,

[X4A]1 HAFFRA: TERIR; RALF: HITX; FRIRE

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

1.51 %

ARAAIFROGK BRI TR EZLDERLAAGETRIES, FRAFSLLE 2R
HE5EME, AESPMETERARNRS. EFEFAR, XA HFRALHTFHROEEDNT. KF
RIEF R FHH, BITEAERRXALIFTRIFTOSHELEKT LHHS (Bozkurt,
2023) o Ad, RNEATREEKRA, 2RXZUHKBFHRANRIGSG ERHILARIEERN B, &
SR B ARG ) RAEIR S, BPBid RaRa0iE S AR, ABEMERE 5 X IR kR R B
FTREAF . BHFENFARALETINLIAES O E L S, A —AEBLIRAZBDATE T
EgmRidfE, TP RBRIXE., HEH5E8E, BRELF, LW RIEEIKE. HBREFENS
ERR. BHEBHRARAMEN — /N2 aytiE LA G4, RACERBEBRAE EEL
HE, AL EFNRERAL, CEADEHZPAEALTR, LR T, HETH AN
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%2 K (Fradzeetal., 2019) . Bk, B FRARGEEN S TR IRF A & & B IR
FTRiE, AZBETY, WEAEE ALK, REEA KGR DR AR IR,
BHEBMHFALATIRIIE, REHFFHVEFRALFRANE. Bk, ZFHFREEARE
RMIEBAMZ THFINRZIIG T ELEL, MERERAIRBTFTHEER., AERT R
FIR TALIE R HHE R Lo

2 AEERIRZ) B F B IR : HFHFREAKNGENHm

2.1 BB HF AR

BARAHRLAHEFRART LOETEH, AXMFEHET, RANBOHEE AN
HEFTAR. WEEMN, FAESE, FREFFRGRA, HFEREEAE—TES
MR R B, RAFH B AR, XA E NIRATHE E5H P 0D RE, 123t P A LR AR ML
S NBIREA M B A B X, TR XAE—NMRKRPEA, CHIAKFES R T I E fa
INZA R, T EERXRESZAOAT GRS, ACXRZAFAMR—HN, REFPOXKS
AARHF R RARE THANES BAR, FEANFIRTERRARFTRALENNE LT L. wf
B2 3t ER RG], MHEE S R AL AR AR L, KB R R AR A B
AT RAEAER, AR R EE & X Loy #—5F 1783 (Newton et al., 2021) . £ &£
8%, ARG R IFG LB E., RER. FREN, MIRTALEFEZGL/ATTF. RRIT.
B, EHRFHTY, PRASREDEHATLRGREFE K, AEABLNRRART
AEEGEE, BEFRT. A ST XN, FLABEE TN Fer it @ T T & HEIE. 4o RAE
RIRF) K iEE RABR eI B A, AP A FEIRF) R IE N Z R Gde T B L2 H 5 B AR R TAR
H KR

2.2 BREBHEHF A%

HRAIRH IR, TEIEHFRUEAREBE ARG AT O, MAAKLF BAR, REESF=F
SIIEBEZ B AR K R AP S, &R, FIE—BEL LR F AL BRI, mAKREKFE
FrHiRAEZ AR, EH5F2K. FIFRSEPMMELRA LN FTFIE®, Brlh BIRY
R, EH5EHEFNFOELEE. B, TRIEBHOKEFFREAR, TFHRZSHMAME®
K, ARG EEKFAMERES. SBTER. A8FR. AR ITAEF RN, it
AW, RAENEmE AL, 225l AT, FRGE., SR, LRI BB T —
. ERFRTIHEFDH TP, IR ERERXEFRATIEE AR S T LT L
% %% (Wangetal,2025) « £ FERT, TRRANEVHRAA=ZATFTE. F—,
CEREFAMRETIERAR, IAERRMATEIRS TRETE, FIES5EN 2K,
H, CERAAHIAETHAL, FARBRBERT AN ESSRTHOMERAL, MmIFEMR
REEA L, F=, CRRIFERTEMN, ZALEIBFRXFORNRGF ] EE, A
RN A )G i St RAEIRIE, LHEEMRRTFIARIFN T TP 24 X8 (R,
2024)

2.3 BB IE T R AE B Lo HE

BERIEHZ AL RAG mMHE, RARBETHFERRTHATRAE S EAHFRK, R
HEARBEFATHTGENAE, ALXFZESIEEELN, TTRAEAEHRANRY; Bk,
LBHBEHFRARE THRF LI P, LRAN XA TRAR LT EER, MLRAGZ
Gtmik. ARRAAKFEFNRAR LR —F S TRA LG, BRI, AN L RGELTAE,
REF e BAREE., FHk. TRAR. FIFMERBAE, FREZFHEFL, ML
HBEWHG X R, AEH)IiiidEE K (Dillenbourg, 2013) o REF A ZXLHAET,
sk, EHHFA, ACEHHIEMNIERELH —ANHFE%. THZIMNEENA, %
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Fik, BRENRGZ RN 0 E H R 5, A it 42 #] 21 (Eradze et al., 2019) o
?if*"“"ﬂ'?lif-al}\/\@ BEEREZYE, BASIBEREMAE, LREZHATHLLH
%, MARZERALAAZGRANG . B, TERIBHCLARA IR H LA BRK, WL
HEFRARG R XEG; M, WARXMHENEHKFT AT POLKRERM . AT,
Tt —FKEBARE. WL E 5 EIE R HF H ARG ST X R T

3.HZF HRARRBHTE X
ﬁT?%@gﬁfﬁﬁﬁﬁﬁmi%ﬁﬁﬁlﬂ%%ﬁ¢ JE RN F ARG L], A
IHMBETHEFERASEIEHORHHCRELER (WwEI3FFT) - ZEZRXAALERTH

RSB MAA BARE, E’H@%M%’t?%@i' | ARER AL, 2 MMEE T e 3T
ARE B, A BAR—AR—AT— RO G HE I 3R, RILAE A B 4 Rt A2 49 L
K#bw; KIAANEEE, BETHRE, THRITHTFH= k/? W 3F B B AT HAT B P29 R o
R, ZEXAEEERTEHEFT HIFEAMNEREE . FEFEARG IR, FRAAEA
PATE LI E X F o

EL BinE: NBFEEIRIRE .
B |~ | N = »
N 1 ey — et L SESTE
=G L REBR L _FAEFE ___VRTIESRE
B 4.
PUHIE: B A-RI-173h- R iR/ PR
_/ TAAA SRR

B, LEMI > Rt KCoon | [mhek:
& EH HH (A& RAERER RN R
5REH|| | SRR, BEEEA  4RSE, REWE. BATA. TS kEdEEs. 2o | TIHRT
|| | HEREAMESIR TR HARAE B BRRS  RESHR Maeg L
i BRI . WEAR R BEARE: TEALR
L T “AiRED” MEEERE | ’.__S_‘f?i_ﬁ_’;éﬁu_@__:»-‘.‘;i;i%ﬂiﬁ'!’_’___J
4 4 i
iy 8
Bt RBMREE. AN ERR 5 FRAMBHLHERE  LENf. SEBHE. BELE
BE B TR R 5THE A% RARR TGRS

B 1 ZFHRKREEIESGRHAETT X

3.1 A#E: KHEFEEI KA

FERIBF AL SRR BE R, MAHF Biv, EFTHE FRAEZ A EHNRYE, #H L
MELBERANFIA: L—, BIRFFL2H£095 ] A7, L=, MAHFIERTARMA K
Mo WAL, HFERLMAERT XA T IRA, TSR RAITE, HF KRG
PR G 84T R F Re 343 7 @ R4 (Newton et al., 2021) . ZE@ ¥, FIFHFIEE RS AX,
M RAGRA L2 B AR 5 IMEFIRT 94 S IR T, BT 2 iRE A A A FREIEIE AL 9535
B RATAHRE. %%HvTuxmﬁﬁwia\%%&ﬁxﬁ%mAﬁ&zo&ﬁ
Fhioph, HEFRLTRBLBEHZET AT,
3.2 MHE: BIF—HE—F77—R 5569 1] 3

HEAARAZE, BEFRAROXETBAAELHE R, nABREHT SR RIAEN
Ko AT, AHESE BAFA—AR—ITH—R R D RBAEF R, um%ﬁfﬁ%wwﬁm
NAEHE T AT AREILGAZIG . LF, BFRRARHGLE, RIFKRETE, R
TS 5N B KB A FWRIARAE; AXNAPANFRT, BAKHF A RE—FTHIFR
TRATE N L LH R, THRFRAAEERARFIEG X, TRELZAARSLE
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Mo G B AU ANAE S-S, RO R e )RR S AR IE, AR AT S )G 4R R
AR, ZHAFARRETHEHRRGGLEST N, EEAEHNE, FAZTZREAE; £F
RIRsh M, RZGFIaudfE, arEATRARAGmIRED, BEATAEHHESNH . %
BAR. X, THERBHRRANDARZE, HEFHRAERTNFR R -ANERFDLEREF
B TE, M b RGN FARAL, IINEDIEEF LIL PN HI T4 A E,
3.3 BEE: THE, THTETFH

HBEHRARZIITARE TR AT, XREETCLAETHEF EEIHGAHR, RE
HIAAERZLARKBEOERITE, IALARAHATELR. REERKEIFMAREGF L
. BAKBTIRT AN EALIFRETETHRGITHR, CEAKFHRREGERET S
2 4% (Karranetal.,, 2025) . Ab, EBEIREFHGHMHETE RGE T 2 E 4o fTH LR, LE2E S
fTRTe XBERAE, KB FRKRGEBITLANEVHREANERK, E—RTHEE, PREAAM
AR, AT, BT R X BRI, B S RGRHITIEME M, LR T
T, BRHEFTERRIFGAZNER, MPRBTEASTHFRAE T EMS; =R TF
i1, BRRAGNRERE, SEGR, AT AEELRREALKGILE, AMEHT R EEIZ
FoZ R iFAE (Rupp et al., 2012) o #—H A, BEEGRBLEEREZEH T CAMNK F,
HITR BARSMMAM RAREFH, FARELEMBREM IR, HFHRKNZRILED
THRATE T XH, KB FRAROBHEXAFATLZANZHERKST, nREBREHF £
WP ATR T, b ftkARieT 2, TE A, TR L HFHERAL.

4 4%

WA HFFEARD B 208 AR, B SRR SRR, SXELE g RE RS
HARER, HEDFTARETRIAEFHESLS, AN HBHR, T, FTHHRGER
MR EL R %o MNImIRE A GINmEM S AN HFHER, LLARFIHZLL
MHBNR R IAEZ T, Ak, HEFREROGRBETZIEE AR PRy R FH
G E R ERHKFFHE L, KRB AR IR 2] & K IRF) 893 F 2 e gmHETT
X, RELARKFHFRAGKENEL, FETECRRBES AR, ETCRETRALKFH
AL, IFMERFRIEE. RAFHEERT, KREFHFRAKREZAGAENLRE
MR, TRt — TR gARE, ACENRELRFRNA, RASHEFRARSEHTER
Fa R HE AT RAT, TR, THAIRTRAEN, T AMMALT T TETHALELSG
HET A,

feh: At 2021 FERAAHAFEALTAABEIHE (ABHT: 21&ZD238)

BE LK

AR, (2024). g RE AR AL R AL FAR L F 3] TN S A E BRI L. B F AL, 4503).
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% A
How Adaptive Scaffolding Works: The Interaction Between Support Strategies and

Student Learning Performance in Elementary Math Learning

pUE B S I
*dsun@eduhk.hk

[#HZ] PHEBEKPBIARDFRFFITOXEES, BAFIRAASRKABHESRTREAL LR, HER
BASREPRRARFANSE D EE, KGRI HiE4E A& 2% 5] &% ScaffoldiaMyMaths, H % 22 %
g AR LTt b ey B i g2 (A/B/C/D) , UARRR X FZHEESAERARIKFZ MG EEM,
AR RIREHR T EFRIRRT, 149 6w, AFRFATFRAL 34 FTHM, BEarE 553
H, HE—FILBEIR A RRBERRRNAFEPNEFEN, T ERITERRGALEZER, B2
B R IIRH) ARG IEBIT P FKFFER AR LA RF IR T A B E T IR RET Z I R AR
42 53 H Ak,

[X4E] E£oMIREFH, IFRF, FRATRAA; IHE%

Abstract: Fractions remain a persistent challenge in elementary mathematics. Many technology-based learning systems

still rely on static scaffolding, which may not fit learners with diverse prior achievement. This study develops and
evaluates ScaffoldiaMyMaths, an adaptive learning system that operationalizes four distinct scaffolding paths (A/B/C/D)
to examine how support strategies interact with student proficiency in fraction learning. A classroom-based
quasi-experiment (N=149) was conducted with Grade 4-5 students over 3—4 weeks using comparable pre/post tests.

Results indicate a statistically reliable overall improvement, and performance-sensitive scaffolding paths yield stronger

gains for medium-achieving students. The study contributes an inspectable and testable design blueprint for adaptive

scaffolding in intelligent learning environments.

Keywords: Adaptive scaffolding, Elementary mathematics, Intelligent tutoring systems, Support strategies

1.FEH =

DREFIMNARNFRFAGZGNEEG T ZIME, LEEIERABSEMGE
T FATEREHATHEY) AR LR L RS RE F L E AR KBRS
¥vh )& %: % 3] (National Mathematics Advisory Panel, 2008) . i+ H bLdfish 52 5] 3R 4 5 # #
PRET IFEN, CHRYSEL SR REIPE RN, REFAE LTS PG EAREA
(Moreno & Mayer, 2007) o A, AEFHFZFI) ZAAMUBERTRAE—NIRA £,
AERLFARS 25, AIETSTRERLE ATRNH A 42 (Sweller et al,, 2011) .

Hit, AR AIFRERELIE, A WTREFZIZRESHSAELLE, Basr
KA Z BB —FE THARE X RERETEALE, HEARASF AT ERFZLMNE
iE#% (VanLehn, 2011) o AT, AFRANFSRFINIER, METH LG AER LR
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RBAER, WATRR LREZFHAETFIRAFET O EFR, HFRS )RR LS
Bt AR

QHTRE &

NERFPHFIRMEEEFIERTRANG, RARFIFZFEFIFZFERKZINELEK
B, B HhefTiRAENS S L IEARXEBE, ELFERT, TEHHF (CAD #AA
Reab BT E B A5, PRI B ANRAT &, ARFHEIGFAREA ZAME, A FIEAF
K RS F 5] R AG I BE4E A (Kroesbergen & Van Luit, 2003) o &K, 5% % 34
ANFNBERAGZEEMA I, FAFTHIABE R EM TSR, IEFLRG%)
BAKE ARE R B M, F) AR E R ALEHM HERMK,

IR E, BFEIELFRTZRAEFE, S FRB L ATECE N
fE 5 e Atk (Woodetal, 1976) « B Rt—F EH T ik, MAFAEL R IR H5H
THEIRSHSPAE I TLE”, BAIREMFIREE TR, AB LRV EFER
¥k (Saye & Brush, 2002) o 12&AEFRE P, HIFHEURFLEAN TR EFERESHM, 4
AR NS IR, BRHRBERLEIRRATY BB AEZ, SRE, A RMRGHR
F R A BT 1 % A 5 KRB R TR SR,  BOEAS B 5 e« B AR —F
IRFRBEZHZ, AMEFAEZAR . Ak, ALBER —5 ZRFHETHLG LREK
vk RIS A RRE A KA A E FAAE AR, AR IR A E R X Rt
FAE F F Mg EIE AL A,

3. Bt F %

3.1. #FE A

ARG AEALBEFREEHE I ScaffoldiaMyMaths BT & 699 £ & 423542 (A/B/C/D)
A P £ FRE, B AT B 5% =AM B A& T -

RQl. FAAETHATEWERFIRGAGTHLERLETN?

RQ2. IR A ERBZIANEIRARGHELER?

RQ3. X RR KR AAT HFAERA FWKFmF?

BABBERKREFIFZRFORELXR, AR ERENFRE SRR LT ] T B
TR ER XSS,
3.2. TFX 7

AFRE R EFEIR LT, EARREPER NN —FEFIT BT TFRAE (o
B1AT) « AR ERARBERQITNS, £RF 149 2 448 (ODFR 53 A, BFA
96 AN) o FAURABMEGT XA, AFRRERFLCHARWANF ) EH, THITCIRF
wEFEM, AR RKREFAEASHNTARPBRFREE5R &S, ARALIEG AR EENANR,

FHFE=2WE, FAERFRERAINBEERAFE TR IS NMTRBSETLST],
R FI AR EE 30 4PN, AR FRBFEFT A, FAEA LT RATN AE 55
SIREKF, MEETFEPTURB IR ALTFEFIEN; 5% AT HAERTHRE. 1R
THALRERMEATR G X FH, FTRERE—BAANERETUNEEGTITEN, R
A Z 52 3] F AL

B 50AE ) 69 £ = T B A AF 5T A AR TIRARAT A 5 2T 2560 % 4] 69 0 2 M 5, 5 A4E A
AMAEEMER. KEARERFGEHORFRITFE, 2ERipbE M/, AHKRLE. A
BERES) R, WMBEMRRAFITELEN, BEMRAMREERERL, BB ALAKFHE
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Yo HWIAEQAS 13-15 85 EAAMA (&4, AT, BH) , #5505, EEMRE 30 9
B DR BEFAABREFRETHAESRERD.

Intervention of
ScaffoldiaMyMaths

System Design Usability & Survey

Student chooses tests

path based on

Knowledge unit A
assignment

bank

Path A
(Fixed backward

fading scaffolding)
Pre-test of : .
fraction Path B
(Fixed fading and

adding scaffolding)

Misconceptions
collection

Analysis and
Post-test evaluation

of fraction
* Achievement

gain

* Path-wise
comparison

* Moderation
by initial level

Problem-solving
process
categorization

Path C
(Performance-based

Instructional fading scaffolding)

scripts & hint
templates

ding
d ddlg caffolding)

B 1 ScaffoldiaMyMaths 5% 3 F i A2
BT, KRB RE TSR R 7k, WEAA L ERZH LT, ARG
MEHKIEIE, %% ScaffoldiaMyMaths £ 9% 5 3] F 69X £ 7 5 S HMHAE AE X,
ARG B E R IR D FHF T 65 T AR R KA A,

4, EBFARTER

AFROCTRBREFETHRRFEREM T HIE»HT. BRERI T, FEAEMER
ScaffoldiaMyMaths %A% 35 3] LG, HEF b )G N A8 AT & 2 hafe 2 3 a9 3=
H, F¥HH5d 6207 A ZE 6451 (p<.05) , WHZFEEPHKFIEHE T LA — 2Tt
R B2 )

Bt—F R WA L R¥%EZE (A/B/IC/D) MFIEEE RN, FRXRAEHHRENAAL
ZRAY (WwB2HT) « ¥, B2 D WFIRARATH, %2 C AZ; RE A Y
RAMEER ), mI&E B HABRMTHR, BhkmE, %% C 53%42 D &9-FHEE R AN
2 (#4536 5+6.19 %) , %% A RENEAEK (H+1354%) , %% B WEHI@EE
(#4116 ) , BERRTIFBELSHRLARTREFHFIXER, AREEE5F
S)EERZ G AT R B A KA

Comparison of pre- and post-scores Grade change by scaffolding path types
6.19
- 64.51 L
% 5207 +24.15 e
+£22.93
&
60 ﬁ 4r
o E-
=l
1 st
o E
§ 40 & 2[
= §
= 0
20t
-2t
0 A B 0] D
Pre-test Post-test Scaffolding path types

B3 Faremsa i B, BRI R AT 6P )38 AR E
BFHAMMKFGYEFNTELE T, AELAEL LS, FRALHBRGHEE (LLL

C/D) E%ﬁﬁ\*iﬁﬁiﬂ’iﬁ%ﬁi%ﬂ%%, oy K A 6 FARR AT AR A TR (B B 3 FTR) o
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XA AR LROAETRAA XM, AERARERE - EF ) THEHES
AR £ J1 R R 5 R

Estimated Marginal Means of grade_change
15 grade_group
1

3

Estimated Marginal Means

Type
B3 &, Poafeiioas s Tran
5. T—F KR F A LI

AT AFRCERARE R G5 Y 94, T—WBHRHE—F AR RIE” A w)“HLFl iF
B, AR AMEN TR . AL, FAFLHIINLme o5 5] IAZHIE (Qetk
ArK, AR, RTOAARZEEFEXEITH) , AF I 0T EEMBBETR L R%
BATERR F kK524 20 E FABR, HR AL X AT A AZ T e 95 LA 5 ik &
BRANFAR T B E kR

Hok, AFFRLF A A E AN TR, & XL RBAETARMIEAE, LRESRT
i, IR KA 5 F KFHBIRY R LARCH S5 T HEH], K mRS R G S 5] H P
THROIRAIE RS LB

WG, ARINRAEEEME, BETARLFY REAEE®RSR, £LSFRETR
FRFFEBIE, FREFZERISELCHFIA, AR A E N L REEETF &R0
BoP eyA s 5T 2 R

BE LK
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