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How Do Multi-Agent Human—AlI Collaborations Support Critical Thinking? An
Empirical Study Across Collaborative Configurations
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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—GenAl 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. 5|58 EA

A& & R AA L% 8 (Generative Artificial Intelligence, GenAl) &9k & &, AMLHFE 52
B T BRI Y BA @ N E Y . AR EZ YA BARF Q895 3] HE T,
GenAl #t — T WA A B L L. PN 5 R ENF K. Rin, AAARLLZRETEY

BRI HOAMNLS), EEIHMARTHETEHORRXENELESF L. SHEAREL
(Multi-Agent Systems, MAS) #4# T #7895 4% (Haoetal., 2026) . B 5 ANZAELA RF
AE 5Dy TR IR, MAS Re S S A X iE 5o Xiksrid 42, 41k &0 8 400990
fad R EZA MR ES. I, MAS 693 R AN R B E 69750, BP AAMKRIE Z W E 7
K5 MAS Z5), UARRHELS Al AF I IRTHAEH) T EWMEXR (Chu& Li, 2025; Tai
& Chen, 2024) . AAFARX BERFTHEKESHRAILIFHOANDRE F 3], 2EVHETRA
MR BLE 69 £ S Rivh, HafdFIMEEGm TIAEXERL, RFRXE MAS L HTF, #
GERTRWM R B E (-5 KA F A% 5 iR ) 3t 52 0k & L5 S p) % 2 3 A2 69 % v

RQI: £5HAEHT, REAAMBRBENEDH02 I RAATH0?

RQ2: EAZHBRIFT, TEIAIYE B E TRk 3] eyt plE B &R 7?

RQ3: ATRWMEEET, #HEELETAF AKX E I AL AFLE?

2. FAREE



GCCCE 2026
2.1. ZHEAFRSHAEE

FLFE B Y 48 09 A T 1Z AT A0 AR AT A0 A2 Rk a9 A8 /7 (Ennis, 1985)
R P ARIR A AF IR S IE AT RSB IR VAR R B 7 A — & 71421342 (Facione,
1990; Murphy, 2004) . i@id Z3), FI)HHALREK A FIEEL, A AL T4 EH]
Wr, M X AFRPIE B KB . GenAl A5 3] H oAt H5im i B4 A2 A2 2] X RAEH,
MR AR L@l —®Pe ik, W “DFEHE", BHAIAGE 5 A LG T LA H| 535
5 5] E AT AT i ENAG LA,

AR5t LR B, SEBIKRGHINA R —FF R T E, 5E—FBIKTE, MAS
WA EZANEAR ETHRGF IR, BR—Fo5H XKL HS (Haoetal,, 2026) . @il
WML A ANEL ZREEMEIEE, MAS 235695 S LR A 5 5] F )i Ak 58 A0
B IEEHR A ZROFIE A FERAMA
2.2. ANBREE

% GenAl K F 89571, AWMEIEIRXRE T B MRBE 7 X692 E R, OLFEMNMRI
# X5 Al #47 X Z (Chu & Li, 2025; Tai & Chen, 2024) . MBRBENZ T I 4. R4t
H5AIMEFHAEHG X, *2 TikF TR BT XIABAZ &RFHHEZ,

ZRHRARRRNIIN, #—FIBEF LT ANBEERE. MAS 7T AE A EF49A 5
X, AW hIE S ME A ARG BAR R St B A R A L R R AR, sboh, TTREEA A 249
F= 554, BN ERMORBEREIR, S m AT RA AR B IT N, B ArT,
AR ILE T B AFe % & AR B BT B 4o 7T %5 vl 52 b R AL 55 o) e B 42 69 52 R A 504 R AR
e, B3 TFWESAEF ISR LG, TFHZENRK,
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3.1. FEINRLHE

AR (ARFF HR) BREEAFRRHEFR. ZREEAZENESFaE5TA
IEAHAE, AN SRR L OANIIR S 5] E AR T E RS, T 0 b E —
ez o aR#EE PR AA L, 487 LFAKLLE, B2 A, XH55 A

AR IFFAT Unity3D AR R @, J6 3k K& CozeAl %4 R RAER 5 DeepSeck %
B, OARKIESIT, HFRTFIFE AL ST, K KRrHS. &Faitsns
WAL FF AR, RARIEKHUCEEZEREERSE M, BT A ERTEAREY
RAREYIRTT AR 5153 KA, TR £ ARG TERBEA NI L H, % FHRASHRER
WMo BT RAG MUHIEN £ AN iR B, R RO 5 M 58354 2, =45 B ME Rk
WH L FEE. RREIEFEIHEIE,
3.2. FFEXAAE

AH KR AR S A ARRET (R ) » FRARRLTREYEL, FI5F
B 5 R A SRR £ R — MRORALR G B R E SRS fth: AR A—a
TRES, TR AL 23 FA-SHRAAGFENME ZHRARLN: WA-FHRA
NG LEAEEETIME, 2R5 258K EARTERRILITES. ALY HE—{
TR, WALRL, F 3 AR, HFRERE R FHAE DA F RN 5 5 2L
BHBIRFIEL, LRI RAHRBTE S,
A1

X B2 IR AE



GCCCE 2026

2% Eﬁgﬂi E@E;g
£ B
— 5 .

3.3. WELHELHKIENMT

F b & I Fe iR 5 B A R ORI T B AR M ke AR @8 10 BEFAR, AE
% BRI KR G AR, R AARRAALE . FORIZGTI B R A &K B AR
(10 5% « #FF G04) - HREAR Q04) . AEKEZA (20 4) 54l &kt (20
5 BN G EAEATIEY, FixERIRZiE4%, Cohen’s kappa A4 0.806, —F P R 4T

PeF)bE 4 F RN E X % B Hwang 5 (2018) #9 & 5% %45 % %, Cronbach’s a & &K /2
AT M P H R 0.774 A= 0.924, E B B RIF

B ATE A B BT HAR R S B AT A LA B e e TAE X, AT Murphy (2004)

AR JE 3T AF E RS AT ML (L& 1) « LT IE R %K E| RIF—2 M (0.848) o

*1
PEH 4 B2 2 o 5
B ik

RA RA KRR A A ER, BRI
M WEMMAIEE., IR, AR, FE50 5
S BFEE, ARCHMEE, RAKEE 8, RS A A AR RIS
A FAE B SR R R ST BB P
2% AR EIR, A ERRS, AR R R

B TFHIFBEATLHLESHSH, /£ F Kruskal-Wallis #38 b & 52 5] & L 5 $LH) M 24 5 iR
77 @ ey £ 5, XA Dunn F 5 # 3 H 3t 17 Bonferroni 4% iE . =28 7 AT M 41:'1 R G Fe R P
FIRAEFE R, AEKFHY., KA GSEQ #kt3t % 5 093t i& g 4T i% 6 F 2 5 o

#HRX 5%

gk IEGE, ZBAEGNFRRE ERRKALEEEZF (p=0.161) , 127 B {54
B2 FAFBE, FEABREAN, RA-ZHEARMEIAIES TARA (p=0.039) fo3f A-
SR RAMREZE (p=0.044) . X—2ZR L, RRAFIRERZEHRAESEFIRE, ™
R M, MABN I ERY, TTTRAEMELS S HFRAIIFOESEL R ESHS
¥ B B 2 89 VR AR o

ERFIEBREERED, ZWMEMNEINELEEEEZR (p=0.024) . FEILBELERELN,
FA-ZHRARNBRANFES I E S TRA-ZHRADE R (p=0.019) . ZEFZEW, 5
AL, FA-ZHRAMDEAFINFIZRET ZAEF IR0, L FERTK
12 IR AR, T R AE B S R AR 6 AL

HERINAER (B2) 87, EEANATY, RENITAHEASE T ZRINN R -5
AR FFEEFE, B 2 BT T AR B 2R AN AT 3642, BTN EETERR SR E,
B VAANAR A oo 5B 4Rk 5P AR B TR K, AL T, VAAWYIF
AR R S ARS8, RINA RGP ARG 5, P 87— iPA B X 7
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VAR IERE, ML B ZGEREN, HRANEMBEN E 4, TR, WERRET S
)ik e T AE A, mAETREWA . BALELSBR S ARERLMH, F4EK
RS SEEEEVEEREER L ERE RNV T S S AR
B, ALTRR S MR RGR L mEADL® SILA RS R 5 s Bk a R,
127 s A R T R AR
A 2
i IG SF I AT 2R

o Rl
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(a) FA-BHMARMITHFT] (b)) RA-% K RIAITH A7
5. ARITREARED

KATNGELE— Bk, B THARRTE—SARAE LR R AR R, b6
LEWNTERAR; R, A AEIAZDH BRI IERE, HAELELS SRS
. BT MNAT AT @E—F 6k, Bk, BT /ERIINZEEREG D
RBCE 55 R R AHRE, RATRARELES, KERLEFPOERMEE SR, Lk, &2
oM ERE— T EE S TR, ZREGBIF[BIATIER, SAMIERZET 2 A A0 %)
B, )G, AR EETZEEZHREANDE FIEXIEREERRFHAEHTH
B, Bl A RRHF BARS S 3B 6T A
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