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Abstract: The rapid development of GenAl has made human-ai collaborative learning an important pathway for
cultivating higher-order thinking skills. This study, based on social cognitive theory, constructed an analytical framework
encompassing the individual, behavior, and environment. Using the fsQCA, it analyzed the scales and dialogue data of
45 high school students to explore the key factors and configuration effects influencing their higher-order thinking
abilities in human-computer collaborative learning. The study found that a single factor does not constitute a necessary
condition for the development of higher-order thinking skills, paths driving the development of higher-order thinking are
the "synergistic enhancement type" driven by the synergy of various factors and the "technology compensation type" that
compensates for insufficient individual variables through human-computer interaction, the lack of learning strategies or
human-ai interaction is a bottleneck inhibiting the advancement of thinking skills. The study suggests that learning should
shift from "single-factor optimization" to "configuration thinking," using the interaction between organisms and machines

as the main thread to differentiate and empower, and transforming core variables into actionable activities.
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A& A R AA L% #8 (Generative Artificial Intelligence, GenAl) ‘Beif 5 & 3 FH ARk, H 5%
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DI AR KR AASME LA, BERFED, BEFESD RS LAY 7 XLt
FARF BB FRGERR: (E—%%, 2024) . GenAl 89Kk, AT AE&KL, T
o, AR BTN F ik, A SgEhk, —H @, KETHEE, BARRAR
AAERERMAL S, BAF LGN AN, RARBRELHN WAL ES:; 5—Fd, £
HEAMEEFAREME, BRI BHRARE 5] F R, ARA NP RABREERE.
REFUMRERRK LRAE ZEREHRS, 2FN SERAFERRANGARER, &
RETRERBMRG . ABTE—IARGNENIL, FRALEANBE ST F, Ak
AHMRAEAY G TANEN D4, AAH 0 EEZ A0 EAE R A S AT .

2. TEAR

2.1 PHAER

AL Z AR BB INANA. AR L BAE R, AT RTAIL
RS W Hng s SN Sk B ERET 2 RE. £BASETREHRERME I LR
¥R, 5 SQCA FTXEW“S FMHASRZEHAANE—&E, AT, AXRETHE I
MR, AN, HARTBEEITRES, s SEEAZRETE,
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AR FRIGEE QIR EM., ARG AERR Nk, ©RANHEFES]
A s, AT MFEASHAFTRAILYWRESE RN 52FHIFH (2021) &R, R
FAAEEH N % A A D Kb

% 3] # L (Learning Motivation, LM) § Z£HBI/MNKRITH), A5 3] PRI BAR. FERM
2% (Gopalan, et al., 2017) . Liu ¥ (2024) A, HERETFTHFLIHNAEY AHH D
Yo, BT A D AMAGE A LASBR LD FHEABIR. FRIIL RGN

52 5] %% (Learning Strategy, LS) 45— Z Z| At B R #t13 &R, Hfk. &R agTA2He
% (Dansereau, 1985) , &Li&XE RS, K LR & FTiks R %%, Gong ¥ (2020) AR K
B 5) s Yl A . P B A Rk R LR . P RS S) FR R A B
FARAN LRSS A, BRI RAREROMEANE, HEK. TRITHH £,
222 HHF ¥

B4 Z 5 (Peer Interaction, PI) 3 T AN ZHME, £RHNBHEGE LT MEZ,
AMMBEF AP, BETUAREREAGKETFEAR, B, AXNTAZTERFTE SR FWE
FI) P RILE . TN K EAITH .
223 XRET ¥

TG A A AR ) AR TR, BmR T AR TR, BRI
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(Davis, 1989) o Huang % (2021) #RiF 7 & ¥ A ARG IR E, BIET Bdofy Bl b Fo R
Jo B R AR 2 A A8 R ARG AT A SR ARk, Bk, AR BB A 4 R A
EFANTHRAEFRARI - XEAERAFTOETE, AR TN F ] LTEGH A,
23 BREBHHR
FROGZEREEAT[N L4, FEIAAEGBHF AR LS HFRIFNERGT R,
R AFERLE (2018) F=#p33 (2018) #9875, RAH EMHEF Ainn Le9 ) kLG
WEgEE, QIFEEMB. LA, 5. T faE,

3. BEBALTERE

3.1 ##EmE

FRAX T—Ia bR ERREFE, HFEFE%LR0E T HIERFRAALHA-
WSt E, B A 2024 F 11-12 A, st AhZ—48 634, FRH 155V A4, CRAEAAH
REREEAEOZFI2E, HENSA 12 AFJ 0w, S48 4 A, ATRFLKRFREY
1o

MRBERANTIFREHE LR LA ER LW EGANDE A E, B 1 R, £FW
JB | e - A Fo A IE R AR, SRR BT IE TR 45405 A& F B KA IIIF
FEToMREYmBERAEZRNL”, aEFIHhh, AN, FEEAETE., M E4Ew
Mgk, AE A P A 45 4. £ SPSS 26.0 #4427 A #1715 E 4%, Cronbach’s Alpha
ABAERIT: B2 LN 087, FAFINSEEN 0.86. FIREH,EERN 0.82. ki
TESERAN 088, B &gy £ A 0.85, FIEAR—RMEERLY, L& 1.

1 e kB AL

T¥ L¥ ] L& ]
PR TELAMA e i P
5 3] HAL S IARFNFE (2022) 2%, £ 544
A (LM) - M, BN A 5 S A H.
= 25 ook e AEFET) (2004) 4k, QIEXER%, R
~E ‘im) > he THE, TiNdn Rk AR, £ 13 /A
M, BIEAEA F 2 A H.
i “i_ ”—;‘:E = . . B
EE Jop ém? g DEAMARE (2025) MER%E, M& LT
T 58 cmarwm  map VR AL B0, RGNS
= (ssD) * ZEHH.
‘ \ _ ., A% Huang % (2021) #F %, QLiERFA R
.Iv\ﬂ?; —Kézutnb,f = . .
; o ;‘;; Q(F‘Zj) L}(f}; P Bde B RIEEPAE R, %6 AT, THM
o ) M g 55 AR 5 B3
- . BFIERAE (2018) P&, FEREME. KA.
écr é‘i!:v: =1 ]1/\/(3:7:?‘ = ~ N
v me oo L;’Lj; DAL A, BEEMA, £ 20 AT, R
X2 2 e

SAEAE T = I B 2 S

311 FTAZ 2 HHEM1E
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ME EHAFE B TR RFTIE, F NP S ) R BALY H % % T A ARAFH
B HER-FHE. EARF D F (2022) KT AR EF X% @(%M)%%U%mziwwﬁ-
BEIMERN, Bk, FAREN SR ANIIEF I M ERA, 3] RN A2£E
TN (2004) 413 o FAF R F ) Rk 2L, HIEM AR F )74 KAT,
3.1.1.2 77 ZFEHEM A

ﬁﬁxgﬁ%k&%%&ﬁﬁﬁiﬁﬁ AT ERBERAT A ES T RAL. AL, FIAX
FTEHAPKE RO TR A A ERIE, LR, AFIHE (2025) X T GenAl L HTF )
WENTAPWAER. B XETFTASHAE-P"K L (Student- Agent Interaction, SAI) F=*4 -
4 7% & (Student-Student Interaction, SSI) o “A-I°K EIGF £ 5 F & AR 6912 8 Lk
S5thR, 4R E KRE KRR EAZ LE26F TN “A-A" R B F ARG IESL A,
BIEEHFEM, HFHR. ARTREFTH. RE, OREFRHHERBE 2 WERRD, K
G, BENEREGBA M, ESRZUNERNLHLA L SHORE.
3.1.1.3 % FZHERL

AELTEHBRARER, ARFEHBTRARETEEATRE LTS, RBEFALELSR
Amwﬂ%7¢ﬁﬁf#%%%ﬁ% s EEERZER, ﬁ%ﬁ%HM@“(mm)%%%%

ARG AT Bl T AR B = , BAHBERAHEESERE L AIFEHITEREZR,
%2ﬁﬁ£§ﬁ%%%ﬁ%
—% bty
EH HRD #HE

REFH REFA

TKrA®F £/F 10

FAB I MY 2R T HEMEE, HRFEE
AR & B AL,

“A _HL” X AN EA P AT, AR RFAE B
. RACAR = 2/%&  1/0 )
RXE RE AT AR, ARILE MR EE,

A AT ARG RBT AT IR, A 5

F&&ZEsS /& 10 i,%ﬁi%%%ﬁmo
L. EFER R/FE 10 FANMES BARET 5 5.
ié‘ BELOTAR  R/IL 10 FAERAL &kiﬂﬁﬁxm%%$i o
RAITE /LT 10 FAEAEZHEEEFERTITE,

312 Z#RFTZHEMM

ZRTEHF AL PR BNE ARLSFERSE (2018) 695 I B4 o) B Y L Fo il 2 AT,
FIE I ABIRE F ) —H
32 FERE

LT RARBRFEERETILEER, RALBEREET SR ETEUAR 1 ANER
TERITRE, FELTENTL2ELEE. LA, TETEE OB I AL A 95%. 50%
%ﬁ%,%6ﬁlgﬁkﬁ@m40%# i@ it % #¢ Calibrate(x,nl,n2,n3) T Az 43, HF
XAREEESL, nl AZLEEIE, n2 AP EE, 3 AR AREEE. REBHEERAS
%H: LM f. LS f, SSI f. SAI f. AA f. HOTS f. &% &9t ka5 e X4k 3,

k3 BERER EAN K
B AR
TE e XX A& TA BRAENK
x5 0.5 £
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0.95 0.05
5 5] AL 3.60 3.00 220  calibrate(LM f,3.6,3,2.2)
. 5 5] Rk 3.28 2.73 2.02  calibrate(LS f,3.28,2.73,2.02)
TE g ks 3 2 0 calibrate(SAI £3,2,0)
T Y 3 2 1 calibrate(SSI £3,2,1)
WAeARIETE 433 3.75 2.89  calibrate(AA f,4.33,3.75,2.89)
;iz IS 4 3.68 3.20 2.81  calibrate(HOTS f,3.68,3.2,2.81)

4. R,

4.1 BT FLEM

fSQCA 89 W E M FIM O 2 —BMHEF 25 —BBEHE“BRESREMEHELT
QAT R, PES RAZE LB A BINEROEPARN AL ZEM", AEEHEZ
b T 5T RN EEMBBETLE, RIRIZ A ERGMXIMEREANR, BN BR—K
PRSI R BRI B AL 5, BB EEX 07 AL, FHTEa—HNBAEL09, A
B EM, R, ARG REMBA LAY, CRTERLZHIE (AN ~RT) , B#L
“BREREFMPRALROGLEAMR AR LR, £ 4 2TF—KBEL2EDT 09, FAMHEER
PREALERZTENOLE 5N, BEEENAMBALTERTASHLR,

k4 TS LBHNER

HRE®
MEEE HOTS ~HOTS
— B BER —HO AER
LM 0.619 0.612 0.617 0.665
~LM 0.660 0.612 0.639 0.647
LS 0.592 0.574 0.649 0.687
~LS 0.677 0.638 0.598 0.615
SAI 0.791 0.611 0.788 0.663
~SAI 0.564 0.709 0.538 0.738
SSI 0.653 0.642 0.604 0.649
~SSI 0.643 0.598 0.667 0.677
AA 0.697 0.657 0.556 0.573
~AA 0.547 0.531 0.667 0.706

42 ZFEHBI N
4.2.1 A3 £##E
FEEXETEHASORIRIATAT, EHEAAE, WREEAEPRBEFEGFHT
TR ALHIT N LILE ., BB EHILEMTRIE, wRAAE 0 ANEBTE, 4L LE
AR R 2" R R — B0 RS T A S AT R R =, 328 L 7T AR A AR 2°=32 A 485,
4.2.2 2487
P EALR TR B4R, PRIBER M, REELMBRIET TRAURERWITA &
PRAS, 1EMBMRA TR, TRFER-BEASERFPHEUARIERKZ R ER, B, X
FEAP R ER E, AR R, FHNCHAEBRAFTATE: BOEHRRN B AR
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bt BN EHTE (o) ; AL LFHRRAEFTRABENGEHTE (o) 3 BOEMHHK
(®) ; A% 5% (@) ; BELAMTEHAEEATHAER 242 ¥0, AZaET.

SHEERZOER—BHRERIAGREGNSELENERELTET O RERAZEL, —
MAMMEEZKRTRFT 08, RBFZE/E—NFHASEINA FHFES S P AT E6LH],
fr—F 2R AR SEE — R R B R AT EP 26 bk, EHREEE AR THT
AEBUEIT R ER AL ER P L, £ R0k 6, LRANE 2 FFHSHNE4
(HOTS) 945342, BAA—E A 0.834, BAREZK N 0483, M 48.3%0 £,
B RIFOMHESN; AR 2 X FHIEGH Z4% (~HOTS, BIAYZ4) #9m 5542, Eth—
HMERA 0.855, EARFEEZE N 0420, REBMERF 42.0%09EH], BA—=WEZED,

kS5 mASHER

A% (HOTS) &M &% (~HOTS)
MEEE wmA— mA= wmA= mAv
HREHKA  BRMEA RBERXAE AWKRTAE
EJ"A;j?:f]#fL (LM) ° ® .
5 3) &9 (LS) 6y ® .
“& L I (SAD . . .
“d-4£7x 7 (SSD) o X . .
%’ﬁg”ﬁ‘#%ig{ (AA) (] [} L] .
—E 0.878 0.836 0.896 0.858
BEE 0.370 0.325 0.341 0.376
—F 5K 0.157 0.112 0.042 0.077
EREEE 0.483 0.420
BAR—HH 0.834 0.855

4.3 £

AR REE SQCA A MR T B R %, T RERFE AT £5EFMERE
AEART, HFaspme—KEEbd 080 25 % 0.85, FEZ#HEFTAMAAR IMLER
BEM, BHEERE T, FENEARBREREMTEREBCEN LHAE—H: 252
MAIRA], REFHAREERALT, RERPULFHRBEEEZESmN HirLd e
Wk . BRTURAAFRLE T I SEMESIF LS LA BIFOAMREESTE LR,

5. W5 R T

KRR TE—H3%, BA— 2 BERMME. RAE N=45 F4& fsQCA 3t F M A 47
EK, Ba%itIES LR Bk, BT R ERIR AT mAE Gt RS, Bl
AT ZIEEMBHERLS) : —RAREZACEEEAAGEBRERAEAZF IR H T4,
BEAHFAFI T TaRA M, @RS A H BN 5 AT 52 b KF, TR AR
£ FIFAMMBE LT, ZRKE S RE, LAEAMFE R 6IAmE I 5T HE K,
5.1 & BB L6940 738 A7
5.1.1 2435 —: tpp*e %

“LM * SAL* SSI * AA”, B & 52 3] AL B - LA * 5“4 -4£ " L * 5 5 R AR E T B
ZEARY, Y34 BEBIRGFI NI, BEOE N B2 R E, FHNFHF H K
AT AN, RBAERRESNELEG AR, Z—REZRIATMNAFIN. TAHLFHFRGE
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BTAEOWRER, FA4HAANmRELNZAREER, FI)REAEAZSEHE LA, 3
A EF, FIRETREALETEHFRRITZLEE4,
512 A% =: RARAER

“~LM * ~LS * SAI * ~SSI *AA”, BPIKE 3] hAUHK S 5] Rk 3« 4 L Lo ¥ (K4 -4 B
AESFRAETE . ZASDLIE TANK EfFRETEOZSER . T3 3t
PR RN FE, TREARBEERAREELHETHRRG AT L. TEAXKFTH
RRARAE AT =, AR R, AN e B FHHE, FREZMARTETEAE AN L
T, BRTHANMBRATEFAE AFTBERANF ] FE, IMENMNATEO TR,
5.2 185 E 28948 7 A7
521 AKX =: Eokse kA

“~LS * SAI * SSI * AA”, BP K5 3] Rk * 3 A - B ah MR A -4 B ah* 34 k% B,
AR, BPMMEA- MK L A- AR EAFRARETERS, o RF A 52 F A5 7%,
5o f8 F HAKM B4, Bk, FIRERZ AN D4 KR KA,
522 LAy APkt 7A

“LM * LS * SSI * AA”, BP& 5 I sl o 3] Rk g A - A" B g G5 kg . Bp
MNET (Fhu, Rog) Fef o, FARE (BARET, £-AKE) AR, 2K
AN B, EEPIPME LS ELE, — 25808 RifiE, L iEia i g,
5.3 ABXHPHET

WMEAPHERBTTANMRERFEI PN SL YR ENELAREX(E., AL E, &
Bty R EAIERE L —HEXBRIRS, LA SHAEZZMGHF KAER. 48 LiME
531 Ba—: X885 RA“EEFRLEM

WA ET, AR FIF, RAELEE —EEN“RRMB T E, ANWEF I EK
HTEFAREEG TRAEANT ERA T RIIFER”, MR GIR A TR K AT 4
STR2TRABASHNEE”, A FEAFREPOHLLNE 2 FM,

$—, ANRERAGHBHEREKGIEH AL, LA HOTS A v H AL, miE
~HOTS A& Pk (LBAW) , A 5H B LAANME S 3] K H T4 %HF0 AR
BiE, %=, FAARIET B A HOTS #2~HOTS a5 3 aL, LAC R EAMIRET S,
HMFARGREAFEER, BHATELET HOTS 2T A4, E5EAT SR RE
Noe H=, FAHNAL- AL ELAENSBZEPHRK (ESZ) , FACNFIELYLE
S, BB HBRART RN F A IRIE R LR AMER S, A AL LS & LRt N Y
e IR MRF. $9, F3) R Aa HOTS A5 P IEHS, 12 E~HOTS 474 P 4 & i 5 2K
W&k, IRTECALAEIRES SN DB, 2R LHRT R EIE L IRHL AR
B,
532 Bir=: X4 MKXZ" 9 ELXHNREL KRR T

WAEPHTEN, MR EZRANMERF I P REKXKGIEHEF. BILTEBSFET 4%
N A - MR B 4. Plde, EFERERT, 2RKFALESHFHFREALTHRE AR
B, AR FEABIRE SR M, ERTEHRTRT, BRFELTHRMARZTIER,
BHEBGE, EREAEMARTIRG: A% 2 HRT, 5 FFENHRIKRERGE L3
ik, i 5%4, #mUREIERNEN T L. fFmRLiE LR,

gt— L, A PATIRAN LA RXREARREFILARERG: — LW E 38 &H%

BERTAAAHINER, LREEES. AELHERGF L, ZBEANA THH5FENE
¥a, FAGSRAFGAFRA. AHEFTELEFRALE, AR EFHFPRERT, —ZHK
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