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The Evolutionary Mechanism of the Flipped Classroom in the GenAl Era:
The Impact of Spatial Reconfiguration and Socratic Al on Student Metacognition and

Motivation

REHE 1*, BREIR2
' RAEHREELE
2 A EAT A B
* kelvincheung@hkace.org.hk

[#H&] LFOCRELZARET, ERAALIFIE (GenAl) WL R, 4F A REARAESEY L [
# ] (Cognitive Offloading) |, &R TRIE4H R EHHEIKT oA, KA REHERER (2016) #4558
BRETEREOME, KARARZETHET [8HRE | TROA RN, FRE [ ERRER] &6 3]
# X Al (Socratic AD | 92, AZMREBRFENGEM L, REARGRAEFELEERIALA R
(GenAl) & A T BL69[ 324nFp | AL, KRBT AR A AR E B R -&#F 7034 3t | (Explanatory Sequential Mixed
Methods Design) , % —F5fE@SATAI AR, B TRE GRETHERE. J1EX AD HEBa (RF
AEEE, — M AD ELALEREE (MAD $ ARCS $h#F & Eay8 L, % R BRI Z 104 R AT 4
AR, KRB M ERBZENNE L, ARBGFRMETRERATHENFE LA, ERET, TR
MBI BRI 4 [ R MAFIL (Productive Struggle) |, TMERBFRALREILMN Y, LRMNFEIHH
B RFIEM R R AT, BRIV ARG /) BB RE it o £ GenAl A0 [ A 25 | S XHH
T, AT ARBTLAH. TR, BORFTH ASHA LR RRA Al E FORALRET THL
B,

(W3] &HRE; ERAALFAR; Bhodpd; FRMFI;, ZRBEHKR

Abstract: The increasing accessibility of Generative Al poses a risk of "cognitive offloading"” in Flipped Classrooms,
potentially hindering students' metacognition and motivation. This study addresses this by proposing and evaluating a
reconfigured model that combines "in-class homeworking" with "Socratic AL" Through an explanatory sequential
mixed methods design, the research demonstrates that introducing structured "productive struggle” in a controlled
setting significantly enhances students' metacognitive monitoring. Additionally, results show a qualitative shift in
motivation, as students moved from seeking task-completion shortcuts toward valuing the cognitive process. These
findings provide a practical empirical basis for designing effective Al-integrated, self-directed learning environments.
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CHAARE [ 8 £5Y (SDL) | #AIHHF RN, Am, HAFEG [HHEZR] L
o, HEFFHEESELRINET T8H ], FIRERYEFALIEEN, SARZ R
b BRI ) AR R B B TRE A GREE, 2016) o & £ M XA LA A (GenAl
2022 iy mER, UREHFBFINTEERT ARG [ 205 | BK [RIF ] 9FXT,
BAEH [RINFHZMH ] 9EE, CRAMEG ATAHEILGHBRAR M.

BEALER, BRAATRABRLOEE L, RELIGGR [8BHE | WEXT, 2488
A RATAE R, ABGETEMH T GREHE, 2016) ; EARFER& S E
LmR A AEAERHARR AELERT B LT M Ad, 45 F £ T a%E 5 R A GenAl
(4= ChatGPT) iR A mA %, E&F [ XR] A THREZRE I RRORIN X LT R
Edr Lodge FA (2023) i, GenAl HAT—F @HLHBREAMN, F—F@HNETEL
A FBAEFGENEE (Deep Thinking) 3 [ 324 B # (Cognitive Friction) | . 4 £ H
i FAR# GenAl w3 [ 3242 #r 8 | (Cognitive Offloading) | , &£ FEHIreL FALE
Re, BRMEHIEE [0S | #HMGE g 5 ¥ 8 m A

Z MR, GBI FELAKE—R T2 | BT84 ] M, & PMaten
T [ RRREN], LART LK P ABBHFR L [ 515X Al (Socratic AI) | 44
IR TR AT E B —F HSEHAOEREL, TR AR I AIFAKT A ZS
H e A B sk, 88 [ fRAENE /R AT KT | (Explanatory Sequential Mixed Methods
Design) , A XA ATHERF [ RRR ] A [ 515X ALl ONMAEX, GRS
T B R A A [ T3 (Metacognition) | A8 B —FHRRAHZ ALY HhHE

L
HE,

2. K R
2.1. #FHREGTHEZEBEEETHEEIR

HRRETHERELAAR A ESHG (12T |, B8Ry | HIEXR] =M,
EEAIFUR P LSFM RS KT H, i X455 2 Bloom #9372 %% # (Anderson &
Krathwohl, 2001) , AF [2IEHILM | FAIKE AL, SHARI; M F MRS G #
EARE GREHE, 2016) « A, AHEBHKFTRENEETALBE, THHHFEREFA
HEZ BB [RPy | RE, R TRBLTWHEF %A (authentic engagement) (FREH#,
2016) o EARRXAIE AR (GenAl) B, sb— [RATZ4H | ERTIEE A RGN K,
HAGTIORES SR CBL ARBM T TN TH, ZA4H GenAl 498 FERHM, 25 5HFH
£ [324#p#8 ] (cognitive outsourcing) T4, ENERKTRAELHBAZ, PiE—F L#
THRIZFHEEH (Liet al, 2025) o Ak, FREERFRFTETEERG [THE
Al —— HENEEE TS E, MK FERAESGRE P (Corbin et al,
2025) o HEAGEL—THEAE, FANKREIXEZE Y BA.
2.2. #F MK (Productive Failure) 375/ ¥ X Al

Kapur (2008) #& %69 [ #3448 | (Productive Failure) Mm% ®, REHWHEAEET
EXKFAT, ZEARETHRZER I FOBEIREL, R FLALAS (metacognition) K
AT, Zlete S F1mt b 2 & KR R ALE 2 F 6933%, Molenaar (2022) 343,
Al FHRBEMBFT ARIEERZEHF A RAESEE (SRL) 91T H, mIERREFHLF L,
H § GenAl R B2 40930 B4, $ROBXZHFTEBHEGIR TH LA (Prompt
Engineering), #f K A& A (LLM) £ #& % Al #k4& £ )& X 5] 3% | (Socratic Al) (Kasneci
etal.,2023) o Sb—AHA9IEIEAZ, GenAl NEEERBEEE, MAZBR MBI T2 EH
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AT R F e B0, 842 Y H AR AL )R8 L BB AR P AT 3 5R B0 E 54, AF B
RO AR R T [ 3% 440 | (productive struggle) (Liuetal., 2024) A& [ #
R
2.3. BEAEG [ 947 2% | —ARCS BpHAEX

JE X HH A BS BARZ —, 4w Barton $2 Levstik (2004) 454, EARAZEH [ 547
23 | (Analytic Stance) 98 7, EHR L9 HM PR E AHTHEL TH. EOWE
A B 530 S AR AT 69 HeF BF, Keller (1987) 89 ARCS S 323421 T3 RAER B X B 5
%, BAHZHHEEER, ARARMNWFEOCHERTEN L LB OHIFEAGZ, EABARE
HENMNGH M. K, EERKX Al RZERAGERT, SHHHAREHTF, BHAF
BA 842, R d GenAl KA m b BT 2% #p & | (cognitive offloading) 2k w18 5 9 3 % (Risko
& Gilbert, 2016) .

BEAL, ARAEFT BT @ EIRA: ETHEY [HHSHFE ] T, §FLEATHRY
Fag ik [ BRAE4L R AN AL 6938 M&, R & ARCS BAF A [ R |, REARAML
BRAABER L, EnFEAHLAERA LRENNBEREZ [ A KA ]

(intellectual self-efficacy) (Bandura, 1997) -
2.4. THBAHE Al B1F T 49 8§ X HH

T34 %» (Metacognition) & Flavell (1979) # #, & Z[ T34 %23 | (knowledge of cognition)
8 [ T2 #4E | (regulation of cognition) W K4t . EBELEHRFETLHZMEEHGEH +F,
SHE LA B ME AN LRI RIZR T, T8 F 05 E EAZET I B4 (Monitoring)
21845 (Debugging) (Schraw & Dennison, 1994) , T HEXAEEZNE Y. Ad, R
Zimmerman (2002) £ B KAHEH (SRL) Mk P kA, TREWEEZHERMETEN
B0 Fe N & GenAl A [ &dod | LB M R T EMEN, 405 B 0aTE [ Bk
], TREEE LB DI B iAW B, Ml T4 E 2 | (metacognitive
blindness) .

HEHRGF A ALZHE, KT GenAl TH AT A [ LR IFRTH

(metacognitive prompter) o Eit, AR TR [ FRFFL | Bes [ 515X Al
0933, ERSAA, Al FHABLHBELFROEER, AR EHHEANREREE
BARERKEAEF, B TESRE TR [ ERAEHIL], LEEF ERFKDT
Schraw $Z Dennison (1994) Ff 2 %69 [ 32 B 3w | 1 [ 384z | BAL, AT RLEEE— F IR
HBFHETEGER TH, A GenAl BILAIGERHNER, AT H RS £ EHAER
AL 0 TR 4 K (Metacognitive Awareness) , #m & GenAl B P FHFAKE
EE RS o
2.5.S.PR. ZE#HAEF

@ GenAl KR AFRHRE [Rofp R | Ak, ALFLEAMHERTNAZEHT Pk
X, TEBZHEFFESHOBIRE, KRS ATE LB, 4T 313 X AT (Socratic AI)
W FEEHER, AT [SPR. ER | . wEREZH GenAl Hi7 M LmIRHME [ B E 4 R
R, HALAEIELAFNEEY [Redd |, LA ERN G BB E T E it
‘A [ HMREH (Source-First, S) |, &MRsmELAa9Fs, Mure 2524 [H
WL |8 Todrsg], Bk, bR BARS Al RAABLIE T RSER X HYZ
2w, BRAFARNBENAY, AL TRELARENIRERFZ L, AR [23%
P 4F4L (Productive Struggle, P) |, AT4R#F 45 A Kapur (2008) &9 [ #H MR | 3%
Hied, @AM [RkFE | HEFEMEE, WHERHAERNRE LR XORM A%, 2ER
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RALAEREE], MAZBRFOFF G 5, @EF 4 EHRERE T HESEAERR
‘«T";], E@ﬁi%%%é%i%ﬁ%%@]ﬁﬁ%’ /f?‘a&ﬁﬁﬁz)ﬁ@’f%\i%it, ﬂ" ﬁgﬂ%lﬁi/‘;{i\ﬁ]é’]iﬁ,%j‘aj
ARG kN, RE&FEE ARCS BA S Iy & T HRKRE [ BTk ]| AR
[ 732 4%= B % (Reflective Monitoring, R) |, 4% Flavell (1979) 4) 324233 ¥ Zimmerman
(2002) & & KFEHFFHEA, LB ERT Al #EE [ LRPRTH | 9EE, & AIHF 4
A9 A 5 MRATRE, B ERRB RS THMKIE P [ Bis | 1 [ Hx ] #4], 2K
LA BRI E FHEG BB, AR R%,

3.5 FL 3k E

3.1. FEFA&E

ARG AT LGS FIE X AL 1R E R H S TR T: [ RERNHBAT 5]
XAl AN, RERAZFFRBESLAHZ A [ T32% (Metacognition) | A& 77, WUA
H & Keller 89 ARCS BA T % H gL,
3.2. FEZERHE

AHF R Creswell $% Plano Clark (2018) 4% i &9 2 4E M4 )18 5 iR 44T 7035 3t (Explanatory
Sequential Mixed Methods Design) o #F 5 ZH KIEFHE: i@ M REFENAT, Edmit
AR RENIRFT IR ET T AT R o

BIAAT AR 2025 £ LF 10 AP AT, A2 28, EQ8HRE. HARLEREB A
FoamnlegtbF, ZERER Google ALK A%, EHE TA LR Gemini, FAETUEK
T A WAL Gemini Hit. RRALAHRNIEE L K-FMEFF LA T LHAFE (N=48) . &
FTERGFELZ[FTHARIEP L AHES, mBL P — 220 MR AEERF LR, &
Bw bR, MEARCHATRE, B, AERLE, AXALTARTHS R RBLE(0=23): &
BREGEGREREX, FAERTIEE, RARXTTELFFm AR, BEF AFMEA GenAl;
ABR R4 (n=25) A RBBH R ETEE RENARGTFERRLEET, FAEA 51FX AL
I T TR JE XS KR, F AR T T KR AR R —Ak AL, 27T AU5% F14% A B 2
FFARR A EI TN AL [51FX ALl #9F @45 [SPRAER |, #F GenAl B sty [ &
FEAR | HLAHETZVUEE] . AIREOZHLEReL: MRS HER (Source-First) .
8B AR 18 AE S AR AT AL (Productive Struggle) , MARATE T2 40 &% (Reflective
Monitoring) o i A H A RA TR, FAETA B FABKRELA GenAl 69 H 17,

RAF O — PGB F— R (NAT) EE NGB RE (INFR) 55 E 47 AT R 28],
HFERERARBLBFENLTY S BFAREEAEARETIE, 42T HA4KHE GenAl
Hemiparey [ L REEL (MAD |, T ERAFAEN [ReBix] (Bl 7 Al
EHESRAEN, RTIDTEFANELZEHALCHEL T, niFaBElk, ) A [k
e | 288 h (BlAde: o F AT BRI A G T, R ERFRMIEAS K
BHRFRAA. ) o

FEIT RN ABEBALAY[ARCS FHBHHE R |, #]8 GenAl 4 &miE3T, /A&
AEFA LTI Al RO OMEE, Z2 R FHET [129] (Confidence) A 4m: ¥
AR Al B 5 R KB B FESRAFIL, 2m 8 E LSRR ONBELESN ZHEZ S, )
s [ %2 B ] (Satisfaction) (Flf4e: KAp4FiE:B A T RFEFH [ BB ALl AT 2 9 3,
B Al AEFREFHAHR) FHEHEE

BB S B EBACE, KT RERA &k (Purposive Sampling) &, #R4EFH —
R ENPHER, HERTRATHE6 LA ARCS FH BT AT LRGN S
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A A BAZARK, ERATFEBIEE G, UWEARREEDHIEX Al FEFGOKE
R E KA,
3.3. 5/#E X Al (Socratic AI) #9 7 é #&7~77 (System Prompt) FZZ

BAERFREE [SPRAER ], A RATRE Al 69 [ M KX ALl KEZ AL, ¢
AHw A TR AERERGHRAER X T |, SRR R &% 60— Al. TREH
WRTIRE SRR —, HAREH (S) @ F&H Al £F A4 BAFE MR, &L
TRAERMEE S, AR AR d ] . = ZHHEHIL (P) : REAIARABLEE,
ZRAEBRM KRR T BERE [ BH |, @BEFAEQTEMERNE, =, TAR
(R : HBEAIES [ LZfRTH |, AFIESEABRATERE Qe [HROHEHA
HHRAFDERA? 1)

4.5 745 R

41 F—FERER
% 1: FREEHRBHEAE MAI 2 ARCS £ R Z MBI (N=48)

ﬁww%%w%h
BB A @l | ¥l % . REARA t B AR At
# (SD)
(SD)
I
MAI 7T 3% % % 3.10
o 4 2.92(0.68) | t=1.05,p>.05 -
24 (055
(n=23)
=3 A
e mssea | L ® | 305
5 4 0.52) 3.92(0.78) | t=4.85,p <.001 t=4.72,p <.001
- (n=25) | =
PN
ARCS # % 3.25
" TEI g 050 | 318062) | 1=045p>05 ;
(n=23) |
%'%:mo
(s, AR | @ ((‘) ) 3.68(0.85) | t=2.45,p>.05 t=2.38,p<.05
(n=25) '

FEAT R BGI AT, AT AMCHEZFETRSRESEARF T HMRE. KA 1T
R, EAGRERBR T E, BHikhA t RTOERHE T, TREASEHFRBAAE MAIL A7 A
(p=.71) 3 ARCS #T#| (p=74) Ao LHREHRIBFLZE, ETRHAFELETRANN
WRIITHEABE —BEMN. E—FHRESTET, EHIRHEGTRANANG, REZH
HBARTR 6%, #HRE (AR P adERN—MAD ALZwERREHHM ETEAL
¥k, Rmd ke THGAES (MAL ZA-FH % 292) , EMH4EE T8 ERBE GenAl
TREH [Rsipd ] 95, RBTRE AR¥ET [SPRAEE ] 51%) , £ MAI ©
R FREIAABERE (A 3.054 %392, p<.001) ; 124 ARCS LY sku g L, #
FEEKF, ARl HAZE ZH K (A 3.20 £ 3.68, p>.05) o sbéER RS [ 7]
B X AL R EBIRFIAIIFIL, FHEAVAREBIRITS, BERNADRN EBEZ L
B, EAEINAERBGMEA] £E, B, TRATHE MAL & ARCS #9547 L34 & A4
i, Ru Al o9 [SPR. AER | fe A BIE S A6 LR F A5 H Sk,
42. F R H4ER
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HEABFHOLAST, A RTEFAE ZBABC T8, HEEFIERGMEE—K,
FHNEBTTEAELE [SPRER | TEBERTHAEFNSHEFREIAAER.
4218 T H#RE%] 3 [ #ARL A (Source-First) | &9 4

R, S A 31 X AL R B RAHEF B £ RN, HIEAH GenAl

RATEERIE] WE4, AHELABLTEENA K, LR EALTE, B4 S
Prif: [ ART& KA ChatGPT R E&—## &%, &A% ERER A EE L HFH T AR AR
Ho —MIBARFFERAREHM, BERAEREALELFGRA, TRWBRAET AR NG
£, RPAIFREARELELARCHE . BRRER, &REARKGHII ALT ##18) ] 05,
MAELIRCABSEERS T |
4.22.58%) [ 3% ML (Productive Struggle) | A XKE A 12

GHEEHBET ENHIRE P HMAZEEZ (SD) BAWERE: LAEPTAH P A AR TR HIF
rEFafz. FES44d: [AXRNAIMAR, FEREFS/LERCE, AREES
HIF—E &, BAERTAZ, RM XAl —AMKGEHFFE, 2RETF. HABLRR T,
RIS, 1amREBFR AR TBE R, SEXHNEHDSER TEENFES, A,
FAEPTH S ARRBRLERE, 2ASSAES: [BHUAMEKRS T, ABZER Al #:3F53)
—F e FFRE, EEAKRE. | SHET AHETRENIER K AL L{EiE p< .05,
B [EEMEIL ] R—edEam.
423 F S H EALey [ %2R (Satisfaction) |

AR, RRBRGEZRAA [FAEE ] ROBA, RIEEHHTR. F4£ S6
HaE: [HRMKXAI X FEIBRAEAR—AIHGBELEHIT#HR. TRBBELE, RAIT
B TRGHE T RE, KR SR 15, AR RREK. | AT, & [31%
NAL] MERR T THANSE | THA [ SEHEE ] 0, RRARDEE T F AL ARCS BA 2
TR R, MEBAERMEHRRE ZF AN BT ORIY ) TR,

5.483%

AT RIRFAEERIKALER (GenAl) 2 ®\-ERGIFRT, R Re meze) [ 2
Fadp R | AR LR TR, A& RAMHET, 8 [ =HEHE] (KRR #TH#
#rEdm ] (EANSPRAERZFIEXAD , it A XARZ LB ERB AIRFOFEEFEE. £
HAF BT, FREF A E TR TR (MAD LA T ARBEF6RT; £5 HH# (ARCS)
T ERBAENEmEE, B ABRE P FEE AR E R E RN, M, HRBER
PP T8 FARM — AL Al ket [ 324edp i | Bk, HEHFRALAGERELEZHEE R, FH
FARE—F BT T RN EMF: 515 X AL (Socratic AI) mAiTH T F4£ [ FREE ]
B3RO, I A S (Source-First) ; m Al £ ¥ P2 & #2084,
TEAN BLAGEREEER, Rmnikid [ 234 MH4FIL (Productive Struggle) |, EF4
IR A PBEIA, ZZ2TREHAMR (4o DSE) 89 F42:0 (Confidence) , FEEfE
RS 0g2E KRR (Satisfaction) . %843, AFFRLEAT £ Al K, EFGEH Rt &
EAER A [ —4Am | 9EA, MAZIEZRERERmBERZN [ EREHE]

AA LR EER, KARHEHOHFTERFAERETEFRIATHEZOER: B4,
TELH M I LM, BEEREEHAALE R0 E4 | . @Y GenAl B FHFR, XF
BT AR E O R R E . MR, BRI [ BT
R|AGDEERY, RERZFHBELALETHYOLEZGH., FREIBFHGEETEREZAS
MEDN [ R FE |, ErTETHMA, KT KA RRERPIFAF S %
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BREYEE, S A AR [ 515X ALl M1ER AT 2 A 6900 R M. Lk, HEDHHF
AR mk [ 3L (Designer of Productive Struggle) | : #F X1 EFAF Al %
Bty E il TARG SRR, KRR A F 69 [ 771142 (Prompt Engineering) |
A, KRG [ Bake@kd | A4 [1FIURE6F | . S@F 4R E [ SPR.
RENEE ], WAIZG AR ] ATABL TEE, BEHRRAERIAR MG E B A,
W BRIGE S ARG S H B HIFE,

6.5 X AREAREE

AT RIHEMTHEET [ RRREL] T 51EX AL B X9 Ed R, 12A5 Rk
FHindfss B AR BRI, TR ARFABM T LIEEZ T
6.1. T 488 F 69 4 14 & L SZAE15 (Decoupling) F K

AFRERT [ZHEH (TRRATER) | S THHIH GIEXAIRM) | 8948 F
T, HFAMREAEBNKNAETHEB D T [ L4 R ZE (Ecological Effect) |, A
A RRBEAEENHERGE, Ah, SLEFERBBELEFILLBHAE—SRNBLE
ik SHNE T RS RBEEFDA [ HFAGORERY |, XH S KEERA TAL
REMF | ? A, RRAFTERTHRA 2x2 B FERLF (o ERXMERAFIEX AL £
REER AL F AR , FUAFERFEEROB LYV ENRIBAER,
6.2. 88 K R & (2 RFEF e 4 IR #]

TRAZEMREEFTERT T (N=48) , LAHFRELZEEPATRELZH P
[E R HE |, SRARTLE RO L BRI, BH—2 Ak, AR TEHEIFE K
AFAL, EAISPREBHHFH KX | R ZIEALEAH GeB TR HR T, A2 T ERA),
VABR & AR AT B S sk 45 M S G A R H T 69 AR AL R,

6.3. PG R EAT 2 R AR F M (Retention Effect) #9% &

AT RN M IELRE (8 HR) , SLMET ATELEEFY, 2AEG[F£F
##% (ARCS) | R BZERA, 12 A AR KABEEE £ F, M0 TAKRBFLIRS
4 AR E I ARG LR IR G A, WO, FAGE [ EL M| 6908 M LAt
TEER LM, NAEREF. ARFRIEI RN ER KBGO &EH (Longitudinal
Study) , # % Al $Heh# S A 40y [ 3:Z 8382 (Dynamic Difficulty Adjustment) | #24%
 AAhwm LAUE 69 B,

%% K

R, EZF (2016) o« AREK-12 HEMRTHERE: HFAHKE & XHw T o iE,
B Y. T.Wu FA (%), %20 BELRFAFHEREHTEAKXE (GCCCE 2016) 3 L
% (B 523-526) . &#H#FKRE,
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