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Abstract: The use of generative artificial intelligence technologies to improve learning has received increasing attention from
the academic community, but the effectiveness of generative pedagogical agent in learning has not yet been fully explored.
Therefore, the study conducted a 6-week randomized controlled trial with 92 senior high school students participating in
programming education with the aim of investigating the effects of a GPA-based question prompt scaffolding tool on students’
computational thinking, academic performance, and metacognitive abilities. The study found that the GPA-based question
prompt scaffolding was able to promote students' computational thinking, academic performance, and metacognitive abilities.
The article analyzes and discusses the results of the study, aiming to provide evidence to inform the integration of GPA into
teaching and learning.
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AWM FAR, HEKAMANARZZERQES ., T HEBEN TR T &, 3 TERMREAG R
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FoifAE) R H R T7(Ge & Land, 2004)# 472 %, & T4 B 1 AT,
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AFRAETELEEESTH—F% (FEHEK) BEPHMEET AANFITHE, 202 4%
A FAFE 1516 2. AP, FREHAGEERXKFHRIRG P AR T L 2E, &
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3.2 FXRAE
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A 51 B Korkmaz 4 AFF K 6911 5 % 40 3% = & (Korkmaz et al., 2017), @377 ) MK iE4E
FATLBRGT, ZFROEHEES (184, FIAME (9-1472), FE24 (1520 4),
WP EL (21—25 ) FetpiEh ) (26—2980) 5 ANT4HE, KAF LR SBRELHTIEH,
DEART, FAEGTHEBgER MG, EAE LG Cronbach’s afd ) 0.931, 94 RKH 0.887.
0.847. 0.912. 0.884. 0.903, ¥ KT 0.7 £ iz = & LA BIF1E K.

3.3.2 Python #21R X i &

5 T Python FUMKIFAEF A M 4nin KT, A0 FH PHMEIE LT HEFH 50040
FayfE EHRE XA, HARARHEEHRRZITHE LR %K. Python %R MKk A 5 1A
Bk & AGA A, B AEIE 20 NAFMAR, %E Python &5 e AR, T EAMIAL
M. S L EMAk KBALiB %, R AR XL RO T SEE, F AN AL T A A6 509,
VAEE o AT 12 A
3.3.3 Tk Anpe H & #

B 504% ) Sperling % A4% & 89 Tik4nRE /1 & & (Sperling et al., 2002), %€ & L6 LiAFe 4R
(1-6 #) FeLikm BT (7-18 M) AAGE, KAF L4 5 RELLITIFY. HE LY
Cronbach’s a1 % 0.901, 4 EARAKHN 0.783. 0.868, 3 KT 0.7 X% & % LA BIFE AL,

A RER

4.1 £ F GPA #9857~ % Fx1 5 4 7 K B 6IH %

AERA R ZAFR T A2, SMAANAFAERTERATG T ESRIITHN, O T4,
EE Bt m eyt BT B A 2 F M £ F(p=0.309>0.05),5F L& BN EARG 24 F T B A
BEME R, LSRRI EA, FREAfTRBATHESEKFLARNER, RELEEZF. R,
R T RREREFERA LA TEDREKT, oA THBOL Rk 2 T,
B RKF AR H 2 F £ F(t=0.80, p=0.040<0.05), F H & H & %4 (p=0.020<0.05)4% & L %
HEILEMER, BEAX S EETRER I EMNZ 7,

Ik, AR AT MK G B9 S AR AT T BATAE R TAR L, VORR it B RR G A A £ Fo

A3IWEREY, FRANTHBERNIERS ., ATERXKFTHRIAGFART LR
AT H TS, EADHEGEINERL LI T IFGRI, AxRBaAY, AT ZR

ST HES S,

K2R ERBE BN IE

F I S A8 48

M SD M SD t p
£ A 3.92 0.56 3.76 0.49 1.47 0.78
o] 4 i e 3.58 0.68 3.40 0.67 1.24 0.88
Hikwh 3.37 0.90 3.28 0.62 0.56 0.02*
A 22 3.72 0.65 3.57 0.61 1.10 0.58
HAERE 7 4.19 0.73 3.96 0.66 1.54 0.14
it S g 3.74 0.56 3.58 0.47 0.80 0.04*

*p<0.05.
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R 3FAMBRATEITH 4% £ F

Py Y|
M SD t M SD t

A G 223 045 208
- 7 2360 Y 067 248
REERSD o o 3 0 005"
A S 003 061 136
mRER 0B st 06 210
TRER e ok 2 3 047 222

*p<0.05; **p<0.01.

4.2 £ F GPA 89 /5] B 487 £ Ferf 5 4 Python %o 1R W 8% 5 69 %

B R AE R W 77 £ \#ﬁ%éﬂﬁéﬂ-ﬁéizlﬁﬂ Python FAERANES, BRAFOLDEE (FAN
RKEA) AT E (RBFE). HHRANXGH G, WRIREFIRGGLEEFE2F (F
=8.50, p<0.01). Z 5, ﬁ%ﬁwmmkwméﬁﬁﬁkﬁTmﬁﬁﬁwrﬁ%,uﬁ%fmmn
FriR M KR F R G HAEEF. £ 4 WEREY, SR RAEATEF RO R AL, @R
AR AHEFH RGP AR TIROFERAFARIFT ZH8F I b

& 4 5 A MK AT B 5 5] MK R G £ 7

M SD M SD t
K 72.87 17.15 76.86 20.69 1.27*
%t B8 40 66.83 21.37 74.33 12.64 2.69

9<0.05.

4.3 R T GPA 89 /5] B 4877 X A F 4 LK Fw 8 77 69 % o

B3t AN HELR B AT G M AR AT RS R T AR TS, AT AT GPA PR TIERATE
Repg s A M TiNFL ), BRI E 5 T, APTULES, 28 8FERE, LShAFE
%mm%%ﬁ(p(mm)ﬁiﬁﬁxmo%%,*%%?iﬁm%ﬁﬁﬁ%?iﬁﬁﬁi%
2% (p<001), AAXNBATERELAERE Z2F (p=0.012), ZHL4L GPA 69 AT X
R MAHFEERTARSF AN TN . I, HBAFLEAETNmiREL LB E
MR (p=0.03).

k5% A NKAT G Tikdmht /) £ 5

T Sf B8 40

M SD t M SD t
ST 2 068 157
TR e ou o 3 065 232
U 29 e 063 266

9<0.05; **p<0.01.
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5.3%#%

5.1 £ F GPA 49 5] B &7+ % F 48 95 .2 F 18 H 5 4 4971 K B 58 K -F
BRI E, FRAMBRTHRBEERAE T R K-F+HE B4, TlikAh, LT GPA #

LA T X RAES B E R F AT HE%, X5 Gong F AR L X —E(Gong et al., 2024),
HBRRTRET, THEENERIEZRETHRELS, BBPIARTIRG TR F ARG
TN T . Bk A, FREFN, FARBRITREGIROMHEFESD., AR TEACT
WAL M AAL T8 ) RRARFE, FAT At —F 54 GPA RIF6IEF N E 540 X g4,
HmE R TE R, IS, B AR RAERIAE, R HEN —ANEARRF RS E,
FATRESTARBCE, METAHBATE, AT GPA R ARTIRFHF AR N4
O AL S FAT I 0, A A RALAE S Ao RALE o) A I H, F AT AMHRIE GPA Rt 69 mAE
HEH5RTRE M IR R o l, B SR T mAALAZT ARG R A TR, FER
A A F iR 0 TR P R ER /% B 6925 (Molenaar et al., 2010), VAR RETIRALAT SRAZ1E 5 49
AE, ARt A At R TR,
5.2 & F GPA #9 /5] B &7 X R FE B 3 H Python F= iR A 5 4

st A JG M) Python 4eif MK 48 R/ AT R, FRAFAEGRGRKRAT LR F R, T
VAINA, AT GPA 89 A3 7 X R AES 3 Python &R MK i 4y, X5 Malik S A9 8F 5025
ABPA(Malik et al., 2022). X TAER E T4 5 GPA WS IRA NI HE R, FHehen
wRagLHHTARI HRSBAEKR. BAKRE, BAWHAF I BIREF I ENARFIESN GPA
RE9% A 5 3] H B AT AR T 69 F DBAREIR . B R AE L E A R RAE AR R 5 4%
I, GPA REDSM A A B FIRBRFLFANTE, 4MTFAEARKTEEHFREH 4L
B OIEE T, MR FAFHR G Afef AR Ri, KET FAENFIRE, AR
BE A 5 5] R Gt B9 3 F- A4 ST #E (Mufloz-Carril et al., 2021).
5.3 & F GPA #9487 & RFE BB FRA F 4 XK S K-F K E

MR TARBE, RRAERILT LHO TN, ELiksfeilfeTiks BT A% E B
HEFMRA, TR, AT GPA WP ERTEI R B EREF A T KNI K-FHRE, X
5 Abdul-Rahman % A #95F % 45 & — 2 (Abdul-Rahman & Du Boulay, 2014). LR EH, —7 @,
GPA R AIRTF I HARXR AL AN %G X, EALT R PRE T NSECEIR AR
71, RBRBRERESHL, A, ARGEE, F—F @, FHERTIEN GPA =4 LK
R 7. AR R, ERWETL. B2 HBNGRITAZE, BPRET —HH X 49T
Ngmi5F, BHFIHRBERE Af RN, BHRZFYF ] H DI B E R SR R 3
BRI AE 2 19 A 8 i AZ Fe AR 2 69 42 19]) R 9&(Xie & Bradshaw, 2008). BB+, GPA f£xf
P, RAEF A A R F AR T K G £ A R AL A5 38 iR S A A S 0932 AR, XA R TR T
At 95 1% 3 52 & LN Fe K T 89 & & (Sijmkens et al., 2023). b, 5% K I F AT T4 T AR
F AR E, SR D HAETMER R AR TR Y & 2R B FASCENT R AAE
BikAel B, FRAF TR EARAEMBETEP HARANEEHR T ERBTRIEFT
f%(Ge & Land, 2004).
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