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Integrating Generative Artificial Intelligence into Elementary School Robotics Education:

Enhancing Learning Interest and Knowledge Acquisition
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Abstract: This study explores the integration of Generative Artificial Intelligence (GenAl) into robotics programming
education to enhance foundational science education in the STEAM (Science, Technology, Engineering, Arts, and
Mathematics) disciplines. By engaging in STEAM activities, students can improve problem-solving and collaboration
skills while fostering a strong interest in science. The results demonstrate GenAl’s critical role in supporting STEAM
education, enhancing learning interest, fostering creativity and teamwork, and promoting overall learning capabilities.
As a significant advancement in artificial intelligence, GenAlI holds transformative potential for education, particularly
in STEAM. It encourages questioning, inquiry, and knowledge construction, making learning more effective and
engaging. Through 6E experiential learning, GenAl assumes multiple roles across learning stages, providing support
and professional guidance for scientific inquiry activities.

Keywords: STEAM, Programming Education, Exploratory Learning, Generative Artificial Intelligence, Computational
Thinking.
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2. K=
2.1 BERFEHFSTEAM)FFE

A5 45 F B 89 NGSS (Next Generation Science Standards) 7& 385 & 2 24 S 42 TAZ K
B, AR s R A K B AR & (States, 2013)e STEAM # B 49 B AZ & 35 A5 4 S5 A8
A&, HAT, T4, AN fRER). EESERT, A HKL] RAMENEH 7 X, &
AF ARV . &4 NGSS 8932 A, URIFHH STEAM M EAGH T NE
Fo & $)(Wang et al., 2011),

2.2. 6E B 549 STEAM K1 ##H

6E Learning by DeSIGN™ % % A TR 24 (ITEEA) #RE 69 FAEA,
& & A STEAM #F 488, B E AR FRIRTR ) GELE, ZEAERKSEFER
3 (Engagement. Exploration. Explanation. Elaboration. Evaluation) &9## b #7387 K1
(Engineer) F§#, & —F REAZ T THAEKT 49 E 2 (Burke, 2014),

GHERERE S AT A AP SHHE TR, E T AL A QMR R AR B,
FREY, HBFIN GE A K G EH, fbAH ML S A A STEAM 43R40 F H sk, $4#
= A W EAB K VAR /) (Lin et al., 2020),

23 BBRAFEREXAFY

RAXE H A2 X5 H A STEAM K F F £ £ 69 RELE, RAEE BT RIEAM
R AR S o ARIE(Kolb, 2014)89 [ #E5RS H 2k |, £ HRA —EREWHER, LETHRL
HBEFRE RAT AR, AR XEEIRFTT —EEFH L, (Inguva et al., 2021)
AREGRFT B FREONE LTS, ERELABRATHRFPHOIAAME, £F
FARRGATREL AN, BARATEATERBFANFbZ S AR B E XS, AlEH AT
ORI, AR S H B 4L(Inguva et al., 2021). MIRT XN F H HEIZER XN E F &4, i
4 4 STEAM 4ok 6932 /%, RAMAAMRE ) FEH T, AFRERETHRIERN LEGO
SPIKE & # 4 —{8 STEAM ### 5 A.

3. AT ik

AEBRIEATERAAERN Al TESELREKFE T EAHFAEFFEBRFFHE A48 40
HOBE ., TRPARNEAF L —AEAERK Al HIEH, 5 ARG GEEKE T &
FADICIE 77 ik 6,36 B 5 30 & A Bk 52 AR Bl 40 3K 64 R BRSE S
3.1 FXH£

HE—AEREH NG A8 LF AT T, RETHARGTAFLR, BOEREEAYH
FE AR, HIERAIE ) AR S . 278 A NGB TR R L Scratch =
LEGO #BEAREX, nAamuds, A+ —am2 A8 FRAa4ERK Al THLGWHY.

FAENE O Scratch f= LEGO #BAAE X, RAERN T LA P LA ®E Scratch v3.0,
£ 4 A B Scratch A3 74k, i#4&A LEGO Spike Prime £ HETHREA. £F
—iB %, BAMEANET AR, TARK—BETTHRA, AETE,

3.2. K&t

AR R GE T R AT S AT, b R4S A £ S Y SLARfotl B AAE M 4o 3k 0 $ 84
28, ARAOA 10 BEZEF 25 BARARA, MEAE R LRSI ERETF0. K1 50CE
AR E)E S FETRE)AF. £ AHM S EMREALRE, MAFARZ KT RRAME
AL
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£ FLEB M A i@ MSLQ(Motivated Strategies for Learning Questionnaire, MSLQ) 4 % #=

FREH, FAFLRAET AL STEAM AHKEKEAZTDTHSFE K, EoITRMEREA
BAFFo R ST B AR 89 XN A5 F FLB S L (Pintrich & De Groot, 1990).,

R AAR B Sk R AR R G AR B AR @ AR B AT AR AR 25 AR M 69 25 A8 B R B,
AEFEEAEEITBRBEAZTETHEASA MM ARG TERE. HBART XNENT H
SAHMEXG G, BREHRIL, NEFTEORR, TAAOMERESALTEABNEY
AL, bR R R SR AR T 2 2 F 69 AR B %S & (Association, 2016).

3.3. FHPH

A RAF R Z AT T FEATAAR R, EBATER M A, AR TRH A QRS
Hik, FEEARARGAHIR. FHF BB L AR T AAARAEA, WK E A4
ARG F— R4 I, W5 K100 5. BT RIRG HEABGEN, KL AR
HARAR t REEATHAT; BN, HARE TR EERBS AR IR ARG EREZR, AgHK
RABIARA t MERETRER, BOEELRAGEREBREER,
3.4. FopiBA2RER

ERRY, FAEARS MBI ARE, FERIAERAERK, RFEE—F3]EHR
FHAEATa9E D MR ) . HB I R E A LS, GenAl A& L HS A THBAZ P 4 I1EH
BEAER, TMERMBEFER, ERAHZLADEONBREBEITE, RERNEZRIZNRIEL
AAEKXFHHAZTREA, 212 A SCRATCH #:tAM itk k. MAEAMNS 4
BB AR A, BERARAANOEXEF T ETAZAEEBRASR. EHROZHLER
TMEREARRR ), BEEAT RRMANR D, EAikF A HEE ARFGELEE ).

GenAl AF £ 5 F a9 RS BRI T RAZ B 69 L+, Flde, &2 AF X, GenAl 7T
DARIEACRT 09 F K IRERE R, F MBS 25 R E KRB, §4 X050 BRI,
GenAl L REBPIFAIIREEIR T, BRWMMEZ AR T B IHEY, TUHEEARMF
RRXRANER., SHTXAMAFERES RIRGRD, DBRHRRAEFLEBYER.

1 EEBAZ R A

4. & REH=

BAMRTIKFT GenAl £ NFHEKF FHRMA. AR EEAAN GenAl # 4 5| Scratch
A2 X# 3 F 647 LEGO SPIKE B EA R+, T EZHXFH. BEZEBRT R STEAM
ED, RAFALHEE U FORMAAMRE T . S Fodf 00,
4.1. BIALBEAALEHEAF FIRE T RIER G S EH 5|

GenAl A H B P HNELZEMEZNAL, CHHFARMPA, A TM AT X,
HBETH PR IAGER B MR RE, SAE Al MBI FE 7 R R R R E AR AR, T4
MARNMA R R HEM, T8Ik —FT
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pAL

o

GenAl J& J

BEHFEDTRZTRT, FEEF R4
HAEFRPHBER B G FWH T LM, E
I fif B AL GG ] R AR

o TS F T A R0,
A AR, 838 L8 B 4 )
o A, SR AL Ao
.

ST 3L BAR 89 LRG3 A 5
XX TNE T SO
B A A R £

AKX Al e RS A FR, £,
% A8 R B AR RIRIE, %
IR BB £,

SHE R 2 ERRIAT, HF e b
TR F 4 %R TR A
LB FBR R

AR K AL 8 5 £ 32 RR IR Ak A
A, RAELER, B, Eordk
) ARRAE HAMT X

AR AR R R II, A3
T EZ T $ A TE RAHE S
Ao KR R R AR 4 R

A o X AL T VK BY 4 A AT B SR
YT, WhBh S A R4 BB AITHR
B U H B A R R

B FIRRE I RO, & — BB IT

B MRS TR A K B
£, $AEEBH RN EETHE,
it 3% h PG 89 7 8.

A R AN AL 88 BY F A AT R B Aest
W, HBSHERTARTE Y B,
4 SEAE 3 AGE AT TAE

4.2. FLEHHXRBAG)H 5B
R AENLBE A dofTSEIP K AR B AH3E, VORI E E R, A AT RMEEANY
8% T 1 Bl SCRATCH -F & &t skui k. TR A, MU ESLI RS ALS), £ H ol

R

SPIKE &A1 —BiTHROKEAN, SHEGFHARXKXRRSTEEY

STEAM & 71, S £ M B AN HE DR AAMEDURZF AN S TR RIS RRETEEY

SLfE(E =),

2 FABIRMBE A 6 HFE

B2 AIR MG EIRE, A MARR 2R LA, 4 B4 Scratch 42 X,
BT AESG AR M, Blde, FA 1AM THAREERG TS, BZ M T e
Scratch WA Bt 3K 693E ), RIA B KW I T4 §RWFEZX . HITERFFRY L HE XL T
A&, F2MBEAZRTIE, ToLZ—EEA YR T:

A1 A

[ b {7 4 & 3R B9 AZ X2 ]
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B AEE: [ Scratch F, #77T A4k A2 XA 4 RIS H R IT A, & A8 F & 4 S LA
BLE, R, BT R ERRISASRFES IR, ERASE X T RIzFRG R E A T
Mo & 7] VAME A 1E TR, AASRAACET LD, |
BRABEIRT RS AME GBS R LM HHEMAGLGRY, FIFAEATAT
Bl 42 6% 2% RS )
43. HEXBRBIALEFLFTERFIAE
4.3.1. BB RMBANLE LT ERE

PAEBERER, MAEBARAZERAGTREGER LR, Plhe, 24 1 RIHR
M AdefT & 1@ 308 SPIKE # % AEAT1EM S 1E, #ahiriig ik Pi@ ARk, $£4
10 ARG R B A ERAE T —BERR, AFARBBLAGTE IR T @R M,
R R AL TERIEAFANAIL ), ERA XTI LIREE XX RENELE
B, RINMEHGIFERN. 524, wFAESHEAE 10 A KR T 408 do AT M 45 45 5K 3K
#t, WiRHEIA Scratch 69K AAZ XEFBLS . BBEARBH N LE RN A A RME
R, BEAEATIEABRERGRBEIFIREAEN TR M,
43.2. HRMBAWE T Bk A

BEAAXBAT, WRABBALENEAMREIEFMETBBEETETE2ERN. Bln, 24 6
I RAES ANFE TR AEART SPIKE 44K M, Bk, 4 16 45, MAEEASL
B AKX RET ARG &, BITT EERM,
B A S A AP R|RRRE, AR AR, kAR BT, $4 9 EHR P AML ET
ARSI RSB AR AR AR E, SAMMOMBELAT RN, Plie, dofTEHERS
B RAIATHAT R L G IR T AR, SAVFAT RS REMARGBAT AT L
¥ ipAL KB,
433. HEMBALEH P TR LGS

EERAMBEALN EARRIF, ROLAEEEARETAID PRI R, $43
BAHMREBS AN [ KAE] . A, FASHFFTELIFmA Y, RHEMAEEAR
I RKEM] . 2A5LERTEZIHAENIE, H A ARIE Scratch A2 XEHRIF, £ 4
11 fo2 4 18 S ARA, AT R ABGHKE KA HA AL 69 2L AR,
BRRBREATSALESE P @G — 2P, AR EELHE Scratch 2 XAt AEHERAZ X
R W, SERAESE A 4 12, RABEMBRH)ERERLEY Z4EX, 2bh —
AMARI AR, LAEGHKAMFOBLF., P, 464 T: [ KT fTE4
XN, BREET S E ARMBALEE 75 @& FE D 60EHE,
4.3.4. HHRBBASRGI LR E

ZLAMETAHA LM ABEEARDRARBEL S EHIATLGEHHY T L, F4 16 &
FANE R, ERRAET AL AF#E, IR TSI, F4£ 10 ZEERI RS ARE 2 L8
T, mEAE 120 BRI THEBREMAE, AFD TR EAEGIE,. $E2ZF I E
ZEREUATHBEREDRNGEK, ARELE, w4 0fS 4 |1, RHBERBRIREBALY
FE PR T A E; LT, 73— 824, B4 6FF4 12, AFERFWR T I,
W R A% % A BE S P2 LB 0 L LAY 09 BR A5 3%, 42 2 K49 Scratch A8 R 12 ) £ 3 41 69 % SR AE,
BHARBEENLIFEMETE, RBRXERGFE LGS EZ F 8 2 H &,
44. FEEABER

32 ) 48 69 AT R S AZ R K R 428 Shapiro-Wilk ER& MM, SRBTAAGBEZFNR S
0278, ARG EMLES 0252, HRABEKE 005, AT-maTHESFTEIF. Ik,
IR AR A 22, BRHESIEARFE TR Shapiro-Wilk #E 89#HR. B, AR
iEIEE R AR EAR A t M2 (Paired-Samples T Test) AR SR 4= #4872 £ F LB AT R A 2 49 £ B,

R E TR A t MR, =P AES HERA R, ATA (M=3.3106, SD
=1.0439) %A (M=4.0151,SD=0.4878) Z M ABAEL £ %, /4K t 14 (-3.543) 2 p {4
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(0.036) , #RBTHERALESHEB LA EBREZS N, B p A ABEZKE 005, 25
AARRIZ M 69 2 R R GHEAE A,
WEER A, AFEHEBART, BHAFALETREINRE, E—FFT T REELE
50 FLAR e 3

A= HRBRALAASYABABRTtHRTER
ks M SD t p
AT A 3.3106 1.0439
£ 37 @ I, : -3.543" .
FHRA %A 40151 4878 036

*0<.05, **p<.01, ***p<.001

AH 5 A% B Shapiro-Wilk # 2 AR E KR ATA B BIFEOFT RSB FEN. ERXET, TR
MLATRIYBAEE A 0.964, KRIAEAZ S 0.181, 3 KA 0.05, KT BR4LAY AT A L4 A
HRBAEEFRED>T . R Atk KA 26, £ A Shapiro-Wilk &2 # & FFAL AR
TN, RO RCLEROTEN, WERIBZREENSHBRE T EETHH
BE, FRERAREEER t R RBRRTRASL A AL T IRARPWATAREZL, BH
R0 R, TRAF AT IARATAFHER A 34439, 2B Z % 0.7780, £A-FH
H A 4.1586, 1ZHEE K 05515, BEHERA t B t A% -6.836, p 154 0.000, #TiH
AMARGRZMAEBEZE, AR ZEFE3HGFBEEN (p<0.001), AATREFAELESY
FLAR b B E AR AT,

B—HRIBAFRGBEK, FEBTRAE, FANFHABAS VBT AL
Ko Hs e R, SHEBARGATIABRZE R R T TREILGA A, H%K
EAREER. MBRELE—FHNET, EARTEA t RESHE Y EBENLE S LA
.
2= ERUOGAEALSUABARRBER AR tRTER

B B M SD t p
AT A 3.4439 7780
2 F LR , -6.836™* )
A % 4.1586 5515 000

*0<.05, **p<.01, ***p<.001

AT 50 ST BB AR S BR AR A G M B AAR Wl S BB BR 0 BGR AT HL T AT B SR, R
Shapiro-Wilk B AR EERENE, & FBATHRBANEELES 0.171, T4 %A 0.088, W4LEE
FHH KA 0.05, ETHEFSERMEBREZ. EFEIT Levene M AR TG ZHE T B
(&), XREBET F L4 1.104, BAFM A 0299, KA 005, &m0 % 2500
F, RGBT ERR A AT RAE .

AR PETE AR t R (RW), & RBETHEAE (N=22) FH 5% 51.364,
1RAEZ A 14.5194; B4 (N=26) -FH¥Ho# A 80.769, 1ZHE £ %A 11.9208, M <4 R T,
WAL B FHBGEBFERE (t=-7707,p<.001), ELERL4M-TFHNHBEZA B,

FHEERE 204056, AL R A, TIRALF A AT AN M 53k 0GR BB F R A
RE 40

V9 HBHEETREELAEABBAMMEBE I EBIAE At RTLER

48 73] M SD MD t p

. A8 40 51.364 14.5194 -29.4056
He A AR ) 4o 2 - 27707 .
* A8 S BB 80.769 11.9208 -29.4056 7.707 000

*0<.05, **p<.01, ***p<.001

5. &RBARRT G

5.1. ##%
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AMBHFFERGTE: HFLHKBAT, BB AREGIIF S A 002 F Huor

A THEGE, EERBEANKET, SARFTEM MR AHRERALZR, SRATHFTH
BARAHGN G L4 TRALRXB S LA I BRMOSHTRENES,

AXRAHET FPHENDOA M SHBARMETAA T RS LN, $4458
PeE IR R RAEXE A MA, W, 1% Scratch BARMHEKZ AN @ T BB NP % 094
BB o AR R, BRAEA AR RE IO L A,

W KA AGE T RAL P B : R ANE T B LB MIR, B TR X
BB FEAER R, ARBEZEANE SABNLNE, AIAGEIEE LMY £ 3k,
EACARE S AR XKt b 2 2 R A MR B R,

MREBEAIETHEYURBEEE: BT T BT LK, PP s M
Scratch A2 XM FrHEp AR KSR T B REIE Al MRAERALGBRELLEETHEARAL E,
RETHFWHHF R X H, Ad, FABFEESRE[MELMS T RED T LERH, 2
FHEEBAETERLP SORBREF L IH,

52. ARZ

THRHOKZEAE K: Al I REBEATIARAHFH B ALAIRGIE T D4 L 2
RS, PRBLBTT ARETW AL LGOS T @O HMRME, CRELYSHEARDA
AL IR R AR A&, M dR BRS040 F 4 B2 & HAE B 3 A B R F 09 48 T 15 & B | 3k
MAEBARZREZ S EF2H ., ELTLODM, UIHHEPEZHEE LR

HEMRMBEANT: HTHE Al WREEAZELARE, AN Fwaydihl, EHIHT
EVURBIHERETEMNER, SREBAFTRTDEFIRTERESL T RE, HH 27
ARET it Sk XA T MBSO ME L., X565 ATR, wEHER R, HiE—
TIRATRAABANHER T,

B Al EHFFPOAEC: ME Al BT R EAFH R, HAME LHF B
PIFHHEGHENF R ERNERD AR, GREH A QB RS E T LR ERFERASF
A0y B KA REEARES, REXFREFIZELEZROAMRLS,

PARBBAHFNOLFLUUERBET ABLDEKFTRIEFPOE N RRGF LT AE P
AR B A E BE B A F Rk, B — IR H ey KA REBAR S, AR
WBARGPEL S BB E RIS S T HMEMRLG Al BF, VUKRERSEEEK, ikt
— P RS % T AR AE

&

o
A B A A B E (£ %5 NSTC113-2628-H-008-001-MY3) VAR P
P R T NN N

2 IR
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