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Exploring Primary School Students’ Computational Thinking Process in an AI-Enhanced
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Abstract: STEAM education requires learners to be able toutilize interdisciplinary knowledge to draw wisdom from
different disciplines to solve complex real-world problems, from which computational thinking capacity is necessary for
decomposing problems, abstracting problems and designing algorithms. The personalized support capabilities of
artificial intelligence can facilitate effective STEAM courses. Analyzing students' computational thinking behaviors in
Al-enhanced STEAM classrooms can help teachers understand patterns of learning behavior. In this study, the
computational thinking behavioral patterns of teachers and students in an Alenhanced school-based STEAM course
was developed for a voluntary teaching program for an under-represented primary school was explored. This course
lasted for six weeks and a total of 798 behavioral samples were collected from students and teachers. Three behavioral
sequences, which were decompose problems, design algorithms, and summarize, were derived from lagged sequence
analysis.

Keywords: Al;,computational thinking; STEAM; lag sequential analysis

1.3 %

FAMRARET RS KEREEIFERAFFA Sk R B 2269 % P A (Nadelson & and
Seifert, 2017), STEAM #(H &) £ § &8 1§ # 5 ZANF A Sa il fo 200 RIS F £ 095 7L
Ae 1, ARAARS XA K. RREHTI T RGIFENK, FIHFTUHATHL, ATFiRT
)72 R B 2 5 B F#R A (Chen et al., 2020). 45712, A TH AT AR BN £ 4,
15 A R Al A ik Pl AL, STEAM #F AnA T REAE Bt H B4, XAHFHRE
Fh R IEPT oL F 69 4%8 [°) AR fE s 44 A% (Dolgopolovas & Dagiené, 2021; Tian, 2024).
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2. Lk 47 3k

2.1. STEAM

STEAM # & #4152, HK, IAE., TR AAF KRG IR AL S —A,
BRBZA DG, BERRPARGER N F0E ) (BREAR etal, 2017). X Tt H B 4a) 3544
Ji, STEAM & —# 355 4# 7, RNt L Z%Ff STEAMZ B AEE RANEKZ, &
STEAM # 5 W, FASM. . ER, T HE, 2R E R AR M, K
mIERFAMEP AT HES Y, BAT, WENARTRETIEAFATHESEGHER, 242
AEBANT A AeA 69 T H B AT A AR X
22 RFFHALEF R

AL (AD) ARAASHEENSTEAMEKF, ARGFIXARRETHO TR, AL
FRRTUMED —AHF ILE, REALHRFDOGAAAN P OWILME, ROFEGALLE
% < (How & Hung, 2019a). AL ARMET ZHAWF ) ik, RBA BT F AN ERI,
HFAT 3 R BT (LR & etal, 2017). HAIH LGN STEAM K F § A ARG S4, 4k )
Fo fif & 9] A4 &9 f& /7 (Chang & Chou, 2020; Gasnas & Globa, 2023) . & A A L% f& & /v 5%
STEAM # & 7 d 7 i RIFAT %, BME Rt — S0 L RERL LG, FMrk
B ROEH F AP LSS ALA i H R AP (Xu & Ouyang, 2022).
2.3. i H B

HHEERL—ZINEEEF, 2 ATENAFOERBSRMBEFA, &t R RALHE
ANEAITH, & E T EAA 6 &AL, 2006 F, Jeannette Wing 5| N T+ 5 B4 69 382,
3R C AR T ot H AL A%, W LR P A AR & Bl AL 69 X A2 H AL (M, 2006). 7+ H B4
HMAAER KR EG—RERMRS, BEBLZWARKXERKE 5T HELELES (Hsuet
al.,2018) ZK-R2HFFARETHEZHE AR —ANETEEE, A LB REF A
1% k4 69 1+ B B 4 4R 38 (Weintrop et al., 2023). A A&, 1£ A Arduino #4432+ H &
NT AR FRSEBERF A0 S % E T H D48 /) (Juskeviciené et al., 2021). R, X%
Bt H SR AT A F A F A G G AL St B AR 89 1745 L (Tang et al., 2020), {2 %A F= 7t
H e A R F A B LA (Kurland et al., 1986) X #F 14 JU 7T A6 4 Al 55 57 & & % 2 AL
F T Ak P AR, £ EMARARERA LA Z A A/ 694 &\ K& 6 A(Te, n.d.).

BRARAAFLZATIHEALF RGN STEAM KX F#E S, B4+ HE D447 98K
WIRERR, A#—FIAREGT T, L5k, ALWFRRAESTEAMEKE Fa9aas3127
JTEZXKE, FREAYW, AIFMAE STEM ZF F 698 A 7T AR & 5 3 R R 2 2 4803
B % K (Xu & Ouyang, 2022), B aT, &AL REREHEAN STEAM #4245 £+ H B4,
KAV BV ol T R T A Bt R IAZ, Aol THRKFFANPE. B, KM
BRI H, mBRRBIRANFATARINFP T HE SRS ZEZOENRFFAEXFE, REA
I /8 STEAM BAPRANFAFTHELLITHEXGHE, EANKFTERREZAK
89 45 F Ao B R

3.7 &

3.1 AR 5H
AFARERBRT—RAERRSF ARARETFT IR BRRZNF, ZHFELLT KK
THESAMR, HTHRABAERE, REBERFERLERTIIARK LGIZTF ., &
22023 F, BRKIER T2, HIFPAKTE, mTHEFHINAEGFER, HIT-FH
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FAE S0 F AL, R — L AR HIE L HIT RAEA R HIT, R EFRESREGAS
RAL,

AZIARBAF, kA RAF A KRS A LIRAAFHITEXTFR LT HAHERT
—RPIL “RH” HEAE STEAM RAE, ERABERA—TR, B8, FH404%
b, 40 L AF R A S0 T % STEAM iR42. AR 40 &5 4 o 5 LIRATHITAR B )& S A0ik
;H,

3.2. %4

W HEERd, TESEME ., 2. BXRA. FEt. ERAME. KR IAS-
THA R L ek, A RA RARYE T H 2469 2 L (Selby & Woollard, 2013)5 STEAM # F 69 4%
BARLEL, FRT —ANRAZARERPHETHLEMXNGITFETA. ZRDBEAET QLIS AL
de gk 1 P,

1WA HE ST A mAaLk

»k Gl I e
TIL 421 RAE A, % AR
T2 3% 55 A A R AL

T2 s Wit SRR

BT T2 gy it AR, A R

(T %f Bom AR @AM AR AR, T A A
T30 WK A
T4 BT R TR R

T5  A&Ewm RIRF AR
S1  BH&ER ELEAFIAR
S2 Bl A e R L BIRY

S3  Hm RPN, Wi R
L S g % 9] A # 4T 5 R
FAMA § Bk ARG 19 Mg SR T (SRR )
(8) o R it A A ik 7 Rk A
g3 IHE WA T kR T TIT. BT A RAAL R
g9 MEiE R ILAT B AN TR, AR T3 — AL
Tk Wit AT, BBEGFEE T XIS D AL AT

TFEATH BT iR mey THE
AR iRl BFRFILLGITH

3.3. HEDH

A4 A% )6 B304 (LSA) kA STEAM iR¥ P )f £ 693t BT A K. LSA
A —F KT Gt e 5 AT A Z AR A X # 69 77 ik(Bakeman & Gottman, 1997). X A 77 ik &
#1W Sackett T 1978 F4# i, MO FFMARXFRTOITHREN, T2 IFHE—FITH
SREE D — AT ARBE, FACEIMFXEZAZGTEARTFEL . I T FEAMNRBIKE Fo
BEAER O ERATH TP R A6 LR H % & (Faraone & Dorfman, 1987), F ¥ 14
AT ARINF A E BTN BRR—AKEAT A K F)(Pohl et al., 2016). AFFTALE T £ 7R
FTOIRIT K. MRER— 4 R — k. BELFRA R AR Ik 2 520 T 2T Fe 5
AT R, RETRMERHITT —HMEEET, R4 Kappa 244 0.85, &R ¥RmAD S A6
THRMIFEFTR. ERLHAZ)E, HRIAE LSA, £ 8 GSEQS.1 9 4747 # # & (Bakeman &
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Quera, 2011), FFFHKIFA0 R GME R Ak 2104, BITFHENFIEENKREME TN 25
B, FARARALTRITREN, 20HK&ST 1962 TF7EALEM (p<0.05) (Meietal,
2024).

4.5 X

RN R A — 2 Br S AR AT — KRR AR, 138 T8 AMNT AR, FAITH A4 300
K, b EHE 37.6%, HITITHKE 48K, & 624%. EFETAHY, RERLGITHZS2
(> fR) . S4 (FHik) #2887 (B4) |, 2172k, GHAFAETAN 573%. £HIFHT
A&, mEH LA TIL (RF) 42 T23 (BF) , SAEIAT 90 kF= 77k, ALATAHK
JRAT A8 33.5%. ETFHREMEL, 41T STEAM ¥ P H A A+ L L4 GITHEXE,
4B 1 Brwe ARABETAMEPHN, KFFRENIKT T HITAF 4 & STEAM iR¥ Loyt £%
AT AR R FHER, RMNAAT AL H I EMELGITAH A7,

B1mAtESgir AEXRE

4.1. BEH )58 /7 7

B2 4.7, FESBERZAGFZITARRBEORITEZF00ITHR (T12) , Refhasx4t
B AR (S1) o EHIFIFT, HIFREFEFAFEOFEREAHAT RGP, FE£R
MR A IAE AL RE R, MAKLFA (TI2=T11-S2, TI2=TI1=S3) . sbit, #KIF
TR A Fodh 45 R A (S29T129S1, S32TI29S1) #yika b #t—H 3 Fhfpd 4
gt — T B FRI, EMPIAEE. I, FITE B BARIE T AR AR R B TR A 4 T
(T212T12, T42TI12) .

(T11) FIFHR )
(r12) Fifs &
(T21) #ITiE R
(T4) FIi gk
(S1) == 4= BH & 7] &2
(52) 2F A= 47 f ] Rl
(S3) Z A= 4h R in) R

® i

P 2 R 5] ARAT A A% KX
4.2. B HEAEEF]
B3 AT, 45Aiit kAR, AKEETFET (T23) B, $AE-ZTGTA
PHRANZZGITAHRFT], —ARZ (S52S6) , H—NR (S4-T5) . &t HExAitl
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PO N A R R — A BRI RE T ES, N2 E A A, TEHTEF, Y
At R, BT ARSI mm Bk 45 5, FaeMA T ome R Ek, 4
¥ a it 5T FAES, Rk, R E AN AR KBTI IE B E fo I AR
FAe, BFAiTewr e R AeH 7 (T23S4-T5) « 434 RAR A& Lk,
FOT T A P AL G o FRARBEASF, WHRANVIRE ZH kR T TAT, RS AT T,
FATLTABALK F KA EN, ABIFES Ok, ARG, $AK®
TS s AR 4E, R4 R AR A 69 5 k%t (T23-S5-S6) &

11.31

(123) #HInfg =
(T5) I W B b
(S4) A iRk
(S5) “FA
(S6) 2F A=Al

W fEHHAL

B 3kt kT AR XA

4.3. E Lt a7 7]

B 4kF, SFARITEER, BIFT ARG LRFP T MEITELE, &
BAELRE, —7 @, 2FEEAMRLLELERMNIEHONE, FLEBLE—KSETHE
FEEH TG P AL RAT B, HIFARBAA G A B — 09 50, B (e E (T3]
=S7T2T32) o B—7 @, HMAWARFER, FHFEXHK, REERE L)
(T31S8, S8T31) H#ITRAF I . FAMBBAEAATTE, §EHITHEIF, KT
B EIFEA B A4 R (S8T32) &

(T31) N HEAZZ R
(T32) HIF =V

(S7) “F A4S

(S8) ZEA AL

@ (AT

B 4 %2503 AT A4 X B
5.3t

KARFIFTTE—IT R REZHFRY, Tl 4 AT EEERE STEAM R42 P
Bt BTN, LSAZRBT T EAXREGITH ST, BHFEAE, itk g4
WA AR, AV A IRAR P A TR AL A 5 5] ARG AN

B AR AT N R PR R AL ST GG 4R ) o A P AL 6 B R L) £
K947 A (T11=S3) , XAFN R THAXFA L FREGATFRIMAT@L, AT
ARS8 5 A BT & A i de 7 XS AR A S HEA, R FALIE A & a0 R S, oL i
A, #e 32 i 3RAZ M) % (Pertusa Mirete, 2023). 4% (S3) R 455 A 4% A A TH Atk 4h F UL
B R ARG R A ARG, ARCAVAR R S 2] F 5 5] 4eiR 693342 (Gentner & Hoyos, 2017). 53
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— 7, HRAVT AR IEd H it & 5 % STEAM R4LE B A F ARG IR, HITIRE L
FA YN RAITHE MM E (TI19S2, 114) , ZHERAAILFR, cLE5 KT « Akt
72 #(Jonassen, 201 A= X F R AL a9 5] RN FnAa k. BAALIFRA Y THAFPIA, [2A
R E B 3T AR R 9 AR 69 2 € 71 5 (Ninaus & Sailer, 2022), B iX # 7 KX, 54T LIIEHRM
9] R Fe b PP AYRE T o

ZREKREHITARI . FAEELE (S4) F2irfk (S6) PR TAIER. £ikitHE
EE, FATRMAEEITFOEFTRIB R, mAAIFRFEARBETHFE. IL5%
ARG AR 69 BA— 2, AIF RS T AR E SR STEAM 5 5] H A L% fe B4 fk
B FH L E, MR G AR P A4 R /1 (How & Hung, 2019b).

ZRBERANITARD . HAREN, KT FHAE—FETZHITEL, 2FEFFT4E
BEMMMNEN P F R IR, FRBFAEGDEF M —F Z 3 4R, X5 STEAM
89 iR AZ H AR A — 2. STEAM # F 69 B AR R i AN A A9 52 5, AT £ RBAREATE — 54
84 37 2 fi# A= R 3L (Peppler & Wohlwend, 2017). 5 — 7 @, ¥ THTL, XA TALE—FTT
BREZOFRETE. FERZ A SPEF I NN E. AIAEL L3, HITHE F L+
RLEW, FETURGEERARANIE, ARG AR SEHEE.

6. ¥ & Fa & L

A TR SF 3] (PBL) Riz#A A 2B AR S 2 STEAM 5 3] ¥ 49 H 2 75 ik o
ARG, HIPRIZ5] FEESMEA, FAMERNALR KRBT EETF 9 AN AR E IR,
BERZE, A8 RRFG IR R RIER A, NTH T A RIF TR R o957,
FARZRREELEE A FOHERMELS . I TETEAIFREIFFEESS], RFES
ARBFRMG A C, RSP PR, BRANRMALF RG22 EEZRX “ R A R
X, ZARK” o

I, KT A AN FERET SR, IFAEETGTE RO IAE T DGR F IR
7 @B K . T IR S 0915, WRF ) FHNEEE MR A et E, @
FERAF AT, BITT AT F AL T ROGES T RB AR, il 9 AR 69
kR E R RO EE, AR TUMERNFARBERP A MFET EHB TR,
HATIX R ke R BT R I A, R, BEARGIERSEMARR T RIFHORALE., L2,
AT AT RALFRAPHOACEXRER, HITWARIRB TR, ZOAITRE
B BT IEAE X H, ERAFAELRLGT T BRERA 6 L.

7. R4 5 KRR

AFRABANBRE, B, AFIRRIE, AT ELEXE STEAM R4+ 6+ H
BAEAT A, A8 He 2 S KR G BT O F R AR SR . s, AR AL D F B
STEAM 3 b #4749, #ALERTRAERN T HAREFTH K. BHL, ARGOFLTAKE
% STEAM RAZ X6 R F b a9 A LA AL TR 98 R, 3% 2 T AT U Fok ikt 69 1 B B &
RN L H, b, ARFATY XKALEE, FERRHKETNE., FRREfRE S
#1849 STEAM iR42, IRAFA X LR ALK T HF T T LR K,

BH LA

LR, Tok, T, £8 STEAM K F WIAER ., HEABT. RAEIFLERFFREF A5
#2), 2017, 35(4): 40-46,134,135.
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