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o Hrp o EEEERZIEA RGO AER
AR B4 m i - WA & —EFEER
il e —fe g R RE Y B 4 05 =X - (Rl
BB YERE 7 mT DUGE AT 8 55 IR e Ay R
(M.-J. Tsai et al., 2021; Wing, 2006) o %%
BECRENEEEERRERE N 2 EEHm
BEE o BFEEOE OB 177 & (International
Association for the Evaluation of Educational
Achievement [TEA])FT 4411y © [0 9 i
EiNZEEWE | (International Computer and
Information Literacy Study, ICILS) > tft » Z# L
BRI FEFEE R —  EEREEE
HEERLSALRE (B = HIFTEL > ) A
ERUEMERR TR T ZERE I (BI4n R BB S A g
HE) > HRiEHEEHRCAEF SRR S A
oo HH L AT R B BOS BUCR E B R A EE
HERE SR BRIV E R -

M.-J. Tsai%(2021)b 5% Hp 45 HE H R 4
INEI R R TE N — AT B RSN
fiF e B A T A B2 RIS R RE P 7R B
HIEE ST » a2 Fral — A SHIES Al (domain-
general) « ¥R2 ML E - HEE 4
HeeR R FE BN EARRE ST - B RE i E Al
AR Y B R R R T B EEER AR W DL
175 388 18 R R A R R B A A Y R B (Cheng

KSR

== KK

E&S

ESY ks B

et al., 2023) - {£SelbyEiWoollard (2014)3Z &k
MR EEREHEBEE S NEEARER
— ~ ffiZ{k(abstraction) © FIoREHE L HHY
AU A S (e A Ef AR A R Y L BB AR
— -~ 4 b(decomposition) : AR EPF
fRpl/ N AR ERE 5 =~ #2 P {b(algorithm
thinking) : A I 20 BROVH B R 704
AYiERE o VU~ frfE{b(evaluation) : LLEZETH
HIfg R JT AN H R B Y i (R 5 L~ Bl
{t(generalization) * G Hll L0 {A] i DT 72 R
FATRB AT R fig % 05 25 I P s LAt B (DA R R
F o HrApEER  EREGERE R AR
PEAY 7 2 R RE Y BB R AR - R R
RAI BES A BCRAY E R RE ~ oM REE - 5F
R TTAR AT IR B S =R A R - B2
PR SO AR RE Sy PR R P (M.-). Tsai
et al.) © {FM.-J. TsaiZE(2022)AVHFZE & H1E A
I 4R I TRt R - BB R BERES It
AR IR 2 T ER R
T | (Computational Thinking Developmental
Model, CTDM) - A& 1 7R - MEBEE HHY
HEmAA — C — ~ AL FIFH(BAYAE

e R R AR R RE ) HERE PR -
i FEA B2 R b = P B TR A P s T A 2%
JERTRR AR - — ~ EE B4R BV I

\‘ L

B1 : B8 B ESEETY (computational thinking developmental model)

BRI ¢ “Structural validation for the developmental model of computational thinking,” by M.-J. Tsai, J.-C. Liang, S.
W.-Y. Lee, & C.-Y. Hsu, 2022, Journal of Educational Computing Research, 60(1), 56-73.
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HY7 » A [EIS 7 2 T R 4 s AR s A 52
EFPHRH T B AS B A R A A R -
DUE R B4 By X 2 9T 2 R
il > f£Web of Science (WoS)&E}[EH » DL
FUEE SRR T S E S > fE20204F 2L
AR SCE R E /DR 1005 - H1£2020
Fi2(AFE20204F) » BN EHEHEH
1507 » I m g S 4 A 52 4E2020
F1ZEHRNER - ZEHVBEHT SR
FRERAZ N S AR B E E R R LR 1A e
BB - e E et & U B ERY B SR B
BT ETER > WA B T E T
THIE - R EEE RS R EREHEE
BB BR NHRB R o DL20204FE 2
A SCRREIEZRE - X, Tang:(2020)[=]gH 1
201948 H Z Hij9 61 8 I~ 2 5 FE 4 5 5 7 =
HIWTE - St A ERE & =HVER B et ih
T ETT oA SRR E A - RB4DL
e BN AR A SRR K -
NEZ (S NS R R YN S
BGEBEHIRE T - EEIE B EGOAER IR 2K
S A R A RRE » [EIHF(E 3 A 7 0A 2R
B AR HVER B o ZHFR R
% BUE R B T S TP A NI P B
FHEEZ T - SRR BRI TTe ) -
& LuSE(2022)[E1EE T #2013 2£2019F 7
33 = FE 0 HE R YR 7 20U
RZ W » R EEHE T H 2 &2
AR B2 22 A B2 B AT 25 A FOAE BB S5 P s
5t o BRI FTER F 2 AT A TP B Sl 1
U T YR T ARk ey R R AV RRE » TR
B2 BOE B R R T B BRI REER
Rt ~ THREMEEE SIS (Science, Technology,
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Engineering, and Mathematics, STEM)fHE&F}
FAHERAR o 11 S BT 0 T LA R 2 T 03 A
AR - HERESCRATAL » BT IR AR
HERFAG T BAIL - R RE S B A R R 2 2
B R R A E R T R A s
- HEEER EE - FEE 7 LR
FZHEER B A EES o RS RERER
BZHEEE - AHHEREHE » DK
HHRBE NIRRT EN TS EESS
e

WA AT R T 1A Y 2 4 SRRy
S £ 22 AT2020F HiHYSCRA(Lu et al.,
2022; X. Tang et al., 2020) » ¥} A20205 1AV
Bt Bih= - NI - RAFEIEEE R
HEATVOAE(TE20204F 1 H 22202347 H B A H
AR SR » SHE HAEBE HIE AT 4 R Bl
o Rt EAREBRREERER - DI
& R R AT B8 I I 7T 22 B B R
SRFFFE T YRR - HERRRER - AT
TRFME R EIER © — - BEEREE
AIAEAR[FEIBCS IR T B B 4 B IR 5
sHELER g R ER - RHER RS
EEGETE T AW E T o R ER A
HAE LB ERE N - — ~ By
WFEE —(E 4R B A L A se i3S -
B H AT ETT BT TR - W HY HoRER
SHMEHEZENIHEE - = - IFEE S HER
B4eA AT It B B e E L EIAEER
BYEA ST EE - BB R BEHE IR A
REFRAZEE - ORI BEH R
i o Al AEHFE2E X, Tang % 378 5 8 4
¥ & TH SRR CIERY 4RSS - o rn E >0
20204F1 H 22202347 )0 <H i o E 5 4
R EE 5 (empirical study) A SR EE
BRI LB A A SR AR S > WHH A
TRPERTE
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o EARFE LN SFEER R B
HEWM TS ENHEERE - 2R X
o FERE - EE DA TR T
HAESE Ryfel 2

CEAFRBEREEZH  sFEERRES
HEHEIM T E ENRERE - 2
TR ERE R Y E T EMEE
Fyf] 2

1]

5~ DYk
—  XEAERIZ P

A FERA SO E RN 8% (data inclusion)
2P PR FHPRISMAZEH] - PRISMA 444 fy
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses > {4358 %
AR > BLFE ¢ (—) SR e & B
(identification) ; (=) BREF#EE(screening) ;
(SFFE R4 (eligibility) + (M) & sk SCRk
(included)F 0B - FRALTREAVE RO ETT
[E[EABFE(Moher et al., 2009) < 22 BEHIHR
NEASEREAAT -

5 0 By 3 0l BE Mk & M B SRR >
RS2 (e 352 18 5 ST Bk (Israel-Fishelson &
Hershkovitz, 2022; X. Tang et al., 2020) > £{iH
FH Y RE #8 ~“computational thinking”#E{T#):
SRR = > DARASE TT RE 4 A B E 4 AH BE
WHFESORE - 55 = AT HER R4
GRS i am LN A H /D eF AN (Zhang
& Nouri, 2019) « AL HIY Z — Ry oy
MriEE B RVETE TH - FIL - A5
TR AR B PR A Faw 5L MDA E Ry £ 2L

== KK

E&S

ESY ks B

BRI MTHYEERY o IES1 - R¥ZBradford’s law of
scattering (Bradford, 1948; Brookes, 1977) » Hf
T3 SO SRR L ARIR - AT A R0 & 5
FREAIRZ L ST -

HESM S » AW I WoS » W FEAE
Education Educational Research or Education
Scientific Disciplines$H R #E1T #)20 S BR IS 22
(Hsu et al., 2018; K.-Y. Tang et al., 2020) > i
758 78 HH T 5 SRR 78 Ry DU (article) » DAR]
BEETE MRS DM - IRIEWoSHY
FREHZ (topics search) 2020F1 3 £20234F7
H » Bi##5“computational thinking”{F S ZE%
R (title) K% (abstract) (Y MHRBAH FIER UL A
276k  RlErram LN BT EAHTEER - A
WH7E S5 FH R RSO 2 (R AR 2 To /R s SUE
17T s B fifi 758 (Lee et al., 2021; Matovu et al.,
2023) - 55— P& B Em A S R i F B 1L SCEHY
TR R i B T I LA E 5% L A Ky
iR EE R E 4 - s HA— S
FMETTES i > BB EERCLER o [EFE P ILIHER
145f@am 3 > MR 13RS S & (EE
F583.4% o

B PR AR 2 (T HRETI31E
A S D B B 0 Ho o B RS By
BN & ALK EE B FATE - &
oo N ALYE R REAE REERAZ AV AR T - W
(LI E R BB S HRH BRI R AN - B
P E R SR IEEE B MR 12
LA IS RV E R UE - HhIh - B I E
ERE R ELTE © (—)am A IS E Bt i
(Z)Em UH R A S B B R 4 R YR E T
X HEEREGRmARAEREESER
(Computational Thinking Scale, CTS) (Selby &
Woollard, 2014; M.-J. Tsai et al., 2021)FJ3EE E
B TEREARER > B8 R -
AL~ BRAL ~ BELEEANE - ekt
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S HARIATR - BERBEEEANEZE
SAVETTE SR o PSR A R R A R o
BEPE B IEMIPR 7SR am L - Hrh335@ RIEE b
et 425R R R AR R EE 4B IR
TEEARTERR - Rtk —SA T S6fRSURE
TTHIUENE T -

C R

P2 73 AT 72 — e R e SRR [B] A Y 22 456
METTE » AR B &b o0 M A AR ko A 5L
BRI 25 (Krippendorff, 1989) « 25534 A
B AL TR B R R E Y 2 BT
HISCRRA 2 #ET T 4R 5 7 FE(K.-Y. Tang et al.,
2020) - [EAHh - AE DT AT EBIHZEA B3
) Ry I T T R = N R
F a5 [(Lee et al., 2009; Lin et al., 2014;
Lin et al., 2019; C.-C. Tsai & Wen, 2005) °

TEARRSE T IRIBITSE BBV 2RE T 4R
TIZE - GREBAERE BOBUREREAAN T+ (—)amlss
HHE43(2020 /2021 /2022 /2023) ~ (TG
B(EREE /FFEREE) ~ (2)Z2R EEGE
Haxat ERBIEE e N8 R i iskasst
JEEENRIEE JESTEM) (X. Tang et al., 2020) ~
(M EREE MR BN Bf—sHd
REE—EHN) (X. Tang et al.) ~ (70)E R ELEM
i3 (oW -SSR (o 95 2 oW 5 £ =X w0 i1l
1E) (Selby & Woollard, 2014; M.-J. Tsai et al.,
2021) ~ (N)RFE T R(EHSGUN SR FindE 5
K4 BZ%) (X, Tang et al.)  Hrt o ji
= TE4RERR B —4RhE(singular coding) » 8=
T 4 5 HIER F 26 EE 4R (multiple coding) >
s SO 9T ERERY 2 T - B —4RiHY4E R
AU 4R 593 M1 (descriptive analysis) » 25
Ut Y 45 S FI| A 72/ 77 A (multiple response
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analysis)HE {7405 H DI HC K3 S o7 (Kay
& LeSage, 2009; Ku, 2009) - if7245 5K & B
T 4 85 1 48 S {181 5 B 25 4wl o5 4B S = b
BE R E RS o

~ BFZERE

W

_\%

ABFFE 53 HT20204E 1 H £20234E7 H =4

HE B RREE S - BHERE - 8
FFER - B - R S 4w A SR E T
AHyRaGEs, - HEERAE2FTR - sRdloth
NEHESREL - B CETHEERE - 11
2020 AHRARFFTEE B F514.29% > F(20224F 14
N0E139.29% » &G REURER S B EH
W B A SN B8 - B 1
BEBREGEETTE - AR E IR &
EXBFEIEERBFRE > AP RGY=7
Z WS R E R F R Tl T - 5Lk
SRBURN MO B E R RN R
G 2 EABE Y - BRI E
B BT R R R GRE TS, ~ STEMEE ~
RIE2ZE & i 2 SRR Al ERER S (Hsu et al.,
2023; Lin et al., 2019; Martin-Paez et al., 2019;
Sun et al., 2022)FFFH8 T2 SR AL FUENDL » g
B E B GLIK- 1285 5 5 R A R R 4H 4%
R RARFEAFEE G RV E B
ZRIM - BIEE IEFR 205 BRER B AH R 5 S
C& - FFIERBEBRIRAE S EE HIHy %
A H B - JRTERECE 75 | A8 Ry 8
ME > 8% AIFFERV R B - T B
i) ~ SRR - SRR BRI I =Y IEM
BEEM o IR oV EE SR R
XIME » IR E &R
28) ~ LIEY; ~ s E S F I
1T E 4R IR IER 208 #22(Ince & Koc,
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SRHEL AR RE T RE(50.00%) » HA R ikes A 2
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Fe4EH—F(X. Tang et al., 2020) » ZE/RiEE
BT BB HAE BTt — s E E
PEEE T - B BEREEHHKE @ 254
R ST E i s N [E VB IEE - 45BN
WREE A SR EOER RN - H
BRI — 2 AR/ REMEETEE
(26.79%) > MFIERAIBFTTE FAERIF 25
(23.21%) - B Lt oT B AT 22 (X, Tang et
al ) BB AFTAE - FralE R A HEETIED
BE - BREAER > T FEHR T ERE
/INHELT S A B A LR (912 51 50.00% 5 B
BRI S - RonE R T AT RN
BEMERMZESR  BZMEESHEE
e o

AE— D1 AH BRI B 5 T P bR P Ay 28 R R
HFAKE @ &EREUR R a2 2
{£(96.43%) » H Fsih 52 1(58.93%) FIfE4H L
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&1 : OB EREEOITENE
[ A KA1 ol Horth
Hhy 1.20204 8 14.29
2.20214F 17 30.36
3.20224F 22 39.29
4.20234 9 16.07
W 1 IEHZE (formal) 38 67.86
2.3E1FIRZ & (informal) 18 32.14
R T LR EEat S & R AT RH (programming and CS) 28 50.00
2 fHEs N\ B2 KN ST AHIER (robotics and game) 16 28.57
3. JEEENFEESTEMAR Ff(non-CS STEM) 10 17.86
4.JESTEMfHEH (non-STEM) 3 5.36
BERE 1.%f#E[E (kindergarten) £2 8] /]\(elementary) 28 50.00
2.[8 1 (middle) % &5 1 (high) 13 2321
3. KE (college) LA - 2 FFifi(teacher) 15 26.79
S E B4R A 1.4h52{L(abstraction) 33 58.93
2. 15401k (decomposition) 33 58.93
3. 27 kb (algorithm thinking) 54 96.43
4. (£ b (evaluation) 12 21.43
5.3 Ak (generalization) 16 28.57
sFETAE 1. {3475 B (traditional) 26 46.43
2. 1E & (portfolio) 12 21.43
3.5k (interview) 5 8.93
4. [ (questionnaire) 23 41.07
5.#5%%(observation) 1 1.79

it LB

2.CS : Ei{F[E(Computer Science) ; STEM : R} ~ F¥ il ~ TREAEEESEIH (Science, Technology, Engineering,

and Mathematics) °

e VRS o mfR 0 AWZE S AR BESCRR R
A B2 A R T P A AVERE 7K 0 4551
BT RL— PRI 72 (58 45011 B3 (46.43%)
I GETEN > EXEHMEHEE
(41.07%)FIE FEE(21.43%) » [ E53K(8.93%)
FIERZZ(1.79%) /215 Lo i 5% Th i /D IV ST &
J750 e RIFE S SR EL SR RTHYIASEX. Tang
FQ020)HIHFTEIARTAE - EEERIER
BUE A8 R B G I 9 S S (P e A
B G RE )T UM E 2 A E R T4 -

AR K R 46 fy i (R AR &
TE » FHICARICE—T 57078 i ge s
FABHIES K 6208 - ZERIG A HE - £ATRE
{57 7 Korkmaz55(2017)Ffr 85 2 HYCTS » B
T E BRI e HE
ENRILTE - B hREAHEEFNERXK
HIRRSCRTER A - TSR - A7EVER
HIER R B TR TARE Sy IR ST AT
FH BRI g R RE R o 255 28 R 5 B2 =R B
Huh (140 : Bebras)sKazat - H AR
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F¥Roman-GonzalezZ5(2017)ff 28 FEEHY S E E 4
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ErrETH -
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ABFE S HT20204 1 H 552023457 H 2
FRERE ST #5445 SOk 5 74 SR B
EUE S AT R B LA %
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A B AR BEE E B A TR R 25 ] 5
JE o BRI E R E R A ZERHER T
1£20204F » 2T RERIEEAVERL T REWT
72 AR 2 H(87.50%) » HAFutskss N2 R il
BT (12.50%) » JEEEHFHEESTEMELIESTEM
FERRERR} i ft il A R LAY SR - (E R
IR0 » 4o HPAREA HA EE R} RV E
B > FEEET AR R A BRI
AHEES > 20204F(87.50%) ~ 20214F(58.82%) -
20224F(31.82%) » ZAIMALIEES N B2 R gk %
SRR} A B AR - 7¢20204F
(12.50%)%(20234(44.44%) - 51 > FEEERFY
ESTEMAHREER] F ANV ZE 5 B AR Yy
BB > JE20214F(17.65%) £ 20224E(27.27%)
HE—REZAE  JEENFIEESTEMAHRIE R £
REATIRE YA EFHE - 2021 CLBR4A A HERR B2
FeEfTIE R AR > H 20224 A 5
HIBEAN - [EIFF20224F tFA4AH IESTEMAHRH S
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K2 . DB RAEDDITERIZR(202051 5 220235F7H)
)
KR 2020 2021 2022 2023

ERaT 8 17 22 9
BERE

1. 2fyfERE 22 /)N 3 (37.50%) 9 (52.94%) 9 (40.91%) 7 (77.78%)

2. B E s 2 (25.00%) 4 (23.53%) 7 (31.82%) 0 (0.00%)

3R 3 (37.50%) 4 (23.53%) 6 (27.27%) 2 (22.22%)

HEIRE

1 IEHREE 5 (62.50%) 9 (52.94%) 17 (77.27%) 7 (77.78%)

2. JEIFHHE 3 (37.50%) 8 (47.06%) 5(22.73%) 2(22.22%)
BRI

1. B R AR 7 (87.50%) 10 (58.82%) 7 (31.82%) 4 (44.44%)

2. s \NEE RSN AR 1(12.50%) 4(23.53%) 7 (31.82%) 4 (44.44%)

3. JEE I RIEESTEMAERE 0 (0.00%) 3 (17.65%) 6 (27.27%) 1 (11.11%)
4. JESTEMAHRE 0 (0.00%) 0 (0.00%) 2 (9.09%) 1 (11.11%)
RS =
1. (b 5(62.50%) 9 (52.94%) 13 (59.09%) 6 (66.67%)
2. B4H(E 2 (25.00%) 10 (58.82%) 15 (68.18%) 6 (66.67%)
3. 2k 8 (100.00%) 17 (100.00%) 20 (90.91%) 9 (100.00%)
4. (L 2 (25.00%) 3 (17.64%) 6 (27.27%) 1 (11.11%)
5. @A E 2 (25.00%) 2 (11.76%) 9 (40.91%) 3(33.33%)
FFETA
1. {4 5 (62.50%) 7 (41.18%) 11 (50.00%) 3 (33.33%)
2. EEE 1 (12.50%) 6 (35.29%) 4 (18.18%) 1 (11.11%)
3. 58 1 (12.50%) 0 (0.00%) 3 (13.64%) 1(11.11%)
4. 95 3 (37.50%) 5(29.41%) 10 (45.45%) 5 (55.56%)
5. 5L 0 (0.00%) 0 (0.00%) 1 (4.55%) 0 (0.00%)
BE Ryt -
VBT IR AR AR RS R A A T fiFy FeARE - IR LA (100%) » HA RS

e =R )= s & R R el R
—EEBHIRE S > REFEFIAEA RIS - [N #Y
IR A R ER R0 Rl % B — (&

REJT - MIESTEMAHRBHERF} LREAIBTFE E "L
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Abstract

This study aimed to understand the state of educational empirical studies that employed
instructional experiments to cultivate or enhance students’ computational thinking skills through
a systematic literature analysis. Additionally, it analyzed the educational environment, subject
matters, computational thinking dimensions, and types of assessment methods across different
years and educational levels. A total of 56 papers, from the years January 2020 to July 2023, were
selected from the Web of Science (WoS) database and subjected to systematic analysis to address
the research questions. Generally, the educational experiments in these studies were conducted
within a formal educational environment as well as programming and computer science as
the primary subject matter. The majority of the papers focused on samples from kindergarten
to elementary school levels, and the key dimension of computational thinking explored was
algorithm thinking. Traditional testing was the main assessment method employed to evaluate
students’ computational thinking skills. The analysis of yearly trends revealed an increasing
number of papers discussing the application of computational thinking to teaching experiments,
with a growing emphasis on non-STEM subject matter. In terms of school levels, traditional
tests were used for younger students, while questionnaires were adopted for older students. This
review paper concludes by providing suggestions for instructional practice and future studies.
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