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Abstract

Programming content is interconnected. However, programming concepts are
mostly abstract, difficult to comprehend, and highly complicated. As a result, most
learners have negative impressions about learning programming, leading to lower
self-efficacy as well as learning performance. To solve this dilemma, instructors
employed the idea of computational thinking when devising teaching strategies.
Metacognitive scaffolds can evoke learners’ known knowledge. Thus, this study
hypothesized that by providing learning scaffolds, instructors, can help learners
integrate new content with their existing knowledge so as to facilitate their learning of
new knowledge. However, a logical and systematic scaffolding is lacking. Therefore,
this study was designed to integrate computational thinking processes into
metacognitive scaffolds to guide learners for studying programming. This study
aimed to investigate the influences of the teaching scaffolds of computational thinking
processes and traditional teaching approach on learners’ self-efficacy and learning
outcome. The experimental method was selected as the study methodology and 39
first-year high school students were chosen as the study subjects. For the experimental
group, we adopted the steps of computational thinking processes to design the
scaffolding content. For the control group, the scaffolding content was designed
following the programming narrative sequence of the traditional teaching approach.
We selected learning outcome related test questions and self-efficacy scale as
quantitative research tools, and garnered qualitative data through semi-structured
interviews at the end of the experiment. The study findings indicated that after the
experimental sessions ended, learning outcome and self-efficacy driven by scaffolding
of computational thinking were better than those under the traditional teaching
approach. Moreover, a correlation existed between self-efficacy and learning outcome
performance. It is suggested that future research works should investigate other

factors affecting learners’ self-efficacy and learning outcome.

Keywords: programming learning, computational thinking, learning scaffolds,

learning outcome, self-efficacy
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AEEH G ANHALM RO T T8 Ek » T THR B &R R K
FA o URAEOLSSE - b HE 0 AR H KRBT : F—H K" HEF
FHEk | > FofEX T ARBMEME | BT AR B SR

®oo o FwHARE T ARAAE > FRHARARY T LRER -

R AT FEGH

ROBKAFT BAMFTASBAROHFTHREE - HEM 108 R4
ZABAABRT EXB B RAECRRAAR > S P GREz— (K7
2018 ) o ki > AR HFT REBEPVREFEA - LR RAERRD
BB ERAARAREBIE - W ROBRABMSRIBLENZL  ERFEEL
FE Y EARITR - EMYELE H 092 F LA (Abdullahi, Salleh, Nordin, &
Alwan, 2018 ) » Bt > HEZF Xt e R X REFHEREZNAL -
BHHERAZNZI T A ABLEX > dHELFFARABMERIE L AL > B4t
HRBENTETAR - AMAAZNFLL2LNERBEIFH LR E
o EERBEAXZIHETAF > 2B HTRAGEHET XBAKRHET
BRSIBPEHABAHUE T BRI FRATHEZE4H K (Kiss & Arki,
2017 ) - Afh LRI EEMEBEREERERBHEEXELE LT
1% 3% W40 JE 22 ( meta-cognitive scaffolding ) F& & &2 A f2 KXt
( Prather, Pettit, Becker, Denny, Loksa, Peters, Albrecht, & Masci, 2019; Zhou,
Chen, Zhou, Bao, & Li, 2021; Mohd Rum & Ismail, 2017; Denny, Prather, Becker,
Albrecht, Loksa, & Pettit, 2019 ) - f2 X%t ayB 45 A — 4842 5 2 4 ( Papert,

1980 ) » B RABHWEHFEMR  EBEAEN > BEAMSEREAN > Ak



REFEPENMMANEY - MARDBL BB LE H Rk F sk
( Hill & Hannafin, 2001 ) - 3% %% 8 & 4535 18 2o o 3k ok S 37 403k i 4T 3 32
## o SLThREEAE W BN 2 H H 2 B A2 X33 A ( Bernard & Bachu, 2015 ) - 21

1% 3% R o JE L2 By ER B AR 2 A %M 2 5] 3 ( Prather, Pettit, McMurry, Peters,
Homer, & Cohen, 2018 ) » g4 %040 B4 % U3 ~ M ey A X R 3| H£ 5
H2E > BARAEEAZAMORIEN BN BRI EZE E AP Bes
W B bR R E FRIFERT 0 BT CSao kR M AR o AT EE A
ERAEN AR MRS EAL G A P E - BiLie AP E KRR G HRA
BRey £3E - MER VA RNARFEBBEANTENPERY  ReEALHFZ
BoiE s DRAHBABZEEEALRNBNREL  TEBELZETENE S K
B #zk st (Durak, 2018 ) % T:REE F A BEMEREAZIBES » £
FIABERET B game  REZEE—EEFWERRMBHEE > B
AR PEBRAMEREAMS  LAZR2EH AR GT OB gy ER
AR B AR

BH O/ RPN BB LRRAPARN B PR TN

RRAAGBRRAAE > Rk EHBGER ey AdE T BRI | a5t
( Kilig, Gokoglu, & Oztiirk, 2020 ) - 4 4 » $ HEAFHELBGRAHBRZH
FER > MEREHEEFEMRMERZEWAMBME - TR XA F KRB
A(EE BB ( Systo & Kwiatkowska, 2013; Bocconi, Chioccariello, Dettori,
Ferrari, & Engelhardt, 2016; Sun, Hu, & Zhou, 2021 ) » stimgb Oz s A K&
H o HFHHMABRELODBRARECANELBREHT Y TAHRHELLS
HEEHR - £ ka2 7 #H3 4 4% ( International Society for
Technology in Education, ISTE ) #v & B& #4265 1 & ( Computer Science
Teachers Association, CSTA ) R SHEE BAMFURAE S » REHF T4F
#BAELENEE AR (CSTA&KISTE, 2011 ) - FERHEGA SR ALK
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FREITHRAZRBHE T > B E 2020 £ 2 2021 FRICH 168 M LA 48k
HE(FBEHE 2016) - ad 2 F 3 ( Te Kete Ipurangi, TKI ) 7344 2017
FABMAEAGREAY FEHEEBGEIANRLTY  BRAFAZLAREAER
B3R AR T B 63T AR AT 2RI R AT A st AR 2
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FRMH L£FRR

— ~ ¥ & B 4 ( Computational Thinking )
FHBER—BEEBEX - FRMREAM Y 22— (Wing, 2006 ) © iE

4 B 44 w855 » #R4E British Broadcasting Corporation ( BBC Bitesize,

2019 ) 32 & 643 B B 4 v 35 5% ( Decomposition, Pattern Recognition, Abstraction,

Algorithm ) & 8 &% % - H# F Abstraction &) #2#2 % " focusing on the important

information only, ignoring irrelevant detail | » B s e KRR ¥ » HFEE B 4w 5

B slar 4 8 T RS RS BB PRHIL, c UTABE—FHA

RAR P AR FE G B

1. PiA84f 4% ( Decomposition ) : 28 42 X F ZH|Ere) B 1244 > BRIFEBAZR
7| i F R AR AR o

2. BAEPEE ( Pattern Recognition ) : 4 % 3 2] a9 456 #F P R 3% 3t 38 s & 4 49 mg 3L
BE > gonl EENERRIE -

3. &4t ( Abstraction ) : R HE F| B & 4E e £2 K4 - 3Rk B HE
B 5 RN 0 R — 18 | BT AR -

4. F At (Algorithm ) : ARERAZ X IAT AR - AL BT~ SR3E R 69 FI BT B
BRARALY » BEBREKX BB B X R4 -

= B #Hzse ( Self-efficacy )

[

BRAAEABALR G THETEHRNE RGO B oRE - LEnPEBA
AR - EAREY  ARMEALELEEE T AREEER  WED S K
BH - BRTHNE TREAER BB RECQE -



=~ 2% K&k ( Learning Outcome )
SLERBIENREE LGB RREZE AN AN - EAART > £
BRAIEHALEHE2ERENER » 20T 28 R almi s | a5y

TG BPARERKKTH TE - 2R R -



¥ —F XRRIE

K ERAR ST A 748 B 09 XRKSBAT RS A7 » FE A L R a9 R
2E A" RBAXHLE AR, > TEESE T EEER )

Bz K28 Rt 81T XBRIE N | B8 R EATHE o

F—f BARILEZHE
RARIAKFTORASHEBRAEZRBERGBAE  RMEZEH R
RAGTRELEARBRMEY BRI WEETR BT REZO T £ 08
FE—RMGERMS - FHIBHHE B —THITe#2 K ( Kadar, Mahlan,

Shamsuddin, Othman, & Wahab, 2022 ) » H 2B EH NSRRI Ak B
P oA #e A SR AR A X 3Bk~ N R GO TR G S F ok 00 % B AR A7 A PR ( Islam,
Sheikh, Fatima, & Alvi, 2019 ) -
Xinogalos (2016) #% &£ 8 H £ 2 B R AL AT @ER ) B 3L A E Bk ey k48
et AR EIb AR AGER  BRAEHE  BHalbyIEag > Bk B A
TR Z R R PR RE ) R AR XM SR M L RET - AT RS B H 28 &
AR RELE  AMBLRASEeHZEECEEANAYE  eanpE S

Bk Bt MR B AR ZE I RBEATHALHT @k —EE Rk
#; ( Silva, Mendes, Gomes, & Cavalcanti-De-Macedo, 2021 ) o
R L2EHAABBRABLALHE  REERGERSLTHRMERTME  §
BREFRAZNERTREEERE - S AR N R EREE L

2B 2K ey xE K B2 — ( Chung, Chou, Hsu, & Li, 2016 ) » F e 2 X %3

EZR T MM BF BHEREBEFREZE wofTRA LR
RS EHZERREAELEHEHE R4 8 T kegf2 K ( Alshaye,



Tasir, & Jumaat, 2019 ) ° f2 X 3%+ A — 51 % 093240842 ( Kong, Lai, & Sun,
2020 ) > FLEHMPRRBGTEERON R - BAT F2E H % MEBHT
RARBAMBYBET X > BREV LB BRETTIFRE RAZ AN A -

HELE > BRETHEZEFRR—BEUARSEA—TIEABRBMENFE - R T
FHEMEFEO BN BEEHLRENT LGB 2R - 2FH4L

o
(crr}\'

AR P2ERINRE  LERPEEHNBRAXTALNBEE - ALE
g 1 2

R OE s BAEET  REELEHX ALK ZITEE L@z

R AR HFTRAGENBE -

AARENELRGERBENEERE Y BRAER LR TR - bEH
BAHEE B R K - AR BAH T R ABLETRA « XT R4

"R B RAGN R EE BT R ) R R

—~EERBREIGEN

Papert ( 1980 ) #4542 5 B % ( procedural thinking ) —33) 3] A2 XX F
Yo ABBRERBG—FHRARTAM  REMEBENE TG T ZHE
£ VA BV - AL A (Jeannette M. Wing ) #3& 7 2006 4 £ 3E H & 4
( Computational Thinking ) — 37 5 & B A 2 AR FE - R A& H B4 Pp L i 183k
AKX RMAMIMZES - KRR B AR > B AARRRGENIE
EH B4 (Wing, 2006) - shie /1 L0 A PIAE ~ A%  HEARNITASE
Ak o AMELBRERBAN RGO BRERIATHALOALXEE 2
Wing ( 2008 ) 32 % 3E & 2 4 04 JE F 35 K48 TRV B BS A2 AR IBAZ - Bk T ALk
FIRE | 2 B XA 2T AR - Wing (2011 ) A 3EH B 42 W& H 3
TN HBERA  RAELBEL—FUARTR A SRR AR B



WAz - Wing (2017 ) HEH B2 T & Bt BAERERERUAAN - TR

WMETARPUTH AR  FHEAMBLEF AT B4R - 254

WHEAEL SR EE  AREABAGHT AL ek (ISTE ) fo E a2

#erih e (CSTA ) REH Bhe bt & > WEEBES ARIRH - BE

R S BLFIE R BRI AE%E A uE (CSTA & ISTE, 2011 ) ;

Google (2015 ) ##EH B4 A A FERRT - 642 BAMA - 8 H
BHoH - BHE > BREAT B TATE S RIS+ AT

F o EHEHEMABSR AN THAL FRAZ2 NG B25M % LT
BERBEEL B4 - ¥ ( Decomposition ) ~ # A3k %] ( Pattern

Recognition ) ~ 3% %4t ( Abstraction ) ;& H % ( Algorithm ) £w X AEH

B4 2 55 B2 4% o British Broadcasting Corporation ( BBC Bitesize, 2019 ) #% sk g

TE R

1. #;#% ( Decomposition ) :

ARG P RE R B AL - 3B P R ARRTJA LS AR P RE A A 00 R 5 kAR - 3R AR R

R B R TR

2. # A% ( Pattern Recognition ) :

F ARG IR AR 69 BB PTRE 5 AR AR - BB R R A A A i A R

B ANBMZR  CRASE MO RE > AR EFAEZBEKX BT -

3. 4%t ( Abstraction ) :

FBBARI R L B E e AR e RS R ke R R 6 RS2

ho B ARAS A WY SRR - AR A R F T 0 kAR SR

#E F] 6 B S 25 57 49 o bSR3t — AR R T Uk -

4. ¥ B4t ( Algorithm ) :

BH L= UF - IRBE TG AR T TR R AR A
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EHBGEHFT HHEREA

WMIEEEHR T EE g RASNE i EEERLEZRRANEHA
SABTRAMEEYE EESE R EELM R E AR RBRER UL
WMaohEd B Tesr it Hibt  EEERLRASAKFTHEETLG
BHBEHFTRRZSARAGHES - AR B a2 AR RET
"EE AR ZRBETABAERI S BUTBELREHNFT AR AR
PiRaey % | o Almjally, Howland and Good ( 2020 ) #F %045 th e 38 B B 4 3842
FoREEATHES TR BTR K2 ENEGL  BRYEENET LA
REEGSTRE - EMRAZEERR - BRI EEEHERGE

A% Scratch » Alice + Lego * code.org & #% % A ( NAO ~ bee-bot ) » £ HH 4 F
R ANNRARALLEE RBENER - B EHRAZBNAHFEEE AL
FRFARARTRERAELLE2IME B h 2R LR ERLS SR
#4 X B 7% #2178 ( Shen, Chen, Barth-Cohen, Jiang, & Eltoukhy, 2020; Angeli,
2020; Georgiou, 2019 ) - Bk » HFEH B4 ANR KR REF - HEH
AEHZENERHLTEH2 B RAEL L g2 i RA ( Zakaria &

Iksan, 2020 ) o

=8 REES

LREEPRRARETY > WARAERERZ &G o A

&

.>|.

CEXS

THRABEEROEZR > LHARE P RANRERBRDR LA - 44

%

ZEREEARKXZSHEPHRAEITRA U Foh " EEELHI TR
T ERAHSRAMEN S BT LB EE AR K HENE

M
EEL PR S
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JE %2 ( Scaffolding ) 32378 B # Vygotsky ( 1978 ) sy &5 B % » A ME
BEBEEOHEHBT » e R T EHIE LA RIARGAN | o %% Vygotsky
(1978 ) 324 T #4415 & & ( zone of proximal development, ZPD ) | 944 -
AR B9 LRI R B By RAEBEAE A A AR RBE mL E 8 T AT T H B TR AR
RIREEY Ak > BX RIOYBERERP IR RE - T BERER | AURERENME

ma‘
Ag

A > JE 22 —33) & Wood, Bruner and Ross ( 1976 ) 428 » 32 A4 B 22 £ 2 88 %

$8

o3

FHhiET R AHF2EENAE MEEEEREOEHEM TREFESZNES
A F © Bruner ( 1985 ) 4§ B R BB AL RSP M AEEERAKEE
RPT4E o Bruner R i A B R E R A T ARE L > T R EA SR
"HER R A MO EHAEER > TRE > T AEHR  EEERS -
Azevedo and Hadwin ( 2005 ) #2 i /& 22 JE FA A2 B RS AT 2 2 F 69153 A | o5
o TRl ) T AEe R - TR, T 2L AREE
fedr T kR K | 0§88 B R A AR B AT R ARG RAEFE AR B AR
MABRAREO I RHPEHERAHRZERTREZEHNEAR  BK
W2 H e 28RN - & E 224 ( Doo, Bonk, & Heo, 2020 ) -

BAE LM BRBEANZELQEMBREN > £ E2EHFNZEH
oo EMRAZE RR - BALEEH AR LT R RFR -
b TR R B R R BRY  HEAHEEETEWALE ( 2%

2020 ) -

—REAXERAGBRA RS

Hannafin, Land and Oliver ( 1999 ) ¥4 & %2 55 A w & 87 :
(1) #mAMEZ ( conceptual scaffolding )

WhBhEE RS Y 6 A AR B Ko o
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(2) 43% 3740k % ( meta-cognitive scaffolding )
B EEHEEIERRELEE B -

(3) sRest:JE 22 ( strategic scaffolding )
R R F BB H BT IEFS B RIEA] -

(4) #&AHE2% (procedural scaffolding )
HBEEEEREE A REERZE A -

Kim, Cho and Kim ( 2018 ) Ht A3 » %3k B RN 2 G4 A #E
By~ TARBBZEEEPE L NEE RBERNREEER - 4R A E R0
JE 28 tb Rowg bk JB 2R AT & K 49 P18 £ % - Hill and Hannafin ( 2001 ) 45 & # 3% 3% 40
BREB AN RRD T A2 B8 H > F oo S E 8 ¥ &k
Mo B aReBERAETNE X EAZ R mE RV AN ES &2

ERER)

BfRER BANSERmE YR (An,2010; Chen & Chan, 2011 ) -

E-2RREBERAKIHEORA

— BT HATHRK » EREFRF S RE GBI ES - HRrAmEL
R ERRKGSHERET —RAFE > BB AT LB XBRERY
— Bl AR AR AR EPE I E ( Cheah, 2020 ) - B fef2 R X3 EAE P -
REPBHBBELBIAREFOHE I L A RFOZE R A2 E8

YR LB X% # 2 4% ( Brown & Wilson, 2018 ) - H b2 &M A% &

LR ALV X RSN ERRE REEBE R EE kLR EEY
RRE > B ARBENYELERAARXZIHE Y RBEHLET LY

LR -
Cabo (2018 ) B RABUTHALRBEARKA R LEWELR » WA BB APA
LG TR AEY I RETHE T —HEAXTE T HaAL A%

34289 F % o Dawar and Murphy ( 2020 ) #2 1 AAAD 2 Az 4245 A f2 K3kt 3¢
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REZHORE  ARERER  ZEFEIREAERHEE H09FE R - Jin,
Sun, Ma and Wang ( 2021 ) ## % 4 30,35 @ 42 % W & K B % K 44 JE 22 % PBL #( £
Tk A MR RER RN ESE > WREHNLEEERRE IR
5 09 H% B RRIEA] ARk -
oLl BRERNMRZAZGHHEZNRE/HRBEDH —EEF ol
KRG T E o BERBRAWMBZEEEAMERABMS  BRSZE R -

£ BRAEEZNZGEEAK

Bandura ( 1994 ) 324 B ks " — At B THREAN TRER FERE
BE R AT - A RBAEREHE L TAFH Fa9%R , (Bandura,
1994) - BT 2SR L ELD B XL ERUZIRA LA > CAHFSH
RIFFF R AR 92 8 Rk B B Mg B 1% - AR IR - B REAEE R
%42 X 2% 32 8 Kk & 3 ( Lishinski, Yadav, Good, & Enbody, 2016; Lishinski &
Yadav,2021 ) - i3 EEHNRAZAZENE LA G ELE L
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fRgEA R B RZERANEAKT Y - RTREAZHZINEAR GV TR
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1. ge7mlif.gif else.. | 2 FEH BT A o

2. femsEER Tif. i if.else.. | 2 A F| BT AR el A2 R AL o

3. fect | BEA HEE&EHEN -

—HELA

REZHEHT XA BB EHM > HEHFETHATHAEE
HFEREAE  RERKRTALAABRAAGEEYTFA LARMBE TS
TAREEES EF XAty NERGBEE £ A - TERRREEAE

M= -

23
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¥ > B b3k A Spyder % A2 2 T B - Spyder 2 42 X 4345 & 3% i B 98 - R{L4E
FREDREZRKE  LAESIHBETREAPITER - 2EH AT FEETE
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File Edit Search Source Run Debua Consoles Projects Tools View Help

B & B B » Q5L »» a~ v 1 » m {0 Ff @ Cuschenodens

C:\Users\ehean\ spyder py3\temp.py Source | Console - Object

O temppy X pandas_catafiame.py X

Usage

Here you can get heip of any object by pressing Ctri+ in font of it,
either on the Edilor of the Console.

own aulomatically after writing a left
object You can activate this behavior in

New to Spyder? Read our tulorial

ovthan conenle. Hctory.
v LSPPython:ready @ conda:bese (Python3.9.7) Lne7,Coll UTF8 CRIF RW Mem83%
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