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BATPACK B B2 E A ISTEAM U 22 NI HIHE

IR BasR REE
RGPS W
SRS BT

TR

H AT STEAMEB SV HER) - HARFEEIL B 28 ~ e Bl ATRBR (VAR - 535
B A LA EHISTEAME 2 24 - BREREES - RERAM -
B ST S B A R B G Y A S EE i e o HE T 2 = STEAMBRAE BB HY R T RE
7o MBI e~ AVSEERET RO HEE 0 A T EEIESR - AN TPACKE
EVEEERIEAVERL - KEATERE S E R R EE ARG - BRI AU ESTEAM
PERBZEW > SEMHESUR - TPACK R R BEEHFETRGF B AT - 2
STEAMBEE R B - ELURHSTEAMBEZ 208 N A B R B H AR - )
FOa ~ RORE - REEBEE=KEE - HP3RE " 2RI - EEEREAIRE - BERITARER
ot~ ERESYE - HEEE - EERREE  OEE - RERE - BERNE ) FIUARE
P o ASCHARERE FH P PRBGAISTEAM B ZBIRAE ik - 1 RIS AT 5 HURR A AR 1

RIS TEAMZ SR BB A -

RARERA - STEAME(H ~ TPACK ~ ZEE ML ~ fiEHEE - #FR®

= o=
= ~HIS

STEM (Science, Technology, Engineering,
and Mathematics)Z & /& THIRFHGFERIE -
FHSE ~ A2 MR 22 R 3k B RE HY 5 GUISER AR
LB R(H4ER, > 2019) 5 &G STEMEL
NSLEa(Ar)YSTEAMEE - il T 1 AEHR
1= 22 BT STEM REIS A BE AT A S R 4E R
A FE (new pedagogy) » HAEHE S 4 T ¥
BRI PR DRI - AT SR ER SO L 3
ANEEHC ~ A ~ BRIEZ % 5T B B [E R

Bl Sk T T AU R - B mAlE T
M YERE ST - DARE R BT SR ok
H % 0 gheBldtir it e EH 28 - Wik
BRI SR NI SR 4% e Fr R Y B R & 1F
I~ ENERE S RRIERCRE o I R R
ANTIHBRATZAERETEAHNAR
(Perignat & Katz-Buonincontro, 2019) -

B #STEM > % » STEAMIES(E TN E
HHAZ BRIV - WA B PR EE il SO E
B E G - 2020) » ST Z IR E G
BRI MESTEAMB E wmE - 2R

*EAAEH - BEF > 20989909301 @gmail.com
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HEAMEF2 AL 2 IR AV H (Holmlund
et al., 2018) « (Il - FEEILEHAL201 5475
F (B2 Ak A% ) (Every Student
Succeeds Act) * fE A STEAMHAISTEMZ 5 1H
RSB B EIRIRIZE (5 4E32 » 2019) 5 BOM
B3 (European Union [EU])#EEEuroSTEAM /5
F o H[EHIESTEAMB E M - WAESTER
FEEZ N E R H i (Belbase et al., 2022) ;
PR A E A E B A2 T BRI 2L STEAM
BENLEME - W HEESTEAMIRHI L Bl
ZEME R - SRR #H B MR AR AH B ERAE
&2 /D20%HSTEAMELE A 75 (Park et al.,
2016) = FHIEL AT, - STEAME B /EA /D EIZ
AR A o 12 B B R AR AR5 3 I B BRI A
& - 2R -

STEAM¥BHIAE » BRI B ERHE
HE ) HAR DT ESKER G - FEEF
NFREREZ STEAM&R B 02 8 7 s Al
(Tsybulsky et al., 2018) - ZATFEIEAENE
S CZETRE G (2018)BLf 7K TAE20 1 84§14
HNBETHELTHY T STEAMZUE B A Efish
& AR BETE PG = STEAMAE i
HYBRFEAIGE - HWINEEISTEAMELRT " 0H
ERIM IR ) WIREE o PR DUEAERL AT &
B E BB AN EE T H 0 KSEZEMLHE
—ERIEBE ISR - B/ D STEAMEB EHY
PSRHI, BRI BB TR S - HERIH
BESAAG DL R R B £ (Quigley et al,,
2017; Shernoff et al., 2017) » HEESAF]AEEE
BN AR R RV E R 4R - 20[E AR
(2018)F5H » T = A AR AVHAENEE 5 LR
R ERTE ERISTEAME Y -
B4NEA B % B AARE FE BEMSTEAME 5 85 5%
HIBE L FFVEZEMEGRICR ~ PR3 > 2019
Kim & Kim, 2016) » {H$tHZETA S AR HElT
STEAMZEENG Al A VBB R B S A 1F
HE—IPRET -

Sy )T RHEEEA AR Technological
Pedagogical Content Knowledge, TPACK) #5157
Ry 5 AR S B 5 R R B 2 v e Ry B B —
IZ(Angeli & Valanides, 2009; Mishra & Koehler,
2006) - EAFAYTPACKZE & 0] DIA & B
BT T VIR B A g - B s T TR EY
& NI EZ EREAR FEEERAVETE A8
B2 > HEMUEREHHETTPACKAYHIE T
B DIAREHE AN E R TPACK /K -

FHASTEAM » HEEZ HTPACKE =
FZEAANE R FHH AR ZEE > TPACK
e I E FER By STEMZUE2 AT #% [ (Morales
et al., 2019; Srisawasdi, 2012) » H = FI|H
TPACKIHH 2R » 15 DUERE K BRI
FHETSTEAM-TPACKAE 553 B B ELUH & 1Y
J7 7258 Z(Morales et al., 2019) - . ETPACK
RE R STEAMZ B HY B B IR (it — =15 DR E
HYER GBS A HEZR - R R AEHF A TPACKZ
OEE - A ERHEE RS STEAMELRLAI
#Hk(Content Knowledge, CK) ~ & AF{E(L
B e ET g T 2 [E B RE A A Bk (PR ML 5 -
2018) » EHEMIEES IR EEERE T > H A
i’ - AXEE - g ERIUKEREN
e NBEH#E - WERE TEIE - et
B - TS RE ) HVIBIE - JAESTEAMAY
5 S(Guyotte, 2020; Taylor, 2016) °

ARIAZ R STEAMFLE Fy— U220
P E s S - Brh ey - ISR A
IR R AE R —ERHE RN S —E8FR T 1£
STEAMZEE T » EEHBIE RS20 H
B T RSB - WEBRBEERNEE
T 14 (Guyotte, 2020; Lattuca, 2003; Lloro-
Bidart, 2015) » JLH 4 AGFEERTIPLAR
K BRTE ARSI BRI
HEEE - B A EREEE S TPACK
K Z & E [ (competency-based)JSTEAMZY
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BREHEA - HRETREE AR B R
STEAMEREE fr VAHRBHZASH T &y © MR
ERZ B P AR R (R 2 B P B s sl H B
PUEEWRE > BEHRRN ENER A > 5
TESTEAMEE 1E i/ NE BRI G ) B K 5%
JE > FE(ERSTEAMZR B E AR EVE
EETRHE - DURIEZATSTEAMER®E 2% H -

8l ~ AEISTEAMB SR L
NI ERAT
— * STEAME B RIVHZ R

STEM A i K " 123 52 Fl , (meta
discipline) » DL —THEELERE A (E HEEE
FHRAVZE R (Merrill & Daugherty, 2009) >
BEGHEENFR A AE - HEiESE
EEEERERBREEEE  BERE2 - #
o~ THE ~ 8052 KISTEMRFERY S IEEL &
5 A B A B PR ST B R A ) 2 P R
MEE N IE R AREE FI 224 U OBLE ~ J77ABLR,
15 5 DIfRIEEE& (fusion of horizon)Ei A H 3
(transposition thinking) /5= » A HAYEERE
e JEARAE ] - R A B RS RIS
S8 28 BRI 40T R L R s BB T SR AY R
A -

HEEMIFELKNISTEME SR/ DR
BEANFE L EFE - EMEHAA
ANSCETHISTEAME A - £iRAMSTEAM
BE ARG A B STEMEL B » [H FyEh
fla B RS B AR R A E R - A DU (E
BAE B R & A ek R EEH O
AORHEYER g > NI 1 SR Y i L = 0K 2 Fe i
HRTJ7%(Land, 2013) - {5 A EMBEFHE
FRERIGHEQOIDFEH » By ] LI BhER AL
N ERVE E R R R s - BRI
MBI AR RS ) - FERRR - BER

BB EURIEIITS - #2 Bl R
STEMEEHIEZE 7= - At - STEAMEH
B AR R TR M A R & > TERR
FEaeat ~ BETENPHEREG o BEEAE
TE 35 5 RS 1 ) 2 1 FE S e ) S e B Y
i ae g7 -

ERIIHISTEAMZU S B ## )5 B 5 %
ETHYEEE e B E - AR FRE R B AYEE
2 BEIEEFER T E R - EE
STEAMZ B H¥E X RIS K alss - BITER
Al 2 Alse B S BRI - St E e
o EEL R S H IR L R g R AR TE R
CE4EF5 > 2019; Belbase et al., 2022; Herro &
Quigley, 2017) ; EUZLEYEuroSTEAMETZE >
1EoRaA S B Sy E#AS > IKFSTEAM{EE &
— A AR N IR A 4 Y - IR AT AT
gatE T ITREN A o BEIEARE
HSTEAMAYELE HLER - I GBIt HESTEAM
W2 R S5 R B2 4= 7% Jj(Haesen & Van de Put,
2018) s FHAAE a2 # g (Curriculum
Development Council, Education Bureau, 2016)
7 (HEBISTEM#B E — #HEAIEERE) &
B o BEEA MR EEP RS G
BE - WK STEMEBE (5 Ry 1ty B2 A 223 il
BRELFESR ~ MR o IR LR (% - [FIRF S
HEEFEEZERERME T/NESTEMEFHIER
et ~ BEENGHE ) SRIERE © #E
STEAMZ & Alls& 345 & H 5 75 K BLE# S (b
Fret o (E5 AR R Bl g BB B 3 BUER (T 1Y
HERENSE - R A2 E
REVE - 358 KA e s BRI /7 - B0k
ERGRMEFSHE TS B B8R
WEATEHEGEN T ERYMES ) - REER
MY TSRS ) RERR  BEAG R R Y
TEERINEES ) o ISRERRPERE (E A VS
K ERIRIRABAE - IREIEIR B E N AN E H
14 (Kim & Lee, 2015; Kim et al., 2012) ©
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&k LRl - STEAMBER A LIEFR Ky ©
FEEAEIRYERIGE & i H [ 2 [ A B gty
HEEG > BEABERERRESEAHEY
Hy B ERFOER % - I AE# AL R STEAMBY A H
BRI A M ERE ST - RERHE
BB TTE - PIARIE R E BAE I
B R SR E A E -~ EA TR
sHEBRFEAOREE - DT A&
ERAE R g e R R HE I VE B 4 - I 5RAE
B JEE T 4 O S 2 T S 1 L S R A (9140 B PR
afF -~ il EERE ) o El e T e
= STEAM Z % (Haesen & Van de Put, 2018;
Perignat & Katz-Buonincontro, 2019; Thuneberg
etal., 2018) °

TERfEEISTEAMEBUEZINAE 1% - FeSiE
— IR $H A XA STEAMERAZ B 25 22
HETEET © Jolly (2012)f2H 3%t R4FSTEM
SRRV I2(EED B | - B REE T 0 5[E
B2 S RIS R RE g R RE - MG e% R
EE B R B A4S - AR FLUE SRR TS R
ERLE PR R ~ DU E AT 38 BTN
BHER  BEREEN TR AR
SERIE o SRAZMETTIS - W Eh B AR B PR
%~ BRGTEHE RN - SiE)/NE
BIE B4 LR ~ 518/ N EITHEHI RS
B R BT R A FAE AT R T A R A A
TR SR A TR (R 2 Bl o - AR FUET ]
5 B2 G AH BV B B AR B T B IR ET
TEBEFERR T » A ERE R A E - 58
FTR I A EAR M IEEE - B A T i
R THEEE - BEISTEAMZER R4 M
12 > FTEIHEFFAVREFIEE - ChanfE(2019)12
HAZHISTEM/STEAM#ES. » 57~ BT FE
HEFERIN AR - DU R E
) AT RRAR B Bt R A 4 TE S
B BRE B A Al 0y R R A LR ST A
HETT 3 223 R L 58 e VR RE

— » STEAMBBEHNAMEXRE
RCTHIN B A RE TN AT - BB 2 &
JoaHl HER B EBRE - TNEIREH
BHEENTEE - PEIMNEEZBEIHRE HE
BAE S RN B2 EE S TEBNE
o [EEE - R REEERRE Y ES I
REB LM E AR - DR E R T
(Gump, 1969; Tang et al., 2020; Tigelaar et al.,
2004) - EUBZEBER R " BERH - K&
FEIE » DRFEREATEBR TR, &
IS EZLREERE T FEE s (sub-
competences)iy 7= - BFHIGAVIZ O R B
bR T B i ay T H B R liTH - DUERLEs
B - BRAR I BRI R IO TS - =
HH R R EE S | T RE AR L R
EREREIRTERE - (R R R ETT
Prf# (unpacking) DL EAE el AETTERAE ST
PSRBT i (BEEIHER - 2017 5 Pepper, 2011) o

ERBEN MRS T - R Fauths
(2019) T R Z AN 2E T8 2 Foonn & ZRAT I E
R REVR EMEARE » MEFERAE
TR RIS IE 0 DL R H FRAAE BV Y B
PRESEIH - INDAHRAE Ry ¢ 1. RIE -
ffEShulman (1986)Fy " 58 &= KI5
(Pedagogical Content Knowledge, PCK) » &%
Bl TR ~ 4HERA 2R E 2R AR - I
{E AR B E AR MR BLRE T SRR -
2ER GIEEEBERES  HENERSEE
TR T RIEREEE o IERE R EOIR
PR A RIERAIRE ST » 3. B IRAE  BIEH
BIfE TAEHRREE AR BB IREZE - 7
HAER AN E AN EERES - 4. 2441
HIEHETREE T SH P REIE2 - WiiE
BRI R VRS - — L BVEAY AT T RS
BRIV BN EE - 2R E
TR Fr E PR A HL 2 T BRI
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¥ A5 B & 18— FE S M ROR BE Y B 4R
AE -

PRI S s TRz B R 38 A1 A R R B 2%
S A S B R A SO B 0 BET
BETNVAE 2 B R - S B BRSO
&% (United Nations Educational, Scientific and
Cultural Organization [UNESCO])*2009 42
" ZEH$%, (competency profile) » 53
FE N R TP E B A AIEE - FRE B
B G REA ROMAE B P RSN FEIV B R
R %S (UNESCO, 2009) - HFiHEIfZ.02%
BHSTEAME M - 1558 JHE5 I AR
FR G ENE > DR EERAEBRN R E
R o fERZRAY T HEAE ) h o HER
FHEAERIR S EEEER - et
R AR TEALIVAREEER Y » DU A SR R
# -~ ERGIF ARG RS - 85
2 » STEME B FERHEEM ~ ZoEZHEH
CEMHOAFA - B ETHC AR, (Technological
Knowledge, TK) KR RERVEE & » HEI TH RV
Bt RRIENEEHNAR =R MR EL
AETT R - [RIRHRIE S A RV E IR %
B N ERRIHEEE - HAEE
BENE R R A EH S EERE - DT
A8 FEEGERUE ~ #i5CH 0 2011 5 Baek
& Sung, 2021)

2 ~ STEAMBIEZ R T % H
i

RRE A VR E L AT S STEAMEB R
&= AR MESCAESTEAMBE i
E—ERLRERM  BILRE A
N E R - ZEEZRSTEAMEF WAt
(National Institute of STEM Education [NISE])
Rt EGERSTEAMEEZH S EATHN
REAMIARE - ARG ERE > BIR

SR DIRREESBPEN TEEE
Fo(ERBEFR - HY A INEEEHIE
—EXFRREGSTEMEF A BHEE T
HEZI9ESTEMER > AllEWANE ~
REMIRE ST ~ AR EEREEHEFEUEREE - &
STEAMZEZHY IR AT # El 5 E (75 (Corbett et
al., 2014) -

Morales (201N EEAEFLZEGE
BiEtE " IEHREHE THTPACK | i
"STEAME H & JIH61E , - I8 1EEIE
BREECR - FEERMER > MIlEEREESEH
HSTEAMBUEZ ZINAMIZE » HepfEH
8] T [l Y R B A > il s - — ~ NS
HIBRIZEL » — - BRI = - B
B2t U~ SREEFIARE 5 A~ SR A1
N HHEREREESE D DN &
AR R RIS ZE SR - RIS AT B E T
TPACKZERER (@ A E -

TR B E N STEAMEB S HEE R & ER )T -
B ERHHEBOR B S B RIS R =
BB AAISTEAMI 28 BL S M RE > [EIBF
7w B R S R M 35 R STEAMZ & By Bl
MRS FENDEESRRE > EREs
FHE D7 R B8 B R Te AU 2 > B S B
K STEAM# B HIEE 712 (Baek et al., 2011;
Kang, 2019) - Kim#IKim (2013, 2016) 2L &&[E
TERR AR Ry e 52 > ¥ ESTEAM#B 24
TG TR B RN E B 35(EHE
B WERAT Ry ¢ — ~ BRI 0 - FeEs
BEE = 5| BEEESHEER Y
e ENEMRE A 2HRENEE
N BEENMG £ EABERECEE
I o [FIfEH - Han (2015) L2044 S5 SR AT sk
AT 52 > HEfTSTEAMBEE Z B A5
fe 0 EE AR EE) - R IR HEK
HIRE
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NMEBI R BUR EARHETHYSTEAMZ 22
8 BEUHGHIESTEAMBEZEN
AT RS o U0 > So%E(2019) I FESTEAM
5 TR AT ATE AT IR - BIERRE -
RepEz ~ RS MR & B8 JI I B2 AE ) 2 18
2% Dhaeki % > $2M0 T AIERLG ) (creative
convergence) (KIS - EFR S [ A IBEIE
&S & HIBAOER AR M - DU
A AR IS S A B R ER A SR
MIRERVEE ST ) - WRFEEME STEAMZ B HY
BLBERENZ—  HfEE T SEEE
(divergent and convergent) i fE B4 o SoZE Y
4EKimEIKim (2016) Han (2015) STEAMZ
BRETEEE - FEBATZETSTEAMZE
RENHER 85— ERREMER
T BEBEITE R = BEBREE
s U~ FHEEEEE S T STEAMARSE -

Fr TS0 (2019)Z4h » EINAMINE A /D
BFR N STEAMBUEE R BRI B N - R
LEIR A [F B2 Frie tHHYSTEAM# SR 2
Wb F[E - 3R LIS A S HISTEAME R &R
BTN - H5P STEAMEERIYNZS
HIGRAVERRE - S G EEEHE A TR R E T
PSRV AIGRES - BE 0 AR ESE
TASTEAMZLERHY B it 75 A i R IR FY SR8 A i
EAPS IR R - AR TR AL LR -
REESTEAMAG a1y T E2RIAIEE , > @il
HREEESSTEAMERI R - A7E e
By T SIGERIERIRE . © B RAHBBE TS
AR LU STEAMZ S A BB BT E Bljak
st ARUEITERAE A E] - EERIEL S [ H
4H HEEN S BEELES) - KREWRE TR
EIEAH - KimBiKim (2016)45 H B B 51
s L B N AR I B N v FE BRI > AR R
EIFESZE TS » AvAE SR HEBEAE - B
STIRRERY i A RURAE - RE A7 5 UE B

FRETTEEREE ) BEWRIEBR S IR

—8x

- RNEFEESTEAMB EERAR B IHMEE

=1

FEELTT

BB EEN)
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So et al.

NISE  Quigley et al.

(n.d.)

Kim & Kim Morales et al.

Eckman et al.

STEAMZE2223%  Corbett et al.

(2020)
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(2016) (2013) (2019)

(2014)
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e paprail
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H
25

S
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T EF S STEAMZ 5115 i (National Institute of STEM Education) e

: NISE
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ENPAEES TR - FEILRAEEA AR
TR iR T — EAYSTEAMERH H AL »
R 5EE RE £ I P DARE A R 222
a8 WE B EET A TSTEAM B 2R HY 5
FEHl - AHFRE R T EERE -

FAh - BT RIRR AR F R B Y R
12 0 B & TE B RS (S 2R AR R AR R
A (Corbett et al., 2014; NISE, n.d.) » 585
e P MR - SR EEFRET
(Quigley et al., 2017) » DL ST ¥ERE ST DL
W MEZEE K B2 (Eckman et al., 2016) » ASHF
FEHE Ry " BEEE R, o HE - SRAEHE
FIRFTASTEAMEEH RS - FE)[CIEEEFE
K H 32 BB B - AR RISE B
CEEIREEE | o MY TR R AT
REHIE R B (Eckman et al.) ~ ¥ STEAMfY
HEFE (So et al., 2019) ~ EFHH A (Spyropoulou
& Kameas, 2020) » DL Sz 58 5 B2 14 16 R A Bt
VRt EHEF 2B (Morales et al., 2019) >
R TR A LR BT E J R
STEAMEEN " #Z0EE -~ REEE R HEFE
Ay 0 DABEIE BT S FEESTEAMZ S 5 1Y
BEERAL -

ifE—E fREHwangEilBaek (2008)F2HHY

&2 HEIHBFREPIERMFEREEMFE 2R

PEZBEA > R R ER A E K
FLHEHY TR (theoretical) X8 | BAETIRAR
AR SR RN T EE M (practical)
RE ) 0 REAVTEAHEHHISTEAMEE R
BN RUE T BB R E A
FR2ATR © FEMETAE R A B H AR S
ANSCHRP R B RS TEAMA TR I B E S5 15
YR EREE D - MBS g R B A PR
REAR R RE T HY S TR BB T ARG T RIRE > A
WIS E R P STEAMEERERE | | BB
B SE - MEEEEALU K SESTEAM
e R Bl B R SR AL Ryt~ BT - &
B~ SHEE (e EEEAVAE T - AUTZERUE Ky
"STEAMEEHEZZRE ) -

B~ e EE A B TPACK AR
STEAMZ SR ENIRL DI

— » REEMHRAISTEAMAERE

A % B R S O DA
SR ARERAR - HERLT A I B
- S RER T EEEE 55
FE T 3 FT A0 - AR A s TE 2 Pt
RFERE ) - R RIEE SR E LT -

Hwang & Baek HimEERE

HEEEER

(2008) LE2 i E I BE

2. ~ —fietsE

3. B R BRI e PR R s PEE A )

4.5 Hm R AR
5. BRI R 15 FEAR R

LFIREFRE

2. Wi M BRF IR (B 2 R AE

3. BRI ~ REFPIE R OT AR A LA
4.5 B R YA AR

5. BT Ry o v FEAR R

ENE STEAMEUEREE TR

STEAME A RE

1. STEAMEESE IS I35k 47 5

2. 4ESTEAMABELR 2 BREZRE R A
3 RS R ST Y ST R4

4. MR ER R SR AT,

L2 G AE M BUS S STEAMER B 15 R il B B
PO A B E TR
2 (R P E S R EBETRA O =

5B RRE I Z B T A B s T AIRE

3. E MBI > 1272 STEAMAI, -
FRE B R AVEL AR - YL B
4. FEE ST SR B S M L
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DI EER ARG (RE L
2018) - BN R EE ARV E R T E I > #
BHB(2014) 2 HPUTEEA AN © 1LEEG R -
REJI(EL & HRe) AR © 2. B RIG BT BARAG Y
B 3 EGAEENER - J7ARKRE © 458
SREERITHIFRIA - fESTEAMEBE LT
5 B IPE SFU H BE & DA SR IR R R e 4 1o ' 28
e o RER R RS B A TR R o M REE R
REE [ HEEE - DI—THATE AV ERS B B S
i~ IEEERRAE o REEERIT T A P R LR
ZEE - MR AT E RN B
SO MTER R ARE ] © SSTEAMZB SRR E Al K
BEPRAUEERE - BRMERSIH STEAMB S f Lo hg
e BB ERRE IR -

(M) BRI EARE

HETA SR T H R —ERE
A - AT E B E R - BREEEFTTR
FETPESEAIRE - BEMEITHRIE GG -
TR E SR YR QRS R - A
5 [EEE S G RABESI(BIA0 - i~ SfF
HAEE ~ QISR AT & R IeIBEE
o A re E R R B R B KRRy B2
HEHR G - 2020) -

OBETBEENITHERTRHE

STEAMZ B E (A2 EHHVBRE » FEER
FeREaREE ~ ASCEl ~ AR EERE
TP BB E P S EE A - I
TERS B P48 5 ST EERYRIEs - RERER -
[ SE R REN AR ok I TEN AR T2 #EIEER
SEANEMRREE - #AHEE - AR
AR TR SR I GEEIH - 2020) - {HEEN
AL — AT RIS BISTEAMZ & - JEY
T EEEZ 2 &€ (United States National
Research Counci) {2824 ETEFny T 211
GLHEE, -

o) BRI N EEREE
STEAMZ H iS22RI ES - &R
BEEHBZAES B HE BB R EEX
OEBEGEEL  SPEMSEEN LSS
BB ALARSE T > RNRESELE 3B - BN
HAZEHEEEHMENIERRET - SR
" AEENAEEN  BEATEEEEE
o BRI - R R A Y B T 5 [
BARER > BRBEREFEET/NER
B FEHARE O EREN - EEEEE
B SR N TR A T 2 SRR
e EEMFREEE S - EEE
[ A= B A =& (Land, 2013) -
BERBEREBEEREFE AN
FRfF(Kim & Kim, 2016) » 28 B4F AR RE
FYZETF 2 Shulman (1986)7E FEHYZETPCK
& E—%(Morales et al., 2019) - fFSTEAMZ;
B b 2R B AR STEAM A 25 K13k
MRS - BB AREFSTEAM
REF AT ~ ROREBLRRTY » BT ARy A2 R
AR FsSTEAMZU SR NS AIEH, » 281 R RBEEAE
STEMF}E 2RI A - HNEEBINHFEE
B A EBEHRERE > BIEEEES
AIFRSRAIHASY » BBt A B R A L & YRR
11 BEEE FBEEINEE NS EE
flo<dis 2 5% st ~ IRESFERAV B B2 =
HAR o RN A It RS AS SN E S
FEAFHEHEMENEE L - WG EEAE
HER PSR & A AR L - FEiEEGER H
SRR 2 EFRERE - N EATEN
BB A TR BRI E2ZF
B (Pears et al., 2019) -
HERZBRBENESTEAME B IF L0
HE PSR HIT - RAEELREE - AARUEE
STEAMZ E VAT & FEIR i STEAMHAY E
IEEM - B S ESTEAM B SR E, B FL
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fE - R LA UL R BE LR STEAM
HEHT > DERETENSENAETT
ERIETG RS RFB AR AESTEAM GRS 225
(Yildirim & Topalcengiz, 2018) - HwangEi
Baek (2008) Kz KimEiAKim (2016)§F4/ H A2
T HNSTEAMEB SR R mE |y K " H3E ,
THE ) REH - HEAEREEHEIRA
STEAMZE HH BR HYEE R Ak B AR A B 3 S
i 0 DU B EAR B TERY B s T Bl B R
At BEEHEREREEARREHSTEAMZ
BEHRER - DURRES [ AR AREE
HESRRE » Wit S AE B AL T RE 5 [ 438 A
HSTEAMZ & B it 1Y = sk Bl A% B E 1Y FE
fig - HAREME &R E s BRI HE RN
£ EMAETEEEEERE - EihhIE
B2 » ARSI INEEBE R BB TR
BEE > MEHEHETPACKI JEE 2R EE & )
B M S % s - B R & LIt
[F % - It LRI AR BB ERSCR » (RIS
ST B R BT DA 25 e A R Y S B I B R 4%
T WEEEHATESTEAM * RE 8% OMEE
HYE R B L A ETEA L -

— ~ FETPACKHISTEAMEE

KoehlerEiMishra (2009){EEPCKIEL, »
R TPACKHER - RHY AR Z B HEN
BIEM > BISIr S EEHIHER o WA LA
F o gEiERE T TPACKZERE(Schmid et al.,
2020) - FARME » TPACKAEEE N =(E%
ORI, ¢ B AR E NS R ~ BUEER
SRR - DURCH Q0] ZE R A {SE R R R 2
24 LR R f#E (Teo et al., 2021) = ZR1f > 2
BTN 3 [ DA B A S Y 7 L RIS » 17 FE LA
B FEHVERE - 2 R — TR B S PR Y R 5
T R R E Ik ny 8 - R ZEE)
LI AV B (F(EZE » 2017 5 Thompson &
Mishra, 2007) < #8152 » ZEIEG—FEELAVE

SERERET  #05 K TPACK AR A AT
f Sl o AL B B A 15 BT SRR I il
BHERIRIBEIEES) o L AT RITPACK . HE
THARRIEEE Ty AR AR
(2R - Schmid%(2020)E = » TPACK#fii
B RS A S B B E R R - 5
H B 7 & MY B PRE 0 IERFTPACK
TE R e A 20A 5 FRERY TH - TR B2
S TR B E © UHE - TPACKH] (LA
izt SR S grli NP el S ES GRS
SEHREAMERBET HHR A E - R R
[ FERREPEA

F R B I A E R BN RE T S AR RERY
(Olofson et al., 2016; Santos & Castro, 2021) >
STEAMES LAY FIE% AV E B /R B S f4E) -
L2 H B 4G TPACK R 1 B B AR REAY 4H
RIS B TPACK MG RV EAR - 1A
TPACKHJF55 [ R 4] 21 77H A STEAM
IME R BB R ARG - BB
Bf > DRTFSTEAME H fn'E - Olofson% K
TPACK B F# Sy TPACKing » & — TR ElI{E
BEEEN B IRIE T FE BRI
HYiEFE o #ETTTPACKinglRf - FENZEBEIMEER
SEREL L) T HIER B E Y N B 8 - BT
B ESHH RSB ERE - BITTIRERE -
R EE TPACK & ZH R M Ay B4 & Bl
 TPACKingzft A ATAE 18 H 28 - F748
B8 N B A SR R DRI
RENEZM - BIREFERE PHYTPACKE G A
i A8 BRCE T B EE A T o B T R
Rg9shts - EAREBETFTERFHNERE > |
HEASTEAM ¥ 2Bl AT 2y 2 fg 8 Rk
MG -

AL TPACK EEHE 14 B RS MR AV L RS -
GHEBHETSTEAMZERAH B SRR (Anisimova et
al., 2020; Corbett et al., 2014; Kim & Kim, 2013,



458 [AMRGE R RS

2016) » FERH/ NS TEAMELER 2088 - 4
HESTEAMECE 1 0 WE DI By (e SR 22
TS M - STEAMAEIBEHISTEM
LA A EE - T RS - R
BARRR © AERRAIRAES) B E
T EEATE BB - ABSRREE
PSR G © IR A M I A
77+ BEAb - ARSI A e L SR
BB T ARG T W -
B TIZBIRPEE A BT  TAEE
M PN S E RT  E T - E
Gl IR A e BT -

{F R BB AR ASTEAM A A 1540
B ELAESTEAMES SIS - ELE T %
STEAMHSE S HRRISE « 247 » {ESTEAM

%3 : TPACKRSTEAMY FEF) R

PSISAIRE T - EREETA S RO EA —
TEREEHISTEAMEB R > NILRFEIE(E 8
HENKREMER - HE  BRZENREA
R B R /D T B STEAM S SHIsk e 52
HEEITERA - BEHEENE IR EABERES
IR > BCHESH B T STEAMBU R TR - (ALt
%51 TR RS ) BmE M2 Y TPACKH
s AR STEAMEU SR 2RI - & Hh IE B m AR
FERTAD > PR T SRERRHSAYE RSN > IS
FETESTEAMEE HEMER T - RIS
HIF - SEMEE - BE PO EREER
B D@ m RS R e R - R
FHTPACKENRER S » Jrig A EISTEAME S
FIBELAHIETPACK (£3R3) » RISTEAMAY
£ B BB ZEWERR S AR R E A

TPACKZZE TPACKZEREN 25 TPACKZEHEE IESTEAM A i
TK LR RE © BT AT RRHIRHRRE H IR AGRETTSTEAM B 52 Bl {RAERE

2. EIREMR © AR AR D ATE RN SRR - R REGEARE ST - 1R

S

3RHERE ¢ e SR BB BRI R R

[FI 10 (BRI 2 R RS - A ETE
FH > TR AN E R A B > FREEER A

AFHRHBRAIN © RESYR R AE L B AERRAATRL RIS BERS I - FIHEARE R > B

FOATE BWEREE RIS - MR T AT
SIEHERHTAE © G AT ERREMBRIR -
FOATE
CK LEERIAGE - B e DUEMNBE AR FREEFAFEESTEAMARRR Y « Hi5H
2.5FEYE - R FISTEAMAHRARYEMERS  RIEERED - TR ~ BB SO B
3EERIHAR ¢ REMA BT A BIRES EARARRE ARV EIRA (> DISERI AR R AR - BRANE
ERR R HIS AR RE - BT S TEAMEE R AT
it AERMASRITAE R ERIRE
-
PK LFREFE © REAREHER AR R BEE AR RGEEHEESTEAME ER « fRIEE

2EMHER  BEIRIREEIR ~ BUEREARET]

BHE

RIS E - EMASTERAREE

il
3.E2ERE - LB AR EAFISES (WHEERBRER A# &8 HRiiE)

Bk

EREEERERET R F RO - REAR

SRR AN EME - EREAEERIANR GEEMARSRAE - hREREEEL

BN /75

HIGKAVEGEER > feFHSTEAMERH HLER ~ Al

6.2 I © AEFHISRRE S AR SR B AR (LR BRI RITRIRIEES] -

Ex2)

TIIARELE © RELERTILAIR KRR




STEAM #E & 459

73 : TPACK R STEAMEEABE(1B)

TPACKZ 2% TPACKZERENZE TPACKZEFE I ESTEAM AL

PCK PR TRBER TS - REBHEA IR TTAS | EA BRI LSTEAMBRSEARE )] © IR
HERE F 5 BB A B I IESTEAMZ # ~ AIsk BBV AR - B

WA G H 4SRRI EBRGT > sRaER
AR - BERITEE - AFSREESTEAM
B STHER IR SUR -

TPK LR YRR T AR T A AR SRR AIREE L STEAM S 5L © 58 (L5E
B FIRHBERRIEE - et (PR FRE
PRZINGEREESSEEZ- St MERE R T - 5 DS R SRR
3BTRS EA B EOA FEJR - FOsGETSTEAMZ T 5N -

4 RERFEGS AT E R VG RIS AR E TEENEER -

TCK SRR 2 > e E A REHEGEAILL SRR ISTEAMZ ST B EAE « iEEF
BB EE R E R BRI EERHE K Z T RSTEAMER NS - A SR
fi e SR A RPE R RS B IR CR R E ~ AN TERE -

RBEHE) > HERGSRAREREBHEXR

VIR > 1T P BB RS -
TPACK LESSUSEE & - RSP REGES P AR SR - BB B PIREAECESTEAM
B75% BREREM  ZENEBRE(LEE EH SHISTEAM
2IRTEHGRTK © REEREL - BEBEANER AR A e LA - DN B [ <R b T
AL EERRF R K B IESARGE BB EE S - MBI

JEEHIHNEH IR - SEEH HEFERE R
AIRHSE ~ B R N R

4P H BGRE ¢ RERBRACE B ER
£~ BRI

SR BLEEETPACK-STEAM > fRIGERIZ T8
SEEE - MEAMIFETREES - B
BRI R R N E RIS S TR SR BT
B - FMEBRIERET] ~ R H) - AIERE G
(EEEEE S ERRETIHIE -

ERACE - #3 H Exploring the dynamic nature of TPACK framework in teaching STEM using robotics in middle
school classrooms, by S. M. M. Rahman, V. J. Krishnan, & V. Kapila. Paper presented at 2017 ASEE Annual
Conference & Exposition, 2017, June, Columbus, OH.

5

TPACK : BHEZE N H1Hk(Technological Pedagogical Content Knowledge) ; STEAM @ R}& ~ BlFL ~ T

T2~ ASCEfirEL S22 (Science, Technology, Engineering, Art, and Mathematics) ; TK @ Bl A15%(Technological
Knowledge) ; CK @ R[4 (Content Knowledge) 5 PK @ B A (Pedagogical Knowledge) ; PCK @ &
NS5k (Pedagogical Content Knowledge) ; TPK : R E EH15,(Technological Pedagogical Knowledge) ;
TCK : BHEZ N A58, (Technological Content Knowledge) °

Bk - Y

$2 4 B JiE FI STE AM Y A RE 2 22 40

FE - TROLEREN 2 TTRS IR S L - HIE =

T > KB STEAMEBE T L E 285}

BB © THZRHE - 808 - 1@

AIHFEFr FLE EETPACKAYSTEAM 2 22 2%
B BRIERETMREBEE2AENEE R ERTEX
RIE2 1 o B R BB FAE AV EERa s,
B OSTEAMMHRE R A - BB RS F
RZE - AR - R REMANE - fif5
STEAMZEEARUL -

A B B A B PI{E SESTEAM 22

ECERIG A SR 0 S R BEEEA ~ 3D
FIENE TENXAYERE - Al e g S A Y o 3
FHEHIER(TK)E 5 HYEEE - HIE A2 & Y
STEAMEH » Z5 R AEN5REE A R 2R B IR
JEM > Za{E A STEAMAY i LRI, »
Ak = PRICSTEAME R EENEEAR
(Guzey et al., 2019) - F§& > #E5STEAMPAE



460 EE S

KB WA Be OR a8 B2 A i i 25 B2 R HE R RE g 1
77 Z i EER(Moore et al., 2014) » DAJEH &
GrEESTEAMAIGRAVIE HEAE B » AR s
SEERIERIE B EVES)  REAE B SR 0 ik 5
EHHEOR > IRAIE R G BT s - R
AEZRERE T ECERERGY | W TE ROE S
HIFE KRR EE ﬁﬁqﬂéﬁﬁ  EMEEA
TS G ER T HFE R A A2 VS (IR (R EE

2022) o HIEHEFETPACKSTEAMZE % » #

RITRERFRHS RISk (F iy — M2 T A - e
R m it g o - 55 R R R

B S 5 S A R B TR T

TIE - MG 1RESm - gREgE D

(RSB -

= " EATPACKEHEEZEER
STEAM%ZH%%

FIF F B F RATS TEAM S 2
MR % LV S R R

fEA
fiE5 EHH

STEAMBZ2%RE
34 1¢2 55

}

LTS

T

FEEm » TPACK
BERRESR

BERUE

FEELTT

RIS & %%*E%%Il%ﬁ Rl A B 5T
FAESTEAMBA E HRIGHI K Bp el » 1EH

B P9 S MERE SRR PR ST B ER fi# - Tﬁﬂéxwﬂ
AYBRE T - AP HEFEIERISTEAM
#E o DIBSTPACKEZBE R E 1L
PIPRSTEAMBIER R BN - fethbTFE &8
Bh(EFE L E L) - jﬁﬁ@;ﬁ%ﬁ%%??ﬂ*ﬁ%@?
"STEAMZEEZ BN, GERRY) » W
FHEE S RS RATT {’E%{@ESTEAM%&E’?E
TEIRTE R SER G AT 7T 2 R -

AP 2 S FISTEAMBE 2
R > SRR TGS TEAMEER S S5 T L
B - HhEE T SRR IR
S IR S 0 S B R o o R M
BB - T 5 B AR
#5 Hwang8iBack (2008) F B Erth 11

BB SREEISTEAMEIS 28R
(AN[E2ELR4) - 537 Fy " STEAMEE SRR

& B TSTEAMEERZIEZE | WAHE

®
1.8%
2. B ERIE RN AL

® gk
3. HBS ARG
4 BEFE
5. 828
6.BRBIRIFEE

® EERMEE
7. #‘/*IME{E
RERE

aiimﬁ

£ S e

ik 9t 40 3% 8 it

B1 : tFeE



STEAM #EZE 461

STEAMEZ > ifie
cHANEBS

o FRIRAE 060 90 8 AR A&

« AEMMRRY ZRBPRE

o BERAAN 2 M EMARE
CcHRNBARROWHAE G

o FREU AR (RchB/B P&/ P B)
o 1107596 IRE R B (HL RIS YE)
o WA RWHR/4ESB
cBBEPN(SHARNBETM
cEBRBRE

o PiEHEIHBERE

STEAMBRERR
AW RROBEM
+1§STEAM11R I 18 0U5% F
AR R

AN HMBRR

AR AN

BB A - B S 518

oI 3 {LAY R PRIP AR

o AT O

B RANKNA
MuEERE
‘RFRENH AR EM

|~

BRISER
B2 : TPACKEZEEE[QSTEAMBBREIRT

DURHIES: ~ opE ~ REEBLE B = RmE E A
HIVEW > (F R AT 7E S TPACK R & E
[FISTEAMBUERZE AN 2 21 -

FAB S TPACKEL ZE Hn 2 STEAM
PERZENM > AR /BATEEITSTEAM
PRI 2 IR - TPACKAE By 2 AT A 5%
EHEIBISRE B TEMANS - B2
FRBRHS R > BT STEAM R & 7k
STEAMfR iy — BV LR L4 b4
Frh IR B PEBEL AR « AT EES| > A0
RN LGS - (RILIEERERL » EARIAIER
(CK)RYERE ~ BRI )Y R 2R > ST
HEMZER - IBEE AT SHIRE ST
PR R YRS [ > DA A
sik(pedagogical knowledge){E REE1E - FRIL

HEATREEBNRGT A BN 4T DL Ry
SRNWEOE Siisave iyl A ACIE S (s:NE e
& IR B A B R R RG TR » (f
RIS S 2R AE R Il e AR RS
s (T AY I 28 R AU(E Ry B 71 > JREN > 2
FIZAERHRER A S A —ERBE - BfE
BRI E R - JRARTTE - R
R E I S AR 48 HY 58 FH RE 0 R B R g 5 7l
AR S 4 - fERIE ~ BETT RS 4E =4 HHE
AR » (e HIe o IR i 82 8 B PN A s
FLARFAE B4 2 I AL T i 2R AU

DILAEEAE - M0 ARER S EE L R 5k - fiE
EEEE HAE - SRREF RS - DI B
PRI - ICTEALHY TRV R E B R > HOfg
EREEAE B EE - WAEE AR



462

[AMRGE R RS

74 . BSTPACKEIRE B0, 2 STEAMBBRE N

STEAMEL S et 235

IEf] P

S

MIERETE 1R

2. petaERE
HIgE

FrefEm 3. BETE

EuEy
Ei\iuiu

=

HAE—(E L. EAYSTEAMERRIAHIERAS 2 - S ESTEAM S SEIBEL R I3 A% £ B G
BVE RS > ICEEMRIESTEAM T - (€S E2RHL OIS ~ ESSEIL 2RI Al i
—(ERE > BREE AR MR ERE - TR STEAMERRLE 4R sk B4
5 o

IEHEERfRSTEAM#B & [E(E SLE 1 » ELFSTEAMERRY - Bk A 25 sl K HL AT (i
THEARIRE - EIESTEAMESE B & 50T - BB a8k A BURAS P N 25 HIRE »
BEIB S BTSSR AN RG> KBRS EF - WORER A WIS AR e R - 2
%~ EAHEIERAEE > DUREERISI ARG B E BB 4 -
EHFTPACK % ST SR ENREHIRE » A AR LA S STEAMESIS R & R E A - 11
WEFEY " BHMERENT  BERERBE DRSS ITA G - BT
STEAM ¥ B F A% -~ [5Hak N 25 et J HL P e gy B2 SEIRAE i e » B A E AR
HIRRSR > SRFHELAETERAVEAEM: - DISEERIT MR B S R
2 EAURNE » B 4 STEAM A -

WIESTEAMAZ OEE ST » HERR 2 TUIGERT R EIFEFEER 4 RR I AR A B S B i A
W% BBLITTEEENFEE > FEAN R ERIEMEEEE 24 WP 4a4E
[ERE TS R E TR - ZIEFEEEE R Ml BB | EISTEAM
FIA I [RIRE TS E PR IR R -

STEAMEEZ R E

REEEE 7ROEE
[

9. EEpR

FHEISTEAMPSISRL S Ba R ~ BRI - SRR - I58EME - EIEME - EEMEUNE
e > Sat HEISTEAMT S i AR BRI AT — 25 R 5 B2 0 B B i R SR LI e
SENEREE > HRAREA Y - AERMAEIRMENSTEE > BB%
TTEEANIER - (e E T a2 BT RIPRRAES) - DI hIER R 2
{EARASTEAMESISAHBARI RIS ~ FREREEIEE - SRR NIZENE -

B 2R - MEFESTEAMERT AE 2 A E S S EmE - 1S MO EA
FIERIE ~ BEM: - B A E 2 EAGHEERERE - RENERANZ T FEEH
TR > BB AR SRR - SRR RAERER - EEs SR A
BB~ BT EEARERIRIT  HEESTEAMIS RSB ELE AR A - (3 L
8 R STEAMET R R -

selFHERESTEAMB S HE(H - b= g KA R S FSIsAE ) Bl ek SESTEAMEY
R TEIERAGTA R ARE ) > FEREREEGES - BEREAM: - Al
I EE B AR R A G A SCEIT AL - BERUSTEAME & AR 2RI A STK
FETEEHEERSTEAMBE N - W BRI (L& - (ORI
HUPREK > B (E A 2B @R RERNITERE -

DLEBE R K EFEENRASTEAMEE G HE > FIKSTEAMBRIESGTET]
» 5B{ETPACK-STEAMEHN » FrEPRITSTEAMBRIZ A et B HERI B 15 i (F AE
71 R A R RIS FEE R E > DUER Bi% ORI R > SRR RE
JESTEAMARRAZERIRE - JIREEIE A ML A BER R - R R e L Ry T 3
EITHRS > FrEBSETT H IHIBEREE -

SRR R DTS AT A S R RIS OB B B - PSSR
HEERIEE T - FRAETHIERIEHE B RV E SRR - BUEE SR E KR
B - SLAIEREE - AIHTRIBL Y AU TPACK-STEAMENSE B3 AL B HYZLT 25 -

BRACR © e E A TR -



STEAM #EZE 463

RE - fEHECHERTTE » EETRAHA
FRARTLER - (RBZ I HZEIRTT H CHIAERTT
& FERLEERE T o HEMAER LM R B
BIERZEHEE) > fEEFPHEGT EEE -
Gty HH EBISTEAMZB R A AR HUSAY » B2
AR B EERAS [ > B E A MRS
PRI - EERCES IS R P HTER R -

{h ~ Hiliah

AW TSR R SRR 1% > SRR S
TPACK R ZEH[FBIE Z STEAMBEE R &
RfH > EERESTEAMZER B IR RS Y I i SN
o SRR BB ETAESTEAM B & 54 e AV
ff - M E T > Baf2R AR SRR
KIgE - (ESBEIEE SRR > SRR EM
RS RHY IR R A - (Rl B 40 ) A 2 B
AR - DL A R AR A S DUETT
B BEBHSHIES - BILEENE R
1[5 24 B 1 e B B B2 AR TR A R G O
B ReEEE T AETEEE SR
BHE > WIMEER - HtEEHTHERE R
WAME R AT AV ER - #E IS EaRE
FEBEBRITABTFRET - HERELEAEE
REJRE D (IREFA ~ H EBZH - MR
%) TREETHEENZ IR - BREAN
FE(E L) B AMEEFEFRIR)IRIE » Rt R
EEEGRENIRE - AR FEAEE
AR REFE(EE T - RS RERE L3
SRS > PR 7 e RAVERREN > B
RERE AL K HEESTEAME F H S 1
SRR STEME S HYRARS - JRRIREIER
AR K E R ~ AR A IR ~ B3R
ERTHEITIFIRE ©

AR5 [ TPACK R 2B B AT R T
STEAMBEE R P AUEAVIENL - (IfEHE—
DA E A BARH ISR AT > DA SR

E g s - FRIREC R w4 H B
BB - (B BRI T i g A
HUEFAd o B EM AT TSTEAMEBER I HIERE
B ~ FRERIIR B E RS NTERSa
R EE A THEE R DU - fEE0LL - A0t
LA EESTEAMARRANTSE » BHAME FSTEAMZE
BE BN E I E RS » DI 5
STEAMZ & A B WAEA—EZER/ > #
REBNIA AR AR A e 3 I Rt T
LIRS B & ci il 125 i S 1 B TE VA B B 4R o3 it
B iR — B B D -

AW FREEENRURNE © — ~ REATY
FliE R A S LB B STEAMZ &S0 AL > DL
FISTEAM Z & & 5 Z i # 5 Bl AR 2K STEAM
MEEREZWE = EREEEAS
5| BT #ETTSTEAM B T R 5E A A
Wi > DIFRE B B ¥ STEAMB G 1ERTE -
W SR B EN R EAIAE - FILASR
2 STEM/STEAM/H B 5 56 226 H (1STEAM
BEZBIE - WIREME BAR AR HEBIFHRA B
RHER LNS%E > WEERZ TR
o BT A ARSEATIEESTEAMZEE
RS - B LUEEGES - N
STEAMZEZHRARIAE - 155 FE L EERAVE
HEWET o IR - B2 - SEREEE

ig > AHEN EZEEZERHSTEAM
HEHSHEE  ITHRETPACKIVZEELE
BHE VS - BEEESYE - A A
MR E R = EEE - BUERISTEAMEE
HyEEs Rt - STEAMBUE Z | N M4 tE 5
B (HAE > G5 ST Rk (LT H%E
Tre R REVINEEZ B/ - BEO
AWHFCLREE SRS 2 &5 0 R B R e
{ESTEAM¥ 2 ZEN W > WEAHEEEHE
B o RUFSESTEAMBE ZEBIRITE T E R —



464 A R EE

EES > BILF R ARKEGTHIEE S ZR  BENTE  BREESRE TIEEOMET
RARM e E R e A E R SR STEAMEBEEZAVEL - DBBREAHRITT Z 45
AR - R A RE ARBAEIYE  RETESEIEGIIRE -

2275 ik

PEZ2017) - A EEERTPACKZ A g - EEHET#HAT > 6(1) » 141-148 -

[Lee, C.-J. (2017). On the shortcomings of TPACK from the perspective of knowledge transfer.
Taiwan Educational Review Monthly, 6(1), 141-148.]

SELL2018) - REE A ZENHE N R EE 25T - BEFBMTHT > 63(4) » 261-
293 ° https://doi.org/10.6209/JORIES.201812 63(4).0009

[Wu, C.-S. (2018). Construction and practice of competency-based teacher education.
Journal of Research in Education Sciences, 63(4), 261-293. https://doi.org/10.6209/JO-
RIES.201812 63(4).0009]

FRIFEE(2018) - STEME B EEZEHETHVE N EIE A - FEMFTRLR > 21(1) > 19 -

[Lin, K-Y. (2018). Reflection on the current situation of STEM education in Taiwan. Journal of
Youth Studies, 21(1), 1-9]

FREEML ~ BAFCK ~ 2P 13(2018) » LR TPACKHYSTEMZ S {B(EWTFE - RBEILHE -
380 > 24-30 -

[Lin, X., Hu, Q., & Liang, Z. (2018). Optimize design research on promoting developments of
STEM education based on TPACK. China Educational Technology, 380, 24-30.

AR ~ RS ~ BRETT - PREEDA(2022) © kSR 281 T STREAMES SIS B 2 ]
7% o SRFZEAZNER > 25(2) > 87-127 - https://doi.org/10.6384/C1Q.202204 25(2).0004

[Chou, K.-Y., Yang, S.-C., Luo, Y.-F., & Lin, J.-H. (2022). Research on STREAM interdisciplin-

ary education under the framework of education for sustainable development. Curriculum &
Instruction Quarterly, 25(2), 87-127. https://doi.org/10.6384/CI1Q.202204_25(2).0004]

MELE NERLERAEEZ(2018) - KB BRIFEERIFRDER KAMIE LB LESR -
https://reurl.cc/KXYZLM

[Institute for Information Industry. (2018). Woguo jiaoyu chuangxin jingying fuwu renzheng xuqiu
fenxishu. Industrial Development Bureau, Ministry of Economic Affairs. https://reurl.cc/
KXYZLM]

SR ~ MRED(2019) - SEFISTEMZE IS Rt s B —— DU RN BB - BHFRERA
HEBEZETF] > 5(4) > 1-25 - https://doi.org/10.6587/ITTHRE.201906 5(4).0001

[Chang, J.-C., & Lin, K.-M. (2019). A review of the U.S. STEM education—The experience and
praxis of the state of Ohio. Keji yu Renli Jiaoyu Jikan, 5(4), 1-25. https://doi.org/10.6587/



STEAM #EZE 465

JTHRE.201906 5(4).0001]

HEH2014) - + = FEREAKBRIZME | 4848 - https:/reurl.co/jRyAep

[Ministry of Education. (2014). Curriculum guidelines of 12-year basic education: General
guidelines. https://reurl.cc/jRyAep]

BRIE(E(2017) - ESTEAMIYAZKCE SSEISTEAME E - BAEXEMHERH - 149 -

[Cooper, Y. (2017). Cong STEAM de A lai kan meiguo STEAM jiaoyu. Hong Kong Art Education
Journal, 1, 4-9.]

ZHEF2(2019) © PRITEEISTEMEISTEAME F YR - SRFZEHZ - 22(2) » 49-78 - https://
doi.org/10.6384/ciq.201904 22(2).0003

[Tang, W.-L. (2019). Explore the development of STEM and STEAM education in the
USA. Curriculum & Instruction Quarterly, 22(2), 49-78. https://doi.org/10.6384/
€iq.201904 22(2).0003]

=B 15H(2020) - STEM/STEAMERFSELRIZ A Y H AR R ZUE2 ok - BEMBTAT - 320
4-22 - https://doi.org/10.3966/168063602020120320001

[Hwang, G.-J. (2020). Models and strategies of conducting STEM/STEAM and interdisciplinary
education. Journal of Education Research, 320, 4-22. https://doi.org/10.3966/1680636020201
20320001]

BRI (2021) - STEAMBUEMHE IR AEHE 2 BRHBHAZE - SR LB - Lfsr - BILHEE A
I% o

[Yang, J.-M. (2021). Development of a STEAM teaching competency evaluation framework. [Un-
published master thesis]. National Tsing Hua University. |

HEIEE(2017) - HERERZO O R EAVEFE AR TN LR BT E RS - SEAE
AT 60) 0 714 -

[Yeh, K.-L. (2017). You oumeng hexin suyang de pingliang xingcha woguo zhongxiaoxue hexin
suyang pingliang zhi xiangguan yiti. Taiwan Educational Review Monthly, 6(3), 7-14.]

SR ~ #OCE(2011) - JERRHIA S EER AR (TPACK) Bl ZR 1 2 e el H Rl A2 22R1
HBEEAXZEUR - ST REERER - 11 43-76 -

[Tsai, J.-H., & Shie, W.-H. (2011). An exploratory study of information technology coordinating

team by using technological pedagogical content knowledge model. Journal of Educational
Research Hsinchu County, 11,43-76.]

Angeli, C., & Valanides, N. (2009). Epistemological and methodological issues for the conceptual-
ization, development, and assessment of ICT-TPCK: Advances in technological pedagogical
content knowledge (TPCK). Computers & Education, 52(1), 154-168.

Anisimova, T. 1., Sabirova, F. M., & Shatunova, O. V. (2020). Formation of design and research
competencies in future teachers in the framework of STEAM education. International



466 A R EE

Journal of Emerging Technologies in Learning, 15(2), 204-217. https://doi.org/10.3991/ijet.
v15i102.11537

Baek, E.-O., & Sung, Y.-H. (2021). Pre-service teachers’ perception of technology competen-
cies based on the new ISTE technology standards. Journal of Digital Learning in Teacher
Education, 37(1), 48-64. https://doi.org/10.1080/21532974.2020.1815108

Bacek, Y.-S., Park, H.-J., Kim, Y., Noh, S.-G., Park, J.-Y., Lee, J., Jeong, J.-S., Choi, Y.-H., &
Han, H. (2011). STEAM education in Korea. Journal of Learner-Centered Curriculum and
Instruction, 11(4), 149-171.

Belbase, S., Mainali, B. R., Kasemsukpipat, W., Tairab, H., Gochoo, M., & Jarrah, A. (2022).
At the dawn of science, technology, engineering, arts, and mathematics (STEAM) educa-
tion: Prospects, priorities, processes, and problems. International Journal of Mathematical
Education in Science and Technology, 53(11), 2919-2955. https://doi.org/10.1080/002073
9X.2021.1922943

Chan, K. K. H., Yeh, Y.-F., & Hsu, Y.-S. (2019). A framework for examining teachers’ practical
knowledge for STEM teaching. In Y.-S. Hsu & Y.-F. Yeh (Eds.), 4sia-Pacific STEM teaching

practices: From theoretical frameworks to practices (pp. 39-50). Springer. https://doi.
org/10.1007/978-981-15-0768-7 3

Corbett, T., Dumaresq, C. C., Barnaby, T., & Baumer, C. (2014). The framework for integrative
science, technology, engineering, & mathematics (STEM) education endorsement guidelines.
Pennsylvania Department of Education.

Curriculum Development Council, Education Bureau (Hong Kong). (2016). Promotion of STEM
education: Unleashing potential in innovation. https://reurl.cc/eWl1lm

Eckman, E. W., Williams, M. A., & Silver-Thorn, M. B. (2016). An integrated model for stem
teacher preparation: The value of a teaching cooperative educational experience. Journal of
STEM Teacher Education, 51(1), 71-82. https://doi.org/10.30707/JSTE51.1Eckman

Fauth, B., Decristan, J., Decker, A.-T., Biittner, G., Hardy, 1., Klieme, E., & Kunter, M. (2019). The
effects of teacher competence on student outcomes in elementary science education: The me-
diating role of teaching quality. Teaching and Teacher Education, 86, Article 102882. https://
doi.org/10.1016/j.tate.2019.102882

Gump, P. (1969). Reviews: Jackson, Philip W. Life in classrooms. New York: Holt, Rinehart and
Winston, 1968. 177 + xi pp. American Educational Research Journal, 6(1), 109-112. https://
doi.org/10.3102/00028312006001109

Guyotte, K. W. (2020). Toward a philosophy of STEAM in the Anthropocene. Educational
Philosophy and Theory, 52(7), 769-779. https://doi.org/10.1080/00131857.2019.1690989

Guzey, S. S., Ring-Whalen, E. A., Harwell, M., & Peralta, Y. (2019). Life STEM: A case study
of life science learning through engineering design. International Journal of Science and



STEAM #EZE 467

Mathematics Education, 17(1), 23-42. https://doi.org/10.1007/s10763-017-9860-0

Haesen, S., & Van de Put, E. (2018). STEAM education in Europe: A comparative analysis report.
EuroSTEAM. https://reurl.cc/Z1Vmko6

Han, H. (2015). The effect of STEAM course using co-teaching strategies on pre-service math-
ematics teachers’ core competencies for STEAM. Journal of Learner-Centered Curriculum
and Instruction, 15(12), 283-317. https://reurl.cc/nZ8141

Herro, D., & Quigley, C. (2017). Exploring teachers’ perceptions of STEAM teaching through
professional development: Implications for teacher educators. Professional Development in
Education, 43(3), 416-438. https://doi.org/10.1080/19415257.2016.1205507

Holmlund, T. D., Lesseig, K., & Slavit, D. (2018). Making sense of “STEM education” in K-12
contexts. International Journal of STEM Education, 5, Article 32. https://doi.org/10.1186/
s40594-018-0127-2

Hwang, E.-H., & Baek, S.-G. (2008). A comparative research on the results between self-reported
evaluation and experts’ evaluation of practical teaching competence in secondary school.
Journal of Educational Evaluation, 21(2), 53-74.

Jolly, A. (2012). 12 Steps to great stem lessons. https://reurl.cc/nZvKGX

Kang, N.-H. (2019). A review of the effect of integrated STEM or STEAM (science, technol-
ogy, engineering, arts, and mathematics) education in South Korea. 4sia-Pacific Science
Education, 5, Article 6. https://doi.org/10.1186/s41029-019-0034-y

Kim, B.-H., & Kim, J. (2013). Development of analysis framework for exploring PCK type in
STEAM Education. Korean Journal of Technology Education, 13(2), 63-85. https://reurl.cc/
VRd2VZ

Kim, B.-H., & Kim, J. (2016). Development and validation of evaluation indicators for teaching
competency in STEAM education in Korea. Eurasia Journal of Mathematics, Science and
Technology Education, 12(7), 1909-1924. https://doi.org/10.12973/eurasia.2016.1537a

Kim, S.-W., & Lee, Y. (2015). The analysis on research trends for STEAM education in Korea.
In S. Carliner, C. Fulford, & N. Ostashewski (Eds.), Proceedings of EdMedia 2015—World
conference on educational media and technology (pp. 1800-1805). Association for the Ad-
vancement of Computing in Education.

Kim, S.-W., Chung, Y.-L., Woo, A.-]., & Lee, H.-J., (2012). Development of a theoretical model

for STEAM education. Journal of The Korean Association for Science Education, 32(2), 388-
401. https://doi.org/10.14697/jkase.2012.32.2.388

Koehler, M. J., & Mishra, P. (2009). What is technological pedagogical content knowledge?
Contemporary Issues in Technology and Teacher Education, 9(1), 60-70.

Land, M. H. (2013). Full STEAM ahead: The benefits of integrating the arts into STEM. Procedia
Computer Science, 20, 547-552. https://doi.org/10.1016/j.procs.2013.09.317



468 A R EE

Lattuca, L. R. (2003). Creating interdisciplinarity: Grounded definitions from college and univer-
sity faculty. History of Intellectual Culture, 3(1). https://reurl.cc/bGOe21

Lloro-Bidart, T. (2015). A political ecology of education in/for the Anthropocene. Environment and
Society, 6(1), 128-148. https://doi.org/10.3167/ares.2015.060108

Merrill, C., & Daugherty, J. (2009). The future of TE masters degrees: STEM. The Meeting of the
International Technology Education Association, Louisville, KY.

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework
for teacher knowledge. Teachers College Record, 108(6), 1017-1054. https://doi.org/10.1111/
j-1467-9620.2006.00684.x

Moore, T. J., Glancy, A. W., Tank, K. M., Kersten, J. A., Smith, K. A., & Stohlmann, M. S. (2014).
A framework for quality K-12 engineering education: Research and development. Journal
of Pre-College Engineering Education Research (J-PEER), 4(1), Article 2. https://doi.
org/10.7771/2157-9288.1069

Morales, M. P. E., Anito, J. C., Avilla, R. A., Abulon, E. L. R., & Palisoc, C. P. (2019). Proficiency
indicators for Philippine STEAM (science, technology, engineering, agri/fisheries, mathemat-
ics) educators. Philippine Journal of Science, 148(2), 263-275.

National Institute of STEM Education. (n.d.). The national certificate for STEM teaching. https://
reurl.cc/MXr6bL

Olofson, M. W., Swallow, M. J. C., & Neumann, M. D. (2016). TPACKing: A constructivist fram-
ing of TPACK to analyze teachers’ construction of knowledge. Computers & Education, 95,
188-201. https://doi.org/10.1016/j.compedu.2015.12.010

Park, H., Byun, S., Sim, J., Han, H., & Baek, Y. S. (2016). Teachers’ perceptions and practices of
STEAM education in South Korea. Eurasia Journal of Mathematics, Science and Technology
Education, 12(7), 1739-1753. https://doi.org/10.12973/eurasia.2016.1531a

Pears, A., Barendsen, E., Dagiené, V., Dolgopolovas, V., & Jasuté, E. (2019). Holistic STEAM edu-
cation through computational thinking: A perspective on training future teachers. In S. N. Poz-
dniakov & V. Dagien¢ (Eds.), Informatics in schools. New ideas in school informatics: 12th
International Conference on Informatics in Schools: Situation, Evolution, and Perspectives,
ISSEP 2019, Larnaca, Cyprus, November 18-20, 2019, Proceedings (pp. 41-52). Springer.
https://doi.org/10.1007/978-3-030-33759-9 4

Pepper, D. (2011). Assessing key competences across the curriculum—And Europe. European
Journal of Education, 46(3), 335-353. https://doi.org/10.1111/j.1465-3435.2011.01484.x
Perignat, E., & Katz-Buonincontro, J. (2019). STEAM in practice and research: An integra-
tive literature review. Thinking Skills and Creativity, 31, 31-43. https://doi.org/10.1016/

j-ts¢.2018.10.002

Quigley, C. F., Herro, D., & Jamil, F. M. (2017). Developing a conceptual model of STEAM



STEAM #EZE 469

teaching practices. School Science and Mathematics, 117(1-2), 1-12. https://doi.org/10.1111/
ssm.12201

Rahman, S. M. M., Krishnan, V. J., & Kapila, V. (2017, June). Exploring the dynamic nature of
TPACK framework in teaching STEM using robotics in middle school classrooms. 2017 ASEE
Annual Conference & Exposition, Columbus, OH. https://doi.org/10.18260/1-2--28336

Santos, J. M., & Castro, R. D. R. (2021). Technological pedagogical content knowledge
(TPACK) in action: Application of learning in the classroom by pre-service teachers
(PST). Social Sciences & Humanities Open, 3(1), Article 100110. https://doi.org/10.1016/
j.ssah0.2021.100110

Schmid, M., Brianza, E., & Petko, D. (2020). Developing a short assessment instrument for Tech-
nological Pedagogical Content Knowledge (TPACK.xs) and comparing the factor structure
of an integrative and a transformative model. Computers & Education, 157, Article 103967.
https://doi.org/10.1016/j.compedu.2020.103967

Shernoff, D. J., Sinha, S., Bressler, D. M., & Ginsburg, L. (2017). Assessing teacher education and
professional development needs for the implementation of integrated approaches to STEM
education. International Journal of STEM Education, 4, Article 13. https://doi.org/10.1186/
s40594-017-0068-1

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational
Researcher, 15(2), 4-14. https://doi.org/10.2307/1175860

So, H.-J., Ryoo, D., Park, H., & Choi, H. (2019). What constitutes Korean pre-service teachers’
competency in STEAM education: Examining the multi-functional structure. The Asia-Pacific
Education Researcher, 28(1), 47-61. https://doi.org/10.1007/s40299-018-0410-5

Spyropoulou, N. D., & Kameas, A. D. (2020). Methodology for the development of a competence
framework for STE(A)M educators. European Distance and E-Learning Network Conference
Proceedings, 162-171. https://doi.org/10.38069/edencont-2020-ac0014

Srisawasdi, N. (2012). Fostering pre-service STEM teachers’ technological pedagogical con-
tent knowledge: A lesson learned from case-based learning approach. Journal of The
Korean Association for Science Education, 32(8), 1356-1366. https://doi.org/10.14697/
jkase.2012.32.8.1356

Tang, S. Y. F., Wong, A. K. Y., Li, D. D. Y., & Cheng, M. M. H. (2020). Millennial generation
preservice teachers’ intrinsic motivation to become a teacher, professional learning and pro-
fessional competence. Teaching and Teacher Education, 96, Article 103180. https://doi.
org/10.1016/j.tate.2020.103180

Taylor, P. C. (2016, August). Why is a STEAM curriculum perspective crucial to the 21st century?
Research Conference 2016—Improving STEM Learning: What will It Take? Melbourne, Aus-
tralia. https://reurl.cc/Wq27k5



470 [AMRGE R RS

Teo, T., Unwin, S., Scherer, R., & Gardiner, V. (2021). Initial teacher training for twenty-first
century skills in the Fourth Industrial Revolution (IR 4.0): A scoping review. Computers &
Education, 170, Article 104223. https://doi.org/10.1016/j.compedu.2021.104223

Thompson, A. D., & Mishra, P. (2007). Breaking news: TPCK becomes TPACK! Journal of
Computing in Teacher Education, 24(2), 38-64.

Thuneberg, H. M., Salmi, H. S., & Bogner, F. X. (2018). How creativity, autonomy and visual rea-
soning contribute to cognitive learning in a STEAM hands-on inquiry-based math module.
Thinking Skills and Creativity, 29, 153-160. https://doi.org/10.1016/j.tsc.2018.07.003

Tigelaar, D. E., Dolmans, D. H., Wolfhagen, 1. H., & van der Vleuten, C. P. (2004). The develop-
ment and validation of a framework for teaching competencies in higher education. Higher
Education, 48, 253-268. https://doi.org/10.1023/B:HIGH.0000034318.74275.¢4

Tsybulsky, D., Milner-Bolotin, M., & Chachashvili-Bolotin, S. (2018, November). STEM or
S.T.E.M.? Challenging a traditional paradigm through innovative three-step approach to stem
teacher education. ICERI2018 Proceedings: 11th International Conference of Education, Re-
search and Innovation. Seville, Spain. https://doi.org/10.21125/iceri.2018.2069

United Nations Educational, Scientific and Cultural Organization. (2009). ICT competency
standards for teachers: Policy framework. https://reurl.cc/Z16vyp
Yildirim, B., & Topalcengiz, E. S. (2018). STEM pedagogical content knowledge scale

(STEMPCK): A validity and reliability study. Journal of STEM Teacher Education, 53(2), Ar-
ticle 2. https://doi.org/10.30707/JSTE53.2Yildirim



RIEZ S ET) Chinese Journal of Science Education
2022, F=+EFT] , 449-471 2022, 30(S), 449-471
DOI:10.6173/CISE.202212_30(S).0004

Exploratory Study of STEAM Teaching
Competency Connotation by Integrating TPACK
and Competency-Orientation

Kun-Yi Chou', Shu-Ching Yang', Yi-Fang Luo®’

'Institute of Education, National Sun Yat-sen University
*Graduate School of Human Sexuality, Shu-Te University

Abstract

At present, Taiwan’s promotion of STEAM education is looking forward to establishing
the foundation of the relationship among nature, society and human beings, emphasizing the
importance of STEAM education for the cultivation of talent in the 21st century in the future.
Therefore, it is of great significance to deeply discuss the STEAM teaching competency of
teachers, especially focusing on thinking about values and beliefs, reflecting on the human
nature of science and technology, creating civilized dialog and the humanistic and artistic
connotation of an ecologically sustainable society with the aim of further improving the design
ability of STEAM courses and teaching materials, and integrating and practicing with teaching
methods in different fields. In view of the holistic and constructive viewpoints of TPACK and
the developmental path of competency-based teacher education, this paper intends to define
the meaning of STEAM teaching competency, refer to the relevant literature, and use TPACK
combined with competency orientation as the theoretical basis to construct the STEAM teaching
competency framework. The paper further proposes two classification frameworks of STEAM
professional teaching competency and practical teaching competency and three dimensions of
knowledge, skills, attitudes and values, including nine competency connotations of “subject
knowledge, cross-domain curriculum knowledge, teaching methods and design, learning
assessment, teaching implementation, learning environment creation, core values, reflection
and awareness, and professional growth.” It is hoped that initially exploring the framework of
STEAM teaching competency can provide a basis for teachers to confirm their own teaching
when preparing and implementing STEAM teaching and to explore and reflect on their own
STEAM educational significance and practicality.

Key words: STEAM Education, TPACK, Competency-Based Instruction, Teacher Education,
Teaching Competency
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