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Core of the Elementary Bilingual Science Teaching
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Abstract

This mixed methods study focused on 33 preservice teachers
(PSTs) who participated in an elementary bilingual science subspecialty
program offered by a science-related department in response to Taiwan’s
implementation of the Curriculum Guidelines for 12-year Basic Education
and the challenges posed by the Bilingual 2030 policy. The study involved
planning a one-semester concept mapping—centered bilingual science
teaching materials pedagogy program (CM-BS) to help PSTs develop
their bilingual science teaching strategies and enhance their teaching self-
efficacy. The recruited PSTs rated their teaching self-efficacy for content and
language mastery in the science domain of the microteaching program on
a 10-point Likert-type scale at the beginning and end of the program. They
also provided reasons for their ratings as well as reflections on the program.
The CM-BS significantly enhanced the teaching self-efficacy of the PSTs
for bilingual science teaching and for science content and language mastery,
both of which had moderate effect sizes. The self-efficacy effect sizes for

bilingual science teaching were higher than 2, indicating that the CM-BS
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effectively integrated content and language. Lacking teaching experience
and knowledge of the new Curriculum Guidelines mainly affected the PSTs’
teaching self-efficacy for teaching science at the beginning of the CM-BS.
However, later in the program, the PSTs could grasp the essential principles
of the new Curriculum Guidelines and plan their teaching sequentially,
which increased their teaching self-efficacy. Moreover, at the beginning of
the CM-BS, the PSTs lacked experience in bilingual science teaching and
were concerned about their English ability. At the end of the CM-BS, they
remained concerned about their English proficiency but understood how to
linguistically prepare and to teach, and their teaching self-efficacy increased
slightly. The study provides recommendations for designing a bilingual

curriculum in elementary schools that integrates content and language.

Keywords: teaching self-efficacy, concept mapping, curriculum of bilingual
science teaching materials and pedagogy, bilingual science
teaching
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R DR T 28550 3 ) R PR AR B - AR - BBl (AR RE
AL FREHZE) (LUNRERE R ) dyiis s » B AASEEAR
ZEARIVESE - fla0 0 KBS - RS - BRI ERE (BEE
2018) - BRI KA E AR E A P IER R - L - ot
ERTERATY IR R ~ EYCELEEREIRE S R BRI BN MR T E) ) B
=S EE (28 - BEEAL > 2019) © HEH G EIEIE T HATEE
ZEiEg ) & TETEBAIBEREER | I TETES SRR
FAERAZAVRER] (FBUEHED > 2022b) - DUFIETE RS B PR B HaR AT AT &
FARTTEEGIE - S5—J7H - TTEBE A1 " 2030 38R . (B %
REEG - 2018) @ REIBMRH AT EEEEERIVESK - JREMR %
BB R - REBHET - HETEFERL LR HEEANF/NES
=R BT EERERRAR - HEHEE T I/ N E R IS (=
BB 0 2021) - Bk AR ETA AR HERE B - 2 A R B R R
thoo PRI - ERERARHY - BCE R HE DU T PR A B, - & TR &
EIG A AN - BB E TEUHE - &4 a5 0 I ks
HEREEE S EHEIE (RIS MRECR - 2021) - EEEHER
AR - EAEENRBENRE 28 E SO A B s BRI S - KT
AN FE R BUBA AR A 8 W I B K B B TS 5t Nax a5 H AR B 2
EARE - DS B RERBRATRTE -

BEABNHRAEZ T - B BONERIENR " NEEEE
EHUREAEEE | (content and language integrated learning, CLIL) ~ #&
& T EERNAEEE S W AREEEEE (Marsh et al., 2012) 5 AJZEE
HIMRIR A~ BT RN BEE R F R - ET A FTE - Fi)
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IR AR R SRR S IR B B2 EH N A HESES - A - BN
NI NEEZ SRR (HISCHISE - 2018 5 FEEIE - 2019) -
BEAh - RIFEERRIFFE » CLILY - BB EGERINE - HEER HEn
TTHERPEER > SEE W BECLIL (hard CLIL) - .2 #RE
WEE S BE M EAAE#LCLIL (soft CLIL) (Reid, 2021) - HHAH
REBAFEEHEHF - BEET 2R EE SR 2R 2 E N
(Piacentini et al., 2019) - KB REHRNERIBECLIL o ZAh#E PR E

17458 H NS T CLILAY R 55 L T CLIL Y BB fF (R BE 5 7
TR R H FRANAE (Reid, 2021) - [HIFFEENE » EEHATIH
EERGEE AR H IR EBERT - #2KH# (commitment
to teaching ) ¢ B4 BB B R S EAHRA - PR R HE EL i 1 H SRR
(Faez et al., 2021; Karabassova, 2022 ) - ZERNEEZEHETHIEH -
HELSASEBEERRN - BREREREERIFEE - B0
(2020) MPREfERS T HEE —RA B R RRRENE - HEREAEE
R ER 25 TRIETEE T - R R T - KETEHEEERAGES
FIZEE B BARED R FEAT » AIRER M TR Rt B 2 Fa R S H %
& o @B CLIL T B R BN GE S FIN A Z I (Cammarata
& Tedick, 2012; Dalton-Puffer, 2013) - W ERFEESER HHVE
25 (Nikula et al., 2016) - {H:ELEWI7Eh FEREREES » MIFERIA
A HihZ BRI ER A2 HONERL - Bt > HeBilLin (2019) AL
AMEEHEE (concept mapping) FHBARIECRS NG - FH SR
R HIFR A RS i B 1S - SRS BE RN A GE S A2 - AR
RIS HRE -

W EE — RS s E AR L R T - B

BT HIGR A RE A R R S - R B SR AR A 3% 09 A AT B
PR A B R (2 HE 7 VF B2 FR B A8 S (Chang & Yang, 2022) -



BT BREX REEAEERE G HREE  UBSHEE B2
Z BN TR RBM BERAZ A
FERFERGEE - SRR R B R AR 5 (5 S FHME
JNEZ R (Chen & Hwang, 2020) - 2R E F A - B HAE
&N AERHTHE (Gomez Ramos et al., 2022) - B SHEE - 2
Al B B B A& R LR SR RE S B Z H A BREE - emHAE
FHEANAMFES e T mARE (WA - MEFE > fRedr) - BER
BRI R AR SR B ACGETT #EEE 5 ARRIEEE - MREA R (<
Bk - 2021 : He & Lin, 2019; Lin, 2016 ) {EAN{alF FIR & R B S =5 R}
B2 R B AR B AR TR AU RCRE NI B AV Al & B B AR AR A %
RZ o KL - ARBFFEEEH IR R E R % O Z B/ NERE B RO 0k
2 (Concept Mapping-centered elementary Bilingual Science teaching
materials and pedagogy curriculum, CM-BS )  EA& T fECM-BSH A& 4
TEEEEE H AN - BARERABNE S ZREZHEE RGN E -
Hr o G55 2R SRS IEE SOy Z YR ERE - 5 EAT
it - AT FEREATT
—  FRCM-BSH#IH] (GRAFERFET ) ~ =R (HIIIEL
%) - AiEEHEEERHE > KE THREEA R EE S EEMHE
HZHBEHM RO HEE TR 256 - HAMUEERM 2
= JRCM-BSHIH ~ R I - BIEER SRR EABET - BRI
WA BLEE S 28 < 22 B POUmE BB F R (] 2

N

SR

— ~ /R B IREM B 1 B EERAVPRES
HE108HTRAAMHES) - BRSBTS - Bl o
T RL /BRI o (EEHRIEE R E R E IR ER AR A -
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Rl TEE N A EEBFIEMG (bundling) 2 HE , - FEAKE -
FEE AR R — 2k - EASE T RIERE L R4 RE A
BRR - 2ENIEET ARG R E R ERPKER © HEB) T RIREEE, 0 R
EL Ak FEfR L RRERYEE ] (BB T » 2018 5 Fulmer et al., 2018) ° [tX
BUERRZ K B EERERE SR - Al - HREIEES
SRIE A EHE 8 (Piacentini et al., 2019) - HZ BEZERHER
W S G B A SR ER AR B 2 BB FIE A B AR (Markic, 2018) -
S—JH » AETRBEZEREZES " 2030#EHRXBERE R
B, 20 TREEEEmEANEE AL - REREAE RN
slE b Z B RIS R B SR R G DI R A E
PR RE I H AR RIS BT 1 (BEH 0 2022a) - HEEH
SGE L EERE AR IR - SO E S BB R E B L L - 55
28t R F I B (AR~ SR7558 0 2021) o TEZREM BT
HIRE W R RE T R R 2B - EEEECRFEIRITZ T - RS
75 A T IR I BBk E © BEHIE o FerrerBiLin (2021) FRRBEEIFEAK
THEEALFESBOR - ERBEE L 2R FOEEH kK2R DR
FHBUR E A SR B R - (HER E B, T35E5E B
FERL - M Rrem "R ) HEMFTEESR AN - ISH#EH
EREH R AR RIME S EIREL - B—0iHE - HERB TR T
BERR a4 DI RIREF I ES AR - ArkanE&baE - Bk
BRI - ZERGE R BERNIAEEE N — (Graham & Yeh,
2023) - EHAZEAPKE - IFELRAIRERA » BTEES
BT AR T 2B - [RIRGE & 2RI S0 SEEE B AR B AE -
CLILZ—MHE S BEERINERERERIANE » R -
CLIL#:EE Ry il m BB AL UGE S A2 RIRE ST » MR MRS LR
F1%#E (Morton, 2012) - AR - BEH/NEMEEMCLILWAFIE—



MR BEX (REE A RNSE H AR UBASHEE AL

Z BN R B REOM Bk R A AR

SEPK B N - MRS SCRRIEIRE - 55 o PR N 3 £ B FE DUT 3% (5 5
f :

(—) MEHEN LN  CLILEZAEIME » WAL THE |

(content) ~ "EBF1, (cognition) - "i## , (communication) Ei
"4t 5 (culture) BJ4C (Coyle et al., 2010) - {ERZRE T RLER]
NABGE S R EZE - BB - MEEFRENMES - WA E
il & A T 3 o 9% 2 T B ey 2 [ AR B i 38 22 T B . (BB SCAT
2018 ; San Isidro, 2018) ° WFFEEIR » A N EAFHRELE S HEJIHYZ
Fill - BCREA RGH AR AR & 7F - thREERFTIERVEEGEFRIE (Karanfil,
2020) - (EBEAATER B EE SHRSE - FibE L EPEZENH
Bl ZH B2 2 BRAM RS IR S S 8 i - DU = it (P £ s 2 WHI CLIL 7
TH FIEE TR EER 5 T AEE (Catenaccio & Giglioni, 2016; Morton, 2012;
Tavani, 2016) - [MEE—EFE T ipsE e | A& s B IR B
aat o HHRRET R PR AR

(=) EEERE)T ¢ BLBREHACH Ry BAHITIE - B 2 IR

HIEES HAE o CLILZE SKRZETAIE 4 BLif 2 S99 4NEERE D) » DAERESIR
HIFOERE S AR R N - AR > T ZBIR AN - ZHhF
BEREIEES (target language ) 7KSEAJRERR » LHEERIEHZE
FAEEAINE & /5 1H ( Catenaccio & Giglioni, 2016; Tavani, 2016 ) °

(=) BMMBZENR : CLILE KA EEZ « I FE G

MAEM - IR Y B EEGE S HARHR - BERBNHREEE
FITRNE (Lo et al., 2018) - B HISEEEE LB IVEAM - HhaazdEt
B2~ HE - AR EFZEENME - $FECLILARIE AR IE
TR R S - (E A E DI S @A BB R - TR AKRER
L 0 ) BT BB SE ( Catenaccio & Giglioni, 2016; Morton, 2012;
Tavani, 2016) = LA - ZElAE RN BEREE S BRI A E R PREL -
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RESE A AR B IR EA SR ol ) B4 DL 5 — 8 5 BB R N F HER Y
N5 —EEES] (Tajeddin et al., 2020) ° [A[}tb » 5HFHZ0M B
AIRH R ENEEN > MEARIEHEEEFEFAEEK
- HAEH B A WO E A H R PR - (1S CLILRYZ SR B

B B R
‘Hﬂ» i ﬁﬁl

ig
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(MY) P& « CLILRIMIHI ERIREE - R bl o 3 =5 48 A T2 B
VEETE - AEAEME FEERFEE ST - DEHE 2 A H RN AL
RN RRAIEIEIRE - DUETTIRE R ERTEE (HIEM » X
Fi 0 2022) ° B AJREFREAANR A Z oLV E T H - 08 -~ Hl
Ba o~ 1R3> WE > BIFESE - [N - 2002 B~ 3 R A
FEE VR EEEENIEEAE (Morton, 2012; Tavani, 2016) ©

 BEEE

MRS E RS E S BRI SREUH R  DL—{E T RO
&0 R ERE - BERL OIS - KA RIS RRAEZRE - DURR
REBENFA S EENSE - 2 HaE P - RERENHE
FIEE RO S B S A AS B AR « DU (concept map ) ik
12 - Zrn] DAY R B B2 M RS R Y U - GRS B (B AR A
FERET KBRS (Novak & Gowin, 1984; Novak & Musonda, 1991 ) -

BT - SRR S E RS2 A o A RS
RUERf# o AR AR A RS S B E ATE N EThRE - BE - A2
AR A BN E - 8 77 B2 A 31 8 22 A2 1Y o 0 R 38 B 22 I At M1 9 55
AR  fER R IR A AE RS - B M e B
TEAERAERZERFN TR - (R EREE EEEERE
KIZEHE (Liu, 2004) -
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MET  BEX (REMEERE AR - UBSHEE A%
Z Bl/NE7E B AREOM Bk R AR AT
WHotal 8oR - NAENGES RGP #EE (Lin, 2016; Morton &
Llinares, 2017 ) - FAFHAYHFFEEIREE H T —RER M5 /Y 5%
(TerminoCLIL) - K& B A R E2RA: CLILAY B2 - 1E5EfE /7 ik
o B E S F AR T A - FHROHT - A LA E RS ZE A
o RS LR NLE R - M E R B A B S E =AU
phEER - BB AL T AR A o MR R RRAS - RSN o B
it T 57 A AR S A 1 05 X I SR R e R - R P A Dl B SR K
I PR TR 0 T R E R  FE  BR AR R ELE EE E  RRRE Y
{7 E (Silva & Albuquerque, 2016 ) - [AIA Z R REEGE S FEEH
B MeBERAMSHBERNESEER  TEIEEZEREEE
WES - R SEERERIE - EHESal P TR EE ) -
RAFERIRE 2 - GBS AR AT RGE RS (Mackay, 2017 ) ° Gémez Ramos<s
A (2022) ALRERSR S EE FH LB NERE 5 AR R - /N AR
BFEEIY > WERMAL © FERE R A BYBCER RN 5 PRI G L8
% - e E LA A BREEEERNEE > SRS
A BRI RIRRE - DB {ESESEECIE T B2 - Gomez Ramos™H A\ L
JETR BECLIL 2R Al = BIAO ShSes i 2 =2k - DA s B/ N2 A Y R
B5—HH - /M SERED A R E R T A gE 8 42
FRE BB - HeBLin (2019) {5 &G BE&HHE DL K Lemke (1990)
FRE R B ER P p £ AR U AR R S FE S I 2 22k (thematic-
pattern-based concept+language mapping pedagogy ) TE/EEEHIELE - #5
FICLILERERYRRES ~ BIFE -~ 02 - BENNEEE - #MSHES
[FIRES SEAF RO BRI 6% - T 2B ERBES IRy & N A IR =R B AL -
AR A e R S SR ik DA B2 B i {8 I A O A V)RR R A 1T HE B B T
It o WA HG R SCRF M B R B B B2 A S iR B i ) A R R Y AL ]
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HIFERBARAKBE G ANBNGE S 2E - FEFEE AR NMEEE R
RIEARS - M2l Lemkefff FRAYFE HEE 5 AR ETRIZEE) -
= HEERHEABEHIEE

TRAMNBEEHERMAHASZERNEE - AREGE
MBI P REAIMESR - ZdmEl BB B - BB A2
HIZEAT Ry (Kang, 2008 ) - RIEEZGATHE S AL R H AR - HAa
T HL H ALY RRAETEE) (Jacobs et al., 2008 ) -« #RT - HAERUER ERE
NTREER - HR BB TEETE BRI A T KA B H e &
WEHZHEE (Konig et al., 2020) - EEEFEHEREF - ZHENAIAER E 2 E
HAERIE B2 AR - HZ2EEAYPKEL (Ticheloven et al., 2021) ° H
HIEd/NE AR A+ R B R EAE R B R/ N m
BlEh hEER H ARSI (BAEM) MRS - SRIZEH SRR
HEE - BENSHABEDISEREERE - KCLILHY4CH A EH
HE - TRE ) AT AR E A "R L HIRTE AR
A 22 R B AH T JE o S FE SCRE AT SIS 2L - AR B S8 B 2K
RRE GG R 2R AR AR ZF RS B - AHRARY B AT R 52 B AR A7 1 T2 38
[ o

HEH U EE (teaching self-efficacy ) ;EFEZATE H C5e R E
EFREIRIE L BEUFERRERTTAFERATE T (RERE - RE
11 » 2011 ; Garvis & Pendergast, 2011)  ZFfHYZER B FRAUAEELHEL B
W EHFAEAHRRANE - BT A RAFAYFEEE (Kang et al, 2018) ©
HEM N B HFATE - 202 H Folee s - mos b2 EE 3k
RE » NEWEARE R - RIS EAZBELIR (Lau, 2021) -
Karabassova (2022 ) FiR¥HZERHMGE S IR E R GE 2 EEE
HATE BRI ESERES] - KL - RTTEE AR RV B ALEE - gk
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EIHRVERS © Chen (2020) DIATEABESREEAY T BAH AR

TR E 4 L FRR AT K- 1232 - B TEB NMER A& LR E

HHE - HENESEISE R ARG E LA - Wb TR

R FEIZBEHERTER - B > Atstaeat DAL RS B RIRRAE - B BIAD
AAEDVNEG TR ARCE R EIFR - B A B TOEE -

;R F ik

— HiE2RER

AR DA — 24 T 3 P IR /B 3 £ 4R T e
"BEER/NEEHAREEBEM EGE . (DUTEEEEEARBM BE)
PRIE RS I - W DLE B L IRAERY33 (LA E A Rl st i 52 - B —fit
BRI - WEREAFOREEEFAE (#5E) % JTrEEEAR
12 AR R T R B R AR R (o
Exa

BN — H AR AR IRIE R B 2 B B 7R 09— 30 70 SRR T
HR - IS S BB RAE S - B ELE S~ AT
FHALE - Huoill - HP20 ORTIER: - | REEEE 3 AR A
fir22he - (HE—RIE @ EEBEEPEF I REEREHBAR - &
EREF MR JEEETERARE I E A -

AT IR B IR AR A TRAL 2 FEREE » S AL 50—
B T DI SR E R D B E ARABM BUEE o - WL BEEREAT
HERHENER  B—FERNEREE L - GREV/NAEN - ILE4Y)
BRME BT EE R L - S MR A
MBCERTE ~ 2ELEBRFE R EE AR RE R - HIGETARE
R OSSR B AR BN 2T T 2B AR B -
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—WREGTET A

RIPFEPRE G IFZEE o R ENE AR BEEE [B I B A #
AT - REENEEAE - AL - AR ESGHER R EGE R L
Bl EREE SRR HEHREEI (https://reurl.cc/oR95z) ) 1Ffs
WH7E L E - BFFEEEREKENE 42 R BRI & 53 BT i 0 AR (& 5 -
B " HEHREE ) B RIS T EREE , (content) H

THEEST | (language) BEEE; o HHI10BE B AR R IHEE K
RAE B T S MR E E AR o BFZE B TR RRAR 1) e S i B AT
Z o MM BVEAERAURIE R I - GRRTE L B APl I AR RE -
BT H PR R OB PERIBE R - B R BUERIE R B 2 IE A
A H—BEIE R = AIE - Hetk - HARRTEAS SRIRF SE AR AN AR B RSP
R B O R AU S » AR FE R R AR B AR R R ~ TRl i fe
fE1E » SSOCHRANE A ERE AR B R (B  MEFER -
e ) - WA AR - AF7EE E R ATE 42 1Y AR B POURE -
DIEHZEBAREEH PR RLER - T HFHRAVHE S - #EEPPR~K
RS e LA SRR E &R -
= e

AR R I E - FE180E - FRFE H AR EI A& AR RE -

(—) BRI H AR AR A -

(=) REBHTERM H AR EEAIAR - RIS T RERASHE &
BARE D SETEFEE R -

(=) TR/ NEERE B ARBER A -

£ TERE K, b RBEREEE - AR R T EER
By (=) (Z) » THEEEE, (—) (Z) » "HdEH, - 2
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AEREFBATFERERBAR
Bx RfEXE AR
1 BEEGRTE 1 BRSO R B A R SRR B
(—) 2. ;T
2 1. PO EERE H AR BRI EETE
2. O [ R A e R I T B B B T I A
3 T RSB BRI EL B AR BRI R A0 R A B A 25 B
FIAF e H A
4 Bl - P EREEANE X G HENSRE G - BRE
B T R B o IR A
5 CLIL 3k KR = HEE
6  HEPEE BIEEREIN A BUNEFEE ZHE R (ER)
(—)
7-9  BEEERIE 1 FEENEUIEEAEEFENEG
(=) 2. RIEERIeRER T B K e
10 AFNEHE R NE SR (VT - JBR) B EEEE
HERER AT TR
11-12 1. PRI A R B B T
2. AR GEI L SR B B R
13 FEREIE BIE B RCHERE H ARG 2 R EREEERR (R
(=)
14-17 PUEGAH S35 B ABE B G
18 HAFRHESSHLR R

(—) BEEFRE (—) (1~58)  REREBEEFHARM .2 B R

ERE (BB - 2018) ~ MESHSE (Novack & Gowin, 1984 ) FICLIL#K
E2% (Coyle et al., 2010) - 6DLE SRR 24 ~ 2 (BI/NEA
RIEZBMBE) (FHHBE > 2020) BBEERIE - SR THRM ~—KE
NERBMBOEREE G T E - FEEEG UM SBE RO E
R BOELANE A BB A AT P AR o S I L e I 3 N AR R <
MRt (BE2:) o 5 rhRE R 2 B B u S SHA FE A AR & B L o
EREAERE S EHEEES HE (B3~5H) -
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DLZE — &R BRRE T et Ror#iny T YR A amE R, KBl
LI E E AR (FEED 0 2018) H ¢ “INd-11-3 Organisms
have a certain lifespan from birth and growth to death. Organisms reproduce
the next generation through reproduction” ° {5 SCHE&E ([E1) Hra] DA
EE|“Life cycle” » “Birth” » “Growth” » “Reproduction”#1“Death” » i5 %
H¥B R aEMIES  BREAREE TR ZHEET RV, - LS
%%iﬁbﬁ%%ﬁﬁbﬁﬁﬁﬁﬁﬂé HEHFEZREThHERES R
It - BE Byih S HiEd Y Language of Learning ° &N PRIERAVER R FRIA -
(e L Rl B RRRYA) - MR FTRG A - BIAN ¢ hia# e B AR H
AR AYERE RIR T pe-1-28E R FH G BRID NAY LIRS BBl E S - FR5E
Houziate - B, REEHE > AR EEREE AT DUk A RERUR
HJE) Ry ¢ “[Pumpkin’s, Peanut’s, Tomato’s, Strawberry’s, Apple’s] life cycle
is from birth, growth to production. After [one, multiple] life cycle (s) , it
goes to death.” & 2L [0 H) TR R G IR 4 AR IB/ NEAE RIRE B -
IR/ N A BO B 5 R R T T B2 - 1R - /NERAETRAEAE
&2 N AR - SRR - BEEREENE - 2

BRI - DK Language of Learning YRR ~ AJi% - FHELEEVZE L
e o aETE SRR -
(=) BEEE (—) (2 MEBEEARMEFE S EHRTF S ER
ERERAIRE - ANEIN - IRFHEH E/NEE B ARRR BRSO FE AT 5
FERE I DUETTEUL - RIS REZEEE S R AL - Atk - 3/%2
REMEL N —FEETEEHNAREERENAERS - ANFEE
BIEE R ETE EREFRAER - AT E 2 - BHER
PHMATEAREY (FelE) - (HARKKEIES —KETEYHETR
ERIREERETHVEE - AL - ARSI PRETTHERE B AR AYB
%o BRTEA FIEESEE (B13E) -



MET -~ BE (REAE AHE R URAHEEAZQ
Z BN ZE B R B R R R HT
1
LI Plant’s Life Cycle #{:&[E| 7~ &6 B /ABIFE X SBIF 2 E B 1ZaY:3EHY
Plant’s Life

Cycle
is divided m
Annual Perennial
or example for example
Peanut Pumpkin Tomato Strawberry Apple Tree

—= |

includes one
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