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Abstract

In response to the new Curriculum Guidelines and the 2030 Bilingual Policy, this study
integrates concept mapping into a course of bilingual science (iCM-BS) material and teaching
for pre-service teachers and tries to figure out: (1) What changes does the course have on pre-
service teachers’ scientific knowledge structure and the setting of their teaching goals? (2)
How does the course assist pre-service teachers in lesson planning? (3) What are the learning
needs and feedback from pre-service teachers in different disciplines? This case study focused
on 33 pre-service teachers participating in this course, which belongs to a sub-specialty
program for elementary bilingual science teachers. To investigate the first question, their
concept maps were used to assess their scientific knowledge structure using the scoring
system of Novak & Gowin. Then, the non-numerical data of 3 chosen pre-service teachers
with different disciplines were collected and analyzed to answer the other two questions. The
results show that the iCM-BS course: (1) can graphically organize the logical connections
between scientific concepts and then help pre-service teachers grasp the teaching context, (2)
can help pre-service teachers with different disciplines in lesson planning of bilingual science,
despite the variety of their learning needs, and (3) provides pre-service teachers a way to
check their scientific knowledge structure to fit with the cognitive levels of learners as a guide
that can integrate their teaching objectives of science and language. At the end of this article,
we reflect on this course of iCM-BS and make suggestions.
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vy 28 2 X 14+0 X 2=28
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Bt~ WEFERS SR B G

— ~ iICM-BS S PR B AR R i A2 2T i B R A A v R R
PSR BRI DA SR AT IFY ~ B RIRSAG S DUB e AR )

(—) iCM-BS A2 DA T2 RH Ak A 17 A B By i B Wt 1 B B TRl A2 4R 2K
M

W72 % HHZ Novak Bd Gowin (1984) Fra eI EFF/IRYE - B2 ILATE
EATEEA FIRE R BECBE R EET TR (FFRERS) - (HAE BT EE A
MEARE - KRS ey EBGR A B IR 5% - Sl S R P - (HIE R
il 25 A AN [ 22 B i B[] B e M s ] 15 B A L A ] B R Al i 2 Tk
TR ERE © DUSE 2 40 T 2 RZBZLAIIEY) ) BUBRTTIEEE v1 ~ v2 (R #%)
Rl > HFREZHT EERGRE Y RIS BT EE - AT DUHBA RIS & R H S A BT ES
BEMFEEZ G 14 T AR BT MR SR B E E R
F—il (F5) o BLHh > 3R 5 BURGF AL BN 2 #AHML - HALSEIS 25 v1 Bl
v2 AR AR 2 52 - (58— Al A R U - R Pidt 8 # - BEA
HOR > BIFRERE S E 4 BB E RO 2 SAHFE DA RE S Friedman
e 3 =Pt 8 MELATE AL A e B3 32 iR E 21508 RHE B RRA B & e 1553
BEETTH PRI R FHCPg 8 LR 6 BURRERRE R p = .005 (< .05) &
NEVRE SRS I ERRE R - KR (FERRT) RiEREEE
B2 EEEE AN v1 B v2 ] - PRI AT 25 AT R B RIGSRS 1 AU R AR B AR 5
HELTHBNRIRORAE - AR VB TERVERRE R ARTE - S IR e 2R 2 A e A e
RURHRRETTERER - SR vl B v2 RO E (RERMTER ) ROMIERZSREHE ]
AR VI (19575 82 73 > FERLER 5) fREL T HEHYIEEHITHRENE o Rf% O e
HIEEAUE - AE RIS R A T SR B R BT BB N Sk B
R L R asE RS - BURSRIE VIR AT & AL MR REE IR BN WA - (B4
BN El 25 K amill 2 i AR N E 2 1% - QURRDL T HEYIRIIMNEREE | Rk OBl
A EEFEFNGREENS - i T ThEEME ) IFBUTER T EYIEE ) SR T IETE AL
A RZ B TR S R R B £~ tHies T R ey B AR A B EE RS OB 0 v2
AR 153 BRI AR IE RGN (165 73 > FERER 5) - FHELATAD TiCM-BS | RRFERELL
N P2 L e v R s ) s s R It 7 B A 8 A AR O N 2 -
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%5
2Pk 8 WA & A EIRA R LA B X AT ik
#H A1 T vl SR v2 HISZhR v3 HISZhi v4 FESCRR
1 EIEHI 60 58 58 53
2 2R ZEHITEY) 82 165 143 136
3 AR AR R, 40 52 51 48
4 & BRI RHER 51 62 62 61
5 FH ] 4% 19 74 74 63
6 e LY B BB 39 45 47 49
7 FREYIER B 19 74 74 63
8 KRB 29 36 37 31
S 42.4 70.8 68.3 63.0
%6
A 8 B U A B 4 MBS 52 5 8T 3 #0Y Friedman #: € 45 % %k
Multipl
HiA v v2 v3 v4 df x? wHpie
Comparison
iy 42.37 70.75 68.25 63.00
e 21.53 40.29 32.78 31.35
g v2>vl;
ERCTE 1.38 3.25 3.25 2.13 3 12.789%* .005
v3i>vl
3w p< 0]
*7
B 12 MAEIE A RICE A KIEXSUREE B A
SEAEIREE HiE
2 A7 E A - R R
B Hig ey
REFH B 53 RIS ) BE IS push, pull, press, What happened when I (press/pull) the
SEENRBEEIEAR 5 B WS Z ) recover recoverable,  XX? The will change the shape/
S1-1 2P » Hryn]K{EJFIR > &5 unrecoverable not change. What happened when 1 stop
i A BE R AR AR (Ind-11-9, applying force on/press/pull the ?
te-11-1) The  can/cannot recover.
HEHDEBIZ - S8 E B FT15 /) magnitude of force, Can you try to explain the picture you
YRS e E HIF AR - AG4&IE point of application,  drew?
S1-2 EEMIHFERE » SBHBEC direction of force, the 1 drew the (point of application/

F9REE © (INc-I1-3, tr-11-1) length of line segment,

arrow direction

direction/magnitude) of force/here
because

(&)
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Bl 2MMEEARKENARMEBEARSE Y BAZ (&)
SR EIRE R H A

BY S HEA) A

REEEEEE - B ERERESRAYRN  magnet, pole, like/ What happened when you put the poles
T [E) M A A > SEASRAHI AY%F unlike, repel/attract closely?

B4 BRI H A

S1-3
4 - (INe-II-7, ah-11-1) I found the __ pole repels/attracts the
pole.
RETE R S AHBE & GHEV U - 13 magnet, attract, iron Magnet can attract iron product.
S1-4 BRG S REM S [ EVFF1E: » product
FE DLy B Ry B A I F PR B -
(INDb-I1-2, pa-I1-2)
BB @ X B E M RIS L 4 root, stem, leaf, flower, The basic parts of a plant are roots,
.1 fE o oA 8§ BE 4> P e (te-TI-1, fruit, seed stems, leaves, flowers, fruits and seeds.
INb-1I-6 ) These are (roots, stems, leaves, lowers,
fruits, seeds).
BEE SRy & AN B B8 - fEFE leaf (margin, shape, I classified leaves by (size/shape/color).
S22 THY)Be YN ERTRE (#EF ) »  vein, node, (Pine/Fir/Coconut/Banana) leaves are
B HH EEREE AR o (pa-11-2, arrangement) (small/big) because the weather is and
INb-11-7) (dry/wet).
BN 53 P AR T R L IRT . roots (axial root, _ can help the plant
53 TREVINEIAURE » AERPHHEAE R -« fibrous root) (Roots can help plants grab the soil. )
Tk ~ BT AN R R A
Btk - (te-II-1, INb-II-7)
REEFRE NEZE RPN flower (calyx, petal,  Thisis .
$24 16 AEREG JJELAFZ7 0 0 stamen, pistil, pollen,  can help the plant
TR B Rt EAH 5~ FF LB TS nectar, pollination, (Calyx can help support the flower)
HESE - (ti-1I-1, INa-11-6 ) reproduce)

() iCM-BS FRIEH B ATE A g B H RS v DA i H 2 B &

7 5 BRI 8 TR EIS AU E - 2 MRS - DL v2 iRATE
TIEUR IR o PRI v3 B va RRATS S ISR RR RS TE UL - DUSR Al BT & E]
HITS 0 (82— 165 — 143 — 136) il » HIREATE 2GR - HIRIRIBZ S
17 10 s IRMERR A R BUR TR IR HAR - o (R L BAE 2
WZ - RIS v3 HSCRAE v4 TESTRRASE & B E RS T CRRAY BB N B IR
o s B R 2 W ek A T B HAS 7 BB A T (165 — 143 — 136)  © WIFEEEE
Al 2B e SR i B R e B HARAEAE T - HE IR AE 0 TR E AL s A B = 2,
BB ~ SIARIF LY - (EAEHA BT EA R E BORRIEEE HAR - (HEERRE
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W E S FEER EmEE AR SR A E SRS M E R E E BB N E - (EAE 4L
S8-4 HIHAAR S FE RIS FF I B -

BREBEXGMAXBARZTEN (BAKX) K (HF) B#IEALYL
AL (REEH) KL t+osrs - AT aE PSR XA
B R — b & B & REE AR @R EARS > TATH I i RAF
B PR P STOA B B BE R o

I 55— (ZE&E A4 S3-3 th S EHIEIAR T ¢

(—HBH») TREBHRELTLEAAGZS LA FEHm (MARRHE)
ARERINOARLEFETH (XB) ARy HZETIAFEZS
B FERRAE NS Wk e A RA SR FE -

DA F SRR iICM-BS BRAZAER BIF A& A et AR i DUB R E e ) -
o LRI - AWTSEEEER ¢ iICM-BS BRFE Hh R G E KR R RO i B SR AT 1 B
HE A VLR S RO R B Wk DL IR B N~ e Nt i DL e 22 Th Y -

Z2~ iCM-BS R SO B RIS i S R AT TR BUAN Rl Sl
B RO E R E R B R S A H AR

(—) iCM-BS FR12 A {77 B Al & A= 37 8 [ 2 AH Ak 2 1 2R B SR B2 2 H AR B S gE H
EeIpid]

HREERAREFRERRET R (FFRFE D) - OEHRE - B AMHEEER T
(S1-3) ~ EBMHBARAT (S2-3) B F R (S1-1) HF=(IEEEHARERE
B AEE R 2 TE 8 52 - (¢ H B AH B 2 o & Y B B A R
hﬂﬁmukbéﬁnﬁ%ﬁ%@@ Bzt ed T HAREIEE HEE , K
TR E AR, S ERIGR (FERUE 2) - DI S1-1 B fl > HHEE 1 fHEE T
S EFERH AR A RO (FERFR 4) T IPTE AR AR NOE S Ry n] kAR B
AAIMRAE 5 BIREBE H ek E WY H AREIREE HAE ¢

R E SN CE MR R SEESR BRI s e Fag T
WAL R K - A o9 R Ae R4 R4k o (INd-11-9, tc-11-1)
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& 2
iCM-BS 242 AME S B & 450 0y 3R A2 2L A 3% = 2 & FF3t #H

ARG ) M
Novak & Gowin

= ___=
FITREGE O |

fecEE ﬂ

TR, 8
TRV R, (F50)

0‘ ‘0
R B AHE
REL e
o HifE 9 %

s D p R EERTHIE? —— D
O QrrrrsssssssssaEEEnnnnnnn > R i ()
TRERNE, + T SER "B+ TR

E B
2B A » 2018) FEEA (B 2018)

DURCSREESCHIEE HAR (FERLER 7) RYEHIEAJAIELE " What happened when
I press/pull the 2, B "The  can/cannot recover | FHFF& o WFFTAG SRR = (2AH
B T EmERGL, T BAREIREEEE, BT ﬁ%n)‘(?ﬁ@i%@ HEEZH
BRI F={{E A A2 G o R EFR 1 0] 28 B wH % i B il & AR
BHM NE AN BRI 1 7 Ry 5 38 SO SR H A ks H R A) By 22
# o AR B R eI R H R AR 2 FRE R H AT -
(=) W Y H RS hti 1 v 2 BE % BTt B S B TR B 2K
WFFEE feR Lot = A7 A& A4 B RIS H AR g HAR A8 (BERER 7)) Z
TP - BT ﬁié’j?&rﬁﬁq*tbjﬁfﬁ\ B HITHESRE (55 1 AHMEE v 5
lE 1 E’\]Féﬁﬂiﬁﬁﬂ? B8 2 M EE v ~ v2 BERMTER ) RIEG R SRR
Eapdlui - G0 5 58— T ARTEHRY ) ) BITHRIATE AR S1-3 DL T RETHIERL SR |
s FRERTE ﬁﬁﬁﬁ,ﬁﬁ%fﬁ"ﬂ@ B " @il R« R EE 0 RiRA F A48
Froo B R a4 (INe-11-7, ah-11-1) | - BIAJER B R EZ B O & B R R i i e
FH—H% SHREREE | 437~ TIRRE A S1-1 DA T JIFmE BRI AR B | By




18 FHEWHFREBRIT] (B 88 10)

TREAIR B M S E R T —E—— IR T L s & A S2-3 iU E
A TEYIRIAR § RIER R T S ER T EYRIEE ——R—EiR B IR L,
S o FHIEATEN - B IO S e A SR A 1 A i T2 2R 0mT DASR (AL Bl & A= AR & AH B BT 2R
THEN . 2EKE -
(=) HioHbaE R ETRE rTH2 A& 4= Pl it AR a2 %

FH R = AL ATE A& B s H ool S B Y AR 2SS sk ER 5T 2 B v &) - RILE =
[ BT R A AR R RS -t Al pOR S5 SCEI R B HAR F Ry & B -
DAETE A S2-3 BYZEEE/E T YRR § Rl - Hprs eI HIE A (FFRFE7)
K "roots ~ axial root ¥ fibrous root ; - BHZRELH B THEIE (FF M8k ) AUMHRAEN
BEUAR S #hAR SRR L SEREIE METE AL SI-VEFEE T AR & (ke s) |
HifATER E R EHE TG (£ R32 7) B "push » pull » press, recover * recoverable
unrecoverable ; * FTEREEZEICHEEE (FERE 1) AIMERIENEIRI R " Wk s g
TAWAE ~ SR - HENFEEHERE ERIR - DL SRR oS &y
EAREER T AT DA B R E AR ER B N A I - IReEReE B iR i € L 2% -

fr R » ARWFFEEEE © iCM-BS FRAZ HH AT S [ A5 RG A BY B 2 AT DA
B EIE A& A5 E R B AR B AR EE S B HE -

=~ HART SR AR S GE AR I FR S T A S S L RE R L 2R A
HIERE BRI ~ SLRETS SRl AL HIE A3 B AR AT B PO 7 B
Eﬁ%iﬁ s AHANRITS S [R5 P 380t B e B 8 SRl 4 S Rl w1

EEERE H R B AT B i R B A BRI -

(—) BRYE SRATE LIRS B ARBERNY RS F B AR SR L FEF B L AR ) B2
HEAE - {2 iICM-BS FRAR TP RY S [ AR v (i 2 2R (EhRe Sy 17 Bh il 5 [E
SERREERE AR E

ZIRRAGRAZ R E R E2A8 AN 73 2K B R IFEBIRRCR P - W9t RAEMRIBRLR
MREELEAESRITER (FERER 1) TPbEEER—(FEHBRT (S2-3)
I =AEEZINERGE (opl @2 » hCEHE F =) MHRRATZ Tk
— (L HE R AT LA ER RN B A ERBETS SR Z &4 (S1-1) > &%
‘U IFE R B AR AT PR —(ZETE L (S1-3) (ER(EZRVIFTE R - DURAE
ARITRATE LR iCM-BS FRIE VS BT KRB R R S BRI E R iR G 2 27 -
{EASERIE R Z R AR IGTS AN - BEAR S1-1 & FE (R FE B R BR300 E ISR T
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(BT IEEAE RS NEEE RACRREAT - HILRTE IS B £ e £2 -l
HHEEAL - 261590 S1-1 FIRFEff T B ARBBEHIE R 257 » MEZENIRK
BRERHMS AN EERE H AR IR 3 = B OREFCE TG REE - S1-1 3o

BT RABE T ARG —RMEAEE - s B HA B A s 2 15
N B LA e A2 b R B R SRR

M FERLRI S — (IR E A S1-3 tHElhs -

B &ZAE N BRFHRE  HAZFREPANRBRELLRIRAE R E
BAMBFOHBETY > HEECRIRE AT -

ERATE L RARENSE SHEE REEE5E - S1-1 AIFR ¢

HERRFEME R A RZE BB A 03Ty o 2B 8% B RE R ERE
FABWEYRAZR G BRET MBI BRI ER XA R EE R
PRGRAEMBIFE > BB R KA RBIE T D ARASE W 2R EH S
69 B AR AR E e A RS B RE R K KA S HEEBRENES -

i S1-3 HIZE Ry :

#7731 £ 35 2 & Language for learning #9340 F & BAFIF B4 AR 0%
EEZRHAREARRAY AR F 0 MR RAAIY BE - LRERAT
oY R B B ER]

e Lt ER RS - BT R AR A SRR B AR RN E AR
X FEFER s e B B2 AR B S SRR RV ER B - (EASERAEREST I BOAIL S [
HIERERE B E -
(=) EEEYS SATE AR BN EEE B ARFEE R £ B R NS B AR B N E
EAEAE 45 - {H/2 iCM-BS RRARE RN [ It v (1 i 2 22 R RE i7 Bh itz
5 PEHSE R R ER AR
FAASERIE TR G — IR E 4 S2-3 B fR2esfisk e &= - (e WIREEE R
RURRZ A BN R B AR BRI N B £ B N FGE H AR W A LA 445
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B EPIAR  HFAARAFEEENMFMA KA - ARABLEE
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AN ET SRt - BB — R TS B vl ~ 4IRS R R E
(60 — 58 — 58 — 53) HHEANFEMRHAMAAER (FFREKS) - HRE—HHEE
S1-1 A RIS NERNENEHARBEESE - i PCEEARRENERHANE - At
FE/INREL R S A P 2 5t (] 7% 0 5 (5 15 Rt EL A [R] SR AL BRAZ U1 st E e T8 8
"X BT AR A B B R B Z B A AT S PR T R R B B2 TR oK (BT
BRI FRE T RRE - B A S1-2 RUBIR S E AT S RF MR -

TR REM KT RO L ERIEFTSHMATRE G EBTREYR
F oo SERHAABRAZN GRS AT S kit ST
TR A —EIEF TEG TR - REIEFRAKGME SI-1 7 8T H
Bl oo 25 v veeeee 0 8 — e A e P RA AR IR o

S E - ARPEME— B IEE T RAVAIE A S2-3 FT(ESR 2 AU & S2-4 thk
7N -

SR 4B A — e R RAL R © B A A4 A B 6y R R AR IR T R A TR
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REFERGFR EGF > ATGIRBETHFTHARRS -

7€ bl ANEE FATE ARV BIR S EUR - AE AR - B HEEEE =L
[R5 S R (B b < IR R TRRE R A ~ 30h B A B S R i By o = m] Bt HL B RE 2
TE B B R -

i LRI - AW EE I - BT RATE AN B AR R R AR
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FHEFZE > {HiCM-BS SREE IS B RS s i SR R G RE BG5S PR
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At H AR E Eh e S B AR R
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FHR iICM-BS SRAZHIRZ LB B IS E] - BlE A4 O ANRR I 25 P B B B B rh g 2
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The ex hology and internal structure of the plants and animals isrelated to
theirgrowth,behavior, reproduction, and adaptation to the environment.
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seeds —2——— grow into a new plants

»  adapt to the environment

pilose beggarticks

for examples

papaya
for examples

for examples . coconut

have Taiwanese rain tree
¥—__help transport
have ¥ Yor examples
pistils —————————————p—  special smells T | lily
1 ! !
petals have for examples
1 colorfut = ———— China rose
e 4
for examples = -
whorled ———— Alstonia scholaris
for examples
Sl opposi te Osmanthus fragrans
Angiate for examples

can be divided into ~ alternate

tiole
leaves pe
margin
can be divided into
shape 3
parallel vein
vein <
acicular vein
to make nutrients
Aa
L water |
— support })lmts
help
-— e — -y
3 . for examples
can be vie  f—— cravl w#ﬁst something —————————— loofah
divided into I I
I herbaceous I for examples
stem ] pilose beggarticks
! 1
I. f 1
or exi es
woody stes " camphor tree
sport water
e o - =

- for examples
axial _g
roots I cabbage

the functions of roots —

grab the soil /i-’ absorb water
=
A anchor — %  grow up
makes

help 7' absorb minerals
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