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EEB A EE - i B ' SRR
A ERRE (MBS > 2016) -

P E (E(science practice)HIEH =
T fE(laboratory work) ~ & (argumentation)
B {E (writing) 25 %% (Next Generation Science
Standards Lead States [NGSS Lead States],
2013) > BMIERIEEREAIRIEEREF - 5
Bl imas B (RS - SR ¥ B 2N &= iTas
B DUERERIERANE - BIERRE Ay ZE B g
IR 2SR ERR - R RE T 24
T E R TR AR AS » WRE TR
i 5o PR B G 58 SO FE AR AR i e O 4
1 o eV E - EREREE P TS 'YL G
T CGREBEE - MMBRAE - 2017) » BEDIaRE
NEETUE TN - BB AR ~ R
2011 ; H.-S. Lin, Hong, Chen, & Chou, 2011;
McComas, 2005) » BIE2ERTT ~ Gwas S 1S
IR Z B G > DIEUR B R SR i Ky i s A Y
B LME BT i B EE 7 m 2 R
A B A B2 B 50 25 (Hofstein & Lunetta,
2004) «

H e OB Y EEERER B AR
A SRV TT R - BRI B RRAYENST - $R5E
HE FEEN SRRV R S L FIERER
BFRAEHFFBEEALE » A2 A
RERGHAVEEARET - B+ ERRER
FUE R A 5 AR I S R (R -
TR FE AAH G L Z) I S B2 P B B
"EAMERFTHEEF ) 2B N ER
12 MIREEEERST T (FES) - 5[ EE
ATERER B PEEE > DEraEe
AEERES -~ MEREEET > RERAR
AR~ AR NHARK A REESS
2016) - " HAARIEEREEF ) SRIEMEE
A E R B KFF 0 > Bl R AT % K
PRIRRELER J7 - 4] B 3% & HYRRAE ? a0l it

\|

BEBRGEE ? Wt SRS E s 2
HiEE R A EEERE

AFEHN Z —Rl 28— R PR IT i
BEIERE » ERET2ARRIEREEH R - 24
> TREELRREEE ) (ERE S EEAR
RSP N = T S R
FEFEG . "%, - "THE, R T
o DR DL TROLER ) MR SR
Z EEHEEES - 2014) - FLIEREAERYE
EEGEERRERAHREE  SRERETE
i B R RS RS FEE &Y
EEE R - HAPBEIENWIED B BEE
ZHEZENME o RS RS KSR R
HPRgr i b R S 75 9% - bR AE
R 28 B 45 (Lemke, 1990; Wellington &
Osborne, 2001) » DUEREILA 2 BE2ESHE » (2
AERFERFNGRAY RS B1E5 fE2 (Osborne, 2010) -
bt BERTER - e EEFAVRIEERSE
BIE{EERIE - KA BN B A [EIIs S R R
FERETT ~ RIS ERLEE -

HERI » Kif7w a3 g 2 sRi2 HE
"BER ) KEE - BT TR E AEEGE
)RR H BB N A SR B R A L
e SHEEE BB - AT
RERIET - FERE AR R R A
IR o IRB BRI AR AN S AR
Bimee o WL - ASRIE DL 2B R H a2
[ ERAZ s et [ RIS AR S PR FT T » DAEL T
5 R A B BB fE (Science
Writing Heuristics, SWH) A5 A2 B i [ E 7 BN
RIEERTT ~ B KRB IFEEBNEREG » EE
FEE =Rt P R am s
ERPE SRR - AHZEIRRERTA
BE L Amie et R 0 AT ERANMmE S
TERBL » FDLeHE B AE N AR ER T L B F
AR P AV B R - DA BE R (HEERYRE 2R
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WEIF Ry hmagat " B AR IRZTEE(E ) 3

R RFEZS -
AWHFERFEHEEATT -

— HEAR SRR E(FRER - SEE
B s ?

() ARG R (PRI 2

(D) B AR RS H RN A ?

T AR RS E (ERRRR 0 AE
R re I R A U ERE A fe] 2

()RR R FRI A M EZR ?

(D) MR SR A R ?

= EAMEBERFHEEERET - ML
st v oy | FRR IR B PRI Ry ] 2

B~ SRR

RIE2ERITBLEL Y 14 T 28 (Driver, Asoko,
Leach, Mortimer, & Scott, 1994) - E[L » F}
BEIREES S 4TS P HIRTE - F5EE YRR
sat o | EEAETTIRIT - IR A4 Bt A\
LAV H%@r (Jiménez-Aleixandre, 2008) - B ki
=TI BAEFEBEEREE - 2T - 5HE
g - SN BEEERERE - KREREE
HIBRHV LR - 280 - PRITRAVET &
REE B PRICBLE (FERTE /& & BE S YRR
i o BOA N S E B E TAEEREEER - B
Biwes - BRI 2B E - REREE
aiee m (EZ RIZE ~ 1 A HY ERAE B e T 55 SURKR
—PRET -
—  BERRE TFER 2R
FHEHY H EE 2 5 23t 5 (Osborne,
2010; Russ, 2014) » FFESZH TAERZIE RS
T E B 0 R EH AW /F (Russ, Coffey,
Hammer, & Hutchison, 2009) - F}EzH =z »

BN LEERERTE L - (HEEHE
PR SR 2 B FERE (russ) © ZRZETZL
B2 30 B FLEL N 25 (science content)fy 2 I -
TR/DIR B E S RIEL B {F (science practice)
{yt& € (Roth & Garnier, 2006) °

AR BEFEAE(Next Generation
Science Standards, NGSS)& AR 2 &
(science practice)yEE | - BN E R E
PHTE LIRS - AREBETEER - T
g - B wmE LIERER 2 E E—1E
FEIR(NGSS Lead States, 2013) = ZR]fj » PISA
201SHYER A RGHY T T 38 B - BN EY56.4%
AR T A K2 62.9%HY & h AR R ORFE 2RI A B
PR E PR ET T E'ERESGT ) G
WEE ~ PROBE > 2017) > BEOR T BSR4 5 5
0y TR TR, - TEEERRL K

TRV | BRI R ERETE E (MR
% > 2016) - BEAETHAENNE B E T
RIEEEENEZN: - [Hu e AR S E R
BB AR % (Kipnis & Hofstein, 2008) »

HEREINERER - FE > BRIZEHE
EpeR A VR PR DL AR A P (B8 - TR O
HES ERERNaEh AT Wil
4EER R B NN A(Hofstein & Lunetta,
2004) - DAECERE G AR -

BN e B R e e TR
RFHEPRTE DABR R B A8 L i B (Walker &
Sampson, 2013) - B &= HAYRFELPRIT IR
BARGBRER —K > BREME - PR
a o axETEE - o EEE - eSS R
H 2Rt 5 (Hofstein & Walberg, 1995) - HEa=
VRIS E R BN RIEEE  aiER
LRI AR - BZBERYIET T (Ketpichainarong,
Panijpan, & Ruenwongsa, 2010; H.-S. Lin et al.,
2011; Lord & Orkwiszewski, 2006) ~ F}EK
‘G #i(Backus, 2005) ~ {eERI S5 E AR T ELH)
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#%(Lord & Orkwiszewski; Tuan, Chin, Tsai, &
Cheng, 2005) k2= & X 85 BE J1HY# € (Kipnis
& Hofstein, 2008)

FE - R E H AE A (R R)HIHE
ZNGSSsZ (Bl EH] - 2016) » @R} EEEE T
JAFEEWAER T PR EE S, o DR
BABERRARNENEIEEE) - ZITmensE
HEH K KRR ANMEREEE
&5 0 2016) - Ht » FE—TFEROEENIR
BRI EFE MBS T -

PRI PERE B e TR A AT HY R ERER
FRELE EEE R E R E s TIE (R
BIOTHE — B AR/ ZERE > L HBEN IR
BFFE PR - B2 E K — 2 T EisRAI R =
SERRERTTETS - (A mE N PRI - #
24 Bl S B2 B R B KT oo e FET B )
(Hofstein & Lunetta, 2004) » /NHE & E 5T
T YIS EEFI#5 (K (Newton, Driver, & Osborne,
1999) - Rt - B G = SHUE R B AR AR}
BRRHEFRE RV EEERELEEBAR
FRAVRHERAIE -

Kind, Kind, HofsteinEiiWilson (2011)3
BRI E
(Q013)HFEINFEHY » B AR A TE 77 o am B
ot FIRGFIRI IR IR RE - EiF
(practice) Y E F A &£ EB) F i (hands-on) 1Y g
I(BRZEAL » 2016) » B2 4 S [E| S BUERERL 2RI
ak(minds-on) YR DU 2 H 2R H FLAYEETR
& FEERGE 0 2016) Mk T H ETE)
BI04 » FREBUE R EEAZL
& > MBS RIS SR B
TERVRHBICGRE ) - RIIL - EhazE PRI ER
7% 16 R FE T E AR SR T - DUEE ~ o[ EEE
R HEE R > R HIER A
ARG A -

= M2

R E8 (scientific argumentation)ZfF
E BRI MRS - HERE - WEEE
N RS TE 2 TR AR AL o B A Mt A
REUE DU Rl LG Y 177 s R A2 (Ford,, 2008) -
Rt - BHEEwmesSE S " fME ) (questions) -
"E5R ) (claims) ~ TR — E R A
(questions-claims relationship) ~ " Z&5# |
(evidence) ~ " FiR—E#ERH(% | (claims-
evidence relationship) ~ " 7 & | (reflection)=f
[7] 5 (Choi, Notebaert, Diaz, & Hand, 2010) -
FIEBTEN I SRR
HEEMEEAVERS (Cavagnetto & Hand, 2012) ;
" ER BRI RS T
1% BMBE T E AR AT F T (Chen
& Steenhoek, 2014) ; ' RAE—FiERA(% , Bl
" EIR—EE R IR BN R —
Bt - IRRR RV R B SR A ERAY SR
Fik - ER X AE B EFR A (Choi, Hand,
& Greenbowe, 2013) ; s " ;& | Ayt
JEERR DUKE AL 22 5w E8 (Choi, 2010)

EREEREBERES - "TEKHmE &
RFHEE(FIIZ.0 758 (Walker & Sampson,
2013) > DASRAIE2H B TR 0 TP EGR
ie ) e AR A S R AR AR YL 2k
[FEfZ(Osborne, 2010) - £ & b= HYRI 25T
BLE(E - Bl SR R AR
TR TTE » Wi s R AR M R RT3
% & (Ford, 2008) ~ $27HRIEE H PRE Gl
o PRIBEE > 2017) © HIE - T+ FEBEBEAR
SHAN(FLZR) IR T HEMIEAGREE | (reasoning and
argumentation) 5| fy B8 IV EH T 7 —(AH
s 2016) -

RMBEEREERE F > BIEPRITELREE
w8/ #4E(Choi et al., 2010; Kind, Wilson,
Hofstein, & Kind, 2010) » #4538 » REIRE

=
KOk
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FEMEEFFEERERENEE BE -
2 BlYME BRI TR R AN R R T AR
A8 753H (Chen, Hand, & Park, 2016; Choi et
al.; Katchevich, Hofstein, & Mamlok-Naaman,
2013; Walker & Sampson, 2013) » 32 EbEEEEY
R EHHKBRERT - BIBERIRS
AR AR B DU Ros8 48 - TTREiR NS
PRIUER) 2 S R R - e E
HURIEESmeE - 9t (Katchevich et al.) » B
By VR ERIE R/ NH G TRV S H RS
HEfE A imas SNV HEE - 1 A R EE AR R
s BT o B E BTN GRS T » e
B/~ B~ SRR REERIE
HEMOEEE ~ BRESHE ~ HHRTT > 2010 5 kR
#E PR - BEERLES > 2010 MR BE
fill - 2016 5 Z2{fFH ~ TRICHE - MRBUR - RE
i > 2013 5 &RLTZK ~ PREIEE - 2012) 5 [MPISA
201 SHYER AR REGHY 7y Mt 38 3 - B8 TRy
EHAERTRAGHEE T RY " ST
ThER - BERBEERERT WS EEE
BE R BRI ERE PR E R = AICRERE
MRIEE » 2017) - (R BB E T FREEHE
PR (FLZR) Ty F BN R - ERERIE 2R
BERGTEHEBLTL o (R A BHEBEEZ L
HIGH ~ PRICEIRIE S mEg e J(FE T - 2016) -
BEMERFTHEFRE - GRS AR
BRI R AR A R R EE AT
A

g HHEIN S - ERERETLE
SRR A S EE RE ST /2 i EL PR ERAY (T 75 (Osborne,
Erduran, & Simon, 2004) » B2 AR EFRZE[H]
B S = B YR S VA HL S (Watson,
Swain, & McRobbie, 2004) - fitLL » {FE i}
DRI E PR IGPEEL - TR LA
IR Em e VPR 78 TA R SR R B2k 7 B B2 B 5
HIE S o

= BEIANERIE(SWH)ETE

SWHZ BN s ag N ER T B2 - Bt
BERIT - dwmad ~ BIFELE AR S 456 (Hand,
2007) - fiABhER A AR RIS B (FHY A0 3 22
P& AV EEfi# (Cavagnetto & Hand, 2012) - {F
ER=ErIRER Y - BARTME - %G
By~ HERIE > WA BSSWHE R SpiE
(BRI R AR S EIEZRE - EMEEEHEE - &
e DLRN S 2 PAER R Ath Y 7R (Wallace,
Hand, & Prain, 2004) - FEE2AE 3 Gma0 B 1F K (E
HEME Y25 S HE A (Sampson, Enderle, Grooms,
& Witte, 2013) ©

RREER = BANE NS RGNS
HFE TR E R FH (Holliday, Yore, &
Alvermann, 1994) » B4 /D ar R R £
imz8(Kelly, Regev, & Prothero, 2008) o K[
HEIETHIASGE R - 24 H i SRR %
M IFE4R JH St % (Berland & Reiser, 2009;
McNeill & Krajcik, 2007) ; £ 4 fiE 2 (& Hi A5
RESE - BE RS e AR U DU GG
1 RES LSS AR SR ERAV & E M (Kelly
& Takao, 2002) » &t [m] A 55 1F 488 22y
¢MEf(Zeidler, 1997) - 45 » Keys (1999)5747
HIERH - PEARHEIRERESHAE - &K
FEREED 5 BA RS AR A FRE D
HEHIZLPREL(Kelly et al.) - [NIL > FEHBRERY
RHEELRTE T > i LASWHIR & B2 A 25 B
ZUEE) - TR i S E 2 o [ EESE
PR BC (EHE R S o & SRS - BEFRE e e bt
W - e #E 22 AR R R PRI R Y Gm ae R
o

Choi%(2010)Z /S WH 3 71 {37 R 22
o ot £ RS mEIERE -
ERER > IFERE4AwmEnERTF > £
THERBAERE - R TRE, BER
B BERTE ERSEBHEG L TN
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g &y Fon EHYE 2 [FE < Choi (2010)FF A
BEE¥aantd o ot KRB ER S E{EEREZ
oo A EHYRIEEH - TE, mERR
a0 RS A o (B EE BN F S
A B B AR A R — P a T -

Choi (2012)#EfE20104F158 - B a5 18
EERER _FA+ (HEER > SEERE
RMLL " SRR ) (E REFsrIntE > LLEE
B — ~ A ameean H R R o SEREUR
FERLNERERFAED B - HFT
EEBaBISh - mRE SR S S R A
B R FRIRARIEEN ) > HE
Bt~ N~ TEYFRIEAIAATH © ChoififE DA

TSRS 2 IIRES T IR A R B R S
HEmsa RIRAB R E > RUE—F RO
HRCZBSERE R/ W RRPE R
158557 » BEpF ZHEMRER N > HED
A 12.8657 - {E&HEGR I H BB R R
FTEL - L TREURELL " LSRR, e
BTFEIR ] - ChoiE(2013) 31201245
s FBUR S - TR, - T ER—EE
B (% o3 B TR ER AL ) dn B S e Y AHL K
I FEE BB (A R > H St o B 22 g A
il -

SRt LHSE - A E B E AR R T
HIFRET - SWHIERE R SRR Bl 8
B > DARNEESMAmBEE ER
Eimag o BbAh - THHIGR 6L E Y (e FE S AT B
STRERERM SG AT 2 5 R © 28000 > AEIERTE(E
BEAR RS2 B h > A FRONIAY (3 FE DA R 22
AAE & S ae RV RISS A 2% - Wit
S EP R RITE T (PR - TSR
AIER - BEEBTEFHEWAEE -

- RERSERERRECHERIER
S[ESES

B2 A B B S Rt w2 B R B B Y {8 )
7= 5% (Rivard, 2004) » SEIRTE S0 HIHE S AR
J7Ah AT B B ER S 58 Y 2 AHBA (S-S, Lin
& Mintzes, 2010) - “~i#% » GrimbergEiiHand
(20095t 5 ~ (RECELAE TN R EITRITER 2
SWHHYR AR » &5 BN L H R
R FI/K A BLERSE R A R (H BLERSE (T
BEEHR - Kind3: (2011) (5 FIEREREE
Rl ERtksTmESEER 0 DE
By ~ B ~ WhsHBLEEAL « TR - 2RI g
BANRAREEBS - & TIESESR ARIELE]
HHmwE mENE - SREW - BAEBA
B LIFEANmwEER) BB mik
A b B At A = A e v Y e 56 PR 3 B o
g o HEREERN BT - BESRER
BB LIF - et A RE R 5 R T
ohaH BEEEEAL - ZRMEN BB ST AT - 22
Ay BCH Z W MRS ~ T B e A TRy
S a0 AR TR B 25 H B SRR M
25 o WalkerBSampson (2013)WFZ2JREE TS »
EiRe 2 A R HEE S B H S R F B
EAHRR BB S B S 2 PR ERES 5T iR
% - B ATRE R SO IR AR RE - LR EIESR
PNGOE = e (= INEEE  ES -
F(Chen et al., 2016) °

FUERAIER S - R 2 N
ZimER  SEBREBREELRE - S5t
REHWRE W AE B HKRII e
Himil o A0 - BHEEERES(Choi, 2012) ~ By
BHFEE (Katchevich et al., 2013) Kz has5T 5w
axaT(Kind et al., 20115 - g2 B2/ L B
HHJ 2 2 FEBerland & Hammer, 2012; Walker
& Sampson, 2013) » M2 8 H & TIEHZ
Hy73Bc(Kind et al.) [ &£ 5w a8 RILAY S -
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HER - FEF 2R EFRERIZNR -
DARRBEZ B R IEE T - ME - e
DR EPRFEAERS - WARERAERE JTsR B PRIT 2
BRI © AR RIEEFR R OEE -
e ARt B AR AV EERIE R
oylc—E R - PR RO S B A 1A S
P78 > B A HER AR HIGRAV IR &R B
T oAb > TREIERAE T AT E MR ETRIEER
58 & U RER R R R R )
[EH R BRBULREEARCREDE - MIGLE
2017) » MAEE R ERIEERIEHY/ NHEEE R
AT FE B B AR SsS BE T AT RE ARV 1 2=
FL(S.-S. Lin & Mintzes, 2010) °

h DUFRRSTEELUNERERS
{F R VR E2 R 5T B
2

BB = T{E(laboratory work) ~ 3fiz¥
(argumentation)Ei E5 /F (writing) 35 £ B SEHYF}
B2 27 E(science practice) © ZR[f] » ZZEIYFHE
M E R 22 AR A S R 51 2R - ARV DL
BRI B A R REE ST > A
AR ERRE Pt/ VARG EFREREE
SRS E R ERENEE) AL SR
BN~ K~ EEZZAEARGTIBENEL
DUEEFERE R FHVHIER IR - RIERIE 2 HHY
B RE AR K 5 (AR RIS L AT 473 5 Y A 5 7
o ZEBBEEGLL T R % T —
BHEHA - K B2E ) HEmERE - HHEE
EEBR P EEARAGE  NAE P RE &
TEISOTER. AR [T 4 B ) DL E R A A TR (B
BHHb 0 2014) - NIt - gEsEER AR E A H IR
M RE S E BB R DCE AR -

B R Y ERI2 55T (understanding by
design) 5 38 DAHA SE HYE2H 45 SL1F Ry BRAE 5
AEEE - S AR SR 2R AR B R Y R 7 SRR

SN2 E#E(Wiggins & McTighe, 2005) » H
IRAE ax at HY = RS Bk Fr Ry T 8 S HY 22
HEER - hE R B EE R - e
B R F2EE) - KA RN ESAR R ET
NEFy - & g 2% ) g% (backward design) e
EL AR Ry A s L S T I E (R YRR AZ A
#(Krajcik, McNeill, & Reiser, 2008; Schiller,
2015) » BHESRE A 7774 (McElhinny,
Dougherty, Bowling, & Libarkin, 2014; Wood,
2009) - EEEBBIRIEFZE JTHE > IINAREE
R 2010 Frds I ~ BV RE J1 A
N5 & R FE (Competency-based Research
Laboratory Curriculum, CRLC)/& i [o]5RFZE%
STHYFEFE G - HHRARYIH FT4E R L ERAR
NMERE (R EEAEREEE - T2 AREER
BEENEN - B E kiRt 2
T o FEBEHE R A BRI JUE BN B
EIAFEIAFHE(Sanders et al., 2016; Shapiro et
al., 2015) = JtbAh - Krajeik S5 A&y E23E H
TEE )% s T = (learning-goals-driven design
model) B2 30 [ml BRI s YRR - DLEARE
FHEEHERE © DIRIE2BLRE fi sl & A PRa e
Ayt F(Investigating and Questioning our World
through Science and Technology, IQWST)HI| 2
FREm S I PRITERAR - B Bt S 55 B
Rl = (Krajcik, Reiser, Sutherland, &
Fortus, 2013) «

AENBENEREEZFNRERME - &
B+ —FEBERENCERIFR K A5TR
BRI RET RA > LR SR R E
Rz ORI R LA T (FaRAE - Ba T
THS | EREH NS > EHEEEREM
(FE (L) BHEE AR (BN ) A B 2 4
MBI TR © SRR T IRZE PETe e s ]
i R L R SRR AR SR B AR
BEAMHIEYIEE S o ISWHEERL LA )
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2RO RIEER TR  CIBREEE - AER
£ ing o (F AR B A 2 &6t - (e
PR R LR AR © DL AE AR S s
BIFREEEEZE  sFEERFETZE
FREBENRI - AW T SUE LEEA [F 5w
RPN S imea A EHRTZR - DI
HESRAEEAR SR E FREZE K
o MERUUESRE LR RHI S » & T
s ae s F oo B Y R R TR - DUHERGH
(ERER R ST o) R

- ek

AR 5 17 5 18 B i — 52 2 5 8
BFIRIE  WHEHEE SR ER SR
FRrp g R LB HEROR) » LUBARER AL A AR
RRIEEER « DT 5 RISHET SR ok
12 BREES - ST - RSB
SILMIRIE PP TR - B s T
FTEREA -

B 4B

W

— ~ WIFERRET MO AR

AT ZWHFERAIE AT o7 Ry iR AL 34 e ~ 3R
BE RSSO =8 - SRS RIS
Ll e ieseat IR RSPk BB G LI R B £
REFERFEERTT - S e it 55 1F R R HER I
PR TH S E P B IS B B2 (=%
18 NS BRI H (FE30/NEf) Ay 2HIRER
B o AR BAHAT ~ AR EE
PRI AR B2 A I 2R L R B AR R LB B Y
FEERiE - B4 D3 N —4HHETT R BRTT
FESWHHYS [ > DL " RS ER EimaER
B LR HBRTERER - WEER PSR -
ARRAETRIR AL " B RS B R R R
H ) DAREE R RS B 2 Bk R e

— HiIEER

AT R R R T s o - B
FELE 18 NS5 ~ 173k » B3N -
IS A ISAME THERN ISR, &
SR B ERLCES - Hod S AN S B S HR
YR IESRE - (B8 1 AESIIRE
T LR s B BT XS o

= EE

T AR RS ERE R
FUERLEBRITBIR (R A E) > IRaE P51 EaT
smill 46 T B MAE - SREEBB S —1FE >
RitE P ER CERPER > FFEREER
e BRI - HAI RSB E e £
L - aERFFTRENE - sFERET 0 5l
HNHBSEL ~ wwea H FBLEEE - HEREES
AYrEERZ BEEAN - AYERZELI
B4 RMEBRBAL= A HERFEHEE
TERIZRVE N

g~ RERFTHEEFRIENERE
(—)i«){ﬁ% HEF MR E R TR E
RIERTHEEZ FERUEFEEE
B TR RE - MRRRE - RN A R
I REST » BASER AR ARIERER ST RS/ NG
s - SR=ESTa - DPAEE S H - Hik
B N TR RUR BRI B AR RE
FERPERERIE B (R SRR A S8 2 bR T o 3 DARS
BZOLERE R TESN - A ERET R P
BHRGAAEE RS E RN Ry iR R et 22
IAE BHVIEA o 2 BRI T E LR ER AR
BEDBBER iV E - R EHERT 845 12K
HEETEE K RS - AR R E B
TERMEEER T AR T iR B AR YRR RE A i
B34 H i (Sanders et al., 2016; Wiggins &
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McTighe, 2005) - (At - WFFEE AR AR
aea R - MRIE + ZEEBE H A (R )
Zapte BB E R > Ml AR BeAe
CNEEERE T RAREEREIRE
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Abstract

The aims of this study were to develop a scientific inquiry and practice curriculum
corresponding with core literacy, and to investigate students’ conceptual learning and performance
of scientific argumentation in laboratory contexts. Based on Grade 1-12 Curriculum Guidelines
for Nature Science Discipline, we developed the curriculum, which included four inquiry enzyme
experiments through Backward Design. The learning outcome we expected was that students
could explore the construction of knowledge through practicing and understanding the importance
of writing in the scientific community. Therefore, we employed the Science Writing Heuristic
approach to guide students’ scientific argumentation in the “Enzyme Concept & Scientific
Argumentation Writing Journal.” Achievement test and check-type argumentative writing
evaluation sheets were adopted to evaluate the results. Step-wise multiple regression analyses were
conducted to determine important argument components. The results indicated that 18 participants
from a senior high school in Southern Taiwan did excellently on the conceptual achievement test
(p <.001) and written argumentation, which suggested that this curriculum could help students
develop their scientific concepts and scientific argumentation. However, there were distinct
differences between individuals’ argumentative performances. Compared to the stable performance
across written argumentation of high argumentation performance group, the performance of

EEINT3

low argumentation group was affected by the inquiry tasks. But overall, the “question,” “claim”
argument components and the concepts of enzyme were improved in low performance group.
Furthermore, the predictive components of argumentative writing quality were “claim—evidence

EENNT3

relationship,” “claim,” and “evidence.” Taken as a whole, the “evidence” component was the most
important predictor for overall argumentative writing. Last, we provided teaching and research

suggestions according to our results.

Key words: Scientific Inquiry and Practice Curriculum, Science Writing, Scientific
Argumentation
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