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R
ELRRIRAS RS

ﬁ =
BRSPS SR S DR R R T ] S RURAL 4R
{9 (Krajeik, Czerniak, & Berger, 1998 # NRC, 2000) - [E#3f % (inquiry)!'| 1 15 £
(model-based)= ?"%—’jfge FIY [ g’f‘ TR REE E{Ei['%;g’i%'?u o ZOR A P E AR
FEA o TR O P ﬁﬁiﬁﬁjﬁlﬁ? 5E = E"ﬂﬁ(learmng cycle) (Bybee, 1997) » &
I'} Schwarz #I White (2005)%][ 25 $¢ ¢ ! 41 (scientific modeling inquiry)’éﬁ)% ELEF] B0 5 f" |5

fETEE % =% (engage) F}ﬂ%ﬁ(question) + [ 7t (hypothesis) + =% (investigation) ~ 57 7
(analysis) %’LF'J(model)é‘?ﬁﬁ%(evaluation) > B 3'§E1%}‘i§§? VRIS R V9t o B [

;LLL;HE‘% %4 (generation) ~ F ,L{evaluatlon)l | Wi (modlflcatlon)ﬁlﬁ%@ RS T e R [l
WP PR A -
PRS- BR o HT B NBSPRER

Learning is inquiry. (Posner, Strike, Hewson, & Gertzog, 1982, p.212)
Modeling is fundamental to human cognition and scientific inquiry. (Jonassen, 2008, p.667)

2

> Bl
CHFTEEREAPE AR e

PE 9= B ASLUREAE (modeling process)fL
RISy gl £ {F[j (Jonassen, 2008; National
Research Council, {#i# NRC, 1996) € €/ iy
PRAPIFE RIZEHIFEE 7] 1 [y g A5

flk

I

= Fg: ﬂﬁlfﬂ EI%; jﬁ i E-?F’Q%@ (deployment) £l %]
SR PV L4 FEAE (Halloun, 2006) ©

B S Y R e RS T
X _4p 0

z,lbi_%[aa%;%:;l% ) bgfiﬁaf

T3] (model) ¥ 55 B[ SR U gL £ 7 5!
(Gilbert, 2004) >[I flat fiI [ 7 - FAGL IO R A8L
ﬁ?fé%} R R PR ST A

b= 3ENTE ﬂiﬁﬁgp I ri%[%?};&de?EHl%E%l
(Nersessian, 2002) o g 50 7l =5 i (modeling
theory)ﬁf?ﬁﬁlf{ljil_]'{ [ii ﬁ[%%ﬁ%ﬁ@ﬁ@ g

FEfU3EAE (NRC, 1996) » 4 it = B[] 5%
IR TS 0 D) R HIER S
P PE AR B S P R
(NRC, 1996) « T R 555 1 Bral 3 g =
e ER R PO R A R A 0 % - e
s H G [0S FEE (Thagard, 1992) -



) R § R B

[l ?‘l 7*’%}{’1’%???”“* FEL I py R B P g R [RIEERD S F‘ NP =R RN

(Posner et al., 1982) - ZI‘L?V:%?FT i F[ U,ﬂfﬂf? SROEV > kL
S RGN i (5 AR =t S S ] HEE - Cf % ks 5Py T % (Schwarz &

Thagard (1992)%7 g (EAIF P FL ~ FE‘ Gwekwerere, 2007) o

fill = p%ﬁﬁ* (HIRE - PI= fh pa

Y I | F"[ B[T@?'ﬁﬁ [ o~ A ENERET RS

IR g - B S R R SR FRORSPT ELRLR R S R

PUA [ g g oA o [FRL I ip%‘ﬁf TR = S F',"J%E“?‘?'f(NRC, 1996) - =]

F'“'y@’ﬁ‘&‘ﬂﬁ (A7 ] 555 A g, o e P A SRR T BV PR iﬁiﬁ}éﬁﬁ“ﬁ]@

i

S AL hE 4 2R R 3

Bruner (1977)1?5 biET
SELET-TENEA IS
(discovery learning) » 7+ IFE%EUF%"’\ )
ARl IS gosvp 5 m g
75;[%— B RS G & ) RIGE (intuitive
thinking)» & I'] 57 #7 |l 5% (analysis thinking)
(' 58 IR R SR OB il SR e L
o RV U R FE S 1 £
CEISE ST SN B B CE L
EJ”%TQE[ CRVF B I Y e R A e ]
R R Gl I
SR o RLELE B A R R
#* iF"[ f» (Krajcik, Czerniak, & Berger,
1998 ; NRC, 2000) -

JEII%% ) ;"rgﬂﬁ?ﬁ lfﬁﬂ%ké[ 528
fiY HZI J4 (Crawford, 1999; Windschitl,
2004) » {ELRLTE P [l RERS O 2 - 2

i RN R el e U
ERES AR SN S R )
FHEMAP FRFER 2387 =g

TR R T A ]
F]\jijgjé D FE B Fug?j{h}%ﬁ;?ﬂjﬁuijr )
y%mjﬁ%lfwﬁﬁrw LRl
(Buckley & Boulter, 2000) » I'] (&
Pl e R 2 A G Eiﬁﬁ‘ % (Duit, Roth, Komorek,
& Wilbers, 2001) - j i A = 7[%‘ ’fjﬁﬂ%[
BRI *i%ww%@mwwﬁifv
PR BRE PRI - R W
o D] 5 L AL -
B EH T ERAOEE ] DI B g
HI B p sk B+ S5 A O LT
PP S A T RS T
R R R T R EE R )
(Gagne ~ Yekovich, & Yekovich, 1993) - é‘Fi
R K PR OR] SE f
o 2DE B8 A PR E SRR 0 R
jJLAE%]‘:ﬁHF | W RIEER] 254 B (Carey &
Smith, 1993; Feurzeig & Roberts, 1999;
Lehrer & Schauble, 2000; NRC, 2000;
Schwarz & White, 2005) -
ER AR =i TR LA T
I
(S 1R 5 5%

B8 AT A B ﬁ
=0 FP’IIE; dyfﬂ, ’

(Bybee, 1997)I'] &
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(Schwarz & White, 2005)» = [ SF5| = &

SRR L E B PR
BRI L L R S

AT E SN TE i IR

i
A BRESERHL
N

P W ERRLE ] S0 0 IR 9
=P P g py - 78 U (NRC,
2000) - JRj F 2 BV VA BILRL AT
R S PV R ECE (NRC, 2000) -
Hosfstein #! Luneta (1982, 2004)t 5 $ %
KL~ FEREIV RS RS R
IERENON e T FJ“%E'HF:? SRV gﬁlgﬁgg
P - g B
Ty A 1 5 2 S R o R[5
SR BT S LR SR T S
VR 0 K
P IREL | 2 S0 A R T

RN RAE S S R
(NRC, 2000) » ' " 250115 6 1 1% 58
4 -

-~ EFE7TEY

}’;-Ezl:’:‘:’?fgfﬁifjéﬁ%lbls P& o me gl
(NRC, 2000) - 20 f] 5l ¥J#]2 ¥ Deway
(1910 : d| fr The biological sciences
# BSCS, 2005, p.19)f]
%:]}TF%‘FJ Eﬁ | g ZI:II VL FE R S Y
S T B AE R S
Deway f ! R %] 57 (19 57 1 Tl Rl

SR IR A N E 1 S

curriculum study, iy

T hy PSP AR RIS PO E e it 5 20 ff]
R o R I AR S SR A
JIR Bk 4 2 pE SRS e
(National Society for the Study of
Education, Ry7i NSSE, 1960 ; Deboer,
1991) + #i [} % ¥ Schwab (1966, I f
BSCS, 2005, p.19)$ELI11AR & f £ 7 (stable
1nqu1ry)J‘J i B 1% B S (fluid inquiry) fiY
B - R B B
E‘ﬂlj Bbil o BISFH RGN HEIE > &
RS B T e —
P10, 2003) » 7
T\ fﬁj R ifr‘J (Hammer,
TN
Fr A ?7’,[ (discovery
learning) '] % % {7 £ = (project-based)fi &
BE SR R
PRI o R iR 5 77JFUIH;EH] '
EE e 5%‘{}%{& Eg%ﬁ*é'l&% R
a»*ﬂv%ﬂ%&ﬂ P = T et e
FECNRC > A E ?74 IJ:Iﬂj Er(essential
features)sj 79[ (NRC, 2000 ; =12
thflﬁ/uﬁ*, 2005, p.58) :
FHHEDE ﬁ]‘ i E| 2

(NRC, 1996, 2000 ;
RN MR,
UL
(problem-based) ~
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IEU%g
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(Z) % 71 fiF AL SR BT 2 0 i
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AN~ BT  F S AT I E'Ug'%ﬁﬂ?%”*f R P SRS
TN R _Frw%ﬁ*mfﬁﬂﬁ?éw?ﬁiﬁ
(2) 5 HH RN e R [p' i FIFS EE4E, 2005 5 Kempa & Diaz, 1990) -
RE 2 R[5 R L BURT AR s ﬁ[f N ??‘ i % (Gibson, & Chase,
PR LA R AR B 0 0 2002 ; Shrigley, 1990)1' * i % #5% it
FlIsBitE Fruﬂ FYf TF“' o (=5 2 5HIIRF0 A, 1997 5 Kempa & Diaz,
(79) Eﬁa?ﬂﬁ :jéﬁ:glclﬂ[]’ﬂj iR 2 1990) = [fif 5 1 4 ¢ 9 7559 1 52 41 7 d 7
jFﬁ@M%HIﬂE* Eﬂ%‘“ > T F‘H': jri ‘.(& PEFEAIIRS A, 1997 5 M &% [ A=
F#H‘E% R~ ST . B, 2007) ~ & Eﬁ¢’ﬁ(ﬁ %G8, 2006) ~ R
(E???Fkﬂ@%%m%WW% Y i 1 SRR 9 R (5 A% IR
BB R AR P 3:%;! # > 1997 5 B RIFAIGL -~ 4, 2005 ; Tamir,

T 2B IJEF”I;L_ F RE > RS RO N Stavy, & Ratner, 1998 ; Zuckerman, Kieffer,
TS A L O AR e O ) & Knee, 1998) 7 [ P& [l 0 550 51 8 R

TR 5 4 =gl FﬁJ BT e | B pugsfl o

PIREER T“Féf H R
P T TS| IJTFJ ifﬁ °
RIS AF# s F R
1987)> CIJ?F[;]E‘E‘!I IZE%D,%&(factual knowledge)
') 3 #d H % 1 385 (procedural knowledge) :
ey li;ﬂ%ﬁm%w BT R AR

£ 7,7 (Hestenes,

[[uifg’:hﬂ’rj\ SV R A
ﬁw% A ﬁﬂ*m# SRR

FH o FE VR P I e

FOTIR - SRS FAOREN D)

R[S A R G RS O A
# (NRC, 1996, 2000 ; Bybee, 2006)

FoEiRE
] o = ?ﬂﬁugﬁl&’!‘%mu*r‘ﬁﬁﬂﬁ
ﬂ}%é‘“:%» RO P R R
wﬁ%ﬁﬁﬂm$éﬂﬁﬁkﬁﬁﬁﬁw
ST A (A [aszli;'-,2007)c,I‘H%5’z}lt%’f»?”ﬂ

¢

PRSP NS R
FI MRy 350 7 2 pu s » | T B 00 ED
PUFE K E[(J] F1 Bell, Smetana, & Binns,
2005, p.32) > Yk 1 B o Eufﬁ&%%‘[‘i&ﬁfj
$¢ 9 (Confirmation inquiry) 1?1?[ pY B %
(Structured inquiry)~ 9 &% U 42 (Guided

&

inquiry) I'J % B & [ py £ % (Open
inquiry) o I'J [ gt 2 L 17] » S5 = phfeit 50
By AN %ﬂf&'é P I'Z"?%ilfi’%ﬁ]i”ﬂ R i

R - TR AR
P = R 1 A0 ST RL ) 2 0 A
2P RS S SRR
FORBEs A [ R TR B
RL fy = PR PR RE o e 2% o
SRR PR RS oy
VRO Rkl 2 0T I L kg (N i UR
R RS I URE TN ) AT
ﬂtﬁ@%ﬁj [ o
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1~ 4F g F& e B = (515 Bell et al., 2005, p.32)

PRI

MRPEH e e

ile] HFE ET
e 0 Bt puPEsde (Confirmation inquiry ) v v v
et 1 AdAE (Tfu 4 (Structured inquiry ) v v
W et 2 d]&8 %t puEE % (Guided inquiry ) v

et 3 B[y % (Open inquiry)

B RREL RS
Fﬂi%éfimxgﬂ[ﬁl*“%f JE RSt b
FHB RS FER EJH S @»ﬂif LI
2007) « 3 - FE R
ﬁﬁ l?”?'iflf’ J”# 3
i S PR TR
TR A RLT] S B ?HEl*J KLl
S #Eﬁl’s,p ?f[?i?i, (Ep g g
R - ORI = SR
HIp ﬁ%ﬂﬁlﬁ L R R e R
% (= ’5, lﬁ,(ﬁi:bl I B 2007 5
NRC, 2000) - I'| Bell 2 (2005)i4 Bk 57 &
Ao L PR R T B A B AT
?fﬂfﬂm FH-fH E’g?q?ﬁfﬁé‘i IR Fﬁ'%’?ﬂ
753 EJW“”E?TJMU SN Vg o § gufgl.jf%
Jr“ﬁ‘ﬁﬁ‘% SHEY IR PJ’E@F EEIE\JFA

o BIF o JIELFVPSRL - SRS SR
/75\7* E”ﬂ%’ﬁjﬁ@’g@%é‘“ﬁ JJEU*YE’Q*J
=V (National Science Education Standards,

p.24) °

2 B REANAETHEEHHS
- el
EORIS *%‘Fyuﬁil_ (9t o A

I'J 7 53 A8 B[ (Buckley & Boulter, 2000) - i
Sl =13 FP”F SRl B RL— 2 5 (modeling)
PP SRR R [Pﬂﬁ‘glg’ﬂ [132 65
ﬁglﬂ,ugu i F‘[f% R S RN
%Fpu IHW%JTEAF”YEU:’@?&?ﬁ » R
VR IO SLE] (Hestenes, 1987) - 18LE] 78
KIP' < RLP2ETP {F (material objects) » il ’F?E
Y144 E(representation of abstracts) -
BHFEWE AR R R
(event) ~ — [l xfj * (process) iy fL— = 5k
(system)(Gilbert, 2004) - T+ %;[%?»?Fé{t [l}‘F'-‘[
TRVE[ S G o BB YRS EEL] e
LAy E ol £ <1 (Gilbert, 1995) » * i
MFRE L P SR PR AR
fil B4 [ B (Gilbert, 2004) = P11 > FLE
S5 H BIE PO T [ L B g
(Rouse & Morris, 1986) > *4 = Sk WY
B CERL o 3R [ 9 A B (Francoeur,
1997)» &> = ﬁﬁjﬁ[ﬁ%ﬁﬁ?%&%ﬁ%ﬁ[%qﬁ%
== 3 ) pv gL #E (Gilbert, Boulter, &
Rutherford, 1998) -

BB RO Y %k RS
(Gilbert, 2004) » & F‘j = ?ﬁ‘%’i?“ (mental
model) '] & |4 5L B (expressed model) » £l

J



3 O OE R A

FIVES SRR iy i BT [T ET otk 53 7[Rl
] 78 3 (Gilbert, 2004) ° || Buckley &
Boulter (2000) ELIH G~ UL RS o, F
ﬁﬂvrﬁ@wmw’w@ By AR 2D
= BV ﬁljﬁl* Trag I lﬁl 1 B o i~
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Eﬂﬁh&ﬂwFpWﬁJ’m¢”ﬁfﬁ%EJ
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Fl1E 2D

L “F“Eif
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Fli
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R
L
B

BT =

AR o R A e 3
Buckley & Boulter,

Bl ~ 3%
T % (5[ E]
2000, p.121)

~ F04) 5 A 98 ¥ (model-based

learning)

Buckley #[! Boulter (2000)&2’3}@@%‘[[ 2
F' FHEM Gl EA[NES ?"?@E‘H%ﬁfﬂ oy IFEJ

FUH B TR %qr;@?u%
N AT SR R R
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i I#q%gjf;; Ry = ??E&Eﬁﬁﬂ&ﬁ '*EHF )
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33???{}{{}’3?1@ (R == LR S PR
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AL T AR b RS R B RS
f‘:] IR PJ ENR ”p;fg;ﬂ ) 'E‘ ”p;]g; =t
ZEFT Y (Clement, 1989 5 Justi & Gilbert,
2002)

ERs :r«x 3

45 ’:’\‘ ’h—:]

1%3”}3’:

o35 i
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o

EiagC R
Bl 2~ TREAE B AP Ao HEN AT

¥ > 3% (31 p Buckley & Boulter,
2000, p.122)

= ~ # A 5 4 ¥ £ (model-based
teaching)

S fl B BT T e e T ) A R
PP ST ASLEEL = 555 U EE, (Buckley
& Boulter, 2000) - Gilbert (2004)# #% %[ %
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%%#Hl’%é}; &£ A PUZEI = Rl RY 55 -

(—) BB {FHER (learning to use of
models) :
§§$%E%mW@“ﬁﬂ”ﬂ?
WRLE= (R S HERL TR 1P AR S

Y Tl R A BB P G5 R o

(D) 225 E & & (learning to revise
models) :

SRS I AL
FE IR Y S R LR
L R ALY (5T ﬁii}rj" B
TEAs a4 -

=S)EBZBFE I — @1EH (learning the
reconstruction of a model) :

[t P =R R v (]

ATETATT BB FIBLE] -

BESHEE —@K3 (learning to
construct models de novo) :
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i T‘AL

&»% | H

Jcr

\

H_L

F
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Karpus (1977) 11 ft 2 ?7’]'?%1155 73 K =
P FE > Tﬁ}?ﬁf—*{é(exploration) el
(concept introduction)== =& = | (concept
PR RS T gy~ W
PSR+ 20 A1 e
g R P e ]
iy f;l?(mental disequilibrium) » [E} & 5 [
2SR ¢ B R R
3 A2 2.9 TS 5 A
MU P RL R e SE O A e e
oo 3D 5SSl T Y 9 [ EE A
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& Gwekwerere, 2007) = FIf]=IE ??}{}{ﬁj’%&
RESEES S I B L Nl
(Halloun, 1996 ; Schwarz & White, 2005 ;
Wells, Hestenes, & Swackhamer, 1995) -
Wells &~ * (Wells et al., 1995)%“{}7;5%
H L7555 (Modeling Instruction) [ﬁj BERLA]
H] Karplus (1977)%»3»??5%1(1earning cycle)p

(S P st Priufed. P‘J[FEJ?:,E
S FEE RL A 3 - [l SRR RS Y BUT

18t (modeling Cycle)'ﬁ:‘ﬂ;[ig]ﬁ%’ g

s ﬁ;%‘—rj F[JJFJ;‘[H]}E“FQ; EX - EE oS
FG - pERECE G EE ST R

o2 EHAGE N FJ-'[’,EZ\&E‘/ ISP N S F
S TIE X

B 4 i %
EXUSAETE N

SRR Y o FTFUI?”?&H' ﬁi
GRS SOl E R v 2 ﬁ’*H 1=
(peer-collaboration)f R AR PO A I
B 2 AL T B <

1995) 1578

i35 (consensus)V & -
5 P T 98

(generalized model) ;

Wells = (Wells et al.,
S R RS T BRI
S 5 o 1 ¢ﬁ IR
(discourse) » & ©' FJZF]ELF'JT[J {4 {1 o 2
*ﬁeﬁ o PRI Y |Fﬁ§’4t‘@ﬁ;~fﬁﬂpﬁ Bl



3 O OE R A

P — IR R S I s
i 5 K| 2 51 F (Y i (= 1% (operational) !
ANEER N R G E R E AL EIR

B T - 5 7% 5 TR B
yégif;gmg&rﬁ BEE iﬁ%—* ER RN

ST o v YR (ST
?C’rl“

Halloun (1996) ﬁi’ =L X U% Hestenes
(1995)# fﬁ#{%ﬁ Ll'){%f-;l ﬁ ﬁi(schematlc
modeling) fiJ*E'f‘ -l F[ LB 3 & (model
selection) — riﬁiuii il %ﬁ’g[

BB B O DR
oL T B EP LD (0] D LB

(model construction) — 2 % Lo [ H - e

SRLE] S LR35 [ (model Validation)—Fgj
£ A F’?T—Eﬁm FI'U?J j«"f[‘i{: , 'ﬂj][[ i—j\ £ ? 1
e P AL AR AT R

57 #r(model analysis) — %f§r= )FiF‘JJIéF‘/;H
R R YT T
deployment) — fj= [t ' 1L B 2 (9 [Hi] |
I?iﬁ =1 5”3&?@;’; ;e i—;{lffﬁ Halloun
e %@p%lﬁl“ 1}7’*]? AP 2R T e A
A RE RS ¢ SRS T2

"EJ Y 'I’:JEEIEJA} °
Schwarz #I White (2005)#d.1%[ =
Bome oW @
ThinkerTools curriculum (R METT X
*E) R R s on e 2 2 20
ST H LT PO ARLE] o T AT Wells
(Wells et al., 1995)I'] % Halloun (1996)%r
?EL[’EIJ—AH?]% » Schwarz #[I White I'] B[ 255
R g (R[] F0E S

7 (model

s
Model-Enhanced

=l

Bl

=~

-11 -

=%

l

(IR~ 153 Sy P~ LR FES
) TR 0] 58 K 0 R Y
i/[lqiaﬂ' 3 Hra. o PE ’?E?EHI srﬁﬁ = n’*j:ﬁ“ﬂ

4wﬂgwwﬂuﬁﬁﬂ*éﬁmw@$,§

Fod s GRS R AR
BoiBG U 53 A e PO AR R A
leéj%*’ﬁﬁé’rf“‘@fﬂ U H Rk =
B AT 3
g AR
\ A

SR B EAE (5]
White 2005, p.173)

Schwarz -

TR E P BT R T
ﬂ[ﬁ:“iiﬁﬁ’é‘ﬁ%?ﬁﬁfii&#z‘iiﬁﬁﬁfh '
P FTH Al B B (Schwar
& Gwekwerere, 2007) » JEE ;ﬁyﬁﬁ']p\w_i
IS, 2 S E ] [&% ST T
REESE L—%Eﬂ IFi Eﬁ ISR
Ezp%wﬁﬂﬁﬂTgﬁﬂw - L
FLFE o i RL T R [ 48 3 [ 9 o TR
(Sun, Newstetter, & Nersessian, 2006) °

+ ¥ (=¥ (AL van Joolingen (2004)15h

J,\

\



A2 2% A A 2010 £ - 05 A - 328 #7 > 2-18

Science Education Monthly No. 328, 2-18, May, 2010

PRSP TR R
B e TR £ P LT P S b 1
FOTHIRE » g3 2 4 o DR e ) ?ﬁ%
B B IR R R ) e

R pvaT N o R P BR S
FESARg - 22 R LR - S AR R
EIUT@%%?W%%/I& ) T S EES S RT  A
L 5T YR Eﬁ%ﬂm (van Joolingen, 2004)%l
2 B I RS s R R B
(Kuhn,1970) - ﬁﬁl}%&d“ SERANAE A
P (ER B = S A8 > T o= fy )
7 ﬁr%@#ﬁ?[%}a‘iq B EEE 5
Y R
S S S R

2 ﬁﬁp@:&_*j qHF T LFLTIIJZ fis) A
<o B B RS S 1) E S RS

ERE S s ?‘f%@%{ﬁ”ﬁ*‘ﬂhﬁ‘%ﬁ”%ﬂ%

BTy o iy FBLE] PR ] Y R
=S 4145‘/*[*#%?5”%4% PUASLE]
HF@%WLW“ﬁﬁ?’B«%@W%
HE AT TR o PN 980
PR R 550 G R T A g [

.%‘

o R A
RS iﬂ%%’%ﬁ%ﬁﬂ
EEEY SRR

i‘mﬂﬂ*%ﬁﬁﬁp%ﬁﬁﬁﬁ§ﬁ

R LT

N H lgiﬁaiﬁ’v 53 FT I R T R e i G AR
Ll'ﬁg EREEEA] 7,5;[%* —Tlﬁ[-ﬁﬁ

B

bl

E
P~ == R R [ ﬁé]‘% » ¥ 5 R
Fidf 1 R o R

|Z] rpy

-12-

F ¥ A1 5L BSCS 38 B[ SE 5 H =
(Bybee, 1997) » ™ 2 # Schwarz #! White
(2005) Frr il pra & 28 5 2 52 F‘% 75 9
BB KLY I 4T o 4
¥ [=H R Schwarz A1 White (2005)f SE
BEFAELZ R EI'U}ZE?F:I?E“F& I Wﬂ“’(investigate)
ENEE %wﬁﬁ%% [N ZEF kL 2
17 ui@%l%??ﬁuﬂr%gd}, w F' Fa |
[ RAEFFEFIORAL  PHEH
H o 5 R AR N s 5 R
ﬁ%mggﬁ;@¢%%§ﬂéﬁﬁﬁﬁ
R H PP Pk I W IR B

“:TVI’A},

TR > A B R R
ApposedUm . AiEE E F?—”E:J}bf%
I PRV il B [ B LT 1) A

B [ e [ R
Mol 5 T BRI
TR B R o TR
LY

—_ N

\]
/l

@& B
=
L

Il P - w5 2 i et I P TR
ﬁéﬁﬁq@ﬁ‘?@?}{m% it W
}‘ﬁ : a:j‘)lj/‘%l% IeF F EE ﬂéﬁ&k[sﬁ’g
EY ﬁ@Fﬁﬂ%%@W% EER
BOTAT o e AR E o

Z B IS RS Y A
N §F{F&f§‘?§?é gu:r Fi 0 =

LA lﬁ;ﬁﬁ'm% BRI T
LSRR P o g T
FHRE fos o B EFOIR G %
%@,jfﬁ%ﬂ%Q%WWW@



3 O OE R A

=~ RER S E AU e 1 o 8
i Wﬂﬁ*iy%ﬁjﬁwlﬁ
(R[S 1 [ -

P9~ B35S ¢ (MR 'Wﬁh%ﬁﬂ
B B PRLa R S W TR
F O G) TEH RRR

Fal ﬁffﬁ : ﬁz]f}ﬂii* STV o A5 A

REBPR N 7;41* I i P
LJIFT'EUF,‘ dl**f»'E']J
AN SR EW%&H'E EU IR e R
FA‘% Tl 2195 % i) i 7 1
F'J? R S Pl PRAES bl
e

o~ B P AT BV
S o BIJTH 4 2T HERBE -
PR Y TR 1y 5 sl 59 2 0
Aol HE F'E Oy Il 1% 152
F[’:jﬁéj:f[ N ﬁél"eﬁgl,ﬁﬁjﬂj ?—h";’?—‘ﬂf{ Eléﬁﬁ

LB S0 8 25 OB
@i ﬂﬁwﬁﬂ*ﬂ[?”m

O A 2R
& mzp@ﬁ:%tf[[gi f{ F'“ﬁ GRENS Sl
FORLE] > = 2 i R S
H13 fEleup&}Fj%“B b EE
Bl K A AR ) W AL uﬁ;wjgja
B B =~ (W R Y RLp E] A
P PR (S 119 g -

FNEHEEEWER R

[ R R O IS S
@W%&@%ﬁﬁﬁsﬂmﬁfgﬁ%

%#%’WﬁQWWEH@W@g‘%%:

-13-

PR BS TR IR R RO
ﬁfﬁ[@ﬁjﬁ‘ulﬁj’ﬁgiﬁ(ﬂ I i;{«E’Tl‘}J
B O %%?ﬁ B

v
i
3

[EE

¢

i
¢
s

¢

iyiN
Eﬁj

b
i

I
|

I

I

I

|

I

I

|

I
I
I
|
I
I
-

R O A

B4~ SR ETRERE (B

i p  BSCS, 2005 ; Schwarz &
White, 2005)

YT AL R
e (BR] EE S5 WEEVE
NI S A R AR o 1 Aeediil lla
B g qugkij‘ FO TR K 7% L
LR N2 ? Jfbi_rf’?}%ﬂ'gufﬁﬁ
&Eﬁﬁﬁaﬁﬁﬂp )i R Y
W2, SACRRREE - F RS S L
VT R S 1

HOBLBE RO S R EAR T R RS S TR
B 5 A5t 0 O S (B[ E
%ﬁ?ﬁ%ﬁ’ﬂuﬁﬁ?ﬁ*#ﬁﬁﬁ
TEPH A S TR - PR A BR Sy
%w?r%% ”ﬁﬁw?T%ﬁ@&

- FEHIRE - 5 B E S O

[I5 = st



A2 2% A A 2010 £ - 05 A - 328 #7 > 2-18

Science Education Monthly No. 328, 2-18, May, 2010

ﬁf»}f@%ﬁ%z L @A T LR R
%%fﬁ*ﬁﬁmﬂPW%”¢~%a%¢&
#4%@1 e Y B A e e
b TR %F‘/EE;U—{J:FUF A
T R T S TR R
ES et A LR SRR e
@%'lﬂﬁ”%ﬁ‘]‘lfﬁ % LT o R -
e AH“ﬁ\IJﬁﬁL};KJ SR
[T i 20 o P o[ AL e P Y

R

B A

O ]S ELL R
# A FPd 2 Thagard (1992)Fu R =
?, [\Jig\i;ﬁ]”—tj g F' » pd & ]EIJE‘EET'Z?E[TJJE?‘E]
5% NI [ E UR] S5 U RRA Y 1
W= SO T R[S0~ A 5y = fiff 2 8 R
I~ R EE F%?r?ﬁﬁ? T
SR~ RUBEE BV AL LN e pu AR
B w=m e v Tghsi ol RS T-%
SYPOASLE] Y [ EAEL R SEI S L - HpuSE
W - xR 5 i EJFdi[ly'} #r > Nersessian

(1992)?1?3 S| 2 g i 4 U AR L ST R
puo 2 ZERLY Kuhn(1970)ﬂ%§, R
G > 5 2 S ] T ] B M Q. e S P L

- [ﬁr’ﬁﬁf J ;pf‘?%g Fg,l ;Eﬁgilir,ﬂj
W%T#% 5 %7%&~ﬂ*%w
A T B L - Y R
SR o3 TR B s S S AL N Y A
LRI T RS TR MR B S
%[%ﬁﬁfﬁm]ﬁﬁjl o % g%]*i@%@ﬁéﬂ
Prl) e R G SR R 2 P v - S

- 14 -

B R

FE I Py B

AT B S 4 TERLTT I 4 R PRl
ﬁl Uéﬁg%[?fjﬁ IS F e - A
TRE ~ 755 TR~ 2% P~ 53 AT i g

B SR [ R LR S T A

(T % 2R A puAm ) Y R -
Y EH R R T
’F”E’EEH% [y Eh P RV FES PR

[ﬂﬁjﬁé (e J]ﬁf“yﬁé’f;}% HF ?F”i‘ﬂwvﬁ'

;ﬁg EF@;H'%[EF@@W x| 2 "ﬁaé[uﬂ}‘:ﬁgﬂ

TR B f%ﬁ%i RS9l s

PEAAE B R R b S pre

;‘DI{'_}%EFUE#PL b= PST = %‘ FOETAY
¢#F@§V5E*ﬁﬁmww1%nﬂz
I'} Schwarz #[1 White (2005)5 .11 oA 2
PEREP PR LAY W A TR e
IRE ~ 3T~ -k~ 5147~ R

=N

%~%v%%%?W@ww1w%’Jw
GEHE TR ARl S
4 T WO R BRI 5 R T IR

[ SR IR [ b Y PR R LR

R &[wWVA 4 4] 13
LT 9RO BT - R

fé"‘ ijig\' J__‘*;]_j}'j F[’\’J%'{%’(o :/T\‘F:‘ [“E%/H_g[
T L PR AR R g R )
TP T T FHUPOWIEFR
J JH %w;—gfgy%ﬁ@ﬁ
Fliep **jpﬁ?@@;@

IR

% - 58
[ %%H%Hﬁﬁ
U?Fjﬂrzﬁiﬁiﬁﬂ - wR %fl E'



3 O OE R A

I Eﬁ'@‘ﬁf a7 Iln’ﬁ?%”bguéﬁ ﬂl
E”TE RN '[fﬁﬂ['”\*] I — ];I—ﬁ\E
PN PR o

Bl ~ 223K
F R IR A (1997) ¢ TR RN
SRS AT 15

SRS R QIR PR s

e REHHEI 54
461-497 -

F'[J%“ (2006) ° JuF — EIFNFAHES] 2 4 K|
o TV R SR

<rr

mymﬁwaoﬂ*&ﬁ*w
14(4), 1-25

S (2003) - E?WH' TER O~ B

el e i[i PR

W I (2007) - BT K
S B E R Bl ] 2 28 E?H;i,j“;r % EJJ
moRFEENFEA 154
439-459 -

B - PR (2005) - 5 P
LR LA
oA Esn e 13 (3)
289-315 -

SR~ Lo ff (2005) - %4‘“?‘%[[@5«”
(s Pﬁ%’“ cJuRy R /’11‘1}“
J\g"% *li‘?%"f? ® o 5002) >
55-84 -

Bell, L. R., Smetana, L., & Binns, 1. (2005).
Simplifying inquiry instruction:
assessing the inquiry level of

classroom activities. The Science
Teacher, 72 (7), 30-33.

BSCS (2005). Doing Science: The Process

of Scientific Inquiry. National
Institutes of Health, National
Institute  of  General Medical
Sciences.

Bruner, J. S. (1977). The process of
education. (2nd Edition). New York:
Vintage.

Buckley, B. C., & Boulter, C. J. (2000).
Investigating the Role of
Representations and  Expressed

Models in Building Mental Models.
In J. K. Gilbert and C.J. Boulter

-15-

(eds.), Developing Models in
Science Education (pp.119-135.)
Netherlands:  Kluwer  Academic
Publishers.

Bybee, R. W. (1997). Achieving scientific
literacy: From purposes to practices.
Portsmouth, NH: Heinemann.

Bybee, R. (2006). Scientific Inquiry and
Nature of Science: Implications for
Teaching, Learning and Teacher
Education. In L B Flick & N G
Lederman (eds), Scientific inquiry

and science teaching (pp.l1-14),
Springer: Dordrecht.

Carey, S., & Smith, C. (1993). On
understanding  the  nature  of
scientific knowledge. Educational
Psychologist, 28, 235-251.

Clement, J. (1989). Learning via model

construction and criticism: Protocol
evidence on sources of creativity in
science. In J. A. Glover, R. R.
Ronning, and C. R. Reynolds (eds),
Handbook of Creativity: Assessment,
Theory and Research (New York:
Plenum Press), 341-381.

Crawford, B. A. (1999). Is it realistic to
expect a preservice teacher to create
an inquiry-based classroom?
Journal  of  Science Teacher
Education, 10(3), 175 — 194.

DeBoer, G. E. (1991). 4 history of ideas in
science education. New  York:
Teachers College.

Duit R., Roth W., Komorek M. and Wilbers
J., (2001), Fostering conceptual
change by analogies - between
Scylla and Charybdis. Learning and
Instruction, 11, 283-303.

Feurzeig, W., & Roberts, N. (1999).
Computer modeling and simulation
in science education. (Eds.).New
York: Springer-Verlag.

Francoeur, E. (1997). The forgotten tool:
The design and use of molecular

models. Social Studies of Science,
27, 7-40.

Gagne, E.D., Yekovich, C.W., & Yekovich,
F.R. (1993).The cognitive

psychology of school learning (2nd
Edition).New York: Harper Collins.
Gibson, H. L., & Chase, C. (2002).



A2 2% A A 2010 £ - 05 A - 328 #7 > 2-18

Science Education Monthly No. 328, 2-18, May, 2010

Longitudinal impact of an
inquiry-based science program on
middle school students’ attitudes
toward science. Science Education,
86, 693-705.

Gilbert, J. (1995). The role of models and
modelling in some narratives in
science learning.Presented at the
Annual Meeting of the American
Educational Research Association,
April 18-22. San Francisco, CA,
USA.

Gilbert, S.W. (1991). Model building and a
definition of science. Journal of
Research in Science Teaching, 28(1),
73-79.

Gilbert, J. K. (2004). Models and modeling :
routes to more authentic science
education, International Journal of
Science, & Math Education, 2,
115-130.

Gilbert, J.K., Boulter, C., & Rutherford, M.
(1998). Models in explanations, part
1: Horses for courses. International
Journal of Science Education, 20(1),
83-97.

Halloun, I. (2006). Modeling Theory in
Science Education, Kluwer
Academic Publishers, Boston.

Halloun, I. (1996). Schematic modeling for
meaningful learning of physics.
Journal of Research in Science
Teaching, 33(9), 1019-1041.

Hestenes, D. (1987). Toward a modeling
theory of physical education. Am. J.
Phys., 55, 440-454.

Hammer, D. (1997). Inquiry learning and
discovery teaching. Cognition and
Instruction, 15(4), 485-529.

Hestenes, D. (1992). Modeling Games in
the Newtonian World. A4m. J. Phys.,
60, 732-748.

Hestenes, D. (2006). Notes on Modeling
Theory, Proceedings of the 2006
GIREP conference: Modelling in
Physics and Physics Education.

Hofstein, A., & Lunetta, V. N. (1982). The
role of the laboratory in science
teaching: Neglected aspects of
research. Review of Educational
Research, 2(2), 201-217.

Hofstein, A., & Lunetta, V. N. (2004). The

-16 -

laboratory in science education:
Foundations for the twenty-first
century. Science Education, &8,
28-54.

van Joolingen, W.R. (2004). A tool for the
support of qualitative inquiry
modeling. In Kinsuk, C.K. Looi, E.
Sutinen, D. Sampson, I. Aedo, L.
Uden, & E. Ké&hkonen (Eds.),
Proceedings of the 4" IEEE
conference on advanced learning .

Karplus, R. (1977). Science teaching and
the development of reasoning.
Journal of Research in Science
Teaching, 14, 169-175.

Kempa, R. F., & Diaz, M. (1990). Students’
motivational traits and preferences
for different instructional modes in
science education: Part 2.
International Journal of Science
Education, 12, 205-216.

Krajcik, J., Czerniak, C. M., & Berger, C. F.
(1998). Teaching childrcn science: A
project-based approach. Boston:
McGraw-Hill.

Jonassen, D. (2008). Model Building for
Conceptual Change. In S. Vosniadou
(Ed.), International handbook of
research on conceptual change (pp.
676-693). New York: Taylor &
Francis - Routledge.

Justi, R., & Gilbert, J. (2002). Models and
modelling in chemical education. In
J. K. Gilbert, O. DeJong, R. Justi, D.
F. Treagust & J. H. Van Driel (Eds.),
Chemical education: Towards
research-based practice (pp. 47-68).
Dordrecht, The Netherlands: Kluwer
Academic Publishers.

Lehrer, R., & Schauble, L. (2000).
Modeling in mathematics and
science. In R. Glaser (Ed.),
Advances in instructional

psychology: Volume 5: Educational
design and cognitive science (pp.
101 — 159). Mahwah, NJ: Erlbaum.

Linn, M., & Muilenburg, L. (1996).
Creating lifelong science learners:
What models form a firm foundation?
Educational  Researcher, 25(5),
18-24.

National = Research  Council.  (1996).



3NN ] R AR

Education
DC:

National Science
Standards. Washington,
National Academy Press.

National Research Council. (2000). Inquiry
and the National Science Education
Standards: A Guide for Teaching and
Learning. Washington, DC: National
Academy Press.

National Society for the Study of Education.

(NSSE). (1960). Rethinking science
education: Fifty-ninth yearbook of
the NSSE, Part 1. Chicago:
University of Chicago Press.
Nersessian, N. (1992). How do scientists
think? Capturing the dynamics of
conceptual change in science. In R.
Giere (Ed.), Cognitive models of

science Minnesota studies in the
philosophy of science, Vol. 15.
Minneapolis: University of

Minnesota Press.

Nersessian, N. J. (2002). The cognitive
basis of model-based reasoning in
science. In Carruthers, P., Stich, S.
& Siegal, M. (eds.) The Cognitive
Basis of Science. 133 153.
Cambridge University Press.

Perkins, D. N. (1986). Knowledge as
Design. Hillsdale, NJ: Lawrence
Erlbaum Assoc. Publ.

Posner, G. J., Strike, K. A., Hewson, P. W,

& Gertzog, W. A, (1982).
Accommodation of a scientific
conception: Toward a theory of
conceptual change. Science

Education, 66, 211-277.

Rouse, W.B., & Morris, N.M. (1986). On
looking into the black box:
Prospects and limits in the search
for mental models. Psychological
Bulletin, 100(3), 349-363.

Rubin, R, L. and Norman, J, T. (1992)

Systematic Modeling Versus the
Learning Cycle: Comparative
Effects on Integrated Science

Process Skill Achievement. Journal
of Research in Science Teaching, 29
(7), 715-727.

Schwarz, C., & Gwekwerere, Y. (2007).

-17 -

Using a guided inquiry and
modeling instructional framework
(EIMA) to support pre-service K-8
science teaching. Science Education,
91(1), 158-186.

Schwarz, C., & White, B. (2005).
Meta-modeling knowledge:
Developing students’ understanding
of scientific modeling. Cognition
and Instruction, 23(2), 165 — 205.

Shrigley, R. L. (1990). Attitude and
behavior correlates. Journal of
Research in Science Teaching, 27(2),
97-113.

Sun, Y., Newstetter, W., & Nersessian, N. J.
(2006). Promoting model-based
reasoning in problem-based learning.
Trabajo presentado en la reunidn
anual de la Cognitive Science
Society, Vancouver, Canada.
P., Stavy, R., & Ratner, N. (1998).
Teaching science by inquiry:
Assessment and learning. Journal of
Biological Education. 33, 27-32.
Thagard, P. (1992). Conceptual revolutions.
Princeton, NJ: Princeton University
Press.
Wells, M., Hestenes, D., & Swackhamer, G.
(1995). A modeling method for high

Tamir,

school physics instruction.
American Journal of Physics, 63,
606-619.

Windschitl, M. (2004). Folk theories of
“inquiry”: How preservice teachers

reproduce  the  discourse and
practices of an atheoretical
scientific ~method. Journal of
Research in Science Teaching, 41(5),
481-512.

Zuckerman, M., Kieffer, S. C., & Knee, C.
R. (1998). Consequences  of
self-handicapping: Effects on coping,
academic performance and

adjustment. Journal of Personality
and  Social Psychology, 74(6),
1619-1628.

FERE 3 £ 97 03 7] 03 F!
Ao H] 99 = 05 E] 04 F!



FEZFH R 2010 F - 05 F » 328 #7 - 2-18 Science Education Monthly No. 328, 2-18, May, 2010

Guided Model--Based Inquiry and Modeling Teaching
Framework

Jing-Ping Jong
Jing-Ho Senior High School

Abstract
Many reports showed that many students could not accomplish their inquiry task independently.
Guided framework for learning and teaching is important (Krajcik, Czerniak, & Berger, 1998 ; NRC,
2000). The report here presents guided model-based inquiry and modeling framework to help science
teacher and novice learners. The framework includes engagement, question, hypothesis, investigation,
analysis, model, and evaluation, which are revised and elaborated from 5E learning cycle proposed by
Bybee (1997) and scientific modeling inquiry proposed by Schwarz and White (2005).

Keywords: inquiry, model, modeling, guided model-based inquiry
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