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The purpose of this study is to develop an argument-based modeling strategy, utilizing writing and
argumentation for communication in science education. We need to support students and teachers who
have difficulty in modeling in science education, this strategy focuses on development of four kinds
of factors as follows: First, awareness of problems, recognizing in association with problems by observing
several problematic situations. Second is science concept structuralization suggesting enough science
concepts by organization for scientific explanation. The third is claim-evidence appropriateness that
suggests appropriate representation as evidence for assertions. Last, the use of various representations
and multimodal representations that converts and integrates these representations in evidence suggestion.
For the development of these four factors, this study organized three stages. 'Recognition process' for

ﬁz;zlvzlords: understanding of multimodal representations, and 'Interpretation process' for understanding of activity
modeling according to multimodal representations, 'Application process' for understanding of modeling through

argumentation. This application process has been done with eight stages of 'Asking questions or problems
- Planning experiment - Investigation through observation on experiment - Analyzing and interpreting
data - Constructing pre-model - Presenting model - Expressing model using multimodal representations

Argument-based Modeling (AbM),
multimodal representation,

:/rrlltllrrrllge:}ltation - Evaluating model - Revising model'. After this application process, students could have opportunity
g to form scientific knowledge by making their own model as scientific explanation system for the
phenomenon of the natural world they observed during a series of courses of modeling.
. M2 Clement, 2000; Coll, 2005; Gobert & Buckley, 2000) ¥}s+o] HAJ-S

olsfish= WS = (Lederman, 2007), ¥StoflA 2|4 B4E ofsst]

2o B0 makst 21 HARS AWsh] Y8 oulE A5kl A3) 7]EA 9] Zlo|cHCarey & Smith, 1993; Lederman, 2007; Lehrer
sHA olo|t]o]E thE ARET} QAIAESH] 918k Aot Schwarz & Schauble, 2006). ESF u]=-2 K129] A shdo] thst XA IS
et al., 2009). o= A AAA ZETE Aol thal weslkel T4l AL 3t Fshus 3391 NGSS(Next Generation Science Stan-
B glEl Ao o ot BEle gt B 2SR dards)olA] B AR AAS G5 4 gl AN FEsHA,
el Bye meYolekn ik SISl Tske AAle] Aol Zag ofgke sh melz) %
maglo zte] AR 7|2 F 3ol Fjjelo] kel AL st 2 73] Alge] #2A4S 7FZ3H(National Research Council, 2012).
&3] Aeff vhEofl 2 ¥7g(Greca & Moreira, 2002)%1 2] ek sPE0] WEHA ]l G 7190l wehA] o] ot
LS RS ALt TSI 918 AR SRR Ao] e ANSHY, Tty el 2Eehs HhHE AtEAs Rt
Ao sstm Lol Hish B ot o] of A 2gek=A]  (DeBoer, 1991; Layton, 1973). olefgt Thobd By ele sl
01%?71] ArgE=Alof thall HoiFHOh & Oh, 2011) 024 Haks,  AAz W8} A4S Aol 55222 WEAY A2e A4S
A|A10] Ao thgt olsiet T wpshAl x|Ao] At BIRE Thsst AT 4 e wEE nlsky ol Hehuso] Fadt Hik(Kwon
Al ?_FE](Lehrer & Schauble, 2006). E3t SH5A= 2dY] 7AS 53 et al., 2003; National Research Council, 2000)°]c}. o]t #}etw-e-
| 5718 ARSI BHo) Z1RAR RS e WAl £ sheA) OAES B9l NS SEAOR A8eln TAsHE
A4 SF531A T2 = (Suckling et al., 1978), RAF-2 7}51%] 58-S vlgO 2(Davenport & Prusak, 1997), AFA19] QIR] L2 <0
A2 AT WS Mgk Fas AN AAH I A T A|4le] A W ATABHE AE HZTcHKang, 1997 Lee,
5O]tH(Halloun, 1996; Hestenes, 1987). 2007). o]2{st A go} QAT LTl 5t 1k 114
sk SAMo)| gt wdly] 148 TlekA] AQko] £ Q35 Q Aolr} o] weElgo|tlGiere et al, 2006; Magnani & Nersessian, 2002;
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Morgan & Morrison, 1999).

AES F3F mElEe teoje) Fuleks £ 1% Wele] Dst
2] 1o} o) g3t THAolth =0l Ailo] Al TS AN
SlaA Efke 223} 3l Wel|eh £712 Fa) AAle) ojolriolE
wHelT okt 248 A1A T QA ESkE T1golthBybee, 2011;
Haack, 2003). SPY5-E =4S Faff A 45 HEaAL
#4118 ofolt]olE FuslstHAl A4S AHskal FskA et
(Giere et al., 2006; Laubichler & Miiler, 2007, Magnani & Nersessian,
2002; Morgan & Morrison, 1999; National Research Council, 2012).
SIS Fo7] 1S Bl ek 3715 uigo A4S At
I NEe ES(Kelly et al,, 2002)2 5= A Hrk of2gt =247
& asta A, A, el WA, o), Fh4e] dhal Alarshe
e e 2= EAshs B 2-=2(0wens, 2000), HHE, A4,

Fre Aol 244 SIS FrkLee, 2002)
| 22 Bt ddolE 3 YrfagollA SA Al
wpEe dlofel Ao ot $a% H7He 227t HekNam e al,
2008). LFshA SARAES] AT FUHOE SRt FHS
ol&£35}7| ujEo]tiSarah & Lance,
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Aol O} 24l 9 WSS Bo WAl ST 44T 54
AR sto] @it mdo] ofEA| TR0l EofQl=A] AAlstA A
314 EtRomberg ef al., 2005).
sl SgoA RS ARESfoF = 7] ol T YSHA
Qe ARE FASHL AL dlZ87] SlshiolckNationa
Research Council, 2012). 2E-& 2} FAfoL} Alof|A ojE EAJo|
23& 9 Tkt 4otk wEkA Pl oldfisty] fsiA=
| gt olsizt Ao, tE/dS AAES ATt A
o] 7] ANl E5F ZAsHE S-S oluold RS
T =Rl dES 7R SAE AXE v tedS 7P 2
1A ARSIt HHand et al., 2008; Kelly & Takao, 2001). E3F Z247]
oA ThEREARS Aok kS UEAzl e Fa3 8Qlo] HH
(Lemke, 1998), tha3t/d= AR 2715 8l SHISS A2 BH
& A 3, 2 ool Wesl stelelA HckHand er al.
2004). o]2|3t thg3/de] ARgolA T<ed] ofe 7HA] e ARES)
© o] Fagt Zo] ofe}, #sHA] Aol 4 1] AehkE 8
Shsa) OEIA Ajol2 FH O A= Zlo| 25t Pineda
& Garza, 2000).

Whugo A Hellgo] Zh= Sa 4w} o wdl 9 melgof oigh
Q77 AL G golie Ba)a, SASE Heh R i
oL AHsHA AMEE 7137 RESIG7] wiZell 2ol ke Alth
2 o|3f3}R] H5laL It Treagust et al., 2002). HTFwARS] 7-9-of| =
Bate] oA QBN BES AFehe mAT 712 L g
st wALS] o]a)7F F=35 cHJusti & Gilbert, 2002a; Schwarz, 2009;
van Driel & Verloop, 2002; Windschitl et al., 2008b). TE3F 4~ o]
g e ZSR 7R SAU(Justi & Gilbert, 2002a, 2002b; van
Driel & Verloop, 1999), £%of A-8sltate mdlg] AofA o]

olN

T
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o]R| &= AP E9] X|Alof| FA|SFA K Harrison & Treagust, 2000; Justi
& Gilbert, 2002a), =9 A ¥ob= WS A=7) Gl Aot
(Henze et al., 2007; Justi & Gilbert, 2002a). w2}A TARSoA st
oA AFEE mE] Fako] et ANE % I 715jsh Bt
oA Z8E 5 e mdY Aol AlgE ook gtk

=0lof 7|uket melg]o) A S5 A AlAlA 2kt S
Hdls vt S Foll, AH4le] ofsiet AS WHslsto] xd S
ek o} ok AR oS EaL ek A4S wEkshAl, A4
o] = HulE Frlskal 45k gtk 3t mEel #ekA Ao
el BFekAo) i =ej2l FAE AAsk=dl SlolAl, 1 FA= AE
sjof st FE thsAdS ANgStolof Bith of2fRt =07k &
A5 AR =)ot STk ek ol AN Bkl FA Y
oA, T A AR, veRt FdeR ANE FA 24e
Zolet & 4= Qlr}. o]& ol SYES AAE A4S AT

=

AR A 5 Gl B4l sl

e, "

LERRIEES REE LS ER NSRRI IOE Ft ]
A 5:9Jol] ARG 4 Qe t=ojol B2k wste <lojo] Apgal)
27] Aol thgaEate] ols] R $8-S Axsts ol mu

ke 7dskgict.
Il. o|2H H{7
1. 2dof| Chgh ofH

Ldle Asystem) o] F23F 545 HHMsA w=7] {8l ©<=g}
3lal AFSISE Ao |H(Gobert & Buckley, 2000), s 2402
AA AAS od FiE A} deA|of vlfof viE-E Fof T
Fo|thChamizo, 2013). R =4, AA, ofd EA4u A4, ool
tjo] 59 ofg] 7H] &4 FollAl Tl Sl BS Y TAIE
RHolFEe= AE, 7|8, 398 B 2459 AA o]t Chamizo, 2013;
Ha et al,, 2009). E3F &g 7}3H2] 4kg o|sfshALt Ars}7]
Slate] AlZta L @A oR BASE AP RdE HoshlE
g H(National Research Council, 2012). £3], #}8+2] HEL =of H
O] ¢h= et 42101 S FHAIERRE Z10]al(Chi ef al., 1991;
White, 1993), 221 AAle] ele] o} PFolA] ekl 574
3 SJELS 5} oje] Bujal 21x417) A A|Alo|cHalloun, 2006).
s B Aol WAl A4 AEe] Bl digt Aol
(Halloun & Hestenes, 1985; Kim & Kim, 2007). 0|43 HE-2 JLA]|4]
tholt 34 Aol Ei A7 SR Eesks S0, A7t
sket g4 =l 7, w3E, AR BAlE, e AlEEolA,
e mEaeY 22 45k darels, EAlEE 11, vl g
X E(Buckley & Boulter, 2000; Harrison & Treagust, 1996) 5| 33t
e

HHlo] 755 AR, BEe Qo AAE HolA ko] a1
(Francoeur, 1997), B335 @A D=3olAL HA Rouse & Morris,
1986) ko 24] AT A AA(AA) L 2eH4 0|22 dAAsfett
(Gilbert, 2004). EJF 22 38} QoA 44201 of g w5}
Me 9 543 HAS B A2 B o R HoTe QeER



FAR o2 YElYr] wj&of(Bliss, 1994; Hogan & Thomas, 2001;
Mandinach, 1988; Schecker, 1993, 1994), 215 &g 4= = g7}

o2l Tt olshE =& 4 SIthCha er al., 2004). WHy B
AR AAA ol Baol that Tsheel A 2 o3 glg
7|22 A 2aZE 0 Z A (Gilbert ef al., 1998), THEHA 2| A10] AIAL H
=, 80 A4Holgtar B 4 JtkGiere, 1988; Gilbert, 1991;
Tomasi, 1988). ]9} & 545 A Beo] 2/ tigt olsl=
T}3+o] E A (Nature of Science)of thgt o|3e} E3lE= HEOog W
o g o AuE 4= 9l o(Gobert et al., 2011), 3w}
TP AagF wSoA FR3E wa-gksg TtolAl prto] i(Gilbert,
1991; Halloun, 2007), 2}&} J-& x]A1& k43 o aubdel =37
FltiChabalengula & Mumba, 2012).

wdo] HES ARy mul HA] ndyl 27 pdg LHE)
4= %t (Chamizo, 2013; Gobert & Buckley, 2000).

744l Eel(mental model)> AFFEC] AAIR H3l&o] 7L Y=
Z(Norman, 1983) &, 527k A @S 7128 A4S st
3 dl&s7] Y3 W= FAo|tH(Clement, 2008; Clement &
Rea-Rami'rez, 2008; Coll & Treagust, 2003; Vosnadiu, 1994). Al
2 ofm @Al thet olaba ojs)E SIek Srkom Sug el

Bl 71Z3t0] o5 4+ G wlE, W, ABH F2E vehy]
Sfs) S AASke] 45AeS B BHE WA EA(intemal

representation) ©]CHGobert & Buckley, 2000; Greca & Moreira, 2002;
Johnson-Laird, 1983). o]+ =L 53l Y55 F4lo|2y} F&35}
o), AlRISS] ABE Folo] B AlAgl olslbLoE 2 o5
of Apae] SIS Ahe] Aot ol] the] wHR7I7t oS- of
A28 3H5-S Hfgt(Anderson & Smith, 1987; Lee, 1999). Xé{
A2 SHE ZilYlo] 7HAIAL Sl WA Q1A Sol Al mb et 1
do|tHGreca & Moreira, 2000). o] gt AAl 2@ o] Ak E&]%]
AIAE Asta o5 o 7ilel 2 e d¥she Zlolt
(Greca & Moreira, 2002).

2 B d(material model)> T}sH& 0 2 QA L= 2|42 H}ELO
2 FJAS AEsta stk gAIgE BAMo|tHGreca & Moreira,
2000). B4 mole b2 Algal ojAlES] 95 uhSoll Aolct
(Gilbert et al., 2000). o]= 1}&HA o]2Q] HAl HElL JLA|SIA|A
X3 |A EAKexternal representation) &2 EHE Hdl(expressed
model), 7H'd 9 (conceptual model)2 HHE|7]%= 3K National
Research Council, 2011). o] gl tofA &2 wEle NA 7} AT &
42 e oA wALA oj8) GAle] HfHR A 7
23 Aol A9k Al Huls oA Ao w AT Aol7|of A
BYR 93RS FUskA Gk oleli EaE HDL dofyt Aol
U Alzke] B8 wal 19lo] dofyhzn] FAHS Al olZsp]
Sg A=, Tty o2 aAsAL FABE AolcSchwar er
al., 2009). ofet ¥xlof whef HAl mdll, FHE 2Py} A AlA e}
9] IAl= Chamizo (2013)3} Boulter & Buckly (2000)9] 2&-2 44
5o Figure 10 WERITE AA] AlAlOf thiet 2 o] 5 migoz
ls _PE_Q_ EgH :'L/HE] ;(]/K] 7HL% o]io LH FAo = \/}]ﬂ—LH 7-]0]
Al Hdojal, o] A4l HEke ofg] 7hA] FAYAS] v S AN
sto] UEhdl €4 #4fo] #dE mdolrh o] #dE Hd AA
AIAE Argsta oi5st7] flsl ARSEE oIS 501 S5A7E oWt
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Data collection and construction

Mental Model

(represented in mind)

Expressed Model
(represented to
communicate)

Observation and
inference
(knowledge, concept, theory)

Explanation and

prediction
(Bxamination, evaluation, modification)

Real World

Figure 1. Relationship between a model and the real world

2w, ol disl] HEl&ow
3ol A4l wdolck o2t

A mdS dFor ot e5At 2, I8, 2L, B, 9 5
CheFet E*J—% *l&o}oﬂ ﬂﬂ o= FHUT Zo] #FH o] Hrk
L Fo|mg, kLo
Q%) A S5l0] WIS 2 A% o2 BT S gieh A
cHe3] WA on]z] Ao mE= Aol oz} o|E eFo g FHGH
R AP A0k BH5E PRSI 4= Qlon], T Al Alat
831 4= Qa1 T2 Al H|ES: HEdJste] @dS AAE 4 Utk
w3k 0% B8 WAR: Shere Batol wel shiEel oy AnE

BeRlo| cifg ol

welRlol] gt ofshi shYEe] Felol tiet Yo] E- Al mul
ol tifgt olslm e ZuRith HEe sMSe] 1 XA pas
o) 23kl A4l wEE HshE o WolEolR| Teke x|4l] Mgt
Sl 7Sk 9igh BAel BEd mER wstAlle 2ol
(Redish, 1994). Z, SHASS T3} Aol digk 4 mele = Alop
A W], 27, AR Qi Ao el B mu w,
1 wRE wUe B4 o el 18sio] 2Alel B AxHon

A o EFol g st olsE Audt o 4 Ut
(Buckley & Boulter, 2000; Gilbert & Ireton, 2003; Schwarz &
Gwekwerere, 2007).

RUYe AYH 5% BUS JAEST mU| 7R 7P
& ek WAl TEe AX mEe wErls Aol
(Suckling et al. 1978). T3t HElg)-2 SPRYSof|7] #}4lo] ofglfet Z&
NPSRI 19 A RS AT 4 Gl 71518 AFekGilber
1998; Jonassen et al., 2005; Schecker, 1993).

weby] Betge] BAL shiSo] Zp gl A BElg Hd
H ndl2 A3ksle= Alolgtal & 4+ 9lti(Ogan-Bekiroglu, 2007). 15t
2 Aol et mEY e WA ke Fag folw
(Clement, 2000; Coll, 2005; Gobert & Buckley, 2000), 354191 sk
2 o8| HtKGilbert & Ireton, 2003; Gobert, 2005). 22 7H1ts}
ZAHE w9 Bl SRS AT AL st o)
mellof] theh oL At ofsf, SHea] 2419 /o] tht olset
VA 12 AR Sk BrKsH Tl that HEAALS 4
l=t =22 £ 4 QJtKLehrer & Schauble, 2006; Lesh & Doerr,

et al.,
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2000; Schwarz & White, 2005; Stewart et al., 2005).
ofefet mulee] Baroliz Tkl tjgt sl olael ol
3} o2 Th2 Aol el olklaEe] F 717} slekSchwarz
et al., 2009). oJu]&A(sense making)> SHEAEZ stoigd A2
olalg RS 918 Bl Aow AN Aug Weks sk
A& 57) 919 Bz il 4] ofsE Lehii Zlolc ol
Z~%(communication)-& A}Alo] AzeF Rl ThE Al 253 =
u7k slolols AAolA 15| B Hes) 4
2 A5l A5aiAv the Alsto] WAHS olalehEs £7)
o el gelg wealY] SR Aol o) % d
Agr0] 520} mele] Aol A2 TIEo] glon] AT 2|l
A, ez FAof dojdth

ot gol ] mAPE A D] 918 mAY U 91
A 24 Fgo] Basich mus Aol mesh Hoe sy
oA 2w Aol tiEt 5715 Fofsti, =95 Sl XW"]
ol sl vHdstes shal, SS9 oot A
ArE AgstaL Bristy] 9fFt ot 71315 Algshe Ziol‘:k 2y
ool oA Hdly} H Sl= Aoyt A%t kA Aof gt 117
£ A7)t E A Ydh= Ao|tiFortus et. al., 2006; Schwarz et al.,

2009).

mag sh5E P50l Ak AlAlIA Yofuks el dish vket
o Gl A Tehs 2e HAoR gt ofnf whardk 4= Gl
AEe AR S A AAY SHE olsfdhs AL =94
© AR oueitt e 73H ofolt]ofo]| the 2ARF 4= Gl
T4 7hst A BEE AR Zlolt HdlY kg HEld
Ao ZZARQ] QAR o, AR Ql8f 7Hd S vEaL, wEe
S| Aslas, k= AL B Windschitl ef al., 2008b). 2}tof|A]

moluy mElgjo] x4 Ay Fe] Fagt A% i
(Tapio, 2007), AA| AjAL} e, el Alo|o] AE HulistA &
2 QItH(Chamizo, 2013). H]=2] ZA|T|E ¢t 3} 7|FoA e g
B2 Bl AAEA dolet A AE EE 5 ] "l
2eldo] gt Wk HILS 7FR3Skal Ith(National Research
Council, 2011). National Research Council (2012)o)A4+= 342l 1}
o 5152 9fal theel ] 71X Z(strand)o] 2 pastElolo Tt
1 ek W’H A @l digh Bk g =5 weT] A

Hora] A9 AL ol gate sjuE 4 ‘2101°F 3k ol Al
FARS o]s 317] o8l A Aol mUle niET B2S =3 uhA
APV 7S ofulsich A, Bekd FA AmE BER Bl
Aol ol S=efo Wkt ol o131} Aatpol A

F748 sk

stolof 32 ofnlat
So1e] ofa) e vk Y A R
L E42 ofsfstolof gtk ol TekA A|Ale el SAKe] 4

7HAIAL Qe ST SRl A4el7] hiE OlE} JJ’H J%fi} A3
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shal ASAZIHA st gt &
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Hotulgo A RAFe sHgEo] 7H A AlA e gk 27
O AEA, 54, AAY 2ddleks dAEA Yo orde
4 = o] alqjackson et al., 2008), S/dS 7HdH o2 3
Sh= AnbAlo]al AR201 HhHo L R(Wells ef al., 1995) A2$ w4
_7':.3._. =10k 011:]_ ]‘215]- ol—/_\ x{g}:q /\-LLQ_
Olel|A] TS AAT HEFo] JL2E TS 4= Qlojof sl ASS
ey melgof gt XA Aok gtk

soll avpE o Ffolske A

R
Y Y oW

Hofmgolx] Ao k= Fa3k BAL TS | 742 ek
2= QIth(Hodson, 1993). AA]|, 1}8to] dh<&(the learning of science)
ZrlolA] SASS welag Ba) Tete] 4HEQ) B4l RS oF -
Ak EA, L}U"o sh= B 9] Sl(learning how to do science) SH
oA BHYS0] 1 % B3 ZAl0] mElS ukE T AEE 2= 9tk
AR, wpstoll et &<3(learning about science) ZHol|A PSS
ndzls =3 J,}EI—;H El—q.v,] ARES U, 1 AL ol
oI5k QA1 4 olek ofeiet wse] BAo| et clorgt W
& 4:91) BAZE AN SIGENTable 1), w2 SA chat ol
Fagh ol ShSolA] e A 9 AM BollA) mle] els
Qe obat melo] wAolLt BAue sl she A s
EollA 2 a7t §7] wiZolchSchwarz et al., 2009).

National Research Council (2012)0]|4] 7igFst At & 93t Z)st
ZENGSS)oIAE RUS T4 2ok Aol okl 871
Ha% ASK. A Ao lol Aol A, 49 2
A sid Wt ofgA R = Aol disl 271 st Aol
it 2714, =d gl Ol%«l A& A7), Hdolut 0|29 T4 Y
izt §iet Alolnt. =4, ARig ol wERt A4l A
= 7HAAL Qe B FAAPIAL b B2 HasR ndS
sl Abgsk= Zlolet. o] WEl2 AlS] $E-S &5t fle] AR
g Hdo] 383} o5 sl RS ARehs 7MY SAREE
ARSIl RS AESHA| ol Alo] Sasith AA, Ao At
T S A 7F— AL, o8 HES vEe R 7MdE the
QA oA oE =7} FagjtA), 54
Xl AR olF fl3f A AlRle HskL
otk YA, A=) B4 42 4E A=
Rl %74]% v‘i‘ﬁﬂoﬂ 1 AIE oS AR R 4 gle FEY

= 5o ArE AASke Aoltk tHA,

JQ

e

rE
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wx
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5t} APl AbaLY] o] 8-2 HEkA HdlE ThE7| 93 A9
S e 948l sshe o83l 11 BAIE Ve &= Qlojof
B} ol sk AmE PAek Aol sk e Bt
%0 M Fo% SRR 270 ke £ wdg vl 5ee
s, @A 98t o|2S AAsk= Aol S Y AnE
e e TAeks A B3t ool gt ofa|E FAAII,
Tfsto] ZEai W) e 28 BARE FUAIE B2
oltt. AFA, T o83 EE3H= Aotk B2 1j5ko] d4o]
A Beg e Adshi gl fbolul A4le] A FYSHs 3
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Table 1. Steps of modeling lesson

Modeling lesson Step
A six-stage modelling process Identify an areaof interest-Define the problem- Decide scope, boundaries and purpose of the
(Webb, 1994) model- Build(a section of) the model-Test the model- Evaluate the model
EM 1
%km;ﬁ? 62008) model Generation-Evaluation-Modification

Modeling-centered inquiry approach

(Schwarz, 2009) model Creation-Evaluation-Revision

Observation of phenomenon in group-Share of experience between groups-Design an
explanatory model in group-Defending against the critique of other groups-Revision of model
until a degree of convergence in group

Steps for skills of model-revision
(Stewart et al., 1992)

ThinkerTools curriculum for model-based inquiry . . .
(White & Frederiksen, 1998) Question-Predict-Experiment-Model-Apply

ir(l)(cl?:z,o;lliril\?e tgngr%lné(t);o?nui?ievnetsdce%%?é;\gém Question-Generating hypothesis-Designing an investigation-Recording and analysing

(White ef al. 2002). data-Creating models-Evaluation

Abductive Inquiry Model
(Oh, 2005)

Modeling learning cycle
(Halloun, 2006)

Inquiry framework EIMA .
(Schwarz & Gwekwerer, 2007) Engage-Investigate-Model-Apply

Exploration-Examination-Selection-Explanation

Exploration-Model adduction-Model formulation-Model deployment-Generalization

: : Engaging with a question or problem-Developing a tentative model or
I\(I;fifzillnﬁ.énstrucltlorzlglogramework hypothesis-Making systematic observations-Creating models of phenomena-Evaluating
(Windschitl et al., 2) model-Revising model

Introduction and Representation-Coordination of Representations-Introductory
application-Application-Abstraction and Generalization-Continued Incremental
Development

Modeling instructional cycle
(Brewe, 2008)

Anchoring phenomena-Construct a model-Empirically test the model-Evaluate the
model-Test the model against other ideas-Revise the model-Use the model to predict
or explain

Instructional modeling sequence
(Schwarz et al., 2009)

Model-based inquiry process . . . . Lo .
(Bell et al., 2010) Orientation or question-Hypothesis-Plan -Investigation-Model-Conclusion

WiMVT(Web-based inquirer with modeling

and visualization technology) inquiry cycle Contextualize-Questions and hypothesis-Pre model-Plan-Investigate-Model-Reflect-Apply
(Sun & Looi, 2013)
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Table 2. Procedure and content of application process on Argument-based modeling strategy
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