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Science inquiry has long been emphasized in Korean science education. Scientific modeling is one of
key practices in science inquiry with a potential to provide students with opportunities to develop their
own explanations and knowledge thereafter. The purpose of this study is to investigate teacher’s
understanding of models in science and science teaching. A professional development program on Models
(PDM) was developed and refined through three times of implementation while teachers’ conceptions
of models and modeling were examined. A total of 29 elementary and secondary teachers participated
in this study. A survey based on model use of scientists in the history of science was developed and
used to collect data and audio recordings of discussions among teachers and artifacts produced by the
teachers during PDM were also collected. Three ways of ontological and two ways of epistemological

development understanding of models and modeling were found in teachers’ ideas. After PDM, a quarter of the teachers
changed their ontological understanding whereas very few changed their epistemological understanding.
In contrast, more than two thirds of the teachers deepened and extended their ideas about using models
and modeling in teaching. There were no clear relationships between teachers’ understanding of models
and ways and ideas about using models in science teaching. However, teachers’ perceptions of school
conditions were found to mediate their intention to use models in science teaching. The findings indicate
possible approaches to professional development program content design and further research.

. e F4 gl wet o] sk ATt 9lgol WalAe (Kim

et al., 2015).

Ak 4 4l ofd Sfelolld] Tpstg o] Bajo] Tk vhg-g A4 B FA B Y B AR )] FEos Hi,
Sl AL Yol Tote] R4S AT Teia Asjele] Ao ot 2 7P 840 S BT 6140 BE k97 71 ¥
ola)] %o et Wl AJB]A E Ao1F BA| #d 5L oFAsh= 2ol W e} golld g4 er A8 7Hssithe HollA
Aoz sElo] F3E|o] gt} (Park, 2016). TFake] EAfol gigt WA CR TER7E QIokal IR Ik whebA] Bt 2t st A
ol B 2|Ale] BA 1 kst A Alo] LA THof| W3t 014] k] AAlef digt arle] FR8kA] Rkt ey dhekulSol A
22 A4S 553 21 oujgit) (Abd-El-Khalick, 2013). ©]2{3t g SA BE ke e 1S Bo] S HESiths v
T}5to] HAo] th3h olals a1 Skao] To- Zmul opua} TS A4 wolgttt (Hodson, 1996; Windschitl, Thompson, &
3f3jo] AlE] W Al 45} ofi Bo| YAIE olsfels o] vl Brraten, 2008). FOUHERE WY B4 B UPS FUOR she
7} "k B ol 23e AL 7] whkeoll wA| et HE @ e

25} &) Y3te] BAS] chat ols) B WL THS
R0 et =oke sraperel mela Bl ARElsickL 3 4 5}

(Brandwein & Schwab, 1962). 22Uz}t w2404 Bt 2
U Y 847t T =29] 4ol AT (Kim et al., 2015).
909 62t wsiHgoll A B 7 e8aE wSHE EoR =
Iat olel elufet Thek mReA T ) 47k wakE Sy
EEor Azt Hlon, T fetus dtol ut wiEkdtol
ofsttd 200058 20131d7kA) 9] p-2ufete] Hpstuls AtoflA B
ol digh shAYe] S5y T At 1379 F 92%Ho| HEAQl 3
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FURIRE O3 4 4= glo] ZBTO)A o= e Hep
Al % % SIck (Gray & Kang, 2014). 53] 92, 9%, o] 5oz
TAE TP o] AFA AR fErk: e 1)
7ol Tt HE VS SP & 4 ik Eat Tetme o] Zuie]
A B3 FTL 750] 7 B 3] A F He 18] Se
S 317 Sfo] SYER SlolF Bet -2 FeISH S5
gl 71312 9 T 4 glck Tte] BAe] Bt Bl Zol
W o] Hel2 Qlsto] Bet thgat slsAole] BT A4S
Azhgel et olaf oA WE 4= olrk

O] = 20149E AR(AS Y] YUSR FmAAEY] A WS ol AHH ASHNRF-201481A5A8017865).

http://dx.doi.org/10.14697/jkase.2017.37.1.0143

143



Kang

olefat )5 F4 Bl et vlwa} o] 22 Bt ojg
Asta] o] wishelA ek 8ol shEol A alor ol o
T =0 Ao HilE @135k 9tk (Duschl & Grandy, 2008).
9] Hekd ok st el AnEel Het A|4le] 42w
71 9ol A Kol t=g(e.g., Kuhn, 1970)0] T4l Aok, Tt
Ayge) ARy 8 el diat AAE, Alsehy A7s
22 Tpstol et ol T3t 4] wekol YAl =2, Fsks
o] A9l BE 7Y D 917 2o TS 71gol7] Alarct
(e.g., Latour, 1987; Nersessian, 1992). Isx}5-9] Egof ofjst oA+
o Sifl AT 7 2ok 2L 47 Heel v A2 che
B 2ol F4en A7 35 vlel e AT 9 58 v
¥ (as a matter of practice) Tr=11 )\,101/\1 T}l gto] Ao
o W2tof| ule} T2t (Mody, 2015; Pickering, 1992). 71, A¢
HollA] TpIAEe] BE-2 P Knom-Cetina (1991)2] G172 3}
stol ®5 o] ARz} et )4 oldolgt efzale Aol
ofujet 44, AJEIH, £ Zele] ofakg whsche A Wit
ujeba ole) chekt Tt A ek K5 oelel ©T Eale}
E]—:[L Eﬂ—/\] 0 El‘o]_]_ /\UI—O jr_].fj_}—g] Ho]:oﬂ/ﬂ —TO'—EX‘] og iI—_Q_ _/1‘\_
S B AL 2] BEThs Aotk olo] 2 Tstig el
A 8ER59] AR (practice) T} AL E5-S Shalo A SIS

JRAIZ0F ek F450] e QI Fue) Tt meagel
MAoll = A-g= 3 Qlct (Kang & Lee, 2013; NGSS Lead States,
2013; Stroupe, 2015).

ofefat 272e] ol Wikzo] 2015 A Treket WLTHo A
a5} g} Agtelo] 4 10 et B 7158 Hold
= 25t A A(Kang & Lee, 2013 745t o] v A1) Zgt
Stk olF RS g FIAR B, ARl 4 - #4 U
S, ok Abash TiFE] 9, me] s AL, Z70o] 7]t
E20 =2 A2 w2 9 gr) opaEo R JLHEo] 7|5 olg)
& o]0 AIESIck of ofs) 7xle] A 2 Aol W
Bl vjo] THLSHANGSS) 7 UG (Jeong & Kang,
2016). o] AFIo] 71| Tt B 715} THEE olf T
Zlswch o Bush 14S etk 2 olslelw 13i0] Ui}
AgkE ez 2ol Aol 7153 el o] Sl
Jold &= Q=R WLIAo] Qs Holt} oS 7 2 V)&
o LETHoA] PAH O ZHEA b thas AEA Hol
2 F it mae] A Algoltk

20| Akt A4go] g Mol Selute mRIel HA
so] 9lA] ebat H2 ) Tpsts Aol ol o)L
Qlc} (Justi & Gilbert, 2002; Oh, 2016; Windschitl ef al., 2008). =&
= =4, A4, W, AL AlaRe e w Ao 4= Stk (Oh
& Oh, 2011). ti/d==ofl thet ofafiut a4l S b= FolA
Tejar #4e] 2o wet tiEe] dReE A4S Stk HollA
e 3 e T W) Aol % wEe 1 w4l
gES ol ek o] ofjet kel diet Hjae TAR
ok o]g= A4 - oA - MR Aol BAIA RE

1) BEIHeIAE majoleks §oiS ALGSHATE B4 S Hotas ¢iTo]
A ot aoj= gle melolehs AR 7 AAGEIT Qlrk o kol
£ wan U Sojolz AMggk
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12 299l sjAe A% el =
WAL Yol

ujzze] i Metng o] AWAAS AEE ATFNRC, 2012)
L gstolqo] mel @ meo] Ao g8 et 2ol AL
olet.

Apo A BatAEe] Rl

AUx
_]
=

Aol| Cifst &4l (mental) 222t 7= (conceptual) 22
: *'E‘:*'o 0|, EQSIH, S5t 2A¥o==
7|152{0|ct Olek= CiRrAoR - JHEDER 1740| LIERH TR} Sk=

Mt EY 2HO| RAFSH FAIA B explicit representations)O|Ct. -+
Csie]7 = 3 Z|DF HERHES P2A TS5, WSH FAREA CIO|
o0%, 22| =4, HIR, £5F B4, ZRE AlZ2{0[M40]| sHEEIC -
2E 0= 2AKapproximations)2t 71 (assumptions) 0| Z&tz|7|

w20 2 SIS Ok= 0| 0P S25iCt. (p. 56)

of=gh melle] e} weisto] Gilbert (1991)= tietE2] ©d
off Tk JAEARE Fl8fl HelS A 67H4] FRF= HE6ISItE 19
ot Am Hd (% Y, Ak IHZ, 7E ), B 2
(FAA BANE, Aw i, Oﬂ AAIE, E2 D), Bl (H ol9)A,
AAA v, ot AdE TE 5), AlEElold (HrE AlEde]
A, g, A, AF AR 5), B 2l (13, A2 AR B),
, SR, AlS, 7, E AAL =
o] Utk 0|9} [ASHA| Harrison & Treagust (2000)= 3}8kul-2-0f
A ARgShs mEe] Fol sl - BER w3 ol8sto] A
Shoick 150l ofshd 1shA] Hdllof= A= K dl(scale model)y}
713 A e, ek ] o] 22 melo] Qlrt. 3t thdgt
golut 2ge A3l it BElR 2|, tholols, 3, 7id-2
g mdl, AlEdel e ANk 7iQlA mdle Ailnds AAlsH
ME]— X—]E _IJ_J_T?:}S Z:]_ _4 E’G:]J,]— 71—0] I{._A]-o]-‘—- ]:H/l]-_,] ﬂﬁﬂx—]
Hl&-2 Al4s] whgshAnt tiide] Wea -2 713 2 A
& mojFx) ghz Bolth 751 AH BUS Shalolt 24
A3} o] Aolut OIS Sfet 752 ofujgith. 4
o) A9 fom AR 52 YA 5 A4 29 5
Z=AFA 0|31 9 3} o]l2% w
FAe} ol ﬂr?SL °l§°ﬂ/\1 TE AMEA AAE 2
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HES UEhf7] 913t Esoloh o] A S22 ek A&
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, (3) Aol gt S A1, (4) cllSszlole) o2t thek
31% Hs} welgoA] SMISL welo] TABR= tjAF Sk
FHSHE FolAiE BAH A olgalol BAHS 1Ak
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= Mtk TYE AR oR A 4 Qlri(usti & Gilbert, 2002;
Park er al., 2016).

olefat melo] 7zl BUS Tk of2e] o 4 RAR M
P (Nagel, 1960)0114] AZHEIRLeR gol gt AR o]2g
FAHE TekRSe) 2e] TAel o] oleiet wdle) 74
Foz ojRolith: PHoRYE Hoknge] T 1o =9
ojof gt AL &SI (Windschitl ef al., 2008). wakA]
spso] Shiold RUEe FHCR STRES Sawich ol
ol o 419 ol2g AT 98] BAE Al i
SZel7] et 2 74 W 44 - w9k BEOR o|Fo]Ao F A
olck

Tetmgolx 2 9 wels PEe] £e Tek5e] mus
P45 Fo Q7] TS BT sHSe] HAnd st ey
Q1A S %= Ik (Clement, 1989). o} FtapSo] Tfshd 4
we] 1 14 Fo] 1S wke] BAHS Ak THolN 27]
o] SRS 4 THL AR WolSeIAA] Fhe 34T S
spigo] 27 RARE Ao R BUS Wlskn f4slo] Tt
A RUR whso]l 3ol SISe] AYshg Blek A
olct. ol 23] ATE AdehEE It mYo) g 3 wele
gg0] 1 27ol9lc oleit A B kol ot AjZte) ws
o Tshn g B} TSPH 0po R ShjElm 1 UHE Tste]
ol gt ofs7}t A=A 7 F e ofsfitat ofujel o vyt
oS xgs= AEE 7} et (Lehrer & Schauble, 2000).
AR Foto] eHEo] Hdy sEs /idsiar 1o uket wpshA]
7 850l o]FofA|= Aol gt St 2t S8kl Qlrk (Park
et al., 2016; Treagust, Chittleborough, & Mamiala, 2002). ©]¢} t}=
o s WAkl wdlo] oigh Q1A Aot ofu|wAe] wel 7|k
72 ok A 2)40] 5ol Te A7E 2 4= Itk (usti &
Gilbert, 2002; Justi & Gilbert, 2003; van Driel & Verloop, 1999;
Windschitl & Thompson, 2006). o5 <10 oJebH mdl & wdlg]
of sl W o] gl ARt oB] AES vk Bl g mg
ol thalf 241 2] 7Hd-E 7HAAL 1AL, du|aAkE e
& o 2 7E oA AR AR RElES o83t Y 5
o o] ofHANE sl Audt 1S FolA 7HsSth= Aol
Eepag

Justi & Gilbert (2002)2] £ Aelo] ofsjel stmgole] wel
3} mee] ol A AR S 4 glck Shb T8} 8l Uhgos
Ae) efgtolct. Tfat mal A7} TpeiAlAe] elio|n Tfat sl
oA SHYES Tpst WS viglof BTk Flolck Weky TS
o] e w1 melo] PARE 33 AAE Het 5] g
of SFITE T WA Tt Weo| BEEA Yahe] B tiet
S22 o o) malah maee] B oA 1 3 Baoleis Mol
Yo Eo] meY BEL Bl A AT 1 AnA Y3k
AIBloA] oS oix)e melo] ko] Hriw o] BAo] dha
Who= e wetal Tsh BAgo] Tk sire] AReks Aolth A
WAl Tk sho] Taltiel AUS uEce mHe A4t
4l S wee] 3 Easlor ek Hold. ofs
Baibge] 74 4 BEO| 2R HES RdYon B ) 19}
$AKRH BES BMISo] 4 s oK Tl T4 oA} B

FUS PP elirle Ak TiekA mdlof digt ojsf 9l
719 S=¢of] gt A A 2412 F4Aolct. et E3lo] ofshd
WALS] el gl mElgo] gt Q1419] o] W Zlow st
710 tjsk AEA ko] BaFhe oF 4= 9)rk (Justi & Gilbert, 2002).

o] QA7 mAe] mlo] That QALE Shelsta A7) Sl
ATAZE ANFE TAL G5 F AW ATE WHER S
A7 714t 37K Anderson & Schattuck, 2012; Sandoval & Bell, 2004)
oA =383t A A-HMills, 2007)0]c}. FStargofa] el 9
Yol gt AT 7ol S L 71l Wt WA} Sisel
dfat A o] 20| FEH 1] wRel] A ZINE G o] 214

3 Aole) 2 4 glek. ool wheh 2 ATl A Ble] WA}
Q42 AN wAte] mel B meleel iRk Q14 GRS 91
QA4-0] G2 Sk AAISto] TARe] QIALS Rk G
Hge] 44 ol W 1 Al A FlelAl chEAAe 4
e 5% W 4

& 4ol W2 mA Q14l0] Kol ¢l F s
Rlof el TS elaleh 2 A4 vhge] 4ol ui Qiglort
o] w2 WAL Qlale] Kol 4s Aok WA 4 glof
214 82) Hjolo] mh TAL SR ThA] gl olefat A7)
SHAZ A7 Aute] melola] hRgE 2 A 20144 ©fF, 2014
¥ A4 20159 Aol o] Hlgln, 2} el M T IAE
o] olahsick

2, AT Yot F 222t Y

A o= 13] ol 119 (S5 w4} 11%), 28 ol
107 (25 3%, 5 7). 33 dpollM 8%(25 17, 55 7=
M2 TS wAF 290 R FAERITE o]F AR 1] e 210
A l6d e tofstl e, Hat 629 FHE 7Hk Ao UlE-
3 AP 12} o] NS whgsto] 23} Aol sto] st
L o5 7|Rke R o] Wigat IS Bt AHuslste] 33F
£ AABIIEE 2 Ao 5ol AA F 2041 Hiel= QI

AT ARZE 7 A A | A Y T AR Vs A
ol arlso] ARt el B melRof digh A2A)9 g4, = I
oA et BAlS] Ats, A F WA BB H5E sk

7| ollre mdah wlFof] tigt ofs AN F2 SHA
AA AEAY HEoM FoIR dA|of A S AdEfstA g & 1
olfr& WSl sh= A& A8 (Grosslight ef al., 1991;
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7 B 2} Vg 35 olafE 4 Gl SEOR TAst] 6004
oAl 1L168RHE TRl AEe 7} Al AlolA] Eefut
melo] §5, melge] B, sho|Ae] fAR 25 A o)A
o ol Bolugick o] AL AAH SH F A% F Hold

nEoA 247 =9Eo] A4=9] uARA Ego] HSlt

A

]
o
N
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Mo 9
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3. ¢4 Uig
WA glde] A AR Appleton(1997)9] skt

Borko(2004)2] LA} A% Agabgol ot =ole] 712519ct. of
efak %o} nfet eis: % shuke] FAlol TS (1) WAL AV 2]4)
8kl g, (2) AL 25 U ofolto] B WA, (3) Bl 72
sk W, (4) WA B4 W A Al 26 9, (5) e A

7S mdlo] o] Tt Azt AlsH |
T30l e Aotk &, nd
QIR =Atolw o] 2R E =g AYzto] FEd
Aol tisiAe of2] thE BHolA A=
7] o] caet welo] g 4 ke T4
gor welg ofssh Aol /Py AlHE 2o ofaet
QJt} (Grosslight, Unger, Jay, & Smith, 1991; Harrison & Treagust,
2000). o]2f3t oA Fdolut BAIE Aok HE> 11 i)
w27} e 1 ool Tt ojale vep] o] Tl 4
ok 2ok weby] odojel hge] Ade sk BA) gkt
o3t U] mEe] A (nature of models)e]] T3t o]a|S TksPA}
O] AH|2} oA Aol A TRESGIT ol@fof] Bl S/ o) 1y, Ko
7}, 2l AMES] B2 W §-84(0Oh & Oh, 2011; Schwartz &
White, 2005)& A= - ol gk =2fof 23kttt

2EN Y/EME

112 iSEls mat

Figure 1. A range of understanding models

e 7]RF ol thek 8ol Qlofals Bl FH4 317 (modeling)
7} =@ 7]uk S (Windschidl e al., 2008)S 275k HET
AL Clement (1989)2] =& XJA(Generation)y—=d H7}
(Evaluation)y—4d <~%J(Modification)o| <=2l5}o] Tska] mdlof £

Agl wAlo) ol o) eAZ eisick oleldt Lwe] BEel W urkA] o]FojA GEM IS 2Ad gtk ol BE m
A IAE ko R A A4S BRI, BH 52 B ulm N 50e) sl vhg-o2 Eefid Zlojct (Louca & Zacharia, 2012).
2 53 AR ololtels ¥ FEshs Aok walg sjuko 2 sk galg o R FAe) S BHor s
o] 8- 2A (1) eEe) melsh muel] o ojslel PR BolM mEg AgetT sl Bl AT malg

) =& 7[5k )il izt ofsfiehs F 7R FhEE SR st e e aol8ktFig. 2). of2fdt Hol SMES AMlE
ek Al Hlof A7 dAgoflA A4 Wig-o] -4 9 11 HES Table O] AR Aof| 7|zsto] /ol et 27] el vhHEal T HEl9]
13} e}, 9fsbEo] meln) ey ofsf= ghA =0J3t w3lof| 7|2 A&5s sl Bl H5S 9% 7Hde AT oA o
stof 71 712281 ofsfjo] pEollA] 7HE AlFE o] o ® 7[RRRE 7hde] W SAS skl 27] o] 4 oS st
THSEI T AR =0 A F WS0R STt (Fig ). 7V 3 7 A9E o)gele] mUg el TAS th] Sl 8
7127 $5e0) welof ofgt ojshs welo] @At BAle) BAleks  Hol WY AXWA HEHoR Mustnalshs dapl oiek At
Mo AYES JAEZ 7|9ro R sh= 7ot 7H AlHE HEls PRt webs HdS 7Rke R Sl Bl 4] AW

-2 Eeo 2wy g

HHel HA| gl 2, shdo SHAH0| J1E KA 2ol

-y N L S22 HFE 9 7He

- - B M0 O 2] HFE(2dol o= 0|8)

- 7ol SE(H40| 2Y) 7| 29 BY 4 RE

stal

- 29| »H (Ex)
SAE ool o o] 2HSHY Mo -2 ASE A S
B 2do| Fg 93t =5 +z
4
Figure 2. Model-based inquiry (modified from Windschitl ef a/, 2008)
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= TA%ke A& F4Co® sk, GEM ¥Hgof wet 27] REo
N A 3
[e]

olgfgt wdl 7|8k gt mo] thgt =)= 7|29 7Md AR
ARl B 1 vlishs EE0 R AR SiGitE ozl 2ksh
A o|2ofx] Egt 7HAE 5 sto] ESsiAL Folzl %H a4
iu_Q ;‘d—‘— ]_,_4 El—:[L %14 g*% 6‘]—/\(1)15-0]
ERISEAL oaligh A4S #-88

ol Ttz BPAYo] AR ?‘8%011 gk %—2%& %L*éﬁ}»& 7131E
AsSHA| =tk e gt 2
22)5k0] BA)E= %_P%O]E](Kang & Lee, 2013) uh w7

A

Yl SS0] AUBY AL JNOR BRS Asie 27]
mEle sk IAe) AETALS Bl oM AR YT WA
oot A PSR 2 BER Sk wreh] spAgel Aol F4
o e R S T B /190 AT, olef /|
Y B SN ] Aol g =ofsti wAkEe] @UHoR
SRt B 79 BT SRS T - SRS S A
gl 5 A S FAR sk e 1819 @ 5w 7

O

Y7 49l et =00 GEM 34E kmolehs A0% 1 e
49, H3lsick ohe ol Aol il A1t Sl e
ofsfe} ofe}e @ Aol thet BA1S Thsto] Alal et A7k
o] 8792 BasIs] thEolsich otk sHyEe) 27| A%
28 o] et 7Rs Aol that A0 W TH ARl et
o] A9 W o)2 8T 4o AN ofele Ak wey

o v T H

28 7|k gy AN SO tRy|Rck BE ) g
o W B E WA Rl AYsI olefet dyon
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270 ute} 2, 38] ¢lpollA] A8 FAE Table 19] FEAISHACh

Table 1. Teacher workshop content and its change

4. 2tg EA
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Table 2. Analytic framework: Levels of understanding models
and modeling in science
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Table 3. Types of ontological and epistemological understanding of models and modeling in science
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