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This study explores how the teaching practices of two teachers changed during scientific modeling classes.
It also aims to understand these changes in terms of the teachers’ modeling pedagogical content knowledge
(PCK) development. The study participants were two elementary school teachers and their fifth-grade
students. The teachers taught eight lessons of scientific modeling classes about the human body. The
data analysis was conducted for lessons 1-2 and 7-8, which best showed the change in teaching practice.
The two teachers’ teaching practices were analyzed in terms of feedback frequency, feedback content,

Keywords: and the time allocated for each stage of model generation, evaluation, and modification. Teacher A led
Scientific Model, Scientific the evaluation and modification stages in a teacher-driven way throughout the classes. In terms of feedback,
Modeling Classes, Pedagogical teacher A mainly used answer evaluation feedback in lesson 1-2; however, in lesson 7-8, the feedback
Content Knowledge(PCK), content changed to thought-provoking feedback. Meanwhile, teacher B mostly led a teacher-driven model
Modeling PCK, Teaching evaluation and modification in lesson 1-2; however, in lesson 7-8, she let her students lead the model
Practice evaluation and modification stages and helped them develop models through various feedbacks. The

analysis shows that these teaching changes were related to the development of modeling PCK components.
Furthermore, the two teachers’ modeling PCK differed in teaching orientation, in understanding the
modeling stages, and in recognizing the value of modeling, suggesting the importance of these in modeling
teaching practice. This study can help improve the understanding of modeling classes by revealing the
relationship between teaching practices and modeling PCK.
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AR, N2 S sHYE0] ek A4S olffsl= H Bl
F % olck WY PEL shiso] Baleln 4 A WS
o Yele EHSES ok ACE, SHISe] YA AnE B
Hok= e =9 159 olsiE AldEstal Ads WaAl= Tl
=89 ZtlSchwarz & White, 2005). F35t, a2 & 3517] ¢3)
PSS A19] QIATE Sl olafet vk FRPEeR AT
ofsl= 2 (Kang, 1997; Davenport & Prusak, 1997), &A1} 733, 0|2
o W} WA olafat 4 917 HrHCho, Nam, & Oh, 2017).

57, 144 epistemic) ZoA] Tt o] 4H o 2ol
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A g 2ol elald 4 itk o) Bal, Tste] g, Tok
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i, ek Selola] mee S o B olsolarl
olo] thal Clement(1989):= GEM cycle F3f 2dl 5 22 Ay
31tk GEM-& Z1Z} Generation(A§4]), Evaluation(*87}), Modification
@)l & BAE W AoRA, shiSe] 27 BUS WA,
S H7RE 5, o5 vl R Hals pAshe dAS wWilth

e B, B A7 Y] WAL HERE A B
o] HA} ARk Wk Hokst), ofe Ao HhES F
aff o] HA} gl Weoflx] GEM cycleole= 8015 ARE-
SIoITE o]2igt GEM cycles 2183t 15t alg] pjlofA, SIS
WAL} TR e AES Foll A 7] RS wehA] Ko
LA WA 5= glem, o] IAoA Bsgo] dofjubA| Hrt
(Clement & Steinberg, 2002; Justi, Gilbert, 2002). =& Z24 1142
A5 T ofE AFAFE2] Rea-Ramirez ef al.(2008)+= GEM cycle-S
4L Prsleleled, 2E g7 dAoA AE w419 2ol
et 22 ZAY A w2 gAR golrtal, $a%h ZA1Y
745 2 A4 AR Eol7k GEM cycleo] WHEEtha stk

£3], Clement(1989), Rea-Ramirez ez al.(2008)> GEM cycle2] A
7R A 5 B7el 4 de Bl AAF o] Zlsket 4= Qlrkal
H7] wjiZoll, o] F WA= =d el qlo] Al FEolck

3. PCK ¥ 2H& PCK

ofefih e Sl LAY ofghe vl Fadh, 2 74
of Tiigt TARe] | Alo] mElE) eie Alsel d) glof 4Kl
o5kS 17| wlEo|cHFulmer & Liang, 2013; Justi & van Driel,
2005). WARS tVdo= o AtoflAl, wARe] e =2 o ti&
Hog AMguE= g % Shp=A] PCK(Pedagogical Content
Knowledge)7} It} o712 w2 Ul-g A4S Sohe Ao=,
o|Z& A& AAIZF Shulman(1986)-> ©]& 1lS(pedagogy)@t W&
(content)?] 583t S}¢h=(amalgam)ol2tal oI5} %, PCK=
Sl make] S AHspA ek mestel k2] 9
§F WAke] 7 A1S ojulattkvan Driel ef al.,1998). A} T8F U4
AJaE 2 Qitfal s PCKE 28aL Qlekar & A& 4= glom,
W82 w2 oz 2 24510 SPEA ogA 7123 27t
ofet x4lo] slofok s7]o), waT Vgl Hag G0l Faslch

Shulman(1986)& LAF2] A412 kg 2|2, w8 34 214
PCK S} 371412 WSS9, 17} POK o) e Aleket o], 1
<& S0l ofslf PCKO] g @427} A= $ick. Shulman(1986)°]
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Figure 1. Components of PCK(Magnusson et al., 1999)

544



Changes in Teaching Practices of Elementary School Teachers in Scientific Modeling Classes

H vl 2Fof A PCKE A 25191 thd, Magnusson et al.(1999)= 1}
sjoleiz Wil S0l ke el POKS HmSfs}o] PCKe] 571
2| LA QAE A XS Figure 1). T50] W=, PCKE] A8
a2 et wg A k] gt A4, vek g A wsapgo] thgh
|, shsAre] ofafoll dfat 214, w4 kol thak 14, sk 7
of thgk AAle] Qi

Figure 104 & 4= Q1%
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e, 53] o] FollA st wg AR PCK O] 7 9lof
fIABto] ThE PCK g 80 B Faks vl a4l o=
o] A XIthAnderson & Smith, 1987, Magnusson et al.; 1999). ¢]7]4]
s faxof thgt oJsiE wol7] S8l ‘wek ua A|F o] AJojet
Tol ohefA] FhA] AR Sy wae AJRRe] Aol= 54 ghd
oA Hshe 7FEAE B2 9 Hipo] digh A4} Al'd(Magnusson
et al(1999), p. 97), 15t npe} Sl TAE AB7t YEo] UvkA
Q! 9§ €l(Anderson & Smith, 1987) 7t} H=A] AREE ] =
tll, Friedrichsen(2011) 5~ 14> A& thet o8] A4-55 S&st
of WA A|FFe| F25 ARSIk 15 g A7) Al 7H] a4
B FEe] Qlrkal Rtk AR, wpeke] o] tigt Ad(elE
=9, ek do] AFsiA ert 52 AEAA7h, =4, dubAl
3st mtol st AWt Bre] Bl tigt Azh, A, A}
W sieAfe] oftol det AlARIoIA 2t FAke ofgA] F12 A,
Rrdlok sh=zlol ojgk Azholck HI% PCK F4ae] R}
% 4 A5pe] 414 iAol chafals skttt of7lo] T2
, PCK O] G/ @ 4x50] A= UigstA Ayt o] Ao akg3ith=
4o ZEE o7 KOt Grossman, 1990; Magnusson et al., 1999,
Park & Oliver, 2008a, 2008b).

Nelson & Davis(2012)+= Magnusson et al.(1999)2] PCK A&
Ay ol A8AA, HAY oA PCKE AQtek3in: 1
E2 PCK for scientific modeling®]gh= 2uj& o]& PCK-SMo|2}
Z3}a1, Magnusson et al.(1999)°] AAIgE PCK LA R4S o]-85}o]
a7 PCK #4245 AN o5 aofsto] Table 10f] Lt}
pele
WAL PCK7} o EA] Bidsl=rtoll tisfial= ofe ool IAAl
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9t ool thalf A=kt ShAkEel 2J8hH PCK= AA| 2d 49s F4l
Aojx|= A A o)1 A3 2]l x]Al(Grossman, 1990; Magnusson et
al., 1999; Gess-Newsome, 1999)0|m, 14> A}gko] ulg) Lof ] 22
717Fe Fa1 A8 Esh= Z(Gess-Newsome, 1999; Loughran et
al., 2004) 0.2 o] AZIc} -8 wgto| 4], National Research Council
(1996)= wALS] PCK= =4S Bl = aA) S8 2 Apapet
axgopHA W & Qlrkar AjtskGich o3t d4E2 PCK7}
S Foff Rtk sk, o)FA WERt PCKE tHA] &
of EuE® 4 Ay PCKE M5 HAR BAE

s, w5 Aol 4e WAPH HE B3l Y PCKE
AR WA T, TAL) A wskE Folos BAE A1
dhslA ofe 7b ol 9l 4 QAR WA sl=we] ot
A2 FHOE WalE Amnt Hlo] shte] wlo] | 4 lck ok
Sh e WAl ShYe] HEAGOR o] RolX| B, WA} of
3 w|=ue 3 SO ofaE HLAZl Sele] W s

Q7| diiZolck gtk ofuje}, REle] ¢ ¥4 GEM
cycleolA ZF SAME AJZE HlEE 4= AdYe] HstE AmEE S8
5= Utk o= ey ypo] thgk wAke] ofsfiel AL
U AOR, WA oA o eAof AITRE Eo] ARESEA
WAPE B HA| doflA] o Fto] SRSl Q1AR=A]
7] giZole}. ofeigh el wef, & dts mElY o9
Yok ok = wAle] 29 Aley wiske WAl w]=ule] ok} 7,
SHAOAS] AZE U SolH B4l of wskeh Ale] wel
PCK7} ofmar o] Ql=r] olskekial shick
= B ool LA FE olg, H
ol weel oiet <7k 715kt Qlovt ol F2 shE
2 gie R 3t A7 gl o2 4(Chang & Kim, 2014; Lee ef
al., 2012; Kim & Kim 2007; Park, 2015; Ham, 2012) 29 A4S
At WAl ot AT AaeR REsl] helsir). e
e Sl 2oa] Sl TAPE Tk men me 4]
off thgt ofsf B A|Als Zi5= Alo] A Ql|(Kang, 2017), W&
AEol wEd mde] tfgh wARES] A4} QlA]o] Aghd ol
(Danusso et al., 2010; Gutierrez & Pinto, 2008), SHEE0)A| LTS

o N o e

Table 1. Components of PCK for scientific modeling(Nelson & Davis, 2012)

I PCK 94
(Magnusson et al., 1999)

248 PCK 2484
(Nelson & Davis, 2012)
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Ft2 ) v diat wALY] o]sizt HEstJusti & Gilbert, 2002;
van Driel & Verloop, 2002; Windschitl & Thompson, 2006)+= % o]
Al w Sk olol, el 4918 ERIsElRkE TAVE IS
g 388 gutdo g 2754A] Ealo(MeNeill & Knight, 2013),
Bele) 4918 Wgal WA o B ofzlgol ok weA
2ae] wIFAQ] EIS SIS, RUE 4418 el LA
o A7 el AAAel maY o RS A Bat oot
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A AS Qe Fet AEZAIE Fof WAk ey PCK WS AL}

ou}, olelg A419) wreto] ARl Uehh=rl WA
QJkeh. TRk A4 wele) 4q) Mmoo A PCKE TR Gl

A% QAT Jo, 2016; Park et al., 2010; Choi & Jang; 2010), o]+=
BE 55 GAE o sl uRe] 25 mAje) me 4]
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SEEIIEHA
(Model Evaluation)

A
(Model Generation)

2L
(Model Modification)

-

7| 22 78357 .

LIEES AYT 29 3
SHBl7|(ADE 7|7] 28 . 3 40 of
AYEHE HEY Y 74 =ol8t7|

J

Figure 2. The process of a scientific modeling classes
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Table 6. The feedback of teacher A in the model generation stage(answer evaluation feedback, lesson 1-2)
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Table 7. The feedback of teacher A in the model generation stage(thought-provoking feedback, lesson 7-8)
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Table 11. The feedback of teacher A in the model generation stage(thought-provoking feedback, lesson 1-2)
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Table 12. Teacher B’s conceptual supporting feedback in the model evaluation and modification stage(lesson 7-8)
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Table 13. Teacher B’s procedural supporting and meta-cognitive feedback in the evaluation, modification stage(lesson 7-8)
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