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The purpose of this study was to explore changes in elementary teachers’ modeling pPCK (personal
PCK) resulting from knowledge exchange within the realms of PCK described in the Refined Consensus
Model (hereafter RCM). For this purpose, a professional learning community (hereafter PLC) was
established for three elementary school teachers to facilitate knowledge exchange specifically focused
on science modeling instructions. The study then analyzed the CoRe (content representations) written
by the research participants twice to explore any changes in modeling pPCK (personal PCK). In addition,
the discourse shared by the participants in the PLC and the data from the in-depth interviews were
also analyzed using grounded theory research methods. The results of the study showed that there was
no significant change in knowledge of the science curriculum in elementary teachers’ modeling pPCK,
but there were changes in orientations toward teaching science, knowledge of students’ understanding
in science, knowledge of instructional strategies and representations, and knowledge of assessment of
science learning. Furthermore, the analysis of PLC discourse and in-depth interviews showed that modeling
instructions reflection (ePCK; enacted PCK) and educational research-based modeling cPCK (collective
PCK) influenced these changes in teachers’” modeling pPCK. Accordingly, this study suggests
recommendations for pedagogical approaches aimed at improving teachers’ modeling PCK.
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. N2 B Gilbert ef al., 1998; Koponen, 2007, Windschitl et al., 2008).
olo]] Wl NGSS(2013)0)| 4= Hdlo] AN} T} o| 22 A%t}

2| st wsA A= SHEo] st Tet oAl Q1A1EA] L HA ES ghgste] A4 @S HAREAY, &t 52
Al3l(epistemic practice)o] Zroidto] |4l LA FA|7} Bl A9 okt S-S A A|SHK(Schwarz ef al, 2009). 12y A L2jviet
2948 7=3ska 9tkDuschl, 2008; Miller e al., 2018; NRC, Z2S018F w8 of| RulS 83t £9lo 7 ARXE ASLS ou
2012). ojof] whe} mj=9] T}t WS 7|EQl NGSSofjAl= shigo] wfs} U= S gHEsto] AHA A AstAY A S HARR=
7} AlA| Thst 2)41S A= T v]2st S-S Al (practice) 2oL gt = 4=Qjo|th o= Flo] Exlo] wdlS XA sHrlslal
o 4 YT 8714 B52 AAISFATHNGSS Lead States, 2013). 2451 el v14o| 9) o w(Johnson & Stewart, 2002), TAIE0]

SEuel 2022 7 asgollA e sHgol QIAEA Aol F=AI7t ol2f3t Q1427 Algje] Fojsfof & st WA 253)st
He AL 20 BxE AR NGSSo|A] A 8717 AHLS Ulg WS WElS Sgeh= WA AsoRal & 4 Qlrk
AA & 71502 HASFITHMOE, 2022). ofuff w-5abgo] thgt ofshE wigo= AvpAQl Aot Skg2 ffsh
871 Al 2 Fheha] melgle wels WAkl Brlehe, 4245} o5 W= AHdshe wAte] = A Bl }lollk Y
L o] Ipgo] Folsk= AOR(Suk & Yoon, 2022), SHYSL  ©f YAEE Aol H=H o Hold 5 =S Aeds Aesii
neEle B3 elalso] et Sl 2 AL Ads 4 Qi) Az A71A-SHA YsH=s mAke] odto] ZFZETtHHalloun,

(Justi & Gilbert, 2002). o174 TF8Ha melolel FARS A 86} a1 2007). AR ey 9 mEE Qo] ARt wARY] 2|42 g
7¥eks}at FAKHarrison & Treagust, 2000; Ingham & Gilbert, 1991) ol H4AQl AES sh(Fulmer & Liang, 2013; Justi & van
X ojd AR Awsly] 93 Am HA(NRC, 2012)2 14.041215 Driel, 2005), 2 AR ¢ *"614 T2 abARl BYly oS 4t
o), 23} 229Jol4] TS TS FARS Musly] Qe mEldo| 7 #2935k Qolog FIItHAcher er al, 2007; Akerson et al.,

A Akt QA mee thopst TAke] ¥E muls Uehyo] 5;1 2009; Stylianidou et al., 2005). ©]°f Nelson} Davis(2012)= #}s}
T wAe} 8 gk o R efsiA] Brslal o)2 Aol At T AS pRohs wAPlAl Bagt Aj4or mHw PCK(PCK
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for scientific modeling)E A At

FALS] 9] AEAL =0 v clEHo R AkgEhs A % okt
7} PCK(Pedagogical Content Knowledge; ¥} w38+ z|2]))o|t},
Shulman(1987)2 PCKE ‘57 =07l 54 W8S aapae=m
7FEAE ) Bagh ARl AL 072 Aojsial, o]F wAF A4
T7HA] BH9] QA8 A4, nSHA 2] A, aeaby x| 4], sHY
ot A]4), wetol ot 2|4, w50 A3} ZEx|of| tigh A]4),
w88 2] F 7P Al 942 Rokth PCKE wih Yig
A A wSshA 2|4l FRH Ee FAAOR SRk A
(amalgam) ©.2(Kind, 2017), WA} AFAlo] of= wi} Y42 =
Iz sPoA sk |eh fthd ankAQl Sk5e o] FoiX|A] o
omm WAV A419) Wik g A4 BESH A4 bt 2
sjtalo] BHgshaciol et 4:le] 4B ke A A of R}
A= tHDeng, 2007).

o7 PCKE BHE0) AAS uR 1 PHaLS AR
ofgilih, B ApAFEe] POKO) FAHRAS HEoRA 1 B
Y5}l st Abell, 2007; Gess-Newsome, 1999; Grossman,
1990; Magnusson et al., 1999; Park & Chen, 2012; Park & Oliver,
2008a, 2008b; Rosenkrinzer et al., 2017; Roth et al., 2011). PCK
4 ol Tk A QTS A, ojre] Bekng R
E-& Magnusson et al.(1999)2] HElg 7|Hko g slo] PCKE 7llds}
St eAbEol whet Blssgt Aol sl the o1& 2= A
of Folh 91 W, RAMomE FEH Yol WYTKChan &
Hume, 2019). Magnusson et al.(1999)2 PCK 2] wi} EA]of wlat
8} B2 PCK mele Ak, Tsh w8y A4, sHale)
st olafoll gt 214, T} 4¢d Ak 214, Bys} H7F A4, Tyt
W4 A% % 574 TR POKE LeRgich. o] male POKS
A8k Hl 83 S0l dSE o] B dAAREe] ofsl Z8EaL
QIti(Chan & Hume, 2019).

Jeuf Bekulse] PCKek= 7ldo] =91E 5, PCKO| Hd a4
gk ofuef I B4R 25 ot TRt Aslirt FAEe] 71E
PCK QI ZT[E Bt 4 A7} Bt A} B8 weld A
2 A o] ofglgo] AT Settlage, 2013). ©]of PCKE &
R AsAE Th7] 918 2012d(1h T 20158@AHe] H AlAe)
35} POK A7A150] 2] 5 A2llo] AAElolsummig S 4 PCK
o fae skt 134 PCK A4slole Bo) ATA5e 3o
Hd)(Consensus Model; ©]3} CM)S 7lgtslo] PCKE] A Q49
EA, 125 AY3IATHGess-Newsome, 2015). 124+ CM o] PCK
of thet Al FEE 2 o= AlFshy PCK Hda4as T 4|
APch= o] A7 =HA, PCKO] G/ 8429} 71 B3t 20|
gk A2k 2F AelE 918l 22 PCK BA3|0lE dof 74l
3to] Hdl(Refined Consensus Model; ©]3} RCM)S 7ij¥hst3ich
(Carlson et al., 2019).

RCMO] 8 EAS PCKE At PCK(collective PCK; ¢PCK),
7212 PCK(personal PCK; pPCK), 4A13J% PCK(enacted PCK; ePCK)
o] 4] gelo TRtk Zlolei(Figwe 1). cPCKE= of2] 45} 2§
Ao} ARrke] 2|4 FHko 2, TsleS ol Welehl HesT 3
SElo] B0 442 wck ofeiet B4 A4S 0 oI k] e
2 A9 4 Qe 23 POK kelolo] Holat QRIS S WA i
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Figure 1. Representation of the Refined Consensus
Model(RCM) of PCK(Carlson et al., 2019)

Q22 eto]] Sfs) FALIT FHE A, FHAOE A CoRe)
sz 4= Qlrkan Mglck pPCK: 3AL 7RI i 3l B 4%
ERshe A SAbE 7H] R ola 952191 AAolek. pPCK
SAP} 34 B0l BT 4 Gl A4 7] A o

Ir o H
]

o

T T R o
shm ol2fgt 2|AlF0] AAl ol E8-EH ePCK7} = 70|
ePCKE 7P st AL 54 Aol 54 SIS e 5
ok Aol W3t e AlPskalePCKe), 35kal(ePCKy), &
(ePCKp) & wf Z-g5l= 2|40tk RCM O] F-4loll {IAIRE ¢ A12-
Sglgae] o2l mAH Al mAH ZE(pedagogical
reasoning)o] 7 AR} RE ¢ Ja7iol] thaf 1Eghe: ojulsick

RCMe| E th2 E4& 7t ool 7o) Qprd 24 et
(knowledge exchange)s E3f WA} 483 cPCK, pPCK, ePCK7}
HE Rk FIEE ERT Aol ol s vk} A
Bj=o} Ald Fol ot B F5F0) Hd(filter/amplifier)s dh=T],
ofi2ic) Tstig A7 LA Holgh A Tt A Aol
2o F2A AACPCK)S 2HALe] 74 7]dHpPCK)e] E3ret
ARJAA|, ZFTHA g A4S AA| =9 AJollA] E-8(ePCK)
AIAIE Ap4le] Aol ek 24T 4 olrk Bl A4le] 4918
A7t AIHePCKr)E AH412] A|4] 7]Hlof| 3Z9tsod(pPCK) T 4
Q0] 445 AAPCK) ZHT 4 ek ek gl 7k 212
WO g PCK W wAYSS A3 RCM 9| -84 = ollA
ob Ao AZHA AUk

olof & dtolM= A4 sk FeAE Foto] Bt mdls
ol Thek 2] Telo] olsolAES: SAIFEO =M ROVOR 417

L

=

b = B |

=2 =2

sk sioick o1 Sl ek mule) 4ol ek A4 ko] e
25T B pPCK st PARE BASEE, ROMS of24
Zlens)=2 Aok =) 4:9Jef] 5 PCK o] 7k 4] mBlo] 25w
Ape] mEle pPCKol FAHOR ofH gk mA=A] Hasisck

olAfe] 8-S Erf o] £ ATelAE chewt gL % 7|
A7 BAE AR

3, Tt mle Sqlo] B A4 mBo T 2EAY] wel
PPCK= ofg7] wsksh=r}?
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S, 2S1Ake] mEE pPCK H3lo] RCMS]
o] o|@A| 7|AstA=TP?

of 7t A4 w3

3 el ek ey 4ol Tt 2| HOR 253A
wels) pPCKE o8] wislsir, A14]
ofuls AR wlAR She B Al di AU 9Is) A
0|29 7|NkE & AAATIHS "oldick 2A ol&2 oAk A
O] MY, 3, ARGl ot Ut
= A0 Z(Creswell & Poth, 2016), UEZQ] 2L wl= WA} R|4]
I S Bkl o5 Argsl] ek mrtE B8 4= QlrhKwak,
2022). 2 AL o] AHPA o7 HEE|R] kS RCMO| #|4] 1L
o] AR pPCKel o ks F==A] &7] flsf A4 —HS 554
(Professional Learning Communities; ©]3} PLC)E &
CoRe(Content Representation) 2Hd, A5 HH, X434 H]Jﬂ_ =
= o184l 554 HEE RO, o]F ZAR T olES =&Y

o}, QAR Figure 29} 2+& AT Aol wjah A7 SasI9L.

g
2
<
x

2. ARt

=R

g

? 2
3Qloj9ick. SAL 3918 B B B wWAlo 2 AgEled), A
_‘_,—; A

AL R S0 4l RS Ak S o7 gl

A ol A melEy e gk A An HFo] Fsatchar Azl
I lenz A4 wEhs F 2FuAte] 2dY pPCK HgkE
B} sk Are] Sl Befsto] AgttoiRtz AU At
Zolzo] ot Q12 ARgRe- Table 13} 2k

Table 1. Description of participants

D L 22 o
AL} o I 5
B} & T MM 5
Citrh ol e I L S L = EX)

3. 2tz 44

R R S R i
PLCOA Aoz} Uie g3} 9l o]5S
% W zp=7olth

CoRe2}
S he=w ?l A 4

7}. CoRe

sA}e] POKE= QI 2jo] AAIR] Aj2l7} ofirhs S4o] 9)
thLoughran ef al., 2001). ©]¢] Loughran ef al.(2004, 2006)2- TAK]
PCKS Lfefdl 2 9l w724 CoReZ: /P51t Ak CoRel=
ol wAke] 42S Aske] POKS: FEASHL BASRt] 83t 7
A =82 deA QJt(Hume & Berry, 2011; Kind, 2009; Loughran
et al., 2006; Nilsson & Loughran, 2012). & ¢19LoJ|A]&= Loughran

of 7Y A8 et al. (2004, 2006)0] 7|43t CoReZ M I5lo] AFLEHTHTable 2).
o LT 9 B 24} | 2 pLcs s A4 me g core | 3. CoRe A2 1A

. PCK, 33t mele] 49, * PLCE £ A4 w9 gt A 47 * CoReo] 3= o]
TS pLC T A AT 9 2E 2} . PLCOﬂH CoRe 47 (1 2% ¢ 1:2% CoRe B|i E4]
R 4 WY Aw 47 R 5. 93 AR 9 g AR 24 . 6. A7 W A2 5%

o 27 ol B4 Axjel whE Aw 14
. 2Eejeiel A

Figure 2. Research procedure

Table 2. CoRe(Content Representation) Template (Loughran et al., 2004; 2006)

Fa 3t ofolcjolry
Big Idea A Big Idea B

1. o] 7ol disl g5l vifloF sk= A2 Folelria?

_SHE0] ol3g ok ZE 9 Fashar

— AT

ol Aol thal Aol U gl se Rotelrhar
[

ol /MEE 72 ) o A

o e e sl GR FE s Ao

=
=
of AWE HEAE ol YRS FE ThE KUASE Folslrkar

AREE g HMERe B
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CoRe 22 k5 Ao sl wA} sHSAl 7k=x]aiat
Sk 8 7E H ofelHol(big idea)E WER = Ao AJSliA,
7} 1 ofo]rjolo] thgl 8712] Fholl oA o itk CoReoll ©ot
7] $lal wAks B FAIE o9A 712 A oF 8] AJRljoF sh=d,
=3 39 sk AdtE WAk w8} wa
= Yoti7] 97t £}, Aol High
AXGER), = Aol tigt A1), B7F AX(1Ed)ye Lot
7] $J8t Balo g AR} glon o]i= PCK] JL910& o] Ax]i=
AEo|ti(Barendsen & Henze, 2019). WA= o]2]3t ZRof Hgko.
24 574 sy Aol gk AA19] PCKE AAstHA, f21Ql
pPCKE "8A124]Ql pPCK= HEI3ITHAlonzo et al., 2019). A3t
Aee AR Sl sshd 2817 1ehd A=} 2 Tkl
#ZF CoRe S PLC H9) A7t ZREZ 43 o] F T 2t 25t
h. A4 CoRe® T A HA181E wAke] mdlle pPCKE Hil

T 4 Aot
U PLCAA d7zkodAt 71 s}

PCK 7ol fklol wiet 3 Shfel PO 1A} 7F chalet 34
£ B3l PCK 9% 7+ x]4] ngto] o|FofX| =5 FHH(Carlson ef al.,
2019; Dogan ef al, 2015). PLCE= 7]&Z& &2]59(technical
rationality) T2lchelel] 7]bet ShgkAltop-down) sk Wefe] wap
AEA e whAlo] tjoto g HEAA] WAL wS{reflective teacher
education) I tho] 7HHRH 434 (bottom-up) S A=ttt
(Jeong et al., 2023). o]o] we} & Aol X= PLCE 53 25uAL
7} AH4le) =¢dol] el /gzketaL, wElE f¢lofl TIF EFAQ] 2|4
& RIHOR BT 4 QS PLC ZRESS sttt of
Lee et al.(2022)°] 7|3}l Jeong et al.(2023)0] &
ol A AVE 91 PLC ERES NS Ps)
o]t Table 3).

HAFZLE PLCOA] S7-3oq2 7} U E3HE Eof 2EE 9ol
U A4 W] TAe] pPCKo] AaES ofE FS miBA] ol
WA BRI o) 98] LRES 413} 9204 ALHOREL 1
SO mAE =¢o] oJujel o]ojof| tfgt gt o4 glo] eyt
2de EL 1wy B8 5o 48S HEohugie AAlo] Syt
$94S A4-FRo 24 ePCKr} pPCK 7t A4] wEto] o] Roj2| =2
g Aoft}. ZREF Mo FA= i A =20 FH= =Y

%

g 590 el TGH xalel WS At 7)Hk cPCK(educational
research based cPCK)E HoAx}ZoA] 331, AA| oA =d
B A8 5 e ARA AXE S =T cPCKe =2
g o AT Ao st A X|Ao] By wS At
(e.g., Campbell ef al., 2013; Kim et al, 2023)5 A2J3t Ao =E, &2
Az ofe] AFAPE Aolgt mdlg] o] ojm|e} Al gt s
283t =9 A ks Algsie] ozl el tish B
g Ak o] R =S S

TRED #12k el Loalglon TRED 412 708,
TREE HE R AQEL TRED B4 g YaHoR
oofelglon] TRED B TR, TRED ML 1205 AQEC)

o Anelete] 4% Wy

2 13} WS sk AAsle] ot B A= B sl
olZ¥E I T F 2% WS SARAT. A% WY PLC B3}

QT ol A} F A2l 2Pe CoReol T A}] POKS
Z; ddbA o 2 AREE= X El9] Magnusson ef
) % 571 POK 4] Sz ojujgt wish)
SAe] 2 F3 EHsTk CoRed) BAE $J8) At
A 0.2 CoRe 3] 7t 4 HollA] tpehd TLAle] QA 148
whch PK 7404 % TAJ2] of #]4jo] =2
=S Sofgick Tiok WA} slLte] Ao Ehlo] 44 ol
SKSUE ol T 0] ARHKISR)IS AR 29 4 st
% Jhe] ST} Bofu|E sk

SO
~ N
0"_'_‘
3 e
o Ix
z ™
=)
N
g-ﬁ
ofx

e 30 s

M
T
_l
%
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x

o
rir
N

=

Table 3. Configuration of the PLC protocol for enhancing the teaching expertise of science modeling instruction

FE A W
. Uk At 2 ol
dlg] 2~of 3t Azk
szegn | FHETEL IS | o sia dong o) musge et s
= £o B9 it PRIl
LSl 9 R Y Ee wd 98 49 AR B
core | PEE Y AU M [+ BFA wHY ool RoRlsl
e N O R C
+ may ool ShY ANBA St o ok sl
I
mEEE B R9Y 49 AR A% 4] |+ BE AR SIS e E2sh)
+ wHY 9 AE) A ]
EETEyY w9 A A | meEs g 3o Su 95 S Eus Rud £ Ak Sgd walsiel 2o Al 24
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FE Folol= A9A upHm g WRo] A8E i 7 A=
o= PCK 74840 71 819] 8axe.g, KISR-R)7F &= l=t,
o] ¢1eda] Bdof w2 A 02 Magnusson ef al.(1999)2] PCK &9l
HRgE ook A& SiFRol= AdE 40 wet “®EA7F
A5t 33 (analyst-constructed typologies)’2 SHd-3i=d](Marshall
& Rossman, 2006)(e.g., EXM), 7} Q7t%lo] /A o8 FCE Ko

b 24 ARE H|ash =gk Dol AHR FEw 7
olg 2 Xgick

oA PCK g 84x0] whet A2 - gz o
UeRd Aojok AR 2st mdls] 429

b1l o)

i E]

-

Table 4. Coding Key

N
>

K

14 ks ot

B i 25uAY] Wl pPCK W3PS op]
9

oReE A|4:%] 0 & H]:(constant comparison)(Glaser
& Strauss, 1967)3}9ith. ®3F & v|uRto g & 4= Q= 2EWA}
of pPCK WIS E257] 9J5) GALS 2 oftlo] Ate] mely
pPCKS} TelElo] wslel Bao] WEA D, o o] 598
oHgel BAoR ARE YNACR PEYLh o|F ATAL
Wi RS BT Hol BAL AA 2= pPoK WS Bl

Ak,

9

(e}
i
0

=l

PCK AR 4 A= A9
5} w4 AFHOTS)
s} sk Ao st Alg (OTS-DSPS) T8t gt 58 7 (Developing science process skills)
(OTS-FRC) e} Azt B of)
(Understanding further or related scientific concepts)
(OTS-SUDP) U el metA ol
(Scientific understanding of daily phenomena)
(OTS-STS) ek A5 9F BRE o]3) (STS)
(OTS-PEL) AJE)2] 29F skoF (Promoting ecological literacy)
5} w8 A 2] 2|(KSC) (KSC-CM) WS4 Y& (Curriculum materials)
(KSC-VC) $A17 w234 (Vertical curriculum)
(KSC-HC) 232 w334 (Horizontal curriculum)
3P o)) gt A4] (KSU) (KSU-MC) 2 70'g (Misconceptions)
(KSU-PC) AFAA] 2] (Preconceptions)
(KSU-LC) Sh&ol| A Z= o]Ee (Learning difficulties)
(KSU-MI) 57|12} &u] (Motivation and Interest)
(KSU-ND) 1Q (Need)
st =2 Ao dig A A(KISR)
A A HAERED (KISR-R-EXM) oAl (Examples)
(KISR-R-MOD) 24 (Model)
(KISR-R-IM) O3 E= GAF (Image)
(KISR-R-ST) olol7] = 53} (Story)
ZA B4 AZHES) (KISR-A-DEMO) A (Demonstration)
(KISR-A-CLS) EZ (Classification)
(KISR-A-EXP) A13] (Experiment)
(KISR-A-RP) o3k (Role-play)
(KISR-A-DRW) 1% 12]7] (Drawing)
(KISR-A-WR) 227] (Writing)
(KISR-A-MG) =g A (Model generation)
(KISR-A-ME) 24 H7} (Model evaluation)
(KISR-A-MM) g A (Model modification)
(KISR-A-INV) ZA} (Investigation)
(KISR-A-DS) =9], E9] (Discussion)
st 5 Hrlo it A 2(KAS) (KAS-VE) 5 A9 (Verbal explanation)
(KAS-WE) 27| /49 (Written explanation)
(KAS-DRW) 718]7] (Drawing)
(KAS-MOD) =g 8 (Model)
(KAS-OE) 2 7} (Observational Evaluation)
(KAS-CLS) H=3}7] (Classification)
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g AR L WY A

PLCoJ|A A-+3oiz; 7t To} Ame} 45 W Ame 53} 4
=5 W8-S AAkstaL AtoiAlEolAl 271 AAF A=) A4
= ARSI ARt AH4le] MEstalAl sk on]7t HAL
Aol AR Fdo] HU=A] FRlstil=tl, olF Fdl A+ 7]
=& Bl (descriptive validity)Q} A 2| =5 A|1slaA} sack 2
o7t HE &, 2Rl A = Bl E(taguette)of] H=Est0] HAL
AmE AT e mEE] =¢of Wt A4 mgke] ARt
Zke] mdle] pPCKe|l ofH Foks F=A] 221817] sl A5
27 o|& HFAlo] Bl AxKCorbin & Strauss, 1990; Creswell &
Poth, 20162 Wit} 13} FL 02 o AL wARe] PCK7} Sajut
Ftol] WEA AL, o FEO] SA4S okathe FA0R 5S¢
SZITHON A29). o] 23} sidof|xf= PLC7} ZIgiof| wheh mAf
O] PCKe| #3p7} vt BE-s SH o= 619 jIFE AdUHE
9. A7 1F Al HES B9 o) S AX 2t F 83719
T, 14719 319 WZF7F AAEQIck Magnusson et al(1999)9]
PCK R4l RCMO| 24| whe: o] 24 flAR sfo] A/dH =9}
5h9] M5 HERE AT, o F- 4719 A9l A=
o}, 32} Al A ol A= AAdE ok9] W TF EAS 4
Slal WAFPCK #iste} T W5 Adsls AR 1S
AR 7 d3dS =017 S8l =4 1PgolA sk

‘9‘ -
AE F oo BAX7} AL A% Frolol] = WA Ak

bl

L

Ml o

AR Foirze] ue} & a7t 2ue A

=22 = ‘{I\_
How HuF 4 g FRES acklel A3t 714 s

. A5t Zat R =9

o] Aol 33} mel S:joll Bk 4] WFlo| W2 EEAt
of WEE pPCK WISHS s, 25aixte] BelE) pPCK ¥
A14) wto] ofult 7]otE SA] AFHOR WA AT 2
3} 71l Aol Ae CoRe U2} TS} B TR A}
EgER), ol ofn] Aeke] WES olv] 98] U A= g

o] ol AT} F Aol B4 CoReolA] Eat il
& pPCK 35 PCK 4 SAHE AAFL =3tk

I8} = A 3K Orientations toward Teaching Science; OTS) OTS
= Magnusson 5(1999)¢] PCK =& 71 9jof] fIx|af th2 44
20 F3FS njxe 94 o] Ak Park¥t Chen(2012)-2 OTS7}
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Figure 6. lllustration of the changes in KAS caused by
knowledge exchange
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