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ORIGINAL ARTICLE

Suggestion of the Scientific Argumentation PCK Developmental Model
for Preservice Earth Science Teachers through an Instructional Design
Program Using Argumentation Structures

Won-Mi Park' - Youngsun Kwak*"

(‘Seongnam Girls’ High School, *Korea National University of Education)
ABSTRACT

In this study, after applying the argument structure class design program for 20 preservice earth science teachers, we
conducted individual in-depth interviews, analyzed the data, and derived a scientific argumentation PCK development model.
The scientific argumentation PCK development model consists of three dimensions: Scientific argumentation PCK, PCK
ecosystem, and reflective practice. Scientific argumentation PCK is demonstrated in the process of designing or executing
classes using argumentation structures as an instructional reasoning tool. PCK ecosystem, consisting of the existing conventional
PCK components, is a dimension surrounding the scientific argumentation PCK, and these two dimensions develop by
interacting with each other. Reflective practice regulates each dimension and develops it in various ways by mediating the
two dimensions of the scientific argumentation PCK and the PCK ecosystem. The conclusions drawn based on the results
are as follows: First, preservice science teachers can demonstrate scientific argumentation PCK in the process of design and
implementation of lessons using argumentation structures as a pedagogical reasoning tool. Second, it is necessary to develop
the PCK for pedagogical reasoning tools such as scientific argumentation PCK in advance for the development of science
teachers’ PCK, since the scientific argumentation PCK can develop various components of the PCK ecosystem. Finally, it
is necessary to use scientific argumentation PCK to support the preservice teacher’s reflective practice, seeing that the scientific
argumentation PCK promotes the development of PCK ecosystem components by inducing reflective practice.
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Table 1. Contents of Instructional Design Program Using Argumentation Structures
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Fig. 1. An overview of the scientific argumentation PCK developmental model

2115y, WHH AR (64), ‘et W& 22(33),
‘ete] Ao ek A2°(32), H wrEy 3 A
g A2P92), Sl FE A2 (60), ‘T FE Al
AP(23), B7F A7), ws A7), ag A
F33), 11749 WFE ATty 11719 MFE
A AR, A, AR 474
dlgste A= PCK, A A3, PCK A
APl Al 7HA Ao PRSI, HFH R o
| A7} wAate] #ehes PCK el @t vy
=3I thFig. 1).

=9

o

St PCKE 9 MFE 749 Aoz, 11
F 5 A9 =T P = vehgen, 2
1 7P 54402 vehd PCKelth o] =

[¢)
BT Z85te] £ AAAY A
| =5aa gl A4 4] a3t g
52 #AE PCKZ ekt
3 Hoh=F PCKE Hotolehe 3Hee] B ow,
Tl #ete] Qo)A =FTERE oldfsta o A&
Fetrd A Aete 99 5ol (domain-specif-
ic) PCK2}al & 4= gITh(Veal & MaKinster, 1999). ©]&
HuAE el Ao #E A e g Ss

5
o w24 W) 52 B A4 24 B 5 9
& Ggoleh. Ao du] A7 AL 5

3 O] SR 2 uFe] 39 MEsE e,

HEAE ol m& 2 mIA o] &S A8
on, =5Fxd g FYlES s 1
23 o] & o R wFeEA RS AT o]
FGo A B WAL E=5FRe FA 849 A4
T4 Ads #g 2 nlste & #h=F PCKE
WS a2 #8te=3 PCKO| s @ste AlSH
o 2k59] o AJo|tt,

1o

7V 3 W
Adl g, o)A ]
Y5 FFFol 1 "okl

T ATHE Azte] Srjgtne, agA whEmt

2~

Z

2 T MM

WA oW $o] TEdE

d
MRS old] £91g F o FRe gkt a7l =)

ool 2. 1A gou, GYE| TAGE FEE

A3z Rzt (AT FdR 1)

Hhhe wEskEA ' s A4PE A Zots.
5] ofd AES & #= dAve Aol taEiA
o] g aRigd A gota., Sl wed] wdt
Ak it ofall7) /F Hle Aol FALA, ol¥ A
2 f48 #d A 2yt (7 FlA 0)

U ARS AR, =3 PCKE AR

ZH

(©), AA(B), ¥HHR), TFF1(Q), =



=5TE 8 D2I%S St

3t Oft] X|2afst wWAle] ApsH=S PCK et oe o 81

T FRAHYP) T =578 83 FH9E A FEHFEF O R Mt v AHe wgd FEO W

AdtAY A8 o}% <t At wApL et 8aE Hol #3k x]4]o]tRoy & Bairagya, 2019). ©]+ PCK
2 PAE UES & F Atk #8=F PCKE T Ao Holsts WHEAS A gtz A3

Ste F¢F AN mALE S S ek A2, w53 AFElAM At = 50]A PCK (HAI0F 5, 2015)

A2, w9 dE A4S nefsila A Ee A3 =58 #e PCK (MeNeill & Knight,

AR M= Hh=F PCKE E&aka isiTh 2013)9k 22 P59 =TdEE ] AP
Jaccard AlF* A4S B3l HlolE FAMIS A PCKo}= T

A7, #3h=F PCK A& Uz At 9 A4

E3e =2 FHWAE Bolx AT 53] #Hot= U, PCK A=A Ax3@At

= PCK-OJ :FLM /\o] == :rLz :r!.A4J+7§(P) iﬂ(W)
A12](B), WHHR), F1(Q) T& thE F A9l PCK
AEIAl 5 oubg A AT} dlolE fAMdol A e
Wt PCK AejA 7 84 3 2ot wahf8+]4, 2t

PCK AEAL 8wkl §44, B msg
A4, el Bl B A4, 38wy 2L A
o A4, el B A4, 25 4% A4, 974 A

A, 349 w4 A%, aF L5 5 712 B4

T O 01w
s} 3 A to] HA] 73} 2| Al EFA
o WA A4 W:}T /]al: 0}” J&% A, ~,k§01] PCK T LAEZ TAETHAbell, 2007; Magnusson et
7}5 A Z2=H 1=1 A 3
J&@_ A4, ET? BSAR A, A w1, w2 al., 1999; Park & Chen, 2012, Table 2). ©]5< 2 AT
2 g7 S0 20w v A A4 0,63 ~ 0.959] M= Btz peKE ST o] 9 %ig}%g _
SIthale o Ul
3 001‘1:_ =2 Jaccard AlF7t YERSTHFig. 2). PCK Al A = <% 3k
SHAY AHEE b 0= 0 IR AN = By md | S ° Thele A=
GHES AN AT AN WEA RIAL iy gy 2y asd AP 42 ad 4
e Ao MRS FRAeR AU WEA 2 oo ngum wr 24899 HE2 pokst o
9L B B ok AE GE AN @ e o s et g Aust
= sl e 2 98 & & ek oA el pCK AHAE £
5l A o2 A2 A5 93
B, Sk pokis 9 AR TR NS L g aea,
WHERcn TEEAY 448 W 5 I w9 sees roks pok 4eAE 9
= R84 =
So| Fol7l ;4 WA AAle] Lah) §4S



82 30| - 23

Table 2. Examples of interview data corresponding to PCK ecosystem components
PCK AHA 7das A5 dd A7 A4
<R nFdn W MY ASolgA o= A o ¢xE e o4 ST stEAHE =7
7} Bestdols, of 2d Aol UEeA el 2 Zlole, 1A 4 & © A4 dojof ez,
et whfEA)4 () I E 7 sl A 30=k 60X WS, 3 AZ 8oz Zhdst/) dws o] 9l
to 1 aRTha 49 £ glgehe. awd 1 olfvh o) 29 AQAE A3 < kst Qo]
£ adA 24 o9 Aust F2A T ARES FoMola (AT Rl p)
=sTEE A8 £HS AAls BUzt £4& P o FHA R Hojop 3 Ao FlA] ¢
2A A7 A8, =FTE A7 AL A2 A She A 2ol w2720} old AL 4ol
B mgIg A4 A BEZ FI59S PAST 28T AAX) A st R okt T Ak ofd el
g FAl tisiA S ECAA BEAl Aol & 4 g3 SNENE Y AT A e
A Zota. (A7 FoIA H)

cwEol} ol E TSt Buzke, ItmALE ke WAAA, dE o), 20 e A7 2
bR, A ATAY Y P REL E U AF Folku AER, 19 ofF 420 AP
2 A

oo 2o Be A4 AQUIES] HF AES TI F A4S oFF o] 23 Glojok & R Lots. HEAE AAE
2 vk 5 glouzte, 193 taken ARE AnSel £4L T s

A8 $E ozt 28 R 34 BAS KD et 42shl B8 @F Fel4 Q

2EEE, 9 B2S AU 2. B2 2at AZIE AEE ol oloblsid ARoIN 37

=1 l
02 7k Bol 91014 BFR ZES A7 olob] N £$ A 2ol 2. G|
He a9 A AAS0] AZelE AS RdAen SR AZHIE A wole. SEe BE 4T ¥ed
A4 FE QAR FAF0] =AS LA oloblel FH £ 134 SOW A} E hRoldok 3
Ae. £ETEE 24984 GYT B9 B DES sk ) 99 A Lot 19 ¢

5240 94 A7l B A9aiEn AE A LAEL (AT FelA )
w2 AME AP A, BE Foletis LRe wAdA ASH FEES O A4 AR A
5ol olslE B2 4 At 199 e U2 36 Ans nudel e (AT FiR G
<ol Sho] 7H & Sl oY % e A7 Sl BHeNE F Al A48 4 94
£ 4L A% 2t 58] 9018, @F Bl D)
el sasol aeld 17l o Jelvkey ke AR ¥ Ak 47
S gol 8. 77 g 43, A 28 4] B o5 slok 84 Aol F dglele. auY
N Aggo] yha] s ekt v golors, A, 193 2Rk vglSel 22d HUsk Sl
: ofelflshe Fiol lom F o A7 Goleka Al 4 Lebsol Ae A ZollE & &
91z, T wETEE Heh v Fulelth w2 AR 2a ARe] YA S glelA ekl
Ut (@7 244 B

J

r

apgol B A4

T

M
N
4
fin2
lo
™
0%
p‘L
v
[
0=
s

L H7E AN W eH g, w37l Soltt hEEe| offl £37E SAEA, BE 748
H7} A S ek v goldors, 2a4 o] Fgl tlalx] ABAY ASS Blel Wolopirka A7

d AES %
olg. aA Bl Z ol EA Lotduzl Fola (AT FoIal G)
AT =523 Al vElged 7 Aol ole, ARAME =AE T FEoR Tk A2 9
5ol w725 AHelA Hislem Ftke Azte] SoiA () adA 12 el Ste dee 2
opr WA Folg. ¢ AldE 5] A3 A4 & kA Ao oyt = 4Q AnE mES
BHstn Bdehe AFES Wi A, 1Yt 33 A2uk 7t2A = Al ohdet Atashe TS
£ FolEms dEE A Fadts o] Edlola. ad AnE s Jlsed 0 A4l L.

(@7 F7 N

< FIAES ] F o voldthe Azte] E9lol L. I R ofy REsittn A4el AT ¢
& TASAY AT W ARlgte]l Azlel g, ddle cold WEE Yo Fvehe Al £l
E cofdl w5 golopln, §A50] ©AS dohta ) o2 Rapd W7t sjFH ok szt ol
Wb dEE allok @), Bp@EeA Wt ofd 48E djoklltkale AEE 25 W € & A H

0
e

n e

ul

(3

B
BN
}w{‘
olf
2
o
By
rr

2(7) <=°]tH(Table 3).
& 53], g} wIhf 2249 74 Hsh=3 PCKe}e)
& aEy BEst oo =4 JElydth PCK

84 FollA], dubd o FFA BolF

J 0 AN, 25 B ANS), 25 THH(S5), B7HA
I~
2~

N
o
)
©w
o
k)
1%
(e}
e
ox
°
Mooz
o 2
2o
> ol
N
=
o>
o 2
g B
Ho A%
o
o,
o=
=
X
—
ox



=57 8 220y

gS St olH| Xl w

AfQ| 1tsh=3 PCK e o Hot 83

Table 3. Results of coding matrices in the PCK ecosystem components and scientific argumentation PCK
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