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In this study, we investigated the characteristics of group discussion and classroom discussion in the
scientific modeling of the particulate model of matter. 7th graders in Seoul participated in this study.
We implemented science instructions based on the GEM cycle of scientific modeling. We analyzed the
differences between group discussion and classroom discussion in three steps: exploring thoughts,
comparing thoughts, and drawing conclusions. We also looked into the level of argumentations of the
students in the modeling activities. The analysis of the results indicated that students generated a group
model by extracting commonalities from each model of their group members, and then they evaluated
and modified the group model by comparing the differences among the models in classroom discussion.
The main step involved in group discussion was ‘exploring thoughts’, whereas in classroom discussion
it was ‘comparing thoughts’. Although the levels of argumentation among the students were generally

GEM cycle low, most students participated with enthusiasm, as they expressed their interest and had positive perception
in the modeling activities. As a result, the modeling activities were found to have positive influences
on concept development. Some suggestions to implement the modeling activities in science teaching
effectively were discussed.
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Table 2. Instructional sequence of scientific modeling
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Table 3. Quality of reasoning in science classroom discourse

0{4

AABsek oflu] 1o FofEt SBS L of
WS AN AUE Hgo R o] AlE B3 4 B
AR HF e DB IS WS o) Al o]
oI SS9 A 93t o, Y T YA ST 28 3
Z =2 aAc B 4l A7) s E29| st sHIE
o QIS 2] Slatod AAlalT A, 7] 7jel waETh 4%
o T HEe ANt S0 Jidell #MEt A=Al
o} oF AES oiylh Eoh T BRI A o BERY
FE&= Loly] ffsto] oA ko) IV, &5 =9 s I, 2E
5 E3o] =0l ® 2 AT EEY A o R -
A 5ol Histed ARz ARkt 7el Hge A3ste
o OF 30~40 =] AlZte] 28 F I L US98k
o, He el 47 YT A~DO) FE2 FURR S55510i
L, W] FoiRt sHIES BEAlE sk, M e U
< Saotol AT

S A]

=z =z

AAEA ¢

=
&3 =Zol Fol HEY W FA 24 o3 Ya
b =% 271 g 1

weh WEg Eolq 9=t o wes] itk

2%
o) 9 &E7} A ol AR mEG BolA o whach
9so] Q=L YAl R Bollx o WA w3

7] ghZolet. (Al sigst

de 7= ANE &8 =)
A (@) F mHEo gt oA Y27 o wEA w3

WS FAR U B 8ot B4 ARNE 3 2 93¢
3

xLong 1:-] 2 o]

AR]85 LETL T BolAuTh nEG BolA o whad,

=5 7 2 “Zﬂiﬁ} A2 EAE & oled o Sletl, WERE =olMe

2 ol Art 17}
Fie}. (o1 rieol g UAPA, WA WS wiEom 2718 AX)

B @ A g} g go) A} o meA A
e e Ao e F4: Y QA0] 25 S50 3 BolHEc} wE BolA o wer
AR S7ln SRSt AR 12 AN op et W Bl Gl o ol A8 & Bt o Bl
e = e of57h o & Qolel, (20 B B719] o SR8 wne daE vo 242
AX)
. WA (9 A BT e BolA A=) o weEA
Ng ZAR B4 0] BAS e Qe - o
T s oas o AR RIS S g g2 gdel 25 St 3 Beldnch nsw gol | e

F7 2Rt w248 AA9 B Sk SRIT (QUSHE FAS FAR AM)

363



Yang, Kim, Jo & Noh

3. 2% 24

ape] Al wske B T4 5 BRI o] Aget 2]
Mol By} AR iy 2= 1L v|wska o] viglo g g
3t vtk ATlE 24 A5t AT B2 W A o BE2S
B3} SIS0 By A I oA veR s EAL 2919] ARyt
TEOT NE B2 vEAoR HATo N AYHoR T23)
Stk GEM <3+ 149) sk, Brter], 24sl] gl shis
o] B ol Az =eui7], A2 vlasly], A ofEofu”]
gEo2 Uehlth weiy shEe] GEM &8 2 Sae )
AR o Seluy] S5kl GEM w8 Thge] sk, B,
S AR A SR, Ak s, 22 ool
A TR BRse] BAslelr Ee AT EED 44 B B2

oA UEhie =ze] 528 AAzoR Basl] 9fsko] Furtak
et al. (2010)9] BEXAES o] &3tk WA, EE 1P oA 3}
AV} S 5 S 44 D2 o 95w

1 E20)A UEit =28 717} 2671} 387)0] A Thele L
the, SHIES] =22 277} AAERA] %S =Z(unsupported
reasoning), TARS £/ 2 AA|SE :=Z(phenomenological reasoning),
BAS Z7AE AAGE =Z(relational reasoning), T2 ZAE AA|
3} =Z(rule-based reasoning)?] 47}%] $Z 0 &2 HE51IcKTable 3).
AR EE 9 A B B2 4 whE) 2 2Y wde] B8
B 25 5ol ot AL wolA L shise] Sue vt
Ko walom st

[¢)

ol

LR Hlﬂo}ml s A, 49 F A
B Slolet B9 11elsick tio Al 3 Aoz
WIS S THO R TS mY Ty 5o SHYEe] A Wl
o SR G v 5 9l ACE ek of @Ae] Bl

S ST S A A ABE s sl om_aﬂ
28 T4 TN dofihs £2 TEe] BAo) e 14 AuE
FHOE ANE At Eolshrh

1. A3et E23} M| &fF E2oM LRt £

7} AT B2 dehts 54

A EENE A2 e, A7 wlas], AE ofZely
719 A B % A2k ER] AN SIS 2ol AEAgel
TH Fasholch SHISS AT EE 3 F A7 Selup) 9
ofl 71 B AREE Belstlon] wale] NiEE AhHo R Bl
E3, e A3, WSSl A7 Selu] SR kgl
PurshA| Uolelehar ASHACE A2 Eeiuy] B SIS

S AAlste] BENSI AUt et AT
EEOA Ueht 139 28 AsluEl SIS 37 glo] 23
2 ANISAL, Aol 3 B4 AAE SAZ Ak A9t

2] 7ol w3

364

o
5

ok % 26819] =% 3 lIA e 53] 1591 FA7 A

S A

oh2 =%0] W7} 12346, 2%):% A Eok, B SR AA
Bk =52 93)(34.6%) WERL O, 2 20 =51l A& 57
2 AT =5 58)(192%)= AH—M AT}, o) FBPYEC]

23 A A oA 2yt HHE P& 2| ALS AAlsHY FGE=
AEAGo] B Flo] uldte] Bt A2 o oA AAls
= A5 Ago] uf$- A9 A HAL(Park ef al., 2014)2] A} 7
uHEl—o]a]- g = oh;].

rlo

Az Hl ] A A2 A9l BeS wmsks Hiel
F olRojzirk BEAE FUet Bt Wz wy 7ke] 25
51 RIS 3 Pl AN, SHSE A5t EEe
0 719] FEHS 3 Aol AFsKck olel wet el = 73]
ARAS] Zjol ol s =ofsiALL Ags o)A Tefeks A9
79] §19ick S Sof, 27T A| A4S B 1he] FEHo| T
el olollert 71 9 4ol AR Kole Gt
Aol Tt 1Alo] Wigke 2, W% TolA 2JEe] ST 3 Sl
181 5 0] 0|4 213 A4S SHOL, T BEAS
& Aol 7t 54 gkl Ap4rEe] el mado] el sayel
s} wlsietust lAflick 4205 Bo) Afol A2 4o
R FHS et Pei Fol ARRIsH: AEdr: S, BES
Sof Ajzjo] BE chaz} ojglo] % e Lol et ofel
o) cheah ol 18 1] oldol thet o]k 1A olojxl -
= gigik

ﬂll

A =

2HGg: 20| S2Ictn

sied: Lt

Mgl L 20| S2lols Z 224,

Y. 0| S20l= He=2 (AYT 2HOA) d17(=2 FHO{?

MNIEl: 20| O] oEZof A1, oA HPZZO| U1,

S 2 ofgA| SHR|? YAks Ao Iz |= 2= 5, 22 oY
Al A2

A4 29 2= SRR

g S2AY 2 27|= o, Z

A4 W AZtolls O 2012 3% 8 782 |1 2o| 21 A
2ot

AHG: L= 22| 20| 2*1Y
27

Zl4= AIOJAIO|2 S07k= A o7t 20 OI% | B AfOjAtO|Z,

J 1FY Z0lA)

0=
N
N
ol
>
=
u
=
~J

2 Z7|= st O 20| 20l=

AE olEoli] Bl e Y 2E 1 Fede v

o7 BEAS] oA FUTeRN ST BHEs =E5IGI
AE 5o, &Y A= 7 Sl wi=gt SollA SiE =7

=B Ake] AU s Bl B gAt 93 A o
e Wl BFE 240 ol aoisle, A Col 32
= Wolmal 91Ao] that ot Bl Yofrtor] gag
Holial Aol Y2 YAt HAY) ARdTHs TEEE 4
e mol gsieick. ol ol sHEe] BEUS ode
FYSH WAOR APY BHFL £ES PP HolEck

i

|



The Characteristics of Group and Classroom Discussions in the Scientific Modeling of the Particulate Model of Matter

271 AT DS D27t 92| OfFA PP
A3 20§ QICH= oJH0| MY BLOLE 07| 20§ Qs ZR Bt
420 2% 2t 2ol 201 A 228t €L

A& 17| ORfiof] AZLOIES OfFHA| FOjA, AHOE 2 220 20

U= AL
(AT Col YT 2 TH Iy FofM)
WY A, e AT RS AT 1 o) oA S5t
dfok Bk ATk 5, BB 2T BFL B v 2yo)
REuch mEe) oAe a ddels AL Fa% aaw

Aﬂ7¥8}ﬁ]:].

2A|: CH2 Al o| AT S0{ Blof ot SF A2 S| ATt Cf SO KA
CIE A= 7t J120] (2F F10) J{U7t TFE Algh S| HO
O U2 SE s 71 AAS Ao 80| U 2 o] 4of

A 01z T2l 2tz
O Qo] 22 B2lo] ojAoR Foie, K| 1 CiREs 2zt
0] QL0{of EICkn AZIHA B ofS0| BIEPH 12l 242
J¢ Qo2

>
=

@S 28 74 = Uy SoIM)
ofof] W} 4xlek EEolA] SIS SAZ AXISH S 5L
She 2971 Bokon] =Y 719] Molge] et FE o7 ol
U] okoft). o2 E3 swzo] B3t wES Al sl 23
7k0] Hjol el 2510 WS o W YT 4= Gl RS Mest
ofo} gk QlAlo] REThe oF 4 ik 3k Ajolo] Tigt ol
A o]20lxx) o= ol SHIS0] A AR Uehd 5= gl
7*5011 i8] e =77] olek E2 BAel49) A2
ArE AR 0] oFAlo||= 02| A0l @AM olgl AAA QAEE
B T v)d 4 qlv|Do, 2009), St FHYES S
7E AEAE 30N o) FEE 7T e o] oAg 48
3l EAJo] 9l2o] H11E|1l QItKPark ef al., 2014; Shim et al.,
2015). o] & mREoj= uj), sHYSo] AltHte] BEo| s =rlshs
5 JRORE sl AT BN 1 11 Aol
AR 9l

A~
=

[¢)
AR Eofshe ol A9l

20| T A2 27t 222 S W 0f01S0| L olA
UCH2L WSHR| 4, O, U ofH0| YL of, e
A ailM ofAH0| FatiRls A= U0

3 YA7E 3 B Ee) o He|7hA] olsshs 2g & <
A -5 SIS UERls shlie] dols uhiet =3t & =0
A 2fol7h glglom, @352 Alztel met shdsrel o)zt
Aoz TSkt Beka mY 24 A A BHPoA
TEAQ 845 R0k FHH= AT ohe} a4E 7] WA
slgro R QuiAS Fok WS el Ashs S ARs
B Zo] Faslh tehy] 298 EE0A SS0] BRSS bl
21 o] HFPo| FARS t] A sl 4= 9l=x|o

wajol Aol4g 2 SEL R
Fuslol 200 YL AT 5 YS TAEOR he Aavt

oIk
. A4 3 B2 Uehs £

A e EEoA= A7 =87, Az vjasly], A& ol&o]
W] S 5 A2 vlasy ] gA7E 7Y EiskA] o] Foislch A
S ERoAe 3839 =% T SV ANEA] g2 =50
113)(29.0%), @S SA=Z AAZE =Fo] 73](18.4%) Ueht 43

o ER29] H9H} ulgo] 7hasglck BHH, BAE TAR AXS

FF2 13)2.6%), 712& AR AR =82 193)(50.0%) 2 A7
o ERof|MErt 11 Hgo| FTIeIALE TAE TAR AT =5
2 afch BRI WA s EE mFof|A 1L HlwT) ol Wbtk
ot k= AA| s ERoA AT ERZoAED O 2 5
F9] =350] o]FAR = Ao US U= AR & 4 9l

A7t Eg7] Aol A S-S e R AT BgS
%Jﬁ}‘x‘btﬂ H‘Ex}h golgl A@% iR :LEHE ArstAY

=9 9] Lg JMUP 0}%EL ‘ﬂ”‘—i RGBS A °“‘%°ﬂ
= 28] TRFOIAA] gRokE B
7t A= ‘3} °lb Z*Xﬂ S B8 A9 543 BRA]
=29 A7 vlasy] dAellA
4ol - —%01 dold Zle tiHlste] g 2]
sP7] wiel, A4t #31‘4171 Al T o] sl Al
=0t o dojut sPES] AZto] & o AlekE Ao & 4 Jlrk

A2E wlashy] gl B sHEe] A e B
sl w=olstd=tl, AT B2l 79l BE ] 35HE e
ol FEatAd At 2] A ey ERoMe AFEE 1y &
oS AL 2folo] AR ASle e =47t EdsHA ol
oIt AfE ERoA sHEe] dhefd 2 %"“Olﬂh 59
SRS 7L el 2 g, A o Bl afld 1Y
O] BfAdE TSIl Hhe afEe] 1o EHOHHE Hhapsh= A
QL 2917] oA o] Fo it it ol High =1 T
oM e 2 o] digt koM g EuA] o2
ol gt HRE 8ske ARoATE K ko) Zfolo] vt
e ool Higt B, How Ay = gle A= AR AA
st A Ze5 Y HitkE 878k A 5 2ol o
Ry —’T—’EPJ Aol AAE. ol whet A s EEoMe
S H-HhE A 2 ASA] S F

@ A EEo] Uoltt e B 4 itk

365



Yang, Kim, Jo & Noh

LRAE A7 QR DPHE A A, 2R 22 2 UL CIERAP)

LHEAL 7h2H 2 A2t A2 A0| & 74 AotR. 72| Us A2
S| LHE Ao VI R, 7I2H =2t G S0
PRI E HE Qolstne. MY T el 37|19t
LOR[= RS LEZ] fI6iM 71240 s A SR 3
YRS A Joi=. (BE)

AL 22H| GAF DPHEE 471 AHR? S22 GARIE? (2

LHEL 230 YAS0| OIFA oS W, Y7 SH AR,
2 BHSID HAE Ho2. (SH)
—

N
[HO
g
]
i
a
B
1SS
pN
1©
i}
N
mjn
i}
)
ol
rl
N
I o
T
i
_l n
2
rlo
1o
Y
fu

S5 sh= Al HA| 22 (AHtE

@A g £

T ARe) o] vjsle] SOl 2 SAE ANEHA] 23t
7 AEg Hle sk Seke & vt A9 ekt ols &3
o EE PN =52 o] FE 23k ddo] vk & 4
et = AT S ALY o A BY e FeHe Tk
o] 2 dojuriiy A3 Yo FAdut Aol digt
w7F AiE er FEsted, thE afidoe] A7t Aol el
de] grisket oglee 4e Ao® & 5 Atk
AE olEolul] @AM =2 et Ja9] Sitoleke A=
& RS AABEL B At ol AYsh] SRt HE REe
oItk S HF RIS A o EE A S|
SR mE gy oE A9 weketl, vt 2ol A o BEEe
ZAAHA g e dojd Zle REgRt Aes & 4 Sl

1

QY A7 O47|IM RHS LRAE A, eff 717t YASHR0| SHHHS)|
L0| off (HIH2) ORIZ22E £|0ULSHE HO|IUAER.
(3. A= SHREC| ZoJ2t d2isiM, 3| o)A Y=
LIERLHZONS. ZOI2E YZS SHA OIU(2E Y)S 12SHA|

RICHD MM £YRICKD Fol2

AL O 1 oAS SUS W SEH2= oS! AojH)?
UY: APt O|A(2S Y2 M5! WZSHA| Rkl AAHESR.

ES 2 4 = HE S0M)

BICERE T2 o242 WOISOI 2iZ 2%0| 23El9l=0] 1 0jge
2oiote?

A4 A7 E22 2 f S0 MHIOPH 2 22t 220ICkD
AT, ) 24 2 22t oF S2oIckn J3eg| o2
ZSE 2 22p} 320p) 12 Hole. J2hM of, It skn
A2l ol

&),

DISR: 2| B1F 20N T2 oj20] LIZS Th= oA ofg

2910(127

Alg=: 2| shg ES0|ME 20| SYE0 7k O A AU,
2 A 2 2 AT E2S S U TReo| oA Aklst
1, 20| O|HS HI[GHA 0| o|AHO| SHHECt 51 1 ofA
ol 40| oF SU=H|, OIFH 4| s E2S SiH
AUES YL WUS 5P =M (2T ER0IMet g2)) L
0 S8 AO2p7| 2Lt CHE Aol2ts W2hE © TO| 5HA

% 2ot

r

[u]
-

oY rlo

o G

366

Al gol7] SIot mRO) TS FH 4 e ofnlait
(Maia & Justi, 2009). T3k, Q1% SHAE-S whubah Akt 3hAo] 4
310 mgo] MRS YIS o WA SHHAL THE naS
Gk A4S s, olele A shiEel Tt x|4lo] A8
2 32 Falo] AL WHTtHs Ye Ko A 4
QLS SHov] mgol B 4 9 oItk

shel, Ay E20 AA ot RS BAME detd Aol
Bk sHEe] AR gloltk 1 Aelomt AR s B
sk AA0] Rojsl BRE EEsh THo] REse] TR T
Aol Qlek. 2E mRE TAT F AT el ML A
sl BES F9) Tl A4 maS e 4 ololE Ale B
Gl Yora mPol ohet Helt BEshckn g Sk
webd Beka] me T4 2HEe] AA) skt EReld Sl 3

ofgl 24| okt BRE EEIES QM Wast ok T} o)
Sfat TAH el SHEE =07t o Basit weky w
A 5o gt Adi K Park et al., 2014; Shim ef al., 2015)0]|4]
AL A Bt E2elA 7t Aigte] malo] T malow
wahizn], o Thgellx ek mae) vzt
S 7F AL 2 olRolAlA] oR AR Ukt
sh5o] WAl ofs] ATHIH O AL TP B

ong, WAz 47w B3 110 $AKY
ekt ARl A

=
4 QLS FHoRH ShYge] AR PoiE HYS BE
=

El

ait)
et
30,
H1
J
Jo
Of

mh o gl x4 o
t o
oo o il
b FF e oy
e s
BE
o ol
N
l‘ﬂ I
22, T

4
32
1

Wi
%
i)

lo
o
o
ol
=
ok
oZ
iy
°
et
oft
1o

N

=
El
ek

shyse e BRol diel o 47 ol st e we
oh & 4 9la, A= ThE 972 T Aol & 4 Ytk AL A
SolheA olopr|g SHoE T welx] elokE7|7} ek, A%

MR 2= 22 2 TS0IM SiA| R5ked|, deld 22 L2 25E
0| 2YsHFL7t OAI(AgTE E20)) & FCt dZsHS.

[



The Characteristics of Group and Classroom Discussions in the Scientific Modeling of the Particulate Model of Matter

H71otEM ClAS Uis AL A= &
O skl |1, I o FAE X 2ot
EE 29 4 = o %OHH)

)
08
e
o
it
Hm
o
m\.l
e S
— o

i

il

lo

B

i)

ut)

Hﬂ

oZé
oX,
-*g
O
Hﬂ

l'I

ﬁ
L
10
2
i

ofr

5

o
ox.
ok
ok
=
=
ol
g
_rd
=
_Y}L
=
oz O
ﬁ
iﬂ
rlr
o
o rlo Ol'
£
I

L
-
i
tlo
oft
%
%
1o
(oL
i
lo o
.=

B

oo

<
42 ol ey °l°lt717P ol w4 @—C
shgict. ol mjo] &
R IS Aoz et 2RE 2 ke
BEUE] oA Il thio] o7 vk

H
lekar Qlalss Aao] 9kee oF 4 lck ole]

o)

o 2
o

[«

o
"
_l-FE,L [qlllo =

St
e
ofl
o

B o
)
_(?L

huf
T

ot
ox
oX,
~{
fg
o,
>
ok
o=
|
r\l
B
>N
of
ox
&
rlo
1o
2
. X
ao
TE

AEIE el o] e
B7tl7] E}L s 2 91 AL sick L el 71
2931 gk Uepyith webd shySe] 2%t B2 al4olA
3 REU5] 35 A4S SR e oAS S8sle
o] ofUieh, el RS S A BketA et ]
24T BYS FeHon YT 5 s e Last vk

okL o ororr Boom
o]

E

U 24 s B2 gt 9y

g cheat o] A S BE2O| RYE ¥
W 2% e wEP| 9I2 b Mg
WS A9 AU

oh.

7hste] sgro R
S5t f stk

BIZ: 2 Qo] ks ARISO| O] Cf HZBiiRlE RS 52 29

Y B2 E2S S5 HZX0 E22 32| YO8N BF S

4212 3 45 9JoOR x| 3ig E22 S5 SIS0 2 ARIO|
Lo

(2Z 23 7Y % Bg Zok)

gh, A o ERolA sHEe thE 2Tl myof disto

Blyis 0“85% 7 oS S oA A Asliof ﬂqmg SN
o wo| 29I A ok ebAL WA ofE BES He A
Z9to| OHE_O] A A3 ew "ol Ax Au|Y e’ e} 7o)
Sosto] AA| g ERo| vlaE] 2=z oz sl W ook}

FOlE 22 Holgit), SHES AULS 3 Holeku AZste] &
At mES WESP] Aol ol ARE YET s S0,
Al o] e el B US| WelHoR thests g
2 PET 5 qdglc v, AR PSS A LES v A2t
o] Yl T Bel (MRS SRy, A S BES

shel ozt ofzdo] HElx|oba. e A9 UL (F2.. oS0l
1A eoba. ek SRRl shaid] HA) st EES A7
TR 2alte] ofo] diste] WolHel

ZQl dpgomal QA - thE
HES 2ol 2 2k e o+ A3k

2T ERoXe & SHIES A s e wed
ujo] e oA Rt AES e Aol iRt T S
74JF‘XIE EED}E %‘L%h ) Eséoﬂ 3 A4 W= Zl

7K2: 23| 813 E2 B U= O§S0| T BOLP} 2= Hof A
A2 80| 471 2. AIsIS 240l CHshA L2O| & Soi2
4 9oLt Alo] %7 220| S0je7| ThRo| 28 of o
40| #oj2

421 O AR/BHD MU A LR, S22 ATt M2 of
= 24500 s,

B4 28] A4210] =G| 0f2 AABHs A T2 L of

@S 2 74 = Y SolM)

o] SpaiSol A

N Joln
ol
Hr
‘
2
u)
ot
oM,
ot
-
2

(o]
|
R
i_l“

SIS O R WEST A S8 SR Fol FHE - RS
Aeazehe: dolet & 4+ glont, oleia Aeial o] BT 1A
S BES Al 5 9lonR AP A S B8 et 3y

%_4 Hoke dolF= dgke & rﬂ_g,j]_ OlE]- = A '«]] ?_;L:’— EEO]

TaEE 27T T e = = =, 2L =
7t 270 BRS Bl WS Bnis 2] ofujeh 4%e
7ol 9 AS - 4 ﬂLéPEﬂ 1 Solg] 1ekd mPe sk T}

A T2 E2o|A Aol B

f8.

o] oAl FEPIE] T Y T4 B

BES 283t 40l
A e A £20 4R skt £29 B4 BAshir
S A ERAA 2149 Al BPoRRE FEHS 5
ato] Z3pel wpAlo 2 AT BES WA, A 'ﬂ 1 B2

rulo ok

oA ATt =
1 Atk olof| wlet

2] Aol olsiuin AT HES 3
a3 ERelA A Eei] WAL

oﬁL

FAOIRT S FRs ARATH EEo] F1 o|Fogon,
A B EEoE A7 HlEsh] A Saelgln e ma
of thet i=uhe B3jo] Y 70] Aol 2 F3 HolE mESHs =u
2 mgo] dolrh A%w EE2w AA) shi RN dojis



Yang, Kim, Jo & Noh

G2l Aot 912
A 25
%] o= Aos }.u]—o]—r,}. j_?—,qoﬂE ﬁo}j_ 'Q‘j]—/\ﬂ‘: o )5}
w74 P el Mo Aslglon], Tkt oAk

oxf A2 o] 240 713

4y
?31?

X o o 7
ol
_\;

O]'

o] ojolxlz 7her] Fulg 2 A0 4:900] Hofsleict
o Aw) Teke w74 B0l s e sl FH
Qe uld 4 ol Ao® Uehid.

lo
é’
5
4
2
_g
re
_>.i
>.
11>_4
v}
tt
rht
é

=27t 53] "EOMZI W= HPFEL XdXﬂ St E_%
o uyg 7 «] Aol o] FHsto] HEgS skl Ashs A
et = HAlo] Ao bl Adks jitks S o 4= A%l
ok webA] 45”—'1 Y T 2o A8 o

B ol A Shg oA o] FofAls et EES WAshs
Zlo] Pepzofet & 4= Qe 3L 2T B 2V A ohy BN

=59 FEE Bol7] SRt WA gk Fasith WA, £l

?—M SIS S5 v R F4S Arlshe A9 $845
AAAIZIAL, Aie] T2 Bk 713 R ol ti't 44
ARl e|QlEoldE Alee Bart ok 28jal AT Byt A
A 3 EZ9] ofAto] dgfon g S0 = S S X5
TEws A2 ohE Ao AlFslol & Aoltk dlE &
EEM 3PE0] A9l BE 1 S FEvhe A ozt
A7 |- H- 1A o] o)== = IS AA AR AA]
=5 Qhifptomn my 7ie] Aolie F8s] e AN v

2 2% wge BEOES ¥ 4 otk Eg, WA sk w2
o5k SIS0 Hodo] Atjdog 2 Aor Ueljorng ol £
ol7] ffeliMl= WAL AEsHAY HiHsks eAye] wels Afeielst
Ad, Aol ©e] Al WE-s fA EolA Aelsh= 5
A B B2olA s A7 W82 FE5] FHokaL ﬁ%ﬁi
Hold 4= =5 AL a7t ek 53], WA iy B &3
o ZE 7o) A - AR Aee] Lol ¢ Jle =, A4
Sh E2olA 2 7he] BB Ealo] oh ARl Ao By
& BESHE Ao $AUe 42T Bast o

T, o] Qs T By A WEL 23 ol et
£ B2 U950 B4 SISl 93t AR shie] BE 3PgelA
AR o] Holek uetA] o] GiTo] AukE HigoR 2 B
3} A sk mEolN T R PSR, WAl Fje) Tl
HHo] ‘61—/0-159,] 81—./:. _Tq-X%oﬂ 011116} Oﬂb‘l:_ U] ]__Z] Z/\]—?ﬂ— .L]_9_7]—

Qlck. R Sfat WA Wy Y WES 283 o] ek Aw
7h s RS, ot ot Bl Ujgol ﬂioH Troba] w74
=S a3} o8 AX|sle] gubel oAk} JJ__/F@;]-Q A=
2 Afael] Sigt A ARES &4 o}

o] el FopEe] T Y T4 WEE 8% o)
A et axld B89 A4 o BEO) 54 B

368

5RO AR Fotae 15hd eSS HC = GEM <%
Igol| ek gt deb Wy ] Eee A8e e Adst
Ak 2 B2 Y A shy BE2e A4 =R, A vl
EE olFeui7]e] Al eAI= d pi

I A et =59 s S80I A 23, s
< 2fT B2l e AR =
sto] e e A 0}%'131, A B BN 2 HEE
Zbe] Aol w=ofohir e BYge ﬁé7 Sl g3ttt oo
et R E2oe A ‘:i‘iLH | &
EEoNe A2 vlaslr] dAZE Fado ‘EiEP- SR =23 A
Sh BEB0lA dofve =59 aE2 AR w4 goken,
TEHA mE LA o) tigt SIS 914]T} Ty} ko

S psp=ys)
[¢) b e R |
o7 =fof St 11 Ax), ey 1y g Dgo] SRS
g Wl A FEFE v Ao2 YERT) ol#gt At
ATE v o2 kY ny M S-S A8 YS anpos
Aegst7] 13t Wetoll sl =2letsich
FAOY : T B, QA s B2, I34 2y 74, GEM
<=3 74
References

Bottcher, F., & Meisert, A. (2010). Argumentation in science education: A
model-based framework. Science & Education, 20(2), 103-140.

Cho, H. S., & Nam, J. (2014). The impact of the argument-based modeling
strategy using scientific writing implemented in middle school science.
Journal of the Korean Association for Science Education, 34(6),
583-592.

Cho, H. S., Nam, J., & Lee, D. (2014). The development of argument-based
modeling strategy using scientific writing. Journal of the Korean
Association for Science Education, 34(5), 479-490.

Clement, J. (2008b). Creative model construction in scientists and students:
The role of imagery, analogy, and mental simulation. Dordrecht:
Springer.

Clement, J. (2008a). Six levels of organization for curriculum design and
teaching. In J. Clement, & M. A. Rea-Ramirez (Eds.), Model based
learning and instruction in science (pp. 255-272). Dordrecht: Springer.

Clement, J., & Nuflez-Oviedo, M. C. (2008). A competition strategy and
other modes for developing mental models in large group discussion.
In J. Clement, & M. A. Rea-Ramirez (Eds.), Model based learning
and science instruction (pp. 117-138). Dordrecht: Springer.

Clement, J., & Rea-Ramirez, M. A. (2008). Model based learning and science
instruction. Dordrecht: Springer.

Do, S. L. (2005). Emotion and classroom talk: Toward a model of affect
in students’ experiences of classroom discussion. The Korean Journal
of Educational Psychology, 19(1), 17-39.

Furtak, E. M., Hardy, 1., Beinbrech, C., Shavelson, R. J., & Shemwell, J.
T. (2010). A framework for analyzing evidence-based reasoning in
science classroom discourse. Educational Assessment, 15(3-4),
175-196.

Giere, R. N. (2001). A new framework for teaching scientific reasoning.
Argumentation, 15(1), 21-33.

Gilbert, J. K., Boulter, C. J., & Elmer, R. (2000). Positioning models in
science education and in design and technology education. In J. K.
Gilbert, & C. J. Boulter (Eds.), Developing models in science education
(pp. 3-17). Dordrecht: Kluwer.

Harrison, A. G., & Treagust, D. F. (2000). Learning about atoms, molecules,
and chemical bonds: A case study of multiplemodel use in grade 11
chemistry. Science Education, 84(3), 352-381.

Jiménez-Aleixandre, M. P., & Erduran, S. (2008). Argumentation in science
education: An overview. In S. Erduran, & M. P. Jiménez-Aleixandre
(Eds.), Argumentation in science education: Perspectives from
classroom-based research (pp. 3-27). Dordrecht: Springer.

Justi, R. S., & Gilbert, J. K. (2002). Science teachers’ knowledge about
and attitudes towards the use of models and modelling in learning
science. International Journal of Science Education, 24(12), 1273-1292.



The Characteristics of Group and Classroom Discussions in the Scientific Modeling of the Particulate Model of Matter

Kang, E., Kim, C.-J., Choe, S.-U., Yoo, J., Park, H.-J., Lee, S., & Kim,
H.-B. (2012). Small group interaction and norms in the process of
constructing a model for blood flow in the heart. Journal of the Korean
Association for Science Education, 32(2), 372-387.

Krajcik, J., & Merritt, J. (2012). Engaging students in scientific practices:
What does constructing and revising models look like in the science
classroom? Science Scope, 35(7), 6-8.

Lee, S., Kim, C.-J., Choe, S.-U., Yoo, J., Park, H.-J., Kang, E., & Kim,
H.-B. (2012). Exploring the patterns of group model development
about blood flow in the heart and reasoning process by small group
interaction. Journal of the Korean Association for Science Education,
32(5), 805-822.

Lee, S., & Kim, H.-B. (2014). Exploring secondary students’ epistemological
features depending on the evaluation levels of the group model on
blood circulation. Science & Education, 23(5), 1075-1099.

Lehrer, R., & Schauble, L. (2012). Seeding evolutionary thinking by
engaging children in modeling its foundations. Science Education,
96(4), 701-724.

Maia, P. F., & Justi, R. (2009). Learning of chemical equilibrium through
modelling-based teaching. International Journal of Science Education,
31(5), 603-630.

Mendonga, P. C. C., & Justi, R. (2011). Contributions of the ‘model of
modelling’ diagram to the learning of ionic bonding: Analysis of a
case study. Research in Science Education, 41(4), 479-503.

Mendonga, P. C. C., & Justi, R. (2013). The relationships between modelling
and argumentation from the perspective of the model of modelling
diagram. International Journal of Science Education, 35(14), 2407-
2434.

National Research Council (2007). Taking science to school: Learning and
teaching science in grades K-8. In R. A. Duschl, H. A. Schweingruber,
& A. W. Shouse (Eds.), Committee on science learning, kindergarten
through eighth Grade (pp. 129-210). Washington, DC: The National
Academies Press.

Nersessian, N. J. (2002). The cognitive basis of model-based reasoning in
science. In P. Carruthers, S. Stich, & M. Siegal (Eds.), The cognitive
basis of science (pp. 133-153). New York: Cambridge.

Osborne, J., Erduran, S., & Simon, S. (2004). Enhancing the quality of
argumentation in school science. Journal of Research in Science
Teaching, 41(10), 994-1020.

Osborne, J., Simon, S., Christodolou, A., Howell-Richardson, C., &

Richardson, K. (2013). Learning to argue: A study of four schools
and their attempt to develop the use of argumentation as a common
instructional practice and its impact on students. Journal of Research
in Science Teaching, 50(3), 315-347.

Park, H., Kim, H., Jang, S., Shim, Y., Kim, C.-J., Kim, H.,-B., ... Park,
K.-M. (2014). Characteristics of social interaction in scientific
modeling instruction on combustion in middle school. Journal of the
Korean Chemical Society, 58(4), 393-405.

Passmore, C., & Stewart, J. (2002). A modeling approach to teaching
evolutionary biology in high schools. Journal of Research in Science
Teaching, 39(3), 185-204.

Passmore, C., & Svoboda, J. (2012). Exploring opportunities for
argumentation in modelling classrooms. International Journal of
Science Education, 34(10), 1535-1554.

Radinsky, J., Oliva, S., & Alamar, K. (2010). Camila, the earth, and the
sun: Constructing an idea as shared intellectual property. Journal of
Research in Science Teaching, 47(6), 619-642.

Sampson, V., & Clark, D. (2009). The impact of collaboration on the
outcomes of scientific argumentation. Science Education, 93(3),
448-484.

Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Achér, A., Fortus,
D., ... Krajcik, J. (2009). Developing a learning progression for
scientific modeling: Making scientific modeling accessible and
meaningful for learners. Journal of Research in Science Teaching,
46(6), 632-654.

Shim, Y., Kim, C.-J., Choe, S.-U., Kim, H.-B., Yoo, J., Park, H., ... Jang,
S. (2015). Exploring small group features of the social-construction
process of scientific model in a combustion class. Journal of the Korean
Association for Science Education, 35(2), 217-229.

Taylor, 1., Barker, M., & Jones, A. (2003). Promoting mental model building
in astronomy education. International Journal of Science Education,
25(10), 1205-1225.

Yu, H. W,, Cha, H. J., Kim, M. S., Ham, D. C., Kim, H. B., Yoo, J. H.,
... Choe, S. U. (2012). Relation between the personal and social factors
and the interacting role of science gifted students in social
co-construction of scientific model class. Journal of Gifted/Talented
Education, 22(2), 265-290.

Windschitl, M., Thompson, J., & Braaten, M. (2008). Beyond the scientific
method: Model-based inquiry as a new paradigm of preference for
school science investigations. Science Education, 92(5), 941-967.

369





