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We developed a small-group training program for in-service teachers focused on scientific modeling.
We collected the discourses of the teachers who participated in the activity and analyzed them by type.
The training program employed a collaborative approach in which a small group completed tasks and
produced outputs based on the theme of ‘galaxies and the Universe’ to enable practical application in
classes. Three in-service science teachers participated in the training program. Their discourses were
recorded, transcribed, and classified into types based on individual turns and interaction units. The language
expressions of the teachers reflected the unique characteristics of the teaching profession, with each
participant having preferred language expression types, albeit with a generally low prevalence of specific
language expression types across the participants. Differences in discourse characteristics related to the
modeling theme, task presentation method, and model types, revealed that variations in the proportion
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training of interaction unit types during the modeling design, build, and evaluation stages were primarily influenced
by the teachers’ familiarity with the modeling theme. While the task presentation method also influenced
interaction types, model types had little impact on the distribution of interaction types. Considering these
findings, training programs on modeling for in-service teachers should include a checklist to encourage
sufficient interaction between participants as well as propose proper questions that can be effectively
addressed through collaboration.
. M2 oA HAHS BE3t waslksS 3ely] Hleiie mdw
2 ofafstin, mEE Aasto] BT 4 Glofok SHAINHCho, Kim,
3k} melE(scientific modeling)S- AFAFALS Adalal o] =351 & Choe, 2017), W & WARES HAHS EestA osffsiA|
430 A S T RS T4, A s EolciKang,  FSPAKang, 2017) Wof ] cfeieiste o) o
2017). 2dle) SHEo g ARoane I3 weby wez  (Cho, Nam, & Oh, 2017). of= AR o IHgof A 2= 7|4 i
Sdshs Fhalale] A ST WHsH Bo] 9om(Oh, Choi, &  Srae AR 71V AV thE o FolHtk(Gilbert, 2004). ‘I}E}H
Paik, 2021), ThA}T} tjake] Exdo] thek Al gl ws o mep  WARSS] M 8 A e ffel 4 wAEeA 2] A
2 BA) 32 IS Aela weld Al 58S A V)5S A, A & 2EEE BT 5 e A 7185 AlEske Ao
Alzaicy. ol wol A vustug slsls Hetugols m BA8stHJust & Gilbert, 2002).
dge F8 FFOZ AASINRC, 2012), G2 ot S et wapalef AAlE RS Y, Aldehs BEY 22 =
oJet 7} Mk ZaQl9Fo A mellES wlshd Alare] sAl QA gt ZF9 44e AU, A aYe TR EeoR sk

2 7+z3ka QltiHardman, 2017). 3+ #eta} m-Sabgo A= 3=t gt Ao EAAF HE o] oglo g Agr| Ao} uk
2007 A WLTA o]a) malo] 882007, 2009 A WLTFA)T} CHOh, Choi, & Paik, 2021). ©% &5 3] TAAYELS A =9]
maE 32015, 2022 WA w&IpA)o] s FRE T gtk A2 olB H ANE e =M 3Ee] AAE gkl 2R
(MEHRD, 2007; MOE, 2011; 2015; 2021). £3| #|713}} Eoloj|A] g 71315 fedl, old A4 T =8 miAl= dojolch webA

L owE wely B wslng @b Se(Cho & Nam, PSS SOk sheael 4EAEe A, 1ol
2017), At Lofoll Al kit YTt Aol AFEY pEvh SEAE0] BEUSS Sjd aigdi AR SSel wob ApA’] B

A3 A% o] BPsEE 797} diygo]] uielck map 4+ ©l olFelxl Ao EriLumpe & Staver, 1995; Richmond &
Striley, 1996). 1014 42281} 5t FAof| thgh o] A= 4
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21o] 2 3l Wol7} | A= B 2le) 4 2] A
2 vtk A Hoj&ri(Lim, Heo, & Kim, 2009; Ku et al., 2007).
% - WSS o RARE e EE By B A2
Aeke] B, T4, 45 i g Sl me Us 303 2o
Ajo] B4 Bafsjo] 4] Bitol] Mgkt wE BE WS AN

H} QItK(Cha et al., 2005; Han, Park, & Ryu, 2011; Kang et al., 2001;
Lee et al., 2002; Lee, Yoon, & Kang, 2014; Lim & Noh, 2001; Park
& Lee, 2012). Z, 93} BAS WE Sh5o] mIlE sl WE
gF AT ke aHeE AME 4 Atk

A2 WARS tFo R oF A A4} 2HA ol 29 B9
ghe WA R HE Fo] 53] =Ee Holu, e A
TS A = ofHs] 7oA A9 RIwTE ok 2o} WALS e
542 el g A4 ' 2 24,
59| FeFe B A Ale]HK(Sim, 2006).
o= Bkl Ak W= A Aol iRt wAHES] v

et al, 1991; Lee et al., 2007; Sim, 2006). F2 U=E0] ¢ojogL
S A%l AAA R mgo] BA| o= S U, 540 3
o 49] ¢14= ZJo] So] QItKChoi, 2002; Kim ef al, 1991). ©|= 32
st7] fleliAs = axke] Qs Hhet TR I WARSO| 554
o7 ot 4= Qli= A4 WHAlo] digte] & 4= ¢lom(Cha ef al,
2002; Nam et al, 2012), HEZ SHA 554 & ol
Q= 7 22 4o S syt 2E E%5o|cKDriver, 1995; Fox,
1995; Tobin, 1997). Wep] 2 Lo A= =] WAL thare] ¢i4=o)
A BE EEl] A Wrishl g TR0 aats ufofstalzt
Sk FA 07 E g IAA LRt WARE9] dold] AfoAkg-
= A8tz gk

3} A2 S Al WEks aefefof sk A Q] FAo|
7123 Al A )02 Zlg)E|ojof SFKChin 2007; Chung &
Shin, 2021; Creswell, 2012; Kayima & Jakobsen, 2020). & ¢17Lof|A]
= A CEeh 9 2510t 952 ofol|A KUY S 25T
o] 0|5 g3t WAl A ZRIWS ekl dZ] wALE S
2FS s Z2 o) HoER ] mASe welR i sl
itk o280 5445 eRlstke AR ATE A3sielth wAE
of| rofsto] TAIE Pl TollA] Let

NEAgo e wdlE Ao A4Er HEY WA

B AT AR A BA At AAHQ e 23
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Aok ke AgbHoR AME 4 Ghe muk ohjel g £,
AT iAo elmet WE-S TS 4 AATHRAA ).
o $AE A4 ZRa Z13E A £

ai4o .

of HulgS Bl thEEs sk AR W8S skl
W3} wartol A e AA it @42 18t o]22 Adstol d

ok 3= BrHel A7} ot B st A vhgel &
S o|85k= ] A} o]tiOh, Jon, & Yoo, 2007). et} w-S}
ol 4= dotct 2319] Ta} Azt ofo] 24E|T, B WAL
S &8 Aol olEeE Aeth 3 wAE deR AR
a7 A= A =YE g x]2Aof gt ofsl, <ol
S8 B A4 W s el o Aol 7]5E avsigict
ol EfiE A4 2 2015 /i ekt w83 (MOE,
2015)0A BAE 75 F =] At AR o 23S e,
AR 2015 714 Bt} m8uge) ATt ] A £
Hl ojF2se] i, Eeoslte] i Y, A e Y, S
mgos Agstel 7|Zskc

A 2 730] FHRS. WA A A|(Instructional System Design;
ISD)oJA 71 9] &85 #4129l ADDIE 2 3(Leshin, Pollock,
& Reigeluth, 1992)2 mith £4)(A) THAPRIA S w531 B aabA
£ wpulslols, ) A4} e sle) el o a8 Yopa]
$J8 HERAE ANJS) L Zake vigko R Wig} ZRsle) 4
= Atk AAD) BN = 22T ] mE wAIs
sl B A 410m PAE ANEE 2Hsje) 22
EgiElofo} o hg} 22l 7412 Holsiaich D) B
oA Zeorge] B} A2lE e i) HEst 4T, 4
Fok g AT B WA 9 HamS, R} 6102 74
B el el B TARE tpRoR o G m2aw e
F90] e, A i Alaol glo] BEe] olalel Sealel ot
Bol, At =2 A 7hs olFE HESIICE AN DA =
A oo} Falak 20| Zletol ofu] F<l(pilot teste] Ao
AR o], AReAQl EE(e 2R} §lo] s QhfiAle] 7]Riet
ABHQ 43l) 715 o} 5& Tmele] RIS 44 9 wolal
itk o5 FHI7KE) SAlIA 2] W W 3o B
2% A% Susldth AT A Q% T2IRe &
HAH) A T4, AN A, Bk B 3T 54
= Table 10f A5}t

TS| vt RARE S 4 JES AR Axjo) Hg
5t 2§38 AEiskiti(Harrison & Treagust, 2000b; Gilbert,
1991; Gilbert, Boulter, & Elmer, 2000). 12}A|o|A = AlZf A2 E
24 9 wRslel BR A4S mUYek, o R E(fowchar)o]
& elj(maps, diagrams, tables)® F A== ST 23| = A 4]
Q1 AFRS Aol 2718 ZABabAL} SISl TR B H(scale
modely & AR AHSHES Sigick 3R 24 hEe 7
Z o7 F&5}E](concept process model), PsolLf FEo2 RIS




A Discourse Analysis of Science Teachers’ Scientific Modeling Activities

Table 1. Composition and operation guide of the developed training program

Contents of the training program

2)Types of
1y 2) i i
Class Theme Task Buiisatis Type of Models Representation model.lng
used mode of model teaching
activities
. . * Designi lassificati o .
| ‘How can radio galaxies Aes11gri1;ngt;ec;;si1 1c:(;1osnsiztsrtle$ Classification system Maps- Visual mode
be classified?’ pPpiying ghed sy (flowchart drawings) diagrams-tables (diagram) )
data Learning to
e . *Building a 3-dimensional scale create new
Various types of active . . . del
. model of a large-scale object 3-dimensional scale models
2 galaxies, but only . . Scale models Concrete mode
o + Interpreting the observation based model
one entity?
on the model
‘Looking for a new . . .
. . * Designing a new model experiment Model experiment Concept process Gesture mode
3 upiverse expansion * Evaluating the developed experiment  (prescription writings) models Symbolic mode
experiment:--’ Learning to
“The cosmological + Converting datapoints into plots Scatter plots with line reconstruct
s (charts) overplotted Maps- a model

4 constant (A) created by

. . * Representing mathematical and
Einstein’s mistake’ P e

physical interpretation of the plots

(datapoints converted to

diagrams-tables Visual mode (graph)

charts)

Talk about your impressions of participating (discussion)

Table 2. List of information about research participants

Participant Working school level Total teaching years Teaching years in high school Major and degree

Teacher A High school 12 8 Earth Science Education Major
Teacher B Middle School 11 1 &

Teacher C Middle School 4 _ Master’s course in Science Education

= QJE=E(gesture mode model) FTE 4xFA|o A= 12FA|Q}F FARSH
A ARE b Pem mEske A|7sksle] 19 BY(diagrams)S
AR GEsiry.

AFEE AT WY TAF 5 BHH T purposeful sampling;
Creswell, 2012; Maxwell, 2005; Spradley, 2016; Strauss & Corbin,
1998) {402 A= ofof] 252Q1 37 9] WARE Hofrte st
ek o] FEE FoAAEE o= 3 ofu] T i(pilot test)©]
A AR ] HlFo] il mElE] dol|A] EOje} FolE AR
e A EHEor Hdls ARshs ARl vivls] whEE= ATt
Lo, olefet ZAIE st A ESY HieE Al 2ojd A%
8.8 B ofollo] mwiel Felo] olRold 4= 9l HolXE 4
STk 2ATE 30102 AT ol 29 FANL glofa
sl A5 A-8-S Qs Ajolt(Lim, Kim, & Lim, 2020). Table 29|
A7 Holge] AurAel Aut AAI=o] gk

ol WARSS A4 ZRIYE X FA| LFIHU(IA} A)
oF FFAEAL B, O] 2L Q9L A} A, B, €] 4] Heje
Z}ZF 123, 114, 4otk 231 9 95 ool A 9] w4 ot 8}l

1) ‘29| §-3(Model Typology)> 2 AFA|] A= Fefjol] LAste] 235t
¥tHHarrison & Treagust, 2000b).

2) WA npgksolA REs S8 o, Bdo] 7HA|= &2 oujel 2y
wplo] 2jslel mele] BE weeh Y I8 U S 240
tiGilbert, Boulter, & Elmer, 2000).

3k A Wb AL DESMIS oo, WAL BE % - 1E0H,
HAFCE 0PI o Safeh 9ol TRt 8-S 1A
Aol 9%k

=

oA =2 2021 8¢ 8, OF SAITH A 22}A], @3 23}A)) F4F
ol 5 B AR Ae o] Hofolith i me R
A hiel TS A8 B Festel mus RS ALsteL
SRl AAE sl gt Eoje} B} Shs-S lgsiqict A4}
= 350] WAH 5L ofafel] Sfs wlzte] Talnon-partcipant
observation)2 R}t Cooper, Lewis, & Urquhart, 2004).

3. 2tz 4

L= 2PN ZE W8-S o] 55 Yol 59 Est
AL, = tishs HAER HARIACE HAF AR § 531 A8
HA gaEe 71 W8 S elskal, BT RS
AFA7E Zhol whEkebe 2Hgt W 7157} x5t
(Seong & Choi, 2007). S1o]= EHER] k& 7] W, o8 HWs,
FAlo] Tk, #4571 52 71582 APskal(Wodak, 1999), that
Z el AE 9 oA AAel il FEoE 3 52 F49
OnlE ATt A= Weto] #7174 Y=g FT <t 7|8ttt
(Seong & Choi, 2007).

Aejgt IAES Th &) Ao AR TelR RSk TR
22 g Alke] wWelo] Wishe F ApUAoR 52 thE Al
Hhoto] AJRFEJHAL o] Hhdlo] FREE FEZARE Fostltt
(Joo, Kim, & Noh, 2012; Joo, Kim, & Noh, 2014). &}1}o] #3j=

303



Eom & Shim

£ ofgo] ddEl Faow A 4 9 ofu) 2 T cidAol
Ak e uietoll ] AA|solof Tehe 71EE A8tk 1
27 ool 7 Hio] Bfke] 2o BkolA Q1S W e A

Kim, 2005).
© M2 4228 997t AlREE Ae® 715skal(Hogan,
1999), &3t Ao Ag ehenbet W82 et} AlsE =3tk

4, 2tg 24

7 Zlzo] ek A oAkl gt B4 flsl 2zl A8
7k #41E(Table 3, 4= 7Idsioict 7HE %19] 79, Hogan
(1999)0] 7itelar o]= = thgr g9KKang, Kim, & Noh, 2000;
Kim & Choi, 2009; Seong & Choi, 2007)0]] 8% EAES H &L
O Aol Aeles A 4, Heksto] Z-851ItiTable 3). 2,
S, oA A, o H7]9] WFe FLEslom, ZH7Fo] HsofA
Zleo] AV Fa/dE arefste] 2ls {39 S9E Ul A=

S PPl 5 F=O| sAE 245 AV o] 85

Table 3. Scheme for dialogue analysis: turn types

= 39 JIRA &S oJu]dttiKim & Choi, 2009).
FEAE T9le] £4E2 Joo, Kim, & Noh (2014)2] -0 A
HAES LYo AAARY IR ofolAle IHA sid o
off T8& 7L G Aske] B-ESIAH(Table 4). HA| AA/AIZY
H7E oA ARG +ES eslo] Tt A Au

(constant comparative method; Strauss & Corbin, 1990)2 AR&-3f Z|
ZHor RASS sl ST BASS AR F ol A
Ak BAE MR S ke B Bosle] BAK 7 A
(intercoder agreement)E 7= tHCohen, 1960; Staver & Lumpe,
1995). thAl xge] Eel U AHE TS A3 0.972] Cohen’s Kappa
AE gEsielon, Ar 24 2ol B9 I, soE tigt
HAE B, AR BE ¥ A9E 20} 9 7 ER 5o

Category Description Type Code
Simple question (= Z1H)
question that can be answered by yes or no, question that requires prompt answer to check the surface  CQl
meaning
Question  Turn that asks question Related question (gl Z&) cQ2
A&7 to other participants question that asks to check content knowledge related to the tasks
Elaborative question (3} Z&)
question that requires the detailed and specific explanation to the content knowledge, question that  CQ3
invokes cognitive conflicts for scientific concepts
Simple response (The -3H) CRI
answer with yes or no, answer that repetitively confirms the idea
Response Turn that is made in Related response (Gl %“ﬂ’) CR2
(et reaction to other answer to briefly explain the related content knowledge
o d L )
participants’ Words  gjaporative response (A3} 3H)
answer that provides explanation using scientific concepts and knowledge, answer that uses analogy, =~ CR3
answer that contains causal links between phenomena
Explanation (2%) e
delivery of additional information
Simple suggestion (T A|2h
Making Turn that suggests suggestion that does not require a prompt action CS1
Suggestion something to other suggestion that requires a prompt action, and simple action
(A A participants Specific suggestion (F-A|3} A|¢hH cs2
suggestion that request a specific action with more than one steps
Elaborative suggestion (%13} A|<h) cs3
suggestion that request a specific action by presenting logical reasons, detailed examples, pros and cons.
Acceptance (~8) col
agreeing to the suggestions
o Tu{n. that ’takes 0tl}er Simple counterargument (Ths= HHE co2
Recsmfmg parF1c1pa.nts suggestlons a prompt objection to the suggestion
Opinion (i.e., in reaction to - - .
(9] ¥H7))  Cognitive - Making Accommodative expansion (P4 HER) o3
Suggestion) agreeing to the suggestions, and adding one’s own opinions
Logical counterargument (=2]%] HFE) Co4
presenting counterarguments with based on logical reasons
Others Mumble (Z3HH) 0
(71=h Incompletely ended expression (E4A35H $7) I
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Table 4. Scheme for dialogue analysis: interaction types

A Discourse Analysis of Science Teachers’ Scientific Modeling Activities

Category Subcategory Type Code
. Simple design (Y= AA)
Simple . . L .
(5H) episode consists of limited number of questions and answers DS
i simple questions and answers about design
Cumulative design (2] AA))
. . DE-Cu
new information is cumulated through interaction
Design Corrective design (274 AA))
.. s ; DE-Co
(2A) ) one participant’s idea is corrected by others
Elaborative - -
(H1sh Persuasive design (A5 A7)
agree with other participants’ opinions DE-Pe
differences in opinions between participants disappeared
Disputed design (=73 A7) i
. - . . . DE-Di
different opinions are confronted with each other, and disagreement is not resolved
i Simple build (g AJZhH
Simple . . . .
(5H) episode consists of limited number of questions and answers BS
e simple questions and answers about build
Cumulative build (3% A|2hH
. ) BE-Cu
new information is cumulated through interaction
Build Corrective build (2% A|Zh
.. . . BE-Co
AZH ) one participant’s idea is corrected by others
Elaborative - :
(4 3h Persuasive build (A5 #|ZH
agree with other participants’ opinions BE-Pe
differences in opinions between participants disappeared
Disputed build (=7 A|ZhH .
o L . . . . BE-Di
different opinions are confronted with each other, and disagreement is not resolved
. Simple evaluate (T H7])
Simple . . . ) .
(5h2) episode consists of limited number of questions and answers ES
c simple questions and answers about evaluate
Cumulative evaluate (24 H7}H)
. . EE-Cu
new information is cumulated through interaction
Evaluate Corrective evaluate (24 H7P
o S . EE-Co
(F7hH ) one participant’s idea is corrected by others
Elaborative - —
(A sh Persuasive evaluate (45 H7})
agree with other participants’ opinions EE-Pe
differences in opinions between participants disappeared
Disputs I =A 7 .
isputed evaluate (=2 H7} EE-Di

different opinions are confronted with each other, and disagreement is not resolved

P82 A4 0 v - AEsin] 4215 rangulation) & §4]5}
%THGuba & Lincoln, 1981). Thale} OlE|H. BIAE = 2233t 2la
PR o Holao) el olEst Az, ATARge] glof Helxt
7F AR, Lol it e Hfolel ofgt $1A) 5 Aleld Jake wjAIe
QI 3, o] 977k TS R Qlow] 31e] Hojxjo]
ojzsl7] wjio] ol AHele] E4o] Ajo] 2 vrEela AT
A3k QNI dlols AgHo] EAlg:
Table 5~62 EAES 283 8 A BAu HEAg A4S
A AN Holzek

. 97 Zat 4 =0l
4xpA] AA A 2T A5 Z2 Y et Ak HelE

dies AAfslel SR i, Bk Belo] gL Zueo] &
g wele Alelsli & 9997)e] A W welet & 127709

oX.
{

:
1
N

7} golE|giti(Table 7). o] vpgo 2 gdjo] Uepdt

A 94 R gle] Folat 390) WA A4 hE-S 4
g5t do] Tlo] kL Foll A sh2str] 913 Ad
3 2 ool 2§ Wt B 52

ofsl, e, AW B FA|2 o
81 Uegich Table 8 23pAlolA] BEkS Aaksks Yokl Ay
2, 3AF AV AR 9ol B AR BES AN ) ek 4
ol SAEY YA BHY 0F § WA At ek olXY
TAFEL 9 B 3t ofolco] g

gl melst mage) 1 gol
QX] O
=

H
2 B, A% L2 B84

e
;
d

ol
o)
H1
il
T
paca
oo
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Table 5. Excerpt from a group activity about model experiment on expansion of the Universe

Episode Person Line Turn Code (turn) (intgrz(citeion)
C 17 “of7] o]A A FZ2 Y st v 2| AAEL” CR2
A 18 “H7} wl& oldE Ut CQ1
B 19  “OHP, A7]o| HEo] &5}da.” CR1
c op  “ol7] OHP o) o} sheok & A Qloje] @ Late Ml g Bgo] DE-Cu
AAA & EAle. J2d I FHOE 7Pl Qe e 2= HoAar -
A 21«2 oA Frh oA (RE7HA & A Fol) A Fo)h” Co1
OH}EZT]L& c 22 e de] g 28k (7 Aolol) 9% el el wold gloja” E
PN “8)] o]7] ofg7] W Ad (FHgAE AN HRh Hged o)
Taaer NP g we Ay c@
B 24 etk el RS Wl e, ElEes £ s CR2
C 25 “SUE QAshL, A HE SrjelA EARE AL CR2 .
A 26 <ok ded BjReE JANIW He Aok cQ2 -
c g ORI SOl 288 ARSbAOF A ol o AT HE ARE S A RAL
e
A 28 “HIFYE §lofd =5 A gk geurt ezt Hul. Csl
A 51 “olA " wi2 SR Ras AR CQ2
C 52 “y).” CR1
A 53 “ofE Ril EAP|R §f Heja s o|gA Y& CQl
C 54 SR BAIS ARSI uig Sfsteter cQl BE-DI
A ss UL clE EY AeE B ol oz shfsteln st oA sk et )
JeH?
33441 C 56 “aeW HE o AN s ke cQ3
0HP§— f’]f‘}, A 57 “T3EA oA T A= AF Ho| A9 Exed). Al7|sh.” Q3
O Z gl % S A
ol ot e C S8 “2eiEe] A/t waw o B A goe CR2
A 59 “agA. Jejw o BAke s <k Hrke wld ojg7) sk s cql
g7} ol A7) AP A WIS djof St bt 7]4o] Qe A
B0 aa gey woelar Coow o
A 61 I3 oed) Siefshd o B R 2 - CRI
“H= 1A 8. vk grtal sk (AlRho] EEOH wep) Bshe Aoz
B 62  AZsigera? A AR suiEe Ada 57 AR (FH2EAY) 3 &)
Aol glg7ab M gl oft) ol Qe A WY A Popx-
Table 6. Excerpt from a group activity about the comparison of cosmological models
Episode Person Line Turn Code (turn) (inte(::rzgteion)
C g AR (9B, 2o ou, 5ol o)A Haja 12l Hgol :
Bk el shen), AR 9 TRiAo) ek AZRe o 8 By
B 41 “eEA 19l Ao (Fe St Q3
“H] & 7 go] 1o F24 et 4. A °*§°1]L111 03, 0.72 A=
c 2 A geust sk WS W $F, (BFo) 100n  CR3
(FZOA7D 00]ck ol 714 WAalA] o Bt 950 Az
434 43 <2 IA w3l $o8 J2AK? 7 A o BHEE 95717 CQ3
A 19 . oma. A I AR S S0 (el 2 = EE-C
o] ST Yob (B ARD) FARS g AR B2 k92U 8 o
=23 oA A 45 W03 Hel Qb vk AR, ZEfA QARERRS 1o] AeiHor B 957t Hed| E
ankg 2R A glefok szt dEe|AZE Q0E Aotk siAl 0.7 (U
YA Foz) Fodh o)d oA F=ul”
C 46 Y YAUETE DAY 7)EHolYrL” COl
“IPA. 2| 2 @A YALES WERIThs Ak oA 7iE WA sl
N g LU SR 9 SR 19 kg 4 Qltk ol ARl AX. o 1] oha

oo -+ LT O B S A4S S Qlgobs? T 9 951 8 4
S A A AR ) 3571 ek S B ol AP & meggele”
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. . Code
Episode Person Line Turn Code (turn) Gatizmsifian)
5 g o (OREE 2R Folg Aele) o] BR)E ek wode 2
Hek 957} ohd Acflar N
A g9 ol ElEO] of7Ieh 2R A 45 =, A5 olvAl ol AN A Gls ), CR3
$FE I BEER WHATGE 1P B A opdr
50 “Ae 7K BAshE g9l 90 & SAER AR E
[42}A)] COATE A EA ARl AR 7hE A, A B, S AL 95l
ozugo] ge S1 ¥ AER olAskit &dal Ajdol the A, A 1 % Ak Aol E
oz0] Hrolz} o Ha EE-Co
ws} ez Ay T AF olop|shs A $79| mofo] Qe = A o, 957t
2 34 B 5 wed AsELL o Hie] BAL A R BRl SR BE 9Fe  CR3
A7 olopr]E= Ao
A 53 “ayyzk> CR3
B 54 H(HHE =EE 7)) ol (B EEF oA BEg ©elR) 6.0 cQ2
C 55 <O ol oA 2 Qe AUTE A sk A Wske 7o) glojar CR3
A 56 “6.0 o|AE &3l £ AAY. o]FA HH” CR3
Table 7. Quantitative classification of discourse in each class
Unit category Class 1 Class 2 Class 3 Class 4 Total
Turn units 290 359 168 182 999
Interaction units 41 47 21 18 127
Table 8. Example of discourse sharing information on errors that occur in classes using models
. . Code
Episode Person Line Turn Code (turn) Gatizmsifian)
B 59 (EE B0] Holw) oAe A= A2 (MRS 7RI ARER Ao ok =y cQl
DAL A 60 “Iddh, HyE v de i*cIBHOF o A o} CQl1
X -
w3 A 1wl B 61 “HEgog vl HAlo| Q9 CQ1 BE-Di
g A% “g, 937 S UHE 5 92 3 23, & EaAE Tgolt AR, o]l FRe
A @ ASEANEE AE £2 PHAd. olfY BRS BEL AL WA Bk CR3
ofele stigol d WEAE %ol o BEUS A o
@E—%oﬂ %1—0:‘?‘]5_} —]7—/\]' Aa B, C Z|}X}7]' /?jig}“é ﬁ% %—(gg] —E—:‘E‘%‘ Question | = =« Teacher A Question | = = . Teacher A
Ab R Figure 13+ 20k SARSS] Qlo] E@E B2l o] ufe} N = o\ [
choel A0 Kol X|uk Al ARESHE 9lo] AL A|dHloln, Al
Bohe o} BAE I 5 AT LA AL A9 AjHen /s
AR Abgo] WIMISIINL, WA} B oA AAL, WAF Ci S e 2 -
ec.en'nng " Response Rec.el\'llng «*" Response
499 Ago] Fo g et AEshe oo} Edo) REL
AN ufef A oA g
TRl 7158 WE-L TAL A: olar} 2wy Wi, . ]
Making suggestion Making suggestion
05 olsistIA S, TAL B 7H A Ak, W5 )
Class 1 Class 2
2 Zw3k ofoltolS EE| AARY, ‘WAL C: mAF AS) Ao
_IZ__ —Ja'*o‘]—J:_ 0:‘6‘]' /K]-QXY—_Q_’G]— ]]:H J—]’?j %]—%L]- '§11——§— LH-g- ‘,] ﬁé Question = =« Teacher A ‘o gQuestion = =« Teacher A
= Teacher B g e Teacher B
‘;l,( {—l]'cﬂ-’ = :@]—E x 7]' 1]'0:]1]—,,] 0:‘8]'0] X]"ﬂ_/_\_ﬂ}ﬂ HHHH%—]% <+ Teacher C 400 . <« Teacher C
S BRI 4 Sk TAHES) WAl ARolre) odo] AL 7 ) gt/ SN
RS ShiA] AstEn 7)ete7] tfRolKang, 2014) Ak 2ol R
B W& RS WA AT, WASSTT BRlo]l rkn meke e S0 T | e 7 =2
opinion ~ | opinion
thLee, Chang, & Kim, 2013). ¢4 22192 upal 5 A5 7
wgol A Zbke] oAl WAL ol e B Wi
J_-]J-/\} A']:' “X]/\]:‘q— 7HL\:!:L% %‘Q—G}A] 71—2;(]% LA } ]Eq O]% %EH Makings;ggestion Making suggestion
shE0] HESH ofglo]] ZEsh= "3, WA B “SRAIE0] A4 Class 3 Class 4
B AT HEE AR ”H"‘X]EE Fe ARO[, ke |4 Figure 1. Proportion (%) of turn units by category for the three
TU5HA] FEelEeie gte] Hh, i gLo] AL Al Fsh= 4 teachers. Panels Class 1 to Class 4 are the results of each class
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Table 9. Example of discourse showing clear communication through interaction

Episode Person Line Turn Code (turn) . Code.
(interaction)
B 2 L3k skEg BREe 2 ge) Bl A ojdel 9 cal
A 53 “Zole A? .. (F2F AZEolE WEH) o] Ax#o] o)X CQl
[22}A]] B 54 3 Folo 24 o & HA e Cs3
i xS S p— ol BS
AR e Q
A5} B 56 ‘U, Fol¢t oI5 BY © ARESIEAL Hol glejAa” E
A 57 «o7] Bk Q)aL. H, tekstA xlsh.” Csl
B 58 “H glolZR gojk HAYalr CSl1

RPE 915 BHIL ISk WAL C= A4S 594 B AR
7o) ohfet SPISo] sk Aolul, TS Faf ol
Fas) AR (SPS0] BT 5 UES) B Zolrn YIS
ROl 4] m9u] 7} Hlofo} ek B oS U M,
A A} FTEHE BAShE T BAMEE AR hav], 2273
E 3 HEY A §FS 2t G B5EG W A

L

oA ANE, SHEEOIA Eeg Folof fthal AZslke WA C=
S AT Table 9= o592 43282 Fol QAkaEol
R o] 7k A T AR, A (A A) 2 AJAP(AL
AFB) @9 Aag S0l wARet sAo] Aeakgshol Aol
ang FAE 8T 4 A=F sk #ge] vehidth

Fh, olakse] Agole 3402 ol W73 Hlgo]
uf§- ATk oA AAP ol vl <o 7P o) Hlgo] Wk e
ERQ19] oS 488lAL WRES Al7Ishe dlo] ®He| Wdthe
A& om|FhKLim, Kim, & Lim, 2020). 3PS tharoz oio]z]
TGS 2ARE AR AFollAE o W7 Ago] AAshe
o] ‘o)A AAP 7o) Avto]] Bdfsith= M = w504
o Wk F9 BjlY oS 4-85ke B2 AY Algol 753
gto g a|Xslglth(Lee ef al, 2002). LAFSQ] ALol|E TEWLS
ool AlgHe <lof o] arAtEo] “o)d W7 £ X HlEo]
ke Aoz AtEErh

2, Blo| Axliel {gol| miE T2 E4

Table 102 4528 9] 7-S(Table 4)& ARt 2AE &
SFE A 2dfort. 2208 Ao M= 2o “dA|(Design) ol

Tk ARG e 13%, AR Buildy o] Ba AEAgo] theF
61%, ‘% 7}(Evalulate)’ o] 33t A& 2-8-0] 26%E A[A|5FH o0, 2}
AR BRG] 2 o] AXSHe Hlgo] 23 Tkt 1,
2APAJOAE 3, 43}ATe] I3 A7 sk Hlge] W AP
o AHak o] Eekow], B3] ARl A9 1, 23K
A 3Hclaborative) AHEAHG] B B wh, 3, 47}Ale] A9 T
Fl(simple) AyEAFgo] 25 o Bkt

olefat Zfol7t ekt olfi2 S 41RO BeY o] Aol 2
5 5 glek 1, 234419 BeE 24 (Hskest, BELNFART)
2015 7 Skt BRI WA T8 7| YER A
SR Ui YA HAel Wi, 3, 43000 mEE ARG,
920] MR WIAON FHAOR URE Ao Folxt
Sol 21431 M3k Aol ek AL e mUH o A3}
£ AR AYe AR gashs B v, W4
arje] A% WAREo] WabHe} MAGAEAoA] Altehe mHe
ARS) Rl 3, 4XpAINA AN e BRe AR
ik WlRo] U3 2449 A9 A FL AFHOR A
A5 FHTE AAS A ) Aol SAAL, ALt 24
TR s A S AR 1Rk ol AAR O ofRofxA
okl ke ARl Ao ARk T, AR TAAE A
P A o8 U W ofslo] el 91 chokt

o) Aol AT T S WA Al A e B4 24
W JEAG B T F R0 AT 1, 2344
£ ARe weg Aol ok, 3, 4xk Aol 7% 2T 9
BES T2 PAOR B2 T ez ATASH At Holsg)

Table 10. Discourse distribution (frequency, proportion [%]) of interaction unit categories

Unit category Class 1 Class 2 Class 3 Class 4 Total
Simple 0 (0.0% 2 (43% 1 (4.8% 1 (5.6%
Design P 0.0%) ¢.3%) (*4.8%) G.6%) 16 (12.6%)
Elaborative 2 (4.9%) 3 (6.4%) 4 (19.1%) 3 (16.7%)
Simple 7 (17.1% 3 (6.4% 7 (33.3% 7 (38.8%
Build P 17.1%) 64%) (33.3%) G8.8%) 78 (61.4%)
Elaborative 23 (56.1%) 24 (51.0%) 5 (23.8%) 2 (11.1%)
Simple 0 (0.0% 2 (43% 2 (9.5% 2 (11.1%
Evaluate P 0.0%) (¢3%) 0.5%) (1L 33 (26.0%)
Elaborative 9 (21.9%) 13 (27.6%) 2 (9.55) 3 (16.7%)

Total

41 (100.0%)

47 (100.0%)

21 (100.0%)

18 (100.0%)

127 (100.0%)
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[] Elaborative Design
Simple Design

(o]

Class 1 Class 2

[[] Elaborative Build
Simple Build

60%
40%
20% e

B Elaborative Evaluate
%/ Simple Evaluate

N\

1

Class 3

\S

Class 4

Figure 2. Proportion (%) of discourse based on interaction units at each modeling stage

CH(Table 1). 3, 4xpAJOJA 7P A Q] T2 A7) iAoz
AL 7S, BES AHdshe BAIE F3l (ofv] €A lE) ARl
o] A14] A AT BHels) W TS YA, o] 2ol
wul AR G A, Beke BRAS A sk of
Rolafm a4t 4 olr. Hwat Akurt whesst Aze] ujgol
o AR BT ol e,

wiel, 249 welo] S XA WAL ATAE $B vlg)
37 To] Q= Aoz Holrh 1A} 4xA]0) TeE mEle e
|ZA o2 3% Hdl(visual mode model, maps-diagrams-tables)
2 2k, 2, 3 5ol AR Figure 20014 gHQ1e o= Y= 2
2] 5 A ] 98 AR L Pl 2 Aol ek
el A s v Ak 12019 4 A Aol G
s} e vk ol e 4A4Al) 49 e A4l A
AT o 58 B8 welth st W7k IS le)
o SIS 4 gick Helshe, WY BEed doe B
Aoakgol] e A ait mHo] fENTHE g 24}
IRA| AA] Aol & 4 itk

>~

“

v. 28 2 XA

B Aol 25tet 93 Hoke] wit g0 ndly BF
A Sk o TR A
ool 44315, T 5 L}E}L goke Bastat 71 meabgol
U TS B WAFSe] Wb Ll AASF Ao v

g 2ok sk B3 Loba 214 ZRIY| AR Sfel 1
GEoRA0) 2 8ol tiet Awo] ntet ol LARSO) Slof
A aarge] B4 Auugieh Ea Aol Aas ekt ¢
o] B AR, APk 4TS ARst A2el o At
@uu Ae2r8- BAGLo N gk melE 4] Tt A Gl

2 72} Ew ule] ARRE B stk B HelE Fal Ut
B A A A A Thgel Aee asig
A, w WA A A% }

9 79 Hlgol ‘;%%‘OE’%

“i
Wﬁ
o7
r>~
}011
o
rir
™
it
Jo
ot
rlo

>

_p‘L

L SR A ARS] gkel x4 B}, Al olsll, T12|al
Fohe o AXE S H] EHolqleh ARES] Bt Hie
W RS A ARSjoflA AjghE )l AlolH, A 1t ooE
QA= wA] 23] 84 gleE dusts wAF ko] JukA]
J SO jghe v Yol YIEOR =4S vhEl mnrhs
ol gl 7]elgh Age] Wlwst woleh g, WL 45
52k ofapgo] MEshs ¢lo] Eao] ik A Beldt 5
. ZkApe] st oo AL WREAA AFohe vlet
o Ao ouﬂl ol wRAlo|A FAE AR, Aulcle] w4k
L Zlog peke,
A, 2dd AZH-@r A B‘Hﬁ WAL mdlE] oA
ARG Y mHE AT A4S AR B
of Hlsf E‘E%-I?J ‘éziﬁl WJHOM dEAgS T
Gk Aol chepst Amakgo] Aol elsir.
Rt 2A)2) 39 A, Hhack Aol 2ok
uk AAS2R Bl57t Ao W thhghS Holk
A-go] Zs| dofidth ol= gk o] HisiA= A
off ek AIES Higo = IAIS st Em, dar
selst Fgolelin Teksly] wio] H7lo) e =
o) S A0 AT % ek R BEAH I AR
ATAGe mue] e ek Mom w£6](Oh, Choi,
& Paik, 2021), 253} OF/ A2 AF5 Lo o] Zo|d uj mule) o
& WS ol oFHel BRI Rel thd et
g0l B 9 WSRS, Rsh, ofg sk A= e
~EZ AFE 5 Qlrk ARl RRolAE BE 5 ARl e 1Y
-8 RO 21 eI HaEHE Sler 5&2 g Ee
7k glom, o] 9l8) 7k TS vhrelshs Aol W4
2AE FAHoR ANl 5] SHg 14T 73S AN
%= 9lc.

olg vlgroR P A% WAl o 3t mUY 2 o
A o aree S o ok J7F el =2 e
Ao AAsto] Bl Frre] F345 HAsh= Zlo] a3t ®
Tk Akl Eoi7k7] A A dAlIA 2F BiES dSel Hal
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oFold 4 YR dof Bk B BEY YL 4 - 1Y
2 SR Eoloh B TES AX Bl ot ABAAS sk
ae] 3gol7] uhizel(Kang, 2017), %] chepA(muliplicity) 7t
8, Bhol et olaj2 WA Bt gck
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