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ABSTRACT

It is difficult for mathematics teachers to develop mathematical modeling tasks and implement mathematical
modeling lessons for their students. These difficulties serve as a reason why mathematical modeling lessons are
not implemented well in school mathematics. In this study, we aimed to examine how preservice mathematics
teachers (PMTs) modify mathematical modeling tasks in mathematics textbooks as a way to develop mathematical
modeling tasks and how they implement the mathematical modeling lesson. In particular, we focused on how the
openness and reality reflected in the task and the mathematical modeling process change as PMTs modify the tasks.
We collected data through PMTs' evaluation reports on analyzing textbook tasks, task modification, lesson plans and
implementations, peer evaluation, and self-evaluation. Then, we analyzed these data according to the case analysis
process. The findings revealed that when PMTs modified the textbook task, they focused on and improved the
openness and the defining variables and the model stages of mathematical modeling process. However, when PMTs
implemented lesson, the openness and the defining variables and the model stages of mathematical modeling
process were restricted again. PMTs did not focus on other stages. Based on these results, the theoretical and
practical implications of the study was discussed.
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2021) S1t H=0f O]2 Atsof] HRst M A F SHLtE O SQM0| ZX &1 UL} 0| 3t RHZO|ZH AMA o=t
= MO = oiAol0 oA BES At F, 2 REHERH TEE £ S AHMA WO = CHA| siMst=
UR10| YO (Kaiser & Schwarz, 2006), 013 HTASS 485 @H2I0] 4815 At (English, 2006), 455 )
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2 MNIE A0 MEiSHE 1Y £2 A THNIE JHEste 20| ZsCHBorromeo Ferri, 2018; Park & Han, 2018). ot
X2t WALS S MEot ot D IhN| M-0|2 02igS 7HX|T, Ol= Y4 UM et BH 2ES & A ot
= EE0| ECHBIum, 2015). Jung 2| (2020) SA| 0|2t Z2 Of24 S0 S2I5tF=E, Jung 2| (2020)0f ME2H F3HFOI
ot O +AHS oM BAZE EA 2 7St it 22 MKIFY WERE ot DHZ ) #ach ~¢f At

£ 2 5 UOOF STt 3 WM = B2 ot WALSO0| FE UKIHY WHE MBS £H(Peppin & Haggarty,
2001)0f|1M 8% e ~AS 25t KRR %*%E 9;\ H, =of WO MIAIE AAMA W2fo| ItX= ot BHE
¢ Y0 Best =4z E8E £ g A0|7| IE20|CHMaalk et al., 2018).
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WAL F0| CilH| W AR E AIZE|0{0F StTh= HOA, wlitM 2tH|E HYotH EE0t= |2 OH| WAt WKHME L5t
Ch £5], WtM 289| ZO0| BES! OfjH| Al WAtus D273 S Soli 1 JES 7IEE A0| HS Q71 &= ¢=0ICt
ofX|2t 02t 22 OiH|WAtW SO EREMHE S+otdl, st AT, 55| £15 LAY Ao 2et O]t S A
= HOtE 7] OfE@CH(Yang et al., 2022). THA| 25H], O] WAL A &% RAZ KIS HOLM MEHSIAHLE FO{T 54 2
2 N HEYS BAot HYS 7 M= Y2 HYSIES ok 9| &5 7127t MSEX| 2ot U= Ao|T
0|2t Z2 &2 &= OH| AL WA EIAS T Wit IHH| SS 0|85t0 =& =2 X ZHE UN|E oot of
49| oMy DAY &3 HOE =2ot=H oHEE 7= + US= E0HEL

of0fl, = A+= fl°t #2 +4X ZAF0 et fH| LAt SO MK, 0|2H SHAIE E2t6t7| ?/ot0, S-S OlH|uAt=
Of =8 WIPMOf| MAIE A 2o NS ot DHE HHUA 24, H7totl 1 Z10E 7[HEe2 LWI Hedot 7,
HAEE DHE 0|85t ot DA +US HAots WHYS H4THE I} oIt FHAMQ HFEE2 TS 20,

S, ~ofx DA EHOIA OfjH| WAL Wt AMA| M2 ObY| HEYO| 2L M2 FAU0|H, HAH o4 ZEY
Q| E2 HY H M|t 0[St X0|E 7HKIE71?
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1. 815 D2 0iH 24 U IHYS St E

23 U N 24 U NS 93 52 eiTe] SHo| T2t L2 HAIE 4 UK/, 072 HMYAT(Barquero &
Jessen, 2020; Kaiser, 2007; Maal}, 2010)0|A{= 481X D2 Ipynt 4514 Dl Thy|o| AN, IS HASHE
QICH XY, 48h8 DY HR|O| HZ 0| $o1A RHY IS $ASHE BEO0|2H= SHOIM, $318 DU IS 4

ShX @Eal mK|o| 2M 2 JHHS QIS EZM =S 4 ¢E 247t ECHBorromeo Ferri, 2007). MXZ £351% pndzal
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WHE 2AM6H 03 M3l HL(Jung et al., 2020; Park & Choi-Koh, 2022; Park & Kwon, 2023)0M= 25XHOZ £
SHM peEl Mg | EMEZ MAISH] UOMH, £+ HEa] Ihx| JHE A| 58 DR 1P 0| MR THA|of [HE 5}
MWHE 2MJung & Lee, 2021; Kaiser, 2007)5t7| = ST},

25t mElal npHe LA5hH malalo] i nt HAS EXoZ HA MAA AIRIE|0] £8t0] HAHOZ 0|S5t F CHA|
A MAZ S0tRE U39 IHS o|0|SiCH(Abassian et al., 2020). Ct7t 45t DR 1PHO| M& ShAl= AP XS0t
|Z{01 IPH0| XM CH2AH| MA|Z|=H|(Cai et al., 2014; Kaiser & Sriraman, 2006), Bliss 2| (2019)0A= M|
| HH|E 7t2X| 10 SiASH=0| OISt IAt StLt 1 ZR0| 255 WAL SPYO|A| =3t HHZ utx|e] EA
HMAlota, MAlet S0 ME A SHZ 2HHS XHMIS| Qs ULt 2 AFMME a8 ZHE Ihx|
St OfH| WAIS0| 8t R IHE 24 U JHLSH= o o5t =22, Bliss 2| (2019)2] 2 [t
liss 2| (2019)0M = 45t RHE uPdg ‘B Xl Folot?|, 7185H|, Ha Folot7|, 818 B =Z35}

[, 21 B7t Y 2 -0t otg, Ao HISH'E MAISICE o, X Xl Holst7|= X0 MA|E
t tEHEE mefoty! 7Pdst= A8, B Mol = 28 siZo 2
HMEot0] 3t RHS dotE A8, e A YU =
S22 75t oty DN DESE A0S CHA| A MA0f
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=1E=1n| A 02 MAlHT(Kaiser & Schukajlow, 2022; Park & Kwon,
2023)0iA 4315 2 2 HMIC=H, Maal (2010)= FAHNOZ HAIO| A 2 71
ol +F2 24 Y VL2 E= MAISICE. O|m, SIAE2 sHl0] doie = U= SN ZH 4E2 2|0|5HH(Hwang
& Han, 2023b), 042 X0 F0{Zl HEO| SHSYO = QIS HA| SHA]Q| LA} CHYSt BIHO 29| 51A THsde
2 QI3 ol kg S 2l0|GHH(Hartmann et al., 2021). SAQ0 HYEE2 REEO| A ARSHE 48 1hH|2 EX1t xHHst
I EXO|2t= HUA Ee ZXE|7|E st=0l, Borromeo Ferri (2018)= 4=8tM REIZ! 0tx|7t kx| sHZA2 lo 2t
GEIt 86| FOX|X| t=Ct= Fut ot AAZ MK siZL| MekS RHO0t0F Stit= FOflM CHE £ R8HE Mhd|2F X EICH
11 StUCE E8H Hartmann 2 (2021)2 Maal (2010)= X&ESH a8 DHE MHl= SHAH0| BHEE 1 St 2iXto] B
argof ot Ciet Ao 0|2 = U= UHYUS H5otHA, ddat JHH0| ~otd DR WHIE F7otdl 7Hgor
=0 E25t 7|Z2S HEoIRULt.

SHH KohenZ} Gharra-Badran (2023)2 45/ DEZ 0x|Q| 2M3 |6t RHEIS
ShA HE X0 HHHE ot DOl ZF HAV O FHE BHEEU=X] o
0, 0|2t Z2 HIIE ISt MAEst 7|& HA| HR5ICH= AO|LC}. Bliss 2 (201
Tdote 2 HAC| =ZS 0FRH 3F2= FE0ot0] Itsh= 0| BRets A=oii=0
o MEY =0 +atd RHY HE ciActk= se sHE Hote = UCk= A0|Ct 0
Kwon (2023) 5t 3t REE MHH(Q] EXQI SIMME AAMY0| gl= 42, iAo QIZXQl ¢1ZE HOl= 42, oi
o THot AAZ HO|= G2 11 FEE 28 HE UL

XIZ7X|Q LHES SefotH, atd R IPd, abH|Q| siadat 70| et BE-E o] A 3l IS
O TERAR MAIE = ACH, ZF A= HHH 0| M2t T ZFS F2 & UCh XA &
9| Zt HAIE O HE ZES £ UK, ddo Z2 o] AAH0| HOtLt Z2X|, 7HH-E2|
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25{x RUE OIPE F2 NS NOR B ISM &3} S2 =Ol5T YO0, 0lo] bls 4514 RU TS
T, 55| AN TADS TRIUS TG0 N ANS HOIT 4 Y AT ORI FE AFOITHHwang & Han,
2023a; Yang et al., 2002). 0[2 22 AfgH 201K 45/H DU DANTSL TH| 2515 DUA0| The Q1A WS} 48}
N BEY N 52 20| Y U AYS S5 TKOR LIL0| B 4 UM, OR2f0lAs 015 H7E MHEIR BTt

BN, 4815 D) e TS QIA] B0 T3t BT Choi (2017)9} Kim (2021)2] 278 S 4 QT 0lS2 B
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T 51N DUY D2IUS AZF 5 T2IU0| HOS X5 OHITAF S ZSDALY QI40| HISIZ ABIRICE Choi
(2017)= Z2 08 &0| WHOIN ZSDAD B3 0S| et QAT £ DHI0| SHO| Tt AIAIS BAGISCH
20/ MEH, STALS $81% DU0| 3t SHOE HITESHE MET CIYst SHGHZES QIA6HT AUACH, 231K B
WR0j CHE Of24SOR THH| IO 0242, S0 QIXIN BE, WAQ| FHY, BE SHAYO| H0Y, TA 252 QAT U
k. Kim (2021)2 43H% BHI0| et 35 2 SHHOI 01A0| Yol M2 SAULH), 10| T2 £31% DU Fof

4510|2508 DEIZ|0)| CH5H QIAIS 2Mxo tqgw = 74O LIEFLAL}.

| A2 11 FAH7F wARtE oM 2Ale S| SO 2 #Z(Jones & Peppin, 2016)EH, 22 2O =M 2
2E MO HY HA| S DA W A USE Q[T AR WHOZ &EE = UCt YA &ISt Choi (2017)
Of AN WAZE ~obK DA MH| U0 0SS 210 ACks 2t FA| 2hH| HY D L0 et WAt |9 HRH
= SOEL. Eo, WibA AMA W2to] M7 oty R d-gt e g Yy SO TS HHEo| BEotA| ot
ALH= o2 ¢FZ I Hwang & Han, 2023b; Jung et al., 2020; Meyer, 2015)=, WAt WA Of] HIA|E AAA o2t
Of MNIE M= AESH| 2O sHY0] a~oby HEY Mgt S0 HESHA 2EE HHE B + JU=E 4ME My
=2 HYoo A5tz 20| BREs HOELK(Song et al., 2023). #HHLE, Jung 2| (2020)= WIbA M =t ot
Hof -5t E':*'E' Y0 JHI°WOE E'_ JEUSS XI’“@F:“M WARZE W IEA _'H(ﬂ% M%%* e E%@ Sl —|—°W E'.:é-_'

i o

Hé. fe Wloﬂ t.'_*%*%* # A0{0F 3.:% ’83%*1, 3&%"81—% 2 oA E”'E' E}HIOI EJ"Ol '—fEH—f A7 II—EEINOF
tH, ~SA DY otx|e| EZ0| MHsHA BtEE 2HE SHZst= 2FH0IN sHiol ot DA AZ0| AE o ULt
UX6HACHSong et al., 2023).

A HEY e 2 S5 8 IR wALWE HFE2E Hwang?t Han (2023b)2] S} Jung (2023)2] A7t
Cf. HwangJ_} Han (2023b)2 MM =HE & 8 2 0tx| 7H“* WAMUERS $HOIUCH, 1 Al WAILNSS
off HAAM0| ZStE fEHY DHE 0ix| Y AZO0| AE  JASS HOISIAULE Jung (2023)2 ZSWAZL =S5 5
H ek WMo MAIE LHE ot DR M2 HYokE B-UM s o243 XA HatE MRt offE &
0l M=, Ibd| Sy IPFoIN WAbE Sidld BtE, A QIX|AM ~F HF, ot D IO [HE M[S 2tH| KA
oHH2S 7 Qlg

ki on
o|

1or ofm 9
Ul

b | =
AACH, H=F K| HAYS Solf WAt X[A0] SoES QIS = UALE.

SHH, Borromeo Ferri (2018) 3t HUS X E + U= WAL FHCEN 3tN HHE W A
(mathematical modeling teaching competency)S MIAISIICE. OO MEH k% DHEIZ SHS 2{o WALO|AH =t
A2 0|2, A, =Y, ot ZHO| AYOZ WA= $31E DT + HAS 2ot HH +3 S ZAF0{0F &= &
4= QICt. Borromeo Ferri (2018)E M2= 2H-UIA, Jungt Lee (2021)0IM= S&tul WAL} IHH[Q] MA| L X1} £
HAS HEMOZ £36h= MHUIM WAL ~oHK HHE W4 FZO0| JHME = USS UL £3], WA WSS {lof O
& OtL{2t AHM|0f| CHet Ot ZQ 8t ZZXotHA, MAQ JWEL =0 =g AAS Sot o8 DAY WAWRO| 5
QM E LXSINUCL Anhaltet Cortez (2016)= & H0| HFE 3t RHY OH| WAL S ZUE HO{ECE IS0 o
EMH 11HO| OfH|AFSO0| &Y fatM RHE S#5S AAIo +3st 7 thdsts dYS Solf ~atx A0 Lt 0foH
7t SMEUSS L 5 QUL LIOL7E, Anhaltet Cortez (2016)= Stul3St0AM 2] 8H8 DA S Mals Z5t6t7| ol
OH| At SO|AM E A RHZO0| MO Z QHY T 0{0F 8t FEGIALE.

o] ALE ZeotH, WA 22 OH|wAS S| o8& DR 0ty offZ ZR0| 152 #ofd RHE &350 st SHA
QI QIAS HM|Z1ot= O] 7|04 &~ UM, 2| HEY S2 /L +¢ AHS STt WAL F0| WAL b DHZ X|AS
A7 l= O 710 = AZE HOED. 2 AT M= 02t 22 AAFES BHEotil OH|wAe| A ~etx RRZ I
Mot = Al AZS =0|7| Yo, 2hH| o 3 wutA | 2A, H, Moo= ﬁ’e‘ El= M| WA WS +HOIRALCY.
Ol £5 Oft| WAt WK0[2t= MM Hwangt Han (2023b)} Jung (2023)2] S171QF XHESIE|H, WikAl THA| HE|
7|9t5tCHE MO|A Anhalt?t Cortez (2016)2] S22t XHESHEICE,

SIR A|ITE o1o] T w2t of
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F7otH, A7 FHOf et M AL WA 2 20 Bt HEE BHASH=H KESITH(Yin,
S CilHIWASO| Wl tM SMA| MEES| MRS o1 DHE WA= HYyot 7 HAH UME H
WYS HHSOZM, IbA| HE M ¢ A9 IFFUA LR £FO | 2A

+olg Masis 27 HatSH=X| 481K 2
W2 PHOIA AT Tt 0[0] 3t MASITE MY HES AZOR 2 ATUAE ULSIE Zito| THBC} Y
AR2{0i| Chat Z40] QU= olaet ST} 4 ARt

LT AFE T ANHE DMK} ST, Eéh =2 SF0ME 2t

ZHE F= A0| ot AT YN HO{X|= Of[H|wALS| LZAO| Dhx| tHY I MY IO CHSH 2/0] U= O[SHE FFSITh
= XMOj|A, EFMX AR SI7F MESICED THERSHECHYin, 2003). DS HEint Al
(Jones & Peppin, 2016)01 H|F0{, & HATFO0IA HESH= YA Ihx| HY 2 A3
20| &= ey DY WA S AAE OFHC| ECHJt E 20|t

SH0| WAIIS HIHOZ2 SRECt= X
212 20 T 20| QU Ofahet T

1. g3 EOIX}

2 ALY A= s A A TS| IHSMEC =M ‘SSHeu - Z2J0]| £0{St o|H| WAL 7HO|Ct AT FOX S
St Y2 WKOSHMN, 1O 29| sH2 35HA0| s 2l it'*HOI Ct E5H 7 HOXL 5 M| ol sH¥e 2 171 &0 ™
of £t SE, WA S WAtW S ZOIE 45t 30| UCH, T 29| sMY2 2 77t TEE ZSSHetusH ZoE
VWS 202 KT AT AE0(UCL FSHSULHS OH| LA 5t0F £ 8 S T CHUst g 25|
A St AE SHOE XM, 2 St TYE Zo0iMeE 1 & 38 P w4 S Lttt AS SHOE 5N
Ch AT EOXIl SLMER S DEE Q101 OfstLE 515 DA WH|IE Tall=2 20| siA2H, O|= Qs &
st Q2] 0|20f CHEH X|A10] 72| QUQUCE Ciat sHY X Z& 0} H26L0], ZE A7 HOXIEL s 52 oot e
WAOZ ZSEMS Kol 2 S 7HK|LD UACH
2.3 A

2 A7t ME 548w Zols 1657 I1F 1AIZH Y] 25| TSRO, 451K DA &0 MENS =07
2t 0|2 wut ME0| O|R AL St +8l0A &Y R SE0| F2 REER MYEICH= Hof| 7|8t6t0, 2 A7
o| ZHUXIE HA| ZES M0 £0f| HOfoIRCH, DEHZ WItA ItA| BA0 HE, 2+ M80| O|ROXLCE +H
CHSat 20| & ATHA|2 RIS AUCE

— T ="
HHEOIA a7l ot DA IhH|of £ A 3
IR 2= Sl —’Fi.’&. EH'EIOH [ OJ3HE =0 |L(Jung etal, 2019), &8 DAY &F02f &H

A I T $51% DUO| 0|22 SIEHIT 431N DUY NS XY i B
E A 3

|

452 4‘-3”‘* E'.'%_%' Ao ':”"01 _'Hﬂ% ofASH & bl SHE ™S ”*Eéf?'il:f.
tA] AMA| SH2to] MHHIE 45t DHE Y0t ok D DHE|Q| £
i W= O3 SO AFED Q= Wit & SHLE o2 *17“'0f°“'|1f A EMEL Table 1
{Ei2 FORICE. Ol MYAHTOIA ATHE Kohen} Gharra-Badran (2023)24 Bliss 2| (2019), Parkz}
Kwon (2023)2] =2|E &Nz Nefst Ao =, Bliss 2 (2019)0A HMA|gH 0%, 14, 284t Z2 T4 20f HAlg M2
o, 5t REY NNE XS Hots AT X 4gE 12(6t0] Kohendt Gharra-Badran (2023)0] |25t 3HAIZ
MAZ |JOIC}

2 FigEioon, 3

< vt} e T
Fe|oict. 012
2 20| 2E2(0| e

o>

ol |'—l
Im i
mlo
oA
0=
|0
HIJ
|'-|II
i 2
_O'E
Ir
N
0
Hu

ofd DEE Y| 24 Ze0| &5 HAFNAE {Iot0], Table 1= 08¢t 2tH| 24 MO ot RHZ IHHE EM
St M3HA(Jung et al., 2020; Park & Choi-Koh, 2022; Park & Kwon, 2023)2| 2tx| 24 WS AJ|ot= AlIZHS 7t
XLt Sol, SYer M0l CHoHME UAIE slok= shdlof W2t M2 THE 58 DR uPd0| LIEHE &= UACH= Hat 2
#ot0q, Jung 2| (2020)2] ATFOIA HAISH AAHMON BAMOZE 2716H= &&0| £ HA'E ISt} SIRALE OIE S
0f, ‘2Ol §0|E Fot7| fIgh Alut 1 A2 0|8¢ct 2R HO0|E 5HAIL. 1HH|2 701—?—, | SHES floh ‘22X Tls F2
ob7|" HAZE QS E 01| St #5S AIMRE Q7oH| UCEZ ‘A e ooty HAZE MAIZX] 42 A
OF HYCE Ol= M| Il THA Q| Utn| HANME SUSHH MEE0], KH|WAIS2 ﬂml Hed A| HHHSL AL Of= M 2
2 HAHE BAHELZ 7|=oiALt.

I 2HE2 e G0 SHYSHY O|20ACH, O ZUAM 1 252 CHadts, 2 22 #2ee, 3 252 X|ads Y
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Table 1. Framework for analysis and modification of tasks and analysis of implemented tasks

. Opportunity not offered: Some opportunities are ] . ;
Category Coding 0 point offered: 1point Opportunity offered: 2 points
Mathematical Defining the DP  Opportunities to identify Opportunities to identify ~ Opportunities to identify
modeling problem the problem is not the problem is offered the problem is offered
process statement offered insufficiently
Making MA  All necessary Guided about what value  Students themselves
assumptions information is provided, is given and what value need to decide what
and no unnecessary to look for value is given and what
information is provided value to look for without
sufficient information
available
Defining variables DV  Key variables are clearly Key variables are presented Key variables are not clear
stated to some extent
The model M Mathematical model is ~ Model type is provided in  To determine the model
provided words or familiar context  required, it is required
Or, students should select  to think carefully about
the appropriate model the given values and
from the list provided relationships or to do
additional work
Getting a solution S One answer is Several answers are fixed Various answers are
determined possible depending on
the model selection
Analysis and model Al The constructed model  Evaluate and analyze the It is required to evaluate
assessment, and answers are not constructed model or and analyze the
iteration evaluated, analyzed, answer constructed model
and reconstructed Or, students should and answers and, if
compare their work with necessary, reconfigure
that of their peers the model or derive
results or refine the
model
Reporting the RR No reporting of results Reporting of results is Reporting of results is
results required optionally required required
Characteristics  Reality R Artificial contexts that A hypothetical context Context that is familiar to
of the task are unlikely to occur (given the data) that students and exists in
in real-world contexts may be familiar to the the real world
and are unfamiliar to student, but from which
students data cannot be collected
Openness 0 One model and answer  Model is determined Various models and
Or, the answer is fixed answers are possible
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Figure 1. Textbook task selected by group A for modification (Lee et al., 2023, p. 127).
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Figure 2. Textbook task selected by group B for modification (Lew et al., 2023, p. 114).
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Figure 3. Textbook task selected by group C for modification (Koh, 2023, p. 48).
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Table 2. The focus of the task modification

Mathematical modeling process Characteristics of

the task
The focus of the w Analysis
task modification _ Defining Makin -
g Defining Getting a and model  Reporting the ;
tr;%?ercr;ti?]rp assumptions variables The model solution assessment, results Reality Openness
iteration
Group - B A,B,C AB,C A - C B,C A B, C
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Table 3. The strategy of task modification

Group The strategy of task modification

A Improvements in defining variables, the model, and getting a solution stages according to the expansion of the
openness of the task

B Improving the reality of the task, and improvements in defining variables and the model stages according to the
expansion of the openness of the task

C The expansion of the openness of the task by reflecting the reality of the task, and improvements in defining variables,
deriving mathematical models, and reporting results stages through this
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4. 1YTE Sof Yot 7|FBE WAL

Figure 7. Mathematical modeling task developed by group A.

QHISE D 23 19 1817| IR DA BY = O/8 BFABE SO

=

223 Es sol 250 EXL
1. A, B, C HICH & 0= BICHZE b eFESHA, 2350 £ & ASKA =@M EESHEAL

2. ZERZ o HICHE {d=3 0|R E FEYEAL

Figure 8. Mathematical modeling task developed by group B.
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EHg BV 712ts =Y == A0KD JPESIA, JRAA A2 A718] SOILF 7h HRUE o"ES
HEHEA 81T M52 89l 2 20t SUS 7L O S MO 2 0, A0p2] A7
S¢ HZ S JrYsior b ApL 2] ZopErd] Oistef MRS SR =EAL

2t ZE0 MYy M, 2 1M ETS oy 22T iyt siddy, JHdd SHOA EA Zit= Table 42 2T Table
201 MAIE 2t 2F9| O|H|WARSO| =8t dhH| HYO| 2 H|WoEH, 2t 2F 2| ntxf| HY0| HH= A HYol =

JHJH0f71l 2IM=X 504’“1? Aol HYE Soll, A RE2 B ’8°|0f7l ot DA T EoH7| TA 2| JHYd
2, B 252 71Eol7|, = ZololY|, X BE TE617| THAIQE atH|2| Sdd, MY YS, C 52 He Holoh|, B
5f | TAI2E dhRS| S Y, JHE-ES THotRES € & UL,

Table 4. Characteristics of tasks before and after the modification for each group

Characteristics of

Mathematical modeling process the task

Characteristics of -
tasks before and  pefining _ w _ Analysis :
after the modification the problem Making Defining 1.0 1odel  Cettinga  and model  Reporting

statement assumptions variables solution assessment, the results

Reality ~ Openness

iteration

Group A

Before 0 0 0 0 0 0 0

After 0 1 1 1 1 0 0 2 2
Group B

Before 0 0 1 1 0 0 0

After 0 2 2 2 2 0 0 2 2
Group C

Before 0 0 0 0 0 0 0 1

After 0 1 2 2 2 0 2 2 2

Zt D E9| HEEl IX|(Figure 7, Figure 8, Figure 9 £11)2t Table 42| otH| 24 ZNtE SAUOZ 2t IEO| HA M 5
ol WMol EXE ZEHOE AHEH, 2 RE0| MUK HY A| ZFE & QAE SHULZE WAV HMEUZS & = UL

0|2 THIHLZ HHEH L5} 2T,

A, 2= ZS0A A2 HY-J0[ JHAEUC. WY JH2 BE ES0A] HEiSH hH| HY THOZ, 2 BEMA=

oMy B3 S0 2= Ha0f et ER= £ BRI 20} HEfXER PO =M A9 HYES 6k,

1z 3'-% PR I RF HY M IHYES Y & A= 7187 HISTX| LUACHE B7HOH)E &2 At Z2| HY

THHLE, C 2F9| d2, FAZYdt 0|20| 25 0T

M2l Olgdt Ma V| 712t =X SHMA 2EE 5+ A F=M 1t

|2F 224510 C 2EO| GiH|WAISE ThRH| HE 2 IM0| “LMUM QUS HSt ARIZ F2ECZ

Hd-d= ZatotalAt 5tRAC. "1 7| =oAL

SHA mEE] IPYO| K4 OISt |t 5HE RE ESH| HA7E FHMEUCE OIS F TA GAl 2 aoﬂﬁ I'-HHI

49| 2= 2t BF9| EWI “430 ey JH’“opﬂ %”'EI%%E HOoE0 X

7t 0[O 01T Y M ar|et F2, 1Y 2 N0 = TS

= Folo}| Er71I Y =+ U= 7137 FOIRE. E8, et==2

S U= |t
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ZEE 4 U= 71817t FOIFCE B4 HOISP| TS A5 BY E5617| B A2 4818 ZIpt Lot £5
2 4 QIES SORM 25K 2T E5517| B HHORE O[OFLL. 0|2 22 MHO| HIE HIH= UM A BE Ol
a5t

O

IR HY M2H0| MESH +HEUSS 20ED A 252 GH| WA FA| “IHH| HY Mo L 12T} 4

A Me=
= ot ol BRI} HaTt B FOIM Q0| Atay of Hol HEYYA S0|UCE HE HE + Us HHACHH, HYE
20= HE 25 shY0| Fotl oty HRI T AH AR REots LAV EUCE" D HEH NS B7F6IRA.
A2 HAYO| WML FHMCZ, B ZER2 Si+H| H02t= HY & MHQ MS ‘Xﬂ?:.%—.ﬁ SEE
HICHZ HYSIACH, HEE M= qhA| 22 FH|2 ﬂ%é—.*”oﬂﬂl O ey Us A7 AT, £t C 259 8
P FEYEF0I2t= WHH|Q| M2LS SHE0| ZHK| L H2 SUO0IL H2 OAS fIE Ha' 2= HHGHHA, "HHI EIEEEIES
i1|7¥ = 3'_53“‘”01|71I & O odd U= LAHIE HUSIALC. OISEf H21510], B ZF0i| 2fof HIE qhA|0)| CHoll S= OfH| L
H S0l olf=HOl =02t HMAIStH stY=2| SHE 01
|. X

Al o= 0|7t HIR7HS| 07t &S0 F

OII

FJ
el
_°£r|o [

g,
01LHX| 2o |-§ﬂm|9r=*a| o THI0] 29 0/ HEASIED

= G0 EH0f04 eEES SIOZM 7|E MA|I7F 7HK| L UE .3_4%%3 | CHSt HES E2ASHRACE 51 B7SIRACt. 0f2%
2 Z2its a5 EH'%‘ RS HEFO| S MAE LS SHAIOAH| of0] U= S&0|0{0F SHTt= HwangI'-f

Han (2023b), Jung 2| (2020)2| M= UX|SH= A=, OH|WAtL| SIAY JHMO0[2t= K| HE H2F0| HESHA 5=

EASE E0ED.

ofH, Zt 2=0| 2tH| HY *I ZOtA| EUE 249 BLR, 5 21} OUI TAE et Q4= K HES Salf 7Hd
EIX| HUACE FAHHCZ, EH TE Fot| f’é 14 @t 2 —’F’”"f =ob7| TA2l E2, HY M Wit mho HE
o| X ZoIRASU = LA ‘a—i A 2= ZF0M FF0HK| 4% (Table 3 &), Ol= Al 2tH| HIYN = B X]

Tol= 2= 0|0t 0|9 Z2 ItH| HEH0H| et 24 Zit= F—WI YO ZH It M2FO| A AA| M| HEHO| S

L
O|X|H, ot R ahd| HEO| IFYO|A bA| | 2™ ut M=t RM0| S2es 20HEL.

2. 29| & U 255 DU nHo| S3 Hal

OlHIZAI] 29 5 MYE AN DUY NS S3HY DAY HT HAY, WYY ST 243 ZIH= Table 59
20t OI 9 SO Table 401 HAJE 26| el 4| RIS e DU 2 22 o] SH U, 2 DEON 24
HHS S5 S QA7 AT £ MHOIME SXIEIUEK] HOIELL £ Md IHUM, A ZEQ| 22 B4 Hola],
s RSB0 N 812 T18lE SABIHOL 1EPIS) Se7I8IE SIRMIZOD, B 250 F9 B 20|
Nl S Sof HAME LIBX| 240 St 71812 JSHAZOD, C 2SS PP AL BTG |9 SHAY o) | HES
Sofl WA LIDIX| 40| 5% 7|318 ASHAIZICE OFHOIALS THH HISS Saf HHAIE TpRIZF AR| S20IA O A3

EU=X FHHCZ ST EL.

Table 5. Characteristics of the planned and implemented tasks for each group

Characteristics of

Charmctorictse o Mathematical modeling process . the task

mt,h?epmlaemgg ’?:s(:ll(s Defining Making Defining Getting a a)r?(gl1 arhlgtljsel Reporting g
P tg,?ag?:‘gp assumptions variables The model solution  assessment, the results Reality Openness

iteration

Group A
Planned 0 1 1 1 1 0
Implemented 0 0 1 1 1 0

Group B
Planned 0 2 2 2 2 0 0 2 2
Implemented 0 0 1 1 1

Group C
Planned 0 1 2 2 2 0 2 2 2
Implemented 0 0 1 1 1
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A, M| Hes Sofl HHE dHd2 A FYUME RAIE= S 8 2 IFEUA 2HR2| eAg0]
UL HREES SEE7IME HIE A0 2HFE ALH0| +¢ ’é'éc'ioﬂﬁ & STt HItetRenH
Yo M= oot ARD 2 T oM SE o] S BZAEACL BIok7 | = SHRACE. 0|2t 2250
2, HOHL=Z J|&gt dtH|9| & *%3f0:| 1 MEE I ST =M 2K Q|

f7|E StRACH S g0] stdo t0{E =2{otdl IbA| M2 et OJaHE =0l= 32
(English, 2006)= ®g 18 A9 ey H2t SHOM HESIUC L = 4 UL,
=M, M 2| JH-at ! Eéﬁf | BtA|, =3 2o 7| BHAHQ 42, 8 2 I-EuA
SHlio| shg 7137t Y& Mletel7|= 0f°“'|1f o 2%} Table 40(A 2fQI5tR=0|, ZF 2F0M= LabA 2HH|9| &
HHCZ IAQ MY ES SSHRE AFOIACH, A E‘% MO 2 MA|Q| WYY 7S RUHO= MA[SHLL 20
2t RIS HYSIAL. 5o, HLd 7HHS Solf Ha Holoh7|E I 2N 0129| ~otK RHY IS it At of
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WU FA| M= 27t R &7 | = St oiI7iti, B 20 thet S2E7I0IAM GlH AN 2 “WAZL KiSTt shi4-H
IS H0 HZtets 9 OHE e+-E MEcl7| O b= Hoili= 22 389 sta 7187t S=0| MSE7| HEL. ”F—f:
TIIE, OH|LAIG2 "2 +E FEY 4= US LES oM Y LZUAN Y2e £ U= 7I2IE MR 2= BIHE
SIULt. B 252 E2 StloA MEstsS Z HILE MEE O QPH-ES flof shi-He| Z4-7H2t| Xf 5SS 12olof &S
AZOIHA HITHO| si=H2| =0|E 2AfLHS= AO|EE QHUSIAE=MI, Of 2HFHOIA silHl =0|2 HOoFs 12Tt 2
20| 2Ot QAL HEHS HYUCZM DHH|0) 0T LM HES FAH AO|CH L HHE I':'WE Z[SHgkat Z|
US 7HKIE 7t FRO| AE72E LES Sofl M| SHZS 2ol Qs =7t 2SS F5E 5 A StUL. 0]
oF 22 8 AW Atdll= OlH| LA} SHY0|A| shg 71812 MiSotH= A=/t ASUE, +oHH RAY s JFO BE S
Oz Qlaff = shloIA MgtHLl st V=S MESE & USE 20E

PR 221 Al Q8 2S0| HYEX| Zotd I=5H
Ch CHS2 0[Qt st B 2E2| 2 MM WAL

017] APOIEO] F&5121 ADKE ZNZB2T E/0f YIHER? SO7H OIF| X7|7} 71T 42 HICFS| G2 HlOJEIS 25
2 OIZ oA Y HOJE(S CHREE of SAI2. (F2) P2 T8 CiAl 8t ¢ 07} Hoj MOIE0] E4E aiAf HITIS
E4511 0|01 I LIS} Q= ZiZ B 7} S AL, TF THII} O TA Lpgt QLX| B 21R7 U, 0[2H &
o1 07} 44 GIOJEIS0] 0|2 THTZ LISl XS & 47} UFLICH T2/B1 O/, TeHToIA L2/7 SFS ot 4 &
O/ SEG B4 TARES T O/ S50 UK G + U VY| AR (BF) HRGRAE AT 5
LU IR BT 20 UE? (OfHIZALS, 8 HYOIAS| U2 5 L)

B ZS0A Xt= 0| Mgt AEL JHY L= Qlol AbA|Q] HY-gat =5ty 22 HletotCtH, C 2
S0ME Dot 20 HYUCZ sl 2hH| 2| THE -t Ha- HOloH | BHA S| +=-S Hietotr| = SFUL,. 0[2% ._E.jo}oil OflH|
WA= C 259+ ol "0 SUS FOHYX], T LOIE ZO0t0F ol=X|, EOIE MY + A=K S offl A9
HES SoiM SS0| 2AAZ W2het £ QU= Q4SS FHEHCZ MAGIAL= HOA OF+=0| UL "= S=2E7IE, o
HIWAR2E “ot2] AHIE HF TESHA 48 LIHA|(OfH =SS FUEX|, & L0HE Z0toF &X|, EOtE Hzd + Us

X|, €Ot St MFS S00F LX| 5) SUS0| 2H SHZAS Ll Y2GHLUoF & 7PYSS WP E:%’“OE HAIBIALE = S
=2H7IE 7O 0l= wAte| XHEst 7H.°=I9 &2 OB WALt DHefSHR] R 2 Qlsf LIEH 20tz 22ICt. C 259 O
HIWAS SA| =@ AOIA B FOlot7| HARE JHY-S0f et sksol 7187t MigtESE 2 Klotal TSt 22 A7 [E
7+E SIALY.

1
Iy
Ol
N
]
R
1o
1
02
njo

StY=2| Ololl=E A|=ot7| ?Iot0] wIALS] Er2t0ff LHRIoHOf of= L|O/E(S] ZFE HMAISH EJU=E, 0f FE04A
2o AtgE AstAZl 222 HOf Otg/Lt. Hi0/E SR 2= B9/ Soff 2t = + A== +8o1H o "% « L.
(ClE| L ALS, AtZ7[EI7t 5 25

UTRIE T L2 CHYF BS EEHY 4+ U= HHULS 2 X RUY UH= SHY AAE J1HS Y B
oEM B ol HOIN Yol H0IY XIBHS LBStCh(Kaiser & Schukajlow, 2022). OIZACH, SPS JH53t Crerst
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2 UM Ofié B0 JhY K| AAR DRI S9 OIS S WA S 0| HIHOR Hofs S 2ol
Ct. English (2006) 9IA| 840| 431X 292 XS ﬁHééfE 0L SN0 HOPD, REE FIST, 018
DI BN HIok Sl ¢SS Sl '
Ch. OJR3 48X 22l 0| FHKlE o
32 ZAGICT & 4 AU,
AN, 2T BDE| B 2R, TN B Al Y EIS WS TRE HAS C DS Q0 Y B MG o
¢

5 <
ol

|| 0%

>

T >
l,'J_
=
é’.:
2
)l
4

.*.'.
O
mol

1

S ADENB REE 49 A IH0IM ZIk HI5p| DA 5 TI5IS MBSIACL 0l BE 2E0AM 25K 2
U2 I 3z AUES YEOISE U LS N0l EC, A3 BI5PI S SUL Aol U e F
o IS TR 4 YA HECHS FOIA i 0f0IC|0Z miotat 4 QU= 71312 HZSITh(Blomhej & Jensen,
2003). OH|TAIS] 4% MYS S3f 2T BTGH| T HHUS IS Q| B H2 e T HFHE St 718 Y
RI2HE DAL M DAY M 58 Sofl 4 MY WHOIN AT + US

[e)
JH >\J—

HY
MESH W M8 S8 = B0 ZE0.

"WH BE DM M HYS Solf IHAEX] EUE 28 Tls Folsty|, Zdut ¥ f Y 2E - =S| HA|
& AW BHME I EX] ZEIULE Ol= OlH[WAHSO| Zut H7t 3 2 SF} HHESE| HAIQ] S48 QIAIGHK
, =0 sig HAIE +0A LA 73IE X|0f| CHSH O|cHRt HZO| £ 8:.% HHEL.

SEotH, ¢ A3 HHIM UL M= 5N R 2Py HHA|7F EXHSE = SEXITH THRES] &
POl HAZE ¢ A MM Histels A2 AL +8X RHY UM S SHASH| 26l 27 == =
StX A2l o2ko| 59| S LIEH= 742 2(Cevikbas et al., 2022; Gravemeijer &

£ HAE 12H WEsh= 38 D3 IHE doiots IE0IM 5tE D AZs

FAH
=1 o
n et al., 2020; Song et al., 2023). 8N DAY W0 ZQot ZH & SHLIZL el Q| 518 DH
ST I= AYS 1Y W(Geiger et al., 2022), 58K DA IPYO| Z2F HA7F MG E £ JALE WNE 2A
o)

S i
Mo >

0

A2 9 =)

= AFR0M= SSHHILAS] ot DHE W A2 oS flot Z2OWS A7 L 2Fet 7, X D Ity A
o S Yl AT SSOHWALL] S 2MGHUCE. 1 A0 AW, OfH| AR £ R MK 24 Zaof 7|8t
of0f N HYO| ZFut HMEFS £EoIL +Eiot T HIF0 LHE HASS 2QISIAL. SM, HEE2 20 7HY
g NS S B o |2 8- B S| HAE Mo }h s Fdots S A 1Y Al T H HO
of7| & e DA TEoP| HAM =FE FACH, 1 29 Q40= IA FIoHK| LUSS 2AQUoHACE A, Thx| H
S Sofl HHE M2 HAE2 KfiH|LAtS] =Y Ml IPHOA E1=; MUK, ZH DFO0A 2hH| 1A Al F=0IRUE
Y 4 Holoty|, ot B™ EESH| HA 2 AR CHA| MBtE7| = $fith= HE &SI, oy 22 A7Z
£ Eliz, & 8719 295 L4310 20| ok & UCt.

A, ~ofy HEE WA h_'l_%oil oot AHN HE A= 2fAS R0 0] AN sty 22 AT AAL
2

H 22 HOIOZ TAISO| LLNS PXGIT USUE 2oL, AH IANIE ZTRIA0| BHE/0f 2AE 7= P

RI3%0|Ch(Hwang & Han, 2023a) Ol 29| 17 R0 SHYSHs HOE, 481K 2UY WANTKL) 0SS BOIF
= 20171 SITh. 0J213t ZRHON, 2 AT OIHIZAISO| AKIE THS HHGI0] HYokn, +2I8 Mot UHS ohf
311 QUCH= MOIA 2I0iS ZHECh S8, B G0 29, 23K BUY K| M 29 AHS TYUCHE oM DA
of TN HES S5t TMTKS HOIE Jung (2023)0] HTE £ A STOA, TALS TR HET 49 NS S5t 4
apx D2 @4 0| st IS BASH Junglt Lee (2021)2] BITS OfH|TAL STIO|A BHY, RYEH Giqatn & 4
Ak,

=M, CilH| LAFSO] I’_EWOI MA W= M E oy REY INZ Mot Zutet HYEH IANE +Y & HN= &Y
of 2o CHoll RE20| HFE 2HES S XMESIH 2O ZM, GiH|LALS] ThH| EAH|2t HE I-F0|A 2tx|of
UFE sofy ZEF I’-WIOI S30| Halot= IHYE =AY + UNAC. Sol, LM HYS Soff A 2H|9f Y-St H
= Holah|, a8 R 51| HAZE £ A3 2H0A OfjH| wAre] ZIFE QI ZADt Xt K21 I (Borromeo Ferri
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2018' LeiR & Tropper, 2024) S22 4|Eloh= IS QY 4= UA=C, DM HYQ| FH|Q HAHO| X7t SUTH O

wAEtE HOIAM Gl WAL o HRE o Ml 2ot G.%(Borromeo Ferri, 2018)0] £&8tS &g = AU
Henningseni} Stein (1997)2 WALt Q=8 BtH|2Q| £F0] R ¢ Ao IPH0|A 4Eloh= Y %ﬂﬂf 2SI £
o & WAt MAESHHYD ANEL0| FE}SS XIXE H ALt 2 AT ZL= Henningsent Stein (1997)2] £
SRS SAf oy DR HHOZ SHESIT,

AU, GlH|WALS| Lt MY M ZHE O|H|WASO0| oty REE Y I #o8K A K9] S0 ot #=
QIS mofet = QUULCE. OH| WA= 2hH| HY IFYOIM HYG0| XEH2ZE FEOIR2H, HYd s Sali +5Hy 2
2 I VM S ZMGIRACE Ol OiH|LAMSO| &8 2R MMl 5ot EFOZ JHHYM FFot ASS E0HE
Ch CHOF, 8k DR OpH|Q| JHA0| 3tE R MHH|e 525t EFC = AZECHE F(Anhalt & Cortez, 2016;

Cevikbas et al., 2022)01| A 7HEI-440]| CHE Of|H| W ALS| QA2 XZSIX| 2t bR $H 20| JHE -t ~oHK DR IPH9|
2K HAO eHEEIACHE AME2 CiH|WALS] aobY HRAF 1Yoy Chet £E0t QIAlE E0F= A0[7| = ottt £al, 2H|
Tl Folstr|et 2t ot & EH' gt gh=ot| TA0 CHet QIA0] BESE ERA=C, 0[¢ toiM= =

_II->

H7E S
O[] WAFRL WAL S0 AJALH 8 Ef% b0 2,
&,Eoﬂ 7|8hot ItH| 2A HY M| 2tE WA F0| HRolCt 2 AN FEE HE EAME 7|
M2 OH|wALZ SHiE 2tH| -2l =H1 Mefs dHoITE A2 =M, 0|F TIE EHHI HYol o=2s 3
=22 FULCL Song 2| (2023)= ot DAY K| HYS Lo WAIA 2K HE 7H0| =7t HMSE[0{0F &
Ct. 2 A+ 0| X|X[5HH, Song 2f (2023)7} H|2t | H 710|=71 2tH| 240 HYS HEY = Us
{Ei= MISE|0{0F &2 MIQHSHTt, SHH, 7HEE MMl= MM +>0AM XMAESHA &8 I 20| 7IX|H, 0
SYOME OFEEZEXO|CE. O[22 5H0] Barquero®t Jessen (2020) SA| 3t DHE 20| A3H0|
41| M| ®2|7} HtHE|0{0F §S FASIFOM, Kaiser?t Schukajlow (2022)= XSt 1HH|Qt SHA| WAt
= QtUiSh= 710|E7t 'S FHOIRAL 2 ¢+= 0|2 Z2 7I0|=2 HaHA REZ uix|o 241 3 i
= MIQFSICH ot ubH|et =0 HAYS 2lot WAL RS WHOE SiY E2 0|8t =8 Ad 2AS
o|, FEEZ Soll & 4 FHXQI HI7t O|F{RICHH, ot DA o~ MM FYHES EM0}
| 2 ZO|Ct LIOt7}, wAre| =ot RHE £ ZH|Qt A0 0|2= HES datd A B ZM &7 oty
=8 7HM0 710 5= AUS AO|Ct
=W, 0|21} MH|7t 88+ & X3t T2 0| 2 WAIW 0| LQSICt, Stul4-So|A =8 gl AH0| K|St
HMOZ O|20X|I Y22 & ATl AMOICE 0|0 03 HELK=(Borromeo Ferri, 2018; Choi, 2017; Han & Hwang,
2023)2 0]0f| CHSt MQIC = 43 WALS| ek D0 TS O[SHRt X2l 0222 XX S SAI0 O[3t XHE0] By
ot DR WMWK HRHS FHGIAUCE 2 A2 Zat GA| 0l2{et oA REESTt, 2 HF0NM OH|UAS
oI ZAut Hot 3 2 -0 S0 | HA] =K 2 A2 oiF THAS| ZL S QIAIGHK| ZotAALt ol HAIE Bt
o] flot M2f0| EIHSE HOFE= AR, TE WALWKO|A 00 CHet 0|2 XQI O
°.=1 AR IHON et DEE IO o2 THAI2E G el EFO0| AUetE A2 wstd Mol BIHE HoFs AC=2
OFF WAW=O0{A O[0] CHSt O|2X QI OtLiet 50| RS HOEL. SeiotH, fatd RHE 3 flot WAtNEO =
0|21} &H|7} MHotH st Z2 30| HQoH.
aofd DU Cfet Mghel WA Stul4oto| UMHOl oA
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