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Analyzing an elementary school teacher’s difficulties and
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ABSTRACT

This study analyzed the difficulties and mathematical modeling knowledge improvement that an elementary school teacher
experienced in modifying a mathematics textbook task to a mathematical modeling task. To this end, an elementary school teacher
with 10 years of experience participated in teacher-researcher community’s repeated discussions and modified the average task in
the data and pattern domain of the 5th grade. The results are as followings. First, in the process of task modification, the teacher had
difficulties in reflecting reality, setting the appropriate cognitive level of mathematical modeling tasks, and presenting detailed tasks
according to the mathematical modeling process. Second, through repeated task modifications, the teacher was able to develop
realistic tasks considering the mathematical content knowledge and students' cognitive level, set the cognitive level of the task
by adjusting the complexity and openness of the task, and present detailed tasks through thought experiments on students' task-
solving process, which shows that teachers' mathematical modeling knowledge, including the concept of mathematical modeling
and the characteristics of the mathematical modeling task, has improved. The findings of this study suggest that, in terms of the
mathematical modeling teacher education, it is necessary to provide teachers with opportunities to improve their mathematical
modeling task development competency through textbook task modification rather than direct provision of mathematical modeling
tasks, experience mathematical modeling theory and practice together, and participate in teacher-researcher communities.

Key words: elementary school teacher, mathematical modeling, textbook task, task modification, teacher knowledge,
mathematical modeling task development competency
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Figure 1. Mathematical modeling cycle (Kaiser & Stender, 2013)
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Figure 2. Tasks that will be modified: 'What does average mean?' and 'Let's find the average.' (Ministry of Education, 2021)
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Table 1. Researchers participated in the teacher-researcher community

Researcher Career Mathematical modeling research activity
10 papers, multiple conference presentations, mathematical modeling teaching program
development

3 papers, multiple conference presentations, mathematical modeling teaching program
development

R1 11 years of teaching experience, doctoral degree

R2 8 years of teaching experience, master’s completion

R3 10 years of teaching experience, Ph.D. completion 4 papers, multiple conference presentations
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Figure 3. The process of a techer’s task modification and a research community’s discussion
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Figure 4. Data analysis process
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Table 2. Teacher’s knowledge needed for developing mathematical modeling tasks

Teacher’s knowledge Code
Mathematical content knowledge MCK
Modeling cycle MC
Characteristics of modeling tasks Reality R
Complexity C
Openness (0]
Mathematical modeling tasks’ cognitive level TC
Students’ cognitive level SC
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Figure 5. Coding and time mesurement sample
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Table 3. The focus of teacher-researcher community’s discussion (unit: %)

1 . Sequence
The focus of teacher-researcher community’s discussion st nd o yr
Mathematical content knowledge(MCK) 20 9 5 2
Modeling cycle(MC) 17 18 61 78
Reality(R) 30 13 6
Complexity(C) 1 8 5
Openness(O) 1 8 10 3
Mathematical modeling tasks’ cognitive level(TC) 19 30 9 3
Students’ cognitive level(SC) 8 10 3 2
etc 4 4 1
Sum 100 100 100 100
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Table 4. Task modification due to the material change

Sequence Modified task

The initial task (TO0) Figure 2

The first task modification (T1) Let’s predict the level of fine dust and ultrafine dust for the next week.

The second task modification (T2) Let’s share the ingredients for the sandwiches we will make in the “practical arts’ class fairly.
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Table 5. Task modification according to the reflection of the mathematical modeling process

Sequence Modified sub-task
The third task modification (T3)  Let’s share the ingredients for the sandwiches we will make in the ‘practical arts’ class fairly according to the
following process.

1) Investigate the ingredients needed to make the sandwich you want to make
2) Find out how to fairly divide the ingredients needed to make the sandwiches
3) Collect information about the ingredients needed to make the sandwiches
4) Divide the ingredients based on how to divide them fairly
5) Evaluate whether the ingredients were divided fairly and, if not, find a new way to do so

The fourth task modification (T4) Let’s share the ingredients for the sandwiches we will make in the ‘practical arts’ class fairly according to the
following process.
1) Investigate the ingredients needed to make the sandwich you want to make
2) Collect information about the ingredients needed to make the sandwiches and organise them using
mathematical representations
3) Select two criteria that should be considered to divide the ingredients needed to make the sandwich fairly and
provide reasons for their selection
4) Order the ingredients according to the each selected criteria
5) Divide the ingredients faily
6) Evaluate whether the ingredients were divided fairly and, if not, find a new way to do so

The final task modification (TS)  Let’s share the ingredients for the sandwiches we will make in the ‘practical arts’ class fairly according to the
following process.
1) Investigate the ingredients needed to make the sandwich you want to make
2) Select 3 kinds of information about the ingredients needed to make the sandwich
3) Collect data according to the selected 3 kinds of information and organise them using mathematical
representations
4) Decide what fairess means and discuss whether it is reasonable
5) Select 2 kinds of information about the ingredients to consider for a fair division of sandwich ingredients and
justify their choice
6) Check data for each of the 2 kinds of information about the ingredients to make the sandwich, e.g. how much
each ingredient costs
7) Considering 6), divide the ingredients fairly amongst the group and discuss how you arrived at the fair values
8) Evaluate whether the ingredients were divided fairly and if not, find a new way to do so

pEete| = ohA Bdld] WYl S AustiA, el & Bhdshe 2lo] B ashS AEshlt. ©edtst7 = Figure 19] AA]
A wietoll A AAIA 2 o|3st7] Qlsh BoFt a0 g, 2 ofsE gl S A H F 7 o] B = R E AHste
7golth(Maap, 2010). 551, F<2lol7 = AAIA Hehg Tealelo 24 oA ey wpx)|o] B g ehekA| 7] 7] = st g 43t
2 2l e wpA| o] B/ 2= Qlsl HhA| s Eo] olgfgE 2he SYolAl =& & = ATHJung & Lee, 2021). ©]F WA= <3}
51712] B 2/dS olslistal Al THA|E 71/d 5HTHTable 52 T42] Al A 3) L),

o BATEA LA 47 HAPL 5 209 3] ol e AH U A0 Ao 2,
4o B ol et ARe] ofel g AT 5 B oAl S 91 214 ol w82 Fn At aleict A oAl
) A 4 F MEAL, OIS ISR A} (] B sFgol) ST 2ol 481 2ele 3ol el
A TRR7E ISR W E 0 2 Sholskaiat Shich, wak Efg et 2 bElolok B3 Slolaka, % MF B AR T
ol et 3t 252 ¥H 3t Th(Table 59] T52] Al 244 4), 5), 7) T,

2, 2% 8 ol shaalel U8Rl Wae) el W 751718 Sieh Al 3t A AckTable 59 5] A
24 49} 7) 22) ol 8 Tk AL o) m ek st L8 5] oo ok IARTEEA kol Hogdh Ao, 4
&12 elg) 1|7} 28} 9] & 9] Ul Lof|uk x]-0.x] 2] Ok 71 £5FA 0 B HAEH T 7] Y =S A Tafof SHH ofa] Asel T
(Doerr & English, 2003; Lee, 2010; Palsdottir & Sriraman, 2017)2] A| A2+ -2 ZHo| Shc}, 2|5 e A o] HlE THA| 4)= 2
ojulg AAT ANSES Fo A Be] Wl et S-S SER) ok 4% W dhaje) AR 18] 7)2 45 B
251710l St A2, Laproll ] B ok WS Qe 2 B)3Rs tlo] w)a) A Fele AUl B2

Ir

oZ:

9
=
Lr_!.

MU

o

Journal of the Korean Society of Mathematical Education Series A 375



The Mathematical Education. Vol. 62, No. 3, 363-380

ol
T
2
Q.
al
ok
rE
fifo
Ll
oZ

M

>.,
ull
]
)
ok
>
30
rr
N
fon
m]m

Algatet. chak, wabd B Bl W RS oiEgte] el =)
(Figure 2 G I)BHITHA, TAL) 2% 9 Tl BA40) Bol M) =5} 9l oleh Batstol Z Ak Wo] theet o)
5 54ge) me. 3 U URE vin o) 4 B2 o4 3.3

2 ql70]] ofak P Ak Yim(2022)-°4 PHolIA 4512 2 m 1]%11/\] #0284 9

AT 02 WA= TAITF SR cherst BAlE Selek 7 ﬂa‘ﬁ =TS 5 207 2 40| 1l A

1 3k 7o) o} g2 el T, 4544 mele) FHAo] oigt A4 g A Al ojeke A7) B

g wsit) 2 W AT EA ole] B8 F A AP Aol A dubael 45 2 o s e

457 mele) 342 ofsfali 1L 3ol BEo] IS AAISHe Ao] ol SAAIR, Theket wHAlo & mE e womA 457
)

A
E-Ezlao 1]';('] = o] OH%E ‘flv\‘ MM‘:]'—I— 21 94)\‘:]'

r°l'
_@
_101
_L,
> o
e
ol
i)
ox
2

2 AT 25k Ay ok oA 431 R 44 4Y5h] 91840 R wAre] mabh BhAlo) 4ot mud
A\zo) WES ASreka, Tl i TeIA WAL R ofele B A4 o) S AmEetch 1 As WAk At
45 8-S TRSHAA SAolA o) gl WA Mg B ofel e X glom, 482 mad whale) X 4
F2 2Ageha 4ok4 Bl IS s o ofele-e 2 gl ol %, HHEAQ) 4oka B 3| W ol nhe
o|o} 22 ole} g2 T3k Il MAH: A Estel 4812 U} SAle] Q1A 4 T RS Teleh AUH Sl A
£ sk, sale) BT A S 28] ARk PASHE AR TS 4511 Bl 3ol 7)utste] Apseick A
o 3plo] AnHee 4504 R THA) ke 1 make] A1 4o) AR QI AE T HHEIRle S ol
WA T R ot

SR} S Foll 23 HAIS Al F67] s BRI updF ol E5a, 1 A A

thet =of= B3It (Park, 2019). 2 A5t w3bA] TpA o] 6H2] Wl A 2o M a7y

ollA] WA} B &she ol g Elskal ol 5 A4 9] e AZAZITHE HollA 7] Ao ApEstE = ojo)E st =3,
AT Aol Eofdt wAte] 3] MF o] B o 2R E thag &ld 4 3l

A, S5kl 4812 medle] shaleh Aot = 2 54ete] ok el IpA| =, of2] w7t gotE ok Rl I

Q A g dpAl= sehd At ARtel| AR s = igEE

30
2
i)
hI
_9.
-
=2
>
8 o
=2
1o
ol
rE
of!
ri
B
ofN
4
o
I-EI
|1_|.L.
J

A
= T
I} gt 5ol A AZS 712&, A Ao EAE AdT). 258t e] 9 A} 45} o] T E TR T 2| Stk
oA, F-50ll v]al] st o2 dHEo] At 5k ey THA| S /N ES 4 Qs Tst A E B A4 0 2 AztelE 4
U= Aot} 48Hy Hde] TpA||7} 2k A2 1A w45 B Q& 57| = SH=t(Caron, 2019; Williams et al., 2016), ©| &
Q1o 4=5F wAate} Bf wat wARF Aol ohe F51 2, ol s FAlol A Eohe 25 WA 9 45t} ef w ks A
et 5k Bl A S LS 4 Qe A 712 bl fett SHE 2t 250 o]t il FEIITHA, 254
gho|A &3 wate] EA-S Zhe 454 Haly] 3| E theFabA| e 4 gl Aot
SR, 5y R ElF IHA| HEgol| wAre] e at 428k Rl abA| 7S Qs K] Alo] B3kA 0 2 RS n]XIch 2 Aol A
DAL= SHY 9] Aol HAst AAE 2219 @3l WAL A Fol|A] Fropd 4= QISIH HFH, 42514 Hdlg] 1h7g o] o Al 1A
£ 7idet=t] o2 ARk ol AuAte] b mElF dhA| S QS KA o] BEo|A] 7|Qlek= A0 R, o] e} st
im (2010)2 8t R o] 25480l H85]7] 9Jsf 25 wAke] 48+ el o] gt 21429l F & geiistal 71E 4 o]
I =017 98t wArtu o] Eedhs Fotqirt. 454 E%‘%‘ A 9] 7Rt 82 o] ool ufet HH 2 A S+
Zo] ofyny, k2] meElFof] st 24 Q1 WAFNS-S Q& Sf= Zojch
AR, 4804 medly] A S 915 2] A1 2] 732 Table 201 A A of2] 5@ <] 2| 4lo] M2 AZHES s 4= Uit A

Journal of the Korean Society of Mathematical Education Series A 376



o2 / 4t WnpA] 2pRQf oM DU TH|Z 0| Y FOM = £ WARS| 023t -0 R IpH| HES I3 X|A0| ok ot Z2 ARl RIS BHeR

B0 olel g2 SPAYo) QXA 4%, 4314 Ul§ X413} A AEI9on], 4o mel BRI QA 45 2] ofele-e oY
o LA 42, A SR 4 s sl S ot 20 8 Rl ofel 2 43t 2 a1
9ol A 40t A S a4 B9Y SR A DAY ofefole et Atol Sz

golglon], 3t BAHOR 4512 B ] £ o

ool
E
2
i
0,
o
N
N
lo
re
-
.
=
rir
S
X
ol
QL
)
H
e
ot
E
o?d
_l
F [e]
_{

MA— "1y = E T
et ARl oJsfoll A Lol o] 5o Mz AZHE olsiistal 2ok T2 2A olsfisof o2 HolEt.
& AFATE oA By w7 S AT 2euAtulsol et 22 AR S AARICE AR, 25 AtlA] 48
A 2y Al S Zl%—é‘}ﬂEE} WIA THAE ER10] =ol] B0l ARt ok BElY dhAl2 Mg 4 Qs S Al
of THA| R goll 275 A4 AR =Y 4 3le 719 E AFshor itk ek BAY dhAls A S A-Goke wd, WAk, ¢

Ay o] migtof] 7]‘?_]'3|'04 AH=|ofoF Sh= Hk(Barquero et al., 2018), Tt 7}A] 2l FJe = A A ] 7]olli= of2]F0] ItHOh
2019). o] = ¢lof| 45+ mdlgfof thgt WAL 2| A1} e o] E/dof| B 1A AA| AiF2 FEAIA HAIE A&k e
Ol“— FoH wdg] IS 7 22 Qbuishs Zlo] Eestth £5], wsagof 7|Hksto] 7 WabA v E M
1O 24 wsaby ol A o] 48H4 Bely | =7h ARl Sl A e st s Al Ushs Zo] H asi.

%“H, 48P Helgo] tfsh o] & 2 AA| Atelo]] 7|§kst wSo] H sttt o]= o2 -4 (Blomhej & Kjeldsen, 2006; Borromeo
Ferri, 2018; Jung & Lee, 2021)°lA] G5t Ql= 42814 Bl of ot o] 2 7|1t wAw 53} A A Abe] 7|9k WAt 5-0] 3 e Ad )
kS ol sh= 202, 2 o] Ak o] F AE WS 281 | mpA| o) A= 428H4 Ry 2pof| 7|Rieh 1}
Al 52 ol et AR AR 2 7obH, AR LA ol A= 48H o Tigh o] 24 2] 4] el 9] 2, MY & 5 ol
7FA] S¥of tigh 112 & 917 B 2 = FHCK(Simon & Tzur, 2004). 0| & {I3iA = TRt 814 A Al S ko= 4-5H4 =

I‘E

Ol'

dig] g0l gt AE ERE 2ok Zlo] sttt

A, AAFAFZEA o] ol g 53 484 R WAt o] sttt wWAbE 49| F7tet oAl el 71kt 2] A}
w4, 5ol gt B2 2| E AR 8 AR AAAteke] 3E A 2 3-E S Eao] Stk ZiQle] Bt A dowt
o|&5}A| "k A7} a1, Al ibﬂ 4SS oJAstshe o JlojA Oiﬂﬂl%% Z]=Ch(Jaworski, 2008; Slavit & Holmlund, 2010).
2 AollA WAFAFFEA] =299 22 WA A2 o 23 o] & FHESH] A A A19] ol Ql3lom, o]et FAle] AA]

H A S B7Fo =4 o] %o] 2A| 7 A| 2 o] F|ojof of= HE-Z ‘L 517 & SFQAT. o] Tl A A7t A A5k
U A3 Atoll A ghelgh 2bA i Alg|ek vhAl] A8 Ale] #A1H, 2HA| i Al aeshol & Ha 3-R/-5F31 o, o] = wALe] A
7Hebof] 714191 =8-S A|F5F3itt o] = A8 AL (Boston & Smith, 2011; Goodchild et al., 2013)01|A] AFeF WA LF-54]| 149
o] WAt} ZHA| 7He /] ol 7|ogtthe 4T Hets 2ol ok A0 2, £ s AT S5 A E T8 wA At So] F
A 2|5k}
1, 2 A7+ 109 4] wALS tid ez gt vl thafet 43 at 42814 Helg]of| tfgh thefat 2] 4] 4=322] WA
7} A& 0 2 o] Fojzjok  Ao|t}, £5], ofH| WAt Sol| A £5H RS 55 WALE iAo & S AE Fal,
Abas-0] F oA 7 AR 5-& 2L A 8ok Zlo] sttt Tk 2 AtollA WA F S A=
Aol A =Ystar et Fate] ojujof| thgt =20 & Ae] Y& Hloju B g 71AQl =9] & 512+ ¥, o]et
Yim (2022)0] A|ASF Hie} Zho] ZFstuwof| A o] =at X =of thgt =9|7} B a5ttt o]oF 22 3HA
%L ZouAtE o & o 45k e vk HEY AE Foll Ae] thAd S FAotal 2 54stolA
HFS ARSIt 29 & Zh=rf. & Aol A AJAgH wakA] THA| o] +5H m ey v 2.0] ¥y
R dg] 24 5t Al 7F S 25 8talol| A 48He mely] 4299 EAdstel Tgo] & 7| thgi.

]:._] m

[o

3

ko

L=
fu
)
oz

l

ok
;

rok

-}

rEE
»
oL 1o &

o
2
i
i
3]_1
H
e

14

Z

=2
2 K
i rufH
Eo
B

re _&
ME N
Lo
o
El
R

12 i‘l[‘

-

13

=

JZi

Endnote
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