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Abstract

The purpose of this study is to analyze the errors and difficulties which pre-service secondary teachers shows
during the task modification in consideration of the cognitive demand and to provide significant implications to
the pre-service teacher education program related to the modification of the mathematical tasks. In the pursuit of
this purpose, tasks were selected from perpendicular bisector units and 24 pre-service teachers were asked to
modify the tasks to higher and lower level tasks. After the modification activities, opportunities for reflection and
modification were provided. The findings from analysis are as follows. Pre-service teachers had a difficulty to
distinguish between PNC tasks and PWC tasks. Also, We identified the interference phenomena that pre-service
teachers depended on the apparent elements of the task. Pre-service teachers showed a tendency to overlook the
learming objectives and learning hierarchy during the task modification, and to focus on some types of task
modification. However, pre-service teachers were able to have meaningful learning opportunities and extend the
category of tools to technology including Geogebra through self-reflection and correction activities on task
modification. The above results were summed up and we presented the implications to the task modification
program in the pre-service secondary teacher education.
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[Table 1] Task types according to Cognitive demand(Stein & Smith, 1998, p.8)

types

task example

Memorization tasks(M)

Procedures without
Connections tasks (PNC)

Procedures With
Connections tasks(PWC)

Doing Mathematics Shade ¢

tasks(DM) area that is shaded.

What are the decimal and percent equivalents for

Using a 10x10 grid, identify the decimal and percent equivalents of %

small squares in a 4x10 rectangle.
rectangle, explain the percent, decimal part and fractional part of

119
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Convert the fraction % to a decimal and percent.

Using the [T11

2 Fu, 94e WAHoR Fi HoR gat 4
27 AA G [Table 18] Aol S5 485
A oboltlol FEalok stm A2 K4, 5, BA

ok walol o olalsh mal Ajolo]

Al = rhoksl
J&ﬁH AAZE Basith 43 sty FADME 537
atal vl E]FARl ALLE aqtete Aol ol e

S fdstr] s FBES A RS F dd

# FE S A, A 222 GTselo} dn
A A e AEE HAAe 2AL SEHoR

ZAFSHA @tk [Table 119 Abelell A Fo]z wele]
Ml dol 10%9} 0.1& vepdthe o 7idAtele]
Aol BAE "ysta A A HAHE 2w

Zal OH o]: 6}1:}

WA Fad 53 g BA dE) g5
R0 Alud  JYeE Fe JAE AASY g5
AES AFsfor st Z(Kwon, 2015; Ainley, Pratt, &
Hansen, 2006), 58} ZAI7} 878k 4781 Ul &# oy

FEA Abe] Y, AAA FEol dig AAe
% a7t ke HolA Stein, Smith(1998)9] A %4
Ztol= frésttta & ¢ otk

2. AR WAL SOl A TA| FE W Aek AT
A U WA LS 428 w9 FAESS W

gis

gotow A71Ea sl

sk o] WA HEA AN

(Kim & Lee, 2016). o] et AaS ulzpajo] AAE 3}
A wsHhAge] Bx 97 Al Aeek Fefe W
P& F e TYo] wAFEA 83 HOzgedi &
Esen, 2010)= 43 3t A ES d4sty AR
T Agel F3 aAle] AEAA FlsE

o
1—‘_19(_:

> i
%0,
8
)
2
2
D
e
g
(e}
7

Bl

v ® gk}

Lee(2017)& nl3tA IAE
e gt wgwAe] st
A dEare] ARA 7)ol
A2 Kim, Lee(2016)= v A} 5”3%
A AT WA mEAS B
$4 2xol wiAe G4EEE AR
2 ‘?i?‘é%}‘:i g, duaAEe HEAS
3 olg)2 ;} A B A 1wy
3AY %OI—E For WIS *m}ain}.
BN w&HAY WPl 9w J+°Lv+
%9 $24S ol4eta uky za
6]— 6]-./:7]Q?_ 7} 5
FA 25 ouLAE

ERER
Park(2019h)¢] A-+=
on] T} A e 9 %wm
73 glou, AMA we gz
ol A Oﬁqw*—g Z%‘*E“jr%

ik
offl
rlo
=
N\ _%
N

O

=~

L



Lo
© w o =
=o i B U oy Jl
%wﬁmmmwmoﬂrmo N .
| - 0 ——
oEJEm@rEmmm.%aﬂiﬂmﬂmuﬂrﬂ«wz%ﬂ%ﬂu].
o 9 = ‘Zl,m7ﬂr ,wgﬂullyl | B ]_m__ﬁﬁﬂﬁ zrﬁ.dlﬂl&ﬂolu
ap A W T B R W oI = L SakmﬂﬁMEQlomﬂstrA -
,D.oﬁug.ﬂu ‘%,U,!Azb ;AWM L ]__/lﬂﬁ — N iy BZLJIZE,ﬂI WUZSL =
a@MM%wi$w%A@alﬂ%ﬁ%azyﬂM7%M%W¢_%@%% hg-
R M,Aﬂ]_ eallﬂlﬂ RN EK - % N I oy = oL ® o —~
wm&a%%@o%m»mﬂquﬂgaqu¢W$mm%%mmXW% m A=
oEMAmT@mTWoﬂi ﬂmﬂﬂMﬂL.mAﬂﬁﬂﬂﬂﬂrlﬁ@ﬂomﬂﬂénylﬂkAﬂldlkuI o M-
1_,_A|mW.o LXLdro#oEﬂl_tﬂUrﬂL.sﬂﬂﬁuﬂpﬂonﬁﬂlﬂL Mo.aﬁ%ntd_ﬂbtora;o_.] Eoﬂ_.:.;
]dmmﬂﬁ.i oF o 55 ]&%Wodﬂﬁﬂ 5 o g < ; ﬂﬂ_ollcﬁo?ﬂm A o
* ﬂo?%m:ﬁﬂ_z%a%arq.mm ﬂﬂﬂ%mﬂ%iﬂgﬂwﬂ%u#ﬂﬂ o 2
3 @LWMME@%wﬂﬂ?%ﬂm%mﬂwﬁ%%igam@ﬂﬁ%ﬂﬁmwmﬂ@ﬂ%&l £
I ks ) T o X =o rUE~E ol =o oo .ol -
o < or ST oy 2 TN eﬂo%(l}]‘.muuaﬂuﬂvl U.ﬁ. ]zr_gauﬂ]_sﬂlwﬂ
5 ﬁ%ﬁ@%%@@@?%@%@ﬂm%ﬁ&@%gﬂﬁ%qﬂwéwa%m@ww%%
= 0w n R = o 2oy ol ®BX R 14..u1 ] o -
2 %ooﬁﬂ_um7ﬂ%émwo€wxﬁﬁwﬂyolﬁarw_ .,mﬂu@moaﬂ”ﬂnmm% He %%zloﬂ?{
Y owmew § o pE S 4z CINRCE i S My Ees YD
g o o] H e _— Nlo o _— .y oF ey
x Moéem‘m.clmmm&oﬂlvww WJEc._wéwo_.lLﬂad_wAduWonLﬂLeTzE7%ﬂﬁaﬁﬁﬁ“ﬂlﬂ”ﬁbﬂﬁ
= B ~ =5 R = o K B o2 I mh g S ® = Mo " N
b Zmﬁoﬁﬁo]ﬂezloo,ﬁﬁA]HmM ]erld_llrm uxi.ﬂﬁoATJI]J. X}.ﬂxﬂllx%
g2 S 8 ;%-M%ﬂ.m@ A= 7 ooy o < L1r;oP,€ o] N — Aﬂ%orﬂ%ak@ R AR
& v ~ B I gn Am o R 2 B o Np % ~y 92 e
oy ﬁmGﬁhM%@r mW@ﬂuﬂ%%@%?ﬂﬁ%%mummﬁiﬂ?u%ﬂ%ﬂr7ﬁﬂﬂ
= EG,OlﬂOzTH]HaEL‘WHIUrﬂ‘N_I < o E} ﬂlﬂﬂﬁuﬂ.o;oﬁHEJﬁv Zl.,AZ,tA]r,:L e
o RN —_ R o = P o Nl X T R o A=
R T N T B o N i or x5 Exw®sx Ik
M WO oo &I e or do B m A = B X ol H B o ~ . o
- o R D.rl el AT B ﬂ = o T o B " ‘E#IE‘% nH > = o B! ‘Ul by
A ERTE® R S N R B <
X ER T B T N SR R T @ T 3o W o
104 WMt&MW&aﬂﬂQﬂHAﬂMT_“ oo o m AR T AR w R
o Ho e ° T = X > _
= - dl,ée ) L X — O] =y T o B T W AF X
T m%ﬂﬂmiwﬁoﬁfzmmﬂhﬂ.%%%T AR D N
A T A REmT LT ORE Cei ez AO™ Qa5
L Mﬂ%@o&%ﬂﬂ?%ﬂ%lzﬁm_ﬁdlu% Emﬂ%lﬂoﬂﬂj%b:mmﬂ ﬂwﬁﬁmm
a CNWMO#EMM%%QQW?N._W%% %%ﬂ'mﬁ%ﬂnﬂ%EMﬂﬂ MHQVE 5
= TE e R ﬂxﬂi@ﬂﬂﬂzﬂ TR R o wom T
= 20 1S %O oup RO e TR By © TE H TR oA W
2 B o wr SIS O#ﬂﬂummu o T = 0 ﬁEzT_&oLl}S s
N b " Bk oo W RIS nME Jp BAE o] AR R - o e
X o o T = = < Z o ~ R 2 |
ommm%g%ﬂjmm%ﬁmﬂaw.wmaﬁﬂ%ﬁeegol ﬂom%lﬂoaowm.&a%%%ﬁﬂwmﬂl m%moﬁmmu%
o = ) o J =
%;ﬂou4ﬂmﬂéﬁﬂ%4%m5ﬂ5 mﬂggmﬂ.zo;wﬁfn; oo oo
—~ o _/n_,oluN Y o i ,D.!,o|,uAl.7%;]250#@303,3?4&5&% < o =
+o kg A E B0 o B ﬂnnr%}ﬁﬂﬂmw_m%%ﬁlﬂ B
ﬂﬂ%ﬂﬁor Oy;oot &loweEEMﬂFOI__/IQL\wOMn(A\77M|,|LI;A¢| s ﬂ_Aﬂ%él;oﬁ
=g X £ wg WA KIS I 2w S I 7 < Ak
ﬁl&lﬂﬂ&LJIAquEJILmooTWEEATMﬂ_ﬁ%ﬂNFLTDﬂﬂdwﬂwmﬂﬂwﬂﬂu%mqu n,-wowroﬁomﬂlgo
~ ~ Ce— L o LA;o]ﬂ H_ﬂ
ﬂ%iEﬂ%ﬂﬂﬁoﬂ%%ﬂuwﬂﬁﬂmaﬂ@%aﬁﬂ@ﬂwwgmiT o R R
,waomm,ﬂl%wh;r# - ﬁlﬂnwaﬁﬂw@bﬂéﬂ%a% new T g T
4E?ﬂ|MﬂlH2cEamﬂﬂmaﬁﬂlﬂ_ ﬁﬂoﬂﬁﬂo]}}dli _ﬂJI‘NL mx,.roﬁeﬂ.
N @H@%@ﬁﬂfji_zﬂa%eﬂl%qsvag G Gl )
%Mwwm7wﬂ%ﬂﬂm.ﬂ.&ﬁ qi_:ﬂw%énn%ﬂ WWEMH@QWE o 22 oST
= W = T = -~ NS o) = k N 0
X ‘._&L\AL‘WML:.L IAWOLZI‘NOMC .OWLQMM_MH ﬂrﬁJLﬂ_l%;&ﬁqo 2| mﬂﬂ, ET,CI
o) ok g o= = T ) o AR oor mr or . Nr % X B N .
T T & oo omo ooy R <o =N R
A ok o ~) o< W Nk ]..;LJI . Bl B Be o
P X H SR W Eﬂqﬁt = o
ok e A o] T o3l 5K o) =R
SENGS U 4
X o W

g0 AAE 7)1F A9

8} X

QA= .

ij_



66 &%

{°N 71—1].

- 43¢ TRo] IRl a2

i 25 o1z wa u ca W) T SE WY B
C 3N 2F 28N 27

2 A EF

B oA 54 shlE Agstel ol wA, W
4, washs AL gsd. g @ Aga ug 9
& 3hl 29 WL FAH0R £UT u tEpte
A 848 WP Sen olsh B =Ye A
FHom geat A% bsabl B,

2 oAl sl SE WG 95 AR 1 3
Al o 230 ol SuAZYS 4R Bl Bz
FAGERA HAS FEFT A8t FAT,
FAE] AR ddl A)E A A APAEE
£gate] 599 FHUSARIL £E AWt} W

0|5 #aZzfgol 0|5 B4zt o] O|StHAIZIN MZlo| &2
82 . e =d ["xlol':"“ g4
e ot o2 = G e IH| H A

[Fig. 2] The flow of classes in which assignments are
presented.

$9 e BAgE At ANEHE Fhe A3
of e Q4% wd FEe ded
A7 AR Rl AR
&8 F ol B8 WA £l 5RA

A AN, 0 ¢

PBY Zol7t Rk A A7E PAB7} o)

e frEshe Aotk rqaw

ZAolgte Axs &

Aole] BAE —?%0}1 SELE
]

O}Olﬂoiﬁﬂr AAstel A

&
ol
N
fr
ol
R
-,
° ==
_e
>

rlr 4

ol
offt
9
PSS

I SV

4
-

i jﬁ

e xe o

A

o

o o, (o 2
>~
-
RS

s
1o rlo
F o

e

A AlA sk

ol
-

> ot

> QMM
o o r

N &2

o X

R

_,>L

=

1o

B

_ﬂ

e

e,

ok

1o

L >

[0

=2 ol

o o

5

J}ﬂl

=

77}?4 TH = vehd

38 B o (U 2
o B
_0|L

4o
X,
e
)
o,
of
o,
2
&3]
19}

>
}I_,
fo offt ot 1o n

_p
rir
2
w2
O, of
Lo,
X oox II?L' |

=
£l

FN

L

2 ofh

o rr et o o

ol
2
—Q—E N

= o
HT
2

o5 Al

AE Al

> o
ox,
i
V

o
=2
Hn 2

2 =

2

> o aFeA 4
i AB«] "“101‘35—“0]‘4 l
A9 & A Pl skl pa = 10cm,
AB=16cm ¥ W, pB Y HolE
T8 2.

N =~ Hl 2
w o] i i o_h
o

P

L <%Zﬂ>94 QAA =8 o] ofd il s

A 23, T8 A2 06 E AEIAL

) G EAAEE ke wEol ot pe] ve
sl 9 BAIE Adah Raha ofele A
923 HASAGL. ol o 50| H2F + 9
ok e FEe] BAE AN ¥ 6, 44
d EAE B

3 oldlelt ool B0 SASS slal wil ¥
o ol AR AN & W, 44T BAE
WHEALQ,

[Fig. 3] Original tasks for the task modification



ot dumagel dalel A4 e 57 WP A 259 ool 67

3. 4R 7 9 A 1) PNCé PWCell thgh F-=:3k o] 3)

A 7 W 1AM E 71F A oigk B4, U WAFES] Al el did dg o FE vE
QX Hog e FFEI o pFon zb7 WyE 3} A9 & Fdshs 47, B FEY B2 FroR
A agla 3 Wy SAE A 712 BA 5 o Wy Ao e 2 ddss UAFESHE 24
= WY F5AE ARE PG A v ) A9 Tk 4718 AAM 5 Fsr] 7
= FAel digt 5 sy 1 2 2413} V)% A AMDOMOl Bgk Ao qE 2t e F771 e o
2 5o FE% 9e FFow Wy I UA(Zd F A e 438 FAPNOG 94 de 23d A
FHZ T A wygs 6 Fod 27 A9y el (PWO)oll tiat et = Adet dd OFE Holal
2aAI e A S RA A gt AR whAy 1SS gelatsdth [Table 20elA &Held 4= gl%o]
2 A At FHEA 19 A9 28 A 22 100 A e 229 A PNC)7F Al 749 Aol HlsiA
w Ee A=A e, HA NE FA v S dHWAFES PNC #AE 27707 o BH7aeta gl
=9 AL du Al vkl sk AdAela AF5H ok vk AA = AAY A (PWC)7F AA 567131
AL fste] Al do Azge F oo 5578 A Aol HEA duAAHEE PWC 3A1S 30702 S4
gt =3} =5k =Rt Al

TR ARE A 2 WY F5AE T Fu
WAy W 2 ues ?;} AZS 8 Wasia A {:]':btlzsf}wﬁ)r?rtnhzarizgor?;ethe actual cognitive demand of
Atk Al FF Wy o BAL gy o] F
AR BN ABeleh. WA e AAA f cognitive demand of the task | 4wl | SDOnse
U e e I L B e e i e
3t dnAAMES] kS Stein £1(2000)0] A<t A tasks(PNC)
2zow BAND 0oow ‘gha 2229 a4 Procedurgsﬁﬂsfl(%l V%))rmectlons 56 0
Ae A WE8oA s YAE SRR 9 W Doing Mathematics tasks(DM) 15 19
§9E BRs] Qo RIE Fiol AT S e
eletrt 53] W3 32 Kim, Lee(2016), Park(2018)% W) WAFE Q] PNCS PWC #HA|9] 43 dheto] tjdh
Fagie) vpeto g v 9 54 S5 F3l ofHa EAA7L 7 B JERd X 7)E HA9 FEE B
AbEol AEA st e +A4" AdES 8o date FFo|dith AAE VE AT Fu 28y
t}. SHA o] ol 5L A B Aoz 7

2 AFelM = oulaAte] Al WF dig At o|SEMO HAS = AR, FA FAHLL
o] B s =o)7] ste] F W ATt I Abele] #AE FESAL A4 ol zhe MdE
o BAsgloH, el thE Agde e oA ofo|tjolo} Az o] A A o2& WA F2 &
of =2 w7tx] =95 AN&Hoz APt o] #9] 947 =8& 278k PWC Aol sjgsich 2
oAl AT 7k olde] UAE ARl sl A= A3 #u} o] HAE PWCE mhotet ofu]iAl= 24 & Al
TS AT 3 A 1 Adtel] uigt gAS Tk (P9, P14, P23)ell E33tion, UmAE 7|E HAE
TEAD WA Hesiglh A7 BAoA oju]uAl PNC #Alefar ghetaloich.

= PI~P24= %785t

oS =M ST oru(:zlr% ANATEe gEE0E g2
V. &4 A3 glojof ZHIE i@ = Uct olmy HEEHS Ta| Sla &
Zo|SEME BB JHEThel HAE ojop ot mats 9

=H= AA U= ExE aHel 3-FEo| YTt

1. A #£9 AdelA Yeve= S7¢ ol % , N N
[Fig. 4] Case for determining the original task as PWC (P9)



68 A9, 3

0l

T =D l:-_

—ol=tl SES

]

=401

A7t glcka

Z0[atgoM SHEA

£ Atgstxaizh JHY, a2t o

[Fig. 5] Case for determining the original task as PNC (P2)
o H wAFE O] A|A| olfr= A9 TUstH =,

PNC #A=2 st [Fig. 5]¢] P2&} o], 7
HAZE Adolnt A AAEo] YA 7] whitel]
FEolga gek A7 Botty. PWC #A = shdet
= [Fig. 419 P9 Abeeh o], Jldold dejeh o
o] 7] wWitdl =& FFolg= Aol FH Hhgo]

= HE PA FEo 3 Fddel=

WC #AI7F 7FA 3L Qlofof sk
= g Holeth 2y 3A ¢
T Ath= o] FHAS] A AA A
A= AL BASA xgt

A BoFE Adol7|k sjrh. 53], ]| A}
< Aee Hgo ] 26/01] &

LS B S

Flaidss
A [F 71E
il

fie MM 1o o e &40
o o ’
K3 N
o, o my
o, e
fd
o nk
v
ok
4

_O|L
2
)
rr
2
=]

2
2
=]
=
IS

! klil Eorr S BN dm fo 3@ my o rlo
N
)
oL
=
o o
mi
o,
0H1
e
ol
=l
=
;g
i)
N
ko
I—ﬂ

@

wlwc 2
= 599 58 499 A
AAE wea B A FAo5Ea 4d0) o

ot g O tn
Y

OPﬂ

oA, of A7} Xﬂ Al

1j o= -
8171 dAY] A5 Al AEE ofsfstgivtal Azl
2) A 2lgol F= 7
A ol W dd e MY FANME et
Wl [Fig. 6]¢] P1 Abele =9 29 oRfE 7440
2 AT e 1Y AR wEddte WY o=
S 7lEstae AL vhERe A2 FholsiAls
S5 o] fol =@tk A rhERe] e g
& FHolTEANe] AAREYH WH= AAE ol
gty AollM PWC el slgaict. ofof o] ‘27,
S A g el 2718 AAs dd AR
ddehs oF7F dddeR v #EEgdE, o=

AZPAQl Auok F7hEw A om e 279l 3
of At s QRE % 4 St A A

(intended) M — (actual) PWC

oW 19# Fo xo Wol

@ 28)
xel 2€olE T2 B2 3T & W) el
(1)

=1

[Fig. 6] Inadequate case to the
demand of modified tasks (P1)

intended  cognitive

]J,]_ 7HLﬂoﬂ

3
A7 9= 4

A AR A=

-
o
rlr

A3 dopd FI4 BHS &

>

_‘
= 4
il i
oA Ty o o
N P o
B9 o I
R T o
. A, 2
ox rlr 10
iy
o ~r o2l
ot 1o
3 Y e
Sasse
o o mE — o
© By to mx
= =
N
3
Ruipes

o gt
o,
o
=)

A
lo
4
N
o
'
X,
!
net

LER N AEE

[Fig. 7] Inadequate case to the
demand of modified tasks (P3)

intended  cognitive

i Ashe SEe] A A Y £
B9F W nefsks 247k ofWd £5 Ugo] AHgH
2 At BEAA oA FUY 02 fUs
7t ohel, Az AAE 984 fad A543 Yot
& AE Bzt 31 996l T 2AE Az
GahAE dMEALER sl Sl AL &

2

bl ade w4 A 5 e 2

A QA0 FEIFEE AEaE= Ao Do



69

)
=

_—

X

o

&l

N

o sl AR we 4

=
=

et o]}

% 93k 9

13

R84

1o

o Abdle

5

Hhdel] ghA] g WY Sgol M 267H(F 28%)9] M
gel

g AN AA

oM Bol=

o] A

=

2. 3 o] AgGolA vehds o5tk ofEw

ol ¥] ;L A}

djo
=

o] Y4 sl

=
=2

& AL

Iz HHdE Ak

L
T

il
T} 9479 W

L
A

i

ol

A Foll A

2

o
R

POtk AR

=

o FANNE F0l 58
pzs

(20%)°] 2

o Ab 12
zo] 3 WHAAE 97 4

A(7%)°] ATt

3f

oA A &

el

B
"

2

e

L
L

o]

2
Bk

9

°o|%

Holl A A &

=

=

= 97

12
5}

73

Mol nz

AR o] vehd

o] A7} 7
o] 1%l

DM #}A]

)

[e1

L
L

]_

S

3

=

=

Ho]FE [Fig. 8]9 #A
o]

=
nn

=

=

At
PNC 4],

1

I
pal

Aol M 22 Aol = AAl

A

el

el
iy

oy

G ol d TH B cnlaat

51

[Table 3] 2t} 2]

o s

L

T

L

g A3}

5]

=

32
13
21
12
13
124

count
Question replacement of subprocedure| 24

AT

[e:]

af

)

Example expansion
sum

Example integration

Context modification

type
Question replacement of subconcept

o] At
Increasing openness
Example replacement
Tools modification

o

Question
modifi
cation

Example
modifi
cation

[Table 3] Types of task modification

o A%g A

Memorization task(M)_P9

ABE| (

o]
%

o
[

ol
oK

d)

E

=
=

M

cm

o

|_

XEol Mein gich O #AE Hsh= 2y

il

MO|Ct Adr=5emd 1,

Doing Mathematics tasks(DM)_P8

=H

=
SHolH Azt APB

= AlE A9l BOIA OB

2
(=

o

22 Tl
(1) M2 AB2Q|

2

. AMmp 2| 37|

=

x
i

Procedures without Connections tasks(PNC)_P9

Procedures with Connections tasks(PWC)_P13
8 MESIA|2. (T, A B2} LEM Ao AUX| g

o

~

zof
sets}

B

=
=

[Fig. 8] Adequate cases of modified tasks



70 3%

= WMol 7MY Wol yehd ZAd= Kim, Lee(2016),

Park(2018)¢] A A¥el A= Aok ot 7 A

TR

A7k it B A7 J1E FAe) 544 A A
] P

N FAl R ng BE o9 AFoR YA
& g BA AAe] REA Ak APes gES
FaE a9 Aroz dAR A, WAREAR WY
stol WAL ol WAl FAw

[Fig. 91141 P52 AR 20584 4o o
FE BES A9 MU FHlFRAY st WA=
RS BFOR PAE FHERAY 4AE 3
£ Igeld gad an Al 44del §ERAS
BE oz wgsdr v AeYe ol Wy
& ARG P09 A9 MAGRAC telA) 5oy w
92 Hgato] AR F L HAN 2L Add 9
L Ae FAERA o e FHo5RAe 4
A2 F83e] FAZ AeEE ot

Question replacement of subconcept (P5)

CHEE TIHOESEHE AL e 4UEE Foigiste

A
F %

Question replacement of subprocedure (P4)

2

gl 2= S M ¥2 diste Zo|7t 22 &8

=
( ) =02t &k gl Zhe M e

-
fo

40 0z

Increasing openness (P20)

Astel &G o &7 {9, FHolewA oo tE
T Mdeld s FE of $F Fd0l 49U
Snk ot Al Seld o A4 7S A
1% dHAle] 547 Fokd & sl olE Al AY
FTHeke fFERTE dE sHolTRAd ddd te
Yo ke AEE ¥ wger, 53 olefd W
B2 w2 TR WYl Ao Fol dojit
3 YES AT 4 YLk [Fig. 101914 P62 Ax €
AR ot dog WA Alglel, P02 A BD
oF AR ACE wAtehs adom wigste] A44ge] @
ol i sHolgAs A e FHolF
T AR st gle Abdelth vhAY 239 Pl
& FAolERA A olelel o] olFRA s F
] 3

Example replacement (P6)

(1 28D gepa oot somd ol smmp B2 77

geffles doeni elgt gl 267

Jud 2o Jas £ gl 428
o Sestia #th YA IB, ABS AC, FCY D,
ADS FAE ol S AIFHABCDE ofW E¥o] 4 =

Q=P JEACS HEEDE dodl wiEt ofEA T

Example integration (P11)

ZA>090°, AB=AC 91 °15WAZE ABC S WAL 1,
4% 08 ahAh £IBO=33°Y ®, 2£A 9 A7)E?

T o8° @ 100° 3 102° @ 104° B 106°

@]

[Fig. 10] Cases of Example modification



12] Learning hierarch diagram of perpendicular

bisector (P5, P22)

[Fig.

. m_%Mﬂ%@ﬂ?%uﬁu@@.wﬂﬂ@ﬂﬂé.
; jzel - e
_ﬁa7o€,o|oﬂ%r.1ﬂoi77Mowszo#EMﬂATWLAMM , —
ﬂﬂwﬂuﬂjﬂx%?ﬂu_#oiﬁe_@s%uﬂﬁr X
® N % HT B oo oz o) of N B o4 T T —
Mo O o, m o wop H2 < R
ddﬂbt‘wﬂn_ﬁLHmATﬂoﬂAUMﬂA:i‘olEo
PSS D D — or W Sogs N B of o] o -
o ST BEw S X T m Y oo N RS Y /|
B oo < Mﬂl} ,meuTmﬁm_mnumﬂnﬁu X mn . M , s
1 S B e K o o R~ W A = 2 d, | %
g EREB T B R . \ \
Rt S P AR X X |
WA RO T MM E g e F N L 6=
T SR TR W 3] oo mp T o TR Mo ' = -

o \IﬂnMrDzTﬁoﬂM LﬂodMEMMﬂ%HHIMWMdLﬁHﬂHﬁﬁ [ 2\ g

iy ) — = B oo ! — e ! B- [ %)

s b CRmasygREas e 5|

g PR TLT_ TR LLTT T T

nE otﬂfﬂlﬂa vn/HMﬂ_.Eo_H ° - ‘3R No ] s | <4

of B BT _ :i - o ‘;,._ﬁi = o} Lf f <
B oo ® oo R ol o NN oo 5

A 4 = A K mo == 70 ) No oF X = e

= ﬂm%mﬂio_ﬂ BN o IO O oo N k= [ 1,

s LR g mE T AT e Ty ™ & & :

= Thalobls g™ 2T m®o T wd ol |

B P A Do F D W F o N A " .v

N Twow & _H U R T W

U < W T o T o wp o s RT ) N — LRl

& moAR B AR T B T BR o] o] EA- oF RORT AL o

e

M

W OB W R T _odlﬁo o ™ o X R AT‘UI Lf o O#E‘.IAF 1_E EU ] X

G N - 2 om0, T Ko B B ® =

: oo e gy e % 2 WOk AN e s B E N

M ~ ~ ﬂe,l, _LA.m_.._ ° i ‘lema7‘mp_l__cl — N = — ﬂyl

= WEULE?_SLEEJ_H&! s dl i = QMﬂ;oM}Z Eﬁo:l7 Gt BN )

) =T e T oo oI o - W R g 2 Eg%aac.:m???,ﬂ

- N LS T o= ° ~ ol S w < M%?u% Pl oy o RO

Wy LR N - S R I TR N R o - o

~ [ ) "~ 2o iE Mool | T GG T~ Mo Jjo 2 o XK I

S B SN A e = FET ol ma g~ g BE DY
=r -_— = = "R = B X 0 k= R =

z uﬂ%miﬂvaamwbmem %M__ﬂ.m___ﬁ 3 aﬁmﬂﬂ.%Mﬂc_o%mﬂ.wwﬂ_wr%ynw. =

b T e X g mEWINA S W T e PR RN W =

§ Crxesdo o whs @a| 8 G HSNT gemreaLd 9T L o
—_ —_ — o) - 0 - N 1 = o file)
R TR T we® Bwalng g PR LTERTUT 6 T dds =<
TG oy R e oomr IR | 2 BR T Wy g T X - o ]

— 5 = o0 = S = AR = o or o =

X N-=F o o & |MYeg|To ) +~ T T o X o S — —
— =o O S o ol__u_:_sm_& ° M ST ﬁﬂ'gamumﬂlamﬂ%a T
FoOMLE SRR ey S e R Txmawll P RTEE e
peEhEe XN pRWIZEl 89 2 o Tk Dl T T g
P em 0 RIMES 8 a4 MEFLER e RT B T MT oy
NE_BRRcRD ) pEg ¥ C5 77 oo R o R R oW oo o PR
0 XTE A E PEIlpsl=8 owBaan® oMb o T B
X T D 3B =93 Bl —-s F R ox gv o I ol ) o)
e ) 3 B ar = = I w0 Ho k- hin ) =
S m s T E W MK (3R] 58 5o F e Mo T R oW = %z R
Ne = s ' omo®e w0 o g 7w g e w @l @Y ® o o W
Ao o o Mo B MoBH oy B RTRT OB RN W OB R OXT M ®

pd

gk npo} Zro], o]

ES
=

atth M7 14o 4] ojn] A

S

EE



AR FAske B

1

I3
i

=
[¢)

27}

9

kol

°

72

b NB

A

- @

H

"

ol
A

o

)
£

»

CCIERE I

)

o

ol A

A =9 A A

fo whl 439 %

A

o]

oA A4

=
=

Lxg
Aolgirk. el

[
o

L

L

AT e )
2 9o

1

I3
ol

o

bolshes

3]
QT

Aol o

A
=77

O

+

5

3

=

L
T

b
jant

X

].

5
A=

=}
R

59

S

-1

dol A%,

=

bol QJeie)

[

3+5
=
=

P
3

=)
s

g 392 N A7) gez AN

_ir
oz dAZ

1

=

=

=y | e

-]

At A
7] Fej= AA

197
B}
of z’r@rc‘f
il
Sl
AT

o
=
.

o

[ ELE

A 5

ot} )

=

=

=
s
Bhih
Bih
oz A
252

=
T
&

BZRel ol don pamdhkty

[z ]
Hojlom,
2 ALAD
ah
Ui chdiale
sn40mk, U

3Bk gk
#012] 7N

3ke] 7]

zio(oy Bhay Al

Ay
3
T Iar
5
6|

uis O

iyl

(25

T AR

PN
T

x| Heoll e gk

2 olfolguh. o] el

o W A

3k

higher levels (P22)

)

[Fig. 14] Correction for task modification to lower levels (P15)

)

ox

A=

o
1

o
22!

Tor

el
jant

ojf
TR

"o
sl
A

oy

SERFERE R

o @9 Ad #d HAE 32

]

T
-

[e)

Al A AARD F3



by

A7 ANEE =EA s HAE
S SYRE My 948 w9
S AY S sk B
duadd ¢ 4

T3 duAAES
oA AR welaht Atg A, 53,
o4, ‘THuAL e REd Edolt Ast 7
BN E J1EH A%, TEe] Bgo] A
HeABBE olgste] LA FH5

9]

g ot of
ofy
Lot
=
[N}

do e

tlo i

e
fo
N
%

[Rul Y

T
9
%N
~

i
_OL
2
o
o
&
ot

al

o

o

ftl
lo,

b
-
ot e
o

(o]

to ¥ o
(A
2
=
=
>~
>,
i
o
[N
offt

23 GeogebraZ A
I7] el itk A W3

2 o2 o oo REomt ot rE

o} oﬂt
ST - Lo 7 A+ D S |

) AFES PNCS PWC HAE 5381
AHee ML YT dre) oaaEe
FEdh e 2Ed Ow FEF olsls Ay
ur ARG FF BRINE old gL uyd 5
D% Al FEe BHeE A4 PWC TAE
PNC Az e Al gdden B oed
A3k PNC se] 549 Az A ugo] 26%
o 239tk Kim, Kim2014)9] #43 4418 23
ook 5 sz WG A ek 48 =

ol AAHE 55 LA A7k ANHE Ao
deb e A4 e FEe ged A, A
2 717 AAE A3 QA e 247 AR sk
Al Ee %—? 8 5 £ 2T o 5—1117} A
B e

=
lo
= o

oX i oftt
Mo ot 2
ol
-

4
ue)
=
oo
i)
A3
o
il
=2
T
o
)
ﬂ
rir
4
Lot
)

o

32
&
o,

T I e
sp 5ol A Q1A A
T 847t oW 3 8ol AL
Mol Al old F=8t4 AlaLE fdsteAy
AT e 98A a4 APE 7H
Oﬁﬂ} S e R RS Rt P
3} 141%4 AEAA aHE

?'5
I 5 Bk 2EAR Al Qi FEHIES e Zﬂol
i

ér@'ﬂk-z(l
A‘zﬂmm
2Lr1rr1or2ﬂ

ol

WOH N

r
¥ L

A

il

ko

AR, Oﬂﬁlﬂ*}f~ st dde w44 A4S
Aets eFES BAYh Adae] duarbse] e
FA7F &= EA FHERS S5 AAS e
B et U7l W A FolH sF WY
of 4&dt 91719 A M 22 o] sl Ad 3} %P
A g5 AAE EeA X3 eF WEo] o] Fofl
AHEZ7E 1970(20%) 0] BEEAG. HAR & FEOR
o FA FE WA A Al AE v g9
T AeH, wE FEone] A wHANE A A
ol Ab7F T2(7%)0] SASIT ol ¥ s Eet S
AAE n IA UG oS 5 Y 2 4

gl AZIEAG ole @t A= A HY Aol
A g ﬁﬁﬂe T 1y a4 Fxd davt ds

4N 01H

B A MM gt W]
Fozel MYl oS 7P AT du e
T2 AT U o WIS Asilen, W Wyt
=T Ag Aldle AUHoR A 53, ¥& FF
oz29 WMy NE dF wAFAY EFete PR
T dE FHoleEAY Bdd g BYPo st
AHZE B gl dojutar Jgleh 8 2 Ayl &
4 715 A9 Vet SA4e Hgdd =7 WME2 6



3

gl

1
GFA

A
o

o] Z
3t

2>

1=

S

o, 7
W

L

L

=

=

]_

o]

&

T AMES A%
7} 9t} Prestage, Perks(2007)= &

Aol A SFH o= 3

L
L

5

],

BolA oA Qeke £l W
SRR AR

A

=

74
Geogebra
TE Geogebra

o W o WM™ R T T o M oo oy 3T WP
"% M= oof N T % o gy oF W= e zt%%?%ﬂ
Ro WMo AT Mo R N po | AR A “9 % - Co g™
Mﬂﬁﬂﬁ%M%iMzg% s 5| = M L
D a0 ol T Je s ik =] o T B oo oo, o
ol RN T # 1ZEE ., THE LB
TR Ly E T gy e i L (4|2 2| S R S
Br T o 2 5% T ~ = 1A » i F Q - N NR =
PrEEricoisfez | \| mlify Eozhig
= T ~ “ ] . o e e M
ﬂ%ﬂhx&éﬂ% Moo 27 v = K2 E L ER
ﬂﬂm_._m_oﬂa_,owﬁzlﬂa@évﬂ S o N MOR R
lﬂ%ﬁ%ﬁﬂ%%%%% R 2 S M oE o
o E g W 2 = % o or ol & % A
TR jof ) N W W Jo o |4 < ] RO B
JIJ,NI;O%E‘%Q‘%E,M,H © g 8 o Eoﬁll
,W _ﬁ wmﬂ E miam% HL N wﬂo l \.V S o il _!n_ mﬁﬂ Wwﬂ”l
< on —_— Jju_ul | Lo :.... ;nlu —_ 3
wawwm%%mw@;mmww AT 2% MrmMWa;w
ar PR E=TEL R Ok L | B2 Rz PR
I S PG S G e O N N 8 ET Tz =5
T o BT A~ < 3 T o, 0 XN
e e R TEN T o % v 58 P E
EOA_I}HO_W,LIﬂI }‘mﬂﬂnﬂ_uﬁo — HHEO‘DIAEMVCI
Ul o 5 ~ :i._ol Xy . X WﬂelM_!ﬂ_ZT
T opd ° % om odor-d X ap “ o X ?
THH T Mo H o o T e o = N W o do
" TR T DER O T MM YRR DI RH TR B O TR W OR
TE AT E T R - B wr CacT T B o ol o W g
R O S = DG SR oyl SR S
_®r uoLn.NOt oA mme_d_.ﬂﬂ7m_.7mﬂ;lo BB KXE ﬂﬂWVL
T o o moup e e ook a g PN o <4 U o ) ) BT OR D e
I IR o s e T T o N - AN R R T (RN R I
5 = R Ao S 2o AR T R o
— s o W R T ° oy _ w®r B = w oo N w o of
= B o= W%mﬁ,&ﬂ o oo pr T po oy W T o= X 5 B oo il
< fe = M T o o T b }Lﬂyldﬂ L2 ﬂ]b_lj.ﬁ mv_,l_lﬂ
B %o ﬂﬂmg e o e SR e M e ow N i LR < =
W m  TEAExdsms g8, PPragFT PR rd® T <
T o CNNCR A4 = 3P g5 Mo = AF e o F R Y oA & X
T Bl aws® ol IR T S s Sl i e R P
R mm R BT Bewegr n 2 gty 2 T
B ﬂ%@%ﬂge%j%mﬂﬁ%?% R K- e G e TR
Gy %%@%Em«%&_sﬂﬂl%%%@% ﬂrWﬂmmmLo %ﬂ%ﬂ&
= = to) A 7 P~ = ]ﬂr r —_— ﬂ.l
[ :EATﬁ;dﬂﬂu _/wﬁ;oAmﬂﬂﬂmlﬂnmllwidﬂﬁwméﬂﬂlmﬂ%emﬂhimﬂ%ﬁ
dlE M|]Hoﬂ1rL%:i;0AT_ﬂ B W — '~ o = ._&ﬁOL = oy X o
X BE BT T YT TR T  PTRD T
SRS i sl SR M O T A - TR I
T oo T m B R gmomy =) w M wEEE S m g 7Y
e g e RSl B B IO S ey S R SR
oK K B oz o o= W = N Y m.uoﬂztﬂrmﬂm‘_mmo R L
%ﬂ?ﬁ%ﬂ o I T S I S ooy © AE oo
=T W e E T R T oA M WO E T T __Baww RS E "
HH® AT TTFHFHRIDPHPTHERATITRL FTERTLH T T G

i

A 2015 AR w53

=
=



w3t oulAbsol HAle) 9AH e 4

rlr

T

frks @2 AT W 71 st
fAA R B SR e
A NAT & e ane] s 7
o] strERe 9 2
Al BEAA AZ A 42
Fgome] sl Weo] FAlol] thol
9, A WE Zzage d
WY 0 4 9L £Es

4
FN
Lo,

< >{1\1_’

2

N o
o
O o
s

M & rlo

e rlo
4

o
N
N

Lot
— ox do m¥

>~
fo & wun r2 nlo

N

o2 Gl
o 8 o
RN

re
pe N ind

z&é—g

fe o
ro ol

f
HoQ 2
>

o
o] WA A W3
B

ol ot |
>,
=)
—>4|_'l U
o
&S
of
ol
3

e

=)
=
4
N
R
ol ot
N >
ﬂ_?i‘, E —‘ﬂ
lo o ol
£=2 o
! >
= gk ook ok
Au) ko o 4
N f
= ~ iy,
i ol (o % oX - —L;i
B T 2o N
2 o (T oo gE U lob

oo 4o
o

2
=
=3
=2
o
i
é
ot
D
%0
=
A
o

3 FRE0l )

=
K=

]_

e
rr

2
il
ol
&
E

jus)
o8
_O|L

e
2]
offt
flo

i
lo
_y;i
-
|
i

e
re.
-1
e
=
£l
S~
- o
kit
o :
=
S
=) of
ol
[k
frl
I
i)
re

=)
rE—YirhI

1> of

2

o oZ Mo o

of
e roh o,

Ly #
27

T
ol fr g |o
g:?
-
=,

f1 lo

offf o ot
fo2
ot

do,
)4
S fN 2o
r
2
=
£l
>

)
N
lo,
L
o
ok
>
lo,
N

it
>
ol
o

fetl
=%
_V‘L
>

i
2
Hd
oX,
e >, e
ox
2,
S

o=

wx (° e
)
AN

N
2

ol
ol
o
>
o
f

B3
of
)
38
rﬂ
2
=
El
>~
fad
|
f
of

=
N
N
N
tlo
v 2
I
_0|L
e
i)
24
[nt
=
i)

>

2z
Lo

2&

-y

oft
;T

£ o

S U
do = Bl (& ¢
Moge o Hr o Hoo ot

i

oxl

oX

b

)

LN Ay

fit
2ol ko o Tm
=
i
T
_O‘L
ki
Jfu
ol
rlr
o
>
o
fit
e
b
i,
re
-
N
)

el
2
fuj
[
lo
frl
2,
=
£l
>~
>
lo,
!
Sl
ox
=
T
z
=2,

N
-

N

2 do o2 il
(o]

9
9
2
B
S
il
jud]
=)
P
i)

ro,
=
re -
2
[
ro,
2,
=
El
>
&l
Ho
15
frtl
[N
=)
=
=
ot
N

—

HE

ok
=2
>
)
rr
to
=
o
2
fr)
o

FN

75

Y

il

A

al

Ainley, J., Pratt, D, & Hansen, A. (2006). Connecting
engagement and focus in pedagogic task design.
British Educational Research Journal, 341), 23-38.

Arbaugh, F., & Brown, C. A. (2005). Analyzing
mathematical tasks: a catalyst for change? Journal of
Mathematics Teacher Education, 86), 499-536.

Artzt, A. F., Armour-Thomas, E., Curcio, F. R., & Gurl,
T. J. (2007). Becoming a reflective mathematics
teacher: A guide for observations and self-assessment.
Mahwah, NJ: Erlbaum.

Chapman, O. (2013). Mathematical-task knowledge for
teaching. Journal of Mathematics Teacher Education,
16, 1-6.

Denzin, N. K., & Lincoln, Y.S., eds. (1994). Handbook of
qualitative research Thousand Oaks, CA: Sage.

Doyle, W. (1983). Academic work. Eeview of Educational
Research, 53 159-199.

Doyle, W. (1988). Work in mathematics classes: The
context of students’ thinking during instruction.
Educational psychologist, 232), 167-180.

Henningsen, M., & Stein, M. K. (1997). Mathematical
tasks and student cognition: Classroom-based factors
that support and inhibit high-level mathematical
thinking and reasoning. Jowrnal for research in
mathematics education, 524-549.

Hiebert, ], & Wearne, D. (1993). Instructional tasks,
classroom discourse, and students' learning in
second-grade  arithmetic. =~ American  educational
research journal, 302), 393-425.

Kim, D. Y. & Kim, G. Y. (2014). Secondary Mathematics
Teachers’ Understanding and  Modification  of
Mathematical Tasks in Texthooks. School
Mathematics, 163), 445-469.

Kim, H. L. & Lee, K. H. (2016). Pre-Service Secondary
Mathematics Teachers’ Modification of Derivative
Tasks. School Mathematics, 183), 711-731.

Kim J. E, Lee, S. J, & Kim, J. S. (2015). Investigating
Secondary Mathematics Teachers’ Capacity to Select
and Pose Cognitively Demanding Tasks. School
Mathematics, 174), 633-652.

Korea Institute for Curriculum and Evaluation(2020). The
Trends in International Mathematics and Science
Study (TIMSS): Finding from TIMSS 2019 for Korea,
Retrieved from https://kice.re.kr/resrchBoard/view.do?seq
=T709&s=kice&m=030103.



76 AE, 2

Kwon, S. R. (2016). Development of Elementary School
Mathematical Tasks for Mathematical Connection. In
H W. Chang et al. (Eds.), School Mathematics &
Mathematical ~ Comnection  (pp.  84-115).  Seoul:
Kyungmoonsa.

Lampert, M. (2001). Zeaching Problems and the
Problems of Teaching. New Haven : Yale University
Press.

Lee, H L. & Kim, G. Y. (2013). Pre-service Secondary
Mathematics Teachers’ Understanding and
Modification of Tasks in Mathematics Textbooks. 7he
Journal of educational research in mathematics, 233),
353-371.

Lee, K, Lee, E, & Park, M. (2013). Task modification
and knowledge utilization by Korean prospective
mathematics teachers. 7ask design in mathematics
education’ Proceedings of ICMI Study, 22,

Lee, K. H. (2017). Convergent and divergent thinking in
task modification: a case of Korean prospective
mathematics  teachers’ exploration. ZDM, 497),
995-1008.

National Council of Teachers of Mathematics (1991).
Professional  standards for teaching mathematics.
Reston, VA: Author.

National Council of Teachers of Mathematics (2000).
Principles  and  standards for school mathematics.
Reston, VA.: Author.

Ozgeldi, M., & Esen, Y. (2010). Analysis of mathematical
tasks in Turkish elementary school mathematics
textbooks. Procedia-Social and Behavioral Sciences,
2A2), 2277-2281.

Pang, J. S. (2007). Professional Development of
Prospective  Elementary School Teachers by the
Analysis of Mathematical Tasks. The Mathematical
Education, 464), 465-432.

Park, G. S, Lee, j. H, Kim, J. H, Nam, J. Y, Kim, N.
H, Lim, j. H, -, Hwang, J. Y. (2020a). Middle
School Mathematics 1. Seoul: Dong—A publishing.

(2020b).  Middle
Dong-A publishing.

(2020c). Middle School Mathematics 3 Seoul:
Dong-A publishing.

Park, J. H. (2018). Task Modification of Pre-service
Elementary Teachers - Focus on Geometric Tasks.
The journal of educational research in mathematics,
283), 301-320.

(2019a). Task  Modification of  Preservice
Elementary Teachers - Focusing on Pattern Tasks.
School Mathematics, 21(1), 59-T17.

(2019b).  Prospective  Elementary Mathematics
Teachers' Difficulties on Textbook Task Modification:
Focusing on Fraction Tasks. 7he journal of
educational research in mathematics, 234), 551-575.

Prestage, S., & Perks, P. (2007). Developing teacher
knowledge using a tool for creating tasks for the
classroom. Journal of Mathematics Teacher Education,
1(4-6), 381-390.

Smith, M. S, & Stein, M. K. (1998). Reflections on
practice:  Selecting and creating mathematical tasks:
From research to practice. Mathematics teaching in
the middle school, 35), 344-350.

Stein, M. K., Grover, B. W., & Henningsen, M. (1996).
Building student capacity for mathematical thinking
and reasoning: An analysis of mathematical tasks used
in reform classrooms. American educational research
Journal, 33%2), 455-488.

Stein, M. K., Smith, M. S., Henningsen, M. A., & Silver,
E. A (2009). Implementing standards-based math
Instruction: A casebook for professional development.
New York: Teachers College Press.

School  Mathematics 2. Seoul:



