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ABSTRACT

Students’ engagement in lessons not only determines the direction and result of the lessons, but also affects academic achievement
and continuity of follow-up learning. In order to provide implications related to teaching strategies for encouraging students’
engagement in elementary mathematics lessons, this study implemented lessons for middle-low achieving fifth graders using
open-ended tasks and analyzed characteristics of students’ engagement in the light of the framework descripors developed based
on previous research. As a result of the analysis, the students showed behavioral engagement in voluntarily answering teacher's
questions or enduring difficulties and performing tasks until the end, emotional engagement in actively expressing their pleasure
by clapping, standing up and the feelings with regard to the topics of lessons and the tasks, cognitive engagement in using real-
life examples or their prior knowledge to solve the tasks, and social engagement in helping friends, telling their ideas to others and
asking for friends’ opinions to create collaborative ideas. This result suggested that lessons using open-ended tasks could encourage
elementary students’ engagement. In addition, this research presented the potential significance of teacher’s support and positive
feedback to students’ responses, teaching methods of group activities and discussions, strategies of presenting tasks such as the
board game while implementing the lessons using open-ended tasks.

Key words: open-ended tasks, students’ engagement in lessons, middel-low achieving students, elementary school
mathematics teaching strategy, elementary mathematics lesson
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94 ekt ks WAL S, = U8 2 2k o] 51 e A2 5ol A7 Th(Cohen et al., 2003). & =

$=}dol] et HAalo] ool whet 428 w4-gh5 aHo S ES B4 0 2 HojA7|= HEE Bk 01 2| A7t
AEP(Bahr & Bahr, 2017). 2015 707 w53Hy A] S Fro] F4] w45k W A2 wsaby 71 9] 712 e 5 of
£ A|AloFAA, wit EAo = thef3t & Sfote g H IS TH(Park & Kim, 2021). ©| 4 S48 48t
o] A &2 2t2jujzlste] 428 w4-shE st = th2Ha Q1 Al =7t S0l E+takal, AA el Aol = 42
oS A, Ay HHAdsh= o] s E9] 49 Sh= 4 7g o] th(Pang & Jeong, 2006).

NCSM} NCTM (2020)°f] w2 ™ &HY A& s doke 2ol A ARt 550 8H4 ALILE FR5HA EH, o] & &
o5 9Jn] = 48H] g0l ZofsH| o7k 2154 0 2 fA|E W sHY S0l A Aokt ﬂrxﬂé A5 =
Q7o s AAR o] S LS| & oo} Stk (Walshaw & Anthony, 2008). L2{Lt WAFS-2 SHAY o] ~Qof] AR
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THAIE AASHAY, Fofnlgh e o
3t 0]3}-8-2 L71th(Kim & Kim, 2021).
&HH Kwon 2] (2005)= 7H8E 2|17t sHIE2] 4-8H4] AFALE A6t £+ ol & BA43she 23 washd &t7h |k
2 Qs 7R 2l o2 2} Hol of iRl AR, o] & 53l eSS Al s 2ol FEA oz o 4= 9lor, At
NS0 B7te B A=54 0 7 AT 4 QUTh(Lee, 2008). 713 TS s dohe tle et Aol 7Hsste g, sHs2 UE
o] Zekol| whet 24| s S Al =t =M 428HA R A3} 7], AbaL 22 S 3}1 58+ oJAtAE 58S S 4= ATH(Shin
& Kim, 2006). o]ol] 7Hs Aot B H 7]E AL thE-E(Back & Lee, 2017; Lee, 2014; Leikin, 2009; Levav-Waynberg & Leikin,
2012; Shin & Kim, 2006)2 52 GAOFF /3% 9-oke] ol d Aol £R5 & 4‘—‘?3 = A 5L AdYshe o F5skelct ey
i8] 1A= o] ._,_.oﬂ Q= ’6‘]—/\1-15 Z}Alo] l\(l)-]7]-3 L okS R0kl 4~ Oh:]-‘_—. Aol A ?5]._?,]3 S-S AL o 2 SF of|A] Q]

o)

2§ 7Fs/dol & ot ohek dRk sy S Ty o= o AC’*Oﬂ N B E TA o= =57 ffsliA = ol & B8k -
Sk AR S Bt AulshA AAE 2 o7t Jlom, AAl sMYE] vkt HH-& A EskaL o] & whgsto] SMIE2] oot a4
AALE S A <l U e e 27t QI THKim & Park, 2011).

ojofl & A NS IAIE B-Eohe £US 258 53hd Sokel M-Sl A 8ste] Al #% =l ERuh= 8t
S o] FdE AL o A B AARE S 71EskaA Btk o] & F3l & dFte 25 8 a}loll A B E
o] Folg FAsk= 7N HAIS LA, o & B85k w43k {ete BA sk o o] Yl HEE Algshe Ao 51
=t
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W8 A
7N 2| 9] ofn] & ARk &ole A 7HAtel whet thas 2Fo]7F Tt Shin Kim (2006)2 2A19] S22 Heols] Z1
A8l o] of2 71A| 9l IhA|2kal 7|45 O, KimT} Park (2011; Lee, 2008)= thFat 5| 2 HlHH & o] &5}0] thofdet & A=
H k=13

2l
F 4> 9l TAEka A g3Hich Kwon 2] (2005 o] 2] 7kx]o]w 24 312 o] Thofst B
H4) Ata7} 7Hs gt THA| S 7 ThAllekal skeich
SHH Nam 2] (2017) 7H9 2HAl2] 588 THA sl 2ol 220]= 84 Abalol] vl 3o TAet W28 Zhe THA, B7ohe THA,
st 3bA|, oty 2HAl, 270 E8](Mi) J}xﬂ TH 5 A= EF53lT WAL M2 S 2= A= 42 Atol 2] gk A
S Yot AR, FA oA 7He sk o B 4 Foti = 34| 5o Jlom AEA AFLE ZidsHe o] Solsttt B
Fote WA= 5L ol &5k A2 T2t Foll stE Hioto] o]t st E4o] s AS Fotl = AR, £ @
oA F2 ZEHTt o] HAE Tl SPYS th/d-S thFst Tl A e g 4 Qlom SJatAs-S Fofl AF4le] TS WA
Z 71315 7Hd 4= k. ‘eefst Il = AR 251 Aol A Bl Abol & sEfdlele AR, £ 91E Aohs W ol
715 TYsH| ghof o] & £2 2 el B 34| 5ol ojofl &3ttt ' A= 273 2 2-S uhy Tt B2 3 =5k AHA|
F2 AL Aol A JaHA 0 2 ARGHILE ‘27 B I = Fold 4 e RS 7Hs S 3 thsiA| aefsto] Zhzke] -
opct 235t T got = A2, ZAIE v 0 8 B Qte-2 7|5 4= QT ‘A S5 A= S Eo| ofH A S AAR
ThEo] B A2, /R o] gt HE et 2R A =8-S THEAL 7]5htol] Foi X g E-8ato] trdst =S T
= ZHA|7} o] of Bt
o)/d<] A3y e1tof whet 2 A= A 2 I ol At thekste] s Eo] ofe] 7HA] Al MEks E-83 4 Qe TAlE
7N TA 2 B3, Nam €] 2017)7} 2573 7HE 2HA 2] 671HA] 530l H| o] s=Aof|A] E-88 7 TA| S A skshct.
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ile] ) ol 51 A3 P40l 72 S 5Hs HNCTM, 2014 oz} @7 el spale] o] el 72
o] B4:] 92 NIBHTA 5100, o] St 94 B8] 2 Hol7l o ulahe u1E 210 2 ST Ko Dl Q011)E 3
ol AR} S29} 4 R85 AL 29 ol B0, Haringion} Reeves (2002 SH3] Aol vl o] mAfe] 71]
U 58 GOlE A2 84 BFE FUEHE 22 42 Fol2 MSCh Skimer 2 2009) P2 B 2 Bl B]70] 2
2 48] S 4 AIZIol BE2 A SAIBHE 2 58 49 Felelm st

o|2|3t Yol 4 % JAA Fo, AR A Fo 2 FLEE] o] 2HO M (Fredricks et al., 2004; Fredricks

A
etal, 2016; Reeve, 2013), |- 5ol 4| AL} &14Y, sHg} a4y o] S5t A4S 21-8-o] 7ol whet AL A ol & shge] £+
o] g8l 23tk o] E YIthFinn & Zimmer, 2012; Rimm-Kaufiman et al., 2015).

Y& ol = sk Aol FAS), AESh], EESH], & 425171, %ol 'Woll== AE obA] 7] St 2ol =dollA
&hgo| Hol= 8 9let Bl Fo 5 Latth(Fredricks et al., 2016). WA= SH4J 9] Sl FE5}o] F1HA Q1 QJAkAE Kkl u}
2t A 22 o] 1 WY ARl &5 7|3 & Al T2 =M T4 Y54 FolE F31E 4= ATHCothran & Ennis, 2000).

GMA Fof' = sty WAl FEAE ofd e} ghgol theh 3 - A A vkt A&7 AAIE sl st 57] 5o 9T
21} B E) = Zol S WaHoK Fredricks et al., 2016). Taylor2} Statler (2013)= 442 S8l 7H4 2] njculg
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RUAA oy’ = Foi X 1A 9] EA ol 55t 4| A2 olsfist7| sl ARl ke S 7] &0| AU HERIA| & &/detshe=
S} 7ho] Sk AR o] thet F & 458 HojF= Fol S ek (Fredricks et al., 2016). Chin (2007)2 ALS] BHEo] 0]3]) SHYE9]
N2 o] ol uh ™ HHE] BERHd 4ol uet e 5 0] AlAloh= Aol Heet A e = depzinkal sigich

Ar2] A o= oA Eajuhs ARRY Ao AR, S 49 U8 Bl wAakel eHY, s n) Y Atol 9] ojataE EA 1}
B 5= ol S WSk (Finn & Zimmer, 2012; Rimm-Kaufiman et al., 2015). AF8] 2] o= E4 BA|E s 2517] 98l 252 o] Fof
AU M2 F= 2, O e ST A 8 2 Bl ehs RS 3R-ohe 1 ollA L ol Erfdt.

ShH sHAY o] ¢ Frojof] JF2 Hx|= LQloll= WAl 8HY, g5 U8 2 2HA 7} QlTh(Jeong, 2012). WAF 28100= Y 4
429} 7H2- £=9] HIHH (Park, 2004)S H|ZE3}0], WAFS] | A|(Kim & Kim, 2011)2} 3 =5(Yoon et al., 2016) 50| ZIHETh WA= 7i
o] 21 et a5 291719 9 Aes 5ol d5 a2 ST 2N o] g5 F-EAol MU LA =<doll 254
O 7 FofsHAl FE=g 4 UTh(Lee, 2004). MY 2Qlofl= RO AR AA|A 2] 9], eHe] /g8 Bl 27| 4] &5 58, AR,
A7) a5k 5ol Atk G EThE o9 sk ol =t wor, shEAke] A7 A ShEE it AlR o] £245 ShE 3

o =7} =THJung & Choi, 2006). 35 W& 2 24 QRloll= 7igoly 2HA|e] 4, 9 FA), @ k] A, sk U829l /-8
3 5ol ZFHh £UollA thFE= A Aoyt @4l 7liid o] 9] ofsfo]] &ofstA Lt 0111*01] F53 A3 Yo weE o
(Shulman, 2005), SH<5 Ul-&-o]ut HAl| 7} 2 2 5Fchal =72 w(Fredricks et al., 2004) SHYS-2 4 of| 2 =2] 0 2 Zoisict
ool upgt & A= 7HE A E Z-Eoto] Sokeld 25 E tlf e = A ‘f‘%@ £ol|A Y 50| HRl = Fol S
WA, AAA, AR A, AR A S| A6, S E2] = ﬂ@l% 78 st7] sl 7ied A E E&oke 48 o A=
il
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S WAL SHY, S5 U8 2l wkA] Q9loj| vl S0 k=0]5to 2

£ 3ot ol &3 258t 55hd S o= /Y A& &8t 48 U2 Adsto] sHYE =
FS BASH= Al Atolot o] & Qs 94 2015 714 258k 45hd 3t s5hd 48} JJr Jol dH7 e shs 84

0™, Nam 2] (2017)7} 2573 -8 ofl whet 7 THA| S A3 A7-(Park & Jeon, 2003; Kim & Park, 2011; Kim et al., 2022)°11 4]
Skl 228 N A E 268t 428 w5115 9] AJFH7E E g5 8 40] H|Fo] 274 9 E%D_E&H 5742 A4
102HA] 25F9] w485 AFE 2 A3}k 3Tt
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[\

A 2719 of9) 502 4D, 571 FU0IA Y3 5ol ol A Lol 102 FEeg 3|
ok ol WFEIH e Fol9Y 2SS o2 ol st AR L Tejslol, HEAo|} 272 o) A 7
Aol H28 4 =S sl9lont o] 3 EE BES F402 FAIIR 4 S AR

2 704 SA50) 49 o] PS BAsH o B8 W45 AR - Table 1) 37 THAlolch. 319 Tl 25
o4 A NS 127} S 0 2L Y i el Folstele 31 Aol 29 S0l 02
of3 4= 9Ic}. Table 19) TS B3] 25310 531 ok A4t QJo0] 32 Bher 8491 AA%0] EF AMNGA 1), OF4:} w4
G 9% BT 4 9lon], 255 450 =8 JoolA T =90] 7], ofe 711 A A, TR A 2)9) Bk
2458|140 Sulste] AT thife) o4 A4S BYY 4 Yk E3 AT T BEAJGEA 1), 25 S0lGFAI2), 2
2 5 A2 27ke) THBEA 3) 52 Fol o] Fsstol AT thgol B B S WSk o Solsit
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Table 1. Teaching-learning materials using open-ended tasks

Subject Task type Activities
Subject 1. Muggins Board Game  *An insufficient conditioned task  [Activity1] Fill in many blanks on the game board as possible by applying the four
*An inverse task fundamental arithmetic operations to the numbers gotten by throwing two octahedral
dice and one tetrahedral die. Write down the equation which you set up by applying the
operations as well.
[Activity2] Make new board games by changing the rules in different ways.
Subject 2. Classifying shapes *A classification task [Activityl] Draw as many shapes as possible that have [

something in common with a given triangle, and then classify -
the drawn shapes according to various criteria (group activity).

[Activity2] Classify the following shapes by setting various —

/M AN Vs

criteria (individual activity).

Subject 3. Constructing shapes ~ *A constructive activity task [Activity1] Construct various quadrilaterals using tangram.

[Activity2] Construct various rectangles using both 16 squares with 1cm and 12 squares
with 2cm on a side respectively. After then, find the width and height of every rectangle.

3 o] 1 47 2 o 233
3 50] 3P 420 13 Z3tm, g SHAT e 40| QA WA Rl ALgstel mate] Mol 77}l 49}
£ W ik 2 7ol A TS BSR40 2902 AT BES A7 by sle] 43w B L9 BA|, 34 ol
8 52 Tejstol o WO 2 Mgl on, 394 1) mEo R At
A2 402 2y

A A FE e 4L ol & Aol AL B8 RS HIFOR AT F 3 o] M4 AR £4E A
Poiglon], 2] 9 BE BE HHS BE Hokstelch AR A4S AYshein sS04 9 A4S Iy e, OAAE o
52 B Ao $A12 71251911, S SOl AHAlo] 4o BES 7Hs3 8 BE Ao BE 2 slo] s Sae] 4]
o 10| M0 2 EelUeE sgict

2T 4] 5 RE B2 ok QY AR, B4 2ol thek QAL AR, AL AR B UK, SPyso) A e &
SAI% D5 BEAS 24 A2 Aot Y TAE BESH £UoM S Fol P 7145HTA BTk B A7 B
2 9130 94 R AAL AR, WAL T AR, A BEA) 59 T A BEFHE e BT 23S thAstgoRA ¥
X Auke] B34S 017] 918l thKim, 2013).
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o] H]Z0] Table 22} Zro] FLAl|skslRitt A1 of2] A8 HH(Finn & Zimmer, 2012; Fredricks et al., 2004; Fredricks et al., 2016; Rimm-
Kaufiman et al., 2015; Skinner et al., 2009)°1l wh2} 34 2] 4] o] {88 W52 o, A2 ol, AR A ol Akl 2] Zrof o] 47}
A& FESH S, 7 o] R 2] 42 Fredricks 2] (2016), Reeve (2013), Skilling 2] (2016)0l14] F&3}o] £74- Hebslglon] Y1
€ & AtollA F7kski
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Table 2. Framework descriptors for analyzing the students’ engagement

Type of engagement Characteristics Related previous research
Behavioral engagement B1 Listening to the teacher or fiends in class. Revised from Fredricks et al. (2016)
B2 Trying to complete a given task on time. Fredricks et al. (2016)
B3 Voluntarily answering teacher's question. Skilling et al. (2016)
B4 Asking a question to the teacher or friends. Fredricks et al. (2016)
BS5 Enduring difficulties and completing a task. Fredricks et al. (2016)
Emotional engagement EI Saying it's fun in class. Revised from Fredricks et al. (2016) and Reeve (2013)
E2 Smiling. Revised from Reeve(2013)
E3 Being confident in expressing the feelings. Skilling et al. (2016)
EA4 Getting excited when improving or experiencing success. Skilling et al. (2016)
ES Admiring friends’ actions and ideas.
E6 Showing pleasure by clapping or standing up. Revised from Fredricks et al. (2016)
E7 Enjoying learning new things. Revised from Fredricks et al. (2016)
Cognitive engagement ~ C1 Explaining thoughts with examples. Revised from Reeve(2013)
C2 Using prior knowledge to solve challenges. Revised from Fredricks et al. (2016)
C3 Trying to solve challenges in my own method. Skilling et al. (2016)
C4 Trying to solve challenges in different ways of thinking. Fredricks et al. (2016)
C5 Asking questions about related contents after class is over. Revised from Fredricks et al. (2016)
Social engagement S1 Listening to friends’ thoughts and trying to understand their ideas. ~ Revised from Fredricks et al. (2016)
S2 Asking friends for help. Revised from Fredricks et al. (2016)
S3 Helping friends. Revised from Fredricks et al. (2016)

S4 Telling friends about my ideas.

S5 Asking for friends’ opinion to create collaborative ideas.

S6 Suggesting to friends. Skilling et al. (2016)
S7 Faithfully fulfilling the role in the group activities. Skilling et al. (2016)

Fredricks 2| (2016)°] T2 854 Zrofolli= ‘Feolx] IA|E Ao Azl Uiz =25t7|(B2), Fa32t A wAte} X170

7| AEs71(B4y, ‘ol FaL HAE VA 357 Bsy, AE0H717F A o714 FFoh7 )= ‘e ARkl Ak
S HEtEH E7|(B1)E £745t0], £ Foll wAp7F Hol7] &olt 3E 574 02 A u sttt % A2 odof] il Fredricks 2|
2016)7F AIAIRH S=}dol| sl Z7|tist7]’, ‘M2 A 27171, ‘A Aol £& 7= 2E7] 52 ‘= A7l Afu] ks D617
(E1), BrE 2 AU AFEollA] dojuhs 59 E713-2 E2W7|(E6), ‘M2 2| Y k5 8ol 3784 o2 vh-gsl7|(EB7)eH 2
o] #z 7h55t 8ol 5 AFESto] 47kl YA Frof ot HedslAl = 2 Aol Adshs <ol 71 oAl & E-8ohe
AS Arete], TAIE thaet WA o 2 s st Al 2| () & B4 ol 7l o, ‘vl 23t o] Hof| v A& A A5}
7= TA s Aol AP 214] o] 8517](C2), ‘o] B Foll = T vi-goll tish A25}7(C5) = FHaote] A aslstginh ARl
olo] EXollA] ‘T2 Algte] ofo|t]ol & 7]Hko & Sh&atr, ‘T Abge] A2t ofalfste 1L sl )' = K Ake] AJzhE £ 0]
sk 1L e slr)(S1) 2 FRketlom, Ue B2 whet X tet dstr|, o2& e MTE w71+ HFelA =25 51|
(82), ‘FFolA =i 71(S3) = 1Hkeeich. =5t BEollA 50| & £3fcks et wriEl= Ao A9 ofo]
tjol & 2ol 7] Dot7|(s4y, 712 QA& Eof 3 ofoltof THE7|(S5) & AFE] A Zrojof] F7fskqinh

Reeve (2013)= oA S22 HA A Hol= A E s35ks 52t sHYo] Sn|E w7l =4, B9kt 22 B S
L7leA] o B2 AmE 4 Qo P A, AA A Zrof o2 Frly A& w2, STk, VIRl FF 52 R &
# A= ol & ‘G AlRtel A ATk T (ELY, B4 A 7|(E2) 2 475t WA} oG §7& ol o &olste &
o}, &3k F- 05 Sl Hlsh dtid oz 2o S & Erjuls 25352 E4(Kim & Na, 2009)2 Tt 1o 7]%
S TAlEtE 9 d3E Whdsto] Xte] 85 9 ofo|tfoof] ZHEtEL7|(BS) & A Hrole] EX o= Frtsleltt St

-
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sHA30] 0127 ol x| 3o A]—%Q“—:— Heke] A =2 wrhst 4~ Q1o B 2 (Reeve, 2013), 7HE o31E 57| 93l Uyt
of oAl 7= /WG A E TR U RS L2fste] Ao Azte AT uf ol & o] AXshrI(Cly = #4sk3ith

Skilling 9] (2016)%= H442] 9] Ho & do:l oA @&, THA oz FoRl, ‘Ah Aoz Jof¥ 2 FE5t] 1 5HS A

o). 2 7= AR O ol at wis= 54l BlFo] ‘wAte] EEol AP o2 Hel7|(B3) = WEA ool I
Fol|A| #9F517)(S6)2} EE BEol| A zpAlQ] oJEhe M AlE| L8517 (S7) = AM %“3101] F7Fs A WV* XP0:l<>1l—t— AR
o] M S ALA 0 7 FH5}7|([E3), ‘T Yolx| ALt A
SR T2 EAS Rhgsto] QAAA Fololl Ata

Table 3. Frequency of type of engagement the students showed

Type of engagement Characteristics Frequency
Behavioral engagement B1 Listening to the teacher or friends in class. 152
B2 Trying to complete a given task on time. 15
B3 Voluntarily answering teacher's question. 182
B4 Asking a question to the teacher or friends. 54
BS5 Enduring difficulties and completing a task. 60
Emotional engagement E1 Saying it's fun in class. 28
E2 Smiling. 15
E3 Being confident in expressing the feelings. 94
EA4 Getting excited when improving or experiencing success. 36
ES Admiring friends’ actions and ideas. 56
E6 Showing pleasure by clapping or standing up. 63
E7 Enjoying learning new things. 126
Cognitive engagement C1 Explaining thoughts with examples. 21
C2 Using prior knowledge to solve challenges. 36
C3 Trying to solve challenges in my own method. 17
C4 Trying to solve challenges in different ways of thinking. 23
C5 Asking questions about related contents after class is over. 0
Social engagement S1 Listening to friends’ thoughts and trying to understand their ideas. 83
S2 Asking friends for help. 36
S3 Helping friends. 142
S4 Telling friends about my ideas. 78
S5 Asking for friends’ opinion to create collaborative ideas. 43
S6 Suggesting to friends. 35
S7 Faithfully fulfilling the role in the group activities. 9

ofstoll = e AL etste] AT thige] £ ol Y F Table 3014 FE TN BAE SYH 2L Y5 F
of, A ZFol, 914 Fol, ASIH Fof 2 TR sto] AR Tk, ofefat o] Pyt BT AAHE WAL B, B |G

o] 2ol =ofaic,
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EXECEE L S5 A S thAko 2 8 IAte] whpol A3 x o £8 S A o= Aol
WZHe WEAE B4 BTHB3). ol W 819 HHEE 45} 2900 Ful7} glom, m-ss B £3H02 9 A
oy 2 W4 43 SdolA 1 ofel9lela BulE Retd £ 9oie

P22 1] 854 ol aate] Wizo] Apuka o 2 T 4
A

2-435 WA} F0]7 A7bed2 of EAo] le7te?

2-436 3HY5 Z7}2(B3)

2-437 WA} T ThE ofd EX4o] gle7ter

2-439 SIS XA of|zto] glrkz(B3)

2-440 WA} of|zte ojd Zhs et ar

2-441 A1 9= B} 22 74 of|Zoleky §hct.(B3)

2-444 WA} -+ I o E4o] gl A Zotar

2-445 3431 (Ho] Zdojut 7hS o 2 ofF5m) Z 317 0] A 71 911, F Ho| Zlo]= 7ol (B3)

[ oI SPs ALS] HRo] 71 WA A0 2 alolrho436). B4 S 43 AlZio] EE
B} 2312 AP} AHALS A7 o Fol9I5Hs SAolck. ol @i SAYsT) [ 12 o] MALe] Mo 7 WA -3
glo] Atk 0 2 ZFoh9 SYSL 1 A OB G R

SHAY

o|2t thE SHYS I }1ofo] ARl e} A7E WY

off Ao} A2t UM A Eehr| & 72 2 ooty 2 Fefe] §ihe shs 3ol B2Uk(Cho & Shin, 2010), & 4>oilA] 3HY
=2 [ZHE 1014 BX 12709 2402 ARl 22 252 o= E’B‘d SHATH(2-441, 2-445). Kang 2] 2014)= Hd A3 =7F
22 SIS Fo o] Ay H o] wAte] Tl FFsHA] ZotE R 4 Fgoll Fofshe ol 252 4ol okl silon,
& AT 2 wAte] T2 A7 shaL ool A o = HelrA 2|5 @—E HH3ohe AT A ol Fde El

2 R FAE 2ol 2H vR e g Ee oz Y Hl o, 4 Alto] F-a15s)
A= Aol EH°PE 1= FAIsH= SZi
t80—‘:‘r5°thZﬂ7}7“5H7"ﬂxl % i‘% She] HAIE TR Al7to] AojA & o]
2e Lt Ae H =2 & ARl = A AL EXP%‘%‘J A2 SIATHBS).

= IE71(FA 3) 42 (25 2101M S 9] Zol7k 1 em] AR 167H12) 7 2] Z o) 7} 2 em?] AR 127H
& ol gsto] et A S TEAL o8 IR B IS #AsIiT o SH2E [THIE 2)M B0l o2 3
A S BEE | tha AlREo] 23 o] 5 E7H4] s 2 sto] A 3kS Wiith
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[ 21004 e 82= FAIER] A 22to
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1 58 ok vhAjof] FE519th(3-250). SHAJ49) SHAYsE Ao 2=

FolW YAy 27hS E-g5to] thefs o 2 A S THEE s S Al%SIlThG- 571) Adhx 0 2 243 of= 45}

of| thst Aluf| Fgo] Wil A ol4o] Zste] TAIE A Z7|5k= 4ol A2 Lk(o, 2020), & A thd2 of 22 Fa A7t
=S SH=L - 5 Z

el 3| B7H) S9she Y5 BolBs) S Bk

A A BEsto] 2942 WYsks B S PAF ol ML T 2 214 8ol sl Eaksks 2A83 T
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o, AL S UEHE 59 59 A=4 0|1 FAH AR HHg= BT T3 = B76H7|(FA 2) UollA = Foi X A
2 e ol e =2 194 = &5 112 #3860 2P7] 50| 2 Egol| Hlo] B2 =3 = ZotuiAt dh4-E x|
2o AS A 27 & 5FITHES).

L2AE 3] A Holaplol F018 HolAY A4S Syl 4%

1-505 &}H434 Ut 428 F 1 Aoz, =8t HEE Al9]o] obd 7k (E7)

1-506 €46 tl5}7] wij 7] =35)7)2h -

1-507 3H444 I A U A 2ot (FFelishs 4o 2) ARzt (E7)

1-508 sM4d5 AR ZALE T W) AL o) 102 9lo]. 1 o]31 ALY X2 B}(E7)

1-509 &1"d6 (Hexhs W) Uiz o]§d Alw A2 ¥ol.(E7)

1-510 334 ol &2 golA sk A 222

1-511 M6 AP (E7

2-497 WA} o]A] ojg]Ho] 22 Lo HEE uAE/LQ?

2-498 51441, 2, 3 (Ch2 RERtt =3 Wol 235 47 | <7t dFols S4olH £oksh(E6)

2-499 At (8481, 2, 30l17) =5 2 7WE Zehter

2-500 81441, 2, 3 (R =42 2) 14704 YT

2-501 A} wigy. e s nge E—r ngE M9,

2-502 8441, 2, 3 FSAT A vrE X)) 2L k). (E6
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(312 310041 S8 48 Al7Toll A2 Al BHEk ARAlol At £ 0] B0l (1-505), LA} kAol T3 Shujst]
= ol Apalo] =71 uhg TokgIrh(1-507). Y59k SPY6E X B FALSIe} AT 3 7141& S 2Ui9ITh(-508, 1-509)
28] 5PY62 W4 425 AJ7bo] W)= F5 0|t Bhalol 13 Talo] ¢l 4212 WS ofwt sl SAfol A, [ 3plA =
A3t BAElo] Kol 48) 82 sy, Fob7] 52 o2 Sof AL (1-506), AYL ol FA T 7 x|} o] AAle]
AL WA FEH 0 2 RSP = SITk(1-511), o) Se0] 814 U golut Thalel] thsl =71 5714, Bulef e 3

A BNEE, B2 RS DA RO AR5H Y5 Fol(B4) D AH4I2) A2l thef o2 Sof sk 21K Hof
(C1)E o]ojd e Bojzrt. 9| Auk HAA Foloh A5 ol U Qx4 Hofo] BA|Z A Fredricks ) (2016)] A9} 22

wtol| o, 55 ZhAl7 S5t A Fol7h 52 Fol, AX| ol 2 SAEE 3ol ofsl TAIE AAE &

3 [URNE 31014 341, 2, 32 A7) o] th BEo| Hls Be =g ol 3 sl dol 5k 0 ofn] 9l ks
Qe-e 27 Et dHol5 S4o|n Fots498), oS A2 W 2| E7)sI9rh2-502). SISOl A 512
oA =70 HAH 8| A o)A FH o2 =l A SPYE0| IS s Fsk 1 Al sk =R Ao tha] ofu] 9l A
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[EHIE 51004 3832 sHd10l1A] =32 12l < 171
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Eae T Yol [T 51= eMY30l s 1E w1 O =22 53l S0 s Aet At= R E thA] 33 ARl o] Hj-9-A] &
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~ s¥ay1 (oo @m}allﬂ o/s/ole
bayae o) L Al ~1 Nl { 'Ta
TLOVEIOLTY, O O\ l A
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y TR ( 1 I f r }
1 i A WS LY .
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2127 el @ r Tl | B
I _ s 20 _ \_ [ 1 | L/
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o0 | T T 1o 717 075
8251 ; | et 1 )
ol &d ' [ O | | i |
d | (/7 L ) 1
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Jo (2020)0l] 2R &+ HH £7F F2 SHYES A E A st Aol A ZHAle] o)A S 2 Eof AHshs ol ol ES A
o, 3HA| s Aol| Abgshs HEFE oA W 853t AZ 14shs o] itk deiu o)/ gt 22 AT ti/de] AAA #
of = AgFoke] UrbAQl A a2 F/ Tt et TR E o] FH, THAof] thgh Hg o] §E-2-2- SHAY o] 4514 of g o2t A
ApA 9] E4 e A 4 S-S Ho{E (Ko etal,, 2016).

}A] sl Zol] A 2]4] o] g3F7]

AT e =8 EFs7Ie =8 THE7|(FA 2, 3) £l =39 o] Eolut 5, =3 o] EXut
TAZ A5t e BaS HATHC2). A 42514 oJata%o] Hofsl7] Qs Ae o]n] S5t 48 L 8-2 24 5] 2
27} ) O™ (Fredricks et al., 2016), & Aol A = S AH41Q] THA)| ol 2 & 2w R eha AA|ol|A A wivh ohed=t

& 37) glall A 29 ofolt]ol & 3-8 uf AH4le] AP 2| A& A 0 2 8ol HgS Hlrh
=g TE7|(FA 3) 249 [ 11014 34 —‘é—% A 27V5 B ARESto] O AR & BHE= T E 351l 1
am] %i 48 Qo) ol w7t e g7t A g e FoiX B A E Fo] A S 7S THE ol AR o]
AP T 2 A2 & RHEo] Heke EAPPJ AlRbell M5 WS Ho| 2] b= o] WSt olof] wAb= “YArzHE
—3— Hoé RI7}" ek g AN S o, [AHIE 7104 B%o] SHEE2 AR o A AFZER of Seof] tish AF4lo] &l Rl
AP 2] A& o] &-5to] AL HhZol Hoit.

o
—-—4
g[_g‘

AR 7] QA1A ol A sl 2ol 2Rz} g ArzFR o] Seofl Tt AR 2] 4] 2 o] §5h= 3

3-762 A Y27} ThE AR = AAbRgo] E 4 Qe

3-763 31444 ul. 34271 ghot! (the SIS = st SThl &2 &)
3-764 WA off shY27} gear gzeh g

3-765 3143 Az E Z|7to] 474 Qloyrta. (C2)

3-766 LA a1, A7to] 47] Yo AAzHgolekal sk 217te?

3767 5H4 U], A= 2 Zho] 4791 AFzFalo] ZlAFzZEolakar ekl Qlo]A] SHA2 ) uhE MAZFE & 2 AFZEE o
=178 Pzt

.(C2
3-768 WA} - 2% HAZFY T YAZER 2 ol Aol o] Slg7ter
3-769 45 Hol] o7t th=2 &, (C2)
3770 Ak - 2%, “FAZF e Aol k= The Bgvtes
3-771 8434 ZARZFS] Zof|i= H o] Zlo]7} R = ZHz] ok A ol o Ly} AAEZFS o] = 4~ 910 Q (G2
3-772 845 ZAZFE -8 = ¥ o] Zo|ut Zhol i g A|uk HAZFE L | o] Zo|7p B 7ot (C2)
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[ZHE 71004 SHY31} S84+ 2| Zbo] 47]Q1 AFZbed o] gh= ZIAFZEE o] Seof] theh AP 2| 41& AFGsHHA, PAHE
ol Hote 23 BAE AYoIATh3-765, 3-767). T3t S5+ A 1S DAY ol & ARSSHA] e ALY A
ol thafl 2F4lo] 21 AP o]m| x| & ET| = A Az at JAFZHg o] Zpo ]% 3 o] 710] 9] x}o] 2 A 519] 0 14 (3-769), E3| SHAY4
ot Y5 QAR Aot 7 E1 ol -8 A2 o] o7t BE 2 H et g7 wiigolgtal 4340w A
oA A AISFRATH3-771, 3-772).
2 713 2z o AAzEe o) =35 Ao tisl) X 48HA] =0 = Figure 29} 20| S-S0 THE HaPAPHTY

of| o3l A AL, A, HYAPHT Ato] o] TAIE Al = LR 819 =9 = S E o, o] ul = A AYAFzEeg 1 g YA}
HH o] ol thgh MY 2] AP 2] Al o] ZHEE|ITH(C2).

l

(L2 1A A7 750l BHE BYAY B9 3 BAZo] BgAYo] xS B wAbe] wEo] thal3-729)
A2 2 AR SISk oA 10} HAAY & 1 e 7 W] R A oleh AL A0 7131

.
AT 0l% 1E 2 wo] Wajely] mlEolzha ARSIITH3-730). W4 SHYTS 43t oA AR A AIRHE ohA 8 m
= ol 429 748 Ko, (AR sl A= FaApRe] ol ) ALl ofs] 2 S 1 A2 A0 2 A B3l
A Ab21g, A2, WA Afole] 45he P E $71| Bl 1 o) kel a0 2 A Alalgir

SR 8] Q1A% Fol AP KIALS o] §ato] Alztel T3 B thet ol 2 Yot 43

o

3-729 WA} (Figure 2] A} S 712)7]m) o] 2= HaAPA o] =k ? AL & ZAZFY = HaApA o] &
% Sl AT

3-730 3147 AN E, YAELE 0)F B E wlo] gajoluzHC2), BARIFol Hultk
Park (2014)°]] Wh2H “GAFE -2 Az oty eF o] p — & o] 3] X2 45t YA|o] =gl & AYsl=FA U802 %=
F5stuol N B4 o2 A =EA| g 4= ik Tau BAIS vle TEHYEAE p — g2 oJn)E A H35| o|slshs B o2&
S H o] (Ha, 2008), o2 A7(Seo, 1999; Inhelder & Piaget, 1958)— ZJArZERd ol A Az oty 2 th ]+ 3ol & 258t alofA]
FE] o] QA A ot BekS thtE 2 BASIQITE Tafut & Aol Frofgh AT o/ 4e8tol| gt 8}l AdFH =7t Fokel
Ql 2550l = Bkl [ & 710 [ & glol| A HEo] 14,\} 1, A2, gAY Atol Q] Ehe] A g A A st A
gatdct. A B0l Aumko 2 thoit 25 4 NEE *'XHE HEo] BT B 855 53l o & Alo]] BAIE Atn]e= o Y

AR A0 AP A4S BEHE 71815 Hofe £ 70| 49 H2o AR Abo]o] Aol chgt SIS ] ula Al ool
420 2 lojg A0.2 wold, ol B WA Zliﬁ}ﬂ} She 4:2d0] A7lot 4ol oju] Q= AlALE &

HAIE choFet WAl 0 2 s Fsha 1 kst
B ol o)A YIS 52 Hr I} o] oj2lol AlHFY TS |4 0 2 Hto| we, A A A A2 7Hs5 5 chofst v

How sjdslae A4 wele Bolrkca). o] IHolA A S of2] AlEte.s AT, B4 Bl s AT ule) 3
£ 223)7) 8] VST 25 Eol2 AYar| = s

|
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7k S The = Wi o] A3k of| A 649 04:43 ArEShE AT o] o] 42514 Ql Z2ko 2 LolA| = Ada-S HEsHA 7|8 &
25 EUE(3-862) XA Fo(E4e ZE5S BEglon, st il So] st M2k &-85to] RIS £71A] 35 B
=(3-863) W54 Fo(B5)Y 5= Btk

Journal of the Korean Society of Mathematical Education Series A 70



QIS - M0/ IHE atH|

rulru
it
o
_O'l
rir
B+
oin
4>
1o
4>
1%
2
>
1o
0x
1o
0%
2
AT
ikt

SHE (212 019 =012 53} HAIZYO] 7zok A7t 64) OF47} wlolob 32 QAo 2 SE-S [ 2polA] Fol7l
3 #10] o7k 242t 1 em, 2 om) BAZFE 16709k 12708 7HIL 1 X 6422 A9l 2% 32, 4X 16, 8% 829] ZAFZH4S Figure 37

Figure 3. Rectangles constructed by students

P 014 S8l X0l AAYA YAAY LS WPISHE GUE VAR GO A - Slonh ol Kt
2 7R3 o IR M 02 RS AL B SRS Q1AM Q) tmel(caye] Autolth. 4 Figure 3 S 0] 8X 8% A2}
oA AAZFRLO.2 Q11313 918 & HolE, ol (25 11914 AN, A, BB Afolo] 2] B che =)
3 Aol [B5 22 FFSH HFOZ Sonjshil HolH|o e AT YA 07 48 3le] HHES e sy A
sh2ol chopet M2 AFE Sl A2 5ot uhAlske 52jo] ol Ik A7 Ak(Kang etal, 2014; Jo, 20207} YA, o]
AT 7o) £ Q17 o] HolE QX7 ol 2 et et Aol FAE Ba) AR 45t 9do) ofn] gl 43t
2 B2 49 4 98-S AT
A}21] 2ol

ek T2 sasts 4elolM BHSe) AB1Y ol £ W70l &S T £8-2 F7], AHAle] ofo|r]olE 2
FollA| WaAL} 1 70) 0)712 Bo 35 ofo]t]of thE 7)ot 22 el Eejyir,

7oA Eg-E oAt ESE 7]
AT g2 W8 TAlE T siidsty] fistiade x1Ttete] d24 HA7t F25tM M 22 ofolt]ol & A5t 212
I 23K Ministry of Education, 2022)& W74 A ZolA| B85 oAU F= A A 7o{(S2, 83) E52 AF4 08 4
5&*6}%1':} ol = 3t AJF| =] Afojut A sl 2 o] -t TS| A i/ WA 55 AL ARl A 9lolM EEE
FadEEgoR tRgth

GEAl D AL [ZE 11014 A7 g2 FAR 3718 B4 U2 29 ol AR drtE 2| 8sto] Eeate] vl
cl=d ol s l ¢ Aol o] 7] AlYS skl ojuf SMIE2 AldolA o]7]7] gl Mz Ak | Brk= (23 1
It 2] thE SH¥elA A s 2 Ak A oz gAY 3HA| s 2& 7|5t = TS Afstal duflE = AL

=
2 272 mghon(s3), A S e S = A 9] Qlo] E&-2 Ao B52 HAKS2).

|

>

o =
N n
> r
Tﬁ
X

l"r‘ gg

Journal of the Korean Society of Mathematical Education Series A 71



The Mathematical Education. Vol. 62, No. 1, 57-78

LI 10] AFS1A ol 2le =38 Fahe 7
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1-239 5446 (54%‘494 S AZtetHA]) 320014 55 wifekare 1w 27917 ey, o 3ol o] & 4 A =

1-137 5142 (&AL 2) 3, 4,5, 0| AL 7} 21 oA 542
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(2 1010) 344, 5, 62 B BEOR, Sl SPYsolZ FAS) = FollA] 45 WA B3 0h Lol 4k oSk A
2, ool 45 FHT UmR] Sk s S ABakelth1-237). ol 2 Sl Shats ShAset sheol Al (25 1o B
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AH‘-’J 13,4, 52 AR Sl H31(1-139), Y32 A sl AS Qe Mk %‘%‘—3 A FATk(1-141). Y32 SHY20A] [Z5 1700l
Q3 AntelE AF3] dElFe oAl Al s ol Sg2E 1P - 0 &2 =gkom(83), o= S8t AHIZES dof T2 S0
71] A Aol F o5t A A Q1 Mk B AFSA #o{(52)E o] &l

HP%—JIT 101114] sH2Y49} sHAY3-2 th2 XS0l A 34| s 2 S 9t TS APHA 0 2 Al Fgho 24 FH QA ALS]A Frof Q]
S B3t 53] HAY32 (&5 110l thsh shi29] o] A2 RA|H =5 Aot 22 A5 TS FA 1A a2
94 Xd%% YETE A Aok 5o GTE BT o= Lee (2012)7F A B HiEA] gk 2&zto] m&at ZHom, 2022 7 258t
48} WK o] oArAE At kS 9Ish w45y WHH O 2 Y A|Sh “428H4] ofolr]ojol Tt A S A-g- Aol A ERRIS vl =
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BioF3, 3, 12 W S47) Uigtol. 33 38 B 9. 71710l 12 Tiap 100/ 2o}, 0171 = 107kl 5=
Aof?

1-338 5Pd4 ofd. 27 E3HA. U Fo] BF 57

1-339 &HAY5 J8H Z471 = Belslk 74 Zkeg)-- (84)

1-340 51434 T2 37 B 24 ) e gol M 247 b Hollgh = 10 2 SIAL(SH).
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57} 34151 19 o] 252 398 AFIA1-320 01 Whdslol 419 e o 25 2 22 0] it 742
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7|uksto] ALEH 45 8-S Bl BH5ol7he TS HolET Wang o] (2004 45t Al ZEAONA FolE sh 4THE Qi
o 49 324 ofo|tio] 74 B FE, ol chat FAUS B ul Y A FRAS FEstglon, (44
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Sy 4 9SS AR
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2 o7k 7hsslet. 31 427} vt 4310l cigh 3 LS 27] ool Fokel S chh .2 3 4ol o2 Wit
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