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ABSTRACT

The purpose of this study is to develop and apply a problem-posing program for elementary
school students according to the degree of structure of task situations in the area of
geometry and measurement, and to compare its effectiveness to provide implications for
problem-posing instruction. In the process, changes in brain activity were analyzed together
to verify the effect of the problem-posing program on the brain and provide empirical
evidence. For this purpose, the experimental group performed the problem-posing program
in an unstructured situation and the control group performed the problem-posing program
in a structured situation for 8 sessions, and evaluated the change of abilities in problem-
posing made by students during the class according to analysis framework. We found that
the students further developed their problems following the learning steps in the problem-
posing program. In particular, the experimental group showed higher improvement in
the level of problem-posing and showed significant activation on the brain areas: the
frontal regions, the right VLPFC area, and the DLPFC area. These results suggest that it is
necessary to increase the reflection of problem-posing tasks in unstructured situations in
the curriculum, develop and apply various task types, and present systematic learning steps
together.
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Introduction
S 21417] A4 A HSE AL & Gk 87 ol Exdekal thefst 2AlE2 4t M2 &
A& W50 AAoh=s 582 O& S8 A]| AL Qle}. ul= 48 A} 3 2] 3] (National Council of Teachers of
Mathematics; NCTM)= =4 THE719] 52735 Q1A|stal o] & ¢Jsl s =olA| o171 &A1 32 Hol
A 275 78510 M2 ZAIE T 4= Q= 713]7F oA o Stk AIQFSIATHNCTM, 1991). ©] %
o= sMEE At &, A sl & A xRt Ao e delA Sr 2 RAE e A &
512 THNCTM, 2000).
olo] wjz} of 2] AFAFE2 S A THE7] sl Bolo] A|EA o= WA S 7HAgk o, ZA)| Tt
=717F A s 52 3 (Bae & Park, 2016; Cai & Hwang, 2002), 4 7Hd 5 2] o]3}] A]2(Yoon &

[©)

Park, 2008), 5~812] 22 523 WEH(Cai et al, 2015), EAF4] A3 Bl Y(Yoon & Back, 2010), 451 Bl = kA
(Park & Park, 2018; Singer et al., 2013), 8] Z1(Sheffield, 2009)2} Zo] thoFet ZHoj| A S5 S82 4t
A7]= H S35ttt 42 chBrown & Walter, 2005; English, 1997; Silver, 1994). SHA|RF ti 20 15
& 71&9] 48 A& MY ohe ZAIE THE7 U Lee & Park, 2018), F3 e 2710] YRl 24| E THee

A S AA)SH= o] 23] 32 QTkShin & Lim, 2010; Lee, 2012). B 2oi R 24| W sh= L%5} 144
&2} Fof X A7} Gl vl 28t I Aol wet HYEe] FA BHE7] 531t 45H S0l njX|=
FFS vl ok A v ASH 0= o] Foj2] $HK(Cai & Hwang, 2020; Silver et al, 2011). SIZ1tH, 7t
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Silver & Cai, 1996). 4~} . apAjof] BIGH ZA| TH=7] 2pA|2F U] 24 9HE7] 45 A o2 4=¢h
A @Fol| X F= o] 3 = FA FYof|9] BEg-2 i@ A2 A7 o] th(Park, 2021; Park & Lim, 2023). H]
T7FZAHSHATHC]l: Lee, 2013; Na, 2017), 24| -3 0] THatA] k-2 2] oba] Zujol|A= =3
Aol A A BHE7] S5 BidS SAT A7 u|E5HHKo, 2015; Ju & Han, 2016). THHA] 4=
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of| n|x|= JFS AST ASAY A= olAIA] £ A] EUT H 75 A HHE 428 w50
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Theoretical Background

Prior Research on Problem-Posing in Mathematics Education

48 w0l A FA| R A s da @7 L F-2/d 0] AEE] 0] $EO UL (Paul Halmos, 1970), A 5H
Zof| v]5)] w8} w4 ShEof| A A 2] & o] 2FTH(Cai & Hwang, 2020; Choi & Bae, 2004; Heo, 2011). ©]of] &
B 252 A s do] WSS 7HEA| = Tl S HEE 7HF &0 (Stanic & Kilpatrick, 1989),
A RHE7] 5t W H R =7t obd WS B2 T ARA| = 72X oF shrkal 7 slSTh Silver, 1994).

= Uie] ZA| P57 9t TS A E A EH A4 tHE7] E5-2 SH Sl thv & 3784 JFS
A xIeka H gk o i, 24 7] 852 S0l FRok At 7| 2/ d e FAckE Ol =2
Alasto] 24 322 7 Aol =2-0] ETh(Cai & Hwang, 2002; Silver, 1994; Yoon & Park, 2008). &4 TH57]
25 T AH T AARE AR RS AT52 S A A o] el wet ofuzt 5t
& AT Wrished A4 THE7| E5o] 2% o2 S8 E|glrtal B 18I th(Bae & Park, 2016; Cai et al.,
2013; Jung & Park, 2010; Silver & Cai, 1996).

A BHE7 )= sHEE 2714E Aot s S el S Aot 783 5ol ohSilver et al,
1990). A2 A REE7] E-50] 5H4 el/d 9] F o9t A Fetal 7FE5kg o H, 4=5tof| tigh LRk
Ql FH 202 S0 A old oA FA A QI ST 7FA-20hal 7S H(Bicer et al, 2020; Park &
Park, 2018; Van Harpen & Sriraman, 2013). 531 24| BH57] &5-2 42814 o|sl| & ASIA|AH & 532 =0]
0] T20] Hth(Lee & Kim, 2020; Lavy & Bershadsky, 2003). £35] =017 247} Q1= Al Aol A 22
TAE HEE 52 M0l D712 7HA| AL B34 0 2 HAllsk= dHo|A 7120] 481 TEE &
AAZ]3L FATHALE 7] & 4 kel B A% 31 Q) thBrown & Walter, 2005; Shin & Lim, 2010; Yoon & Baek,
2010).

A 7] E52 AR SHO g Qlal, FujeloM = SHYEL] A THE7|oll WIE Thfet A
So] seix]o] gttt oAl wabAfo]] vEJH 24| RHE7] A FA(Cai & Jiang, 2017; Ko, 2015; Park, 2021;
Park & Lim, 2023), &4 RH=7] 14>8h5 A& 72k (Bae & Park, 2016; Baumanns & Rott, 2022), SHYS-2] 24|
7] 287 49 9 5 E4(Kim & Rhyu, 2013; Leung, 2013; Sung et al, 2017; Xie & Masingila, 2017), A St
&2 BA| THE7]| 5 B A (Lee & Park, 2018; Manuel & Freiman, 2017; Na, 2017). ¢llH] ZAFS2] 24 H=
7] Q4] T= B B (Caj et al., 2020; Han, 2018; Lee, 2017; Yao et al, 2021)1} -8 A1 52 23 nh57] &5
o] sk5oll FAHA o= 7]ojobH, M2 A THE7] 53 0] &4 I E A ethe S HolSel
olo]] 2 AtollM = A HHE7] ZE S ekl £A| fHE7] Z2 gl 9] #A e 5
< 7sks ol a2t Qle=A] A E QL.
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Reflection of Problem-Posing in Domestic Curriculum

S|yt A 718 Sy AdollA A s 2E 919t ot 84 RA A& 02 et A
A& o= A, 2007 7ol A= 2 AT FAIsHE Gl Folzl ZAoA] Foi Xl 2713 Hito]
MEA ZAIE RFE1L, 1 Z2AIE sla T 4= AT E MER 37|22 A5 THMinistry of Education &
Human Resources Development, 2007). 2009 7H ol A &= 258k 5~65M A+t ZF & o] w4549 &
oJYo g2 ‘7S HHo] 2L 7A| W71 AA5FS O™ (Ministry of Education, Science and Technology,
2011; Park, 2021), 2015 770l A= A sid dF2 519] 242 74| WHE7]5 Z35I{Th(Park, 2021).
2022 71178 oM = A s E A g I8t w4-ghE W F shuE o7l £A1E s Y AEg
TAIE THEo] s A5t & A& A AISH THMinistry of Education, 2022). SFA| 9 15340l A 24| BHE7]
£ AEH o= x| Zof| vlsl $-2ut wabaof vidH FA| 97| M| 5382 Alshad ¥ obyY
2}, 1 Hhod H]go] mf2- 2} A o|thPark, 2021). F5F WAFSL 24| BHS7] 7S Q1A|51AL Q20 = &
Total 7Hg o] ek ofnlE Ba 1 ARkAQl | = v o] A| A= R] gfot A sh= o] of#E-2 74l
(Heo, 2011). ZA| BH57] A1 =7} o] 2 Aol A, AAIA Q] 24 HHE7] A= WS the A+ A9 3
=2 o, ZA| vHE7| Z2 O A8 F S0l e EA1 £ HE AR A e
uebA] 2 oA = 2 SHYE0A A8 7Fs Sk ofy et A gt wpA| ek A A A Q1 A & B & 29t
gh7A) BHE7| T2 E 7SIt o] & Foll S EA T 8 HigtE AT 24 45t
Sol| A A 95719 2|9 & Aot 45t w4 Shgoll T AR & A| Al ST

X
o

Methods

Participants

& Aol M= AR A 258t 53hd 27l S 48T = 1 T o= AASHRl o m ddto] oSty
A Boxpe] 5ol 5 A Xegsiint. = vk ZH2 A vt v wiho] B | gl o, w4 THE7] =2
& 7180l AA 7 o] B A-8E . o] F AR - AR A}
A= 70 A= S S Al el stal AFHt 187, vl w217 o] FrofsiQint. 7 /et 9 A=
APuke ez gttt AR s 247 5 AEFol & Al efstal HA Aoyt Al Fgtho] gl

o=
= 167& A5kl

Procedure

2 AFE ol UA 28 A5 v ® FA4 W7 1A S Aot = S
13}7] 6t th2kad o] =2ljet Ho] Thelol] S| ThA| e E A7 sttt o] E Hig o2 74| BhE7| =1
& TpA| 2F AP -ARS AL THA|E 7SI A = TA|9F ks ST SHE2 T el =
o|& ote 7NEe B shEtt & A THE7| R 8Ho]| oSl om, AR - AR AR A] R A=
AXRE SAlol 213513 o] ¢ AY] s EdiE S A4 THe7|et Fi| 4 o] ¥3kE 245t
Rk 1A A RHE7 )= At vk sHgEo] At £ e A8 EUE 5 BAEE 4501
b, i PAEE A S TR AFALE DA Al 2 717]8 B8ste] colelg 4
NIRSIT Analyze Tool2 X}0] S 7153 ThTable 1).
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Table 1. Collection data and Analysis methods

Data Collection target Collection period Collection contents Analysis category Data verification
1. Problem-posing  Experimental In class Learning worksheet - Class content analysis (case analysis) - Level Analysis
group, - Changes of Problem-posing by learning steps Framework
Control group - Changes of Problem-posing by session
- Comparison of class problem-posing
2. Brain Activity Experimental Pre-Post test NIRSIT Data - NIRSIT Analyze Tool(result analysis) - Paired-t test
group - Changes in average brain activity + Block Averaging
- Changes in brain activity by brain area - GLM

- Brain activity changes according to level change  + GLM (2 sample)

Problem-Posing

Development of Problem-Posing Task

A W5 7| ZHA| =2 Stoyanova & Ellerton (1996)0] A|A|SF 371A] A% 5 B| L2 5} At L2381 A=t
(514 St 24 718h & A7 5H THTable 2). XA FEH= Kim & Ryu (2009)2] /= AA & A& 483 thzt
8% A, Zhang & Cai (2021)2] HmF-0] LA S E-83F B750|F 24, Yoon & Baek (2010)°] 2+
OJ JM] o AE S Frret O Aot @l A B IpA|, Le) 1 AR TS 7RI

SL

Table 2. Problem-Posing task situation

Task situation Activity Applied group References
Unstructured Problem-Posing by looking at an task without an example problem Experimental group Stoyanova & Ellerton(1996);
(Free situation) Baumanns & Rott(2021)
Structured Problem-Posing by modifying the conditions of the example problem Control group

(Specific problem base)

Problem-Posing Program Task
A BHE7] Z20] IhA| el T B89, Eedold, 18 4R, B AR 714 FElR

T-EETH(Table 3).
Table 3. Problem-Posing program task type
1, 2 session 3, 4 session 5, 6 session 7, 8 session
Task type Using polygon Grid paper Picture situation Individual information

Task example

B4 ¢ RUx, YA, A9, Y, 38
S8 MY, ACRIE, A20Y, YAy, olge
47} 1 50km’, 8km, B0O0m’, 20m, 5m

B parc
A e A T

Pre-test and Post-test Task
AP - AR ZIAe) 2R e w1zt Aol ] kA el AR oty
283, 2% 499, DAY, A4 & 5717 Felg gaaiick AR

22k gsilom, S5 AAb 4t HhAL 179 2] HES ot 7 - Hels)
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Table 4. Pre - Post test task type

Task 1 Task 2 Task 3 Task 4 Task 5
Task type Using regular polygon Using irregular polygon picture situation Individual information Free
Task example
AT GZE] Laki] 1
|» O £ ¥2 892 Oty PO Y BHE » 08 0243 ¥2 Ro=E GYN SHES BEY ¥A9. :::::!-:!:a:.u:.m REHUT, 198 42 Y ¢ 55 UEE STHN o
EE $4 § 05 B0 O Ly v 2ne b 08 BB 459 GEF SE E VAL RO 208 25 OB B
LT RN OF Jug STHE BUT Hq
e A 0 dis B0,

3 g1 98, 30

= . -

i - 2, et
|‘a}l\ _ﬁ_ G T NN, B
by _ 9
i - .

» R4 240 SO 308 ERE ReEh Hed Ao

TAA B

Development of Problem-Posing Program Guidance

7} 2PA] T2 1300] 2| & A= Jung & Lim (1992), Xia et al. (2008)7} AH|LSH 2A] DP—7l Wi]—%— Zarstoq
e 7IRke & FA| vHE7], RHE 2A| s dsi 7], 5 - g QA E-S Fofl ThHE A AL
7], Aegjsl7] W& o2 /dstqitt 2 A v _El%*% A RE7 &5 A E J& 80 ARFA]

2 FAsllon, A 2 elo) Ul Fig, 13} 2

=9 | gEgwn |z

Ol Al x| mef Sl s &

% Al EXsHE F SR 7He! 2H| oS0 U sl E OIS 2N 22 3 U ke 5L ot
i =X 2HE7| » OflA] 2| mjelsts|
« Of|A] 28] 81 2s}7| « MHE E D = CAl 2HIE ¥y« QHE 28 YWHSP| = 8t LI Ha(spr|
2H 057 5l0] 2R S7] L 2H WHAR|| - 42O
COIS DX G« OHE RH TS« DS 2K UEs|
- :'-I'Xil n}(l! gé %‘& 517' Ejl gh:i -.:Iﬂ M‘xg al 3“3!*|.
= [ « 5|
I BN 28| « 248 Tlelep ! I
- 24 E4p17) =
Fig. 1. Problem-Posing Program Learning Model
g g rrog g
7} oA 20 S BETHES AN WS A 14xbilo) 28 ollx] B 3d 3 BA| 5]
292 sASo0] AAle] BA|Z WS Hol o)A ZAIS SHAsHHA 2Al0] G o511 St e S
= Aot o]t ueba 1 Q] dAo|A o A] FAHIE siE ST A Oﬂﬁ Al vl weke] Zhso] 7+
29 24 TH=7] SARIA AR AE B HEE FA|E THe= 9HA, B Rk sjZ3H oA ZA4|E

#aslol £4)2 HEER A Eaigich

5-82kAj0l A& A 7] B2 = DARIA TS mhefdtthe HollM Akt Hjaite] 2

o] ZA| £A| THE7| DA ARl %Gﬂ A A7 Sle B SR FAste] 2415 Thes i, H|
HHE A ol AAE oA 2415 s skl i gste] A1E TS A1 )l 2| = TAE 25 ol A]
+= Table 52+ 2Tt
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Table 5. Examples of activities by learmning step (1, 2 session)

Development and Presentation
Introduction Problem-Posing Developing Presenting Selecting
my problem a group problem a class problem

Control group

[5%4 2a - 05 cagmn gan wus 3munc 8 mpns g

i o Wten) = 8 ] —

group . . 2 — . » -

A& Ao A | u L

Development of Problem Posing Evaluation Analysis Frame

H oo As A THE 7] 2 45k 0 2 a4 7hs3E BAURS thAto 2 Bk SR A B =
A FES 5k B ES 7HESEY O, Lee & Kim (2016)2] 494 £E3} Rosli et al. (2013)2] 35+
A B 5 Aol 7 P2 4550 R AL Y4BT Table 6 21,

Table. 6. Framework for measuring level of problem posing

Item Level Contents
Complexity 1 No need to apply algorithms
2 Can be solved by applying 1 algorithm
3 Can be solved by applying 2, 3 algorithms
4 Can be solved by applying 4 or more algorithms
Expandability 1 Do not use polygons given in a task or created problems
2 Use polygons given in a task or created problems
3 Use 1 external conditions of the given polygon in a task or created problem.
4 Use 2 or more external conditions of the given polygon in a task or created problem.
Explorability 1 No need to explore the basic properties of the polygon to be found
2 Can solve it by exploring the basic properties of the polygon to be found
3 Can solve it by using 1 relationship exploration along with the basic properties of the polygon to be found
4 Can solve it by using 2 or more relationship explorations along with the basic properties of the polygon to be found
Originality 1 Question about what you learned in the previous curriculum
2 A common problem about the perimeter and area of a polygon
3 A problem within the sub-category of 45% about the perimeter and area of polygons
4 A problem within the 15% or less sub-category about the perimeter and area of a polygon

* Algorithm: Formula for perimeter and area, four arithmetic operations
* Basic properties: properties such as sides, bases, heights, etc. of polygons
* Relationship exploration: Inverse relationship of formulas for calculating perimeter and area, exploration of relationships between length or area elements
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Z7V519ick. Hl5:5h wieto 2 K Q1o s Brown & Walter (2005)2] 912 et W4 go) e aﬁ
st 247 S Aat e 7188 TRl S BAIS HEAU THE RIS siE Y o) o) v 27
2 M3 iR IS B S 712 4797 9 T B AREShE Zhol] wet Bkl
mpR]2kO & Xie & Masingila (2017)2] 54419] oJn]2 xglslo] A5 HEd vk v &8 =442 B7)s)

Qe 72 Selet Hol, 1 YT A2 ToH BANE 207, AUAE o] 83 BAIL 357, BYste] 2
BAIC 45 F0 R 2T S2 A 2T A 19, EAH 190 B AH 45 RS0 e

nE

F5h1 £78 Yustsigick

Brain Activity

fNIRS Task Design and Data Collection

242ke] HH|Z S AT 4 Y AR sRollom, mAek Ak TH|o] HAL AlZR 1020l3ick FA)
7ok B4719) o BAEHE Bl TF 5 U= B} B Ao] FAARIE FAsPA| 2022 4YFo=H
Ao] B AAl0) el 2 Ay 2 ATt Aol S5 meiThel S Fig 29 Pk Rl S S &
A A=s 2 FA| 257 A2 A E 5 6H T2t om lofe 3 7170l A= At A
578 B nheE] Al vl 408 A= 2 F 1 0w, IHA| s A Al i EAdek =7 T2 Fig 33 2T

l 1 1

Explanation

(Base line)

Rest Task 1-4 Task 5

30s

Fig. 2.

20s 5min 10min

N

Problem-Posing Test Progress Procedure Fig. 3. Brain Activation Measurement Photograph
Preprocessing
NIRSIT 7)7|5 &3l @2 A7 92| 2795} 54 2= NIRSIT Analysis Tool (v2.2)& &85t
A

e S 19 F AaTee] Ao olR ey S sl EEsIct A TS Soph] A
Raw El|o]EfoilA] ZpA|jo] Al E4of] HAJE|o] Q= v E 7 lf_i SE B 30234 303wl ol
Fohe Ao T Q5 BE-S Msto] ML, BHA| B S (Task number) S F-oi8t it} A 2] DAloA =
Signal Processing 3H'd-2 £} high-pass filter (DCT 0.005Hz)2} low-pass filter (DCT 0.01Hz)E 485}t 357+
AAHE = 23] 9 51 2RSS A A5HIT EoFYsh Atel 2 QI B ASH 7| &4k HAS A =2 7l

b =
FAIL 5Ho 202 77k] G 7|4 baseline) © 2 S0} S o) 72 gho 2 AAsleit
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(Genaral Linear Model; GLM)#4]2] AFZ4]2 o] &5}0] F4)7|2t B-57] Z1zke] g o] AAI4(BahE At
519ty =2 O3S 55l AHFAH 47 9421 DLPFC, VLPFC, OFC, FPC 990 2 JLE o] HakstE Tt
©| % fNIRS El|o|&{E H] 5}7] fl5A GLM %42 2 Sample 18412 B-8-5131Th. Base line -2 ZARREAF
WS B @ 2he vl istol B4o] gelojsiA] Z71a Aole Shelsigith e 4o] WstoL) Sz B
o] apA}a} SMATH ZA| SFAFSH 8HA 0] ] B4 o] Aol 2 AkE5}elT

Results

Problem-Posing Changes according to Systematic Learning Step

Aguht vl gt Y2 71 FA) TR, vhe] 2A HEA717), BE A TR A= TA ol wket
Ao vh= EAIE EHAIZ . 24| vEE7]9) Wl ggAl o2 & eejus SIS ZAI HETIE S
Ao 2 W} 2 &8 Al HQIT Table 7, 82 1,22HA] thy 284 =233 285 Agduly} v wyl &
o) Bk ol Alofth sMIE2 ZAIE T 7|7] flsl 2 T o] 45 58l ol o] & == AHE s}

S 28510 B0l w2 A= AR

rlr
ru]o

Table 7. Change in problem-posing in the 1st and 2nd sessions of the experimental goup

Personal Problem-Posing Developing my problem Group Problem-Posing
Problem -Posing
4 Mg angp) Ko
w7\ oo ﬂ 4Alel/ -
] *"‘L’Q 4 / J\ .
I £ tl‘h L .l n
N—iom N Y
o 1o
ptotu a0
Complexity 2 level 3 level 4 level
Expandability 2 level 2 level 2 level
Explorability 2 level 2 level 2 level
Originality 2 level 3 level 3 level

Table 8. Change in problem-posing in the 1st and 2nd sessions of the control group

Personal Problem-Posin; Developing my problem Group Problem-Posing
g

Problem -Posing

Complexity
Expandability
Explorability
Originality

T @I $BO Fak ard SEel Yotk dows
ANE QA Lolg  ulag. CENEETTY
/ ®
\\ wa—" o o
2 level 3 level 3 level
2 level 2 level 2 level
2 level 2 level 2 level
2 level 2 level 2 level
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Table 9, 102 3, 42FA] ego] g 22133 285 Akt v ik s o] Rh-3- ofj Aok, A ik Tt
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Table 9. Change in problem-posing in the 3rd and 4th sessions of the experimental group
Personal Problem-Posing Developing my problem Group Problem-Posing
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Problem -Posing 3 level 2 level 4 level
Complexity 2 level 2 level 2 level
Expandability 2 level 3 level 3 level
Explorability 2 level 3 level 3 level

Table 10. Change in problem-posing in the 3rd and 4th sessions of the control group

Personal Problem-Posing Developing my problem Group Problem-Posing
Problem -Posing e o] =
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Complexity 4 level 4 level 4 level
Expandability 2 level 2 level 2 level
Explorability 2 level 2 level 2level
Originality 3 level 3 level 3 level
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Table 11. Change in problem-posing in the 5th and 6th sessions of the experimental group

Personal Problem-Posing Developing my problem Group Problem-Posing
Problem -Posing ‘ . .
3 2Ima Ble
Pl 555 meon F2y zma}%" PR
#”E’éc—u oz [,fp Uit AR geig |
D § Yo T aMg | A\
T SB35\ NA Y T 0ifg
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wh 2
Complexity 3 level 4 level 4 level
Expandability 2 level 2 level 2 level
Explorability 2 level 2 level 4 level
Originality 2 level 2 level 4 level

Table 12. Change in problem-posing in the 5th and 6th sessions of the control group

Personal Problem-Posing Developing my problem Group Problem-Posing

Problem -Posing
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Complexity 3 level 4 level 4 level
Expandability 2 level 2 level 2 level
Explorability 2 level 2 level 2 level
Originality 2 level 2 level 2 level
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Table 13. Change in problem-posing in the 7th and 8th sessions of the experimental group

Personal Problem-Posing Developing my problem Group Problem-Posing
Problem -Posing .
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Complexity 3 level 3 level 4 level
Expandability 2 level 2 level 2 level
Explorability 2 level 4 level 4 level
Originality 2 level 4 level 4 level
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Table 14. Change in problem-posing in the Tth and 8th sessions of the control group

Personal Problem-Posing Developing my problem Group Problem-Posing
Problem -Posing e e
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Complexity 3 level 4 level 4 level
Expandability 2 level 2 level 2 level
Explorability 3 level 3 level 3 level
Originality 2 level 3 level 3 level

Problem-Posing Changes according to Session
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Table 15. Changes in problem-posing of experimental group student according to session

1,2 Session 3,4 Session 5, 6 Session 7, 8 Session
Problem -Posing —

B e
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- Qe -

c} 2
Complexity 3 level 2 level 3 level 4 level
Expandability 2 level 2 level 3 level 4 level
Explorability 2 level 3 level 3 level 4 level
Originality 2 level 3 level 4 level 4 level
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Table 16. Changes in problem-posing of control group student according to session

1,2 Session 3, 4 Session 5, 6 Session 7, 8 Session
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Complexity 2 level 3 level 2 level 2 level
Expandability 2 level 2 level 2 level 2 level
Explorability 2 level 2 level 2 level 2 level
Originality 2 level 3 level 2 level 3 level
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Table 17. Class problems of experimental group according to session

1,2 Session 3, 4 Session 5, 6 Session 7, 8 Session
Problem —POSillg Eﬁﬂ ; -Cr i;%;’i}ifllgo\h# E*ELEJ% LP!—_’ZLI éjﬂ!/i' 44)@”“ (0,‘, /f?f’,(‘éjé%
o 2 A 264 S0 @@=l
H
- HHH T T T
Complexity 4 level 3 level 3 level 4 level
Expandability 2 level 4 level 3 level 2 level
Explorability 2 level 3 level 3 level 4 level
Originality 2 level 3 level 4 level 4 level
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Table 18. Class problems of control group according to session

1,2 Session 3, 4 Session 5, 6 Session 7, 8 Session

Problem -Posing

i | 1 1 L
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‘ ? H H m|
Complexity 3 level 4 level 4 level 3 level
Expandability 3 level 2 level 2 level 2 level
Explorability 3 level 3 level 3 level 3 level
Originality 3 level 3 level 3 level 4 level
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Fig. 4. Average brain activity in pre-test Fig. 5. Average brain activity in post-test

Changes in Activity by Brain Region
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‘a8Channel T-Map:: 2nd GLM (Two Sample) (p < 0.05), Uncorrected I“

48Channel T-Map:: 2nd GLM (Two Sample) (p < 0.05), Uncorrected
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Fig. 6. Brain activation area channels that changed significantly in post-test

Table 19. Brain activation area that changed significantly in post-test

Region Hemispere N t F p
DLPFC Left 15 0.829 14 0421
Right 15 0.068 14 0.947
FPC Left 15 0.780 14 0.448
Right 15 0.816 14 0428
OFC Left 15 -0.154 14 0.880
Right 15 0.762 14 0458
VLPEC Left 15 0489 14 0.633
Right 15 4.120 14 0.001”

"p<0.03, p<001, "p<0.001,
Note. Shaded areas are areas that changed signi ficantly

Changes in Brain Activity According to Level Change
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Fig. 7. Brain activation area channels that changed significantly according to level change
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Discussions
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