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ABSTRACT

This study was analyzed whether children's transformation geometry ability can be
developed through educational programs using tangram, and how the brain was activated
and changed in the process. The subjects of this study are 20 first-year elementary school
students, a single group pre test-post test experimental research design was employed.
There are three types of transformational geometry tasks: house as a translation, square as a
rotation, swan as a reflection. The research results are as follows. First, the difference in the
accuracy rate according to the pre and post-test was significant in house and square. Second,
DLPFC was activated in all three tasks as a result of analyzing the difference between the
brain active regions before and after the program in solving translation, rotation, and
reflection tasks. In square task, VLPFC were significantly activated and in the task, FPPFC
were significantly activated along with the activation of DLPFC. Third, the functional
connectivity of brain activity in pre and post tasks was analyzed. In the pre test, only channel
6(R) in the DLPFC region and channel 10(R) in the VLPFC region showed a connectivity of

.834. In the post task, channel 12(R) showed functional connectivity with DLPFC, OFC, and

VLPFC, and functional connectivity of the brain was found only in the right hemisphere.
However, in the post task, there was a significant functional connection between the left and
right hemispheres.
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Introduction
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Materials and Methods

Participants
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Tangram Program Contents
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Table 1. Tangram program contents for each class

Class Title

Contents Class Title Contents

1

Making a shape = Making various shapes by using circle, 7  Making triangles Making various triangles, such as

triangle, and square. using 4-5 pieces  isosceles triangle, right triangle, etc.
Making triangle  Making triangles and squares of 8 Making shapes  Use 5 pieces of tangram to make the
and square various sizes using triangles and using 5 pieces duck, the bower, etc.

squares.
Navigating Use the tangram to make various 9 Making squares Making various squares, such as
tangram shapes that [ want. using 5 pieces rectangles, parallelograms, etc.
Making shapes  Provide two tangram clues to make 10 Making shapes  Use 6 pieces of tangram to make the
with tangram trees, butterflies, etc. using 6 pieces lighthouse, cat, etc.
Cover tangram  Cover the medium triangle with 2 11 Making shapes  Use 7 pieces of tangram to make the
pieces with other small triangles and using 7 pieces bird, bowl, etc.
pieces square with 2 triangles.

Making shapes  Use 4 pieces of tangram to make seal, = 12 Making polygons Making various polygons such as
using 4 pieces horseman, etc. using 7 pieces squares, pentagons, hexagons, etc.
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fNIRS Task Design
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Dorsolateral Prefrontal Cortex(Right) « ‘ Dorsolateral Prefrontal Cortex(Left)

] 1 ! Tt
| ‘ W W ‘ ® I b ¢ I il I A A ‘ ] ; _J Ventrolateral
Prefrontal Prefrontl
Cortex(Right) Cortex(Left)

)
Ventrolateral L

Orbitofrontal Cc Orbitofrontal CortexLeft

Frontopolar prefrontal Cortex(Right Frontopolar prefrontal Cortex(Left]

Fig. 1. Scene of experiment execution(Left), 48 channels and Brodmann area(Right)

Data Analysis
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Results and Discussions

Changes of Accuracy Rate in Solving Tangram Tasks

s = Fo] o] wef AR ARe 2 T Lhro] |6t 2| HehE o) HskE 24 st
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Brain, Digital, & Learning. 2021 Vol. 11 No. 2 204



Changes of child’s brain activity and functional connectivity in transformational geometry program: An fNIRS study

1 0.857 Pre-test
. 0.571
0.6 0.571 ——— 0476 -~ Post-test
0.429
0.19
0.2
House Square Swan

Fig. 2. Changes for the accuracy rate between pre-test and post-test in solving the tangram tasks

Table 2. Wilcoxon test for accuracy rate in solving the tangram tasks

Pre-test Post-test
M SD M SD Z p
Translation House 571 497 .857 .348 2.449 .014
Rotation Square 190 402 571 497 2.828 .005
Reflection Swan 429 .507 476 501 577 .564

ARV L AL AL = 45 SIS TkE 2 efol o AP Aol = g o] oF 19% 7 W
RO ARBAol A = oF 579 71 2 Eo] 27482 Hol fojndh o]z} 9l Ao ekt
AAFFRo] A AN AR B o] 71 e ol s wo) ATt 47l 7 Agton] ol BAlsA] v
HPF8) 4 Sl 5 o] Hef 0 2 517] .02 22800k T2l 22 Hoig Fol AF AN
A Bo] oF s77kK] A3ISTE o) AEBo] e I A4S m2 19 o] o T Fpt A
£ 27 A & A 2079 {43 SRR ) 1531k oY 22 18l ol 5L
oFE e A YIUE 2 FAH 2.2 FYsisiont ool Fsidel 3YHO2 HgT AoR
Bt o= gty |stel B 2580 45} 5lo] W T2 IAS Fal PAE 4 9182 ojulic

Brain Activation for Each Task by Tangram Program

H37 |5 THA el Aol A B s 2 T3] AP TF AREollA] LEERD INIRSOl| o] gt Fi] ] o] vis
EA519]t} o] 2 9J3) Zh 1A 9] APH HbO,2F AFE HbO,of| thgh X d® | AlE AHEslelom, 1
£ Wilcoxon A7& &-8-5t0] 2AI5k3i . T W-8-2 Fig. 3, Table 32+ 2T

HE7 |51 A Aol A 2 5H AP, ARS ] 2 of o] Aol & BAISH A} 379] HHE7 |5} kA
ETOM v 2] A4 % 1] & (Dorsolateral Prefrontal Cortex, DLPFC)0] E43}E]Qlct. o] % 1|9l HojjAl=
DLPFC®] A 5(R), 19L)5H 2433} 5] o H, 317 2HAIQ] AFZFgol| A= DLPFCS] A 1(R), 2(R), BHA
THA Q) iz ol Af= DLPFCE] A 11(R)CIA Roloh 2] 487t ekttt A, o] & ZkA]2 Hojl A
= DLPFCOIIARE R-2]5k 2ol 7} QIQIT). YRbA 0 2 3tA|o] who| w7} F7Feh & S/dSte Zho| F71s5h,
o5 A= 7HE Al 1Al Hetat Aol B 2 FAsi o) REEA] H et Fifo] JH A 7|52 2 A4S
L oJojol pLPFCIF IS H 210 2 Holth DLPRCE -8 2220 Al8) 2] 2] 7F4 9l #8], Makd 22, &=
OJR1Z, QHof| A A A H o] B E]R] 9 220 THof gtk Toepper et al.,, 2010). B3+ DLPFC= 7| 32}

Yol
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obz-2] e 15 TpAsh el A ThA] f-Fol BA|glo] DLPFC7}-R-2]u|ohA| 2/ 3t = ths A2 T (Kang,
2020)2F F-AFsHEt. 53] DLPFCS] 739 9ol A B2 2/d 3F7F e T, Murphy etal. (1998)2 A2} 2
471 T =3 Aloll= 5, /1014 29171 A 8ol A= 2= HEIP7F e ThaL 51l o 1
A= Z7HA 0|1, v Adoj 2|9l whAof| 77k B g 2f&H = 92 DLPFCO] O o]&3to] W 23}

Lehd 7o 2 Holck
- - , P y
Y\ <1 27 |e
o4 2% ? d ( 103"7 '5‘1 % 4% M &
3 2P| WA ‘ 8-y b o B 3P E S
"Z % ; 4 ; AN ey sdé/,, ¥
/ L - 3 3\ /'y ’w y - L) /,‘ 2688
‘\ 3 M i Aﬂ’@ 4"“?// i \ \/A"\a ,"m,/ i
House Square 0 Swan 0

Fig. 3. Brain activation of channels for the difference between pre and post-test in solving the
tangram tasks

Table 3. Wilcoxon test for difference in brain activation after program application

Task Region BA Channel Hemisphere Z p
House DLPFC 46 5 R 2.330 .020
10 19 L 2.165 .030
Square DLPFC 46 1 R 2.327 .020
9 2 R 2.296 022
VLPFC 45 4 R 1.955 .050
46 44 L 2.012 044
Swan DLPFC 10 11 R 2.427 015
FPPFC 10 7 R 2.688 .007
10 8 R 2.352 019
10 36 L 2.128 .033

(BA: Brodmann Area, DLPFC: Dorsolateral Prefrontal Cortex, VLPFC: Ventrolateral Prefrontal Cortex, FPPFC:
Frontopolar Prefrontal Cortex, p < 0.05)

31 2|91 ZgAFZEgol| A= DLPFCS] E/d3te} A E-2)& %1% %1 & (Ventral Lateral Prefrontal Cortex,
VLPFC)2] 212 4(R), 44(L)7} -2 n|okA| /d3} = Qe 31742 37 Uf 3t |0l A thE %] 2 4]o]=
A tiilol 52 FH & FA o= S on|ehH, g Ho] 1A= o 2E HE0] L T2 E2RI A
oltt. M Zt=7t AW 245 F A7t 54T EA|Q1A ofefsh=t| o W2 Altto] A% tjE2s B
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oFo| S05191S 1] oFE5-S Baly|E Bt} VIPRCE AjEe 4ol e TRkl A7 7)o vl
2491 7]0] Uhge] 4] T 21314 Sol Bofst, Az Re] ojo| 2 X2, AFEHE Baehe QA
ok 7]-50ll &= odRHTH(Wanger et al,, 2001). ©F5-5°] 217 TR0l ARt VLPFC7} -f-2ju|stA| /g2t | A
o A hAloke] AlZFE 7]e] B S B8] AR TS 2L T2 Bk ZgolA o] Qo] BS
/deke Aoz Hol,

HEA} 2} Q1 ¥l Z 0] A<= DLPFC2] /g3t 37 2 5= 2474 53] & (Frontopolar Prefeontal Cortex, FPPFC)
O] Z'E 7(R), 8(R), 36(L)°] ZhHFE LEof| A Fofm|shA] /gt H Tk BhAL BpAll= Ao o oA H 7l
HOo = Sl A2 52 4% U 2 2 Y ofm|x]7t thE Wof| T &= o] =3 9] 7|5tk £4
S A o =go] ek B IHA|oll A 2931 FPPFCE= BA 1092 T2 319 QIA] Bt 25 TEA|IA
oA X134 FQ Y& ZHEsHAL E8ohs 1Ak Ao 7] 53} o] QIT(Gilbert et al., 2006). =5 FPPFC
+ o9l SRS /ot fAI5HH, SAlol X8 SR T 719] 2HdE 2Asof & w) EdSHE ThBraver &
Bongiolatti, 2002). °F&5-2 ZHAIE sl 257 9lsl Zael ¥l =3of tigt X 5 3okl HYE|Jst
™ TRt P 0 2 2755 ot A A ofm| 2| 2F B2 52 5-Alofl ale{Gtofof 5t EL & FPPFC7} B-%
/et d 2oz sAEnh

Functional Connectivity of the Brain Brain Functional Connectivity
7|5k Ao 2 2ol vehd |l e T AR, AR R 84 AE St 764 S
st Sfsl A& AAEsl o H, 24 A= Fig 49F 2T

1.828

(a) Pre-test (b) Post-test

Fig. 4. Functional connectivity of brain to the tangram tasks in pre-test and post-test

A, AP Al A UERD obs-59] Fi] G Ad o) 764 AZAdS A EH, S8k DLPFCe] Ad
6(R)+ VLPFCE] 2i'd 10(R)ONAITE 8342] F-o]u]et A do] Uelsth DLPFCE th/de] A& 719 5k=
32 THA| 4238 2 B E A d|o] L} ¥t o] QItMaLaughlin et al,, 2009). 12| 3 VLPFC= 2F7]
ARE] A7]7|H 082 JEE Ho ol RA|oh=t] oot 252] E/det= H|dold &S fA=
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] &g} ETHKelley et al, 1998). & DLPFC= 3%t 9] x]ol] T3t HE-E, VLPFC= t/doll T3t JHE F4|
Sh=tl| Tofgiet. et ob -2 ¥Rk |6t THA| S a8 st HA| SHdsliof o ko] FHY KLl QA& =
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Z1thE A2 TH(Toepper et al,, 20102} F-AFSH. ©] %] DLPFC} VLPFCE= A= TR &S she Kol
27| Bk A 27t 712 02 AZE o IRAsiZ o] Zo] FrofSithal & 4= QIth Tt AP ZALolIA]
QLo MRt 7]-54 A o] YERE=T, ol= Y3H 719 343 A ko] 52 2/detE Hust
ZTHHabib et al., 2003)°l| A %] 5 Sh53t H S5 Stof| oJgt Zlolabr] Hih= fAR A1) 719S )/t A
A S sl Eg Zloz ==t

HFH, AR AL = Fi] /9] 7154 A4 do] et 317 UEF o, £5] DLPFCS}F OFCE=
ZFukroll A A 5R)2: A 48(L)elA 664, A 38t A'E 29R)0NIA 7682 R-2Jn|5HA| 7|52 02
AZA=]o] JQlLt 0|5 Fal =2 a3 Froj7} IAs Aol A Q] F&HE F7H & ohy g} #-eHETte] 715 A
AZHNE S7HH S-S & 4 At} o] = 15EAYS o & S AE3A 9] &3, Z2-5 2HollA DLPFCet
OFC7} o] E4351 AL AT Kwon et al., 2020), DLPFCS] Y52 1%} A A o] Egtof| mI7tsirh= o
T-ATKGray et al., 2002)2} FAFZH HEtol| A s o] ZhEsiet. o] x| d @Rk 7+ DLPFC2F OFCY] 7|64
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¥S g
8|0 AREARA folu]et 754 AAAE 7HY Ho] Bl AE 2 12(R)= FPPFCY % o], DLPFC
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Fos= Aot M= tioks BAsh= S o AbA 7ol A Tkt 3222 T3t (Koechlin & Hyafil,
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SHE, A 12(RyE A 9R)Q! VLPEC 7154 AAA0l-5612 f-2J5t £52] 224 4d2-e Bt xd
9= BA 452 R HE27L Aol st 27t 2 o] oA F23t 92 sh, ¢
Ao} 2jejo] 23] Bolstx] oz 2L ohr SRl Tofe] Yristel ojuj ks £ ojulo] 2745
o] holg xstn R PR E AR5 o] P A o|n] A 7HssA B1e, Qo] S s S
B2 oA Q1A Tstel WF ¥do] QI (Federmeier, 2007). = OF5-5-2 W75} A2 o2
She 52t A TRLE 55} 1) A AT PRk Qo] Bl YREo) Bdet =] = ost
A= Y AL o]= A Zolet= H3 B2 2l T 712 A= E/dekote|= FPPFCe} 1o F X
o] &JetE AAIste}= B27F Y] VLPFC7F A = AF5shH A LRt Autz Helo o] &= ok5&o| ¥
27151 TAIE S E s ol YR o2e AdolS AAsal 3t A Rolek o2 HESIHA AR
AR g E8A4S Srhstsl 1 o 2 o2 s A Fdt.

Conclusions
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