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Brain Activation with fNIRS in Children’s Transformational Geometry
Problem Solving: using Tangram
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<ABSTRACT>

This study analyzed the brain activity by fNIRS in children's transformational geometric problem solving.
Tangram task was used, and the participants were 31 preschool children, 29 first graders, and 35 second graders.
The research results are as follows. First, the percentage of correct answers to the tangram task was highest in the
second grader, and among the tasks, the percentage of correct answers was the lowest in the fish task without
clue. Second, in the case of tasks with clues, there were many significant activation channels in OFC for
preschool children and FPPFC for first graders. And for tasks without clue, for the first time in the second grade
of elementary school, a significant activation channel appeared in VLPFC. DLPFC was significantly activated at all
ages with or without clues. Third, in the tangram task performance, the brain activity area was analyzed by
dividing it into three groups by ability. As a result, the correct group showed relatively significant activation in
FPPFC. The group who got all of the tasks correctly and the group whose only one was wrong were significantly
activated in OFC and BA 47 in common. The left hemisphere lateralization was found in the group with two or
more wrong tasks. The above research results will provide basic data for research on children's brain development
by linking children's cognitive development with brain development. Furthermore, it will be of great helpful in

enhancing the understanding of children's cognitive development trajectories.
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I. Introduction

T+ Alal(spatial thinking)E 389 5273
= W42 7)sstd AAE s sta o]isk=
g 2 3ltH(Gilligan et al., 2018). 18 o] o] o}% &
A2 A F3bs FFshd, Aol FrhstEA EAdA
FZtoleta H2& Fihe did AlnE HH 3
A Abaie & FxstE AlZA ol AE A,
A, A E AgslE vEeR Vs JHE
TrEste A3 #de] Jlow e Ay 53
g 9 sk Fofo A F 2 3dtH(Newcombe, 2017,

718k ‘Geo'st ‘Metry’ 7 @ole] 2o w A,

A, A4, w9, =49 £4, 34 4 dAE b
= F8he] S v‘f‘okolr/}(Webster 2017). 7lst+= &
v JEHE AFste SRR FiHd e =Y
ojuf dAe Ag, BF, AdHF A T AFet
WA A Al FHS P o
(Woo, 2007). Hgk 7|3t= 43S & &2 A
g olallstyl gk FuES AlwsH 3 o] 99
FHAE FAE F4stL HAstes FEFTF =
T2 A83F 31 JvH(Clements, 2000). o] 3 o}F
o] o # Ay&sta, FAol7] A= TS Wl
oL g E = glojof sk, 7|ste A AlE F
3l obs 2 o U2 wWAor Y AAE ol
T AT

a4 AAIE 2xd 3 MAR HAFsH L
alatz] s olel 7hA 7k A AT AEEHAS
14718k, 2= 718, FHix7lsh, #E7]s
T HAag a2 78 A dsiAE
g 9 7} 9)th(John, Tipps & Kennedy, 2018).
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(Clements, 2000), o}go] JAA HZoly EZ A
d T& AH&stE A2 | oldfel =geo 2 F
ATk T BRG] AAAAl= B ol&S
gtk AVt R = JheetA gtk Q3|8 EHolE
A e R =Y w=EFHE Aol Y
APLE 93la AFEY T A4S Bt
%ol & + Aok

s & Bang (2 s 2,4, 6%
de st e EA359 3, Kim, Choi &
Ko (2018)% frobe] w&rat sd3 ¥3bst
o Brle i B

Abs H gt} &
= FEATI7I A8 2 Y
st QAT (Climents et al., 2004; Khairiree, 2015;
Saleem & Aziz, 2017; Tian, 2012). ®15]& 73}
g wokl A 3 AdSs FA oldstE R st

W oF stdolth ®ase AAAE 1
A, ﬂsﬂk}tﬂb‘é A, A443d 5E 745 e
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RS THEUA %%716}011 o & 71i Nds &
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A HAEE e (Saleem & Aziz, 2017).
Tian(2012)& glad o7 duly 2o tpzg s v
S F A=A gk AFolA ®ze] 7]}t
T4 92 7]ekste] dig g A

=
—a-=
3 gk = GBS Folrl mEe FA
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A, =894 AlnES At 43 siddd o st
olal & xdst=d =S T (Khairiree, 2015).
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(functional near—infrared spectroscopy, NIRS)
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v R FA el FElo] s ~2H9EY] F2E T}
A glo]l AR HRE AFoA &8 ThsAel =t
(Bunce et al,, 2006). 53] A%, 2 719, &
Ad 3 22 JAAH #AYPes BHHoE B

B8 & 4+ 9vthAyaz et al, 2011). @A W37
3 BA 9 AAA A sPEEZ {NIRS/}
HqAe A WHolgt & 4 Q)

fNIRS7} alSitofe] A& o] AFs7] A
AL Hitolrh Park et al. (2020)2 fNIRSE
slo] SIS tigow A7y Adx F3<
VRS AFE3ste] AXAe] AAAE #Esta
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kgt £ FAdo] YEwES Hastth w3
NIRSE &8&3% 2383 AFNA otsE2 dst
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A3tE B YH(Soltanlou et al, 2017). 63d =} 738
W2 w7l Al 9 w=HAHQ A A9 HF
qe Gty Fas e, Hstrlek k]l A
= A& AFAMNAAE SFHY S48 S

3} tH(Artemenko et al, 2018). &3 THEF o
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55-6571€ <JolE dlgem sz Wl g
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al., 2016). w3k W HE ofF ] Hg 5 ¥
d4sE F3 dojok FAA F AAE F551H7
Aol eFAA ZAAA o) EsTh= TAE AN
3l tH(Hyde et al., 2010).
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II. Research Method

1. Participants
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2. fNIRS Task Design

obEe MA/H 5HL FHFH A APAT
E(Clements, Wilson & Sarama, 2004, Khairiree,
2015; Saleem & Aziz, 2017; Tian, 2012)& w}&o
2 Ege &71a A =t B b |
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Pinewheel Fish

[Figure 1] Examples of tangram task
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[Figure 2] fNIRS device and sensor
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[Figure 3] 48 Channels and Brodmann Area
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4. Data Analysis

ob-s o] Wl A Ao tig T EA o
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2 AFEshaL oladl RHESA EAHEA S AAIsHA
th. 2123 Mauchly 7374 7Fdo] SXHA ot
Greenhouse-Geisserdll 7] %3 F3tS AF&3A Tt

obFe T FHS BASH] fsiAes =34
250 marker &S A H =ol= AAE Yl
Low pass filter®} High pass filter, #lo]2 #}<l A

As Tl HAAYsAT. 5 AL EEER

(oxy-hemoglobin; HbO) &%E% MBLL(Modified

Beer-Lambert Law)S  AR&3ste]  AlAbslelar,

MATLABZ NIRS-SPM<& &8§3te diF935Hg4

(HRF)E A&stath 228 Jd9-d 3 23 (GLM)
J

[e]
=
TAdste] obsd, Add, HAE A AssS AE

Brain, Digital, & Learning, 10(4)

shivh. Bad A 5, sEdE 74 A
a FeolvsiA 43tE HbO AES =F37
d SGdRE tAASs AAstR e, Ado & 53t
2 9x9} A AHEE BrainNet Viewer(Xia,
Wang & He, 2013)5 &-8&3to] AlZbshstsdtt.

o &

III. Results and Discussions

1. Accuracy Rate in Solving Tangram Tasks

Kinder.
0.906
07 0.793 - 1st.grade
2nd.grade
04 *

Pinewheel Ship Fish Rocket

[Figure 4] Accuracy rate in solving tangram tasks by age

<Table 1> The results of accuracy rate in solving

tangram tasks

Source SS df MS F P

Age 3.377 2 1.688 3.655  .029

Error 35.231 101 349
Accuracy  9.635 3 7.743 9.595 .002
Aceuracy 3057 6 1497 1559 213
x Age

Error 303

Agel wE "W FAE Ao AolE
uet AAE B4 A ol wEIY B
BAe ANsh 99z Aoldl W@ Fo4
AA¥ F=3655 F&dE2 0292 HA ] FHEEO]
Aol whet freol gk Apolzh vk AFA ol A
A AgEe dg Aelrb A=A BAE Ay
F=9.595, fo]g&2 0022 Folg zto] 7t qllom
Aetn Awgre] }EHE Fie F-155, 98
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2. Brain Activation by Problem Types

B9 A IS W A A A
o FEsle] AU T 84 99 BAs

1) Brain Activation for Tangram Tasks with
Clues

B FAA =3 374 tiEd HFE A&

2134 G E ATstAdes W e AR Fo
} Fu A& [Figure 5], <Table 2>¢} 7t}
Azt A obs2 wMeS 73 4 (Dorsolateral
Prefrontal Cortex, DLPFC)2] ¥ 3@R), 33(L),
OFC¢ Ad 30(R), 31(L), 48(L)°ﬂ}‘1 frojm et
oA 43yt vErwt %5 18hdS DLPFCY
Ad 3R), 33(L), AF=+ Xd"* 3] 4 (Frontopolar
Prefeontal Cortex, FPPFC)e] g 7(R), 21(R),
24(L), <telA %394 (Orbitofrontal Cortex, OFC)<]
A 14RANA Foldt s=Fo 243571 YErst
%% 2842 DLPFCe A3 3(R), FPPFCe A3

RREAT Fold Fxel B et
(p<.05).
£ £ £
i ¥l 4|
Vil ® Vil S Vil
} A lle¢ )
y m A ‘b - ‘A
/sb? ‘)s ” ’/. I v/)&"i’frf‘/ l
Kinder. Ist. grade 2nd. grade

[Figure 5] Brain activation for significant channel of
tangram tasks with clues. (p<.05)

CEEE L we £Ee) 49
Ao Hg AFA A, FAHF, oA A

H AHe RUHY 9 X EE olF FAYSs £

Asl=d B Fth(Toepper et al, 2010). o}5& &

4 FUE TAste AAE agHow A

AsA FoE FFste] olmAE WE o o7
[e)
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<Table 2> Activated channels for tangram tasks with
clues by age

Age Region BA Channel Hemisphere t
3 R 2.694

DLPEC 9 33 L 2.025
Kinder. 1 30 R 2.694
OFC 31 L 2318

47 48 2.245

3 R 3.851

DLPFC 9 33 L 2.467

Ist. 7 R 2.461
grade FPPFC 10 21 R 2.467
24 L 2.256

OFC 47 14 R 4.837

2nd. DLPFC 9 3 R 2.415
grade FPPFC 10 12 R 2.004

(BA: Brodmann Area, DLPFC: Dorsolateral Prefrontal
Cortex, VLPFC: Ventrolateral Prefrontal Cortex,
FPPFC:  Frontopolar  Prefrontal  Cortex, = OFC:
Orbitofrontal Cortex, p<.05)

N

SA7F = B AAY Be HE A =5
18hd o A vk OFColl A #olwm gk &4 3t7F vebwtith
Hg A olse A% OFC Ad 3707F fFv]sA
gd4dste v, 25 18hdoA = M, =5 28hd
ANA = fFemlstA &dstd Ade] sl OFCH
Al sl BOZksker #-o] e 9
Holtt, metA] OFCx &, 719 #dd HRE
Aelsta ekt A8 H, AMAH g AERES
o] ubA ZAdstm A Adg ARSI s T
3= &  3tf(Stalnaker, Cooch & Schoenbaum,
2015). 947 Sl= "W AAe] A5 AHEC]
Bt 97%old o2 Aol ofd ofxk A AAE
AT Aow FHEH, o] AAAA FAHA &
o B717} @A43std Aow A 3 HE A
obF e A5 OFCY Aldo]l Auxoz wol &4

=i

st @ A2 vE Aol va fHA JAAEE A
A F o AAA, AMA SH dFES Fo] W
T AR FE2HL ol A AMS ddEE A
=°] OFCe| ttaxxste s F7HFS ¢ + dvt
T3 OFCe 24 ARE ZAAs=d F23 o
g5 A, ZHgol AAA Abar A I A E o
ettt A5 g% &3t ¥ rH(McDannald et al.,
2012)3L sdvh 5 A A 25 13hde @At

Brain, Digital, & Learning, 10(4)

sle™ OFCe= €743 wA g+th(Stalnaker et al,

2015)= s HoFa vt o4 d OFCe &4 s}
v AAY AR ol s At A 2 b
21 719k Fe A Fad JdTs FYPTS HoF
a3l

+ ddd ez FPPFCY
st Fwatel 24 FHA dErE T FPPEC
+ BA 100.% 7|9 3|4 9 kst A8 75 2
of MeA Ao wojdttl, FPPFCE vl %
S Aty MEL oS EASE 9AaA ofAbA
oA Aay FEE @, OFCe Axdd 2
o7 4#x drHKoechlin & Hyafil, 2007). 2% 1

shde B9 FA ol v ExE 93]
vkt ARy 3 AFES uWea JAAA
stW A FPPFC7F &A43) HAS 5T & Stk
agla JAE AFHoR FAdsts A HAY
3 FAA AAE dEA des FHd Aoz
251 o] A A FPPFCS OFC7} Ao £

kA &5t € Aoz HA

2) Brain Activation for Tangram Tasks without Clues

<Table 3>3} Zt},

#As A obs2 DLPFCe Ad 9(L), FPPFCE
Ad 21(R), 23(L), OFCe] A 14(R), 31(L), 48(L)
A Froju g FFEA A sty et 25 1
s3> DLPFCE A1 19(L), FPPFC2] Ad 23(L),
T el M e, 2% 28hde DLPFCY Ad 17(R),
18(R), VLPFC® A¥ 10(R), OFCe A 14(R)°l
A fremel e 457 e TH(p<05).
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1% ¢ W |
¢ ¢ ‘
4 A / M L 4 )
Ry g « Nk N
Tl 1\ ad gy ? 1 gy |
Kinder. Ist. grade 2nd. grade

[Figure 6] Brain activation for significant channel of
tangram tasks without clues. (p<.05)

<Table 3> Activated channels for tangram tasks

without clues by age

Age  Region BA Channel Hemisphere t
DLPFC 9 33 L 2.632
21 R 2.266
Kinder. FPPFC 10 23 L 2.294
47 14 R 2.186
OFC 10 31 L 2.180
47 48 L 2.334
Ist. DLPFC 10 19 L 2.094
gradle FPPFC 10 23 L 2.676
17 R 2482
ond, PLPFC 10 g R 2272
grade _ VLPFC 46 10 R 2.232
OFC 47 14 R 3.144

(BA: Brodmann Area, DLPFC: Dorsolateral Prefrontal
Cortex, VLPFC: Ventrolateral Prefrontal Cortex,
FPPFC:  Frontopolar  Prefrontal = Cortex, = OFC:
Orbitofrontal Cortex, p<.05)

947t gl "Bad IAE sjdsty] ¢d e
A# oA DLPFCY &A3t7t vElhdth DLPFCE
B340 Fojsls vdw BsAAy A A
o] o tAae A= 7Yt w3k Z 719
HA FPI= FAHo]
2009). o} 552 HAZ
& 23] A4S

A FAAMGE P

1

rl

2AtH(McLaughlin et al.,
171 s S+ e 4bzt
Atz o]l thE Py
Aofok st ol & A4
9101011 8&‘:}. o]

a =
m&
Oll

o
111

c

!
BN A

o
>,
ox

sk, ¥ 3P41§ﬂﬂ~%

A
719 v, #Zg 719 W89 fA e 61** 5
of #o]stHWagner et al, 2001). ¥£3 VLPFCH
AR7F fAE u 43 HH, I ﬂig} H &

AR Alolo| A BHE AHAHE Mesa
A 31w 7] %= 3tH(McLaughlin et al,

o) 23w &
2009). =& 2

ey

shde 97 fle HAE syl Sfe AlAF
L5 T oJmAHola AFEA FFaka, o %
Aol A AlZEARL dAE agste] 3 &% dols A
Ztata Asels Ans unHstEA o 4
Aoz FHsin. 5 vdd =d=59 =29 A
Mo wausta, 3k ARE FASHA A
71o1E g3kl B AR AdEH o Q&5
HAE AR ES FEE F Aok o HH
B3 AAAHE #AHo R VLPFC/E o 9o
Hef Gdidom A weds & F v

3. Brain Activation by Ability

93 oA FRelA SHW Fx a4 I
= 4
=

Aurzl fE A fAd 5, dAE B2
o] o} 539, H}AE U =¥ FJdo obs 4349,
HAE 270 ol =Y AT obs 8Wom ERFd)
ATt

g A

Fefol el TEd T &4 99
S A¥EY, BAE 25 ogd Jae D

Ad 3R), 18(R), 19(L)oll A, FPPFC2 Ad 12(R),
21(R), 22(R)ell A, OFCe] Ad 14(R), 30(R)IA
gt FFEdA 457 vErEth 28 HAE 1
N ¥ J&& DLPFCY #d 3(R), 17(R)*% OFC
o Ad 14R)eA, HAAE 27 ol £ Huk
DLPFC® a2 33(L), FPPFCe| 'd 23(L), OFC
of Ad 32l A frefmet e E4st7t e
J o (p<.05).
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[Figure 7] Brain activation for significant channel by
ability groups.(p<.05)

<Table 4> Activated channels by ability groups

Ability Region BA Channel Hemisphere t
9 3 R 3.840
DLPFC |, 18 R 3.078
19 L 2.530
nothing 12 R 2.102
wrong FPPFC 10 21 R 3.786
22 R 2.165
47 14 R 3.560
OFC —10 30 R 2.021
9 3 R 2.576
rcl)n DLPFC —5— 17 R 2.529
WIONg —OFC 47 14 R 2.108
2 or DLPFC 9 33 L 2.612
Vrvr;g;e FPPFC__ 10 23 L 2342
g "~ OFC 11 32 L 3.007

(BA: Brodmann Area, DLPFC: Dorsolateral Prefrontal
Cortex, VLPFC: Ventrolateral Prefrontal Cortex,
FPPFC:  Frontopolar  Prefrontal  Cortex, = OFC:
Orbitofrontal Cortex, p<.05)

HAE BT ol Joe Aois o s FPPFCO
}o] yebyith. FPPFCE DLPFCE %A

q&E s, A £ T FA, =
A% LPFC(Lateral Prefrontal

Cortex)®] 7ls= Huiststr] <& st
(Fletcher & Henson, 2001). FPPFC+ 319 EE S

A sk, B4 AW T F A9l A

= A& & W dAstEH(Braver &
Bongiolatti, 2002). ZA& BF w3l Foe AH¢
HAE s Ast7] 98 st ERE FAstete] ofd
719 2ol =S ojyel, o9 %%Xloﬂ u}
gt =y 3k A AABE T e #S
= A d&etA Fasto] ot é%x o= FHA
= 2% 4 Ak Ela FPPFCx A4 A=
I ZE R ARE S 7Y e uiE AE
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2 FoE Hotsjor T wWE Z2AY wk

HH(Burgess, Dumontheil & Gilbert, 2007).
A A9 =9 44 5AE F ) AY 719
S2HEEH ARG AHRE AAMstm A Ags
Alglstal Faste] HAE sjAstHA FPPFC7F

£ A3 @ Aoeg FEHr T3 Yamamuro et

N m&‘l

a7d 3t
= 9

al.(2016)= FPPFC7} =94 #Ad3 FT&5S SA 3
2 FYsE dx #BoJsitin B ustduk. o)A

FPPFCE WE 39 Ao ﬂrﬂg} A#slo] gle

i
2
it
td
i
=)
(=)
ot
:L
o W
K ox
2
il
—
=
r
il
i
N,

lﬂ
oe uk OFC ¥ EEE‘{P 9 9 (Brodmann
Area, BA) 479 sidsl= Ad 1470 2438 =S
th BA 472 t& A vlaste] A AFILE S
stz Aol Hojatm, A ZL ARl s ddst
wek wf & s ®lrh(McLaughlin
et al, 2009). o]ol BA 472 ®13 34 2 A
oA olHel| Falsdd =¥ ®I AR AE
b= W3k Apolo A, o] & H]uLs}H

T A7

s7b vEbstth Rkt S, A4 JEE
ofsola AAHJA HWME dusks vbd,
© Ao AERE sty FEAdd d4oe AR
(Murphy et al, 1998)3t= o= <A ok o
2t TEol ¥ HAddss dojy ARE Fd
HAE Ao ] dARG= FEAQ A
23E FUA HAE AAENES & F Ak

B oAdE gags d8ste] obFeo W3]
A AANA INIRS 293 Fx A4S FEA5A
[e)
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