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ABSTRACT

The purpose of this study is to identify the educational effects of scientific observation learning
programs based on universal design for learning (UDL) from a cognitive thought process
perspective through EEG activation analysis. To this end, we developed EEG measurement tasks
and scientific observation learning programs based on the UDL. The study involved 14 high
school students. EEG data collection took place while students performed scientific observation
tasks before and after their experience with scientific observation learning programs based on
the UDL. Comparative analysis of pre & post EEG data was performed using the sLORETA analysis
method. The results of the study are as follows. First, The experimental group students scored

l.) higher on the scientific observation knowledge generation in the post-task than the control
= group students. And the scientific observation knowledge generation scores of the students in
updates the experimental group were further improved than control group student. Second, in the case
of the theta band, activation was significantly decreased in cuneus, middle occipital gyrus, lingual

ﬂ OPEN ACCESS gyrus, and angular gyrus during performing the post-tasks compared to performing the pre-
Brain, Digital, & Learning tasks. For the alpha band, activation was significantly decreased in superior frontal gyrus, middle
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during post-task performance. For the beta band, activation was decreased during preforming
the post-tasks compared to performing the pre-tasks in superior parietal lobule, inferior parietal
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Materials and Methods
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Procedure
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Table 1. Content of focus question

Section Subsection Focus question
Guided observation Overall observation What's the overall shape?, What's the overall color?, etc.

Partial observation =~ Where's the head?, What does the body look like?, What's the
size of the body compared to the head? (The length of the neck,
the size and shape of the dot, the shape of the tail, etc.)

Independent observation Overall observation Observe the overall characteristics and write down all result of
observations.

Partial observation =~ Observe the partial characteristics and write down all result of
observations.
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Table 2. Information of learning content

Lessons Learning content

1
2

3

Performing an easy level of guided overall observation task for insect models using focus questions.
Performing a difficult level of guided overall observation task for the caminalcules picture materials
using focus questions.

Perform an easy level of independent overall observation task for insect models performed by learners
themselves without any clues.

Perform a difficult level of independent overall observation task for the caminalcules picture materials
by the learner themselves without any clues.

Performing an easy level of guided partial observation task for insect models using focus questions.
Performing a difficult level of guided partial observation task for the caminalcules picture materials
using focus questions.

Perform an easy level of independent partial observation task for insect models performed by learners
themselves without any clues.

Perform a difficult level of independent partial observation task for the caminalcules picture materials

by the learner themselves without any clues.

Table 3. Information of the UDL Guidelines

Principle I. Principle II. Principle III.
Provide multiple means Provide multiple means Provide multiple means
of Representation of Action & Expression of Engagement
1. Provide options for Perception 4.  Provide options for Physical 7. Provide options for Recruiting
Action Interest
1.1 Offer ways of customizing the 4.1 Vary the methods for response 7.1 Optimize individual choice and
display of information and navigation autonomy
1.2 Offer alternatives for auditory 4.2 Optimize access to tools and 7.2 Optimize relevance, value, and
information assistive technologies authenticity
1.3 Offer alternatives for visual 7.3 Minimize threats and distractions
information
2. Provide options for 5. Provide options for Expression 8. Provide options for Sustaining
Language & Symbols & Communication Effort & Persistence
2.1 Clarify vocabulary and 5.1 Use multiple media for 8.1 Heighten salience of goals and
ls communication objectives
2.2 Clarify syntax and structure 5.2 Use multiple tools for 8.2 Vary demands and resources to
construction and composition optimize challenge
2.3 Support decoding of text, 5.3 Build fluencies with graduated 8.3 Foster collaboration and
mathematical notation, and levels of support for practice community
symbols and performance
2.4 Promote understanding across 8.4 Increase mastery-oriented
languages feedback
2.5 Tlustrate through multiple
media
3. Provide options for 6.  Provide options for Executive 9.  Provide options for Self
Comprehension Functions Regulation
3.1 Activate or supply background 6.1 Guide appropriate goal-setting 9.1 Promote expectations and beliefs
knowledge that optimize motivation
3.2 Highlight patterns, critical 6.2 Support planning and strategy 9.2 Facilitate personal coping skills
features, big ideas, and development and strategies
relationships
3.3 Guide information processing 6.3 Facilitate managing information =~ 9.3 Develop self-assessment and
and visualization and resources reflection
3.4 Maximize transfer and 6.4 Enhance capacity for
generalization monitoring progress

Source: CAST (2018). Universal Design for Learning Guidelines version 2.2. Retrieved from http://udlguidelines.

cast.org.
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Fig. 2. EEG task paradigm
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Fig. 3. Criteria task example and presentation order

T5H W 532 913t QIA|H Al 4L Lol 7] 95t 24 o] weha W Hs TA] of| Al = Fig. 4
oF 2t} sHA] W sk IHAl= SMgEo] Sl A== Caminalcules (Gendron, 2000) 18 AH&-5 EF
A 7hsob 2 0] IpeH T A S sk Aot} Caminalculest= Joseph H. Camin®] 502

7HEFe 7V 52 18 AIE 24 Caminaleules 13 NIE= A4 1 M= FAFSHATE HAH = H &2
2 ofnh Bu)yp 224 of2 777119 11 28 & LA E| o] Q1TtH(Gendron, 2000). TFaFA THkHA| 7ol =
Caminalcules M E 5 17]9] 18-S o] FZ3to] L=
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EHaHE PAR S O Al S BT oE M

102 | CHE DM E 2 A SHELICH
C a5 Abad i RETIEHIR.
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SLORETA 240l = A ko] 5H4J0] 30%.9] A7 &9k 2ak4 whzh 2|4 A A & 43S wf =33t k]
g} glolE] 5 = 2w, Wetr], A2 A Fe)7] Sk 22 A g QlaARES] §Yo] A2 Ao & wrE]
= 20% L7+e] Hu} o] B2 AFR-5FQIT) 18] 1 SLORETA 2410l = Aehuh(4.0~7.9 Hz), 2ufuk8.0~12.9
Hz), BllEFTH(13.29.9 Hz), 201EH(30.0~50.0 Hz) T 2] =|ui} o| o] B & A}-8-5FRA Tt EESF SLORETA 4] 21
A 530 2] = o] A H ] F S 32k Yo E FHHL, 11 k] Jof| sl gt BEERE
%% (brodmann area) B 5.2} B2to]| 2 & &) T (talairach & toumoux, 1998) 7]HFe] EFe}o]|htalairach) ZHEZES
AEsiel

Results and Discussions

Result of Performing the Scientific Observation Task

AP A vl u T sHYEo] TehA W AR AR AR ALl A 38t B AhE LER A}
L Fig 59]' 71—]4-
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A 158682 H7h vl e SHYE-2 7.008 2] A7t g A o2 et o]
H AT Y S 25 AR A R AR
U= Aot o] of Zh2 Zpol= HTHE TS H2 T 474 2421} Table 42 o] B4 L =2 &= {-2j0]
370 2 UEHHTHp<0.01).
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Fig. 5. Results of performing the scientific observation task
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Table 4. Statistical analysis results about performing the scientific observation task

Group Pre-test Post-test Significance level
Experimental group 16.00 31.86 0.001"
Comparative group 20.71 27.71 0.004™

"p<0.1, 'p<0.05, "p<0.01
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Analysis Results of EEG Activation Difference

£ AT 542 & 24 #4123 F5to] UDL 7|49k 2feha] - Sk =2 T 3l10) WA ks QIR ARl
g SHojlA] melsh= Zlojtt. o] & 915to] SLORETA 241
/g §igkE A R v 2ASIQIT A4 ) H
AbAtolof] f-ojn|gt & &g 2jo]= WA e, A3 MEft, Lk, | e, Zhapt
2] jufoi| A F-ofm|gh | &/ Zo] 7} HEE| it} Bl T SAE0] AR} ZAtol| A b )
S/} ] st AR et Aol A LR u} Zg o] F-ofu| gt o] 7} aAsHA] gtttk A2 vl w
TS0 AP B ARS Hut ARS8 off H] 9k QIR A e} RARREBE Q] QIZ] ARl 43S &
o A S oI B2 HolF= et T 4= ok AP SIS APA AL wjet H] asto] ARE A
Ab o) Ajebat, 2ot Hefal, Zrobat ofof o wHutoljA] f-oju]gt &g o] ¥ E|lth= 212 UDL 7|Rt 28]
Az shs 2 T3l 7o) afekA phk 488o] I Q3 Q1] ARale]] R nIA T A ofn|ett Ale}
u}, uta}, wehut, Zhapat o & 9f Hu} 2g 2fo] 2415 55l UDL 7|9k 2feh4] ¥ Sk == T 5o] Ay
e ehiEo] BehA 1 43 5y X FF2 = A5 SHoM FEsk3ih
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The Theta Band Activation

UDL 7]t 2o 2 sk 213 79 k] wetod 49 ek AT shye] ojmig Ale}
u} 2g Wk | -2 Table 52F 2T

Table 5141 ol = 2} Zrol, AP wut 27 wsch AFS Huts 243 of Aletute) e S
(occipital lobe)2] 2714 (cuneus), S| (middle occipital gyrus), 5% (lingual gyrus)2t F+7 Y (parietal
lobe)2] Z+o]Z(angular gyrus)°l| A ST 2] 0. 2 F-oJu|otA| 7445k Zlo] FHEE| Qi

7] 492 A7k Aol of3 A|ZPH R Q1AL A1 ot BaE 7]ohe SA5H A2 27| visual
working memory)] Q1A 4] ARAL 3 2} APHE | F 02 A Qo AR Al A & Wolzl
Mekt &g o] e #7] A -2 BA17, BAIS, BAIS Y0l &7] AU BA1T Y2 VISR Y= =
U2} Az o] sl gote & FY oz, A7 HH X2|E dxH o & AE]oh= & P o|th(Kim & Jeong,
2020; Ward, 2017). L] 3L #1748 BAIS B2 0|3} AlZtm Wof S ] Jolo 2, el Bt 27
Table 5. Brain region with decreased the theta band activation

Talaiach coordinates

X Y 7 VoxelValue BA Lobe Structure

15 96 19 -3.92204 18 Occipital Lobe Cuneus

15 96 14 -3.92191 18 Occipital Lobe Middle Occipital Gyrus
20 91 23 -3.83366 19 Occipital Lobe Cuneus

10 97 5 -3.77395 17 Occipital Lobe Cuneus

10 97 -4 -3.60504 18 Occipital Lobe Lingual Gyrus

50 -66 36 -3.58989 39 Parietal Lobe Angular Gyrus

10 92 0 -3.57075 17 Occipital Lobe Lingual Gyrus

9, Zlo], =uto], @M S0] @ A2 QIAIGH= k| % o|th(Kim & Jeong, 2020; Ward, 2017). BFA|2H0 2 #)7]
239 BA19 Y52 V3, V4, V52 B )= AlZtn] Z o] 2ol A9} Al Zkw] Aoj| sfigohs | %ol thKim &
Jeong, 2020; Ward, 2017). V3 -2 +& el Tl A|IZHEE, v4 JH2 T2 Fel @ A ed A4 HE,
V5 G T2 AIZHA ZA W Al el £ @ 47t o] = Belof| fx|sh=A]o] tigh 37HA A2
HE dgohs & P o] th(Kim & Jeong, 2020; Ward, 2017).

SEFO|Z2 A H e 2ABteL 22 Al H A apat P H o og AlZ4uds et
24291 A2 42 glo] ;A AT} 2o AAS E3l A28 Es|A = E4do] YEPITHGerlach et al,,
2002; Kim & Jeong, 2020). <, 2Fat4] TatA| 4288 A| SFFo|gol|x 9] = 84S Fof w2k di/dol| thgh
A ZYY Hof| g o] m] & mfelslr] gJste] 7]120] ¢l U W83 B A Hel vl w & 517 fJel Al =
Fote S SRtk 2e 4 4=l

Slo|g2 &4 £9)7t ol Mi%f‘éﬂ&’ihﬂ S22 FEY YA HEE 2
2} 7HH Ql= ] o] Th(Choi et al., 2018; Kim & Jeong, 2020).

Zho|g2 A A A2 7|HH e 2 A o 4 &5 43S ol SA3tE] = | JYolt). 121 g5k
et A3 Ad 52 Foll Rkl Yl AR Al Z 7|0 2 B tide] MR EE QIAISH= 3] 7]
H B350 Q17| Afar =831t Ato] Q)= k| & %(Byeon, 2021; Seger & Peterson, 2013)°] T},
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o5 Foll A LAt & E4do) ojul 7]ofel] chigh F3te] ot wh F, 74| 8ol gt ol =7t &
otz wjj g/do] F7sk= Mlefake] 24 F/d(Korean Society for EEG and Neurophysiology, 2017)2 53 1}
okt 4= Qlth =, 44714 (cuneus), 37O (middle occipital gyrus), 61]0]‘—"']'(lingual gyrus), Z+0]%(angular
gyrus)©l|lA] UDL 7|5t 2] w2t st e 3l 438 A1} v uwlsto] =88 £ Allejute] &/do] Zhasiict
+ A& MEEo| 1A WA S s st o] Tl A4 H B2 A e A m e R o] ”HE*
Soll tigt A HE mhelsh= ARl 2b, 2 A 2 o ofn| S mielsh= d7g ol A o] Uid Al /gt 2
A AFLE 351 2 ‘3‘] UDL 7|8k 7}e}4 2 ok e T3l 280 © o] ARl w7 23 A SHEE0|
7= QA Bop7t £olEqithe As Wolletal & 4= Utk oA E”'_HUDL7]H}J—}°R4 Suy
J=0° ]"’]'XL‘:H"W]EHOH\V A B E molstr] fJeiA] doh= QIA| ARLE & T 4
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The Alpha Band Activation

UDL 7|8t 2}eba] bt shs 2 11 3l 749 A3t v|wsto] Y & Uehd AT ey o] fofu|ah Ut
u} 2/ HEP7 A & o -2 Table 62} 2T 5HA| 9 Yutu} o o of| A= Alleta} tfj ol A o] 2 wH3tet
+ G2 AR Hu} S Al EOARS Hoks ST ) dutuke] /o] Aol o g F71Rh i ot A
2 0 &2 7kAgh | of o] B THEFE| Q] TH(Table 6, Table 7).

Table 6. Brain region with increased the alpha band activation
Talaiach coordinates Left / Right

X Y 7 VoxelValue BA hemisphere Lobe Structure
-45 31 31 5.10623 9 Left Frontal Lobe Middle Frontal Gyrus
-40 36 30 4.77495 9 Left Frontal Lobe  Superior Frontal Gyrus
-45 30 22 4.75359 46 Left Frontal Lobe Middle Frontal Gyrus
-50 25 22 4.53297 45 Left Frontal Lobe Inferior Frontal Gyrus
-40 40 21 4.28246 10 Left Frontal Lobe Middle Frontal Gyrus
64 -33 20 4.17481 42 Right Temporal Lobe Superior Temporal Gyrus
-50 21 22 4.16066 9 Left Frontal Lobe Inferior Frontal Gyrus
Table 7. Brain region with decreased the alpha band activation

il zichlcnndin s VoxelValue BA Left ./ Right Lobe Structure

X Y Z hemisphere

-40 -66 36 -3.57807 39 Left Parietal Lobe Precuneus

-45 -66 36 -3.57379 39 Left Parietal Lobe Angular Gyrus

AP =} S5} Hsko] AR Huk S o HTiA 0 52 W B/ Wl i B 92 AR
(frontal lobe)2] 571 F0] & (middle frontal gyrus), 47150 F(superior frontal gyrus), SH4-50| & (inferior frontal
gyrus) B G} =5 (temporal lobe)2] 7d-Z-50| = (superior temporal gyrus) &G 2 ©] A Th(Table 6).

UDL 8H&5A] 7]t 11ahA 3k 8k w2 3] A3 5 8H4do] 2718k 710 2 Uehd Abd =olgfa} 24
Solare o] 2R Yo] 4ok ] ol 2 77t rhgal e 9lAl |5} Balo] glck A, vjel2
ARSI AP0, olUF, AR 7|k el W] QlA)7)5 Sl F2.8 o2 S ok Agtuld
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= A Ath(Koch, 2006). 01714 v 2| S AR 1) o] £3ch= A B 7|9k =2] 4] wko] Q17|52 1}
Al 4880l B3k A Hoj tigk 7]|9e 2 dstal W QA 92 A Eo| 7|2 AA5h= 51 HE A2
£ o] u|§Hck(Slotnick, 2017). 12| 1 FHFolF(BA46)S EA| 3122 Sl HEol thet o) F 5ok HY
3% T a7 24, 2471 Ylol| B4 A E-ESof| thigh 71 /A, &M A B 24k0] QIA] Abal 488
Al Ao TE] = & Y o] th(Cummings & Miller, 2007; Deppe at al., 2005; Huettel & McCarthy, 2004; Kwon
et al., 2016; Ranganath, Johnson & D’Esposito, 2003; Zhang, Leung & Johnson, 2003). TFA|2FO 2 A o] 72
T3] Q=] 7|95t B 2 3 AR A& A 2] 2o Todsh= 702 B %l thBoisgueheneuc et al.,
2006).

SPHE0]aRe £5Rlo]oio]0 2 Waj|o} 28 dloje] 7 7158 Salahs AL2 Heltl nast ool
(Broca’s area)l| £5h= k| 9 o|thKwon et al., 2016).

A2 olare 47t gt ol St Yoo, A7 91 o] g MEld Feligo] olsold
) EAJ3tE]= ] 9 od(Schultz et al., 2004)0]t}. 18] 11 Y7 At w AL A|ZkA o]u|z] et 9loj & Hret A
ZAsh= QA7 |51t AT | F Y(Gluck, Mercado, & Myers, 2011)°] T},

oA A i ol A TAYRE Auht &g 0] on|= &2 dufuto] /o] YA 2 H HEiE
Hofjm, QIA[A 02 & o] KR 'l A &/do] S7Fsh= dutuke] &4 & d(Korean EEG Study Group,
2017; Korean Society for EEG and Neurophysiology, 2017)= 5-f] Ieteh 4= Qlt}. &, 7% 50| (middle frontal

gyrus), ‘37 o] (superior frontal gyrus), SHI-5FO]Z(inferior frontal gyrus), ‘&S5 0] (superior temporal gyrus)
oAl UDL 7|5t 2}eH4) ok s 2 T3l 4~3)) 3} v wsto] 43 & dutato] &/go] F7lskiths 212

o}

SISl BelA BRIAE HAsl) Sistel o] Hea el Al mof Rujo) sl S 2 31 A
B2 A25he QA AL THA) 8 ol A Aeia g eiah F:o4% 47 28, 1) s 0] Fast
0] cheh ]17]f, meleh Aol o lojA] uiisteh -2 Q1x] AL S-aysiel o, UDL 7] ek ket
X P s T8l 55 5 o]oh 22 QU] AL 428 A SIS o] LR RS vigo 2 22515
) AFZ S5k & 4 Qlrk thA] 2l UDL 7]/t 2k sty TR aale shygo] 2 o
gol] ik A2 9)2] ol ek o]n| S sotshs AR 2hES u] Ui AR 7)) ALQ] B1aFA] AL

314 S0 Qlo X 02 5 o Wk ABlol N 4He S Fi ZRolA foln|g wui) olrk

[¢)

S, A 0 2 W2 | S JHE7F ke | 2 R
71 AP TS 1] A (posterior cingulate cortex), WS
78 A4 e (temporoparietal junction) G2 22 = G2} Ao} TEE R EH| EQ](DMN; Default Mode
Network System)S /J5H= | 0|tk DMN2 2|5 =0 2 FLE] Hlol-5Ql 7 H o} & Y o] Ujala
H71719 e HHE FHsHHA HFalor & A H et AR 2 MR E A elche &5 L W
Aot v 7] U|EQ TS HIHKim & Jeong, 2019). ©] 5 &7]: 42 H2 7| €A, mUEF, HE
_4 Q1] AFaL =3 2 &g o] Z7leh= A1 0 2 B M th(Lietal., 2019).
Zto|2 A A2 7IRte = 24 ol d E5-2 43T o] 2/dkE]= 1 ol 13] SFEAe]

[N 119.

-

o} 477 4 A} 2ol G o ATK Table 7).
il

71 %3] A (medial prefrontal cortex), S5+

u}% 3 A% 7Y 52 S BRIk Qs ARG 71 F 02 T el AR RE QAR 4 7]
HF B 3510] Q17] Akal 483} Ayto] Ql= 1] oéo—ju(Byeon, 2021; Seger & Peterson, 2013)0111]'.
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ol AR k| G Aol A HHAYRH Autut G 9] ojn|= =2 Yutufe] gHdo] k| QIZ] A|AR]o] ZFz}
718 ol A= AE Aol YFohe FAIFGL] B HE Do, QIAH o= F o Heks
Sefol| A E/do] F7t ok Lutate] E4d Y/ (Korean EEG Study Group, 2017; Korean Society for EEG and
Neurophysiology, 2017y &5l oHetat 4= itk Z, 27174 4 (precuneus) !} ZHo] & (angular gyrus)el| 4] UDL 7|
Hh wbsha] whakobs e gl gl kvl ]‘04 £ —7— Yututo] &g o] Aol A2 siEo] o
4 HRNAE sl st oA 1A s = Il 523t HHE k= ARl 2, o]n] 24l Yl A4

= = ] AR EE QA= A}l S 8 off i 2R A E Aol o stk & 4
UL}, &3, o] AR IS QIR A 0 = & T HFoto] 713 JEioll A 345132 & 4= ATk THA| 'Eal
UDL 7|8t Z}ehd] bk ehg = 3l 2 sHEE0] g ool MIREHEE QlASH=d| B 83t 7|oS AE
517] Qlol| A2t 7| e 2R E £H JH 2o o YFohe AL 5= SHolA forlst E3p7} okt
4ot

The Beta Band Activation

ko Alekskel 2ol Abd ok 23} v]msto] AR win} 27 o A0 R e o BHE et
W k] P2 Table 82] W& Zro] T H 2] A+ 4 A (superior parietal lobule), SHF73 4~ H(mferlor parietal
lobule), 2717 4 A (precuneus), 2| & (angular gyrus), 54150 & (postcentral gyrus) & F 1} = 2] F41% o]

E]’(precentral gyrus)ol ok
AEA AL A7 A7 A Ko o

o

rf

Fo)7 %, B4l A 34 53} AT Qx| 7] 50] Tolsh= o
o o] ch(Kim, 2012). 18] 1L SHEH AR R A L Q&9 Q| AtE 43 o BAstelE &
Oﬂo]‘:}(Hester et al, 2007). E5], 74| )2 AJ7F S0t HH 285 5k FHAIA 241 A 7| (working
memory)2| gt F2of Fojoh= A o2 ‘é‘bi A Th(Caveza & Nyberg, 2000). ©] 7 G oA F-2 |5t &/go] ¥

25 ¥ 992 BAT, BA40C.2 S5t o] THEHE|QiTt o] = wkekA TuhA 428 A AFEA AT}
SR o] ol E4o] OIEOHM% 21 ofmgit.

Table 8. Brain region with decreased the beta band activation

Talaiach coordinates VoxelValue BA Lt ./ Bt Lobe Structure

X Y Z hemisphere

40 71 45 -5.68603 7 Right Parietal Lobe  Superior Parietal Lobule
40 -66 45 -5.61744 7 Right Parietal Lobe  Inferior Parietal Lobule
40 71 40 -5.25917 19 Right Parietal Lobe Precuneus

45 61 45 -5.23598 40 Right Parietal Lobe  Inferior Parietal Lobule
40 -66 40 -5.23277 39 Right Parietal Lobe  Inferior Parietal Lobule
35 -51 49 -5.06032 40 Right Parietal Lobe  Superior Parietal Lobule
30 -51 49 -4.70753 7 Right Parietal Lobe Precuneus

35 -61 35 -4.56923 39 Right Parietal Lobe Angular Gyrus

40 -66 36 -4.48016 39 Right Parietal Lobe Precuneus

40 21 56 -4.34695 4 Right Frontal Lobe Precentral Gyrus

40 22 52 -4.33387 3 Right Parietal Lobe Postcentral Gyrus

45 26 61 -4.31451 1 Right Parietal Lobe Postcentral Gyrus
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Table 9. Brain region with decreased the gamma band activation

“1}"(alalach c;{)ordlnat;s VoxelValue BA }11‘ el ./ el Lobe Structure
emisphere

40 -71 45 -5.03403 7 Right Parietal Lobe  Superior Parietal Lobule

45 66 45 -4.98018 7 Right Parietal Lobe  Inferior Parietal Lobule

40 -66 40 -4.95734 39 Right Parietal Lobe  Inferior Parietal Lobule

40 -71 40 -4.85186 19 Right Parietal Lobe Precuneus

45 61 45 -4.81128 40 Right Parietal Lobe  Inferior Parietal Lobule

35 61 35 -4.52996 39 Right Parietal Lobe Angular Gyrus

35 -5l 49 -4.50459 40 Right Parietal Lobe  Superior Parietal Lobule

40 -66 36 -4.44580 39 Right Parietal Lobe Precuneus

10 -27 38 -4.28987 31 Right Limbic Lobe Cingulate Gyrus

5 -13 33 -4.26418 23 Right Limbic Lobe Cingulate Gyrus

5 -3 28 -4.24835 24 Right Limbic Lobe Cingulate Gyrus

25 -32 48 -4.24313 3 Right Parietal Lobe Postcentral Gyrus

2717 2 Aol A Frofm|gh i /g 2ol 7 el 52 BA7,BA 19, BA39 F ol &3l =
G ol Ak, £, #7114 BAT G2 37 B 1|0 tigh AlZbA] A Heop P UiA] Ao =R E o
BE QIE, #7174 BA19 Y2 Al 37 7 Hoil tigh A4 7] 9] Q1] ALl a8t AP & 9
o]th(Kim & Jeong, 2020).

2ol g2 Q7 A= 7|8 2 A S8 AFALE 88 wie} i UjRof] o]n] 7ER| AL Qle AR A S 7 2 '
Z ool AR B/ 7Ishe 2] 7IRF UlE i Sske] QIR ARLE 8che Aat Bhedo] Qle= 7o R
22 % thByeon, 2021; Seger & Peterson, 2013).

ST AZHA A H et F7ke] WAE Ao Al HE S FAYSHAL, o] tigh 7|dS fAlS
= Q1A Akare} o] Q] th(Gazzaniga et al., 2002). FE9F, 0] | P2 1A Q] f50] ol AL BA| S
o] ol &4 & &/Jo| f FobA| = E/J 0] A th(Gazzaniga etal., 2002).

Ao A ZAJskE FA 7 o] -2 iAol Tt R L} 7] 2] 9] o] =29l Q1& 3} HAdto] 9l ggoz o
4] A ch(Kim & Jeong, 2016).

Aol A A E i G0l A AR Hett &/ 9] ofn]= A 3 do| =t Fo|RF o 2ot
of &/do| F7Fsk= 3ol = Hlekuke] 2/ Yd(Korean Society for EEG and Neurophysiology, 2017y
Saf miefat 4 Qi &, A7 A (superior parietal lobule), S+ 4~ (inferior parietal lobule), 271 A%
(precuneus), 21| (angular gyrus), 50| (posteentral gyrus), %47 o] % (precentral gyrus)©l|A] UDL 7]5F
TS B 51 212 4 1k v mefel 49  Hekale] o] 2ASRTKs AL S0l 213t
A P E s Est7] QIohA T tide] AR E S mfelsl] flshA] - ti/de] Al g R 34, Al
ZHA Q1%] 7 Hof thigh A4 7], i thde] MlE /99 o] & 7tsk7] fIgt AR A] Al 9] o] =2 Q1 &t
Hl el -2 ARl & 3w L7 oj3f 3o o) S/t A Wellethal & 4= o). ohA] El
UDL 7|RF 2}e}4 hzh ohs = i 2 sy Eo] o ool Al B E 145k ol B agh A2 914
JE B, W O AR 4] ofnlE 7tet7| floto] AR R| Alo] H|Fo] 22703 AJZ Y HLof oju| &
apolsh= AR g & & o 47 385ks AS w5 SHoIA 3424 Eabt lokar g 4= Jlrt.

o}
=

i

4
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Zobaks AlEbuke 2o APA waf 2% mHCk ALE W5t 27 of AjE0 2 Lo ] 3HS ehd
%] o] HEE T} o] P2 FHHL| A+ 4 A (superior parietal lobule), SHF73 4~ (inferior parietal
lobule), 241717 4 (precuneus), ZHo] B (angular gyrus), 54 S0] & (postcentral gyrus) & <7 H A H 2] iAol
(cingulate gyrus)°] ATk,

TR AR A 7 A Hol| tigh 393 F-2] /IA]7]5(Kim, 2012)3 sHF8 AH- A K Ale] 2l QI
Z9] QIA]7]'5 U SAIA 2719 Q12751 Tl = & G o] ThHester et al., 2007). 2171 A H-2
A2 32 A Bt A 71719 QIE, AZFA 27 B 27|19 2] QIR)7 )53t o] Rl ] G ol
CHKim & Jeong, 2020). Zto]&-2 | 5 JRE 7|4ko 2 Sto] Exf|o] M5 /2] oju| & H7ksh= 917]7]
L 4341} o] 9l k] o] m(Byeon, 2021; Seger & Peterson, 2013), A1 T o|2- A|ZHA Z7F A
S B A Hof| tigh 241 7| o et A ] o= FAlTo|ol|xe] EA-2 A o] st A

A7 Q= £ o] A thGazzaniga etal., 2002).
ol A A k| G oA EAYSH ghmtat &/ 9] ofn|= A E e wiu A S ol 1A 423of] 3

e
S 2o F7IeHH, 7192 @718 o2 RAISHAY 717|192 Tl Eof S wl B/do] Yeh= B3
A= otate] 2Hd Y d(Korean EEG Study Group, 2017; Korean Society for EEG and Neurophysiology, 2017)
ntotsl 4= Qltt. &, A4+ A% (superior parietal lobule), S 4~ (inferior parietal lobule), 21714
(precuneus), ZHo| & (angular gyrus), 54150 (posteentral gyrus), THd0] ™ (cingulate gyrus)ell A UDL 7|8k 25}
A T St 213 4 v oo 43 F ohake] o] ZABkATkE S ShSol Hek B
23| 3] Sla B o) 2 ANE sletel] sistol 2 hiye] 2ol e ez el
FAI2F ofm] a1 Q= A Heke] H| WS F5to] ofu|E nfelstr| 913t 4771 Q1% 9l njelet @ Ao il
AA7199) AL Y-S F T 2 ] AT £eIItE 22 Hellethal & 4 ok oA
UDL 7|9 2} bz ok w2 0l 2 shlEo] ek ol B2 HH o] ofn| & & o W2 959 HF

o
o2 molsh 2 FE ZRiolH 24 &1t olrkw

a5 9le
Conclusions and Implications
o] Ao} H22 UDLE &85 Hoh4] ¥ o 2 sio] wa4] aiks & 2/ ek F3l Yol
+ Aot} o] & 9lsl UDL 7|8t 2pah4] gz Sk = a9l 2|8 23} Sof] A5 o] faha] - atA|
2 safshs SoF U v B4S 2430 24, s T aalo] 38 avtE QXA xjo| ZHoiA
orobi 12} 519ic} o]} 2 Y S B 4T AR BAsle] ofefel e AR U 4 AUUck
A, UDL 7]t 73k 23 sk TR ORe n5spySe) ok B 52 el 3HH e vl
A= H o2 Uetth AT SPYE 2 AR FAF ek AL AL o] 15869) WA4ake Uehdon,
ARG PSR A% A 0] 70089) W4l Sl 202 et ofeh 2 Aate ARy
sl AT SPYSRCH AL ZAell A o S T B A4 52 BelThe 218 HojZrm 3

%9l
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ST SIS 0] ALE AN B L ok T A4 S el Ae e Az PHE B
AS wrEsto] 4445t Zo] T W 4ol old gl Hatekn 2 4 Qlrk. o] Haks AP
Sy SolAlE SUSH Lekoteh AT Tt B 52 4] g 2 AU AT SAS0] EAIY
STt o 70 ettt ol 22 2|2 T4 Bl Y02 ofg ke o] Fwjet UDL 7|k 3t}
2 i ohg m2 o) 318 bt FREo] RS v7 Aueka 8 4 9lck ojoh e AP AT o)
AySo) Beka] A4 A5 S A ] BES ot WA A, 48 470) Bl
ohgel HAE E42 shofsh AT et olshS vl o 2 thgel HEA E4S sl HEn
42 SYSEE A mshe 428 I A, B BF olshS ol Yshe wAle] F5ol Tie A
Q7 FR5hcHe HBAT S HYsHe ek T 4 Uk o Uobrt o] A7 aTH UDL 7] 3t
s B2 s} L2 I30] S5 TebA B A4 Gefoll FHAS S mRIolebe 22 WelE
ch g4 et

S, UDL 7]t 345} 4 8l TR 2)e spyso) Habd A 2 918 4t Q1K Al
ofl 3449 YL Tl A= A o2 Uehdet

] ST SPAYS- AR wfs ZAfet AL wlak 734} Abolo] fojulat v 2 Aol = WAiE|] elgik. o
of 22 Auhis vl YT SIS o] AR B AFE ALl frolmlat v B4 2ol h Bl elolrhe e
e 2|2 T Tk BATAS W 0 2 Sy o] ofdt o TR Ylsfe] 2 420 A
2] 123} QAR SR Q1 AR 49410 2 2 w5 B 49 H4ol FHAQ At Uehgria
2 4 9lck. o) o} ] wfo] AU PP L Ak, Suu, ulet, ok ciojo] wtol A gojulst
=

A i}0]7} JJrXPE] 9;1:}. *E‘%dé‘% Elgt %Ol UDL 7]'* J+°W w i% 28 A S YERD QIA] AF

2 < 5ol ohaa} o] 23513t}
AP‘* Hlﬂr =74 fq19} HILOM AR EEM%%— S of AﬂEPuH B2 T RH 2|2, 50l 5
o|&t} A o] Zto|Fo||A] AthA o 2 8-ojn|sHA| ZhAsE Ao 2 Ueldt) o] &

o} 2 wste] ofn| A 4L 13 AT W FojF0) SF0] Z7I4E O e BAHS
MIEfte] E/d ST} -foju|gh E4d M7t e & of o T Q1A)7]5-2 Fof ohelet 4= Qi
7| A AL e, uhak A s HEA A2 R QlAlm} 2|7k A Ko gk 2]l
] oJojolch. FEFolake Uid A4 3lde Ea Az R o) Bastel Bl W goolct lojae Al7}
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