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ABSTRACT

The purpose of this study is to analyze changes in EEG activation that occur when performing the
inductive inquiry tasks and the deductive inquiry tasks. EEG measurement tasks were developed
which were divided into criteria tasks and scientific inquiry tasks. The scientific inquiry tasks
were developed by dividing them into the inductive inquiry tasks and the deductive inquiry
tasks. EEG data were collected from 12 university students in Busan. Relative power spectrum

,.) ‘ activity difference analysis and the sSLORETA analysis method was performed from the collected
EEG data. The results of the study are as follows. First, the theta band showed relatively higher

%f")edca';;gf activation in the frontal lobe and the parietal lobe when performing the inductive inquiry task
o than when performing the deductive inquiry task. The alpha band showed relatively higher
a OPEN ACCESS activity in the frontal lobe, the parietal lobe, and the temporal lobe when performing deductive

inquiry tasks than when performing inductive inquiry tasks. In addition, the beta band and the
gamma band showed relatively higher activity in the frontal and parietal lobes when performing
deductive inquiry tasks than when performing inductive inquiry tasks. Second, as a result of
the sLORETA analysis, when performing the deductive inquiry task compared to the inductive
inquiry task, higher activity was found in the precentral gyrus and the middle frontal gyrus.
These results show that inductive and deductive thinking have different cognitive characteristics
in terms of planning and performing task solving, comparing information on targets and target
elements, selecting appropriate information, goal-oriented attention, selective memory retention
. . and forgetfulness, spatial information recognition of targets, and visual working memory.
Ths.sanomnmamde Through this, we propose a neurophysiological basis for the validity of cognitive psychological
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Introduction
WA Eal= ALs 27 0 2 435t dekzlS0] whekA] Sh=at sk 429 A|7to)| sh5S BA o 7
5= sHIE9] kg S5 o2 123 4= 1tk Seoul National University Science Education Research Center,

2011). wpEbA] pebA] gt datatel ey o] Apl i at A AEa A d okl 1L dAE AlSHe] Ao
2 ety S5 v o 2 2HAd e Rlof digh A Al Fstal M2 A S cll&dhe et 22
Aol IPg o 2 oI5t 4= QltHChiappetta et al., 1998; Jeong & Jeong, 2018). £35| }5H4] E-5-0 24 1}5}H4]
B I RUSE 02 S B HYS SUle| 2 020 SR ez
aito] glelol ot AR S AR e 978 W), Tt S0 24 TaE Bl et A4S
Q%ﬂ%ﬂﬁﬁ%%ﬂiﬂ%ﬂWWWH®ﬁw%%¥ﬂ%%%%@i§¢%étﬁ%%ﬂ%¥
Ao} BT A 2| Aok oL} BekA B Sagsh THE A At apste] Bl of olshe
=R ShE 52 9Jn|eHt(Jeong & Jeong, 2018). 01319_} b gate A3k ket wa wgaPgol A gt
ZAlo] kskygo] EAZ 0 2 1 ZQ AJo] ZRE|7| A& o|& A2 7HA] Q351 wfstn g 22 = st
o|thKim et al., 2016). &3] A6k, A7k, 2007 717, 2009 7§74, 2015 7§74 = J}oh} WSOl A ThFst FER
2 shy g S Hidstal it ol & S0 2007 71 wsabyollAl s T gt EEat Ak gt A
£ A X531 2. (Seoul National University Science Education Research Center, 2011), 2015 7§74 Z}sta} WS+
oM FebA gt 58 Aetat A 7S ok F Y 02 AAIsHL lTHJeong & Jeong, 2018; Ministry of

Education, 2015).
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FollMe 712 715 & H7lsol 5 Alol& Adsto] 7| x gt7] 52 Ada4 48s 7Rk
2 537 5 488 eE Qhlskar QlthMinistry of Education, 2015). Tha-C 2 B g ZMHoj|A o] 4
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oo TpakA] g7 3 £AJstel malatstol RS A g ek 2 Watkth o2 S0 Kwonetal. (011)°]
A 71 A TP RS AR T ST A o8 A - QA o) B 48 - o2
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S5, Kwon etal. (20037 B 70 ofsk 23 1A AIbg S Fda] 2o ofat w3t 414 A, 2]
7] 2ol ofgk kot A A AT, 7157 20 ofek 3k} 2|4 A 0 2 7R elet 5o ofshd
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= Qlofo] WshE & ol M Q] A 5 S S5l 54 AL 382 s B3k Q1A AL 2t
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o] w7 ol MRt AmE 4= QlofA, £/ AR 438 Al
o] 4 o] E7FssttheE T o] lTh(Pascual-Marqui, 2002). ©| 213 EEG A3t Th AH E g 2A]
2st7] 9JsiA] A|QHH EEG £4] B o] SLORETA (standardized low resolution brain electromagnetic
tomography) 4] ®5 0|t} SLORETA 4] {2 73] AoflA] S4SH Hu} 2/ 9445 33Hd 37+ 9%
© 2 H3t5}o] A|Al5h= Zo] 7F5 5tk (Kim & Jeong, 2021). B3F SLORETA £4] HHH S B35 EA Alal 4
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Materials and Methods

Participants

Ftol e tfeae) et Al st i Aol Afet 9 Sy F Aol SId AUt 2Ye
MAsto] wluts ZaRICh AT Fod SPYSL deio] 19, ofghado] 2iollon, W AL 244
(SD=19)AC}. o] 52 XA = A2 0 2 E-IGh o) d SIS Hol A oht ol ik kA7
o] sh5o] Mz 5| =l BEG 24 Agoll 23k X1 U A2) Bekg Fol7] st AT ol A
BEG 7ol tifeh Al xjet Fojated St e S at g AR A OJ Hi-goll hste] 4hAl5] st
on, 27 T QY o 2 ARgo| thstod AHAls] BsIgIn: £ As Aaal Aol 95] Ao 49 &
Asgeteton], 17 4 1 Al 4 3 4408 AR S A gel el LQJ Ao] 4ol ufat #el=g)

™
1:}‘ 559_}, EEG é%& ;1<_]oH _L]-X-] Eo} o]—/\HO] 335H= 9 x];H al /\IE]X-I 9_14 151- %%53}7] .?,]6]-0:] }_%5_}
=91719] A4loll A EEGE S5l

Procedure

2 Ate AHEA gtet A4 ghto]] HaE ATt 9 73 24, EEG 574 1A 7 EEG 378 At
&7, EEG 37, Al e A Ed] 2d 2ho] 24, sSLORETA 24, 22 Y Al =&0] 2 o 2 X1
Atk EEG 7 IA|= 7|t o kb4 gt kA 2 SHEsto] 7isSl). o yobrf afeha] gt 1A
+ A5 g A2t A9 A gt a2 Al SFetiTt. of 7|4 #g A 't 2Rl = S 0 & A A= )
Alof] A5z 34 &% %& pA|o] a1, AGA gt dA|= B C] AZ: 9ol A== 7iHS] £
&/d& Fe S U] 1A T RIS £/442 711 7HA1E &= Aol ok 7S EEG 57 2HAl 2] efd

L5 =0)7] flsto] Hehuls AE7F2010] Frofshs aetulS A7t Alu|ug Agstct o] HE7t Al
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HUE £ BEG 27 THAS) 2, AAERE A 4 A1 Bo) 40 B 5 Aol 25
o}, A7 ol SHAIS-2 28]0] 23] Kyt APH 1ol Holstol EEG 27

B EEG 59 4 fil ARG 34 4 28 04 9 58 SRS /10E AU o) 27 8
of S5 0.2 7 e Bl QlofH ek A 49 A] WAIaHE EEGE 2alirh 18 1 4
BEG AHE28 7140 2 Afc) 31 AT 314 Aol 415 sLORETA 418 Aldlel 716 57 5 i
2 k7 23] 408 A| ek EEG 24 2ol S ] BATSI3ich

EEG Measurements and Analysis

£ Aol A AT Fo] SHYEQ] EEG 242 8l 9] Compumedics SJAHI A 7HESF E-series EEG
system 717]& AH8-6F Thcompumedics, 2002). 12|11 EEG 55 3l517] lote] 22 SlAtol| A 7t
Profusion EEG softwareS- A}-8-5+%] Thcompumedics, 2002). EEG Z7-2 10-20 =4 2= 8 %] % (Jasper, 1958)2]
FAES Fpoto] =2 vix] S 79 =21 3220 Compumedics Neuroscan Quik-Cap (compumedics, 2002)=
A o] ol A| ZHEAIZ! & XI8gsRlT EEG S78= ol Faket =2 3071 A Q) 4 AT+
& : Fpl, Fp2, F3, F4, F7, F8, Fz, FC3, FC4, FT7, FT8, FCz/ F7 % : C3, C4, Cz, CP3, CP4, CPz, P3, P4, Pz / S5
:T7, T8, TP7, TP8, P7, P8 / &5 : O1, 02, Oz), 4712 F= Z=HEOL, EOR, M1, M2), 17]2] HA| =0l 3]t
3070 A2 9] B/ A2 A 88 Al EAYsh= EEG 4= 9510, 47112] & 5 5 EOL/EOR =2
w7, A= A S 22 s ' fl5ke], 47119) xR A= S MIM2 H=-2 tik] F Rk
o) HAtE BAs17] floto] Faboict. M=) Hak2 Fajel = Atole] AgHro] 10kQe] grol & 4= 3l
T 5o Bolo A= FAPYHIE s 2185t EEG S Al H2 S0k 512 Hz2 5131 L 3}

tolo] ZHY F 54 Fule it 52 Fuke o 2T 53711 Y2l = el e 982

Bl 15 E GLO 2+ 0.1 Hz, 1Y FaHZEl k= W 2 E4 Fulpiot B2 Fupe 22 aﬂiLH
o] £ Fupe et 2 Fule o 207 ZEQ HFaPEE O 2= 70 Hy, 54 Sk
Y 272 A7 sk BEQ] X BH GEe 2+ 60 Hz= A7g 5ttt

EEG 5782 283 £91719] dA+AollA X%l om, EEG 57 FH] ATt 3,000 A= #& 4
A 1,800%, EEG AP &3 1200%)— 7h1 QY AH 602 —FA] 303 —= 1 OF AtEf 602 —E A
302 —47 T&ko] A ' A 210K HA IHA| 302 —>FA] 302 —F HA
Al B A 30254 302U A 244 302) -4 1202470 23] A9 gt 24| 21029 &
A& A=) o], 71Q1 3,720 (128)2] A|7to] AQE|QiT},

22 WA 2 G/ DA 2 oA = A= o] At ZrodRie] HA|| 488 3ol Y= = 74
= Z0|7] S1ol HEA E A9 A Gt 1A 9] AA] A= oAb 72k = 5ol

7| Z2HA| 2] of| A2} 213 <oA1= Fig. 13 2T,

oll
mE

10 £ =01 OHSISH AEl 2|

LIS £-HSPASUCH I
+ =y

WOSHAH| Hi2HR2 10 QA A gL

Fig. 1. Criteria task example and progress order
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71 E TRl T i dolH B Tk 2 40 o WAYSH: BRG B4e) 7|2 A1 SHe vl o
578 SA02 Safshe b2, S0 2 A ke AA £l 53 2 0T 9 A S
o] oln|g Eas}x] gk AJZH ARl 4 7152 efAjol WekalA gtob ulehR s $E- 4als 7}

Ao cHFig. 1].
2] "t 2| 2F A gt 2R 8Ycke 2dollA EAshs EEG 8442 melstr| fl5to] A E
+ I}A|9] of| Al = Fig. 2, Fig. 32+ 2t}

Fig. 2. Criteria task example and progress order

SlarEe| SYS 7HXD JUAs A2 "SSHOI"0ICL "SSHOI"S 25 AL,

Fig. 3. Criteria task example and progress order

Fig. 22 E3)| 2 4 Q50| 7 e Tl shaol| M)Al ThFst Caminaleules ZHAol ZE0 2 &
Ashe 245 0|3 AR Ujof] Z{uiR go] 2ot = B5-2 4-35h= HHA|o|th. o] IpA] 3ol A &
] whio] kA Seafol| w]x| = HFFS EA|5L7| Y5 2 0 2 TR &Afutc ThAle] Wol w2 25
on, 1A 9] o] = IkA|o|A] A= ZHA|Q] 42 8, 10, 12, 14712} 2o TFEA| A sk HHH S E5
Z45}190th Fig. 38 538l & 4= 9150, 92| &L 1A= gl o] 12 9]Zoj] A E Caminalcules 710
K A AE Q 4ol &4d2 molst & mjorst @ Aof thst A K2 U 2] Caminaleules 7HX|ON A EHelske 114
olth A B T = A A== 7A|Q] 42 8, 10, 12, 14712} o] TFEA] A|AsHs ¥ o 2 Tk o] W
o] t}= A 2 AT

EEG At2 B4 At ohe] Aml e 3H4g i} | A3} sLORETA 2410] = 74| HH.S o] 25}0] 235
glom =7kl A= L] S} 7k 5 ol5}o] HHgaHE ol AR 0] 90] 0 & ols}o] EEG A2
of] 2ol HA] P2 Ao = e =20% ;uu A5E Aol &85t} 12|11 BEG A& Aol A&
& Sk T2 4.0-50.0 Hz ARe] tf o] Fmt=2, Alebut o2 4.0~7.9 Hz, A o 12-8.0~12.9 Hz, ¥
e} o232 13.0~29.9 Hz, 20kt T 22 30.0~50.0 HzZITh
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A 9 Aojd G TS 2she T Fol WASHE o B AlolE HEY, FHY, S5, T
Qo] 471 el 31 o2 Anly] Slstel o) sl AmER Y Aho] A WS AHESISiTE

o whpl AT EY B/ 2fo] 242 oY el A EAsk= 7 EEG EAF | 2B g wu} HaleS
molstr] QI3 7124 = She EEG 714 S (baseline)©] 7HIHE 2 THE 4= lth= Zsfol] 2Jsl Ak
EEG & Hk] H]-I:Ho]t,]- 0]21 1:]-] JJ—]'—CHL\_QE 2 2A] 74]-0] Hkl Z-l Jq-x]%_/,\_% ?___]—M] =1y
RIZOIA 7|12 E -3 wll 'ASE EEGR] g mhelahs e TS 55l Rl e of 7] A A ot
Yok A Tk ti9(4.0-50.0 Hz)2] THeitts 7102 £ Fabae tie 8 sheigtS e S &
s A=t T AT EY /g 2fo] 24 23S i uE JEz AuEE S 6, 1A 19
8 o] 3] ol Ae] ¥ BAJTE Q17| 7] Abole] BalAl S otopr Ao] s3Itk o2 98l 7k Fmpss o)
ol A AT 2 F-E A oI AT ER] B 2fo] 24 AMHE 2ot IR O] FEHIZ A, &
EHA zfolo] EAIA oJu|E Al H 7| 9ot B4 o 2 -2 T E T A BAJS 43519}

3 A " Aok AHA & A E A o S | B4 2pol & di wAs I
ti w@o] 754 i 9 BRERF g oA A 7] 915H0] SLORETA 2412 43 }
T} sSLORETA 2412 & HAE 5 mmX5 mm X5 mm 7]2] 32+ 623971 B (voxel) 2 T2 F &
(voxel) 'H HE & 7hS- 2 45h= w4 0 2 23 E THKwon, 2022). H] X4 SA| 0|3 (statistical nonparametric
mapping) '§A 0 2 A = AA g 3| 230 | {FPE W AR ol theh 54 HlolE &
2F9] &2 vl woh= T2 5,000 =35kl o v, THA| -5 2r] Q= E/d o] AYSH 21 0 2 Hol =tk 1]
A5}t J ot B2 =Rt % (brodmann area)y t-3- E2 17 Al B4 B AR e gro = sl 74
A= 2ok I o 2 A ISt

o]

oll

ru* 3 J:J_

Results and Discussions

Relative Power Spectrum Analysis Results by Task Type
The Theta Band Activation

Aetat gl mke] 2d 2fo] g4 A 2] 3t A= Table 1, Fig. 42F 2T} Table 13} Fig. 42 W-8-3} ZHo], A
o] SIS S ol P abluct 7 B S 40 o) Alefate] 4ol AEa SN
A2 fon|sHA| o | ERSLTE o]2i]t 2to] o] A4 ofn| S AuR7] flsto] 3ot thg B2
T A7 Aol M F-ojnfeh 2fo]Ql 210 = LrepT.

|

Table 1. Analysis of differences in the theta band activation by brain lobe

. Inductive Inquiry Task Deductive Inquiry task
Division t p
Mean SD Mean SD
Frontal lobe 0.034 0.120 0.005 0.128 5.920 0.000
Parietal lobe 0.032 0.090 0.010 0.094 4.883 0.000
Temporal lobe 0.024 0.113 0.018 0.099 1111 0.267
Occipital lobe 0.044 0.123 0.036 0.108 1.415 0.160
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0.078

0.0538

0.037

0.016

-0.004 (Inductlve Inquiry Task) {Deductive Inquiry task)
Fig. 4. Difference of the theta band activation

o)/} A At ofotH, A A gt BA|E Tt A gt HAE T w] AEAY TGN
A3t MEtEke] /g o] A& 0 & of &7 Yebgt. ol 2 g 1A 5 Aletute] /g xfol= Aletute] &
3 E/8% Alette] Fofn|et 84 Xpo|7h A E A FA £ R ¥ /1A 752 5l A& weld 4

AT}, A, Alefubs o4 Bz et ARaLe] o] Eold g /o] F7tshe £/ Jlam, £3],
A A= I8l +dshs WE o] ool Hodas S7kshe §490] e Aoz A thKimatal,
2019; Korean Brain Wave Research Association, 2017). 12|11 702 SR XA o035ttt S &
3| Fo ok o] /A 22F 3, A s 22 fIsl AR o] B e/d ol ofgh A 7] ofA| (A7
o)) B G2}, AR 952 Aol M el SAFAT, =] Z|Hke] ARAL 48, A A S flet s AE 8 B
53, 0| =4 7]9] QIF T 2 w2 $79 QA ARALe} Ak | 2 o]th(Bemard & Nicole, 2010; Kim
etal., 2019; Ward, 2017). =3t T F2 v £ 9] 24 912] 9 37t 7 1 &l of gk 32k g B 22, Al
724 2k4 719 3ak e o] Q= | o] thBernard & Nicole, 2010; Kim et al., 2019; Ward, 2017).

wfebA] Qe B SR A S TS S o) s E9olM Alekate) ghdo] of

A MBStk 22 stte] chadolA] sielat 4o tiet AR E T bl 4ol BIshe 2ol
AR THE Shube) I ol A —’f—%ﬁi La0] tigh A H o} thE ti/dollA F=37F 249 H|wsto] &
o]- Z]-Z-]Z-] 5’_5/\-] S E]-_- ];H/\]-oﬂ/q E]—AH X IERX]S /\H/\‘]—].__ :HU-Z-I __'i = 01H]—§ X—]F'J:o] [‘ﬂ =2

SZ0| ATE 275 P B 5o %a%gﬂ@4ﬂuwﬂﬁﬁan A A
oA Sisto} o] &40l i 917 Bt afor2 B4 chdel 32498 A 3 933 755 31

50 oJn| Hofsl7] 915t o)A 710 1%, TAol M 2 7ske S Aels}y] 93t BEA A 0]
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The Alpha Band Activation

O]—_Tj‘].ﬂ /\H';H _Tj_]—_('),_] /\Tﬂ]EE‘] §é]-1\‘] ']—O] _r_./gll 72:1._' _t_ able2 Flg 59]_ 7].‘:1_ Table 29]_ Flg Soﬂ/\'] E_ ‘_]1]_%]-_
o, A & dA| Ht A9 At AIE -’Tj oo, dufut F4L A EY, FAY, SFANA A
02 o 2 o2 et o]2eh B4 798 dutute] 24 Afol= EAIA 2= = fofn|eh xjo]l A
O 2 LT
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Table 2. Analysis of differences in the alpha band activation by brain lobe

. Inductive Inquiry Task Deductive Inquiry task
Division t p
Mean SD Mean SD
Frontal lobe -0.031 0.086 -0.021 0.086 -3.855 0.000
Parietal lobe -0.067 0.109 -0.054 0.118 -3.218 0.001
Temporal lobe -0.070 0.111 -0.064 0.113 -1.804 0.072
Occipital lobe -0.090 0.133 -0.086 0.134 -0.899 0.370

-0.004a

-0.033

-0.062

-0.091

-o.120 {Inductive Inquiry Task) {Deductive Inquiry task)

Fig. 5. Difference of the alpha band activation

ok
Jl
ol

o] AtollA YeR THA| -5 dufute] E/g Xto] 2 Lutute] /g S foju|sh 2/d Aol 7t
Uit 59, 549, 559 B A 7ls= EﬂAMEuth?%qEVL%“h@“ﬂiiﬂ
ghelo] QPRI e 4E E/do] S7Fste A0l o, 1A s a5 9isto] 48)5k= Al B4t

1 ojHE4E ¢ Bo| Zrdst= EA40] 9= Fak4 oY o|th(Kim at al,, 2019; Korean Brain Wave Research
Association, 2017). 2] 1 HFH-2 24| sl 2ol Lo ot A Hoj| theh HiEA|FA o35 L A= 2] 7]

o, 24| s 2ol EeshA] ek A Eol tigh 2, S=HAgH dgollAe] oAFA7, tide] £/ oy tidell
oigt A B E H| - e A elSh= AR 4288, o] B = 52 7R ARaLo]] tigt A Hoj thgh 7] ] o] =
A Q1E S 2 =2 459 91A] 7)5d A = JYo|thBemard & Nicole, 2010; Kim et al., 2019; Ward,
2 thAt &/d0f it 91 %] A X ErMo]| o]t thiko] 37+ A1 mlok Al Z7HA] 27| o
'] J o] thBernard & Nicole, 2010; Kim et al., 2019; Ward, 2017). FFA| 20 2 = =912 o
FENA AR E/d S mfetohs QIA| Aol vt ol 8 429] ojn| & Kook QIA| A
A= = F G o]thBemard & Nicole, 2010; Kim et al., 2019; Ward, 2017). whehA] A2 gt
A g A E ol doks MY A5, AU, SFHCIA dHiA o E o W2 dutut &

l

:l]'] H™1 o
o] PAEIgITH 2 54 tho] HRE ok ool Al Selshs AoH g TRt k2 oholA
FET 240 tiRh 7192 3)/ste] v o] 249 Hlwst = FAH F5/4dS the “—H”Oﬂ*i e
AJ5}o] 2|5 ZEA] st AR S AASHE 7 BT F YNk} Ho] H ofale 45e) Abaaks
Hefr.
A 97 e Aol 99 A

Sos v B FEIHE SE vR AR, BHY,
== qol| ] hufute] Bo] Blrhs AL the 3t 22 o7} ik WA, Q1o d ek 34 sl 22 SlaiA
JatHe 2|45 S40] thet 48 mioke 9iak thae] B2k H QA AL, X|HE 44 A Hol T 7)o}

lv

3 1
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The Beta Band Activation

A g Hebt i mthe] B/d Ztol & =l ot B3h= Table 3 3 Fig. 63} 2T Table 3 3 Fig. 62 27}
7} Hoj= A3} Zo|, A gt A E o3 wiel A9 gt IAIE T w) BF TGl A=
wlefuto] BAdo] 745190}, Aol A o] Z71steir. 1o 3 AEAT PN WAy H)
Efuto] S/ A gt LA E T A9 gt 2| S 43S o o3 o = of =9kt

Table 3. Analysis of differences in the beta band activation by brain lobe

ol

. Inductive Inquiry Task Deductive Inquiry task
Division t p
Mean SD Mean SD
Frontal lobe -0.015 0.083 -0.005 0.089 -3413 0.001
Parietal lobe 0.001 0.059 0.007 0.073 -1.936 0.054
Temporal lobe 0.013 0.081 0.012 0.087 0.143 0.886
Occipital lobe 0.020 0.061 0.025 0.075 -1.348 0.180
o.032
oc.014a
-o.004a
-0.0=22
-o0.04ao0 {Inductive Inquiry Task) {Deductive Inquiry task)

Fig. 6. Difference of the beta band activation

o] Atol| A UERd 2HA| -5 wefute] g xlol = ekt g E/dx} fo|n|dh E/do] T X
FHI S T Q1A 7152 Bl YulE FET 4 ok WA, vk oS 9 ZH =
o4 k] o HHE ghFs] Hlol5o|= ALALE 3845 /o] F7lsk= E4J0] Q= EEG Fuk
tHj o] thKim at al., 2019; Korean Brain Wave Research Association, 2017). 12| 1l A+ tioFst 7H+-5 55
At o) 2xt F1t, A sl ol E st 9 A Ho| st EBAFY FolFa 14

2 34 617 59 RIS AEA 7101 A, o] Q.o ciet AHE B mslo] 3] gk Aol
9] 2|F HJHE Meisl= AHEY 53 22 =2 59 1% 76 33t A & J Yotk Bemard &
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Nicole, 2010; Kim et al., 2019; Ward, 2017). 78 5= S+ Aot t/de] 47} oft]of =A1E B/
sto] i E= 840 Q2] 4 FXt HEE Bo3loh= A2t 7221 “Where pathway & 534S THBemard &
Nicole, 2010; Kim et al., 2019; Ward, 2017). The}A] A2 gt k4| & =3 ulj 2ot 734 gt 34| S 43
S of wefute] o] 7| E kA 4288 A] B/ BTk HF ol A GEA| HAYSH A2 I S o8 E o = 3t
Al A At Q4o st Y H S B = ERISH= AFLE a8 E mf ] 9] of|A] HiopEQ]l K 7]
Hko] AbE L} ] Lol A] B S slsto] A4 5h g Hofl st 719 7|ke] ALLE T Ho] e8aiginhs A
afEct SEA| T, F7g ol Al e] Hekte] 242 7| E kA 4238 A| Blekuke] E/dH L} &3ttt o= A2
g A E 33T wieh A9 A gt IS 3 w) B ode] 3t AR QIALS fjal 8 40] 9] AHE
£ F/J517] fIsto] & 9 HEE S| Holsqithe Ae WollEeh ok, A'gd g I Ho 94
gt BAIE a3 o HEGat S Aol Q] wiekm}t Z/do] AthA o2 o Eqtthe A2 £7 tidollA
EAf5hs .40 thet HE S th2 JhA|of] Ex5hs Q4of thet F RS vlasto] 2|5 P EE Mesh= 7
HA AfLE D shue] TidollA] mhelst B S oh2 ZHA oA ERlshs A AbalollA] Bl wdk £/ of
SHEA HHE S /A7t of " ekl & 4= 9l ofof] A & IS SHEEA| s 2 5H] Yste] o
2 tfgolla] &lgh /g0 gt B B S RA]sk= AFLE S0 F st 3stithe 2 & 4= At

The Gamma Band Activation

Zot} o o] o) skl AT E R 2/d 2ho] 22 72|t AT Table 4, Fig. 74 22T Table 49} Fig. 75 &
8l & = 1ol AT A T Aol A AT Hufute] 2/ 2 A e g HAIS 8T ek A g
TS 3 u] 257 F71shs 2 o2 Uit A s a4 oM B Aok 84 S7H 52 A
A g5 IS e wie) Blalsto] A A gt IS e e ul] TG oll A HiEfte] Z/do] diE e
2 o S A2 Uetlt o2t 2tol o SAIA ofu|E B45H | fl5te] tlS B2 T AES w35l am,
23 Ao T Aol Urebd Amate] 2 Wsh= frefmeh 2 o & LR

Table 4. Analysis of differences in the gamma band activation by brain lobe

Division Inductive Inquiry Task Deductive Inquiry task ¢ 0
Mean SD Mean SD

Frontal lobe 0.011 0.050 0.021 0.057 -4.923 0.000

Parietal lobe 0.034 0.034 0.037 0.042 -1.750 0.081

Temporal lobe 0.033 0.081 0.034 0.073 -0.229 0.819

Occipital lobe 0.026 0.061 0.025 0.062 0.343 0.732

0.060

0.041

0.022

0.003

-

{Deductive Inquiry task)

—0.016 {Inductive Inquiry Task)

Fig. 7. Difference of the gamma band activation
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o] Aol A Lehd ThA| {E Antute] 24 2po| S Zufute] B/ B4 Frojulet 2/do] ¥
Y R H A 752 ol A Aike vaat 2k wA, dntks A S22 fls e
thall 75 u, g Ho) Foto] Eids| o] Fol w /o] S7Fsk= §4d0] Rl EEG F-uh ti o th(Kim
atal., 2019; Korean Brain Wave Research Association, 2017). 12|11 A= thefat 7H2E2 Foll ~ASH JHE
o] 22t ¢, s ot FoolR JHE vlulsto] 2T HEE HEske Al 3, 244 sl 2 fish 2 ast
T8 A Hof tiet F:AIFA Fo|UFH I A H tiRh 7|22 3A| s 2 SRt FAskE AEA 7197
S -2 A Afar 433 ATHHE & o o] thBemard & Nicole, 2010; Kim et al., 2019; Ward, 2017). +48 A
At AASEe] “Where pathway” A2k 7 2 ARaLE 4-335to] o] @47} oftjof| 9l=A]5 nfest
oigh 21 A B QIA] AFALE 42335 Bernard & Nicole, 2010; Kim et al., 2019; Ward, 2017). TH2HA]
Aot AEA g IS A w A FA TGl 9] Zmatke] /o] Ssl it
S Aot HEA B IAE S ul o 2400] 91%] HHE B oststo] ol tigh &
[Sh= AFALE 3ol flsto] Raaloh tide] AlZH] 4-9F T @ 4vof] tigh 9]%] A Ato]
I5] o] Fofzlon, o] 2ol HZ thell YFslithe As & 4= ek 1AL AA &+
w o A A gt A S 4 o W FAT T Foll A dupete] B/do] A es o
the A2 T 7l £ 54 7iAlloll M EAishe 24l et 25 thE ZiA|ofl £k
Sk % 1.9} vl wsto] T A A|AE ti/dEoll EAshe 3824 HEE 2F ek AEH
ARG 2 T el 2A HEE thE ZiAlelA Eelshe Addd AlalE AT T o 22 aFo R
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SsLORETA Analysis Results by Task Type

AL g TS S wie) Bl wsto] A2 gt Bl E 43S w EEG &/d0] ofwgt 2lo)7} =
A Lot 7] 9fsto] 42345 SLORETA 4] A3H= Table 5, Table 6, Fig. 8} 2Tt

Table. 55 &0l & 4= A%0l, AEH & 1A 438 w2} Bl wsto] A4 et 1A 438 < U} o<
(8~12.9 Hz)ollA TAIA o= Fofn|gt AR e E/do] #&=| UTHOne-tailed A<B, P=0.05180). Table. 6 X
Fig. 89] W83} Zo] A4 &7t TS s AT wE o} A4 &t A1 S 2T o i o2 o =2
Z/go] ke = J 92 BA 60l &ofil= AFHe 25 F4l Aol Di(Precentral gyrus)t F-4-F0 | F(middle
Frontal gyrus, MFG) &< 0| 1Tt

Table 5. Analysis result of differences in brain activation areas according to task types

Division Log of F ratio of spectral densities Extreme P
0.01 0.05 0.10

One-Tailed (A>B) 0.496 0442 0410 0.57620

One-Tailed (A<B) -0.487 -0443 -0410 0.05180

Two-Tailed (A<>B) 0.508 0.466 0.443 0.10160

Table 6. Analysis result of differences in brain activation areas according to task types
Cerebral MNI Coordinate value

Lobe Region BA . Voxel value
Hemisphere X Y Z

Frontal Lobe Precentral Gyrus 6 R 40 -10 35 -044

Frontal Lobe Middle Frontal Gyrus 6 R 40 0 40 -042
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L R|(v) | BYZ)=(40.-10.35)[mm] ; (-4.43E-1) ; 2 SLORETA

/\ §

(2] (2]

+5 +5

i}

10 5

: . :
= o Sem (%) (¥) +5 0 5 10cm 5 0 +5cm (X)

Fig. 8. Differences in brain activation regions according to task types

SAo|F2 HRE 0 7 BT YHE Ho 3oz ARl 1<l o]n| A 22| 117 (sementic processing)2
o] A& | G o] th(Jeong & Kim, 2016; Green et al, 2006). 12|11, S F0|F2 thE = FH= 53l
RS0 FgA pEoM e 24 F AT R A QL= Y H 22 (Jeong & Kim, 2016),
%2 FHEOIL T Ao] Tiol) 4419 SIS Telsiol £ oiE ulmslol Bkt 13
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Conclusions and Implications
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A, 77 Brek Aol g F2 AR EAeIA BAE w3 ool THE oz et
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59 QIA] ARLL =383} o] Q= | JYoltt. ALt /89 x| A K ehlo]] o5 T4
JE Y/ 59 QIA| ARl =331} Heo] Q== o A

9] ofn] o 5-9] Q1A AR 4283} o] Q= & o= U A Qi o] 2|3t k| I Q1A 7|5
of| A Am EEG AT o A EY 2/

MIEfRe] 72, A4 gt pA| Eot Add g I E s 2T o AR, S HolA 2700 o =A1
Aohs A o= BAEQI: o= A4 gt A H o g4 @ IS s dsh] s 54 7iA|9E Bl
B R WA E A, S NA Q] B2 A ol tigh 7|5 FAloHA] TRE 7I1A 9] i o g E et
Hwsto] 2 A 2 E AMElsh= ARLE 38 o] o] YFoto] =2 52 ARLE 88siitial & 4= Qlk

Aufute] -, A S A Eot A9 gt 3| S sl AT W) AR, T, SFHollM E4dol A
iAo & =7 UEsit o]t 22 Axbe g4 g IHAIE sl dot7] fisto] &8sk ti/de] AA4 2
22 B2 Flisto] A/d et Y E e o2 tiide] E4
sk AL A7 ot A A gt 3| & s 4ot 2ot A
A E7 IR0l ERIsH= AL 32 & T Q1A 0 = HISH ol A =353l th=

H|efute} 7hatute] 79, 752 gt v Eot 14 gt kA )

2 0 = gH/go] o] A YERtT o] = AEH & A& F3l 554
O & BE wzE £3)sto] ojelgh Hi A EA A Hel thE 7| o] R4 B4 = Bst
H| Wb AR TP H T A3 g 2HA| & sl dot7] floto] AR 7| e] 24 &8s
7 B0l FRlIsk= AFLE 3fot= Bt T A Ho| Tigh 7|92 |AIT o] AE-E sl
T & St A EolEot

oj/de] AxtE Ae|otH, AEd gt 2= A4 "t dA|E o F o B AL Y2 Fol 3
™, £5]. A9A g kA 382 QoA = ThE ti/dollA &R1E B4 24 A Ho| st 7|9 &/ 32175
Q5jthE Zle & 4 Qlk o] 9F 22 A2 HEA Abaet A4 bl =24 0 2 A& ThE ARil(Cheong,
2019; Kim & Park, 2008; Song, 2017)°] ™ A2 2 2141 71 17} Abare] SHEE #3835 floiA 7t 7|+
of thet J B 2d& F-AIok= Ao F-Qotte A AT AahE A Aol T 4= A TH(Lee etal., 2009).
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of Aojd] Y7 TS 49 0 ko) Bio] B Rk e Gojo) 95 FAglolT} 92 FHFolY
oflA) B ZA| ek 2 Q1o B 3k H AL Slste] the o Qoo RE skt Ao} Sl chat
12 k2 lAle] 490l SQIshe Tho] g AR S AL AHSHE LS Sashe 34o] X A0
2.8 cf HRP APl SIS AR ek 3 oI #5840 e Yt el

A FE3F&/dol| tigh A & H] alstod 4% —&%” S e k= g %HLFMIEE} Follr F=3t &

of| thgh & th tldoll A ERIsk= A9 &t T S QR[4 0 & F T THRISH ol A 4345131 E}—
AL ot =3t A9 H e dAIE #ﬁﬂ% L8ok= YA RS E7 27ollA ERlsk= AkaL
+ oFFA AFLE Bofl S ke A= o 4= Qlok 0|2k 22 7&4{— FHFo|o] AYH Aate] A4
Q1 JF= gafoital B ok M At Ak Kwon et al, 20162 SR sh= A3tetal g 4 lck

ojet Z-2 A& Fol A 4= = WS Fhol= oha QEP.

AR, A gret A94 gt tide] 24 siglo|u &4 FEE o2t} Blaste] 225 U
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U3t ol A A Aok B2 4eo] ezt 382 i, 2242] E7H, thafet Ao] A s By 52 7HA]
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2ottt 12| 0 AY A gl RN T BT AR 2R E A S Bodith ek 7Hd S A5 Yol =
S 22 A AR oA Aolrhz 4t 7t E7IAFE]of|A] ol s]= A ARElollA] E7FAke]of| A FdobH 3l
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0] 71 9K 5427} 2k BN AR AL Ao oot B ARAIA el
7 doteizl Akso] ) 45 ] mehe RS AARITE A% S Eal B ARl E7HAtelolA Holelw
27} 6 ke 2k Srolgic), olelat AR Bl WEAST BN R e A5 S Bwe) 2l
ehe A2 Utk 2, thifolut 7o) S4Jol that YRS the tigolut Bol N Selstel A2 Y
2l Al Wit

S, BEG 242 ©Ju]= A 19 AB|E 2 247} L ORETA 2418 B4 mlefah= Ho] 715sith Al
njlamlE BA w5y FHY, 25, TR e vl 5d 4704 BEG B4 o)
nfolsH 70| 7Hs3he, SLORETA 241 & 53] Aol 2 FEG B4 WSHE 945 B2 A1
79191 574 1] Qojo] 20| 7R3t} neba o] £ 7hA] BEG A WS £ Abe] o+ 24 vt
= th] w1 129 54 ] Qo] S0l oln| g metshs Zlo] Zks it & 4 gtk o]
of o] % 7}x] EEG 4] e o] 7o) Znke E3h thA] Elek 4] 2 dAofH] gpof ok x| Al
514 Al st ofuja} TS QJololl A AIXIEIAL lis AR B Bol Tk Thefet ol 2 5o that ey
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