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Comparative analysis of brain asymmetry calculation method:
focusing on QEEG and brain Survey scale, cognition aptitude test

Gun Hyoung Lee, Hee Wook Weon'

Division of Brain & Cognitive Science, Seoul University of Buddhism
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Abstract The purpose of this study was to compare various calculation methods of brain asymmetry,
which are used as indicators of comparative evaluation in various fields, such as emotion, cognition,
personality and learning, and to calculate their coefficient of agreement. We assessed EEG in eyes
opened (EO) and eyes closed (EC) and conducted a brain preference survey and cognitive aptitude test
on 97 adults for two months (May 1 to July 1, 2021). We calculated the power spectrum density (PSD),
imaginary coherence (iCoh) and phase locking value (PLV) from the measured electroencephalography
(BEEG) data of alpha, beta and gamma bands. Consequently, 20 types of asymmetric values were
produced. By combining those values, 190 pairs were evaluated by interclass correlation coefficient (ICC)
and Bland-Altman plot. According to paired comparison results, 29 pairs showed significant results. A
few values of significant results and a low agreement in the comparison between EO and EC were
observed. Comparison between the same EO/EC represented a high agreement, although the frequency
bands were different. The comparison between Power and iCoh/PLV represented a low agreement, but
significant results with various kinds confirmed the potential for development. The survey scale
represented no significant results for others, and the cognitive aptitude test described a low agreement
in iCoh and a moderate agreement in PLV. Our results could provide fundamental information that could
be used to select sources and calculation methods based on the conditions and purposes of brain
asymmetry studies.
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Fig. 1. Petalia and Yakovlevian torque
(Toga & Thompson, 2003).
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Table 1. Compared subject of asymmetry

Method
Alpha EC (Eyes Close)
Power EO (Byes Open)
Beta EC (Byes Close)
Power EO (Byes Open)
Gamma EC (Eyes Close)
Power EO (Eyes Open)
Alpha EC (Eyes Close)

Imaginary Coherence EO (Byes Open)
EC (Byes Close)

EO (Byes Open)

Beta
Imaginary Coherence

Gamma EC (Eyes Close)
Imaginary Coherence EO (Eyes Open)
Alpha EC (Eyes Close)

Phase Locking Value EO (Byes Open)
EC (Byes Close)
EO (Byes Open)
EC (Eyes Close)

EO (Eyes Open)

Beta
Phase Locking Value

Gamma
Phase Locking Value

Brain Preference Survey

Overall Cognition Test
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- £ Q70 AGE 1t 297171 RH-BEEA A
2. A7 48 aAE ]%‘3}‘“ 1424 4] (EmotivAt ik, ©l=h)
EpocX@2H, 2 AIAl] 9% HES $Hste] 4g5g
21 97t Aoz ALBSRE G4 1lole) 14709] A Fig. 2
= A7 £l RSSO AR )l WY o) 7o) AF3, F7, F3, FC5, T7, P7, OI, 02, P8, T8,
99982 W= 20219 59 1978 2708 S A2 peg, 4, F8, AF4 o]H, F% AIL P39} Pho|th. =
BT 24 RAECNAM AgEgleH SAHE HolH gy yul golete] AX7F mUE T} golE ARS
7t AT 272 AQfRt 97799 HlolEE HAFHCR 1 oo A4 AnEo7F (UEH, == EEG dlo|E]
Tl ARRRAT AT tARE AR HEAGCIY = EDR(Buropean Data Format mH1E AZETH24].

FAAA A, FHAA FEES T 5o g AR
o Agtetglod, I214H19 sl s ¢
s Aol Qe AlF2 AL, A olg
ask}o}oq A 2 At Ageilds)
(IRB: Institutional Review Board)9] £$91(5QIH< :
A|27004121AN01-202105-HR-068-02) o} 3§
stglod, A¥ &7 Hol| g@AA A=A Fat
AT, ARIGE BHS, FOAR} 5ol tiel o] A
goto] o]& &5k ofsiote S sttt B FAHn=97)
£ d4do] 421, ojAo] 5590I9loH, AP 20t
7} 127, 30t) 13, 40th 417, 50t ol4te] 3170]3
ot FeAdEel Teste] qAR/Y SHS FHedths
Hl%Ol 67%65%) Aom, 7Hr & HFlcal gEgt
Hl&2 25.8%(25%), A2 A= &Ho] ojfthal g9
gk v &0] 7.2%(7%) Yt ASoh= & AR YEARE
38(3.1%), FEAE 8H(8.2%)2 A3t 867H(88.7%)
o] QE& AR ATF= Aoz yEhTth

Hlgl o

o132

Table 2. The characteristics of subjects (N=97)
Spec. n %

Male 42 433 %

Gender Female 55 56.7%
20s 12 12.4%

Age 30s 13 13.4%
group 40s 41 42.3%
50s / older 31 31.9%

High school 13 13.4%

Education Bachelor 49 50.5%
Master 34 35.1%

Bad 7 7.2%

Sleep Poor 25 25.8%
condition Good 49 50.5%
Excellent 16 16.5%

Left-handed 3 3.1%

Handed Ambidextrous 8 8.2%
Right-handed 86 88.7%
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2.2.2 Lmto| HIHZA (Asymmetry of EEG)

EEGE 53t vt Ak Ful= H2 AuiAlpha,
8~12Hz), Beta(Beta, 13~30Hz), Gamma(Gamma,
31~59Hz) w9Z AHsiolon, dA4L 434
(Coherence)®} A1 AHZHPLV-Phase Locking Value)
£ A"stgla, 2+t 7IRKEO, Eyes Open)¥} H|RKEC,
Eye Close)/ddolA 387F ZAH"E  AHolE(raw
data)g AREsto] AAkSHT

(1) g (Power value)oll oI5t BITh3] ALt

9] g2 B3 HdA AL flote], SXE Hut
ASE FFT(Fast Fourier Transform)® welch
methodE &3 FuEz ERst] PSD(Power
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Spectrum Density)E A3/45t%itt. PSD& 4159 ‘&
T A B ke ahefo] 22 E Wk, A
T}H(Total power)' 9t “AHEHO] tfHu}|(Spectral
band power) , ‘Y& Median) , ‘AHEH = Fut
4*(Spectral edge frequency) 59 Wi/IHSES &&
SroH25].

Fope W2 Z47ke] Adso] e e ghs 957
FHZ07 Lhpo] IR & 2 Widch gutder
2 21]0] HIHHA ] ALt 2pkro] wheigks eukt

o] TS Wl AR AUSIER (R-L)/R+1)S] 34
< Z-&sto] ALtSHATH26].

(2) d44L S v A4t

QIZre] 1AAH QIR 752 ofE] x| FH9] FFEH
(Global intergration)9] Aol 93 sty LG
H, o8t 5L Hriste dl HUEHA(Brain
network)®] o8] £4& B4 wyo] Algdc
[23]. olufj o]=3t x| YENAY] Tt $4& A24

(connectivity)e]2ti 3ttt 2 AFoAE ] HEYA
9] torst 24 Ax F dBJ(Coherence)dt PLV
($A2 A%, Phase Locking Value)E Hlwdjitoz
i ol

LS 1} 41259 932 (Phase angle)?] 43
X(Consistency)™ H5A(Variability) S &43= g
A 7] AT AT A ;o) AT F AJAG Ate]<]
7 3% Mean phase angle)olvt Ha+ $1d#IsH
(Mean phase shift)?= =H&o|tHe]. ESH AT
(Correlation)o] A15-59] 4do] AX|stA] ezt
o7l A= wet AT #HES 20 A HsRkitt =
ulE Zk= Ao wiofl, d#A(Coherence)> 4159
=0l Aol FolX AHS 7|0 E AL EE
TLH Fxsh=s @S QugitHs]

T2y Fo AlA 529 ) HlojE oA
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HAA == EEAZ(volume conduction)®] FFES
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Ae 539 459 A Z3tE JIF 99 AR
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AET= A7EH o2 A 9o] 9(phase lagged) AT
43S EAglof 31, 7MIAd#Al(Imaginary coherence)©]
U AR A QldA (phase-lag index), AAE LA
(lagged coherence) 5 S5 =0] TIgorA] &2 HHY
2 ATt Aol EH29]. £ AollA= iCohC MY
4, imaginary Coherence)?t PLV(HAIAZL,
Phase Locking Value)g Alitsto] Z+ bkt B2 g4
= T3t = v AgE =&kl

iCoh= F4|(1),2)% 2ol BEag WY 5422
He Ay & £ U301

iCoh, (f) =3{C,,(f)} M

icoh, = E[3{0) V' (N H/EHG{UE V(O D]

V)

49 iCoh, = Hilbert H%-E AR85te] Ak £
= A Bk 4 o, EFXE0 )
3] (imaginary part)g& AREst] A%
AA(interacting source)?] A Y&(real
part content)= E-SHH30].

PLVE 39| & 7l Al59] T4 Fab= thoflA
A QAT Thsf] f1del 127o]
E 9o B FuolA BE
31]. PLV= dZ24 SHolA
A qlon, et 2ol 3y B3
PLVE= o789 Al(trail)d} AlZF ol &
=, ZF AW (ria) 7o) HEHoR &%
oA SPIRZE A 9] WskA] g™ PLV= 19 7ML,

3R]
o 1

a8 ko oo 7HZTHA1I.
N
PLV; = | Y exp(j0(t:n)) 3)
n=1
PLV 32 544 #4994 A2 ZH7IEZ(Monte

Carlo) FHHo] ARBE=T, SAE HolHES & &
3t/Z&s5to] 5t tjE|gk(surrogate value)e ot
FARCE #4T Bx9 7HIS FYS+E(EF p=.05)
oA fHtsld, SAFCE olF v U= AT 57IF
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H‘— H]0101 Z5+d ZA, AR, 979l
HHLE ARE Hwkou AzgteH32). F-99] H)
W9E 54 geletu 2 Tl ooy, e
HADE ARG, BAE /AR, e E/
ARE FEE SElE Sl et FEEA] e
T, 94 Jisols BUH YA, B, MEAF
A EEA/FEA AR AR WA, A B3
2 o] YEEHo| L3,

Table 3. Description and reliability of brain
preference scale

h B-r ain Tendency n M(SD) Cronbach
emisphere
lalng‘?agd 6 3.16(88) 873
ogical
Left premeditated 6 3.62(.77) .880
Brain Regular 3 359(76) 548
perfectionism 3 3.23(.86) .647
numerical 3 2.67(.93) .507
integrating 6 3.12(.83) .860
change- 6 3.49(66) 688
Right directed
Brain extempore 4 2.80(.75) 617
imaginative 3 3.03(.88) .526
intuitional 2 3.53(.88) 744

Table 4. Description of cognition test

& 8% Hxo] A Y E=RoA 556 ~
8605 9 YH LIS HGih & AFof|A9] shejwiel
=9 Y& AFTE Table. 3 I oy HEzo=r
507 ~ .880 9] W& d¥/dS Holx Utk

2.2.4 QIX|ISZZA}

To HIgA AT g mololes s & fol/E25 I
SHoFE FHOE AR E I é
£ Fofslo] #4759 FRAsES Bkl AT
324 HW Gordon(1978)°] A2kst CLB(Cognitive
Laterality Battery)E 11¥3](1982)7F WQIst =
(BPI-Brain Preference Indicator)”} .09, A3
2003), A144~2010), HEH(2016) 59 Aol AFEE]
ATH11,17,33]. CLBE 3+ 2 49 7[5& &4}

£ 6719 9] HAR FEEU=T, STl ER AAE
= 184 9 F4AF0 SHoks HAoE 7o)
HoH32] #He9] AL AKE 49 7Y, A%
" =& 71981, 2 el 5 37HA sHdEALRE
o]FojA, {9 éﬂ% 2 Eok 271, O™
S, 247 SoR FAEHETHA2L

L 2)(1998)2 Munzert(1980)7]— HEZESISE Test
your 1.Q left brain right brain’& =4 A% @A
et A5ke] FH-9u0] LAS BrlsEd, #
H 22 dARE =24, £3, %1 h&olH,
2y F2 dgolu B9 FAMIT RolE e dskA

==

Brain Cognition Assess contents Excerpt
hemisphere Aptitude P
. https://www.arealme.com/korean-vocabulary-size-test,
Language vocabulary &
S ko/ [34]
Thinking grammar ,
- make on researcher’'s own
Abstract finding
Left Thinking homogeneity - Brain BUSTERS-Test your intelligence [35]
Brain K - Brain Twisters-Test your intelligence [36]
Numerical . ’
Thinking calculate - Ultimate IQ test Series [37]
- IQ Brainteasers [38]
Inference prediction - Brain-Flexing 1Q Tests [39]
Thinking from pattern
Spatial . . .
Thinking folding paper Dental Admission Test [40]
Constructional finding components of - Beef up your brain [41]
Right Thinking fragmented image - make on researcher’s own
Brain Visual )
Thinking maze test Dazzling Mazes [42]
Perceptual SRR . . :
Thinking finding another picture Beef up your brain [41]
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274 EEG dHlo|el= EEGLABI} BrainstormO&
A5t} HEgE AT H T} Q1A 5Y A BAA
2]+ SPSS 25.0& ARl AM(MicroSoft)S 53l H]
A= Atstal FASH. M5 o2 FlidEA
Z(ICC)%} BlandAltman plot& B3t YA = H7k= R
9] ICC’¢} ‘BlandAltmanLeh’ #H71A& ARE-5F Tt
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2.3.1 EEG H[O|E{9] &AM

EEG dlolele] e HA|g] &A(Preprocessing)>
EEGLAB(“https://sccn.ucsd.edu/eeglab/index. php
o R FEITH44l. 5371719 7' S AZEY
o|¢Ql Emotiv Pro S/Wel4 A4k EDF mdS
EEGLABL 2 E35°], 147] AHES Al 2daddt
ZJEAdT DC offset AASHA. =X E(60Hz)2t
High pass filter(1H2)E Z-83l¥92H, Holg9 Ax
&S FI8) Ftgh o2 A E(re-Reference)stFt. of
E|ZE(Artifact)?] A7+= BEGLABe] 7|20 Ag3}
£ Clean Rawdata 71’53 ICAEEAAEEA,
process), Sasica plug-in TZ 1S ARESFATH45].

AAY  HAgSs A” dHoHe
(“https://neuroimage.usc.edu/brainstorm/Introdu
ction”)= &9l HHEC)/ZARKEO) Jei9] Lute} Het,
kel PSD, iCoh, PLV & AXleIoH(46], A
(MicroSoft)& &df 979 £2 dlo|EE A=t 1874
9] EEG HIHHA X7} A== 30T

runica

Brainstrom

—_

2.3.2 UX|: 7

2L Z7gHol thet Brhe 710 oln| A=/
S IR AAPEEEAADT A2 AP
TYS s Hol=AE 71 BrsHA drt47]. 1
A AHo] §/7et 22 HFY AR 2 A&%
A79] A 55| REHAPE AT ARole F
3 W 7HY] dAEE Brele Aol Bt Wol
(48]. BA &= T F2-Z ol W RhEsio] AT A
7F ol Fx YASH=TRE dolEe 4AlFE B7HY]
T2H, A4 ¥5Y A W EAS(ntra-class
Correlation Coefficeint)?] A& H7lol= Bt
Bland & Altman plot& &&5tc] Al4Hoz Hrlsh
= o] &8HET48]. £ AFolAE o= 7] A=/
S5 E= A4E = v J(Cerebral asymmetry)Z
7¥sl7] Y8) ICCeF Bland-Altman plot 5 7FA] B
= B5F ARSI 2719] HolHE F3 2 & H|w skl
oug F 190709 45 vn-gristeich

ICCE #4HEA9] o] wet ZHgEY] F Wk
Z 7HQ1 2t WAzl o5f of7| | FEol gt FAgkolH,
0 GASH] )RE 1(&EHsHA GAE) Atol
9] & ZH=tH49). ICCy E4HEA 9] 79 H7kAt
ato] 118 o} 5of wgt By FRE F Aesfof $itt
E QoA E ‘Two-way Random-Effects Model ©f

S|ddl= “average random rater, ICC2k"E A1&5}0]

oftl

o
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]/\H'i]-cﬂ‘:]'. UulA 07 ‘“Two-way Random-Effects
Model' 2 FAIRE 45 7H H71RF BgolA 54
= RS AdHstes Agoln, Agd Aol A
gy griRel 5t E4S 7 HUEReIA AFe
A3 Rkt 4= U501

Bland-Altman plot2 %+ AES] =479 HA
(mean)S X&FO2Z ¥, Ao|(difference)s YEOZ
sto] AHEE FAIGE Aoloh HARHO %t %=
7] EYA 9] = AHET ) w ¢ F-83 YHoE
AARH B Ao A Ho] ARSE|TL glow HrEE= v

HolH49].

3. Zut

3.1 ICC(EU &A= At

% 19071 9] ICCE A48 A} 29719] o] 59

Table 5. ICC between asymmetry calculation method

AZ
—[—r‘

=
=

oA LA Aog YERGTHP(.05). A=
Hel 29719 ICC E4ZI= Table. 59 #oH
ICCEWATAS)L F-value, P-value, 95% A12|7-7t
o] sl AJRte HAISIGIH. LubA o= FuiddAS

= 40ET 2o ‘Ex] Y2(poor), .40~.60 ‘HE/
F7Hfair)’, .60~.74= “F2(good), .75~1.00 TS

FZ(excellent) & sjAstER 2 AFME 11 7%
of wzt BrrstAT51].

3.1.1 EO%} ECAE] 79| UX|E=

22 FE(FT/AE4) oA B0/ gkt EC
AE9] ZE9] YA =+ Beta iCoh®t Gamma iCoh &
5 YERGtE 18y ICC A17F 242 1329} 399
I4 32 dA=E Hnh

- Beta iCoh EC & Beta iCoh EO (.39)

. Gamma iCoh EC & Gamma iCoh EO (.32)

# Rater 1 Rater 2 ICC F P lower upper
1 Alpha Power EC Beta Power EC 92 12 .00 .88 94
2 Alpha Power EC Gamma Power EC .88 8.6 .00 .83 92
3 Alpha Power EO Alpha iCoh EO .29 1.4 .05 .01 .49
4 Alpha Power EO Beta Power EO .95 20 .00 .93 .97
5 Alpha Power EO Gamma Power EO .94 16 .00 91 .96
6 Alpha iCoh EC Beta iCoh EC 33 1.5 .02 .07 .53
7 Alpha iCoh EC Gamma Power EO .58 2.4 .00 41 .70
8 Alpha iCoh EO Beta Power EO 36 1.6 .02 .10 54
9 Alpha iCoh EO Beta iCoh EO .36 1.6 .02 .10 .54
10 Alpha iCoh EO Gamma Power EO .38 1.6 .01 13 .56
11 Alpha iCoh EO Gamma iCoh EC .30 1.4 .04 .03 .50
12 Alpha PLV EC Beta PLV EC .87 7.5 .00 .81 .90
13 Alpha PLV EC Gamma PLV EC .78 4.5 .00 .69 .84
14 Alpha PLV EO Beta PLV EO .94 17 .00 91 .96
15 Alpha PLV EO Gamma PLV EO .90 9.9 .00 .86 .93
16 Beta Power EC Gamma Power EC .99 87 .00 .98 .99
17 Beta Power EO Gamma Power EO .99 138 .00 .99 .99
18 Beta iCoh EC Beta iCoh EO .32 1.5 .03 .05 51
19 Beta iCoh EC Gamma iCoh EC .66 3 .00 52 .76
20 Beta iCoh EO Gamma Power EO .32 1.5 .03 .05 52
21 Beta iCoh EO Gamma iCoh EC 41 1.7 .00 .18 .58
22 Beta iCoh EO Gamma iCoh EO 72 3.5 .00 .60 .80
23 Beta PLV EC Gamma PLV EC .95 22 .00 .94 .97
24 Beta PLV EC Cognition Test .39 1.7 .01 15 .56
25 Beta PLV EO Gamma PLV EO .98 43 .00 .97 .98
26 Gamma iCoh EC Gamma iCoh EO .39 1.6 .01 14 .56
27 Gamma iCoh EC Cognition Test .29 1.4 .05 .00 .49
28 Gamma iCoh EO Cognition Test .36 1.6 .02 11 54
29 Gamma PLV EC Cognition Test .40 1.7 .00 17 .57

214



s vy Adbde] v 2 YA QEEG)S HBEHE, AAATHANE FHoR

3.1.2 It(Power) Zt9| UX|=

ko] mlE Foll Ak Bt 7] LA Fr}
€ BE Fo oM folt dA=E B ICC
FX] GA] 8804 992 WL =2 FFES YETH

- Alpha Power EC & Beta Power EC (.92)

- Alpha Power EC & Gamma Power EC (.88)

- Beta Power EC & Gamma Power EC (.99)

- Alpha Power EO & Beta Power EO (.95)

- Alpha Power EO & Gamma Power EO (.94)

- Beta Power EO & Gamma Power EO (.99)

3.1.3 gz 79| YX=

iCoh®} PLVE &l AtE A 719] X =g 3
7t A3t {3t A& HQl AL IF 127801
iCohZ 53t vH|t#ofA] Beta iCoh — Gamma iCoh
7} EO7} .72, EC7t .66 O& H|1d £2 X5 B
PO YA BF Adrd o g W2 AX s U
o}, PLVE B3 B2 BE Fuk oA uf$ =
2 A=7} HEpth

iCoh WA EO®t ECE ®lwg Z3t Betadt
GammaZ} 525t X & 2o, Alphad EOL EC
£ Y% AEE EolA] Yttt PLVOAM = ZE o
oA EOZ ECY] vt vl A7t §-9lk4|
Ak

- Alpha iCoh EC & Beta iCoh EC (.33)

- Alpha iCoh EO & Beta iCoh EO (.36)

- Alpha iCoh EO & Gamma iCoh EC (.30)

- Beta iCoh EC & Beta iCoh EO (.32)

- Beta iCoh EC & Gamma iCoh EC (.66)

- Beta iCoh EO & Gamma iCoh EC (.41)

- Beta iCoh EO & Gamma iCoh EO (.72)

- Gamma iCoh EC & Gamma iCoh EO (.39)

- Alpha PLV EC & Beta PLV EC (.87)

- Alpha PLV EC & Gamma PLV EC (.78)

- Alpha PLV EO & Beta PLV EO (.94)

- Alpha PLV EO & Gamma PLV EO (.90)

- Beta PLV EC & Gamma PLV EC (.95)

- Beta PLV EO & Gamma PLV EO (.98)

3.1.4 oot HAEY 79| UX|E HluW

o
o-let AZA9] vl 7+e] v|wo|A folst XS
B9l AL 580]9loL}, Alpha iCoh EC - Gamma

Power EO7} .582 $719] ICCE B9, YHA HE
< BE 32 235 UEyth
- Alpha Power EO & Alpha iCoh EO (0.29)
- Alpha iCoh EC & Gamma Power EO (0.58)
- Alpha iCoh EO & Beta Power EO (0.36)
- Alpha iCoh EO & Gamma Power EO (0.38)
- Beta iCoh EO & Gamma Power EO (0.32)

3.1.5 Hmet MEAE / QXSS H|uw

ko] vty g3t HEE ASHE, QAR SHAA
H g 7k9) vl A AR SHHAAPT Hut 44 4
et FoJet IXE EAoh T2y Gamma PL

V EC - Cognition Test9] #H 40-57t £5)& AQsh
o] Mgkdos wie 2 WA IHAE Bl

HEEASTHL A= HE A E Bt F9skA|
A%t

- Beta PLV EC & Cognition Test (.39)

- Gamma iCoh EC & Cognition Test (.29)

- Gamma iCoh EO & Cognition Test (.36)

- Gamma PLV EC & Cognition Test (.40)

Table 6. Bland-Altman stats

PoAv}rzi] e PofrziaEC -208 024 347
Po/:vlg? e PiiEmSC -345 037 419
poﬁiﬁ,’fl Yo et -0 -018 614
poj:i}e)rh an pgi?rm;o -.274 012 297
P?l\?hsc PLB\?[EC -.137 .002 142
p?l\l;)k]laac g;f,n Te -187  -001 .18
P/El\?};z% PLB\/e tgo -114  -.008 .097
phpha Samma -143 -006 131
povBVZfEc pgiﬁmé‘c -111 013 137
Pov%:;aEO ngizm;o -.102 .004 110
e oamma 355 040 436
conto  wehEo  THL 003 37
Pfxf % gfxT e 0% 003 089
oy b gamma-o70 003 075
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Fig. 3. Bland-Altman plot
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3.2 Bland-Altman plot Zut

29719 Hlw & F ICC7t w2 A& HEhd 1474
9] Bland-Altman plotZ Fig. 3°] AAlsFch.
Bland-Altman plot®] X&2 H|19] tjAo] H& F+ gk
9] HiH(mean)olH Y& F 72 Ao|(difference)O]
t}. Plotoll= X534 Bast= Al 7Y 7t=240] HEAH
=0 7k HAHL BH9] Zol(mean difference,
d)elal AFskE e mEAAe 95% AXFHAIZE
(LOA-Limits Of Agreement, d=+1.96s,)S E3H}H52].

plotE9] AAEE s B tiFEo] 7k 0]
VA A4 e AS GRIT 4 Qlt E3F AR Ert
B9 &9 WaFolv FY Wgog HA FHAY
Aadte 59 BX A HolA] g ik v
< B7koke 4% 1t AolEo] AEEE wErhd
11 Zol=9] 95%= LOAS] /43l stk Atojofl 3l& Aol
D= JOARET 1 ¥t 943 og dlolgojd 3
o T AiIHE A& wdto] 7hsoitta & 4 Qltt
[49,53].

Table. 62 Bland.Altman plot®] H Z}°](Mean
difference)?} 95% LOAS] Astgtat ofstghs A2
yehdl Aol

4. A8

o MR B2 5 Ut o
A= vmgto2H ojn Hx
SL7E oy, ATBHT 4T QoA
QB9 WAH G Haskd

A5l Aol 24

ES
o]

1215

>

A, HEO) Feiet HKEC) el HIthH S Hl
W3 Aol A thEES] H WSl fot X EE B
o]z okorom {ogt UAE HQl Beta®t Gamma®l
iCoh 9A| Wj¢ 2 ICCEE Bt o= <t 9
F@%o|A EOLE EC ol shte] vty gk 7HA| 1L
H| - 24E Sl Aol Slo] et F97F Zashy, &
A3} Aol whet B35 S H8lof ok A%
EA] olF HAIY 87} e Hoj&th 55| EO%t
ECS] 37t 7P S785HA E2Hx]= Alpha bandellA
F9E a5, ECollA9] Alpha vt 9] A7t EOA
Hoxz g2t = = AR
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4, 22 EOH 719 &2 ECHH 7 Hor
o-9l9] vtfAH L vt 23, A2 OE S g
NME m¢ =2 XEE Hrt. v d= A
S ATH13,54]004 AFR Y It 2458 &
o] &Ag3t2 & PWon o]& Davidson(1988)[26]
9] =EZ Lot dute] A5t wte] &gkt
gl AL Q7] 2o d9sta gloy, & A
9] Auel= AR o]=eh siAE Hurt 173
T2 7Y, ol& EUE Awt S7Fetd &7t da
Stal, &3l F7FeHH AlEt At sjAoRE
ojojd &= Qlo] =] Qlo] BRltt. tjgo] xu} H|thH
49 F-8S AR A7|sta ALtdElE ARbstal
A Davidson(1988)2 Y| H|[|H Y] dA74IE Lwist
517 Hofl BIEA] AAES 58 FRltYgel Easirt
I AAstH e, ¥ ¥Ht(themisphere)®] 7154 Hi&E
SKspecialization)?} EASHactivation)s= FE % o]of
ot shITH26].

AR, AZ4E B ALE viPAS vwgt A3t
iCohol ] EO-EC # ¥]19] 9-0]at A=} Lhehifo.
U ICCHAl= Rt AAAHCR iCohd WAL
Fo AXE=E BHPET, Beta?t Gamma®] EOAE(
A19] iCoh®} EC/AJEo|A419] iCoh H]ofATt vl E &
2 ICC FA7} eyttt o] £ dik= FF iCohE
B3 A Aol HES =2 S g9S A
8otz Zo] Bt FAd 4 USS AARIT

PLVE= EO®t ECY] maH|woflA= 93t 37} ¢l
o, fogt A=E Hl EOAEoAS] PLV HIH
32 ME oE Fak oMk me w2 ICC +
A7} Yepdth. diAZ iCohoflA9] YA Tt PLVA]
A9] A&7t =A oY iCohell HIsH PLV7} &
AZ(Volume Conduction) @49 93 t wo| vt
=0=[30] AMES AeHA PLVZF 5392 7hs
A& WiAE & Qlth E3E iCohgt PLV 7H] H]woflA]
o3k AXE HQl Hjmgo] gloeu g shughE: A=)
Al sk Aol A 3t Ao Fo1E a3ttt

A, ]9 vt} A4 v X E &
oAl ‘EO Alpha'®t ‘EO Beta’'®] iCoh”7l Beta,
Gamma®] 39t SAHCE FOJRt YA =S HYH
E3] Gamma®] EO=F)= ECQ] Alpha iCoh®t 719
=5 YR oH, EO Alpha/Beta?) iCoh®l ¥
20Xk ROt Aubghe Btk A =] i
9] YA & H|WOAE Gammatr 3 X =5 HAY
ooFet 79 v Y 22 IAEE Htka &

T =

v By

- LT

e



N v ALESEY v 24 FFHHTHQEEG)

23A:, ALY AAE FHeE

Utk PLVOlA = o9 v Tte] dX & H]woA|
olgt A7t YehA] ot

ORA, HoE B9 BT HEgEAS He 9
AA5HAAE & vt A =g HrIet 29
Beta, Gamma WYolA 4709] iCoh®} PLV7} Al
Gt Fo3t 23E HYou AR A= 22
ottt Hutol vitiAAg 7hed w99 Bt HE
& AT AL} AR FHHAL BFolA X7t Fefst
A ATt ELE HEE AT AT HA] oj@ HW oA
T {3 A3 YEhA] goith g 22 A=
Holow QIR IAE st AT 22 s
(evoked rhythm)o] $4+9] 1A (Phase-locked)® &
A3t W0l Qs Zo] dHA gleu=E[5] Q1A IA
(cognition task)E HIAHGT ATAE AFolM=

2

T
(o)

T

PLVZ7} 8 JEdiido] E = 22 AlARI
5. =2 ¥ HA
o] v AgS AL = Q= HHbAQl HHES
A2 guwste] O AIE At 2 dAFole=
PET, MRI, fMRI59] HGd71<9] HolgE Al &

gok= Zlo] olH 9] oA HiAIE] e, Hujo A=
Delta®} Theta tigo] A=A, iCOHSF PLV Lo
Ho ooigt A2 ALPAE A 1EskR] xE gt
A7F AR B3 & A7) o R A A9l A
et 4 5 A 2AES BF ITFAHOY AR
ARl 27 1 A3t 9epd 4= QlouE 49
TE AAS v A7EgolA P BEFoR
HuEAT 27| B4 HE, AL
hgt Bt vlwste] 1 9
Aol & A9 997t Ut

342 EOLt ECOl ®lw ATyt o

ol& WIEA] FAIZ I ot 9lod, A+
Z2is gutslolet] o7F Basith 3t Fukg of
o] th=rfete ‘EO QA | 32 ‘EC QoA 9] Bt
AL WS =2 YATE HOUZ EF| Alpha
o] &3t v T g9 HE/stE oA
Sk Ao Fo7F Fashe, AFHSS B9l RlEA] o]
£ FRIske 2ol dasitt. Ad4S B3 B
AR FZ 0] & AT woHAAL e AdE
(connectom)T%= o] glom, 3 & x| YELF
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gt A= B Friek EAT A0 dSHrh
Ao A ARESE iCoh®} PLV olQoe ‘A|dd A
(lagged coherence), ‘AR <QIEIA(PLI-Phase
Lag Index)'[30] 59 9284 AiFPET 1=jmol&
[5519] YIEQA X4E o83 WL HF9 el 2
F 9oHE FTEHAJE AATh

A=} HdeRsEE7t A9 Bty ALbd
HE wuo] BthA ] oA LA =7} F-2J5HA]
AAY F2 A= E Bt T2 Bot FusHA A
ZE A FEAANN s Frrt & viE AREE
o dsixe & ¥uart e
TE A I

AAHoZ 190719 A< vt A3 29709 219
79l 84)0] Fofgt YA EE Bt 19749 84 Fof
A 7P B2 £29] A EE HQl v AAPPY 5 H
o A=t 7P =2 A2 FO Gamma oH)' it 0]
r2 Ail= v S Al o Qo] &2 Sk
9] g7t S8 el E ¢ USS AAEE
o 13y £4 9io) 7P 4% A= 7 Qi
£ Ao=® gRtglsr|ole Fe7t mEn A3t Ak
AR} AqtEZo] oA AAGA A RS Pt A
AbFAlS Mests o] 8% A0R £t & d+9
A7} Bk A wskA detslE]r] sl ot 578 4
He} Aol $& AHAA7} Qs olE A AjH.

=
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