olr

Oddball & Al 9 F
M2 ¥ 3o Ty
H 3}

Foll
23t

rO
o =,
=
off 1%

OfN
P o H
=
4 £ gl
o



Z == B = oﬂ
o - -
Equ_- }4 4 1 1}'



= 5}
Kol
.
@) ==
=g Qs
-]— T
sl
A /\]_
‘(il 1
Z:_—ll
O] (@]

ol
ol
]

SRDE

EREE

EREE!




9=
= U]'—‘—:ri‘:q

1

=

°

AUt A}

kel 2
=

Y
7u7nunLE
]7171
%%,W._ﬂAomeodl
Mﬂi%ﬁmﬂ%
9%%%%%%% E
_OE 0 ‘NM 7:._ ,a‘,%oﬂ Z.O
mm%mm:ffﬂm Efgz.wmwp
MﬁAaricmgxww WMLwoqmmut é
o ! LR , n o
wauwﬂ@ww Ehwﬁ;ﬁﬁﬂm oo
T L { y Lai] N s .
oﬁemﬂ%ﬂ%mﬂk mﬂ%ﬂ,ﬂgwww
%_ux ?ﬂ_zTﬂma — - leNJ uujlgeﬂ h
4 iy n oo T WATAH_H o
neﬂoi_/x‘.r 1M.A Hmldi,"_ AﬂAﬂZ
]1ﬁ oLornE1u NN oﬂu,ﬂ_ﬂbﬂ_o!]
mﬂﬂ < A i Ho HR o WM . o M 2
flA_l F ZT ) = 17rL T q.{m ﬂ_L 11_ <R o Hmy @ AT o) 0 H;M Jﬂm
ﬂuqum;ﬁﬂrﬁh M mo%ATATmoﬂn_Alh %
N 4ol ® ﬂyfog -
_ gm%ﬂ@@ ,W_]a ,LuwrzﬁEHewz
ﬁiwwﬂmﬁmwiﬁ. uuﬂﬂriuu]o?Ewwrm_.
= s = < T o o ) A %0 0 <}~ o B R -
il Az Ps A HAE M 4 oy E| w mpa of) E] ! e 7w
H?m. ~G Y 1r%11¢, B~ _ B
%Eﬂdmﬂeug wauﬂ%waﬂwg%ﬂ
cLoLﬁﬁmlufﬁmwduuéw,uTl _55 =
o N & N T Sy e N F ¥ oy < X a T %o
cgqu»ﬂ:z}:ezox:uomiﬂg
ey wm .u@%&@@? U&r@ﬂ%
gl Alm = < Y NH o = 5 n- ~ = um N = il o
&Mﬂwwaﬁg%le %.@ﬂ%ﬁ
b o - A o = % J@ iy _ T
_onﬁ1§o€1%%%ﬂ B
Agﬁgwﬂaﬁ%wAgm
HTW]H,LQOEG#
u76uuémﬁ1ior
MMJATQE%%
2 ,}}gig
5%73&1
7OEMT.I¢E
0
oﬁe



of g Ak Ml = A

1

fu

A AL

3}
=]

493, ol
O:ﬂ]_

h=

“

@ of4l

A3

==
T

el
0
Y
oF
ol

p—

o

AR
f=pl

o=

of
M

i
il

c
e

B/
o7

Ho

T

olehm A7 T @ Ar= gy

el

(3
AF

o

fLN

Gl of 2] 3

3ol solz M, 5]

=

Al EQE AA

il
i

o
—_

Np

!

~
;OO

2

K

B

ze]

—

NI
,WO

A, e

[e

=

&

o)
iy

4

FopaiA)

Am A=

hy2
[}

A4

1

g

Gl

WA 7}

]

o

A=Y,

o

=

ofmy, 33l AR &

1

=
-

0

N

o

ol

o @+

]

=

kel

o4y &

=z =
-1 =

7}

o
A5

WA



1.1 Fo]8sto] oigt QIX|AZutstA w7
1.2 o Rstof] ofgh AT A9 A
1.3 FojRstel ol &5 L.
1.4 zolBsol Ztoprel =78k .
1.5 o) 85t} wAtFmppZer
1.6 A7 BA .

A27g S

2.1 EEG 7]& 9 Alslurd

2.2 71& o]y &4 ¥l
2.2.1 ERP @4 BA
2.2.2 Gamma band activity A ¥+

2.2.2.1 Time-frequency &4 HI

2.2.2.2 evoked Gamma band activity &4

2.2.2.3 induced Gamma band activity &4



2.2.3 Gamma band phase synchronization ¥4 ... 15

2.2.3.1 Phase Locking Value AIAF . 15
2.2.3.2 Graph theory 84 ®FH 16
2.3 Cross-frequency coupling 84 ... 19
2.3.1 Synchronization Index AAF 19
2.3.2 Theta-Gamma coupling &4 .. 20
AIBZE AT 21
3.1 BT EA A 21
3.2 ERP BA1 ZI} 22
3.3 Gamma Band Activity ZIF 24
3.3.1 Evoked Gamma Band Activity A3 ... 24
3.2.2 Induced Gamma Band Activity 23 ... 26
3.4 Gamma phase synchronization 23 ... 28
3.4.1 Gamma Band Phase Synchronization 23} .............. 28
3.4.2 Graph theory A3 29
3.5. Cross-frequency coupling ZA3F ... 31
A% DL 34
4.1 ERP TP O] B4 34
4.2 Gamma Band Activity E4 34
4.3 Gamma phase synchronization 4 ... 35
4.4 Cross-frequency coupling £4 ... 37
A D A 40
R AL gl 43
et R0 49



]
o

[ L N N T
o8 o o o8 o® o o0 o o o o o o o®

|d
o

1.1

1.2

1.3

2.1

2.2

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

o L O R 1 A =1

o, o 1o 1o

¢ ¢ Je e

LT T
2 2 =2

=2

N
L
™
_0|£

N
1o
4z
P,L
=2

2

N
IS
I
Q‘L

2
Eiﬁﬁ%ﬁiﬁﬁ

N
1o
4z
_0|L
=2

= o] B.=

4
o
4

ol
=

3.10 Ale}d] o

3.11 Theta—Gamma coupling®] topographical distribution

Iy
=
i

T A

e

M

i

=
i

o &

=A== et ERP
P3009] topographical distribution
3t eGBA
eGBA9] topographical distribution
1t iGBA
iGBA<9] topographical distribution
drteh o] 917E 713t

boboj o) )= A7

o
N
)

B

=
2"
ﬂ
N



H

A=l
18571

iv -



229 9%

Oddball &t} A] Zoj5sto] upe wluto] WAZTHS:

i
0=
I
ojrl
i)
c
G
>
ofo
m
2
oo
=
v
ry
=
rr
>
u
o
ru
I
i)
4>
>
o
1o

].
5171 e Mz WYyoR 25 by Qiok ofof] & AtoM= AR
td AY 24, ARb-Fos 2430 geo] wA o 2P0 4
2 &5to] A2 oddball A Al 79 £3to] g A= oE

2 Afolo] AgmMEe vlmgozm Folwstrt tjxle] AwA A

AR, FAbE Agro] gl 1499 e oA A2 o2 Fo
25 7t= AN 9] £&L(standard: 1000Hz, easy target: 1500Hz,
difficult target: 1050Hz)S #AsiAl H]Zo] w2k standard: 80%,
s

easy target: 10%, difficult target: 10%) A|A]st &
sHlow attention load) A3oA= easy target, =2 #9] Y35

z

-



E O
=
Atstol

(G
=gl

=2

o
Z +100 pV oJAr9]

difficult targeto]] T

|

L.

of| A1
BE F5ctaL 5718k A4(SD)

a

3

[}

o g

(high attention load) A

~
,_onD

H

9

iE

T

FollAl P300 “d=2°]

[9)

o R®o] H

]

old

S
n

AF2AIA]

oA =&
A= AA] & 400ms oA =&

A1 A= ATHp<0.05).

(30-60Hz)2]
100ms Of| Al

T
K

94

7

opjl

7t
=]

w421 100-400ms A[ZF ol Al A|EH(4-8Hz)ot

oD

5t

Fopn

R

Pl uepgon,

7}

oA mrt
Pl Uerie

ol 9

B7HAIZ

7

op=
o5

wrt

|

L.

oA
AT A elolA P300

L.

7

_‘{
AZHe AA] Ap2)

ol A

N

olJ

to] P300

S

tol 3

9

Foy

- vi



7bA 7ko]

I
o

5t

o] Xt AA] Rp=of o

N
T

ofl A

N

s
o/

of
o
™
J|J
BN
H:
oju
0
8o
of

1o

o+
K+

WY ot FEel Aol
weiA glck LA SEAL

N
m

A} 7o) u] mabg o)A

=]
=

2t 9% g

offst =Aof wet Fuithy 29 Apolrh 2y

or
Kk

ol
HH

o

o d

boll whet xfol 5

o] us

wof &

v £3] AEHolA] Aeret Zojhole)

o

=)
or

Y
v
ol
o

2

o] £7] Zuhchele) xpol

£7] A=) 3Py

oA A 710l

gk

ol
100

Bo
ol

1o

jl o

oT
K

—t—
1o

&

T

or e

vl
Ci

&

e

VaEUS=2PS

bl et b

S

BJ

B[N

Kb

ol
100

Bo

1o

I+
o
K-

o%

Ztotcfed #4943t Theta-Gamma coupling

- vii -



R4 2E| 23 e H =ei7|of

29 11 7o #49 75A WAYE

a2 A3 a¥ 1L1eA AAE vk Fo] Fo A o] whrgh Sy A
¢l skl QA7 o] obd A7 3t &3k (top-down) A &

olg] A7 MAYUEZES 7wter Sy FaAgolads o]



= O]OHO}E
2 B
2] Fof & she Aree
Aol 1958 4uE (e
B\ = = 5
| wehe Fa, 1 wahe w4 21 elee A
= ’ oﬂ = - 8 HA h
AX 5 gk, olel e e qu» I
W a2 e 2o mhEw ot AskE whEehs M
. = Gap Al 5 2st= HbAl o
= E] O]"E‘ - T
2 3 7:17}01] wpepA] et A U
p 84 ‘__‘ - A e
e osHL derel Azl Ael i Ago] FHow ) oFo] Fo|x}go]
SEATRS v 2 St 3
ueh = Edle] AAHZ 9 A 9l(event-relat T EH3 4l el
U FAIe AEHS]. e ed potential, ER
1) o ’
H= }\}.%6_ 01?7}_ /\]' J&EEXJH 1:1)\ P)
q
Z3g= A <1<l
= Aol W
o—,é‘r}

tﬂ'ﬁ]g
= Holn, o
_olo] uwlet 3
[q' %7]—4?4 o——[L
501 ;S_?‘SEE]——,
AL o] =
AT )6]'3%0]

4
09;,'4
>,
K
ol
it
02
o
N
o,
_>|i
(o,
iy



o

=

=

A AAE vkl o] ¥ H X (electroencephalogram, EEG)E

3T

()3

)

=4 (polarity)$} ZH57]

drA AAHES o

A (peak)©]
o ] 2]

bl b

o

(latency)ell wz}t
T3y

P300°] 2}

9]

<

oI5

=
-

3

4 = of ghom,

BAse A7t del 5

[e)
4=

A

il

Ho
g
To

= dHA ATH6,7].

171 <]

°

=13
=1

[e)

Fo} 7ol < &5 (Gamma Band Activity)

e}
CEEREIE R

1.3 Fo%

S
G
s

o
el
xr
it

oF
T

"

F4 A=re] AAE w) 30-50Hz°] FHvidf ool



MNAAEES] Fso] EA Fyg UgeA ME Fr|stEe] A%
(binding) ¥ = d4Fo] 7]Qls Aoz <&EA Yrb[10]. olelst 7hu}

9 &-5(Gamma band activity, GBA)S & 9 HF, 714
7

=
sl 94 ArAgEs wgshs dow FAAG(11]. we

activity, eGBA)¥} F7FvldlY  &-s(induced Gamma band

activity) 2.2 v t[12].
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4 4 A4S
[1516,17]. 531 914 3¥2 Sydoz Rzl nass 944

718 B2 FHol B2 EEGolA &8 ow dHste 443 =

2 AXE7198E Lachaux(1999)7F  Albek  £174-5 7] A E(phase
locking value, PLV)E A}&3%F AFE0o] &3] = rp[18].
NGE7IAEE Fote] AT AAIEYY UMEHT 54 #F
7] 3k A= ek o|F X k. 2P E o] 2(Graph Theory)S

Eote] AAIE oY ARES UELAS 4 dAAoly AA A

A4 53 2 MEADL AW el 542 et gon o
g B3l A%2=Y UEHAY EE4S AFHAon Mud & 9
tH19, 20]

(Cross—frequency coupling, CFC)o|2} W= o tleksh o

®e] Agtol FAEm Yk,



sl |V ATOAVA ARV
QA-Fa4 5713 /\/\/\N\/\/\A/V\/\/\[\/\A/\M/\/W

o F7l3E Bl WASA =W AR AE-QE AY

(amplitude—amplitude coupling), ¢4-$4 Z3(phase-phase

[}

coupling), F3-%1%¢ 2 (frequency-phase coupling) ZLZ]iL
AA-2Z AsH(phase-amplitude coupling) &2 HHEHATH21].
o] T - F A w2 Faag AR 9 9t 2 F
g Aol HFHo] F713F He dS web, tiaEF el o=z
d719% ddE ArAeagol A sfekthippocampus)oll A A&
AlEHTheta)#7F A5 29 AvHGamma) s E713H417]= &

ol vt sirk= (MRl 755 Esto] 7]97]sdd Aoz #

ofsta glgol Wel Ueld Qovl, A Id EF 71975
gase] ggol waslol grt21]. o ATES Bahel sl
o AT ddo] HEAES T AR AFHA gou}, TAH
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A2

2.1 EEG 7|5 2 Agud

2 ZHEASYCAP, FMS

2.1.1 EEG 7]=
Aol HAHo Qe B
4=l 10/10 systemell wz} 6171
&2 7|53 v (Brain
Joll $1Ast A=

6471 Ag/AgCl
Munich, Germany)& A}-8-3}¢]
HA=o=28EH EEGAZEE 500 Hze A&
Y¢S BA=E
o7, FA= Fpzet Fz Apol
A AsE7] 21k

2
(artifact)

Ao

Products GmbH, Munich, germany)
(linked-mastoid electrode)& 7]&=d=

AFEFel og olEHE
EZE T Wi AFE H2AAA AHAE (electroculogram, EOG)E
olE]MEE ztdalr] 918 0.03 ~ 100 Hz i
A&ttt A5 73 Alolo] A&
© 10 kQ o]st7} HE=S Yot

A 3keiTh. 1uko|
e} 60 Hz =X ZEE

| A=17]5H

=3
FAANA 2E Ao Jodx
2.1.2 FH el w2 oddball A3 =
ol ¢l 1472 (A 8
AR

oE

1
Fol Felatgrh. wE

rlo

W, o4 69, 23.86+3.554)0]

A ANAF L GAH %
ARl 493 BAE ARl teld SAsiom, B A4
oddball paradigme F333c). BE 2=

sheieh.
AYe 3= A7

_’IO_



THOo®E 50msEe ALEHM, 5 ms o FE/HA AE Zeth
A 7FA] A= ZF Z+ standard, easy deviant, difficult deviant7}
Z+7} 1000 Hz, 1500 Hz, 1050 Hz ¢ A2 & F3+2 HAA5
Ao, i 2312 Fdath. A5 AAE 95t A8 LAZES
o] (PRESENTATION; Neurobehavioral systems, Berkeley, CA)
7F AR Een, wEAE 17914 HFH EUE7ZE dAd AEE
Zroll A ejzfe] gkol AYPS A FSAHI 2] o ziE EYH
7HA e A= WiEF 75 emZt HES FAEY). Aol JdH =
et @A S =E(Sennheiser HD25SP1)S a4l AA =& A

7 Aol vjshe] 7o 7ol ng A4 Wt

Low Load: response to the Easy target

Easy Difficult

Stanand Deviant Deviant

| 100ms

1 trial: 1500ms

High Load: response to the Difficult target

Easy Difficult
Alantard Deviant Deviant

100ms
1 trial: 1500ms

18] 2.1 3-stimulus auditory oddball A& o] A=A A] W

_‘I’I_



mark)E A7z} A=FAA] A 500msZ5-E 100ms 5k AA] 3T}
=3 e 2= Abelo]l AL 1500ms ©]™ standard, easy
deviant, difficult deviant Z=¢] AA] H] & 8:1:11%2 A783 ot

BE A= FoFste] e we SR Ads a6l
o}, X FolX3s ZZA(low attentional load condition)olA] 3 &=}
T easy deviant Aol jste] HxASOR QA Eal vhe- €%

E2 FEES YSES avHEth Wl ke Fova 27

[

(high attentional load condition)olA 3] & 2}:+= high deviant A=

wEAFon wgsl Ak 7 NAAE 7 A G 285y

ftlo

_12_



2.2 71 Hlo|f &4 Wi
2.2.1 ERP 84 1A

7158 EEG dlelgd] diate] £t 48 Fake] 27]7F £100 u
o]l ANwrt #AEE Y =T E(rify AT FEo

EZ 3t AlLsdt. o
© % -500ms °lA4 1000msT-7t

o
=
A%y
e,
X
Ju
1o
2
>
>

X

[o
N
HN

(0]

l
N

23, A5 FRER

AA g A ol %, 7 ddAIg ggol| thste] A= AAAFH T]E
-100msell Al OmsT-%ke] B #ks o]&3ste] 7] HEA(baseline
correction)e F&g & -100ms~800ms& <t 60AE H+ ERP
& AAE F o]F 7|vte g2 o ERP 339 A (peak)E 9l
A, A DA 58S glstal o2 5 H F9 ERP 84E5S

]
skt Z7he] ERPRAE] REEvaL ey ARbA )

=
&
>
o
j‘:_l,
oft
u
N,
o
8
©,
=2
a
e
o,
o,
et
=
o
N
>
o
0
T
=
o)
ko
B~
lo,
LV

AR 7t 229 FE)(atency)Z A e)STh. ERP 249 7]
W gusE Fo| ¥ W F1A A nhe sty iskel )

A MR RN pEom, AA 0 MFE Fa ATy,

Cz, P2)E &= o] dEAEA (two-way ANOVA)S 53 39t}

_13_



2.2.2 Time-frequency 4]

2.2.2.1 Time-frequency &4

>

Zbell w2 vt A EY 549 WstE dEgosn GBATY

[ez]
-1
HAsks AldE #dskyl 9 B2 =@ dlolE ¥ (complex

e

Morlet  wavelet)& 7IAFF=E st A& SJolgEl WE

(continuous wavelet transform : CWT) & #8323}l Evoked

gamma-band activity(eGBA)E #23}7] ¢sle] Z5H T ERPO

st M-S 3h5+9 21, induced gamma-band activity((GBA)
= BFs7] Yete] GAd A8 ERPO tiste] WSS =33l

2.2.2.2 Evoked Gamma Band Activity &4

Fyt ERP 9195 CWT= W8sh v 5345 AA Ads 7%
H(Oms)= 3te] -300ms &Fe] it 9]

% 1000msel  tiste]  EFSH(normalization)dh F s
eGBA®S] =7] B FE7|E AFA oz Hus] fste] Sk o
ojste] WEkgk xpol7h AYE= 35-50Hz 9] 40~140ms 4 <
of Hawaks Fste] eGBAS Huiglom Agosiiom o] AlRhe
eGBAS] FE7|= Aofsigitt. olgk o] dojxl eGBA 39 =
5718 F9 H38 A sfeol whel wjasty] fjsko] JRAl 3
S Folel o R, A W Mes 8 JEAAFz Co,

Pz)E st o] AL (two-way ANOVA)S 43 sl%ith.

e

g AFE 7IEAA

sk

_14_



2.2.2.3 Induced Gamma Band Activity &4

O

GAdA Y ERP 9PE CWTE A& & gatshsto] ZxA5 A

>,
k)

A4 715" (0ms)Z dto] -300ms 5ot HE dolE AFES
71EA A o]F 1000ms T-7rell tste] ¥ F3H(normalization)dr 3
w5t IGBAS A7 B AEVIE AR ow vusty] 95tk
25-45Hz Wijake] B o] 3e)7h Hujghs zhe ARFS iIGBAY A
712 Aot 7 AF xded ARPEiE AASTE Do
iGBA 9] 2 HEJ|E ERP £49 77 @ ABIE Fo s}
R &3HA SRl weEl Hasky] fske] JHAl 3P W E Fol e
FEoR NA U HFEE F9 AIDYX(Fz, Cz, P2)E & o|9E
x

XM (two-way ANOVA)S F3 33}

¢

2.2.3. Gamma Band Phase Synchronization &4
2.2.3.1 Phase Locking Value(PLV) A4k

ERP dHeo|Hel| tig 5A3F349 PLVE Aitstr] flsiA= AA
A7 gAY desith 3 dAE F2 739 diY9(narrow
band)ell sk Y F3 JdH P

T G A7 g dES 7] wited oleldk B o] 8-
HH, §giste] He f3kdd~gH(finite impulse response,
FIR) W E#ZElE 83t 30-50Hz2] #vidi e vjgh e
S Y3t g3 A = 914 S+ (estimation of the phase) o2

W E ®W3H(Hilbert transform)e B8t &3 Y4 o()E F=3

%

Aolt}, Neural oscillatore &



. e ge g FE¥ Yol uiste] phase locking®] A @3}
(quantification of the degree of phase-locking)Z}d o]t} o] 3}
Aol vlwstazsts F Ao 94 Apelg A 2,13 e W

Mow Aws A7 F om o714 Ta ol PLVeltH18].

expli®;(t,n) — @, (t,n)] (2 2.1

n=1

2 2.2 A g9k k AFele] Alzktell NWA triale] $17d=zke] )
el "oz, 0~17HA9 ®HHE 7HAY 1o 7phErs dA e
AdaE Zteval & 4 9k flelA ek PLVE F T/ &9
A (threshold) #t3 ®luLste] LEAE WA= A9dvt F 2

rold eI dAg T Aot F TR wHAE
747} )2l A & (surrogate data)e] PLVSF AH=AlA] o] " -500msoll
A AFAA AA S 71EA e PLVelth digidlss PLVE T
1= 7 Ald T g A9 trial ©AE LYg= A8 A 81
PLVE 7Axtste]l AJAdst™, 200H9] WS sto] dojzl gigils
PLV ] fho] wY A= AREH

ol

rr

a1 A}

o,
U

2.2.3.2 Graph theory At

ez o2 RS 1749 F& AYL node® ARdte] 4%

Zgol eletel FHEE A4S shiel yEALR HFHL 1
E4e AgHow wwsts] el HgHUt VEQT 549
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cr= c; (2 2.2)

2 22% FA A4 EAS B @3} Al4=(clustering
coefficient, )] F2olt}. Hst A4+ 39 node i9F AA S
THE nodeE Abole it A2 =2 Aot & FAds) A

T2 UEYTY nodeE€ 9% nodesd & d48 7t
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0
N
rlr
XN
B
rO
)

= ! Y dy (2] 2.3)

2l 232 AA 4 EAES HAF= 5EH 7 Z4ol(characteristic
path length, L)o] &2ojt}. AZZo] di;&= node i°lA node j7}4]
tgoE7] flste] dad HA A4 FF5 gugth mebA L e
node ol thet FRAole] Fdgks FHshAl "M, o= HA A4
S40A alg MEYAZE dviy w2 g84¢ $ UEYAS
FAsIA=AE Hugth 9 7 7 2dE ARES UEH A
A4S AFHor HoFr] 9% ARH AxE AREEHIL A
Bt sk U EIAAS] EAERe] ofyel WEYAY] A

4 % o AR G wedE BAL 2L olHd BAE
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2.3 Cross—frequency coupling £4]

2.3.1 Synchronization Index Ak

B oA = Cross-frequency coupling #2418 93&te] Al&5 =

r

2] index % Synchronization Index(SDE A}&3te] 45 X

shoiet.

2

® ® O]
MEDb Mz X(D), Mot 2ld (L) I
® ®
MBS - X(8) > =518 x4
@ @ =l ™
AFAEAUSXO), TYAAE Nz :p@®  TFHAAE Y ()

g% 2.2 WAFIFAY B4 9 A

SIZ Atsl7] gsixe 19 2.29 2o 4714 A7 st

$H Fe F9¢ Y (narrow band)el W3t Y =3 Ay 3}

I

o] raw data°llX Zt T35 AEES S wEE 7
E =55 Auste] aYA AL A S (power time series :pts)

2 F5% F ANE NBS Fa] AAAAGNES TIA
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I 1ei[¢lT—Q§uT] (2] 2.4)

2.3.2 Theta-Beta/Gamma coupling ¥4

55 Sl matrixye ZF X ¥Erlt}l phase frequency X pts phase
frequency X time ¢ 329 yH=Z FAFHW SI matrixE T3+
wzl AAY HeFS FHI phase frequency X pts  phase
frequency matrix¢} ¥4 914 Fub el Wi FdLs FHI
pts phase frequency X time matrix@ YTt} o]= A|AE H
ol o3t FugF-Fug A kg Fote] Fo3 AT A

s Felstar, A-Fo¢ A RE Fsto] G wxFaae A%
< FoFate] e wel vugowA moh AAZAQ] FAS T
&st7] flstolvt. T3 watFug

o trial®] F2H¢l Wi 9SS 3 F T dYlEE A
datdnt. Trial®] 72491 wide 3 dizlal !
Zehd el 9ol FE = trial

filo
-
2
)
i
=

olxltt[24]. fdMEE ST tigilE+= bootstrapWAs F 8]
s =, @ triale] aFda Ao xEded sjdele e
dejz AujAsto] AFahae A2 9443 A SIE ALtske 3
d& 5003 WkEE Haghow dojrh[25].0]9F Eo] Aojxl SI¢]
718 We-ZE THA(paired t-test)S F3te] SAHoZ v

sl et

_20_



A 3H 2R

3.1 eRAI # ARE

Task Low High T-test
Response Low << High
Time fmis] 502.27 £ 4766 599.03 £ 3891 t=-8.87, p<0.001
Accuracy of Low >> High

Response [%] §7.29 + 3.45 93.00 + 7.14 t=3.17, p=0.007
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[wV]

Low : 290~390 ms High : 330~430 ms

a3 3.2 FoH35ke] wE P3009] topographical distribution

a¥ 3.2¢ Aeod 7 ERPRAES whHY £xE #HUs] 4
stel  Fa 17/ AEe] P300 wAIEe]  ERP B
topographical distributions YWEMH ¥ o]t} Midlines FAHO=E
STA-FA FAolA AsA el 'S Hojal glony ol
AHEA AT P300 1 Fol A A Ae e Abo]l= YERA 2
h(F(2,39)=1.43, p=0.910). FF3tell weprsE Fost  zbol
(F(1,26)=11.487, p=0.001)& W ow, FoRst =33 Y 9%
of o3 Fs#E2 P00 ZFoNA fFrolshA] FFHF(2,39)=1.43,
p=0.910). P300°] #E7]e] tigt o] ditAikA] Aol A= S
Aol W Aol YERA] eFk o (F(2,39)=0.32, p=0.728) F2|
53l o] uwEl xo]lE B om(F(1,26)=47.065, p<0.001), F
W] Aot ok AolE Holx]  FAUTHE(2,39)=0.09,
p=0.914).
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3.3 Gamma Band Activity

23

3.3.1 Evoked Gamma Band Activity

Low load High load
) 2
i S
Fz Ea:- g&:
£ H
20| )
a3 i
100 100 20 30 -2
Timejms] Timejms]
2
el £
=
cz 40| g 40
H H
3| |
0 5] 100 0 0 -2
Timejm: Timefms]
2
0| 50|
£ £
Pz E 0 5343
E E
30| 30|
] :)erj_'F 100 200 300 2

Timejms]

23t

a9 3.3 FoRsle] wE #HiF eGBA

a9 3.3 3.3(b)e=
eGBAE

FolRsle wE 147 ¥
midline®] F2 37] AD(Fz, Cz, Pz)olA =3k
L 24 Skl B

BZE AT ol Akt &

oE
Al k-5
100ms A5 A eGBAZ}
S38lo] eGBAY AVE BAHOE ¥

Mg A, eGBAY A7l Foletel wEd  Heg Aol
(F(1,26)=4.12, p=0.0046)5 HFom E3] FzolM 71 A e}
drhEe)Ratel wE eGBA Al BF ¢ FzolA 0.56, CzolA
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0.32, PzollA 0.29). 281 AL xo] w}E& xfo]i= Holx| ko

]

™ (F(2,39=0.70, p=0.500), F Wl o3 F5 28 T3k zto|7t
AATHF(2,39)=0.21, p=0.808).

0.8

0.3

Low : High :
40-140 ms / 35-50 Hz 40-140 ms / 35-50 Hz

a9 3.4 FoH5k WE eGBAY topographical distribution

9 3.4% 40-140msol A3 eGBAC tigk F2 1771 AEY

pul

topographical distributionS =A|$F Aot} EAEA ZAIloA U
Eft mhel o] & FofRstell M eGBAS A7 AopAwH, 53

=
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o
ofX

NOoE W eGBAZL WARE AL HAT 5 v
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3.3.2 Induced Gamma Band Activity 23}

Low load High load
0.2 A
g 0.1
Fz E
g
E et Low
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100 200 300 400 %0 830 700 GO0 -0.2 200 200 400 500 GO0 700 80D
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'Whe 200 a0 400 %0 600 00 890 100 200 30 40 X0 608 700 800 -0.2 306w 00 oo aw 708 w0
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a9 3.5k 3.6 FoRstd wE 14% F@Ae] Wit
iGBAE midline®] F2 37§ H(Fz, Cz, Pz)olA #&3 A7-F
g B4 Astelr)y, F oA S 300ms o] Fol iGBAZ} #F
Hom 35Mb)eA wEE wpep o] Ee Fo|Net Xk
IGBAZ} A== s ##ET 5 Qlvh iGBAS AH7|E TAHL
2 A Ay, Foete] el weh fojek Apolrt BAHAS
™ (F(1,26)=111.28, p<0.001), 53] PzolA 7}d & 2po]Z H T}
(Fo sl wE iGBA 7] zkele] H+t 1 FzolA 73.57ms, Cz
N A 62.29ms, Pzol A 88.86ms). AL ol w2 &7 Aol=
YERA] eFk o (F(2,39)=1.09, p=0.343), 528 <3t 2ol

)
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% 3.6 FYHstd w2 iGBAQ topographical distribution
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3l topographical distributions EA]g Aoty 18 3.5(h)F
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3.4 Gamma band phase synchronization 23}

3.4.1 Inter-regional GBPS 23}

200ms 250ms 300ms 350ms 400ms 450ms 500ms 550ms 600ms 650ms

200ms 250ms 300ms 350ms 400ms 450ms 500ms 550ms 600ms 650ms

a9 3.7 FolFstel wE vl 9 d-s 7135}

3.7¢ FolRalo] We 200-650ms Aoiridel 914573
Astolth, AAL T FRe BEA ghol wlakel folatA 2 vt

a9 94 5713 MEYIE =A3 ZHolm 300mse]$ midline

3

200ms 250ms 300ms 350ms 400ms 450ms 500ms 550ms 600ms 650ms
Low 2 6 19 49 100 64 17 68 43 4
High 0 10 8 12 46 14 31 36 58 48
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3.4.2 Graph theory 2}

Clustering Coefficient (C) Characteristic Path Length (L)

35
Lo | [
I High [ I

3

Regular Experimental Random Regular Experimental Random
Network Network Network Network Network Network

% 3.8 FoFstel] uhE el e g A%

% 3.8 ZLYE o] &) 7|Wkete] 300-450ms #AvHY ¢4
718 MEY A 548 5388 ZAolvt. A3 dste] g53 U
EQA EA] small-world HEH TS 54 Hol=A HAFEH]
skl mA < 2Pz AEQD 544 =A ol (Characteristic Path
Length, L)} o3} A= (Clustering Coefficient, C)& - IZE
T# A (paired-sample t-test)& F3dle] vttt 2= A FE o

AAA HWE 95l =g d4d FH(KE 35302 1AL,

N,
=

random-network®} regular network® X XX E g7 W st
Atk GBPS HELAS FA 54 HAdst Age Be
regular IEY AR} 2o random WEYIRY 2 HAFS KB
o EAHARZZAOlE regular VEY IS random VEY A KT 2
S EAS Ho small-world HE I EA 77ke A=
Btk Ee FoFstel  Hlgte] w2 FoRetelA  HUY
small-world HE = 77k 545 Hol= Ao Yepgon,
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FolRael Al vk FolRste] uste] %
#H#2E = JYATHt=-2.42, p=0.032).
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3.5 Cross—frequency coupling 23}

Low load condition: Fz

o4
(%}
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High load condition : Fz
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4 8 12 16 20
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JAA7s @A A wapFahg Ajfe] folstA wAs=A &

Adetazt stom, ¥ 2@ EF 0-400ms oA 3 wAFuhse

%S #ZE £ AdAJe BAF fA4E g8 sy

0-400msell tha #AFA(XF: 1-12Hz, YFH: 25-35H2)2] HFak

S 7 R dygas 2 gE AZY(-300-0ms, 400-800ms)2]
o]

NSEE THAS St vasgich. Ba4dn @
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& FoRet 2ol 0-400msAlZhooll LAk wApFEuhg Ao
delals B oE A wiske]l feofskAl Frbekla(dEal sl
© t=-6.45, p<0.001, WP F2 : t=-8.10, p<0.001, -300-Oms :
t=—5.21, p=0.003, 400-800ms : t=-5.91, p=0.002,), & FJ&
ol e F7FslA S-S (A&l ¢ t=-6.33, p<0.001, 2z 2 -
t=7.94, p<0.001, -300-Oms : t=-2.01, p<0.04, 400-800ms
t=-3.97, p=0.008,) #Z3 5= Y

—
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100-400msell AA 7k wap 2
dom, vte FoRsteA woh Ae Age] LAt AAGY
(X3 : 100-400ms, YF : 25-35Hz)o| thdt HH S TAHCR
Hlagk A o FoRstA SI7F st A AL gHeldt
F YAHFz ¢ t=-4.99, p=0.003, Cz : t=-2.63, p=0.020, Pz :
t=-2.60, p=0.028).

Low load condition

50 ms 100ms 150 ms 200ms 250ms 300ms 350ms 400ms 450ms 81

High load condition

50 ms 100ms 150ms 200ms 250ms 300ms 350ms 400ms 450ms L

18] 3.11 Theta-Gamma coupling®] topographical distribution
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L ouke Fol gt A 100ms o] §-5-E 350ms7hAl AshAl E AR
of Wl & Foiste A= 150ms o] oA 250ms7hA] wl <k
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A 4 & a1 F

4.1 ERP
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g} 54
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oAtk ol ol EE AT Fubg ztolo] mE P3004 R
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o] vh(26,27,28]. P300 849 A7Ie FE7E FoARA T
F3b Ao YA vt deA oh6,7]. mEA Ee
Foatel A P3008.a7F AAH L A= AL FoHert St
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4.2 Gamma Band Activity 4
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Z7|AZH40-140ms)el  eGBAZF A3tA YEldE AS F0ET S
dom, e FoNst HolA e Fo|Nst BHdel vt o
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ABSTRACT

Changes in cross—frequency coupling
due to attention load during auditory

oddball task

The main purpose of this study was to explore the neural
synchrony and cross—frequency coupling to identify the effects
of manipulated attentional load on the cognitive processing per
se. The effects of attentional load on the cognitive processing
in human brain have been of great interest in conventional
event-related potential (ERP) and neuroimaging
analysesstudies. However, neuronal oscillations with specific
rhythms reflect various cognitive processes, and thus the
analysis of neuronal oscillation can provide additional insights
on them. Specifically, recently studies have suggested
interaction between different brain rhythms plays an important
functional role. In our this study, we tried to identify changes
in cross—frequency coupling (CFC) patterns of neural activities
due to attentional load during a simple cognitive task.

14 healthy university students participated in the experiment.
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Electroencephalogram (EEG) was recorded with 61 electrodes
placed on the scalp during auditory oddball task with three
different pure tones (standard stimuli: 1000 Hz, 80 %; easy
deviant stimuli: 1500 Hz, 10 %; difficult deviant stimuli: 1050
Hz, 10 %). The experiment consisted of two types of block
According to the level of attentional load, subjects were
required to respond only easy or difficult deviant stimuli for
low or high load tasks, respectively. target stimulus was easy
deviant and high load task, target was difficult deviant stimuli.
After experiment, ERPs were statistically compared between
two conditions. In addition to conventional ERP analysis, we
calculated the cross—frequency synchronization index (SI) to
quantify how constant the phase-amplitude coupling between
two oscillators in different frequency bands is over trials. of o
calculate Synchronization Index (SI), we extracted phase of
low frequency bands and phase of high frequency power time
series. The SI was calculated to observe within—regional and
inter-regional CFC between two conditions. Then, we
observed the changes in CFC patterns within and between
task-relevant cortical regions due to attentional load.

For high load task, the response time and the accuracy of
response were significantly longer and lower than those for
low load task. The P300 amplitude and latency were
significantly decreased and delayed for high load task,

respectively. In CFC analysis, Theta-Gamma coupling (TGC)
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were remarkably observed for both load tasks at 100~400 ms
post-stimuli. However, TGC was significantly reduced for high
load task.

We found considerable differences in CFC between two
conditions, along with conventional ERP analysis. TGC have
been thought to play a functional role in working memory
process by hippocampal network. Thus, our results may imply
that degree of attentional load affects transfer of information

from large—scale network to local cortical processing.
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