
 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



• 

• 

• 

• 

• 

111 

3. nTru\JL~'ll vt~.:J~1mii11T~eJI'hi.:~vt1V hJ ~:;tJ·nn!Jvt111~eJ~th:::nmJ~1VI'i1i.:~LL~::: 
~'JL~'ll ~'ILL"'~N1'Um~~ 38L~f.J~'JL~'ll~tl·nn!JU'U'VI,j'1~e:J ~::;LU'U~'JL~'ll'VI~m~mij~1~'1LL~ 2 ().:~ 7 

ij~'I~LL~'ILL~:::~tl1L~'UtJ:::tJ'Ufl'U :51'U'J'U 10 ~1 tJ·nn!J 1 ~b ~'UU'U'VI,j'1~e:JI'lell.I~'JLIJle:JiiJl1l.l'i::;f.J::;LJm~ 
rl1'VI'U~ fl~l.I~'Je:J~1'1~e:J'IUU:51'U'J'U~'IL ~11Jl11lfi1i-:J 1 ~L ~'J~"'~ L vh~"'1111'i~'Vh 1~ L '!i'U UU L~'ll~~LL~-:J 

' ' '\J 

n~l.I~'Je:J~1-:!~e:J-:!UU-J1ij:51'U'J'UL~'ll~~LL~-:!e:J~L vh 1 'i LL~'J:51:51'U'J'U~UU 1~ 1\ ~e:JIJle:JU 1 'UJ11f.J'I-1~-:J ~1 
' '\J '\J 

f11'i'Vl~~e:J-:J,f'U ij:51'U'J'U~~e:J-:J:51 3 ~'J fl~l.I~'Je:J~1-:J~:::L~'Ufhi-:J 1 ~UU~-:!L ~1LL~:::'I-1111~e:J~ij~'JL~'ll~-:! 
' 

~ LL~-:!LL~:::~tl1L~'UU'i1fl!J 1 ~L ~'U:51'U'J'U 3 l'l~-:J ~-:!fhi-:JLL~::;~'JL~'ll~tl'i1fl!JLL~~::;I'l~-:J~::;~n~l.l l~f.J 
l'le:Jl.I~'JLIJle:Ji '!i'J-:Jnmffi~n~11~'Je:J~1-:Juu~-:JL~1 LU'U'i:::f.J:::n~1ffi-H'I'11'U'Jru'l-115mi~ (ERD) 

' 

4 6 2 

3 4 

2 6 7 

2 4 

4. f11'ifi~f'111Jle:JU 'l-1~-:!~1flUU~-:JL~11'l'iUIJl111:51'U'J'U~~e:J-:J:51LL~'J ~::;ijvt,j'1~e:J~~htl'i1fl!J 

1 ~L ~'UU'UI'le:Jl.I~'J LIJle:J{IJl11J'i::;f.J::; L'J~1~rl1'VI'U~ (m~~ 39) fl~l.I~'Je:J~1-:J~e:J-:Jfi~()-:J:51'U'J'U~-:!'I-111~~ 
' 

uu1~L~f.J-:!1Jl111~1~U ~:::1-fff'11'U'JW'VI1Bmi~ (ERD) 
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1. ~~v~h.:~n~m~lJ-uru~'li''UL~'lll'l1lJLL'U'Jf1~-ue:J.:~LLm'ULt.m1 LLm:flru::: (Grabner et al.) 
" 

t~vH''hJ~LLmlJ Superlab 4.5 vi'.:~mYI~ 41 i1~.:~'1-1lJ~ 31vM (File) ~e:J 1vM~ 1 n~m~lJ-uru:::'li''UL~'ll 

' 
n~m~lJ"Uru:::'IJ'UL~'IJ~l::vl'U'Vi 3 ~1~1L~'IJ 5 ~1 

I I - ,,. -
ono!ol- ono!ol- sJrubon cross3_1 

BlocklJ UoollJJR£_) feuuon cross 3J 
"'P""S<bio<kl_l ttooll_l_lRO_l 'l'lottnlngsound3JJ 

ll Blockl.l uoollJ_lBO_l 10strvctlon3JJ 

tuponHblock]J tnollJ_IRO_l S)ttml_l_l 

Blockl_l uoll_l_lRI_I "ml_l_l RIJ 

I 
ttsf)Onstblock3_] uoll_l_6BO_l tnstNCtiOn3_1_2 

raponst block 3_1 •.•omlJ.l 
mu "ml_l_lRO_l 
troll_l_IROJ -l_l_l 

uoollJJBtJ utem]JJ 
Uoll_l_lRE_l <oml_l_lBO_l 

Uoll_l_lBO_l ~-uJ 
Uoll_l_lRO_l ,_,tml_l_l 

lnoll_l_68!_l •oml_l_IRO_I : 
•Hf'O"'tblod:l_l ll'lstructton 3JJ I 
mJJ s_<oml_l_l I 

tooll_l_IRI_I rtoml_l_lRI_l 

looll_l_IRO_l tnstructl0f'l3_1_6 

lnoll_l_lll!J s_rttrnl)_6 
tnoll_l_4RI_l •oml_l_680_1 

Uoll_l_lBO_I Clol<_tye>l_l 

trioll_l_68!_1 s.tmf9int~nswer3_1 

otsponstblockl_l lmf91nt tMWtf 3 J 
mu ittlrNI'I9SOIKid3_1_2 

.nputlnMerblod:3_1 

_j mu -- - ---- - --- ------- - - - -

~ 
Rtgrstet~ .. D N«l1AhA ll.SDU, llRAPI1A lliMRSilY _., 

I Stnd~»FoecW I 

fN - '• .• 'l! 4 • ~ -

m'VI~ 41 ~1mh.:~n~m~lJ"Uru:::'li''UL~'IJ~~~1-:Jb~CJ1i't'I.J~LLmlJ Superlab 4.5 mlX~L~tl1'll1qj 

l'l~1~~e:J'U 

fl'U LL~:::~\~m'll1illY11.:1~1'Un1~'J~LL~:::'\.J~:::Lij'U!:.mm~Pif1'1!t1 ~1'U1'U 1 fl'U l'l~1~~e:J'Ufl11l.Jm.:J " ~ 

l'l1lJL~m~e:J.:J (Content Validity) vi'.:~i1~1ti'U1lJ~e:J1'1.Jif 
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• ~ t'"flt ' I 1 .~I "' l' '('I ~ .: 'X I ... 
. :~~ ' • • ? .... T ... . .... -- -- ,_eta:~_~ 

!llocU_I lrlii2JJR0_4 ........ 
~bbt2_1 lriii:JJ!IE.J 

_ .... 
... ,_, lrii2_1_3Af..J ,_...,_~ 

rwp:n~o~tkrl2.). lrill2_1_4110_4 

__ .,. 
l!b:i2_3 NJpnrottmdr.Z_I ,_ftub:JluOJlZ_I 

-""''-' mv ' fb:IIUlO'OKZ) 

llbi.U trllllz..ua:u ...mQSo:Uld2JJ 
I"'SS)tMtkid2_. baii2.J.).Af.). hltlulliMZ_I_I 

lod2_5 11'1112.,2._3R0_3 s.)e!IZJJ 
te:tpC~Wblocu_s lriii2_2_41E_l bii2_1_)R0_4 

~blo6:.2._J Ntludion2_1_2 
m2_2 s.)eiiZJ.) 

ltaii2_3J80..Z •2.J...2BE.3 
lui2.)JIIE.I l'lltndion2_1.) 

tnii2_3.)RO.). ....... 2_1_3 
biii2_3_4Af._4 IMI ZJ_3Af..). 

""P'!Abb:kl_3 ntn.dion2_1_4 

mz_l ._ ... 2_1_4 

trfiUJIIE....4 ... ZJ_4B0_4 
trai2_4_2R0_3 ,.........,_2._1 
trlll2_4_380j IIMQJJI!-2_1 

11'1112.4.1Rf_l ~.-bbiZ_I 

~bkd2_4 mz_1 
mz_4 s_I!Qt01aw2.) 
trii2_S_IRE_l ltatD'Iaou2_2 

I 

tr1112_5_280_3 

lriii2,5.31WJ 
trleiU.411EJ 
~blado.2_5 

mu 

~sa.nl2_2_1 

hltrutticln2._.2_1 

l_l11112.).1 
brn2_2_1B0_3 ...,_,_,_, 
l.,.llm2J.). 

""'-'-'"'-' 

L 
hlt'uttionZ..U 
s.;-2..)_3 
t.I2_2_3RO_l 

h5tMI:ionZ.).4 

tv _j' s....t-2.)_4 

h';J'It•.:lfn:Sud'I& ~~.IU'ICSIUJ 

-~ ~. 1 ............. 1 

5. l111i~m~l.J'llru~,j\JL~'ll~LLm'llLL~11thnrhm1l.JL~CJ\1~1CJifim~'Vl~~eJu41 
(Test -Retest Method) b~CJ'Vl~~eJ\11 inu~~\leJ1CJ 1 'U'lll.J~l.J~~\IeJ1CJ'lleJ\IL 'lllilL 'Vll'ltJ1~1'i1uneh\IPlm~~ 

'\J\1 " \J'U " 

nlJ~1L'W1eJCJL'WI'i1tJ~el1\IPl~1 l'i1tJ~L~~~ LL~~I'i1u~'IJ1'UUfl :5''1VIi'~'ll~tJ~ ~\l~~fl~OJ~fl~1CJntJ 
~ ~ ' 
fl~l.J~"JeJ~1\I ~1'W1'W 30 fl'W ~~~CJ~Ld~11'WmWhLLtJtJ'Vl~~eJtJJTtA1\In'W 15-30 i''W 1~rhfl11l.JL~CJ\I 

' 
LLtJtJ'Vl~"'eJtJJ1 L'Vhnu .82 (fl1flt:.J'U"Jfl f\6) 'UeJfl\11fltTl'U'lJW~'Vl~~eJ\11iLfl~eJ\IiJeJ fJ\11~'\J'WViflL1~1~ 
fl~l.J~1eJ~1\11 otll 'Ufl1~eJ1'Uri1i\l fl1~UtJL~'lJ fl1~~~ri11ileJtJ LL~~fl1~~l.J~ri11ileJtJ L ~eJ 1-HL U'ULL'U"J'Vl1\l 

' 

1'U~l.JeJ\I v-r~'fll.J 1 num~~11Lil'Wm~nu.UmJ~~1'uL.ff1meJ~1\I~m~eJ\1'1Jru~v'hn\lm~l.J ~\llil~\lnu 

ilml.J'lleJ\Ifl11l.J~1'llru~~~m -tll 'U\11'Ui:5'e~d 1 'Ufl1~i Lfl11~~.ueJl.J~\l ~LL D\lfl~l.J~1eJ~1\IeJeJfl L U'U 2 
~ ' 
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~'UL~'UL~el'Yl-l~'U\Jl~'U~'ml-lJ'U 1 ~-l.a'U~-11-ffLL'U'U'lh~Lij'U\Jl'ULel-l~UFl'ULLFl~~L Yifl-l 2 ij~ 1~LLn iJ~vtli 

tJ~~ LiJ'UFJ1111fi-lYHl 1 "il LL~~iJ~vtlitJ~~ Li1'UF11111~'U~'l'VI~el~'UL~'U ~1'Un1~\Jl~1"il~el'UFJUJJl1~'lJel-l , 

\lU'UL~fJ'U\JleJ'U (Paper-and-Pencil Version) LL~~111\Jl~1~~ru~n'I!}UJ~~LL\Jln~1-l (Semantic 

Differential Scale) ~-lLU'UlJ1\Jl~1~vtlsff1~~n'I!}UJ~L~fl1tl'U tJ~1nn"l1 FJ~LL'U'U'lJeJ-li1~vtlsfftJ~~Lij'U 
dl 1 44~1111 J 4 cJ OJ 4 4 tl Q.l Q.l .J 1 ..:::111 

F11111~-l~el 1il LL~~11\JlVI L •lh.J~~ L11'UF11111\Jl'U\Jl1'VI~el\Jl'UL\Jl'U'lJel-l111\Jl~1~FlUJ~ fi'I!}UJ~VI LL\Jlfi\Jl1-l 11 , 
m111X11~'UGtl'U ~-l nuLL uutJ ~~ Li1'U \Jl'U L el-l ~tJ Fl'U LLFl ~~~-l~ el-1\lUtJ 1~ fli1 ~ vtlsfftJ~~ Li1'Um 111 fi-1~ eJ 1 "ilij 

~ ~ 

fl1L'VhtltJ .97 LL~~ .96 \Jl111~1~tJ ~1'UiJ~vtlitJ~~LiJ'UFJ1111~'U~1'VI~el~'UL~'Uijfi1LYhntJ .94 

LL~~ .95 \Jl111~1~'U (Bradley & Lang, 1994) 
1 CICII eJ .cl Clll.d II 4 ~ 1l.d ,f V .QI ~ 

2.2 LL~\J'lffi'U\J'VIOfi\Jfi~'VI'U~'m'I.:Jfi1VLfl'Hl.:Jfi\Jfi"H'VItl 1111L'Uel~el-l 11VI-l'VI11~ 6 

L~~-l tJ~~neJ'U~1fJ L~~-leJ!311~m 1'11-lfl11fl\Jfi~1fl (tJ~~L~-l~1fJ1-l~Yn'VlfJWLL~-l) i'11-lF111fl\Jfi~1fJ 

(m~L~-l~1m-l~mvm1lJ'U111) ~'U'VImn-~'Uin1u ~'ULL~-1-~mL-vi LL~~~'U1~L'!l'l!}~ , ~ 

2.3 Lfl~il.:JU\JVinfi~\Jl~vha11v.:J ~'U EEG 100C MP 150 BIOPAC 1mLF1~1~~'VI1 , 

FJ~'UvJ~eJ'Ul1~ i1~ 1~t1 L Vl~1 (Fm Theta) 1~m1-l~1LL 'VItJ-1~11 vJVl1\Jl111~~uum~11-l~1LL 'VItJ-l~11vJvh 
~1n~ 10/20 (10/20 International System) ~~1LL'VItJ-l mvJYi 1 (Fp1) LeJvJYi 2 (Fp2) LeJvJ 3 (F3) 

LeJvJ'iil~ (Fz) LeJvJ 4 (F4) 'ii 3 (C3) 'ij'ii[~ (Cz) 'ii 4 (C4) Vi 3 (P3) Yi'ii[~ (Pz) Vi 4 (P4) Vi 3 (T3) Vi 4 

(T4) LeJ 1 (01) LL~~LeJ 2 (02) ~~~11vlVl1B1-l~-l (Reference Electrode) ~'VI'U1-l'lJ11 (m~~ 44) 
~ 

~111~-1~~~11 vJVl1~LL 'lJ'U~-l~eJ-1-U'1-1 L ~eJ1~;g~"il~'lJUJ~W-l~'U\Jl~m~ L~-l 1 ~fl1F11111~1'UV11'U'!Jel-l 

~11vlVl1 (Electrode Impedance) LL~r1~~1,jeJfln11 10 nL~LeJ11~ 1im111fTI'Um~~11-U'ellJ~~~\JleJ~ 
250 LM\Jl 

 
 
 



 
 
 



• 

• 

• 

• 

• 

4,000 

1,000 

3,000 

7,000 

3,000 

7,000 

3,000 

7,000 

10,000 

10,000 

• U'LJ (1,000 Hz, 1,000 ms) 

3 7 4 
5 6 2 3 

2 4 5 

4 7 5 
3 6 2 7 

5 3 2 

7 2 6 
5 4 7 3 

6 4 5 

f11f1'LJ1Vl 

Inter-Trial-Interval (3,500 ms) 
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m-w~ 45 vl1e:J~1..:J~1~tJL'VI~m·m1'lle:J..:Jn\lm11l'llru~u\.JL"'ll (Counting Span Task) mriiihhuTu 

~~e:J..:J~1 3 vl'J (tl-rtJ\!1nbbn1tJb'l.te:J1 bb"~f'1ru~) (Grabner et al., 2004) 
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3.2 Lfl~il.:!U'UVinfl~'ll1Wvhfl11iN ~i.l EEG 100C MP 150 BIOPAC 11.:il'i1LL'VIU.:i , 

~11vlvhm11~::uunTn1-:~l'i1LL'VIU.:I~11vlvhfl1n~ 10/20 (10/20 International System)~~ 

~11vlvh 15 ~1L~EJ11.:!1i.!l'i1LL'VIU.:i Lt!vl~ 1 Le:Jvl~ 2 Le:Jvl 3 mvlit~ Lt!vl 4 Lt!vl 7 Lt!vl 8 6fi 3 6fiit~ 
sa 4 ~ 3 ~it~~ 41t~ 1 LL~:: 1t~ 2 ~~~11vlvh-51-:~a.:~~wu1-:~'ll11 (m~~ 46) ~111~.:~~~~11vlvh~ 

" 
LL 'lli.I~.:Jflt~.:~.U1.:~ L ~B1~~w~~'llru::.W.:~ L w~.:~ ~111~.:~ 1 l1f11m111~1i.IV11i.l'lle:J.:J~11 vlvh LL~~::~1Ue:JEJn11 

10 n1~Ltl11~ L~EJH'm111itli.!m~~11oUtl11~~~1'ltl~ 250 LMI'l , " 

~i.ll'l~m otll i.I.:J1iJ!J~mtJiJ~i.ll'l~m~L~.:J~vl11 \11i'in~.:JWtl h Lb~::~i.I~1'VI~tl~i.IL~i.l L~B1 \1 
" 

II Q .c::~~~. I ..J ..J II IV 1"'" ... ( .., Clit. ~ •• 1 ,. " 
m::~i.I1Clu~::G11VlV1Lnm'lle:J.:Jn'Um~ ~~m1.:11~ Reward Pathway) LL~::m::~i.IL~I'l~~1~ntl1UJ'lli.l 

(Reticular Formation) 'lltl.:Jtl1i.lfl11e:J.:J (Brain Stem) ~111~.:J'lbEJ~~fl1111Lfl~EJ~ ~::n~11i'i.:1 

~1EJ~::L~EJ~ 3 LJ~::L~i.!Atl 1) Lbi.I1Vl1.:Jn1~fl~L~e:Jn~i.ll'l~ VlEJL~l.J'U~~L~-:1 2) m~1Lm1::~'VI1 

fl~i.l 1 vlvhfl11e:J.:~~-J.:~ut~nm111~-:~wt~ h~t~~i.ll'l~ Vlm~l.lu~~L~.:~ LL~:: 3) Lnru,;m~fi'~L~Bn~i.ll'l~ 

1 Vl EJ L~l.J'U~~L~.:Jm otll i.!1'i.!Vl~~ tl-:1 
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4.1 ~~~qjqJ1ru 1 'rl~1~tl~U'Ul.l1tl'Ufl~'U 1'rlvhu.m\l (Artifact Removal) L~tJ 1-ffrn~ 
iLfl~1~~B\Ifitl~~f1B'ULL'U'U~~~~ (Independent Component Analysis: ICA) ~1tJLU~LLml.l 

' 
AcqKnowledge 4.2 l'i'\l.f1TY'I'Vi 47 

~·.UOAl.l,etq 

fill LM lf_._~ 

[I) I <>. + P,l' 

"' ~IE IE x HI 

~- · \ 
l•'.• •'-1• •"W 
If { 

~1--"'"-----

--
"'-s,.trli~ 

AII.T-f,.._-,......,....... 

"'-..,_ 
~,~.....,._.. 

~(~~·-

FiftdCyde ... 

fii'IIINDI!Cyc14t , ....... ,)'<~.. 

i) - . ... ~=~= 
Ell-· ---..-
~ ---- .. l 

;I 
-· ..,.,..._,,...,,.'" 
~.._._ . ....,.... -p.,....,a~c....,_,..o.no.,"'9 .._ .... ~ 

--

COI"f'UUI.\pp<OMllltholropy 

~cr.-A..IIyslo 

__ ,.., 
C.W.HGf•""""'Y'-" 
... __ 
~IOGM>IKU 

Prtffltf>Cft-. 

--
...... -- GoMtct to: 

1
NoMP HwfwJ!t • I 

• 
...oo 1!. • 

~. ~ 

--- ---~ t:. 
"" . 

... 00 L:. 

~ 
.... t:. .... L 

t:. .... t:. .... t:. 

" 
~ .. 
... t:. ~I 

t:. ~ I 

T .... t:. ' I· ..... 

4.2 LLU~\I~qjqj1ru 1 'rl~1~l.lv\lvi1~~1mL ~\ll'l'U 1'rl~1 (Voltage) LU'Un1~\11'rl~1 (Power) 

1~t~HrmiLfl~1~~vnfl11l.lvt'U1LLll'U~Ltlfll'l.Yl.ln1~\11'rlvh (Power Spectral Density: PSD) ~1tJ 

1.1 .., .J "" .. 1" a .., .J 
u~LLml.l AcqKnowledge 4.2 ~\l.f11~'Vl 48 e-J~f11~1Lfl~1~vt~~LL~~\I V!Lvt'U~\I.f11~'Vl 49 

~·.t.a!A1_2~ ... ... 1? ....... ~ 

~ m"' + P, l' 

"<~lEI< 3: HI 

~~·J·" 
• w 

k dkl 
~ .-- '00=-

;;;. 
~:......c --
!:!" 

-- - ,~ 

I 

~-

;:;__ 
~-

i;J ~ 
I .. ,.oo 

'-•"*11kM ----,.,.,..,. .. ~ 
'-"Sptcvll~ .. 

AIIT""'•FIIIIW"¢Y~-

"'-

'-=~<~.......,.___ 

~<~~-

friMIC1t.._· 
foltdHIIII(ydt 

,.wodAIC,-da 

OllmNCiwi)HNotbut. 

lout.lCGC"""*"..,..._ 

.-..~~ 

G.!"',..,........,.... . ., 
Gt.lncWrwC ......... 

--~--~"*'>' 
EIIKtrOM)"'9t.opl'rf 

E.......W.A,..,_,. 

fp..:hANiyslo -· ~·C..Mv-"1 

UegNto<--· Jmo.)ong -,_.,.,~~ 

............ --......, ... _ 
51om-~• 

w......-.. Plloc --
C-"•F 

(trl•l , .... 

P · .s.t9UOI'M IL:•:&=:J· . ,.)t.1092411'i!: COnntctto: ! .... ... ~ . .. , 

~ 
~.11(1 t:. • ... "" 
..... t. 

4.00 t:. 

- 1:. .... "' 
.;0.11(1 t!. 

-~ 
... 01 t. 

~ 

.f11~~ 48 vtti'11'l1\ILU~LLml.l AcqKnowledge 4.2 LL~~\If11~iLfl~1~~vt1fl11l.lvt'U1LL'Il'U~LUfll'l.Yl.l 
fi1~\11'rl~1 (PSD) 
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~· ISOofA25Al.lfOC'i..earCM1•' 

fkl* l.....,_..,.,_~...,ut......._....., 

~IQ. + P,,.. • •, 
.. ~ :;: t-:1,.," i: :). ~ .. tkl3tl!ilil~11 .,. 

- ~ICr • 

• • . WJ ,_ 

/ 

.... .... 10.00 .. 

" 

Ul 

.... 

--- ---- .... 

15.00 

.fl1Y'l~ 49 Vl111~1.:! hhLLmlJ AcqKnowledge 4.2 LLG'II'l.:l~~f11'S~hm1~l1vmr:nlJVI\J1LLtJ\J 
G'IL tlfl\9\-rlJri1"'.:!1vJvh (PSD) '!Jru:::.W.:!I'lU\9\~1 Vlm~lJ'U'S'SL~.:l 
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~ I 

4.3 1Lfl'S1~l1VI1ri1"'.:!L ~vh'!lB.:lfl~U~'SauYI~ i11'11~t1 L Vl~111'1fl1-ffrmtl'S~lJ1rufh~u~ 
1~m1~'!ltl.:lfl~'UL Vl~1 ~.:!i1'll-Nfl11lJ~ti~'S~Vd1.:! 4-7.5 L~i\9\ ~-wifi~uVin-r~ (Integral) 1 'U 

1tl'SLLmlJ AcqKnowledge 4.2 ~.:l.fl1Y'l~ 50 

fill l ctll ,,_,_ '-!)oM o.:.,w, MrUII .......... .... 

~ ITJ<l. + P, ,..• '\ 
....,~ If. :E t-:11'1> - Z ::11.1 ~ ~-l!ift~t@il 
-.] • .. 7.55l61Nt • • o.oo.t(ft'IC70'IIIIb~•liiiliiiiiiiJ · ---~· 1 --.,. 

""-"·--· ."" _,.,~!!!:!!_,.,_, ·) .. , ~ , ... , 
+ ~ o.u 

Ul 

~ 

.... J• 

\_ 
f....-~ r-.r-~-.....-... -----~--r ~-" 

t!. •• .... ~ .. 10.00 15.00 .. 

.fl1Y'l~ 50 Vl111~1.:!1 U'SLLmlJ AcqKnowledge 4.2 LLG'I1'1.:lm'Stl'S~lJ1ru~1~'UYn~m1~'!ltl.:lfl~\JL Vl~1 
~1f!ifi~uVin-r~ (Integral) 
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1))111'!~ 8 fl1fl11l.ILL'lhth1'U'I.Jel'lfl1Ltl~CJ11l.I'I.Jel'lfi~'U'Vhel'UVJ~ iJ~ 1~1.1 L'Vl~1 ru ~1LLVILi'lLe)'rJi( ~lii'1LL'Ufl 
1))1l.Jfl11l.l'llelU~'UI))TI'VltJL~l.IU11L~'lLL~~'Il1'lL1n1 1'Um1l4'l~'UI))TI'VltJL~l.IU11b~'l (n = 17) 

bL Vl~'lfl11l.lbL 'lhth'J'U 55 df M5 F p rlp 
fl11l.ILL'\.J1'\.J11'U1~W-J1'lfl~l.l • 

I "" 1.78 E-005 1 1.78 E-005 .043 .837 .001 fl11l.l'llelUI))el~'UI))1 

fl11l.ILb 'lh'll11'UJl1tJ 1 'Ufl~l.l • 
I 

0.000 1 0.000 10.086 .003 .240 'l11'll1~1 

fl11l.l'lle:JU~e:l~'UI))~ X 'il1'll1n1 0.001 1 0.001 24.787 .001 .436 .. 
0.002 32 4.87 E-005 fl11l.lfln1~ Lfl~e:l'U 

5.3 1DbbUUfl11b'l.l~tJ'Ubb'l.l~'l'I.Je:l'lfl1bO~tJ11l.I'I.Jel'lfi~'U'Vfie:J'UVl~ iJ~1~,j L'Vl~1 L~e:l 
" 

~G'I'le:l1 tJl4'l~'UI))~1 'Vltlb~l.IU11 b~'l bL~1ijfl11l.l'lle:lU~1'ltl'U LLG'I~'l1 ~L ~'Ul1 L~e:l~G'I'le:l1tJl4'l~'UI'lTI 'Vltlb~l.l 
'U'\1 , \1'\J , 

U11L~'lLL~1~~fl'lle:lUfl1LO~tJ11l.I'I.Je:l'lfi~'U'Vfie:J'UVl~ iJ~ 1~1.1 L'Vl~11 'U'/l'J'l 20 1'UTViVI~'l G'l'lfll11 'U'il1'l 
" " 

20 1'U1~LL 1fl LL~L~e:l~G'I'le:l1tJl4'l~'UI))~1'Vlm~l.ILL~1~~fl hl'lle:JU fl1LO~tl11l.I'I.Je:l'lfi~'U'I'he:l'UVJ~ iJ~ 1~1.1 
\I'll " '\1 

L'Vl~11'U'il1'l 20 1'U1~VI~'l ~1fll11'U'il1'l 20 1'U1~LL1fl ~'lLLG'I~'l1'UJl1~~ 51 

.00500 

·.00500 

-.00750 

Estimated ~f'!lnal Mnns of MEASURE_! 

g1·oup 

-lil'Umi'VIuliiw11U'I~~'!ID\J 
-t~tJfl1l:t1UbiutJ11U"'-WJ"tiuo\J 

Jl1~~ 51 fl11i'JLLi.'l~'lfl11L'I.l~tJ'ULL'll~'l'I.Je:l'lfl1LO~tJ11l.I'1Je:l'lfi~'U'Vhe:J'UVl~ iJ~1~,j b'Vl~1bb~~~ 
'll1'll1n1 
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l'l~iJL Yl~1 ~..:J 1 off.ffiJ~viJ 1 iJm~tl~~m~l'l~iJ 1 vlvh~l.lm L 'VIllvwl'iJ~1EJ 1 tl~LLmlJ AcqKnowledge 4.2 

~1lJtltJ 1 tl~LLmlJ MATLAB 7.0 lJ.ffiJ~viJm~tl~~lJ1~~~1'l~iJ 1 vlvh~lJv..:JrlfliJU11 tlvt~~vtJYI1..:J~~~ 

ei'~vl1~1El~l'll'l~ (Individual Alpha Frequency: IAF) ~1lJLLiJ1~~<uv..:JI'l~lJLlJ'Ij (Klimesch, 1999) 

1 iJ'll1..:J~fl~lJ~1fl~1..:J'VI~tJ~1rlfliJVhii'lm~lJ LiJiJL1n1 4 1iJ1Vi ru i11 vlvhViil ~ 1~EJ 1m tl~LLmlJ 
' 

" AcqKnowledge 4.2 vl'..:Jii 

1.1 LLtl~..:J~fl!fl!1ru 1 vlvh~lJv..:Jitt~'l1flLL~..:Jvl'iJ 1 vlvh (Voltage) LiJiJn1~..:J1vlvh (Power) 

1~EJ 1 offm~1LI'l~1~'1--1'VI11'111lJ'VIiJ1LLUiJ~L tll'l~~lJri1~..:J 1 vlvh (PSD) ~1EJ 1 tl~LLmlJ AcqKnowledge 4.2 

vl..:Jf11Y'l~ 52 ~~m~1LI'l~1~'1--1'l~LL~~..:J1~L~iJvl..:Jf11Y'l~ 53 

FFT .• 

""'· 
.._.,..c.....,-.&Nty~L. 

....... 
L.-ICGC_....,._.... 

......_.,......,..,..,. 
~IC~I ....... -,_.,.,~~ --

m~ 52 'VIU1~1..:J1tl~LLn1lJ AcqKnowledge 4.2 LL~~..:Jm~1Lm1~'1--1'V111'111lJ'VIiJ1LLUiJ~Ltll'l~~lJ 

n1~..:J1vlvh (PSD) 
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I .... 

Y\ '" 
~ 

/' I] 
/ ~ ---r -~/ \_ __ ---I 

I ---~ 1.00 

j. + +- 4•· t! .. , :. .... .... JO.OI 15.01 .. 

.rn'V'l~ 53 VIU1~1\IhhLLml..l AcqKnowledge 4.2 LL?l~\leJ~m~iLf1~1~~VI1fl11lJVI'U1LLtl'U?tLUf1(;)-rlJ 

rh~'l1vlvh (PSD) 1u'1lru~VI~\J(;l1 ru .ff11vlvhY1il~ 

/ 

I 
8.02 

I 
... 

t ·U2 l:.. • .... ..... 
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4,000 { 
3,000 { 
7,000 { 
3,000 { 
7,000 { 

• U'U (1,000 Hz, 1,000 ms) 

3 7 4 
5 6 2 3 

2 4 5 

llulftt~ft~1~u 

iitJLfi'll~~~1L~U 

4 7 5 
3 6 2 7 
5 3 2 

----------------------~ 
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l'l~'U1vhhum~ 

'li1~fl1~lJ'U~') 

' fi~l'l1~€l'U 
'li1~fi~f'h~€l'UVi 

10,000 

10,000 

Inter-Trial-Interval (3,500 ms) 

o<::\ ~ a I ~ ~ .-.::~~ t"oCiil d CV aal CV G I ,. ~ ,.oQj ,. .=I 
1 Lfl~1~'VI'VI1 L um L"lf'Ul'le:JB1~~'lle:J~flrl'Ue:Jrl v11~~~'1.J?I~ LLrl~L um L"lf'Ul'le:JB1~Le:JG'I'lle:J~flrl'U 

'IJ 

II c. Q.J CI.J d 
LVll'11'lle:J~n\lm~l.l'lln.t~'U'ULr1'll ~~~'UVl 1 

2.2 LL tlr1~~'1J'1J1n.t 1 '\"J~1G'Il.le:J~'llru~'Wn (Reference) LLrl~'llru~v11LL 'U'UVl~G'Ie:J'U 

(Active) ~1~\11nbL ~~~'U 1 '\"J~1 (Voltage) L'IJ'Urh~~ 1 '\"J~1 (Power) 'lle:J~fl~'UeJrJ'I"J1~~~'\J~~LLrl~fl~'U 

LVl~h 1~tJ1.ffm~iLfl~1~~'VI1fl11lJ'VI'U1LLU'UG'!Ltlflt'l~l.lfh~~1'\"Jvh (PSD) ~1tJ1tl~LLml.l MATLAB 7.0 ~~ 

L~V'UI"i1i~e:Jd1'U1'1"J~L~Vdtl'U ~~tn'Vi~ 56-58 
" 
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• 

• 

• 

• 

fie ldit 0..., P-"-1 ~ W..W.W .... 

0 \j J IIIIa.., t'- a., CJ!I • Curr«f''tfolckr. H:'UG nll~\~ll'n..-_tai\J(f>Jrtfoo~ii\I)U(htnll 

Currmtfotdf:< o. 0 " x 

.. S- . "' p » 

1 EoM.t '""\ltU nli~.~t!!-Knptfor~t...r,COUNT1NGl.m 

:.l Ll • • "' • ., (' ~ . .. • • "' ~ . Ill il ... I! • • .... .... "' 
"'" -1.0 + +u • '11!111! 0:. 
u- Ind.AL-=11.5: 

" l~- ume= d(27} :\ ••j.•"' tu.. tra. dtlflllt/11/JI/II//IIIItlflfNIIJII/IIf/1 

" 11- al*250•tim•+l25; 

18- .a2=a1+1499: 

u- v a ,.(xl((al:a2),{1:151)); 

20 

" 22 

23 

" 
""""""'""'""''"''""'"""""'""'"''""'" "" 
j•l:k•2SO; tir.• ••~nt •ize 
fox i•1:6 tnuabar o! overlap•ttSU0/250} 

• _fpl (:, il•aba (fft(V•(j :k, 1))); 

a _fp21: 1 i) a.ab• (fft{Va {j :k,2))); 
• _!3(:, i)•ab• (fft (Va(j :k, 3))); 

a_ f4 ( :, i)•.ab• (tft (Va(j :k,4ll 11 

• .. cJ (:, i)•ab• (fft IVa(j :k, 5))); 

a " c4 (:, il•aba{fft (V« (j :k, 61) I 1 

a _p3 (:, i) ••b• (fft (Va (j: k, 7)) 1; 

a ., p4 (:, il•aba (fft (Va (j: k, 8) I I 1 

• _ol (:, i)•aba (tft(Va(j :k, 9) I) I 

• 
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-c,. x ~r ... C"x 
Ell!D B l'i' [Q),. .!l .. !;P..._. r--­, 

L 
clc 

, __ 14/4/25 

cle.ar .all 

clc 
\· - 15,4125 

\-- lS/ 4 /25 

Jl1W~ 56 VI'IJ1~1~bthLLm1J MATLAB 7.0 LLG'II'l~fl1~iLm1~~VI1fi111JVI'U1LL't.h.JG'!LUA\Jli'1J 
ri1~~1~vh (PSD) 

Fit ldil: T.t Go C-' Took ~ ,.,.... ~ W!NMr ~ 

t) d j- ., (It • ~ ~ • Cllh'tnlfoiGir. H:\E[G.t'III'M\I\tq~trm.nt_(ff"'K11f111011!'1.t,1:k\ftK+IIfl~ · Q 

~~~~~~~.~~~·KM~~~~~~~~~~~~~~~~~~~~~~~~~~IIIIIIII~IIIIIIIIIIII~~~~~~ ~0 ,.~.. ~t - ~ 0".2'...., 

• ., , •P • ::l<.l. ~-~'ll' ca ~· ... . ~. l'l· il il ... l!lle """"" I< Ell!DS I'i' l!:l] ,. l!!l .. fiP,. .. • • 

.....: .... • .. • • u • ""''"" ~ - ":' c·-· l w.IM.Jl.rn 4~ plC'tlJ,._fplt(l:Jf12),1)); X!•beli'Fr•qu•ncy 1HZ)'; 

~~= u- alph""IndAL; 
IMA.,.lhw 41- theta• alpha~6:2SO/l000:alpha·4: J 

48 ' upp.r_alpha • alpha:2S0/100 :alpha+21 
49- A: (th•ta) ; 

~~JV 50- p=ait.•(A) I 

84Sfl.Hl .rn 51- x_u.ia•0:2SO/l000 : 1250/2)-(250/ 100011 • ' 
BASELI*l .HV 
BASUJNE.rn 15 

53 
_ 

Al7l5prdJj .rM. 
A.17l5p1dJ.""'-

cl(:,l)•x_axis; 
for l_columnal :p (21 

Hu (l,l_colWIIn) '"'fine:! tel (: ,l)•=AU,l_colWM)): 
Al7L5pt~ 55- end 

Al7L5p•tl_IJ...:h ' '- for i•l:p(2) \trequ.ncy 

:;~~~~.xb 57- for j•1:6 ' nUIIb«<r of ov•rlap 
AJ.1l5pre2.rnlt 58- T _ fpl(i,j)sa_t'plCH~r(l,i),j)l 

1Al1L5pruk 59- T_fp21i.jl•a_fp2(Har(l,i ),jl: 

:!~= 'o- T_f31i,j)•a_f3(Har(l,i),jl: 
Al71.5pcst.l-ONt U - 'l'_!4Ci.jJ••_f4(HarU,i),j); 

~~~~::::.t '2- T_cl{i ,jJ••_e3(Hu(l,i),j): 
t,)AJll4ptt2.xls 63- T .. c4(i,j)•s_c4(Har{l,i),j); 

ffiA11Uprd.,... 64- T_p3(i,j)••_p3(Har(l,i),j); 

COffltY"IMI .. ,.. C II X 
cl•ar all ~ 

~ - clc: 
I t~- 14 / 4 /25 

clear all 

cle 
, __ 15/4/25 

, __ 15/4/25 

, __ 16/4/25 , __ 
16/4/25 

·-- 1714/25 

·-- l7/4/2S 

·-- 11/4/2S ltAl?Upr•.ria 6~- 'I'_p4(i,jl-=s__p4(Har(l,i),jl: 

EBAJ 7Upost3 . ....t U- Twol(i,j)=s_ol(Har(l,i) ,j): _i 
~~!~:::::!~ 67- .. T ... o2(i,jl•• ... o2(Haz:(l , il.j); 

1 

~~ \-- 21/4/2S 
·-- 19/4/25 

~- Lc:..-..--w--"""""'""'-----~-------------------------~-c.;_• J..•.J J :== ~~~;~::: 
A, ~ » '-'''-"-'"::.L=.,.--,'=" 

l.fl 2lli Col 38 {OYR 

.... ...! 'l .... 0 ... 1··1·'!1 ...! ... ..1 ... ...! .... 
LVI\Jl1 L'V'Itlb'l1VI1f11rt~ nrn (Power) 'Utl~flrt'UtlrlY11~~\91UG't~LLrt~flrt'ULVI\Jl1 

" 
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• 

.,_ 
10-

11 -
72-
13-,. _ 

end 

" ,._ 
11-,_ 
,_ .. -
81-

82-

u-.. -,_ .. -,_ .. -,_ .. -
" """ 

T_ fB (i, j)=a_f8 (Hu (1, i), j) 
T_fz (i, j J•s_fz fHar ( l. il , j l 
T_c~ (i, j)=a_cz: CH•r Cl, i), j) 
T ~p z (i, j)•a_pz: (Har 11. il, j 1 
ond 

Theta _fpl . aWII(T_fpll: 
Theta _fp2 •aumiT_fp211 
That• _1'3 •aum(T_f3)1 

Theta -" •aum CT_f41 : 
ThetA _ c3 •aurn.(T_e3): 

Theta c4 :o:aum(T_c 4 ) 1 

Theta_p3 •awn (T_p3J; 
Thet,;a _p. •awn(T_p4 ); 

Theta_ol •awa(T_ol)l 

Theta -o2 •aum{T_o21 1 

Theta - !7 •aum(T_f71 1 

Theta_ f8 •aum {T_fBI: 
Theta_rz •aum (T_fz) 1 

Thet•_cz •aum(T_cz): 
Theu._p~ •a\UII (T_pZ)I 

IJ 
t1 

151 

clear .till .. 

c l c 
, __ 14 / 4 /2; 

cle ar all 

clc 
, __ 15/f/25 

, __ 15/ 4/25 

2.3 fi1'Ult\J\11LUeJ1L~'U~~en1~'llfNfl~'UeJ~Vh~~~'U~~ LL~~LtleJ1L~'U~~V11LeJ~'lJeN 
" 

...! "' 
fl~'UL'V1~1 "il1fl~~~ (Pfurtscheller & Lopes da Silva, 1999) 

ERD% 
R-A 

X 100 
R 

R rhl'~ 1 vJvh 1 'U"llru~~n 

A rh~~ 1 vJ~11 'U'lJru~vl1LL'U'U'Vll'l~B'U 

fl1~LLU~~~ liLL'Ul'V11~1'Um~Yi"il1~tw1 ~€1 ~mm~~en1~ (ERO %) li~1LU'U~'U L~tlfll1 

~m1LeJ~ ~mm~~en1~ (ERD %) li~1LU'U'Ulfl L~EJfll1 ~en1~ 
.Q. Q.J 1/ d 0 I a J G ~ ,..q ,-q d Q.l e.al Q.l .or:::!~ 

~1'Ul"il ti'U L1Jelfl1'Ult\J~11J~ 1'1~ fl1"1JeNV11 L ueJW!l'U~eleJ1~\9l'lJel~fl~'Uel~l'l1~~\9l'U~~ "il~1J 
" " 

I ~ G I ,.. a "4 I(Q d Q.l tul cv a I ,. a ll".r::lll ,. 
2.4 Vl1fl1LU~ EJ'lJel~L um L'l!'U~elel1~\91'1Jel~fl~'Uel~l'l1~~\9l'U~~ LL~~L utl~L'l!'U~elel1~ Lel~ 

" 
'lJfNfl~'UL 'V1~1ll'lEJL~elflLU'I•'n~ieJ~fl~1J~ltl~1~1'1eJ'U-;j1'Ul'Uvtl ~1J'U 1~!1 fl~ B~el~1~,j'eltJ~eltl~~ 7 5 ,r'U~B , ~ 

.Q. Q.l cv ,J QJ .J IJ 111 IJ' cv Q. Q.J Q.J d 
fl"ilm~1J'lJru~'U'UL"'lJ~~\9l'U'Vl 1 LL~~~~l'l'U'Vl 2 ~B~~B'U \-l{lfl~B~ 2 m fl"ilm~1J'lJru~'U'UL~"1J~~\9l'U'Vl 3 

" 

 
 
 




