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The Neuroanatomy and Psychophysiology of Attention
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Abstract

Attentional processes facilitate cognitive and behavioral performance in several ways.

Attention serves to reduce the amount of information to receive. Attention enables humans to direct
themselves to appropriate aspects of external environmental events and internal operations. Attention
facilitates the selection of salient information and the allocation of cognitive processing appropriate to that
information. Attention is not a unitary process that can be localized to a single neuroanatomical region.
Before the cortical registration of sensory information, activation of important subcortical structuses
occurs, which is called as an orienting response. Once sensory information reaches the sensory cortex, a
large number of perceptual processes occur, which provide various levels of perceptual resolution of the
critical features of the stimuli. After this preattentional processing, information is integrated within higher
cortical(heteromodal) systems in inferior parietal and temporal lobes. At this stage, the processing
characteristics can be modified, and the biases of the system have a direct impact on attentional selection.
Information flow has been traced throngh sensory analysis to a processing stage that enables the new
information to be focused and modified in relation to preexisting biases. The limbic and paralimbic system
play significant roles in modulating attentional response. It is labeled with affective salience and is
integrated according to ongoing pressures from the motivational drive system of the hypothalamus. The
salience of information greatly influences the allocation of attention. The frontal lobe operate resporse
selection system with a reciprocal interaction with both the attention system of the parietal lobe and the
limbic system. In this attentional process, the search with the spatial field is organized and a sequence of
attentional responses is generated.

Affective, motivational and appectitive impulses from limbic system and hypothalamus trigger response
intention, preparation, planning, initiation and control of frontal lobe on this process. The reticular system,
which produces ascending activation, catalyzes the overall system and increases attentional capacity. Also
additional energetic pressures are created by the hypothalamus. As psychophysiological measurement, skin
conductance, pupil diameter, muscle tension, heart rate, alpha wave of EEG can be used. Event related
potentials also provide physiological evidence of attention during information process. N1 component
appears to be an electrophysiological index of selective attention. P3 response is developed during the
attention related to stimulus discrimination, evaluation and response. (Sleep Medicine and
Psychophysiology 5(2):119-133 1998)
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Table 1. Neuropsychological Taxonomy of Attention

Attentional factors Components

Sensory selective attention Filtering

Selection
Focusing
Automatic shifting
Intention
Initiation
Inhibition

Active switching
Executive control

Response selection and control

Attentional capacity

Energetic factors Arousal
Motivation
Effort

Structural factors Memory capacity
Processing speed

Temporal dynamics

Spatial constraints

Global resources

Vigilance

Fatiguability
Reinforcement contingency

Sustained performance
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Fig. 1. Primary factors underlying attention
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4) Cingulate Cotex

Cingulate cotex(CO)+= ¥ 2] W7 %o 9§ F
ZEEA 12 84-29] subcortex, limbic system3} 1 A}
79 cortex g olo}F= 7]%& @ZaH 1A o] &
mesocortex - para-limbic cortex 2} 1 ¥ 27) % 8
o} ¥4 o2 B anteriors} posterior CCE 1}

MRS}

FolAl & H posteriors AHY cortex(F2 7, &
+ 9 A54)9} 9238 FZ(thalamus, pons, basal
ganglia) anterior CC¢} 43 d7Z5]o] ¢lt}. anterior
CCs} 9|4 3HA A, 714 & 5)9} limbic system(n.
accumbeus, amygdala$)dA F2 A& fiberZ
Sz

27| A€ cingulotomyFof 2| A, A=A 4 7
of 7t A9 vehA] g A o 2 A -1 TH20).

a3y Y5 %= cingulotomyA] YA H o]7]) =
3} akinetic mutisme] ‘T8 (21), 8|2 &4 £
& 7159 A7}t 1en(22), 7197 A7 M E
3381 Zate AAN23)7 D2 ¢A HAL ®
PET oA 24 FFA CClA B =7} 715
= Aol BAHAG(24). 2831 L AFA
anterior CC7} A&4 358 & 2ty EuHg]
o 29 AFdA (22) X9 552 AEH] 9
8 cingulotomy3t 73 S0l A &4, 24 2 A H
AFYol ZEHL T4 5ol g B on A
o} Z A&A (verbal fluency) &2 Bt A& 243}
T 7159 o]4e] guta Bagt}. o] el Alzlo]
AFaHA FopAY A7) 222 vH(self-gener-
ating response)dt= Adlw AZg A7} =
. FAA o8, AAR 3= Y(spontaneons verbal-
ization), F9I 82 SA w8 &7 So| 445
Oz Ba3h o]y RnEL 8oz 248
9 anterior CCE A7 =¥ & 222 A& e
1S 299t 1A A3 A= 240 $83
Q&S gt £ & e} 283 ciugulotomy 2 1
28 ¢ 559 Ao o] Hed ole B5 A
ALte 5502 opy|d = A4 A v E5o o
FAFE N2 ST ESF YT O
HER CCe 39 Wakg Faishe 344, 57
A HelE 248 7)1 %% $t). 12] 3 cingulotomy
A] OR®] habituationd]| &= Zofl 7} @Ay sttty g}
(22). o] CC7} OR9l} A4 #od3s}7] E.th= limbic
systemo]] ORQ} z}=e] 4R A Z g Ao i3 AR E
FRAFH] £ uhe-& 23w CCrlol S 97
She qEE oA stssittn ey & & 9. o
HA o] Fell e CC ¥t ot AR, 923}, A
Al, amygdala 5-9] &34 & Yepdt.

- 124 -



Ol8E - 8R%

5) Limbic system
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(3) limbic nuclei
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6) Hypothalamus(HT)
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mammillary peduncle, hypothalamotegmental tract
Zo] U7}E fibero|n £0] Q& fiberZ = stria
terminalis, ventral amygdalofugal fiber 50| §it}. &
A HTE 253 7128, 44 5)E B3 A5 °§
&5 T ol FF 7] 50| erten) 2la o) &

2 49 2099 49 94 £l 48 2o
AA| & g% HT AF=A] narcoleptic 43 e of WP‘]
I HZE HT A5 24 3e & 4 o7t} 121 HP
9] suprachiasmic n.(SCN)& o] Z-AJ 3 9
circardian thythm$ 248 center2 43 A it}
(34). HT S} A A& A7AA 7)50) Z7t A7,
AR QA 75T w20 A A deete) 94 7
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EIE0 MAoRe Foide

Fol o]4o] &}, 1l m E5A &9 HAH 7
AA Fol| = Aol 7} &t HT= 9 A 2243} 3 Hoj
el deld, 254 g Adsta Az
833 AS | W& eE vk F g 554 7
A doA, HeE 3L T2 9 A1, 74,
74 U E wEo] P g HFS ARH
o ol J5 7)50] 2§ H S gk A AR
X(35) 912 HT &3] 9.2 A3 g 434 23
gh3-of) ol & B % 1 reinforced behaviore] o,
attentional neglect OR 52| o7} 955 &3y
t}. SCNS £83 9% HT £4A] circardian 2] 5]
sk A5 7159 AIZH 23] 8 o] o] $HTh(36).
23 7 799 A2l H centerr} £4E A& o
£ £ feeding center £44A] 221 9f| tf 3 inattention
o] 1510k HTE 254 879) el mje} 2at4e)
23 Aelsh e 5o SHES 2890, 19
THTE 854 879 84 195 32 A28 &
AN7, 1R 877, A2l Fo4E AL
d ol | 23 R AEH FFE 7hEste]l 1 E A
ERAL WA, e o2 9FS FE A0

7) Reticular System(RS)

RSE ¥ 7te| 8l 2t A9 intralaminar n.g §
ato] A+ systemo]t}. o] & EEG 2 £9 pacema-
kher 9 &% 3t11(37), cortical arousal $H 7+ 2| &
T 2A%eY ofF F23H o] & ascending
reticular activating system(ARAS)2} 1 B2t} E3)
ARASE REZ# JF 7159 924 oz &
TEecte ALY 2L 985 3o 29N
ARASE 3 29| center 2}31 319 (38, 39) OR¥} ¥H-$-
& E0 A7) 92 gk ARASTE §lol= RE
% 71%°] 87158}tk ARASS ORZ} 74 3¢
Bl 59 A B g 243tm AEAQ F
o Z=9 quUA Y= A Fgict.

3. FuExZ|e} HFo| MY dfiest

D4 Y33 BAD A7 853 72 e} 22}
EEELEIRERRE P S FEDEELES)
A olah3n 2 71%0] A4 AR AA R o 72
E3 43AB YA o] FYH 0z o8 B
271 9iek. 9l Aol 939 07 Yook 2yl
ta) 328N AR Cohens] BHE 3402 4

=3
=2
=
)

FE YA st o) oA ol & 2F H A
A8 A slHA daE A7 d5-eHE T30 tiF A
5 7ol Ayl 1 gt

HA 9 F ASo] s o] Hex ooz FHA
g7} AFEY. o] B3-S a3 A8 AEeE ¢
F AH7} A3 247t Ao FEH ol FHA 7}
AR Hed 1 ol dd o} #A T g At 729 &
A8z} WA QIAETE o] & orienting response(OR)
#a gtk ORES Al Fa B o3 Ao & o o] &
AA 3] F438}7) o] el -4 AA A o= 7hda] Q14
3lo] ¥ 7} o] & WholE o] 1 £43}71 98] FuAlT] &
FHE Tt A AAQ W AT oR g 3
9] o|F, ARAS7I Asld o8 I H e 24 A
B} 28] 2 A 2-& A7 A Y ¥} A Eot 23
g o] ¥-g-& A A R7} YA 9o FFH7| A
HE E78ta o|n] B2 Ho £HH o HEHr].
<o FH Ao EAL A7k wel HPHoEE
AP AT AAH 02 FAIAQ A2l @A AFA
o2 AYdrt> 2 B2 A o2 = YA} 5
&3l £4 Ak H7] oA d 79 A7}
A o8 ofF Y2 A 0 2 WA gEETt o] F 0]
ORQ Zo|t}. 22 B2 ORE A9 2o glof
ARAST Bolate 22 ofich, el 47l 54
o &L £t WSt Aol ¢4 A5 Aol A
Adle BAHA ggAT A Hez 1 EF whE
W 32 v FH A7 o] FEIM 2o AUAE
¥ WA gdsof gk FH7F Eof7h| & A of
T B &1t H7} wgstn Bdsjol st Aot
RN 2R FL 7l 7193 2, AR
o) JRES AT 8] o] HHIF A 2 AUA
€ Adetd wheatA st Aot A ORE
limbic, hypothalamus, 4578 257} ¥k-&-3tH 53
hippocampius?} ARASE 24 3}o] arousal®] A E] &
AR T+ Zolrh. 24 oA %E g2 OR
£ ARASTH oju 2} 919 o8] Fxo] £4o] §lojx
o7t depvhe o] f7F o719 e Aoltt. azjx
ol superior colliculus% A=} Ho] A= JHE
8k} saccadic eye movement7} 9JA| €} ARAS
arousal & Th-&- A B X 2|7} 4 W] A AgE ¢
AEE energys A8 AATE A& Yk o=
A7t 2 SAY F URE A A gS Hol ¥

E A% frAteet. OR 4 A28 st i
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OldE - 42z

Xe the oA AH & Aot

o 34& AR te) Ui 3o A A
oA A g B B ¥4 of) S0t} WA filter 37 o
ATt cortexo A filtere o8 AR &M Y7 2 a
B2 Y o Aol Zohin AeglE AL
A A7le Bgolch A LA 2 2 HHE w7
3} noise ZHE #2] AlAW = 2ol E& daH
2.8 ORo| 2A & o ARAS F-F9) M Zo] filters o]
IRE e FE oy g do =2sx g 14

& o4 ol thgoloksl Hojel Aefo] 7lo|
filter #8& 58 2 FES o A4s =2llle
Aolt}. 21 th focus$} enhancement?) #4 ojth. U]
7h e FEE o AN R4 2 Fzete 33
olt}. ol b Z7ebe 33t frAkeih $4 A
g H 2 S THA AP Wt e A 7
ohf i Folll = A7 fAIR Aolth 0|2 53
featural analysis$} extractiong 349, o] 38 79
E4& YAl £3}HE sensory integration o4 S A
A} 2812 o 34 GelH ASA 02 3A 79
BE AN FEE AF3te] Fd o) AR AL
A BHE F4sln Bogd AR 1 F8A4
(salience)E t* 3| A of A Fa} T}, LA sensory
integration3} motivation-information salience7} 3%
sof 3hute] {43 AHE QA o] HEs o] A&
Zolt}. o] A o] slr}el 917 A K7} sensory selection
S 314olet. of of thyel By e A5Aolw 7
4 Ae|tt. T¢I 82 |44 A5l AYEA = o
7 94 A g (preattentive state)o]th. 17} ORF}
sensory selection I o M= FA T A A9
attention©| 7Hg ¥ o] W7} o] & Wol5ol 1 Aedhe
A0/t % AEA S5} $AHA L R A0z
YA 22 <E = F A AM 3 A5
o AL SIth ofE M SE T AU Hokhe &
el 9439 138 40) SIADE Aol ol Al
92 7159 Fa% 7155 delth. AFFH B
A S NG AEE B o Viareal?), V2, V3,
Vé(area 187} 19) ol dojuim 2] Mejd 3]
Z @42 heteromodal associative cortex©] parietal
3} temporalo] X Gojdt}. o] o F3HH FR&
A Fgata A8 FFa)ok 317] W&ol parietal
lobeo] /] A8} o] w] eye movement7} GA| 28
2 oIS 9ok e Bekdlok i Aol o e A

2 Fojoly] HEANFUA o€ oIE HY A
Pol Qb7 $50| SuEh o] 2917t N9 %
o o} 288 Aotk

HRE AN Fe F4 A2 2 uhg-o] I3 oA
A B A2 o 7]&e] itk 1 7] wEt R 37
To] Fjs o] Me Holx 3 weteo] At 1 7|F
SRR, 5718 F84 o2 ¢A F3ul qlt}. 27
g o] T8A & ZE FHE A FAd ¥ FUE
8 F9AE FAAA A 2 9 v a8y
o] F8L YA ZFHARAH, 2 s ReH o
ojd T2 50| #o] HoA7}?

A A 280] B RA 02 o3 749 5 71 4ol
ATk 2 A AEAZ EA) Y8 HR= 9
A0 2 ol Fa g &S st B EI} negen-
trophye}atel AA19) AE 23S 7AAA g 2
Ao BHE HEdE e S Zete Aot o
7ol AHo) HEAo|2t & QITh40-43,8) 12|
ZAANY ARE A5 222 BESE BT
£1E Z2AHY. B EL LA N ARE V| E AR
o 7bed 7oA ABAII L FENA BRE AS
AR A7) 1 gt e o] 9 i 2 A = 7]
ZARE BESs A0Zq A Ao Hojd S F
stk 3l B-3a7] feiMe BA A FRE A
&35t3 o flstA] wolEo] 1, A AR o) 71E F
HERMEAIHE £ UE A3 AEA JFE 72
Hot. 2B JRe7|E JEE BEHA e Y
A FEE AL e 2eHQ &8 2 =,
o] &7t B A9 FoA & WHst=d M F
SR ALE A Bk YA A7) HER WS &
T 2A F 7 AdA dojdtt. shte AR 7}
FE YA AV 2A BES = B5F Aol
ol AVdetie o V(A &, FRE, AL B F
S5 dge At 2 EYE LT =719 A
B7tF2A 07 7|8 BES T WL Urte Aol
t}. o]+ cortex (parietal#} temporal lobe ©] £3] F
£2)9} hippocampus E°| &4 dt=H 7197 FH A
glof el A= ARl E tE 294 AAE] gt
RI(@®), 714 = A aly) 2 et

o] AA, AEA HEL MG &= ojF FoA
o) 715 AlZste ol wel B AzlelX F71H

-127 -



(motivational), 23 A (emotional), ¢ =4 (inten-
tional), 7}&4| (weigting)7} Wl AR Al €}, 18j31 1
7V5A 9 Aol wet v 7 energyZt 3R A
1 ojR o] o $F 0]} arousale Y 27)A A
A AQ AF di oz sl A& Aol o]
3 Aol Fojdhe ARy F2E od o] $E
71 AAA LR 27| HEAQ BHE A E 5
3 amygdalaclX] 4 A FA S} U & o] -3
th. 71 o whet @A BB A oA & Fa B
2402 $959 Aod olEoln $Aw, Bo
233 EIA T 25S oI 71ge] gled 1
HEE At AAE 7 Aok 27 vAHEQ 2
3} fA}8lE o] & hippocampus, amygdala & o} 2
limbic nuclei(basal n, septal n, n. accumbens) 59|
gt 223 A R v JRA B
A7} ¥ 8o Aol npet FRE Tsleta A e
71%-& cortex®} hippocampus®] loop7} F2 @33t
th44).

ol FHe I A AFE AA He o &
$ERFEH dh o] S H ANZE HRE EE
b, o]& Aol P2 FAHI| = st A FRE 7]
9 (encoding)5 7] = @t} o] FA & WE M
(response selection)o] 21 gt} o] kg2 717} Mel
I YA #H8E 53 ol R g Uik €
(9 Este) FEAA, AA W] F849 715
et A E Ae]d AAA 223 o2 Qs #A 9
Fol 4ga JEot & AgAurtn FA7E fleA
A4, 2 & B7hsta, feedback ) FA) #2 E #f o
7he ot} o AREo| BE FYsA Az
A zte] B EF AW =i ef o3 HA st
AREHAEA 72t oA A E7FAA 7 o)
AY 3 & A et AP 1 YR & AAskn B}
ot 283 @A) FE 3 Y uhe-A A EE WA
=7 A aen AA] Eoloe A F B
wet 38k Agata WAl )= 48 sk Ao
t}. o] & W8 Z3A) Al (response integration system)
2t 3t o] AA 9] Aeol e} ¥kgo] Y& Aol
ok a2z o] Bhg-o] 3 GA] YA 0 2 A
%1 g4 contexto| A A& feedbackS WO A
- A& FAEHY £3 =R & Aol ofy o
2o }3o] 4FH 02 RYHH 02 A} 1
gy 2 ol Z50] B3 Bol ZAl3tn Hr), A,

gador e A¢ 2 AR Agd L o g
energy S FFWHA H 1 0|2 Q3) o= £F o]
arousalo] =237 Hof oA AQ JF @Yo <
A=A ot FBHQ, G hgo] ol A FL
%93 934 Heo] Qle A5 UFE d4H JF
ol gtA €l a2y o] ¥hgo] A F]dez
encoding B & JF7 ouiA| FHo] $88 9%
< gtk

ol W 7}4 F S8 Boldte Al F A 2= AT
Qolch. wSe| Z33t Ade) BHPolA HelAE 1)
F2e 7150 AFRY 75el7] ielth a1
A=) o] 3 2 4 715 Fe B2
A 98 o A sysemo] ek, 719}9] 3
84)9] A ¥+ hippocampus$} limbic nuclei€ 3,
AA W] F8F FEY 24 B HE hypoth-
alamus$} amygdalaZ %38} mesocortex$! cingulate
gyrusl| intentionality 2 g FT}. Intention o]
energy & 7HA| 1 W& EEe ¢S Tt W
AN AZ L A AFFAA B3 v o] FA
cingulate gyrusZ £ intentionol] G 3FE T HH
AYE AP A7tk a2z AFA wheE o] el
EARAEN A g2, AU R Ha YA EY
Aoz Aysn BAHE 8588 F29 looprt
=8 cortico-striatal-pallido-thalamo-cortical loop
ot |

olx= 883 o7 7|9 A HE cortexol A basal
ganglia £8) release 3t TS thalamus7} & ol S
A& 74 B7} A9t loopelH 2018} 719 7%
o o} F 3 J &I FrH845).

ol g FHA 2= A B A attentional capacity
9} sustained attention(3-2 performance)ol] o] 2|
Z9rt} 1A vlR 2o 2 attentional capacity 9%
maintenanced]] th3] 4™ 3}34} g}, attentional
capacitys A T 714 29122 Y& 4 dt}
Energetic factor$} structural factore]t}. Energetic
factors¥= arousal, motivation, effect & %3P
structural factorsel| = memory capacity, processing
speed, temporal dynamics, spatial contraints, global
resonance 0] ¢t} 1] 1 sustained attentiondl] =
vigilance, fatigability, reinforcement contingency &
o 8aEo] #odta Ytk Ax FE Ae A&
3 A &sHA A7) YalMe ol AE A E AA
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ol

3l energyZ}t A& FHH ook At} B dataE 2
wotn A&t n A EsHA Hzdly] dalME ol @
attention®] 52 o] Wolo} 3l1 1 FEo| | &H 02
T o 3k Aolth o] 3 A% 7159 vY e
B2 F8ol {7159 AAAQ 5844 o=2ar
At 3% 7159 2847 580] gdad 17
LAEE e uUAE Aol deht 8
Ao AHEataL =k o} F $2.3 g9lo]t).

dqUAE FZ dadd JFHez A8 U
o E faf Auht Haol 2 JUAE AR G
T A& FALYE ol F $83t & e,
o33 FH3| relaxtt £ oA Fohe AL
X AR & A 2 B8R £} g b Abgro]
2 Hojold Aolth. oA 9} 3% 75 281 B
HAE F BAA Gofjof B3 A5 FHAo] o}F F
83 oo daiM e g 7130 He) BE st
holdd JFE e FEHY §4 7152 9 oju
FAAA g8t 71 F98 15T Ui 9
& GA reticular activating system ©]t}. 18] 11 o]
g 9% A &Esto wj B3l system thalamus,
cingulate gyrus -0t} 18] 11 0] & ZA 8} system
© 2 A hippocampus?} 7}4 2381 19| hypo-
thalamus, amygdala, frontal lobe, parietal and
temporal lobe 5o 2 Zojt} 18]1 Yo A4
metabolism¥} ATP, neurotransmitter 5] & g 3}
energy ¥1o] H1 glom, o]g}& 3 F-& o] & bio-
chemical stateo]] o] 9} &% 1 9Jt}.

4. g3 =il Mz

59 715& A7) ¥l 83 22 inhibitory 9
excitatory®] A% 240 2 WA} AF S 245
£ o] A28 olaid )50 AT qEH ez
27 E W O 2o g2 R E g Ao
A& ), AFEY 94 7%, reinforcing stimulio] v}
g 9k-g- 9 2 limbic system 2] amygdaloid$} septal
n o 43 A8, A4 HegF A5E sl AL
+ lateral inhibition 5-°] 71 tf 4] 91 system Eo]t}.
A3 A% 75 olHd A7) YA Az Fgo
2 U] W Eofl A A A 7] Aelg e
&7 e AR 1 FA4 o AgEA 1 43
A W7t 71849 § Y-S Aol A5 PAto] Yo
U ARASY arousal o] $ute] 31 o] T3¢ A&

]

 uex

A73e wsts et 2gA JAFE T2 A&
A7 ¥gtz 7)1 Estn AFE 4 AT Arousalo] ¢l
AEA 35 AHGSR)o| 745 ©] dermal potential
o] Z7}] 3L, pupile] o], 414 ¥, pulse volume
2 5EF¢) 27}, EEG) alpha vk blocking ¥ 24 %
9} $7} 5ol Yehd 4 3ATh46). o] 21 gt uk-g-of g
2 arousald] A& £ OR ¥ habituation?] 34l
Aol etd Ar2 ALRET o|Fo A WEe 48
Ao 2 WA E e Aol 5. & taske] F
7 159 W et kRl task7h 32
directional attentiond 278 = w7 Ao A=+
WA A4 uhgo] Wkt a5 A7
S0l glo] FEAoRZR AFE FFE e Fu
A7l ASHWEA Q3] A% vhgol o =27k
Lacey(47)& ©] 7)4 < intake-rejection 74 2 A9
ot glth. S HRE £EFHOR intaked Y=
decelerationo] S| 1 A HE AeH o7 AR opd
£ accelerationo] Ho} i o} 71U E 3w, ALES
31, M-S 3o, wh3-S g okdl e H F9)+= acceler-
ationo], &ed] $EH 02 Wolgl = JFA e
deceleration] BT 3} .

Az & FFANRAY A A wrgoz
AY #AY - led 2 HEAQD Ao Al FAA
9l (event related potential; ERP)ojt}. 1] 2 <l ALA
o JA ] o] A AZI o) ojd A7} B
JH=dl o] & ERPELY @} o] A9 e Y44 AF
02 AAHE o} E UA} Bo| BulHE Fad
AAA A2 HHolgtn B 430k A AA T 97}
712 o] Pleolg st 4zt 3o EE3sld &
EE e AHCE 2. o|& 459 modalityd] w2}
71 5kS AJ7ko] T} 21} Somatosensory+= 50 mesc
Hho] A, visual-S 100 msec ol A, auditary 10-30
msec 2l A FA B) o] A ¢S subcortx®] ORY
eI A A7V % s 2 9n]E RosiAl = &
3 510k 329 W) 715 ucke 93 A7 o
= pathwayd] 71%5-% 250 o Bol o853 3
ot ERPeA 1 th3 0 & YephtE A97E N1 o]t}
A WA & AHZA g7 8094 120 msecAte] ol (3
Zhof[Al) ol et A8d 73 A" Ao
ATH 3 ATHAY).

53 A9AQ M52 T dof ofd fo A9 2

o] & Nd(negative difference)z} 13l AE& of7]A|
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Xl

7l quA 9 F7te] Fo2 Hrhsta Yrh49). Ni
o] N4 %3} VA 3 1 peak distributiono]
parietal lobeQl A © 2 H.o} heteromodal association
cortex?! parietal 2 temporal lobedl| A WA &= A€
A AEY BYA & o a8A A 95
71e o8t 44 g3l sensory integrationd}
selection?] 4 9] 3} 7] % EUh= cortex?) filteing 3}
A3} FAH e A7t ohdrkate HA = SIThS0).
712)3 7 0h§ P29k N7} et 91414 oo o)
44 o] o} B8] & ZETPIE IS HEA
A%9 4 A3AA Al zste N2e 271 o
£ A=) B3 mismatch negativity &2 passive
orienting response 2 X7} & gHCH(51).

ERPZ 714 93] el e Aslols) 714 2ol
Q79 A9 94 P3 2.2 P3002 Holt}

ol AF< Hrlete] AP N3 W) YA HE
2 G A9 oItH52). o] A= A=Y WA, FEH Y
9 58 Tl we} 22t} 28 A] P3E indexing
uncertainty, affective value, orienting, expectancy,
equivocation, stimulus evaluation, context or schema
updating, short term memory reset 2.2 7] &3}7]
= ZHR(51). Johason(53)& P39) 21 Zo| 34 &
A9 o) 9 A0 Aol €8] 2FAckn Ak =
28402 47 Yehhe 43952 10| 21 2}
29 ou] 2 2ol B A2e st Fe &
2542 Q%0 Fou Fus} B8 g B3]
7 o] o] A @ 42 21 %o] Agckn ). 1)
1 a2 RAE7le I AR Bt BRated 2
E AR B et 94 P39 ZEo G2 £ A
74 8.9l Bo] ojEHtt. 2% thA o|# ERPY| 7
A e H 9 o= F9o SAL =71 JFH FE A
27} of 8 H9j oA AR 3L A F29 A
2do] A& % 4 WY& o= B F9171 #A)
Fom dgH o AdeprlE oHt 12y B2
A o A N1& cortex(parietal) 9} medial frontal
cortex, mesocortex(cingulate) 5] 523 71%5& 3}
1 o0}-&2} hippocampusE $J A} 3} limbic system% 3
o 81 Y Ao AAHTH54). 183 P300 &
thalamus, hippocampus, pallidus, mesocortex,
parietal cortex 0] 938 J&-& 3= 53] 719
327} 91 & cortico-hippocampal loop7} 5 2.3+ & &
S e Ao 2 AZHY54).

asoj M

0t HAME)

&

A% A7 AN HES T 4o A3l Yot
ol edittn A74E e 88 A7 TYA, o
£ g3tz Adsta A Aeste, d= P
2 f43 AR S AEE e 75E vk
WA AAlo] 744 He dUA & flg Ze 58
AR Ao $AH oz Fujgoz AR7H BFAN
HEIes £9v), 38 FR A of oAz}
Bujgo} gx A o2 FAEE @] 575U A
ot} o] F 752 AR A2l & XA T ojH o
9 Bojo e HAE £ glrk. H-83 FrIH s
A 2 AEs 4A 98 55 571 Ao 2 F8A4 S
A A o 2 ssiel ZHA B E IAIH o2 T A
7]+=4| o] & orienting resposen(OR)Z} gt} o]wf 1
AR f44& AAA R A4 Adet=d
cortex-hippocampus 2] 719} 3] 2, limbic system,
hypothalamus, A5 o] ¥-g3m, 24L& HF3
© 2 hippocampusE %3 ascending reticular
activating system(ARAS)o] A Aj7ic}. 1% X
£ Y 2 o2} 92 & 58 EA 5] parietal H tem-
poral lobe?] heteromodal associative cortexol| A &
§ 9 Helo] dojujn o] 4gfo] Y3o] 308 48
2 Q. Al A4 249 HLE HEHT B4
A Agstel A JH2 AEHAE &7 w2} 4
B A2 2a] 3 A0z Ao] S atE Fud
2 AAEH, ol FE Ao FFo] F2F T
< @k R Faxd] ARE AFete T
FZ 2 £ hypothalamus, cortico-hippocampal loop,
amygdala, limbic nuclei 50} 3.2 o¢l g & &
Z Az e A S AL gz A3
EAE AN, Fy8ta, ddehe 715 dte T
Z2Z M & frontal lobe, cingulate gyrus, cortico-
striatal-thalamo-cortical loop Z-¢] $oj &1t it} o
4 AR A2l s e A3 543
A &AJo] o}F F23Hd ARAS, thalumus cingulate
gyrus7} A5l 713 712 H 0] 1 A&AQ 3 A
38 Fr 29 A 7150l ol 2 2 . S
74 & 71Estn A1 ¢ e el A AR
od, 4ol AT i JRAFY, A utE, T,
A% 59 B2 A7 ¥ 5} Fo] Ws gtk

712] 3 event related potential(ERP)2] o] 2| 2 {7}
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=

AR AzddA A5 @47 2R BAE 7R T 9
o PIE ORSh NIE 2194 133} 247} 1o
P3E AR Wriekn ¥ Aesiee 989 43
S A9,

N, BA

FM ol < 1E, Mal, ¥& Ha,
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