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2t 719 (working memoryye- QIX] EEol] HQ
@ Aug Gdew wgdu 2 A4
Z owm)Eh, 320F218] 7)central executives), F-=3]
H(articulatory loop) E AlFZE F7)A(visuospatial
skerchpad) 52 319 AAER FAHe] Ut
(Baddeley, 1986). =UR 371+ F9 37 A%
2 s Aeln FHE Ao 2dat A

250 Bejah Aow YA YE 9U 28

ﬂiﬁﬂr AlZZE A7V 2 Aol AS3 Al
2 A3l Aol Bedshs Aew el
(Keefe, 2000). 2+%] 71912
T e A9 A A5 FeW GTE o)
(Baddeley, 1992; Engel, Tuholski & Kane, 1999), 4
Az A7 AAL 3T A 719 Aol
gt A el Sl Aol Hadm itk
(Carpenter, Just, & Shell, 1990; Gevins & Smith,
2000).

2e] lelel ABMAA AL Wl Sia
o A FEE dez @ Yo ArEd
anEsien] o erse 9 9
A (prefrontal cortex)®} SFEH Y
2 Adar: 17 A0k 49 Jldel A7
sudfa i AE Bol W

g 4 lele]l gy

(inferior parietal cortex)

A%0lE TgoR @ AT RS UA
Aom Redn g B¢ ARG 943

= AZEYE0 B%o] ZyhErl= o] W
At} (Wilson, O'scalaidhe & Goldman-Rakic, 1993).
A 59 HYS 7IHE AE d7E oA
A9 719 A B uE dAH R HAS
1 2t el AATG] 298 TS @
= AL Hudlzm 9T} (Nyscrom, Braver, Sabb,
Delgado, Noll & Cohen, 2000; Weinberger, Mattay,
Callicott, Kotrla, Santha, Gelderen, Duyn, Moonen &
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Frank, 1996). <& £ Callicoted} 52 E(1998)
29 71999 BojE Hole BAEEW FA4
F8AE tdeR 7)5A7]EE 9 (functional
Magnetic Resonance Imaging; MRDS A8 A}
BN 2 71 TAE S B
A %< (dorsolateral prefrontal coreex)@ FH Y F
9] Bl B W PAREY Bl
A Aasdel wgel A9 v feld
ol g 2AEsIn. ol tled
A B zPZ=E< (posicron emission  tomography;
PED) & A A7ER A9 79e g
e @5l FhEhe 2
€ B39t} MacLeod, Buckner, Miezin, Petersen
& Raichle, 1998; Owen, Evans & Petrides, 1996). 1
B W5 W9 Aol 2l F1elel Tejal
Ul 5] @3 PHE= AFsA, g Al
7t 37 E(temporal resolution) @ TH| kol A 7]
olo] ol 14| Te] BAEE FAH 9

W Zizke] GAlel ofd i F-$17} Jﬁiﬂ“ﬂ
o] #3 ARE A|FHA| ESHGevins = 2000).
web 29 e Tk G oA T
5ol o A)4E Wl @ A7Ee A
HA$] (event-related potential; ERPYS F+& AME-3}

—%@ BEE Jxdn

o ZHEHE ¥ A7 1
g5 At Fu A o] 7 dAE
wredshe dwe] B (peak) S °Ncomponenr)
2 PAETHillyard, 1983). W APAHEA
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] EES W3] dol f-ga AME
ek HAAR A AFEL ARIAEANA} F
A 7199¢] AZYHNA 71HE ols)stE el v
T+ 88 FEE AFdrhs e Al
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wTEE HA)

Y SHEEG)x= Neuroscan EEG synampsg} Scan
version 4.0Neurosoft Inc., USA) & AF&3le] =43}
St} wste] 23 AT e guE A5
AollA o] foHtt. Huk= 123 Al FYH
ﬁ'i.(ltﬁl 715 A (reference) Z}, -F- mastoid process
ARG, el LA FUARE 4%
SH(canthusyel] F-2HgE A55 Fale] BUH

T AU
SIA T Impedencer= 5 k@ P|¥FE 54318

L ot H{rf &
o

Se A9 el S SRR B
3 IH= 0.05-100 Hz analog bandpass?. 152 0

2L o, FE-G(sampling rate)S 1000H2| S
o dnk o] Ed v e 100mse] Ab
A 714 (prestimulus baseline)S FE 38+ 1400ms 2]
poch O FEIGL el $49 3 pe
witicrh EPE ABE A2 2AA A9
o 9% 2 Qe mek el 2 AT 6
9, % 97 42U 4 2 VST A o

2} Fitetn o, o8 ThAl 1-30Hz2] bandpass®.
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Ll
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ol o8 YAH ARIEAEAY ZFlM Al
o] F&r%}ﬂ‘}i»t—ﬁ] é N100, P3002} Aupr} &
TFEAS 5y 99
HAE Zﬂiﬂ 3T (grand-average)3t
ARBAANE wo i AR 3 7F YA #
gk AR W fl(time window)E A3 TE S N100
= A AN F 60-150 msAtolell A AFE = 7}
2 BAQ ko @ P300L 250-450msifole] 7H
BAQ o &, 1831 AF= 600-850ms Ate]d]
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7€l 100ms®] A=SAIAA 714 A1e] 3
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R EQ
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T APz, 3, F4, F7, B9), Y A (C, 3, G4,
17, T8), 7% 9 A(Pz P3, P4, P7, P&} %
A0z, O, 02 0.2 Witk 2F goe] g+ A
Zg AN F, olF ANOVA W S (epeated
measures) @] F& VRO AREIIGITE AE

Ao F WA YA FU (midline)ol] 913 8h=

Ho] =

=
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T2 2. N1002] 123

N100, P300, A 3}7} #AE T N100 71342 H]

E_L Z}:‘EE} J—_,L_ Z}:_o] oloﬂfﬂ E—] 3_71 _,
A9IT}. vk p300e] NEL Bl A7} v

B A=HT 43 el § E7FkiaTE. P00
BUx A3 HEE AFeMe #EEY oW
Yz Yol = FEHA] ot

9 29} 32 zhz) 123A el #EE N100
7} P300 9] Jepdth, o8 2 B

B =
TXE

oMol He 22

N100
Al A5 B4 N1ooe] ?&%HOJIEP 4 ROI
o242l N100 11%% BAE Azl A2 30|

._,

oE fogt Aol AT oL, F(284) 5.52,

p<.0l, ROI| WE ol #AEA] gkohrt &

E A= A&dA 4 EYx] gho] vjEE A
SR JAhEY o 2 N %
Holom oz dat B3R 4 N100 7ol A

frolgh afolg Holz] ¥ttt FY A= F9

oAl Z7g¢ N10o FlZe] ¥4 Avk= ROkl w

& N100 Z1%0) #4 Aztel fARitt & N100

%ol o8k ol AT FHolAY HFE]
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4 5 / &Y J|de| MEMRIE T AR 6T
Aom, F284)=431, p<.05, AT Fd M2 B A3 dA AT §¥el w2 48 2
2poli= FATE AL AARE Gz el S8 o7t YSE Wl T F284)=278, p<.0s.
N100 FZo] MlE% A5 Hrh Bx A5 9 AR ZAF A P F9ldA 4] o] YA
(42 93 BYA YoM o Avke 2L 2o goly HEE AFEY v 2 %S WY
FATE (p<.05). (p<.05). U] %, YA o vEE A=Y g
ZoF A BYo|x 238 N100 Z-E7]e] B P30 HEL ZFz} 671uV, 4.79uV, 4.80uV o]tk
A AR, A5 fEov A5 B9l oE e g HT %HE} A5 §F Alole] A3 e
719] Apoliz HAEA] &3t Ft J&%Q‘)}ﬂr K6,84=251, p<.05. & YA
AL T B A Z AZo papg K
P200 9w BUA) A WEE AFL FYAF
i o B o e i R
EUa] 3 HEE AT po00] #F P300 FE7]e] #A] A, %} frEel we
HAa dA] LolM= ARHA] Gt G A FEV1Y Koyt #FESITE, K284)=18.09, p<
= F9lellA S p200 %] #A A A 001 F DA o] BYR] Hojut HjEE A=
= 9, K142=35, ns, B A 79 FG42= o Hla] F AEV1E Bdvh & 12 39 A
115, ns, of Wh2 zpols= YATE EHP200 FE FELOA S Al Al Hat P30 [E
7191 24 Az A5 fEolv F5 B9 wt FEE V)Esta sk
Z #5719 Apolrt #EAHA] it
Amt
P300
Al A Bl Muizh #EET 471
A A BF P3002 AAEINTE. 4 ROPIA ROISE 54 §-919] HFolA 4 Agje] &
S48 P300 ol #F GA &4 A, AS A AF, A Bl mE Auke] ZlFo] £
FEol M2 fog Aoz} AHHNUG, Fesh)= & zol7} ‘”Oiﬁ‘r E(3,84)=4.05, p<.0l. & X3
3.29, p<.05. T4 AT FHele] P00 &g o FFo] AF B s it JEM 2
E 1. 3¢ 3 ELlollM EYE " P300 TED FH=T
AZ59 U 9 oz 9 HEE AT
AZwy) Wl G 28] Az A5
Fz 6.41(3.63) 276.50(43.08) 5.19(4.76) 342.28(33.64) 5.26(2.44) 355.42(37.04)
Cz 6.71(3.34) 277.30(41.46) 4.89%(3.81) 343.33(31.55) 5.13(2.35) 361.64(45.20)
Pz 7.01(3.06) 279.48(48.17) 4.67(3.11) 345.43(32.62) 4.65(2.03) 360.47(43.84)
Oz 6.72(2.96) 278.79(47.09) 4.39(2.94) 341.13(35.63) 4.53(2.05) 360.12(43.91)
() ¥zEz
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AElge A PArgEel ARESIe
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2% A3

ZpolE BolA| 9Tt o] 754-3——3
o] MEF AFo] W] o 2

¥ #e FE71E Hva EJ_??} AW AP
£9 Aol YR HGevins T, 2000; McEvoy
5, 2001).

N100-2 Al A= EfFolA #AEJTE =X
A5l 42 93 EYA 4L ¥EE AT
Hg o 2 N0 &S Hrh dwrEo
N100-> HE A ol 7] @A 94
Fole] AER ofefH i it o E Eof Hillyard

- 320

51973)2 A0S o R g AFoA] Fe

Sl 7“5101 Stk Aol HmE % 39
Bender %, 1999). WA B AFo]Mq A Aol
Mz U2 N0 JEL 5ol Azl 4 Ao
o el Il Aol Sl ;43 E sk
 slvk thAl wek 9 fdxke R A
A v Be FolE Fon, o] Az

B
=% 70| ¥EE Aur} ¥ 2 Nio UE
2z

A3} WSE Ade B2
oAz wREA gsten],
A5 P04 b 2 AgA e v

2 pa0o] oWl 7% HkddlErlol dlelM e

p200°] HNeA Fo)Hackley % 1990) 2 EA
22 Bk S, 19997 B

sl it A 7ol #3 Aol AF-E
3lo] Begleiter $(1993; 1995)& A=+ A|A] &
170914 240ms  AtolellX 2 AE 2he FA
= T, o] FHE Al 719 9 (visual
memory potential, VMP)&}al o] &3}l VMPI}
H 5 2=l Hla] E3E ApselA folatd A
A=, olel 2ATA o5 VMPZ} A4 719
el AdHe] Qe A= S84

AAE = Aol A= Sl ASH 4AS
W A ofdf ZfEE VMP7E Aditka
FAFBTh webA = AFolA 4R do] BY
2 Yol BlER A= ulg] folsiA A"
P2000] Zl1%-& Kol ZOE mFo] P00
Begleiter 50 FA8 VMP 3} EYU3 AoE o
Azt



P300
Az el oa I p3000] LA At
HEE bl os) A" psooe] el o] 2

AEF} o e FE71E BT o]d tlEdA
A AFE A EIZAME MR g2 FE

1) e FRTY RN MY 2
A9E 8ol Wy BAX U3} WBE AFe
FYAF RN b 2

P300 & g3
et} o2 Eo] DonchinF} Coles(1988) &= "2}

A3} 7Hd (context updating  hypothesis) & A <t
e, & A 719 el 474 33 (neural
representation)©| A 20 AAE =3 LR SHA]|
ol 2234 AN Bs0e] A, A4
S5 FEst 242 p00e] AEo] Axrkn
43

W3F P300o] 2lAF A% (decision makingi} T
o] qitiz AF- Ayt o}, Rohrbaugh
STHE APAR sim B AR AAS
FiANEE F AT Tl F A A
&= Aol T AR E el S FAE
ArgE A3k = odA AAE A AT
P3000] #AHUL A HA AXE AFM=
P3oe] LERA @igkth of Azl Al
e ox ARARAY AL 2Eo
P300 AZEE AAsl7] ol P3o0o] oA} AA
o & Tt FAsTt ol tlEdd
A Sutton T} Ruchkin(1984)2 P300 o] # A=} =
=2l 7HA|(value)
R

Eigl

-2 =9 X(ignificance)
W= Ao 1)

Aol PR elA H FLatr] Wi

A L Aol MSE A Had] ¥ 2

AZe ke Aol

S SIa A

=
B

A1 J(o10| AMAME|E 7|& AIATIERS 9T

(o)

g 7o el e ARH Fde FHAzkE
QF3leE A=Fol7] fio] 4 o] HEE A}
ot B Ao vls) v & P30 FEHE X
fetdtia AT T8 4z 9 24X 4
I HEE AFHE UE A9 2XE Hyd

HI= 3009 A el ofz] dAd A
= gIATE, T/l 27 (intracortical recordingp]
W HEY e AR d7ER FEY 3
A4 p3002] AR R FHs gtk
(Smith 5, 1990; McCarthy &, 1997).

o
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Aat

Al A= B A= AAl 3 770-790ms
o] AlFolA AMuprh #EEgon, A% 59
AN 7 & Holrh A A7EL A
g7t A4 7)ol Are] A4 2ge w3l
Ui Badnt oE 9] Medklinger @} Pleifer
(1996) = AGALANA AFE] FEpt F7EA ARl
e HRE 6800ms FF A 719 el Fa3)
A7de 3 Flolo] AAE= AT ¥lmet
ST 3t Ao A BRI A4 7
of A=l 3l A= 74§99 =
A Aot Wi AR FE o
HEE A3l e el Aot AT
BQox #AEITE. Gevins $(1996)S nback W
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t} old] TlEoA Kusak SQ000% A A
3= 500-1000ms Atojol] Mu7h 4778 F-9iolA
vehhs As HaEglon], o= A4 719 W
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Ae ABY 9;741 uIBA, Azt A2
aofeh Ao} It ol
FollA AHG-g ZJOM AY FATE A=
271 W8] Aoz o AR Bosch 5, 2001).
2 a7e 7&?%, A AS BFeld At &
Al A= Bl Aake] 1
F RSl g glen], Mute]
A&z} FE7NM Al A= Aol frel @ 2ho]
7b ik o] Azke A 34 719 vl 3
HE Ashe 2 dEEo] gtk S A
ARl AUkBPE 2-back ot 3 Al
AeHem FRar] Helde A=e] AA
HE 7193ka 9E Aol 875 fRolt,
A w3 daje] Aol RololEA ol F5
AXE= LR dol dell A os whgsly
e E F AlEeE oW 250 ANEHUNE
7¥e Z1deta glelob gtk Aubrh S AT
2ol 7bg 2 A9E Beled, o
719 T AT 59l g%l ¢
AR o] AT A9 199 oA BA F
A Bue] A WA B AATRe €
T HIY AT7EY AFeE dAE
(Braver &, 1997).
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= A 4% ‘:‘°‘X1 42 HEE A Ho T
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o EE A B B2 Ft FoHEE A
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BRI A1 AED FENE = A5
g, ol

SN BB BRE 4G =
B4e wedahs Ao cxmm o AREe
S EL [ CCEE P B R R
AnAasle] R0 od wdEdE A
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The neurophysiological mechanism of working

memory: an event-related potential study

Myung-Sun Kim Jun Soo Kwon Jae-Jin Kim
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College of Medicine College of Medicine

The temporal stages of the cognitive processes and the neurophysiological mechanisms underlying the working
memory were investigated using the 2-back task and event-related potential (ERP). Geometric figures such as a
circle, triangle and square were used as stimuli. The target stimulus was a circle, while the triangle and square
served as nontargets. The target stimulus was further divided into the match target and nonmatch target. If
the current stimulus was a circle, and the circle was presented two trials earlier (match circle: MC), the
subjects were required to respond. If the current stimulus was a circle, but the circle was either not presented
two trials earlier (nonmatch circle: NC), or the current stimulus was either a triangle or a square (nontarget
stimulus: NS), subjects were asked not to respond. The target stimulus, i. e, MC and NC produced a
significantly higher N100 amplitude than the nontarget stimulus, which indicates that more attention was
directed to the target stimulus than to the nontarget stimulus. In terms of P300, the MC than either the NC
or NS elicited a greater amplitude and earlier latency. In addition, the P300 was at a maximum at the
parietal sites in the MC, while it was at its highest at the frontal sites in the NC or NS. All three types of
stimuli produced a positive slow potential with similar amplitudes and latencies. The amplitude of the slow
potential was at a maximum at the frontal sites. These results indicate that such temporal stages of cognitive
functions underlying the working memory as attention allocation, updating the working memory contents and
the retention of sequential information can be reflected toward the ERP components. The results also suggest
that the prefrontal and parietal cortex, which are known to be the neural networks of working memory, are

associated with the retention process and updating working memory contents, respectively.

Keywords : working memory, event-velated potential, 2-back task, NI100, P300, slow potential
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