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The effect of immediate and delayed recognition memory
on event-related potential (ERP)
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Abstract The effect of immediate and delayed recognition memory on event-related
potential (ERP) was studied using a continuous recognition memory task and
event-related potential (ERP). Among 240 stimulus words 40 words were not repeated, 100
were immediately repeated and 100 were repeated after 5 intervening words. All words
presented only once during the experiment were referred to as new words. Subjects
responded faster and more accurately to words repeated immediately than to new words
and to those repeated after intervening words. In terms of ERP results the immediately
repeated words were associated with large P300 amplitude, early P300 latency and
absence of N400, while words repeated after a delay were associated with small P300
amplitude, late P300 latency and the presence of N400. N400 was elicited only to new
words and to those repeated after a delay. The general morphology of the waveform was
similar for three stimulus-presentation conditions until around 310ms after the onset of
stimulus. These results indicate that immediate and delayed recognition memory could be
dissociated into two distinct processes possibly being mediated by different cerebral
mechanism, and the dissociation between two types of recognition memory emerges around
310ms poststimulus. The immediate and delayed recognition memory for words are
considered in terms of template matching and memory searching.

Keywords immediate and delayed recognition memory, ERP. N400, P300. template
matching
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1. M8 ‘

AN 719 AFE Adsta A4 2SS 7]y
el HAse] e AXe wlashy F gy
(contextual cue)E FL3h= T vk} AR F
Aol ek A 7199 2A e AL A7} @
2] AHEE T Qled], o] FHA= HAYPR FdF A&
Hog AAEE AlFo] oAl AAR AYA -2
AAE Zlo] opdAE HdslA o} AL Al
HEEA A2 ZHA (lag)S ATz dAk] Q&
L 7t 7))} oA rid (] J1Yd) REE &
g % 9le AHe Az ok’

el Al FQr ZdUsEe AUAEY #$F
(electrophysiological activity)& &3 7Sl
olghd ol™e] AAFHNY del(old word: FEte])E
AEstA sl A5G o)H MAEA] dskdd &
ol(new word: Aldel)E& A&siA gdste Aol
zdEE A7)PLA GFol tadzy I & ag
oo wla] Fedelod] A o] & k9 (positive
potential)7} #&A=H, ol& AT A (old/new
effect)Btar -2} hH 23 AlA] 350ms o] Foff 3
=7 Alzbsted 400-500ms7HA] A &sle A7 a3
£ P3009) #Zo] 2713 A¥ zAHe HAoE 4H
2 ek o] A7k Zot FaAEE FHE HE AA
(positive peak)> P300. late positive component
(LPC), P600 59 obd¥ o]z Eeoix|o, o]
o] 34 HHE wkdsiAt 22 A7) 71 el
A= gle AR viFd] AFE o] HusA A
2k A wleddchn geid gl ®

Halgren®} Smithe A7 A37F P300 A& =
7HEE olue}l N400 A Fe] iz dsjy= Zesl
g3 FEc® 23 A 300-550ms HEANM B
=3 £39E =Hx AAHQA N0  Kutas
Hillyardell 98 Hg-o2 nusigdet’ o]5& ojnls}
dxeAY 2 gxEA U dege] AMBHA
el vixE g AR A vy} A= &
olEuT} dx|shR] o2 B4 400-500ms Alel
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of Fo3Hd 2 SAHNE He FAHE BHsG} o
As}el) ZA3ke o] 52 N400°] 2}v] #2](semantic
processing)& HFIckw FA3gicl o]F N4009

el /Y oA FAEe] AvisEded, A £9

Nordy-Cullum® Stelmack-2 54 Ab3o] oA )
A" ARl E2 AAE Zlo] opdAE HA] ]
3 g AHES e BE A2 ¥ A
N4000] wredgicim FA3lch” = o o] 5L
4 22 Eo] F71EEE N400Y AEFE Zbske 5
o2 nlFe] N4008 HA&o] 7]o gieleln F3}
Aokt ole] Bl Pictond N400o] 232 oje]
AR5 7] A 2 A el g8 ok
2} N4008] A E% WsHchy spodct 2
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AYE A28l AR 8ol s} o
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A delE 4, 8 16708 THA o] thell HHE A4
stk P o As o)Hel ANF ol Al
AAg A7t AAEA st P& AYsA gt
k= Sl w3l Ao Fu el 2T A4
250-800ms Alelel o] & <FH9E Mok ez 7}
A ©eie] v} SIEE ukg A|7de] Folalwm
AiA)gHg-2 7rasledch Kayser 5= AAEdd =
2o} A akale] kel Al 71-g wlwaisledl, BRI
I AAdzF 25 AT Z4E 2eoq P300Y A
Zo| glojME Fo)g AE Melx] wsgieh® e
Fzpro] A ERT vl foFA L A
& 291 A3 3553 4ol AT N2009
A1 Fo] 7rax]e] glglet. olelgt 7 A TA sl
ol 52 we At 7IFe] A& WEFel o3 EA
Rz FAsigc]
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IYE o]848 A AFE Al F2b Al U]
odat 2 A 719E 2FAHEGE F A7E A4
3 A9E nyslged, & 2" A 796w
P3008) A ZFo} Zolslm AEIlE B i A4 A
Q] 71gel A& P300S FFe) FAslw FEr7F Ao
Ao N400o] FA=c) o]E o] A} 244
2 2 Aal siedo] ME 8 A NAE de F
Nel E9E nAolele A& AR FAssd

B dpoade MY AFENM A A 4 A
7zt ATahe g 3F delE AFoE At o
ofoll tid =2b4 Al 7] A A 7ige] MR
229 4 9derhs, oAl T F 39 Alal vy
o] Az o AlA 3HZ TAFIHE A Rgi)
o] ) 713 AbAARAY e} A& A& A}
43 AR APATE] o RuHPAL o] @

52 dole] wtEAA] A (AE Bl 2, 6, 8 lag)
o] wrol M 1o} mlx= FFE Fabsidch 27
U 2 A7 39 2HLE dolE 402 vk
Al A F WEAA HEe] 031 E743 o] A4l
3} whEaA) ZbAe] 541 x| whe] Agle] Mz &
2 4 v 599 JAAHWLE RS ™ Yl Jehd
= Zo] & F3] ot Aolch Wk F24A Al s
o3} xad Al 7ldde] M2 %¥¥l FAelelwd Az
#H4} S (temporal resolution)7} Held ApARaA S
= F #3849 A A9 A9 Holr} AF AA F
AARE Vehterie [} ARE AT & Zleldh
ols} t8o] 64708 AT HHolH 4% ApdRA
e B2 AxE 20 A riga 2 el 7]
o} ZA7F e ] 716 B o)W E FANA F
Zojct

2. 7 WY

2.1. mExt

285 AHEshe B B A 169 (A
109, o=k 69)e] A¥ell A3t HyP=tel F7
R 25.524) (SD:2.7009%. H¥AR= ARBFA
A9 AYe AT AYol fldlon AAYH Fo
B oo} WHE Zn YA Wgket ZE AY
AeE WA AHe] 1.00)4elslen, A¥d 33
WotE Ao AyFeulst AgHU

2.2. X5 HO{ AKXIL! M)
AHES} G dolrt 28 ool wlE o A A

A¥che ARE 2 geiA Qlek? gk kA 9
=71 A e dele A2 deldld A=
23 dele G I5oly off W (AN w o
AR Nt 1998) oM Aestgen), ¥4 o
M7} 30-70% &3tz F A2 74 32 o)
240707} A5 )2 ARSE AT 240709 ©elEe] o
£4oz A=, o1F FoA 1007 S,
2 ks AA=ENT 10070 508 2 e Fel A
o HRE AlAEgles 4070 W AAEA] st
WHE AAE Dl F AS AAR A9 My wg
A A2 ke Fe]E AReg ol (new words)E o]
Z3hal). g Bl Al -9 - 3R - AT - &
- U - A o) o2 o] AAY S T
Are ZHH o2 NEAAR Dolol T AlFHE 5709
M o] oo AAR A WA A wejol) A
& HREAAE ] ke oz, dtw, Rl whEAAEg
At ASAAR Aol A H2E el Xy
ek AF "dele HFE 2UEHY U E90
500ms ¢ MAHEG 2 A=Y kAL 2250

PR}l A d&Hog AA=le dPY cdoEg
FAE 2 Wb goir) ok AMAIE ool e BF
HES FE+ 38 AAHRA] b2 dojolwd A%
S FEEE Azt Adye] AEEY] A4 A
A48 AAsle

2.3 NupEEiel {3

x3= Neuroscan ESI-128 system® Scan
version 4.1 (Neurosoft Inc., USA)2.2 243w
Hote] $AL Hodn s AR Zdelal Agald
A} o)1Foz}. Fz, Cz, Pz %98 TIY 644dalA
Hu-g 243k 2, ¢ mastoid processell F-23t
HF& referencez AHESHTE o Aol &
ZhetAge AZF 7 Wil okzte B3 AFE s}
o 3xsldct. 28 A2 impedences 5 k@elgke
2 FAsk

Y Al Fok e analog  bandwidth
05-100HzZ2 d442o8 Z2A= T FE-E(sampling
rate)< 1100Hzolglch Aldle] B o8 43w
A HoEg AF A4 A 100msHE 2T AA £
1000ms7kl, & 1100ms®] epoch22 X&)slsich
Epoch® 7144& mAst3, artifacte]l e AP
H3}slr] olAsel rejectatdr}t (+1004V). Epoch&
2T AA ZRAN2E do, S dbEAA) o] g
Al whEA ] dhel)ol) upe} ¥ Pt HTF
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 AAREANE 1-30Hz9 digital bandwidth®
filteringslsic}.

Aubg-& Bal A3, F ol AAlE FelF A4
2 Aoz AR AdF AAE=] & Gl & A4
A dgtehar ubsEk A#e] Muiekg HE HAo)
2§t

24 X7 M U EA ANz

At 8 AHEY N200. P250. P300
2 N4009 A EF3 AE7le 29 ‘time window ol
ae} AR A}, F N200-2 2= A A 150-250msell
AR e M & SHHE "He AYoE PO
200-300ms®} 71 Z <FHAE gHe HH, early &
late P300-2 350-700mse] HHAE =He AHH, 2w
31 N400 & 350-450ms Abelddl #A=e= 7P & &
ANE He Adoz Aoslddct A AEL 27
A 7]"4(100ms prestimulus baseline)oll 2]z #
271e A3 A4l A7 (stimulus onset)o] 27 3hed
Abzalgo}.

7z AAe #E71=  within-subject
ANOVA, repeated measure® ¥A3lgzn HF ¥2
o} 2 AlA] 270] SyPap] Walelglcl e &4
Higloll 4] #AE)E Type 1 errorE £Al8l7] $slod
Greenhouse-Geisser epsilon(e)o] AM-=slgic}. E7)
Hele F 9AE AA=EGEY, 94 21 ¥4 &
A AAFRRYY] AEH FE/E A A
o} 4o 23% AF ¥¢+ Fz, F3, F4, F7, F8,
Cz. C3, C4, T7. T8. CPz. TP7, TP8. Pz, P3. P4.
P7. P8, 0Oz, 013 029t ogoezes FAA
(midline) ¥%19] AF & Fz. Cz, CPz. Pz, Oz~
243 A& FErE FAsgd. B4 BHe F
AR AAR olfi= AT F-Hell wet F(polarity)
o] 2tz 97t U7 dA&Ee]c}

A g3} uhg A7k within-subject ANOVA,
repeated measure@ ¥4 3t}

3. dn

A%

3.1. TINgED v A2t EHR)

E 12 A AAA 270] B AR e} whg A
e 71k ok AR dele) Al wEAARE @
ool vl ZztAog WREA AR ol gk AR
&) folahA ¥ (Fr30=3.608, P=.039), u+& A7}
= $olahA ek} (Fr30=29.893. P=.000).

E 1. AZE ol FZ4 iEAlA dol, X iEAA o
ole] BT ML A7

jeg e TARTE  Adux

ARER o

= AA ol Al
84.44 90 94 85.56

o]?é %

ALEREE 1) 6) (4.67) (5.27)

Ay | TI460 64142 707.24
(174.22) (187.62) (167.24)

() EZ9%

3.2. AP AT
(Grand-averaged ERP waveforms)
Iy 12 A AFAA 2H0A 22]3 Pz F¢olA
43 AIRADTRAHNE A FHFT Aol Al A=A
Al 276 |2 AR BHEA = 310msol o} F w7}z
frARE el g 2o} zetd 310ms o) FRE A2
ol zjad WEAAY doles FdHog A4
= ool wig W4 o 2 SHYE ngh A A=
AA] 27 2Fola N200, P2502 P300o} 2=l
ZIgE N4002 A yHEAAR thoje} A28 oo
Ak #aEgich P300-& S7bA whEAA] ghojellA]
7h8 A Bas 9 31(426ms), oheogE Aol urE
A4l el (508ms) 9 A 22 Fol(515ms) e <o)},
%3 29 32 P3003 N400o] #3339 A" 6470
2 AT FHollA 243 o] LEE 3xew a
A%k Ziolch P300Y] A% Al =21 ¥ FH-FAH ¥
el 71 & A1F2] P300°] B2 Z N400 g4
F4-FA el A & A Fo] ARG, F
3] Subrol mlal bl &A3 N400 A Fe] of
Bk

3.3. N200x} P2509 &IE 9 ESJ(Q Aot

33 1o B & glRel A AFAA 20 2F
A N200% P50l @RS N200 WS} A4
21 ¥-glollAl 243 N200 A2-& MY Ax 2
FAA] 201 AF 9)elA foldt A7 FEEA
odstel vk FAIA BYola &£AY N200 AEE
A% A AT R Fog A7k #EEAG
(Fy32=3.114, P=.045, €=.124). & Pz ¥sjol4 &
ZA%F N200°] 7F4 & ¥4 AYE Esich 21 590
A EAF P50 AES BAF Az AT F$oA
e A s (Fai=1.839, P=.036, ¢
=.258) FA-FF FHelx s 2 AFe] P250el
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FAEUG N200 % P2509] AElexe AT ¥4
Y AFA A =AM 43 x7h FEER] i)

12.5uv

early P300
late P300

v ,‘\/‘ -
N200
12.50¥ T T T T T T T T
00 01 82 063 B84 0S5 ¢6 87 o3 09
second
..... Mz e gof
-~ BN co
~—— KEsERADo

a9 1. Pz 9 z2in A2g do], Fzha widax) o
of, A WA dojolld BARY AAPF A
A PHA 2] (grand-averaged ERP)

3.4. P300 TF ¥ =79 zAnt

P300& ZE AFAA 26 FEEHYCT 21 ¥
Aol &AF P300 AE-E WRFEAY A AF ¥
$1(F20.240=2.351, P=.002, £=.108)¢} AFAHA 24
(Fa240=5.972, P=.016, £=.029)°14 ®-23 27} 3l
ek FAA F9elA 54 P300 AHFE ¥R A
e AFAA 2AHAAR fA¥ AE Byl
(F256=3.717, P=.05, €=.071). P3002| 2Z2 Pz +

VIR

AellA 7 21(7.24uV) Fz F9lelM 7 Hqdch

(6.52uV). A=A 2R e FAHLZ WA A
 weledxd B £ AFe P300e] BAHNUL
(1.57uV) Al WHEAXE dojofjr] 7}A 4L A&
P300°] A=SATH(5.33uV). =& HF F9} 2T
A 22 Al 4E g adE FAFNG
(Fs56=2.592, P=.017, £¢=.097). &zx o2 vpEA|A
© wel9] A§ Pzeld M & A% P300e] ¥
g ki Al HEAAE dejet A2g defeld:
CPzollA 714 & P300 AlFo] A&t 21 F-9iel
A 3% P300 AEI1E HIFEAE A ASAA
2R304 Fg A7t ULeHF220=10.813, P=.002,
€=.012). A4 FolA FAT P00 FE7] 94
AFAA 2AMA @ AHE RAHFa5=7.617,
P=.006. €=.019). P300% &7l F74 wbEAA|
ojoll A 7R et E 2= A AFHA] 224
4% P3009) HF A& FH7IE 71€stn At

3.5. N400 TF 9 #&7|f AN

N4002> ) wHEAIAE oot M2g dojde
AR b F44 WEAAE ool A
ofsteh. 21 H9lellA AT N400 Fg HzkME
Ad A F9949 AFA A 244 {8 27 &
A=A dstont, FAA 9l A N4004 A
F& HFEAY AR AT FHedA Fold At @
AEGIcH(Fy22=2.824, P=.05 €=.089). & CPzellA
7 & A&l #AEAL (-3.14uV) Fzelld 714 A
< N400 A &Fe] |FHAT (-1.16uV). o] A= 2
d 39 N400 AHEE A=}t dAr} A WA
Al 2719 A$ Fhibrsh $ubrela] 4% N4009]

3E 2. Fz2,Cz,CPz,Pz,0z 59104 4% HF P3009 #AEx HE7)

A2g ol 2717 WA A ko] Al A A ol
9]

AE(xy) %7 (ms) A% 2] A% %)
Fz 4.89(1.11) 470.72(42.36) | 5.71(1.11)  425.88(17.97) | 5.01(0.90) 470.52(47.01)
Cz 5.04(0.50) 500.84(35.82) | 8.24(1.13)  445.12(22.85) | 5.75(0.78) 517.78(36.53)
CPz 6.62(0.87) 512.79(16.86) | 9.22(1.00)  438.10(22.44) | 6.88(1.11) 493.43(20.51)
Pz 6.83(0.88) 519.50(15.69) | 8.33(1.22)  435.03(22.67) | 6.27(1.25) 544.69(30.42)
Oz 5.83(0.72) 519.85(16.02) | 6.33(0.85)  431.58(23.01) | 6.19(1.37) 527.69(29.01)
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Y RTRER

LUt s A a] )

¥ 2. M2E o, F7H wbEAA] dho], Ad

NEL ¢ AFY AT TR FTelq SHE
N400S]  AZo] s Tk ()
(C3+TP7+T7)) 4~ (C4+TP8+T8), P=.000).

N400 #H71E #4% As A F9y 2A5H4A =

A Slofold) 28 P300 RES) 349 AE

el Frolgk 2k = edgkeh
. =9

4
wols] Z7bd WEAAS A WEAANE PE S
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a3 3. Az dol, Aol HbEAIA] cholollA] A N400 22| 334 A=

ek opz}l A ey Z2AdE M2 oE d%S
vl Hnh, 4o wEA AR golr) zjqd qbEA] A
= o}l e whojo] uje] o we zEja o A
ghatA| A=Yt Apd@HEAdRqAE S0z gt
HAAE eirt )l wkEAAE deiydd o] &
P3009] #%3 #2 AX7|E Bgvh 22y N400-2>
ZztH o2 whEAARY oo BA=HA] 4L
H A2 doloh Alod whEAAIE gejout iy
gt} o] Aike 74 A} x| Agle] MR He
2 $ovde AE Bud A3 A75e Axte} o
g} B B a7 A Z7bA el Ad Ay B
27 2AF AA 310ms ©o)FHE AatEE AR o
AR},

AAREANY 7] A N2002k P2502 Al =}
FAA 24 54 G} dubdes N2(GE
2ol Helxp {5 A3 x;2 oA ded
P300S BIER F7] HAES Aol dagt Hre
2% 83 Age b do] AFAE AL
& Aol oshd N200ol wo] Azle] 7] A,
Z 2HEH ] wojo] Wislel vl HA-§ wkedgcin
gk AE 50| Kayser 52 ARG #FHAENA
o] il Z1ede] &AE N200 RE9) 7k Alele

#23 Ade] gl 2ualeh® olo] W oz
A7ES N2009) AAIA](generator)7} b 2%
4 Heetn gela ok o8 B sEFded ¢
Al AFLEY 58 YN 2 doE A
F 200ms A= N200%} F-21%t vkg-o] A=
Mt wEEG(PET) M E wole] AudA F A
ov)d  ©A(presemantic stage) & X7t A
(perceptual stage) %9t I+ 554 F§U +
zjAA BE3hE Aol FIHAAYG P B Ao
£ FAH9 #4904 7P & N200 A Fo] veptong
#H, 7o) 2 BEE A gt

A5 AL 1650-275ms Abolelld FAEI FAYE
= A P50 AP ALY AHE FolA 7}
A A dFEA] odska whelbd s Ak dex 9lx]
edrl B pospe) w94 A (exogenous
component)e] ofg} AXA Ao} walFol 2 s)
%L wherly o] A7) whelw JYth® p250gl
715l #Ha A chdit oA Ee] MAEHAE, & A
93 Foly 2 BEARRA] 3 5o %] AAH
et ?® Chapman 52 P2500] ©7] 719 Wle] A
A 9 AdF A FASS g FAAshs ¢ o
£ o]5& P250°1 A7] 719 W9 ojoH My F o
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& e 71LeE ddde A #ES Qda
Sty PP

B A7l A AFAA =246 AT N200}
P2500] AR A EF3 878 Hgled, ol A
ATES F3, & N200s P250¢] AHE5-AH]l ©el9f
WEskel @r] 71y Jie A 9 QF o AL d
o] Ajale 7] DAE Wt 4L AR,

A ASAHA 2 EFA P300S Fo-FA 9
A 713 Z AFe] FAFAL, z=jlm FHLRE
HhEA AR "efolld sl 2 & sbg e e
7I7b A=Ak P3009] X122 7o) #E, A9
=84 2 A P (task-relevance) T3 AH= ]
sith, =& P3002 7] HAHE wkdsies e o
A2 A AEwA) APy AR 2AsS
Hillyard %< P3009 ~71%5& 3% w)Z(template
matching)® WHelA A=stmal ct.? o]
sl 71gel F 72 yge] YA, shie Al
Zo g Ygeoln ol e A3E ¥Ri(signal
absence)oll #¥ Ygdoletm gl weF HYH AF
o] ¥ ¥z Fo| 3htel Y3l P3000] AAEdE
Zeolck mela A=3 yupe] Ux|FpE P3002 A
Zo] Frbstar AE7)7) Fobdlvia skl ¥ o
Tl FF o8 wIEANAE el A wgF A
of AR st 4A wvaEE v B2 Jdole
g Hete) AR okm 500 7MY Dol Fo
Al HEEAAE dHole] Aol s H IO AR
e ARFA vt o] A F4H oL wbEA A
= dejolr] M £ A&} g FE7|E Zes P00
o] AR AR oAAIY

Zz7bH o2 MHEAAE thoe} 2o WREAAR ot
o]} aflel A 7H Frajzl Aeolw N4002] f-F-ol
o} N4002> A2 whejel zled wiRAAIE wheofA
e A b FAHon wEAAE dojdide #
Z=]2] odofrh. A&l AAE A ATES A
279 $7 FUIEFE N400e A Feo] Frshs A
2 #AsIH T, o] A T3k} N400S) 7)5e) 7]
o et (memory searching)olgby FAsigch ! &
A ellA &3 N400 94 7| 9] 2 vk
e Hog AR =Y, dbsid Q=g whois}t A
WEA A E whe]oA gt N400o] =7l ofFolr},
vlwd Huhg 23 QA - wel9) 103 Fol W
AAE oo AS- g nEwoRE we] AdE
T 5 glch webd RriEal 71 g8 #Ale] dHa
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