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(LRI R % R R BB R BT, L3 100875)

HER FRE

(PERZRCEFRFOCEMREALRE, L 100101

i B IHACS5GENERNEEFEMRENT. ATHESS5AEENFLSE RN X R ETE, N
BHEET 14 BEFHFEHRHAITINF 2-back,0-back MR F A B HHRXB A (ERPs), Z5RE M, 2-back
EFBWEREFELEEHHAER K N30, THRBRTHFENENFEL RN @B, 2-back {£45 B 0-back
2% 73k BT ER AT 18 MO MRS SNC AT BE R ER N T3 2548 45 . SNC F1 N430 F4E  fi) &) B B 3R - KB 330
HHMEHRXRSHEEHEENERNERFL, HEXNDSFEMTTERE T ST ERREOFLERM.
XA TECIZ, R FEL, Zif, N-back {5, FHHEXHEA.

S%E  Bs42

—3

1 51 &

FERHERFEY 5 E AR AFRMREB IR
R MBI, XA ARSI HARE TEICK
(working memory, WM) ) BigE L P # TP,
Baddeley 2 B T/EIC12 £ R A H A R gy o
PR GEMARESRMALSESTERE =24
B . BEEEEARAEEENFLMMT, & T
RAGEHBTSHAR. — o RI1E S FI (phonolog-
ical store) , ERERFIEFBE 1 Z 2 ¥, KPHW
HYHETEHRERLE. F—BoRAEFEHRMT
(articulatory control process), H Ik — R ifiEE
? AT R EH IS HR P IE S FC R KD
1EiE1Z B ; —RIBT R B B E iR hES
REBEFEEETHED D,

EHFEBEEMICIZARHER, HRFH DM
BHEICIZEEHBEERSREERAEHIEE X
WESEH. EIECIZAZPRFEEFTERM
HEFECRMERNT . AT HEIERETIECICHE
WM E R RS Paulesu FHREERRMEFS
FRIE (rthyme) /T 55 HL 3% & B2 I T A T 383
mEEBEH EEES . ERRNMAESFESFEME
RS MHEPEENCTERRS  HEBE KRB
WEX SR URERE N EEBIREFEL N KRBA,
AwhERkHERTMEES 5EEHFL, ZE M
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B % " & B (ventrolateral prefrontal cortex,
VPEOMAEH X B 5RiEF R, Postle £ 2
B2ARSANFHERICL, RAEHAABUBRE
AR . B —EFWEREE S AHNFEHF
DI EREBUR XS, FHMX IMRIKESR A
BT Bk 0 Z2 MU B4 (Perisylvian) 2 30 84 8 17 B
ORI A X P E B8R, PFC MR A B K.
X—W3BEY T 58 Perisylvian K EF TR
AT R B AE A .

Fiez EHBI R S5 L RERA-B . HITEXK
PR G AD HA1AE S AR W I E R B 40 B REG R
ARG 40 BEIR P HAT PET A/, ZRBEFRAW
S . MR, X BT BE R B O TH A 0% L BR B
HTHBEERIBMARFLE LRSI EN.
Jonides F 4T ML RAEW , Fiez FARATAH B A
BEREALBBEBERZD T IEXFEHEY
W, A REET S EMEHNER. Jonides %R FIEH
MR IR R RAE S, B T 15 B LUE X mSE
BT EE, PET 19 4% & BL TR M- )5 &8 76 77 1 4% 14 B 3
B, MATAREMTH EMEREXRESEEREL
fEiCAZAEF P EE , WIBE B RBMAED R A RKRE
. 5X—WAMEIE, 715 TERIZHER AF
ESHBNEARF, AFETE LW RG
HERHIEF.

PET & fIMRI E T iC BRI ZHATHT
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REDREMN, B RWHM T AN EIR, BEE
MRBROBRBEMSE - P RAHER, X TIEIEZ
HAMTHABRORAREBEANEE, EHMEELBEA
(ERP)YRA ZB % i ] [8] 4> $F 8, 3k #b T {MRI Bt
HoaBRREOALE, ERIEFR64~128, EFZ L
256 OMMBHRFHEEMWME ERP AT —FMEE
HREBRER. CEHRRXA ERPHEAHRETH
W23 A FE R B AT IR A I T
gyEt Rl BRI, B A HEE LEICIZ 8 5 M R
BB RS SO, AR A DU 6 6 09 3B | B
ESBIR R, W F R FF7E LB Br B 100~ 300ms
B A& A 2 BRME X AL #, 400 ~800ms R I i 5 %5 (R {E
FHEBEOEEREAN RS, 2R L —FETHh
MEHERREABN . FEAFANETERR
MENAEL, , BAaXKBEREXESHNS 58 FE
MERMTR? TIESZPREREENFELHRRY
HEML S BWMr? KPR HEBERF 2-back, 0
back M1 & iR E 55 9 ERP g4, i B 5 & TAEIE1Z
HP 4 IR T R B3R R A B 2 BB B L B LB ) S AR
2 i
2.1 #R

KRAILEFEEKEN 14 ZREERMBRE, Y RE
FIF, 56 8785 ,FIRME 19~24 HZ,EHH
20.7% ., BEREEHERAEER, RE NI B 5
RMAEFEKREREY. ERZRENAE—F
.
2.2 FMHE

AN FHESL TR H—F MR
HRAFPREPLER 143 M. 2-back,0-back
R AT 5 P DU O S 5 38 B R AR A R
RLEFZAAGFEER. FHN 48 SR
H.2RAFAXNBRATF.

J 1 2-back.0-back 18 % i iR £+ ¥ i) L B 45

WFEM EEH FHEBFD
2-back fE 4 37 7.954+0.46  12.3242.55
0-back {£ % 36 7.03£0.52  10.5841.88

SRS 70 7.8940. 35 8.66+1.42
fit 143 7.6940.25  10.09+1.07

F(2,142) 1.22, p=0.30 1.03, p=0.36

2.3 XRBREF
KM 2-back £ 55 .0-back F S HE R %, H
FIMBIHIF SR BRI E 1, 2-back £ 5

ERBTREAELNWFHFI, DL F 2N EH
1500ms, ISI K| ¥ B BE 4 1500ms. BRAENF2H
WA UYHMNFREEERAE ZANE2RAONFTH
B, RARN&EE, A F 815 %8I0UTTH
REFE. O-back EFHRBME RS 2-back
EFHER, AFAR LYARNFEE ST EHENH
PRIF I “ W) R . 2-back F1 0-back {£ 45 H1iX
FHEHELASEHLHE S 50%, BHILHER. B
RAE 55 BRAEDUF 6 5 Ja BY 0 3 6] B, 7 B 82
EEREHE AN FEHBT - TN FHARLE,
TAHIF RN . 2-back (£ HAHE 72 HNF
BIT,0-back MIERMEFEAFE 70 H. ZHELBNF
AT AR F WUF HAT A 4. I SK AT, $k
T ELRMERAM 20 KBTETFIIURELE
BF. B T@EHRFE AR, IS ERE
5B R B R R .

ln——q—l__—'-_z”lé_
2-back £% w =)
=
0-back 147 | 3t o
VQWE ” %T’ﬁﬁ
L
ERES 2]
1500 1500 1500 1500 1500ms
.......................... >
1 2-back,0-back 18 R 1E% 5 H #
EREFSREIERH
2.4 PEEIZR

XA NeuroScan ERP it 5 & 4, % E R
10~20 RV EH 64 FHFIE DR EEG., LU
HEEZRANSH B, DRI E B B ARICFRAKFE
R, (HEOG) , AR L TEZEBHARICHEAHRS
(VEOG), I HE A 0. 05~70Hz, REME N
500Hz/%, %k BB H<5KQ.

2.5 ERP¥EARSGITHHF
5% B % 290 5% EEG Ji B £ (off-line) &b 38 ¥
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%, il NeuroScan ZHH4 & IE VEOG #1 HEOG, 3# 3%
SrHERBR S A Dhad . ACBIF 5T U 50 35 1] B B B #t Ao e
AT 534 » FF ELAR 98 B RE Bt B B 45 5, X IR TE R )
EEG #4178 M. 2-back EHHE 1-2 NN FHE
BAUTEENNFE BmMEEMP R, BEEX
FiooV EgA A hFET B HER. 5Pt
(epoch) I T 5 |5 1500ms , B 28 g R 30K 5 A
200ms, MEECAHAREREGAHR B W, LK
WRIEPH AF3/AF4.F7/F8.F3/F4,.T7/T8 #1 C3/
C4,3k B JG % B9 P3/P4.PO3/PO4 Fi 01/02, 3 16
MR BTG T . X3k B RTINS B4 B AT
EEXERA¥HERXBR-HNEEEMBEFEDH.
F 4 E P {H R Greenhouse-Geisser 3K 1F .

3 &R
3.1 fTHME

2-back {E45(96. 3+ 2. 9% M EHR KR B E|/T
0-back {£4(99.4%1.2%),t=-3. 54, p<<0.01, 2-
back {F %t 2 B BF (713 £ 89. 9ms) B E K F 0-back
£ % (597453, 8ms) ,t=5. 59, p<<0. 001,
3.2 ERP&#R

K4 8 TAEICAZ P #4711 QUF) B R FFL:
MR R ESR ARREBET =HLRESF
H I #0751 [ BB & ERP(LIE 2), 2-back Hil 0-back
£ 45 397 3k B AT EB3% & 4 P230 FIM 3 1F A5 (Late
Positive Component, LPC), LPC M 400ms Jf 5
2% 800ms LAE7E L KR FB i R th N150 Fide i
i 4> (Late Negative Component, LNC),LNC M
400ms FFIGHEE ZE 800ms 5. EREFHELRN
P230 W IEE /M, 300ms s —EHE % X & LT
Bl

2-back {14%

0-back ¥4

B2 =fEREHFH ERP S FHE (=14
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3.3 ERPETWAETWN

3.3.1 L HEEa) N1 1 LNC N150 #l P230 3%
e B R, MO B (R . MR AR AT E) G, B
BA B P, S B LNC (400~ 600ms) 1 LPC(400
~800ms) f) ¥ P IEE . 3k B J5 ¥ N150 #4314 F1
EBRMOIA IR AXEEAYABE. LEE
HINCHESF ETHMBE, F(2,26)=3.82,p<
0.05, ZEIWBEEKY,2-back {£ %5 LNC iy F ¥ ¥
18 B & KT ERIEH (p<<0. 05) 1 0-back {£ £ (p<
0.05), 2-back.0-back 18 AR {E % ERP F R4 B
BRAEREILE 2.

3.3.2 S EBIEPEY P230 1 LPC  Xf 3k % A &%
P230 MEKEH#T=HERERNBFEZ0HN KEF

THMBE,F(2,26)=11.59,p<0.01, ZEHLEE
#H].2-back T P20 MPBBEBEEXRTFERES
(p<<0.05) ,{B/MF 0-back {£4 (p<C0.05), 0-back
£4% P230 MEIBHBE R TERES (p<<0.01),
FL AR o7 B 3 0t B 2, F(4,52) =6. 08, p<<0. 01,
F3/F4 AW UWE 8% KT F7/F8 1 T7/T8 s (ps
<0.01),{H5 AF3/AF4 #1 C3/C4 S ERAE
. T7/T8 RVKBEE/NFHE A (ps<0.05),
P230 #1 LPC 74 s 4% - B 08 WL 3. *F P230 Y
BT FHEEEMNETFEMTER . REL
HEREMM BE,F(1,13) =6. 84, p<<0. 05, P230
A¥HROBRBE 2454 Tms) BERK FAE ¥
(2274£6. 2ms) ,

2 2-back.0-back 18 if £ & & ERP B % i B & 0 7 IR 3

P230 W (p V) P230 ¥R #(ms)  LPC E#E (V) N1 F g (V) NI #REI(ms)  LNC F#(pV)
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HERES 1.52+0. 32 228+4.8 -0.0820. 35 -1,76+0. 24 150£5.5 -0, 2440. 43
25 B N430,200~1000ms 27 45 7E 3k B A6t BLFp 42 IE

3.0 i}
2.5
2.0 [3P230
1.5 SLPC
1.0
0.5 %

1 1 \ 1

AF3/AF4 F7/F8 F3/F4 T7/T8 (C3/C4

B3 P230 f1 LPC #E& 4k F M IE (V)

Xk ERIR LPC ¥ HEBHIT=HEXELZ N
B ENMHRA EFERNMBE, F(2,26) =
11.73,p<C0.001, ZEHBFE B, 2-back 1 0-back
£ 51 LPC V-3 18 8 F KT E R 5 (p<<0. 05,
2<<0.01),{H 2-back fE % RAAMFTHHF # LPC
5 3% 8 (1. 05 £ 0. 38 V) B E /N TF 0-back £ %
(1.85+0.34uV, p<0.0D), MM HEHRAEZZ
ER., BRMUBERM BB E, F(4,52)=3.96,p
<0.01,C3/C4 B & K, BF KT AF3/
AF4 F7/F8 #1 T7/T8 & (ps<<0.05),
3.4 ERPE:RiK

2-back £ & W E R £ & M 2-back £ %W, 0-
back FFHBHEFH LA 4. HEATLUFH®,2-
back £ % WA R E F 7k R MMAL o t L R

4> (Sustained Positive Component, SPC)Z R .
2-back f£ %W 0-back £ 55 76 3k K J& # T Ak X 4
PR T N430, WA 8 B N430 B (3 1
MBRIDILFRL -, ELEPBARIENE R
FiE R = R R B4 (Sustained Negative
Component, SNC), H & 800ms EHLEH ,

4 g

EAHREBTZHLRAESFHAEEARHY
ERPs, il 43 B T4E 1842+ 45 B F2 0 F0 & R i T AR
SHMAEER., 2back EFEREN —TELEN
FIEFH TR FFRGER 2 DMREL, EE DRI
HELE Z3FIHE B8 A B & B, IRl 7
H. AT 2-back FEFEM BB BB E L FEL
TARMMI 1 R RIFET/EEIZF 2 AW H
Kt [E] 4, 2 AR X eI B R H A A 5,3 8
WX H X HBU, 0-back 1F 55 {0 E K Wt Bl ¥
LRI LICEC B AR S 8. 2-back F1 0-back 1%
FHWNFIFFIHE B ST LM A, 78 5% L
BoR L UC ARG, HAS BRI R R R BT I
HEAXF . 2-back £ F M TEIBIZFAFT KT 0
back f£455 , BB B B AN RFN T, €F £
ERMEHFEN, TR 5 AL AT R BRI, R
SHERMIAST . = HAE 5 0% 6] & 5 & AT i
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4.1 TMHHEBESHGFERHKER

ek B B TAL i X 38, 2-back 4£ % LNC #
THEREERTERES BHEFHBEHEAT
Z R N430, 2-back 1F95 W B iR {E 45 % 18 B i) &
FIR 5, £ 570 N430 AT BB T TAECAZ A
EREREL. Awh EH 3 2-back EH5M— P&
BFACERNESELFEMNEE TS WEITEHT
HEBRE"Y. XEREMNTM THERRS ST
B EHF P IHEEBFL R P .0 XK. Smith A
Jonides ZEHE Z 5 RFFHE RN T H PFC B, 3%
ARMEEERV SR PHER ., T EHE
ERE-NEEABZEEXE, CEREVANRHTA
5 BB B H T A& A B R R X 8 (gt W

PO3

2-back WEREH

FHBMH) . Paulesu Z % RIER KT 5 BF 7+
YT F B E M FREES, s FEEN
Wi BRI, kK # N150 FAFEES R K
# 5 ,LNC 7£ 400~600ms 2 [6] B} 2-back /£ % B ¥
AKFERES. N430 Z 800ms A H L H, EME
BRI M 200ms FFEA B 800ms Z2 A FE I 58 B, , 400-
600ms ] 277 - ) 5 i 3 , N430 shB R B T T4
WBAZ PRI TR e R SR .

# 3 2-back.0-back 18 iR £ & % W @ W B AV A ABL

2R b3 o AT
2-back {£ % ~ ~ ~
0-back £ % v
HREF N

............. 2-back ¥ 0-back f£4%

B4 2-back fEHF W EARESF 0-back [EH B K ERP ZR B (n=14)

TE3L AT EB, 2-back £ 4 /9 P230 #1 LPC ¥ 18
HBEATFEAEHF HBEEXEWMEART
SPC. Paulesu Z % IMH M LHIES, Awh £ R H
KB ERMAEHEELHEY, ARBEMS S 2-
back EH X BE5ERES, Bl EHEE BA WE
B E . B #1831 X (supplementary motor are-
a, SMAYZEM WG 5 A 85, &R SMA 5 &
THBER" . AN AREFURBRERTS
5&¥ERMITHMT. EBEFREREXEXEHA
REAVTEERLXMMIT™., LEHHERKE
SPCA[fE R B T 2-back FHFBMEREFERAKRM

PATE BB S (W3 3) . 200-1000ms Z£ 4 7k B AT
W BLE SPC, #E N430 R G {IAFFE, WTREE X
MBUARESA X, BN, 2-back /T4 B3R M50
0] 35 5 P 1 30 38 =2 A A T 3 AT DG 48 0 BT I
N, MEREFNEBREFEERETELEEF
BE,A#HTHBRN. 5 nback FFBEREF
A A R [, Paulesu Rk AIEE KRN EF 5F &
BRESHER. ERRMNESF R —FFARFES,
n-back f£ & & F — L 17 EH1 B0 B 43, 20 R A it
HEFMESED, ZEHRESFERERHAGFE
RESBRFBWPHME RN, A TEEA
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BSAABERANERKTRESFFAX. MH
SPC #yth ¥ £ IF B, X 5 BHE B R P AT HD i
WtE—B, REMMN,SPCHEXEEHR LT
FIESL,

4.2 SMAMIMERPHEHREENE

B FE 3 P EH, 2-back {F %W 0-back {F 4
HBAZHREBEFAUCHMEROMNKX . AHFRELE
J& T DAL i [X 35K » 2-back 4£ 45 LNC (400~ 600ms)
BB IS8 Z KT 0-back (T % , HREEL KE
WEPEF I N430, 5 2-back BERE KB DM
N430 FEFH AR, £ 7 3 N430 EH AR
b 3y B, BT BB R A A AE T AR A ZE A R
R B,

7e 3k LR #F 2-back {E 4519 P230 KB B E/NF
0-back {£ %5 , & LPC ¥ 2 5 & 76 4 ) 5l 808 & 3% /)
F O-back £ 45, MG F B C3 S ML ERIHA
) & B SNC. Awh Z % B 2-back {F & 0-back {F
FHRMTEE MM RS, & ¥ % LM VPFC
(BA44/Broca’s areas) .BiiZ 3 K Mz KM,
TR, Z M AT AT R R AR E RS AR .
B LB PR A SR R B, £ VPFC iz 3 X
2 53R E (subvocaD R, B A BAT{XFE 2-back {£
% W, 0-back 1T % F ¥ & . W 7 2-back {£ W E R
FHWEMIE. AFFK SNC T EELE T4HERK,
Awh % PET Bl o & B4 W T M- 3B Aji2
BERANAEHEEYERE, ARBRERTA
¥R,

Xt B3R b T B B 3 AR A A R B, Sk B AT EB
P30 FFEMEFE M ER, HH LPC M 400ms £
800ms fEH AL R. SNC NFIB WK FHBEHR
R Z 800ms AALR, AR R T BRI HK—H
K FFHEZE 800ms EH LR, SNCHERMT &
RIMTAHEER, TR T/EEiZPERMTH
Hir. BHA= H—,SNC {TFEk AT H 2-back
£ % W O-back £ %5 B, #E 2-back {£ %W 8 R/
FHEARHEM, 2-back (EHBE AT H HHH SPC
54 MEK,3H A SPC M 200ms F 1000ms, SNC
& 0-800ms, iR thrf Al th A —B ., HUFHH A A
BBRE -1, - kERHK SNC 5L K
BRAY N430 M HRFER A A — B, W A R HE K
IS E 800ms ZZALE. H=,SNC ik #
HfE, SBERESEHRRIAMHKATES ERP I
A —3, A KA RE R AT ¥ il B AR 47 .

4.3 ®BHITL

ICIZTE B I DL R R E TR E RN AR,
FEMENGFECSERECIZRFE #MKBERF
FERWPMES ARG RBAT ., THECIZERAE
MAGREARERRERMEERANZRAMMIE
(R) Xt HE 2R ZE AR T+ R A ) R e S R B
B. ALEEZKERN Y, SEFEEXESF
A TR SRR, H A R TE A Rl B 3h X & A
A D0 450 5[] % S B 5 TG 3R 1E AR TS A U TR A JE R
HE R T % Broca X . Z- [ H iz 3 X 1 #h 7 1E 3
RABRMBTERRBAYES ., ARRERSEE
ERRMXBERER - ERPERMEHRT
ERFECSERNM TR EEMS IR, EEYW
ME AR R E KRG AR XK. THEID
AN BRI MUK KIRNEZ, KR T 4W
N E: IE ¥ (basal ganglia) Fl 7 i (thalamus) %5 1 7E
BEEEMEM. S5 K IMRI 1 ERP 44,
BB BBt [A] 4 B 5 o E] A R R A S5 R, Sy pr it
ZERITEEESTHNHELE, UHRITE B &
58RI EILH
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ERP EVIDENCES OF DYNAMIC DISSOCIATION OF
SHORT-TERM STORAGE AND REHEARSAL

Wang Yiwen, Lin Chongde

(Institute o f Developmental Psychology. Beijing Normal Unwversity, Beijing 100875, China)

Wei Jinghan, Luo Yuejia

(Key Lab of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract

Working memory (WM) is a system that is used for temporary storage and manipulation of information. For

dissociate the brain areas involved in verbal storage and rehearsal, event-related brain potentials were measured

when 14 normal young participants were performing 2-back task, 0-back task and rehearsal task of Chinese charac-

ters. The difference wave N430 appeared at the posterior of the scalp by subtraction of ERP in the rehearsal task

from that in 2-back task, which probably reflected the short-term storage and its time-course. The difference wave

of sustained negative component (SNC) appeared at the anterior of the scalp by subtraction of ERP in 0-back task

from that in 2-back task, which is a likely dynamic index of rehearsal processes. Frontal lobe and posterior areas of

brain maybe govern the rehearsal and short-term storage, respectively. The dynamic division of both areas possibly

is neural base of temporarily maintaining in verbal WM.

Key words

working memory, short-term storage, rehearsal, n-back task, event-related potentials (ERPs).



