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ERPs)BYHT % » R T BIEFAPATRR EMEE N B NG 3

ATBRWE 17 2 ERAA > FHF# A 233 & o & Neurostim £ &t & A AR BRI £ 3R TE
T (cue) by EEAEML T 5 ) gk B (delay)#y B A (100 msec 2 800 msec) ; #|
Bey 7y e (AR AR o E AR L% 4T ERPs 69k 08 RO IF M e o d7 - R T AR EMEHE R RS
#r(repeated measures ANOVA) » yL# 1~ Bl 444 T 49 ERPs »

AFRBER > AHATEMEE AR L ZHRRI M A REET > N1 GREFM4 5 170 ~ 180
ms > KM@Y By-2 ~ -4pV) ~ P2 (B MEBF M1 49 B 250 ~ 260 ms 0 &9 & 4 ~ 6uV) & P3 (R 49 & 370 ~
380 ms > k@A B 3 ~ 4uV) o N1 kA BARpHRIALE ~ TAE KW RAA - P2 A4 B AR HHRIZ A -
TA¥ A PR AETA TR IR AA - P3 AR Y RATAE T Ik R A - N1 2 P2 % R #4334
T M RN BRI H Lt 8 K 0 2 P3 R L EAER TR IR K o
AR TRRT I RB RO EE > M RHRMERTAEZ R Y
SZRITBAZN AR BE o
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Pl k] %% (visual spatial stimuli)
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FREIEE » GEREE LHITBEE LAY EE o
ERIR L - SBEER /N ~ BEREEFRZEE
EENNTEEGERERANA LRS- "EE L0
FEBEHFLTARANLR » FEHEEERRTE K
E%ﬂi’ﬁaﬁ » 40 R RE RS RS B B0 A 2 B AT ~ PshBe

i B (functional MRI) ~ Y IF 7l J& & B4(PET) & o )
,ﬁ '41 F 2 ) “Posner paradigm” H i £ B R i 5215 B 22
1 & I (visual spatial selective attention)HJIE = » (671
A B 5 3R % 728 | o 'Posner F] F $2 57 (cue) i i B

[l

B iEY)(target) A R IR RE - BRRBERSH
Al LA BN BRI S7#8 R (covert shift of attention) (K
BERRGEOER THER BRI HEERETER
J7(sustained attention) (JEE T EZERMUE) - N
fEEE S E B BT E 7R IR B (disengage) ~ BB E)
(move) ~ B2 A fi7 (engage) KB 12 » EEHASEAYIREE
(parietal lobe)ZR5E Bk » MIEEFE 2 L& EE (frontal lobe)
BARBRENES  EEILNEZERNEE > REE
e BfE RN EE MERF IR IR ©

455 %% & iL(event related potential » f&f§ ERP) »
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20 HEERER

WMEFGEKESTT - EMiARERTNBEGFHRE
LRI EREIZ IR » IR B FRE R LM
K EBOLIE & BRI E S W P1(F) 100msec 1% %
A ZIEBMP) ~ N1 (17 100msec 2% 4 2 & EALIK) -
P2 (#J 200msec # % 4 2 IEEAL) K P3 (9 300msec
BRECEEMKHE -V EREENEGSREN
2T iRAEE SRR E R - P ER R
SR IE 4 1 B (visual selective attention) #3848 H > R
=T R % R I #Y B Y (attended target) » HUANFEAF
BIER R B E ) (unattended target) 7] 5 # 8 KHY P1
N1~ P2 Efrss g o "R > B TR R AR
BRI ERENEE IR > HE RS
g HA R RE R IR S & % E (I (baseline
potential ) 3§ 2 1 i1 8 28 4 (excitability) o [

HEEREENBEHFARELWS  FEHSE
FISEINERERZRYE - BRFREE RS - iR
B IR (L % EREH EBRRH ARG - 'R
4 BN ERTEPRER I CEHFE BN STEHE
EAHR At AERAEEHHEREZAENER
NFEHBEMWTE » LTHRBEAPTHREZEERSN
ZBTERSE R E - TIRERAZEE KT FEREMN
B HEBRATMBERIRAIE LS F o

] MR T % ]

— R L

17 fr R RN » Hh B M 97 » M8 i )
I ERE 23.3+6.8(13~36)5 * THEEB 165.2+8.3
NG FHREES 584114 AT o BT HIEHEH
FEBEF HRAOBBERNHRNIEE  BEMKE
LEERATIBE LR ERIRE o

IR B

M #&& Neurostim (Herndon, VA, US) K Neuroscan
% #8 38 % Ik /% (Compumedics USA, Ltd.) o Neurostim
(Herndon, VA, US) & % & M AN DI BEFT i 5 » TE AW 5%
PR AR B R k57 I e 2 1508 I B o Neuroscan % 4858 B
BERS 32 SHER I, HEKRRa] DUE 1T IS ik 2 ni s B
K BT o

BBy R

ZHNERER MR B TR R BT
BHE AR - ZHE LR BN IRF RS
BRI S0 A5 AFRIBRER B R — 5 B%# ko
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B 2A T 48 25 52 1 5 AR B AR 0 8 A e o vh Ol B AN
BRI G & » FERE 5 R BT E T IEMERBIIGIE
HATHIE o
1. Eog% Bk
R 10-20 BIBR % 5% A+ 8 B (45 F3 ~ F4 ~
Fz~Cz~T3~T4~P3~P4~ 01~ O2)2RET A0
5 o 3lfi 2 72 HR BE 30 5% AR 41 WL UL & [& (EOG) » #uiR &
MR NIEE » 2% EREE IS W ] £1 28 (mastoids) ©
2.0/ AR
BRI ERA Neurostim %R » $2 AR B H
B BRABEGER  SUEGEEBKEEFRR
EFHEF|— 1.65X 1.15 A% B+ = (central fixation
cross) » MR R HIRBEEEEL P RIME - 2
% TFEEEK > BATHE—RZES A (.65
X 0.6 AR o HIEME— 1.65X1.15 A5HIK
FARIRFER - 2 B4R R 3 100 B¢ 800 ZEfDHIIR
REENEEHES  BEEVMEBEZRHEES 200
Ef - BIEY) B AL E (£ 506 ) B &7 5% 5 MM A
> BIEFER R (valid cue) o Rz » R FERRIR =
(invalid cue) o 52 HI#& 1> B & 3R 12 7w Re AL FH AR BE /5
RIS - TR IERE SR R Z R BRI R b RE ©
HBERBES B3 ENRGES L 8 EBEW .
(DRI IEREBL A - (2) R BT B8 HI IR FEI (43 BX 100 msec
B 800 msec) » (3)FIEHY /5 (B KA ) o IERERR R
BIEEEMEL S RA R & 144 B2 5 0.6 (valid
possibility = 0.6); T & 2RI B EHE BV ELARE S
2596 FH » B4 £ 0.4 (invalid possibility = 0.4) - K
B 5> P B SR A AT > B, 240 fE > P& IRE S
41§% 0 4t 480 RH - & RE B R 1Y [ JE IR} [i5 (response time out)
g 3 ¥ - RE B RE i fi] 9 ] R (inter-trial interval) £ 1
o

HHI

HREREZTHE - R BEYHERE 100 2
BWHGGT  BrARImEANGREMNHEEREE
EYFHNKEEMGHESR  WRMEHREREE
EYMEHRRE 800 ZMWIH —HERETHIT - FHE
Az R BARHKL IE (ocular reduction) » §JE](epoch 5 4] &1
b BRI T 200 ZREHFEE 1000 ZH) » EARRIE
(baseline correction ; % ¥ %€ PO RIMRTZATF) » THEHE
i (artifact rejection ; HERRIEIEAE-70~700V #iE DI Z2
fSi%) » Bk (filter ; SEEEH 1 & 60 Hz band pass °
6dB/oct) 2 » EIT TR BH ZFREMNFTEH SN
(average) ©

Bk B E KR4S ERRRRIEEE



A /o8 ~ IEMEIR RIS HE BEYMELE - $5381R
AR BEMTE L8 ~ sERRRE RIS HE BIEYTE
AESUBEEMF)ZFERENME N1-P2 K P3 I8
(amplitude) K I I K¢ [ (peak latency) AT 437 o [F] K¢ 5
Fi Neuroscan — & 22 i N Z ¥ K B§ & {7 [& (brain
mapping)ZhBE » F0§k bR & I BRI B 2 K B <5 oL [ o

ENE ey /"

HEETRRAE 5 A SPSS » it Ak R EH B BUE R
43 #7 (repeated measures ANOVA) » %8 8 [K] F (factors)
BRI ZIEMET - BEVAE(ESG) RHEE

EENBEGFREM 21

HY) 28 ik ([] {H B5 35 ) o {38 B((dependent factors) 3 2 f&
T B U8 e B T B U MG o TE 2% P 1 < 0.05 R ET 225
F o EE BB R H T sphericity ERETFFE
TEH#E > TH{E A Geisser Method 47 B B & (degree of
freedom) Z#Z IE ©

[ & 2 B

AWMERR > ERTEMER ARSI ERE
F =R - 255 150200 ZEMELAHI &R
¥ N1 ~250-300 2 72 45 HO IE A1 3 P2 2 350-400 Z 55

k1. REEMEZNFHFHE2 0 NI A SRH TR M Bk K

S Ej%%ﬁ&fﬁﬂ — E_%#@%E?Eﬁg _ F E/P
IERERR = f6 iR bR IERERR i AR PR
I I ¥ ] (msec)
F3/F4 B x C: 4.77/ <0.05
F3 174.2+23.4 175.7+28.7 179.84+21.2 173.0+27.4
F4 169.5+25.3 169.5+23.2 178.44+20.3 174.2+£25.7
Fz/Cz A XC:4.93/<0.05
Fz 174.1423.3 170.2+23.6 181.74+20.9 169.6 +26.0
Cz 169.6 +23.1 166.6+19.3 173.84+19.2 168.9+£21.6
P3/P4 B x C: 23.34/<0.01
P3 172.9426.2 171.9+15.2 170.9420.9 170.6+19.3
P4 166.0+20.6 166.5+10.8 184.0+28.5 182.6+25.0
01/02 B X C: 26.85/<0.01
Ol 187.2+33.7 183.6 +36.7 173.9+21.2 178.4+£24.2
02 172.1+23.4 170.5+12.5 202.34+65.8 202.6+26.2
U R A8 (1 V)
F3/F4 B XC:4.77/ <0.05
F3 3.3+2.1 23423 3.1+2.4 35426
F4 2.6+3.2 3.4+3.1 2.1+23 2.0+2.7
Fz/Cz NS
Fz 2.1+25 22429 -l1+25 -1.7+422
Cz -4.4+2.9 3.4+43 -3.6+2.7 42+42
P3/P4 A:4.62/<0.05
B x C: 13.41/<0.01
P3 -3.0+£2.4 -3.8+24 -4.0+2.7 -6.4+2.9
P4 42+29 5.1+4.7 -3.1+2.0 -4.1£3.0
01/02 A: 7.13/<0.05
B X C:55.29/<0.01
01 -1.8+2.3 24+1.5 -3.8+1.8 -4.7£2.0
02 -3.6+2.8 47426 -1.7+2.4 2.0+1.9

AR (IEREBSERR) - B @ BIEWAIE(AG) - C @ Fos Bk ([E B0 i)

AXC: PORHEEHEBNZEIER  BXC : BIEY) 74 B 50 #% 5 i [ I 52 3 019 22 B 78
NS @ RRRZMEE LHZER]
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k2. AREMEENEHFE T P2 A S B T AR RH MR K
p— E%%EE&{J E@%EE@{J F /P
I I B i) (msec)
F3/F4 NS
F3 25254333 262.7+34.6  260.7+454 268.5+33.1
F4 24794342  2614+379  262.7+47.0 267.8+33.8
Fz/Cz NS
Fz 255.8+30.6  257.8+37.5  264.4+443 268.3+33.2
Cz 250.4+30.2  257.6+38.8  263.0+43.7 269.9+36.9
P3/P4 NS
P3 2500284  264.6+36.5 26894427 278.1+34.3
P4 249.1+33.0  2602+39.4 26344395 272.4+38.0
01/02 B: 6.66/ <0.05; B X C: 7.50/ <0.05
o1 25224239  257.9+374  259.8+335 264.8+373
02 24354238  243.6+30.0  2652429.0 278.5+33.0
Wz M 528 E (V)
F3/F4 A:5.94/<0.05; C: 16.30/ <0.05; B X C: 5.18/<0.05
F3 42+2.1 4.7+2.5 +3.0 4.8+3.
F4 +3.0 53+3.5 T+32 6.0+3.4
Fz/Cz NS
Fz 6.8+4.0 5.8+3.0 6.9+4.5 5
Cz 6.2+43 55+4.5 55+ +4.1
P3/P4 NS
P3 4.0+2.9 3.4 42+39 5 7
P4 4.0+3.6 4.8+4.5 3.5+4.0 53+4.6
01/02 A:5.71/<0.05; B X C: 5.15/ <0.05
ol 26+22 3.0+24 3.3+2.0 42+29
02 3.3+23 3.7+3.1 2.6+2.0 3.9+3.0
A HRR(EREBEERY) - B BEMME(ZER) - C & sk B R scE fl)

AXC: EREIBBHBUTEER  BXC : BEY A B0 8% E 6 51 {1152 5/ B
NS | RRAZEMETE ELHZER

EAMIERE P3 o N1 JER B AR S BIbL3E - 53
(O1/02 ~ P3/P4 % 1) 5 A B 8 » el IS O 15 170 ~
180 ms » WIRAIS-2 ~ -4uV (% 1) o P2 Wt B B8
P2 BEFE ~ THZE ~ 4P ot B 5 T o s (O 1/02 ~
P3/P4 ~ Cz ~ Fz BB » 42165 I 25 250 ~ 260
ms > FEHEHIE 4 ~ 61V (35 2) o P3 Y h 4 B A
S B T » R RS FEAO 2 370 ~ 380 ms » BEHEAYES 3
~4uV (5 3) o

— ~ N1 %

N1 35 5 3R 18 /R B IE RE 2 R BRI SRR - SR IR B
K HELIE B HIbEEE K IEE L BRI HZF AT
B B EGEEHE 01/02 B : F(1,16) = 7.13» P <
0.05 ; P3/P4 & : F(1,16)=4.62 » P<0.05) (£ 1 »
1~2)c BHBIZHH > fEHE - HEHEE > BEY
HEF BB R IR E AR AT EC 8% E] N1 H iR
K B i IR ] 5 B 38 0T B B AR Y oL 1B (7= I 3 A )
B 50 #% B A ) (1F) (I B D B A R R EAI R A AE
Fi (interaction) {5 ZI E[1 38 (3 & 78 HE51E O1/02 & :
F(1,16)=55.29P <0.01; P3/P4 Ef& : F(1,16) = 13.41 »



P<0.01 ; F3/F4 E#% : F(1,16) =4.77 » P < 0.05 ; i
RS 5l 01/02 i : F(1,16) = 26.85 » P < 0.01 ;
P3/P4 E#% : F(1,16) = 23.34 » P < 0.01 ; F3/F4 & :
F(1,16)=4.77 » P<0.05)(E 1 @ 1 ~2) o

=-P2 %

P2 Y 1A §5 RR R AR R IE HEFR R ORI > I R R
Ko HEL IR BB IE K AR U B IR HEFIHE
2 & £(01/02 B :F(1,16)=5.71P < 0.05;F3/F4
EiR  F(1,16)=5.94>P<0.05)(F 2 [@1~2)0 g
NRRE RE - EEEEZE  BEYRE HHR
15 B [ (] Y 8 AR AT B0 85 0 I8 MR B K B I B R R R
A] H B AR RO AL E (7 8% 4 ) B2 B0 S5 78 Ak i (] R B
BN = FE A B ERME R R B AE A S 2 EEE (18 78 BE
SHE O1/02 & : F(1,16) = 5.15 » P < 0.05 ; F3/F4 &
& : F(1,16) = 5.18 » P < 0.05 ; yikrEf%EHE 01/02
B : F(1,16)=7.50 » P<0.05) (2 @ 1-~2)0

A4k > 75 O1/02 Bk » HIEYTE 2 I8 A flks -
Pl R ) B F(F(1,16) = 6.66 » P < 0.05) (&2 [l 1 ~
2) ; WifE F3/F4 EHR » F4 B HRATE0# AR IEE KA
B2 EHEEFE(,16)=16.30 P <0.05) (£ 2>
1-2)0

=P3 %

R IEMESLT A H » P3 I 7E Fz/Cz EiRFTad
FREN /Y ST A2 7E $5 3R HE 7 B 1 WEHE 7~ O TR 30 L O M e
/NF(1,16) = 5.46 » P <0.05) (£ 3 > [l 1 ~2) o 7E F3/F4
B MR AT RC R E W85 AR R R H VIR IR R B BN S - (2
ARFEFREMET 2 LRI FEFE(1,16) = 4.13 - P = 0.06) (F
30 [ 1~2)0 54 > 7 01/02 Efls - PR E AT
RS R ERE MBARX AR » $haign Ol
BREFBRANIRIEEFE(,16)=6.47 » P<0.05) (% 3) °

A RE R - & B YT A AR B A
REFRIEE > BRT P3 ~ P4 B4 » HEBHBASEEIN
P3 AR EN > EERERHIERR - 01/02 1 F(1,16)
= 6.47 » P < 0.05 ; FZ/CZ : F(1,16)= 10.71 » P < 0.01
B F3/F4 : F(1,16) = 5.22 » P < 0.05) o 4 8 1 A
i 55 or [ SR B 22 AU - N1 I R SevE (L AL B BE TE
R Cz BRAINIE » BEEEHEYH A EEHLESE
REPEAINEEDE(LER » EAEEUEE R
SLEHEITHEE AR BARE o P2 P &% 635 (L WO AT (7 2 BEEB Wi
FHEETEN Y (Fz ERAIAIE) » B3 58 TE o s
EHEWEEFEL » EEEUEE R REIERE o
P3 R RREE R IOE(L - B P EETE R LUK R HITE
EWEEHEBENEL > BAE M AEIEHEEE

EENBEGFREM 23
R IR 3 R 4) o

[ B B

ARHEBREEACHBERERIEHFER
BALERE NI ~P2 & P35> N1 ~ P2 K& AR B » 5
B HAE B A5 (perception) A B - P3 % A Ry i - B
AN~ BRABLARPIETE RR o H A se A B =M
BN - RS EEMERE PL-NL-P2 &
BB I & 35 B R R B2 49 100 ZFPHY P1 SRR A8 H
BEINL » DUR#K) 200 2R P2 i - P1 BIEMER
Wi RS 80~120 ZH I N1 BEME > WIEKE
130-200 Z ) ; P2 F3IE[M)H » WA R 200 2R 2 1% o
CRUB R B R R AN P3 I > THEHTHE &
B9 N2 JE—REH{ZR o P3 3R] DL HI R R A0 8 B R 2 O )
o KRB RBMAEGHEESZ & HERSRE - £
F% P3 gk MCIHEEREBREE 2R B Y
B EHEYRI B R K (“oddball” paradigm) » H G ER
BERRERE - —ERER A KR AR (rare stimuli) »
—ERBE HH BRI (freguent stimuli) o ZHIF K H
S IRIE SRR - B IR B e R AR R R TH B
FHBAPRIEN P3 o "PIR I > P3 BLEE  PIBS T
FITHREE CIAHRA ©

Hopfinger ZE H iz MR - VBB TH L EMN
RBEEEREEEREIWE  BEBGFHEN
DeEEIRER ~ EFEEEEZPED)EBYHE » 18
HABERSE R TRORRE - B seta ) - R E
HEENTR  EHSE—EESEE—HAEE
FEARERERBE R > ER IO BERER - B —FER
B K B M B /738l (top-down  attentional control ;
attention orienting) ~ 55 — Fi& B¢ 55 B )R 34 () i B B 7
ERFE ~ BB =FE B R EE M T E BE B (selective
attention processing) o A BEg h {2 R 2 F B I pE B 4=
EEEEZEEEERNTRTNE R - TR IRER
X S R T 2 T 3K D 45 TH 2E (4 ¥ (intraparietal sulcus) ~ B
B 1# (superior temporal sulcus) ~ ZEZE | 1 #f#2T ZHEE AR
BK & 38 (superior and mid-frontal regions near the frontal
eye fields)Bf B 7 1 B SR AF B 72 A 95 (LU R -
EEBAETREE THERMARNORA - IRERIE
BENRE- HEBEERANMOTHROERS
(voluntary covert attention)FFIRH#E R o MR FLIG R 5%
TREBTHERER > ANEEETS e - E
TR BEHIE{LEAI(cue event evoked activity) iJEERFE T
TR AR BSEE 1 TR R R R R R e
FNE (L TAE - BETREAH B R R R A BB IR & o
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FELHEHFEEL 25

%3, AEEMEENFHFE T2 P A SR TEZ SR M 2ok K

- BEmEEN HEntEL -
EHEH T SEIT EHEH T SEIT
I ¥ (msec)
F3/F4 B:5.22/<0.05
F3 368.4+39.1 363.24+40.2 392.24+36.5 375.2+36.1
F4 375.4+41.8 356.5+33.5 386.1 =31.5 377.2433.0
Fz/Cz B:10.71/<0.01
Fz 379.84+37.2 362.1+32.3 388.6 +£32.0 384.6+31.6
Cz 376.2+37.0 362.2+41.3 391.94+32.3 388.0+29.7
P3/P4 NS
P3 369.2+38.8 372.1+383 380.7+43.5 377.5+36.3
P4 370.4+37.8 358.1+32.0 377.9+33.5 382.14+33.0
01/02 B: 13.47/<0.01
Ol 374.2440.7 369.5+36.7 374.5+42.5 373.1+44.6
02 355.9+41.7 350.6+41.3 382.2+30.7 383.5+33.8
e IR FE (1Y)
F3/F4 NS
F3 3.8 5 25+£22 2.8 2.5
F4 34 3.0+23 24 32
Fz/Cz A:5.46/ <0.05
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Event-Related Potentials of Visual Spatial Attention in
Healthy Subjects

Chu-Hsu Lin, Yu-Cheng Pei, Chia-Ying Chung, Pao-Tsai Cheng,
Chia-Ling Chen, Alice M.K. Wong

Department of Physical Medicine and Rehabilitation, Chang Gung Memorial Hospital, Taoyuan.

Visual attention can be manipulated by temporal and spatial factors of stimuli. The purpose of this
study is to investigate the underlying mechanism of visual spatial attention of healthy subjects through
event-related potential (ERP) study.

The subjects of the study were 17 healthy adults, mean age 23.3 years. The visual stimuli were
generated by the Neurostim system and presented in groups of eight under three different conditions:
cueing (valid, invalid), delay (100 ms, 800 ms) and visual field sides (right and left). ERPs were recorded
by 10 Neuroscan systems electrodes placed on each subject’s scalp. The latencies and amplitudes of
ERPs were then analyzed. Repeated measures ANOVA was used to compare ERPs resulting from
different conditions. The difference in measurements was considered significant if P <0.05. Brain mapping
was obtained to recognize the ERP topography in each condition.

Three different ERPs, N1 (170-180 ms, -2~-4uV), P2 (250-260 ms, 4~6uV), and P3 (370-380 ms,
3~4uV), were elicited during the visual spatial attention task. N1 wave distribution was higher in
contralateral occipital and parietal lobes. P2 wave distribution was higher in contralateral occipital and
parietal lobes, frontal lobes, and central areas. P3 wave distribution was higher in frontal lobes and
central brain areas. N1 and P2 amplitudes were greater during contralateral invalid-cue stimuli
presentations, however, P3 amplitudes were greater during contralateral valid-cue stimuli presentation.

Our findings suggest that invalid-cue stimuli may elicit greater attention, resulting in higher cortical
activity in contralateral occipital and parietal lobes. The valid-cue stimuli may induce a higher cognitive
processing produced by “processing negativity.” ( Tw J Phys Med Rehabil 2005; 33(1): 19 - 28)

Key words: event-related potentials, attention, visual spatial stimuli
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