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Abbreviations: ANOVA, analysis of variance; ERD, event-related desynchronization; ERP, event-related potential;
ERS, event-related synchronization; FFT, fast Fourier transformation; LORETA, low resolution brain electromagnetic

tomography
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Fig.1. Methods for measuring ERD and ERS. N represents
number of epochs (total is 32).The procedure includes the
following steps. (1) Each EEG epoch was filtered with a digital
bandpass filter (7-13Hz) for extraction of total alpha activity.
(2) For obtaining total activity amplitude, voltage of individual-
epoch total activity was squared at each sampling point, and
the squared value was averaged over all epochs and then the
square root was calculated. (3)For obtaining phase-locked
activity amplitude, individual-epoch total activity was averaged
over all epochs and then the absolute value of the amplitude
was calculated. (4)For obtaining non-phase-locked activity
amplitude, individual-epoch non-phase-locked activity was
obtained by subtracting phase-locked activity from individual-
epoch total activities, the squared difference was averaged
across all epochs, and then the square root was calculated.
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D5t (GHE) £ HVTRE L. 50 5 dRED
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Fig.2. Time courses of total alpha activity amplitudes arranged in
a topographical order, triggered with target tones (solid line)
and non-target tones (broken line). Arrows indicates the tone
presentation. The x-axis represents time(ms) and the y-axis
represents alpha amplitude(x V). The name of electrode
position was shown at the top of each graph.
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e+ 2 HiETh A,

EE L RN E RO o ETID /87 —{EOED B L KEWY
10HzDERD & ERS 2 B#r3 A7, Mik7— % % 640Hz 121}
FoTN LI N FRRT 4 VY R OBRE &Ik
B FNEFRR2RFE R v 2 » 6 FFTEIZ LY, 10HziGT
K L7z, 2@ o i%§Eid phase-locked activity & non-phase-
locked activity % & s total activity Cdh 5. 100 3 YV HX[ T &
BRI L IR E M O 10Hz {FER O W HIEDEZ BT L
{2, LORETA-KEY software % JA\W T, MIEDH 2 t REX 1T
W, POO1ZHBAREE LTRMLA, 2OV 7727 T
BEBROLHHKFFIIRVELBEETI LIV ELBHK
Lo ERT D01, ST LLERWE ) U RF A}
Vo 2 FREEEL Tvwa D,

4 #l

1. Total activity ) o RIS

BA 213 6L & FEERRY T BRI O %02 B 1T 5 total activity
a R0 100 2 ) BEM T L OESfiERT. o RIEIZIEREM
TERRBISEEEAS WS, BMNFERH%E100—2003 Y
BEMNE 9HEAL, 400500 3 VHEMTREL L. R
P HRHEBIIERT, RIS (P3) TELIEIEINEL,
FRARNC T D THMRSHL27.7 % o 7o,

T, BEAYE LIRS O total activity BIRDFH LN
15 ANOVADKEZRT. FERRHK200—-600 3 Y HMICE
WT, FIMEROTEHREAE L7, B EHEOHESED
VX HIE300—400 3 Y BEEITH Y, JEEMT T HE
D « JRFBIHFROKEVEEZRY. MAT, WExI
SRR O HAER b AEMAT <, FEEMNT T 2 B
D o RIHIRD BN S B Z LATREE N, HIEDH 5 4
O, SEOFLEEEOTO RBOFERE, Tabb
ERD 1317758, 45123 BR1% 400 — 500 3 V) FHIX 1) o i 0 550 151
WTh D EHTH-7 (P31 t=5.83, P<0.0005; Pz :t=
4.83, P<0.0005 ; P4 : t=4.84, P<0.0005).

Z D total activity @ ERD DG TE % K TTHUE Lo Ai £ v T

Table. 1. « amplitude were analyzed by using ANOVA with
stimulus (target vs non-target) and electrode as repeated
measures

Time-ntaxval (ms)
P, Ettest T0C 100-200 200-300 0000 400-800 530-600 5CO-TE0
Toral actvy Stmuus  Fvalie 270 026 1603 1641* 1403 618 360
Pwslus 122 062 0002 0001 0002 004 007
SeE Fvalie 193 211 B6¢ 65 BE1° 904 69
Pvalie 042 011 0001 0008 0001 <0005 0003
Phasedcckes  Stmuus  Fwalie 000 105" 074 837 107 028 048
actiny Paaie 999 0006 Q041 001 €32 062 060
S<E Fvalie 106 126 360" 119 3261 247 099
Pualie 038 030 00! 332 003 €05 042
Hon-phase-iccked  Shmuls Fvaue 061 152 1eger 22 1623 513" 432
ety

Paaliz 046 024 3601 <0030 0031 0.04 008
5<E Fyauve 212 20 593" e’ RN B.12* 495
Psahs2 009 012 0002 000t 003z <00005 OONM

S. stimutus €, electrode  "Main eftects of stmulus ang
were sigrifizant at P<0 05.

18 of stimulus 2nd



JESFE 1R — v 3R i G R [ 1) & [ 1) 5

OO

0-100ms 100-200ms 200-300ms 300-400ms

400-500ms 500-600ms 600-700ms

-6.000 0 6.000

Fig.3. ERS/ERD maps lor total alpha activity. Topographical maps projected onto the scalp represent t values obtained from paired t tests for
comparison of total alpha activity amplitudes averaged in each 100-ms interval following presentation of target and non-target tones.
Negative values show ERD and positive values ERS.

400-500ms

(P<0.01)

Fig.4. LORETA images of ERS and ERD. 10Hz activity was compared between largel and non-target EEG in each 100-ms interval, by voxel-
by-voxel comparison. Red color indicates larger current density for targets than for non-targets, i.e., ERS, and blue color smaller current
density for targets than for non-targets, i.e., ERD at the significant level of P< 0.01. Arrow a indicates the center of ERS in the interval of
100-200 ms poststimulus (Brodmann area 8, superior frontal gyrus, t = 6.74, P = 0.001). Arrow b indicates the center of ERD in the interval
of 400-500 ms poststimulus (Brodmann areas 2 and 40, postcentral gyrus and inferior parietal lobule, t =-6.12, P = 0.001).
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7z (t=-6.12, P=0.001). LORETA(Z & ¥ T RILHHi CTldlil
SN o ZERSHMHTIAEE & ), ERD o4 PEREHTE%E
Mo THILHITE.

I. Phase-locked activity ) o RIS

51%, BEMIE L IEEERE @ phase-locked activity fRiE ) 100
IVPRERNTEOFHHEERT. B L RN O o R
HERHEI, -100—0 I U REXMTREEISH AR L T/, JREME
BRI o WIHIIHA L, REREREOLAWVIZESLD,
BTSRRI o IR X SR L7, BEO o 7181, Pz
THRT &2, FEREK100-2003IYHENE300—4003 Y
XM T oAk ER LA,

1B L JERZRYE @ phase-locked activity $RIG O A7 k]
55 ANOVADIRITE1ITRT L 912, FRRHE100—200 2
JEIXIM & 300 — 400 3 V) BXE THEBENO RHREHFZL
272, P XEEBLOKLEMIASA L o7, Wik
DB UNTOHRE, FERHE100—200 3 VHEHIZBVT,
BRI OIEEEMF IS 2IRIENM A, T4 b5 ERSAHINGAK
#(T6) THEMIS RO EI o705, U (T5) TIHEEI %L
Mofz (T5: t=042, P=068; T6 : t=4.07, P=0.001).
—7J7, 300—400 3 )RR BT 5 ERSAAHLLER (C4) TH
BHEA D B o 72h8, A (C3) THRABEBINZRTOMRS

°
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Fig.5. Time courses of phase-locked alpha activity amplitudes
arranged in a topographical order, triggered with target tones
(solid line) and non-target tones (broken line). Arrows
indicates the tone presentation. The x-axis represents
time(ms) and the y-axis represents alpha amplitude(« V). The
name of electrode position was shown at the top of each graph.
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-7:(C3 : t=214, P=005; C4 : t=3.84, P=0.002).
Phase-locked activity ® ERS @ K ICHE L34 2 B 6 1279,
100 — 200 2 ) B X O ERS A5 B8R ICRAE L, 300 —400 3 Y
BRI O ERS el #Blz A L b,

TRICHEE LA TR S 172100 — 200 3 Y #X |E]D ERS
BRAE % RTINS IREN T B 21, HFFEMR(CS, C4, P3, P4,
T5, T6, O1, 02} % A 1240, #0EAEE, WHERB LY
TRERESS N & RAEIE & + 5 ANOVA # 1517 L 7. 2 O3,
RIS X EA OFEL LM %A Lo [F(1.00, 14.00)=7.40,
P=10.017), ERSOHLHEM AR S hi,

I. Non-phase-locked activity

R713, HYE L JEEAS D non-phase-locked activity {RIE®
100 3 ) BIX W Tk OFEH M % RT. Non-phaselocked activity
Do WIRIZIMYBECEN L2V, BHTFTEITERR
100 —200 3 U BIXH & D@4 L, 400—500 3 Y HEMTL -
DM L, RKEANE P CREMERRE I L CTHMAH
LEIL32, 5% o7,

BERYE & FERINE M 0) non-phase-locked activity $RUEHA % 3
L7-ANOVAD# (1), total activity & R IZ 5 RER
200—600 I VEHMICBWT, MMEROEHRS & UHH X
FREBL M ORI AE TH Y, IR 1T 5 BT
D o R, T2bLERDICEENH D I EAFE N,
HIBDH 5 t MEDHED total activity & P TH D, HTEF
%400 — 500 3 ) BB OFME LB TR b HAEENE» o 72
(P3 : 1=596, P<0.0005 ; Pz : t=4.93, P<0.0005 ; P4 :
t=4.83, P<0.0005).

481X, non-phaselocked activity ® ERD @ K ICHf% |5+
Z/R9. ERDA%200— 600 3 VP CRMHZETHEMIZA SR
oo TOZTRICH A DRI total activity D3R (X 3) & 1FE—
LT3,

) [ 51
AN O 0NGH xR 6 0 0 KD g0 © NE €0 KO K00 N0 K0 KO 20p T 40 6
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Fig.7. Time courses of non-phase-locked alpha activity
amplitudes arranged in a topographical order, triggered with
target tones (solid line) and non-target tones (broken line).
Arrows indicates the tone presentation. The x-axis represents
time(ms) and the y-axis represents alpha amplitude(, V). The
name of electrode position was shown at the top of each graph.
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Fig.6. ERS/ERD maps for phase-locked alpha activity. Topographical maps projected onto the scalp represent t values obtained from paired t
tests for comparison of phase-locked alpha aclivity amplitudes averaged in each 100-ms interval following presentation of target and non-
targel tones. Negative values show ERD and positive values ERS.
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Fig.8. ERS/ERD maps for non-phase-locked alpha activity. Topographical maps projected onto the scalp represent t values oblained from
paired ( tests for comparison of nen-phase-locked alpha activity amplitudes averaged in each 100-ms interval following presentation of
target and non-target tones. Negative values show ERD and positive values [ERS.
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BENT, RICHE LA 2 BT, ERSIIATFRRIZHALS,
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HEEME A B AR — VIR0 O M BB TH D, Rl
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LT 5. Phaselocked activity l2 ERS#*{'B1L, non-phase-
locked activity (- ERD 8558 S 5 & L3RS A MR — L3
MDA OE  DBMENEI L THE S hTwa @0
7L, Yordanova &' O#iE, IEHR 3 OADETH D,
IEREG R S h T,

—77, Sutoh & #® i3t FH 14 %4238V T, ERD & ERS D4
fid EBEMTHRI LTS, EWNFEREOERD L
FHBEBL»SIMBIL, 2ok, WOTWHICIELNS L|ELT
Wwas, L2L, TONRIKBYT, «ifilh% phase-locked
activity & non-phase-locked activity {25 BE- 312 f#T L THB Y,
ERS & ERDATIEREICEMI SN TW A WT e S 5. &%k
X, AOHBHEY, BEEMEA FAR— W PHIC X 5 phase-
Tocked activity @ ERS & non-phase-locked activity @ ERD ® 75 )
G 2 MOMETH .

Phase-locked activity ® ERS & " RICHK LG Mic B W T,
3 f-Ek {2 /2 > 2. Non-phase-locked activity @ ERD (3 — X 7C
B LA T AR TR & h e »wd', total activity @
LORETA{ZB W TERD DRELEFHIEAHEE AL, FL
AR EMEA PR - VREICB T, SPECTICBIF A
- ] o0 BRI L FEHE M & P30OHRUEASIE DR 2R3 2 &
M SN, ARIRGHEOW G ARIE S, ARRAIES
FEPEDIHILENS, ACRRRIEETEORRLMICHS 52 &
L THE SN TB Y™, AB%IZBI BERSEERD D
A PEREAEE, RS THE RN T HOB T & B3 2 ol B A%
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B, BHEEMME A FAR— VE O ERS & ERD %°
K N-EREHL T H B D ED e T 20488 H 5.
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activity ® ERD & LORETAH % O ERD DR 1313z~ L
7:. —7%, ERSOGEILTRITHE 54 & LORETA DM
LB E o7, #5114 total activity @ ERS i Rk cB{k 15
i Tl S ¥, LORETAIZ & BRI E L7z, 55212 phase-
locked activity @ ERS @ Z K T L 434 & total activity @
LORETAD IR IIAGWTH o 7:. ERSOIH & R 1 [El 5 0 4l
K¥ B84, JRICHHE L4 £ LORETA @ )5 i L.
E D E UMY S B, RITHM Lo o i EAL
Rl %, LORETALTBMEIES M2 WN T 5. RAHLERE
FES AT AL W IEETdH S /29>, LORETADRFEFILFETH 52
dLhzwv, Ll, TRIEHL LSATIE, Ny P27 4
W =il E D o Wi BB TR T2 EHTES
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Abstract

EEG alpha-band oscillations can be suppressed or enhanced in response to externally or internally paced events. The
former is named event-related desynchronization (ERD) and the latter event-related synchronization (ERS). In order to clarify
a cognitive meaning of ERD and ERS, the present study assessed the time courses and locations of ERD and ERS observed
during performance of an auditory, non-verbal oddball task, commonly used in clinical practice, in fifteen healthy subjects.
For ERD/ERS calculation, each EEG epoch was filtered with a digital bandpass filter (7-13 Hz), so that only alpha frequency
remained and then amplitudes of phase-locked and non-phase-locked components of alpha activity were separately measured.
For phase-locked activity, larger alpha amplitude for target tone than for non-target tone, i.e., ERS was observed in the two
separate intervals of 100-200 ms and 300-400 ms poststimulus. On the other hand, for non-phase-locked activity, smaller
alpha amplitude for target tone than for non-target tone, i.e., ERD was observed in the interval of 300-600 ms poststimulus.
Two-dimensional topographical maps showed that the early component of ERS was induced in the right posterior region and
the late component in the central region, while ERD was found on the bilateral parietal regions. ERD of 10Hz activity,
containing both phase-locked and non-phase-locked components, was detected in the right parietal lobe by means of a three-
dimensional source location of low resolution brain electromagnetic tomography. These findings suggest that ERS occurring
mainly in the early stage and ERD in the late stage during performance of an auditory, non-verbal oddball task may be
associated with a right-hemisphere function which is known to be involved in non-verbal information processes and that EEG
alpha-band rhythms can become an electrophysiological index reflecting cerebral activation related to a cognitive function.



