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Abstract. Task switch is an efficient experiment to evaluate human’ s cognitive flexibility in which task cuing can ef-
fectively measure the cognitive process of task switching. In order to deeply study the cognitive process,we design the task
cuing where the ratio of cue and target is 1: 8. The neural oscillation of task switching was studied by combining event relat-
ed potentials (ERP) and time-frequency analysis including event-related spectral perturbation ( ERSP) , inter-trial phase co-
herence (ITPC) ,event-related phase cross coherence (ERPCOH) in this paper. For P200, the experiment result shows that
the neural oscillation has phase synchronization between prefrontal cortex and posterior partial cortex and the phase angle of
posterior partial cortex lags behind prefrontal cortex,indicating that the brain completed task rule retrieval and P200 reflects
a top-down process driven by prefrontal cortex. For P300,the research results of theta band oscillation distribution show that
the brain activation in the cue switch was significantly greater than in the cue repeat. Meanwhile , the power of theta band os-
cillation was mainly distributed in the posterior partial cortex, which shows that theta band oscillation is related with the
reconfiguration and update of task set. The above findings provide a new way to reveal the neural oscillation mechanism of
brain cognitive flexibility , which helps us to understand the cognitive process of task switching.
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NSRS H- ) P 5 vh 25 TG N — S8 58 A DL Bl 2E
FEIRSEE R AL, 30 B SR N 28 DR ) AN AT DA Al A
V7 P ] LA 17 ) B R, 3 R IA AT A 1) R R
PRI G E . AT 45 V) e 52 56 ( Task-Switch, TS ) J&
PERT R0 M i 22 B 52 30 3 0. K 4R 1B T 55 1)
e (Task cuing, TC) SCEG BN BN 122,

KRR TC 2395 J B30 i i e A2k =
155 SR W TRC B S5 A 0 Ll 72, JF B[] i A R 72
SIATAEAN ] I E] B B, 500 5 1Y ERP S0 5 %85 AH G
SRR S5 (cue) i B, ( EEG, Electroencephalography )
HIBIETE K BE - P200 J8 73 S e A A2 A6 2R 55 i 8 2 ) 1)
INAIN LA 5 P300 BLo3 e e 14T 55 46 1O TE ' 2o 72, 7
FERIEYI AT 55 ( Cue Switch, CS) Fl 7R i # & AT 55
(Cue Repeat,CR) H {9 IE 48 B BLASAH AL, O HLUT40AT:
5 R P300 [ 5k S5 K F A AT 55 Y P300 3G
BRSO

P 280 33 R AF 9 6 BAN () 0 B 1) 241k 3 5
ANTE] AN ol i B A G, o theta ¢ B A 28
= SAES IR H bR R E B S A CACR R A
SN T3 A X AR 6. I H. theta 7 B A58 3 Bl 51T 55
R R 4 75 SR A28 o i 44T alpha 38 B i b 22 7
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T 22 [R]85, G b 400 T8 I 245 73 Sy J A0 3 2% 0 5 A
I, 5 ) % 2 @ F T A ( Superior Parietal Lobule,
SPL) F1%5i n-HR 21 X ( Frontal Eye Fields, FEF ) 25 Ji§,, & il
8 2 U0 32 Bt ( Temporoparietal Junction, TPJ) F1 i
W45 - ( Ventral Prefrontal Cortex) 2% . %+ T i1z
HIBIFSE 0 M0 P S THUH (945 B AL 3B 02 H - theta 3 Be i
[l RS 5 SEEL A  ITH I 305 I 1) £ 8 A% 2
alpha I Bt i [R5 78 35 S 9. 7E$&R 54T 55 M B9 h s
JEI Tt 2 I A TO 0 £ AR 67 [ 2 B4, A BIE9T B
TS ARG [F 26 5 B BT B4 AT 55 5 i 4 45
AT 4 i S T
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B I DX 1) ol 28 5 35 AR RE A G R g AR A [R] 2
VA X HE N AT 55 H A () B ] B B DA R o R Y o
LB G AT IR AW, A % EL AR 1) 5 0058 % 2F 1 7
MBECAY DT B AABFFE 4 G S AH K HL L (Event Re-
lated Potentials , ERP) FlIH} 454347 ( Time-Frequency Anal-
ysis, TFA) ({7745 , X 3278 TR AT 55 P200 X B 1) i 12 A
KL FEFD P300 XJ 1 44T 95 B e & R i AT IR AT
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40 A FE7R B 320 R B — 48 52 Mo
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SEI6# FH Brain product 2R G8 FIARAE 64 S5k A4 v HE,
WX I I R A5 5 R AT R AR L SR AR Ry S00Hz,
AR FH TN T SkQ.
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Bt Ak B T 2E i EEGLAB 4 58 i, 1 55 LA
KL G- Yo A 2% AL, IF 847 (1 ~ 5S0Hz) 47 i
eIk, 9% J5 15 | EEGLAB A ICA 2 ¥ #1 Adjust ( EE-
GLAB i) BRI s iy 53 ™. U4k B35 A oy 2B T 8
MR 0™ E R SRl PR T 192 A AR Y SE TR
Bl AR5 AE LS B 3% 1. 4s 1) epoch (4271
T 400ms 2 40 1000ms ) , I R A7 F AL IE
(i R8T 400ms FR R HL) 2
2.3 HURS

H5G, 14 ] EEGLAB 8 CS #1 CR H epoch & i3
1y A3 BRI SR I ERPLON CS B CR BRI
ERP JHIE 28U T P200 %43 (150 ~ 190ms ) A1 P300 f§,
43(310 ~410ms) 7. 34144 CS M CR H14% F ) ERP Ji§,
3P MR S N AR 0. B T I 30 BT A0 25 2R AR 5 el ]
DA I3 A1 5 125 00 i 2 03 R E R A T BF 5T
2.3.1 EHEXERD

A TP B 2 (Event-Related Spectral Perturba-
tion, ERSP) & — > I [A] |45 4 (1% pR B8, B S B T ¢ 2 A3
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ERSP, ;=3 [F (1) [ (1)
k=1

WAL, Fy (oo f) S50 kA BB (ial ) ZERFR] ¢ FATAE £
ARG Fy (o, f) AT LAJE B I B 722 (Short-Time
Fourier Transform, STFT ) F /)N i 25 ¥t ( Wavelet Trans-
form, WT). n J2& I EUBL 1) S X T 44> B rh 4>
AR ERSP, 4 3032 8 25 ) T £ ( Baseline Divi-
sion, DIV) (77 sUFIXF ERSP #E47 R AL IE
2.3.2 RIHEREMLET

J¥: 18] A 437 4 F"' ( Inter-Trial Phase Coherence, IT-
PC) S — ][] A5 54 1) B 550, 0 S 465 o A ) 0 451 32 4k
R Z ) o 22 % 3 1) [) 20 e k. TTPC A9 45 2Ry — &
B, HABR FOR 45 B BEAE IR ¢ FIUAR £ A 4 255
[R5, A P R i B B A I ) ¢ FOARLE f A pih 22
R AHA. TR ALWT
1« F(e.)
W& TR )] )
WAl F (e, f) 25 b A HNEBE (ial ) ZERFR] ¢ FATAE £
ARG F, (e, f) BT DAJE S A B A2 46 (STET) i/
BB (WT). n 2 il BB 1 BB X T B4 B b &
AR ITPC , A iz T8 25 J AT £ 85 ( Baseline Di-
vision, DIV) (177 2CFIR ITPC 147 HEL AL IE.
2.3.3 EMHMHEXMECESET

A A HAH T (Event-Related Phase Cross
Coherence , ERPCOH ) & — > I [] 451 3 1) o 5, D) o 4
S I (] BRI A3 46 B L A~ 38 T8 P 22 4135 179 ] 25 R 1.
FFARDL EAR T A IBETEEAE 0 ~ 1 Z [\ (0 K2
WAL 1 Rt ek e ). iHEaT .
s FRL0) X F ()"
= F0) x Fy(f,0) |

(3)

WAL a,b 43 53R A E (155 FL(f,0) " 2 FL(f,
) WIEBE SR F (f,0) 255 kAL (wial ) 7E [H] ¢
FIIAR AL B BTG F, (f, ) AT AR S A B I 28 48
(STET) F/ N AL (WT) . n S Jil B 1 S

Y ARG G 1 I ORI AUEORS BE , AR WF SR T
JAAECH 2 ~6 (GBK I 0. 16, 5 FrsR 38— — X 1) 1Y)
Morlet /N AE SR EU T 4 ~30Hz( 2Ky 1Hz) (453
2.4 FitoiR

Xf P200 B 43 #2841 55 1 WL 5% B, i 0 H AR
(AF8,AF7) FlJ5 T i B3 4% (PO7, PO8) 11 3 Afi i 5iE.
I, AT RE BRI 4 A LA X P200 8 43 15F 1] B PN 1) it
ZIRG VLT — 2L 0F9T 8 ] ANOVA(2 x2) 434 1
K26 45 2 BRFT: 55 26 1 (CS I CR) XJ 6 ~9Hz S B Y
AHTPECRIEAR ) B2 0. [5] ) 38 A ANOVA (2 x 2 x
2) Gy T KM HG 5 A A0 A AT 55 R BIRT 6 ~

ITPC,, =

ERPCOH"" (/1) =%;

O Hz S BCAH £ 3 A1 (R 520 % P300 i o3 #2845 , 15
wilcoxcon 7555 Bk 55 (p <0.05) 4 T CS Al CR 111y
theta FI alpha i B ERSP Jii HuJE €] 7345 1 22 5.
3 &R
3.1 BHEH
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WRIEE R
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3.2 EHRSHR

B3 R T P200 B i 23R 5 1 o BT 2 L. el IR
3(a) FM(b) AT LIF H, 75 P200 (BT Bt 6 ~ 9Hz S B 11
AP b, A2 Bl (UL 3 (b)) Ko 22 Bl i) (UL 1A 3
(a) ) FFAH S AL B AR T 1 2 3538 K. ANOVA & 3t
LA BRALE BN A B (F(1,764) =0.41,p =
0.5227) AR KB F M A RE (F(1,764) =1.23,
p=0.2679). 2 H RN AR G2 (F(1,764) =0.04,p =
0.836).

t B 3 (c) F1(d) T LA HAE P200 B a] B 5L A&
HLt (AF7 ,AF8) &b 6 ~ 9Hz Bl B it 28 4 35 1) AH A = 42
3 AAE 330 BERHE , J5 T s Al (PO7,POS ) 4k 6 ~ 9Hz
TSR 2P A AH A1 2 A AR AE 130 BERFHIE. H AR A2 A
P < HERAT G 07 B x AT 45 SR A2 f: ANOVA &
B H AR A A L B YT 6 ~ 9Hz A B i Yk RO AH fA C B
S (F(1,1535) =1.93,p =0.1653) , {15 2705t 6 ~
9Hz S B 28 415 3% (1) AH £ TG W 52 (F(1,1535) =
0.13,p =0.7236) , B BB ij J {37 i (T4 Il Rl A A T -
HLBR ) XF 6 ~ 9Hz 451 B #2845 5 19 A A A B 35 5 ) (
(1,1535) =426.81,p =0). KBk x B ET G &
(38 AN A 2 (F(1,1535) =3.78,p =0.0522) , Kk
it Bk x AT 4 2R (1l 28 B W A 83 (F(1,1535) =
0.01,p =0.9306) , it Fif J& 007 B x AT 55 2 AU 1) 58 B A%
M (F(1,1535) =0.07,p =0.7957). Bonferroni t-
test & BLJ5 T L (PO7,PO8) 11 6 ~ 9Hz 45 Bt i 22
PR35 W AR FA S 2 JE TR A T AR (AF7 ,AF8 )6 ~ 9Hz
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W B 22 41k Y5 2 BE O3 A T IR R F AR A T
L.

AT
30 0.50
25 0.45
N
E 20 0.40
=15 fop
] 0.30
10
[‘ 0.25
J ' 0.20
0 200 400 600 0 200 400 600 i
[5F 18] /ms [ [E] /ms
(@) #rRIEYIHAFT-POT (O)F&rRiE VI AF8-PO8
120 90 0.2 120 90 0.2
0.15 % 01590
150 0.1 30 150 0.1 30
0.05 0.05
180 \ 0 180 \ 0
210 330 210 330
240 300 240 300
270 270
(7RI AF8 (FERIEYIPOR
P ERSP/dB
4.0
35
3.0
2.5
2.0

1.5

(N FRIEDI%R

(@) FII(B) P 53 S 27 CSHA AT I HL MR 5 S TOUM FR R 1) AT oA P
(o) F(d) &l 43 532 /R CSH R ABUT FRL M (AT 8) LS THL T LA (POS) 6~9Hz
25 A A O A3 T, ()R /)53 3 7R CRFICSAT: 55 116~ 9Hz
FIZ 4R (ERSP) Y4315 [

K3 P200 ST BRI AR 57 (0 7 2R

Xf P200 B [A] B 453 A £ R A5 T T

(1) PR3 , i i r A 5 5 T B A Ak 6 ~ 9 Hz
P Bt 2523 B AR T

(2) PiE 55, o T AR AL 6 ~ 9Hz 1 2258 5 1Y)
AR 5 25 5 T R F AL

(3) Wi{E:55 1,6 ~ 9Hz i Beph 2 525 1E R A Fl 5
605341 Ji .

4 R T P300 i AR 1 o Bt k.

HE 4 (a)F1(b) /] LLF i alpha i B0 2 9%
(B ERSP) 745 M- FIAL M- g B A% 23 A B 558 Wilcoxcon
S BRI A AR A Je H AR (Fz, F2) A5 st v i
(T8) A T5i it H 4% (TP7, CPS) 4k, alpha 8 B (14 i 28
YR AE CR F CS Z [A) Hy ¥ i 3 22 5%, 3 H. Bonferroni t-
test K BRI A (Fz, F2) 4k CS i alpha S By #H
ZIRG B ERT CR Py 2dRY ((p(Fz) =0.0178,
p(¥2) =0.0196) A5 {3 it B i (T8 ) 4k CS H1 1Y alpha

(a) $ERIFTE

(b) $E7R TS (c) mm BH XS

1.00 -
[P
m 075 )
S i i
£ 0.50
&
0.25
0
Fz F2 TP7 CP5 T8
()
ERSP/dB
45
4.2
3.9
3.6
3.3
3.0
2.7

(e) PERIBEL () PoRIE R (g) ™ %5
(@FiIpY5T5HFE R CSHICRAP300H ] B Halphalf B 245 (ERSP) /33 &,
(P HCSHCRIW M2 FE ;. @) BREARRIHAL , CS5CRTPERSPINSETHT2:
55 AL () (f) @ Mthetall BLAIAET:

[€l4 P300S H MR 4R 1) A3 4t AR
BB 2R B 598 T CR th iy 24k % (p(T8) =
0.0052) Ao Ha bz ( TP7 , CP5) 4k CS ) alpha
B 2k R T CR) R4k (p(TPT) =
0. 0066 ,p(CP5) =0.003) (WK 4 (c)F1(d)).

HE 4 (e) FI(f) FTLAE Hi theta P B 2% 37 18
AP R TG FBR  A iR Wilcoxeon A5 k4G 90 & B0
A O TH 60 2 A 50 P H AR AL, theta 5 B ) B 2841 ¥ 7E
CR #1 CS Z[a] i B i & 25 5%, H. Bonferroni t-test & A5
TS AR (P8, TP8 ) Ak CS Hr il pli 224%3% . % 98 T CR
YRR 2R (p(TP8) =0.0026,p(P8) =0.0078) (L
K4 (g)).

Xf P300 I [A] B 45173 Bl SR S5 U F

(1)CS 1 CR {55, alpha {57 Bt b 28 52 15 16 Fil
IR - b Sk 3 A1 i 5 A 0 o v A A 038 v A
Qb BN 2 5 s 1R 22 S AL, CS AT 55 alpha 35 Be
P2 RE P B T CRAT: 5.

(2) WE55 1, theta I B #1282 78 1 1 J5 TV fi 5 5
A0 F5 T P 0 e 0 450 I e A A o B 2 s A 2
SR AL, CS T 45 theta P S M A2 B W T
CR {£4%-.

4 tig

ABETE Iz AR S0 AT (149 75 1548 78 T RN AL 55
ANTA] ERP B3 Xk 1o DA o 7 1 1 224 3 0, i A
JEfEHT T CS Al CR A AN [R] DA A A 9 I ML ).
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WFZE B e BT CS 1 CR {£ 4 F P200 F1 P300 %5 ERP
A, HLVE AR 5 i B 9T 45 R A — B 4
PE— 2 RHIE T S U ] SR .

TEXT TAEICAZ A 012 1) R 5 0T 55 0 % BR, W
ARG T B7 )2 theta F1 alpha 3 Bt #h 2 PR 3 F 1 3%
FAOL IR B4, 3 Hoask B A7 [F] 2 51812 ke 2R 5 % AH
S gE A s AR SCHE CS A1 CR Y P200 KB T
RS LR R R, X — 2o R 2 A A 0K 3 J5 Tt B
TR R S B, I ELX — K R AR A A
851 T D) 4%

AT AWFSE & B, alpha % Bt (%) # 28 5535 5 iC A2 A7 66
R A A v X T S { B R TG S i DX A 0 o R A
13 H. alpha 5 BE 2552 15 1Y 50 13 B8 AT 55 00 Xk
HEIMT HG 0. 454 P300 B 8] BL alpha J B #2875 3 1)
O3 MTEE A A SCHEI CS v 0 o R Y M B R T
CR,Jf H. CS hfie & s RE A a0 ) 800 % T CR.

[, A BT A B 43 A T I TR (1) P300 s i 1 4F:
FSAENE R SECE , VI AT 55 Hh 1) P300 1% 3803 9 5 K
FHEEATS5 119 P00 Jis o &, I HLF 2 J2 X 48
(Posterior Cortical Areas) 4b theta i Bt i¢ fi &5 1% 5 4
FHE TARTCAZ 2R 58 v (A 605 80 B0 OS>
2545 P300 Bf ] Bt BL theta I Bopf 2858 3 1 73 BT 45 28, A
SCHEW A7 I S5 TR 57 2 theta (87 BE 0012958 95 45 40 24T
55 ST A O, H CS Ho AT 55 4 50T 300G 1) 5
KF CR.

5 #it

AT 12 IS5 50 A 1 07 3%, A 24k 3 1A A
HERL T AR5 VIS g CS A CR Y P200 S 1% 55
MR R, I HaX — K 20l B2 th Bl mt j2 2 5
Ja T B JZAE 6 ~ 9Hz i B b 4 [R] A0 M 2 43 11 ol 14
A 5 A9F S A EELA RIS T R Ak 6 ~ OHz i 22 4R 5
FHAA B 73415, HEDI P200 X5 107 A9 A6 2 5 A — 1 H i 40
MIRS T [ b T A R [, AR5 a4 A B
TG UM B2 JRAE theta S BEA MR G IR 6] 1A RAL 55
AR EHTA , O EL CS WP AR SGAT 55 48 B3OS 1 2 R T
CR A SAT: 55 4 B80S 3 B2 X Ua W] 174 55 4 1 D1 4
FIHE B 5 5 TR J2 )22 theta (11 2R 5 A R % R R L A
I AE 7% T R AR R 08 P ) o 22 4R BIL
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