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 E R m R R R B MR AR SN IS BRI, SRR T R I R IR TR IR G . R T
FEAHT I 28 B 2 0 T SRR 48 230 2R AT s T A AR T IR, R T R B, (FHAH R )
2oL, R B et S R il DX AT G, AN o ISR SR FH e B T A3 R i e R T sURDSUIR A B R, BT
N HRARL S0 B e )7 R, PO TRt A OUIR (S5 1) MRS MR (S8 2) 2% T B Bk, B 5E0)
PAGE B JZRT IR PR o G5 R R B 1) SUR 20 T IR & A AR B AR S, AR RUR MR T, 7
IR HBUAERA(2 Hz M1 8 Hz)o 1 XURIMLSCNE T, T R IR ) B B = AR BE(12.5 Hz) o 2)BIBZR RN T i
IRAE IR AR R, 0 RS D ARUBL T W 28 25 o S5 RERIT VL DOBUIR A 538 % e 35 T ey e X AT e 2 5 A
W%, FARWEEIRG LR AL T R AT A

T B S EUNAT R A8 b R I 2 AR RR O T

KR ARG VISR 2, SR E AR R
HES B84
1 55

— NI AEE SR, FATTE MM B SR 2
o TR E—AAE, DR E R B
FERT 14 BE F AP R E 220 . HSEhs b, XA
T EZE M I AN BB IE I B R 2 . AT he %
F%ILWL%@%%—W% B, SR b R AR Y
[ A SLAR IR B PR AS 1% 224 (VanRullen & Koch,
2003). LM, MR RV, TEEIFEE LN
[ B i T /M A5 B (Busch & VanRullen, 2010;

Landau & Fries, 2012; Song, Meng, Chen, Zhou, & Luo,

2014; VanRullen, Carlson, & Cavanagh, 2007), 1=
(R X FPARE PR BRR ST R BT O, 87K 40 Y i
) RUBE b, Vi R TRl BT b R 4R A0 B S ek, B
CORAET . AFELRT CSREET EIRTLINILEIAME
% (VanRullen et al., 2007), iZ5etE1ES j»JL%%IU»J
T8 b3 (UL Ay 8 B S I ) A KL s BRI, 3 ol
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P (attention oscillation). T HFE K = B 6] 43
PERMAT R BRI T, T TGN HT 55 AN BE
AN B B R R IR, B e gl T o h
(PRI TE 7 5 A0 BB I ) & BT 4R 5 45 3 (Benedetto,
Spinelli, & Morrone, 2016; Chen, Wang, Wang, Tang,
& Zhang, 2017; Dugué, Marque, & VanRullen, 2015;
Dugué, McLelland, Lajous, & VanRullen, 2015; Dugué,
Roberts, & Carrasco, 2016; Fiebelkorn, Saalmann, &
Kastner, 2013; Huang, Chen, & Luo, 2015; Landau &
Fries, 2012; Song et al., 2014),

R WF 5 # A L R P (Landau &  Fries,
2012) ., #4548 & (Dugué, Marque, et al., 2015; Dugué,
McLelland, et al., 2015; Dugué & VanRullen, 2014,
2017; Dugué, Xue, & Carrasco, 2017)F1 444558
(Macdonald, Cavanagh, & VanRullen, 2014; VanRullen
et al., 2007)3F I G Pk BIFAIE W] T 1 4R 5 1 A7

* [ A PRY R4 (31371025, 31600882, 31700939) , H1 I -t J5 K 42 1 175 H (2017M611888) VT 4549 JE A 72 ) (BK20170333)

wah.
TR BRI A WA — 1

WBEVEE: 5k B, E-mail: psyzm@suda.edu.cn; FIREH, E-mail: tangyu-2006@163.com



55 2 )

WA 2 RN SE B2 A TE AR T AR 159

£, JFRH EEG Al MEG KL T M4k 5 i Bk
1% Y] 5% 22 (Busch & VanRullen, 2010; Buschman
& Kastner, 2015; Landau, Schreyer, van Pelt, & Fries,
2015; VanRullen, Zoefel, & Ilhan, 2014; Zoefel &
VanRullen, 2017), {HJ2&, iSAFAEWE 7 10 A AT, 26
—, EEG il MEG HiARFETERR 73 Jm BR (4, =510 73
PERR RSk E) (BRI, B, E2H, 5k,
2017); 55, BUABIFGE A& BAY G DA AR . oe
W5 EEG BRI T HEBIRG S8 bk X
F 2835 2 A ¢ (Busch, Dubois, & VanRullen, 2009;
Busch & VanRullen, 2010); 1fii Landau %(2015)i# i
i 2 P15 A 8 e ) 000 > R BECAR V) L [ A B AL
W45 i DX P P e IR G T AR R DI OREE, i
P& % 1] e 2 T B R % 1 £ ML (Landau et al.,
2015), 20 VanRullen (2016a, 2016b)35 i, B A HF
G IF AN R 1t W T B BR3P A AT Ak A
B, SR ORGSR AR O, RIS Ok Y ph
SR 48 (VanRullen, 2016a, 2016b).,

FH AR D 38 % 4D ) R TR, U S T A v A
R 7L 2 4 AN B SRR 5 45 B 2 B3 B iy Oy A%
i 1) 2 A T AL J2 0 o E MO IR AR 11 75 2 4
rh, ke IR A9 15 R 40 ) ST A5 SR ZE N ) 1 A 2
Mo A Y15 B AL W) P 58 K JZ (Primary  visual
cortex, V), 3k B W {E B A RE=EILE
(Hubel & Wiesel, 1977; 75 K%, 2010), V1 U5
JE ARV e) 2 KM B 2 B O e (5 5 9 55— 1
Ak, SR 171y Fe R 5 A7 5 AT F1 M) g tRAA 1o 22 5T
—FE, By, RS SRIR N A RE ROk H —
HIRAE B RIRZ&0F), 55— MR BE BB A
oM (IR 25 o AR G T A A e 22 DI, B R 441
MUALAE VI AAAE, X Se g4t 1 F5 2k 5 — X
/%1% B (Hubel & Livingstone, 1987), KRtz 4h,
V13 8 IR BUIR 1 {5 2 34 A7 B2 i #f 2806,
PR BRI, H AR A IR — 252 B f A i SR 20
MfE BATC R 26— SR . Bk, A — %
TElA] . SR 225, TIUEITZ G 0 45y s
TR R )2 TVe J22Z 0T (AR 40 0 53); 4
] SHRBA 225, WRBHZIMR &y SAL T
WIHAR D K =B TVe 22 Ja CSUHR 28 B 356 43 ) -

' Mh 22 PR 7 (neural oscillation) A& K i P A48 T B JECHL T B )
ki NFEAEAS TRV BE () 42 9R3%, 44 delta, theta, alpha. beta
VLK gamma, XSGR SR BAIGE . 02 T A A
Ji WA K(Cohen, 2017; 3K, RIH, £, %3, 2016), ©F
ST KPR IR . RO PR alpha A5 #l 28 9R % B RE R
AL 5 7 A7 X (Busch & VanRullen, 2010).

Zhaoping (2008)3& T A T 13 E % I Hu &l (bottom-
up saliency map)/=4:F V1, WFsEid & B, AH T
MY FIIR 22, SR AN AL T #l ey 2 AE 2 5
Z I AA R B R 1, X —2Z KU TR
R HLEITE VI AR TR Bk © 4 R T
(Zhaoping, 2008). ItAb, [A]HR S HE 22 80 1 7 ik ab gl
J Iz T HARAL R 5 LA R 2215 s IESE R, N
B[] 3% % (Gilinsky & Doherty, 1969), %S [H] 45 23 i
(Blakemore & Campbell, 1969), Eiffid Jij (McCollough,
1965), iz 3lIf5%(Anstis, Verstraten, Mather, & George,
1998), F= WA ER 15 (Paradiso, Shimojo, & Nakayama,
1989), 14t 2% ] (Schoups & Orban, 1996)% ,

W 2R R PN IR I R RN R S )
GG K (V) P A28 T BT RS O (Briggs,
Mangun, & Usrey, 2013; Chalk et al., 2010; Pooresmaeili,
Poort, & Roelfsema, 2014; Pooresmaeili, Poort, Thiele,
& Roelfsema, 2010; Thiele, Pooresmacili, Delicato,
Herrero, & Roelfsema, 2009; Wang, Chen, Yan, Zhaoping,
& Li, 2015), AU PEMEEZ AT LIETE VI X
P2 TCWOR IR, AN MR B R T DA 5R VI IX
Il A 2 AR A X L A A 28 TT I TR L AR RS (Wang et
al., 2015), Dugué Z£(2016)f# FH TMS He AR T4 V1/
V2, RIMAELRMSM, RNEEEE WA, TMS T
I8 A9 DX 358 Ay L o T Al D I A X A
0 DXERF X 1) g A e T T S R
Ak, HAEL RSN AR K BLIR 585 (Dugué et
al., 2016), HIRIX 5B HUE R 2 AT T 45 R
AN—F, (HWFFR R T VI/V2 AT BEA e 7 2 s e
ke 3 E AR

LT AL T B ) S AR, ARSI SR e e ]
PR LRI T, FHRUR AR, HEE
V1 IXFE B B RO AR T o S8 50 e BT T ST A
35 3] [ HR 0 S R 2 1) D 419 322 0 o s 5 Dt
B, LR A M A ZERR, A R A A TR,
DI S 4 o SR 52 I A R . M ZR R AR T B
TEASIR] A AR B B (IR 2 B, — 3540 3K 8h T V1
PRI IR A 2850, 2 =3t IAE (W] — HLAR G oY
I (F RSB0, —F W8 7 AR IE Y SR 20T, %
T B BT 55 B M AT: 55 5 /52 5 7 i 1) ) 5 il
(Drewes, Zhu, Wutz, & Melcher, 2015; Dugué, Merriam,
Heeger, & Carrasco, 2017; £/=4l, XIHiF, 2016),
S 1 FH PO — )38 4T 55 (four-alternative forced-
choice, 4AFC)% £ T AE MR /L F i B ¥k, 1E
FWFFE YRR SR, T2 2 WIAESESS 1 Y BRalh 45
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L 55 50 &

BERRAET2HWIRESCR, HRARZH., 5
MR E AT EEIRG . DR R AR 2 B
FRERGA kA, WHEEETHHEET V1 X
A 24 A =2 Tii7 17 P IR AR i3 i 2 s 2) an AR S R A% A
ANRIHR A5 AR B T RIRE PR S AR K, U
HEHEIR T V1A SR 40 i 5 2 5 e IX

20 SEEy 1 ARXURLSRAE T B

21 A&
211 #iRk
16 ZHIMK2ZFEABAESIN T L8R CE 3 4, &

13 4%), W h 20~25 B % (M =21.19 %, SD = 1.60),
BN HRTF o A i) s B IE S, Jof
B, SIS 4 T A R AR

212 EWgit

S 1 AR IR S, AT AR SUIR A A
TR o SR T B R KO (5 A R
LR vs IEL R BN LI, MIELES
B 5 A A ST (8 T RE), MR RIS
PEREAEZ R R, LR FM R T HEES
LR 2 (7 AR R i et =2 b (R ), R4k
FACS A R BAE 5 2R W 25 Rl & AH
R =2 b A )

R T HENEREIR G, L5 P E 50 4 SOA K
F, A 100 #] 1080 ms Hr 5[] 20 ms H—> 7K
(50 Hz RAEHAR) , L, @t M1 SOA /KF
TFRIERZS, THA R ARSI B P AR S R T

MAT S5 B E, HEINAT 55 2 332 9% X 3 0
HEMSE I, AR R B bR o H R, SH K
Z RN 1 AN bR AE T R Y, SR
TEAf T, 3 BN i 1] 2375 e B A S A R
WFFE 201, HRBIAT 55 F0 X 20 52 31 4 Wi v (1) 5% 1
(Drewes et al., 2015), ASZIGHLAL T 2R 095
W5k, REAT 45 B DO — A0 T 45 (4AFC), I
HAZAT 55 A BIT 55, Bk a5 22 i 4 HE 1
RN EE L. £ F . AL AT, Xk
BEAEK
213 INEF

SEHGFE PR FH Matlab fil Psychophysics Toolbox-3
4’5 (Brainard, 1997; Pelli, 1997), #£ Dell Optiplex755
ML EisfT, Wonts ol 22 J£5F ViewSonic P225fF
CRT, 7 ¥E% K 1024x768, HIFHIH N 100 Hz, i
SRR AT R R o

2.1.4 SEISRIE

LG s M2 %05 7% Landau 1 Fries (2012)1)
W GE LD 1A). B RS S B — A K AT 5t
Z b, RO RNEER 3.88 cd/m’, WHAT Eh
LATE— A GEEGCERA 0.5°), HhH deyER
Mo RIS, BT W A A PR A A, At
B R 4°, SR B b g i SRR S (B0 ) R 50,
SEHIHY 23 IR K 1.4 ¢/°, XFHE R 100%, h TR
S YD R Y 5% S R R I R AR Y, DR
BRI S — T mizsh, AR, Pt
BN 0.7 ¢/s (Landau & Fries, 2012), [A]H
/o0l TSR U I 8 IS =) Wl 1 B 1| L VA
M 0°~360°HT REHLIEE, St 1a] 5z 2 7y )
(Landau & Fries, 2012), [A0, BG4 7l 8 K (4
TFL(KTE 0.22°0F 5 4y LA AL A
. AT,

SRR T 4 PR, B AR 1°,
5] o5 O BE B OGN 2 1.5°, SEER b, R B
BFEIA 30 ms. FURIHOZHE S A —BDE XA
Xt L REBESR TR, BT XA 10, R T
BRI 3 Y 28 S e, A TR DX o) L BE T B
1) B2 52 v 0T A A, I 0 AR AR TE 22 (SD) A 0.5°,
e KAB B — > [ 38 W B B 5 1) 8 ¥ (QUEST) #f
(Watson & Pelli, 1983), #4952 BLET (] 4 30 ms,
AT ML B Y 4 4 X kP AT E— A2
RS T TFRES,

215 SRR

ARSI AE G 2 N AT, W Ak 7E BR AR T T,
FEESBEAE 50 om, SKHCESFESE Lo B 4 Hb 45 0
FEIR, SR R A QUSET ik hak—4 8t
A E T — A IE AOHERE, b Al i) 1) 4 f 38
HELHER R 50% (FIBRIE) (Fiebelkorn et al.,
2013; Landau & Fries, 2012); SR )5 %5 R MR
2R AR A A R D AR i S 3K B 0 ) i 1 AR Ak
(PR )

S0 5K o B S R R ST A 1 B B B A A
PRAS SR Z AN = A, S 56 35 A e A 5 40 3
BB o FE AR Bl R 0 S B R A
BT O R B A B o T 8 A 22 0 S b )
T R S S A o N SRR T L S A )
PLE, TUFE B 5 — U B P s X B YT R R
JE, RZ, PRS0 T st F R AR B A il ad i
o 7 O S A B 0 30 K B A, B, U
IR 50%AHLR AT LA TE AR H #E R
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BT sede | RAEEAE RGO R . (A)SES 1 MR, B)EANEY R . Llas | DUTE IR e, 8 i PR A Bt A
HALAT o4 I AR S B P BOR TR RS AR (AL @ S ) AR R AL A (I BB ZR), #oliy IE#
B A (ORI AL R KA B IR, *27m W i, R TR, T

P35 0 ek B B ) AR (P LI 1A - Bk
25 BRI 1000 & 1200 ms f5, HIREANE 36T,
Bt (BN, SEHE B 500~1750 ms i )28 2R3 3R
TEH A —ASEHHY B (30 ms), ]S 100 ZE 1080 ms
25, MR 30 ms EIHk, R haksr
TSRS S 5 R e s R N o R, ik
T TS — AAFC 1E55 « 0 Ui 8 ofl) 38 ) 4o 2 (B,
B BRAE S EIRAS T ) o # 3 s B IRAAS
PR A, WSRO @R REZEZT . AR, £,
A b, LRl DU KA A A L Y R
AIE, H BRI, ZIRE R o T
IR REE R, FRATTRERRAE A b M R A L 2,
4. S”PUASFE RS B LG L AR Ay R
TR, BianT L 22 e 0 s o 2L o B R
Wz v, A AN S 95 B S iy A
A H Lo B, A B PO 2 B El
CRECERRLS T R, PRGN B, S eildt o
1600 MR, HH 2R AAA 50 Fl SOA K,
LR RN 50 FAER SOA K-, Hfh A4
HE 16 RN T REGIE ST RN, Pe3% D = B B o
8 4H, 7F 2~3 RINSEM.
22 HIESH

% Matlab 1 CircStat T. ELA 43t 98328 %) 1

K (Berens, 2009), X} THZ4 8, BCIHE B EA
SOA Z&EMGIELRMFMN THIERZE, BTk,
B IEHH M SOA ML 100 Z 1080 ms 432k R ALAN
AL RAGTEATHED,  Fh AT 20 Bl A 00 i ) B s
[ ) 2ZZ LR (ACC-SOA 15 %), BT AR . # T
K, AT ATAT ARG RS R, X RS Y
1T ¥R (B, ACC-SOA 15 ) ATk s b . HAk
KE, BREMT, TEANEY J&(Zero padded) . k4
#(Detrend) . T 1 JE % (Hanned) Z J&, i PRk
{df HL A5 6 (fast Fourier transform, FFT){ 4T Mk 1%
I AR SR B, R, TR T AR
MHRGE R . bR THURGE RSN, T — 2P E
PG, T TARRMGIELRMFMN T IR
D I ARDIAR L o 708 B8 e v B2 HURE 44 B A
A (0~25 Hz) ERIMIALE R, BERHLRLS
AL RS T B AR AR, A5 58] =38 0 AH 7 22
(Phase difference), & 115 B A3 WX A AH A 4
#(Cross-subject coherence in the phase difference
values), HIlt, #iE /MR N R HGIEL KL
FAFRIARBIC R, IR HBEIE ST (Circular statistics)
HiiY Rayleigh tests £ 4% ik 35 4 B 0 AH 5 8 AN
— B R A IR B B KT

T TN WR G 1 3 () 4 3 3k B b 2K, SR
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% 50 &

IR Bt ik, B\, TRl E R A0
T, BEHLITEL ACC-SOA 155 il I a] {5 5. 1000 7K,
724 1000 AL AE 5 (Surrogate signals) X 455
RAG55, 47 Bl FRFT 08, 4% E15 3
1000 AR 55 6 WL AR 4 1, 30 S8 4 it 2L B, T 4
38 (5 8 1) & 043 A (Permutation distribution), >
B R B (Permutation test) X B 5 /0 A AR 4R 1T M
PR IR G (5 B AT 40 i, 45 80 BAJ0% (0~25
Hz)PR % M &k, M TFzERem bR T £H
g, RA# N ™ 4% i) Bonferroni 72 %) 45 b7 45
1E, LABH 18 BE A28 SR H B

23 #§

B, R 15 TAERUR 3 &4 T 4AFC
RS R EIRG R 450 LB, KR MAEL
RGN TS ES R T 20, 3518 62.04%
(SD = 8.68%) M1 55.01% (SD = 16.00%), BCXTFEA t
Ky ke 98— ol 3 25 5%, t(15) = 1.92, p = 0.074,
d=0.48, 95%CI = [-0.0077, 0.15], T B F Y L%
A AR e 2R A A 0 1 B R AE I AR L S B
BRI, BARLIE 1B, K rpar s sk
FACNL B IE AR R ARk, 5 R RIEL
FACALE TE A R ] 284k . 402 3RoR B b 1E
T, W H T AP Z R R . R LB,
M SOA BRI RN B A IEH R E TR
', (BB SOAMIER, X R IFAE—HIAR
R, MOREOR AR SR, B B A5 AR A 22 85 E
R, EIBRFRNAT ARG o MR W v 3R W
BELZREMAE SIEL R &k B P, ik
4AFC BT IH BEAS I 1) 7 B R -

3 o AR R G T R A 0 K B, AT IR T TE
FE LT Bk ) 1 KO o AR ILIE 1C, LR AbhiE
HIPR % TE 6.25~8.59 Hz ik 5| it & /K F-(p < 0.05), E
RN EAE 1.56~2.34 Hz (p < 0.05)ik 3] &K
oo BEESRIE RS 1 PR BRI
S BE, 5T A4 B — 2 (Dugué, Marque, et al.,
2015; Fiebelkorn et al., 2013; Landau & Fries, 2012),

30 SEEe 2. WURILZEANE B BIER
Ik

31 FE
311 #ik
16 ZHINKFEARBAESINT 2565 5 4, &

1144), 4E i 20~25 i 2 (M =20.75 %, SD = 1.43),
B R4 FIF o B g s IE A IE R, T

B 5. SCIE 4T U R AR
312 L&t

SEHS 2 BEET A T ERG . R T
205 AR . LRI vs AR RIL) < 2(HR A 5L
PE: [FIR vs U PR N LI T 28 AT 2tk
PIHRAEE 55050 1 AHTR . ARG R ST 2R
Ml 1) S [ (HR g AT 2800 ), 0 o [ MR 46 4 A S BIR 2%
o AT 25 1 g 2 5 0 10 B ] — LRI 1,
SIRFARIE LR S 1A R ATIREE N
313 XINEE

I FH S T 7 AR 5 L R G 5 e 7 A T A5 43 ) I
SR ZERAAT IR . AR 5905 1 AHF .
3.1.4 SEIFI

55255 1 MIH
315 WRE

LB BB hnW IR SRS TA T A kLS ATTRVALN
% A 2 A ERAR Gy e b e B o SRS
PEAT S S280 1 AR [A] A4 [ PR RN AR 35 T A S
5o B2 WoR T IR —FEL, LR T
FEATHR, i AR ZE AR

K2 S8 2 MR

32 HEHH

5528 1 P B A 385 B T AR R
33 &R

SR 2 2K AAFC 5 AR 5 R IR A0 S BR R 1
PG, 250k, KRMMAELRILZMNT
I IEM R 2ZR, 45K 52.53% (SD =
11.76%) 11 48.37% (SD = 14.13%), BCXIREA t K35
EM T FE LR EES, t(15) = 1.82, p = 0.09, d =
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0.23, 95%CI = [—0.0072, 0.090]; [RIHR £k & Ak 4514 AN
EXRRAZHETHIWIEFRELES, 25H
52.27% (SD = 12.03%)F1 47.63% (SD = 14.56%), Bt
WA A I A B 4 C & 225, 1(15) = 2.02, p=
0.06, d = 0.25, 95%CI = [-0.0025, 0.095]; FHRZE %
AR B PR IE R T, 7
A 52.80% (SD = 11.67%)F1 49.13% (SD = 13.91%),
BOXFREAS ¢ R i A — K ol E 22 R, t(15) = 1.53,
p=0.15,d=0.20, 95%CI = [-0.014, 0.088], i I 1H
B3 H A E HA 50 2 B, TG e S R R A 2 SR 2%
PR, FRHELT B R AT IR G A LI 3A
C)o X7 RIRG I — W KB, PR SEAE T # A
TR ENRG B, BMCEE, RRAMET, £
FACN B AR R B A 12.50~13.28 Hz ik F
T EKF-(p<0.05) FEILE 3B), SIRAMT, £
RALDL B BT PR [FFEAE 12.50~13.28 Hz ik 3] T
HBEIKF(p < 0.05), FELRRNEFT R IR W 7E
11.72~13.28 Hz i3] T B E/KF(p < 0.05) (LA

IR

) 012
0.08 -
0.04 |-

0

PR IEFE
s
E

—0.08

—0.12

100 500 700 900 1100

LRI T MR (ms)

300
B)
06

Kk
FK

0 5. 10 15 20 25
K (Hz)

3D). FHILATHN, FEZRL SAEL RN E ML H]
TR BAIT IR . T DR SR 2 AT
JPRG, AR AR AR 12~13 Hz BYAEAL#E
P00, RBMBFEET, LR E SIELEL
AL AR, B B T I 3% 2% 5 (Reyleigh test, [AJHR 2%
p=0.012, FHRE&M p = 0.014), H2ZSF7E 180°
BT (UKL 4), BIZRIE S AL RPN E
I TORE HERY SO R G i

4 HHE

AT R FH i B[] 3 R i e = M0 i,
FHV SR R, 0 T OSSR AR, AU
FE T R A R 5 2o M R (L0 1 vs 3000
2), Bt — T T LR T R IAEF R vs. 57
R X IR 32 52 e (S 5 2), DARR TR AR o B
2 VI XIEFEERG P ER . OFRai R A8 DIE
WHR A 26 F (5256 1), =R B BLE (R A
(2 Hz F1 8 Hz), Mo T, IR W A

© o012 SR

—o— LR
--o-- JERRMK

0.08 -

0.04

0k

FHEHJE IR %

—0.04 |
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LRMT[EIFE (ms)
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®)
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K (Hz)

K3 Sl 2 EEIRGESR . (AP Klas . DUTEEBn, P 5L AR BB AT 4R G e
BRIk, SR T AL FIRE,, LRI ROSEIET, Ef R RS, (BRI T B
IR, 28R AR RSB IR IR, (OLRRIE T BRI, Ze AR R LR T, IE
TR B 1] A AL RS (D)L T I BUAESIR I, RN FAARR R A BLAIRIR, * 2 B35 1B
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550 %

A IR

180 o

12-13 HzAR 2%

/330

270
Rayleigh test,
p=0.012, M=181.48

270
Rayleigh test,
p=0.014, M=173.47

B4 528 2 PRIIR(A) RIS IR (B) AR 1R T 3 B 5 B AR A2 45 2R

fE IRLEL (12.5 Hz) o X R B0 2 WP Ik & A
FRIIE ™ HE SR o 2)2R ZR Tt BRAE [m] HR 340 2 e HIR
KT HEIRG LR E2ER, X4R VI XOBURH
D38 B B T = AL X AT RE S 5 I R Y -

S 1SR PR — I FE I 55 i TR,
SRR T B ARG AR B, 5 LA S R —
Z(Dugué, Marque, et al., 2015; Fiebelkorn et al.,
2013; Landau & Fries, 2012), {HfHEREMZE, M
TR 55, A5 R B9 AT 55 0] LA S G- sk
BBk 1 S A T (GEE B PR ST ) 52 i) (Drewes et al.,
2015; Dugué, Merriam, et al., 2017; =0, XIH
T, 2016), INF5 A4 1l A8 Sl b Sz e 1 i v
EECHE MR A, AR RARE . BRI Z A1,
FEFRBUE S, % ULAY 2AFC BYFERIE 55 I BEALIE
5% H 50%, {LARERRE 50%~100%1 3 R . Ifif 4AFC
I BEHLIE 28R 25%, DGAS S0 3 T A4 das i [ PR
TR 25%~100% . BEOLFHA FI T A TEA R 55 A
RO, 17 MR BN

AR, RS A g R, RO D
Poil TR ey E RGeS, IR S ny
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Abstract

It has been well documented that the spotlight of attention is intrinsically rhythmic, which discretely
samples a single or multiple objects. Adopting high resolution behavioral approach, attention oscillation has
been revealed. However, neural mechanism of attention oscillation remains poorly understood. In the present
study, basing on functional anatomy of the primary visual cortex, we aimed to investigate the role of primary
visual cortex (V1) in attention oscillation, by using a modified high temporal resolution cue-target paradigm in a
4AFC task.

In the present study, behavioral oscillations in visual attention under ordinary (binocular; not dichoptic)
viewing condition (exp. 1) and binocular dichoptic (exp. 2) condition were examined. In experiment 1, 16 paid
participants were asked to detect target at either the previously cued (valid condition) or uncued location (invalid
condition). The cue-target SOA varied from 0.1 s to 1.08 s in steps of 20 ms. Performances were evaluated in a
4AFC task. If they saw target, they were instructed to judge the location of the target (1 for target on the upper
left; 2 for upper right; 4 for lower left; 5 for lower right) on the keypad. While, 16 paid participants were
recruited to detect target at either cued or uncued locations under binocular dichoptic condition. Target could
occur in the same or different eye of cue stimuli. Amplitude of target contrast decrement was determined with
QUEST procedure before cue-target experiment. Except that no cue stimuli were presented, threshold procedure
was identical to the cue-target experiment procedure.

Results showed that when grating locations were presented under ordinary viewing condition, a theta
rhythm was visible. While targets were presented in the same or different eye under binocular dichoptic
condition, attention oscillation was clearly seen at 12.5 Hz with antiphase relationship between cued and uncued
conditions.

The findings under ordinary viewing condition are in general consistent with previous studies. While, under
binocular dichoptic condition, attention oscillation increased to a higher frequency. This study indicates that
attention oscillation may occur at or beyond primary visual cortex where binocular integration begins.

Key words attention oscillation; V1; binocular dichoptic; high temporal resolution; cue-target paradigm



