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3D motion aftereffect in a static region after adaptation
to an adjacent counterphase flickering region
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Abstract Murakami and Cavanagh (1998a,b, 1999) reported a jitter aftereffect in a
static random noise after a period of adaptation to a patch of dynamic random noise. To
account for this phenomenon. they proposed the retinal slip caused by a small eye
movements in the unadapted area. which is usually compensated by the visual system to
stabilize images but is unsuppressed due to the adaptation. We tested this hypothesis
with new experimental method and stimuli that were supposed to nullify or reduce the
effect. However, the aftereffect was still observed even under these stimuls conditions.
More importantly, the perceived aftereffect was rather different from Murakami and
Cavanagh’'s. After adaptation to a counterphase flickering cosine grating, the adjacent
unadapted region seems to move away from the observer during the test period instead of
jittering in the frontoparallel plane. We proposed a possible explanation for this new
phenomenon noting the severe contrast reduction of the adapted region during flickering
period. The aftereffect might be due to the flicker-inducing contrast reduction during
adaptation that produces different depth planes for the adapted and unadapted region and
its restoration during the test period.

Keywords motion, motion aftereffect, depth, random dot, cosine grating, contrast,
contrast-modulated pattern
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Murakami®} Cavanagh(1998a.b. 1999 & F4
(random) %2 3= A (noise)d ol U A7
¢} Az} £%(visual adaptation)& ¥ & o] ¥
A g AAATE e AREe] FAe)A] ol
A g9 o] FEo] AvkEql dB=A FEH
weko 2 Sjittering (FEY) e ZoE Adge
B asigc} o] AFAEE o] EEY FANINE ¢
F 53 FHs ddslodcl. =Y AdAAE
G 4 Sle HBY 5 24 sl o 3 di
£ 25 SAIRHEE AREFES FRAAA &8
o]l o= AS wAEz U (Yarbus,
1967). AlztAlAle ol2lq 7)Ale} tlEe] dAabdoz
S Aol 3] obEle W Ao JAsA &
EH8 WA ske VAR 7T Qledl, At 59
43 Yol| 83k F o) 7| EEF RAE
o] #x3] "ozl ot ol9 AR AT
2929 G HEo] ¥|E 2AolA] Yl Byl
3 A|Z4AA} EEol e 44 EEHS ny
8lx) 33 uhx] o} AHFo] EEe Aoy x4}
+ Zolt} (retinal slip).

Ao 2o $Ele o] AAMY WEzZ o}
2], o] Al Adweg AYH P -FFo| wE
A EE9 nAre] Adele o d7AEY e A
ZF3laa} Yo}, olY) dPo PeFo| whE g4a}t
2l EE5qe] A1zt ARl Azt & FeE u]x|
A %+ FZAb! A" (cosine grating pattern)e A}
238lw, = gl FAl 5 WAl o 94k gl
(counterphase flickering)-2 AH&-3}e] o} gAto] o
A3 VA AE Al $8]19 Jldle ole)
e A9 2202 Murakami®} Cavanagh’} B
I FAE o ol FAY $ gloewjete Aoy
ot Ak dANd Azhe e akass) oAl
Al 2o} 303 B2AE o Pado] YAl
A7) B w3t Ave AR Esiches Feld ¢
<+ 71284 ke dde) 2pFe] AR, U4
T HAE 4] AFEol vix] FAoAM FHoz
I=Ay A2 RE dojxle Y FFAAE
A8k Zoldict

el o] A2E AL sy 3A] £EAE
I8 AT o9 YQe AAHez Fsiazt
. 1A 715R MR Adse AL ghidels
259 Az A5 E2ld FEdu)da o|g

o} z)24=rhe MacLeod?t He(1993)9] A
of ZA% Aot o] AFAEL o] WY FHEdiy]
A7+e AdAAY] v Aeinte 3 Axz
Agshed, $eio FAL o] wAYA H=zA =}
Aol Q1R otw gurqle) Asg Jehle 2= =
tiule} Azby zrxel) qlok & ghitele ATl &
$3he Bt o] 9499 Ixdv)r} i, A
Hoz T 4T dHute] Fxdu] xlo]E A
A% Foln(FAlgE Y% IAxdwz FAE

RelE), ole F 49ql e AFEC] HE g

Zolo] #xlgtx e AXNH HolA & Aot} (R
olA ol gle] F3A el dF, Kaufman,
1979). ZAAA7ke] Sj7. Z zhalgle] HWadl 3 %o
¥ zrar2 qlsled e gle Aoz AAEY &%
dode] Hxoulrt A oz FHEEH o] A
A Aoz slzelel Qe AL Azt H]
&% 9] FAABRE BoA ke Aoz A4
£ dogled ol Qs A FEARdEAI) F
A5 o] ohd7?

B d7E o9 94 g o f=d AR
Adygge] EAGaT} JEdn] Friel 38
ok g zZlo] z)zte} A Al FidAe sFsAE A
Z3}az Ag =gt

2. o8

A 19 94 209 99 £33 o8 fE=d
1A delel 3 LE V5

2 A e g8 A FFAF, & 54 H A
®l(random dot pattern), 24}l " (cosine
grating pattern), 3 EdupE= =&l (contrast
modulated grating pattern: CM)& AHgsle] A3
AujAddels A2E o 94 Ak 49 89 2
F =3 AAES dd QA Gl AR
FAA AT} ekt Ao AH A=A BREE
A ZATH 9 oA 2]l 2R SiRls CM
AL g Ao 7le" 5 itk aldid Ce
Fzoy], Fe e Fa5d o2 33 WsE o
ebdich CMARI A4 oS Jxdez FF
4 wee carrier $FIAEE TR

COS= L[1+ CFcos(2rmawx))] (1)
CM=1L{ —é— + —% Fcos(2rw yx)] cos (2w cx) (2)
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FARL HEE AR olfE AlAAANA oOF
FrrEeAde] 2AE ¥l Al Q7B A
o] (o), Wilson & Gelb, 1984), +53te a3}7} F
Al A " de B 35se s 3
g Ao FAHEAE dotrr] fgelsd)
CMHARE B2 F7holl A A|7dol] b2 Fxof wisle
R FEoiuule] wWxsE siEIQlY, ZHsk Ab7
g HAS AR A(2)E AN L9 7)selA
4 F sl%el, o AeE AR Falg gl
AR (wy)E Fourier energy spectrumitells 3
A v} (Kim & Wilson, 1996).

L[—% cos 2rwex) + 7} Feos(2rl wc+ wplx) +

Ttios(Zn'[ wc— wulx)] (3)

o]& o]-fF2 CMIE S non-Fourierd|yl oz 2+
shedl, o] CMA®R Y] £5At] i} o Ry} A
= 712 A F riAele) 1A, o] A8 A7
QA7E2 FHA|(peripheral visual field)d] A=
+ non-Fourier&%°l Wig AZAAY wzt=r}t ¢
1x]7] wFell A +F& AAEA ok 2
=< Xuslgd=d  (Pantle & Turano, 1986:
Chubb & Sperling. 1989. Pantle, 1992),
non-Fourier & ¢4 7dole 22 AHUA=E
HO)ERE  ZABIZ]  Sljtelrt. e FHAlY
non-Fourier & $14 7halel= AlZAA o] 213t%
7F "oizicidd, $E53td E s BAFA] o8 o]
o}, =&, non-Fourier&%53 #adsle] A7t AF1E
& o] %Y $-gEH(adaptation effect)= 3

=jwuk, zbed A3} (motion aftereffect)= TE= A ¢
+¢ vwslz gledl (Turano, 1991), £ A¥elA
£ non-Fourier & 14 7hslole] £8o] 4
ol b g2 oA A FE A F sle A

a3 1 A 1ol 480 F4 3, 24, Mol () A
e Bl

by AR S AgY Agel de AAMEY
3 HJHN), HAEes A Ao ge oE
3 W (YSP)ol & Addl Fofsisich A2 gAld
A A=k Age A HA-& Maclntosh LCE
AMsle] BAZE =Hglew, x5L Maclntosh 127
Monochrome DisplayAtell AA= et 2452 =27]
= lm SAANA 76293, T4 A e Hu)
2 pixelZ Fjo] FAzog wWagm, A "
9 FFEpeE 1 o/deg. CMI®E 9 c¢/deg
carrier 54Tl 1 ¢/deg FEDRHE FHF
o5 FA4% ol Ade Axe o 2%
o Ad iAle Aage] 2 sHd A"
2% 1md AdA $AY. 7IBRES JE
T2, 29 1o A= mfe} e A A" F
Aol A=, 24T Fokel o]:ME F71 $3hed
e doz FE AL HE AAZ 4] ¢E
Algolla] FA B2 Fucdde] 22 HzE 7Zhsl&
slgdet (AgA] o] 34 A& AR ok zhit
3 d¥3 AxE dogor FEE B). 30%7H
7Zubg) 8ol By, AT e 99e BT
AR AR ZA7EAre] wkgo] 9l& wizkx] AAEHA
o} riAbe AR shddd Adse AedEd
(aftereffect)”t RAAA =HH 71§ FEEE 3o
Zrel gte] A EAz7HE HFAsAY. RES B
Aol sk oF 23] Az oAy 7Zhtel ¢
&+ F AR A"l L5k &5 Tt v 9l
ot 7 FArbte £ AS 24 2 39 uHEs
o} AE e O AYdE 35HeE H4d
=3

A3 A Ade a7 26 AR FA4A
A3 FHPYE T3l Zr] HAE Gl #
e g 53 A EAzZRE gokste] AAstHE 7
2712 BT ZebARe] Sl wieh Flddd
o] #A o] A4 A ez}t F:Ajel el 4-8
Z AxY AAAAE BEdl, ol Murakami%t
Cavanagh(1998a)¢} Algdx #ag Aojfst &
AZEst fAbsiel, A ool AU E PRI T
A A e E ool B4 FueARs §hg
FZAtal ARl T Abeday) A Zle AZpaAA
o] 7] ARAE) 544 oF 305 Aded
28] o] Fo1AE e o (De Valois, Albrecht &
Thorell, 1982; Wilson & Gelb, 1984), o] &3}
z7] AdARA e A 7]dd ZUdE A
ol CMA gAY A i oE F FA-dea] 3
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o8d, B Aol A" ejaze o] A7
w7 AHelld A=k wlel o] Murakami®}
Cavanagh (1998ab. 19997} 233 A= ARE
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oQasbe Az Jd vlE-S G 3AUA 5
ZA A (motion illusion in depth plane)gct. 7zhit~
g &% o) AHsle 3t whA| mEr) A
WS % 9493 dAgsl sl ves A 39
FE A2 e dolA she dahg AAskdh

B AFAEL o] FAto] Murakami®} Cavanagh
(1998a.b, 1999)8) 5o W& AT5 RHAVIA
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ol 71 7HeAE AEE] Hste] md=Ed)
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{(McLeod & He, 1993: Boden & Giaschi, 1999)7}
ATE ol A wliel FEE Aelepd, et 7
uhel &8 & zZeigl ¢els HuH E(mean
luminance) 4 G2 cfAste] v] ¢& dd3
o] 4| AdA ZolE gds wle A
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g2 WiiA7|e SEAAbaTe] AT E T
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W o &FE 2y 7ol clAl" uwpel Fe] 9
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Az . A Asp= 23 gl AAslh AY
39 Azl TAsEA 4% FAFIgel bdE 23
Ak ste] wWslels de], AY 194 A A=
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Hgr} o} non-Fourier 8§ 4 24 &3l 9
8 =% a7} Fourier 29 w8l 9
g matels ohE slAlel g3 RS AARY
ARw FW A2 non-Fourier ARAZE 71&
2] odFEe) whE EokRo]l uwig sl AAL £&
Z37F Aot slelzle (A9 1) 2 Axot 9 <
Aof2] AArEFE olold Arz Fexe £ 7}
Aol itk =3 £ Algle] Axbe ghibgle)] o
F=du] g4zl FA Aok Akl A"
Fouriersi®loll 4ok <] CMaARlAMel 534
aFte] fdqle] opd JFSAE olvl Ad ArpAtEo|
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Hrte] o] A AArlslgled, A & o
302 Ft AAE HHdE By FA FL Fue o
q F =2 H=UWE SR 4d9e Ad"ske ke
A} (two alternative forced choice task:
2AFC)E F3sl= Zolsdch AM-E 24k "l
AP ezt 1, 3, 6, 9 ¢/degd} TG
2 wEsEgich 3 A¥e Fdoz AA=Ee I
242 7k H=dple] dale] FARr} 1084, 25
50488 sk ZoE FAEGT, FH e
Zh Fxdu]o) isled S oddo] 4] g9 3
)} Foby 4h3E 3E 712l o) Ay
2 7 F7EFbpe] disle] 2 I 3 ubEEg)
=3

Az 2 I ZAL HElelA] oAb}
F4 9] Hxdwiuco 8 492 FHrou)s}
ol wdg 34=E A4" Hxdy) He s2s)
3, °l% $E=ZZ(maximum likelihood)ulgoz
Weibull 3o HA-3M(fitting) A 50%9 &&=
FA 499 Hzdnje} Fdsltizm Aztg I o
el FHxoiw] ghe Al4ksladcl (Weibull, 1951). ¢
ALRE $18t Wilsonel 7Negh 2o A3}
Ak olFA AL g vlgle g 2} FAF)
A A7k FA 499 ey} EA HEoy]
A zhad AEE 28 106 29k At o
HollA BRo], Zhldel] wE FHzoiw)e) Zhie E
Egael R Hoxe ARE vged, oe
AY 3o FEED FUFIgd 2 329 53
o a7t Wstel dx|sle Axgeln} (1Y 6 F=).
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E A7dM S F fAF g e85l o5
F=E A gy 33 FFatejde AF
A BAAsldc). o9 Muog B dFxtSe] ket
21 7hate] 49 Hxduziaot A A" o
A7e] zlo] AolE ftstm ghutglel i AL
717E Fab gk o] o] Ixdjwz B-{1s
o] AN AA R JI7g- ol Hxel =
AL AzEy HAE QA ddo] PAzIYE
B G FEA ok Aol

A2E -5 2 dafel gt o]xF HABe AF
&7) 93l dzde] AgEe] AUt ) 9o
+ AAIZE B4 HE IS 2 3y cidew
dAsted Zo] ©AE JUE o 3AY £FAE
7} ZA Fa L& AR AF 29 A 9
A o] A d-g RR|ske FAolt}. 7hug]
o8] &gol I=am| ZALE oWA7x, F B
AGE F7HAE 712 975 (McLeod & He,
1993: Boden & Giaschi, 1999)2 ¥4 o] Fxd
v)2 Ztavt FFESee] P2 WgE Rusin
Aedl, o] ATES AE s} AT L£F3
o] i3t Aol HEAFH, B d7dA Baw
TR AT FAFASe] Feg Hajol T2 o
dgch o] AL AY 39 Anr} A 8dF3 9ok
AAZ, by <dde) HeouR4s 2 SAY
A 59 A FAFAs P4 wake HEom)
s XT3 glen, o 7h4e) Ase AF 34
A TR AR e wHilet & dAsiw
it

£ AT BAEY 33y EFRddas)
Murakami®} Cavanagh(1998a.b, 1999)7} 7%+
el 53 g4 ok olfe 2 159 A
S Age] T4 £Fole] #2oldm 9 He o
A Zlele] gelehe HedA e 5 YA
xR 25 A A4 A=-nke Agslg s uks] 2
d7olAE FA A, 2AR, a2l CMIE" 52
AMggtdche Aol o=rdd z2vh, Murakamish
Cavanagh®] #4-& 250 Aok - peFo upe
Gt EEH BAZIAY AslolzlNche £ AFelA
Akt 3xoin] zhie] wWE el zpe] Aza
EFAHo2 MHEE £ ¢es? B dFaiEo]
Murakami®} Cavanagh®] A3& 33t of FE3io)
AZd £ dAdd AL a25e] A A ddx
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ol Aol ole A $E599F AR oY
o] ol HelE opy] AFledl, e o] AA
2 o & Q7 GRAY e 32}%! TR E
el de] E5Yoz2 Jehle olfw iR A
o Al e SR EAY N dEd 5 sl
o & $85A 4 AAF QA o] HaARE
e ol of Hdalolla] o] ztede) -Fol
s A &% dYelqe YHA EA AN}
S 499 A 5 AEagsld EERL
2 AZHe AL opd7? il o]#g Adeo] el
slcbd, Murakami®} Cavanagh”}t 273 #Aahe
£ Q7oA AR HEdv) el oE A
o] Azte] AR ehle A4 4] 3 543
ety 2 4 o) o] FEo g FHL ¢
o209 93 dFFAV} @ Zloz $rf

FH, B QFME Hxov)e Wzz ghulge
=% CMI®. & non-Fourier 9 ¢4 7ol
Az 344 5P ENp) P ANE A
zAEIG e, A A o A gAY o
siels 2 AHxe ol vldsignlh ol &Y
QAFEe] Hwalz glRe] AR AR
non-Fourier 53t aze] FAgt Ul 0|
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