
http://sheng-lab.psych.umn.edu/
mailto:fang0057@umn.edu?subject=http://journalofvision.org/4/7/9/
http://sheng-lab.psych.umn.edu/
mailto:sheng@umn.edu?subject=http://journalofvision.org/4/7/9/
http://journalofvision.org/4/7/9/


Journal of Vision (2004) 4, 637-642 Fang & He 638 

can be predicted from those produced by its Fourier com-
ponents? 

However, the advent of “spatial-frequency channels” 
analysis may be partly responsible for the general neglect of 
nonlinear interactions in the visual system. Recent work 
has demonstrated that early visual channels interact 
through a variety of nonlinear pooling mechanisms. Such 
nonlinear interactions perform important computations in 
texture perception, stereopsis, and motion and form vision 
(Wilson & Wilkinson, 1997). It is possible that nonlinear 
interactions exist in the generation of MAE, which in turn 
will lead to a failure of predicting MAE of a complex grat-
ing from its sinusoidal components. Actually, some studies 
have demonstrated the effects of cross-channel interaction 
on visual aftereffects (Levinson & Sekuler, 1975; Magnus-
sen & Kurtenbach, 1980). 

To test whether MAE can be predicted based on a lin-
ear model, we measured the strength of MAE to a number 
of different spatial patterns. In particular, in Experiment 1, 
we tested whether changing the relative phases of sine wave 
components in a pattern will alter the perceived MAE. 
Given that we did find a contribution from spatial phase in 
Experiment 1, we further tested whether the pattern influ-
ence occurs during the adaptation or testing phase in 
Experiment 2. Nishida and Johnston (1999) showed that 
motion aftereffect could alter the perceived position of a 
visual target. In Experiment 3, we also test if spatial pattern 
can influence the perception of illusory position shift fol-
lowing motion adaptation. 

Experiment 1: Does spatial phase 
matter in MAE? 

The purpose of this experiment is to compare the MAE 
magnitudes generated by sine wave and square wave grat-
ings. We also measured the MAE from a complex grating 
that shares the same amplitude spectrum with the square 
wave grating, but with scrambled phases. Because random-
izing the phases of sine wave components could make the 
peak contrast of a complex grating higher than a square 
wave, and some studies (Keck, Palella, & Pantle, 1976; Ni-
shida, Ashida, & Sato, 1997) have shown that increasing 
adaptation contrast increases the p
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Control experiment 
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Results 
As shown in Figure 5, spatial pattern played an impor-

tant role in the MAE-induced position change. For the sine 
wave grating, all three subjects needed a significantly larger 
(about 3 times larger) spatial shift between the two gratings 
to perceive them as aligned, compared with the square wave 
grating (p < .01). A potential explanation of this phenome-
non is that the square wave grating provides a strong posi-
tion cue to prevent the illusory position shift. 

Discussion  
We found that the square wave grating produced much 

weaker MAE than the sine wave and complex gratings. 
Cross adaptation between these patterns showed that the 
square wave grating was not a weaker adaptor for the mo-
tion system. The weak MAE was only observed when 
square wave grating was used as the test stimulus. 

Why does square wave grating as a test pattern generate 
very weak MAE? We suggest that two properties of the 
square wave pattern may contribute to this result: position 
reliability and local luminance uniformity. Intuitively, if a 
test stimulus provides reliable cues on spatial position, then 
it will be difficult to generate illusory motion. The square 
wave grating, with the black and white boundaries sharply 
localized, presumably provides such reliable position cues. 
Similarly, the reliable positions cues can prevent the illu-
sory position shift of the test pattern. This point was sup-
ported by a parallel study (Fu, Shen, & Dan, 2001). In their 
experiment, motion-induced perceptual extrapolation of 
both first- and second-order targets depended critically on 
spatial blurring of the targets. For example, the perceptual 
displacement of a sharp-edged target was near zero; how-
ever, for a target with Gaussian profile, its displacement was 
very significant. The influence of visual motion on per-
ceived position has been well acknowledged (see a review by 
Whitney, 2002). The current study highlights the reverse 

influence, that the reliability of position cues strongly af-
fects the strength of perceived illusory motion. It supports 
the intricate relationship between representations of an 
object’s (or pattern’s) location and its motion, possibly sup-
ported by the interactions between MT and V1 neurons 
(Ramachandran & Anstis, 1990; De Valois & De Valois, 
1991; Whitney & Cavangh, 2000; Pascual-Leone & Walsh, 
2001; Murray, Kersten, Olshausen, Schrater, & Woods, 
2002). With this explanation, it is not surprising to find 
that the MAE from a square wave grating as a test pattern is 
not accompanied by a concurrent shift in the apparent po-
sition.  
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