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The scintillating grid illusion refers to the illusory perception of black spots on white circular
patches at the intersections of a grey grid on a black background (Schrauf, Lingelbach, & Wist,
1997). Although some spatial and temporal properties of this illusion have been examined from
several perspectives, the specific mechanism underlying the illusion is unclear. The purpose of my
studies in the dissertation is to clarify the mechanism of the scintillating grid illusion. Previous
studies have suggested the importance of orientation information for the generation of the
Hermann grid ﬂlusioil (Schiller & Carvey, 2005), which has remarkable resemblance to the
scintillating grid illusion. I hypothesize that orientation information is also essential to the
generation of the scintillating grid illusion. The polarity-sensitive simple cells in the primary
visual cortex that can process orientation information, namely S1 type cells, play a critical role in
generating the illusory effects. I conducted four studies to demonstrate this hypothesis.

In Study I, I investigated the function of orientation information in the scintillating grid
illusion. Study I consisted of three experiments. In Experiment 1, I demonstrated the importance
of orientation information by changing the shape of the white patches at the intersections of the
grid. In Experiments 2 and 3, local orientation information and global orientation information
were examined respectively. The results of the experiments in Study I suggested thaf orientation
information is essential for generating the scintillating grid illusion.

In Study II, one experiment was conducted to examine whether the effects of orientation
information maintained under different conditions of presentation durations. The interaction of
spatial properties and temporal properties of the scintillating grid illusion Wés investigated in this
study. The results showed that quantitatively sufficient orientation information gained
predominance over temporal information in generating the illusory effects. The quantity of
orientation information was proved essential to this illusion for the first time.

In Study III, I focused on the quantity of orientation information. Study III consisted of
two experiments. In Experiment 5, I utilized only horizontal or vertical bars to reduce the quantity

of orientation information. Although this manipulation resulted in decrease of the illusory effects,



scintillating illusions were still perceivable even if horizontal or vertical bars were not presented. I
named this new phenomenon the scintillating bar illusion. In Experiment 6, monocular, binocular,
and dichoptic displays of the scintillating grid illusion as well as the scintillating bar illusion were
tested. The results of Experiment 6 showed that binocular integration of orientation information
strengthened the illusory effects. However, the illusion abated when binocular rivalry interrupted
the integration of the local orientation information around patches. The latter fact implied that the
local orientation information around patches was the most important factor in generating the
scintillating grid illusion.

In Study IV, the local orientation information around patches was investigated in detail.
Study IV included five experiments. The local orientation information was preserved in
BExperiments 7, 8, and 9. In these experiments, the st_rength of the scintillating grid illusion was
constant even though the bars were gapped or laterally shifted. On the other hand, the results of
Experiments 10 and 11, in which local orientation information was reduced, showed diminutions of
the illusory effects. The results of the experiments in Study IV were consistent with the notion that
the local orientation information around patches is critical for the occurrence of the scintillating
grid illusion.

The studies above clearly demonstrated that orientation information, especially the local
orientation information around the patches directly contributed to the scintillating grid illusion.
The orientation information is mainly processed in the primary visual cortex (Hubel, 1988).
Therefore, I proposed that the mechanism of the scintillating grid illusion was based on the
activities of the mneurons in the primary visual cortex. In addition, previous researches have
clarified that luminance information is an important factor for the scintillating grid illusion. I
assumed that the S1 type simple cells in the primary visual cortex, which can prbcess orientation
information with preserving luminance information, played the most crucial role in generating the
scintillating grid illusion. The generation of the illusion is due to the fact that the response of ON
S1 type simple cells around patchés is weaker than that of the cells along bars. The activities of S1
type simple cells are also available to give accounts for other characteristics or variations of the
scintillating grid illusion.

In summary, I demonstrated that orientation information around patches is critical for
generating the scintillating grid illusion. Furthermore, I presented a model in which S1 type
simple cells provided a possible neural mechanism for orientation-related processing with
preserving luminance information. I speculated that this type of simple cells underlies the

scintillating grid illusion.
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