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ABSTRACT

The Hermann Grid and the Scintillating Grid are among the most prominent brightness-contrast
illusions. Perception of these illusions is sensitive to a wide range of image parameters including
color, linearity of the edges, and visual size of the images. Here we characterize the influence of
three prominent parameters that influence grid illusion perception–dot whiteness, line whiteness,
and background whiteness. Experimental data was obtained from several volunteer groups that
were tasked with scoring the magnitude of the illusion for images exhibiting different whiteness
levels of these three grid elements. Analysis of the data revealed a significant dependence of illusion
perception on the whiteness of grid elements. Surprisingly, illusion perception effectively disappeared
after an intermediate threshold of whiteness for the dot, line, and background elements in both the
Scintillating Grid and Hermann Grid. Moreover, increasing the size of elements decreased the illusion
magnitude. The results of this study quantify the whiteness-dependence of brightness-contrast grid
illusions and may motivate new experiments to understand the neural mechanisms that are responsible
for their perception.
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1 Introduction

Visual illusions are key reminders of the limits and vulnerabilities of human perception. For that reason, developing
a better understanding of the mechanisms and variables that underlie illusory perception may also improve our
understanding of the neural and visual systems. The Hermann Grid (Fig. 1b), which was first discovered in 1870
by Ludimar Hermann [1], is one such prominent visual illusion. The Hermann Grid consists of straight white lines
intersecting over a black background and exhibits an illusory perception of dark spots at the grid intersections [2]. The
Scintillating Grid, a variant of the Hermann Grid, was discovered in 1994 by E. Lingelbach and consists of white dots
at the intersections of gray grid lines on a black background (Fig. 1a). The illusion manifests as a fluctuating perception
of smaller black dots within the white dots and is sensitive to scanning eye movement [3]. The visual appearance and
illusory effect of these two grids are highly similar.

There are several competing theories for the mechanisms and parameters underlying grid illusion perception. An
early proposition was that relative differences in lateral inhibition of retinal ganglion receptive fields between the
intersections and elsewhere in the grid result in the illusory perception of darker intersection spots in the Hermann Grid
[4]. This explanation has been referred to as the retinal ganglion cell theory of Hermann Grid perception [5]. Light
is more intense on the inhibitory surround of the receptive fields of on-center neurons at the intersections than at the
grid lines, which inhibits lightness perception. On the other hand, the receptive fields of off-center neurons are more
activated at the intersection than elsewhere due to more light falling on the activating surround. This relative increment
in lateral inhibition is responsible for the perception of dark, illusory spots at the intersections of the Hermann Grid
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[6, 7]. These receptive field inputs may be further propagated by later neural processes, resulting in illusion perception.
There is evidence that the Scintillating Grid illusion may also be the product of lateral inhibition, disinhibition, and
self-inhibition at early visual processing [8, 9]. Several significant differences exist between experimental observations
and the corresponding predictions of the lateral inhibition model for retinal ganglion cell field sizes, field locations, and
Herman Grid illusion effects [5]. These differences have led to modified theories where the Scintillating and Hermann
Grid illusions manifest later from the simple (S1) cells of the primary visual cortex (V1), perhaps in concert with earlier
visual processing [5].

Although the mechanism is still inconclusive, there has been success in identifying modifications that affect the
perception of brightness-contrast grid illusions. Perhaps the most important of these have been the contrast and
brightness of the Scintillating and Hermann Grids [6, 5]. In addition, modifications in size, distortions in shape, rotation,
and undulation of lines in the illusion images can result in qualitative changes in the perception of the illusion and the
perceived magnitude of the illusion [5, 10, 11, 12, 13].

Earlier investigations have mostly focused on identifying modifications that enhance or eliminate perception of the grid
illusions. However, there is limited work on quantifying the sensitivity of the illusion effect with respect to variations
in these modifications. Here we characterize the sensitivity of illusion perception to the variable whiteness levels of
individual grid elements in both the Scintillating Grid and Hermann Grid visual illusions. To that end, we recruited
several human volunteers to score the magnitude of the illusion effect for varying whiteness levels. From the collected
data, statistical analyses and model fitting were performed to identify the range of whiteness values for which illusion
perception was present. The fitted models were used to provide additional insight into the mechanistic theories of
illusion perception.

Figure 1: Brightness-Contrast Grid Illusions. (a) The Scintillating Grid illusion presents illusory perception of
fluctuating black spots within the white dots. It is defined by dot, line, and background elements. (b) The Hermann Grid
illusion presents illusory perception of dark spots at grid intersections. It is defined by line and background elements.

2 Methods

2.1 Perturbation parameter choice

The most natural division of the Scintillating Grid is into its three constituent elements: dots, lines, background. Since
there is evidence that the interplay of these three elements drives illusion perception [3, 2, 11], we expected that
modifications to one element could be represented by a combination of similar modifications to the other two elements
and vice versa. As a result, similar perturbations may yield complementary effects on illusion perception when applied
on different elements of the image. A simpler division could be achieved in the Hermann Grid with its two constituent
elements: lines and background. In this investigation, we considered only perturbations in the whiteness level of the
pixels that composde each of the grid image elements.
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2.2 Visual stimuli

The grid illusion images were computationally generated with dimensions of 768 by 768 pixels. The grid elements and
default relative whiteness values of the Scintillating Grid illusion (Fig. 1a) were:

• Dots: 25 dots organized in a 5×5 grid, each of diameter 30 pixels and whiteness γ = 1.0 (white)
• Grid Lines: 5 uniformly spaced lines parallel to the horizon and 5 uniformly spaced lines perpendicular to the

horizon. Each line was of width 15 pixels and whiteness γ = 0.5

• Background: whiteness γ = 0.0 (black)

The default settings of the Hermann Grid illusion (Fig. 1b) were:

• Grid Lines: 10 lines organized to intersect evenly, each of width 15 pixels and whiteness γ = 1.0 (white)
• Background: whiteness γ = 0.0 (black)

2.3 Illusion magnitude

To evaluate the effect of different whiteness values γ on perception of the Scintillating Grid, we introduced the illusion
magnitude metric. The illusion magnitude was typically between 0.0 and 1.0 (by steps of size 0.1) and was reported by
the participants in the study. An illusion magnitude of 0.0 corresponded to no observed illusion whatsoever and the
illusion magnitude of 1.0 was set to the baseline level of illusion perception in the original grid illusions (Fig. 1). We
expected that perturbations to the whiteness levels of these original images would decrease the illusion magnitude.

2.4 Periodicity analysis

The scintillation appearance times were measured as the time in seconds between successive appearances of a black dot
within a white dot of the participant’s choosing. The participant was instructed to lap a running stopwatch whenever
they perceived the illusion in the specified dot. The scintillation appearance times were averaged across all intervals in a
ten second period for a given participant to reduce noise. We reported mean and standard deviation values for the time
between scintillation events. The Hermann Grid did not produce fluctuating illusion perception and, accordingly, no
data was reported for the Hermann Grid stimuli.

2.5 Experimental setup

Eight student volunteers were recruited to study the effect of dot whiteness γ on illusion perception. They were
presented with 21 Scintillating Grid illusion images at different dot whiteness levels ranging from white (γ = 1.0) to
black (γ = 0.0) by ∆γ = 0.05 whiteness increments. Participants were positioned one meter away from a 13-inch
display screen of luminance 325 candela per square meter situated in a dark room. Under this setup, the grids subtended
approximately 12 visual degrees along both axes. Participants were asked to fixate towards the center of the image
while maintaining smooth eye movements to induce an illusory perception [10] and to indicate the existence of any
illusory effect for each of the 21 images. If an effect was present, the participant was then instructed to report the
illusion magnitude corresponding to the perceived illusory effect. The images were presented in descending order of
whiteness (i.e. starting with γ = 1.0 and ending with γ = 0.0) and there was no time limit for determining illusion
presence and assessing the illusion magnitude. As a result, there was no masking between successive images.

In the line whiteness and background whiteness variable experiments, an overlapping cohort of five participants were
recruited and exposed to two sets of images. One set varied line whiteness along 21 intervals and the other set varied
the background whiteness along the same intervals. In both setups, the other two grid elements were held constant at
their default values. Both illusion magnitude and scintillation reappearance times were measured.

In the follow-up investigation with the Hermann Grid, data was collected from a cohort of three participants, all of
whom had participated in the previous experiment. Both the background and lines were varied independently along 21
relative whiteness intervals and presented to the participants under the same conditions as those for the Scintillating
Grid experiment. Illusion magnitude measurements were collected.

2.6 Critical point measurement

We defined the “critical point" γc for a whiteness level experiment as the lowest value of pixel whiteness γ (or highest
for background whiteness) for which half or more of the participants did not observe any illusion in the image. Since all
of the reported relations between the whiteness level of a grid element and illusion perception were monotonic, the
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critical point roughly corresponded to the average whiteness level where a transition occurred between perceiving and
not perceiving the illusion effect.

2.7 Polynomial model fitting

To estimate the nature of the relation between whiteness and illusion magnitude, we fitted a subset of polynomial
functions to the experimental data for nonzero illusion magnitude values. The polynomial model was of the form

y = α(xc − x)β , (1)

where x was the variable on the x-axis of the plots and was usually proportional to γ, xc was the critical point for
x, α was a scaling factor, and β was the exponent of the polynomial. A grid search was performed for values of
α ∈ [0.1, ..., 50] with ∆α = 0.198 and β ∈ [0.5, 1, 2] and the parameters that minimized the L2 error between the fitted
polynomial and the nonzero illusion magnitude values were selected.

All relevant polynomial fitting and period analysis code can be accessed at our public repository: https://github.
com/sunericd/grid-illusion-whiteness.git

3 Results

3.1 Scintillating Grid Dot Whiteness

A major difference between the Scintillating and Hermann Grids is the presence of dots at grid intersections. Thus, the
dot element is a natural starting point for quantifying the contrast dependence of the Scintillating Grid. Beginning with
the original grid (i.e. white dots, γ = 1.0), study participants were asked to assign an illusion magnitude to images of
decreasing dot whiteness relative to the original grid illusion. That is, an illusion magnitude of ε would correspond to
the perception of an illusion that was ε times the illusion effect observed in the first white dot image. On average, as
dot whiteness decreased, the illusion magnitude also decreased up until an effective disappearance below γc = 0.60
(Fig. 2a). This value is the critical point and was determined as the largest dot whiteness value for which at least
half of the participants reported perception of the illusion. Further decreasing dot whiteness γ past γc did not rescue
illusion perception, which implied an approximately monotonic relation between dot whiteness and the strength of
the Scintillating Grid illusion. This relationship was best fit with a linear model (β = 1) specified by α = 1.92 and
minimum L2 error of 0.064. A separate dynamical model with a supercritical Hopf bifurcation at γ = γc [14, 15] was
also fitted to these experimental observations (details provided in Appendix A).

There was possibly periodic behavior in illusion appearance times among the participants (see Appendix B). Mean
estimates of scintillation period for γ = 1.0 and γ = 0.5 were nearly identical, which suggested that there was no
dependence of scintillation period on dot whiteness. In order to approximate the frequency θ of the oscillatory behavior,
an average period (T = 1.083± 0.07s) was calculated from the aggregate period data and the frequency of scintillation
(f = 0.923 ± 0.056s−1) was calculated as the inverse of the period. The variance between the mean periods of
individual participants was 0.25s.

3.2 Scintillating Grid Dot Radius

Although the primary focus of this investigation was to characterize the effect of pixel whiteness on grid illusion
perception, a more general question concerns the effect of contrast on the illusion magnitude. In addition to the pixel
values, contrast may also depend on factors such as the length of the border between contrasting elements. To investigate
the effect of the contrast border length, an overlapping cohort of five participants was presented with variants of the
Scintillating with white dots of increasing radius and asked to quantify the illusion magnitude for each image. The
perimeter l of the contrast borders scales as l ∼ τ where τ is the dot radius. The experimental results suggested a
critical point for dot radius at τc = 1.8 (equivalent to 26 pixels) (Fig. 2b). The majority of the participants perceived
a small-radius illusion at τ = 1.7 while only one participant perceived the illusion at τ = 1.8. At the critical point
(τc = 1.8), the average illusion magnitude was 2%± 4.4% times that of the original dot radius (τ = 1.0) grid. A linear
(β = 1) fit with α = 1.11 was optimal at an L2 error of 0.048.

There was possibly periodic scintillation in the dot radius experiment. For τ = 1.3, estimates of the average scintillation
period and frequency were T = 1.347 ± 0.113s and f = 0.742 ± 0.057s−1. For τ = 1.6, the average period and
frequency values were T = 1.815 ± 0.182s and f = 0.551 ± 0.050s−1. Inter-participant variances were 0.400s
and 0.197s for τ = 1.3 and τ = 1.6. Although further work is needed, these preliminary estimates suggest that the
frequency of scintillation decreases with increased dot radius.
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Figure 2: Scintillating Grid dot whiteness and dot radius. (a) Decreasing the dot whiteness (i.e. x = 1 − γ) of the
Scintillating Grid reduced the magnitude of illusion perception and resulted in a critical point in illusion perception at
γc = 0.60. A linear fit (β = 1) with α = 1.92 was optimal with an L2 error of 0.064. (b) Increasing the radius of the
dots similarly decreased the illusion magnitude with a critical point at τc = 1.8. A linear fit with α = 1.11 was optimal
with an error of 0.048.

3.3 Scintillating Grid Background Whiteness

We next investigated the background element using a similar setup as that presented in the dot whiteness experiment. We
recruited the same n = 5 cohort as was used in the dot radius experiment. The whiteness value of the grid background
was the variable of interest and was increased from the original value of γ = 0.0 up to γ = 1.0 (i.e a setup that was
inverted with respect to the previous dot whiteness experiment). As the background whiteness increased from γ = 0.0
(black) to γ = 1.0 (white), the average illusion magnitude decreased (Fig. 3a). A critical point around γc = 0.45 was
observed. The relationship was best fit by a linear model with α = 1.92 and a minimum L2 error of 0.073.

3.4 Scintillating Grid Line Whiteness

The last parameter investigated for the Scintillating Grid was the line element. The first stimuli presented had a grid line
whiteness of γ = 1.0 (white) with default values of dot and background whiteness. For these values, the Scintillating
Grid effectively reduced to the Hermann Grid illusion. Participants were asked to score the illusion magnitude relative
to this image along 21 decreasing intervals of line whiteness until γ = 0.0 (black) was reached (i.e. the setup was
identical to the dot whiteness experiment). As line whiteness decreased, the illusion magnitude appeared to decrease in
a nonlinear fashion (Fig. 3b) with a critical point at γc = 0.1. The data was best fit by a square-root (β = 0.5) model
with α = 1.11 and a L2 error of 0.066. Notably, this represented the only nonlinear fit that was observed between
element whiteness and illusion magnitude across all experiments in this investigation. Furthermore, illusion perception
was present for a larger range of line whiteness values as compared to illusion perception for variable dot whiteness and
background whiteness, which had more sensitive critical points. These differences may be due to the baseline image
for determining illusion magnitude not being the original Scintillating Grid for the line whiteness setup. An estimated
frequency of oscillation was calculated as f = 0.763± 0.088s−1 from a mean period of T = 1.31± 0.17s.

The notably lower sensitivity of illusion perception to line whiteness suggested that the other two elements (black
background and white dots) may exert a greater influence on illusion perception. Since the illusion manifests as black
dots scintillating within the white dots, the origin of the illusion may be driven primarily by black and white elements.
The simplification of the illusion to solely black and white elements while retaining an illusory effect results in the
famous Hermann Grid illusion (Fig. 1b).
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Figure 3: Scintillating Grid background whiteness and line whiteness. (a) Increasing background whiteness (x = γ) in
the Scintillating Grid decreased illusion magnitude and resulted in a perceptual critical point at γc = 0.45. A linear fit
(β = 1) best captured this relationship using α = 1.92 and a L2 error of 0.073. (b) Decreasing line whiteness in the
Scintillating Grid resulted in decreased illusion magnitude and a late critical point at γc = 0.15. The line whiteness
dynamics were most aptly modeled with a quadratic fit (β = 0.5) with scaling of α = 1.11 and error of 0.066.

3.5 Hermann Grid Line Whiteness

We applied a similar experimental setup to the parent illusion: the Hermann Grid. The Hermann Grid consists of two
elements: background and grid lines. Parameterizing the Hermann Grid over line whiteness resulted in decreased
illusion magnitude with decreasing line whiteness γ (Fig. 4). A critical point was observed around γc = 0.20. The
approach to the critical point was continuous and noticeably linear. The resulting linear fit had a scaling factor of
α = 1.11 and a minimum L2 error at 0.056.

Figure 4: Hermann Grid line whiteness. Decreasing
the line whiteness (i.e. x = 1− γ) of the Hermann
Grid from γ = 1.0 to γ = 0.0 resulted in mono-
tonically decreasing illusion magnitude. A critical
point for illusion perception occurred at γc = 0.2.
A linear fit (β = 1) was optimal with scaling of
α = 1.11 and a total L2 error of 0.056.
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4 Discussion

4.1 Main findings

In this investigation, we characterized the dependence of the Scintillating Grid illusion magnitude on the whiteness
pixel values of the dot, line, and background elements, and verified a similar dependence for the Hermann Grid parent
illusion. We discovered a monotonic relation between element whiteness and illusion magnitude, and observed a
critical threshold for illusion perception at an intermediate whiteness level. Due to contrast, the critical point values of
dot, background, and line elements may vary as functions of each other such that the interplay of element whiteness
(i.e. contrast) drives illusion perception. In addition, we noted possible periodic behavior for the scintillation of illusory
black dots in the Scintillating Grid. Whether this seemingly periodic behavior was a fundamental property of the
Scintillating Grid or if it manifested as a result of our experimental setup remains to be determined.

4.2 Limitations and future directions

The goal of this investigation was to determine the effect of element contrast on grid illusion perception. As such,
non-contrast factors that may affect illusion perception were not investigated. One example is rotation, which weakens
Hermann Grid illusion perception and is reflective of perceptual contributions from orientation-specific lateral geniculate
and visual cortex cells [2]. Rotation cannot be represented by a combination of element contrasts. Other factors not
represented in the experiments or dynamical model (see Appendix A) include variable luminance, size of stimuli
projection, and eye movement. There is evidence that global factors such as the order and number of grid lines and
intersections may also affect the total illusion magnitude [16]. Other aspects such as chromatic saturation and hue of
the grid elements result in similar perceptual effects as contrast [17] and may therefore have similar effects on illusion
perception.

It will be of immediate interest to extend the experimental framework to similar illusions. For example, the Ehrenstein
whiteness illusion also produces localization of illusory perception at grid intersections [18, 19]. Another promising
candidate is White’s illusion since it has a similar reliance on element contrast (White, 1979). The Mach Bands, which
harbors an illusory perception of gradient from constant colored rectangles, may be another avenue for extending the
framework. The Mach Bands, as a low-level brightness-contrast illusion, can be explained relatively well by retinal
ganglion cell activity alone [20] much like the Hermann Grid.

4.3 Theoretical implications

The results of this investigation corroborate current theories of grid illusion perception. Critical points support the
existence of neurological thresholds for illusion perception that are derived from interplay of the ON and OFF regions
of receptive fields. The illusion effect disappears if either the OFF or ON regions reaches a critical threshold, which can
be achieved by changing the whiteness values or the areas of the grid elements. Therefore, the experimental findings
support earlier suggestions that center-surround receptive fields and lateral inhibition constitute a central part of the
visual mechanism that underlies illusion perception [4].

Although contrast has been suggested as an important driver of the Hermann Grid illusion [5, 20, 17], our experimental
results clarify the relation between element contrast and illusion magnitude as mostly linear. Since the retinal ganglion
cell theory posits a direct dependence on the center-surround effect, it predicts a linear dependence of illusion magnitude
on dot whiteness γ and quadratic dependence on dot radius τ resulting from second-order changes in area of the dots.
The predicted quadratic decline in illusion magnitude due to dot radius is approximate since the spatial effects of some
center-surround fields are Gaussian-like rather than constant [21, 22]. Experimentally, however, linear relations to
illusion magnitude were observed for both γ and τ . It will be necessary to collect data from a larger study cohort in
order to confirm these relations. If this difference between the predicted and observed dot radius relations persists, then
it would suggest that the lateral inhibition, center-surround theory of a single RGC is untenable. Additional visual
processing (i.e. from the V1 or later) may then be necessary to explain the experimentally observed contrast relation [5].

Experimentally, this investigation outlines several exciting properties of the Scintillating Grid: (1) perceptual dependence
on contrast, (2) sensitivity to a critical element whiteness threshold which demarcates a region of illusion perception and
a region without illusion perception, and (3) possible oscillatory behavior of illusion manifestation. Characterization of
other factors influencing Scintillating Grid perception may provide greater insight into the parameter dependence of
visual illusions and inform constraints on the neural mechanisms that govern illusion perception. This would be work
of broad interest.
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6 Appendices

Appendix A: Dynamical model

A.1: Dot whiteness model

A model of dot whiteness in the Scintillating Grid must reproduce the oscillations and decreasing illusion magnitude
(represented as the radius of a “illusion-present" circular area with origin at the center of the image). Due to these
requirements, polar space served as a natural representation of the grid dynamics. Namely, we defined r to be the
illusion effect radius which was proportional to illusion magnitude and θ to be the angular position of the radius such
that θ̇ corresponded with the angular frequency of the illusion’s oscillatory behavior. For monotonically decreasing
illusion radius until bifurcation with decreasing dot whiteness, we introduced a modified supercritical Hopf bifurcation
model, which also permitted oscillatory behavior in the scintillation (i.e θ̇) with bifurcation:

ṙ = s(γ − γc)r − r3

θ̇ = ω

γc = 0.60 , ω = 0.923± 0.056 , s ≈ 1.8

γc = 0.60 was the dot whiteness bifurcation value, ω = 0.923 was the constant oscillation frequency independent of
γ, and s was a scaling factor for fitting to experimental data. s was loosely interpreted as the contrast sensitivity of
illusion perception with respect to the dot element. Visualization of the trajectory fields for the fitted model values in
(r, θ) space indicated that we had recovered the desired behavior. When γ > 0.60 (high contrast, high whiteness), all
trajectories were attracted to a stable limit cycle which shrunk as γ decreased, producing both the radial and oscillatory
effects observed experimentally. At γc = 0.60, a supercritical Hopf bifurcation occurred and the spiral at the origin
changed stability through collision with the limit cycle, representing illusion extinction. When γ < 0.60 (low contrast,
low whiteness), the trajectories were attracted to the origin (r = 0) at comparably faster speed (the origin is a stable
spiral), which corresponded to no illusion perception.

A.2: Derivation of the dynamical model

The radius of the perceived illusion decreased gradually as dot whiteness (γ) decreased. A dynamical system with a
supercritical Hopf bifurcation in the polar (r, θ) space would reproduce the characteristic shrinkage and disappearance
of the effect radius with decreasing γ. Conveniently, the Hopf bifurcation exhibits a stable limit cycle that grows
with distance from the critical parameter value and disappears for inverse values. The frequency of oscillations, as
experimentally confirmed, did not depend on the parameter γ. We start with the normal form of the supercritical Hopf
(Strogatz, 1994; Marsden & McCracken, 2012) with a single zero-bifurcation parameter α:

ṙ = αr − r3

θ̇ = φ+ br2

Since γc = 0.60 corresponded to the bifurcation value for dot whiteness γ, we introduced α = s(γ − γc) where s was
an arbitrary scaling factor to fit the experimental data. As required, γ solely affected the radius of the illusion. φ was an
arbitrary intercept constant and b was an arbitrary scaling constant to be determined experimentally. r corresponded
to the “effect radius" of the illusion and served as a measure of the magnitude of the effect. θ̇, corresponded to the
“effect velocity" or the frequency of illusion oscillation. Since there was no evidence that θ̇ depended on the radius r or
dot whiteness γ, we set b ≈ 0. Therefore, we simplified the frequency term to θ̇ = ω, which represented a constant
experimental frequency. It followed:

ṙ = s(γ − γc)r − r3

θ̇ = ω

γc = 0.60 , ω = 0.923± 0.056 , s ≈ 1.8

A similar derivation can be achieved for the other supercritical Hopf bifurcation models: Scintillating Grid background
whiteness and Hermann Grid line whiteness.
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Appendix B: Possible oscillatory trends in illusion scintillation

Figure 5: Grid illusions may
exhibit regular oscillatory be-
havior. (a) Illusion appearance
(i.e. scintillation) seemed to
have regular periodic behav-
ior and low variance in aver-
age periods between individu-
als. This was true across all ex-
perimental variations. (b) The
distribution of individual peri-
ods was approximately Gaus-
sian, which supported a mean
period of illusion perception.
(c) Cumulative distributions of
the scintillation times also ap-
peared to have an inflection
point, which was indicative of
a mean period of oscillation. It
should, however, be noted that
the observed oscillatory action
may be an artifact of the exper-
imental instruction for partici-
pants to maintain smooth eye
movements, and further work
is needed to determine the sig-
nificance of these trends.
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