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Abstract

Over the history of the study of visual perception there has been
great success at discovering countless visual illusions. There has
been less success in organizing the overwhelming variety of illusions
into empirical generalizations (much less explaining them all via a
unifying theory). Here we show that it is possible to systematically
organize more than 50 kinds of illusion into a 7 by 4 matrix of 28
classes. In particular, we demonstrate that (1) smaller sizes, (2)
slower speeds, (3) greater luminance contrast, (4) farther distance,
(5) lower eccentricity, (6) greater proximity to the vanishing point,
and (7) greater proximity to the focus of expansion all tend to have
similar perceptual effects, namely to (A) increase perceived size, (B)
increase perceived speed, (C) decrease perceived luminance
contrast, and (D) decrease perceived distance. The detection of
these empirical regularities was motivated by a hypothesis, called
“perceiving-the-present”, that the visual system possesses
mechanisms for compensating neural delay during forward motion,
and we show how this hypothesis predicts the empirical regularity.

1. Introduction

Visual illusions serve as important pieces of
evidence for motivating and testing hypotheses about
the visual system, and as is true for evidence
generally, visual illusions become more useful when
empirical regularities can be identified (analogous to
realizing that an empirical plot closely follows a
straight line). Although an enormous assortment of
visual illusions have been discovered over the history
of the visual perception literature, there has been
comparatively less success at identifying empirical
generalizations that describe the great menagerie of
illusions (although see Coren et al., 1976). In Section
3 we describe our main result, which is an empirical
generalization we have uncovered that organizes on
the order of 50 illusions into a six by four matrix of
24 illusion classes. The 24 illusion classes concern the
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effects of (1) size, (2) speed, (3) luminance contrast,
(4) distance, (5) eccentricity, and (6) vanishing point,
respectively, on perceived (A) size, (B) speed, (C)
luminance contrast, and (D) distance. (Four more
classes will also be discussed, making 28 classes in
all.) Before presenting this empirical generalization,
we first, in Section 2, describe how the result was
motivated by a “perceiving-the-present” hypothesis
that the visual system possesses mechanisms for
attempting to compensate for appreciable neural
delays between retinal stimulation and the elicited
percept during forward motion.

2. Motivation behind the empirical
generalization: Perceiving-the-present

In this section—amounting to the first half of
this paper—we introduce the perceiving-the-present
hypothesis, briefly review how it has been used to
explain many classical geometrical illusions, and
describe how it predicts a new empirical regularity,
the regularity which we discuss in the Section 3 and is
the main result of this paper. We believe the empirical
generalization and systematization of illusions of
Section 3 is a more fundamental and important result
than our theoretical claim in this section that
perceiving-the-present explains the result. Although
the empirical regularity we describe in Section 3 was
found by us because of the theoretical motivation
discussed in this section, one might reject our
hypothesis altogether (or, more weakly, believe the
evidence is currently not warranted for accepting it),
but accept that the empirical generalization is in need
of explanation.

2.1. Perceiving-the-present

Computation necessarily takes time, and
because visual perceptions require complex
computations, it is not surprising to learn that there is
an appreciable latency—on the order of 100 msec—
between the time of the retinal stimulus and the time
of the elicited perception (Lennie, 1981; Maunsell &
Gibson, 1992; Schmolesky, Wang, Hanes, Thompson,
Leutger, Schall & Leventhal, 1998). Neural delays of
this size are significant, for an observer can move a
distance of 10 cm in that time even at a relatively
slow walk. Or consider reaching out to grab a one-
meter distant object translating in front of an observer
at one meter/sec; if an observer did not have
perceptual compensation mechanisms, then by the



time he perceives the object, the object will be
roughly six degrees displaced from its perceived
position, making it nearly impossible to plan and
execute appropriate behavioral reaching for a catch. It
is therefore reasonable to expect that the wvisual
system will have been selected to have compensation
mechanisms by which it is able to, via using the
stimulus occurring at time t, generate a perception at
time t+100 msec that is probably representative of the
scene as it is at time t+100 msec. In short, we should
expect that visual systems have been selected to
“perceive the present”, rather to perceive the recent
past. Such a perceiving-the-present framework has, in
fact, been proposed by Ramachandran and Anstis
(1990) and De Valois and De Valois (1991) for
motion-capture-related misperceptions of projected
location, by Nijhawan (1994, 1997, 2001, 2002),
Berry, Brivanlou, Jordan and Meister (1999), Sheth,
Nijhawan and Shimojo (2000), Schlag, Cai, Dorfman,
Mohempour and Schlag-Rey (2000), and Khurana,
Watanabe and Nijhawan (2000) for the flash-lag and
related illusions (although there is a debate around
this explanation of the flash-lag effect, see citations in
Changizi, 2002), and by Changizi (2001, 2003) and
Changizi and Widders (2002) for the classical
geometrical illusions.

Making specific predictions with the
perceiving-the-present  hypothesis  requires an
understanding of how real world scenes tend to
change in short periods of time. Given a stimulus at
time t, to predict what an observer perceives, we must
have some means by which we can say what the
probable scene will be at time t+100 msec. In
particular, since distal properties are typically
invariant over short periods of time, we can focus on
predicting how projected properties (such as angular
size), and also distance properties, tend to change.
[See Appendix A for discussion of the distinction
between projected and distal properties.] Before
introducing the new prediction, we describe how
perceiving-the-present has been applied in the past to
the classical geometrical illusions; our new prediction
is a generalization of that idea.

2.2. Classical Geometrical Illusions
Perceiving-the-present has been brought to
bear to account for and unify the classical geometrical
illusions (Changizi, 2001, 2003; Changizi & Widders,
2002), such as the Miiller-Lyer, double-Judd,
Poggendorff, corner, upside-down ‘T’, Hering,
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Ponzo, and Orbison (first discovered by Ehrenstein)
illusions. The central idea is that the classical
geometrical stimuli are similar in kind to the
projections observers often receive in a fixation when
moving through the world. Furthermore, these
projections often possess implicit information as to
the probable direction of observer motion. That is,
there are ecological regularities such that, given a
geometrical stimulus, it is typically the case that the
observer is moving toward one region of the stimulus,
rather than toward some other region of the stimulus.
The perceiving-the-present predicted perceived
projection (e.g., perceived angular size, see Appendix
A) is not the actual projection, but, instead, the way
the probable underlying scene would project in the
next moment were the observer moving in the
probable direction of motion.

We present here an abbreviated, qualitative
version of the argument, and show only how the
Hering, Ponzo, and Orbison illusions are
accommodated. These stimuli are projections
consisting of horizontal or vertical lines placed within
a radial display, and may be seen in Fig. 1. Let us first
consider the grid in Fig. 1. It is probably due to a real-
world grid of horizontal and vertical lines in the
observer’s fronto-parallel plane. And now let us
consider the radial display. Converging lines provide
a strong cue that the vanishing point is the direction
of observer motion. Said another way, when
observers typically receive projections of converging
lines, they are in motion toward the vanishing point.
There are two underlying reasons for this. The first is
that in the carpentered worlds we inhabit, observers
move down hallways and roads, and the vanishing
point of the oblique lines is typically also the
observer’s direction of motion. The second is that,
when in motion, optic flow engenders radial “smear”,
and the radial display may serve to mimic this. The
focus of expansion of optic flow (i.e., the point on the
retina from which everything is flowing outward) is
identical to the observer’s direction of motion so long
as the observer’s gaze is fixed. If, however, an
observer fixates on approaching objects, the focus of
expansion will be on the fixated object. So long as
forward-moving observers tend to fixate on objects
near to the direction of motion—i.e., so long as
observers tend to look where they are going,
something they appear to do (Wilkie and Wann,
2003)—the focus of expansion will correlate highly
with observer direction of motion. (We will discuss



this in more detail later in Subsection 2.4.) Fig. 2ais a
photograph of idealized optic flow in a moving car in
a carpentered environment (on a bridge), and one may
readily see both of these features (i.e., real-world
converging contours like the side of the road, and
optic smear) in the picture. Incidentally, just as “tail
lines” indicate trajectory and blurring of moving
objects and contours in cartoons, radial lines have
been used to indicate forward motion toward the
center (see also Geisler, 1999; Geisler, Albrecht,
Crane & Stern, 2001; Ross, Badcock and Hayes,
2000; Burr, 2000; Burr and Ross, 2002; Cutting,
2002). Radial lines are, for similar reasons, consistent
with backward flow, but this is an ecologically rare
occurrence, and the more probable interpretation of
such lines is forward movement (Lewis & McBeath,
2004). Note that we are not claiming that converging
lines are not used as perspective cues to the three
dimensional, objective properties of scenes. We are
claiming that, in addition, they may provide cues to
the probable observer direction of motion. If latency
correction mechanisms are elicited when the observer
is not moving forward, the costs are much less severe
than if latency-correction mechanisms are not elicited
when the observer is moving forward, for in the latter
but not the former case, the observer is nearing the
objects and veridically perceiving them is crucial.

In Fig. 1, then, the observer is probably
moving toward the center of the radial display, and is
thereby getting closer to the “grid-wall” in the
observer’s fronto-parallel plane. We are now in a
position to predict what an observer will perceive
when presented with Fig. 1 as the stimulus: the
observer should perceive the grid to project not as it
actually does in the stimulus, but as it would project
in the next moment were the observer moving toward
the center of the radial display. How, in fact, would
the fronto-parallel grid project toward the eye if the
observer moved forward toward the center of the
radial display? Consider first what would happen to
the two real-world vertical lines on either side of the
radial center if you were to move toward the center.
Each of these vertical lines would flow outward in
your visual field, but the parts along the horizontal
meridian would flow out more quickly (imagine
walking through a tall cathedral door, where when
close to it the sides of the door above you converge
toward one another), which accounts for the Hering
illusion. Consider now, say, the square just to the
right of center, and how its projection would change
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as you move toward the center. The square’s left side
will project larger than the square’s right side, which
accounts for a standard version of the Orbison
illusion, and is also a variant of the Ponzo illusion. In
short, consistent with  perceiving-the-present,
observers perceive the grid to project just as it would
project in the next moment were the observer moving
forward toward the vanishing point. It is illusory
because the observer is, in fact, not moving forward at
all; typically, however, when an observer receives
such a stimulus on the retina, the observer is moving
forward, and the resulting percept accords with the
actual projection changes, and there is thus no illusion
(i.e., perception accords with reality). Many readers
may also perceive the grid to be bulging toward the
observer at the center, which, as we will see later, is
predicted: in the next moment, the center of the grid
will be nearer to the observer than the more peripheral
regions of the grid.

2.3. Generalization of the “optic flow regularities”
idea

For the remainder of this section we present a
new prediction of the perceiving-the-present
hypothesis. The idea is a generalization of the above
“optic flow regularities” idea used to accommodate
the classical geometrical illusions. The explanation of
the classical geometrical illusions given above
required (i) using vanishing point cues in the stimulus
to determine the probable observer’s direction of
motion, and (i1) working out how the projected sizes
of objects in the scene will change in the next
moment when the observer moves in that direction,
which depends on where the objects are in the visual
field relative to the direction of motion (e.g., the
Hering lines bow outward in the visual field more
quickly at eye level). More generally, we wish to look
for (I) cues to the observer’s direction of motion, and
(IT) the rates at which properties tend to change
depending on where they are in the visual field
relative to the observer’s direction of motion. In the
following two subsections we discuss two kinds of
optic flow regularities, concerning (I) and (II)
respectively.
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Figure 1

Demonstration of the Hering, Orbison (due originally to Ehrenstein, 1925), and Ponzo illusion. The Hering illusion is exemplified by the
perceived curvature of the straight lines. The squares in the grid appear to be distorted, which is the Orbison illusion. And along the
horizontal and vertical meridians, the line segments appear longer when closer to the center, which is a version of the Ponzo illusion.

These three illusions are also shown by themselves below.

Orbison
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(a) This picture (from the public domain) illustrates many of the correlates of optic flow and the direction of motion. Namely, moving from
the direction of motion (the focus of expansion) outwards, projected sizes increase (e.g., the road), projected speeds increase (the arrows),
luminance contrasts decrease (notice the overhead structures), distance decreases, and projected distance from the vanishing point of
converging lines increases. (b) Another picture (from the public domain), this one of optic flow in a forest. (¢) The circle signifies an
observer’s visual field, and the center the location of the focus of expansion (FOE), and the observer direction of motion. Around the circle
are shown six correlates of optic flow, labeled 1 through 6. For example, correlate 1 is for projected size, and tells us that projected sizes are
smaller near the observer direction of motion, and get larger farther from the observer direction of motion. Some of the correlate descriptions
need comment. Distance can be cued via many sources of information, but the distance correlate is shown here via using two stereograms,
intended for uncrossed viewing: when fused, the one on the left depicts a single black bar behind a rectangular frame (i.e., distance of the
black bar is great), and the stereogram on the right depicts a single black bar in front of a frame (i.e., the black bar is near). All but correlate
5, eccentricity, is exemplified by (a) and (b). The eccentricity correlate is due to the fact that observers are typically looking in the direction
they are headed, and, in (c), this is signified by an eye with a cross at a location on the retina. Shown next to each correlate is a plot of the
average magnitude of the variable (e.g. projected size, projected speed, etc.) as a function of angle from the direction of motion, using the
canonical quantitative model in (d). For 6—“projected distance from the vanishing point”—the y-axis in the plot is the probability that an
object at that angle from the direction of motion has a sufficiently high projected speed to “induce a smear” on the retina, and thus “create” a
converging line whose vanishing point correlates with the direction of motion; we assume here that the probability is proportional to the

average projected speed. The four curves in each plot (in some cases overlapping), denoted as i, ii, iii, and iv, are for four settings of the two

parameters, path length z, and off-path viewing distance d, discussed in (d). (d) A canonical model of forward movement, where the

observer always fixates on the direction of motion. Forward movement requires “space ahead” to move into, and so the distances to objects

in the direction of motion will tend to be greater than the distances in other directions (thus the triangular “path” ahead shown). In the figure,

the observer is the black dot, seen from above, who has just arrived via a “path” below, has turned approximately 45 degrees left, and has

found the beginnings of a new “path”, or space, to move forward into, namely directly north. This new “path” is of length z, (and starting

width w,). Walking on a roadway would mean a large z,. Outside the path, the gray region, is presumed to have a uniform probability density

of objects. Objects, unless transparent, occlude one’s view (see Changizi et al., under review, for the connection between occluding clutter

and the evolution of forward-facing eyes), and the ability to see exponentially decays as a function of distance. The average distance seeable

into the off-path region is some constant, d.. The solid contour in the off-path region delineates the average viewable distances from the

observer. We can use this contour to make canonical predictions about how stimulus properties vary as a function of angle from the direction
of motion. The six plots in (c) each have four curves, one for each of the following settings of the parameters z, (the path length) and d. (the
off-path viewing distance): (i) <z,, d> = <5, 2>, (ii) <20, 2>, (iii) <5, 8>, (iv) <20, 8>. The path width, w,, is set to 1.



2.4. Optic Flow Regularity Type I: Correlates of
Direction of Motion
We first describe the correlates of the
observer’s direction of motion. Figures 2a and 2b are
photographs taken while in forward motion, and the
observer’s direction of motion is obvious, for there
are many cues for it. Many of the correlates of the
direction of motion can be understood by examination
of Fig. 2, and we enumerate them below.
A region of the visual field nearer to the
observer’s direction of motion tends to have
(1) Smaller projected sizes.
(2) Smaller projected speeds.
(3) Greater luminance contrasts.
(4) Greater distances from the observer.
(5) Lower eccentricity.
(6) Lower projected distance from
vanishing point of converging lines.
These six correlates are recorded in Fig. 2c. Notice
that correlate (6) is just the correlate mentioned
earlier concerning the classical geometrical illusions.
Although Fig. 2 provides example forward-
moving scenes, the most fundamental reason for these
correlates is this: When one moves forward, one must
avoid obstacles lest one collide with them. When
moving forward, the direction of motion is therefore
different than other places in the visual field, for the
direction of motion must have some “room for
forward movement”. That is, the distance must be
sufficiently great for some degree of forward
movement. The other places in the visual field,
however, are not under any such constraint: they can
be near or far. That is, regions of the visual field
nearer to the direction of motion will correlate with
being farther from the observer. This argument is very
general, and would even apply, say, for a rocket ship
moving within an asteroid field, where there is no
ground plane. In the real world that we inhabit, there
is a ground plane, and very often walls and ceiling,
and in these circumstances the correlation between
direction of motion and distance from the observer is
even stronger. For the reasons just mentioned,
correlate (4) follows. What about the other five
correlates? We already discussed correlate (6) in the
Subsection 2.2 when we reviewed the perceiving-the-
present explanation of the classical geometrical
illusions. Correlate (1) follows from correlate (4)
because as an object nears the observer, its projected
size increases (i.e., nearer objects have greater

the
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projected size). Because distance and projected size
are independent of an observer’s pattern of fixation,
correlates (1) and (4) are true no matter the manner in
which a moving observer retinally tracks. The other
correlates depend on the observer’s pattern of
fixation, however. We now consider the two possible
cases.

Case 1, a constant angle of fixation relative to
the direction of motion: If an observer’s fixation is at
some constant angle relative to the direction of
motion—i.e., the observer does not fixate on
approaching objects—then correlates (2), (3) and (6)
result for the following reasons. Correlate (2) follows
from correlate (4) because as an object nears the
observer, it will also tend to be a greater projected
distance from the direction of motion, and its
projected speed will increase. Correlate (3) follows, in
turn, because luminance contrast and projected speed
are inversely related. To see why, consider an object
flowing across a one-degree-long segment of the
projection sphere. The luminance contrast at that one-
degree-long segment is just (roughly) the magnitude
of the difference in luminance between it and that of
the background Iuminance. Objects with greater
projected speed integrate along the one-degree-long
arc for a shorter period of time, and thus the
luminance of that arc—being so “smeared”—will
differ less from that of the surround (or background)
luminance. See the Subsection 2.2 for discussion of
correlate (6). Correlate (5), though, may not hold if
one is fixated at a large angle from the direction of
motion. However, if one makes the eminently
reasonable assumption that forward-moving observers
have a tendency to look roughly in the direction they
are going—something argued to be optimal (Wann
and Swapp, 2000) and for which there is evidence
that people do (Wilkie and Wann, 2003)—correlate
(5) does follow. So, if observers tend to fixate at some
constant angle relative to the direction of motion, and
if they tend to look roughly where they are going,
then all the correlates follow.

Case 2, fixating on approaching objects:
However, observers often fixate on approaching
objects, rather than fixating at some constant angle
relative to the direction of motion. When fixated on
an approaching object, the focus of expansion of
outflowing dots will be at the point of fixation, not
the direction of motion (Regan and Beverly, 1982).
The fixated point, and not the direction of motion,
will then tend to have smaller projected speeds,



greater luminance contrasts, lower eccentricity, and
lower projected distance from the vanishing point of
converging lines. That is, correlates (2), (3), (5) and
(6) will not necessarily hold. However, as mentioned
above, forward-moving observers tend to look where
they are going—that is, lower eccentricity tends to
correlate with heading—and the focus of expansion
consequently tends to covary with the direction of
motion, and (2), (3), (5) and (6) therefore do follow
(and (1) and (4) were independent of fixation
patterns).

In summary, we have just derived that
correlates (1) through (6) are true for forward-moving
observers no matter their fixation patterns (i.e., no
matter whether Case 1 or 2), so long as they tend to
look approximately where they are going. Although
these conclusions are qualitative, and therefore do not
enable us to make quantitative predictions of the
probability distribution of the observer’s direction of
motion given a stimulus, they are rigorous, highly
general and suffice for the qualitative predictions we
will make concerning the direction of misperceptions
(as opposed to the magnitudes of the misperceptions).

For the purpose of a more quantitative
treatment of these six correlates, we also created a
simple model of a forward-moving observer where
we explicitly incorporate the key property of forward-
moving observers, that the distances to objects in the
direction of motion tends to be greater than in other
directions because a requirement of forward
movement is that there be space ahead to move into.
The observer is also assumed to always fixate on the
direction of motion. Fig. 2d depicts an aerial view of
an observer (the dot) who is moving north (having
just turned north from a northeasterly direction of
movement) through an environment with objects
strewn about. The gray region indicates regions of
uniform probability density that there is an object, and
the white areas indicate the regions chosen by the
observer for forward-motion into (i.e., the “paths”
through the environment found by the observer). The
model assumes that the observer can see, on average,
objects at some fixed distance inside the off-path
region (because object occlusions will create some
typical length scale of viewability for any given kind
of environment). The solid contour in the gray region
shows the average object positions visible to the
observer (each at a fixed radial distance beyond the
path from the observer), and on the basis of this one
can derive the canonical distance to an object as a
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function of the projected angular distance from the
direction of motion (Fig. 2¢, plot for correlate 4).
Angular sizes of objects at these distances can be
derived, thereby allowing one to plot typical projected
sizes of objects as a function of projected distance
from the direction of motion (Fig. 2c, plot for
correlate 1). Angular velocities of objects at those
positions in the environment can also be computed
(Fig. 2c, plot for correlate 2), and the luminance
contrast as proportional to the inverse of the angular
velocity (Fig. 2c, plot for correlate 3). Eccentricities
of the observer follow directly from the assumption of
the model that the observer fixates on the direction of
motion (Fig. 2c, plot for correlate 5). The probability
that an object is moving sufficiently fast to “create” a
converging optic-blur line on the retina is presumed
to be proportional to the average angular velocity
(Fig. 2c, plot for correlate 6). One can see from the
plots in Fig. 2c that, for a wide variety of settings of
the path length and the off-path viewing distance, the
relationships conform to the correlates we derived
more generally above.

Several observations are important to mention.
(1) One must recognize that even though “projected
sizes tend to be smaller near the direction of motion,”
it does not follow that every stimulus with a projected
size gradient is a stimulus that would be naturally
encountered while the observer is in motion. That is,
these ecological regularities tell us that ecologically
natural optic flow stimuli have certain characteristics
(like a projected size gradient), but they do not tell us
that any stimulus with these characteristics is
ecologically natural. A similar point of caution holds
for correlates (2), (3) and (4) as well. For example,
although ecologically natural optic flow stimuli have
lower projected speeds near the direction of motion,
consider a stimulus with lower projected speed
objects in one part of the stimulus, but where the
objects have random directions. Such a stimulus may
not be ecologically associated with optic flow. (ii)
Note that these ecological regularities do not require
an assumption of carpentered environments (and
recall that converging lines may typically be due to
optic smear). (iii) Note that correlate (3) implies that,
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(a) The average percent projected size growth as a function of
projected distance from the direction of motion. It was obtained by
simulating 10° forward movements at 1 meter per second for 100
msec, and computing the average percent projected size growth of a
line segment of random length (between a few cm and a meter),
orientation, and placement (no more than 2 meters to the side,
above, below, or in front of the observer’s eye). We have confined
objects to be relatively near the observer, since we believe that it is
the dynamics of nearby objects that will have tended to shape the
functions computed by the visual system. The qualitative shape of
the plots does not change if the boundaries of the simulated world
are scaled up uniformly. (b) and (c) are similar to (a), but recording,
respectively, the average percent projected speed increase and the
average percent distance decrease, each as a function of projected
distance from the direction of motion. In sum, for relatively-nearby
objects, projected size, projected speed, luminance contrast, and
distance undergo greater percent change when nearer to the direction
of motion.

when an observer is in motion, nearer objects tend to
be lower in luminance contrast, which is in
contradistinction to the weaker ecological regularity
governing when an observer is not moving, where
nearer objects tend to have greater luminance
contrast.

2.5. Optic Flow Regularity Type II: How Quickly
Features Change Depending on Nearness to the
Direction of Motion

With the six ecological correlates of direction
of motion now enumerated, we must discuss another
kind of ecological regularity, one concerning the rates
at which change occurs as a function of projected
distance from the direction of motion. (By “projected
distance from the direction of motion” we mean the
visual angle between the observer direction of motion
and some object in the visual field.) When an object is
near to passing you, and the projected distance from
the direction of motion is accordingly great, its
projected size and speed have nearly asymptoted to
their maxima, its luminance contrast has nearly
reached its minimum (since it varies inversely with
speed), and its distance from the observer has reached
its minimum. Said differently, projected size,
projected speed, luminance contrast, and distance
(from the observer) undergo little change when close
to 90 degrees from the observer’s direction of motion;
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these features undergo their significant changes when
nearer to the direction of motion.

It is possible to derive the following
ecological regularities concerning the rates of growth:

For two objects of similar distance from

passing the observer, the one nearer to the

observer’s direction of motion undergoes,

in the next moment,

(A) a greater percent increase
projected size,

(B) a greater percent increase
projected speed,

(C) a greater percent decrease in
luminance contrast, and

(D) a greater percent decrease in

distance from the observer.

These intuitions can be made rigorous by
simulating forward movement. Fig. 3a shows how the
growth of projected size varies as a function of
projected distance from the direction of motion:
projected sizes tend to increase most when very near
the direction of motion, to increase by about half that
when at 45° from the direction of motion, and to not
increase at all when passing the observer. Similar
conclusions hold for projected speed (and thus
luminance contrast) and distance, as Figures 3b and
3¢ show. In our simulations we assume that the
objects are “relatively nearby”, and specifically no
more than 2 meters to the side, above, below, or in
front of the observer’s eye. This “relatively-nearby”
assumption is reasonable for two reasons. First, the
objects where latency-compensation is most needed
are the ones near enough to interact with; there will
be little or no selection pressure for the compensation
of objects, say, 100 meters distant from an observer
(Cutting and Vishton, 1995). Second, most objects
very far away will simply be too small to notice, and,
furthermore, any changes they undergo will be small
in absolute magnitude, and thus insignificant
compared to the changes of nearby objects. (Note that
this “relatively-nearby” was not made for Optic Flow
Regularity I concerning the six correlates of the
observer’s direction of motion, because even far-
away, unchanging stimulus features—despite not
requiring compensation—can provide information
concerning the observer’s direction of motion.)
However, the qualitative shapes of the plots in Fig.
3—and correlates (A) through (D)—are general; for
example, increasing the 2 meter limit to some larger
value does not modify the shape of the plots. The
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main qualitative result is due to the simple fact that,
as mentioned above, objects near to passing you are
no longer undergoing percent change in projected
size, projected speed, luminance contrast, and
distance.

2.6. Twenty Eight Distinct Ecological Regularities
We have now introduced the two broad kinds
of ecological optic flow regularity: (I) correlates-of-
direction-of-motion, and (II) how-quickly-features-
change-nearer-the-direction-of-motion. Within the
first kind we introduced six correlates of the direction
of motion [(1) through (6) from above], and within
the second kind we introduced four features that
change more quickly in the next moment when nearer
to the direction of motion [(A) through (D) from
above]. These two kinds of optic flow regularity are
robust, qualitative, statistical generalizations, and do
not rely upon any post-hoc setting of parameters. It is
important to understand that, although these two
kinds of regularity are related, they are very different,
and are independent of one another. Given a stimulus,
the first group of regularities [(1) through (6)] helps
us to determine, from the stimulus, the observer’s
direction of motion. These six play the same role as
the converging lines did in the classical geometrical
illusions: we argued in Subsection 2.2 that the
vanishing point of converging lines is probably the
observer’s direction of motion. This converging-line
regularity is now just one of six such regularities.
Once we have used the first group of regularities to
determine the observer’s direction of motion—e.g.,
the observer is moving toward the vanishing point of
the converging lines—we then need to determine how
features will change in the next moment were the
observer to move in that direction. The second group
of regularities [(A) through (D)] tells us how features
change in the next moment; the rate at which features
change depends on where they are in the visual field
relative to the observer’s direction of motion. On
average, nearby objects that are closer in the visual
field to the observer’s direction of motion will
undergo greater change in the next moment (i.e., the
derivative is steep nearer the direction of motion).
And this is what the second group of regularities told
us. For example, for the Orbison illusion as shown in
Fig. 1, given that the observer is moving toward the
vanishing point (something determined via the first
group of regularities), we want to know how the
projected nature of the square will change in the next
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moment. This latter issue is answered via knowing
that the projected sizes of objects tend to increase
more in the next moment when they are nearer to the
observer’s direction of motion, and so the left side of
the square in the Orbison illusion will grow more in
the next moment than the right side. (And
importantly, the left and right side of the square are
probably not too different in distance from passing
the observer; namely, in this case they probably lie in
the observer’s fronto-parallel plane, and so are
equally distant from passing the observer.)

Together, these two kinds of ecological
regularity tell us which parts of the visual field will
undergo greater feature changes in the next moment.
In particular, from the six correlates-of-direction-of-
motion regularities and the four how-quickly-
features-change-nearer-to-the-direction-of-motion
regularities, one can distinguish between 6x4=24
distinct ecological regularities. Consider, for example,
combining together (1) and (B) (we shall call such a
combination “1B”). This combination determines a
specific ecological regularity, namely (1) that a region
of the visual field with lower projected sizes tends to
be nearer the direction of motion, and (B) for two
objects of similar distance from passing the observer,
the one nearer the direction of motion tends to
undergo, in the next moment, a greater percent
increase in projected speed. From this we may
reasonably infer the following more succinct
statement of 1B: for two objects of similar distance
from passing the observer, the one nearer the region
of the visual field with smaller projected sizes tends to
undergo, in the next moment, a greater percent
increase in projected speed. Consider, as another
example, combining (3) and (C) to make ecological
regularity 3C: (3) a region of the visual field with
greater luminance contrasts tends to be nearer the
direction of motion, and (C) for two objects of similar
distance from passing the observer, the one nearer the
direction of motion tends to undergo, in the next
moment, a greater percent decrease in luminance
contrast. Again, it is reasonable to expect that the
following shorter statement of 3C is true: for two
objects of similar distance from passing the observer,
the one nearer the region of the visual field with
greater luminance contrasts tends to undergo, in the
next moment, a greater percent decrease in
luminance contrast.



Systematization of illusions 10

Table 1

Prediction of the optic flow regularities hypothesis. Catalog of the 28 ecological correlates of forward motion, and the 28 illusion classes
from the perceiving-the-present framework due to the effects of seven direction-of-motion correlates (the rows) on perceived projected size,
projected speed, luminance contrast, and distance (the columns). To illustrate how to read the table, the following 1s how the upper left case
of the table, illusion class 1A, should be read: “A region of the visual field with lower projected sizes (greater projected spatial frequency) is
associated with, in the next moment, (1.e., the predicted perception is of) a greater increase in projected size (greater decrease in projected
spatial frequency).” Each square also shows an example figure consisting of (a) two targets that are 1dentical in the modality of the column,
but (b) differ with respect to the feature of the row. The probable direction of observer motion is always toward a point on the left side. For
Row (2) and Column (B)—each which concern motion—arrows are used to indicate stimulus speed and direction. For Row (4) stereograms
(meant for divergent viewing) are used for the example figures; although we have used stereo disparity to cue relative distance, any cue to
relative distance could be used.. For Row (3) the little eye in the figures represents the approximate fixation point.

For two objects of similar ...tends to undergo, in the next moment
distance from passing the (i.e., the predicted perception is of)...
observer, the one nearer A) B © (D)
the region of the visual ...a greater incrlease In | ...a greater increase in - agreater decrease | ...a greater decrease
field with (angular) size (angular) speed in luminance contrast in distance
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Table 1 is a matrix showing all 24 of these
ecological regularities, with the correlates of the
direction of motion as the rows, and, as the columns,
the four features that change more quickly when
nearer to the direction of motion. The table also
includes a seventh row, where the correlate of the
direction of motion is the focus of expansion of optic
flow itself (such stimuli tend to possess more than
one of the six stated correlates of the direction of
motion). In total, then, Table 1 catalogs 28 distinct
ecological regularities relating disparate stimulus
types to four modalities of perception.

2.7. Twenty Eight Distinct Predicted Illusion
Classes

What do these ecological regularities have to
do with visual perception? These 28 distinct
ecological regularities are important because they
also amount to 28 distinct predicted illusion classes.
This is because, under perceiving-the-present, the
perception is predicted to be representative of the way
the scene will be in the next moment (i.e., by the time
the perception occurs). Each ecological regularity in
Table 1 states how features will change in the next
moment, and perceiving-the-present therefore expects
observers to have perceptions that accord with these
expected next-moment features. More specifically,
the predicted illusions recorded in Table 1 can be
described as follows: For each class there are two
similarly distant target objects that are identical in
regards to the column-modality. The region of the
visual field near the left target is given the features
specified by the row, and this thereby makes it
probable that the left region is nearer to the observer’s
direction of motion. The target object on the left is
therefore predicted to be perceived by observers to
have a column-modality that changes in the way
stated in the column heading.

For example, ecological regularity 1A states
that for two objects of similar distance from passing
the observer, the one nearer the region of the visual
field with smaller projected sizes tends to undergo, in
the next moment, a greater percent increase in
projected size. Perceiving-the-present accordingly
predicts that, when an observer is presented with a
stimulus with two targets of similar distance from the
observer, one in a region with small projected size
features and another in a region with large projected
size features, the observer should overestimate the
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projected size of the target within the small-projected-
size region. As an example stimulus, consider the one
in the spot for 1A in Table 1 (this figure is the
Ebbinghaus, or Titchener, illusion). The left side of
the figure has, overall, smaller projected size features
than the right side of the figure, and thus the left
target, being probably nearer to the direction of
motion, should undergo, in the next moment, a greater
percent increase in projected size. Since the two
targets (i.e., the center circle on the left and the center
circle on the right) have identical projected sizes, the
left target will undergo, in the next moment, a greater
increase in projected size than the one on the right,
and perceiving-the-present expects observers to
perceive the left target to project larger than the one
on the right. Intuitively, the probable scene in 1A is of
two identical circles on the left and right, at similar
distance from the observer (see discussion below); but
where the one on the left, being surrounded by
smaller projected size features, is probably nearer to
the observer’s direction of motion, and will undergo
greater percent growth in the next moment. Consider
as another example ecological regularity 1B, and the
figure shown for it in Table 1. Here, the target objects
are objects moving at identical projected speed
(indicated in the figure by arrows of identical length)
over the horizontal lines, since (B) is the column for
perceived projected speed. The horizontal lines on the
left side of the stimulus have smaller projected size
features (or greater projected spatial frequency), thus
making that part of the stimulus probably nearer to
the direction of motion (as indicated by (1)). We
therefore expect that the left target will undergo a
greater percent increase in projected speed in the next
moment, as the column heading states. Perceiving-
the-present accordingly predicts that observers should
perceive the projected speed of the target on the left
to be greater than that of the same-speed target on the
right (since that is how they would typically be in the
next moment).

2.8. Arguments that the targets in illusions are
treated as similarly distant from the observer

We will see in Section 3 that the illusions tend
to be consistent with perceiving-the-present’s
predicted table of illusions in Table 1. However,
unlike traditional explanations for illusions which rely
upon claims about one target probably being farther
away, our treatment supposes that the target objects
tend to be treated by the visual system as if they are



similarly distant. There are several reasons for
believing that target objects in illusions and figures
like those in Table 1 are treated by the visual system
as similarly distant.

One reason is that the illusions do not change
when strong cues are added that the targets are
similarly distant. For example, in the Ponzo illusion
in Fig. 1 the stimulus is ambiguous as to the distances
of the two bars, and one possibility is that the
stimulus is due to a scene where the top horizontal bar
is farther from the observer (and another possibility is
that the two targets are at similar distance from the
observer). However, consider now the Orbison
illusion in Fig. 1, where the two horizontal bars are
now part of a square stimulus. It is highly probable
that the square stimulus is due to a real-world square
in the observer’s fronto-parallel plane, as opposed to a
real-world trapezoid tilted backward in just the right
manner so as to coincidentally project as a perfect
square. In the Orbison illusion, then, the cues suggest
that the upper and lower bars are probably at about
the same distance from the observer (and this applies
even more strongly for the grid illusion in Fig. 1), and
yet, importantly, the Ponzo-like illusion still is
present.

The second reason for believing that target
objects in illusions are treated by the visual system as
similarly distant from the observer is that many
illusions possess cues suggesting that the targets are,
indeed, at similar distances from the observer. For
example, in most illusions the two target stimuli are
identical to one another (in projected size, shape,
pattern, speed, and luminance), and the differences
causing the illusion are in the surrounding stimuli, not
in the targets themselves. [This is true for most of the
example stimuli in Table 1, namely 1A, 1B, 1D, 2A,
2B, 2C, 3A, 3B, 3C, 5A, 5B, 5C, 5D, 6A, 6B, 6C, 7A,
7B, 7C (where it is assumed that the vectors represent
moving objects that are identical in projected size,
shape, pattern and luminance).] This is, in fact, one of
the central characteristics of a good illusion: that
despite two stimuli being identical, they are perceived
differently. But when two stimuli are identical, it
significantly raises the probability that the targets are
the same kind of object—it would be a rare
coincidence that two different kinds of object in a
scene would cause a stimulus with identical stimulus
properties. It follows that if two objects are the same
kind of object (having identical distal size), then
because they project the same size in the stimulus, the
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two targets must probably be at the same distance
from the observer. Thus, one of the central
characteristics of a good illusion—having identical
target stimuli—is itself a cue that the targets are at
similar distance. Another kind of cue that two targets
are at similar distance from the observer occurs in
some illusions (e.g., in 2D, 3D, 4D, 6D and 7D of
Table 1), namely when the targets are the opposite
ends of a single rectangularly projecting plane or grid
(of uniform luminance). As mentioned in the previous
paragraph, a rectangular stimulus is probably due to a
real-world rectangle in the observer’s fronto-parallel
plane—not due to a real-world trapezoid tilted in just
such a manner as to coincidentally project
rectangularly. Therefore, the opposite ends of the
rectangular plane are at similar distances from the
observer. Finally, illusions can have an even stronger
cue that they are at similar distances from the
observer, namely when identical binocular disparity is
used (as in Row 4 of Table 1).

A third reason for believing that the visual
system might treat the targets in illusions as similarly
distant from an observer is that, even if in a given
stimulus the cues are weak that the targets are
similarly distant, there are benefits for assuming, for
perceiving-the-present compensation purposes, that
the targets are at similar distances. For specificity,
consider the Ponzo illusion (Fig. 1), and consider two
possible interpretations of the stimulus: (a) the lower
bar is close to the observer but the upper horizontal
bar is far, and (b) both bars are similarly close to the
observer. Although in the previous paragraph we
provided reason to believe that even here the bars are
probably at similar distance from the observer
(because the two bar stimuli are identical), let us
suppose now for the sake of example that these two
possible interpretations are equally probable. If the
observer perceives according to (a) but in fact (b) is
the case, then the costs are potentially high because
the upper bar will not be perceived veridically, and
the observer is in danger of not interacting
appropriately with the bars (e.g., collision). If, on the
other hand, the observer perceives (b) but (a) is the
case, then the costs are low because, although the
observer will not perceive the upper bar veridically
(the upper bar’s perceived angular size will be larger
than the lower bar), the observer is far from the upper
bar and not at risk of an inappropriate interaction with
it (such as a collision).



2.9. Summary of perceiving-the-present prediction

In sum, Table 1 possesses two distinct but
related kinds of content: (a) ecological regularities
concerning how features tend to change in the next
moment depending on their current features, and (b)
predicted perceptions based on the perceiving-the-
present hypothesis. Table 1 essentially predicts that
there should be an underlying pattern to the kinds of
illusions researchers have found, a pattern cutting
across a broad spectrum of the visual perception
literature. This predicted pattern is fixed once we
determined the ecological correlates. Rather than
attempting to experimentally test each of these 28
classes of illusion ourselves, for the purposes of this
paper we have opted to test these predictions via
conducting a broad survey of the visual perception
literature, which is the subject of the second half of
this paper. We will see that the predicted pattern
appears to exist.

Before moving to the next section, it is
important to understand the kind of prediction we are
making. Although for any predicted illusion class,
illusions within that class may be empirically known,
it is not empirically known what the pattern is across
the 28 distinct stimulus types. Our prediction
concerns this underlying pattern: it should fit the
regularities shown in Table 1. Note that this is
significantly different from pooling together known
cases of phenomena that appear to be consistent with
one’s hypothesis. As an analogy to the kind of
prediction we are making, one of us (MAC) has a
theory for how the number of neocortical areas should
increase as a function of brain size (namely, a cube
root law). Given the prediction of the theory, MAC
sought to test it via determining how the number of
areas actually does increase as a function of brain
size. To do this, he used the published literature to
compile area counts and brain size measures, and was
thereby able to find support for the prediction. But,
one might complain, all the neocortical area and size
information used in the plot were already known in
the literature, and so no new prediction had been
made by the theory. If we take such a complaint
seriously, MAC would have to acquire area counts
from new species before it could be called a
prediction. The mistake in such a criticism is that,
although each datum may have been known, the
pattern made by compiling all the data had not been
known. Similarly, the pattern across the 28 distinct
stimulus types was not known prior to our
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investigation; what the pattern is, then, is an open
empirical question, and our theory predicts what the
pattern’s  “shape” is. The following section
empirically investigates this pattern.

Also, we must admit the limits of this
predicted pattern: we cannot predict that every
stimulus fitting within the stimulus type of one of the
classes will have the predicted kind of illusion. The
main reason for this is that the ecological regularities
we presented earlier are statistical fendencies, not
inviolate laws; they will sometimes fail, and some
kinds of stimuli may be associated with those failure
cases. This is again analogous to the neocortex-area
example discussed above, where a predicted cube-
root law relating number of areas to brain size does
not mean that we do not expect outliers in some
cases, of course we expect outliers, but we
nevertheless expect the pattern to exist. As a cartoon
example to make our point, imagine that observers
typically steer away from spiders, and typically steer
toward lakes for the purpose of drinking. A stimulus
with small projected size features on the left, but with
spider shapes, and a large projected size on the right,
with cues it is a lake, may in fact be ecologically
associated with movement toward the lake, the larger
projected size features; this would be counter to the
ecological regularity in 1A of Table 1. We cannot
possibly discount such possibilities. Our theory
should be treated as a zeroth-order hypothesis.
Nevertheless, our claim is that the central trend for
any stimulus type will be as predicted by the general
pattern. And, as we will see in Section 3, there are
indeed central trends in the literature for the kinds of
illusions found of a given stimulus type: they are
often the kinds of illusions the community has names
for, because they are so strong, or because they are so
robust.

3. The empirical generalization concerning
28 illusion classes

Here in the second half of the paper we put
forth evidence that there is a broad, as yet unnoticed,
empirical regularity or pattern across a large swathe
of visual illusions—that more than 50 kinds of
illusion may be systematically organized into a 7 by 4
table of 28 illusion classes. Our finding of the
empirical regularity we describe here was motivated
by the prediction of the perceiving-the-present, optic-
flow-regularities hypothesis we presented in the first



half of the paper. However, we recognize that any
theory of an empirical regularity is necessarily more
contentious than the empirical regularity itself, and
we wish to emphasize the importance of the empirical
regularity, even if one is not yet willing to believe that
perceiving-the-present is an adequate explanation of
1t.

Table 2 is like the “prediction table” Table 1,
but it is the “illusion evidence table,” where within
each of its matrix boxes we have recorded illusions
from the literature that fall within the corresponding
stimulus class, along with citations. (A stimulus class
consists of illusions where stimulus modality X
affects perceived modality Y.) Any given stimulus
from the literature falls within a well-defined stimulus
class, and illusions were placed in the appropriate
stimulus class of the table whether or not the illusion
was as predicted by the hypothesis. Where an illusion
fits in the table is usually unambiguous, and is based
on the implicit judgement of the researchers studying
the illusion. A researcher who has, for example, found
that people perceive an object to project larger when
stereo disparity indicates it is farther away has, him or
herself, implicitly concluded that stereo depth
information modulates the perception of projected (or
angular) size. L.e., that distance information (row 4)
modulates the perception of angular size (column A),
and thus the studied illusion falls in box 4A.

For the remainder of this section we discuss
Table 2 in detail. First we consider general aspects of
the columns, and then, going row by row, we take up
each of the 28 cases in the matrix. Citations are
largely reserved for Table 2.

3.1. Column (A): Illusions of angular (or
projected) size

Column (A) concerns illusions of perceived
projected size, or cases where one object appears to
have greater projected size than another, even though
their projected sizes are identical. (This is not to be
confused with row (1), which concerns illusions that
are due to projected size differences in the visual
field.) This column also includes misperceptions of
projected distances across the visual field and
misperceptions of projected angles (such as in the
angles of the Orbison illusion).

There 1is, in addition, another kind of
misperception that falls within this column:
“repulsion”. To understand this, consider a vertical
line segment placed on the right side of a radial
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display, crossing the horizontal meridian. Its
perceived projected size is overestimated, and the
overestimation is greater the nearer it is to the vertical
meridian (see our earlier discussion of the classical
geometrical illusions, and Fig. 1). But the effect can
simultaneously be considered a misperception of the
perceived projected positions of the top and bottom
endpoints of the line segment: each endpoint is
perceptually repulsed away from the center of the
radial display, and since each has a vertical
component to the repulsion, the projected distance
between the endpoints increases. Because of this
connection between perceived projected size and
perceived projected position (relative to the location
of the direction of motion), in this column we record
illusions of perceived projected position as well as
illusions of perceived projected size. For example, in
class 5A (eccentricity affects perceived angular size)
is “foveal repulsion”—the phenomenon that stimuli
nearer to the fovea are perceived to be more
peripheral than they are—which is essentially
equivalent to the fact that less eccentric objects are
perceived as projecting larger size. (See discussion of
this versus foveal attraction under “Row 5” discussion
below.) Also, in class 3A (luminance contrast affects
perceived angular size) there is greater repulsion from
higher contrast stimuli, in class 6A (vanishing point
affects perceived angular size) there exists repulsion
within radial displays (see the two-dot stimuli and
psychophysical experiment in Changizi & Widders,
2002), and in class 7A (focus of expansion affects
perceived angular size) is “flow repulsion” (found in
conditions of motion capture).



Table 2.
7 by 4 table of 28 illusions classes catalogued from the visual perception literature. This table serves as data
with which to test the prediction of Table 1.
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3.2. Column (B): Illusions of angular (or
projected) speed

Column (B) includes illusions of perceived
projected speed. Projected speed and projected size
are similar in that projected size is the projected
distance between two points in the visual field at one
instant in time, whereas projected speed is the
projected distance traveled during a unit time interval.
We therefore expect that if a stimulus feature elicits a
perception of increased projected size, then an object
moving within this stimulus should be perceived to
have an increased projected speed (since it will travel
over a greater perceived projected distance per unit
time). In a certain sense, then, columns (A) and (B)
could be joined into a single column, but we have
nevertheless kept them separate since (i) the
corresponding illusion classes tend to be in distinct
literatures, and (i1) despite the logic of the argument
above for their equivalence, the visual system need
not, in principle, follow this logic.

One phenomenon we find in this column
concerns “motion capture” (Ramachandran, 1987),
which is the phenomenon that a stationary target on a
flowing background is perceived to have a velocity in
the same direction as the background; the background
“captures” the trajectory of the target. It follows that,
when there is capture, the perceived relative speed
(between target and background) is reduced; more
capture means less perceived relative speed. We
accordingly expect that features that lead to a greater
increase in perceived projected speed (i.e., any of the
row labels in Table 2) should also lead to /ess capture.
Known cases of such motion capture modulation are
recorded in classes 1B, 3B and 5B. (Motion capture is
also found in class 7A because capture is known to
shift the perceived projected position of targets in the
direction of the optic flow (“flow repulsion”), and in
class 7D because capture works in depth.)

3.3. Column (C): Illusions of luminance contrast
Column (C) incorporates illusions of
perceived luminance contrast. Note that if an object’s
luminance contrast with the surround (or background)
is misperceived, then the luminance of the object or
the surround, or both, must be misperceived. In
particular, faster moving objects are lower in
luminance contrast, which is to say their luminance
becomes more like that of the surround. Thus, if a
gray object on a white surround is perceived to have
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lower luminance contrast, this is just to say that the
gray object is perceived to have greater luminance
(like that of the surround). For our pictures in this
column, we have used uniform gray surrounds, with
objects having lower luminance; since we expect the
left target in each box to have lower luminance
contrast, this is just to say that it should appear more
luminant (or brighter) than the right target.
(Accordingly, if the objects had greater luminance
than the background, then we would expect the left
target to appear less luminant.)

3.4. Column (D): Illusions of distance

Column (D) consists of illusions of perceived
distance. As mentioned earlier, for every
representative picture in the table, there are two
targets that are identical with respect to the column
modality for their class. This is crucial in making the
stimuli “work™ as illusions. For columns (A) through
(C) the target stimuli must simply be made identical
in projected size, speed, and luminance contrast,
respectively. For column (D), however, the issue
becomes more complicated because the distance of
the targets cannot be unambiguously determined by
the stimulus. Instead, for column (D), the two targets
must be set so as to probably be at the same distance
from the observer. See Section 2.8 for discussion of
arguments that the target stimuli are treated as having
similar distance from the observer.

3.5. Row (1): Illusions due to projected size

Row (1) possesses illusions that are due to one
part of the visual field having smaller projected size
features than the other, thereby making it probable
that the direction of motion is in that part of the visual
field. Note that it is known that projected-size-feature
changes alone—without optic flow—can serve to cue
forward motion (Schrater, Knill & Simoncelli, 2001).

Class 1A (projected size affects perceived
projected size) consists of illusions of size contrast,
where objects appear larger in projected size when
surrounded by nearby smaller objects. This
straightforwardly applies to cases like the Ebbinghaus
(the figure shown) and the research cited under the
heading “size contrast” in the table. Size contrast also
probably underlies the moon illusion (where the
horizon moon appears to have significantly greater
projected size than the overhead moon despite their
physical projections being identical), because the
horizon moon is surrounded by nearby, small-



projected-size features, whereas the overhead moon is
not. The research under the heading “nearer horizon
= larger” is similar in this regard to the moon
illusion, these studies showing that perceived
projected size is increasingly overestimated as the
target is moved farther away and thus nearer to the
horizon. The Oppel-Kundt is shown as the figure in
class 1B, but without the arrows, and the space
divided by multiple lines appears to project larger
than the undivided space; it is less well-known,
however, that the Oppel-Kundt illusion eventually
reverses for sufficiently many lines (Rentschler, Hilz,
Siitterlin & Noguchi, 1981).

Class 1B (projected size affects perceived
projected speed) consists of a number of subclasses.
The first two subclasses are similar in that they deal
with the size features of the background: either the
projected sizes of the background features, or the dot
density of the background features. The other three
subclasses have to do with the projected sizes of the
moving objects themselves. One of the more widely
studied of these latter subclasses is the phenomenon
that higher projected spatial frequency moving
objects are perceived to move faster (i.e., have greater
projected speed): the phenomenon holds for spatial
frequencies in the ranges 0.01 to 0.1 c/deg (Diener,
Wist, Dichgans & Brandt, 1976) and 0.5 to 1.5 c/deg
(McKee, Silverman & Nakayama, 1986), but, as in the
Oppel-Kundt, eventually reverses for sufficiently high
spatial frequency, in the range of 2 to 4 c/deg (Smith
& Edgar, 1990). See also Campbell and Maffei (1981)
for a similar psychophysical function but for
rotational motion. The figure shows an Oppel-Kundt
(see class 1A) analog for this class, where there are
two objects moving at identical projected velocity,
one across the divided space, and the other across the
undivided space.

For class 1C (projected size affects perceived
luminance contrast), the central and long-known
phenomenon is that thinner bars appear lower in
contrast (“assimilation”), and the figure here is
analogous to the Oppel-Kundt in some ways, except
that the perception of interest now is luminance
contrast, not projected size. However, at very low
spatial frequencies ranges, such as about 0.25 to 1
cycle per degree, perceived contrast undergoes some
minor increase as spatial frequency increases (after
which perceived contrast decreases steadily with
spatial frequency increase, see, e.g., Walker, 1978).
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Finally, for class 1D (projected size affects
perceived distance), it has long been observed that the
horizon moon is not only perceived to project larger
(1A), but is perceived to be nearer as well. (This is
related to what is called the “size-distance paradox,”
which is only a paradox when one equivocates
between “projected size” and “distal size”, see
Appendix A) It has been claimed that a similar
phenomenon holds for the Ebbinghaus illusion as
well (i.e., the circle surrounded by smaller projected
size features appears not only larger, but also nearer).

The overall tendency for Row (1) is that the
target in the region of the visual field with smaller
projected sizes appears to have greater projected size,
greater projected speed, lower luminance contrast,
lower distance from the observer. These empirical
tendencies are consistent with the predictions from
Table 1 because, in each case, the target in the region
of the visual field with smaller projected sizes will
change in these ways (relative to the change for the
other target) in the next moment were the observer
moving in the probable direction.

3.6. Row (2): Illusions due to projected speed

Row (2) possesses illusions that are due to one
part of the visual field having lower projected speeds
than the other, thereby making it probable that the
direction of motion is in that part of the visual field.

The central phenomenon in class 2A
(projected speed affects perceived projected size) is
that slower moving objects appear to have greater
projected size, and this is what the figure represents.
The other subclass can be explained as follows:
Longer presentation times are interpreted by the
visual system as lower projected speeds (Katz, Gizzi,
Cohen & Malach, 1990; Treue, Snowden &
Andersen, 1993), and we therefore expect longer
presentation time to elicit perceptions of greater
projected size, or lower spatial frequency.

Class 2B (projected speed affects perceived
projected speed) is comprised by motion contrast,
which the figure depicts.

As in class 2A, one illusion subclass in class
2C (projected speed affects perceived luminance
contrast) concerns the length of presentation time:
longer presentation times elicit perceptions of lower
luminance contrast. The other subclass is due to lower
speed moving surrounds, which lead to lower
perceived luminance contrast (Takeuchi & De Valois,
2000). That is, lower speed moving surrounds



suggests that that region of the visual field is nearer to
the direction of motion (via (2) of Table 1), and thus a
target in that region of the visual field will undergo, in
the next moment, a greater percent decrease in
luminance contrast (via (C) of Table 1). The figure
depicts a generic stimulus for this class.

In class 2D (projected speed affects perceived
distance), motion-parallax defined depth has been
found to induce depth contrast. For example, if a
rectangle is lying in the observer’s fronto-parallel
plane, but the left side is surrounded by lower speeds
than the right, then the left side of the rectangle most
likely lies in a part of the visual field with greater
distances, and is thus nearer to the direction of
motion, and distances in that part of the visual field
with undergo greater decrease in the next moment.
This illusion class could just as well have been placed
within class 4D (distance affects perceived distance),
since motion-parallax is a cue to distance.

Consistent with the predictions from Table 1,
the overall tendency for Row (2) is that the target in
the region of the visual field with lower projected
speeds appears to have greater projected size, greater
projected speed, lower luminance contrast, lower
distance from the observer. That is, lower projected
speeds have the same perceptual effects as lower
projected sizes (which is what one might expect, as
discussed Subsection 3.1).

3.7. Row (3): Illusions due to luminance contrast

Row (3) possesses illusions that are due to one
part of the visual field having greater luminance
contrasts than the other, thereby making it probable
that the direction of motion is in that part of the visual
field.

The first two subclasses mentioned in the table
for class 3A (luminance contrast affects perceived
projected size) concern the effects of luminance
contrast on the classical geometrical illusions: greater
luminance contrast enhances the illusions, and
equiluminance eliminates them. The second two are
cases where greater luminance contrast elicits
perceptions of greater projected size (as in the figure)
or lower proximal spatial frequency. (The increase in
projected size seems to be enhanced more when the
object is high luminance and the background low
luminance, rather than vice versa, which is the
irradiance ilusion. This asymmetry we cannot yet
explain within this framework.) The last subclass here
concerns repulsion (see the earlier discussion
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Subsection 3.1), where line segments with greater
contrast induce greater perceived repulsion relative to
nearby lines.

The central phenomenon in class 3B
(luminance contrast affects perceived projected
speed) is that objects of higher contrast appear to
move faster (sometimes called the Hess effect, which
the figure depicts). It evens works in depth (Brooks,
2001). A second kind of illusion falling within this
class is where higher contrast moving surrounds
induce greater motion in a target. Finally, because
greater contrast leads to greater perceived relative
speed, and because greater perceived relative speed
means less capture (see Subsection 3.2), we expect
and it is known that greater contrast elicits less
perceived motion capture.

Class 3C (luminance contrast affects
perceived luminance contrast) consists of “luminance
contrast contrast,” where the perceived luminance
contrast of a target is reduced when surrounded by
high contrast objects. The Chubb illusion is a famous
example, and a similar kind of illusion is pictured.

For class 3D (luminance contrast affects
perceived distance) the prediction from Table 1
expects that a target in a region of the visual field
with greater contrasts should (being probably nearer
to the direction of motion) tend to undergo, in the
next moment, a greater decrease in distance (and thus
distance should be disproportionately perceptually
underestimated compared to targets in low contrast
regions of the visual field). Note that the fact that
greater contrast targets appear nearer than low
contrast targets is not an illusion falling within class
3D. The latter phenomenon is simply due to the fact
that high contrast objects typically are nearer.
Predicted class 3D illusions are cases where the cues
suggest that the two targets are at identical distance,
but where, nevertheless, one appears nearer due to
cues that it is nearer the direction of motion (and thus
will become nearer than the other target in the next
moment). One possible phenomenon that may be
within this class is the lack of perceived depth in
equiluminant displays (Livingstone & Hubel, 1987);
we are, however, not convinced it is an appropriate
instance of this class, since although it demonstrates
that perceived distance differences are eliminated at
equiluminance, it does not show that perceived
distance is disproportionately underestimated in high-
contrast regions of the visual field. The figure shown
in 3D is an example expected illusion within this



class; the uniformly gray rectangle is probably in the
observer’s fronto-parallel plane (because the target is
projecting rectangularly rather than obliquely, and is
uniformly gray), and yet it appears that the left end of
the rectangle is nearer to the observer because of the
higher contrast surround on the left. This is an
example of a new illusion made on the basis of
predictions by the theory.

The overall tendency for Row (3) is that the
target in the region of the visual field with greater
luminance contrasts appears to have greater projected
size, greater projected speed, lower luminance
contrast, lower distance from the observer, and this is
consistent with the predictions from Table 1. Greater
luminance contrast, then, has the same perceptual
effects as lower projected sizes and speeds (which
one might expect from the inverse relationship
between projected speed and luminance contrast, see
Subsection 2.4).

3.8. Row (4): Illusions due to distance

Row (4) possesses illusions that are due to one
part of the visual field having greater distances than
the other, thereby making it probable that the
direction of motion is in that part of the visual field.
For the figures in this row we have used binocular
disparity to cue relative distance, but any cue to
relative distance could be used.

The central subclass of illusion in class 4A
(distance affects perceived projected size) is where
objects in stereograms made to be farther away are
overestimated in projected size (as in the figure). Two
other classes concern progressive overestimation of
projected size as objects are moved farther away, and
there is evidence that both accommodation and
convergence can elicit this effect.

We have found no illusions in the literature
falling explicitly within class 4B (distance affects
perceived projected speed), but, as discussed
Subsection 3.1, the existence of such illusions might
be expected to follow from the existence of illusions
of class 4A. For example, if the two segments in the
figure in class 4A are the paths traveled by two
objects over a unit period of time, then the object on
the left must appear to be moving faster since it
travels over a greater perceived projected distance
over that time.

The predictions from Table 1 are that Class
4C (distance affects perceived luminance contrast)
should possess illusions of the kind in the figure,
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where the farther-away (left) part of the slanted-away
rectangle should be perceived as lower in contrast
than the nearer (right) part of the rectangle. We have
found no existing illusions of this kind in the
literature, and leave it here as a prediction to test in
the future.

Finally, predictions from Table 1 are that class
4D (distance affects perceived distance) should
possess illusions of depth contrast, which are well
known (and the figure provides an example, where
the left side of the fronto-parallel rectangle appears to
be nearer).

The overall tendency for Row (4), then, is that
the target in the region of the visual field with farther-
away objects appears to have greater projected size,
greater projected speed, lower luminance contrast,
lower distance from the observer, and this is
consistent with the predictions from Table 1. Greater
distance from the observer has the same perceptual
effects as lower projected sizes, lower projected
speeds, and greater luminance contrasts.

3.9. Row (5): Illusions due to eccentricity

Row (5) possesses illusions that are due to
foveation on one part of the visual field, thereby
making it probable that the direction of motion is in
that part of the visual field. The little eye in the
figures of this row represents which side, left or right,
is fixated.

The most studied subclass of illusion of Class
SA (eccentricity affects perceived projected size) is
that objects with lower eccentricity are perceived to
have greater projected size. This is related to the
second kind of illusion mentioned in this class, which
is that it has been observed since Helmholtz that if
one looks at a large grid of vertical lines, one
perceives the vertical lines to bow away from the
point of fixation. This latter effect can be viewed as a
kind of “foveal repulsion,” which is listed more
generally as the third subclass here. Recording foveal
repulsion here in class SA is seemingly at odds with a
literature arguing that there is, on the contrary, foveal
attraction (e.g., Mateeff & Gourevich, 1983;
Miisseler, van der Heijden, Majmud, Deubel &
Ertsey, 1999; Eggert, Ditterich & Straube, 2001;
Sheth & Shimojo, 2001; Kerzel, 2002b). There is,
however, another interpretation to the foveal-
attraction studies that accords with foveal-repulsion.
We illustrate our alternative interpretation here only
for the research of Mateeff and Gourevich (1983).



These researchers had observers fixate on the center
of a reference scale, a dot was then briefly flashed at
some position in the observer’s periphery alongside
the reference scale, and the observer’s task was to
report the value of the reference scale where the flash
occurred. They found that observers reported
reference scale values nearer to the fixation point than
the actual location of the flashed dot. They interpret
this as a foveal attraction of the dot, but the
experiment is also consistent with the hypothesis that
the projected position of the flash is veridically
perceived (analogous to the flash-lag effect), and that
the reference scale is perceptually enlarged—a case
of foveal repulsion of the reference scale. (This is
why we have recorded Mateeff and Gourevich as
evidence consistent with foveal repulsion in 5A of the
table.) On the basis of the fact that perceived
projected sizes are greater under less peripheral
viewing, we should indeed expect foveal repulsion
(see earlier discussion of “repulsion” in Subsection
3.1). Similar interpretation problems confound the
results of others, such as Miisseler et al. (1999), who
attempt to resolve the ambiguity by a pointing task;
however, this imports both short-term memory and
motor issues, and it is no longer a purely perceptual
phenomenon.

The existence of illusions in class SA implies
the existence of illusions in class SB (eccentricity
affects perceived projected speed), and there are, in
fact, known illusions in this class. The primary kind
of illusion here is that objects appear to have greater
projected speed when eccentricity is lower. This
phenomenon is true even for stereo motion. Given the
relationship between speed and capture discussed
Subsection 3.2, we expect less capture at lower
eccentricities, and this phenomenon is known.

Class S5C (eccentricity affects perceived
luminance contrast) expects that objects at lower
eccentricity should appear lower in contrast (e.g., a
gray object on a white background should appear to
have greater luminance, or be brighter), and there
exists evidence for this.

Finally, class 5D (eccentricity affects
perceived distance) expects illusions where objects at
lower eccentricities have a tendency to be perceived
as nearer to the observer. Observation of a
phenomenon of this kind goes back at least to
Helmholtz, who observed that large flat surfaces
appear to bulge toward the observer, and architects
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have at times created, for example, concave ceilings
in such a way that the perceived shaped is flat.

The overall tendency for Row (5) is that the
target in the region of the visual field that is looked at
by the observer appears to have greater projected size,
greater projected speed, lower luminance contrast,
lower distance from the observer, and this is
consistent with the predictions from Table 1.
Foveation, then, has the same perceptual effects as
lower projected sizes, lower projected speeds, greater
luminance contrasts, and greater distance from the
observer.

3.10. Row (6): Illusions due to vanishing point (or
converging lines)

Row (6) possesses illusions that are due to one
part of the visual field being nearer to the vanishing
point of converging lines than the other, thereby
making it probable that the direction of motion is in
that part of the visual field.

Class 6A (vanishing point affects perceived
projected size) consists of the classical geometrical
illusions (see Subsection 3.2), and a special case is a
grid overlayed on a radial display (as in Fig. 1 or as
shown in class 6D).

We accordingly expect illusions of class 6B
(vanishing point affects perceived projected speed)
and there exist studies of perceived-projected-speed-
analogs of the geometrical illusions, where the
projected speeds of objects moving within a static
radial display are misperceived.

Table 1 predicts that Class 6C (vanishing
point affects perceived luminance contrast) should
possess illusions where objects nearer to the center of
a radial display will be perceived to have lower
contrast. For example, for a radial display on a white
background, a gray object nearer to the direction of
motion should appear brighter. We have found no
existing studies explicitly testing this, but in the
figure shown here the square at the center of the
radial display appears lower in luminance contrast,
which provides a case of a successful new prediction.

Finally, the prediction from Table 1 is that
class 6D (vanishing point affects perceived distance)
should possess illusions where objects nearer to the
center of the radial display have their perceived
distances disproportionately underestimated
compared to objects farther from the center of the
radial display. We are aware of no existing studies of
such a phenomenon, but the illusion pictured in this



case (and the grid illusion in Fig. 1) provides strong
support, as observers perceive the center of the grid to
bulge. This is another example of a new illusion made
on the basis of predictions by the theory.

Consistent with the predictions in Table 1, the
overall tendency for Row (6) is that the target in the
region of the visual field that is nearer to the
vanishing point of converging lines appears to have
greater projected size, greater projected speed, lower
luminance contrast, lower distance from the observer.
Being nearer the vanishing point of converging lines,
then, has the same perceptual effects as lower
projected sizes, lower projected speeds, greater
luminance contrasts, greater distance from the
observer, and foveation.

3.11. Row (7): Illusions due to the focus of
expansion (or expanding optic flow)

Row (7) consists of illusions that are due to
one part of the visual field being nearer to the
direction of motion of dynamic optic flow. This row
differs from the others in that, while each of the
others consisted of just one of the six correlates of the
direction of motion listed in Fig. 2¢, this row includes
stimuli that contain more than one of the six
correlates. For example, realistic radially outflowing
dots, all by itself, possesses a projected size gradient
(namely, higher dot density near the direction of
motion), a projected speed gradient (lower speeds
near the direction of motion), and converging lines
due to motion blur. We include this row because there
are kinds of illusions with more realistic optic flow
cues consisting of more than one of the six correlates,
and we need a place to record them. The four illusion
“classes” here are, therefore, not classes in quite the
same sense as the earlier ones (namely, they are more
general classes, consisting of potentially more
subclasses).

Class 7A (focus of expansion affects
perceived projected size) possesses at least five
subclasses. The first concerns illusions showing that
radial outflow within the boundaries of an object can,
under certain conditions, capture the object’s
boundaries and elicit an increase in perceived
projected size. The second subclass is related to the
first, but concerns “flow repulsion” (recall the
equivalence between projected size perceptions and
repulsion phenomena): flowing backgrounds can
repulse the perceived position of an object in the
direction of the flow. The third subclass here consists
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of illusions where contracting flow is used to induce
perceived forward motion toward stimuli, and
observers perceive the stimuli to undergo expansion.
A fourth class refers to the bulging grid shown in 7D
(focus of expansion afects perceived distance): in
addition to observers perceiving the grid to bulge
when the observer looms toward it, we have also
observed that its straight contours are perceived to
bow in a manner like that shown in the figure in box
6D of Table 2 (and in the grid of Fig. 1). Another
subclass here we call the “dynamic Zanker-Hering
analog,” and it refers to the phenomenon that when a
straight line segment is moved in a direction normal
to its orientation (e.g., a vertical line segment moving
horizontally), observers perceive it to be bowed with
its center leading the endpoints (Zanker, 2001). A
vertical line segment moving rightward implies that
the viewer is moving somewhere to the left. In the
next moment, the parts of the line nearer the direction
of motion—namely the central parts of the line—will
experience greater horizontal components of
repulsion, and this explains why it bows out away
from the direction of motion in a way similar to the
perceptual bowing found in the Hering illusion. An
illusion related to this class—but one that does not
quite fit the criteria—is that of Cai (Cai & Schlag,
2001; Cai & Cavanagh, 2002), where a black vertical
line segment is moving rightward, and growing in
projected size. At one frame along its traversal, the
line segment changes color to red, and changes back
to black for the remaining frames. The observer
perceives the red line to occur at a position shifted to
the right of its actual position, but also perceives it to
be larger than it originally projected. Perceiving-the-
present naturally expects this as follows. Suppose the
“red” frame occurs at time t. What are the probable
projected features in the next moment, at t+100 msec?
Let us assume that the visual system has as evidence
with which to make a guess all the frames up to and
including the “red” frame. Thus, as far as the visual
system is concerned, it has so far received
information about an expanding and rightward
moving vertical line segment that suddenly turns red
in the last frame. It is relatively straightforward to
expect that, in the next moment, the line segment will
have expanded more and moved further rightward.
But it is also reasonable to expect that its color may
be the same as it was in the last-seen frame, namely
red.
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Horizontal dots Vertical dots

a
Prediction

b
Experiment 1

(static):

c
Experiment 2

(dynamic):

Figure 4

Predicted illusion magnitude (a) and measured illusions for static (b) and dynamic (c) illusions. (a) The predicted misperception as a function
of polar angle around the direction of motion. On the left is a figure conveying the fact that when the two optically flowing dots have the
same projected distance from the horizontal meridian (the gray dots), the one nearer the direction of motion will, in the next moment,
typically project further from that meridian than the other dot. The “horizontal dots” polar plot in the middle of this row shows how much
farther the near-direction-of-motion dot moves away from the horizontal meridian than the far-from-direction-of-motion dot in the next
moment, measured as the projected angle made between the horizontal meridian and the imaginary projected line connecting the dots. These
predicted values are computed as follows: The midpoint between the pair of horizontal dots is placed on a 1 meter radius circle in the
forward-moving observer’s fronto-parallel plane, at a distance of 1 meter in front of the observer. The dots themselves are placed 0.5 meters
on either side of the midpoint. The observer is assumed to move at 1 meter per second, and the amount of vertical displacement is computed
over a (latency) time interval of 100 msec. These values were chosen somewhat arbitrarily, and the qualitative predictions are not dependent
on these values. Analogous computations were made for the “vertical dots” plot, which is similar, but where the dots are above one another,
and the issue concerns the next-moment projected distance of the dots from the vertical meridican. (b) and (¢). Results for Experiments 1 and
2. The two illustrations on the left in the following two rows describe stimuli that are plausibly due to optic flow projection dynamics of the
kind just described in row (a), and each have two gray dots at identical projected distance from the horizontal meridian. (b) is for the static,
classical geometrical illusions, and (c) is for a dynamic version of the classical geometrical illusions. Since the near-direction-of-motion dot
is, in the next moment, going to be shifted further away from the horizontal meridian, perceiving-the-present accordingly expects observers
to perceive the near-direction-of-motion dot to be shifted in this way. The method of adjustment was used for each experiment. For each of
these kinds of stimulus, the averaged results are shown for where the dots are horizontally aligned, and where the dots are vertically aligned.
In each case the expected illusions exist in each quadrant, showing substantial similarity to the prediction in (a). Illusions are measured in
degrees of slant, where the illusion is positive if the dot nearer to the observer’s direction of motion is perceived farther from the meridian
than the other dot. Number of subjects, n, is shown in each plot. Corresponding positions in the left and right half of the visual fields have
been averaged together; so the left and right side of each plot are identical and redundant. Dots at a point on the graph indicate that the point
is significantly greater than zero at the p<0.05 level (via t-test), where an observer’s responses on the left side were treated as independent of
his responses on the other side (the degrees of freedom is therefore twice the number of subjects minus two).



Figure 5

Ilustration of an experiment (Dynamic Ponzo-Flash Illusion,
Experiment 3) demonstrating that the speed of optic flow modulates
illusions as expected, that is, that faster optic flow, consistent with
faster forward movement, led to greater illusions (i.e., greater
misperceptions that the upper bar has larger angular size than the
lower bar). Optically flowing black dots were presented in the lower
half of a white screen, simulating forward motion toward the focus
of expansion of those dots. Dots flowed only in the hemifield below
the focus of expansion. Two simulated observer speeds were used,
“slow” and “fast”: dots began with angular speed 0.80 deg/sec in
“slow”, and 1.60 deg/sec in “fast” condition; and acceleration 5.39
deg/sec2 in “slow” and 10.78 deg/sec2 in “fast.” These values were
chosen because they led to qualitatively different simulated observer
speeds. The observer fixated on a red dot (shown in Fig. 3 as a black
cross) 3.34 deg below the focus of expansion. After 3 seconds, two
red, horizontal, Ponzo line segments briefly flashed (0.036 seconds)
above and below the fixation point (1.90 deg above and below), each
below the focus of expansion. In the two-alternative forced-choice
design, the projected lengths of the upper and lower Ponzo line
segments varied over 7 pairs of values, ranging from upper segment
being 6 percent longer than lower segment to lower segment 12
percent longer than upper segment (with center around 4.6 degrees
or arc). In total, then, there were 7 kinds of Ponzo-line presentations,
and two optic-flow speed conditions, for a total of 14 distinct
stimuli. Each of these was presented 10 times, randomly interleaved.
After each presentation of the flow followed by the flashed Ponzo
lines, observers judged whether the upper or lower Ponzo line
appeared larger in projected length. The experiment took about 20
minutes to complete. Ten observers (two non-naive, eight naive)
participated in the experiment. All observers had normal or
corrected-to-normal visual acuity.

Before moving to case 7B, we describe some
experiments we carried out that fall into category 7A,
and are, intuitively, dynamic classical geometrical
illusions.

In the first dynamic experiment we show that
manipulating the direction of forward movement
using a dynamic stimulus modulates perception as
predicted. For two radially outflowing dots starting at
the same elevation, Fig. 4a shows how their
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elevations differ in the next moment as a function of
polar angle around the observer’s direction of motion.
For example, if both dots are in the observer’s upper
right quadrant as shown in the illustration on the left
of Fig. 4a, then in the next moment the left dot will
rise higher than the right dot, and this is shown in the
upper right quadrant of the “horizontal dots” plot
(positive illusion magnitude meaning that the inner
dot undergoes greater vertical angular displacement in
the next moment). The “vertical dots” plot is
analogous, but where dots are above one another and
it concerns horizontal displacement. The two plots in
Fig. 4a amount to predictions. The “horizontal dots”
plot in Fig. 4b shows how observers perceive the
relative elevations of two side-by-side dots in a radial
display, as a function of polar angle around the radial
display (Experiment 1). For example, for the stimulus
shown on the left of Fig. 4b, the empirical illusion
magnitude is shown in the upper right quadrant of the
“horizontal dots” plot, which means that the left dot is
perceived to be higher than the right dot. Note that
this is consistent with how the elevations of the two
dots will change in the next moment, as predicted by
Fig. 4a. That is, the two plots in Fig. 4b for static
radial line illusions fits the prediction of the forward-
motion  perceiving-the-present  hypothesis.  In
Experiment 2 the static converging lines of
Experiment 1 are replaced by a flowing dot (6
deg/sec), and the two target dots (separated by 5 deg)
are briefly flashed (for about 40 msec) just as the
flowing dot passess them, illustrated by the figure on
the left of Fig. 4c. The plots in Fig. 4c show the
average illusion magnitude across all the conditions,
and one can see that this dynamic classical
geometrical illusion is modulated by direction of
motion as predicted (Fig. 4a), and has the same
signature as the static geometrical illusion in Fig. 4b.
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(a) Ilustration of the three conditions of Experiment 4, shown in the three columns here. The two rows show the first and second (which is
the last) frame of the stimuli. The second frames are identical in all three conditions, and the outer lines of the second frame are varied in the
two-alternative forced choice design. In the “stationary control” condition, the first frame has no lines at all. In the “backward” condition, the
lines in the first frame are arranged approximately consistent with how they would project if, in the next frame, they receded away from the
observer and projected as in frame 2. And in the “forward” part, the lines in the first are arranged approximately consistent with how they
would project if, in the next frame, they approached the observer and projected as in frame 2. Observers were required to judge whether the
inner lines or the outer lines in the second frame are larger. 10 trials were performed for each setting of the outer line segment’s length, which
varies over 11 values. 12 (3 non-naive, 9 naive) observers participated in this experiment. (b) Results of Experiment 4, for all 12 observers.
The plot shows, for the three conditions, the fraction of “outer is longer” responses versus the relative physical settings of the outer and inner
lines (measured here as the outer-to-inner percentage, 100% meaning the outer and inner are the same projected size). In the stationary
control condition (squares), observers had to increase the size of the outer pair to 4.3% larger (95% confidence interval, [3.9, 4.7], via
standard bootstrap) than the inner pair to perceive them as equal. That is, observers perceived the inner lines to be 4.3% larger than the outer
lines. In the forward condition (diamonds) the illusion was significantly enhanced to 8.2% (95% confidence interval, [7.6, 8.8]), whereas in
the backward condition (circles) the illusion was significantly diminished to 1.2% (95% confidence interval, [0.8, 1.7]).



Next we investigated whether the inferred speed of
forward movement via dynamic optic flow increases
misperceptions as expected. In the static domain, this
is analogous to adding more converging lines
(because when moving faster, a greater number of
objects tend to be moving sufficiently fast to induce
optic blur), and it is well-known that classical
geometrical illusions such as the Ponzo are stronger
when there are more converging lines. Fig. 5
illustrates the basic design for our dynamic stimulus,
where the bottom hemifield possesses optically
flowing dots, and two Ponzo bars are briefly flashed.
There were two versions of the flowing dots, “slow”
and “fast.” Here we expect, and find, that the upper
Ponzo line should be perceived as projecting larger,
since it is nearer to the observer’s direction of motion.
Points of subjective equalities were computed for
each observer on the “slow” and “fast” conditions: the
average illusion was 3.9% in the “slow” condition,
and 5.6% in the “fast” condition, where a positive
value indicates the upper Ponzo line was perceived to
project larger than the lower Ponzo line. The amount
of illusion was significantly greater in the “fast”
condition: the average difference was 1.7% (standard
error = 0.52), and this is significantly above 0 by a t-
test (p=0.0101, t=3.24, df=9). On an observer-by-
observer basis, 9 of the 10 observers perceived a
greater illusion in the “fast” condition than the “slow”
condition.

It is useful to investigate one related kind of
experiment that may be deemed an appropriate test of
our theory: backward motion (see Changizi &
Widders, 2002, for discussion of this). The reader
may wonder, for example, if optical contraction
consistent with backward motion should lead to a
counter-Ponzo illusion in the dynamic Ponzo-flash
experiment (of Experiment 3). However, we feel that
this type of experiment may only be a weak test of
our theory. The visual system can be expected to be
competent at perceiving-the-present only under
conditions that are sufficiently similar to the natural
conditions of stimulation, either evolutionarily or
during the animal’s lifetime. Backwards motion is
quite infrequent. Furthermore, when moving
backwards one is not at risk of colliding into objects
in one’s view. These facts together suggest that there
is less selective pressure for perceiving-the-present
mechanisms designed for backward motion. There is
therefore reason to doubt that the visual system might
be able to correct for latencies under backward-
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motion conditions. Nevertheless, it would be
interesting to see whether the visual system can
sometimes appropriately respond to backward motion
stimuli. Experiment 4 describes a very simple kind of
backward motion stimulus, but one that nevertheless
possesses abundant cues indicating that the target
objects are receding away from the observer.
Abundant cues are probably necessary for the
“backward” interpretation because of its relative
infrequency (Lewis & McBeath, 2004), similar to the
bias against a “backward” interpretation of other
objects (Tinbergen, 1939, 1951; McBeath, Morikawa
& Kaiser, 1992; Pavlova et al.,, 2002). This
experiment consisted of three conditions: “stationary
control,” “backwards,” and “forwards.” See Fig. 6a
for illustration. In each condition, each trial presented
two frames in short succession, and in each frame
(except the control) there were four vertical line
segments, horizontally aligned—two to the left of
fixation (left pair) and two to the right (right pair). In
each condition, the lines in the second frame are
identical (and is akin to the Ponzo, but one on each
side of the center, and without the converging lines);
only the first frames differ, and differ so as to indicate
backward motion, forward motion, or to serve as a
control. Observers were asked to judge whether the
inner lines or the outer lines in the second frame are
larger. In the stationary control condition, observers
perceived the inner pair of lines to be 4.3% larger
(95% confidence interval, [3.9, 4.7], via standard
bootstrap) than the outer pair, consistent with the
effects of eccentricity alone (see case SA of Table 2).
In the forward condition, the illusion was
significantly amplified to 8.2% (95% confidence
interval, [7.6, 8.8]). In the backward condition, the
illusion was significantly diminished compared to the
control, namely 1.2% (95% confidence interval, [0.8,
1.7]). That is, compared to the control, forward and

backward motion modulate the illusion in the
expected directions (Fig. 6b).
Class 7B (focus of expansion affects

perceived projected speed) is expected from the
existence of 7A illusions. Some looming illusions fall
within this class, such as the “color-balls” of Widders
& Changizi (2001), which are simply circles with a
radial color gradient (Changizi, 2003), where looming
toward the center of the circle elicits a perception of
the inner colors flowing outward, filling the circle; the
inner colors seem to overtake the outer colors. We
also mention here an illusion that does not quite fit



properly into the table, but is closely related to class
7B: expanding flow appears faster than rotating flow
(Geesaman & Qian, 1996). This is expected since
radial flow tends to accelerate in the next moment,
but rotating flow does not.

The predictions from Table 1 are that Class
7C (focus of expansion affects perceived luminance
contrast) should have illusions where, for identical-
speed objects flowing out in an observer’s visual
field, the one nearer to the direction of motion should
be perceived as lower in luminance contrast. We have
found no existing evidence in the literature for this
under optic flow conditions, but the class 2C
(projected speed affects perceived luminance
contrast) research by Takeuchi and de Valois (2000)
provides indirect support.

Class 7D (focus of expansion affects
perceived distance) is exemplified by the bulging
grid, which is shown. It has also been shown that,
using stereo displays, dots flowing toward an
observer can sometimes capture an object and
decrease its perceived distance from the observer.

The overall tendency for Row (7) is that the
target in the region of the visual field that is nearer to
the focus of expansion appears to have greater
projected size, greater projected speed, lower
luminance contrast, lower distance from the observer.
Being nearer the focus of expansion, then, has the
same perceptual effects as lower projected sizes,
lower projected speeds, greater luminance contrasts,
greater distance from the observer, foveation, and
being nearer to the vanishing point of converging
lines.

3.12. The empirical regularity

Although we can make no quantitative claim
concerning the exhaustiveness of this literature
search, Table 2 possesses over 150 citations, the
result of searching through on the order of one
thousand papers. In a few illusion classes (3D, 4B,
4C, 6C, 6D and 7C) we have found no existing
research looking into the kind of stimuli about which
the prediction concerns; in some of these cases the
figure shown in Table 2 serves as a demonstration of
the predicted phenomenon, but in other cases (the
ones with question marks) it is left for future study.
However, the powerful conclusion of the metareview
is that, for each of the remaining 22 illusion classes,
the central phenomenon found in the literature
accords with the prediction from Table 1. That is, the
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predicted pattern of illusions from Table 1 is largely
confirmed by this study. For 28 categories, there are
2 '~ 270 million possible empirical patterns
(assuming that each category has an illusion either in
the predicted direction or in the opposite direction),
and evidence points to the conclusion that the
empirical pattern fits just one of these 270 million
possible patterns, namely the predicted pattern from
Table 1. (Or, for the currently known pattern across
the 22 illusion classes mentioned, this amounts to one
in approximately four million.) In total, the empirical
regularity (not a universal law, see Subsection 2.9) is
as follows:
A target in a region of the visual field with...

(1) smaller sizes, (2) slower speeds, (3)

greater luminance contrast, (4) farther

distance, (5) lower eccentricity, (6)

greater proximity to the vanishing point,

or (7) greater proximity to the focus of

expansion,

will be perceived to have...

(A) greater perceived projected size, (B)

greater perceived projected speed, (C)

lower perceived luminance contrast, and

(D) lower perceived distance from the

observer.

Our hypothesis from Section 2, Table 1,
predicts exactly this. More specifically, this empirical
regularity is explained because the optic-flow-
regularities hypothesis predicts that

A target in the region of the visual field...
toward which the observer is moving
will undergo in the next moment a greater ...

(4) increase in projected size, (B)

increase in projected speed, (C)

decrease in luminance contrast, and

(D) decrease in distance from the

observer.

And importantly, stimulus features (1) through (7) are
cues to the observer’s direction of motion, as
discussed in Subsection 2.4. ...this is what these
seven features share in common.

4. Conclusion

Here we have examined the hypothesis that
the visual system possesses mechanisms that attempt
to compensate for neural delays while in ecologically
typical forward motion. In the first half of the paper



we derived a 7 by 4 matrix of predicted illusion
classes (Table 1), amounting to the prediction of a
broad pattern of illusion across four perceptual
modalities, and due to seven kinds of stimulus
features. In the second half of the paper we presented
evidence via a survey of the visual perception
literature that this pattern of illusions appears to exist
(Table 2). Because our optic-flow-regularities
hypothesis was originally developed with only the
classical geometrical illusions in mind (Changizi,
2001, 2003; Changizi & Widders, 2002)—which
amount to just one of the 28 illusion classes—the
success of the general prediction amounts to a
predictive success story for the optic-flow-regularities
hypothesis, and for perceiving-the-present more
generally.
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APPENDIX for Changizi et al.,

“Systematization...”

Appendix A: Projected versus distal
properties

Important for understanding our paper is the
distinction between the perception of distal properties
versus the perception of projected properties. Distal
properties are features of the objects out there in the
world. For example, the height of a tree (measured in
meters) is a distal property, as is the surface
reflectance (or lightness) of an object. Projected
properties, on the other hand, concern only the nature
of the light projected toward an observer at his/her
particular location (not to be confused with the retinal
projection, although sometimes the retina may
veridically record projected properties). For example,
how much of the visual field is filled by a tree
(measured in degrees, i.e., the angular size of the tree)
is a projected property, as is the amount of light
projected toward the eye (or brightness) from an
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object. It is useful to think of an imaginary projection
sphere around a person’s eyes, where the projection
sphere lacks distance information: projected
properties are then properties measurable on this
sphere. Projected properties are important properties
to perceive (in addition to distal properties) because it
is useful to perceive where things are in one’s visual
field (i.e., in which direction around oneself is an
object), and once one is able to perceive where things
are in one’s visual field, the perception of projected
size and speed follow, because the former is just the
projected distance (or visual angle) between two
points in the visual field, and the latter is just the
projected distance swept by a moving point during a
unit time interval.

This “distal versus projected” distinction has
been made often in the visual perception literature
(Gibson, 1950; Gilinsky, 1955; Carlson, 1960; Mack,
1978; Rock, 1983; Arend & Goldstein, 1990;
Sedgwick & Nicholis, 1993; Gillam, 1998; Palmer,
1999; Changizi and Widders, 2002), and perception
of projected size (as opposed to distal size) has been
observed a number of times over the history of visual
perception (Reid, 1813; Joynson, 1949; Gibson, 1950;
Gilinsky, 1955; Jenkin & Hyman, 1959; Over, 1960;
Carlson, 1960, 1962; Biersdorf, Ohwaki & Kozil,
1963; Rock & McDermott, 1964; Ono, 1966; Baird,
1968; Craig, 1969; Leibowitz & Harvey, 1969; Lucas,
1969; Daniels, 1972; Foley, 1972; Angell, 1974;
Komoda & Ono, 1974; Mack, 1978; McCready, 1965,
1985, 1986; McKee & Welch, 1989, 1992; Sedgwick,
1986; Sedgwick & Nicholis, 1993; Plug & Ross, 1994;
Gogel & Eby, 1997; Kaneko & Uchikawa, 1993,
1997). Researchers have also shown that observers
make qualitatively very different “size” judgments
when given projected size instructions compared to
when given distal size instructions (Gilinsky, 1955;
Jenkin & Hyman, 1959; Carlson, 1960, 1962;
Biersdorf et al., 1963; Leibowitz and Harvey, 1969):
for stimuli with cues to the distal size, projected size
instructions lead to judgments closely matching
projected size, and distal size instructions lead to
judgments closely matching distal size. Most of the
literature on motion perception also recognizes the
perception of projected properties, since perceived
speed is nearly always measured in degrees/second.
Furthermore, McKee and Welch (1989, 1992) provide
evidence that discrimination for projected size and
speed is often better, and never worse, than for distal
size and speed. (Burbeck, 1987, finds poorer proximal



spatial frequency discriminations than distal, but see
the discussion in McKee & Smallman, 1998).
Measurements of perceived lightness (distal) versus
perceived brightness (projected) have also been made
(see Arend & Goldstein, 1990).

References

Angell, R.B. (1974). The geometry of visibles. Noiis,
8, 87-117.

Ansbacher, H.L. (1944). Distortion in the perception
of real movement. Journal of Experimental
Psychology, 34, 1-23.

Anstis, S. (1989). Kinetic edges become displaced,
segregated, and invisible. In Lam DM-K &
Gilbert CD (Eds.) Neural Mechanisms of Visual
Perception (pp. 247-260). The Woodlands, TX:
Portfolia Publ. Co.

Anstis, S.M., Howard, [.P. & Rogers, B. (1978). A
Craik-O’Brien-Cornsweet illusion for visual
depth. Vision Research, 18, 213-217.

Arend L.E, Goldstein R. (1990). Lightness and
brightness over spatial illumination gradients.
Journal of the Optical Society of America A 7,
1929-1936.

Baird, J.C. (1968). Toward a theory of frontal-size
judgments. Perception and Psychophysics, 4, 49-
53.

Berliner, A. & Berliner, S. (1948). The distortion of
straight and curved lines in geometrical fields.
American Journal of Psychology, 61, 153-166.

Berry, M.J. II, Brivanlou, [.H., Jordan, T.A. &
Meister, M. (1999). Anticipation of moving
stimuli by the retina. Nature, 398, 334-338.

Biersdorf, W.R., Ohwaki, S. & Kozil, D.J. (1963).
The effect of instructions and oculomotor
adjustments on apparent size. American Journal
of Psychology, 76, 1-17.

Blakemore, M.R. & Snowden, R.J. (1999). The effect
of contrast upon perceived speed: a general
phenomenon? Perception, 28, 33-48.

Brookes, A. & Stevens, K.A. (1989). The analogy
between stereo depth and brightness. Perception,
18, 601-614.

Brooks, K. & Mather, G. (2000). Perceived speed of
motion in depth is reduced in the periphery.
Vision Research, 40, 3507-3516.

Brooks, K. (2001). Stereomotion speed perception is
contrast dependent. Perception, 30, 725-731.

Brown, J.F. (1931). The visual perception of velocity.
Psychologische Forschung, 14, 199-232.

Systematization of illusions 29

Burbeck, C.A. (1987). Locus of spatial-frequency
discrimination. Journal of the Optical Society of
America A, 4, 1807-1813.

Burr, D. (2000). Motion vision: Are ‘speed lines’
used in human visual motion? Current Biology,
10, R440-R443.

Burr, D.C. & Ross, J. (2002). Direct evidence that
“speedlines” influence motion mechanisms.
Journal of Neuroscience, 22, 8661-8664.

Cai, R. & Schlag, J. (2001). A new form of illusory
conjunction  between color and  shape.
Proceedings of the 1" Annual Meeting of the
Vision Science Society, p. 127.

Cai, RH. & Cavanagh, P. (2002). Motion
interpolation of a unique feature into stimulus
gaps and blind spots. Proceedings of the 2™
Annual Meeting of the Vision Science Society, p.
16.

Campbell, F.W. & Maffei, L. (1981). The influence
of spatial frequency and contrast on the perception
of moving patterns. Vision Research, 21, 713-721.

Cannon, M.W. & Fullenkamp, S.C. (1991). Spatial
interactions in apparent contrast: inhibitory effects
among grating patterns of different spatial
frequencies, spatial positions and orientations.
Vision Research, 31, 1985-1998.

Cannon, M.W.Jr & Fullenkamp, S.C. (1993). Spatial
interactions in apparent contrast: individual
differences in enhancement and suppression
effects. Vision Research, 33, 1685-1695.

Carlson, V.R. (1960). Overestimation in size-
constancy judgments. American Journal of
Psychology, 73, 199-213.

Carlson, V.R. (1962). Size-constancy judgments and
perceptual compromise. Journal of Experimental
Psychology, 63, 68-73.

Cesaro, A.L. & Agostini, T. (1998). The trajectory of
a dot crossing a pattern of tilted lines is
misperceived. Perception and Psychophysics, 60,
518-523.

Changizi, M.A. (2001). 'Perceiving the present' as a
framework for ecological explanations of the
misperception of projected angle and angular size.
Perception, 30, 195-208.

Changizi, M.A. (2003). The Brain from 25,000 Feet:
High Level Explorations of Brain Complexity,
Perception, Induction and Vagueness. Kluwer
Academic, Dordrecht.



Changizi, M.A. & Widders, D. (2002). Latency
correction explains the classical geometrical
illusions. Perception, 31, 1241-1262.

Changizi MA & Shimojo S. "X-ray vision" and the
evolution of forward-facing eyes. Under review.

Chubb, C., Sperling, G. & Solomon, J.A. (1989).
Texture interactions determine perceived contrast.
Proceedings of the National Academy of Science
US4, 86, 9631-9635.

Coren, S. & Girgus, J.S. (1978). Seeing is Deceiving:
The Psychology of Visual Illusions. Erlbaum,
Hillsdale, NJ.

Coren, S., Girgus, J.S., Erlichman, H. & Hakstian,
A.R. (1976). An empirical taxonomy of visual
illusions. Perception and Psychophysics, 20, 129-
137.

Craig, E.J. (1969). Phenomenal geometry. British
Journal for the Philosophy of Science, 20, 121-
134.

Cutting, J.E. (2002). Representing motion in a static
image: Constraints and parallels in art, science,
and popular culture. Perception, 31, 1165-1194.

Cutting, J.E. & Vishton, P.M. (1995). Perceiving
layout and knowing distance: The integration,
relative potency, and contextual use of different
information about depth. In Epstein, W. &
Rogers, S. (Eds.) Handbook of Perception and
Cognition. Vol. 5: Perception of Space and
Motion (pp. 69-117). Academic Press, San Diego.

Daniels, N. (1972). Thomas Reid’s discovery of a
non-euclidean geometry. Philosophy of Science,
39, 219-234.

Davis, E.T. (1990). Modeling shifts in perceived
spatial frequency between the fovea and
periphery. Journal of the Optical Society of
America A, 7, 286-296.

De Valois, R.L. & De Valois, K.K. (1991). Vernier
acuity with stationary moving gabors. Vision
Research, 31, 1619-1626.

De Weert, C.M.M., Snoeren, P.R. & Puts, M.J.H.
(1998). Mutual dependence of luminance, size,
and disparity in depth, size and luminance
discrimination tasks. Perception, 27 (suppl.) ,
111.

Diener, H.C., Wist, E.R., Dichgans, J. & Brandt, T.
(1976). The spatial frequency effect on perceived
velocity. Vision Research, 16, 169-176.

Dworkin, L. (1997). The effects of brightness contrast
and stimulus presentation and duration on the
magnitude of the Oppel-Kundt illusion. A thesis

Systematization of illusions 30
in the Department of Psychology, Concordia
University.

Edwards, M. & Badcock, D.R. (2003). Motion
distorts perceived depth. Vision Research, 43,
1799-1804.

Eggert, T., Ditterich, J. & Straube, A. (2001).
Mislocalization of peripheral targets during
fixation. Vision Research, 41, 343-352.

Ehrenstein, W. (1925). Versuche ueber
Beziehungen  zwischen = Bewegungs-  und
Gestaltwahrnehmung.  (Experiments on the
relationships between the perception of motion
and of gestalt). Zeitschrift fuer Psychologie, 96,
305-352

Ejima, Y. & Takahashi, S. (1985). Apparent contrast
of a sinusoidal grating in the simultaneous
presence of peripheral gratings. Vision Research,
25, 1223-1232.

Enright, J.T. (1989). Manipulating stereopsis and
vergence in an outdoor setting: moon, sky and
horizon. Vision Research, 29, 1815-1824.

Epstein, W., Park, J. & Casey, A. (1961). The current
status  of the size-distance  hypothesis.
Psychological Bulletin, 58, 491-514.

Farne, M. (1972). Studies on induced motion in the
third dimension. Perception, 1, 351-357.

Farne, M. (1977). Motion in depth induced by
brightness changes in the background. Perception,
6,295-297.

Foley, JM. (1972). The size-distance relation and
intrinsic geometry of visual space: implications
for processing. Vision Research, 12,323-332.

Foster, C. & Altschuler, E.L. (2001). The bulging
grid. Perception, 30, 393-395.

Geesaman, B.J. & Qian, N. (1996). A novel speed
illusion involving expansion and rotational
patterns. Vision Research, 36, 3281-3292.

Gegenfurtner, K.R. & Hawken, M.J. (1996).
Perceived velocity of luminance, chromatic and
non-fourier stimuli: influence of contrast and
temporal frequency. Vision Research, 36, 1281-
1290.

Geisler, W.S. (1999). Motion streaks provide a spatial
code for motion direction. Nature, 400, 65-69.
Geisler, W.S., Albrecht, D.G., Crane, A.M. & Stern,
L. (2001). Motion direction signals in the primary
visual cortex of cat and monkey. Visual

Neuroscience, 18, 501-516.

die



Gelb, D.J. & Wilson, H.R. (1983). Shifts in perceived
size as a function of contrast and temporal
modulation. Vision Research, 23, 71-82.

Georgeson, M.A. (1980). Spatial frequency analysis
in early visual processing. Phil Trans R Soc Lond
B, 290, 11-22.

Georgeson, M.A. (1991). Contrast overconstancy.
Journal of the Optical Society of America A, 8,
579-586.

Gibson, J.J. (1950). The Perception of the Visual
World. Houghton Mifflin, Boston.

Gilinsky, A.S. (1955). The effect of attitude upon the
perception of size. American Journal of
Psychology, 68, 173-192.

Gillam, B.J. (1998). Illusions at century's end. In
Hochberg J (Ed.) Perception and Cognition at
Century's End (pp. 98-137). Academic Press, San
Diego.

Gogel, W.C. & Eby, D.W. (1997). Measures of
perceived linear size, sagittal motion, and visual
angle from optical expansions and contractions.
Perception and Psychophysics, 59, 783-806.

Gogel, W.C. & McNulty, P. (1983). Perceived
velocity as a function of reference mark density.
Scandinavian Journal of Psychology, 24, 257-
265.

Graham, M. & Rogers, B. (1982). Simultaneous and
successive contrast effects in the perception of
depth from motion-parallax and stereoscopic
information. Perception, 11, 247-262.

Harker, G.S. (1962). Apparent frontoparallel plane,
stereoscopic  correspondence, and induced
cyclotorsion of the eyes. Perceptual and Motor
Skills, 14, 75-87.

Hawken, M.J., Gegenfurtner, K.R. & Tang, C. (1994).
Contrast dependence of colur and luminance
motion mechanisms in human vision. Nature,
367,268-270.

Heinemann, E.G., Tulving, E. & Nachmias, J. (1959).
The effect of oculomotor adjustments on apparent
size. American Journal of Psychology, 72, 32-45.

Helmholtz, H. von (1867/1962). Treatise on
Physiological Optics vol 3 (New York: Dover,
1962); English translation by JPC Southall for the
Optical Society of America (1925) from the 3rd
German edition of Hundbuch der Physiologischen
Optik (Voss, Hamburg, 1910; first published in
1867, Voss, Leipzig).

Systematization of illusions 31

Helson, H. (1963). Studies of anomalous contrast and
assimilation. Journal of the Optical Society of
America, 53, 179-184.

Hess, C.V. (1904). Untersuchungen iiber den
Erregungsvorgang in Sehorgan bei Kurz- und bei
langer dauernder Reizung. Pfliigers Arch Gesamte
Physiol, 101, 226-262.

James, W. (1950). Principles of Psychology. Vol 11
(New York: Dover), originally published 1890.
Jenkin, N. & Hyman, R. (1959). Attitude and
distance-estimation as variables in size-matching.

American Journal of Psychology, 72, 68-76.

Johansson, G. (1950). Configurations in the
perception of velocity. Acta Psychologica, 7, 25-
79.

Joynson, R.B. (1949). The problem of size and
distance. Quarterly Journal of Experimental
Psychology, 1, 119-135.

Kaneko, H. & Uchikawa, K. (1993). Apparent
relative size and depth of moving objects.
Perception, 22, 537-547.

Kaneko, H. & Uchikawa, K. (1997). Perceived
angular and linear size: the role of binocular
disparity and visual surround. Perception, 26, 17-
27.

Katz, E., Gizzi, M.S., Cohen, B. & Malach, R.
(1990). The perceived speed of object motion
varies inversely with distance travelled.
Perception, 19, 387.

Kaufman, L. & Rock, 1. (1962). The moon illusion, I.
Science, 136, 953-961.

Kaufman, L. & Kaufman, J.H. (2000). Explaining the
moon illusion. Proceedings of the National
Academy of Science USA, 97, 500-505.

Kerzel, D. (2002b). Memory for the position of
stationary objects: disentangling foveal bias and
memory averaging. Vision Research, 42, 159-167.

Khurana, B., Watanabe, R. & Nijhawan, R. (2000).
The role of attention in motion extrapolation: Are
moving objects 'corrected' or flashed objects
attentionally delayed? Perception, 29, 675-692.

Klein, S., Stromeyer, C.F. IIl & Ganz, L. (1974). The
simultaneous  spatial  frequency  shift: a
dissociation between the detection and perception
of gratings. Vision Research, 14, 1421-1432.

Komoda, M.K. & Ono, H. (1974). Oculomotor
adjustments and  size-distance  perception.
Perception and Psychophysics, 15, 353-360.

Kooi, F.L., De Valois, K.K., Grosof, D.H., & De
Valois, R.L. (1992). Properties of the



recombination of one-dimensional motion signals
into a pattern motion signal. Perception and
Psychophysics, 52, 415-424.

Kulikowski, J.J. (1972). Relation of psychophysics to
electrophysiology. Trace, Paris, 6, 64-69.

Kulikowski, J.J. (1975). Apparent fineness of briefly
presented gratings: balance between movement
and pattern channels. Vision Research, 15, 673-
680.

Ledgeway, T. & Smith, A.T. (1995). The perceived
speed of second-order motion and its dependence
on stimulus contrast. Vision Research, 35, 1421-
1434.

Leibowitz, H., Brislin, R., Perlmutter, L. & Hennessy,
R. (1969). Ponzo perspective illusion as a
manifestation of space perception. Science, 166,
1174-1176.

Leibowitz, H.W. & Harvey, L.O. Jr. (1969). Effect of
instructions, environment, and type of test object
on matched size. Journal of Experimental
Psychology, 81, 36-43.

Lennie, P. (1981). The physiological basis of
variations in visual latency. Vision Research, 21,
815-824.

Lewis, C.F. & McBeath, M.K. (2004). Bias to
experience approaching motion in a three-
dimensional virtual environment. Perception, 33,
259-276.

Lewis, E.O. (1912-1913). The illusion of filled and
unfilled space. British Journal of Psychology, 3,
36-50.

Liu, L. & Schor, C.M. (1998). Functional division of
the retina and binocular correspondence. Journal
of the Optical Society of America A, 15, 1740-
1755.

Livingstone, M.S. & Hubel, D.H. (1987).
Psychophysical evidence for separate channels for
the perception of form, color, movement, and
depth. Journal of Neuroscience, 7,3416-3468.

Loomis, J.M. & Nakayama, K. (1973). A velocity
analogue of brightness contrast. Perception, 2,
425-428.

Lucas, J.R. Euclides ab omni

(1969). naevo

vindicatus. British Journal for the Philosophy of

Science, 20, 1-11.
Mack, A. (1978). Three modes of visual perception.

In Pick MH & Saltzman E (Eds.) Modes of

Perceiving and Information Processing (pp. 171-
186). Erlbaum, Hillsdale, NJ.

Systematization of illusions 32

MacKay, D.M. (1973). Lateral interaction between
neural channels sensitive to texture density?
Nature, 245, 159-161.

Maddess, T. & Kulikowski, J.J. (1999). Apparent
fineness of stationary compound gratings. Vision
Research, 39, 3404-3416.

Massaro, D.W. & Anderson, N.H. (1971). Judgmental
model of the Ebbinghaus illusion. Journal of
Experimental Psychology, 89, 147-151.

Mateeft, S. & Gourevich, A. (1983). Peripheral vision
and perceived visual direction. Biological
Cybernetics, 49, 111-118.

Maunsell, JH.R. & Gibson, J.R. (1992). Visual
response latencies in striate cortex of the macaque
monkey. Journal of Neurophysiology, 68, 1332-
1344.

McCourt, M.E. (1982). A spatial frequency dependent
grating-induction effect. Vision Research, 22,
119-134.

McCready, D. (1965). Size-distance perception and
accommodation-convergence micropsia—a
critique. Vision Research, 5, 189-206.

McCready, D. (1985). On size, distance, and visual
angle perception. Perception and Psychophysics,
37,323-334.

McCready, D. (1986). Moon illusions redescribed.
Perception and Psychophysics, 39, 64-72.

McKee, S.P., Silverman, G.H. & Nakayama, K.
(1986). Precise velocity discrimination despite
variations in temporal frequency and contrast.
Vision Research, 26, 609-619.

McKee, S.P. & Welch, L. (1989). Is there a constancy
for velocity? Vision Research, 29, 553-561.

McKee, S.P. & Welch, L. (1992). The precision of
size constancy. Vision Research, 32, 1447-1460.

McKee, S.P. & Smallman, H.S. (1998). Size and
speed constancy. In Walsh V & Kulikowski J
(Eds.) Perceptual Constancy: Why Things Look
As They Do (pp. 373-408). Cambridge University
Press, Cambridge.

Miiller, R. & Greenlee, M.W. (1994). Effect of
contrast and adaptation on the perception of the
direction and speed of drifting gratings. Vision
Research, 34,2071-2092.

Murakami, 1. & Shimojo, S. (1993). Motion capture
changes to induced motion at higher luminance
contrasts, smaller eccentricities, and larger
inducer sizes. Vision Research, 33,2091-2107.

Miisseler, J., van der Heijden, A.H.C., Majmud, S.H.,
Deubel, H. & Ertsey, S. (1999). Relative



mislocalization of briefly presented stimuli in the
retinal periphery. Perception and Psychophysics,
61, 1646-1661.

Newsome, L.R. (1972). Visual angle and apparent
size of objects in peripheral vision. Perception
and Psychophysics, 12, 300-304.

Nijhawan, R. (1994). Motion extrapolation
catching. Nature, 370, 256-257.

Nijhawan, R. (1997). Visual decomposition of colour
through motion extrapolation. Nature, 386, 66-69.

Nijhawan, R. (2001). The flash-lag phenomenon:
object motion and eye movements. Perception,
30, 263-282.

Nijhawan, R. (2002). Neural delays, visual motion
and the flash-lag effect. Trends in Cognitive
Science, 6, 387-393.

Ono, H. (1966). Distal and projected size under
reduced and non-reduced viewing conditions.
American Journal of Psychology, 79, 234-241.

Oppel, J.J. (1854-1855). Uber geometrisch-optische
Tauschungen. Jahresbericht des Frankfurter
Vereins. pp. 37-47.

Orbison, W.D. (1939). Shape as a function of the
vector-field. American Journal of Psychology, 52,
31-45.

Over, R. (1960). The effect of instructions on size-
judgments under reduction-conditions. American
Journal of Psychology, 73, 599-602.

Oyama, T. & Iwawaki, S. (1972). Role of
convergence and binocular disparity in size
constancy. Psychol Forsch, 35, 117-130.

Palmer, S.E. (1999). Vision Science: Photons to
Phenomenology. MIT Press, Cambridge.

Pantle, A. (1992). Immobility of some second-order
stimuli in human peripheral vision. Journal of the
Optical Society of America A, 9, 863-867.

Parker, A. (1981). Shifts in perceived periodicity
induced by temporal modulation and their
influence on the spatial frequency tuning of two
aftereffects. Vision Research, 21, 1739-1747.

Parker, A. (1983). The effects of temporal modulation
on the perceived spatial structure of sine-wave
gratings. Perception, 12, 663-682.

Pastore, N. & Terwilliger, M. (1966). Induction of
stereoscopic depth effects. British Journal of
Psychology, 57,201-202.

Pastore, N. (1964). Induction of a stereoscopic depth
effect. Science, 144, 888.

Pierce, B.J., Howard, I.P. & Feresin, C. (1998). Depth
interactions between inclined and slanted surfaces

n

Systematization of illusions 33
in vertical and horizontal orientations. Perception,
27, 87-103.

Ramachandran, V.S. (1987). Interaction between
colour and motion in human vision. Nature, 328,
645-647.

Ramachandran, V.S. & Anstis, S.M. (1990). Illusory
displacement of equiluminous kinetic edges.
Perception, 19, 611-616.

Raymond, J.E. & Darcangelo, S.M. (1990). The effect
of local luminance contrast on induced motion.
Vision Research, 30, 751-756.

Redding, G.M. (2002). A test of size-scaling and
relative-size hypotheses for the moon illusion.
Perception and Psychophysics, 64, 1281-1289.

Regan, D. & Beverly, K.I. (1982). How do we avoid
confounding the direction we are looking and the
direction we are going? Science, 215, 194-196.

Reid, T. (1813). Works. In Four Volumes. Stewart,
Dugald, et al. Inquiry Into the Human Mind,
Charlestown: Samuel Etheridge, Jr., in vol 1.

Reinhardt-Rutland, A.H. (1983). Induced movement-
in-depth: Relative location of static stimulus and
direction asymmetry. Perceptual and Motor
Skills, 57,255-258.

Rentschler, 1., Hilz, R. & Grimm, W. (1975).
Processing of positional information in the human
visual system. Nature, 253, 444-445.

Rentschler, 1., Hilz, R., Siitterlin, C. & Noguchi, K.
(1981). Illusions of filled lateral and angular
extent. Experimental Brain Research, 44, 154-
158.

Restle, F. (1970). Moon illusion explained on the
basis of relative size. Science, 167, 1092-1096.
Robinson, E.J. (1954). The influence of photometric
brightness on judgments of size. American

Journal of Psychology, 67, 464-474.

Rock, I. (1983). The Logic of Perception. MIT Press,
Cambridge.

Rock, I. & Kaufman, L. (1962). The moon illusion, II.
Science, 136, 1023-1031.

Rock, I. & McDermott, W. (1964). The perception of
visual angle. Acta Psychologica, 22, 119-134.
Rogers, B.J. & Graham, M.E. (1983). Anisotropies in
the perception of three-dimensional surfaces.

Science, 221, 1409-1411.

Ross, J., Badcock, D.R. & Hayes, A. (2000).
Coherent global motion in the absence of coherent
velocity signals. Current Biology, 10, 679-682.



Sato, M. & Howard, I.P. (2001). Effects of disparity-
perspective cue conflict on depth contrast. Vision
Research, 41, 415-426.

Schiffman, H.R. & Thompson, J.G. (1978). The role
of apparent depth and context in the perception of
the Ponzo illusion. Perception, 7, 47-50.

Schlag, J., Cai, R.H., Dorfman, A., Mohempour, A. &
Schlag-Rey, M. (2000). Extrapolating movement
without retinal motion. Nature, 403, 38-39.

Schlykowa, L., Ehrenstein, W.H., Cavonius, C.R. &
Arnold, B.E. (1993). Perception, 22 suppl, 97.

Schmolesky, M.T., Wang, Y., Hanes, D.P.,
Thompson, K.G., Leutger, S., Schall, J.D. &
Leventhal, A.G. (1998). Signal timing across the
macaque visual system. Journal of
Neurophysiology, 79, 3272-3278.

Schneider, B., Ehrlich, D.J., Stein, R., Flaum, M. &
Mangel, S. (1978). Changes in the apparent
lengths of lines as a function of degree of retinal
eccentricity. Perception, 7,215-223.

Schrater, P.R., Knill, D.C. & Simoncelli, E.P. (2001).
Perceiving visual expansion without optic flow.
Nature, 410, 816-819.

Sedgwick, H.A. (1986). In Boff KR, Kaufman L &
Thomas JP (Eds.) Handbook of Perception and
Human Performance, Vol 1: Sensory Processes
and Perception (pp. 21.1-21.57). New York,
Wiley.

Sedgwick, H.A. & Nicholis, A.L. (1993). Interaction
between surface and depth in the Ponzo illusion.
Investigations in  Ophthalmology and Vision
Science, 34, 1184.

Sheth, B.R., Nijhawan, R. & Shimojo, S. (2000).
Changing objects lead briefly flashed ones.
Nature Neuroscience, 3,489-495.

Sheth, B.R. & Shimojo, S. (2001). Compression of
space in visual memory. Vision Research, 41,
329-341.

Smith, A.T. & Edgar, G.K. (1990). The influence of
spatial frequency on perceived temporal
frequency and perceived speed. Vision Research,
30, 1467-1474.

Snowden, R.J. (1999). The bigger they are the slower
they move: the effects of field size on speed
discrimination. Perception, 28, 24S.

Snowden, R.J. & Hammett, S.T. (1998). The effects
of surround contrast on contrast thresholds,
perceived contrast and contrast discrimination.
Vision Research, 38, 1935-1945.

Systematization of illusions 34

Snowden, R.J., Stimpson, N. & Ruddle, R.A. (1998).
Speed perception fogs up as visibility drops.
Nature, 392, 450.

Solomon, J.A., Sperling, G. & Chubb, C. (1993). The
lateral inhibition of perceived contrast is
indifferent to on-ceneter/off-center segregation,
but specific to orientation. Vision Research, 33,
2671-2683.

Steger, J.A. (1969). Visual lightness assimilation and
contrast as a function of differential stimulation.
American Journal of Psychology, 82, 56-72.

Stone, L.S. & Thompson, P. (1992). Human speed
perception is contrast dependent. Vision Research,
32, 1535-1549.

Swanston, M.T. (1984). Displacement of the path of
perceived movement by intersection with static
contours. Perception and Psychophysics, 36, 324-
328.

Takeuchi, T. & De Valois, K.K. (2000). Modulation
of perceived contrast by a moving surround.
Vision Research, 40, 2697-2709.

te Pas, S.F., Rogers, B.J. & Ledgeway, T. (1997). A
curvature contrast effect for stereoscopically-
defined surfaces. Applied Vision Association
Meeting on Depth Perception, UK.

Thompson, P. (1982). Perceived rate of movement
depends on contrast. Vision Research, 22, 377-
380.

Thouless, R.H. (1931). Phenomenal regression to the
real object. 1. British Journal of Psychology, 21,
339-359.

Treue, S., Snowden, R.J. & Andersen, R.A. (1993).
The effect of transiency on perceived velocity of
visual patterns: a case of ‘temporal capture’.
Vision Research, 33, 791-798.

Tynan, P. & Sekuler, R. (1974). Perceived spatial
frequency varies with stimulus duration. Journal
of the Optical Society of America, 64, 1251-1255.

Tynan, P. & Sekuler, R. (1975). Simultaneous motion
contrast: velocity, sensitivity and depth response.
Vision Research, 15, 1231-1238.

Tynan, P.D. & Sekuler, R. (1982). Motion processing
in peripheral vision: reaction time and perceived
velocity. Vision Research, 22, 61-68.

van Ee, R., Banks, M.S. & Backus, B.T. (1999). An
analysis of binocular slant contrast. Perception,
28,1121-1145.

Virsu, V. (1974). Dark adaptation shifts apparent
spatial frequency. Vision Research, 14, 433-435.



Virsu, V. & Nyman, G. (1974). Monophasic temporal
modulation increases apparent spatial frequency.
Perception, 3,337-363.

Virsu, V., Nyman, F., Lehtio, P.K. (1974). Diphasic
and polyphasic temporal modulations multiply
apparent spatial frequency. Perception, 3, 323-
336.

Virsu, V. & Vuorinen, R. (1975). Dark adaptation and
short-wavelength backgrounds decrease perceived
size. Perception, 4, 19-34.

Wade, N.J. & Swanston, M.T. (1984). Illusions of
size change in dynamic displays. Perception and
Psychophysics, 35, 286-290.

Walker, J.T. (1978). Brightness enhancement and the
Talbot level in stationary gratings. Perception and
Psychophysics, 23, 356-359.

Walker, P. & Powell, D.J. (1974). Lateral interaction
between neural channels sensitive to velocity in
the human visual system. Nature, 252, 732-733.

Wallace, G.K. (1975). The effect of contrast on the
Zollner illusion. Vision Research, 15, 963-966.

Wann, J.P. & Swapp, D.K. (2000). Why you should
look where you are going. Nature Neuroscience 3,
647-648.

Watamaniuk, S.N.J., Grzywacz, N.M. & Yuille, A.L.
(1993). Dependence of speed and direction
perception on cinematogram dot density. Vision
Research, 33, 849-859.

Weale, R.A. (1975). Apparent size and contrast.
Vision Research, 15, 949-955.

Weale, R.A. (1978). Experiments on the Zollner and
related optical illusions. Vision Research, 18, 203-
208.

Weintraub, D.J. & Schneck, M.K. (1986). Fragments
of Delboeuf and Ebbinghaus illusions:
contour/context explorations of misjudged circle
size. Perception and Psychophysics, 40, 147-158.

Werner, H. (1938). Binocular depth contrast and the
conditions of the binocular field. American
Journal of Psychology, 51, 489-497.

Whitaker, D., McGraw, P.V. & Pearson, S. (1999).
Non-veridical size perception of expanding and
contracting objects. Vision Research, 39, 2999-
30009.

Whitney, D. & Cavanagh, P. (2000). Motion distorts
visual space: shifting the perceived position of
remote stationary objects. Nature Neuroscience,
3, 954-959.

Widders, D & Changizi, M.A. (2001). Latency
correction explains radial display illusions. Paper

Systematization of illusions 35
presented at the “Mechanisms of Behavior”
conference for the Duke summer research
program for undergraduates, under the mentorship
of Changizi MA.

Wilkie, RM. & Wann, J.P. (2003). Eye-movements
aid the control of locomotion. Journal of Vision 3,
677-684.

Yu, C., Klein, S.A. & Levi, D.M. (2001). Surround
modulation of perceived contrast and the role of
brightness induction. Journal of Vision, 1, 18-31.

Zanker, J.M., Quenzer, T. & Fahle, M. (2001).
Perceptual deformation induced by visual motion.
Naturewissenschaften, 88, 129-132.

Zhang, J., Yeh, S-L. & De Valois. (1993). Motion
contrast and motion integration. Vision Research,
33,2721-2732.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


