
Estimating the time that an object will take to reach an 
observer is important for many daily tasks (e.g., intercept-
ing or hitting balls during some sports, avoiding collisions 
when we navigate). If the object of interest—for example, 
a ball—is moving straight toward the observer’s eyes, its 
image expands isotropically during the whole trajectory. 
In such cases, optical variables can provide reliable infor-
mation about time to contact. For example, the ratio (t) 
between the visual angle q and the rate of expansion dq/dt 
of the approaching object’s image signals the correct time 
to contact for an object moving at constant speed. Several 
authors have suggested that people use this ratio in vari-
ous daily tasks (e.g., Lee & Lishman, 1977; Lee, Young, 
Reddish, Lough, & Clayton, 1983; Todd, 1981). Several 
variations on this ratio have proven to be relevant for 
judging time to contact as well (see, e.g., López-Moliner 
& Bonnet, 2002; Rushton & Wann, 1999; Smith, Flach, 
Dittman, & Stanard, 2001). However, we do not interact 
only with objects that are traveling at a constant speed in a 
head-on approach, and we certainly do not always “inter-
act” with them with our forehead. For instance, we often 
catch objects that would pass us if they were not caught 

some distance from the eyes. Thus, it seems reasonable to 
think that we often need to know how much time an object 
will take to pass arbitrary points of interest in space. Time-
to-passage (TTP) studies aim at dealing with this kind of 
situation. For practical reasons, TTP is often defined in the 
literature (sometimes implicitly) as the time it will take 
an object to pass an imaginary vertical plane that passes 
through the observer’s eyes (e.g., Kaiser & Mowafy, 1993; 
Regan, 2002). This is what we will do here as well.

When an object is not moving straight toward the ob-
server’s eyes, TTP is not related to the relative rate of ex-
pansion in as straightforward a manner as is time to con-
tact. Several more complicated optical measures specify 
the moment at which the object will reach a fixed position. 
These measures make use of additional information about 
angular velocity and binocular vision (e.g., Bootsma & 
Craig, 2002; Lee, Georgopoulos, Clark, Craig, & Port, 
2001; Peper, Bootsma, Mestre, & Bakker, 1994; Regan, 
2002; Tresilian, 1991, 1993).

If the object that is going to pass the observer is not a 
sphere, its image is likely to undergo deformations (i.e., 
not to expand isotropically), making expansion a less 
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straightforward variable for estimating the rate of change 
in distance (e.g., Gray & Regan, 2000). Most studies have 
considered measures based on the outline of the object in 
question (usually a sphere). Here, we examine whether 
motion of texture within the object and knowledge of the 
object’s shape (in which texture may play an important 
role) are important for judging TTP. In the following sec-
tions, we will introduce three possible ways in which tex-
ture might contribute to estimating TTP.

Adding Local Expansion
Consider the case of a textured sphere that is going to 

pass you (see Figure 1A). In principle, optical specifi-
cation of the time remaining until the sphere reaches a 
fixed point is available in the global optic flow (Kaiser & 
Mowafy, 1993; Tresilian 1991, 1993). This specification 
has generally been assumed to be determined by the image 
outline. However, if the object’s surface is textured, tex-
ture elements can provide an estimate of the TTP of that 
part of the sphere (local t1; see Tresilian, 1991). Having 
expansion within the outline as well as expansion of the 

outline will stimulate more (looming) detectors and could 
thereby give rise to more precise judgments. Previous 
studies on how the visual system integrates local motion 
signals (e.g., Morrone, Burr, & Vaina, 1995) leave open 
such possibilities to obtain a better estimate of the rate 
of expansion. Indeed, Vincent and Regan (1997) showed 
that time to contact was underestimated when texture ex-
panded at a higher rate than the outline. However, this ap-
plied to motion on a collision course, and the objects they 
used did not correspond to real rigid objects. Note that 
different rates of expansion can arise within rigid objects; 
for instance, the relative rate of expansion of visible tex-
ture elements at the front of an approaching rigid sphere 
is higher than that of the outline, because these elements 
are nearer to the observer. Whether or not veridical local 
expansion improves judgments of TTP is therefore still an 
open question.

Motion From Changes in Relative Orientation
A second way in which texture could be used to judge 

TTP can be illustrated by considering a car that is going 
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Figure 1. Sketches of the different conditions used in Experiment 1. The top (A, D, and G) 
and middle (B, E, and H) rows of panels show top views of the nonrotating and rotating ob-
jects, respectively. The bottom row of panels (C, F, and I) shows side views (which are the same 
for rotating and nonrotating objects) and are on a smaller scale. The three columns show the 
three kinds of objects: textured spheres (left), textured disks (middle), and uniform disks 
(right). V, velocity of approach to the plane of the observer; Vr, rotational velocity.
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to pass you. As it approaches, you see different parts of 
the car: When it is far away, you see mainly the front, but 
later on you see more and more of the side. Similarly, 
for the sphere in Figure 1A, the shift of texture elements 
relative to the outline could help one judge the sphere’s 
displacement. The rate at which the view changes (as is 
evident from the shift of the texture within the outline) 
is related to the motion of the sphere (assuming that the 
sphere is not rotating). Thus, a shift of texture elements 
could provide additional independent information about 
the object’s motion.

Li and Laurent (1995) examined whether the rate at 
which texture is occluded as a ball rolls toward the subject 
has an effect on time to contact. Note that this is a very dif-
ferent issue from the one studied here, because it specifi-
cally relies on the ball’s rotating in space as it rolls across 
the ground surface to facilitate judgment of the object’s 
velocity. Li and Laurent found that, whereas the time at 
which an action was initiated was not affected by the rate 
of texture occlusion, the velocity of the action was.

Knowing the Shape
The third way in which texture could help one judge 

TTP is less direct: Using texture to better judge an object’s 
shape may help get rid of errors that arise from changes in 
the orientation of the target relative to the line of sight (as 
discussed in a different context in the previous section). 
The image of the sphere illustrated in Figure 1A expands 
isotropically. The horizontal and vertical projections of the 
retinal image (angles b and a) expand at the same rate (see 
Figure 1A and the corresponding side view in Figure 1C). 
In this case, TTP could be estimated by combining expan-
sion with angular velocity (Bootsma & Oudejans, 1993; 
Gray & Sieffert, 2005). However, when the rate of expan-
sion is not isotropic, matters are more complicated. Con-
sider, for example, a disk oriented in the frontal plane that 
is going to pass an observer (Figure 1D). As it approaches 
the observer, the disk’s image deforms. At some time, 
its horizontal extent (angle b) even shrinks, whereas its 
vertical extent (angle a) expands (see Figures 1D and 1G 
and the corresponding side views in Figures 1F and 1I). 
This results in a dramatically lower rate of expansion of 
the area of the projected image for a disk than for a ball, 
and could therefore give rise to an overestimation of the 
remaining time for a disk. If we know the object’s shape, 
we can anticipate such effects. Do our expectations about 
the optic flow affect our judgments of when an object is 
going to pass us? An alternative would be to use only the 
expansion in the direction orthogonal to the object’s mo-
tion (Tresilian, 1991). (In our examples, that would be the 
vertical expansion.) Finding that the expected deforma-
tion influences judgments of TTP would imply that texture 
could help judge TTP by providing information about the 
shape of the approaching object.

Manipulating the Optic Flow
The influence of changes in orientation on the per-

ceived velocity of approach has been studied before (Gray 
& Regan, 2000; Li & Laurent, 1995; Scott, Li, & Davids, 

1996; Scott, van der Kamp, Savelsbergh, & Oudejans, 
2004). However, this always involved rotations of the 
objects in space. When such rotations reduced the global 
change in retinal image size, the objects appeared to be 
approaching more slowly. The reduction of image expan-
sion in the situation shown in Figure 1D is completely dif-
ferent in that it is intrinsic to the path: It is expected if the 
object is not rotating.

In order to evaluate the three above-mentioned ways in 
which texture could help one judge TTP (local expansion, 
relative orientation, and knowing shape), we compared 
judgments for textured and uniform objects that either did 
or did not rotate as they moved. When they rotated, the 
rotation was such that the same part of the object remained 
visible (when the object was a sphere) or the outline did 
not change (when the object was a disk). Note that in the 
latter case the lateral contraction is eliminated, which 
could be taken to indicate that the disk is not approach-
ing very fast; nevertheless, the rate of expansion of its 
area increases, which could be taken to indicate that it 
is approaching faster. Thus, if adding texture increases 
the resolution of estimates of important parameters such 
as the rate of expansion, we expect similar but more pre-
cise judgments for textured than for uniform objects. If 
changes in relative orientation contribute to the judgment, 
we expect both rotating disks and rotating spheres to ap-
pear to arrive later than ones that are not rotating, and that 
judgments will be more precise for nonrotating textured 
spheres than for rotating ones. If knowing the shape is 
essential to interpreting the expansion of the outline, then 
the velocity of textured rotating disks may be underesti-
mated whereas that of uniform ones is not, because the 
texture indicates that we are dealing with a disk, and we 
therefore expect lateral contraction. The uniform rotating 
disk is equivalent to a uniform sphere, which would not be 
expected to contract laterally.

ExpERIMEnT 1

Method
Subjects. Nine students of the University of Barcelona took part 

in the experiment. All had normal or corrected-to-normal vision and 
were naive with respect to the aims of the experiment. None of the 
subjects was stereo blind (StereoFly test, Stereo Optical Co.).

Stimuli and Apparatus. Stimuli were displayed on a Phillips 
22-in. monitor (Brilliance 202P4) at a refresh rate of 118 Hz and a 
screen resolution of 1,154 3 864 pixels. A 3Dlabs VP870 video card 
controlled the stereo shutter spectacles (CristalEyes). Simulated tar-
gets moved orthogonally to the frontal plane along a line that passed 
150 mm to the right of the midpoint between the subject’s eyes. The 
midpoint between the eyes was aligned with the left edge of the moni-
tor in order to increase the visual field on the right. Naturally, the im-
ages were also rendered in the correct perspective for viewing from 
this position. The screen was 1 m from the subject’s eyes.

The stimuli conformed to one of the six conditions shown in 
Figure 1. These conditions resulted from the use of three simulated 
objects, each of which could either rotate or not. The three objects 
were (1) a textured sphere (panels A, B, and C), (2) a textured disk 
(panels D, E, and F), and (3) a uniform disk (panels G, H, and I). The 
radius of all the simulated objects was 15 mm. This simulated radius 
subtended an initial angle within the range of 1.33º–2.20º and a final 
angle within the range of 2.72º–6.9º.
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Each of the three objects was presented either rotating around its 
vertical axis in a way that canceled the horizontal contraction of the 
disks’ images and texture shift within the spheres’ outlines (Figure 1, 
panels B, E, and H) or without such rotation (panels A, D, and G).

In order to ensure that the subjects used the judged time to contact 
rather than some other correlated measure, we combined various sim-
ulated velocities and starting distances. The simulated velocity could 
be 0.76, 0.83, 0.91, 1.0, 1.10, 1.20, or 1.32 m/sec. The simulated ini-
tial distance could be 0.78, 0.85, 0.93, 1.0, 1.09, 1.18, or 1.29 m. 
When these seven velocities and seven distances are combined, 24 of 
the 49 combinations arrive in less than 1 sec, 24 arrive in more than 
1 sec, and 1 arrives in exactly 1 sec. The shortest TTP was 0.594 sec, 
and the longest was 1.7 sec. The TTP was defined with respect to 
the front of the object (not its center) when the object was a sphere, 
but with respect to the center of the object, rather than the first edge 
to cross the plane through the subject’s eyes, when the object was a 
(rotating) disk. The total number of distinct stimuli was 294 [7 (ve-
locities) 3 7 (initial distances) 3 6 (texture combinations)].

procedure. Each simulated object was rotating when it appeared 
at its initial distance. It continued to rotate randomly about three 
orthogonal axes for 3 sec. The purpose of this rotation was twofold: 
first, to make sure that the subject had a clear idea of the shape of 
the object, and, second, to give the subject time to fixate the object. 
After 3 sec, the object started approaching the observer at the des-
ignated constant velocity. If the object was a disk, the rotation was 
planned so that it would always be oriented in the frontal plane at the 
moment that it started approaching. During the approach, there was 
no random rotation. The object remained visible for a random pre-
sentation time between 0.5 and 0.7 sec. Like Gray and Regan (1998), 
we used an auditory beep to designate the reference time. This beep 
was always presented exactly 1 sec after the object started approach-
ing. The subject was instructed to press one of two buttons to indi-
cate whether the front (and not the center) of the object had passed 
the eye plane before or after the reference beep was sounded. In each 
block, the subjects were shown all 294 stimuli in random order. Each 
subject took part in three blocks. At the beginning of each block, the 
subject practiced for 40 trials, selected at random from the 294 pos-
sibilities. Feedback was provided after each of these trials.

Analysis. We fit a logistic curve with two parameters (PSS and 
SD) to the proportion of “after-the-beep” responses as a function of 
TTP, as follows:

 P
t SD

=
+ −

1
1 exp[( ) / ]

.
PSS

 (1)

P is the probability of an “after-the-beep” response given a value t of 
the simulated TTP. PSS is the point of subjective simultaneity—that 
is, the TTP value that elicits 50% “after” responses. A larger PSS 
(curves shifted to the right) means that the object appears to ar-
rive earlier (fewer “after” responses) than simulated. SD is inversely 
related to the slope of the function. A fit of Equation 1 to the data 
points averaged across subjects gives a general impression of the 
data. In order to quantify the reliability of the results, we performed 
paired t tests on the parameters PSS and SD that were obtained by 
fitting Equation 1 to each individual subject’s data.

Results and Discussion
Figure 2 shows the results of Experiment 1. Figure 2A 

shows the proportion of “after” responses as a function 
of TTP with the best fit for each condition. Figures 2B 
and 2C show the mean PSS and SD, respectively, averaged 
across subjects, for each of the six conditions. The SD 
values were similar for all the conditions (0.12 sec) and 
consistent with values from previous studies (e.g., Gray 
& Regan, 2000; Regan & Hamstra, 1993). They are not 
much greater than values for synchronizing a flash with 
a beep (Brenner, van Beers, Rotman, & Smeets, 2006), 
so subjects appear to be able to do the extrapolation quite 

well. Adding texture did not improve the sensitivity of 
TTP judgments. However, the PSS was different in some 
conditions (in agreement with findings reported in Gray 
& Regan, 2000).

As we conducted multiple t test comparisons, we used a 
corrected critical alpha value (a 5 .02) that was obtained 
by applying the false discovery rate method (Benjamini & 
 Hochberg, 1995). The rotation that cancels the contraction 
of the outline made textured disks appear to arrive later [in 
paired t tests comparing rotating and nonrotating objects, 
t(8) 5 2.8, p 5 .02]. The corresponding difference was 
even stronger for uniform disks, but in that case the effect 
was not significant [t(8) 5 2.3, p 5 .05]. The difference 
between the two rotating disks (Figures 1E and 1H) was 
also not significant [t(8) 5 1.3, p 5 .22]. Note that the 
larger image expansion that occurred when the disk ro-
tated made the disk appear to arrive later, which is the 
opposite of what one would predict for the use of a global 
measure of expansion (or t).

A possible explanation for the systematic effect of ro-
tating the disks is that our subjects did not consider the 
center of the objects as the part that should cross them. 
The right side will pass the reference plane earlier than the 
center of the disk for rotating disks, but not for nonrotating 
disks. The time difference between the TTP for the side 
and for the center is, on average, about 12 msec. In our 
analysis, we used the TTP of the center of the disk. Obvi-
ously, the subjects did not use the front part of the rotating 
disk, because, if they had, the disk would have appeared 
to arrive earlier (larger PSS) for rotating disks. However, 
even basing judgments on the rear part of the rotating disk 
cannot explain the observed difference of 51 msec. Ro-
tating disks were also perceived to arrive about 56 msec 
later than spheres [t(8) 5 24.85, p , .001]. It is unlikely 
that this is because judgments were based on the wrong 
part of the sphere (e.g., the center rather than the front), 
because nonrotating disks were perceived to arrive in ap-
proximately the same amount of time as spheres [t(8) 5 
20.791, p 5 .43].

The shading of the symbols in Figure 2A indicates the 
simulated velocity. The correlation between simulated ve-
locity and TTP is evident: The darker symbols (greater 
velocities) are further to the left (smaller TTP). However, 
it is also clear that velocity alone cannot account for the 
subjects’ performance: Within the symbols for a given ve-
locity, we see systematic differences in the proportions of 
“after” responses for different values of TTP. Moreover, 
the correlation between simulated velocity (or initial dis-
tance) and TTP that arises from our independently varying 
velocity and initial distance obviously cannot account for 
the differences between the conditions. In our interpreta-
tion of the PSS data, we rely on the differences between 
the conditions, because other systematic errors could have 
many origins that are irrelevant for our questions, such 
as subjects’ misjudgment of the moment of the tone rela-
tive to that of the visual stimulus, or of the position of the 
reference plane.

In summary, this experiment shows that adding texture 
does not automatically make detection more precise; it did 
not increase the slopes of the psychometric functions (Fig-
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ures 2A and 2C). Thus, we find no evidence of judgments 
improving because more receptors are stimulated. Rotat-
ing the (textured) spheres also had no effect, suggesting 
that the changing view of the object is not used to estimate 
TTP—at least not under these conditions, in which objects 
sometimes do rotate. However, the subjects did not rely 
only on global expansion; if they had, we would expect 
rotating disks to appear to arrive earlier than nonrotating 
ones (or at the same time if only vertical expansion is 
considered). The fact that rotating disks appeared to ar-
rive later suggests that it is not the expansion itself that is 

critical, but the expansion in relation to one’s expectations. 
This is particularly evident from a comparison of the uni-
form rotating disks and textured spheres, because, in terms 
of the changing outline, simulating a uniform rotating disk 
is equivalent to simulating a uniform sphere. That is why 
we did not include uniform spheres in our simulation.

ExpERIMEnT 2

To further test the hypothesis that the way in which 
changes in the retinal image are interpreted to estimate the 
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TTP depends on the changes that one expects on the basis 
of the target’s shape, we conducted a second experiment, 
in which we compared rotating uniform disks with uni-
form spheres. These objects give rise to practically identi-
cal retinal images during the motion. Thus, subjects could 
differentiate between the two images only as they rotated 
before starting to move. If subjects were to respond dif-
ferently to these two stimuli, we would have definitive 
evidence of an influence of the subject’s expectations.

Method
Subjects. Ten students of the University of Barcelona took part 

in the second experiment. None of them had taken part in Experi-
ment 1. All had normal (or corrected) vision and were naive with 
respect to the aims of the experiment.

Stimuli and Apparatus. The only difference between Experi-
ments 1 and 2 was the kind of objects that were simulated. The same 
approach velocities and the same initial distances were assigned to 
three kinds of targets: a disk, a rotating disk, and a sphere. None of 
them was textured. The first and second conditions were identical to 
the corresponding conditions in Experiment 1. The uniform sphere 
was new. The total number of distinct stimuli was 147 (7 3 7 3 3).

procedure. As in the first experiment, the simulated object ro-
tated for 3 sec around three orthogonal axes before starting to move. 
The subjects were told that only two kinds of uniform objects could 
appear and that the initial rotation had the purpose of letting them 
know the type of shape the objects would have. When the object was 
a disk, they saw this clearly as it rotated before starting move. The 
subjects realized that they would see no rotation when the object 
was a sphere. Except for the fact that each subject took part in six 
blocks instead of three, the procedure was exactly the same as in the 
previous experiment. Each of the 147 stimuli was presented once 
within each block.

Hypothesis testing. Since the rotating disk and the sphere gener-
ate the same images as they approach, any strategy based only on 
optical variables during the movement will give the same results for 
these two conditions. On the other hand, if the expected deformation 
of the optic flow is taken into account (because knowledge of the 
shape contributes to interpreting the optic flow), performance for the 
uniform sphere may be more like that for the disk that is not rotat-
ing. Since we know from the first experiment that judgments for the 
rotating and nonrotating disks differ, this comparison should reveal 
whether or not prior knowledge of the shape is relevant.

Results and Discussion
The data analysis was identical to that of Experiment 1. 

Individual fits allowed us to obtain the PSS and SD for 
each subject. Figure 3A shows the distribution of “after” 
responses as a function of the simulated TTP, and the 
curves denote the best fit of Equation 1. The means of 
the PSS and SD across subjects are shown in Figures 3B 
and 3C, respectively. In general, the PSS was larger than 
that observed in Experiment 1 (1,098 vs. 1,031 msec; t 5 
23.14, p 5 .003). The average SD was similar to that in 
Experiment 1 (110 vs. 120 msec; t 5 0.93, p 5 .35). As 
before, we corrected for multiple comparisons, and the 
new alpha value was set to .03. The difference between 
the judgments for the rotating and nonrotating (uniform) 
disks was smaller than that in Experiment 1, but again, the 
rotating uniform disk was perceived to arrive significantly 
later than the nonrotating disk [t(9) 5 4.02, p 5 .003].

The TTP judgments for the sphere were clearly more 
like the judgments for the disk that was not rotating than 
like those for the rotating disk. In fact, the uniform disk 

that was not rotating was even perceived to arrive 18 msec 
later (lower PSS) than the uniform sphere [t(9) 5 22.57, 
p 5 .03], whereas it was perceived to arrive earlier than 
the rotating disk. Although the images that were presented 
during the motion were almost identical for the rotating 
disk and the uniform sphere, the rotating disk was per-
ceived to arrive 46 msec later than the uniform sphere 
[t(9) 5 23.98, p 5 .003]. The images were not exactly 
the same, but the differences were so small that the first 
author (maximum score of 40″ on the StereoFly test) per-
formed at chance level when trying to discriminate be-
tween the uniform sphere and the rotating uniform disk 
during the motion. Moreover, a preliminary experiment 
(published in abstract form by López-Moliner, Brenner, & 
Smeets, 2004) showed that when there was no preexposure 
and subjects were not told that the target was a sphere, a 
uniform sphere was judged to arrive significantly later 
than a textured one, as we found for the rotating uniform 
disk in comparison with the textured or uniform sphere in 
Experiment 1.

These results demonstrate that the response is not based 
exclusively on the actual optic flow, but that the observed 
optic flow is compared with the expected flow. In other 
words, the subjects took into account the known shape of 
the approaching object. In our experiment, the shape was 
known from seeing the object rotate before it started ap-
proaching, but in daily life the shape will often be judged 
from the texture within the object.

GEnERAL DISCuSSIOn

Other studies have borne upon the role of texture in 
judging time to contact (e.g., DeLucia, Kaiser, Bush, 
Meyer, & Sweet, 2003; Li & Laurent, 1995; Vincent & 
Regan, 1997)—for instance, by examining whether add-
ing conflicting texture expansion affects time-to-contact 
estimates as defined by changes in an object’s outline. 
Vincent and Regan found that time to contact was over-
estimated when texture expanded at a lower rate than the 
outline (but see DeLucia et al., 2003), showing that not 
only the outline is considered. This is not a completely 
unrealistic condition, because different rates of expansion 
do normally occur within a single object if the object is 
extended in depth, because nearer parts of the object will 
reach the observer earlier. Thus, the fact that we found no 
improvement in judgments of TTP when we added tex-
ture does not necessarily mean that only changes in the 
outline are relevant. Perhaps the resolution with which the 
rate of expansion can be determined is not critical for per-
formance on this task (e.g., it may be negligible in com-
parison with the poor temporal resolution; Brenner at al., 
2006), so that providing more expanding structures does 
not improve precision.

The second mechanism we proposed specifically relies 
on the object’s not rotating: It uses the rate at which the 
view of the object changes to judge the object’s velocity. 
The simplest version of this proposal could be rejected, 
because it predicts that our rotating spheres would appear 
to arrive later (lower values of PSS), whereas they were 
actually perceived to arrive at the same time as nonrotating 
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spheres. However, the rotating disks did appear to arrive 
later than their nonrotating counterparts, despite the fact 
that the rotation increased the amount of expansion with-
out systematically changing the lateral translation of the 
whole object or global binocular information about the 
object’s motion. Thus, the deformation is not ignored. This 
new factor adds to previous ones that have been found to 
affect TTP judgments: familiar size (DeLucia, 2005) and 
image velocity (Kerzel, Hecht, & Kim, 1999).

In our second experiment, we saw that the (lack of) 
deformation is interpreted in relation to what the subject 
expects (our third proposal). Thus, although the changing 
view of the texture within a target is probably not used to 
judge TTP, expected changes in the outline probably are. 
Note that subjects do not simply scale the expansion in 
relation to what they expect, because if they had done so 
they would have judged the rotating disks to arrive sooner, 
not later. Thus, changes in the object’s orientation relative 
to the observer during the movement (assuming that the 
object is not rotating) do appear to be considered when 

judging TTP. The willingness to assume that the object 
is not rotating must be quite strong, because it seems to 
persist even when there is clear visual evidence that the 
object is rotating, as in the case of our (textured) disks or 
the objects in the studies of Gray and Regan (2000) and 
Scott et al. (1996). This suggests that TTP judgments rely 
more on a global comparison between actual and expected 
flow than on a detailed analysis of the flow itself. Since 
the texture on an object’s surface is an important source 
of information about its shape, both directly and indirectly 
through binocular disparities, texture probably influences 
estimates of TTP mainly through its contribution to judg-
ments of the shape of the object in question.
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