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Abstract We investigated the effect of local texture motion
on time-to-contact (TTC) estimation. In Experiment 1,
observers estimated the TTC of a looming disk with a spiral
texture pattern in a prediction-motion task. Rotation of the
spiral texture in a direction causing illusory contraction
resulted in a significant TTC overestimation, relative to a
condition without texture rotation. This would be consistent
with an intrusion of task-irrelevant local upon task-relevant
global information. However, illusory expansion did not
cause a relative TTC underestimation but rather also a
tendency towards overestimation. In Experiment 2, a
vertical cylinder moved on the frontoparallel plane.
Observers judged its TTC with a finish line. The cylinder
was textured with stripes oriented in parallel to its
longitudinal axis. It was either not rotating, rotating such
that the stripes moved towards the finish line (i.e., in the
same direction as the contour), or rotating such that the
stripes moved away from the finish line. Both types of
texture motion caused TTC overestimation compared to the
static condition. Experiment 3 showed that the different
effects of task-relevant and task-irrelevant texture motion
are not a mere procedural effect of the prediction-motion
task. In conclusion, task-irrelevant local motion and global
motion are neither averaged in a simple manner nor are
they processed independently.
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Introduction

The time-to-contact (TTC), also called time-to-collision
(Purdy, 1958) or time-to-arrival (Schiff & Oldak, 1990), is
the time it takes for a moving object to reach an observer or
another point in space. According to Hoyle's (1957)
analysis, for straight trajectories, constant velocities, and
rigid non-rotating objects, TTC is optically specified by the
ratio of a given, momentary visual angle and that angle's
first temporal derivative. This optical variable has been
termed τ (cf. Lee, 1976). In the case of head-on collision
approaches, the outer contours of the object are typically
considered to provide the relevant information about visual
angle. However, in principle, any two points on the object's
surface specify TTC just as well (cf. Bootsma & Craig,
2002; Tresilian, 1990, 1991). The relevant angle whose
relative rate of change specifies TTC could be based on
various points within the object, or even on a patch of
surface area in the case of a head-on collision. It is thus not
a foregone conclusion that TTC judgments are based on the
contours of the moving objects. In fact, it has been
demonstrated that the sensitivity for various directions of
visual motion increases with the number of visible display
elements (Morrone, Burr, & Vaina, 1995), although López-
Moliner, Brenner, and Smeets (2007) did not observe an
increase in the accuracy of time-to-passage judgments when
a surface texture was added to an approaching object.

We investigated cases where TTC is over-specified and
judgments could be based on contour information and/or on
texture expansion. In other cases, we pitted contour and
texture motion against one another. We hypothesized that
TTC estimates are not based on contour information alone
but rather that surface texture motion plays an important role.

During the last four decades, considerable effort has
been devoted to the question whether humans and other
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species use the optical variable τ or other sources of
information for TTC judgments (see Hecht & Savelsbergh,
2004 for a recent overview of data and theories). A
simplifying summary of these results is that observers are
able to base their judgments on τ but often resort to other
optical variables if these provide information about TTC
(e.g., DeLucia, Kaiser, Bush, Meyer, & Sweet, 2003;
Kerzel, Hecht, & Kim, 1999). If we thus take seriously
the possibility that the human visual system may make
flexible use of the available optical variables, a closer
investigation of the nature of the information being
extracted from optic flow becomes necessary. A number
of studies have looked at relative contributions of compo-
nents of optic flow that may guide TTC estimation. For
instance, Beverley and Regan (1983) introduced a mis-
match paradigm to dissociate effects of changing coarse-
ness of local surface texture and changes in the overall size
of an object. A randomly chequered 2D square was
simulated to either approach, or recede from, a stationary
observer. The texture was manipulated such that it was
magnified in synchrony with, slower than, or faster than the
square's contours. In the former case, a stronger motion-in-
depth aftereffect was elicited than for the remaining
conditions. Vincent and Regan (1997) adopted this para-
digm for TTC research and found responses to be accurate
in the consistent, synchronized condition only. Their
participants viewed a looming square approaching on a
direct collision course. The square was textured with a
random checkerboard-like pattern. If the rate of expansion
of the texture elements was smaller than the rate of
expansion of the contour (the square), then the observers
overestimated TTC. This effect was strongest if the texture
expansion rate was zero, that is, when the texture elements
remained fixed in size across the trial duration. If the texture
elements expanded faster than the contour, then TTC was
underestimated. Thus, participants behaved as if they had used
a weighted average of TTC information from global and local
motion. Subsequent experiments showed that the specific
make-up of the stimulus display is critical. Gray and Regan
(1999) used dot stimuli and varied the size and the separation
of texture elements independently. Dots either magnified in
accordance with separation, or they remained fixed in size.
In the latter condition, substantial overestimation of TTC was
found when fixed dot size exceeded 4.4 arc min. Harris and
Giachritsis (2000) let individual dots or small clusters of
non-expanding dots expand, either faster or slower than the
whole array of display elements. They found effects of the
ratio between local expansion rate and global expansion rate
comparable to the results of Vincent and Regan (1997).

In our opinion, there is a simple explanation for the above
findings. In our natural environment, the TTC information
provided by the expansion of the contour and by the
expansion of the texture elements of an approaching rigid

object is typically highly consistent, although not necessarily
identical, as we will discuss below. Thus, both the global and
the local visual motion are normally task-relevant because
both types of information specify an object’s TTC.

The inconsistent, mismatched stimuli used, for example,
by Vincent and Regan (1997) optically specify something
different from a plain approach. For instance, if the texture
expansion rate is much smaller than the expansion rate of
the contour, then the motion of the contour can be
perceived as a moving aperture rather than as an approach-
ing object, as noted by Beverley and Regan (1983, p. 1388)
and Vincent and Regan (1997, p. 36, footnote 3). And
constant-size dots or texture elements signal an infinite
TTC (Gray & Regan, 1999). Thus, the observed effects
could be caused by the "impossible" nature of the stimuli
rather than being indicative of a general averaging of local
and global TTC information. We propose that convincing
evidence for such a cross-talk would have to be derived
from ecologically plausible stimuli. We suggest that
distractor displays can furnish such stimuli. Here, a virtual
object would be simulated, and some surface property
would create a potential distraction. We know that the mere
presence of a second irrelevant object, which also produces
an expanding optic flow, can bias the TTC judgements of
the relevant approaching object. Oberfeld and Hecht (2008)
presented a target object (for which a TTC estimate was
required within a prediction motion paradigm) together
with an additional moving distractor object that provided no
information concerning the target's TTC and thus was
entirely task-irrelevant. Observers were unable to ignore
the TTC information provided by the distractor. Surpris-
ingly, the data showed no evidence for information
integration. Instead, regardless of whether the distractor
TTC was earlier or later than the target TTC, the presence
of the distractor resulted in a relative underestimation of
target TTC. A tentative explanation is that observers may
have used a safety strategy, in the sense that the additional
approaching object was identified as a potential threat, so
that it made observers more cautious when they considered
an action. Be this as it may, the integration of TTC
information from different sources in physically possible
stimuli has yet to be demonstrated. We designed several
experiments to pursue this venue.

Before turning to a description of the experiments, we
want to come back to the issue of to which extent the
contour expansion and the texture expansion of non-
laboratory objects provide consistent information about
TTC. For a rigid object, the TTC signaled by a τ-type
optical variable based on the visual angle subtended by the
contour is very similar to alternative "local τ's" (Tresilian,
1991), but not in all cases identical. As an example,
imagine a soccer ball (i.e., a sphere) textured with the
typical black-and-white pattern, approaching the observer
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on a direct collision course. Now τ for the central texture
element centered on the line of sight will be slightly lower
than for another texture element of identical size but
positioned on the right side of the ball, and thus farther
away from the observer (López-Moliner, et al., 2007). Still,
time-to-passage information (Kaiser & Mowafy, 1993)
provided by the angle between one point on the distant
surface patch and the line of sight would be close to the
contour τ. What if this soccer ball rotates? Then, the texture
elements on one hemisphere will have a higher expansion
rate than the contour, but the texture elements on the other
hemisphere will have a smaller expansion rate. Thus, this
texture motion would still differ from laboratory stimuli
showing a homogeneous mismatch between global and
local expansion rate (Vincent & Regan, 1997)1. Could non-
rigid objects show such a pattern? For an inflating or
deflating balloon (cf. Savelsbergh, Whiting, & Bootsma,
1991), the expansion rates of the contour and of the texture
are correlated. Compared to a balloon remaining constant in
size, a deflating balloon will exhibit a smaller global, but
also a smaller local, expansion rate. Thus, the two rates will
still provide roughly consistent information.

Considering more extreme cases, one might even argue
that it is physically impossible that an object shows global
(contour) expansion but at the same time local (texture)
contraction. However, a chemical process acting on the
surface of an object and creating a time-varying texture
might in principle produce such a situation. The important
point we wish to make, however, is that objects showing a
strong mismatch between contour expansion and texture
expansion are difficult to imagine, simply because in our
natural environment they are rare. Thus, even considering
the examples discussed above, it can be concluded that
stimuli showing such a strong mismatch are not ecologi-
cally plausible. In contrast, in the experiments presented in
this paper, we used stimuli corresponding to an ecologically
plausible approach of a rigid object.2

The present study was aimed at answering the question
of how task-irrelevant texture motion may influence TTC
judgments, if at all. In our first experiment, observers

viewed a disk with a spiral texture pattern approaching
them on a direct collision course. Such an object is
physically possible as all parts were simulated to expand
as a function of distance from the observer's eye-point. The
disk was either non-rotating, or rotating such that there was
either illusory expansion or illusory contraction (cf.
Holland, 1965; Plateau, 1850). The rotation of the texture
pattern was task-irrelevant because (1) it provided no
information regarding the TTC of the object, and (2) each
condition corresponded to an ecologically plausible ap-
proach of a rigid object. There are at least three different
potential outcomes of this experiment: (1) observers might
be successful in ignoring the task-irrelevant information so
that the texture rotation would have no effect on the TTC
estimates; (2) observers might indeed use a weighted
average between the expansion of the contour and the
illusory expansion/contraction of the texture motion, as
suggested by Vincent and Regan (1997); or (3) the task-
irrelevant texture motion could cause a general over- or
underestimation of TTC akin to the effects of a task-
irrelevant distractor object (Oberfeld & Hecht, 2008).

Experiment 2 was designed to assess converging
evidence from translatory motion in the frontoparallel
plane. If local texture generally interferes with global TTC
information, then an expanding flow-field should not be a
prerequisite. Lateral motion creates a τ-variable without
any local expansion. Thus, the potential conflict between
constant size dots versus expanding spaces between them is
avoided. Observers judged a cylinder moving from left to
right at constant speed. At varying distances from the finish
line, the cylinder was removed from view and its arrival
time was estimated by the observer. The cylinder textured
with stripes parallel to its longitudinal symmetry axis either
rotated such that the visible stripes moved towards the
finish line (i.e. consistent with a rolling object), or rotated
in the reverse direction (i.e., in the opposite direction as the
contour). Finally, Experiment 3 was designed to test
whether the difference between the results from Experi-
ments 1 and 2 and previous "mismatch" studies (e.g.,
Vincent & Regan, 1997) could be attributed to the use of
different psychophysical procedures.

Experiment 1: a looming spiral

Observers viewed a disk in virtual reality approaching them
on the mid-saggital plane. At time t0, the disk started to
move at constant speed (see Fig. 1a). At time tblank, the
object disappeared from the screen. A prediction-motion
(PM) task was used (Schiff & Detwiler, 1979). The
observers were asked to press a button at exactly the
instant when they thought the object would have arrived at
their position had it continued its trajectory. We designate by

1 Note that rotating nonspherical objects can produce at least two
different and potentially inconsistent contour expansion rates. Kaiser
and Hecht (1994) presented rotating brick-shaped objects that were on
a collision course towards the stationary observer. The objects either
rotated such that the broad side faced the observer initially and the
narrow side faced her just before disappearance, or the objects rotated
in the opposite manner. It turned out that observers could compensate
for simple target rotations (i.e., around a single axis), but not so for
complex rotations. In these complex rotations, the TTC estimates
reflected a weighted average between the two rates of contour
expansion. A similar effect was reported by Gray and Regan (2000)
using essentially the same experimental manipulations with a
nonspherical object shaped like a rugby ball.
2 This notwithstanding, the stimuli were of the laboratory type and
thus not genuinely ecological.
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TTC the time between the object's disappearance from the
screen and the instant at which the object would have
reached the observer. Heuer (1993) termed this time interval
"final time-to-contact" in order to distinguish it from the time
between the object's appearance on the screen and the instant
at which the object would have reached the observer.

To test for an effect of task-irrelevant texture motion, we
presented a disk textured with an Archimedean spiral (cf.
Scott & Noland, 1965). Rotating this spiral in its winding
direction elicits the illusion of contraction (see Fig. 1b).
Rotating it in the reverse direction causes illusory expansion.
If observers were to integrate the global and the local motion
signals during the estimation process, then, relative to the
static condition without rotation, the expanding texture
should result in shorter TTC estimates (i.e., relative
underestimation), whereas the contracting texture should
result in longer TTC estimates (i.e., relative overestimation).

Method

Observers

Twenty volunteers (13 women, 7 men) participated in the
experiment for partial course credit or payment (€5/h). The
participants ranged in age from 19 to 39 years (mean
24.0 years, SD 6.0). All had normal or corrected-to-normal
vision. Once the topic of the study and potential risks had
been explained to them, all participants gave written
informed consent according to the Declaration of Helsinki.
They were uninformed about the experimental hypotheses.

Stimuli and apparatus

The stimuli were created using the animation software Vizard
(WorldViz LLC, Santa Barbara, USA) and presented on a
CRT display (Samtron 98PDF, active display size 312 mm ×
234 mm horizontal × vertical, refresh rate 70 Hz non-
interlaced, horizontal dot pitch 0.2 mm). The animation
update rate was approximately 60 frames/s. The display had
a resolution of 1,280 × 1,024 pixels (horizontal by vertical). A

Dell Precision 650 computer equipped with an NVIDIA
Quadro4 900 XGL graphics adaptor was used for animation
and experimental control.

The observers were tested individually in a dimly lit
room watching the CRT display binocularly from a distance
of 40 cm.3 The display subtended 42.6° of visual angle
horizontally and 32.6° vertically. A chinrest was used to
align the line of sight with the center of the display.

The stimulus was a rigid disk moving towards the
observer at constant speed on a collision course. The disk
was horizontally centered on the screen and its surface was
oriented orthogonally to the line of sight. For an observer
fixating the midpoint of the object, the object moved on the
mid-saggital plane. A black-and-white spiral texture with
two possible winding directions was mapped onto the disk.
Figure 1b shows the version with clockwise winding
direction. The background was uniformly black. The
simulation corresponded to a disk with a diameter of 4 m
starting at distances beyond 20 m from the observer. Across
conditions (see below), the disk subtended a visual angle
between 3.9 and 21.8° at the instant before it disappeared.

Procedure and design

Trials showing different approaches of the object were
created by varying the presentation duration, the TTC, and
the velocity of the disk. The presentation duration was tblank =
500, 1,250, or 2,000 ms. We varied this parameter for two
reasons. First, it is conceivable that the texture motion has an
effect only if it can be perceived for a sufficient time, which
would suggest the involvement of slower, maybe cognitive
processes (e.g., Tresilian, 1995). Second, varying the

3 In this setup, the depth cues binocular disparity, vergence, and
accommodation signaled a rather small and constant depth, and thus
implicated an infinite TTC. As discussed by Oberfeld and Hecht
(2008, p. 614), this might cause a tendency towards TTC overestima-
tion. However, this conflict was equally present for all experimental
conditions. Therefore, the effects of the different types of texture
motion on the TTC estimates found in the experiments reported here
cannot be attributed to the display setup.

a b

Fig. 1 Experiment 1. a Temporal structure of a trial (see text). b The spiral texture rotated, eliciting either the illusory perception of expansion, or
of contraction. In the static condition, the texture did not rotate
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presentation duration reduces the correlation between optical
variables like the initial and final object size and TTC (cf.
Gray & Regan, 1998; Oberfeld & Hecht, 2008). The TTC
was 500, 1,000, 1,500, or 2,000 ms. Disk velocity v was
varied between 20.8 and 29.2 m/s in 1.4 m/s steps. For each
combination of velocity and presentation duration, a starting
distance was computed to produce the designated TTC,
resulting in starting distances between 20.8 and 116.8 m.

The experimental variable of primary interest was texture
motion. Each of the two spiral textures was either presented
rotating with 360°/s creating an impression of expansion, or
rotating with 360°/s in the opposite direction creating the
impression of contraction (Plateau, 1850; Scott & Noland,
1965). In the static condition, the texture did not rotate.

The observer pressed a response button with the index
finger of the dominant hand at the instant at which he or she
thought that the object would have arrived at his or her
position, had it continued its trajectory. The observer then
initiated the next trial by pressing another designated button
on the response pad.

The experiment started with a practice block containing
only trials from the static condition (i.e., without texture
rotation). From this condition, all trials with the slowest,
intermediate, and highest velocity were presented (72 trials).
Visual trial-by-trial feedback was provided in form of the
signed deviation in milliseconds of the time of the observer’s
key-press from the actual target TTC. Observers were
informed that the initial and final size of the object, its speed,
and the presentation duration would be varied and that none of
these variables provided a reliable cue to contact time.

In the main part of the experiment no feedback was
provided. Each observer received each of the 3 (presentation
duration) × 4 (TTC) × 7 (velocity) × 3 (texture motion) ×
2 (winding direction) combinations once, resulting in a total
of 504 trials. Presentation order was randomized. The
experimental session lasted approximately 65 min, including
two short breaks.

Results and discussion

The individual data were analyzed in terms of constant
error (CE; cf. Hartmann, 1983; Tresilian, 1994). Constant

error denotes the signed difference between the observed
response time RT (i.e., the time between the disappearance
of the target object and the key-press) and the correct
response time (i.e., the designated TTC; see Fig. 1a). A
repeated-measures ANOVA using a univariate approach
was conducted on CE. The Huynh-Feldt correction for the
degrees-of-freedom (df) was used (Huynh & Feldt, 1976)
and the value of the df correction factor e" is reported. Partial
η2 is reported as a measure of association strength. An
α-level of .05 was used for all analyses reported in this
paper and all reported p-values are two-tailed. In the
ANOVA, the within-subjects factors were texture motion,
winding direction, presentation duration, TTC, and velocity.
The ANOVA results are displayed in Table 1. There was a
significant main effect of texture motion on CE. As can be
seen in Fig. 2, the object with the contracting spiral was
judged on average to arrive 176 ms later than the object
with the static texture. Post-hoc pairwise comparisons
between all pairs of texture motion were computed using
non-pooled error terms (i.e., by computing separate paired-
samples t tests; Keselman, 1994) and Hochberg's (1988)
sequentially acceptive step-up Bonferroni procedure,
which controls the familywise Type I error rate. We
used an alpha-level of .05. These tests indicated a
significant difference between the CE obtained with the
contracting and the static texture motion. The expanding
spiral did not result in the expected underestimation of
TTC relative to the static condition, but descriptively
also in an overestimation (Fig. 2). However, this differ-
ence in CE was not significant. Finally, the CEs observed
with the expanding and the contracting texture differed
significantly.

The ANOVA (Table 1) showed a significant Texture
Motion × Presentation Duration interaction. As can be seen
in Fig. 3a, at the shortest presentation duration, the
contracting texture resulted in overestimation and the
expanding texture resulted in underestimation of TTC,
relative to the static condition. At the longer presentation
durations, however, the expanding texture resulted in a
relative overestimation. To better understand the Texture
Motion × Presentation Duration interaction, we computed
two post-hoc five factorial ANOVAs, comparing the

Factor Num. df Den. df F p e" Partial η²

Texture motion (TM) 2 38 31.44 <.001 1.00 .623

Presentation duration (tblank) 2 38 3.74 .060 .59 .164

TTC 3 57 10.82 .002 .38 .363

Velocity (v) 6 114 30.00 <.001 .95 .612

TM × tblank 4 76 7.14 <.001 1.00 .237

TM × TTC 6 114 2.64 .022 .67 .122

tblank × TTC 6 114 4.98 .002 .59 .208

Table 1 Experiment 1: results of
the repeated-measures ANOVA
on the constant error. All signif-
icant effects, and the non-
significant effects mentioned in
the text are displayed

Bold font indicates significant
effects. The value e" is the
Huynh-Feldt correction factor
for the degrees of freedom.
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expanding and the static texture, and the contracting and the
static texture. Both showed a significant Texture Motion ×
Presentation Duration interaction, F(2, 38) = 12.2, p < .001,
e" = 1.0, η2 = .39, and F(2, 38) = 7.1, p < .001, e" = 1.0, η2 =
.27, respectively. Post-hoc pairwise comparisons between
all pairs of levels of texture motion at a given presentation
duration were computed, again using the method by
Hochberg (1988). For the total of 3 × 3 = 9 pairs tested,
only two tests were not significant at an alpha-level of .05
(expanding versus static at presentation durations 500 ms or
1,250 ms).

In the main ANOVA (Table 1), there was also a significant
Texture Motion × TTC interaction. As Fig. 3b shows, the

difference between the errors in the contracting and the static
condition were smaller at the shortest than at the longer
TTCs. In fact, with the data for TTC = 500 ms excluded, a
post-hoc five-factorial ANOVA showed no significant
Texture Motion × TTC interaction, F(4, 76) = 0.68.

In the original ANOVA (Table 1), none of the remaining
interactions involving texture motion were significant at the
.05-level.

In addition to the above effects of texture motion, the
ANOVA reported in Table 1 indicated several significant
effects of the motion parameters. As seen by the confidence
intervals in Fig. 4a, the observers significantly overesti-
mated TTC, except at the longest designated TTC. This
result is compatible with previous studies where overesti-
mation was observed at TTCs smaller than approximately
1,500 ms (Hecht, Kaiser, Savelsbergh, & van der Kamp,
2002; Heuer, 1993; Oberfeld & Hecht, 2008), while
underestimation was found at longer TTCs (McLeod &
Ross, 1983; Schiff & Detwiler, 1979). In the present
experiment, the TTC overestimation decreased as the
designated TTC increased from 1,000 to 2,000 ms, as
confirmed by a significant effect of TTC. Surprisingly, the
overestimation was less pronounced at TTC = 500 ms than
at TTC = 1,000 ms. The TTC × Presentation duration
interaction was also significant, presumably due to the fact
that the presentation duration had no effect at the shortest
TTC (see Fig. 4a). The overestimation tended to be higher
at the shortest presentation duration, but this effect failed to
reach significance (p = .060). As Fig. 4b shows there was a
significant effect of velocity. The amount of TTC overes-
timation increased with increasing velocity. There are two
potential explanations for this effect. First, the observers
may have placed a higher weight on the simple pictorial cue

Fig. 2 Experiment 1. Mean constant error (i.e., the estimated TTC
minus the actual TTC) as a function of texture motion. The brackets
indicate significant pairwise differences (p < .05, two-tailed). Error
bars 95% confidence intervals (CIs)

a b

Fig. 3 Experiment 1. a Mean constant error as a function of texture
motion and presentation duration. Boxes, circles, and triangles
correspond to presentation durations of 500, 1,250, and 2,000 ms,
respectively. b Mean constant error as a function of texture motion and

TTC. Boxes, circles, triangles, and diamonds correspond to TTCs of
500, 1,000, 1,500, and 2,000 ms, respectively. Lines are shifted on the
x-axis to reduce overlap. Error bars 95% CIs
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"final size" (DeLucia, 1991) than on the motion of the
object (i.e., the velocity). For stimuli of equal final size,
such a strategy would result in a relative underestimation of
TTC at slow velocities, and a relative overestimation at fast
velocities. Above that, due to the construction of the stimuli
there was a weak negative correlation between the velocity
and the final size of the object. As a consequence,
responding on the basis of final size (that is, producing a
small TTC estimate if the object was large at the instant
where it disappeared from the screen) would again have
resulted in smaller TTC estimates at the slow velocities
than at the high velocities. The remaining effects were not
significant (all p values >.05). Taken together, the effects of
the motion parameters follow the pattern typically observed
in PM experiments.

Concerning the effects of task-irrelevant texture motion,
we found evidence against the integration of global and local
motion in the sense of an averaging process. While the
contracting texture resulted in overestimation relative to the
static condition, the expanding texture did not cause a
significant relative underestimation of TTC. This indicates
that the effects of task-irrelevant texture motion in an
ecologically plausible setting differ from the effects of task-
relevant "impossible" texture motion. Only in the latter case
were the data compatible with an averaging of global and local
motion information (Giachritsis & Harris, 2005; Harris &
Giachritsis, 2000; Vincent & Regan, 1997). We also found
that the effects of texture motion increased with increases in
presentation duration and TTC. The effect of the latter
parameter might be indicative of cognitive influences.

Could the effects of texture motion we observed be due
to the use of specific strategies when estimating TTC? If,
for instance, an observer tracked the angle between two
fixed points on the spiral (e.g., the inner end of the spiral,
and the outer end of the spiral), despite the movement of

these points due to rotation, then τ information provided by
the expansion of this angle would signal a TTC similar but
not necessarily exactly identical to the TTC information
provided by the expansion of the contour. The important
point is, however, that this local τ would be independent of
the direction of rotation. What if, alternatively, observers
were able to track, for example, the lowest black point on
the spiral (on an imaginary vertical line passing through the
center of the disk), following its movement during rotation?
In this case, the angle between this point and, for example,
the center of the disk would vary due to the rotation of the
spiral. More specifically, the tracked point moves inwards if
there is illusory contraction and moves outwards if there is
illusory expansion. As a consequence, using local τ
between the described two points should result in a relative
TTC overestimation for illusory contraction, and a relative
underestimation for illusory expansion. On a more general
level, if the disk with the rotating spiral was processed as a
regularly expanding image as assumed by Lee (1974), then
the texture motion should have no effect whatsoever on the
TTC estimate. If, however, the TTC estimation process uses
illusory motion, then the illusory expansion should produce
shorter TTC estimates than a disk without rotation. None of
the alternative patterns discussed above is compatible with
our data.

As a final note, the results of Experiment 1 demonstrate
that dynamic illusion displays affect judgments of time-to-
contact, just as static illusion displays have been shown to
do (DeLucia, Tresilian, & Meyer, 2000).

Experiment 2: motion in the frontoparallel plane

Experiment 2 was conducted to test whether the results
from Experiment 1 generalize to other types of task-

a b

Fig. 4 Experiment 1. a Mean constant error as a function of TTC and presentation duration. Boxes, circles, and triangles correspond to
presentation durations of 500, 1,250, and 2,000 ms, respectively. b Mean constant error as a function of velocity. Error bars 95% CIs
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irrelevant texture motion, or represent a rather specific effect
of the rotating spiral textures presented in Experiment 1.
Equally important, we were interested in whether the
effects generalize to TTC judgments for motion in the
frontoparallel plane.

Method

Observers

Twenty volunteers (13 women, 7 men) participated in the
experiment for partial course credit or payment (€5/h). The
participants ranged in age from 19 to 58 years (mean 26.0,
SD 10.1). As before, all had normal or corrected-to-normal
vision and gave written informed consent according to the
Declaration of Helsinki.

Stimuli and apparatus

The same apparatus as in Experiment 1 was used.
The stimulus was a cylinder with its longitudinal

symmetry axis oriented vertically and moving at constant
speed towards a yellow finish line near the right edge of the
display (see Fig. 5). A black-and-white stripes texture was
mapped onto the cylinder. The cylinder was rendered three-
dimensionally with the animation software Vizard. The
observers viewed a two-dimensional projection of the 3D
object. The object had a screen size of 26 mm horizontally
and 31 mm vertically. The width of the black and white
stripes was identical (horizontal screen size 4 mm for a
stripe centered horizontally at a virtual line orthogonal to
the screen surface).

The finish line had a thickness of 3 mm and was
positioned 30 mm from the right edge of the screen. The
observers viewed the display binocularly from a distance of

40 cm, using the chin rest that aligned their line of sight
with the center of the screen.

When its position was vertically and horizontally
centered on the screen the object subtended a visual angle
of 3.7° horizontally and 4.4° vertically, and the stripe
closest to the observer subtended a visual angle of 0.57°
horizontally.

The background was uniformly black.

Procedure and design

Trials showing different approaches of the object moving
from left to right towards the finish line were created by
varying the presentation duration, the TTC, and the
velocity. The presentation duration was 500, 1,250, or
2,000 ms. The TTC was 500, 1,000, 1,500, or 2,000 ms.
The velocity was varied between 59 and 64 mm/s in six
steps. Such a relatively narrow range of velocities was
necessary due to the limited display size. For each
combination of velocity and presentation duration, a
starting distance (i.e., distance in mm from the right edge
of the cylinder to the left edge of the finish line) was
computed to produce the designated TTC, resulting in
starting distances between 59 and 256 mm.

The critical variable was again the texture motion. The
cylinder was presented without rotation (static), with a
rotation about its longitudinal symmetry axis (180°/s) so
that the stripes on the part of the cylinder facing the observer
moved in the same direction as the object, or with a rotation
(180°/s) in the reverse direction so that the stripes moved in
the opposite direction as the object. If the participants used a
weighted average of the global (contour) and the local
(texture) motion signals, then the same-direction texture
motion should result in TTC underestimation relative to the
static condition, whereas the opposite-direction texture
motion should result in relative overestimation.

The observer pressed a response button with the index
finger of the dominant hand at the instant when he or she
thought that the cylinder would first touch the finish line.
The observer then initiated the next trial by pressing
another designated button on the response pad.

The experiment started with a practice block containing
only trials from the static condition (i.e., without rotation of
the cylinder). From this condition, all trials with the
slowest, intermediate, and highest velocity were presented
(36 trials). Visual trial-by-trial feedback was provided in
form of the signed TTC error. The observers were informed
that the initial position of the object, the final position, the
speed, and the presentation duration would be varied and
that none of these variables provided a reliable cue to
contact time.

In the main part of the experiment, no feedback was
provided. Each observer received each of the 3 (presenta-

Fig. 5 Experiment 2. Schematic depiction of the stimuli. A cylinder
with a black-and-white stripes texture approached a finish line located
on the right edge of the display at constant speed v. The cylinder
rotated about its longitudinal symmetry axis (symbolized by the
vertical lines) so that the visible stripes either moved in the same
direction as the object, or moved in the opposite direction. In the static
condition, the cylinder did not rotate
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tion duration) × 4 (TTC) × 7 (velocity) × 3 (texture motion)
combinations once, resulting in a total of 252 trials.
Presentation order was randomized. The experimental
session lasted approximately 40 min, including two short
breaks.

Results and discussion

To analyze the effects of the texture motion on the CE, a
repeated-measures ANOVA with Huynh-Feldt correction for
the degrees-of-freedom was conducted. The within-subjects
factors were texture motion, presentation duration, TTC, and
velocity. There was a significant main effect of texture motion
on the CE, F(2, 38) = 39.4, p < .001, e" = 1.0, η2 = .68. As
can be seen in Fig. 6, the object with texture motion opposite
to its global motion was judged to arrive 173 ms later than
the object with the static texture. This is compatible with the
hypothesis that texture motion in the opposite direction is
averaged into the global TTC estimate and thus causes its
overestimation. However, texture motion in the same
direction as the contour motion did not result in a relative
underestimation, but rather in a slight overestimation, akin to
the effect of the expanding texture in Experiment 1. Post-hoc
pairwise comparisons showed a significant difference be-
tween the opposite-direction and the static condition, t(19) =
8.31, p < .001, as well as the difference between the
opposite-direction and the same-direction condition, t(19) =
7.13, p < .001. The difference between the same-direction
condition and the static condition just failed to reach
significance, t(19) = 2.09, p = 0.0504.

In the ANOVA, the Texture Motion × TTC interaction was
significant, F(6, 114) = 4.70, p < .001, e" = .79, η2 = .20.
As Fig. 7a shows, the effect of texture motion increased with

increasing TTC. Four post-hoc ANOVAs showed that
the effect of texture motion was significant at all TTCs
(500 ms: F(2, 38) = 10.9, p < .001, e" = .93, η2 = .37;
1,000 ms: F(2, 38) = 17.0, p < .001, e" = 1.0, η2 = .47;
1,500 ms: F(2, 38) = 18.1, p < .001, e" = 1.0, η2 = .49;
2,000 ms: F(2, 38) = 21.5, p < .001, e" = 1.0, η2 = .93).

None of the remaining main and interaction effects in the
main ANOVA was significant (all p values > .15).

Because there was no significant effect of velocity on the
constant error, the variable error (VE; cf. Hartmann, 1983;
Tresilian, 1994) for each observer and each Texture
Motion × TTC × Presentation Duration combination was
computed as the standard deviation of the CEs across the
seven different velocities. A repeated-measures ANOVA
with the within-subject effects texture motion, TTC, and
presentation duration on the VE showed a significant effect
of TTC, F(3, 57) = 46.8, p < .001, e" = .67, η2 = .71. As
Fig. 7b shows, the VE increased with increasing TTC,
compatible with previous findings in PM tasks (DeLucia &
Liddell, 1998; Oberfeld & Hecht, 2008; Schiff & Detwiler,
1979). The Texture Motion × TTC interaction was also
significant, F(6, 114) = 2.75, p = .027, e" = .76, η2 = .13, with
a slightly stronger increase in VE with TTC for the same-
direction texture motion. However, the main effect of texture
motion on the VE as well as all remaining effects were not
significant (all p values > .05).

Although the dependence of the TTC estimates on the
experimental parameters differed from the pattern observed
in Experiment 1, most likely owing to the difference
between TTC judgments for "looming" objects versus
objects moving in the frontoparallel plane, the effects of
the task-irrelevant texture motion confirmed the results from
Experiment 1. Texture motion in the opposite direction than
the contour motion resulted in a TTC overestimation, relative
to the static condition. However, texture motion in the same
direction as the contour motion did not have a comparable
effect, it even caused a slight relative overestimation. Thus,
as in Experiment 1, texture motion "amplifying" the global
motion fails to elicit earlier TTC estimates. This asymmetry
indicates a difference between the effects of ecologically
plausible task-irrelevant motion on the one hand and task-
relevant texture motion on the other hand, which is
ecologically implausible.

Experiment 3: effects of task-relevant texture motion
in a prediction-motion paradigm

Experiments 1 and 2 provided evidence against a simple
integration of global and local, task-irrelevant motion
signals in the sense of a weighted average. This pattern
observed with task-irrelevant local motion differs from the
results obtained when both global and local motion are

Fig. 6 Experiment 2. Mean constant error as a function of texture
motion. The brackets indicate pairwise differences, *p < .05, †p < .1.
Error bars 95% CIs
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task-relevant, such as in the experiment by Vincent and
Regan (1997). Before concluding that the information
processing of the visual system differs between task-
relevant and task-irrelevant local motion, however, it is
necessary to rule out a potential procedural effect. In the
experiments by Vincent and Regan (1997) and Harris and
Giachritsis (2000), observers decided on each trial whether
the approaching object would have arrived at their position
earlier or later than a tone. The temporal position of this
tone was varied by an adaptive procedure so that the onset
of the tone matched the perceived TTC of the object. In
contrast, in the experiments reported in the present study,
the task was to press a button at exactly the instant when
the object would have arrived at the observer's position or
at the finish line. While both tasks obviously require a TTC
judgment, the difference between the two procedures might
have caused the different pattern of results observed in our
experiments as compared to the experiment by Vincent and
Regan (1997). To rule out this possibility, we presented the
same type of stimuli as used by Vincent and Regan (1997)
in a prediction-motion task. A square approaching the
observer on the mid-saggital plane was textured with a
checkerboard-like pattern. The texture elements could
expand either at the same rate as the contour, or at a slower
rate, or at a faster rate, or they remained constant in size. If
the use of a PM procedure were the cause of the general
tendency towards relative overestimation observed in our
Experiments 1 and 2, then both the slower-expanding and
the faster-expanding texture elements should cause an
overestimation relative to the condition where the local
rate of expansion matched the global rate of expansion. If,

however, the difference between our results and the
findings by Vincent and Regan (1997) are not owed to a
mere procedural effect but due to the difference between
task-relevant and task-irrelevant local motion, then we
should observe a similar pattern as reported by Vincent
and Regan (1997). More specifically, for the texture
elements expanding at a faster rate than the contour, an
underestimation of TTC should be observed relative to the
condition where the global and the local expansion rates are
identical.

Method

Observers

Fifteen volunteers (6 women, 9 men) participated in the
experiment for partial course credit or payment (€5/h). The
participants ranged in age from 19 to 36 years (mean 24.5,
SD 4.0). All had normal or corrected-to-normal vision. All
participants gave written informed consent according to the
Declaration of Helsinki after the course of the experiment,
the motivation of the study, and potential risks had been
explained to them. They were uninformed about the
hypotheses under test.

Stimuli and apparatus

The same apparatus as in Experiments 1 and 2 was used.
The observers were tested individually in a dimly lit

room watching the CRT display binocularly from a distance
of 80 cm. The display subtended 22.1° of visual angle

a b

Fig. 7 Experiment 2. a Mean constant error as a function of texture
motion and TTC. Boxes, circles, triangles, and diamonds correspond
to TTCs of 500, 1,000, 1,500, and 2,000 ms, respectively. b Mean
variable error as a function of texture motion and TTC. Boxes, circles,

and triangle, correspond to texture motion in the opposite direction as
the contour, the static condition, and texture motion in the same
direction as the contour, respectively. Error bars 95% CIs
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horizontally and 16.6° vertically. A chinrest was used to
align the line of sight with the center of the display.

Figure 8 shows a schematic depiction of the stimuli. A
textured square was presented with different ratios (R)
between the expansion rate of the texture elements and the
expansion rate of the contour. To create this type of stimuli,
two animated objects were presented. The first object
(termed frame in the following) was a large gray opaque
square with a square opening (i.e., a "window" with an
aperture of 2 m × 2 m) and oriented orthogonally to the line
of sight, like a big picture frame. The frame always filled
the screen completely, thus its outer edges were never
visible. The frame moved towards the observer at constant
speed on a collision course, horizontally centered on the
screen. For an observer fixating the midpoint of the frame,
it moved on the mid-saggital plane. The second object
(termed textured object in the following) was a large square
filled with the same type of black-and-white checkerboard-
like pattern (see Fig. 8) as used by Vincent and Regan
(1997). The textured object approached the observer with
the same velocity as the frame, on the same trajectory, and
oriented in parallel to the frame, but it was positioned 2 mm
farther away from the observer than the frame, so that the
frame was always in front of the textured object and thus
the textured object was visible only in the opening of the
frame. The textured object always filled the complete
opening of the frame.

Procedure and design

At t = 0, both objects appeared on the screen and instantly
started to move towards the observer with constant velocity
vf (20.8, 25.0, or 29.2 m/s). Both objects disappeared from
the screen at tBlank = 500, 1,250, or 2,000 ms after trial

onset. These parameter values were selected in order to be
compatible with Experiments 1 and 2. Note that in the
original experiment by Vincent and Regan (1997), the
presentation duration was varied within a smaller range
(0.735–1.37 s). The TTC for the frame (i.e., the time
between tBlank and the instant at which the frame would
have reached the observer), was 500, 1,000, 1,500, or
2,000 ms. For each velocity, the distance of the frame from
the observer at time t = 0, df(0), was selected to produce the
designated value of tBlank + TTC, which resulted in starting
distances between 21 and 117 m. To reduce the correlation
between critical optical variables (see above), one of two
different scaling factors (sf = 0.8 or 1.25) was applied to
both objects on a given trial, resulting in effective frame
sizes of s = 1.6 and 2.5 m. As a result, none of the optical
variables initial retinal size, final retinal size, the rate of
retinal angular change at t = 0 or t = tblank, or the change in
visual angle across the trial provided an unambiguous cue
to TTC.

The critical independent variable for this experiment was
the ratio R between the expansion rate of the texture elements
and the expansion rate of the contour (the frame). To realize
expansion rates of the texture elements smaller than (R < 1),
equal to (R = 1), and greater than (R > 1) the expansion rate
of the contour, the size of the textured object was scaled with
a time-varying scaling factor scale(t) at each instant t. Similar
as in the experiment by Vincent and Regan (1997), R was set
to 0, 0.5, 0.8, 1.0, 1.25, and 2.0 (see Fig. 8). Note that R = 0
corresponds to a condition where the size of the texture
elements remains constant across time. For each combination
of presentation duration, TTC of the frame, and frame
velocity, scale(t) was so chosen that the scaling factor was
unity when the objects disappeared from the screen, i.e.,
scale(tblank) = 1. Therefore, for a given approach of the frame

Fig. 8 Experiment 3. Screenshots of different stimulus displays. Each
column shows a different value of R, the ratio between the expansion
rate of the texture elements and the expansion rate of the contour. Upper
row initial video frame (t = t0). Lower row final video frame (t = tBlank).

All columns are for tBlank = 1,250 ms, TTC = 1,000 ms, vf = 25.0 ms−1,
and the higher scaling factor. Note that the final size of the texture
elements was independent of R (see text)
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(tBlank × TTC × vf × sf), the final size of the texture elements
was identical for each value of R (cf. Fig. 8). This is an
important difference to the original experiment by Vincent
and Regan (1997) where the final size of the texture
elements increased with increases in R (see their Fig. 1).
As a consequence, if a participant had used the final size as a
cue when estimating TTC (e.g., DeLucia, 1991; DeLucia, et
al., 2003), then he or she would have produced smaller TTC
estimates at higher values of R, and longer estimates at lower
values of R, which is indeed what the data by Vincent and
Regan (1997) showed. Our design avoided this potential
confound between the ratio of expansion rates and final
texture element size.

For R = 1, scale(t) = 1 for all t, and thus the rate of
expansion of an imaginary texture element corresponding
to the same viewing angle as the frame is identical to the
rate of expansion of the frame at each t. In other words, for
R = 1, the observers simply viewed a rigid textured square
approaching them. ForR ≠ 1, the scaling factor scale(t) was so
chosen that at each instant t the rate of expansion of an
imaginary texture element corresponding to the same viewing
angle as the frame was R times the expansion rate of the
frame at the same instant. If the scaling factor increased with
t, then the texture expansion rate was higher than the contour
expansion rate (R > 1). If the scaling factor decreased with t,
then R < 1. In either condition, we chose scale(tblank) = 1 to
decouple the final texture element size from R.

The independent variables tblank, TTC, vf, sf, and R were
combined factorially, and each of the 3� 4� 3� 2� 6 ¼
432 combinations was presented once in each of the two
experimental sessions, resulting in a total of two trials per
combination. The presentation order was randomized.

The observer pressed a response button with the index
finger of the dominant hand at the instant at which he or she
thought that the object would have arrived at his or her
position. The next trial started automatically after a pause of
2 s during which the screen was uniformly gray.

The experiment started with a practice block containing
70 trials drawn at random without replacement from the set
of 432 conditions. Visual trial-by-trial feedback was
provided in form of the signed deviation in milliseconds

of the time of the observer’s key-press from the actual
target TTC. The observers were informed that the initial
and final size of the object, its speed, and the presentation
duration would be varied and that none of these variables
provided a reliable cue to contact time. The observers were
instructed to judge only the contour motion and to ignore
the texture motion.

In the main part of the experiment, no feedback was
provided. Each observer received each of the 432 combi-
nations once in each of the two sessions. Each experimental
session lasted approximately 60 min, including two short
breaks.

Results and discussion

Inspection of the data showed that, for one participant, the
correlation between the TTC and the response time was not
significant in the condition in which the local and the global
expansion rate were identical (R = 1). This participant
appeared to have always pressed the response button at a
constant delay after the disappearance of the object from
the screen rather than producing TTC estimates. Therefore,
the data from this participant were excluded from all further
analyses.

For the remaining 14 participants, the constant error was
analyzed via a six-factorial repeated-measures ANOVA
with Huynh-Feldt df-correction, displayed in Table 2. The
within-subjects factors were R, presentation duration, TTC,
frame velocity, scaling factor, and session. There was a
significant effect of R on the CE. As can be seen in Fig. 9,
conditions with texture expansion rates smaller than the
global expansion rates resulted in a relative overestimation
of TTC relative to the condition where the two expansion
rates were consistent (R = 1). For texture expansion rates
higher than the global expansion rate (R > 1), we observed
a small relative TTC underestimation. Post-hoc pairwise
comparisons between the CE at R = 1 and the CE at the
other levels of R were computed using non-pooled error
terms and Hochberg's (1988) procedure. Only the CE at R =
2 did not differ significantly from the CE at R = 1. Thus, we
observed the same pattern as Vincent and Regan (1997).

Factor Num. df Den. df F p e" Partial η²

R 5 65 19.30 <.001 .60 .598

R × TTC 15 195 2.51 .005 .79 .162

TTC 3 39 25.42 <.001 .35 .662

Presentation duration (tblank) 2 26 3.44 .062 .78 .209

Velocity (vf) 2 26 38.77 <.001 .76 .749

Scaling factor (sf ) 1 13 35.51 <.001 1.00 .732

TTC × tblank 6 78 6.69 <.001 .74 .340

Table 2 Experiment 3: results
of the repeated-measures
ANOVA on the constant error.
Only effects mentioned in the
text are displayed. Same format
as Table 1
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However, on average, the maximum change in the CE
caused by values of R differing from unity was only 122 ms
in our experiment, while Vincent and Regan (1997)
reported a mean change of more than 500 ms for their
two participants (see their Fig. 2).

The ANOVA (Table 2) also showed a significant R ×
TTC interaction. As Fig. 10 shows, the effect of R was
more pronounced at longer TTCs, compatible to the effect
observed in Experiment 1. The remaining interactions
involving R were not significant (all p values > .05).

As in Experiment 1, the CE decreased significantly with
TTC, compatible with previous studies (e.g., Oberfeld &
Hecht, 2008). The CE also showed a non-significant trend
to decrease with tblank, just as in Experiment 1. There was a
significant TTC × tblank interaction, most likely due to a
smaller effect of TTC at the shortest tblank. The CE was
significantly smaller for the greater scaling factor, and
increased significantly with vf. Both effects are compatible
with the use of the pictorial cue 'final size' (see Results
section for Experiment 1). Taken together, the effects of the
motion parameters show the pattern typically observed in
PM experiments.

To summarize the results of Experiment 3, which used
the same type of texture motion as Vincent and Regan
(1997), we found the same pattern of effects on the TTC
estimates in a prediction motion task as observed by
Vincent and Regan (1997) using a different task. Thus, it
is the specific texture motion rather than the use of the PM
task that caused the different effects in Experiment 3 as
opposed to Experiments 1 and 2. With the task-relevant
texture motion in Experiment 3, we observed integration of
global and local motion in the sense of a weighted average.
With the task-irrelevant texture motion in Experiments 1 and
2, on the other hand, we observed a different pattern. It

should be noted, that while qualitatively similar, the effects
of R on the TTC estimates observed in Experiment 3 were
much smaller than in the original study by Vincent and
Regan (1997). This difference in results is likely due to the
different selection of experimental parameters. Most impor-
tantly, in the study by Vincent and Regan (1997), the final
size of the texture elements was correlated with R. Our
experiments carefully avoided this confound, so that for our
data the effects of R on the TTC estimates cannot be
explained by the use of the pictorial cue final size. Finally,
our tests of potential procedural influences is incomplete in
the sense that it would be interesting to use the "tone task"
by Vincent and Regan (1997) combined with our task-
irrelevant texture motions from Experiments 1 and 2.

General discussion

We explored the role of task-irrelevant local motion on
TTC estimation and found that local motion does interfere.
The stimuli corresponded to possible approaches of real,
rigid objects rather than being physically impossible, and
they avoided pictorial cues that had been problematic in
previous studies (e.g., Vincent & Regan, 1997). In
Experiment 1, we presented stimuli on sagittal approach
trajectories that contained local motion (illusory expanding
or contracting textures). This local motion was task-
irrelevant because it did not provide information about
TTC. In Experiment 2, we chose frontoparallel motion to
find out if interference of local texture motion is limited to
radial expansion patterns. In both experiments, we found
consistent effects of the task-irrelevant texture motion
suggesting that local texture motion has the general ability

Fig. 10 Experiment 3. Mean constant error as a function of R and
TTC. Boxes, circles, triangles, and diamonds correspond to TTCs of
500, 1,000, 1,500, and 2,000 ms, respectively

Fig. 9 Experiment 3. Mean constant error as a function ofR, the ratio of
texture expansion rate and contour expansion rate. Error bars 95% CIs
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to interfere with global motion processing. We also found
an asymmetry of interference. Texture motion "working
against" global motion (e.g., the illusory contracting spiral
in Experiment 1) caused an overestimation of TTC,
compared to the static condition without texture motion.
However, texture motion that should have strengthened the
global motion (e.g., illusory expansion in Experiment 1) did
not result in a relative TTC underestimation. This asym-
metry rules out a simple averaging of local and global
motion. Interestingly, these effects differ from the effects of
local motion reported in previous studies (Harris &
Giachritsis, 2000; Vincent & Regan, 1997). We suggest
that, for the mismatch type of stimuli presented in the latter
studies, local motion was perceived as task-relevant
because in our natural environment the expansion rate of
texture elements is strongly correlated with the TTC of the
object. Our third experiment replicated the task-relevant
local motion used by Vincent and Regan (1997) but at the
same time eliminated alternative cues that might have
guided TTC judgments. In this replication, the effects of
local motion were compatible with integration (averaging)
of the local and the global motion signals. Thus, our
distinction between task-relevant and task-irrelevant local
motion was justified. The pattern of effects caused by our
task-irrelevant texture motion were robust in the sense that
we found them for two different planes of motion, and more
importantly for two rather different types of texture motion,
one illusory and one non-illusory.

Our results suggest the involvement of two different
processes. The first process would be an integration of
contour motion and texture motion, in the sense of a
weighted average. The second process could be described
as a general slowing of the response due to the task-
irrelevant texture motion, which could for instance be due
to a capacity-limited processing stage. Process 1 would
explain why the change in the TTC estimates differed
between the two different directions of texture motion (e.g.,
in the same direction as the contour motion versus in the
opposite direction than the contour motion). Process 2, on
the other hand, would explain the general tendency towards
TTC overestimation, which was found even with expanding
texture (Experiment 1) or the stripes moving in the same
direction as the contour (Experiment 2). Note that DeLucia
and Novak (1997) reported evidence for limited-capacity
processing when judging the relative time-to-contact of
more than two approaching objects (see also Andersen &
Kim, 2001), although they looked at accuracy rather than at
systematic shifts towards over- or underestimation. These
results might indicate that dividing attention between
several sources of motion information affects performance.
It should be noted, however, that the presence of additional
moving and task-irrelevant display elements does not in all
cases result in TTC overestimation. Apparently, the task-

irrelevant elements need to belong to the object whose TTC
is to be judged. Oberfeld and Hecht (2008) found that a
separate moving distractor object caused a relative TTC
underestimation of a target object in most conditions. That
is, a diverging pattern arose when two spatially distinct
objects (target and distractor) were presented, while in the
experiments reported here the task-irrelevant motion was
located within the target object.

For the rotating spiral presented in Experiment 1, it
could be argued that the non-significant effect of the
illusory expansion was due to an asymmetry in the
effectiveness of a spiral’s rotation to induce motion in
depth. As noted by Reinhardt-Rutland (1994, p. 767, word
order changed), “[…] the lack of some properties of real
motion of objects in depth renders spiral recession more
convincing than spiral approach.” However, Experiment 2
presented a completely different, non-illusory type of local
motion, and the same effects of task-irrelevant texture
motion were observed. In more general terms, there have
been reports from other paradigms indicating that it is
easier to attenuate than to amplify motion signals. Linares,
López-Moliner, and Johnston (2007) reported that adding
an extra motion signal to a flash-lag experiment (e.g.,
Nijhawan, 1994) in the form of a motion after-effect
reduced the flash-lag effect if the direction of the after-
effect was against the object motion. If the direction of the
motion after-effect was the same as the object motion,
however, it did not modulate the flash-lag effect. Note also
that a similar asymmetry was present in the data by Vincent
and Regan (1997), where local expansion rates that were
slower than the global expansion rate had a stronger effect
than local expansion rates that exceeded the global
expansion rate.

Texture motion could also direct the attention, or the actual
fixation of the subjects, to different parts of the stimulus than
in a condition without texture motion. Eye movements can
have an effect on TTC estimation (e.g., Bennett, Baures,
Hecht, & Benguigui, 2010). However, we currently do not
have a clear hypothesis about how eye movements or spatial
selective attention induced by texture motion could cause the
specific pattern of results were observed.

The distractor paradigm as developed in our present
work has the potential to further elucidate mechanisms of
motion processing. Models of looming perception typically
assume isotropic expansion that can be registered by pairs
of filters with opposing directional preferences (e.g.,
Beverley & Regan, 1980; van de Grind, 1990). Added
local, radial motion can still be handled by nested sets of
filter pairs, although at the cost of a compromise (“weighted
average”), as suggested by Gray and Regan (1999). While a
rotational component has often been shown to be neutral (e.g.,
Freeman & Harris, 1992; but see Simpson, 1988), local
translatory motion, as it was present in our stimuli, seems to
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impair extraction of the global radial flow. Single and
multiple drifting gratings ("plaids"; cf. van den Berg & van
de Grind, 1991) could be used to further investigate the
susceptibility of looming-sensitive mechanisms to local
perturbations.

As noted above, we used rather artificial and simple
laboratory stimuli. So do our findings have implications for
the real world? As one reviewer noted, one example of
task-irrelevant "texture motion" would be a passenger
moving inside an approaching vehicle. Another example
becoming more and more frequent would be a modern bus
with an information or advertizing display that contains
moving stimuli. From a viewpoint of traffic safety, it might
be worthwhile studying whether such dynamic displays on
vehicles produce a tendency towards TTC overestimation,
just as did the texture motion in our stimuli.

Taken together, our experiments show that local texture
motion in ecologically plausible contexts does interfere
with TTC estimation in a rather specific way. The task-
irrelevant motion cannot be ignored. It is factored into the
estimate, and it seems to slow down the response.
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