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Abstract Studies investigating the effect of visual illu-
sions on saccadic eye movements have provided a wide
variety of results. In this study, we test three factors that
might explain this variability: the spatial predictability of
the stimulus, the duration of the stimulus and the latency of
the saccades. Participants made a saccade from one end of a
Miiller-Lyer figure to the other end. By changing the spatial
predictability of the stimulus, we find that the illusion has a
clear effect on saccades (16%) when the stimulus is at a
highly predictable location. Even stronger effects of the
illusion are found when the stimulus location becomes
more unpredictable (19-23%). Conversely, manipulating
the duration of the stimulus fails to reveal a clear difference
in illusion effect. Finally, by computing the illusion effect
for different saccadic latencies, we find a maximum illusion
effect (about 30%) for very short latencies, which decreases
by 7% with every 100 ms latency increase. We conclude
that spatial predictability of the stimulus and saccadic
latency influences the effect of the Miiller-Lyer illusion on
saccades.
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Introduction

Current models of the primate visual system propose a divi-
sion between two visual systems: vision-for-perception
(implemented by the VI-IT -cortico-cortical (ventral)
stream) and vision-for-action (the V1-PPT (dorsal) stream).
This proposal (Milner and Goodale 1995; see also Jacob
and Jeannerod 2003; Trevarthen 1968; Ungerleider and
Mishkin 1982) has received support from human and mon-
key studies using diverse methods, including neuropsychol-
ogy, imaging and psychophysics. However, the degree of
functional independence between the two systems remains
controversial. According to the original proposal (Goodale
and Milner 1992) both visual systems operate indepen-
dently. Vision-for-perception encodes object properties rel-
ative to the environment, on a relatively slow time scale
and with conscious control, whereas the vision-for-action
system uses spatial representations relative to the body, on
a faster time scale than the vision-for-perception system
and without the need for conscious control. This character-
ization predicts that perceptual responses, such as adjust-
ments and verbal reports, should be affected by contextual
information, whereas motor responses, such as pointing or
grasping, should not. Aglioti et al. (1995) tested this predic-
tion with the Ebbinghaus illusion (a size-contrast illusion).
They found that participants perceived the circle sur-
rounded by small circles as being larger than the one sur-
rounded by large circles. Conversely, when picking up a
disk that was put on the inner circle, participants opened
their hands as a function of the physical size of the disk
instead of the perceived size (Aglioti et al. 1995).

Overall, however, the current literature provides mixed
evidence for a dissociation between perception and action
(for differing opinions on the literature see Franz and
Gegenfurtner 2008; Glover 2004; Milner and Goodale
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2008; Schenk and McIntosh 2010; Smeets and Brenner
2006). Many studies have shown that actions are substan-
tially affected by illusions. These results have been interpreted
as evidence that vision-for-perception and vision-for-action
are not (completely) independent. Several studies found
similar effects of visual illusions on perception and action,
suggesting that the two systems have a common source of
information (Franz etal. 2000; Franz 2001; Franz and
Gegenfurtner 2008; Pavani et al. 1999). According to others,
task demands determine whether an effect of the illusion
can be found (Bruno 2001; Smeets and Brenner 1995;
Vishton et al. 1999). Some have suggested that illusion
effects on actions can be explained by the two visual sys-
tems interacting under specific conditions, e.g., delayed
actions (Goodale and Westwood 2004; Goodale 2008).
Two recent meta-analyses on pointing (Bruno et al. 2008)
and grasping (Bruno and Franz 2009) in the Miiller-Lyer
illusion analyzed a number of factors influencing the effect
the illusion has on those actions. The results pinpointed the
availability of visual feedback during the response as a
major factor.

Ilusion effects have not only been investigated in point-
ing and grasping but also in saccadic eye movements. This
is interesting for a number of reasons. The neuroanatomy of
saccadic control is known to involve a number of brain
areas, including regions of the parietal and the frontal corti-
ces as well as the basal ganglia, thalamus, superior collicu-
lus, cerebellum and brainstem reticular formation (see
Munoz 2002). Given the involvement of the parietal cortex,
and most notably of the lateral intraparietal area (LIP) that
is classically assigned to the dorsal stream, the two visual
systems hypothesis predicts no or very small illusion effects
on saccades. On the other hand, saccades are ballistic
movements that cannot be corrected online based on novel
visual information that becomes available during saccade
execution (although some form of feedforward control may
still be possible; see West et al. 2009). If the availability of
online visual feedback is critical, one would predict sub-
stantial illusion effects on saccades. Finally, studies on illu-
sion effects on saccades show a large variability in results,
ranging from 20-30% (Bernardis et al. 2005; De Grave
et al. 2006b; Knox 2006; Lavrysen et al. 2006; McCarley
et al. 2003) to effects between 10 and 20% (De Grave et al.
2006b; Ehresman et al. 2008; Festinger et al. 1968; Lavrysen
et al. 2006; Thompson and Westwood 2007) or even less
than 10% (Binsted and Elliott 1999; McCarley et al. 2003;
Tegetmeyer and Wenger 2004, 2006). Finally, Wong and
Mack (1981) reported that saccadic eye movements were
not affected by an illusion of displacement. This large range
of results suggests that additional factors modulate illusion
effects on saccades.

In this study, we want to investigate possible explana-
tions for this wide variability in results on saccadic eye
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movements. All the afore-mentioned saccade studies,
except for Wong and Mack (1981), used versions of the
Miiller-Lyer illusion. Therefore, we will focus on that type
of illusion. The studies differed in three main characteris-
tics. The first one is spatial predictability of the stimulus. In
most studies that investigated the effect of the Miiller-Lyer
illusion on saccades, the stimulus was always presented in
the same location relative to the starting position. Thus,
participants know the saccade direction in advance and
only have to determine an end position in each trial. This
could be done by computing an egocentric position. Con-
versely, when the saccade direction varies from trial to trial,
saccades need to be computed by a vector (a direction and
an amplitude). Assuming that position and vector coding
are performed by separate mechanisms (De Grave et al.
2004) one might expect differences in illusion effects.
Indeed, studies in which the spatial location of the stimulus
was predictable (Binsted and Elliott 1999; Ehresman et al.
2008; Lavrysen et al. 2006; Tegetmeyer and Wenger 2004,
2006; Thompson and Westwood 2007) showed smaller
illusion effects than studies in which the stimulus was pre-
sented randomly in one of several directions (Bernardis
et al. 2005; De Grave et al. 2006a, b; Knox 2006; McCarley
et al. 2003). To systematically investigate the effect of spa-
tial predictability of the stimulus, we asked participants to
perform three blocks of trials. In one block, the stimulus
location was always at the same location (completely pre-
dictable). In the other blocks, the stimulus could appear
randomly in either two or four locations.

The second characteristic is stimulus duration. Some of
the studies on saccadic eye movements used relatively long
stimulus durations, whereas others presented the stimulus
only very briefly (less than 200 ms). When saccades are
made toward a location that can be seen throughout the prep-
aration and execution of the saccade, there is ample time to
determine an accurate end position for the saccade based on
visual information. This will result in a small effect of the
illusion (De Grave et al. 2006b). Furthermore, retinal error
signals become available at the end of a saccade. These sig-
nals can be used to adapt saccadic amplitude over trials,
which will result in a small effect of the illusion. Saccade
adaptation will be most efficient if saccades are made repeat-
edly to the same location with about the same amplitude.
However, adaptation can also occur when the stimulus is at
different locations and when saccades have different ampli-
tudes, although the adaptation process is slower, and the
amount of adaptation is smaller (Albano and King 1989).
When the stimulus location is only visible for a very short
time, it may be more difficult to determine an accurate end
position for the saccade. Therefore, participants may be
forced to use a different way of coding the visual information
(De Grave etal. 2004). Alternatively, they might use the
remembered position of the stimulus (Westwood and
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Goodale 2003). Both alternatives will result in a large illu-
sion effect. Note that with very short stimulus presentations,
saccadic adaptation cannot occur as retinal error signals are
never available at the end of a saccade. Indeed, the two stud-
ies (Bernardis et al. 2005; De Grave et al. 2006a) that used
short stimulus durations (the stimulus disappeared before the
saccade is finished) found larger illusion effects compared to
the other studies. Here, we investigate within the same study
how long or short stimulus presentation affects the illusion
effect on saccadic eye movements.

The third, and final, characteristic is the latency of the
saccades (time between stimulus onset and the start of a
saccade). In a recent paper De’Sperati and Baud-Bovy
(2008) reported that the illusion effect increased with
increasing saccadic latencies. In that study, participants had
to saccade to the location of a flashed stimulus that was pre-
sented on a moving arc. Short-latency saccades (100-
250 ms) were minimally affected by the arcs motion,
whereas saccades with longer latencies (up to 400 ms)
showed substantial illusion effects. This finding was inter-
preted as a dissociation between a fast visuomotor mecha-
nism, which uses the egocentric location of the target
independent of contextual elements, and a slower, context-
sensitive mechanism, which codes the target position in
relation to the arc. However, other studies provide evidence
that more accurate coding of the position of a target occurs
with longer, not shorter latencies (Coéffé and O’Regan
1987). Additionally, Van Zoest and Hunt (2008) found a
larger effect of the Judd illusion on saccades with short
latencies (about 175 ms) than on ones with longer latencies
(about 360 ms). Given these conflicting outcomes, it is
interesting to assess the effect of saccade latency.

Materials and methods
Participants

Ten participants (age 32 £ 4 years; five males) took part in
this study. Nine of them were employees at the VU University
(including the first author). The remaining participant was
the second author. All participants had normal or corrected-
to-normal vision. The study was approved by the ethics
committee of the Faculty of Human Movement Science.

Stimulus and apparatus

A chin-rest was placed in front of a computer screen
(36 x 27 cm, 1,024 x 768 pixels, 85 Hz) to keep the par-
ticipant’s head fixed at a viewing distance of 57.3 cm. In
this case, 1 cm corresponds to 1 degree of visual angle. The
stimulus consisted of a black Miiller-Lyer illusion and a red
target dot on a white background. The shaft had a length of
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a
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200-800 ms

short stim. dur.: 80 ms
long stim. dur.: until 300 ms
after saccade

Fig.1 a The three configurations of the Miiller-Lyer illusion:
expanding, contracting and control. b Basic trial structure: A fixation
cross appears on the screen. After a random interval (range 200—
800 ms), the fixation cross is replaced with one of the three configura-
tions of the Miiller-Lyer illusion. Depending on the predictability con-
dition, the stimulus appeared to the right of the fixation cross (highly
predictable), to the left or right of the fixation cross (moderately pre-
dictable) or in any of four possible locations: left, right, above or
below the fixation cross (least predictable). In the “short stimulus
duration” condition, the stimulus was visible for 80 ms, whereas in the
“long stimulus duration” condition the stimulus remained visible until
300 ms after a saccade was made in the correct direction

either 6.5 cm or 7.0 cm. The length of the fins was 2.0 cm.
The inclination of the fins with respect to the shafts was 30,
90 or 150 degrees, depending on the configuration: expand-
ing, compressing or control (Fig. 1a). In each trial, one of
these configurations was presented on a computer screen. In
the middle of the screen, a fixation cross (0.5 cm) was pre-
sented. The stimulus always appeared with one end of the
shaft at the position of the fixation cross. The target dot
(diameter 0.15 cm) appeared on the other end of the shaft.
Eye movements were recorded with an Eyelink eye tracker
(SR Research Ltd.). This system records eye position by
tracking the pupil center with a temporal resolution of
500 Hz and a spatial resolution of 0.2°.

Procedure

All participants performed two conditions in random order:
short and long stimulus duration. Each condition consisted
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of three blocks of trials, which differed in spatial predict-
ability of the stimulus. In one block, the stimulus always
appeared to the right of the fixation cross (high predictabil-
ity, see Fig. 1b). In another one, it appeared randomly on
the left or the right side of the fixation cross (moderate pre-
dictability). In a third block, the stimulus appeared on either
the left or the right side or above or below the fixation cross
(low predictability). The order of blocks within a condition
was chosen randomly. Each stimulus configuration was
presented 10 times at each location. This resulted in 60 tri-
als for the blocks with high predictability (1 location x 2
shaft lengths x 3 configurations x 10 repetitions), 120 tri-
als for the blocks with moderate predictability (2
locations x 2 shaft lengths x 3 configurations x 10 repeti-
tions) and 240 trials in the blocks with low predictability (4
locations x 2 shaft lengths x 3 configurations x 10 repeti-
tions). Within a block, trials were presented randomly with
the restriction that the same stimulus could not be presented
on successive trials.

At the start of each trial, participants fixated the fixation
cross in the middle of the screen and then pressed a key to
correct for slippage of the head-band, drift in gaze or exces-
sive head/body movements (drift correction). Then, the
fixation cross disappeared after a random interval of 200-
800 ms, and a stimulus was presented. The task of the par-
ticipant was to make a saccade to the red dot. In the “short
duration” condition, the stimulus was presented for 80 ms.
The fixation cross reappeared 300 ms after participants
made a saccade in the correct direction. In the “long dura-
tion” condition, the stimulus disappeared when the partici-
pants fixated a location for 300 ms after having made a
saccade in the correct direction. At the moment, the stimu-
lus disappeared the fixation cross reappeared. All trials con-
taining no saccades or saccades not in the required direction
were repeated at the end of a block.

Data analysis

We only analyzed primary saccades, that is, the first sac-
cades occurring after fixation offset. Secondary saccades
were relatively rare and occurred in 21% of all trials of
which 14% occurred in the short stimulus durations and
86% in the long stimulus durations. If the gaze shifted
within 50 ms after fixation offset, the trial was excluded
from analysis, as were all trials resulting in saccadic ampli-
tudes more than two standard deviations from the condition
mean. This resulted in a total loss of 4.5% of all trials.

For each participant, we calculated a mean percent illu-
sion effect for each combination of stimulus duration (long,
short), spatial predictability of the stimulus (1, 2, or 4 direc-
tions), stimulus location (right, left, up or down) and shaft
size (6.5 or 7.0cm). The percent illusion effect was
obtained by subtracting the average amplitude for the
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expanding configuration from the average saccadic ampli-
tude for the compressing configuration. This difference was
divided by average saccadic amplitude for the control con-
figuration. The calculated illusion effects were pooled
across the two shaft sizes. In addition, for each participant
and each condition we calculated saccadic latencies, defi-
ned as the difference in time between the presentation of the
stimulus and the start of a saccade. For testing the hypothe-
ses, statistical tests are all performed on comparable condi-
tions of equal sample sizes.

Results

Ilusion effects (in percentages) for each stimulus duration,
spatial predictability and stimulus location are shown in
Fig. 2. In all conditions, the Miiller-Lyer illusion had a sub-
stantial effect on saccades. To check whether the illusion
effect differs between the spatial predictability conditions
and the stimulus durations, we performed a repeated mea-
sures ANOVA on the illusion effects of the right stimulus
location (open squares in Fig. 2). The illusion affected sac-
cades in both the short and the long stimulus duration con-
ditions (illusion effects: 20.7 +1.7% and 18.5 £+ 1.4%,
respectively). The illusion effect on short stimulus durations
was slightly larger, but not significantly different from the
effect on the long stimulus durations (F(1,9)=0.56,
P =0.47). Furthermore, a significant effect of spatial

Long stimulus duration Short stimulus duration
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high mod. low

Fig. 2 Average percent illusion effect for each predictability condi-
tion for long stimulus durations (a) and for short stimulus durations
(b). Open squares represent stimuli to the right of the fixation cross.
Filled squares represent stimuli to the left of the fixation cross. Open
and filled triangles represent stimuli below and above the fixation
cross respectively. Error bars represent standard errors of the mean
(between subjects)



Exp Brain Res (2010) 203:671-679

predictability was found (F(2,18)=5.90, P=0.01). The
smallest illusion effect was present in the most predictable
condition (16.5 & 1.5%), and the illusion effect increased
with decreasing predictability (moderately predictable
condition: 19.4 +2.0%, least predictable condition:
22.8 + 2.2%). Tukey’s post hoc analysis showed that the
effect of the illusion differed between the least and the most
predictable condition as well as between the least and the
moderately predictable condition (both P’s < 0.01). There
is no interaction between spatial predictability and stimulus
duration (F(2,18) = 1.22, P = 0.32). Thus, knowledge about
the spatial location of the stimulus in the upcoming trial
reduces the effect the illusion has on saccadic eye move-
ment. Additionally, we checked whether illusion effects on
saccades for the left stimulus location showed a similar pat-
tern of spatial predictability. Although non-significant, a
similar trend is found for saccades to the left (F(1,9) = 2.18,
P =0.16). The illusion effect in the least predictable condi-
tion (19.2%) is larger than in the moderately predictable
condition (18.4%).

An alternative explanation for the different illusion
effects in the spatial predictabilities also comes to mind. We
used two shaft sizes (6.5 and 7.0 cm) to prevent participants
from going to the same end position on each trial. However,
participants might ignore this difference in physical shaft
sizes and repeatedly make saccades of similar amplitude (to
a location in between the two shaft’s end points). This
would reduce or eliminate the effect of the illusion. Particu-
larly, in the high predictability condition because subjects
can pick one specific position on the screen as the endpoint
for their saccades. If this alternative explanation is correct,
saccades over the 6.5 and 7.0 cm shaft should have about
the same amplitude (Fig. 3). This should be most clear in
the trials with a high predictability. To check whether an
effect of predictability can be ascribed to participants mak-
ing eye movements of the same amplitude, we performed a
repeated measures ANOVA on the saccadic amplitudes
with the factors physical shaft size and spatial predictabil-
ity. Saccadic amplitudes did significantly differ between the
shaft sizes (F(1,9) = 379.68, P < 0.01), whereas no effect of
predictability (F(2,9) =1.77, P=0.20) or an interaction
(F(2,9) =1.23, P=0.32) could be found. Thus, we found
no evidence that the effect of spatial predictability on illu-
sion effect is caused by participants making saccades of
similar amplitudes.

Additionally, Fig. 2 shows that saccades toward a stimu-
lus below the fixation point (in short and long stimulus
durations) were less affected by the illusion than saccades
to the other locations. To check whether stimulus location
modulated the illusion effect on saccades, a repeated mea-
sures ANOVA with the factors stimulus duration (short,
long) and stimulus location (right, left, up or down) was
performed on the least predictable condition. Indeed a main
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Fig. 3 Saccadic amplitudes for the 6.5 and 7.0 cm shafts in the three
predictability conditions. Dotted lines represent the physical shaft
length. Error bars represent standard errors of the mean (between
subjects)

effect of stimulus location was found (F(3,27)=10.62,
P <0.01): right (22.8 £2.2%), left (21.3 = 1.8%), down
(9.4 + 1.7%) and up (21.5 + 1.8%). In a Tukey post hoc
analysis, only the stimulus below the fixation point differed
from all the others (P < 0.01). There was no main effect of
stimulus duration (F(1,9) = 0.01, P = 0.93) or an interaction
between stimulus duration and stimulus location
(F(3,27)=1.79, P=0.17).

Figure 4 shows saccadic latencies for the long and short
stimulus duration and for each predictability condition.
A repeated measures ANOVA with the factors spatial predict-
ability of the stimulus and stimulus duration was performed
on the saccadic latencies for the right stimulus location.
Saccadic latencies for long stimulus durations (183 % 4 ms)
were significantly shorter than those for short stimulus
durations (228 & 10 ms) (F(1,9) =8.53, P=0.02). No
effect was found for spatial predictability (F(2,18) =1.97,
P=0.17). Additionally, an interaction 1is found
(F(2,18) =4.07, P=0.03). For short stimulus durations,
saccadic latencies increased with decreasing predictability,
whereas for long stimulus durations latencies did not sig-
nificantly differ between predictability conditions.

To check whether stimulus location affected saccadic
latencies, a repeated measures ANOVA with the factors
stimulus location and stimulus duration was performed on
latencies in the least predictable condition. Saccadic laten-
cies differed significantly between stimulus locations
(F(3,27)=16.79, P <0.01). The latencies in all locations
differed from each other (post hoc Tukey test: all P < 0.05),
except the stimuli to the right (216 + 14 ms) and above the
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Long stimulus duration Short stimulus duration
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Fig. 4 Average saccadic latencies for each predictability condition
for long stimulus durations (a) and for short stimulus durations (b).
Open squares represent stimuli to the right of the fixation cross. Filled
squares represent stimuli to the left of the fixation cross. Open and
filled triangles represent stimuli below and above the fixation cross,
respectively. Error bars represent standard errors of the mean
(between subjects)

fixation point (217 £ 10 ms). Stimuli on the left had the
shortest latencies (202 + 10 ms), whereas stimuli in the
downward direction had the longest latencies (252 ms +
9 ms). Furthermore, long stimulus durations revealed sig-
nificantly shorter latencies (193 ms 4 4 ms) than short ones
(251 29 ms) (F(1,9)=14.82, P<0.01). No interaction
between stimulus location and stimulus duration was found
(F(3,27) =0.81, P =0.50).

Finally, we investigated whether the illusion effect
differed between saccadic latencies. To do so, latencies
from conditions in which the stimulus was presented to the
right of the fixation point with long stimulus durations were
used. Only latencies from these conditions were included in
the calculation as differences in illusion effect on saccadic
latencies are confounded with stimulus duration and spatial
predictability (see Fig. 4). For each participant, we divided
the latency durations in quartiles. In each quartile an effect
of the illusion was calculated. For each participant, a linear
fit was computed on the illusion effects of the quartiles.
Figure 5 shows the illusion effects in the quartiles of each
participant (with fitted line). Seven participants have a neg-
ative slope (range: —0.03 to —0.15), one has a slope of 0.00
and two have a positive slope (0.10 and 0.19). For most
participants, the illusion effect tends to decrease with
increased saccadic latencies. This trend is summarized by a
linear fit on all quartiles of all participants (thick black line
in Fig. 5). The fitted line shows that for the fastest saccades
(express saccades: about 80-120 ms) a maximum illusion
effect of £30% is to be expected (95% confidence interval
of the intercept: 18-45%). The effect of the illusion will
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Fig. 5 Percent illusion effect plotted against saccadic latencies. The
different symbols represent the average illusion effect for each partici-
pant in each of the four quartiles. The thin lines represent the linear fit
over the quartiles of one participant. The thick black line is the overall
fit for all data of all participants

decrease with about 7% for every 100 ms increase in sacc-
adic latency (95% confidence interval: 0.1-14%). A signifi-
cant correlation was found between the effect of the illusion
and saccadic latency (r = —0.30; P = 0.05).

Discussion and conclusion

In this study, we investigated whether the variability in
reported effects on the effect of the Miiller-Lyer illusion on
saccades can be explained by differences in spatial predict-
ability of the stimulus, stimulus duration and saccadic
latencies. If the stimulus is constantly presented in the same
location (high predictability) subjects only have to deter-
mine an end position for their saccades and the illusion
effect will be relatively small. As predicted, spatial predict-
ability of the stimulus modulated the effect of the illusion
on saccades. We found the largest illusion effect in the least
predictable condition and the illusion effect decreased with
increasing predictability. This suggests that participants
used more vector coding when the spatial location of the
stimulus is unpredictable. It might be suggested that the
effect of predictability is restricted to only one direction
(saccades to the right side of the fixation point), as we per-
formed statistical comparisons only for those displays.
However, stimuli presented on the left of the fixation point
(which were presented in the moderately and least predict-
able conditions) also showed a slightly larger illusion effect
in the least predictable condition (19.2%) than in the
moderately predictable condition (18.4%). Although this
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difference did not reach statistical significance, the pattern
of results is similar to the stimuli on the right.

Conversely, stimulus duration did not clearly modulate
illusion effects, although the illusion effect is slightly larger
with short stimulus durations (20.7%) than with long ones
(18.5%). Thus, we found no evidence for saccades being
differently affected by the illusion due to stimulus duration.
This lack of difference might be due to the longer latencies
in the short stimulus duration conditions compared to the
long stimulus duration conditions. Longer latencies provide
participants more information regarding the end position of
their saccades, which can reduce the illusion effect for the
short stimulus durations and therefore the difference in illu-
sion effect between short and long stimulus durations might
be underestimated. Another suggestion for the lack of a sig-
nificant difference in illusion effect between long and short
stimulus durations might be that participants can hardly use
the retinal error signal to adapt saccadic amplitude over tri-
als (with long stimulus durations). In the introduction, we
hypothesized that retinal error signals that become avail-
able at the end of a saccade (only in long stimulus dura-
tions) can be used to adapt saccadic amplitude over trials.
This will result in a small effect of the illusion. When the
stimulus location is only visible for a very short time, it
may be more difficult to determine an accurate end position
for the saccade, which will result in a large illusion effect.
Here, we did not find a significant difference in illusion
effect between long and short stimulus durations. This
might be due to the way this study was set up: the randomi-
zation procedure prevented identical stimuli to appear on
successive trials. This minimizes opportunities for saccadic
adaptation. Thus, large illusion effects are found for both
short and long stimulus durations. Finally, we found larger
illusion effects for shorter saccadic latencies (see Fig. 5).
The shortest saccades (express saccades) have the maxi-
mum illusion effect of about 30%. This amount decreased
to about 11% for saccadic latencies up to 330 ms, which
were the maximum latencies found in this study.

Our latency data are consistent with the results of Van
Zoest and Hunt (2008), who reported larger illusion effects
for shorter saccadic latencies. In contrast, De’Sperati and
Baud-Bovy (2008) found that the illusion effect on saccades
increased with increasing saccadic latencies. This was
interpreted as evidence for a dissociation between vision-
for-perception and vision-for-action. However, their results
can be explained in a different way. Processing the trajec-
tory of a moving stimulus requires the activation of motion
detectors over time, which results in a longer temporal win-
dow for detecting and processing motion than for merely
locating a stationary target dot. This suggests that the effect
of a moving context will build up over time and thus illu-
sory motion information is simply not available for short-
latency saccades. Therefore, the motion illusion will only

show up in saccades with longer latencies. In our experi-
ment, the stimulus was static, and all information was
already present before the start of the saccade. Given that
we found the largest illusion effects on saccades with the
shortest latencies, our data suggest that for short-latency
saccades there is not enough time to determine an accurate
target position. Therefore, participants are forced to use
another source of information, such as perceived length.
Thus, depending on the task constraints different informa-
tion is used to perform the task, resulting in different illu-
sion effects. Consistent with previous studies on pointing
and grasping (Bruno et al. 2008; Bruno and Franz 2009),
the findings in this study confirm that the large variability in
the results of studies investigating illusion effects on sac-
cades can be ascribed to specific experimental differences.
An additional and interesting finding of the current
experiment is the smaller illusion effect for downward sac-
cades compared to the other directions. A similar pattern of
results on saccadic eye movements was reported by De
Grave et al. (2006a, b). They suggested that the reduction in
illusion effect may be caused by the hand partly occluding
the visual stimulus, which may have prompted the eye to
saccade to a predetermined position. However, this cannot
be a valid explanation in this study as no hand movements
or any other objects were present to occlude the stimulus
below the fixation point. Another explanation for smaller
illusion effects in the downward saccades might be the
longer latencies for these saccades. According to Van Zoest
and Hunt (2008), longer latencies result in smaller illusion
effects as long latencies provide the participant with enough
time to determine an accurate position of the target. We did
find significantly longer saccadic latencies for downward
saccades, similar to Dafoe etal. (2007) and Bell et al.
(2000). Based on the overall fit in Fig. 5 (thick line), we
were able to test whether the smaller illusion effect for the
downward stimulus location could be ascribed to larger
saccadic latencies. For the downward location in long stim-
ulus durations, the estimated illusion effect was 19%. This
estimated value was larger than the observed illusion effect
for this condition (10%, see Fig. 2). Thus, the smaller illu-
sion effect on downward saccades cannot be completely
explained by an increase in saccadic latency. A third possi-
bility involves differences in acuity between the lower and
upper visual field. Outside the fovea, the superior retina
projects to a larger area in the visual cortex (Van Essen
et al. 1984) and has more ganglion cells (Curcio and Allen
1990) than the inferior retina. This difference may allow
more accurate localization of the target in the lower visual
field, at the cost of slightly slower processing. Interestingly,
better performance for visually guided pointing in the lower
visual field is reported by Danckert and Goodale (2001).
Additionally, Krigolson and Heath (2006) found better aim-
point precision in the lower visual field compared to the
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upper field. Given these results, we speculate that better
motor performance in the lower visual field occurs due to
better retinal and cortical acuity.

In conclusion, we found that the large variety in illusion
effects on saccades can be ascribed to several factors.
Although saccades show a substantial illusion effect under
all conditions, the amount of illusion effect is modulated by
spatial predictability of the stimulus and saccadic latencies.
These results argue against strong independence of vision-
for-action and vision-for-perception (Goodale and Milner
1992) as in none of the conditions in this study saccades
appeared to be immune to perceptual illusory effects. More
specifically, we have provided evidence that a reduction in
the illusion effect occurs when the stimulus is at a more pre-
dictable location, when saccadic latencies are long
(>250 ms) and when the stimulus is presented below the
fixation point.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.

References

Aglioti S, DeSouza JF, Goodale MA (1995) Size-contrast illusions
deceive the eye but not the hand. Curr Biol 5(6):679-685

Albano JE, King WM (1989) Rapid adaptation of saccadic amplitude
in humans and monkeys. Investig Ophthalmol Vis Sci
30(8):1883-1893

Bell AH, Everling S, Munoz DP (2000) Influence of stimulus eccen-
tricity and direction on characteristics of pro- and antisaccades in
non-human primates. J Neurophysiol 84(5):2595-2604

Bernardis P, Knox P, Bruno N (2005) How does action resist visual
illusion? Uncorrected oculomotor information does not account
for accurate pointing in peripersonal space. Exp Brain Res
162(2):133-144

Binsted G, Elliott D (1999) Ocular perturbations and retinal/extrareti-
nal information: the coordination of saccadic and manual move-
ments. Exp Brain Res 127(2):193-206

Bruno N (2001) When does action resist visual illusions? Trends
Cognit Sci 5(9):379-382

Bruno N, Franz VH (2009) When is grasping affected by the Muller-
Lyer illusion? A quantitative review. Neuropsychologia
47(6):1421-1433

Bruno N, Bernardis P, Gentilucci M (2008) Visually guided pointing,
the Muller-Lyer illusion, and the functional interpretation of the
dorsal-ventral split: conclusions from 33 independent studies.
Neurosci Biobehav Rev 32(3):423-437

Coéffé C, O’Regan JK (1987) Reducing the influence of non-target
stimuli on saccade accuracy: predictability and latency effects.
Vis Res 27(2):227-240

Curcio CA, Allen KA (1990) Topography of ganglion cells in human
retina. J Comput Neurol 300(1):5-25

Dafoe JM, Armstrong IT, Munoz DP (2007) The influence of stimulus
direction and eccentricity on pro- and anti-saccades in humans.
Exp Brain Res 179(4):563-570

Danckert J, Goodale MA (2001) Superior performance for visually
guided pointing in the lower visual field. Exp Brain Res 137(3—
4):303-308

@ Springer

De Grave DDJ, Brenner E, Smeets JBJ (2004) Illusions as a tool to
study the coding of pointing movements. Exp Brain Res
155(1):56-62

De Grave DDJ, Franz VH, Gegenfurtner KR (2006a) The influence of
the Brentano illusion on eye and hand movements. J Vis
6(7):727-738

De Grave DDJ, Smeets JBJ, Brenner E (2006b) Why are saccades
influenced by the Brentano illusion? Exp Brain Res 175(1):177—
182

De’Sperati C, Baud-Bovy G (2008) Blind saccades: an asynchrony
between seeing and looking. J Neurosci 28(17):4317-4321

Ehresman C, Saucier D, Heath M, Binsted G (2008) Online corrections
can produce illusory bias during closed-loop pointing. Exp Brain
Res 188(3):371-378

Festinger L, White CW, Allyn MR (3) Eye movements and decrement
in the Muller-Lyer illusion. Percept Psychophys 3(5B):376-382

Franz VH (2001) Action does not resist visual illusions. Trends Cognit
Sci 5(11):457-459

Franz VH, Gegenfurtner KR (2008) Grasping visual illusions: consistent
data and no dissociation. Cognit Neuropsychol 25(7):920-950

Franz VH, Gegenfurtner KR, Bulthoff HH, Fahle M (2000) Grasping
visual illusions: no evidence for a dissociation between percep-
tion and action. Psychol Sci 11(1):20-25

Glover SR (2004) Separate visual representations in the planning and
control of action. Behav Brain Sci 27(1):3-24

Goodale MA (2008) Action without perception in human vision.
Cognit Neuropsychol 25(7-8):891-919

Goodale MA, Milner AD (1992) Separate visual pathways for percep-
tion and action. Trends Neurosci 15(1):20-25

Goodale MA, Westwood DA (2004) An evolving view of duplex vi-
sion: separate but interacting cortical pathways for perception and
action. Curr Opin Neurobiol 14:1-9

Jacob P, Jeannerod M (2003) Ways of seeing: the scope and limits of
visual cognition. Oxford University Press, Oxford

Knox PC (2006) The effect of Kanizsa’s compression illusion on
reflexive saccades. Exp Brain Res 175(4):764-768

Krigolson O, Heath M (2006) A lower visual field advantage for end-
point stability but no advantage for online movement precision.
Exp Brain Res 170(1):127-135

Lavrysen A, Helsen WF, Elliott D, Buekers MJ, Feys P, Heremans E
(2006) The type of visual information mediates eye and hand
movement bias when aiming to a Muller-Lyer illusion. Exp Brain
Res 174:544-554

McCarley JS, Kramer AF, DiGirolamo GJ (2003) Differential effects of
the Muller-Lyer illusion on reflexive and voluntary saccades.
J Vis 3:751-760

Milner AD, Goodale MA (1995) The visual brain in action, vol 27.
Oxford University Press, Oxford

Milner AD, Goodale MA (2008) Two visual systems re-viewed.
Neuropsychologia 46(3):774-785

Munoz DP (2002) Commentary: saccadic eye movements: overview of
neural circuitry. In: Hyona J, Munoz DP, Heide W, Radach R
(eds). Prog Brain Res 140:89-96

Pavani F, Boscagli I, Benvenuti F, Rabuffetti M, Farne A (1999) Are
perception and action affected differently by the Titchener circles
illusion? Exp Brain Res 127(1):95-101

Schenk T, McIntosh R (2010) Do we have independent visual streams
for perception and action? Cognit Neurosci 1(1):52-62

Smeets JBJ, Brenner E (1995) Perception and action are based on the
same visual information: distinction between position and veloc-
ity. J Exp Psychol Hum Percept Perform 21(1):19-31

Smeets JBJ, Brenner E (2006) 10 years of illusions. J Exp Psychol
Hum Percept Perform 32(6):1501-1504

Tegetmeyer H, Wenger A (2004) Influence of visual perception on
spatial coding of saccadic eye movements and fixation. Neuro
Ophthalmol 28(5-6):197-204



Exp Brain Res (2010) 203:671-679

679

Tegetmeyer H, Wenger A (2006) Der Einfluss geometrisch-optischer
Tauschungen auf sakkadische Augenbewegungen. Klinisches
Monatsblat fuer Augenheilkunde 223:84-87

Thompson AA, Westwood DA (2007) The hand knows something that
the eye does not: reaching movements resist the Muller-Lyer illusion
whether or not the target is foveated. Neurosci Lett 426(2):111-116

Trevarthen CB (1968) Two mechanisms of vision in primates. Psycho-
logische Forschung 31(4):299-348

Ungerleider LG, Mishkin M (1982) Two cortical visual systems. In:
Ingle DJ, Goodale MA, Mansfield RWJ (eds) Analysis of visual
behavior. MIT Press, Cambridge, pp 549-586

Van Essen DC, Newsome WT, Maunsell JH (1984) The visual field rep-
resentation in striate cortex of the macaque monkey: asymmetries,
anisotropies, and individual variability. Vis Res 24(5):429-448

Van Zoest W, Hunt A (2008) Visual illusions: saccadic and manual
responses reveal a similar time-course. Perception 37:s152

Vishton PM, Rea JG, Cutting JE, Nunez LN (1999) Comparing effects
of the horizontal-vertical illusion on grip scaling and judgment:
relative versus absolute, not perception versus action. J Exp
Psychol Hum Percept Perform 25(6):1659-1672

West GL, Welsh TN, Pratt J (2009) Saccadic trajectories receive online
correction: evidence for a feedback-based system of oculomotor
control. J Mot Behav 41(2):117-127

Westwood DA, Goodale MA (2003) Perceptual illusion and the real-
time control of action. Spat Vis 16(3—4):243-254

Wong E, Mack A (1981) Saccadic programming and perceived loca-
tion. Acta Psychol 48(1-3):123-131

@ Springer



	The effect of the M&uuml;ller-Lyer illusion on saccades is modulated by spatial predictability and saccadic latency
	Abstract
	Introduction
	Materials and methods
	Participants
	Stimulus and apparatus
	Procedure
	Data analysis

	Results
	Discussion and conclusion
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


