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Mislocalization of Perceived Saccade Target Position
Induced by Perisaccadic Visual Stimulation
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The perceptual localization of objects flashed at the time of a saccade often shows large spatial distortions. These perisaccadic mislocalizations exhibit different spatial patterns depending on the experimental condition. In darkness, when only extraretinal information is
available, mislocalization is spatially uniform. In light and when visual references are available, mislocalization is directed toward the
saccade target, resembling a compression of visual space. These patterns are derived from measurements of the absolute perceived
position of the flashed object in egocentric space. Here, we report that also the perceived location of the saccade target is altered when an
object is flashed perisaccadically. The mislocalization of the target depends on the presentation time of the flashed object and is directed
toward the position of the flash. The resulting compression of the relative distance between target and flash is similar in darkness and in
light and can also be found during fixation. When the localization of the flashed object is described relative to the perceived location of the
saccade target, spatial compression becomes similar in many experimental conditions. We therefore suggest that perisaccadic compression relies on an encoding of relative spatial locations of objects rather than on localizations in egocentric space.
Key words: eye movement; saccade; spatial perception; visual perception; human; spatial localization

Introduction
The visual system compensates the changes that a saccade causes
to the retinal image and generates a constant percept of space.
Cancellation theories of space constancy (Von Helmholtz, 1866;
Sperry, 1950; Von Holst and Mittelstaedt, 1950) hold that the
command signal from the brain to the eye muscles is used to
cancel the image motion on the retina to establish visual stability.
However, findings of transient mislocalizations during saccades
suggest that either the extraretinal signal is sluggish (Honda,
1991, 1993; Dassonville et al., 1992) or that the cancellation does
not account for the visual persistence and latency of the object
(Pola, 2004). The “reference object” (Deubel et al., 1984, 1996,
1998, 2002; Deubel, 2004) and “saccade target” (McConkie and
Currie, 1996; Currie et al., 2000) theories instead rely on visual
information for space constancy and ascribe a particular role to
the saccade target. They hold that before each saccade, some information from the presaccadic image, particularly the position and
properties of the saccade target, are encoded in memory. After the
saccade, the visual system searches for the target near the landing
point of the eye. If the target is found, its location is matched with its
stored position, and the world is considered stable. If the target location cannot be established, the assumption of visual stability fails.
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Only in this case does the visual system use extraretinal signals to
recalibrate the visual scene with respect to current gaze direction.
To probe the mechanism of visual stability, researchers often
exploited the mislocalization of objects flashed shortly before, during, or after a saccade (Matin and Pearce, 1965; Bischof and Kramer,
1968). These mislocalizations likely have their origin in the process
that transforms the scene representation before the saccade into the
scene representation after the saccade and may thus provide information about the mechanism of visual stability. The saccade target
seems to have a special role in the pattern of mislocalization. Morrone et al. (1997) and Ross et al. (1997) reported that flashed bars are
mislocalized toward the saccade target in a pattern reflecting a compression of visual space. Additional work also revealed an important
role for other visual factors in perisaccadic compression. Compression occurs orthogonal to saccade direction (Kaiser and Lappe,
2004). The strength of compression depends on the contrast of the
stimulus (Michels and Lappe, 2004). Compression of flash positions
toward the target is only seen when visual references are present after
the saccade (Lappe et al., 2000). This last finding relates to the claim
of the saccade target theory that the time immediately after the saccade is particular important. At this time, the visual system searches
for the saccade target, and the presence of visual references allows
evaluation of the previously stored position of the target. Compression may then reflect an error in the process that localizes objects
relative to the saccade target. In this case, the perceived location of
the saccade target is a critical parameter for the pattern of
mislocalization.

Materials and Methods
Subjects

Four male subjects (including the authors), 26 –36 years of age, participated in the experiments. All subjects had normal vision and were expe-
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Figure 1. Spatial arrangement of stimuli and time course of presentation. A, Subjects were presented with a fixation point (FP),
6.4° left of the screen center. B, After a variable time, the fixation point disappeared and a saccade target (T) was presented for 50
ms 12.8° to the right. Subjects had to perform a saccade toward the saccade target as fast as possible. C, Before, during, or after the
saccade, a vertical bar was flashed for 8 ms at one of four positions [⫺2.6° (red), 2.6° (green), 10° (blue), and 13.6° (black)]. D,
Approximately 500 ms after the saccade, a mouse pointer appeared and subjects indicated the horizontal perceived position of the
saccade target by pressing the left mouse button. The left column shows the three tested conditions in complete darkness (top),
with a white line leading to retinal excitation without providing visual references (middle) and with a ruler to provide visual
references. SRT, Saccadic reaction time.

rienced in psychophysical experiments. With the exception of the two
authors, subjects were naive to the particular purpose of the experiments.

Stimuli and experimental set-up

All experiments were performed in a dark room (luminance, ⱕ0.1 cd/
m 2). Observers sat 60 cm in front of a large projection screen (Dataframe
Cineplex, 120 ⫻ 120 cm). The head was fixed with a head/chin rest. All
stimuli were generated with a frame rate of 120 Hz by a computer (Indigo
2; Silicon Graphics, Mountain View, CA) and were back projected with a
cathode ray tube video projector (ECP 4100; Electrohome, Kitchener,
Ontario, Canada) onto the screen.

Procedure
All stimuli were presented on a dark background. Each trial started with
the presentation of a fixation dot (0.35 ⫻ 0.35°; luminance, 20 cd/m 2)
6.4° left of straight ahead (Fig. 1 A). The fixation dot extinguished after a
variable time (1700 –1870 ms) and simultaneously a saccade target with
the same size and luminance as the fixation point appeared for 50 ms
12.8° right of the fixation point (i.e., 6.4° right of straight ahead) (Fig.
1 B). Subjects were asked to perform a saccade from the fixation point
toward the saccade target as soon as possible. At unpredictable times
around saccade onset, a thin vertical bar (0.5 ⫻ 90°; mean luminance, 20
cd/m 2) was briefly presented at one of four possible positions for one
video frame (8 ms). Two bar positions were located between the fixation
point and the saccade target (⫺2.6 and 2.6° with respect to straight
ahead). The other two bar positions were located beyond the saccade
target (10 and 13.6° with respect to straight ahead) (Fig. 1C). Approximately 500 ms after the presentation of the saccade target, a mouse
pointer appeared in the middle of the screen, 2° above the horizontal axis
of the fixation point and the saccadic target (Fig. 1 D). In blocks of trials,
subjects were instructed to move the mouse pointer either to the apparent horizontal position of the bar or to the apparent horizontal position
of the saccade target. Subjects indicated the apparent positions of target
or bar by pressing the left mouse button. At this time, subjects were
allowed to freely move their eyes. The location of the mouse pointer was
recorded along with the time of the flashed bar. After subjects had pressed
the mouse button, a new trial started with the appearance of the fixation
dot. All experiments were done in blocks of 100 single trials. Each subject
performed at least three series on different days. We tested three different
conditions (Fig. 1).
Darkness. The first condition was run in complete darkness, and all
stimuli were presented on a dark background (Fig. 1, top). The fixation
point as well as the saccade target was presented only before the saccade.

Therefore, no visual references were available at
saccade onset or at the time when the subjects
indicated the perceived position of the flashed
object.
White line. The second condition presented a
white horizontal line (mean luminance, 20 cd/
m 2) (Fig. 1, middle). The white line was visible
during the entire trial. Like the first condition, it
did not provide visual references along the horizontal axis, but it induced retinal illumination
similar to the third condition (ruler).
Ruler. The third condition added nonambiguous visual references, which were provided
by a horizontal ruler displayed on the screen
(Fig. 1, bottom). The ruler was a horizontal
white line (mean luminance, 20 cd/m 2) with
short vertical lines at 12.8° intervals, each labeled with a number. One of the marks fell on
the fixation point, another on the saccade goal.
The ruler was visible during the entire trial.

Data analysis

Horizontal eye position was recorded with an
Ober2 infrared eye tracker at a sample rate of
200 Hz. The goggles of the eye tracker restricted
the binocular visual field to 30 ⫻ 20°. Because of
the restricted field of view, subjects were not
able to see the edges of the large projection
screen. Saccade reaction time for each saccade was determined off-line by
a velocity criterion (10% of maximum speed). In addition, the experimenter visually checked each saccade for appropriate direction, amplitude, and timing. Trials in which the saccade did not meet the requirements of the task or trials in which subjects performed a corrective
saccade were discarded. For each subject and condition, between 170 and
400 responses were collected.

Mislocalizations during fixation
In control experiments, the same subjects were instructed to keep fixation at the fixation point. Control experiments were performed in the
three conditions “darkness,” “white line,” and “ruler.” Subjects were
presented with the same visual stimulation as in the saccade experiments
(i.e., with target and bar being presented together). In one block, subjects
had to localize the perceived position of the saccade target. In another
block, subjects had to localize the perceived position of the bar. The bar
could appear at one of the four bar positions described above (i.e., at
positions ⫺2.6°, 2.6°, 10°, or 13.6°) within a time period of 400 ms after
fixation point offset. In line with the saccade experiments, subjects performed at least three blocks of 100 single trials in each experimental
condition. Also in line with the saccade experiments, subjects were allowed to freely move their eyes when the mouse pointer appeared on the
screen. Eye movements were recorded during the entire experiment.
Trials in which the subject did not fixate appropriately were discarded.

Results
Mislocalization during saccades
Mislocalization of the saccade target
Figure 2 shows perceived positions of the saccade target for different positions of the flashed bar for individual subjects as well as
the mean over subjects (bottom row). The four curves in each
subplot indicate the perceived target positions when the additionally flashed bar was presented at ⫺2.6° (red), 2.6° (green), 10°
(blue), or 13.6° (black). Individual curves show a sliding mean
with a temporal window of 40 ms. The shaded areas that surround the curves show the corresponding SE.
Although the saccade target was always presented at the same
position (6.4°), its apparent position in the darkness and white
line conditions varied with the presentation time and location of
the flashed bar. For instance, if the bar was flashed immediately
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before the saccade, at position 2.6°, subject
HF reported the saccade target in darkness
at 4.5° (Fig. 2, green curve of subject HF in
the left column). If the bar was presented
130 ms before saccade onset (i.e., immediately after the presentation of the saccade
target), subject HF reported the saccade
target at 2.5°.
In the conditions darkness and white
line (Fig. 2, left and middle columns), mislocalizations of the saccade target clearly
depended on the position of the additionally flashed bar. For instance, subject HF
always showed a separation of the red from
the black curve in the condition darkness.
Approximately 80 ms before saccade onset, this separation is ⬃5°. The red curve
represents the perceived target positions
when the bar appeared at ⫺2.6°, whereas
the black curve shows the respective situation when the bar appeared at 13.6°. The
four bar positions can be grouped into two
positions left of the saccade target (red and
green curves) and two positions right of
the saccade target (blue and black curves).
For all subjects except HA in the darkness
condition, the red and green curves always
lie below the blue and the black curves.
Thus, all subjects show a separation of the
curves depending on the position of the
flashed bar, albeit to different degrees
(compare HA and HF in the darkness condition). The separation of the curves is also
evident in the mean data. The separation
was statistically significant for all subjects
in the darkness and white line conditions
(one-way ANOVA; p ⬍ 0.001) and was not
significant in the ruler condition (one-way
ANOVA; p ⬎ 0.1). Moreover, the perceived target position is not only influ- Figure 2. Perceived saccade target positions for the four subjects in the darkness (left), white line (middle), and ruler (right)
enced by the position of the flashed bar but conditions. The saccade target was always presented at 6.4° (indicated by the filled circle next to the ordinate) for 50 ms when the
also depends on the time at which the bar fixation point disappeared. The curves show the perceived position of the saccade target with respect to the presentation time of
was presented; mislocalizations of the sac- the additionally flashed bar. All times are relative to saccade onset. Individual curves show a sliding mean with a temporal window
of 40 ms. The surrounding shaded areas show the corresponding SE. The colors of the curves indicate the positions of the flashed
cade target were strongest when the target bar at ⫺2.6° (red), 2.6° (green), 10° (blue), and 13.6° (black) (see Fig. 1). In the darkness and white line conditions, a separation
and the bar were presented immediately of the curves depending on the position of the additional presented bar is visible. In general, the red and green curves, which
after each other. The longer the time correspond to bar positions left of the target, are always under the blue and black curves, which correspond to bar positions beyond
difference between the two objects, the the target. In the ruler condition, the saccade target was presented on top of a ruler tick mark, and here, as expected, no separation
weaker became the separation of the of the curves occurred. deg, Degrees.
curves. For the majority of the subjects in
the darkness and white line conditions, the
the saccade target at its real position at any time, and no separation of
mislocalizations of the saccade target seem to decrease with increasthe curves could be observed (Fig. 2, right column). This is not suring time delay of the presentation of the bar. To test this observation,
prising because the target location was continuously identified by a
we fitted for each subject and each bar position a regression line to
tick mark on the ruler. In complete darkness, no other information
the raw data in the interesting time interval from ⫺150 to 0 ms. We
than extraretinal information is available. The ruler condition prothen tested whether the slope of the regression line was statistically
vides visual references about horizontal positions via vertical tick
different from 0 (t test; p ⬍ 0.05). For the white line condition, we
marks. These tick marks can be used to embed the saccadic target in
found significant differences for subjects HA, ML, and HF at bar
the postsaccadic visual scene. In contrast, the white line condition
position ⫺2.6° (red curve), for all subjects at bar position 2.6° (green
causes retinal excitation but, because there are no tick marks, does
curve), and for subject HF at bar positions 10 and 13.6° (blue and
not provide any visual references about horizontal positions that
black curves). In the condition darkness, slopes were significantly
could be used to embed the saccadic target in the postsaccadic visual
⬎0 at bar position 13.6° for subjects ML and HF, and at bar position
scene. Hence, this condition is similar to the darkness condition but
⫺2.6° for subject ML. In the ruler condition, all subjects perceived
very different from the ruler condition.
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ments with identical stimulation procedures (Lappe et al., 2000). Data in the
white line condition were recorded in a
new recording session. In contrast to the
mislocalization of the saccade target, the
mislocalizations of the flashed bar typically started ⬃50 ms before saccade onset,
reached a maximum around the beginning
of the saccade, and returned to baseline
shortly after the saccade (Fig. 4, subject HA
in the white line condition). Figure 4 also
shows that the pattern of mislocalization
of the flashed bar depended on whether
visual references were available. In darkness, all four bar positions were uniformly
mislocalized (i.e., at any point in time the
distances between the four curves remain
constant) (Fig. 4, left column). When visual references were available, this overall
mislocalization pattern changed. For subjects ML and JL, distances between curves
became smaller around saccade onset (Fig.
4, right column), indicating a compression
of space. This compression was somewhat
weaker for subjects HA and HF, but it can
still be seen in the mean data across subjects (bottom row). To quantify the compression, we calculated a compression index, which confirmed a stronger
compression in the presence of visual references than in darkness (see below, Compression of bar-target distance).
Mislocalization during fixation
Mislocalization of the target
To investigate whether the mislocalization of
the saccade target depended on the saccade
itself, we performed control experiments in
which the saccade target and/or the bar were
Figure 3. Deviations of saccade amplitude from average saccade amplitude when bars were flashed at various times relative to
saccade onset. The colors of the curves indicate the position of the flashed bar (same conventions as in Fig. 2). The x-axis shows the shown, but subjects were asked to keep fixation at the fixation point throughout the enpresentation time of the flashed bar. The y-axis shows the deviation of a particular saccade from average saccade amplitude.
tire trial. Consistent with previous findings
in conditions of steady fixation (Müsseler et
Saccade amplitudes
al., 1999; Eggert et al., 2001; Sheth and Shimojo, 2001), the flashed
Do saccade amplitudes change along with the perceptual misloobject was often perceived somewhat closer toward the fovea than it
calization of the saccade target? Figure 3 shows deviations of
was presented. This underestimation has been linked to a visual
saccade amplitudes from mean amplitudes for the different flash
memory effect (Sheth and Shimojo, 2001) or a mismatch between
positions. These deviations are small for most of the time (i.e.,
egocentric and exocentric location mechanisms (Eggert et al., 2001),
saccade amplitudes were mostly not affected by the flash posibut its exact cause is still unknown. However, in addition to this
tion). A separation of the curves only occurred when the bar was
general underestimation of the saccade target, we found a strong
presented shortly after the saccadic target and, hence, long before
influence of the flashed bar on the perceived position of the saccade
saccade onset (Fig. 3, subject HF in condition darkness or subject HA
target in the darkness and white line conditions (Fig. 5, left and
in condition white line). In this case, saccade amplitudes were afmiddle columns). As in the saccade experiments, the mislocalizafected by bar positions. Saccadic amplitudes for JL and HA were less
tions of the saccade target depended on the position of the additionaffected for bar presentation long before the saccade in the darkness,
ally flashed bar: almost all subjects showed a separation of the red
presumably because these subjects also did not show much target
and green curves (which correspond to bar positions left of the tarmislocalization (Fig. 2) at that time in this condition.
get) from the blue and black curves (which correspond to bar positions right of the target). The separation of the curves was largest,
Mislocalization of the bar
⬃150 –200 ms, after fixation point offset, which is, interestingly, in
The time course of mislocalizations of the bar differed from the
the range of a typical saccade latency. As expected, there was no
time course of mislocalizations of the saccade target. Figure 4
separation of the curves in the condition when the ruler was present
shows apparent bar positions. Data in the darkness and ruler
(Fig. 5, right column).
conditions were available for our subjects from previous experi-
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Mislocalization of the bar
Figure 6 shows the results of the fixation
experiments in which subjects had to localize the perceived position of the bar.
There is a general underestimation in the
apparent position of the bar, but in contrast to the saccade experiments, which
clearly showed a maximal mislocalization
of the bar around saccade onset (Fig. 4),
the results during steady fixation show no
variation over time (Fig. 6).
Compression of bar-target distance
In previous work, we defined two index
measures to compare the overall amount
of mislocalization in saccade direction
(shift index) and in the strength of compression of visual space (compression index) across subjects and conditions
(Lappe et al., 2000; Awater and Lappe,
2004; Awater et al., 2005). The shift index
was defined as the mean of the four perceived bar positions for each point in time.
The compression index was defined as the
SD across the four perceived bar positions,
respectively. Using these indices, we found
strong compression when visual references were available and much less compression in darkness (Lappe et al., 2000).
The indices, however, did not take into account the shift of apparent position of the
saccade target. We therefore call this an
absolute compression of bar position. The
present experiments, in contrast, also
showed that the saccade target is mislocalized if its position is not exactly determined by visual references (darkness and
white line conditions). The mislocalizations of the saccade target in these conditions, at least for the positions left of the Figure 4. Perceived bar positions for the four subjects in the darkness (left), white line (middle), and ruler (right) conditions.
saccade target, are such that its apparent Individual curves show a sliding mean with a temporal window of 40 ms. The surrounding shaded areas show the corresponding
position is drawn toward the additionally SE. Colors correspond to the real bar positions at ⫺2.6° (red), 2.6° (green), 10° (blue), and 13.6° (black). The real bar positions are
flashed bar. To analyze this further, we cal- indicated by color-filled circles next to the ordinate. Gray bars show the mean saccade duration.
culated a relative compression index that
considered also the perceived position of
Discussion
the saccade target (Fig. 7A). The relative compression was deterPerisaccadic compression has been manifested previously as the
mined by calculating the distance between the perceived bar and the
mislocalization of the absolute position of the object in space, assumperceived target position for each bar position and flash time, noring that the saccade target is perceived at its real position (Morrone
malized to the real distance between both objects. The mean over all
et al., 1997; Lappe et al., 2000; Burr et al., 2001). We found that
four bar positions gives a measure of the relative compression over
this assumption is not always true. A transient saccade target is
time.
mislocalized toward an additionally flashed object if its posiWe performed this analysis for each subject and condition. Figtion is not determined by visual references. Although absolute
ure 7 shows the absolute (black curves) and relative (colored curves)
compression is strong only in the presence of visual references
compression indices averaged across subjects for the three condi(Lappe et al., 2000), relative compression, which takes into account the
tions (darkness, white line, and ruler) in the saccade experiments
mislocalizationofthesaccadetarget,isofsimilarstrengthinthepresence
(Fig. 7B) and in the fixation experiments (Fig. 7C). In both saccade
and the absence of visual references. We conclude that the compression
and fixation experiments, relative compression was stronger in the
reflects an error in the relative distance measure between the target and
conditions in which the position of the saccade target was not deteranother object.
mined by visual references (i.e., darkness and white line conditions).
In the ruler condition, relative and absolute compressions were idenMislocalization of bar and target positions
tical in saccade and fixation experiments. The strength of relative
Mislocalization of the flashed bar starts ⬃70 ms before and peaks
compression in the 50 ms before saccade onset was very similar in all
at approximately saccade onset. Mislocalization of the saccade
conditions but the ruler condition during fixation.

Awater and Lappe • Mislocalization of Saccade Target Position

J. Neurosci., January 4, 2006 • 26(1):12–20 • 17

Presaccadically, the saccade target is the
locus of visual attention (Hoffmann and
Subramaniam, 1995; Kowler et al., 1995;
Deubel and Schneider, 1996). An abruptly
appearing object attracts visual attention
(Yantis and Jonides, 1984; Remington et
al., 1992). Therefore, the flash of the bar
might distract attention away from the
saccade target position and toward the
flashed bar. This distraction of attention
may contribute to the localization errors if
subjects after the saccade report the
presaccadic locus of attention as the saccade target position.
A two-step theory of
perisaccadic localization
We believe our results can be explained by
a combination of processes of encoding
and retrieval of location information in
perisaccadic localization (Fig. 8). In our
model, compression originates in the
presaccadic encoding stage, but its manifestation in perceptual judgments is influenced by the combination with other signals in the postsaccadic retrieval stage. In
the first step, the encoding, retinal information is gathered from the saccade target
position (retT) and from the position of
the flashed bar (retB) (Fig. 8 A). We assume that at this stage also the relative distance between bar and target is encoded
(distBT). If the bar is flashed near saccade
onset, this encoding of the bar-target distance is compressed. Different processes
may contribute to this distance compression for bar and target and may either require the execution of the saccade or act
also during fixation. The second step, the
Figure 5. Perceived target positions during steady fixation. The time axis gives the presentation time of the flashed bar relative
retrieval, takes place after the saccade and
to fixation point offset. The gray shaded areas show the time when the target was present. All other conventions are the same as
uses the encoded presaccadic information
in Figure 2.
(retT, retB, and distBT) together with extarget is strongest when the target and bar are presented immetraretinal information about the change in eye position (xEP) and
diately after each other (i.e., long before saccade onset). During
visual information about the postsaccadic retinal position of the
steady fixation, mislocalization patterns of the target are similar
saccade target (postT). These signals are used in combination to
to those during a saccade. The localization of the bar, in contrast,
anchor the presaccadic signals to the postsaccadic scene. The exis clearly different between fixation and saccade, showing a clear
act combination of the signals at the retrieval stage predicts
time course only during saccades. Therefore, bar and target miswhether the bar location will appear compressed, whether the
localization must, at least in part, reflect different mechanisms.
target location will appear shifted, or both. We assume that in
When a distractor is near a saccade target, the saccade enddifferent experimental conditions, these signals are used to difpoint often falls between target and distractor (Findlay, 1982;
ferent degrees depending on preferences in the system and the
Ottes et al., 1984; Eggert et al., 2002). Saccadic amplitudes of our
reliability of the respective signal (cf. Niemeier et al., 2003).
subjects were influenced by the flashed bar up to 50 ms before
For a saccade in the presence of visual references, postsaccadic
saccade onset. At this time, target selection by the visual system
visual information about the location of the target is available
may have averaged the apparent position of the target and the
(Fig. 8 B). Experiments on the saccade object theory (Deubel et
flashed bar and changed the amplitude of the saccade accordal., 1996, 1998, 2002; McConkie and Currie, 1996; Currie et al.,
ingly. However, a change of perceived target position was also
2000; Deubel, 2004) suggest that this information is preferentially
seen shortly before saccade onset. At this time, saccade amplitude
used by the visual system to assure visual stability. In this case, our
cannot be modified. Still, the flashed bar shifted perceived target
model would combine accurate postsaccadic target position with
position. It is therefore unlikely that the apparent target shift is a
a compressed bar-target distance signal leading to a strong absodirect consequence of saccade amplitude modification. More
lute compression of the bar position toward the target. Without
parsimoniously, the mislocalization reflects a visual effect that, if
postsaccadic visual references (Fig. 8C), the saccade target theory
time permits, can change the saccade amplitude as well.
holds that extraretinal eye position signals are used to relate the
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compression index

compression index

stored presaccadic information to the
postsaccadic scene. We may assume that
the extraretinal eye position signal is imprecise and leads to position shifts
(Honda, 1989, 1991, 1993; Dassonville et
al., 1992). However, if the visual system
were to use the relative distance encoding
between bar and target for the postsaccadic scene reconstruction, then the extraretinal eye position signal may either be
used to retrieve target position followed by
retrieval of bar position from the relative
distance encoding, or the extraretinal signal may be used to retrieve bar position
followed by retrieval of target position
from the relative distance encoding. In the
first case, the target position would appear
accurate and the bar position would appear compressed. In the second case, the
bar position would appear accurate, and
the target position would appear compressed. The observation of apparent shifts
of the target position suggests that the system follows the second case in our experimental conditions. Perhaps the bar gives a
more reliable signal, because it is larger
and more intense than the target and also
because it is closer in time to the postsaccadic report. If this assumption is correct,
a straightforward prediction would be that
if the size and intensity of the flashed bar is
decreased, the bar should no longer serve
as the anchor point to which the target is
localized. Thus, by creating an experimental condition in which the salience of the
bar is decreased and the salience of the target is increased, we would expect an absoFigure 6. Perceived bar positions during steady fixation. The gray shaded areas show the time when the target was present. All
lute compression of bar positions even in other conventions are the same as in Figure 2.
darkness.
A
During fixation, the second step (postabsolute bar positions
saccadic retrieval) is not necessary. The system may directly use
the visual signals of target position (retT), bar position (retB), or
FP
T
bar-target distance (distBT). The fact that we observe a mislocaldistance to target
ization in this condition at all suggests that the relative encoding
of bar-target distance is used and that this compression occurs at
B Saccade
least to some degree independently of the saccade. Again, we
darkness
white line
ruler on
10
must differentiate between the presence and absence of visual
8
reference information about target position. Without visual ref6
4
erences, we observed a mislocalization of the saccade target but
absolute
2
relative
less mislocalization of the bar. This suggest that the bar position is
0
-100 0 100 -100 0 100 -100 0 100
registered accurately and that the target position is retrieved from
time relative to saccade onset [ms]
C Fixation
the compressed bar-target distance. This is very similar to the
10
saccade case, and the argument that the bar is the more reliable
8
signal because of its size, intensity, and nearness in time to the
6
report may be applied to both cases. With visual references, lo4
2
calization of both bar and target is essentially veridical. We as0
sume that in this case, the target position is not retrieved from the
0 100 200 300 0 100 200 300
0 100 200 300 400
time relative to fixation point offset [ms]
bar-target distance but directly form the retinal position of the
target and the associated visual reference information.
Origin of bar-target compression
In the above explanation, perisaccadic compression arises from
the compression of the relative distance between the saccade tar-

Figure 7. Absolute (black) and relative (red) compression indices averaged across subjects (for
calculation, see Results). Shaded areas indicating the SD across subjects. In the last 50 ms before
saccade onset, relative compression is stronger than absolute compression in the darkness and white
line conditions. In contrast, there is no such difference between absolute and relative compression in
the ruler condition.
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coordinates before saccade execution. The reentry signal also acts
as an emergent attentional gain factor to increase performance at
the attended location (Hamker, 2005). Thus, the compression
observed for saccades should also occur during fixation provided
that the shift of attention toward the target position is strong
enough.

4

real target real bar
position position

6

real target real bar
position position

Figure 8. An encoding and retrieval model of perisaccadic localization. A, In a first step, the
presaccadic encoding, retinal positions of bar (retB) and target (retT) as well as the retinal
distance between the target and bar (distBT) is encoded. If the bar is flashed near saccade onset,
this distance is compressed. In a second step, the postsaccadic retrieval, the encoded information is embedded in the postsaccadic visual scene. This step takes place after the saccade and
uses, depending on the information available after the saccade, a combination of extraretinal
eye position information and visual information about postsaccadic retinal positions to anchor
the presaccadically encoded relationships in the postsaccadic scene. The exact combination of
the signals at the retrieval stage predicts whether the bar location will appear compressed,
whether the target location will appear shifted, or both. B, Postsaccadic visual references provide an anchor point for the saccade target. The compressed retinal distance between bar and
target leads to absolute a compression of the bar positions. C, In the absence of postsaccadic
visual information, extraretinal eye position signals must be used to relate the stored presaccadic information to the postsaccadic scene. Although the extraretinal eye position signal may
be imprecise, it can be used to locate the bar slightly shifted from its veridical position. The
target is mislocalized according to the compression of the bar-target distance.

get and the bar. Such compression occurs both under saccade
conditions and under conditions of fixation, although possibly
by different mechanisms. There are a number of possibilities how
such compression may arise. Under conditions of fixation, mislocalizations of flashed objects often occur toward the fovea, but
they are influenced by additional visual references (Musseler et
al., 1999; Sheth and Shimojo, 2001). These mislocalizations may
be caused by a mismatch between egocentric and exocentric localization mechanisms (Eggert et al., 2001). Sheth and Shimojo
(2001) found larger mislocalizations when the interstimulus interval between two successively presented objects became larger
and suggested a visual memory effect as the underlying mechanism of the mislocalizations.
Another possibility is that the bar-target distance is compressed because of modulatory influences of either a saccade plan
or the shift of the attentional focus induced by the appearance of
the target. Hamker et al. (2004) proposed that perisaccadic compression is induced by an oculomotor reentry signal originating
from the frontal eye field or the superior colliculus. This reentry
signal modulates the gain of neural responses to flashed stimuli in
the vicinity of the saccade target. The gain modulation distorts
the spatial profile of activity in a cortical map of perceptual space
such that the activity maximum is shifted toward the target position. Consistent with the two-step theory, the reentry modulation and the associated distance compression occurs in visual
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