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Our peripheral vision is very limited. We
can perceive isolated targets in our pe-
riphery, but when multiple stimuli are
presented simultaneously our perception
deteriorates drastically, a phenomenon
known as crowding (Whitney and Levi,
2011). Crowded stimuli can still be de-
tected, but can no longer be identified
correctly. There is converging evidence
that crowding results from averaging of
target and distractor features, and that it is
a higher level perceptual phenomenon
(Chakravarthi and Cavanagh, 2009).

To analyze crowded peripheral infor-
mation, we make several saccades every
second to bring the relevant information
into our central vision where visual acuity
is optimal. Several neural processes are
engaged around the time of saccades to
maintain stable and continuous visual
perception despite rapid movement of the
image on the retina. One proposed mech-
anism for maintaining stability is predic-
tive remapping of neurons’ visual fields
just before the eyes actually start to move
(for review, see Melcher, 2011). With pre-
dictive remapping, the receptive field of
some neurons shifts toward the location
they will occupy after the eye movement
(Duhamel et al., 1992). It is hypothesized
that predictive remapping is driven by an
efference copy of the motor command
that is sent back to the oculomotor cortex,

informing the brain about the upcoming
eye movement.

A study by Harrison et al. (2013) investi-
gated whether predictive remapping causes
peripheral targets to be released from
crowding just before an eye movement is
made. In the first experiment, participants
were asked to report the orientation of
a small, peripherally-presented stimulus
that was crowded by four vertically ori-
ented stimuli (flankers). Both the target
and flankers were presented for 24 ms.
White noise stimuli were presented im-
mediately preceding and following the
flankers and targets, in the same location.
Before the start of the main experiment,
orientation of uncrowded peripheral tar-
gets was individually adjusted so that
performance was 75% for all partici-
pants. Across different blocks, partici-
pants were instructed to either maintain
central fixation or make an eye move-
ment toward the target. On trials where
subjects were instructed to maintain fixa-
tion, orientation discrimination was
impaired by 15% for crowded targets
compared with when the target was not
crowded. In the eye movement blocks, the
fixation offset served as the cue to make an
eye movement. The crowded target dis-
play was presented at different time points
relative to the predicted onset of an eye
movement (all analyses were relative to
the actual onset of the eye movement).
When the eye movement was executed,
only the white noise stimuli were visible,
because the target and flankers were only
presented for 24 ms. Subjects reported the
orientation of the target after the eye
movement was completed. The authors

found that orientation identification of
the peripheral crowded target increased
when the target was presented 50 ms be-
fore a saccade was initiated. When the tar-
get was presented 150 or 100 ms before
saccade onset, discrimination perfor-
mance was higher than in the no saccade
condition, but lower than 50 ms before
saccade onset (although statistics are not
reported). It is important to note that the
retinal information was the same for both
the fixation and saccade condition, be-
cause in the saccade condition the target
disappeared before the eye movement be-
gan. Therefore, the authors argue that an
extraretinal preparation of the saccade
stops the obligatory averaging of visual
features of both flankers and distractors,
thereby releasing a target from crowding.

We would like to suggest two alterna-
tive hypotheses that can also explain these
findings: the coupling of attention and eye
movements, and perisaccadic unmasking.
Deubel and Schneider (1996) showed that
a shift of covert attention precedes every
saccade. Their subjects were asked to re-
port the identity of a crowded stimulus
which was presented at either the saccade
goal or small distance away from the sac-
cade goal. Deubel and Schneider found
that targets presented at the saccade goal
were identified more reliably compared
with targets presented 1.09° away from the
saccade goal. These findings show that
shifts of attention are tightly coupled to
the planned eye movement landing posi-
tion. Kowler et al. (1995) extended these
findings by showing that performance is
not only enhanced at the target location,
but also suppressed at nearby locations.
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Based on these findings, one would expect
that if saccade preparation releases items
in the peripheral vision from the compul-
sory averaging of visual features, as Harri-
son et al. (2013) suggest, this effect would
be present for all the presented stimuli
and not limited to the target. In other
words, if visual features are no longer av-
eraged, identification performance of all
stimuli should increase. However, this is not
supported by previous findings (Kowler et
al., 1995). More support for our alternative
hypothesis is provided by Deubel (2008),
who investigated the time course of the at-
tentional shift that precedes every eye
movement. They found a linear increase
of performance that became significant 50
ms before the onset of a saccade. Figure
2A in Harrison et al. (2013) shows a sim-
ilar pattern.

In addition to the increase of perfor-
mance resulting from directing attention
to the saccade location, saccade unmask-
ing might further result in an increase in
performance. Harrison et al. (2013) pre-
sented white noise stimuli immediately
preceding and following presentation of
the target and flankers, in other words the
targets were not only crowded, but also
forward and backward masked. De Pisa-
pia et al. (2010) showed that preparing a
saccade in the direction of a backward
masked stimulus improves performance.
In their study, participants were asked to
identify a target that was immediately back-
ward masked. Performance increased when
the stimulus was presented just before sac-
cade onset. Similar to Harrison et al. (2013),
the target was no longer visible when the eye
movement was executed. Although both the
target and the mask were presented in the
same spatial position, subjects often per-
ceived the target as being slightly displaced
from the mask, i.e., the target became un-
masked. These findings demonstrate that
targets and masks can be perceptually sepa-
rated during saccades, thereby increasing
performance. More recently, Hunt and Ca-
vanagh (2011) extended these findings by
reporting unmasking before saccade onset
using a different paradigm.

In their second experiment, Harrison
et al. (2013) tested whether eye movement
preparation interacts with the distance be-
tween flanker and target at which crowd-

ing starts to occur, i.e., whether the
distance at which crowding starts to occur
is reduced just before an eye movement is
generated. The experimental design was
similar to that of their first experiment,
but this time only forward masking was
applied and the target was presented at a
7° visual angle. To study the effect of the
target-flanker separation on target discrim-
ination, the separation between flankers and
target was varied between blocks, being 1,
1.5, 2, 3.5, or 5°. According to Bouma’s law,
the critical distance for crowding to occur is
�0.5 times the target eccentricity when no
saccade is generated, predicting no crowd-
ing for 3.5 and 5 degree target–flanker sepa-
ration. This prediction was confirmed in the
blocks in which subjects were required to
maintain central fixation and no saccades
were executed: crowding was reported only
for critical distances of 1, 1.5, and 2°. As in
the first experiment, when participants were
instructed to make saccades toward the tar-
get, discrimination increased just before the
saccade was initiated. However, this in-
crease was only significant when target–
flanker distance was 2°. There was no
significant increase in performance when
target–flanker distance was 1.5°, although
this distance was comparable to that used in
the first experiment (1.3°). The authors also
investigated whether the size of the critical
distance was reduced 50 ms before the sac-
cade onset. It was found that the critical dis-
tance shrunk by 47% just before the onset of
a saccade, supporting the authors’ hypothe-
sis that extraretinal signals interact with vi-
sual neurons from the peripheral visual
field.

We would argue that the findings of the
second experiment, can also be partially ex-
plained by saccadic unmasking (although
targets were only forward masked), and the
coupling of attention and eye movements.
For example, the decrease of the critical dis-
tance could be the result of an attentional
shift that accompanies every eye movement.
Yeshurun and Rashal (2010) investigated
the effects of exogenous attention on crowd-
ing while participants maintained central
fixation. They presented a crowded stim-
ulus 70 ms after the presentation of a
peripheral cue, and found identification
performance increased when the crowded
target was presented at the cued location.

Moreover, this attentional shift also reduced
the critical distance.

In summary, the finding that preparing
an eye movement increases behavioral per-
formance at the saccade target location con-
tributes to our understanding of how the
brain creates a stable percept across separate
fixations. Harrison et al. (2013) argue that
just before a saccade is made, an active re-
mapping mechanism interacts with periph-
eral visual neurons resulting in reduced
crowding. However, this finding can also be
(partially) explained by attentional alloca-
tion and saccadic unmasking. A future step
would be to rule out these alternative expla-
nations, and study both crowded and un-
crowded targets, with and without masking.
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