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Abstract Before each eye movement, attentional re-
sources are drawn to the saccade goal. This saccade-
related attention is known to be spatial in nature, and in
this study we asked whether it also evokes any feature
selectivity that is maintained across the saccade. After a
saccade toward a colored target, participants performed a
postsaccadic feature search on an array displayed at land-
ing. The saccade target either had the same color as the
search target in the postsaccadic array (congruent trials) or
a different color (incongruent or neutral trials). Our results
show that the color of the saccade target did not prime the
subsequent feature search. This suggests that Blandmark
search^, the process of searching for the saccade target
once the eye lands (Deubel in Visual Cognition, 11,
173–202, 2004), may not involve the attentional mecha-
nisms that underlie feature search. We also analyzed in-
tertrial effects and observed priming of pop-out
(Maljkovic & Nakayama in Memory & Cognition, 22,
657–672, 1994) for the postsaccadic feature search: the
detection of the color singleton became faster when its
color was repeated on successive trials. However, search
performance revealed no effect of congruency between
the saccade and search targets, either within or across
trials, suggesting that the priming of pop-out is specific
to target repetitions within the same task and is not seen

for repetitions across tasks. Our results support a dissoci-
ation between feature-based attention and the attentional
mechanisms associated with eye movement programming.

Keywords Attention . Eyemovements . Saccades .

Feature-based attention . Priming of pop-out . Visual search

Prior to each eye movement, attentional resources are drawn to
the saccade goal (Deubel & Schneider, 1996; Hoffman &
Subramaniam, 1995; Kowler, Anderson, Dosher, & Blaser,
1995; Rolfs, Jonikaitis, Deubel, & Cavanagh, 2011). In this
study, we examined whether attention allocated to the saccade
target shares any processing with a very different attention
system: feature-based attention. Whereas the attention drawn
to the saccade target is characterized by spatially localized
performance benefits (e.g., Deubel & Schneider, 1996),
feature-based attention is assumed to enhance feature-specific
representations throughout the visual field (e.g., Arman,
Ciaramitaro, & Boynton, 2006; Liu & Mance, 2011). For ex-
ample, when searching for a red target, red stimuli become
salient across the entire visual field (Martínez-Trujillo &
Treue, 2004; Serences & Boynton, 2007). Here we evaluated
whether the attention that is drawn to the saccade target can
facilitate a postsaccadic feature search: would the saccade tar-
get features prime a visual search presented as the eyes landed?
Previous work had reported that feature-based attention and
attention drawn to the saccade target did not interact during
the interval prior to the saccade: objects that shared features
with the saccade target did not receive any attentional benefits
(Jonikaitis & Theeuwes, 2013; White, Rolfs, & Carrasco,
2013). In the present study, we went further, to assess whether
this dissociation is maintained after the execution of the eye
movement. If attention drawn to the saccade target primes any
feature selectivity, would this feature selectivity spread across
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the visual field once the saccade had landed? The response to
this question might help us understand the mechanisms under-
lying space constancy and the selection processes involved in
priming of pop-out.

In our study, participants made a saccade toward a colored
target. During saccade execution, this target was removed and
replaced by a feature search array. The array had a unique
target—for example, a red square among blue squares. We
expected the unique-colored element to capture attention and
pop out in the array as the most salient (Treisman & Gelade,
1980). Its selection should be easy, automatic, and parallel.
Because the target was defined as the odd item in the array,
its color did not have to be specified in advance, and sowas set
randomly on each trial (Bravo & Nakayama, 1992). Once the
unique target item was detected, the participant had to report a
second feature of the target—whether a horizontal bar on the
target was at the top or bottom—allowing us to measure how
quickly the odd target was located (see Fig. 1). Critically, as is
shown in Fig. 1, the pop-out target had either the same color as
the saccade target (congruent trial) or a different color (incon-
gruent trial). We examined the effect of congruency on search
performance within and across trials. Would the features of the
saccade target prime subsequent search targets that shared the
same feature?

There is evidence that visual information about salient lo-
cations is maintained (Deubel, Schneider, & Bridgeman,
2002; McConkie & Currie, 1996; Melcher, 2009) and inte-
grated (Melcher & Morrone, 2003; Pollatsek, Rayner, &
Collins, 1984; Prime, Tsotsos, Keith, & Crawford, 2007;
Wittenberg, Bremmer, & Wachtler, 2008) across saccades.
But only a few studies have examined the impact of the visual
properties of the saccade target on postsaccadic target selec-
tion (Hollingworth, Richard, & Luck, 2008; Richard, Luck, &
Hollingworth, 2008). These studies demonstrated that features
of the saccade target do guide corrective saccades. In the
Hollingworth et al. study, participants executed a spatially
guided saccade toward a colored target embedded within a
circular array of differently colored distractors. The whole
display was rotated during the saccade so that the eye landed
between the target and a distractor. A fast, automatic, and
accurate corrective saccade was programmed toward the
displaced saccade target. The authors concluded that the
postsaccadic selection guiding attention to the new location
required the color of the initial target to be maintained across
the saccade. Here, we investigated postsaccadic selection from
a different viewpoint, and looked at whether the features of the
saccade target facilitated a visual search displayed once the
eyes had landed.

Fig. 1 Experimental design. For both conditions, trials started with a
central fixation, followed by presentation of the peripheral stimulus. In
the saccade condition (left panels), participants made a saccade toward
the peripheral target as soon as the fixation spot disappeared. The search

display was presented after the onset of the saccade and before the eyes
landed. In the fixation condition (right panels), participants maintained
fixation, and the search display was presented centered at the fovea after a
variable delay following the dimming of the fixation dot
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Landmark search and space constancy

Saccades elicit retinal shifts, but we do not perceive any jumps
of the surrounding world. According to the landmark model
(Deubel, 2004; Deubel, Bridgeman, & Schneider, 1998), the
realignment of our spatial reference frame is based on the
visual information available after each eye movement. The
landmark model suggests that a snapshot of the target is taken
just prior to the saccade, and once the saccade lands, the visual
system searches for that target. Then the target location is used
to realign visual coordinates and establish space constancy
(Deubel, 2004). We investigated whether feature-based atten-
tion plays a role in landmark search. In this framework, atten-
tion selects the saccade target that serves as a landmark pattern
(Mathôt & Theeuwes, 2011) and is involved in the search for
that target once the eyes land.

The visual properties of the saccade target encoded
presaccadically specify what to search for after the saccade
(Currie, McConkie, Carlson-Radvansky, & Irwin, 2000;
Deubel, 2004). When the pre- and postsaccadic displays dif-
fer, the visual system tends to accept any postsaccadic item
close to the presaccadic target location as the landmark for
spatial recalibration (Deubel, 2004). If this landmark process
is based on a classic visual search, there may be an advantage
for any postsaccadic item that matches the saccade target,
whatever its location. Thus, our hypothesis is that if the land-
mark search calls on classic visual search mechanisms, the
features of the saccade target should prime processing at all
locations sharing the same feature immediately after the sac-
cade. We should therefore observe an advantage for a search
target that shares features with the saccade target (congruent
trials), relative to search targets that do not (incongruent trials).
If attention to the saccade target acts through the same mech-
anisms as standard visual search, then a color match between
the saccade target and the search target should speed the
postsaccadic visual search.

Priming of pop-out

We also examined intertrial priming effects and expected to
find priming of pop-out (Maljkovic & Nakayama, 1994).
When the same color singleton is repeated across successive
search trials—for example, a red target on several trials in a
row—its detection becomes faster than for a nonrepeated tar-
get. The processing stages and the mechanisms underlying
priming of pop-out are still debated (Becker, 2008b;
Kristjánsson & Campana, 2010; Lamy, Yashar, &
Ruderman, 2010). In our study, we did not assess the
postperceptual response-related view that states that priming
of pop-out affects decisional processes after a target is selected
(Huang, Holcombe, & Pashler, 2004; Olivers & Meeter,
2006). In our experiment, the target-defining feature was

indeed independent of the response-related feature (Goolsby
& Suzuki, 2001; Maljkovic & Nakayama, 1994, 2000).
According to the attentional view of priming of pop-out, early
perceptual and attentional stages are facilitated (Maljkovic &
Nakayama, 1994; Eimer, Kiss, & Cheung, 2010; Meeter &
Olivers, 2006; Meeter & Van der Stigchel, 2013). But the
nature of the processes that speed attentional shifts to the lo-
cations of previously attended targets remains uncertain.
Specifically, it is not well known what aspects of attention to
the search target on the previous trial enable the priming of
pop-out (Ásgeirsson & Kristjánsson, 2011; Becker, 2008a;
Lee, Mozer, & Vecera, 2009; Maljkovic & Nakayama,
2000). We investigated whether the nature of the target selec-
tion involved in priming of pop-out shares any process in
common with the selection of the saccade target, by testing
whether attention to the saccade target on the current or the
previous trial could modulate the priming of pop-out. We also
examined the effect of congruency repetitions over consecu-
tive trials, when the feature relationship between the saccade
and search targets is repeated.

In our study, attention drawn to the saccade target may
produce priming both within and across trials. If the color of
the saccade target were to prime the postsaccadic search for a
same-colored target on the current and subsequent trials, it
would indicate that the priming, including the priming of
pop-out, is based on selection of the target properties, includ-
ing the case in which the target is the saccade goal. It would
also support the hypothesis that landmark search, proposed to
explain visual constancy across saccades, calls on the same
processes as classic visual search. However, if there were no
priming from the saccade target, it would indicate that the
priming of pop-out requires prior selection in the same search
context, and suggest as well that the landmark search process,
if there is such a mechanism, calls on different attentional
processes from the feature-based attention underlying visual
search.

Method

Participants

Seven participants (three men, four women, including the au-
thor C.E.) between 25 and 35 years old, with normal or
corrected-to-normal vision, took part in the experiment. All
participants gave their informed written consent prior to par-
ticipation. The protocols for the study were approved by the
Paris Descartes University Review Board, CERES, in accor-
dance with French regulations and the Declaration of
Helsinki. The participants, except for author C.E., were
naïve as to the purpose of the study and were compensated
€10 per hour.
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Apparatus and stimuli

The experiment was programmed in MATLAB, using the
Psychophysics and Eyelink Toolbox extensions (Brainard,
1997; Cornelissen, Peters, & Palmer, 2002). The stimuli were
squares measuring 0.62° per side, displayed in red (7.59 cd/
m2, CIE x,y = 0.523, 0.381), blue (6.27 cd/m2, x,y = 0.194,
0.205), or black (0.11 cd/m2, x,y = 0.304, 0.364) on a gray
background (x,y = 0.307, 0.341) with a luminance of 21.3 cd/
m2. The black fixation dot was circular (diameter 0.3°). All
stimuli were presented at a viewing distance of 53 cm on a 20-
in. CRT monitor screen (spatial resolution of 1,024 ×
768 pixels, vertical refresh rate of 120 Hz). Movements of
the right eye were recorded using an EyeLink 1000 eyetracker
(SR Research Ltd., Mississauga, ON, Canada) operating at
1000 Hz. The participant’s head was stabilized by a chin-
and-forehead rest. Saccades were detected online, and when
the latency was more than 2 s, the trial was interrupted and
rerun at the end. Manual responses were recorded with a stan-
dard keyboard. When no answer was given after 2 s, partici-
pants received a message asking them to respond faster, and
the trial was also rerun at the end of the session.

Design and procedure

In the saccade condition, trials began with participants fixating a
black dot at one out of four possible locations (at the center of the
screen, 1° from the center in the left direction, or 1° above or
below from the center). After a variable delay of fixation from
500 to 600 ms, a red, blue, or black square target appeared in the
right visual field at 12° eccentricity for 400–800 ms. No specific
instruction was given to pay attention to the saccade target color.
Participants were instructed to maintain fixation until the signal
to make a saccade toward the target, given by the disappearance
of the fixation dot. When the saccade onset was detected online
(see the Analyses section for onset detection criterion), the target
was replaced by a search display for 200 ms around the saccade
target location (see the Results section for the actual presentation
duration on refixations). None of the items in the search array
were presented at the previous saccade target location. The
postsaccadic search display had one square of a unique color
(red or blue) among four, eight, or 12 distractors of a different
color (blue or red; thus, the display contained five, nine, or 13
total items). The search target was presented equally often at 1°,
2°, or 3° from the original saccade target location, and
the distractor locations were randomly defined on each trial at
1°, 2°, or 3° from the original saccade target location (this means
that the search array was displayed within 3° of the landing
position, which is the mean estimated spatial extent of the land-
mark effect; Deubel, 2004). The task was to find the odd-colored
item in the search display and report as quickly as possible the
position of a small, white bar at either the top or the bottom of the
search target. Participants answered with a keyboard, and

response times were recorded. Trials with an incorrect response
were discarded and rerun at the end of the block. The search
target was always present, and its color was not known in ad-
vance, changing randomly across trials.

The fixation condition was identical to the saccade condi-
tion, with the following exceptions: participants kept fixation
all along. After a variable delay, a peripheral colored square
(red, blue, or black) appeared 12° to the right of fixation for
between 400 and 800 ms. The color of the fixation dot
changed from black to gray for 200–500 ms, and then the
search display (a single red or blue target among blue or red
distractors) was presented around the fixation position for
200 ms. No search items coincided with the fixation location
(see Fig. 1).

The color relationship between the peripheral target and the
search array target was either congruent (both same color,
either red or blue), incongruent (different colors, with the pe-
ripheral target matching the distractors), or neutral (black pe-
ripheral target and a red or blue search target). There were four
target types (target red or blue, with a small white bar at the top
or the bottom) for each of the four possible fixation positions
and each search target eccentricity (1°, 2°, or 3°). These 48
trial types were tested for each combination of the three con-
gruency levels (congruent, incongruent, or neutral) and the
three display sizes (four, eight, or 12 distractors), for a total
of 432 trials per session, distributed randomly in six blocks of
72 trials with short breaks between the blocks. Each partici-
pant completed two sessions in the fixation condition and two
sessions in the saccade condition. Each session lasted approx-
imately 1 h (trials aborted were rerun at the end of each block).
Sessions were run separately, and their order was
counterbalanced across participants.

Analyses

The response saccade was identified online by means of a
spatial boundary criterion: it was the first saccade that left a
circular region with a radius of 2° around fixation. The re-
sponse saccade onset and offset (landing) were recorded on-
line using the EyeLink default velocity criterion of 30°/s. Eye
position was recorded from the time of fixation onset when the
trial began to the time of the manual response.

In an offline screen procedure, we checked that the response
saccade triggered the presentation of the search display, and
that the search display was on before the eye landed. We fur-
ther analyzed offline the response saccade properties, to check
several criteria for correct trials. Specifically, saccade trials
were excluded from the analysis according to the following
criteria: (a) anticipatory saccades (latency < 100 ms), (b) de-
layed saccades (latency > 800 ms), (c) gaze having deviated by
more than 2° from the fixation dot at the time of the saccade
onset, or (d) a landing position more than 3° from the saccade
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target. Fixation trials were discarded when the gaze fell outside
the 2° radius around fixation at the time of the display onset.

In the saccade condition, the saccade latency was defined
as the interval between the offset of the fixation dot (the signal
to make a saccade) and the initiation of the response saccade.
Reaction times were given by the time difference between the
saccade landing and the keypress time. In the fixation condi-
tion, reaction times were measured as the delay between the
onset of the display and the keypress time.

Repeated measures analyses of variance (ANOVAs) were
performed for statistical comparisons, with a significance cri-
terion set at p < .05.

Results

Within trials

Reaction times were analyzed for correct trials only. For the
saccade condition, 5.2 % of the trials were excluded offline on
the basis of the screening criteria (see the Method section), and
the error rate for the remaining trials was 5.4 %. For the fixa-
tion condition, 1.2 % of the trials were excluded for gaze de-
viations, and the error rate was 4.0 % on the remaining correct
trials. The mean saccade latency in the saccade condition, for
the correct trials, was 216ms (±10ms, SEM). The postsaccadic
array was displayed for 200 ms after online saccade detection.
Offline analyses revealed that the array was presented for a
mean of 183 ms (±2 ms, SEM) after saccade landing.

Reaction times were measured as a function of the display
size (Fig. 2) and are plotted according to congruency in Fig. 3.
In the saccade condition, participants were significantly faster
to identify the search target, with a 27-ms mean difference
(range: 14–48 ms) relative to the fixation condition (Fig. 2)
[F(1, 6) = 31.304, p = .001]. A possible explanation for the
difference is that in the saccade condition, attention was cap-
tured at the search target location right upon saccade landing.
In contrast, in the fixation condition, attention was first shifted

to the peripheral square and then back to the search array
presented around the fixation point. The attentional disen-
gagement from the peripheral square may have slowed the
responses in the fixation condition.

The number of distractors had a significant impact on
search performance, similarly in both the fixation and saccade
conditions (Fig. 2). Reaction times decreased as the number of
distractors increased [F(2, 12) = 7.487, p < .01], replicating
the classic results for a color oddball search in which the target
and distractors colors change unpredictably from trial to trial
(Bravo & Nakayama, 1992). As was proposed by these au-
thors, the target probably becomes more salient when there are
more distractors.

We also found the classic effect of search target eccentricity
[F(2, 12) = 166.4, p < .001] (Carrasco & Katz, 1992), with
reaction times increasing with eccentricity similarly in both the
fixation and saccade conditions (with larger distance, respec-
tively, between the fixation point and the search target or be-
tween the saccade and search targets) [F(2, 12) = 1.445, p > .1].

Overall, congruency had no effect on reaction times
(Fig. 3) [F(2, 12) = 2.219, p > .1] and did not interact with
condition [fixation vs. saccade: F(2, 12) = 0.973, p > .1],
display size [F(4, 24) = 1.343, p > .1], or both [F(4, 24) =
1.002, p > .1], or with eccentricity [F(4, 24) = 0.065, p > .5]. A
color match between the peripheral target and the search target
did not lead to any benefit in the subsequent visual search. A
retrospective analysis indicated that the small observed effect
of congruency (congruent trials were numerically 5 ms slower
than incongruent ones) would need 324 participants to reach
significance. Even if we were to confirm this effect on a very
large population, it would still be very small and opposite to
all reported effects of congruency. Our conclusion is that the
color of the saccade target has little or no effect on the
postsaccadic search task.

Across trials

Priming of pop-out We compared performance on consecu-
tive trials and observed the classic priming effect of the search

Fig. 2 Mean reaction times as a function of display size, in the fixation
and saccade conditions. Error bars indicate ±1 within-subjects error

Fig. 3 Mean reaction times for congruent, incongruent, and neutral trials,
in the fixation and saccade conditions. Error bars indicate ±1 within-
subjects error
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target (Maljkovic & Nakayama, 1994). Specifically, we ob-
served a decrease in reaction times when the search target had
the same color on two successive trials [F(1, 6) = 47.402, p <
.001]. This effect did not differ between saccade and fixation
trials [F(1, 6) = 0.122, p > .5]. The mean reductions were
28 ms for four distractors, 9 ms for eight distractors, and
7 ms for 12 distractors. Maljkovic and Nakayama reported a
60-ms advantage for a search array with three items (two
distractors) that were more widely spaced—at 4° to 5° from
fixation, as opposed to 1° to 3° in our display. These factors
could explain the smaller effect we found here. Indeed, dis-
play size interacted significantly with priming of pop-out [F(2,
12) = 9.843, p < .005]: the priming effect decreased as the
number of distractors increased (see Fig. 4). This replicates
classic results for priming in color oddball search (Meeter &
Olivers, 2006).

When the color of the search target remained the same
across increasing numbers of trials, the reaction time ad-
vantage (priming of pop-out averaged across set sizes) also
increased (shown in Fig. 5 for up to four repetitions [e.g.,
red–red–red–red], as compared to trials in which the last
target color differed from the previous ones [e.g., blue–
blue–blue–red]).

Effect of congruencyA color match between the saccade and
search targets (congruent trials) had no impact on the priming
of pop-out relative to incongruent trials, averaged across all
display sizes [F(2, 12) = 0.415, p > .5]. The sizes of the
priming of pop-out effects for congruent versus incongruent
trials were 21 ± 3 versus 15 ± 6ms, respectively, in the fixation
condition, and 13 ± 3 versus 15 ± 3 ms, in the saccade condi-
tion (errors indicate ±1 SEM). Also, the congruency between
the saccade and search targets of the previous trial had no
impact on priming of pop-out [F(2, 12) = 0.429, p > .5].
Overall, selection of the saccade target on the current or on
the previous trial did not modulate the strength of the priming
of pop-out. The current search target was primed only by
previous search targets.

Congruency repetition Priming of pop-out was also not in-
fluenced by the repetition of congruency, averaged across all
display sizes [F(1, 6) = 0.025, p > .5]. We observed no inter-
action with the condition [fixation vs. saccade: F(1, 6) =
4.539, p > .05] or with the level of congruency—congruent,
incongruent, or neutral [F(2, 12) = 2.372, p > .1]. Particularly,
the sizes of the priming of pop-out intertrial effects were sim-
ilar when the current and previous trials were both congruent
and when the current trial was congruent and the previous one
was not (either incongruent or neutral). Congruency had no
effect on priming of pop-out even when the feature relation-
ship itself was primed.

Discussion

In this study, we investigated whether the landmark process,
suggested as a search for the saccade target by the visual
system once the eye lands (Deubel, 2004), is related to the
classic mechanisms underlying visual search. To do so, par-
ticipants performed a postsaccadic visual search, and we eval-
uated the effect of the feature relationship between the saccade
target and the search target—congruency—on search perfor-
mance. The unique-colored element popped out (Treisman &
Gelade, 1980) in the array displayed around either the landing
position (saccade condition) or the fixation position (fixation
condition). Our results replicated the classic decrease in reac-
tion times as the number of distractors increased, which is
typical for an oddball search when the unique-colored target
changes unpredictably across trials (Bravo & Nakayama,
1992). Congruency between the saccade target color and the
oddball target color did not influence search performance in
either the saccade or the fixation condition. Participants were
just as fast on congruent trials (color match between the sac-
cade target and the search target) as on incongruent trials (col-
or match between the saccade target and the distractors) and
neutral trials (saccade target color did not match the color of
either the search target or the distractors). These results

Fig. 4 Priming of pop-out according to the number of distractors present
in the display. The priming of pop-out is the mean reaction time difference
between trials with repeated and trials with nonrepeated target colors.
Error bars indicate ±1 SEM

Fig. 5 Priming of pop-out as a function of the number of repetitions. The
priming of pop-out is the mean reaction time difference between n repe-
titions of the same-colored target (e.g., red–red–red–red) and n–1 repeti-
tions followed by a trial with a reversed color (e.g., blue–blue–blue–red).
Error bars indicate ±1 SEM
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suggest that the saccade target features did not prime the sub-
sequent feature search.

We also examined intertrial priming effects to see whether
the classic priming of pop-out (Maljkovic & Nakayama,
1994) was present across successive search trials and whether
the attention to the saccade target on the current trial and on
the previous trial modulated this priming. Our results did rep-
licate the intertrial priming of pop-out (Maljkovic &
Nakayama, 1994), with the classic decrease in magnitude as
the number of distractors increased (Meeter & Olivers, 2006).
The reaction time advantage also increased with the number of
target repetitions (Maljkovic & Nakayama, 1994). However,
the size of the priming of pop-out effect was not modulated by
the color of the saccade target in either the current or the
previous trial. Furthermore, repeated congruency did not in-
fluence priming of pop-out, suggesting that the saccade target
features did not interact with the priming of pop-out.

To sum up, we found that the color of the saccade target
had no impact on search performance; the saccade target did
not prime the search target either within or across trials. These
results suggest that the selective process involved in the
postsaccadic feature search task is independent of the attention
drawn to the saccade target.

In previous studies (Hollingworth et al., 2008; Richard
et al., 2008) that have found an effect of congruency between
the saccade target and postsaccadic feature-based selection,
participants made a saccade toward a colored target that was
already situated within an array. The authors examined the fast
corrective saccade that occurred when the target was missed
due to the displacement of the array during the execution of
the eye movement, and the second saccade was preferentially
directed to a congruent stimulus. The selection of the congru-
ent stimulus for corrective-saccade planning may have relied
on memory resources not involved in our experiment. Indeed,
Hollingworth et al. proposed that the target color had to be
maintained in visual workingmemory to discriminate and find
the target after the eye movement. In our design, the target
feature was also not known in advance, but only a single
saccade target was presented before, and the multiple array
was displayed at the saccade landing.

Jonikaitis and Theeuwes (2013) and White et al. (2013)
examined the effect of congruency between a saccade target
and a visual probe presented prior to the saccade. They report-
ed no congruency effect between attention to the saccade tar-
get and presaccadic feature-based attention: no feature-
specific selection was evoked in the visual field.
Nonetheless, during saccade preparation, White and col-
leagues did observe an adaptive deployment of feature-based
attention that was contingent on recent experience, when at-
tentional resources were distributed to unattended locations
with potentially relevant features. They found that a
presaccadic probe that shared the saccade target feature re-
vealed higher sensitivity only when the saccade target and

the probe had been congruent in the previous trial, regardless
of the repetition of the feature. But in the 50 ms preceding
saccade onset, this effect was no longer present. We have
extended these earlier presaccadic findings to report no con-
gruency effect after the execution of an eye movement—no
spatial spread of attention biased by the saccade target prop-
erties. We found no evidence of any interaction between
postsaccadic selective attention (pop-out visual search) and
the attention drawn to the saccade target.

Priming of pop-out

When the same unique target feature is repeated in successive
trials, its detection is facilitated relative to nonrepetition trials, a
phenomenon known as priming of pop-out (Maljkovic &
Nakayama, 1994). The efficiency of selecting and reporting
the single salient target is modulated by the properties of the
preceding search arrays, but the nature of this modulation is still
a matter of debate (Becker, 2008b; Kristjánsson & Campana,
2010; Lamy et al., 2010). The main theoretical account stipu-
lates that early perceptual processing of the feature is facilitated,
resulting in faster attentional selection of the repeated target
(Eimer et al., 2010; Maljkovic & Nakayama, 1994; Meeter &
Olivers, 2006; Meeter & Van der Stigchel, 2013). It remains
unclear what aspects of attention to the search target on the
previous trial actually speed the attentional selection on the
current trial (Ásgeirsson & Kristjánsson, 2011; Becker,
2008a; Lee et al., 2009; Maljkovic & Nakayama, 2000).

Priming of pop-out was observed in our data, with a reac-
tion time advantage for repeated search target colors as com-
pared to nonrepeated colors. The magnitudes of the priming of
pop-out were similar in the saccade and fixation conditions,
and congruency between the saccade and search target fea-
tures had no impact on priming of pop-out. Selection of the
saccade target on the current and previous trials did not mod-
ulate the priming of pop-out. This result suggests that the
priming of pop-out depends on the selection process involved
in the pop-out task itself, not on any general selection of target
properties across concurrent tasks, in line with previous work
(Goolsby & Suzuki, 2001; Kristjánsson, Saevarsson, &
Driver, 2013). The attentional mechanisms involved in the
selection of an isolated saccade target appear to be different
from feature-based attention. Our results support a dissocia-
tion between the selective processes involved in priming of
pop-out and the attentional processes associated with pro-
gramming eye movements.

Landmark search and space constancy

To explain our stable perception of the world across eye
movements, the landmark model proposes that the visual sys-
tem assumes that the world remains unchanged during an eye
movement. Following a saccade, the visual system would
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require only rediscovery of a selected spatial landmark—typ-
ically the saccade target—to recalibrate the spatial coordinate
frame (Deubel, 2004). Each saccade toward a target would
therefore be followed, once the saccade lands, by a search
for that target, and there would be no need for specific predic-
tions (efference copy) about the consequences of our eye
movements. In our study we investigated whether the land-
mark search process was related to a classic feature-based
search (Treisman & Gelade, 1980). We found that the saccade
target did not prime the postsaccadic search target, and since
we did find priming of pop-out across trials, reaction times
were probably not reduced to the floor. We therefore conclude
that landmark search does not call on processes in common
with a standard visual search.

Our results suggest that the classic mechanisms underlying
feature search may not operate at saccade landing to discover
the saccade target, and that the existence of postsaccadic search
for a target to ensure space constancy could be challenged. But
the question of whether a landmark search might take part in
visual stability still remains. Evidence for the postsaccadic
search for landmarks arises from the Blandmark effect^
(Deubel et al., 1998; Deubel, Schneider, & Bridgeman,
1996), which shows that distractors can be perceived
postsaccadically as the target when they best match a saccade
target that is no longer present when the eyes land. Landmark
search is an alternative explanation to the remapping explana-
tion for space constancy, in which spatial updating of a few
attended targets is based on the motor signal of an upcoming
saccade (Cavanagh, Hunt, Afraz, & Rolfs, 2010; Duhamel,
Colby, & Goldberg, 1992; Rolfs et al., 2011; Wurtz, 2008).
According to remapping, the visual system predicts the
postsaccadic location of the target from the oculomotor
efference copy, and if the target is not in a tolerance region
around the predicted location after the eyes land, it is perceived
as having moved (Collins, Rolfs, Deubel, & Cavanagh, 2009;
Wexler & Collins, 2014). Both the remapping and landmark
explanations might coexist, because dissociated mechanisms
have been proposed to explain stability for action and for per-
ception (Bays & Husain, 2007).

Alternative explanations might be considered for the lack of
influence of the saccade target properties on postsaccadic vi-
sual search. For example, after a saccade, the visual system
may prioritize the reestablishment of space constancy before
performing any other attentional tasks. In other words, the
postsaccadic landmark search could have been completed be-
fore the feature search started. It is also possible that a substan-
tial change between the pre- and postsaccadic visual scenes
might affect the landmark search, to the extent that it would
be abandoned as irrelevant. Furthermore, in our experiment no
element was present at the original saccade target position in
the search array. A recent study revealed that spatial updating
of attention across eye movements depends critically on the
continued presence of an object at the attended location both

before the saccade and after its landing (Lisi, Cavanagh, &
Zorzi, 2015). In our study, without this spatial continuity, at-
tentional benefits might not have been transferred from the
saccade target to the subsequent search elements.

In summary, in the present study we investigated the inter-
play between the attention allocated to the saccade target and a
postsaccadic feature search. We found no evidence that the
color of the saccade target facilitated a subsequent visual
search for a target of the same color, either within or across
trials. Classic priming of pop-out was observed between the
search features of the sequential pop-out trials, but the reaction
time advantage of the priming of pop-out was not affected by
congruency to the saccade target color on the current or pre-
vious trials. We conclude that any landmark search proposed
to explain space constancy—if it occurs—does not involve
the attentional mechanisms that underlie feature search. Our
results also suggest that the priming of pop-out depends on the
pop-out search context itself, and is not supported by general
feature-based attention to the target properties in other concur-
rent tasks. Our results support a dissociation between feature-
based attention and the attentional processes associated with
programming eye movements.
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