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Abstract Sudden visual changes attract our gaze, and relat-
ed eye movement control requires attentional resources.
Attention is a limited resource that is also involved in
working memory—for instance, memory encoding. As a
consequence, theory suggests that gaze capture could impair
the buildup of memory respresentations due to an attentional
resource bottleneck. Here we developed an experimental
design combining a serial memory task (verbal or spatial)
and concurrent gaze capture by a distractor (of high or low
similarity to the relevant item). The results cannot be
explained by a general resource bottleneck. Specifically,
we observed that capture by the low-similar distractor
resulted in delayed and reduced saccade rates to relevant
items in both memory tasks. However, while spatial mem-
ory performance decreased, verbal memory remained unaf-
fected. In contrast, the high-similar distractor led to capture
and memory loss for both tasks. Our results lend support to
the view that gaze capture leads to activation of irrelevant
representations in working memory that compete for selec-
tion at recall. Activation of irrelevant spatial representations
distracts spatial recall, whereas activation of irrelevant ver-
bal features impairs verbal memory performance.
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Oculomotor capture is a very basic mechanism (Kramer,
Gonzales de Sather, & Cassavaugh, 2005; Kramer, Hahn,
Irwin, & Theeuwes, 2000) triggered by changes in the
environment. But different visual changes attract the gaze
with varying reliability. The sudden onset of a new object
captures the gaze (Theeuwes, Kramer, Hahn, & Irwin, 1998),
but a sudden color change does not (Irwin, Colcombe,
Kramer, & Hahn, 2000), or does so to a much smaller degree
(Colcombe et al., 2003). Perceptual factors—for instance,
luminance or salience (Foulsham & Underwood, 2009;
Kramer et al., 2000) or the distance between distractor and
target (Edelman & Xu, 2009; Walker, Deubel, Schneider, &
Findlay, 1997)—modulate this effect. Importantly, capture by
an irrelevant distractor occurs in less than 30 % of trials
(Colcombe et al., 2003, Kramer et al., 2000), demonstrating
that such capture can be controlled for in most trials.
Control is preferable to capture, because capture should
create costs for ongoing processing of relevant information.
Our study tests this prediction in an eyetracking experiment.
We chose a design implementing capture during memory
encoding of verbal or spatial visual items for immediate
serial recall.

A prediction of the costs of oculomotor capture can be
derived from the potentially overlapping roles of visual
attention in working memory models and in models of
saccade generation. First, eye movement control and atten-
tion are closely coupled, but the relationship is rather asym-
metric. Whereas it is possible to focus on a specific location
in the visual field but to attend a different location (Posner,
1980), moving the eyes to a specific location implies mov-
ing attention to that location prior to the execution of the eye
movement (Deubel & Schneider, 1996; Hoffman &
Subramaniam, 1995; Kowler, Anderson, Dosher, & Blaser,
1995). That is, eye movements can only be executed when
attention has shifted as well (Shepherd, Findlay, & Hockey,
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1986). This is not only true for voluntary planned saccades
—for instance, in studies in which a saccade is directed to
the response target of a detection or discrimination task
(Deubel & Schneider, 1996; Hoffman & Subramaniam,
1995; Kowler et al., 1995); the coupling of attentional shift
and eye movements has been demonstrated for reflexive
saccades, as well—for instance, when gaze is captured by
an onset stimulus (Bisley & Goldberg, 2003; Peterson,
Kramer, & Irwin, 2004).

Second, attention is an integral part of working memory
models (e.g., Baddeley, 2003; Barrouillet, Bernardin, &
Camos, 2004; Cowan, 1995; Engle, Kane, & Tuholsky, 1999;
Oberauer, 2002) and of mathematical models of short-term
memory (e.g., Brown, Neath, & Chater, 2007; Neath, 2000;
Page & Norris, 2003). In such models, attention serves as a
limited resource to keep information available (memory main-
tenance), to select information either from the environment
(memory encoding) or from memory (memory retrieval), and
to manipulate and update memory representations. Empirical
evidence for the link between spatial attention and memory is
manifold (e.g., Awh, Vogel, & Oh, 2006) and has been dem-
onstrated for different memory processes. With regard to mem-
ory encoding, it has been shown that attending to spatial
regions facilitates the processing of objects located in those
regions (Posner, 1980) and benefits the transfer of object infor-
mation into working memory (Schmidt, Vogel, Woodman, &
Luck, 2002). With regard to memory maintenance, it has been
demonstrated that the processing of stimuli occurring at the
location of previously encoded objects is prioritized (Awh,
Jonides, & Reuter-Lorenz, 1998). Finally, the looking-at-
nothing phenomenon sheds some light on the coupling of
attention and memory during retrieval (D. C. Richardson &
Spivey, 2000): In this paradigm, participants have to remember
auditorily presented facts while irrelevant objects occur visually
on a screen. During retrieval, participants prefer to look at the
location of the previously presented irrelevant object, indicating
that attending to this location cues retrieval for the auditorily
presented facts. Moreover, several studies have demonstrated,
through the use of attentional blink or dual-task designs (Down-
ing, 2000; Downing & Dodds, 2004; Houtkamp & Roelfsema,
2006; Oh & Kim, 2004; Olivers, Meijer, & Theeuwes, 2006;
Pashler & Shiu, 1999; Soto, Heinke, Humphreys, & Blanco,
2005; Woodman & Luck, 2007; Woodman, Luck, & Schall,
2007), that activated memory representations guide, prioritize,
and facilitate attentional selection.

In our experiment, we investigated the relation between
attention and memory encoding. Whereas most of the
abovementioned studies demonstrated the impact of activat-
ed memory representations on attentional processing, we
were interested in the effect of attentional processing on
memory performance. Given that attention as a limited
resource is related to both memory encoding and eye move-
ment control, capturing the gaze (and, hence, attention)

should impair memory encoding. Memory encoding
includes several processes, such as stimulus identification
—which might depend on foveal processing—but also con-
solidation into short-term memory—which might be less
dependent on foveal processing. Capturing the gaze
removes some of the attentional resource from the resource
pool, which otherwise would facilitate processing of rele-
vant information. If fewer attentional resources remain for
memory encoding and maintenance because of attentional
capture, memory performance will decrease. Such a predic-
tion can be derived from current models of working memory
(e.g., Cowan, 1995; Engle et al., 1999). For instance, in the
working memory model of Cowan (1999), memory repre-
sentations are held in a highly activated state—in the focus
of attention. Note that this focus is not identical to a visual
focus, but rather is an abstract component referring to a
small subset of mental representations kept available for
ongoing processing. If the focus is captured by irrelevant
information, already encoded memory representations are
forced out of the focus, thereby losing their activation ben-
efit. If the focus lingers with the irrelevant information, new
relevant information cannot enter the focus. As a result,
memory performance would be impaired.

However, it could be argued that the costs of oculomotor
capture might be far from dramatic. Sudden onsets trigger
saccades in a reflexive way (for an overview of saccadic
control, see Pierrot-Deseilligny, Rivaud, Gaymard, Müri, &
Vermersch, 1995). Reflexive (or exogenous) saccades are
initiated faster than voluntary (or endogenous) saccades
(Walker, Walker, Husain, & Kennard, 2000), and require less
control of motor execution (Pashler, Carrier, & Hoffman,
1993; Stuyven, Van der Goten, Vandierendonck, Claeys, &
Crevits, 2000). In addition, redirecting the gaze voluntarily to
relevant information might not hamper the cognitive system
as well: Corrective saccades to a position-changing target
have been demonstrated to be executed rather quickly
(Deubel, Wolf, & Hauske, 1982), as have corrective saccades
from a concurrently presented distractor to the response target
(Irwin et al., 2000; Theeuwes et al., 1998). Distraction by
oculomotor capture thus might be negligible in the context
of memory encoding for two reasons: (a) Reflexive saccades
might not draw much on attentional resources, or (b) atten-
tional capture and subsequent disengagement are fast, and
may not block the resource bottleneck for long.

The goal of our present experiment was to test whether
gaze capture during memory encoding is associated with
costs on memory performance (because of overlapping
resources between saccadic control and working memory) or
is not (because saccadic control is reflexive and does not draw
on attentional resources, because attentional disengagement is
fast, or finally, because there might be no resource sharing
between saccadic control and working memory representa-
tions). We used serial recall of digits or digit locations as either
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a verbal or a spatial memory task. The choice of serial recall
for this study might not be intuitive, because it has been
argued that serial information can be maintained by fairly
automatic processes (e.g., Baddeley, 2003). However, argu-
ably, even in such a framework encoding and retrieval of serial
information would require some attentional control. We made
use of serial recall because of its relevance for understanding
human cognition (see, e.g., J. T. E. Richardson, 2007). A
further advantage of serial recall is that the processes of
memory performance between task domains—for example,
verbal and spatial—are rather compatible when using recon-
struction of serial order (e.g., Guérard & Tremblay, 2008). In
addition, there has been much progress in understanding and
modeling performance of this task quantitatively, with atten-
tion implemented as an available resource (e.g., Neath, 2000;
Page & Norris, 2003). We decided on a comparison of verbal
and spatial recall in order to differentiate between (a) a general
resource overlap between saccade programming and working
memory, and (b) a domain-specific bottleneck—for instance,
of (spatial) saccade programming and spatial memory repre-
sentations. The latter assumption can be derived from studies
demonstrating interference between spatial encoding (Postle,
Idzikowski, Della Sala, Logie, & Baddeley, 2006) or spatial
maintenance (Pearson & Sahraie, 2003) and voluntary eye
movements. In our study, items were presented successively
in a five-by-five grid. Concurrently with the relevant items, we
presented a distractor object. The distractor was repeatedly
presented at one and the same position, but changed its posi-
tion a few times throughout the experiment. Behaviorally, it
has been demonstrated that a change of distractor position
results in memory impairment in a spatial but not in a verbal
task (Lange, 2005). To further maximize the probability and
effectiveness of capture, we manipulated distractor–target
similarity on both perceptual and categorical levels. For in-
stance, it has been demonstrated that the probability of oculo-
motor capture or the time needed to disengage the gaze from
focusing on the distractor is affected by distractor–target sim-
ilarity (Born, Kerzel, & Theeuwes, 2011; Ludwig & Gilchrist,
2003). In our experiment, the distractor was either a triangle
(low similarity) or an irrelevant digit (high similarity). The
task is illustrated in Fig. 1, where we have neglected the
timing of events for clarity: Distractor onset was 200 ms
before the onset of the relevant item, to better dissociate eye
activity based on the presentation of the distractor versus the
relevant item. One item cycle is depicted in Fig. 2.

Method

Participants

A group of 32 adults with a mean age of 22 years (ranging
from 18 to 30) participated for course credits or for an

honorarium of €28 in this four-session experiment. Three
of the participants were male and 29 were female, and all
had normal or corrected-to-normal vision.

Apparatus

The data were collected in two labs, each equipped with a
22-in. monitor (resolution 1,280 × 1,024, refresh rate
85 Hz), an eyetracker (EyeLink 1000, SR Research), and
twoWindows PCs, one collecting the recorded eye movement
data, and the other controlling the experimental procedure via
Python, using the Vision Egg toolbox (Straw, 2008). A
forehead-and-chin rest supported the participant’s head. In
one room, the distance between the monitor and the chin rest
was 60 cm, and in the other room the distance was 50 cm.
This difference did not affect the results in a systematic way.

Materials

The memory items consisted of digits, randomly sampled
from the digits 0 to 9, but excluding 5, which served as the
distractor of high similarity to the relevant items (digit size:
1.3 × 0.9 cm, height × width). A circular frame (1.85-cm
diameter) surrounded each digit. The line and font colors
were white on a black background. The distractor of low
similarity was a green triangle (1.5 × 1.5 cm). Items were
presented in a five-by-five grid (12.1 × 11.8 cm, height ×
width). The verbal task consisted of eight digits per trial, the
spatial task of six items. Using different list lengths is a
standard procedure (see, e.g., Reuter-Lorenz et al., 2000) to
compensate for the fact that the memory spans for spatial
memory are generally smaller than those for verbal memory
(e.g., Orsini et al., 1987). Indeed, we succeeded in equating
difficulty between the tasks, as measured by correct perfor-
mance in control trials without a distractor (mean accuracies
and standard deviations: spatial, M 0 72.33 %, SD 0 11.77;
verbal,M 0 70.61 %, SD 0 15.96), t < 1, p 0 .525, η2 0 .013.

The distractor occurred in 15 preselected fields in the
five-by-five grid. The succession of these 15 fields during
the experiment was fixed, but the starting position within the
sequence varied randomly for each participant and session.
By numbering the 25 fields from left to right and from top to
bottom, the order of the 15 preselected fields can be reported
as Locations 6, 19, 3, 17, 15, 7, 23, 9, 16, 24, 8, 20, 11, 4,
and 18. The chosen preselection excluded any repetition of
distractor position during the session while at the same time
maximizing the distance between each two successive
positions.

The positions of the memory list items were sampled
randomly, with the following exception: In trials in which
the distractor changed its position, we took special care to
equate the spatial relations between the distractor and the
memory item before and after the change. We prearranged
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the position of the memory item in the item cycle associated
with the positional change of the distractor as well as in the
previous item cycle (see Fig. 3 for an example). The ratio-
nale of the prearrangement was to maximize the chance for
distraction and capture. The two successive relevant posi-
tions were located far apart, and the direct scanpath between
the two relevant items always crossed the scanpath of the
distractor movement. When the eyes were located at the
prechange item, the distance to the postchange distractor
location was always shorter than the distance to the post-
change item location.

Verbal recall was collected via a visualized standard
phone pad, arranged in 3 × 3 digits, plus the 0 at the bottom
(edge length of the pad: 12.1 × 11.8 cm, height × width).
The digits in the pad measured 0.6 × 0.4 cm. For spatial
recall, a grid appeared with eight fields highlighted simul-
taneously by filled white circles (1.85-cm diameter), six of
them covering the positions of the presented items, one
covering the final distractor position, and the other position
being randomly drawn (see Fig. 1).

The fixation object (to test measurement accuracy in the
beginning of each trial) was a red square (0.3 × 0.3 cm),

2 

4 

0 

3 

7 9 

A: Trial Sequence 

1 2 3 
4 5 6 
7 8 9 

0

B: Verbal Recall C: Spatial Recall 

Fig. 1 Example of a trial sequence (A) of six to-be-remembered digit
locations (spatial task) with a concurrent distractor that changed posi-
tion unpredictably at Serial Position 4 within the trial (change condi-
tion). Note that in the majority of trials, the distractor remained in the
same position throughout a trial (control condition). In the spatial task
each trial sequence consisted of six items, and in the verbal task, of

eight items, in order to adjust the difficulty between the tasks (see the
Materials section). Answers were given by moving a mouse pointer in
the display and indicating by mouse clicks the selections in serial order.
The display for verbal recall was a number pad (B), and that for spatial
recall was a five-by-five grid with potential to-be-selected fields high-
lighted (C)

Fig. 2 Timing of one item
cycle. One item cycle was
defined by the distractor onset,
at time stamp 0, followed by
item onset at 200 ms and by the
offset of both at 1,000 ms, with
an empty matrix visible until
the end of the cycle, at 1,200 ms

Atten Percept Psychophys (2012) 74:1168–1182 1171



located centrally in one of the 25 fields of the grid. In trials
without a distractor, the fixation object occurred at the
center position of the grid; in trials with a distractor, the
fixation object occurred at the distractor position.

Design

Task and distractor conditions were blocked per session in
order to maximize top-down control of the task set. The two
task types (verbal and spatial) were combined with the two
distractor types (triangle and digit), resulting in four differ-
ent task–distractor pairings, one pairing for each session.
The serial order of the four pairings was balanced between
participants by a complex Latin square design, balancing out
serial order effects (e.g., dependent on the serial position
within a sequence) as well as sequential order effects (e.g.,
consecutive positions). Each session contained 66 experi-
mental trials: one block of 12 trials without a distractor
(preceded by three practice trials), followed by four blocks
of 12 trials with a distractor (the first of these blocks was
also preceded by three practice trials). The block without a
distractor was implemented to check for basic performance
differences between the tasks (see the Materials section
above). In each block with a distractor, the distractor
changed its position on two trials. These two critical trials
were separated by four or six trials. The change in distractor
position was associated with the 4th, 5th, or 6th target item
in the verbal task, or with the 3rd, 4th, or 5th target item in
the spatial task, balanced across the session. This difference
between the tasks took into account that the list lengths
between tasks had to be adjusted. The serial position of
the change was selected from the inner serial positions (to
preclude specific effects of primacy or recency). There were,

overall, 40 trials for each distractor–task pairing with an
unchanging distractor position, and eight trials with a
change of distractor position.

Procedure

In the beginning of each session, participants received writ-
ten instructions about the experimental procedure. They
were informed about the specific task–distractor pairing in
the beginning of each session. In the verbal task, they had to
serially recall digit identities, in the spatial task, digit loca-
tions had to be recalled. Importantly, the participants were
explicitly informed that the digit 5 would never occur in the
memory list throughout the experiment.

Each session started with the calibration procedure, using
a standard nine-point pattern distributed across the whole
screen. Each trial started with a recheck of the accuracy of
calibration by means of a fixation check. This fixation check
would fail when the deviation between the intended and
actual fixations was larger than a half-field of the grid. A
specific fixational object (see the Materials section) indicat-
ed the location of the intended fixation. The calibration was
repeated after every fifth trial or if the fixation check failed
twice in a row. Before each new calibration, a photograph
(of flowers or of landscapes) was presented on screen for 4 s
to offer short breaks and relax the eyes. Besides the calibra-
tion procedure and the fixation check, the participants were
free to move their eyes without any restriction.

Participants initiated the fixation check at the beginning
of each trial by pressing the space bar, at which point the
five-by-five grid occurred with the fixation object. If the
fixation check was passed, the five-by-five grid remained,
and the trial started with presentation of the first memory
item (no-distractor trials) or of the distractor (distractor
trials). The memory item was displayed and remained on
the screen for 800 ms, with an interitem interval of 400 ms.
In distractor trials, the distractor appeared 200 ms earlier
than the memory item and remained on screen for 1,000 ms,
with an interdistractor interval of 200 ms. Both stimuli
disappeared together. The timing of one item cycle in dis-
tractor trials is depicted in Fig. 2. Immediately after the last
item cycle, the recall display occurred on the screen, and
participants were to recall the items in their presentation
order. The participants were asked to move the mouse
pointer to each recalled digit or position field successively
and to confirm their selection by a mouse click. Correction
of answers was not possible, and participants had to guess if
they did not remember. The participants received feedback
about their correct performance after each trial.

Participants had to identify the critical items and recon-
struct the order of the memory list by selecting each item
successively via a mouse click. In both tasks, all memory
items (which had appeared in the memory task) and two

Fig. 3 Illustration of the spatial relation between relevant items and
distractors at a positional change. In this example, the triangle distrac-
tor moved from Position 6 to 19, and the associated memory items
moved from Position 24 to 2 (for the position or field numbers, see the
Materials section)
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additional, lure items (which had not appeared in the mem-
ory task) were presented simultaneously at recall. This de-
sign combined memory for order and memory for items.
Therefore, two different error types were possible: (a) an
order error, in the case the participant chose the wrong serial
position for the memory item, or (b) an item error, on which
the participant chose one extralist lure instead of a memory
item. In the spatial task, one of the lure positions was the
distractor position (in change trials, the new distractor posi-
tion), the other was selected randomly from the remaining
grid positions. In the verbal task with the high-similar dis-
tractor, one lure digit was the distractor digit 5, and the other
lure was the remaining digit (out of ten). The verbal task
with the low-similar distractor did not include the distractor
(the green triangle) as a lure for logical reasons, but again
the digit 5—which was no distractor in the critical session—
was one of the lure items. By using this design, the proba-
bility of making an order or an item error was adjusted
between tasks. In the case of an item error, there was a
50 % chance to choose the distractor, with the exception
of the triangle distractor in the verbal task.

Data treatment

We report a change-locked analysis of performance with
three serial positions: the first locked to the item cycle in
which the distractor changed its location to a new position
(Ch), as well as one item cycle before (Ch–1) and one cycle
after (Ch + 1) the change. Trials in which the distractor
remained in its position served as controls: We selected
performance at the corresponding serial positions (before,
at, and after the change) and calculated the mean across all
control trials. The data were analyzed using paired t tests or
repeated measures analyses of variance (ANOVAs), and the
alpha level was set to .05 (two-tailed).

Accuracy We followed a strict serial position criteria and
calculated the proportion of correct items per trial.

Categorization of saccades Eye movement data were cate-
gorized into saccades and fixational eye movements, using
the velocity-based algorithm of Engbert and Mergenthaler
(2006). We included trials on which participants blinked,
but set those coordinates to not-a-number. As a result, the
algorithm excluded the blinking period. Saccades with
amplitudes smaller than 0.6 cm (20 pix 0 0.6º/0.7º of view-
ing angle at a 60-/50-cm viewing distance), shorter than
10 ms, or faster than the mean peak velocity of detected
saccades plus the tenfold standard deviation were ignored
(main proportion of microsaccades).

Fixation position We calculated the median of the x- and
y-coordinates during the fixational epoch in order to specify

the position of a fixation. A fixation was defined as match-
ing a field in the grid when it was placed somewhere within
that field. The field spanned a rectangular area with a 2.4-cm
edge length, whereas the item spanned a circular area with a
1.85-cm diameter centralized within the rectangular field.

Saccade rates We analyzed saccade rates in order to com-
pare oculomotor capture between conditions. This was ad-
vantageous for two reasons: First, the low number of trials
in which the distractor changed its position made the com-
parison of mean capture probabilities and saccadic response
times (RTs) between conditions difficult. Second, and more
importantly, saccade rates provided us with additional infor-
mation about the temporal dynamics of eye movement
patterns.

Saccade rates depict the mean number of saccades across
a time interval (here, 100 ms). We locked saccade rates to
the onset of the distractor (time stamp 0 in Fig. 2). For
instance, a peak in saccade rates of 0.8 saccades/100 ms at
time stamp 400 ms (e.g., Fig. 4A) could be translated into a
mean of 0.8 saccades (across all participants) generated
between 350 and 450 ms after distractor onset. We com-
pared the saccade rates for the prechange, change, and
postchange item cycles and differentiated between saccades
according to the saccade goal: either item or distractor. For
simplicity, we excluded saccades targeting other positions.
Rates were estimated by applying a causal filter (Dayan &
Abbott, 2001, pp. 9–14) with a smoothing kernel of the form

w tð Þ ¼ a2texp �atð Þ;

where α 0 1/20 (see Engbert, 2006, for details). We esti-
mated rates first for individual participants and plotted the
averages with 95 % confidence intervals.

To compare saccade rates statistically, we calculated the
mean individual probabilities of a saccade for several critical
time windows. These critical time windows were selected
post-hoc, analogously to other established methods in which
dynamic behavior is analyzed statistically, such as event-
related potentials in neuroscience methods. The purpose of
such an analysis was to evaluate statistically the critical
intervals in which effects were predicted to occur. Because
of this procedure, the time in which no saccades were
triggered did not contribute to the analysis and could not
diminish effects. Importantly, the post-hoc definition of the
critical time windows was not arbitrary but was strongly
related to the events. The first window was between 100 and
300 ms and refers to saccades related to the distractor (with
the distractor onset at time stamp 0, and related saccades
around 200 ms later), and the second window between 300
and 500 ms, referring to saccades to the relevant item (with
the item onset at time stamp 200 and related saccades
around time stamp 400). We noted that, for some task–
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distractor combinations, the saccades to the relevant item
were delayed, and we thus included two smaller time win-
dows for statistical support of that observation: from 300 to
450 ms and from 450 to 600 ms.

Results

Capture of the gaze: Eye movement behavior

We first report results for the low-similar distractor (green
triangle). Figure 4 depicts saccade rates for the first 600 ms
of the item cycle, splitting saccades toward the item or the
low-similar distractor for the three critical serial positions
(Ch–1, Ch, and Ch + 1) during verbal (upper panel) and
spatial (lower panel) encoding. The results in the left- and
rightmost panels are clear (Figs. 4A and 4B, Figs. 4E and
4F, respectively): The functions are superimposed for
change and control trials. Saccade rates related to the item
peaked around 400 ms—that is, 200 ms after item onset.
The functions for saccades toward the distractor are flat,
showing sufficient inhibition of saccades by the distractor
onset. The middle panels (Figs. 4C and 4D) differ from the
other panels in two respects. First, for the early time window
of 100 to 300 ms, saccade rates to the distractor increased in
comparison to the control trials, peaking around 200–
260 ms after distractor onset: t(31) 0 7.93, p < .001, η2 0

.671, for the verbal task, and t(31) 0 5.50, p < .001, η2 0

.494, for the spatial task. Second, saccade rates to the
relevant item decreased in comparison to the control trials
in the temporal window of 300 and 450 ms: t(31) 0 4.85,
p < .001, η2 0 .432, for the verbal task, and t(31) 0 7.67,
p < .001, η2 0 .655, for the spatial task. However, they then
increased relative to control between 450 and 600 ms:
t(31) 0 5.97, p < .001, η2 0 .535, for the verbal task, and
t(31) 0 3.85, p < .01, η2 0 .324, for the spatial task. Both the
decrease and the increase were due to a shift of the peak,
which was around 450 ms. It is clear from Figs. 4C and 4D
that the change of distractor position captured the gaze
toward the distractor, whereas saccade rates toward the item
were overall diminished and delayed.

Interestingly, a comparison of all three critical item cycles
demonstrates that the gaze was captured in the item cycle of
the distractor change only—that is, the first time when the
distractor occurred at the new position (Figs. 4C and 4D). In
the item cycle after the change—for instance, when the
distractor was presented the second time at the new posi-
tion—oculomotor control has already returned to optimal:
The distractor no longer captured the gaze (see Figs. 4E and
4F). This indicates that the visual change automatically
triggered capture, whereas the unchanged distractor position
might not have elicited any mismatch signal at all. Capture
was highly specific to the cycle with the distractor change.
Alternatively, one might argue that the distractor needed to
be inhibited, and that the memory representation of the new

Fig. 4 Low-similar distractors: Saccade rates for the serial positions before the change (prechange position, Ch–1), at the change (Ch), and after the
change (postchange position, Ch+1), dissociated for the saccade target (distractor or relevant item). Error areas show the 95 % confidence intervals
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distractor position at Ch + 1 had been built fast and were
reliable, to potentially aid in distractor inhibition.

These results clearly demonstrate oculomotor capture by
the low-similar distractor for both task–distractor combina-
tions. Baseline differences in saccade rates between the
tasks (see, e.g., Figs. 4A and 4B, or saccade rates to the
control items) make it difficult to compare the magnitudes
of capture between the tasks. However, the similarity be-
tween the patterns in the verbal and spatial tasks is striking:
Gaze was distinctly captured by the positional change of the
distractor. In that case, saccades toward the memory items
were delayed and the rate was reduced. Gaze was sufficient-
ly controlled only one item cycle after the change, and
generally when the distractor occurred repeatedly at the
same position.

We will now turn to the results for the high-similar
distractor, where a different pattern emerged (see Fig. 5).
Again, in the prechange trial the saccade rates related to the
distractor were flat and saccade rates to the memory item
were superimposed for control and change trials, with a
peak around 400 ms (Figs. 5A and 5B). This implicates
sufficient gaze control: The distractor was ignored, so the
eyes fixated on the memory item. But when the distractor
changed its position, this regular pattern was disturbed
(Figs. 5C and 5D): The distractor captured the gaze, with
an increase in saccade rates between control and change
trials: t(31) 0 10.47, p < .001, η2 0 .779, for the verbal task,
and t(31) 0 5.50, p < .001, η2 0 .446, for the spatial task. In
addition, saccade rates toward the memory item dropped

dramatically: t(31) 0 17.09, p < .001, η2 0 .904, for the
verbal task, and t(31) 0 9.80, p < .001, η2 0 .756, for the
spatial task (both tests were conducted for the time window
300–500 ms, control vs. change trials). The strong conflict
for oculomotor control carried over to the postchange cycle
(Figs. 5E and 5F): Saccades toward the memory item were
still slightly reduced, with t(31) 0 5.01, p < .001, η2 0 .447,
for the verbal task, and t(31) 0 4.22, p < .001, η2 0 .365, for
the spatial task.

Overall, the effect of the position-changing distractor on
gaze control was more pronounced for the high-similar
distractors than for the low-similar distractors. Oculomotor
control can be differentiated into engagement (e.g., capture)
and disengagement (from capture) (Born et al., 2011;
Ludwig & Gilchrist, 2003). Figures 4 and 5 indicate that
similarity had an effect on both processes: the probability of
capture (saccade rates toward the distractor), as well as
engagement with distractor processing. The later assump-
tion is based on the observation that saccade rates toward the
memory item were delayed for the low-similar distractor,
indicating redirection of attention from the distractor to the
memory item within few hundred milliseconds. In contrast,
saccade rates toward the memory item dropped to zero when
the high-similar distractor changed position. Attentional
engagement with the distractor might have precluded suffi-
cient encoding of the memory item (see the supplementary
materials for further analyses). Encoding involves at least
two components: stimulus identification and short-term con-
solidation into memory. The missing saccade rates to the

Fig. 5 High-similar distractors: Saccade rates for the serial positions before the change (Ch–1), at the change (Ch), and after the change (Ch+1),
dissociated for the saccade target (distractor or relevant item). Error areas show the 95 % confidence intervals
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memory item indicate that already stimulus identification
was hindered, or at least the memory item was not attended
overtly. Note that our experimental procedure was chosen to
preclude a simple problem of foveal selection. The presen-
tation time of 800 ms for the memory item was rather long
and, generally, would have allowed for the planning and
execution of two saccades, one to the distractor and another,
subsequently, to the memory item.

The consistency of the patterns in the verbal and the
spatial tasks are striking. Gaze capture by the low-similar
distractor delayed and reduced saccade rates toward the
memory item. This effect was limited to the change cycle
only. Gaze capture by the high-similar distractor, however,
wiped out saccades toward the relevant item, and this effect
carried over to the next item cycle. The conclusion is that
attentional engagement with a distractor affected the saccad-
ic reaction to the relevant item, and that the time course of
this engagement was governed by the similarity between the
distractor and the memory item. The factor Task did not
seem to have any impact.

Inspection of Figs. 4 and 5 indicates that saccade rates
toward the distractor increased with the similarity between
distractor and target. If gaze capture by the similar distractor
was more pronounced in the first place, this capture would
eventually hinder directing the gaze toward the target item.
To test for differences in capture, we compared the saccade
rates toward the distractor at change between the two dis-
tractor types for each task separately. Whereas saccade rates
toward the two distractor types indeed did differ in the
verbal task, t(31) 0 3.50, p < .01, η2 0 .293, there was no
such effect in the spatial task, t(31) 0 1.43, p > .10, η2 0

.062. These diverging results between tasks make any easy
relation between (increased) gaze capture by the distractor
and (decreased) goal-driven saccade rates toward the target
item unlikely.

Capture of the mind: Memory performance

The key research question of this study was how gaze capture
is related to memory encoding. If gaze capture draws on the
same attentional resources as memory encoding, memory
performance should be impaired in all four cases. If engage-
ment with the distractor, or a lack of engagement with the
relevant item, is operative, then memory performance should
be impaired solely—or more pronouncedly—in the case of a
high-similar distractor. Surprisingly, this simple relation did
not hold. Four repeated measures ANOVAs, each a two-factor
design with Item Position as one factor (Ch–1, Ch, or Ch + 1)
and Change Condition (control vs. change) as the other con-
firmed what Fig. 6 indicates: Even though the gaze was
captured by the low-similar distractor in the verbal task,
memory performance (Fig. 6A) was not at all affected by this
capture, F < 1. In contrast, spatial task performance (Fig. 6B)

decreased when the distractor changed its position, F(1, 31) 0
8.82, p < .01, η2 0 .221, and this impairment did not vary with
serial position, F(2, 62) 0 2.17, p 0 .123, η2 0 .065. Clearly,
oculomotor capture alone cannot explain memory perfor-
mance. A second observation has to be pointed out:
Whereas the gaze was rather unaffected for the pre-
and postchange positions, spatial memory performance
decreased for those items as well, indicating retro- and
proactive effects of gaze capture. This leaves us with
two important conclusions. First, capture of the gaze is
not simply equated with capture of the mind. Second,
oculomotor control does not draw on the same resources
that are involved in working memory encoding. Gaze
capture did not affect verbal memory performance, so
no general resource conflict was demonstrated.

How can the task-specific effect be explained? One easy
way to do so would be to assume that oculomotor capture
interferes particularly with spatial but not with verbal encod-
ing, resulting in task-specific interference. Such an assumption
finds support from studies demonstrating interference between
(auditory) spatial encoding and concurrent eye movements
(Postle et al., 2006) or between maintenance of spatial infor-
mation and eye movements in a retention interval (Pearson &
Sahraie, 2003). But this simple explanation has to be dismissed
for our study: Memory impairment (see Figs. 6C and 6D) was
substantial for the high-similar distractor in both tasks: verbal,
F(1, 31) 0 51.38, p < .001, η2 0 .624, and spatial, F(1, 31) 0
78.31, p < .001, η2 0 .716. The effect varied with item position
for the verbal task, F(2, 62) 0 14.26, p < .001, η2 0 .315, as
well as for the spatial task, F(2, 62) 0 6.92, p < .01, η2 0 .182.
Figure 6 indicates that performance was particularly affected
for the item that was temporarily associated with the positional
change of the distractor, but retro- and proactive effects
showed up as well.

Neither a general resource conflict of oculomotor control
with memory performance nor a task-specific effect of ocu-
lomotor control on spatial memory encoding can explain the
effect of a gaze-capturing distractor on memory perfor-
mance. Apparently, there is no simple relation between
oculomotor and memory control. One further hypothesis,
not discussed so far, needs to be tested: Due to the strong
coupling between gaze and attention, a stimulus that has
captured the gaze will gain some attention, and as a conse-
quence will be processed to some extent. Working memory
models assume a capacity limitation between processed and
stored information in working memory (e.g., Cowan, 1999),
demonstrated, for instance, by similarity-based interference
between processed and stored features (e.g., Oberauer &
Lange, 2008). Consequently, gaze capture and distractor
processing might create interference with the ongoing mem-
ory encoding of the relevant item.

Our design included one peculiarity: Whereas processing
of the position of any distractor might create interference for
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spatial memory, processing of distractor identity would cre-
ate interference only if there was some stimulus-specific
overlap. The representation of the distractor digit 5 could
thus create interference in the serial recall of digits, but it
was less likely for the mental representation of a green
triangle to cause interference in verbal memory. One reason
for memory impairment by interference is that item repre-
sentations compete at recall and are confused (e.g., Lange &
Oberauer, 2005). Irrelevant digits can be confused with
relevant digits, but for logical reasons, a green triangle
cannot be confused with a digit. Analyzing error types could
reveal whether the distractor information was processed and
therefore caused interference due to intrusions. Our recall
procedure allowed us to analyze intrusion errors, because all
correct items plus two additional items were highlighted for
recall selection. One of the additional items was the dis-
tractor (the digit 5 or the distractor position), and the other
was an item that did not occur in the memory list. If
participants did not remember the items in the list, there
was a 50 % chance of choosing either the distractor (a
distractor intrusion [DI]) or the alternative item (an alter-
native intrusion [AI]) erroneously for recall, which would
result in comparable guessing probabilities for the two in-
trusion errors.

The main error category in serial recall is order errors
(e.g., Bjork & Healy, 1974). Consistently, Table 1 shows

that about 20 % to 30 % of all answers were order errors at
the three critical serial positions of before, during, and after
the change. Distractors intruded in a range of 0.16 % to
12.50 % of trials across all conditions, and intrusions of the
alternative item occurred between 1.56 % and 9.38 % of the
time. All error types showed increased rates in the change
condition in comparison to the control trials. But, whereas
distractor intrusions in particular increased dramatically (the
increase during a change cycle ranged from 103.13 % to
2,559.57 %; six of nine tests were significant), alternative
intrusion errors (increase between 3.80 % and 184.44 %;
two of nine tests were significant) and order errors (increase
between 3.49 % and 75.19 %; five of nine tests were
significant) increased only moderately. Hence, whereas
memory impairment cannot exclusively be explained by
distractor intrusions, such intrusions contributed notably to
the memory impairment. The processing of distractor infor-
mation—indicated by oculomotor capture—left a clear mark
in the recall output sequence, demonstrating a strong rela-
tion between attended and memorized items. Attending the
distractor particularly affected the serial position that was
associated with the change, but distractor representations
also intruded for the pre- and postchange positions, indicat-
ing retro- and proactive interference.

In summary, gaze control for distractor onsets was reli-
able as long as the distractor did not change its position for

Fig. 6 Mean accuracy, locked to the serial positions that were associ-
ated with the change (Ch), the prechange (Ch–1), and the postchange
(Ch+1) items. Accuracies in trials in which the distractor changed its
position are compared to those in matched control trials with a

distractor that did not change position. Error bars represent 95 %
confidence intervals, adjusted for between-subjects variability in a
within-subjects design, as suggested by Bakeman and McArthur
(1996)
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some time. Gaze capture was initiated by a sudden change
of the distractor position. The efficiency of oculomotor
control after gaze capture (e.g., distractor disengagement)
depends on distractor–target similarity. But memory impair-
ment was related to the overlap of the representations acti-
vated by gaze capture and memory encoding. This overlap
resulted in interference between distractor and target
features.

Discussion

A position-changing visual distractor hampers concurrent
memory encoding. The sources of this distraction are three-
fold: The gaze is captured by the distractor in a bottom-up
manner in both tasks (verbal or spatial) and for both

distractor types (similar or dissimilar). Shifting the gaze to
the relevant memory item depends on distractor type only,
but neither gaze capture nor disengagement can predict the
impairment in memory performance. Performance de-
creased in the spatial task for both distractor types, but in
the verbal task only for the high-similar distractor. This
complex pattern is best explained by similarity-based inter-
ference between the distractor features and memory items.
The spatial coordinates of the distractor interfered with
ongoing spatial encoding, and the verbal features of the
digit distractor hampered verbal memory performance.
Hence, attentional capture has to be differentiated into cap-
ture of the gaze and capture of the mind.

The differentiation into capture of the gaze and capture of
the mind is at odds with the predictions we derived from the
theoretical links between eye movement control, attention,

Table 1 Analysis of error types split by task (verbal/spatial), distractor (high/low similarity), and serial position (before, at, or after the distractor
changed its position; Ch–1, Ch, or Ch+1, respectively)

Encoding Distractor Similarity Change Locked Error Type Control Change Increase by % t p η2

Verbal high Ch–1 OE* 17.94 27.34 52.40 2.99 .005 .224

DI* 0.16 1.95 1,118.75 2.20 .035 .135

AI 1.28 1.56 21.88 0.38 .709 .005

Ch OE* 21.85 38.28 75.19 4.52 .000 .398

DI* 0.47 12.50 2,559.57 3.32 .002 .262

AI 2.27 4.30 89.43 1.65 .109 .081

Ch+1 OE* 28.07 41.02 46.13 4.27 .000 .370

DI 0.96 1.95 103.13 1.12 .271 .039

AI 4.77 6.25 31.03 0.78 .440 .019

Spatial low Ch–1 OE 19.35 21.09 8.99 0.56 .577 .010

DI 1.38 3.91 183.33 1.87 .070 .102

AI 2.63 2.73 3.80 .115 .909 .000

Ch OE 23.78 24.61 3.49 .307 .761 .003

DI* 2.37 8.20 245.99 3.53 .001 .286

AI 3.72 4.30 15.59 .34 .736 .004

Ch+1 OE 24.14 30.47 26.22 1.99 .055 .113

DI* 3.36 7.81 132.44 2.44 .021 .161

AI 4.71 5.08 7.86 .239 .813 .002

high Ch–1 OE 23.41 27.34 16.79 1.27 .214 .049

DI 0.63 1.95 209.52 1.67 .106 .082

AI* 3.02 8.59 184.44 3.14 .004 .242

Ch OE* 26.43 36.72 38.93 2.93 .006 .217

DI* 1.17 14.06 1,101.71 6.76 .000 .596

AI 4.77 7.42 55.56 1.67 .106 .082

Ch+1 OE* 26.20 36.33 38.66 4.02 .000 .343

DI* 1.46 6.25 328.08 2.91 .007 .214

AI* 6.12 9.38 53.27 2.17 .038 .132

The table depicts the percentages of answers belonging to each error-type category for trials with the critical condition of a distractor changing its
position (change) and for matched control trials (control), the percentage increases in the error rates, and t-test statistics for a comparison between
the change and control conditions (with df031). Significant tests are marked by bold print and by an asterisk. OE, order errors; DI, distractor
intrusions; AI, alternative-item intrusions.
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and memory. When an irrelevant stimulus captures the gaze,
it captures attention (Bisley & Goldberg, 2003). Attention
serves as a gatekeeper for memory (Awh et al., 2006): For
instance, allocation of attention supports memory encoding.
As such, attention is capacity limited, as is demonstrated by
the attentional blink paradigm (Shapiro, Arnell, & Raymond,
1997), in which processing of one target impairs processing of
a secondary target when both are presented in close temporal
succession. The attentional gatekeeper with limited capacity
operates as a bottleneck for processing (e.g., Cowan, 1999).
The hypothesis was derived that attentional capture—as indi-
cated by gaze capture—should impair concurrent memory
encoding. This straightforward prediction did not hold, even
though many studies have demonstrated a strong coupling
between attention and memory (e.g., Downing, 2000; Oh &
Kim, 2004; Olivers et al., 2006; Pashler & Shiu, 1999; Soto et
al., 2005; Woodman et al., 2007). How can our results be
reconciled with an assumed overlap between attention and
memory? Importantly, there are two roles of attention: alloca-
tion of resources and selection of information for ongoing
processes (Chun & Turk-Browne, 2007). The distinction be-
tween resource and selection is crucial for our study. Gaze
capture by a low-similar distractor did not impair verbal
memory, and thus, gaze capture per se did not draw on the
resources needed for memory encoding. In the case of free
resources, the question of which of the many options to
choose for further processing still remains. The selection of
the task-relevant object was more difficult when a high-similar
distractor attracted the gaze. This had consequences for mem-
ory performance: Relevant and irrelevant representations were
confused, so a distractor that attracted the gaze left a clear
mark in memory. Hence, our results contribute to and extend
the general finding of overlap between attention and memory.

Our results can also be reconciled with mathematical mod-
els of serial recall (e.g., Neath, 2000) and are consistent with
activation models of attention (e.g., Desimone & Duncan,
1995). Our prediction of a resource-limited bottleneck was
derived from the assumption that attention serves as a general
resource to build up memory representations (e.g., Neath,
2000; Page & Norris, 2003). Processing of irrelevant infor-
mation draws upon the attentional resources, dampening the
representations of relevant items. As a result, errors should
occur. But such an effect of dampening does not account for
the particular increase of intrusion errors found in our study.
Notably, one model assumes a specific mechanism that would
establish the basis for intrusion errors: The mechanism is
called feature adoption, in which representations of relevant
items adopt features from irrelevant items (Neath, 2000). This
process occurs particularly between representations that are in
close temporal relation. Feature adoption should be particu-
larly destructive if the adopted features are relevant for the
task—for instance, if irrelevant location information is adop-
ted during spatial recall, or an irrelevant digit identity during

digit recall. Hence, feature adoption would be a very suitable
mechanism to explain our results of gaze capture in memory
performance. Similarly, in the biased-competition model of
visual attention, Desimone and Duncan (1995) assumed that
information competes for representation and processing. The
close temporal relation of distractor and to-be-encoded items,
as well as high similarity between the stimuli, increases com-
petition. Distractor intrusions at memory retrieval are mani-
festations of the competition of neural mechanisms related to
the processing of voluntarily and involuntarily attended infor-
mation. The finding of interference between voluntarily and
involuntarily attended information is not trivial, since these
attentional control mechanisms rely on different neural net-
works (Corbetta & Shulman, 2002). It is thus conceivable that
memory retrieval could clearly differentiate between represen-
tations activated either voluntarily or involuntarily. The high
rate of distractor intrusions demonstrates that this is not the
case.

The results of our study not only are compatible with
existing approaches but reveal several new findings. First,
our data suggest that a general resource bottleneck is not
what hinders memory encoding when the gaze is captured.
Rather, highly specific similarity-based interference and
selection difficulties can account for the results. Second,
we demonstrated interference between involuntary saccades
(exogenous attention shifts) and spatial memory. Earlier
evidence had been limited to interference between voluntar-
ily controlled saccades (Pearson & Sahraie, 2003; Postle et
al., 2006) or endogenous attention shifts (Awh & Jonides,
2001) and spatial memory. We showed that reflexive sac-
cades can have dramatic consequences upon memory rep-
resentations, even though reflexive saccades draw less on
cognitive resources than voluntary saccades do (Stuyven et
al., 2000). Third, we demonstrated distraction of verbal
encoding by gaze capture, so distraction by gaze capture is
not restricted to spatial memory (as shown, e.g., by Postle et
al., 2006). Instead, memory performance is hampered as
long as irrelevant and relevant features overlap. Fourth, we
chose a new design of presenting distractor and memory
items sequentially. It is well established that simultaneous
presentation results in competition between planning a sac-
cade to the target and to a distractor (Godijn & Theeuwes,
2002; Walker et al., 1997). In our study, the distractor was
presented 200 ms before the memory item, and the memory
item was presented for 800 ms, leaving some time for
cognitive control of distraction and encoding of the relevant
features. For instance, in the case of a low-similar distractor,
the saccade rates toward the memory item were still pro-
nounced, demonstrating cognitive control in the face of
distraction. Such gaze control mechanisms indicate that the
locus of competition might not only be selection at encod-
ing, but rather the selection of the correct memory represen-
tation at recall. Our results are well in line with the finding
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that spatial working memory representations and a spatial map
to program eye movements interact (Belopolsky & Theeuwes,
2009; McPeek, Han, & Keller, 2003; Van der Stigchel &
Theeuwes, 2006). Consequently, it has been suggested that
there is only one representational system for spatial memory
and for guiding the gaze (McPeek, Maljkovic, & Nakayama,
1999; Theeuwes, Belopolsky, & Olivers, 2009).

What do our results contribute to the debate on the interac-
tion between top-down and bottom-up processes during gaze
capture? Gaze guidance can be affected by attentional capture
in two ways: (a) directly by gaze capture, and (b) by the time
needed to disengage fromdistractor processing, such as slowed
saccadic RTs toward the target item and increased RTs for the
identification of target stimuli (e.g., Irwin et al., 2000; Kramer
et al., 2000; Theeuwes, Kramer, Hahn, Irwin, & Zelinsky,
1999). A distractor with abrupt onset occurs at a position that
had not been occupied by a stimulus before—as in our study.
Such a distractor captures attention in a bottom-up way (Irwin
et al., 2000; Kramer et al., 2000; Theeuwes et al., 1999).
However, it has been demonstrated that the probabilities of
both capture and disengagement can be modulated by top-
down control. For instance, a distractor that is visually similar
to a search target (e.g., sharing the same color) in a visual
search paradigm attracts the gaze more than does a dissimilar
distractor (Ludwig & Gilchrist, 2002, 2003). Likewise, the
similar distractor increases the time needed for disengagement,
relative to a dissimilar distractor (Born et al., 2011). Both
effects can be dissociated, indicating that disengagement does
not depend on how strong capture was in the first place (Born
et al., 2011). Our results tentatively support this dissociation:
Whereas the saccade rates toward the distractor increased only
modestly for the high-similar as compared to the low-similar
distractor (with a significant increase in the verbal task only),
saccade rates to the memory item were affected dramatically
by the similarity between the distractor and the memory item.

Further evidence for some top-down impact can be ob-
served when comparing gaze control for the postchange
cycles between distractor types. If a simple change of dis-
tractor position induced a mismatch signal, which in turn
caused an orienting response, the gaze would be captured
during the change cycle only. In the change cycle, the
distractor was presented at a different position than before.
In the postchange cycle, however, the distractor remained at
the same position as in the previous cycle; the new distractor
position was kept constant. But, in case of a high-similar
distractor, saccade rates to the memory item were still re-
duced, showing that the effect of gaze distraction carried
over to the postchange cycle. This finding might be inter-
preted as a learning process, with active inhibition of a
saccade toward the distractor, as long as the distractor oc-
curred at an expected position. Expectations were built up
by consecutive displays and were broken by the unan-
nounced change of the distractor position.

Can we be certain that the decrease in memory performance
was solely attributable to similarity-based interference between
the relevant and irrelevant representations? No, we cannot rule
out the possibility that further processes contributed to the
distraction effect. For instance, spatial rehearsal can be disso-
ciated into motor-based and attention-based processes (Awh &
Jonides, 2001). As motor control and attention were not
decoupled in our design, we cannot differentiate between these
two components. It is conceivable that the motor activity itself
caused some interference in the spatial task. Our data were too
sparse to compare memory impairment by distractor change
between trials in which the gaze was captured and other trials
in which the gaze was not captured. A related study (Guérard
& Tremblay, 2011) investigated the impact of eye movements
with a constantly position-changing distractor in a sandwich
condition: The presentation of to-be-remembered dot positions
alternated with the presentation of distractor dots. The distrac-
tors occurred at different positions throughout a trial. The
remembered dot location shifted toward the subsequent dis-
tractor location, indicating retroactive interference of the dis-
tractor location with the remembered location information.
This effect occurred with and without eye movements toward
the distractor and did not differ, indicating that motor activity
itself did not necessarily increase interference. In addition, in a
very subtle analysis, Bays and Husain (2008) demonstrated a
small effect of eye movements on displacement judgments in a
recognition task. However, the shape of the response functions
did not differ between trials with and without eye movements,
but did change dramatically when set size in the recognition
task was increased. This indicates very clearly that eye move-
ments do not impose costs within the capacity limitations for
spatial memory for increasing numbers of items, and the
potential costs of eye movements alone are rather small.

In summary, we demonstrated interactions between
attended distractor features and memorized item features.
As such, our results contribute to the finding that attention
and memory are based on the same representational format.
Conflicts arise not from a general processing bottleneck, but
from a selection problem leading to confusion of the rele-
vant and irrelevant representations.
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