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We investigated possible compensation mechanisms for improving filtering of distractors from entering
visual Working Memory (WM). Participants preformed a change-detection task in which three targets, six
targets, or three targets along with three distractors (the filtering trial) were randomly presented. In six
experiments, we tried to reduce the filtering cost, calculated as the difference in accuracy between the
three targets and the filtering condition, by either cueing the possible locations of the distractors using
placeholders (that could be either fixed throughout the experiment or change every trial; i.e., location
cue), or by providing the location cue coupled with a warning cue singling the upcoming filtering trial.
Results revealed that the filtering cost was not reduced by a fixed location cue (Experiment 1 and
Experiment 5). However, the fixed location cue coupled with a warning cue (Experiment 2 and
Experiment 5) or a location cue that changed positions every trial (Experiment 6), were sufficient to
reduce the filtering cost. Additionally, longer preparation interval for filtering trials did not further reduce
the filtering cost (Experiment 3). We argue these findings support that in the context of visual WM, spa-
tial filtering settings can only be held for a limited amount of time. Thus, these filtering settings must be
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reactivated in order to be effective and to reduce the filtering cost.
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1. Introduction

Our cognitive system deals with a highly crowded environment,
and cannot fully process all of the incoming stimuli. In order to
guide behavior towards task related goals, one needs to focus
attention towards the relevant information in the environment
and filter out irrelevant information. However, filtering irrelevant
information is not a prefect process, and attention can be involun-
tarily allocated to stimuli in the environment, even if they are irrel-
evant to the current task. Yet, completely ignoring irrelevant
information may result in missing important changes in the envi-
ronment that require adjustment of ongoing behavior (Lahav &
Tsal, 2013; Tsal & Makovski, 2006). Over the years, research on
filtering irrelevant information has mainly focused on studying
the various conditions under which individuals demonstrate poor
filtering ability, resulting in a decrement in task performance
(i.e., filtering cost) in either accuracy, response speed or both
(e.g., Anderson, Laurent, & Yantis, 2011; Eriksen & Eriksen, 1974;
Folk, Leber, & Egeth, 2002, 2008; Folk, Remington, & Johnston,
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1992; Folk, Remington, & Wright, 1994; MacLeod, 1991; Stroop,
1935; Theeuwes & Godijn, 2002; Yantis, 1996). Therefore, it is
important to understand which compensation mechanisms are
available in order to overcome poor filtering of irrelevant
information.

Many studies have shown that using cues that mark the rele-
vant information can help focus attention to that information
and improve performance (e.g., Luck, Hillyard, Mouloua, &
Hawkins, 1996; Luria & Vogel, 2011; Posner, 1978, 1980; Posner,
Snyder, & Davidson, 1980; Ravizza, Uitvlugt, & Hazeltine, 2016;
Schmidt, Vogel, Woodman, & Luck, 2002). For example,
Nakayama and Mackeben (1989) applied a visual search task in
which a cue signaling target location was either visible throughout
the trial (sustained cuing) or appeared shortly before the search
array (transient cuing). Sustained cuing improved search perfor-
mance, even when the cue was absent but the observer had knowl-
edge about target location, suggesting a sustained component of
attention that is subjected to voluntary control. Furthermore, tran-
sient cuing improved performance when the cue appeared only
shortly before the search array, but not when it appeared at longer
durations before target onset, and this improvement was not mod-
ulated by prior knowledge about target location. Nakayama and
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Mackeben suggested that this finding indicated a transient compo-
nent of attention that can be summoned quickly to a location in the
visual field but then cannot be sustained at that position. Overall,
Nakayama and Mackeben (1989) provided evidence for at least
two distinct attentional mechanisms that can aide performance
in a crowded environment: a sustained component of attention
that is subjected to voluntary control and an earlier transient com-
ponent that is not subjected to voluntary control.

Note that in these studies the cues were used to mark possible
targets positions, and not distractors. However, in everyday life
when searching for a target, individuals often know the location
of the irrelevant items instead of the location of the relevant items.
For instance, when picking up your son from kindergarten, you
know he does not like to swing, so you will probably not start look-
ing for him on the swing or near it. Studies that did focus on cueing
the distractors using visual search tasks and target identification
tasks have shown that cuing implicitly or explicitly the location
of the upcoming distractor reduced distractor processing interfer-
ence (Arita, Carlisle, & Woodman, 2012; Beck & Hollingworth,
2015; Leber, Gwinn, Hong, & O'Toole, 2016; Munneke,
Heslenfeld, Usrey, Theeuwes, & Mangun, 2011; Munneke, Van
der Stigchel, & Theeuwes, 2008; Van der Stigchel, Heslenfeld, &
Theeuwes, 2006; Van der Stigchel & Theeuwes, 2005; Watson &
Humphreys, 1997). Conversely, cuing a feature of the distractor
did not ameliorate performance (Beck & Hollingworth, 2015).
Accordingly, the present study focused on highlighting the possible
distractor spatial positions. Further studies showed that this reduc-
tion in distractor related interference was accompanied in an
anticipatory activation in the occipital cortex contralateral to the
expected distractor, with no additional activity in occipital cortex
contralateral to the target (Ruff & Driver, 2006). These findings
were taken to support an inhibitory attentional mechanism that
can suppress expected distractor locations in a top-down manner,
thus helping to optimize filtering of irrelevant information and
select relevant information for further processing (Munneke
et al., 2008; Watson & Humphreys, 1997).

In the context of visual WM, it has been argued that the ability
to filter out irrelevant information, and more specifically the ability
to prevent irrelevant information from entering the limited visual
WM workspace underlies individual differences in visual WM
capacity (Awh & Vogel, 2008; Fukuda & Vogel, 2009, 2011;
Gaspar, Christie, Prime, Jolicceur, & McDonald, 2016; Jost, Bryck,
Vogel, & Mayr, 2011; Jost & Mayr, 2016; McNab & Klingberg,
2008; Owens, Koster, & Derakshan, 2012; Vogel & Awh, 2008).
For example, Vogel, McCollough, and Machizawa (2005,
Experiment 2) used a bilateral change-detection task in which par-
ticipants were briefly presented with a memory array consisting of
colored squares, followed by a retention interval (of about 1 s), and
then a test array in which participants indicated whether the test
array was identical or different from the remembered memory
array (i.e., when one of the squares changed its color). An arrow
cue presented before the memory array pointed to the left or to
the right side of the display, or pointed to one of the quarters on
the left or the right side of the display (e.g., top left quarter). The
arrow cue singled participants whether they should memorize all
items on that side (e.g., to memorize all colored squares on the left
side of the display), or memorize only part of the items on that side
(e.g., to memorize only the colored squares at the top left quarter of
the screen which served as targets), and ignore the rest of the items
on that side (i.e., colored squares at the bottom left quarter of the
screen which served as distractors).

Therefore, participants were cued about the spatial area in
which targets were about to appear and were cued about the
appearance of the upcoming filtering trial (i.e., targets along with
distractors). Participants performed the task while a neural mar-
ker that reflects the number of items encoded and maintained

in visual WM was recorded (i.e., Contralateral Delayed Activity;
CDA; Luria, Balaban, Awh, & Vogel, 2016; McCollough,
Machizawa, & Vogel, 2007; Vogel & Machizawa, 2004; Vogel
et al, 2005). Vogel et al. (2005) results showed that high-
capacity individuals successfully filtered out the distractors, such
that their CDA amplitude did not differ when comparing a condi-
tion with two targets with a condition with two targets and two
distractors. Conversely, low-capacity individuals were not able to
filter out the irrelevant items from entering the visual WM work-
space, and their CDA amplitude in a condition that included two
targets and two distractors was higher than a condition with two
targets.

This study and other studies which provided cues in change-
detection visual WM tasks, provided cues about possible targets
positions (Ravizza et al., 2016; Schmidt et al., 2002; Woodman,
Vecera, & Luck, 2003), and not about possible distractors positions.
Hence, it is not clear whether cues that mark the distractors can
compensate and by that improve the ability to filter out irrelevant
information from entering the limited visual WM workspace, and
this was the purpose of the current study.

We investigated whether a location cue (i.e. placeholders) that
marked the locations of distractors, or a combination of a location
cue and a filtering warning trial cue singling the upcoming filter-
ing trial (i.e., the appearance of targets along with distractors),
can improve filtering performance in a visual WM task. In six
experiments, participants performed a change-detection task in
which either three targets, six targets, or three targets along with
three distractors appeared in the memory array. We sought to
test whether performance in the filtering condition will improve
when the cue is present relative to cue absent blocks, such that
the filtering cost, which was calculated as the difference in accu-
racy between the three targets condition and the three targets
with three distractors condition, will be smaller in cue present
blocks relative to filtering cost in cue absent blocks. In addition,
given the arguments associating filtering ability with individual
differences in WM capacity (Vogel et al., 2005), we sought to test
whether using these cues for filtering distractors will be more
beneficial for individuals with high or low visual WM capacity,
such that their filtering cost for cue present blocks will be
smaller.

To anticipate the results, the location cue did not reduce the fil-
tering cost when the distractors’ locations were fixed throughout
the experiment (Experiment 1 and Experiment 5). However, using
the fixed location cue coupled with a filtering trial warning cue
was able to reduce the filtering cost (Experiment 2 and Experiment
5). We argue that these findings support that in the context of
visual WM, spatial filtering settings of the distractors can only be
held for a limited amount of time. Thus, to compensate for poor fil-
tering of irrelevant information from entering the limited visual
WM workspace, the filtering settings need to be reactivated. When
only the fixed location cue was used, the filtering settings con-
tained constant distractor positions throughout the experiment.
To reduce the filtering cost, the filtering settings had to be contin-
uously active throughout the whole cue present trials (i.e., filtering
and non-filtering trials) to enable the compensation mechanisms
to suppress the distractors.

We suggest that filtering settings about spatial locations of the
distractors could only be activated for a limited amount of time,
which is why the fixed location cue was not sufficient to reduce
the filtering cost. Nonetheless, when the fixed location cue was
combined with a warning cue, singling participants the appearance
of the upcoming distractors along with targets, it enabled the reac-
tivation of the filtering settings for filtering trials, resulting in a
reduced filtering cost. After replicating the effect ruling out certain
confounds, we moved to test a prediction derived by such a short-
lived compensation mechanism.
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2. Experiment 1

In Experiment 1, we sought to test whether a cue that marks the
locations of the distractors and was previously found to reduce dis-
tractor interference (e.g., Munneke et al., 2008), could reduce irrel-
evant items from entering the limited visual WM workspace,
resulting in a reduced filtering cost relative to a cue absent condi-
tion. To this end, on cue present blocks we marked the distractors’
locations and kept these locations fixed throughout the experiment
(i.e., fixed location cue). Thus, the possible locations of the distrac-
tors were perfectly predictable on cue present blocks. At face value,
having fixed distractor locations marked by a cue, should help fil-
tering ability and reduce the filtering cost. Note that the locations
of the targets were always random (on both cue present and cue
absent blocks) and that on cue absent blocks, the distractors loca-
tions were randomly determined.

2.1. Method

Participants. Sixteen students from Tel-Aviv University (9
females, M = 24.43 years, SD = 3.23) participated in a 45 minuets
experimental session for either course credit or payment of 30 she-
kels (about 8$). Participants in all six experiments gave their
informed consent after the procedures of a protocol approved by
the Ethics Committee at Tel-Aviv University. Participants in all
six experiments had normal or corrected-to-normal visual acuity
and reported normal color-vision.

Apparatus. Stimuli were presented on 23-inch light emitting
diode monitor with a 120 Hz refresh rate, using 1920 x 1080 reso-
lution graphics mode. Participants were seated approximately
60 cm from the monitor.

2.1.1. Stimuli and procedure

Filtering change-detection task. Participants preformed a
change-detection task (e.g., Luck & Vogel, 1997; Vogel,
Woodman, & Luck, 2001) in which they were presented with a
black fixation cross (i.e., “+”) for 800 milliseconds (ms), followed
by an array of colored pacmans for 200 ms (memory array), and
were asked to remember only the colors of the pacmans (e.g.,
Vogel et al., 2005). Then, the memory array disappeared for
900 ms (retention interval); followed by the test array in which
one colored pacman (a test probe) appeared at one of the previous
locations of the pacmans in the memory array. Participants made
an unspeeded response via button press (“Z” and “/” on the com-
puter keyboard, counterbalanced across participants) to indicate
whether the color of the test probe was the same as the color of
the pacman (with equal probability for same and different test
probes). Participants were informed that only the color of the pac-
man could change, and that the orientation of the test probe was
always the same as the orientation of the pacman that appeared
at that location in the memory array. On a third of the trials, three
colored pacmans (i.e., targets) were presented along with three
colored circles used as distractors, (i.e., the filtering condition).
On the rest of the trials, arrays of either three or six pacmans were
presented (targets only conditions). All stimuli had a radius of
approximately 0.75° of visual angle, and the mouth of the pacman
was a sixth of the size of the pacman. All stimuli were randomly
positioned within a 18° x 18° region on the video monitor upon
a grey background with the constrain that the minimal distance
between each two stimuli was at least 2.7° of visual angle (center
to center). The color of each stimulus was randomly selected (with-
out replacement) from a set of eight colors: black, blue, cyan,
green, pink, red, white and yellow. On changed trials the changed
item was replaced with a color not presented in the memory array.
Due to a programming error in Experiments 1-2, on cue absent

blocks the changed item appeared at the same position along the
X axis (randomly determined for each participant), and at a ran-
dom coordinate along the Y axis. This mistake did not occur in
the cue present blocks. Note that the 3T and 6T conditions showed
similar level of accuracy, when comparing between the cue absent
blocks (with the mistake) and cue present blocks (without the mis-
take). In addition, we replicated the results of this Experiment (see
Experiment 5) and of Experiment 2 (see Experiment 3 and Experi-
ment 5) without the programming error. One hundred and twenty
trials were presented for each condition (three targets, six targets,
three targets with three distractors) in six intermixed blocks of 60
trials each. In order to cue the locations of the distractors, on half of
the blocks (i.e., cue present blocks), the colored circles appeared
within placeholders in the form of black frames (See Fig. 1). The
placeholders appeared in fixed locations in all three conditions of
the cue present blocks (i.e., in the 3T, 6T, and 3D3T conditions;
Fixed location cue) in order to mark the spatial positions of the dis-
tractors (the fixed locations were randomly determined for each
participant). Namely, on cue present blocks, the placeholders
appeared continuously on filtering and non-filtering trials. Note
that the targets never appeared within the placeholders. Thus,
the spatial positions of the distractors, but not the targets, were
known in advance. The spatial positions of the targets were ran-
domly determined on each trial, with the restriction that there will
be no overlap between the positions of the placeholders and the
positions of the targets. All placeholders had a radius of approxi-
mately 1° of visual angle, and had thickness of about 0.02° of visual
angle, and the distractors were positioned in the center of the
placeholder. Participants were told that the placeholders will
appear in fixed positions throughout all of the cue present blocks,
that only the distractors will appear within the placeholders, and
that the targets will never appear within the placeholders. More-
over, participants were highly encouraged to use the location cue
in order to maximize their performance in the filtering trials. Ten
practice trials were given before each Cue condition.

Accuracy (i.e., Hits plus Correct Rejection rates) analysis showed
that the order of the blocks (i.e., cue absent blocks first or cue pre-
sent blocks first) did not interact with the Cue x Condition interac-
tion in any of the six experiments. Therefore, we analyzed the data
across the order of the blocks in all experiments. We also analyzed
the results in all six experiments using K estimate as a dependent
measure by applying standard formula (Cowan, 2001; Pashler,
1988). The formula is K=S x (H — F), where K is the memory
capacity, S is the size of the memory array, H is the observed hit
rate, and F is the false alarm rate. Following Shipstead, Lindsey,
Marshall, and Engle (2014), on filtering conditions the number of
relevant items was used as the size of the memory array (i.e., S).
The K analysis showed the same results regarding the filtering cost
(see Supplementary Material). In addition, we analyzed the results
in all six experiments using A’ (i.e., Hit rate minus False Alarm rate;
Macmillan & Creelman, 1996; Pollack & Norman, 1964). The A’
analysis showed the same results regarding the filtering cost in
all six experiments (see Supplementary Material).

Visual Working Memory Capacity Estimates: Change-
detection task. Before the filtering change-detection task partici-
pants performed a change-detection task with colored squares
(e.g., Fukuda & Vogel, 2009; Luck & Vogel, 1997; Vogel et al.,
2001) in order to estimate their visual WM capacity. Participants
were presented with arrays of four or eight colored squares for
150 ms (memory array); the squares then disappeared for
900 ms (retention interval), and then a colored square (a test
probe) appeared at one of the previous locations of the items in
the memory array. Participants made an unspeeded response via
button press (“Z” and “/” on the computer keyboard, counterbal-
anced across participants) to indicate whether the color of the test
probe was the same as the color of the square that appeared at the
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Fig. 1. Example for a non-filtering (i.e., three targets or six targets) and a filtering trial (i.e., three targets along with three distractors) in the cue absent and cue present blocks

in Experiment 1. Pacmens served as targets and colored circles served as distractors
black frames (i.e., placeholders). The placeholders appeared in fixed locations in all

. To cue the locations of the distractors, on cue present blocks distractors appeared within

three conditions of the cue present blocks (i.e., three targets, six targets, or three targets

with three distractors). The spatial positions of the targets were randomly determined on each trial, with the restriction that there will be no overlap between the positions of
the placeholders and the positions of the targets. For cue absent blocks, the spatial positions of the targets were randomly determined for all three conditions, and the spatial

positions of the distractors were randomly determined for filtering trials.

same location in the memory array (with equal probability for
same and different test probes). Sixty trials were presented for
each array size in one intermixed block. Each color square sub-
tended approximately 1.24° x 1.24° of visual angle and was ran-
domly positioned within a 16.6° x 16.6° region on the video
monitor upon a grey background with the constrain that the min-
imal distance between each two stimuli was at least 2° of visual
angle (center to center). The color of each square was randomly
selected (without replacement) from a set of nine colors: black,
blue, brown, cyan, green, orange, pink, red, and yellow. On changed
trials the changed item was replaced with a color not presented in
the memory array. The accuracy for each individual was trans-
formed into a K estimate (separately for each set size) following
standard formula as used in the filtering change-detection task.
These two values were averaged to form a single visual WM capac-
ity estimate (K).

2.2. Results and discussion

Filtering change-detection task. The data in all six experiments
was aggregated and organized before the statistical analysis using
prepdat - An R package for preparing experimental data for statis-
tical analysis (Allon & Luria, 2016). Trials with RTs lower than
100 ms or higher than 2000 ms were removed from further analy-
sis resulting in excluding 2.43% of the trials. A repeated measures
analysis of variance (ANOVA) with Cue (cue absent blocks, cue pre-
sent blocks) and Condition (three targets- 3T, six targets- 6T, three
targets with three distractors- 3T3D) as within-subjects indepen-
dent variables on accuracy rate as a dependent variable showed
a main effect of Condition (F(2,30)=102.41, MSE=0.27070,
p <0.001, 1% =0.87). Planned comparisons showed that accuracy
for the 3T3D condition was lower than accuracy for the 3T condi-
tion (F(1,15) = 25.60, MSE = 0.003217, p < 0.001, 1,2 = 0.63), indi-
cating a filtering cost, and higher than accuracy for the 6T
condition (F(1,15) = 146.57, MSE = 0.001340, p <0.001,
1,2 = 0.90), indicating a filtering gain. There was no Cue x Condi-
tion interaction (F(2,30)=1.18, MSE=0.00228, p=0.31; see
Fig. 2). Planned comparisons showed that the filtering cost was
similar in cue present blocks and cue absent blocks (F < 1), suggest-
ing that the location cue did not improve filtering cost in visual
WM. There were no differences in the 3T and 6T conditions
between the cue present blocks and cue absent blocks (F(1,15)
=1.74, MSE = 0.000885, p =0.20; F(1,15)=2.47, MSE = 0.003575,
p =0.13; in the 3T and 6T conditions, respectively).

Surprisingly, the results from Experiment 1 showed that partic-
ipants demonstrated similar filtering costs on location cue absent
blocks and location cue present blocks. Although the location cue
was sustained throughout the entire experiment, clearly indicating
the locations of the distractors, and even though these positions
remained constant, thus making the locations perfectly pre-
dictable, it was not sufficient to improve the filtering costs in visual
WM. Therefore, in the next experiment we added another cue to
see whether the combination of two cues would be sufficient to
reduce the filtering cost.

3. Experimemt 2

In Experiment 2 we sought to test whether informing partici-
pants that the upcoming trial is a filtering trial (i.e., targets along
with distractors) in addition to cuing the distractors’ locations, will
succeed in preventing the distractors form entering visual WM,
thus reducing the filtering cost.

3.1. Method

Participants. Sixteen students from Tel-Aviv University (10
females, M =24 years, SD=1.65) participated in a 45 minuets
experimental session for either course credit or payment of 30 she-
kels (about 8$).

Apparatus. The same apparatus was used as in Experiment 1.

3.1.1. Stimuli and procedure

Filtering change-detection task. Participants preformed a
change detection task similar to the one in Experiment 1 except
for the following. In addition to the fixed location cue that was
as in Experiment 1, in order to cue the appearance of the upcoming
filtering trial on cue present blocks, the fixation cross that
appeared before the memory array briefly changed its color from
black (200 ms) to white (400 ms; i.e., filtering warning cue), and
then to black again (200 ms; see Fig. 3). Thus, participants were
cued about the appearance of the upcoming filtering trial and
knew in advanced were the distractors, but not the targets, will
appear. As in Experiment 1, participants were told that the place-
holders will appear in fixed positions throughout all of the cue pre-
sent blocks, that only the distractors will appear within the
placeholders, and that the targets will never appear within the
placeholders. Participants were highly encouraged to use both cues
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Fig. 2. Results from Experiment 1. Accuracy as a function of the Fixed Location Cue and Condition. Error bars represent the 95% confidence intervals according to Loftus and

Masson (1994).
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Fig. 3. Example for a non-filtering (i.e., three targets or six targets) and a filtering trial (i.e., three targets along with three distractors) in the cue present blocks in Experiment
2. In addition to the fixed location cue that was as in Experiment 1, on filtering trials the fixation before the memory array briefly changed its color from black (200 ms) to
white (400 ms) and then to black again (200 ms). Cue absent blocks were as in Experiment 1.

(i.e., the white fixation cross and the placeholders) in order to max-
imize their performance in the filtering trials.

Visual Working Memory Capacity Estimates: Change-
detection task. Participants preformed the change-detection task
as in Experiment 1.

3.2. Results and discussion

Filtering change-detection task. Trials with RTs lower than
100 ms or higher than 2000 ms were removed from further analy-
sis resulting in excluding 2.44% of the trials. A repeated measures
ANOVA was conducted as in Experiment 1. The ANOVA showed a
main effect of Condition (F(2,30)=171.79, MSE =0.00184,
p <0.001, n,% = 0.91). However, this time there was a Cue x Condi-
tion interaction (F(2,30)=6.55, MSE=0.00310, p=0.004,
n,> = 0.30; see Fig. 4). Importantly, planned comparisons showed
that the filtering cost was lower for cue present blocks relative to
cue absent blocks (F(1,15)=6.86, MSE =0.002515, p=0.01,
n,> = 0.31), suggesting that participants needed both the filtering
warning cue and the location cue to improve their filtering perfor-
mance. In addition, in cue absent blocks, performance was better in
the 3T condition relative to the 3T3D condition (F(1,15)=52.08,
MSE = 0.001897, p < 0.001, n,? = 0.77). This difference was also sig-
nificant in the cue present blocks (F(1,15) = 5.47, MSE = 0.003016,
p=0.03, npz =0.26), thus indicating a residual filtering cost in both
cue absent and cue present blocks. There were no differences in the
3T and 6T conditions between the cue present and cue absent
blocks (F<1; F(1,15)=2.53, MSE = 0.004938, p =0.13, 1,* = 0.14;
in the 3T and 6T conditions, respectively).

The results from Experiment 2 showed reduced filtering costs in
visual WM when participants knew that distractors are about to
appear and where they appear. This is in contrast to the findings
from Experiment 1 in which the location cue alone did not improve
the filtering cost. We argue these findings along with the results
from Experiment 1 support the existence of a short-lived compen-
sation mechanism for distractor suppression.

The results from Experiment 1 are inconsistent with previous
studies (e.g., Munneke et al., 2008; Ruff & Driver, 2006) in which
a cue about the location of the distractor was found to reduce dis-
tractor interference and improve search performance for a single
target. However, note that there are a few differences between
the task used in Experiment 1 and the tasks used in these previous
studies. First, in Experiment 1 the task demand was to remember
multiple targets as opposed to searching or identifying a single tar-
get in previous studies. Most importantly, in Experiment 1 the
location cue was continuously visible at the same position
throughout the cue present trials, whereas in previous studies
the cue for the distractor pointed to a different location on each
trial (e.g., Munneke et al., 2008).

One possible explanation for the results in Experiment 1 is that
marking the distractors positions was not salient enough to sup-
press their processing. However, this seems unlikely since these
positions were clearly visible and did not change throughout the
experiment. Another possible explanation is that in the context
of visual WM, filtering settings can only be held for a limited
amount of time: In both Experiment 1 and Experiment 2, the place-
holders which served as the location cue were present at fixed
positions in each of the cue present trials, even when no distractors
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Fig. 4. Results from Experiment 2. Accuracy as a function of the Warning Cue with Fixed Location Cue and Condition. Error bars represent the 95% confidence intervals

according to Loftus and Masson (1994).

appeared (i.e., the 3T and 6T conditions). This means that in Exper-
iment 1 for filtering to be most effective, the filtering settings
which contained locations of the distractors marked by the place-
holders had to be actively suppressed throughout the whole cue
present trials (i.e., filtering and non-filtering trials). In other words,
participants were required to constantly filter out the distractors’
positions, because a filtering trial was unpredictable. However, in
Experiment 2 the appearance of the filtering trial was predicted
by the warning cue, enabling participants to use the location cue
to suppress the distractors only on filtering trials. Accordingly,
we propose one can use the location cue to suppress the distractors
only for a limited short duration. This makes filtering the distrac-
tors throughout the entire cue present trials impossible, which is
why the fixed location cue alone in Experiment 1 was not sufficient
to reduce the filtering cost. In Experiment 2 the warning cue
enabled the filtering settings of the distractors to be active for a
short duration, resulting in a reduced filtering cost.

Note that the filtering warning cue in Experiment 2 was con-
founded with a temporal cue. Namely, the Stimulus Onset Asyn-
chrony (SOA) between the warning cue and the memory array
was always 600 ms, which made the onset of the memory array
for filtering trials perfectly predictable. Therefore, it is possible that
the temporal predictability of the memory array for filtering trails
aide performance rather than the reactivation of the filtering set-
ting by the warning cue. This possibility was addressed in Experi-
ment 3.

4. Experiment 3

In Experiment 3 we sought to replicate the results found in
Experiment 2 and to disentangle the warning cue from the tempo-
ral cue. To this end, in cue present filtering trials we manipulated
the SOA between the warning cue and the memory array, to have
a short (200 ms) and long (800 ms) intervals between the cue and
the memory array. Thus, the memory array onset was no longer
constant relative to the warning cue, reducing temporal pre-
dictability. Note that participants might use this interval to actively
prepare for a filtering trial in a similar way the task-switching lit-
erature found that longer preparation interval is used to reduce the
task switching-cost (Meiran, Chorev, & Sapir, 2000; Meiran &
Daichman, 2005). However, if the cue only reactivates the filtering
settings, without actively preparing for a filtering trial, then we
should not expect the longer interval to further reduce the
switching-cost, such that both SOAs should reduce the filtering
cost relative to a cue absent condition, but to the same extent.

4.1. Method

Participants. Sixteen students from Tel-Aviv University (11
females, M = 22.75 years, SD = 2.46) participated in a 60 minuets

experimental session for either course credit or payment of 40 she-
kels (about 10$).
Apparatus. The same apparatus was used as in Experiment 1.

4.1.1. Stimuli and procedure

Filtering change-detection task. Participants preformed a
change detection task similar to the one in Experiment 2 except
for the following. Participants were presented with a black fixation
cross (i.e., “+”) for 1000 ms before the memory array. On cue pre-
sent blocks, in addition to the location cue as in Experiment 1
and Experiment 2, on filtering trials the fixation cross before the
memory array briefly changed its color from black (200 ms) to
white (150 ms; i.e., the filtering warning cue), and then to black
again. The black fixation which followed the filtering warning
cue and appeared before the memory array either appeared for
50 ms or 650 ms (randomly intermixed in cue present blocks),
resulting in a short (200 ms) or long (800 ms) preparation time
between the filtering warning cue and the memory array. In the
cue absent blocks values of the filtering condition were randomly
assigned before the analysis to “dummy variables” of the same
preparation times (i.e., 200 ms or 800 ms) as in filtering trials in
the cue present blocks in order to perform the subsequent repeated
measures ANOVA. Two hundred and forty trials were presented for
each Condition (3T, 6T, 3T3D) in 12 intermixed blocks of 60 trials
each. Order of the cue present and cue absent blocks was counter-
balanced between participants as in Experiment 1.

Visual Working Memory Capacity Estimates: Change-
detection task. Participants preformed the change-detection task
as in Experiment 1.

4.2. Results and discussion

Filtering change-detection task. Trials with RTs lower than
100 ms or higher than 2000 ms were removed from further analy-
sis resulting in excluding 2.23% of the trials. A repeated measures
ANOVA with Cue (cue absent blocks, cue present blocks) and Con-
dition (3T, 3T3D with short SOA, 3D3T with long SOA, 6T) as
within-subjects independent variables on accuracy rate as a
dependent variable revealed a main effect of Condition and Cue
(F(3,45)=66.08, MSE=0.00242, p<0.001, 1n,2=0.81; F(1,15)
=5.53, MSE = 0.00248, p = 0.03, 1, = 0.26; for Condition and Cue,
respectively). More importantly, there was a Cue x Condition
interaction (F(3,45)=6.69, MSE =0.00152, p <0.001, npz =0.30;
see Fig. 5). Planned comparisons showed that the filtering cost
(across SOAs) was lower in cue present blocks relative to cue
absent blocks (F(1,15)=25.92, MSE=0.000552, p<0.001,
1,2 = 0.63), suggesting that the combination of the filtering warn-
ing cue and the location cue improved filtering costs in visual WM,
replicating the results from Experiment 2. Furthermore, long SOA
did not further reduce the filtering cost. In the cue present blocks,
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performance was not better in the 3T3D condition with short SOA
relative to the 3T3D condition with long SOA (F < 1). In addition, in
cue absent blocks, performance was better in the 3T condition rel-
ative to the 3T3D condition (F(1,15)=51.19, MSE =0.001414,
p <0.001, N, =0.77). This difference was also significant for cue
present blocks (F(1,15)=13.40, MSE=0.000745, p=0.0023,
n,> =0.47), indicating a residual filtering cost in both the cue
absent and cue present blocks. There were no differences for the
3T and 6T conditions between the cue present and cue absent
blocks (F < 1; F(1,15)=1.05, MSE = 0.002056, p = 0.31, 1,* = 0.06;
in the 3T and 6T conditions, respectively).

The results from Experiment 3 showed reduced filtering costs
on cue present blocks relative to cue absent blocks, replicating
the results from Experiment 2. However, longer SOA before the
memory array of a filtering trial did not further reduce the filtering
cost relative to a shorter SOA. Therefore, the results support the
notion that the warning cue does not result in active preparation
for a filtering trial.

5. Experiment 4

The distractors in Experiments 1-3 always appeared in fixed
locations that were clearly marked by placeholders throughout
the cue present blocks. It is possible that the fixed distractors’ loca-
tions, and not the placeholders, provide the critical spatial informa-
tion needed to reduce the filtering cost found in Experiments 2 and
3. Experiment 4 was similar to Experiment 2, such that the distrac-
tors appeared in fixed positions throughout the cue present blocks
and a warning cue appeared before a filtering trial throughout the
cue present blocks. However, unlike Experiment 2, no placeholders
were presented. Therefore, the locations of the distractors were
perfectly predictable throughout the cue present blocks but they
were not marked by the placeholders. We hypothesized that if
the placeholders, and not the fixed locations, provide the critical
spatial information needed to reduce the filtering cost, then the fil-
tering cost would not be improved when only the locations of the
distractors are fixed and the placeholders are missing.

5.1. Method

Participants. Sixteen students from Tel-Aviv University (12
females, M = 22.93 years, SD = 2.65) participated in a 60 minuets
experimental session for either course credit or payment of 40 she-
kels (about 10$).

Apparatus. The same apparatus was used as in Experiment 1.

5.1.1. Stimuli and procedure

Filtering change-detection task. Participants preformed a
change detection task similar to the one in Experiment 2 except
for the following. On cue present blocks the fixation cross changed
its color before a filtering trial as in Experiment 2, but the

distractors appeared in fixed locations without placeholders, and
the targets never appeared in those locations in either of the 3T,
6T, or 3T3D conditions. On the remaining blocks the distractors
appeared in random locations as in the cue absent blocks in
Experiment 3. Two hundred and forty trials were presented for
each condition (i.e., the 3T, 6T, 3D3T conditions) in 12 intermixed
blocks of 60 trials each. Participants were told that the distractors
will appear in fixed positions throughout all of the cue present
blocks, and that the targets will never appear within these
positions. Moreover, participants were highly encouraged to use
this information and the warning cue in order to maximize their
performance on filtering trials.

Visual Working Memory Capacity Estimates: Change-
detection task. Participants preformed the change-detection task
as in Experiment 1.

5.2. Results and discussion

Filtering change-detection task. Trials with RTs lower than
100 ms or higher than 2000 ms were removed from further analy-
sis resulting in excluding 4.87% of the trials. A repeated measures
ANOVA with Cue (cue present blocks, cue absent blocks) and Con-
dition (3T, 3T3D, 6T) as within-subjects independent variables on
accuracy rate as a dependent variable showed a main effect of Con-
dition (F(2,30)=130.08, MSE=0.00282, p<0.001, m,>=0.89).
Planned comparisons showed that accuracy in the 3T3D condition
was lower than accuracy for the 3T condition (F(1,15)=66.92,
MSE = 0.003542, p <0.001, n,*=0.81), indicating a filtering cost.
In addition, accuracy in the 3T3D condition was higher than accu-
racy in the 6T condition (F(1,15)=49.39, MSE =0.002736,
p <0.001, npz =0.76), indicating a filtering gain. Most importantly,
there was no Cue x Condition interaction (F<1; see Fig. 6).
Planned comparisons showed that the filtering cost in the cue pre-
sent blocks was similar to the filtering cost in the cue absent blocks
(F<1). In addition, there were no differences in the 3T and 6T con-
ditions between the cue present and cue absent blocks (Fs < 1).

The results from Experiment 4 showed that a combination of a
filtering warning cue and fixed locations for the distractors without
the presence of placeholders were not sufficient to improve filter-
ing costs. Potentially, participants could have held these locations
in memory and suppress these locations as soon as they saw the
filtering warning cue. However, the results of the current experi-
ment demonstrate that the filtering warning cue must have expli-
cit spatial information provided by the location cue in order to
activate the short-lived filtering settings.

6. Experiment 5

In Experiment 5 we sought to replicate the effect of the filtering
cost reduction, this time in a within experiment design. In the
experiments thus far, we manipulated the presence of the location
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Fig. 7. Results from Experiment 5. Accuracy as a function of Cue and Condition. Error bars represent the 95% confidence intervals according to Loftus and Masson (1994).

cue or the presence of the location cue along with the warning cue
in separate experiments. However, in Experiment 5 in the cue pre-
sent blocks we used the location cue or the location cue along with
the warning cue in the same experiment, and compared them to
cue absent blocks. We expected to find a reduction of the filtering
cost relative to cue absent blocks when both cues (i.e., combined
cues) were presented together but not when the location cue
was presented alone.

6.1. Method

Participants. Sixteen students from Tel-Aviv University (10
females, M = 23.56 years, SD = 3.49) participated in a 60 minuets
experimental session for payment of 40 shekels (about 10%).

Apparatus. The same apparatus was used as in Experiment 1.

6.1.1. Stimuli and procedure

Filtering change-detection task. Participants preformed a
change detection task similar to Experiment 1 except for the fol-
lowing. On half of the cue present blocks, before a filtering trial,
the fixation briefly changed its color from black to white and to
black again as in Experiment 2. Thus, on half of the cue present
blocks participants had only the location cue of the placeholders
marking the fixed locations of the distractors, and in the remaining
cue present blocks participants had both the filtering warning cue
and the location cue as in Experiment 2. Participants performed 12
blocks of 60 trials each. Half of the blocks were cue present blocks
and the remaining blocks were cue absent blocks. Order of the
blocks was counterbalanced as in Experiment 1. On cue present
blocks, half of the participants alternately started with a combined
cue block and then did a location cue block and so on, and the
remaining half started with a location cue block and then did a
combined cue block and so on. Participants were informed about
the cues as in Experiment 1 and Experiment 2 and were encour-
aged to use them to improve filtering performance.

Visual Working Memory Capacity Estimates: Change-
detection task. Participants preformed the change-detection task
as in Experiment 1.

6.2. Results and discussion

Trials with RTs lower than 100 ms or higher than 2000 ms were
removed from further analysis resulting in excluding 1.77% of the
trials. A repeated measures ANOVA with Cue (absent, warning
and fixed location, location) and Condition (3T, 6T, 3T3D) as
within-subjects independent variables on accuracy rate as a
dependent variable showed a main effect of Condition (F(2,30) =
139.85, MSE = 0.00403, p <0.001, npz =0.90). Most importantly,
there was a Cue x Condition interaction (F(4,60)=2.63,
MSE = 0.00249, p = 0.04, 1’1,,2 =0.14; see Fig. 7). Planned compar-
isons showed that the filtering cost in the warning and fixed
location cue present blocks was smaller relative to cue absent
blocks (F(1,15)=8.97, MSE=0.001574, p=0.009, n,>=0.37),
replicating the results from Experiment 2 and Experiment 3. In
addition, the filtering cost in the location cue present blocks was
similar to the filtering cost in the cue absent blocks (F(1,15)=
1.24, MSE = 0.001806, p = 0.28, n,*> = 0.07), replicating the results
form Experiment 1. The filtering cost in the warning and fixed loca-
tion cue present blocks was similar to the filtering cost in the loca-
tion cue present blocks (F(1,15)=2.40, MSE = 0.002122, p=0.14,
npz =0.13). As in the previous experiments, there was a difference
between the 3T and 3T3D conditions in the cue absent, warning
and fixed location cue, and the location cue conditions
(F(1,15)=40.20, MSE =0.002218, p<0.001, n,?=0.72; F(1,15)
=7.16, MSE=0.002086, p=0.012, n,2=035; F1,15)=11.68,
MSE = 0.004584, p = 0.003; for the cue absent, warning and fixed
location cue, and the location cue conditions, respectively).

In accordance with our hypothesis, the results from Experiment
5 showed a reduced filtering cost on combined cues present blocks
(i.e., warning and location cue) relative to cue absent blocks. For
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Fig. 8. Results from Experiment 6. Accuracy as a function of the Variable Location Cue and Condition. Error bars represent the 95% confidence intervals according to Loftus

and Masson (1994).

location cue present blocks, the filtering cost was similar to the fil-
tering cost in the cue absent blocks. These results replicate the
results from Experiments 1-3 in a within experimental design.

7. Experiment 6

The results thus far support the idea according to which the
spatial distractor filtering settings are short-lived. The warning
cue together with the fixed location cue enabled the compensation
mechanisms to be active for a short duration, because the filtering
settings were reactivated in filtering trials, which resulted in a
reduced filtering cost. However, using only fixed locations without
a warning cue for the filtering trial did not result in a reduction of
the filtering cost, presumably because it was not possible to hold
onto the filtering settings throughout the experiment. This expla-
nation makes the following counter intuitive prediction: while
using fixed placeholders did not reduce the filtering cost, changing
the positions of the distractors every trial should reduce the filter-
ing cost. The reason is that changing the distractors positions every
trial should reactivate the filtering settings, because different loca-
tions would have to be suppressed on each trial. To support this
prediction and provide further support for these short-lived com-
pensation mechanisms, in Experiment 6 we implemented the loca-
tion cue alone (without a warning cue), but this time varied the
location of the placeholders on each trial.

7.1. Method

Participants. Sixteen students from Tel-Aviv University (14
females, M = 22.37 years, SD = 1.86) participated in a 45 minuets
experimental session for either course credit or payment of 30 she-
kels (about 8$).

Apparatus. The same apparatus was used as in Experiment 1.

7.1.1. Stimuli and procedure

Filtering change-detection task. Participants preformed a
change-detection task similar to the one in Experiment 1 except
for the following. Participants performed 24 blocks of 30 trials
each, with all of the three conditions (i.e., the 3T, 3T3D, and 6T con-
ditions) intermixed within the blocks. On cue present blocks, the
colored circles appeared within placeholders in the form of black
frames. However, unlike in Experiment 1 in which the placeholders
appeared in fixed locations throughout of the cue present blocks,
this time the placeholders changed their locations on each trial in
the cue present blocks. Note that the targets never appeared within
the placeholders. Thus, the spatial positions of the distractors, but
not the targets, were clearly marked from the beginning of each
trial. There were 120 trials in each of the Cue (cue present, cue
absent) x Condition (3T, 3T3D, 6T) conditions. Participants were
told that the placeholders will appear in random positions on each

trial throughout all of the cue present blocks, that only the distrac-
tors will appear within the placeholders, and that the targets will
never appear within the placeholders. Moreover, participants were
highly encouraged to use the location cue in order to maximize
their performance in the filtering trials.

Visual Working Memory Capacity Estimates: Change-
detection task. Participants preformed the change-detection task
as in Experiment 1.

7.2. Results and discussion

Filtering change-detection task. Trials with RTs lower than
100 ms or higher than 2000 ms were excluded from further analy-
sis resulting in excluding 3.31% of the trials. A repeated measures
ANOVA was conducted as in Experiment 1. The ANOVA revealed
a main effect of Condition (F(2,30)=95.57, MSE = 0.00285,
p <0.001, n,* = 0.86). Most importantly, there was a Cue x Condi-
tion interaction (F(2,30)=14.20, MSE=0.00123, p<0.001,
1,2 = 0.48; see Fig. 8). Planned comparisons showed that the filter-
ing cost was lower in cue present blocks relative to cue absent
blocks (F(1,15)=20.93, MSE=0.000784, p<0.001, m,*=0.58),
suggesting that using a variable location cue was sufficient to
reduce filtering cost. In addition, in cue absent blocks, performance
was better in the 3T condition relative to the 3T3D condition
(F(1,15) = 61.48, MSE = 0.001647, p < 0.001, 1,* = 0.80). This differ-
ence was also present in the cue present blocks (F(1,15) = 14.78,
MSE = 0.000784, p =0.001, n,* =0.49), thus indicating a residual
filtering cost in both cue absent and cue present blocks. There
was no difference between the cue present and cue absent blocks
in the 3T and 6T conditions (Fs < 1).

In accordance with our hypothesis, the results of Experiment 6
showed reduced filtering costs when using a variable location cue
in which placeholders marking the positions of the distractors
changed location every trial. These findings support a short-lived
compensation mechanism for distractor suppression. Despite using
location cues, changing their positions on each trial activated the
filtering settings more frequently, which enabled to reduce the fil-
tering cost.

8. WM capacity and filtering costs

Previous findings have shown that high visual WM capacity
individuals are better at filtering irrelevant items relative to low
visual WM capacity individuals (e.g., Vogel et al., 2005). Namely,
high-capacity individuals are better at constraining what is
encoded within the WM workspace; by successfully filtering out
irrelevant information and maintaining only task relevant informa-
tion. Low-capacity individuals, on the other hand, have lower fil-
tering ability, and therefore their memory capacity gets filled
with irrelevant information, limiting their ability to process task
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relevant information. We performed a meta-analysis (see Fig. 9) on
the six experiments to measure the relationship between WM
capacity and filtering cost in the cue absent blocks and to see
whether high-capacity individuals will have lower filtering costs
relative to low-capacity individuals, thus corroborating previous
findings. The combined correlation was r = —0.375, and 95% confi-
dence interval were between —0.599 and —0.098, p = 0.009. Note
that this correlation is weaker when compared to previous studies
that used a neural marker as an index for the individual filtering
cost (e.g., r=0.62,' p<0.001; Experiment 2, Vogel et al., 2005). Pre-
sumably, this neural marker is more sensitive to individual differ-
ences in filtering ability than the accuracy measure used in the
current study.

The meta-analysis allowed us to examine the filtering cost at
the aggregated level, incorporating the effect from all six experi-
ments. Indeed, when looking at this correlation within each exper-
iment, it was not significant in most cases. Another possible
analysis is to measure this correlation for all subjects together
(N=96). This analysis yielded a similar result (r=-0.34,
p <0.001; See Fig. S1 in Supplementary Material).

This negative correlation demonstrates that high-capacity indi-
viduals had lower filtering costs to begin with, suggesting that they
have less room to improve when relying on the filtering cues rela-
tive to low-capacity individuals. If, indeed, low-capacity individu-
als were able to benefit more from the cues than high-capacity
individuals, we should expect visual WM capacity to correlate with
filtering cost improvement between the cue absent and cue pre-
sent blocks. However, this was not the case: the correlation
between the individual WM capacity and the filtering cost
improvement (defined as filtering cost in the cue absent blocks
minus filtering cost in the combined cues blocks, calculated only

T In Vogel et al. (2005) the correlation between filtering ability (or filtering
efficiency as Vogel et al. termed it) and visual WM capacity was positive because
filtering ability was calculated based on the CDA amplitude for the three conditions
(two targets, two targets with two distractors, four targets), which resulted in a
positive filtering ability score ranging between 0 and 1 for each participant. Therefore,
the correlation computed between this filtering ability score and visual WM capacity
resulted in a positive correlation.

across Experiments 2, 3, 5 and 6 in which the cues improved per-
formance) was not significant (r = —0.05, p =0.63). This suggests
that although the initial filtering mechanism is related to the indi-
vidual visual WM capacity, the ability to reduce filtering cost by
using the cues implemented in the current study does not depend
on the individual visual WM capacity.

9. General discussion

The purpose of the current study was to investigate whether
cues that mark irrelevant information can help compensate for
poor filtering of irrelevant information entering the limited visual
WM capacity workspace. In six experiments, participants pre-
formed a change detection task in which three targets, six targets,
or three targets along with three distractors were presented in the
memory array. To cue the distractors, participants were given
either a fixed location cue, marking the fixed locations of the dis-
tractors (Experiment 1 and Experiment 5), a filtering warning
cue, singling the appearance of the upcoming distractors along
with the targets (Experiment 4), a combination of a fixed location
cue and a filtering warning cue (Experiment 2, Experiment 3, and
Experiment 5), or a variable location cue, marking the locations
of the distractors that changed from trial to trial (Experiment 6).
The results revealed that the filtering cost was not reduced relative
to a cue absent condition when a fixed location cue was used
(Experiment 1 and Experiment 5). However, using a combination
of the fixed location cue and a filtering warning cue did reduce
the filtering cost (Experiment 2 and Experiment 5). Additionally,
a longer interval between the filtering warning cue and the mem-
ory array did not result in actively preparing for a filtering trial
(Experiment 3). Moreover, this filtering cost improvement was
not due to the fixed positions of the distractors (Experiment 4).
Lastly, a variable location cue was able to reduce the filtering cost
(Experiment 6). As for individual differences in visual WM capac-
ity, we found that high-capacity individuals were better at filtering
out irrelevant items relative to low-capacity individuals when no
cues were given. We now turn to discuss the possible mechanisms
responsible for these findings.
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We argue that these findings support the idea that spatial filter-
ing settings in the context of visual WM can only be held for a short
limited amount of time, similar to the transient component sug-
gested by Nakayama and Mackeben (1989). Thus, to compensate
for poor filtering of irrelevant information from entering visual
WM, these filtering settings need to be reactivated. One possible
explanation for the transient nature of these mechanisms is that
we are not wired to ignore the same positions for a long time. Rem-
nants of ontogenetic history may also influence the attentional
processing priorities of the attentional system by aiming the sys-
tem to respond to potential stimuli in the environment that may
impose an immediate danger which demands a quick change in
behavior (Avital-Cohen & Tsal, 2016). Although these processing
priorities were very essential to keep a person’s life a long time
ago, studies have shown that they probably still have an effect
on behavior (e.g., New, Cosmides, & Tooby, 2007; Ohman, Flykt,
& Esteves, 2001). Thus, while focusing on the current task is highly
important, one also needs to monitor the environment for possible
relevant changes that might demand adjustment of ongoing
behavior.

Nonetheless, when the fixed location cue was combined with a
filtering warning cue, participants were able to use the fixed loca-
tion cue to enhance suppression of the distractors only on filtering
trials. This enabled the compensation mechanisms to be active for
a short duration, because the filtering settings were reactivated in
filtering trials, which resulted in a reduced filtering cost. When the
location cue varied positions on each trial, it reactivated the filtering
template, because different locations were needed to be suppressed
on each trial, which also resulted in a reduced filtering cost.

Our findings corroborates previous studies (Arita et al., 2012;
Beck & Hollingworth, 2015; Munneke et al., 2008; Munneke
et al., 2011; Ruff & Driver, 2006; Watson & Humphreys, 1997), in
which a distractor cue in a visual search and target identification
tasks improved search durations, suggesting that a cue about the
distractors can help modulate attention to filter out irrelevant
items. These findings were taken to support an inhibitory atten-
tional mechanism that can suppress expected distractor locations
in a top-down manner, thus helping to optimize filtering of irrele-
vant information and select relevant information for further pro-
cessing (Munneke et al., 2008; Watson & Humphreys, 1997).
Note that in these studies a single cue about the location of the dis-
tractor or distractors was sufficient to improve target performance.
A possible explanation for the discrepancy between these studies
(e.g., Munneke et al., 2008) and the current one is that in Munneke
et al. the cue for the distractor pointed to different locations on
each trial, which resembles the design of Experiment 6 in the cur-
rent study in which the location cue also varied from trial to trial.
Thus, it might be that in these studies, like in Experiment 6 in the
current study, the compensation mechanisms were reactivated
because of the variable location cue, which in turn enabled better
filtering of the distractors. Therefore, we suggest the results of pre-
vious studies (e.g., Munneke et al., 2008; Munneke et al.,2011; Van
der Stigchel & Theeuwes, 2005; Van der Stigchel et al., 2006;
Watson & Humphreys, 1997) together with the results of the cur-
rent study provide further support for the existence of short-lived
compensation mechanisms for distractor suppression. However,
the task used in the current study (change-detection task) is differ-
ent from tasks used in previous studies (visual search and targets
identification tasks). Hence, future research should establish
whether the mechanism suggested in the current study and the
one suggested in previous studies are actually the same or different
mechanisms.

The ability of filtering task irrelevant information has been
studied for decades (for a review see Ruz & Lupiafiez, 2002). Stud-
ies used various paradigms and focused on the conditions under
which this ability fails (e.g., Stroop task: MacLeod, 1991; Stroop,

1935; Flanker task: Eriksen & Eriksen, 1974; Attentional blink:
Raymond, Shapiro, & Arnell, 1992; Simon effects: Simon, 1990).
The findings of the current study - that the spatial filtering setting
of the distractors are short-lived and that the filtering settings need
to be reactivated in order to improve performance - have great
importance for future studies of filtering ability in various settings
and paradigms. In addition, the findings of the current study have
importance for developing ways to improve performance in every-
day life activities that require filtering of irrelevant information.

In principle, filtering irrelevant information can be achieved by
reinforcing target processing or suppressing distractor processing,
and previous studies using neural markers suggested these rely on
different processes with distinct neural signatures (e.g., Gaspar &
McDonald, 2014; Gaspar et al, 2016; Jannati, Gaspar, &
McDonald, 2013; Sawaki, Geng, & Luck, 2012; Sawaki & Luck,
2010). Although we do not have direct supporting evidence for
one of these options, we think it is more likely that the filtering
cost reduction in the current study resulted from enhancement
of distractor suppression processes rather than enhancement of
target related processes. If target processing rather than distractor
suppression was enhanced, then in Experiment 6 in which the
placeholders changed location on each trial, we should have
expected to observe this enhancement also in target only trials
(i.e., the three targets and six targets conditions), when comparing
cue present vs. cue absent blocks. However, the results showed
that performance for target only conditions was similar in both
the cue present and cue absent blocks. Therefore, we think the
results of the current study are not in favor of target enhancement.

Another option is that the filtering cost reduction in the current
study was due to allocating attention over smaller portions of the
display that included possible targets locations rather than due to
active suppression of the distractors (Lahav, Makovski, & Tsal,
2012). However, if the location cue resulted in denser distribution
of attention, then the filtering cost should have been reduced
already in Experiment 1 in which only the location cue was used.
Furthermore, the location cue should have resulted in improved
performance in the three and six targets conditions relative to
these conditions in the cue absent blocks. Yet, the results of the
current study do not support this prediction. Therefore, overall
we think the results of the current study support an account of dis-
tractors suppression.

Our findings are also related to the distinction between reactive
and proactive control mechanisms (e.g., Geng, 2014; Sawaki &
Luck, 2010, 2011; Sawaki et al., 2012). According to Geng (2014),
a proactive control mechanism is intended to prevent attention
from being allocated to distractors in the first place. Such mecha-
nism can be activated when distractors’ features are known in
advance (e.g., when one knows when distractors are going to
appear). However, the capture of attention by distractors is inevi-
table because one does not always have sufficient information for
completely preventing attention to be allocated to distractors. In
these situations, the distractors would be reactively suppressed
after disengaging attention from them. Therefore, it is possible that
in the current study when the fixed location cue was employed
alone, it activated a proactive control mechanism, but since the
cue did not provide enough information about the distractors
(i.e., when distractors are about to appear), it failed and the distrac-
tors had to be reactively suppressed, resulting in filtering costs.
When the fixed location cue was combined with the filtering warn-
ing cue, the proactive control mechanism had sufficient informa-
tion about the distractors, which resulted in improved filtering
performance. In conclusion, our findings demonstrate that cues
about the distractors can result in better filtering of irrelevant
information from entering visual WM, and that spatial filtering set-
tings in the context of visual WM can only be held for a limited
amount of time.
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