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ABSTRACT

Current theories assume that there is substantial overlap between visual working memory (VWM)
and visual attention functioning, such that active representations in VWM automatically act as an
attentional set, resulting in attentional biases towards objects that match the mnemonic content.
Most evidence for this comes from visual search tasks in which a distractor similar to the
memory interferes with the detection of a simultaneous target. Here we provide additional
evidence using one of the most popular paradigms in the literature for demonstrating an active
attentional set: The contingent spatial orienting paradigm of Folk and colleagues. This paradigm
allows memory-based attentional biases to be more directly attributed to spatial orienting.
Experiment 1 demonstrated a memory-contingent spatial attention effect for colour but not for
shape contents of VWM. Experiment 2 tested the hypothesis that the placeholders used for
spatial cueing interfered with the shape processing, and showed that memory-based attentional
capture for shape returned when placeholders were removed. The results of the present study
are consistent with earlier findings from distractor interference paradigms, and provide
additional evidence that biases in spatial orienting contribute to memory-based influences on

ARTICLE HISTORY
Received 24 July 2015
Accepted 21 April 2016

KEYWORDS

Visual search; attentional
capture; working memory;
attentional set

attention.

The human cognitive system has a limited perceptual
and mnemonic capacity. Mechanisms of attention and
working memory enable the system to effectively deal
with these limitations (Baddeley & Hitch, 1974; Cowan,
1988; 2001; Neisser, 1969). There is now substantial
evidence that attention and working memory closely
interact (see Awh & Jonides, 2001; Chun, 2011;
Cowan, 2001; Kiyonaga & Egner, 2013; Olivers, 2008;
Woodman & Chun, 2006, for reviews).

A large part of this evidence indicates that contents
in visual working memory (VWM) modulate compe-
tition for attentional processing among objects in
the visual field, in accordance with what has been pro-
posed under the biased competition account of Desi-
mone and Duncan (1995). To demonstrate this, a
number of studies have used a combination of a
VWM task, for which the observers needs to remember
a specific visual object, and a visual search task, in
which the observer needs to look for s specific
target object (Downing & Dodds, 2004; Olivers, 2009;
Soto, Heinke, Humphreys, & Blanco, 2005; Woodman
& Luck, 2007; see Pashler & Shiu, 1999, for a sequential
rather than a spatial search). The crucial manipulation

is that the memorized object can return as a distractor
in the search display (or sometimes also as a target,
e.g., Soto et al., 2005). When it does, it affects search
reaction times (RTs), with the often-found result that
search is slowed when a distractor matches the
memory content (see Downing & Dodds, 2004; Hout-
kamp & Roelfsema, 2006; Woodman & Luck, 2007,
for exceptions). This has led to the conclusion that
memory-matching visual objects automatically
capture attention. If so, then this would mean that
the memory object automatically becomes part of
the observer's attentional set, despite its irrelevance
to the search task (Olivers, Peters, Houtkamp, & Roelf-
sema, 2011).

The memory-based attentional capture findings,
plus the idea that they reflect changes in the obser-
ver's attentional set, are very much reminiscent of
the contingent attentional orienting phenomena as
uncovered by Folk and colleagues (Anderson & Folk,
2012; Becker, Folk, & Remington, 2010; Folk & Reming-
ton, 1998; Folk, Remington, & Johnston, 1992; Irons,
Folk, & Remington, 2012; Wyble, Folk, & Potter,
2013). Folk and colleagues developed a widely used
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paradigm in which the observer is instructed to
actively look for a target that is defined by a specific
feature (e.g., colour). Crucially, spatial cues appear
shortly before the onset of the target display, and
the target’s location may coincide with the cue
location (on valid trials), or appear at a different,
uncued location (invalid trials). Importantly, these
cues are non-predictive, as they provide no infor-
mation on where the target will appear. Yet, when
the cues carry the sought-for feature (e.g., the same
colour), the target is responded to faster when it
appears at the cued location compared to an
uncued location. Such cueing effects are smaller or
absent when the cue does not match the sought-for
feature. The results of this paradigm have led Folk
and colleagues to conclude that observers adopt an
attentional set for the defining target feature, and
that spatial orienting is at least partly contingent on
this attentional set.

Here we use the contingent spatial orienting para-
digm to provide converging evidence for the idea
that adopting a working memory is at least in part
like adopting an attentional set. An advantage of the
spatial cueing paradigm is that the cueing effect is
inherently spatial in nature (Burnham, 2013), and
thus provides direct behavioural evidence that atten-
tion is directed at the location of the memory-match-
ing object (see Downing, 2000). Paradigms that
measure interference from distractors that are pre-
sented during search (as above) have had to rely on
oculomotor and  electroencephalogram  (EEG)
measures to demonstrate a spatial component (Hol-
lingworth, Matsukura, & Luck, 2013a; Hollingworth,
Matsukura, & Luck, 2013b; Kumar, Soto, & Humphreys,
2009; Olivers, Meijer, & Theeuwes, 2006; Silvis & Van
der Stigchel, 2014). Furthermore, in the related
research area of bottom-up attentional capture by
salient visual objects, the spatial cueing paradigm
and the visual search paradigm have led to different
results, different conclusions, and a decade-long con-
troversy on underlying mechanisms of attentional
capture (Ansorge, Kiss, & Eimer, 2009; Becker et al.,
2010; Belopolsky & Theeuwes, 2010; Belopolsky,
Schreij, & Theeuwes, 2010; Folk & Remington, 1998;
Irons et al., 2012; Schreij, Owens, & Theeuwes, 2008;
Theeuwes, Olivers, & Belopolsky, 2010). It would thus
be valuable to know if, in terms of memory-driven
capture, the two paradigms converge. Furthermore,
the demonstration of spatially specific prioritization

of memory-matching stimuli would provide further
evidence that the interference caused by memory-
matching distractors is not due to some spatially non-
specific filtering cost (Folk & Remington, 1998; Folk,
Remington, & Wu, 2009).

For this purpose, we combined Folk et al.'s (1992)
spatial cueing paradigm with Olivers et al.'s (2006)
memory task. Observers first saw a colour which they
had to remember for a later memory test. During the
retention period between the encoding and the recog-
nition tests, they were to search for an onset target
appearing in one of four placeholders. Unlike in the
standard spatial cueing paradigm, the colour was
never relevant for the search task. Shortly before the
onset of the target-search display, one of the four pla-
ceholders was cued for 50 ms by a memory-matching
or non-matching cue. The cue was completely task-irre-
levant because the target was presented at the cued
location by chance, so the cue was not predictive of
the target location. If the contents of visual working
indeed lead to contingent orienting, similar to what
an attentional set has been demonstrated to do, a
cueing effect should occur for memory-matching
cues, but not for non-matching cues.

To provide further converging evidence, we also
adopted some of the additional manipulations of
Olivers et al. (2006). In one of their experiments, they
used both easy and difficult to categorize stimuli for
the memory tasks, in an attempt to induce more or
less visual memories. In the easy categorization task
(presumably tapping into more verbal memory), the
memory test consisted of three differently coloured
disks (e.g., red, blue, and yellow), making it sufficient
to verbally remember the memorized item. In the dif-
ficult memory task (presumably tapping into more
visual memory), the test colours subtly differed from
each other. For example, when the memorized
colour was red, participants had to distinguish the
memorized colour from disks of very similar shades
of red, requiring participants to visually remember
the target shade. The memory-based attentional
capture effect was obtained for the difficult but not
for the easy memory task, suggesting that it is really
visual memory that needs to be activated—although
we point out other evidence that verbal information
is sufficient (e.g., Soto & Humphreys, 2007). Here we
tested whether a similar dissociation between easy
and difficult to categorize stimuli also occurred for
the spatial cueing paradigm. Finally, Olivers et al.



(2006) also found memory-based capture for shape (in
addition to colour). We therefore included not only
colour cues, but also shape cues. The first experiment
showed little capture for shape cues (in contrast to
colour cues). Experiment 2 investigated further what
might underlie shape-based effects or the lack
thereof, and provides evidence that the placeholders
as often used in Folk's contingent cueing paradigm
may interfere with shape processing.

Experiment 1

The goal of Experiment 1 was to investigate whether
the contents of working memory could involuntarily
guide attention in a task that was modelled after
Folk’s classic contingent orienting paradigm. At the
beginning of each trial, observers were asked to mem-
orize the colour or the shape of an object. At the end
of the trial, they performed a recognition test in which
they were to identify the memorized item among an
array of three alternatives. During the retention
period between encoding and recognition test, par-
ticipants were asked to search for an onset target
appearing in one of four placeholders. Before the
onset of the search display, one of the four place-
holders was cued by a colour- or shape-defined cue.
Importantly, both types of cue were completely inde-
pendent of the attentional control settings necessary
for the search task because the search target was
defined by onset, while the cues were defined by
colour or shape (Becker et al., 2010; Belopolsky et al.,
2010; Folk et al.,, 1992; Folk & Remington, 1998; Folk,
Remington, & Wright, 1994; Lien, Ruthruff, & Johnston,
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2010). Here we investigated if the contents of VWM
guide visual attention irrespective of attentional
control settings. If so, attention would be captured
by the memory-matching but not non-matching
colour (shape) cue when participants memorized the
colour (shape) of the to-be-memorized item.
Furthermore, following Olivers et al. (2006), easy
and difficult to categorize stimuli were used for the
memory task, to investigate whether memory-based
attentional capture operates from visual or from cat-
egorical working memory. This manipulation is
based on the assumption that the difficult memory
task forced participants to memorize a feature more
visually, which would then result in stronger visual
biases than when the memory could be retained in a
presumably more categorical type of representation.

Method

Participants

Thirty-two undergraduate students from Korea Uni-
versity participated as partial fulfilment of a course
requirement. Of these participants, 16 participated in
the colour memory task and the remainder in the
shape memory task. All had normal or corrected-to-
normal visual acuity and colour vision.

Apparatus

Stimuli were presented on a CRT monitor (17 in) of a
personal computer. The distance between the partici-
pants and the monitor was approximately 50 cm. All
experiments were programmed and presented using
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Figure 1. Examples of displays of the colour memory condition in Experiment 1.
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Figure 2. Examples of displays of the shape memory condition in Experiment 1.

MATLAB and Psychophysics Toolbox software.
Responses were collected using a standard keyboard.

Stimuli and procedure

All stimuli were presented on a black background. A
trial began with a 300 ms presentation of the fixation
display. The fixation display consisted of a light grey (R
=70, G=70, B=70; 69.3 cd/m?) fixation cross (0.36° X
0.36°) at the centre, surrounded by four light grey pla-
ceholder boxes (1.7° x 1.7°) with centres positioned at
3.7° of the top left, top right, bottom left, and bottom
right of fixation. The fixation cross blinked off for 300
ms and on for 300 ms. The memory display was shown
for 1000 ms. The memory display consisted of the four
placeholder boxes and a to-be-memorized colour
(shape) item at the centre of the display in the

colour (shape) memory task. Participants were asked
to memorize colour or shape of the memory item
until the end of each trial. Then, the fixation display
was presented for 2000 ms. Subsequently, the cue
display was presented for 50 ms and replaced with
the fixation display for 100 ms. In the colour memory
task, the cue display consisted of the fixation cross,
four boxes, and four sets of small circles (0.24° in diam-
eter) so that such each placeholder box was sur-
rounded by four dots. The circles surrounding one of
the boxes were coloured the same as the to-be-mem-
orized colour (matching cue) or the different colour
(non-matching cue). For example, if the to-be-memor-
ized colour is red, the matching cue was red and the
non-matching cue would be blue, green, or purple.
The circles surround the other three boxes were
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Figure 3. Mean RTs as a function of memory type (difficult or easy), cue type (matching or non-matching cue), and cue validity (valid or
invalid) in the colour memory condition in Experiment 1. Error bars represent 95% confidence intervals (Loftus & Masson, 1994).



Table 1. The colours of the memory items used in Experiment 1.

R G B CIE x y Y

255 0 0 0.592 0.344 7.7
200 0 0 0.591 0.337 3.9
255 0 50 0.58 0.33 7.8
255 50 50 0.578 0.35 7.9
0 0 255 0.191 0.122 4.8
0 0 200 0.178 0.119 2.2
0 0 150 0.168 0.096 0.8
0 50 255 0.169 0.098 49
0 255 0 0.274 0.598 153
0 255 50 0.285 0.575 19.3
0 200 0 0.281 0.588 129
0 160 0 0.287 0.579 5.1
100 0 153 0.173 0.099 0.9
100 0 204 0.17 0.097 24
100 0 255 0.154 0.116 5.1
150 50 255 0.191 0.109 5.8

Note: R, G, and B indicate red, green, and blue, respectively. x, y, and Y are
the values of Commission Internationale d’Eclairage (CIE).

coloured in white. In the shape memory task, the cue
display consisted of the fixation cross, the four boxes,
a to-be-memorized shape (matching cue) or different
shape (non-matching cue) in one of the placeholder
boxes, and three circles (1.2° in diameter) in the
other three placeholders. For example, if the to-be-
memorized-shape is triangle, the matching cue is tri-
angle and the non-matching cue would be star, rec-
tangle, or diamond. The box having the matching or
non-matching cue was assumed to be a cued location.

The target display consisted of a single letter, “M" or
“N”, that appeared in one of the four boxes. The letter
was grey in colour (R=204, G=204, B=204, 202 cd/
m?). In the colour memory condition (Figure 1), the
memory display consisted of the four placeholder
boxes with a row of three differently coloured disks
presented in random order, including the memorized
colour. The four colour categories included red, blue,
green, and purple (Table 1). In the shape memory con-
dition (Figure 3), the memory display consisted of a
row of different three shapes, including the memor-
ized shape. The four shape categories included star,
rectangle, triangle, and diamond. The four placeholder

Table 2. The correct rate (and standard deviation in parentheses)
of the memory task as a function of task-difficulty, memory type,
cue type, and cue validity in Experiment 1.

Difficult Easy
Memory Cue Non- Non-
type validity ~ Matching matching  Matching  matching
Colour Valid 65 (11.7) 66.5 (13.4) 969 (3.6) 97.1(5.2)
memory  Invalid 64.1 (8.3) 61.1.(10.6) 973 (2.4) 959 (4.2)
Shape Valid 705 (10.1)  71.5(10.1) 979 (43) 94.5(6.4)
memory Invalid 71.8 (9.6) 70.9 (10) 96.1 (3.9) 945 (4.3)
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Table 3. The correct rate (and standard deviation in parentheses)
of the memory task as a function of placeholder, cue type, and
cue validity in Experiment 2.

Absent Present
Cue validity Matching Non-matching  Matching ~ Non-matching
Valid 72.9 (15.7) 76 (12.1) 74 (16.6) 74.7 (13.3)
Invalid 75 (16.4) 71.9 (16) 76 (13.8) 74 (5.2)

boxes were visible throughout each trial. Cues and
targets appeared in the same location in 25% of the
trials (valid cue) and in different locations in 75% of
the trials (invalid cue). The two target letters (M and
N) were used equally often across conditions. Partici-
pants were to respond as quickly and accurately to
an onset “N” or “M” by pressing the N or M key on
the standard keyboard with the left middle and
index fingers, respectively. When an incorrect
response was made, a 1000 Hz tone sounded for
500 ms.

In the difficult memory task, participants were
required to identify the memorized item from
among three different items belonging to the same
category in the memory test display. For example,
when the memory colour was red, three different
shades of red appeared in the memory test display.
When the memory shape was a star, three different
shaped stars appeared. In contrast, in the easy
memory task, participants were required to indicate
the memorized item from among three different
items belonging to different categories. For example,
when the memory colour was red, two different
colours belonging to three different colour categories
(e.g., blue, green, and purple) and the to-be-memor-
ized red colour appeared in the memory test display.
When the memory shape was a star, two different
shapes belonging to different shape categories (e.g.,
rectangle, triangle, and diamond) and the to-be-mem-
orized star shape appeared. Participants were
instructed to visually remember the precise feature
in the difficult memory task and to verbally remember
the global feature in the easy memory task. Memory
difficulty (easy and difficult) was between blocks.
The memory test display was then shown until a
response was made. Participants were instructed to
respond accurately and to indicate the remembered
item by pressing the 1, 2, or 3 key on the numeric key-
board with the right index, middle, or ring finger,
respectively. When an incorrect response was made,
a 1000 Hz tone sounded for 500 ms.
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Results

RTs shorter than 125 ms and longer than 1250 ms were
excluded as outliers from the analyses (55 out of 6144
trials, 1.31%). Following Olivers et al. (2006), the ana-
lyses included the trials in which a memory error
occurred because it is assumed that the higher error
rate in the difficult memory test condition may be
due to task difficulty rather than failure to comply
with task instructions. However, the results remained
the same with memory errors excluded. Mean correct
RT and percent error (PE) were calculated for each par-
ticipant as a function of task type (colour and shape),
cue type (matching and non-matching), memory type
(easy and difficult), and cue validity (valid and invalid).
Analyses of variance (ANOVAs) were conducted on
the mean RT and PE data, with task type entered as a
between-subjects variable and the others entered as
within-subjects variables (see Table 1).

RT

The overall mean RT was 590 ms. The main effect of
cue type was significant, F(1, 30)=6.97, p=.0130,
MSe =423, n§:.16. The mean RT was shorter with
non-matching cues (M =587 ms) than matching cues
(M =594 ms). A significant memory type effect was
obtained, F(1, 30)=11.04, p <.0001, MSe = 2766, 77;2;
=.04. Responses were faster with the difficult
memory task (M =574 ms) than the easy memory
task (M =606 ms). The interaction of cue type and
memory type was also significant, F(1, 30)=4.87, p
=.0351, MSe=325, n7=.17. Importantly, the four-

=&—Matching Cue
670

way interaction of task type, memory type, cue type,
and cue validity was significant, F(1, 30)=7.25, p
=.0115, MSe=155, n2=.19. To explore this inter-
action, simple interaction comparisons were per-
formed on the effect of cue type on cue validity on
memory type at each level of task type.

For the colour memory task (Figure 2), the main effect
of cue type was significant, F(1, 15) = 5.25, p = .0369, MSe
=573, ”flf, =.25.The mean RT of the difficult memory task
(M =560 ms) was shorter than that of the easy memory
task (M =586 ms). The main effect of memory type was
also significant, F(1, 15)=11.04, p =.0046, MSe = 1980,
nf, = .42. The mean RT of non-matching cue trials (M =
568 ms) was shorter than that of matching cue trials
(M=578 ms). The three-way interaction of memory
type, cue type, and cue validity was significant, F(1, 15)
=9.24, p =.0083, MSe = 182, n, = .38. To investigate the
three-way interaction, simple interaction comparisons
were performed on the effect of cue type on cue validity
at each level of memory type. For the difficult memory
task, the interaction of cue type and cue validity was sig-
nificant, F(1, 15)=6.18, p=.0252, MSe =384, nf, =.29.
Simple main effects analyses confirmed that matching
cues produced a 15 ms cueing effect, F(1, 15)=5.69, p
=.0307, MSe =275, ;= .27, while non-matching cues
did not cause a cueing effect, F(1, 15) = 2.56, p =.1306,
MSe = 336. For the easy memory task, there was a signifi-
cant effect of cue type, F(1, 15) = 14.88, p =.0016, MSe =
244, nf, =49, in that the mean RT was shorter with non-
matching cues (M =579 ms) than matching cues (M=
594 ms). The interaction between cue type and cue val-
idity was non-significant, F(1, 15) < 1.0.
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Figure 4. Mean RTs as a function of memory type (difficult or easy), cue type (matching or non-matching cue), and cue validity (valid or
invalid) in the shape memory condition in Experiment 1. Error bars represent 95% confidence intervals.



For the shape memory task (Figure 4), the main
effect of memory type was significant, F(1, 15)=
1238, p=.0031, MSe=3551, n =.45. The mean RT
of the difficult memory task (M=589 ms) was
shorter than that of the easy memory task (M =626
ms). The three-way interaction of memory type, cue
type, and cue validity was not significant, F(1, 15) < 1.0.

PE

The overall PE for the search task was 2.54%. There
was no significant main effect or interaction. In the
memory task, the overall PE was 18.03% and there
was a significant main effect of memory type, F(1,
30) =325.46, p <.0001, MSe = .02, 77,% =.91. Specifically,
as expected, the PE was higher for the difficult test
(32.36%) than the easy test (3.71%). There were no
other significant main or interaction effects.

Discussion

A memory-based attentional capture effect was
observed when participants performed the colour
memory task, consistent with previous studies
(Kumar et al., 2009; Olivers et al.,, 2006; Soto et al,
2005). The results show that memory-based capture
also occurs for the contingent spatial orienting para-
digm, providing converging evidence that memory-
matching stimuli lead to locally prioritized processing,
and are not solely due to general interference. (“filter-
ing costs”; Folk et al.,, 2009; Folk & Remington, 1998).
Furthermore, consistent with Olivers et al. (2006), a
memory-based attentional bias was found for the dif-
ficult to categorize colours, but not for the easy to cat-
egorize colours, supporting the idea that very similar
colours force the recruitment of visual memory,
hence resulting in visual biases. Clear categorical dis-
tinctions may allow for verbal recoding, resulting in
weaker visual biases. This distinction also helps in
excluding the possibility that the cueing effect
obtained was the result of sensory priming rather
than active working memory content. If the capture
effect in the colour difficult memory task was due to
a simple priming effect, the same pattern of results
should have been obtained in both easy and difficult
colour memory tasks (Olivers et al., 2006).

However, clearly no memory-based attentional
capture was found for the shape memory task. This
finding supports Soto et al.’s (2005) finding suggesting
that shape memory content interacts less strongly
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with matching input than colour memory. However,
Olivers et al. (2006) did find memory-based attentional
capture effects for shape. This issue was further inves-
tigated in Experiment 2.

Experiment 2

One difference between the two paradigms (the
spatial cuing paradigm used here and the visual
search paradigm used by Olivers et al.,, 2006) is the
presence of the four placeholders during the inter-
stimulus interval (ISI) between the memory item and
cue displays in the present study. As these place-
holders are themselves shapes, surrounding the
cues, we hypothesized that they may have interfered
with either the perception of the relevant shapes or
the matching process with the memory represen-
tation (which did not include placeholders). Exper-
iment 2 tested this possibility by comparing two
conditions: one with placeholders and one without.
If the placeholders interfere with the memory-match-
ing cue capturing attention, then a memory-based
capture effect would be observed in the placeholder
absent but not in the placeholder present condition.

Method

Sixteen new undergraduate students from Korea Uni-
versity participated. Experiment 2 consisted of two
within-participant blocks. The placeholder-present
block was identical to the shape difficult memory
task condition of Experiment 2, except that the
memory items and cues were larger and fully filled
and that the placeholders were absent only for the
cue display. The placeholder-absent block was identi-
cal to the first block, except that the placeholders were
always absent (Figure 5).

Results

The data were analysed in the same way as in Exper-
iment 1. Of the total trials, 0.77% (47 of 6144 trials)
were excluded from the analyses. The mean correct
RT and PE were calculated for each participant as a
function of cue type (matching and non-matching),
placeholder (presence and absence), and cue validity
(valid and invalid). ANOVAs were conducted on
mean RT and PE data, which were used as within-sub-
jects variables (see Table 2).
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Figure 5. Examples of displays in Experiments 2. Upper is the placeholder absent, lower is the placeholder present.

RT

The overall mean search RT was 573 ms (Figure 6).
When the placeholders were present, the interaction
of cue type and cue validity was not significant, F(1,
15) < 1.0. This replicates Experiment 1 in demonstrat-
ing the absence of a contingent spatial cueing effect
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for shape memory. In contrast, when the placeholders
were absent, the interaction of cue type and cue val-
idity was very reliable, F(1, 15) =8.97, p=.0091, MSe
=125, n,% =.37. Simple main effects analyses con-
firmed that matching cues produced an 11 ms
cueing effect, F(1, 15) =4.05, p=.0626, MSe =223, n
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invalid) in Experiment 2. Error bars represent 95% confidence intervals.



=.21, while non-matching cues did not result in a
cueing effect, F(1, 15) =2.46, p=.1379, MSe =121, nf,
=.14. Despite the considerable reliability of a contin-
gent cueing effect in the placeholder absent con-
dition, and no such effect in the placeholder present
condition, the three-way interaction of placeholder
presence, cue type, and cue validity was not signifi-
cant, F(1,15)=.62, p = 4416, MSe =311, 77,2, = .04, prob-
ably due to the considerable variability in the
placeholder present condition.

PE

The overall PE for the search task was 2.18% and the
overall PE for the memory task was 25.71%. There
were no significant main or interaction effects for
either task.

Discussion

Experiment 2 shows that reliable memory-based
attentional capture effects can be observed for
shape memory when the placeholders are absent. As
in Experiment 1, there was no such effect when the
placeholders were present. The results support the
idea that the placeholders interfere with perceiving
the shape of cues, due to the proximity of contours,
as well as a less obvious match with the memory rep-
resentation. Without such placeholders, the results
become more comparable to the shape effects
reported by Olivers et al. (2006), but now using the
spatial cueing paradigm.

General discussion

The spatial cueing paradigm used in the present study
allowed us to verify and generalize the hypothesis that
VWM representations bias perceptual processing
toward the selection of stimuli that are similar to
those representations. In Experiment 1, a memory-
based attentional capture effect was observed for
colour but not for shape contents of VWM. However,
the absence of attentional capture by shape contents
probably occurred due to placeholders interfering
with perceptions of the shape-matching cue. Exper-
iment 2 showed that when the placeholders were
removed, memory-based attentional capture by
shape contents occurred.

According to the contingent attention capture
hypothesis, attentional capture depends on the
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match between the cue and the attentional control
setting determined by target-defining features (Folk
et al, 1992). However, in the present study, the
memory-matching cue captured attention although
it did not match the target. This implies that adopting
a working memory is at least in part like adopting an
attentional set.

Given the nature of the contingent spatial orienting
task, we can unambiguously attribute the current
effects to biases in spatial orienting. This helps to dis-
tinguish the memory-based effects from non-specific
interference costs that have been associated with
having to filter out irrelevant stimuli at a task level
(Folk et al, 2009; Folk & Remington, 1998). The
results therefore corroborate earlier demonstrations
using eye movement and EEG measures that a
memory-matching object leads to spatially localized
advantages for the matching object (Hollingworth
et al,, 2013a; Hollingworth et al.,, 2013b; Kumar et al.,
2009; Olivers et al., 2006; Silvis & Van der Stigchel,
2014).

The current paradigm may have some additional
advantages for investigating memory-attention inter-
actions. Some studies have failed to find evidence
for memory-based attentional capture (Woodman &
Luck, 2007). As has been argued by Woodman and col-
leagues (Carlisle & Woodman, 2011a, 2011b;
Woodman & Luck, 2007), many of the studies investi-
gating memory-based attentional capture, including
their own, used visual search tasks in which the
memory-matching item is in fact counter-predictive
of the search target (it is never the search target).
This may invite the active suppression of the
memory-matching object that, under some circum-
stances, may be stronger than the capture it induces
in the first place. Therefore, although the memory-
matching item elicits an “attend-to-me” signal, this
signal can be offset by the top-down suppression
caused by the avoidance (Carlisle & Woodman,
2011b; Kiyonaga, Egner, & Soto, 2012; Sawaki & Luck,
2011). Note that in the paradigm of the present
study, the memory-matching cue was not counter-
predictive but non-predictive of the search target
location, as the cue and search target appeared in
the same location by chance (Belopolsky et al., 2010;
Folk & Remington, 1998; Schreij et al, 2008; Soto
et al, 2005). Consequently, the incentive for top-
down suppression would be reduced. That said, it
should be noted that Sawaki and Luck (2011)
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showed that top-down suppression can also occur
toward memory-matching items when the memory-
matching items are non-predictive—however, this
may still be reduced relative to when the memory-
matching objects are counter-predictive.

Another possible reason for the absence of the
memory-based attentional capture effect in previous
studies (Carlisle & Woodman, 2011a; Woodman &
Luck, 2007) is that the search target and memorized
item may have competed more strongly for the
status of the search template (Olivers et al., 2011). It
has been suggested that only one search template
can be active at a given time (Eimer & Kiss, 2010;
Folk & Anderson, 2010; Olivers, 2009; Olivers et al,
2011), and that visual attention and VWM compete
and influence one another because they share
limited cognitive resources (Kiyonaga & Egner, 2013).
In the current paradigm, observers merely need to
detect the abrupt onset, a single target without dis-
tractors, which probably required little in terms of a
top-down template. This may allow more resources
for the memory item, and therefore stronger inter-
actions between memory and attention.

In the easy memory tasks, the mean RT was longer
when a matching cue appeared than when a non-
matching cue appeared, regardless of spatial validity.
This cue type effect seems to be due to a property
of the memory task. In the present study's easy
memory tasks, participants were asked to verbally
memorize the memory item'’s feature. Therefore, the
stimulus sharing the feature automatically primes its
name. For example, when memorizing a red item as
the word “red”, a red cue primes the word “red”. It
has also been found that an unattended stimulus
can induce this priming effect (Calvo & Nummenmaa,
2007; Heil & Rolke, 2004). Thus, when the matching
cue was presented in the easy memory task, the
verbal representation of the memorized item was
primed. This primed verbal representation probably
interfered with search task performance in which par-
ticipants discriminated between the onset letters (“M”
or “N"), which required verbal working memory
resources (Baddeley & Hitch, 1974). However, in the
difficult memory tasks a visual representation was
primed so that it did not interfere with the letter dis-
crimination process. Although the cue type effect
was observed even in the shape memory task of
Experiment 1, this is not surprising because shape
items would be memorized verbally due to easiness

of the shape memory task. Moreover, the finding
related to the use of a longer search time in the easy
than in the difficult memory task indicates that partici-
pants used the same memory resource for the search
and easy memory tasks (Baddeley & Hitch, 1974).

Conclusion

The present study explored the influence of VWM in
the early deployment of attention using the spatial
cueing paradigm. Although experimental findings
should be obtained through different methods and
paradigms in order to maximize the gain from conver-
ging operations (Pashler, 1998; Treisman & Gelade,
1980), the most compelling evidence for memory-
based attentional capture has emerged from research
using the visual search paradigm (Carlisle &
Woodman, 2011b; Mazza, Dallabona, Chelazzi, &
Turatto, 2011; Olivers, 2009; Olivers et al.,, 2006; Soto
et al., 2005). In conclusion, the present study contrib-
utes to a growing body of evidence demonstrating
that a currently task-irrelevant stimulus can capture
attention when it shares features with contents in
VWM like adopting attentional control setting.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding information

This work was supported by the National Research Foundation
of Korea Grant funded by the Korean Government [grant
number NRF-2011-327-H00039].

References

Anderson, B. A, & Folk, C. L. (2012). Dissociating location-
specific inhibition and attention shifts: Evidence against
the disengagement account of contingent capture.
Attention, Perception, & Psychophysics, 74, 1183-1198.

Ansorge, U,, Kiss, M., & Eimer, M. (2009). Goal-driven attentional
capture by invisible colors: Evidence from event-related
potentials. Psychonomic Bulletin & Review, 16, 648-653.

Awh, E., & Jonides, J. (2001). Overlapping mechanisms of atten-
tion and spatial working memory. Trends in Cognitive
Sciences, 5, 119-126.

Baddeley, A. D., & Hitch, G. J. (1974). In G. H. Bower (Ed.), Working
memory. The psychology of learning and motivation: Advances
in research and theory, (8, pp. 47-90). New York: Academic.



Becker, S. 1, Folk, C. L., & Remington, R. W. (2010). The role of rela-
tional information in contingent capture. Journal of
Experimental Psychology: Human Perception and Performance,
36, 1460-1476.

Belopolsky, A. V., Schreij, D., & Theeuwes, J. (2010). What is top-
down about contingent capture? Attention, Perception, &
Psychophysics, 72, 326-341.

Belopolsky, A. V., & Theeuwes, J. (2010). No capture outside the
attentional window. Vision Research, 50, 2543-2550.

Burnham, B. R. (2013). Using response time distributions to
examine top-down influences on attentional capture.
Attention, Perception, & Psychophysics, 75, 257-277.

Calvo, M. G., & Nummenmaa, L. (2007). Processing of unat-
tended emotional visual scenes. Journal of Experimental
Psychology: General, 136, 347-369.

Carlisle, N. B., & Woodman, G. F. (2011a). When memory is not
enough: Electrophysiological evidence for goal-dependent
use of working memory representations in guiding visual
attention. Journal of Cognitive Neuroscience, 23, 2650-2664.

Carlisle, N. B., & Woodman, G. F. (2011b). Automatic and stra-
tegic effects in the guidance of attention by working
memory representations. Acta Psychologica, 137, 217-225.

Chun, M. M. (2011). Visual working memory as visual attention sus-
tained internally over time. Neuropsychologia, 49(6), 1407-
1400.

Cowan, N. (1988). Evolving conceptions of memory storage, selec-
tive attention, and their mutual constraints within the human
information-processing system. Psychological Bulletin, 104,
163-191.

Cowan, N. (2001). The magical number 4 in short-term memory:
A reconsideration of mental storage capacity. Behavioral and
Brain Sciences, 24, 87-114.

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selec-
tive visual attention. Annual Review of Neuroscience, 18, 193—
222.

Downing, P. E. (2000). Interactions between visual working
memory and selective attention. Psychological Science, 11,
467-473.

Downing, P. E, & Dodds, C. M. (2004). Competition in visual
working memory for control of search. Visual Cognition, 11,
467-704.

Eimer, M., & Kiss, M. (2010). Top-down search strategies deter-
mine attentional capture in visual search: Behavioral and
electrophysiological evidence. Attention, Perception &
Psychophysics, 72, 951-962.

Folk, C. L., & Anderson, B. A. (2010). Target-uncertainty effects in
attentional capture: Color-singleton set or multiple atten-
tional control settings?. Psychonomic Bulletin & Review, 17,
421-426.

Folk, C. L., & Remington, R. W. (1998). Selectivity in distraction by
irrelevant featural singletons: Evidence for two forms of
attentional capture. Journal of Experimental Psychology:
Human Perception and Performance, 24, 847-858.

Folk, C. L., Remington, R. W., & Johnston, J. C. (1992). Involuntary
covert orienting is contingent on attentional control settings.
Journal of Experimental Psychology: Human Perception and
Performance, 18, 1030-1044.

VISUAL COGNITION 61

Folk, C.L.,Remington, R.W., & Wright, J. H. (1994). The structure of
attentional control: Contingent attentional capture by appar-
ent motion, abrupt onset, and color. Journal of Experimental
Psychology: Human Perception and Performance, 20, 317-329.

Folk, C. L., Remington, R. W., & Wu, S. C. (2009). Additivity of
abrupt onset effects supports nonspatial distraction, not
the capture of spatial attention. Attention, Perception, &
Psychophysics, 71(2), 308-313.

Heil, M., & Rolke, B. (2004). Unattended distractor-induced
priming in a visual selective attention task: N400 effects in
the absence of RT effects. Journal of Psychophysiology, 18,
164-169.

Hollingworth, A., Matsukura, M., & Luck, S. J. (2013a). Visual
working memory modulates low-level saccade target selec-
tion: Evidence from rapidly generated saccades in the
global effect paradigm. Journal of Vision, 13, 1-18.

Hollingworth, A., Matsukura, M., & Luck, S. J. (2013b). Visual
working memory modulates rapid eye movements to
simple onset targets. Psychological Science, 24, 790-796.

Houtkamp, R., & Roelfsema, P. R. (2006). The effect of items in
working memory on the deployment of attention and the
eyes during visual search. Journal of Experimental
Psychology: Human Perception and Performance, 32, 423-442.

Irons, J. L, Folk, C. L., & Remington, R. W. (2012). All set! Evidence
of simultaneous attentional control settings for multiple
target colors. Journal of Experimental Psychology: Human
Perception and Performance, 38, 758-775.

Kiyonaga, A., & Egner, T. (2013). Working memory as internal
attention: Toward an integrative account of internal and
external selection processes. Psychonomic Bulletin & Review,
20, 228-242.

Kiyonaga, A., Egner, T., & Soto, D. (2012). Cognitive control over
working memory biases of selection. Psychonomic Bulletin &
Review, 19, 639-646.

Kumar, S, Soto, D, & Humphreys, G. W. (2009). Electrophysiological
evidence for attentional guidance by the contents of working
memory. The European Journal of Neuroscience, 30, 307-317.

Lien, M. C,, Ruthruff, E,, & Johnston, J. C. (2010). Attentional
capture with rapidly changing attentional control settings.
Journal of Experimental Psychology: Human Perception and
Performance, 36, 1-16.

Loftus, G. R, & Masson, M. E. J. (1994). Using confidence inter-
vals in within-subject design. Psychonomic Bulletin &
Review, 1, 476-490.

Mazza, V., Dallabona, M., Chelazzi, L, & Turatto, M. (2011).
Cooperative and opposing effects of strategic and involun-
tary attention. Journal of Cognitive Neuroscience, 23, 2838-
2851.

Neisser, U. (1969). The role of rhythm in active verbal memory:
Serial intrusions. American Journal of Psychology, LXXXIl, 540
546.

Olivers, C. N. (2009). What drives memory-driven attentional
capture? The effects of memory type, display type, and
search type. Journal of Experimental Psychology: Human
Perception and Performance, 35, 1275-1291.

Olivers, C. N., Meijer, F., & Theeuwes, J. (2006). Feature-based
memory-driven attentional capture: Visual working memory



62 (&) S.KIMANDY.S.CHO

content affects visual attention. Journal of Experimental
Psychology: Human Perception and Performance, 32, 1243-
1265.

Olivers, C. N. L. (2008). Interactions between visual working
memory and visual attention. Frontiers in Bioscience, 13,
1182-1191.

Olivers, C. N. L., Peters, J.,, Houtkamp, R, & Roelfsema, P. R.
(2011). Different states in visual working memory: When it
guides attention and when it does not. Trends in Cognitive
Sciences, 15, 327-334.

Pashler, H. (1998). The psychology of attention. Boston, MA: MIT
Press.

Pashler, H., & Shiu, L. (1999). Do images involuntarily trigger
search? A test of Pillsbury’s hypothesis. Psychonomic
Bulletin & Review, 6, 445-448.

Sawaki, R., & Luck, S. J. (2011). Active suppression of distractors
that match the contents of visual working memory. Visual
Cognition, 19, 956-972.

Schreij, D., Owens, C, & Theeuwes, J. (2008). Abrupt
onsets capture attention independent of top-down control
settings. Perception & Psychophysics, 70, 208-218.

Silvis, J. D., & Van der Stigchel, S. (2014). How memory mechan-
isms are a key component in the guidance of our eye move-
ments: Evidence from the global effect. Psychonomic bulletin
& review, 21(2), 357-362.

Soto, D., Heinke, D., Humphreys, G. W., & Blanco, M. J. (2005).
Early, involuntary top-down guidance of attention from
working memory. Journal of Experimental Psychology:
Human Perception and Performance, 31, 248-261.

Soto, D.,, & Humphreys, G. W. (2007). Automatic guidance of
visual attention from verbal working memory. Journal of
Experimental Psychology: Human Perception and Performance,
33, 730-737.

Theeuwes, J.,, Olivers, C. N. L, & Belopolsky, A. V. (2010).
Stimulus-driven capture and contingent capture. Wiley
Interdisciplinary Reviews Cognitive Science, 1, 872-881.

Treisman, A. M., & Gelade, G. (1980). A feature-integration
theory of attention. Cognitive psychology, 12, 97-136.

Wyble, B, Folk, C,, & Potter, M. C. (2013). Contingent attentional
capture by conceptually relevant images. Journal of
Experimental Psychology: Human Perception and Performance,
39, 861-871.

Woodman, G. F,, & Chun, M. M. (2006). The role of working
memory and long-term memory in visual search. Visual
Cognition, 14, 808-830.

Woodman, G. F., & Luck, S. J. (2007). Do the contents of visual
working memory automatically influence attentional selec-
tion during visual search? Journal of Experimental
Psychology: Human Perception and Performance, 33, 363-
377.



	Abstract
	Experiment 1
	Method
	Participants
	Apparatus
	Stimuli and procedure

	Results
	RT
	PE


	Discussion
	Experiment 2
	Method
	Results
	RT
	PE

	Discussion

	General discussion
	Conclusion

	Disclosure statement
	References

