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ABSTRACT

ARTICLE HISTORY

A remarkable ability of the human visual system is the implementation of attentional control
settings (ACSs) that govern what stimuli capture or hold attention. We provide evidence that
ACSs can be speciﬁed by episodic long-term memory representations. In all experiments,
participants memorized 30 images of objects that they then monitored for in an attention task,
inducing an episodic-based ACS. In Experiments 1a and 1b, only studied cues in a cueing task
captured attention. We conﬁrmed these cueing effects reﬂect capture by testing for inhibition of
return in Experiment 2a, and controlled for perceptual masking by cues in Experiment 2b. In
Experiment 3 we determined that ACSs are speciﬁcally supported by episodic retrieval, by
dividing studied images into two sets and designating one as the targets in a rapid serial visual
presentation task: Only target-set matching distractors produced a spatial blink (captured
attention). These results extend our understanding of the representations specifying ACSs.
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Think of the last time you decided to make a large
purchase, perhaps a new car. After researching
your options and identifying your models of preference, you may have discovered that you started to
notice these models everywhere. Even when not
actively thinking about them, you noticed these
select cars on roadside billboards, on TV commercials, and even beside you on the road. It is as if,
because these cars were now relevant to you, they
started to capture your attention whenever you
saw them. Although this type of experience is anecdotal, it hints at our potentially sophisticated ability
to control attentional capture. Remembering a new
list of cars is likely achieved using long-term
memory, in particular episodic memory. This
memory system allows us to learn rapid associations
between large amounts of arbitrary information
(Henke, 2010), and recall details associated with a
past learning episode (Tulving, 1983, 2001), and
stands in contrast to other forms of long-term
memory, namely semantic long-term memory, the
memory system containing factual and conceptual
knowledge (Tulving, 2001). It would seem that episodic long-term memory representations can help
guide how we process our sensory environment by
selectively inﬂuencing the salience of relevant
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stimuli. In the present study we investigate this
ability by asking: Can episodic long-term memory
representations be used to deﬁne the stimuli that
capture visual spatial attention?
It may be intuitive to think of episodic long-term
memory representations as critical in guiding attentional capture given the number of demonstrations
of interactions between memory and attention
(Chun & Jiang, 2003; Chun & Turk-Browne, 2007;
Rosen, Stern, & Somers, 2014; Summerﬁeld, Lepsien,
Gitelman, Marsel Mesulam, & Nobre, 2006; Wyble,
Folk, & Potter, 2013). For example, individuals are
faster at navigating through familiar visual environments than unfamiliar environments (Chun & Jiang,
2003; Rosen et al., 2014; Summerﬁeld et al., 2006),
and visual search is more efﬁcient when guided by
memory-based cues in comparison to low-level
visuo-spatial cues (Chun & Turk-Browne, 2007). As
well, the neural substrates of episodic memory, such
as the hippocampus and other medial temporal lobe
areas, are typically active during attention tasks, and
the neural substrates of attention, such as the
frontal-parietal network, are typically active during
episodic memory tasks (Chun & Turk-Browne, 2007;
Ciaramelli, Grady, & Moscovitch, 2008). However, the
majority of the existing literature has focused on the
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role of episodic long-term memory in guiding voluntary or goal-directed attention (although see Shiffrin
& Schneider, 1977). The current work diverges from
an analysis of volitional orienting and evaluates the
role of episodic long-term memory representations
in guiding the stimulus-driven orienting of attention,
i.e., attentional capture. At a broad level, voluntary
attention and attentional capture serve a similar function: To prioritize perceptual processing of relevant
information in the visual environment over irrelevant
information (Cavanagh, 2011; Chun & Turk-Browne,
2007; Desimone & Dundan, 1995; Kastner & Pinsk,
2004; Peterson & Posner, 2012). However, these two
forms of attention are controlled by distinct neural
systems (Corbetta & Shulman, 2002), and are useful
in different situations. Attentional capture, the focus
of the present investigation, is particularly important
for rapidly prioritizing unexpected but behaviourally
relevant stimuli, such as the ﬂashing lights on an
ambulance.
Given the rapid, reﬂexive nature of attentional
capture, it may be surprising to think that episodic
long-term memory retrieval—a conventionally slow
and effortful process (Gabrieli, Fleischman, Keane,
Reminger, & Morrell, 1995; Gazzaniga, Heatherton,
Halpern, & Heine, 2010)—could guide capture.
However, recent studies provide evidence that the
retrieval of episodic (associative, context-speciﬁc)
information can be rapid and unconscious (Degonda
et al., 2005; Guild, Cripps, Anderson, & Al-Aidroos,
2014; Moscovitch, 2008) while still reliant on hippocampal activity, the neural substrate of episodic retrieval (Hannula & Ranganath, 2009; Hannula, Ryan,
Tranel, & Cohen, 2007; Hannula, Tranel, & Cohen,
2006). For example, patients with hippocampal
damage have shown deﬁcits in implicit context-speciﬁc learning, despite typical perceptual learning (Chun
& Phelps, 1999), and hippocampal activity is predictive
of implicit episodic retrieval, even in the absence of
explicit retrieval, while explicit retrieval recruits a
larger network of activity, including prefrontal areas
(Hannula & Ranganath, 2009). As well, evidence from
eye-tracking studies suggest unconscious episodic
retrieval occurs rapidly. Speciﬁcally, viewing times
are biased towards faces embedded in scenes that
they were previously associated with, despite the concurrent presence of equally familiar faces, as early as
1000 ms prior to explicit retrieval (Hannula et al.,
2007). Lastly, in tests of speeded visual search, rapid,
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unconscious episodic retrieval has been shown to
guide performance (Guild et al., 2014). Together
these ﬁndings support a modern two-stage model of
episodic retrieval containing an initial rapid, unconscious, obligatory retrieval stage, often followed by a
slower, explicit, effortful retrieval stage (Moscovitch,
2008). Knowing that episodic retrieval can act in a
rapid, non-volitional matter, the current work evaluates the potential role of this initial stage of episodic
long-term memory retrieval in guiding the rapid, stimulus-driven orienting of attention, i.e., attentional
capture.
The role of attentional control settings (ACSs) in
stimulus-driven attention
Empirically, visual spatial attentional capture is commonly studied using an attention cueing paradigm
(Posner, 1980). In such tasks, participants are required
to report the appearance of a pre-deﬁned target in
one of two spatial locations, and shortly before the
target appears (i.e., about 150 ms) a cue stimulus is
brieﬂy presented in one of the locations. Although
cue stimuli are not predictive of the target location
and cannot help participants perform their task,
these stimuli nevertheless inﬂuence behaviour. Typically, targets are detected more quickly when they
appear in the same location as the cue compared to
the alternate location, and such cueing effects are
taken as evidence that the cue stimulus captured
visual spatial attention, leading to faster processing
of targets at cued locations (Folk & Remington, 1998;
Folk, Remington, & Johnston, 1992; Folk, Remington,
& Wright, 1994; Posner, 1980).
In the many years that attention cueing paradigms
have been used to study attentional capture, one of
the more provocative discoveries is that, although
cueing effects are triggered by an external stimulus
(i.e., the cue), the effects are not purely stimulus
driven. Rather, cueing effects are contingent on an
observer’s internal goals, referred to as their ACSs
(Al-Aidroos, Harrison, & Pratt, 2010; Bacon & Egeth,
1994; Folk & Remington, 1998; Folk, Leber, & Egeth,
2002; Folk et al., 1992,1994; Gibson & Kelsey, 1998;
Wyble et al., 2013; for reviews see Burnham, 2007;
Ruz & Lupiañez, 2002). For example, if participants
are told to detect targets based on the presence of a
speciﬁc feature, such as the colour red, then red
cues will produce cueing effects and green cues will

80

M. GIAMMARCO ET AL.

not (Folk & Remington, 1998). While it has been
repeatedly demonstrated that cues only produce
cueing effects if they match the observer’s ACSs
(e.g., Atchley, Kramer, & Hillstrom, 2000; Bacon &
Egeth, 1994; Folk et al., 1992, 1994; although see AlAidroos, Guo, & Pratt, 2010; Von Mühlenen & Lleras,
2007), the precise locus of this control over cueing
effects remains a controversial topic (Al-Aidroos
et al., Harrison, et al., 2010; Belopolsky, Schreij, &
Theeuwes, 2010; Chen & Mordkoff, 2007; Folk &
Remington, 2006; Theeuwes, 2010). According to the
contingent orienting hypothesis (Folk et al., 1994),
control over capture occurs early during cue processing at a pre-attentive stage of perception (Folk
et al., 1992, 1994). An alternative view, the delayed-disengagement model, proposes a later locus for control
in which initial capture is purely stimulus-driven, and
ACSs act to disengage attention from stimuli that do
not match the observer’s internal goals (Theeuwes,
2010). Although the ﬁndings we report in the
present study are consistent with both models, we
use the terminology from the contingent orienting framework and revisit the topic of underlying mechanisms in the general discussion.
The role of memory in ACSs
While the debate over when ACSs control capture has
been extensively investigated, relatively little is known
about how ACSs are implemented. Central to this
question of the mechanisms behind ACSs is
memory. What memory system maintains the targetdeﬁning attributes that specify an observer’s control
set? There are several memory systems that are
likely to support this aspect of ACSs. One system
that has received extensive study in recent years is
visual working memory—a form of memory that
allows a small amount of visual information to be
maintained and manipulated over short periods of
time to support ongoing behaviours (Luck & Hollingworth, 2008). While visual working memory is severely
capacity limited, only capable of maintaining an
amount of information equivalent to about four or
fewer objects (Alvarez & Cavanagh, 2004; Luck &
Vogel, 1997; Wilken & Ma, 2004), it is a strong candidate for maintaining the contents of ACSs. Nearly all
investigations of ACSs have asked participants to
search for very simple targets, such as colours or
shapes, the most complex of which (Adamo, Pun,

Pratt, & Ferber, 2008; Moore & Weissman, 2010,
2014) could easily be stored within visual working
memory. As well, there have been direct demonstrations that the contents of visual working memory
can alter the attentional effects of distractors during
visual search tasks. Importantly, distractors that resemble items stored in visual working memory (e.g., share
the same colour) produce bigger distractor effects
than distractors that do not (Olivers & Eimer, 2011;
Olivers, Peters, Houtkamp, & Roelfsema, 2011; Soto,
Heinke, Humphreys, & Blanco, 2005; Soto, Hodsoll,
Rotshtein, & Humphreys, 2008; Soto & Humphreys,
2009). Moreover, the electrophysiological signature
of visual working memory (the contralateral delay
activity) can be observed after participants are initially
told the identity of their search target (Carlisle, Arita,
Pardo, & Woodman, 2011), suggesting that the featural attributes of the search goal are sometimes maintained in working memory.
Despite this compelling evidence that the contents
of ACSs are maintained in visual working memory,
recent evidence suggests the contents of ACSs can
also be speciﬁed by representations in long-term
memory. In visual search paradigms, if the search
target is repeated across numerous trials, the contralateral delay activity disappears over time, suggesting
the ACS has been transferred out of working
memory and into some form of long-term memory
(Woodman, Carlisle, & Reinhart, 2013). As well, there
have been numerous demonstrations that episodic
memory plays a role in guiding what ACS an observer
will adopt, and when. For example, participants performing a visual search for a circle target among
diamond distractors could complete the search
using a broad ACS for any shape singleton, or a
more constrained ACS for the circle shape. Participants
are more likely to use the feature-speciﬁc circle ACS if
they previously completed a task that required it
(Leber & Egeth, 2006), and this effect of past experience can last for more than a week (Leber, Kawahara,
& Gabari, 2009). Interestingly, this guidance by longterm memory is disrupted by changes to environmental context such as background images on the display
(Cosman & Vecera, 2013a) and also by medial temporal lobe damage (Cosman & Vecera, 2013b), suggesting the contribution of episodic memory. Thus,
there is strong evidence to suggest that long-term
memory guides what ACS an observer will adopt,
and when; though it remains an open question what
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memory system encodes the contents of the ACS once
it is adopted.
Finally, two recent studies provide direct evidence
that the contents of ACSs can be speciﬁed based on
semantic long-term memory representations.
Goodhew, Kendall, Ferber, and Pratt (2014) used a
cueing paradigm to demonstrate that when participants look for a red-coloured target, the word “red”
presented as a cue will capture attention, and vice
versa. Similarly, Wyble et al. (2013) demonstrated contingent attentional capture when targets were deﬁned
by conceptual category membership; for example,
sports equipment, or kitchen furniture. Here they
used a rapid serial visual presentation (RSVP) task to
measure capture, in which a stream of central sequential stimuli was presented and participants were
required to identify the target within the stream. Distractors appeared ﬂanking the central stream at randomized intervals preceding the target. When
distractors were from the target category, they produced an attentional blink effect (i.e., a reduced likelihood of detecting the target; Raymond, Shapiro, &
Arnell, 1992), suggesting the distractors captured
attention. This effect was absent, however, when the
distractors did not match the target category, providing evidence that capture was contingent on the
observers’ ACSs. For the studies by Wyble et al. and
Goodhew et al., ACSs appear to have been speciﬁed
based on conceptual representations that do not
resemble the type of visual-object representations
that can be stored in visual working memory. Rather,
it is likely that ACSs were deﬁned based on representations in semantic long-term memory.
The observation that ACSs can be speciﬁed based
on semantic representations is a remarkable discovery, as this ability adds considerable value to attentional capture. Beyond reﬂexively orienting toward
simple visual features, this ability allows, for
example, all food-related stimuli to capture our attention when we are hungry. There is, however, an important constraint on semantic memory—the
associations between concepts in semantic memory
are relatively static, changing only gradually over
time (Holdstock, Mayes, Isaac, Gong, & Roberts,
2002). Returning to our earlier example of purchasing
a car, an ACS deﬁned by semantic memory representations would presumably cause all cars to capture
attention, not just the ones we are considering purchasing. In contrast to semantic memory, episodic
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long-term memory allows the rapid association
between large amounts of arbitrary information
(Henke, 2010). For example, this memory system
allows the details of life events (e.g., the sights,
smells, and emotional experiences from a cherished
birthday celebration) to be bound together and later
recalled from memory as a single episode. In light of
recent evidence in favour of a two-stage rapid recollection model of episodic retrieval, this form of longterm memory is a good candidate for deﬁning the
contents of ACSs, and would add considerable ﬂexibility to control over attentional capture.
In the present study we investigated whether ACSs
can be speciﬁed based on episodic long-term memory
representations. Our approach to isolating this
memory system was to have participants memorize
a set of 30 images of objects (e.g., a polar bear, a
saw, an apple, etc.) and then designate them as
targets in attention tasks. While such a set of visual
objects can be easily stored in episodic memory
(Brady, Konkle, Alvarez, & Oliva, 2008), the amount of
target information far exceeds the capacity of visual
working memory. Moreover, target images were
selected from multiple conceptual categories,
making the contribution of semantic memory unlikely,
a point addressed more thoroughly in Experiment
3. To preview our results, across three experiments
we observed consistent evidence in favour of episodic
long-term memory based ACSs.

Experiment 1a
The purpose of Experiment 1 was to determine
whether ACSs could be speciﬁed based on episodic
long-term memory representations. Speciﬁcally, we
posed the question: When an observer is looking for
any one of a large number of speciﬁc visual objects,
will the sudden appearance of one of those objects
capture visual spatial attention, but not the sudden
appearance of other stimuli? In this experiment, participants memorized a set of 30 images. These studied
images were then designated as targets in an attention cueing task. In the cueing task, two potential
targets appeared simultaneously on each trial, one
of which was from the studied list. Participants were
required to locate the studied object, which should
guide them to establish an ACS speciﬁc to the
studied objects. On each trial, an irrelevant cue
appeared beforehand either in the same location as
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the target (a cued trial), or the other location (an
uncued trial). This cue was either a different studied
image than the target or a different non-studied
object. If episodic long-term memory representations
can be used to specify ACSs, then we should
observe a standard contingent cueing effect: Shorter
response latencies for cued vs. uncued trials, only
when cues are studied objects.
Methods
Participants
Twenty-eight undergraduate students (mean age of
17.96 years) at the University of Guelph received
partial course credit as compensation for their participation. Participants with error rates at 25% or higher
(11 of 28 participants) were excluded from the analyses, resulting in a sample of 17 participants. We
selected a high threshold for inclusion given the difﬁculty of the task (see error rates below); subsequent
experiments designed to be easier use a lower threshold (i.e., 15%). Of note, including all participants did
not alter the pattern of statistically signiﬁcant effects
reported below, and the high rate of errors is an
issue addressed in Experiment 1b. All participants
reported having normal colour vision and normal, or
corrected-to-normal, visual acuity.
Apparatus, stimuli, and procedure
The experiment was conducted on an iMac computer
with a 1680 × 1050 resolution LCD display, and
responses were made on a standard keyboard.
Object images were selected from Brady et al.
(2008). Target images for the training and cueing
tasks included images from many categories, including animals, food, toys, vehicles, clothing, appliances,
and tools.

Memory training task. The experimental session
began with a memory task during which participants
studied 30 images of objects that were randomly
selected from a pool of 130 images (see Figure 1).
Each image was presented one at a time for
3000 ms, with an inter-stimulus interval of 950 ms. Participants were instructed to memorize the images.
Images subtended approximately 3° of visual angle
in width and height, and were presented in the
centre of the display on a white background. After
viewing all images, participants’ memory was assessed

using a two-item forced-choice recognition test. Speciﬁcally, each studied image was re-presented, now
paired with a non-studied image randomly selected
from a pool of 2100 images. Participants were asked
to determine which image in the pair was the previously studied item. Image pairs were presented
until participants made their response, with an interstimulus interval of 500 ms. Participants repeated the
memory training phase until achieving 80% accuracy
or greater on the recognition test on two consecutive
blocks.

Attention cueing task. Following memory training,
participants completed an attention cueing task (see
Figure 2). We used this task to evaluate whether participants could adopt an ACS for the speciﬁc targets
studied during training. Each trial of the task began
with a ﬁxation frame, a black central ﬁxation point,
radius 0.07°, and two placeholder boxes, black
square outlines 7.5 × 7.5°, one located 5° to the left
of ﬁxation and the other 5° to the right. The ﬁxation
frame was presented for 500 ms, after which a 5 × 5°
cue image was added to the display inside one of
the two placeholder boxes. The cue was either one
of the studied images, or was a non-studied image
selected randomly from the same 130-image pool as
the studied images. Accordingly, the cue either
matched the participants’ ACSs (studied cue), or not
(non-studied cue). Stimuli for both cue types were
selected from the same pool of images so that,
across participants, each image was equally likely to
be a studied or non-studied cue; thus, any differences
in cueing effects between cue types can only be attributed to participants’ internal experiences and attentional goals, and not low-level features of the images
or semantic properties of the objects. Participants
were told that the cue was irrelevant to their task,
and should be ignored.
The cue was visible for 100 ms, followed by the ﬁxation frame for 50 ms, after which two 5 × 5° target
images were added to the display, one centred in
each placeholder box. One target was a studied
image and the other a non-studied image, and each
was randomly rotated either 25° degrees clockwise
or counter clockwise (i.e., for studied images, rotation
was relative to the original presentation during training). Additionally, on every trial, the image selected
for the cue was always different than the two
images presented in the target frame to avoid
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Figure 1. Example trial sequence of the memory training task for Experiments 1a, 1b, 2a, and 2b. Left panel. Study phase: Participants
were shown a series of 30 objects for 3000 ms each, with an inter-stimulus interval of 950 ms, and were instructed to commit these
objects to memory. Right panel. Recognition phase: Participants were shown 30 trials containing two objects each and were required to
indicate which was previously studied. Both phases were repeated until participants achieve 80% accuracy on two consecutive recognition phases.

priming effects. Participants were required to locate
the studied image and report the direction of its rotation by pressing the up or down cursor on the keyboard, while ignoring the non-studied image. We
had participants report a feature of the target (orientation) that always had a different value in target images
than in cues (i.e., cue images were always in their original orientation, whereas targets were always

rotated) to limit the potential for cue-driven response
biases. The non-studied image in the target frame was
randomly selected without replacement from the pool
of 2100 images. After 500 ms all stimuli were removed
from the display. Participants were encouraged to be
as fast and accurate as possible in their responses; if
a response was not made within 2500 ms of target
onset, then the trial timed out and the next one

Figure 2. Example trial sequence of the attention cueing task for Experiments 1a, 1b, 2a, and 2b. In each experiment participants were
instructed to locate the studied object and ignore the concurrently presented non-studied object. In Experiment 1a, the image ﬁles for
both objects were rotated either clockwise or counter-clockwise and participants were required to indicate the direction of rotation of
the target (studied object). In the response frame of Experiments 1b, 2a, and 2b, the placeholder boxes surrounding the objects
changed colour (one always red, the other always green) and participants were required to indicate the colour of the box surrounding
the studied object. In all experiments, the response frame was preceded by a cue frame in which either a single task-irrelevant object
appeared in one of the placeholder boxes (Experiments 1a, 1b, and 2a), or one task-irrelevant object appeared in each of the placeholder boxes (Experiment 2b). All SOAs were 150 ms (duration of cue frame) plus the ISI (inter-stimulus interval), except for in Experiment 2a where the SOA was either 150, 250, or 400 ms.
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began. For incorrect or response-absent trials, a
500 Hz error tone was presented for 50 ms.
The cueing task consisted of four blocks of 80 trials
each, with trials presented in a random order. All levels
of cue type (studied cue vs. non-studied cue), cue location (left vs. right placeholder), and target location (left
vs. right placeholder) were fully crossed within participants, and each unique combination of conditions
occurred with equal frequency. Notably, because the
cue appeared in either spatial location with equal likelihood, the location of the cue was not predictive of
the location of the target image, and therefore could
not be used to improve task performance. For the analyses that follow, cue location and target location were
combined to create a single factor based on whether
the cue and target had the same location (cued) or
not (uncued), resulting in a fully crossed 2 (Cue Type:
studied cue vs. non-studied cue) × 2 (Cueing: cued
vs. uncued) within-subjects design.
Results and discussion
Recursive trimming was used on the reaction time (RT)
data to eliminate outliers. To do this, the mean and
standard deviation for each condition was calculated
and trials for which the participant’s RTs were
greater than three standard deviations from the condition mean were eliminated. The mean and standard
deviation were then re-calculated with the outliers
removed and this process was repeated until no
outlier trials remained. Trimming resulted in the
removal of 1.75% of trials on average. Error trials
(18.44% of all trials) were also excluded from RT
analyses.
Memory training task
Participants took an average of 2.18 blocks to complete memory training: Out of the 17 participants,
only one required a third block of training, while the
remainder required two (the minimum). The average
accuracy (proportion of correct target recognition
trials) across participants and blocks was 99.24% suggesting that participants were able to effectively
commit the required images to memory.
Attention cueing task
RTs for the cueing task are plotted in Figure 3(a) (left).
As can be seen, studied cues produced a spatial
cueing effect: faster RTs to targets appearing at the

cued location than the uncued location. Non-studied
cues, however, did not. To assess the statistical signiﬁcance of these differences we subjected RTs to a 2
(Cue Type: studied cue vs. non-studied cue) × 2
(Cueing: cued vs. uncued) within-subjects ANOVA.
This analysis revealed a main effect of cue type, F
(1,16) = 4.763, p = .044, η 2 = 0.229, and no main effect
of cueing, F(1,16) = 3.019, p = .101, η 2 = 0.159. Importantly, this analysis also revealed a signiﬁcant twoway interaction between cue type and cueing, F
(1,16) = 10.265, p = .006, η 2 = 0.391, which is the signature of a contingent cueing effect. We conducted
planned post-hoc t-tests assessing the cueing effect
for each cue type separately to better understand
this two-way interaction. These analyses revealed a
signiﬁcant cueing effect for studied cues, t(16) =
2.904, p = .010, but not for non-studied cues, t(16) =
1.103, p = .286. Altogether, the results indicate that
attentional capture was contingent on whether
images were previously studied or not, suggesting
that ACSs can be speciﬁed based on representations
in long-term memory.
To assess speed-accuracy trade-offs, we subjected
task accuracy to the same 2 (Cue Type: studied vs.
non-studied) × 2 (Cueing: cued vs. uncued) ANOVA.
This analysis revealed no main effects or interaction,
all F-values < 1.62, suggesting that the differences in
RT were not driven by speed-accuracy trade-offs.
Error rates are plotted in Figure 3(a) (right).
In the present experiment we observed a typical
contingent cueing effect. Cues only captured visual
spatial attention when they matched the studied
targets in our task, and thus matched participants’
ACSs. Whereas previous contingent capture studies
have implemented cueing-tasks where targets and
ACSs are deﬁned by a single feature, feature dimension, or semantic category, here we had participants
search for any one of a large set of objects. In doing
so, we likely constrained the potential memory
systems that participants could use to deﬁne the
content of their ACSs. Working memory is unlikely to
contribute much to ACSs in the present task because
the number of target objects far exceeds the information capacity of visual working memory. Semantic
memory is also unlikely to play a role for two
reasons. First, target items were selected from multiple
semantic categories. Second, because studied and
non-studied cues were selected from the same pool
of images, there was inevitably semantic overlap
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Figure 3. Reaction time (left) and error rate (right) data for Experiments 1a (panel a) and 1b (panel b), revealing ACS contingent cueing
effects. Studied cues produced cueing effects, but not non-studied cues. Error bars is this ﬁgure, and all subsequent ﬁgures, are withinsubject standard errors (Morey, 2008).

between the two sets of cues; yet, only studied cues
captured attention. Remembering a set of 30 images
is, however, conducive to the use of episodic longterm memory. Accordingly, the contingent cueing
effects in the present experiment suggest that participants can adopt ACSs that are deﬁned by representations stored in episodic long-term memory.
While these results are consistent with our prediction that capture can be guided by an initial, rapid
stage of episodic retrieval, it is unclear whether this
episodic retrieval is accomplished through recollection or familiarity (i.e., the recall of prior learning
with vs. without awareness of the source of the learning; Yonelinas, 2002). This question is more fully evaluated in Experiment 3 using a conventional source
manipulation (i.e., studied items were divided into
“set A” and “set B”, and only one was designated as
the targets in the attention task). To preview the
results we observe evidence for set-speciﬁc (i.e.,
context speciﬁc) ACSs, suggesting a direct role for episodic retrieval rather than familiarity.
Beyond the Experiment 1a selective cueing effect
we observed a main effect of cue type. Overall,
targets were reported more slowly following studied
cues than non-studied cues. This ﬁnding suggests

that studied cues have an additional non-spatial
orienting effect on behaviour. One speculative interpretation is that this slowing is a consequence of the
reﬂexive memory retrieval of task-relevant items—a
possibility we are investigating is a separate series of
experiments. Importantly, because the effect is not
driven by spatial orienting it is likely distinct from
the effects of visual spatial attentional capture.
Accordingly, we do not investigate this non-spatial
effect further in the present study.
One limitation of Experiment 1a is that error rates
were generally high in the attention cueing task,
forcing us to eliminate 11 out of 28 participants
(39% of participants). Given that participants performed near ceiling on the memory training task
(average of 98.68% before elimination of participants),
it is unlikely that low accuracy in the cuing task was
due to a failure to retrieve the target images from
long-term memory. Instead, high error rates may
reﬂect the difﬁculty of the speeded orientation judgements made in the cueing task. In Experiment 1b we
changed the cueing-task judgement to an easier
colour discrimination to assess the extent to which
high error rates contributed to the contingent
cueing effects in Experiment 1a.
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Experiment 1b
Experiment 1b used a modiﬁed version of the attention cueing task from Experiment 1a to evaluate
whether the observed contingent cueing effects
were inﬂuenced by low task accuracy. To reduce
errors, we modiﬁed the response required of participants in the cueing task. Rather than judging the
direction of rotation of the images, the target-frame
images remained in their original orientation, and
when they appeared the placeholder boxes changed
colour: one to red, the other to green. Participants
were again required to locate the target, but now
reported the colour of the surrounding placeholder
box. To ensure participants were actively searching
both placeholders we included catch trials (13% of
trials) for which both target-frame images were nonstudied, and participants were required to withhold
responding. To preview the results, we successfully
reduced error rates relative to Experiment 1a and
replicated the contingent cueing effect, supporting
the conclusion that ACSs can be speciﬁed based on
long-term memory representations.

Methods
Participants
Twenty-one undergraduate students (mean age of
19.62) at the University of Guelph received partial
course credit as compensation for their participation.
Participants with error rates at 15% or higher (one of
21 participants) were excluded from the analyses,
resulting in a sample of 20 participants. Of note,
including all participants did not alter the pattern of
statistically signiﬁcant effects reported below. All participants reported having normal colour vision and
normal, or corrected-to-normal, visual acuity.
Apparatus, stimuli, and procedure
The apparatuses, image databases, and training task
were identical to Experiment 1a. The cueing task was
very similar, but differed in one respect. On each
trial, target images were presented in their original
orientation, however, at the same time that targets
appeared one of the placeholder boxes was randomly
selected to change colour from black to green, and the
other from black to red. Participants were instructed to
report the colour of the placeholder surrounding the
target using a key press. On 13% of trials (48 of 368),

both images were non-studied and from the pool of
2100 images (catch trials). If neither box contained a
target, participants were instructed to withhold
responding and wait for the trial to time out.
Results and discussion
The same method of recursive trimming from Experiment 1a was used on the RT data, resulting in the
removal of 2.54% of trials. Error trials (4.46% of all
trials) were also excluded from RT analyses. On
average, participants successfully withheld responses
on 96.9% of catch trials (range: 87.5% to 100%).
Memory training task
All participants completed memory training in two
blocks (the minimum). The average accuracy (proportion of correct target recognition trials) across participants and blocks was 99.25% suggesting that
participants were able to effectively commit the
required images to memory.
Attention cueing task
Response times for the cueing task are plotted in
Figure 3(b). As in Experiment 1a, studied cues
appeared to produce a spatial cueing effect, while
non-studied cues did not. To assess the statistical signiﬁcance of these differences we subjected RTs to a 2
(Cue Type: studied cue vs. non-studied cue) × 2
(Cueing: cued vs. uncued) within-subjects ANOVA.
This analysis revealed a main effect of cue type, F
(1,19) = 17.694, p < .001, η 2 = 0.482, but not cueing, F
(1,19) = 0.471, p = .501, η 2 = 0.024. Importantly, we
also observed a signiﬁcant two-way interaction
between cue type and cueing, F(1,19) = 6.703, p = .018,
η 2 = 0.261, replicating the main ﬁnding from Experiment
1a. Planned post-hoc t-tests revealed a statistically significant cueing effect for studied cues, t(19) = −2.276,
p = .035, but not non-studied cues, t(19) = 1.041, p = .311.
These results replicate the selective cueing effect found
in Experiment 1a, providing further evidence in favour of
contingent attentional capture by studied cues.
Accuracy
To assess speed-accuracy trade-offs, we subjected task
accuracy to the same 2 (Cue Type: studied vs. nonstudied) × 2 (Cueing: cued vs. uncued) ANOVA. This
analysis revealed no main effects and no interaction,
all F-values < 1, suggesting that the differences in RT
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were not driven by speed-accuracy trade-offs. Importantly, error rates in Experiment 1b are signiﬁcantly
lower overall than in Experiment 1a, t(35) = 7.180, p
< .001. Error rates are plotted on Figure 3(b). Experiment 1b replicates the selective cueing effect of
Experiment 1a, while limiting error rates. Together,
both experiments employed the conventional cuing
task used to study contingent attentional capture,
and both experiments observed that participants can
adopt ACSs speciﬁc to a set of 30 unique visual
objects. These ﬁndings support the conclusion that
ACSs can be speciﬁed based on episodic long-term
memory representations.

Experiment 2
Experiments 2a and 2b were conducted to investigate
the validity of the cueing effects measured in the preceding experiments. Relative to past attentional
capture studies, the current study used more
complex stimuli, and cues occupied the same physical
space as targets potentially causing perceptual
masking, both of which may have increased task
demands in the present study. Additionally, RTs were
slower in Experiments 1a and 1b than those typically
seen in cueing tasks (Posner & Cohen, 1984). One
might wonder, therefore, if participants used this
extra time to volitionally attend to cues despite the
fact that they were non-predictive of target location
and could not be used to improve task performance.
Therefore, in Experiment 2a we investigated the
extent to which the cueing effects reported thus far
are due to controlled, volitional attention by increasing the cue-target stimulus onset asynchrony (SOA)
and testing for a different marker of attentional
capture: inhibition of return (IOR; i.e., a reversal of
the cueing effect over time). Whereas the beneﬁts of
volitional attention tend to persist for more than a
second after cue onset (Posner, Nissen, & Ogden,
1978), the beneﬁts of capture are more transient and
reverse at SOAs of about 200–300 ms (Lupiañez,
2010; Posner, Rafal, Choate, & Vaughan, 1985). In
Experiment 2b we control the potential contribution
of perceptual masking by presenting cues in both
locations on all trials; one studied cue and one nonstudied cue. Notably, in both experiments we no
longer included an ACS manipulation (i.e., the cue
frame always included a studied item) and instead
focus on direct tests of capture: whether or not we
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will observe IOR (Experiment 2a) and whether the
cueing effect is replicated when perceptual masking
is controlled for (Experiment 2b). We used the same
search task (i.e., target frame) in all experiments,
which should therefore induce participants to adopt
the same ACSs.

Experiment 2a
Experiment 2a presented studied cues with a cuetarget SOA of 150 ms, 250 ms, or 400 ms. Here, the
400 ms SOA is the primary condition of interest. If
the cueing effects observed in Experiments 1a and
1b reﬂect attentional capture, we should observe
IOR for the 400 ms SOA condition in Experiment 2a
as transient capture effects typically reverse by this
time point. Alternatively, if the cueing effects in Experiments 1a and 1b reﬂect volitional attention, then
cueing effects should persist at the 400 ms SOA
given their relatively sustained time course in comparison to capture effects. Otherwise, the experimental
design was similar to Experiment 1b.
Methods
Participants
Twenty-ﬁve undergraduate students (mean age of
19.07) at the University of Guelph received partial
course credit as compensation for their participation.
Five participants with error rates at 15% or higher
were excluded from the analyses. Including all participants did not alter the pattern of statistically signiﬁcant effects reported below. All participants reported
having normal colour vision and normal, or corrected-to-normal, visual acuity.
Apparatus, stimuli, and procedure
The apparatuses, image database, training task, and
cueing task trial layout remained the same as in
Experiment 1b, except that (a) only studied cue trials
were included and (b) the cue frame and target
frame were separated by a variable SOA, each with
equal probability. The SOA manipulation was mixed
within blocks. As with Experiment 1b, on 13%, or 48
of 368 trials (catch trials), both images were nonstudied and from the 2100 image database. This
resulted in a fully crossed, 3 (SOA: 150, 250, or
400 ms) × 2 (Cueing: cued vs. uncued) within-subject
design, with four blocks of 105 trials each.
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Results and discussion
Again, the same method of recursive trimming was
used on the RT data resulting in the removal or
2.29% of trials. Error trials (5.67% of all trials) were
also excluded from RT analyses. On average, participants successfully withheld responses on 96.33% of
catch trials; range: 81.25% to 100%.
Memory training task
All participants completed memory training in two
blocks (the minimum). The average accuracy (proportion of correct target recognition trials) across participants and blocks was 99.58% suggesting that
participants were able to effectively commit the
required images to memory.
Attention cueing task
Response times for the cueing task are plotted in
Figure 4(a) (top left). IOR appeared to be present at
the 400 ms SOA, while no cueing effects were
present at the 150 and 250 ms SOAs. To assess the statistical signiﬁcance of these differences we subjected
RTs to a 3 (SOA: 150, 250, or 400 ms) × 2 (Cueing:
cued vs. uncued) within-subjects ANOVA. This analysis
revealed no two-way interaction between SOA and
cueing, F(2,38) = 0.548, p = .583, η 2 = 0.028, a main
effect of SOA, F(2,38) = 5.612, p = .007, η 2 = 0.228,
and no main effect of cueing, F(1,19) = 2.804, p
= .110, η 2 = 0.129. However, given our primary a
priori prediction of IOR in the 400 ms SOA condition,
we followed this omnibus analysis with planned
post-hoc t-tests assessing the cueing effect for each
SOA separately. These analyses revealed statistically
signiﬁcant IOR at the 400 ms SOA, t(19) = 2.158, p
= .044, indicating faster responses for uncued compared to cued trials, but no detectable differences at
the 150 and 250 ms SOAs, ps > .05.
To assess speed-accuracy trade-offs, we subjected
task accuracy to the same 3 (SOA: 150, 250, or
400 ms) × 2 (Cueing: cued vs. uncued) ANOVA. This
analysis revealed no main effect of SOA, no main
effect of cueing, and no interaction, all F-values < 1.19,
suggesting that the differences in RT were not driven
by speed-accuracy trade-offs. Error rates are plotted
on Figure 4(a) (top right).
The primary purpose of Experiment 2a was to use
an IOR paradigm to investigate the mechanism
behind the cueing effects we observed in

Experiments 1a and 1b. After extending the SOA
between cues and targets to 400 ms, we observed
a reversal of the cueing effect—that is, IOR. This
shift from facilitation to inhibition suggests that
the observed cueing effects are unlikely the result
of volitional orienting.
It is interesting to note that we did not observe a
cueing effect in the 150 ms SOA condition of the
present experiment, which appears at odds with
the signiﬁcant cueing beneﬁt observed at the same
SOA in Experiment 1a, and replicated in Experiment
1b. Despite the absence of this cueing effect, we
can be conﬁdent that cues in Experiment 2a captured
visual spatial attention because they produced IOR
(see Pratt, Hillis, & Gold, 2001). Two aspects of Experiment 2a differed from Experiments 1a and 1b: only
studied cues were presented in Experiment 2a and
additional SOAs were introduced. The absence of
non-studied cues is unlikely to have altered short
SOA cueing effects, which are more strongly determined by properties of the target display than the
types of cues that are presented (e.g., Bacon &
Egeth, 1994; Folk et al., 1992). Rather, it is likely that
the absence of the cueing beneﬁt at the 150 ms
SOA is a consequence of our use of a mixed-block
design in Experiment 2a, which introduced a large
range of SOAs (150 to 400 ms) within every block.
Work by Cheal & Chastain (2002) has noted the sensitivity of IOR to within-block SOA manipulations. As
the range of SOAs within a block increases, IOR
effects emerge at shorter SOAs, and the transition
from cueing beneﬁt to IOR can happen at least as
early as SOAs of 150 ms. Importantly, the predicted
IOR effect is present at the long SOA, providing evidence that volitional attention is contributing, at
most, minimally to the observed cueing effects.

Experiment 2b
Experiment 2a controls for potential sensory effects by
presenting cue stimuli at both target locations. On
every trial a studied cue appeared in one placeholder,
and a non-studied cue in the other. While this paradigm does not afford separate measurement of
cueing effects by studied and non-studied items (as
was possible in Experiments 1a and 1b), it does
equate potential perceptual masking at both target
locations. Observing faster RTs when the target
appears at the location of the studied cued, rather
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Figure 4. Reaction time (left) and error rate (right) data for Experiments 2a (panel a) and 2b (panel b). Inhibition of return is present at
long SOAs (400 ms) in Experiment 2a suggesting that cueing effects in the present experiments were caused by attentional capture
rather than volitional attention. The 150 ms SOA cueing effect for studied cue images is replicated in Experiment 2b using a modiﬁed,
two-cue paradigm.

than non-studied cue, would provide a replication of
the contingent cueing effects observed in Experiments 1a and 1b, while controlling for masking.
Methods
Participants
Twenty-one undergraduate students (mean age of 19)
at the University of Guelph received partial course
credit as compensation for their participation. One
participant did not complete the study, and one
with an error rate at 15% or higher was excluded
from the analyses, resulting in a sample of 19 participants. Including all participants who completed the
study did not alter the pattern of statistically signiﬁcant effects reported below. All participants reported
having normal colour vision and normal, or corrected-to-normal, visual acuity.
Apparatus, stimuli, and procedure
The apparatus, image database, training task, and
cueing task trial layout remained the same as in Experiment 2a, except that (a) on all trials the cue frame and
target frame were separated by a 150 ms SOA and (b)
two cue images were present on each trial: one
studied and one non-studied. This resulted in a single

within-subjects condition of Cueing (cued: target
appeared in the same location as the studied cue vs.
uncued: target appeared in the opposite location as
the studied cue), with 12 blocks of 31 trials each (for
a total of 372 trials). As in Experiment 2a, on approximately 13%, or 48 of 372 trials (catch trials), both
images were non-studied and from the 2100 image
database.

Results and discussion
Again, the same method of recursive trimming was
used on the RT data resulting in the removal of
2.49% of trials. Error trials (5.42% of all trials) were
also excluded from RT analyses. On average, participants successfully withheld responses on 97.26% of
catch trials; range: 87.50% to 100%.
Memory training task
All participants completed memory training in two
blocks (the minimum). The average accuracy (proportion of correct target recognition trials) across participants and blocks was 99.83% suggesting that
participants were able to effectively commit the
required images to memory.

90

M. GIAMMARCO ET AL.

Attention cueing task
Response times for the cueing task are plotted in
Figure 4(b) (bottom left). A cueing effect (faster
when the target appeared at the location of the
studied vs. non-studied cue) appeared to be present.
To assess the statistical signiﬁcance of this difference
we subjected RTs to a paired samples t-test (Cueing:
cued vs. uncued), revealing a signiﬁcant effect of
cueing, t(18) = 3.508, p = .003. These results replicate
and extend the facilitation effects observed in Experiments 1a and 1b. To assess speed-accuracy trade-offs,
we subjected task accuracy to the paired samples t-test
(Cueing: cued vs. uncued). This analysis revealed no
effect of cueing on accuracy, t(18) = −0.375, p = .712,
suggesting that the differences in RT were not driven
by speed-accuracy trade-offs. Error rates are plotted
on Figure 4(b) (right).
Together with Experiments 1a, 1b, and 2a, the
results of Experiment 2b converge on the conclusion
that long-term memory representations can support
the implementation of the ACSs that guide the
capture of attention. In Experiment 3 we further
extend these ﬁndings using a rapid serial visual presentation task—an alternate experimental paradigm
used to measure attentional capture (Folk et al.,
2002, 2008; Wyble et al., 2013). Additionally, and
more importantly, we investigate which type of
long-term memory retrieval process supports these
capture effects: familiarity or recollection (Yonelinas,
2002).

Experiment 3
Building on the evidence from Experiments 1a, 1b,
2a, and 2b that participants could specify ACSs
based on episodic long-term memory representations, the central aim of Experiment 3 was to elucidate the type of episodic long-term retrieval being
used. Namely, a list of 30 visual objects could potentially be maintained through either of two distinct
neural processes that both underlie episodic
memory: familiarity or recollection (Yonelinas,
2002). Familiarity refers to the feeling that a particular piece of information has been encountered
before, but no speciﬁc contextual information is
recalled (e.g., recognizing a former student on the
bus, but not recalling how you know them). Recollection on the other hand involves recall of speciﬁc
contextual information, i.e., details of the source of

information in long-term memory. If participants
can adopt ACSs for a contextually speciﬁc set of
visual objects, this would help to clarify the type of
episodic memory participants are using (i.e., in
favour of recollection rather than familiarity) while
also providing further evidence against the contribution of semantic memory to our tasks. Accordingly, we modiﬁed the memory training task by
dividing the 30 images into two sets of 15 images,
and then assigned one set as targets for the entirety
of the subsequent attention task, while requiring
participants to ignore the other set (see Figure 5).
By separating studied information into distinct sets
of information, participants are forced to recall the
source (i.e., the speciﬁc subset) of studied items in
order to accurately complete both the memory
training and the attention task.
In addition to introducing a source manipulation
(Radvansky, 2006), in Experiment 3 we adapted our
attention task to gain converging evidence for the
role of episodic memory in contingent attentional
capture. While the majority of contingent capture
investigations have employed attention cueing
tasks, rapid serial visual presentation (RSVP) tasks
have also become a common measure of capture
(Folk et al., 2002, 2008; Wyble et al., 2013). On
each trial of an RSVP task, participants are presented
with a sequential stream of visual objects that
rapidly appear every 100 ms, and one of the
objects is a target that must be identiﬁed upon completion of the stream (see Figure 6). To measure
attentional capture, a distractor stimulus precedes
the target, appearing spatially adjacent to the
RSVP stream. If, and only if, the distractor captures
spatial attention, it produces an attentional blink:
impaired target identiﬁcation when the distractor
precedes the target by 100 to 700 ms, but no impairment otherwise (Folk et al., 2002, 2008). Using RSVP
tasks, it has been demonstrated numerous times
that attentional capture by such distractors is contingent on ACSs.
In the current experiment, participants ﬁrst memorized two sets of 15 object images that were designated as set A and set B. Participants then
completed the RSVP attention task, for which they
were required to report any target from set A, while
ignoring targets from set B (set assignment was counterbalanced across participants). If participants can
establish ACSs based on recollective long-term
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Figure 5. Trial sequence of the memory training task for Experiment 3. Left panel. Study phase: participants were shown two sets of 15
objects for 3000 ms each, with an inter-stimulus interval of 950 ms, and were instructed to commit these objects to memory. Each set
was explicitly designated as separate from the other, and the presentation of each was separated by an interval of time controlled by
participants. Right panel. Recollection phase: participants were shown 45 trials containing one object each and are required to indicate
whether the object was from the ﬁrst set of studied objects (set A), the second set (set B) or was not previously studied. Both phases
were repeated until participants achieved 90% accuracy on four consecutive recognition phases.

memory, then they should be able to establish an ACS
speciﬁc to set A images. Such set-speciﬁc effects are a
classic operationalization used to demonstrate the
contribution of recollective memory in list-learning
studies (Jacoby, 1991). If participants instead establish
ACSs based on familiarity long-term memory, which is
source agnostic, the ACS will include both the taskrelevant set A images and task-irrelevant set B
images. To assess the status of participants’ ACSs, we
presented distractors from set A, set B, and nonstudied distractors. To preview the results, only set A
distractors (i.e., distractors from the target set) produced an attentional blink, suggesting that participants were able to use recollective long-term

memory when establishing ACSs, thereby excluding
set B items despite their familiarity.
Methods
Participants
Twenty undergraduate and graduate students were
recruited through on-campus advertisements or from
an introductory Psychology course at the University of
Guelph (mean age of 22.45 years). Participants received
either monetary compensation or course credit for their
participation. All participants reported having normal
colour vision and normal, or corrected-to-normal, visual
acuity. Two participants were removed from analyses
because they did not follow the task instructions.
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Figure 6. Trial sequence of the rapid serial visual presentation (RSVP) task in Experiment 3. Participants were instructed to use the
probe screen to report the identity of either the target set (e.g., set A) or non-target set (e.g., set B) item (counterbalanced across participants) presented within the RSVP stream on each trial. Two, ﬁve, or eight frames prior to the target, two distractors appeared ﬂanking
the RSVP stream. One of the ﬂanking objects was always a non-studied object, while the other could be an additional non-studied
object, a studied object from the target set, or a studied object from the non-target set.

Apparatus, stimuli, and procedure
The experiment was conducted on a PC computer
with a 1920 × 1080 resolution LCD display, and
responses were made on a standard keyboard. The
image database used for the stimuli remained the
same as the previous experiments.

Memory training task. The memory training task was
similar to previous experiments, but differed in a few
critical ways. The set of 30 object images studied by
each participant was randomly separated into two
sets of 15—set A and set B—for the duration of the
experimental session (see Figure 5). Passive viewing
began with the label “Set A” followed by the 15
set-A objects one at a time, and then the label “Set B”
followed the 15 set-B objects. Participants were
instructed that they would have to recall all objects,
including which set each object belonged to. During
the test phase of training, object images were presented one at a time, and participants were instructed
to indicate whether the object belonged to set A, set B,
or was not previously studied. All set A and set B images
were presented during the test phase, in addition to 30

never-seen-before images selected without replacement from the pool of 2100 images. To ensure that
all participants could conﬁdently discriminate set A
and set B objects, participants were required to
achieve 90% accuracy or above on this memory test
on four consecutive blocks before they could move
on to the RSVP task.
RSVP task
Following memory training, participants completed
a modiﬁed RSVP task (see Figure 6). They were
instructed to monitor the centre of the display for
the appearance of images from one set while ignoring the appearance of images from the other set,
henceforth referred to as the target set and nontarget set. The target and non-target set identities
were consistent throughout the entirety of the
RSVP task. Each trial of the task began with a ﬁxation
frame: a black central ﬁxation cross measuring 1 × 1°
presented for 500 ms. This was followed by a blank
screen for 200 ms, and 20 centrally located images
subtending 5 × 5°, presented sequentially for
100 ms each with an inter-stimulus interval of
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50 ms. One of the images, between the 11th and
16th frames, was an image from participants’ designated target set, while another image within these
frames was from their non-target set. Additionally,
either two, ﬁve, or eight frames (i.e., lags) before
the target image, the central stimulus was ﬂanked
by two additional images subtending 7 × 7°, one 5°
below the central image, and the other 5° above.
One of these images was always a non-studied
image selected randomly without replacement
from the large image database, while the other
was either an image from the target set, an image
from the non-target set, or, was a non-studied
image. Non-studied distractor images were included
to serve as a baseline for stimuli that do not capture
attention. Accordingly, distractor images either
matched the participants’ ACSs (target set distractor) or not (non-target set distractor or nonstudied distractor). These ﬂanking images remained
onscreen during the ISI and were removed from the
screen once the next frame began. This frame was
designated as the distractor frame. Participants
were told that the distractors were irrelevant to
their task, and should be ignored. All other images
in the stream were non-studied images from the
pool of 2100 images. Participants were asked to
ﬁxate their vision on the central images during the
image stream, and to report the identity of the
target once the stream completed.
Following the RSVP stream, a probe frame
appeared in which eight images were presented
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around a black central ﬁxation cross measuring 1 ×
1°. At this point participants were required to select
the target image they had seen in the stream. The surrounding images all subtended 3 × 3° and were presented at eight separate locations on an imaginary
10 × 10° square centred on ﬁxation. One of the
images was the target from the RSVP stream,
another the non-target image from the RSVP stream;
the remaining six images consisted of different
images from the target set (three images) and the
non-target set (three images). Notably, the critical distractor image was never present as a response option
in the probe frame to prevent participants from confusing the distractor image with the target, especially
when the distractor image is also from the target set
and appears closely in time before the target. The
use of non-target set images in the stream and
probe screen, as well as the additional target and
non-target images in the probe screen, served as
markers of false alarm responses. They also allowed
us to ensure equal levels of familiarity with each
image type. The probe frame remained on screen
until participants responded by selecting the
number on the keyboard number pad that corresponded to the target’s spatial location. Participants
were encouraged to be as accurate as possible in
their responses. For incorrect or response-absent
trials, a 500 Hz tone was generated for 50 ms.
The RSVP task consisted of four blocks of 81 trials
each (324 trials total), with all trials presented in a
random order. All levels of distractor type (target
studied set, non-target studied set, or non-studied)
and distractor lag (two, ﬁve, or eight frames prior to
the target) were fully crossed within subjects, and
each unique combination of conditions occurred
with equal frequency. The location of each image
within the probe screen was randomly determined
on each trial.
Results and discussion

Figure 7. Accuracy data for Experiment 3, revealing a contingent
attentional blink (i.e., impairment of target detection at lag 2),
that occurred only for studied target distractors.

Memory training task
All participants completed memory training in four
blocks (the minimum for two memory sets). Average
accuracy (proportion of trials in which the image
source was correctly identiﬁed) was 97.28% suggesting that participants were able to effectively commit
the required images to memory, as well as the
source of encoding.
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RSVP task
Accuracy for the RSVP task is plotted in Figure 7. An
attentional blink effect (i.e., an impairment at lag 2)
appeared to be present for target set distractors but
not non-target set distractors or non-studied distractors. To assess the statistical signiﬁcance of these differences we subjected accuracy rates to a 3
(Distractor Type: studied target, studied non-target,
or non-studied distractor) x 3 (Lag: two, ﬁve, or
eight) within-subjects ANOVA. This analysis revealed
a statistically signiﬁcant main effect of distractor
type, F(2, 34) = 7.745, p = .002, η 2 = 0.313, but not lag,
F(2, 34) = 0.214, p = .809, η 2 = 0.012. Importantly, this
analysis revealed a signiﬁcant two-way interaction
between distractor type and lag, F(4, 68) = 3.052, p
= .023, η 2 = 0.152, as would be expected if the attentional blink (i.e., lag effect) was contingent on distractor type. Given our primary a priori prediction of a
selective attentional blink effect (decreased accuracy
on lag 2 trials) for target distractors, we followed the
omnibus analysis with planned post-hoc within-subjects t-tests comparing performance across lag 2 for
each distractor type. This revealed signiﬁcantly worse
performance on lag 2 trials for studied target distractors in comparison to studied non-target distractors,
t(17) = −3.181, p = .005, and in comparison to nonstudied distractors, t(17) = −4.547, p < .001. The difference in performance between studied non-target and
non-studied distractors at lag 2 was not statistically
signiﬁcant, t(17) = −1.021, p = .321.
These ﬁndings motivate the question: When participants made an incorrect response, did they fail to
detect the target (e.g., due to an attentional blink),
or did they fail to discriminate between target set
and non-target set images? Consistent with our interpretation that participants could accurately recall the
source of each image set, on error trials, participants
were more likely to choose an incorrect target set
item (8.7% of all trials) than either the non-target set
item from the RSVP stream (1.2% of all trials), t(17) =
6.745, p < .001, or, one of the other non-target set
items (1.1% of all trials), t(17) = 7.508, p < .001.
Experiment 3 clariﬁes the mechanisms supporting
contingent attentional capture effects found in Experiments 1 and 2. By having participants memorize two
sets of images, but only search for one during the
attention task, we were able to examine the contribution of recollection to participants’ ACSs. The ﬁnding
that only target set images captured attention,

demonstrates that participants could establish ACSs
based on memory representations tied to a speciﬁc
context (i.e., set), a signature of recollective longterm memory. Moreover, Experiment 3 employed a
different paradigm, the RSVP task, in which attentional
capture is measured by the presence of an attentional
blink. Consequently, these data improve the generalizability of our results, extending them beyond attention cueing tasks.

General discussion
In the present study we asked whether observers can
adopt ACSs based on episodic long-term memory
representations, resulting in contingent capture of
visual spatial attention by previously studied stimuli.
Although episodic long-term memory representations
have long been known to guide voluntary shifts in
spatial attention, their role in the control of rapid,
stimulus-driven shifts of attention was previously
unexplored. In Experiments 1a and 1b we had participants memorize a set of 30 images of objects—a
feat likely accomplished using episodic long-term
memory—and then complete an attention cueing
task where these studied objects served as targets.
In both experiments pre-cues captured attention,
but only when the cues were images from the
studied set, demonstrating that participants
adopted an ACS speciﬁc to the studied images
stored in episodic memory. In Experiment 2a we
investigated whether the Experiment 1 cueing
effects reﬂected attentional capture, rather than
for example volitional attention, by testing for and
ﬁnding a signature of attentional capture: inhibition
of return at long cue-target SOAs. In Experiment 2b
we provided converging evidence for stimulusdriven capture, while simultaneously controlling
for perceptual masking effects, by observing contingent cueing effects in a modiﬁed two-cue cueing
paradigm. Finally, in Experiment 3 we clariﬁed the
type of long-term memory driving contingent
capture as episodic, and extended the generalizability of our results by switching from cueing tasks to
an RSVP paradigm. Here, participants memorized
two sets of 15 visual objects, and were then required
to detect RSVP images from one set, while ignoring
the other. The ability to differentiate large amounts
of previously learned information based on the original learning context is unique to episodic long-
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term memory. Attention was captured by distractors
ﬂanking the RSVP stream when the distractors were
from the target set, but not when they were studied
objects from the non-target set, or non-studied
objects. Together with Experiments 1 and 2, these
ﬁndings demonstrate that observers can adopt
ACSs speciﬁc to a set of representations stored in
episodic long-term memory.
The role of memory in ACSs
Determining the memory systems that contribute to
the top-down control of attentional capture is
central for understanding how ACSs are implemented.
Here we provide evidence that ACSs are speciﬁed
based on episodic long-term memory representations.
Is this always the case or can other memory systems
also contribute? Wyble et al. (2013) and Goodhew
et al. (2014) provide compelling evidence that,
beyond episodic memory, ACSs can also be speciﬁed
based on semantic long-term memory. Findings
from visual search studies demonstrate that representations in visual working memory inﬂuence how
strongly a visual distractor will capture attention (i.e.,
distractors that share features with active working
memory representations have been shown to slow
visual search more than distractors that share features
with accessory working memory items, or distractors
that do not match items in working memory; van
Moorselaar, Theeuwes, & Olivers, 2014; Olivers &
Eimer, 2011; Olivers et al., 2011). In this sense, visual
working memory representations alter the extent to
which distractors capture attention during visual
search, akin to the effects of ACSs in attention
cueing tasks. Moreover, during visual searches for
simple stimuli, such as shapes or colours, target templates (i.e., the deﬁning attributes of the search
target) are initially stored in visual working memory,
as indexed by the contralateral-delay-activity eventrelated-potential (Carlisle et al., 2011). Taken together,
in addition to episodic and semantic long-term
memory, these ﬁndings from visual search studies
suggest that ACSs can be speciﬁed based on visual
working memory representations. How might our
observation of episodic long-term memory ACSs be
reconciled with these working memory ﬁndings?
Relevant to this question is work by Oberauer
(2002) investigating the relationships between attention, working memory, and long-term memory. This
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work provides evidence for three states of representation in guiding processes of visual attention: the focus
of attention (a single, active representation in working
memory), direct access (all other representations in
capacity-limited working memory), and activated
LTM (a large capacity subset of task-relevant LTM
representations). The notion of activated LTM suggests that information in LTM can be held in a background, passive state as compared to information
being held directly online in working memory, but is
distinguished from the remainder of LTM in that it is
held at a higher level of activation, and therefore
can still act to rapidly inﬂuence behaviour (i.e., when
relevant items are encountered and produce familiarity signals). Representations in activated LTM can
prove necessary when task-relevant information
exceeds the capacity of working memory, but needs
to remain in an easy to access state. An ACS for a set
of information in episodic LTM may exist in this activated LTM state, task-relevant and available to inﬂuence behaviour with working memory acting as a
conduit between activated LTM and the familiarity
signals produced when ACS items are encountered
in the environment (i.e., as the target on a given
trial, or as a studied cue/distractor). Encountered
items can then be brought into the focus of attention
for comparison and subsequent decisions involving
the allocation of attention. Under this model, an
LTM-based ACS must therefore rely on working
memory as a comparative stage for incoming perceptual information to determine task-relevance.
More recent work in visual search (Carlisle &
Woodman, 2013; Cunningham & Wolfe, 2014; Drew,
Boettcher, & Wolfe, 2016; Drew & Wolfe, 2014; Wolfe,
2012), however, suggests that this critical role of
VWM may in fact be quite limited, particularly for
LTM representations. Instead, direct connections
between perceptual and activated LTM areas serve
to support the use of task-relevant information in
LTM for guiding search (Drew et al., 2016). This is evidenced by search times in hybrid searches (i.e., visual
searches for sets of target stimuli stored in LTM) for
target sets that contain information either within or
exceeding the capacity of VWM. If search is reliant
on VWM, there should be signiﬁcant increases in
search times for LTM target sets, given the need to
inefﬁciently bring all items into a capacity-limited
VWM state for comparison. Of interest, Carlisle et al.
(2011) found that when a search target remains the
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same across consecutive search trials, the associated
contralateral delay activity dissipates, eventually disappearing by about the seventh trial. This ﬁnding
demonstrates that, over time, visual-search target
templates are transferred out of visual working
memory and likely into some form of long-term
memory. Therefore, LTM can support ACSs without
invoking the contribution of VWM.
Although the present ﬁndings demonstrate that
the content of a control set can be deﬁned based on
episodic representations, it may not be the case that
representing an object in episodic memory by itself
is sufﬁcient for establishing an ACS. Further work has
pointed to the critical role of cognitive control
mechanisms in maintaining ACSs. Representations
held in VWM only bias distractor effects in visual
search when they are task relevant (Olivers & Eimer,
2011), and memory matching distractors modulate
the negative 200 posterior contralateral eventrelated potential, a marker of selective attention,
again only when they are task relevant (Carlisle &
Woodman, 2013). Together these results point
towards the critical role of executive control, beyond
the maintenance of information in working memory
or other memory systems, including LTM, in the establishment and maintenance of ACSs. An episodic LTM
ACS held in activated LTM may rely on an executive
control-based mechanism that acts to discriminate
the task-relevant memories that should be active
and guide capture through direct and rapid comparisons of perceptual representations to task-relevant,
activated episodic LTMs, from the task-irrelevant
memories that should not.
Implications for priming accounts of stimulusdriven ACSs
Recently it has been proposed that stimulus-driven
priming may guide the contents of ACSs (Theeuwes,
2012, 2013). In particular, attending to a stimulus at
one moment in time may cause that stimulus to preferentially capture attention later in time. Consequently, once a stimulus has been attended to,
repeated exposure to that stimulus will prime it to
be part of the ACS. Given that most attention cueing
tasks require participants to repeatedly respond to a
single target (e.g., a speciﬁcally coloured stimulus),
this account provides an explanation for why cueing
effects only occur for cues that share the target

deﬁning feature. To test the priming account, Belopolsky et al. (2010) implemented an attention cueing
task where the target deﬁning feature, and thus the
ACS, changed from one trial to the next (speciﬁed at
the beginning of each trial with a written word). In
support of their proposal, cueing effects were not contingent on the target feature, ostensibly because that
feature had not been primed; rather, the magnitude of
cueing effects was more related to the identity of the
target that was primed on the preceding trial. There is
an alternative interpretation. When the attentional
goal (i.e., the target feature) changes every trial, all
cues might produce cueing effects because participants do not have enough time to establish an ACS
(e.g., Neo & Chua, 2006). Interestingly, the long-term
memory-based ACSs in the present study may be
well suited to disentangle these alternative explanations. Speciﬁcally, by having participants search for
multiple targets simultaneously, the target stimulus
can change from one trial to the next (limiting the contribution of priming) while allowing participants to
sustain the same ACS across trials. Our consistent
observation of contingent cueing effects in the
present study demonstrates that, when participants
are given the time to adopt a sustained ACS, trial-totrial priming of the target stimulus is not needed.
While our results do not deﬁnitively support or
counter the priming account, our results do, at the
least, suggest some constraints for this recent proposal. In addition to infrequent trial-to-trial target repetitions (i.e., there was a 3.3% chance that a studied cue
was presented as a target on the preceding trial),
studied and non-studied cues in the present experiments (i.e., those that matched participants’ ACSs or
not, respectively) were randomly selected from a
single pool of object images. Accordingly, the featural
similarity within each set was no greater than between
sets. Put differently, for the majority of instances, a
target on one trial should equivalently prime the features of studied and non-studied cues on the next
trial. Thus, the implementation of control sets in the
present study is unlikely attributable to low-level
feature priming by repeated exposure to studied
objects. Might our observed contingent cueing
effects reﬂect priming of higher-level object representations? This is possible, though it requires the
assumption that primed ACSs persist for relatively
long periods, which is somewhat inconsistent with
Belopolsky et al. (2010)’s observation that primed
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ACSs swap features on a trial-to-trial basis. Finally, the
present results suggest that priming effects can be
effectively controlled by observers. In Experiment 3,
participants attended and responded to two sets of
objects during the training phase of the task. From a
purely bottom-up priming account one might expect
that both sets would then capture attention in the
subsequent RSVP task, however, only the images speciﬁed as targets produced a spatial blink effect. While
priming alone may reinforce the contents of an ACS
without any conscious effort on the observers’ part,
it would seem that observers can exert control on
ACSs when needed to ensure that they are context
appropriate. Together, the present results indicate
that the priming account of ACSs should incorporate
the capacity for long-lasting priming of high-level
objects representations, and that primed ACSs can
be realigned to match changes in observers’ attentional goals.
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processing one feature causes the ACS for that
feature to enter the focus of attention (Oberauer,
2002). Critically, the activation of one feature over
others suggests some independence of representations when maintaining ACSs for multiple stimuli. In
the current investigation we speciﬁcally avoided presenting the same object as both a target and a cue/
distractor in the same trial, to avoid potential confounds from perceptual priming. Consequently, we
cannot conduct the appropriate analysis established
by Moore and Weissman, although we can infer that
the size of the contingent cueing effects in the
present study may be conservative estimates. Speciﬁcally, if one item from an LTM-based ACS can enter the
focus of attention, then cueing effects should be even
larger during trials where the cue and target are the
same object. At present, however, it remains an
open question whether the contents of LTM-based
ACSs are represented dependently or independently
of each other.

One ACS of thirty objects, or thirty ACSs of one?
While the present study is the ﬁrst provide evidence
that observers can adopt an ACS for up to 30
complex visual objects, it is not the ﬁrst to demonstrate ACSs for multiple objects or features at the
same time. For example, Adamo et al. (2008) found
that observers can adopt simultaneous ACSs for two
colours, each tied to a separate location in space.
Whereas we have described our participants as adopting a single ACS for multiple objects, these past
studies typically describe participants as adopting
multiple ACSs, each for a unique feature or conjunction. Given the function of episodic memory, which
is to retrieve multiple qualitative details bound
together within a single episode (Yonelinas, 2013), it
may seem unparsimonious that participants in the
present study adopted separate ACSs for each individual object; however, the prior data favour this interpretation (Adamo, Wozny, Pratt, & Ferber, 2010;
Moore & Weissman, 2010, 2014).
The best evidence comes from Moore and Weissman’s set-speciﬁc capture effect (2010): When monitoring an RSVP stream for both red and green
targets, viewing a red distractor improves the accuracy
of reporting red targets over green targets, suggesting
the stimulus-driven activation of the red ACS over the
green ACS. According to Moore and Weissman (2014),
both ACSs are maintained in working memory, and

Implications for rapid recollection of episodic
representations
At ﬁrst glance, it may seem surprising that episodic
long-term retrieval can operate within the timeframe of cueing-task response latencies (Posner,
1980). Although long-term memory can guide attention in a rapid, automatized fashion, as demonstrated
by Shiffrin and Schneider’s (1977) landmark work in
which well-trained target stimuli represented in
long-term memory were automatically detected,
recollection of episodic long-term memories has traditionally been thought to be a consciously-controlled,
slow retrieval process (Yonelinas, 2002). Based on
the more recent studies demonstrating rapid, unconscious retrieval of ﬂexible, associative memories
(Degonda et al., 2005; Guild et al., 2014; Hannula &
Ranganath, 2009), however, this ability can be
explained by the notion of a two-stage retrieval
process (Moscovitch, 2008). This model posits that
the presence of a cue (either internally or externally
generated) triggers the rapid, unconscious, and obligatory retrieval of episodic traces, and is followed by
a more traditional, slow, conscious retrieval of additional contextual details. Accordingly, ACSs may selectively reorient attention based on the rapidly retrieved
components of episodic memories upon cue perception. Our results ﬁt within this rapid recollection
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framework by providing additional indirect evidence
that episodic long-term memory traces can be
accessed within a timeframe that allows for an evaluation of perceptual representations and subsequent
selective orienting, a process that is in itself rapid
and transient. More broadly, these results are supported by modern views of perception and longterm memory retrieval, whether conscious or unconscious, as highly interactive processes that rely on
overlapping neural substrates (Graham, Barense, &
Lee, 2010; Yonelinas, 2013). Importantly, our work
diverges from that of Shiffrin and Schneider (1977)
by demonstrating that internal attentional goals can
control the particular episodic long-term memories
that guide attention, even towards task-irrelevant
stimuli (i.e., how ACSs impact non-volitional attentional processes).
Contingent capture vs. delayed disengagement
To fully appreciate the implications of our ﬁndings for
models of rapid episodic retrieval, it is important to
consider when (i.e., at what stage of processing)
ACSs exert control over attentional capture. A conventional contingent capture interpretation asserts that
ACSs gate initial capture. Stimuli that match the ACS
will capture attention, and non-matching stimuli will
not (Folk et al., 1992). The alternative delayed disengagement model proposes attention is always initially
captured by the most salient stimuli, where salience is
deﬁned entirely by stimulus attributes (e.g., brightness). In this sense, ACSs have no impact on the
initial capture of attention; instead, ACSs alter how
long it takes to disengage attention from the cue
(Theeuwes, 2010). For example, according to the
delayed-disengagement model, both studied and
non-studied cues captured attention in our tasks; the
reason that non-studied cues did not produce a
cueing effect is that attention was effectively able to
disengage from the task-irrelevant cue before the
target appeared. The cueing effect persisted for
studied cues, however, because the disengagement
of attention is delayed for ACS matching stimuli.
Whereas the contingent capture model requires very
rapid episodic retrieval to exert control over initial
capture, the delayed-disengagement account can
accommodate a slower retrieval process.
At present, the locus of control by ACSs remains a
topic of debate. Theeuwes (2010) reviews an extensive

series of behavioural and neurophysiological studies
that support the delayed disengagement model,
focussing predominantly on studies of distractor
effects during visual search. Indeed, one of the appealing aspects of the delayed-disengagement model is
that it provides an explanation for the different
effects of ACSs on cueing effects and search distractor
effects, as described earlier. Cueing effects are contingent on ACSs because there is a temporal delay
between the cue and target during which attention
is disengaged. Distractor effects, on the other hand,
are not contingent on ACSs because distractors
appear at the same time as the search target.
Although appealing, counter evidence for this explanation has been demonstrated. For example, when
cues are presented at the same time as the target in
a cueing task (i.e., 0 ms SOA), cueing effects continue
to be contingent on ACSs, and the non-spatial
effects of additional distractors are not (Al-Aidroos
Harrison, et al., 2010; see also Chen & Mordkoff,
2007; Folk & Remington, 1998, 2006). Although the
debate between contingent capture versus delayed
disengagement continues, once it has been resolved
the present results will place direct constraints on
the timing of rapid retrieval; speciﬁcally, retrieval
must take place by the time control over capture has
been exerted.
Conclusions
The present ﬁndings demonstrate that ACSs can be
speciﬁed based on representations in episodic longterm memory, speciﬁcally recollective memory. While
investigations of the control of attentional capture
have typically tested ACSs for simple visual features
or feature dimensions, our ﬁndings align with recent
demonstrations (Goodhew et al., 2014; Wyble et al.,
2013) that point to a more sophisticated cognitive
ability. Given the representational ﬂexibility (Guild
et al., 2014) and massive informational capacity
(Brady et al., 2008) of episodic long-term memory, it
is difﬁcult to imagine an attentional goal that could
not be supported by episodic memory-based ACSs.
Moreover, our ﬁndings add to the quickly growing literature on the relationships between long-term
memory and attention, and speciﬁcally extend this literature into the domain of control over attentional
capture. In general, such studies highlight the value
of bridging traditional areas of research.
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