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Abstract

A number of studies have demonstrated that the likelihood of a salient item capturing attention is

dependent on the “attentional set” an individual employs in a given situation. The instantiation of

an attentional set is often viewed as a strategic, voluntary process, relying on working memory

systems that represent immediate task priorities. However, influential theories of attention and

automaticity propose that goal-directed control can operate more or less automatically on the basis

of longer-term task representations, a notion supported by a number of recent studies. Here, we

provide evidence that longer-term contextual learning can rapidly and automatically influence the

instantiation of a given attentional set. Observers learned associations between specific attentional

sets and specific task-irrelevant background scenes during a training session, and in the ensuing

test session simply reinstating particular scenes on a trial by trial basis biased observers to employ

the associated attentional set. This directly influenced the magnitude of attentional capture,

suggesting that memory for the context in which a task is performed can play an important role in

the ability to instantiate a particular attentional set and overcome distraction by salient, task-

irrelevant information.
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We’re constantly bombarded with sensory information, much of which is irrelevant to our

ongoing task goals. As a result, we must effectively select which information is processed

and allowed to affect our behavior – when making our morning commute we have to focus

on controlling the vehicle and navigating to our destination, while simultaneously evaluating

the constantly changing state of the driving environment and ignoring the tantrum being

thrown by our child in the back seat. There have been a number of demonstrations that the

ability to coordinate behavior and overcome distraction by salient, task-irrelevant

information depends on the immediate goals of the task we are performing at a given time,

implemented in the form of an “attentional set” (Yantis & Jonides, 1990; Theeuwes, 1991;

Folk, Remington, & Johnston, 1992; Bacon & Egeth, 1994; Yantis & Egeth, 1999). The

implementation of a specific attentional set presumably relies on voluntary, goal-directed

cognitive control processes responsible for maintaining task representations and adjusting

performance on a moment-to-moment basis in response to incoming sensory information

(e.g., Folk et al., 1992; Yantis & Egeth, 1999; Yantis, 2000, 2008; Theeuwes, 2010).

Although the precise representations that constitute an attentional set are unknown, most

theories of attention either explicitly or implicitly propose that these representations are
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related to the attributes defining task-relevant information in a given situation, which in

most visual search experiments is the target of search. It has been proposed that target-

defining information is actively maintained in working memory in the form of a “target-

template” that directly influences the control of attention on a moment-to-moment basis

(e.g., Desimone & Duncan, 1995; Bundesen, 1990, 2005). Similarly, observers may

maintain more abstract information regarding the target of search to influence the allocation

of attention, including the relationship between the target and non-target items (e.g., “search

for the different colored item;” Pashler, 1988; Bacon & Egeth, 1994). Although it is possible

that information regarding other attributes of a task beside the target of search may be

represented in an attentional set, the concept of a target template has been influential in

describing goal-dependent influences on attentional control more generally, gaining

empirical support from a number of studies demonstrating that the active maintenance of

information in working memory can directly influence the deployment of attention (e.g.,

Downing, 2000; Awh, Jonides, & Reuter-Lorenz, 1998; Soto et al., 2005; Olivers et al.,

2006; Woodman & Luck, 2007; Munneke et al., 2010; Cosman & Vecera, 2011a). Other

studies demonstrate a close relationship between working memory processes and the

behavioral and neural consequences of attentional control and capture (Kane & Engle, 2003;

Fukuda & Vogel, 2009; 2011; DeFockert et al., 2004; Lavie & DeFockert, 2006; Woodman

& Arita, 2011; Carlisle et al., 2011). Thus, it is likely that in some cases observers use

information about target attributes, actively maintained in working memory, to voluntarily

control the deployment of attention toward behaviorally relevant and away from irrelevant

information in the environment.

However, there has been little work examining whether the attentional set responsible for

controlling the deployment of attention must always be implemented in an active, voluntary

manner on the basis of immediate task goals. Returning to the example above, while driving

we may have to maintain and switch between multiple levels of goal relevance (e.g.,

scanning for cars and other obstacles as well as navigating to a destination), which could

quickly exceed the capacity of a system relying strictly on discrete working memory

representations and deliberate control processes. Instead, it seems likely that repeated

exposure to components of tasks and their relations could influence control and over time

lead to longer-term influences on behavior, allowing relatively complex, holistic task

representations to drive the deployment of attention rapidly and efficiently. For example,

theories of automaticity and executive control propose that complex cognitive processes can

operate automatically given sufficient experience with a task and its context (Schneider &

Shiffrin, 1977; Shiffrin & Schneider, 1977; Norman & Shallice, 1986; Logan, 1988, 2002).

Although the nature of the representations responsible for automatic control differ across

theories, one commonality is the proposal that working memory representations responsible

for guiding behavior in a novel or uncertain task settings eventually give way to long-term

memory representations that become increasingly responsible for control following

experience (Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977; Schneider, 1985;

Logan, 1988, 2002).

For example, Logan’s instance theory proposes that extended experience with a given task

leads to an accumulation of episodic memories, or “instances” of previous encounters with a

specific task configuration. Under this view, each time an observer performs a given task, an

episodic trace is formed that includes information about specific attributes of the task being

performed and the associated responses. The more times a task is performed (i.e., the more

experience an individual has with a task), the larger the knowledge base to draw from upon

future encounters with the task, and the more likely an observer will be to rely on automatic

episodic retrieval processes to drive responses in a given task setting (Logan, 1988, 2002).

Importantly, this transition need not rely on extensive practice, instead following a power

law and emerging relatively rapidly (Newell & Rosenbloom, 1981; Logan, 1988). Thus,
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under conditions in which the behavioral context in which a task is performed is predictable

in some way, observers can rapidly offload control to longer-term representations, an effect

that has been observed during visual search in particular (Chun & Jiang, 1998; Carlisle et

al., 2011).

This distinction between working memory-based control and longer-term learned control

suggests that the active, deliberate control of behavior via working memory is often short

lived; in cases in which an individual has even moderate experience with a task, the

attentional set that guides attention may be implemented on the basis of longer-term task

‘episodes.’ Although this possibility has received relatively little focus within the attentional

capture literature, a handful of recent studies provide some support for this notion by

showing that past experience can bias an observer’s attentional set and directly influence

capture by salient, task-irrelevant information, even when this information is unrelated to the

immediate goals of a task (Leber & Egeth 2006a, 2006b; Thompson, Underwood, &

Crundall, 2007; Leber, Kawahara, & Gabari, 2009; Olivers, 2010; Kelley & Yantis, 2008;

Anderson, Laurent & Yantis, 2011). Furthermore, in most studies showing an influence of

working memory representations on attention, task performance has necessarily relied on

long-term information; for example, asking an observer to remember or search for a red

square requires the observer to possess long-term semantic knowledge regarding color and

shape. Thus, it is possible that long-term representations play a more important role in the

implementation of an attentional set and the deployment of attention than previously

considered.

In the current work, we examined the possibility that experience with specific stimulus

factors may lead to longer-term representations that exert a strong influence on attentional

processes typically thought to be under deliberate, voluntary control. More specifically, we

were interested whether contextual information, an essential component of long-term

episodic memory representations, could influence the likelihood of attentional capture by

salient, task-irrelevant distractors even when context was not directly relevant to the

observer’s immediate task goals.

Past experience and attentional set

Observers appear to be able to adopt at least two possible attentional sets during visual

search, entering either into a more general “singleton detection” set when searching for a

target on the basis of its status as a singleton (i.e., in cases where the target “pops out” of the

display) or into a more specific “feature search” set when searching for a target on the basis

of a specific target-defining property such as shape or color (Pashler, 1988, Bacon & Egeth,

1994; Folk et al., 2002). Importantly, each of these attentional sets leads to different effects

on attentional capture and distraction; when attention is configured to search for singletons

(a “singleton search” set), any salient singleton captures attention (e.g., Theeuwes, 1992),

whereas configuring attention to search for a specific feature (a “feature search” set) allows

observers to effectively ignore salient distractors that do not match the target feature (Bacon

& Egeth, 1994; Folk et al., 2002).

In order to examine the influence of past experience on the adoption of a particular

attentional set, Leber and Egeth (2006a; see also Leber & Egeth, 2006b) trained two

separate groups of observers to use either a “singleton search” or “feature search” set, and

then examined whether this training would bias the set observers chose to use during a

testing session in which either could be used to complete the task. The results from the

training session of Leber & Egeth (2006a) replicated the basic asymmetry in capture seen in

previous studies; during training, robust capture effects were observed for the group who

used a singleton search set, whereas capture was attenuated for the group who used a feature
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search set, consistent with the idea that the observers’ immediate task demands influenced

the likelihood of distraction (Bacon & Egeth, 1994).

Following the training session observers completed a testing session in which the explicit

task goals and stimuli were made identical in both groups, with all observers now being told

to search for a circle target among homogeneous non-targets while ignoring a task-irrelevant

color singleton when it appeared. Consistent with the idea that past experience can

automatically influence the choice of attentional set, observers who had performed a

singleton search during training were captured by the task-irrelevant color singleton

distractor during the testing phase, suggesting that they continued to employ a “singleton

detection” set during the testing session. However, observers who had trained on the feature

search task showed no evidence of capture, suggesting that they continued to use a “feature

search” set during the testing session (Leber & Egeth, 2006a). Thus observers continued to

use the same attentional set they had used during training, despite the fact that during the

testing phase the explicit task goals and stimuli were identical between the two groups,

suggesting that past experience was the primary factor influencing which attentional set was

employed during testing. On the basis of these results, as well as data showing that these

effects can persist across delays of up to a week, Leber and colleagues have argued that

attentional sets can be learned in a long-term manner, theorizing that observers may come to

link particular attentional sets with particular task contexts (Leber, Kawahara, & Gabari,

2009).

Although prior studies have not directly demonstrated contextual effects on the

implementation of particular attentional sets, this an attractive possibility because it suggests

that long-term representations of task may play a critical role in minimizing demands on

active cognitive control processes. Such a possibility seems plausible, given that contextual

factors exert a strong, automatic influence on basic memory retrieval processes; episodic

memory performance is superior when environmental context is held constant across

learning and recall, even when this contextual information is entirely irrelevant to task

performance (e.g., Godden & Baddeley, 1975; see Smith & Vela, 2001, for a review). These

context effects can be considered a natural consequence of relational memory systems in the

brain that serve to bind disparate perceptual elements at both the local and global levels to

form both short and long-term episodic representations (Cohen & Eichenbaum, 1993; Ryan

et al., 2000; Davachi, 2006), suggesting a potent general-purpose memory mechanism that

allows past experience with particular task contexts to directly influence on-line task

performance. In the case of attentional control, contextual information may act as a retrieval

cue that automatically activates the attentional set(s) employed upon past encounters with a

task performed in a given context, allowing goal-directed cognitive control processes to

operate quickly and efficiently with little deliberate control. This idea is consistent with

theories of automaticity that propose a central role for episodic memory processes in the

automatic control of behavior (e.g., Logan, 1988, 2002) and provides one mechanism

through which long-term representations can come to influence processes responsible for

goal-directed attentional control.

Current Study

In the current set of experiments, we asked if relational memory mechanisms allow the

formation of associations between particular attentional sets and their learned contexts,

directly influencing goal-directed cognitive control processes responsible for overcoming

attentional capture. To this end, we adapted the task employed by Leber and Egeth (2006a)

in a manner that would allow us to examine whether memory for task-irrelevant contextual

information could influence the attentional set observers adopt on a given trial. This task is

ideal because it provides conditions in which multiple attentional sets can be used, as well as
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an assay of which attentional set is being employed by observers at a given time. Of primary

interest was whether, within an individual, the choice of attentional set could be directly

influenced by learned context on a trial-by-trial basis. To manipulate context, we embedded

search displays similar to those used by Leber and Egeth (2006a) in a task-irrelevant scene

surround, a manipulation known to drive robust context effects (Figure 1; see Brooks,

Rasmussen, & Hollingworth, 2010; Hannula & Ranganath, 2009, for similar manipulations

of context).

Observers completed a training session in which they were required to adopt both singleton

and feature sets in separate blocks of trials, with each set being paired with specific task-

irrelevant contextual information (i.e., forest scenes vs. city scenes). Following training,

observers completed a testing session that employed a search task in which either attentional

set could be used to perform the task. Importantly, during the testing session the instructions

were held constant and search displays were identical for the entire session, with subjects

searching for a specific target (always a circle) among homogeneous non-targets (always

diamonds). However, search displays were embedded within scene contexts that had been

paired with one of the two attentional sets during training, with scene context randomly

determined on a trial-by-trial basis. Thus, the central question during the testing was whether

we could directly influence the choice of attentional set (and the extent of attentional

capture) by simply reinstating the scene context associated with a given set during training.

If observers can learn to associate specific attentional sets with specific task-irrelevant

contextual information, we would expect that during the testing session the attentional set

observers employ on a given trial should depend exclusively on the context in which the

search array is presented. Specifically, if the search array is embedded within a scene that

was associated with feature search during training observers should adopt a feature search

set during that trial and should show little evidence of capture. However, if the search array

is embedded within a scene that was associated with a singleton search during training

observers should adopt a singleton search set and robust capture effects should be observed.

Conversely, if context has no effect on choice of set, we would expect large capture effects

across all conditions during testing, given that singleton search mode appears to be the

default under the stimulus conditions employed during the testing session (Theeuwes, 1992;

Experiment 1; Kawahara, 2010).1

As noted above, many accounts propose that an attentional set is implemented voluntarily on

the basis of immediate task goals or priorities held in working memory, with these goals

often being related to the target of search. Thus, finding an effect of scene context on the

choice of attentional set would provide evidence for a complementary mechanism of control

that may supplement or override active control processes in a given situation. Additionally,

because context is always irrelevant to performance of the search task, any contextual

influence would suggest that an attentional set might include information about both task-

relevant information (i.e., the defining attributes of the target) and task-irrelevant

information that is nevertheless correlated with task performance.

1This assumption was verified using stimuli identical to those used in the testing portion of the current experiments. We had 15
observers complete the testing session used in Experiments 1 and 2 without prior training, in order to examine the “default” set during
the testing task. The results paralleled those in previous studies (Theeuwes, 1992; Kawahara, 2010), showing that in the absence of
prior exposure, robust capture effects are the default, with observers responding more quickly on distractor absent trials (707ms) than
on distractor present trials (726ms), t(14)=3.9, p < .01. There were no effects of distractor presence on accuracy.
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EXPERIMENT 1

Method

Observers—Observers were 17 University of Iowa undergraduates who participated for

course credit. All had normal or corrected to normal vision and were not color blind.

Stimuli—Observers sat approximately 65 cm from the screen, and viewed displays

resembling those in Figure 1. A white fixation dot with a diameter of 0.3° was presented at

the center of the screen. Search displays were comprised of six outline shapes equally

spaced around the circumference of an imaginary circle with a radius of 3° centered around

fixation. The shapes used in the search display were outline shapes, and could be a circle

(radius 0.7°), a square (1.5° per side), a diamond (1.5° per side), or an equilateral triangle

(pointing upward, 1.5° per side). The shapes were colored green (RGB 0, 255, 0), except for

the singleton distractor, which always appeared in red (RGB 255, 0, 0) when present. A

white vertical or horizontal line segment (0.5° long, 0.1° stroke) was centered inside of each

shape. Task irrelevant scenes were high-resolution (1024 x 768) photographs of either

forests or city streets (3 scenes from each category, for a total of 6 individual scenes). On

each trial, search displays appeared within a 10° x 10° black box centered on each

photograph.

Design—During the training phase, observers performed a visual search task using two

different attentional sets in separate, alternating blocks of trials. During “singleton search”

blocks, observers were instructed to search for the different shaped item on each trial, and

this item could be a circle, square, or triangle, chosen randomly on each trial. In the

singleton search condition, the target was always presented among a homogeneous array of

six diamond-shaped non-targets, such that it was a shape singleton that popped-out of the

display. During “feature search” blocks, observers were instructed to search for a circle

target on every trial, which was always presented among a heterogeneous array of five non-

target items. The heterogeneous arrays always included at least one diamond, one square,

and one triangle, with the other two non-targets being chosen at random on each trial with

the constraint that both items were different shapes. On half of the trials in each search

condition, one of the non-target items was red, making it a salient singleton distractor, and in

both singleton and feature search blocks the spatial positions of target and distractor items

were randomly determined. Importantly, during the training task singleton and feature

search arrays were always embedded within scenes belonging to a specific category (forest

vs. city). For half the subjects singleton search arrays were always embedded within “forest”

scenes and feature search arrays were always embedded within “city street” scenes, selected

at random from one of 3 possible scenes for each category and with this scene-class/set

association being reversed for the other half of observers. A limited number of semantically

consistent scenes were employed to increase the likelihood that contextual associations

could be made during a single experimental session.

Following training, observers completed a testing phase that was similar to the training

phase, but during testing observers were always instructed to search for a circle target that

was presented among an array of homogeneous diamond-shaped non-target items. Thus in

the testing phase, either attentional set provided an effective means of locating the target –

observers could either search for the “different” item (singleton search set) or for the

specific feature that defined the target (a circle; feature search set). During testing, the

search arrays were always embedded within either the forest or street scenes encountered

during training, but in this case scene identity was completely intermixed and scenes were

presented pseudo-randomly and equiprobably on each trial. Of primary interest during the

testing session was whether simply presenting scenes that had been associated with either
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feature search or singleton search modes would be sufficient to bias observers’ choice of

search strategy toward that associated with the scenes during training, influencing the

likelihood that a salient distractor would capture attention.

Procedure—As described above, during the training phase observers were instructed to

search for either a different-shaped item among homogeneous non-targets (singleton search

condition) or a specific shape (a circle) among heterogeneous non-target items (feature

search condition) at the beginning of each block of trials. In both singleton and feature

search blocks, observers were told that a salient red singleton would appear on half of the

trials, and since it would never appear at a target location they should try their best to ignore

it. In both search conditions, upon finding the target observers were told to report the

orientation of the line segment inside of it by pressing either the ‘Z’ or ‘M’ keys on the

keyboard, with each key corresponding to either horizontal or vertical line orientation,

counterbalanced across observers. The search array always appeared within a task-irrelevant

scene from one of the two categories, with each scene category being paired with a specific

attentional set. At the beginning of each trial, the task irrelevant scene appeared along with

the empty (save for a fixation point) black box that would eventually contain the search

array, for 1000ms. Next, the search array appeared for 1500ms or until observers responded,

whichever came first, with trials in which observers failed to respond within 1500ms being

excluded from RT analyses. Observers performed 4 blocks of 36 trials each for each of the

search modes, with block order (singleton vs. feature search) counterbalanced across

observers, resulting in 144 training trials for each search type, or 288 total training trials.

Following a brief (~5 minute) break, participants began the testing session. During the

testing session observers were always told to search for a circle among homogeneous

diamond distractors and report the orientation of the line contained inside of the target, while

ignoring the salient red distractor when it appeared. Search arrays were presented for

1000ms and were always embedded within the same forest or street scenes as during the

training sessions, but in this case scene identity was chosen pseudo-randomly on each trial.

This provided a means of assessing whether task-irrelevant context memory could influence

choice of attentional set on a trial-by-trial basis, by examining the effect of particular

background scenes on the level of attentional capture. Observers completed 3 blocks of 72

trials each for a total of 216 total testing trials (108 trials for each scene category). In both

sessions, observers were always told to try and ignore the salient distractor when it

appeared, and respond as quickly and accurately as possible.

Results

Observers’ overall mean correct reaction time (RT) and error rate data from both the training

and testing portions of Experiment 1 were entered into separate two factor ANOVAs, with

the factors attentional set (singleton search vs. feature search) and distractor presence

(present vs. absent) for the training data, and scene type (associated with singleton search

vs. associated with feature search set) and distractor presence (present vs. absent) as factors

for the testing data.

Training Data—Training data appear in Table 1. For training data, a significant main

effect of attentional set was observed, F(1,16) = 53.2, p < .001, η2 = .77, indicating faster

overall responses when observers adopted a feature search set (780ms) than when they

adopted a singleton search set (1,028ms). This is consistent with Leber & Egeth (2006) who

demonstrated a large main effect of RTs between singleton and feature search conditions, as

well as previous studies showing large main effects when observers search for constant vs.

variable target features during singleton search tasks (Bravo & Nakayama, 1992; Lamy,

Carmel, Leber, & Egeth, 2006; Geyer, Zehetleitner, & Muller, 2010). This effect may have
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been further exacerbated in the current design by the inclusion of the background scenes and

the fact that observers had to switch attentional sets from block to block. In addition to the

main effect of attentional set, the main effect of distractor presence was also significant,

F(1,16) = 16.3, p < .01, η2 = .50, with slower RTs on trials in which a distractor was present

(923ms) than trials in which it was absent (886ms). Importantly, a significant interaction

was observed between search type and distractor presence, F(1,16) = 5.8, p = .03, η2 = .27,

indicating that the magnitude of capture by the singleton distractor varied as a function of

search type. In order to examine the nature of this interaction, comparisons were performed

between distractor present and absent conditions for each search type, and revealed

significant distractor effect in the singleton search condition, t(16) = 4.2, p < .001, but not

the feature search condition, t(16) = 1.5, p = .15. These results indicate that the manipulation

of search type was effective and modulated capture by a salient distractor during the training

session, replicating previous studies using a similar search task (Bacon & Egeth, 1994;

Leber & Egeth, 2006a). For the error rate data, no main effects were significant, but a

significant interaction between attentional set and distractor presence was observed F(1,16)

= 9.6, p < .01, η2 = .38, with significantly lower accuracy when the distractor was present

(vs. absent) in the singleton search condition, t(16) = 2.2, p = .04, but not the feature search

condition, t(16) = 1.5, p = .15.

Testing Data—Testing data appear in Figure 2. For testing data, there were no main

effects of scene type, F(1,16) = 1.0, p = .33, or distractor presence, F(1,16) = 1.9, p = .18,

however, there was a significant interaction between scene type and distractor presence,

F(1,16) = 6.0, p < .03, η2 = .27, indicating that the effect of the singleton distractor varied as

a function of the type of scene in which the search array was embedded, despite the fact that

the search arrays themselves were identical across trials. Planned comparisons revealed a

significant distractor interference effect on trials in which the task-irrelevant scene matched

those associated with singleton search during training, t(16) = 2.3, p = .03, but not those

associated with feature search during training, t<1, n.s. There were no significant main

effects or interactions in the error rate data, Fs<2.4, ps>.14.

Discussion

These results demonstrate a clear influence of learned context on observers’ choice of

attentional set, leading to a modulation of attentional capture. Scenes associated with

singleton search set during training biased observers to use a singleton search set when they

appeared during testing, leading to increased capture by a salient distractor. Conversely,

scenes associated with feature search set during training biased observers to use a feature

search when appearing during testing, allowing observers to effectively overcome capture.

The fact that the magnitude of capture could be directly influenced on a trial by trial basis

simply by reinstating particular contextual information indicates a high level of specificity in

the types of representations that may drive the learned control effects demonstrated in this

and other studies (e.g., Leber & Egeth 2006a, 2006b; Leber et al., 2009; Thompson et al.,

2007; Kelley & Yantis, 2008; Anderson et al., 2011). These findings provide support for the

notion that task context can directly influence the ability to overcome distraction by salient,

task-irrelevant information; further, the results extend previous work showing an influence

of spatial context on visual search (e.g., Chun & Jiang, 1998) by demonstrating that more

general contextual associations have the ability to influence the deployment of attention in

scenes.

Furthermore, the current results suggest that the attentional set adopted by observers may

include information regarding both task-relevant and task-irrelevant information, with both

presumably holding the ability to influence task performance in a given situation. In this

way, one can think of the attentional set as being comprised of a relatively detailed,
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distributed representation that codes multiple aspects of a given task space and can drive

more or less automatic influences on attentional control. Our findings are particularly

striking because they suggest that longer-term information regarding global context can

trump active attentional control processes related to the immediate, explicit goals of a task –

task-irrelevant contextual information appeared to be the primary determinant of which set

was adopted on each trial during testing, even though observers’ explicit goals with respect

to the search task itself were held constant during the entire testing session (i.e., they were

always told to search for a circle while ignoring the salient distractor), an effect similar to

that observed in Leber & Egeth (2006a). These results are consistent with the idea that, over

time, observers can offload control from active working-memory processes responsible for

representing immediate task demands to longer-term representations that contain

information about past encounters with a task and its context, with these longer-term

representations eventually coming to dominate control (Shiffrin & Schneider, 1977;

Schneider & Shiffrin, 1977; Norman & Shallice, 1986; Logan, 1988, 2002).

However, rather than resulting from the automatic activation of long-term contextual

representations the effect observed here may be due to the operation of a context dependent

explicit control strategy. For example, because in the training session specific attentional set/

scene combinations were always presented in separate blocks of trials and observers were

always explicitly instructed at the beginning of each block which set to use to perform the

task, it is possible that observers noticed this correlation and continued to explicitly switch

strategies during testing. Because the task irrelevant scene appeared for 1000 milliseconds

prior to the introduction of the search array, there was likely time for observers to explicitly

recognize the scene and adjust their set accordingly. In this way, scene context may have

acted as an explicit cue that observers used to voluntarily configure attention on a trial-by-

trial basis. Although rapid, explicit switching seems like a difficult, suboptimal strategy

given that during the testing session the target of search was constant (always a circle) and

the contextual information switched unpredictably from trial to trial, such a possibility is

important to explore given that observers can switch rapidly between different attentional

sets when instructed to do so (Lien, Ruthruff, & Johnston, 2010). In Experiment 2, we

attempted to rule out such a possibility and provide converging evidence for a context-

dependent control view by showing that these effects can emerge even in cases where

explicit search strategies are held constant across the experiment.

EXPERIMENT 2

As reviewed above, the asymmetries in capture between feature and singleton search

conditions observed in this particular task are often viewed as resulting from differences in

the explicit search strategies observers employ during each type of search. However,

because feature search always occurs in search displays containing heterogeneous non-

targets and singleton search always occurs in search displays containing homogeneous non-

targets, it has been argued that differences in capture across feature and singleton search

tasks may result from differences in display characteristics rather than differences in the

explicit strategies observers use to perform each type of search. For example, Theeuwes and

colleagues (Theeuwes & Burger, 1998; Theeuwes, 2004, 2010; Belopolsky & Theeuwes,

2010) have argued that the lack of capture during feature search is due to observers adopting

a “serial” search strategy during search through heterogeneous displays (c.f. Duncan &

Humphreys, 1989; Northdurft, 1993). Consequently, serial search may reduce the spatial

scale of attention and decrease the likelihood that a salient distractor will fall inside the

focus of attention and cause distraction (Theeuwes & Burger, 1998; Theeuwes, 2004;

Belopolsky & Theeuwes, 2010).
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In the context of the current study, this suggests the possibility that results such as those

observed Experiment 1 may under some circumstances emerge more or less automatically

on the basis of display factors, even when explicit search strategies are held constant. In

Experiment 2, we tested this possibility by instructing observers to use a feature search set

throughout the entire experiment (i.e., they always searched for a circle target), while

manipulating display homogeneity/heterogeneity on a trial by trial basis during the training

session in order to discourage observers from developing an explicit switching strategy.

Because both homogeneous and heterogeneous displays were intermixed during training

only the instructed feature search strategy could be used to reliably locate the target from

trial to trial (see Bacon & Egeth, 1994, for a similar mixed-display manipulation).

Importantly, similar to Experiment 1, homogeneous search arrays were always paired with

one scene category (e.g., forest scenes) and heterogeneous search arrays were always paired

with the other scene category (e.g., city scenes). The training session was followed by a

testing session identical to that in Experiment 1.

If observers’ explicit search strategies are critical for determining the likelihood of

attentional capture and generating the context dependent control effects seen in Experiment

1, then no capture effects should emerge in the data from the training or testing session

because observers were only explicitly told/trained to adopt a specific feature search set

(“search for the circle”). In contrast, if display factors can act as a critical determinant of

capture in this task, we would expect to see a pattern of results identical to Experiment 1

during both training and testing, reflecting the spontaneous adoption of either the “feature

search” or “singleton search” sets in response to differences in display properties across the

two conditions. This would provide evidence that explicit strategies are not always

necessary for driving the effects observed in Experiment 1, in addition to providing further

evidence that display factors play a critical role in determining the likelihood of attentional

capture more generally. To directly assess the role of explicit strategies in driving context-

dependent control effects, following the experiment observers completed a brief

questionnaire to probe the explicit search strategies they used to perform the search task

during the testing session. This allowed us to directly rule out an explicit switching strategy,

as well as examine the relationship between reported strategies and patterns of attentional

capture.

Method

Observers—Observers were 15 University of Iowa undergraduates who participated for

course credit. All had normal or corrected to normal vision and were not color blind.

Stimuli & Procedure—The stimuli and procedure were identical to those in Experiment

1, with the exception that during training observers were always instructed to search for the

circle and report the orientation of a line contained inside of it. We varied the composition of

the non-target items in the search arrays in a manner identical to that in the singleton and

feature search conditions in Experiment 1, such that observers always searched for a circle

target through either homogeneous (all diamond non-targets) or heterogeneous (diamonds,

squares, and triangle non-targets) arrays. Importantly, during training homogeneous arrays

were always paired with one type of scene and heterogeneous arrays were always paired

with the other (forest vs. city street scenes, counterbalanced across observers). The testing

session was identical to that in Experiment 1, and observers always searched for a circle

target among homogeneous non-targets. Thus the only difference between the current

experiment and Experiment 1 is that in this experiment observers explicitly searched for a

specific feature (a circle) during both training and testing, with display homogeneity/

heterogeneity and their associated scenes being entirely intermixed during the training

session.
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In Experiment 2, observers also answered a series of questions at the end of the experiment

in order to assess the explicit strategies they used to perform the search task during the

testing session, in order to rule out explicit switching strategies as well as probing how

observers’ search strategies influenced capture. First, observers were given an open-ended

question and asked to describe the specific strategies they used to perform the search task

during the testing session. Following their response to the open ended question, they were

given a multiple choice question asking “which of the following strategies best describes

how you searched for the target during this task,” and were told to choose from the specific

strategies “searched for the circle,” “searched for the different shaped item,” “neither,” or

“both.” If they selected neither or both, they were asked to elaborate on the specific strategy

they used to find the target, in order to gain more specific information about how they

performed the task. Including this questionnaire provides a strong test of the influence of

explicit strategies on the effects observed in this task, because to the extent that observers’

reported strategies aren’t systematically associated with the context-dependent control effect

or the magnitude of capture, we can conclude that explicit strategies are not necessary for

generating the context-dependent capture effects observed here.

As in Experiment 1 observers performed 144 training trials for each search type (search

through homogeneous or heterogeneous non-targets), for a total of 288 training trials.

Observers then completed 3 blocks of 72 trials each for a total of 216 total testing trials. In

both sessions, observers were always told to try and ignore the salient distractor when it

appeared, and respond as quickly and accurately as possible.

Results

Observers’ overall mean correct reaction time (RT) and error rate data for the training and

testing sessions were entered into separate two factor ANOVAs, with the factors search type

(search through homogeneous vs. heterogeneous displays) and distractor presence (present

vs. absent) for the training data, and scene type (associated with homogenous or

heterogeneous search) and distractor presence (present vs. absent) as factors for the testing

data, allowing similar comparisons to those made in Experiment 1.

Training Data—Training data appear in Table 2. For RT data during the training session,

there was a trend toward a significant main effect of search type, F(1,14) = 3.9, p < .06, η2

= .23, indicating faster overall responses when searching through homogeneous arrays

(654ms) compared to heterogeneous arrays (667ms), consistent with previous studies

showing a decrease in search efficiency in heterogeneous search arrays (e.g., Duncan &

Humphreys 1989; Bacon & Egeth, 1994). The main effect of distractor presence also

approached significance, F(1,14) = 4.0, p < .06, η2 = .23, with slower RTs on trials in which

a distractor was present (665ms) vs. when it was absent (656ms). Unlike Experiment 1 there

was no significant interaction between search type and distractor presence, F<1, n.s.
However, given our specific interest in the presence vs. absence of a distractor effect in

either heterogeneous or homogeneous arrays, planned comparisons were performed between

distractor conditions (present vs. absent) for each search type. These analyses revealed a

significant distractor effect on RTs in homogeneous displays, t(14) = 2.2, p = .04, but not

heterogeneous displays, t(14) = 1.0, p = .32, replicating the asymmetry in capture effects

seen in Experiment 1, as well as previous studies using a similar task (Leber & Egeth,

2006a; Bacon & Egeth, 1994).

Despite the asymmetry in capture across homogenous and heterogeneous displays, the

magnitude of the capture effect in the homogeneous search condition was approximately

half as large as that observed under identical stimulus conditions during the testing portion

of Experiment 1, leading to a non-significant interaction. One possible explanation for this
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decrease is that intermixing display types led to intertrial effects that differentially that

modulated attentional capture across conditions. In order to test this possibility, we analyzed

RTs for homogeneous and heterogeneous search displays as a function of the homogeneity/

heterogeneity of the previous trial using pairwise comparisons (Table 3). For heterogeneous

displays, no significant capture was observed regardless of the homogeneity/heterogeneity

of the previous trial, ts<1.3, ps>.23. However, for homogeneous displays a significant

capture effect was observed when a homogeneous array was preceded by another

homogneous array, t(14) = 2.5, p < .02, but not when it was preceded by a heterogeneous

array, t < 1, n.s. This suggests that capture in homogeneous, but not heterogeneous, displays

is strongly modulated by the type of search display encountered on the previous trial, a point

we will return to in the discussion. Thus the lack of a significant interaction in the current

experiment appears to be the result of intermixing display types during training. There were

no main effects or interactions in the error rate data, all Fs<1.

Testing Data—For the testing data (Figure 3), there was no main effect of scene type,

F<1, n.s., but we observed a main effect of distractor presence, F(1,14) = 16.1, p = .01, η2

= .54, with faster RTs on singleton absent trials (570ms) than singleton present trials

(584ms). Additionally, there was a significant interaction between scene type and distractor

presence, F(1,14) = 4.6, p < .05, η2 = .25, indicating that the effect of the singleton distractor

varied as a function of the type of scene in which the search array was embedded, replicating

the results of Experiment 1. Planned comparisons revealed a significant distractor

interference effect on trials in which the task-irrelevant scene matched those associated with

homogeneous search arrays during training, t(14) = 5.1, p < .001, but not those in which the

scene matched those associated with heterogeneous search arrays during training, t(14) =

1.3, p = .22. Somewhat surprisingly, this effect was of roughly the same magnitude as that

observed in Experiment 1 despite the intertrial effects that diminished capture for

homogeneous displays during training. Additionally, an intertrial analysis identical to that

performed during the training session (in this case on the basis of scene type) revealed no

effect of scene type on the previous trial on the magnitude of capture; capture effects were

always present on trials in which the scene had been associated with homogeneous arrays

and capture effects were absent on trials in which the scene had been associated with

heterogeneous arrays, regardless of the identity of the scene in the previous trial. Given this

dissociation in intertrial effects across training and testing sessions, it appears that the

physical display properties that influenced capture during training are dissociable from the

factors responsible for instantiating context-dependent influences on control. Taken

together, this suggests that the likelihood of observing capture in a given situation may

depend on the synergistic effects of display factors and top-down search strategies, a point

we elaborate in the general discussion. There were no significant main effects or interactions

in the error data, Fs<1.3, ps < .26.

Questionnaire Data—On the open-ended question, only four observers reported

employing what could be interpreted as a “singleton detection” set during the testing

session. Importantly, none of the observers reported using a switching strategy, and no

observers selected the “neither” or “both” option on the multiple choice question, ruling out

an account of our effects on the basis of explicit switching between sets on the basis of task-

irrelevant scenes. Ten of the fifteen observers who participated in Experiment 2 selected the

“searched for the circle” option, indicating that the majority of observers employed an

explicit set that was consistent with the feature search set suggested in the task instructions.

However the same four observers who noted using a singleton detection strategy on the

open-ended question, as well as one other observer, selected the “searched for the different

shaped item” option from the list of possible strategy choices. In order to assess whether this

difference in explicitly reported strategies was related to differences in the context-
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dependent capture effect, the data from the testing session were examined as a function of

reported strategy. Consistent with the possibility that explicit strategies aren’t a requirement

for driving the effect observed here, we observed significant attentional capture in both

groups when the search array was embedded within scenes previously associated with

search through a homogeneous array during training, (“searched for circle group”: t(4) = 3.4,

p = .02; “searched for different shape” group: t(9) = 3.9, p < .01); however, neither group

showed significant capture when the search array was embedded within scenes associated

with search through a heterogeneous array (in both groups ts < 1, n.s.). This is in

concordance with previous studies that have shown a disconnect between reported search

strategies and the behavioral effects of capture (Proulx, 2011; Kawahara, 2010), and

demonstrates that learned contextual associations can influence attentional capture

regardless of explicit strategies adopted in response to immediate task goals.

Discussion

These data provide a general replication of those in Experiment 1, showing that observers

can link particular attentional sets with specific task-irrelevant contextual information

through experience, with context subsequently leading to predictable effects on attentional

capture. The fact that no observers reported using a switching strategy and explicit search

strategies had little bearing on the pattern of capture effects during the testing session seems

to suggest that the form of context-specific control demonstrated in our task does not require

explicit switching between sets or voluntary control on the basis of explicit task goals.

Instead, it appears that characteristics of the search displays can cause a change in the

likelihood of attentional capture, which comes to be linked with task-irrelevant global

contextual information. Thisis generally compatible with studies proposing a role for display

factors in driving the asymmetries in capture typically seen in this task (e.g., Theeuwes,

2004; 1994; Belopolsky & Theeuwes, 2010). Furthermore, consistent with the results of

Experiment 1, it appears that once longer-term contextual representations are formed they

may act as the primary determinant of attentional capture, at least in homogeneous search

displays such as those used during the testing session of Experiments 1 and 2. Finally, the

fact that we observed significant intertrial effects resulting from trial to trial variations in the

homogeneity/heterogeneity of the search displays during training, but not trial to trial

variation of scene context during testing, suggests that bottom-up display factors and top-

down knowledge may exert separate, complementary influences on attentional capture.

Given that most participants reported using the instructed feature search strategy but still

showed context-dependent effects on attentional capture, it is possible that display factors

influence the effectiveness with which top-down strategies are implemented, and extended

experience with specific display factors in specific contexts may lead to a lasting modulation

of top-down control that can influence future behavior. Given the mounting evidence that

both factors influence capture, a better understanding of how these factors interact with one

another to enable control could help explain a number of conflicting results in the attentional

capture literature (see Theeuwes, 2010).

GENERAL DISCUSSION

Our results provide evidence that context is a key factor determining the adoption of a

particular attentional set, with learned associations between a given attentional set and

specific contextual information influencing how the attention system operates in a given

situation. Furthermore, the results of Experiment 2 demonstrate that display factors play an

important role in the likelihood of capture, possibly by altering the way in which observers

perform the search task (Theeuwes, 2004). These data provide novel insights into how

observers configure attentional control across situations, and suggest that rather than always

being implemented in an active, voluntary manner, the attentional set observers use to
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perform a task can be influenced in a more or less automatic manner by longer-term

contextual learning. This extends previous work showing automatic influences of, e.g., inter-

trial priming on attentional capture (e.g., Folk & Remington, 2008; Belopolsky, Schreij, &

Theeuwes, 2010), as well as work showing an automatic effect of spatial context on visual

search processes more generally (Chun & Jiang, 1998). Finally, our results are consistent

with a number of recent demonstrations that information not directly relevant to immediate

task goals can nevertheless exert a strong, automatic influence on cognitive control systems

necessary for overcoming distraction (Lau & Passingham, 2007; van Gaal et al., 2008;

Moore, Porter, & Weissman, 2009; Boy, Husain, & Sumner, 2010; Schlaghecken et al.,

2011).

Mechanisms of contextual control

We hypothesize that the context effects observed here stem from the operation of general

relational memory mechanisms responsible for coding the arbitrary relationships between

items in a visual scene and their context, forming the basis of episodic memories

(Eichenbaum & Cohen, 1993; Eichenbaum, 1999; Davachi, 2006). Such a view is consistent

with influential theories of automaticity that propose a central role for episodic memory

representations in attentional control following experience with a task (Logan 1988, 2002),

and draws support from studies showing an influence of relational memory systems on

visual perceptual and attentional processes more generally (e.g., Warren et al., 2011;

Hannula & Ranganath, 2009; Lee et al., 2005; Ryan et al., 2000; Chun & Phelps, 1999). For

example, long-term relational information has been shown to influence the deployment of

attention to regions of interest in scenes, and these effects have been shown to be dependent

on medial temporal lobe memory systems responsible for episodic encoding, suggesting a

tight linkage between episodic memory and attentional processes (Hannula & Ranganath,

2009; Ryan et al., 2000; Chun & Phelps, 1999). Consistent with this view of the current

work, we have obtained parallel results demonstrating that amnesic patients with bilateral

damage to the medial temporal lobes show no influence of past experience on the

instantiation of a particular attentional set (Cosman & Vecera, submitted), despite having an

intact ability to overcome distraction in a training session in which they search

heterogeneous displays for a specific target (i.e., when adopting a feature search set). Thus,

traditional long-term relational and episodic learning mechanisms may play a more general

role in attentional control than previously considered, providing one possible unifying

mechanism through which task-specific learning may influence goal-directed attentional

control and capture (as in Carlisle et al., 2011; Anderson, Laurent, & Yantis, 2011; Kelley &

Yantis, 2008; Leber & Egeth, 2006a; 2006b; Leber et al., 2009).

The current results are also related to those observed in the contextual cueing phenomenon,

in which implicitly learned spatial associations between targets and distractors facilitate

visual search performance (Chun & Jiang, 1998). Like the current results, contextual cueing

effects have been shown to rely on both lower-level (local) display factors and global

contextual factors (Olson & Chun, 2002; Brockmole, Castelhano, & Henderson, 2006;

Kunar et al., 2006; Brady & Chun, 2007; Brooks et al., 2010). For example, local contextual

information regarding the spatial location of target and near distractor items in the task-

relevant search array exert a strong influence on contextual cueing effects (Olson & Chun,

2002; Brady & Chun, 2007), but the instantiation and magnitude of these effects have been

shown to rely on the global context in which the displays are embedded (Brooks et al., 2010;

see also Kunar et al., 2006). However, the current work diverges from typical contextual

cueing effects in terms of the type of contextual information used to influence control.

Whereas contextual cueing effects are dependent on predictive spatial relationships between

elements of a search array and their specific locations, the effects of context observed here

operate at a more abstract, non-spatial level; in our task, context was not predictive of the

Cosman and Vecera Page 14

J Exp Psychol Hum Percept Perform. Author manuscript; available in PMC 2014 February 14.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



location of either the target or salient distractor items, but was still able to produce a strong,

predictable influence on attentional capture. Therefore, the current work provides evidence

that in addition to spatial information, the attentional system can use non-spatial contextual

cues to influence the deployment of attention.

Lastly, the view that we attempt to advance here is consistent to recent results showing that

the target-template typically thought to be responsible for guiding visual search may often

rely primarily on long-term memory representations, provided the search target is held

constant across trials (Carlise, Arita, Pardo, & Woodman, 2011; Woodman et al., 2007).

Specifically, Carlisle et al., (2011) demonstrated that in cases where observers searched for

the same target item on each trial, the electrophysiologcal marker of visual working memory

maintenance (the contralateral delay activity; CDA) diminished quickly, presumably

representing a hand-off of the target template to longer-term memory mechanisms.

Conversely, when the target switched unpredictably from trial to trial the CDA remained

robust, indicating that visual working memory was more likely to be involved in control

under conditions of target uncertainty. Along with the current results this suggests that in

cases where attributes of the task space are unpredictable goal-directed attentional control

may rely more heavily on active working memory processes, whereas such control may

become increasingly dependent on long-term memory when attributes of the task and

environment are predictable, an idea central to influential theories of control and

automaticity (Logan, 1988; 2002; Norman & Shallice, 1986; Schneider & Shiffrin, 1977;

Shiffrin & Schneider, 1977). This raises the possibility that a number of other attentional

effects typically attributed to volitional control processes and/or working memory may be

heavily influenced by long-term memory-dependent, automatic responses to components of

a task and the context in which the task is performed.

Display factors, strategies, and capture

Our results also speak to the debate regarding the relative influence of strategic modes of

search and display factors on attentional capture (Theeuwes, 2004; Leber & Egeth, 2006a).

Specifically, it is typically proposed that the asymmetry in capture between feature and

singleton search tasks is the result of strategic modes of search employed by observers in

each type of task (Bacon & Egeth, 1994; Folk et al., 2002; Leber & Egeth, 2006a; 2006b),

with attentional capture being reduced during feature search because of a mismatch between

the dimension defining the observers’ explicit search goals (“search for the circle”) and the

salient attribute of the distractor item (typically color). However, in both of the experiments

presented here we observed asymmetries in capture on the basis of learned context

regardless of the observers’ explicit strategies vis-a-vis the target of search. Furthermore,

when explicit search goals were held constant in Experiment 2, observers showed patterns of

data during both training and testing that would be consistent with feature and singleton

search sets. This suggests that explicit, strategic factors may not always be necessary or

sufficient to drive effective control over capture.

As an alternative to the “strategic” view outlined above, Theeuwes and colleagues

(Theeuwes & Burger, 1998; Theeuwes, 2004; 2010; Belopolsky & Theeuwes, 2010) have

proposed that the asymmetry in capture between feature and singleton searches results from

differences in the displays used to study each set, arguing that the lack of a distractor effect

during feature search is due to observers adopting a “serial” search strategy during search

through heterogeneous displays (c.f. Duncan & Humnphreys, 1989; Northdurft, 1993),

leading to a reduction in the spatial scale of attention and decreasing the likelihood that a

salient item will fall inside the focus of attention and cause distraction (Theeuwes & Burger,

1998; Theeuwes, 2004; Belopolsky & Theeuwes, 2010). Although set size manipulations or

endogenous manipulations of attentional scale have traditionally been used to provide

evidence for this view, if serial search processes are necessary for attenuating distraction
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during feature search one would expect that during the testing session of both experiments

overall search RTs should have been significantly slower when search arrays were

embedded within a scene that had been associated with feature search during training

(because little capture was observed in this condition). However, we observed no difference

in overall testing session RTs as a function of scene type, arguing against interpretations that

account for differences in capture across feature and singleton search solely in terms of

serial vs. parallel search mechanisms.

Thus, neither interpretation can fully account for the results observed here, and we argue

that other factors may be influencing capture in this task. Similiar to Theeuwes and

colleagues, we think it is likely that differences between heterogeneous and homogeneous

displays may be important for driving the difference in capture between feature and

singleton search conditions. However, we would argue that rather than resulting from

differences in attentional scale across serial versus parallel searches, these asymmetries may

instead result from differences in the strength of top-down control engendered by each type

of display (Torralbo & Beck, 2008; Beck & Kastner, 2008; McMains & Kastner, 2011).

Recent work has demonstrated that the strength with which top-down attention operates to

select a target is directly related to the amount of competition left unresolved by bottom-up

competition between objects in a scene (McMains & Kastner, 2011). With respect to the

current results, it is possible that increased inter-item competition in heterogeneous displays

may engender stronger top-down control, ultimately leading to less distraction by salient,

task-irrelevant information. This view is supported by a number of recent studies

demonstrating reduced attentional capture in heterogeneous relative to homogeneous search

arrays (e.g., Lamy & Tsal, 1999; Cosman & Vecera, 2009; 2010a; 2010b), as well as studies

showing that other manipulations that influence local competition modulate the likelihood of

distraction (Torralbo & Beck, 2008; Proulx & Egeth, 2006; Roper, Cosman, & Vecera,

submitted). However, we don’t wish to argue that either explicit, strategic factors or

differences in the scale of attention play no role in influencing attentional capture, but rather

that that the attentional control system likely relies on multiple bottom-up and top-down

factors that interact to determine capture in a given situation (see Cosman & Vecera, 2010a).

For example, Leber (2010) showed that in a homogeneous search task nearly identical to

that used here that the magnitude of attentional capture fluctuated in a predictable manner

with activity in brain regions that may contribute to cognitive control (middle frontal gyrus,

MFG; Leber, 2010). When MFG activity was relatively high, behavioral capture effects

were attenuated, and when MFG activity was relatively low, robust capture effects were

observed. Thus, it may be the case that display factors that lead to increases in, e.g., bottom-

up competition or differences in the scale of attention bias the effectiveness with which the

cognitive control system is able to use explicit top-down information regarding a particular

strategy or goal to overcome distraction by salient information.

Conclusions and future directions

Taken together, our results demonstrate a central role for contextual information in the

acquisition and implementation of specific attentional sets, and complement recent work

showing effects of task-specific learning on attentional control and capture (e.g., Leber et al.

2006a; 2006b; 2009; Kelley & Yantis, 2008; Anderson et al., 2011) by providing one

possible mechanism through which these learned control effects may operate. This suggests

that other attributes central to long-term memory representations may similarly influence the

efficiency and effectiveness with which attentional control processes operate, and future

work should focus on determining precisely which factors are critical for driving these

learned influences on control. For example, it isn’t clear whether the effects demonstrated

here are the result of categorical processes (i.e., at the level of “forest” or “city street”

categories) or instead are exemplar specific; in other words, does the category of a scene act
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as a contextual cue, or can the identities of individual scenes themselves drive these effects.

Similarly, the time course of our effects are unknown, and it may be the case that, as in

spatial contextual cueing, observers require sufficient time to process the scenes before

context can influence the implementation of a specific attentional set (e.g., see Kunar,

Flusberg, & Wolfe, 2008). Finally, although explicit strategies don’t appear to be necessary

for generating the context effects demonstrated here, understanding how explicit control

may modulate these effects may provide critical information regarding which memory

systems are important to their emergence. Regardless of the exact mechanisms involved, the

current work demonstrates that longer-term non-spatial contextual memory can directly

influence attentional capture, and more precisely characterizing the relationship between

long-term memory and attentional control provides a fruitful avenue for future research.

References

Anderson BA, Laurent PA, Yantis S. Value-driven attentional capture. Proceedings of the National

Academy of Sciences. 2011; 108:10367–71.

Awh E, Jonides J, Reuter-Lorenz PA. Rehearsal in spatial working memory. Journal of experimental

psychology. Human Perception and Performance. 1998; 24:780–90. [PubMed: 9627416]

Awh E, Matsukura M, Serences JT. Top-down control over biased competition during covert spatial

orienting. Journal of Experimental Psychology: Human Perception and Performance. 2003; 29:52–

63. [PubMed: 12669747]

Bacon WF, Egeth HE. Overriding stimulus-driven attentional capture. Perception & Psychophysics.

1994; 55:485–96. [PubMed: 8008550]

Beck DM, Kastner S. Stimulus context modulates competition in human extrastriate cortex. Nature

Neuroscience. 2005; 8:1110–16.

Belopolsky AV, Theeuwes J. No capture outside the attentional window. Vision Research. 2010;

50:2543–50. [PubMed: 20807547]

Bravo M, Nakayama K. The role of attention in different visual search tasks. Perception and

Psychophysics. 1992; 51:465–472. [PubMed: 1594436]

Brooks DI, Rasmussen IP, Hollingworth A. The nesting of search contexts within natural scenes:

evidence from contextual cuing. Journal of Experimental Psychology. Human Perception and

Performance. 2010; 36:1406–18. [PubMed: 20731525]

Bundesen C. A theory of visual attention. Psychological Review. 1990; 97:523–47. [PubMed:

2247540]

Bundesen, Claus; Habekost, T.; Kyllingsbaek, S. A neural theory of visual attention: bridging

cognition and neurophysiology. Psychological Review. 2005; 112:291–328. [PubMed: 15783288]

Carlisle NB, Arita JT, Pardo D, Woodman GF. Attentional templates in visual working memory. The

Journal of Neuroscience. 2011; 31:9315–22. [PubMed: 21697381]

Chun MM, Jiang Y. Contextual cueing: implicit learning and memory of visual context guides spatial

attention. Cognitive Psychology. 1998; 36:28–71. [PubMed: 9679076]

Cohen, NJ.; Eichenbaum, H. Memory, Amnesia, and the Hippocampal System. Memory, Amnesia,

and the Hippocampal System. Cambridge, MA: MIT Press; 1993.

Cosman JD, Vecera SP. Perceptual load modulates attentional capture by abrupt onsets. Psychonomic

Bulletin & Review. 2009; 16:404–10. [PubMed: 19293114]

Cosman JD, Vecera SP. Attentional capture under high perceptual load. Psychonomic Bulletin &

Review. 2010a; 17:815–20. [PubMed: 21169574]

Cosman JD, Vecera SP. Attentional capture by motion onsets is modulated by perceptual load.

Attention, Perception, & Psychophysics. 2010b; 72:2096–2105.

Cosman JD, Vecera SP. The contents of visual working memory reduce uncertainty during visual

search. Attention, Perception & Psychophysics. 2011a; 73:996–1002.

Cosman JD, Vecera SP. Experience-dependent control over distraction is disrupted following medial

temporal lobe damage. Manuscript submitted for publication. submitted.

Cosman and Vecera Page 17

J Exp Psychol Hum Percept Perform. Author manuscript; available in PMC 2014 February 14.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Davachi L. Item, context and relational episodic encoding in humans. Current Opinion in

Neurobiology. 2006; 16:693–700. [PubMed: 17097284]

de Fockert J, Rees G, Frith C, Lavie N. Neural correlates of attentional capture in visual search.

Journal of Cognitive Neuroscience. 2004; 16:751–9. [PubMed: 15200703]

Desimone R, Duncan J. Neural mechanisms of selective visual attention. Annual Review of

Neuroscience. 1995; 18:193–222.

Downing PE. Interactions between visual working memory and selective attention. Psychological

Science. 2000; 11:467–73. [PubMed: 11202491]

Duncan J, Humphreys GW. Visual search and stimulus similarity. Psychological Review. 1989;

96:433–58. [PubMed: 2756067]

Folk CL, Remington RW, Johnston JC. Involuntary covert orienting is contingent on attentional

control settings. Journal of Experimental Psychology: Human Perception and Performance. 1992;

18:1030–1044. [PubMed: 1431742]

Folk, Charles L.; Leber, AB.; Egeth, HE. Made you blink! Contingent attentional capture produces a

spatial blink. Perception & Psychophysics. 2002; 64:741–53. [PubMed: 12201333]

Fukuda K, Vogel EK. Human variation in overriding attentional capture. Journal of Neuroscience.

2009; 29:8726–33. [PubMed: 19587279]

Fukuda K, Vogel EK. Individual differences in recovery time from attentional capture. Psychological

Science. 2011; 22:361–8. [PubMed: 21310945]

Geyer T, Zehetleitner M, Muller HJ. Positional priming of popout: a relational encoding account.

Journal of Vision. 2010; 10:1–17. [PubMed: 20462304]

Godden DR, Baddeley AD. Context-dependent memory in two natural environments: on land and

underwater. British Journal of Psychology. 1975; 66:325–331.

Hannula DE, Ranganath C. The eyes have it: Hippocampal activity predicts expression of memory in

eye movements. Neuron. 2009; 63:592–599. [PubMed: 19755103]

Kane MJ, Engle RW. Working-memory capacity and the control of attention: The contributions of

goal neglect, response competition, and task set to Stroop interference. Journal of Experimental

Psychology: General. 2003; 132:47–70. [PubMed: 12656297]

Kawahara JI. Identifying a “default” visual search mode with operant conditioning. Acta Psychologica.

2010; 135:38–49. [PubMed: 20635466]

Kelley TA, Yantis S. Learning to attend_: Effects of practice on information selection. Journal of

Vision. 2009; 9:1–18.

Kunar MA, Flusberg SJ, Wolfe JM. Contextual cuing by global features. Perception & Psychophysics.

2006; 68:1204–16. [PubMed: 17355043]

Kunar MA, Flusberg SJ, Wolfe JM. Time to guide: Evidence for delayed attentional guidance in

contextual cueing. Visual Cognition. 2008; 16:804–825. [PubMed: 18846248]

Lamy D, Tsal Y. A salient distractor does not disrupt conjunction search. Psychonomic Bulletin &

Review. 1999; 6:93–98. [PubMed: 12199317]

Lamy D, Carmel T, Egeth H, Leber A. Effects of search mode and inter-trial priming on singleton

search. Perception and Psychophysics. 2006; 68:919–932. [PubMed: 17153188]

Lavie N, Fockert JD. Frontal control of attentional capture in visual search. Visual Cognition. 2006;

14:863–876.

Leber AB, Egeth HE. It’s under control: top-down search strategies can override attentional capture.

Psychonomic Bulletin & Review. 2006a; 13:132–8. [PubMed: 16724780]

Leber AB, Egeth HE. Attention on autopilot: Past experience and attentional set. Visual Cognition.

2006b; 14:565–583.

Leber AB, Kawahara JI, Gabari Y. Long-term abstract learning of attentional set. Journal of

Experimental Psychology. Human Perception and Performance. 2009; 35:1385–97. [PubMed:

19803644]

Leber AB. Neural predictors of within-subject fluctuations in attentional control. Journal of

Neuroscience. 2010; 30:11458–11465. [PubMed: 20739567]

Cosman and Vecera Page 18

J Exp Psychol Hum Percept Perform. Author manuscript; available in PMC 2014 February 14.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Lee ACH, Bussey TJ, Murray EA, Saksida LM, Epstein RA, Kapur N, et al. Perceptual deficits in

amnesia: Challenging the medial-temporal lobe “mnemonic” view. Neuropsychologia. 2005;

43:1–11. [PubMed: 15488899]

Logan GD. An instance theory of attention and memory. Psychological Review. 2002; 109:376–400.

[PubMed: 11990323]

Logan GD. Toward an instance theory of automatization. Psychological Review. 1988; 95:492–527.

Mayr U, Bryck RL. Sticky rules: integration between abstract rules and specific actions. Journal of

Experimental Psychology. Learning, Memory, and Cognition. 2005; 31:337–50.

McMains S, Kastner S. Interactions of top-down and bottom-up mechanisms in human visual cortex.

Journal of Neuroscience. 2011; 31:587–97. [PubMed: 21228167]

Munneke J, Heslenfeld DJ, Theeuwes J. Spatial working memory effects in early visual cortex. Brain

and Cognition. 2010; 72:368–77. [PubMed: 19962813]

Newell, A.; Rosenbloom, PS. Mechanisms of skill acquisition and the law of practice. In: Anderson,

JR., editor. Cognitive skills and their acquisition. Hillsdale, NJ: Erlbaum; 1981. p. 1-55.

Norman, DA.; Shallice, T. Attention to action: Willed and automatic control of behaviour. In:

Davidson, RJ.; Schwartz, GE.; Shapiro, D., editors. Consciousness and self-regulation. Advances

in research and theory. Vol. 4. New York: Plenum Press; 1986. p. 1-18.

Nothdurft H. The role of features in preattentive vision: Comparison of orientation, motion and color

cues. Vision Research. 1993; 33:1937–1958. [PubMed: 8249312]

Olivers CNL. Long-term visual associations affect attentional guidance. Acta Psychologica. 2010;

137:243–247. [PubMed: 20673859]

Olivers CNL, Meijer F, Theeuwes J. Feature-based memory-driven attentional capture: visual working

memory content affects visual attention. Journal of Experimental Psychology. Human Perception

and Performance. 2006; 32:1243–65. [PubMed: 17002535]

Pashler H. Cross-dimensional interaction and texture segregation. Perception & Psychophysics. 1988;

43:307–318. [PubMed: 3362658]

Proulx MJ, Egeth HE. Target-nontarget similarity modulates stimulus-driven control in visual search.

Psychonomic Bulletin & Review. 2006; 13:524–9. [PubMed: 17048741]

Proulx MJ. Individual differences and metacognitive knowledge of visual search strategy. PLoS One.

2011; 6:1–7.

Reynolds JH, Chelazzi L, Desimone R. Competitive mechanisms subserve attention in macaque areas

V2 and V4. Journal of Neuroscience. 1999; 19:1736–53. [PubMed: 10024360]

Reynolds JH, Desimone R. Interacting roles of attention and visual salience in V4. Neuron. 2003;

37:853–63. [PubMed: 12628175]

Roper Z, Cosman JD, Vecera SP. Perceptual load corresponds to known factors influencing visual

search. Manuscript submitted for publication.

Ryan JD, Althoff RR, Whitlow S, Cohen NJ. Amnesia is a Deficit in Relational Memory.

Psychological Science. 2000; 11:454–461. [PubMed: 11202489]

Schneider W, Shiffrin RM. Controlled and automatic human information processing: I. Detection,

search, and attention. Psychological Review. 1977; 84:1–66.

Shiffrin RM, Schneider W. Controlled and automatic human information processing: II. Perceptual

learning, automatic attending, and a general theory. Psychological Review. 1977; 84:127–190.

Smith SM, Vela E. Environmental context-dependent memory: a review and meta-analysis.

Psychonomic Bulletin & Review. 2001; 8:203–20. [PubMed: 11495110]

Soto D, Heinke D, Humphreys GW, Blanco MJ. Early, involuntary top-down guidance of attention

from working memory. Journal of Experimental Psychology. Human Perception and Performance.

2005; 31:248–61. [PubMed: 15826228]

Theeuwes J. Exogenous and endogenous control of attention: the effect of visual onsets and offsets.

Perception & Psychophysics. 1991; 49:83–90. [PubMed: 2011456]

Theeuwes J. Perceptual selectivity for color and form. Perception & Psychophysics. 1992; 51:599–

606. [PubMed: 1620571]

Theeuwes J. Endogenous and exogenous control of visual selection. Perception. 1994; 23:429–440.

[PubMed: 7991343]

Cosman and Vecera Page 19

J Exp Psychol Hum Percept Perform. Author manuscript; available in PMC 2014 February 14.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Theeuwes J, Burger R. Attentional control during visual search: the effect of irrelevant singletons.

Journal of Experimental Psychology. Human Perception and Performance. 1998; 24:1342–53.

[PubMed: 9778827]

Theeuwes J. Top-down search strategies cannot override attentional capture. Psychonomic Bulletin &

Review. 2004; 11:65–70. [PubMed: 15116988]

Theeuwes J. Top-down and bottom-up control of visual selection. Acta Psychologica. 2010; 135:77–

79. [PubMed: 20507828]

Thompson C, Underwood G, Crundall D. Previous attentional set can induce an attentional blink with

task-irrelevant initial targets. Quarterly Journal of Experimental Psychology. 2007; 60:1603–9.

Torralbo A, Beck DM. Perceptual-load-induced selection as a result of local competitive interactions

in visual cortex. Psychological Science. 2008; 19:1045–50. [PubMed: 19000216]

Warren DE, Duff MC, Tranel D, Cohen NJ. Observing degradation of visual representations over short

intervals when medial temporal lobe is damaged. Journal of Cognitive Neuroscience. 2011;

23:3862–73. [PubMed: 21736458]

Woodman GF, Luck SJ. Do the contents of visual working memory automatically influence attentional

selection during visual search? Journal of Experimental Psychology. Human Perception and

Performance. 2007; 33:363–77. [PubMed: 17469973]

Woodman GF, Luck SJ, Schall JD. The role of working memory representations in the control of

attention. Cerebral cortex. 2007; 17:118–24.

Woodman GF, Arita JT. Direct electrophysiological measurement of attentional templates in visual

working memory. Psychological Science. 2011; 22:212–5. [PubMed: 21193780]

Wright DL, Shea CH. Contextual dependencies in motor skills. Memory & Cognition. 1991; 19:361–

370. [PubMed: 1895946]

Yantis S, Jonides J. Abrupt visual onsets and selective attention: voluntary versus automatic allocation.

Journal of Experimental Psychology. Human Perception and Performance. 1990; 16:121–34.

[PubMed: 2137514]

Yantis, S. Control of cognitive processes: Attention and performance. Vol. XVIII. The MIT Press;

2000. Goal-Directed and Stimulus-Driven Determinants of Attentional Control; p. 73-103.

Yantis S. The Neural Basis of Selective Attention: Cortical Sources and Targets of Attentional

Modulation. Current Directions in Psychological Science. 2008; 17:86–90. [PubMed: 19444327]

Cosman and Vecera Page 20

J Exp Psychol Hum Percept Perform. Author manuscript; available in PMC 2014 February 14.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



Figure 1.
An example of the stimuli and design employed in Experiment 1. During training, observers

searched for either the circle (feature search condition) or the “different shaped” item

(singleton search condition) in separate blocks of trials. Each set was associated with a

specific class of task-irrelevant scene (forest vs. city street scenes), counterbalanced across

observers. During testing observers searched for a constant target (a circle) among

homogeneous non-targets, and thus either attentional set could be employed. Of interest was

whether the presentation of scenes associated with specific attentional sets during training

would cause observers to employ the associated set when the scene was encountered during

the testing session.
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Figure 2.
Reaction time data and error rates (bottom of each column) for each condition in the testing

session of Experiment 1. During the testing session, observers always searched for a circle

among homogeneous diamond non-targets. The search arrays were embedded either within

scenes that had been associated with a feature set or singleton set during the training session.

Error bars represent 95% within-subjects confidence intervals (Loftus & Masson, 1994;

Morey, 2008).
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Figure 3.
Reaction time data and error rates (bottom of each column) for each condition in the testing

session of Experiment 2. During the testing session, observers always searched for a circle

among homogeneous diamond non-targets. The search arrays were embedded either within

scenes that had been associated with a heterogeneous or homogeneous search display during

the training session. Error bars represent 95% within-subjects confidence intervals (Loftus &

Masson, 1994; Morey, 2008).
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Table 1

Mean RT and error rate for the training session of Experiment 1

Attentional Set

Distractor Absent Distractor Present

Mean SD Mean SD

Feature

 RT 773 94 788 110

 % E 6 3 5 3

Singleton

 RT 999 75 1056 91

 % E 6 6 8 6
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Table 2

Mean RT and error rate for the training session of Experiment 2

Display Type

Distractor Absent Distractor Present

Mean SD Mean SD

Heterogeneous

 RT 663 95 669 87

 % E 5 4 5 3

Homogeneous

 RT 649 83 659 91

 % E 5 4 5 4
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Table 3

Experiment 2 training session RT data as a function of previous trial

Display Type Distractor Absent RT Distractor Present RT Capture Effect

Homogeneous

 Preceded by Heterogeneous 649 649 0

 Preceded by Homogeneous 640 664 24*

Heterogeneous

 Preceded by Heterogeneous 658 664 6

 Preceded by Homogeneous 664 667 3

*
p<.05
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