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The Role of Inhibition in Avoiding Distraction by Salient Stimuli

Nicholas Gaspelin1,2 and Steven J. Luck1

1University of California, Davis

2Binghamton University, State University of New York

Abstract

Researchers have long debated whether salient stimuli can involuntarily “capture” visual attention. 

Here we review evidence for a recently discovered inhibitory mechanism that may help resolve 

this debate. This evidence suggests that salient stimuli naturally attempt to capture attention, but 

capture can be avoided if the salient stimulus is suppressed before it captures attention. 

Importantly, the suppression process can be more or less effective as a result of changing task 

demands or lapses in cognitive control. Converging evidence for the existence of this suppression 

mechanism comes from multiple sources, including psychophysics, eye-tracking, and event-related 

potentials. We conclude that the evidence for suppression is strong, but future research will need to 

explore the nature and limits of this mechanism.
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A New Role for Inhibition in the Guidance of Visual Attention

In daily life, certain types of visual stimuli seem to automatically attract our attention. For 

example, Figure 1a shows a red cardinal in a homogeneous background of green leaves. 

Phenomenologically, the red cardinal “pops out” from the scene, generating the impression 

that it automatically captures attention. This leads to a conundrum: If salient objects 

automatically attract visual attention, then our attention would constantly be captured by 

irrelevant information, making it difficult for us to achieve our goals. However, if these 

stimuli do not automatically capture attention, then why does the red cardinal in Figure 1a 

seem to pop out? And why are brightly colored stimuli used as visual warning signals for 

traffic signs, slippery floors, and building exits (Figure 1b)?

Correspondence concerning the article should be directed to Nicholas Gaspelin, Department of Psychology, Binghamton University, 
State University of New York, P.O. Box 6000, Binghamton, NY, 13902-6000, gaspelin@binghamton.edu.
Nicholas Gaspelin, Department of Psychology, Binghamton University, State University of New York; Steven J. Luck, Center for 
Mind and Brain, University of California, Davis

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Trends Cogn Sci. Author manuscript; available in PMC 2019 January 01.

Published in final edited form as:
Trends Cogn Sci. 2018 January ; 22(1): 79–92. doi:10.1016/j.tics.2017.11.001.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The purpose of the current paper is to review the burgeoning research suggesting that 

inhibitory processes play a key role in the avoidance of visual distraction. We review several 

recent advances in the understanding of this suppressive process using psychophysical, eye 

tracking, and electrophysiological techniques. We also note some limitations of the existing 

research and provide suggested directions for future research.

The Attention Capture Debate

Researchers studying attention capture (see Glossary) aim to determine if, when, and how 

certain types of stimuli involuntarily attract visual attention (see Box 1 for explanations of 

key terms). Knowing the answer to this question would allow us to design more effective 

visual warning signals in applied settings and develop more accurate basic science models of 

visual search. However, solving the riddle of attention capture has been a devilishly difficult 

undertaking – one fraught with perplexing empirical discrepancies and thorny theoretical 

issues.

Theories of attention capture have traditionally been divided into two competing classes. 

According to stimulus-driven theories, physically salient objects will capture attention, 

regardless of the observer’s intentions [1–3]. For example, imagine a pedestrian searching 

for a blue storefront sign. According to stimulus-driven theories, a bright yellow door would 

automatically capture the pedestrian’s attention, even though it is definitely not what the 

pedestrian is looking for. Several types of visual features have been proposed to capture 

attention. Here we focus on uniquely colored objects in relatively homogenous backgrounds 

(called color singletons, like the cardinal and stop sign in Figure 1) [4–6].

Stimulus-driven theories of attention capture have been supported by studies demonstrating 

that color singletons interfere with visual search even when participants know they are task-

irrelevant [4,7,8]. For example, in the additional singleton paradigm, participants search for 

a circle target amongst diamonds and make a speeded response regarding the orientation of a 

line inside the target (Figure 2a). On some trials, one of the items is a color singleton. The 

target is never the color singleton, and the participants are told they can ignore the singleton, 

but its presence slows task performance under certain conditions. That is, response times 

(RTs) may be slower for stimulus arrays containing the singleton compared to singleton-

absent arrays (called a singleton presence cost). This is taken as evidence that the color 

singleton captured visual attention, temporarily disrupting visual search (but see [9,10]).

However, not all researchers agree that physically salient stimuli automatically capture 

visual attention. According to goal-driven theories, only stimuli that match the features of 

the search target will capture attention [11–15]. Put another way, a salient stimulus has no 

intrinsic ability to attract attention and will capture attention only if it matches what the 

observer is “looking for” (the observer’s attentional set). Consider again the pedestrian 

searching for a blue storefront sign. According to goal-driven theories, other blue objects in 

the scene might capture attention – such as a blue sports car or a blue umbrella on a street-

side café table. This is sometimes called “contingent capture” because capture is a 

contingent on the pedestrian’s goals and yet runs counter what the pedestrian is actually 

trying to accomplish (and is therefore involuntary; [11]). It is important to note that, 
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according to these models, physically salient items that fall outside of the pedestrian’s 

attentional set, such as a bright yellow door, will not capture attention.

Goal-driven theories are supported by studies demonstrating that the observer’s attentional 

set impacts whether salient stimuli capture attention [11–15]. For example, in the previously 

mentioned additional singleton paradigm, the target was itself a shape singleton because it 

appeared amongst homogenously shaped distractors (Figure 2a). Thus, it is plausible that 

participants established an attentional set for singletons more generally. In turn, this 

singleton detection mode causes the irrelevant color singleton to capture attention [6,12]. 

Consistent with this proposal, singleton presence costs can be eliminated by modifying the 

stimuli so that participants cannot find the target by looking for a singleton and must instead 

search for a specific feature value (called feature search mode) [12,16].

At face value, stimulus-driven and goal-driven theories make opposite predictions about 

when to expect attention capture, but these competing theoretical perspectives have 

flourished for over two decades. Problematically, each side has developed several “escape 

hatches” that allow them to explain away seemingly incompatible results (e.g., [1,8,9,17]). 

This has made the theories difficult to falsify, leading to an empirical stalemate. It is clear 

that top-down goals have an impact on attention capture, but there are many circumstances 

where irrelevant salient items seem to capture attention. The field desperately needs to move 

toward a coherent resolution of this debate.

Suppression as a Step Forward in the Attention Capture Debate

One potential resolution is to propose that physically salient stimuli do have an intrinsic 

ability to attract attention, but that inhibitory processes can suppress these stimuli if 

participants exert cognitive control. Initial evidence that salient stimuli may sometimes be 

suppressed came from a study of macaque monkeys which indicated that gaze was actually 

inhibited from moving to salient items ([18]; described in more detail below). This was 

followed by an event-related potential (ERP) study that led to the development of the signal 
suppression hypothesis [19], which states that attention capture can be prevented by a top-

down inhibitory mechanism. If unsuppressed, salient stimuli will automatically capture 

visual attention, which is consistent with stimulus-driven theories. This is inconsistent with 

goal-driven theories, which predict that capture occurs only when an item matches the 

attentional set and is not triggered by physical salience alone. However, the signal 

suppression model also predicts that singletons will fail to capture attention when these 

stimuli are suppressed, which is consistent with goal-driven theories (and many experiments 

in which no capture is observed [11–14]). This is inconsistent with stimulus-driven theories, 

which propose that the initial shift of visual attention is guided entirely by salience.

To better understand how suppression and capture might interact, it might first help to 

review some basic assumptions about how visual attention is guided (Figure 3). Researchers 

generally assume that the visual system first parses search displays into feature maps, which 

represent the locations of specific feature values. Separate feature maps are constructed for 

different feature dimensions, such as color and shape [20–24]. From these feature maps, an 

attentional priority map is constructed, where items with a higher priority are more likely to 
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be attended first. Stimulus-driven theories predict that color singletons will have a high 

priority, thus attracting the initial shift of attention. Goal-driven theories predict that items 

matching the attentional set will have a high priority, thus attracting attention. The signal 

suppression hypothesis agrees with stimulus-driven theories that color singletons will 

ordinarily have a high priority and therefore capture attention. However, it also proposes that 

a top-down inhibitory mechanism can suppress this item (assuming that the participants are 

in a state of good attentional control), preventing capture of attention by the singleton. 

Moreover, if the singleton is sufficiently suppressed, processing at the location of the 

singleton should be reduced below baseline levels of processing.

A crucial feature of the signal suppression hypothesis is that inhibition of the salient 

singleton is enacted before the initial shift of visual attention (see Box 2). One might 

suppose that a salient item cannot be suppressed without first being selected by some kind of 

attentional mechanism. However, we propose that suppression can guided by preattentive 

feature information and therefore occurs prior to the transmission of information to the 

priority map [25]. This notion of attentional guidance is not new or particularly controversial 

– it is a key feature of many models of visual search [21,24].

It is not yet known whether suppression is the result of an intentional strategy or occurs 

involuntarily as a result of previous encounters with salient distractors. A large line of 

research suggests that factors such as scene context [26] or implicit knowledge about the 

previous trial [27,28] can play a surprisingly large role in the size of observed capture effects 

(called selection history; for a review, see [29]). The signal suppression hypothesis is 

currently agnostic about whether suppression arises automatically from selection history, 

and this will be an important question for future research (see the Outstanding Questions 

box).

Evidence for Suppression of Salient Singletons

The signal suppression hypothesis postulates a new inhibitory mechanism, and this section 

reviews the converging evidence for this mechanism from electrophysiological, eye tracking 

and behavioral studies.

The PD Component

Early support for the signal suppression hypothesis came from ERP studies use of the N2pc 

and PD components. The N2pc component is an electrophysiological index of the covert 

deployment of visual attention [30–34]. It is a negative-going deflection observed over the 

visual cortex contralateral to an attended object, typically beginning 150–200 ms after 

stimulus onset [35,36]. The PD component is much like the opposite of the N2pc 

component. Whereas N2pc is a negative potential contralateral to a to-be-attended stimulus, 

the PD is a positive potential contralateral to a to-be-ignored stimulus. An early study 

postulated that this lateralized positivity reflects suppression of distracting stimuli during 

visual search [37].

Later studies showed that the PD component is observed when a salient color singleton fails 

to capture attention. For example, in one study, participants reported whether a specific 
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target letter (e.g., a large A) was present or absent within an array of several letters ([19]; 

Figure 4a). The target letter elicited an N2pc, indicating that it attracted visual attention. A 

salient color singleton was present on some trials, which one might expect to capture 

attention. However, the singleton elicited no N2pc and instead elicited a PD component. This 

was interpreted as evidence that the singleton was suppressed, preventing attention capture. 

Many studies have corroborated this basic pattern of results: under conditions where 

singletons elicit a PD component, it typically is not followed by an N2pc component [38–

44].

Associating a neural signal with an underlying cognitive operation can be difficult [45,46]. 

To illustrate, consider this puzzling fact: some studies find that salient singletons elicit both a 

PD and an N2pc in the same ERP waveform [40,47–53]. At face value, this pattern of results 

seems paradoxical because, on the one hand, the singleton seems to capture attention 

(indexed by the N2pc) and yet, on the other hand, the singleton seems to be suppressed 

(indexed by the PD). If suppression prevents capture, how could such a result occur? One 

might argue that the PD indexes some other cognitive process than suppression, such as a 

salience signal from the singleton [54–56]. But other accounts could explain these results 

while still maintaining that the PD reflects suppression. For example, perhaps the singleton 

was suppressed, but not enough to prevent capture. Or perhaps capture and suppression 

happen on different trials [57] or in different participants [58,59], producing both an N2pc 

and a PD in the grand average even though they never occurred on the same trial. Finally, in 

many cases the N2pc is followed by a PD component [40,51–53,60], which may reflect a 

suppressive process that returns attention back to a neutral state after an episode of 

attentional focusing is complete [61] (but see [62]). As a result, multiple sources of 

converging evidence will be needed to determine what specific process is reflected by the PD 

component.

There is some preliminary evidence suggesting that the PD component specifically indexes 

suppression. First, in visual search tasks, the magnitude of the PD component is larger on 

trials with faster RTs [38,39], consistent with the idea that effective suppression of the 

singleton allows participants to quickly locate the target. Second, in a study that 

concurrently measured ERPs and eye movements, the PD component was elicited only on 

trials where gaze shifted directly to the target, but not on trials where gaze was initially 

captured by the singleton [57]. Third, groups of individuals with good attentional control 

demonstrate a large PD component to salient items, whereas groups of individuals with poor 

control exhibit an N2pc ([63,64]). All of these lines of evidence are consistent with the 

hypothesis that the PD component reflects a suppressive process. However, it cannot be 

assumed that all contralateral positivities reflect the same underlying PD component [46,65], 

and future research is needed to definitively link the PD component with processes of 

attentional suppression.

Behavioral and Oculomotor Evidence for Suppression

Although the PD experiments have suggested that salient items are suppressed, these studies 

are not entirely conclusive because they lacked direct evidence that processing at the 

singleton location was actually inhibited below baseline levels of processing. Recent studies 
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have addressed this shortcoming by developing behavioral and eye tracking paradigms that 

assess the processing of each item in the stimulus array.

The capture-probe paradigm is used to assess suppression of covert attention by intermixing 

two types of trials (see Figure 4b). On search trials, participants perform a typical attention 

capture task: they search for a target item (e.g., a green diamond) and make a speeded 

response regarding the location of a dot inside this shape (left or right). On some trials, a 

color singleton appears at a nontarget location. The key to this paradigm is that probe trials 

are randomly intermixed with the search trials. On probe trials, letters briefly appear inside 

each search object, followed by a mask. On these trials, participants do not have to locate the 

target and instead report as many letters as possible. The probability that the letter at a given 

location is reported is used as a measure of the processing at that location. That is, 

participants should be more likely to report letters that appeared at attended objects and less 

likely to report letters at suppressed objects (as previously validated by [66,67]). Note that 

because probe trials are rare and randomly intermixed with search trials, participants shift 

attention in the same manner on both search and probe trials.

This paradigm has been used under conditions that promote capture (by encouraging 

singleton detection mode) and under conditions that discourage capture (by encouraging 

feature search mode). Under conditions that promote capture (as in Figure 2a), probe report 

accuracy was higher for the letter at the location of the color singleton than for letters at 

nonsingleton distractor locations. This provides an important validation of the probe method. 

However, under conditions that discouraged capture (as in Figure 2b), probe report accuracy 

was lower for the letter at the location of the color singleton than for letters at the 

nonsingleton distractor locations (a probe suppression effect). This clearly demonstrates 

that processing at the singleton location is reduced relative to baseline levels of processing.

A second paradigm uses eye tracking to assess the suppression of overt attention (see Figure 

4c). This paradigm is much like the capture-probe paradigm, except that no probe trials are 

included and the search displays are designed to encourage eye movements (e.g., search 

items appear at a greater eccentricity, and participants report the orientation of a small tilted 

line inside the target). The landing position of the first eye movement is used to assess the 

level of processing at each location. If the singleton is suppressed, gaze should be less likely 

to be directed to the singleton than to the nonsingleton distractor items (an oculomotor 
suppression effect).

This paradigm has been used in both humans and macaque monkeys [18,25,68]. In both 

species, the first eye movement was less likely to go to the color singleton than to a given 

nonsingleton distractor (under conditions that discouraged capture, as in Figure 2b). In other 

words, gaze selectively avoided the singleton, consistent with an interpretation that this 

location was suppressed. This oculomotor suppression effect occurred even for the fastest 

subset of eye movements, suggesting that suppression was initiated rapidly (see Box 2 for a 

discussion of the time course of suppression).

Another line of evidence suggesting that salient items are suppressed comes from response 

times in the additional singleton paradigm (e.g., Figure 2b). Mean response times are 
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sometimes faster on singleton-present trials than on singleton-absent trials [25,68–70]. This 

singleton presence benefit presumably indicates that the suppressed singleton was excluded 

from visual search, effectively decreasing number of items to be searched. Other capture 

paradigms show analogous effects on mean response time when salient items might be 

inhibited. For example, in the spatial cuing paradigm, participants are sometimes faster to 

respond on trials where a salient cue appears at a nontarget location than when it appears at a 

target location [27,71,72].

Mechanisms of Suppression

Now that we have established the converging evidence for suppression, we will review some 

potential mechanisms by which the visual system might determine which items in a given 

stimulus array should be suppressed. As illustrated in Figure 3, we distinguish between three 

classes of models. According to first-order feature suppression models, the visual system 

inhibits items on the basis of their individual feature values. For example, if observers are 

repeatedly exposed to a green singleton that is never the target, they may learn to suppress 

green items. According to second-order feature models, however, the visual system requires 

no information about the specific feature value of to-be-suppressed salient item. Instead, the 

salient item is suppressed on the basis of its status as a feature discontinuity (which is a 

second-order stimulus feature; [73–75]). For example, if observers are repeatedly exposed to 

a green singleton that is never the target, they may learn to suppress any feature 

discontinuity on the color feature map. Finally, according to global salience models, 

participants may simply suppress items with a high weighting in the attentional priority map.

A key difference is that first-order feature suppression models posit the observer requires 

foreknowledge about the specific feature value of the to-be-ignored item, whereas the other 

models predict that singletons can be suppressed even if the particular color of the singleton 

is not known in advance. Most prior studies of suppression have held the feature value of the 

to-be-ignored item constant across the experimental session (e.g., [38,63,64,68,69,76]), 

making it impossible to determine whether featural foreknowledge is necessary for 

suppression.

A simple way to distinguish between these models is to randomly swap the singleton and 

nonsingleton colors across trials, making it impossible for observers to know which color to 

suppress (e.g., the arrays could sometimes contain a green singleton amongst red 

nonsingleton items and sometimes contain a red singleton amongst green nonsingleton 

items). For both the probe-suppression and eye tracking paradigms shown in Figure 4, 

suppression was eliminated when the singleton and nonsingleton colors swapped randomly 

trial-by-trial. Indeed, significant capture of attention by the singleton was obtained under 

these conditions, even though the tasks were designed to discourage capture via feature 

search mode. These results are consistent with first-order feature suppression models but 

inconsistent with the second-order feature suppression model and the global salience 

suppression models. In other words, suppression appears to be possible only when the 

observer knows in advance the features of the to-be-suppressed item.
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Other evidence supporting first-order feature suppression models comes from studies 

demonstrating that the ability to avoid color singletons develops as gradually as participants 

gain experience with the specific feature value of the singleton [25,70,77,78]. For example, 

in one study, participants performed a behavioral capture paradigm where the color of the 

singleton remained constant for a block of 48 trials and then changed to a new color for the 

next block (with the nonsingleton color remaining constant across the entire session)[70]. A 

singleton presence cost was observed in the first half of each block with a given singleton 

color, indicating that the singleton captured attention. However, the singleton presence cost 

was eliminated in the second half of each block, suggesting that participants learned to 

suppress the singleton. The capture returned when the singleton color changed in the next 

block, indicating that the specific color of the singleton was being used in the prior block to 

determine which item should be suppressed. Even stronger evidence was obtained in an eye 

tracking version of this paradigm [25], which made it possible to determine whether the 

location of the singleton was suppressed below baseline levels. For the first few trials of a 

block of trials with a particular color (i.e., immediately after the color of the singleton 

changed), eye movements were biased toward the singleton (Figure 5; oculomotor capture). 

However, after many trials with a given singleton color, eye movements became biased away 
from the color singleton (oculomotor suppression). This is again consistent with the 

hypothesis that singletons are suppressed on the basis of their color and not on the basis of 

their status as singletons or their high levels of salience.

Despite clear evidence that suppression was based on first-order features in these 

experiments, other experiments suggest that, given enough practice, people may learn to 

suppress singletons even without foreknowledge of singleton color. First, in an experiment 

with over 2000 trials per participant, color singletons elicited a PD component even though 

the singleton and nonsingleton colors swapped randomly from trial to trial [19] (see also 

[43]). Second, similarly another study found that participants who were given experience 

with several different singleton colors did not exhibit capture by a singleton of a novel color 

[79]. However, neither of these studies provided direct evidence that the singleton location 

was suppressed below background levels, so additional research is needed to determine 

whether people can learn to suppress singletons without foreknowledge of the singleton’s 

color.

Relation to Traditional Models of Visual Search

Although the evidence for suppression of salient singletons is quite new, this idea is 

remarkably consistent with traditional models of visual search in which attention is assumed 

to be guided by simple features [21,23,24,80,81]. For example, Wolfe’s guided search theory 

[21] explicitly proposes that first-order featural information can be used to guide attention 

toward items containing task-relevant feature values (which would in turn bias attention 

away from color singletons). We call the prioritization of task-relevant features target-
feature upweighting [82] to highlight the distinction between this mechanism and 

mechanisms that involve directly suppressing the distractor features.

It is surprisingly difficult to empirically distinguish between target-feature upweighting and 

distractor-feature suppression. This is especially the case if one assumes that upweighting is 

Gaspelin and Luck Page 8

Trends Cogn Sci. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not necessarily applied to the exact feature values of the target but can be flexibly adjusted 

depending on the expected nontarget feature values. For example, the visual system may 

strategically boost values shifted away from the target value to increase discriminability 

between the target and the likely distractors [83–85]. Additionally, the visual system may 

boost large swaths of feature space rather than a narrow feature value [85]. With such 

modifications, target-feature upweighting can explain virtually any instance of reduced 

processing of a salient distractor. Consider, for example, the aforementioned eye-tracking 

task in which the singleton color was blocked (see Figure 5). When the singleton is pink, 

participants may adopt an attentional set for the target color that is shifted away from that 

value (e.g., bluish-green). If the singleton then changes to green, participants may be 

boosting a region of color space that includes the singleton color. After a few trials, they 

may adjust their attentional set to values shifted away from green (e.g., purplish-blue).

At first glance, this may seem like depressing news for the signal suppression model. But 

there is a hidden silver lining: Previous evidence for guidance of attention toward relevant 

feature values could instead be explained by the suppression of irrelevant feature values. 

This point was originally made by Anne Treisman during the debate between Guided Search 

and Feature Integration models [86]. The potential role of inhibition in visual search has also 

come to light in recent research on “templates for rejection” [87,88]. Note that suppression-

based accounts of selective attention could be especially successful if one assumes the same 

flexibility that we gave to upweighting models – that the visual system may inhibit features 

shifted away from the actual distractor value or may inhibit large swaths of the feature space.

Finally, it is worth mentioning that suppression and upweighting models are not mutually 

exclusive, and there is some evidence that both may operate concurrently to guide visual 

attention [84,89]. In short, the inhibition/upweighting problem will be an important issue, 

not only on future research on attention capture, but for all researchers who are interested in 

the guidance of visual attention (see Outstanding Questions). As far as we know, no widely 

accepted method exists for separating the contributions of suppression versus upweighting – 

developing such a method will be a crucial step for future research.

Concluding Remarks

The attention capture debate has been a challenging undertaking for visual attention 

researchers – one abound with perplexing empirical discrepancies and theoretical 

contradictions. Resolving this debate has abundant practical as well as theoretical 

implications, and for this reason, it has occupied many researchers for decades. There is now 

converging evidence from psychophysical, eye-tracking, and ERP studies suggesting that, 

when salient items fail to capture attention, performance at the singleton location is 

inhibited. This inhibitory mechanism is a new lead in the longstanding attention capture 

debate, but additional research is needed to determine the boundary conditions for this 

inhibitory mechanism and to determine its broader role in the guidance of visual selective 

attention.
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Glossary Box

Abrupt onset
An object that appears suddenly in an otherwise static image

Attention capture
The allocation of attention to an object involuntarily, whether or not this is directly 

consistent with the observer’s goals

Attentional set
A template for search that contains the target features (also called an attentional control 
setting). In layman’s terms, “what the participant was looking for.”

Color singleton
A uniquely colored object on a homogenously colored background

ERP
Event-related potential a neural response to a sensory or cognitive event that is extracted 

from the EEG (electroencephalogram).

Feature search mode
When an observer adopts an attentional set for a specific target-defining property (see also 

“singleton detection mode”)

Goal-driven theories
Theories proposing that the allocation of attention is driven solely by the match between a 

stimulus and the attentional set, with no special allocation of attention to physically salient 

stimuli (also called top-down theories)

N2pc
An ERP component that is a negative-going deflection in electrodes over visual cortex 

contralateral to the to-be-attended region of space. It is widely considered to be an index of 

attentional allocation. “N2” means that it’s part of the second major negative ERP response, 

and “pc” indicates that it is posterior and contralateral

Oculomotor capture
When eye movements are more likely to be directed to a task-irrelevant salient stimulus 

compared to some baseline measure of attentional allocation. In other words, when a 

physically salient item attracts gaze above chance levels

Oculomotor suppression
When first eye movements are less likely to be directed to a task-irrelevant salient stimulus 

compared to some baseline measure of attentional allocation
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PD (Distractor Positivity)
An ERP component that is a positive-going deflection observed at electrodes over visual 

cortex contralateral to a to-be-ignored object. This ERP component is a putative index of 

suppression

Probe suppression effect
In the capture-probe paradigm, when participants are less likely to report probe letters at the 

location of the singleton than at the nonsingleton distractors (i.e., performance at the 

singleton location is below baseline)

Relevance
How well a search item matches the viewer’s attentional set

Salience
The extent to which a given item is noticeable. This term is often restricted to cases in which 

the item is noticeable solely by virtue of its physical properties (termed physical salience), 

but it is sometimes used to for cases in which a stimulus is noticeable as a result of the 

observer’s prior experience (see Box 1 for more details)

Signal suppression hypothesis
A model of attention capture which proposes that salient stimuli generate a strong bottom-up 

salience signal, but that this salience signal can be suppressed by a top-down mechanism

Singleton detection mode
When an observer adopts an attentional set for any unique salient item (i.e., a broad 

attentional set for any type of singleton or “pop out” stimulus)

Singleton presence benefit
Faster RTs in a visual search task when a task-irrelevant singleton is present than when it is 

absent (which suggests that the singleton was suppressed, reducing the number of items to 

be searched)

Singleton presence cost
Slower RTs in a visual search task when a task-irrelevant singleton is present than when it is 

absent (which suggests that the singleton captured attention)

Stimulus-driven theories
Theories proposing that physically salient stimuli automatically capture attention in a 

manner that is not influenced by an observer’s goals (also called bottom-up theories)
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Box 1: Defining Attention, Capture, Automatic, Involuntary, and Salience

The term “attention” may refer to several different cognitive phenomena [90], but it is 

typically used in the attention capture literature as a shorthand for selective attention, a 

set of processes by which some stimuli receive greater processing resources or greater 

weight in decisions at the expense of others [91]. In the context of vision, selective 

attention may involve overt shifts of gaze to objects of interest or covert changes in the 

allocation of internal processing resources without eye movements [92,93].

Classically, shifts of both covert and overt attention are described as being driven either 

by top-down goals (e.g., the desire to find a red apple) or bottom-up sensory features 

(e.g., bright or moving objects). However, attention may also be driven by a variety of 

unconscious factors such as priming or reward associations that are internal (i.e., not 

solely a result of the current sensory input) but may work in opposition to the observer’s 

conscious goals. Together, these unconscious factors are termed reward and selection 

history [29,94]. The present review focuses mainly on goal-driven and sensory-driven 

allocation of attention because little research has examined suppression on the basis of 

reward and selection history [41].

Attention is said to be captured when it is directed to an object even though the observer 

has no goal of attending that object. Capture is said to be fully automatic when it is solely 

a result of stimulus properties and is not influenced by goals or experience (see also 

[95,96]). However, capture can be involuntary even if it is not fully automatic: Looking 

for a red apple may cause attention to be captured by a red shirt. In this case, the capture 

interferes with the observer’s goals (making it involuntary), but it is a consequence of the 

goals rather than being solely a result of the sensory properties of the red apple [11].

Stimuli that produce automatic attention capture are often described as “salient.” 

However, the term salience is also sometimes applied to stimuli that attract attention 

because of associations or previous experience (e.g., food, money). We use the phrase 

physical salience to denote salience that arises solely from the physical properties of the 

stimuli. Relevance, on the other hand, refers to how well an item matches a participant’s 

attentional set.
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Box 2: The Time Course of Attentional Suppression

The signal suppression hypothesis proposes that suppression of the salient item occurs 

before an initial shift of attention. This runs counter to an alternative account commonly 

invoked by stimulus-driven theorists: the rapid disengagement account [7,97,98]. 

According to this account, visual attention initially moves to the most salient item in a 

display, but the salient item can be rapidly rejected so that the target is attended with little 

delay. Thus, unlike the signal suppression hypothesis, this account predicts that 

suppression is only possible after an initial shift of visual attention to the most salient 

object. Relatedly, some studies have suggested that search items cannot be ignored unless 

they are first attended (the ignoring paradox; [77,99]).

However, there is now good reason to believe that salient objects can be suppressed 

without being initially attended. First, several ERP studies suggests that when salient 

items elicit the suppression-related PD component, there is no evidence of a preceding 

attentional shift to that location (i.e., no N2pc) [19,38,63]. Second, in the capture-probe 

paradigm, even when the probe and search array onset simultaneously and last for only 

100 ms, there is still a robust probe suppression effect [69]. This short probe duration 

leaves little time for attention to move to and reject the singleton item. Finally, in the 

oculomotor capture paradigm, even the fastest eye movements are guided away from the 

singleton [68]. If the salient object was attended before suppression, one might predict 

that the fastest eye movements should be guided toward the singleton, because the eye 

movement is initiated while the item is still covertly attended (see [98]).

How is it possible to suppress a salient object without first selecting it? As discussed in 

the main text, feature-based attention mechanisms may be used to decrease the priority of 

items that contain a particular feature value (e.g., all green items). Substantial research 

shows that feature-based attention can operate in parallel on the entire visual input, 

without requiring prior selection of specific objects [100–102].
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Trends Box

- Researchers have long debated whether salient stimuli involuntarily attract 

visual attention. But much of this research has failed to consider the 

potentially crucial role of inhibitory processes in preventing distraction.

- ERP studies demonstrate that when salient items fail to capture attention, 

they elicit a distractor positivity (PD) that reflects a suppressive process.

- Psychophysical and eye-tracking studies demonstrate that processing at the 

location of a salient distractor can be inhibited below baseline levels. This 

suppression manifests as a reduced probability of reporting stimuli presented 

at that location or a reduced probability of directing gaze to that location.

- Current research is exploring exactly how the visual system determines 

which items should be suppressed.
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Outstanding Questions

- Do behavioral, eye tracking, and electrophysiological indexes of suppression 

all reflect the same underlying cognitive mechanism? More evidence is 

needed to definitively link the PD component to suppression and to determine 

whether multiple different processes can produce PD-like contralateral 

positivities.

- Do separate mechanisms exist for suppressing irrelevant features and 

upweighting relevant features? If so, how are they coordinated to guide visual 

attention? One might imagine that different task demands or constraints may 

encourage subjects to use one strategy over the other.

- Is suppression a direct result of voluntary goals or an automatic consequence 

of having encountered salient distractors on previous trials? It is natural to 

assume that the suppression of salient distractors arises from a top-down 

strategy, but it may instead reflect unconscious priming from previous trials 

(selection history).

- How does the visual system determine which items should be suppressed? 

Some evidence suggests that the visual system selects items for suppression 

on the basis of simple features (e.g., the color green). However, other 

evidence suggests the visual system can learn to suppress items defined by 

second-order feature discontinuities or items defined by high salience.

- Can suppression be applied to other types of salient stimuli in addition to 

color singletons? It is unclear if other well-studied classes of salient stimuli, 

such as abrupt onsets or motion singletons, can be actively suppressed. In 

addition, little research has examined whether and how suppression is used to 

avoid capture of attention by items that would otherwise attract attention on 

the basis of reward.

- What factors cause lapses in inhibition that leave the visual system vulnerable 

to capture? For example, it seems reasonable to suspect that high cognitive 

load, mental fatigue, and poor task strategy could reduce inhibition. Such 

research could have profound implications for attention capture in applied 

settings.
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Figure 1. 
Examples of attention capture. Salient stimuli, such as the uniquely colored bird (A), seem 

to automatically attract visual attention. For this reason, salient stimuli are often used as 

warning signals (B). However, researchers disagree about whether such stimuli attract 

attention in a truly automatic manner.
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Figure 2. 
Conflicting results in a typical attention capture task. In both versions, participants search 

for the green circle and make a speeded response indicating the tilt of a line inside (left or 

right). On half of trials, a red singleton appears at a nontarget location. (A) Stimulus-driven 

theorists frequently use a version of the task where the target circle appears amongst 

homogenous distractors (i.e., all diamonds). This leads a large singleton presence cost, 

indicating capture. (B) Goal-driven theorists use a version of the task where the circle target 

appears amongst heterogeneous distractors. This leads to no singleton presence cost, 

indicating no capture. These stimuli and data are illustrative, based on a combination of 

several studies.
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Figure 3. 
Mechanisms underlying the guidance of visual attention. The stimulus is first represented by 

a series of feature maps, which denote the location of a simple feature in the visual field. 

These feature maps are used to construct an attentional priority map. When singletons fail to 

capture attention, the signal suppression hypothesis predicts that the attentional priority at 

the singleton will be lower than baseline levels. This inhibition will result in relatively poor 

processing at the singleton location.
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Figure 4. 
Converging evidence for the suppression of salient-but-irrelevant singletons. (A) In an ERP 

capture task, participants searched for a specific target (e.g., large green A) and attempted to 

ignore a salient color singleton (red O). Salient singletons elicited an electrophysiological 

index of suppression called the PD component [19]. (B) In the capture-probe paradigm, 

participants search for a green circle and report the location of a dot. On a random subset of 

probe trials, letters briefly appear in each search location and participant tried to recall as 

many letters as possible. Probe recall accuracy was impaired at the singleton location 

compared to other nontarget locations [69]. (C) In an oculomotor capture task, participants 

searched for a green circle. As shown in the heat map, first eye movements were biased 

away from the singleton distractor, suggesting that it was inhibited [68].
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Figure 5. 
An eye-tracking task in which the singleton color is blocked. The left panel shows the target 

color and the singleton colors, each of which was used for one block of 120 trials. The right 

panel shows the amount of oculomotor suppression at the singleton location over the course 

of a block of trials (running average across sets of 10 trials). In the first few trials with a new 

singleton color, the eyes are captured by the singleton. As participants gain experience with 

the singleton color value, the eyes are biased away from the singleton [25].
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