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Abstract 

Recent findings have shown that people are capable of proactively inhibiting salient 

visual distractors in a scene when they know the color of the distractor, enhancing efficient 

search. Investigations of this suppression effect have concluded that it is not possible to 

suppress a distractor of an unknown color, implying a mechanism that operates only on a first-

order, feature-specific level. However, with a modification to the search task, we show here for 

the first time that people can indeed suppress salient uniquely colored distractors even when 

not knowing their color in advance. The task requires participants to search for the most 

prevalent of several shapes in the display. In two experiments the presence of an 

unpredictable-color singleton facilitated search. An experiment with briefly presented probes 

confirmed proactive prevention of capture by the distractor. The results reveal a second-order 

or global-salience-based suppressive mechanism that facilitates visual processing. 

 

Public Significance Statement 

Natural visual scenes contain more information than can be processed at once, so the 

visual system must select portions of a scene for further processing. One way in which that 

selection occurs is by suppressing elements known to be irrelevant to one’s current goals. 

Previous research has suggested that this suppression is possible only if specific features of the 

unwanted elements (e.g., their color) are known in advance, however we show here, with a 

simple change to the experimental task, that people are indeed capable of suppressing 

distractors even without advance knowledge of their specific features. The results reveal a new 

mechanism that enhances efficient visual selection from the environment. 

 

 

Keywords:  Visual attention, visual search, attentional suppression, attentional capture   
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Most natural scenes contain more information than we can fully process. As a result, 

brain mechanisms of attention must prioritize the elements in a scene. Considerable research 

has been devoted to identifying properties of those selective attention mechanisms. A common 

finding is that salient, uniquely colored items (color singletons) can capture attention even 

when they are known to be irrelevant to the observer's goals (Theeuwes, 2004). Recently, it has 

been discovered that people are also capable of inhibiting or suppressing salient but irrelevant 

color singletons--devoting fewer resources to them than to non-salient items--under certain 

circumstances. For example, participants are faster to report the location of the black dot on 

the green diamond in a display if one of the elements is a red color singleton, as in Figure 1a, 

compared to when all are the same green color, as in Figure 1c (Gaspelin et al., 2015). Such 

suppression has revealed a previously unknown manner in which attentional prioritization 

within a scene is achieved by actively inhibiting parts of the scene.   

 

Figure 1.  Examples of displays used in previous studies of attentional 
suppression.  The task in each case would be to report the location of the dot on 
the pre-specified target shape, e.g., diamond.  If the color of the singleton 
distractor is known in advance, target identification is often faster when the 
singleton is present, as in (a), compared to when it is absent, as in (c).  If trials 
like those in (a) and (b) are mixed in an experiment, the singleton color is 
uncertain and suppression of it will not occur. 

Suppression of irrelevant features has been characterized as being proactive in nature—

that is, inhibitory control is generated in advance, preventing attentional capture by the salient 

distractor (Gaspelin & Luck, 2019)1. Importantly, proactive suppression has only been observed 

when the to-be-suppressed item is of known identity (e.g., red in color). If the target and 

 
1 Indeed, Gaspelin and Luck (2019) suggest that the suppressive mechanisms are engaged not merely before 
allocation of attention to the distractor, but prior to stimulus onset. Because little is known about the specific 
mechanisms underlying suppression, we take the less extreme view that the suppression is put in place prior to 
attentional allocation, and we use the term “proactive” to refer to that characteristic of the suppression. Note that 
some studies of inhibition of likely distractor locations (as opposed to likely distractor features) may have more 
solid ground upon which to base a claim of suppression before stimulus onset (e.g., Huang et al., 2022). 
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distractor colors change from trial to trial, such as when displays like those in Figures 1a and 1b 

are intermixed in an experiment, people are unable to suppress capture by the color singleton 

(Gaspelin & Luck, 2018; Graves & Egeth, 2016; Vatterott & Vecera, 2012) 2. In other words, proactive 

inhibitory control can only be generated based on first-order information (a specific color), but 

not on second-order information (a unique color), or on global salience (a salient item). The 

inability to make use of second-order or global saliency information places important 

constraints on the mechanisms underlying attentional selection. For example, under 

circumstances in which it is critical to minimize distractions, ignoring distractors may be 

impossible if their precise identity is not known.  

The present experiments explored the possibility of proactive suppression of items with 

unpredictable features by employing a novel search task that encouraged global spreading of 

attention, permitting participants to ignore any local visual uniqueness. In all prior studies of 

suppression, the search task required participants to locate one specific target shape amongst 

an array of heterogeneous shapes of the same color, sometimes in the presence of a different-

colored singleton distractor (as in Figure 1a or 1b). However, its sole occurrence in the display 

on each trial made the target itself unique (in the sense that there was only a single occurrence 

of the target shape in the search array; the non-targets typically consisted of several 

heterogeneous shapes), and the search task may have been most expeditiously performed by 

adoption of an attentional control setting exploiting that uniqueness. Such a strategy may have 

prevented suppression of a uniquely-colored singleton in the array. Under those circumstances 

it may only be possible to suppress capture by the singleton if its specific color is known, as has 

been demonstrated (Gaspelin & Luck, 2018). In other words, a strategy to suppress unique items 

in general (i.e., second-order or global-salience-based suppression), if possible, would have 

been counterproductive for identification of the sole target. To address that potential 

limitation, we used displays that contained multiple instances of different shapes and had 

subjects identify the shape that was most prevalent in the array—a majority search. With that 

change, the target of the search was no longer unique, permitting proactive suppression of 

unique salient distractors with unpredictable features. 

Our approach is similar to that of Bacon and Egeth (1994, Experiment 2) in their study of 

capture by salient singletons. In that experiment, as in the present study, the displays included 

multiple instances of the sought-for shape, unlike previous experiments that had contained 

only one target instance (among homogeneous distractors in Bacon and Egeth’s case; among 

 
2 A few studies have shown that unpredictable-color singletons can elicit an event-related potential component 
thought to reflect suppression, but in those studies there was no behavioral evidence that the singleton had been 
suppressed relative to non-singleton distractors (Burra & Kerzel, 2013; Sawaki & Luck, 2010). An additional 
behavioral study found that attentional capture did not depend on whether the color of the distractor was 
predictable, but that study also did not find actual suppression (Won et al., 2019). 
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heterogeneous distractors in the studies of suppression). The change was intended to alter 

participants' search strategies and to make it ineffective for participants to simply search for a 

unique item—instead they needed to search for a specific shape. With that change Bacon and 

Egeth found that color singletons no longer captured attention. Similarly, in the present study, 

our intent was that by including multiple instances of the target shapes, and by having subjects 

report the most numerous shape, they would not adopt a search strategy that prioritized 

singular elements in the display—a strategy that could have been used in earlier studies of 

suppression that contained only one instance of the target. With that change in strategy, we 

believed that suppression of unknown-color singletons might be possible. Note also that the 

Bacon and Egeth (1994) study did not explicitly address proactive suppression, and they in fact 

did not find any benefit of the presence of a color singleton (a hallmark of suppression). 

Additionally, the singleton distractors in their experiments were always a known color, so any 

conclusions reached would not apply to other than first-order suppression. 

 

Experiment 1 
Experiment 1 tested the possibility that multiple instances of the target shape in a 

search display might invoke a top-down goal specifically for items with repeated occurrences, 

possibly permitting suppression of salient and unique singletons of unknown color. Search 

arrays like the ones in Figure 2a were used, containing, in addition to a non-target distractor, 

five shapes that consisted of either three circles and two squares or two circles and three 

squares. Participants were asked to indicate whether circles or squares were more prevalent in 

the display. Note that this task differs from traditional search tasks in which participants must 

localize a singular item and identify a specific feature of it (such as the location of a dot, as in 

Figure 1). 

In the experiment, the elements of the search array were displayed in either red or 

green, and the singleton distractor, when present, was displayed in the alternate color—making 

it a highly salient color singleton. Because a unique item (i.e., a color singleton) is not relevant 

to the task of the majority search, it might be possible for participants to suppress salient 

singletons in a feature-blind manner. 

Method 

Participants. Similar experiments (Gaspelin et al., 2015, Experiments 2 – 4) yielded a dz = 

.78 for the effect of singleton presence on reaction time. A sample size of 20 would be sufficient 

to detect such an effect with power = .9 (Erdfelder et al., 1996).  Allowing for potential 

participant exclusion, we tested 24 undergraduate students3(16 females). All participants 

 
3 The use of undergraduate students was not deemed to constrain the generality of the present findings. 
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reported normal color vision and provided informed consent. Both experiments were run in 

2022. 

Stimuli. As shown in Figure 2a, the search array consisted of six shapes, with their 

centers spaced equally along the circumference of an invisible ring (r = 2°). Each array contained 

either three circles (1.4° × 1.4°) and two squares (1.2° × 1.2°), or two circles and three squares, 

plus one hexagon (1.5° × 1.5°). The circles and squares were always colored red or green 

(equally often), with the color singleton distractor, when present, appearing in the alternate 

color, as shown in Figure 2a. A fixation cross (0.7° in height) appeared at the center of the 

display throughout each trial.  

 

Figure 2. The majority search task, from Experiment 1. (a) Examples of the 
different search arrays. The relevant items were randomly all red or green 
whereas the distractor, when present, was the alternate color. (b) Presence of 
the color singleton distractor speeded responses and improved accuracy, 
indicating suppression. Error bars in all figures represent within-subject standard 
errors (Cousineau et al., 2021). 

 

Procedure. Each trial began with a fixation cross for 1000 ms, followed by the 

presentation of the search array until the participant made a response or 2500 ms had elapsed. 

The task was to identify the most prevalent shape in the array—either circles or squares. 

Participants responded by pressing either the “Z” or “M” key on a computer keyboard. An 

incorrect or absent response was followed by an error message of “Incorrect!” or “Too slow!”. 

The next trial began after a 1000 ms blank screen. 
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Design. On one-third of the trials, all elements in the array were in the same color, 

either red or green (color-singleton absent condition); on two-thirds of the trials the hexagon 

shape was presented in the alternate color (color-singleton present). Participants were explicitly 

told that the shapes relevant to their task would always be homogeneously colored, and never 

uniquely colored, and thus they should ignore the color singleton. After a practice block of 24 

trials, participants completed two test blocks containing 96 trials each. Each test block included 

32 color-singleton absent trials and 64 color-singleton present trials. The search array and the 

color-singleton were equally likely to be red or green. The majority target shape was equally 

often circles and squares, and was fully crossed with color singleton presence and color. The 

locations of all shapes were randomly selected on each trial; trial order was randomized within 

each block. 

Transparency and openness. For both experiments, we report how we determined our sample 

size, all data exclusions, all manipulations, and all measures in the study, and we follow JARS 

(Kazak, 2018). All data, and analysis code are available at https://osf.io/r52db. Data were 

analyzed using R (R Core Team, 2020). This study’s design and its analysis were not pre-

registered. 

Results and discussion 

Trials with reaction times (RTs) more than two standard deviations from the 

mean of each participant’s responses in each condition were removed (4.0% of trials), as 

were trials with incorrect responses (5.0%). All 24 participants met an overall accuracy 

criterion of 80% correct. As shown in Figure 2b, participants were faster and more 

accurate to identify the majority shape when a color singleton distractor was present 

(776 ms; 96.1%) compared to when it was absent (836 ms; 93.8%; for RT, t(23) = 5.87, p 

< .001, dz = 1.20.; for accuracy, t(23) = 2.82, p = .010, dz = .57). Twenty-three of the 24 

participants showed suppression based on RT (p < .001 by a sign-test). (Analyses in 

Supplemental Material show that the results were not caused by individual subjects 

each suppressing only one of the distractor colors.) Changing the search task so that the 

sought-for target was no longer unique revealed, for the first time, that people can 

suppress a salient singleton of unknown color on the basis of either a second-order 

color difference or global salience. 

 

Experiment 2 
The singleton presence benefit in Experiment 1 could be due to either proactive 

suppression of the distractor, or initial capture by the distractor followed by rapid 

disengagement (see Theeuwes, 2010). To examine that possibility, here we repeated 
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Experiment 1 with the additional insertion of infrequent probe trials in which letter probes 

were briefly presented on the elements of the search array, as shown in Figure 3a. Such a task 

has been used often to test for, and confirm the absence of, attentional capture by a known-

color singleton distractor (e.g., Gaspelin et al., 2015). If suppression of an unknown-color 

singleton is proactive, probe letters on the color singleton distractor should be less likely to be 

reported compared to those on the distractor when it was not a color singleton. 

 

Figure 3. (a) Sequence of events on the probe trials from Experiment 2, 
which were interspersed amongst search trials identical to those from 
Experiment 1. The task on probe trials was to identify as many letters as 
possible. The example shows a trial with a color singleton distractor; 
other trials had no color singleton. (b) Results from the search task and 
(c) the probe task revealing proactive suppression of the color singleton 
distractor.  

 

Method 

Participants. A new set of 24 participants was recruited (13 females). The critical 

comparison involves the probe letter report rates for the task-irrelevant distractor shape when 

it was a color singleton compared to when it was not. Based on an estimated effect size dz = .75 

from three similar experiments in Gaspelin et al. (2015; reported in Gaspelin & Luck, 2018), a 

sample size of 21 is needed to achieve a power of .90. Our sample of 24 participants ensures 

adequate power. 
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Procedure and design. Frequent search trials (two-thirds of the trials) were interleaved 

with infrequent probe trials (one-third of the trials). The search trials were identical to those 

from Experiment 1. On probe trials, after a fixation display of 1000 ms, a search array 

(generated by the same rules as on the search trials) was presented, except that a white letter 

(1.2° in height) was superimposed on each shape. On these trials, participants were to abandon 

the majority search and instead try to remember as many letters as possible. The letters were 

visible for 150 ms, and then were each replaced by a pound sign mask (1.2° in height) for 500 

ms. After that, all stimuli disappeared, and an alphabetic response screen was displayed. 

Participants, using a mouse, were instructed to click on as many letters as they remembered 

seeing. A color singleton distractor was present on two-thirds of the search trials and two-thirds 

of the probe trials. The six letters on every probe trial were randomly selected without 

replacement from the 26 letters in the alphabet.  Before the main experiment, participants 

completed a 24-trial practice block of the majority search task, followed by a 28-trial practice 

block of interleaved search and probe trials. The main experiment consisted of 3 blocks of 108 

trials, each including 72 search trials and 36 probe trials. 

Results and discussion 

Four participants were removed for failing to meet the search task accuracy criterion 

used earlier (minimum 80% correct), or for reporting fewer than 0.8 correct letters per probe 

trial, leaving 20 participants in the analysis. As in Experiment 1, trials with extreme RTs (4.6% of 

trials) and incorrect responses (6.1% of trials) were removed. 

Majority search task. The search task results mirror those from Experiment 1. As shown 

in Figure 3b, when a color singleton distractor was present (742 ms; 94.7%), participants were 

faster and more accurate to identify the majority shape compared to when it was absent (796 

ms; 93.0%; for RT: t(19) = 4.16, p < .001, dz = .93; for accuracy: t(19) = 3.60, p = .002, dz = .80). 

The singleton presence benefit reveals suppression of the color distractor. Seventeen of the 20 

participants showed suppression (p = .003 by a sign-test). 

Probe task. On average, participants reported 1.99 letters per trial, 87.0% of which were 

present in the array. Overall, the number of letters reported (including erroneous reports) did 

not depend on whether the color singleton was present (1.98) or absent (2.00; t(19) = .77, p = 

.450, dz = .17), indicating equivalent motivation to report letters regardless of color singleton 

presence. 

We separately computed the number of letters correctly reported on each of the task-

relevant shapes (circles and squares), and the task-irrelevant shape (both when it was a color 

singleton distractor and when it was not), with the results shown in Figure 3c. A 2 (item type: 

task-relevant shapes, task-irrelevant shape) x 2 (color singleton distractor presence: present, 

absent) repeated measures ANOVA showed that letters on a task-relevant shape (30.1%) were 
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significantly more likely to be reported than letters on a task-irrelevant shape (22.3%; F(1, 19) 

=24.80, p < .001, ηp
2 = .57). This confirms the effectiveness of the probe task in measuring 

attentional allocation to individual array items. Color singleton distractor presence had a 

significant effect on letter report rate overall, with fewer letters reported correctly when the 

color singleton distractor was present (23.8%) than absent (28.6%; F(1, 19) = 26.47, p < .001, ηp
2 

= .58). However, the influence of color singleton distractor presence was different for the task-

relevant shapes and the task-irrelevant shape, as revealed by a significant interaction, F(1, 19) = 

44.12, p < .001, ηp
2 = .70. As seen in the figure, many fewer letters were reported from the task-

irrelevant shape when it was the color singleton distractor (16.1%) compared to when it was 

not a color singleton (28.5%; t(19) = 6.23, p < .001, dz = 1.39). This reduction in the letter report 

rate for the color singleton distractor during a very brief viewing after stimulus onset suggests 

that the distractor was proactively suppressed, ruling out the possibility of capture followed by 

rapid disengagement. (Analyses reported in Supplemental Material show that the effect was 

not driven by suppression of only one of the distractor colors.) Additionally, the correct letter 

report rate for the task-relevant shapes benefited from the presence of a color singleton 

distractor (31.4% when present vs. 28.7% when absent; t(19) = 4.26, p < .001, dz = .95). This 

singleton presence benefit is consistent with the search task performance, also implying 

proactive suppression of the distractor. 

 

General Discussion 
The present experiments have revealed for the first time that it is possible for people to 

proactively suppress salient color singletons even when their color (and the color of the 

relevant items) cannot be predicted. That occurred here and not in earlier studies because the 

majority search task encouraged global analysis of the search displays, discouraging a strategy 

of searching for a unique item. The goal of searching for multiple-instance targets permitted 

suppression of a unique single-instance item in the display, even with an unpredictable color4. 

The present results show the existence of a suppressive mechanism operating at the level of 

 
4 It is worth noting that the unique demands of the majority search task raise the possibility of an 

alternative explanation for the singleton presence benefit that we reported. In particular, the present task 
required directing attention to multiple circles and squares and distinguishing between them, unlike the search 
tasks used previously to study suppression (e.g., Gaspelin & Luck, 2018). Our task may have been impeded by the 
presence of a hexagon distractor because it is perceptually similar to both circles and squares, but when the 
hexagon was a color singleton it may have actually been easier to exclude from the items to be scrutinized. We 
note however, that in other studies with unpredictable-color hexagon distractors, the presence of a color singleton 
did not facilitate the search (e.g., Gaspelin & Luck, 2018), but in those cases the participants were searching only 
for a single target instance and were not required to distinguish multiple circles from multiple squares. Additional 
experiments will be needed to definitively rule out this possibility. 
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either a discontinuity in one feature (e.g., color; a second-order attribute), or on a global 

saliency map of the scene, and not exclusively at the level of specific feature values (i.e., a 

specific color). The findings reveal a previously unknown way in which selective attention 

mechanisms can flexibly prioritize aspects of visual scenes.  



 Ma & Abrams (2022) JEP: HPP  Attentional suppression 
12 

 

References 

Bacon, W. F., & Egeth, H. E. (1994). Overriding stimulus-driven attentional capture. Perception & 

Psychophysics 1994 55:5, 55(5), 485–496. https://doi.org/10.3758/BF03205306 

Burra, N., & Kerzel, D. (2013). Attentional capture during visual search is attenuated by target 

predictability: Evidence from the N2pc, Pd, and topographic segmentation. Psychophysiology, 

50(5), 422–430. https://doi.org/10.1111/PSYP.12019 

Cousineau, D., Goulet, M. A., & Harding, B. (2021). Summary Plots With Adjusted Error Bars: The superb 

Framework With an Implementation in R: Advances in Methods and Practices in Psychological 

Science, 4(3). https://doi.org/10.1177/25152459211035109 

Erdfelder, E., Faul, F., & Buchner, A. (1996). GPOWER: A general power analysis program. Behavior 

Research Methods, Instruments, & Computers 1996 28:1, 28(1), 1–11. 

https://doi.org/10.3758/BF03203630 

Gaspelin, N., Leonard, C. J., & Luck, S. J. (2015). Direct Evidence for Active Suppression of Salient-but-

Irrelevant Sensory Inputs. Psychological Science, 26(11), 1740–1750. 

https://doi.org/10.1177/0956797615597913 

Gaspelin, N., & Luck, S. J. (2018). Distinguishing among potential mechanisms of singleton suppression. 

Journal of Experimental Psychology: Human Perception and Performance, 44(4), 626–644. 

https://doi.org/10.1037/XHP0000484 

Gaspelin, N., & Luck, S. J. (2019). Inhibition as a Potential Resolution to the Attentional Capture Debate. 

Current Opinion in Psychology, 29, 12. https://doi.org/10.1016/J.COPSYC.2018.10.013 

Graves, T., & Egeth, H. E. (2015). When does feature search fail to protect against attentional capture? 

Visual Cognition, 23(9-10), 1098-1123. 

Huang, C., Donk, M., & Theeuwes, J. (2022). Proactive Enhancement and Suppression Elicited by 

Statistical Regularities in Visual Search. Journal of Experimental Psychology: Human Perception and 

Performance, 48(5), 443–457. https://doi.org/10.1037/XHP0001002 

Kazak, A. E. (2018). Editorial: Journal article reporting standards. American Psychologist, 73(1), 1. 

https://doi.org/10.1037/AMP0000263 

R Core Team. (2020). R: A language and environment for statistical computing. R Foundation for 

Statistical Computing. https://www.R-project.org/ 

Sawaki, R., & Luck, S. J. (2010). Capture versus suppression of attention by salient singletons: 

Electrophysiological evidence for an automatic attend-to-me signal. Attention, Perception, & 

Psychophysics 2010 72:6, 72(6), 1455–1470. https://doi.org/10.3758/APP.72.6.1455 

Theeuwes, J. (2004). Top-down search strategies cannot override attentional capture. Psychonomic 

Bulletin & Review 2004 11:1, 11(1), 65–70. https://doi.org/10.3758/BF03206462 



 Ma & Abrams (2022) JEP: HPP  Attentional suppression 
13 

 
Theeuwes, J. (2010). Top-down and bottom-up control of visual selection. Acta Psychologica, 135(2), 77–

99. https://doi.org/10.1016/j.actpsy.2010.02.006 

Vatterott, D. B., & Vecera, S. P. (2012). Experience-dependent attentional tuning of distractor rejection. 

Psychonomic Bulletin & Review, 19(5), 871-878. 

Won, B. Y., Kosoyan, M., & Geng, J. J. (2019). Evidence for second-order singleton suppression based on 

probabilistic expectations. Journal of Experimental Psychology: Human Perception and 

Performance, 45(1), 125–138. https://doi.org/10.1037/XHP0000594 

  


