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ABSTRACT 

The goal of the current study was to test whether learned states of task switching 

flexibility are associated with increased distractibility in a feature search paradigm.  This 

study investigated this research question through the use of a visual search task that 

required participants to use feature search mode.  A task switching manipulation was also 

added, such that participants switched between two tasks either seldom or frequently in 

each block of trials. Participants had to search for a known target shape among an array 

of four different shapes while ignoring a singleton distractor.  On 23% of trials, probe 

letter stimuli appeared for only 100 ms, and participants were asked to report which 

letters they remembered seeing.  This capture-probe paradigm afforded a means of 

distinguishing which locations participants processed information from and which were 

suppressed (Gaspelin et al., 2015).  Results confirmed previous findings regarding feature 

search mode and supported the guided search model, but not the signal-suppression 

hypothesis.  Most importantly, though, results showed that cognitive flexibility for task 

switching is not domain general.  Participants in a more flexible task switching state did 

not differ in their ability to suppress a salient distractor from those in a more stable state. 

Keywords: Visual search, feature search, capture probe paradigm, guided search 

model, cognitive flexibility 
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INTRODUCTION 

In any setting, the amount of visual information that our eyes take in is far more 

than our brains are able to process.  Whether in a brand new setting, like a previously 

unvisited country, or one more familiar, like one's own living room, there are always 

many different objects, people, or other visual stimuli for us to take in.  We therefore rely 

on visual attention to narrow down which inputs are used in further mental processing.  In 

doing so, the brain biases the competition of stimuli according to which inputs are most 

relevant to our goals or most physically salient, or 'attention-grabbing'.  How the focus of 

attention is selected is the subject of a great deal of research. 

The goal of this study is to determine whether different levels of cognitive 

flexibility have an effect on behavioral markers of distractibility.  This question will be 

investigated using a feature search paradigm in which cognitive flexibility is 

manipulated.  It is expected that when participants are in more cognitively flexible states, 

they are more likely to be distracted by salient shapes within a search array.  This paper 

will first review the literature on visual search, task switching, and cognitive flexibility 

before detailing the current study. 
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VISUAL SEARCH 

At its most basic level, visual attention refers to a process of filtering out 

information from the visual stream.  In particular, visual information that is irrelevant to 

our goals or not physically salient is filtered out from processing (Moran & Desimone, 

1985).  Objects can attract our attention by virtue of being visibly different from other 

objects in the visual field or by being relevant to past knowledge or goals.  The other 

objects in the visual field are likely to be filtered out — meaning that they are not 

processed in as much detail as the objects that pop out. 

Attentional focus can be conceived of as something like a flashlight.  For 

example, say a hurricane knocks out the power, so you grab a flashlight and begin 

searching your cupboards for a candle to light.  When you find it, the candle is not the 

only thing lit by the beam of the flashlight.  Because the beam is circular, it falls on other 

objects as well, such as some matches and Christmas decorations sitting near the candle.  

Attention sometimes works in this same way (Connor et al., 1997).  Other times, your 

attention falls only on the colorful pattern on all the candles in the cupboard, as in 

feature-based attention (Maunsell & Treue, 2006), or on the candle itself and not the 

surrounding objects, as in object-specific attention (Festman & Braun, 2012). 

Attention is allocated according to attentional priority, meaning that the brain 

ranks available stimuli based on salient features, connections to goals or expectations, or 

past experiences (Yantis & Johnson, 1990).  The research on attentional priority is largely 

divided into two camps:  those who focus on bottom-up, or salience-based, attentional 
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guidance; and those focusing on top-down, or goal-driven, attentional control (Awh et al., 

2012).  This section of the paper will describe each in turn before considering integration 

of the two together. 

Bottom-Up Attentional Capture 

When you think about ‘attention’ or ‘shifting gaze’, your first thought is likely 

that of your eyes being drawn to something eye-catching.  This phenomenon is referred to 

as bottom-up, or exogenous, attentional capture.  In bottom-up attention theories, 

attention is drawn seemingly automatically to a stimulus that is highly visually salient 

compared with the rest of the visual field (Theeuwes, 1994).  In other words, we 

automatically look at something that is very different from the rest of what we can 

currently see.  This difference can be in an object's timing of its appearance, its shape, or 

its color (Treisman & Gelade, 1980).  In the present study, the shape and color of objects 

in the search array will be manipulated.  This section of this paper will walk through how 

and when shape and color features capture attention. 

Shape  

Shape can have an attention-grabbing effect when one object is a strikingly 

different shape to everything else within the field of vision.   

If you have ever visited the Netherlands, or even Googled the country, you will 

know of the beautiful tulip fields in which millions of tulips are grown each year.  The 

fields span acres and acres, laid out in blocks such that yellow tulips grow as far as the 

eye can see until the next field, where there are only purple, and so on.  As we gaze at the 

flowers gently swaying in the wind, our attention is spread evenly over the whole field.  
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However, a single daffodil would stick out like a sore thumb merely because it is a 

different shape to all the many tulips.  Note that this would happen even if the daffodil 

were the same color as the tulips — because its shape is different, it would stand out even 

to a person with no color vision. 

A study by Theeuwes used a visual search paradigm to investigate the effects of 

different shapes on attentional capture (1992).  This paradigm is a widely-used method 

for research involving attention and gaze shifts.  Typically, a set of three to nine shapes 

are laid out in a circular pattern around the center of a screen, forming the search array.  

One of these shapes is designated the target shape, whether by a different onset time (one 

shape appears some amount of time after the rest do), form (e.g., one circle among 

squares), or color (e.g., one blue shape among green).  Within each of the shapes is a 

stimulus, which could be letters, numbers, or lines, possibly rotated to various angles.  

The participant is instructed to perform some task based on the stimulus within the target 

shape, such as indicating whether the line is pointing to the left or the right, or whether 

the number is less than or greater than five.  

 In Experiment 3 of this study, participants searched for the one yellowish-red 

circle among various yellowish-green shapes in order to report the orientation of the line 

segment within the target shape.  In half the trials, all the shapes in the array were circles.  

In the other half, one of the non-target shapes was a square, a shape distractor.  If a 

different shape in the array does not attract attention, then participants ought to respond to 

the task at the same speed when the distractor square is present compared to when all the 

shapes are circles.  On the other hand, if the lone square among circles does capture 
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attention, then response times for those trials in which it is present ought to have higher 

response times than for those trials without it.  In other words, participants would respond 

more slowly because they would take longer to find the target shape after having been 

distracted by the square.  This effect was echoed in the results:  The presence of the 

different shape meant that participants spent more time responding to the task because 

they were distracted from searching for their actual target. 

Note, though, that in this case, the colors in the search array were more similar to 

each other than the usual red and green stimuli — here, they were yellowish-green and 

yellowish-red.  A further conclusion of this study is that the stimulus with the greatest 

difference from its fellows within one dimension is what will capture attention.  In other 

words, if the one lone shape in an array is a similar shape to the others — for example, a 

rhombus among squares — it will only capture attention if all the other shapes are similar 

colors.  If a third shape in the array is a vastly different color — for example, one green 

shape among red — it will capture attention first, because there is a greater difference 

between the two colors than there is between the two shapes.  Whichever feature is more 

salient within its dimension will attract attention first. 

In sum, a stimulus that is a vastly different shape from all other stimuli within the 

field of vision is likely to draw attention.  If stimuli vary among more than one dimension 

(e.g., shape and color), the stimulus that has the greatest difference compared to other 

stimuli along any one dimension will be the one that attracts attention first. 
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Color 

Another way that stimuli can grab attention is by being a different color than other 

stimuli.  Going back to our yellow tulip field, perhaps there is one lone red tulip, planted 

here by happy accident.  This one red flower stands out from the crowd.  You might focus 

on it in a way that you don’t focus on any of the yellow tulips in particular.  Each of the 

yellow tulips is just as beautiful, but we focus on the red one because it is different. 

In another study of Theeuwes’s, participants searched for one circle that appeared 

slightly later than all the rest of the circles in the search array (1994).  Within each circle 

was a line; participants were asked to report whether the line within the target circle was 

horizontal or vertical.  In half of the trials, all of the circles were green, and in the other 

half, one of the circles was red.  If the different-color circle has no effect, then 

participants ought to respond to each trial with the same speed.  If, however, participants’ 

attention is captured involuntarily by the one red circle, then their response times on 

those trials ought to be longer —i.e., they would respond more slowly — than on trials in 

which there was no distractor.  This is exactly what happened:  Participants were slower 

to respond on trials in which the red circle was present among the green. 

In another study, participants searched for the one stimulus of a different shape 

among an array — for example, the one circle among diamonds (Theeuwes, 1992).  In 

the same way, on half the trials, a color distractor was present, and on the other half, there 

was no distractor.  Participants were again slower to respond on distractor trials, 

reaffirming the attention-capturing effect of salient color. 
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The salience of colors is relative, though, depending on comparative brightness of 

nearby stimuli and also on color change.  Although a different color itself does draw 

attention (Ernst & Horstmann, 2018), Theeuwes showed that not simply any different 

color will do so (Theeuwes, 1994, Experiment 2).  Colors that are duller or more gray 

than other, brighter ones will not do so — the effect only holds true for objects that are 

brighter or otherwise more visually ‘loud’.  A gray or white tulip, for example, would not 

have as striking of an effect as the one red tulip in the field of yellow.  Color also draws 

attention if it changes (Wu & Remington, 2003).  If, for example, a single gray tulip in 

the yellow field were to suddenly and magically turn blue, this would draw attention as 

much as the red tulip. 

In summary, stimuli in the visual field that differ in some stark way from other 

stimuli are more likely to draw attention.  Some of the most-studied dimensions of such 

difference are abrupt onset, shape, and color.  This effect is more pronounced if a 

stimulus changes along some dimension, such as changing color.  If stimuli differ along 

more than one dimension, the stimulus with the greatest difference from others within 

any one single dimension will be the one to draw attention first. 

Top-Down Attentional Control 

Top-down attentional control refers to any perception driven by experience or 

expectation (Gaspelin & Luck, 2018).  This indicates volitional attentional control, as 

when deliberately searching an array for a certain shape, or when trying to suppress a 

distractor that we know not be relevant to our goal.  This section of the paper will review 
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the contingent capture hypothesis and cued attention shifting before exploring how goal-

driven and salience accounts of attention can work together. 

Contingent Capture 

The contingent involuntary orienting hypothesis, or contingent capture 

hypothesis, states that attention is captured exogenously by objects possessing a feature 

matching what we are looking for, or our search target (Folk et al., 1992).  For example, 

say you are due to meet a redheaded friend at the local food truck festival.  As you walk 

through the crowd of people on the street, you keep your eyes open for any sign of red 

hair.  Whereas the bottom-up model of attention would predict that you would be 

distracted by any eye-catching thing you see, the contingent capture hypothesis would 

predict that because you are using a color as your search target, you are more likely to be 

distracted by other things of bright color than by things of eye-catching shape or sudden 

appearance.  A stricter interpretation of this hypothesis would predict that since you are 

looking for the color red, you would only be distracted by red objects. 

Folk, Remington, and Johnston researched this hypothesis with search targets of 

both abrupt onset and color (1992).  Participants saw an array of five boxes, one at the 

center and the other four around it, creating a plus sign (+).  Participants were randomly 

assigned to conditions such that half the participants searched for a letter that would 

appear abruptly in one of the boxes (the abrupt onset condition), and the other half would 

search for the one red letter among four white letters (color condition).  There were also 

four cue validity conditions, such that the cue that appeared in the search array meant that 

the target would appear in the same box as designated, a different box than the one 
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designated, or any one of the four outer boxes (the fourth condition was a control in 

which no cue was presented at all).  Participants were informed prior to beginning each 

block of trials which meaning the cue would have for the duration of that block.  

Importantly, though, the cue in this study functioned not only as a source of potentially 

misleading information, but also as a color distractor. 

Past research had concluded that abruptly onset stimuli always captured attention, 

whether the feature dimension used to search for a target was abrupt onset or another 

such as color (Jonides & Yantis, 1988).  In other words, abrupt onset ought to be able to 

distract the participant whether they were searching for an abruptly onset target or a 

certain color (here, red).  However, the contingent capture hypothesis suggests otherwise:  

When the participant is searching for an abruptly onset stimulus, they should be more 

vulnerable to distraction by a different abruptly onset stimulus than by a red stimulus.  

Conversely, when the participant searches for a red stimulus, they should be more 

vulnerable to distraction by a different stimulus of another color (green) than by an 

abruptly onset stimulus (this study did not test distraction by a different stimulus of the 

same color).  Rather than replicating the previous research, the results of this experiment 

confirmed the contingent capture hypothesis.  Participants had longer response times on 

abrupt onset search trials when an abruptly onset distractor was present than when the 

distractor was a different color.  The same was true for color search trials; participants 

took longer to respond with a distractor of a different color was present than when a 

distractor of the same color was abruptly onset.  This indicates that stimuli with salient 
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features of different dimensions can be suppressed — or at least, they are not as able to 

capture attention as stimuli with different features along the same dimension. 

A lingering question about this experiment, though, regarded the color of the 

distractor:  Does distraction depend upon the certain color of the distractor, or is it 

enough that the distractor is a different color than the rest of the search array?  In other 

words, is there something special about the color red in general that makes it more 

distracting, or is any different color enough to distract from a target color?  Another 

experiment within the same study used the same design except that the target was one red 

letter among four white ones.  The cue was a set of green circles that surrounded one of 

the five boxes; the other boxes each were surrounded by white circles.  The idea was that 

if distraction by a stimulus salient in the same feature dimension as the target is based on 

a certain type of that feature, then participants should not be distracted by the color cue at 

all.  In other words, if there is something special about the color red that attracts attention, 

then participants should not be significantly distracted by the green cue.  On the other 

hand, if these contingent attention shifts are based on difference in general along a certain 

feature dimension, then the results should mirror those of the above experiment — the 

different color cue should produce a distraction, resulting in higher response times.  If the 

mechanism driving distraction is any difference at all in color, then participants should be 

distracted from their red target by the green cue.  The results of this experiment 

confirmed the second option:  The green cue did result in slower response times, meaning 

that participants were in fact distracted by it.  Here, though, they are looking for the one 

different color from all the rest, and therefore they are distracted by any different color.  
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This means that contingent capture is based on differences within a feature dimension, 

rather than on any specific value of that feature. 

Folk, Leber, and Egeth tested whether focusing attention at one spatial location is 

enough to override salient distractors (2002).  They showed participants rapid serial 

visual presentation (RSVP) streams of letters which occasionally included letters 

presented in the target color.  They also included distractors in certain trials that were 

either same same color as the target, a different salient color, or a non-salient color (gray).  

These distractors did not appear within the RSVP stream itself, but above, below, or to 

the left or right of the stream.  Importantly, the paradigm used here is specialized to pick 

up on the occurrence of an attentional blink, which refers to a temporary lapse in 

attention immediately after a search target has been found.  For example, if participants 

are shown a target within an RSVP stream and they report on its appearance, they are 

unlikely to notice another target appearing a few frames after the first one.  It is as though 

our attention ‘blinks’ after finding a target.  Here, the appearance of distractors was timed 

to generate the attentional blink effect.  The researchers reasoned that if participants are 

able to ignore target-similar distractors by focusing on only one certain area, then the 

distractors appearing around the RSVP stream should not cause the attentional blink.  If 

participants are unable to resist attentional capture by the target-similar distractor, though, 

performance in reporting the target stimuli will be lessened because of the attentional 

blink produced by the distractor. 

The results of this study show that participants’ attention was captured by the 

salient distractors.  Importantly, though, this effect was maximized for distractors that 



12

were the same color as the target, and only minimal for distractors of other salient colors.  

For the research question of this study, this means that being focused on one location 

where a person expects a target to appear is not enough to guard against distraction by 

other stimuli with similar features as the target.  These results also have implications for 

visual search, though:  They show that not all visual search is controlled by bottom-up 

processes.  Participants must have been able to apply a top-down rule (specifically, the 

color of the target) in order for them to have been distracted by the other same-color 

stimuli but not by distractors of other colors.  If their attention had been captured by all 

the salient distractors, then it could be said that they were searching using singleton 

search mode, so that any stimulus that popped out at them gained their attention.  This 

was clearly not the case, though.  Participants were able instead to search using the 

particular feature they knew their target would possess so that only stimuli that matched 

that feature captured their attention. 

This effect was confirmed by Serences and colleagues, who studied this effect 

using three simultaneous RSVP streams (2005).  Participants were instructed to report 

any letters in the target color (e.g., red) that appeared in the center stream.  The letters in 

the two outer streams appeared in either the same color as the target (red), a different 

salient color (green), or a non-salient color (grey).  They found that when letters of the 

target color were present in the distractor streams, participants’ accuracy at reporting 

target letters decreased significantly.  This indicates that their attention was drawn to the 

target color in the other two streams, even though they knew that they only needed to pay 

attention to the letters in the central stream.  Importantly, letters of a different salient 
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color did not have as much of an effect, meaning that the target color distracted 

participants over and above other salient colors.  All together, these results lead to the 

conclusion that while salient stimuli do capture attention, that salience can be filtered so 

that only salient stimuli matching features of the search target actually draw attention. 

One particularly interesting recent study on this topic explored how search cues 

maximize the efficiency of attention shifting (Belopolsky & Awh, 2016).  In Experiment 

3 of this study, participants were briefly shown a visual written cue as to whether they 

should search for a blue or orange target; that is, the word “blue” or the word “orange” 

appeared on the screen.  There were two trial types: pop-out and heterogeneous.  Trial 

order was randomized such that each trial had an equal probability of being a pop-out or 

heterogeneous trial.  In pop-out trials, the blue or orange target circle was surrounded by 

distractor circles of one single different color (e.g., green).  In heterogeneous trials, each 

distractor circle was a unique color.  On each trial, participants were to respond with the 

orientation of a line within the target circle.  Importantly, the search array was only 

visible for 100 ms on each trial, and then masked for 1,500 ms.  This was done in order to 

limit participants’ visual encoding of the stimuli.  Accurate performance would reflect 

that the cue affects processing at an early stage:  Since participants were likely not able to 

take in the full search array in such a short amount of time, they must have been able to 

bias processing in favor of stimuli in the target color.  On the other hand, if participants’ 

answers reflect guesses rather than accuracy, then cueing must affect processing at a later 

stage — either later in visual processing or even further on in decision making.   
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The results reflected the first possibility:  Participants performed well, with 

accuracies that were significantly greater than random chance.  The fact that participants 

were not able to visually process the stimuli for very long indicates that the word cue they 

received must have affected the early stages of visual processing.  For example, if the 

participant received a cue of ‘orange’, the neurons tuned to handle orange visual stimuli 

must have been more ready to process information than neurons that handle other colors.  

This indicates that top-down goals affect not only how we shift attention but also how we 

process incoming information. 

Bichot and colleagues tested this same phenomenon on a neural level by 

recording neuronal responses in monkeys as they performed visual searches for a target 

among an array of 20 items (2005).  Half of the time, the target was a certain color, and 

the other half, it was a certain shape.  They found that neurons that are tuned to respond 

to a certain color fired more when that color matched the search template and when that 

color was in the neuron’s receptive field.  This means that a neuron that responds to the 

color red, for example, responds more strongly to a red stimulus when the search target is 

red, regardless of whether the object currently within its receptive field is actually the 

target.   

This happens simultaneously for all the neurons that prefer features that match the 

search target — all of them become more ready to fire more rapidly as soon as a stimulus 

matching their preferred feature enters their receptive fields.  The authors reason that the 

parts of the visual stream that control attention must direct these neurons to be ready to 

fire when their preferred stimulus appears.  Even though the neurons tuned to the features 
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of the search target are maximized and ready to go, an observer must still find the target 

of their search.  This is accomplished by considering all the stimuli currently present in 

the visual field, whether judging each one individually or many all at once.  These 

techniques make up visual search. 

Integrating Top-Down and Bottom-Up Attention Models 

When searching through an array of visual stimuli, whether a collection of items 

on the kitchen table or a set of shapes on a computer monitor, there are two main 

strategies used to allocate attention (Pashler, 1988).  In the first, an observer’s attention is 

sent to items that are noticeably different from either the background of the scene or from 

the other items surrounding them.  For example, when looking for a neon-bright sticky 

note you know you left somewhere on the kitchen table, you can’t remember what exact 

color the note was, but instead search for anything eye-catching.  Only a corner of the 

neon orange note is visible, hidden under other books and papers, but its bright color 

pops out at you.  This is referred to as singleton detection mode, as the brain quite 

literally detects singletons, or locates stimuli that stand out (Bacon & Egeth, 1994).  The 

second method is feature search mode, in which stimuli that have a feature congruent 

with the search target are selected for attention.  In this case, searching for a book with a 

cover you know to be yellow mean that you will compare each of the items on the table 

to your search target (the yellow cover), and anything that is yellow will capture your 

attention. 

With Theeuwes having already shown the existence of singleton detection mode 

using arrays that included only one different shape, always the target, among an array of 
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similar shapes (1992), Bacon and Egeth tested the existence of feature search mode in 

three experiments (1994).  The reasoned that since feature search mode does not rely on a 

target’s difference from the rest of the array, participants ought to be able to respond just 

as well when there are multiple shapes matching the search template (with the 

Experiment 2), or when every item in the array is a different shape (Experiment 3).  In the 

first case, singleton detection mode would not work because the target is no longer a 

singleton since there are multiple shapes of the same form as the target.  In the second 

case, this singleton detection mode would not be an effective strategy for finding the 

target since every shape is different, meaning that every shape is a singleton (or, put 

another way, no shape is a singleton).  Thus, participants would be left with only feature 

search mode available to them to find their target.  Further, since the feature searches here 

are based on shape and not color, participants should not be distracted by a color 

singleton in the array.  These predictions were correct:  Participants were able to respond 

just as well in both experiments without being distracted by the color singleton.  The 

authors concluded that in feature search mode, the search for a feature of one dimension 

overrides any pop-out effects of features of different dimensions. 

This again confirms the existence of both top-down and bottom-up attentional 

guidance. Just as Folk, Remington, and Johnston suggested (1992), top-down attentional 

control can guide bottom-up attentional capture so that it works more efficiently toward 

our goals.  At this point, it is clear that both top-down and bottom-up mechanisms 

influence attention allocation (Desimone & Duncan, 1995).  There have been several 

attempts to integrate the two accounts into one unified theory, including the biased 
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competition theory of selective attention, the dimensional weighting theory, and the 

guided search model.  

As its name suggests, the biased competition theory of selective attention 

(Desimone & Duncan, 1995) predicts that the competing signals from relevant and 

irrelevant stimuli are biased via attentional processes, such that more relevant stimuli are 

given more attention.  In essence, the signal-to-noise ratio between relevant and irrelevant 

stimuli is biased in favor of the relevant stimuli.  This model has received support from 

several studies (e.g., Awh et al., 2005; Dosher & Lu, 2000; Kastner et al., 1998; Shiu & 

Pashler, 1994).  For example, in a study by Reynolds et al., researchers recorded the 

activity of neurons in areas V2 and V4 of monkeys while they viewed stimuli, some of 

which matched the preferred stimuli of the neurons being recorded (1999).  They found 

that the neurons would fire the most rapidly when only the preferred stimulus was within 

the neuron’s receptive field.  On the other hand, when only a non-preferred stimulus was 

within the receptive field, the neuron would fire the least rapidly.  In between these two is 

the combination of both the preferred and non-preferred stimuli within the receptive field.  

When both were present, firing occurred at about mid-range, indicating that the two 

stimuli were competing for the neuron’s activation.  The ‘biased’ part of biased 

competition comes into play with attention:  When both the preferred and non-preferred 

stimuli were within the receptive field and the monkey’s attention was directed toward 

the preferred stimulus, firing increased, although not to as high of a rate as the rate of 

firing for only the preferred stimulus.  In the same way, when the monkey’s attention was 
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directed toward the non-preferred stimulus, firing decreased.  Thus attention biases the 

processing of stimuli. 

The dimensional weighting account predicts that bottom-up attentional processes 

will be affected by top-down guidance (Found & Müller, 1996; Müller et al., 1995).  

Specifically, according to this theory, the salience of individual items in the visual field is 

combined into a master saliency map, but is done so in a way that biases the salience 

signals such that signals from featured dimensions relevant to the current search have a 

higher signal-to-noise ratio.  An important point of this account, though, is that the 

salience map does not identify what a particular target’s salient feature is, but only that it 

is different — and therefore salient — compared to the other stimuli around it.  A person 

may respond to a stimulus based solely on its salience along a certain feature dimension.  

The dimensional weighting account predicts that bottom-up attentional capture is 

moderated by top-down goals (Müller et al., 2003; Müller et al., 2010). 

The guided search model is another attempt to integrate top-down and bottom-up 

processing (Wolfe et al., 1989).  This model is a successor to the feature-integration 

theory of attention, which posited that whenever we need to use more than one defining 

characteristic about a target stimulus for visual search, we must search serially throughout 

all available stimuli to find the one that matches the search template (Treisman & Gelade, 

1980).  The guided search model updated this theory by proposing that we first assign 

stimuli to an attentional priority map, and then attention moves from stimulus to stimulus 

according to the highest-ranking priority.  Thus searches are performed in parallel for 

basic features of stimuli that are similar to the target, thereby selecting those possible 
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matches for further comparison against the target in order to find a complete match.  In 

this way, guided search and the biased competition model are two sides of the same coin:  

Guided search describes the process of determining what to pay attention to, and biased 

competition describes the process of determining how selection happens.  This is done via 

more attention being paid to the feature dimensions that are known about the target.  For 

example, if you know that your target is red but do not know what shape it will be, more 

attention will be paid to the color of potential targets than to their shape.  Based on this 

model, stimuli that match the target in multiple ways ought to be found more quickly 

because of their multiple points of convergence with the target. 

For example, in a study by Wolfe, participants searched an array for a red O 

among green Os and red Xs (2007).  Thus there were two target characteristics for the 

participants to search for: color (red) and shape (O).  The results were supportive:  The 

search for multiple target features is more efficient than if participants were evaluating 

each of the stimuli individually in turn.  The authors replicated this effect with a second 

experiment using target characteristics of color and orientation, and again with color and 

size.  All experiments supported their conclusion.  This model predicts that bottom-up 

attentional capture is used to identify basic features, while top-down attention guides 

whether or not those features match the search target.  

Gaspelin, Leonard, and Luck investigated a variant of the guided search model 

called the signal-suppression hypothesis (2015).  This theory proposes that visual stimuli 

produce a salience ‘signal,’ which can be suppressed if the stimulus is not in line with 

current goals (Sawaki & Luck, 2010).  Gaspelin et al. used a capture-probe paradigm, in 
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which the participant engages in a standard visual search task of locating a target shape 

while ignoring an irrelevant color singleton distractor and responding as to whether the 

dot inside the shape was on the left or right side.  On some trials, though, before the 

participant could complete the task, a letter probe would briefly appear in each of the 

shapes before the entire array would disappear.  Participants would then report any letters 

they remembered seeing.  In this way, the researchers were able to distinguish which 

locations participants processed information from and which were suppressed.  

Participants responded with the highest recall accuracy to letters that were shown at the 

target location, and worst to letters at the singleton distractor location.  This indicates that 

the participants were in fact able to suppress the distractor shape from early visual 

processing, supporting both the signal-suppression hypothesis and the guided search 

model. 

The main difference between the dimensional weighting account and the guided 

search model is that the dimensional weighting account does not require object 

recognition in order for a response to be made, while the guided search model predicts 

that some amount of processing happens before attention even comes into play.  Moore 

and Egeth tested whether stimuli are grouped by perceptual processes before the 

information reaches the areas of the visual stream that handle attention (1997).  They 

showed participants a screen on which equally spaced dots appeared, each either white or 

black, rather like a Lite-Brite.  On each trial, the color of the dots created a pattern either 

randomly, in the shape of the Ponzo illusion, or in the shape of the Müller–Lyer illusion.  

Both these illusions use extra lines alongside central horizontal lines of equal length to 
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make the horizontal lines appear to be of different lengths.  The Ponzo illusion does so 

via a slanted line on either side, creating an inverted V, with the horizontal lines in the 

middle.  The slanted lines create the illusion of depth, so the brain interprets the lower 

horizontal line as being longer.  In the Müller–Lyer illusion, each of the horizontal lines 

have wings at each end.  One set is arranged to look like a double-ended arrow (i.e., ↔), 

while the other set of wings is inverted, facing outward.   

(A)     (B)   

Figure 1.  Examples of illusions used in Moore and Egeth, 1997. 
(A) The Ponzo illusion.  The horizontal line at the top appears to be longer than the 
identical horizontal line beneath it.  (B) The Müller–Lyer illusion.  The horizontal line at 
the top again appears to be longer than the identical horizontal line beneath it. 

The idea behind this experimental design is that if participants are fooled by the 

illusions and judge the horizontal lines to be of different lengths, then they must be 

grouping the dots in order to perceive the lines.  If participants do not pre-attentively 

group the dots, then the illusion will not be visible because the array will be perceived as 

an array of dots, not as lines.  The results support the first possibility:  After a few 

practice trials, participants were fooled by the illusions, meaning that they must have 
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perceived the lines by grouping the dots into shapes.  However, the participants did not 

report noticing any of the dot patterns  This means that before attention even enters into 

the equation, we already group visual stimuli according to likely objects or groups.  

Further, these results confirm the existence of feature search and support the guided 

search model. 

In summary, top-down attentional control is a means of guiding attention to those 

stimuli that are most relevant to current goals.  It can also guide bottom-up, salience-

based attention capture such that only items that are salient along a certain relevant 

feature dimension ‘pop out.’  Top-down and bottom-up processes likely interact in their 

effects on attention, but the exact nature of this interaction is still under investigation.  

However, the top-down/bottom-up dichotomy is not enough to explain visual attention 

orienting.  Another important piece of the puzzle is learning, or how experience with 

targets influences our attention toward them. 
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LEARNED STATES OF COGNITIVE FLEXIBILITY 

One criticism of the top-down/bottom-up dichotomy is that there are other 

stimulus events that draw attention outside of these two criteria (Awh et al., 2012).  In 

other words, aside from physical features, attention can also be drawn by objects that 

have been previously associated with some sort of gain or value, or those that have been 

targets of attentional selection before (Anderson et al., 2011; Sali et al., 2018).  Targets 

that have been selected previously are more likely to be continuously held in working 

memory, and therefore more likely to be selected for attention again.  On the other hand, 

mechanisms of reward prediction also facilitate value-driven attentional capture (Sali et 

al., 2014).  For example, when searching through cupboards for a snack, a tin of cookies 

will draw attention more readily than healthier snacks because of the cookies’ prior 

association with reward.  Learning can also help to focus attention, by suppressing 

locations on the attentional priority map that have been learned to contain distractors 

(Wang & Theeuwes, 2018).  In this case, the next time you open the cupboard, you may 

not even notice the cookies because you have learned to suppress that stimulus in favor of 

the healthy snack you are looking for. 

Awh, Belopolsky, and Theeuwes combined the above possibilities under the 

heading of selection history in their integrative priority framework (2012).  This theory 

states that attentional selection is driven by current goals (i.e., top-down), physical 

salience (bottom-up), and selection history (previously-selected and value-driven).  The 

three components can work independently to influence attentional capture, but they are 
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also capable of acting together.  When searching for a target, as described previously, we 

use information that we have about the visual features of the target in order to find it.  For 

example, when searching for a red triangle, a person searches for a shape that has three 

corners and is red.  This search involves statistical learning in several ways: location, as 

in where the object is likely to be found; features we know to be true of the target, such as 

the ‘red’ and ‘three corners’ criteria; and features such as ‘not blue’ that can distinguish 

the target from other objects in the visual field (Geng & Witkowski, 2019). 

Statistical learning forms the basis of how our brains process visual information.  

We learn, from what we see in everyday life, how objects relate to each other in space 

(Biederman et al., 1982).  This learning creates expectations about how other objects will 

relate to each other, which then helps us to process other visual input more quickly and 

accurately.  This was stated by Barlow in his theory of visual recognition, which argued 

that statistical learning (though he did not use the term itself) is necessary for ordinary 

learning (1989).  Since it is impossible for us to process every bit of visual information 

we see, we instead use shortcuts in the form of these expectations to process the 

information more efficiently (Shaw & Shaw, 1977). 

Statistical learning is a fast and automatic process, occurring when a person 

makes no effort to attend to any certain part of what they see (Fiser & Aslin, 2001; Manns 

& Squire, 2001).  Fiser and Aslin tested this by showing participants twelve new, unique 

shapes, six at a time (2001).  The shapes were always shown in the same pairs, although 

this was not made explicitly known to the participants.  In a second phase of the 

experiment, participants were shown two sets of pairs of the new shapes.  One of the 
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pairs matched the pairs used in the first part of the task, and the other was a new 

configuration.  Participants were instructed to report which of the two pairs was more 

familiar to them.  They were sufficiently able to pick out the original pairs, indicating that 

they had learned the configurations of the shapes even though those configurations were 

not made explicit. 

Participants in statistical learning studies often report no knowledge or memory of 

any patterns within the trials.  In a study by Chun and Jiang using the contextual cueing 

paradigm (described below), three of the 14 participants were only able to recognize 

39.3% of the repeated configurations when asked explicitly whether they had seen them 

before (1998). 

Contextual Cueing 

We are also able to pick up cues from the environment and surrounding stimuli, 

referred to as contextual cueing.  This phenomenon was first described by Chun and Jiang 

(1998).  Their experiment confirmed that people are able to pick up on contextual cues 

from visual inputs around a target (as opposed to from the target itself) and to use those 

cues to speed further searches when the same context appears again.  What’s more, 

though, this learning happens implicitly — both learning and use of the contextual cues 

are not volitional. 

In the first experiment of this study, there were two different kinds of search 

arrays, presented in random order to the participants.  The first kind were ‘new’ 

configurations, meaning that the configuration of the stimuli was completely rearranged 

every time it was presented, so that participants would not have seen the arrangement 
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before.  The second kind were ‘old’ configurations, which used the same arrangement of 

stimuli each time, so that participants had seen these arrangements before.  The stimulus 

arrays were sufficiently detailed that participants were not able to easily recognize that 

the same search array was being presented multiple times.  They searched for a rotated 

letter T in order to report whether it was pointing to the left or right; the distractors were 

letter Ls rotated to various angles.  The main point of this experiment, though, was that 

on ‘old’ trials, the target always appeared in the same location. 

The authors reasoned that if people are able to learn and use contextual cues, then 

they should respond more quickly over time to ‘old’ trials than they do to ‘new’ trials.  In 

other words, participants should respond with equal speed to ‘old’ and ‘new’ trials for the 

first few blocks of trials, but then should show a marked improvement in their responses 

to ‘old’ trials after some experience with the pattern.  This is indeed what happened:  

Participants started out with equal response times across the two configurations and 

became faster at responding to ‘old’ trials as the experiment went on.  This indicates that 

the visual context of the search array helped participants find the target more quickly. 

The contextual cueing effect is distinct from the location probability effect, 

though (Chun & Jiang, 1998).  This refers to the statistical probability of a target 

appearing in a certain location, which people are able to pick up on and use to their 

advantage to speed visual search (Logan, 1998; Miller, 1988; Shaw, 1978; Shaw & Shaw, 

1977).  The difference between contextual cueing and location probability is that 

contextual cueing depends on an observer’s extrapolation of the probable location of the 

target from the environment, whereas location probability depends on the observer’s 
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learning the likelihood of a target appearing at certain locations, regardless of the 

environment — the ‘environment’ here being surrounding distractor items.  Essentially, 

contextual cueing is learning from the environment, while location probability is learning 

from the target. 

Since the above landmark article, contextual cueing has been broadly 

investigated.  An interesting finding about the process is that when using contextual cues, 

what observers learn from is not the meaning of the context, but its visual properties.  For 

instance, if there is a clear grouping of the elements within a scene, the ‘context’ will be 

constrained to within the grouped elements and not include those outside the group 

(Conci et al., 2013).  For example, when looking at your desk, the surface of the desk 

creates a natural segmentation of the visual field.  Even though your visual field includes 

items on the nearby bookshelf or on the floor underneath the desk, the only objects that 

will influence contextual cueing are those on the desk because of this grouping effect. 

Harris and Remington investigated whether contextual cueing works via 

improvement of attentional guidance or response-related processing (2017).  In three 

experiments, they gave participants a contextual cueing task similar to that described 

above.  Importantly, they measured how many attention shifts participants completed 

before locating the target on each trial.  They reasoned that if contextual cueing is based 

on improved attentional guidance, then the number of attention shifts should decrease as 

the participant learns the contexts and applies that information to their search.  If 

contextual cueing is based on any other factor, though, including improved response 

processing, then the number of attention shifts should not change.  They found in all three 
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experiments that participants did make fewer attention shifts as the trials went on.  This 

indicates that as they learned from the contexts, participants did not need to do as much 

searching to find the target. 

Makovski added to this body of work by considering the meaning of objects 

making up the context of the scene (2018).  Using photographs of objects as stimuli on 

some trials and distorted versions of those same photos on others, he showed that 

contextual cueing is dependent only on the visual properties of the scene, rather than the 

meaning of the objects.  This means that contextual cueing is based on information 

gleaned early in the visual stream and does not require further processing. 

Contextual cueing is one type of selection history-related attentional guidance, but 

there are other mechanisms that fall under this category as well.  Kim and Anderson 

argued that selection history is made up of multiple components: habit and value (2019).  

The next two sections will cover each of these influences on attention. 

Previous Selection-Driven Attentional Capture 

Habits in general are powerful influences on behavior.  Even when we try with all 

our might to ignore the tasty snacks and reach for the carrots instead, habits can cause us 

to act without realizing what we are doing, meaning that before we even realize what 

we’ve done, we’ve already opened another box of Oreos and started eating.  Habits arise 

from repeated behavior, and in visual attention, particularly from priming of certain 

stimuli.  Priming refers to the phenomenon that once a certain target has been selected, 

other objects similar to that target seem to ‘pop out’ at the observer, even if the task has 

changed and those features are no longer relevant (Maljkovic & Nakayama, 1994). 
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Essentially, the features of a target are held in working memory, creating a template 

against which other stimuli are compared such that similar stimuli capture attention 

(Wilschut et al., 2014).  The brain uses a shortcut via a recently-selected target held in 

working memory, guiding attention to that same target again (for a review, see 

Kristjánsson & Ásgeirsson, 2018). 

Theeuwes argued that all feature-based attention is actually a form of priming 

(Theeuwes, 2013).  This argument is based on the idea that priming of the target feature 

makes stimuli with that feature more salient, meaning that, according to salience-driven 

attentional capture theories, it is more likely to capture attention.  Theeuwes and Van der 

Burg tested this by showing participants two shapes, one red and one green, that appeared 

at slightly different times, and asking them to report which of the two appeared first or 

whether they appeared simultaneously (2013).  Importantly, before each trial, a shape 

appeared in either red or green, completely unrelated to the colors of the two task shapes.  

This shape served as a prime for one of the colors.   

The authors hypothesized that if participants are in fact primed by this 

uninformative shape, then their processing of the task shapes ought to be biased in favor 

of the task shape that matched the prime shape’s color.  This means that they would be 

more likely to report seeing the prime-color task shape appear first, even if the two 

appeared simultaneously or the order was reversed.  On the other hand, if no such 

priming occurs, then participants would be more likely to respond accurately to the task 

whether or not the prime was accurate.  The results confirmed the first possibility:  

Participants’ attention was drawn more readily to the task shape that matched the prime, 
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which led them to answer incorrectly that that shape appeared earlier than the other, even 

in cases where both shapes appeared simultaneously.  Additionally, they tended to 

respond that both shapes appeared simultaneously when actually the non-prime color 

shape appeared first.   

The researchers then confirmed that this is not a top-down effect by repeating the 

experiment but with word cues — i.e., the words ‘red’ or ‘green’ used as the prime, 

written in black text, with no color — and found no such effect.  They concluded that 

processing a color stimulus primes us to process later stimuli of that same color more 

readily. 

Priming is a temporary version of a habit, and can extend into a habit if the 

pattern in question is repeated enough times (Salovich et al., 2018).  Jiang (2018) 

expanded the integrative priority framework (Awh et al., 2012) with the addition of 

attention as a force of habit.  The reasoning behind this was a separation of attention into 

two parts: “where spatial attention is allocated and how one shifts attention in 

space” (Jiang, 2018, p. 107, emphasis in original).  The ‘where’ component is analogous 

to the attentional priority map discussed above.  The ‘how one shifts attention’ part 

indicates the actual shifting of attention to various locations. Goal-driven actions turn into 

habit with repetition (Wood & Rünger, 2016).  This means that, as a person repeatedly 

emphasizes one location on the priority map, this will turn into a habit over time.  Thus in 

future similar situations, the person begins to look in that location for the target 

automatically.   
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While priming is a transient form of selection history bias, habit is a more lasting 

one (Jiang & Sisk, 2018).  Spatial attention bias via statistical learning lasts longer than 

does goal-driven attention bias — in one study, it lasted over a week (Jiang et al., 2013).  

The force of habit can be so strong, in fact, that once someone ignores a distractor enough 

times for ignoring it to become a habit, they become ‘immune’ to that distractor (Turatto 

& Pascucci, 2016).  Habituation is a more efficient way of suppressing distractors than 

applying top-down intent to the task every time (Turatto et al., 2018). 

For example, Turatto and Pascucci investigated habituation of attention via a 

timed visual search task (2016).  Participants were shown a screen with four placeholder 

circles, three of which were grey and one of which was red, indicating the location of the 

upcoming target.  In each trial, they had to locate the target circle and report to which 

direction a letter C within it was rotated.  To test for habituation, though, one of the 

placeholder circles suddenly changed to a bright, light grey high in luminance 200 ms 

before the target stimulus appeared, creating an abrupt-onset distractor.  These distractor 

trials made up 20% of the total trials.  The researchers predicted that participants would 

respond more slowly or less accurately if their attention is indeed captured by the 

distractor, and that if they were able to habituate against that distractor, that their 

performance would improve over time.  This hypothesis was borne out:  Participants did 

respond more slowly and less accurately on the distractor trials at first, but as they 

continued in the experiment, their responses became more similar to the distractor-free 

trials.  This shows that when the suppression of a recurrent visual distractor becomes 

habitual, a person can search as if there were no distractor present at all. 
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Cunningham and Egeth found the same effect by telling half of their participants 

what color the distractor would be in the upcoming trials, while the other half of 

participants had no knowledge about the distractors (2016).  Participants who were 

forewarned of the distractor’s color gradually had faster and faster response times over 

the course of the experiment.  In comparison, participants who did not know about the 

distractor had stable response times (RTs) across the experiment.  In another part of this 

study, the researchers compared participants for whom the distractor’s color stayed the 

same throughout the experiment against participants for whom the distractor changed 

color from trial to trial.  Both groups had foreknowledge of the distractor color, but in the 

first group, the color never changed, and in the second group, participants learned the 

new distractor color before each individual trial.  The group with the stable distractor 

color again had faster response times as the experiment went on, while the other group 

had stable times across the experiment.  This indicates that, for participants who knew 

about the color of a distractor and were able to practice ignoring that distractor, this 

suppression became habit-like across the course of the trials.  

While habits have considerable influence over visual attention, another way that 

selection history comes into play is via stimuli that have previously been selected and 

have been associated with some sort of value or reward.  Value-driven attention capture 

can be just as strong of an influence as habit. 

Value-Driven Attentional Capture 

Stimuli that have in the past been associated with a reward of some kind capture 

attention more readily than stimuli without such associations (Anderson et al., 2011; 
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Failing & Theeuwes, 2018).  Returning to the kitchen cupboard example, things that have 

previously provided rewards will capture your attention more readily than other, probably 

healthier, snacks.  Even though you may have gone to the cupboard with every intent of 

having a healthy snack, your eyes are drawn to the cookies because your brain has 

associated them with reward in the past. 

Anderson, Laurent, and Yantis first investigated this phenomenon by having 

participants report on the orientation of a line within a red or green target (2011).  After 

each trial, participants were informed of their accrued monetary reward, which increased 

more quickly when the target was one color (e.g., red or green; counterbalanced) than the 

other color.  Thus, participants implicitly learned to associate the color red (or green) with 

higher monetary reward.  After this ‘learning’ set of trials, participants then searched for a 

singleton shape among shapes of different colors (e.g., the one diamond among circles), 

and were told that color was irrelevant.  Even so, whenever one of the distractor shapes 

was the same color as the previous high-reward color, they reliably performed more 

slowly.  This means that participants were distracted by shapes of the same color that had 

previously been associated with a reward, over and above the possibility of it simply 

being a salient stimulus. 

Although it was first thought that reward associations simply altered the salience 

of a stimulus (Theeuwes & Belopolsky, 2012), reward associations affect attention 

shifting independently of top-down goals or bottom-up salience (Failing et al., 2015; 

Failing & Theeuwes, 2014; Pool et al., 2014).  Pool and colleagues confirmed this by 

using a spatial cueing task (2014).  They presented participants with a neutral stimulus (a 



34

new, unique shape) and the smell of chocolate, leading participants to associate the shape 

with the reward of the good smell.  Another new shape was also presented, but without 

any association to the smell.  These shapes were then used as cues in the following search 

trials, such that half of the time they validly predicted the location of the target, and the 

other half of the time, they were in a location not near the target.  The target itself, shown 

after the shape, was a black bar tilted to the left or the right; participants were asked to 

report which direction it was leaning.  The idea in this study is that if participants do 

poorly on trials in which the conditioned stimulus — the shape associated with the 

chocolate smell — inaccurately predicts the location of the target, then they must have 

been distracted by that shape.  The fact that the cues were invalid half of the time might 

have led participants to ignore them using top-down control, but the association of one 

shape with the reward overpowered this suppression.  Participants performed 

significantly worse on trials in which the conditioned shape was an invalid predictor.  

This means that even though they could expect it to be an unreliable source of 

information, they were unable to prevent its capturing their attention. 

In sum, attentional priority is generally thought to be determined via a 

combination of bottom-up salience, or the amount that a stimulus ‘pops out’ or catches 

the eyes; top-down attentional control, or a person’s goals and expectations of what they 

are trying to find; and selection history, or the associations we have already created with 

stimuli based on prior interactions.  Taken together, this growing body of work suggests 

that the allocation of attentional priority varies according to the moment-by-moment 

demands of the environment.  Although the influence of learning on cognitive flexibility 
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has been the topic of recent investigation, the domain generality of flexibility learning 

and the implications for spatial attention remain unknown. 

An important aspect of goal-directed cognitive control is our ability to flexibly 

update our focus of attention, the contents of working memory, and the current task set. 

Cognitive flexibility refers to a person’s readiness to switch between tasks or shift 

attention. A person varies over time in their cognitive flexibility, such as when shifting 

attention between two spatial locations (Sali et al., 2016) or when switching between 

tasks (Leber et al., 2008). Moreover, environmental characteristics place different 

demands on cognitive control. For example, when working in a cubicle on a busy open 

office floor, a person must be prepared to focus their attention on their task while 

blocking out the conversations going on around them. Other situations, such as 

navigating an unfamiliar city, would require them to be ready to flexibly shift their 

attention among numerous objects in the environment.  

Given the need to anticipate environmental demands and to adapt one’s cognitive 

flexibility accordingly, recent work has focused on whether cognitive control is sensitive 

to the statistical regularities of an individual’s environment. Across several studies, 

participants demonstrated reduced attention shift costs — a behavioral indicator of one’s 

readiness to shift attention — when in task-defined contexts for which the need to shift 

attention was highly likely, relative to those contexts in which shifting attention was 

unlikely (Sali et al., 2015). Importantly, in all cases, participants were given no explicit 

warning of the likelihood of switching attention. This indicates that participants 

underwent statistical learning: picking up and integrating recurring information from 
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multiple time points (Schapiro & Turk-Browne, 2015). Likewise, response conflict 

resolution (Crump et al., 2006; King et al., 2012) and cognitive flexibility in the domain 

of task switching (Crump & Logan, 2010; Leboe et al., 2008) have also been shown to 

vary according to contextual demands.  Task switching is the third important piece of the 

current study. 
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TASK SWITCHING 

Say that, in college, you have a part-time job working at the front desk of a hotel.  

Your boss allows you to work on homework whenever there are no guests at the desk, so 

you’ve brought a heavy textbook to try to get through several chapters.  On a slow night, 

you might need to check in two or three guests and maybe send up a room’s worth of 

towels, but in between that you’re able to make some good headway on your reading.  On 

the other hand, working on the night that a huge conference is in town might slow you 

down a bit.  You’re constantly having to switch between checking guests in, taking 

payments, sending towels up to rooms that ask for them, kicking out the guest who’s 

smoking, making sure no one brings any glass into the pool area… It’s a miracle if you 

can get any of it done properly, let alone accomplish any reading.   

People generally work less efficiently and make more errors when switching 

between tasks.  Even when switches between tasks are completely predictable, both 

response times and error rates still increase (Rogers & Monsell, 1995).  Why do we have 

more difficulty when switching between tasks than sticking with only one?  This section 

will review the task switching research paradigm, possible explanations for the 

aforementioned task switch costs, and a current theory on task set shielding. 

Task Switching Paradigm 

The task switching paradigm was developed to study the differences between 

working on one task repeatedly and switching between tasks (Jersild, 1927; Allport et al., 

1994).  It involves a participant being taught two sets of task rules and a cue to determine 
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which of the two they should use in the current trial.  For example, a number located at 

the top of a screen might indicate that the participant should categorize it as to whether it 

is odd or even, but a number at the bottom of the screen indicates that it should be 

categorized as greater or less than five.  This paradigm was originated by Jersild, who 

presented tasks to participants in either an alternating manner (e.g., task A, then task B, 

then A, B, A) or repeating (e.g., AAAA…) and compared their response speed and 

accuracy (1927).  Jersild proposed that the difference in response time, then termed a 

“shift loss,” was related to participants’ needing to switch between the two tasks.  Both 

the paradigm and this definition have undergone revisions since that time. 

Allport et al. updated the task switching paradigm with a series of experiments 

using Stroop tasks (1994).  In these studies, the researchers used two different sets of 

stimuli.  The first was a set of traditional Stroop stimuli, names of colors written in a 

different color than the one the word depicts (e.g., the word ‘blue’ written in green).  For 

this set, the participant would be asked to name either the word or the color it was written 

in.  The second set of stimuli was a grouping of several numbers, all the same digit.  For 

example, there might be three of the numeral ‘9’, or six of the numeral ‘2.’  In this case, 

the participant might be asked to name the numeral itself or how many times it appears.   

In another version, Rogers and Monsell presented participants with two different 

kinds of pairs of stimuli, the first of which included one letter and one number, one of 

which was cued as the target; letters were to be categorized as vowels or consonants, and 

numbers were to be categorized as odd or even (1995).  As such, it would be possible to 

complete either task using this pair, depending on which character was the target.  In the 
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second kind of pair, one of the stimuli was the target letter or number and the other was a 

non-alphanumeric character, resulting in a pair for which only one task is possible.  These 

pairs were presented to the participant one after another, with the instruction that they 

should complete two trials of one task before switching to the next (task A, A, B, B, A, A, 

and so on).  This study and the Allport et al. (1994) study presented above established 

that switching between tasks, even when switches are predictable, results in extended 

response times and higher error rates.  Variations of this paradigm are still in use 

currently. 

Switch Costs  

Jersild’s concept of shift losses has been expanded to include multiple aspects of 

this phenomenon.  Shift losses, now referred to as switch costs, refer to the extra time that 

participants seem to require when responding on task switch trials as opposed to task 

repeat trials.  Also in play, though, are the preparation effect, residual costs, and mixing 

costs (Monsell, 2003).  The preparation effect refers to that if a participant knows about 

an upcoming task switch and prepares for it, then switch costs are lower.  However, 

preparation does not return switch costs back to baseline.  Task switch trials still tend to 

show some amount of switch cost, referred to as a residual cost (Sohn et al., 2000).  

Finally, mixing costs refer to the fact that in a block of trials in which participants switch 

tasks, even if the participant is presented with several trials of the same task in a row, 

they will still have slower response times than if the entire block was just one task 

(Monsell et al., 2003).   
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Early studies on switch costs tended to propose only one mechanism to account 

for switch costs.  For example, in the Allport et al. study reported above, the researchers 

found that when a participant, for example, switched from the word naming task to the 

digit naming task and had recently done the digit counting task, then response times will 

be slower (1994).  Seeing the digit array seems to prime the task that was recently 

completed, rather than priming both possible tasks.  Allport and colleagues called this 

effect ‘task set inertia.’  Other researchers argue that switch costs are a marker of the 

attentional systems having to reconfigure from one task to another (Goschke, 2000). 

Another perspective is that whereas repeat trials reflect a priming effect of repeating the 

previous trial, switch trials lack this priming, hence the switch cost (Koch, 2001).  Today, 

it is generally assumed that some combination of such accounts explain the switch cost 

phenomenon (Monsell, 2003). 

For example, just as in the attention literature, top-down and bottom-up factors 

are also considered to have effects on switch costs.  Higher response times on switch 

trials can be seen as either additional time needed for a person to intentionally switch 

from one task to another (i.e., top-down, or expectancy), or as a benefit of repeating a 

task, such that performing a task primes it in memory, resulting in quicker response times 

(i.e., bottom-up, or recency; Dreisbach et al., 2002).  Ruthruff et al. researched the 

interaction of expectancy (i.e., top-down) and recency (i.e., bottom-up) factors to test 

several theories that integrated top-down and bottom-up factors in task switching (2001).  

They did so by having participants switch between tasks in a predictable way (e.g., 

AABBAABB…, as in Rogers & Monsell, 1995).  However, they also included 
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unexpected switches or repeats, resulting in four conditions: expected repeats 

(AABBAA), expected switches (AABBAA), unexpected repeats (AABBBA), and 

unexpected switches (AABBAB).  Task expectancy was indexed by the expected repeats, 

and task recency was indexed by task lag (how many trials had gone by since the last trial 

with the task in question).  They found that both task recency and task expectancy had 

additive effects, meaning that these phenomena must be controlled by distinct processes 

(Sternberg, 1969).  Thus, although task expectancy and task recency work together to 

influence switch costs, they are not two sides of the same coin, but two separate effects. 

Task Sets and Shielding 

Another line of research in the task switching literature is the study of task sets 

themselves.  A task set refers to a group of instructions or rules for how to interact with or 

respond to a set of stimuli.  This is as opposed to simple stimulus–response (S–R) 

mappings, in which a participant learns via rote memorization how to respond to each 

individual stimulus. 

Dreisbach, and Haider investigated the differences in participants’ responses when 

they were taught task sets or S–R mappings.  Eight words related to clothing were 

presented in front of one of 12 line drawings.  Eight of the line drawings were the same 

clothing objects as the words used, termed the semantically related drawings.  The 

remaining four drawings were semantically unrelated, which were drawings of animals 

looking to either the right or the left. 

This experiment had a 2 (instruction) × 2 (compatibility) × 2 (drawing 

relatedness) design.  For the instruction manipulation, stimulus words were mapped to a 
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left-hand response key if they were a piece of clothing that covers part of the leg (e.g., 

“dress” or “trousers”), and the others to a right-hand response key.  Half the participants 

learned to categorize according to this task set pattern, the other half through rote 

memorization without knowledge of the task set.  The researchers hypothesized that 

participants using the task set would perform better on this task. 

For the drawing relatedness manipulation, half of each block of trials contained a 

stimulus word with a related (clothes) drawing distractor, and the other half had a 

stimulus word with an unrelated (animal) drawing distractor.  The animal was facing 

either the same or opposite direction as the stimulus word mapping, forming the 

compatibility manipulation.  This resulted in four groups of trials: response-compatible, 

related trials (e.g., the word “dress” with a drawing of a dress); incompatible, related 

trials (the word “dress” with a drawing of a tie); compatible, unrelated trials (the word 

“dress” with a drawing of an animal looking to the left); and incompatible, unrelated 

trials (the word “dress” with a drawing of an animal looking to the right). 

A further hypothesis was that if using a task set helps to guide attention, the 

compatibility manipulation would have different effects for the two instruction 

conditions.  Specifically, they expected that participants using the task set to respond 

would not be distracted by the animal drawings because use of the task set should help to 

filter out irrelevant information, but may still be distracted by the incompatible clothing 

drawings.  Participants who did not know about the task set, though, would not have this 

shielding effect and would be distracted by both the animal and clothing drawings. 



43

The results confirmed all the hypotheses put forward, and support the authors’ 

theory of a global shielding mechanism.  They suggest that having a task set in mind 

helps to focus attention to only information that is relevant to the task set.  Here, for 

instance, participants with the task set were not influenced by the animals facing an 

incompatible direction, while participants without the task set were.  However, 

participants with the task set were influenced by the drawings of incompatible clothing 

items, indicating that they did not simply suppress all the drawings, but only those 

unrelated to the task set.  Thus having a task set shields against processing of irrelevant 

information.  This theory affords another possible interpretation of switch costs:  Switch 

costs are the aftereffects of having shielded task-irrelevant information on the previous 

trial (Dreisbach & Haider, 2008). 

In sum, people generally work less efficiently and make more errors when 

switching between tasks.  There are several theories that have been proposed to explain 

why people take longer to complete tasks when switching than repeating, but more 

research is necessary in order to tease apart the mechanisms underlying this effect. 
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THE PRESENT STUDY 

The current study brings together visual search, task switching, and cognitive 

flexibility to examine the relationships between these three concepts.  As shown above, 

people can learn to adjust cognitive flexibility according to the environmental demands of 

different contexts (Sali et al., 2015).  For example, when driving in another city, it is most 

advantageous to have high cognitive flexibility, but while reading in a crowded coffee 

shop, it is best to have low cognitive flexibility.  A benefit of this control is that we are 

able to find a certain landmark to guide us to our destination and that we can focus while 

reading.  But what about the downside?  Does being in a more flexible state of cognitive 

control come with the consequence of also being more distractible?  The goal of the 

current study is to test whether learned states of task switching flexibility are associated 

with increased distractibility (Cools, 2008).  In particular, the current study is designed to 

test whether the domain specificity of fluctuations in cognitive flexibility extends to the 

feature search paradigm.  

In a recent study, researchers found no connection between cognitive flexibility 

and distraction using a singleton search paradigm, for which participants must rely on 

bottom-up attentional guidance more than top-down (Key & Sali, in preparation).  

Participants searched among an array of shapes for the one unique shape and ignored a 

different-color distractor shape.  They responded with whether the character inside the 

target shape was less than or greater than five, if the target character was a number, or if it 

was a letter, whether it was at the beginning or end of the alphabet.  The likelihood of 
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switching between these two tasks from trial to trial was either 25% or 75% during each 

block of trials.  Results showed that there was evidence of learned adaptations to the 

different switch probability blocks as switch costs decreased as switching became more 

likely, but there were no corresponding changes in distractibility.  This indicates that 

being more flexible in a goal-relevant domain does not result in unwanted flexibility in 

another domain.  However, the results from the current study may turn out differently 

when participants use feature search mode rather than singleton search. 

The current study follows and builds upon the previous one by using a feature 

search paradigm, for which participants must rely more on late selection of stimuli than 

early.  This is the next logical step for this study because singleton distractors have been 

shown to have less of an effect while a person searches using feature search than 

singleton search (Bacon & Egeth, 1994; Gaspar & McDonald, 2014).  Because of this, an 

effect should be more readily apparent in this study when using feature search. 

To test the domain-specificity of cognitive flexibility during feature search, a 

variant of a well-validated visual search paradigm will be used in which the presence or 

absence of a salient but task-irrelevant color singleton distractor is manipulated (e.g., 

Theeuwes, 1992).  Participants will be instructed to always search for the target shape 

(either a circle or a diamond, counterbalanced) and to ignore the different-color singleton 

distractor.  Use of this paradigm forces participants to engage in feature search mode, 

rather than singleton search, because every shape in the search array is different — each 

one is a shape singleton.  Based on previous feature search studies, it is predicted that, 

overall, participants will be able to prevent distraction by the salient distractor (Folk et 
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al., 1992; Theeuwes, 1992).  In fact, color singleton distractor presence may speed up 

search by narrowing the search field from four items down to three. 

H1:  For singleton present trials, response times will be lower and accuracy will 

be higher than singleton distractor absent trials. 

This hypothesis will be confirmed if, within the switch probability and task operation 

manipulations, singleton-present trials have lower response times than singleton-absent 

trials, and singleton-present trials have higher response accuracy than singleton-absent 

trials.  Operationalized, this effect will show up as a significant main effect of singleton 

distractor presence. 

In addition, letter probe trials will be added using the capture-probe paradigm, 

described above (Gaspelin et al., 2015).  To recap, on certain trials, before the participant 

can complete the task, a letter will briefly appear in each of the shapes of the array, before 

the entire array disappears.  Participants will then report any letters they remember 

seeing.  Using this paradigm will afford the ability to distinguish which stimulus 

locations participants process information from, and which (if any) are suppressed. 

The guided search model states that searches are performed in parallel to 

determine an attentional priority map, thereby allowing for serial selection of possible 

targets for further comparison against the search template in order to find a complete 

match (Wolfe, 2007).  Therefore, based on this model, it is hypothesized that participants 

will select the target stimulus early and suppress the singleton distractor location.  In 

other words, 
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H2:  Participants will have the highest recall accuracy for probe letters shown at 

the target location, then non-singleton distractor locations, and worst at 

the singleton distractor location. 

This hypothesis will be confirmed if a main effect of probe letter location is significant in 

the pattern described above. 

Critically, the frequency of task switches within a character categorization task 

will be simultaneously manipulated, such that in half of the trial blocks, participants will 

switch tasks only 25% of the time — i.e., a more stable state — and in the other half, they 

will switch tasks 75% of the time — i.e., more flexible (e.g., Crump & Logan, 2010).  

The two possible tasks are as follows:  If the number in the target shape is situated on the 

left side of the shape, then participants will respond as to whether the number is greater 

or less than five.  If the number is situated on the right side of the target shape, then 

participants will respond as to whether it is odd or even.   

Previous visual search studies have not included a task switch probability 

manipulation as this one does.  The 25% switch blocks in this study are therefore most 

analogous to previous visual search studies, whereas different effects should be observed 

in the 75% switch blocks.  As in previous task switching studies, it is hypothesized that 

the magnitude of behavioral task switching costs in response time and accuracy will be 

smaller in contexts associated with frequent task switching than in those with infrequent 

task switching, suggesting that participants do adjust states of flexibility according to 

contextual structures (Sali et al., 2015). 
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H3:  Response time and accuracy switch costs will be greater for trials in 25% 

switch blocks than for trials in 75% switch blocks. 

This effect will be found in the interaction between switch probability and task operation.  

Specifically, H3 will be supported if the difference in RT and accuracy between task 

repeat and task switch trials is greater for trials in stable blocks than in flexible blocks. 

Finally, it is hypothesized that there will be an interaction of switch likelihood and 

distractor presence such that participants will demonstrate greater distraction when 

frequently switching tasks than when infrequently switching tasks. 

H4:  Response time and accuracy distractor costs will be greater for trials in 75% 

switch blocks than for trials in 25% switch blocks. 

This hypothesis will be confirmed if there is a significant interaction between switch 

probability and singleton distractor presence such that the difference in RT and accuracy 

between task repeat and task switch trials is greater for trials in flexible blocks than in 

stable blocks. 

This same effect will also be reflected in probe trial results.  Specifically, there 

will again be an interaction of switch likelihood and distractor type such that participants 

will have better recall accuracy for probe letters shown at non-singleton distractor 

locations than at singleton locations.  This pattern will be more pronounced for trials in 

25% switch blocks than 75%, reflecting less effective inhibition of the singleton 

distractor in that case. 
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H5:  In 75% switch blocks, participants will recall more probe letters from the 

singleton distractor location than the non-singleton distractor locations.  

This pattern will be reversed in 25% switch blocks. 

This hypothesis will be supported if the interaction between switch probability and probe 

letter location is significant according to the pattern above. 
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METHOD 

Participants 

Forty undergraduate students (73% male, Mage = 18.98 years) were recruited via 

the online platform Sona.  Participants received an incentive of Introductory Psychology 

course credit.  They were preselected such that only those who reported having normal 

color vision and normal or corrected-to-normal visual acuity were included.  Participants 

were excluded from statistical analyses if their average accuracy across all trials was less 

than 75% (N = 19 excluded, final N = 21).  Of the final data set, 5 were female, 16 male, 

and ages ranged from 18 to 21 (Mage = 18.81 years, SDage = 0.81). 

Experimental Design 

The design of this study was modeled after other studies done in this paradigm 

(e.g., Gaspelin et al., 2015; Gaspelin & Luck, 2018a), with the addition of the 

manipulation of cognitive flexibility.  This study used a within-subjects 2×2×2 factorial 

design.  The independent variables were task switch probability (25% switch / 75% 

switch), task sequence (switch / repeat), and singleton distractor presence (present / 

absent).  The dependent variables in this study were response times and accuracy of task 

responses for the search task, as well as response accuracy on probe trials. 

Stimuli and Procedure 

Upon signing up for the study on the Sona portal, participants were provided with 

a link to a website at which they provided electronic informed consent and completed a 

brief demographic form.  All instructions were given on-screen before the start of the 
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experimental session. Half of all participants (randomly assigned) were instructed to 

search for the circle in each array, and the other half searched for the diamond.  

Participants were also instructed to perform one of two tasks on each trial, to categorize a 

digit as either less than or greater than five, or as odd or even.  Participants knew which 

task to perform based on where the digit sat within the target shape.  If the digit appeared 

on the left side of the shape, they performed the less/greater than five task, and if it 

appeared on the right side of the shape, they performed the odd/even task.  Additionally, 

for half of the trials, one of the shapes was a different-color singleton distractor.  

Participants were instructed to ignore these singleton distractors when they appeared.  

Accuracy feedback was displayed at the end of each block of trials. 

The stimuli for this experiment were designed to replicate the effect found in 

recent studies (Gaspelin et al., 2015; Gaspelin & Luck, 2018a).  Each search display 

included four shapes: one diamond, one square, one circle, and one hexagon (see Figure 2 

for an example).  These shapes were arranged in a circle around the center of the screen.  

For half of participants, the target and non-singleton distractors were presented in green 

(23.3 cd/m2, x = 0.29, y = 0.63) with the singleton distractor in red (23.3 cd/m2, x = 0.65, 

y = 0.34); for the other half, these colors were reversed.  Each shape contained a white 

(132.0 cd/m2) number in Arial typeface located near the left or right edge of the shape.  A 

white (132.0 cd/m2) fixation cross was continuously visible during the experiment except 

during intertrial intervals. 
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Figure 2.  Example layout of stimuli. 

Based on previous experiments using this paradigm, participants first practiced 24 

trials of the search array and task switches alone.  The second round of practice included 

24 trials of the same, but with singleton distractors added in.  Finally, a third round of 

practice included 24 trials as before plus two probe trials (Gaspelin et al., 2015).  They 

then began the task itself, which consisted of 14 blocks of 63 trials each.  Forty-nine of 

those 63 trials were the search task described above (see Figure 3 for timeline).  The 

remaining 14 were letter probe trials. 

On letter probe trials, the search array appeared as usual for 200 ms before the 

numbers in each shape were replaced, each with a different letter (see Figure 4 for 

timeline).  The letters and shapes remained on the screen for 100 ms before switching to a 

response array screen consisting of a representation of the alphabet.  Participants then 

clicked on each letter that they remembered seeing when the probe trial was visible. 
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Figure 3.  Example timeline of stimuli in search trials. 

 

Figure 4.  Example timeline of stimuli in probe trials. 
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RESULTS 

Search Task Analysis 

Participants’ data were excluded from analysis if they did not complete the full 

task (final N = 21).  RT data were trimmed using a nonrecursive moving criterion 

procedure designed to equate the percentage of trials removed from cells with differing 

sample sizes at 2.5 SD above and below the mean (trimmed percentage: 1.51%).  Trials 

with an incorrect response (13.19%) were also excluded from RT analyses (Van Selst & 

Jolicœur, 1994). 

Response Time 

A three-way ANOVA was run to assess the effects of singleton distractor 

presence, switch probability, and task operation on response time.  Results showed a 

significant main effect of task operation such that RTs were shorter for task repeat trials 

(M = 1276.55 ms, SD = 193.13) than for task switch trials (M = 1379.35 ms, 

SD = 207.81), F(1, 20) = 31.42, p < .001.  This indicates that participants were faster to 

complete the cued task when it was the same task as the previous trial.  The main effect 

of switch probability did not reach significance, F(1, 20) = 3.39, p = .080, meaning that 

participants performed similarly in both stable and flexible blocks.  The main effect of 

singleton distractor presence was also not significant, F(1, 20) = 2.07, p = .166, meaning 

that, overall, participants’ attention was not captured by the singleton distractor when it 

was present in the array. 
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The interaction between switch probability and singleton distractor presence was 

not significant, F(1, 20) = 0.13, p = .721, just as the interaction between task operation 

and singleton distractor presence was also not significant, F(1, 20) = 0.89, p = .358.  

However, the interaction between switch probability and task operation was significant, 

F(1, 20) = 7.95, p = .011, suggesting that switch costs varied depending on the type of 

block.  For flexible blocks, task repeat trials (M = 1307.77 ms, SD = 187.37) had shorter 

RTs than task switch trials (M = 1372.85 ms, SD = 200.14).  For stable blocks, the same 

was true, but more pronounced: task repeat trials (M = 1245.33 ms, SD = 195.96) had far 

shorter RTs than task switch trials (M = 1385.84 ms, SD = 217.43).  This means that 

participants took less time to switch tasks in the condition when switching happened 

more frequently, indicating that they did adapt to the different switch conditions. 

Finally, the three-way interaction between switch probability, task operation, and 

distractor presence was significant, F(1, 20) = 5.65, p = .028 (see Figure 5).  For stable 

blocks, RTs on switch trials were similar for singleton present (M = 1384.80 ms, 

SD = 223.29) and absent trials (M = 1386.89 ms, SD = 216.93), while RTs on repeat trials 

were lower for singleton present (M = 1230.08, SD = 207.38) trials than absent trials 

(M = 1260.59, SD = 187.69).  For flexible blocks, RTs on task switch trials were again 

lower for singleton present (M = 1345.91, SD = 199.99) trials than absent trials 

(M = 1399.79, SD = 201.47), while RTs on task repeat trials were lower for absent 

(M = 1303.20, SD = 189.84) than present trials (M = 1312.34, SD = 189.45). 



56

    

Figure 5.  Graphs showing the interaction effect of switch probability, trial type, and 
singleton distractor presence/absence on response time (ms). 
(A)  For stable blocks, RTs on switch trials were similar for singleton present and absent 
trials, while RTs on repeat trials were lower for present trials than absent trials.  (B)  For 
flexible blocks, RTs on task switch trials were lower for singleton present trials than 
absent trials, while RTs on task repeat trials were lower for absent than present trials. 

Finally, in order to explore the effects underlying the significant three-way 

interaction from the last ANOVA, the ANOVA was run again but separately for stable 

blocks and flexible blocks.  Within stable blocks only, the main effect of task operation 

was significant, F(1, 20) = 29.52, p < .001, such that participants responded more quickly 

to task repeat trials (M = 1245.33, SD = 195.9637) than to task switch trials 

(M = 1385.85, SD = 217.43).  The main effect of singleton distractor presence was not 

significant, F(1, 20) = 1.10, p = .308, and the interaction between task operation and 

singleton distractor presence was not significant, F(1, 20) = 1.53, p = .231, meaning that 

participants were not distracted by the color singleton in mostly-repeat blocks. 

The main effect of task operation was also significant within flexible blocks only, 

F(1, 20) = 11.72, p = .003, such that participants again responded more quickly on task 

repeat trials (M = 1307.77, SD = 187.37) than on task switch trials (M = 1372.85, 
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SD = 200.14).  The main effect of singleton distractor presence was also not significant 

here, F(1, 20) = 1.93, p = .180.  However, the interaction between task operation and 

singleton distractor presence was significant, F(1, 20) = 4.48, p = .047.  Response times 

for task repeat trials were only slightly faster when the singleton distractor was absent 

(M = 1303.20, SD = 189.84) than when it was present (M = 1312.34, SD = 189.45).  For 

task switch trials, though, response times were faster for singleton present trials 

(M = 1345.91, SD = 199.99) than absent (M = 1399.79, SD = 201.47).  Together, this 

means that singleton distractor benefits were present on repeat trials in mostly-repeat 

blocks and on switch trials in mostly-switch blocks, but not in any other condition. 

Accuracy 

The same three-way ANOVA was run on accuracy scores with mostly similar, 

inverted results, indicating that there was no speed–accuracy tradeoff (see Figure 6).  The 

main effect of task operation was again significant, such that participants responded more 

accurately on task repeat trials (M = 88.80% correct, SD = 6.69) than on task switch trials 

(M = 83.95% correct, SD = 8.26), F(1, 20) = 28.28, p < .001.  This means that 

participants made fewer mistakes when they were repeating tasks than when switching to 

a new task.  The main effects of switch probability and singleton distractor presence were 

not significant, F(1, 20) = 0.04, p = .846 and F(1, 20) = 1.13, p = .301, respectively. 

The interaction between switch probability and task operation was again 

significant, F(1, 20) = 4.78, p = .041.  For flexible blocks, participants were more 

accurate on task repeat trials (M = 87.83% correct, SD = 8.04) than on task switch trials 

(M = 84.70% correct, SD = 7.41).  For stable blocks, the same was true, but more 
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pronounced:  Participants were more on accurate on task repeat trials (M = 89.77% 

correct, SD = 4.89) than on task switch trials (M = 83.20% correct, SD = 9.06).  This 

means that being in a more flexible state results in lower task accuracy overall than being 

in a stable state. 

The interaction between task operation and singleton distractor presence was also 

significant, F(1, 20) = 6.75, p = .017.  For task repeat trials, participants were more 

accurate on singleton present trials (M = 89.88% correct, SD = 5.45) than on absent trials 

(M = 87.72% correct, SD = 7.64).  This singleton distractor benefit mirrors the effect 

found in response times.  However, the effect was reversed for task switch trials, such 

that participants were more on accurate on singleton distractor absent trials (M = 84.17% 

correct, SD = 8.35) than on present trials (M = 83.73% correct, SD = 8.26).  This 

indicates that, when switching tasks, a singleton distractor acts as a hindrance to the task 

at hand, but when repeating tasks, it acts as a facilitator.  The interaction effect of switch 

probability and singleton distractor presence was not significant, p = .978, just as the 

three-way interaction of switch probability, task operation, and singleton distractor 

presence was not significant, p = .591. 
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Figure 6.  Graphs showing the interaction effect of switch probability, trial type, and 
singleton distractor presence/absence on response accuracy. 
(A)  In stable blocks, participants were more on accurate on task repeat trials than on task 
switch trials.  (B)  In flexible blocks, participants were also more accurate on task repeat 
trials than on task switch trials, but this effect was less pronounced. 

Probe Trials Analysis 

Participants reported an average of 2.13 letters on each trial.  The number of 

letters reported did not differ significantly between singleton present trials (M = 2.11 

letters, SD = 0.84) and absent trials (M = 2.16 letters, SD = 0.86), paired t(20) = 1.80, 

p = .088.  Of the letters reported, 92.07% were actually present in the probe array. 

A three-way ANOVA was run on all trials to assess the effect of switch probability 

and singleton distractor presence on recall accuracy at target and non-singleton distractor 

locations (see Figure 7).  Results showed a main effect of location such that participants 

recalled far more letters at the target location (M = 72.14% correct, SD = 15.37) than at 

non-singleton distractor locations (M = 39.61% correct, SD = 21.70), F(1, 20) = 47.22, 

p < .001.  The main effect of distractor presence was not significant, F(1, 20) = 2.07, 
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p = .165, just as the main effect of switch probability was not significant, F(1, 20) = 0.16, 

p = .771. 

The main effect of location was qualified by two significant interactions.  The 

interaction between location and distractor presence was significant such that on 

distractor absent trials, participants recalled more letters at the target location 

(M = 71.23% correct, SD = 15.37) than at non-singleton distractor locations (M = 41.51% 

correct, SD = 22.16), F(1, 20) = 13.93, p = .001.  This effect was heightened for distractor 

present trials such that accuracy was greater for the target (M = 73.04% correct, 

SD = 15.52) than non-singleton distractors (M = 37.71% correct, SD = 21.32).  This result 

replicates the finding from Gaspelin et al. (2015) that participants readily process 

information from the target shape and suppress non-target shapes. 

Further, the interaction between probe location and switch probability was also 

significant such that in flexible blocks, participants recalled more letters at the target 

location (M = 70.98% correct, SD = 16.54) than at the non-singleton distractor locations 

(M = 41.17% correct, SD = 21.95), and this effect was more pronounced for stable blocks 

(Mtarget = 73.30% correct, SDtarget = 14.23; Mnon-singleton distractor = 38.05% correct, SDnon-

singleton distractor = 21.58), F(1, 20) = 8.38, p = .009.  This means that while participants are 

more able to recall letters at the target location, as predicted, this is especially true for 

stable blocks, indicating that task switching impairs this ability somewhat.  The two-way 

interaction between distractor presence and probability and the three-way interaction 

were not significant, F(1, 20) = 2.99, p = .099, and F(1, 20) = 2.14, p = .159, respectively. 
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Figure 7.  Graphs showing the interaction effect of switch probability, distractor 
presence, and probe location on probe recall accuracy. 
(A)  In stable blocks, participants recalled more letters at the target location than at the 
non-singleton distractor locations.  (B)  In flexible blocks, participants also recalled more 
letters at the target location than at non-singleton distractor locations, but this effect was 
less pronounced.  Additionally, across stable and flexible blocks alike, on singleton 
distractor absent trials, participants recalled more letters at the target location than at non-
singleton distractor locations, and this effect was heightened for singleton present trials. 

To evaluate the extent to which participants suppressed the salient distractor and 

to explain the effect of singleton distractor presence in the previous analysis, a two-way 

ANOVA was run on singleton present trials only to assess the differences in recall in 

stable and flexible blocks for singleton and non-singleton distractor locations.  Results 

showed no main effect of switch probability, F(1, 20) = 2.59, p = .123, and no interaction 

between location and switch probability, F(1, 20) = 0.08, p = .785.  However, there was a 

significant main effect of location:  Participants recalled more letters correctly at 

singleton distractor locations (M = 41.77% correct, SD = 22.94) than at non-singleton 

distractor locations (M = 37.09% correct, SD = 21.51), F(1, 20) = 6.65, p = .018.  This 
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indicates that singleton distractors were involved in later processing more frequently than 

non-singleton distractors.  
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DISCUSSION 

The goal of the current study was to test whether learned states of task switching 

flexibility are associated with increased distractibility in a feature search paradigm.  This 

study investigated this research question through the use of a visual search task that 

required participants to use feature search mode.  A task switching manipulation was also 

added, such that participants switched between two tasks either seldom or frequently in 

each block of trials. Participants had to search for a known target shape among an array 

of four different shapes while ignoring a singleton distractor.  On 23% of trials, the task 

set stimuli were replaced with letters for only 100 ms, and participants were asked to 

report which letters they remembered seeing.  This capture-probe paradigm afforded a 

means of distinguishing which locations participants processed information from and 

which were suppressed (Gaspelin et al., 2015).  Results confirmed that feature search 

mode relies on early selection of target stimuli and suppression of known distractors; 

however, results contradicted the signal-suppression hypothesis, as singleton distractors 

captured attention more than did non-singleton distractors.  Most importantly, though, 

probe recall results were largely similar across the two switch probability conditions, 

showing that the domain generality of cognitive flexibility does not extend to attention. 

Hypothesis 1 

Based on previous feature search studies, it was predicted that participants would 

respond more quickly and accurately on singleton present trials than absent (Folk et al., 

1992; Theeuwes, 1992).  Such a distractor benefit did appear for task repeat trials in 
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mostly-repeat blocks and task switch trials in mostly-switch blocks.  This indicates that 

participants were in fact able to suppress the singleton distractor location.  Additionally, 

the presence of the singleton distractor provided a search benefit:  Since participants 

knew that the color distractor would never be the search target, their search array was 

effectively narrowed from four shapes down to three, speeding search times.  This result 

contributes support for feature search and top-down theories of attention. 

Hypothesis 2 

The guided search model states that searches are performed in parallel for basic 

features of stimuli that are similar to the target, thereby selecting those possible matches 

for further comparison against the search template in order to find a complete match 

(Wolfe, 2007).  Further, the signal-suppression hypothesis states that singleton distractors 

are suppressed below non-singleton distractors (Gaspelin et al., 2015).  Therefore, based 

on these two theories, it was hypothesized that participants would select the target 

stimulus early and suppress the singleton distractor location.  This was operationalized 

through recall accuracy on probe trials:  Hypothesis 2 predicted that participants would 

have the highest recall accuracy for probe letters shown at the target location, then non-

singleton distractor locations, and worst at the singleton distractor location. 

Participants did perform far better with letters that appeared at the target location 

than letters at the other two locations.  When considering all trials, participants performed 

roughly equally well on letters at the non-singleton distractor and singleton distractor 

locations.  This is likely because the search array in this study consisted of only four 

shapes, whereas in other studies using the capture-probe paradigm, the array includes six.  
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This means that recall at all non-target locations was easier since there were less stimuli 

to process.   

However, there was a difference between the two types of non-target locations 

when looking at singleton present trials only.  Within these trials, participants recalled 

more letters correctly at the singleton distractor location than at non-singleton distractor 

locations, indicating that singleton distractors did capture attention more frequently than 

non-singleton distractors.   

This effect is explained by the two-way interaction between singleton presence 

and probe location within the three-way ANOVA comparing the effects of singleton 

presence, probe location, and switch probability.  This two-way interaction was 

significant such that on distractor absent trials, participants recalled more letters at the 

target location than at non-singleton distractor locations.  Further, this effect was 

heightened for singleton present trials — accuracy at the target location increased and 

accuracy at the non-singleton locations decreased.  This indicates that not only was the 

irrelevant information at non-singleton locations further suppressed when the singleton 

was present, but the target’s location was also further enhanced. 

This effect may be explained by Dreisbach and Haider’s task set shielding effect 

(2009).  They postulated that task sets have a shielding effect against irrelevant 

information through a person’s attention only to information that is useful for the task set 

at hand.  However, Dreisbach and Haider’s studies only used irrelevant distractors, not 

salient ones.  The results of this study confirm the findings of Dreisbach and Haider’s 

work, and extend it to include that the presence of a salient distractor may heighten the 
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shielding effect for irrelevant information, but may be less effective for salient irrelevant 

information. 

Hypothesis 3 

Hypothesis 3 predicted that participants would have higher switch costs for trials 

in 25% switch blocks than in 75% switch blocks.  Switch costs were operationalized via 

the interaction of switch probability and task operation on response times.  This pattern 

did play out:  The difference in response times between repeat and switch trials was 

greater for 25% switch blocks than for 75% switch blocks.  This indicates that 

participants did adapt to be more cognitively flexible in 75% switch blocks than in 25% 

switch blocks, confirming this hypothesis. 

Hypothesis 4 

Hypothesis 4 predicted that there would be an interaction of switch likelihood and 

singleton presence such that participants would demonstrate greater distraction when 

frequently switching tasks than when infrequently switching tasks.  In particular, this 

would be supported if the interaction between singleton presence and switch likelihood 

were significant such that the difference between singleton present and absent trials was 

greater for 75% switch blocks than for 25% switch blocks.   Contrary to these predictions 

from previous task switching literature, this interaction was not significant in response 

times or accuracies, meaning that there was no meaningful difference between when the 

singleton distractor was present or absent.  Instead, this confirms the findings of Key and 

Sali (in preparation) that the domain generality of cognitive flexibility does not extend to 

attention. 
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Hypothesis 5 

Finally, the analogous effect was also investigated regarding probe recall 

accuracy.  Specifically, hypothesis 5 predicted that for trials in 25% switch blocks, 

participants would recall more probe letters from the non-singleton distractor locations 

than the singleton distractor location, and that this pattern would be reversed in 75% 

switch blocks, reflecting less effective inhibition of the singleton distractor.  This effect 

was operationalized via the effect of the interaction between switch probability and probe 

letter location (singleton distractor vs. non-singleton distractor) on probe recall accuracy.  

This hypothesis was not supported by the data, either.  The difference in recall accuracy 

between singleton and non-singleton locations was effectively the same for flexible and 

stable blocks, further confirming the findings of Key and Sali (in press). 

Singleton Distractor Benefits 

In some cases, the singleton distractor provided a benefit in the form of faster 

response time or higher accuracy.  This benefit worked by effectively reducing the search 

array from four shapes to three because participants knew that the singleton would never 

be the target.  In response times, there was a significant three-way interaction between 

switch probability, task operation, and distractor presence.  For stable blocks, RTs on 

switch trials were similar for singleton present and absent trials, while RTs on repeat trials 

were lower for singleton present trials than absent trials, although this difference did not 

reach statistical significance.  For flexible blocks, RTs on task switch trials were again 

lower for singleton present trials than absent trials, while RTs on task repeat trials were 

lower for absent than present trials.  Together, this indicates that singleton distractor 



68

benefits may tend to appear in congruent task–flexibility situations — meaning task 

repeat trials in mostly-repeat blocks, and task switch trials in mostly-switch blocks. 

For accuracies, the interaction between task operation and singleton distractor 

presence was significant.  For task repeat trials, participants were more accurate on 

singleton present trials than on absent trials.  This singleton distractor benefit mirrored 

the effect found in response times.  However, the effect was reversed for task switch 

trials, such that participants were more on accurate on singleton distractor absent trials 

than on present trials.  This indicates that, when switching tasks, a singleton distractor 

acts as a hindrance to the task at hand, but when repeating tasks, it acts as a facilitator.  

Taken together, these results suggest that distractor benefits differ according to whether a 

person repeats or switches tasks within a more stable or flexible state.  When completing 

a task that is expected — that is, when performing a repeated task in a mostly-repeat 

block, or vice-versa — a person is better able to suppress distractors, which here 

narrowed the search array, allowing them to respond more quickly and accurately.   

However, this effect did not appear in the probe trials in the current study, 

suggesting that participants did select the singleton distractor before then suppressing it.  

Probe trial analyses showed that participants recalled slightly more accurately from 

singleton-distractor locations than from non-singleton distractor locations.  This effect, in 

contrast to the previous one, supports the rapid-disengagement hypothesis, which states 

that in order for salient distractors to be suppressed, they must first be selected for 

attention so that they can be determined to be distractors (Belopolsky et al., 2010).  

Gaspelin, Leonard, and Luck showed that participants were in fact able to suppress a 
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salient distractor shape from early visual processing, such that information from search 

targets was processed more than that from non-singleton distractors, and least of all from 

singleton distractors (2015).  The current study partially replicates these effects.  

Participants in the current study did recall more information from search targets than any 

of the distractors, mirroring Gaspelin et al.’s results.  However, in this study, more 

information was recalled from singleton distractors than from non-singleton distractors.  

Switching tasks throughout the current experiment added another layer of complexity to 

participants’ mental load in the current study, making it more difficult to suppress salient 

distractors, and therefore more likely that salient distractors would capture attention.  

Future studies should explore the effects of task switching on this paradigm in more 

detail, particularly in relation to the distractor benefits shown in some cases here. 

Conclusions 

The trends found in this study should be interpreted with caution because of 

limitations to this study.  First, this study did not have sufficient power to be able to 

detect effects using the capture-probe paradigm.  In particular, Gaspelin, Leonard, and 

Luck validated the capture-probe paradigm with 24 participants in each experiment, but 

without the additional manipulation of task switch probability (2015).  Therefore, future 

studies should increase the number of participants to confirm the results. 

Additionally, participants were likely reluctant to devote their full energy to the 

experimental task because it was run on their personal computers, likely within their own 

homes.    Eighteen participants’ data were excluded from analyses because their overall 

accuracy was below 75%.  Because of time restraints, data collection for this study took 
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place during the 2020 shelter-in-place order as a result of the COVID-19 outbreak.  Based 

on previous studies, participants perform well on the current task when they perform it in 

a laboratory setting (Key & Sali, in preparation).  Results would likely be more valid if 

participants came into the lab to complete this experimental task, where distractions are 

minimized. 

Despite these limitations, though, this study lays the groundwork for future 

studies of cognitive flexibility and visual search.  In particular, a logical next step would 

be to validate the results found here using physiological data.  A potential EEG study, for 

example, might use the same feature search paradigm with task switching probability 

manipulation, but without probe trials.  Many previous studies using visual search 

paradigms have identified a particular ERP component known as the N2pc that appears as 

participants locate a search target, and another component known as the PD that indexes 

suppression of a distractor.  The N2pc component is a negative change in the recorded 

voltage which occurs with a latency usually between 200–300 ms after the onset of a 

stimulus.  The PD component is a relative positivity compared with the N2pc that appears 

whenever irrelevant distractors are suppressed.  It is therefore possible that, on trials in 

which a singleton distractor is present and lateralized, participants’ responses will elicit 

the PD component.  It may also be that PD components would be stronger when 

infrequently switching tasks than when frequently switching tasks, indicating increased 

distractor suppression. 

In sum, the goal of the current study was to test whether learned states of task 

switching flexibility are associated with increased distractibility in a feature search 
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paradigm.  Results showed that this is not the case:  Although using feature search mode 

in visual search does guard against attention capture by singleton distractors, this effect 

does not change with different levels of cognitive flexibility. 
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