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Traditional priming of pop-out (PoP) studies usually investigate how repeating a certain item 

subsequently facilitates its detection. The joint effects of repeating both an oddball target and 

distractors contribute to this facilitation. Those studies typically focus on reaction times 

(RTs). They can not determine the impact of priming on attentional selection because the 

target is generally predesignated. Recent studies have, therefore, explored the influence of 

priming on target choice using trials where observers freely select an item. Results from those 

experiments indicate that priming strongly influences target choice, highlighting its role in 

determining visual exploration. Selecting an item freely, conversely, induces typical pop-out 

RTs. These findings suggest that conventional PoP and choice trial priming share common 

mechanisms. Here, we sought to find more support for this overlap by independently 

repeating targets and distractors, which had always co-occurred in other choice experiments, 

and investigating their impact on choice. We intermixed six variations of pop-out trials (one 

oddball target among two identical distractors) with three variations of choice trials (two 

dissimilar targets) allowing us to separate target and distractor repetition. Both types of 

repetition biased subsequent choice. Our results, accordingly, support a relation between 

traditional priming and choice trial priming and are in line with PoP accounts focusing on 

relative salience of items in the environment.  
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Picture sitting alone in a crowded coffee shop typing away on your laptop. Suddenly, you spot 

a friend nearby and stand up to speak with her. While talking you find yourself continually 

aware of the laptop, alone and easy to steal on the table you left it at. Your gaze is even 

repeatedly drawn toward it. Why does this happen? Some might think the most obvious 

answer is that you don't want to lose your laptop so you decide to keep an eye on it. They 

might be right. The most important question to direct toward that statement is: Was the 

decision to look at the laptop conscious? It is possible to go a very long time without deciding 

to look somewhere. It seems implausible that when one's gaze is recurrently drawn toward an 

object it is always preceded by a decision to do so. An explanation that would entail automatic 

processes, seems therefore to be a fitting description of this phenomena.  

 Recent research on attention has identified such a process, called priming of pop-out 

(e.g. PoP). The traditional priming method involves responding to a pop-out target shown 

among other stimuli usually termed distractors (Maljkovic & Nakayama, 1994; Maljkovic & 

Nakayama 1996; Nakayama & Martini, 2011). This research shows that observers perform 

better in a visual search task when a target is repeated on successive trials compared to 

otherwise (Kristjánsson, Ingvarsdóttir & Teitsdóttir, 2008; Kristjánsson, Wang & Nakayama, 

2002; Theeuwes, Reimann & Mortier, 2006; for review see, Kristjánsson, 2008). Hence, what 

was attended to in the recent past matters for performance on these tasks. The benefit of 

repeating a target (e.g. a blue target diamond among red "distractor" diamonds) in visual 

search tasks is found in shorter reaction time and better accuracy (Kristjánsson & Campana, 

2010). These effects are cumulative meaning that performance improves with a greater 

number of repetitions following a roughly negative exponential function (Maljkovic & 

Nakayama, 1994; Maljkovic & Nakayama 1996). 

 Priming has been thought to expedite attention shifts (Becker, 2008; Kristjánsson, 

2008; Lamy, Yashar & Ruderman, 2010) and could benefit visual search in the real world by 

promoting faster and more accurate orienting to stimuli important for behavior in the recent 

past (Kristjánsson, 2006; Maljkovic & Nakayama, 2000). These effects indicate we have an 

implicit short-term memory system that has a strong effect on attentional function 

(Kristjánsson & Nakayama, 2003; for review see, Kristjánsson & Campana, 2010) and is not 

under voluntary control (Kristjánsson, 2006). Priming can also explain a large proportion of 

visual search task findings typically attributed to top-down guidance related to goals 

(Thomson, Ascenzo & Milliken, 2013; Wang, Kristjánsson & Nakayama, 2005; Wolfe, 

Butcher, Lee & Hyle, 2003; for review, see Awh, Belopolsky & Theeuwes, 2012). 
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Accordingly, it seems reasonable to infer that priming played a part in our laptop example, 

rather than multiple conscious decisions. 

 The direct influence of priming on determining visual exploration had not been shown 

until recently (Brascamp, Blake & Kristjánsson, 2011). Targets and distractors are typically 

predetermined in traditional PoP experiments and that method can't test directly the influence 

of PoP on where people orient. To address this question, Brascamp et al. (2011) designed a 

PoP paradigm where they intermixed conventional pop-out trials with free-choice trials which 

had no predesignated target. Other than being able to measure what observers decide to attend 

to, these choice trials have the benefit of being similar to natural situations where there are 

often no predesignated targets. The two main findings from the free choice experiments were 

that priming strongly influences target choice and, conversely, that freely selecting a target 

can also induce PoP. In other words, selection history alters what is chosen in the present. 

Reward history has also been found to alter what observers choose and where they orient 

(Camara, Manohar & Husain, 2013). Both of these history effects can explain why a person 

would frequently orient toward his precious laptop without referring to it as a conscious 

choice. It is worth noting that passively viewing something without some sort of active 

selection does not seem to induce priming (Kristjánsson, Saevarsson & Driver, 2013). 

 However, something else also needs to be considered. Being aware of and orienting 

toward an element in the environment also implies rejecting and ignoring other items. This 

process is equivalent to attending to a target and ignoring distractors in visual search tasks. Is 

being aware of and frequently orienting toward a laptop that was important in the recent past 

only due to priming effects from an increased potential of the laptop to attract attention? Or 

does a decreased potential of other items in the scene to attract attention play a part? 

Brascamp et al. (2011) did not separate these two factors in their experiment. It is probable 

that both effects may contribute to target choice based on the finding in traditional PoP that 

performance on a visual search task is typically best when both a predesignated target and 

distractors are repeated compared to when they are not (Geyer, Müller & Krummenacher, 

2006; Kristjánsson & Driver, 2008; Lamy, Antebi, Aviani & Carmel, 2008). This joint effect 

means that performance on a visual search task is often dependent upon an increased ability of 

the target to attract attention and a reduced potential of the distractor to do the same (Becker, 

2008; Lee, Mozer & Vecera, 2009). These effects are independent and additive, which means 

that they do not interact (Kristjánsson & Driver, 2008). 

 "Salience map" conceptualizations of PoP (Fectau & Munoz, 2006; Nothdurft, 2010; 

Thompson & Bichot, 2005; Wolfe, 1994) would predict effects from both repeating target and 
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distractor on regulating visual exploration (their increased and decreased ability to attract 

attention, respectively). Other accounts of PoP would not necessarily make that prediction 

(see, Hilstrom, 2000; Lamy, Carmel, Egeth & Leber, 2006). The "salience map" is interpreted 

as a neural representation of stimuli in the environment according to their relative priorities. 

These priorities, which can for example depend upon what was attended to recently, can guide 

attention and eye movements so that the item of highest priority in the environment tends to 

be selected. Repeating a target would then, according to these conceptualizations, increase its 

priority on the map and decrease the priority of other irrelevant stimuli (Becker, 2008; Bichot 

& Schall, 2002; Born, Ansorge & Kerzel, 2012). 

 The purpose of this study was twofold. First, we wanted to expand the free choice 

paradigm of Brascamp et al. (2011) so that we could seperate the effects of target and 

distractor repetition on target choice. This modification was done by adding a third color to 

their experimental design so that it was possible to investigate how observers would respond 

to a neutral color, not just the target and distractor color on a preceding pop-out trial. The 

"salience map" conceptualization of PoP would predict that both target and distractors play a 

role in determining choice and we wanted to test this prediction. Secondly, we wanted to 

replicate the findings of the original choice trial experiment. The main finding we wanted to 

replicate was that repeating target and distractor on pop-out trials strongly biased observers 

toward freely choosing the same target (Brascamp et al., 2011). 
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Experiment: Target and distractor repetition affect subsequent choice  

Methods 

Observers viewed a set of two or three diamonds (red, green or blue) depending on the type of 

trial (see Figure 1). The first type of trial, traditional PoP, had three diamonds on screen, each 

with one of its four corners cut off (left part of Figure 1). The same corner was never missing 

from any two diamonds on the same trial so we could be sure what diamond was being 

reported, but apart from this constraint, the cut-off location was randomly determined. The 

role of the observers on pop-out trials was to report which corner was missing from the target 

diamond, which was defined by having a different color than the other two distractor 

diamonds, who shared a single color. The second trial type are choice trials because there was 

no predesignated target. Two diamonds were presented on screen, both also with one of their 

corners randomly cut off, and observers could select either one (right part of Figure 1). 

Observers used their dominant hand to report, with four keyboard keys, the missing corner of 

a single diamond on both types of trials. 

 Only two diamond colors were presented on any given trial. The PoP trials had two 

distractors of the same color and a target diamond with a different color. The two diamonds 

on choice trials did not share colors. These two types of trials were intermixed so that a single 

choice trial always followed a pop-out run of repeated target and distractor color. The length 

of these pop-out runs was random and could last 1, 2, 3 or 4 trials.  

 Since we used three colors  and only two were on screen on any given trial there were 

six variatons of PoP trials (e.g. a blue diamond among two green diamonds is one of them) 

and three variatons of choice trials (e.g. a red diamond and a blue diamond). This setup 

enabled us to seperate effects of repeating target and distractor on subsequent choice. To 

ensure that we could explore these seperate effects thoroughly we randomly balanced the six 

variatons of pop-out runs so that each run would appear approximately the same number of 

times for each observer.  

 The three variations of choice trials were truly random and we defined them as three 

conditions. The first was a choice between the target and the distractor from the earlier pop-

out run ("target versus distractor" condition). The second condition included the target from 

the preceding run and a diamond of a neutral color relative to that earlier run ("target versus 

neutral"). The third and last condition had the distractor of the preceding run and a neutral 

colored diamond relative to that earlier run ("neutral versus distractor"). It is important to note 

that the word neutral only means that the color was neutral in relation to a particular pop-out 
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trial. A blue diamond on a choice trial was neutral if the pop-out run it followed did not 

include a blue diamond.  

 There were more pop-out trials per session than choice trials because they appeared in 

runs but the choice trials did not. This gave us around 600 pop-out trials and 240 choice trials 

per session (approximately 80 trials per choice condition). 

 

Apparatus and stimuli 

 

Stimuli were presented on a 17" inch cathode ray tube screen (85 hz refresh rate). They were 

two or three diamonds (2 deg diameter) on a black background that could be red, green or 

blue (Figure 1). They appeared on an imaginary ring (8 deg radius) around a white fixation 

point in random positions that were equally spaced. The three diamonds on the PoP trials 

were always spaced 120 degrees apart and the two choice-trial diamonds 180 degrees apart. 

The stimuli stayed on screen until a response was given on both trial types. A new trial then 

started after a random delay ranging from 1.5 to 2 seconds. 

 

Observers 

 

Eight observers ranging in age between 20 and 48 years (4 males) naive to the aim of the 

experiment participated. Five had never taken part in a psychophysical experiment. All 

reported normal or corrected to normal vision and no color vision defects. They were asked to 

respond as quickly as possible without sacrificing accuracy.  

 

 

 
 

Figure 1. (Left) One of six possible variations on pop-out trials. Observers were instructed to report the missing 

corner of the odd-colored diamond. (Right) One of three possible choice trials where observers were told to 

report the missing corner of a diamond of their choice. Items are not drawn to scale. 
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Results and discussion 

Traditional priming of pop-out reaction times 

Every single choice trial always followed a streak of one, two, three or four pop-out trials of 

repeated target color. Here, the focus is only on the RTs of the pop-out runs (2.6% of trials 

with incorrect responses were not included in the analysis). When the pop-out target color 

repeated with respect to the preceding pop-out trial RTs were shorter (M = 733 ms) than when 

it did not repeat (M = 817 ms; Figure 2; two-tailed paired t test t(7) = 12.42  p < .001). RTs 

also became progressively shorter within a run of repeating target color (Figure 2; repeated-

measures ANOVA with run length as the within-subject factor, F(3,21) = 31.182 p < .001). In 

sum, these pop-out trials reveal the traditional RT patterns (see Figure 2) of PoP even though 

they were intermixed with choice trials. 

 

 

 
Figure 2. Traditional PoP on pop-out trials. If a target color is repeated then RTs generally become shorter on 

any given trial compared to the preceding trial and usually follow a negative exponential function. Error bars 

represent the standard error of the sample mean. 
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Reaction times on choice trials 

The most important finding here is that RTs were shorter when the same target as on the 

preceding pop-out run was chosen (M = 696 ms) compared to when it was not (M = 711 ms; 

Figure 3A; two-tailed paired t test t(7) = 2.60, p < .05).
1
 If observers reported the missing 

corner of a particular diamond during a pop-out run then their RTs were shortest on average if 

they also reported the missing corner of that same diamond on the subsequent choice trial. 

This suggests that the choice paradigm shares characteristics with traditional PoP. Visual 

search tasks are generally faster when a predesignated target repeats, rather than otherwise, 

and here selection is also faster when a repeated target is chosen compared to when it is not. 

 Brascamp et al. (2011) found that RTs progressively shortened with run length when 

the same target diamond, rather than distractor, of the preceding run was selected (their 

experiment is similar to the "target versus distractor" condition in this experiment). Even 

though we found that the RTs on choice trials did indeed decrease, this pattern did not quite 

reach traditional significance levels (Figure 3B; repeated-measures ANOVA with run length 

as the within-subject factor, F(3,21) = 2.51,  p = .086). We nevertheless found that RTs were 

shorter on average when observers chose the same diamond rather than distractor after a 

preceding run that repeated (M = 692 ms) compared to when it did not repeat (M = 752 ms; 

one-tailed paired t test t(7) = 2.28, p < .05).  

 Therefore, it can be said that the RTs on choice trials have two important 

charesteristics: (1) If the same target diamond is chosen as on the preceding pop-out run then 

RTs are shorter compared to when another diamond is selected. (2) A run of repeated target 

color pop-out trials, compared to non-repeated trials, yield shorter RTs when observers have a 

choice between the target diamond or distractor of the preceding run and select the target. 

   

 

                                                      
1
Only 0.9% of responses on choice trials were incorrect and, therefore, excluded from the analysis. These were 

the responses where observers reported a missing corner belonging to neither of the two diamonds available on a 

given choice trial. The drawback of this choice paradigm is that there is no way to know if an observer, by 

accident, reported the corner missing from the diamond he wasn't going to select. However, if we assume error 

responses are random then 2/3 of them would be corners corresponding to neither diamond and 1/3 would be the 

corner of the non-selected diamond. Therefore, it is reasonable to conclude that reported cut-off side from 

observers are reliable because they only reported a corner corresponding to neither diamond on 0.9% of the 

choice trials. Error responses due to observers accidentally reporting the non selected diamond should be even 

fewer. 
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A. RT on choice trials 

 
B. RT on choice trials where the same target was selected as on the preceding run 

 

 

Figure 3. A. Choice trial RT based on what was chosen relative to the preceding pop-out run. Observers could 

choose the same target or distractor as on the preceding run or a diamond of a neutral color relative to the earlier 

run. RTs were shortest when the same target was selected. B. When the same target was chosen these are the 

RTs plotted against the length of the preceding run. RTs were shorter when the preceding run repeated compared 

to when it did not. 
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The main purpose of the experiment: Selection on choice trials 

Target versus distractor condition 

Observers were more likely to choose the same target as on the preceding pop-out run when 

the choice was between the earlier target and the earlier distractor. This was already clear 

after a single pop-out trial (74%; Figure 4; two-tailed t test testing against 50%, t(7) = 4,20, p 

< 0,01). If a run of four pop-out trials preceded a choice trial this bias was even more 

impressive (86%). Figure 4 indicates that the bias increases progressively with the preceding 

pop-out run length but that could not be confirmed (repeated-measures ANOVA with run 

length as the within-subject factor:  F(3,21) = 2,91, p = 0,06). The previous choice trial 

experiments from Brascamp, Blake & Kristjánsson (2011) where there was only a "target 

versus distractor" condition did find such an effect. Perhaps the choice bias doesn't seem to 

increase progressively in this experiment due to a ceiling effect. It is already remarkable 

(80%) after two repeated pop-out runs so there is little room for improvement. We did find, 

however, that observers were more likely to choose the same target rather than distractor as 

on the pop-out run before it if that preceding pop-out run repeated compared to when it did 

not (pop-out runs that lasted one trial versus runs that lasted two, three or four trials; two 

tailed paired t test for "repeat" versus "non-repeat", t(7) = -3.01, p < 0,05.  

 

 

Figure 4. Selection on choice trials based on earlier pop-out runs of different lengths. The choice was between 

the same colored pop-out target as on the previous run or the same distractor from the previous run. This means 

that both the target and distractor on the previous run were repeated on these choice trials. When both were 

repeated the previous pop-out run strongly influenced the selection on choice trials.  
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Target versus neutral condition 

Selection between the same target diamond as on the preceding pop-out run and a diamond of 

a neutral color relative to that particular run was similiar to the selection between target and 

distractor (compare Figures 4 and 5). Observers were biased toward choosing the same target 

as on the previous pop-out run and selected it on 63% of choice trials after a single pop-out 

trial (two-tailed t test testing against 50%, t(7) = 2,83,  p < 0,05). This bias grew progressively 

with run length and after three pop-out runs observers chose the target from the previous run 

on 79% of choice trials (Figure 5; repeated-measures ANOVA with run length as the within-

subject factor: F(3,21) = 6,56, p < 0,01).  

 It is interesting that we could only confirm this progressive growth in the "target 

versus neutral" condition and not in the "target versus distractor" condition. When comparing 

the choice between these two conditions it is noticeable that the target from the previous pop-

out run is chosen more often on average in the "target versus distractor" condition (target 

chosen in 81% of trials overall in "target versus distractor" but only 71% of the time in "target 

versus neutral"; Figure 4 and 5; repeated-measures ANOVA with within subject factors 

"target-distractor choice" versus "target-neutral choice" and run length: F(1,7) = 6,00, p < 

0,05). This comparison suggests that repeating distractors might be additive to the priming 

effects from repeating only a target. The fact that the progressive growth of the target choice 

bias relative to preceding run length could only be confirmed in the "target versus neutral" 

condition even though there is more bias that also seems to grow (Figure 4) in the "target 

vesus distractor" condition suggest a ceiling effect in the latter condition. 
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Figure 5. The influence of pop-out runs of various lengths on subsequent choice. Observers could either select 

the same colored diamond as on the previous pop-out run or a diamond with a neutral color that was not present 

during the preceding pop-out run. Therefore, in this condition the only same target was repeated on the choice 

trial but not the distractor. This repetition, nonetheless, strongly biased observers toward selecting the same 

target. 

 

Neutral versus distractor condition 

Figure 6 leads to two important conclusions. (A) Observers were more likely to choose a 

diamond of a neutral color (57%) than the distractor of the previous pop-out run (two-tailed t-

test testing against 50%, t(7) = 3,22, p < 0,05). This is a novel finding that we nevertheless 

expected because the priming effects of repeating distractors should come from a reduced 

potential to attract attention on their part. (B) The bias toward choosing the neutrally colored 

diamond relative to the distractor of the preceding run was not seen to grow significantly with 

increasing run length according to traditional significance (repeated measures -ANOVA with 

run length as the within-subject factor:  F(3,21) = 2,93, p = 0,057), although the trend was 

definitely in the right direction. This latter conclusion seems to contradict that repeating 

distractors should reduce their potential to attract attention. In theory, the more often a 

distractor is repetead the stronger the bias toward the neutral stimuli should be. It is possible 

that longer pop-out run lengths are needed to confirm this because the effect of repeating 

distractors on target choice is not as strong as the effect of repeating the same target in this 

paradigm (compare Figures 5 and 6). In the "target versus neutral" choice condition only the 

same target is repeated as on the previous pop-out run and yet it is selected 71% of the time. 

Compare that to the "distractor versus neutral" choice condition where only the same 
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distractor as on the earlier pop-out run is repeated and a neutral color is only selected on 57% 

of trials. 

 

Figure 6. In this choice trial condition only the distractor diamond from the previous pop-out run was repeated. 

The choice was therefore between the previous distractor and a diamond of a neutral color relative to the earlier 

pop-out run. The repetiton of the distractor diamond influenced selection in the choice trials but the bias did not 

grow with preceding run length. 

 

Summary of selection on the three choice trial conditions 

The most important results of this experiment can be boiled down to four main points:  (1) 

Observers were more likely to select the target diamond of the preceding pop-out run rather 

than both the distractor diamond of the preceding run and a neutral diamond (Figures 4 and 

5). (2) Obersvers chose the target of the preceding run more often in the "target versus 

distractor" condition (81%) compared to the "target versus neutral" condition (71%; Figure 7). 

(3) We could only confirm that the bias toward choosing the previous target grew 

progressively with run length in the "target versus neutral" condition. We did therefore not 

confirm significant progressive growth within run length as observed by Brascamp et al. 

(2011), although the result pattern pointed in that direction. Many differences in the two 

designs may explain this or it could be due to a ceiling effect. (4) When observers had to 

decide to choose either the distractor of the preceding run or a neutral colored diamond they 

chose the neutral diamond more often on average (57%; Figure 7). This bias toward the 

neutral diamond did not increase significantly with run length.  
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Figure 7. A comparison of selection on the three choice trial conditions: "Target versus distractor" versus "target 

versus neutral" versus "neutral versus distractor". The target of the previous trial was selected on 81% of trials 

when presented with the distractor of the same trial. It was selected on 71 % of trials when presented with a 

neutral color relative to the previous pop-out trial. Observers then selected a diamond of a neutral color with 

respect to the earlier pop-out run rather than the previous distractor on 57% of trials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

0,5 

1 

T>D T>N N>D 

P
ro

p
o
rt

io
n
 t

ar
g
et

 c
h
o
ic

e 

What diamond was selected on a choice trial relative to the preceding 

pop-out run 



  

20 
 

General discussion 

Recent findings suggest that priming can influence visual exploration because what was 

attended to in the recent past can determine what is selected in the present (Brascamp et al., 

2011). Not only does a previously salient item subsequently capture attention faster, but it can 

also determine following attentional selection. Here we modified a novel procedure by 

Brascamp et al. (2011) that was designed to study attentional priming. We indtroduced a third 

color to their design so that observers could, depending on the choice condition, select the 

same target or distractor as on an earlier PoP trial or a neutral color relative to that trial.  

 This modification allowed us to seperate the effects of target repetition and distractor 

repetition on target choice, which was the main dependent variable of the experiment rather 

than reaction time that is often the standard in priming experiments. We also wanted to see if 

some of our findings would be similar to theirs, mainly that repeating a pop-out target 

strongly biased observers toward selecting that target rather than a distractor, which was also 

the case here (Figure 4). The new finding in this experiment was that only repeating a 

distractor can determine choice (Figure 6). Repeating both target and distractor also had more 

influence on choice than only repeating the target (compare Figures 4 and 5). These results 

overlap with findings from traditional PoP experiments where repeating the same target and 

distractor features greatly reduces response times compared to when those features do not 

repeat together (Geyer, Müller & Krummenacher, 2006; Kristjánsson & Driver, 2008; Lamy, 

Antebi, Aviani & Carmel, 2008). In Brascamp et al. (2011) they found that selecting a target, 

conversely, induces RT benefits. We did not investigate this effect. Target and distractor 

always co-occurred in their design so further research should separate them. Since they could 

both determine choice in our experiment, independently, we believe that both factors could 

also induce traditional PoP. 

 Our results highlight the role of priming as an automatic process that guides attention 

and eye movements in the real world (Becker, 2008; Kristjánsson, 2006; Kristjánsson, 2008; 

Lamy, Yashar & Ruderman, 2010; Maljkovic & Nakayama, 2000). It can explain why a 

person would repeatedly orient toward an element in the environment without referring to it 

as a conscious decision or a top-down goal-related process (Thomson, Ascenzo & Milliken, 

2013; Wang, Kristjánsson & Nakayama, 2005; Wolfe, Butcher, Lee & Hyle, 2003; for review, 

see Awh, Belopolsky & Theeuwes, 2012), given that some active viewing was involved 

(Kristjánsson, Saevarsson & Driver, 2013). Such an explanation is essential because one can 

go a long time without thinking about where to look next. Subjective reports from observers 

in this experiment indicated that they put little thought into which target they decided to 
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select. They usually said that they were instantly drawn toward a particular item. This 

automacity suggests that the choice paradigm is related to traditional PoP the effects of which 

are not under voluntary control (Kristjánsson, 2006; Kristjánsson & Nakayama, 2003; 

Kristjánsson & Campana, 2010). fMRI studies add to these findings as well since PoP is 

associated with brain areas related to attentional distribution, and PoP may change the activity 

of neurons in certain regions associated with eye movements (e.g. frontal eye fields and 

superior colliculus; Fecteau & Munoz, 2006; Kristjánsson, Vuilleumier, Schwartz, Macaluso 

& Driver, 2007).  

 The results found here are consistent with the idea that attentional selection depends 

on relative priorities of items in the environment, which is found in "salience map" accounts 

of PoP (Fectau & Munoz, 2006; Nothdurft, 2010; Thompson & Bichot, 2005; Wolfe, 1994), 

more specifically that selecting a target hinges on relative salience of elements that can be 

altered by selection history (Becker, 2008; Bichot & Schall, 2002; Born, Ansorge & Kerzel, 

2012). It is therefore reasonable to infer from our experiment that selection is based on a joint 

effect from an increased priority of recently attended to items and a decreased priority of 

rejected elements. Other PoP analyses would not decisively predict this conclusion (Hilstrom, 

2000; Lamy et al., 2006). Indications of this joint effect had been found before in eye 

movement studies where observers made more inaccurate eye movements toward distractors 

if they had recently been a target compared to otherwise (Becker, 2008; Becker & Horstman, 

2009; Bichot & Schall, 2002; McPeek et al., 1999).  

 Some results of Brascamp et al. (2011) were not observed in this experiment. We did 

not confirm that reaction times on choice trials grew progressively shorter with the length of 

the preceding run when the same target, instead of the distractor, was chosen as on the 

preceding pop-out run (see Figure 3B). Camara, Manohar & Husain (2013) also observerd no 

RT differences when they compared free choice on previously rewarded locations versus 

previously penalized locations even though observers strongly favored the former regarding 

selection. Their findings suggest that PoP and free choice mechanisms differ. We can name a 

few things that argue agains that inference. The first is the observer-to-observer correlation 

between PoP RTs and bias in target choice in the original choice experiment. Interobserver 

variation in the strength of the target choice bias was related to interobserver variation in the 

strength of traditional PoP. Another sign of a similiar underlying mechanism between the two 

paradigms is that we found that RTs were shorter overall when the same target was chosen as 

on the earlier run compared to when the distractor or a neutral color was selected (Figure 3A). 

This observation is similiar to the PoP finding that RTs are generally shorter on any given 
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trial compared to the preceding trial if a pop-out target color repeats. Our design was also 

more complex than the original choice trial experiment, which could have influenced the 

choice RTs in some way. Since these are the only experiments, to our knowledge, that 

investigate RTs on free choice trials more research is needed. The safest conclusion for now is 

that traditional priming and the priming that induces altered target choice share, at least partly, 

some mechanisms. 

 We also could not verify that the bias in target choice, when paired against the earlier 

pop-out run distractor, grew with the length of the preceding run (Figure 4; see Brascamp et 

al., 2011, who did observe this). Since the effects of priming on response time are cumulative 

one would also suspect the same for its influence on target choice. This growth was even the 

case here when the choice was between the previous target and a neutral-colored diamond 

(Figure 5). We, therefore, speculated that the lack of progressive growth when selecting 

between the previous target and distractor, which bias was greater than the choice bias 

between the previous target and a neutral color (compare Figures 4 and 5), was due to a 

ceiling effect. The bias toward the earlier target, versus distractor, was already very 

impressive after only two preceding trials of a repeated target. We consequently think it is 

safe to say that traditional priming and choice trial priming are similar, meaning that target 

and distractor repetition have an additive effect on both response time and target selection. 

This inference adds to our conclusion that these processes share some structures. 

 A potential drawback of our design relates to the selection of the neutral diamond. It 

was almost never truly neutral, except for maybe the first few choice trials, for the reason that 

we defined neutral as a colored diamond that was not in the pop-out run preceding a particular 

choice trial. A neutral colored diamond on one choice trial could thus have been a target or a 

distractor on past pop-out trials, which could have altered our results in an unpredictable way 

because priming is cumulative and its effects can last for some time (Nakayama, Maljkovic & 

Kristjánsson, 2004). This feature of the design may however not be a large problem since the 

most recent pop-out trial should have the strongest effect on the subsequent choice trial and its 

effects should decay after six to eight trials (Nakayama, Maljkovic & Kristjánsson, 2004). In 

addition, each one of the three colors was randomly balanced so that they were all a target or 

distractor on pop-out trials approximately the same number of times. Even though the neutral 

color was not "pure" observers still selected it more often than a distractor color (Figure 6). 

Our design might have weakened this bias but it still existed even if it did. An objective for 

future researh could be to incorporate a truly neutral color in a free choice paradigm to 

compare with distractor and target selection. This condition also needs to be investigated 
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further because the selection of a neutral color, instead of the distractor of the previous pop-

out run, did not increase progressively with run length in this experiment. 

 

Conclusions 

Repeating a target and repeating a distractor are recognized as important factors in visual 

search. New findings have also indicated that repeating a target can  influence what observers 

decide to attend to. Here we demonstrate that distractor repetition can determine visual 

exploration as well. This effect is most likely a joint effect of target and distractor and their 

increased and decreased ability to attract attention, respectively. Selection history 

consequently alters how rapidly we notice elements in the environment, and  it can also 

regulate what items we choose.  
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