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Objective: Traditional priming-of-popout (PoP) experiments involve an observer whose goal 

is to specify an oddball stimulus (target) among irrelevant items (distractors). Research has 

shown that repeated PoP trials result in reduced response times (RTs). Recent studies added 

free choice trials intermixed with traditional PoP. Results of these studies show that preceded 

items are favoured over those previously ignored. Separation of the effects of the target and 

distractors emphasize these findings. Moreover, selection seems to affect subsequent PoP 

RTs. There, the separate roles of selected (target) and non-selected (distractor) items have not 

been investigated. This was the purpose of our study. Method: Nine students participated in 

the experiment. We intermixed six variations of 600 PoP trials where one target was presented 

among two distractors with three variations of 1600 free choice trials with two dissimilar 

targets. A neutral stimulus was introduced to separate the effects of the target and distractors. 

Results: Conditions where the selected stimulus became a neutral item on the following trial 

yielded the fastest RTs. Also, repetition of distractor items reduced RTs further. Conclusion: 

Neutral items have an attention grabbing effect which either facilitates or inhibits recognition. 

Furthermore, results highlight the importance of distractor repetition in priming. 
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In everyday life, our attention is inevitably directed to a certain something. This happens 

whether we are completely aware of it or not. With repeated exposure to a stimulus, we find it 

easier to identify that specific item and distinguish it from an array of different stimuli 

(Kristjánsson & Campana, 2010). This can be of great benefit in everyday functioning. 

Imagine playing a casual ball game divided into two teams. Whilst thinking of where to pass 

the ball, a teammate appears in your visual field. He immediately catches your attention, even 

though he is surrounded by members of the opposing team. Once the game is underway you 

will be better at differentiating between your teammates and the opponents, which is vital if 

the goal of the game is to keep the ball within the team. In recent years a similar phenomenon 

has gained attention in the field of psychophysics and has become known as priming of 

attention shifts (Maljkovic & Nakayama, 1994; Maljkovic & Nakayama, 1996). 

The concept of priming in perception has been defined as the unconscious effects that 

a recent stimulus has on altering current perception (Kristjánsson & Campana, 2010). In 

visual perception, priming research is particularly concerned with repeated exposure to an 

oddball stimulus presented among a multitude of irrelevant stimuli, such as the ball game in 

the example mentioned above. This has become known as priming of pop-out (PoP) 

(Maljkovic & Nakayama, 1994; Maljkovic & Nakayama, 1996). The priming paradigm 

generally features one target stimulus presented repetitively among a group of distractors 

where the role of the observer is, for example, to specify if the target is present on each trial 

(Kristjánsson & Driver, 2008; Kristjánsson, Wang & Nakayama, 2002). Research has shown 

that with repeated exposure of the target on successive trials, it becomes more distinctive 

(Maljkovic & Nakayama, 1994; Maljkovic & Nakayama, 1996). Moreover, the observer 

manages to suppress the distractors more effectively, independent of whether a target was 

present or absent (Kristjánsson & Driver, 2008). In combination, this results in more rapid 

recognition and better accuracy on repeated versus novel trials (Kristjánsson & Driver, 2008). 

The process of PoP is generally thought of as automatic, implicit and short-term (Maljkovic & 

Nakayama, 2000). 

The effects of PoP have been shown to increase gradually with repeated trials when 

the features of the target persist through runs of trials, resulting in reduced response times 

(RTs). This indicates that exposure to a certain target enhances its priming effect 

progressively (Maljkovic & Nakayama, 1994; Maljkovic & Nakayama, 1996). Likewise, 

Kristjánsson & Driver (2008) demonstrated the importance of ‘role reversal’ where the target 
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and distractors switch roles between trials. Observers faced with such conditions displayed a 

particularly increased reaction time compared to other conditions. These findings highlight 

the fact that both the target and distractors have separate effects on attentional acuity in visual 

search tasks. 

Earlier research focused almost exclusively on numerous PoP trials and their 

cumulative effect in relation to RTs. Brascamp, Blake & Kristjánsson (2011) designed an 

experimental paradigm where they added free choice trials to the traditional PoP visual search 

task. This enabled them to investigate the effect of voluntary selection with regards to 

conventional fixed choice trials where the observer was obstructed to specify a predesignated 

target. Their results showed that observers tended to select the color they had recently 

attended to and that this selection bias progressed in relation to the number of PoP trials 

preceding the free choice ones. In this way, Brascamp et al. (2011) established that PoP not 

only influences reaction time but also results in more homogeneous selection on the 

subsequent free choice trial. Thus, they established that recent past has an impact on present 

preference. Furthermore, free choice tends to induce conventional PoP RTs, suggesting that 

these trials are in fact two manifestations of the same cognitive operations. However, the 

design of Brascamp et al. (2011) did not allow them to separate the influence that selection 

and non-selection on traditional PoP trials have on choice trials. 

Harðarson (2014) introduced a new implementation based on the research of 

Brascamp et al. (2011). In order to separate these effects, Harðarson (2014) added a third type 

of stimulus whose role was to act as a neutral item in addition to the traditional combination 

of a target and distractors. The study revealed that the previous target stimulus was generally 

preferred to both neutral and distractor items on free choice trials. Moreover, neutral items 

were favoured over distractor items. This effect was cumulative with additional PoP trials, 

thus emphasizing the role that priming plays in selection. 

 The purpose of this study was to expand on the findings of Harðarson (2014) and 

Brascamp et al. (2011). Instead of focusing on the effect that traditional PoP trials have on the 

subsequent free choice trial, we investigated the role of voluntary selection on RTs in 

priming-of-popout. This modification was obtained by using the experimental method 

designed by Harðarson (2014), while reversing their ratio of PoP versus free choice trials. In 

this way, we were able to separate the effects of freely selected and non-selected items. In 

addition, we wanted to explore possible effects that runs of the same color being selected have 
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on RTs, whereas former studies have suggested that repetition of target and distractor on PoP 

trials is beneficial (Maljkovic & Nakayama, 1994; Maljkovic & Nakayama, 1996; 

Kristjánsson & Driver, 2008). 
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Experiment: How selection and non-selection influences RTs on traditional PoP 

Methods 

The experiment consisted of two types of visual task trials. In both trials, a set of either two or 

three diamonds (red, green and blue) were presented to observers. Each diamond had one of 

their four corners (top, right, bottom and left) randomly cut off. The cut varied between the 

diamonds on each trial, but was otherwise randomly determined. This design enabled the 

observer to select a distinctive cut-off point and thereby specify which color of diamond was 

selected. To indicate their selection, observers pressed one of four different keyboard keys by 

using their dominant hand. 

 The first type contained free choice trials with no predesignated target (left part of 

Figure 1). Two diamonds of different colors were presented on screen and the role of the 

observer was to choose the one they preferred. Throughout the experiment the terms selected 

and non-selected were used interchangeably with target and distractor when referring to the 

free choice trials, since the selected diamond was believed to function as a target and vice 

versa. The second type of trial was a traditional PoP (right part of Figure 1). Three diamonds 

were presented, a single predesignated target alongside two distractor items that shared a 

single color. Here, the observer had to select the diamond that was of distinct color. These two 

types of trials were intermixed so that a single PoP trial always followed a free choice run. 

The length of the free choice runs were random and could last 1, 2, 3 or 4 trials. Therefore, 

there were more free choice trials per session compared to PoP trials, with approximately 

1600 free choice trials and 600 PoP trials (circa 2200 trials per observer). 

 On each trial, only two colors out of the three were presented. PoP trials consisted of 

six possible color variations (e.g. a red diamond among two blue diamonds), and choice trials 

of three variations (e.g. a green diamond and a red diamond). In this way, we were able to 

separate the effects of target selection (selecting the same color on a run of free choice trials) 

and distractor (not selecting the same color on a run of free choice trials) on subsequent RTs 

on traditional PoP trials. Variations of both types of trials were randomly balanced so that 

each would appear approximately the same number of times for each observer. 
 

Apparatus and stimuli 

A 17” inch CRT screen (85 hz refresh rate) was used to present the stimuli. They consisted of 

two or three diamonds (2 deg diameter) that could be green, blue or red, appearing on a black 
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background (Figure 1). Stimuli turned up on an imaginary ring (8 deg radius) in random 

positions around a white fixation point and were equally spaced. On the PoP trials, the three 

diamonds were always spaced 120 degrees apart and on the choice trials the two diamonds 

were 180 degrees apart. The stimuli were present until the observer pressed one of the four 

keyboard keys possible on both types of trial. In between each trial there was a random delay 

ranging from 1.5 to 2 seconds until a new trial started. 
 

Observers 

Eleven observers participated in the experiment, unaware of its purpose. Two of them did not 

follow the instructions given so their results were excluded from the experiment. Thus, of the 

total eleven, nine observers (5 women) ranging between 21 and 28 years (M = 24 years) in 

age were included in the data. All of them had previously participated in a psychophysical 

experiment and reported normal or corrected to normal vision and no color vision deficits. 

Observers were asked to submit their answers as quickly as possible without sacrificing 

accuracy. Participation in the experiment was part of the curriculum in a course at the faculty 

of Psychology in the University of Iceland. 

 

 
Figure 1. (Left) One of three possible choice trials where observers were told to report the missing 
corner of a diamond of their choice. (Right) One of six possible variations on pop-out trials. Observers 
were instructed to report the missing corner of the odd-colored diamond. Items are not drawn to scale 
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Results and discussion 

Reaction times on target vs. distractor vs. neutral conditions 

To give a better overview of the results, we begin by comparing the three possible role 

changes of the target between a free choice trial and the subsequent PoP trial. They focus on 

selection, non-selection will be explored further in the next section. For this analysis RTs 

faster than 100 ms and three standard deviations above the mean were excluded from the 

experiment. In addition, error responses on free choice (0,01%) and PoP (0,7%) trials were 

excluded as well. 

In the first condition, the preferred diamond color on a free choice trial became the 

designated target on the following PoP trial (“target” condition). In the second condition, the 

color of the target became a distractor on the subsequent PoP trial. Thus, the predesignated 

target held the color of what was not chosen on the previous trial (“distractor” condition). 

Lastly, the color that was not presented on the free choice trial became the predesignated 

target on the subsequent PoP trial, such as when faced with the option of either red or blue, 

the following PoP trial had a predesignated target of the color green (“neutral” condition).  

When the three conditions were compared, a difference in RTs was revealed (Figure 2; 

repeated-measures ANOVA with mean RTs of the conditions as the within-subject factor: 

F(2,16) = 13.267 p < .001). Further comparison between the conditions indicated that RTs 

were faster when the neutral condition (M = 846 ms) was compared to the target condition (M 

= 871 ms; Figure 2; Fisher LSD post-hoc tests with mean RTs of the neutral condition against 

the target condition: p < .05), or the distractor condition (M = 882 ms; Figure 2; Fisher LSD 

post-hoc tests with mean RTs of the neutral condition against the distractor condition: p < 

.01). This suggests that voluntary selection did in fact have an effect on RTs on a subsequent 

PoP trial. Here, the most crucial finding is that the neutral condition yielded the fastest RTs. 

Moreover, this difference was true for every observer in the experiment. 
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Figure 2. The three possible roles that the target could hold on a subsequent PoP trial. The reaction 
times are displayed in milliseconds. The neutral condition yielded the fastest RTs, followed by the 
target condition. Error bars represent the standard error of the sample mean 
 

Expanding the conditions in relation to color variations 

Each defined condition is generated from two color variations, resulting in six conditions 

overall (see Table 1). The color variations specify possible changes of the roles of selected 

and non-selected items between a free choice trial and its subsequent PoP trial.  

We defined the six color variations in the following manner. For the target condition, 

selected color maintained its color between a free choice trial and the following PoP trial, but 

the non-selected color on the subsequent PoP trial could either persist as a distractor (color 

variation “one”) or become a neutral item (color variation “two”). For the distractor condition, 

the previously non-selected color always became the predesignated target on the following 

PoP trial. However, the PoP distractor could either hold the color of the selected item in the 

previous trial (color variation “three”) or be a neutral color relative to the preceding trial 

(color variation “four”). For the neutral condition, the target converted into a neutral item 

between trials, while distractors either obtained the color of the target from the previous trial 

(color variation “five”), or did not change at all (color variation “six”). These six color 

variations were compared both in relation to RTs and possible runs of the selected target prior 

to the single PoP trial. 
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Table 1. The conditions were expanded in relation of the possible role change of both the target and 
distractors between the two types of trials. Each condition was split into two possible color variations 

 

When comparing the six color variations it was evident that a difference in relation to 

RTs was apparent (Figure 3; two-factor ANOVA with the mean RTs of the six color 

variations as within-subject factor: F(1.84,14.73) = 9.185, p < .005). In addition, when the 

same item was chosen repeatedly on free choice trials, RTs on the following PoP trial were 

generally faster (Figure 3; two-factor ANOVA with repeat or non-repeat as within-subject 

factor: F(1,8) = 6.667, p < .05). However, the interaction between runs and RTs for the color 

variations was just short of significance (Figure 3; two-factor ANOVA with within subject 

factors as the mean RTs of the six color variations and repeat or non-repeat: F(5,40) = 2.251, 

p = .068). 

Figure 3. The six color variations that were used to separate the effects of selected versus non-selected 
items on a subsequent PoP trial. The reaction times are displayed in milliseconds. The neutral color 
variations yielded the fastest response times. Conversely, the distractor variations produced the 
slowest RTs. Error bars represent the standard error of the sample mean 
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Comparing the six variations to separate the effects of selected versus non-selected items on 

subsequent PoP trials 

This section outlines the separate roles of the previous target and distractors from choice trials 

on RTs in traditional PoP, giving us a more thorough understanding of the results as a whole. 

First, both color variations five (M = 842 ms) and six (M = 850 ms) yielded faster RTs 

than color variations three (M = 881 ms) and four (M = 884 ms). The difference was 

significant in all cases (Figure 3; Fisher LSD post-hoc tests with mean RTs of color variation 

five against color variation three: p < .005; Fisher LSD post-hoc tests with mean RTs of color 

variation six against color variation three: p < .001; Fisher LSD post-hoc tests with mean RTs 

of color variation five against color variation four: p < .02; Fisher LSD post hoc tests with 

mean RTs of color variation six against color variation four: p < .005). Also, for color 

variation six, a difference was revealed in relation to both color variation one (M = 867 ms) 

and two (M = 875 ms), whereas variation six again yielded faster RTs (Figure 3; Fisher LSD 

post-hoc tests with mean RTs of color variation six against color variation one: p < .03; Fisher 

LSD post-hoc tests with mean RTs of color variation six against color variation two: p < .01). 

Therefore, we can conclude that when the target becomes a neutral item on the following PoP 

trial, it induces more rapid RTs. 

Conversely, the neutral colored relative oddball as a PoP distractor may have played a 

part in slowing down RTs. Thus, when the target was repeated, as in color variation two, 

repetition of a target from a free choice trial paired with a neutral color on the following PoP 

trial did not benefit from repeated runs of the same color chosen (two-tailed paired t test 

testing mean RTs of color variation two against repeat or non-repeat: t(8) = 0.182, p = .860). 

Furthermore, RTs for that variation were similar to when the previous target became a 

distractor as in variations three and four (Fisher LSD post-hoc tests with mean RTs of color 

variation two against color variation three: p = .11; Fisher LSD post-hoc tests with mean RTs 

of color variation two against color variation four: p = .405). Also, color variation one where 

both the target and distractors were repeated, yielded faster RTs than variation three and four 

(Fisher LSD post-hoc tests with mean RTs of color variation one against color variation three: 

p < .002; Fisher LSD post-hoc tests with mean RTs of color variation one against color 

variation four: p < .004), highlighting the inhibiting effect of role reversal in relation to the 

previously selected item. 
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Lastly, a benefit of repetition on free choice trials was noticeable for color variation 

six (MD = 36 ms; two-tailed paired t test testing mean RTs of color variation six against 

repeat or non-repeat: t(8) = 2.96, p < .05) and variation one (MD = 31.9 ms; two-tailed paired 

t test testing mean RTs of color variation one against repeat or non-repeat: t(8) = 2.45, p < 

.05). However, this was not the case for variation five where the distractor item became the 

target between the two types of trials (two-tailed paired t test testing mean RTs of color 

variation five against repeat or non-repeat: t(8) = -0.040, p = .969), suggesting that the benefit 

of repetition between trials might consist in the effects of the distractors.  

 Summarizing these results, it is clear that the neutral color has an attention grabbing 

effect. This was evident when the target on a previous choice trial became a neutral item on 

the following PoP trial and the distractor persisted its role, it yielded significantly faster 

responses than all other variations. Conversely, when presented as a distractor, neutral color 

can also have an inhibiting effect. Thus, when the target persisted between the two types of 

trials but the distractor changed to a neutral item, RTs were on par with the role reversal 

variations, which were the slowest in the experiment. This again favours the possible attention 

grabbing effect of the neutral distractor, whereas the neutral item attracts attention from the 

predesignated target and induces slower RTs, even though the target maintained its role 

between trials. Separating the effects of the target and distractors in relation to runs, RTs 

seemed beneficial to distractor repetition but not target repetition, whereas runs of color 

variations where the distractor persisted yielded faster RTs, compared to all other variations. 
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General discussion 

Earlier priming research focused on how preceding stimuli may accelerate our visual 

perception in the present. That is, what has been previously attended to will catch our 

attention more rapidly than items that have been ignored (Maljkovic & Nakayama, 1994; 

Maljkovic & Nakayama, 1996). Also, other priming research has revealed the importance of 

neglecting stimuli which has been shown to be vital in visual search tasks (Kristjánsson & 

Driver, 2008). More recent studies have investigated the effect of voluntary selection on our 

current perception. They have established how selection in the past has an impact on goal-

directed visual search tasks, whereas observers strongly preferred items they had previously 

attended to compared to what they had neglected (Brascamp et al. 2011). To explore this 

effect further, Harðarson (2014) added a neutral item to the experimental paradigm introduced 

by Brascamp et al. (2011). This enabled Harðarson (2014) to separate the effect of target and 

distractor repetition in relation to target selection. Thereby, they highlighted that what has 

been previously attended to is preferred to what has been neglected in the past. Furthermore, 

they established that observers preferred a neutral stimulus over a previously neglected item. 

 Our research addressed the question of how voluntary selection influences the time it 

takes to recognize a predesignated target on a following PoP trial. By combining the 

experimental paradigm of Brascamp et al. (2011) and Harðarson (2014), we were able to 

explore this effect in relation to what observers had previously selected and neglected. Our 

main goal was to see whether selection and non-selection of free choice would affect the 

speed of recognition on the following PoP trial. This assumption was made due to prior 

findings of Brascamp et. al (2011) and Kristjánsson & Driver (2008), which suggested that 

freely selecting a target would induce traditional PoP RTs and that repeating a distractor plays 

a large role in priming. Moreover, we wanted to confirm the findings of Harðarson (2014) and 

Brascamp et al. (2011) that repeatedly selecting a target would yield faster RTs compared to 

when no such repetition took place. 

 The results showed that the neutral condition yielded the fastest RTs. This came as a 

surprise since recent priming research indicates that RTs should be enhanced when the target 

persists between trials (Maljkovic & Nakayama, 1994; Maljkovic & Nakayama, 1996; 

Brascamp et al., 2011; Kristjánsson & Driver, 2008) and that observers favour selecting a 

previous target over a neutral one (Harðarson, 2014). However, here it seemed that when the 

target on free choice trials took a neutral color on the following PoP trial, it grabbed the 
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attention of observers and thus acted as a relative oddball stimulus which resulted in reduced 

RTs.  

These findings were somewhat unexpected. Since the role of priming is known as an 

automatic process that influences attention (Maljkovic & Nakayama, 2000), an observer 

should not benefit from making a conscious decision when faced with a relative oddball item 

that could disrupt an implicit habituation that priming might have evoked. Additionally, 

during debriefing of the experiment, observers reported that while submitting their responses 

little thought went into deciding which item to attend. Rather, they experienced that their eyes 

were automatically directed towards a particular item. This further suggests that responses 

were not under voluntary control. Thus, as the above-mentioned research has shown, priming 

should yield the fastest RTs when observers were faced with the two types of trials where 

neither target nor distractors altered rather than when the target changes to a neutral item. 

Surprisingly, this was not the case in our experiment.  

As has been presented, the neutral item seemed to be influential in relation to 

recognition speed. Furthermore, this was true regardless of which role the neutral item held, 

whether it was the target or a distractor. As mentioned above, this was beneficial if the 

previous target became a neutral item. However, when we expanded the conditions in relation 

to color variations, it was clear that when the distractor changed to a neutral item, it had an 

inhibiting effect on response speed. In fact, the RTs for this variation were similar to role 

reversal variation, which yielded the slowest RTs by far. This finding further indicates that the 

neutral item automatically grabbed the attention of the observers between the two types of 

trials, similar to how a loud noise might capture ones attention in a quiet library. 

 Some results of Brascamp et al. (2011) were replicated in this experiment. Repeating 

run of target and distractor between trials resulted in faster RTs, suggesting the effect is 

cumulative. A new finding here is that faster RTs also appeared in the variation where a run 

of the same distractor in the free choice trials and the target diamond became a neutral item on 

the following PoP trial where the distractor persisted through more than one free choice trial 

as well as the subsequent PoP trial, but the target from the free choice trials changed its role to 

a neutral item. These findings lead us towards two possible conclusions. Firstly, when both of 

these results are combined, it highlights the cumulative priming effects of the distractors as 

was done by Kristjánsson & Driver (2008). This underlines the importance of the distractor, 

whereas more repetition enables the observer to suppress it with greater ease and thus 
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resulting in accelerated recognition of the target item. Secondly, when these results are 

compared to the main findings of the experiment, they reiterate the attention grabbing effect 

of the neutral item. 

 Brascamp et al. (2011) revealed that free choice tends to induce conventional PoP 

RTs. This suggested that these two types of trials shared the same cognitive operations. 

Moreover, when Harðarson (2014) added a neutral item to their experimental paradigm, the 

results further supported this theory. However, it seems that we could not confirm these 

findings. Rather, our results imply a potential attention grabbing effect of the neutral stimulus. 

That is, when the target becomes a neutral item between the two types of trials, it becomes 

more salient which results in more rapid recognition than otherwise. This effect is further 

enhanced with repetition of distractor items. In summary, when separating the effects of 

selection and non-selection, we were unable to do so. Instead, it seems that the neutral item 

rather became more distinctive than the other two conditions, thereby yielding the fastest RTs 

in our experiment.  

 A possible drawback has to do with the neutral diamond. Since it had been presented 

repeatedly throughout the experiment it was never unbiased, and therefore was only truly 

neutral in the first couple of trials. When designing the experimental paradigm, it was made 

sure it was random in relation to color variations of the diamonds. Thereby, each variation 

should have appeared approximately the same amount of times. Hence, observers might be 

familiar with each of the colors, irrelevant of their role. However, this element may not have 

been a large problem since it has been suggested that priming effects are short term 

(Maljkovic & Nakayama, 2000) and decay rapidly (Nakayama, Maljkovic & Kristjánsson, 

2004). Moreover, it has been highlighted that the target, distractor and neutral items were not 

evenly favoured on free choice trials, suggesting that neutral diamonds evoke a different 

response than the other two items, even when they are only relatively novel (Harðarson, 

2014). The effects of the neutral diamond could be investigated further in future research by 

designing an experimental paradigm where a diamond can become a true neutral item, making 

it possible to separate even further the effects of selection and non-selection with regards to 

priming. 
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