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Abstract 

Serial dependence may bias current perception towards or away from previous visual input. A 

relative consensus seems to be about attractive biases arising at a post-perceptual decisional 

stage and repulsive biases happening at low-level perceptual stage. Attention affects serial 

dependence, non-attended locations do for example not induce serial dependence. In this paper, 

the serial dependence produced by an attentionally suppressed distractor on subsequent 

perception was investigated for the first time. Using a perceptual equality judgment task, 24 

participants over two experiments had to answer whether two gabor patches, a target and its 

comparator, had the same orientation. In half of the preceding trials a salient distractor, a gabor 

patch with similar orientation to the target and which had to be attentionally suppressed, was 

flashed. The hypothesis was that this distractor would induce repulsive effects upon subsequent 

target, i.e. negative serial dependence would be found. The results did not support the 

hypothesis, there was no indication of any serial dependence being evoked by the distractor. 
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The world we see with our eyes is generally stable. The visual stream is, however, ever-

changing – we just rarely notice it. Factors such as head and eye movements, visual noise and 

occlusion all cause discontinuity to sensory input (Liberman, Fischer, & Whitney, 2014), but 

the visual stream is perceived as continuous. A phenomenon called serial dependence may 

systematically bias current perception toward recently seen visual stimuli, i.e. recent and 

present visual inputs are combined into unified perceptual experience, the continuity field, 

which is both spatiotemporally tuned and orientation-selective (Fischer & Whitney, 2014). 

Serial dependence 

Serial dependence does not only attract current perception to the recent past – it is a two-way 

street; its biases can be either positive or negative (Fritsche, Mostert, & de Lange, 2017). 

Positive effects, also called attractive effects, happen when current stimuli are perceived 

similarly to recent stimuli (are attracted to recent stimuli). Negative effects, or repulsive effects, 

happen when current stimuli are perceived even less similar to recent stimuli than they really 

are (Fornaciai & Park, 2018). 

But how can these opposite effects be at work at the same time without canceling each 

other out? It has recently been speculated that these biases arise at different processing levels; 

that positive effects are decisional biases that arise post-perceptually, but negative effects are 

perceptual biases (Fritsche et al., 2017) – resembling the negative tilt-aftereffect. The negative 

tilt-aftereffect happens when exposure to constant stimuli, for example orientation, makes later 

stimuli appear tilted away from the former (Thompson & Burr, 2009), so constant exposure to 

a 135° line would result in a 90° line to be perceived as < 90°. Perceptual serial dependence is 

more strongly affected by attention than the tilt-aftereffect, and is not exclusively determined 

by the retinal location of adaptation (Fischer & Whitney, 2014). Fritsche et al. (2017) support 

their claims with experimental results, where they found that previous stimuli had repulsive 

effects on participants’ current perception but post-perceptual decisions in orientation task were 

attracted by previous stimuli. When given a little thought, these opposite biases are logical – 

perception may be tuned to notice environmental changes, but when presented with decisional 

task it may be crucial to have a steady image of prior and present history. Further, replicating 

Fischer & Whitney’s (2014) results, Fritsche et al. (2017) showed that the repulsive bias in the 

perceptual task was spatially dependent and the attractive bias in the decisional task was not. 

Countering Fritsche et al.’s (2017) claim that perceptual tasks result in repulsive biases, 

Cicchini, Mikellidou & Burr (2017) argue that serial dependence is positive in both perceptual 
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and decisional tasks. They replicated Fritsche et al.’s (2017) study but used a broader set of 

orientations in their task. Their results suggested that attractive effects were obtained when the 

difference between preceding and current stimuli was 10° or less, but when the difference was 

about 20° (which was the difference Fritsche et al. (2017) used) the effects leaned towards being 

repulsive. They also note that attention seems to be an important factor in positive serial 

dependence but not in negative aftereffects. 

As written above, positive serial dependence may occur post-perceptually, although 

Cicchini et al. (2017) argue that it can occur in perception. When making decisions about series 

of visual stimuli, working memory comes into play, as it needs to maintain recent stimuli in 

memory. These recent stimuli may then come to interfere with the processing of the current 

stimulus in a way akin to proactive interference. Negative serial dependence may therefore 

derive from memory traces that persist across series of stimuli (Kiyonaga, Scimeca, Bliss, & 

Whitney, 2017). The post-perceptual attraction effect obtained by Fritsche et al. (2017), 

mentioned above, was even stronger when the time between trials was increased, as the working 

memory representation of the stimuli was given more time to be biased. Pascucci et al. (2019) 

suggest a hierarchical model of serial dependence. In this model negative, repulsive effects 

result from low-level sensory neurons’ adaptation and positive, attractive biases arise “from the 

reverberation of internal templates reflecting the reading-out of sensory signals from higher-

level decision integrators” (Pascucci et al., 2019). 

Fischer & Whitney (2014) point out that the strength of a serial dependence bias is 

affected by attention, along with other factors such as spatial and temporal proximity. In this 

paper, we will highlight the attention modulation. Faced with distracting stimuli, participants 

will have to rely on mechanisms such as selective attention and attentional suppression. 

Selective attention and attentional suppression 

Overcoming the problem of flooding our processing capacities and expending valuable energy 

attending to nonsignificant stimuli, we use a mechanism called selective attention (Indiveri, 

2000). Looking at visual input space, selective attention is used to optimize processing by 

directing attention to salient regions and to suppress irrelevant regions (Carota, Indiveri, & 

Dante, 2004). 

Selective attention is important in goal-directed visual tasks. It is crucial for determining 

which stimuli or subregion of the visual field should be attended to, as all the stimuli available 

are competing for attention and further processing. Bottom-up bias influences selectivity – 
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selection of stimuli can depend on perceptual properties, for example brightness, color and size. 

However, bottom-up bias does not suffice in goal-directed tasks, unless the goal is always to 

identify the most unique stimuli – which is usually not the case. Top-down control is therefore 

used to bias the attention to select for relevant stimuli and information (Desimone & Duncan, 

1995). To aid selection, short-term description of the goal stimuli is needed so the visual cortex 

is able to favor inputs that match said description. This is often called the attentional template 

(Duncan & Humphreys, 1989). 

We are not always able to focus our attention to the task at hand. Unique or peculiar 

irrelevant stimuli can attract our attention, even if we know that they could be detrimental for 

our task success (Bott, Brockmole, & Simons, 2005). Sudden onsets with high-contrast are for 

example very effective at grabbing attention. Distractor stimuli are therefore often introduced 

as such salient stimuli to capture the attention that is being focused at (or reserved while waiting 

for) stimuli relevant to our goals. They are designed to have an effect on task-performance, and 

therefore it is very important to be able to suppress them adequately (Geng, 2014). Maximizing 

the difference between distractor and target stimuli can be a part of stimulus selection (Rogers, 

1992). 

Geng (2014) differentiates between proactive and reactive suppression of distractors. In 

proactive suppression, progress towards a goal can proceed without interruption from the 

distractors, as responses connected to these distractors are suppressed before their appearance. 

When proactive suppression is not strong enough to ignore distractors, or no distractors were 

expected to demand suppression, reactive suppression is used. Its function lies within its name 

– it is reactive, i.e. to continue with a task distractors are dismissed reactively. So, even though 

we have an active template of distractors in our mind beforehand, a distractor that is salient 

enough can capture our attention and we must resort to reactive suppression to continue towards 

our goal. 

Fischer & Whitney (2014) say that attention is necessary for serial dependence. They 

demonstrated that positive serial dependence is strong when attention is focused at the same 

location in successive trials, but not when a location was unattended on the previous trial. There 

are even slight indications that a negative bias occurs, although that negative bias was not as 

strong as the positive one and, albeit close to, not significant (p = 0.059). Kiyonaga et al. (2017) 

also showed, with an orientation judgment task, that the positive bias they obtained only 

occurred for attended stimuli, not unattended. In a recent study, Fritsche & de Lange (2019) 
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point out the importance of attention to stimuli’s features in serial dependence. When preceding 

and current stimuli had similar orientations, an attractive bias was found, but when there was a 

dissimilarity in the orientation between them, a repulsive bias was obtained. When attention 

was directed to the stimuli’s size rather than its orientation, the attractive bias decreased, but 

feature-based attention had no effect on the repulsive bias.  

Thus, there are more than two sides to the coin when the role of attention in visual serial 

dependence, both in perceptual and decisional tasks, is being investigated – and many of those 

sides are still uninvestigated. 

Objective 

The objective of this paper is to investigate if serial dependence can be invoked by a recent 

attentionally suppressed distractor stimulus and if so, what the direction of the effect (attractive 

or repulsive) is. As serial dependence is spatially tuned, sudden onset distractors will be 

introduced in trial n-1 and the bias they induce on task-relevant stimuli in the same location on 

trial n will be assessed. 

Fritsche et al. (2017) have pointed out a clever way of studying perceptual serial 

dependence without tapping into post-perceptual processes. Their suggestion is to assess 

stimulus’ appearance in comparison to another stimulus presented at the same time. By using 

such instant comparison the possible influence of post-perceptual working memory and 

decision processes is decreased. Using this protocol – perceptual equality judgment – the 

experiment 3 in Fritsche et al. (2017) is similar to the one in this paper. The difference here is 

the use of distractors, instead of relevant stimuli, that we use to try to induce serial dependence. 

They obtained a repulsive effect on orientation perception. A distractor paradigm from Turatto 

& Pascucci (2016), which has shown itself to be useful capturing attention, will be used to affect 

participants’ attention and disrupt their selectivity.  

As there seems to be a relative consensus that perceptual serial dependence effects are 

negative, the hypothesis in this paper is that the distractors will have repulsive effect and lead 

to a perceptual bias away from subsequent stimuli. 
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Experiment 1 

Method 

Subjects 

Nine subjects (including the author), six males and three females, participated in experiment 1. 

Their mean age was 22.56 years, with a standard deviation of 1.74 and a range of 18 to 23 years. 

Every participant was naive except for the author. Convenience sampling was used where the 

participants were friends and classmates of the author. No incentive was given for participation. 

All but one of the participants were undergraduate students at the University of Iceland. The 

other one was finishing its last year of the Icelandic Stúdentspróf. All of the participants had 

normal eyesight. 

Stimuli and apparatus 

As the experiment was still being developed while these nine subjects participated, there is 

some variation to the stimuli between them. The experiment was presented, with a viewing 

distance of 57 centimeters, on a 23 inch monitor (Asus ROG PG279Q) with resolution of 1,920 

x 1,080 pixels and a refresh rate of 59 Hz running on Windows 10 based computer. However, 

for the first six out of the nine participants, there was an unnoticed error in the protocol and the 

experiment was ran as if there was a viewing distance of 70 centimeters and the monitor was 

16 inches. That resulted in the stimuli appearing larger than it should have been - and was 

corrected after these six participants. A chinrest was placed in appropriate height for 

participants so they were eye level with the fixation dot. However, as before, the chinrest was 

only introduced after the first six participants had already done the experiment. The stimuli was 

generated in MATLAB (R2017b) using the Psychophysics Toolbox 3.0.15 (Brainard, 1997). 

The experiment consisted of 840 trials. In each corner of an imaginary square around a 

green fixation point on a dark gray background empty circles appeared for a second, two of 

them with a green outline and two with a light gray outline (see figure 1). Same coloured circles 

were placed diagonally in every trial, never side by side or above and beneath each other. The 

green circles indicated where the target and comparator stimuli would appear (100% valid cues). 

Inside the green circles gabor patches appeared for 200 milliseconds, one of the gabor patches 

was oriented either 45° or 135° from 0° (horizontal line) and the other one (a comparator) 

ranging from -9° to 9° in steps of 3° from the 45° or 135°. As there are seven 3° steps from -9° 
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to 9° the orientations of the target and the comparator were the same in one of each seven trials. 

Using a QWERTY keyboard, the task was to identify if these two patches had the same 

orientation (by pressing X) or different orientation (by pressing Y), so this is a two alternative 

forced choice task. 

The gray circles were either empty or served as placeholders for distractor stimuli; a gabor 

patch which appeared 200, 250 or 300 (randomized) milliseconds ahead of the gabor patches 

in the green circles (stimulus-onset asynchrony of 200-300 milliseconds). The distractor stimuli 

appeared in half of the trials and had a contrast of 0.75, while the target stimuli had a contrast 

of 0.25. In half of the trials following a distractor, the target appeared at the same location as 

the distractor had done. These distractors preceding the target always had an orientation varying 

±5° from the target. 

 

 

Figure 1. Sequence of events in experiment 1 when a distractor was presented at the same location in 

the preceding trial as a target in the current trial. 
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Experimental design 

This is a three-factorial experimental design. The first factor is the orientation difference 

between target stimuli and its comparator, which has seven levels; -9° difference up to 9° 

difference, in steps of 3°. The second factor is the presence or absence of a distractor in the 

previous trial, which has two levels; distractor present and distractor absent. The third factor is 

the appearance of a target at the same or different location to the distractor in the preceding trial. 

This factor also has two levels; same or different location. This is a within-subject design as 

every participant is exposed to all conditions and factors. The independent variable is the 

distractor and the dependent variable the serial dependence of the target following the distractor. 

Experimental conditions were controlled by making participants look at the computer monitor 

from the same distance (that is, after the chinrest was introduced) and having the participants 

all do the experiment in a dimly lit, quiet room. 

Procedure 

The participants were sat in a chair in front of a computer monitor in a dimly lit room. They 

placed their head on a chinrest (only the last three participants though) and were given 

instructions for the experiment (see Appendix). Before undertaking the main experiment, 

participants did a practice set to familiarize with the experiment. A critical condition to 

participate in the main experiment was to answer at least 65% of 40 practice trials correctly. If 

that percentage was not achieved the practice set was redone until they managed this level of 

performance. After doing so the experiment began. The experiment was split into four blocks 

and participants were free to take as long breaks as they wanted between each of the four blocks. 

The experiment included 210 trials in each block (840 overall) and each block took about ten 

minutes, depending on participants’ reaction time. With the practice set the average time the 

experiment took was about 45-50 minutes, excluding the breaks. 

Data analysis 

Outliers were removed using commands in MATLAB – responses where the reaction time was 

three or more standard deviations from the mean reaction time were removed. The application 

IBM SPSS Statistics (version 23.0.0) was used to conduct repeated measures analysis of 

variance (rANOVA), also called within-subjects ANOVA. This analysis was chosen as the 

experimental design of this experiment is a within-subjects design. The rANOVA was used to 

explore several factors. First the possible bias that the distractor induced on successive stimuli 
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was looked at, comparing the effect location of the distractor in preceding trial had on the bias. 

Next it was used to look at the effect of distractor being absent or present on reaction times to 

see if the distractor grabbed the attention of observers and also to look at the development of 

reaction times as the experiment went on. Thirdly, the rANOVA was used to see if priming 

effects occurred for orientation. Mauchly’s test of sphericity was used to see if the assumption 

of sphericity, which is one the assumptions of rANOVA (Haverkamp & Beauducel, 2017), was 

fulfilled. The test should be nonsignificant – which was not always the case. To correct for this 

breach of assumption, the Greenhouse-Geisser and Huynh-Feldt estimates were used. It will be 

noted in the results when the Greenhouse-Geisser or Huynh-Feldt were used to correct for the 

violation of the assumption of sphericity.  

Results 

Target and comparator were more likely to be identified as the same the more similar they were 

(see figure 2). That was the case for all three conditions; where a distractor was absent in the 

previous trial, present in the previous trial at the same location as a successive target and present 

in the previous trial at a different location than a successive target. 

 

Figure 2. No serial dependence was found as neither the blue or red line shifted markedly to the right 

or left from the black one. Standard errors of the mean are shown for each data point in the figure. 
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In figure 2, negative serial dependence would be indicated by the same (red) and/or 

different (blue) lines (indicating the position of the distractor in the preceding trial compared to 

the target location) being shifted to the right of the control condition (black) line (no preceding 

distractor). Similarly, positive serial dependence would be indicated by the red and blue lines 

being shifted to the left of the black line. Neither is the case, and therefore no serial dependence 

was found. 

 

 Figure 3. No bias induced by distractors in the preceding trial was found. Standard errors of the mean 

are shown for each data point in the figure. 

To look at the bias of the (non-existent) serial dependence, responses where a distractor 

was absent (“control” in figure 2) in the preceding trial were subtracted from responses where 

a distractor was either present at the same or different location in the preceding trial (see figure 

3). No main effects for either the position of the distractor (F (1, 8) = 0.842, p = 0.386 (violation 

of sphericity corrected for with Huynh-Feldt)) or comparator-target delta (F (6, 48) = 0.662, p 

= 0.681) were found and there was no interaction (F (6, 48) = 1.091, p = 0.381).  



 13 

Reaction times became faster as the blocks went on (F (1.23, 9.84) = 15.78, p < 0.001 

(violation of sphericity corrected for with Greenhouse-Geisser)) but there was no difference in 

reaction times when a distractor was present compared to absent (F (1, 8) = 1.797, p = 0.217 

(violation of sphericity corrected for with Huynh-Feldt)), (see figure 4). 

 

Figure 4. Reaction times got quicker with more experience in the experiment. Whether distractors 

appeared or not had no difference in reaction times. Standard errors of the mean are shown for each 

data point in the figure. 

Reaction times were quicker when the target stimuli had the same orientation back-to-

back, e.g. 135° in trial n-1 and n or 45° in trial n-1 and n, (F (1, 8) = 9.773, p = 0.014 (violation 

of sphericity corrected for with Huynh-Feldt)) (see figure 5). The difference between target and 

comparator in degrees (from -9° to 9°) did not matter (F (1.56, 12.49) = 1.098, p = 0.348 

(violation of sphericity corrected for with Greenhouse-Geisser)). 
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Figure 5. Participants answered quicker when current target stimuli had the same orientation as the 

preceding one. Standard errors of the mean are shown for each data point in the figure. 

Discussion 

The results do not support the hypothesis that the distractors will have repulsive effect and lead 

to a perceptual bias away from subsequent stimuli. No serial dependence was observed, neither 

for responses where a distractor occupied the same position as the target in the previous trial 

nor for responses where a distractor was placed in another location in the preceding trial. 

Looking at figure 4 above, one could speculate that the distractor did not capture participants’ 

attention (see further explanations below). If so, the results of no bias would be in line with the 

results from Kiyonaga et al. (2017) and Fischer & Whitney (2014), that (positive) bias only 

occurs for attended stimuli, not unattended. 

Reaction times became faster by each block, which is in line with what would be expected 

as it is well known that participants’ reaction times can become faster with practice (Welford, 

1980). As reaction times were not slower when a distractor was present in the same trial, this 

could reflect that the distractor did not grab participants’ attention like we expected it to. If 

distractors work as they should, i.e. disrupt task-performance, reaction times should increase 

(Kosinski, 2013). If anything, reaction times were narrowly faster when a distractor was present. 

As the distractor was presented a little earlier than the target and comparator, the distractor may 
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have served as a warning signal, which would have notified participants of incoming target 

stimuli ahead of time. Hackley (2006) notes that warning signals can reduce reaction times by 

virtue of  top-down or bottom-up mechanisms. As the distractor did not seem to attract attention 

like it should have, one could argue that no suppression of the stimuli was needed by the 

participants – which  therefore negatively affects the objective of the experiment. In experiment 

2, it is imperative that the distractor will be modified to capture the attention of participants. 

As a secondary observation, priming effects for orientation were inspected. It turned out 

that a priming effect was found – participants had shorter reaction times when target stimuli 

had the same orientation in successive trials. Fischer & Whitney (2014) say that “priming yields 

an improvement in reaction time and/or discriminability of a repeated stimulus”. They also state 

that serial dependence can change the appearance of stimuli presented together and therefore 

weaken their discriminability, which contrasts the improvement in discrimination from priming. 

With this, they exhibit a crucial distinction between priming and serially dependent perception.  

Experiment 2 

Experiment 2 has the same objective as experiment 1, the difference lies in the distractor. As 

the distractors experiment 1 did note seem to capture participants’ attention, their contrast was 

raised to make them even more salient. Additionally,  the 200-300 millisecond stimulus-onset 

asynchrony resulted in distractors acting as a warning signal, so we decided to present the 

distractors at the same time as the targets and comparators. 

Method 

Subjects 

Fifteen subjects (the data for one of them later removed, see data analysis chapter below), ten 

males and five females, participated in experiment 2. Their mean age was 23.57 years, with a 

standard deviation of 3.61 and a range of 18 to 33 years. Every participant was naive. 

Convenience sampling was used where the participants were friends and classmates of the 

author. All but one of the participants were students at the University of Iceland, eleven 

undergratuates and two postgraduates – the other one was finishing its last year of the Icelandic 

Stúdentspróf. No incentive was given for participation. All of the participants had either normal 

eyesight or corrected to normal eyesight (with glasses or contact lenses). 
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Stimuli and apparatus 

Stimuli and apparatus were almost the same as in experiment 1. However, some crucial 

adjustments were made. The contrast of the distractor was raised from 0.75 to 0.95 while the 

target and comparator stimuli’s contrast was kept at 0.25. The stimulus-onset asynchrony was 

reduced to nothing, so now the distractor and the target and comparator appeared 

simultaneously (see figure 6). The adjustments that were made after the first six participants in 

experiment 1, introduction of the chinrest and correction of the viewing distance and monitor 

size in the protocol, were kept for the whole of experiment 2. 

 

 

Figure 6. Sequence of events for experiment 2 when a distractor was presented at the same location in 

the preceding trial as a target in current trial. 

Experimental design 

Experimental design was the same as in experiment 1, except that now all the participants had 

the chinrest, so the experimental conditions were better controlled. 
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Procedure 

The procedure was the same as in experiment 1, except that now all the participants had the 

chinrest. 

Data analysis 

The data analysis was the same as in experiment 1, with one exception. One participant’s data 

were excluded because of a response bias, as the participant gave the same answer (pressed X 

for same orientation) in 98.7% of trials, which was the correct answer in only one out of each 

seven trials. 

Results 

The more similar the target and the comparator were, the more likely it was that they were 

identified as having the same orientation (see figure 7). This was true in all three conditions; 

where a distractor was absent in the previous trial, present in the previous trial at the same 

location as a successive target and present in the previous trial at a different location than a 

successive target. 

 

Figure 7. No serial dependence was found as neither the blue or red line shifted markedly to the right 

or left from the black one. Standard errors of the mean are shown for each data point in the figure. 



 18 

In this graph (figure 7), repulsive effects induced by a distractor would show up as shifts 

of the red and/or blue lines to the right of the black line (the control condition). That is not the 

case here, as neither line is shifted to the right of the control one. Attractive effects would be 

obtained if the red and/or blue lines shifted to the left of the black control line. That is not the 

case either, so no serial dependence is obtained. 

As was done in experiment 1, responses where a distractor was absent (“control” in figure 

7) in the preceding trial were subtracted from responses where a distractor was either present at 

the same or different location in the preceding trial to look at the bias of the (non-existent) serial 

dependence (see figure 8). No bias was found, but it can be seen that participants were more 

reluctant to judge the target and comparator being the same when a distractor had been 

presented at the same location as the target than when the location was different (F (1, 13) = 

7.555, p = 0.017 (violation of sphericity corrected for with Huynh-Feldt)). No main effect for 

comparator-target delta (F (6, 78) = 0.898, p = 0.501) was found and there was no interaction 

(F (6, 78) = 0.677, p = 0.669). 

 

Figure 8. Participants’ judgment of target and comparator having the same orientation or not differed 

by the position of the distractor in the preceding trial. Standard errors of the mean are shown for each 

data point in the figure. 

  



 19 

Reaction times got quicker by the block (F (1.88, 2.48) = 9.247, p = 0.001 (violation of 

sphericity corrected for with Greenhouse-Geisser)) and there was a difference in reaction times 

depending on whether a distractor was present or absent (F (1, 13) = 22.781, p < 0.001 (violation 

of sphericity corrected for with Huynh-Feldt)) (see figure 9). 

 

Figure 9. Reaction times got quicker as the experiment went on and the presence or absence of the 

distractor had an effect on reaction times. Standard errors of the mean are shown for each data point in 

the figure. 

When the target stimuli had the same orientation on successive trials (135° follows 135° 

or 45° follows 45°) reaction times were quicker (F (1, 13) = 11.649, p = 0.005 (violation of 

sphericity corrected for with Huynh-Feldt)) (see figure 10). The smaller the difference between 

the target and the comparator, the quicker the response (F (2.30, 29.89) = 7.903, p = 0.001 

(violation of sphericity corrected for with Greenhouse-Geisser)). 
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Figure 10. When current target stimuli had the same orientation as the preceding one, reaction times 

were quicker. Standard errors of the mean are shown for each data point in the figure. 

Discussion 

The results of experiment 2 did not support the hypothesis that the distractors would have 

repulsive effect and lead to a perceptual bias away from subsequent stimuli. No serial 

dependence was found – although the distractors captured attention successfully this time. 

These results are not in line with the results obtained by Fritsche et al. (2017), who reported a 

repulsive effect from a relevant stimulus on orientation in a perceptual task. The difference 

between this study and the one by Fritsche et al. (2017) is the kind of stimuli used to see if it 

induced serial dependence (distractor versus relevant stimuli). The results are also not in line 

with the results obtained by Cicchini et al. (2017), that serial dependence is positive when the 

difference between preceding and current stimuli is under 10°. 

An intriguing effect was found, where participants were more reluctant to identify target 

and comparator as the same when an earlier distractor was presented at the same location as a 

later target compared to when the location was different. That is peculiar and it is difficult to 

put a finger on why it happened. A guess is that participants might have been more conservative 

or sceptic in their responses when a distractor preceded a target at the same location. Perhaps 

this is related to a phenomenon termed post-error slowing, which is thought to include, amongst 

other things, enhancement in caution of responses (Dutilh et al., 2011). For that to explain these 
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results, participants would have had to be treating distractors appearing at the same location as 

the target as a signal but distractors appearing at a different location as noise. This might be a 

stretch, but is worth looking at in future research. 

As in experiment 1, reaction times got quicker by each block. That is in harmony with 

what Welford (1980) said about reaction times becoming faster with practice. A crucial 

difference to experiment 1 – reaction times depended on whether a distractor was absent or 

present. This suggests that this time the distractors managed to capture participants’ attention 

(Kosinski, 2013). 

Priming effects were again found; participants reacted more quickly to a target stimulus 

with the same orientation as the one in the preceding trial, which echoes what Fischer & 

Whitney (2014) said about priming improving reaction time. In contrast to experiment 1, the 

magnitude of the orientation difference between the target and its comparator did matter for 

reaction times, as participants reacted quicker when there was less difference between them. If 

figure 10 is inspected closely, it can be seen that the difference of same or opposite orientations 

was biggest when target and comparator had the same orientation.  

General discussion and speculations 

Serial dependence in visual perception is a relatively new phenomenon of interest in 

psychophysics studies. Fischer & Whitney (2014) conducted the pioneering study that inspired 

other studies of variants of the phenomenon. The stages of processing of visual stimuli at which 

certain effects of serial dependence arise have been of particular interest (e.g., Fritsche et al., 

2017; Kiyonaga et al., 2017; Pascucci et al., 2019). Although still a hot topic amongst scholars, 

a relative consensus about repulsive effects happening at low-level perceptual stage and 

attractive effects arising at post-perceptual stage mediated by working-memory has been (at 

least temporarily) reached (Fritsche et al., 2017). Amongst other things investigated about serial 

dependence have been attention (Kiyonaga et al., 2017), perception of faces (Liberman et al., 

2014), facial attractiveness (Xia, Leib, & Whitney, 2016) and emotional expression (Liberman 

& Whitney, 2015). 

However, as the interest in this phenomenon is relatively newfound, there is still a lot left 

uncovered. The role of attention in serial dependence has been investigated a bit, but needs to 

be defined better as it plays a crucial part in the phenomenon (Fischer & Whitney, 2014). 

Results from Fischer & Whitney (2014) and Kiyonaga et al. (2017) indicate that unattended 
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stimuli do not elicit serial dependence – or at best, have small repulsive effects (Fischer & 

Whitney, 2014). Fritsche & de Lange (2019) recently found that feature-based attention only 

modulates attractive effects, not repulsive. 

In this study the serial dependence evoked by distracting and attentionally suppressed 

stimuli was explored for the first time. A distractor paradigm from Turatto & Pascucci (2016), 

which has shown itself to be useful capturing attention, was used to affect participants’ attention 

and disrupt their selectivity. The distractor captured attention successfully in experiment 2 and 

therefore demanded suppression. The end results do not suggest that any type of serial 

dependence is evoked by these distractors. The main hypothesis, that these attentionally 

suppressed distractors would induce negative (repulsive) serial dependence, is thus not 

supported. Fritsche et al. (2017) used two alternative forced choice task, as is done in this paper, 

to obtain a repulsive effect on orientation perception. That repulsive effect was not replicated 

in this study. However, different stimuli were used in trying to induce the serial dependence –  

distractors were used in this study instead of relevant stimuli. Cicchini et al. (2017) had earlier 

replicated Fritsche et al.’s (2017) study using different orientations and obtained positive serial 

dependence when the difference between preceding and current stimuli was under 10°. As no 

serial dependence was obtained in this study, the results are also not in line with Cicchini et 

al.’s (2017) findings.  

It is difficult to interpret this in a concrete way, but one might speculate that the distractors 

were successfully suppressed, as they do not have any effect on subsequent perception. Many 

studies have shown that serial dependence is spatially dependent and is therefore stronger when 

successive stimuli appear at the same location (e.g., Fischer & Whitney, 2014; Fritsche et al., 

2017; John-Saaltink, Kok, Lau, & de Lange, 2016). In this study, an attentionally suppressed 

distractor did not induce serial dependence, neither when it was presented earlier at the same 

location as a target nor when it was presented at a different location. However, a different, 

puzzling difference was found in experiment 2 between those two position conditions, where 

participants were more reluctant to identify target and comparator as the same when an earlier 

distractor and a later target were presented at the same location in successive trials than when 

the location was different. This is very curious considering that serial dependence did not 

modulate this effect and it persists over all conditions of comparator-target delta (from -9° to 

9°). This is also tough to interpret, and can only be guesswork at this stage. A guess voiced in 

the discussion for experiment 2 is that participants might have been more conservative or 
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sceptic in their responses when a distractor preceded target at the same location because of post-

error slowing (Dutilh et al., 2011). That could have increased response caution if participants 

treated distractors differently depending on their position in the preceding trial – as a signal if 

at the same position as a later target and otherwise as noise. However, as said above, this is only 

a postulation that could be examined in further research. 

If negative serial dependence would have been obtained as predicted, it would have 

suggested that voluntarily suppressed salient stimuli repel later perception rather than attract it. 

On a simplified level, that would be logical – why should the visual system integrate stimuli 

that could be harmful to our goal-directed behavior into current perception? That, in fact, would 

be the opposite of helpful. Then – one might ask; could visual perception be programmed to 

interrupt the connection between visual input that is predefined as irrelevant and potentially 

harmful for perception, and subsequent stimuli? Strong conclusions will not be drawn from the 

results obtained in this study but this is certainly something worth probing. 

Further experiments in this field are needed. Processing levels of visual serial dependence 

in perceptual and decisional tasks can be defined better and there are still many questions 

remaining about attentional modulation of serial dependence. Attention is not a simple 

phenomenon and must be approached from different angles. Further research could for example 

continue with this concept of selective attention and use other distractors, different presentation 

times, alternative protocol and countless of other alterations. Research in visual serial 

dependence is still freshly plowed soil – some seeds have been planted but there is still room 

for a lot more. For a successful yield, it is imperative to continue to build on the literature that 

has accumulated over the last few years. 
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Appendix 

Instructions for experiments 1 and 2 

 “In the present experiment you will perform a sequence of trials in which four circles appear 

around the center of the screen. In each trial, two circles will be green and two gray. 

Your task is to focus attention only on the green circles and to report as fast and accurate 

as possible whether the two images inside the green circles are identical (press X) or not (press 

Y). 

Note that the two images are similar but they may have slightly different orientation. 

Please pay attention only to the green circles and ignore everything appearing outside (e.g. 

in gray circles). 

During each trial, keep your gaze fixed on the central green dot. 

The experiment consists of 4 separated blocks, you can take a break between blocks. 

Should you have any question[sic], please ask the experimenter. When you are ready to 

start, press space…” 

Author’s note: These instructions were written by David Pascucci, Postdoctoral Fellow at the 

University of Fribourg. 


