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SUMMARY 

Every day we perform many tasks either individually or jointly with other people (joint action) which 

require us to deploy attention to the targets and suppress a set of distractors which otherwise impair our task 

performance. There are multiple factors which might boost the salience of the irrelevant objects, making it harder 

to suppress them, such as selection history (Awh, Belopolsky, & Theeuwes, 2012). On the other hand, task 

predictability facilitates target selection and distractor suppression via the proactive control mechanism (Braver, 

2012) which engages before stimulus presentation. However, selection history influences have been shown to 

continue capturing attention even when participants can predict the upcoming task (Kadel, Feldmann-Wüstefeld, 

& Schubö, 2017). The other factors which influence the salience of an object, especially in joint action tasks, 

are social value and social context. Previous research has reported co-representation of the partner target by an 

agent (Sebanz, Knoblich, & Prinz, 2003), which is present in the cooperative context and absent in the 

competitive context (Hommel, Colzato, & van Den Wildenberg, 2009). There are, however, still some gaps in 

the literature that the present dissertation will cover. Firstly, it is not well-understood how proactive preparation 

is implemented in the presence of selection history. Importantly, knowledge about brain activation during task 

preparation and the influence of selection history on that is lacking. Secondly, the influence of the social value 

and social context on attentional capture and its neurophysiological mechanisms need more investigation, 

something that is going to be covered in the present dissertation. 

The present dissertation is divided into two main parts. In the first part (Studies I – III), the core research 

question is whether and how task predictability modulates attentional biases induced by selection history. In the 

second part (Study IV), the core goal is to investigate the influence of social value and social context on 

attentional capture by the distractor. In the first part, to induce individual selection history, participants either 

categorize the color of the color singleton (color group) or the shape of the shape singleton (shape group) in a 

categorization task. Next, all participants perform a search task wherein a diamond-shape target has to be 

selected while a red circle is sometimes present. Crucially the tasks are combined with different levels of 

predictability (Studies I and II):  In Study I the task sequence is either predictable or unpredictable, while it is 

always predictable in Study II, but with different degrees of reliability (high-predictable vs. low-predictable). 

These variations of task predictability allow for a systematic examination of the influence of proactive 

preparation on selection history attentional biases. 

Study I demonstrated the engagement of proactive preparation when the upcoming task was predictable. 

This proactive preparation was reflected in reduced power of posterior pre-stimulus alpha-band, but only in 

predictable sequence blocks. Importantly, proactive preparation was scaled by individual selection history – the 

color group participants who needed more task-set reconfiguration when switching between the tasks benefitted 

more form task predictability and exerted stronger proactive preparation. Consequently, these participants didn’t 
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need to exert strong stimulus-driven distractor suppression after stimulus onset. This was reflected in the 

amplitude of the early Pd component (a marker of early distractor suppression) which remained the same 

irrespective of task predictability. The shape group participants, however, had to compensate for their weaker 

proactive preparation before stimulus onset using an early suppression of the distractor as it was reflected in a 

larger early Pd amplitude in predictable than in unpredictable sequence blocks. The findings of Study I were 

extended in Study II wherein the task sequence was constant in a session and different between sessions. 

Increasing predictability was shown to have a small influence on proactive distractor suppression in the shape 

group, maybe because the knowledge about the target dimension was enough for optimal task performance and 

task predictability didn’t change the dimensional information of the target and distractor for this group. 

However, participants in the color group exerted a stronger early distractor suppression when task predictability 

was more reliable, suggesting the utilization of proactive preparation when the task requires it. 

Selection history increased attentional capture by the distractor’s feature within the dimension involved in 

previous selections. This appeared as a distractor N2pc in the color group in Study II when the task predictability 

was less reliable. Proactive preparation facilitated suppression of the distractor by the color group participants 

as the distractor N2pc became smaller and the early Pd became larger when task predictability was more reliable. 

Although the color group participants had a larger benefit from task predictability, the target selection by these 

participants remained impaired when the color distractor was present. This impaired target selection was 

reflected in larger behavioral distractor costs (Studies I and II) and later onset of the target N2pc (Study I) in the 

color group than in the shape group. These findings demonstrate that proactive distractor suppression doesn’t 

have the potency to negate attentional biases induced by selection history. 

The impact of the selection history on the priority map was quantitatively evaluated using an algorithmic 

model in Study III. The model calculated the weight of four different maps such as history, color, shape, and 

orientation for each group. The color group showed a very prominent weight of the history map which was 

larger than that of the shape group. This quantified the more reliance of the color group participants on their 

selection history because they needed it to accomplish the categorization task. On the other hand, the weight of 

the shape map was the highest in the shape group. This suggests that the shape group participants could 

accomplish both tasks by relying on shape discrimination and without any need to refer to their history. 

Importantly, the color map had a larger weight in the color group than in the shape group, explaining the larger 

attentional capture by the distractor in the color group than in the shape group. In sum, the model could provide 

quantitative measures from each map, explaining how selection history interacts with physical salience in 

directing attention in the priority map. 

In the second part of the present dissertation (Study IV), pairs of participants shared a joint task, either 

cooperatively or competitively, wherein participants had to respond to their own target (agent target vs. partner 
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target). Crucially, a color distractor which was not the target for either of the participants (non-relevant 

distractor) was present in some trials. Although both the partner target and the non-relevant distractor were non-

targets for the agent, they captured the agent’s attention differently. While the partner target captured the agent’s 

attention, as reflected in a negative lateralization of parieto-occipital alpha-band power and longer response 

time, the non-relevant distractor was suppressed and it was reflected in a positive lateralization of parieto-

occipital alpha-band power. Importantly, attentional capture by the partner target depended on the social context. 

While the partner target captured the agent’s attention in the cooperative condition, reflected in a negative 

lateralization of parieto-occipital alpha-band power, the same stimulus was suppressed in the competitive 

condition, as reflected in a positive lateralization of parieto-occipital alpha-band power. This indicated that 

participants tune their attention toward their partner target depending on the social context and the task. 

In sum, the four studies completed in the present dissertation examined the influence of different factors 

such as previous experience, task predictability, social value and social context on attentional control. Previous 

experience with a feature dimension was shown to increase the salience of the stimuli in that dimension, thus 

increasing attentional capture. Although increasing task predictability was shown to decrease the attentional 

biases induced by selection history, it didn’t negate the selection history influence entirely. Further, the social 

value was shown to change the salience of the stimuli. The partner target captured attention while the irrelevant 

stimulus with similar luminance was suppressed. Attentional capture by the partner target was further shown to 

be a function of the social context. The present dissertation, therefore, suggests that attentional control is flexible, 

as distractor attentional capture can vary depending on factors such as task predictability, previous experience, 

social value, and social context. 
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1 INTRODUCTION 

We live in a complex visual world full of different objects and streams of information. To survive in such 

a world and respond properly to relevant events, we need to focus on a subset of objects at a time. In many 

circumstances, humans need to attend objects/events isolated from other people. However, considering the social 

characteristics of humans, we are very prone to interact with others and attend events together. In either of these 

scenarios, i.e. individual or joint task performance, we need to focus on the most relevant objects for our goal 

and ignore non-relevant items. For example, when we are watching a soccer match in a stadium with a friend, 

we need to continuously follow the ball to properly track the match despite the stadium being full of distractors. 

Fortunately, we are equipped with a rich attentional mechanism, namely selective attention, which filters out 

irrelevant information and directs our attention to goal-relevant object(s). In the soccer match example, the most 

important object might be the ball, although it’s not the most salient object. Nevertheless, selective attention 

mechanism filters out all the salient lights and signs around the stadium and prioritizes the ball. Amongst all the 

noise, we might get more distracted by a commercial about our favorite coffee (because we have previous 

experience with it) which we drink every day. However, we immediately ignore it and redirect our attention to 

the ball. Our prediction regarding the ball’s landing point is also a factor that helps us allocate our attention to 

the location containing the target (e.g. the ball) successfully (Posner, 1980). When watching the soccer match, 

we might want to discuss a situation with a friend who is sitting next to us. In this case, we both have to direct 

our attention to a common point (joint attention) to properly understand the other’s intention (Michael, Sebanz, 

& Knoblich, 2016). All these processes, including following the ball and players, predicting events, 

communicating with our friend while tracking the ball, and ignoring the salient commercial can happen in a very 

short time window and would not be possible to perform without utilizing a multi-mechanism cognitive system. 

The aim of the present dissertation is three-fold. The first goal is to investigate the neurophysiological 

mechanisms underlying of the interaction between previous experience (e.g., seeing a familiar advertisement in 

the stadium) and current goal (e.g., the ball) when an event is predictable (fully or partly) or unpredictable. More 

specifically, the aim is to understand the neurophysiological mechanisms underlying task preparation and 

investigating whether advance preparation can negate attentional biases caused by the previous experience. The 

second goal of this work is to introduce an algorithmic mathematical model to explain interaction between 

bottom-up, top-down, and previous experience in attentional selection during visual search tasks. The third goal 

of the present dissertation is to explain neurophysiological correlates of attentional deployment to the partner 

target when sharing a task with a co-actor depending on the social context. 
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1.1 Selective attention and the involved mechanisms 

Within the last decade, numerous studies have shown that different control mechanisms work together to 

allocate attention to a point in space. The bottom-up control mechanism operates on visual features of the objects 

(e.g., color) and drives attention to the stimulus with the highest salience (Itti & Koch, 2001; Franconeri & 

Simons, 2003; Theeuwes, 1992, 2010, 2019). According to this mechanism, a salient item captures attention 

automatically, regardless of the current goal and intention. For instance, the participant’s task in the additional 

singleton paradigm (Theeuwes, 1992) is to search for a diamond among circles or vice versa (i.e. a shape 

singleton). However, the presence of a color distractor slows down the response times (RTs). It implies that the 

salient distractor captures attention and delays attentional allocation to the target. On the other hand, goal-driven 

theories have suggested that attention is driven according to the current goal and intention of the observer in a 

top-down manner. According to this view, the observer’s current goal determines whether a salient object 

captures attention or not (Folk, Remington, & Johnston, 1992; Folk & Remington, 1998; Eimer & Kiss, 2008; 

Theeuwes, 2010; Sawaki & Luck, 2010). 

Nevertheless, some attentional biases can be explained neither by bottom-up nor by top-down control 

mechanisms. Awh et al. (2012) suggested that a third mechanism, namely selection history, competes against 

bottom-up and top-down to drive attention in an integrated priority map. Selection history refers to previous 

experiences and “the lingering effects of the last selection episodes” (Awh et al., 2012, p. 438). Reward history 

is one example of how selection history can be induced (Hickey, Chelazzi, & Theeuwes, 2010; Anderson, 

Laurent, & Yantis, 2011; Failing & Theeuwes, 2018). In a study by Anderson et al. (2011), two colors were 

associated with either low or high reward and participants had to learn this association throughout the training 

phase. Later, in the test phase, colors didn’t carry any reward information and were only distractors while 

participants were searching for a shape singleton. The results showed high-value distractors caused slower 

responses than low-value distractors, implying that reward history affects target selection as well as attentional 

capture by the irrelevant distractor. Selection history can also be induced by inter-trial priming (Maljkovic & 

Nakayama, 1994; Wolfe, Butcher, Lee, & Hyle, 2003; Fecteau, 2007). According to Fecteau (2007), when the 

current target is the same as the target in the previous trial, a lingering effect resulting from the repetition of the 

relevant singleton causes more efficient task performance (Priming of Pop-out; PoP). Statistical regularities 

related to target and distractor location have also been shown to affect attentional processes (Wang & Theeuwes, 

2018a, 2018b; Failing, Wang, & Theeuwes, 2019; Theeuwes, 2019; Ferrante et al., 2018). The target appearance 

at a highly probable location causes faster selection compared to when the target appears at relatively low 

probability locations (Ferrante et al., 2018). On the other hand, when a distractor appears at a high-probability 

distractor location, it captures less attention than when distractor appears at low-probability locations because 

the high-probable location is already suppressed due to previous history of having the distractor (Wang & 
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Theeuwes, 2018a, 2018b; van Moorselaar, Daneshtalab, & Slagter 2019; Di Caro, Theeuwes, & Della Libera, 

2019). 

Most relevant to the present dissertation, previous experience with a specific dimension of stimuli (e.g., 

color or shape) is another factor which induces individual selection history (Le Pelley, Beesley, & Griffiths, 

2011; Feldmann-Wüstefeld, Uengoer, & Schubö, 2015; Kadel et al., 2017). In a study by Feldmann-Wüstefeld 

et al. (2015), when participants searched for a diamond-shaped target in an additional singleton paradigm, a 

color distractor captured more attention from those participants who had previous experience with the color 

dimension compared to those who had experience with the shape dimension. All the aforementioned studies 

indicate evidence for the impact of selection history on visual attention differently from bottom-up and top-

down control mechanisms. 

Recently it has become very common and useful to use electrophysiological biomarkers measured by 

electroencephalogram (EEG) to draw conclusions regarding the interplay between different control mechanisms 

in the level of brain activities (e.g., Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017; Henare, Kadel, & 

Schubö, 2020; Wang, van Driel, Ort, & Theeuwes, 2019; van Moorselaar et al., 2021). As such, EEG recordings 

were used in the present dissertation due to the high temporal resolution of EEG and well-stablished methods to 

extract EEG components correlated with attentional selection. The next section will focus on 

electrophysiological correlates of attentional selection.  

 EEG correlates of target selection and distractor suppression 

 Within the last three decades, researchers have developed methods to investigate neuronal mechanisms 

underlying attentional processing by recording brain activity with EEG during visual tasks. The N2-posterior-

contralateral (N2pc) is the most prominent lateralized event-related potential (ERP) component, demonstrated 

by an enhanced negativity at posterior electrodes contralateral to the location of an attended item. It is attributed 

to the attentional selection of an item and occurs ~200 ms after stimulus onset. The N2pc component emerges 

when a target is laterally presented either with or without a salient distractor (Luck & Hillyard, 1994a; 1994b; 

Hickey et al., 2006; Burra & Kerzel, 2013; Woodman & Luck, 2003; Eimer, 2014; Liesefeld et al., 2017; 

Berggren & Eimer, 2018). Shorter onset latency and larger amplitude of the N2pc component have often been 

referred to as indices for faster and more efficient attentional deployment to the target (Mazza, Turatto, & 

Caramazza, 2009; Liesefeld et al., 2017; Kadel et al., 2017; Weaver, van Zoest, & Hickey, 2017). For instance, 

the N2pc amplitude occurring before saccade onset is larger when the saccade lands correctly on the target 

location than when it lands erroneously on the salient distractor (Weaver et al., 2017). In addition to the target, 

the salient lateral distractor has also been shown to capture attention and this is reflected in the distractor N2pc 

(Berggren & Eimer, 2018; Liesefeld et al., 2017; Feldmann-Wüstefeld et al., 2015). 
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Another prominent lateralized ERP component is the distractor positivity (Pd) component, which was first 

introduced by Hickey, Di Lollo, & McDonald (2009) as an enhanced positivity at posterior electrodes 

contralateral to the location of the to-be-ignored stimulus. The Pd component has been observed with different 

latencies after stimulus presentation, reflecting different types of suppressive mechanisms depending on the 

latency. The conventional late Pd component occurs 200 – 300 ms after stimulus onset and is associated with 

top-down inhibition of attentional capture by the salient distractor (Hickey et al., 2009; Sawaki & Luck, 2010; 

Kiss, Grubert, Petersen, & Eimer, 2012; Weaver et al.,2017; van Moorselaar & Slugter, 2019) and reflects 

reactive suppression of the distractor (Heuer & Schubö, 2020; Braver, 2012). In fact, for fast-response trials, 

lateral salient distractor in the additional singleton paradigm is shown to elicit the late Pd and indicates successful 

suppression of the distractor. On the contrary, when the suppression of the distractor is unsuccessful, the same 

stimulus does not elicit the late Pd (Jannati, Gasper, & McDonald, 2013). The late Pd component has also been 

attributed to suppression of the location which might contain a salient distractor (Heuer & Schubö, 2020). 

Furthermore, it indexes termination of attention after completion of target perception (Sawaki, Geng, & Luck, 

2012; Jannati et al., 2013) and also the shifting of attention away from the salient distractor which has already 

captured attention (Feldmann-Wüstefeld et al. 2015; Henare et al., 2020). 

Another early positivity occurs around 100 ms after stimulus onset that can be either a posterior positive 

contralateral (Ppc) or an early Pd component. The Ppc component is suggested to be linked to imbalance in 

sensory input (Fortier-Gauthier, Moffat, Dell’Acqua, McDonald, & Jolicoeur, 2012; Corriveau, Fortier-

Gauthier, Pomerleau, McDonald, Dell'acqua, & Jolicoeur, 2012, Pomerleau, Fortier-Gauthier, Corriveau, 

Dell’Acqua, & Jolicoeur, 2014) or stimulus salience (Luck & Hillyard, 1994a). For instance, Jannati et al. (2013) 

observed the Ppc component emerged by the lateral distractor and its amplitude remained unaffected by the 

response speed. Crucially, when the ERP was locked to the target location, the Ppc was positive when target and 

distractor were on the same side. However, when target and distractor were on opposite sides, the Ppc had similar 

amplitude but was negative in direction. Importantly, when the target was a salient color singleton, Jannati et al. 

(2013) observed the Ppc. This indicated that the Ppc reflects only the imbalance of the search display and a 

response to the raw sensory input; it is not related to the early suppression of the salient distractor. On the 

contrary to the Ppc component, the early Pd component is suggested to reflect the early or proactive suppression 

of the salient distractor (Weaver et al., 2017; van Zoest, Huber-Huber, Weaver, & Hickey, 2021; Wang et al., 

2019; van Moorselaar et al., 2021). A larger amplitude of the early Pd elicited by the salient distractor is shown 

to predict a more accurate eye movement to the target, suggestive of a more efficient target selection after 

stronger early distractor suppression (Weaver et al., 2017). Recently van Moorselaar et al. (2021) used a version 

of the additional singleton paradigm where target and distractor were fixed in some blocks, and mixed in other 

blocks. In half of blocks (“spatial bias blocks”) there was a high-probability distractor location. In these blocks, 

the distractor always elicited an early Pd, but only in participants who didn’t learn the high probability distractor 
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location. Based on these results, van Moorselaar et al. (2021) suggested that the early Pd might reflect an active 

distractor suppression mechanism via intertrial priming. Furthermore, the high-probability distractor location is 

shown to elicit the early Pd, irrespective of the stimulus which appears in that location (target or distractor; 

Wang et al., 2019). That is, the high-probability distractor location is suppressed proactively, a mechanism which 

is reflected in the early Pd components (Wang et al., 2019; Weaver et al., 2017). Or when the feature of the 

distractor is cued, less distractor suppression is required as it is reflected in the amplitude reduction of the early 

Pd because the distractor loses its power in capturing attention (van Zoest et al., 2021). 

Besides these well-defined ERP components associated with attentional selection, EEG oscillations are 

also used to index attentional processes. By spectral decomposition of EEG time series data using mathematical 

methods such as the Fourier transform, the power of individual frequencies can be extracted. For 

electrophysiological research, EEG frequencies are labeled as delta (1 – 4 Hz), theta (4 – 8 Hz), alpha (8 – 14 

Hz), beta (14 – 30 Hz), and gamma (>30 Hz) bands (Clayton et al., 2015). Oscillations in the range of alpha-

band over the posterior cortex have mainly been suggested as a neurophysiological marker of attentional 

processes (Clayton, Yeung, & Kadosh, 2018; Hanslmayr, Gross, Klimesch, & Shapiro, 2011; Klimesch, 2012), 

making alpha-band oscillations of particular interest for the present dissertation. Various physiological sources 

have been implicated as generators of alpha-band oscillations, such as the thalamus (Liu et al., 2012) and 

thalamocortical loops (Hughes et al., 2004). For instance, fluctuation of the alpha-band amplitude is positively 

correlated with BOLD signals recorded from the thalamus using fMRI (functional magnetic resonance imaging; 

Sadaghiani et al., 2010). 

A large body of literature has attributed the decrease in alpha-band power to attentional deployment to the 

target. In the scope of visuospatial attention, when a target location is cued to be in the right or left visual field, 

alpha-band power is shown to decrease over the visual cortex contralateral to the attended location to a stronger 

degree than that over the ipsilateral hemisphere (Worden et al., 2000; Thut, Nietzel, Brandt, & Pascual-Leone, 

2006; Doesburg et al., 2016; Noonan et al. 2016; Wildegger, van Ede, Woolrich, Gillebert, Nobre, 2017; van 

Moorselaar & Slagter, 2019). These studies showed that underlying neural processing of the alpha-band plays a 

prominent role in preparatory processing of the target. Other researchers have further examined whether the 

alpha-band plays an active role in target processing (van Diepen et al., 2016; Bacigalupo & Luck, 2019). For 

instance, Bacigalupo & Luck (2019) asked participants to search for a circle with a specific color as the target 

and report whether the gap was on the top or bottom. Their results showed that target presentation in the right 

or left visual field elicited the N2pc component and reduced the alpha-band power over the occipital area 

contralateral to the target location. Importantly, when the target appeared in the lower visual field, both the N2pc 

amplitude and alpha reduction were stronger than when the target appeared in the upper visual field. Besides 

this, the time window of the N2pc component overlapped with the time window of contralateral alpha-band 
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reduction. This pattern of data suggests that underlying neural processing of alpha band is involved in active 

target processing. Further, a stronger reduction of contralateral alpha relative to the target location in correct 

than in incorrect responses suggests a direct impact of alpha modulation on behavior (Wöstmann et al., 2016).  

While there is ample evidence supporting the idea that the alpha-band power is involved in target 

processing, the engagement of the alpha-band power in distractor processing is dubious (Schneider et al., 2021). 

Noonan et al. (2016) found that when the exact location of the distractor is cued, task performance improves 

only when the cued location was fixed over the experiment. This finding indicates that cumulative experience 

regarding the distractor location facilitates task performance. In the same condition, however, no alpha 

modulation was found in the interval before stimulus presentation. The absence of the alpha-band power changes 

when the distractor location was cued suggested that alpha-band power doesn’t mediate distractor suppression. 

This idea was further supported by van Moorselaar et al. (2019; 2021) who manipulated spatial regularity of the 

distractor by repetitively presenting the distractor in a location (van Moorselaar & Slagter, 2019) or by 

presenting the distractor more often in one location in the display (high-probability location; van Moorselaar et 

al., 2021). Van Moorselaar & Slagter (2019) didn’t observe any modulation of pre-stimulus alpha-band power 

when distractor location was known to be repeated from trial-to-trial, although this repetition reduced the need 

for distractor suppression as well as RTs. The same authors further showed that combination of spatial and 

feature expectations of distractor also did not elicit any pre-stimulus alpha modulations although it improved 

task performance and distractor suppression (van Moorselaar et al., 2021). This set of finding casts a dubious 

shadow on the involvement of alpha-band power in distractor suppression. 

Contrary to the above-mentioned studies, recent works have succeeded in showing the involvement of 

alpha-band power increases in distractor processing brain regions (Jensen & Mazaheri, 2010; Händel, 

Haarmeier, & Jensen, 2011; Kelly, Lalor, Reilly, & Foxe, 2006; van Zoest et al., 2021; Wöstmann et al., 2019; 

Wang et al., 2019). A prominent theory is “gating by inhibition” which suggests that increased power of posterior 

alpha-band reflects regional inhibition of visual cortex to suppress task-irrelevant information (Jensen & 

Mazaheri, 2010). Suppressing the irrelevant stimuli through increased alpha-band power has a direct impact on 

behavior. In a study by Händel et al. (2011), participants were cued to covertly attend to either left or right visual 

field. Patches of moving dots were presented on both sides in which a proportion of dots had the same direction. 

Later, participants were asked to report the direction of movement in one of the hemifields (valid vs. invalid). 

Their results showed increased alpha-band power contralateral to the unattended location and reduced alpha-

band power contralateral to the attended location. Crucially, this lateralization predicted the participant’s 

performance when they were probed to report the movement direction of the unattended hemifield. This finding 

indicated that increased alpha-band power reflects a suppressive mechanism of unattended item/location. 

Besides this active suppressive characteristic of alpha band power, oscillations in the range of alpha have been 
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shown to be involved in proactive suppression of a visual (van Zoest et al., 2021) or auditory (Wöstmann et al., 

2019) distractor. For instance, Wöstmann et al. (2019) presented distractor on one of the hemifields and target 

on the vertical meridian. This presentation technique helped in isolating the mechanisms involved in distractor 

processing from those involved in target processing. Their results showed that anticipation of the distractor on 

either right or left side increases contralateral and decreases ipsilateral alpha-band power at parietal brain 

regions. 

Providing participants with the location of the distractor, either explicitly (van Zoest et al., 2021) or 

implicitly (Wang et al., 2019) triggers a proactive distractor suppression mechanism which is reflected in 

increased pre-stimulus alpha-band power contralateral to the high-probable distractor location. For instance, van 

Zoest et al. (2021) showed that the known distractor location or feature of the distractor before stimulus onset 

increases pre-stimulus alpha-band power. Moreover, Wang et al., (2019) showed that this information about the 

location doesn’t need to be explicit, but even implicitly learnt distractor location increases pre-stimulus alpha-

band power at occipital regions. To show this, they presented the distractor more often in one lateral location in 

additional singleton paradigm unbeknownst to the participants, and this induced increased pre-stimulus alpha-

band contralateral to the high-probable distractor location. All in all, these findings support the role of alpha-

band power in regulating distractor suppression and target selection either in pre-stimulus (proactive) or post-

stimulus (reactive) intervals.  

 Interplay between top-down, bottom-up, and selection history  

So far, several theoretical and computational models have been proposed to explain attention deployment 

to, or suppression of an object or a location in space. These theories have mainly focused on the interaction 

between bottom-up and top-down mechanisms (Bacon & Egeth, 1994; Theeuwes, 2010; Sawaki & Luck, 2010; 

Gaspelin, Leonard, Luck, 2015). However, the interplay between selection history and other control mechanisms 

have not been well-investigated so far. As it is suggested, besides the physical salience and current goal, selection 

history also feeds into an integrated priority map to select an object in an environment (Awh et al., 2012; 

Theeuwes, 2019). In such an integrated priority map, each sensory input (bottom-up), observer’s intention (top-

down), and lingering selection bias (selection history) generates a signal to drive attention. The signal which 

overshadows the others could drive attention in a winner-take-all manner (Theeuwes, 2019; Itti & Koch, 2001).   

The rapid-disengagement account proposes that spatial attention is initially directed to the most salient 

singleton on the search array in a bottom-up fashion. When it becomes evident that the identity of the singleton 

is a distractor, attention is immediately disengaged and is redirected to the target (Theeuwes, 2010). However, 

this view has since been challenged by other studies (Wykowska & Schubö, 2011; Gaspelin et al., 2015). Using 

the N2pc component, Wykowska & Schubö (2011) tracked whether the allocation of attention was on the target 
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or the distractor. They observed that the N2pc was elicited by the target, but not the distractor. Also, the N2pc 

amplitude was not different when the target and distractor were on opposite sides as compared with when they 

were on the same side (see also Jannati et al., 2013), although the N2pc onset was later when singletons were 

on the opposite sides than when they were on the same side. These results indicated that attention was 

successfully directed to the target without initially being captured by the salient distractor. The delayed N2pc 

observed when singletons were on opposite sides, however, indicated that singletons competed to capture 

attention which caused only delayed attentional allocation to the target and not attention capture by the distractor 

(i.e., nonspatial filtering costs, Folk & Remington, 1998, 2006). Therefore, when participants know the exact 

feature of the target, the top-down control mechanism gains the potency to control the bottom-up attentional 

capture so that attention is directly deployed to the target. 

Another hybrid theory, namely the signal-suppression hypothesis, posits that both bottom-up and top-down 

controls incorporate the allocation of attention when a salient distractor is present (Stilwell, Egeth, & Gaspelin, 

2022; Gaspelin et al., 2015; Sawaki & Luck, 2010). According to this model, a salient singleton generates an 

attend-to-me signal in a bottom-up fashion irrespective of its match with attentional control settings. However, 

it is the top-down mechanism that determines whether attention shifts to that singleton, as follows: If the 

singleton matches the target template, attention is deployed to the location of the singleton which manifests in 

the N2pc component. However, if the singleton doesn’t match the target template, top-down control suppresses 

the non-relevant salient singleton and this suppression is reflected by the Pd component (Stilwell et al., 2022; 

Sawaki & Luck, 2010).  

Other studies, using computational modeling, have tried to further clarify how bottom-up and top-down 

control mechanisms interplay to select a target or suppress a distractor (for a review see Itti & Borji, 2015). 

Initially, Itti, Koch, & Niebur (1998) suggested a bottom-up model for visual attention based on the physical 

salience of stimuli. In the approach used by Itti et al. (1998), physical features of stimuli are extracted and 

divided into three conspicuity maps namely, color map, intensity map, and orientation map. Later, these three 

maps are linearly combined to form a master saliency map. In the master saliency map, in a winner-take-all 

manner, the most active location captures attention while the other locations are suppressed. Ever since the 

model introduced by Itti et al. (1998) has been combined with top-down models to simulate the combined effects 

of physical salience and the observer’s intentions on human attention (Peters & Itti, 2007; Borji, Sihite, & Itti, 

2014; Tanner & Itti, 2019). To this end, Peters & Itti (2007) used the model introduced by Itti et al. (1998) to 

describe the bottom-up module of their model and combined it with a top-down module to predict the observer’s 

gaze when playing a video game. The top-down module of Peters & Itti’s model was based on the idea of ‘gist’ 

(the ability of participants to roughly describe the overall layout of an image after a brief presentation) and 

functioned as follows: During a training phase, the low-dimensional feature vectors from each video frame are 
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extracted and the top-down module is trained to pair them with the corresponding eye position. Later, the trained 

top-down module constitutes a gaze density map from unseen video frames and the bottom-up module provides 

a gaze density map based on low-level visual features (e.g., orientation). Their results showed that top-down 

model narrowed down the number of the locations which were predicted by the bottom-up model to be the eye 

position. Prediction of the eye position was most precise when bottom-up and top-down models were combined 

(Peters & Itti, 2007).  

Despite the ample number of studies on bottom-up and top-down modeling, not many studies have 

computationally modeled the effects of selection history on attentional selection. A large body of recent research 

has shown that various forms of selection history affect top-down target selection or distractor suppression (Le 

Pelley et al., 2011; Feldmann-Wüstefeld et al., 2015; Ferrante et al., 2018; Wang & Theeuwes, 2018a; 2018b, 

Wang et al., 2019; Henare et al., 2020; van Moorselaar et al., 2019; 2021). Acquired experience using associative 

learning of a specific dimension impacts subsequent target selection when the used-to-be predictive dimension 

appears to be a distractor (Le Pelley et al., 2011; Feldmann-Wüstefeld et al., 2015). Importantly, selection history 

continues to compete against the top-down mechanism even when participants are provided with foreknowledge 

about the upcoming task using cueing or predictable trial sequence (Kadel et al., 2017) or voluntary task 

selection (Henare et al., 2020). Statistical regularities about the high-probable location of the distractor also 

impair target selection if the target appears in that high-probable location of the distractor (Ferrante et al., 2018; 

Wang & Theeuwes, 2018a; Wang et al., 2019; van Moorselaar et al., 2019; 2021). According to these recent 

studies, it seems that selection history mostly competes against top-down influences to direct attention toward 

the stimulus containing a feature dimension that matches the observer’s previous experiences. Therefore, it 

seems necessary to computationally describe the interplay between selection history and the other two control 

mechanisms. Study III of the present dissertation aims to fill this gap in modeling studies by presenting a model 

to computationally describe how selection history influences attentional selection.  

1.2 Predictability and its impact on attentional control 

 Predictability about upcoming events has been shown to enhance task performance by enhancing target 

selection and distractor suppression (van Zoest et al., 2021; Heuer & Schubö, 2020; Burra & Kerzel, 2013). 

According to a large body of studies, sequential structure (Koch, 2003; Heuer et al., 2001; Roger & Monsell, 

1995; van Moorselaar & Slagter, 2019), explicit cues (van Zoest et al., 2021; Heuer & Schubö, 2020; Meiran, 

1996), and voluntary task switching (Arington & Logan, 2004, 2005; Yeung, 2010; Henare et al., 2020) are 

common methods to manipulate predictability in an experimental setting. In sequential structure, participants 

implicitly or explicitly learn the regularities embedded in the repetitive cycles of tasks, so they can predict the 

next task based on the current task (Koch, 2003; Heuer et al., 2001; Roger & Monsell, 1995). For instance, in 

the study by Roger & Monsell (1995), the stimulus in each trial was presented in one of the quadrants of the 
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display and its location changed clockwise when moving to the next trial. Two adjacent quadrants were 

associated with task “A” and the other two quadrants were associated with task “B”. This provided participants 

with the predictable task sequence of AABBAA. In a predictable task sequence, predictability triggers advanced 

preparation in an endogenous manner (Roger & Monsell, 1995). In fact, in a predictable task sequence, an 

internal cue is constituted “based on memory of previous tasks and future intentions” (Koch, 2003, p. 1). This 

internal cue activates a preparatory mechanism by which the participant can proactively reconfigure the 

attentional set required in the upcoming trial. The next sub-section elaborates on how the attentional set can be 

reconfigured in advance when switching between two different tasks. This is important, because a fundamental 

goal of the present dissertation is to investigate whether strategic and proactive preparation can eliminate the 

attentional biases induced by selection history (Studies I, II).   

 Task-set reconfiguration in task-switching paradigms 

A task-switching paradigm was first introduced almost one hundred years ago and since then, it has been 

used to study the dynamics of cognitive processes. In a task-switching paradigm, trials in which the task switches 

from the previous trial are called switch trials, and trials in which the task repeats the previous trial are called 

repetition trials. The difference in RT between switch and repetition trials is called switch cost (Monsell, 2003). 

Task-set reconfiguration has been suggested as a switch-specific time-consuming process that causes the longer 

RT in switch than in repetition trials (Mayr & Keele, 2000; Monsell, 2003; Monsell & Mizon, 2006). Task–set 

reconfiguration refers to a set of processes to: recall the rules related to the new task from long–term memory, 

overcome the inhibition of the new task set, adjust the effector to respond, and suppress activities related to the 

old task (Rogers & Monsell, 1995; Mayr & Keele, 2000; Monsell & Mizon, 2006). 

Providing participants with foreknowledge about the upcoming task and also with enough time to utilize 

this foreknowledge in the task-switching paradigm engages the task-set reconfiguration before stimulus onset 

and facilitates task performance (for a discussion see Vandierendonck, Liefooghe, & Verbruggen, 2010). This 

advance preparation is more beneficial in switch trials which require stronger reconfiguration than in repetition 

trials. Due to this, advance preparation reduces RT in switch trials more than in repetition trials, which results 

in decreasing switch cost (Rogers & Monsell, 1995; Monsell & Mizon, 2006). However, switch cost doesn’t 

disappear completely even after a long preparation interval (e.g. Monsell & Mizon, 2006, Exp. 2 & 3). The 

persistence of a switch cost, despite there being enough time for advance preparation in a predictable task 

sequence, indicates the presence of a persisting interference in task switching. A critical example of this 

interference can be stimulus-response mapping. When the same response keys are used for two different tasks, 

the response is slower in incongruent (stimuli mapped to different response buttons) than in congruent (stimuli 

mapped to one response button) trials even in a predictable task sequence (Roger & Monsell, 1995; Monsell, 

Sumner, & Waters, 2003). In fact, participants cannot prepare for an exact button press until the stimulus 
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appears, no matter how much time they have had to prepare (reactive control mechanism; Braver, 2012). 

Therefore, predictability seems to facilitate only those cognitive processes which can be achieved before the 

occurrence of the next task.  

Accordingly, a two-stage model of task-set reconfiguration was proposed (Rogers & Monsell, 1995; Mayr 

& Kliegl, 2000; Braver, 2012; for a recent review see Koch, Poljac, Müller & Kiesel, 2018). Based on this 

model, the first stage referred to as the endogenous component of task-set reconfiguration, occurs before a 

predictable stimulus in the form of a proactive process representing cognitive flexibility and advance 

preparation. This proactive control mechanism allows observers to resolve the potential interference before it 

occurs (Braver, 2012). The second stage called the exogenous component of task-set reconfiguration, occurs 

after stimulus onset and doesn’t allow for a complete readiness in a predictable task sequence before stimulus 

onset. This reactive control mechanism engages after stimulus onset and drives attention to resolve the 

interference after its onset (Braver, 2012). One crucial question which remains unanswered is, to which extent 

the residual biases induced by previous experience can be eliminated by advance preparation? How does the 

prediction reliability about the next trial counteract with selection history effects? These questions are going to 

be answered in Studies I and II using manipulation of selection history and task predictability. 

Looking at brain activity before stimulus onset using EEG is a useful approach to directly assess proactive 

preparation. Several studies have directly assessed proactive preparation using pre-stimulus alpha-band power 

when switching between tasks (Gladwin & de Jong, 2005; Poljac & Yeung, 2014; Foxe, Murphy, & De Sanctis, 

2014; Wolff, Zink, Stock, & Beste, 2017; Proskovec, Wiesman, & Wilson, 2019). These studies have commonly 

found reduced pre-stimulus alpha-band powers over frontocentral and parieto-occipital regions in the brain when 

switching compared to when repeating a visual task, a reflector of preparatory process. Based on this finding, it 

is plausible to use pre-stimulus alpha-band power in study I to directly assess: a) whether fixed and random task 

sequences induce proactive preparation, and b) how selection history impacts proactive preparation.  

 Task predictability facilitates target selection and distractor suppression 

A prominent benefit of task predictability is reducing surprise when facing an event, and the subsequent 

reduction in prediction errors (Friston, 2009). A simple strategy to reduce prediction error is attending to the 

surprising events (Pearce & Hall, 1980). Stronger attendance to a surprising, unpredictable event is reflected in 

greater sensory responses (Heuer & Schubö, 2020). For instance, when the feature of the target and distractor 

was not predictable, Burra and Kerzel (2013) observed a strong neuronal response elicited as a distractor N2pc 

which didn’t emerge when the features of the target and distractor were predictable. In the same vein, Feldmann-

Wüstefeld & Schubö (2016) observed in a heterogonous visual search task, that RTs were faster in the predictive 

distractor repetition trials than in random distractor repetition trials. Aligned to this behavioral finding, their 
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ERP results showed monotonically decreasing distractor N2pc amplitudes with repetition of distractor color. 

Critically, predictive repetition of the distractor color had no impact on the target N2pc and Pd. The authors 

concluded that the predictable distractor contributes to reducing distractor attentional capture, supporting the 

idea that predictability reduces surprise, which is reflected in decreased neural response to a stimulus.  

Improved attentional selection has not only been observed through the target/distractor feature 

predictability (e.g. Feldmann-Wüstefeld & Schubö, 2016; Burra & Kerzel, 2013; Arita, Carlisle, & Woodman, 

2012; Bacon & Egeth, 1994), but foreknowledge about the target location (Posner 1980; Ruff & Driver, 2006; 

Noonan et al., 2016; Wildeger et al., 2017) and distractor location (Ruff & Driver, 2006; Noonan et al., 2016; 

van Moorselaar et al., 2019;2021; Heuer & Schubö, 2020; Wang et al., 2019). For instance, in the study by 

Heuer and Schubö (2020), predictability about the location of the distractor caused less need for distractor 

suppression as shown by reduced amplitude of the late Pd in trials with predictable cues than in trials with 

unpredictable cues (see also van Moorselaar & Slagter, 2019). Furthermore, more focused attentional 

deployment to a predictable target is indexed by the increased amplitude of the N2pc component in predictable 

than in unpredictable condition (Burra and Kerzel, 2013; Liu, Lin, Zhao, & Roberson, 2016). In sum, 

predictability regarding the target and distractor facilitates task performance via either reduced distractor 

attentional capture (Feldmann-Wüstefeld & Schubö, 2016, Burra & Kerzel, 2013), improved distractor 

suppression (Heuer & Schubö, 2020), or improved target selection (Burra & Kerzel, 2013, Liu et al., 2016). 

Critically these processes are highly influenced by proactive preparation which already starts before the onset 

on the predictable stimulus. 

As it was pointed out earlier, EEG measures are the proper tools to directly measure (pro)active target 

selection or distractor suppression. Using this approach, brain activity can be recorded with a high temporal 

resolution from some time before stimulus onset, when participants are possibly preparing for target/distractor 

handling, until after termination of attentional processes and performing the task. Pre-stimulus alpha-band power 

(Payne, Guillory, & Sekuler, 2013; Wildegger et al., 2017; Wang et al., 2019; van Zoest et al., 2021) and the 

early Pd component (van Moorselaar et al., 2019; 2021; van Zoest et al., 2021; Weaver et al., 2017) are two 

direct measures of proactive distractor suppression frequently used in recent studies. For instance, Payne et al. 

(2013) presented two Gabor patches consecutively where each stimulus was cued to be attended or to be ignored. 

The task of the participant was to reproduce the spatial frequency of the attended stimulus. Due to the design of 

their task, when the first Gabor was cued to be attended, the suppression of the second stimulus was already 

predictable. In this condition, their results showed greater pre-stimulus alpha-power before the predictive, 

distracting stimulus. Furthermore, increased alpha-band power was shown to be correlated with the reduced 

influence of the nontarget in the reproduced spatial frequency. This finding fits nicely with the gating by 

inhibition theory (Jensen & Mazaheri, 2010), supporting the notion that neurons representing the distractor are 
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inhibited to avoid any conflict between the target and distractor representation. This proactive distractor 

suppression reflected in pre-stimulus alpha-band increase has a direct impact on post-stimulus distractor 

suppression (Van Zoest et al., 2021). When location or feature of the distractor was validly cued, van Zoest et 

al. (2021) showed that the increased pre-stimulus alpha-band resulted in the decreased amplitude of the distractor 

N2pc or the early Pd, respectively. They speculated that implementation of the proactive distractor suppression 

directly reduces attentional capture by the distractor or need for distractor suppression. In fact, proactive 

suppression could reduce the saliency of the upcoming distractor, resulting in easier ignorance of the distractor 

(Liesefeld & Müller, 2019). 

However, other studies have failed to link proactive distractor suppression to pre-stimulus alpha-band 

oscillations (Noonan et al., 2016; van Moorselaar et al., 2019; 2021). For instance, Noonan et al. (2016) cued 

the location of the distractor and observed enhanced performance only when distractor presence was blocked 

(i.e., all trials in the block contains the distractor). This suggests that proactive distractor suppression is not a 

flexible top-down process, but rather a process requiring valid and precise prediction of the distractor presence. 

Moreover, their electrophysiological results showed reduced amplitude of P1 at regions processing the expected 

distractor, indicating less selection of the distractor. These findings were in agreement with the predictive coding 

account, proposing attenuated neural response to the predictive stimulus (Summerfield & de Lange, 2014). 

However, the alpha-band power in the interval prior to the predictive distractor didn’t show any significant 

modulations in power (same was shown by van Moorselaar et al., 2019; 2021). This finding suggests that pre-

stimulus alpha is not involved in proactive distractor suppression. In sum, predictable distractor facilitates task 

performance through less need for distractor suppression, but the findings on the link between proactive 

distractor inhibition and pre-stimulus alpha are mixed. 

The first two studies of the present dissertation (Studies I & II) investigate the influence of task 

predictability on proactive preparation and attentional selection in presence of selection history. Recording and 

analyzing the EEG data in the intervals before (Study I) and after stimulus onset (Studies I & II) help to look at 

specific mechanisms involved in proactive preparation, target selection, distractor attentional capture, and 

distractor suppression. Based on the above-mentioned studies, pre-stimulus alpha-band, the early Pd, the late 

Pd, and N2pc components are used to test the hypotheses in each study. 

1.3 Joint action 

A large proportion of studies on visual attention have focused on situations with only one participant 

performing a task in an isolated condition, such as the studies cited in section 1.1 and 1.2. However, outside the 

laboratory, we continually interact with other people and often share tasks together. The kind of interaction in 

which two or more individuals coordinate their actions, both spatially and temporally, to accomplish a task is 



   INTRODUCTION 

- 17 - 

 

called joint action (Sebanz et al., 2006a). For instance, when a player aims to pass the ball to a teammate, both 

players have to direct their attention to the ball to achieve a successful interaction. Furthermore, the player needs 

to correctly anticipate the action and movement direction of the other to perform with minimum error. 

Accomplishing this complex process requires players to form a representation about the action of each other, 

which has been referred to as shared task representation (Ramnani & Miall, 2004). The basic mechanism for 

the representation of a partner’s action is directing attention to the point in space to which the interacting partner 

is attending, namely joint attention (Sebanz et al., 2006a; Freundlieb, Sebanz, & Kovács, 2017). Joint attention 

enables agents to form a representation of the partner’s action in a very similar way to the representation of their 

own action. This section will elaborate on the definition of joint attention, interaction between joint action 

partners, and the influence of the social context on this interaction. In the present dissertation and specifically in 

study IV, the label agent refers to the person whose data was recorded, analyzed, and interpreted. The label 

partner refers to the co-actor whose EEG was not recorded. 

 Joint attention in joint action 

The ability of joint attention allows us to track the focus of attention of the partner and allocate our attention 

to that point. Common allocation of attention to a point in space helps individuals to establish cognitive 

inferences regarding goals, intentions, and actions of their partners, resulting in the successful performance of a 

shared task. According to the action co-representation account, when agents observe the partner target, they 

form a co-representation of their partner’s action (Sebanz et al., 2003, 2006a), and this co-representation has 

been shown to influence visual attention of the agent from very early on after stimulus onset (Baess & Prinz, 

2015). When sharing a task, Baess & Prinz (2015) showed that the presentation of an object requiring a response 

from both co-actors activates a larger amplitude of the frontocentral N1 than the presentation of an object which 

requires a response from one actor. Larger amplitude of the N1 component is an EEG marker indicating stronger 

attentional deployment to the target (Vogel & Luck, 2000). Therefore, when sharing a task, co-representation of 

the partner action requires the agent to deploy attention to the partner target, although the partner’s performance 

has no influence of the task or the final performance outcome of the agent. Utilizing the EEG biomarkers 

associated with attentional selection thus seems to be an appropriate tool to investigate neural correlates of the 

partner target processing in joint action tasks. 

As mentioned earlier, the underlying neural process of EEG oscillations in the range of alpha-band is 

involved in attentional deployment to the target (Klimesch, 2012; Bacigalupo & Luck, 2019) or suppression of 

the distractor (Wöstmann et al., 2019; Bengson, Liub, Khodayari, & Mangun, 2020). In the scope of social 

coordination, reduced alpha-band power has been observed when participants perform a movement coordination 

(Naeem, Prasad, Watson, Kelso, 2012) or an attention coordination task (Lachat, Hugueville, Lemaréchal, 

Conty, & George, 2012). For instance, Lachat et al. (2012) assumed that jointly attending to the same object 
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requires interpersonal coordination and mutual awareness. Therefore, they expected reduced alpha-band power 

when actors attended to the same target. To test this hypothesis, they recorded EEG data from pairs of 

participants who were sitting face-to-face. Participants directed their attention toward either the same (joint 

attention condition) or different (single attention condition) LED lights. The results showed reduced alpha-band 

power over posterior regions in the joint relative to the single attention condition. As the authors speculated, 

attending to the shared target and the other’s gaze in the joint condition reduced alpha-band power, while the 

suppression of the partner target and the partner’s gaze in single attention condition increased alpha-band power 

(according to gating by inhibition, Jensen & Mazaheri, 2010). This finding suggests that, the neurophysiology 

underlying mechanism(s) involved in joint attention can be observed in the posterior alpha-band power recorded 

via EEG and forms the motivation for utilizing alpha-band oscillations in study IV.  

Observing another individual’s action induces an action tendency in the observer to perform that action 

even if it’s not the one’s turn to act (de Bruijn, Miedl, & Bekkering, 2008; Sebanz, Knoblich, Prinz, & Wascher, 

2006b; Tsai, Kuo, Jing, Hung, & Tzeng, 2006). This tendency towards an action imitation is related to a 

population of neurons in the brain, namely mirror neurons (Rizzolatti & Craighero, 2004; Buccino, Binkofski, 

& Riggio, 2004). When an observer sees an action produced by another individual, neurons that represent that 

action fire in the observer’s premotor cortex and this neural firing automatically produces a representation of 

the observed action (Rizzolatti & Craighero, 2004; Hauswald, Tucciarelli, & Lingnau, 2018). This implies that, 

when pairs of individuals perform a task together in a joint action setting, any action produced by a co-actor 

induces a tendency toward producing the same action in the actor (e.g., action co-representation account). 

Further, observing a partner target which is associated with the partner’s action might induce different neural 

activation than observing a non-relevant distractor, although both are task-irrelevant for the observer (Atmaca, 

Sebanz, & Knoblich, 2011; Saunders, Melcher, & van Zoest, 2019). The main aim of Study IV is to investigate 

the neurophysiological correlates of attentional deployment to the partner target. Moreover, Study IV 

investigates how the processing of the partner target differs from the processing of the non-relevant distractor 

despite the fact that they are both non-targets for the agent.  

 Impact of the partner target on the agent’s attention  

A common approach to investigate the influence of the partner target on the agent’s attentional selection 

in joint action involves two participants in a shared task and asking each of them to respond only to their own 

target. For instance, a social version of the Simon task (Simon, 1969) has often been used (Sebanz et al., 2003) 

wherein two participants share a Simon task and each person is supposed to respond to the non-spatially defined 

targets using spatially defined responses. The agent target can appear on the same side as the agent sitting 

location (i.e., compatible trials) or on the same side as the partner’s sitting location (i.e., incompatible trials). As 

a consequence of this arrangement, response time is slower in the incompatible than in the compatible trials 
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(joint Simon effect). These findings have been explained by different theories such as the action co-

representation account (Sebanz et al., 2003), the spatial response coding account, and the referential coding 

account (Dolk, Hommel, Prinz, & Liepelt, 2013).  

From the action co-representation account’s perspective, when participants share a task, they represent 

their own and the other’s stimulus-response rules and action plans. These action representations come with the 

representation of the spatial dimension of the responses. Therefore, a mismatch between spatial response feature 

and spatial stimulus feature results in response interference, while a match between the abovementioned features 

facilitates task performance (Sebanz et al., 2003; Tsai, Kuo, Jing, Hung, & Tzeng, 2006; Sebanz et al., 2006b; 

Sebanz, Rebbechi, Knoblich, Prinz, & Frith, 2007). The action co-representation account considers the human-

being partner as an important factor in development of the joint Simon effect. Analogous to this idea, later 

studies showed the reduced size of the joint Simon effect when the co-actor was not human-like anymore (Müller 

et al., 2011; Stenzel et al., 2012). For instance, the joint Simon effect disappeared when the humanoid robot co-

actor was described to be machine-like and it appeared when robot was described to be human-like (Stenzel et 

al., 2012).  

However, there are some other scenarios that the joint Simon effect cannot be justified by action co-

representation account. For instance, spatial compatibility effect is observed when participants, stimuli, and the 

response keys are either horizontally or vertically aligned, but disappears when this alignment is disrupted 

(Dittrich et al., 2012; 2013). That is, when participants sit side-by-side, no joint Simon task is observed when 

the stimuli are horizontally aligned and the response keys are vertically aligned. This is not trivial because action 

co-representation account would predict spatial compatibility effect, as long as side-by-side participants share a 

task (Sebanz et al., 2003, 2006). Dittrich and colleagues, therefore, introduced the spatial response coding 

account, which posits that the compatibility effect in the joint Simon task is due to the overlap between the 

spatial dimension of the stimuli, response keys and participants sitting location (Dittrich et al., 2012, 2013). One 

other scenario that cannot be justified by the action co-representation account is when the co-actor is an 

inanimate object. For instance, Dolk et al. (2013) observed a robust spatial compatibility effect even when the 

co-actor was a Japanese waving cat. Following this observation, Dolk and colleagues suggested the referential 

coding account positing that the presence of a salient event (e.g. the partner) provides the agents with a spatial 

reference frame by which the agents code themselves and their response as ‘left’ or ‘right’. Subsequently, the 

overlap between this re-introduced response dimension and the task-irrelevant spatial dimension, triggers the 

spatial compatibility effect (Dolk et al., 2013, 2014; Lien, Pedersen, & Proctor, 2016).  

In joint action settings, the partner target influences an actor’s performance differently from neutral 

distractors (Atmaca et al., 2011; Saunders et al., 2019). This is interesting because both the partner target and 

neutral distractors are task-irrelevant for the agent and both are expected to be suppressed in a top-down fashion 
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(Theeuwes 2010). However, recent studies have shown that the presence of the partner target (Atmaca et al., 

2011) or a feature related to the partner target (Saunders et al., 2019) impairs the agent’s task performance. For 

instance, when participants share a task, the task performance is faster when an agent target is flanked by neutral 

distractors than when it is flanked by the partner target. As an explanation, Atmaca et al. (2011) speculated that 

the agents represented the partner’s task in addition to their own task, which resulted in response interference.  

In nearly all joint action instances in real-life, humans have to either cooperate to accomplish a shared goal 

or compete against each other to achieve a better outcome compared to a competitor. In a joint action setting 

with a positive or a cooperative relationship, the agents integrate their actions with their representation of the 

partners’ actions, and this increases the impact of a partner target on the agent’s performance (self-other 

integration). In a competitive relationship, however, the agents try to ignore their partner target and focus on 

their own target (Hommel et al., 2009; Ruissen & de Bruijn, 2016). Based on these different principles, 

attentional deployment in the cooperative condition would differ from that in the competitive condition. 

Unfortunately, previous studies have provided inconsistent findings regarding the effect of social context on the 

deployment of attention in joint action tasks. For example, some authors have used different variations of the 

joint Simon task (Sebanz et al., 2003) and have shown a larger joint Simon effect when partners share a task in 

the cooperative than in the competitive condition (Colzato, de Bruijn, & Hommel, 2012; Ruissen & de Bruijn, 

2016; Mendl, Fröber, Dolk, 2018) or in a friendly than in an unfriendly social context (Hommel et al., 2009). 

On the other hand, Ruys & Aarts (2010) reported a similar joint Simon effect between cooperative and 

competitive conditions which were significantly larger than the joint Simon effect in the independent condition. 

Due to these inconsistencies in the literature, it remains unclear as to what extent the different types of social 

contexts affect human performance at behavioral and neuronal levels. Study IV strives to elucidate differences 

in the processing of the partner target between the cooperative and competitive conditions by recording and 

analyzing ongoing EEG oscillations.  

1.4 Aims and experimental approaches 

From a broad point of view, the present dissertation is aimed at understanding how factors such as previous 

experience, proactive preparation, task predictability, social value and social context shape attentional control. 

The first two studies of the present dissertation use experimental approaches to investigate how previous 

experience, as a form of selection history, interplay with task predictability in shaping attentional allocation 

during a visual search task. In the third study, a computational approach is used to describe the interplay between 

selection history, physical salience and the observer intention in the integrated priority map. Finally, the fourth 

study examines how participants deploy attention in a visual search task when they are sharing a task with a 

partner in joint action settings either in a cooperative or competitive social context. 
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The present dissertation uses different variations of the additional singleton paradigm (Theeuwes, 1992) to 

investigate the influence of the aforementioned factors on visual attention. The additional singleton paradigm 

was originally developed to examine specific mechanisms involved in target and distractor processing. The 

version of this paradigm used in Studies I – III consists of a diamond-shaped target among seven non-target 

circular distractors. In some trials, the color of one circle is red (color singleton). The participant’s task is to 

search for the shape target and report the orientation (vertical vs. horizontal) of the embedded line. The salient 

color singleton has been shown to capture attention and is reflected in slower task performance in distractor-

present than in distractor-absent condition (Theeuwes, 1992). In Studies I & III, the target and the salient 

distractor could appear on the same or opposite hemifields. In Study II, in distractor-present trials, one of the 

singletons (either the shape target or the color distractor) could appear on the vertical meridian while the other 

singleton on the horizontal meridian.  

In Study IV, a modified version of the additional singleton paradigm was shared between two participants. 

The paradigm consisted of eight Gabor patches from which two were colored and six were gray. In total, there 

were four different colored Gabor patches (red, blue, orange, purple; Fig. 5B) which could be assigned to an 

agent target, a partner target, and two non-relevant distractors. Importantly, all the color stimuli were of the 

similar luminance. Participants in each pair were supposed to search for the stimulus in their assigned color and 

report the orientation of the target Gabor patch using a mouse click on a response display. If a participant’s 

target was absent, they needed to click on a “No target” button on the response display. 

In order to quantify the deployment of attention in Studies I, II and IV, two different types of data were 

measured. Behavioral data (RTs: Studies I – IV; accuracy: Studies I, II, & IV; deviation from target orientation: 

Study IV; and post-test questionnaire: Study IV) were measured to examine how different experimental 

manipulations affect the performance of participants. To dive more into the neurophysiology underlying the 

behavioral impacts in Studies I, II and IV, scalp EEG was recorded as well.  

In Studies I and II, lateralized ERP components such as the target N2pc, the distractor N2pc, the early Pd 

and the late Pd were extracted to examine attentional deployment to or attentional selection/suppression of lateral 

singletons. The N2pc onset latency was also used to examine whether attentional deployment to the target was 

delayed. Importantly, in Study I, the power of pre-stimulus oscillations was extracted to quantify proactive 

preparation when participants could predict the upcoming task. In Study IV, post-stimulus lateralized EEG 

power in different frequencies was calculated to examine whether the partner target and the non-relevant 

distractor were handled differently. 
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 Study I: Selection history and proactive preparation 

Study I investigated how top-down mechanisms and proactive preparation interplay with the effects of 

previous experience in shaping attentional control. As mentioned earlier, providing participants with the 

foreknowledge about the upcoming trial using a cue or sequence (Kadel et al., 2017, exp. 1 and 2) or using 

voluntary selection of the next task (Henare et al., 2020) cannot negate attentional biases induced by previous 

experience. However, there are still unanswered aspects about mechanisms underlying the proactive preparation, 

e.g., how learnings from the previous experience impact proactive preparation. Study I was designed to fill this 

gap in the literature. 

To further examine the mechanisms underlying proactive preparation and its interaction with the effects of 

selection history, individual previous experiences and task-switching predictability were manipulated and 

combined in one experimental session. At the beginning of the experiment, participants were naive to their group 

memberships and had to learn using a trial-and-error procedure during the practice phase. Participants had to 

perform two tasks: the categorization task and the search task. Displays in the categorization task contained 

eight stimuli on an imaginary circle (Fig. 2A). All stimuli were gray circles except two, in which one deviated 

in color (blue or green) and the other deviated in shape (triangle or pentagon). To induce individual selection 

histories, participants were divided into two groups, namely the color group and the shape group. Participants 

in the color group had to categorize the color of the color singleton and participants in the shape group had to 

categorize the shape of the shape singleton. An auditory alarm was presented if participants made an error and 

this helped in learning their group membership. Later, the categorization task was intermingled with a search 

task in which all participants had to search for a diamond-shaped target and report the orientation of the 

embedded line (Fig. 2B). In 60% of search task trials, a red distractor was present. In distractor-present trials, 

the target and distractor could either be in the same hemifield or in opposite hemifields. Trials of the 

categorization and search tasks were intermingled either in fixed-sequence blocks or in random-sequence blocks, 

and the blocks were mixed and performed in one experimental session. The predictable order in the fixed 

sequence blocks allowed participants to proactively prepare for the upcoming task. By inducing individual 

selection histories and providing participants with a preparatory interval, it became possible to investigate 

whether and how individual selection history impacts proactive preparation. This was done by looking at the 

pre-stimulus alpha-band power. Subsequent effects of proactive preparation were quantified using post-stimulus 

ERP (the early Pd and N2pc) and behavioral measure (RTs and accuracy) to see if proactive preparation could 

negate attentional biases induced by selection history. 

 Study II: Selection history and predictability in attentional control 

Study II built on and extended the findings of Study I and aimed at investigating the combined influence 

of selection history and task predictability on distractor handling when the task in always predictable, but with 
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different levels of reliability. From the perspective of the predictive coding account and consistent with the 

definition of the prediction error, unexpected events activate brain responses to a larger extent compared to 

expected events, in order to reduce dissimilarities between the predicted model by the brain and the actual 

ongoing event in the real world (Summerfield, Trittschuh, Monti, Mesulam, Egner, 2008, Friston, 2009). 

Consistent with this idea, the presence of the distractor in an unexpected location (Heuer & Schubö, 2020; Wang 

et al., 2019; van Moorselaar et al., 2021) or a distractor with an unexpected feature (van Moorselaar & Slagter, 

2019; Burra & Kerzel, 2013) has been shown to capture more attention than when the distractor location or 

feature matches the observer’s expectation. The size of the prediction error depends highly on a factor, namely 

precision expectations or prediction reliability, that defines which unexpected signal needs to be attended in 

order to reduce the prediction error (Feldman & Friston, 2010). Yet, it is unclear how selection history influences 

the precision expectation of the target dimension and how changes in the prediction reliability influence selective 

control and distractor handling. Study II strives to answer these questions by manipulation of selection history 

and task predictability.  

Manipulation of the selection history was done similar to that of Study I. Accordingly, participants were 

divided into the color group and shape group. Participants in both groups responded to the categorization and 

search tasks similar to those in Study I. However, the tasks in this study differed from the tasks in Study I in the 

following respects: a) a red color distractor was present in 50% of trials in the search task, b) the singletons 

always appeared on the horizontal or vertical meridians (Fig. 3A, B), and c) participants performed the task in 

two sessions. In one session, the tasks were intermingled with high predictability similar to the fixed-sequence 

blocks in study I (high-predictable trial sequence; Fig. 3C, upper panel). In another session, tasks were 

intermingled with low predictability (low-predictable trial sequence; Fig. 3C, lower panel) in a sequence of 

variable likelihoods as follows: While the second trial was a 100% repetition from the first trial, the third trial 

could be either a switch or repetition with the same likelihood of 50%. The fourth trial could be either a switch 

or repetition if the three preceding trials were the same. But it could be 100% repetition trial if the third trial was 

a switch. By locating the distractor on the meridians, it was possible to isolate the distractor processing from the 

target processing (Hickey et al., 2009; Wang et al., 2019). That is, the lateralized ERP could be attributed to the 

singleton on the horizontal meridian. By dividing the experiment into two sessions with different levels of 

predictability, participants were more incentivized to adopt a preparatory strategy in high-predictable trial 

sequences because they would know that their strategy can be used for the entire session and not just in a block 

like that of Study I. Influences of task predictability and selection history on distractor handling was quantified 

by means of behavioral measure (RTs and accuracy) and post-stimulus lateralized ERP. When the target is 

laterally presented, its selection would be reflected in an N2pc component. When the distractor is laterally 

presented, it is expected to be suppressed and this should be reflected in the early Pd (for proactive distractor 
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suppression) and the late Pd (for reactive distractor suppression) components. However, the salient distractor 

might capture attention which would be reflected in the distractor N2pc. 

 Study III: A model for selection history 

The aim of Study III was to propose an algorithmic-level model to computationally describe the interplay 

between physical salience, observer’s goal, and history of previous experience in guiding visual attention to a 

target in a search array. 

In order to include bottom-up effects in the suggested model, color map, shape map, and orientation map 

were extracted and combined to constitute a saliency map. A history map was also extracted and together with 

the saliency map was fed into the integrated priority map. The history map and saliency maps were weighted 

and integrated, and these weights formed the model for the top-down influences. When constituting the history 

map, it was considered whether learning from previous experience shaped based on the dimensional level (color 

vs. shape) or based on the featural level (e.g., triangle or pentagon). The outputs of the model were predictions 

on the parameter of reaction time distribution and weights for the history map and saliency maps. The predicted 

parameters of reaction time distribution were fitted to the reaction time data set of Feldmann-Wüstefeld et al. 

(2015, exp. 1). Experiment 1 of Feldmann-Wüstefeld et al. (2015) used the same task as that in Study I of the 

present dissertation with the following exceptions: The red distractor was present on 50% of the trials in the 

search task and the categorization and search tasks were always intermingled in a random order. 

In sum, Study III aimed to introduce an algorithmic-level model to describe how learning from previous 

experience competes with the influences of bottom-up and top-down control mechanisms in allocating attention 

to a specific target in the space. 

 Study IV: Attentional capture in joint action 

Study IV looked at the deployment of attention when an agent performed a joint action visual search task 

alongside a partner in different social contexts (cooperation and competition). Previous studies have shown that, 

when sharing a task with a partner, the agents process their partner target in a functionally similar way as their 

own target (Sebanz et al., 2003) and different from the non-relevant distractor (Atmaca et al., 2011, Saunders et 

al., 2019) although both the partner target and non-relevant distractor are non-target for the agent. As a result, 

representation of the partner’s action interferes with the agent’s own action and this impairs the agent’s task 

performance. Furthermore, previous studies have generally shown that the influence of the partner target on the 

agent’s performance is more pronounced in cooperative than in competitive condition (Ruissen & de Bruijn, 

2016; Mendl et al., 2018; but see Ruys & Aarts, 2010). Study IV aimed at looking at the neurophysiological 

processes underlying processing of the partner target in different social contexts. 
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Two participants were sitting side-by-side and responding to a variation of the additional singleton 

paradigm. EEG data were recorded from one participant (the agent) while no EEG data were measured from the 

other participant (the partner; Fig. 5A). Search display in each trial contained two color stimuli (the agent target 

and the partner target, the agent target and a non-relevant distractor, the partner target and the non-relevant 

distractor, or two non-relevant distractors). One colored stimulus was presented on the vertical meridian and the 

other was presented on the horizontal meridian. This design of the stimuli helped to filter the effect of the item 

on the vertical meridian on the lateralized EEG, and if there is any, the post-stimulus lateralized alpha-band 

modulation can be attributed to the stimulus on the horizontal meridian. Importantly, each pair of participants 

performed the task in two sessions, one in the cooperative context and the other in the competitive context. This 

design made it feasible to quantify attentional deployment to or attention suppression of the partner target 

depending on the social context. In addition to the EEG, behavioral data (RT, accuracy, and deviation from 

target orientation) from the agents were recorded and analyzed.
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2 STUDY SUMMARIES 

This chapter starts with an overview of four studies involved in the present dissertation (Fig. 1). The 

background, research questions, and main measures of every individual study are presented. Later on, each study 

is summarized and graphical presentations are used for further clarifications. 

Studies Background Research questions Main measures / method 

S
tu

d
y 

I Proactive preparation fails to 

negate attentional biases induced 

by selection history. 

How do the influences of 

proactive preparation and 

selection history on 

attentional control are 

combined? 

ERPs (N2pc, early Pd, 

N2pc onset latency), pre-

stimulus alpha-band 

oscillations, response 

times, & accuracy 

S
tu

d
y 

II
 

According to the predictive coding 

account, unexpected stimuli evoke 

larger brain responses than 

expected stimuli. Thus, a surprising 

distractor should capture more 

attention than a predictable 

distractor. 

What is the combined 

influence of selection history 

and task predictability on 

distractor attentional capture 

and precision expectation of 

the target feature? 

ERPs (N2pc, early and 

late Pd, onset latency), 

response times, & 

accuracy 

S
tu

d
y 

II
I 

Bottom-up, top-down, and 

selection history compete to guide 

attention in a winner-take-all 

manner. 

What are the computations 

underlying the contribution 

of selection history in the 

integrated priority map? 

Response times & 

algorithmic-level 

modeling 

S
tu

d
y 

IV
 

When sharing a task, participants 

represent their partner’s action 

and integrate it into their own 

action depending on the social 

context. 

How do people process the 

partner target compared to 

the non-relevant distractors? 

What is the role of social 

context? 

Lateralized EEG 

oscillations, response 

times, accuracy, deviation 

from target orientation, & 

post-test questionnaire 

Figure 1. An overview of the background, research questions, and methods used in the studies involved in the present dissertation.  
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2.1 Study I: Selection history and proactive preparation 

Reference 

Abbasi, H., Kadel, H., Hickey, C., & Schubö, A. (2022). Combined influences of strategy and selection 

history on attentional control. Psychophysiology, 59(4), e13987. https://doi.org/10.1111/psyp.13987 

(Find the original manuscript here: page 70 – 88) 

Summary 

As studies on associative learning have suggested, experience with a specific stimulus dimension as a 

predictor biases visual attention toward the selection of the stimulus in that dimension, even when predictiveness 

is removed (e.g., Feldmann-Wüstefeld et al., 2015). Predictability about the upcoming task, on the other hand, 

facilitates selective attention by engaging proactive reconfiguration of the task sets (Monsell & Mizon, 2006; 

Braver, 2012). Recent studies have shown that the residual effects of previous experience persist and continue 

biasing visual attention even when predictability about the upcoming task facilitates proactive preparation 

(Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017; Henare et al., 2020). Yet, the question that has not been 

addressed is that how strategic task preparation interplay with selection history effects when performing a visual 

search task. What are the neurophysiological correlates of proactive preparation and how does selection history 

affect them? Study I used different measures (RT, accuracy, ERP, and alpha-band oscillations) to answer these 

questions. 

In study I, participants responded to a mixture of two tasks, namely the categorization and the search task. 

The categorization task was an array of eight objects from which six were gray circles, one was a circular color 

singleton (blue or green) and the other was a gray shape singleton (triangle or pentagon; Fig. 2A). Participants 

in the color group had to categorize the color of the color singleton and participants in the shape group had to 

categorize the shape of the shape singleton. In the search task, participants from both groups had to search for a 

diamond-shaped target and report the orientation of the embedded line (horizontal or vertical) while ignoring 

the red distractor presented in 60% of trials (Fig. 2B). Based on the literature, the color distractor was expected 

to capture more attention from the color group participants than from the shape group participants, referred to 

as the selection history effect (Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017). To examine the impact of 

proactive preparation on selection history effects, the categorization and search tasks were intermingled in fixed-

sequence and random-sequence blocks. 
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Figure 2. (A & B) Exemplary displays of the categorization and the search tasks. In the categorization task (A), participants in the color 

group had to report the color of the color singleton, and participants in the shape group had to report the shape of the shape singleton. At 

the beginning of the experiments, participants were naïve to their group membership, and they had to find out by trial and error. After 

each error, auditory feedback was presented. In the search task (B) all participants had to report the orientation (horizontal vs. vertical) 

of the line embedded inside the diamond-shaped target. A colored distractor was present in 60% of trials (right panel). (C) Reaction times 

in switch trials in the search task for participants in the color (blue) and the shape (black) groups when the color distractor was absent 

(solid lines) or present (dashed line), separately for fixed-sequence and random-sequence blocks. Error bars show standard error of the 

means. (D) Lateralized ERP in the search task in distractor-absent (D1) and distractor-present trials when the target and distractor were 

on the same side (D2) or on the opposite sides (D3) in the color (blue lines) and the shape (black lines) groups. ERPs are time-locked to 

the stimulus onset and averaged over PO7 and PO8 electrodes. Vertical dotted lines depict the N2pc onset latencies. For illustration 

purposes, the waveforms were low-pass filtered at 35 Hz (12 dB/oct). (E) Pre-stimulus oscillation in fixed-sequence blocks at 17 posterior 

electrodes (averaged across O1/2, PO7/8, PO3/4, P7/8, P5/6, P3/4, P1/2, Oz, POz, and Pz). The left panels represent normalized 

differences between power spectrums in switch and in repetition trials in the search task calculated as [(switch - repetition) / (switch + 

repetition)]×100 in the frequency range of 6 – 32 Hz and time range of -800 – 0 ms time-locked to the stimulus onset. The right panels 

represent t-values resulted from the within-subject comparison between switch and repetition trials using the dependent-sample t-test by 

cluster-based permutation test. The opacity of the non-significant bins (p > .01) was reduced by 80%. (F) The upper panel depicts the 

between-group comparison of the normalized switch-vs-repetition powers over 17 posterior channels. The lower panel depicts the t-

values calculated from the independent t-test by cluster-based permutation test. The opacity of the non-significant bins (p > .05) was 

reduced by 80%. 

Participants in the shape group could establish one attentional set for both categorization and search tasks. 

They were always selecting the shape singleton and ignoring the color distractor. Participants in the color group, 

however, needed to change between two different attentional sets when switching between the tasks: While 

color was the response-relevant dimension and shape was the response-irrelevant dimension in the 

categorization task, these roles swapped in the search task. Because of these between-group differences in 

reconfiguration processes, proactive task-set reconfiguration and its behavioral/electrophysiological correlates 

in fixed-sequence blocks were expected to be more pronounced in the color-categorization than in the shape 

group. 

As expected, in fixed-sequence blocks and in both groups, pre-stimulus posterior alpha-band power in 

switch trials reduced when compared to repetition trials (Fig. 2E). Critically this difference was more 

pronounced in the color group than in the shape group (Fig. 2F). This differential pre-stimulus alpha-band 

modulation indicated stronger proactive preparation in the color group than in the shape group. Subsequently, 

stronger proactive preparation in the color group was reflected in RT and ERP results. Participants in the color 

group showed a larger reduction of behavioral distractor cost (Fig. 2C) in fixed-sequence than in random-

sequence blocks compared to participants in the shape group. These results suggest that stronger proactive 

preparation resulted in more focused attentional deployment and better task performance. Strikingly, in fixed-

sequence blocks, the early Pd component revealed a larger amplitude in the shape group than in the color group 

(Fig. 2D, middle and last rows). This indicated that those participants who exerted less pre-stimulus proactive 

preparation (e.g., shape group) needed to put a strong effort in early distractor suppression after stimulus onset, 

while those participants who put more effort in pre-stimulus proactive preparation (e.g., color group) needed 

less early distractor suppression. Despite all these evidence of strong proactive preparation in the color group, 
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participants in this group revealed larger distractor cost and more delayed N2pc onset latency when compared 

to the shape group, even in fixed-sequence blocks. This indicates that despite the strong task preparation in the 

predictable fixed sequence blocks, the color distractor captured more attention from the color group than from 

the shape group.  

In sum, Study I showed that participants utilize advance preparation when it is possible to proactively 

prepare for the upcoming task. This proactive preparation enhances participant’s task performance, especially 

in those participants who need stronger task-set reconfiguration. However, the results of this study provided 

strong evidence for the notion that proactive top-down control doesn’t have the potency to negate the residual 

effects of selection history. 

2.2 Study II: Selection history and predictability in attentional control 

Reference 

Abbasi, H., Henare, D., Kadel, H., & Schubö, A. (2023). Selection history and task predictability determine 

the precision expectations in attentional control. Psychophysiology, e14151.https://doi.org/10.1111/psyp.14151 

(Find the original manuscript here: page 89 – 103)  

Summary 

Predictive coding framework suggests that the brain is not a passive system which only processes the 

sensory input from the environment, but it also builds and test predictive models to optimize its interaction with 

the environment (Friston, 2009; Feldman & Friston, 2010). The brain prioritizes processing of the unexpected 

stimuli to reduce the mismatch between its prediction from an event and the actual event (Summerfield et al., 

2008). Previous studies have proven incorporation of both physical salience (Baldi & Itti, 2010) and top-down 

predictions (Noonan et al., 2016) in predictive coding framework. That is, when the presence of the distractor 

in a specific location is expected, brain response to the distractor is suppressed (Wang et al., 2019; van 

Moorselaar & Slagter, 2019). However, considering the central role of selection history in attentional control 

(Awh et al., 2012; Feldmann‐Wüstefeld et al., 2015), it is not clear how selection history and predictive coding 

are integrated. Study II is conducted to fill this gap by manipulation of individual selection history and task 

predictability. The most important goals of Study II are to examine the impact of selection history on the 

precision expectation of the target dimension, and the extent to which task predictability facilitates selective 

processes and distractor handling.  
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Figure 3. (A & B) Exemplary displays of the categorization and search tasks. The categorization task, search task, and learning phase 

were similar to those in Study I. Dissimilar to that in Study I, in Study II a lateralized arrangement of the stimuli was used in which the 

singletons always appeared on the meridian axes. Furthermore, 50% of the search task trials contained a color distractor. (C) Depiction 

of trial sequences in high-predictable (upper panel) and low-predictable (lower panel) trial sequences. “C” stands for the categorization 

task and ‘S’ stands for the search task. In high-predictable trial sequence, the tasks repeat after a switch. Number in the parentheses show 

the likelihood of a trial in low-predictable trial sequence. Based on a pre-defined logic, sometimes tasks switch/repeat with the likelihood 

of 100% while sometimes the likelihood of task switch/repetition is in the chance level. Each participant completed 25 blocks, each block 

64 trials, in each level of predictability is two separate sessions. (D) Reaction times in the search task for participants in the color (blue) 

and the shape (black) groups when the color distractor was absent (solid lines) or present (dashed line), separately for high-predictable 

and low-predictable trial sequences. Error bars show the standard errors of the means. (E) Lateralized ERP in the search task in distractor-

absent (E1) and distractor-present trials with the lateralized target (E2) or with the lateralized distractor (E3) in the color (blue lines) and 

the shape (black lines) group. ERPs are time-locked to the stimulus onset and averaged over PO7/8, PO3/4, and P7/8 electrodes. Vertical 

dotted lines depict the onset latencies. For illustration purposes, the waveforms were low-pass filtered at 35 Hz (zero-phase, Butterworth, 

order two). 

Manipulation of the individual selection history was done similarly to that of Study I. That is, via a 

categorization task (Fig. 3A), participants learned to categorize either the color of the color singleton (color 

group) or the shape of the shape singleton (shape group). Later, the categorization task was intermingled with a 

search task in which all participants had to search for a diamond-shaped target and report the orientation of the 

embedded line (horizontal or vertical) while ignoring the red distractor presented in 50% of trials (Fig. 3B). 

Crucially the experiment was done in two sessions with different levels of task predictability while scalp EEG 

data were recorded. In one session participants could predict the next trial with 100% certainty (high-predictable 

trial sequence; Fig. 3C, upper panel), while the task predictability was reduced in another session (low-

predictable trial sequence; Fig. 3C, lower panel). In low predictable trial sequence, participants in the shape 

group were expected to incorporate their individual selection history and top-down information to tune the 

prediction reliability about their target dimension as they always searched for a shape singleton. However, for 

the color group, selection history couldn’t contribute in tuning the prediction reliability about the target 

dimension as experience in the color dimension would be detrimental when doing a search task. By increasing 

the task predictability, participants in the color group had the chance to utilize the prediction about the next trial 

and optimize their prediction reliability about the upcoming target. The impact of task predictability would be 

smaller for the shape group as they were always aware of their target dimension. 

ERP results in the search task showed strong attentional capture by the color distractor from participants 

in the color group in low-predictable sequence trials as reflected in the distractor N2pc. This component was 

eliminated in high-predictable trial sequence where the predictability enhanced the early Pd amplitude (Fig. 3E, 

panel E3) and reduced behavioral distractor costs (Fig. 3D). The result suggests that increased predictability for 

the color group enhanced early distractor suppression and reduced the distractor attention capture by engaging 

proactive preparation. Besides this, participants in the color group showed a trend towards an enhanced target 

N2pc in high-predictable than in low-predictable trial sequences (Fig. 3E, panel E1). No such effects of 

predictability were observed in the shape group. Increasing task predictability caused reduction of the late Pd 

amplitude to the same extent in both groups, probably because of the reduced prediction error for all participants 
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and less need for reactive suppression of the distractor in both groups in high-predictable than in low-predictable 

trial sequences. This suggests that participants from both groups benefited from the task predictability to the 

same extent to reactively suppress the color distractor, although reactive suppression was always stronger in the 

color than in the shape group.  

In sum, Study II strived to investigate the influence of prediction reliability and selection history on 

selective control and distractor suppression. The results suggest that task predictability can be used to proactively 

suppress the distractor and it is mainly exerted when participants are incentivized. Further, as Study II showed, 

precision expectation of the target remained high for the shape group in all conditions because the target 

dimension was the same between the task, but it reduced in low-predictable trial sequence for the color group 

participants who had to update their target template when switching between tasks. This implies that precision 

expectation doesn’t only depend on top-down control, but it also depends highly on selection history.  

2.3 Study III: A model for selection history 

Reference 

Meibodi, N., Abbasi, H., Schubö, A., & Endres, D. M. (2021). A model of selection history in visual 

attention. In Proceedings of the Annual Meeting of the Cognitive Science Society (Vol. 43, No. 43)  

(Find the original manuscript here: page 104 – 112) 

Summary 

As it was laid out in Studies I and II, selection history is the third control mechanism that influences visual 

attention differently from bottom-up and top-down control mechanisms (for a review see Awh et al., 2012). 

Previous studies have proposed theoretical and computation models for bottom-up (Itti et al., 1998) and top-

down control mechanisms (Borji, Sihite, & Itti, 2013) or their combination (Peters & Itti, 2007). However, 

selection history has not been modeled so far. The aim of Study III was to introduce a model to computationally 

describe how selection history competes with other control mechanisms to control visual attention. The proposed 

model was trained on the reaction time data from Feldmann-Wüstefeld et al. (2015, exp. 1). Similar to Study I 

of the present dissertation, individual selection history in Feldmann-Wüstefeld et al. (2015, exp. 1) was induced 

using the categorization task (Fig. 4A). The categorization task was then randomly intermingled with the search 

task (Fig. 4B). A red distractor was present in half of the trials in the search task. The results of Feldmann-

Wüstefeld et al. (2015, exp. 1) showed a larger distractor cost in participants in the color than in the shape group. 

As Feldmann-Wüstefeld et al. (2015) concluded, the color distractor in the search task captures attention more 

from participants who had experienced color as the task-relevant dimension compared to participants who had 
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experienced shape as the task-relevant dimension. 

 

Figure 4. (A & B) Exemplary displays of the categorization and the search tasks. (C) An overview of the algorithmic-level model. Ws, 

Wh, and Wd are the weights for the saliency maps, the history map, and distribution parameters, respectively. Ws consists of three elements 

describing weights of the color map, shape map, and orientation map. Wd contains the predicted parameters of the ex-Gaussian 

distribution (µ, σ, τ). Bd stands for distribution parameters biases (Bµ, Bσ, Bτ). Blue arrows depict the direction of data flow and gray 

arrows depict the direction of feedback. (D) This panel shows the feature maps, the history map and the top-down map for two different 

trials. Feature vectors for each stimulus on the screen were created using 1-out-of-K encoding, where K stands for the number of feature 

values in each dimension (K = 4). Feature maps were created by combining the color map, shape map, and orientation map across all the 
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stimuli on the display. This resulted in vectors with the size of 8×4. In the history map, the location of the feature associated with the 

learning history is marked using ‘one’. In the map of the goal-driven information, the location of the task-relevant stimulus is marked 

using ‘one’. (E) The map weights for the optimal model for the color (left columns) and the shape (right columns) group. Error bars show 

standard error of the means. 

Study III introduced an algorithmic-level model to computationally describe how the observer’s goal, 

physical salience, and effects of learning from previous episodes compete with each other to direct attention to 

a target, for instance in a scenario described in Feldmann-Wüstefeld et al. (2015, exp. 1). According to the 

feature integration theory (Treisman & Gelade, 1980), the model extracted three different features (color, shape, 

and orientation) from which salience maps were calculated using Attention based on Information Maximization 

(AIM, Bruce & Tsotos, 2009), see Fig. 4C. A history map was also created based on the elements on the display 

and their relations with the individual selection history of each participant (Fig. 4D). Next, integration of history 

map and saliency maps were controlled using weights which could be modified in each iteration of the model 

calculations to end up with the best fit between the output of the model which are the ex-Gaussian distribution 

parameters and the reaction times distribution in Feldmann-Wüstefeld et al. (2015). Importantly, three different 

versions of the model were tested. In version one, only predictive features in the categorization task were 

involved in the history map (i.e., blue and green for the color group; triangle and pentagon for the shape group). 

The model comparison confirmed this version to be the optimal model. In the second version, all color singletons 

(blue, green, and red) and shape singletons (triangle, pentagon, and diamond) were included in the history map 

of the color group and the shape group, respectively. In the third version, selection history map was excluded 

from the model. 

According to the outputs of the optimal model (Fig. 4E), the history map gained a higher weight and the 

shape map gained a lower weight in the color group model than in the shape group model. These differences 

explain that participants in the color group relied on the predictive features (i.e., blue and green) to respond to 

the categorization task, while participants in the shape group relied mainly on the shape map because they could 

respond to both tasks by adopting a shape-singleton search template. Although for the color group, the features 

in the history map existed in the color map, the color group model relied less on the color than on the history 

map, because the color map contained the feature of the distractor in the search task (red). The orientation map 

in the search task gained the highest weight in the color group model. This shows that, instead of searching for 

the shape singleton, the color group model searched for the orientation singleton which didn’t need to be down-

weighted when switching to the categorization task. Finally, the color map gained a higher weight in the color 

group model than in the shape group model. This implies that the red color which existed in the color map, 

together with the blue and green colors, gained a higher weight in the color group model than in the shape group 

model. Higher weight of the color map in the color group than in the shape group support the notion that the 

attentional capture by the color singleton in stronger in the color group than in the shape group (Feldmann-

Wüstefeld et al., 2015). 
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In sum, Study III introduced a model to describe how influences of selection history, top-down, and bottom-

up mechanisms compete with each other in the integrated priority map to direct attention to the target. The model 

could correctly predict the parameters of RT distribution of the experimental measures and could also explain 

the attentional biased induced by individual selection history. 

2.4 Study IV: Attentional capture in joint action 

Reference 

Abbasi, H., Dötsch, D., & Schubö, A. (submitted). I see what you see: EEG correlates of attentional capture 

by a partner target in joint action.  

(Find the original manuscript here: page 113 – 139) 

Summary 

Previous studies have suggested that when people share a task in a joint action setting, they constitute a 

cognitive representation of their partner’s action. The partner’s action representation interferes with one’s own 

action and results in a longer reaction time (Sebanz et al., 2003). Contrary to the partner target, a non-relevant 

distractor does not cause such interference, implying differential processing mechanisms despite both being 

target-irrelevant for the agent (Atmaca et al., 2011; Saunders et al., 2019). Other studies extended this and 

claimed that social context, such as cooperation and competition, influences the degree to which people represent 

their partner’s action (Ruissen, & de Bruijn, 2016; Mendl et al., 2018). Previous studies have often focused on 

the partner’s action representation. However, the joint attention and its neurophysiological correlations in 

different social contexts have not been fully investigated. The aim of Study IV is to investigate mechanisms 

involved in processing of the partner target in different social contexts using behavioral and electrophysiological 

measures. 

In this study, pairs of participants were sitting side-by-side and searched for distinct colored targets in a 

joint variant of the additional singleton paradigm while one participant’s (i.e., the agent) EEG and behavioral 

data were recorded (Fig. 5A). The visual search task consisted of eight Gabor patches arranged equidistant on 

an imaginary circle. One of the stimuli on the vertical meridian and one on the horizontal meridian were always 

color singletons and the other items were gray. One color was associated with the agent target, one with the 

partner target, and two were non-relevant distractors (Fig. 5B). Participants had to search for the Gabor patch in 

their color and report its orientation using a mouse click in the response display (Fig. 5C). If one’s target was 

not present, they needed to click on the “No target” button. Participants performed the task in cooperative and 

competitive sessions. Importantly, all color singleton in the experiment had similar luminance, and thus, were 
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of similar visual salience. Therefore, the differential attentional deployment to the partner target and the non-

relevant distractors could not be the result of the difference between physical distracting potentials, but it was 

attributed to higher priority to the partner target than to the non-relevant distractor. The core hypothesis was that 

the agents would deploy more attention the partner target than to the non-relevant distractor due to the higher 

social value of the partner target. As a consequence, attentional capture by the partner target was expected to 

result in slower task performance and reduced power of alpha-band at parieto-occipital sites contralateral to the 

partner target’s location. Previous studies on joint attention have suggested reduced alpha-band power as a 

marker for attentional processing of the shared target or of the partner’s gaze (Lachat et al., 2012).  Moreover, 

the agents were expected to deploy attention to the partner target in the cooperative and suppress it in the 

competitive condition. Based on this, the partner target would elicit a negative lateralization of alpha-band power 

in the cooperative condition and positive lateralization of alpha-band power in the competitive condition.  

The results showed that the presence of the partner target slowed down the agent’s performance, especially 

when the agent target was absent (Fig. 5D). This suggests attentional capture by the partner target when the 

agent target was absent. Attentional capture by the agent target was further confirmed using the pattern of 

lateralized alpha-band. Lateral presentation of the partner target generally elicited negative lateralization of 

alpha-band power (Fig. 5E, panel E1). This was especially the case when the agent target was absent and the 

partner target seemed to be the strongest stimulus to capture the agent’s spatial attention (Fig. 5E, panel E3). 

The non-relevant distractor, on the other hand, triggered positive lateralization of alpha-band power 

demonstrating attentional suppression of the non-relevant distractor (Fig. 5E). Strikingly, the social context 

affected attentional deployment to the partner target (Fig. 5F). The partner target elicited a negative lateralization 

of alpha-band power in the cooperative condition, but a positive lateralization of alpha-band power in the 

competitive condition. This suggests attentional capture by the partner target in the cooperative condition and 

its suppression in the competitive condition. The suppression of the partner target by the agent in the competitive 

condition fits the strategy that, when competing, suppression of any non-target stimuli helps in better task 

performance. 

In sum, Study IV provided evidence for the idea that people process their partner target in a functionally 

similar way to their own target and different from non-relevant distractors. This is interesting because both the 

partner target and the non-relevant distractors are target-irrelevant for the agent, but they seem to bear different 

levels of priority for the agent. Critically, the social context appeared to be a determinant factor defining when 

to deploy or not to deploy attention to the partner target. 
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Figure 5. (A) Schematic depiction of the experimental setup: EEG was recorded from the agents while they were sitting in front of the 

display alongside the partner. The search display contained eight Gabor patches in which two were color singletons. In all trials, one 

singleton was placed on the vertical meridian while the other appeared on the horizontal meridian. (B) Four colors were used for color 

singletons: blue, green, orange, and purple. The assignments of the colors to the roles of the stimuli (the agent’s target, the partner’s 

target, and the non-relevant distractors) were counterbalanced. All color stimuli were of equal luminance. (C) Trial procedure: First, the 

agents had to report the orientation of their target using a mouse click. Next, the partners had to report their target orientation. Participants 

had to click on the “No target” button if their targets were not present. (D) Reaction time results: The two left columns depict the agents’ 

mean RTs when their targets were present. The two right columns depict the agents’ mean RTs when their targets were absent. Dark gray 
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represents trials containing the partner target and light gray represents trials without the partner target. Error bars show the standard error 

of the means. (E & F) Lateralized oscillatory power calculated as [(contralateral - ipsilateral) / (contralateral + ipsilateral)]×100. (E) The 

effect of the social value: Lateralized oscillatory power across all conditions (E1), when the agent target was present (E2), and when the 

agent target was absent (E3) averaged over PO7/8, PO3/4, and P7/8 electrodes. The left panels represent the lateralization indices elicited 

by the partner target, and the middle panels represent the lateralization indices elicited by the non-relevant distractors. The right panels 

represent t-values resulted from comparing lateralization indices using a cluster-based permutation test. (F) The effect of the social 

context: Lateralized oscillatory power for elicited by a laterally presented partner target (F1) and a laterally presented non-relevant 

distractor (F2) in cooperative (left panels) and competitive (middle panels) conditions. The right panels represent t-values resulted from 

comparing lateralization indices using a cluster-based permutation test. In panels E and F, the opacity of the non-significant bins (p > 

.05) was reduced by 80%. 
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3 GENERAL DISCUSSION 

In four studies, the current dissertation strived to examine the influence of a wide range of factors such as 

selection history, task predictability, social value and social context on attentional control. The studies in this 

dissertation can be divided into two main parts. The first part which includes Studies I-III examines the influence 

of the selection history (Awh et al., 2012) on selective attention. Strikingly, the first two studies examined how 

and whether task preparation influences attentional biases induce by selection history. Recent studies have 

shown a long-lasting effect of selection history on attentional selection which can be reduced by increasing task 

predictability, but it can’t be negated (Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017; Henare et al., 2020). 

Study I investigated the combined impact of proactive preparation and selection history on attentional control 

from the perspective of task-set reconfiguration. Study II used a predictive coding framework to describe the 

combined influence of task predictability and selection history on proactive and reactive distractor suppression. 

Study III can be considered as a complementary study to expand the understanding of the interaction between 

selection history and other control mechanisms. To do so, Study III introduced an algorithmic model to 

quantitively describe the interaction between selection history, bottom-up and top-down mechanisms. 

 The second part of the current dissertation focuses on selective attention in joint action. More specifically, 

Study IV investigated the influence of social value and social context (Sebanz et al., 2003; Hommel et al., 2009) 

on selective attention or suppression of the partner target. Previous studies have used different theoretical 

accounts such as action co-representation (Sebanz et al., 2003; 2006), referential coding (Dolk et al., 2013; 2014) 

and spatial response coding (Dittrich et al., 2012; 2013) to describe the influence of the partner target on the 

agent’s action. Yet, the influence of the partner target on the agent’s attentional selection is not fully understood. 

To examine the influence of social value on attentional selection, Study IV examined whether a partner target 

is processed differently than a non-relevant distractor, given that both are non-target for the agent. Moreover, 

Study IV examined the influence of the social context (cooperative vs. competitive) on attentional selection. 

Previous studies have shown the impact of the partner target on the agent action is substantially larger in the 

cooperative than in the competitive conditions (Hommel et al., 2009; Ruissen & de Bruijn, 2016; Mendl et al., 

2018). Study IV aimed to extend these findings by investigating the impact of the social context on attentional 

selection of the partner target.  

To answer the research questions in Studies I, II and IV, behavioral and EEG data were recorded. In Study 

III, only the behavioral data from Feldmann-Wüstefeld et al. (2015, exp. 1) was used to test the algorithmic 

model of the interplay between selection history and other control mechanisms. This section (general discussion) 

aims to discuss the findings of studies I – IV in relation to each other and connect them to the existing literature 

to create a whole picture from the findings and its contribution to the current knowledge from selective attention. 
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To facilitate the reader’s understanding from the current discussion, Fig. 6 summarizes the research questions, 

the main results and brief conclusions in each study. 

Studies Research questions Main results Brief conclusions 

S
tu

d
y 

I 

How does the combination 

of proactive preparation 

and selection history 

impact attentional control? 

What are the EEG 

correlates of proactive 

preparation? How does 

selection history change 

these correlates? 

Reduced alpha-band power in 

switch than in repetition trials, only 

in fixed-sequence blocks of the 

search task. This was more 

pronounced in the color than in the 

shape group, however, for the color 

group, distractor cost remained 

larger and the N2pc emerged later. 

Depending on the individual 

selection history, participants 

proactively reconfigure their 

attentional control in 

predictable contexts. 

Proactive reconfiguration 

can’t negate the selection 

history biases. 

S
tu

d
y 

II
 

How selection history 

impacts precision 

expectations in predictive 

coding framework? How 

the combination of 

precision-weighted 

expectations and prediction 

error influences distractor 

handling? 

Higher task predictability increased 

the early Pd and recued the 

distractor N2pc in the color group. 

In the same group, RT and the 

target N2pc was enhanced when 

task predictability increased. In the 

shape group, no distractor N2pc 

was observed and predictability 

didn’t affect early Pd. 

Previous experience with a 

dimension adjusts precision 

expectations of that 

dimension. Consequently, any 

stimulus in that dimension 

captures attention. Task 

predictability can only reduce 

this attentional capture via 

proactive suppression. 

S
tu

d
y 

II
I 

What is the computational 

logic behind the interaction 

between selection history 

and other control 

mechanisms (bottom-up 

and top-down)? 

The weights of history and color 

maps were higher in the color than 

in the shape group. For the shape 

group, the color map gained the 

smallest weight while the shape 

map gained the largest weight. 

The higher weight of the 

color map in the color than in 

the shape group explains why 

the color distractor captures 

more attention from the color 

group.   

S
tu

d
y 

IV
 

Is a partner target 

processed different from a 

non-relevant distractor 

given that both are non-

target for the agent? How 

is the influence of the 

social context and what are 

the EEG correlates? 

Lateralized alpha-band power was 

negative for the partner target and 

positive for non-relevant distractor. 

However, lateralized alpha-band 

power emerged by the partner 

target was negative in the 

cooperative and positive in the 

competitive condition. 

EEG findings suggest that the 

partner target captures 

attention in the cooperative 

condition and it is suppressed 

in the competitive condition. 

Contrary to this, the non-

relevant distractor is always 

suppressed. 

Figure 6. An overview of the research questions, main results and the brief conclusions in each study involved in the present dissertation.  
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3.1 Selective attention is shaped by 

 …selection history 

Recently a large body of research has suggested selection history as a third major factor which interacts 

with bottom-up and top-down control mechanisms to drive attention in the integrated priority map (Awh et al., 

2012). Associative learning is a form of selection history and posits that previous selection of a feature dimension 

continues to show higher saliency as well as higher strength in attentional capture even when that feature is not 

target-relevant anymore (Le Pelley et al., 2011; Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017). In the first 

part of this dissertation (Studies I – II), to induce selection history, the same manipulation as that in Feldmann-

Wüstefeld et al, 2015 was used. That is, during a categorization task, participants in the color group learned to 

categorize the color of the color singletons (blue vs. green) and participants in the shape group learned to 

categorize the shape of the shape singletons (pentagon vs. triangle). Extracting N2pc from the recorded scalp 

EEG made it possible to precisely track the attentional allocation on the task-relevant singletons. The N2pc 

component is a well-known biomarker of target selection (Eimer, 1996; Luck & Hillyard, 1994a, 1994b; 

Woodman & Luck, 2003) and has been shown to emerge when a salient distractor captures attention (Liesefeld 

et al., 2017; Berggren & Eimer, 2018). 

In the categorization task in study I, when the singletons were in the same or opposite sides, the lateralized 

ERPs were locked to the location of the color singleton in the color group and to the location of the shape 

singleton in the shape group (see Fig. 3 in the original paper of study I). The N2pc results showed a pronounced 

N2pc amplitude in both groups, suggesting that all participants attended their task-relevant singleton. The same 

was observed in the categorization task in Study II: When the task-irrelevant singleton was on the vertical 

meridian, the lateralized color singletons elicited the N2pc in the color group and the lateralized shape singletons 

elicited the N2pc in the shape group (see Fig. 2d in the original paper). These observations in two experiments 

were already observed by earlier studies (e.g. Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017) and prove 

that participants learned their group membership and attended their task-relevant singletons through the 

experimental sessions. One basic expectation which comes from the definition of “selection history” is that 

selection of a feature dimension in the categorization task would result in an attentional bias toward the selection 

of that feature in another tasks. 

To examine this basic hypothesis and measure selection history biases, in the first three studies, the 

categorization task was interleaved with a search task in which all participants had to report the orientation of a 

line (vertical vs. horizontal) embedded in a diamond shaped singleton while a color distractor was present in 

some trials (additional singleton paradigm; Theeuwes, 1992). In the original version of the additional singleton 

paradigm, the colored distractor captures attention and is generally indexed by longer RTs in distractor-present 
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than in distractor-absent trials. The results of Studies I and II showed that the magnitude of this distractor cost 

highly depends on the individual selection history. That is, participants in the color group showed larger 

behavioral distractor cost than participants in the shape group. This finding was further confirmed by ERP 

results: In the search task in Study I, the presence of the color distractor on the opposite side of the target location 

delayed the emergence of the target N2pc in the color group. This fits well with the existing literature showing 

the distractor on the opposite side of the target location delays attentional selection of the target due to the 

filtering cost (Wykowska & Schubö, 2011; Mazza et al., 2009; Folk & Remington, 2006). That is, although the 

target outcompetes the distractor when competing for attention capture, this competition results in a delay in 

attentional selection of the target which is reflected in the delayed N2pc and longer RT. In Study I, previous 

experience with color singletons enhanced the saliency of the color distractor in the search task for the color 

group participants. This could be a reason that participants in the color group were distracted by the color 

singleton to a larger extent and showed a delayed target selection as compared with the participants in the shape 

group. In the search task in Study II, the lateralized distractor induced a distractor N2pc only in the color group 

when task predictability was low. This fits well with a body of literature suggesting attentional capture by the 

salient distractor (Berggren & Eimer, 2018; Barras & Kerzel, 2017; Liesefeld et al., 2017), especially when the 

feature of the upcoming target in not known (Burra & Kerzel, 2013) or when the current distractor has the 

dimension of the target in another task (Feldmann-Wüstefeld et al., 2015).  

Therefore, the first two studies showed that distractor attentional capture doesn’t only depend on the 

physical salience and top-down control, but on the individual selection history of the observer. This observation 

was further confirmed in Study III when an algorithmic model strived to quantitively describe the contribution 

of selection history in attentional selection. As the model suggested, when performing a combination of the 

categorization and search tasks used in Studies I and II, participants in the color group relied on the history map 

(blue and green) because they needed that in half of the trials when responding the categorization task. This 

could have consequences to unintentionally increase the weight of the color map (blue, green, red) which 

contained the future of the color distractor. However, participants in the shape group neither relied on the color 

map, nor on their history map (pentagon and triangle), because they could perform both tasks by only relying 

on the shape map (pentagon, triangle, diamond, circle). As a consequence, the red distractor could get more 

salient for the color group participants and capture more attention from participants in this group. 

In sum, the first part (Studies I-III) showed a persistent and strong impact of selection history on attentional 

selection. That is, attention is biased toward the selection of a stimulus which shares dimension with individual 

selection history.  
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 …proactive preparation 

The first two studies of this dissertation examined the effects of the proactive preparation on attentional 

control and distractor handling. When an observer is presented with a task, there might be several ambiguities 

before stimulus onset such as the presence of the target and distractor, their characteristics, effector selection 

and temporal characteristics of stimuli. A two-stage model suggests that, while parts of these ambiguities can 

be resolved before stimulus onset when the task is predictable (proactive control), there will be a residual 

proportion of the reconfiguration which can be resolved only after task presentation (reactive control; Rogers & 

Monsell, 1995; Braver, 2012; Koch et al., 2018). Importantly, proactive control mechanism has been shown to 

be more pronounced in switch than in repetition trials, because some task settings are already available in the 

repetition trials which need to be reconfigured in switch trials (Roger & Monsell, 1995; Monsell & Mizon, 2006; 

Vandierendonck et al., 2010). 

Due to the high temporal resolution and ongoing measurements, EEG can quantify the proactive 

preparation even before stimulus onset. For instance, in a predictable task, proactive preparation has been 

reflected in the power of the pre-stimulus alpha-band oscillation (Wang et al., 2019; van Zoest et al., 2021; 

Noonan et al., 2016). In Study I, pre-stimulus alpha-band power in the search task was used to track proactive 

preparation. The search task EEG results showed a significantly reduced pre-stimulus posterior alpha-band 

power in switch than in repetition trials in the color group as well as in the shape group, but only when the task 

sequence was predictable. As a direct behavioral consequence, RTs were faster in fixed- than in random-

sequence blocks. This suggests that in a predictable task sequence, proactive preparation engages before 

stimulus onset and to a stronger degree in switch than is repetition trials to facilitate task-set reconfiguration 

which results in an enhanced task performance. This fits well the existing literature which have shown reduced 

pre-stimulus posterior alpha-band in switch than in repetition trials (Poljac & Yeung, 2014; Cooper et al., 2016; 

Wolff et al., 2017; Proskovec et al., 2019). For instance, when participants were cued to either switch between 

the tasks or repeat the same task, a reduced posterior alpha-band power after the cue onset in switch trials 

suggested the involvement of rule updating and working memory (Cooper et al., 2016). Contrary to Cooper et 

al. (2016), no cue was used in Study I of the present dissertation. However, the predictable task sequence in 

fixed-sequence blocks required participants to memorize the sequence to prepare for the upcoming task and this 

involved advance rule updating and working memory in Study I. This preparation can be proactive distractor 

suppression, but can also be general preparation for performing the upcoming task. This issue will be discussed 

later in section 3.2. 

The results of the first two study showed that the engagement of proactive preparation doesn’t depend only 

on task predictability, but also on the participants incentivization. While the task sequence in Study I was 

predictable only in half of blocks (fixed vs. random blocks), it could always be predictable in Study II, but with 
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different prediction reliability (high-predictable vs. low-predictable). Due to the experimental design, in half of 

blocks in Study I (random-sequence blocks) no proactive preparation could get engaged. In contrast, providing 

participants with some degrees of predictability in Study II could motivate participants to engage in proactive 

preparation. Moreover, In Study I, task predictability changed randomly across blocks from fixed- to random-

sequence and vice versa. Thus, there was no guarantee for retaining the current preparation strategy when 

shifting to the next block. From this perspective, preparation before stimulus onset could be optimally beneficial 

only if there was an urgent need for proactive task-set reconfiguration because of the harder task switching (i.e., 

task switching in the color group) and it could be postponed to the period after stimulus onset if task switching 

is easier (i.e., task switching in the shape group). Consistent with this, in Study I, participants in the shape group 

didn’t appear to prepare much before stimulus onset, but did it soon after stimulus as reflected in an increased 

early Pd in predictable than in unpredictable sequence blocks. This is well in line with the expectation, as the 

early Pd reflects proactive suppression of the distractor which occurs shortly after stimulus onset (van Zoest et 

al., 2021; van Moorselaar et al., 2021; Weaver et al., 2017).  

In Study II, predictability remained the same during the entire session. Therefore, an adapted strategy could 

be used for a long time, incentivizing all participants to prepare proactively. However, as in Study I, participants 

in the color group again had more motivation to prepare proactively due to harder task switching. Consistent 

with this, they exerted a stronger early suppression in high-predictable trial sequences to proactively suppress 

the color distractor than in low-predictable trial sequences. These findings are consistent with other studies 

which showed a propensity toward proactive preparation when the task is difficult (Conci, Dieschsel, Müller, & 

Töllner, 2019; Liu, Lin, Zhao, & Roberson, 2016) or when the distractor information is reliable (Heuer & 

Schubö, 2020; van Moorselaar, Lampers, Cordesius, & Slagter, 2020). Participants in the shape group were not 

incentivized to exert any early distractor suppression, maybe because knowledge about the dimension was 

already enough to perform optimally and knowing the exact feature of the target and distractor couldn’t enhance 

the performance.  

In sum, the first two study showed an efficient attentional selection in the predictable task sequence which 

is implemented via proactive preparation. This proactive preparation could get engaged before stimulus onset, 

but it could also be postponed to early latencies after stimulus onset depending on the participant’s 

incentivization. 

 …social value 

Social value is another factor which has been shown to influence task performance, especially when 

humans interact with others in joint action tasks (Saunders et al., 2019; Atmaca et al., 2011). In joint action 

literature, joint attention is an important factor and refers to directing attention to a common point in the space 



GENERAL DISCUSSION 

- 46 - 

   

to achieve a successful task co-representation (Lachat et al., 2012; Michael et al., 2016). Study IV adapted a 

famous paradigm used in visual attention research – additional singleton paradigm (Theeuwes, 1992) – to 

investigate the neurophysiological correlates of joint attention in joint action. The task in Study IV consisted of 

eight equidistance Gabor stimuli on an imaginary circle from which two were colored and six were gray. 

Participants were sitting side-by-side and their task was to report the orientation of the Gabor patch in their 

assigned color while one participant’s EEG (the agent) was recorded. When a participant’s target was not 

presented, they were supposed to click on the “No target” button. Lateralized alpha-band power was used to 

evaluate spatial attentional selection (Bacigalupo & Luck, 2019; van Diepen et al., 2016; Klimesch, 2012; Thut 

et al., 2006; Worden et al., 2000). 

The time-frequency results of Study IV revealed a negative laterization of the posterior alpha-band power 

elicited by the partner target and a positive lateralization of the posterior alpha-band power elicited by the non-

relevant distractor. This finding suggests attentional capture by the partner target, but attentional suppression of 

the non-relevant distractor. This result is not trivial for two reasons: First, both the partner target and the non-

relevant distractor were non-target for the agent. In this scenario the best strategy would be to suppress any non-

target salient stimuli to efficiently direct the attention toward the target (Sawaki & Luck, 2010; Gaspelin & 

Luck, 2018; Luck et al., 2021). However, the EEG results showed that this is not the case and the social identity 

the stimuli influences attentional deployment of the agent when sharing a task. Second, the partner target and 

the non-relevant distractor were of equal luminance and similar saliency. Previous studies have shown 

differential processes of two singletons when one singleton (mainly the distractor) is more salient than the other 

(mainly the target) singleton (Theeuwes, 2010; Gaspelin & Luck, 2018). Despite the similar luminance between 

the partner target and non-relevant distractor and the fact that both these stimuli were a non-target for the agent, 

the partner target captured the agent’s attention while the non-relevant distractor was suppressed. The finding 

suggests a pronounced role of social value in selective attention. 

Behavioral and electrophysiological results of Study IV can also be interpreted within the framework of 

the most well-known theories in joint action such as action co-representation account (Sebanz et al., 2003, 2006) 

and referential coding account (Dolk et al., 2013; 2014). According to action co-representation account, the joint 

Simon effect is a consequence of the interference between the agent’s representation of their own action and the 

agent’s representation of the partner’s action; reflected in longer RTs in incompatible compared to in compatible 

trials (Sebanz et al., 2003; Tsai et al., 2006; Freundlieb et al., 2017). Similarly, presentation of the partner target 

in Study IV activated the representation of the partner’s action by the agent. This was extremely detrimental 

when the agents target was not present and they had to click on the “No target” button. In this case, presentation 

of the partner’s action interferes with the agent’s action to a stronger degree because the agent and the partner 

perform two different responses (the agent clicks on “No target” while the partner report the orientation) and 
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this interference deteriorates the agent’s performance. This might be the reason for observing the partner target 

slowing down the agent’s performance to a stronger degree when the agent target was absent.  

According to the referential coding account, participants code the stimulus feature which is instrumental in 

resolving the task. For instance, in a study by Sellaro et al. (2015) the response buttons were in red and green, 

and the participant’s task was to respond to the shape dimension (triangle vs. circle) of the stimuli which could 

be either in red or green. In this case the referential coding account suggests that although the color is a task-

irrelevant dimension, the agent would code the color of the stimuli because it is instrumental in response 

discrimination. As a consequence, RTs are longer when the agent target shares the color with the partner’s 

response button (Sellaro et al., 2015). The results of Study IV showed that coding of the stimulus feature does 

not necessarily require a dimensional overlap between stimuli and the response button as long as a feature refers 

to the partner’s action. More specifically, the presence of the partner in the experimental chamber enables the 

coding of the partner target’s color as relevant, and thereby, deterioration of the agent performance when the 

partner target is present.  

In sum, the results of Study IV suggest that, not only the saliency or goal-relevance of a stimulus, but also 

the social value of the stimulus determines when to attentionally select or suppress the stimulus. 

 …social context 

A large proportion of the tasks that we share with other people can be categorized as cooperative or 

competitive tasks. Previous research has shown that performing cooperative joint action tasks with a positive 

relationship increases the impact of the partner target on the agent’s action. On the other hand, engagement in 

competitive joint action tasks with negative relationship have been shown to reduce the impact of the partner 

target on the agent’s performance (Hommel et al., 2009; Ruissen & de Bruijn, 2016; Mendl et al., 2018). Despite 

the ample behavioral evidence for such influences, neurophysiological mechanisms underlying the influence of 

the social context on joint task performance is missing.  

The results of Study IV showed a negative lateralization of posterior alpha-band power elicited by the 

partner target in the cooperative condition, while the partner target in the competitive condition elicited a positive 

lateralization of posterior alpha-band power. One of the most well-known findings regarding cortical oscillations 

in the range of alpha-band is that decreased posterior alpha-band power is associated with attentional selection 

and increased posterior alpha-band power is associated with attentional suppression (Jensen & Mazaheri, 2010; 

Klimesch, 2012; Clayton et al., 2015; 2018; Bacigalupo & Luck, 2019; Foster & Awh, 2019). Considering this 

notion, the above-mentioned results suggest differential attentional processing of the partner target depending 

on the social context. The results of Study IV suggest that agents deploy attention to the partner target in the 

cooperative condition, but suppress the partner target in the competitive condition. One other alternative 



GENERAL DISCUSSION 

- 48 - 

   

explanation for this differential process of partner target depending on the social context is the degree of action 

integration or segregation by the agent (Novembre, Sammler, & Keller, 2016). Competitive co-actors have been 

shown to segregate their actions to achieve better task performance (Hommel et al., 2009). The results of Study 

IV further suggest that the segregation of the agent’s action from the partner’s action representation required 

suppression of the partner target. This was reflected in a positive lateralization of alpha-band power in the 

competitive condition. 

It is necessary to remind that the social context influenced only the lateralized alpha-band power elicited 

by the partner target and not by the non-relevant distractor. That is, the lateral non-relevant distractor elicited 

positive lateralization on alpha-band power in both cooperative and competitive conditions. However, for the 

partner target, the polarity of alpha-band lateralization highly depended on the social relationship and was 

positive in the competitive and was negative in the cooperative conditions. Furthermore, the physical 

characteristic of the partner target remained the same in cooperative and competitive conditions and no 

differential pattern of alpha-band lateralization can be attributed to the physical difference between stimuli. 

Based on these, it can be concluded that social context impacts the processing of the partner target and not the 

non-relevant distractor, although they are both non-targets for the agent. This finding suggests that participants 

tune their attention toward a stimulus depending on the social context, but only when the stimulus is relevant to 

the co-actor.  

In sum, Study IV showed the influence of social context on attention selection of the partner target. The 

agents deploy attention to the partner target in the cooperative condition, but suppress it in the competitive 

condition. 

3.2 Combined influence of task preparation and selection history on distractor suppression 

As mentioned earlier, when participants switch between different tasks, they need to reconfigure their task 

sets such as recalling the rules of the new task, adjusting effectors, and adjusting target and distractor template 

(Monsell, 2003; Rogers & Monsell, 1995; Monsell & Mizon, 2006; Karayanidis et al., 2010). However, when 

the task is predictable, part of this reconfiguration can be accomplished before stimulus onset (Wolff et al., 2017; 

Rogers & Monsell, 1995), referred to as proactive control mechanism (Braver, 2012; Koch et al., 2018). Since 

more reconfiguration is needed in switch than in repetition trials, proactive preparation would be expected to be 

more prominent in switch than in repetition trials. 

The time-frequency analysis in Study I quantified proactive preparation using posterior pre-stimulus alpha-

band power. In line with the literature, the posterior pre-stimulus alpha-band power in the search task was 

reduced in switch than in repetition trials, only in fixed-sequence blocks (Wolff et al., 2017; Cooper et al., 2016; 

Gladwin & de Jong, 2005). Selection history, however, seemed to have a determinant influence on the strength 



   GENERAL DISCUSSION 

- 49 - 

 

of proactive preparation. More specifically, participants in the color group who had a harder time switching 

from the categorization to the search task showed a greater reduction of pre-stimulus alpha-band power than 

participants in the shape group. The color group participants had to select the color singletons in the 

categorization task, but suppress the color singleton and select the shape singleton in the search task. Participants 

in the shape group, however, just needed to select the shape singletons in both tasks. More effort and need for 

task-set reconfiguration, therefore, were expected in the color group than in the shape group. This 

reconfiguration could, at least partially, be accomplished proactively before stimulus onset and was reflected in 

pre-stimulus alpha-band power. Engagement of proactive preparation before stimulus onset was reflected in the 

behavior of the participants. As the marginal interaction in Study I and the significant interaction in Study II 

showed, the behavioral distractor cost in the more predictable task sequence (fixed-sequence trials in Study I 

and high-predictable trials in Study II) was smaller than that of the less predictable task sequence (random-

sequence trials in Study I and low-predictable trials in Study II), but only for the participants in the color group. 

These findings suggest that stronger proactive preparation facilitates distractor handling. 

One potential question is whether proactive preparation observed in the pre-stimulus alpha-band power in 

the search task of Study I reflects proactive distractor suppression or a general preparation (e.g., a combination 

of target enhancement, distractor suppression, and effector selection). If the reduced pre-stimulus alpha-band in 

switch trials reflects a general preparatory process, the same pattern would have been observed in the 

categorization task. However, for both groups there was no significant difference in posterior pre-stimulus alpha-

band power between switch and repetition trials in the categorization task. This suggests that the observed pre-

stimulus alpha-band modulation in the search task might reflect proactive distractor suppression (van Zoest et 

al., 2021; Wang et al., 2019; Serences, Yantis, Culberson, Awh, 2004). At first glance, these findings might be 

in contrast with the literature, which have shown no changes in the pre-stimulus alpha-band power when the 

location of the distractor was cued (Noonan et al., 2016) or when the distractor appeared in an expected location 

(van Moorselaar & Slagter, 2019; van Moorselaar et al., 2020). However, some recent studies have reported 

increased pre-stimulus alpha-band power when the distractor appears in a high probable location (Wang et al., 

2019), or when the distractor’s location or feature are cued (van Zoest et al., 2021). One conclusion from these 

contradictory results in different studies and Study I is that proactive distractor suppression via modulations of 

alpha-band power can be established proactively, only if participants are required or motivated to do so. The 

observation that proactive distractor suppression is reflected in alpha-band power might originate from the fact 

that participants in the color group had to exert this proactive preparation to a larger extent to compensate for 

the harder task switching process, a process which can be less effortful for the shape group participants who 

faced an easier task switching. 
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The structure of the search array could be another determinant factor in engagement of the proactive 

distractor suppression. For instance, when the target and distractor are in different quadrants of the visual field, 

suppression of the distractor might not affect the resolution of the target (Noonan et al. 2016). That is why 

participants might not even need to exert proactive distractor suppression. However, in the search task of Study 

I, the target and distractor were separated only with one gray distractor, meaning that they were in rather close 

proximity. This might be another reason for the engagement of the proactive distractor suppression via reduced 

posterior pre-stimulus alpha band power. 

Therefore, the exerted proactive preparation before stimulus onset was shown to be influenced by 

individual selection history as well as task predictability. Moreover, the results of Studies I and II showed that 

the influence of selection history and prediction on proactive preparation is also reflected in early Pd amplitude, 

indicative of rapid, stimulus-driven distractor suppression (Weaver et al., 2017; van Zoest et al., 2021). In Study 

I, the early Pd was larger in predictable than in unpredictable sequence block, but only for participants in the 

shape group. Participants in the color group who had already performed a strong proactive task-set 

reconfiguration before stimulus onset, didn’t need to exert early distractor suppression anymore. However, 

participants in the shape group who showed weaker proactive task-set reconfiguration needed to exert a stronger 

early distractor suppression. One speculation would be that participants in the shape group didn’t opt to 

proactively suppress the distractor before stimulus onset because it would have been effortful and costly. The 

engagement of pre-stimulus distractor suppression before all search trials would have been ineffective in those 

search trials without a color distractor. However, this was not the case for the color group as they always needed 

to suppress the color dimension when switching to the search task. Therefore, the best strategy for participants 

in the shape group would be to exert an early distractor suppression after stimulus onset, only when the color 

distractor was present (Noonan et al., 2016). 

In Study II, however, the pattern of the early Pd in high-predictable trials sequence seemed to be reversed 

when compared to the early Pd in Study I. More specifically, participants in the color group showed a larger 

early Pd in high-predictable than in low-predictable trial sequence, while such effect was not seen in the shape 

group. There are two reasons for such a difference between the results of Study I and II. First, in half of the 

blocks in Study I, the task sequence was completely unpredictable while the task sequence in Study II was 

always predictable albeit with different levels of predictability. Second, predictable and unpredictable sequence 

blocks in Study I were mixed randomly within a session, while the task predictability in Study II was constant 

within a session. Because of these, color group participants were more motivated to exert an early distractor 

suppression in the predictable task sequence in Study II than in Study I and as it was reflected in an enhanced 

early Pd amplitude for the color group in high-predictable task sequences in Study II. The predictability seemed 

to have no influence on early distractor suppression in the shape group in Study II, maybe because these 
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participants didn’t need a 100% predictable task sequence for optimal distractor handling. Participants in the 

shape group had to respond to the shape singleton and ignore the color distractor in all tasks and precise featural 

information about the distractor seemed of no benefit in early distractor suppression (Liesefeld & Müller, 2019). 

Therefore, task predictability impacts proactive distractor suppression, depending on the individual 

selection history. Reactive distractor suppression was the next step of distractor suppression which comes to the 

play after proactive distractor suppression. As the ERP results of Study II showed, the late Pd was larger in the 

color group than in the shape group, suggesting more need for reactive distractor suppression by the color group 

participants. However, the higher predictability reduced the amplitude of the late Pd equally for both groups. 

The reduced amplitude of the late Pd has already been linked to the less need for reactive distractor suppression 

and easier distractor handling (Heuer & Schubö, 2020; van Moorselaar & Slagter, 2019; Henare et al., 2020) 

because the color distractor might not trigger a strongly surprising attend-to-me signal (Gaspelin & Luck, 2018). 

For instance, the recent research by van Moorselaar and Slagter (2019) showed absence of the late Pd when the 

distractor repeatedly appeared in a location. The authors suggested that when the location of the distractor is 

predictable, there is no need for reactive suppression of the distractor, because it is learnt to ignore the distractor 

safely without deploying attention to that or without actively suppressing it. Although selection history in Study 

II didn’t have any impact on the utilization of task predictability in enhancing reactive distractor suppression, 

the color group participants always needed stronger reactive distractor suppression in the search task due to their 

individual selection history. 

In sum, increasing task predictability was shown to enhance proactive distractor suppression which can be 

engaged either before stimulus onset (pre-stimulus alpha band power) or very early after stimulus onset (the 

early Pd). Engagement of proactive distractor suppression was shown to be a function of individual selection 

history. Reactive distractor suppression, however, was enhanced when task predictability increased, irrespective 

of individual selection history.  

3.3 Combined influence of task preparation and selection history on attentional selection 

It has been well-investigated that increased task predictability enhances resolution of the target selection 

(Posner, 1980, Burra & Kerzel, 2013). Target selection is faster when the exact features of the target are known 

(Burra & Kerzel, 2013), when the target location is cued (Wildegger et al., 2017; Noonan et al., 2016), when the 

target identity is cued (Wildegger et al., 2017), or when the target appears in a high probable location (Ferrante 

et al., 2018; Geng & Behrmann, 2005). Providing participants with such foreknowledge about the target has 

been shown to enhance the size of the target N2pc, which is a marker of the covert deployment of visual attention 

to the target (Noonan et al., 2016; Burra & Kerzel, 2013). 



GENERAL DISCUSSION 

- 52 - 

   

Besides task predictability, selection history is another factor which strongly impacts the target N2pc. For 

instance, Feldmann-Wüstefeld et al. (2015) manipulated individual selection history of participants similar to 

what was done in Studies I and II. Subsequently, both groups performed a search task in which all participants 

reported the orientation of the line inside a shape target while a color singleton was present in some trials. Their 

search task results showed a later N2pc onset latency in the color group than in the shape group when the 

singletons appeared in opposite hemifields. Later, Kadel et al. (2017) showed that this effect of selection history 

on target selection persist when the task sequence is fully predictable or even when the search task is performed 

on a separate day, and disappears after the completion of several hundreds of search trials. 

Therefore, both task predictability and selection history seem to have prominent influence on target 

selection. One aim of Studies I and II was to examine the combined influence of selection history and task 

predictability on target selection. In both studies, participants in the color group seemed to benefit more from 

task predictability when the color distractor was absent. While a marginal interaction in study I showed larger 

target N2pc in fixed- than in random-sequence block only for participants in the color group, this finding was 

confirmed by the significant interaction in Study II. However, when target and distractor were in opposite 

hemifields, the task predictability seemed to lose power in modulating the N2pc characteristics in the color 

group. More specifically, and in line with previous studies (Feldmann-Wüstefeld et al., 2015; Kadel et al., 2017), 

when the singletons were in opposite hemifields, the N2pc was delayed in the color group than in the shape 

group. Importantly, the N2pc onset was similar between fixed-sequence blocks and random-sequence blocks. 

This finding suggests that, although participants exert proactive preparation when is possible, this preparation 

can’t fully negate selection history attentional biases when selecting the target.  

One reason for the later N2pc onset in the color than in the shape group may be due to the fact that the 

color distractor has a higher salience for the color group participants due to their selection history and therefore 

competes stronger in capturing attention (Wykowska & Schubö, 2011). Although the results of Study I showed 

no electrophysiological evidence for attentional capture (no distractor N2pc; Feldmann-Wüstefeld et al., 2015), 

the color distractor was salient enough to delay attentional deployment to the target for the color group 

participants. However, the fact that the color singleton couldn’t capture attention was challenged by Study II. In 

this study, the lateral color distractor in the search task elicited a N2pc in low-predictable sequence trials in the 

color group indicating attentional capture by the color distractor (Sawaki & Luck, 2010; Liesefeld et al., 2017; 

Berggren & Eimer, 2018). Notably, the distractor N2pc in the color group disappeared when the task sequence 

was fully predictable, highlighting the potency of proactive preparation in reducing selection history biases. 

Emergence of the distractor N2pc in low-predictable conditions is in line with the rapid-disengagement theory 

(Theeuwes, 2010). As this theory posits, a salient distractor captures attention as reflected in the N2pc. However, 

attention is disengaged shortly after capture as soon as top-down suppression is engaged and suppresses the 
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singleton which is distinguished to be a distractor. Although distractor N2pc is not reflected in the ERP in high-

predictable sequence trials, when looking at the behavioral results, the distractor cost in the color group in high-

predictable sequence trials was still twice as large compared to the shape group. Again, this confirms the 

impotency of proactive preparation in overriding the selection history attentional biases. 

In sum, previous experience with a feature dimension was shown to reduce resolution of the target selection   

when distractor shared the dimension with individual selection history. Although increasing task predictability 

enhanced the target selection, it couldn’t negate residual selection history biases. 

3.4 Disentangling the functional significance of the early Pd and Ppc 

One of the controversial debates within the last decade has been to distinguish between two lateralized ERP 

components, namely the Ppc and the early Pd. Both components emerge as contralateral positivity to the location 

of the salient stimulus at ~100 ms after stimulus onset in parieto-occipital sites. Despite these similarities, the 

early Pd and the Ppc components have a prominent difference which is in their functional significance. The Ppc 

component has been shown to be sensitive only to the physical salience of the stimuli and not to the context 

(Corriveau et al., 2012; Jannati et al., 2013; Pomerleau et al., 2014). For instance, the amplitude and latency of 

the Ppc are similar irrespective of whether it is triggered by the target or the distractor (Pomerleau et al., 2014). 

Based on this finding, Pomerleau and colleagues suggest that the Ppc is a reflector of brain responses to the 

imbalance of visual sensory input and it is irrelevant to the attentional load, task context, or stimulus status 

(target or distractor). The early Pd, on the other hand, has been shown to be flexible depending on contextual 

manipulations such as increasing expectation about the distractor location (van Moorselaar et al., 2021) or cuing 

the distractor location or feature (van Zoest et al., 2021). For instance, when the exact feature of the distractor 

in the upcoming trial is cued and participants can proactively suppress the upcoming distractor, less rapid 

stimulus-driven suppression is needed and is reflected in a reduced amplitude of the early Pd (van Zoest et al., 

2021). 

The results of Studies I and II make a significant contribution to better understanding the functional 

significance of the early Pd and Ppc. For the Ppc, this component was mainly observed in the ERP results of the 

categorization tasks in Studies I and II. In the ERP results of the categorization task in Study I, when singletons 

were on the same side, both groups showed an early positivity. When singletons were on opposite sides, 

however, the color group still showed an early positivity in the ERP locked to the location of the color singleton, 

while the shape group showed an early negativity in the ERP locked to the location of the shape singleton. This 

early negativity shown by the shape group participants is, in fact, the Ppc emerging by the color singleton which 

is placed on the opposite side of the shape singleton. The early positivity observed in the categorization task is 

likely the Ppc because it follows the location of the color singleton, and its amplitude doesn’t change when task 
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sequence varies between random- and fix-sequence blocks. This was further confirmed by the ERP results of 

the categorization task in Study II: When the color singleton was laterally presented, participants in both groups 

showed a strong Ppc which its amplitude was unchanged when the task predictability changed. Although the 

lateralized shape singleton seems to elicit the Ppc in both groups, however, the amplitude of the Ppc emerged 

by the shape singleton seems to be smaller than the Ppc amplitude elicited by the color singleton. This is not 

unexpected, because the color singleton has a higher salience than the shape singletons, and the brain needs to 

exert higher activation to process this imbalance in the sensory input, resulting in a larger Ppc (Pomerleau et al., 

2014). 

The early positivity in the search task in Studies I and II has a different pattern than that of the categorization 

task. In Study I the ERP results in the search task show an early positivity which its polarity tracks the location 

of the color singleton. It means, when the singletons are on the same side, the early positivity has a positive 

polarity, but when the color distractor appears on the opposite side, the early positive takes a negative polarity. 

Importantly, the amplitude of this early positivity was sensitive to contextual manipulations. More specifically, 

when the physical stimulation was unchanged, task sequence variation from random to fixed increased the 

amplitude of the early positivity, but only in the shape group. As explained earlier, the reason could be that the 

shape group participants, instead of strong proactive distractor suppression before stimulus onset, performed a 

proactive distractor suppression shortly after the stimulus onset which was reflected as a larger early Pd in fixed- 

than in random-sequence blocks. In Study II, where the implementation of proactive distractor suppression was 

facilitated, due to the constant level of task predictability in a session, participants in the color group exerted an 

enhanced early distractor suppression when predictability was higher, reflected in a larger early Pd in high- than 

in low-predictable trial sequences. Therefore, the early positivity in the search task seems to be a combination 

of Ppc, as its polarity tracks the location of the distractor, and the early Pd, as its amplitude is sensitive to the 

task context. 

In sum, the functional significances of the early Pd and Ppc were clarified in two studies. This is not trivial 

since, to the best of my knowledge, Studies I and II are one of the first which could distinguish between early 

Pd and Ppc within an experiment. While Ppc is only sensitive to the physical salience, the early Pd is sensitive 

to the task predictability and selection history. 

3.5 Future perspectives 

A large proportion of this dissertation focuses on proactive processes – mainly proactive distractor 

suppression in the presence of selection history. Although the results of the first two studies provide strong 

evidence supporting the idea of proactive distractor suppression, considering the contradictory literature (van 

Zoest et al., 2021; Wang et al., 2019, but see Noonan et al., 2016; van Moorselaar et al., 2019; 2021), proactive 
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distractor suppression still needs more clarification. One suggestion for further research is to combine distractor 

cueing and associative learning used in Studies I and II. Such that when mixing the categorization and search 

task in a fixed-sequence order, a cue could be added before some of the search task trials to inform the 

participants about the presence of the color distractor. This way, any differential pre-stimulus oscillation 

between cued and non-cued search task trials indexes the degree of proactive distractor suppression which each 

group exerts.  

Another potential stream of research relevant to this dissertation is to investigate the combined influence 

of different forms of selection history on attentional selection. Recently Le Pelley and colleagues (Le Pelley, 

Ung, Mine, Most, Watson, Pearson, & Theeuwes, 2022) have examined the combined influence of reward 

learning associated with the distractor and statistical regularities associated with the distractor (Le Pelley et al., 

2022, see also Kim & Anderson, 2019). The results have suggested additive effects of reward learning and 

statistical regularities on attentional selection. That is, although the high-reward distractor captures more 

attention than the low-reward distractor, their presence in a high probable location has a similar benefit in their 

suppression. Associative learning can also be combined with other forms of selection history such as statistical 

regularities. One potential design is to use the categorization task presented in Studies I and II and to divide the 

participants into the color group and the shape group. Subsequently, the categorization task is mixed with a 

search task randomly. Critically, one can present the color distractor more often (e.g. 65% of distractor-present 

trials) in one location while the color distractor appears in other locations with a lower probability (each location 

5% of distractor-present trials). A basic expectation would be to observe a generally larger distractor cost in the 

color group than in the shape group. Critically, if the effects of associative learning and statistical regularities 

are additive, the presence of the distractor in a high-probable location would facilitate distractor suppression to 

the same extent in both groups. However, if the effects of associative learning and statistical regularities interact, 

suppression of the distractor in the high-probable location would be easier for the color group participants than 

for the shape group participants. 

3.6 Conclusions 

The present dissertation examines the influence of different factors such as previous experience, task 

predictability, social value and social context on attentional control, and especially, on attentional capture. It 

demonstrates that previous experience biases attentional selection in a persistent way. Importantly, it 

demonstrates that attentional biases induced by selection history are mediated by the engagement of proactive 

preparation which is utilized before stimulus presentation. However, this preparatory mechanism doesn’t have 

the potency to negate attentional biases induced by selection history. The present dissertation also demonstrates 

that the social value has a prominent impact on the perception of the stimuli. When a stimulus is related to the 

partner, it is processed differently than a non-relevant distractor. Furthermore, social context was proven to have 
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a determinant impact on the processing of the partner target. The partner target captures attention when 

participants cooperate and is suppressed when participants compete.  

In sum, the present dissertation provides strong evidence that attentional control is a flexible mechanism. 

That is, the degree to deploy attention or suppress stimuli depends on different factors such as previous 

experiences, the knowledge about the upcoming task, social value and social context.  
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Abstract 

In joint action, agents are assumed to represent their partner’s task to optimize joint performance. However, 

the neurophysiological processes underlying the processing of the partner’s task have not been widely 

investigated. Pairs of participants were asked to respond to a joint version of a visual search task in either a 

cooperative or a competitive social context. During the task, one agent’s neural activity was recorded using 

electroencephalography (EEG). Our behavioral results showed impeded search performance when the partner 

target was presented. Furthermore, EEG time-frequency results showed that the partner target induced a negative 

parieto-occipital alpha-lateralization, indicating that it captured attention, when the agent target was absent. The 

parieto-occipital alpha-lateralization index was negative for laterally presented partner targets in the cooperative 

and positive in the competitive social context, indicative of attentional capture in the cooperative condition and 

suppression of the partner target in the competitive condition. In sum, our study showed that humans tune their 

attentional processing toward a partner target in a joint action task. This attentional tuning was shown to be 

affected by social context and the presence of the agent’s own target. 

Keywords: partner target representation, visual attention, alpha-band power, attentional capture, social 

context  
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Introduction 

In everyday life, sharing tasks with others is ubiquitous, for example, when coordinating to move a heavy 

table. This kind of social interaction in which people coordinate their actions both temporally and spatially to 

accomplish a task is called joint action (Sebanz, Bekkering, & Knoblich, 2006). Successful performance in a 

shared task highly depends on the cognitive representation of the partner’s task goals and on directing the 

attention to a common point of reference in space, which is often referred to as joint attention (Michael, Sebanz, 

& Knoblich, 2016). Co-acting participants in joint action tasks need to identify not only their own and their 

partner’s relevant objects, but they also need to be mutually aware of the fact that they both attend the same 

event (Kourtis, Knoblich, Woźniak, & Sebanz, 2014; Freundlieb, Sebanz, & Kovács, 2017). Several studies 

have shown that stimuli referring to a partner’s task can activate similar action tendencies in co-acting agents, 

which need to be suppressed if it is not actually the agent’s turn to act (de Bruijn, Miedl, & Bekkering, 2008; 

Sebanz, Rebbechi, Knoblich, Prinz & Frith, 2007; Sebanz, Knoblich, Prinz, & Wascher, 2006; Tsai, Kuo, Jing, 

Hung, & Tzeng, 2006).  

For example, Sebanz, Knoblich, & Prinz (2003) asked participants to respond to a joint version of the 

Simon task (Simon, 1969), a spatial compatibility task in which two cooperating agents respond to targets in 

one of two colors using left and right hand-side button presses. The targets contained task-irrelevant spatial 

information, e.g. the agent target pointed to the partner’s (incompatible) or to the agent’s (compatible) sitting 

location. Participants performed the task either individually responding to only one color (single condition) or 

together with a partner, each responding to one color (joint condition). In the joint condition responses were 

faster in the compatible than in the incompatible trials (joint Simon effect). Importantly, this effect was not 

observed in the single condition (see also Sebanz et al., 2006; Tsai et al., 2006). These findings indicated that, 

in the joint condition, participants formed a cognitive representation of their own and their partner’s task which 

included a representation of the spatial dimension of the responses. The stimulus pointing to the location of the 

partner, which was task-irrelevant for the agent, activated the agent’s representation of the partner’s action and 

this co-representation of the partner’s action interfered with the agent’s own action representation. This 

interference reduced the efficiency of the agent’s task performance. Critically, some studies have shown that 

even the presence of non-human or passive co-actors can induce the joint Simon effect (Dolk et al., 2011, 2013, 

2014; Dittrich, Rothe, & Klauer, 2012; Lien, Pedersen, & Proctor, 2016). Dolk and colleagues suggested that 

the mere presence of a non-social attention-attracting salient event would be enough to establish a reference 

frame to introduce the coding of alternative actions. As an explanation, performing a task while sitting next to a 

(social or non-social) co-actor renders the horizontal dimension more salient than when doing the same task 

individually. This allows participants to code their responses as referenced to the position of the co-actor. As a 

consequence, participants code their own action (e.g. button press) as left or right which results in action 
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interference when the response code and stimulus spatial features are dissimilar (referential coding account; 

Dolk et al., 2011, 2013, 2014).    

Further evidence for differences between processing of the partner target and a distractor comes from a 

study by Atmaca, Sebanz, & Knoblich (2011): When partners shared a task, response times (RTs) were shorter 

when an agent target was flanked by neutral flankers compared to when it was flanked by the partner target. The 

authors speculated that the agents represented the partner’s task in addition to their own task, which resulted in 

response interference. Similar findings have been reported in a recent study when participants were asked to 

report whether they saw their assigned font color on the screen. The stimuli were some color names which could 

be written in a font color assigned to the agent, the partner, or none of them (Saunders, Melcher, & van Zoest, 

2019). The agents performed the task alongside a human or non-human (computer) co-actor. As their results 

showed, responses were slower when the displayed word was semantically associated with the agent’s own 

target or with the partner target compared to when the displayed word was semantically associated with the non-

relevant color. According to the action co-representation account, this finding suggested that participants 

represent their partner’s task in a similar manner as their own task and different from a non-relevant distractor. 

Crucially, this effect was also observed in the absence of a social partner, making it difficult to explain the 

findings by referring to social co-representation.  

In addition to behavioral findings, neurophysiological evidence strengthens the claim that sharing a task 

with a partner triggers a tendency to perform the same action as the partner (Sebanz et al., 2006, 2007; Tsai et 

al., 2006). For example, in a no-go trial in a go/no-go task, parietal cortical regions of the agent show increased 

activity in a joint condition when the partner needs to act, compared to a single no-go condition (Sebanz et al., 

2007). This finding indicates that the agent considers the partner’s task even when the partner’s task doesn’t 

require any form of involvement. In an EEG study, Sebanz et al. (2006) observed a larger no-go P3 amplitude, 

an ERP component associated with response inhibition in no-go trials, in a joint setting compared to a single 

setting when no response of the agent was required (see also Tsai et al., 2006). As Sebanz et al. (2006) 

speculated, perceiving a stimulus which was action-relevant for the partner activates a representation of the 

partner’s action which needs to be inhibited by the agent when it is the partner’s turn to act. 

Besides ERP components, alpha-band power changes have been studied in joint action tasks. A decrease 

of power in the frequency range of 10 – 12 Hz has been observed when participants engage in a movement 

coordination task compared to when no coordination is required (Naeem, Prasad, Watson, Kelso, 2012; 

Fitzpatrick, Mitchell, Schmidt, Kennedy, & Frazier, 2019). Furthermore, action observation has been shown to 

reduce posterior alpha-band power compared to when no action is observed (Hauswald, Tucciarelli, & Lingnau, 

2018). Also responding to a shared target affects the pattern of alpha-band oscillations. In their study, Lachat, 

Hugueville, Lemaréchal, Conty, & George (2012) asked pairs of participants to look at either the same (i.e. joint 
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attention condition) or different (i.e. single attention condition) targets while they were sitting face-to-face on 

each side of the experimental setup. Targets could be one (in joint condition) or two (in single condition) of the 

four LEDs which were placed on the lower hemifield of a circular hole border. The results showed reduced 

alpha-band power over the posterior regions in the joint compared to the single condition. Lachat et al. (2012) 

concluded that action coordination and mutual attentiveness were greater when partners attended the same point 

of reference in the space. Sharing the target resulted in a decrease of alpha-band power in the joint attention 

condition. Since the above findings reveal the role of alpha-band in attentional processes in single and shared 

tasks, we assumed that investigating alpha-band power in a shared visual search task will also reveal how the 

agent’s attention is directed toward the partner target in different social contexts. 

Social Context in Joint Action: Cooperation vs. Competition 

Competition and cooperation in joint action are different types of interdependency that can lead to different 

behavior (Mendl, Fröber, & Dolk, 2018; Ruissen & de Bruijn, 2016; Colzato, de Bruijn, & Hommel, 2012; 

Hommel, Colzato, & van den Wildenberg, 2009). Higher interdependency between the agents typically increases 

the impact a partner’s task has on the agent’s performance. Ruissen & de Bruijn (2016) asked participants to 

play a game before the experiment started, either in a cooperative, competitive or individual mode. In the later 

experiment, participants performed a joint Simon task with neutral task instructions. Results showed that 

cooperation induced a larger joint Simon effect than competition and the individual mode (see also Colzato et 

al., 2012). A similar effect was observed by Hommel et al. (2009), who let participants perform a joint Simon 

task with a confederate. For half of the participants, the confederate showed friendly behavior and gave positive 

feedback to the participants (inducing a positive relationship). For the other half of the participants, the same 

confederate behaved “intimidatingly” and gave negative feedback. Participants who experienced a positive 

partner showed a larger joint Simon effect than participants who experienced a negative partner. Thus, agents 

who compete or are in a negative relationship don’t integrate the partner’s task to the same degree as agents who 

cooperate or who are in a positive relationship. A positive and cooperative relationship makes it more likely that 

agents represent their partners’ task, although this might interfere with their own task representation and result 

in less efficient performance. 

Task integration and segregation have been reflected in the neural activity in joint action tasks. In view of 

the above findings, the best strategy to perform a successful competitive task would be to ignore the partner’s 

task as good as possible. This consideration was investigated by de Bruijn et al. (2008), who compared the EEG 

correlates of response inhibition in no-go trials in which the partner was supposed to respond (i.e. no-go P3) 

with activity in trials that required no response from any partner. Results showed that participants with 

unsuccessful performance (slow performance) showed smaller no-go P3 amplitudes in joint no-go than in no 

response trials, an effect which was not observed in the participants with successful performance. Furthermore, 
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participants with unsuccessful performance showed larger error rates, indicating less successful response 

inhibition, in the incompatible compared to the compatible trials. These results showed that in a competitive 

joint action task, unsuccessful performance can be caused by attention capture by the partner target. A successful 

competitor, in contrast, would try to ignore or inhibit the partner’s task to optimize the own task performance. 

Rationale of the Present Study 

The present study used a variant of the additional singleton task (Theeuwes, 1992) that was adapted to a 

joint action task setting to examine how agents deploy their attention in a visual search task performed alongside 

a partner in different social contexts. In the original additional singleton paradigm, participants searched for a 

target singleton which was presented together with a more salient but task-irrelevant distractor singleton shown 

in some of the trials. In single action performance, target responses are delayed in the presence of the distractor, 

which is considered a consequence of the distractor’s potential to capture the observer’s attention. In the present 

joint action paradigm, all colored stimuli were of equal luminance and of same visual salience. Search displays 

consisted of six gray and two colored stimuli. There were four colored stimuli in the experiment that were 

assigned different roles: one color identified the agent target, a second color the partner target, the two remaining 

colors were used for two non-relevant color distractors. The experiment followed two purposes: first, we wanted 

to examine to what extent the partner target would affect the agent’s target response, and second, we were 

interested whether this effect was modulated by the social task context. To examine the impact of the partner 

target, we compared trials with the partner target to trials with a non-relevant color distractor. Since both color 

singletons were of equal salience, their distracting potential should be of equal size. If we observed difference 

in attention deployment, these cannot be attributable to differences in salience, but must result from differences 

in priority between the partner target and the non-relevant distractor. We hypothesized that the partner target 

would be considered of higher social value and would thus capture the agent’s attention to a higher degree than 

the non-relevant distractor, resulting in slower and less accurate performance. Moreover, as attentional 

deployment is reflected in an alpha-band power decrease, we expect to see a negative lateralization of alpha-

band power in trials with a partner target. 

Furthermore, we manipulated the social context by encouraging competition or cooperation via instruction 

and feedback given during the task. We speculated that the agent would deploy some attention to the partner 

target in the cooperative condition, which should be reflected in a negative lateralization of alpha-band power 

relative to the partner target. In the competitive condition, in contrast, we assumed that the agent would suppress 

the partner target to perform better than the partner. We expected to see this suppression as a positive 

lateralization of alpha-band power. 
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Materials and Methods 

Participants 

48 female volunteers (mean age ± SD: 21.8 ± 2.4 years) naïve to the objective of the experiment were 

grouped into 24 pairs. All participants were right-handed (Edinburgh Handedness Inventory; Oldfield, 1971). 

All participants had normal or corrected-to-normal visual acuity and no color vision deficiencies (tested with 

Landolt rings for visual acuity, Ishihara’s test for color vision; Binoptometer 3, Oculus, Germany). Participants 

gave written informed consent and received course credit for their participation. 

Stimuli 

Search displays contained eight stimuli arranged equidistantly on an imaginary circle (eccentricity of 5.7° 

of visual angle) around a central fixation cross (0.65°; RGB: 128, 128, 128; 45 cd/m² of luminance, measured 

100 cm centrally in front of the screen with an LS-100 spectrometer, Konica Minolta, Tokyo, Japan) against a 

light grey background (RGB: 240, 240, 240; 97 cd/m²). Two of the stimuli were always colored, the remaining 

six were grey (RGB: 128, 128, 128; 45 cd/m²). One colored stimulus was presented on one of the two horizontal 

positions, the other on one of the two vertical positions. All stimuli had a diameter of 2.3°. Stimuli were Gabor 

patches, i.e. grated sinusoidal luminance modulations with a Gaussian envelope blending the colored patch 

gratings with the background (created with a tool by Mathôt, 2022; see Figure 1). 

Four colored stimuli were used (Figure 1b): blue (RGB: 0, 148, 217), green (RGB: 0, 163, 0), orange (RGB: 

242, 76, 0), and purple (RGB: 255, 0, 255). Assignment of stimuli colors to targets and non-relevant distractors 

was balanced across participant pairs. Luminance of all colored stimuli was identical (45 cd/m²). There were 96 

stimulus orientations, varying from -66.5° to the left of the vertical axis to +66.5° to its right in steps of 0.4°. 

Over the course of the experiment, each stimulus was presented once in every orientation at the vertical positions 

and once in every orientation at the horizontal positions for all combinations of stimuli. Orientations in any 

specific trial were randomly selected according to this criterion. Grey stimuli orientations were randomly 

selected for every trial. The response screen was comprised of a striped grey semicircle on the light grey 

background (diameter 16.4°, width 1.5°; 45 cd/m²), which indicated the possible target orientations (see Figure 

1c). There were two text cues (1.9° by 0.3°; 45 cd/m²): One cue in the middle of the semicircle indicated the 

participant who should respond (“right/left participant” in German), another underneath the semicircle could be 

clicked on by participants to indicate that no target was detected (“No target stimulus” in German). 
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Apparatus 

Participants were seated side-by-side in comfortable chairs in a dimly lit, sound attenuated and electrically 

shielded room. Stimuli were presented on a 22-inch NT-TFT display (Syncmaster 2233, Samsung, Korea) with 

a 100 Hz refresh rate placed centrally in front of the EEG participant at a distance of 100 cm. The other 

participant was seated 60 cm to the left of the EEG participant at a 45° angle (Figure 1a). Stimulus presentation 

and the experimental procedure were controlled by E-Prime 2.0.8 (Psychology Software Tools, Inc., Sharpsburg, 

USA) running on a Windows 7 computer. Participants responded with their right hand using wired optical 

computer mice (Microsoft Corporation, Redmond, USA). Mouse button assignment was balanced across 

participant pairs. 

EEG Recording 

EEG data was recorded from one of the two participant (“the agent”) using 64 Ag/AgCl electrodes 

(actiCAP, Brain Products, Munich, Germany) according to the international 10-10 system. Horizontal and 

vertical electro-oculograms (EOGs) were also recorded from electrodes on the outer canthi of both eyes and 

above and below the left eye, respectively. For all electrodes, impedance was kept below 5 kΩ and during data 

recording all the electrodes were referenced to FCz. Data were recorded with a BrainAmp amplifier (Brain 

Products) at a sampling rate of 1000 Hz and filtered with a low cut-off filter of 0.016 Hz and a high cutoff filter 

of 250 Hz (-3 dB cutoff, Butterworth filter, 30dB/oct rolloff).  

Post-Test Questionnaire 

Participants rated the difficulty, pleasantness and competitiveness of the task. Participants also rated how 

difficult it was to detect their own target, as well as how often they detected the partner target. All ratings were 

based on 7-point Likert scales assessed separately for the cooperative and competitive conditions. 

Procedure 

All participant pairs took part in two sessions on the same day separated by at least four hours. In each 

session, they performed the task in one of the two social context settings (cooperation or competition). The 

session order was counterbalanced across participant pairs. Each session consisted of 12 blocks with 64 trials 

each. In 384 of 768 trials, the agent target was present. From these 384 trials, in 192 trials the agent target was 

presented together with the partner target and in the other 192 trials with a non-relevant colored distractor. In 

the remaining trials, the agent target was absent and a non-relevant distractor was presented together with the 

partner target or with another non-relevant distractor (192 trials each). Each stimulus combination was presented 
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16 times in every block, with positioning balanced so that every colored stimulus appeared at both horizontal 

and both vertical positions equally often. Display type order within each block was randomly selected. 

Every trial started with the presentation of a central fixation cross, which remained on screen until search 

display offset. After 500 ms, the search display was presented for 200 ms. After that, the response screen, 

indicating possible orientations on striped semicircle, was presented and remained on screen until the agent had 

entered a response. Then, the response screen for the partner was presented and remained on screen until the 

partner had entered a response. This order was used for all participants so that the agent would not be influenced 

by the partner’s response. To indicate a target orientation, participants moved the mouse cursor to the 

corresponding orientation on the response screen semicircle and confirmed their response with a mouse button 

click. If participants detected no target, they clicked on the “No target” text cue. After a blank screen presented 

for a random duration of 200 – 300 ms, a new trial started with the presentation of the central fixation cross (Fig. 

1c). 

At the end of each block, participants received different feedback depending on the social context: In the 

competitive condition, participants were shown the individual mean deviation of their orientation responses from 

their respective target orientations (in degrees) in the last block. Underneath, it was stated whose deviation from 

the target orientations was smaller in the last block (“Left/Right participant was better!” in German). In the 

cooperative condition, participants were shown the joint mean deviation from the target orientations in the last 

block, with a text feedback comparing the joint mean deviation from the target orientations in the last block to 

a (sham) comparison group of earlier participants (“Comparatively low/high deviation!” in German). In reality, 

the result of the sham comparison depended on whether the joint mean deviation from the target orientations 

exceeded 10°. 

At the beginning of each session, participants performed a practice block of 64 trials. In the practice block, 

both the agent and the partner target were presented 16 times together, and 16 times each with a non-relevant 

colored distractor. In another 16, two non-relevant colored distractors were presented. In the practice block, 

stimuli were presented in one of eight orientations not used in the experiment (70° to -70° from the vertical in 

20° steps). If one of the participants’ accuracy of detecting their target was below 75%, the practice block was 

repeated. 

Data Analysis 

Behavioral data. Trials with correct target present and correct target absent responses were considered 

accurate response trials. If agents correctly reported the target orientation, the mouse cursor position at the time 

of the mouse click was converted into an angle relative to the central midline of the response semicircle. This 
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angle was then subtracted from the target orientation angle to calculate the deviation of the orientation response. 

Mean absolute differences (in degrees) were calculated. Response times were calculated as the time between 

search display offset and the agent’s mouse click on the response semicircle or on the “No target” button. Only 

trials with accurate responses were considered for the orientation responses, RTs and EEG analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Experimental setup, stimuli and trial sequence: a) Schematic representation of the experimental setup. Participants were asked 

to report the orientation of their target using the mouse curser on the response screen. Each search display contained eight Gabor patches, 

arranged in such way that one colored item was on the vertical midline and one on the horizontal midline. Search displays always 

contained two colored items: either the agent target and the partner target, or the agent target and a non-relevant color distractor, or the 

partner target and one non-relevant color distractor, or two non-relevant color distractors. b) Gabor patches were green, blue, purple, 

orange or gray. The assignment of colors to the targets and non-relevant distractors was balanced across participant pairs. All color 

stimuli were matched in luminance. c) After search display presentation, the agent always responded before the partner. Participants 

moved the mouse cursor to report the orientation corresponding to their target on the response screen. In trials without a target, they had 

to click the “No target” response. 

EEG pre-processing. Off-line EEG data analysis was performed using the MATLAB-based Fieldtrip 

toolbox (Oostenveld et al., 2011) and custom MATLAB R2019a (Mathworks, http://www.mathworks.com) 

scripts. EEG data were re-referenced to the average of all EEG electrodes and then filtered via a band-pass filter 

with bandwidth of 1-35 Hz. EEG data were epoched from -700 ms to +1500 ms relative to search display onset. 

Artifacts induced by eye movements were removed via an independent component analysis (ICA). The 

components representing eye movements over the pre-frontal region were manually identified using visual 

inspection and eliminated from the EEG data (same procedure used by Wildegger, van Ede, Woolrich, Gillebert, 

& Nobre, 2017). The rest of the components were back projected to constitute the EEG data (number of 

components projected out in the cooperative condition: 2.21 ± 0.59, and in the competitive condition: 2.25 ± 

0.85, mean ± SD). Next, channels with activity > ±100 µV in the first 350 ms after stimulus onset in a trial were 

excluded. 
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Time-frequency analysis. Following our previous approach (Abbasi, Kadel, Hickey, & Schubö, 2022), 

pre-processed data were down-sampled to 250 Hz and re-epoched from -500 ms to +1500 ms relative to search 

display onset. A spectral analysis of the time series was performed using Fast Fourier transform (FFT) on the 

zero-padded data using a 250 ms Hanning window. The sliding window was shifted by 20 samples in every 

iteration over the time series data of each channel. Power estimation was calculated for frequencies between 2 

and 32 Hz in steps of 1 Hz. Contra- and ipsilateral data were pooled separately for each participant and each 

condition (agent target lateral, partner target lateral or non-relevant distractor lateral). Then, we performed a 

normalization procedure [(Contralateral - Ipsilateral) / (Contralateral + Ipsilateral) × 100] to calculate the 

lateralization index as the percentage difference between contralateral and ipsilateral power (a similar approach 

to Wildegger et al., 2017 and Thut et al., 2006). The lateralization index helped to express the relative 

distribution of frequency bands in one value. This analysis was done over six parieto-occipital channels (PO7/8, 

PO3/4 & P7/8). A negative lateralization index in the range of alpha-band (i.e. alpha-lateralization index) shows 

decreased alpha-band power over the contralateral sites compared to the ipsilateral sites, indicating attentional 

deployment to a stimulus. A positive alpha-lateralization index shows increased alpha-band power over the 

contralateral sites compared to the ipsilateral sites, indicating suppression of a stimulus. The lateralization index 

was calculated separately for each trial type (target present vs. target absent), distractor type (partner target vs. 

non-relevant distractor) and the social context (cooperation vs. competition). 

Statistical Analysis 

Behavioral data. The agent’s response times and response accuracies were analyzed with two 2 × 2 × 2 

repeated measures analyses of variance (ANOVAs) with trial type (target present vs. target absent), distractor 

type (partner target vs. non-relevant distractor) and the social context (cooperation vs. competition) as within-

subject factors. Orientation responses were analyzed with a 2 × 2 repeated measures ANOVA with distractor 

type (partner target vs. non-relevant distractor) and social context (cooperation vs. competition) as within-

subject factors. Significant effects were followed up by paired-samples t-tests. All tests of significance were 

based upon an alpha error level of .05. 

EEG data. To identify differences in the lateralization indices between conditions, we performed an 

analysis based on a cluster-based permutation test (Maris & Oostenveld, 2007) as implemented in the Fieldtrip 

toolbox (Oostenveld et al., 2011): In the first step, time-frequency bins were contrasted between conditions using 

paired sample t-tests. Then, temporally and/or spectrally adjacent bins which had p-values smaller than .05 were 

clustered. Note that a p-value smaller than .05 didn’t mean a significant difference, but determined whether a 

sample could be part of a cluster or not. The summation of the t-values within each cluster was considered as 

the observed cluster t-value. In the second step, a permutation distribution of power matrices was created by 

collecting data across conditions and participants in a single set. Then, two subsets were created by randomly 
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drawing half of the matrices irrespective of the actual conditions. Analogous to the first step, time-frequency 

bins were contrasted between subsets using a paired sample t-test, clusters were identified and cluster t-values 

were calculated. The largest cluster t-value was saved in a matrix to constitute a histogram of the test statistics. 

The procedure in the second step was repeated 10,000 times, which completed the histogram of the test statistics. 

Finally, we calculated the proportion of values in the histogram of the test statistics which were larger than the 

observed cluster t-value in the first step. If this proportion was smaller than the critical α-level of .05, then the 

power in the respective cluster was considered to differ significantly between two conditions. The T-maps in 

our results represent the observed t-values resulting from the first step of the cluster-based permutation test and 

the significant clusters are presented with a higher opacity. 

When performing the cluster-based permutation test, we concentrated on the frequency range of 3 to 20 Hz 

over the time range of 500 ms after stimulus onset. Temporal resolution of the time-frequency analysis resulted 

in 26 time bins for each frequency from stimulus onset to 500 ms post-stimulus. We used permutation tests to 

compare the lateralization index in lateral partner target presentations with that of the lateral non-relevant 

distractor presentations. Furthermore, when the partner target or the non-relevant distractor was presented 

laterally, we compared the lateralization index in the competitive condition with the lateralization index in the 

cooperative condition. 

Results 

Behavioral Results 

Response times (Fig. 2). RTs in search displays with the agent target present (M ± SD = 1950 ± 541 ms) 

were longer than responses in displays with the agent target absent (M = 1242 ± 215 ms), F(1, 23) = 67.59, 

p < .001, ηp² = .746. RTs were also longer when search displays contained the partner target 

(M = 1617 ± 535 ms) compared to displays with a non-relevant distractor (M = 1575 ± 552 ms), 

F(1, 23) = 19.95, p < .001, ηp² = .465. This effect was more pronounced when the agent target was absent 

(Mpartner target present = 1279 ± 192 vs. Mpartner target absent= 1206 ± 185, right side of Fig. 2) compared to when the 

agent target was present (Mpartner target present = 1955 ± 522 vs. Mpartner target absent = 1945 ± 518, left side of Fig. 2). 

This was indicated by a significant two-way interaction, F(1, 23) = 19.27, p < .001, ηp² = .456, and follow-up 

t-test indicated which revealed longer responses when the partner target was present than when it was absent in 

agent target absent trials (ΔM = 72.2 ± 73.5 ms), t(23) = 4.81, p < .001, which were not significant in agent 

target present trials (ΔM = 10.2 ± 32.8 ms), t(23) = 1.52, p = .143. RTs did not differ between the cooperative 

(M = 1589 ± 551 ms) and the competitive (M = 1603 ± 537 ms) condition, F(1, 23) = 0.79, p = .781, ηp² = .003. 
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Response accuracies. Accuracies were higher in target present trials (M = 99.97 ± 0.14 %) than in target 

absent trials (M = 99.90 ± 0.27 %), F(1, 23) = 4.72, p = .040, ηp² = .170, and were similar for displays that 

contained the partner target (M = 99.94 ± 0.18 %) and the non-relevant distractor (M = 99.93 ± 0.25 %), 

F(1, 23) = 0.32, p = .575, ηp² = .014. Accuracy did not differ between the cooperative (M = 99.95 ± 0.17 %) 

and the competitive (M = 99.92 ± 0.25 %) condition, F(1, 23) = 0.90, p = .354, ηp² = .037. 

Orientation responses. Deviations of orientation responses did not differ between displays containing the 

partner target (M = 13.20 ± 4.40 °) and non-relevant distractor (M = 13.41 ± 4.67 °), F(1, 23) = 0.77, 

p = .389, ηp² = .032, nor between the cooperative (M = 13.49 ± 4.48 °) and the competitive (M = 13.11 ± 4.58 °) 

condition, F(1, 23) = 0.95, p = .341, ηp² = .039. 

 

 

 

 

 

 

 

 

Figure 2. The agent’s mean response times. The left two bars show RTs to displays containing the agent target together with either the 

partner target (dark bar) or a non-relevant color distractor (light bar). The two right bars show RTs to displays containing the partner 

target together with a non-relevant color distractor (dark bar) or displays containing only two non-relevant color distractors (light bar). 

Error bars represent standard errors adjusted to within-subject designs (Cousineau, 2005). 

Time-Frequency Results 

These analyses compare processing of a laterally presented partner target with a laterally presented color 

distractor of equal salience. As the agent target was shown on the vertical midline, its processing is not reflected 

in the data. Recent studies have used this kind of lateralization design to unambiguously assign the lateralized 

alpha-band power to the singleton that appears on the left or right hemifield (Wöstmann, Alavash, & Obleser, 

2019; Schneider, Göddertz, Hasse, Hickey, & Wascher, 2019).  
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Social value: Partner target vs non-relevant distractor (Fig. 3) 

To gain a broad view of the attentional effects of social value, we compared lateralized oscillatory power 

in trials containing a laterally presented partner target to trials containing a laterally presented non-relevant 

distractor, irrespective of the social context and the stimuli on the vertical meridian. The partner target triggered 

a negative lateralization in the frequency range of 9 – 14 Hz in the 140 – 300 ms post-stimulus interval (M = -

0.25 ± 1.72 %; Fig. 3a, left), whereas the non-relevant distractor triggered a positive lateralization 

(M = 1.11 ± 1.85 %) over the same frequency and time range (Fig. 3a, middle), p < .05. The cluster of significant 

differences between the two conditions was detected using the permutation test as is shown in the right panel of 

Fig. 3a. In trials with the agent target present, the partner target triggered a weak positive lateralization in the 

frequency range of 6 - 15 Hz in the 80 - 200 ms post-stimulus interval (M = 0.26 ± 2.96 %; Fig. 3b, left) whereas 

the non-relevant distractor triggered a stronger positive lateralization (M = 2.05 ± 2.58 %) over the same 

frequency and time range (Fig. 3b, middle), p < .05. The significant cluster of differences between the two 

conditions is shown in the right panel of Fig. 3b. In trials with the agent target absent, the lateral partner target 

induced a negative lateralization in the frequency range of 10 - 12 Hz in the 200 - 280 ms post-stimulus interval 

(M = -1.54 ± 4.16 %, Fig. 3c, left), whereas the lateral non-relevant distractor induced a positive lateralization 

(M = 0.75 ± 2.92 %) over the same frequency and time range (Fig. 3c, middle), p < .05. This significant cluster 

of differences between the two conditions is shown in the right panel of Fig. 3c. 
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Figure 3. The effect of the social value: Lateralization indices across all conditions (a), when the agent target was present (b) and when 

it was absent (c). The left and middle columns represent averaged lateralized EEG power at posterior-occipital electrodes for a laterally 

presented partner target (left panels) and a non-relevant color distractor (middle panels). The right columns depict t-values from a cluster-

based permutation test comparing lateralization indices. For illustration purposes, the opacity of the non-significant bins (p > .05) in T-

maps was reduced by 80% and significant clusters of interest were marked by thick black borders. Dashed lines in each panel represent 

the common range of alpha-band (8 – 14 Hz).  

Social context: Cooperative vs competitive task condition (Fig. 4) 

To evaluate the impact of social context, we contrasted time-frequency power in the cooperative and the 

competitive condition. 

Lateral Partner Target Trials (Fig. 4a). In the cooperative condition, the partner target induced a negative 

lateralization in theta/alpha band (4 - 14 Hz) in the 300 - 400 ms post-stimulus interval (M = -0.76 ± 3.29 %; 

Fig. 4a, left), whereas in the competitive condition it induced a positive lateralization (M = 1.77 ± 3.16 %) over 

the same frequency and time range (Fig. 4a, middle), p < .05. This significant cluster of differences between the 

two conditions is shown in the right panel of Fig. 4a. 

Lateral Non-relevant Distractor Trials (Fig. 4b). When the non-relevant distractor was laterally presented, 

the permutation test didn’t show any cluster of significant differences between cooperative and competitive 

conditions in the range of alpha band (Fig. 4b, right). As it can be seen in the left and middle panels of Fig. 4b, 

this was because lateral presentations of the non-relevant distractor triggered positive lateralization of alpha-

band power in both the cooperative and competitive conditions. 
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Figure 4. Social context (cooperative vs. competitive condition): Lateralization indices for a laterally presented partner target (a) and 

non-relevant color distractor (b) in cooperative (left panels) and competitive (middle panels) conditions. The right columns depict t-

values from cluster-based permutation tests comparing lateralization indices between cooperative and competitive conditions. For 

illustration purposes, the opacity of the non-significant bins (p > .05) in T-maps was reduced by 80% and significant clusters of interest 

were marked by thick black borders. Dashed lines in each panel represent the common range of alpha-band (8 – 14 Hz). 

Rating Results 

Participants rated the competitive task as more competitive (M = 3.44 ± 1.17) than the cooperative task 

(M = 1.63 ± 1.00), t(47) = 8.39, p < .001. Competition was rated as more unpleasant (M = 2.50 ± 1.25) than 

cooperation (M = 1.38 ± 1.27), t(47) = 5.16, p < .001. The competitive task was rated as more difficult 

(M = 2.75 ± 1.12) than the cooperative task (M = 2.58 ± 1.38), t(47) = -1.02, p = .315. Participants reported that 

it was similarly difficult to detect the target while competing (M = 1.15 ± 1.17) and while cooperating 

(M = 1.48 ± 1.58), t(47) = 1.66, p = .103. However, participants reported that they detected the partner target 

more often in the cooperative condition (M = 3.96 ± 1.69) than in the competitive condition (M = 3.29 ± 2.00), 

t(47) = 2.58, p = .013. 

Discussion 

In this study we examined to what extent a partner target captures visual attention in a joint action task, 

and whether such a partner target is processed differently when compared to a distractor of equal salience. Pairs 

of participants sitting side-by-side performed a joint version of the additional singleton paradigm, in which they 

searched for colored targets and reported their orientation in cooperative and competitive settings while one 

participant’s (the agent’s) EEG was recorded. Agent and partner were each assigned one of four colored stimuli 

as their target. To the agent, the partner target and the non-target distractors of equal luminance were task-

irrelevant stimuli. The best strategy for successful performance would therefore have been to completely ignore 

any non-target stimulus. However, previous studies have shown that agents tend to process a partner target in a 

functionally similar way as their own in a joint action setting (Sebanz et al., 2003). We therefore expected to see 

an impact of the partner target on the agent’s target selection and a stronger need for distractor suppression in 

search displays with the partner target present. This should be reflected in differences in behavioral performance 

and in parieto-occipital alpha-band oscillations when performance in trials with a partner target is compared to 

performance in trials with a similarly salient, non-relevant color distractor. 

Our results showed that the presence of the partner target slowed down the agent’s performance, an effect 

that was more pronounced when the agent target was absent than when it was present. Results from a time-

frequency analysis showed a generally negative alpha-band lateralization triggered by the partner target, and a 

positive alpha-band lateralization elicited by the non-target distractor. Interestingly, the partner target elicited a 
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negative alpha-band lateralization in the cooperative condition, but the same stimulus elicited a positive alpha-

band lateralization in the competitive condition.  

Presentation of the Partner Target Slows Down Responses  

Behavioral results showed that agents took longer to respond in trials with the partner target compared to 

trials with a non-relevant distractor. Importantly, this RT increase was the strongest when the agent target was 

absent. When the agent target was absent and the partner target was present, the agent would click on the “No 

target” button while the partner would report the orientation of their target, that is, participants performed 

responses of different complexities. When neither target was present, both participants had to click on their 

respective “No target” button, that is, they performed the same response. Slower responses with different 

responses might indicate that the agent was aware of the partner’s required action, which interfered with their 

own response. This interpretation fits well with the action co-representation account (Sebanz et al., 2003). The 

action co-representation account explains the joint Simon effect as resulting from the interference between the 

agent’s representation of their own action and the co-representation of the partner’s action (Sebanz et al., 2003, 

2006; Tsai et al., 2006; Freundlieb et al., 2017). In our study, presenting the partner target might have activated 

an incongruent response which interfered with the agent’s own response and prolonged RTs (Atmaca et al., 

2011; Saunders et al., 2019). 

Our behavioral findings can also be described by the referential coding account (Dolk et al., 2013; 2014). 

The referential coding account suggests that agents code their action relative to salient events, which might be 

the partner’s presence in the experimental chamber when participants perform a task alongside a partner. The 

partner’s presence might lead to a spatial coding of responses dependent on their placement along the horizontal 

axis. If the response-relevant stimuli are placed on the horizontal dimension (left or right of fixation) as well, 

responses are slower when stimulus and response coding (being left or right to the partner) are incongruent. 

Importantly, this effect also appears when the salient event is an inanimate object (e.g., a “waving cat” statue) 

and not a human partner (Dolk et al., 2013, 2014; Lien et al., 2016). Interestingly, not only the spatial coding, 

but also coding on other stimulus dimensions can induce a conflict. For example, Sellaro, Dolk, Colzato, Liepelt, 

& Hommel (2015) used a nonspatial joint Simon task where participants had to wear either red or green gloves 

while being asked to respond to their assigned shape target (circle vs triangle) by pressing one of two response 

buttons that had the same color as the gloves. The stimuli were centrally presented and appeared randomly in 

red or green. The results showed a nonspatial joint Simon effect indicating that participants coded the stimulus 

color in order to perform better response discrimination although color was response-irrelevant. In our study, 

participants had to search for a colored Gabor stimulus (their target) and report its orientation. Although color 

was not associated with a response, the presence of the partner might have initiated a coding of partner’s color 

features as relevant. As a consequence, the agent’s performance deteriorated when the partner target was present.  
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The Partner Target is not Just Processed as a Non-relevant Distractor  

One important aim of the present study was to investigate how agents deploy their attention when 

performing a search task alongside a partner. As our behavioral results showed, the agents responded slower 

when a partner target was present compared to when the partner target was absent and a non-relevant distractor 

was presented in its place. This result indicates that handling a partner target was more costly than handling a 

non-relevant distractor. Crucially, the partner target and the non-relevant distractor were of equal visual salience, 

hence the slower responses in the presence of the partner target cannot be attributed to differences in bottom-up 

processing and differences on the salience map (Itti & Koch, 2000). Instead, the differential processing likely 

results from a higher weight assigned to the color corresponding to the partner target on the priority map (Fecteau 

& Munoz, 2006, Awh et al., 2012; Theeuwes, 2018). A higher weight of a socially relevant target has resulted 

in a higher degree of attention deployed to the partner target, drawing attention away from the target assigned 

to the agent.  

To investigate neurophysiological correlates of the attentional processes underlying the processing of the 

partner target compared to the non-relevant distractor, EEG data were analyzed. A growing body of literature 

has suggested a substantial role of EEG alpha-band oscillations in selective spatial attention (Klimesch 2012; 

van Diepen, Miller, Mazaheri, & Geng, 2016; Foster & Awh, 2019; Schneider, Herbst, Klatt, & Wöstmann, 

2021). Attending to an item has been indexed by a decrease in posterior alpha-band power over the hemifield 

contralateral to the item location (Bacigalupo & Luck, 2019; Thut, Nietzel, Brandt, & Pascual-Leone, 2006), 

and has been associated with increased attention deployment to a task-relevant stimulus (Bacigalupo & Luck, 

2019; Foster & Awh, 2019; van Diepen et al., 2016; Thut et al., 2006). Another line of research suggests a direct 

link between alpha–band oscillations and excitability of the visual cortex (Romei, Gross, Thut, 2010; Samaha, 

Gosseries, & Postle, 2017; van Diepen, Foxe, & Mazaheri, 2019). Decreased pre-stimulus alpha-band power 

facilitates performance in near-threshold discrimination tasks by increasing participant’s confidence in target 

discrimination (Samaha et al., 2017). Moreover, the gating by inhibition framework suggests that increased 

alpha-band power enhances visual spatial attention by suppressing unattended locations (Jensen & Mazaheri, 

2010; Händel, Haarmeier, & Jensen, 2011; Wöstmann et al., 2019; Bengson, Liub, Khodayari, & Mangun, 

2020). In a recent study, van Zoest, Huber-Huber, Weaver, & Hickey (2021) suggested compelling evidence on 

the role of pre-stimulus alpha-band power in distractor suppression. In their study, when location or feature of 

the distractor was cued, an increased posterior alpha-band power in the cue-stimulus interval was observed. 

Subsequently, this increased alpha-band power was associated with reduced amplitude of post-stimulus 

distractor positivity, a neurophysiological marker of distractor suppression (Hickey, Di Lollo, & McDonald, 

2009). Van Zoest et al. (2021) concluded that distractor suppression, via increased pre-stimulus alpha-band 

power has a direct consequence in reducing the need for stimulus-triggered distractor suppression.  
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As expected, the partner target triggered a negative lateralization of alpha-band power in the present study. 

This finding again points to the higher value the partner target was assigned. A negative lateralization of alpha 

band indicates attending to or selection of the stimulus in a hemifield (Bacigalupo & Luck, 2019; Thut et al., 

2006). As no other color stimulus was laterally presented when the partner target appeared in a hemifield, the 

negative lateralization of alpha band was solely triggered by the partner target. The negative lateralization of 

alpha band suggests that the agents attended to the partner target, although it was not their target. This attendance 

to the partner target has a direct behavioral consequence as participants were slower when the partner target was 

present.  

In contrast to the partner target, the non-relevant distractor triggered a positive lateralization of alpha-band 

power and this was the case in both types of social contexts. The non-relevant distractor was not instrumental 

for the agent to perform the task, and neither had any social value. Therefore, the best strategy would be to either 

suppress or ignore this stimulus. Previous studies have shown that a distractor that is more salient than the target 

captures the observer’s attention (stimulus-driven selection account; Theeuwes, 2010) or triggers an attend-to-

me signal that can, under some circumstances, be actively suppressed (signal-suppression account; Sawaki & 

Luck, 2010; Gaspelin & Luck, 2018; see also Luck et al., 2021, for an elaborate discussion). In either case, the 

salient distractor needs to be suppressed to achieve a good task performance. Crucially, the color stimuli in the 

present study were of equal salience, suggesting an equal potential for automatic bottom-up attentional capture 

or for subsequent distractor suppression. The positive lateralization of alpha-band power in response to the non-

relevant distractor suggests a pronounced suppression of this stimulus. However, agents did not suppress the 

partner target to a similar extent, and in fact, the negative lateralization of alpha-band power in response to it 

suggests that it even captured attention. The partner target thus not only tends to capture attention due to its high 

social value, but it is also difficult to successfully suppress.  

Our finding of a negative alpha-band lateralization triggered by the partner target is consistent with other 

recent studies reporting alpha-band modulations when single and joint attention conditions were compared. For 

instance, Lachat et al. (2012) asked participants to sit face-to-face and direct their eye gaze towards the same 

(joint attention) or different (single attention) targets. As their results showed, directing gaze toward the same 

target triggered faster saccadic response time and also a reduced posterior alpha-band power compared to when 

participants attended different targets. Lachat and colleagues interpreted these findings by referring to attentional 

suppression (see Worden et al., 2000; Jensen & Mazaheri, 2010; Clayton, Yeung, & Kadosh, 2018): In the single 

attention condition, participants had to suppress any attentional deployment to the partner or the partner target, 

and had to focus their attention to their own targets, resulting in increased alpha-band power. In the joint 

condition, however, suppression was not needed, as participants had to align their attention and attend the same 

target. Our findings extend the findings from Lachat et al. (2012) in two points: first, Lachat et al. (2012) had 
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participants overtly attended their targets, whereas our study provides evidence for involvement of covert 

attention in joint action tasks. Second, our findings reveal that participants who share a task also attend to their 

partner’s target when the partners have to search for and respond to different targets. This shows that participants 

attend to the partner target also when they neither directly share the target nor the task. 

Social Context Impacts Attentional Deployment to the Partner Target 

The second aim of the study was to examine the impact of the social context on behavior and on the 

underlying neural processes, as reflected in oscillatory brain activity. Cooperative and competitive social 

contexts have previously been shown to impact the behavior of jointly acting partners differently. While 

cooperative conditions tend to increase the impact of the partner task on the agent’s response, competitive 

conditions reduce this effect (Hommel et al., 2009; Ruissen & de Bruijn, 2016; Mendl et al., 2018; but see Ruys 

& Aarts; 2010). For instance, the Simon effect is larger when participants share a Simon task cooperatively than 

when the task is shared competitively (Hommel et al., 2009). However, these findings are mixed and more 

electrophysiological evidence is needed to elucidate the effect of the social context on the partner’s task co-

representation by the agent. To this end, lateralized oscillatory power in the cooperation and competition 

condition was analyzed separately and were compared. 

In the cooperative condition, the laterally presented partner target elicited a negative lateralization of alpha-

band power, while a positive lateralization of alpha-band power was seen in the competitive condition. These 

findings can be interpreted as indicating that the agent deployed attention to the partner target in the cooperative 

context, but strived to suppress the partner target in the competitive condition. This interpretation is consistent 

with the previous findings which have shown that sharing a task in a cooperative relationship increases the 

impact of the partner target, as indicated by a larger joint Simon effect in a cooperative than in the competitive 

joint action context (Hommel et al., 2009; Ruissen & de Bruijn, 2016; Mendl et al., 2018). In a study by Ruissen 

& de Bruijn (2016), the cooperative and competitive relationships between the joint action partners were induced 

by an initial (Tetris) game before participants were asked to perform a joint Simon task in a neutral social 

context. The results showed a larger joint Simon effect in the cooperative compared to the competitive condition. 

As Ruissen & de Bruijn speculated, when the agents compete against their partners, the agents disengage from 

the partner and increase the attentional focus on their own task to achieve better performance. Our study provides 

electrophysiological evidence for this interpretation of Ruissen & de Bruijns’ behavioral findings. Our results 

show that the agents tended to attend to the partner target in the cooperative condition and suppress it in the 

competitive condition to increase the attentional focus on their own target to achieve a better task performance. 

This suppression of the partner target is reflected in a positive lateralization of alpha-band power contralateral 

to the location of the partner target. In the cooperative condition, in contrast, the agents tended to attended to the 
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partner target in a similar way as to their own target (Sebanz et al., 2003) which is reflected in a negative 

lateralization of alpha-band power.  

Self-other Integration or Segregation Depends on the Task and Social Context 

As pointed out above, competition induces segregation of the own action and the partner’s action 

representation to achieve better performance while cooperation induces integration of both action 

representations (de Bruijn et al., 2008; Hommel et al., 2009; Novembre, Sammler, & Keller, 2016; Ruissen & 

de Bruijn, 2016). Our results provide further neurophysiological evidence for this account: We showed that the 

partner target elicited a positive lateralization of alpha-band power in the competitive condition and a negative 

lateralization of alpha-band power in the cooperative condition. Our interpretation is that, in the competitive 

condition, the agents segregate their own action from the partner’s action representation by suppressing the 

partner target, reflected in a positive lateralization of alpha-band power. In the cooperative condition, however, 

the agents integrate the partner’s action with their own action, because the partner’s performance contributes to 

the outcome of the task reflected in negative alpha-band power lateralization. 

Conclusion 

The present findings add to a growing body of literature reporting attention deployment to the partner target 

in joint action depending on the social context. As the behavioral results showed, the co-representation of the 

partner target interfered with the agent’s own action and this interference resulted in reduced behavioral 

performance. The neurophysiological results suggested that the co-representation of the partner target and task 

is reflected in neural activity in the agent’s visual cortex which is different from neural activities observed in the 

same cortical regions when triggered by a non-relevant distractor, although they both were of equal salience and 

task-irrelevant for the agent. Furthermore, attention deployment to the partner target depended on the social 

context: Participants attended to the partner target in a cooperative but rather suppressed it in a competitive social 

context. In brief, our findings suggest that agents can tune their attention to information relevant to a co-acting 

partner, and weight information differently depending on the task and social context. 
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Zusammenfassung 

Jeden Tag führen wir viele Aufgaben aus, entweder allein oder gemeinsam mit anderen Menschen (joint 

action), bei denen wir unsere Aufmerksamkeit auf unsere Ziele richten und eine Reihe von Distraktoren 

ausblenden müssen, die sonst unsere Aufgabenleistung beeinträchtigen. Es gibt mehrere Faktoren, die die 

Aufmerksamkeit für irrelevante Objekte erhöhen können, wodurch es schwieriger wird, sie auszublenden, z. B. 

die selection history (Awh, Belopolsky, & Theeuwes, 2012). Andererseits erleichtert die Vorhersagbarkeit der 

Aufgabe die Auswahl des Ziels und die Unterdrückung der Wahrnehmung von Distraktoren durch einen 

proaktiven Kontrollmechanismus (Braver, 2012), der vor der Stimuluspräsentation einsetzt. Es hat sich jedoch 

gezeigt, dass Einflüsse aus der selection history die Aufmerksamkeit auf einen Distraktor auch dann noch 

fesseln, wenn die Teilnehmer die bevorstehende Aufgabe vorhersagen können (Kadel, Feldmann-Wüstefeld, & 

Schubö, 2017). Andere Faktoren, die die Salienz eines Objekts beeinflussen, insbesondere bei Aufgaben mit 

gemeinsamen Handlungen, sind der soziale Wert und der soziale Kontext. In früheren Forschungsarbeiten wurde 

über die Co-Repräsentation eines Targets des Partners durch einen Probanden berichtet (Sebanz, Knoblich, & 

Prinz, 2003), die im kooperativen Kontext vorhanden und im kompetitiven Kontext nicht vorhanden ist 

(Hommel, Colzato, & van Den Wildenberg, 2009). Es gibt jedoch noch einige Lücken in der Literatur, die in 

dieser Dissertation geschlossen werden sollen. Erstens, ist noch nicht ausreichend erforscht, wie proaktive 

Vorbereitung in Gegenwart der selection history umgesetzt wird. Vor allem fehlt es an Wissen über die 

Hirnaktivität während der Aufgabenvorbereitung und den Einfluss der selection history auf diese. Zweitens, 

wurden der Einfluss des sozialen Werts und des sozialen Kontexts auf die Aufmerksamkeit und die zugehörigen 

neuronalen Grundlagen noch nicht ausreichend untersucht. Diese Zusammenhänge werden in der vorliegenden 

Dissertation erforscht. 

Diese Dissertation gliedert sich in zwei Hauptteile. Im ersten Teil (Studien I - III) ist die zentrale 

Forschungsfrage, ob und wie die Vorhersagbarkeit der Aufgabe die durch die selection history induzierten 

Aufmerksamkeitsverzerrungen moduliert. Im zweiten Teil (Studie IV) ist das Hauptziel die Untersuchung des 

Einflusses des sozialen Wertes und des sozialen Kontextes auf die Ablenkung der Aufmerksamkeit durch 

Distraktoren. Um eine individuelle selection history zu induzieren, kategorisieren die Teilnehmer im ersten Teil 

der Dissertation entweder die Farbe des Farbsingletons (Farbgruppe) oder die Form des Formsingletons 

(Formgruppe) in einer Kategorisierungsaufgabe. Anschließend führen alle Teilnehmer eine Suchaufgabe durch, 

bei der ein diamantförmiges Target ausgewählt werden muss, während in einigen Fällen gleichzeitig ein roter 

Kreis präsentiert wird. Entscheidend ist, dass die Aufgaben unterschiedlich gut vorhersagbar waren (Studien I 

und II):  In Studie I ist die Aufgabensequenz entweder vorhersehbar oder unvorhersehbar, während sie in Studie 

II immer vorhersehbar ist, allerdings mit einem unterschiedlichen Grad an Zuverlässigkeit (gut vorhersehbar vs. 

schlecht vorhersehbar). Diese Variationen der Vorhersagbarkeit der Aufgabe ermöglichen eine systematische 
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Untersuchung des Einflusses der proaktiven Vorbereitung auf die Aufmerksamkeitsverzerrungen in der 

selection history. 

Studie I zeigt, dass eine proaktive Vorbereitung erforderlich ist, wenn die bevorstehende Aufgabe 

vorhersehbar ist. Diese proaktive Vorbereitung spiegelt sich in einer verringerten Leistung des posterioren 

Alpha-Bandes vor dem Einblenden des Stimulus wider, allerdings nur in vorhersehbaren Sequenzblöcken. 

Wichtig ist, dass die proaktive Vorbereitung durch die individuelle selection history skaliert wird - die 

Teilnehmer der Farbgruppe, die beim Wechsel zwischen den Aufgaben eine stärkere Anpassung des 

Aufgabensets benötigen, profitierten mehr von der Vorhersagbarkeit der Aufgaben und üben eine stärkere 

proaktive Vorbereitung aus. Folglich müssen diese Teilnehmer keine starke Distraktorunterdrückung nach 

Stimulusbeginn ausüben. Dies spiegelt sich in der Amplitude der early Pd component (ein Marker für frühe 

Distraktorunterdrückung) wider, die unabhängig von der Vorhersagbarkeit der Aufgabe gleichbleibt. Die 

Teilnehmer der Formgruppe müssen jedoch ihre schwächere proaktive Vorbereitung vor Stimulusbeginn durch 

eine frühe Unterdrückung des Distraktors kompensieren, was sich in einer größeren early Pd Amplitude in 

vorhersagbaren im Vergleich zu unvorhersagbaren Sequenzblöcken zeigt. Die Ergebnisse von Studie I werden 

in Studie II weiter erforscht, in welcher die Aufgabensequenz in einer Sitzung konstant und zwischen den 

Sitzungen unterschiedlich ist. Es zeigt sich, dass eine zunehmende Vorhersagbarkeit nur einen geringen Einfluss 

auf die proaktive Distraktorunterdrückung in der Formgruppe hat. Dies liegt möglicherweise daran, dass das 

Wissen über die Targetdimension für eine optimale Aufgabenerfüllung ausreicht und die Vorhersagbarkeit der 

Aufgabe die Informationen über die Dimensionen von Target und Distraktor für diese Gruppe nicht verändert. 

Die Teilnehmer der Farbgruppe unterdrücken den Distraktor jedoch stärker, wenn die Vorhersagbarkeit der 

Aufgabe zuverlässiger ist, was auf die Nutzung einer proaktiven Vorbereitung hindeutet, wenn die Aufgabe dies 

erfordert. 

Die selection history erhöht die Fokussierung der Aufmerksamkeit auf den Distraktor, wenn Eigenschaften 

dieses Distraktors innerhalb der Dimension schon an der vorherigen Selektion beteiligt waren. Dies zeigt sich 

in Studie II in der Farbgruppe, in der die Vorhersagbarkeit der Aufgabe weniger zuverlässig ist, durch das 

Auftreten der N2pc Komponente nach Präsentation des Distraktors. Die proaktive Vorbereitung erleichtert die 

Unterdrückung des Distraktors durch die Teilnehmer der Farbgruppe, was sich durch eine kleinere N2pc 

Komponente nach der Distraktor Präsentation und eine größere early Pd Komponente zeigt, für den Fall, dass 

die Vorhersagbarkeit der Aufgabe zuverlässig ist. Obwohl die Teilnehmer der Farbgruppe einen größeren 

Nutzen aus der Vorhersagbarkeit der Aufgabe ziehen, bleibt die Target-Selektion durch diese Teilnehmer 

beeinträchtigt, wenn der Farbdistraktor präsent ist. Diese verminderte Target-Selektion spiegelt sich in größeren 

Verhaltenskosten (distractor costs) und einem späteren Einsetzen der target N2pc in der Farbgruppe verglichen 
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mit der Formgruppe wider. Diese Ergebnisse zeigen, dass die proaktive Unterdrückung von Distraktoren nicht 

in der Lage ist, die durch die selection history induzierten Aufmerksamkeitsverzerrungen aufzuheben. 

Der Einfluss der selection history auf die Prioritätskarte (priority map) wird in Studie III mit Hilfe eines 

algorithmischen Modells quantitativ bewertet. Das Modell berechnet für jede Gruppe die Gewichtung von vier 

verschiedenen Karten (Historie, Farbe, Form und Orientierung). In der Farbgruppe ist das Gewicht der 

Historiekarte sehr hoch und größer als in der Formgruppe. Dies zeigt, dass die Personen in der Farbgruppe sich 

mehr auf ihre selection history verlassen, da sie diese zur Erfüllung der Kategorisierungsaufgabe benötigen. 

Andererseits war das Gewicht der Formkarte in der Formgruppe am höchsten. Dies deutet darauf hin, dass die 

Teilnehmer der Formgruppe beide Aufgaben bewältigen können, indem sie sich auf die Formunterscheidung 

verlassen, ohne auf ihre Historie zurückgreifen zu müssen. Wichtig ist, dass die Farbkarte in der Farbgruppe ein 

größeres Gewicht hat als in der Formgruppe, was die größere Fokussierung der Aufmerksamkeit auf den 

Distraktor in der Farbgruppe im Vergleich mit der Formgruppe erklärt. Daher kann das Modell quantitative 

Messwerte für jede Karte liefern und erklären, wie die selection history mit den physikalischen Eigenschaften 

der Stimuli bei der Lenkung der Aufmerksamkeit in der Prioritätskarte interagiert. 

Im zweiten Teil der vorliegenden Dissertation (Studie IV) teilen sich Paare von Teilnehmern eine 

gemeinsame Aufgabe, entweder kooperativ oder kompetitiv, wobei die Teilnehmer auf ihr eigenes Target (agent 

target vs. partner target) reagieren müssen. Entscheidend ist, dass in einigen Versuchen ein farbiger Distraktor 

vorhanden ist, der für keinen der Teilnehmer das Target ist (nicht-relevanter Distraktor). Obwohl sowohl das 

Target des Partners, als auch der nicht-relevante Distraktor für den Probanden keine Targets sind, erregten sie 

die Aufmerksamkeit des Probanden auf unterschiedliche Weise. Während das Target des Partners die 

Aufmerksamkeit des Probanden auf sich zieht, was sich in einer negativen Lateralisierung der parieto-

occipitalen Alpha-Band Energie und einer längeren Reaktionszeit zeigt, wird der nicht-relevante Distraktor 

unterdrückt, was zu einer positiven Lateralisierung der parieto-occipitalen Alpha-Band Energie führt. Wichtig 

ist, dass die Fokussierung der Aufmerksamkeit auf das Target des Partners vom sozialen Kontext abhängt. 

Während das Target des Partners die Aufmerksamkeit des Probanden in der kooperativen Bedingung auf sich 

zieht, was durch eine negative Lateralisierung der parieto-occipitalen Alpha-Band Energie zu sehen ist, wird 

derselbe Stimulus in der kompetitiven Bedingung unterdrückt und zeigt sich in einer positiven Lateralisierung 

der parieto-occipitalen Alpha-Band Energie. Dies deutet darauf hin, dass die Teilnehmer ihre Aufmerksamkeit 

in Abhängigkeit vom sozialen Kontext und der Aufgabe auf das Target des Partners richten. 

Zusammenfassend wird in den vier Studien dieser Dissertation der Einfluss verschiedener Faktoren wie 

Vorerfahrung, Vorhersagbarkeit der Aufgabe, sozialer Wert und sozialer Kontext auf die Ausrichtung der 

Aufmerksamkeit untersucht. Es zeigt sich, dass frühere Erfahrungen mit einer Merkmalsdimension die Salienz 

der Stimuli in dieser Dimension erhöhen und damit die Fokussierung der Aufmerksamkeit darauf steigern. 
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Obwohl eine Erhöhung der Vorhersagbarkeit der Aufgabe die durch die selection history induzierten 

Aufmerksamkeitsverschiebungen verringert, kann sie den Einfluss der selection history nicht vollständig 

aufheben. Außerdem wird gezeigt, dass der soziale Wert die Aufmerksamkeit auf die Stimuli verändert. Das 

Target des Partners zieht die Aufmerksamkeit auf sich, während der nicht-relevante Stimulus, der eine ähnliche 

Luminanz hat, unterdrückt wird. Es wird außerdem gezeigt, dass die Fokussierung der Aufmerksamkeit durch 

das Target des Partners eine Funktion des sozialen Kontexts ist. Die vorliegende Dissertation legt daher nahe, 

dass die Aufmerksamkeitskontrolle flexibel ist, da die Fokussierung der Aufmerksamkeit auf den Distraktor in 

Abhängigkeit von Faktoren wie der Vorhersagbarkeit der Aufgabe, früheren Erfahrungen, dem sozialen Wert 

und dem sozialen Kontext variieren kann. 
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