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SUMMARY

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-Wstefeld,
& Schubd, 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, Knaoblich, & 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 | — 11), the core research
guestion 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 | and I1): In Study | the task sequence is either predictable or unpredictable, while it is
always predictable in Study I, 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 | 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

-1-



SUMMARY

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 | were
extended in Study Il 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 11 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 1) and later onset of the target N2pc (Study 1) 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 Ill. 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
guantitative 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 V), 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.



INTRODUCTION

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.



INTRODUCTION

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-Wistefeld, Uengoer, & Schubd, 2015; Kadel et al., 2017). In a study by Feldmann-Wistefeld
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-Wistefeld et al., 2015; Kadel et al., 2017; Henare, Kadel, &
Schubg, 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.

1.1.1 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-Wustefeld 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 & Schubd, 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 & Schubd, 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-Wiistefeld 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 etal., 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 (W&stmann 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; Héndel,
Haarmeier, & Jensen, 2011; Kelly, Lalor, Reilly, & Foxe, 2006; van Zoest et al., 2021; Wdstmann 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 Handel 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 (Wa&stmann et al.,
2019) distractor. For instance, Wostmann 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.

1.1.2 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 & Schubd, 2011; Gaspelin et al., 2015). Using
the N2pc component, Wykowska & Schubd (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 lItti 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 lItti 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-Waustefeld 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-Waistefeld 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 |11 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 & Schubd, 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 & Schubd, 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, I1).

1.2.1 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, Miller & 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 | and 11 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.

1.2.2 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 & Schubd, 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-
Wastefeld & Schubd (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-Wistefeld & Schub6, 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 & Schubd, 2020; Wang et al., 2019). For instance, in the study by
Heuer and Schubd (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-Wustefeld & Schubd, 2016, Burra & Kerzel, 2013), improved distractor
suppression (Heuer & Schubd, 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 & Miiller, 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 | & 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 | & 1) 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
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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, & Kovacs, 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.

1.3.1 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 (Wo6stmann 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

-17 -



INTRODUCTION

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.

1.3.2 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 (Mdiller
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, Frober, 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 | — 1l 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 | & IlI, the target and the salient
distractor could appear on the same or opposite hemifields. In Study Il, 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, Il and IV, two different types of data were
measured. Behavioral data (RTs: Studies | — IV; accuracy: Studies I, 1, & IV; deviation from target orientation:
Study IV; and post-test questionnaire: Study V) 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, Il and 1V, scalp EEG was recorded as well.

In Studies | and 11, 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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1.4.1 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 | 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.

1.4.2 Study II: Selection history and predictability in attentional control

Study Il built on and extended the findings of Study | 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 & Schubd, 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 Il 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 | (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.

1.4.3 Study I1I: A model for selection history

The aim of Study Ill 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-Wistefeld et al.
(2015, exp. 1). Experiment 1 of Feldmann-Wustefeld et al. (2015) used the same task as that in Study | 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 111 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.

1.4.4 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 1V 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
How do the influences of ERPs (N2pc, early Pd,
- Proactive preparation fails to proactive preparation and N2pc onset latency), pre-
-§‘ negate attentional biases induced selection history on stimulus alpha-band
& by selection history. attentional control are oscillations, response
combined? times, & accuracy
According to the predictive codin . .
g P L g What is the combined
account, unexpected stimuli evoke | . }
. influence of selection history ERPs (N2pc, early and
— larger brain responses than L
- - .. and task predictability on late Pd, onset latency),
Z expected stimuli. Thus, a surprising . . .
5 . distractor attentional capture response times, &
& distractor should capture more - .
. . and precision expectation of accuracy
attention than a predictable
. the target feature?
distractor.
Bottom-up, top-down, and What are the computations .
= . . . . o Response times &
= selection history compete to guide  underlying the contribution .
> . . A . . algorithmic-level
E attention in a winner-take-all of selection history in the modelin
n manner. integrated priority map? g
When sharing a task, participants How do people process the Lateralized EEG
> represent their partner’s action partner target compared to oscillations, response
2 and integrate it into their own the non-relevant distractors? times, accuracy, deviation
% action depending on the social What is the role of social from target orientation, &
context. context? 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., & Schubd, 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-Wistefeld 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-Wiistefeld 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 | used different measures (RT, accuracy, ERP, and alpha-band oscillations) to answer these

guestions.

In study |, 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-Wistefeld 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 naive 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)]x100 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 | 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., & Schubd, 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-Wiistefeld et al., 2015), it is not clear how selection history and predictive coding
are integrated. Study Il is conducted to fill this gap by manipulation of individual selection history and task
predictability. The most important goals of Study Il 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 I 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 Il 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 Il 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 HI: A model for selection history

Reference

Meibodi, N., Abbasi, H., Schubd, 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 | and I, 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 |11 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-Waustefeld et al. (2015, exp. 1). Similar to Study |
of the present dissertation, individual selection history in Feldmann-W(istefeld 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-
Wistefeld et al. (2015, exp. 1) showed a larger distractor cost in participants in the color than in the shape group.
As Feldmann-Wistefeld 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.
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Figure 4. (A & B) Exemplary displays of the categorization and the search tasks. (C) An overview of the algorithmic-level model. Ws,
Wh, and Wy 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. Wa contains the predicted parameters of the ex-Gaussian
distribution (u, o, 7). Bd stands for distribution parameters biases (Bu, Bo, Bt). 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 8x4. 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 Il 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-Wustefeld 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-Wdstefeld 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-
Waistefeld et al., 2015).
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In sum, Study I11 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., Détsch, D., & Schubd, A. (submitted). | 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. SE, 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)]x100. (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-111 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-Wiistefeld et al., 2015; Kadel et al., 2017; Henare et al., 2020).
Study | investigated the combined impact of proactive preparation and selection history on attentional control
from the perspective of task-set reconfiguration. Study Il used a predictive coding framework to describe the
combined influence of task predictability and selection history on proactive and reactive distractor suppression.
Study 111 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 Il introduced an algorithmic model to

guantitively 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 1V 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 1V 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, Il and IV, behavioral and EEG data were recorded. In Study
111, only the behavioral data from Feldmann-Wistefeld 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 | — 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.
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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

3.1.1 ...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-Wo(stefeld et al., 2015; Kadel et al., 2017). In the first
part of this dissertation (Studies I — 1), to induce selection history, the same manipulation as that in Feldmann-
Wistefeld 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
etal., 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 IlI: 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-Wistefeld 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 | and Il 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 & Schub0, 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 I, 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-Wistefeld 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 Il 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 11, 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-111) 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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3.1.2 ...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 | 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 | was

predictable only in half of blocks (fixed vs. random blocks), it could always be predictable in Study I, 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 | (random-sequence blocks) no proactive preparation could get engaged. In contrast, providing
participants with some degrees of predictability in Study Il could motivate participants to engage in proactive
preparation. Moreover, In Study |, 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 11, 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, Miller, &
Tollner, 2019; Liu, Lin, Zhao, & Roberson, 2016) or when the distractor information is reliable (Heuer &
Schubd, 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.

3.1.3 ...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
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to achieve a successful task co-representation (Lachat et al., 2012; Michael et al., 2016). Study 1V 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.

3.1.4 ...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
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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
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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 | and the significant interaction in Study Il
showed, the behavioral distractor cost in the more predictable task sequence (fixed-sequence trials in Study |
and high-predictable trials in Study Il) was smaller than that of the less predictable task sequence (random-
sequence trials in Study | and low-predictable trials in Study Il), 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 | 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 11 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 11, 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 | and Il. First, in half of the
blocks in Study I, the task sequence was completely unpredictable while the task sequence in Study Il 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 Il 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 Il than in Study | and as it was reflected in an enhanced
early Pd amplitude for the color group in high-predictable task sequences in Study Il. The predictability seemed

to have no influence on early distractor suppression in the shape group in Study Il, 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 & Mller, 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 Il 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 & Schubd, 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).
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Besides task predictability, selection history is another factor which strongly impacts the target N2pc. For
instance, Feldmann-Wustefeld et al. (2015) manipulated individual selection history of participants similar to
what was done in Studies | and 1. 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 | and Il 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 | 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 Il. 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-Waustefeld 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 & Schubd, 2011). Although the results of Study I showed
no electrophysiological evidence for attentional capture (no distractor N2pc; Feldmann-Wiistefeld 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 | and Il 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 | and 1l. 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 I1: 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 | and Il has a different pattern than that of the categorization
task. In Study | 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 I1, 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 | and Il 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 | and Il. 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 Il 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

Visual attention is guided by top-down mechanisms and pre-stimulus task
preparation, but also by selection history (i.e., the bias to prioritize previ-
ously attended items). Here we examine how these influences combine. Two
groups of participants completed two intermingled tasks. One task involved
categorization of a unique target; one group categorized the target based on
color, and the other based on shape. The other task involved searching for a
target defined by unique shape while ignoring a distractor defined by unique
color. Our expectation was that the search task would be difficult for the color-
categorization group because their categorization task required attentional
resolution of color, but the search task required that they ignore color. In some
experimental blocks, trials from the two tasks appeared predictably, giving the
color-categorization group an opportunity to strategically prepare by switch-
ing between color-prioritizing and shape-prioritizing attentional templates.
We looked to pre-stimulus oscillatory activity as a direct index of this prep-
aration, and to reaction times and post-stimulus ERPs for markers of result-
ant change in attentional deployment. Results showed that preparation in the
color-categorization group optimized attentional templates, such that these
participants became less sensitive to the color distractor in the search task. But
preparation was not sufficient to entirely negate the influence of selection his-
tory, and participants in the color-categorization group continued to show a
propensity to attend to the color distractor. These results indicate that prepara-
tory effort can be scaled to the anticipated attentional requirements, but atten-
tion is nevertheless considerably biased by selection history.
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1 | INTRODUCTION
Our daily life consists of many circumstances where we
must switch between cognitive tasks and adapt our behav-
ior to new situations. To accomplish this, visual selective
attention can be tuned to current task settings so that task-
relevant stimuli are prioritized and task-irrelevant stimuli
are ignored (Maunsell & Treue, 2006; Olivers et al., 2011).
This attentional set affects neural processing from early in
the visual hierarchy (Battistoni et al., 2017; Moore & Zirnsak,
2017) and prioritizes relevant stimuli while preventing or
overcoming selection of distractors (see e.g., Ansorge et al.,
2011; Kiss et al., 2013; Sawaki & Luck, 2013; Wykowska &
Schubd, 2011). It relies on mnemonic representations of
target and distractor templates and facilitates both target
processing and the suppression of stimuli known to be task-
irrelevant (see e.g., Arita et al., 2012; Feldmann-Wiistefeld &
Schubg, 2016; Reeder et al., 2017; Vatterott & Vecera, 2012).
Proactive attentional set can be indexed in its impact on
task completion, but it can also be directly assessed in brain
activity prior to stimulus onset. For example, the power and
phase of pre-stimulus alpha-band EEG oscillations predict
subsequent detection rate and discrimination performance
(Busch et al., 2009; Chaumon & Busch, 2014; van Dijk
et al., 2008; Hanslmayr et al., 2007). The preparatory es-
tablishment of attentional control seems to be reflected in
a systematic decrease of posterior alpha power (Capotosto
et al., 2016; Clayton et al., 2018; Mathewson et al., 2014), in
line with the idea that alpha desynchronization reflects a
release from inhibition (Klimesch, 2012) and thus induces
a state of perceptual readiness (Hanslmayr et al., 2011;
Mathewson et al., 2012; Sawaki et al., 2015). Although
some studies have challenged the direct relation between
post-stimulus alpha-band power and attentional selection
(Antonov et al., 2020; Gundlach et al., 2020; Zhigalov &
Jensen, 2020), a recent study has provided convincing re-
sults supporting the notion that pre-stimulus alpha-band
power directly impacts post-stimulus attentional selec-
tion (van Zoest et al., 2021). According to their findings,
van Zoest et al. (2021) suggested that increased power of
pre-stimulus alpha-band reflects an advanced suppression
mechanism which results in less attentional capture and
less need for distractor suppression after stimulus onset.
Alpha oscillations are also associated with cognitive
flexibility in task switching paradigms. In paradigms re-
quiring shifts in attentional strategy, cues identifying a task
shift elicit a reduction of frontal alpha power, and this has
been linked to the need to adjust attentional control set-
tings in switch trials (e.g., Foxe et al., 2014; Gladwin & de
Jong, 2005; Poljac & Yeung, 2014; Proskovec et al., 2019).
This “task-set reconfiguration” requires effort (Mayr &
Keele, 2000; Monsell, 2003; Monsell & Mizon, 2006), but
has a direct benefit: when participants are given sufficient

time between cue and task onset, the cue reduces task-
switching costs (Monsell & Mizon, 2006).

Human observers are therefore equipped with a dy-
namic top-down control system that directs attention ac-
cording to current task goals. However, other influences on
attention can interfere with this optimization. In particular,
attentional selection is strongly shaped by prior experience
(Awh et al., 2012; Failing & Theeuwes, 2018; Ferrante et al.,
2018). Aside from effects of prior reward (e.g., Anderson
et al., 2011; Feldmann-Wiistefeld et al., 2016; Hickey et al.,
2010), attention is biased toward stimuli that have been
predictive, even when this predictive power has explic-
itly ended (Feldmann-Wiistefeld et al., 2015; Kadel et al.,
2017; Le Pelley et al., 2011; O’Brien & Raymond, 2012). In
Feldmann-Wiistefeld et al. (2015), for example, selection
history was manipulated by having two groups of partici-
pants complete different categorization tasks with the same
stimuli. One group categorized the shape of stimuli, the
other the color, and both subsequently completed the same
visual search task. In the search task, participants showed
a pronounced attentional bias toward a task-irrelevant
distractor defined in the feature dimension that had been
predictive in the categorization task. Subsequent research
has shown that this sustains even when participants are
explicitly told that the tasks are unrelated and when the
tasks are completed on different days. The lingering bias
disappears only after several hundred visual search trials
have been completed (Kadel et al., 2017).

Selective attention is thus sensitive to proactive top-
down control on one hand and selection history on the
other. How are these mechanisms related? How do we rec-
oncile situations in which selection history is in conflict
with top-down control settings? Can top-down control
compensate for effects of selection history?

The mere possibility for top-down control seems to do
little in negating the effect of selection history. We have re-
cently found that the opportunity for trial-wise top-down
preparation (enabled by pretrial cueing) will not override
selection history effects (Kadel et al., 2017, Exp. 1 and 2).
However, little is known about the mechanisms underly-
ing proactive top-down preparation in situations with a
selection history bias. The purpose of the current study is
therefore to directly index the preparation of attentional
control settings and determine if this preparation, when
present, can compensate for individual selection history.
We tracked proactive control in pre-stimulus alpha power
(Schneider et al., 2021; van Zoest et al., 2021) and we
looked at the post-stimulus ERP in switch trials to iden-
tify the effect of this preparation and the effect of selection
history on stimulus processing. In the ERP, the early dis-
tractor positivity (early Pd; Hickey et al., 2009; Sawaki &
Luck, 2010; Weaver et al., 2017; van Zoest et al., 2021) was
employed to track rapid, stimulus-triggered suppression
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of irrelevant stimuli. The subsequent N2pc (Eimer, 1996;
Luck & Hillyard, 1994a, 1994b) was used to index changes
in the attentional resolution of attended stimuli. Both
components emerge as voltage differences across visual
cortex ipsilateral and contralateral to eliciting stimuli.

We manipulated selection history by having partic-
ipants complete two intermingled types of trial. In one
trial type, they categorized stimuli that varied in color
and shape (Figure 1a). Half of the participants (color-
categorization group) were required to categorize the
uniquely-colored stimulus (blue vs. green), while the
other half (shape-categorization group) were required
to categorize the uniquely-shaped stimulus (triangles vs.
pentagons). In the other type of trial, all participants com-
pleted a visual search task that required them to attention-
ally select a uniquely shaped target and ignore a uniquely
colored distractor (Figure 1b). For the color-categorization
group, the predictive dimension in the categorization
task was task-irrelevant and potentially distracting in the
search task. For the shape-categorization group, in con-
trast, the predictive dimension in the categorization task
was also relevant in the visual search task.

To provide the opportunity for proactive attentional
control, the categorization and search tasks were per-
formed within the same experiment, but the sequence
of trial types changed between blocks (Figure 2a). In
random-sequence blocks, the tasks were intermingled un-
predictably so that no task-specific proactive preparation
was possible. In fixed-sequence blocks, the tasks alter-
nated in a fixed, predictable pattern. Our expectation was
that participants would proactively reconfigure their at-
tentional control settings in fixed-sequence blocks, where
such preparation was possible, and that this would be re-
flected in preparatory oscillations in the alpha frequency
band and in effects on behavior, Pd, and N2pc.

Most importantly, we were interested in whether pro-
active attentional control in fixed-sequence blocks would
differ between the color- and shape-categorization groups.
Participants in the shape-categorization group could rely
on a similar attentional set for both the categorization and
search tasks, because in both cases the target stimulus
was defined in the same featural dimension. In contrast,
participants in the color-categorization group attended
to color targets in categorization trials, but shape targets
in search trials, and therefore had to substantially recon-
figure attentional control when the task switched. Our
expectation was that correlates of reconfiguration would
therefore emerge prominently when participants in the
color-categorization group completed switch trials in
fixed-sequence blocks. If participants are able to properly
reconfigure in this circumstance, we expected this to ben-
efit their attentional control in fixed-sequence blocks. As
aresult, in the search task, the color-categorization group
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FIGURE 1 (a)Exemplary displays in the categorization task.
Participants in the color-categorization group had to press one
button for a green and another button for a blue circle. Participants
in the shape-categorization group had to press one button for a
pentagon and another button for a triangle. Participants were naive
to their group assignment when the experiment started and had

to learn on a trial-and-error basis by receiving immediate auditory
feedback in incorrect trials. (b) Exemplary displays in the search
task. Both groups searched for the diamond-shaped target and
reported the orientation (horizontal vs. vertical) of the embedded
line. In 60% of the trials, an additional color distractor was
presented (right panel) which had to be ignored

should demonstrate less attentional capture in fixed-
sequence blocks relative to random-sequence blocks.

2 | METHOD

2.1 | Participants

Forty volunteers (9 male) participated in the experiment for
course credit or monetary payment (8€/h). Written consent
for participation was obtained before the experimental ses-
sion. All but two participants were right-handed and all had
normal or corrected-to-normal vision. Eight participants
had to be excluded from analysis due to excessive eye move-
ment artefacts in EEG data (over 25% of the trials; see below
for details). Of the remaining 32 participants (6 male), 16
were assigned to the color-categorization group (mean age
+ SD: 23.5 + 2.5 years) and 16 to the shape-categorization
group (mean age + SD: 23.3 + 2.5 years).
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2.2 | Stimulus and apparatus

Participants were seated in a comfortable chair in a dimly
lit, electrically shielded and sound attenuated room and
responded via a customizable keypad (Ergodex DX1) held

Switch Repetition

sequence

(¢) Search task RTs

Color-categorization group

Shape-categorization group

[ pistractor-absent
[l Distractor-present

[ pistractor-absent

[l Distractor-present
[ms]
750

700
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600

Switch Repetition
Random
sequence

Switch Repetition Switch Repetition
Fixed Random
sequence sequence

Fixed

on their lap. Two response buttons on the left half of the
pad were used in the categorization task and two separate
buttons on the right half of the pad were used in the search
task. Participants used the thumb and ring finger of their
left hand to respond during the categorization task and
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FIGURE 2 (a) Schematic depiction of the two task sequences used in the experiment. Each rectangle represents one experimental block
and each of the small letters below the rectangles represents one trial. Letters “C” represent categorization trials, and letters “S” represent
search trials. Participants completed 20 blocks in each task sequence. In fixed-sequence blocks, categorization trials and the search task
trials alternated in fixed sequences of two trials per task. In random-sequence blocks, trials of both tasks alternated in random order. Panels
B and C are included for clarity with the focus on the switch trials and they are redundant to the complete presentation of the data depicted
in panels D and E. (b) Mean response times in switch trials in the categorization task for the color-categorization (blue) and the shape-
categorization group (black), separated for fixed and random task sequences. Error bars represent standard errors of the mean. (c) Mean
response times in switch trials in the search task for the color-categorization (blue) and the shape-categorization group (black), separated for
fixed and random task sequences. Solid lines show RTs for distractor-absent trials, dashed lines represent RTs for trials with an additional
color distractor. Error bars represent standard errors of the mean. (d) Mean response times in the categorization task for the color-
categorization (blue) and the shape-categorization group (gray), separated for fixed-sequence (left bars in each panel) and random-sequence
blocks (right bars in each panel). Bars with darker colors show RTs for switch trials, bars with lighter colors show RTs for repetition trials.
Error bars represent standard errors of the mean. (e) Mean response times in the search task in the color-categorization group (blue) and the
shape-categorization group (black) in fixed-sequence (left panel) and random-sequence blocks (right panel). Filled bars show RTs for trials

with an additional color distractor, unfilled bars show RTs for distractor-absent trials. Error bars represent standard errors of the mean

the index and middle finger of their right hand to respond
during the search task. Task presentation was controlled
via E-Prime 2.0 (Psychology Software Tools, Inc.) on a
standard PC under Windows XP. Stimuli were presented
on a 22" LCD-TN screen (Samsung Syncmaster 2233) at
a viewing distance of 100 cm. For auditory feedback, two
stereo speakers were positioned behind the screen, each
on one side (Logitech Z120 2.0).

In both tasks, the display consisted of eight objects of
2.3° visual angle placed equidistant from the screen cen-
ter in a circular search array on a dark gray background
(CIELAB coordinates with reference white point of D65:
L* = 25.32, a* = 0, and b* = 0; distance screen center to
stimulus center: 6.3° horizontal eccentricity: 5.7°). The
display was not color-calibrated, but we measured and
matched the luminance of the stimuli (~27-30 candela).
In the categorization task, the display contained six neu-
tral distractor stimuli (gray circles, L* = 46.44, a* = 0, and
b*=0)and two unique objects (see Figure 1a). One unique
object had a distinct color, either green (L* = 61.62, a* =
—56.72, and b* = 51.06) or blue (L* = 28.59, a* = 40.83,
and b* = —65.28). The other unique object had a distinct
shape, either a triangle or a pentagon. This type of stimu-
lus, which differs from its surroundings in a single featural
dimension, is known as a singleton. The color and shape
singletons were presented at any of eight equidistant lo-
cations with exactly one neutral distractor between them.
All singleton combinations (blue/triangle, blue/pentagon,
green/triangle, green/pentagon) were presented equally
often in all possible locations.

In the search task, the target was a diamond-shaped
singleton with a horizontal or vertical line inside (see
Figure 1b). Neutral distractor stimuli were gray circles
(L* = 46.44, a* = 0, and b* = 0) that contained a gray
oblique line tilted 45° to the left or right. In 40% of the
search trials, the target was presented with seven neu-
tral distractors (distractor-absent trials, Figure 1b). In the

remaining 60% of trials, a color singleton in red (L* = 39.56,
a* = 49.69, and b* = 29.59, circular shape) with an embed-
ded oblique line appeared with one neutral distractor sep-
arating it from the target (distractor-present trials, Figure
1b). Target and distractor appeared with equal likelihood in
each of the eight stimulus positions and equally often in the
same side of the visual field (distractor-present, same side)
as on opposite sides (distractor-present, opposite sides).
Each trial began with a centrally presented gray fixation
cross (0.6° visual angle) 500 ms before the stimulus display,
which remained on the screen throughout the trial.

It is common in the literature to isolate target and dis-
tractor processing in visual search by selectively presenting
targets and distractors on the vertical meridian of the dis-
play (e.g., Hickey et al., 2009). When the target is presented
on the vertical midline, this supports discrete identifica-
tion of lateralized distractor processing in the ERP within
a condition. However, there is an associated cost: if target
and distractor positions are randomized in a dense search
array, target-vertical trials occur rarely and ERPs are based
on relatively few trials. With this in mind, we have not ad-
opted this design in the current study, instead identifying
variance in target and distractor processing through com-
parison of results across physically identical conditions.
Within-condition ERPs are therefore based on many trials
without the need for a long, exhausting experiment.

2.3 | Procedure

2.3.1 | General trial procedure

Categorization and search trials started with a fixation
cross for 500 ms that was followed by the stimulus display
for 200 ms. A blank screen with a central fixation cross
was subsequently displayed for up to 1800 ms, indicat-
ing that participants should respond while maintaining
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fixation. A correct response within that time interval trig-
gered the beginning of the inter-trial-interval (1000 ms).
An erroneous or missing response led to acoustic feedback
in form of a low buzzing tone.

2.3.2 | Feedback-guided learning phase
Participants started the experiment by completing a block
of 64 categorization learning trials. Participants were
informed that in each trial one stimulus would be dif-
ferent in color and another would be different in shape.
They were asked to respond by pressing either the upper
or lower response button with their left hand and told
that errors were followed by a buzzing tone. They were
not told which stimulus was assigned to which button
press, or that only one dimension was response predic-
tive. Instead, they had to use the acoustic feedback to find
out which dimension was response relevant and how the
two possible stimuli within that dimension were mapped
to the response keys (see Kadel et al., 2017, for details).
Participants in the color-categorization group learned to
respond to color singletons and ignore shape singletons,
pressing one key for a blue singleton and another for a
green singleton. Participants in the shape-categorization
group learned to respond to shape singletons and ignore
color singletons, pressing one key for a triangle and an-
other for a pentagon. The assignment of response buttons
was varied across participants and response accuracy and
speed were emphasized equally. In the first 32 trials of the
learning phase, stimulus presentation was prolonged to
500 ms to facilitate learning. Participants proceeded to the
next block when accuracy was >75%, otherwise they had
to repeat the block. On average, participants performed
2.23 blocks of the learning categorization task (SD = 1.39)
before shifting to the mixed practice phase.

2.3.3 | Mixed practice phase

This block was performed after the initial learning and
combined 32 categorization learning task trials (as de-
scribed above) with 32 search task trials in a random order.
In search task trials, all participants responded to the orien-
tation of the line embedded in the diamond shape target by
pressing either the left or right response-board button with
their right hand. Stimulus-response mapping was counter-
balanced over participants within each of the color- and
shape-categorization groups. In this phase of the experi-
ment, stimuli were presented for 1000 ms in search trials
in order to facilitate learning. As in the learning phase of
the experiment, participants proceeded to the next block of
trials when accuracy was >75%.

2.3.4 | Main experiment
The main experimental session was performed the next day
and EEG was recorded throughout. Participants were in-
formed that the task was to be performed in two types of
experimental blocks. In random-sequence blocks, catego-
rization and search trials were intermingled in a random,
unpredictable order (with the limitation that no more than
four trials of one task could follow each other). In fixed-
sequence blocks, trials of the categorization and search task
alternated in a fixed and predictable sequence of exactly
two trials per task. The task trial sequence (fixed or ran-
dom) was identified on the screen before the block started.
In total, participants completed 40 blocks of 64 trials
each, 20 in each task sequence, 2560 trials in total, and
1280 trials in each of the categorization and search tasks.
In the search task, 512 of the 1280 trials were distractor-
absent trials, where in the remaining trials the distractor
was presented either on the same side as the target (384
trials) or on the opposite side (384 trials). Immediate au-
ditory feedback was given after incorrect responses. After
errors, participants took a forced break of at least 8 s, and
they were given performance feedback (RT and accuracy)
after each block. Participants were prompted to take lon-
ger breaks of several minutes on two occasions.

2.4 | EEGrecording

EEG was recorded from 64 Ag-AgCl active electrodes
(actiCAP by Brain Products GmbH, Munich, Germany).
Electrodes were placed according to the international
10-10 system. Vertical EOG (VEOG) was recorded from
Fpl and an electrode placed below the left eye, and hori-
zontal EOG (hEOG) was recorded from electrode posi-
tions F9 and F10. Impedances were kept below 5 kQ.
All electrodes were referenced to FCz during recording
and re-referenced offline to the average of all electrodes.
The signal was recorded with a BrainAmp amplifier
(Brain Products, Munich, Germany) at a sampling rate of
1000 Hz and high pass filtered at 0.016 Hz and a low pass
filtered at 250 Hz (—3 dB cutoff, Butterworth filter, 30 dB/
oct roll-off).

2.5 | Data analysis

2.5.1 | Behavioral data

The first trial of each block was rejected from analysis, as
were trials with incorrect responses and trials with outlier
RT (>2 SD from mean RT calculated separately for each par-
ticipant and separately for each block and each task). This
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led to exclusion of 9.30% of trials in the shape-categorization
group and 9.22% in the color-categorization group.

2,52 | EEGdata

Brain Vision Analyzer (Brain Products, Munich,
Germany), the Fieldtrip toolbox (Oostenveld et al., 2011)
and custom scripts for Matlab R2019a (Mathworks, http://
www.mathworks.com) were used for off-line EEG data
processing.

Event-related potentials

EEG was segmented into 700-ms epochs time-locked to
the display onset, including a 200-ms pre-stimulus base-
line. Vertical EOG (VEOG) was calculated as the differ-
ence between Fpl and the electrode placed below the left
eye, and horizontal EOG (hEOG) was calculated as the
difference between electrodes F9 and F10. The four chan-
nels were filtered using a low-pass filter of 35 Hz. Trials
with eyeblink (VEOG > £80 pV), or horizontal eye move-
ments (hHEOG > +35 uV step criterion) within the first
350 ms after stimulus onset were excluded from analysis.
Channels with activity > +80 uV in the first 350 ms after
stimulus onset in a trial were also excluded. The first trial
of each block was rejected from analysis, as were trials
with incorrect responses. Participants with less than 75%
artifact-free trials were excluded from further analysis (8
participants). The remaining 32 participants had 88.1%
artifact-free trials on average. In total, 12.0% of trials had
to be excluded in the shape-categorization, and 11.8% in
the color-categorization group.

To quantify the early Pd and N2pc in both categoriza-
tion and search tasks, mean contralateral and ipsilateral
activity in the ERP was calculated for electrodes PO7/
PO8 and cross-conditional effect peaks were identified.
A 40 ms window was centered on this peak latency
and amplitude measures reflect the mean across this
interval.

For the categorization task, the N2pc peak emerged at
224 ms. For the search task, Pd and N2pc measurements
were separated across the conditions identified in Figure
4. In distractor-absent trials, the N2pc peaked at 246 ms
(Figure 4a). When the target and distractor were in the
same visual hemifield the early Pd peaked at 127 ms and
the N2pc peaked at 236 ms (Figure 4b). When the target
and distractor were in opposite visual hemifields, the
positive-polarity early Pd expresses as a negative-polarity
peak, because the ERP is locked to the location of the tar-
get stimulus (such that a positivity contralateral to the dis-
tractor emerges as a negativity contralateral to the target).
In this condition, the early Pd peaked at 142 ms and the
N2pc peaked at 294 ms (Figure 4c).

fpsvchopuvsiowosy .7

In addition to mean amplitude, onset latency of the
N2pc component was analyzed in search task trials (dis-
tractor absent, distractor-present same side, distractor-
present opposite sides) using a jackknife-based approach
(Kiesel et al., 2008; Miller et al., 1998; Smulders, 2010).
Conditional onset was defined as the point where 50%
of maximum N2pc amplitude was reached (Kiesel et al.,
2008). Relevant statistics are corrected for the jackknife
procedure and this is identified with the subscript “c”.

Time-frequency analysis

Oscillatory activity was analyzed over a 3000 ms epoch be-
ginning 2000 ms before display onset. Trials excluded from
ERP analyses were also excluded from time-frequency
analysis. Before performing time-frequency analysis,
data were downsampled to 500 Hz. The spectral analy-
sis of the zero-padded time series was performed using
a Fast-Fourier transformation. Zero-padding was done
using the “nextpow2” function which returns the small-
est power-of-two larger than the length of the time series.
The power spectrum of the EEG was computed within a
500 ms Hanning window which moved in steps of 30 ms,
so that every bin represented data from 250 ms before and
after the nominal latency. This analysis was performed for
frequencies 2 to 32 Hz with a resolution of 1 Hz. Trials
were sorted according to the factors task sequence (fixed
vs. random sequence), and task repetition (task switch vs.
task repetition), resulting in four conditions per partici-
pant. Power values of each frequency at each time point
and electrode were averaged separately for each condition.

Because task-set reconfiguration was not required in
repetition trials, our expectation was that differences in
task-set reconfiguration should emerge as a difference in
pre-stimulus alpha power between switch and repetition
trials, but only for fixed-sequence blocks. In random-
sequence blocks, there was no opportunity for partici-
pants to know when task repetitions would occur, and
accordingly no opportunity for preparation.

To compute the difference in preparatory alpha be-
tween switch and repetition trials in fixed and random-
sequence blocks, we contrasted power values in each time
and frequency bin using [(switch—repetition)/(switch +
repetition)] x 100 individually for each posterior channel
(01/2, P0O7/8, PO3/4, P7/8, P5/6, P3/4, P1/2, Oz, POz and
Pz). Next, power values were averaged over channels, sep-
arately for participants in each group. Finally, the power
values of switch and repetition trials were forwarded to a
statistical analysis based on a cluster-based permutation
test with 5000 permutations. A cluster-defining thresh-
old of o < .01 was employed (corresponding to a critical
t-value of 2.95; Maris & Oostenveld, 2007).

We used cluster-based permutation tests for the data in
the frequency range of 6 to 32 Hz and in the time range
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of 800-ms pre-stimulus interval. Focusing the analysis on
this range of data involved 27 frequency bins and 28 time
bins in the analysis. Analysis was based on the average
power spectrum of 17 posterior channels and compared
the power spectrum of switch and repetition trials sepa-
rately for fixed and random trial sequences. According to
this, in each type of trial sequence and in each group, the
labels of switch and repetition trials were permuted. In
this analysis, a significant cluster indicated that the corre-
sponding frequency power differed significantly between
switch and repetition trials. To subsequently test whether
this switch-vs-repetition effect differed in color- vs shape-
categorization groups, the normalized power differences
between switch and repetition were compared between the
groups. In this analysis, the labels of color-categorization
and shape-categorization were permuted. This analysis
employed a cluster-based permutation test with 5000 per-
mutations. A cluster-defining threshold of @ < .05 was em-
ployed (corresponding to a critical t-value of 2.04).

3 | RESULTS

A core motivating hypothesis for the study was that
preparation would differ between shape- and color-
categorization groups in task switch trials. Accordingly,
we constrained the analysis of the ERP to switch trials. To
provide a comprehensive description of participants’ per-
formance, RT analysis was conducted for all data.

3.1 | Categorization task

3.1.1 | Behavioral results

(See Figure 2b,d) RT and accuracy were analyzed in a
3-way ANOVA with a between-subject factor for cat-
egorization group (color-categorization group vs. shape-
categorization group) and within-subject factors for task
sequence (fixed vs. random sequence) and task repetition
(task switch vs. task repetition). All reports in the results
section identify mean plus/minus standard error of the
mean (M + SEM).

A main effect of task sequence emerged, with faster re-
sponses in fixed-sequence blocks (M = 541 + 10 ms, M = 590
+ 9 ms), F(1,30) = 176.71, p < .001, r,g = 0.85. An additional
main effect of task repetition was detected, with faster re-
sponses when the task repeated (M = 530 = 7 ms, M = 601 +
12 ms), F(1,30) = 153.02, p < .001, 1712, = 0.84. Task repetition

interacted with task sequence: the benefit of task repetition
was greater in fixed-sequence blocks (fixed-sequence:

AM gyitch-rep) = 76 £ 6 ms, random-sequence: AM,
67 £ 7 ms), F(1,30) = 7.32, p = .01, 775 = 0.20.

In line with the idea that participants in the color-
categorization group would most benefit from the opportu-
nity to prepare, task sequence interacted with categorization
group: participants in the color-categorization group bene-
fited from fixed task sequence more than did participants
in the shape-categorization group (color-categorization
group: AM(ang-fiy) = 70 = 6 ms, shape-categorization group:
AM (ang-fixy = 29 £ 4 ms), F(1,30) = 30.84, p < .001, n; =
0.51). Similarly, task repetition interacted with categoriza-
tion group: participants in the color-categorization group
benefited from task repetition more than did participants
in the shape-categorization group (color-categorization
group: AMgyichrep) = 84 + 10 ms, shape-categorization
group: AM gyiich.repy = 59 * 6 ms), F(1,30) = 4.55, p = .04, q;
= 0.13. Although participants in the color-categorization
group responded nominally faster than participants in the
shape-categorization group (M = 548 + 13 ms, M = 584 +
13 ms), this effect failed to reach significance, F(1,30) =
3.58,.p=..07, 1712) = 0.11. No other effects emerged (all ps
>.1).

The only reliable effect on accuracy was a main effect
of task repetition (Mepegision = 984 + 0.2% V8. My, =
96.3 + 0.5%), F(1,30) = 40.18, p < .001, ;1; =10.57

switch-rep) =

3.1.2 | ERP results

(See Figure 3) Focusing on the switch trials, the N2pc was
analyzed in a 2-way ANOVA with between-subject factor
for categorization group and within-subject factor for task
sequence. Figure 3 further separates the data as a function
of the location of the non-predictive singleton, but statisti-
cal analysis was collapsed across this factor. As evident in
Figure 3, color singletons create an early positive-polarity
effect in the lateral ERP. This early lateral positivity
emerges contralateral to the location of the color singleton
for both color-categorization and shape-categorization
groups without differing between these groups. This ap-
pears to reflect the “positivity posterior contralateral”
component (PPC), which is thought to reflect stimulus sa-
lience and does not vary as a function of whether an elicit-
ing stimulus is a target or distractor (Corriveau et al.,
2012). Consistent with the idea that preparation would
improve attentional resolution of the target, analysis of
the N2pcidentified a main effect of task sequence, with the
N2pc largerin fixed-sequence blocks (M = —0.96 + 0.21 uV,
M = —0.73 £ 0.21 pV), F(1,30) = 5.73, p = .02, n,= 0.16.

No other effects emerged (all ps > .1).
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3.2 | Search task
3.2.1 | Behavioral results

(See Figure 2c,e) RT and accuracy were analyzed in a
4-way ANOVA with a between-subject factor for cat-
egorization group (color-categorization group vs. shape-
categorization group) and within-subject factors for
distractor-presence (distractor present vs. absent), task
sequence (fixed vs. random sequence), and task repetition
(task switch vs. task repetition).

In analysis of RT, a main effect of distractor-presence
emerged, with slower responses when the distractor was
present (M = 640 + 12 ms, M = 667 + 13 ms), F(1,30) =
84.09, p < .001, ’7,2, = 0.74. An additional main effect of task
sequence emerged, with faster responses in fixed-sequence
blocks (M = 639 + 13 ms, M = 667 + 12 ms), F(1,30) =
44.31, p < .001, ;112J = 0.60. The main effect of task repeti-
tion was also significant, with faster responses in task rep-
etition trials (M = 625 + 11 ms, M = 681 + 15 ms), F(1,30)
= 68.37, p <.001, 7, = 0.70.

Categorization group interacted with distractor-

presence: the distractor cost was larger in the color-
categorization group (AM = 37 + 5 ms, AM = 17 +

90of 18
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3 ms), F(1,30) = 10.82, p = .003, r/p =0.27.The history of

selecting color during the categorization task appears to
have increased sensitivity to color during the search
task.

Categorization group also interacted with task se-
quence: the propensity toward faster responses in fixed-
sequence  blocks was  accentuated in  the
color-categorization group (color-categorization group:
AM(ana-fixy = 39 = 7 ms, shape-categorization group:
AM (o) = 18 £ 5 ms), F(1,30) = 6.29, p = .02, 2 =
0.17. This suggests increased preparation in this
group, who had to switch task sets between trial
types. Note that even though the color-categorization
group responded numerically faster than the shape-
categorization group in the fixed-sequence blocks
(Mcolor—categorization =625+ 19 ms, Mshape—calegorizalion =652
+ 19 ms, #(30) = 1.04, p = .30), the distractor cost re-
mained marginally larger (AMcojor-categorization = 33 %
5 mS, AMgpape-categorization = 20 = 4 ms, 1(30) = 2.05,
p = .05).

Task sequence interacted with task repetition: the ben-
efit of task repetition was greater in fixed-sequence blocks
than in random-sequence blocks (AM(gitchrep) = 59 %
7 mS, AMgyitch-rep) = 51 £ 6 ms), F(1,30) = 6.57, p = .02,

Difference waves in the categorization task locked to the predictive singleton: switch trials

Fixed sequence

Singletons same side [11\/5]
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FIGURE 3 Grand-average of difference waves recorded at parieto-occipital electrodes PO7 and POS, elicited by predictive singletons in
switch trials in the categorization task, locked to the location of the color singleton in the color-categorization group (blue lines) or locked

to the location of the shape singleton in the shape-categorization group (black lines). The upper panels represent the waveforms when
singletons appear on the same side and the lower panels represent the waveforms when singletons appear on the opposite sides for fixed (left
panels) and random-sequence blocks (right panels). For illustration purposes, EEG waveforms were filtered using a low-pass Butterworth

filter with high cutoff frequency of 35 Hz (12 dB/oct)
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'I,ZJ = 0.18. Task repetition also interacted with distractor
cost: the distractor cost was smaller when the task was re-
peated (AM = 24 + 4 ms, AM = 30 + 3 ms), F(1,30) = 8.40,
p =.007, ;112, =0.22.

A marginal three-way interaction between distractor-
presence, task sequence, and categorization group
emerged: participants showed a numerically smaller dis-
tractor cost in fixed-sequence blocks, but only in the color-
categorization group (color-categorization group: AMj .4
=33+ 5ms, AM,, 4om = 40 = 6 ms; shape-categorization
group: AM,.q =20 = 4 ms, AM,,4om = 14 + 3 ms), F(1,30)
=3.89, p =.058, qg =0.11.

No other effects on RT emerged (ps > .1) and the only
reliable effect on accuracy was an improvement in repeti-
tion trials (M = 96.6 + 0.4%, M = 95.7 =+ 0.6%), F(1,30) =
5.21,p = .03, ;7; =0.15.

3.2.2 | ERP results. Distractor-absent trials
(Figure 4a)

Target-elicited N2pc

Focusing on the switch trials, the N2pc was analyzed
with a 2-way ANOVA with a between-subjects factor
for categorization group and within-subject factor for
task sequence. This identified a trend toward an interac-
tion of categorization group and task sequence, with the
effect of task sequence more pronounced in the color-
categorization group (Mpyeq = —1.16 + 0.30 UV, Miandom
= —0.78 £+ 0.28 uV) than in the shape-categorization
group (Mﬁxcd = —1.47 = 0.30 MV, Mrandom = -1.58 =
0.28 uV), F(1,30) = 3.27, p = .08, 7112J = 0.10. No other ef-
fects emerged (ps > .1). N2pc onset did not reliably vary
in any analysis (ps > .1).

3.2.3 | ERP results. Distractor-present
trials: target and distractor in same hemifield
(Figure 4b)

Distractor-elicited early Pd

We focused on switch trials in analysis of the early Pd. A
2-way ANOVA with a between-subject factor for categori-
zation group and a within-subject factor for task sequence
identified a main effect of categorization group: early Pd
was larger in the shape-categorization group
(M =0.98 £0.14 uV, M = 0.57 £+ 0.14 uV), F(1,30) = 4.36,
p = .045, n; = 0.13. A main effect of task sequence also
emerged, with the Pd larger in fixed-sequence blocks (M =
0.99 + 0.14 uV, M = 0.57 + 0.12 V), F(1,30) = 5.25,p =
.03, q,z) = 0.15, as well as a trend toward an interaction of
categorization group and task sequence, with the effect of

task sequence more pronounced in the shape-
categorization group (Mjeq = 1.36 £ 0.20 WV, M, 4om =
0.60 + 0.18 uV) than in the color-categorization group
(Mpiyeq = 0.61 £ 0.20 BV, M, 4om = 0.53 £ 0.18 uV), F(1,30)
= 3.36, p = .08, ;112J = 0.10. Separate comparisons between
the early Pd in fixed and in random-sequence blocks for
each group showed that the marginal interaction of cate-
gorization group and task sequence was driven by the
shape-categorization group (#(15) = 3.58, p = .003) rather
the color-categorization group (#(15) = 0.28, p = .78).

Target-elicited N2pc

Focusing on the switch trials, the N2pc was analyzed
with a 2-way ANOVA with a between-subject factor
for categorization group and within-subject factor for
task sequence. This identified a significant interaction
of categorization group with task sequence, with the
effect of task sequence more pronounced in the color-
categorization group (Mjxeq = —1.18 % 0.32 UV, M andom
= —.69 = 0.30 uV) than in the shape-categorization
group (Meq = —1.19 £ 0.32 pV, Myngom = —1.48 =
0.30 V), F(1,30) = 5.77, p = .02, n’ = 0.16. No other ef-
fects emerged (ps > .1) and there was no effect on N2pc
onset latency (ps > .1).

3.2.4 | ERP results. Distractor-present trials:
target and distractor in opposite hemifield
(Figure 4c)

Distractor-elicited early Pd

As noted above, the Pd in this condition expresses as a nega-
tivity contralateral to the target (and thus a positivity con-
tralateral to the distractor). Focusing on the switch trials, a
2-way ANOVA with a between-subject factor for categori-
zation group and a within-subject factor for task sequence
identified a significant interaction of categorization group
with task sequence, with the effect of task sequence more
pronounced in the shape-categorization (M, = —1.31
+ 0.22 UV, Mn4om = —0.80 £ 0.18 V) than in the color-
categorization group (Mg,eq = —0.54 £ 0.22 UV, My pom =
—0.78 % 0.18 uV), F(1,30) = 6.39, p = .02, 2 = 0.18. This
significant interaction was further analyzed by comparing
the early Pd in fixed and random-sequence blocks for each
group using two dependent sample ¢ tests. This analysis
showed that the amplitude of the early Pd significantly dif-
fered between fixed and random-sequence blocks, but only
for the shape-categorization group (shape-categorization:
#(15) = 2.35, p = .03; color-categorization: #(15) = 1.20, p =
.25). There were no other significant effects on the early Pd
(all ps > .1). Further analysis of the Pd—collapsed across the
results illustrated in Figure 4b,c—is described below.
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Difference waves in the search task: switch trials

Fixed sequence Random sequence
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FIGURE 4 ERP difference waves computed from contra- minus ipsilateral waveforms recorded at parieto-occipital electrodes PO7 and
PO8 in switch trials in the search task: (a) ERPs in distractor-absent trials, (b) ERPs in trials with target and distractor presented on the same
side of the visual field and (c) ERPs in trials with target and distractor presented on opposite sides of the visual field. ERPs are visualized
separately for fixed (left panels) and random-sequence blocks (right panels). Blue lines represent difference waves of the color-categorization
group; black lines represent difference waves of the shape-categorization group. The epochs marked in yellow represent the early Pd
component and the epochs marked in red represent the N2pc component. Vertical dotted lines represent the time point at which 50% of the
maximum amplitude was reached. For illustration purposes, time series were filtered using a low-pass Butterworth filter with high cutoff
frequency of 35 Hz (12 dB/oct)

Target-elicited N2pc

Focusing on switch trials, a 2-way ANOVA with a between-
subject factor for categorization group and within-subject
factor for task sequence identified a trend to an effect of cat-
egorization group: the N2pc amplitude was numerically
larger in the color-categorization group (M = —2.20 +
0.36 uV) than in the shape-categorization group (M = —1.23
+ 0.36 uV), though this did not reach significance, F(1,30) =

3.72,p = .06, r]; =0.11. No other effects emerged (all ps > .1).
The N2pc emerged earlier in the shape-categorization group
(Mshapu-ca[cg()rizalion =218+08 ms, Mc()lur-catcg(lrizulinn =261+
0.8 ms). When jacknife latency measures were submitted to
a 2-way ANOVA with a between-subject factor for categori-
zation group and within-subject factor for task sequence, a
main effect of categorization group emerged, F(1,30) =
7.25,p= .01, ’7; = 0.98, all other ps > .1.
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3.2.5 | ERP results. Early Pd collapsed across
“Target and distractor in same hemifield”
(Figure 4b) and “Target and distractor in
opposite hemifield” (Figure 4c) conditions

To gain statistical power, we additionally analyzed the
early Pd elicited in switch trials across the “target and
distractor in same hemifield” and “target and distractor
in opposite hemifield” conditions. Because the early Pd
expressed as a positivity when target and distractor were
in one hemifield, but as a negativity when these stimuli
were located contralateral to one another, this analysis
was based on rectified polarity as measured at its cross-
conditional peak.

A 2-way ANOVA with a between-subject factor for
categorization group and within-subject factor for task se-
quence identified a main effect of categorization group,
with the Pd larger in the shape-categorization group
(M =1.02+0.13 uV, M = 0.62 + 0.13 uV), F(1,30) = 4.53,
p = .04, ;= 013, and a main effect of task sequence

(Mfiyeq = 0.96 £ 0.12 UV, My, 4om = 0.68 £ 0.10 V), F(1,30)
=5.31,p.=.03, r]lzJ =0.15.

Importantly, categorization group interacted with task
sequence: the difference between fixed and random-
sequence blocks was larger for participants in the shape-
categorization group (shape-categorization group: M4
= 1.33 £ 0.17 pV vs. My n4om = 0.70 = 0.14 uV, color-
categorization group: Mg,.q = 0.58 & 0.17 uV vs. M, 4om =
0.66 + 0.14 uV), F(1,30) = 8.79, p = .006, ;112, = 0.23. The

stimulus-triggered suppression indexed in the early Pd
was thus larger in the shape-categorization group, when
the fixed task sequence gave the opportunity for quick
stimulus-triggered suppression when the stimulus ap-
peared. Finally, separate comparisons between the early
Pd in fixed and in random-sequence blocks for each group
showed that the interaction of categorization group and
task sequence wassolely driven by the shape-categorization
group (#(15) = 4.59, p < .001), and not by the color-
categorization group ({(15) = 0.40, p = .69).

3.2.6 | Time-frequency results (Figure 5)
To index pre-stimulus preparation we contrasted oscil-
latory power in switch trials with oscillatory power in
repetition trials. This was separately achieved for fixed
and random-sequence blocks for each of the color-
categorization (Figure 5a) and shape-categorization
groups (Figure 5b).

In fixed-sequence blocks, participants in the color-
categorization group showed less power in posterior alpha
(8-14 Hz) in the —470-—800 interval in switch compared

to repetition trials (p < .01; mean power spectrum in the
significantly different bins: Mgy, = 9.65 + 2.52 uV?,
M epetition = 10.72 £ 2.70 WV?; Figure 5a, upper panels). No
corresponding effect emerged in random-sequence blocks
(Figure 5a, lower panels).

This pattern did not emerge with the same strength
in the shape-categorization group (Figure 5b). In fixed-
sequence blocks, participants in the shape-categorization
group showed less power in posterior alpha (12-14 Hz) in
the —530-—800 interval in switch compared to repetition
trials (p < .01; mean power spectrum in the significantly
different bins: Mgyicn = 7.25 % 3.01 UV?, Myepetition = 7.86
+ 3.20 uV%; Figure 5b, upper panels). No corresponding
effect emerged in random-sequence blocks (Figure 5b,
lower panels). To contrast the groups, we compared the
normalized switch-vs-repetition effect using cluster-based
permutation tests (Figure 5c). When comparing pre-
stimulus power between switch and repetition trials in the
categorization task, no significant difference in the range
of alpha-band was observed.

4 | DISCUSSION

This study investigated the relation of two potentially
conflicting influences on attentional selection, namely
proactive top-down control and selection history. The
primary motivating question was whether participants
would adjust proactive attentional control to compen-
sate for an attention bias resulting from individual se-
lection history. The study was designed to identify the
specific mechanisms that might support this kind of
control.

Participants performed a combination of two inter-
mingled visual tasks, a categorization task and a search
task. In the categorization task, they were presented with
stimuli arrays containing a shape singleton and a color
singleton (Figure 1a). Half of the participants—the shape-
categorization group—reported the shape of the shape sin-
gleton, whereas the other half—the color-categorization
group—reported the color of the color singleton. In the
search task, all participants searched for a shape single-
ton in an array that sometimes contained a task-irrelevant
color singleton (Theeuwes, 1991).

Preparing for a new task after having performed a dif-
ferent task requires an updating process known as task-set
reconfiguration (e.g., Karayanidis et al., 2010; Longman
et al., 2013; Meiran et al., 2008). Although both groups in
our experiment had to reconfigure their task set (e.g., shift
from categorization to search, respond with different ef-
fectors), switching between tasks was more complex for
the color-categorization group. These participants had to
search for color singletons in the categorization task and
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ignore shape singletons, but search for shape singletons in
the search task and ignore color singletons. Participants
in the shape-categorization group had it easier: they al-
ways searched for shape singletons and ignored color
singletons.

JsvexopuvsioLosy .5

Based on prior work, we expected that partici-
pants in the color-categorization group would show a
strong attentional bias toward the color singleton in the
search task, reflecting the influence of selection history
and the cost of having to switch attentional templates

Differential pre-stimulus oscillation between switch and repetition trials in the search task
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FIGURE 5 (aand b) Differential pre-stimulus oscillation between switch and repetition trials in the color-categorization (a) and the
shape-categorization group (b) in fixed (upper panels) and random-sequence blocks (lower panels). Left graphs show normalized differences
in pre-search power between switch and repetition trials at posterior channels (pool of 01/2, PO7/8, PO3/4, P7/8, P5/6, P3/4, P1/2, Oz, POz
and Pz). Normalized differences were calculated as [(switch—repetition)/(switch + repetition)| x 100 for each time (28 bins) and frequency
(27 bins) point for each channel. Right panels show t-values, calculated by cluster-based permutation tests. For illustration purposes, bins

in the T-maps with p > .01 were plotted with less opacity. (c) Comparison of normalized differences in pre-search power between switch
and repetition trials in the color-categorization group with that in the shape-categorization group in fixed-sequence blocks. The left graph
represents between-group differences of the averaged power over 17 posterior channels. The right panel shows t-values calculated by cluster-
based permutation tests using independent ¢ test. For illustration purposes, bins in the T-maps with p > .05 were plotted with less opacity

(Feldmann-Wiistefeld et al., 2015; Kadel et al, 2017). The 4.1 | Preparation in fixed task sequence

question was whether participants would be able to es-
tablish control over this residual attentional bias and how
this control would be mechanistically implemented. To
give participants the opportunity to establish control, in
some experimental blocks the categorization and search
tasks alternated in fixed sequence, so that participants
were afforded the opportunity to prepare (Figure 2a).
We expected to find that the color-categorization group
would use this opportunity more than would the shape-
categorization group because their task required greater
control.

As expected, results showed that the color-
categorization group was more sensitive to the distractor
during search. Importantly, the color-categorization group
also showed behavioral and electrophysiological evidence
of greater preparation. In behavior, this expressed as a RT
benefit in fixed-sequence blocks that was stronger for the
color-categorization group (Figure 2b,c). In particular,
distractor costs in fixed-sequence blocks nominally re-
duced in the color-categorization group (though this did
not reach statistical significance; Figure 2c). In electro-
physiology, enhanced preparation was apparent in poste-
rior alpha oscillations. When fixed task sequence allowed
them to prepare, both color-categorization and shape-
categorization groups showed a reduction of pre-stimulus
oscillatory power in the alpha band that was stronger
before task-switch trials (Figure 5a,b). However, this ef-
fect was substantially larger in the color-categorization
group, consistent with the idea that these participants
prepared more before the task switch than did the shape-
categorization group (Figure 5c).

Preparation thus appears indexed in pre-stimulus
posterior alpha and had an impact on post-stimulus be-
havior. To gain insight on the specific selective mecha-
nisms through which preparation facilitated behavior,
we looked to the early Pd and N2pc components of the
post-stimulus ERP. The early Pd is known to index rapid,
stimulus-triggered distractor suppression (Gaspar &
McDonald, 2014; Sawaki & Luck, 2013; Weaver et al.,
2017; van Zoest et al., 2021), whereas the N2pc tracks at-
tentional resolution of target features (Luck & Hillyard,
1994a).

reduces the need for post-stimulus
suppression

Strikingly, enhanced preparation in the color-
categorization group was associated not with an increase
in early Pd, but with its reduction. That is, the shape-
categorization group showed a larger distractor-elicited
early Pd in task-switch trials within fixed-sequence blocks
than was observed for the color-categorization group
(Figure 4b,c). Our interpretation of this pattern is that the
preparation tracked in posterior alpha did not facilitate
post-stimulus distractor suppression. Rather, this prepa-
ration led to a reduction in need for such suppression (cf.
van Moorselaar & Slagter, 2020; van Zoest et al., 2021).
That is, pre-stimulus suppression led to a situation where
the color singleton, when it appeared, had less salience,
and therefore required less stimulus-triggered suppres-
sion. This could reflect the silencing of feature channels
in visual cortex.

It is important to note that an alternative interpre-
tation of this data pattern is available. The early Pd
in fixed-sequence blocks may not be reduced in the
color-categorization group, but rather increased in the
shape-categorization group. This could indicate that the
shape-categorization group did not prepare prior to task
switches to the same degree as the color-categorization
group. As a result, they relied more heavily on stimulus-
triggered distractor suppression in order to limit the dis-
ruptive influence of the color singleton, resulting in a
prominent Pd in fixed-sequence switch trials (Figure 4b,c).
Why might participants in the shape-categorization group
use post-stimulus suppression when there was the oppor-
tunity for pre-stimulus suppression? One possibility is that
stimulus-triggered, reactive distractor suppression is less
effortful than pre-stimulus maintenance of attentional set.
If participants in the shape-categorization group were to
employ pre-stimulus attentional set, they would have had
to switch sets very commonly in our task—at least once
every two trials. The shape-categorization group may have
not engaged in this effortful task-switching, instead relying
on reactive control (Braver, 2012), and thus the stimulus-
triggered suppression reflected in early Pd. Critically, both
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interpretations offered here share the notion that pre-
stimulus preparation in the color-categorization group
resulted in a decrease in need for stimulus-triggered dis-
tractor suppression, relative to the shape-categorization
group.

The current results add to a growing body of work
showing that goal-oriented top-down control mechanisms
are especially efficient in guiding attention when they can
be instantiated and fine-tuned to current task require-
ments before stimulus onset (Amit et al., 2019; Burra &
Kerzel, 2013; Nessler et al., 2012). When participants were
faced with a challenging task, they employed such pre-
stimulus preparation in an attempt to best optimize their
performance.

For example, Liu et al. (2016) found that the N2pc in a
perceptually difficult discrimination task was larger when
that task was presented predictably and in isolation than
when it was intermixed with other difficulty levels of the
same task. Similarly, Burra and Kerzel (2013) showed that
blockwise predictability of the exact target feature not only
increased the target-elicited N2pc during search, but also
reduced the distractive potential of a simultaneously pre-
sented additional singleton distractor. They argued that
observers had used the predictable task blocks to adjust
feature selection in an anticipatory, top-down manner.
The present study supports and extends this interpreta-
tion with neural evidence for predictability-specific task
preparation. This is not trivial, as participants in our study
were neither instructed nor required to prepare proac-
tively for the upcoming task, and results from the shape-
categorization group show that participants could adopt
reactive control processes to support task completion
(Braver, 2012).

4.2 | Proactive control in predictable
versus unpredictable task switching

Our results show a reduction of posterior alpha power that
seems to track the establishment of task preparation and
the need for changes in attentional set. Several previous
studies have reported alpha modulations in paradigms in
which observers switched their attention between different
visual or sensory tasks. For example, Gladwin and de Jong
(2005) found that pre-stimulus posterior alpha decreased
in power when participants were cued to switch between
auditory and visual tasks, and Foxe et al. (2014) found
similar results when the switch was voluntary. Poljac and
Yeung (2014) found the same alpha decrease when vol-
untary task switches were made between unimodal vis-
ual tasks. Cooper et al. (2016) have recently investigated
the nature of alpha reduction elicited by cues indicating
the need for task switching across variety of paradigms

|psvcunpuvsmmnv K

(oddball, go/nogo and task switching). Results suggest that
reductions in alpha power may reflect a working memory/
rule updating process. Although our study did not use a
cue to indicate task switch or repetition, working memory
processes and rule updating might have played a role here,
as participants had to memorize the trial sequence to pre-
pare for the upcoming trial in fixed-sequence blocks.

Interestingly, pre-stimulus alpha-band power in the
categorization task did not differ between switch and
repetition trials in fixed-sequence blocks in either of the
color-categorization or shape-categorization groups. This
further suggests that the pre-stimulus alpha-band modu-
lation observed in fixed-sequence blocks in the search task
is probably specific to the setting-up of proactive color
suppression, rather than establishment of any general
template supporting task completion.

4.3 | The functional significance of early
positive-polarity laterality: PPC versus
early Pd

What we have referred to as the early Pd in consideration
of results from the search task is very similar in latency
and polarity to the PPC we identify in the categorization
task. That is, in results from both the categorization and
search tasks, the ERP shows a strong positive deflection
contralateral to the color singleton (Figures 3 and 4), but
we label this positive component “PPC” in interpreting
the categorization results, but “early Pd” in interpreting
the search results. In using these labels, we are attempting
to define distinct nomenclature that reflects differences in
function. The PPC has been convincingly linked to pro-
cessing of raw stimulus salience (Corriveau et al., 2012;
Pomerleau et al., 2014). Consistent with this, the PPC
observed in the categorization task consistently emerges
contralateral to the color singleton in all conditions; it is
sensitive to the raw physical salience of the color singleton,
but not to changes in task context. In contrast, the early Pd
has been linked to distractor suppression (Weaver et al.,
2017; van Zoest et al., 2021). In line with this idea, the
early Pd observed in the search task varies as task context
changes the need for selective processing and distractor
handling (though physical stimulation remains identical).
The PPC and early Pd are therefore distinct in their func-
tional significance. Importantly, it seems likely to us that
the positive-polarity effect observed in the search task is
composed, in part, of a PPC elicited by the raw physical sa-
lience of the color distractor. However, because the PPC is
defined by its insensitivity to task context, the fact that the
early positivity is sensitive to experimental manipulations
(when physical stimulation remains identical) identifies
the additional emergence of early Pd.
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The current results demonstrate that participants will pro-
actively tune their attentional control settings to an up-
coming task, and that this will reduce the attentional bias
created by prior task set and selection history. However,
such proactive control is not necessarily sufficient to
compensate for these biases. In these results, participants
showed a propensity to be strongly distracted by previous
task-relevant objects even in spite of neural and behavioral
evidence of their preparation for the appearance of these
stimuli. Strategic attentional control thus plays a role in
defining attentional prioritization, but does not necessar-
ily have the power to negate the influence of residual at-
tentional biases created by earlier experience.
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1 | INTRODUCTION
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Abstract

Predictive processing frameworks have demonstrated the central role that predic-
tion plays in a range of cognitive processes including bottom-up and top-down
mechanisms of attention control. However, relatively little is understood about
how predictive processes interact with the third main determinant of attentional
priority — selection history. In this experiment, participants developed a history of
either color or shape selection while we observed the impact of these histories in
an additional singleton search task using behavioral measures and ERP measures
of attentional control. Throughout the experiment, participants were encouraged
to predict the upcoming display, but prediction errors were either high or low
depending on session. Persistent group differences in our results showed that se-
lection history contributes to the precision weighting of a stimulus, and that this
is mediated by overall prediction error. Color-singleton distractors captured at-
tention and required greater suppression when participants had a history of color
selection; however, these participants gained large benefits when the upcoming
stimuli were highly predictable. We suggest that selection history modulates the
precision expectations for a feature in a persistent and implicit way, producing an
attentional bias that predictability can help to counteract, but cannot prevent or

eliminate entirely.

reliance on information produced by the senses, successful
interaction with the outside world relies on building and

In everyday situations, successful navigation of the world
relies on making accurate predictions about where and
when important information will be found. Recent work
has shown that prediction is not only an important func-
tion of the brain, but also a central mechanism that the
brain uses to develop effective information processing
(den Ouden et al., 2012; Friston, 2009). Predictive cod-
ing frameworks of the brain argue that, given the brain's

Hossein Abbasi and Dion Henare shared first authorship.

testing predictive models. As such, prediction has been
shown to play an important role in a range of cognitive
processes including auditory (Bendixen et al., 2012), motor
(Ridderinkhof & Brass, 2015; Urgen & Saygin, 2020), and
affective systems (Ransom et al., 2020).

To some degree, predictive processing fits into tradi-
tional frameworksofvisualattention thatemphasizeacom-
bination of bottom-up and top-down processes (Feldman
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the original work is properly cited.
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& Friston, 2010). According to predictive processing, the
brain prioritizes stimuli based on two main factors - preci-
sion expectations and prediction error. Prediction error is
the difference between what the brain predicts will occur
and what actually occurs, and should therefore be large
for unexpected stimuli. Indeed, research has shown that
while neural responses to predicted stimuli are often at-
tenuated, unexpected stimuli generate large responses in
accordance with their associated prediction error and cap-
ture attention in a bottom-up fashion (Alink et al., 2010;
den Ouden et al., 2010; Folk & Remington, 2015; Richter
& de Lange, 2019; Todorovic et al., 2011). These prediction
errors are also weighted by the second factor, precision
expectations (Feldman & Friston, 2010; Kok et al., 2012).
Precision refers to the expected reliability of a signal and is
essential for ensuring that the brain prioritizes not just any
unexpected information, but specifically information that
can reliably inform the refinement of predictive models.
Recent work has shown that top-down attention is used to
increase the expected precision or reliability of a stimulus
in an upcoming location, allowing the precision-weighted
prediction error of a relevant target to outcompete unex-
pected stimuli (Gordon et al., 2019; Kok et al., 2012; Smout
et al., 2019). In this view, bottom-up and top-down atten-
tional control mechanisms can be understood as processes
that modulate the precision-weighted prediction errors
that ultimately determine stimulus priority in the brain.

In addition to the classical dichotomy of bottom-up and
top-down processing, recent work in the attention litera-
ture has highlighted the role of a third major factor, namely,
selection history. Selection history refers to the way that
an individual's history of interactions with a stimulus can
impact on its later selection priority. Feldmann-Wiistefeld
et al. (2015) demonstrated this effect using a paradigm in
which participants perform two interleaved tasks. In the
search task, all participants are required to respond to a
line within the target shape singleton, while ignoring a sa-
lient color singleton. In the categorization task, however,
participants learn to categorize either shape singletons or
color singletons depending on their group assignment.
The results show that for color group participants, their
performance on the search task is especially impaired by
the presence of a color distractor. Their results demon-
strate the impact that an observer's selection history can
have on search, even when it is not relevant (but actually
detrimental) to current task performance.

An understanding of how selection history integrates
with predictive coding is currently lacking, and may be
especially important given selection history's central role
in the processing of irrelevant information. The ability
to suppress and ignore distractors is presumably a cru-
cial component of successful attentional control, and re-
cently it has been shown that successful suppression of

distractors may be achieved primarily through selection
history mechanisms (Luck et al., 2021; see also Geng
et al., 2019; Chelazzi et al., 2019). Wang et al. (2019) for
example have shown that when participants learn to ex-
pect a salient distractor to appear in a particular location,
the response to that distractor is suppressed. Similarly,
van Moorselaar and Slagter (2019, 2020) showed that par-
ticipants can also use expectations about an upcoming
distractor's features to improve their performance. These
results are consistent with predictive coding accounts in
which predicted stimuli should elicit smaller prediction
errors, reducing their processing priority. However, as
mentioned above, the final priority of a stimulus is deter-
mined by both the prediction error a stimulus evokes, and
its expected precision. At this stage we understand rela-
tively little about how selection history interacts with the
weighting of precision expectations in order to influence
stimulus priority.

The goal of the present study is to examine how selec-
tion history impacts on the precision expectations of tar-
get dimensions, and how this combines with prediction
error to affect distractor capture. To this end, we adapted
the task of Feldmann-Wiistefeld et al. (2015) where two
groups of participants perform interleaved categoriza-
tion and search trials. Participants performed these tasks
in two different sessions where trial sequence predict-
ability was either high or low. When trial order is highly
predictable, prediction errors should be small for all par-
ticipants, whereas when trial order is only partially pre-
dictable, prediction errors will be relatively large. Within
each session, the two groups differed with respect to the
expected precision of the target dimension. For the shape
group, the target in an upcoming display was always a
shape singleton, therefore, top-down control and selec-
tion history could combine to tune precision expectations
for targets across all trials in both sessions. For the color
group, selection history could not contribute to the tuning
of precision-weighted expectations as the target category
changed across trials. Group differences under low pre-
dictability therefore represent the color group's inability to
tune precision-weighted expectations due to impaired top-
down control and selection history. In the high predict-
able session, the color group gained the use of top-down
control to tune expectations from trial to trial, therefore,
any group differences that persist in this condition reflect
the unique contribution of selection history to precision-
weighted expectations in the shape group.

Importantly, we also use EEG to record neural activity
during our task, and incorporate a stimulus lateraliza-
tion technique that provides us with dissociable mea-
sures of the neural response to targets and distractors
(Feldmann-Wiistefeld et al., 2015; Hickey et al., 2009).
The first of these components is the N2pc, an increased
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negativity that occurs ~200ms after stimulus onset at
parieto-occipital electrodes contralateral to an attended
target (Woodman & Luck, 2003) or a salient non-target
stimulus (Berggren & Eimer, 2019; Liesefeld et al., 2017).
A second prominent lateralized ERP component is the
Pp (distractor positivity), a larger positive deflection at
contralateral compared to ipsilateral parieto-occipital
electrodes, typically elicited by distractors. The Py, com-
ponent indexes suppression of to-be-ignored salient
distractor (Heuer & Schubd, 2020; Hickey et al., 2009;
Sawaki & Luck, 2010), or termination of attention after
perception completion of a target (Sawaki et al., 2012).
Both components were used to evaluate the effect
of selection history on attention capture: Feldmann-
Wiistefeld et al. (2015) showed that for participants with
a history of color categorization, color distractors elicit a
larger N2pc and a larger Ppy indicating greater attentional
capture and an increased need for suppression, respec-
tively. If selection history provides a unique contribution
to precision-weighted prediction errors then we should
expect similar component differences to appear not only
in the low-predictable session of our task, but to remain
in the high-predictable session.

2 | METHOD

2.1 | Participants

Thirty four healthy students (6 male) from Philipps
University Marburg participated in this study, for course
credit or monetary payment (8€/hr). All but four partici-
pants were right-handed and all had normal or corrected—
to-normal vision. Participants were assigned randomly to
either the color or the shape group. Two participants in
the shape group had to be excluded from analysis due to
excessive eye movements in over 35% of the trials. Written
consent for participation was obtained prior to the ex-
periments from participants in the color (mean age +SD:
21.5+2.6years) and the shape group (mean age+SD:
23.2+3.5years).

2.2 | Stimuli and apparatus

Participants completed the experiments while they were
sitting in a comfortable chair in a dimly lit, electrically
shielded and sound-attenuated room. They responded via
a customizable keypad (Ergodex DX1) placed on their lap.
Task presentation was controlled by E-Prime 2.0 routines
(Psychology Software Tools, Inc.), running on a standard
PC with Windows XP operating system, and presented
on a 22” LCD-TN monitor (Samsung Syncmaster 2233)
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FIGURE 1 (a)Exemplary displays in the categorization task.
All categorization trials contained two singletons, one in color and
the other in shape. One singleton appeared on the vertical, the
other on the horizontal midline. Participants in the color group

had to categorize the color singletons by pressing one button for a
green and another button for a blue circle. Participants in the shape
group had to categorize the shape singletons by pressing one button
for a pentagon and another button for a triangle. Participants were
naive to their group assignment when the experiment started and
had to learn it on a trial-and-error basis by receiving immediate
auditory feedback in incorrect trials. (b) Exemplary displays in

the search task. Both groups searched for the diamond-shaped
target and reported the orientation (horizontal vs. vertical) of the
embedded line. In 50% of the trials, an additional color distractor
was presented (right panel) which had to be ignored.

placed at a viewing distance of 100 cm. For auditory feed-
back two stereo speakers were placed behind the monitor,
each on one side (Logitech Z120 2.0). In both experimen-
tal tasks, display consisted of eight elements of 2.3° visual
angle placed in a circular search array on a dark gray back-
ground (RGB 60, 60, 60) equidistant to the screen center
(distance screen center to stimulus center: 6.3°; horizontal
eccentricity: 5.7°).

In the categorization task, six neutral distractor stimuli
(gray circles, RGB 110, 110, 110) and two singletons (see
Figure 1a) comprised the display. From the singletons, one
had a distinct color, either green (RGB 48, 171, 48) or blue
(RGB 48, 48, 171), and the other had a distinct shape, ei-
ther a triangle or pentagon. All combinations of different
singletons (blue-triangle, blue-pentagon, green-triangle,
green-pentagon) were presented equally often through
the categorization task. Laterality of the stimuli was varied
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FIGURE 2 (a) Representation of trial sequences. The letter “C” stands for a categorization trial and the letter “S” stands for a search
trial. In high-predictable trial sequences (left panel) the tasks always switched after one repetition. In low-predictable trial sequences (right
panel), the pattern was more complex, numbers in the parentheses indicate the likelihood of the respective trial. Each participant completed
25 blocks (with 64 trials per block) for each task sequence in separate sessions. (b) Mean response times in the categorization task for the
color (blue) and the shape group (black), separated for high-predictable and low-predictable trial sequences. Error bars represent standard
errors of the mean. (c) Mean response times in the search task in high-predictable and low-predictable trial sequence. Blue and back lines
represent RTs for the color group and the shape group, respectively. Dashed lines show RTs for trials with an additional colored distractor,
solid lines represent RTs for distractor-absent trials. Note that the RT scale in panel C differs from that in panel B. Error bars represent
standard errors of the mean. (d) Grande-average difference waves recorded at parieto-occipital electrodes (pool of PO7/8, PO3/4 and P7/8),
elicited by lateral singletons in the categorization task in the color (blue lines) and shape group (black lines). Left panels show difference
waves observed for high-predictable, right panels for low-predictable task sequences, separately for trials with lateral color singletons
(upper panels) and lateral shape singletons (lower panels). Green shadings represent the time window of the N2pc analysis. For illustration

purposes, EEG waveforms were low pass filtered at 35 Hz using a zero-phase Butterworth filter of order two.

systematically, to present color and shape singletons at the
four positions on the vertical and horizontal midline.

In the search task, the target was a diamond shown
among seven circles as neutral distractors (see Figure 1b,
left). One vertically or horizontally oriented line was
embedded in the diamond-shaped singleton while gray
neutral distractor stimuli circles (RGB 110, 110, 110) con-
tained a line tilted by +45°. In 50% of the trials, the addi-
tional singleton distractor was presented as a circle with a
deviated color to red (RGB 171, 48, 48; distractor-present
trials, Figure 1b, right panel). Targets and color distrac-
tors appeared at one of the four positions on the vertical
and horizontal midline, with the target presented equally
often on the vertical and horizontal midline in distractor—
absent trials.

2.3 | Procedure

2.3.1 | General trial procedure

Categorization and search trials started with a fixation
cross presented for 500 ms, followed by the stimulus dis-
play shown for 200ms, and a blank screen with a central
fixation cross, shown for maximal 2000ms, indicating
that participants were supposed to respond. Incorrect
responses were followed by a buzzing error sound. After
response completion or after the time-out, a 1000 ms
inter-trial-interval separated the next trial.

2.3.2 | Feedback-guided learning phase

Participants started the learning phase by completing a
block of 64 categorization task trials. Before starting the
learning phase, they were told that one shape and one
color singleton appeared in each trial and they were in-
structed to respond to each display via the buttons on
the left half of the pad with their left hand. They were

informed that a buzzing tone indicated an error. They
were neither told which stimulus was assigned to which
button press, nor that only one dimension was response—
relevant, but to find out the correct stimulus-response-
mappings with the help of the error feedback. Participants
in the color group had to learn to respond to the color sin-
gletons (blue or green) and ignore shape singletons, while
participants in the shape group had to learn to respond
only to shape singletons (triangle or pentagon) and ignore
color singletons. In the first 32 trials of the learning phase,
stimulus presentation was prolonged to 500 ms for learn-
ing facilitation purposes. Participant could proceed to the
next block if accuracy was >75%, otherwise they had to
repeat the block.

2.3.3 | Mixed practice phase

This block was performed subsequently and combined 32
categorization trials (described above) with 32 search tri-
als in arandom order. In the search task, participants from
both groups had to report the orientation of the line em-
bedded in the diamond-shaped target (horizontal or verti-
cal) via two response buttons on the right half of the pad
with their right hand. Stimulus-response mapping was
counterbalanced across participants and groups. In the 32
search task trials of this phase, stimulus presentation was
prolonged to 1000ms for learning facilitation purposes.
Participants could proceed to the next block if accuracy
was >75%, otherwise they had to repeat the block again.

2.3.4 | Main experiment

After the mixed practice phase, participants had to con-
tinue performing both tasks in two different combined
experimental sessions performed on separate days. In
high-predictable trial sequences, trials of the categoriza-
tion and search task were presented in a sequence of

-03-



ORIGINAL MANUSCRIPTS — Study Il

ABBASI ET AL.

50f14

(a) Trial sequences

High-predictable sequence

c-C —C—C

IPSYCHOPHYSIOLUGV E.

Low-predictable sequence

(SOC%)
cC—C \\
(100%)
C
(50%)\ C
(50%)
(b) Categorization task RTs (¢} Search task RTs
Color group Color group === Distractor-present
[ms] (ms] _
600 Shape group Shape group ————  Distractor-absent
700¢
550 6500
600
500
L L .
High- Low- High- Low- High- Low-
predictable  predictable predictable  predictable  predictable predictable
(d) Differential ERPs in the categorization task
Color group Shape group

High-predictable sequence

Lateral color _2.[8 o
singleton -
0%o

O +0

00

Lateral shape _2_[gy]
singleton

0%o

O + A

00

2.0

two trials per task (Figure 2a, left). In a recent study, we
have shown that high-predictable trial sequence facili-
tates proactive task preparation (Abbasi et al., 2022). In
low-predictable trial sequences, trials were presented in a
sequence of variable likelihoods (Figure 2a, right panel).
The likelihoods were as follow: While the second trial

Low-predictable sequence
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repeated with a likelihood of 100%, the third repeated
or switched with the same likelihood of 50%. The fourth
trial depended on the switch/repetition sequence of the
first three trials, and was equally likely to be a switch or
repeat trial when the first three trials were the same, but
always repeated when the last trial had been a switch.
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It never happened that more than four consecutive tri-
als from the same task appeared in a row. Because of
this pattern of task switching in low-predictable trial se-
quences, 37% of trials were switch trials and 63% were
non-switch trials. Participants were informed about the
logic behind high-predictable and low-predictable trial
sequences at the beginning of the respective session. In
total, participants worked through 25 blocks of 64 trials
each on each day, 1600 trials in total and 800 trials in
each the categorization and the search task. After each
block, performance feedback (response times and accu-
racy in both tasks) was presented on the screen during
a break of at least 10 s. Participants could decide when
to continue with the task. Twice throughout the experi-
ment, participants were prompted to take a longer break
of several minutes.

2.4 | EEG recording

The EEG was recorded using 64 Ag-AgCl active elec-
trodes (actiCAP by Brain Products GmbH, Munich,
Germany), placed according to the International 10-
10 layout system. Vertical and horizontal EOGs were
measured as differences between electrodes beneath
and above the left eye and left and right of the eyes, re-
spectively. Impedance of each electrode was kept below
5 kQ. All electrodes were referenced to FCz and re-
referenced offline to the average of all electrodes. Before
referencing, malfunctioning electrodes were identified
and interpolated using spherical splines with the spline
order of four as implemented in Brain vision analyzer.
The signal was recorded with a BrainAmp amplifier
(Brain Products, Munich, Germany) at a sampling fre-
quency of 1000 Hz and filtered with a low cutoff filter of
0.016 Hz and a high cutoff filter of 250 Hz (—3 dB cutoff,
Butterworth filter, 30 dB/oct roll-off).

2.5 | Data analysis

2.51 | Behavioral data
In the categorization task, mean response times (RTs)
for trials with correct responses and mean accuracy
were computed separately for each task sequence block.
Mean RTs and accuracy data were then analyzed using
an ANOVA with the between-subject factor categoriza-
tion task (color vs. shape) and the within-subject factors
task predictability (high-predictable vs. low-predictable
sequences).

In the search task, mean RTs for trials with correct
responses and mean accuracy were computed separately

for high-predictable and low-predictable trial sequence
sessions and for trials in which a color distractor was ab-
sent and present. Mean RTs and accuracy data were then
analyzed using an ANOVA with the between-subject fac-
tor categorization task (color vs. shape) and the within—
subject factors task predictability (high-predictable vs.
low-predictable sequences) and distractor presence
(distractor-absent vs. distractor-present trials).

First trial in each block, trials with wrong or no re-
sponses, and trials with outlier RT (+2 SD from mean RT
calculated separately for each participant and separately
for each block and task) were removed from all RTs and
accuracy analysis. This led to exclusion of 8.94% of trials
in the shape and 8.63% in the color group.

2.52 | EEGdata

Brain Vision Analyzer (Brain Products, Munich, Germany),
the Fieldtrip toolbox (Oostenveld et al., 2010) and custom
Matlab R2019a (MathWorks, http://www.mathworks.
com) scripts were used for off-line EEG data processing.

2.5.3 | Event-related potentials
For the analysis of the target- and distractor-elicited
N2pc components and the early and late Pps, the EEG
was segmented into 700ms epochs time-locked to dis-
play onset, including a 200ms pre-stimulus baseline.
Trials with wrong or without response, and first trials in
each block were excluded from further analysis. Vertical
EOG (VEOG) was calculated as the difference between
electrode below the left eye and Fp1, and the horizontal
EOG (hEOG) was calculated as the difference between
F9 and F10. The four channels used for EOG calculation
were low-pass filtered at 35Hz. Trials with eyeblinks
(VEOG > +80pV) or horizontal eye movements (hEOG
>+ 50 pV amplitude criterion; and hEOG > + 35V step
criterion, within a 40-ms sliding time window) or other
channel activities > + 80 pV in the first 350 ms after stim-
ulus onset were excluded from analysis. Participants
with less than 65% valid trials were excluded from fur-
ther analysis (two participants from the shape group).
The remaining 32 participants had 85.03% artifact-free
trials on average. In total, 18.01% of trials had to be ex-
cluded in the shape and 11.94% in the color group.
Selection of PO7/8, PO3/4, and P7/8 electrodes for
the N2pc and Pp analyses was done based on previous
studies (Kadel et al., 2017; Noonan et al., 2016; van Zoest
et al., 2021). To determine the time window for the N2pc
component, the lateralized ERP from all conditions with a
lateralized target were collapsed separately for each task;
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the N2pc was identified as the most negative peak in the
first 300ms. A similar approach was taken to determine
the time windows for the early Py, (the most positive point
within the first 200-ms interval after stimulus onset), the
distractor N2pc (the most negative point within the 300-
ms interval after stimulus onset), and the late Py (the
most positive point within the 200-350 ms interval after
stimulus onset) for all trials with a lateralized distractor
in the search task. Next, the time windows were defined
as +30ms interval around the peak latencies of each ERP
component. In the categorization task, the N2pc peaked at
224 ms, the analysis time window was set to 194-254 ms.
Mean amplitudes were calculated and forwarded to two
separate ANOVAs with the between-subject factor catego-
rization task (color vs. shape) and the within-subject factor
task predictability (high-predictable vs. low-predictable).
ANOVAs were performed separately for trials with lateral
color singleton and lateral shape singleton.

In the search task, the target N2pc peaked at 243 ms,
the time window was set to 213-273 ms. The time win-
dows for the distractor N2pc and P, components were
identified from the ERPs averaged across all conditions
with a lateralized distractor. The early P, peaked at 135ms
(time window 105-165ms), the distractor N2pc peaked at
231 ms (time window 201-261ms), and the late P, peaked
at 294 ms (time window 264-324 ms). For each component,
mean amplitudes were calculated and forwarded to a two-
way ANOVA with the between-subject factor categoriza-
tion task (color vs. shape), and the within-subject factor
task predictability (high—predictable vs. low-predictable).

In addition to mean amplitude, the onset latency of the
target N2pc and the late P;, was analyzed using a jackknife-
based approach (Kiesel et al., 2008; Miller et al., 1998). The
onset was determined as the time point at which 50% of the
target N2pc (lateral target conditions) or the late Py, (lateral
distractor condition) amplitude was reached. Mean onsets
were forwarded to a two-way ANOVA with the between-
subject factor categorization task (color vs. shape) and the
within-subject factor task predictability (high-predictable
vs. low-predictable) separately for distractor-absent tri-
als, distractor-present trials with the lateral target and
distractor—present trials with the lateral distractor.

3 | RESULTS
3.1 | Categorization task
3.1.1 | Behavioral results (Figure 2b)

On average, participants in both groups responded with
similar speed to their respective singleton, (color group:
M+ SEM = 534+13ms; shape group: M = 566 +14ms),

Jsvchophysiovoey .
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F(1,30) = 2.56, p = .12. Responses were, however, faster
in the high-predictable (M = 539+ 11ms) than in the low-
predictable trial sequence (M = 562 + 11 ms), F(1,30) = 5.38,
p=.03, ;1127 = .15, indicating more efficient target selection
with an increase in predictability. Participants in the color
group seemed to benefit more from predictability (Mp;gh-pred.
=514+15ms V8. Mg preq. =555+ 16ms; two-sided paired
t-test: t{16] = 3.35, p = .004) than participants in the shape
group (Mpign.pred. =563£16ms vs. My, g =568+£17ms;
two-sided paired ¢ test: t[14] = .33, p = .75), yet the two-
way interaction failed to reach significance, F(1,30) = 3.20,
p=.08, npz =.10. Accuracy results did not reveal any main
effect or interaction (all p>.2).

3.2 | ERP results (Figure 2d)

The analysis was done separately for displays with the
color singleton on the lateral and displays with the shape
singleton on the lateral.

3.2.1 | Color singleton on the lateral
(Figure 2d, upper panels)

Electrophysiological results revealed a larger N2pc in high-
predictable (AM = —0.31+.12uV) than in low-predictable
trial sequence (AM = —0.17 +.11pV), but this difference
failed to reach significance, F(1,30) = 3.81, p = .06, nﬁ =111
There was an N2pc for participants in the color group
(AM = —0.52 +.15pV), indicating that they attended to the
color singleton, but not for participants in the shape group
(AM = 0.04+.16uV), F(1,30) = 6.67, p = .01, ;1‘2, =.18. The
interaction between the factors was not significant (p>.2).

3.2.2 | Shape singleton on the lateral
(Figure 2d, lower panels)

Electrophysiological results showed an N2pc for partici-
pants in the shape group (AM = —0.67 +.18 pV), revealing
that they attended to the shape singleton, and a positivity
for participants in the color group (AM = 1.02+.17pV),
F(1,30) = 48.09, p<.001, :1!2] =.62. No other effect or inter-
action emerged (all ps>.1).

3.3 | Search task

3.3.1 | Behavioral results (Figure 2c)

As expected, participants responded slower in the
distractor-present trials (M = 653+12ms) than in the
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distractor-absent trials (M = 627 + 11 ms), F(1,30) = 67.35,
p<.001, ;1; = .69, indicating attention capture. This dis-
tractor cost was more than twice as large for participants in
the color group (AM = 36 & 5 mS: Mg pres. =670 £17ms vs.
M ist aps. =633 +15ms) when compared to participants in
the shape group (AM = 15 +4 ms: Mg pes, = 636 = 18 ms vs.
Mistabs, = 620216 ms), F(1,30) = 11.50, p= 002,172 = .28. As
indicated by a significant task predictability x distractor-
presence X categorization task interaction, distractor cost
was reduced in high-predictable trial sequences in par-
ticipants in the color group (AMygy preg. = 31+5 ms vs.
AMgy.pred. = 41 £ 5 ms, Figure 2c left side), indicating that
they benefitted from predictability in handling the distrac-
tor, while participants in the shape group showed no dif-
ference (AMpig-preq. = 16+ 5 ms vS. AMjy preq, = 154 ms,
Figure 2c right side), F(1,30) = 5.14, p = .03, r,; =.15.No
other effect or interaction emerged (all ps>.07).

Participants were less accurate in the distractor-present
trials (M = 96.3+.2%) compared to the distractor-absent
trials (M = 96.8 +.2%), F(1,30) = 5.42, p = .03, #?> = .15. No
other effect or interaction emerged (all ps>.3).

3.3.2 | ERP results: Distractor-absent trials
(Figure 3a)

Electrophysiological results showed a target N2pc,
F(1,30) = 62.04, p <.001, r]f) = .67, that tended to be larger
in the high-predictable (AM = —1.14 +0.14 pV) than in the
low-predictable trial sequence (AM = —0.90+0.15 uV), but
this difference was not significant, F(1,30) = 3.31, p = .08,
'IIZ, =.10. However, there was a large effect of predictability
on N2pc amplitude for participants in the color group (A
Miigh prea. = =1.20£0.19 pV, AMyy,, g = —0.68 £0.21 pV),
but no difference for participants in the shape group (A
Mighpred. = —1.08 £0.20 iV, AM iy preg = —1.12:£0.22pV),
F(1,30) =4.58, p = .04, ﬂf, =.13. No other effect emerged in
the amplitude measure (all ps>.5). However, the onset of
the target N2pc in the color group (220 +.2 ms) was later
than that in the shape group (209 +.2 ms), F(1,30) = 5.36,
p=.03,n, =98

3.3.3 | Distractor-present trials: Lateral
target (Figure 3b)

Analyses showed the presence of a target N2pc
(F(1,30) = 32.34, p<.001, n; = .52), but neither an effect
of categorization task, nor of task predictability nor the
interaction (all ps>.1). The onset of the target N2pc was
later in the color group (221+.4 ms) than in the shape
group (212 + .4 ms); however, this difference was not sig-
nificant (p>.2).

3.4 | Distractor-present trials: Lateral
distractor (Figure 3c)

3.4.1 | EarlyPp

The ANOVA showed the emergence of an early P, com-
ponent, F(1,30) = 61.10, p<.001, ;112, = .67. Crucially, in-
creasing task predictability led to an increase in early Py,
amplitude in the color group (AMyyp preq. = 0.79 £0.14pV,
AMopreq. = 0.44£0.10 pV), but not in the shape group
(AMpigh-pre. = 0.56 £0.15 4V, AMyy preq. = 0.61+0.11 pV),
F(1,30) = 4.36, p = .045, '7,2, = .13. No other effect or inter-
action emerged (all ps>.1).

3.4.2 | Distractor N2pc

A significant categorization task X task predictability
interaction revealed a distractor N2pc, indicative of at-
tention capture, for participants in the color group in low-
predictable trial sequence (AM = —0.32+0.14 pV), which
was virtually absent in high-predictable trial sequence
(AM=-0.03+0.16 pV) and for participants in the shape
group (AMigy preq. = 0.11£0.15pV vs. AMyiop preq. = —0.1
4+0.17pV), F(1,30) = 8.32, p = .007, n% = .22. No other
effect or interaction emerged (all ps> .4).

3.4.3 | LatePp

Thelate Pj, indicative of suppression, was more pronounced
in the low-predictable (AM = 1.03+0.14pV) than in the
high-predictable trial sequence (AM = 0.56+0.15uV),
F(1,30)=11.99, p = .002, r]; =.29.Thelate P, was also more
pronounced in the color group (AM = 1.39+0.18 pV) than
in the shape group (AM = 0.19 +0.19 pV), F(1,30) = 21.81,
p<.001, 5 = .42. Notably, unlike the early Py, the late
P, showed no interaction between group and task pre-
dictability (p = .17). The onset latency analysis did not
reveal any difference between the onset of the late Py, be-
tween the shape group (273+.3 ms) and the color group
(264+.3ms), p> .2.

4 | DISCUSSION

The results replicated the robust effect of selection his-
tory on stimulus priority that has been shown previously
(Feldmann-Wiistefeld et al., 2015; Henare et al., 2020;
Kadel et al., 2017). For participants who attended to color
in the categorization task, color singleton distractors re-
quired greater suppression and produced larger distractor
costs in the search task. Notably, these selection history
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FIGURE 3 ERP difference waves computed from contralateral minus ipsilateral waveforms recorded at parieto-occipital electrodes
(pool of PO7/8, PO3/4 and P7/8) in the search task, (a) in distractor-absent trials, (b) in trials with a distractor presented on the vertical
midline of the visual field, and (c) in trials with a distractor presented on the horizontal midline of the visual field. ERPs are visualized
separately for high-predictable (left panels) and low-predictable trial sequence blocks (right panels). Blue lines represent difference waves of
the color group, black lines represent difference waves of the shape group. Green shadings represent the time window of the N2pc analyses,
red shadings represent the time window used in the Pj, analyses. For illustration purposes, EEG waveforms were low pass filtered at 35 Hz
using a zero-phase Butterworth filter of order two.
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effects interacted with the trial order predictability within
each session. For participants in the color group, high
predictability produced an enhanced N2pc to search tar-
gets and faster response times, whereas the shape group
received no such benefit. High predictability also elimi-
nated the distractor N2pc for participants in the color
group, where instead we observed an enhanced early Pp
preceding capture, and reduced distractor costs. Again,
these effects were absent in the shape group, who showed
no distractor N2pc irrespective of predictability, and their
early P, amplitude and distractor costs were unchanged.
The late P was also significantly reduced by high predict-
ability, this time equivalently for both groups.

The results of the color group demonstrate the role
that predictability can play in preventing capture by an-
ticipated color singletons. In the low predictability condi-
tion, the color group could not reliably predict whether
the upcoming target would be a shape or color singleton.
As a consequence, ERP results replicated previous find-
ings that color singletons in the search task captured
attention, and required substantial late suppression
(Feldmann-Wiistefeld et al., 2015; Henare et al., 2020;
Kadel et al., 2017). At the same time, selection of search
targets was impaired and response time distractor costs
were large. However, in the high predictability condition
where participants knew how to expect a diamond target
and red singleton distractor, the distractor elicits a large
early Py, that precedes capture. Subsequently, the distrac-
tor N2pc was eliminated, late suppression was reduced,
and target selection was enhanced. These results imply
that increased predictability gave participants the ability
to use top-down control to tune their precision expecta-
tions for the upcoming stimuli, preventing capture by the
salient distractor and improving task performance.

The findings in the color group extend on recent work
in which participants performed a similar task that used
interleaved blocks of either perfectly predictable, or com-
pletely random task order (Abbasi et al., 2022). In their
results, Abbasi and colleagues also observed an early Py
in the color group; however, its amplitude was unaffected
by whether trial order was predictable, or random. The
fact that we observed significant early P;, modulation in
our results as predictability increased, is likely due to the
way that participants were incentivized to use prediction
and preparation. Whereas Abbasi and colleagues had par-
ticipants frequently performing blocks of completely ran-
dom trials, in our task trial order was never completely
unpredictable. This ensures that participants are always
encouraged to invest cognitive resources in making pre-
dictions about an upcoming trial, and evaluating the
outcome of those predictions at the end of the trial. As
a result, a greater reliance on the use of predictive pro-
cesses and less emphasis on reactive control mechanisms

(see Braver, 2012, for discussion of reactive and proactive
control mechanisms), produces a larger effect of predict-
ability on early stimulus processing. Additionally, the pre-
dictability conditions in our task remain consistent for an
entire session rather than changing from block to block,
once again allowing for greater reliance on predictive pro-
cesses. By encouraging a longer-term development and
refinement of predictive models throughout our task, we
can observe the effects of predictive processing on proac-
tive control in the color group.

Notably, predictability had a less pervasive effect on
stimulus processing in the shape group. In both the high
and low predictability condition, the shape group were
always able to reliably predict the dimension of their up-
coming target and distractor and tune their precision expec-
tations accordingly. As a result, we see that even in the low
predictability condition there is no distractor N2pc elicited
by the color singleton, and therefore dimension level infor-
mation about the distractor seems sufficient for preventing
attention capture. In the high-predictable condition, the
shape group gained additional knowledge of the specific,
within-dimension features of the target and distractor in
search trials. This ability to predict with certainty the spe-
cific feature of an upcoming distractor reduced prediction
errors and resulted in a reduction of the late P, component,
an effect that has been linked to improved reactive suppres-
sion of a salient distractor (Heuer & Schubg, 2020).

The fact that predictability did not appear to impact
on early processing for the shape group is not unex-
pected in the context of recent work detailing the effect
of dimensionality on distractor interference. Liesefeld
and Miiller (2019) have shown that different-dimension
distractors produce significantly weaker interference on
search tasks than same-dimension distractors. Similarly,
while participants can learn to anticipatorily suppress
distractors of a given dimension at a particular location,
there is no within-dimension specificity to this effect — all
distractors within a dimension are suppressed equally at
that location (Failing et al., 2019). This could imply that
the interference caused by different-dimension distrac-
tors in the shape group is already relatively small, limiting
any possible benefits from feature-specific predictions.
Additionally, while the shape group may have the opportu-
nity to take advantage of greater proactive suppression in
the high predictability condition, recent work has shown
that participants may not choose to use this intensive form
of suppression unless strongly incentivized by factors like
increased task difficulty (Conci et al., 2019), a lack of tar-
get predictability (van Moorselaar et al., 2020), or enforced
task set instantiation through voluntary choice paradigms
(Henare & Schubd, 2021).

One potential open question is the interpretation of an
early Pp that is occurring around 100 ms post-stimulus.
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While initial reports of an early Py, attributed this activ-
ity to lower level mechanisms such as stimulus display
imbalances and salience (Jannati et al., 2013; Luck &
Hillyard, 1994), more recently it has been interpreted as
including more cognitive aspects such as the processes
of suppression that are observed in the later Py activ-
ity (Abbasi et al., 2022; Gokce et al., 2014; van Zoest
et al., 2021; Weaver et al., 2017). Recently, van Moorselaar
etal. (2021) made the distinction that early P, might reflect
a more short-term bias resulting from intertrial priming,
while the later P, component reflects a more conven-
tional view of suppression based on long term learning. In
their task, participants performed an additional singleton
search where the salient distractor was likely to appear in
a specific location across time. Participants who showed
no evidence of learning this distractor-location associa-
tion produced only an early Pp,, whereas those participants
who learned to use the location probability produced the
conventional late P,. On the basis of this pattern of re-
sults, van Moorselaar and Slagter suggested that the non-
learners benefitted only from the fact that for any given
trial, the distractor location was likely to repeat from the
previous trial, and therefore the early Py reflects this in-
tertrial priming.

The description of early P, as an index of intertrial rep-
etition is unlikely to account for our finding that early Py,
increases for color group participants in the high predict-
ability condition. The distractor location is randomized
in our task and therefore intertrial location repetition is
equivalent in all conditions, leaving open only the possi-
bility that early Py, is similarly modulated by feature-based
intertrial repetition. However, if distractor feature repeti-
tion increased early P, amplitude then we would expect a
larger early Py, in the low-predictability condition which
had more task repetitions than the high-predictable con-
dition. Our results show the opposite effects, with a larger
early Pp, for participants in the high-predictability condi-
tion, and only for the color group. Our use of balanced
stimulus displays that are identical in all conditions also
rules out accounts based on lower level physical features.
The early Py in our data therefore is best explained by the
view that it reflects an early suppression mechanism that
precedes distractor capture.

It is possible, therefore, that the large early Py, observed
in the color group is indicative of proactive suppres-
sion. Participants in that group are using predictability
to proactively adjust their precision expectations for the
distractor feature, resulting in early suppression of its
representation and preventing attentional capture. This is
consistent with Wang et al. (2019) who used evidence of
an early P, and lack of N2pc to suggest that participants
can proactively suppress the location of a likely distrac-
tor. Notably in our task, participants in the shape group

JpsvchophvsioLosy .5

did not show this evidence of proactive distractor sup-
pression, their early Pp, was unaffected by predictability
and their behavioral performance remained high. Instead,
the shape group showed only a reduction in the late Pp,
which has been shown previously to occur when a distrac-
tor stimulus requires less reactive suppression (Heuer &
Schubd, 2020). This may reflect the fact that for all par-
ticipants in this condition, prediction error has decreased
as all participants can anticipate which stimuli they are
about to encounter. For shape group participants, this is
sufficient to perform optimally as prediction error is low
and shape singletons are assigned high precision by both
top-down mechanisms and selection history. For color
group participants prediction error is similarly low, how-
ever, their selection history continues to conflict with the
upcoming task and, therefore, they must proactively pre-
pare to counteract the high precision-weighting of color
singletons that has developed from their selection history.
The group differences in this condition, therefore, imply
that selection history increases the precision expectations
of a feature (e.g., color singletons in the color group), per-
sistently increasing the salience of that feature, even when
it can be anticipated as a distractor in the upcoming trial.
The color group cannot use their predictions to prevent
the elicitation of that increased saliency signal, but can
prepare to counteract it when it arrives in order to prevent
its impact on performance.

In summary, our results imply that while top-down
mechanisms can be used to tune precision expectations
and handle salient distractors, this approach is effortful
and, therefore, only employed when precision expectations
have not already been tuned appropriately by selection
history (as, in our case, in the color group). The benefits
that this group receives when the upcoming feature is pre-
dictable, reflect the benefits that participants received in
other tasks, when the location of a likely distractor was
predictable (Wang et al., 2019). The color group uses pre-
dictability to proactively prepare for, and counteract, the
anticipated distraction caused by the precision expecta-
tions that their selection history imposes. Conversely, the
shape group gains relatively little behavioral benefit from
the task session where predictions are 100% reliable. The
shape group's performance is high in both conditions,
and their distractor processing shows that predictability
decreases only the amount of late suppression that they
need to perform. While precision expectations have so far
been considered a mechanism of top-down control, these
results show that selection history also modulates preci-
sion expectations of a feature in an implicit, persistent
way that can modulate the saliency of a stimulus. If selec-
tion history and top-down control are both operating by
modulating precision expectations, then this may explain
why research has consistently shown how limited the use
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of top-down control can be in the face of selection his-
tory biases (Abbasi et al., 2022; Henare et al., 2020; Kadel
etal., 2017).

5 | CONCLUSION

Our results show the role that selection history plays in
the operation of predictive coding models in attentional
control. Extended experience selecting and responding
to a particular feature dimension appeared to increase
the precision expectations of that feature dimension. For
the color group, this meant that color singletons produce
higher precision-weighted prediction errors and are more
likely to capture attention as indexed by a distractor N2pc,
a large late Pp, and larger distractor costs. When these
participants can reliably predict that color will be a dis-
tractor, they proactively prepare for the saliency signal
this will produce and suppress it before capture can take
place. This kind of proactive preparation only takes place
when incentivized by the task demands. Participants with
a history of shape selection do not use predictability in
the same way to enhance early suppression, their lack of
color selective history means that such proactive suppres-
sion is not needed in order to maintain high performance.
Selection history appears to modulate precision expecta-
tions for the relevant features persistently and implicitly,
enhancing the precision-weighted prediction error of that
feature, in spite of the immediate influence that top-down
control mechanisms attempt to exert.
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Abstract

Attention can be biased by the previous learning and experi-
ence. We present an algorithmic-level model of this bias in vi-
sual attention that predicts quantitatively how bottom-up, top-
down and selection history compete to control attention. In
the model, the output of saliency maps as bottom-up guidance
interacts with a history map that encodes learning effects and
a top-down task control to prioritize visual features. We test
the model on a reaction-time (RT) data set from the experi-
ment presented in (Feldmann-Wiistefeld, Uengoer, & Schubo,
2015). The model accurately predicts parameters of reaction
time distributions from an integrated priority map that is com-
prised of an optimal, weighted combination of separate maps.
Analysis of the weights confirms learning history effects on
attention guidance.

Keywords: Visual attention; Selection history; Integrated pri-
ority map; Self information maximization; Feature integrated
theory; Ex-Gaussian distribution

Introduction

Selective visual attention is a brain function that filters irrel-
evant sensory inputs to facilitate focusing on relevant items.
Bottom-up and top-down mechanisms have traditionally been
proposed to control the process of attention guidance. Object
saliency and environment features shape the attentional pro-
cess in a bottom-up manner while the top-down process is
mostly controlled by observer intentions and preferences.

In addition to top-down and bottom-up contributions also
‘selection history” can play a significant role in guiding at-
tention toward a specific target (Theeuwes, 2019). Selection
history (as a third category of attentional deployment) comes
into play when an object is emphasized just because of pre-
vious attendance in the same context (Awh, Belopolsky, &
Theeuwes, 2012). To clarify the distinction between top-
down guidance and selection history, Theeuwes argued that
selection history is a fast, effortless, and automatic version of
attention control while top-down selection is slow, effortful,
and controlled (Theeuwes, 2018).

One special form of selection history has been investi-
gated in (Feldmann-Wiistefeld et al., 2015; Kadel, Feldmann-
Wiistefeld, & Schubd, 2017; Henare, Kadel, & Schubd,
2020). These studies combined an associative learning task
with a visual search task. The result showed that observers at-
tend more to a stimulus which was predictive in the preceding
feature discrimination task. Considering to what extent selec-
tion history can be suppressed by top-down process, Kadel et
al. (2017) tested three different top-down-influenced modes

707

of task preparations such as pretrial task cuing. As their re-
sults showed, attentional biases induced by selection history
persisted despite the task preparation.

An integrated priority map was proposed by Awh et al. as
a theoretical framework to explain how selection history and
other factors of attention guidance interact (Awh et al., 2012;
Theeuwes, 2019). Priority maps have been successfully em-
ployed by many authors (Fecteau & Munoz, 2006; Zelinsky
& Bisley, 2015; Klink, Jentgens, & Lorteije, 2014; Todd &
Manaligod, 2017; Veale, Hafed, & Yoshida, 2017; Chelazzi
etal., 2014) to explain the result of the processes which shape
attention. In a review, Klink et al. (2014) summarized how
goal-driven and stimulus-driven maps in cortex combine with
a value-based map in midbrain. This combination results in a
priority map for the frontal eye fields.

Stimulus-driven (bottom-up) models of attention were de-
veloped early on (Itti, Koch, & Niebur, 1998). These models
tend to ignore the effects of selection history, task or training
(Itti & Borji, 2015). Itti et al. (1998) implemented feature in-
tegration theory (three feature maps including color, intensity
and orientation), winner-take-all, inhibition of return and a
normalization method to model visual attention in a bottom-
up manner. Veale et al. (2017) validated a neural implemen-
tation of Itti’s model. In another bottom-up model, Bruce
and Tsotsos (2006, 2009) —using self information maximiza-
tion (—log(p(x))), where x is a feature — proposed a com-
putational model of saliency that is called ‘Attention based
on Information Maximization (AIM)’, because attention is
attracted by surprising, i.e. potentially informative, regions
of an image. Furthermore, thanks to deep learning advances,
there has been recent progress in deep visual saliency models
(Borji, 2019).

Beside above mentioned models, Itti and Borji (2015) re-
viewed more than 50 computational bottom-up models. They
also reviewed some computational top-down models. Such
models (Navalpakkam & Itti, 2005; Hwang, Higgins, & Pom-
plun, 2009; Borji, Sihite, & Itti, 2014) are less well re-
searched than saliency models, which might be due to the fact
that they require information not available from the stimulus.
There are also some models on how bottom-up and top-down
work together in attentional guidance (Chikkerur, Serre, Tan,
& Poggio, 2010; Kimura et al., 2008). Chikkerur et al. (2010)
used a Bayesian framework to explain how a combination of
bottom-up and top-down attentional guidance work together
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in cortex.

Despite substantial progress in building models of atten-
tion, there are still many open questions. Selection history has
hardly been modeled. One exception is Tseng et al.’s model
of the influence of inter-trial priming — a type of selection his-
tory effect — on attention guidance (Tseng, Glaser, Caddigan,
& Lleras, 2014). They implemented a Ratcliff-type diffusion
model (Ratcliff, 1978) for a 2-forced-choice task and showed
that the history can affect Ratcliff diffusion model parame-
ters.

In this paper we introduce an algorithmic-level model (in
the sense of Marr (1982)) to show how bottom-up, top-down
and selection history compete against each other to guide vi-
sual attention toward a specific target. By selection history
here we mean the effect of learning from previous experi-
ence on the current task (see (Feldmann-Wiistefeld et al.,
2015; Kadel et al., 2017; Henare et al., 2020)). The model
comprises priority maps to integrate goal-driven, saliency-
based and history-related biases in a winner-take-all man-
ner. Bottom-up guidance, feature maps and subsequently
saliency maps are made based on ‘feature integration the-
ory’ (Treisman & Gelade, 1980) and ‘self information max-
imization” (AIM) (Bruce & Tsotsos, 2009). To reflect the
effect of selection history and learning in the model, a history
map contributes to the integrated priority map. Finally, task-
relevant information controls the map integration weights that
generate predictions for responses and response times. These
integration weights are our model for the top-down influ-
ences. We test this model on a behavioral database from an
experiment by Feldmann-Wiistefeld et al. (2015). The model
can predict the reaction time distribution parameters for each
participant and also across the experimental groups. To find
the best distribution of reaction times, several probability den-
sity functions are compared maximizing log-likelihood and
the best fitting one — an ex-Gaussian distribution (Matzke &
Wagenmakers, 2009)- is used in the model.

Materials and methods

Experiment

The data used in this study comes from the first experiment of

Feldmann-Wiistefeld et al. (2015). They investigated the im-
pact of associative learning on covert selective visual atten-
tion. The experiment consisted of a ‘practice’ and a ‘main’
phase, in which two types of tasks (learning and search)
were performed. A central fixation cross was presented on
the screen, which was then surrounded by eight different el-
ements on an imaginary circle (Figure 1). 28 participants
were divided randomly into 2 different groups, namely ‘color
group’ and ‘shape group’. They were first naive about their
group membership, but had to learn it on a trial and error basis
in the practice phase.

In the ‘practice phase’, participants had to learn that either
color or shape was the response relevant dimension in this
learning task (see Figure 1A). Members of the color group
had to report the color of the color singleton (blue or green),
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whereas members of the shape group had to respond to the
shape of the shape singleton (triangle or pentagon). They had
to use their left hands to press one of two buttons that were
placed on the left side of the response pad. Auditory feedback
indicated whether they pressed the incorrect key.

In the ‘main phase’ a second visual search task was added,
and participants performed both tasks in random order. In
the search task (Figure 1B), all participants had to report the
orientation of a line presented inside a diamond shape target.
In half of the trials, a response-irrelevant red circle was pre-
sented as distractor. Participants used their right hand to press
one of two buttons on the right side of the pad to indicate the
line orientation (horizontal versus vertical).

The results of this study showed that the history of selec-
tion acquired in the learning task affected the participants’
performance in the search task. Stimuli that were predictive
of the relevant dimension in the learning task biased atten-
tion in the visual search task. The authors suggested that the
participants’ history of either shape or color selection in the
practice phase had resulted in a selection history bias.

We presented a model of this selection history bias in the
current study based on the behavioral data from the main
phase, which comprises at total of 28672 trials across all par-
ticipants. More details about the experiment can be found in
(Feldmann-Wiistefeld et al., 2015).

The Algorithmic Model

Based on the theoretical considerations outlined in the in-
troduction and a preliminary data analysis, we assembled
an algorithmic-level model to explain how top-down and
bottom-up influences competitively interact with visual se-
lection history to guide attention toward a specific stimulus.
The results of this preliminary analysis, that was aimed at
determining experimental factors influencing responses and
reaction times, are not shown here for space constraints. In-
spired by the integrated priority maps in (Awh et al., 2012),
we used a ‘history map’ reflecting the influence of selection
history on current attention deployment, see Figure 2. Addi-
tionally, there is an overall saliency map for bottom-up influ-
ences. How these maps combine into an integrated priority
map is controlled by the task in a top-down fashion. Fig-
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007! ) ANSISW

A

Figure 1: Learning task (A): Participants in the color group
had to respond to the color (green vs. blue) and participants
in the shape group had to respond to the shape (pentagon vs.
triangle). Search task (B): The orientation (horizontal vs. ver-
tical) of the line embedded in the diamond had to be reported.
Distractor-absent trial (left). Distractor-present trial (right).
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ure 2 also shows how the output of the integrated priority map
feeds into a two-part neural network that predicts ex-Gaussian
distribution parameters (Luce, 2008) of reaction times (left
exit path in the figure) and response likelihoods (the right exit
path).

The input stage of the model is based on feature-integration
theory (Treisman & Gelade, 1980). The model extracts three
types of features (color, shape and orientation) and feature
maps —as shown in Figure 2— are computed. In the next pro-
cessing step, saliency maps that model the effect of bottom-
up control on visual attention (Koch & Ullman, 1985) are
formed from the feature maps. Shannon’s measure of Self-
Information is applied, similar to Attention Based on Infor-
mation Maximization (Bruce & Tsotsos, 2009), to compute
saliency maps. Eq (1) and Eq (2) show the actual calcula-
tions behind map computation. Feature maps are M X N x K
vectors where M is the number of trials, N is the number
of objects in each trial and K is the number of distinct val-
ues that each feature can take on, i.e. we are using l-out-
of-K encoding for the features, with the value 1 indicat-
ing which feature value is present. In the current experi-
ment M = 1024 (for each participants), N = 8 and K = 4.
Figure 3 illustrates the method of building feature maps for
some example trials. For all trials, we take the feature maps
fi for i € {color,shape,orientation} and compute the self-
information X;:

N
Vk : Xilk] = —log(Zf,-[n}[k]/N) (1)
n=1
which yields the saliency of all trials s;[n]:
Vn:sin] = X; [argmax(f,-[n] [k])] 2)
k

where, due to the 1-of-K feature encoding, we can use
argmax to pick the self-information corresponding to the cur-
rent feature value.

Saliency maps s; are fed into the integrated priority map
along with history information (k) to compete in a soft
winner-take-all model (Theeuwes, 2019) for the predicted re-
sponse target. Selection history, the third category of atten-
tional guidance (Awh et al., 2012), carries the effect of learn-
ing (participants learned about color or shape in our experi-
ment) into the priority map (p):

Vm,n : p[m][n] = softmax (Z (wy; x5:[m][n])

1

“+wy, x hm) [n]) (3)

The weights (w, for history and w, for i €
{colur,shape,orientation}) are used to combine the
history map and the saliency maps and reflect the effect of
the task in a top-down manner. The softmax function is
used to ensure that the winning location receives the most
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attention while keeping the map interpretable as a probability
distribution. In our model, Eq 3 can be interpreted as the first
layer of a (two-layer) neural network. The second layer is a
(linear) mapping from the integrated priority map to reaction
time distribution parameters:

/\I
Vm:d= Z (plm][n] *ws)+ By “)
n=1
When w and B are weights and biases of ex-Gaussian distri-
bution parameters’ for d[m| € (u[m|,c[m],t[m]).

We also compute a 1-out-of-K representation of the target
information (g[m][n] in Eq 5, see also Figure 3) which is used
for machine-learning the weights with which the history map
and the saliency maps are combined. The weights (wy,, wy;
and wy) for a task are determined by maximizing the log of
the joint distribution of the reaction times (RT), the target g
under the distribution predicted by the integrated priority map
and the prior distributions over the model parameters 8:

L

M
Y" log (ExG(RT m] | ufm] o[, m]) )

m=1
M N

+ (X X log(plm][n]) glm][n]) +8 )
m=I1n=1

where ExG is ex-Gaussian distribution function. & is com-
puted as the sum of the logs of the following prior distribu-
tions:

w ~ A((0.0,1.0)
B, ~ N(600.0, 100.0)
By ~ N((75.0,4.0) ©)

Br ~ 7((200.0,20.0)

Mean and standard deviation of these distributions are se-
lected in a way that matches results from similar experiments
(Feldmann-Wiistefeld et al., 2015; Kadel et al., 2017). To
find the weights and biases that maximize the joint proba-
bility (Eq 5), we draw random initial values from these dis-
tributions and then optimize using Python 3.7.6, PyTorch
1.6.0 and Adam optimizer with learning rate 0.2. Code and
training data for the models can be found here: http://
dx.doi.org/10.17192/fdr/64.2

Results and Discussion

To investigate how selection history quantitatively influences
attentional guidance, three versions of the model with dif-
ferent history maps are tested. In the first version, the his-
tory map contains the response-relevant features in the learn-
ing phase (blue and green for the color group, triangle and
pentagon for the shape group). In the second version of the
model, the history map includes all color singletons (for par-
ticipants in the color group) and all shape singletons (for par-
ticipants in the shape group). The assumption is that the par-
ticipants have learned response-predictiveness on the dimen-
sional level (color or shape), not on the level of single features
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Figure 2: An overview of the algorithmic model. The blue arrows show the direction of data flow from visual input to response
and gray arrows show the direction of feedback. wg, wy, and w, are map weights. w; has three elements for color, shape and

orientation. w, has also three elements for distribution parameters(u,6,t). By is distribution parameters’ bias containing

Bg and B;.

(such as green or blue). So not only blue, green, triangle and
pentagon but also red and diamond are included. In the third
version we exclude the history map from the model testing
the assumption that only top-down and bottom-up guidance
direct attention. To compare these versions of the model,
we use a Laplace-approximation. We compute a second-
order approximation of the marginal log-probability of the
data given the different models’ assumptions. We employ
these log-probabilites for two Bayesian model comparisons
(Bishop, 2006; Barber, 2012; Endres, Chiovetto, & Giese,
2013): fitting one model per participant, and one model per
group. In both cases, a model that includes a history map and
maps for those features that were predictive during the learn-
ing phase is at least 10%° as probable as the alternatives. For
more details about the model evidences see Figure 4.

Under the assumption that there is a linear mapping from
the priority map to the reaction time distribution parameters,
the model machine-learns to predict the history map weight
(wp), saliency map weights (wy) and also the distribution pa-
rameters weights and biases (wy, By) (see Figure 2). To com-
pare the weights and also to see how they vary between the
color and the shape group see Figure 5, which shows the
weights for model version one.

As can be seen in Figure 5, the ‘history map’ has a higher
weight in the color group than in the shape group: to solve the
learning task, the color group model has to rely on its learning

B

s

history features (blue and green) in half of the trials, i.e. in
the learning task. Although these colors could be found in
the ‘color map’ as well, there is another color (red) in this
map which is task-irrelevant and has to be suppressed. This
may be the reason for the increased attention capture by the
red distractor in color group members which is reported in
(Feldmann-Wiistefeld et al., 2015).

For the search task, a high orientation weight is employed
by the color group model, since this task can be solved by
spotting an orientation singleton, cf. Figure 1, B.

In contrast, the shape group model can afford to rely less
on its ‘history map’ because the items in its history (triangle
and pentagon) exist in the ‘shape map’ too (triangle, pentagon
and diamond), and there is no shape distractor. Therefore, by
using a high shape map weight, both the learning task can
be solved, and attention can be guided to the shape singleton
containing the target in the search task (diamond).

To summarize, the weight of the ‘orientation map’ is larger
in the color group than in the shape group, indicating that the
color group model employs orientation saliency in the search
task. Using orientation saliency, it does not need to attend to
the shape singleton in the search task. However, the shape
group model focuses on the ‘shape map’ which is response-
relevant in both tasks.

Also, the weight of the ‘color map” was higher in the color
group than in the shape group model, since the latter can ig-
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Figure 3: Feature maps, history map and goal-driven infor-
mation for two random trials. We use 1-out-of-K encoding
for the feature vectors, i.e. all components but one are zero.
The nonzero component indicates the feature value (see the
green box). In each row of history map the location of learned
feature is marked. In the target (goal-driven) information the
location of response-relevant feature is marked.

nore color altogether.

The model approximates the reaction time distribution pa-
rameters (u,o,T) very well (as can be seen in Figure 6). To
quantify how close the model-predicted distributions are to
the best fit to the data, we evaluate an approximation to the
KullbackLeibler (KL) divergence (Bishop, 2006):

P(RT)
KL(p|lq) = /p(RT)log(m) dRT @)

1 ¥ 1Y
& M mZ::I log p(RT,) — M mz:‘,] logq(RT)
where RT, is the reaction time in trial m, p(RT) and q(RT) are
model-predicted and best-fit distributions respectively. For
both color and shape group RTs, we find KL(p||q) < 10~
which is very close to the minimal possible value.

Conclusion

We presented a model of selection history in visual atten-
tion. The model implements the idea that selection history
has a role in attention guidance as claimed by Feldmann-
Wiistefeld et al. (2015). We compared different versions of
the model and the results show that the one which includes
selection history, beside bottom-up and top-down control, is
best suited for a quantitative description of the behavioral
(RT) results. Our model successfully implements an inte-
grated priority map as proposed by Awh et al. (2012). To
determine if this integrated priority map approach is indeed
the best description of human behavior, future research needs
to investigate non-integrated alternatives. Furthermore, as hu-
mans use their attention system in a large variety of situa-
tions, a model of task switching needs to be added, rather
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Figure 4: Model comparison. We computed a Laplace-
approximation to the Bayesian model evidence across partic-
ipants. Bigger evidence is better. Model version one, whose
history map contains relevant features, scores best. For model
descriptions, see text.
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Figure 5: Map weights. For both color group and shape
group, optimal map weights for model one are shown. A
higher weight means a stronger influence of the correspond-
ing map onto the response and reaction time. The error bars
represent the standard deviations of the posterior, i.e. stan-
dard errors.

than training one model per task. The search for such alter-
natives might be facilitated if we knew what the attentional
system is actually trying to achieve on a quantitative level.
This is a question situated on the ‘computational level’ (Marr,
1982). Therefore, we intend to build a computational model
in a Bayesian/optimal feedback control framework for both
ideal and non-ideal observer-actors. Stochastic evidence ac-
cumulation approaches — that have been applied in some other
models such as Race Models (Mordkoff & Yantis, 1991) and
Drift Diffusion models (Luce, 2008) — might be useful to
this end. Another interesting avenue of investigation, which
would help in constraining the model, would be the addition
of physiological variables. For example, adding EEG sig-
nals to disentangle target and related sub-processes (such as
enhanced target processing or distractor suppression) would
shed further light on attentional guidance processes.
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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, Wozniak, & Sebanz, 2014; Freundlieb, Sebanz, & Kovéacs, 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, Frober, & 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) naive 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/m?2 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/m?2). Two of the stimuli were always colored, the remaining
six were grey (RGB: 128, 128, 128; 45 cd/m?). 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 Mathot, 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/m?). 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/m?), which indicated the possible target orientations (see Figure
1c). There were two text cues (1.9° by 0.3°; 45 cd/m?): 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).

-120 -



ORIGINAL MANUSCRIPTS - Study 1V

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/AgCI 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 kQ 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.
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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.
Acrtifacts 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 pV 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, & Schubd, 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) x 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 x 2 x 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 x 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 a-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, np>=.746. RTs were also longer when search displays contained the partner target
(M =1617 £535ms) compared to displays with a non-relevant distractor (M = 1575+ 552 ms),
F(1, 23) =19.95, p <.001, #p? = .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, 5p? = .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 (4M =72.2 £ 73.5 ms), t(23) = 4.81, p <.001, which were not significant in agent
target present trials (4/M = 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, np? = .003.

- 125 -



ORIGINAL MANUSCRIPTS — Study IV

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, np?>=.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, np? = .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, 5,2 = .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, np? = .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, np? = .039.

Agent response time

2100 -+
-|- [] Non-relevant Distractor
g 1900 1 B Partner Target
2]
[0}
£ 1700 -
(73]
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73
3 1500 -
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©
0]
= 1300
T
1100

Agent target present I Agent target absent

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 RTSs 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 (W&stmann, Alavash, & Obleser,
2019; Schneider, Goddertz, 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.

The effect of the social value: Partner target lateral vs non-relevant distractor lateral
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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 %j;
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, & Wa&stmann,
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; Handel, Haarmeier, & Jensen, 2011; Wostmann 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 itin 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 fuhren 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 mussen, die sonst unsere Aufgabenleistung beeintrachtigen. Es gibt mehrere Faktoren, die die
Aufmerksamkeit flr irrelevante Objekte erhdhen kdnnen, 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 Unterdriickung der Wahrnehmung von Distraktoren durch einen
proaktiven Kontrollmechanismus (Braver, 2012), der vor der Stimulusprasentation einsetzt. Es hat sich jedoch
gezeigt, dass Einflusse aus der selection history die Aufmerksamkeit auf einen Distraktor auch dann noch
fesseln, wenn die Teilnehmer die bevorstehende Aufgabe vorhersagen kdnnen (Kadel, Feldmann-Wustefeld, &
Schubd, 2017). Andere Faktoren, die die Salienz eines Objekts beeinflussen, insbesondere bei Aufgaben mit
gemeinsamen Handlungen, sind der soziale Wert und der soziale Kontext. In friiheren Forschungsarbeiten wurde
tber die Co-Reprasentation 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 Liicken 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 Uber die
Hirnaktivitat wéhrend 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 zugehdrigen
neuronalen Grundlagen noch nicht ausreichend untersucht. Diese Zusammenhénge werden in der vorliegenden

Dissertation erforscht.

Diese Dissertation gliedert sich in zwei Hauptteile. Im ersten Teil (Studien | - Ill) ist die zentrale
Forschungsfrage, ob und wie die Vorhersagbarkeit der Aufgabe die durch die selection history induzierten
Aufmerksamkeitsverzerrungen moduliert. Im zweiten Teil (Studie 1V) 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. AnschlieRend fiihren alle Teilnehmer eine Suchaufgabe durch,
bei der ein diamantférmiges Target ausgewéahlt werden muss, wéhrend in einigen Féllen gleichzeitig ein roter
Kreis prasentiert wird. Entscheidend ist, dass die Aufgaben unterschiedlich gut vorhersagbar waren (Studien 1
und I1): In Studie I ist die Aufgabensequenz entweder vorhersehbar oder unvorhersehbar, wahrend sie in Studie
Il immer vorhersehbar ist, allerdings mit einem unterschiedlichen Grad an Zuverlassigkeit (gut vorhersehbar vs.

schlecht vorhersehbar). Diese Variationen der VVorhersagbarkeit der Aufgabe ermdglichen eine systematische
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Untersuchung des Einflusses der proaktiven Vorbereitung auf die Aufmerksamkeitsverzerrungen in der

selection history.

Studie | 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 Sequenzbldcken.
Wichtig ist, dass die proaktive Vorbereitung durch die individuelle selection history skaliert wird - die
Teilnehmer der Farbgruppe, die beim Wechsel zwischen den Aufgaben eine starkere Anpassung des
Aufgabensets bendtigen, profitierten mehr von der Vorhersagbarkeit der Aufgaben und ben eine stérkere
proaktive Vorbereitung aus. Folglich missen diese Teilnehmer keine starke Distraktorunterdriickung nach
Stimulusbeginn ausiiben. Dies spiegelt sich in der Amplitude der early Pd component (ein Marker fur friihe
Distraktorunterdriickung) wider, die unabhéngig von der Vorhersagbarkeit der Aufgabe gleichbleibt. Die
Teilnehmer der Formgruppe mussen jedoch ihre schwéchere proaktive Vorbereitung vor Stimulusbeginn durch
eine fruhe Unterdriickung des Distraktors kompensieren, was sich in einer grofReren early Pd Amplitude in
vorhersagbaren im Vergleich zu unvorhersagbaren Sequenzbltcken zeigt. Die Ergebnisse von Studie | werden
in Studie Il 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 Distraktorunterdriickung in der Formgruppe hat. Dies liegt moglicherweise daran, dass das
Wissen (ber die Targetdimension fiir eine optimale Aufgabenerfillung ausreicht und die VVorhersagbarkeit der
Aufgabe die Informationen lber die Dimensionen von Target und Distraktor fir diese Gruppe nicht verandert.
Die Teilnehmer der Farbgruppe unterdriicken den Distraktor jedoch stérker, wenn die Vorhersagbarkeit der
Aufgabe zuverlassiger ist, was auf die Nutzung einer proaktiven Vorbereitung hindeutet, wenn die Aufgabe dies

erfordert.

Die selection history erhéht 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 Il in der Farbgruppe, in der die Vorhersagbarkeit der Aufgabe weniger zuverldssig ist, durch das
Auftreten der N2pc Komponente nach Préasentation des Distraktors. Die proaktive VVorbereitung erleichtert die
Unterdriickung des Distraktors durch die Teilnehmer der Farbgruppe, was sich durch eine kleinere N2pc
Komponente nach der Distraktor Présentation und eine groRere early Pd Komponente zeigt, fiir den Fall, dass
die Vorhersagbarkeit der Aufgabe zuverlassig ist. Obwohl die Teilnehmer der Farbgruppe einen gréReren
Nutzen aus der Vorhersagbarkeit der Aufgabe ziehen, bleibt die Target-Selektion durch diese Teilnehmer
beeintrachtigt, wenn der Farbdistraktor prasent ist. Diese verminderte Target-Selektion spiegelt sich in gréf3eren

Verhaltenskosten (distractor costs) und einem spateren Einsetzen der target N2pc in der Farbgruppe verglichen
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mit der Formgruppe wider. Diese Ergebnisse zeigen, dass die proaktive Unterdriickung von Distraktoren nicht

in der Lage ist, die durch die selection history induzierten Aufmerksamkeitsverzerrungen aufzuheben.

Der Einfluss der selection history auf die Prioritatskarte (priority map) wird in Studie Il mit Hilfe eines
algorithmischen Modells quantitativ bewertet. Das Modell berechnet flr jede Gruppe die Gewichtung von vier
verschiedenen Karten (Historie, Farbe, Form und Orientierung). In der Farbgruppe ist das Gewicht der
Historiekarte sehr hoch und gréBer als in der Formgruppe. Dies zeigt, dass die Personen in der Farbgruppe sich
mehr auf ihre selection history verlassen, da sie diese zur Erfillung der Kategorisierungsaufgabe benétigen.
Andererseits war das Gewicht der Formkarte in der Formgruppe am hdchsten. Dies deutet darauf hin, dass die
Teilnehmer der Formgruppe beide Aufgaben bewdltigen kénnen, indem sie sich auf die Formunterscheidung
verlassen, ohne auf ihre Historie zuriickgreifen zu mussen. Wichtig ist, dass die Farbkarte in der Farbgruppe ein
groleres Gewicht hat als in der Formgruppe, was die groflere Fokussierung der Aufmerksamkeit auf den
Distraktor in der Farbgruppe im Vergleich mit der Formgruppe erklart. Daher kann das Modell quantitative
Messwerte fiir jede Karte liefern und erkldren, wie die selection history mit den physikalischen Eigenschaften
der Stimuli bei der Lenkung der Aufmerksamkeit in der Prioritétskarte interagiert.

Im zweiten Teil der vorliegenden Dissertation (Studie 1V) 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 missen. Entscheidend ist, dass in einigen Versuchen ein farbiger Distraktor
vorhanden ist, der fur keinen der Teilnehmer das Target ist (nicht-relevanter Distraktor). Obwohl sowohl das
Target des Partners, als auch der nicht-relevante Distraktor fir den Probanden keine Targets sind, erregten sie
die Aufmerksamkeit des Probanden auf unterschiedliche Weise. Wahrend 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 langeren Reaktionszeit zeigt, wird der nicht-relevante Distraktor
unterdriickt, was zu einer positiven Lateralisierung der parieto-occipitalen Alpha-Band Energie fiihrt. Wichtig
ist, dass die Fokussierung der Aufmerksamkeit auf das Target des Partners vom sozialen Kontext abhangt.
Wahrend 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 unterdriickt und zeigt sich in einer positiven Lateralisierung
der parieto-occipitalen Alpha-Band Energie. Dies deutet darauf hin, dass die Teilnehmer ihre Aufmerksamkeit

in Abh&ngigkeit 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 fruhere Erfahrungen mit einer Merkmalsdimension die Salienz

der Stimuli in dieser Dimension erhthen und damit die Fokussierung der Aufmerksamkeit darauf steigern.
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Obwohl eine Erhohung der Vorhersagbarkeit der Aufgabe die durch die selection history induzierten
Aufmerksamkeitsverschiebungen verringert, kann sie den Einfluss der selection history nicht vollstandig
aufheben. AuRerdem wird gezeigt, dass der soziale Wert die Aufmerksamkeit auf die Stimuli veréndert. Das
Target des Partners zieht die Aufmerksamkeit auf sich, wahrend der nicht-relevante Stimulus, der eine ahnliche
Luminanz hat, unterdriickt wird. Es wird aulerdem 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
Abhéngigkeit von Faktoren wie der Vorhersagbarkeit der Aufgabe, friheren Erfahrungen, dem sozialen Wert

und dem sozialen Kontext variieren kann.
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