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Abstract

Internal representations of looked-for objects facilitate scanning of our complex environment and
therefore improve visual search. Accordingly, performance in visual search was found to benefit
from positive templates containing information about upcoming targets, and besides that, to
depend on the precise pre-stimulus phase of neural alpha- and theta oscillations. However, until
now, it is unclear if negative templates, containing information about upcoming distractor
features, can equally improve search by causing proactive suppression of distractors. Besides, it
is discussed whether salient distractors automatically attract attention (as suggested by stimulus-
driven models), or if specific behavioral goals can prevent this automatic capture (as suggested
by goal-dependent models).

In light of these discussions, the present experiment (N=29) aimed to examine the effect of
neural oscillations on attentional templates in visual search, by instructing participants to either
search for or suppress a specific, trial-by-trial changing orientation in a subsequent search
display that was presented at different stimulus onset asynchronies (SOAs).

We hypothesized to find alpha- or theta oscillations in hit rate and RTs associated with positive
and negative templates in our visual search experiment. Since we could only find non-significant
trends towards such oscillations, and mainly for the hit rate, our findings do not fully support
these assumptions. However, together with previous studies, our results may provide important
insights regarding the experimental- and stimulus design for future studies aiming to examine the

effect of neural oscillations on attentional templates in visual search.

Keywords: visual search, alpha oscillation, theta oscillation, positive template, negative

template, proactive suppression, distractor, reaction time, hit rate
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Introduction

Attentional Templates in Visual Search

Imagine standing in a library in front of a huge bookshelf, searching for a specific book. Let us
assume it is a dark blue book with golden letters. Do you see it in front of you? When searching
for specific objects, scanning of our complex environment is facilitated by internal
representations of what we look for (Wolfe, 2021). Thereby, such an attentional template, the
active representation of target-relevant features (blue book and golden letters), is maintained in
the visual working memory (VWM), and top-down biases search towards objects that show these
features. This speeds up search times despite the many other books in the shelf that potentially
distract attention towards them (de Vries et al., 2020). In other words, an attentional template that
represents task-relevant features and biases attention towards visual stimuli resembling it, is
referred to as positive template (de Vries et al., 2020; Salahub & Emrich, 2021). We are looking
for a blue book with golden letters that resembles the one we have on our mind. In contrast, we
can also think of many books with features that we are not looking for — for example red books
with yellow letters — that potentially distract our attention. In short, while positive templates are
thought to enhance features of the task-relevant targets, negative templates, specifying distractor
features, are thought to reduce the activation of such task-irrelevant features (Conci et al., 2019).
Current research has shown that negative templates could inhibit the processing of distractors
that show features defined by the negative template (Arita et al., 2012; Reeder et al., 2017). For
instance, Arita et al. (2012) found that color cues, indicating the color of upcoming distractors in
a visual search array, improved search more compared to trials with neutral cues, indicating a
color that would not appear in the following search display, as indicated by faster reaction times
(RTs). However, negative templates might not always be effective in initially guiding attention
away from stimuli matching the negative template. For example, Moher and Egeth (2012)
suggested the search-and-destroy hypothesis, according to which individuals initially select
stimuli matching the negative template instead of inhibiting their processing. This hypothesis
was supported by behavioral evidence from several studies (Beck et al., 2018; Chang et al.,
2019; Cunningham & Egeth, 2016). In a recent study, Berggren and Eimer (2021) picked up
these previous contrary findings and discussed two possible explanations for the facilitation of
visual search associated with negative templates. They conducted a cueing procedure, where

negative, positive, or neutral color cues preceded the search display, either indicating the color of



an upcoming distractor, the target, or a color that would not be contained in the search display.
While there was a benefit in RTs in trials where positive cues indicated the color of the upcoming
target, findings suggest RT costs in trials where negative cues were used. This was even evident
compared to trials with neutral cues, meaning that RTs were faster in neutral compared to
negatively cued trials. Likewise, this effect of cue condition was also evident with regard to the
error rates. Participants made less errors in positively cued trials, whereas error rates were higher
in neutral and negatively cued trials. However, in contrast to RTs, the difference in error rates
between neutral and negatively cued trials was not significant. Taken together, on a trial-by-trial
basis, positive cues were found to enhance performance in visual search, while negative cues
were found to impair attentional selection of search targets. However, if the negative cues
remained the same in all trials, these initially observed costs associated with negative cues were
only found for the first 24 trials within a block and even turned into benefits evident in RTs and
error rates with extended practice. This is in line with Tollner et al. (2015) who found target
detection to be more efficient if target-distractor similarity did not change trial-by-trial, but
remained stable across trials. Taken together, it might be assumed that contrary findings
regarding the effect of negative templates for distractor suppression might be due to different
search tasks. This assumption is supported by findings by Conci et al. (2019) who found that
negative templates only facilitated performance in difficult search tasks, when target-distractor
similarity was high and responses were comparably slow. Similarly, Arita et al. (2012) reported
increasing effectiveness of negative templates in facilitating visual search when search set size

increased.

Combining Bottom-up and Top-down Models - The Signal Suppression Hypothesis

However, these diverging findings caused an intense debate whether and under which conditions
salient (i.e., outstanding) but task-irrelevant stimuli capture attention automatically despite
foreknowledge of distractor features that should suppress this attentional capture. The debate
mainly involves two opposing theories, stimulus-driven models and goal-dependent models.
Stimulus-driven models assume that salient stimuli capture attention automatically, even if they
are task-irrelevant (Hickey et al., 2006; Jonides & Yantis, 1988; Theeuwes, 1993, 2010). In this
regard, books in eye-catching colors are assumed to attract our attention, even if they are in the
wrong color and do not show the characteristics we are searching for. In contrast, goal-

dependent models point out that attention is only attracted by stimuli that show task-relevant
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features (Drisdelle & Eimer, 2021; Folk et al., 1992; Jannati et al., 2013; McDonald et al., 2013;
Wykowska & Schubo, 2010, 2011). Thus, only books with characteristics corresponding to the
ones we are searching for, are presumed to attract our attention. In short, goal-dependent models
assume the attentional template stored in the VWM to cause fop-down guidance on incoming
visual signals, while stimulus-driven models assume attention to be guided in a bottom-up way

directed by the salience of these processed visual stimuli (Kerzel & Huynh Cong, 2021).

In line with both theories, Sawaki and Luck (2010) proposed the signal suppression hypothesis,
combining elements of both stimulus-driven and goal-dependent models. Consistent with
stimulus-driven models, the theory assumes salient singlefons, stimuli with unique characteristics
(e.g., color, shape) to automatically generate saliency signals (i.e., attraction of attention caused
by perceptual quality of a stimulus causing it to stand out) capturing attention. But, as suggested
by goal-dependent models, these saliency signals can be suppressed if they do not match the
task-relevant features (Drisdelle & Eimer, 2021). These predictions of the signal suppression
hypothesis were supported by several studies, focusing on event-related potentials (ERPs; i.e.,
specific markers in electrical brain activity associated with different cognitive functions) and
behavioral measures (Chang et al., 2019; Drisdelle & Eimer, 2021; Feldmann-Wiistefeld &
Vogel, 2019; Gaspelin et al., 2015; Gaspelin & Luck, 2018, Stilwell et al., 2022; van Zoest et al.,
2021; Vatterott & Vecera, 2012). In a recent paper, Luck et al. (2021) discussed new evidence
supporting the intermediate position of the signal suppression hypothesis and pointed out that
adaptions of the opposing theories have led to emerging consensus in two main areas. First, both
theories agree that saliency signals can be automatically generated by stimuli, if there are no
specific attentional control settings defined by task goals and selection history. Coming back to
our example with a huge shelf full of differently looking books, missing or unclear information
on the visual appearance of the book we are looking for - no specific attentional control settings -
might cause salient books (e.g., books in eye-catching colors or very thick ones) to attract our
attention very quickly. However, the second agreement of the two theories is that the appropriate
configuration of attentional control settings (e.g., current behavioral goals such as clear
knowledge about what to look for) can prevent capture of attention by salient singleton stimuli.
Thus, if we do have information on the visual appearance of the book we are looking for - clearly
defined attentional control settings - attentional capture and distraction by other outstanding

books with irrelevant characteristics can be prevented. Anyway, the main disagreement between
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the two theories still concerns the conditions under which singleton stimuli can be suppressed
proactively (i.e., prior to display onset), and especially whether explicit behavioral goals can

cause proactive suppression of specific features (Luck et al., 2021).

Optimal Windows of Stimulus Processing - The Role of Neural Oscillations

However, while these above discussed theories mainly focused on the effect of distractors
depending on stimulus-characteristics, recent studies further suggest performance in visual
search to depend on neural oscillations (Busch et al., 2009; Clayton et al., 2018; Fodor et al.,
2020). Neural oscillations describe the rhythmic activity and synchronized interaction between
populations of neurons that occur spontaneously and in response to stimuli (Bauer et al., 2022).
This synchronous electric brain activity can, for example, be recorded via
electroencephalography (EEG) and decomposed into its respective frequency bands — delta (1-3
Hz), theta (4-7 Hz), alpha (8—12 Hz), beta (13-30 Hz), and gamma (30-100 Hz) oscillations —
using the fast Fourier transform, a computational tool for signal analysis (Bauer et al., 2022;
Cochran et al., 1967; Hanslmayr et al., 2019; Saby & Marshall, 2012). In short, neural
oscillations serve as mechanism that, through synchronizing neural activity within and across
different groups of neurons in the brain, enables the coordination of neural activity that is
fundamental to cognitive processes such as memory, and attention (Marko et al., 2019; Ward,
2003). In this regard, different kinds of cognitive processes were suggested to be associated with
these different frequency domains (Klimesch, 2012). For instance, human beta oscillations were
mainly observed during motor tasks or cognitive tasks that involve sensorimotor interaction
(Barone & Rossiter, 2021; Engel & Fries, 2010; Kilavik et al., 2013). More precisely, an increase
of sensorimotor beta was described at rest, while it was reduced during phases of movement
(Kilavik et al., 2013). Further, beta oscillations were also found to be involved in the executive
control of WM storage and inhibition (Miller et al., 2018), as well as in the maintenance of
attentional resources and of the current sensorimotor state (Engel & Fries, 2010; Palacios-Garcia
et al.,, 2021; Richter et al., 2018). However, beta oscillations were mainly described to be
involved in inhibition in the prefrontal and motor cortex (Miller et al., 2018), while inhibition in
the visual cortex was primarily linked to alpha oscillations (Jensen & Mazaheri, 2010). Focusing
on the visual domain, during the processing of visual information, neural excitability in the brain
was shown to be mediated by the oscillatory phase in the alpha-, theta-, and delta-band (Busch &
VanRullen, 2010; Daume et al., 2021; Schroeder & Lakatos, 2009). Accordingly, several studies
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pointed out that visual detection performance depends on the exact pre-stimulus phase of alpha
and theta-oscillations (Busch et al., 2009; Mathewson et al., 2009; Vigué-Guix et al., 2022). For
example, Riddle et al. (2020) found causal evidence for the role of theta and alpha oscillations in
the control of WM contents. They used transcranial magnetic stimulation (TMS) that either
matched or mismatched task-driven oscillations, to investigate the effect of rhythmic TMS on
performance in a WM task. Their findings point out the role of frontal theta oscillations in the
prioritization of WM contents and the role of parietal alpha oscillations in the suppression of
WM contents. Both alpha and theta oscillations were furthermore also shown to be associated
with the inhibition of anticipated distractors (Fodor et al., 2020). Focusing on alpha oscillations,
besides their involvement in top-down inhibition of to-be-ignored stimuli (Jensen & Mazaheri,
2010; Foxe & Snyder, 2011), increases in alpha power were observed during the maintenance of
information in VWM (Jensen et al., 2002; Tuladhar et al., 2007). More precisely, an inverse
correlation with cortical excitability was found, meaning that high alpha power is associated with
low cortical excitability, thereby causing selective suppression of distractors and prevention of
interference with VWM contents (Bonnefond & Jensen; 2012; Foxe & Snyder, 2011; Wang et
al., 2016; Wianda & Ross, 2019). Accordingly, depending on the phase of the alpha oscillation at
the moment of stimulus presentation, these optimal windows for stimulus processing become
evident in varying RTs (Callaway & Yeager, 1960; Dugué¢ et al., 2011; Dustman & Beck, 1965).
In contrast, theta oscillatory activity was found to be involved in cognitive control, comprising
the monitoring of behavioral strategies, feedback processing, and control of action, and therefore
increased in response to unexpected distractors (Fodor et al., 2020; Folstein & Van Petten, 2008).
Oscillations in the theta frequency range were also shown to be associated with the WM (Roux
& Uhlhaas, 2014), as indicated by a rise in amplitude of theta activity during encoding and
retention of information (Jensen & Tesche, 2002; Raghavachari et al., 2001; Sauseng et al.,
2010). Thus, taken together, since different frequencies were described in association with
specific cognitive functions as discussed above, neural oscillations are well suited to investigate

human visual attention and distractor processing non-invasively.

Current State of Research & Hypotheses
In summary, until now, it remains controversial under which conditions distractors affect visual
search, and whether and how negative templates might reduce such distractor-specific processing

(Berggren & Eimer, 2021). While most evidence supports the assumption that negative templates
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rather impair visual search for targets among distractors (Chang et al., 2019; Moher & Egeth,
2012), there is also contrary evidence pointing towards a beneficial effect of negative templates
in suppressing attentional capture by predefined distractors in visual search tasks (Arita et al.,
2012; Reeder et al., 2017). However, given these contrary findings, it becomes clear that the
bottom-up vs top-down dichotomy associated with stimulus-driven and goal-dependent models
is rather simplistic, and that the experimental and stimulus design need to be considered as
decisive factors for the efficacy of attentional templates in ongoing discussions as well. A first
step in this direction was taken by the signal suppression hypothesis suggested by Sawaki and
Luck (2010) that, despite two major remaining divergences, involves converging viewpoints of
stimulus-driven and goal-dependent models on stimulus perception and visual processing.
However, as discussed above, it was further shown that effective processing of visual stimuli is
subject to oscillating brain activity and that visual detection performance depends on the exact
pre-stimulus phase of alpha and theta-oscillations (Busch et al., 2009; Dugué et al., 2015;
Mathewson et al., 2009; Vigué-Guix et al., 2022). Thus, another aspect that remains to be
discussed in this context concerns the effect of neural oscillations on the ability to suppress
distractors. Even though beta oscillations were also discussed in the context of executive control
of WM storage, and inhibitory function (Miller et al., 2018; Schmidt et al., 2019; Spitzer &
Haegens, 2017), and could therefore possibly be of interest for the discussion as well, two main
arguments speak against this. First, beta oscillations cover a broad frequency band, which is why
they are commonly grouped into low (13-20 Hz) and high (21-30 Hz) frequency beta oscillations
that are associated with various different cognitive functions (Barone & Rossiter, 2021; Cannon
et al., 2014; Chandrasekaran et al., 2019; Pfurtscheller et al., 2000; Spitzer & Haegens, 2017),
such as movement inhibition (Pogosyan et al., 2009), semantic encoding of episodic memories
(Hanslmayr et al., 2009), and language processing (Weiss & Mueller, 2012). Second, even
though these functions suggested to be associated with beta oscillations also involve the
maintenance of the cognitive state, and the continuation of top-down settings to override
potential effects of unexpected external stimuli (Engel & Fries, 2010), they were mainly
associated with tasks involving sensorimotor interaction (Barone & Rossiter, 2021; Engel &
Fries, 2010; Kilavik et al., 2013). Given these arguments, beta oscillations might therefore not be
an ideal candidate for the current research question. Instead, alpha and theta oscillations were
shown influence visual detection performance during visual search, depending on the exact pre-

stimulus phase of these oscillations (Busch et al., 2009; Mathewson et al., 2009; Vigué-Guix et
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al., 2022), and are therefore more relevant for the present research question. However, in
summary it becomes clear that research in this field should not only focus on effects associated
with the stimulus and experimental design, but also needs to consider possible effects of neural
oscillations on visual detection performance.

Therefore, the present study aims to pick up these points and expand previous findings by
investigating negative and positive templates in visual search, especially under consideration of

the rhythmic fluctuation of the ability to suppress foreknown distractors.

In our experiment, participants saw a specific, trial-by-trial changing orientation that either had
to be searched (positive condition) or suppressed (negative condition) in a subsequent search
display that was presented at different intervals after a placeholder display. The task was to
report the position of a gap in a circle surrounding the correct orientation. Given the above
discussed evidence regarding the role of alpha and theta oscillations in top-down control of
visual stimuli, and for target detection in visual search (Busch et al., 2009; Jensen & Mazaheri,
2010; Mathewson et al., 2009; Staudigl & Hanslmayr, 2013), we expect significant alpha or theta
oscillations in search performance (hit rate and RT) associated with the target orientation in the
positive instruction condition. Thus, regarding the effect of different durations of the placeholder
display, a higher hit rate is expected if the search display is presented at the peak of the target
template oscillation. Likewise, for the negative instruction condition, we also expect alpha and
theta oscillations in performance associated with the to-be-ignored orientation evident in a higher

hit rate and faster RTs at the peak of the suppression template oscillation.

Method

Participants

Comparable to similar studies (Arita et al., 2012; Chang et al., 2019; Cunningham & Egeth,
2016; Moher & Egeth, 2012; Pomper & Ansorge, 2021; Wen et al., 2018), our sample size
consisted of twenty-nine participants, of which all were recruited via the university-intern lab

system, receiving course credits for their participation!. All of the participants had normal or

1 As the data collection took place just before the summer holidays, the participation was lower than expected and
the number of participants in the two conditions is therefore not balanced. However, similar sample sizes were used
in the comparable studies.
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corrected to normal visual acuity and gave written informed consent before the experiment. The
data of all twenty-nine participants (24 females, mean age = 21 years, range = 19-49) was

included in the data analysis.

Apparatus and Stimuli

The experiment took place in a dimly lit room. To maintain a stable viewing distance at 57 cm,
participants were asked to place their head on a chin-forehead rest. Further, they were equipped
with a hearing protection to prevent distraction by possible background noise. Stimulus
generation and control was conducted using PsychoPy3 (Peirce et al., 2019). An LCD monitor
with a resolution of 1,920 x 1,080 pixels (54.4 x 30.3 cm) and a refresh rate of 100 Hz was used

to display the stimuli.

The background screen color was grey (RGB-values: -0.5,-0.5,-0,5) during the entire experiment.
Stimuli were presented at an imaginary circle with a radius of 7° around a centrally placed white
fixation point with a size of 0.1° *0.1°. Cues, targets, and distractors were Gaussian masks with a
spatial frequency of 1.5. Cues had a transparency of 0.25, and cue masks and target masks
consisted of deconstructed Gaussian masks with a noise element size of 0.0625. The size of
stimuli (cues, targets, distractors, masks) was 6° * 6°, with each stimulus surrounded by a circle
with a size of 6.5° * 6.5°. Of these surrounding circles each had a gap, consisting of a 1.2° *
2.5° sized rectangle in the background screen color, layered above the stimulus-surrounding
circles. These gaps were always placed corresponding to the direction of the four arrow keys on

a computer keyboard (up, down, left, right).

The stimulus choice was based on earlier studies which also used Gabor patches to investigate
neural oscillations in the context of visual stimulation (Michail et al., 2022; Pomper & Ansorge,
2021; Sherman et al., 2016; Stenner et al., 2014). Also, Landolt rings or squares, interrupted
circles or squares with a small gap, were used in such studies (Addleman & Stérmer, 2022; Arita
et al., 2012; Bergen & Eimer, 2021; Michel et al., 2022). In order to make sure that there were no
congruency effects between the orientation of the grating and the position of the gap in the
surrounding ring, we decided to solely use non-orthogonal grating orientations, and positioned
the gaps in the surrounding rings corresponding to the four arrow keys on a computer keyboard

that were used for responding during the experiment.
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In total, there were 4 different orientations (Gaussian masks with a spatial frequency of 1.5 and a
slope of either 22.5°, 67.5°, 112.5°, or 158.5°) that were combined pseudo-randomly, so that all
possible combinations between target and distractor occurred equally often. Thus, it was ensured
that there was no connection between the distractor and target orientation that could possibly
have been recognized by participants and used to predict the target orientation from the distractor
orientation. Further, target and distractor always had distinct Landolt-orientations. But since we
used only four different Landolt-orientations (up, down, left, right), the same gap-position could
occur twice in the search display, but only at non-relevant positions that neither contained the

target nor the distractor orientation.

Procedure

At the beginning of the experiment, each participant completed 20 practice trials, 10 for the
positive condition and 10 for the negative condition. For the entire experiment, participants were
instructed to answer as quickly and as accurately as possible. The course of a trial was as
follows: each trial started with instruction prompts (presented for 200 ms), containing six Gabor
patches that surround a centrally placed Gabor patch, all showing the to-be searched or to-be-
suppressed orientation for the current trial (depending on the experimental condition). In contrast
to subsequent displays, the rings surrounding the Gabor patches shown during the instruction
prompts did not contain a gap (see figure 1). The instruction prompts display was followed by a
cue masking display that was presented for 30 ms, starting from the beginning of the variable
delay, which consisted of 70 possible variable delays ranging from 250 - 940 ms, that were
grouped into steps of 10 ms. During these 30 ms, masks surrounded by rings (still not containing
gaps) were shown instead of the before presented Gabor patches. After the 30 ms, for the
remaining time of the variable delay, only empty rings without gaps were shown. As the
instruction prompts display, showing the relevant orientation for the current trial, induced neural
oscillations, the varying delay allowed for presentation of the search display at different
oscillatory phases of the attentional template. This display was followed by the search display
(presented for 200 ms), again consisting of six Gabor patches, of which two showed an
orientation pattern while the others were looking like the masks in the placeholder display. In
this display, the circles surrounding the Gabor patches showed gaps at different positions (up,
down, left, right). After that, a similar display followed, with the only difference that now all six

circles contained target masks (presented for 200 ms). In the next display (presented for 400 ms),
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Figure 1
Procedure of the experiment

Cue masks presented for 30 ms
< starting from the beginning of
the variable delay.

250 ms-940 ms

Instruction Prompts 200 ms
4 Variable Delay
5 Search Display

6

200 ms
400 ms until response or

Target Masks timeout (2.5 s)

Note. In display 1, the relevant orientation for the present trial is shown (depending on
the condition, the orientation either has to be searched for or suppressed in the search
display (display 3), that is shown at a variable delay between 250 ms - 940 ms). For
the first 30 ms of the variable delay (display 2), cue masks are shown, while there are
only empty rings for the remaining time. In display 4, target masks are presented, that
were manipulated in terms of transparency, using an adaptive staircase procedure to
keep task performance stable at approximately 70 %. In display 5, these masks
disappeared and only rings with gaps were visible for 400 ms. The last display,
displays 6, contained rings without gaps, and was shown until response or timeout
(after 2.5 s).

For the positive condition, the correct response would be to press the down arrow key,
because the gap in the ring surrounding the orientation introduced in display 1 points
down. For the negative condition, the correct response would be to press the right
arrow key, because the orientation introduced in display 1 needs to be suppressed.
Instead the position of the gap in the ring surrounding the not-to-be suppressed
orientation needs to be reported.
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only the stimulus-surrounding circles with gaps were shown, but they neither contained targets
nor target masks. Each trial ended with a display showing only the six circles without gaps. This
last display was shown until response (At which position was the gap in the circle surrounding
the relevant orientation? - up, down, left, right) or timeout (2.5 s, starting with the presentation of
the search display), until the next trial started. The relevant orientation, that either had to be
searched or suppressed, changed on a trial-by-trial basis.

In total, the experiment consisted of 1400 trials, 700 trials per instruction condition. For each
condition, there were 70 catch trials, in which both of the two orientations in the search display
corresponded to the to-be-suppressed orientation. Participants were instructed not to give an
answer via the keyboard, if none of the orientations was the one they looked for. After each trial,
participants received feedback (,,Correct [,,Richtig“], ,,Incorrect [,,Falsch®], ,,Too slow. Please
respond faster.” [,,Zu langsam. Bitte schneller reagieren.*]). Overall, the trials were grouped into
4 blocks of 350 trials each, with alternating positive and negative blocks. 20 of the participants
started the experiment with a positive block, the remaining 9 participants started with a negative

block. Participants of both groups could take a self-terminated short break after every 175 trials.

Further, comparable to similar studies (Busch et al., 2009; Michel et al., 2022; Pomper &
Ansorge, 2021) we implemented an adaptive staircase procedure for the manipulation of the
transparency of the target mask, to maintain a mean accuracy rate of 70%. The mask
transparency was calculated for each participant individually, for 10 succeeding trials. If the
mean accuracy after these 10 trials fell below 70%, mask transparency was increased by 0.1 in
order to make the task easier (the maximum value for make transparency was set to 1). In
contrast, if the mean accuracy increased to over 70%, the mask transparency was decreased by

0.1 which made the task more difficult (the minimum value for mask transparency was set to

0.1).

Data Analysis

All data analyses were performed with R (Version 4.1.3; R Core Team, 2022), using the R-
packages broom (Version 1.0.1; Robinson et al., 2022), data.table (Version 1.14.2; Dowle &
Srinivasan, 2021), emmeans (Version 1.7.2; Lenth, 2022), ggplot2 (Version 3.3.6; Wickham,
2016), ggrepel (Version 0.9.1; Slowikowski, 2021), ggtext (Version 0.1.1; Wilke, 2020), gsignal
(Version 0.3.4; Van Boxtel, G.J.M., et al., 2021), kableExtra (Version 1.3.4; Zhu, 2021), knitr
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(Version 1.40; Xie, 2015), Ime4 (Version 1.1.29; Bates et al., 2015), ImerTest (Version 3.1.3;
Kuznetsova et al., 2017), MBESS (Version 4.9.0; Kelley, 2022), nlme (Version 3.1.155; Pinheiro
et al., 2022), papaja (Version 0.1.1; Aust & Barth, 2022), questionr (Version 0.7.7; Barnier et al.,
2022), and rmTools (Version 0.1.8; Michel, 2022). Further, we used Matlab (2018, Mathworks
inc., Natick MA) including the CircStat toolbox (Berens, 2009). For the analysis, outlier trials
with RTs deviating more than 2.5 standard deviations from the mean were removed separately
for each participant and for each condition. Mean hit rates, describing the percentage of correctly
answered trials, and mean RTs for trials that were answered correctly, were computed separately
for the two different conditions (positive, negative), as well as for both conditions together.

To examine our hypothesis, whether the hit rate or RTs fluctuate over different stimulus onset
asynchronies (SOAs), we further looked at the time course of hit rates and RTs separately for the
two conditions. This was done by using a moving-window approach with step sizes of 10ms, in
which the average hit rates or RTs within these bins were calculated. Further, to compute the
spectral composition, the resulting time courses of hit rate and RTs were detrended by applying a
subtraction of the second-order polynomial fit, and further a fast Fourier transform was
performed. This resulted in power values for 19 frequency bins covering 0 to 25 Hz. A non-
parametric resampling procedure was then applied to the resulting temporal pattern in the time
course of the hit rate and RTs to assess the statistical significance of peaks in the power
spectrum. For this purpose, hit rates and RTs were randomly reshuffled across the different
delay-periods separately for the two conditions and within each participant. The reshuffled data
was then analyzed as the observed data. Since this procedure was repeated 10, 000 times, a
distribution of 10, 000 power values for the different frequency bins resulted, which was used to
determine the statistical thresholds. FDR correction was applied for all 19 frequency bins
(Benjamini & Hochberg, 1995). Thus, only those observed spectral peaks which exceeded 99.5%
of the surrogate data peaks were considered as significant.

Further, we calculated dependent one-sample t-test to compare the mean RT and the mean hit

rate in the two different conditions, respectively.
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Results

Comparison of the Performance in the Experimental Conditions

We found a slightly higher mean hit rate in the positive condition (M=69.39 %, SD=16.17 %),
compared to the negative condition (M=65.49 %, SD=15.13%). We calculated a paired two-sided
t-test and found that this difference was significant (M = 3.90 ms, 95% CI [1.47, 6.33],
SD = 6.39 ms, #(28) =3.29, p = .003, dun» = 0.59 [0.21, 1]).

Looking at the mean RTs, we found an overall mean RT of 903 ms (SD=149 ms), with slightly
lower mean RTs in the positive condition (M=889 ms, SD= 135 ms) compared to the negative
condition (mean=918 ms, SD=172 ms). Again, this difference was significant (M = -29 ms, 95%
CI [-56, -2], SD = 71 ms, #28) = -2.23, p = .034, dunp = -0.40 [-0.79, -0.03]), showing that
participants performed significantly better in the positive than in the negative instruction

condition.

Figure 2
Performance measures
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Note. Mean hit rate in catch trials, mean hit rate and mean RT in non-catch-trials.
Displayed as overall measure and separately for the two instructions.
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Table 1

Descriptives

Instruction Condition Measured Variable Value SD SE
Both Instructions Mean Hit Rate (in %) 67.44 1573 2.07
Negative Mean Hit Rate (in %) 65.49 1531 2.84
Positive Mean Hit Rate (in %) 69.39 16.17 3
Both Instructions Mean Reaction Time (in ms) 903 149 28
Negative Mean Reaction Time (in ms) 918 172 32
Positive Mean Reaction Time (in ms) 889 135 25

Both Instructions Mean Hit Rate in Catch Trials (in %) 39.68 13.53 1.78
Negative Mean Hit Rate in Catch Trials (in %) 36.40 14.26 2.65

Positive Mean Hit Rate in Catch Trials (in %) 42.96 12.14 2.25

Note. Mean reaction times in ms. Mean hit rates in %. Standard errors (SE) and standard
deviations (SD) are in ms or %, depending on the measured variable (e.g., SE in ms for mean
reaction times).

Note. Overview of descriptive performance measures. Mean hit rate in
catch trials, mean hit rate and mean RT in non-catch-trials. Values
described as overall measures and separately for the two instructions.

However, overall performance in catch trials, where no reaction was required as both of the
Gabor patches in the search display showed the to-be-suppressed orientation, was lower (M =
39.68 %, SD = 13.53 %) compared to trials in which an active reaction was required. In the
negative condition, the mean hit rate in catch trials was even lower, reaching only 36.40 %

(SD=14.26 %), and slightly higher in the positive condition (M=42.96 %, SD=12.14 %).

Neural Oscillations

To test our hypothesis whether there are significant alpha or theta oscillations in search
performance (hit rate and RT) associated with the attentional templates in the positive or
negative condition, we looked at RTs and hit rates depending on the SOA. However, spectrally

these fluctuations were not associated with significant oscillatory peaks.
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Additional Analysis

For exploratory interest, we further looked at the wrong answers that were given by the
participants.

Indeed, when participants answered wrong, it turned out that they were highly likely to react to
the irrelevant, to-be-suppressed orientation shown in the search display. Taken both conditions
together, 89.81% (SD =15.00 %) of the incorrect answers referred to the irrelevant orientation
presented in the search display. This value was slightly higher in the negative (M=91.54 %, SD =
14.69 %) than in the positive (M=87.86%, SD=15.94 %) condition.

Discussion

Previous studies found performance in visual search to benefit from positive cues indicating
characteristics of upcoming targets (Arita et al., 2012; Berggen & Eimer, 2021; Conci et al.,
2019; Vickery et al., 2005), and further to depend on the precise pre-stimulus phase of certain
neural oscillations (Busch et al.,, 2009; Mathewson et al., 2009; Vigué-Guix et al., 2022).
However, since these findings focused on positive templates, our study aimed to expand this
knowledge by examining the effects of negative templates containing information about
upcoming distractors in visual search, especially under consideration of the rhythmic fluctuation
of the ability to suppress distractors corresponding to these templates. Based on these earlier
findings, we hypothesized to find alpha- or theta oscillations in hit rate and RTs associated with
the positive or negative templates in our visual search experiment. For this purpose, trials with
positive, to-be-searched-for templates and negative, to-be-ignored templates were blocked and
presented separately. The varying delay of a placeholder display allowed for examination of hit
rates and RTs depending on the precise oscillatory phase of the attentional template before the
search display was presented. However, contrary to our hypotheses, we neither found significant
alpha or theta oscillations in the hit rates or RTs associated with the templates in the positive nor

in the negative condition (see figure 3).

Even if the present findings are therefore not fully in line with earlier studies that found such
oscillating performance depending on the pre-stimulus oscillatory phase in positive search

(Busch et al., 2009; Mathewson et al., 2009; Vigué-Guix et al., 2022), if separated by condition,
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Figure 3
Spectral analysis of mean hit rate and mean RTs for both

conditions together
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Note. Spectral analysis of the mean hit rate and mean RTs
taken the two conditions together. Data from hit rates is
shown in red, data from RTs is shown in blue. The
interrupted lines show the surrogate data. The lighter
colored areas surrounding the lines indicate the standard
errors of the mean. Only peaks exceeding 99.5 % of the
surrogate data were considered as significant.

our findings suggests a tendency towards alpha oscillations in the hit rate in the negative
condition. The spectral analysis revealed two significant peaks at 6.9 Hz, and at 15.3 Hz. This
tendency is also reflected in the time course of the hit rate as can be seen in figure 4. Upon visual
inspection, there seem to be rhythmic increases and decreases in hit rates in the negative
condition, depending on the different SOAs, suggesting a tendency towards fluctuations at an
alpha frequency. Further, when analyzing both conditions together, we found other significant
peaks in the spectral analysis - at 2.8 Hz, 6.9 Hz, 15.3 Hz, and at 20.8 Hz. In contrast, for the RTs
we found only one significant peak in the spectral analysis at 8.3 Hz when analyzing both
conditions together. However, these initially significant oscillatory peaks did not remain
significant after correction for multiple comparison. Even though these findings were not
significant, they still contribute to the question how positive and negative templates affect visual

search, and how oscillations of attentional templates could be reflected in fluctuations in
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performance measures. More specifically, our study provides relevant insights into the
importance of characteristics of the experimental design and stimulus choice for future studies

addressing this question.

Figure 4
Time course of the hit rate
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Note. Time course of the hit rate with mean hit rates for the
two conditions, depending on SOA time (ms). Data from
positive condition is shown in red, data from negative
condition is shown in blue. The lighter colored areas
surrounding the lines indicate standard errors of the mean.

Stimulus Features and Complexity

In fact, divergences between earlier findings supporting the idea of oscillating performance in
visual search and the present findings might be explained by the experimental design used in our
study, as Merholz et al. (2022) recently discussed a link between attentional demands of visual
search and associated neural oscillations. For instance, previous studies that found benefits of
attentional templates on search performance used comparably simple cues, mostly including
colors. Conci et al. (2019) found that positive cues indicating the color of an upcoming target
caused significant increases in search efficiency relative to neutral cues indicating a color that

would not appear in the search display. Likewise, Arita et al. (2012) found positive color cues,
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but also negative cues, containing information about the color of an upcoming distractor, to
significantly improve search performance. After extensive practice with the same distractor, such
an effect was also evident when written instructions (e.g., ,,Jgnore Red*) were used as cues
(Cunningham & Egeth, 2016). These findings are in line with Zhuang and Papathomas (2011)
and Anderson et al. (2010) who both found that visual search could benefit from color cues (in
visual and verbal form), but that more complex cues, showing the orientation of an upcoming
target, could not improve search performance. Further, this assumption is supported by the
findings discussed by Tollner et al. (2015) who showed that high target-distractor dissimilarity is
required for efficient target detection - colored stimuli allow for higher and more easily
perceptible differences between targets and distractors compared to Gabor patches with
differently tilted orientations as used in our study. Thus, in line with Zhuang & Papathomas
(2011) who found color cues to be more efficient for the guidance of attention during visual
search than orientation cues, it is likely that the orientation stimuli used in the present study were
less suited for the configuration of attentional templates compared to the color cues used in

earlier studies.

Beyond that, the specific features of stimuli were further shown to have an influence on the time-
course of top-down guided visual search (Zhuang & Papathomas, 2011). More precisely, in an
experiment involving motion stimuli, feature-based attention based on color was found to
modulate task performance faster than spatial attention (Liu et al., 2007; Zhuang & Papathomas,
2011). In line with that, Moher and Egeth (2012) found the duration between the negative cue
and the search display to be a decisive factor for the efficacy of negative cues for the guidance of
attention during visual search. More precisely, in their experiment search was only speeded if the
duration between the cue of distractor features (location) and the search display was at least 800
ms. In contrast, if the placeholder duration was below 800 ms, negative cues slowed search
compared to neutral or positive cues. According to their interpretation, placeholder durations
below 800 ms were too short for participants to select and subsequently inhibit the cued
distractor features. In contradiction to this finding, using color stimuli,

Arita et al. (2012) showed that 100 ms were enough time for participants to configure a template
for rejection that speeded visual search. Critically, even though they argue that the efficacy of
negative templates increased with the processing load of the visual scene, it needs to be

considered that their search display consisted of either 4, 8 or 12 stimuli presented in only two
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different colors with items within the same hemifield in the same color. Thus, as this search
display was comparably simple, 100 ms were possibly enough for participants to configure and
efficiently use attentional templates to initially reduce search set size by 50%. However, Moher
and Egeth (2012) who used more than two colors and more inhomogeneously arranged stimuli in
the search display found that participants needed at least 800 ms to set up such attentional
templates to effectively improve search performance. These divergences might point towards an
explanation, why participants in our study could not configure attentional templates for
improvement of search performance. Even though the mean RTs and mean hit rates both were
significantly better in the positive compared to the negative condition, these differences still were
comparably small (e.g., see much more significant RT-differences in Arita et al., 2012; Becker et
al., 2015; Conci et al., 2019). Following these earlier findings, if the attentional template could
have been configured accurately in our study, performance measures should have been
significantly better in the positive condition.

However, with regard to the cue-search interval in our study design, the placeholder duration
ranged from 250 ms - 940 ms, and was therefore below the 800 ms suggested by Moher and
Egeth (2012) in most of the trials. It is likely that the short cue-search interval impeded the
configuration of such a complex attentional template in our study. This assumption is supported
by the findings of our additional analysis on the error rates. Approximately 87 % of the wrong
answers, and even more (approx. 91 % of the wrong answers) in the negative condition referred
to the irrelevant orientation presented in the search display. As the time was too short for the
accurate configuration of an attentional template, participants erroneously attended the wrong
orientation so often. Further, it cannot be ruled out that participants initially attended the to-be-
ignored orientation in the negative condition, before they could focus their attention on the
correct orientation, therefore causing higher mean RTs in the negative condition. In this regard, it
would have been interesting to examine if the attentional templates could have been configured
more accurately by participants in our study in trials with longer placeholder durations. However,
with our data, a separate analysis would not have been reasonable, since this would have
excluded approximately 85% of trials with placeholder durations below 800 ms, leaving too little
data for a statistical analysis. Further, as Moher and Egeth (2012) grouped the placeholder
durations (100 ms, 800 ms, and 1500 ms), it is likely that 100 ms were too short for participants

to establish a template for rejection in their experimental design, but that this would have been
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possible with slightly longer durations between 100 ms and 800 ms, as suggested by Arita et al.
(2012).

Taken together, the complexity of the cue, and the cue-search display interval might be decisive
factors for the ability to configure attentional templates. Thus, regarding future studies, these
findings point towards an important aspect of the experimental design, as our results suggest that
especially for more complex cues, longer cue-search intervals seem to be required for the

configuration of attentional templates.

Saliency-Increase caused by Cues

Besides these insights on stimulus choice and cue-search intervals, our results contribute to the
initially introduced discussion between stimulus-driven models and goal-dependent models,
supporting the intermediate position of the signal suppression hypothesis (Sawaki & Luck, 2010)
that integrates these two theories. Following stimulus-dependent models that assume salient
stimuli to capture attention automatically, the orientation cues possibly caused the cued
orientation to be perceived with higher saliency, therefore automatically attracting the
participants attention. This assumption that the perceived salience of the cued orientation was
increased is in line with Nothdurft (2002) who showed that visual cues evoke salience similar to
outstanding stimulus features. In the positive condition of our study, participants were asked to
report the position of the gap in the ring surrounding the cued orientation. But in the negative
condition, participants were instructed to ignore this cued orientation and instead report the
position of the gap surrounding the orientation that was not cued. However, in line with the
assumption that the cued orientation was perceived with higher salience, we found a higher mean
hit rate in the positive condition, associated with lower mean RTs. Nonetheless, it is likely that
the participant’s attention was not only attracted by the orientation perceived with higher salience
evoked by the cue in the positive condition where they were instructed to do so, but also in the
negative condition, where they should have suppressed this cued orientation. As suggested by the
stimulus-dependent models, participants might have initially attended the to-be-suppressed
orientation, before they directed their attention to the uncued orientation in the search display,
which could explain the higher mean RTs in the negative condition. As discussed above, this
might be especially likely when distractors change on a trial-by- trial basis, because this possibly
impedes the accurate configuration of an attentional template. However, in line with goal-

dependent models that point out that attention is only attracted by stimuli that show task-relevant
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features, the signal suppression theory suggests that this automatic attraction of attention can be
prevented if there are appropriate attentional settings - configured through the repeated use of the
same distractor. In other words, extensive practice with the same distractor might be required for
efficient attentional control, enabling participants to suppress the corresponding distractor-
orientation instead of being attracted by it. If there are no such attentional control settings,
irrelevant stimuli (e.g., the to-be-suppressed distractor orientation in our experiment) can
automatically attract attention. Using color stimuli, Berggren and Eimer (2021), found that
search performance did not benefit from negatively cued non-targets if they changed on a trial-
by-trial basis. However, only if there was extensive training with the same distractor for at least
24 trials, these initial costs associated with negative templates turned into benefits for visual
search. Similarly, Cunningham and Egeth (2016) also found improved search performance
through ignoring benefit after 72 trials when the distractor remained the same. Consequently, the
trial-by-trial change of stimuli, as used in our study, might impede the configuration of
appropriate attentional control settings, therefore not enabling participants to use the cued
information effectively. Precise attentional templates were, however, described to enable more
efficient disregard of distractors, especially under conditions with high target-distractor
similarity (Leber & Egeth, 2006) as in our study. In this regard, as our findings suggest only non-
significant trends towards oscillating search performance, it might be interesting to adapt our

study design by keeping distractors or targets constant over multiple trials.

Limitations and Future Research Implications
The above discussed aspects point towards limitations of the current study, and at the same time,

propose starting points for future research resulting from the present findings.

We inferred neural oscillations from time courses of behavioral measures, hypothesizing
oscillations of the attentional templates to be reflected in alpha- or theta oscillations of the hit
rate and RTs. However, since this hypothesis could not be supported with the present data, the
purely behavioral approach might have constrained the probability to detect the underlying
neural oscillations of the attentional templates. Thus, in addition to the behavioral data, EEG
could be used to assess the neural oscillations of interest. However, what needs to be considered

is that the effect of alpha oscillation phase on stimulus perception is moderated by attention
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(Busch and VanRullen, 2010). As it is likely that attention is not constant over the entire course
of an experimental block, future studies might further examine hit rates and RTs not only with
regard to a single average measure for the entire block, but divide the analysis of the
performance measures into multiple subgroups to control for possible fluctuations of attention
within the blocks. Further, the exploration of ERPs would provide information on whether the
negative templates were actually suppressed, or, as assumed by the search-and-destroy
hypothesis (Moher & Egeth, 2012), initially attracted attention before they could be ignored. An
indication for this assumption might be the longer RTs we found in the negative condition, but
based on the behavioral data collected, we cannot make any reliable statements about the
functioning of the attentional templates. Thus, two ERPs that might be of interest are the N2pc, a
negative deflection in the EEG wave contralateral to the stimulus occurring approximately 200
ms after stimulus presentation, and the Pd (distractor positivity) describing a positive deflection
occurring with a post-stimulus latency of approximately 200 ms (Hickey et al., 2009; Luck &
Hillyard, 1994; Mertes et al., 2016). The N2pc was discussed as marker of selective attentional
processing associated with the initial focusing on target stimuli in multiple-stimuli search arrays
and attentional suppression of non-targets surrounding relevant stimuli (Eimer, 1996; Kiss et al.,
2008; Luck & Hillyard, 1994). In contrast, the Pd was assumed to indicate attentional
suppression and the reduction of attentional priority associated with salient distractor stimuli to
facilitate target processing (Hickey et al., 2009; Hilimire et al., 2012; Sawaki & Luck, 2011).
However, with regard to the fact that we could not find significant oscillations associated with
positive templates - which is in contrast to earlier findings - it is likely that our sample size was
too small to detect significant effects. Even though comparable studies had similar sample sizes,
it needs to be considered that these studies used comparably simple color stimuli, possibly
causing larger effects than our more complex orientation stimuli. Further, due to the data
collections starting just before the summer holidays, less participants than expected participated
in the experiment, causing an unequal distribution of the participants in the two conditions. Thus,
to obtain more robust findings, future studies using such comparably complex stimuli or examine
related research questions exclusively with behavioral measures, might choose larger sample

sizes.

Even though we aimed to focus on positive and negative templates in visual search, the

integration of a neutral condition, as was frequently done in comparable studies, would have
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enabled a more detailed exploration of the effects of informative attentional templates compared
to uninformative templates. Performance measures in the positive and negative condition relative
to a neutral, baseline condition, would allow for more extensive conclusions, as previous
findings (Arita et al., 2012; Conci et al., 2019) suggest that, compared to neutral cues, negative

cues could indeed improve search performance.

Conclusion

To sum up, together with earlier findings indicating that negative templates could indeed be
beneficial for visual search, our results indicate that the characteristics of the experimental
design are decisive for the efficient configuration of attentional templates. Even though we
neither found significant alpha- or theta oscillations in hit rates or RTs associated with negative
nor with positive templates, the present thesis intended to take the obtained findings as a starting
point to identify crucial aspects of the experimental design to provide guidance for future studies.
As discussed above, it is suggested that the stimulus complexity and the cue-search interval
could be decisive factors for negative, but also positive attentional templates to effectively
improve search performance. Thus, future studies might examine the effect of negative and
positive attentional templates by varying the stimulus complexity and the cue-search interval.
For instance, it might be interesting if such complex cues as used in the present design could be
used for the configuration of appropriate attentional templates with different longer cue-search
intervals, and if the initially hypothesized oscillations in performance measures become visible
then. Apart from that, the assessment of the underlying neural oscillations and ERPs using EEG
might be more reliable and could also provide more detailed insights about the function of

attentional templates.
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Appendix
Abstract

Internal representations of looked-for objects facilitate scanning of our complex environment and
therefore improve visual search. Accordingly, performance in visual search was found to benefit
from positive templates containing information about upcoming targets, and besides that, to
depend on the precise pre-stimulus phase of neural alpha- and theta oscillations. However, until
now, it is unclear if negative templates, containing information about upcoming distractor
features, can equally improve search by causing proactive suppression of distractors. Besides, it
is discussed whether salient distractors automatically attract attention (as suggested by stimulus-
driven models), or if specific behavioral goals can prevent this automatic capture (as suggested
by goal-dependent models).

In light of these discussions, the present experiment (N=29) aimed to examine the effect of
neural oscillations on attentional templates in visual search, by instructing participants to either
search for or suppress a specific, trial-by-trial changing orientation in a subsequent search
display that was presented at different stimulus onset asynchronies (SOAs).

We hypothesized to find alpha- or theta oscillations in hit rate and RTs associated with positive
and negative templates in our visual search experiment. Since we could only find non-significant
trends towards such oscillations, and mainly for the hit rate, our findings do not fully support
these assumptions. However, together with previous studies, our results may provide important
insights regarding the experimental- and stimulus design for future studies aiming to examine the

effect of neural oscillations on attentional templates in visual search.

Keywords: visual search, alpha oscillation, theta oscillation, positive template, negative

template, proactive suppression, distractor, reaction time, hit rate
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Zusammenfassung

Interne Reprisentationen gesuchter Objekte erleichtern das Durchsuchen komplexer
Umgebungen. Dementsprechend verbessern positive Suchschablonen, die Informationen {iber
das Aussehen gesuchter Objekte enthalten, die Suchleistung, wobei sich eine Abhéngigkeit von
der genauen pra-stimulus Phase der neuronalen Alpha- und Theta-Oszillationen zeigt. Bislang ist
jedoch unklar, ob negative Suchschablonen, die Informationen {iber aufkommende Distraktoren
enthalten, ebenfalls zu einer Verbesserung der Suchleistung fiihren kdnnen, indem sie eine
proaktive Unterdriickung der Distraktoren bewirken. In diesem Zusammenhang wird au3erdem
diskutiert, ob auffillige Distraktoren automatisch die Aufmerksamkeit auf sich ziehen (wie
reizabhdngige Modelle annehmen), oder ob bestimmte Verhaltensziele diese automatische
Anziehung der Aufmerksamkeit verhindern konnen (wie zielabhingige Modelle annehmen).

Vor diesem Hintergrund untersuchte das vorliegende Experiment (N=29) den Effekt neuronaler
Oszillationen auf Aufmerksamkeitsschablonen bei der visuellen Suche. Die Teilnehmer*innen
wurden instruiert, eine gezeigte Orientierung in einem nachfolgenden Suchbildschirm entweder
zu suchen oder zu unterdriicken, der nach unterschiedlichen Intervallen prisentiert wurde. Die
fiir den jeweiligen Durchgang relevante Orientierung énderte sich dabei in jedem Durchgang.

Es wurde angenommen, dass sich der Einfluss der Alpha- oder Theta Oszillationen auf die
positiven beziehungsweise negativen Aufmerksamkeitsschablonen in Schwankungen der
Leistung bei Antwortzeiten und Trefferquoten widerspiegelt.

Diese Annahmen konnten jedoch nur teilweise bestétigt werden, da wir nur nicht-signifikante
Trends fiir derartige Oszillationen finden konnten und diese hauptsdchlich in der mittleren
Trefferquote auftraten. Zusammen mit fritheren Studien konnen von unseren Ergebnissen jedoch
wichtige Erkenntnisse fiir das Versuchs- und Stimulusdesign zukiinftiger Studien abgeleitet
werden, die die Effekte neuronaler Oszillationen auf Aufmerksamkeitsschablonen bei der

visuellen Suche untersuchen.
Schliisselworter: visuelle Suche, Alpha-Oszillation, Theta-Oszillation, positive

Aufmerksamkeitsschablone, negative Aufmerksamkeitsschablone, proaktive Unterdriickung,

Distraktor, Reaktionszeit, Trefferquote
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