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Summary 
 
In our daily life we are constantly overloaded with visual information, from which we need to 
select only that what is relevant to our current goals, while ignoring what is irrelevant. Visual 
working memory plays an important role in this selection, by pre-activating task-relevant 
representations, also called attentional templates, which then bias attentional selection 
towards matching visual input. However, as we typically perform sequences of tasks, the 
relevance of visual information changes depending on our moment-by-moment goals. Visual 
working memory therefore not only stores sensory representations for current perceptual 
goals, it also stores representations that become prospectively relevant in multi-task 
sequences. Such prospective representations should be shielded from interacting with the 
current task, leading to a proposed distinction in the moment-by-moment task relevance of 
items held in visual working memory. Recent neuroscientific research has indeed confirmed 
two dissociable neural mechanisms of storage. On the one hand, currently relevant 
representations are stored in a prioritized, activity-based state in sensory areas, comparable 
to when the same sensory information is being perceived. These memories are therefore 
thought to be able to directly interact with new perceptual input. On the other hand, 
prospectively relevant representations are stored in a deprioritized, potentially activity-silent 
state, thereby precluding direct interaction with perceptual input until they might become 
activated later on. While ample previous research has demonstrated the presence of these 
dissociable neural mechanisms of storage for different states, the putative neural 
mechanisms that control this selective attentional guidance remain poorly understood. The 
first major aim of this dissertation was to investigate these neural control mechanisms 
(Chapter 2-4).   
 
The second aim of this dissertation was to investigate the possible existence of a third 
representational state, namely for anticipated distractors (Chapter 5). While the prioritized 
representation automatically guides attention towards matching visual input, and the 
deprioritized representation does not interact with attention at all, an anticipated distractor 
representation should serve the function to automatically guide attention away from matching 
visual input. However, unlike evidence for pre-activation of anticipated target features, 
mechanisms of advance distractor inhibition remain elusive. For Chapter 5 I studied how 
preparing to ignore an anticipated distractor differs from preparing for an anticipated target. 
Do observers prepare an advance inhibitory template that reduces feature-specific sensory 
processing in visual cortex beforehand, so that attention is automatically biased away from 
matching visual input?  
 
To answer these questions I made use of various versions of a visual search paradigm. 
Typically, observers memorized one or two colors that they needed for a sequence of two 
visual search tasks. In Chapter 2-4 each memorized color was cued to be the target on one 
of the two search tasks, thereby giving each color either a prioritized or deprioritized status in 
anticipation of an upcoming search task. In Chapter 5 observers only memorized a single 
color that was cued to serve as either the target or as a salient distractor on the upcoming 
search task. While observers performed the behavioral task, I measured 
electroencephalography (EEG) and investigated the involvement of neural oscillations in 
controlling the selective attentional guidance by visual working memory content. Crucially, the 
location at which each to-be-remembered color was presented was strictly controlled. As 
sensory working memory representations are encoded and (partly) maintained at the specific 
retinotopic location at which they were presented, this setup allowed us to directly link 
spatially selective neural control mechanisms to each of the colors in working memory.  



 
 
The role of alpha (~ 8–14 Hertz) oscil lations in sensory control 
 
In Chapter 2 I first show that the contralateral delay activity (CDA), a sustained EEG 
component above visual cortex argued to reflect working memory maintenance, appears with 
equal size for both prioritized and deprioritized representations. While this might seem at odds 
with the supposedly silent nature of deprioritized representations, it does demonstrate that 
some trace of storage remains active, be it perhaps a mere spatial pointer towards the 
feature-selective, but activity-silent information. In Chapter 2 I furthermore demonstrate that 
oscillatory network dynamics in the alpha (8–14 Hz) frequency range over visual cortex, and 
selective to the retinotopic location at which the sensory memory is processed, do show 
sensitivity to priority status. Specifically, contralateral posterior alpha power is more strongly 
suppressed for the prioritized sensory working memory representation that is currently 
needed for attentional guidance. This result demonstrates that oscillatory alpha activity not 
only reflects which sensory information is relevant or irrelevant in general (as previously 
shown), but that it also reflects internal attention towards a single prioritized sensory 
representation amongst multiple relevant representations. 
In Chapter 3 I first show that the lateralized alpha effect from Chapter 2 replicates. 
Furthermore, I extend this by demonstrating that the effect in lateralized posterior alpha power 
reverses in between the first and second search tasks, mirroring the change in priority states 
of the two target representations. Specifically, after the first search task contralateral alpha 
suppression reappears for the thus far prospective memory, which at that point becomes the 
newly prioritized memory. Conversely, alpha power enhances for the representation that 
should be shielded from biasing attention, either temporarily in case of the prospective 
memory during the first search task, or permanently for the first target that can be dropped 
after the first search task. This chapter thus demonstrates the flexible nature of prioritization 
within working memory depending on moment-by-moment task relevance of representations. 
Furthermore, it demonstrates that priority switches are fast, suggesting that the neural de-, 
and re-activation of the working memory representations also happens fast and flexibly. 
 
In Chapter 4 I demonstrate that if only a single item is memorized at a time, the effect in 
lateralized alpha power is absent, suggesting that usage of the specific retinotopic location as 
a spatial handle is not necessary. However, in that case alpha modulations manifest in a 
more complex or distributed spatial pattern, as indicated by successful classification of 
representational state using alpha band-specific multivariate pattern analysis (MVPA). I now 
speculate on a likely reason for the difference in exact spatial involvement of posterior alpha 
power observed throughout the different chapters. Working memory representations undergo 
a transformation from perceptual input during memory display, towards ready-to-use filter for 
guidance during visual selection. As the target can appear anywhere in the visual field, an 
efficient filter involves pre-activation of feature-selective neurons across the whole retinotopic 
space, effectively transforming the prioritized representation from spatially local to spatially 
global. If two representations in different states are simultaneously maintained, it might be 
beneficial to keep the two spatially dissociated as long as possible to physically separate the 
two distinct storage mechanisms. If on the other hand only a single item is memorized, it 
could potentially transform towards a spatially global representation sooner. This scenario 
could explain why the lateralized alpha effect in Chapter 2 and 3 only appears early in the 
delay periods, as the representation would become spatially global in anticipation of search 
onset. It could also explain the absence of a lateralized alpha effect in Chapter 4, as the 
single representation could become spatially global sooner. Further supporting this idea of a 



transformation from spatially local to spatially global is the fact that a generalization across 
time (GAT) analyses in Chapter 4 showed that the spatial pattern of alpha power 
successfully dissociating states was stable, but only during later parts of the delay periods. In 
any case, the exact spatial involvement of posterior alpha power in prioritization within 
working memory is likely prone to subtle variations in behavioral or neural strategy between 
subjects or tasks. 
 
Last, in Chapter 5 I present evidence against the existence of a third representational state, 
i.e. a feature-specific advance inhibitory template that automatically biases attention away 
from matching visual input. One would predict that if an advance inhibitory template would 
exist, processing of the feature-specific sensory memory representation would be inhibited 
prior to search, thus resulting in posterior alpha enhancement contralateral to the anticipated 
distractor in memory (cf. the prospective memory in Chapter 3). In contrast, I demonstrate 
that lateralized posterior alpha suppression does not dissociate between anticipated 
distractors and anticipated targets. However, distractor preparation does lead to relatively 
enhanced overall (i.e. non-lateralized) posterior alpha power, which appears to gate sensory 
processing at search display onset in order to prevent attentional capture in general, 
consistent with an account in which posterior alpha enhancement inhibits selection and 
processing of irrelevant perceptual information. Further supporting this conclusion, anticipated 
distractors initially automatically attracted attention, and they could only be ignored later 
during the trial, suggesting that the anticipated distractors were in an active, attention-guiding 
format, rather than being suppressed in advance. Rather than the existence of an advance 
inhibitory template, these results indicate a general selection suppression mechanism, which 
serves to prevent initial involuntary capture by anticipated distractors.  
 
 
The role of frontal low-frequency (~ 2–8 Hertz) oscil lations in 
executive control 
 
In Chapter 3 I show how oscillations in the delta (2–4 Hz) frequency range measured over 
frontal cortical regions are involved in controlling the prioritization of representations in 
sensory areas. Specifically, frontal delta power predicts modulations in posterior alpha power 
related to switches in priority between sensory working memory representations, and 
moreover predicts post-switch perceptual performance. Similarly, previous studies showed 
frontal delta oscillations to control posterior alpha oscillations during selective external 
attention, and an absence of this effect in children with ADHD. This dissertation is a first 
demonstration that frontal delta oscillations also control selective internal attention towards 
the prioritized visual working memory representation. In Chapter 4 I show that if usage of a 
specific spatial handle is not obvious, a more complex or distributed spatial pattern of delta 
power is still involved. Furthermore, the findings in Chapter 4 indicate that delta oscillations 
are not only involved in switching priority between multiple simultaneously memorized 
representations, but also in setting and re-setting the priority state of a single memorized 
representation.  
 
In Chapter 5 I show that mid-frontal theta power is enhanced when a working memory 
representation is cued to be a salient distractor on the upcoming search task, compared to 
when it is cued to be the target. This exact spatio-spectral signature of mid-frontal theta power 
is thought to reflect conflict detection, which in turn implements increased control in task-
relevant sensory areas. As such, here it might reflect an internal conflict between the 
activation of a working memory representation that is expected to automatically draw attention 



towards matching input, and a cue signaling that this should be avoided. This signal was 
furthermore predictive of a reduction in attentional capture in the subsequent search task, but 
not only by the anticipated distractor, also by the actual target in that condition (i.e. the 
unanticipated item). This suggests that it suppresses perceptual processing in general, rather 
than being item specific.  
	


