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Chapter 6 
 
 

Summary and General Discussion 
 
 
 
 
6.1 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.  
 
 

6.2 Speculations, l imitations and outstanding questions  
 
 
A short note on alpha oscil lations 
 
I will now shortly speculate on how the complete involvement of posterior alpha power in the 
selective guidance of attention by visual working memory might unfold. The most efficient way 
to store recently perceived visual information is by keeping exactly those neurons active that 
were involved in perceiving that information (Pratte & Tong, 2014). Retinotopically selective 
alpha suppression for a prioritized memory ensures excitability for underlying memory-specific 
neurons (Chapter 2 and 3). If a representation becomes deprioritized, it is presumably still 
efficient to store this activity-silent (e.g. through synaptic weight changes; Mongillo, Barak, & 
Tsodyks, 2008) memory trace at that location, to allow for a fast memory-specific re-activation 
if needed. Retinotopically selective alpha enhancement ensures that the prospective memory 
stays silent by decreasing excitability of underlying memory-specific neurons (Chapter 3). 
Decreased excitability causes perception of the actual target also to suffer if it is presented at 
that retinotopic location (behavioral control analysis Chapter 3). If the silent memory needs 
to be re-activated, reemergence of alpha suppression increases excitability of those memory-
specific neurons (Chapter 3). As mentioned above, differences in the exact task design and 
(neural) strategy could explain differences in the exact involvement of spatially local versus 
global representations, which in turn could explain differences in the exact spatial involvement 
of alpha power (Chapter 4). If a working memory representation is cued to become a 
distractor, it seems not possible to reduce excitability of feature-selective neurons below 
baseline in advance, as indicated by the absence of retinotopically selective alpha 
enhancement (Chapter 5). Instead, alpha power is enhanced across the whole retinotopic 
space at search onset, preventing initial capture by any stimulus, including the memory-
matching distractor. While in Chapter 2-4 alpha power modulations pertain to sensory 
control of the representations in working memory, in Chapter 5 alpha power modulations 
pertain to control over new perceptual input.  
 
Interestingly, some previous research has suggested that the CDA might be a direct 
consequence of modulations in alpha oscillations (van Dijk et al., 2010). In contrast to this 



idea, I demonstrated in Chapter 2 that while contralateral alpha suppression is sensitive to 
the representational state of items in working memory, the CDA is not but instead appears to 
the same extent for each item. These results indicate that the two measures reflect 
dissociable correlates of visual working memory, consistent with other recent reports (Fukuda 
et al., 2015; Hakim et al., 2019).  
 
On a more general note, the results on alpha power over visual cortex presented throughout 
this dissertation provide compelling evidence that it regulates the bidirectional gating of 
information between visual attention and visual working memory. That is, it controls which 
perceptual input is selected and processed, but also which sensory representations 
maintained in working memory are allowed to interact with attention. Furthermore, this 
dissertation demonstrates the general usefulness of posterior alpha power modulations as a 
tool to study dynamics of working memory activation and de-activation. Last, this dissertation 
is a testament to the proposed mechanistic overlap between attention towards the outside 
world, and internal attention within sensory working memory towards currently relevant 
information (Chun, Golomb, & Turk-Browne, 2011). 
 
 
 
A short note on frontal low frequency oscil lations 
 
One interesting consideration is the apparent difference in the exact spatio-spectral signature 
between Chapter 3-4, and Chapter 5. In Chapter 3-4, the neural response was 
specifically localized to the delta (2–4 Hz) frequency range, and in Chapter 3 it was 
furthermore localized to electrodes above frontal cortex (i.e. around AFz). In contrast, in 
Chapter 5 it was more centrally localized (i.e. around FCz/Cz), and occurred in a slightly 
higher theta frequency range. While one cannot make strong claims regarding differences in 
neural source in EEG data, I argue that there are reasons to believe that these frontal effects 
reflect distinct neurocognitive processes. First, studies showing control by low frequency 
oscillations over posterior alpha oscillations during selective external attention localize the 
signal more frontally, and in the slightly lower delta range (Helfrich et al., 2017; Mazaheri et 
al., 2010), just like in Chapter 3-4. In contrast, studies on conflict control demonstrate the 
exact spatio-spectral pattern as observed in Chapter 5 (Cavanagh & Frank, 2014), thus 
slightly more frontally and clearly in the theta range. Second, whereas the frontal delta signal 
in Chapter 3-4 seems more related to controlling the priority state of the working memory 
representation, the frontal theta signal in Chapter 5 was not item specific, and appeared to 
be geared to regulating perceptual processing in general. However, based on the work 
presented in this dissertation I cannot exclude the possibility that they do reflect the same 
underlying source. In order to resolve this question one would have to perform an experiment 
in which both neurocognitive processes take place (on separate trials, but within the same 
subject and session), and combine MEG measurements with individual anatomical MRI scans 
to localize the exact sources of each of these frontal low frequency signals. 
 
 
Limitations and future directions 
 
Below I address a few general limitations of the studies presented in this dissertation, and I 
point out a few outstanding questions that hopefully inspire future research. 

 



• The presented results on lateralized posterior alpha power reflect values averaged 
over many trials. It is therefore unclear whether contralateral alpha power is also 
more suppressed for prioritized compared to deprioritized memories on a single-trial 
level. Alternatively, it may be that internal attention is more often and for longer 
periods of time directed at the prioritized item, resulting in stronger trial-averaged 
alpha suppression. However, the MVPA method utilized in Chapter 4 successfully 
classified the priority status in individual trials based on spatial patterns of alpha 
power, indicating at least some sensitivity to priority in posterior alpha power also at 
the single trial level.  
 
Related to this point, I did not find single-trial correlations between alpha power 
modulations and behavioral performance (data not reported). However, this might be 
because performance on the visual search tasks depends not only on the quality of 
the prioritized memory representation, but also on several other factors, including; 
general attention to the search task, target-distractor similarity in the search task, 
determination of an appropriate response after finding the target, and executing the 
correct motor response. As such, the behavioral measures used throughout this 
dissertation might be too noisy to correlate at a single-trial level with alpha power 
during working memory maintenance. One study cleverly dissociated decision time 
from response time in a visual working memory task (though not search) and found 
that contralateral alpha suppression predicted decision time (van Ede et al., 2017). 
Besides dissociating decision time from response time, future research might benefit 
from continuous behavioral performance measures more directly related to the quality 
of the working memory representation, such as indicating the correct color on a color 
wheel. 
 

• In the experiments used throughout this dissertation, observers were presented with 
new targets (or distractors) to remember for the upcoming search tasks at start of 
each trial, to ensure that they were held in working memory. While in accordance with 
the real-life example I used in the general introduction, in most real life situations you 
are not first presented with the task-relevant information. Rather, based on your 
current goals you selectively retrieve (abstract) information from long-term memory, 
which you then presumably transform to an active sensory working memory 
representation to guide your behavior. One study specifically investigated the 
difference in updating working memory content with information from long term 
memory or with sensory information, and found that a single network activated in the 
same manner regardless of the source of information (Roth & Courtney, 2007). 
Furthermore, some studies found functionally similar modulations in oscillatory alpha 
activity as presented here, during retrieval from long term memory (Hanslmayr, 
Staudigl, & Fellner, 2012; Khader & Rösler, 2011; Waldhauser, Bäuml, & Hanslmayr, 
2015; Waldhauser, Braun, & Hanslmayr, 2016; Waldhauser et al., 2012), indicating 
that my results might generalize to working memory representations retrieved from 
long term memory. Further establishing how these two types of scenarios might differ 
in the context of different representational states in working memory is an interesting 
venture for future research. 

 
• Throughout this dissertation, the to-be-remembered features were always colors. One 

remaining question is how the current findings generalize to other visual features. The 
existence of multiple representational states, plus the flexible change from one state 
to the other, has in fact been most often demonstrated using other visual features 



than color (e.g. Rose et al., 2016; Sprague et al., 2016; Wolff et al., 2017) , yet this 
does not imply that the control over these states is similarly implemented. However, 
within the plethora of studies investigating posterior alpha modulations during visual 
attention or visual working memory that I have mentioned throughout this dissertation, 
many different visual features have been utilized, all with converging findings. I 
therefore believe that the findings presented throughout this dissertation will 
generalize to other visual features. Related to this point, it is unclear whether the 
current findings generalize to other sensory modalities. Alpha power does show 
functionally similar modulations during for example selective auditory attention (Mainy 
et al., 2014), or tactile attention (Haegens, Handel, & Jensen, 2011), suggesting that 
at least sensory control is similarly implemented. However, one intriguing question is 
whether there also exist multiple representational states within working memory in 
other sensory modalities.  

 
• The connectivity results presented in this dissertation provide initial evidence for a 

network between frontal executive control areas and posterior sensory storage areas. 
However, EEG has some disadvantages that preclude making strong inferences 
regarding exact spatial locations (Bastos & Schoffelen, 2016; Snyder, Issar, & Smith, 
2017), apart from more general taxonomies such as  ‘posterior’ and ‘frontal’. The 
most important reason is that as electrical activity from a certain region will spread 
unevenly through all conducting biological tissue, to a certain extent it will get picked 
up by each EEG electrode (also termed volume conduction). Furthermore, the exact 
direction of spread also depends on cortical folding. This makes it impossible to 
exactly know the source of EEG activity (also termed inverse problem). A recent 
development in human neuroimaging, namely the use of combined MEG-fMRI 
(Baldauf & Desimone, 2014b; Cichy et al., 2014), goes a long way in solving this 
problem by allowing the recording of both spatial and temporal highly resolving data 
within the same participant, which can be combined during data analysis. To date, 
this approach offers the best combination of spatial and temporal resolution, which is 
critical for analyses of connectivity patterns between brain regions. It is however not 
common practice and has not been used extensively to investigate complex task 
sequences. Future research specifically aimed at exposing these large-scale network 
dynamics during prioritization within working memory could benefit from this 
methodology.  
 

• For this dissertation I focused on frontal delta-to-theta oscillations, and posterior 
alpha oscillations. I did not specifically study the role of the two remaining frequency 
bands. First, beta (~ 16–32 Hz) band oscillations are arguably less involved in 
working memory. Traditionally, beta oscillations have been mainly implicated in motor 
control (de Vries et al., 2016; Jenkinson & Brown, 2011; van Wijk, Beek, & 
Daffertshofer, 2012), while in cognition they have been thought to reflect the 
maintenance of the current cognitive state, or the “status quo” (A. K. Engel & Fries, 
2010). However, more recently they have been associated with the endogenous (re-) 
activation of a cortical representation or a cognitive set, as well as decision making or 
action selection, all in service of current task demands (Spitzer & Haegens, 2017; van 
Driel, Ort, et al., 2019). In Chapter 5 I did observe an increase in contralateral beta 
band power during working memory maintenance, but this increase was not 
modulated by representational state, suggesting that it may reflect a general decision 
or planning as to which action to perform when the anticipated information will be 
encountered.  



 
Second, gamma (~ 32 Hz and above) band oscillations presumably are difficult 
(though not impossible) to reliably measure, especially with scalp EEG 
(Muthukumaraswamy, 2013; Ray & Maunsell, 2015). While there are several different 
reasons for this, the most important one is that they are hard to dissociate from 
muscle activity, since the frequency range of muscle activity largely overlaps with 
gamma, and with higher amplitudes (Hipp & Siegel, 2013; Muthukumaraswamy, 
2013; Nunez & Srinivasan, 2010). Indeed, most research on gamma oscillations in 
humans has used MEG (e.g. Jokisch and Jensen, 2007; Poch et al., 2014) or 
intracranial recordings (e.g. Axmacher et al., 2010), yet some studies using advance 
analyses methods such as cross-frequency coupling have nevertheless 
demonstrated working memory-related gamma oscillations in scalp EEG (e.g. 
Sauseng et al., 2009). As the general consensus is that gamma oscillations do play 
an important role during working memory (Jensen, Kaiser, & Lachaux, 2007), I will 
discuss them in more detail below, and I will pose some questions related to 
representational states in working memory. 

 
• A more general limitation of most cognitive neuroscience research, including that 

presented in this dissertation, is that experiments are generally performed in a strictly 
controlled laboratory setting. This is necessary to prevent potential co-factors from 
obscuring the neurocognitive process of interest, but it also means that the processes 
as studied here are further away from how they might occur in everyday life. An 
interesting direction for future research would be to move step by step towards 
situations closer to real life.  

 
 
On the role of gamma band oscil lations in working memory 
 
As I explained in the general introduction, the sensory working memory representations 
themselves seem best picked up by MVPA of fMRI data. However, oscillatory activity in the 
gamma frequency range might more directly reflect dynamics of cortical microcircuits and 
single neuron firing (Buzsáki & Wang, 2012), and are particularly suggested to shape sensory 
representations (Donner & Siegel, 2011). Furthermore, gamma oscillations are implicated in 
local working memory processes such as the encoding, maintenance and retrieval of sensory 
information (Lundqvist, Herman, Warden, Brincat, & Miller, 2018; Lundqvist et al., 2016; Poch 
et al., 2014; Roux & Uhlhaas, 2014; Yamamoto, Suh, Takeuchi, & Tonegawa, 2014), and 
working memory content can be decoded from oscillatory gamma band activity (Polanía, 
Paulus, & Nitsche, 2012). Working memory-related gamma is observed both in frontal and in 
posterior regions, and a recent proposition states that distinct aspects of working memory 
involve distinct cross-frequency coupling ‘codes’ between gamma and either theta or alpha in 
distinct neural regions (Roux & Uhlhaas, 2014; Voytek et al., 2010).  
 
Alpha-gamma coupling is mostly observed in posterior regions (e.g. visual cortex) during 
sensory (e.g. visual) working memory (Osipova, Hermes, & Jensen, 2008; Roux & Uhlhaas, 
2014; Spaak, Bonnefond, Maier, Leopold, & Jensen, 2012; Voytek et al., 2010). It has been 
suggested that different gamma cycles reflect separate visual memories that are temporally 
organized according to the phase of alpha cycles (Jensen, Gips, Bergmann, & Bonnefond, 
2014). Specifically, gamma oscillations appear mainly in the trough of the alpha cycle, 
mirroring the locking of neuronal firing to the trough of alpha cycles in visual cortex (Haegens, 
Nacher, et al., 2011). One prediction of this proposition is that if alpha amplitude increases, 



troughs become temporally ‘sharper’, leaving room for fewer gamma oscillations, and thus 
presumably fewer working memory representations. While this mechanism gives an intuitive 
explanation of how multiple visual working memory representations can be kept separate 
through temporal segmentation, it is unclear how this would relate to different representational 
states. Do deprioritized memories become activity-silent when alpha enhances because their 
respective gamma cycle does not fit in the sharpened alpha trough anymore? Or does this 
whole framework selectively pertain to one of the two representational states? 
 
In contrast, theta-gamma coupling during working memory is mostly observed in frontal 
regions (Alekseichuk et al., 2016; Roux & Uhlhaas, 2014; Voytek et al., 2010), though also 
occasionally in posterior regions (Holz, Glennon, Prendergast, & Sauseng, 2010; Sauseng et 
al., 2009). Furthermore, it is mainly observed during non-visual or sequential working memory 
involving multiple representations (Lisman & Jensen, 2013; Sauseng, Peylo, Biel, Friedrich, & 
Romberg-Taylor, 2018). This segmentation function of multi-item non-visual working memory 
proposed for theta-gamma coupling seems similar to the function of delta-alpha coupling I 
presented in Chapter 3. But how do these codes exactly relate to each other? Could it be 
that while gamma oscillations in posterior regions reflect the sensory information itself, in 
frontal regions they reflect what to do with that sensory information, and at which point in 
time?  
 
To answer these important questions, it is inevitable to investigate gamma oscillations in 
relation to dissociable representational states. One suggestion would be to measure MEG 
while observers perform similar tasks as used here, and to study how gamma couples to 
alpha in retinotopically selective regions, depending on representational state. One could then 
do the same for the coupling between gamma and low frequencies in frontal regions. 
Furthermore, it would be possible to more thoroughly investigate the (sources of the) cross-
frequency coupling measures between frontal delta and posterior alpha presented in 
Chapter 3. One additional analysis that I believe might provide seminal results would be to 
decode the sensory content of working memory representations from posterior gamma 
oscillations, as in (Polanía et al., 2012). One could then extract the single-trial confidence 
scores from the decoding analysis (as in Chapter 5), and investigate how single-trial 
fluctuations in these confidence scores relate to single-trial modulations of both the power and 
phase of posterior alpha and frontal low frequency oscillations. Additionally, these results 
could then be compared for different representational states.  
	
	
 
6.3 Concluding remarks 
 
Ample research supports the existence of multiple representational states within visual 
working memory, which differ depending on whether a representation should guide attention, 
or be shielded from this interaction. Throughout this dissertation I have demonstrated how the 
brain selectively controls this attentional guidance by visual working memory. I have 
demonstrated involvement of oscillatory activity in the alpha frequency band in sensory 
control at the level of the representations themselves in visual cortex. Furthermore, I have 
demonstrated how frontal delta oscillations orchestrate local sensory prioritizations of 
representations in visual cortex, and how increases in mid-frontal theta oscillations increase 
cognitive control after internal conflict within working memory has been signaled. Last, I have 
demonstrated the usefulness of novel analyses methods for EEG data for questions about 



high-level neurocognitive processes.  
 

 
	


