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Chapter 1: Introduction 

One of the most frequent actions that humans undertake in everyday life is 

looking for things, with the average person performing hundreds of individual 

searches a day. Such searches often occur in sequences rather than being isolated 

actions. One example is shopping in the supermarket using a mental list. All items 

in memory will be searched for at some point. However, it must be clear which 

particular item is the target for the current search and which others are now not 

the target, but will be searched for in the near future. This example illustrates 

how, contingent upon the observers’ behavioral goals, information in memory can 

have different levels of relevance. For instance, if the mental list includes beer and 

chocolate, while visiting the drinks alley of the supermarket first, the beer is more 

relevant than the chocolate, as it makes sense to search for it first. Yet, the 

chocolate should not be forgotten because it is still a target for a future search.  

Given the relative ease and speed with which the average person can do 

sequences of visual searches in everyday life, it is hard to imagine that performing 

such seemingly trivial tasks in fact relies on the orchestration of multiple 

cognitive operations. Among those, visual working memory (VWM) is of pivotal 

importance. The central question explored in this thesis is how VWM supports the 

maintenance and usage of behaviorally relevant information. Specifically, how and 

when information in VWM does help to find relevant targets, as well as to avoid 

distraction from memories that are not yet relevant. 

Visual working memory supports visual search  

Visual working memory (VWM) is the cognitive ability to retain and manipulate 

relevant visual information for a brief amount of time and in absence of 

perceptual input (Baddeley & Hitch, 1974; Postle, 2006). One of its defining 

characteristics is that it has limited capacity: typically about three to four different 

objects can be maintained in memory at the same time (Vogel, Woodman, & Luck, 

2001).  
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Acting as the interface between the external world and the mind, VWM 

temporarily stores relevant information when needed to determine what should 

be attended, ignored, perceived or done (Downing, 2000). Dominant theories 

assume that to facilitate visual search, observers activate a mental representation 

of the relevant target object in VWM. This activated memory is referred to as the 

attentional set or search template, which in turn biases attention towards 

matching visual input (Chelazzi et al., 1998; Desimone & Duncan, 1995; Wolfe, 

2007). Figure 1A illustrate how the activated template supports visual search and 

Figure 1B explains how researchers study VWM in the lab. In the example, when 

looking for a Heineken beer in the drink alley of the supermarket, the observer 

activates a template representation of what this target looks like. When the 

template is activated, objects in the external world that match the internal 

template are then prioritized (shown in Figure 1A as the highlighted object). Thus, 

instead of serially screening each object on the shelf, the observer can selectively 

attend to those potentially relevant objects, while ignoring all others that are 

clearly not the target. In the example, the observer can find a Heineken beer faster 

when knowing that it comes in a green colored bottle.  

The preference towards objects in the external world that match the 

template is also referred to as an attentional bias. Notice that attentional biases ─ 

caused by the template ─ depend on the observers’ current goal. This is a form of 

top-down control of attention that helps to increase the behavioral salience of 

target-matching objects. As opposed to top-down attentional control, there is also 

something called bottom-up attention, which is determined by the actual physical 

salience of the object in view. For instance, if while in the supermarket a man 

dressed as clown suddenly appears, people will probably look at him, ─ even 

when not a target ─ because the clown itself is salient. Here, we will ignore such 

bottom-up influences and concentrate on the top-down attentional biases caused 

by the template.  
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Figure 1. Template-driven attentional biases during search. (A) An everyday life 
example. The observer goal is to find a Heineken beer. A template representation of what 
this target looks like is activated in VWM. The activated template biases observers’ 
attention towards objects in view that look like the template in mind. (B) Studying VWM 
and the template in the laboratory. Researchers use experimental computer tasks to 
study VWM. Compared to observations of everyday life behavior, experiments allow for a 
higher control of what is memorized. Most VWM experiments have three main stages: 
First, the observer sees something to memorized, in this case, a color. This phase is known 
as the encoding period, as it allows the observer to transform the perceived color into a 
mental representation to store in working memory. Then comes the delay period where 
the memory color is presumably activated as a template. Then, the search task appears, 
the observer needs to find the color that matches the template in memory as fast as 
possible. Notice that in the delay period, the color is no longer on the screen and so the 
observer needs to maintain a representation of this color in VWM.  

 

Neuronal mechanism of attentional biases by the active search template  

According to models of visual search, template biases are caused by the 

coordinated activity of neurons in prefrontal and visual cortices (Desimone & 

Duncan, 1995; Hamker, 2004; Olivers, Peters, Houtkamp, & Roelfsema, 2011; 

Wolfe, 1994). Neurons in the prefrontal cortex (PFC) carry signals to determine 

which item in memory is the relevant target for the upcoming search task. These 

PFC neurons could feedback to visual cortex and enhance the activity of those 

neurons that, during perception, respond to the particular features of the target. 

Importantly, the activation of neurons in visual cortex happens before the 

observer sees the target, helping to enrich the representation of the search 

template in memory. Then, the template representation in visual cortex interacts 

with upcoming visual input. Attentional biases towards template-matching input 
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occur because neurons that represent template features have already been pre-

activated. Therefore, when presented with perceptual input that matches their 

preferred feature, activity from those neurons is more easily enhanced as 

compared to other neurons that have not been pre-activated, as they code for 

non-target features.  

 Thus, memory biases attention and aids visual search by pre-activating the 

neuronal populations  in specialized sensory cortex  that represent the features 

of the memorized items. Frontal cortices are thought to have an important role in 

determining when such pre-activation takes place, depending on task 

requirements. The next section describes what is known about the role of 

different brain regions in representing and controlling VWM contents.  

A broader view: Visual working memory in the brain 

From specialized sensory visual cortex (located in the most posterior parts of the 

brain) to domain general frontal regions, it is now relatively well accepted that 

virtually the whole neocortex contributes to VWM processes (Christophel, Klink, 

Spitzer, Roelfsema, & Haynes, 2017; Serences, 2016). What is still a matter of 

controversy is what the exact role of each region is. Until relatively recently, the 

dominant view was that the pre-frontal cortex (PFC) both controls and directly 

stores working memory representations. This assumption came from early 

studies showing that lesions to the PFC of non-human primates impaired their 

ability to maintain task-relevant information across brief delays (Funahashi, 

Bruce, & Goldman-Rakic, 1989; Jacobsen, 1936; Malmo, 1942; Miller, Erickson, & 

Desimone, 1996). Later studies using functional Magnetic Resonance Imaging 

(fMRI), in humans, further supported this view: frontal cortices consistently 

showed sustained elevated neural activity during the delay, whereas sensory 

areas only exhibited such increase in activation during the encoding period of the 

task (Courtney, Petit, Maisog, Ungerleider, & Haxby, 1998; Leung, Gore, & 

Goldman-Rakic, 2002; Sakai, Rowe, & Passingham, 2002; Sligte, van Moorselaar, & 

Vandenbroucke, 2013).  
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However, the presence of elevated activity during the delay in a particular 

brain region does not necessarily mean that the region stores VWM contents: it 

could also reflect other aspects of the task such as response preparation or 

attentional control. Moreover, to correctly remember information in VWM, the 

particular combination of features that define the object (i.e., its color, size, 

orientation etc.) should be memorized with high degree of fidelity. Accordingly, a 

brain area in charge of storing memory representations should also display a high 

degree of stimulus selectivity1, which in turns would allow for a high degree of 

fidelity. However, in VWM tasks, frontal cortices show relatively low stimulus-

selectivity (Miller et al., 1996; Parthasarathy et al., 2017; Serences, 2016) and 

instead, they are highly sensitive to the executive control aspects of the task 

(Badre & D’Esposito, 2009; Chao & Knight, 1998; D’Esposito, Postle, & Rypma, 

2000; Fuster, Bauer, & Jervey, 1985; Miller & Cohen, 2001). In contrast, sensory 

visual cortices are highly selective to a broad range of perceived stimulus features 

(such as orientation, motion and spatial frequency) or even particular objects 

(e.g., faces or houses). These observations led to the emergence of the sensory 

recruitment hypothesis, which predicts that the same brain area that encodes 

sensory input (i.e., during perception) might also be recruited to store the 

contents of working memory.  

The sensory recruitment hypothesis has gained popularity since the 

introduction of multi-voxel pattern analysis (MVPA) to working memory research 

(see Figure 2 for a brief explanation of the method and Norman, Polyn, Detre, & 

Haxby, 2006 for a review). Although visual cortices do not show sustained neural 

activity during the delay, they do display a discriminatory response to different 

stimuli. For example, Harrison and Tong (2009) demonstrated that the specific 

orientation of a remembered grating could be decoded from the activity patterns 

                                                           
1
 Neurons in a specific brain area show feature selectivity when they display stronger 

activity in response to a particular feature. The earliest demonstration of this effect was 
provided by Hubel and Wiesel (1962) who showed that neurons in the cat’s visual cortex 
are selective to the orientation of simple bar stimuli. For instance, a neuron fires strongly 
by the presentation of horizontal bars, whereas vertical bars elicit no response. Such 
discriminatory response to different stimuli reflects stimulus selectivity. 
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Figure 2. Illustration of a hypothetical experiment and how it could be analyzed 
using MVPA. Figure and caption are taken and adapted from Norman et al. (2006) 
(A) Participants view stimuli from two object categories (bottles and shoes). A ‘feature 
selection’ procedure is used to determine which voxels will be included in the 
classification analysis. In the example, only voxels from visual cortex are included (B) The 
fMRI time series is decomposed into discrete brain patterns that correspond to the 
pattern of activity across the selected voxels at a particular point in time. Each brain 
pattern is labeled according to the corresponding experimental condition (bottle or shoe). 
The patterns are divided into a training set and a testing set. (C) Patterns from the training 
set are used to train a classifier function that maps between brain patterns and 
experimental conditions. (D) The trained classifier function defines a decision boundary 
(red dashed line) in the high-dimensional space of voxel patterns (collapsed here to 2-D 
for illustrative purposes). Each dot corresponds to a pattern and the color of the dot 
indicates its category. The background color of the figure corresponds to the guess the 
classifier makes for patterns in that region. The trained classifier is used to predict 
category membership for patterns from the test set. The figure shows one example of the 
classifier correctly identifying a shoe pattern (brown dot) as a shoe, and one example of 
the classifier misidentifying a bottle pattern (green dot) as a shoe. 
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in primary visual cortex, indicating that each type of stimuli evokes a distinct 

pattern of distributed neural activity. Later studies replicated this finding using 

other stimulus classes such as color (Serences, Ester, Vogel, & Awh, 2009), motion 

direction (Riggall & Postle, 2012) and complex artificial stimuli (Christophel, 

Hebart, & Haynes, 2012). Importantly, MVPA of activity in frontal cortices often 

fails to show such discriminatory responses (Harrison & Tong, 2009; Sreenivasan, 

Vytlacil, & DʼEsposito, 2014; for exceptions see: Christophel, Iamshchinina, Yan, 

Allefeld, & Haynes, 2018; Ester, Sprague, & Serences, 2015). 

Although there is compelling evidence in favor of the sensory recruitment 

hypothesis, recent views have challenged the idea (Bettencourt & Xu, 2015; Riley 

& Constantinidis, 2016). In everyday life, as observers scan visual scenes, 

memories have to be robust against the constant influx of visual input. Under such 

conditions, recruiting visual cortex to store memory representations could be 

counterproductive, as new visual input could either reduce the quality of the 

memory (i.e., the fidelity with which the features of the stimulus are represented) 

or destroy it altogether. In contrast, in the laboratory, VWM tasks often present 

empty screens during the delay, with no distracting stimuli.  

Trying to investigate the effects of the constant stimulation which is often 

present in real-world situations, Bettencourt and Xu (2016) used a laboratory 

task where distracting irrelevant stimuli (faces and gazebos) were presented 

during the delay. Their results showed that under conditions of distraction, 

memory representations appeared to be momentarily withdrawn from visual 

cortex to parietal cortices. Based on these results they proposed that visual 

cortices may not necessarily be the main site for storage of VWM contents and 

instead, parietal cortices are. However, two recent studies reported contrasting 

results, as they showed simultaneous reconstruction of the orientation in memory 

as well as the orientation of the distractor on the screen from visual and parietal 

areas, both, before and after distraction. Yet, memory representations in visual 

cortices were biased towards distractors, whereas memory representations in 

parietal cortices appeared to be more distractor-resistant (Lorenc, Sreenivasan, 
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Nee, Vandenbroucke, & D’Esposito, 2018; Rademaker, Chunharas, & Serences, 

2018). Therefore, visual cortex seems able to simultaneously process upcoming 

visual input and represent VWM content, although this comes with a cost in 

fidelity.  

In summary, there is still a controversy regarding the exact role of 

different brain areas in VWM processes, and specifically, whether or not visual 

cortices are the actual site of storage. Some studies support the idea that frontal 

(and parietal) cortices store memories and also control executive aspects of the 

task, with visual areas having little to do with memory itself. In contrast, others 

believe that frontal cortices mainly regulate executive and response-related 

aspects of the task, while specialized visual cortices are the actual storage site. 

Up to now, the potential role of frontal and visual cortices in VWM 

processes has typically been illustrated with single memory tasks. However, as 

showed by the supermarket example, in everyday life, observers often need to 

perform sequences of search tasks. For each of these tasks, a different target has 

to be stored in memory. In such situations, it is important to differentiate between 

memories needed for the most imminent task and those memories that are 

irrelevant just now, but will be relevant later on. The next section discusses 

behavioral (i.e., attentional effects) and neuroscientific findings that reveal a 

distinction between currently relevant memories (i.e., templates) and memories 

relevant for the future goals. 

Different levels of relevance in VWM  

Visual working memory supports visual search by pre-activating a representation 

of the target template ─ presumably in visual cortices, which in turn causes 

attentional biases towards matching objects in view. Moreover, in the context of 

task sequences, VWM can maintain multiple items at the same time, but not all 

items in memory automatically turn into attentional templates. Therefore, it is 

crucial to make a distinction between memories based on their level of relevance 

or, in other words, their attentional status within the search sequence. A memory 
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representation can have current relevance when is needed for the current 

behavioral goal and as such, it should turn into a guiding template now. Other 

memories are irrelevant for the current goal and yet, they have to be remembered 

because they will be target in the near future. These prospectively relevant 

memories should not guide attention, but they should be protected from 

perceptual interference. 

Based on their attentional effects during search, previous studies have 

shown a dissociation between currently relevant and prospectively relevant 

representations. An example is a study by Houtkamp and Roelfsema (2006) 

where participants performed a sequence of two searches for which they 

memorized two objects. One of the objects was the target for the first search and 

thus was currently relevant, whereas the other item was target for the second 

search, and therefore had prospective relevance. The search displays always 

contained six items: five distractors and the target. Crucially, researches 

manipulated whether or not the prospectively relevant target was also present in 

the first search display, as one of the distractors. Results showed that in the first 

search observes were about three times more likely to look at the currently 

relevant target than to the distractors, including the distractor that matched the 

prospectively relevant memory. Importantly, participants did not simply forget 

the prospective target, as in the second search the pattern reversed: they were 

more likely to look at the prospective – now currently relevant target─ than to the 

former target. This results, together with the findings by others studies (Downing 

& Dodds, 2004; Peters, Roelfsema, & Goebel, 2012; van Moorselaar, Theeuwes, & 

Olivers, 2014), show that the currently relevant memory has a strong effect on 

attentional selection, whereas a memory with prospective relevance does not (or 

if it does, the attentional biases are significantly weaker than those caused by the 

current template). 

The distinction between current and prospectively relevant memories has 

been further illustrated by imaging studies. In those studies researchers tried to 

decode the contents of VWM during the delay period (i.e., prior to the first task) 
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using the brain activity as recorded with EEG and fMRI. Results showed that while 

currently relevant memories can be readily decoded from activity in the delay 

period, the evidence for items required for a prospective task temporarily drops 

to baseline levels until they become relevant again (Larocque, Lewis-Peacock, & 

Postle, 2014; Larocque, Riggall, Emrich, & Postle, 2017; Lewis-Peacock & Postle, 

2012). Therefore, current and prospective representations do not only differ in 

the extent to which they cause attentional biases during search, they may also 

show different patterns of brain activity already during the delay, prior to the first 

task. 

Multiple hypotheses have been proposed that explain the fact that current 

and prospective memories differ in terms of their decodability during the delay. 

One possibility is that they are stored within the same brain regions, but adopting 

different representational formats. On the one hand, memories relevant for 

current goals have to turn into attentional templates and therefore, they may be 

represented by the activity of feature selective neurons in specialized visual 

cortices. On the other hand, prospectively relevant memories might be stored 

‘silently’, through changes in responsivity ─ rather than the activity ─ of the same 

neurons (Olivers, Peters, Houtkamp, & Roelfsema, 2011; Stokes, 2015). These 

changes in responsivity might happen through short-term synaptic plasticity 

(Kagan & Hafed, 2013; Mongillo, Barak, & Tsodyks, 2008; Sugase-Miyamoto, Liu, 

Wiener, Optican, & Richmond, 2008) or changes in the membrane potentials of 

the previously activated neurons (Conde-Sousa & Aguiar, 2013; Stokes, 2015).  

Network responsivity changes are hard to measure and thus, so far, no 

study has directly tested whether this mechanism indeed supports the retention 

of prospective representations. However, evidence from brain imaging studies 

seems to be consistent with this hypothesis. First, prospectively relevant items 

are often not decodable ─ that is, they are effectively ‘silent’ to dependent 

measures ─ even though participants are still able to remember and use these 

representations later, when their memory is probed (Larocque, Lewis-Peacock, & 

Postle, 2014; Larocque, Riggall, Emrich, & Postle, 2017; Lewis-Peacock, Drysdale, 
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Oberauer, & Postle, 2012). Second, while prospective memories are non-

decodable during a working memory delay period, they can be successfully 

recovered when unrelated activity is sent through the network, either as a burst 

of transcranial brain stimulation (TMS) (Rose et al., 2016) or by presenting other 

visual input unrelated to the memorized item (Wolff, Jochim, Akyürek, & Stokes, 

2017). This re-emergence of the prospective item presumably occurs as a result of 

the interaction between the unrelated activity and the responsivity changes that 

reflect the activity silent memory. However, Schneegans and Bays (2017) recently 

argued that assuming an activity-silent representational mechanism for 

prospective memories is unnecessary. They propose that current and prospective 

memories are stored through similar patterns of firing activity, with the only 

difference being the degree of activation, with temporarily irrelevant 

representations simply being weaker.  

Another alternative hypothesis has recently been proposed by 

Christophel, Iamshchinina, Yan, Allefeld, and Haynes (2018). They found that 

while currently relevant items could be decoded from primary sensory cortices 

(i.e., V1-V3), evidence for prospective memories was at baseline levels in those 

visual areas. In contrast, prospective memories could be successfully decoded 

from parietal and frontal cortices, specifically IPS and FEF. This suggests that the 

brain may distinguish between current and prospective memories by recruiting 

different brain regions for their storage.  

In sum, VWM simultaneously maintains a representation of items needed 

for current and prospective tasks. Although it is still unclear how the brain 

differentiates between these two types of memory, previous research has clearly 

shown their differential effects on attentional selection during search. This 

distinction between memories is already evident during delay, as currently 

relevant items are easily decoded from brain activity patterns, whereas 

prospective items are not. However, although decodability of an item in memory 

undoubtedly reflects that the brain maintains some representation of an item, it 

does not necessarily mean that the item has turned into an attention-guiding 
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template during the delay (Olivers, Peters, Houtkamp, & Roelfsema, 2011). For 

that, one would need a behavioral or an oculomotor task that can actually track 

attentional biases during the delay interval. The next section describes a study 

that measured attentional biases during the delay for both, current and 

prospectively relevant memories.  

Attentional biases during the delay period  

In earlier work we developed a method to measure automatic attentional biases 

during the delay period of a visual working memory task (van Loon, Olmos-Solis, 

& Olivers, 2017). This method served to directly compare attentional biases 

caused by current and prospective memories (see Figure 3A for a schematic 

depiction of the experiment procedure). On each trial observers remembered two 

colors as targets for two subsequent search tasks. Again, similar to Houtkamp and 

Roelfsema (2006), one of the colors was the currently relevant target for the first 

search, whereas the other color was the target for the second search, which gave 

it prospective relevance. During the delay period  prior to the first search, 

observers saw a task-irrelevant probe display consisting of two laterally 

presented colored circles. The circles on the probe display could match both 

colors in memory (Both condition) or alternatively, only one of the circles 

matched one of the colors memory: either the target for the first search (Current 

condition) or the target for the second search (Prospective condition). When only 

one of the circles matched memory, the matching color (either the current or 

prospective target) was paired with another completely irrelevant color, which 

was not shown at the beginning of the trial.  

Importantly, observers were instructed to maintain fixation until the 

search display and ignore the probe. However, while trying to fixate, observers 

tend to make subtle eye movements, predominantly microsaccades of <1° visual 

angle. These microsaccades are interesting for two reasons: First, they are 

involuntary and second they have been associated with the orientation of spatial 

attention, as microsaccades directionality is biased to the location that the 
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observer is attending to (Betta & Turatto, 2006; Engbert & Kliegl, 2003; Laubrock, 

Engbert, & Kliegl, 2005; Laubrock, Kliegl, Martin, & Engbert, 2010; Martinez-

conde, Otero-millan, & Macknik, 2013; Pastukhov & Braun, 2010; Yuval-

greenberg, Merriam, & Heeger, 2014).  

 

 

Figure 3. Attentional biases by VWM contents during the delay, depending on task 
relevance. Figure and caption are taken and adapted from van Loon et al. (2017) 
(A). Experiment design. Participants had to remember the color of two items presented 
at the start of the trial. A cue (i.e., pointing arrow) indicated which item was the target for 
the first search, the non-cued color was then the target for the second search. In between 
the presentation of the memory items and visual search displays, a probe was presented. 
The circles on the probe display could match both colors in memory (Both condition). 
Alternatively only one of the circles matched one of the memory colors, either the target 
for the first search (Current condition) or the target for the second search (Prospective 
condition). Participants were instructed to ignore the probe and to make a saccade as fast 
as possible towards the target in the search display. (B) Results. After probe presentation 
significantly more saccades were directed towards the current search template as 
compared to the irrelevant color, as reflected in > 0.5 proportion to the matching color in 
the Current and Both probe conditions. Moreover, saccades towards the current search 
template color were significantly larger than saccades towards the irrelevant color (Match 
vs No Match in the current condition) and slightly larger when compared to the 
prospective item (Both condition). The prospective color had no effect on the saccadic 
distance when paired with an irrelevant color (Prospective condition). 
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Most behavioral studies have measured template-based biases either 

during or at the very end of the search process, through explicit manual responses 

(Folk, Remington, & Johnston, 1992; Olivers & Eimer, 2011; Schreij, Los, 

Theeuwes, Enns, & Olivers, 2014; Wu & Remington, 2003), which leaves room for 

potential confounds derived from preparing a manual response or from the 

search process itself. In contrast, microsaccades have the potential to provide a 

cleaner measure of participants’ attentional biases, as they can be measure 

without the need of an explicit manual response.  

Figure 3B shows the results. At probe presentation significantly more eye 

movements went towards the circle that matched the current template than to the 

prospective (Both condition, grey bar) and other completely irrelevant colors 

(Current condition, blue bar). Moreover, eye movements were significantly larger 

when directed to circles that matched the currently relevant template than when 

directed to prospective (Both condition) or completely irrelevant colors (in the 

Current condition). Importantly, when the prospectively relevant color was 

paired with a completely irrelevant color (Prospective), eye movements’ 

directionality and length were not biased at all. These results demonstrate that 

VWM contents can turn into guiding attentional templates already during the 

delay, prior to the search task; yet, those attentional biases are exclusive to the 

currently relevant memory.  

Overview of the empirical chapters 

The previous section shows that the currently relevant template is activated 

already during the delay period and that such activation is reflected in attentional 

biases. In search for other behavioral methods to study which template is active 

during the delay, Chapter 2 explores a different ocular measure, namely, pupil 

dilation. Specifically, the study investigated whether the pupil response can be 

used to differentiate stimuli that match the task-relevant template from other 

irrelevant input. Similar to van Loon et al. (2017), irrelevant probe stimuli were 

introduced in the middle of the delay, prior to search. The probe could match 
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either the relevant-template color, the non-cued color (irrelevant), or be a new 

color not presented in the trial. Pupil response to this probe stimulus was 

measured as a signature of task relevance. This chapter shows how, prior to 

search, the pupil indeed responds selectively to participants’ target template, and 

thus provides a measure of which mental representation is currently active. 

While both Chapter 2 and the van Loon et al. (2017) study show 

attentional biases by the activated template during the delay, they do not explore 

the temporal dynamics of such pre-activation. One possibility is that template 

activation occurs as soon as the observer knows what the target is going to be, i.e., 

right after an instruction or a cue. In this case, template biases should be 

sustained up to the point when the search task takes place. Alternatively, template 

activation may occur contingent upon the observer’s temporal expectations. In 

such case, template activation and accompanying biases would happen only if the 

task is expected to take place soon. Chapter 3 addresses this issue: when does 

target information become active, and is that activation tied to temporal 

expectations of search? Again, probe stimuli were presented prior to search, but 

instead of a single probe display in the middle of the delay, a rapid serial visual 

presentation (RSVP) of probes was used. Crucially, only one of the probe displays 

in the RSVP contained a color that matched the template, allowing to measure 

template-specific biases towards this matching color as a function of time. 

Observers maintained fixation throughout the delay and were explicitly informed 

that the RSVP was task-irrelevant. Following the method of van Loon et al. (2017), 

microsaccades were used to track template-specific activation during the delay. 

This chapter reveals how temporal expectations modulate the strength of the 

attentional biases during the delay: Around the time when the search task is 

expected, attentional capture by template-matching stimuli becomes stronger. 

Previous research has also shown that VWM can simultaneously maintain 

an activated representation of the currently relevant template as well as a more 

passive representation of other items needed for prospective tasks. These two 

types of memory have differential effects on attention both during and prior to 
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search. Moreover, during the delay, currently relevant memories can typically be 

decoded from brain activity patterns, whereas prospective memories are often 

not. Yet, it is clear that participants still maintain some representation of the 

prospective item in memory because a) they can still remember prospective items 

when their memory is probed, and b) the ‘silent’ activity patterns of these 

prospective memories can be revived by sending unrelated activity through the 

network. Although previous studies provide evidence that there is information 

present in the brain about prospectively stored memories, it is unclear what the 

representational format of such prospective memories is, and how they relate to 

currently relevant memories. Chapter 4 directly compares the neural 

representation of an item when currently relevant with the representation of the 

same item when prospectively relevant. Moreover, it evaluates how the 

representations of these two types of memory evolve throughout the trial. 

Observers performed two consecutive visual searches for particular target objects 

drawn from different object categories. A cue indicated whether the memorized 

object of interest would be relevant for the first search (turning it into a current 

template), for the second search (turning it into a prospective template) or would 

not be relevant for either search task (irrelevant condition). fMRI activity was 

recorded and the analysis were concentrated on the posterior fusiform part of 

lateral occipital cortex (pFs), which is known to represent object categories. Using 

Multi-voxel MVPA of the activity in this specialized visual area, Chapter 4 shows 

how the memorized items underwent a drastic representational transformation 

throughout the trial. During the delay, the neural representation of a category 

when prospective was similar to the representation of the same category when 

current. However, during the first search task, current and prospective 

representations of the same category were very dissimilar, to the extent that the 

neural pattern of a category when prospective was partially opposite to its 

pattern when current. This inversion of the category-related activity patterns may 

be a mechanism to deal with sensory interference (caused by the categories 

presented during the search display) and prevent the prospective representation 

from interacting with the task at hand. Thus, in trying to separate current and 
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prospective task goals, the brain may store these representations within the same 

neuronal ensembles (here, pRF), but through opposite representational patterns. 

Finally, Chapter 5 further explores the role of different brain regions in 

the representation of VWM contents, specifically the object identity and task 

relevance of items in memory in the context of current versus prospective tasks. 

This chapter focuses on four different regions of interest (ROIs) that have been 

shown earlier to be differentially involved in current versus prospective 

representations: Visual cortex (V1-V3), Intra Parietal Sulcus (IPS), Frontal Eye 

Fields (FEF) and lateral Prefrontal Cortex (LPFC). Results provide further 

evidence for the distributed nature of visual working memory processes by 

showing a division of work across brain regions: While posterior cortices mainly 

represented the object identity, frontal cortices only coded for the behavioral 

relevance of the memorized item. 
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