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Memory, which “is the process of maintaining information over time” (Matlin, 

2005) remains one of the main interests of modern day psychologists, probably because it 

is so essential for human behavior. Remembering the location of your office, faces of your 

acquaintances, the meanings of traffic signs, or in some instances your wedding 

anniversary can be of crucial importance.  

Attention, which can be defined as the process of enhancing some information 

while inhibiting other information, is another crucial aspect of human cognition. As you 

are reading this, you might also be experiencing people talking and walking around you, 

some music, a changing landscape through your train window, perhaps even your bodily 

functions such as heartbeat and respiration. Attention is the process that allows you to 

focus on the meaning of these sentences by directing your limited cognitive resources to 

this text and selecting it over all other things happening around you. The focus of this 

thesis is on the interaction between these two important human cognitive functions; 

memory and attention.   

Mechanisms and types of memory 

Memory has been traditionally suggested to be consisting of three types (Atkinson & 

Shiffrin, 1968). The sensory input from the external world is first maintained in sensory 

memory for a very brief amount of time. Sensory memory has been suggested to last for 

fractions of a second but maintain all sensory input. Then, the information flows to short-

term memory, or working memory (WM). WM can maintain about 4 items for a duration 

of seconds (Luck & Vogel, 1997). Information that is continued to be maintained for a 

longer duration, usually via rehearsal, transfers to long-term memory (Dark & Loftus, 

1976; Murdock Jr, 1962). Long-term memory can store a large amount of information for 

years or even decades.  

 Although these memory types have been considered as distinct, recent evidence 

suggests that they might be just different ‘states’ within a single memory type. 

Specifically, WM has been claimed to represent the relatively more ‘active’, currently 

relevant, information within long-term memory (Cowan, 2008; McElree, 1998; Oberauer, 

2002). Regardless of whether they are different types or states of memory, there is 

converging evidence to suggest that WM is short-lived, has a low capacity, and is easily 

accessible, whereas long-term memory is long-lasting, has a high capacity, and is not 

always easily accessible (Cowan, 2008; Rubin & Wenzel, 1996). This distinction is also 

supported by case studies that show a double dissociation between WM and long-term 

memory; including a patient with an impaired WM but an intact long-term memory 

(Shallice & Warrington, 1970) and vice versa (Scoville & Milner, 1957). 
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What is a representation? 

Through the text I will often talk about representations. A representation is a mental 

image or construct that represents an idea or object belonging to the external world. A 

representation can reflect any kind of information such as numbers, pictures or words. 

Representations are of particular importance when the piece of information they belong 

to are not present in the external world anymore. For this thesis, the most often visited 

representations will be memories in the visual domain such as the visual memory 

representations of your keys, car, or traffic signs.   

Interactions between attention and memory  

Research has shown that attention and memory are highly interactive (for a review, see 

Chun & Turk-Browne, 2007). For example attended information is remembered better 

than unattended information (for reviews, see Awh & Jonides, 2001; Gazzaley & Nobre, 

2012). Also, remembered information can guide attention in our visual world. For 

example, a memory representation of your friend enables you to find him/her in a 

crowded environment. Both in the internal memories and while attending to external 

objects, successfully filtering out irrelevant information is essential for daily lives of 

humans. Humans’ ability to successfully select and remember relevant information 

predicts performance in many cognitive tasks and is correlated with intelligence (Fukuda, 

Vogel, Mayr, & Awh, 2010; Kane & Engle, 2002; Luck & Vogel, 2013). Therefore, 

developing a good understanding of attentional selection and memory is important. Since 

attention and memory are intertwined, a complete understanding of each mechanism 

depends on studying their interactions. This interaction is crucial for human functioning 

since there is a constant information flow that needs to be attended and remembered. 

Consequently, my aim in this dissertation is to contribute to the understanding of visual 

selective attention, visual working memory (VWM; or short-term memory), long-term 

memory and their interaction. I will review research, including mine and others, regarding 

the effects of learning and task demands on 1) guidance of attention by memory 

representations, such as using a memory representation of your keys to find them on a 

table, and 2) attention to memory representations, such as attending to the memory of a 

billboard picture that you found interesting as opposed to other visual information that 

you have just experienced while driving like people, cars, and buildings.  

Understanding the methodology: EEG 

Most of the chapters involve studies that have used electroencheplogram (EEG) 

recordings on humans. Therefore, I will briefly describe this method. EEG detects 

electrical activity in the brain using small electrodes attached to the scalp. The electrical 

activity recorded by the EEG results from ionic current within the neurons of the brain 
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(Niedermeyer & da Silva, 2005). EEG contains rhythmic activity that is divided into bands 

of frequencies. A particular band of activity that will be referred to in Chapter 6 is alpha 

(8-14 Hz). Alpha band activity recorded over parietal and occipital regions of the scalp has 

been suggested to reflect, among other behavior depending on the context or task, the 

active spatial inhibition that is used for attending to relevant information over irrelevant 

information externally in the world or internally in memory (for a review, see Klimesch, 

2012; Van Der Werf, Jensen, Fries, & Medendorp, 2008; van Dijk, van der Werf, Mazaheri, 

Medendorp, & Jensen, 2010; Worden, Foxe, Wang, & Simpson, 2000).  

Another way to study EEG data, which was performed in Chapters 2, 3 and 4, is 

via event-related potentials (ERPs). An ERP is a stereotypic change in neural activity 

evoked by an ‘event’, which can be a sensory stimulus or cognitive process, and is 

typically calculated by averaging EEG data across many instances of this particular event. 

The averaging boosts the signal-to-noise ratio in the EEG and eliminates the activity that 

reflects cognitive functions that are not time-locked to the particular event of interest. 

The ERP components that will be analyzed most often in this thesis are the contralateral-

delay activity (CDA), the negative two posterior-contralateral (N2pc), and the late positive 

complex (LPC). The CDA is a widely-studied ERP index of VWM maintenance and has been 

suggested to index VWM load (Klaver, Talsma, Wijers, Heinze, & Mulder, 1999; 

McCollough, Machizawa, & Vogel, 2007; Vogel & Machizawa, 2004). The N2pc has been 

suggested to reflect the attentional selection of an object over distractors, both in 

internal representations and the external world (Dell’Acqua, Sessa, Toffanin, Luria, & 

Jolicœur, 2010; Eimer, 1996; Hickey, Di Lollo, & McDonald, 2009; for a review, see Luck, 

2012; Luck & Hillyard, 1994b). Although there are different interpretations of the LPC, the 

findings point toward a relationship between the LPC amplitude and the effort invested in 

performing a WM task (Kok, 2001; Polich, 2012; Ruchkin, Johnson, Canoune, & Ritter, 

1990). 

Finally, recent improvements in data analysis methods have suggested that 

patterns of activity can contain some information that is else not available in the overall 

activity in the EEG (or the BOLD signal of the fMRI for that matter; Norman, Polyn, Detre, 

& Haxby, 2006). For simplicity, imagine an EEG system with 4 electrodes and two 

experimental conditions, A and B. Assume that the average electrical activity is equal for 

A and B, although the patterns of activity across electrodes are different. Using a machine 

learning approach, a ‘classifier’ can be trained to discriminate patterns of activity across 

all electrodes between the two conditions. Then, the classifier can be tested on an 

independent dataset on its ability to predict which of the two conditions the activity 

pattern reflects. In Chapter 6 we have used this approach on time-frequency 

representations of the EEG data. A successful decoding accuracy at the alpha band for 

attended locations has been suggested to track the allocation of visual-spatial attention 
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(Foster, Anderson, Serences, Vogel, & Awh, 2015; Myers, Walther, Wallis, Stokes, & 

Nobre, 2014; Treder, Bahramisharif, Schmidt, Van Gerven, & Blankertz, 2011). 

Part 1. Attention guided by Memory: The Role of Memory 

Representations on the guidance of Visual Attention 

Attentional templates in memory 

One of the most common paradigms for studying attention acting on the external world is 

visual search. In the visual search paradigm, a participant aims to find a target object 

among distractors as fast as possible. Most theories of attention claim that visual search 

requires a VWM representation that acts as an “attentional template” by specifying the 

search target (Bundesen, Habekost, & Kyllingsbæk, 2005; Desimone & Duncan, 1995; 

Wolfe, Cave, & Franzel, 1989). Neurophysiological evidence for these models comes from 

single-cell recordings in the monkey. Chelazzi, Miller, Duncan, and Desimone (1993) 

recorded the activity of neurons in the inferior temporal cortex (IT) while the monkey was 

performing a cued search task. Figure 1 shows the experimental procedure of a cued 

search task. At this task, the monkey was presented with a search target, and after a 

blank interval with the search display. Neurons in the IT increased their firing rates when 

the feature they were selective for appeared as a target cue, and this increase was 

sustained through the blank interval until the search display. This elevated firing is 

thought to reflect VWM maintenance of the attentional template. Similar findings have 

been observed in humans using EEG. The CDA component in the EEG was present during 

the blank interval between the presentation of the search target and the search display 

(Carlisle, Arita, Pardo, & Woodman, 2011; Woodman & Arita, 2011). These results 

indicate that, like in monkeys, an attentional template was maintained in VWM prior to 

the search. 

 

Figure 1.1. Demonstration of a cued search task. The participant is first presented with a cue display 
that shows the search target. Following a blank interval, the search display is presented. The 
participant aims finding the target among distractors. 
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 But, in real life, humans often repeatedly search for the same targets instead of 

being shown a new target each time as in cued search tasks. For example, humans are 

used to searching for their friends, car keys, or traffic signals, and they know what they 

are searching without being shown a picture every time. This suggests that the guidance 

of attention might not be restricted to VWM representations but also involve long-term 

memory. Evidence for this claim comes from recent human EEG studies. These studies 

showed that, as participants searched for the same target across trials the amplitude of 

the CDA decreased suggesting a reduction in the VWM involvement for the maintenance 

of the attentional template (Carlisle et al., 2011). The search times also decreased across 

target repetitions, suggesting that participants improved the search task performance. 

These results show that, while VWM involvement for the maintenance of the attentional 

template decreases, participants are performing the search faster. This is in line with the 

theories of learning and automaticity (Anderson, 2000; Logan, 1988; Shiffrin & Schneider, 

1977) and suggests that an attentional template transfers from VWM to long-term 

memory as the same target is repeatedly searched. These findings are in line with 

previous studies that has shown that long-term memory can guide visual attention 

(Hutchinson & Turk-Browne, 2012; Olivers, 2011). 

However, the aforementioned study that observed a reduction in the CDA used a 

search task in which maintaining the cue was not necessary for performing the search per 

se. As seen in Figure 1, the target was a Landolt C with a gap on one side; target repetition 

consisted of repeating the same gap side on consecutive trials. However, the target in the 

search display always had a distinct color that was constant through the experimental 

blocks. Previous studies have shown that visual search is efficient for such color singletons 

(Duncan & Humphreys, 1989; Theeuwes, 1991, 1992; Treisman & Souther, 1985).
1
 As a 

result, it is likely that participants were using the distinct feature of the target (i.e. the 

color) for the attentional selection, and were using the gap information only for response 

selection; that is indicating whether the target matches the cue or not. The efficiency of 

the attentional selection and its interdependency on the gap direction might make an 

actively maintained, easily accessible WM template unnecessary, thus facilitate its 

transfer to LTM. A more demanding visual search on the other hand, as they are typically 

performed in real life, might require a VWM template even after repeated search for the 

same target. Chapter 2 tested this by comparing the rate of decrease in the CDA, as 

recorded during the retention interval, across blocks of efficient and effortful search 

tasks. As expected, the search times were lower and the search rate was zero for the 

efficient search blocks, whereas both the search times and the search rate was higher in 

                                                                 

1 Efficient, or pop-out, search in the literature denotes search in which the search rate, which is the amount of 
search time per item in the search display, is close to zero. As an example, in an efficient search you would 
search through 12 items in about the same time as through 6 items. This is the case when the search target has 
a distinct feature among non-targets, as in Figure 1. 
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the effortful search blocks. The LPC, which was also recorded during the retention 

interval, was larger for the effortful search task suggesting that the effort invested for 

maintaining a template is proportional to the anticipated search difficulty. However, the 

overall CDA amplitude was equal across search types, suggesting that the CDA is not 

sensitive to the effort invested maintaining a VWM representation. Finally, the rate of the 

decrease of the amplitudes of the CDA and the LPC was equal between two search tasks 

of different difficulty, suggesting that the rapid transfer of the attentional template from 

VWM to LTM is not exclusive to efficient search but also occurs, at the same speed, for 

more effortful search situations (Chapter 2, Gunseli, Olivers, & Meeter, 2014b).  

Is an attentional template a special memory representation?  

The studies mentioned above have revealed that both VWM and long-term memory can 

contribute to visual search by maintaining an attentional template and as a result biasing 

visual attention to matching objects. This raises the question whether any memory 

representation can guide attention. Accordingly, we were interested in whether an 

attentional template is essentially the same as a memory representation used in tasks 

that do not require attentional guidance, or it is a qualitatively different representation? 

Chapter 3 tested this using the CDA, the ERP index of VWM maintenance. We compared 

the scalp topography, the amplitude, and the decrease in the amplitude of the CDA as a 

function of repeated task performance across trials, between a visual search task and a 

simple recognition task. Importantly, only the visual search task but not the simple 

recognition task involved attentional guidance. Although the responses were slower and 

less accurate for the search task, all three aforementioned aspects of the CDA were equal 

across two tasks. On the other hand, the LPC was larger during the blank interval of the 

search task compared to the simple recognition task. These results suggest that, although 

greater effort is invested for its maintenance, as indexed by a larger LPC, an attentional 

template is qualitatively the same as a representation used for simple recognition, at least 

as can be reflected in the CDA. 

 One potential limitation of this conclusion is that it is based on the CDA as an 

index of VWM maintenance. Although the CDA has been repeatedly found to be sensitive 

to the VWM load, its sensitivity on other features of VWM representations has been 

controversial. As I have shown in Chapter 2, the CDA has been found to be insensitive to 

the difficulty of the task that the representation is maintained for (also see Ikkai, 

McCollough, & Vogel, 2010; McCollough et al., 2007). Although some studies observed 

that the CDA amplitude is larger for maintaining representations that are more complex 

or precise (Luria, Sessa, Gotler, Jolicœur, & Dell'Acqua, 2010; Luria & Vogel, 2011; 

Machizawa, Goh, & Driver, 2012; Woodman & Vogel, 2008), other studies have observed 

that the CDA is not sensitive to the quality of VWM representations (He, Zhang, Li, & Guo, 

2015). Therefore, an attentional template might be a special form of VWM, even though 
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this special status does not alter the CDA. If that is the case, then attentional guidance 

should be exclusive to attentional templates. In other words, if attentional template is a 

special VWM, then other VWM representations should not be able to guide attention. 

 Contrary to this claim, behavioral studies using dual memory / search tasks have 

shown that a VWM representation that is maintained for a memory task guides attention 

during a search task even when participants were informed that it can never be the target 

(Olivers, Meijer, & Theeuwes, 2006; Soto, Heinke, Humphreys, & Blanco, 2005). As seen in 

Figure 2, in these studies participants performed a visual search task while also 

maintaining a memory item that was only relevant for a later memory task. I will call this 

currently irrelevant (but only later relevant) item accessory. The search display contained 

a distractor that on some trials matched the accessory item. Remarkably, the search 

responses were slower on trials at which the distractor matched the accessory item 

compared to the trials at which the distractor was not in memory. These results were 

taken as evidence to claim that VWM representations involuntarily guide attention to 

matching distractors. This is in line with the claim that a VWM representation that is not 

maintained for attentional guidance is qualitatively the same as an attentional template. 

However, some studies that used a variant of this paradigm have failed to observe such 

involuntary guidance by VWM (Downing & Dodds, 2004; Houtkamp & Roelfsema, 2006; 

Olivers, 2009; Woodman & Luck, 2007).  

 

Figure 1.2. An example of a dual memory / search task. Participants are presented with a memory color 
and a search target. After a blank interval, they perform the search task while maintaining the memory 
color. After another blank interval, they perform the memory test. In this so-called continuous report 
memory test, they need to click at the memory color on a circular array of colors. There is a colored 
distractor in the search display that sometimes matches the color of the memory item. In this example, 
it is a mismatching color distractor. 
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Chapter 4 shows that these inconsistent findings can be explained by the 

memory status of the task-relevant and accessory representations, which are modulated 

by learning. Previous research has shown that not all VWM representations are equal: 

The most relevant, or so called prioritized VWM representation is suggested to be 

maintained in a neurologically more active state than the accessory representations 

(LaRocque, Lewis-Peacock, & Postle, 2014; Lewis-Peacock, Drysdale, Oberauer, & Postle, 

2012; Lewis-Peacock & Postle, 2012; Zokaei, Manohar, Husain, & Feredoes, 2014a). 

Specifically, attention has been suggested to be guided by the prioritized representation 

in VWM, but less by accessory representations (Carlisle & Woodman, 2011a; Olivers & 

Eimer, 2011; for a review, see Olivers, Peters, Houtkamp, & Roelfsema, 2011; Peters, 

Goebel, & Roelfsema, 2009; Peters, Roelfsema, & Goebel, 2012). Importantly, some 

studies have suggested that just one item can be prioritized in VWM at a given time (van 

Moorselaar, Theeuwes, & Olivers, 2014). Moreover, previous research, as mentioned 

above (also see Chapter 2 and Chapter 3) has shown that a VWM representation is 

transferred to long-term memory with repeated task performance with the same 

representation (Carlisle et al., 2011; Gunseli, Meeter, & Olivers, 2014a; Gunseli et al., 

2014b; Reinhart, Carlisle, & Woodman, 2014a). We hypothesized that an accessory item is 

not prioritized, hence does not guide attention, when the search target is new and 

prioritized in VWM. When the attentional template is transferred to long-term memory as 

a result of its repeated search, then the accessory item should gain priority within VWM, 

and hence start involuntarily guiding attention to matching distractors. Chapter 4 

confirmed this hypothesis by showing that a memory matching distractor interfered with 

search more than a non-memory matching distractor, but only after the same search 

target was repeated across trials. This result suggests that an accessory representation, 

although currently task-irrelevant, becomes prioritized and guides attention as the 

currently relevant representation is transferred to long-term memory. This finding 

explains why the studies that had a new target defined on every trial failed to find 

attentional guidance from additional VWM content, whereas those that had a consistent 

target definition throughout the experiment did find guidance from VWM (Downing & 

Dodds, 2004; Houtkamp & Roelfsema, 2006; Olivers et al., 2006; Olivers, 2009; Soto et al., 

2005). 

The results of Chapter 4 are also important for providing a behavioral support for 

the claim that repeated search for the same target leads to a transfer of the attentional 

template from VWM to long-term memory. Although recent ERP studies have shown a 

reduction in the CDA and the LPC across target repetitions, the course of this reduction 

was much faster than that in previous studies that have shown learning can take tens or 

even hundreds of trials (Anderson, 2000; Logan, 1988; Shiffrin & Schneider, 1977). 

Moreover, these previous behavioral studies have claimed that an improvement in the 

search rate reflects learning and automatization of search. However, the ERP studies 
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observed merely a decrease in response times, casting doubt on whether the benefits 

were due to an improvement in the efficiency with which a target is selected. Hence, one 

can claim that the small number of target repetitions, unlike the long-runs of repetitions 

across blocks, do not result in a transfer of a template from VWM to long-term memory, 

but merely facilitate the efficiency of perceiving the target and/or the response selection. 

Similarly, it can be hypothesized that that the decrease in the WM-related ERP 

components might reflect neurological adaptation due to repeated stimulus presentation 

instead of learning (for a review, see Grill-Spector, Henson, & Martin, 2006). However, we 

claim that Chapter 4 argues against these alternative explanations by showing that target 

repetition leads to the involuntary prioritization of an accessory representation, which is a 

consequence of the transfer of the target representation to long-term memory. 

Specifically, we propose that the task-relevant representation must be handed off from 

VWM in order for a task-irrelevant representation to guide attention, which is in line with 

previous studies that have shown that a task-irrelevant representation can guide 

attention only if it is the single representation in VWM (Soto, Greene, Chaudhary, & 

Rotshtein, 2012; Soto & Humphreys, 2008; van Moorselaar et al., 2014). Thus, Chapter 4 

provides additional support for the claim that a VWM representation rapidly transfers to 

long-term memory after repeated task performance. 

Part 2. Attention to Memory: The Role of (Internal) Selective Attention 

on the Maintenance of VWM Representations   

Attentional selection of a memory representation.  

In the second part of this dissertation, I focus on the role of attention on the maintenance 

of representations in VWM. Attentional selection of a memory representation can be 

described as focusing on a particular representation over the others. There is converging 

evidence to suggest that attentional focus to a representation will decrease the likelihood 

of forgetting it. But what happens to unattended representation? Are they forgotten or 

still remembered? In the literature, there is a controversy regarding fate of unattended 

representations in memory. Before going into the details, I will briefly describe how 

attentional selection of memory representations is studied in the laboratory.  

Studying the attentional selection of memory representations in the laboratory 

There are different ways of facilitating attentional selection of a VWM representation in 

the laboratory setting. Among the most common ways is using retrospective cues (“retro-

cues”).  A retro-cue is a cue that indicates which of the several memory representations is 

likely to be the relevant one for the task at hand. Importantly, a retro-cue is presented 

after the offset of the memory display, during the blank interval, and therefore acts 

retrospectively. As seen in Figure 3, most commonly they are visuo-spatial cues pointing 
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the location of the memory item as it was presented on the memory display. Retro-cues 

have been suggested to result in the attentional selection of the cued representation in a 

similar way as attentional selection operates on objects in the external world, employing 

similar brain regions (Nobre et al., 2004). The attentional selection has been claimed to 

result in better memory performance for the cued representation compared to non-cued 

representations (Griffin & Nobre, 2003; Lepsien, Griffin, Devlin, & Nobre, 2005; Sligte, 

Scholte, & Lamme, 2008) as a result of protecting the cued representation from 

interference by other representations (Pertzov, Bays, Joseph, & Husain, 2013) and new 

visual input (Makovski, Sussman, & Jiang, 2008; van Moorselaar, Gunseli, Theeuwes, & 

Olivers, 2015). This protection is established approximately 500 ms following a retro-cue 

(van Moorselaar et al., 2015).  

 

Figure 1.3. An example of a retro-cue in a memory task. Participants are presented with memory 
display that contains three lines of orientations to be remembered. After a blank interval a retro-cue is 
presented. A retro-cue is a spatial cue indicating which of the memory items is likely to be tested by 
retrospectively pointing to its location in the memory display. In this example, it is a red quarter filling on 
the fixation circle and it points the top-left location. After another blank interval, the test display is 
presented during which the participant rotates the bar to match the probed memory orientation. In this 
example, the probed item is the same as the retro-cued item (i.e. the one on the top-left position). Thus, 
it is a valid retro-cue. 

 

Effects of attending to a VWM representation for attended and unattended 

information. 

Although attending to a representation has been suggested to improve memory 

performance for the attended representation, the fate of unattended representations is 

less clear. To study memory for unattended representations, on some proportion of trials 

a non-cued representation is probed at test. Performance on these invalid cue trials is 

compared to neutral or no-cue trials at which none of the representations is cued. An 

invalid cueing cost means worse memory on invalid trials compared to neutral trials. 
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Some studies have observed costs of invalid cueing (Matsukura, Luck, & Vecera, 2007; 

Pertzov et al., 2013) whereas others have not (Landman, Spekreijse, & Lamme, 2003; 

Rerko & Oberauer, 2013) leading to conflicting conclusions regarding the role of attention 

on VWM maintenance. An invalid retro-cue cost implies that allocating attention away 

from VWM representations impairs memory. Accordingly, those that failed to observe an 

invalid cueing cost have claimed that attention is not necessary for the maintenance of 

VWM representations, whereas those that observed invalid cueing costs have suggested 

that attention is necessary for successful VWM maintenance. 

Chapter 5 has shown that these inconsistent findings can be due to different 

retro-cue reliabilities (i.e. the proportion of valid to invalid cue trials) across studies 

(Gunseli, van Moorselaar, Meeter, & Olivers, 2015). We manipulated the retro-cue 

reliability across blocks and tested its effects on invalid cueing costs. The invalid cueing 

costs were absent on blocks in which the retro-cue was 50% valid but present on blocks in 

which the retro-cue was 80% valid. The valid retro-cue benefit, which is measured by 

superior performance in valid compared to neutral cue trials, was present for both 

reliability conditions, though larger for the 80% valid cue blocks. These results are 

consistent with the previous studies because those that failed to observe invalid cueing 

costs used lower cue reliabilities (66.6% valid, Landman et al., 2003; 50% valid, Lepsien & 

Nobre, 2007; 50% valid, Rerko & Oberauer, 2013) compared to the studies that observed 

invalid cueing costs (80% valid, Astle, Summerfield, Griffin, & Nobre, 2012; 73.5% valid, 

Matsukura et al., 2007; 70% valid, Pertzov et al., 2013). Based on these results, we 

suggest that the degree to which participants take retro-cues into account depends on 

the reliability of the cue. Specifically, participants might be attending more to the cued 

representation and less to the non-cued representations within VWM when the retro-cue 

has a higher reliability.  

Although these results suggest that the inconsistent results in the literature can 

be explained by retro-cue reliability, the behavioral data cannot answer whether non-

cued representations are forgotten on some proportion of the trials, or whether they are 

unattended and therefore become more vulnerable to interference from the test display. 

In order to answer this question we performed a follow-up EEG study. As shown in 

Chapter 6, the N2pc amplitude following the retro-cue was higher when the cue was 80% 

valid, suggesting that the attentional selection of the cued representation was stronger 

compared to the 50% valid blocks. Moreover, the accuracy with which the location of the 

cued representation could be decoded using delay interval alpha band activity was also 

larger for 80% valid retro-cues, suggesting that the allocation of attention on the cued 

representation was also stronger through the blank interval. More importantly, the CDA 

was modulated only following 80% valid cues, suggesting that non-cued representations 

are forgotten after the retro-cue but only in 80% valid cue blocks. Consistent with 
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Chapter 5, these results show that the fate of non-cued representations depends on the 

retro-cue reliability. Non-cued representations can be maintained in memory, or are 

forgotten depending on the retro-cue reliability that signifies their potential future 

relevance. Together, these results suggest that attending to a representation does not 

necessarily entail the loss of non-cued representations (Gunseli et al., 2015; Zokaei, Ning, 

Manohar, Feredoes, & Husain, 2014b), which suggests that attention and maintenance 

within VWM are distinct mechanisms, although they are highly interactive.  
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