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VWM and attention are known to interact with each other (Chun & Turk-Browne, 2007; 

Engle et al., 1999; Kane et al., 2001; Olivers, 2008). For example VWM representations 

that are maintained internally can guide attention externally. This guidance can even be 

involuntary, as it has been observed in conditions where participants knew that the VWM 

representation can never be the search target (Olivers et al., 2006; Olivers, 2009; Soto et 

al., 2005). The interaction between VWM and attention also works at another level: 

Attention can be directed to representations within VWM (Gazzaley & Nobre, 2012). In 

this case, attention operates internally in a similar fashion as the attentional selection 

works on the external world (Nobre et al., 2004) and improves memory performance for 

the attended representation compared to unattended representations (Griffin & Nobre, 

2003; Lepsien et al., 2005; Sligte et al., 2008). The interaction between memory and 

attention is crucial for human functioning since there is a constant information flow that 

needs to be attended and remembered. In this dissertation, my aim was to contribute to 

the understanding of this interaction. Specifically, I investigated the effects of learning 

and task demands on 1) guidance of attention by memory representations, and 2) 

attention to memory representations. 

Part 1. The Role of Memory Representations in the guidance of Visual 

Attention 

Although the literature prior to this project provided plenty of evidence for interactions 

between WM and attention, many questions remained. One of those questions was why 

VWM, although it has been claimed to be central to attentional guidance, is neither 

sufficient nor necessary for attentional guidance. Specifically, most theories of attention 

claim that attentional guidance relies on attentional templates maintained in VWM. 

However, some studies have found that a VWM does not always guide attention, and EEG 

evidence suggests that attentional selection is possible in the absence of VWM templates. 

In Chapters 2, 3, and 4, I have shown that these paradoxical findings can be reconciled by 

taking into account two factors: 1) repeated search using the same attentional template 

results in its transfer from VWM to long-term memory (Carlisle et al., 2011), and 2) there 

are different states within VWM and not all contribute equally to attentional selection in 

the external world (for a review, see Olivers et al., 2011).  

In the thesis, I have provided additional evidence for the claim that an 

attentional template hands off from VWM after repeated its repeated search, as 

indicated by a reduction in the CDA and the LPC, which are the ERP indices of VWM 

maintenance. In Chapter 2, I additionally showed that, although greater effort is invested 

for its maintenance, as indexed by a larger LPC, an attentional template for a difficult 

search task hands off from VWM at the same rate as an easy search task. This study also 
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showed that the CDA was not sensitive to the amount of effort invested in the 

maintenance of a VWM representation.  

Furthermore, I have shown that if a VWM representation is not prioritized, then 

it is not likely to guide attention. I have also found that a VWM representation can be 

prioritized either because it is task-relevant, or because the task-relevant representation 

has been transferred to long-term memory, leaving VWM free for a task-irrelevant 

representation. In the latter case, the task-irrelevant representation involuntarily guides 

attention to matching distractors. If there is no distractor that matches the task-irrelevant 

VWM representation, then the attentional template effectively guides attention from 

long-term memory. Hence, these findings bridge inconsistencies in the literature on 

memory-driven attention. 

Remaining questions: What is learned through repeated search? 

I have shown that learning modulates the status of task-relevant and task-irrelevant 

representations within VWM and consequently affects whether they can guide attention 

on the external world. Moreover, I have found that the search performance improves 

with repeated search, consistent with the theories of learning (Anderson, 2000; Logan, 

1988; Shiffrin & Schneider, 1977). However, the improvement in search performance that 

I have observed in my studies occurs at a much faster pace (in a few trials) than that 

observed in previous studies (in tens or hundreds of trials). Furthermore, although 

previous studies have found that search efficiency improves with learning, I have 

observed an improvement only in search times but not in its efficiency. Together these 

findings suggest that there might be two types of learning, one at a representation level 

that occurs within a few trials, and other at a task level that is accomplished after many 

trials. When the same target is repeated a few times, its representation transfers from 

VWM to long-term memory. Whereas, when the same task is repeated over a long 

duration, not only the task-relevant representations but also the task requirements and 

strategies are learned. Although there is evidence supporting both levels of learning, the 

investigation of these within the same study is necessary for developing a better 

understanding of their similarities and differences. 

Although the decrease in the VWM involvement for maintaining an attentional 

template has been taken as evidence for a transfer of its representation to long-term 

memory, direct evidence for this claim has been insufficient. Woodman and his colleagues 

have recently observed a decrease in the amplitude of P170, an ERP component that they 

have claimed to reflect the transfer to long-term memory, as a function of target 

repetition (Reinhart & Woodman, 2013; Woodman et al., 2013). However, in Chapter 2, I 

failed to replicate their findings. As mentioned there, consistent with earlier studies on 

P170 (or frontal selection positivity; Baas et al., 2002; Kenemans et al., 1993; Potts, 2004; 
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Potts & Tucker, 2001) we claimed that a decrease in P170 may reflect getting more 

efficient in the selection of the task relevant feature, which is the gap direction of the 

Landolt C. Therefore, a decrease in the P170 might be a consequence of long-term 

memory transfer, instead of reflecting the transfer itself per se. Thus, there is no 

consensus on a direct evidence for transfer of an attentional template to long-term 

memory. One of the reasons why obtaining a direct electrophysiological evidence for 

long-term memory transfer might be that long-term memory has been claimed not to rely 

on sustained neural activity but instead on synaptic changes (Bliss & Gardner‐Medwin, 

1973; Bliss & Lømo, 1973; Hebb, 2005). Therefore, a transfer to long-term memory might 

be a ‘silent’ process that is difficult to observe by EEG or other non-invasive neuro 

imaging methods.  

Lastly, another remaining question is how long-term memory guides attention. 

One candidate is the facilitation of the perceptual efficiency of the target and/or the 

selection of the task response as a result of priming of the same target (Meeter & Olivers, 

2006; Olivers & Meeter, 2006). However, the exact mechanisms of attention being guided 

by long-term memory remain unanswered. In order to investigate this, future studies 

need to look at the deployment of attention during visual search using direct measures of 

attention via eye tracking or EEG. For example, in order to test whether long-term 

memory templates result in a faster detection of the target, eye tracking data can be used 

to investigate the timing of the eyes fixating on the target. This would allow one to 

differentiate whether the benefit of long-term memory guidance is due to perceptual 

efficiency or to response selection, because only the former but not the latter predicts a 

faster selection of the target with its repeated search. 

Part 2. The Role of Selective Attention in the Maintenance of VWM 

Representations   

Another question related to the interaction between memory and attention has been 

regarding the fate of unattended representations within VWM. Although research has 

provided converging evidence that an attended representation is protected from 

interference by other representations (Pertzov et al., 2013) and by new visual input 

(Makovski et al., 2008; van Moorselaar et al., 2015), whether unattended representations 

are forgotten has been a debate. I have shown in Chapters 5 and 6 that the fate of 

unattended VWM representations depends on the reliability of the retro-cues that 

indicate which of the VWM representations is likely to be task relevant. If a retro-cue has 

a low reliability, then participants keep maintaining non-cued representations. 

Nevertheless, the cued representation is attended and its recall performance improves. 

On the other hand, if a retro-cue has a high reliability, non-cued representations are 

forgotten, at least on some of the trials. Moreover, the cued representation is attended 
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more when the cue is more reliable, and the memory performance improves to a greater 

extent compared to low reliable cues. These results contribute to the theories of WM and 

attention by showing that a VWM representation can continue to be maintained even 

when attention is directed to another representation within VWM. More specifically our 

results show that the mechanisms of VWM maintenance are distinct from those of 

attending to representations within VWM. So here too our findings have managed to 

bridge a theoretical divide in the literature. 

Remaining questions: Are internal attention and prioritization the same? 

I mentioned above that there are different states within VWM and that the task-relevant 

item has a prioritized status. I also described how attention can be focused to a particular 

VWM representation. The definitions of a prioritized status and an internally attended 

VWM representation are quite similar. Moreover, both can be obtained by retro-cueing 

the representation of interest. This raises the question whether a representation that is 

attended within VWM is the same as a representation that has a prioritized status: 

Essentially, whether these are just two different names for the same cognitive process. To 

date, there is no definitive answer. It might be that prioritization and attentional selection 

within VWM are distinct but overlapping processes. More specifically, an item that is 

attended might be gaining the prioritized status.  

However, in order to answer these types of question, the nature of internal 

attentional selection and VWM must be understood well. For example, if attentional 

resources can be distributed flexibly across representations instead of being focused on 

only one representation at a time, a representation might be prioritized when the amount 

of attentional resources allocated to the representation reaches a particular threshold. 

This would imply that allocation of attention to a representation does not necessarily 

result in its prioritization within VMW, but only if it reaches a particular threshold. 

Alternatively, if attention can only be focused on one representation at a time, then any 

representation that is attended can be said to be also prioritized. Therefore, in order to 

answer whether attention and prioritization are the same mechanisms, first we need to 

develop a better understanding of how attention is distributed among VWM 

representations. I believe the recent improvements in brain imaging techniques and data 

analysis methods will help us developing this better understanding.  

In particular, I have shown that the CDA is not sensitive to the effort invested for 

the maintenance of a VWM representation. Moreover, I have found that the CDA can be 

distinguished from classification in the alpha band, which has been suggested to reflect 

the internal attentional allocation within VWM representations. These findings suggest 

that the CDA is not a suitable tool to study the attentional dynamics within VWM. On the 

other hand, I have observed that the LPC is sensitive to the amount of effort invested in 
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the maintenance of a VWM representation. Therefore, the LPC might be reflecting the 

resource allocation within VWM, whereas the CDA merely reflects maintenance in VWM. 

Conclusion 

To conclude, the chapters of this thesis shed new light on a) how memory representations 

guide attention in the external world, and b) how allocation of attention internally to 

VWM representations affect attended and unattended representations.  

In the thesis, I have shown that only a prioritized VWM representation, or a so-

called attentional template, guides visual attention. Moreover, repeated search for the 

same target results in the handoff of the attentional template from VWM, thus changing 

the status of task-irrelevant representations within VWM. This consequently affects 

whether task-irrelevant representations can guide attention on the external world. 

Therefore, automatizing search via learning comes at the expense of greater distraction 

because it leaves VWM free for prioritizing task-irrelevant information. 

Attending to a representation within VWM, as directed by retro-cues, has been 

known to improve its recall performance. However, the fate of unattended VWM 

representations has been less clear. Reconciling previous contradictory findings, I have 

shown that the effects of retro-cues on cued and non-cued VWM representations are 

modulated by the reliability of these cues. If a retro-cue has a high reliability, participants 

focus on the cued representation and drop non-cued representations. Whereas, if a retro-

cue has a low reliability, the cued representation is attended while non-cued 

representations are kept in VWM with none or minor loss of information. By showing that 

the allocation of attention to a VWM representation does not entail the loss of others, I 

have provided direct evidence for the claim that internal attention and VWM 

maintenance are not the same, though they are intertwined.  

In sum, the chapters of this thesis support the interactive relationship between 

attention and VWM and clarify some aspects of this interaction by providing explanations 

for the conflicting findings and by eliminating alternative explanations of the existing 

results in the literature.   
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